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THE CONSTRUCTION PROCESS AND 
THE STEEL DETAILER’S ROLE

When you look at the outside of a building, what you see is its
facade or “skin.” Behind that facade (which may be brick,
concrete, glass, metal panels, stone or a combination thereof)
is a frame or “skeleton” consisting of steel, concrete, ma-
sonry, wood or a combination of these materials. This book
will address structural steel detailing—the preparation of
drawings for the fabrication and erection of this frame. 

Traditionally, the steel construction team consists of the
owner, architect, engineer, contractor, fabricator, steel de-
tailer, erector and inspectors. Sometimes, the team includes a
construction manager, who represents the owner and is re-
sponsible for having the project completed on time and within
budget. There are several ways that an owner may choose to
structure a contract with the steel construction team to de-
liver a project. The most typical approach, known as Design-
Bid-Build is described here. Another popular approach called
Design-Build will be described later in this text. 

When an owner decides a building is needed to serve their
purposes, they usually contact an architect. The owner and
architect meet to discuss the function of the building, what
the shape and size of the structure should be, how the inte-
rior should adapt to the proposed usage, and how the exte-
rior of the building should appear. The architect prepares a
set of plans and specifications to show and describe all the
features of the building discussed with the owner—the layout
and dimensions of the interior spaces, the types of materials
to be used, the colors of the interior and exterior, and the 
details of the skin. The architect then selects a structural en-
gineer to design the supporting structure. The structural 
engineer determines forces in the components of the support-
ing structure, sizes elements to resist these forces, and devel-
ops design details of connections. 

The owner also selects a general contractor to construct
the building; the selection method is discussed in Chapter 2.
The general contractor is responsible for constructing the
structure according to plans and specifications and for deliv-
ering the building to the owner for occupancy on schedule
and within budget. To do this, the general contractor awards
several portions of the building to pertinent subcontractors—
HVAC, plumbing, electrical, masonry, foundation, structural
steel, roofing and others. The general contractor coordinates
the requirements and efforts of these and other related trades.
The structural steel subcontract is awarded to a steel fabrica-

tor, whose responsibility it will be to accurately fabricate the
various structural steel components for on-time delivery to
the job site to meet the contractor’s construction schedule.
The fabricator is responsible to the owner, the owner’s agent,
or a general contractor and has a duty to keep these parties
fully informed of all changes that impact a project’s cost and
schedule. The AISC Code of Standard Practice for Steel
Buildings and Bridges (AISC, 2005a), hereafter referred to
as the AISC Code of Standard Practice, the standard of cus-
tom and usage for structural steel fabrication and erection,
stipulates in Section 9.3 the procedures the fabricator and
erector are expected to follow in response to revisions to the
contract documents.

A person who prepares shop drawings for a steel fabrica-
tor is known as a steel detailer. Steel detailers use the design
drawings and specifications made by the structural engineer
to prepare shop and erection drawings for each piece of a
project that their employer has agreed to furnish. In other
words, the steel detailer translates design data into information
that the fabricator and erector need to actually build the struc-
ture. The steel detailer may be either an employee or a subcon-
tractor of the fabricator. To prepare shop and erection drawings
the steel detailer works closely with the owner’s designated
representative for design (ODRD)—normally the structural
engineer of record (SER)—who reviews and approves the
shop and erection drawings.

At the job site a steel erector receives the material from
the fabricator and places it in the proper location in the build-
ing. The erector may work for either the general contractor
or the steel fabricator. Besides erecting the steel members,
the erector must plumb and properly align the structure, ensur-
ing that all joints fit properly and welds are made and bolts in-
stalled according to industry standards and specifications.
Throughout the process of constructing a building, inspec-
tors may check the materials and workmanship at the job site,
and in the shops of the various subcontractors.

The steel detailer has a key role in this process, and it is 
extremely important that the steel detailer’s work be per-
formed completely and accurately. The steel detailer’s work is
performed early in the construction process and used subse-
quently by members of the steel construction team and by
other subcontractors. Errors can endanger the structure and
cause expense to the fabricator.

The steel detailer must be familiar with the fabricator’s
practices and equipment in the shop. Also, the steel detailer
must know what size and weight limits the erector can handle
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at the job site. This and other erection information can be ob-
tained from the fabricator or erector. The customary practice
for obtaining answers to questions about design information
is for the fabricator to send inquiries to the owner’s desig-
nated representative for construction (usually the general con-
tractor), who then submits them to the owner’s designated
representative for design (normally the structural engineer of
record, through the architect). Sometimes direct communi-
cation is permitted between the steel detailer and the struc-
tural engineer of record, and the fabricator, general contractor
and architect are kept aware of the questions and answers. As
time is generally critical for the fabricator, this system speeds
the process whereby the steel detailer can have design infor-
mation clarified. Also, it allows the structural engineer of
record and the steel detailer to communicate in terms famil-
iar to each other, resolve confusion regarding a question, and
avoid a back-and-forth string of misunderstandings and unclear
or partial answers. A sense of teamwork by and cooperation
amongst the parties mentioned earlier is an essential ingre-
dient to the successful completion of a project.

RAW MATERIAL

The fabrication shop, where structural steel is cut, punched,
drilled, bolted and welded into shipping pieces for subsequent
field erection, does not produce the steel material. The steel is
produced at a rolling mill, normally from recycled steel, and
shipped to the fabrication shop. At this stage, the steel is re-
ferred to as raw material. The great bulk of raw material can
be classified into the following basic groups:

• Wide-Flange Shapes (W) used as beams, columns, brac-
ing and truss members.

• Miscellaneous Shapes (M), which are lightweight shapes
similar in cross-sectional profile to W shapes.

• American Standard Beams (S).
• Bearing Pile Shapes (HP) are similar in cross-sectional

profile to W shapes, have essentially parallel flange sur-
faces, and have equal web and flange thickness. The
width of flange approximates the depth of the section.

• American Standard Channels (C).
• Miscellaneous Channels (MC), which are special pur-

pose channel shapes other than the standard C shapes.
• Angles (L), consist of two legs of equal or unequal

widths. The legs are at right angles to each other.
• Structural Tees (WT, MT and ST) made by splitting

W, M and S shapes, usually along the mid-depth of
their webs. The Tee shapes are furnished by the pro-
ducers or cut from the parent shapes by the fabricator.

• Hollow Structural Sections (HSS) are available in
round, square and rectangular shapes.

• Steel Pipe is available in standard, extra strong and dou-
ble-extra strong sizes.

• Plates, Bars and Flats (PL, Bar, FL) are rectangular
pieces used as connection material. While some fabri-
cators make connection pieces using automated equip-
ment to cut plates to the necessary size, other fabricators
use Bars or Flats with predetermined widths. The de-
tailer should check with the fabricator to determine their
shop practices and list the proper material on the draw-
ings. Bars are limited to maximum widths of 6 or 8 in.,
depending on thickness; plates are available in widths
over 8 in., subject to thickness and length limitations.

A clear understanding of the various forms and shapes in
which structural steel is available is essential before the steel
detailer can prepare shop and erection drawings. The AISC
Steel Construction Manual, 13th Edition (AISC, 2005b),
hereafter referred to as the Manual, Part 1 lists all shapes
commonly used in construction, including sizes, weights per
foot, dimensions and properties, as well as their availability
from the rolling mill producers. Figure 1-1 (in this chapter)
shows typical cross-sections of raw material. Note that S, C
and MC shapes are characterized by tapered inner flange
surfaces and W shapes have parallel inner and outer flange
surfaces. M shapes may have either parallel or tapered inner
surfaces of the flanges, depending on the particular section
and the producer. For details of this nature, refer to the
Manual or producers’ catalogs.

Plates are defined by the rolling procedure. Sheared plates
are rolled between rolls and trimmed (sheared or gas gut) on
all edges. Universal (UM) plates are rolled between horizon-
tal and vertical rolls and trimmed (sheared or gas cut) on ends
only. Stripped plates are furnished to required widths by shear-
ing or gas cutting from wider sheared plates.

Hollow Structural Sections are rectangular, square and
round hollow sections manufactured by the electric-resist-
ance welding (ERW) or submerged-arc welding (SAW) meth-
ods. These sections allow designers and builders to produce
aesthetically interesting structures and efficient compression
members. They are used as columns, beams, bracing, truss
components (chords and/or web members), and curtain wall
framing. See the Manual for guidance on developing connec-
tions for HSS.

Figure A1-2 (Appendix A) has been prepared to show the
customary methods of designating and billing individual pieces
of structural shapes and plates on shop drawings, the conven-
tional way of picturing these shapes, and the correct names of
their component parts. This system is generally accepted and
used by steel detailers, although some minor deviations may
occur when trade name or proprietary designations are substi-
tuted for certain “Group Symbols” listed in the billing mate-
rial. Figure A1-2 should be studied carefully, with particular
attention given to the “Remarks” column.
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Figure 1-1. Typical cross-sections of raw steel material.
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CHARACTERISTICS OF STEEL

Steel, specifically structural steel, is fundamental to building
and bridge construction. It is produced in a wide range of
shapes and grades, which permits maximum flexibility of de-
sign. It is relatively inexpensive to produce and is the strongest,
most versatile and economical material available to the con-
struction industry. Steel is essentially uniform in quality and
dimensionally stable; its durability is unaffected by alternate
freezing and thawing.

Steel also has several unique qualities, which make it espe-
cially adaptable to the demanding requirements of modern
construction. It can be alloyed or alloyed and heat-treated to
obtain toughness, ductility and great strength, as the service
demands, and still be capable of fabrication with conventional
shop equipment.

PHYSICAL PROPERTIES

The terms yield stress and tensile strength are used to de-
scribe the physical properties of steels and their response
when subjected to externally applied forces. For example, as-
sume that a rectangular or round specimen of structural steel,
having an area of 1 in.2 and being any convenient length, is
clamped in a testing machine designed to pull the bar apart lon-
gitudinally. If the machine is adjusted to pull the bar so that it
is resisting a force of 10 kips (1 kip � 1,000 pounds), the
bar, with a cross-sectional area of 1 in.2, is said to be stressed
in tension at an average intensity of 10 kips per in.2 (ksi). If the
force is increased to 20 kips, the bar is stressed to 20 ksi, and
so on.

The bar, loaded as described earlier, is being elongated,
or strained, in direct proportion to the stress being resisted.
As the machine load increases, the bar will be stressed and
strained proportionally. Within certain limits, the external
forces will deform the piece of steel slightly, but on removal
of such forces the steel will return to its original shape. This
property of steel is termed elasticity. Eventually, a point is
reached beyond which the elongation will continue with no
corresponding increase in stress. This elongation is charac-
teristic of ductile steels. Within this range, upon removal of the
force, the steel does not return to its original shape.

Mechanical testing of most steels produces a sharp-kneed
stress-strain diagram, as shown in Figure 1-2. The stress at
which this knee occurs is termed the yield point, and varies nu-
merically for different specifications of steel. High-strength
steels may not exhibit such a well-defined knee. For such
steels, a yield strength is established in conformance with the
provisions of ASTM A370, Standard Test Methods and
Definitions for Mechanical Testing of Steel Products (ASTM,
2008a).

So as not to confuse the issue between these two concepts,
the AISC Specification for Structural Steel Buildings (AISC,
2005c), hereafter referred to as the AISC Specification, has

established the common definition yield stress, which is 
understood to mean either yield point (for steels that have a
yield point) or yield strength (for steels that do not show a
sharp knee in the stress-strain relationship). The symbol Fy
is used to designate this yield stress and it is expressed in kips
per in.2 (ksi).

In the elastic range, the stress-strain relationship is constant
at normal temperatures and is the same for tension or com-
pression loadings. Furthermore, the stress-strain relationship
is substantially the same, regardless of yield stress. The ratio
of stress to strain is called the modulus of elasticity, designated
by the letter E. Numerically:

E � Stress/Strain ≈ 29,000 ksi

Figure 1-2 is a theoretical diagram of the stress-strain re-
lationship of ASTM A572 steel. The stresses at yield stress
and tensile strength shown on the curve are the minimums
specified in ASTM A572, Standard Specification for
Structural Steel Shapes. Often, actual test results exceed the
values shown. Strain is plotted horizontally in units of inches
per inch; stress is plotted on the vertical scale in ksi. A straight
line, representing the elastic range, starts from the point of
zero stress and zero strain and inclines upward to the right. 
At a stress of 29 ksi, for example, the strain is 0.001 inch
for each inch of specimen length. At this stress, a 10-in.
length of the 1-in.2 bar will be increased in length:

10 � 0.001 � 0.01 in.
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At the upper end of the inclined straight line, the yield
stress, Fy � 50 ksi, is shown graphically by an uneven horizon-
tal line, or plateau, which represents the range of plastic strain.
This plastic deformation tends to cold work the steel, causing
it to strain-harden sufficiently to require an additional 
application of load for continual elongation. Throughout this
strain-hardening range, the curve makes a long upward 
sweep until the tensile strength of 65 ksi is reached. Further
elongation, or straining, is accompanied by a perceptible 
thinning or necking-down of the bar, a drop in the stress
needed to continue the elongation, and soon thereafter the
fracture of the bar.

That portion of the curve immediately following the yield
stress illustrates another important property of structural
steel—ductility. In this range the metal is said to be in a state
of plastic strain; elongation is no longer in direct proportion
to stress. Equal increments of stress are accompanied by dis-
proportionately greater strains. Permanent distortion occurs
and, on load release, the steel bar no longer reverts to its
original length. This characteristic, termed ductility, provides
a considerable reserve of strength, a fact that explains the
ability of structural steel to absorb temporary overloads safely.
The ability of steel to support loads throughout large defor-
mations forms the basis for plastic design. Ductility is meas-
ured in percent of elongation at rupture. For ASTM A992
steel this is specified to be at least 20% in a length of 8 in.,
which means that the steel must have the ability to elongate
at least 0.2 � 8 � 1.6 in. in 8 in. of specimen length before
fracturing.

SPECIFICATIONS FOR STRUCTURAL STEEL

Structural steel is composed almost entirely of iron. Today,
most structural steel is made from recycled steel, which was
made from iron ore (or scrap iron), limestone, fuel and air.
Heated until it liquefies, the steel is then cooled. Small portions
of other elements, particularly carbon and manganese, must
also be present to provide strength and ductility. Increasing the
carbon content makes steel stronger and harder. Decreasing the
carbon content makes steel softer or more ductile, but at some
sacrifice of strength. The standard grades of steel used for
bridges and buildings contain approximately one-fourth of
1% of carbon, with small amounts of several other elements
as required or permitted by the particular steel specifications.

All steels are manufactured to specifications that stipulate
the chemical and mechanical requirements in detail. Standard
specifications for structural steels are established by the
American Society for Testing and Materials (ASTM).
Committees of ASTM, composed of representatives of produc-
ers, consumers, and general interest groups, develop and keep
current material specifications to provide and maintain reliable,
acceptable and practical standards. Reference to the latest
ASTM specifications is recommended for those interested in
complete information on all structural steels.

An important specification is ASTM A6, Specification for
General Requirements for Standard Rolled Structural Steel
Bars, Plates, Shapes, and Sheet Piling (ASTM, 2008b). It
covers in detail all aspects of mill practice and the allowances
or tolerances applicable to rolled steel with which the fabrica-
tion process must deal.

The AISC Specification, as well as most bridge specifica-
tions, recognizes several grades of steel for structural pur-
poses. The ASTM specifications list the scope and principal
properties of these steels. As these specifications indicate, the
tensile strength and yield stress levels within a specific grade
of steel may vary with the size of shapes and the thickness
of plates and bars.

Tables 2-3 and 2-4 in the Manual, Part 2, serve as a quick
reference to determine the availability of shapes, plates and
bars by steel type, ASTM designation, and minimum yield
stress. A brief review shows that:

• ASTM A992 covers rolled steel structural shapes for
use in building framing or bridges, or for general struc-
tural purposes. A992 is used for wide-flange shapes
and has Fy � 50 ksi. 

• ASTM A36 is a carbon steel with one minimum yield
stress, 36 ksi, for all shape groups (but W-shapes are
produced to ASTM A992 today) and for plates and bars
through 8 in. thick. Plates and bars over 8 in. thick have
a minimum yield stress level of 32 ksi.

• ASTM A500 is used for hollow structural sections. For
square and rectangular, grade B offers Fy � 46 ksi. For
round, grade B offers Fy � 42 ksi.

• ASTM A53 is the steel used for steel pipe, with Fy � 35
ksi.

• ASTM A529, also a carbon steel, has a minimum yield
stress of 50 ksi and 55 ksi, but is limited to shapes with
a flange thickness of 12 in. and less and to plates 1 in.
thick and less. This Specification is not the preferred
specification for shapes.

• ASTM A572 is a high-strength, low-alloy steel with
four minimum yield stress levels ranging from 42 to
65 ksi. All hot-rolled open shapes are available in 42-ksi,
50-ksi and 55-ksi grades; however, only shapes with a
2-in. maximum flange thickness are available in grades
60 and 65. The limits of availability of plates and bars,
by thickness, are given also. This Specification is not
the preferred specification for shapes other than HP
shapes with Fy � 50 ksi.

• ASTM A588 is a corrosion-resistant, high-strength,
low-alloy steel with a single minimum yield stress level
for shapes and three levels for plates and bars. These
stress levels are 50 ksi, 46 ksi and 42 ksi. This steel is
unique since the highest yield stress level applies to all
shapes and to plates and bars through 4 in. thick. Plates
and bars over 4 in. thick have reduced minimum yield
stress.
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• ASTM A514 is a quenched and tempered alloy steel in
the 90- to 100-ksi minimum yield stress range. Note
that this specification includes plates and bars only.
Special care must be taken in the welding of this steel
so as to maintain its characteristics derived from heat
treatment.

• ASTM A913 is a low-alloy steel produced by the
quenching and self-tempering process. This applies to
oversized or “jumbo” steel sections, which are not cur-
rently produced in the United States. This steel is pro-
duced to a minimum yield stress level of 33 ksi.

Several proprietary steels, so-called because their compo-
sition and characteristics are defined by steel producers’ spec-
ifications, are available for structural purposes. Producers of
these proprietary steels use rigid control of melting processes
and careful selection of alloys to achieve minimum yield
stresses ranging in excess of 100 ksi. The toughness, weld-
ability and cost-to-strength ratios of proprietary steels compare
favorably with those obtainable from standard steels.

Steel making is in a continual state of progress. Metallurgical
research in the industry continues to develop new steels for
specific purposes and to improve the versatility of existing
steels. As time passes and these products prove themselves,
writers of ASTM specifications prepare modifications of pres-
ent specifications or formulate new ones to recognize techno-
logical advances.

STEEL PRODUCTION

The processes by which steels are made are complicated and
highly technical. Depending upon the end use of steel, several
aspects of the processes are subject to variations. Rolling the
raw steel into finished products shown in Figure 1-1 involves
additional highly technical operations. The steel detailer inter-
ested in learning about the steel manufacturing industry is
encouraged to read The Making, Shaping and Treating of Steel
(AIST, 1998). This authoritative reference provides detailed
information on the production and rolling of steel.

Commercial practice has established a series of fixed-size
shapes with a sufficient range of dimensions and intermediate
weights per foot to satisfy all usual requirements. The extent
of standardization achieved is evident from a study of the list-
ings under “Dimensions” or “Properties” in the Manual, Part
1. Note the relatively small gradations in dimension of the
successive shapes included under any one nominal size. 

This standardized series of shapes is far from static. From
time-to-time, improvements in production technology and
changes in construction trends result in the introduction of
new shapes and elimination of less efficient shapes, as well as
the extension of established popular series of shapes by the in-
clusion of new lighter or heavier sections. 

MILL TOLERANCES

The term mill tolerances is used to describe permissible de-
viations from the published dimensions of cross-sectional
profiles listed in mill catalogs and in Part 1 of the Manual, and
from the thickness or lengths specified by the purchaser.
Some of the variations are negligible in smaller shapes, but
tend to increase and must be taken into consideration in de-
tailing and fabricating connections for members made up
from larger shapes. Other mill tolerances permit some vari-
ation in area, weight, ends out-of-square, camber, and sweep.
Factors that contribute to the necessity for mill tolerances
are:

• The high speed of the rolling operation required to pre-
vent the metal from cooling before the rolling process
has been completed.

• The varying skill of the operators in adjusting the rolls
for each pass, particularly the final pass.

• The deflection (springing) of the rolls during the rolling
operation.

• The gradual wearing of the rolls, which can result in
some weight increase, particularly in the case of shapes.

• The warping of steel in the process of cooling.
• The subsequent shrinkage in length of a shape that has

been cut while still hot.

Rolling, cutting and other tolerances attributable to mill
production of structural shapes and plates are discussed in
the Manual, Part 2 under “Tolerances.” The steel detailer
should be familiar with the several tolerances, especially those
of camber, sweep, depth of section, and length. A more exhaus-
tive presentation of these tolerances is found in ASTM A6.

An important factor for the steel detailer to understand
clearly is the effect of mill tolerances. The steel detailer must
know when to take tolerances into account, particularly in
ordering mill material and in detailing connections, espe-
cially those involving heavy rolled shapes. For instance, when
detailing a moment connection (discussed in Chapter 3) the
steel detailer must be cognizant of the permissible variations
in the depth of the beam and out-of-square of the beam
flanges in order to locate the connection material shop welded
to the column.

CALCULATION OF WEIGHTS

Listed here are several reasons the weights of finished mem-
bers must be calculated:

• They provide a check of the accuracy of the original
estimated weights against the actual as-built weights.

• Freight is paid on a weight basis.
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• The shop, shipping department and the erector must
know the weight of heavy pieces to prevent overloading
equipment.

• They are used by management in connection with
progress controls and cost control.

• The weight of finished parts is required for invoicing
purposes. On a unit price contract, where invoices are
based on weight of steelwork, the accuracy of calcu-
lated weights is extremely important.

When manually prepared drawings are completed, clerks
enter the information from the shop bill into a computer to
produce a printout that displays the weight of each compo-
nent of a shipping piece and the total weight of the piece.
Shop drawings prepared with CAD systems automatically
provide these weights (Figure A1-2). The steel detailer sel-
dom performs the calculation of weights. Later, these weights
are entered on the shipping bills (Figure 1-3). Most fabricators
use calculated weights and the vast majority of weights used
in the industry are calculated in accordance with certain def-
inite, agreed-upon procedures.

Theoretically, determination of the weight of a finished
part by calculation is as accurate as using a scale weight.
However, simplifying steps, such as the elimination of de-
ductions for material removed by cuts, clips, copes, blocks,
milling, drilling, punching, boring, planing, or weld joint
preparation (all of which have little effect upon the final
weight), are followed as accepted practice in the standard
procedure outlined in Section 9.2 of the AISC Code of
Standard Practice.

BILLS FOR SHIPPING AND INVOICING 
FINISHED PARTS 

Field bolt lists (discussed further in Chapter 8) are part of the
shipping bill, shipping memorandum, or bill of finished parts.
These bills are prepared by the fabricator’s billing department
after the shop drawings have been completed. They cover
every item of structural steel that must be delivered under the
contract. The fastener lists are usually the only part of a ship-
ping list that are prepared by the steel detailer. 

As with other forms already discussed, the design and
arrangement of the shipping documents vary according to the
system of controls in any one plant. In general, however, they
provide space for listing the following data:

• The total number of identical pieces to be shipped.
• A brief description of each piece.
• The erection mark and general location of each ship-

ping piece.
• The weight of each finished piece.
• The total weight shipped.

An example of shipping documents is shown in Figure 
1-3. As the arrangement and display of information on ship-
ping documents depends upon the preference of a fabricator,
those illustrated in Figure 1-3 show the type of information one
would expect to find on such documents. If a project requires
using more than one crane for erection, the shipping docu-
ment may list the crane to which each piece is assigned or
the sequence number may identify the crane. Some fabricators
prefer to list the numbers of the shop drawings correspon-
ding to the shipped pieces if the number is not a part of the
shipping mark.

Figure 1-3a (Bill of Materials by Sequence) is a computer-
generated list of all shipping pieces for Sequence 1, one of
several erection locations into which shipments on Job #1847
have been separated. The weights listed are the total weights
of all the pieces in the shipment. Thus, the weight shown for
pieces marked C42A is for the three pieces.

Figure 1-3b (Bill of Lading) is a computer generated load
list for the first truckload of material on Sequence 1 on Job
#1847. On this list both the individual piece weights and
the total weights shipped are listed. The steel detailer will
note that some of the quantities listed on the Bill of Materials
by Sequence exceed those shown on the Bill of Lading (see
piece A290, for example). The balance of pieces will go to
the job site on another truck. The total weight of 44,100 lb
is approaching the limit allowed by law to be shipped by
the truck in use. Note that the receiver at the job site is re-
quired to sign the Bill of Lading to acknowledge receipt of
the material.

CNC FILES

CNC (Computer Numeric Control) is a method by which a
steel fabricator sends information to specific semi-automated
machinery to perform certain fabrication tasks. These tasks
may include cutting members to length; drilling or punching of
holes; and cutting plates to size, beam copes, long slots, etc.

CNC is not new to the fabrication of structural steel. It has
been provided by what is referred to as interactive methods. In
the past, shop drawings were sent to the fabrication shop and
numeric information was entered into a computer by hand or
interactively. The classical method can and does provide for
the possibility of making mistakes. The programmer/operator,
typically someone in what is called the “template shop,” would
then provide tapes or some other means of transferring the
information to the individual CNC pieces of equipment. With
this digital information the machinery would, when the mate-
rial is loaded, perform the indicated operation. 

In today’s world of electronically produced shop draw-
ings, CNC information can be provided automatically by 
the detailing software. If the detailing software being used 
is capable of providing CNC information, the need for a 
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programmer in the shop to transfer the required data from the
shop drawings to the computer is eliminated. CNC also re-
duces the possibility of an error in data transfer. This will,
for the most part, eliminate the need for a programmer in the
shop, but it also means that the shop drawings must be made
accurately and to scale. Furthermore, all holes, cuts, lengths,
and other fabrication criteria must be incorporated electron-
ically for inclusion with the CNC information. If shop draw-
ings are plotted and changes are made to these plotted/hard
copies, then the automatic CNC information may be ren-
dered useless. In today’s market these hand changes are rarely
performed when accurate CNC information is required. If
for some reason drawings are not made to scale, the CNC
information is corrupted and cannot be sent to the shops for
fabrication.

CNC is a great tool providing speed of fabrication and bet-
ter quality control. If fabrication information is transferred
digitally from the detailing computer directly to the CNC
control computer, either through a network system or stored
data on some sort of digital media, there is little room for
error and quality control is greatly improved.

FABRICATING STRUCTURAL STEEL

The versatility of a structural steel fabrication shop is its most
notable characteristic. Few other types of industrial shops are
called upon to perform such a variety of work. For example,
the fabrication of a long-span bridge may be concurrent with
the fabrication of an industrial facility or a multi-story build-
ing. The speed and accuracy with which these structures are
fabricated and erected is a tribute to the steel detailers who
detail the work and the shop workers who perform it.

Knowledge of shop operations will help the steel detailer
to understand the reasons for many conventional practices
used in the preparation of shop drawings. Also, knowledge
of the available shop facilities and equipment will enable the
steel detailer to detail pieces that can be fabricated and erected
easily and economically. Drawings must be made to suit the
capacities and requirements of shop machines.

Fabricating shops differ considerably in size and layout.
Nevertheless, most conform to the same general pattern of
operations. A typical fabricating plant consists of one or more
bays or aisles, which are often called shops. The lengths of the
bays vary to accommodate required equipment and provide the
desired capacity. Usually, bays average 60 to 80 ft in clear
width and are serviced by overhead traveling bridge cranes
spanning the full width of the bay. Often jib cranes are at-
tached to and swing in an arc about individual building
columns for servicing various machines placed within reach.

In large multiple-bay shops, various classes of work are
segregated and passed through that bay which is equipped to
handle the particular type of work required. In small shops, all
classifications of work usually pass through one bay. Repair

work, minor fabrication, and storage of bolts and small parts
are handled, generally, in lean-tos or a small section of the
shop normally serviced by monorail hoists or fork lift trucks.

At the receiving end of the shop, an area is provided where
incoming raw material can be unloaded from railroad cars or
trucks, sorted, and stored until fabrication. At the shipping
end of the shop, a similar area is provided where fabricated
members can be loaded onto railroad cars, trucks or barges.

Structural steel must pass through several operations dur-
ing the course of its fabrication. The sequence and impor-
tance of shop operations vary, depending on the type of
fabrication required. This wide variation in operations distin-
guishes the structural steel fabrication shop from a mass pro-
duction shop. A list of typical fabrication shop operations
follows. A brief description of the work performed is then
given under subheadings identifying each operation.

• Material handling and cutting
• Template making
• Laying out
• Punching and drilling
• Straightening, bending, rolling and cambering
• Fitting and reaming
• Fastening methods
• Finishing
• Machine shop operations
• Cleaning and painting (if required)
• Shipping

MATERIAL HANDLING AND CUTTING

Three broad classifications describe the sources of steel used
in a structural fabricating shop: mill order steel, stock steel,
and warehouse steel.

Mill order steel is purchased from the rolling mills for 
specific jobs at specific quantities, sizes and lengths from lists
prepared by the steel detailer or fabricator’s purchasing de-
partment. It provides most of the material used in the fabrica-
tion shop. While material used to be ordered cut to length
and ready for fabrication, material today is almost exclusively
ordered in standard lengths (and widths for plates) with cut-
ting to length done in the shop.

Stock steel is stored at the fabricator’s plant and used to
handle requirements beyond those covered by mill order 
steel. Also, it is used to fill small orders and rush orders and
to supply quantities too small to order economically from 
the mill.

Warehouse steel is purchased from established warehouses
(steel service centers), usually at a premium price. Normally,
warehouses purchase steel from rolling mills in stock lengths,
such as 40 ft, 50 ft or 60 ft. Warehouse steel generally costs
more and the fabricator may have a greater waste factor if the
available lengths are more limited than those for a mill order.
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It is used either for jobs where a customer desires a quicker de-
livery than is possible with mill order steel and is willing to pay
extra for the service or for when quantities are too small for a
mill order.

When steel arrives at the plant, it must be identified and
checked against the fabricator’s order list and segregated for
a particular job or stock.

ASTM A6 specifies that steel, as shipped from the rolling
mill, must be marked with the heat number, manufacturer’s
name, brand or trade mark, and size. In addition, when a yield
stress of more than 36 ksi is specified, each plate, shape or
lift (a bundle of several pieces) is marked with the applica-
ble material specification number and color code. Mill test
reports show the results of physical and chemical tests for
each heat number and are furnished to positively identify 
the steel.

Sections A3.1 and M5.5 of the AISC Specification pro-
vide for identification of high-strength steels during fabrica-
tion. These systems of identification and control of
high-strength steel identification during fabrication ensure
that the materials specified for the various members are iden-
tified in the fabricator’s plant.

Most material passing through a structural shop is too
heavy to lift and move by hand. Overhead cranes, buggies
operating on tracks, motorized tractors, fork lifts, and strad-
dle carriers take the material as received in the shop and de-
liver it to the various machines. Also, they handle the material
during its movement through the shop and finally deliver the
finished fabricated members to the shipping yard.

Material not cut to length at the mill must be sent to the
shears, saws or cutting tables. Plates or flat bars under a cer-
tain thickness are cut on a guillotine-type machine called a
shear. Angles are cut on a similar machine capable of cutting
both legs with one stroke. Automated angle punching and
shear lines can cut and punch angles from information fur-
nished to it by the computer. Material is fed into the machine
on a bed of rollers. Beams, channels and light column shapes
are usually cut on a high-speed friction saw, a slower speed
cold saw or a band saw.

A gas torch is used to cut curved or complex forms and
material of a size or thickness beyond the capacity of the
aforementioned cutting machines. This operation is termed
flame cutting. The cutting torch provides a most useful and
versatile means of cutting steel. The portable type can be
taken to the material, either in the shop or in the yard. One
stationary model has a pantograph arm with cutting nozzle
at one end, directed by a guide template at the other end.
Some gas cutting machines are mounted on power-driven car-
riages designed to run on small guide tracks. For relatively
straight cutting, a guide rail on an adjacent table controls the
cutting torches. For complex cutting, an electronic guide tracer
follows a full scale template laid on the adjacent table. More
often, though, fabricators use CNC machines controlled by

computers that automatically control the cutting head and
eliminate the need for templates.

TEMPLATE MAKING

A template is a full-size pattern or guide, made of cardboard,
wood or metal, used to locate punched or drilled holes, and
cuts or bends to be made in the steel. It is used when layouts
are not made by CNC equipment.

Unless the fabrication operations are CNC-machine based,
template making is the first major shop operation required when
a new job starts. Detail drawings should be sent to the shop
early enough to ensure an ample supply of templates before
actual shop operations begin. The template is the sole guide 
to many subsequent operations, such as the cutting of plates,
fabrication of bent work, and punching or drilling of holes.

Each template is marked with the size of required mate-
rial, number of pieces to be made, the job number, the piece
identification mark and the drawing number on which the
part is detailed. 

Computer plots have eliminated the need for manual tem-
plate making in some operations. In addition, patterns for
templates of complicated curves in plate work can be made
using plots of data supplied to a computer by a steel detailer.

LAYING OUT

Unless the fabrication operations are CNC-machine based, a
substantial portion of the steel routed through the shop for
fabrication passes through the hands of the layout crew. Some
layout work is performed without the use of templates. This
is true when there is little duplication and layout work is more
economical. Construction lines are marked directly on the
steel with chalk lines or soapstone markers. Then, a center-
punch is used to locate the centers of holes to be punched and
the lines along which cutting must be done.

The layout crew checks the raw material for size and
straightness. If a piece needs to be straightened, it must be
sent to straightening machines, which are discussed later in 
this chapter.

Material that is to be laid out from templates is placed on
skids and the templates are clamped in place. All holes are
centerpunched and all cuts are marked with a soapstone
marker. All centerpunch marks and cuts are “rung-up” (out-
lined with painted lines) to prevent their being overlooked in
later operations.

PUNCHING AND DRILLING

Punching is a common method of making bolt holes in steel
(refer to AISC Specification Section M2.5). High-strength
steels are somewhat harder and punching may be limited 
to thinner material. Except when holes other than standard
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holes are specified, round holes are punched with a diameter
1/16 in. larger than the nominal diameter of the bolt to be used.
This provides clearance for inserting fasteners with some tol-
erance for slightly mismatched holes.

Light pieces of steel, such as short-length angles and small
plates, may be single-punched, that is, punched one hole at
a time. Machines for this purpose are known as detail punches.

A multiple punch has a number of punches arranged in a
transverse row over a spacing table. The table extends be-
yond both sides of the punch and has adjustable rollers to
support the steel. A hand- or power-driven carriage moves
the steel through the punch, and hole locations are determined
by stops set by a template or by a steel tape. Several holes
can be punched simultaneously.

A hand- or power-operated spacing table is used for
medium-weight beams, channels, angles and plates. An auto-
matic spacing table handles larger and heavier pieces. The
introduction of electronic controls in some shops permits fully
automatic operation of the spacing table carriage.

Drilling of structural steel is confined, largely, to making
holes in material thicker than the capacity of the punches, or
to meet certain job specification requirements. Drilling equip-
ment includes the standard machine shop fixed-drill press,
radial arm drills, multiple-spindle drills, batteries of drills on
jibs used for mass drilling and reaming, and gantry drills.

The fixed-drill press and radial arm drill usually drill one
hole at a time. For pieces requiring numerous holes, a multiple-
spindle drill may be used. One type has rows of spindles with
the longitudinal spacing between them fixed at 3 in. center-
to-center. With this type of equipment the material must be
moved into position under the drills. In contrast, horizontally
movable drills on jibs and radial drills mounted on a gantry
frame permit the drills to be moved over the material.

Machine manufacturers have combined many formerly
separate functions into continuously operating lines for the
processing of main material. One such machine, commonly
called a beam line, moves the material on a conveyor through
a saw, then punches or drills all holes. In this equipment, the
drill or punch equipment may consist of one spindle or punch,
or several spindles or punches, arranged to drill or punch
beam or column flanges and webs simultaneously. Another
machine is the single-spindle, CNC-controlled high-speed
drill, which will drill holes in gusset plates without the need
for templates or layout, including those for skewed connec-
tions. One advantage of these highly automated machines is
their inherent accuracy. The associated elimination of dimen-
sional errors greatly simplifies successive shop operations,
as well as erection.

STRAIGHTENING, BENDING, ROLLING 
AND CAMBERING

Material not meeting ASTM A6 tolerances and material that
may have become bent or distorted during shipment and han-

dling, or in the punching operation may require straighten-
ing before further fabrication is attempted. In addition, mem-
bers may become distorted when they are trimmed or, in the
case of W, S and M shapes, when they are split into tees. The
bend press, generally used for straightening beams, channels,
angles and heavy bars, is known commonly as a bulldozer,
gag press or cambering press. This machine has a horizontal
plunger or ram (or a set of rams or plungers) that applies pres-
sure at points along the bent member to bring it into align-
ment. Also, the press is used to form long-radius curves in
various structural members.

Long plates, which are curved slightly or cambered out
of alignment longitudinally, are frequently straightened by
a roll straightener. The plates are passed between three rolls.
The resulting bending increases the length of the concave
side and brings the plates back to acceptable tolerances of
straightness.

Misalignments in structural shapes are sometimes cor-
rected by spot or pattern heating. When heat is applied to a
small area of steel, the larger unheated portion of the sur-
rounding material prevents expansion, causing a thickening of
the heated area. Upon cooling, the subsequent shrinkage pro-
duces a shortening of the member, thus pulling it back into
alignment. Commonly, this method is employed to remove
buckles in girder webs between stiffeners and to straighten
members. Heating must be controlled. A special crayon that
changes color or melts at a predetermined temperature is often
used as a temperature check.

A press brake is used to form angular bends in sheets and
plates. Curved plates used in tanks and stacks are formed in a
plate roll machine.

The foregoing operations can also be used to induce curva-
ture, rather than remove it.

FITTING AND REAMING

Before final fastening, the component parts of a member must
be fitted-up; that is, the parts assembled temporarily with
bolts, clamps or tack welds. During this operation, the as-
sembly is squared and checked for overall dimensions. Then,
it is bolted or welded into a finished member.

The fitting-up operation includes attachment of assem-
bling pieces (such as splice plates, connection angles, stiff-
eners, etc.) and the correction of minor defects found by the
inspector.

On bolted work some holes in the connecting material may
not be in perfect alignment, and small amounts of reaming
may be required to permit insertion of the fasteners. In addi-
tion, holes may be formed by subpunching and reaming. In this
operation, the holes are punched at least 1/8 in. smaller than
final size. After the shipping piece is assembled, the holes are
reamed with electric or pneumatic reamers to the correct di-
ameter to produce well-matched holes. The resulting elonga-
tion of holes in some of the plies is acceptable, provided the
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resulting hole size does not exceed the tolerances for the final
hole sizes given in the RCSC Specification for Structural
Joints Using ASTM A325 or A490 Bolts, hereafter referred to
as the RCSC Specification. If reaming results in a larger round
dimension or a longer slot dimension, the rules for the larger
hole size must be met.

To ensure precise matching of the holes, some specifica-
tions require that field connections be reamed to a metal tem-
plate or that connecting members be shop assembled and
reamed while assembled. Either of these operations adds con-
siderably to the cost of fabrication and are generally speci-
fied only for unusually large and important connections, most
often encountered in bridge work. The use of CNC-controlled
drilling virtually eliminates the need for such operations.

FASTENING METHODS

The strength of the entire structure depends upon the proper
use of fastening methods. Where options are permitted by the
specifications, a steel detailer should select the most econom-
ical fastening method suited to the shop.

Bolting

Bolted connections are used in both the shop and field.
Connections are usually made using high-strength bolts,
ASTM A325 or A490, depending on strength requirements.
Ordinary machine bolts (ASTM A307) are seldom used today,
perhaps only in minor structural applications such as connec-
tions for girts and purlins. Installation and strength require-
ments for high-strength bolts are specified in the RCSC
Specification.

The RCSC Specification and Section J3 of the AISC
Specification specify that the required joint type for high
strength bolts be identified in the design drawings as snug-
tightened, pretensioned or slip-critical. Snug-tightened joints
and pretensioned joints resist forces through bearing of the
fasteners. Slip-critical joints resist forces in much the same
way, but also have frictional resistance to slip on the faying sur-
faces. In building structures, snug-tightened joints are most
common; see RCSC Specification Section 4.1. Applications
where pretensioned joints are required are listed in RCSC
Specification Section 4.2 and AISC Specification Section J3.1.
Applications where slip-critical joints are required are listed
in RCSC Specification Section 4.3. Note how rarely slip-
critical joints are required in building design.

Welding

Welding generators, transformers and automatic welding ma-
chines are provided with adjustable controls. These controls
are used to obtain welding power characteristics and rates of
weld deposit best suited to the electrodes and to the type and
position of work being welded. The welding current is con-
ducted from the generator or transformer through insulated
cables. These are connected to complete a circuit between

the work and the machine when an electric arc is struck be-
tween the electrode (the conductor that delivers the electric 
current used in welding) and the work to be welded. Long
welds of uniform size are deposited, generally, by automatic
welding machines that feed welding wire and flux into the
arc at an electronically controlled speed. Other methods, more
completely described in Chapter 4, may be used.

When a number of identical welded assemblies are to be
fabricated, special devices known as fixtures or jigs are used
to locate and clamp the component parts in position.

The layout work for welded fabrication consists, chiefly, of
marking the ends and edges of components for accurate cut-
ting. Drilling or punching of main material is avoided and
holes for erection bolts are confined to fitting or connection
material, when practicable. Subassemblies are placed on level
skids and tack-welded together. This holds the part in align-
ment, facilitates completion of the final welding operations,
and reduces distortions.

An inspection of each shipping unit prior to final shop
welding is made to check overall dimensions and the proper
location of all connections. This inspection also includes a
check of the fit-up of all joints to ensure that they can be
welded properly. When the welding has been completed, a
final inspection is made and each piece is cleaned and painted,
if required. When shop painting is required, the surface areas
adjacent to future welds may need to be left unpainted until
after these welds have been made. This provides surfaces free
of materials that might prevent proper welding or produce
objectionable fumes during welding. Shop drawings must
show such unpainted surfaces.

FINISHING

Structural members whose ends must transmit the weight and
forces that they are supporting by bearing against one another
are finished to a flat surface with a roughness height value
less than 500 μin., per ASME B46.1 (ASME, 1996). Such
finishing is normally obtained by sawing, milling, or other
suitable means.

Several types of sawing machines are available, all of which
produce very satisfactory finished cuts. One type of milling
machine employs a movable head fitted with one or more
high-speed, carbide-tipped rotary cutters. The head moves
over a bed, which securely holds the work in proper align-
ment during the finishing operation.

When job specifications require that sheared edges of plates
over a certain thickness be edge planed, the plate is clamped
to the bed of a milling machine or a planer. The cutting head
moves along the edge of the plate, planing it to a neat and
smooth finish.

Column base plates over certain thickness limits are re-
quired by the AISC Specification to be finished over the area
in contact with the column shaft. This finishing is usually
done on a machine known as a bed planer.
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The term “finish” or “mill” is used on detail drawings to de-
scribe any operation that requires the steel to be finished to a
smooth, even surface by milling, planing, sawing, or other
suitable means.

MACHINE SHOP OPERATIONS

Some plants may be equipped with a machine shop as an aux-
iliary facility to the main fabrication shop. Special operations
of machining are performed here as required in connection
with the general run of structural steel fabrication.

One of the important functions of the machine shop is the
maintenance and repair of plant equipment. In addition the
machine shop may bore holes in parts for pin connections,
turn out pins and other lathe work, plane or mill base plates,
and cut and thread tie rods and anchor rods. In larger plants the
machine shop may be equipped to manufacture machinery
for movable bridges, railroad turntables, rockers and rollers for
bridge shoes, and similar special items.

CLEANING AND PAINTING

All steel that is to be painted is so indicated on the design
drawings and the shop drawings. Before painting, the steel-
work must be cleaned thoroughly of all loose mill scale, loose
rust, and other foreign matter. The cleaning may be done by
hand or power-driven wire brushes; by flame descaling; or
by sand, shot or grit blasting. Certain specifications may re-
quire a specific type of treatment, as in the case of paints re-
quiring a surface free of mill scale. The kind and color of
paint, as well as the method of painting, are controlled by job

specifications, which are part of the contract documents. For
an expanded discussion on steel coatings, refer to Chapter 4.

SHIPPING

The shipping dock or yard requires a large area serviced by
cranes or other material handling equipment. Here, the fabri-
cated members are sorted, stored and shipped to the field as 
required.

Material destined for distant points is transported by rail-
road cars, trucks or barges. Material for local structures is al-
most always hauled by truck. This requires loading facilities
for each type of transportation used.

Long members, which slightly exceed the length of a rail-
road car, are loaded with the overhanging length at one end;
an idler car goes with the load to provide clearance for the
overhanging end. Longer members, which approximate the
length of two cars, are loaded to rest on a bolster on each car.
The bolsters are arranged to rotate slightly and to move length-
wise at one end to permit the cars to go around curves. Even
longer members are loaded on three cars; bolsters support the
load on the two end cars, which are separated by an idler car.
Sketches of large pieces are submitted to railroads for loading
instructions and clearance confirmation. These sketches are
sometimes prepared by the steel detailer.

Shipping foremen must be familiar with railroad and high-
way regulations. They must have information on maximum
permissible loads and bridge clearances. When material is
wider, longer and heavier than is permitted on streets or high-
ways, permission for special routing must be obtained from the
proper local, state or federal authorities.
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A NEW PROJECT

When a steel fabricator supplies the structural steel for a proj-
ect, the fabricator must be aware of their responsibilities as a
member of the project team. The AISC Code of Standard
Practice outlines the normal fabricator obligations that be-
come applicable when the AISC Code of Standard Practice is
referenced in the contract documents. Explicit requirements in
the contract documents may be included that tailor the AISC
Code of Standard Practice requirements to meet the needs
of a specific project. Such requirements are in addition to (or
may supersede) those in the AISC Code of Standard Practice.

As noted in Chapter 1, the major portion of work placed
under contract by a structural steel fabricator is with an owner,
normally through the owner’s designated representative for
construction, to provide the structural steel indicated in the de-
sign drawings and specifications prepared by the owner’s des-
ignated representative for design. One common alternative
system is a design-build project, which provides a way for the
owner to retain a single representative who assumes responsi-
bility for both the design and the construction of the structure.

Typically, the owner or the owner’s representative advertises
in construction and contracting periodicals that a structure is
proposed for construction and requests bids. The advertise-
ment describes the scope and location of the project, states
the date bids are due, and gives the location where design
drawings and specifications can be obtained by contractors
for bidding. Interested contractors obtain sets of design draw-
ings and specifications for their own use and for distribution
to subcontractors who are invited to bid to the general contrac-
tor on their (the subcontractor’s) portion of the work. Thus, the
structural steel fabricator obtains a set of design drawings and
specifications pertaining to the portion of the project in which
the fabricator is interested. This interest could be in the struc-
tural steel only or, if requested by the general contractor, could
also include other construction items such as miscellaneous
steel (ladders, stairs, handrails, relieving angles, curb angles,
loose lintels, etc.), open-web steel joists, steel sash, corru-
gated steel siding and roofing, steel decking, and/or erection
of any or all of these items. The fabricator will usually sublet
the work of these other construction items to specialty subcon-
tractors who perform these types of work.

ESTIMATING

When a project is advertised for bidding, the owner must pro-
vide sufficient information in the form of scope, structural

design drawings, specifications, and other descriptive data to
enable the fabricator and erector to prepare a bid. As the first
step in preparing a bid to furnish structural steel for a given
project at an agreed price, the fabricator’s estimating depart-
ment prepares a detailed list, or “takeoff,” of all pertinent ma-
terial shown in the structural design drawings and determines
the associated costs and labor.

Where the basis of payment is lump sum, it is particularly
important that this takeoff be accurate and complete. A lump-
sum price covers a specific amount of work explicitly shown
on the design drawings and covered in the project specifica-
tions. The omission or addition of items may result in taking
a contract at a loss or losing a contract.

Another basis of payment is unit-price. Frequently, this
method is used when a design is incomplete or when addi-
tions and changes are expected. In unit-price contracts, the
final calculated weight of the structural steel in pounds (or
tons) multiplied by the bid price per pound (or ton) deter-
mines the total cost. Unit-priced payment is most common
in industrial work. 

Occasionally, the basis for payment is the actual cost of
material and all labor plus a percentage of these costs. This is
termed a cost-plus price.

The estimator, from past experience and with the aid of
cost data from previous similar jobs, determines the cost of
preparing shop drawings and fabricating the structural steel.
Cost estimates are prepared either by:

• Applying appropriate cost factors to the estimated steel
weight; or,

• Estimating the cost of preparing shop drawings from
analyzing the quantity, sizes and shapes of pieces to be
fabricated, and making a complete and detailed analy-
sis of shop costs.

If the bidding fabricator has an in-house detailing group
(Figure 2-1), the estimator may request that the group create
an estimate of the costs to produce shop drawings. On the
other hand if bidding fabricators rely on subcontract steel
detailers to produce their shop drawings (and time permits)
they may ask these steel detailers to prepare an estimate on
the preparation of shop details and erection drawings. In ad-
dition, a cost analysis is prepared for the other construction
bid items (miscellaneous steel, joists, decking, erection, etc.)
when they are to be bid by the fabricator. If time permits,
the subcontractors for these items may be invited by the fab-
ricator to submit bids. Usually, the lowest price the estimator
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receives for producing shop and erection drawings and sup-
plying any of the other construction items will be included in
the fabricator’s bid prices to the general contractor. However,
sometimes the lowest price will be rejected for some reason
such as the bidder’s inability to perform within the allotted
time frame.

Before an award, the sales manager (or “contracting man-
ager” as some fabricators call it) usually has the only contact
with the customer (the owner, owner’s designated representa-
tives for design, and/or owner’s designated representative for
construction). When the award is made, all of the informa-
tion required to perform the work is forwarded to the steel
detailer and shop in accordance with an agreed-upon sched-
ule. A project manager or coordinator is assigned to sched-
ule the work and to provide contact between the fabricator’s
departments and the customer.

CONTRACT BETWEEN THE FABRICATOR AND
THE CUSTOMER

The contract documents normally detail what the fabricator 
is to furnish, the delivery schedule, and the manner and 

schedule by which the fabricator will receive payment. Having
won the contract to furnish the items bid, a fabricator informs
its winning subcontractors and sets its system of production
controls into motion. As the first step, a contract number is
assigned to the job and used to identify all shop and erection
drawings, documents, raw material, and finished parts relat-
ing to the project.

For reasons relating to price, delivery time or character
of the work involved, the project may be divided into multi-
ple contracts. In such cases, a separate number is assigned
to each contract. This establishes a separate identity for the
work throughout the drafting, production and erecting oper-
ations. In most shops, the sales department prepares an oper-
ating data sheet (sometimes referred to as a job data sheet,
production order, or contract memorandum) similar to the
form illustrated in Figures 2-2a, b and c. As noted elsewhere
in this manual, the arrangement and presentation of an oper-
ating data sheet will vary depending on the preference of the
fabricator.

The data usually lists basic information such as, but not
limited to:

• Project
• Customer
• Owner
• Structural Engineer of Record
• Architect
• Contract design drawings
• Contract specifications
• Location
• Job number

Also, it may briefly summarize information such as:

• Grade(s) of steel to be used.
• Type of paint required (if any) and type of surface prepa-

ration.
• Type of field connections to be furnished.
• Inspection required and by whom.
• Agreed-upon schedule for drawing submittals, fabrica-

tion, delivery, and duration of erection.
• Method of delivery of steel to the job site.
• Basis of payment.
• Any additional information needed to prepare shop

drawings.
• The requirement that certified copies of all mill test re-

ports are to be furnished.
• Individual or company to whom shop drawings are to be

submitted for approval.
• Scope of work and exclusions.
• Fabrication and shipment sequences (divisions) of steel.
• Accepted deviations from design drawings.
• Erection requirements.
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Most of this data is given by the owner’s designated repre-
sentative for design on the design drawings or in the project
specifications, which are a part of the contract documents.

Certain practices relating to the design, fabrication and
erection of structural steel have become standardized, such
as the furnishing of incidental materials (bolts, weld elec-
trodes, etc.), method of weight calculation, use of stock, etc.
These standards are described fully in the AISC Code of
Standard Practice, which normally is included in the con-
tract documents by reference. Suppose, for example, the scope
of a contract is defined in the job specification as:

Furnish and deliver all structural steel shown on
Drawings S101 to S109, inclusive, in accordance with
the AISC Specification for Structural Steel Buildings,
and AISC Code of Standard Practice for Steel Buildings
and Bridges.

Such a contract provision establishes a commonly accepted
and well-defined line between what is, and what is not, to be
furnished under a contract for structural steel. Without such a
provision, the contract would need to spell out in consider-
able detail what is expected of both parties to prevent a mis-
understanding.

Under the preceding contract provisions, the categories
of material to be furnished by the fabricator are defined in
AISC Code of Standard Practice Section 2.1. The items listed
therein are produced in the fabrication shop or are related
directly to these items. Unless specifically called for in the
contract documents, other non-structural-steel items—such as
steel sash, corrugated steel siding and roofing; open-web
steel joists, and other items listed in AISC Code of Standard
Practice Section 2.2—even though they may appear on the
design drawings or in the project specifications, are not in-
cluded in the contract, even though some actually may be
made of steel. However, as noted earlier when requested to do
so, some fabricators will include in their bid package the
costs of purchasing and delivering these “other items.”

Because all of this contract information must be available
to many individuals, summarizing it in a single memoran-
dum is advisable. Its importance requires that the data sheet
be revised and kept up to date throughout the period of the
contract.

PLANS AND SPECIFICATIONS

The most important contract documents are the design draw-
ings and specifications, which define the work. Generally, the
specifications describe how the work is to be accomplished,
while the design drawings show how the structure will look.
They show the shape of the structure, sections and sizes of
members, location and arrangement of the members in the
frame, beam/girder camber, floor levels and roof, and col-
umn centers and offsets, with adequate dimensions to con-
vey accurately the quantity and character of the structural

steel to be furnished. Also, details of structural joints, bearing
stiffeners on beams and girders, beam web reinforcement,
openings for other trades, connections between the curtain
wall and the supporting frame, column stiffeners, column web
doubler plates, column anchorage, and column splices are
given. Notes listing the types of fasteners, applicable design
specifications (for example, AISC, RCSC, AWS, ASTM),
grade of steel, and type of paint (if any) to be used are in-
cluded with other instructions specific to the construction of
the structure.

Sufficient information concerning loads and forces to be
resisted by the individual members and their connections
should be given in the design drawings. Such forces include
shear and axial forces in beams and girders, shear forces and
moments at column splices and bases, moments at beam
ends, and axial forces in diagonal bracing. See AISC Manual
Part 2 and AISC Code of Standard Practice Section 3.1 for
further information.

DESIGN INFORMATION

Figure A7-66 in Appendix A of this manual is a design draw-
ing of a light industrial building. This drawing, prepared by 
the designer, gives the fabricator the necessary information
to prepare shop drawings for the structural frame.

The composite plan view (Figure A7-66) shows both the top
and bottom chord bracing and the braced bays requiring sway
frames. The size of the eave struts is indicated on the plan,
but their location is shown on the Typical Wall Section. The
size and location of the purlins and girts are shown in the top
chord plan and in the Side Elevation. Note that sag rods are
used to align the purlins and girts.

The cross section is taken through the 60-ft width of the
structure and shows the sizes of the columns, knee-braces and
truss components. The designer has indicated the required
forces and loads in the truss and knee-braces. These are
needed by the steel detailer to develop adequate connec-
tions. Two sets of forces are indicated: those produced by
gravity (vertical) loads and those caused by wind. The wind
forces are given by the designation (�) to indicate tension or
compression because the wind may blow in either direction
against the sides of the building. The gravity forces, because
they are produced by loads which act in only one direction
(downward), are either positive (�) or negative (�), never
both. Pages 2-8 and 2-9 of the Manual define the several
kinds of loads and their combinations to be applied in design-
ing truss joints.

One of the advantages of listing the forces as in Figure
A7-66 is that the design drawing indicates whether any of
the double-angle truss members may be subject to both ten-
sion and compression. If the magnitude of the reversible
force is such that a dead load tensile force is less than the
compressive wind force, the spacing of the stitch fasteners
or welds connecting the two angles would be governed by
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the more restrictive requirements for tension or compression
members (AISC Specification Chapter D or E).

Design drawings of trusses should show all dimensions
that are required to establish the necessary working points
and distances between working points. 

The columns in Figure A7-66 have been proportioned by
the designer to resist bending (acting in conjunction with the
roof truss) from the moderate amount of wind load against
the wall siding. The column bases are assumed free to rotate
unless otherwise specified by the designer. Therefore, the re-
quired column details are relatively simple.

Figure A7-52 is a design drawing of an industrial build-
ing that must support an overhead traveling crane having a
lifting capacity of 15 tons. In this building, the columns are
subject to large bending forces because, in addition to the
bending moments induced by wind, the operations of the
crane will impose horizontal forces at the crane girder level,
which must be resisted by the column in bending.

In designing this structure, the engineer had to give special
attention to the problem of developing suitable connections
for the stepped columns, where the upper shaft is spliced to
the lower shaft and where the lower shaft is fastened to the
foundation. These connections form a very important part
of the structure.

As required by the AISC Code of Standard Practice, the de-
signer has indicated the desired make-up of these connec-
tions. The steel detailer will follow the design drawing in
detailing these connections or, in special cases, obtain ap-
proval from the designer before varying any details.

ENGINEERING DESIGN DATA

The information needed for detailing columns, as well as
other structural members, is normally found on the structural
design drawings. These drawings show the size and location
of all parts of the structural frame using plan views, eleva-
tions, sectional views, enlarged details, tabulations and notes.
They should include all information necessary for complete
detailing.

Plan views show the locations of column centers and in-
dicate the orientation of column faces. Beams and girders
shown on column centers are assumed to connect at the cen-
ter of the column web or flange. Because the structural design
drawings generally are small-scale line diagrams, enlarged
sections are sometimes employed to locate off-center beams
and to clarify special framing conditions. This is true, partic-
ularly, for perimeter (spandrel) framing, beams around stair-
wells and ramps, and members at elevator openings. Enlarged
parts of the design drawings, such as those adjacent to corner
columns, may be used to indicate the designer’s solution or
to alert the steel detailer to complex situations.

Beam connections to columns may be designed to resist
wind or seismic forces in addition to vertical floor loads. Such
special connections are sometimes sketched and tabulated on

the design drawings and keyed to the beams by numbers and
symbols. Ordinary framed or seated connections are usually
designated by note or specification reference, as are the bolts
or welds to be used. When vertical bracing, trusses or built-up
girders are required, the necessary views are shown in verti-
cal sections or exterior elevations.

TYPES OF COLUMNS

The most frequently used columns consist of 10-in., 12-in.
and 14-in. W shapes. Even though design conditions some-
times require sections built up of several components, design-
ers utilize W shapes, as rolled, whenever practical. In Figure
2-3, W-shape columns, cover-plated W-shape columns, and
several types of built-up columns are shown. Special I- and H-
shaped columns and box sections, sometimes with interior
webs, can be made by welding plates together. Double- or
triple-shaft columns, laced, battened or connected with di-
aphragms, may be used in mill buildings where crane run-
ways and roof supports are combined in one member. Tubular
columns of round, square or rectangular shape are used in
light structures and, for architectural reasons, often supplant
W sections in schools and small commercial buildings.

COLUMN SCHEDULES

To furnish the fabricator information on the size and length of
columns required in a tier building, the designer prepares a
column schedule, similar to the one shown in Figure 7-1f.
Columns are identified and oriented on the design drawings by
an appropriate symbol, usually the column shape in cross sec-
tion, and are located by a system of numbering. Their location
may be established using either a simple numerical sequence,
as 1, 2, 3, etc., or a two-way grid system, with column center-
lines assigned letters in one direction and numbers in the other
direction. Thus, a column at the intersection of D and 4 would
be column D4. The column schedule sometimes contains
member loads, which should be included when required for the
selection of column splice connections. 

The required size and makeup of a particular column, in-
cluding (usually) loading, is given in the column schedule. As
the total load supported by a column increases through an
accumulation of loads from each level of framing, the size of
the column usually increases from roof to footing. The sched-
ule shows the column sizes and specifies the elevation at
which the sizes must change. For reasons of economy in fab-
rication and handling, splices usually occur at every second
(or sometimes every fourth) level. Thus, each individual col-
umn length supports two (or four) floors, termed a tier.
Horizontal reference lines in the column schedule represent
finished floor lines or some other reference plane. Elevations
of floor framing, as well as column splices, are referred by
note or dimension to these lines. Bottoms of columns (or
tops of base plates) and the “cut-off points” at the column
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tops are located similarly. Conditions do exist when it is
proper to provide a column splice after the first level, and
the erection logic of a project should be considered when
choosing the column splice locations.

The size and length of columns in low buildings of one or
two stories, where the same section may be used from top to
bottom, are usually shown on the plans and in elevations or
typical sections.

Locations of column splices can affect the cost of a high-
rise structure. The following situations are cited for consid-
eration:

• Because the lower tier is normally heavier, the column
splice level is kept as low as possible in order to reduce
weight of materials. 

• Splices must be made at least 4 ft above finished floor
level on perimeter columns, as required by OSHA, 1926
Subpart R, to permit the installation of safety cables.

More specific information about OSHA requirements is
outlined later in this chapter.

• The elevation of the splice must provide sufficient space
to allow for the splice plate and beam connection to be
made without interfering with each other. If the structure
is braced, sufficient space for the bracing connection
should be provided. It is a very undesirable situation
for the column splice to share fasteners with or be de-
pendent upon some other connection.

• The splice elevation should accommodate the erector
who will make the connection. To splice a column at
the mid-height or point of contraflexure (a change in
the direction of bending in any member) may appear
desirable, but, as this is several feet above the steel
framing, such a splice can require additional expense
in initially connecting the next higher tier, installing
and tightening permanent bolts, or in field welding the
splice, because scaffolding can be required for access.
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This is troublesome, particularly during erection of the
next tier, and is sometimes an unsafe procedure.

DISTRIBUTION OF PLANS AND SPECIFICATIONS

Immediately upon receiving notice to proceed with structural
steel fabrication, the fabricator obtains from the general con-
tractor either several sets of prints of the design drawings (ar-
chitectural and/or engineering) or a set of reproducibles or
electronic files, which the fabricator uses to make the required
number of sets of prints. These design drawings are usually
marked “Released for Construction” or with a similar note
to differentiate them from the design drawings used when the
estimate was made and from which the project was bid. As
stated in the AISC Code of Standard Practice, this note per-
mits the fabricator to commence work under the contract, in-
cluding placing orders for material and preparing shop and
erection drawings, except where the design drawings designate
hold areas to be avoided due to a design that is incomplete
or subject to revision. One set of design drawings and speci-
fications is given to the estimator to compare with the design
drawings used during the bidding. If differences between the
bid and contract sets are detected, the estimator determines
the cost and schedule impact and advises the sales manager.
The sales manager must decide if the differences are accept-
able without adversely affecting job costs and schedules or
if they require contractual changes. If the latter is the case,
the cost and schedule changes to which the fabricator and
general contractor agree can be included in the contract doc-
uments before they are signed by both parties.

Another set of design drawings and specifications is is-
sued to the fabricator’s production manager, usually with a
copy of the summary of the estimate. With these documents
the production manager can see what kinds of pieces will be
fabricated (beams, columns, trusses, etc.), their weights and
their sizes. If the production manager recognizes that some
shipping pieces must be limited in size or weight or that two
or more relatively small shipping pieces can be combined
into a larger one, the matter is discussed during an in-plant
pre-production meeting. This recognition on the part of the
production manager comes from experience, familiarity with
shop equipment and capacity, familiarity with transportation
regulations, and from knowledge of the erector’s capabilities.

If the fabricator elected in the bid to furnish such items as
miscellaneous steel, decking, joists, etc., sets of design draw-
ings and related job specifications are distributed to each of
these fabricator’s subcontractors along with a purchase order
from the fabricator. The purchase order to each subcontractor
describes the items to be supplied by that subcontractor.
Sometimes the subcontractor will require information in the
form of a drawing or a list prepared by the fabricator’s struc-
tural steel detailer.

Depending upon the size of the project and the number
of steel detailers assigned to it, sufficient quantities of de-

sign drawings and related specifications are issued to the
structural steel detailing group. The detailing manager stud-
ies the design drawings and specifications and schedules the
work to be done to meet the fabricator’s schedule for the
project. At the in-plant pre-production meeting, the detail-
ing manager has the opportunity to discuss and resolve with
the sales and/or production managers any questions or con-
cerns prior to beginning detailing functions. The detailing
manager’s accumulated experience and knowledge of steel
fabrication and erection leads to valuable suggestions to the
sales and production managers of ways to expedite fabrica-
tion and erection.

STEEL DETAILING GROUP

The production of fabricated steel starts with the steel detail-
ing group, which follows an established procedure to ensure
an orderly flow of work through the shop. The organization of
the group resembles that shown in Figure 2-1. It could be a
group of steel detailers that forms either a department in-
house with the fabricator or a separate company under contract
to the fabricator. A tremendous amount of paperwork is in-
volved. Drawings and bills (standard forms) prepared by the
steel detailer form an important part of this paperwork.
Therefore, each steel detailer must understand thoroughly the
system used by the employing fabricator.

The constantly increasing use of data processing equip-
ment causes revision of the various forms used by individual
companies. Understanding the purpose of each form, the steel
detailer will have little difficulty in adapting quickly to the
use of the particular forms used by the fabricator.

To assist the steel detailer in understanding the functions of
a detailing group, a list of the various operations in their ap-
proximate sequence follows. Figure 2-4 is a flow chart illus-
trating the sequence of operations. Its purpose is to give the
steel detailer an idea of the relationships of the several func-
tions listed. Of course, the relationships may change depend-
ing upon the type of project, its size, the schedule, the size
of the detailing group, and other factors. A description of the
work required for each operation is given in later chapters.

A typical detailing group would perform its procedures in
approximately the following sequence:

• Initiate job and fabricator setup (i.e., pre-planned check-
lists).

• Prepare typical details, job standard sheets, layouts, and
calculation sheets.

• Prepare system of assembling and shipping piece marks. 
• Prepare and check advance bills for ordering material.
• Make and check anchor rod/embedment drawings.
• Make and check erection drawings.
• Make and check detail shop drawings, including bills of

material.
• Secure approval of shop drawings.
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• Incorporate approval comments.
• Issue shop drawings to the shop.
• Prepare lists of field fasteners.
• Fit check (discussed in Chapter 8).
• Issue shop and erection drawings to field.

Detailing groups involved with 3D modeling detailing may
use the following list of procedures:

• Initiate job and fabricator setup (i.e., pre-planned check-
lists).

• Prepare typical details, job standard sheets, layouts, and
calculation sheets.

• Prepare system of assembling and shipping piece marks.
• Enter and check base grid system.
• Enter and check columns with base plate data.
• Enter and check beams and other structural members.
• Prepare advance bills for ordering material.
• Produce and check anchor rod setting plan.
• Enter and check connections.
• Generate clash check.
• Produce and check column and beam details, etc.
• Submit for approval.
• Revise details per approval comments.
• Submit to fabricator for production.
• Generate field bolt list.
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Figure 2-4. Detailing process sequence of operations diagram.
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The operating data sheet shown in Figure 2-2 indicates
that the information required by the steel detailing group is
presumed to be shown on the design drawings, Drawings 
S-1 thru S-14. This information and the supplementary data
described in the job specifications should be complete and
final. However, to verify this assumption the drafting project
leader assigned to the contract must study the design draw-
ings and specifications carefully. This will reduce time lost
later in obtaining missing information, which could seriously
delay the progress of the work.

In this project, the selling basis is lump-sum, and unless oth-
erwise advised by the sales department, the drafting project
leader can assume that all of the required framing is covered
on the design drawings. Later, the owner’s designated repre-
sentative for design may issue revised and supplementary de-
sign drawings amplifying and clarifying information shown on
the original-issue design drawings. Any change in the scope
of work may require an adjustment of the contract price. In
such a case, the detailing group must obtain instructions from
the sales department or project manager before proceeding
with the work.

CONTRACT DOCUMENT ERRORS

As indicated earlier, the detailing manager must study the de-
sign drawings, subsequent revisions and pertinent specifica-
tions as soon as they are received by the steel detailing group
for use in preparing shop drawings and all the relative docu-
ments for the fabricator. The steel detailing group must be-
come familiar with the details of the project. 

The accuracy of the contract documents is the responsi-
bility of the owner’s designated representative for design.
Section 3.3 of the AISC Code of Standard Practice requires
that design discrepancies be reported when discovered, but
does not obligate the fabricator or the steel detailer to find
the discrepancies.

One of the more common problems found on drawings
produced by computer programs is the connection of a deep
beam to a much shallower supporting beam. For instance, a
W24 may be shown connecting to the web of a W16 with the
tops of both beams at the same elevation (“flush top”). This
may result in an expensive connection for the W24 to the
W16, involving possible reinforcement of the web of the W24
and/or the W16. Such a situation should be brought to the at-
tention of the owner’s designated representative for design to
determine if a deeper, more suitable beam could be substi-
tuted for the W16.

Sometimes, the sum of a string of dimensions on drawings
does not agree with the given overall (total) dimension. At
other times, dimensions are omitted. Another error commonly
found on drawings is incorrectly described material sizes.

On some projects, the specifications issued are similar to
those used on a previous project by the designer. Thus, some
references to products and regulations that were job-specific

on the previous project may not be applicable to the present
project. Another problem occurs in specifications when they
differ from information on the design drawings. The AISC
Code of Standard Practice stipulates that design drawings
govern over the specifications. Again, when these discrep-
ancies are found, they must be referred to the design team
for resolution.

When beam-to-column flange moment connections are re-
quired on a project, often column webs must be reinforced with
transverse stiffeners and/or web doubler plates, which can be 
expensive. The designer may show only a sketch of a typical
moment connection (e.g., see Figure 2-5), illustrating such stiff-
ening in the web of the column. The steel detailer should note
that the AISC Code of Standard Practice, Section 3.1 requires
that doubler plates and stiffeners “shall be shown in sufficient
detail in the structural Design Drawings so that the quantity,
detailing and fabrication requirements for these items can be
readily understood.” Columns should be designed to eliminate
web doubler plates and web stiffeners, when possible.

This text describes only a few of the errors in contract doc-
uments encountered by steel detailers in the normal pursuit of
their work. The steel detailer should bring any errors discov-
ered to the attention of the design team and be willing to be-
come involved in the resolution of those falling within his or
her field of experience. Often a steel detailer’s suggested cor-
rection of a discrepancy in the contract documents will be
helpful to and accepted by the design team.

DETAILING QUALITY

Whether shop drawings are made by hand or with computer-
aided drafting (CAD), they must be accurate and complete
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Figure 2-5. Typical moment connection.
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and easily readable in the shop environment. Additionally,
the steel detailer must remember that the shop drawings 
are used not only by the fabricating shop, but also by other 
subcontractors such as plumbers, HVAC contractors, fire-
protection applicators, and others. 

Drawings must be neat and never appear cluttered. In
preparing a shop drawing, the number of views needed is de-
termined by the amount and kind of fabrication required and
the attached detail material. The spacing of the views must
allow adequate dimensioning and the addition of any notes
that may be required. More information covering the prepara-
tion of shop drawings will be found in later chapters.

SPECIFICATION AND CODE REQUIREMENTS

The AISC Specification covers design, fabrication and erec-
tion of structural steel for buildings. The steel detailer is en-
couraged to review the headings of the many sections of the
AISC Specification to become familiar with its coverage.
Much of the AISC Specification is concerned with design cri-
teria, with which the steel detailer will have little, if any, need
in performing the customary detailing functions. However,
certain sections are of considerable interest to the steel de-
tailer and should be given specific attention:

SECTION TOPIC

A1 Scope
A3 Material 
B3.6 Design of Connections
Chapter J Design of Connections
J10 Flanges and Webs with 

Concentrated Forces
Chapter M Fabrication, Erection and Quality 

Control
Commentary Sections related to the foregoing

The AISC Code of Standard Practice is a compilation of
the trade practices that have developed among those involved
in the buying and selling of fabricated structural steel. It has
been updated several times since its inception in 1924. As
with the AISC Specification, the steel detailer is encouraged
to review the entire AISC Code of Standard Practice to be-
come familiar with the many areas it covers. However, of
particular significance to the steel detailer are the following
sections:

SECTION TOPIC

1 General Provisions
2 Classification of Materials
3 Design Drawings and Specifications
4 Shop and Erection Drawings

10 Architecturally Exposed 
Structural Steel

OSHA SAFETY REGULATIONS FOR 
STEEL ERECTION

OSHA safety regulations for steel erection are found in 29
CFR 1926, Subpart R (OSHA, 2006), which is a series of ar-
ticles starting with 1926.750. As much as possible, the rele-
vant article will be referenced, but in the text that follows,
1926 will be omitted, as it is repetitive. This discussion is not
intended to list every aspect of the OSHA regulations, as they
are far too numerous and detailed. Instead, the discussion will
emphasize those aspects of the OSHA regulations that are of
particular interest to steel detailers, regarding the fabrication of
structural steel. The full text of the safety regulations is avail-
able for download from OSHA’s website at www.osha.gov.
Additional information is given by Barger and West (2001).

Scope of the Standard [.750]

The scope is extremely broad and encompasses virtually all ac-
tivities of steel erection. It applies to new construction and
the alteration or repair of structures where steel erection oc-
curs. Interestingly, other structural materials, such as plastics
and composites, are included when they resemble structural
steel in their usage.

Definitions [.751]

The following definitions are of particular interest:

• Column
• Constructability
• Double Connection
• Double Connection Seat
• Final Interior Perimeter
• Opening (in a decked area)
• Post (as opposed to a column)
• Project Structural Engineer of Record
• Shear Connector
• Systems-Engineered Metal Building

Tripping Hazards [.754(c)(1)]

The shop placement of shear connectors, weldable reinforc-
ing bars, deformed anchors, or threaded studs is prohibited
where they would obstruct the walking surfaces of beams or
joists (Figure 2-6). The shop placement of threaded studs on
column cap plates to receive strut joists, deformed bars on
column webs, or shear studs on beam or column webs is not
prohibited since these are not walking/working surfaces
(Figure 2-7).

Roof and Floor Holes and Openings [.754(e)(2)]

Where design constraints and constructability allow, the struc-
tural supports for deck openings are to be fabricated so that
decking runs continuously over the openings (Figure 2-8).
This does not apply to major openings such as elevator shafts
or stairwells. Other deck openings are not to be cut until the
opening is needed.
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Figure 2-6. Examples of prohibited connection element placement that obstructs the walking surface.

Figure 2-7. Permissible details.

Note: Headed stud, deformed anchor or threaded studs
may not be shop attached because they obstruct the
walking/working surface.

Note: Examples of the shop attachment of headed studs,
deformed anchors or threated studs that do not obstruct
the walking/working surface and may be shop attached.
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Column Anchor Rods [.755]

Columns are required to have a minimum of four anchor rods
[.755(a)(1)] (Figure 2-9) and those anchor rods as well as the
column foundation are to be capable of supporting a 300-lb
load (the weight of an erector and his tools) at the column
top located at both 18 in. from the face of the column flange
and from a plane at the tips of the column flange (Figure 2-10)
[.755(a)(2)]. Posts (see OSHA definition) are not required to
have four anchor rods (Figure 2-11).

The structural engineer of record must design a column’s
base plate and supporting foundation to accept the four an-
chor rods. The clear distance between column flanges (Figure
2-12) may not allow for a significant spread between anchor
rods when placed inside the flanges of W8 and W10 columns.
It is recommended that they be placed outside the column at
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Figure 2-8. Continuous structural supports for deck openings.

Figure 2-9. Minimum anchor rod requirement.

Figure 2-10. Loads required at column tops for erection.

Figure 2-11. Special anchor bolt requirements for posts.

the base plate corners. The designer may give consideration to
the fact that base plates frequently require slotting in the field
to accommodate misplaced anchor rods.

In the erection of all columns, the erector must evaluate
the jobsite erection conditions and factors such as wind, when
the column will be tied in, etc., and determine the necessity for
guying or bracing [.754(d)(1) and .755(a)(4)]. This is consis-
tent with the requirements of the AISC Code of Standard
Practice, Sections 1.8 and 7.10.

Minimum Erection Bolts [.756(a) and (b)]

The requirements given in regulation are the minimum num-
ber of bolts to be used during erection to support a member
until the crane’s load line is released. Two bolts in each con-
nection are the minimum to connect solid web members, and
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one bolt is the minimum for solid web bracing members or the
equivalent as specified by the project structural engineer of
record. The initial minimum bolts are to be the same size and
strength as shown in the erection drawings. The erector is re-
quired to maintain structural stability at all times during the
erection process [.754(a)], and the determination of the num-
ber of bolts required to temporarily support members is a re-
sponsibility of the erector.

Double Connections [.756(c)]

Only double connections of beams to column webs or to the
webs of girders over columns in the case of cantilevered con-
struction are regulated—not such connections at locations
away from the columns. This boxes the bay with strut beams.
The rule is based on the fact that an erector commonly sits on
the beam on the first side of the double connection while the
beam on the opposite side is connected in these regulated
instances. If the connection gets away from the erector, beam
and column collapse can occur and the erector may fall.
Typical beam-to-beam double connections (other than at a
cantilever over a column) require no special consideration
since the erector can instead sit on the girder that receives
both beams. At column conditions, there are many ways to
facilitate safe double connections (Figures 2-13 through 
2-17). The staggering of end angles on each side of the col-
umn web (single staggered), as shown in Figure 2-13, may
not stabilize the beam’s top flange unless metal deck is pres-
ent and the angles may be better staggered on each side of 
the beam web (double staggered), as shown in Figure 2-14.
When seats (Figures 2-15 through 2-17) are used, the beam
must have a positive connection to the seat, while the second
member is erected. The figure in the OSHA Standard’s
Appendix H shows clipped plates where end plates are used
as shear connections.

Column Splice Strength [.756(d)]

Column splices have the same 300-lb loading requirement at
the top of the upper shaft as required for anchor bolts (rods)
(Figure 2-10). Again, the erector must consider other factors,
such as wind, and guy the column accordingly, if necessary.

Column Splice Locations [Appendix F]

Since connectors are required to tie off when the fall distance
exceeds 30 ft, placing column splices every three floors is an
inefficient choice for the purposes of erection. The erector
will erect two floors, deck the second level, and then erect
and deck the third level before starting the process again. It
would be better for the project structural engineer of record to
place column splices either every two floors or, in some cases,
every four floors so as to optimize the erection process.
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Figure 2-12. Approximate clear distance between column flanges.

Figure 2-13. Single-staggered stabilization 
of beam’s top flange.

Figure 2-14. Double connection staggered on each side 
of each beam web.
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Column Splice Height at Perimeter Columns/Perimeter
Safety Cable Attachments [.756(e)]

Except where constructability does not permit, perimeter
columns must extend a minimum of 48 in. above the fin-
ished floor to allow the attachment of safety cables. Per
[.760(a)(2)], perimeter safety cables are required at the final
interior (see definition) and exterior perimeters for the pur-
pose of protecting the erector from falls from decked areas.
The columns must be provided to the erector with either

holes or attachments to support the top and middle lines of
the safety cables at 42 in. and 21 in. above the finished floor.
This is not required at openings such as stairwells, elevator
shafts, etc.

It is best left to the fabricator to determine the most eco-
nomical way to support the safety cables. Perimeter safety
cables must meet the requirements for guardrail systems in
1926.502 (Appendix G) [.760(d)(3)]. 

Joist Stabilizer Plates at Columns [.757(a)(1)]

When the columns are strutted with joists, the column must 
be provided with a plate to receive and stabilize the joist 
bottom chord. The plate must be a minimum of 6 in. by 
6 in. and extended 3 in. below the joist bottom chord with 
a 13/16-in. diameter hole for attaching guying or plumbing 
cables (Figures 2-18 and 2-19). Figures 2-18 and 2-19 show
details at column tops in cantilevered girder construction.
Figure 2-18 shows stiffeners in the beam web above the col-
umn. In this case, the stiffeners acting with a properly de-
signed column cap will provide the necessary continuity and
stability for the column top. Thus, the joist bottom chord ex-
tensions need not be welded to the stabilizer plates. In Figure
2-19 there is no stiffener over the column, and stability of
the column top is provided by welding the extended bottom
chords to the stabilizer plates. These welded connections 
create continuity in the joists. The resulting moments must be
reported to the joist supplier so that the joists can be properly
sized. The timing of the welding must be indicated so that
it is consistent with the continuity moments reported. For
example, the effects of loads applied prior to welding need not
be included in the continuity moments.
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Figure 2-17. Double connection with shop-welded erection seat
(alternative location).

Figure 2-15. Double connection with temporary 
bolted erection seat.

Figure 2-16. Double connection with shop-welded 
erection seat.
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Joists [.757]

Regulations regarding joists of interest to the structural steel
detailer are:

• Strut joists at or near columns must be field-bolted
[.757(a)(1) and (2)].

• Unless panelized, joists of 40 ft or greater span must
be field-bolted to their supports unless constructability
does not allow [.757(a)(8)].

Steel detailers must take the bolting requirements for
joists of 40-ft spans and over into consideration in beam 
details, particularly in cantilevered construction over the
cantilever support. Note that strut joists require bolting 
and stabilizer plates regardless of span. K-series joists com-

monly use 1/2-in.-diameter bolts, while LH-series and DLH-
series joists use 3/4-in.-diameter bolts. Fabricators must not
arbitrarily increase bolt diameters without verifying with
the project structural engineer of record that the additional
loss of net cross-sectional area from the beam flange will
not affect the supporting member’s design. Threaded studs
may not be used on walking/working surfaces because they
constitute a tripping hazard [.754(c)(1)].

Systems-Engineered Metal Buildings [.758]

All requirements of Subpart R apply to systems-engineered
metal buildings (see definition) except as noted in that sec-
tion. Additionally, there are some safety requirements that
are unique to this type of construction.
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Figure 2-18. Strut joist with stiffener and 
stabilizer plate.

Figure 2-19. Strut joist with welded bottom chord and 
stabilizer plate.
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An external force applied to a structural member is called a
load. Loads are most commonly expressed numerically in
kips, where a kip is 1,000 lb. When loads are applied to a
member, internal forces develop within the member as it re-
sists the loads. In a member resisting a load, the internal axial
force divided by the area over which it acts is called a stress.
Stresses are expressed numerically in kips per square inch
(ksi).

The beams, girders, trusses, columns and other members
that form a completed structural frame are designed to resist
these loads (i.e., self-weight and superimposed loads). Each 
of these members must transmit its loads through its connec-
tions to supporting members. For example, beams transmit
their loads to girders, girders transmit their loads to columns,
columns transmit their loads to foundations, and foundations
transmit their loads to the ground. Each member in this sys-
tem must be provided with proper connections to transfer its
loads to other members safely and economically, usually
through a combination of bolts, welds and connecting ele-
ments, such as angles, plates or tees.

The AISC Specification includes both load and resistance
factor design (LRFD) and allowable stress design (ASD)
methods. In LRFD, factored loads and load combinations
with separate factors for each load and for the resistance are
used. In ASD, service loads and load combinations with a
safety factor applied to the resistance are used. Because of
these differences in load levels used, it is important to deter-
mine which method is required in the contract documents,
and to indicate which method has been used in any connection
design work. This text utilizes both load and resistance factor
design and allowable stress design in all design examples.
Refer to the Manual Part 2 for a more detailed discussion of
the fundamentals of LRFD and ASD.

TYPES OF FASTENERS

ASTM A325 and A490 High-Strength Bolts

High-strength structural bolts are furnished in two strength
grades: ASTM A325 high-strength carbon steel bolts and
ASTM A490 quenched and tempered alloy steel bolts. ASTM
A325 and A490 bolts are available from 1/2-in. diameter to
11/2-in. diameter and in lengths generally up to 8 in. Each
strength grade can be ordered as Type 1 (medium carbon steel
for ASTM A325; alloy steel for ASTM A490) or Type 3 (at-
mospheric corrosion resistant steel for both ASTM A325 and

A490). In the event a bolt order does not specify a bolt type,
either Type 1 or Type 3 may be supplied at the manufacturer’s
option. Reference to Type 2 bolts was removed from the RCSC
Specification following its removal from the ASTM A325
and ASTM A490 Specifications.

The RCSC Specification establishes the requirements for
materials, design, installation and inspection of these fasteners.

ASTM F1852 Twist-Off-Type Tension-Control Bolts and
Alternative Design Fasteners

The RCSC Specification also covers the use of ASTM F1852
twist-off-type tension-control bolts, which are the “TC” equiv-
alent of ASTM A325 bolts. These bolts are installed with a
special tool that twists off the splined end of the bolt when
the proper bolt pretension is reached. RCSC Specification
Section 2.8 also permits the use of other alternative design
fasteners subject to the requirements in the RCSC Specification
for alternative design fasteners. TC bolts equivalent to ASTM
A490 bolts can be ordered under these provisions.

ASTM A307 Bolts 

ASTM 307 bolts are sometimes called unfinished, machine or
common bolts. Once common, these fasteners are rarely used
today.

FORCES IN BOLTS

When resisting a load that tends to stretch it in the direction of
its length, a bolt is said to be loaded in tension; the load cre-
ates a tensile stress in the material. Thus, the bolt labeled as (A)
in Figure 3-1 is in tension. The available tensile strength of the
bolts is listed in the Manual, Table 7-2.

More commonly, structural bolts are used to resist loads
that are transverse to the length of the fastener. Shear on ma-
terial is the algebraic sum of all the external forces acting on
one side of a section plane through the material. For any sec-
tion, the shear force on one side of the plane is numerically
equal to the shear force on the other side, but opposite in di-
rection. Figure 3-1 [see label (B)] illustrates the case of a fas-
tener loaded in shear; the plane separating the plies of material
is the section plane through the bolt. A shearing stress, de-
termined by dividing the shear force by the area over which it
acts, is created in the bolt at the section plane. Bolts have two
design shear strengths, depending upon the location of the
bolt threads with respect to the shear plane (“N” means threads
pass through and are iNcluded in the shear plane; “X” means

CHAPTER 3

COMMON CONNECTION DETAILS

Various framing configurations and the force transfer mechanisms that occur in each, with illustrations 
of the common connection details that are used in each case.
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threads do not pass through and are eXcluded from the shear
plane). The common practice is to use the lesser bolt available
shear strength that includes the bolt threads in the shear plane,
A325-N or A490-N. Many engineers prefer the use of “N
bolts” to simplify bolt installation since there is no need to
ensure that the threads are excluded from the shear plane.
Bolts in connections designed with threads excluded from
the shear plane are designated A325-X or A490-X. These
bolts are either installed in the snug-tightened condition or
pretensioned (see RCSC Specification Section 4).

In some cases, slip resistance must also be provided for
shear connections, and the resulting connection is called slip-
critical. In this connection the bolts are pretensioned and the
faying surface(s) are prepared to achieve a defined slip coeffi-
cient, creating a clamping force between the connected parts
that in turn creates a frictional resistance on the surfaces in
contact. The RSSC Specification defines the faying surface as
“the plane of contact between two plies of a joint.” Thus, a
double-angle, bolted/bolted connection would have two faying
surfaces at the web of the supported member and one faying
surface at the face of the supporting member. The need for
slip-critical connections in building structures is normally quite
limited, as indicated in RCSC Specification Sections 4 and
4.3. The only purpose of a slip-critical connection is to elim-
inate slip at design service loads. The bolt shear, bolt bearing
or other such limit states may control the design of slip-criti-
cal connections and must be checked in addition to the slip
resistance. Slip-critical joints are appreciably more expensive
because of the associated costs of faying-surface preparation.
When slip resistance is required and the steel is to be painted,
the fabricator should be consulted to determine the most eco-
nomical approach to providing the necessary slip-resistance.
Special paint systems that are rated for slip-resistance can be
specified. Alternatively, a normal paint system can be used
with the faying surfaces masked. Note that the surfaces under

the bolt head, washer and/or nut are not faying surfaces, see
Figure C-3.1 in the RCSC Specification.

The same forces that cause shearing stress also attempt to
push the bolt against the side of the hole and the resulting re-
sistance is called a bearing stress. In Figure 3-1 [see (B)], the
bearing loads applied against the opposite faces of the connect-
ing bolts cause the shear stress in the bolts. When a fastener
transmits a shear load in a bearing connection, a bearing stress
is present in the connected material. In pretensioned and slip-
critical shear connections, the fasteners also impose compres-
sive stresses at the contact surface surrounding the bolts.
Compressive stresses are caused by axial forces directed to-
wards each other, tending to compress or shorten the material.
These stresses induce the friction between the faying surfaces
of the connected material.

Figure 3-1 illustrates the basic functions of fasteners in a
connection:

An S-beam suspended from a bracket supports a load P,
which is transmitted to the bracket angles by the bolts marked
A. Bolts A resist the downward pull of P; each bolt supports
a share of the load and is stretched in the direction of its
length. These bolts are loaded in tension. The bolt force may
be amplified by what is called “prying action.”

The load from bolts (A) passes through the two bracket an-
gles and is transferred by bolts (B) into the bracket web.
These bolts prevent the angles from moving downward and,
in doing so, resist a shearing force between the contact sur-
faces of the angles and the bracket web. Bolts (B) are loaded
in shear.

The bolts attaching the bracket to the flange of the W col-
umn are divided into groups (C) and (D), in accordance with
the loads they support. The entire group, (C) � (D), is af-
fected by the downward force, P, and each bolt is loaded in
shear. However, because of the position and direction of P,
a rotating force or moment, M, is initiated, which tends to ro-
tate the bracket in a clockwise direction, pulling the top away
from the column and pushing the bottom toward it. The pull
at the top of the bracket is resisted by the bolts in group (C).
Bolts (C), therefore, are loaded in tension (in varying degrees)
as well as in shear and are said to be loaded in combined
shear and tension. Bolts (D) in the lower part of the connec-
tion, where the bracket presses against the column, are loaded
in shear alone. The compressive load is transmitted through
metal-to-metal bearing between bracket and column flanges
and is not carried by the bolts. The diagonal line represents the
assumed distribution or horizontal load intensity from top to
bottom of the bracket.

Bolts (E) clamp the angles to the bracket web and, thereby,
stiffen its bottom edge against buckling. When used in this
way, they are called stitch bolts. Stitch bolts carry no readily
calculable stresses. Their primary function is to hold together
component parts to ensure action of the member as a unit,
rather than an assemblage of loose pieces. Stitch bolts also
are employed to seal the edges of contact surfaces against
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Figure 3-1. Basic functions of fasteners in a connection.
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moisture, rusting and paint. The maximum spacing of fasten-
ers for stitching is limited by AISC Specification Section J3.5.

The use of fasteners is not limited to transferring loads to
and from structural connections. Fasteners also serve to trans-
fer calculated forces between the main material elements com-
prising built-up members.

Nominal strengths are established by computations using
specified material strengths and dimensions, and formulas
derived from accepted principles of structural mechanics, or
by field tests or laboratory tests of scaled models. In LRFD,
design strengths are determined by multiplying nominal
strengths by the resistance factor, φ. Thus, the design strength
equals φRn, where Rn is the nominal strength. In ASD, allow-
able strengths are determined by dividing the nominal strength
by the safety factor, φ. Thus, the allowable strength equals
Rn /Ω, where Rn is the nominal strength.

Available tension and shear strengths for bolts and avail-
able bearing strengths in base material are given in the AISC
Specification Sections J3.6 and J3.10. The following discus-
sion of strengths in fasteners is based on and limited to pro-
visions in the AISC Specification. In detailing practice, the
design specifications for a project (AISC and any other appli-
cable specification) must be used.

The nomenclature most commonly used in computations
involving fasteners employs the following symbols:

Ab � Nominal body area of a fastener (cross-sectional
area based on nominal diameter), in.2

Fnt � Nominal tensile stress, ksi
Fnv � Nominal shear stress, ksi
Fp � Nominal bearing stress of the type of steel being

used, ksi
Fy � Specified minimum yield stress of the type of

steel being used, ksi
Fu � Specified minimum tensile strength of the 

critical connected part, type of steel or fastener
being used, ksi

ft � Computed tensile stress, ksi
fv � Computed shear stress , ksi
φ � Resistance factor for LRFD
Ω � Safety factor for ASD
rn � Nominal strength of one fastener from the AISC

Specification, kips/bolt 
rut � Required tensile strength of one fastener,

kips/bolt, LRFD
ruv � Required shear strength of one fastener,

kips/bolt, LRFD
rat � Required tensile strength of one fastener,

kips/bolt, ASD
rav � Required shear strength of one fastener,

kips/bolt, ASD
Rn � Nominal resistance or strength of joint, kips/bolt
φRn � Design resistance or strength of joint, kips/bolt
Rn/φ � Allowable resistance or strength of joint, kips/bolt

Shear

If two plates are connected by a bolt as in Figure 3-2(a) and
equal opposing forces, P, act on them, the tendency of these
plates to slide past one another along their contact or faying
surfaces is resisted by the bolt. The bolt is stressed on one
transverse section, X-X, identified as a shear plane. The bolt
is said to be loaded in single shear.

In Figure 3-2(c) the bolt shown is required to transmit the
forces, P, from each of two outside plates into the middle
plate. In this case the bolt is stressed on two shear planes, Y-
Y and Z-Z. Each transverse section transmits a load 1/2P to
equalize the force, P, in the middle plate. This condition of
loading is called double shear.

Although single- and double-shear connections account
for most bolted joints, multiple plate arrangements can in-
volve triple and quadruple or more shears. For example, in
Figures 3-2e and 3-2f the plates are placed alternately to uti-
lize three and four shear planes, with proportionate increases
in the total force one bolt is capable of transmitting. Thus,
for a given load, additional plates lessened the force across
each shear plane.

Every fastener has a specific available strength. If the ap-
plied load exceeds this strength, the fastener is undersized
and it may “fail.” For example, if the fasteners in Figures
3-2a and 3-2c did not have sufficient strength to resist the
loads, P, the plates would shear the fastener shanks, as illus-
trated in Figures 3-2b and 3-2d.

The ability of a fastener to resist shear at any transverse
plane is dependent on its nominal body area, Ab, its nomi-
nal shear strength, Fnv, and the resistance factor, φ. The prod-
uct of these quantities, φFnv Ab , is the design single-shear
strength of the fastener. Twice this product, 2(φFnv Ab) is the
design double-shear strength; three times the product, the
design triple-shear strength, etc. For convenience, these de-
sign shear strengths are labeled φRn, which is the total shear
load that one fastener is permitted to support in a specific
condition of shear. These shear relationships can be expressed
by the equations:

single shear

φrn � φFnv Ab (LRFD)

and

rn/Ω � (Fnv Ab)/Ω (ASD)

double shear

φrn � 2(φFnv Ab) (LRFD)

and

rn/Ω � 2(Fnv Ab/Ω) (ASD)

Numerical values of Fnv are established by the AISC
Specification to provide an adequate margin of safety for each
fastener type. Table J3.2 of the AISC Specification lists the
nominal shear strengths for bolts. For connections where the
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Figure 3-2. Bolt bearing.
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bolt threads pass through the shear plane, Fnv includes an al-
lowance for the reduction in bolt cross-section caused by
threading.

Substituting a 7/8-in. ASTM A325 bolt in a bearing con-
nection with threads excluded from the shear plane and φ �
0.75, Fnv � 60 ksi, Ab � 0.6013 in.2 for LRFD and Ω � 2.00,
Fnv � 60 ksi, Ab � 0.6013 in.2 for ASD in the preceding 
equations, provides an available single-shear strength of:

φrn � 0.75(60)(0.6013) � 27.1 kips (LRFD)

rn/Ω � [(60)(0.6013)]/2.00 � 18.0 kips (ASD)

The same bolt has an available double-shear strength of:

φrn � 2(0.75)(60)(0.6013) � 54.1 kips (LRFD)

rn/Ω � 2{[(60)(0.6013)]/2.00} � 36.1 kips (ASD)

Triple- and quadruple-shear strengths of this bolt would be
three and four times the single-shear strength, respectively
(Figures 3-2e and 3-2f).

In the Manual Part 7, Table 7-1 provides available single-
and double-shear strengths for structural fasteners ranging 
in size from 5/8- to 11/2-in. diameter. Thus, Table 7-1 eliminates
the need to calculate φrn and rn/Ω. The table lists values of
available shear strengths according to the identifying letter
for the type of connection, i.e., N � bearing with threads 
included in the shear plane and X � bearing with threads 
excluded from the shear plane. This is usually written as 
A325-N or A325-X (or A490-N or A490-X). Bolts in slip-
critical connections are noted A325-SC (or A490-SC). This
coding method is for the user’s convenience; the same actual
bolt as manufactured is used in all these applications.

In most, if not all connections, more than one fastener is re-
quired. The designer must (1) determine how many fasten-
ers of a certain type and size are needed to support an applied
load or (2) analyze a connection to determine its strength.
These computations are illustrated in the Manual.

Bearing in Bolted Shear Connections

Although the fasteners in a structural joint may be strong
enough internally to transmit the applied forces, the joint may
fail if the material joined is not capable of transmitting these
forces into the fasteners. Figure 3-3 illustrates how a thin con-
necting plate in a shear bearing connection might fail by a
bearing or a tension tear out failure before the full shear
strength of the fastener can become effective.

The ability of a joint to resist this type of failure depends
on the amount and bearing strength of the connected mate-
rial. Figure 3-4a illustrates single-shear bearing. The oppos-
ing forces, P, act on the body of the fastener through the sides
of the holes. The surfaces over which these forces are as-

sumed to bear uniformly are the projected areas abcd and
efgh, shown in the cutaway view, Figure 3-4b. These pro-
jected areas are calculated by multiplying the plate thickness
by the nominal fastener diameter.

Figure 3-4c illustrates double-shear bearing. Principles
and assumptions here are the same as for single-shear bearing.
Note, however, that the amount of bearing pressure in the
outer plates is only half of that in the center plate when all
of the plates are of the same thickness. Bearing in triple- and
quadruple-shear joints is similar; the individual-ply bearing
stresses being proportional to the total forces applied to the 
individual plies of material.

The pressure that may be applied safely in bearing is not de-
pendent on the stronger fastener material, but rather on the
material being fastened. Available bearing strengths are estab-
lished by AISC Specification Section J3.10 and are based on the
specified minimum tensile strengths of the types of material
connected. If a joint is made up of material having differing Fu
values (i.e., A36 steel connected to A992 steel), the bearing
strength for each type of material must be considered.

The Manual is of considerable assistance in solving prob-
lems involving shear and bearing relationships. Values of
fastener available bearing strengths for steels of various Fu
values, tabulated by fastener diameter, are given in Table 
7-5. Thus, shear and bearing strengths may be compared
quickly and the available strength can be determined without
computation.
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Figure 3-4. Bolt bearing.

Edge Distances

One of several factors to be considered in determining the
bearing strength at bolt holes is the minimum distance (meas-
ured in the direction of a transmitted force) from the center of
a standard hole to the free edge of a connected part (See AISC
Specification Section J3.4.). In the AISC Specification, Table
J3.4 lists applicable values of minimum edge distances for
the commonly used bolt sizes. The edge distance is increased
by an increment listed in Table J3.5 when oversized holes
and short- and long-slotted holes comprise the connection.
Maximum bearing strengths at bolt holes are established by
AISC Specification Section J3.10. Edge distances may be in-
creased to provide for a required bearing strength.

AISC Specification Section J3.5 establishes the maximum
distances from the center of bolt holes to the nearest edge of
parts in contact. The limits specified are intended to provide
for the exclusion of moisture, thus preventing corrosion be-
tween the parts.

Snug-Tightened and Pretensioned Bearing Connections

In bearing joints, the bolt shear load is resisted by the bolt
bearing against the sides of the holes in the connected mate-
rial. The clamping force of the high-strength bolts contributes
to the connection rigidity, but the shear load is not consid-
ered to be resisted by the friction between the connected parts.
High-strength bolted bearing connections are used when the
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slip between joint surfaces, necessary to bring the bolts into
bearing in holes in the connected material, can be tolerated.

Faying surfaces must be free of loose mill scale, dirt, and
other foreign material. However, the presence of paint, oil,
lacquer or galvanizing is not prohibited. Burrs that would pre-
vent solid seating of the connected parts in the snug-tight con-
dition must be removed. Snug-tight is defined as the tightness
that exists when the plies of the joint are in firm contact.
Usually, this may be attained by a few impacts of an impact
wrench or the full effort of a worker using an ordinary spud
wrench.

Two shear strength levels are provided for each type of
high-strength bolt in a bearing connection. AISC Specification
Table J3.2 lists nominal shear strength, Fnv , values for A325
and A490 bolts in bearing connections. Full advantage of
bearing connections can only be realized when bolt threads
are not allowed to cross a shear plane (X-type). When bolt
threads cross a shear plane, the lower Fnv values must be used
(N-type).

Thread lengths on high-strength bolts are made shorter
than those on other types of bolts for the express purpose of
ensuring a minimum encroachment of threads into the grip
(total thickness of all plies of connected material). Lengths
of thread for high-strength bolts may be found in Table 
C-2.1 of the Commentary in the RCSC Specification. Note,
however, when A325T bolt lengths equal to or shorter than
four times the nominal diameter are used, the bolt is threaded
for the full length of the shank per ASTM Specification A325
Supplement S1.

For the convenience of the steel detailer, fabricators usually
provide tabulations of bolt lengths for various diameters and
grips. These tabulations take into account washer and nut
thicknesses and allow for full thread engagement of the nut.
The tabulated bolt lengths are satisfactory for bolts in slip-
critical connections. However, if the higher Fnv values per-
missible in bearing connections are to be used, required bolt
lengths must be such that the amount of thread within the
grip is less than the thickness of the thinner outside joint com-
ponent.

The steel detailer is referred to the Manual Part 7, Figure
7-1, which depicts bolt installation to exclude threads from
the shear plane. If a bolt must be inserted so that the thickness,
t, of the ply closest to the nut is less than that tabulated, the
steel detailer must furnish a longer bolt and provide an addi-
tional hardened washer(s) under the nut. The extra washer(s)
will permit full tightening of the nut. Where threads must be
excluded from the shear plane, the steel detailer must give
explicit instructions on the erection drawings to control the
field installation of bolts. 

Bolts, in connections that are neither within the slip-critical
category nor required to be pretensioned bearing connec-
tions, shall be installed in properly aligned holes and need 
only be tightened to the snug-tight condition. If the owner’s 

designated representative for design designates in the con-
tract documents that certain shear/bearing connections are to
be tightened to pretension, such bolts shall be installed and
tightened as if they were slip-critical (see RCSC Specification
Section 8.2).

Slip-Critical Connections

Joints in which, in the judgment of the owner’s designated
representative for design, slip would be detrimental to the be-
havior of the joint are defined as slip-critical. In slip-critical
joints the bolt shear is resisted by friction between the con-
tact surfaces of the connected parts but must also be designed
to resist shear and bearing on the bolts, since limited slip may
occur in the service life of the structure. These joints include,
but are not necessarily limited to, joints subject to fatigue or sig-
nificant load reversal, joints with bolts in oversize holes or in
slotted holes with the applied force approximately in the direc-
tion of the long dimension of the slots, and joints in which
welds and bolts share in transmitting shear loads at a common
faying surface. The owner’s designated representative for de-
sign must designate in the contract documents which joints
are to be slip-critical as described in RCSC Specification
Section 4.3.

The frictional resistance required to transfer the shear 
loads depends on the high clamping forces exerted by pre-
tensioned bolts and the condition of the surfaces in contact.
Consequently, the RCSC Specification requires that all contact
surfaces, including those under bolt heads, nuts and washers,
shall be in solid contact, free of loose mill scale, dirt and other
foreign material. Contact surfaces within the joint shall be free
of any applied coating that would tend to lubricate the sur-
faces and so reduce their frictional resistance. Alternately, the
joints may be specified to have painted faying surfaces, which
are blast cleaned and coated with a special, qualified paint.
Faying surfaces specified to be galvanized shall be hot-dipped
galvanized and manually roughened using a hard wire brush.

The amount of frictional resistance caused by the clamp-
ing action of a high-strength bolt is related directly to the
cross-sectional (nominal body) area of the bolt, the preten-
sion of the bolt, and the nature of the faying surfaces and
type of hole. Discussions on coated surfaces are provided
in Chapter 4.

Section J3.8 of the AISC Specification specifies methods
for determining the available slip resistance for three cate-
gories of hole conditions for slip-critical connections. The
values are based on Class A (slip coefficient 0.35), clean mill
scale, and blast-cleaned surfaces with Class A coatings. In
the Manual Part 7, Table 7-3 lists the available shear strengths
for bolts in sizes from 5/8 to 11/2 in., when slip is a servicea-
bility limit state. Similarly, Table 7-4 lists the available shear
strengths when slip is a strength limit state.

As the fastener in a slip-critical connection could slip into
bearing at ultimate load, the AISC Specification requires that
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the base material be checked for bearing strength as for a
bearing member.

In slip-critical connections, fasteners shall be installed in
properly aligned holes and tightened to the minimum required
pretension as required in RCSC Specification Section 8.2.

Tension Joints

Nominal tensile strength in bolts is measured by the prod-
uct of the gross (nominal) bolt area, Ab, and the nominal ten-
sile strength per unit area, Fnt. Thus, the design tensile strength
(LRFD), φrn, of a bolt equals φFntAb and the allowable 
tensile strength (ASD), rn/Ω, of a bolt equals (Fnt Ab)/Ω.
Nominal stress, Fnt, for these fasteners is listed in the AISC
Specification Table J3.2.

Gross bolt areas, in square inches, are based on the gross
bolt diameters of structural bolts, with no deduction for thread
depth. Table 7-4 in the Manual Part 7 lists bolt areas for a
wide range of diameters.

For example, determine the available tension strength, φrn
or rn/Ω, of a 7/8-in.-diameter ASTM A325 bolt:

Using Table J3.2 for values of φ and Fnt and Manual Table
7-2 for values of Ab:

φ � 0.75 and Ω � 2.00

Fnt � 90 ksi

Ab � 0.601 in.2

φrn � φ Fnt Ab (LRFD)

φrn � 0.75(90)(0.601) � 40.6 kips (LRFD)

rn/Ω � (Fnt Ab)/Ω (ASD)

rn/Ω � [(90)(0.601)]/2.00 � 27.0 kips (ASD)

Available tension strengths for ASTM A325, A490 and
A307 bolts may be read directly from Table 7-2 in the Manual
Part 7.

High-strength bolts having countersunk heads should be
avoided in applications where they will be stressed in ten-
sion. Nominal stresses, Fnt, in AISC Specification Table J3.2
are based on fasteners with full heads and nuts.

Joints with Fasteners in Combined Shear and Tension

Fasteners subjected simultaneously to shear and tension loads
require special analysis to ensure conformance to the AISC
Specification provisions for Fnv and Fnt. Joints with this type
of combined loading occur frequently in end connections of
diagonal bracing members (see Figure 3-5).

AISC Specification Section J3.7 provides interaction equa-
tions establishing design stresses for fasteners subject to com-
bined shear and tension. In analyzing this type of connection,
stresses for shear and tension are considered separately and are
not combined as a single resultant force on the fastener.

Bearing Connections in Combined Tension and Shear 

Available tensile strength of bolts in bearing-type connec-
tions subjected to tension are determined using the values of
Fnt found in Table J3.2, but are modified per the equations
found in AISC Specification Section J3.7. Further exposition
on the topic of combining the effects of tension and shear on
bolts is found in Section J3.7 of the Commentary to the AISC
Specification.

Slip-Critical Connections in Combined Tension and Shear 

Interaction equations for high-strength bolts in slip-critical
connections subject to combined shear and tension loading
differ from bearing connections in that the available slip resist-
ance is reduced in value by factors given in AISC Specification
Section J3.9.

BEAM REACTIONS

When detailing a beam, the steel detailer first must select the
end connections to transmit the beam factored load to its sup-
porting members. In order to achieve the most economical
connections, the end reaction of each beam should be shown
on the design drawings. In the Manual Part 2 the discussion
on “Simple Shear Connections” states that, although not rec-
ommended, if beam reactions are not shown on the design
drawings, beam end reactions can be approximated as a per-
centage of the tabulated uniform load from the maximum
total uniform load tables for beams in the Manual Part 3 for
the purpose of connection design.
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Figure 3-5. Typical end connection of 
a diagonal bracing member.
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Care must be observed in determining end reactions if the
beam uniform load constants are used. There are several sit-
uations in which this approach is not appropriate. 

For example:

• When beams are selected for serviceability considera-
tions or for shape repetition, the uniform load tables
will often result in heavier connections than would be re-
quired by the actual design loads. 

• When beams have relatively short spans, the uniform
load tables will often result in heavier connections than
would be required by the actual design loads.

• When beams support other framing beams or other con-
centrated loads occur on girders supporting beams, the
end reactions can be higher than 50% of the total uni-
form load. 

• For composite beams, the end reactions can be higher
than 50% of the total uniform load. The percentage 
requirement can be increased for this condition, but 
the resulting approach is still subject to the preceding
considerations.

COMMON BOLTED SHEAR CONNECTIONS

Section B3.6 of the AISC Specification defines two types of
connections: simple connections and moment connections.
Moment connections are divided into two types: Type FR
(fully restrained) and Type PR (partially restrained). Type FR,
commonly designated “rigid-frame” (continuous frame), as-
sumes that connections have sufficient rigidity to maintain
the angles between intersecting members. Type PR assumes
that connections do not have sufficient rigidity to maintain
the angles between intersecting members. The type of con-
nections specified in the design shall be indicated on the con-
tract documents. The steel detailer is encouraged to become
familiar with AISC Specification Section B6. When the design
does not require connection restraint, commonly designated
“simple framing,” the steel detailer can assume that, for the
transmission of gravity loads, the ends of the beams and gird-
ers are connected for shear only and the connection can accom-
modate the beam end rotation. This type of connection is
called a “simple shear connection.”

The Manual Part 10 describes the seven types of simple
connections in which high-strength bolts are used: double-
angle, shear end-plate, unstiffened seats, stiffened seats,
single-plate, single-angle, and tee connections. All of these
connection types have been tested extensively and have excel-
lent performance histories in actual use under a wide range of
conditions. Shear end-plate, stiffened seats, and single-plate
connections require welding in addition to bolts to share in
transferring factored loads from beams to supporting members.
Double-angle, unstiffened seat, single-angle and tee connec-

tions may utilize high-strength bolts (shop or field) and weld
(field or shop) in combination to complete the connection. 

The steel detailer is referred to the Manual Part 10 for ex-
amples and tabulations of these connections. For most of the
connections that the steel detailer will use, the tables provide
the design data and the extent of applicability. When checking
available bearing strengths in these connections, the steel de-
tailer should refer to Tables 7-5 and 7-6 in the Manual Part 7.
Bearing values are given for 1-in.-thick material. To deter-
mine the available bearing strength, multiply the tabulated
value by the material thickness. Where lines of bolts are used
(as in double-angle connections), the preferred bolt pitch is 3
in. The exception to this preference is found in the bolted
connections of unstiffened seats.

Double-Angle Connections

The double-angle connection is very versatile in that the angle
thickness, leg widths, fastener and weld sizes, gages, length
and material type can vary in order to accomplish the needed
performance. The primary function of this connection is shear
resistance resulting from gravity loading. It also has good re-
sistance to torsion, which occurs when the member is twisted.
If there is axial loading in the beam, the double angle connec-
tion offers excellent resistance to axial compression loads in the
beam, usually at the expense of requiring angles thicker than
those generally used in framing connections. However, unless
the angles are properly stiffened or thickened, the connection
has moderate resistance to axial tension loads. The relative
rigidity of this type of connection varies greatly depending on
the length of the angles, the fastener size, and location. The
use of double angles, even with the minimum number of rows,
frequently results in a connection with excessive design strength
compared to design reaction. The AISC Manual recommends
that the minimum length of angle be at least one-half the T-
dimension of the beam web to provide stability during erection.

The thickness and length of connection angles can be de-
termined from Table 10-1 in the Manual Part 10, but the width
of angle legs is not given. The width depends upon the gages
used, which in turn depend upon the diameter and type of
fasteners and the required clearances for tightening field bolts
in the outstanding legs. A discussion of gages and the width
of angle legs is covered in Chapter 7 of this publication. In
the Manual Part 10, examples of the size of the angle leg 
and the transverse spacing between holes in the outstanding
legs are given. This information is usually determined at the
beginning of a detailing job by an experienced steel detailer.
Many fabricators have “shop standards,” which have the 
connection material sizes and fastening methods predeter-
mined. Figure 3-6 illustrates the connection of a W18�60 
to a W24�76. It shows the T and k found in the tables of di-
mensions in the Manual Part 1. Note that the Manual tabulates
both a k for design and a k for detailing. These values are
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based on surveys of industry practices and are described as
follows: k-design is a lesser value that maximizes web heights
and k-detailing is a greater value that can be used in detailing
to check connection material encroachment onto the fillet at
the web-to-flange junction.

When similarly detailed beams are framing between the
webs of several columns in a line, care must be exercised to
not shorten the structure by the cumulative amount each beam
is shortened. The erector may resolve this condition by insert-
ing shims between the framing angles and webs of some of the
columns. Fabrication tolerances for this condition are provided
in paragraph 6.4.1 of the AISC Code of Standard Practice.

When using double-angle connections and the diameter
and/or type of fastener in the beam web leg of the angle dif-
fers from that used in the outstanding leg, the tables may in-
dicate a different thickness would be required for each leg.
In such cases, investigate the bearing strength of the thinner
size to determine if it can resist the design load.

The usual practice is to furnish the same number and diam-
eter of fasteners in each leg. While this rule is not mandatory,
it is the basis of many fabricators’ standard system of con-
nection angles. Advantages lie in simplicity of detail and fab-
rication. Refer to the Manual Part 10 for examples of selecting
double-angle connections using the published tables.

Shear End-Plate Connections

The primary use of the shear end-plate is to resist gravity
load. To ensure the rotational flexibility required in the de-
sign of these connections, plates in the 1/4- to 3/8-in. thick-
ness range are used. An end-plate has good resistance to axial
compression in the beam. Usually, however, in the thickness
range noted earlier it is unsuitable in resisting axial tension.
Plates that are to resist axial tension should be designed by
the owner’s designated representative for design. Depending
on the length of the plate, it can offer fair resistance to tor-
sion loads. Normally, the plate is fillet-welded to the beam
end (see Figure 3-7). It can be either field bolted or field
welded to the supporting member. If field welding is chosen,
erection bolt holes should be provided. 

The main objection of some fabricators to this connection
is that the beam must be cut square on both ends and to 
accurate length. Other fabricators, however, are equipped 
to square-cut beams accurately and favor using end plates.
This connection does not handle beam camber well unless
the connection is a very shallow end-plate. Sometimes, the
beams are purposely detailed and fabricated short for 
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Figure 3-6. Bolted double-angle connection.

Figure 3-7. Typical end-plate connection to the web of a beam.
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erection purposes and must be shimmed, when required, to
maintain the desired building dimensions.

End-plate connections are used mainly on filler beams,
but can be used to connect beams to columns (see Figure 3-8)
and can be adapted easily for use with skewed members. The
plate can be punched with either standard holes or horizontal
short slots. 

The steel detailer is referred to the Manual Part 10 for fur-
ther information, an example, and Table 10-4, which are to
be used in selecting an end-plate connection.

Seated Beam Connections

Seated beam connections consist of two basic types: (1) un-
stiffened seated connections and (2) stiffened seated connec-
tions.

Seated connections are suited particularly for connecting
beams to column webs, primarily because of the ease of beam
erection and their inherent safety features, i.e., no common
bolts through the column web. They may be used, also, to
connect beams to supporting girder beams when the girder
beams are deep enough to accommodate the seat. Although
seldom applied, seated connections may be used to connect
beams to column flanges, provided they do not create interfer-
ence with fireproofing or other architectural finishes. Tables
10-5 through 10-8 in the Manual Part 10 provide design data
for these types of connections.

Seated beam connections have the following advantages
over double-angle connections:

• They permit fabrication of plain punched beams.
• They afford the erector a means of landing the beam

while aligning the field holes and inserting erection or
permanent bolts.

• They result in better erection clearances when a beam
connects to a column web (e.g., see Figure 3-9). As the

overall length of an unframed punched beam is less than
the back-to-back distance of connection angles for a
framed beam, the beam can be lowered more easily into
the trough formed by the flanges of the supporting col-
umn. This feature was discussed under “Clearance for
Field Work” in Chapter 7.

• In the case of larger size beams, seated connections re-
duce the number of field bolts to be installed, resulting
in overall economy.

In the design of a seated connection, the end reaction from
the beam is assumed to be delivered to the seat angle or seat
plate. The top (or “cap”) angle is added to provide lateral sup-
port at the top flange of the beam. Alternatively, if attaching
the angle to the top flange is unsuitable, it can be connected
to the beam web as close to the top flange as possible. This
angle is not required to resist any calculated shear or moment
at the end of the beam. It can be relatively small and need
have no more than two bolts in each of its legs, even in the case
of large, heavy beams. However, this angle is required for
stability and satisfactory performance of a seated connection.
Customary practice is to ship top angles loose (not perma-
nently attached to the beams or columns) for subsequent field
installation after plumbing the structure, but before the im-
position of superimposed loads.

The strength of the supported beam web must be checked
for web crippling and local web yielding. Thus, the thickness
of the supported beam web becomes an important factor in
determining the strength of a seated connection.

Unstiffened Seated Connections

A common situation when unstiffened seat angles are used
to support beams is illustrated in Figure 3-10, a beam con-
necting to the web of a column. Ordinarily, the end of a seated
beam is stopped approximately 1/2-in. short of the face of the
supporting member to which the seat is attached. The out-
standing leg of an unstiffened seat angle is usually 4 in. wide,
thus providing a nominal 31/2 in. of bearing, measured lon-
gitudinally along the web of the supported beam. Factors for
checking beam web crippling and local web yielding are given
for each size of beam in the tables of “Maximum Total
Uniform Loads” in the Manual Part 3.

When beam end reactions require more than a nominal
31/2 in. of bearing or exceed the strength of unstiffened seats
the steel detailer must defer to the use of stiffened seats (see
“Stiffened Seated Connections” later in this chapter). The
procedure for designing unstiffened seats for longer bearing
lengths or higher end reactions is beyond the scope of this
text. If design drawings require such seats, they should be
shown on the design drawings.

Table 10-5 in the Manual Part 10 provides data for select-
ing several types of unstiffened bolted seated beam connec-
tions. The table values shown depend on:
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Figure 3-8. Typical end-plate connection to a column flange.
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Figure 3 -9. Erection clearances.
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• Length of the seat angle
• Thickness of the seat angle
• The required bearing length

Two lengths of seat angle (6 in. and 8 in.) are tabulated in
Table 10-5. An increase in the length of these seat angles
would add some stiffness to the outstanding leg but would
not materially increase the strength of the connection, as this
strength is limited by local web yielding of the supported
beam.

Table 10-5 gives the total bolt available strength for
Connection Types A through F, and the angle sizes for
Connection Types A through F. These Connection Types are
illustrated in the Manual Part 10 in the discussion of Table
10-5. The available shear strengths of these connections are de-
pendent on the size, type and number of fasteners in the con-
nection. Bolts in these seated connections are subject to shear
and bearing, just as in the case of framed beam connections.
The small eccentricity due to the location of the supported
beam reaction is neglected because it has no appreciable effect
on the fastener strength in shear and tension.

Table 10-5 lists the available angle sizes and range of thick-
ness available for the seats.

The following procedural steps are recommended when
using Table 10-5:

1. For the given fastener and type, select the Connection
Type and the bolt available strength that will most eco-
nomically satisfy the end reaction.

2. Investigate the available bearing strength of the fasten-
ers with respect to the thickness and Fu of the support-
ing material, using Tables 7-5 and 7-6, “Available
Bearing Strength at Bolt Holes,” in the Manual Part 7.

3. Depending upon the Fy of the steel in the supported
beam (ASTM A992 has Fy � 50 ksi) and using the 
table for angle length of 6 in. or 8 in. (depending on
the gages and space available on the supporting mem-
ber), select the thickness required for the given beam
web thickness.

4. Select the most economical angle size available for the
required thickness and type.

Examples of all-bolted unstiffened seated connections are
provided in the Manual Part 10.

Referring to step 1, the choice of seated beam Connection
Type (A, B, etc.) is, to some extent, determined by the sup-
porting structural member. A deep connection similar to
Connection Type B may not be practical for beam-to-girder
framing because of the limited depth of the girder. In the case
of a seated connection to the web of W8 and W10 columns, a
seat length of 6 in. is generally used, and for webs of W12
and larger columns the 8-in. seat length commonly is used.

Referring to step 2, as noted previously in “Shear in High-
Strength Bolted Connections,” the available bearing strength of
the connected material with respect to the fasteners should be
investigated in all shear connections. In many cases, calculat-
ing the bearing strength may not be necessary, as the bearing
strength may be “obviously” greater than the shear strength.
Generally, this is the case when a connection is only on one side
of the supporting member. However, the bearing strength al-
ways should be considered, even if it is not calculated.

Stiffened Seated Connections

When a beam reaction exceeds the outstanding leg strength 
of an unstiffened seated beam connection as listed in Table
10-5, a stiffened seated beam connection may be used. In
such conditions, stiffeners are fitted to bear on the underside
of a seat plate in all bolted stiffened seats (see Figure 3-11). 

Table 10-7 in the Manual Part 10, All-Bolted Stiffened
Seated Connections, gives available strengths of the out-
standing legs of two stiffener angles having 31/2-in., 4-in.
and 5-in. outstanding legs with a thickness range of 5/16 to
3/4 in. inclusive. Values are given for steel with Fy � 36 ksi and
Fy � 50 ksi.

To allow for a nominal beam setback of 1/2-in. and a 1/4-in.
underrun in beam length, the effective width of the stiffener
angles used in determining the bearing strengths in Table 
10-8 is assumed to be 3/4 in. less than the actual width of the

Detailing for Steel Construction • 3-13

COMMON CONNECTION DETAILS

Figure 3-10. Unstiffened seated connection.
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outstanding leg. For example, the available bearing strength 
of a 31/2-in-wide and 3/8-in.-thick stiffener angle of A36 steel
is computed as follows (see AISC Specification Section J7).
One stiffener:

Rn � 1.8 � Fy � Apb (AISC Spec. Eqn. J7-1)

φRn � 0.75 � 1.8 � 36 � 3/8(31/2 � 3/4) 
� 50.1 kips (LRFD)

Rn/Ω � [1.8 � 36 � 3/8(31/2 � 3/4)]/2.00
� 33.4 kips (ASD)

Two stiffeners:

φRn � 50.1 � 2 � 100 kips (LRFD)

Rn/Ω � 33.4 � 2 � 66.8 kips (ASD)

Thus, 66.8 kips and 100 kips are the allowable and design
strengths (ASD and LRFD, respectively) listed in Table 10-7.
The minimum thickness of seat plates used with these stiffen-
ers is 3/8 in. The plate is made at least wide enough to accom-
modate the outstanding leg of the stiffener angle used. The
number of bolts required plus the end distances determines
the length of the stiffener angle. 

The available strengths of connections with various fas-
tener types and diameters for a varying number of fasteners in

one vertical row of each of two stiffener angles are listed in
Table 10-7. These strengths are based on the single available
shear strength of the fasteners. As previously discussed, the
available bearing strength of the connected material with re-
spect to the fasteners also should be considered. 

Another factor to consider when designing a stiffened beam
seat is the compressive stress in the web of the beam directly
above the seat plate and stiffeners. The width of the outstand-
ing leg of stiffeners and the resultant length of bearing must
be such that the available compressive strength in the beam
web at the toe of the fillet does not exceed the local web yield-
ing or nominal web crippling strengths called for in AISC
Specification Sections J10.2 and J10.3. The steel detailer is
referred to the Manual Part 10 for examples.

The steps in selecting a stiffened seated connection are:

1. Determine the length of bearing to prevent web crip-
pling and local web yielding of the supported beam. 

2. Determine the number of fasteners required.
(a) Using Table 10-7 determine the number of fasteners
of the specified type and diameter that are required for
the beam reaction.
(b) Investigate bearing strength of connected material
with respect to the fasteners.

3. Determine size and thickness of stiffener angles. From
Table 10-7 find the required thickness, using the width
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Figure 3-11. Stiffened seated connection.
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of stiffener leg that furnishes the required length of
bearing obtained from step 1. Check the angle sizes in
the “Dimensions and Properties” tables in the Manual
Part 1 to make certain that the selected combinations
of stiffener angle sizes and thicknesses are available.

4. Determine size of seat plate.
5. Determine size of top angle.

The seat plate should be field attached to the supported beam
with high-strength bolts.

Single-Plate Connections

A single-plate connection is one with a plate shop welded to a
supporting member and field bolted to the supported member.
The supporting member almost always will either be a beam
(Figure 3-12) or a column (Figure 3-13). This type of connection
is not suitable for connecting to the web of a column because 
of difficulty in entering the bolts, reaming (if required), and pre-
tensioning the bolt (if required). Because the web bolts are in 
single shear, the connection requires more bolts than a double-
angle connection. However, single-plates are economical to 
fabricate and are safe to erect in practically all configurations.
When combined with reasonable end-reaction requirements,
they can be used extensively to simplify construction.

Primarily, the single-plate connection is used to support
gravity shear load. It is capable of resisting both axial compres-
sion and tension loads in the beam. The single-plate may not
be suitable for resisting torsion loads and should be used with
caution if the beam lacks lateral support of its compression
flange. It has moderate rigidity depending to some extent on
the depth of the connection, i.e., the number of bolts and their

size. Either standard holes or horizontal short slots can be
punched in the plates.

Other advantages to this type of connection are that it can
be adapted for skews and for sloping connections. The steel
detailer is referred to the Manual Part 10 for information, ex-
amples and Tables 10-9a and b to be used in selecting single-
plate connections.

Single plates used in simple shear connections of beams to
column webs where the column web is stiffened (the result
of a beam-to-column flange moment connection) require spe-
cial consideration. In this case, the field connection must be
made clear of the edges of the column flanges to provide for
access and the ability to erect the beam. The extension of the
connection beyond normal gage lines results in an eccentric
moment. As the resistance of the column to weak-axis bend-
ing is considerably less than that in the strong axis, the ec-
centric moment in this type of connection must be considered.
Similarly, eccentricities larger than normal gages also may
be a concern in connections to girder webs. The design of
these types of connections is treated in the Manual Part 10.

Single-Angle Connections

Single-angle connections are used in applications similar to
the single-plate connection and provide distinct erection ad-
vantages over a double-angle connection. Its primary function
is to resist gravity shear loads. The single angle is one of the
most flexible of all the “simple” connections. Like the single
plate, it is economical to fabricate and safe to erect in virtually
all configurations. When used with reasonable end-reaction
requirements, the single angle can be used extensively to sim-
plify construction. It has poor torsion resistance and should
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Figure 3-12. Single-plate connection to the web of a beam. Figure 3-13. Single-plate connection to a column flange.
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not be used in cases where it would be subject to torsion loads.
Because of its flexibility, it is unsuitable for resisting axial
tension loads in the beam.

Figure 3-14 illustrates a single-angle connection. Recom-
mended practice is to connect the angle to the supporting
member in the shop, either by bolting through standard holes
or by welding. Connecting the single angle to the supported
member in the shop causes this connection to be far more
difficult to erect. This type of connection often can be used
where interferences prohibit the use of a double-angle connec-
tion. The field connection is made by bolting through the
angle leg into the web of the filler beam. Horizontal short
slots can be used in the field-connected leg to accommodate
fabrication and erection tolerances. The slots also accom-
modate the beam end rotation associated with cambering.

In the Manual Part 10, the steel detailer will find addi-
tional information, an example and Table 10-10 for designing
single-angle connections.

Tee Connections

A tee connection is primarily a shear connection. The tee
can either be cut from a W or HP shape or fabricated by
welding two plates together (useful for skewed connections).
Only W and HP shapes that fit criteria for web and flange
thicknesses, flange width and other dimensions are suitable
for use as tee connections. To provide for stability during
erection, the recommended practice is to furnish a tee having
a minimum length equal to one-half the T-dimension of the
supported beam. The maximum length must be compatible
with the T-dimension of an uncoped beam and the remaining
web depth, exclusive of fillets, of a coped beam.

The flange thickness of tees should be held to a minimum
to permit the flexure necessary to accommodate the end rota-

tion of the beam, unless the tee stem is designed to meet the
requirements for single-plate connections.

The tee connection has good resistance to axial compres-
sion load in the beam, but relatively poor resistance to axial
tension. Resistance to torsion is fair even when using the min-
imum length of tee allowed by the beam web.

The tee is usually shop attached to the supporting member
(Figure 3-15). However, on rare occasions it can be shop at-
tached to the supported beam, but this negates some of the
advantages of the tee connection. Bolts or weld can be used to
attach to the supporting member. Standard round holes or
horizontal short slots can be used in both the flange and web
of the tee.

This connection is both safe and fast to erect. However, it
is not the most economical connection because of the extra
shop work involved in preparing the tee.

In the Manual Part 10, the steel detailer will find addi-
tional information for use in selecting tee connections.

FORCES IN WELDS

Welds may be loaded in shear, tension, compression or a com-
bination of these, depending on the direction and point of ap-
plication of external forces and the arrangement of joint
components. Available strengths for welds in buildings are
given in AISC Specification Section J2.4. 

The nomenclature commonly used in design computa-
tions involving strengths of welds employs the following
symbols:

φRn � Design strength of weld or base metal using
LRFD, kips
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Figure 3-14. Single-angle connection.
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Rn/Ω � Allowable strength of weld or base metal
using ASD, kips

D � Number of sixteenths of an inch in fillet weld
size

FBM � Nominal strength of the base metal to be
welded per unit area, ksi

Fw � Nominal strength of the weld metal per unit
area, ksi

φrn � Design strength of a 1-in. length of weld of a
given size using LRFD, kips

rn/Ω � Allowable strength of a 1-in. length of weld
of a given size using ASD, kips

l � Effective length of weld, in.
t � Material thickness, in.
w � Weld size (leg size for fillet welds and depth

of filling for plug and slot welds), in.
ABM � Cross-sectional area of the base material, in.2

Aw � Effective cross-sectional area of the weld,
in.2

Ru � Required strength (load, force) using LRFD,
kips

Ra � Required strength (load, force) using ASD,
kips

φ � Resistance factor
Ω � Safety factor

The following discussion deals with forces in concentri-
cally loaded welded joints in which the welds are assumed
to be loaded uniformly throughout their lengths. Eccentrically
loaded welded joints, in which the welds are loaded in vary-
ing amounts along their lengths, are not discussed in this text.

Refer to the Manual Part 8 for coverage of eccentric loading
and its effects on weld joints. See Figure 3-16 for nomencla-
ture of the common terms related to fillet and groove welds.

Forces in Concentrically Loaded Fillet Welds

The critical force in a fillet weld is always considered to be a
shear force and may occur in one of two directions: (1) paral-
lel to the axis of the weld or (2) transverse to the axis of the
weld. Therefore, tension, compression and moment forces
acting upon a fillet welded joint are always resolved on the
basis of shear in the weld throat.

Figure 3-17a shows a fillet welded lap joint with welds A
loaded in parallel shear and weld B loaded in transverse shear.
If loads Ru or Ra are increased enough to exceed the total
strength of these welds, rupture will occur in the planes of
least resistance. As shown in Figure 3-17b, this is assumed
to be in the weld throats, where the least cross-sectional area
is present. 

For design purposes, the effective area of a fillet weld is cal-
culated as the product of its effective throat and its effective
length. The effective throat area1 equals 0.707wl. The deep
penetration of fillet welds made by the submerged arc process
is recognized in AISC Specification Section J2.2.

The nominal strength of a fillet weld is equal to the prod-
uct of its effective throat area and the nominal strength of the
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Figure 3-15. Tee connection.

1 Although this expression does not apply to the throat areas of fillet
welds in certain types of skewed work, or fillet welds with unequal
legs, its use in most cases will provide conservative results. However,
if a critically stressed fillet weld has one leg substantially longer or
shorter than the other, the actual throat size should be determined and
used in stress computations.

Detailing_CH03  6/2/09  8:16 AM  Page 17



3-18 • Detailing for Steel Construction

CHAPTER 3

Figure 3-16. Common fillet and groove weld nomenclature.
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weld metal, Fw , permitted by the specifications. Similarly,
the strength of a concentrically loaded fillet weld group is the
sum of the strengths of each fillet weld in the group. Nominal
strengths for the weld metal, Fw , for fillet welds permitted 
by AISC Specification Section J2.2 are shown in Table J2.5 
of that specification. 

Assuming that the Fw value is appropriate to the steel being
welded and normal throat areas are applicable, the strength
of a fillet weld in shear may be expressed as:

φRn � φ � Fw � Aw (LRFD)

φRn � 0.75 � (0.60 FEXX) � 0.707wl (LRFD)

Rn/Ω � (Fw � Aw) /Ω (ASD)

Rn/Ω � [(0.60 FEXX) � 0.707wl]/Ω (ASD)

Rn � 0.424FEXXwl, where FEXX is the electrode classi-
fication number (Grade) of the electrode

Table 3-1 lists values of φrn and rn/Ω for fillet welds of
various sizes, based on nominal throat areas, for FEXX val-
ues of 60, 70 and 80 ksi weld electrodes. Also included in
this table are φrn values based on deep penetration throat
areas for welds made by the submerged arc process. Table
3.1 in the American Welding Society Structural Welding Code-
Steel (AWS D1.1) (AWS, 2008), lists the base and filler metals
that are permitted to be used with (“match”) each of the elec-
trodes stated earlier. AWS D1.1 is discussed in Chapter 4. AISC
Specification Table J2.5 states that filler metal one strength
level less than matching filler metal is permitted to be used for
groove welds between the webs and flanges of built-up sec-
tions transferring shear loads or in applications where high re-
straint is a concern. The steel detailer is not responsible for
ensuring that this requirement is met, but should be aware of it.

When the available shear strength of fillet welds is based
on normal throat areas, as is usually the case, determining fil-

let weld strengths may be simplified by memorizing the avail-
able shear strength value of a 1/16-in. fillet weld, per in. of
length, for the most frequently used electrode strength levels.

For example, the available shear strength value for a 1/16-
in. fillet weld, 1-in. long, with FEXX � 70 ksi, is:

φrn � 0.75 � (0.60 � 70) � (0.707 � 1/16 � 1) 
� 1.392 kips/in. (LRFD)

rn/Ω � [(0.60 � 70) � (0.707 � 1/16 � 1)]/2.00
� 0.928 kips/in. (ASD)

Using the letter D to denote the number of sixteenths of
an inch in the leg size, the value per inch of any size of fillet
weld (where FEXX � 70 ksi) can be expressed as φrn � 1.392D
(LRFD) and rn/Ω � 0.928D (ASD).

Limitations on Length and Size of Fillet Welds

The minimum effective length of a fillet weld, when used
alone and not as part of a continuing joint boundary, is lim-
ited to four times the nominal size. Thus, the shortest 5/16-
in. weld that can be considered fully effective to transmit
loads is 4 � 5/16 � 11/4 in. Conversely, its maximum effective
size can be no greater than 1/4 of the weld length (see AISC
Specification Section J2.2b).

Intermittent fillet welds likewise are subject to the preced-
ing rules, with the added requirement that the increment length
must be not less than 11/2 in. (see AISC Specification Section
J2.2b).

AISC Specification Section J2.2b places a limitation on
the maximum size of fillet welds against the edges of con-
nected parts of a joint. For material less than 1/4-in. thick, the
weld size may equal the thickness of the material. For mate-
rial 1/4-in. or more in thickness, the maximum size weld against
an edge shall be 1/16-in. less than the thickness of material,
unless the drawing is noted specifically to build up the weld
to achieve full throat size. This limitation recognizes that the
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Figure 3-17. Fillet weld shear failure.
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LRFD1 ASD1

φ rn rn/Ω
Weld Size

Grade 70 Grade 80 Grade 70 Grade 80(in.)
FEXX FEXX FEXX FEXX

70 ksi 80 ksi 70 ksi 80 ksi

1/8 2.78 3.18 1.86 2.12

3/16 4.18 4.77 2.78 3.18

1/4 5.57 6.36 3.71 4.24

5/16 6.96 7.95 4.64 5.30

3/8 8.35 9.55 5.57 6.36

7/16 9.74 11.1 6.50 7.42

1/2 11.1 12.7 7.42 8.48

9/16 12.5 14.3 8.35 9.54

5/8 13.9 15.9 9.28 10.6

3/4 16.7 19.1 11.1 12.7

1 22.3 25.4 14.8 17.0

1Values are for static loading only. See AISC Specification Appendix 3 for connections subject to high cycle loading.

upper corner of the welded edge tends to melt down into the
weld, as shown in Figure 3-18(a), reducing the leg dimen-
sion and weld throat. Also, the toes of most rolled shapes
are rounded as shown in Figure 3-18(b) and the actual thick-
ness of the weld is less than the nominal thickness, t, of the
member.

The AISC Specification also specifies the minimum size of
fillet weld to be used in a joint. Section J2.2b provides Table J2.4
showing minimum fillet weld sizes. The minimum weld size is
specified according to the thickness of the thinner of the two
parts joined. For example, if two 7/8-in. plates are joined, the
minimum size of fillet weld permitted is 5/16 in., even though a

1/4-in. weld might suffice to transfer the force across the joint.
However, where dissimilar thicknesses are encountered, the
weld size need not exceed the thickness of the thinner part, un-
less a larger size is required by stress calculations. These size
limitations have been established to avoid cracks that might
occur in the welds because of internal forces created by the
rapid and often uneven cooling after welding. For quick refer-
ence, the minimum fillet weld size required for a given material
thickness of the thinner part connected in a joint, based on
AISC Specification Section J2.2b, is given in Table 3-2.

AISC Specification Section J2.2b describes limitations on
fillet welds, which deal with lengths of fillet welds, proportions
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Figure 3-18. Resultant fillet weld dimensions.

Table 3-1. Design Strength of Fillet Welds (φrn or rn/Ω), kips/in.
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of lap joints, end returns of fillet welds, and fillet welds in
holes and slots. The steel detailer must become familiar with
all of these limitations in the AISC Specification.

Strength of Connected Material

The transfer of factored load from one element to another is
dependent on both the design strength of the weld and the
design strength of the materials to resist factored loads.

A simple example is illustrated in Figure 3-19. The plate N
is checked for available tension strength. Note that the weld 
is transversely loaded. Using AISC Specification Equation
J2-4 with E70XX electrodes, the weld available strengths per
1-in. length are:

φRn � φ � (0.60 � FEXX) (1.0 � 0.50sin1.5θ)(Aw) (LRFD)

φRn � 0.75 � (0.60 � 70)(1.0 � 0.50sin1.590°)
� (0.707wl) (LRFD)

With l � 1 in.,

φRn � 33.4w kips/in. (LRFD)

Rn/Ω � [(0.60 � FEXX) (1.0 � 0.50sin1.5θ)(Aw)]/Ω
(ASD)

Rn/Ω � [(0.60 � 70)(1.0 � 0.50sin1.590°)
� (0.707wl)] /2.00 (ASD)

With l � 1 in.,

Rn/Ω � 22.3w kips/in. (ASD)

The available tensile rupture strengths of the plate per inch
are:

φRn � φtFut, kips/in. (LRFD)

Rn/Ωt � Fut/Ωt, kips/in. (ASD)

The available tensile yield strengths of the plate per inch are:

φRn � φtFyt, kips/in. (LRFD)

Rn/Ωt � Fyt/Ωt, kips/in. (ASD)

The weld size to develop the full tensile strength of the
plate can be determined by equating these two values.

For Fy � 36 ksi steel:

φRn � 0.75 � 58 � t � 33.4w (LRFD)

Rn/Ωt � 58 � t/2.00 � 22.3w (ASD)

w � 1.30t

φRn � 0.90 � 36 � t � 33.4w (LRFD)

Rn/Ωt � 36 � t/1.67 � 22.3w (ASD)

w � 0.97t

The smallest of these two values will control the design;
therefore, w � 0.97t. For two lines of fillet weld as shown in
Figure 3-19:

w � 1/2 � 0.97t � 0.48t for each line of weld

A different case is shown in Figure 3-20. Here, an angle is
welded to a plate or the stem of a tee. Given that the avail-
able shear strength, φRn or Rn/Ω, of the weld exceeds the re-
quired axial strength, Pu or Pa, the plate (or tee stem) must be
checked for tension yielding on the Whitmore section. This
section is identified by the width of the plate, Lw, considered
to be resisting the load. The value of the width, Lw, must be
equal to or less than the actual width of the plate, L, avail-
able for resisting the load. Thus, the available tensile strength
from AISC Specification Section J4.1 is:

φRn � φ � Fy � Ag eff ≥ Pu, with φ � 0.90 (LRFD)

Rn/Ω � (Fy � Ag eff)/Ω ≥ Pa, with Ω � 1.67 (ASD)

Fy � specified minimum yield stress of the type of
steel being used, ksi

where

Ag eff � (t � Lw) ≤ (t � L), in.2
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Table 3-2. Minimum Permissible Fillet Weld Sizes

Figure 3-19. Plate loaded in tension.

Material Thickness Minimum Size
of Thinner Part of Fillet Weld1,

Joined, in. (mm) in. (mm)

To 1/4 (6) inclusive 1/8 (3)

Over 1/4 (6) to 1/2 (13) 3/16 (5)

Over 1/2 (13) to 3/4 (19) 1/4 (6)

Over 3/4 (19) 5/16 (8)

1Leg dimension of fillet welds. Single pass wleds must be used.
Note: See Section J2.2b for maximum size of fillet welds.
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Lw � [2 � l � tan (30°)] � d, in.

Secondly, shear yielding of the base metal along the toe and
heel of each fillet weld line must be checked. Thus, the available
shear yield strength of the plate from AISC Specification Section
J4.2 is:

φRn � φ � (0.60 � Fy) � Ag ≥ Pu, with φ � 1.00 (LRFD)

Rn/Ω � [(0.60 � Fy) � Ag]/Ω ≥ Pa, with Ω � 1.50 (ASD)

where

Ag � 4 � l � t, in.2 (The factor 4 refers to the number of
shear planes)

Thirdly, the plate (or tee stem) must be checked for shear
rupture of the base metal along the toe and heel of each weld
line. Thus, the available shear rupture strength from AISC
Specification Section J4.2 is:

φRn � φ � 0.60 � Fu) � An ≥ Pu, with φ � 0.75 (LRFD)

Rn/Ω � [(0.60 � Fu) � An]/Ω ≥ Pa, with Ω � 2.00 (ASD)

where

Fu � specified minimum tensile strength of the type of
steel being used, ksi

An � 4 � l � t, in.2 (The factor 4 refers to the number of
shear planes)

Figure 3-21 illustrates failure of the plate (or tee stem) by
block shear rupture. Any potential way for a connection to
fail (block shear rupture, bearing, tearout, etc.) is referred to

as a limit state. A limit state is a condition in which a structure
or component becomes unfit for service and is judged either
to be no longer useful for its intended function (serviceability
limit state) or to be unsafe (strength limit state). The block
shear strength is determined by the sum of the shear strength
on a failure path(s) and the tensile strength on a perpendicu-
lar segment. AISC Specification Section J4.3 provides an
equation for determining nominal block shear rupture strength,
Rn. The basis for the equation is the existence of two possible
nominal shear strengths:

Figure 3-21a — Rupture strength on the tensile section 
(Fu � Ant) along with shear rupture on the
shear planes (0.60 � Fu � Anv).

Figure 3-21b — Rupture strength on the tensile section
(Fu � Ant) along with shear yielding on
the shear areas (0.60 � Fy � Agv).

The steel detailer is referred to the CD attached to the
Manual for an example of the calculations of the available
strengths illustrated in Figures 3-20 and 3-21. Note that the
rupture strength on the tensile section is compared to the rup-
ture and yield strength on the shear areas—the smaller sum of
these values determines the block shear rupture strength of
the plate (or tee stem). For an additional explanation of the
rupture phenomenon, the steel detailer should read AISC
Specification Commentary Section J4.

For reasons of shear lag, AISC Specification Section D3.3
limits the l/d ratio (Figure 3-21) to obtain the maximum ef-
fective tension area. Shear lag occurs when less than the
total cross-sectional area of a member is connected, result-
ing in a decrease in efficiency of the section in the region
of the connection.
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Figure 3-20. Whitmore section yielding of an angle welded to a plate or tee stem.
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The foregoing discussion does not apply, necessarily, to
the case of double angles welded to the end of the web of a
girder. In this case the load transferred into the web is more
complex and depends on several factors, such as the distance
from the connection to the girder reaction and the relative
length of the connection angle fillet weld to the depth of the
girder. The usual practice is to assume only one shear plane.
Using nominal strengths,

FEXX � classification strength of the weld metal, ksi

D � number of sixteenths of an inch of weld size

Fu � specified minimum tensile strength of the type of
steel being used, ksi

tw � thickness of web plate, in.

A similar comparison between transverse shear in the
weld and tension in the web plate (θ � 90°) provides a
plate only slightly thinner. Therefore, to check the required
minimum web plate thickness, use the value for tw given
previously. If the weld is not loaded fully, tw may be re-
duced proportionately.

Forces in Complete-Joint-Penetration Groove Welds

AISC Specification Section J2.4 establishes the available
tensile and compressive strength of complete-joint-penetra-
tion (CJP) groove welds as being equal to the available
strength of the base metal, providing a “match” of base and
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Figure 3-21. Block shear rupture of a plate or a tee stem.
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for each weld length. The minimum girder web thickness, tw,
is calculated as follows:
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The following table lists the values of tw for ASTM A36 
(Fu � 58 ksi) and A992 (Fu� 65 ksi) steels for varying values
of D:
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weld metal is made as outlined in Table 3.1 of AWS D1.1.
Exceptions are as follows:

• When the load is compressive and normal to the weld
axis, filler metal with a strength level equal to or one
strength level less than matching filler metal is permit-
ted to be used. 

• For any condition of load, weld metal one strength
level stronger than “matching” weld metal will be per-
mitted.

• In joints involving base metal of two different yield
stress values, use either a filler metal that matches the
higher strength base metal or a filler metal that matches
the lower strength and produces a low hydrogen de-
posit. See user note in AISC Specification J2.6.

Assuming compliance with these requirements, one can
say that complete-joint-penetration groove welds are equal
to the base metal in all respects. No allowance for the presence
of such welds need be made in proportioning the connections
of structural members for any type of static loading. However,
where members of unequal cross-section or differing nominal
strengths are joined, the splice cannot be considered stronger
than the weaker member.

Most building construction is designed on the basis of
static loading. However, some parts, such as crane runways,
machinery supports, etc., are frequently subject to dynamic
loading or cyclic loading. When subject to this cyclic or dy-
namic loading, consideration of joint details and requirements
normally reserved for bridge work should be recognized and
applied when appropriate. Contract documents should out-
line specific requirements to avoid misunderstanding.

Prequalified CJP welded joint profiles are shown in AWS
D1.1, Subsection 3.13 and also are reproduced in the Manual
Part 8, courtesy of AWS.

Forces in Partial-Joint-Penetration Groove Welds

Based on filler metal with a strength level equal to or less than
matching filler metal, the nominal strength for partial-joint-
penetration groove welds permitted by AISC Specification
Section J2.4 is equal to 0.60 � nominal strength of the weld
metal for compression connections of members designed to
bear, other than columns, as described in Section J1.4(b). For
compression connections not finished to bear, the nominal
strength of PJP welds is given as 0.90 � nominal strength of
the weld metal. Nominal shearing forces parallel to the axis
of the weld are allowed at 0.60 � nominal strength of the weld
metal. Nominal tensile forces normal to the weld axis are al-
lowed at 0.60 � nominal strength of the weld metal.

The last two exceptions listed under the heading “Forces in
Complete-Joint-Penetration Groove Welds” also apply to this
type of weld. Refer to AISC Specification Table J2.5 for ad-
ditional limitations.

Figure 3-16b shows nomenclature and sketches of a butt
and tee partial-joint-penetration groove weld in which the ef-
fective throat may be less than the dimensioned groove weld
size. AWS D1.1, Subsection 3.12, details the prequalified par-
tial-joint-penetration groove welds (also reproduced in the
Manual Part 8, courtesy of AWS) and establishes for each
weld joint an effective throat, (E), as a function of the mate-
rial thickness, the weld preparation depth, (S), the groove
preparation, and the permitted welding process. This infor-
mation is summarized in AISC Specification Table J2.1.

COMMON WELDED SHEAR CONNECTIONS

Simple welded framed and seated beam connections are of
the same types as those used in bolted fabrication discussed
earlier in this chapter. They may be shop bolted and field
welded, shop welded and field bolted, or shop and field
welded. Figure 3-22 illustrates these three combinations in
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Figure 3-22. Typical welded shear connections.
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a framed connection. When permanent field connections are
made with welds, open holes are provided for erection bolts.
A minimum of two erection bolts is required, but more may
be necessary depending on the beam size and the specific
framing conditions. Shop assembling and shop welding of fit-
ting material is normally performed without using tempo-
rary bolts. In the shop, framing angles and other fittings are
held temporarily in place with clamps or fixtures, and then
are tack welded in final position prior to completing the
specified shop welds. Welded connections are especially
suitable for use with HSS.

Double-Angle Connections 

Three basic welded connections can be designed for framed
beams:

Case I:
Connection angles are welded to the beam web and are bolted
to the supporting member (Figure  3-23a). Usually, welds are
made in the shop.

Case II:
Connection angles are welded to the supporting member and
are bolted to the beam web (Figure 3-23b). Note in Figure 3-
23b the bottom flange of the beam is shown cut (coped) to
permit erection of the beam. In the case of beam-to-beam
framing, at least one of the welds, B, must be made in the
field to permit swinging the beam into final position.

Case III:
Connection angles are welded both to the beam web and the
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Figure 3-23. Typical welded framed beam connections.
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supporting member (Figure 3-23c). (For ease and safety in
erection, Case III connections usually are provided with erec-
tion bolt holes.)

Tables 10-2 and 10-3 in the Manual Part 10 list the avail-
able weld strengths in kips for a wide range of flexible welded
framed connections.

Table 10-2 refers to Cases I and II. The connections have
been developed specifically to give available weld strengths for
several lengths of connection angles and weld sizes suitable for
combination with Table 10-1, of the Manual Part 10. Table
10-3 has been developed for a third case, referred to here as
Case III, in which the connections are welded completely, in
the shop and field. In all of these tables, the available weld
strength in kips is given for weld A and weld B for several
lengths, L, of framing angle and for several sizes of weld.

When fasteners are used in combination with the welds
listed in Table 10-2 (Cases I and II), the available strength of
the number of fasteners selected can be investigated by re-
ferring to Table 10-1 or by direct calculation. The available
strength of the fastener group must be equal to or greater than
the required load to be carried.

The available strengths of weld A and weld B, selected
from Tables 10-2 or 10-3, must be compared and the control-
ling value used.

To provide flexibility in the welded framed beam connec-
tions listed, the framing angles are limited in these tables.
This also provides an acceptable degree of flexibility for Case
I and Case II connections.

In Table 10-2 the angle thickness must be (1) equal to the
weld size plus 1/16 in. or (2) equal to the thickness taken from
the applicable Table 10-1, whichever is greater.

In general, 2L4�31/2 will accommodate usual gages with
the 4-in. leg attached to the supporting member. Available
strengths are based on beams of Fy � 50 ksi steel.

For all-welded double-angle connections (Table 10-3) the
minimum angle thickness equals the weld size plus 1/16 in.
The length to be used is as tabulated. Use 2L4�3 for lengths
equal to or greater than 18 in.; use 2L3�3 for others. Available
strengths for these connections are based on the use of Fy �
50 ksi steel beams.

In both Case I and III connections, weld A, connecting
the angles to the beam web, is loaded eccentrically. The avail-
able strength of the weld group is determined using the “in-
stantaneous center of rotation” method described in the
Manual, Part 7. For a discussion of this method and of devel-
opment of Tables 10-2 and 10-3, the steel detailer should
read the Manual, Parts 7, 8 and 10. The steel detailer should
use Table 10-2 for welds in Case I and II connections and
Table 10-3 for Case III connections.

In Table 10-2 covering combinations of welded or bolted
connections, the available strength of weld A (Case I) is based
on 3-in.-long welds at the top and bottom of the angles and
welds of the same size along the entire length of the angles.

The 31/2-in.-wide angle web leg permits the use of a standard
21/4-in. gage if fasteners are used. However, to provide a more
economical connection, the width of the web leg can be re-
duced from 31/2 in. to 3 in. when welds are used and the value
determined from Table 10-3.

In Table 10-3, the angle leg against the beam web has been
limited to 3 in. Allowing for a 1/2-in. setback of the beam end,
the available strength of weld A is based on 21/2-in.-long welds
at the top and bottom of the angles and welds of the same
size along the entire length of the angles.

The distribution of forces in weld B, which connects the an-
gles to the supporting beam, results in tension at the top of
the weld. As a safeguard against the initiation of a crack, the
vertical welds at the top of the angles are returned horizontally
for a length of twice the weld size. This return is not included
in the effective length of the weld in computing the strengths
listed in Tables 10-2 and 10-3.

The available strengths of weld B in Table 10-3 are based
on 4-in.-wide outstanding legs. This width will accommodate
the standard 51/2-in. gage center-to-center of open holes cus-
tomarily used for bolts in Case I. When Case II is used, the
outstanding legs may be reduced to 3 in. for lengths up to, but
excluding, 18 in. and the value for B welds interpolated
from Table 10-3. Conservative results will be provided in
this range.

In Tables 10-2 and 10-3 the minimum thickness of beam
web required to develop the available strength of weld A are
given below the respective Fy values for each steel. If the ac-
tual beam web thickness is less than those listed, the avail-
able strength of weld A must be reduced by multiplying it by
the ratio of actual thickness to tabulated minimum thickness.
Thus, using LRFD and Table 10-3, if 1/4-in. weld A, with a
design strength of 139 kips and an 8-in.-long angle, is consid-
ered for a W14�43 beam (web thickness � 0.305 in.) of Fy �
50 ksi steel, the design strength must be multiplied by
0.305/0.381, giving 111 kips.

The tabulated minimum thickness for weld A is calculated
by equating the nominal shear strengths per inch of the weld
and base materials as follows:
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where

tmin � minimum web thickness, in. and 

D � number of sixteenths of an inch of weld size

The multiplier “2” represents the number of weld lines.

A similar limitation applies to weld B. When welds line up
on opposite sides of a support, the minimum support thickness
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is the sum of the thicknesses required for each weld. In either
case, when less than the minimum material is available, the
tabulated available weld strength must be reduced by the ratio
of the thickness provided to the minimum thickness required.

Other restrictions on weld size concern the minimum and
maximum size of fillet weld permitted on various thicknesses
of material as stipulated in AISC Specification Section J2.2b.

The available strengths of welds listed in Tables 10-2 and
10-3 are based on the use of E70 electrodes. If E60 electrodes
are used, multiply the tabular values by 60/70 or 0.86.

Designs of Double-Angle Connections 

Following are step-by-step procedures for the determination
of the three basic kinds of welded construction for framed
beams.

Cases I and II:

Determine required beam end reaction.

1. From Table 10-1 of the Manual Part 10, determine the
number of fasteners and the length and thickness of
connection angles.

2. From Table 10-2 using the length of angle determined
in step 1, select the weld size required.

3. Check if the angle thickness obtained from step 1 can
accommodate the weld size; increase the thickness, if
necessary.

4. For weld A, note the minimum web thickness required
and reduce the tabulated available strength of the weld
if the thickness of beam web is less than the minimum.
For weld B, investigate the available strength of the
supporting material to receive the weld force.

Size of Connection Angles:

1. In general, for Cases I and II use 4 � 31/2 angles with
31/2-in. web legs and 4-in. outstanding legs.

2. The width of web leg in Case I may be reduced option-
ally from 31/2 in. to 3 in.

Case III:

1. Enter Table 10-3 under welds A and B; select the avail-
able strength that will be adequate for the beam end 
reaction. The angle length must be compatible with 
the depth of the beam. The maximum length is the T-
distance minus a distance that will provide sufficient
room for welding along the top and bottom edges of the
angles. (See discussion of this in Chapter 7, “Clearance
for Welding.”) The recommended minimum length is
half the T-dimension. If several selections can be made
from Table 10-3 that satisfy the requirements for avail-
able weld strength and angle length, the following crite-
ria should be considered: When possible, avoid using
welds larger than 5/16 in. as they require more than one
pass by the welding operator.

A weld size that requires a minimum web thickness
greater than that of the beam web should be avoided
where possible. This requires the weld value to be re-
duced, as explained previously.

After these two criteria are satisfied, using the shorter
length of connection angles and lesser length of weld
generally is advisable, although, if the same connec-
tion will be duplicated extensively, making a cost study
and evaluating all factors is suggested.

2. Weld A:
Compare available strength with the required reaction.
Note the minimum thickness of beam web required and
reduce the available strength of the weld as previously
explained if the thickness of the beam web is less than
the minimum. If the available weld strength is inade-
quate, select a longer length angle and recheck the avail-
able strength of the longer weld.

3. Weld B:
Compare available strength with the required reaction.
Investigate the available strength of the supporting ma-
terial to receive the weld force. If it is deficient, reduce
the weld size as explained previously. If this results in
inadequate available weld strength, select a longer length
angle and recheck the available strength of the longer
weld.

Use 3 � 3 angles for lengths up to, but excluding,
18 in. and 4 � 3 angles (4-in. leg outstanding) for
lengths 18 in. and longer.

For examples of bolted/welded double-angle connections
and all-welded double-angle connections, the steel detailer
should refer to the Manual Part 10.

SEATED BEAM CONNECTIONS 

Unstiffened Seated Connections

One of the most frequently used flexible type welded beam
connections is the unstiffened seat, an example of which is
shown in Figure 3-24. For design loads up to the limits of the
available strengths, these require a minimum of shop and field
welding. Available strengths for various thicknesses of welded
unstiffened seated angles are given in Table 10-6 of the Manual
Part 10 for beams with steel of Fy � 50 ksi. The table is based
on the use of steel with Fy � 36 ksi for the seat angle and on
the same factors discussed for bolted connections for Table 10-
5. However, the outstanding leg of the seat angles may be ei-
ther 31/2 in. or 4 in. wide.

The thickness of seat angle required to support a particu-
lar beam and its given end reaction is determined from Table
10-6. The weld size and length of vertical leg of the seat angle
connected to a supporting member also are determined from
the table. Available strengths are based on the use of E70XX
electrodes. Other required checks are described in Parts 9 and
10 of the Manual.
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The welds are placed along the ends of the vertical leg of
the seat angle and extend the full length of the vertical leg.
To ensure the weld size is maintained over the length of the
weld, the welds are returned a distance equal to twice the
weld size along the heel of the angle (AISC Specification
Section J2.2b). The eccentricity of the loading tends to pull the
seat angle away from its support and creates a maximum force
in the welds. Horizontal welds used across the top and bottom
of the seat angle are permitted and would offer better resist-
ance to the eccentric load. However, care should be taken that
the top weld will not interfere with the end of the seated beam
if the beam overruns its specified length.

The vertical welds attaching the seat to the supporting
member are separated by the length of the seat and forces
from the supporting member are resisted along four shear
planes (refer to Figure 10-9 in the Manual Part 10). Reduction
of the tabulated available weld strengths normally is not 
necessary when unstiffened seats line up on opposite sides
of a supporting web. The forces on each side of the web due
to eccentricity (from the beam end reactions with respect to 
the weld lines) react against each other and have no effect 
on the web. This is demonstrated in the text and supporting 
calculations provided in the Manual Part 10, All-Welded
Unstiffened Seated Connections. Likewise, connection strength
is rarely limited by the thickness of the supporting member.
This is also demonstrated by text and calculations in Part 10
of the Manual.

Essentially, the length of the seat angle is determined by the
required strength and the placement of bolts connecting the
beam to it. However, other factors should be considered. The
length of the seat angle should be such that the bottom flange
of the beam will clear the weld returns on top of the seat angle
in case the beam overruns in length. Otherwise, the steel de-
tailer would have to chamfer the end of the bottom flange 
to clear the fouling weld. Assuming a 5/16-in. weld, each 
return will be 5/8 in. long. Allowing 3/8 in. for clearance at
each side of the flange, the preferred length of seat angle is 
2 � (5/8 � 3/8) or 2 in. longer than the width of beam flange.
The beam flange must be wide enough to provide holes for
bolts. Clipping the corners of the bottom flange at 45° to clear
the return welds may be suitable provided sufficient flange
remains to accommodate the field bolts.

For any given beam end reaction, several angle and weld
size combinations are presented in Table 10-6. Welds larger
than 5/16 in. should be avoided where possible, as they require
more than one pass by the welder. The range of available seat
angle thicknesses shown at the bottom of Table 10-6 will de-
termine the maximum size of weld that can be used.

Examination of Table 10-6 shows that the available
strengths for an 8-in.-long seat angle are only slightly greater
than for one 6 in. long. This is particularly true for seats 
supporting beams with relatively thin webs. Similarly, avail-
able strength values for seats slightly longer than 8 in. or
shorter than 6 in. will not differ appreciably from the values
in Table 10-6.

Ordinarily, calculating the available strengths for odd
length seats would not materially increase the strength of
the connection, as this strength is limited by the web thick-
ness of the supported beam. Where angles must be made
longer than 8 in., limiting the available strength to that of a
corresponding seat 8 in. long will be conservative. Where
a seat shorter than 6 in. is required, the available strength
may be estimated conservatively by dividing the tabular
value for a 6-in. seat by 6 and multiplying the result by the
desired length in inches.

The size of the outstanding leg of an unstiffened seat sup-
porting a channel usually is made 6 in. instead of 4 in. to
permit placing two field bolts in the channel flange (which 
has only one gage line). All other features of the connection
remain unchanged.

A top (or “cap”) angle is added to provide lateral support
at the top flange of the beam. Alternatively, if attaching the
angle to the top flange is unsuitable, it can be connected to
the beam web as close to the top flange as possible. This angle
is not required to resist any calculated shear or moment at the
end of the beam. Generally, a 4 � 4 � 1/4 angle field-welded
along the toe of each leg is used. This permits the end of the
beam to rotate slightly as it deflects under applied loading
without appreciable restraint from the top angle. Additional
welding should not be done unless called for by the designer
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Figure 3-24. Unstiffened seated connection.

Detailing_CH03  6/2/09  8:16 AM  Page 28



because it may stiffen the beam and alter the behavior of the
structure by introducing unintentional moment restraint. 

The thickness of the top angle is sometimes controlled by
the weld size required by AISC Specification Section J2.2b. 
If the thickness of the supporting member or seated beam
flange requires a weld size greater than 3/16 in., the top angle
must be made thicker than 1/4 in. Any combination of the weld
size and material thickness for the seat angle, top angle and
connected members must meet the requirements of Section
J2.2b of the AISC Specification.

If welds are placed on the back side of an angle connect-
ing to a column flange, weld returns should be omitted on
top of the seat angle, as shown in Figure 3-25. While the AISC
Specification makes specific reference to end returns of fil-
let welds in Section J2.2b, it states also that fillet welds on
opposite sides of the same plane shall be interrupted at the
corner common to both welds. Figure 3-25 indicates examples
of this exception where the welds, while in the same plane, lie
on opposite sides of the same contact surfaces. Any attempt 
to weld around the corner will melt the corner material to 
create a reduced thickness (notch) and under no circumstances
can such a weld be made with a full effective throat. In this 
situation, the angle will be extended beyond the column flange
only enough to provide space for welding. The space (or
“shelf”) for welding should be based on the values given in
Figure 7-84 of this manual.

Figure 3-26 illustrates two additional situations where
wrapping or returning the weld around the end of material
creates a reduction in thickness and a notch that can create
large stress concentrations. These conditions should be avoided
from a structural design consideration.

For field bolting beams to shop-welded seat angles, the
type of field bolt required is governed by AISC Specification

Section J1.10. Field bolting beams to seats complies with the
Occupational Safety and Health Administration (OSHA) 
mandate requiring two bolts to secure the beam to the seat.
Please see the section on OSHA requirements in Chapter 2
of this text for further detail on these requirements.

Stiffened Seated Connections

Stiffened seated beam connections are used when a beam
end reaction exceeds the design strengths given in the Manual,
Table 10-6. These connections are used, frequently, for beams
framed to the webs of columns. Also, they are used for beams
framed to column flanges if the stiffener will not interfere
with fireproofing or architectural finishes. They are made,
normally, by welding two plates to form a tee, but also can be
made by cutting a tee-shaped fitting from a suitable rolled
shape.

Available strengths of stiffened seats are given in Table
10-8 in the Manual Part 10. Note that the design strengths of
these seats decreases (for any given length of stiffener and
weld size) as the width of seat increases. This is due to the
increase in eccentricity of loading on the welds, which re-
sults as the seat and stiffener are widened. In the interest of
economy, the narrowest listed seat width providing the re-
quired bearing should be used.

The available strengths in Table 10-8 are calculated for
welds deposited along the full length of the stiffener plate
and returned a minimum distance of 0.2 times the stiffener
length under each side of the seat plate against the column
web (refer to Figure 3-27). Where the width of the seat plate
is insufficient to attain the 0.2 � L length of welds required,
it is satisfactory to weld the full length of the seat plate. When
two plates are used to form a seated connection, the stiffener
must be finished to bear on the seat plate and the strength of
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Figure 3-25. Seat angle weld arrangement.
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the welds joining the stiffener and seat must be equal to or
greater than the horizontal weld returns.

As in the case of all-bolted stiffened seats, the supported
beam should be field bolted to the seat plate with high-
strength bolts. The seat plate supporting a channel generally
is at least 6 in. wide to accommodate two bolts. The width of
stiffener need be no more than that required to provide ade-
quate bearing for the given beam end reaction. In the case
of a channel, the seat plate may project beyond the stiffener.

The design strengths given in Table 10-8 of the Manual
are based on welds made with E70XX electrodes. The table
provides tabulated values that are valid for stiffeners with
minimum thickness of:

but not less than 2w for stiffeners with Fy � 36 ksi nor 1.5w
for stiffeners with Fy � 50 ksi. In the preceding equation, tw
is the thickness of the unstiffened supported beam web and w
is the nominal weld size. So, when the supported beam with
unstiffened web is of steel with Fy � 50 ksi and the seat is 
of steel with Fy � 36 ksi, the stiffener plate thickness must
not be less than the ratio of yield stresses of the two steels,
50/36, or 1.4 times the beam web thickness. Additionally,
the minimum stiffener thickness (t) should be at least 2w for
stiffener material with Fy � 36 ksi, where w is the weld 
size for 70-ksi electrodes.

The steel detailer is directed to the discussion on “Stiffened
Seated Connections” in the Manual, Part 10 for the proce-

dure and examples applicable to designing these connections
in conjunction with Table 10-8.

In Figure 3-27 optional trim lines are shown for the stiff-
ener plate. Where duplication of stiffener plates occurs, use 
of these cutting lines will save material provided that the
plates are nested or multipled (see Chapter 1).

Shear End-Plate Connections

Shear end-plate connections are discussed under bolted con-
nections earlier in this chapter, where the steel detailer is re-
ferred to the Manual Part 10 for information and details.
Regarding welding criteria for end-plates, the steel detailer
should note that the shop weld attaching the end-plate to the
supported beam is not returned around the end of the web,
which is in accordance with AISC Specification Section J2.2b
(see Figure 3-26). The tabulated available strengths include 
an allowance for starting and stopping the weld on each side
of the beam web.

Single-Plate Connections

Earlier in this chapter, the steel detailer is referred to the
Manual Part 10 for information and examples to be used in se-
lecting a single-plate connection. The steel detailer should
note that the size of the fillet weld connecting the plate to the
supporting member (using Fy � 36 ksi plate material and
E70XX electrodes) shall be equal to 3/4 � tp, where tp is the
thickness of the plate. This ensures that the plate yields before
the weld yields. Furthermore, the weld connecting the plate to
its support should not be wrapped around the ends of the plate
(see Figure 3-26). 
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Figure 3-26. Reduction in thickness from wrapping or returning a weld around the end of a material.
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Single-Angle Connections

Table 10-11 in the Manual Part 10 presents available strengths
for single-angle connections where the angle is field bolted to
the filler beam and shop welded to the supporting member.
Note that the weld attaching the angle to the supporting mem-
ber must be flexible. Thus, the weld is placed along the toe and
across the bottom of the angle with a return at the top per
AISC Specification Section J2.2b. Weld placement across the
entire top must be avoided. See Figure 3-14.

Tee Connections

The use of tees in connections was discussed earlier under
bolted construction. Adequate flexibility must be provided
when a tee is welded to a supporting member. This is pro-
vided by placing welds along the toes of the tee flange with 
returns at the top in accordance with AISC Specification
Section J2.2b. Welds across the entire top of tee flanges must
be avoided.

CONNECTIONS COMBINING BOLTS 
AND WELDS 

When connections combine bolts and welds, refer to AISC
Specification Section J1.8 and J1.10. Design drawings should
indicate clearly where such connections occur.

SELECTING CONNECTIONS

Shear Connections

Although having the end reaction for each beam shown on
the design drawings is desirable and would provide the most
economical connections, usually the data given by the de-
signer for the types of shear connections in building work is
brief, often being confined to the general notes. Frequently, the
notes simply refer to the AISC Manual, in which case the
steel detailer would refer to Part 3 to determine the reactions
and to Part 10 to select the connection. Some designers may
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Figure 3-27. Stiffened seated connection.
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Figure 3-28. Framed and seated connections for shop-bolted construction.
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establish minimum connections, but generally the fabricator
is responsible for providing adequate shear strength to meet 
the criteria given on the contract documents, subject to the
approval of the owner’s designated representative for design.
The design of these connections is covered earlier in this
chapter. Some of the various types of shear connections used
with columns are discussed in the following sections.

Framed and Seated Connections—Bolted

Figure 3-28 shows framed and seated connections for shop-
bolted, field-bolted construction. The conventional two-angle
framed connection with the beam web fasteners in double
shear is shown in Figure 3-28a. Earlier in this chapter this type
of connection was discussed. Figures 3-28b, 3-28c and 3-28f il-
lustrate framed connections utilizing tees or single-angles with
the beam web fasteners in single shear. By either arrangement,
using shop bolts for all fasteners through the column is possi-
ble and, at the same time, permits side erection of the beam.
Because the web fasteners are in single shear, an additional
row of web fasteners may be required, as shown in Figure 3-28c.
Note that, when the beam in Figure 3-28f is connected to the 
inside of the outstanding leg of the connection angle, this 
type of connection is known as a wrapped connection.

The framing connections shown in Figures 3-28a, 3-28b,
3-28c and 3-28f are not adapted to connecting beams to col-
umn webs. An impact wrench cannot be used to tighten the
bolts through the beam web because of interference by the
column flanges. Therefore, the seated connections shown in
Figures 3-28d and 3-28e are generally employed. The unstiff-
ened seat in Figure 3-28d is preferred if available strengths
are great enough to support the beam reaction. The stiffened
seat shown in Figure 3-28e can be made as strong as necessary.
Quite often the strength of a seated connection is governed
by the strength of the beam web. Either of these connections
can be used on column flanges, although the projection of
stiffeners through architectural finish or column fireproofing
may limit the choice to unstiffened seats. Note in both cases
the preferred connection of the top angle is field welded to
the column and beam. If field bolting is required, vertical
slots may be furnished in the top angle to provide adjustment.

Framed Connections 

Shop-welded, field-bolted beam connections suitable for 
shop welded-field bolted construction are shown in Figure 
3-29. Paired angles, shop welded to the column flange, are
shown in Figure 3-29a. Note that this is a knife connection,
which requires a beam web erection clearance and a bottom
flange cope. Erection clearances vary from 1/8 in. to 1/16 in.,
depending on the beam size. The angle legs are drawn to-
gether during the bolt tightening process. Figure 3-29b shows
an end-plate welded to the beam. Its advantage of simplicity
is offset, somewhat, by the close tolerance needed to achieve
accurate beam length and square ends. The use of this connec-
tion for several beams in a continuous run may require a small

reduction in beam length and provision of shims to compen-
sate for overrun or underrun in column dimensions.

Figure 3-29c shows another very simple connection that
utilizes a plate shop welded to the column flange. It is some-
what limited in shear strength, but may be used when the con-
nections are designed in accordance with the procedure
outlined in the Manual Part 10. Figure 3-29d illustrates the
use of a tee shop welded to the column with holes for field
bolts. The flange thickness of tees used for this purpose should
be held to a minimum (as noted earlier in this chapter) to per-
mit the flexure due to the end rotation of the beam. Figure 
3-29e shows the connection angles shop welded to the beam
web and field bolted to the column flange. This type of con-
nection has the same disadvantage of required close toler-
ances as the end-plate connection in Figure 3-29b. Figure
3-29f shows a single angle shop welded to the column flange
and field bolted to the beam web.

SEATED CONNECTIONS

Shop Welded, Field Bolted

Shop-welded, field-bolted seated connections are similar to the
all-welded seated connections in Figures 3-30b and 3-30c,
except that the top angles may be bolted as in Figures 3-28d
and 3-28e. Refer to earlier sections of this chapter for addi-
tional information.

Framed and Seated Connections 

All-welded framed connections are adapted readily from the
four types shown in Figure 3-29. Figure 3-30a shows a tee
connection comparable to the one in Figure 3-29d; the other
connections of Figure 3-29 can be converted in a similar man-
ner. The seated connections in Figures 3-30b and 3-30c can be
used as connections to either the column flange or web, their
applications being subject to the same restrictions noted for the
bolted versions. The stiffened seat, shown as a structural tee,
may be replaced by one built from plates. 

Framed and Seated Connections—Field Clearances

Figure 3-28 shows clearances between the top connection
material and the top of beam. The recommended 1/8- to 1/4-in.
clearance applies to connections in Figures 3-28d and 
3-28e. This clearance is necessary to allow for possible mill
variations from the published beam depths and out of square
flanges. These details are generally used on connections to
column webs.

Three typical situations and the clearances usually pro-
vided are shown in Figure 3-31. The range of clearances given
reflects the shop practice of some fabricators.

Figure 3-31a shows a seated connection where the top
angle is field bolted. When field bolts are used to fasten beams
to seated connections, the need for clearances and shims can
be eliminated by providing vertical slots in the top angle.
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Figure 3-29. Shop-welded, field-bolted beam connections suitable for shop-welded, field-bolted construction.
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Such slots are located with their centers matching the holes in
the column. This will accommodate both overrun and under-
run in the beam depth and is the preferred method of many 
fabricators.

The 1/4- to 3/8-in. clearance shown in Figure 3-31b is sug-
gested when the top connection is either shop bolted or shop
welded. This detail may be used on column flanges.

Providing clearance at the bottom as well as at the top,
as shown in Figure 3-31c, is optional when a beam web con-
nection is included with shop attached top and seat material. 

In each of these cases, because beam depth may underrun
as well as overrun, some fabricators supply shims for about
twice the opening expected under the top angle. Others sup-
ply shims for openings as detailed and furnish additional
shims only as required.

When beam web connections are placed on column flanges
with one angle bolted, the spread between outstanding legs
should equal the decimal beam web thickness plus a clear-
ance that will produce an opening to the next higher 1/8 in.
This rule is illustrated in Figure 3-32a. Note that the angle
gages will occur in minimum increments of 1/16 in.

In the event that both angles are shop attached to the col-
umn, forming a knife connection, provisions should be made
for an erection clearance of about 1/16 in. The application of this
rule is shown in Figure 3-32b. When similar fittings for a
knife connection are welded to a column and angle gages are
not a factor, providing an opening equal to the fractional beam
web thickness plus 1/16 in. is satisfactory. When these con-
nections are to be made with high-strength bolts, shims must
be furnished wherever measured clearances exceed 1/8 in.

Example 1

Several cambered filler beams are to be connected to sup-
porting girders in a series of bays. The beams are horizontal
and perpendicular to the girders. Five common simple types
of connections are available from which to select—double
angle, single angle, single plate, tee and end plate. The reac-
tion given on the design drawing is pure gravity load and well
within the strength limits of all five types. First, consider the
double-angle connection (Figure 3-32). The use of double
angles, even with the minimum number of rows, frequently re-
sults in a connection having a strength limit much in excess of
the design reaction. Also, the erection clearance employed
with this type of connection (a minimum of 1/16-in. setback at
one end in each bay) requires that for every fourth or fifth
bay, shims may be installed to maintain the overall building
geometry. For this reason, the double-angle connection was not
selected.

Next, the end-plate connection was considered (Figure 
3-8). This connection has the same detriments as the double-
angle connection regarding the shimming requirements.
Nevertheless, the main objection to end-plate connections is
the zero tolerance on the cut length of the beam and the fit-up.
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Figure 3-30. All-welded framed connections.
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Figure 3-31. Typical seated connections and the clearances provided.

Figure 3-32. Beam web connections placed on column flanges.
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(Figure 3-32). However, beams framing opposite each other
and sharing common holes through the column create a more
difficult erection situation. To avoid this, either double stag-
ger the connection angles if the beam depth permits (angles
high on one side of the column web and low on the other
side) or provide erection seats below the first beam to be
erected (or both beams) to support the beam safely while the
second beam is being lowered into place. The owner’s des-
ignated representative for design should determine the size
of the connection angles required to resist the axial load. A
shim(s) between the angle leg and column web may be nec-
essary to make up the proper bay length.

The stiffened seat connection connecting girder beams to
column webs is illustrated in Figures 3-11 and 3-27. It provides
a shelf on which to land a beam during erection. It can handle
moderate loads with ease. Here, too, the owner’s designated
representative for design should show on the design draw-
ings the type of connection required to resist the axial load. The
top angle can be either field welded or bolted. The choice in
this instance is a stiffened seated connection. As in Example
1, the decision to use a bolted or welded connection to the
column web depends on the preference of the fabricator.

Example 3

A horizontal floor beam must be connected perpendicular to
a column flange. The beam supports a modest gravity load
but no axial load. The floor beam is cambered. Six choices
of connections are available: seated, double angle, single
angle, single plate, tee and end plate. The double-angle con-
nection can be shop attached to either the beam or the col-
umn using either welding or bolting. A double-angle
connection that is shop attached to the column is referred to
as a “knife” connection because the beam web, as it is being
erected, is knifed between the angles (Figure 3-33a). Even
though this method requires the beam to be coped at its bot-
tom flange, the benefits far outweigh this extra work. (Note
that for a fabricator utilizing a beam line to fabricate beams,
an all-bolted double-angle connection probably would be the
most economical connection.) Assuming the angles will be
welded to the face of the flange, punching or drilling holes
in the flange is not required. Erection is safe and quick. The
connection uses half as many field bolts (compared to field
bolting double angles to a column flange) and no bolt heads
interfere with other members in the throat of the column.
Also, by using short slots, the beam end rotation caused by
cambering can be accommodated. In this way the bay length
is established without subsequent measuring and shimming
and remeasuring. The alternate to the knife connection is to
bolt or weld the connection angles to the beam web in the
shop (Figure 3-33b). Shimming at the column is required oc-
casionally because the beam may need to be shortened slightly
to accommodate anticipated column overrun. The foreshort-
ening prevents the building from “swelling,” a problem on

The beams must be saw cut on both ends to exact length. In
most shops, this is an additional operation not required by
other types of connections. Mainly for economic reasons, this
connection is rejected.

Next, consider a single-angle connection, with the angle
shop bolted to the supporting girder (Figure 3-14). The field
connection is made by bolting the web of the filler beam di-
rectly to the outstanding leg of the angle. The angle is punched
with horizontal short slots, thus negating the need for the ob-
jectionable shims associated with the previously considered
types of connections. In addition, the filler beams are cam-
bered and the resulting beam end rotation is handled easily
by the slots, thus enabling the fabricator to punch or drill the
end holes in the filler beams prior to cambering, which is a de-
sirable job procedure. This connection has distinct advan-
tages over the previous considerations. It is safe to erect. The
angle was shop bolted to the supporting girders because other
bolting was required on the girders. Otherwise, the angle
could have been welded.

Next to be considered is a tee connection shop bolted to the
connecting girder (see Figure 3-28c). The stem of the tee is
punched with horizontal short slots in order to provide fabri-
cation and erection tolerance. The cost of erection is about
the same when using the tee as it is for the single angle, but the
cost of shop work on the tee is higher. Therefore, for eco-
nomic reasons, the tee connection will be deleted from the
list of choices. 

Finally, consider the single-plate connection (Figure 3-12).
Many shops are equipped to handle either bolted or welded
work. The fabricator equipped primarily to handle bolted
fabrication, yet having the capacity to perform some weld-
ing, may want to avoid this connection, especially if this
type of connection is to be fabricated in large quantities.
Otherwise, it is a valid contender. The plate is punched with
horizontal short slots for the same reasons as previously
mentioned. Shop costs for this connection are a bit higher
than for the single-angle connection because of fitting and the
need to keep the plate perpendicular to the girder web. (For
skewed and/or sloped members the welded single-plate has
distinct advantages over the other types). Of the five candi-
date connections the choice narrows to two—the single angle
and single plate. If the fabricator prefers bolting, the single
angle is the choice. If welding is preferred, the single plate
is the choice.

Example 2

An interior girder beam is to be connected to a column web.
The gravity load is moderate and a small axial load, which
is shown on the design plan and acts in a direction parallel
to the longitudinal axis of the beam, is induced in the beam to
brace the column. Two choices are available—a double-angle
connection and a stiffened seat connection. The double-angle
connection is popular with some fabricators and erectors
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multi-bay structures. The beam camber and resulting beam
end rotation may complicate erection. Despite potential erec-
tion problems, some fabricators and erectors prefer this ver-
sion of the double-angle connection.

Consider next the single-angle connection shop attached 
to the column (Figure 3-34). Basically, this will be the same
single angle as discussed in Example 1. Horizontal short slots
in the outstanding leg of the angle will accommodate the
beam end rotation due to camber. It has all of the other advan-
tages of the knife connection just discussed. If the connec-
tion requires upgrading in the future, this can be done readily
by adding a second angle to make it a double-angle connec-
tion. The angle should be welded or bolted to the column
flange in the shop. Generally, bolting is suitable only for light

columns with a small k so that the gage on the angle can be
kept to a minimum (21/4 in. or less preferred) in order to reduce
eccentricity on the bolt group. Welding eliminates drilling
the column flange, which is an important cost consideration
for columns with thick flanges.

The end-plate connection (see Figure 3-8) has all the dis-
advantages previously discussed in Example 1 and can be
eliminated from consideration immediately.

The seated connection is not a common choice for con-
necting a beam to a column flange, but it can be a wise solu-
tion given certain parameters. This type of connection would
be a good choice if torsion forces were present. Both the stiff-
ened (Figures 3-11 and 3-27) and unstiffened (Figures 3-10
and 3-24) versions are valid choices. However, if the stiff-

3-38 • Detailing for Steel Construction

CHAPTER 3

Figure 3-33b. Shop-bolted or shop-welded connection angles 
to the beam web.

Figure 3-33a. Knife connection.

Figure 3-34. Single-angle connection shop attached to the column.
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ened version is selected, care must be exercised to ensure that
the seat stiffener does not protrude through the fireproofing or
other column covering below the ceiling line. In the case at
hand, an unstiffened seat angle would suffice. Seated con-
nections can tolerate some axial load, although that is not a re-
quirement here. As no compelling reason can be stated to use
seated connections at the column flange, this type of connec-
tion will be removed from consideration.

The tee connection (Figure 3-15) is a viable candidate,
and its merits and drawbacks have been discussed in Example
1. Nevertheless, for economic reasons it is eliminated from
further consideration.

The single plate is a strong contender for connecting a
beam to a column flange (Figure 3-13), especially in a fabri-
cating shop that prefers welding as opposed to punching and
bolting. Often, single plates (and single angles) are used to
resist the gravity load of moment connected beams. The sin-
gle plate is welded to the column flange and has horizontal
short slots. Here, too, the slots will accommodate the cam-
ber rotation previously discussed.

The choice of connections has been narrowed from 6 to 4
types: knife-type double angle, double angles shop attached to
the beam web, single angle, and single plate. If the gravity
load is beyond the design strength of the single plate or single
angle, either of the types of connections using double angles
is suitable, the choice of which type depends upon the prefer-
ences of the fabricator and erector. Otherwise, either the sin-
gle-angle or the single-plate connection can be used, welded
to the column flange.

Offset and Skewed Connections

Special care is required when developing connections for
framing that is not centered on column web or flange faces or
is skewed with respect to the column. Design drawings show
such offset or skewed beams by dimensions referred to column
centers, but seldom show details of connecting such framing.

Small offsets in bolted construction can be handled read-
ily by shifting holes in seat angles, by altering gages in fram-
ing angles, or by otherwise modifying regular connection
material. Larger offsets require special treatment, using such
details as one-sided connections, gusset plates or built-up
brackets. Consideration should be given to the eccentric load-
ing of fastener groups resulting from these offset connections.
Small eccentricities in double-angle or seated connections
may be neglected. Where appreciable eccentricities occur and
for all one-sided framed connections, fastener strengths must
be investigated. This can be done by using the coefficients
given for single-plate and single-angle connections in the
Manual Part 10. Skewed, sloped and canted connections that
present similar problems can be found in the Manual Part 10,
which contains an extended discussion on eccentric condi-
tions, including examples.

Skewed structural framing can connect to a column in a
variety of ways.2 For instance, in addition to the several types
of connections already presented, beam webs can be con-
nected directly to the inner or outer faces of column flanges,
using intervening fillers if required. No general rule can be
cited for all cases. The best connection is usually the one re-
quiring the least number of fasteners or welds and the least
amount of connection material. Figure 3-35 displays a few
of the many ways nonconcentric and nonrectangular framing
may be supported by columns. Such connections are generally
worked out on preliminary drawings by an experienced steel
detailer in advance of the detailing and checking.

Moment Connections

In tier building construction, many beams and girders connect-
ing to columns are designed to resist bending moments result-
ing from lateral forces due to wind or earthquake loadings. As
these loads are in addition to normal gravity floor loads, the
beam connections are proportioned for moment as well as
shear forces. These connections are usually indicated on the
design drawings by a system of numbers or symbols, keyed
to schedules and design drawings, which give the designer’s
requirements. Field-bolted moment connections are made
with angles, plates or tees, which transmit the moment from
the beams to the columns. The vertical shear is transmitted by
angle or tee connections on the beam web or by a stiffened or
unstiffened seat. Field-welded moment connections may em-
ploy plates to transmit both shear and moment forces or,
where a rigid or continuous frame design is called for, the
beams may be welded directly to the column. Where plates
are used, they are shop welded to the column and field bolted
to the top and bottom flanges and to the web of the beam
(see Figures 3-36a and 3-36b).

The owner’s designated representative for design is ex-
pected to show complete data and detail drawings of desired
connections where Type PR (partially restrained moment) or
FR (fully restrained moment) framing is to be used in the de-
sign. The design of moment connections is not a part of the
steel detailer’s work. For examples and illustrations of mo-
ment connection designs, the steel detailer is referred to the
Manual Part 11 for Type PR and to Part 12 for Type FR.

Shop-welded, field-bolted moment connections are shown
in Figure 3-36a connecting to a column flange and in Figure
3-36b connecting to a column web. As the moment is resisted
by the top and bottom plates, deflection of the beam at the
connection is minimized, so that provision for end rotation
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for Skewed Beams” appearing in the May 1999 issue of Modern Steel
Construction magazine, and available at www.aisc.org.
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of the beam is not necessary. The web connection in Figure 
3-36b is so arranged that all fasteners are accessible for impact
wrench tightening. The locations of shop attached fittings on
the column must allow for rolling mill tolerances, such as
beam depth overrun and out-of-square flanges. Also, the space
provided between the shop attached plates must be sufficient
to permit swinging the beam into its final position.

Figure 3-36c shows an end-plate capable of transmitting
both shear and moment. Fabricaton and erection advantages
and limitations of this connection are the same as those cited
for the end-plate connection in Figure 3-29b. Design proce-
dures for extended end-plates are discussed in Part 12 of the
Manual and in AISC Steel Design Guide 4, Extended End-
Plate Moment Connections (Murray and Sumner, 2004).
Information on flush and extended multiple-row moment 
end-plate connections can be found in AISC Steel Design
Guide 16, Flush and Extended Multiple-Row Moment End-

Pate Connections (Murray and Shoemaker, 2002). As the
eight bolts required for the connection (four at the top flange
and four at the bottom flange) are adequate to resist all ap-
plied forces, the distance between the bolts at the top flange
and those at the bottom flange should be considered. In this 
illustration additional bolts were necessary, consistent with
AISC Specification Section J3.5.

All-welded moment connections generally require fab-
rication that is more exacting than fabrication of shop-
welded, field-bolted moment connections. Figures 3-37a
and 3-37b show two ways of making an all-welded moment
connection to a column flange. The method in Figure 3-37a
requires a close joint between beam web and column flange,
which may dictate finishing the beam to close tolerances.
In Figure 3-37b this problem is eliminated, but at the cost
of more welding and an additional plate for the shear con-
nection. The holes in the web connection are for erection
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Figure 3-35. Ways in which nonconcentric and nonrectangular framing may be supported by columns.
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bolts to hold the beam in position until field welding of the
connection is completed. Figure 3-37d is a variation of Figure
3-37b in that the beam web is connected to the single plate
with field bolts instead of field welds. On lighter column
sections, any of these connections may require stiffener plates
between the inside faces of the column flanges. These plates
distribute the moment forces from the connections to the col-
umn web or to a similar connection on the opposite face of the
column.

Although the details in Figures 3-37a and 3-37b appear
suitable for a column web connection, the limited space be-
tween column flanges may make welding difficult. The all-

welded moment connection illustrated in Figure 3-37c may be
used for column web connections. Note that this is, in effect,
a beam stub, extending just beyond the column flange so that
field welding can be performed easily. Groove welds and
backing bars are used to obtain complete-joint-penetration
groove welds in the beam flange joints. The shear joints are
made with fillet welds. A common variation of this joint em-
ploys the use of high-strength bolts instead of field welding to
connect the beam web to the stub plate.

The steel detailer is cautioned that connections to W-shape
column flanges, as shown in Figures 3-37a, 3-37b and 3-37d,
may not perform well on cover-plated columns and, if so
shown on a design, should be questioned. The force exerted by
whichever of the moment plates is in tension will tend to sep-
arate the cover plate from the column flange. If cover plates
are necessary, the designs must show the manner in which
the cover plates are to be attached to the W-shape in the area
of the moment connection, so that the beam-column conti-
nuity force can be developed.

In detailing beams as shown in Figure 3-37b, compen-
sation for field weld shrinkage may be necessary. Experience
has shown that this is about 1/16 in., perpendicular to the
weld throat, for the typical groove weld. Shrinkage of this
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Figure 3-36. Shop-welded, field-bolted moment connections.
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kind can cause problems in erection, particularly where 
several beams and columns occur in a continuous run.
Corrections can be made by detailing beams with 1/8 in.
added to the center-to-center dimension of end holes or by
providing adjustment slots for erection bolts in the column
fittings (see Figure 3-37c).

These all-welded connections approach full rigidity and
are generally limited to Type FR construction. Their use in
structures designed as Type PR framing should not be under-
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taken without express approval from the owner’s designated
representative for design.

COLUMN SPLICES

As the height of a building increases, so does the need for
splicing the column sections because of available lengths or,
more often, for economy because of the change in loading at
the different floor levels.

Figure 3-37. All-welded moment connections to column flanges.
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The structural design drawings should furnish sufficient
information and detail to indicate the size, number and arrange-
ment of fasteners or welds and the size and type of splice ma-
terial required by the loading or by the AISC Specification. In
addition, the erector must furnish any forces resulting from
special erection operations. AISC Specification Sections J1.4,
J1.10, M2.6 and M4.4 form the basis for discussion in this
section. The steel detailer should become familiar with these
Specification Sections before proceeding.

The cross-sections of the W-shapes most frequently used
as columns are such that for any given nominal size, the dis-
tance between the inner faces of the flanges is constant. As the
weight per foot increases in each of the nominal size groups,
the column depths and web thicknesses increase. This re-
sults in full bearing of the lighter sections when they are cen-
tered over the heavier sections. Figure 3-38 shows the
relationship, which prevails within the listed weight groups.

Where upper and lower column sections are not centered,
or where different nominal sections must bear on each other,
some areas of the smaller sections will not be in contact with
the larger section. Shaded areas in Figure 3-39 illustrate these
conditions. Load transfer may be accomplished by providing
fillers under the flange plates (finished to bear on the larger
section) or by interposing a butt plate in the joint on which
the upper and lower sections of the columns will bear.

The general requirements for the flange-plate-type splice,
when upper and lower shafts are not centered, are (1) to pro-
vide sufficient area of fillers in bearing to equal substantially
that part of the lighter section which is not in contact and (2)
to furnish the fillers with enough fasteners or welds to trans-
mit the bearing load into the column shaft. The splices shown
in the Manual Part 14 have proved satisfactory for column

sections differing by up to 2 in. in nominal depth. Joints involv-
ing greater differences are special and details should be shown
on the design drawings.

Groove welded butt splices are used frequently in welded
construction. Edge preparation is made in the shop, usually 
for partial-joint-penetration bevel or J-welds (see Figure 
3-40). The Manual Part 14 further details this type of splice
and shows the use of butt plates where the upper shaft 
dimensions result in less than 100% direct bearing. In the
absence of flange plates, column shaft alignment and stabil-
ity during erection are achieved by the addition of lugs for
erection bolting, as shown in Figure 3-40 and further de-
veloped in the Manual Part 14. These lugs are usually tempo-
rary, as requirements in the construction documents may 
dictate their removal after welding is complete.

Bearing on Finished Surfaces

AISC Specification Section J1.4 recognizes the complete
transfer of loads through bearing on finished surfaces. A col-
umn splice connection seldom would be necessary except for
safety and stability during erection. The method of fastening
is required merely to hold the parts securely in place. However,
physical, designed splice connections are necessary when the
column is resisting bending moment3 or net uplift at the splice.
A physical splice is necessary, too, when the column may be
subjected to considerable loads due to accidental or construc-
tion loading prior to placing the flooring or bracing system.

On the contact area of a milled surface, AISC Specification
Section J7 permits a bearing strength of φRn (LRFD) and
Rn/Ω (ASD):

Rn � 1.8 � Fy � Apb

where

φ � 0.75 (LRFD) and Ω � 2.00 (ASD)

Fy � specified minimum yield stress, ksi

Apb � projected bearing area, in.2

The term milled or finished is intended to define a surface
that has been finished to a true plane by milling, sawing or
any acceptable means that produces such a finish.

When the columns are of different nominal depths, filler
plates and/or bearing plates are used for the load transfer.
Finished filler plates are proportioned to carry bearing loads
at available strengths (φRn and Rn/Ω), and the connections
to the column shaft must in turn be designed to carry these
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Figure 3-38. Full bearing of lighter sections when they are 
centered over heavier sections, for the listed weight groups.

Figure 3-39. Upper and lower column sections not centered,
or different nominal sections bearing on each other.

3 Bending moment is a term that expresses the measure of the tendency
of a structural member to bend. It is the product of a force expressed in
units of weight times a distance expressed in units of length. The nu-
merical value of bending moment is expressed as kip-ft, kip-in., lb-ft or
lb-in.
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calculated loads. The effect of eccentricity should be consid-
ered in developing the fastening bolts or welds. Unfinished
filler plates should be used when the additional bearing area
is not required. The unfinished filler is intended for “pack-
out” of thickness. The end of the plate is set back 1/4 in. or
more from the finished column end. As it does not transfer
any load, no attachment, or only a nominal attachment for
shipping, is required.

Bearing (butt) plates are used frequently on welded splices
where the upper and lower shafts are of different nominal
depths and splice plates are not generally used. The bearing
plates usually will not be economical on a bolted splice be-
cause the “pack-out” fillers cannot be eliminated and they
can be designed to serve as load bearing fillers. Bearing plates
are normally selected to be 11/2 in. thick for a W8 over a W10
splice, and 2 in. thick for W10 to W12 and W12 to W14.
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Figure 3-40. Column splices.
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Bearing plates that are subject to substantial bending loads,
such as required on boxed columns, require a more careful
review and analysis. One method based on extensive experi-
ence is to assume a load transfer through the plate on a 45°
bevel and then check the thickness obtained for shear and
bearing strengths. The steel detailer is referred to AISC
Specification Section M2.8, which sets forth the finish re-
quirements for bearing plates. Because a butt plate fits be-
tween milled column ends, having both surfaces flat and true
is important.

HSS COLUMNS

The previous discussion on column connections has dealt
with W-shape members. Hollow structural section (HSS)
columns are finding use in numerous structures such as schools
and one- or two-story office buildings. Connections to these
columns are similar to those already discussed except that
generally, the connection material (framing angles, seat angles,
single angles and single plates) is shop welded to the column.
End-plate connections on beams are field welded to HSS
columns.

TRUSS CONNECTIONS 

When trusses are used in a design, the design drawings must
show the detail of the truss joint, or provide the information
necessary for the design and detailing of the truss joints.
Additional information about these connections is presented
in the Manual on page 13-11. 

Truss Panel Point Connections—Welded Trusses

The truss shown in Figure A3-41 of Appendix A is the shop
detail drawing of the truss whose design is shown in Figure
A3-42. For convenience, truss joints are labeled U0, U1, L1,
L2, etc. Normally, this is not done in detailing a completely
shop assembled truss.

Figure 3-43a shows an enlarged detail of joint U3 and 
represents the typical treatment of intermediate web connec-
tions. Note that the gravity axes of the vertical and diagonal
members intersect on the neutral axis of the tee chord.

In order to lend stiffness to the finished truss, the angles
comprising one of the web members at each joint (in this 
case, U3L3) are extended to the edge of the fillet of the tee
(k-distance). The required welds are applied along the heel
and toe of each angle, beginning at their ends rather than at the
edge of the tee stem.

Other things being equal, common practice is to place
more weld along the heel of the angle than along the toe. The
intent is to minimize any eccentricity that may arise due to
the location of the welds with respect to the gravity axes of the
connected angles. Tests have shown, however, that little dif-
ference in static load strength exists between balanced and

unbalanced connections of this nature, and AISC Specification
Section J1.7 permits placing these welds as the joint geome-
try dictates. As will be seen later, sometimes the limitations on
weld size are such that the same size weld must be used at
the heel and toe of the angle and the geometry of the joint
may result in more weld being placed along the toe than along
the heel. If clearance permits, the ends of the web members
also can be welded.

The sizes and lengths of welds are determined in accor-
dance with the principles outlined earlier in this chapter. To
compensate for loads induced in trusses during handling, ship-
ping and erection, a common requirement is to design the
connection for a minimum of 50% of the member strength
or a lesser amount as determined by the engineer.

A case in point is the connection of diagonal U3L4 (Figure
3-43a). The connections should be able to support one-half
of the effective strength of the member. In this case, checking
the available tensile yield strength of two 2 � 2 � 1/4 angles:

Pn � 1/2Fy Ag

φ � 0.90 (LRFD)

Ω � 1.67 (ASD)

Fy � 36 ksi

Ag � 1.89 in.2

φPn � 0.90 � 1/2 � 36 � 1.89

� 30.6 kips (LRFD)

Pn/Ω � (1/2 � 36 � 1.89)/1.67

� 20.4 kips (ASD)

Checking the available tensile rupture strength:

Pn � 1/2FuAe

φ � 0.75 (LRFD)

Ω � 2.00 (ASD)

Fu � 58 ksi

Ae � AnU (since the member is welded, An � Ag)

� 1.89 (1 – 0.586/2) � 1.34 in.2

φPn � 0.75 � 1/2 � 58 � 1.34

� 29.1 kips (LRFD)

Pn/Ω � (1/2 � 58 � 1.34)/2.00

� 19.4 kips (ASD)

Note that Ae is the effective net area and U is the reduction
coefficient. U represents the decrease in efficiency of the net
section because of shear lag, discussed earlier in this chapter.
For values of U and the equation from which they are deter-
mined, the steel detailer is referred to AISC Specification
Section D3.3.
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Figure 3-43. Enlarged detail of joint U3 and the typical treatment of intermediate web connections.

Detailing_CH03  6/2/09  8:16 AM  Page 46



As detailed, the weld strength is:

φRn � 1.392DL (LRFD) and Rn/Ω � 0.928DL (ASD)

D � 3

L � 2 � 4 � 8 in.

φRn � 1.392 � 3 � 8

� 33.4 kips (LRFD)

Rn/Ω � 0.928 � 3 � 8

� 22.3 kips (ASD)

The connection is adequate.
The available strength in axial compression of the dou-

ble angles in member U4L4 (Figure A3-41) may be deter-
mined by referring to Table 4-8 in the Manual Part 4, which
lists permissible compression loads for a wide range of paired
angles of various effective lengths for steels with Fy � 36
ksi and Fy � 50 ksi. Member U4L4, in which the 3 � 2 �
1/4 angle legs are turned as shown in Figure 3-44 (short legs
back-to-back or SLBB), has an effective length of about 7
ft. In the Manual Part 4, this length gives available strengths
of 24.7 kips and 63.4 kips (LRFD) and 16.4 kips and 42.2
kips (ASD) about the X-X and Y-Y axes, respectively. As
the strut can support safely no more than the lesser of these
two values, its strength is limited to 24.7 kips (LRFD) and
16.4 kips (ASD), and the welds are proportioned for 24.7/2
� 12.4 kips per angle (LRFD) and 16.4/2 � 8.2 kips per
angle (ASD). As detailed, the welds have a strength of:

φRn � 1.392 � 3 � 2 � 2
� 16.7 kips per angle (LRFD)

Rn/Ω � 0.928 � 3 � 2 � 2 
� 11.1 kips per angle (ASD)

which is adequate.
The diagonal member at joint U1 (Figure 3-43b) is cut to

provide needed weld length along the angle toe. It may have
been possible to swing this member up and to the right and,

thereby, obtain the necessary length with a square end. To the
greatest extent possible, the detailer should provide square
ends on angles used as truss web members and as bracing to
eliminate the added shop costs for laying out and cutting
clipped ends. However, moving the diagonal also means mov-
ing its gravity axis away from the joint intersection. This will
introduce eccentricity and consequent moment forces that,
when added, tend to overload the chord. The recommended
practice is to arrange all gravity axes to intersect at a com-
mon point at each joint. The detailer is directed to the Manual
Part 13 for the design procedure for this joint.

Despite the preceding recommendation, placing gravity
axes exactly on work lines may not be practical in some cases.
Members U2L2 and U4L4 (Figure A3-41) have been moved
purposely to provide connections for the bottom lateral 
bracing members. In both cases the resulting eccentricities
are relatively small and can be neglected because of the stiff-
ness of the joint. Should such an eccentricity be critical, the 
approval of the owner’s designated representative for design
should be obtained.

Connection Design 

The ends of the truss members in Figure A3-41 are checked as
follows:

• The maximum size fillet welds along toes of angles 1/4

in. or more in thickness should be 1/16 in. less than the
thickness of the angle (AISC Specification Section
J2.2b).

• The thickness of the tee stem is checked for available
strength to transmit the load from the web members.
Refer to “Strength of Connected Material” earlier in
this chapter for the procedure to determine the strengths
of the tee stems.

• Minimum size of fillet welds must meet the require-
ments of AISC Specification Section J2.2b. The thick-
ness of the top chord tee stem is approximately 1/2 in.
and that of the bottom tee stem is 7/16 in. The minimum
size of fillet weld is 1/8 in. in both cases, which is gov-
erned by the thinner part joined (the 1/4-in. angles).

Amount of Weld Required 

The amount of weld required at the ends of truss members
can be determined by one of the following methods:

• Divide the length available for welding into the ten-
sile or compressive force for which the connection is to
be designed. This will give the required weld strength
per linear inch, from which the size of fillet weld can
be determined. The length available for welding can
be scaled from the detail of the truss if the joint de-
tails are drawn accurately and to a scale of at least 
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Figure 3-44. Double angles, long legs outstanding.
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1 in. � 1 ft 0 in. Unless a separate layout is made to a
larger scale, at least 1/2-in. should be deducted from
the scaled dimension in determining the length available
for welding.

• Assume a size of fillet weld and divide the strength of
this weld into the tensile or compressive force for which
the connection is to be designed. This will give the
length of weld required. The detailer is cautioned that
this method is limited by the thickness of the tee stem
(chord) and the gusset plate. Tension yielding, shear
yielding and shear rupture of the stem and plate must be
checked.

• Determine the total number of linear inches of 1/16-in.
weld required, by dividing the strength per inch of a
1/16-in. weld (1.392 kip/in. or 0.928 kip/in. using E70XX
electrode, LRFD and ASD, respectively) into the force
for which the connection is to be designed. Then, by
trying various combinations of weld size and length,
the size and length of weld can be determined. This
method is advantageous, particularly if different size
welds are to be used at the heel and toe of the angle.

In establishing the lengths of fillet welds, a sufficient length
of material must be available on which to start and stop the
weld in order to obtain the full effective weld size. A com-
monly accepted rule in the industry provides a material length
equal to the required effective length of weld plus twice the
weld leg size. The detailer is referred to the Manual Part 13 for
an example illustrating the design of a joint connection.

Figure A3-45 of Appendix A shows typical shop details of
a truss of light construction. Note that the web members are
single angles. Although this produces some eccentricity nor-
mal to the plane of the truss, this effect is considered by the
engineer in the design of the members. Bars “pa” at the left
end serve to stiffen the bottom flange stem, as well as to
transmit the top chord force.

For lightly loaded trusses, single-angle web members are
used often. In this case, placing all web members on the same
side of the chord minimizes twisting of the chord. Staggering
the web members causes a torque, C � e � T � e on the
chord, as shown in Figure 3-46.

The depth and width of the top chord tee, which may seem
to be out of proportion to the other members, are required to
resist bending induced by the off-panel location of purlins.

The small skewed angles in the plane of the top and bottom
chords are for 7/8-in.-diameter diagonal rod bracing. Sufficient
weld is furnished to resist the maximum available strength
these rods can carry.

In Figure 3-47 note the groove weld joint numbers in the
tails of the arrows. These are AWS D1.1 designations. These
joint details and numbers are shown in the Manual Part 8
under “Welded Joints.” When the AWS joint number is shown

in the tail of the arrow, giving the root opening and groove
angle is unnecessary.

Truss Chord Splices—Welded

Usually, splices in tension chords of welded trusses are made
with complete-joint-penetration groove welds. Joint prepara-
tion and welding are performed in accordance with AISC
Specification Section J2.1. Where abutting members of dif-
ferent cross-sections occur in tension splices, a slope must
be provided through the transition zone that does not exceed
1 in 21/2 (43/4 in 12, approximately), although flatter slopes
are preferred. This slope is accomplished by clipping exter-
nal corners and sloping the weld faces (see Figure A3-47a).
Where the difference in thickness is too great, the thicker
part must be chamfered in addition to sloping the weld face
(see Figure A3-47b).

Where tee or W-shapes are spliced, complete-joint-
penetration groove welds on the flanges require cutting the
web to permit the use of backing bars, backing welds, far-
side welds or full-length back-gouging of beveled welds
(see Figure A3-47c). Extension bars and backing bar exten-
sions are required to ensure that the full cross-sectional area
of the groove weld is effective for the entire width of the
flange. The selection of the type of preparation for a grooved
joint depends upon the thickness of the material and the fab-
ricator’s preference. Refer to Chapter 4 for discussion of
run off or extension bars and backing, also known as back-
ing bars.

Where heavy rolled shapes with flange thicknesses ex-
ceeding 2 in. or shapes built-up by welding plates more than
2 in. thick together form the cross-section, and where these
shapes or cross-sections are to be spliced by complete-joint-
penetration welds and are subject to primary tensile stresses
due to tension or flexure, the material to be spliced is subject
to special mill order requirements. The material must be sup-
plied with Charpy V-notch testing in accordance with ASTM
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Figure 3-46. Torque on the chord caused 
by staggered web members.
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A6, Supplementary Requirement S30 for shapes and S5 for
plates. The reason for the special testing is that the web cen-
ter of heavy hot-rolled shapes as well as the interior portions
of heavy plates may contain a coarser grain structure and/or
lower toughness material than other areas of these products.
Thus, when these materials are joined by complete-joint-pen-
etration groove welds, which extend through the coarser and/or
the lower notch toughness interior portions, tensile strains in-
duced by weld shrinkage may result in cracking. The fabrica-
tor must observe special precautions when preparing the
material for welding and in the welding process itself.
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Figure 3-47. Welded truss-chord splices.

Therefore, generally tensile splices in heavy sections are made
using splice plates. Heavy sections subject to compression
may be spliced using either partial-joint-penetration groove
welds in combination with fillet-welded splice plates, bolted
splice plates, or a combination of bolted/fillet-welded splice
plates. The detailer is encouraged to read AISC Specification
Sections A3.1c, A3.1d and J1.5 and their Commentaries for
further information on the matter of splicing heavy sections.

The AISC Specification Table J2.5 permits available
strengths for complete-joint-penetration groove welds to be
equal to the available strengths for the connected material,
providing the proper grade of electrode is used. Thus, the
strength of the welded splice is the same as that of the con-
nected material of the same cross-sectional area. Tension
splices should be checked for required net section. The ac-
cess hole sometimes is left open and sometimes is filled in
the completed joint, depending upon the owner’s designated
representative for design.

Chord splices are expensive to fabricate and should be
avoided wherever possible. Joint U4, Figure A3-45, shows
a groove weld for which some fabricators might choose to
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between the members is adequate, joint rotation is resisted
by the combined flexural strength of the column, the truss
top chord and the truss diagonal. However, the distribution
of moment among these members will be proportional to the
stiffness of the members. Thus, when the stiffness of the col-
umn is much greater than the stiffness of the other elements of
the truss support connection, one design practice suggests
that the column and gusset-to-column connection be designed
for the full eccentricity. Another practice suggests designing
the connection for the applicable eccentricities. Because of
its importance, the truss support connection should be shown
on the design drawing.

If the common intersection of the three working lines is
shifted from the column centerline to the face of the column
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substitute a simple bead. If within the capacity of shop equip-
ment, this is a satisfactory solution for most slightly pitched
trusses.

In shop-welded, field-bolted construction, the field splices
in chords require material that may be bolted on both sides
of the joint or shop welded on one side and field bolted on
the other side. The design of these splices requires an engineer-
ing analysis and is beyond the scope of this text.

Top Chord Connection to Column

When the working lines of the top chord and diagonal inter-
sect at the centerline of a column and the connection is lo-
cated away from this intersection, as in Figure 3-48, the
eccentricity results in a moment. Assuming the connection

Figure 3-48. Top chord connection to column.
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as in Figure 3-49, no eccentricity exists in the gusset, gusset-
to-column connection, truss chord or diagonal. However, the
column would be subjected to an eccentric loading and would
have to be designed for that condition.

Figure 3-49 is a detail of the same joint as is shown in
Figure 3-48, except for the location of the working point.
In Figure 3-49 the detail has been laid out with a common
working point established on the face of the column, where
the working lines of the top chord and diagonal intersect.
With all three working lines meeting at the same point, no un-
balanced moment is present in the gusset or tee stem. The
truss-to-column connection can be selected directly from
Tables 10-1, 10-2 and 10-3 in the Manual Part 10. Comparing
this detail with the one shown in Figure 3-48, the detailer
may identify savings in welding, fasteners and fitting ma-
terial. However, as previously stated, the supporting column
in Figure 3-49 is subjected to an eccentric loading and must
be investigated by the owner’s designated representative for
design for this condition.

Bottom Chord Connection to Column

When a truss is erected and loaded, its members in tension
will lengthen and its members in compression will shorten. At
the support connection this may cause the tension chord of a
“square-ended” truss to encroach on its connection to the sup-

porting column. When the connection is shop attached to the
truss, erection clearance must be provided between the connec-
tion and the column face, using shims to fill whatever space
remains after the truss is erected and loaded. However, in
field-erected connections, provision must be made for the
necessary adjustment in the connection.

When the tension chord delivers no calculated force to the
connection, usually adjustment can be provided with slotted
holes in the detail connection material. For short spans with
relatively light loads, the comparatively small deflections can
be absorbed by the normal hole clearances provided for bolted
construction. Slightly greater misalignment can be corrected
in the field by reaming the holes. If appreciable deflection is
expected, the connection may be field welded or bolt holes
may be field drilled. This is an expensive operation, which
should be avoided if at all possible.

When the truss is erected in place and loaded, the vari-
ous truss members will lengthen under tension or shorten
under compression, and all or part of the camber will disap-
pear. This may cause a problem when the tension chord of a
“square-end” truss stretches and tends to encroach on its end
connections. For short spans with relatively light loads, it is
generally sufficient to provide end details in which the field
bolting is through the truss chords or through the gussets in
the plane of the truss. By this means, small deflections can be
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Figure 3-49. The common intersection of the three working lines is shifted from the column centerline to the face of the column.
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absorbed by the normal hole clearances. Slightly greater mis-
alignment can be corrected in the field by reaming or, if ap-
preciable deflection is expected, by field drilling from the
solid, although this is an expensive operation that should be
avoided if at all possible. For bottom chord end panels in
which there is no computed stress, the necessary adjustment
can be provided by employing slotted holes in the detail con-
nection material. 

If shop attachment of abutting connections on the truss
cannot be avoided, clearance should be allowed between such
connections and the column face, and shims should be pro-
vided to fill out whatever space remains after the truss is
erected and loaded. 

Some idea of the amount of deformation to be expected
may be determined by utilizing the stress-strain relationship
of structural steel. The ratio of stress (kips per square inch) to
strain (deformation in inches per inch) is called the modulus
of elasticity and is taken as 29,000 ksi. 

Having given the cross-sectional area of the chord and 
the design load in each panel, the deformation can be com-
puted as:

where

δ � deformation, in.

P � axial load, kips

A � gross area of the chord, in.2

L � length of the chord, in.

The value of δ is the increase or decrease in panel length,
depending on whether the load P induces tension or com-
pression. The deformation of each panel on one side of the
truss centerline is figured separately, then summed up to de-
termine the total movement at the extreme ends of the truss. 

SHIMS AND FILLERS

Shims are furnished to the erector for use in filling the spaces
allowed for field clearance that might be present at connections
such as simple shear connections, PR and FR moment connec-
tions, column base plates, and column splices. These shims
may be either strip shims, with round punched holes (see
Figure 3-50a), or finger shims, with slots cut through to the
edge (see Figure 3-50b).

Whereas the strip shim is less expensive to fabricate, the
finger type has the advantage of lateral insertion without the
need to remove erection bolts or pins already in place. If fin-
ger shims are inserted fully against the bolt shanks, they are
acceptable for slip-critical connections and are not to be 
considered as an internal ply. However, they must have the
surface preparation required by design for the slip-critical
connections. In such cases, the permissible bolt load may be
taken as though the shims were not present. The reason is
that less than 25% of the contact area is lost—not enough to
affect the performance of the joint.

A filler is furnished to occupy a space that will be present
because of dimensional separations between elements of a
connection across which load transfer occurs. The steel de-
tailer should become familiar with AISC Specification Section
J5, which describes the procedures for developing fillers in
welded and bolted connections.
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Figure 3-50. Shims and fillers.
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GOOD DETAILING PRACTICES

The steel detailer must become familiar with many require-
ments for the proper and correct preparation of shop and 
erection drawings. The following guidelines and good prac-
tices are independent of the type of structure being detailed.
Some of the items listed may be considered “rules of thumb.”
Discussions of these guidelines can be found in this and 
other chapters of this text. Chapter 6 lists guidelines for
preparation of erection drawings.

General Drawing Presentation and Drafting Practices

1. Each shipping piece consists of main material alone
or with detail material, which is a connection or other
part attached to the main member.

2. On manually prepared shop drawings, shipping pieces
may be duplicated on one sketch when the differences
are minor and the sketch does not become compli-
cated by notes. Otherwise, a separate sketch should
be made.

3. Lettering should be neat and legible. Notes should not
run into the sketch or the associated dimensioning.
Preferably, general notes should be placed near the
title block. Small letters should be about 3/32 in. high
and numbers about 5/32 in. high. The size and bold-
ness of the letters should be in proportion to the impor-
tance of the information. Tiny lettering and obscure
locations of notes on the drawing may cause the shop
to overlook these notes. Notes should be terse, to the
point and positive rather than negative. Remember,
the worker in the shop must read the drawing under
conditions of less light and cleanliness than that avail-
able to the steel detailer.

4. Lettering should be horizontal, vertical or parallel to a
sloping member such that it can be read from the bot-
tom or right side of the drawing.

5. Special notes should be provided to convey all detail
instructions to the shop that are not shown readily by
dimensions, sketches, detailing standards or billing.
Information explained by adding one or more views
or sections to a sketch will be more valuable to the
shop than a sketch with many notes. Thus: “A picture
is worth a thousand words.”

6. In all detailing use good line contrast—lighter lines
for dimension lines and bolder lines for the object
lines.

7. Dimension lines should be placed far enough from 
the sketch to allow sufficient room for dimensions.
Generally, the first dimension line should be approx-
imately 5/8 in. from the sketch and each succeeding
line separated by about 3/8 in.

8. All dimensions up to a foot are given in inches, thus:
1115/16. All dimensions of a foot or over are given in
feet and in., thus: 1’-0 or 1’-21/2.

9. The point of the arrowhead on a dimension line should
touch the extension line and not go past it. Care must
be taken in dimensioning so as to avoid possible mis-
interpretation.

10. Sections should be taken looking to the left and look-
ing toward the bottom of the drawing. Avoid looking up
and to the right. 

11. Section views shall be oriented to retain the position
indicated by the cutting plane, not rotated through
90°.

12. Never cross-hatch elements of sectional views.
13. Anchor rods, base plates and setting plates, grillages

and embedded items should be the first pieces detailed.
14. Avoid one-hole structural connections, except when

connecting rod bracing.
15. Re-entrant cuts, such as for beam copes and in bottom-

chord gusset plates at columns, should be drawn 
with the radius clearly shown (see Figure A1-2 in
Appendix A).

16. On each shop drawing, list the erection drawings where
the members detailed on that particular shop drawing
will be located.

17. Lengths of main members are not required to be drawn
to scale.

18. Ends/edges to be finished must be marked “Fin” in
accordance with the practice of the fabricator.

19. Angles and channel flanges should have gages detailed
from the backs of their legs and webs, respectively.

20. Detail channels and angles looking at their backs.
21. If a shop intends to subcontract fabrication of concrete-

filled HSS, detail them on shop drawings separate from
other members so they can be sent to potential suppli-
ers for pricing and subsequent fabrication.

22. Members to which wood will be attached are often
supplied with attachment holes. Normally these holes
are spaced randomly at about 2 ft to 3 ft on center and
are of the same diameter as any other holes required in
the member. The steel detailer is not required to di-

CHAPTER 4 

BASIC DETAILING CONVENTIONS

Definition of detailing conventions that are in universal use. Over the years, innovation, trial and error, common logic, and a
desire to improve shop and erection drawings have combined to evolve the standard practices and conventions we use today.
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mension holes for wood. A note such as “Wood holes
@ 2’-6” will suffice.

23. Check with the fabricator if detailing different types of
members (for example: beams and columns) on the
same shop drawing is permissible.

Material Identification and Piece Marking

24. Each piece of detail material (sometimes referred to
as “fittings”) must carry an assembly mark for identi-
fication and cross-referencing. 

25. Any difference between detail material requires a dif-
ferent assembly mark.

Advance Bills of Material

26. Steel detailers must check all material against the ad-
vance material lists (see Chapter 5). If material has
not been ordered or if it is ordered incorrectly, advise
the fabricator.

27. When preparing advance material orders, ensure that
the sizes are available. Extra long lengths may require
splicing. Extra wide plates may not be available.

28. Avoid the use of Universal Mill (UM) plate material.
Often, the edges of UM plate are rounded and may be
wavy, which might pose a fit-up problem during fab-
rication.

29. Plate material that is to be bent should be ordered so as
to ensure that the bend line is perpendicular to the di-
rection of rolling.

Shop Bills of Material

30. Each assembly mark must be billed at least once in
the shop bill, which is a pre-printed form on a drawing
listing material required for fabrication of members
in the shop. In some shops, if the assembly mark occurs
again on another shipping piece on the same drawing,
the size need not be billed in the shop bill, but the
mark and number of pieces must be given.

Beam and Column Details

31. For multiple-tier columns, out-to-out dimensions
should be given at the bottom of columns and in-to-in
dimensions between splice plates at the top of columns.

32. For column details, project sections off the web view
looking towards the bottom of the column. (Figure
4-1).

33. At double-angle connections that are shop attached to
column flanges, give the separation between the an-
gles in sixteenths of an inch (Figure 3-33b). 

34. If wrap-around connections are used, give the distance
from the centerline of the column to the inside of the
outstanding leg of the angle (Figure 4-2). Striping
(spotting) is described in Chapter 6.

35. Extension figures are cumulative dimensions from a
given point used to locate several connections (detail

material or open holes) on a shipping piece. From that
point, fitters locate detail material and inspectors check
the locations with the use of a tape. The figures must
be given from the finished bottom of a column.
Extension figures are given from a definite point at
the left end of a beam (or girder). The dimension line
for the extension figure locating the first connection
from the bottom of a column or left end of a beam
must always run unbroken to the point from which the
extension is given (Figure A1-2). An alternative method
for running dimensions is to provide a short dimen-
sion line pointing to the left at the point of origin for
running dimensions, accompanied by “RD” for clarity.

36. Extension figures to web holes on beam and column
details should never be placed on the same line as ex-
tension figures to the flanges.

37. When preparing shop drawings for beams and columns,
use either 11/2-in. scale for W-shapes and similar mem-
bers having nominal depth up to and including 6 in.; 
1-in. scale for nominal depth over 6 in. and up to and
including 12 in. depth; and 3/4-in. scale for nominal
depth over 12 in. or as preferred by the fabricator. The
scale used should make the drawing legible.

38. Where possible, make the gages in both flanges of W-
shapes, channels and similar shapes the same.

39. Where permitted, clip the corners of web stiffener
plates (cut the corners at 45°) to clear flange-to-web fil-
lets of rolled shapes and flange-to-web welds of plate
girders.

40. Where permitted, use partial-depth stiffeners instead of
full-depth fitted stiffeners.

Bolting and Welding

41. Holes should be lined up on the same gage lines. Never
break gage lines, except where doing so is unavoid-
able. Also, avoid having more than one hole size in a
web or flange.

42. Never use the word “weld” on a drawing as a symbol.
Always apply the appropriate AWS symbol to a welded
joint.

43. Never use more welding than is necessary, as it adds to
the cost of fabrication and/or erection and may cause
the member to warp. Too much weld does not make a
better joint.

44. Indicate the weld detail once for each different assem-
bly piece and once on each shipping piece. By associ-
ation the weld becomes part of the assembly piece.

45. Avoid mixing grades of bolts of the same diameter.
For example, if a project requires the use of ASTM
A325 and A490 bolts, use a different diameter for each
grade of bolt. 

46. When the finished appearance of a structure (or portion
of a structure) is under consideration, placing the shop
and field bolt heads on the exposed side is desirable. In
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Figure 4-1. Column details, sections projected off the web view looking toward the bottom of the column.
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this case, place on the pertinent shop and/or erection
drawings a conspicuous note to this effect.

47. Where fillet welds on opposite sides of the same plane
come to a corner, interrupt them as shown in Figure
3-25.

48. Avoid showing details that show fillet welds wrapped
or returned around the ends of material (see Figure 
3-26).

49. Avoid shop bolting and shop welding on the same
piece, if possible. Most shops segregate these func-
tions. Needless moving of pieces from one area of the
shop to another is costly.

50. Use fillet welds whenever possible. Generally, they
are more economical than groove welds.

51. Where acceptable by the owner’s designated repre-
sentative for design, use partial-joint-penetration
groove welds in lieu of complete-joint-penetration
groove, welds.

52. Never use lock washers on high-strength bolts. They
are unnecessary and may be detrimental to bolt per-
formance and inspection.

Shop and Field Considerations

53. Allow ample clearance to cover variations in cutting,
shearing and coping. Approximately 1/2 in. is advis-

able for shop clearance and 3/4 in. to 1 in. for field
clearances, depending on conditions of framing.

54. When detailing work adjacent to existing structures
or to walls, ensure the availability of suitable access
so that the new work can be connected without dis-
rupting the existing work.

55. When a project calls for shear stud connectors to be
welded to the top flanges of beams or girders, OSHA
requires that the shear stud connectors must be ap-
plied in the field. The top flanges of such beams and
girders should not be shop painted.

56. Be alert to recognize situations requiring field adjust-
ment and to provide means by which it can be made.
Generally, such adjustments are needed in joints with
slotted holes, oversized holes and shims, with due re-
gard to bolt strength values. However, another option
available for adjustment is field welding, especially
when connecting to an existing structure and an accu-
rate location of the existing member is unavailable.
When welding to existing steel structures, the weld-
ability of the existing steel must be verified.

57. Certain members could potentially be installed upside
down. Verify with the erector if such members must
be noted “TOP” on their upper sides.

Clearance Requirements

58. Examine all field conditions to ensure that bolts can be
entered and tightened, especially in skewed configura-
tions. Clearances for entering and tightening bolts must
allow for use of an installation wrench. Also, depend-
ing upon the wrench used in the field, tension control
bolts generally require clearances greater than those
established for conventional high-strength bolts.

59. Remember to take fastener projections into account
when determining erection clearances.

TOLERANCES

Mill tolerances are summarized in the Manual Part 1 under
“Standard Mill Practice.” Shop and erection tolerances are
given in Part 16 of the Manual in the AISC Code of Standard
Practice. Fabrication tolerances for built-up welded mem-
bers are found in AWS D1.1.

In Chapter 3, while discussing the various types of con-
nections, slotted holes were mentioned as a way to compensate
for shop and mill tolerances. Another method is to establish
lengths of beams or locations of connection angles on columns
to create small gaps between supporting and supported mem-
bers during erection and to fill such gaps with shims.

SYSTEMS OF SHEET NUMBERS AND MARKS

The use of some system of prefixes and suffixes in drawing
numbers and shipping marks greatly facilitates shop opera-
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Figure 4-2. Wrap-around connection use.
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tions. Often, it reduces the amount of marking that must be
painted on the final shipping piece. Should part of the mark 
become obliterated in handling, the remaining lettering of 
the mark may permit identification of the piece. The follow-
ing describes systems of numbering and marking, but the 
steel detailer must understand that each fabricator has a 
preferred system.

Sheet Numbers

A common manner of numbering shop drawings is by start-
ing with 1 and continuing consecutively. A variation occurs
when a large project is broken into shipping divisions or se-
quences. In this case, often the division (or sequence) num-
ber is included in a sheet number. Thus, for shipping division
1 the first sheet number is 101, followed by 102 and so on
through 199. In the thirteenth division, for example, the first
sheet number would be 1301. When projects are divided for
shipping, the sizes of the divisions are determined to permit
the fabricator and erector to meet the job schedule by fur-
nishing the structure in sections. As a result the number of
sheets in a division does not exceed 99. On very large proj-
ects the steel for the first division may be in fabrication, or
even erection while shop drawings for steel in later divisions
are in preparation. 

Occasionally, the steel detailer will be required to prepare
a shop drawing for an overhead crane runway column, a long
girder or a long truss. Each of these types of members may
have considerable groups of holes and numerous fittings to 
detail. In such a situation one sheet may be inadequate to
contain all of the details and a shop bill. One method to ac-
commodate this situation is to use more than one sheet and to
add to the sheet number alpha suffixes. Thus, a long, compli-
cated truss on drawing 10, requiring three sheets may have
sheets numbered 10A/C, 10B/C, 10C/C.

Regardless of the marking system used, an easy reference
between shop drawings and erection drawings must be estab-
lished. This helps the steel detailers, approvers, shop person-
nel, erectors and inspectors.

Shipping and Erection Marks

Various systems of erection marking are used by different
fabricating companies. The steel detailer should use the mark-
ing system of the employing fabricator. One commonly used
system of marking shipping pieces includes a combination
of the shop drawing number and the identification of the piece
on the drawing. For instance, a beam detailed on drawing
number 1 and given the shipping mark B1 would be marked
1B1. This reveals at a glance the drawing on which each beam
is detailed. In the case of fabricating tier buildings, a fabri-
cator may require that the shipping mark also contain the
identification of the tier, floor, shipping sequence and crane
(derrick) location.

Another system of shipping marks incorporating the sheet
number is illustrated in Figure A1-2. The suffix 3 in each

shipping mark—A3, B3, C3, etc.—indicates the sheet number
on which the piece was detailed. This system may be con-
venient for small contracts involving a relatively small num-
ber of shop drawings.

Assembly Marks

All structural detail material on a shop drawing is identified by
assembly marks, except for bolts, nuts, washers and other
miscellaneous small fasteners. Assembly marks may consist
of letters, numbers or a combination thereof depending on
the preference of the fabricator. Marks consisting of letters
may have either a single letter (beginning with “a” on each
drawing and using certain letters of the alphabet) or a pair of
letters with the first one describing the shape or function of the
assembly piece (framing angle, seat angle, stiffener angle,
base plate, cap plate, plates in general, etc.) and the second let-
ter starting with “a” and continuing through the alphabet using
certain letters. The following letters are generally considered
suitable for marks:

a, b, c, d, f, g, h, k, m, n, p, t, v, w and x.

These marks are transferred to templates and to the assem-
bly pieces as they are fabricated for identification purposes.

If identical assembly pieces appear on several shop draw-
ings, their marks should be carried forward from the first
drawing on which they appear. This saves shop costs by elim-
inating template work. As more than one method of carrying
assembly marks forward exists, the steel detailer should fol-
low the preference of the employing fabricator.

RIGHT- AND LEFT-HAND DETAILS

The steel detailer will have frequent reference to the concept
of detail and/or main shipping pieces that have been or could
be drawn and billed as “right-hand” or “left-hand” (mirror
image) pieces. This is especially true of old drawings where
the joining was made with rivets and the material prepara-
tion was almost always controlled by a template. Today, most
fabricators are restricting the use of this short-cut concept be-
cause, while the cost of the detail drawing may be reduced
somewhat, the opportunity for shop errors is increased consid-
erably. CAD systems, while readily able to create a mirror
image, are not able to handle the complexities of combina-
tion detailing. Additionally, the CAD system can quickly cre-
ate the shop drawing of the piece, which would have been
combined as a left-hand piece. 

When used, the steel detailer must be able to visualize the
concept of right-hand/left-hand details in order to avoid in-
advertent errors of similarity. The following brief comments
will illustrate the general principles. Although the comments
and illustrations are directed toward typical W-shape columns,
the information is applicable to other types of members (such
as beams, plate girders, trusses, etc.) and HSS as well. A
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more thorough coverage of this concept can be found in any
standard textbook on technical drafting.

The conditions that give rise to right- and left-hand columns
are due solely to the arrangement of framing in the plan view.
The presence of a right and left situation depends on the sym-
metry of the column framing with respect to assumed vertical
planes. In Figure 4-4a the framing to columns M1 and M2 is
symmetrical about vertical plane A-A, which is also perpen-
dicular to the column webs. If the corresponding framing at
each column requires the same connections and has the same
relation to floor levels, these two columns will be right and left. 

Likewise, the framing at columns N1 and N2 in Figure 
4-4b is symmetrical with respect to vertical plane B-B, which
in this case is parallel to the column webs. Other things being
equal, these columns also will be right and left. Rights and
lefts involving more than a pair of columns are possible, as
shown in Figure 4-4c. Here, two axes of symmetry are shown
by planes A-A and B-B. This relationship can occur between
adjacent columns or at four widely separated corners.

Visualizing right and left situations by reference to axes of
symmetry on the design drawings is one method available
to the steel detailer. Another method is to visualize the right
and left relationship by considering such columns paired
about their Y-Y (web) axis, regardless of their positions in
the building.

Direction marks on left-hand columns may be affected by
the position they take with respect to the right-hand columns.
Figures 4-1a and 4-1b illustrate cases where either the web
or flange faces carry the same letter pointing North (or South).
One note can do for each pair of columns. Figure 4-4c shows
the notes that are required where pairs of identical rights and
corresponding lefts, because of orientation, must have differ-
ent direction marks.

As the steel detailer gains more experience in working
with existing structures, the following variations of nomencla-
ture may be encountered:

Right-hand Left-hand
Right Left
Thus Reverse
As-shown Opposite-hand

A convention has developed around the “handing” of columns,
and other fabricated pieces. When the shipping pieces are
identical in all respects except for being of the other hand,
they are referred to as “Rights” and “Lefts” or “Thus” and
“Reverse.” When differences of punching or in detail material
exist, the “As-shown” and “Opposite-hand” nomenclature is
used as described later.

These various nomenclatures can be considered as so-
called industry standards even though the practice varies
widely. In addition to columns they have been applied widely

to beams, plate girders, trusses and other types of fabricated
members. A Right/Left, Thus/Reverse or As-shown/Opposite-
hand situation depends on the locations of holes and attach-
ments to the member with respect to a vertical plane through
its longitudinal axis.

As-Shown and Opposite-Hand Columns

As mentioned earlier, many fabricators do not permit the use
of the nomenclatures right/left, thus/reverse or as-shown/
opposite-hand on their detail drawings. Nevertheless, prior
to the advent of CAD systems, these concepts were used ex-
tensively to fabricate many existing structures and the steel
detailer should be familiar with them to be able to interpret
shop drawings showing these nomenclatures. When a fabrica-
tion contract involves altering or tying into an existing struc-
ture, often the steel detailer is given shop drawings of that
structure to use as a reference.

Where as-shown and opposite-hand terminology for de-
tailing columns is employed, the principles are essentially the
same as for true rights and lefts. All features of the as-shown
piece are reproduced in the “left” sense on the opposite-hand
column, if they apply to the opposite-hand column. The excep-
tion to true rights and lefts may consist of:

• Fittings and fabrication required on the as-shown piece
and not on the opposite-hand piece; or,

• Fittings and fabrication required on the opposite-hand
piece only.

The usual method of handling this on a drawing is to in-
clude all items that are required on both pieces on the as-
shown piece. Fabrication and fittings that are needed only on
the opposite-hand piece are located and drawn right hand, as
though right-hand framing required their presence. The ab-
sence or presence of fittings and fabrication on either piece is
covered either by notes or by noted views. 

The partial details in Figure 4-5 illustrate the opposite-
hand relationship of columns. In the fourth floor plan note
that the W14�30 and W18�50 beams produce truly right
and left framing conditions at columns 12 and 13. Their con-
nections are shown in the right-hand position on the A and C
faces of column 12. However, the web framing beams, al-
though at the same elevation, are of different depths and re-
quire different connections. Rather than attempt to show both
of these seated connections on the B face for column 12, and
so complicate the dimensioning, the steel detailer chose to
show separate web views and note which view applied to
each column. Observe that the connections on the web view
of column 13, opposite-hand column, as well as its projected
section, appear in the same right-hand sense exhibited by cor-
responding connections on the web face and projected sec-
tion of column 12.
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Figure 4-4. Typical framing details.

In the case of a single unsymmetrical detail piece appear-
ing only on the opposite-hand column, that piece will carry a
right-hand assembly mark on the drawing, but will appear in
the shop bill with a left-hand mark.

The W16�36, 3 ft 9 in. below the floor frames to column
12, but has no counterpart framing to column 13 (see Fourth
Floor Plan). Holes A used to connect this beam are, there-
fore, shown on face C, but are noted for punching in column
12 only. Had this latter situation been reversed, with the W16

framing to column 13, holes A would appear in exactly the
same place, but would be noted for punching in column 13.

Details on Right and Left Columns

Unsymmetrical detail fittings (i.e., those for which a left-hand
sketch can be drawn) are identified on the right-hand piece
by the superscript letter R appended to the identifying mark.
In Figure 4-1a, angle aaR on the flange (A face) of column
10(2-4) illustrates this condition. The views in Figures 4-1c 
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Figure 4-5. Partial details: the opposite-hand relationship of columns.
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and 4-1d, representing sections of left-hand column 11(2-4),
in either of two possible positions (Position 1 or Position 2),
show this same angle as a left, labeled aaL.

When two fittings on the same shipping piece are right
and left with respect to each other, they will appear on that
piece labeled R and L. Which of the two is to be marked R and
which is L is of no consequence. The choice is optional with
the steel detailer. Corresponding fittings on the left-hand ship-
ping piece also are identified as R and L, but their location
will be such that lefts will oppose rights and rights will oppose
lefts when compared with the original right-hand shipping
piece. This relationship is shown by angles abR, abL and acR,
acL in Figure 4-1. Angles ta and ba, being symmetrical pieces,
simply appear in their left-hand locations on the left-hand
piece and no R and L marking is required. Note that the sym-
metry in plans between columns 10 and 11 exists with refer-
ence to vertical plane A-A for the Position 1 relationship or
plane B-B for the Position 2 relationship.

Examples of marking right and left fittings on a shop
drawing and of billing them in a shop bill are shown in Figure
A4-6 in Appendix A. Note that the quantity of fittings re-
quired is an even number. The shop will make half the quan-
tity as right-hand pieces and half the quantity as left-hand
pieces. Other examples of billing right and left fittings are
illustrated in Figures A1-2 and 7-46.

Some fabricators prefer shop drawings without shop bills.
Examples of billing right and left fittings at their locations
on the shipping pieces can be seen in Figures 7-45 and 7-49.

The right and left concept described for fittings extends
to every aspect of fabrication of columns, beams, girders,
trusses and other shipping pieces including all copes, cuts
and patterns of punched holes for which a left-hand arrange-
ment is possible.

STEEL DETAILING ECONOMY

Shop and drawing room time can be saved by the use of stan-
dardized connection material. Most fabricators have devel-
oped standard beam connections, based on the framed and
seated connections shown in the Manual, which can be used
on columns with a minimum of dimensioning. Such stan-
dards may include coded marks that describe each connec-
tion completely. Standard templates can be stocked for
immediate use.

A similar practice with even greater potential savings is
the employment of job standards. These cover connection
material of all descriptions that repeat throughout a particular
structure. Complete details and material billing with assigned
standard assembly marks are developed and drawn on sheets
separate from the shop drawings. By this means, fittings, for
connections from simple splice plates to complex moment
connections, may be copied onto shop drawings, using only
those dimensions required to locate the connection and fabri-

cate the main material. Job standard sheets are used in the
template shop to produce the templates keyed to them by stan-
dard marks on the details.

The steel detailer is cautioned not to use cross-noting to
the point where the drawing becomes a puzzle to the shop.
Similarly, notes that refer to other notes should be avoided
as this can cause confusion, especially if right and left details
are concerned. Even greater confusion may ensue if revising
a sketch that is repeated elsewhere by note becomes neces-
sary when the revision applies only to the original sketch.
The steel detailer is cautioned to limit the use of short-cuts
of this nature to those sanctioned by past practice and in-
cluded in the employer’s example and reference drawings.

Another possible time and work saver, which may benefit
both the shop and drawing room, is “subassembly detailing.”
This system presupposes a number of members (columns,
girders, trusses, etc.) that have identical main material, but
which differ in some degree as to detail fittings or other minor
fabrication. Subassembly details are prepared showing only the
fabrication that repeats exactly on all the members. This may
include the assembly of trusses, the welding of box or girder
sections, drilling or punching of all holes that repeat, the at-
tachment of splices and other fittings, and any other work
that is common to all members. Subsequent to this, final de-
tails are prepared, usually on reproductions of the original
subassembly drawing, which complete all the work, including
addition of fittings, etc., for each different piece.

The advantage of this procedure is that the shop can com-
plete the bulk of the work on a run of identical subassemblies
more efficiently than would be the case if each piece were
worked individually, perhaps from separate shop drawings.
Partially completed work may then be stockpiled until needed
for final fabrication and shipment. Of course, this system
should be used only after consultation with the shop and with
the shop’s full concurrence.

BOLTS

Most of the information available on bolts is found in the
RCSC Specification, which can be found in the Manual Part
16. The steel detailer should be familiar with this document
and use it in conjunction with this text.

Identification

ASTM A325, F1852 and A490 bolts are distinguished from
each other and A307 bolts by various coding, the ASTM des-
ignation and the manufacturer’s mark. Figure 4-7 shows the 
appearance and code markings of high-strength bolts.

Symbols

Shop bolts are identified on the shop drawings with notes
specifying the type, diameter and length of the bolts. General
or special notes on erection drawings specify the type of field
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fasteners. Figure 4-8 shows conventional signs or symbols
for bolts.

Holes

Standard hole sizes for bolts are made 1/16 in. larger in di-
ameter than the nominal size of the fastener body. This 
provides a certain amount of play in the holes, which compen-
sates for small misalignments in hole location or assembly,
and aids in the shop and field entry of fasteners. However,
certain conditions, which may be expected in the perform-
ance of the structure and/or encountered in field erection,
require greater adjustment than this clearance can provide.
Consequently, on the basis of extensive laboratory testing
(and subject to the approval of the owner’s designated repre-
sentative for design) the RCSC Specification sanctions the
use of oversized and slotted holes. AISC Specification Section
J3.2 and Tables J3.3 and J3.3M also establish the maximum
sizes of bolt holes for standard, oversized, short-slotted and
long-slotted conditions. 

When the contract provides for the fabricator to furnish
holes for the attachment of nonstructural material or to ac-
commodate the work of other trades, the information giv-
ing the sizes and locations of such holes must be made
available to the steel detailer in a timely manner so that the
preparation of shop drawings will not be delayed. As much
as possible, the holes so provided should be the same size as
those required for the structural connections, especially in the
main member.

A discussion of holes for anchor rods will be found in
Chapter 7.

Installation

As indicated in the RCSC Specification, snug-tightened in-
stallation can be used for many bolts in steel buildings. When
pretensioned installation is required, the methods approved
in the RCSC Specification are:

• turn-of-nut method;
• calibrated wrench method;
• twist-off-type tension-control bolt method; and,
• direct tension indicator method.

The snug-tightened condition is defined in the RCSC
Specification as “… the tightness that is attained with a few im-
pacts of an impact wrench or the full effort of an ironworker
using an ordinary spud wrench to bring the connected plies
into firm contact.” Bolts required to be pretensioned are first
brought to the snug-tightened condition and subsequently
pretensioned using one of the foregoing methods.

Proper location of hardened washers is an important ele-
ment of a detail for the proper performance of the fasteners.
Shop and erection drawings must reflect clearly the number
and disposition of washers, especially the special washers
that are required for the several slotted hole applications or
to compensate for a lack of parallelism (see Figure 4-7). See
RCSC Specification Section 6 for washer requirements.

WELDING

Welding is a process in which two pieces of metal are melted
and fused together to form a joint. In structural welding 
this is accompanied by the addition of filler metal from an 
electrode.

The functions of welds in structural connections are sim-
ilar to those of fasteners (see Chapter 3). Welds are used to
transfer shear, tension and compression forces to and from
structural joints and to transfer calculated forces from one
part of a built-up member to another. They also are used to
stitch together component parts of an assembly and to seal
the edges of contact surfaces against moisture. 

A secondary use of welds in shop assembly is the tacking
in place of main and detail material prior to final bolting or
welding. Tack welds normally are not shown on the drawing,
but rather, are employed at the discretion of the shop. However,
job specifications, the presence of material unsuitable for
welding, or dynamic loading conditions may require notes
prohibiting their use. Although tack welds are nonstructural,
their presence may affect structural performance. Requirements
for tack welding are included in the provisions of AWS D1.1.
Some fabricators also practice temporary welding for ship-
ping purposes, in lieu of bolting. Such welds are made small
enough to permit easy removal in the field. To ensure safety
in handling and shipment, these welds should be dimensioned
and spaced on the drawing.
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Specification requirements for welded connections in build-
ing construction are provided in the AISC Specification, which
makes the appropriate references to the American Welding
Society Structural Welding Code—Steel, AWS D1.1.

JOINT PREQUALIFICATION

Welded joints that conform to all AISC Specification and
AWS D1.1 provisions for design, material and workmanship
are designated as prequalified joints. This prequalification
is intended to establish the joint profile and geometry that
will permit the deposition of sound weld metal by a suitable
welding process and is based on a long history of field expe-
riences. Such joints include specific fillet- and groove-welded
joints of sufficient variety to cover most requirements of
structural work. These joints have been tested thoroughly
and are recommended for general use. Although the use of
prequalified joints is recommended, other joints and weld-
ing methods can be used after qualification as prescribed in
AWS D1.1. Many such joints are in current successful use.

The Manual Part 8 duplicates the prequalified welds 
(dimensions in inches) shown in AWS D1.1 and establishes 
the dimensions and tolerances of a designated joint, process
and position. See Figures 3-17a and 3-17b in this text for
nomenclature of the common terms related to fillet and groove
welds. Plug and slot welds are described in AISC Specification
Section J2.3b. More detailed information on qualified joints,
welding processes, material, design considerations, structural
details, weld deposition qualification procedures, and inspec-
tion may be found in AWS Structural Welding Code—Steel,
AWS D1.1. 

The mere fact that a joint is designated as prequalified
does not make it an appropriate joint design for all applica-
tions. Good joint design considers many factors, such as type
and magnitude of loading, thickness and specification of base
material, welding access and position, equipment available
for handling, welding process available, proper material clean-
ing, edge preparation, and control of distortion, to name a few.

Particular attention should be given to any welded joint
that may be highly restrained. Weld shrinkage can create
stresses in the through-thickness dimension of material. This
shrinkage, combined with a sufficiently restrained joint, can
lead to material separation or joint failure called lamellar tear-

ing. Figure 4-9 shows several joint configurations that illustrate
this type of distress. For more information on lamellar tearing,
refer to the paper “Commentary on Highly Restrained Welded
Connections” published in the AISC Engineering Journal
(AISC, 1973).

All prequalified and qualified welds should have a writ-
ten welding procedure specification (WPS) prepared by 
the fabricator in the detail and outline given by AWS D1.1.
This procedure should be available to the owner’s designated
representative for design and the inspector. The owner’s 
designated representative for design may accept evidence of
prior qualification of the joint welding procedures, as well as
the welders, welding operators and tackers. Once qualified,
a joint remains qualified unless an “essential variable” is
changed. Welders, welding operators and tackers maintain
their qualification indefinitely unless (1) there is a time 
period exceeding six months in which the individual has 
not been engaged in a given process of welding or (2) there 
is a specific reason to doubt the individual’s ability. Plants
that have obtained AISC Certification are expected to have
developed the experience and documentation necessary to 
ensure that prior qualification of such welding procedures,
as well as individual welder qualifications, is acceptable.
Significant economies can be accomplished by accepting 
prior qualifications.

Note that AWS D1.1 is not a design specification in the
sense of member sizes, loadings, strengths, locations, etc.
Specifications such as those of AISC or local building codes
will control the structural design aspects, but typically will
include references to AWS D1.1 and its requirements.

AWS D1.1 is based on certain weldable grades of steel as
listed therein by ASTM designation. Also, it contains all the
materials accepted by AISC Specification Section A3.1a plus
several additional grades. Filler metal and flux specifications
are AWS specifications exclusively.

When welding is used extensively as a fastening method,
it is not without problems of its own. As a result of its inher-
ent rigidity, welded members are subject to severe restric-
tions in nominal strengths when they are subjected to repeated
variations in stress through cyclic loading (fatigue). Abrupt
changes or discontinuities in a section alter the stress path
and create stress concentrations that are detrimental under
cyclic loading. Gradual transitions of section will help to al-
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leviate these concentrations. The AISC Specification illus-
trates and controls certain details of welded and bolted 
connections in the Commentary, Appendix 3—Fatigue.
Another problem inherent in welded fabrication is that of 
distortion and shrinkage of the parts being joined. Where
these characteristics could affect the shape or strengths of a
member, the fabricator develops procedures to control and
minimize their effects.

WELDING PROCESSES

Shielded Metal Arc Welding (SMAW)

Shielded metal arc welding, an important welding procedure
in both shop and field, sometimes is referred to as manual,
stick or hand welding. An electric arc is produced between
the end of a coated metal electrode and the steel components
to be welded. The arc heats the base metal and the electrode
to the point where they melt and form a molten pool on the
surface of the work. As the arc is moved along its path, the
pool solidifies behind it to form a homogeneous weld, which
is fused with and becomes an effective part of both joint com-
ponents. Figure 4-10a illustrates this sequence.

During the welding process the electrode coating serves
two purposes: (1) it forms a gas shield to prevent absorption
of impurities from the atmosphere, and (2) the flux in the
coating purifies the molten metal. The flux forms a slag on
the weld face and causes weld spatter, which sticks to the sur-
rounding metal. Both of these deposits are removed readily by
chipping or scraping for inspection.

Specifications for electrodes for the SMAW process are
published in Specification for Carbon Steel Electrodes for
Shielded Metal Arc Welding (AWS A5.1) and Specification
for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding
(AWS A5.5).

Submerged Arc Welding (SAW)

Submerged arc welding is an important process. It is per-
formed either by an automatic or semi-automatic method in
only the flat or horizontal position. The process is similar in
principle to shielded metal arc welding. However, a continu-
ous bare wire electrode is used instead of a coated “stick”
electrode and the flux is supplied in granular form. Loose
flux is placed over the joint to be welded and the electrode
wire is pushed through the flux. As the arc is established, part
of the flux melts to form a slag shield, which covers the molten
metal (see Figure 4-10b).

Submerged arc welding results in deeper weld penetration
and a considerably faster deposition rate of welding than is
possible in the shielded metal arc process. The weld surface
is smooth and weld spatter does not form. Here, too, the slag
must be removed. Unmelted flux is recovered and reused.

In the automatic process an electrically controlled machine
supplies the flux and wire through separate nozzles as it moves

along a track. The semi-automatic method employs a hand-
guided device, which automatically feeds both wire and flux
through a single nozzle.

Specifications for flux-electrode combinations for sub-
merged arc welding are published in Specification for Carbon
Steel Electrodes and Fluxes for Submerged Arc Welding (AWS
A5.17/AWS 5.17M) and Specification for Low Alloy Steel
Electrodes and Fluxes for Submerged Arc Welding (AWS
A5.23/A5.23M).

Sometimes, this process is used with multiple electrodes in
the automatic process, where larger weld sizes and longer
lengths justify this type of equipment.

Gas Metal Arc Welding (GMAW) 

The gas metal arc welding process is important in struc-
tural shop applications because of its adaptability to all-
position work. This process, which may be automatic or 
semi-automatic, utilizes an uncoated solid wire electrode 
with arc and weld metal shielding provided by a stream of
gas (see Figure 4-10c). For this reason, its use in field weld-
ing may require the use of temporary screens to protect the 
shielding gas from the winds frequently encountered on 
construction projects. By changing the type of gas or the arc
polarity, the cross-section of the deposited metal can be
changed to produce broad, shallow penetration or relatively
deep penetration at the weld centerline. This process also is
known as MIG (metal inert gas) welding. When the arc is
shielded with carbon dioxide, it may be called CO2 welding.

Specifications for electrodes and recommendations for
shielding gas for gas metal arc welding are published in
Specification for Carbon Steel Electrodes and Rods for Gas
Shielded Arc Welding (AWS A5.18) and Specification for Low
Alloy Steel Electrodes and Rods for Gas Shielded Arc Welding
(AWS A5.28).

Flux Cored Arc Welding (FCAW)

This process also may be automatic or semi-automatic. The
electrodes are tubular and contain a flux-filled core, which
provides shielding for the arc and weld metal. It has the same
applications as the gas metal arc process with the added advan-
tage that the arc shielding is not as likely to be affected by
the wind in exposed conditions. Additional shielding for arc
stability may be obtained from externally supplied gas or mix-
ture of gases. Figure 4-10d illustrates this process.

The Specification for Carbon Steel Electrodes for Flux
Cored Arc Welding (AWS A5.20) and Specification for Low
Alloy Steel Electrodes for Flux Cored Arc Welding (AWS
A5.29) give electrode and shielding requirements for these
processes.

Electrogas Welding (GMAW-EG) or (FCAW-EG)

Electrogas welding is a method of gas metal arc welding or
flux cored arc welding applicable to vertical position joints
in material up to 3 in. thick. It is a fully automatic method,
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wherein one or two wires are fed into the weld cavity formed
by joint edges (butt joints) or between edges and surfaces (tee
joints). Water-cooled copper dams on the sides of the weld
cavity contain the molten weld metal and automatically rise as
the weld metal cools and the weld progresses upward. Arc
and weld metal shielding is provided either by slag and vapors
from the flux core, by streams of shielding gas or by both gas
and slag. Figure 4-10e, with the addition of gas ports at the
tops of the copper dams, illustrates the apparatus for electro-
gas welding.

The Specification for Carbon and Low Alloy Steel Elec-
trodes for Electrogas Welding (AWS A5.26/A5.26M) gives
the electrode and shielding requirements for this process.

Electroslag Welding (ESW) 

In the electroslag welding process, welds also are made ver-
tically from bottom to top in the weld cavity to form butt or tee
joints. Water-cooled or solid copper molds on either side of the
joint contain the molten weld metal and slag as the weld is
produced upward. At the start of the operation, and thereafter
as necessary, granular flux is employed and the electrode ex-
tends through it to make the initial arc. One or more elec-
trodes, depending on the weld size, are fed into the molten
slag, where they are consumed to form the weld pool. The
action in this process differs from other processes in that,
once the slag has become molten, all arc action stops and the
current passes through the slag, generating temperatures up 
to 3,500 °F. The hot slag fuses both the work surfaces and the
electrodes, with the liquid metal combining in the pool below.

Because of the uniform distribution of heat throughout the
joint, electroslag welding is preferred for applications requir-
ing minimum distortion of joined members. Joint thicknesses
up to 20 in. have been welded successfully.

Two methods of electroslag welding are in general use:
(1) the conventional wire method, in which wire guides and
molds move upward as the weld is completed (Figure 4-10e),
and (2) the consumable guide method, in which stationary
molds enclosing the full depth of the joint contain the weld,
while fixed bare or flux-coated electrode guides, initially ex-
tending to the bottom of the joint, are consumed along with the
electrodes as the weld surface rises (see Figure 4-10f).

The Specification for Carbon and Low Alloy Steel
Electrodes and Fluxes for Electroslag Welding (AWS A5.5)
provides the electrode and shielding requirements for this
process. See AWS D1.1 for the restrictions on the use of this
process.

Stud Welding 

This is a process by which specially manufactured shear stud
connectors are end-welded to structural members. A gun-type
device with special controls holds the shear stud connector
in position, strikes an electric arc between the stud and the
member and, when fusion temperature is reached, automati-
cally pushes the stud into the molten pool of metal. Fluxing

arrangements vary, depending on the manufacturer. A ceramic
collar (ferrule) encloses the molten metal during the welding
process and is discarded after the welding is completed. No ex-
ternal wire or rod is used in this process.

Shear stud connectors also may be welded using SMAW,
GMAW or FCAW fillet welding processes. The minimum
permissible size of fillet weld used depends upon the diame-
ter of the welded stud.

The Occupational Safety and Health Administration
(OSHA) requires that shear stud connectors for composite
construction should be installed in the field, not in the shop.
Otherwise, they are a tripping hazard for erector personnel
on the walking surface of steel beams.

Caution must be exercised in welding shear stud connec-
tors in positions other than flat, as gravity tends to pull the
molten metal down from the joint to produce a less-than-
complete weld. The larger stud diameters are more suscepti-
ble to this problem.

AWS D1.1 Section 7—Stud Welding, sets forth the rules
and regulations concerning the manufacture, installation and
testing of stud welding.

Resistance Welding 

Heat for fusion in resistance welding is generated by resistance
to electric current flow as it passes from the work through
the contact area where the weld is to be made. When the metal
reaches a suitable temperature, pressure is applied that unites
the two components in the joint area.

In structural work, resistance welding is used principally in
the fabrication of lighter types of work such as open-web
joists and other specialties produced by some fabricators. This
process, which includes spot, seam, projection and flash 
welding, is of minor importance in structural welding.

WELDING ELECTRODES

The E70XX (AWS A5.1) class of electrodes (70-ksi tensile
strength) is most commonly used in structural work for
shielded metal arc welding. The E70XX (AWS A5.5) class
covers low alloy electrodes for the same purpose. Comparable
submerged arc flux-electrode combinations are in the F7XX-
EXXX (AWS A5.17) class. Gas metal arc electrodes are rep-
resented by the ER70S-X (AWS A5.18) class. Flux cored
electrodes are in the E7XT-X (AWS A5.20) class. As can be
seen in Table 3.1 of AWS D1.1, which lists the various elec-
trode classes in an ascending order of weld strength, the 70
grade is compatible with most of the carbon and high strength
low alloy steels listed in the AISC Specification.

The terms E70XX, F7XX-EXXX, ER70S-X and E7XT-
X are abbreviations for electrode or flux-electrode classes.
The letter E stands for electrode, F stands for flux, S stands 
for solid electrodes, and T indicates a flux-cored tubular 
electrode. The number 70 is the specified minimum fracture
strength of deposited weld metal, in ksi. The number 7 
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appearing in F7XX-EXXX is also a minimum specified 
fracture strength of deposited weld metal, but expressed in
10-ksi units (7 � 70 ksi). The suffix X’s stand for numbers 
and are replaced by numbers when design considerations so
require. Thus, E70XX might be expressed as E7014, in which
case the number 1 indicates the optimum welding position
and 4 indicates the electric current to be used, as well as the
type of electrode covering. 

The various X sequences in electrode classes for the other
processes have similar or additional significance. The deter-
mination of these numbers and their interpretation may be
made by reference to the applicable electrode specification. 

WELD TYPES

Welds are identified by their profile or cross-section. The two
most important types of structural welds are fillet welds 
and groove welds [which includes both complete-joint-
penetration (CJP) and partial-joint-penetration (PJP) groove
welds]. Back welds, used in conjunction with single CJP
groove welds most often after gouging the root to sound 
metal, serve to complete the weld penetration at the weld root.
Furthermore, in double-bevel complete-joint-penetration groove
welds, backgouging and filling root passes may be required.
Backgouging is the removal of weld metal and base metal
from the weld root side of a welded joint to facilitate com-
plete fusion and complete joint penetration upon subsequent
welding from that side. Other structural welds are plug, slot,
and flare welds, which are useful but limited in application.

Fillet Welds

Fillet welds are welds of theoretically triangular cross-section
joining two surfaces approximately at right angles to each
other in lap, tee and corner joints. They are used also in con-
junction with groove welds as reinforcement in corner joints.
Figure 4-11 shows several applications of fillet welds.

The cross-section of a typical fillet weld is a right trian-
gle with equal legs. Figure 3-17a illustrates a fillet weld sec-
tion and gives the nomenclature of its parts. The leg size
designates the size of the weld. The root is the point at which
the legs intersect. A line perpendicular to the weld face and
passing through the root locates the weld throat; the length
of this line from root to face is the normal throat size. When
this line extends beyond the root, as permitted by AISC
Specification Section J2.2 for the submerged arc process be-
cause of its deeper penetration, it becomes the deep-penetra-
tion throat size illustrated in Figure 3-17a. A plane passed
through the throat and root lines contains the effective throat
area. The effective length of a fillet weld is the distance from
end to end of the full size fillet measured parallel to its root
line. For curved fillet welds, illustrated in Figure 3-17a, the ef-
fective length is measured along the centerline of the throat.

The actual cross-section of a fillet weld may differ from the
proportions pictured in Figure 3-17a in several ways. The in-
cluded angle of weld deposit may vary from 60° to 135°, as
shown in Figure 4-12, or it may be desirable to employ un-
equal leg welds, as shown in Figure 3-17a. In weld strength
calculations, the use of the normal throat size will, in most
cases, be conservative. However, when the included angle of
weld deposit is greater, substantially, than 90°, the effective
throat size should be determined from the actual dimensions.

Convexity or concavity of the weld face usually is pres-
ent in all fillet welds. This is not necessarily a defect. The
limits of such deviations are subject to AWS D1.1 provisions.
Note that in Figure 3-17a the geometry of the weld is deter-
mined from the largest 45° right triangle that can be inscribed
within the convex or concave outline.

Figure 4-12 illustrates the limitations of angle and edge
preparations for a prequalified skewed tee-joint fillet weld. It 
also illustrates the intent of AISC Specification Section J2.2b 
for the maximum size fillet weld along the edge of the material.

Groove Welds 

Groove welds are made in a groove between adjacent ends,
edges or surfaces of two parts to be joined in a butt joint, tee
joint or corner joint (see the Manual Part 8, “Prequalified
Welded Joints”). The standard types of groove welds are:

• Square groove
• Single-vee groove
• Double-vee groove
• Single-bevel groove
• Double-bevel groove
• Single-U groove
• Double-U groove
• Single-J groove
• Double-J groove

The edges or ends to be groove welded usually are pre-
pared by flame cutting, arc-air gouging or edge planing to
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provide square, vee, bevel, U- or J-shaped grooves that are
straight and true to dimension. Relatively thin material may be
groove welded with square cut edges.

Groove welds are classified further as either complete-
joint-penetration groove welds or partial-joint-penetration
groove welds (see Figure 3-17b). A complete-joint-penetration
groove weld is one that achieves fusion of weld and base
metal throughout the depth of the joint. It is made by welding
from both sides of the joint or from one side to a backing bar
or back weld. For complete-joint-penetration groove welds
where backing bars are employed and are not to be removed,
specifications require that the weld roots generally must be
chipped or gouged to sound metal before making the second
weld. For purposes of strength computation, the throat dimen-
sion of a complete-joint-penetration groove weld is considered
to be the full thickness of the thinner part joined.

Partial-joint-penetration groove welds are employed when
strengths to be transferred do not require complete penetra-

tion, or when welding must be done from one side of a joint
only and it is not possible to use backing bars or to gouge
the root for back welds. The application of partial-joint-
penetration groove welds is governed by AISC Specification
Section J2.1, which limits the effective throat thickness or
the thickness of the material on which they are to be used. The
effective throat thickness of a partial-joint-penetration groove
weld is the minimum distance from the root of the joint to its
face, as shown in Figure 3-17b.

From the foregoing, the steel detailer can understand 
that, from a practical standpoint, complete-joint-penetration
groove welds allow for no joint defects and, thus, are more
expensive to produce, inspect and, where necessary, correct
than partial-joint-penetration groove welds.

Edge preparation of base material for partial-joint-
penetration groove welds is similar to that for complete-
joint-penetration groove welds, but it usually covers less 
than the full joint thickness (see Figure 3-17b). The effective
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Figure 4-12. Limitations of angle and edge preparations for prequalified skewed tee-joint fillet weld.
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throat thickness and, hence, the weld strength of partial-joint-
penetration groove welds is limited normally to less than the
full joint thickness.

Use of partial-joint-penetration groove welds is subject to
AWS D1.1 and other specification provisions. These are more
restrictive in bridge specifications than in building codes.

The nomenclature of groove welds is given in Figure 
3-17b. The terms refer to the preparation of material and 
the relationship of abutting parts, as well as to the welds 
themselves. Figure 4-13 shows typical examples of partial-
joint-penetration groove welds. Figure 4-14 shows typical 
examples of complete-joint-penetration groove welds.
Reinforcing fillets, shown in Figure 4-14, are usually speci-
fied in buildings only when design requirements dictate 
their use. The proportions and dimensions of groove welds

that may be used without qualification are shown in the
Manual Part 8 and in AWS D1.1. Note that the submerged 
arc process requires relatively wide root faces and either 
zero root openings or the use of backing bars. Preparation
for submerged arc welding must be made carefully and the
joint faces or the backing bars drawn up tightly to prevent
bleeding of the molten metal or burning through the joint
due to the high heat and deep penetration.

Flare welds are special cases of groove welds in which the
groove surface of one or both parts of a joint is convex. This
convexity may be the result of edge preparation, but more
often one or both joint components consists of a round rod
or a shape with a rounded corner or bend. Figure 4-15 illus-
trates several types of flare welded joints. The effective throat
dimension is used in design calculations. Complete-joint-
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Figure 4-13. Typical partial-joint-penetration groove welds.
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penetration in a flare weld usually is difficult to achieve and
design values should be applied conservatively. AWS D1.1
discounts the effective throat size that the designer can use
because of the difficulty in obtaining penetration.

AISC Specification Section J2.1a establishes the effective
throat thickness of a flare groove weld, when the weld is flush
(tangent) to the surface of the solid section, as shown in Figure

4-15. AISC Specification Table J2.2 defines the ratio of ra-
dius to effective throat. 

Welding of bars should not be undertaken without a weld-
ing procedure that considers the chemistry of the base metals
to be joined. The weldability of concrete reinforcing bars, in
particular, is not a part of the ASTM specifications for several
popular plain and deformed bars. ASTM A706, Standard
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Figure 4-14. Typical complete-joint-penetration groove welds.
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Specification for Low-Alloy Steel Deformed and Plain Bars for
Concrete Reinforcement, can be specified if weldability is a
concern. Improperly welded bars have been known to crack
and fall off during handling and shipping. AWS D1.4, Welding
Code—Reinforcing Steel, offers information on proper weld-
ing technique and should be consulted.

Plug and Slot Welds

Plug and slot welds are used in lap joints to transmit shear
loads, prevent buckling of lapped parts or join component
parts of built-up members. Round holes or slots are punched
or otherwise formed in one component of the joint before as-
sembly. With parts in position weld metal is deposited in the
openings, which may be filled partially or completely de-
pending on the thickness of the punched material. Figure 4-16
illustrates slot welds used in conjunction with fillet welds to
stitch a wide area of tee stem to a beam web. The same figure
shows plug welds used to attach a guide strip to the top of a
beam flange.

The proportions and spacing of slots and holes and the
depth of weld are covered in detail by AISC Specification
Section J2.3b, which stipulates minimum dimensions. These
relationships are illustrated in Figure 4-17.
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Figure 4-15. Several types of flare welded joints.

Figure 4-16. Slot welds used in conjunction with fillet welds 
to stitch a wide area of tee stem to a beam web.

Figure 4-17. Proportions and spacing of slots and holes.
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Fillet Welds in Holes and Slots

Fillet welds placed around the inside of a hole or slot are dif-
ferent from plug and slot welds. In the case of such fillet
welds, the shear resistance is based on the effective throat
area (i.e., the product of the throat size and the weld length
measured along the line bisecting the throat area, as previ-
ously discussed and shown in Figure 3-17a). However, if the
effective area determined in this manner should exceed the
area of the hole or slot, rules applying to plug and slot welds
must govern.

Fillet welds around the inside of a hole or slot require less
weld metal than plug or slot welds of the same size. Note that
the diameters of holes and widths of slots are somewhat larger
than for plug and slot welds in the same thickness of metal.
Fillet welds in a slot are easier to make and inspect and are
usually preferred  over fillet welds in round holes or plug
welds. Recommended minimum hole diameters or slot widths,
based on plate thickness for fillet welding, are shown in the
table in Figure 4-17.

WELDING POSITIONS

The position of a joint when the welding is performed has a
definite structural and economic significance. It affects the
ease of making the weld, the size of electrode, the current re-
quired, and the thickness of each weld layer deposited in
multi-pass welds. The following basic weld positions are
shown in Figure 4-18:

• Flat: The face of the weld is approximately horizontal
and welding is performed from above the joint.

• Horizontal: The axis of the weld is horizontal. For
groove welds the face of the weld is approximately ver-
tical; for fillet welds the face is usually at 45° to the
horizontal and vertical surfaces.

• Vertical: The axis of the weld is approximately vertical.
• Overhead: Welding is performed from the underside of

the joint.

AWS D1.1 prescribes limits of angular deviation from true
horizontal and vertical planes for each of these weld posi-
tions. Special requirements for HSS and steel pipe welding
may be found in AWS D1.1. 

The flat position is preferred in all types of welding 
because weld metal can be deposited faster and easier. For
example, a 5/16-in. manual fillet weld may require 50% more
time to deposit in the horizontal position than in the flat posi-
tion. Note that submerged arc welds generally are restricted to
the flat position. Vertical and overhead welds may take three
times as long as the same weld made in the flat position.

In the shop the work is usually positioned to permit flat
or horizontal welding. This is done either by turning the work

over (as when joining flat plates with welds on both sides)
or by use of welding positioners, which tilt the work to a suit-
able position for flat or horizontal welding.

As field welding seldom permits positioning, vertical and
overhead welds often cannot be avoided. However, careful
planning in the drawing room can minimize the need for such
welds by arranging field welded joints for flat or horizontal
welding wherever possible. Figure 4-19a illustrates the place-
ment of a single-vee groove weld with the face upward and a
backing bar underneath to eliminate overhead welding.
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Figure 4-18. Basic weld positions.
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Figure 4-19b shows a double-vee groove weld with an un-
symmetrical profile, with the smaller groove placed on the
bottom to reduce the amount of work in the overhead position.

ECONOMY IN SELECTION OF WELDS

In addition to detailing joints for the best welding position,
the steel detailer can achieve economy by selecting welds that
require a minimum amount of metal and can be deposited in
the least amount of time. As shown in Chapter 3, the strength
of a fillet weld is in direct proportion to its size. However,
the volume of deposited metal and, hence the cost of the weld,
increases as the square of the weld size. A 5/8-in. fillet weld
contains four times the volume required for a 5/16-in. weld,
yet it is only twice as strong. For this reason specifying a
smaller, longer weld (rather than a more costly larger, shorter
weld) is often preferable.

Cost control for manual fillet welds is usually based on
the 5/16-in. size. Welds of this size, and smaller, can be de-
posited in a single pass in most positions by the welding op-
erator. Larger welds must be laid in multiple passes that require
appreciably more time and weld metal at increased cost.

Double-bevel, double-vee, double-J and double-U groove
welds often are more economical than single-bevel welds of
the same type because the contained volume of weld metal
is less. Nevertheless, where relatively thin edges are involved,
single-bevel groove welds are more economical because of
the smaller weld metal volume and the less costly edge prepa-
ration. As a rule, bevel and vee cuts can be flame-cut and,
therefore, are less expensive than J- and U-grooves, which
require planing or arc-air gouging. When joints can be groove
welded in the flat position, the submerged arc, gas metal arc,
or flux cored arc processes generally will be more economi-
cal then the shielded metal arc welding process.

WELDING SYMBOLS

Shop and erection drawings for welded construction must
provide specific instructions for the type, size and length 
of welds and their locations on the assembled piece. This in-
formation is given usually by means of welding symbols.
Structural fabricators generally follow the basic method 
described in the American Welding Society publication
Standard Symbols for Welding, Brazing and Nondestructive
Examination, AWS A2.4. The symbols in the system, com-
monly used in structural work, are shown in Figure 4-20.

Several major rules and applications are given in the “Note”
in the bottom part of Figure 4-20.

Three basic parts are needed to form a welding symbol:
an arrow pointing to the joint, a reference line upon which
the dimensional data is placed, and a basic weld symbol 
device indicating the weld type required. Examples of fillet
welding symbols are shown in Figure 4-21, first as separate
parts and then in assembled form.

A fourth part of the welding symbol, the tail, is used to
supply necessary, additional data such as joint designation,
specification, process or detail references. Welding symbols
with tails containing typical references are shown in Figure 
4-22. A reference note such as “Note A” in Figure 4-22 refers
to a note elsewhere on the drawing that gives further instruc-
tions regarding the particular weld. An indication of specifi-
cation references in the tail is necessary only when two or
more electrode classes are required for the welding on a par-
ticular drawing. Normally, this information is carried in the
general notes or on a job data sheet. The same is true for
process references. However, as specification references usu-
ally determine the process, such references will be needed
only for electrogas, electroslag, stud or other kinds of weld-
ing where the electrode specification does not describe the
process or method. When the references are not needed to
supplement the welding symbol, the tail is omitted.

The symbols for welds should be made large enough to be
understood and recognized easily. Some fabricators furnish
welding symbol templates to their steel detailers. Templates
may also be purchased from suppliers of drafting equipment.

Shop Fillet Welds

The basic weld symbol or device used to represent a fillet
weld is an isosceles right triangle drawn with one of its equal
legs on the reference line and with its hypotenuse always to the
right of the vertical leg. 

In fillet welds the joint is that portion of a surface com-
mon to the two parts to be connected. Thus, in each of the
examples in Figure 4-23, area ABCD is the joint to be welded.
Because fillet welds are deposited along the boundaries of a
joint in the corner formed by the parts connected, the sym-
bol arrow is drawn and pointing to and touching one or more
of the boundary lines of the joint. When the boundary to be
welded appears as a point in a particular view, the arrow is
directed to this point.

When fillet welds are required on opposite sides of a joint,
as is often the case, a single welding symbol is sufficient. The
basic weld symbol is drawn as two right triangles on a com-
mon base line, one triangle on each side of the reference line.
Thus, the welding symbols shown in plan, elevation and end
view in Figure 4-24a each indicate that a fillet weld is re-
quired along both boundaries AD and BC of joint ABCD. In
each case the arrow of the welding symbol points to only one
of these two boundaries. BC is referred to as the arrow-side of
the joint; AD is designated as the other-side. 
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Figure 4-19. Vee and double-vee groove weld placement.
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Figure 4-20. Prequalified welded joints.
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Note that the term “other-side” is used to denote the other
side of the joint, not the far side of the assembly. In the lapped
plates shown in Figure 4-24b, side DC, opposite the arrow-
side AB, does appear to be on the far side of the assembly.
However, it is in the plane of the joint and must be welded
in accordance with the other-side symbol.

A single triangle drawn below the reference line (Figure 
4-24a) indicates that a fillet weld is required on the arrow-
side of the joint (see weld X pointing to boundary CD in
Figure 4-24c). A single triangle drawn above the reference
line (Figure 4-24b) indicates a fillet weld on the other-side
of the joint opposite the arrow-side. In Figure 4-24c, the arrow
for weld Y points to boundary AB, but the location of the tri-
angle requires a weld along CD. Thus, welds X and Y are re-
ally the same weld. This duplication of welding symbols
throughout Figure 4-23 is for illustrative purposes only. On a
shop drawing only one of these symbols would be shown for
each configuration.

Observe that reference lines and any information placed
on them are arranged to read like other notes on a drawing:
from left to right if the reference line is horizontal and from
bottom to top if it is placed vertically on the sheet. Accepted
steel detailing practice is to place reference lines in horizon-
tal or vertical positions. 

The arrow may be located at the right or left end of the
reference line and may point upward or downward from it.
The arrow is drawn at an angle of about 45° to the reference
line, except when some other arrangement is necessary to
avoid crowding a portion of the drawing. The arrowhead never
should be placed on the reference line or on a continuous ex-
tension of the reference line. Some angular break should al-
ways be employed.

Weld dimensions are placed on the welding symbol with
the weld size to the left of the basic weld symbol or device
and the weld length (always in inches) to the right of it (Figure
4-24c). Weld dimensions are placed on the same side of the
reference line as the device. Whether or not the arrow-side 
and other-side welds have the same size and dimensions,
both must be dimensioned. This is a basic change in symbol
construction that was instituted in 1976 and may not be ev-
ident on older drawings (Figure 4-24d). 

Rarely, deviations from an equal leg fillet weld profile 
are necessary, in which case such welds are shown in cross-
section and the legs dimensioned (Figure 4-24e). If a weld
length is required, it is placed at the right of the basic weld
symbol. Note that AWS provides a scheme whereby unequal
leg fillets are dimensioned on the welding symbol. As the
AWS method frequently requires a sketch to show orienta-
tion of the legs, fabricators generally prefer to dimension the
sketch, rather than the symbol. This leads to a uniform prac-
tice that is less subject to error or misinterpretation.

If the fillet welds on a drawing are substantially of one
size, the size may be omitted from the weld symbol and given
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Figure 4-21. Fillet weld symbol.

Figure 4-22. Weld symbols.

Figure 4-23. Fillet welds.
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Figure 4-24. Miscellaneous weld symbols and details.
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Figure 4-24 (continued). Miscellaneous weld symbols and details.
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instead in the general notes. A note such as, “All fillet welds
5/16 unless noted otherwise” will relieve the steel detailer of
showing the weld sizes, except where they deviate from the
standard noted size.

When a weld is required along the entire length of one
side of a joint, the length dimension is omitted from the weld-
ing symbol. This omission is understood to mean that the
weld is to extend the full distance between abrupt changes in
that part of the joint outline toward which the arrow points.

A single arrow pointing to one segment of the joint bound-
ary also limits the use of the welding symbol to that particu-
lar segment. If the same welding symbol applies to two or
more segments of a joint boundary, or even to boundaries of
other joints nearby, sufficient arrows are used as required
(Figure 4-24f). As shown, arrows can originate from one or
both ends of the reference line.

If the same size fillet weld is required for the full length of
all sides of a joint, the use of multiple arrows can be eliminated
by employing a single arrow with an open circle placed at
the juncture of arrow and reference line (Figure 4-24g). This
is known as a weld-all-around symbol. The triangle is always
placed to signify arrow-side welding, regardless of the shape
or extent of the joint. This type of weld symbol should not
be used indiscriminately, as it may cause excess welding and
joint distortions. Do not signify an all-around weld if the en-
tire perimeter of the piece cannot be accessed. Also, welding
all around may violate the AISC Specification requirement
that welds on opposite sides of a common plane be inter-
rupted at the corner (i.e., when the weld would have to wrap
around the corner at an overlap).

A required length of weld may be provided as a continuous
weld or as an intermittent weld. A continuous weld is one
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Figure 4-24 (continued). Miscellaneous weld symbols and details.
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that is placed totally or partially along a joint boundary with-
out interruption. An intermittent weld is one in which rela-
tively short uniform lengths of weld are separated by regular
spaces. Where intermittent welds are permitted, they are con-
sidered economical only when the pitch dimension (center-to-
center distance between welds on the same side of a joint) is
more than twice the weld length. Such welds sometimes are
used when the smallest practicable continuous fillet weld
would provide considerably more strength than required, or
where stitching components of an assembly is required.
Welding symbols for intermittent welds must, in addition to
size, include the length of weld increments and their spacing
or pitch (Figure 4-24h). The first number to the right of the tri-
angle is the increment length of the weld; the second is the
pitch, center-to-center of increments. These two dimensions
are always given in inches and separated by a dash. 

Where both arrow-side and other-side welding occurs,
the weld increments may have either a chain or staggered 
relationship. In either case, the pitch dimension represents
the center-to-center spacing on one side of the joint (Figure 
4-24j). Note that the location of the triangles is meaningful.
Arrow-side and other-side triangles with coinciding bases
signify chain welding; those with offset bases call for stag-
gered or alternate welding. 

Where intermittent and continuous welding occur on ei-
ther side of the same joint, the arrow-side and other-side tri-
angles coincide with the necessary dimensions on both sides
of the reference line (Figure 4-24k). The upper views shown
in the illustrations are not required on a detail drawing. They
are given here to illustrate the several combinations of spac-
ing and also the requirement that a full weld increment must
be placed at either end of a run, regardless of the intervening
spacing. Intermittent welding is suitable only for the hand-

guided welding processes, as the continual starting and stop-
ping of the arc does not lend itself to automatic welding.

When the required length of a weld is less than the full
distance between abrupt changes in the joint boundary or if
more than one type of weld is to be shown along such a bound-
ary, locating the ends of welds by dimension may be necessary
(see Figure 4-25).

Where less than full length welds can be located by start-
ing them at abrupt changes in the joint or if the actual place-
ment of the weld is of no great consequence, the arrows usually
can be placed so as to eliminate any need of dimensioning
(Figure 4-24l). The four arrowheads in the left-hand sketch
indicate that four 3-in. welds are required, each to be started
at the corner of the 10-in. plate. The 3-in. welds in the right-
hand sketch are to be centered on each 4-in. side.

A special practice in fillet welding symbols is required for
“obscured” joints, such as the joints of connection angles,
stiffeners, diagonals, etc., which occur in pairs on either side
of a web. An example of this type of joint combination, shown
in Figure 4-26a, is the framed connection at the end of a beam.
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Figure 4-25. Welded joint.

Figure 4-26. Welded joint combinations.
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Where the boundaries of arrow-side and other-side joints co-
incide and the welding is the same for both joints, the weld-
ing symbol applied to the arrow-side is considered to apply
also to the other-side joint. This practice holds for all simi-
lar joint combinations, some of which are shown in Figures 
4-26b and 4-26c. However, in each case the presence of the 
obscured piece must be indicated clearly by the marking sys-
tem identifying the members or by some other means.

If a difference exists in the welding for arrow-side and
other-side pieces in an obscured connection, dual welding
symbols may be provided. Figure 4-26d illustrates a dual
welding symbol in which the weld locations are indicated by
piece marks placed in the tails of the symbol.

Where a number of identical pieces are to be welded in
an identical manner to a particular member, applying a single
welding symbol to one of the pieces with the note “Typ” in the
tail is sufficient. Should another one of such identically marked
pieces require different welding, the exception is noted by an
additional welding symbol. In Figure 4-27 a symbol noted
“Typ” is shown applied (with one exception) to girder stiffen-
ers sa. In an alternate method, the note “Typ” is omitted and
a difference in welding requirements on identically prefabri-
cated pieces is handled by assigning a different assembly
mark and a separate welding symbol to the piece in question.

Special consideration is given to the case where a single-
plate having square edges is welded to a main member on a
skew. The Manual Table 8-2, Prequalified Welded Joints,
Fillet Welds, illustrates this condition. Case (A) shows a

square-edged plate with a gap between the edge of the plate
and the main piece. The size of the applicable fillet weld is the
size required according to design plus the size of the gap. If
the gap is too large to accommodate a fillet weld, a partial-
joint-penetration groove weld may be suitable. Otherwise,
consideration must be given to using a different joint con-
figuration as illustrated in Manual Table 10-13. The steel de-
tailer should consult with the fabricator.

Shop Groove Welds 

The construction and application of welding symbols for
groove welds are similar to those for fillet welds. However,
whereas fillet welds are represented by a single basic sym-
bol (the triangle), groove welds involve seven basic symbols.
These may be combined with each other or compounded with
supplementary weld symbols to cover a wide variety of weld
profiles and edge preparations. The shapes of the seven basic
weld symbols for groove welds and their location significance
are shown in Figure 4-28. Note that the vertical lines of bevel,
J and flare-bevel groove weld symbols are always placed to the
left when viewed facing the reference line.

In groove welds the weld metal is deposited substantially
within the joint. The concept of the joint in groove welds is the
same as for fillet welds, and the arrow-side and other-side
meanings of the symbol are the same. However, the direction
of the arrow has an added significance for unsymmetrical
joints such as bevel and J welds. For these welds, the arrow not
only designates the arrow-side of the joint but also points to-
ward the joint element which is to be grooved or otherwise pre-
pared for welding (Figure 4-24m). The arrow direction is
emphasized by an extra break whenever this special signifi-
cance applies (Figure 4-20).

For symmetrical welds or where grooving the wrong edge
for an unsymmetrical weld would be impossible, the arrow 
direction has no special significance beyond the usual arrow-
side and other-side meanings (Figure 4-24n). 

The weld-all-around symbol is used for groove welds in the
same manner as for fillet welds (Figure 4-24o). Back weld
symbols are used with the weld symbols for single-bevel, vee,
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Figure 4-27. Typical welded joint.

Figure 4-28. Groove weld symbols.
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U and J welds when completing the second or root side of
these welds is necessary (Figure 4-24p). Specifications for
complete-joint-penetration groove welds require that the roots
of shielded metal arc welds, gas metal arc welds, and flux
cored arc welds be gouged to sound metal before the second
or back weld is made. Submerged arc welds may or may not
require gouging and back welds, depending on the prequali-
fication established and project specifications.

Dimensioning groove welds involves weld size; root open-
ing; groove angle of bevel, vee, J and U welds; and groove
radii of J and U welds. Some fabricators have adopted their
own standards for the proportions of groove welds generally
used in structural work. These “user’s standards” may be
based on AWS prequalified welded joints or on other joints de-
veloped and qualified through AWS prescribed procedures.
In either case the groove proportions and applicable welding
processes are indicated in the tail of the symbol by a code
that identifies the joint (Figure 4-24q).

Normally, the weld size of a complete-joint-penetration
groove weld is understood to be the full thickness of the
metal connected and its dimension need not be shown on the
welding symbol. However, if the preparation of a double-
groove weld is not symmetrical or if preparation will not
provide for complete-joint-penetration welds, the size of
welds must be shown (Figure 4-24r). Dimensions shown on
the cross sections are illustrative only and need not appear
on the drawing.

The root opening is shown near the root of the groove
weld device (Figure 4-24s). The groove angle, in degrees,
is shown within the groove faces of the device (Figure 
4-24t). This angle is understood to be the total, or included,
angle of the groove. Where arrow-side and other-side grooves
are the same, the angle should appear on both sides of the 
reference line.

No provision for dimensioning groove radii of U and J
welds is made on the weld symbol. Usually, this is covered by
the fabricator’s standard weld proportions or by reference to
AWS prequalified joints. If not, it must be shown by note or
sketch on the drawing.

The edge preparation for butt groove welds in tension joints
involving elements of different thickness requires a transition
slope which is not covered by the weld symbol. This is most
conveniently shown by detail sketches (Figure 4-24u).
Transitions between elements of different widths, subject to
tension loads, also require fairing (Figure 4-24v). The 1 to
21/2 bevel represents the steepest slope permissible; flatter
slopes are preferable. A transition with a 2-ft radius tangent to
the narrower part of the center of the butt joint may be used
also for unequal widths. For complete details, reference should
be made to AWS D1.1.

The length of a groove weld is not placed on the symbol.
The nature of grooved joint preparation is such that the 
weld boundary is from edge to edge of the parts joined. Any
deviation from this will require special detailing with sepa-

rate symbols for joint segments less than full joint width.
Intermittent welds are not adaptable to groove welding; there-
fore, increment length and spacing will not appear on groove
welding symbols.

Two supplementary weld symbols applicable to groove
welds are the flush and convex contour symbols. These are
used when the as-welded shape of the weld face is to be mod-
ified (Figure 4-24w). The letters shown generally will be the
fabricator’s standard designations for types of finish. Where
the flush or convex symbol carries no finish designation, no
finishing operation is required.

If complete-joint-penetration groove welds are required
and welding can be done from one side of the joint only, back-
ing bars must be provided (Figure 4-24x). Backing bars are
penetrated thoroughly by the weld and often are left in place
after welding is completed. Shop and erection drawings should
be noted for their removal only if specifications require it to
be done, as is required frequently in members subject to fatigue
loading. Material used for backing must meet the require-
ments of AWS D1.1.

Spacer bars are used on certain double-vee and double-
bevel welds, particularly if the weld is in thick material and
using the minimum permissible bevel or vee angle is desired
(Figure 4-24y). In such welds the root must be gouged out
completely, including the spacer bar, before the second side 
of the groove is welded. The material for the spacer bar must
be the same as that of the base material.

The weld symbol indicates the requirement for the backing
or spacer bar by the appropriate symbol on the reference line
(see Figure 4-20). Backing and spacer bar material should be
identified and billed on the drawing.

To develop the full length of groove welds, and hence the
full throat areas, extension bars are used to provide a contin-
uation of the groove beyond the edges of the pieces joined. If
backing or spacer bars are part of the joint detail, they, too,
should be extended as shown in Figure 4-24z. The angle or
contour of the extension bars must coincide with that of the
groove. Project specifications may require that the extension
bars and contained weld runout be cut flush with the edges
of the joint components after welding is completed.

Whether or not the steel detailer should detail extension
bars for shop use will depend on the fabricator’s shop practice.
However, when these items are needed for field welding, they
must be detailed and furnished to the erector.

Groove weld symbols may be combined with each other,
with a back weld symbol, with fillet weld symbols and with
supplementary weld face contour symbols to produce a va-
riety of weld configurations (Figure 4-24aa).

Combined groove welding symbols can become compli-
cated and difficult to understand. The steel detailer is cau-
tioned against developing symbols that, although technically
correct, are so elaborate and cumbersome that their clarity
is questionable. Unless the dimensions for such welds can
be referred to AWS prequalified joints or to the fabricator’s
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standard welds, it is strongly recommended that edge prepa-
ration and, if necessary, the weld itself be shown on the draw-
ing by a dimensioned cross section.

Partial-Joint-Penetration Groove Welds

The preceding discussion on groove welds also applies,
in general, to those welds that are not complete-joint-
penetration groove welds. For these welds a description of
the joint preparation dimensions is necessary. Also, the ef-
fective throat must be dimensioned (see Figure 3-17b), as it can
be a variable.

AISC Specification Section J2.1a establishes the mini-
mum effective area (throat thickness) of a partial-joint-
penetration groove weld. Table 4-1 reproduces AISC
Specification Table J2.3. Note that the minimum effective
throat thickness is a function of the thickness of the thinner
piece of material being joined.

AISC Specification Section. J2.1b further controls this
weld type as indicated in AISC Specification Table J2.1 (repro-
duced here as Table 4-2).

Given the material thickness and weld process, these 
tables provide sufficient information to develop the edge
preparation for a partial-joint-penetration groove weld. A
somewhat similar approach is used to establish weld require-
ments for the flare weld, as shown in AISC Specification
Table J2.2.

The weld symbol must specify the two elements of size S
of groove preparation and the effective throat E of the weld,
as well as all of the other usual elements. The symbol for a
square groove weld requires only the E because no preparation
is required. Examples are shown in Figure 4-29.

Figure 4-29b shows that the effective throat of the SMAW
weld is the same as the depth of groove because the groove
angle is 60° for the arrow-side weld. When the other-side
groove angle is changed to 45°, the effective weld equals the
depth of chamfer minus 1/8 in. (see Table 4-2).

Intermittent partial-joint-penetration groove welds are
sometimes used in joining plates in built-up members. The
preparation of the joint profile in intermittent partial-joint-
penetration groove welds also must consider a transition or
“fairing in” of the joint at its beginning and termination in
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Table 4-2. Effective Throat Thickness of Partial-Joint-Penetration Groove Welds (AISC Specification Table J2.1)

Table 4-1. Minimum Effective Throat Thickness of 
Partial-Joint-Penetration Groove Welds 

(AISC Specification Table J2.3)

Material Thickness Minimum Effective*
of Thinner Part Joined Throat Thickness

(in.) (in.)

To 1/4 inclusive 1/8

Over 1/4 to 1/2 3/16

Over 1/2 to 3/4 1/4

Over 3/4 to 11/2 5/16

Over 11/2 to 21/4 3/8

Over 21/4 to 6 1/2

Over 6 5/8

*See AISC Specification Section J2.1b.

Welding Position

Welding Process F (flat), H (horiz.), Groove Type

V (vert.), (AWS D1.1, Effective Throat

OH (overhead) Figure 3.3)

Shielded Metal Arc (SMAW) All

Gas Metal Arc (GMAW) J or U Groove 60° V

Flux Cored Arc (FCAW)
All Depth of Groove

Submerged Arc (SAW) F
J or U Groove 60°

Bevel or V

Gas Metal Arc (GMAW)
Flux Cored Arc (FCAW)

F, H 45° Bevel Depth of Groove

Shielded Metal Arc (SMAW) All 45° Bevel
Depth of Groove

Minus 1/8 in. (3mm)

Gas Metal Arc (GMAW) Depth of Groove
Flux Cored Arc (FCAW)

V, OH 45° Bevel
Minus 1/8 in. (3mm)
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order for the weld to make proper fusion with the base metal.
The nominal angular value should be limited to 45°, as shown
in Figure 4-29c.

When partial-joint-penetration groove welds are permitted,
the contract documents should specify the effective weld
length and the required effective throat. The shop drawings in
turn should show the groove depth, S, and geometry that will
provide for the specified effective throat, E. Some fabrica-
tors indicate both the weld size and effective throat on the
shop drawings to avoid confusion in the interpretation of
these welds.

Partial-joint-penetration groove welds are used primarily for
welded compression splices, the connection of elements of
heavy box sections and pedestals, and, in general, for joints

where the stress to be transferred is substantially less than
that which would require complete-joint-penetration groove
welds. They are not recommended in joints subject to dy-
namic or cyclic loading, except as noted earlier for joining
of components in built-up members.

Many fabricators require that partial-joint-penetration
groove welds be detailed completely on their drawings in
order to avoid possible misinterpretation of these welding 
requirements. The Manual Part 8 contains details of the AWS
prequalified joints.

Stud Welds 

Welding symbols for stud welding by stud-welding guns are
shown in Figure 4-24bb, which is designated as a circle 
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Figure 4-29. Groove welds.
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containing an “X” symbol lying only on the arrow-side. Stud
size is located to the left of the circle, pitch to the right, and
number of studs numerated in parentheses below the circle.

On shop and erection drawings welded studs may be lo-
cated by dimensions as shown in Figure 4-24cc. The “X”
symbol is used to designate the studs in plan to avoid con-
fusing them with bolts or other fasteners for which holes must
be provided. Note that studs are not permitted to be shop
welded to the top flanges of beams and girders and to other
surfaces on which erection workers would be walking prior to
the installation of decking.

Shop Plug and Slot Welds 

Plug and slot welding symbols employ a rectangular basic
weld symbol (Figure 4-24dd). The arrow-side and other-side
meanings for plug and slot welds indicate which of the two
parts is to be welded (Figure 4-24ee).

The size of a plug weld is the diameter of the hole. The
size of a slot weld includes the width and length of the slot.
Hole diameters and widths of slots usually are made in odd 
sixteenths to permit use of standard punches in structural
shops. Plug weld size is shown preceding the basic weld 
symbol (Figure 4-24ff). Slot weld sizes are noted by detail
references, shown preceding the basic weld symbol, which
refer to dimensioned sketches elsewhere on the drawing
(Figure 4-24gg). The position of both plug and slot welds
is shown by a dimensioned location, toward which the arrow
points (Figure 4-24hh). Long runs of multiple-spaced plug
or slot welds may be located as shown in Figure 4-24jj.

Plug and slot welds are assumed to be filled completely
with weld metal unless the depth of the filling, in inches, is
shown inside the weld symbol. If the top of the weld must be
flush with the surface of the plate, a supplementary weld sym-
bol is added to the basic weld symbol, as for groove welds
(Figure 4-24kk).

The steel detailer is cautioned not to apply plug or slot
weld symbols to large openings that properly should be 
fillet welded around an interior joint boundary. An example
of this type of fillet welding in an opening is shown in 
Figure 4-11. AWS Symbols for Welding, Brazing and Non-
destructive Examination, AWS A2.4, provides for more di-
mensioning for plug and slot welds than is recommended
earlier. Nevertheless, structural shop experience has shown
that dimensions appearing on the symbol are subject to mis-
interpretation. Fewer problems are experienced when location,
spacing and special chamfering are spelled out at greater
length as recommended here.

Field Welds 

Symbols for field welding of fillet, groove, stud, plug and
slot welds are identical to those for shop welding, except that
the welding symbol is identified by a small blackened ex-
tended flag placed at the juncture of the arrow and reference

line. The point of the flag must point toward the basic weld
symbol (Figure 4-24ll).

The only other supplementary symbol that appears at this
junction point is the weld-all-around symbol, which may be
used in conjunction with the field welding symbol (Figure
4-24mm). Field welding symbols should appear only on 
erection drawings or on sheets showing field alterations to
an existing structure or other work to be performed away
from the fabricating plant. All edge preparation required for
field groove welds is done in the shop and must be detailed
or noted on the shop drawings. Field weld symbols are not
placed on shop drawings because the instructions they con-
vey will not be recognized or acted upon by shop personnel.

The flag symbol was adopted by AWS in 1976 to conform
to international practice. The previous field weld symbol was
a large round blackened circle. This symbol will be found on
older structural drawings and references.

NONDESTRUCTIVE TESTING SYMBOLS

AWS D1.1 requires that all welds be visually inspected.
Frequently, the quality of a weld is required to be nondestruc-
tively tested as outlined in AWS D1.1 Section 6—Inspection.
When a specific weld or part thereof is required to be in-
spected (e.g., a tension butt splice of a girder flange plate),
common practice is to identify the weld and the required type
of inspection on the shop detail drawings.

Basic symbols for this nondestructive testing have been 
developed by AWS and are published in their publication,
Symbols for Welding, Brazing and Nondestructive Examination,
AWS A2.4. Listed here are the five most commonly used test-
ing methods for structural steel welding inspection:

TYPE OF TEST SYMBOL

Dye Penetrant PT
Magnetic Particle MT
Radiographic RT
Ultrasonic UT
Visual VT

The testing symbol is built up in the same manner as the
welding symbol. It is made up of the following elements:

• Reference line
• Arrow
• Basic testing symbol
• Test-all-around symbol
• Tail
• Specification or other reference

The elements of the testing symbol have standard loca-
tions with respect to each other (Figure 4-30a). The arrow
connects the reference line to the part to be inspected and re-
tains the same arrow-side, other-side significance as discussed
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earlier for the weld symbol. Typical examples are shown in
Figure 4-30b. The nondestructive testing symbols are com-
bined with the welding symbol as shown in Figure 4-30c.

The extent of nondestructive testing can be shown in the
following ways (see Figure 4-30):

• By a dimension following the basic testing symbol.
• As a percentage of the part or weld, shown following the

basic symbol.
• By a dimensioned sketch or drawing.

If no limit is indicated, the testing applies to the full length of
the indicated weld or part.

OTHER WELDING AND TESTING SYMBOLS

The foregoing discussion of weld and testing symbols does not
cover every possible combination or application that may be

encountered on design drawings or that may arise in the prepa-
ration of shop drawings. Treatment has been limited to the
more typical welding situations met in structural work. For
a full development of welding and nondestructive testing sym-
bols for almost every conceivable structural requirement, see
AWS Symbols for Welding, Brazing and Nondestructive
Examination, AWS A2.4. This reference also will aid in iden-
tifying and determining the meaning of other weld symbols not
normally used in structural work.

PAINTING

The contract documents must specify all the painting require-
ments, including the identification of the members to be
painted, surface preparation, paint specifications, manufac-
turer’s product identification, and the required minimum dry
film thickness (in mils) of the shop coat. Factors in the se-
lection of a paint system include the owner’s preference, in-
tended service life of the structure, severity of environmental
exposure, cost of both the initial application and of future re-
newals, and compatibility of the various components com-
prising the paint system. Furthermore, the documents must
indicate clearly all individual members that are to be left un-
painted so as to receive concrete, sprayed-on fireproofing or
for other reasons. Because the inspection of shop painting
must be concerned with workmanship at each stage of the
operation, the fabricator provides notice of the schedule of
operations and affords the Inspector access to the work site.
Inspection must then be coordinated with that schedule so as
to avoid delay of the scheduled operations. 

Acceptance of the prepared surface must be made prior to
the application of the shop coat because the degree of sur-
face preparation cannot be readily verified after painting.
Time delay between surface preparation and the application of
the shop coat can result in unacceptable deterioration of a
properly prepared surface, necessitating a repetition of sur-
face preparation. This is especially true with blast-cleaned
surfaces. Therefore, to avoid potential deterioration of the
surface, it is assumed that surface preparation is accepted un-
less it is inspected and rejected prior to the scheduled appli-
cation of the shop coat. 

The shop coat in any paint system is designed to maxi-
mize the wetting and adherence characteristics of the paint,
usually at the expense of its weathering capabilities.
Deterioration of the shop coat normally begins immediately
after exposure to the elements and worsens as the duration
of exposure is extended. Consequently, extended exposure of
the shop coat will likely lead to its deterioration and may ne-
cessitate repair, possibly including the repetition of surface
preparation and shop coat application in limited areas. With 
the introduction of high-performance paint systems, avoid-
ing delay in the application of the shop coat has become more
critical. High-performance paint systems generally require a
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Figure 4-30. Nondestructive testing symbols combined 
with welding symbols.
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greater degree of surface preparation, as well as early appli-
cation of weathering protection for the shop coat. 

Since the fabricator does not control the selection of the
paint system, the compatibility of the various components of
the total paint system, or the length of exposure of the shop
coat, the fabricator cannot guarantee the performance of the
shop coat or any other part of the system. Instead, the fabrica-
tor is responsible only for accomplishing the specified sur-
face preparation and for applying the shop coat (or coats) in
accordance with the contract documents. 

In specifying surface preparation, paint specifications, and
dry film thickness, the contract documents usually refer to
the Society for Protective Coatings (SSPC). This organiza-
tion publishes recommended protective coating systems for
steel used in the many types of structures under a wide vari-
ety of atmospheric conditions. Reference is made to a code
number (SP2, SP3, SP4, etc.) of the SSPC, which describes the
minimum requirements for cleaning the steel (from simple
wire brushing and sweeping to elaborate blast cleaning op-
erations) and the type(s) of paint appropriate for the protection
specified. Some priming systems require the application of
more than one coat of paint in the shop, each coat being a
different, compatible paint. At the election of the fabricator and
unless specifically excluded, paint is applied by brush, spray,
roller coating, flow coating or dipping. During handling and
shipping of the painted members to the job site, abrasions
can be expected. Touch-up of these blemishes is the respon-
sibility of the contractor performing field touch-up or field
painting. Most steel contractors will exclude field touch-up
and the required paint in their bid package.

Even if contract documents do not specify a paint system,
the documents normally require submittal and approval of
the fabricator’s basic paint system. On each shop drawing,
the steel detailer notes whether painting of the pieces on that
sheet is required. Often the preprinted sheet will have a block
of information near the title block for the steel detailer to
complete. Usually, this block includes information on paint-
ing and cleaning. The steel detailer completes the block by
indicating whether or not paint is required. If paint is required
that is different from the fabricator’s standard, the steel 
detailer will add the SSPC identification such as SP 3, SP 6,
etc. (see Figure A4-31 in Appendix A).

On projects where the steel is given a shop coat of paint,
usually three types of cases may be encountered where paint
must be omitted:

If connections require using ASTM A325 or A490 bolts
(or equivalent alternative fasteners), in noncoated slip-critical
joints, paint on faying surfaces shall be excluded from areas
closer than one bolt diameter but not less than 1 in. from the
edge of any hole and in all areas within the bolt group pat-
tern. See RCSC Specification Section 3.2.2. (Note that joints
specified to have painted faying surfaces must be blast cleaned
and coated with a paint that has been qualified as Class A or
Class B in accordance with the RCSC Specification.) The

drawing, typically, will have a note specifying the areas where
paint is to be excluded. For example, for a typical pattern of
1-in. bolts, such a note might read “No paint within 1 in. of the
perimeter of the bolt hole group.” If the condition is typical 
for the several pieces on the drawing, the note will appear
with the General Notes for the drawing. If the requirement
for omitting paint around the bolt hole groups is infrequent on
a drawing, the note can be placed adjacent to each affected
piece. Further, if only certain holes in the piece require the
note, these holes will be encircled and noted. The members
connecting to these holes, also, must be noted for no paint.
Finally, if the “no paint” requirement applies to the outstand-
ing legs of connection angles, the note may read “No Paint
on OSL of Connection Angles.”

Paint is omitted in areas where field welding occurs.
Primarily, these areas include field connections and the tops
of members requiring the field application of shear studs.
AISC Specification Section M3.5 requires that, unless other-
wise provided in the design drawings and specifications, sur-
faces within 2 in. of any field weld be free of materials that
would prevent proper welding or produce toxic fumes while
welding is being done. Figure A4-6 in Appendix A illustrates
one method of noting paint omission. Where small areas are
involved, many fabricators prefer to use the general note, “No
Paint on OSL of Connection Angles.” The supporting mem-
ber also must be noted for “no paint” in the location of the
field welded connection. The “no paint” requirement does
not apply to shop welding, because shop painting is done,
normally, after the welds are made. Special, costly consider-
ation is required when shop contact surfaces are required to 
be painted. For additional examples, see Figures A4-32 and
A4-33 in Appendix A. An exception to the foregoing exists in
the case of some paints, which are formulated such that they
do not impair the quality of the weld or emit toxic fumes
when welding is done. The fabricator must advise the steel
detailer when this is the case.

If the steel is to receive sprayed-on fireproofing, typically
the steel should not be painted. Otherwise, the sprayed-on
fireproofing may not meet the adhesion requirements of the
Underwriters Laboratories (UL). Again, the shop drawing
will note these pieces “no paint.”

GALVANIZING

Galvanizing is the name given to the process of applying a
protective coat of zinc to steel products where protection of 
the surface from corrosion is required. The process is used
extensively for transmission towers; electrical substation 
and switching structures; and corrugated sheets for roofing,
siding, flashing, highway guard rail, etc. The zinc coating is
applied usually by the hot dip process. This involves dipping
the material in a series of cleansing and rinsing tanks (a pro-
cess called pickling) to thoroughly clean the steel before dip-
ping it into a tank of molten zinc, which is at a temperature of
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approximately 840 °F. The steel must remain in the tank long
enough to bring its temperature up to that of the molten 
zinc. Following the dip in the zinc, the steel is removed and
quenched in plain water. The quenching operation retains as
much bright zinc surface as possible and reduces the time
needed for handling. This method deposits a coating of about
2 oz. of zinc per square foot of surface.

The first requisite in galvanizing is proper preparation of 
the material. All surfaces must be free of paint, grease, oil,
dirt, mill scale and weld slag. Galvanizing of structural 
members must meet the requirements of ASTM Specification
A123, Standard Specification for Zinc (Hot-Dip Galvanized)
Coatings on Iron and Steel Products. However, because they
require removal of excess zinc, bolts, nuts and washers are
governed by ASTM Specification A153, Standard Specifi-
cation for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.

The following checklist is presented to identify the most
common considerations for the steel detailer to use when
preparing shop drawings for galvanized material:

• Identification of galvanized material on the shop draw-
ings

• Maximum size that can be galvanized
• Bolted connections
• Welded connections
• Seal welding requirements
• Use of galvanized bolts
• Drain and vent holes
• Field welding precautions

Preferably, pieces to be galvanized should be detailed on
drawings separate from other fabrication. Instead of noting
the paint and cleaning requirements, the steel detailer would
note “GALVANIZE.” When pieces to be galvanized are shown
on the same shop drawing as pieces not to be galvanized, the
sketches of those to be galvanized are noted “GALVANIZE.”
An entry (such as “GALV”) is made in the “Remarks” col-
umn of the shop bill on the same line as the description of
each piece to be galvanized. For purposes of this presenta-
tion, “pieces” can either be individual members (such as
beams, columns and fittings) or shop welded assemblies (such
as handrail and trusses). Steel members to be galvanized 
cannot have any of the customary markings applied by paint,
crayon or chalk (markings will be removed during the cleans-
ing operations prior to galvanizing). Thus, fabricators gener-
ally mark the individual pieces in one of two ways, although
other means of marking are used to a lesser extent:

1. Provide erection or other identifying marks by stamp-
ing them into the pieces prior to galvanizing, using
characters at least 1/2 in. high and making an imprint at
least 1/16 in. deep. Marks should consist of as few char-
acters as possible.

2. Identify pieces to be galvanized by attaching to each
piece a metal tag with the mark stamped into it. Care
must be exercised by the fabricator in securely fixing
these tags to the pieces so that they do not become lost
during handling, shipping or galvanizing. 

Whichever method of maintaining identification is used de-
pends on the fabricator’s preference and does not affect the
preparation of shop drawings.

Before detailing pieces for galvanizing, the steel detailer
must know the sizes of the pieces that the galvanizer can
handle. This depends on the size of the zinc tanks, the tanks
in the cleaning line, the crane capacities and the building
structure clearances within a particular galvanizing plant.
The most economical and highest quality galvanizing is
achieved when steel members are sized to enable the mem-
ber to be immersed totally in the molten zinc in a single dip.
If steel members are too large, they must be “double-dipped,”
which adds considerably to the cost. In this method 50% or
more of the surface of the piece is immersed in the molten
zinc. When the galvanizing of that portion is completed, the
piece is repositioned so that the remaining uncoated portion
can be lowered into the zinc and galvanized. The steel de-
tailer should obtain the information about appropriate sizes
from the fabricator, who will arrange for galvanizing of the
fabricated pieces.

Attachments are not bolted to shipping pieces in the shop
before galvanizing. Usually, they are galvanized separately
and shipped loose for field bolting using galvanized bolts.
Sometimes, the pieces are returned to the fabricator for as-
sembly. Neither holes nor slots need be increased in size to ac-
commodate galvanized bolts. 

The American Galvanizers Association publishes two use-
ful guides on design and detailing for galvanizing: Design of
Products to be Hot-Dip Galvanized after Fabrication and
Recommended Details for Hot-Dip Galvanized Structures.

Galvanizing welded joints is a major concern. The con-
cern is the seepage of the pickling solution, which is part of the
cleaning operation, into a welded joint. After galvanizing, the
solution will bleed out of the joint, causing zinc removal and
objectionable stains. To prevent the seepage, joints may be
sealed by continuous welds all around the joint and the shop
drawing so noted. Such a note would be, “All welded joints on
galvanized pieces to be sealed.”

The American Galvanizers Association (AGA) recognizes
the potential for explosions to occur if trapped pickling so-
lution vaporizes and expands when the part is dipped into the
hot galvanizing bath. This can happen as the result of a weld
containing porosity. AGA states in its design guidelines that,
“Pinholes from welding are very dangerous in items to be
galvanized and must be avoided.” Thus, the AGA guidelines
furnish information as to when venting is appropriate and
how to provide it. Before considering the welding of any joints
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on members to be galvanized, the steel detailer should re-
ceive instructions from the fabricator.

To the greatest extent possible, enclosed spaces should be
avoided. If enclosed spaces are unavoidable, such as in a tu-
bular post with plates welded to each end (Figure 4-34),
fill/vent holes must be added to each end of the piece to per-
mit entry of cleaning fluids and zinc during dipping (to over-
come the natural buoyancy of hollow pieces in the tanks) and
elimination of pockets of zinc as the piece is withdrawn from
the galvanizing bath. Furthermore, the holes allow cleaning flu-
ids and molten zinc to reach internal surfaces so that they can
be cleaned and coated completely. The sizes of holes recom-
mended vary with the size of shape being galvanized and are
available in literature from the galvanizer. These holes may be
drilled or burned by the fabricator. The steel detailer must in-
clude these holes in the details of the pieces.

In addition, holes are required to drain areas where clean-
ing fluids and molten zinc would become trapped unless the
piece were turned to permit draining, which is an added cost.
A typical situation occurs when a base and cap plate are
welded to the ends of a W-shape. Usually, a semicircular hole
(called a “weld access hole” or sometimes referred to as a
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Figure 4-34. Tubular post with plates welded to each end.

Figure 4-35. Weld access holes.
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Figure 4-36. Web stiffeners welded to the flanges of a W-shape or plate girder.
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“mouse hole” or a “rat hole”) is burned in the web of the W-
shape at its attachment to the plate (Figure 4-35). In the case
of web stiffeners welded to the flange(s) of a W-shape or
plate girder, the clipped corner(s) of the stiffeners (where they
clear the beam fillet or girder web-to-flange weld) act as drain
holes (Figure 4-36).

Field joints are made with galvanized bolts, nuts and wash-
ers. ASTM A307 bolts and ASTM A325 Type 1 high-strength
bolts are permitted to be galvanized; A490 bolts are not per-
mitted to be galvanized. Nuts are tapped after galvanizing.
The Manual Part 7 describes the two methods available for 
galvanizing under “Galvanizing High-Strength Bolts.” These
methods are hot-dip or mechanical processes.

When at all possible, avoid situations that require welding
on galvanized surfaces, particularly in the shop. Special ven-
tilation must be provided in the shop to exhaust the toxic
fumes that are produced. In addition, the galvanizing usu-
ally must be removed by grinding in the area to be welded.
This requires the subsequent touching up with cold galva-
nizing compound after welding and cleaning. All of these
operations add cost.

If field welding or torch-cutting is required or if the coat-
ing is damaged during shipping, handling or erection, touch-
up methods are available to repair the surfaces. These methods
include (1) painting with an organic cold galvanizing com-
pound, (2) coating with a zinc based solder, or (3) metallizing
with a zinc metal spray. Each method involves a prescribed 
application procedure. When welding galvanized pieces, ad-
equate ventilation must be provided to evacuate the fumes or
the welder must use a respirator.

Occasionally, a piece becomes warped during the galva-
nizing process to the extent it is unsuitable for erection. When
this occurs, the fabricator and galvanizer must agree upon the
terms for a method of repair or replacement.

ARCHITECTURALLY EXPOSED 
STRUCTURAL STEEL

Occasionally, contract documents identify a portion of the
structural steel as “Architecturally Exposed Structural Steel”
(AESS). This designation imposes additional fabrication and
erection requirements on the members thus identified. The
care and tolerances with which these members are fabricated
and erected exceeds the usual requirements specified in the
AISC Code of Standard Practice for Steel Buildings and
Bridges in the Manual Part 16. Section 10 of the Code spec-
ifies the more restrictive requirements. AESS members may
require stringent cleaning and painting. Such requirements
must be noted in the contract documents.

For the most part, preparation of shop drawings for AESS
members is the same as for the customary members, except
that the AESS pieces must be identified as such on the shop
drawings. Also, they should be identified on the erection

drawings. The steel detailer should be aware of any joints
between AESS members, which are to have a gap in order
to detail the pieces so that the required gap can be obtained
at the job site.

Unless specified otherwise in the contract documents, the
additional requirements include, but are not limited to:

• The as-fabricated straightness tolerances for rolled-
shapes and built-up members are one-half the stan-
dard camber and sweep tolerances in ASTM A6.

• Copes, miters and butt cuts in surfaces exposed to view
are made with uniform gaps of 1/8 in. if shown to be
open joints, or in reasonable contact if shown without 
a gap.

• Where welds are exposed to view, the welded surfaces
should be reasonably smooth and uniform.

• Members fabricated from weathering steel must not
have identification marks on surfaces that will be ex-
posed in the final structure.

• Special care is taken to deliver AESS members to the job
site without any distortions.

• Similarly, at the job site the erector must take special
care during unloading, handling and erecting these
pieces to avoid distorting them or damaging the paint.

• In plumbing, leveling and aligning the AESS members,
the erector generally must satisfy tolerances that do not
exceed one-half those normally required by the Code
of Standard Practice.
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SPECIAL FABRICATED PRODUCTS

Depending upon their geographical location and the market
they serve, fabricators may develop special products. One
such product commonly found at job sites is a “Drop-In” all-
welded roof frame (see Figure 4-37). It consists of relatively
lightweight angles, two of which span between a pair of roof
beams, fabricated steel trusses, or open-web steel joists.
According to the fabricator’s preference, the main angles may
bear on their supports in one of several ways as shown. The
frames are used for openings for hatches, ventilators, exhaust
stacks and air conditioning units in metal deck-supported flat
roofs. The decking is field welded to the angles surrounding
the opening. The hole in the deck is cut by the trade requiring
the hole (HVAC, plumber, etc.) immediately prior to the instal-
lation of the equipment requiring the hole. The spaces be-
tween the angles are determined from the size of the required
opening, sometimes provided to the steel detailer in a manu-
facturer’s catalog.

OSHA SAFETY REQUIREMENTS AND AVOIDING
UNERECTABLE CONDITIONS

Up to this point in the text, several situations have been de-
scribed with respect to the steel detailer’s ascertaining that
the pieces being detailed can be erected. This involves famil-
iarity with rolling mill and shop tolerances and the clearances
required for erection. Also involved is accuracy in matching
connections such as, for instance, the quantity and location
of holes in a knife connection on a column flange matching the
holes at the end of the beam that will connect to the angles.
Another condition that can cause erection problems occurs
when bent curb plates are shop welded to the top flange of a
spandrel beam which connects to the web of a column. As

the bent plate is notched to fit around the flange of the column,
the piece is awkward to erect. Further, if the plate is expected
to support curtain wall framing within tight tolerances, the
customary combination of rolling mill, fabrication and erec-
tion tolerances may be unacceptable. In this situation, the so-
lution likely would be to field weld the curb plate to the beam
with curved plates top welded to spandrel beams. For addi-
tional guidance, refer to the Manual discussion on Building
Façade Tolerances, page 2-27, and AISC Steel Design Guide
22, Façade Attachments to Steel Frames (Parker, 2008).

In order to erect beams onto seats in column webs, the
steel detailer must remember that the beams are to be low-
ered between the flanges of the column and that other fittings
on the column must provide the required clearance to permit
erection.

OSHA (Occupational Safety and Health Administration)
issues workplace rules. These rules establish the quality and
safety of the work area environment. Such items as lighting,
toxic fume control, dust control, methods of handling mate-
rial, and work practices in the fabrication shop fall under the
regulations of OSHA. Similarly, OSHA has established rules
to which the erector is expected to adhere. These rules are
concerned with such matters as fall protection, minimum
field connections prior to final welding or bolting, protec-
tion from falling through floor openings, design and installa-
tion of temporary railing around edges of floors on multi-
story structures during steel erection, equipment safety, and
material handling. Also, OSHA prescribes minimum require-
ments for industrial stairs, ladders and railings. Fabricators
maintain a volume of OSHA regulations pertinent to their
operations. Code of Federal Regulations Part 1926, Subpart
R—Steel Erection (OSHA, 2001), found in the OSHA regu-
lations, contains requirements with which the steel detailer
should be familiar.
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PRE-CONSTRUCTION CONFERENCE

Frequently, soon after the structural steel fabricating contract
is awarded, a “pre-construction” conference is held between
the fabricator and the general contractor. The purpose of this
meeting is for all parties to meet to review the high points of
the project and the means and methods to be used to bring
the project to a successful conclusion. Thus, the expertise of
each party in the process can be employed at a time when
implementation of economical ideas is possible. The sharing
of ideas and expertise is key to a successful project. Topics
of the meeting might include:

• Schedule
• Lines of communication
• RFI procedures
• Connection design
• Approval procedures
• Erection procedures 
• Coordination with other trades
• Procedures for added cost to the project
• Painted or unpainted steel

Those attending this meeting could include:

• The owner or the owner’s representatives for design
and for construction

• The general contractor’s senior representative, project
manager and estimator

• The fabricator’s senior representative, project manager
and estimator

• The architect and engineer representative
• The Structural Engineer of Record
• The steel detailer
• The erector
• The inspector

Prior to this meeting, an internal meeting has been held
between the fabricator’s sales and production personnel. The
main topics of this meeting are the transferring of pertinent es-
timators’ documents from sales to production, discussing the
contractual high points and reviewing any agreements made
by the sales personnel. If subcontractors are a part of the fab-

ricator’s production team, they usually are present for part of
the meeting. While they are present, the project requirements
are defined and the team forms a plan to complete the project.

The process of obtaining design information and clarifi-
cation will often require initiating a “Request for Information”
(RFI) form, which is a written statement of the fabricator/steel
detailer’s questions. For purpose of expedience, the RFI is
generally transmitted via fax or electronic mail. An example
of an RFI is presented in Figure 5-1, where the problem to
be resolved (beam reactions) is being addressed during the
early stages of the project. In this case, the fabricator’s proj-
ect manager electronically issued the RFI to the owner’s des-
ignated representative for construction, with a copy to the
owner’s designated representative for design. Although the
form in this example is typed, frequently they are hand-
written on prepared forms. In many instances, the RFI process
can be expedited by a simple phone call to the owner’s desig-
nated representative for design, in which case a formal, con-
firming RFI or memo should follow.

Having direct communication between the fabricator/steel
detailer and the owner’s designated representative for design
requires the fabricator/steel detailer to keep the general con-
tractor informed on all matters of design discrepancies and
design drawing interpretations and of issues that may affect
other trades. Some of the steel detailer’s questions may in-
volve sending sketches to the owner’s designated represen-
tative for design to show, for instance, a possible solution to
a problem or to illustrate a framing problem. Such sketches are
sent via electronic mail or fax. Here, too, a phone call alerting
the owner’s designated representative for design that a sketch
is being sent will serve to speed the response. 

Aside from delivery dates for the structural steel, the steel
detailer will be concerned with delivery dates for items to be
embedded in concrete and masonry. These items include, but
are not limited to, column anchor rods, wall anchors for deck-
ing or grating supports (usually angles or channels), embed-
ded plates to which framing angles on beams will be field
welded, and beam bearing plates. Such items are required at
the job site early in the construction schedule, weeks before the
structural steel. Therefore, the steel detailer must prepare the
shop and erection drawings for them immediately.

A sample pre-construction/pre-detailing meeting agenda
has been included at the end of this chapter.

CHAPTER 5

PROJECT SET-UP AND CONTROL

Definition of the detailing conventions that are project specific and should be established when starting a new project.
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PROJECT-SPECIFIC CONNECTIONS

Information on design drawings and specifications regarding
connections appears in a variety of ways. Most commonly a
note will state that connections are to be developed in accor-
dance with the AISC Specification. Such a general note leaves
the fabricator the option to select the types of connections
with which it prefers to work. The various types were dis-
cussed in Chapter 3. Rarely, however, does a design note spec-
ify that the connections must be either bolted or welded,
leaving that choice to the fabricator. In the event that such a
note is on the construction documents and conflicts with the
fabricator’s usual shop operations, the fabricator should re-
quest a change from the owner’s designated representative
for design. When no connection note is given, the AISC Code
of Standard Practice states that the connections are to be in ac-
cordance with the requirements of the AISC Specification.

At the pre-construction conference, one item to be dis-
cussed would be a design note that stipulates that all high-
strength bolted connections are to be slip-critical (SC-type)
connections. The RCSC Specification lists specific situations
where SC-type connections must be used; otherwise, bearing-
type connections are acceptable. The differences between
these two types of connections concern the number of holes
in a connection, the number of bolts in a project, the require-
ment for specified pretensioning and possible shop painting
activities (such as masking field bolt holes).

Parts 9 through 15 of the Manual offer tables of connection
strengths and supporting text to which the steel detailer can
refer. A CD of examples is also provided. These include rein-
forcement of coped beam webs, moment connections, hang-
ers, brackets, beam bearing plates, trusses and other aspects of
connection design. Some of these connections may be com-
plex and require a structural engineer to develop them.

COORDINATION WITH OTHER TRADES

The structural steel detailer usually coordinates his/her ac-
tivities with those supplying the shop drawings for significant
items such as open-web joists, decking and/or miscellaneous
metals (ladders, stairs, etc.). The information is furnished to
the steel detailer by the fabricator and general contractor.
The joist detailer will need to furnish to the structural steel de-
tailer information on location and sizes of joist seat holes
for inclusion in the details of the supporting beams and
columns. Similarly, the detailers of the decking and miscel-
laneous metals connecting to the structural steel are inter-
ested in the types of supports being provided for their
products. Structural beams may require holes in them to sup-
port stairs or ladders. Holes for these kinds of items should be
made the same size as those for structural steel to avoid spe-
cial punching or drilling in the shop. 

When shop drawings of joists, decking and miscellaneous
metals are sent by the respective item suppliers to the owner’s
designated representative for design for approval, a copy
should be sent to the steel detailer to ascertain that connec-
tions match. A variation of this approval procedure may
occur if the fabricator included furnishing one or more prod-
ucts of other trades (such as joists, decking and miscella-
neous metals) in the fabrication price. In this situation the
fabricator may send the shop drawings of these trades for
approval, but the structural steel detailer should receive a
copy of them. Regardless of the approval procedure, the in-
formation from the other trades must be made available to the
steel detailer so as not to delay the preparation of the struc-
tural steel shop drawings.

Other significant items that should be coordinated with
the steel detailer’s work include, but are not limited to:

• Roof and floor openings
• Cladding attachment
• HVAC equipment
• Edge of slab dimensions and details when using bent

plate pour stops
• Deck support at columns with moment connections
• Attachment for wood
• Folding partition supports
• Precast connections
• Framing for mechanical supports
• Placement of shear studs for concrete work

ADVANCE BILL FOR ORDERING MATERIAL

The majority of steel for most contracts is ordered directly
from steel rolling mills. Actual steel fabrication cannot be
started until this material is received at the fabricator’s plant.
The acquisition of all raw material required for a given con-
tract is a responsibility of the fabricator’s purchaser, the per-
son responsible for buying all the material required. Material
may have to be acquired from a number of sources—some
from one or more rolling mills, some from a steel service cen-
ter, and some from the fabricator’s own stock. Before the pur-
chaser can place any orders with suppliers, the steel detailer
must prepare a complete and detailed description of all the
raw material that will be required. Such a list is prepared on
a form variously referred to as an advance bill of material,
an advance bill, a reserve bill, a material list or a preliminary
bill. The terms “advance” and “preliminary” emphasize the
very early stage in a contract when material is ordered.

Ideally, ordering would be postponed until shop details
are made and checked. Then, the required dimensions for
each piece could be taken directly from the shop detail draw-
ings. Unfortunately, this seldom is possible if delivery dates are
to be met. Therefore, ordered lengths must be determined in
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advance. If project specifications state that steel is not to be or-
dered prior to the approval of shop drawings, this fact should
be brought up at the pre-construction conference and the ram-
ifications of an extended fabrication schedule explained.

The precise form and detailed arrangement of these bills
will vary with different fabricating companies. Essentially,
they are similar to the computer generated printout shown in
Figure 5-2. The steel detailer enters information into the com-
puter for each piece of material as it is read from the design
drawings. From that input the computer produces a printed
document (Figure 5-2) showing material listed in groups by
size, weight and length for rolled shapes and by thickness,
width and length for plates. Usually, groups are listed alpha-
betically by nomenclature (C, HSS, L, PL, S, W, etc.) Shape
subgroups are listed in order by size and weight. Plate sub-
groups are listed in order by plate thickness and width.

The printout is used by the purchaser to obtain material.
Referring to Figure 5-2, horizontal rows are numbered consec-
utively for ease in identifying the particular item shown on
any given line. Each line is divided to provide space for the in-
formation furnished by the steel detailer for:

• A statement of the total number of pieces included in
each item.
• A complete description of each required item, giving
dimensions.
• An indication of the amount of extra length to be
provided for trim or finishing, if required.
• Unit and total weights calculated in pounds by the
computer for each line item of material.

Some advance bill forms provide space for remarks and
notes, which are helpful to the order department and the steel
detailer. Refer to Figure 5-2 and note the following points,
which are typical of the practice used in preparation of ad-
vance bills of material:

• The Best Fabricators will furnish fabricated steel for
the DEF High Rise. 

• All W-shapes listed are to meet the specification re-
quirements of ASTM A992 (latest adoption date un-
derstood). The balance of shapes and plates shall meet
the specification requirements of ASTM A36. 

• In some shops, the length allowed for finishing is es-
tablished by the order department. They are guided by
notes such as B2E (bevel two ends), B1E (bevel one
end), by the size of the shape to be finished, by finish-
ing requirements, and by the method used in finishing.
However, some numerical allowances are given in the
guidelines for preparing advance bills (listed later).

Short lengths of same-size/weight shapes are combined
by the purchaser for ordering in lengths available from rolling

mills. From these long lengths the shop will cut the required
pieces. Similarly, plates may be ordered in sizes from which
several smaller plates (of the same thickness) can be shop-
cut. This is termed “ordering in multiples.” The steel detailer
writes the advance bill showing actual lengths of pieces; the
purchasing department performs the multiples function. An
exception is when the steel detailer recognizes that some ma-
terial may be cut as shown in Figures 5-3b and 5-3c. In these
cases, the steel detailer prepares the advance bill by giving
the length of material required to furnish the pieces plus the
kerf. The kerf is the width of material removed during the
cutting process and depends upon the equipment used. The
steel detailer should obtain this dimension from the fabricator. 

The purchasing department may consist of one or more
individuals whose function is to purchase raw structural steel
and any other items (paint, bolts and nuts, washers, bronze
bearings, etc.) needed to complete a project. Some fabrica-
tors may split the purchasing function among individuals in 
the shop office and in the estimating department.

A copy of the purchase order is made available to the shop
office. A copy of the computer-printed advance bills is re-
tained in the drafting department. A copy of the printout is
sent to the estimating department to compare the estimated
weight with the weight of ordered material. This comparison
provides a check on the steel detailer’s understanding of the
scope of work and the accuracy of the estimate.

Ditto marks are not used in the preparation of an advance
bill. In listings of this type, each item should be described
completely, independently of all other items. Ditto marks are
not used because at some future time a particular item may be
changed by a revision. Also, a carelessly made ditto mark
may be mistaken for the numeral “11.”

Each piece of raw material will be marked with the fabri-
cator’s order number when it is shipped from the rolling mill.
Upon arrival at the fabricator’s plant, it will be checked against
a copy of the purchase order. Also, it will be sorted for easy ac-
cess and placed in the incoming storage yard.

An important function of the steel detailer is to ensure that
each piece billed on the shop drawing has been ordered or 
is available from shop stock. Fabricators have developed sys-
tems through use of the computer to have material obtained 
for the project “applied” to each line of material billed on the
shop drawing. When the shop drawing is sent to the shop for
fabrication, a clerk copies the contents of the shop bill into
the computer. The input is matched to data existing in the
computer, identifying each line of material on the advance
bill with a source identification—mill item number, shop
stock or a steel service center item number. Thus, a separate
computer-generated shop bill is produced that provides the
information the shop needs to apply the correct material to
the shop drawings.

When the advance bill is prepared, the steel detailer must
exercise extreme care to ensure the correct placement and
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clarity of each entry on the form. This is done in strict confor-
mance with computer program requirements. As neither the
computer operator nor the computer is expected to interpret
unclear or dubious information, the steel detailer is solely re-
sponsible for the clarity and correctness of the advance bills.

ADVANCE BILL PREPARATION

The preparation of advance bills to permit efficient ordering
of material requires an experienced steel detailer, thoroughly
grounded in structural detailing, familiar with mill practices
and conversant with specialties that often become part of
structural steel contracts. As avoiding waste is extremely im-
portant if savings are to be realized, material must be ordered
economically and accurately. Before advance bills are sub-
mitted for processing, they should be checked by an experi-
enced checker.

Material that must be shipped in advance, such as anchor
rods, leveling plates, base plates, etc., should be ordered at

the earliest possible date. Some fabricators require that the
advance bills for this type of material be labeled “Advance
Shipment.” Similarly, items that must be purchased for as-
sembly with a shipping piece must be expedited so as not to
delay a shipment of fabricated pieces.

Finishing requirements for base plates are given in AISC
Specification Section M2.8. Base plates not greater than 2 in.
thick need not be milled if satisfactory contact in bearing 
can be achieved. Where this condition cannot be realized and
for thicker plates, Table 14-1 in the Manual, Part 14 lists the
various finish allowances required. When preparing advance
bills for base plates, the size ordered includes the finished
thickness with the finish allowance noted. For purposes of
economy, if permitted by the owner’s designated representa-
tive for design, base plates should be ordered in as few widths
and thicknesses as possible.

If a project has no divisions or shipping sequences, ad-
vance bills may be numbered thus: 1, 2, 3, etc. On the other
hand if the project has numerical divisions (or shipping se-
quences), such as Division 1, Division 2, etc., number the ad-
vance bill pages thus: 101, 102, 103, etc., in Division 1; 201,
202, 203, etc., in Division 2; 301, 302, 303, etc., in Division
3, etc. Different fabricators may have variations of this system.

Listed next is a set of guidelines. These guidelines (or a
variation of them) are employed by fabricators when ordering
material. Although fabricators maintain their own require-
ments for cutting and finishing allowances, the numbers given
are representative of the amount of allowances preferred.
Nevertheless, the steel detailer should ascertain the fabricator’s
specific requirements. Whether the steel detailer shows the
allowance at the time the advance bill is written or the al-
lowance is applied by the fabricator’s purchasing department
depends upon the preference of the fabricator.

Columns

• Wide flange shapes are ordered to match the detailed
length plus a finish allowance. The amount of the al-
lowance depends on the fabricator’s practice and the
available equipment. As straightness is desired in W-
shapes used as columns, the application of mill tolerance
for column straightness is limited to sections that have
approximately the same depth as flange width. Table
1-22 in the Manual, Part 1 lists tolerances for camber
and sweep. The sections to which the limited tolerances
apply are given at the bottom of the table. If straightness
is critical for sections not included in the “limited toler-
ance” group, the steel detailer will need to note the shop
drawing for maximum sweep and camber permitted.

• Welded column flange plates are ordered to the thickness
specified on the design with 11/4-in. allowance on the
length for trim or finish.

• Web plates for welded columns are ordered with an 
allowance for trim on the width and with a 11/4-in. 
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allowance on the detailed length for trim or finish. Both
edges of the web plate must be trimmed. Therefore,
web plates are to be ordered detailed (net trimmed) 
with allowances for mill camber. Although mill cam-
ber may vary from 8 in. to 1/4 in. for each 5 ft of plate
length, or fraction thereof, for ordering purposes gener-
ally only 50% of this amount is to be used. Allowances
should be determined to permit trimming at least 1/4 in.
from each edge.

• Avoid making multi-story building columns in one-
story lengths and, thus, creating unnecessary splices.
The customary multi-story building columns are fabri-
cated in two-story lengths. Generally, this column length
falls within the restrictions of OSHA, which limit the
height above which workers require permanent or tem-
porary deck installed on a lower level in order for erec-
tion of steel on higher levels to proceed. Columns for
three-story buildings often are fabricated in one piece.
However, the erector must lay deck on at least one of the
first two floors before erecting steel at the roof level.

Welded Girders

• Web and flange plates should be ordered to detailed
length with 11/4-in. allowance added for trim or finish.

• Web plates must have both edges trimmed. They are to
be ordered detailed (net trimmed) width for mill camber
plus camber required, if any, in the finished member.
Although mill camber may vary from 1/8 in. to 1/4 in.
for each 5 ft of plate length, or fraction thereof, for or-
dering purposes generally only 50% of this amount is to
be used. Allowances should be determined to permit
trimming at least 1/4 in. from each edge.

• When ordering web plates for cambered girders, in-
crease width and length to account for the manner in
which the plate girder will be produced. 

Trusses

• For welded chord sections, web and flange plates should
be ordered to detailed length with a 11/4-in. allowance
added for trim or finish. 

• Web plates must have both edges trimmed. They are 
to be ordered detailed (net trimmed) with allowances
for mill camber. Although mill camber may vary from
8 in. to 1/4 in. for each 5 ft of plate length, or fraction
thereof, for ordering purposes generally only 50% of
this amount is to be used. Allowances should be deter-
mined to permit trimming at least 1/4 in. from each edge.

• Members for the truss web should be ordered to de-
tailed length using joint layouts.

• From a layout of the truss joints, the steel detailer can 
determine with a fair degree of accuracy the sizes of
the gusset plates to order by scaling the dimensions of
the plates.

Beams, Purlins and Girts

• Order lengths of structural shapes that do not require
finishing to the nearest 1/4 in.

• Depending upon the practices and preferences of the
fabricator, lengths of beams and channels having 
shop-attached framing angles and framing to beams 
or channels are determined by deducting from the 
center-to-center of supports:
(a) 3/4 in. for ends framing to webs 5/8 in. or less in

thickness,
(b) 1 in. for ends framing to webs over 5/8 in. in thick-

ness.
• Depending upon the practices and preferences of the

fabricator, beams and channels framing between
columns or welded girders having shop-attached fram-
ing angles are ordered 7/8 in. to 11/16 in. less than the
distance face-to-face of supporting steel, providing 
such framing can be erected. Lengths so obtained are
rounded off to the nearest 1/4 in.

• Beams and channels beveled at ends should be ordered
with 1/2-in. trim for each beveled end (Figure 5-3a).

• Short beams and channels with beveled ends may be
ordered in multiple lengths and flame cut or sawed 
to length in the shop. The steel detailer should consult
with the fabricator. Members that are ordered in multi-
ple lengths should have allowances added for the width
of the kerf (Figure 5-3b).

• When design permits, continuous lines of beams or
channels, such as purlins resting on top chords of trusses
or crane runway beams resting on brackets or tops of
crane columns, should be ordered 1 in. less than the
distance center-to-center of trusses or columns.

• Provided building joints are flashed, eave struts and girts
forming window headers and sills should be ordered 1 in.
less than the center-to-center of the columns. Where the
joints are not flashed, the exposed material should be
detailed and ordered with not more than 1/8-in. joint
opening. Provide 3/4-in. trim when ordering.

• Trolley and monorail beams, where wheel or trolley
rests directly on the flange of the beams, should be or-
dered center-to-center of support with 3/4 in. allowed
for finishing. Finished lengths should provide 1/16-in.
clearance at splices.

• Generally, angles and tees used as purlins or girts should
be ordered in the same manner as beams and channels.

• At moment connections where beam flanges are to be
field welded to the column, the steel detailer should
consult with the fabricator for the amount of trim re-
quired to fabricate the prepared ends of the flanges.

• Beams with ends made square for field weld prepara-
tion or for the attachment of shear end- plates must be
ordered similar to columns to allow for the finishing
of the beam ends.
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Detail Material

• If reasonably correct lengths of angles, bars, plates or
rolled shapes cannot be determined prior to preparing
the advance bill, estimate the total requirement, includ-
ing trim and kerf allowances. On the advance bill list
sufficient stock lengths to make up the total required.
Based on what material is available in shop stock, the
fabricator will order what is required to complete the
project. To use some of the shop stock available, the
fabricator may request the steel detailer to verify if
specific detail material substitutions are permitted. This
is one type of situation in which the steel detailer would
issue an RFI. 

• If worthwhile savings are possible, material having one
square end and one diagonal end cut should be nested in
pairs, each such pair to be considered as one detail piece
for ordering. On the advance bill show a sketch with
the note “1 cuts 2” (Figure 5-3c). Detail pieces having
both ends cut diagonally should be treated similarly.

Pipe

• Pipe for structural uses is ordered to nominal diameter
specified as “standard,” “extra strong” or “double extra
strong” and to ASTM Specification A53.

• Advance bills for pipe must show the specifications to
which it is to be ordered.

• When requirements will permit, order pipe in linear
feet and specify “random lengths.” Single random
lengths will range between 16 and 22 ft, but manufac-
turers retain the right to furnish a small percentage 6 to
12 ft long.

• With regard to ends, standard pipe should be specified
as follows: threaded ends with couplings, threaded ends
without couplings, plain ends or plain ends beveled for
welding.

• Manual Part 1 contains tables of selected sizes of pipe—
those most often encountered in the structural steel fab-
ricating industry. 

• Pipes used as columns with finished ends are ordered
similar to wide flange columns.

HSS Products

HSS products come in round, square and rectangular shapes.
Round HSS products differ from pipe in that the nominal
size is virtually the same as the actual outside diameter.
Because of the great variety of available sizes, shapes, sur-
face finishes, material specifications and tolerances, the steel
detailer should consult the Manual, page 1-5, before order-
ing. Finishing allowances must be used similar to wide flange
columns.

Rails and Accessories

Rails for crane runways are illustrated and discussed with
their accessories (splice bars, fastenings and clamps) in AISC
Manual Parts 1 and 15. To order these products, the steel de-
tailer should consult the catalogs of manufacturers.

Miscellaneous Items

Fasteners, such as studs, adhesive anchors, expansion bolts
and other similar anchoring devices, are usually ordered on an
advance bill listing a vendor’s catalog number, quantities and
other pertinent information required. Similarly, the steel de-
tailer must order on an advance bill chains, clevises, turn-
buckles, rods, special bolts and washers, slide bearings and
any other items included in the fabricated steel contract. As
with fasteners, the steel detailer will require vendors’ cata-
logs for use in properly ordering these items. Where necessary
for clarification, the steel detailer will be expected to furnish
sketches of such items to facilitate their purchase.

Rolling and Bending

When ordering material to be bent during fabrication, the
steel detailer will usually have to add an allowance, called a
crop, to facilitate rolling. This will give the shop some latitude
in locating the bend and will permit final trimming to secure
the proper length or shape of the piece after rolling. Consult
with the fabricator to ascertain how much allowance is pre-
ferred. The ordered lengths of rolled material are to be based
on center-of-gravity lengths except angles, which are ordered
using dimensions on their backs. 

If at all possible, bent plates should be ordered such that
bend lines will be perpendicular to the direction of rolling.
The width of the plate written on the advance bill will be con-
sidered the dimension perpendicular to rolling. 

When providing framing connections for skewed beams,
fabricators generally can bend angles to a skew up to A�3
in Figure 5-3d. However, rolled angles will tend to bend about
the root of the fillet, which produces a significant jog in the leg
alignment. Therefore, the recommended practice is to bend
angles to a skew up to A�1. For greater skews, consider using
bent plates or a shear end-plate connection described in
Chapter 3. If bent plates are used, every effort should be taken
to ascertain that the bend line is perpendicular to the direc-
tion of mill rolling.

Architecturally Exposed Structural Steel (AESS)

All material to be fabricated as Architecturally Exposed
Structural Steel must be identified on the advance bills of ma-
terial as AESS. This alerts all material suppliers that the steel
must be produced, handled and shipped according to special
rules to protect its appearance.
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As far as practicable in the time allowed for ordering ma-
terial, the lengths required and the allowances for trim and
finish should appear on the advance bills. This is especially im-
portant for material critical to the project schedule (i.e.,
columns, beams, trusses, purlins, girts) and for work that is du-
plicated extensively. However, on rush jobs and when ad-
vance bills must be released before exact sizes of material
less critical to the project schedule can be determined by lay-
outs or final details, such material must be ordered to sufficient
length or size to cover probable requirements. For example,
bracing angles may be ordered center-to-center of work points
with a deduction to account for probable connection details.
As soon as actual sizes are determined, the steel detailer should
ascertain the status of such material ordered and issue a change
order if possible.

REFERENCES

Lists of the various construction industry organizations for
materials and contractor groups may be found on the AISC
Internet web site www.aisc.org.

DETAILING KICK-OFF MEETING 
SAMPLE AGENDA

At the beginning of a project, it is advantageous to hold a
meeting with various members of the construction team. The
purpose of this meeting is to establish guidelines and rules
for the development of the project throughout detailing, fab-
rication and erection. The detailer must take direction from
the customer (which is typically a fabricator). However, the de-
tailer will need to take into consideration the work of other
trades and incorporate certain details into the drawings with
the permission of the detailer’s customer. There are often sev-
eral issues to resolve at the beginning of a project, and it is not
necessarily the detailer’s responsibility to decide upon a course
of action for each particular issue. Moreover, the detailer will
provide suggestions and comments to aid in the development
of the project and the fabricator, erector, contractor or owner
will provide direction. Here is a generic outline of the topics that
may be discussed at such a meeting.

I. CONTRACT DOCUMENT REVIEW AND GEN-
ERAL PROJECT OVERVIEW
A. Establish the most current set of contract documents

and confirm that all parties are working with this
set.

B. Clarify scope if required. 
1. Delineate between structural steel and miscella-

neous steel.

2. Confirm who is responsible for interface items
such as embedment plates that support elevator
beams, bolts that connect joists to structural
trusses, connection angles that support metal pan
stair stringers, and so on.

C. Identify areas of concern such as critical tolerances
(AISC and ACI), construction phasing, coordina-
tion with other trades, etc.

D. Provide and discuss preliminary layouts showing
the sequencing system to be used. This should in-
clude the lines of demarcation between sequences
and the piece-marking system. The sequencing
needs to be reviewed by the general contractor and
erector for access and coordination with other
trades.

E. Confirm which codes and specifications and design
methodology are applicable (ASD, LRFD, IBC,
NFPA, city codes, etc.).

F. Discuss any special concerns such as material
grades, anchor rod grades, shop and field welding
requirements, painting, bolt tensioning, connections
for light gage girts and so on.

G. Identify which areas of the structure are to be re-
designed, if applicable.

H. Identify delegated design items such as handrails,
metal stairs, elevator machine room framing, etc.

I. Review OSHA requirements and incorporate de-
tails required for OSHA conformance, such as
perimeter cable supports and guy line connections.

J. In projects involving remodeling work, identify the
schedule for field measuring and exploratory dem-
olition, and the responsible party.

II. DETAILING PROGRAM AND COORDINATION 
ISSUES
A. Discuss detailing methodology to be used.

1. Discuss fabrication and bolting method to be
used.

2. The detailer should be provided with the fabrica-
tor’s and erector’s standard details.

3. Bolt diameters and grades and hole size should be
provided in the contract documents. However,
the detailer and fabricator should review this
matter for a number of reasons.
a. Select bolt diameters and grades to suit the

loads when connections are to be designed
by the fabricator.

b. Maintain a 1/4-in. difference in diameters to
avoid installing an undersized bolt in a joint,
where possible.
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c. Try to maintain one bolt grade if feasible.
In any event, do not use two different
grades of bolts with the same diameter.

4. The entering clearances for tension control bolts
and regular bolts are different and must be con-
sidered by the detailer.

5. Confirm which joints are to be designed by the
fabricator and which methods of design are ac-
ceptable (i.e., elastic method or uniform force
method).

6. Simple framed connections may be presented in
table format.

7. Oversized and slotted holes may be used with
the permission of the engineer. Although using
such holes provides adjustability on the struc-
ture, having too much adjustability can cause
difficulties for the erector. 

B. Propose alternate details where applicable.
1. Review connection details that may be problem-

atic for erection, such as framing angles welded
to a beam web and connects to column webs at
both ends, and explore alternate details.

2. Some shops prefer to bolt detail pieces to main
members whereas other shops prefer to weld.
The engineer must approve switching from one
method of attachment to the other.

C. Discuss any information that may be missing or
ambiguous in the contract documents. Refer to Part
3 of the AISC Code of Standard Practice. And
CASE Document 962D, A Guideline Addressing
Coordination and Completeness of Structural
Construction Documents.
1. Member loads, dimensions and elevations.
2. The location and extent of section cuts and de-

tails.
3. Areas that are to be painted and the finish that

is required.
4. Areas that are to be fireproofed in the field and

are to be left, therefore, unpainted.
D. Review the location of member splices for con-

structability. Splices in trusses must be located such
that the shop and site cranes are able to manage the
weights of the pieces. Columns splices need to be lo-
cated such that bolt access is possible from the floor
level and so that a safety cable may be installed on
the perimeter column being spliced (Ref. OSHA,
Subpart R).

E. Determine if erection aids are required such as lift-
ing lugs and temporary connections. Establish the
size and location of lifting holes.

F. Confirm what sorts of details are required to ac-
commodate other trades such as beam penetrations

and supporting frames for roof equipment. If this
information is not immediately available at the time:
1. Provide the owner with dates for the release of

the required information such that detailing is
not affected. 

2. Ask if it is possible to assume “safe” locations
with available dimensions and details. Proceeding
on this basis would be carried out at the risk of
the general contractor/owner in the event that
the final details are different than the as directed
details.

G. Discuss the advance bill of material (ABM) with
the fabricator.
1. Develop a schedule for submitting the ABM’s

for material procurement.
2. Confirm what information needs to be provided on

the ABM other than the material size and length
(i.e., mill certificate requirement, Charpy testing,
domestic material requirements, etc.)

III. COMMUNICATION
A. Set up an RFI system that complies with any RFI re-

quirements outlined in the general contract  provi-
sions. It is helpful to include a numbering scheme
that identifies the trade and company and a distribu-
tion list. Identifying the company can be accom-
plished by including the initials of the company
name in the RFI number. The detailer must keep an
accurate log of RFI status.

B. Request that direct contact be permitted between
the fabricator/detailer and the owner’s designated
representative for design. Official documentation
should follow any such communications for record
purposes.

C. Request that an advance courtesy copy of the ap-
proval drawings may be sent to the owner’s desig-
nated representative for design to help speed up the
approval process.

D. Establish a regular schedule for meetings and/or
conference calls, and determine who must partici-
pate.

E. Identify a person at the general contractor’s office
who will receive calls from serve as the primary
contact with the steel subcontractor. An alternate
contact should be established in case first contact
person cannot be reached. 

IV. DETAILING SUBMITTAL SCHEDULE
A. Determine how many prints and reproducible draw-

ings are required for approval and for field use.
B. Connection designs are to be submitted well in ad-

vance of the detail drawings so that the detailer can

5-10 • Detailing for Steel Construction

CHAPTER 5

Detailing_CH05  6/2/09  8:19 AM  Page 10



produce detail drawings with approved connection
designs. 

C. Provide a detailing submittal schedule.
1. Submittals should contain complete sequences.
2. The AISC Code of Standard Practice stipulates

that the fabricator is to allow 14 calendar days
for the return of drawing submittals.

D. If schedule-critical areas exist on the project, the
contractor should identify such areas for the owner’s
designated representative for design by the con-
tractor. An accelerated turn around should be re-
quested for the applicable drawings. It is 
impractical to expect a quick return of all submit-
tals, so good judgment must be used when request-
ing such.

V. CHANGES TO THE CONTRACT
A. Determine how changes are to be dealt with

1. The owner must decide whether changes are to
be incorporated immediately or if cost and sched-
ule impacts are to be provided to the owner for
review before proceeding.

2. In the event that the owner wants to review cost
and schedule impacts before deciding whether
to proceed with a change or not, supply dates by
which a decision must be made so that the work
is not affected further.

3. Review procedures for notifying the fabricator
when design revisions are made on approval of
shop drawings.

4. Some contracts contain unit prices for various
changes. Determine if the changes in hand fit
into a unit price category or not. (Changes to the
scope that are based on unit prices must be made
in a timely manner on the part of the owner.)

5. In any event, the detailer shall take direction from
the customer regarding the incorporation of
changes. 

B. Depending on the number of changes, it may be
necessary for the detailer to maintain and distrib-
ute a “hold list.” This list will include the piece
mark, quantity of pieces, current status of the piece
(not drawn, at approval, in the shop), the date the
pieces were put on hold, why the pieces were put on
hold, the erection sequence, and a release date.

C. Shop drawings that are revised or produced in re-
sponse to a change should contain information that
provides the source of the change (e.g., RFI num-
ber, drawing release number, customer request,
etc.). This can be accomplished by providing ei-
ther a brief description or a code in the revision
box on the applicable drawing. The detailer should

also keep a log of these drawings with summary
information for record and management purposes.

VI. QUALITY CONTROL/NONCONFORMANCE 
ISSUES
A. Review the shop and field inspection requirements.

Any alternate details should be selected in light of
the inspection requirements so as not to add extra in-
spection work.

B. Destructive testing of bolts is sometimes required.
Generally the number of bolts tested is small.
However, in the event that the destructive testing
becomes exhaustive, the number of bolts to be tested
must be incorporated into the bolt lists provided by
the detailer. This is normally handled by adding a
certain percentage to the bolt quantity.

C. Charpy V-notch testing, when required, should be
noted on the advance bill of material (ABM).

D. Corrective modifications made to pieces either in
the shop or in the field will require a drawing.
1. Shop rework can be handled by revising a shop

drawing and issuing it to the shop.
2. Field modifications require a fieldwork draw-

ing, which is normally labeled “FW-XXX.” This
drawing should provide complete and clear in-
structions to the erector on the modifications to
be made

3. Both types of drawings should provide a refer-
ence to the source of the rework (contract change,
nonconformance number, customer request, etc.).
This can be accomplished by providing either a
brief description or a code in the revision box
on the applicable drawing. The detailer should
also keep a log of these drawings with summary
information for record and management pur-
poses. These drawings are also required in order
to furnish the owner with a complete set of as-
built drawings.

4. Revise the hold list to incorporate nonconfor-
mances.

E. A “punch list” will be developed and maintained
by the inspector and will be distributed to the 
affected parties. Items contained in the punch list
may address misfits, un-tensioned bolts, mislocated
holes, nonconforming welds and so on. Accordingly,
certain items will require action on the part of the 
detailer, while other items will not. 

Upon the conclusion of the detailing kick-off meeting, a 
set of meeting minutes shall be prepared, usually by the gen-
eral contractor or construction manager, and distributed to all 
parties.
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ERECTION DRAWINGS

The location of every shipping piece (individual member or
subassembly of members shipped as a unit) must be shown
on a drawing so that the steel frame can be erected quickly
and accurately. The purpose of an erection drawing (defined
by the AISC Code of Standard Practice as “Field-installation
or member-placement drawings that are prepared by the
Fabricator to show the location and attachment of individ-
ual shipping pieces”) is to allow the erector to locate the
size and length of a member, its piece mark and its position
within the erection sequence. In addition, computer models
or computer-generated isometric drawings are sometimes
provided to give the erector a three-dimensional representa-
tion of the erected structure. For this purpose a set of erec-
tion drawings is created, such as is illustrated in Figures
6-1a and 6-1b. These drawings consist of line diagrams rep-
resenting framing in plan, elevation, section, etc., to which
principal dimensions, erection marks, notes and, when re-
quired, enlarged details, bolt installation requirements and
field welding requirements are added.

The erection drawings show each separate piece or sub-
assembly of pieces with their assigned shipping or erection
mark to identify and locate them in the framework. The erec-
tion drawings show the sizes of members and give sufficient
information so that the erector can assemble the structure eas-
ily and will not have to study the shop drawings to any great
extent to determine how members frame together. Usually,
the numerical identification of erection drawings is prefaced
with E, such as E1, E2, E101, E302, etc. The drawings pre-
pared by steel detailers for use by the erector are not intended
to show the erection scheme, schedule, rigging devices, tem-
porary supports, safety devices and such other material and
equipment required to erect the structure.

Included among the several erection drawings on a proj-
ect are an anchor rod plan and, when necessary, a grillage
plan and an embedment plan. The AISC Code of Standard
Practice refers to these drawings as “embedment drawings”
and defines them as “Drawings that show the location and
placement of items that are installed to receive structural
steel.” The three types of drawings may be combined into one
drawing. These drawings show steelwork that must be set in
concrete and masonry prior to the erection of the steel frame.
Often the anchor rods and embedded items are “deliver only”
items for the fabricator. The concrete and masonry contractors
require these drawings early in the project. To differentiate

these drawings from those for the structural frame, some fab-
ricators preface the drawing numbers with AR, such as AR1,
AR2, etc. Other fabricators may refer to these drawings as
embedment plans and preface the drawing number with EB.
Still other fabricators have different yet similar practices.

Each plan is described as follows:

• The anchor rod plan locates all cast-in-place anchor
rods, which will hold the steel frame to the foundations,
and loose base plates. 

• The grillage plan locates the position of grillages embed-
ded in concrete foundations for steel columns. A grillage
is a tier of closely spaced beams connected to each other
to support a heavily loaded column. When more than
one tier is required to support a column, additional tiers
are laid across and connected to the tier below.

• The embedment plan locates steel plates and shapes in
cast-in-place concrete and masonry walls to which struc-
tural steel eventually will be attached. Also, it may in-
clude the location of embedded plates or shapes to
support metal deck, joists, grating, etc., depending on the
fabricator’s scope of work.

To save time, reproductions of the drawings made by the
owner’s designated representative for design are sometimes
used as erection drawings, but only when permission to do so
has been obtained in accordance with the requirements in AISC
Code of Standard Practice Section 4.3. However, these draw-
ings are generally not used for anchor rod, grillage or other
embedment drawings. The practice of using reproductions
should be limited to those drawings that print clearly, are to
an adequate scale, are free of confusing and extraneous infor-
mation, show the extent of individual shipping pieces by line
breaks, and do not identify the originating design organiza-
tion. Information not required for the fabrication or erection of
the structural steel must be removed from the drawings.

The preparation of erection drawings should precede the 
detailing work. This helps to ensure that all required infor-
mation is available. When a set of erection drawings is avail-
able at the start of a job, subsequent detailing group operations
are made easier. When several members of the detailing 
group are involved in the preparation of shop drawings, a set
of erection drawings can be used by the detailing group as a
“mark-off” set. Such a set requires steel detailers to highlight
each piece on the drawings as the corresponding detail is
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completed. In this way the drafting project leader is able to
monitor and report the progress of the detailing work to the
fabricator. 

When using a 3-D modeling program, a different system of
preparing erection drawings is required as these drawings are
an output of the database. Preliminary drawings must be plot-
ted and checked for database accuracy. Erection drawings are
produced after the 3-D model is complete, and the computer
will often produce erection drawings with final marks. Field
details are embellished sections and enlarged drawings of the
database that give direction to the erector.

Generally, material provided by others that is to be in-
stalled on or attached to the steel frame is not shown on the
erection drawings. Holes and cuts required by other trades
are not provided unless required by the contract drawings 
and specifications (see AISC Code of Standard Practice
Section 7.15).

The erection drawings show the areas into which the struc-
ture is divided for shipping and erection purposes (divisions
or sequences). This permits scheduling delivery of the pieces
required for each section to predetermined locations at the
building site without unnecessary re-handling. Such advance
planning ensures that raw material orders and shop details
will be prepared in a sequence that will fit into an overall fab-
rication program planned to meet the required job delivery
and erection schedules. 

Some fabricators require that a general arrangement sheet,
numbered A1, be prepared, especially for large projects.
Initially, it will depict the general configuration of the struc-
ture and show column grid lines and column splices. This
sheet will then be used by interested parties for divisioning, or
sequencing, the structure. Copies of the completed sheet are
issued to the shop for reference and issued to all concerned as
a work guide.

Guidelines

The steel detailer may find the following “rules of thumb”
useful in preparing erection drawings:

• Anchor rod, grillage and embedment plans and erec-
tion drawings usually are made to 1/8-in. scale. Details
and sketches on the drawings are made to a larger scale
suitable for clearly showing the required information. 

• When anchor rod plans must show other cast-in-
concrete members such as sill angles, pipe sleeves,
trench angles, machinery foundation steel, etc., the 
information must be kept clear and uncomplicated for
the concrete workers.

• Various types of erection drawings for the structural
frame include floor plans, framing plans, roof plans,
side and end elevations, bottom chord bracing plans,
and crane runway plans and should include drawings
of required sections and details.

• The compass north and project north should be shown
on all plans. Preferably, the north arrow should be ori-
ented in the same direction as shown on the design
drawings.

• On an elevation view or building section, note the direc-
tion viewed (such as “Elevation Looking East”). Where
sections cut along specific column lines or rows, these
lines of rows should be stated (such as “Elevation along
Line B”)

• When the shop drawings or clearances require a cer-
tain sequence of erection, the erection drawings must 
indicate the procedure required.

• The erector should be able to erect structural steel mem-
bers without temporarily shifting supporting members
from their final positions in the structure. If this is im-
possible, place a note on the erection drawing calling 
the erector’s attention to this situation.

• When the finished appearance of a structure (or por-
tion of a structure) is under consideration, placing the
field bolt heads on the exposed side may be required. In
this case place a conspicuous note on the erection draw-
ing to describe the locations of such bolts.

• In situations requiring field adjustment of members, on
the erection drawings clearly show the method of adjust-
ment and final location of the member.

• Members that are fabricated as Architecturally Exposed
Structural Steel (AESS) must be identified on the erec-
tion drawings.

• Line work representing framing should be shown with
heavy lines, the weight of which should contrast
markedly with center and dimension lines. Leave a small
space between the end of a beam and the member to
which it frames to indicate they are separate members. 

• When placing marks on the erection drawings, the mark
should be placed on the end of the member correspon-
ding to the marked end on the shop drawing.

• Instructions for making field connections, either by
bolting or welding, must be given.

• If required, the starting point of erection should be shown.
• Members that are asymmetrical, such as angles and

channels, should be shown or noted as to which way
they are oriented. See Figure 6-8a.

• When locating channel members on an erection draw-
ing, the dimensions should be given to the back of the
channel, not to the centerline of the channel web.

• Erection drawings should be complete enough for the
erector to assemble the structure without undue pon-
dering or calls for assistance.

• To the greatest extent possible, sections and line eleva-
tions should be cut looking in the same directions.

• General Notes should indicate elevation of top of steel,
grade of steel, type of field welding and field bolting
and washer criteria.
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Special Instructions for Mill (Industrial) Buildings

On mill building work, the following information should also
be shown on the erection drawings:

• Typical cross-section of the building with general di-
mensions including height to top of crane rails, height
to bottom of roof trusses, crane clearances, etc. Include
the cross-section of crane runway girders indicating 
position of walk plates with respect to girder flanges.

• Cross-section of roof showing purlin spacing.
• Girt spacing including locations and sizes of wall open-

ings for windows, louvers, exhaust fans, etc.
• In-to-in of door jambs and height to headers. Locate

door openings with respect to columns.
• Show which way bracing shapes turn.
• On stairs and platforms, show which way stringers turn,

if shipped knocked down. Locate stairs and platforms in
plan with respect to columns.

Special Instructions for Tier Buildings

On tier building work, the following information should also
be shown on the erection drawings:

• Except for isolated members, the elevation of the top
of steel (TOS) of each floor is given by a general note
such as: ELEVATION TOS � 62’-3 UNLESS NOTED.
Exceptions are indicated by giving the top-of-steel 
distance above (�) or below (�) the stated elevation
such as: W18�50 (�2) or W12�40 (�31/2). If these
beams are members in the floor at elevation 62’-3,
the elevations of their tops are 62’-5 and 61’-111/2,
respectively.

• No ditto signs should be used on floor plans; all sizes
(and elevations, if necessary) must be repeated. This
eliminates potential problems in the event a design re-
vision causes a ditto-noted member to be changed or
eliminated, or a differently sized member to be inserted
between two ditto-noted members.

Method of Giving Field Instructions

The following is information for the steel detailer to apply to
erection drawings so that all parties involved in the project
will know how the connections are made. This information
appears under the “General Notes” section of the first erection
drawing (E1, E101). Succeeding erection drawings may either
refer to the notes on the initial drawing or repeat the notes.
If the drawing represents a different phase of construction,
the notes should be repeated.

Bolting

When field connections are to be bolted, the instructions that
the detailing group must furnish to the erector are relatively
simple. The number and location of fasteners required for

each connection is obvious from the open holes provided to re-
ceive them.

High-strength bolts must be identified by size, specifica-
tion and type such as: 3/4”φ A325-N. If exceptions to the bolt
identification are to be found on the project, the notation UN
(Unless Noted) is placed behind the type designation. Then,
locations on the project where the General Notes do not apply
are called out to show the identification of the bolts to be
used there. For instance, the General Note may read: “Bolts
to be 3/4”φ A325-N, in snug-tightened connections, UN.”
Perhaps, certain connections on the project are required to
be slip-critical with 7/8”φ A325 bolts. On the erection draw-
ings, where they are required, the slip-critical connections
would then be noted: “7/8”φ A325-SC bolts.” Other excep-
tions to the general bolt note may include connections using
A490 bolts. Remember: if different grades of bolts are used
on the same structure, they should be of different diameters.
Otherwise, clearly and boldly mark all exceptions.

If the project requires the use of high-strength bolts in
bearing with threads excluded from the shear plane, a detail
such as shown in Figure 7-1 of the Manual must be given
on the erection drawings. The steel detailer is referred to
Chapter 3 of this text for additional information regarding
“X-type” connections. 

A situation that should be avoided to the greatest extent
possible is one in which bolts must be installed in a particu-
lar sequence in a connection. When necessary, the sequence 
of installation must be given on the erection drawing.

In addition to the foregoing, the bolting instructions must 
address the use of galvanized bolts, nuts and washers, if any
are required on the project. Also, the instructions must note the
method of installation for high-strength bolts (e.g., snug tight-
ened or pretensioned); the required installation method for
pretensioned, if applicable (e.g., turn-of-nut, calibrated wrench,
TC bolt, or DTI); and the requirements for washers (e.g.,
hardened, plate, or beveled), if required. 

Welding

Instructions on the field weld size and location are conveyed
to the field by means of weld symbols, notes and details show-
ing the required work. By systemizing the manner of present-
ing this information, the number and complexity of details
can be kept to a minimum, yet provide complete information. 

The information on field welds must be made available to
the owner’s designated representative for design at the same
time that drawings are submitted for approval. Hence, prepar-
ing field weld details in advance is necessary. These details
should be on erection drawings at the time they are submitted
for approval with the shop drawings. For example, if a shop
drawing shows a beam end prepared for field welding, the
approver needs to know what kind of weld is intended.

To cover the field welding required for a beam seated in a
column web, a drawing similar to that shown in Figure 6-2
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would be sufficient. In this case, the detail and welding sym-
bols show the size, type and extent of field welding of the top
clip angle. Note that the length of weld is not given because
the full length of the top angle is to be welded. However, if this
is not the case, information must be given concerning the
length of field weld required. The classification of the weld-
ing electrode is shown in the General Notes on the first erec-
tion drawing.

Figure A6-3 in Appendix A is a shop detail drawing of a
tier building column D4(0-2) with all fittings shop welded.
These details are representative of a commonly used mo-
ment connection whereby the web of the beam is field bolted
with high-strength bolts to a single-plate on the column and
the flanges are field welded to the column. The Manual, Part
12 provides an illustration of this type of moment connec-
tion. A variation of this type of connection is one in which the
single plate is field welded to the beam web. To hold the
beam in position while welding, two bolts are used to connect
the beam web to the plate.

To facilitate erecting the beam and field welding the beam
flanges to the column web, a stub is fabricated between the col-
umn flanges. The stub consists of a pair of stiffener plates
between the flanges and tied together by a single plate. The
stub is extended approximately 1 in. beyond the toe of the
flanges to eliminate the effects of triaxial stresses. Often the
lower stiffener is made 1/4 in. thicker than the upper stiffener
to compensate for beam overrun and underrun. The Manual,
Part 12 illustrates this type of moment connection.

Another type of field-welded moment connection a steel 
detailer may encounter is illustrated in Figures 6-4a and b.

Moment plates are shop-welded to the column flange. Prior to
welding these plates to the beam, the erector will clamp and
draw each plate to the beam flange. Top plates M21 and M22,
shown detailed in Figure 6-5, are received at the site as loose
pieces. Note in this example that in field welding the top
plates to the beam flanges, some space along the edges re-
mains unwelded. This is done purposely to permit the plates
to lengthen or compress slightly as the beam deflects under
load or wind moment. The detail shown represents a Type
PR (partially restrained moment) connection. 

Note that plates M21 and M22, Figure 6-5, are detailed
with a width that is 1/8 in. less than the inside dimension of the
column flanges for erection clearance. The curved transition
is started about 1 in. from the flange toe to avoid a potential
stress riser, which can develop at an abrupt change in sec-
tion such as this. Although placing details and instructions
on the erection drawings to which they refer is preferred,
lack of space may require their location on separate sheets.
This is true, particularly, on large jobs or on those having
many special connections. The examples shown in Figures 6-
6 and 6-7 illustrate this practice.

In Chapter 3, information is provided on how to handle
weld shrinkage in field-welded moment connections. When
this condition is present on a project and the beams or gird-
ers are fabricated 1/8 in. longer than theoretically required,
the erection drawing must have a note to this effect to alert 
the erector.

The steel detailer should refer to Chapter 4 for a discussion
on methods of detailing economical field-welded joints.
Particular attention must be paid to detailing the preparation
of edges of material for overhead field welding of complete-
joint-penetration groove welds.

Locating Marks

The shop places erection marks on the left end of pieces de-
tailed in horizontal or diagonal positions and at the bottom
of pieces detailed in the vertical position. Therefore, place-
ment of these marks on the erection drawings must follow
the same system. This marking system, along with the fact
that the marks are placed on steel to read right side up, en-
ables the erector to position most of the members in a struc-
ture by referring to the location of marks on the drawings.

Some fabricators prefer to use variations of this system.
For example, the compass direction is noted on some mem-
bers, notably columns. Thus: “Mark Face A North.” Likewise,
members such as long girders or trusses, which cannot be
turned at a job site, will require a compass direction on the
appropriate end so it will be shipped that way (i.e., with the
end pointed in the proper direction upon its arrival at the
job site).

Referring to Figure 6-8a from the location of marks, mem-
bers 101B1, 102B3, 103B1, 104D1, 104D2, 104D3 were de-
tailed looking north. Similarly, member 101B3 was detailed
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Figure 6-2. Seated connection.
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Figure 6-4. Field-welded moment connection.

Figure 6-5. Plates M21 and M22.
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Figure 6-7. Special connections, details.

Figure 6-6. Special connections, plan view.
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looking south while members 101B2 and 102B1 were de-
tailed looking west.

Referring to Figure 6-8b, the steel detailer can see from
the location of marks that all members in this elevation were
detailed looking from the near side.

Erection marks should be shown on the drawings in bold
lettering.

The steel detailer will note that, for purposes of clarity of
Figure 6-8, the size and section identification of the mem-
bers were omitted.

Field Alterations

Sometimes, an existing structure requires field modification or
attachment of new connection material to receive new or re-
vised framing. Therefore, in addition to erection drawings,
field work drawings must be prepared. These drawings show
sketches and details of connections to the existing structure.
Also, they may be used as preliminary drawings to list field
measurements, which determine the length and connection
details of new members.

Field work may be done concurrently with the erection of
material in a new structure when a revision is necessary on
material already shipped from the fabricator’s shop. Some
guidelines for preparing such field work drawings are de-
tailed here:

• Sketches need show only enough detail of the existing
member to locate and show the new work.

• Location of an existing member must be described by
reference to grid lines or some other easily accessible

structure features. The original shipping mark on the
member in all likelihood will not be visible.

• Details should show the member in its normal position
in the structure and views described as “PLAN” or “EL-
EVATION LOOKING NORTH,” etc.

• The recommended conventional practice is to draw pres-
ent material with dashed lines and to show new work
(such as cuts or holes) in heavy lines. These lines should
be heavier than dimension and centerlines.

• To differentiate field work drawings from the erection
drawings, sometimes the field work drawing numbers
are prefixed with FW, such as FW1, FW2, etc. If the
job is sequenced, the numbers may be FW101, FW102,
FW201, etc. Another system ties the original shop draw-
ing number to the field work drawing. In this case field
work on members on original shop drawing 104 would
be detailed on field work drawing FW104.

TEMPORARY SUPPORT OF STRUCTURAL 
STEEL FRAMES

The AISC Code of Standard Practice, Section 7.10 states that
the contract documents shall identify:

• The lateral-load-resisting system and connecting di-
aphragm elements that provide for lateral strength and
stability in the completed structure; and,

• Any special erection conditions or other considerations
that are required by the design concept, such as the 
use of shores, jacks or loads that must be adjusted as 
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Figure 6-8. Erection drawing.
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erection progresses to set or maintain camber, position
within specified tolerances or prestress.

Having this information, the erector can determine, fur-
nish and install all temporary supports required for the erec-
tion operation. These supports must secure the bare structural
steel framing against loads expected to be encountered during
erection. 

If the design requires nonstructural steel elements to pro-
vide lateral-load resistance, the owner’s designated represen-
tative for construction is required to indicate when these
elements will be in place. Such elements may include, but
not be limited to, roof and floor diaphragms of metal deck
with or without concrete, concrete or masonry shear walls
and precast spandrels. The owner’s designated representative
for construction must specify, prior to bidding, the sequence
and schedule of placement of such elements and the effects of
the loads imposed on the structural steel frame by partially
or completely installed interacting elements. The erector fur-
nishes and installs temporary support as necessary in accor-
dance with this information, but does not, thereby, assume
responsibility for the appropriateness of the sequence.

ERECTION AIDS

Erection Seats

When beams or girders with framing angles connect oppo-
site each other and take the same open holes in the web of a
column, as in Figure 6-9, consideration must be given to the
problem of supporting one member while erecting the other to
its final position. An erection seat, usually an angle, some-
times is provided in webs of columns. This erection seat is
normally detailed to clear the bottom flange of the member it
is to support by 1/8 in. to 1/4 in. to accommodate beam depth
overrun and location tolerances. If the erection sequence is
known, this erection seat only needs to be provided on the
side requiring the support (i.e., the first side erected). If the
erection sequence is not known or is doubtful, the seat can
be provided on both sides of the supporting web. The erection
seat should be sized and attached with sufficient bolts or weld
to support the load on the seat.

By prior agreement between fabricator and erector, erection
seats may be shipped loose. The erector is expected to weld or
bolt these seats to the supporting column as required by the
erection scheme. Erection seats are not generally required 
to be removed unless they create an interference or are un-
acceptable visually.

When beams are to sit permanently on seats in column
webs, bolts or an equivalent attachment must be placed through
the beam flange and the seat immediately after landing the
beam. This is a mandatory OSHA rule—refer to the section on
OSHA requirements in Chapter 2 of this text. Some erectors
request bolts through the top flange (or upper portion of the

web) of the beam and the top angle (or side angle), in addition
to those through the bottom flange. 

If the situation permits, when connecting to opposite 
sides of column webs, staggering the connections as shown 
in Figure 6-10 may eliminate the need for temporary seat 
angles. Furthermore, as an alternative to the use of framing 
angles and temporary seat angles, permanent seats should be
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Figure 6-9. Beams with framing angles connecting opposite each
other and taking the same open holes in the web.

Figure 6-10. Staggered connections.
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considered. See notes on Figure 6-10 regarding the sequence
of erection.

Staggered connections to beam and girder webs may also
be used to facilitate erection when double connection angles
are used. See Figures 7-30 and 7-31.

Lifting Lugs

Lifting lugs may be required for members (columns, trusses
and girders) exceeding a given weight, depending upon the
capacity of the equipment of the erector. Also, lifting lugs
may be required for members when their shape or erection
conditions make the use of slings impractical. Under certain
conditions, a lifting lug is used by the erector to facilitate
handling columns at the site. Conventional splice plates on

H-shape columns can be modified easily by adding holes to re-
ceive the pin of a lifting lug. H-shape columns spliced by
groove welding may be provided with a lifting hole in the
web, if permissible, or with holes in auxiliary plates that are
bolted or welded in the shop so that they do not interfere with
field welding. The erector furnishes to the fabricator the infor-
mation for the lifting lugs to be used so that the steel detailer
can provide any holes or weldments on the members needed
to accommodate the lifting lugs.

Column Lifting Devices

In Figure 6-11 several types of devices are illustrated for lift-
ing columns of various shapes. The lifting device and its at-
tachment to the column must be of sufficient strength to
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Figure 6-11. Column lifting devices.
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support the weight of the column as it is brought from its de-
livered horizontal position to the erected vertical position.
Tensile forces, shear forces and moments are induced in the de-
vice during handling and erecting. A shackle and pin are con-
nected to the lifting device while the column is on the ground.
The size and type of shackle and pin are determined by the
erector, who passes the information to the fabricator prior to
detailing. Often, a single pin and pinhole diameter are se-
lected to accommodate all the steel members on a project re-
quiring lifting devices. The size of the pin hole is based on
the largest anticipated weight to be lifted. The pin is attached
to the lifting hook, and a lanyard trails to the ground or floor
level (see Figure 6-12). After the column is erected and con-
nected, the pin is removed from the device by means of the
lanyard. The shackle pin as assembled with the column must
be free and clear so that it may be withdrawn laterally after the
column has been landed and stabilized. 

Column Stability and Alignment Devices

Figure 6-13 illustrates types of temporary lugs for field bolt-
ing columns to be spliced by welding. The material thick-
ness, weld size and bolt diameter required are a function of 
the loading. The Manual, Part 14 recommends that the min-

imum plate or angle thickness is 1/2 in. and the recommended
minimum weld size is 5/16 in. The available strengths of these
minimums must be verified. High-strength bolts are used as
fasteners. Usually, the temporary lugs are not used as lifting
devices. Unless contract documents require their removal,
these lugs may remain. Alignment of the columns is achieved
by aligning the centerlines of the web and flanges of abut-
ting column shafts. The centerlines are located on the columns
in the shop by placing punch marks (centerpunching) on the
centerline of the web and of each flange at both ends of each
column shaft. See Note A in Figure 6-13. Note the 1/8-in. gap
between matching lugs shown in Figure 6-13.

SINGLE-PLATE, SINGLE-ANGLE AND 
TEE CONNECTIONS

If a framing member can be connected to either side of a 
single-plate, single-angle or tee, show clearly on the erection
drawing which side of the single-plate, single-angle or tee
the member is to be connected. This can be accomplished 
by either:

• Placing on the erection drawing a general note such as:
“All beams bolted to east and north sides of single-
plates, single-angles or tees unless shown otherwise”; or

• Indicating at each joint on the drawings the location of
the single-plate, single-angle or tee with respect to each
beam. This method is accomplished by placing a short
dash mark (�), L, or T alongside the line representing
the beam, the (�), L or T representing the single-plate,
single-angle or tee, respectively. See Figure 6-14.

However, in lieu of this and wherever permitted, a paint
stripe (striping) or paint spot (spotting) is placed on the sur-
face of the connection that will be in contact (called the “fay-
ing” surface) when erected (Figure 6-15). When a member
may be erected on either side of supporting framing, the sur-
face to which the member frames is to be noted on the shop
drawing of the connection: STRIPE NS or STRIPE FS. The
shop will place a contrasting stripe of paint on the surface
indicated. When striping or spotting is not permitted, erection
drawings must be marked as noted earlier. Drawings must
be noted clearly to guide the erector in correctly locating the
member.

If the striping method is used in conjunction with slip-
critical high-strength bolted connections, care must be taken
that the stripe does not encroach on the clean zone surround-
ing the bolt hole group. The clean zone is illustrated in RCSC
Specification Figure C-3.1.

MATCHMARKING

Occasionally, structural steel members that are too large or
too heavy to ship are shipped in smaller sections (knocked
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Figure 6-12. Lifting hook and lanyard.
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Figure 6-13. Types of temporary lugs for field bolting columns to be spliced by welding.
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down). Prior to shipment these smaller sections may be as-
sembled in the shop for fitting or reaming of field connec-
tions. Each field splice is matchmarked while assembled so
that the sections can be reassembled in the field in the same
manner as they were in the shop. The matchmarking system
used is that preferred by the fabricator. Generally, the match-
mark will be a paint mark with a numerical identification.
However, if paint is not permitted, the marks may be stamped

with steel dies. On the appropriate erection drawing, the steel
detailer draws a diagram of the entire member, noting thereon
the location of each splice and its matchmark identification. 
To assist the erector, a brief note should accompany the dia-
gram to explain the system. A standard location of the stamped
mark should be established for each job so the erector can
minimize the time spent looking for the mark.
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Figure 6-15. Striping or spotting.

Figure 6-14. Indication of the location of the single-plate, single-angle or 
tee with respect to each beam.
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Each of the many different types of steel structures requires
many shapes and sizes of steel members. The task of detail-
ing, fabricating and erecting this steel would be impossible
without a well-established system to convey information
from detailing group to shop to erector. The structural steel
fabricating industry has developed appropriate practices and
procedures in detailing that are commonly used throughout
the industry.

In preparing shop details the steel detailer will make con-
stant reference to the tables of “Dimensions” in the Manual,
Part 1. These tables list the cross-sectional dimensions of
rolled structural steel shapes, both in decimals and to the
nearest 1/16 in., the smallest unit of measurement to which a
shop usually works. Following each page of “Dimensions” is
a page of “Properties,” which lists design properties with
which the steel detailer normally will not be concerned, but
with which the design engineer is vitally involved. Note that
slight differences appear between the fractional dimensions
and the decimal dimensions, resulting from “rounding off”
the decimal dimension to the nearest 1/16 in. The fractional di-
mensions are used for detailing and the decimal dimensions
for designing.

The sketch at the top of each table identifies several clear-
ance dimensions, which are tabulated under the heading
“Distance.” Dimensions T, k and k1 are referred to as the “T-
distance,” the “k-distance” (both kdes and kdet are provided)
and the “k1-distance,” respectively.

The examples of details shown in this text represent the
generally acceptable methods of presenting information on
shop drawings to fabricators.

ANCHOR ROD AND EMBEDMENT PLANS AND 
ASSOCIATED DETAILS

Although the construction of foundations is not normally a
part of the fabricator’s work, design foundation plans may
show certain items that are in the fabricator’s scope of work.
These items may include anchor rods, leveling plates, base
plates, grillages, machinery supports, lintels, curb angles and
other embedments. Such items are ordinarily shipped in ad-
vance so the general contractor or concrete subcontractor can
place them prior to erection of steel. They should be detailed
on drawings separate from the remainder of the job.

The design anchor rod plan shows typical column base 
details. An example of such a plan is shown in Figure 7-1a;

in this case it is small and not complicated and is included on 
the same drawing as the project design drawings. For a more
extensive discussion on base plates and anchor rods, please
reference AISC Steel Design Guide 1, Column Base Plate and
Anchor Rod Design, 2nd Edition (Fisher and Kloiber, 2006). 

Anchor Rod Plans and Details

The steel detailer prepares an anchor rod plan concurrently
with the details of advance material. This plan, which is sim-
ilar in appearance to the design foundation plan, gives com-
plete information for field placement of the advance material,
such as anchor rods, leveling plates and loose base plates. It
includes erection marks, elevations at the tops of base plates
and leveling plates, grout thickness and the projection of an-
chor rods above the top of concrete. Although data such as the
elevations of the tops of base plates and leveling plates can be
taken from the foundation plan, they should be verified with
information presented on the design drawings for the struc-
tural framing and with the elevations of the tops of footings.
Also, the orientation and location of columns must agree
throughout all tiers above the foundations. Strict attention
paid to these details at the outset of a job will save much
time and expense at a later date in the event an error is made.

Base plates, as shown in Figures 7-2a and 7-2b, are usu-
ally welded to the bottoms of columns in the shop. The pre-
ferred shop welding of the base plate to the column shaft
illustrated in Figure 7-2b allows the welding to be completed
without incurring an additional shop operation of turning the
column over to weld the outside of the opposite flange.
However, the weld must be adequate to resist the forces ap-
plied to the connection.

Typically, the top of the rough footing or pier is set 1 in. to
3 in. below the bottom of the base plate to provide for concrete
tolerances and subsequent grouting. The difficulty of sup-
porting such columns while leveling and grouting their bases
requires that footings be finished to the proper elevation.

One approach is the use of a steel leveling plate, which is
normally 1/4 in. thick and the same size as the base plate it
will support. Leveling plates lend themselves well to small-
and medium-sized column bases up to about 24 in. If the lev-
eling plate is also used as the setting template for the anchor
rods, the holes are general standard size. If the leveling plate
is set after placement of the anchor rods, the holes are sized in
accordance with Table 14-2 of the Manual to enable them to
fit over the installed anchor rods. Leveling plates are placed by
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Guidance for the preparation of shop drawings and bills of materials.
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Figure 7-1a. Structural design drawing.
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Figure 7-1b. Structural design drawing.
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Figure 7-1c. Structural design drawing—column base plate details.
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Figure 7-1d. Structural design drawing—bolted moment connection detail.
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Figure 7-1e. Structural design drawing—welded moment connection detail.
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Figure 7-1f. Structural design drawing—column schedule.
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Figure 7-1g. Structural design drawing—welded moment connection schedule.
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Figure 7-1h. Structural design drawing—bolted moment connection schedule.
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Figure 7-2. Column base plate details.
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the general contractor or foundation sub-contractor (see
Figures 7-2c and 7-2d).

When the use of a leveling plate is undesirable or imprac-
tical, four or more anchor rods can be utilized with each rod
having two nuts and two heavy washers. The lower nut and
heavy washer on each rod are set to the proper elevation; the
heavy washer prevents the nut from pushing up into the hole
in the base plate. At the time the column is erected, it can be
lowered into place quickly and the upper washers and nuts
installed. The base plate is to be grouted promptly after the
structural steel frame or portion thereof has been plumbed.

As a third alternative, shim stacks can be used with four or
more anchor rods. Properly sized and configured shim stacks
[see AISC Steel Design Guide 10, Erection Bracing of Low-
Rise Structural Steel Frames (Fisher and West, 1997)] are
placed to the proper elevation to support the column. The in-
dividual shim stacks must be sized and arranged to properly
support the imposed downward loads and the compression
component of any column base moment induced prior to
grouting. The individual shims should be graded in size to
minimize the number required in each stack and the shims
should be deburred so that they stack properly. Proper use of
shims stacks may require tack welding the various plies of
the shims to prevent relative movement during erection oper-
ations and when load is applied. Heavy washers and nuts are
then installed on top of the base plate. The base plate is to be
grouted promptly after the structural steel frame or portion
thereof has been plumbed.

Generally, only very large base plates are shipped loose.
Whether base plates are attached or loose depends on job con-
ditions, as determined by the fabricator and erector. The loose
plates must be lifted by a crane, set to elevation and leveled by
the steel erector. This is accomplished by either using shims
and wedges of varying thickness (see Figure 7-3a) or with
three-point leveling bolts (see Figures 7-3b and 7-3c) (See
also Base Plates, later). Proper use of shims and wedges may
require tack welding the various plies of the shims to prevent
relative movement during erection operations and when the
base plate is applied. After the base plates are checked for
line and grade, high-strength grout is worked under the base
plate to ensure full bearing under the entire plate area. For
large base plates (plates with a minimum dimension of ap-
proximately 36 in.) the design should call for one or more
holes having a diameter of about 3 in. near the center of the
plate through which grout is pumped under pressure to ob-
tain an even distribution and prevent air pockets (see Figure 7-
4). On the other hand, grouting holes may not be required
when the grout is dry packed. 

If the structural contract includes steel anchor rod setting
templates, the fabricator customarily furnishes 1/4-in.-thick
plates. They are similar to leveling plates except that the over-

all size need be only large enough to include the bolt pattern
and the diameter of the holes for the anchor rods is 1/16 in.
larger than the rod diameter.

Although a directly welded connection is more common
today, for ordinary-size anchor rods, 11/4 in. diameter and
less, heavy clip angles bolted or welded to the columns, as
shown in Figures 7-2c and 7-2d, can generally be used to
transfer overturning or uplift forces from the column shaft 
to the anchor rods. The clip angles shown in Figures 7-2c 
and 7-2d should preferably be set back from the column end
about 8-in. to provide proper transfer of uplift forces from
the structure to the foundation and to ensure that the column 
load is applied via the shaft and not the angles.

In lightly loaded structures, tall narrow framework, and
mill buildings where crane loading is a factor, horizontal
forces may tend to overturn columns or cause an uplift from
the base. To resist these forces, anchor rods are used to tie the
column to the foundation. Anchor rods also serve to locate
and to prevent displacement or overturning of columns due
to accidental collisions during erection. Observe that the plate
stiffeners, capped with a plate, in the bases of Figures 7-3a
and 7-3b are cut back about 1 in. from the base plate. This
detail provides for proper transfer of uplift forces from the
structure to the foundation. Also, it eliminates a pocket and per-
mits drainage to protect the column base. These stiffeners are
intended to resist uplift from an overturning moment and are
not designed as part of the column area in bearing on the base
plate. The column anchorage, including the anchor rods and
the attachment of the column shaft to the base plate, must be
capable of withstanding the base moment as set forth in OSHA
safety regulations.

Shear forces can be resisted by friction between the base
plate and the grout or leveling plate (induced by the compres-
sive load in the column that is concurrent with the shear load,
with proper consideration of the coefficient of friction between
the materials), by shear through the anchor rods or through 
the attachment of a shear lug to the underside of the base 
plate (see AISC Design Guide 1, Column Base Plate and 
Anchor Rod Design, 2nd Edition, and AISC Design Guide 7,
Industrial Buildings, 2nd Edition), which inserts into a groove
or keyway in the concrete foundation (see Figure 7-5).

Table 14-2 in the Manual, Part 14 gives recommended
hole sizes in steel base plates to accommodate anchor rods.
The hole sizes given permit a reasonable tolerance for mis-
alignment in setting the rods and permits more precision in ad-
justment of the base plate and column to their correct
centerlines. The holes of the sizes indicated should be covered
with a plate (structural) washer sized for the forces it must
transfer. Minimum washer sizes are given in Table 14-2.

Insert sleeves sometimes are cast in the foundation. These
holes are oversized and accommodate a threaded anchor rod,
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Figure 7-3. Leveling plate use.
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Figure 7-4. Base plate details.
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which is grouted subsequently into the hole, usually with the
piece installed in final position, see Figure 7-6c. Insert sleeves
should be sealed prior to use in locations subject to freezing
to avoid spalling of the foundation by the freeze-thaw cycle of
water-filled holes.

Drilled in post-set anchors may also be used in founda-
tions for column bases. These anchors are proprietary to their
manufacturers and should be used and installed in a manner
consistent with manufacturer’s literature and instructions.
Post-set anchors that rely upon torque or tension to develop
anchorage by wedging action should not be used unless the sta-
bility of the column during erection is provided by means
other than the post-set anchors.

Base Plates

In the absence of specific job requirements, the surface prepa-
ration of rolled steel base plates is governed by AISC
Specification Section M2.8. This section stipulates that, if
satisfactory contact in bearing is present in plates 2 in. or less
in thickness, finishing is not necessary. Plates over 2 in. thick
and not over 4 in. thick may be either straightened to obtain
this contact or finished at the option of the fabricator. To en-
sure satisfactory flatness, unfinished base plates and leveling
plates are noted “straighten” on shop detail drawings. Plates
over 4 in. thick must be finished. However, finishing is not
required on the underside of base plates when grout is used to
ensure full contact on the foundations, nor on the top surfaces
of bearing plates when complete-joint-penetration groove
welds are provided between the column and bearing plate. 

Figure 7-4 presents illustrations of typical details of base
plates and leveling plates. Base plate thickness should be
specified in multiples of 8 in. up to 11/4 in. thick, in multi-
ples of 1/4 in. thereafter up to 3 in. thick, and in multiples of
1/2 in. over 3 in. thick. When finishing is required, as for BP2,
the plate must be ordered thicker than the specified finished

dimension to allow for the material that will be removed.
Table 14-1 in the Manual Part 14 provides information on
finish allowances for a variety of plate widths and thickness
and for finishing one or both surfaces. These tabulated finish
allowances are based on experience and have been proven
satisfactory for structural work.

As no useful purpose is served in finishing more than the
area in contact with the finished end of the column, the shop
detail is dimensioned to show the area on which finishing
(Fin.) is required (see Figure 7-4). To reduce machine time,
the cut should be made in the direction producing the least
possible finished area. The finishing is usually carried across
the full width of the plate to avoid interrupted machining op-
erations, although it is not required from a design standpoint.

Holes are punched in base plates of a thickness that is
within the machine capacity of the fabricator. Thicker plates
must be either drilled or flame cut to provide the holes. Most
fabricators are limited to a maximum drilling capacity of 11/2-
in.-diameter holes. From a practical and economic standpoint
the design should permit flame-cut holes when they are over
1 in. diameter in any thickness of base plate. The flame cut-
ting operation produces holes with slightly tapered walls, and
the holes should be inspected to ensure proper clearances for
anchor rods. Grout holes do not require the same accuracy
of size and location and generally are flame cut. Heavy loose
base plates should be provided with some means of handling
at the erection site. On BP2 in Figure 7-4, lifting holes are
provided in the vertical legs of the connection angles.

Various means have been developed for use in leveling
heavy (usually weighing 400 lb or more) base plates at erec-
tion. Three-point leveling is used, normally, because it is fast
and sensitive to adjustment. Figure 7-3b indicates three level-
ing screws on the plate. A threaded attachment is welded to 
the base plate and may consist of a nut, a threaded bar as 
in Figure 7-4 or an angle and nut as shown in Figure 7-3c.
The leveling screw must be long enough to compensate for the
grout space and preferably should have the point slightly
rounded to prevent it from “walking” as it is turned down. A
small steel pad under the point reduces friction.

Leveling screws or shims are not intended to support the
weight of the column. If grouting is to be delayed until after
the base plates are checked for line and grade, adequate shim
packs must be installed to distribute loads into the foundation
without overloading either the base plate or the foundation.

Anchor Rods

The preferred material specification for anchor rods is ASTM
F1554, which is available in grades 36, 55 and 105. In the
Manual, Part 2, Table 2-5 lists a variety of other ASTM
Specification materials that can also be used as anchor rods if
availability is confirmed. Though clear with ASTM F1554,
distinction should be made for other grades based upon what

7-14 • Detailing for Steel Construction

CHAPTER 7

Figure 7-5. Keyway in concrete foundation.

Detailing_CH07  6/2/09  8:22 AM  Page 14



product can or cannot be obtained. For example, does the
specification cover headed rod or threaded rod only? Are
hooking or threading covered at all? It should also be noted
that headed bolts generally are stocked in lengths up to about
8 in., depending on material specification. This length is too
short for most column anchorage. Considerable delay and ex-
pense can be expected when nonstandard lengths and sizes 
are specified. Suitable nuts can be selected from ASTM
Specification A563.

Threads of anchor rods can be produced either by rolling
or cutting.

Anchor rods for structural work may take any of the forms
shown in Figure 7-6. Perhaps the most commonly used are
hooked rods, which are illustrated in Figure 7-6a. Note how-
ever that hooked anchor rods should not be used to resist 
calculated uplift forces. They are primarily for axially loaded
compression members subject to compression only, to locate
and prevent displacement and overturning of columns during
erection due to wind loads or erection operations. High-
strength steels are not recommended for use in hooked rods,

since bending with heat may affect the strength of the rod
material.

The nut shown in Figure 7-6d is acceptable, normally, in
lieu of a bolt head. The nut may be attached either to a
threaded rod or welded to a plain rod. If used with a threaded
rod, the nut must be welded to prevent it from unwinding
when the upper nut is tightened. However, welding should
not be used if it is inappropriate for the particular steel spec-
ified. Generally, in the lengths and diameters required for an-
chor rods, headed rods are not readily available. Many shops
do not have facilities for threading rods and, as a result, pur-
chase the required anchor rods from suppliers.

Figure 7-7 shows typical details of anchor rods. An alter-
nate method of detailing a rod, which is acceptable to most fab-
ricators, is to show the rod as a single, heavy line. Note that no
attempt is made to show conventional thread symbols as the
shop will understand what is required by reading the notes.
Because of possible inaccuracies in the setting of anchor 
rods, the distance H, shown in Figure 7-6c, should be sufficient
to permit the rod to project a positive distance E, as much as
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Figure 7-6. Anchor rods.
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3 in., above the nut. Thread lengths, therefore, will be some-
what longer than the standard lengths furnished on regular
bolts. Washers, which may be either round or square, will
have holes 1/16 in. larger than the bolt diameter and will be
furnished from ASTM A36 steel plates for most applications.
Their use is required because of the large bolt holes provided
in the base plate and column details. The thickness of such
washers must be appropriate for the force to be transmitted.

Figure 7-6c shows an anchor rod set in a metal sleeve.
Though rarely required, its advantage lies in the opportunity
for some horizontal adjustment at the time the base plate is set
in place.

Grillage

For extremely heavy loads in major structures, or where sub-
soil conditions are poor, a grillage as shown on Figure A7-8
(see Appendix A for all A7 figures) may be used. A grillage
consists of one or more layers of closely spaced beams (usu-
ally S-shapes because of the thicker webs relative to the
flange width) encased in the concrete foundation. When more
than one layer is required to support a column, additional
layers are laid across and field welded to the layer below.
Note that the total grillage shipping piece includes the beams,
separators, base plate and attachments for the column shaft.

Embedded Material

Embedded pieces, or “embeds,” consist of a steel plate or
shape to which headed concrete anchors are shop attached to
anchor the piece into the side or top of a concrete or masonry
wall. They come in many different configurations depending
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Figure 7-7. Typical anchor rod details.

upon the type of support they provide (shear, tension/com-
pression or bearing) and the loads applied to them. 

Figure 7-9 shows some common types of embeds. Those
illustrated in (a) and (b) normally would be set into the side of
a wall to support a beam. The slots compensate for variations
in the alignment of the wall surface. For types (a) and (b) the
embedded plate is located vertically by giving the elevation of
the top of the embed. It is located along the length of the wall
by dimensioning to the vertical centerline of the plate. The
steel detailer should locate the top or bottom hole in the sin-
gle plate in type (a) by its elevation or by dimensioning the
hole to a basic elevation in the structure. Along the length of
the wall one face of the single plate should be located by ref-
erence to a working line (WL) in the structure. A working
line is a reference line, usually a grid line in the structure,
from which structural members are located. 

The seat angle in type (b) will be located vertically by giv-
ing the elevation of the top of the angle. The piece will be lo-
cated along the length of the wall by dimensioning the
centerline of the seat to a working line. 

Although type (a) is shown with field-bolted connections,
it is suitable for field welding. However, OSHA requires erec-
tion bolts for field-welded connections. Type (b) requires stan-
dard or slotted holes whether the permanent connection is
field bolted or welded.

Types (c), (d) and (e) are used for beams bearing on tops of
walls. In type (c) the beam is set on the plate and its bottom
flange field welded to the plate. The centerlines of the plate are
located on the plan with respect to the centerline of the wall
and a working line.
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Figure 7-9. Common types of embeds.
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Type (d) is used when the supported beam is elevated above
the top of the wall. The embed may be a W-, S- or HP-shape.
Depending upon the load on the embed and its shape, a pair
of web stiffeners may be required. The supported member
may be field bolted or welded to the top of the embed. Type
(d) embeds are located on the plan by referring its centerlines
to the wall centerline and to a working line.

The embed shown as type (e) is used to support several
closely spaced beams or steel joists along the edge of the top
of a wall. The bottom flanges of the supported beams and the
joist bearings are field welded to the embedded angle. On the
plan the angle is located so that its legs are flush with the top
and side of the wall and one end is dimensioned from a work-
ing line.

Although the foregoing discussion has emphasized the use
of embeds to support beams, they may be used, also, to sup-
port machinery. When used as such, they would be embed-
ded in concrete piers or the floors on which the machinery
supports sit.

COLUMNS

Before starting shop drawings of columns and beams, the de-
tailing group, erector and shop management must determine
the fabrication method that will be used for both shop and
field connections. The erector’s preference of the method for
connecting is an important consideration as it reflects the
erector’s ability to apply manpower and equipment to the best
advantage. The following methods are available:

1. Shop welded and field bolted 
2. Shop and field bolted
3. Shop and field welded
4. Shop bolted and field welded

Systems 1 and 2 are the most common methods.
The shop preference for a particular system varies with

the available equipment and shop experience. Fabricating
plants that have equipment and layout adapted to punched or
drilled work may prefer the use of bolts. Other shops may be
better suited for welding and prefer that all shop connections
be welded. Many can handle either type of fabrication, but
to balance workloads between shop areas prefer to select the
connection on a job-to-job basis. The steel detailer is respon-
sible for furnishing shop drawings that will permit the fabri-
cator to produce a job in an economical and efficient manner.

The owner’s designated representative for design may list
on the contract documents the types of connections that are to
be used. However, the owner’s designated representative for
design may be receptive to a request for a change to alterna-
tive connections that might better suit the capabilities of the
fabricator’s shop. A change in types of connection should be
approached with caution. For example, a member sized for

gross area in a welded design may not have adequate net area
in a bolted design. The effect on erection procedures and field
connections should also be considered. It is important to con-
sider the safety requirements set forth by OSHA, as outlined
in Chapter 2, when considering any changes. 

A parallel but equally important decision is to determine on
which members the detail material will be assembled (i.e.,
the columns or the beams). For instance, columns may have
considerable detail materials, like fittings, splice plates, etc.,
attached to them. If all of this detail material can be assembled
to the columns in the shop, the plain beams (no detail mate-
rial) can bypass the shop assembly area and go directly to the
inspection, painting (if required) and shipping areas—an 
efficient procedure. Special connections and conditions may
require some compromise. Any conflicts are resolved as draft-
ing proceeds.

In tier building work, the greater part of the connection
material may appear on the columns. Therefore, preliminary
planning is helpful even before detailing is started. In the
case of large tier buildings, this includes an advance prepa-
ration of details covering job standards for wind bracing 
connections, column splices and other features that repeat
throughout the structure. Column and beam gages are se-
lected, and layouts of bracing connections and standards for
framed and seated connections are made. Job standards in-
volving connection material are drawn on sheets separate
from the shop drawings for reference by the steel detailer
and for use in the shop.

One steel detailer working alone seldom produces the re-
quired shop details, even for a relatively small project. The
tight time schedules of most contracts may require several
steel detailers working on a single level of floor framing.
Early development of complete column details speeds the
work and minimizes discussions that sometimes arise when
several steel detailers attempt to work up connections to the
same column. A well-developed set of job standards goes
even farther in this direction by providing common standards
for both column and beam detailers. Often, job standards are
kept on file and used on subsequent jobs.

Drawing Arrangement

Shop details of columns may be shown either in a horizontal
position with the bottom of the shaft to the left, as shown in
Figure A7-10, or in an upright position with the bottom of
the shaft at the bottom of the sheet, as shown in Figure A7-11.
Furthermore, when a column requires finishing at one end
only, that end should be shown at the bottom of the sketch if
the column is drawn in an upright position (see Figure A7-12)
or at the left end if the column is drawn in the horizontal 
position. The steel detailer is guided in this choice by the
amount of space needed to produce a clear and uncrowded
detail. More columns can be shown on a sheet when they are
detailed upright, but where complicated fittings, bracing 
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connections and sectional views are required, horizontal place-
ment is advantageous. The space between views must be suf-
ficient to contain all dimensioning as well as all details of
gusset plates or brackets that may extend from the column
shafts. The column details shown elsewhere in this manual
demonstrate the location and spacing of views. Many fabrica-
tors maintain files of typical drawings that may be consulted
for the approved treatment of specific applications.

In addition to the title block, preprinted drawings generally
include shop bills for listing the material required (see Figure
A7-11). These usually appear at the right side of the sheet
above the title block or across the bottom. Separate shop bill
forms, preferred by some fabricators, allow use of the entire
sheet area for detail sketches.

General notes applying to the entire sheet are placed in
the lower right corner of the sheet, near the title block. Special
notes may appear anywhere on the sheet, preferably near the
detail concerned.

Column Faces

In tier building work a common practice is to assign a letter to
each of the four faces of a column (see Figures 7-13 and 7-14).
This identification by letter is helpful to the shop in laying
out the work and reduces the probability of shop errors.
Looking down on top of the column, the lettering progresses
alphabetically in a counterclockwise direction around the
shaft as shown in Figure 7-13. In the case of W-shape columns
(see Figure 7-13a), faces A and C are always flange faces and
faces B and D are always web faces. Seldom is a separate
view of face D for W-shape columns shown. Any fittings on
face D that differ from those on face B can be shown by
dashed lines, indicating a far-side location. The punching or
drilling is, of course, common to both faces. The letter D on
a combined B and D face view is shown dashed to denote the

far side of the web. For a box section if a separate view of
face D is required, it follows face C in sequence. Many fabri-
cators do not show the letter D on the column detail except in
the case of box columns because the far side of the B face of
an H-type column is obviously the D face. If this system of
identification is used, material on the web face is noted “N.S.”
or “F.S.,” indicating near side or far side, instead of noting it
for face B or D.

The same system is used on box and HSS columns, with
the flange-web relationship as shown in Figure 7-13b. The
views of faces follow the same alphabetical sequence on the
shop drawing, beginning with A and reading from left to right
for columns drawn upright and from top to bottom for those
drawn horizontally.

The designation of face A as it appears on the framing
plan is optional with the steel detailer. As a view of face A is
drawn usually to show splice details, either select the flange
face that contains the most detail (fittings and fabrication),
labeling it A, or arrange the marking sequence to produce a
face B web view that will contain the most detail fittings and
will be shown as a near side view with full lines.

Faces that contain no detail or fabrication of any kind need
not be shown. However, their presence should be indicated
by a centerline in the proper relation to the other faces, la-
beled with a note such as “Face C Plain.” In the event that all
material and fabrication on face C is identical with A, it may
be combined with face A by adding a note such as “Face C
same as face A” along the centerline of face C.

Sections

Transverse sections taken through a column shaft are pro-
jected always from the web view and are shown looking to-
ward the bottom of the column (see Figures 7-15b and 7-15c).
When such sections must be displaced from the B face 
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Figure 7-13. Typical letters assigned to each of the four faces of a column.
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centerline, as shown in Figure 7-14c, they should retain this
same orientation. Unless a box or other section that requires
dimensioning is involved, the main material outlines need not
be shown in transverse sectional views. When such sections are
taken at floor levels, the cutting symbol generally is omitted
and the section is labeled from the floor number. Sections
showing isolated details or the inner details of a box section
are provided with cutting plane symbols and section identifi-
cation. Where possible, sectional views should be projected
directly from the cut sections for viewing in the direction of
the cutting plane arrows.

Combined Details

Columns in the same or different tiers that are alike except for
minor differences sometimes are shown on the same sketch.
While this is an accepted practice, the steel detailer is cau-
tioned against combining details for too many columns on
one sketch, regardless of how minor the differences may
seem to be. The large number of notes that may be neces-
sary can render the shop drawing difficult to read and cause
shop errors. If exceptions cannot be shown without undue
complications, the columns should be detailed on separate
shop drawings. To reduce the time and effort such repetition
requires if preparing shop drawings manually, consideration
should be given to making reproductions of the original sheets
and altering the copies as necessary to show the differences
among the various columns.

Column Marking

Like other framing, columns must be given shipping marks.
The mark appearing on the shop drawing is painted on the
column shaft for identification in the shop and at the building
site. As indicated in Chapter 4, fabricators differ in the mark-
ing systems they favor; steel detailers must use the standards
adopted by the fabricator.

When the direction a column must face in a structure may
not be apparent to the erector, particularly in tier building
work, a compass or direction mark should be provided on
one of the column faces. To accomplish this, a note such as
“Face A East” on the shop drawing following the column
mark instructs the shop to paint “East” on the A face (see
Figure A7-12). When the axis of a structure varies so widely
from a North – South line that some question as to the actual
placement arises, the erector will use the plan North direc-
tion as shown by the compass arrow on the erection drawing.
The steel detailer is cautioned to observe the orientation of
each column when applying compass marks. As shown in
Figure 7-15, even identical columns will require different
compass marks if their webs are not parallel. 

Column Details—Bolted Construction

Because much of the work required to fabricate the framing for
a tier building is shown on the column details, careful planning
is necessary to ensure legibility of the completed shop draw-
ing. An experienced steel detailer will be able to visualize the
connections and allow sufficient room for all necessary views
and dimensions. Preplanning will result in a clear, uncrowded
shop detail drawing, and preparation of a few free-hand
sketches will be helpful in consolidating all the information
and in visualizing the relationships that exist between the
framing on the several column faces at any level. With the
complexities thus pictured, space requirements can be foreseen
in addition to possible points of interference that must be in-
vestigated as detailing proceeds.

Examples of column shop details are given in Figures A7-
11, A7-12 and A7-16. These drawings show, respectively, the
bottom, middle and top sections of column D4 called for on
the partial design drawing shown in Figure 7-1. In the general
notes, reference is made to the AISC Specification and, for
the purpose of illustration, shop connections shall be made
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Figure 7-14. Column orientation.
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Figure 7-15. Section views of columns.
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mensions showing spacing of punching, gages, etc., are placed
closest to the sketch. Checker’s or shop inspector’s figures,
such as beam depths and extension dimensions, are placed in
between or wherever they best will serve their purpose.

Extension dimensions, used by the shop to establish and
check the location of open holes or the tops of seats, are meas-
ured to the finished bottom of the column shaft. This is true
even when such dimension lines are not shown full length.
In the absence of seated details, extension dimensions are
given either to the top hole or to the bottom hole of any group
of holes to which framing attaches, depending on the fabrica-
tor’s standards. 

All dimensions relating to a connection are tied to the top
of steel at which the connected beam appears on the plan.
Note that dimensions that space punching or drilling in the
column shaft are continuous within each group and are not
interrupted by the insertion of edge distances or gages.

Fittings that have been detailed once need not be dimen-
sioned completely where they appear again on the same sheet.
In Figure A7-12, note that flange face gages on the beam con-
nection angles appear only once for each different fitting and
that both the gages and hole spacing for repeating angles are
omitted in other views. However, the spacing of punching
through the column shaft is always given, even though the
fittings connected may be duplicates of one previously di-
mensioned.

Edge or end distances of fittings are not shown unless the
punching on the piece is not symmetrical. Otherwise, equal
ends or edges resulting from the billed size of the fitting will
be provided. As a case in point plates (pb) in Figure A7-11
will be punched with equal end distances of:

Dimensions used to instruct the shop on required field
clearances are shown between the outstanding legs of beam
web connections, between splice plates at the tops of columns
and out-to-out of fillers and butt plates at the bottoms of
columns when they must enter between splice plates. The
presence of these dimensions alerts the shop to clearance re-
quirements that must be met. Critical or “tight” clearance 
dimensions sometimes are noted “Not more” or “Not less”
where nominal allowances are permitted in one direction only.
A more positive method is to note a tolerance dimension that
stipulates upper and lower limits, such as “1’-61/4 � 1/16.”
In this case any measured distance between 1’-6 3/16 and 
1’-65/16 will be acceptable.

Dimensions should be given for the opening between seats
and top angles with tolerances shown, if required. Where
beam web connections and seats are used in combination,
tie the bottom hole of the web detail to the top of the seat.

with high-strength bolts and weld. All field connections shall
be made with high-strength bolts. The design also requires
that all first and second floor beams be provided with mo-
ment connections.

Column D4(0-2) in Figure A7-11 contains these combined
shear and moment connections. These details show moment
connections in which plates shop welded to the column flanges
are field high-strength bolted to the beam web and flanges.
To connect the beam to the column web, a stub is fabricated
between the column flanges. The stub consists of a pair of
stiffener plates between the flanges, tied together by a single
plate that projects beyond the toes of the column flanges to
connect to the beam web. The stiffener plates are made long
enough to provide bolted connections to the beam flanges.
Beams are swung horizontally into these connections on the
column flanges and web. These types of moment connections
are illustrated in the Manual Part 12. The steel detailer should
note that the distance between lines on which bolts and open
holes are placed is called a gage; the lines are known as gage
lines. 

Base angles and splice plates are in accordance with design
requirements. The 11/8-in. holes in the splice plates are for
the use of the erector in handling the column. Although it is
doubtful if this column, weighing less than 2 tons, would re-
quire these holes, they are shown here to illustrate detailing
practice. Heavy columns, which must be plumb as they are
swung into place, are generally provided with some such
means of attaching a lifting lug (see Chapter 6).

Column D4(4-R) in Figure A7-16 has a shear connection
that was selected from the Manual, Part 10. A special con-
nection at the fourth floor on face A of column D4(2-4) con-
sists of two 4�4�1/2 angles designed to support 10-in.
channels framed to either side (see Fourth Fl. & Low-Roof
Plan, Figure 7-1). The legs extend beyond the column flange
to connect the channel webs.

In the connections on columns D4(0-2) and D4(2-4) in
Figures A7-11 and A7-12, respectively, erection clearances are
provided only at the top of the beam, similar to that shown in
Figure 7-17c. The 1/4-in. to 3/8-in. clearance shown in 
Figure 7-17c is suggested when the top and bottom connec-
tions are either shop bolted or shop welded to column 
flanges. Figures 7-17a, b and d illustrate other methods of
handling erection clearances.

The two W12�26 beams shown 4 in. off center on the
High Roof Plan (Figure 7-1b) will frame most easily inside the
column flange. Fills attached by welds to the A face of column
D4(4-R), fill the space between the beam web and the inner
face of the column flange.

The dimensioning shown in Figures A7-11, A7-12 and 
A7-16 represents fairly universal practice in column work.
Overall dimensions and dimensions locating floor levels 
are placed prominently, farther away from the views. Detail di-
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Figure 7-17. Methods of handling erection clearances.
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Customarily, the dimensions for the lines of holes (flange
gage) are given at the bottom of the column on face A.
Similarly, at the bottom of the column on face B, dimensions
are given for the flange thickness and centers of web holes
(web gage). 

Below the detail sketch of a rolled column, place an iden-
tification block to contain the following information, pro-
vided it is consistent with the fabricator’s practice (see
Figures A7-11, A7-12 and A7-16):

• The basic column mark (including tier designation)
with “Left” designation, if required

• Section description
• Published depth, flange width and web thickness
• Direction mark
• Lifting weight, if required

Figures A7-11, A7-12 and A7-16 illustrate one method
of billing material. It utilizes a preprinted shop bill form as
part of the shop drawing. Detail material is indicated on the
shop drawing by assembly marks and is billed completely
in summary form in the shop bill. A second method uses
billing directly on the shop drawing. This latter method re-
quires a separate shop bill, similar to the form printed on
Figure A7-11, on which again the material is billed in sum-
mary form.

The billing of shape descriptions follows the system recom-
mended in Figure 1-1 in Chapter 1. Notes for finish require-
ments follow the billing in the shop bill. Allowances for finish
on detail fittings are covered in the ordering procedure and
seldom are shown on either the shop drawing or bill.

These three column detail sheets also illustrate two systems
of assembly marks. Figures A7-12 and A7-16 use an alpha-
betic system in which each letter identifies a different fit-
ting. Identical fittings on the same sheet carry the same letter.
In the two-letter system used in Figure A7-16 the prefix let-
ter describes a particular type of fitting. Thus, a � angle, p �
plate, etc. The second letter denotes in alphabetical sequence
the first, second, third and subsequent appearances of this
type of fitting. In the two-letter system, different angles on the
same sheet would be designated as aa, ab and ac and differ-
ent plates as pa, pb and pc. In either system, certain letters,
such as i, l, o and others, are omitted as being too easily con-
fused with numerals. Other methods in use are numeric and
alphanumeric. The full development of these alternate meth-
ods will not be treated here, as the steel detailer must use the
system adopted by the fabricator.

Although the general and special notes appearing on
Figures A7-11, A7-12 and A7-16 are relatively simple, some
explanation is in order. The note “CUT SQUARE” at the bot-
tom of columns D4(0-2) and D4(4-R) directs the shop to fin-
ish the column prior to the assembly of detail material. The
letters B and D opposite certain dimensions and detail fit-

tings designate the web faces to which the dimensions refer or
upon which the fittings assemble. The drawings should give
the detailing dimension, as shown in the lower left-hand cor-
ner of Figure A7-11. This includes the total depth of the sec-
tion, web thickness, and web half thickness, with the flange
width and flange thickness below. This information makes
referring to the dimension tables unnecessary when any of
these principal figures must be known during checking, deter-
mining fastener grips and providing clearances. The instruc-
tions in the general notes for painting were taken from the
job specifications.1 The Society for Protective Coatings (SSPC)
Guide for Selecting One-Coat Shop Painting Systems (SSPC-
PS Guide 7.00) (SSPC, 1982) will be applied in accordance
with AISC Specification Section M3.1. The notes require (1)
complete fitting and shop bolting before any painting is done,
in accordance with AISC Specification Sect. M3.3, and (2)
omission of paint on faying surfaces of connections assembled
by high-strength field bolts to provide the slip-critical con-
nections called for on the design drawing (Figure 7-1).

Column Details—Welded Construction

Figures A7-18, A7-19 and A7-20 are details of tier build-
ing column D4 utilizing welded construction to support the
framing shown on the plans in Figure 7-1. In the arrange-
ments of views, the steel detailer can see methods of dimen-
sioning, billing and notes that these details follow closely
the bolted types shown in Figures A7-11, A7-12 and A7-16.
The principal difference lies in the presentation of connec-
tion details.

Although this section discusses welded details of W-
shape columns, a similar discussion applies to box and HSS
columns. One significant difference concerns box and HSS
columns with shop-welded base plates and open tops. If
these columns are exposed to rain or snow, water may accu-
mulate in the bottom of the column to the extent that, if it
freezes, the column bursts. To avoid this situation, the steel
detailer should provide a drain hole at the base of the column
shaft.

Figures A7-18 and A7-19 are shop detail drawings of
columns D4(0-2) and D4(2-4), respectively, with all fittings
shop welded. These details are commonly used moment con-
nections in which the web of the beam is field bolted with
high-strength bolts to a single plate on the column and the
flanges are field welded to the column. The Manual, Part 12
provides an illustration of this type of moment connection.
A variation of this type of connection is one in which the 
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1 The steel detailer should note that, when permitted in the contract doc-
uments, AISC Specification Section M3.1 provides for omission of all
shop paint on certain types of work. Although the columns detailed
here might have been in this class of work, shop painting was speci-
fied to illustrate the noting incident to high-strength bolting and field
welding.
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single plate is field welded to the beam web. To hold the beam
in position while welding, at least two bolts are used to con-
nect the beam web tightly to the plate. 

To facilitate erecting the beam and field welding its flanges
to the column web, a stub is fabricated between the column
flanges. The stub consists of a pair of stiffener plates between
the flanges and tied together by a single plate. The stiffeners
are extended approximately 1 in. beyond the toe of the flanges
to eliminate the effects of triaxial stresses. Often the lower
stiffener is made thicker than the upper stiffener to compen-
sate for beam overrun and underrun. The single plate is ex-
tended past the toe of the flanges to connect to the beam web,
which is swung horizontally into position. The Manual, Part
12 illustrates this type of moment connection.

One feature of the beam-to-column connections D4(0-2)
and D4(2-4) requires special treatment on the erection draw-
ing. In order to ensure placement of beams on the correct side
of the welded single-plate connections, the erection drawing
will show the column as illustrated in Figure 7-21.

The base plate on column D4(0-2), Figure A7-18, is
welded in such a manner that all welds can be made in the
horizontal position without turning the column. These welds
must be strong enough to withstand toppling loads during
the erection phase and to comply with OSHA requirements.

Connections to column D4(4-R), Figure A7-20, include
the use of an unstiffened seat on a flange face and a plate con-
nection for off-center beams. Design of the seat is taken from
Table 10-6 in the Manual, Part 10. Although a 6-in.-long angle
would have satisfied design strength requirements, it would
have required blocking the bottom flange of the W12�35 
to permit horizontal welding to the seat. A 6�4�3/4 seat 
with a length of 8 in. was selected to eliminate this blocking.
However, the seat is detailed with a 9-in. length, as billed, in
order to permit placement of the vertical welds along the
edges of the column flange.

The high-strength bolts attaching the two W12�26 beams
to the 5/16-in.-thick plates are assumed to take vertical shear
only. Welds attaching the plates to the column are propor-

tioned for vertical shear and moment using Table 8-8 (angle
� 0°), in the Manual, Part 8. Erection data showing the field
welding at the top of column D4(4-R) is shown in Figure
7-22.

Unstiffened Seat Details—Bolted

Figure 7-23b illustrates details of the connection of a W18�71
beam to a W8�35 column. Several points that are character-
istic of seated connections when used to connect beams to
column webs are listed:

• The published depth of the beam, rather than its nom-
inal depth, is used in determining the vertical distance
between the seat angle and the top angle.

• The top angle is marked “Bolt to Ship,” meaning that it
is to be bolted so that it will not be misplaced during
shipment. Common practice on shop detail drawings
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Figure 7-21. Column erection drawing to ensure placement of
beams on the correct side of the welded single-plate connections.

Figure 7-22. Part plan taken from a design plan and 
connection details.
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Figure 7-23. Part plan taken from a design plan and connection details.
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is to show open holes, even though the shipping piece
will have bolts in these holes. Before the beam can be
lowered onto the seat in the field, the top angle will be
removed temporarily. However, on column flanges the
top angle usually can be shop bolted to the column, as
the ends of the supported beams can be entered hori-
zontally between the top and seat angles.

• The top angle is located to provide an adjustment dis-
tance, F, between the angle and the top of the beam to
compensate for mill tolerance variations in the pub-
lished depth of the supported beam. Some fabricators 
detail it as 8 in., requiring no fills. Other fabricators
provide a larger dimension, requiring fills to suit the
gap, while still others would prefer to use vertical slots
in the top angle and avoid fills altogether (see Figure
7-17). Another option worth considering may be to ship
plain top angles for field welding.

• Gage N is kept as small as possible to reduce the de-
flection of the seat angle under the beam load.

Gages P and V are the usual gages except as noted here:

• When A325 bolts are required, the usual field proce-
dure is to place all bolts in a joint before tightening
each bolt.2 Sufficient clearance must be provided for
the impact wrench. Gages W and V must be arranged to
provide this clearance. When a beam frames to only
one side of a column web, tightening of the field bolts
on the V gage line can be performed on the opposite
side of the column web. However, when beams frame to
both sides, gage V must be sufficient to provide clear-
ance over the bolts through the beam flange. Note that
for connections which are suitable for tightening to the
“snug tight” condition, tightening may be accomplished
either by the use of an impact wrench or by the full ef-
fort of an individual using an ordinary spud wrench.

• Gages P and Q are the same (31/2-in.) The distance be-
tween column flanges limits the length of the top and
seat angles and, thus, determines both column and beam
gages.

• Gage W is the same for both the top and seat angles. It
may be the usual gage for the given size of angle leg
or may be adjusted for one-half the thickness of the
column web to afford a convenient figure for distance 
U. (For example, 3 in. � 3/16 in. � 213/16 in., as shown
in Figure 7-24 for this case.) This latter practice per-
mits the duplication of beam details when otherwise

identical beams are supported between columns hav-
ing varying web thickness.

• The ends of the punched beams are kept approximately
1/2 in. back from the face of the column web, except
where it is necessary to increase this dimension for erec-
tion clearance.

• The top and bottom flanges of the beam are cut at the
ends, if necessary, to provide at least 1/2-in. erection
clearance between the column flanges.

• Referring to Figure 7-24, the steel detailer will note
that cutting the flanges on the right end of the beam to
6 in. wide results in 9/16-in. clearance between edge of
beam flange and inside of column flange. This is ade-
quate if no bolt heads or nut and stick-throughs are in-
side of the column flange above the beam connection.
In all cases whether to clear column flanges or bolts,
where members must be erected by dropping, allow
clearance of between 1/2 in. and 3/4 in.

Stiffened Seat Details

For an example of a detailed stiffened seat, see Figure 7-25.
To tighten the 3/4-in.-diameter A325 field bolts with an im-
pact wrench, the holes in the outstanding leg of top angle a 
and seat plate b and, also, the holes in the vertical leg of the 
top angle should be located to provide a minimum 11/4-in.
clearance for the wrench (see Tables 7-16 and 7-17, Manual
Part 7). A gage of 3 in. in the seats and 3 in. in the vertical
leg of the top angle furnish the required clearance.

The gage is calculated by adding dimensions H2 and C1 
to the angle thickness. (Clearances C1, C2, H1 and H2 are
given in Tables 7-16 and 7-17.)

Vertical and outstanding legs:

13/8 � 11/4 � 5/16 � 215/16 in. → use 3 in.

The preferable shop practice is to maintain the same gage in
the top and bottom beam flanges. This keeps the spacing 
of the open holes the same in the top angle and seat plate.
The practice of maintaining the same spacing for open holes
in both pieces is so general that unless specifically shown
otherwise, the shop will take for granted that the dimensions
shown in the top sectional view (Figure 7-25) apply to both 
the top angle and the seat plate.

To ensure good contact of the stiffeners where they bear
against the underside of the seat plate, the top ends are fitted
carefully in the shop by grinding, milling or saw cutting. The
notation F1E instructs the shop to “fit one end” of the stiffener
angles to produce a full bearing surface (see Figure 7-25).
Some shops require the note BE (bearing end) to be shown on
the shop drawing at all points where fitted stiffeners must
take loads in bearing.

The fitting material for the connection on the web view of
the column (Figure 7-25) is billed to show that two connections
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2 Although this method is preferred, limited clearance in some “tight” con-
nections may require final tightening of certain bolts before entry of oth-
ers. In such an event the sequence of bolt assembly and tightening
must be covered on the erection drawing. (See “Entering and Tightening
Clearances,” the Manual, Part 7).
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Figure 7-24. Erection clearances.
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(one on each side of the column web) are required. Such
billing and the use of sectional views usually eliminate the
need to show the side view of a column web connection. The
cutaway flange view in Figure 7-25 is shown only for illustra-
tive purposes.

Figure 7-26a shows a method of providing lateral support
at the top of a column where no room is available to place
the top angle in its usual position. The arrangement shown
in Figure 7-26b can be used when no beam is framing to the
opposite side of the column web.

BEAMS AND GIRDERS

As a rule, each beam in a system of floor or roof framing
makes a convenient shipping and erection unit. The shop
drawing seldom pictures any of the adjacent members to
which the beam later will be connected in the field. However,
in preparing a detail drawing, all features that have a bearing
on the erection of the beam must be investigated.

The locations of open holes in the beam connections must
match the location of similar holes in the supporting mem-
bers. Proper erection clearances must be provided and pos-
sible interference must be eliminated, so that the beam can
be swung or lowered into position for connecting to its sup-
porting members.

Detailing practices call for the most economical use of
material, with due regard to reducing shop fabrication costs.
Methods for the calculation of structural steel weights are
published in the AISC Code of Standard Practice. The steel 
detailer is responsible for determining multiples of non-
rectangular shapes, when they can be cut economically from
either a larger or longer piece to effect an overall saving.

Suppose that three identical, skewed 12 in. channels
(C12�20.7) each require a piece of material 17 ft 2 in. long.
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Figure 7-25. Detailed stiffened seat.

Figure 7-26. Methods of providing lateral support. Figure. 7-27. Nested or multipled pieces.
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Because the skew cuts at the ends must be made in the shop,
a single piece sufficient in length to make the three pieces is
ordered from the mill. Figure 7-27 indicates how these pieces
can be nested or multipled to effect a saving of 1 ft-6 in. in 
the overall ordered length. Instead of a piece 51 ft-6 in. long
[3�(17 ft-2 in.)], one piece 50 ft-0 in. will suffice.

Care must be taken in dealing with unsymmetrical shapes,
such as channels and unequal leg angles, to be certain that
the appropriate length is ordered based on the nested or mul-
tipled pieces. For example, if one of the three skewed channels
just discussed must have its sloping cuts made opposite to
the cuts shown in Figure 7-27, a total length of 50 ft-9 in. in-
stead of 50 ft-0 in. is required.

Connection Angle Details

Figure 7-29 is a shop detail for the W18�60 beam in the
Part Plan shown in Figure 7-28. At the left end of beam B1 
are shown the details of the connection angles selected. The
shop details of these angles follow long-established prac-

tices among most fabricators. Following are pertinent facts 
on detailing these connection angles:

• For every shop bolt through the web, shown as hexa-
gons, two open holes for field bolts are required (shown
by blackening the angle thickness of the bolt pitch).

• The web leg is 31/2 in. and its gage is 21/4 in. The dis-
tance from gage lines to backs of angle channels are
called gages.

• The minimum edge distance from the center of a stan-
dard hole to any rolled or cut edge is given in Table
J3.4 of the AISC Specification. With a 21/4-in. gage,
the edge distance to the rolled edge of the connection
angles is 11/4 in., well within the AISC Specification
requirements. This gage also provides sufficient clear-
ance to install and tighten the shop bolts (see “Entering
and Tightening Clearances” in Tables 7-16 and 7-17
in the Manual, Part 7). The incremental amounts to be
added to accommodate oversize and slotted holes are
shown in Table J3.5 of the AISC Specification.

The open holes for connection to the webs of the support-
ing W24 and W21 are shown spaced 51/2 in. apart center-
to-center by the note following the angle size (GOL � 21/2; 
51/2 c-c). This is a very common dimension and permits the 
use of nominal leg size connection angles. This dimension is
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Figure 7-28. Part plan.
Figure 7-29. Shop detail for the W18�60 beam in the 

part plan shown in Figure 7-28.
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possible here only because no beam frames opposite to 
create interference in inserting and tightening the field bolts.
Alternatives that are available to create sufficient tightening
clearance are:

• Stagger the shop and field bolts as shown in Figure 
7-30. In this case a true stagger provides ample clear-
ance. The Manual Tables 7-16 and 7-17 are convenient
for use in checking both the entering and tightening
clearances, as well as the stagger clearances, for im-
pact wrench tightening.

• Increase the connection angle gages to provide ade-
quate driving clearance, as illustrated in Figure 7-31.
Again, the clearances in Tables 7-3a and 7-3b of the
Manual are convenient to use, where dimension H2
gives the allowance to cover the washer, nut and bolt
projection. Table 7-1 in the Manual lists dimensions of
high-strength bolts, nuts and washers.

• As described in Chapter 6, to facilitate erection and for
reasons of safety, the connection angles should be stag-
gered as illustrated in Figures 7-30 and 7-31.

The outstanding leg of each connection angle is 4 in. and
its gage is one-half of the center-to-center of holes minus tw/2
(from the Manual, Part 1). Thus, the gage on the outstanding
leg (GOL) equals (1/2 � 51/2) � 1/4 � 21/2.

The edge distance, center of fastener holes to the ends 
of the angles, usually is 11/4 in. for connection angles (see
footnote d at the bottom of Table J3.4 of the AISC
Specification). The length of the connection angles is the
sum of the fastener spaces plus the two edge distances. In
the case of the angles a in Figure 7-29, the length equals 11/4

� 3 � 3 � 11/4 � 81/2 in. Note that the edge distance on 
connection angles usually is not dimensioned unless the 
two edge distances are not equal. Note, too, that 11/4-in. edge
dimension can limit the connection design strength because 
of bearing.

The connection angles are given assembly marks, usually
a small letter. In the notation 2a to the right of beam B1 
in Figure 7-29, the number 2 indicates two angles and the let-
ter a is the assembly mark. This system of marking is used
because:

• It saves billing these angles again if they are reused on
the same piece (as at the right-hand end of the beam on
Figure 7-29 or on other beams on the same drawing).
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Figure 7-30. Staggered shop and field bolts.
Figure 7-31. Connection angle gages to provide adequate 

driving clearance.
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reason, fabricators dimension gage lines from either the top or
bottom of a beam, but not from the top and bottom.

Cutting for Clearance

Figure 7-28 indicates that the W18�60 and the W21�73 are
“flush top,” i.e., the tops are at the same elevation (�98’ -6).
Therefore, the south end of the W18 must be notched at the
top, as shown in Figure 7-32b, to prevent interference with
the flange of the W21. Such a notch is called a cope, block or
cut. Some shops dimension such cuts while others show a
standard cope mark that establishes the required dimensions.

In this text these cuts are shown rectangular in shape, even
though some supporting beams may have sloping inner flange
faces. Dimensions are given for the depth and length of all
cuts, and the intersection of the horizontal and vertical cuts 
(re-entrant cut) is shaped to a smooth radius to provide a fil-
let at this point. Although most shops routinely provide these
fillets, they must be shown on shop details.

Because the two beams are “flush top,” the minimum
depth of cut Q1 shown in Figure 7-32a should at least equal
the k-distance for a W21�73 to clear the web fillet. The
length of cut Q2, measured from the back of the connection
angles, should provide 1/2-in. to 3/4-in. clearance from the
toe of the flange of the W21:

Use 41/2 in.
Dimensions giving the depth and length of such cuts usu-

ally are rounded up to the next 1/4 in.
Clearances between beam flanges and column flanges 

must be considered when beams frame to column webs.
Additionally, if a bolt or detail connection projects beyond a
clearance line, it must be considered in the overall erection
scheme and removed or omitted if necessary.

Dimensioning

A complete shop detail and the material billing for the 
W18�60 of Figure 7-28 is shown in Figure 7-29. Note the
following:

• The minus dimension or setbacks (�5/16), shown at
each end of the main dimension line showing the beam
length (19’-113/8), are distances from the extreme 
end of the beam to a major reference line such as the
centerline of the supporting beam or column. For a
beam framing to other beams the setback dimension
is made equal to tw/2 � 1/16 in. and usually referred to

• The angles will be punched on a different machine
from that used for the beam. The assembly mark en-
sures the correct angles will be assembled on the cor-
rect beam.

• When the gage called for on the larger of two unequal
legs of a connection angle is such that it could be used
only on that leg and, yet, leave the minimum allowable
edge distance, giving a dimension of the leg on the de-
tail drawing is unnecessary.

• The small amount of eccentricity (in this case 21/4 in.)
from the backs of the web connection angles to the gage
lines for the fasteners does not affect appreciably the
design strength of the connection and is, therefore, not
considered.

Throughout the discussion and illustrations of framed
beam connection angles, standard holes have been shown
for field connections. Where permitted by the designer, hor-
izontal slots (usually short slots) in angles may be preferred
by erectors and fabricators for field connections. Slots ac-
commodate the minor variations often experienced in punch-
ing and drilling holes in beams and columns, and provide
some latitude for adjustment in plumbing and aligning a
frame during erection.

Although a pair of angles 4�31/2�1/4 connected to the
beam web with two 3/4 in.-diameter A325-N bolts provides
an available strength using LRFD that is greater than 43 kips,
as shown in Table 10-1 of the Manual, their use is limited to
beams having a maximum nominal depth of 12 in. Thus, a
three-bolt connection is required.

Beam Gages

In the interest of standardization and reduction of possible
errors in matching connections, common practice is to place
holes for connections on horizontal beam gage lines (rows)
spaced 3 in. apart vertically, with the uppermost gage line set
3 in. below the top of the beam, when practicable, as shown
in Figure 7-29.

With a 3-in. dimension from the top of the beam to the
first hole, the matching connection can usually be detailed
with a 11/4-in. edge distance without encroaching on the fillet
k-distance of the supporting beam/girder to which it is bolted.
If this is not possible the 3-in. distance to the first hole must
be increased to maintain the 11/4-in. edge distance. However,
minor encroachment on the fillet is permissible as shown in
Figure 10-3 in the Manual, Part 10.

In the Manual, Part 1 the depth of a W18�60 is listed as
181/4 in. When this beam arrives from the mill, its actual 
depth at the centerline of the web may vary from 181/8 in. to
183/8 in. Hence, if the 3-in. dimension from the top of the
beam to the first gage line is to be maintained, a theoretical 
dimension given from the bottom of the beam to the nearest
horizontal gage line necessarily would not be correct. For this
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as the c-dimension, tw being the thickness of the web of
the supporting beam.

• The dimension back-to-back of end connection angles 
is obtained by subtracting the sum of the two setback 
dimensions from the center-to-center dimension between
supporting beams. In the case of beam B1 this dimen-
sion is equal to 20 ft-0 in. � 2 � 5/16 � 19 ft-113/8 in.

• The length of the W18�60 is billed at 19 ft-101/2 in., so
that its ends will stop approximately 1/2 in. short of the
backs of the connection angles. This allows for inac-
curate cutting of the beam length at the mill or in the
shop and eliminates possible recutting or trimming. In
Figure 7-29 the ends of beam B1 theoretically are lo-
cated 7/16 in. short of the backs of connection angles.
Although not shown, the edge distance on the end of
the beam is 21/4 � 7/16 � 13/16 in. This edge distance is
less than the minimum requirement for “sheared” edges,
11/4 in. for 3/4-in.-diameter fasteners (see Table J3.4 of
the AISC Specification). Although the beam would have
been saw-cut or gas-cut (not sheared) to length, the con-
nection available strength might be reduced by applica-
tion of AISC Specification Section J3.10.

• Some shops require a minimum 11/2-in. edge distance
for clamping or gripping main material in a multiple-
punch machine, regardless of the size of hole. Detail
material, such as connection angles, need not be gov-
erned by this requirement.

• In setting edge distances to obtain the minimum re-
quired by specifications or for gripping materials, the
mill tolerance for length underrun should be consid-
ered. From Table 1-22 of the Manual, Part 1, note that
W beams 24 in. and under may underrun 3/8 in. and
beams over 24 in. may underrun 1/2 in. If this is divided
equally between both ends, the maximum underrun at
each end will be 3/16 in. or 1/4 in., respectively, and edge
distances should be set accordingly. The overrun toler-
ance is the same through a 30-ft length, with a 1/16-in.
per 5-ft additional increment for lengths greater than
30 ft.

• No top or bottom views have been shown because holes
are not required in either flange. Views are not shown
that do not convey positive instructions or contribute
to clarification of the detail.

• If a shop coat of paint had been specified and the field
bolts had been A325 or A490 in a slip-critical connec-
tion, a note would have been added to the drawing read-
ing, “No paint on outstanding legs of connection angles.”
If such a note is applicable to several beams, usually it
is placed in the General Notes on the drawing.

In general, details for beams are drawn to a scale of 1 in. �
1 ft-0 in. for beams 12 in. and less in depth, and 3/4 in. � 1 ft-
0 in. for beams over 12 in. deep. Good judgment may dictate
the selection of a larger scale for small beams (such as 6 in.
deep) or beams with complicated details. This scaling applies
only to beam depth and to detail fittings, cuts, copes, etc.
Overall lengths may be foreshortened, leaving sufficient room
to show all the details, drawn approximately to scale where
possible without crowding. As dimensions always control,
common practice is to exaggerate very small distances to
make the view clear.

Dimensions are all-important parts of shop detail draw-
ings. They must be correct, their extent must be unmistak-
ably clear, and all numerals and characters must be legible.

Dimensions should be arranged in a manner most conven-
ient to all who must use the drawing. They should not be
crowded and should cross the fewest possible number of other
lines. Overall dimensions and long dimensions should be
placed farthest away from the views to which they apply.
Dimensions should be given to the centerlines of beams, to the
backs of angles and, with some exceptions, to the backs of
channels. Vertical dimensions should be given to the tops or
bottoms of beams and channels (whichever elevation is crit-
ical), never to both top and bottom. In general, dimensions
should not be given to edges of flanges of structural shapes or
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Figure 7-32. Cope, block or cut.
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to the toes of angles. With few exceptions, dimensions should
be referenced to some point on the steel, i.e., not beyond the
extent of the piece.

Shipping Marks, Billing and Notes

As shown under the detail in Figure 7-29, the complete beam
is given a shipping mark B1 to identify it for the office, shop
and field. A discussion of various systems of shipping marks
is given in Chapter 4. On any one detail sketch, only that
material required for one complete shipping piece is identi-
fied. Thus, in Figure 7-29 two connection angles a are indi-
cated at each end of the beam. The shop bill would show
that two beams B1 are required and would list the total num-
ber of W18�60 shapes and angle fittings required for two 
assemblies.

Instead of noting bolt size, open hole size and painting re-
quirements on the details for each individual beam, the usual
practice is to specify such requirements only once by a General
Note placed on each shop drawing near the title block. Such
a note covers all holes and bolts on the sheet, unless exceptions
are noted on the individual details.

Typical Framed Beam Details

Figure 7-33 is a part erection drawing of a design plan. The
W36�160 girders (A2 and B2) have been detailed and the
holes required for the connections of beams framing to them
are shown in Sections X-X and Y-Y. The steel detailer de-
termined the number of bolts required by using Manual Table
10-1 to find connections having design strengths at least
equal to the given factored reactions of the beams. Although
fewer bolts would have sufficed for the W24�76 beams, the
number of rows of bolts selected represents the minimum
required (see “Recommended Angle Length and Thickness”
in the Manual Part 10). The following discussion will cover
the details of beams A3 through G3. Beam G4 is actually
opposite-hand of E3, and M4 is opposite-hand of F3 with
holes to accommodate G3. To avoid potential fabrication 
errors, beam G4 was detailed completely instead of noting 
the piece to be a “Left” or “Opposite-hand” of member E3.
A simple CAD command applied to the detail of E3 pro-
duced the detail of G4. Beams A2 and B2 are indicated to
be detailed on drawing Sheet 2, with G4 and M4 detailed on
Sheet 4. The details of the unmarked W24�94 and W24�76
beams will resemble beams B3 and A3, respectively, the dif-
ferences being in locations of web holes.

Note that the shipping (erection) marks of the various
members are shown in Figure 7-33. While a separate erection
drawing may be made, in this case the steel detailer ascer-
tained that the design drawing could serve as the erection
drawing. The system of shipping marks in this case consists
of a capital letter followed by the number of the shop draw-
ing. The shop drawing number is Sheet 3 (see Figure A7-34).
Generally, the web view of a beam is drawn as it would be

seen if the steel detailer were looking toward the top or to-
ward the left side of the design plan. Therefore, in this case
one should face the north in detailing the east-west beams
and face the east in detailing the north-south beams, except
for the C10�15.3 (E3), which is detailed by viewing from
the back.

In detailing this framing it was required that, once gage
lines are established on any beam, all bolts and holes in that
beam must be on those gage lines. Furthermore, all breaks in
gages, as between framing beams, must be made in the con-
nection angles. This common practice saves money in the
shop and tends to reduce drafting errors. Beam connections
that are adequate to resist the given reactions are selected
from the Manual, Part 10 and will be used throughout for
beams and channels. These connections will be modified as re-
quired because of breaks in the gage lines.

In Figure A7-34 the shop drawing of beams A3 and B3
shows holes that have been provided for connections of beams
that will frame into them.

In setting gage lines along the web of a beam the lines
should be located to accommodate all of the pieces that are to
frame into the beam web and, at the same time, accommo-
date the end connections of the beam. Breaks to adjust the
gage lines selected are provided in the connection angles at
both ends of beam B3, at the north ends of beams E3 and 
F3 and at the east end of beam G3.

On the detail of beam B3, the holes in the top flange must
match holes in the bottom flange of the S8�18.4 beam D3.
(Note from Figure 7-33 that the top of beam B3 is 8 in.
below the top of beam D3.) These top flange holes are noted
on the detail of D3 to be on a 21/4-in. gage. The transverse
distance between gage lines on the top of beam B3 is given
by the note “GA � 51/2.” The holes are understood to be
placed symmetrically about the centerline of the beam web.
If only two holes were required (probably located on both
gage lines diagonally opposite each other), a top view would
be advisable. 

The top of beam B3 is cut away at both ends to accom-
modate the end connection angles that otherwise would en-
croach on the fillet of the top flange. The left end of channel
F3 and the right end of channel E3 are cut at either the top
or bottom flange for the same reason. As no question of clear-
ance for the flange of an adjoining beam is involved in these
cases, the Q1 dimension of these cuts (see Figure 7-32a) is
made sufficient only to remove the flange (Q1 in these cases
is equal to the k-distance of the member being detailed,
rounded-off to the next larger 1/4 in.). The Q2 dimension is
made sufficient to provide about 1/2-in. to 3/4-in. clearance
from the toe of the framing angle.

Beam C3 requires a deeper cut at the bottom of the beam
at each end in order to provide clearance for the bottom flange
of both W24�94 beams. Note: All flange cuts are dimen-
sioned to the ends of the beam.
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Figure 7-33. Part erection drawing of a design plan.
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The notation �0 at the left end of beam D3 indicates that
no overrun or underrun is permitted at this end. The steel de-
tailer must assume that the 2 ft-3 in. overhang must be main-
tained as closely as possible. To give the shop some leeway an
allowable variation of �1/2 in., �1/4 in. in length is shown at
the right end, as nothing on the design drawing is given to
limit the exact location of this end. This will allow the beam
to overrun or underrun the full mill tolerance, so that cutting
the beam in the shop should not be necessary. Refer to Table
1-23 for “Permissible Variations in Length” for S-shapes in the
Manual Part 1. A bottom flange view is not needed to locate
the holes because the notation “GA � 21/4” conveys to the
shop this necessary information.

Note that the main material (the beams and channels) is
identified by a shipping mark in the details shown on Sheet
3 (Figure A7-34). Some fabricators assign assembly marks
to the main material if it consists of only a beam or channel.
The exception to this latter practice is beam D3. As this
beam is plain (it has no fittings), it can be identified by its
shipping mark.

Channels E3 and F3 are drawn looking at the backside of
the web, which is the usual detailing practice for these shapes.
The direction in which the channel flanges are to face has
been indicated on the erection drawing by showing a small
section of the flange (see Figure 7-33). When they are in-
stalled, the flanges of these channels must point in the direc-
tion indicated. 

The ditto mark (”) is never used on structural steel shop
drawings. In the shop bill always use the word ONE, not the
number 1, in designating one shipping piece. 

Neatness and legibility of shop drawings are obtained by
lining up notes and dimensions that have the same purpose.
Thus, the 4-in. cut instructions at both ends of beam B3 are
placed the same distance above the sketch. Attention to these
features results in an orderly, systematic presentation of the in-
formation and helps prevent shop errors.

The flange cut at the left ends of beams G3 and E3 has re-
duced the beam design strength significantly. Beam E3 was 
reinforced by using a longer leg on angle a3d. Beam G3 was
reinforced by the addition of the 1/4 � 6 in. plate p3a. The
steel detailer is referred to the Manual, Part 9 for discussion
and examples, which are useful in analyzing coped beams.

The shop drawings presented thus far are, of necessity,
very simple. They have been explained in considerable de-
tail because they illustrate many of the fundamentals that are
common to the details of all ordinary framing. These funda-
mentals must be understood clearly.

Dimensioning to Channel Webs

On the design drawing in Figure 7-33 dimensions are given 
to the backs of the 10-in. and 12-in. channels, which is the
usual dimensioning practice for these shapes. 

Most fabricators follow the generally accepted practice
of referring dimensions on shop drawings to the backs of
channels. Beams A3 and B3 are detailed in this manner. (The
practice of dimensioning to the centerline of channel webs is
preferred by some fabricators and their shop workers have
been trained accordingly.) 

Note: Longitudinal dimensions along the beams shown in
Figure A7-34 are given to the centerlines of the groups of
open holes required for the field connections, rather than to
each transverse gage line as in the case of the groups of shop
bolts. This practice simplifies the dimensioning work for the
steel detailer and, later, for the checker as the dimensions
given on the design drawing and erection drawing are to the
centerlines of the beams (an exception in the case of chan-
nels already has been noted).

Use of Extension Dimensions

Instead of locating groups of holes by means of a series of
dimensions giving the distance between the backs of adjacent
channels, as on beams A3 and B3 in Figure A7-34, many
fabricators prefer the use of extension dimensions. Extension
dimensions are distances from a definite point at the left
end of the beam to any line or group of holes or to a connec-
tion. To avoid any misunderstanding the dimension line 
for the extension figure, locating the first connection from 
the left end of the beam should run unbroken to the point
of origin from which the extension is given. In Figure A7-34
the point of origin for each beam is labeled RD, which stands
for “Running Dimension.” It is the left end of the beam. The
backs of the connection angles are set back 1/2 in. from the
RD.

In Figure A7-34 the extension dimensions are taken to
each line of holes in each group, moving from left to right
along the beam.

Extension dimensions taken to each line of open holes
are shown for beams A3 and B3 in Figure A7-34. For beams
with square connection angles or with connection angles
with small bevels (as defined in Figure 7-35) on at least one
end, that end should be made the left end and extension di-
mensions given from the back of the left end connections. 

For beams with at least one square end and no connection
angles attached to either end, the square end should be made
the left end and the extension dimensions given from it.

When a beam has one end milled (�0 tolerance), that end
must be shown at the left end of the beam sketch and all ex-
tension dimensions measured from it.

When beams are fitted with beveled connection angles
(except for small bevels as noted above), extension figures
should be given as shown in Figure 7-36. Work points should
be noted WP.

When beams are cut on a vertical bevel and the left end 
is plain or has holes, extension figures should be given from

7-36 • Detailing for Steel Construction

CHAPTER 7

Detailing_CH07  6/2/09  8:22 AM  Page 36



Detailing for Steel Construction • 7-37

SHOP DRAWINGS AND BILLS OF MATERIALS

Figure 7-35. Connection angles with small bevels.
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Figure 7-36. Beams cut on a vertical bevel.
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the left end of the beam similar to Figures 7-36a and b,
respectively.

Groups of holes or connections closer than 1’- 0 to either
end connection of a beam, or to an intermediate connection,
should be located by dimensions from such adjacent connec-
tions and not located by extension figures only.

When holes are formed in a beam with a multiple punch or
drill, it is not necessary to lay out and center punch the loca-
tion of each hole. The beam is clamped to a movable carriage
that can be stopped when any given point along the beam is in
position for punching or drilling, as explained in Chapter 1.

Framed Connections to Columns—Bolted

Framed end connections also are used to connect beams to
column flanges. In the case illustrated in Figure 7-37, a pair
of connection angles (or framing angles) is shop bolted to the
column flange. Note the stagger between the shop bolts and the
holes for the field bolts. This is necessitated by the narrow
(4-in.) gage on the column flange in order to provide clearance
for inserting and tightening the field bolts. As this is a “knifed”
connection, the bottom of the beam is coped to permit it to
slide down between the angles during erection. The 1/2-in.
gap between the angles furnishes the acceptable 1/16-in. clear-
ance for erecting the beam.

The beam connection shown is to a W8�24 column (with
a 61/2-in. flange width), necessitating a maximum column
gage of 4 in. to provide sufficient edge distance for the holes
in the column flange. The gage in the angle legs is 13/4 in.
The holes in the column flange are staggered with those in
the beam web; otherwise clearance for the impact wrench in
tightening the field bolts would be insufficient. Horizontal
short slots in the outstanding legs of the angles allow for slight
variations in the column gage.

The connection shown in Figure 7-37a permits detailing
beam B as a plain punched beam. Such a beam carries no fit-
tings (see Figure 7-37b) and can bypass the assembly areas in
the shop. Most shops prefer plain punched beams and detail
the beam connections for shop assembly on the columns where
possible. Placing the connection angles on the column flange
affords more flexibility in plumbing up the steelwork in the
field before tightening the field bolts. Many fabricators and
erectors prefer this procedure.

A detail such as the one in Figure 7-37 is not generally
used to frame a beam to a column web because of interference
of the column flanges in tightening the field bolts with im-
pact wrenches and requirements for erection seats. The con-
nection angles could be shop fastened to the beam. However,
this may present clearance problems in erecting the beam be-
tween the column flanges.

Design procedures for framed connections to columns are
the same as for beam-to-beam connections, discussed in
Chapter 3.

Seat Details—Bolted

Figure 7-23a is an example of a part plan taken from a de-
sign plan. The columns have been detailed and Type C seated
connections have been provided at each column for the
W18�71 beam B.

The steel detailer is advised to study gages, erection clear-
ances and flange cuts required for connecting a beam to two
different sizes of columns, as shown in Figure 7-23a, and to
prepare a sketch such as Figure 7-24. The sketch is discarded
later after it has served its purpose. (The sketch shown in
Figure 7-24 may show more information than is necessary
and is for illustrative purposes only. With experience the steel
detailer will be able to make these study sketches freehand.)

Figure 7-38 shows a completely developed shop detail 
of beam B with top and bottom views. These latter views
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Figure 7-37. A pair of connection angles (or framing angles)
shop bolted to the column flange.
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customarily are not shown on shop drawings. Figure 7-39
shows the preferable complete “short cut” shop detail of the
same beam. Both figures contain exactly the same informa-
tion. Note the following points:

The minus dimensions (�3/4), shown outside and oppo-
site the dimension line are the setback dimensions, the dis-
tances from the centerline of the supporting columns to the end
of the beam. 

The ordered overall length of the beam is used to deter-
mine the setbacks by subtracting its length from the distance
center-to-center of supporting columns. In this problem each
setback equals:

The 18 ft-41/2 in. length of the W18 is the ordered length,
probably determined long before the detail is made. Had it
been ordered slightly longer or shorter, it still would be used
as ordered, provided that erection clearances are adequate,
end or edge distances meet minimum AISC Specification re-
quirements, and the design bearing strength is adequate.

The plus-and-minus figures (�1/4) shown at the ends of
the web view tell the shop that the beam length can vary up to
total of 1/2 in. shorter or longer than detailed. Therefore, the

beam would be usable without trimming, provided its length
is between 18 ft-4 in. minimum and 18 ft-5 in. maximum.
The shop would adjust the edge distance, shown as 21/4 in.,
and the length of clearance cuts, shown as 41/4 in., to suit.
The longitudinal distance between open holes would be held
to 18 ft-6 in. � 3 in. � 3 in. � 18 ft-0 in. to match the column
details (see Figure 7-24). This distance cannot be varied. The
steel detailer should endeavor to allow the shop as much vari-
ation in length as possible, up to the full mill tolerance. If full
mill tolerance or something approaching it can be allowed at
each end, the shop does not have to divide the mill overrun or
underrun equally at each end. For many shops, the (�1/4) tol-
erance is a standard amount and the steel detailer does not
have to show it on the shop drawings. However, tolerances
other than standard must always be shown. The detail should
meet the standards of the employing fabricator.

If detailing requires both a top view and a view of the bot-
tom flange, the practice of most fabricators, when showing 
a bottom flange, is to view it looking down as illustrated in
Figure 7-38.

Detailing as in Figure 7-39 eliminates the flange views.
Instructions (including necessary dimensions) for cutting 
the flanges at the right end are covered by a note on the web
view. The radius of each corner fillet at the flange cuts is 
understood universally and need not be noted on Figure 7-39.
The transverse distance between gage lines on the flanges is
covered by the note “Ga � 31/2.” In such cases symmetry
about the centerline of the beam web is understood. The notes
must be explicit in showing what work, if any, is required
on each flange.

Typical Framed Beam Connections—Welded

Three similar beams are detailed in Figure A7-40 to illustrate
the use of different types of welded framed connections. Beam
B10 has Case I connections, shop welded and field bolted;
beam B11 has Case II connections, shop bolted and field
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Figure 7-38. Completely developed shop detail of beam B 
with top and bottom views. Figure 7-39. “Short cut” shop detail.
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welded; beam B12 has Case III connections, shop and field
welded. The details follow the principles discussed earlier for
bolted connections. The use of welding symbols follows the
rules discussed in Chapter 4.

Where open holes for bolts are used in combination with
welds, the connection angles are located on the beam by the
gage lines established for the beam or the supporting steel.
Where shop and field welding of end connection angles is
used, a dimension is shown to the open holes provided in the
outstanding legs for erection bolts. Note that welding and
bolting are never used in the same connection plane except
under rare and special conditions.

Four holes for erection bolts have been provided in the
connection angles for beams B11 and B12. Two bolts would
have been sufficient to support the dead weight of the beam.
The additional bolts serve two purposes: they provide for the
contingency of large temporary loads during erection and
they assist in pulling the connection angles up tightly against
the web of the supporting beam. Generally, these bolts are
not required to be removed subsequent to final welding.

OSHA safety regulations require that two bolts be in-
stalled for erection. As a general rule at least two erection
bolts are used for framing angles or similar connecting ele-
ments up to 12 in. long, four bolts for connecting elements up
to 18 in. long, and six bolts for longer connecting elements.
Some engineers prefer to locate these bolts below the mid-
height of the angle. Theoretically, this provides the greatest
possible flexibility near the top of the connection, where the
angles are expected to flex away from the supporting mem-
ber. However, this practice does not ensure a close fit-up of
the angle before welding. Other engineers prefer the more
general practice of spacing the bolts equally along the length
of the angles. In this latter case, the bolts are placed as close
to the toes of the outstanding leg as practical to provide
greater flexibility.

The steel detailer should study carefully the details for
beams B10, B11 and B12 in Figure A7-40 and note the 
following:

The setback for beams B11 and B12 is made 5/16 in. at the
right end to provide a closer fit of the field-welded connection
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Figure 7-41. Typical splice weld.
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angles against the supporting members after the beam is
erected. However, some fabricators would use 3/8 in. at each
end. The field weld size must be increased by the size of any
gap existing at field fit-up in accordance with AWS Code
D1.1 requirements.

Although the welding symbol on beam B10 indicates shop
welding of the near-side connection angle only, by convention
the far-side angle is to be welded the same as the near-side
as long as it carries the same assembly mark. See note at the
bottom of Figure 4-20.

The welding required for each detail piece identified by
an assembly mark may be shown only once with the note
“Typ” in the tail of the welding symbol. The welding is pre-
sumed to be duplicated in all other uses of that assembly 
mark on that particular shipping piece, provided no other
welding symbol is shown (Figure 4-27). This rule applies for
a single shipping piece. If the same detail piece assembly
mark appears on another shipping piece on the shop draw-
ing, the welding symbol must be repeated on that piece.

The drawing carries the note, “All welds to be made with
E70XX electrodes.” Noting the type of electrode to be used is
advisable even if E70XX electrodes are used commonly un-
less otherwise noted. The E70 designation indicates the design
strength level of SMAW welding. Other welding processes
also are acceptable, unless prohibited by contract, provided the
same design strength is furnished.

As the edge distance at the end of the connection angles for
beam B12 is not the usual 11/4 in., the dimension of 6 in. is
shown on the detail of the connection.

Seat Details—Welded

Figure 7-42 is a part plan of an all-welded project. In detail-
ing beam B13 and its connections (Figure 7-42b), important
considerations are:

• As the design dimensions are shown from center-to-
center of columns (Figure 7-42a), the minus dimension
(�73/4 and �71/2 in.) is given from the center of the
column.

• The overall length of the beam is 20 ft.� (73/4 in. �
71/2 in.) � 18 ft-83/4 in.

• Holes have been provided in the bottom flange of the
beam for two erection bolts. The beam will be field
welded to both the seat angle and the top angle. Shop
painting of the steel is not required according to the
“Notes” in Figures 7-42b and 7-42c.

• The detail of top angle TA1 is made once as a job stan-
dard to suit as many beam flanges and column sizes as
practicable. Although the top angle could be shop
welded to the column flange, loose fills would have to
be provided for beam overrun or underrun. To permit 
fit-up without fills, the angles will be shipped loose for
field welding to the beam and columns.

To furnish the erection contractor instructions for making
the field welds for seated beam connections, a drawing must
be prepared. By omitting all details not essential to the field
welding, a single sketch can be made to serve many sizes of
beams, as shown in Figure 7-43. Some fabricators prefer to
show the shipping mark for the top angle on the erection 
drawing at each end of the beam. Others show the top angle
shipping mark on the field-weld sketch and relate it to the
point numbering.

OTHER TYPES OF CONNECTIONS

The discussion on beam and girder details has dealt with
bolted and welded framing angles and seat connections.
Although the earlier guidelines for detailing beams and 
girders apply to the types of connections listed herein, each
type of connection has certain features that the steel detailer
must recognize.

Shear End-Plate

When detailing a shear end-plate connection (Figure 3-8),
the steel detailer must give special attention to the locations of
holes in the plate. Maintain sufficient installation and tighten-
ing clearances for field bolts nearest the insides of the top
and bottom flanges. Also, be certain that the line of bolts on
each side of the beam web clears the toe of the fillet weld.
Generally, rows of bolts are spaced at 3 in. Beams detailed
for shear end-plate connections are dimensioned from the
outside of the end-plate, similar to beams having double-angle
framing connections. Shear end-plate connections can be se-
lected from Table 10-4 in the Manual, Part 10.

Single Plate

Spacing of rows of holes in single-plates (Figures 3-12 and 
3-13) is 3 in., with the top hole in the beam web located usu-
ally 3 in. from the top of the beam. If the beam fillet is too
large to accommodate the 3-in. location, the top hole in the
web can be lowered. The steel detailer must be certain that 
the end of the beam will clear the toe of the fillet weld con-
necting the single plate to the supporting member. The steel
detailer is referred to Table 10-9 and its introductory discus-
sion in the Manual, Part 10 for information on detailing sin-
gle plates. Beams and girders using these connections are
detailed similarly to beams having seat connections. Extension
dimensions are measured from the end of the beam.

Single Angle

Beams to be supported by single-angle connections (Figure 
3-14) attached to the supporting member are detailed simi-
larly to beams having seat connections. The extension dimen-
sions are given from the end of the web. Where the supported
member is to be field bolted to a single-angle connection,
horizontal short slots in the outstanding leg of the angle will
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Figure 7-42. Part plan and details of an 
all-welded project.

Figure 7-43. Seated connection.
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facilitate erection. Tables 10-10 and 10-11 in the Manual,
Part 10 furnish information for selecting all-bolted and bolted-
welded single-angle connections.

Tee

When determining the location of holes in the stem (Figure 
3-15), the steel detailer must be sure that the end of the sup-
ported member clears the fillet of the tee. Also, installation
and tightening clearances for field bolts must be observed.
Beams detailed for tee connections (the tee being on the sup-
porting member) are dimensioned similar to beams detailed 
for seat connections.

Camber

Historically, camber has referred to the amount that a beam,
girder or truss is built or set above its geometric profile when
it is under no stress and lying on its side. Measurement of
camber with the member in this position is standard fabricat-
ing procedure. Camber is added to beams, girders, trusses
and certain other horizontal load-carrying members to compen-
sate, to varying degrees, for deflection of the members when
loaded and to improve their appearance by lessening the 
possibility of sag. Camber that results in an upward rounded
arch is referred to as positive camber and is the most com-
mon. However, rare cases occur, such as in cantilevered beams,
where negative camber is required. Truss camber is discussed
later in this chapter. 

The camber of a beam or girder will be a comparatively
flat, approximately smooth circular curve, continuous from
end to end. The amount of camber usually is specified on
the design by a notation near the member size such as “C �
11/2” to indicate a camber of 11/2 in. On shop drawings the
amount of camber is specified as an ordinate from chord to
curve at the mid-length of the beam or girder. Below the
sketch of the member to be cambered will be a note “Camber
� 11/2” or a similar notation according to the fabricator’s
preference. The curve in the beam is not shown; the shop
will understand this camber to be convex upward unless oth-
erwise noted. As small camber ordinates are impractical,
camber less than 3/4 in. should not be specified. Also, the
minimum recommended length of beam to camber is 25 ft be-
cause of limitations imposed by the fabrication machines
generally used to camber beams.

When beams and girders are to be cambered in the shop,
the normal procedure is to punch or drill flanges and webs
prior to bending. This results in holes that are normal to the
flanges and, therefore, on approximately radial lines after
bending. If job specifications or other considerations require
that holes be punched or drilled normal to the camber, shop
drawings must be noted “Holes to be normal to chord.”
Normally, in building work connections are fabricated square
with the cambered beam end. Generally, the rotations and
movements are very small and pose no problem during 

erection. Beam ends, which initially are radial, tend to rotate
to a vertical position as loads are applied.

Wall-Bearing Beams

Wall-bearing beams often fall into the category of those steel
members that attach to other building components, but may not
be shown on the structural steel design plans.

These beams require a bearing or setting plate to distribute
the concentrated end reaction to the supporting material. The
length of required bearing depends upon the design strength
of the supporting material and the magnitude of the loading.
The plates are set to the specified elevation and grouted into
place before the beam is mounted on them. An alternate detail
of bearing on top of a wall is shown in Figure 7-9c. The beam
is field welded to the plate unless the beam is required to slide
as at an expansion joint. To permit the beam to slide while
restricting any other type of movement, a detail similar to the
one shown in Figure 7-44 may be used.

The stability of a beam end supported on a bearing plate can
be provided in one of several ways:

• The beam end can be built into solid concrete or ma-
sonry using anchorage devices. 

• The beam top flange can be stabilized through inter-
connection with a floor or roof system, provided that
system is itself anchored to prevent its translation rela-
tive to the beam bearing. 

• A top-flange stability connection can be provided
• An end-plate or transverse stiffeners located over 

the bearing plate extending to near the top-flange 
k-distance can be provided. Such stiffeners must be
welded to the top of the bottom flange and to the beam
web, but need not extend to or be welded to the top
flange.

In each case, the beam and bearing plate must also be 
anchored to the support. Additional information is provided 
in the Manual, page 2-13.
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Figure 7-44. Detail to permit the beam to slide while restricting
any other type of movement.
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TRUSSES

Types of Construction

Most building trusses are shop welded and field bolted. Welded
trusses provide a savings in main material because the mem-
bers usually do not have any holes for fasteners, therefore,
tension members may be designed on the basis of gross sec-
tion. Also, detail material, such as gusset plates joining truss
components, is eliminated in many cases, resulting in sav-
ings in weight and, usually, in fabrication costs.

The type of welded truss most commonly used consists of
tee sections for the top and bottom chords and angles for the
web members, as shown in Figures A7-45 and A7-46. Note
that the angles extend over and are welded to the stem of the
tee. Provided that the loads in the webs are small enough, no
extension plates are required. Otherwise, extension plates
must be welded to the WT stem using a full penetration detail.
When the forces are too large for a tee section to be used for
the chords, W-shapes, with the web vertical, may be used in-
stead. This requires the use of gusset plates, which are welded
to the top flange of the bottom chord section and bottom
flange of the top chord section. Web member angles are
welded to the gusset plates.

Another type of construction for heavily loaded trusses
consists of W-shapes for both chord and web members, as
shown in Figure 7-47. Connections in these trusses are made
usually by groove welding flanges to flanges and fillet weld-
ing webs directly or indirectly by the use of gussets. Because
the fitting-up of joints in this type of construction is affected
seriously by dimensional variations in the rolled shapes (see
“Standard Mill Practice, Rolling Tolerances,” the Manual Part
1), members made by welding plates into H shapes are pre-
ferred by some fabricators.

The steel detailer will note by referring to Figures A7-45
and A7-46 that the gravity axes (through the centers of grav-
ity of the cross-sections) of the web and chord sections serve
as working lines. This is a basic difference from bolted con-
struction, where gage lines are used for the working lines.

Members of bolted trusses, except in the case of very heav-
ily loaded trusses, usually are made up of angles because of the
ease with which they may be connected by means of a sin-
gle gusset plate at each panel point. Generally, a pair of angles,
with one angle placed on either side of the connecting gusset
plate, is fabricated to act as a single composite unit. Often,
angles are punched or drilled in pairs.

When equal leg angles are used, there can be no mis-
understanding as to which legs should be placed back-to-
back. When unequal legs are used in welded or bolted 
construction, however, the proper legs must be assembled to-
gether. In tension members the wider legs are placed, gener-
ally, against the stems of the tee chord sections or the gusset
plates. In compression members the proper arrangement of
unequal leg angles is very important. This fact will be appre-

ciated after a careful study of the table “Available Strength
in Axial Compression” on Double Angles in the Manual, Part
4. The total available concentric compression strength of a
pair of angles having their long legs back-to-back may be
compared directly with the available strength allowed when the
same angles, having the same unbraced lengths, are assembled
with their short legs together. The orientation of unequal-leg
angles should be as specified in the contact documents, unless
a change is approved by the structural engineer of record.

As can be noted in the sketch at the top of the tables, the 
Y-Y axis of the double-angle member will lie in the plane of
the stems of the tee sections or the gusset plates when they
are placed between the angles. In the plane of the tee section
stems or gusset plates, the web members of a truss provide
transverse support to the compression top chord at each panel
point. Therefore, the unsupported length, as far as the X-X
axis of the top chord is concerned, is the distance between
panel points. 

To prevent buckling from occurring about the Y-Y axis of
the top chord when the truss is fully loaded, horizontal support
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Figure 7-47. Construction of heavily loaded trusses consisting of
W-shapes for both chord and web members.
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must be provided directly by the floor, the roof construction
or a system of bracing. Thus, the unsupported length of the 
top chord, as far as Y-Y axis loads are concerned, may be
zero in the case of a directly connected floor or roof deck.
However, if the loading is provided through beams or purlins,
the unsupported length may be the distance between these
members and may extend over more than one panel length.

When the angles are to be fabricated with their long legs
outstanding, this is indicated on the shop drawing by the 
symbol:

This practice is illustrated in Figures A7-66 and A7-52. When
the long legs are to be back-to-back, the symbol 

is used. Design drawings must show the relative position of the
long and short legs. On detail drawings these symbols are re-
placed by the angle symbol:

In bolted construction the placement of the long and short
legs is frequently obvious from the gages. Otherwise, the size
of one of the legs must be dimensioned. In welded construc-
tion the size of one of the legs of unequal leg angles always
must be shown on the detail drawing.

As an alternate to using symbols to indicate the orienta-
tion of back-to-back angles, abbreviations may be used,
such as: LLBB (long legs back-to-back) or SLBB (short legs
back-to-back).

TYPICAL DETAILING PRACTICE

General Arrangement of Details

Figures 7-48a and 7-48b are erection drawings for the roof
framing of an industrial building. The trusses are detailed
in Figure A7-49. Although these trusses might not be too
large to be shipped as single pieces, this might not be true of
similar larger trusses. Therefore, the details have been pre-
pared to illustrate the usual separation (into half trusses,
bottom chords, hangers and knee braces), which normally
would be used in the fabrication and shipment of larger
trusses.

Note in Figure 7-48a that instead of showing shipping
marks for the component shipping pieces comprising each
roof truss, each fully assembled truss is given an erection

mark—T1, T2 or T3—and these erection marks are shown 
on both the top chord and bottom chord plans. The trusses
will be assembled on the ground, using the information pro-
vided on the assembly diagram, and their field splices will 
be bolted completely before they are lifted into position.

Even when trusses are to be shipped to the site in more
than one piece, the several component shipping pieces usually
are detailed in their assembled position.

Trusses of the type shown in Figure A7-49, after having
been assembled on the ground, are vulnerable to “jack-knifing”
when being lifted (i.e., buckling out of the plain of the truss 
and bending sideways). One location where this may occur
is at the splice of the bottom chord members. Another location
on the truss that is vulnerable to jack-knifing during erection
is at the peak. The bent plate ac, with a four-bolt connection
to each half truss, would be considered incapable of resist-
ing lateral bending. Stiffening angles can be provided as shown
in Figure 7-50, to resist lateral bending. The extent to which
stiffening of the truss at these locations is required would be
determined by the erector. An option to stiffening the truss
might be for the erector to arrange the pick points to reduce the
possibility of a lateral buckling failure.

Decisions as to which connections are to be field connec-
tions and which are to be shop fastened generally would have
been made at the Pre-construction Conference discussed in
Chapter 5 of this text. Sometimes, however, the decisions are
made after the conference during discussions between the
fabricator/steel detailer and the erector. Individual shipping
pieces must be:

• Stiff enough to be handled without damage
• Small enough to fall within shipping clearance limita-

tions
• Light enough to be lifted by available equipment
• Capable of being erected without interference from

other framing

Within these limitations, shipping pieces are usually arranged
so that only a minimum amount of fastening will be necessary
in the field.

Layout and Scales

The first step in preparing shop details of trusses and brac-
ing is to establish work points. The distance between work
points is computed, as well as the bevels which sloping work-
ing lines make with the horizontal or vertical. After working
lines and points are established and distances calculated, a
scaled layout is usually made of each joint. These may be
placed on work sheets (not issued to the shop) to be later
placed on the shop detail drawing to a smaller scale. Generally,
they are made in advance at the time material is being or-
dered. The layouts of the joints sometimes are made directly
on the shop drawing, instead of separate layout sheets, and
they, then, become a part of the finished detail.
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Figure 7-48a. Erection drawings for the roof framing of an industrial building.
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Figure 7-48b. Bottom chord plan.
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The length of main material is established by deducting
the scaled distance from working points to each end of the
member from the calculated distance between working points.

Layouts, whether a part of a detail drawing or on a separate
layout sheet, must be drawn accurately and to a large enough
scale so that the setback of the main material from the work-
ing point and the size of the gusset plates may be scaled from
them. When the layout is on a separate drawing, a good scale
is 11/2 in. � 1’- 0. However, when the layout is part of the
shop detail drawing, a scale larger than 1 in. � 1’- 0 is usually
impractical to use. Scales smaller than this should not be used
if size of material is to be determined by scaling.

The scale used in laying out the working lines need not
be the same as that selected for the details along these work-
ing lines. A scale of 1 in. � 1’- 0 was used to fill in the details
in Figures A7-49 and A7-51. The layout scales were 1 in. �
1’- 0 and 1/2 in. � 1’- 0, respectively.3 The more complicated
the layout, the larger the layout scale must be to provide suf-
ficient room for all of the required dimensions, notes, marks
and descriptions of assembly pieces.

Symmetry and Rotation

Fewer shop drawings will be required for detailing trusses
and bracing when use is made of any symmetry in the fram-
ing. Because of symmetry, a shipping piece on one side of
the building centerline may be exactly the same as another
piece on the opposite side of this centerline rotated 180° in
plan. In other cases such pieces may be opposite hand to one
another. Refer to Chapter 4 for discussion of left/right and
opposite-hand details.

The only differences between the left and right halves of
truss 105T6, shown in Figure A7-45, occur at the centerline 
of the truss, which is also the building centerline. They are
minor in nature and affect only the center vertical member
wkR/L and purlin clip ha. When these differences are detailed 
completely or noted in the view of the left-hand half of the
truss, a view of the right-hand half is not necessary. Except 
for small differences at the centerline, the details of the left-
hand portion can serve as the details of the right-hand por-
tion, thus cutting the required amount of drafting and shop
layout work in almost half. When this method of detailing is
used, the left half of the “as-shown” shipping piece is shown
on the shop drawing.

A similar situation exists in the case of half-truss HT1 in
Figure A7-49. Except for the differences noted on the shop
drawing, the details for this truss could be rotated 180° about
the truss centerline to be the supplementing half-truss HT2.

Because of the holes for connecting the bottom chord brac-
ing near the column end of the inner bottom chord angle bR,
and the omission of these holes in angle cR, the details for
half-truss HT1 cannot be rotated 180° to serve as the details
for half-truss HT2 (even if the differences between these half-
trusses at the peak are neglected). In effect HT2 will be de-
tailed opposite-hand to HT1 in order to keep these holes only
on the inner angle at both ends of the truss.

Truss T1 must be rotated 180° during erection at the east
end of the building to locate the holes for the bottom chord
bracing toward the inside of the building. This is made clear
on the erection drawing by locating the assembled truss
mark on the opposite sides of the building centerline at op-
posite ends of the building (see Bottom Chord Plan, Figure
7-48b).

As drawn, the outstanding leg of the near angle k of hanger
H2 is to be punched to provide connections for the sway frame
members D4 and S3. Angle k will be in the correct position in
the structure when hanger H2 is placed in the truss as shown
on the Assembly Diagram for Trusses in Figure 7-48b.

When differences are so slight that a single detail can be
made to serve for two or more shipping pieces, notes pointing
out the differences should be written in a positive manner.
For example, the note on the far side bottom chord angles
(Figure A7-49) reads:

“Holes in HT2”

Do not use a negative statement such as:

“Omit holes here for HT1.”

A note usually is written to refer to the affected piece itself,
not to the affected assembly piece in the shipping piece. For
example, a note should read:
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Figure 7-50. Stiffening angles at truss peak.

3 All of the details shown in this textbook have been photographically 
reduced in scale from the original drawings. For this reason, the scales
mentioned cannot be used to scale dimensions on the figures in this
text.
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“Cut on this line for BC1 and BC3”

Do not use a note reading:

“Cut on this line for bc and bf.”

Dimensioning

Working dimensions (i.e., those dimensions appearing on 
the erection drawings, such as the distance center-to-center
of columns) generally are repeated on the shop details. These
working dimensions are placed conspicuously outside of 
all other lines of dimensions for ready reference in checking
the details and for any subsequent study of the matching of 
adjoining shipping pieces.

Lines of dimensions locating intermediate panel points
and other important reference points at or near the intersection
of working lines are placed next to the working dimensions.
When working points lie outside of the shipping piece, di-
mensions giving the distance along the working lines from
the working points to reference points on the shipping piece
are located prominently. Thus, for diagonal D4 in Figure 
A7-51 a second line of dimensions, located immediately in-
side the 18’-0 and 10’-0 working dimensions, locates reference
points on the fittings. All of the detail dimensions can be laid
out from these reference points.

Camber in Trusses

Camber is added in a truss to compensate for deflection when
it is loaded by construction loads. Before calculating the dis-
tances between working points and bevels, the steel detailer
must know how much camber, if any, is to be provided to
compensate for the anticipated deflection of the truss under
loading. This information must be given on the construction
documents. Generally, industry practice recommends that
trusses less than 80 ft in length are not cambered. In Figure
A7-52, however, the designer has indicated a 11/2-in. cam-
ber, meaning that the mid-span elevation of the truss, before
loading, is to be made 11/2 in. higher than corresponding
points at the end of the truss. This rise from the ends to mid-
span takes the form of a smooth, flat, approximately para-
bolic curve. Camber is assumed to be positive (arch upward)
unless specifically noted otherwise.

For reasons of convenience and simplicity, usual practice
is to detail trusses in the normal or flat (uncambered) posi-
tion. However, the lengths of diagonal members and the bevels
are computed and dimensioned for the cambered position.

In Figure 7-53a the working lines have been drawn for a
portion of the truss shown in Figure A7-45, using a greatly
exaggerated vertical scale for camber offsets. For the end
panel, the adjusted length of end diagonal af and the bevel 
it makes with the horizontal may be calculated using the 
vertical distance between points f and a (6′-11/16 � 21/32 �
6′-013/32) and the horizontal distance ef’ (7′-105/8). Converting
to decimal equivalents, these dimensions are 6.034 ft and

7.885 ft. The square root of the sum of the squares of each
of these numbers yields 9.929 ft or 9′-111/8.

The original length af′, when computed, was found to be
7/16-in. longer than the adjusted length af. Note, however, that
no significant difference remains in the bevel before and after
the camber adjustment.

Had the end diagonal been reversed, as in Figure 7-53b,
making it a compression member instead of a tension mem-
ber, the vertical distance bf′ (6′-51/16 plus the offset) would
be used in calculating the adjusted length. In this case the ad-
justed length is longer than the original length.

To obtain the adjusted length of tension diagonal bg (Figure
7-53a), a vertical distance of

6′-51/16 � (11/8 � 21/32) � 6′-419/32

would be used in the calculations.
On the other hand had the truss been made with compres-

sion diagonals as illustrated in Figure 7-53b, the vertical dis-
tance for compression diagonal fc would be 

6′-91/16 � (11/8 � 21/32) � 6′-919/32

as the adjusted lengths are shown on the shop details. A note
to that effect should appear on the shop drawing. Such 
a note might read:

“Camber has been figured in truss”

Some fabricators have the shop adjust the lengths to obtain
the required camber. In this event a note should be placed on
the shop detail drawing under the camber diagram reading:

“Lengths of members to be adjusted by shop”

Building members (girts, purlins, etc.) attaching to cam-
bered trusses should be detailed assuming the trusses are in
their normal (uncambered) position. At the ends of buildings
vertical members comprising the framing (i.e., wind columns)
should have connections to trusses made with vertically slot-
ted holes whether or not the trusses are cambered to account
for deflection of the truss when loaded. The slotted holes must
be in the connection material.

Where permitted by design, Fink or steep-pitch trusses
may be cambered simply by raising the bottom chord in the
center-section of the truss the required amount and permit-
ting the chord to slope to zero at the ends.

The camber diagram should always be included with the
truss shop details so that the fitter and inspector can check
the camber as the truss is assembled.

Bottom Chord Connection to Column

When the truss is erected, the tension chord lengthens under
load and tends to encroach on its end connections. How to
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deal with this situation and to calculate the change in length
is addressed in the Manual, Part 13 under the section titled
“Shop and Field Practices.” For the truss shown in Figure 
A7-45 the increase in length of the bottom (tension) chord
was found to be 3/16 in. on either side of the centerline. To
compensate for this, provide holes in the bottom chord and
slots in the column details matching the holes in the chord
flange. The proper time during erection of the structure to
tighten the bolts should be determined by the owner’s desig-
nated representative for design. 

Stitch Fasteners and Welded Fills

Sections D4 and E6 of the AISC Specification cover the stitch-
ing of double-angle members to ensure that they have the
stiffness of a combined section. Note that a minimum of two
stitch-fillers is required. When not specified, fasteners may
be either bolts (A307 or A325) or welded fills, depending on
fabricator preference. Stitch fasteners and welded fills should
be shown in the contract documents.

If the pair of angles must be separated to straddle a gus-
set plate, a round or rectangular washer is furnished with
each stitch bolt in bolted construction. These maintain the 
desired spacing between the angles and provide a solid abut-
ment against which to tighten the bolt. In welded construc-
tion a fill is used, consisting of a small rectangular piece
attached by welds. A fill with protruding ends, as shown in
Figure 7-54a, is preferred because it is easy to fit and weld.
The short fill shown in Figure 7-54b is used if a smooth ap-
pearance is desired.

If the pair of angles is to be shipped as a unit (e.g., as in
hanger H1 in Figure A7-49) and is held together only by
stitch fasteners or welded fills, a minimum of two fasteners
or welded fills should be used. If the member has holes for
field connections at each end, a stitch fastener should be
placed not more than 2 ft from each end in order to hold the
component parts in proper alignment to make the field con-
nections, as shown in Figure A7-49 for hanger H1 and bot-
tom chord BC1.
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Figure 7-53. Truss camber.
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As welded fills do not require holes in the angles, dimen-
sioning the spacing of such fills on detail drawings is usually
unnecessary. The shop understands that the fills indicated
must be spaced equally between end connections when no
dimension is given.

Continuous fillers often are used in a corrosive environ-
ment. The bolts or welds are spaced to seal the edges.

BRACING SYSTEMS

Shop-Welded – Field-Bolted Construction

Refer to Figure A7-52 and note that this structure is provided
with two principal bracing systems. The main truss bracing
system consists of bottom lateral bracing, shown in the bot-
tom chord plan, and three lines of sway frames—one at each
end of the trusses (between the columns) and one at the cen-
ter of the building between the trusses. The arrangement and
material of these sway frames are shown in Figure A7-52 as
part of the sidewall elevation. The second bracing system,
also shown in the sidewall elevation, consists of vertical brac-
ing and a horizontal strut between the lower column shafts.
This bracing extends from the bottom of the crane runway
girders to the floor. Both systems stiffen the building against 
lateral and horizontal crane forces and provide the path to
carry both crane and wind loads to the ground.

Truss Bracing

The layout and detailing of lateral bracing and sway frames is
interdependent, but the connections of all the members en-
tering a joint will need to be developed at more or less the
same time. A convenient starting point is the connection of
the bottom lateral bracing and the end sway frame to the col-
umn shaft. The plan view in Figure 7-55 shows a scaled lay-
out of the bottom lateral gusset plate connecting the diagonal
brace to the bottom chord of the sway frame at the column
line. One component of the force in the diagonal brace passes
through the lateral plate to the sway frame. As this lateral
plate does not lend itself to shop attachment to any of the
members entering the joint, it will be detailed and marked
for separate or “loose” shipment.

The work line of this diagonal brace is laid out in this plan
view from the centerline of the column, using the bevel it
makes with the truss centerline. Calculations for this bevel
and for the length of the diagonal are as follows (see Figure 
7-56):

Out-to-out of columns (Figure A7-52) � 64′-5
Depth of two half-columns (W12�50) � 1′-01/4

Subtracting 63′-43/4

Half-distance (c. to c. upper shafts) � (63′-43/4)/2

� 31′-83/8

Length of bay � 26′-0
By the square root of the sum of the 
squares, the diagonal is calculated as � 40′-1115/16

Field fasteners for the bracing members are proportioned ac-
cording to the general notes on Figure A7-52, which call for
three bolts in single angles and two bolts in each double-angle
member. 

The bottom chord sway frame connection to the column
web is shown in Figure 7-55 to be a tee cut from a W16�57.
However, the detail cannot be completed until the bevel of
the sway frame diagonal has been calculated. The location
of work points and establishment of distances necessary to
calculate this bevel are given in Figures 7-57 and 7-58.
Information that will be used to prepare shop drawings for
the trusses and columns is also developed in Figure 7-57.

Each center intersection of the bottom lateral system is
supported by a W6�16 beam which spans from truss to
truss (see Figure A7-52). Because the vertical leg of all the
bracing angles must point upward, so as not to encroach on
the crane clearance, each diagonal must be interrupted and
attached to a gusset where it crosses the W6�16 (see Figure
7-59).

The center sway frame, shown detailed in Figure 7-60, is
field bolted to the truss at the top and bottom chords and to 
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Figure 7-54. Fills.
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Figure 7-55. Bottom chord sway frame connection to a column web.
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Figure 7-56. Diagram showing the relationship of all parts of the bottom lateral bracing system.
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Figure 7-57. Information that will be used to prepare shop drawings for the trusses and columns.
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the bottom lateral gusset on the truss (see Figure A7-45). 
The bottom lateral diagonal is attached to the gusset also.

A diagram showing the relationship of all parts of the 
bottom lateral bracing system is shown in Figure 7-56.

Pretension (Draw) in Tension Bracing

Long flexible tension bracing, if furnished in exact theoret-
ical length, may sag because of fabrication and erection tol-
erances or temperature differential. When this is the case,
considerable and objectionable movement of the frame may
take place before the bracing becomes effective. To avoid
this, such bracing generally is fabricated to a slightly shorter

length. The calculated or “theoretical” distance center-to-
center of end working points is reduced for fabricating 
purposes according to the following schedule:

• For lengths up to 10 ft, no deduction
• For lengths over 10 ft to 20 ft, deduct 1/16 in.
• For lengths over 20 ft to 35 ft, deduct 1/8 in.
• For lengths over 35 ft, deduct 3/16 in.

To locate a hole or work point properly at the intersection
of diagonal cross-bracing without the use of dimensions in
thirty-seconds of an inch, an additional 1/16 in. may be de-
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Figure 7-58. Sway frame at column line.

Figure 7-59. Diagonal attached to a gusset where it crosses the W-shape.
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ducted from the overall dimension where necessary. For an
example of the application of draw in diagonals, refer to Figure
7-56. The overall diagonal length, computed previously, is
40’-1115/16. In order to eliminate thirty-seconds of an inch
from the half-length, deduct 1/16 in. from this dimension,
which becomes 40’-117/8. Then, the dimension, work point
to work point for each angle, will be 20’-515/16, a length that
calls for a reduction of 1/8 in. to become the “as-fabricated” di-
mension, 20’-513/16. Deducting the two gusset plate set-back
dimensions, 111/2 in. and 87/16 in., from 20’-513/16 results in a
center-to-center of end holes of 18’-97/8. Note that the 87/16 in.
dimension, originally scaled at 81/2 in. (see Figure 7-59), was
changed to 87/16 to eliminate sixteenths of an inch from the
angle punching.

When the piece is erected, the connection at one end is
fully bolted to prevent slippage. Tapered drift pins are then
used to line up the connection holes at the other end, after
which bolting is completed. This tends to stretch or draw the
angle so that a slight pretension is present. Although the de-
ductions for draw given in the schedule have proved satisfac-
tory for general work, the steel detailer should be guided by
the design drawings or by the fabricator or erector’s standard
requirements.

The preceding draw allowances are not applicable to ten-
sion diagonals fabricated from shapes other than light angle 
shapes. The force required to draw heavier members will
cause distortion of the holes, usually in the gusset plate, before
the member will stretch the indicated amount.

Vertical Bracing

The vertical bracing panel shown in the wall elevation of
Figure A7-52 (with an indication of the desired connections in
the Typical Column Detail) is developed further in the di-
mensioned layout of Figure 7-61. Calculations for bevels, di-
agonal lengths and pretension follow the same steps taken
for the horizontal bracing previously discussed. In this and
adjacent panels the W18�35 horizontal strut serves to brace
the columns against buckling about their Y-Y axis. Figure 
7-62b shows a partial detail of this strut with the bracing gus-
set attached.

A suitable connection of the strut to this column is shown
in Figure 7-62a. Note that a 1/4-in. erection clearance has been
provided to allow for variation in the 173/4-in. depth of the
W18 beam (see “Standard Mill Practice” in the Manual,
Part 1). Details of the strut and bracing connections to the
column shaft are shown in Figures 7-62 and A7-10.

Double-Angle Bracing

A simple case of double-angle cross-bracing is shown in
Figure 7-63. Calculations required for detailing this bracing
are the same as for the single-angle bracing previously dis-
cussed, except that the inherent stability of the paired angles
renders deductions for draw unnecessary. Note that no bevels

are shown on this detail. Although bevels must be computed
to develop the end gussets (not shown), locating the punch-
ing in the center gusset by only using dimensions is possible.

Double angles separated by gussets must be connected by
stitch fasteners if their unsupported lengths exceed the max-
imums permitted by AISC Specification Sections D4 and E6,
respectively, for tension and compression members. 

Two types of intermittent fills for use in welded work 
are illustrated in Figure 7-54. The double-angle (tension)
bracing panel shown in Figure 7-63 illustrates a bolted type
that generally is preferred when the angles must be punched
and that is spaced to meet the requirements of tension mem-
bers. Note that the spacing of all holes is given on the shop
drawings and that a minimum of two stitch-fillers are re-
quired.

Actually, the case illustrated in Figure 7-63 does not re-
quire intermittent fills for the purpose of buckling resist-
ance. Fills are needed to provide the separation required
between angles for erection. Shipping pieces B1 and B3
have two fills to prevent “windmilling” of the individual an-
gles during handling and shipping. In shipping piece B2,
only one fill is required as gusset plate pa is permanently
bolted to the shipping piece and, thus, can be considered as
a fill.

Because welded fills do not require holes in the angles,
dimensioning their spacing on shop detail drawings frequently
is unnecessary. The shop understands that the fills must be
spaced equally between the end connections when no dimen-
sions are given on the shop drawings.

Knee Brace Connections

Knee braces generally appear in conjunction with peaked
roof trusses that have very little depth at their ends and, there-
fore, can furnish no significant lateral stiffness to the bent. A
bent is a vertical frame used to support other members. The
bent shown in the Cross Section of Figure A7-66 is a braced
bent. Nonbraced bents consist of columns connected to beams
or girders using fully restrained (type FR) moment connec-
tions.

The loading on a bent is from lateral forces, which cause
reversible forces on the connections depending on the direc-
tion of load application. The knee brace detail is shown in
Figure 7-64. A similar plate connection is used to connect the
knee brace to the bottom chord of the truss (Figure A7-49).
Erectors prefer that the knee brace connection material be
shop attached to the column and truss and that the brace an-
gles be field bolted to the gusset plates.

Shop-Welded – Field-Welded Construction

Although this construction is not used widely in industrial
work, furnishing bracing with connections prepared for field
welding may be shown on the construction documents. As
bracing is used frequently to square and align the structure
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Figure 7-61. Dimensioned layout of a vertical bracing panel.
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Figure 7-62. Details of the strut and bracing connections to the column shaft.
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Figure 7-63. Double-angle cross-bracing.
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during erection, provision should be made for at least one 
fitting bolt at each connection. Calculations and details for
this kind of bracing will differ from the field bolted type
only in the reduced number of holes required. If only the
hole at the end of each angle of the bracing panel shown in
Figure 7-63 were punched/drilled, the general appearance
would be that of field-welded construction. In addition to
providing adequate space for weld lengths required, the steel
detailer must make sure that the weld areas are accessible to
the welder. Although some field welding is done on the
ground, as in the preassembly of truss sections, most of it
must be accomplished from staging under adverse and fre-
quently hazardous conditions. Visualizing the joint with all
members in place is often helpful in avoiding impossible
welding situations.

In the event that furnishing field-welded bracing with no
holes for erection bolts is necessary, shop details are sim-
plified, but diagrams on erection drawings will be required.
Figure 7-65 shows the field assembly diagram for such a
bracing panel. Note that dimensions for locating the ends
of the angles are given to reference edges readily accessible
to the erector. The angles will be held in place during weld-

ing by C-clamps. If the slight bow in the center section is
considered objectionable, a welded fill can be inserted at
this point.

Shop-Bolted – Field-Bolted Construction

The examples of shop-bolted – field-bolted construction
shown in Figure A7-51 are based on the design shown on
Figure A7-66. These are complete details, including shop
assembly and shipping marks. The location of each piece
in the structure may be found on the erection drawing in
Figures 7-48a and 7-48b. The details of trusses to which this
bracing attaches are shown in Figure A7-49.

The details on the left-hand side of Figure A7-51 show
all the bracing indicated in the bottom chord plan of Figure
7-48a, except struts S4, S5 and S6. Note that these details
are arranged relative to one another, just as they will be when
installed in the frame. The advantages of this method are (1)
the intersection points and the holes common to two or more
shipping pieces can be located with one set of dimensions, and
(2) the correctness of all dimensions relating to the matching
of the field connections can be checked more easily and with
less possibility of error.
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Figure 7-64. Knee brace detail.
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Figure 7-65. Field assembly diagram for a bracing panel.

Note that the gussets to which diagonal D1 and struts S1
and S2 will attach in the field are detailed with the trusses
(see plates bc, bd and bf in Figure A7-49) instead of with
the struts, as is the case with plates h and k on strut S3.
Although some fabricators might have preferred to include all
gussets with the bracing, a study of erection problems indi-
cated that plates bc, bd and bf would serve a better purpose
if used on the trusses to stiffen the splice point of the bot-
tom chord during erection. Earlier in this chapter mention is
made of the problems and hazards sometimes encountered
in the assembling and handling of trusses. Because struts S3,

S4, S5 and S6 are on the centerline of the building and not at
a truss splice point, the transfer of their gussets to the trusses
would serve no purpose.

Diagonals D3 constitute the vertical bracing in the side
walls and attach to the columns. D4 is the sway frame diago-
nal which, with bottom strut S3 and ridge purlins RS1, makes
up intermittent braced bays at the truss centers.

Bracing in the plane of the top chord of the trusses con-
sists of 3/4-in.-diameter rods, R1 and R2, shown in the upper
right-hand corner of Figure A7-51. Note that this detail is
shown as a line diagram and that no attempt is made to 
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show thickness of material, thread symbols or the shape of
the nuts and turnbuckles. The standard nut called for will 
be the same used with A307 bolts. Dimensions of the turn-
buckles are standard for a given diameter of rod and may be
found in the Manual, Table 15-5.

Calculations of bevels, lengths between working points,
pretension in diagonals and spacing of stitch fasteners are the
same as discussed earlier in this chapter for welded construc-
tion. Note that the stitch fasteners in the struts employ wash-
ers as intermittent fills and that these are spaced to meet the
requirements of compression members. The stitching of mem-
bers S1 and S2 serves a double purpose, as the fasteners not
only provide the attachment required by AISC Specification,
but also makes possible the shop assembling of a pair of an-
gles, otherwise loose, as a single shipping piece.

The detail of struts S4 and S5 shows the method used in
making combinations to avoid repeating details. Angle s is
used on both struts, but plates t are assembled only to strut
S4. Observe that the notes accomplishing this are positive,
not negative, in form.

The extent to which cross-bracing members can be fabri-
cated alike, by rotating them 180° about their axes of sym-
metry for erection, may be seen from a study of Figures 7-48a
and A7-51.

SKEWED, SLOPED AND CANTED FRAMING

Often the steel detailer will be required to detail connections
for beams that are not level and do not connect to their supports
at right angles. Such a beam may be inclined to a supporting
member in various directions. Depending upon the relative
angular position a beam assumes, the connection may be clas-
sified as skewed, sloped or canted. The steel detailer is re-
ferred to the Manual, Part 10 for a thorough discussion of
these types of connections, the manners in which they are
presented on shop drawings and the generally accepted prac-
tices for fabricating them.

BUILT-UP FRAMING

Most of the study of shop details thus far has been related to
beam and column framing, trusses and bracing using rolled
structural members. For buildings that require large clear 
spans and heavy loadings, rolled beam shapes may not be 
adequate to meet design requirements. In such cases built-up
structural members fabricated from plates and shapes are used. 

Crane Runway Girders

The shop details for the crane runway girders called for in
Figure A7-52 are shown in Figure 7-67. The design drawing
shows the type of girder-to-column connection, the size of
connection material, the number of fasteners and tie-backs,

and other pertinent information such as the need for end
stiffeners.

On the construction documents, the owner’s designated
representative for design specifies the material to be used for
the several components of the girder and the sizes of welds or
bolts to attach them. In this case, the shop has the choice of
using E70XX (manual shielded metal arc) and F7XX-EXXX
(submerged arc) welding for the girder. Other shops may pre-
fer to use ER70S-X (gas metal arc) or E7XT-X (flux cored
arc) welding. Shops equipped with submerged arc welders
probably would realize economy in the automatic or semi-
automatic welding of the long runs required to attach the
channel to the beam.

Figures 7-68a and 7-68b show two types of crane runway
girders. Figure 7-68a shows a girder comprised of a W-shape
with a channel welded to the top flange. Figure 7-68b illus-
trates the case when heavy crane loads are to be supported.
Such cranes frequently require the strength of a built-up run-
way girder, reinforced at the top flange by a horizontal girder.

The crane runway girders of Figure A7-69 show the econ-
omy of design and detail usually realized when shop welded
construction is employed for built-up girders. Note that the
flange and stiffener angles necessary for shop bolted work
have been replaced by plates and bars with a resultant sav-
ings in material and fabrication costs. The 11/16-in. holes in the
top flange are for bolted crane rail clips. Had the designer
called for welded studs or had field-welded clamps been used,
these holes would not be required. Other holes in the top
flange are for temporary erection bolts used to hold a hori-
zontal girder in place during field welding.

The details of two different girders are shown in Figure
A7-69. Girder 103CG2 has special end details to provide seats
for adjacent girders which happen to be shorter and shallower.
Note the use of line X-X in this combination of sketches.
Without this device and the explanatory note, detailing girder
103CG2 at full length would have been necessary. 

Note that 1/4-in. fillet welds are used in connecting the 
3/4-in.-thick bottom flange plate to the 1/2-in.-thick web 
plate. This weld size, which was determined by the owner’s
designated representative for design (3/16 in. is the minimum
permitted by AISC Specification Section J2.2b), develops the
force between the bottom flange plate and the web plate. The
weld must be continuous even though intermittent welds might
have adequate available strength.

For a built-up crane runway girder, the joint between the top
flange and web must be capable of transferring wheel load
concentrations from the crane wheels. In Figure A7-69, Note
“B” stipulates that the web and flange must be in tight contact
before welding. This is accomplished by preparing the edge of
the web with a mechanically guided torch to provide the
smooth straight edge necessary for continuous, tight contact.
If tight contact does not exist, the flange-to-web welds must
be designed to transfer concentrated loads from the crane
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Figure 7-67. Shop details for the crane runway girders called for in Figure A7-52.
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Figure 7-68. Two types of crane runway girders.
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wheels. Additionally, transverse bending of the top flange
under crane loads has led to fatigue failures when flange-to-
web joints were fillet welded in the past. As a result of the
service demands on these welds, complete-joint-penetration
groove welds are required for top flange-to-web joints of
built-up crane runway girders.

In the general notes, the shop is given the option of using 
either shielded metal arc welding (E70XX) or submerged arc
welding (F7XX-EXXX). Anticipating the probable use of
submerged arc welding on the flange-to-web joints, the deci-
sion was made to clip the corners of the stiffeners, 1 in. � 1
in., to permit their assembly after completion of the full length
welds. Here, too, as in the example in Figure 7-67, some shops
may elect to use flux core arc or gas metal arc welding.

In addition to the previous discussion of crane runway
girder details, the following features should be given atten-
tion by the steel detailer:

• Various means are employed for fastening the rails to the
girders as shown in the Manual, Part 15. The designer
must supply typical details for each particular case.
Attention is called to Figure 7-68a, where welded studs
take the place of through bolts in holding the filler and
bent clamp. This will save punching or drilling of girder
flanges, but provision must be made for the upset or
“flash” that occurs at the base of the stud. Oversize or
countersunk holes in the filler bar will permit seating
of the assembly. Normally, studs are used when insuf-
ficient room exists on the girder flange to punch or drill
gages.

• Crane stops are always provided on each girder at both
ends of a building. These are shock-absorbing devices
used to stop the crane before it travels too far. A design
must be supplied for this because it affects the details of
the end girders.

• If crane stops are attached to the girders and the rail
ends abut to the face of the stop, the total length of
rail is shortened. This must be taken into account in or-
dering rails and splice bars because, usually, no fabri-
cation takes place on crane rails. For light-duty rails,
where the stops are clamped to the rails, the rails are
ordered to the full length of the runway. Medium- 
and heavy-duty crane rails are ordered usually with
“tight joints.” A discussion of this and other data on
crane rails, clamps, splices and fasteners is given in
the Manual, Part 15. Rails are normally ordered as
two runs of the total length necessary. The stipulation
frequently is added that not more than one rail in each
run shall be less than the standard length (either 33 or
39 ft). Rail joints should be staggered on opposite
sides of the runway and should not coincide with girder
joints. This is accomplished by ordering one odd length

piece for each line of rails, which are placed at oppo-
site ends of the runway.

• Crane runway girders often require punching for brack-
ets (usually supplied by others) to support the electric
conductors from which the crane draws its power. The
designer should obtain this information from the elec-
trical contractor and supply it to the steel detailer.

• At some point along the runway, a ladder is furnished for
the crane operator to use to reach the cab. A working
platform is also provided at about crane rail level for
use by millwrights when inspecting or overhauling the
crane. The steel detailer should obtain complete infor-
mation about the connections for these details.

• Crane runway girders are detailed without regard to lo-
cations of crane rail splices. When high-strength bolts
are used to hold rail clamps, holes in the top flange
shall be spaced to provide the greatest duplication of
crane runway girders. The bolts must be fully tensioned.

• When several girders are alike except for slight varia-
tions in length (not exceeding 1 in.), some fabricators
prefer to make the basic girders identical and keep 
spacing of web holes and attachments the same. This
can be accomplished by:

• Varying the gages on end connection angles.
• Adding filler bars to the end connections. If fillers are

preferred, their use must be approved by the designer.

• At their bearings over column cap plates, runway girder
webs must be square with the flanges.

COLUMNS

As may be seen in Figures A7-66 and A7-52, industrial
building columns will vary over a wide range, from the sim-
ple roof supports for a storage shed to the highly complex
double- and triple-shaft columns supporting multiple crane
runways and high roofs in heavy steel mill buildings. Each
application is a unique problem for both the designer and
the structural steel detailer. The examples given here are
limited to light and medium construction, but the treatment
of details and connections applies to most columns used in
this type of work.

Roof Columns—Light Work

The columns detailed in Figure 7-70 are typical for those
used in light buildings that have no traveling cranes. These
columns and the members they support are shown in the de-
sign of Figure A7-66 and are located on the erection drawing
of Figure 7-48a. The combination of all the columns for this
job on a single drawing was practical because the only differ-
ence in them lay in the vertical bracing connections. The ab-
sence of bracing connecting to column C1 and the reversal of
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Figure 7-70. Typical detailed columns for those used in light buildings that have no traveling cranes.

Detailing_CH07  6/2/09  8:22 AM  Page 68



bracing connection angles on columns C2 and C3 were noted,
readily, in the web view.

Crane and Roof Columns

The columns shown detailed in Figure A7-10 complete the
treatment of the various members of the single bay of fram-
ing on the design sheet of Figure A7-52. Most of the con-
nections to this column have been discussed previously in
this chapter and have been developed to some degree in the
layouts and details relating to this particular design.

In practice much of the information required to detail the
column is assembled on various free-hand sketches and lay-
outs before the shop drawing is started. Work sheets, such
as Figures 7-55 and 7-57, are not finished shop drawings,
but they help to organize the work and are of considerable
value to other steel detailers who may be preparing shop de-
tails of the several connecting members concurrently.

The arrangement of the column on the sheet follows the
method given for tier building columns discussed previously.
In this case the length of column and the amount of detail 
required horizontal placement on the sheet. All location di-
mensions refer to the finished bottom of the column shaft.
Dimensions are made continuous, but extension dimensions
are given to girt clips and certain hole groups as an aid to the
detailing group checker and to the shop inspector. Note the
absence of face or direction marks on the flange and web
faces. The characteristic shape of these columns ensures their
erection in the proper position.

ROOF AND WALL FRAMING

Purlins

A purlin is a horizontal longitudinal member that rests on the
top chords of roof trusses or the tops of sloping roof beams
(rafters) usually to support sheets of roofing material. It may
be designed as a channel (see Figure A7-66) or a W-section
(see Figure A7-52). The type and spacing of purlins is a 
design consideration depending on roof dead and live loads,

as well as the limiting lengths of sheeting to be employed.
When channels are used, the ridge purlin is placed as close to
the peak of the truss as possible to shorten the connection to
the purlin on the opposite side of the centerline (see Figure 
7-71). This also serves to reduce the overhang of the roof
sheeting where it extends beyond the purlin to the edge.

The location of ridge purlins and the spacing of field fas-
teners is done, conveniently, by a scaled layout as shown in
Figure 7-72. This purlin is connected to the chord by means
of a clip angle. Earlier in this chapter, the ridge purlins were
shown to act as struts in resisting wind loads. For this appli-
cation, specifications often require that high-strength bolts
be used for the connection of the clip angle on the strut to 
the truss chord. Although typical purlin connections may 
be made with A307 bolts, many fabricators choose to use
high-strength bolts rather than having to handle different
sizes of bolts on a job and having to drill or punch different
sizes of holes.

At the mid-point of the purlins, the design drawing shown
in Figure A7-66 calls for a line of 5/8-in. sag rods to prevent the
purlins from deflecting laterally down the sloping roof plane.
To be effective the pull exerted by the sag rods must be carried
across the roof ridge so that it can be balanced by a corre-
sponding pull on the opposite side of the ridge. This is done
by using one of several different connections shown in Figure
7-71. Ridge purlins also are fastened together at other points
along their length to increase their transverse stiffness and,
thus, permit them to be more effective as struts.

The ridge struts are shown detailed in Figure 7-73. Each
pair of channels is fastened together in the shop with special
connection angles. The end holes are matched to those in 
the purlin clip angles ab (Figure A7-49). An open hole is 
provided in each channel for the string of sag rods. Although
the sag rods are 5/8-in.-diameter, 13/16-in. holes, required else-
where for the 3/4-in. connection bolts, are used to avoid a
change of punch size. The letter T placed near the open holes
is required by some fabricators to identify sag rod holes. This
is because the accuracy of their location is not as critical as it
is for bolt holes.
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Figure 7-71. Roof ridge connections.
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In the braced bays the two purlins at the quarter-points 
of the truss span shown in Figure A7-66 will be stressed in
compression when the bracing rods are tightened. Because
of this the designer has provided some additional lateral 
stiffness by adding a 21/2�2�1/4 angle to these purlins in 
the braced bays. When purlins are considered to act as part
of the bracing system, they should be identified on the erec-
tion drawing as PS (purlin strut). Otherwise, purlins gener-
ally carry the mark P.

A typical purlin detail is shown in Figure 7-74a. The
purlins in the two end bays are detailed in Figure 7-74b. The
only difference is that at the gable ends the purlins project
18 in. beyond the center of the truss, as called for on the top
chord plan of Figure A7-66. When a future extension to the
building is anticipated, typical length purlins may be used
throughout, the gable end overhang being supported by short
stub purlins. 

Referring to the purlins at the gable end, if they are W-
shapes, request permission from the fabricator to use “blind”
holes where such holes would not be objectionable. For in-
stance, where the purlin runs over the top of a rafter or a truss
top chord, punch two holes in the rafter or top chord and four
holes in the bottom flange of the purlin. This reduces the
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Figure 7-73. Detailed ridge struts.

Figure 7-72. Scaled layout.
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chance that the holes may be punched opposite to what is de-
sired, especially if the rafters or top chords are composed of
right- and left-hand members. Also, this procedure may allow
more duplication of members. Note, too, that the open holes
will not be visible from the ground. 

Usually, channel purlins are erected with their flanges
pointing up the slope. Erectors prefer this, as the purlins are
easier to erect against the connection clips. Sometimes, de-
signers will want the channels to face down the slope so dirt,
moisture and condensation will not collect in the trough of
the channel.

Eave Struts

An eave strut is a longitudinal member between the tops of
columns at the eaves. Being in the plane of both the horizon-
tal and vertical bracing systems, it is depended upon to carry
the compression components of forces from the diagonals 
in the roof and truss bottom chord bracing into the vertical
wall bracing. The design of eave struts may take several forms:
W-shape sections, channels paired on either side of the roof
column or the simple channel and angle combination member
described herein.
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Figure 7-74. Typical purlin detail.

Figure 7-75 is a layout of the eave struts shown in Figure
A7-66. Each eave strut consists of a 7-in. channel with a 
7�4�3/8 angle on its lower flange. Note the following points
in Figure 7-75:

The upper toe of the channel receives the weight of the
roof sheeting and its elevation is determined from the roof
line. The 7�4�3/8 angle must extend outward to align with
the horizontal channel girts (C6�8.2), so the sheet metal
siding will contact all of its supports in the same vertical
plane. The eave strut must be connected to the column with
high-strength bolts, and the connection must be matched to
the column details.

Note that the roof deck sheets make contact only with the
edge of the eave channel flange. With care, the screws that
attach the roof sheets to the flange can be installed effectively.
If the roof slope is very steep, an effective support system
could be obtained by attaching an angle to the top of the chan-
nel to provide a flat surface for fastening the sheets as shown
in Figure 7-76.

The shop details of eave strut ES1 (see Figures 7-48a and
7-48b) are shown in Figure 7-77. As the flange punching of 
the channel is limited to 11/16-in.-diameter holes, the decision
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was made to use this punching for both the channel flange
and all punching in the angle. This causes no problem as the
sag rods are 5/8 in. and the gutter connections can be made
up with 5/8-in. bolts.

The eave struts ES2 in the end bays are similar to eave
struts ES1. Like the end purlins, they project 18 in. beyond the
center of the truss (see the top chord plan of Figure A7-66).

Girt Framing

A girt is a horizontal member in the side or end of a building
used to support side covering such as corrugated steel. Figure

7-78a represents an enlarged portion of the cross-section
shown in Figure A7-66. Girts are spaced and the sheet metal
siding is indicated. Note that, although the siding sheets are
shown on 6’-0 and 6’-9 lengths, most erectors prefer full-
length sheets, particularly on a small building such as this. 
The long sheets require less handling, and fewer fasteners
are required. However, the availability of such sheets must be
investigated before their use is specified. The 6-in. horizon-
tal girts do not support the entire weight of the siding, but
act to transfer the weight through the sag rods to the eave
strut. Their main function is to transfer wind forces from the
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Figure 7-75. Eave strut layout.

Figure 7-76. Angle attached to the top of a channel to provide 
a flat surface for fastening the roofing material.

Detailing_CH07  6/2/09  8:22 AM  Page 72



Detailing for Steel Construction • 7-73

SHOP DRAWINGS AND BILLS OF MATERIALS

Figure 7-77. The shop details of eave strut ES1.

siding to the columns. In general, channel girts should be
placed with the flange toes down to avoid collecting dirt.
Some erectors prefer that the girts rest on top of their supports
(girt clips), for reasons of convenience and safety. If so and
the flanges toe downward, one flange must be coped to clear
the girt clip.

The drawing in Figure 7-78b shows dimensioning and a
detailed layout for the connection of a girt to the W12�26

column flange. Clearance between the ends of the two adja-
cent girts usually is made 3/4 in. to 1 in. to provide for possi-
ble mill overrun in the length of these members. The shop
details of girt G1 are shown in Figure 7-79. The girt end con-
nections are matched to the girt clip angles a, shown shop
bolted to the flange of the W12�26 columns in Figure 7-70.
As for the purlins and eave struts, the end girts on the build-
ing must be extended 18 in. beyond the centerline of the col-
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the same elevation, one or the other must be set back to avoid
interference.

Connecting girts at building corners is a worthwhile con-
sideration. The varying positions of the sun will produce dif-
ferential movement at the corners. Restraining the girts at the
corners will lessen the possibility of distress in the corner
flashing, loose screws and leaks of wind and water.

FIELD BOLT SUMMARY 

The preparation of a field bolt summary (see Figure 7-80)
should commence promptly with the final issue to the shop of
drawings for a job or sequence. Using the shop drawings of
shipping pieces, the steel detailer is in the best position to
make a summary of the required type, quantity, size and length
of field bolts, nuts and washers. The steel detailer must be
aware of the importance of preparing this summary accu-
rately. Normally, especially on large projects, it is the only
source the erector has to identify the quantity, size and length
of bolts required for joint assembly. 

From the summary, the shop ships the required quantity
of each type, size and length of bolts, nuts and washers to the
field. In summarizing total requirements for field connec-
tions, an extra 2% of each bolt size (diameter and length) is
furnished as specified in Section 7.8, “Field Connection
Material,” of the AISC Code of Standard Practice. 

As an aid to the erector in identifying the bolts required
at each joint, the following options are available:

• Showing the bolts required at each joint on the erec-
tion drawing.

• Listing the bolts required on the shop drawing of the
supporting member.

• Preparing a point-to-point list. Many computer detailing
programs automatically tabulate and produce such a
list.

If bolts need to be installed in some joints in a particular
manner by the erector, this information must be specified on
the erection drawings either through the use of notes or
sketches. For instance, if all bolted connections are of the
type having threads excluded from the shear plane, a sketch
such as that illustrated in Figure 7-81 should be included to en-
sure proper installation where thin material is encountered.

Figure 7-80a is a computer-generated listing of field bolts
required for the “DEF” high rise job. Note that unavoidable 
circumstances of the project required using type A325N and
A307 bolts of the same diameter. In this situation, the erection
drawings will designate the locations where each type of bolt
is to be installed.

Figure 7-80b represents a handwritten field bolt list. Here,
too, the locations of the handful of type A307 bolts will be
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Figure 7-78. Detailed layout for the connection 
of a girt to a column flange.

Figure 7-79. Shop details of girt G1.

umn. In this case, however, consideration must be given to
girts in the end wall. Should the side and end wall girts be at
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Figure 7-80a. Computer-generated field bolt summary.
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Figure 7-80b. Handwritten field bolt summary.
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Figure 7-81. Sketch showing threads excluded from the shear plane.
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shown on the erection drawings. On this list, the “TC” refers
to tension control bolts.

NONSTRUCTURAL STEEL ITEMS

Section 2.2 of the AISC Code of Standard Practice (Other
Steel, Iron or Metal Items) lists items that are considered
“Nonstructural-Steel,” although they may be manufactured
from steel. However, some of these items closely resembling
the items of “Structural Steel” listed in Section 2.1 may be
included in the contract of the steel fabricator. When a de-
tailing group is retained by the fabricator to perform the prepa-
ration of shop drawings for a job, the group should be made
aware of these special items to be included in the work. Often,
too, these special items will be presented on design plans
other than the structural steel design drawings. When in-
structed in the construction documents, the steel detailer will
need to refer to other types of plans such as architectural,
HVAC, foundation, mechanical, etc. 

Also, the fabricator may be required to furnish items such
as nonsteel bearings as part of the contract. These products
may be combinations of steel and bronze or steel and Teflon
as produced by specialty manufacturers. A steel detailer may
be required to furnish generic shop drawings of such items
for the fabricator’s use in procuring them. The information
for such drawings usually can be obtained from catalogs sup-
plied by these manufacturers.

DETAILING ERRORS 

Errors made in the drawing room are costly in terms of wasted
material and man-hours expended to correct them in the shop
and in the field. Utmost care must be exercised by the steel de-
tailer in ensuring that the information given on a drawing
(shop or erection) is accurate. Drawing room errors can spell
the difference between the fabricator’s making a profit or not.
The following are some of the more common errors found
on shop and erection drawings.

Dimensional

The total of a series of incremental dimensions (for instance,
giving spacing between groups of holes in a beam web) does
not agree with the extension dimension to one or more groups.
Also, the bottom hole of a line of holes in the web of a beam
(the holes being dimensioned from the top of the beam) is
too close to the bottom fillet to permit acceptable attachment
of a fitting.

Bills of Material

The billed weight and/or size of a rolled shape disagrees with
the description shown on the shop drawing. Also, the width
and/or length billed for a plate does not match the shop detail

drawing. Another error by the steel detailer is when a piece is
billed in the shop bill larger than the size of material ordered
for it. The steel detailer has the responsibility to ascertain that
the material ordered is adequate to make the piece. If the ma-
terial is undersize, the steel detailer must prepare a material
change order to provide the correct size or length. Another
error occurs when the quantities of pieces (assembling or
shipping) are wrong.

Missing Pieces

This is caused when the steel detailer fails to produce a shop
drawing for each piece required on a job.

Clearance for Welding

In manual arc welding, the operator or welder must position
the electrode (a flux coated rod approximately 14 to 18 in.
long and up to 3/8 in. diameter) in such a way that the nearest
point of contact with the base metal is at the far end of the
rod. Having positioned the electrode with its far end in close
proximity to the weld joint, the welder lowers a head-protec-
tive hood. Observing the work through the hood’s protective
window of dark glass, the welder strikes the arc and manipu-
lates the electrode to build up the full-weld cross-section. To
deposit a satisfactory weld, the operator must have sufficient
room to manipulate the electrode and must be able to see the
root of the weld with the protective hood in position.

All things being equal, the preferred position of the elec-
trode when welding in the horizontal position would be one in
a plane forming an angle of 30° with the vertical side of the fil-
let being laid down. However, in order to avoid contact with
some projecting part of the work, this angle (angle X in Figures
7-82a and b) may be varied slightly. A simple rule used by
many fabricators to ensure adequate clearance for the pas-
sage of the electrode in horizontal fillet welding is that the
root of the weld shall be visible to the operator and that the
clear distance from the weld root to a projecting element,
which might otherwise obstruct passage of the electrode, shall
be at least one-half the height of the projection—distance y/2
in Figure 7-82b.

A special case of minimum clearance for welding with a
straight electrode is illustrated in Figure 7-83 (which shows a
beam as it would lie on the skids with its web in a horizontal
position). In this case, the governing obstruction is the inside
of the flange. Assuming a 1/2-in. setback for the end of the
beam and a 3/8-in. outside diameter of electrode, this distance
would not be less than 11/4 in. for an angle width, w, of 3 in.,
nor less than 15/8 in. when w equals 4 in.

One technique used by fabricators is to cut the end (noted
optional cut in Figure 7-83) of the connection angle to a bevel
and, thereby, gain additional clearance. The width of the
overhanging flange is a major factor in determining how
much room is required for welding. Welded connections of
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Figure 7-82. Preferred welding position.

this type in the web of a column are difficult, particularly,
because of the “boxing” effect created by the projecting
flanges of the column.

Another clearance that is critical to the deposition of fillet
welds is the “shelf” on which it is to be placed. Figure 7-84
shows the minimum recommended shelf for normal-size fil-
let welds made with the shielded metal arc welding (SMAW)
process. Submerged arc welding (SAW) would require a wider
shelf to contain the flux, although sometimes this is provided
by clamping auxiliary material to the member. This also ap-
plies to welded column splices, as shown in the Manual, Part
14, Case IV.

The steel detailer must not only consider clearances re-
quired to manipulate the welding electrode, but must also

Figure 7-83. Welding clearance.

Figure 7-84. Minimum recommended shelf for normal-size 
fillet welds made with the SMAW process.
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provide adequate space to permit depositing the required fil-
let weld. In Figure 7-85 welds are shown along the toes of
two 3�3�5/16 connection angles. Section A-A shows that 
the nominal dimensions of the connected part provide only
1/8 in. of surface width on the column flange for each weld. If
the details call for 3/16 in. or 1/4 in. fillet welds, obviously the
welds cannot be made. The detail shown in Figure 7-85 is
not a good detail, even if the column flange is 63/4 in. wide, be-
cause any slight deviation in the actual dimensions of the
work due to rolling or fabrication tolerances would result in an
undersized weld.

Clearance for Bolting

The assembly of high-strength bolted connections requires
clearance for entering and tightening the bolts with an im-
pact wrench. The clearance requirements for conventional
high-strength bolts are shown in Table 7-16 of the Manual,

Part 7. Similarly, for tension control (TC) bolts, the entering 
and tightening clearances are given in Table 7-17 of the
Manual. Violation of these clearance requirements could 
result in un-erectable situations, creating costly rework in the
field.

Flanges of beams seated on angles attached to column
webs may have to be cut to clear not only the column flanges
themselves, but also the projecting fasteners used on column
flange connections. Heads of shop-installed bolts attaching
a connection on the opposite side of a column web may also
interfere with erection. 

Clearance for Field Work

Figure 7-86 shows a study made to check the clearance
available for erecting seated filler beams where the side-
angle connections are to be shop fastened to the support-
ing girder beams. Similar studies of erection clearances are
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Figure 7-85. Improper connection detail.

Figure 7-86. Clearance available for erecting seated filler 
beams where the side-angle connections are to be 

shop fastened to the supporting girder beams.
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necessary in the case of framed filler beams (Figures 7-87
and 7-88).

Ordinarily, as indicated in Figure 7-86, the slightly shorter
distance “out-to-out” of connection angles (c. to c. of sup-
ports minus c-distance) between supporting members is 
sufficient to allow forcing a framed beam into position.
Occasionally, however, because the beam is relatively short 
or because heavy connection angles with wide outstanding
legs are required, the diagonal distance A may exceed the dis-
tance B by such an amount that the connection at one end
must be shipped bolted to the filler beam to permit its loosen-
ing or removal during erection.

To permit the use of plain punched filler beams (Figure 
7-88), shop fastening one angle of each pair of connection
angles to the webs of the supporting girder beams is worthy 
of consideration. The other angle of each pair, being bolted 
to the girder beam for shipment, can be removed or loosened
in the field to erect the filler beam. Once the filler beam is in
position, the angle is bolted permanently to it and to the girder
beam web. However, if the design strength of a single-angle
or single-plate connection would be adequate, its use is a 
better approach. In this situation, the single angle or single
plate would be shop attached to the girder beam webs.

To erect a beam seated on the webs of the supporting
columns (Figure 7-89), the top angles are removed temporar-
ily. While suspended in the crane sling, the beam is tilted

until its ends clear the edges of the column flanges. Then, it
is rotated back into a horizontal position and landed on the
seats. The greatest diagonal length (B) of the beam should
be about 1/8 in. less than the face-to-face distance between 
column webs. Also, it must be such as to clear any obstruc-
tions above, otherwise the obstructing detail must be shipped
bolted for temporary removal. To allow for possible overrun
in length of plain punched beams, the shop should be given
definite instructions on the overrun that can be tolerated 
without trimming.

As the mathematical solution of erection clearance prob-
lems may require several steps and may become time con-
suming, solving the more complicated problems by a graphical
method is expedient. In this method, an accurately scaled 
layout is prepared showing supporting beams, columns or
girders with their center-to-center locations and all flanges
or detail fittings that might cause interference. A second lay-
out of the member to be erected is made to the same scale on
a separate piece of tracing paper.

By placing a layout of the member to be erected over the
layout of the supporting framing, the member can be posi-
tioned and moved past interferences to simulate its actual
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Figure 7-87. Study of erection clearances for the case 
of framed filler beams.

Figure 7-88. Study of erection clearances for the case 
of framed filler beams.
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Figure 7-89. Various beam and girder framing clearance conditions and tabulated combinations of length, width, depth and 
clearances that will permit erection without interference.
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travel during erection. Any interferences should be noted and
steps taken to eliminate them, as discussed previously. This
graphical method enables the steel detailer to tilt the mem-
ber and move it laterally and vertically at the same time.
Frequently, it demonstrates an easy solution to a clearance
problem, which on first inspection appears to be extremely
difficult or impossible.

Figure 7-89 provides a table of various beam and girder
framing clearance conditions and tabulates combinations of
length, width, depth and clearances that will permit erection
without interference. The steel detailer should verify a few
tabulated results with actual calculations to understand the
limitations that can apply to such a table. As noted in the fore-
going discussions, the effect of any projecting element may 
establish a new clearance line.

The possibility of an interference between flanges of beams
framing to adjacent faces of a column must be investigated. 
If interference is found, it can be eliminated by cutting the
flange of one of the beams. In Figure 7-90, beams A and B 
are to be flush top. As beam B must be cut to clear the flange
of the column, this cut, logically, is extended to clear the
flange of beam A (Figure 7-90a), instead of requiring a cut
on both beams (Figure 7-90b). No useful purpose is served
by making the more complicated cut shown in Figure 7-90c,
although such a cut would provide the necessary erection
clearance also.

Other Detailing Errors

Listed here are some additional common detailing errors. The
list does not complete all the possible errors that can occur
in preparing shop and erection drawings.

• The number of bolt holes in a member does not match
those in its supporting connection.

• Bolt holes are the wrong diameter.
• Gages between lines of holes in flanges of W- or sim-

ilar shapes do not fit the width of the flange. The gage
may be too narrow so as to encroach upon the fillet of
the shape or too wide so that the holes are too close to
the edge of the flange.

• Connections are omitted.
• Copes on beams are missing, unnecessary, too small 

or too large. Deep or very long copes may require web
reinforcing of the beam.

• Wrong type of steel is used. 
• Wrong weld profile is used.
• On erection drawings, the north direction is indicated

improperly or missing.
• Combining welding and bolting when such is unnec-

essary or improper (contrary to the AISC Specification).
• Reversing slopes. This is especially a cause for error

when the slope is close to 45°.

• Improper presentation of rights/lefts, as-shown/oppo-
site hand, right-hand/left-hand, thus/reverse, all of which
are discussed in Chapter 4.

• Placing incorrect shipping marks on the erection draw-
ings.
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Figure 7-90. Flush-top beams A and B.
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• Omitting bearing stiffeners in beam webs, if required.
• Omitting required stiffener and/or doubler plates in 

column webs at moment connections.
• Painting areas of members on which field welding is

to be performed.

• Painting members to be fireproofed or embedded in
concrete or masonry.

• Welding symbols are not shown correctly.
• Painting the tops of members which receive field ap-

plied shear studs.
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The first quality control initiative should be an adequate
scope list of inclusions, adequate job standards and fabrica-
tion/erection preferences for the steel detailer to incorporate
into any job.

Detailing organizations have two means available to them
by which they may become certified as committed to top qual-
ity practices and procedures, ensuring the use of recognized
quality assurance procedures in their offices. Independent
firms whose primary business is the production of shop detail
drawings may volunteer for certification through the Quality
Procedures Program of the National Institute of Steel Detailing.
A fabricator’s in-house drawing room becomes certified as
part of the certification of the entire plant through the volun-
tary AISC Certification Program for Fabricators. These pro-
grams are devised to confirm to the construction industry that
a certified structural steel fabricating plant has the personnel,
organization, experience, procedures, knowledge, equipment,
capability and commitment to produce fabricated steel to the
required level of quality for a given category of structure. For
participating structural steel detailing organizations, these
programs function to establish practices and procedures that
ensure the translation of the intent of contract documents into
shop and erection drawings that meet the requirements of the
client. 

An independent audit of a detailing group is conducted on
site. The audit of the group requires the satisfaction of a spec-
ified amount of criteria, as required by the evaluation check-
list. A firm becomes certified as having quality assurance
procedures if it receives a minimum number of points re-
quired on the checklist. The evaluation is based upon written
documents, verbal interviews with members of the detailing
organization and visual examination. 

CHECKING

The basic function for controlling the quality of the output
of a detailing firm is the process of checking. Following prepa-
ration of advance bills of material by a steel detailer, copies of
the bills are given to a checker. The checker is an individual
who, by reason of experience and ability, has advanced suc-
cessfully from a beginning steel detailer to a more responsi-
ble position. The checker reviews the bills for accuracy in
quantities, shape nomenclature, description of material,
lengths, finish requirements (such as for columns or heavy

base plates), material specification and any special require-
ments. Also, the checker reviews the contract documents to as-
certain that all the material to be included in the fabrication
contract has been listed on the advance bills.

Similarly, after structural members are detailed on a shop
drawing, a copy of the drawing is given to a checker, who re-
views and verifies every sketch and dimension on the draw-
ings. The checker:

• Verifies the correctness of connections in accordance
with the design drawings.

• Checks material listed in the shop bill.
• Makes sure the information on the shop drawing is 

presented clearly.
• Ascertains that all the steel included in the contract 

has been detailed.
• Initials the drawings.

By checking all details, the intent is to ensure that errors
have not been made, that standard detailing procedures have
been followed and that the shop and erection drawings are in
full compliance with the contract documents. The AISC Code
of Standard Practice says that the fabricator is responsible
for the transfer of the information contained in the contract
documents into accurate and complete shop and erection draw-
ings and information for the fit up of parts in the field. These
responsibilities are clearly outlined in the AISC Code of
Standard Practice Section 4.2.

Both steel detailers and checkers are assigned to teams
under a drafting project leader, who plans and organizes work
assignments and supervises production to meet a prearranged
schedule—one that is planned to fit into the shop production
program. The shop must, in turn, coordinate its work sched-
ule with the erection program at the construction site.

The detailing manager supervises the drafting project lead-
ers, and through them the checkers and steel detailers. In small
detailing groups a checker may assume the duties of a draft-
ing project leader and also be responsible for the operation
of the department. Similarly, a small number of experienced
steel detailers, organized as a detailing group, are able to pre-
pare shop drawings and exchange them with each other for
checking. Still, one of them will perform the duties of draft-
ing project leader and detailing manager for purposes of ad-
ministration and record keeping.

CHAPTER 8

DETAILING QUALITY CONTROL AND ASSURANCE

The quality control and assurance procedures that are commonly employed in the preparation and 
maintenance of shop and erection drawings.
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BACK-CHECKING 

When a checked copy of an advance bill, shop drawing or
erection drawing is returned to the steel detailer who prepared
it, the steel detailer is expected to review all the comments
and corrections placed on it by the checker. In other words
the steel detailer checks the checker. If the steel detailer dis-
agrees with a checker’s comment or correction, that individ-
ual should discuss the matter with the checker to resolve any
differences of opinion on how an item of material on an ad-
vance bill or information on a shop or erection drawing should
be presented. The steel detailer is as much responsible for the
accuracy of the shop drawing as is the checker. Once any dif-
ferences of opinion are resolved, the steel detailer makes the
necessary corrections and returns it to the checker for final
review and the signature of the checker in the space provided
on the advance bill or shop drawing. The intent of the sys-
tem for checking and back-checking is to ensure that the doc-
uments are as accurate as possible prior to issuing to the
fabricator and the erector. 

APPROVAL OF DRAWINGS

After shop detail drawings have been completed, checked 
and back-checked, prints, reproducibles and/or electronic files
of the drawings must be submitted for approval before shop
fabrication operations begin. This applies to all shop and erec-
tion drawings. As a rule, this approval is given by the owner’s
designated representatives for design and construction per
AISC Code of Standard Practice, Paragraph 4.4.

In preparing shop and erection drawings, any discrepancies
discovered in the design plans or specifications by the group
must be referred to the owner’s designated representative for
construction through the communication channels established
for the project, as provided in AISC Code of Standard
Practice, Paragraph 3.3. While it is the fabricator’s respon-
sibility to report any discrepancies that are discovered in the
contract documents, it is not the fabricator’s or the detailer’s
responsibility to discover discrepancies, including those that
are associated with the coordination of the various design dis-
ciplines. The quality of the contract documents is the respon-
sibility of the entities that produce those documents. Because
of the contractual relationships that are often involved, the
referral of discrepancies must be made at the earliest possible
moment. Instructions to resolve the discrepancies must be re-
ceived before proceeding further with the affected portion(s)
of the work. The responsibility for any extra costs that may re-
sult from such discrepancies rests with the owner as provided
for in AISC Code of Standard Practice, Paragraph 9.3.

Prior to submission of shop and erection drawings for 
approval, the fabricator must notify the owner’s designated
representative for design or owner’s representative of intentions

to request changes to connection details described in the con-
tract documents.

Except for small orders involving relatively little work, the
fabricator’s drawings often are submitted for approval in se-
quences (or blocks, or divisions). For example, for multi-story
buildings, plans and details may be submitted for one tier (two
floors) at a time. Prompt approval of the shop and erection
drawings is essential to meet work schedules and delivery
dates. The fabricator allows approval time as arranged with
the owner’s designated representatives for design and con-
struction or per AISC Code of Standard Practice Section 4.4.
The drafting project leader is required to keep a record show-
ing the dates on which shop and erection drawings are sent
for approval and the dates on which they are returned. In con-
junction with the detailing manager, the drafting project leader
must maintain a close watch over this aspect of the work.

When the approving agency returns prints bearing nota-
tions for corrections, the indicated changes must be checked.
These changes may affect other work in progress in the draft-
ing room or work already released for fabrication. If found
to be in order, the changes should be made promptly and cor-
rected drawings should be issued to the shop. Sometimes, the
approver misunderstands the intent of a detail or note on a
fabricator’s drawing and adds an erroneous correction com-
ment. When this occurs or if a noted correction cannot be
made, the detailing manager must contact the approver (di-
rectly or through project communication channels) to resolve
the problem. If required, new copies of corrected drawings
are resubmitted for approval.

Acceptance by the owner’s designated representatives for
design and construction indicates that authority’s approval of
the suitability of the details and interpretation of the design
documents and of the design strengths of the connections.
However, the correctness of dimensions on shop detail draw-
ings and the general fit-up of parts furnished by the fabricator
to be assembled in the field remain the responsibility of the
fabricator and the steel detailer.

FIT CHECK

A detailing group, at its discretion or by the fabricator’s re-
quest, may do a fit check soon after the final shop drawings for
a job or sequence are sent to the shop for fabrication. A fit
check is a partial checking of the shop drawings to ensure the
proper connection of the members in the field. It should con-
stitute an assurance to the fabricator that all connections will
match as detailed, copes and gages are dimensioned accu-
rately, hole sizes and locations are correct, clearances are ad-
equate, and overall lengths are correct. Fit checking is done by
an experienced checker. It should be completed prior to the
start of fabrication, even though template, layout and minor de-
tail preparation may have begun. 
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MAINTENANCE OF RECORDS

The primary reason for keeping records is to provide a running
history of the progress of each piece of material in the job so
that its status can be traced quickly. Good records provide
documentation of revisions and other events, aid in the de-
termination or justification of extras and back-charges, and
furnish supporting data in the unpleasant event of litigation.
Another reason for maintaining records is to provide assurance
to a client that a detailing group (independent firm or a fabri-
cator’s drafting department) is qualified to perform the work
assigned to it. The detailing group must maintain records to:

• Record receipt of original and revised design plans and
specifications and of other project design documents.

• Record distribution of these plans and specifications
when the detailing group is required to send them to
other firms performing sublet fabrication for the struc-
tural steel fabricator. Such other firms may include, but
not be limited to, a steel joist supplier, miscellaneous
metals fabricator, metal decking supplier, etc.

• Record each and every advance bill and material change
order prepared and its status.

• Record each and every job standard sheet, layout, shop
and erection drawing, field work drawing, field bolt
summary, and sketch (for “request for information”
or “design clarification”) prepared by the group and its
status.

• Record the receipt and status of each and every “extra”
and back-charge (explained later) involving the steel
detailer.

• Keep written records of phone conversations with other
parties involved with the project as these conversations
apply to the conduct of the work.

• Prepare and submit to the client on a scheduled basis
a status report indicating the progress of detailing and
any problems that may cause delays. The report should
include the quantity of shop drawings estimated for the
job, detailed, checked, sent for approval, returned from
approval and issued to the shop. Also, it should include
the estimated date for submitting final shop drawings to
the fabricator.

• Keep faxes, e-mail and other transmissions on file.

Contract Document Control/Revisions

When the detailing group initially receives the design plans 
and specifications, it lists on a record form (Figure 8-1a) each
plan number, the revision number on the plan and a brief de-
scription of the plan (such as Foundation Plan, First Floor
Plan, Second Floor Plan, Roof Plan, Details). Some plans
may have revision identifications on them at the time they
are issued for construction. The record form has a series of

columns with headings to list this information and the dates 
received. Often, the first column may be headed “DESIGN
DRAWING” (or some similar designation). The second col-
umn may be headed “DESCRIPTION” to list the title of each
plan. This is followed by a series of columns for listing the
dates of initial receipt and revision number of designs and of
all subsequent receipts of design revisions. 

Revisions to the design drawings and specifications shall
be made either by issuing new design drawings and specifi-
cations or by reissuing the existing design drawings and
specifications. In either case, all revisions, including revi-
sions that are communicated through the annotation of shop 
and/or erection drawings, shall be clearly and individually
indicated in the contract documents. The contract documents
shall be dated and identified by revision number. Each de-
sign drawing shall be identified by the same drawing num-
ber throughout the duration of the project, regardless of the
revision. 

If a detailing group is required to distribute plans and
specifications to other firms, a similar record of the receipt
and distribution of such information is necessary. The records
are maintained by the detailing manager or the drafting proj-
ect leader, depending upon the organization of the group.
Transmittal letters that accompanied receipt and distribu-
tion of the documents should be kept to support the data in
the records.

Revisions to design plans may be commonly enclosed in 
a scalloped, curved line, sometimes called a “cloud.” The
cloud may be given a number, usually inside a triangle, to
identify it.

Another method used to alert involved parties to a design
revision is through the issue of a bulletin by the owner or gen-
eral contractor. This document describes in writing and, if
suitable, with sketches what changes have been made to a de-
sign plan. Although the bulletin eliminates the reissue of de-
sign drawings to show the revisions, the design drawings
should be revised. 

Upon receiving revised designs and/or specifications,
copies are made and issued to the individuals holding pre-
viously issued copies. These earlier copies should either be
isolated or boldly marked VOID as they may be needed later
for tracking design changes and backing up change requests
(extras). Each detailing group must retain one set of designs
and specifications as the “file” set. It will consist of all of
the plans used to order material; to prepare shop and erec-
tion drawings; and to record information obtained from such
sources as a contractor’s memo, phone conversation with the
fabricator or owner’s designated representative for design,
etc. This set of plans is the basis for determining if extras
are in order and, possibly, if back-charges are appropriate.
Similarly, a “file” set of specifications must be kept. Such
files are retained until the project is completed and paid for

Detailing for Steel Construction • 8-3
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or as required by the project specifications or fabricator,
whichever is longer.

Shop and Field Document Control/Revisions

The detailing group maintains accurate files for keeping track
of documents it generates. Although the format will vary
from one detailing group to the next, logs contain the same in-
formation and are divided into several columns to record it.
Figure 8-2 is an example of a computer-generated log, which
illustrates one of several ways that information may be
recorded. The first column may be headed “DRAWING NO.”
and lists each and every drawing number on the project pre-
pared by the detailing group. This listing includes all erection
drawings, shop drawings, field work drawings, layout draw-
ings, field bolt summaries and sketches prepared for submis-
sion to others for clarification of design information. The
second column may be headed “DESCRIPTION” and briefly
describes the content of each drawing such as bracing layout,
anchor rod plan, erection drawing, base plates, embeds,
columns, beams, etc. Several columns follow to list the date
drawings are sent to approval and returned, the dates drawings
are resubmitted for approval (if necessary) and returned, the
dates drawings and any revised copies are issued to the shop,
the dates drawings and subsequent revisions are issued to
the erector, and the dates file prints are issued to the general
contractor or others who, according to the project specifica-
tions, are designated to receive them. Some logs include
space to record the initials of the preparer and checker of
each drawing. If the contract specifications require special
submissions or transmissions to other parties, the log must re-
flect these as well. Letters transmitting advance bills and
drawings to other parties for ordering material, fabrication,
erection, file, etc. serve as back-up for the log. Most fabrica-
tors require transmittal forms to accompany issuance of ad-
vance bills and shop drawings; for other fabricators no such
transmittals are needed.

In Figure 8-2, “TRANS” stands for the number of the
Transmittal letter. “R” stands for “Resubmittal,” which is a
function of the approval status. A “Y” in the column indi-
cates the drawing must be resubmitted; a blank indicates re-
submittal is not required. “TYP” stands for Transmittal Type
and indicates whether the drawings are “For Issue Only” (FIO)
or “To Be Returned” (TBR).

Also, the group keeps a record of the preparer, checker
and dates when advance bills of material and material change
orders are issued for ordering material. Generally, advance
bills are not revised for issuing to the material ordering depart-
ment. Each time material is changed after the advance bills
have been released for ordering, a separate change order form
is prepared and issued.

When an issued shop or erection drawing is revised, the
original is changed, and the changed area is normally sur-

rounded by a numbered cloud as described earlier. This high-
lights the revised portion(s) of the drawing so the changed
portion(s) stands out to all who read it. As is done on design
plans, the revision is recorded by number and a brief descrip-
tion near the title block of the drawing. Some fabricators re-
quire that the cloud(s) of the previous revision is removed
each time a drawing is revised, but the number of the revi-
sion remains. Thus, a drawing having been revised three times
will show a cloud(s) identified by the number 3 and only the
numbers 1 and 2 identifying areas where previous clouds 
had been. Normally, the number is enclosed in a geometrical
shape such as a triangle or circle. This procedure helps to
maintain the clarity of the drawing. Other fabricators leave
the clouds in place so as to maintain a clear trail of revisions.

Before a shop drawing is revised, the steel detailer should
verify with the shop the status of the work on the drawing. If
the revision cannot be handled in the shop, the changes will
need to be made at the job site by the erector—an expensive
procedure and one to be avoided if possible. The field work on
the revised shipping piece is communicated to the erector by
showing the work on an erection drawing. Some fabricators
prefer to issue a field work drawing, which is separate from 
the customary erection drawings and is for the sole purpose of
describing the work to be done on a particular shipping piece.
This system also aids in keeping track of the costs for per-
forming the work in the field. Field work drawings are dis-
cussed in Chapter 6.

Another document retained by the detailing group is a log
of “extras,” which are the costs incurred by the group in
doing work that is, in their judgment, beyond the scope of
work originally contracted to perform. Regardless of the
cause of the additional work, the steel detailer must main-
tain a record that should show the date and source of the
change request, its description, its impact on the work of the
group, the resulting cost, the date the extra was issued to the
appropriate party and its status (in progress, accepted, re-
jected, awaiting payment, paid). It should show the time spent
to order any additional material and make changes to draw-
ings, and describe in detail the work performed on each 
drawing involved. The format of these documents will vary
from fabricator to fabricator. The importance of carefully
and accurately completing these forms immediately upon re-
ceiving a change cannot be overemphasized. 

Back-charges to the detailing group may come from differ-
ent sources for a variety of reasons. A log of these back-
charges must be maintained. It should show the date each
back-charge was received by the detailing group, the source of
the back-charge, its cost, a description of the back-charge and
the steel detailer’s reply. The forms for recording back-charges
can be kept in a file to serve as a log. 

Virtually every project is designed and detailed to some
extent by phone conversations. Although some of these 
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Figure 8-2. Computer-generated log.
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conversations may be followed up by issuance of revised de-
sign plans, revised project specifications or bulletins, a log
must be maintained of any and all such conversations dealing
with the detailing of the project. The log should at least record
the date of the conversation, the parties having the conversa-
tion, the subject and the conclusion/decision. As in other
record forms, the amount and type of information to be listed
depends on the fabricator’s preference. One accepted method
of maintaining such a log is by using a form (either of the
steel detailer’s own making or as issued by the fabricator of 
the project) on which the preceding information can be writ-
ten. The document can then be transmitted to other interested
parties for confirmation and information. Normally, if a detail-

ing group has direct phone access to the owner’s designated
representative for design, it will be required to keep the fab-
ricator informed of all conversations. 

To complement the use of direct phone conversations, the
communication between the steel detailer and the owner’s
designated representative for design can be conducted satis-
factorily using faxes or email. By their use the steel detailer’s
query and the owner’s designated representative for design’s
response are in writing and are available for copying to the
fabricator and others as required by contract. Prior to sending
a fax, the steel detailer should alert the owner’s designated
representative for design of a forthcoming fax to help ensure
an early response.

8-8 • Detailing for Steel Construction
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The following section has been provided for improved drawing clarity while using this text. All pull-out drawings 
are numbered with respect to the chapter in which they are referenced.
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As noted earlier in this text, the detailer works closely with the
Structural Engineer of Record (or other Owner’s Designated
Representative for Design) to translate design data into in-
formation that the fabricator and erector need to build the
structure. Clear communication between the engineer and the
steel detailer is extremely important to making this transla-
tion successful. Drawings are an important part of this com-
munication, as is a vocabulary that each party understands.
This appendix will explain engineering vocabulary and will
show how engineering fundamentals are reflected in many of
the common details used in the fabrication of steel structures. 

DEFINITIONS

Structure

The principal components in a steel building frame are struc-
tural members and the connections that hold the members to-
gether. The role of the structural engineer is to determine the
arrangement and size of these components to ensure the most
safe, efficient and economic use of materials in creating the
structure.

MEMBERS 

Structural members can be classified by how they are loaded or
how they transfer force from one point on the structure to an-
other. There are three main types of structural members: tension
members, compression members and bending members.

Tension Members

Tension members are members that are pulled (i.e., loaded
in tension) by two forces that act in a line of action through
the length of the member. The line of action must coincide
with the centroid, or center of gravity, of the member’s cross
section, otherwise the force causing tension will also cause
bending. 

Tension members are often used for bracing and hangers.
Figure B-1a shows a five-member truss structure loaded

with a single horizontal force, P, applied at corner B. A truss
is a structure in which all members are held together by pin-
joint connections that are free to rotate as the structure deflects
from an applied load (Figure B-1b). The members are
arranged in triangular patterns to make the truss stable. Every
member in a truss is subjected to either a tension force or a
compression force. The force direction (tension or compres-
sion) can often be determined from the deflected shape of
the truss. For example, member AC, whose length is LAC,
must be stretched by amount ΔLAC in order to remain con-
nected to joints A and C (the symbol Δ is used to denote a
change, so that ΔLAC means “the change in length of mem-
ber AC”). The structure drift shown in Figure B-1b is the
lateral motion of the entire structure at level BC. The internal
forces produced in member AC by the external force P are
TAC and TCA, as shown in Figure B-1c. In this case, there are
two forces (forces TAC and TCA) acting on member AC. The
two subscripts identify the member; the first subscript de-
notes the end of the member where the force acts. 
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Figure B-1. Tension member—diagonal bracing.
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The forces TAC and TCA must be equal in magnitude and 
opposite in direction (as shown) in order for the member to 
remain in equilibrium. The concept of equilibrium will be
discussed later in this appendix.

Compression Members

Compression members are members that are pushed, or loaded
in compression, by two forces that act in a line of action along
the length of the member. Columns, posts and struts are exam-
ples of compression members. Figure B-2a shows the same
five-member truss structure shown in Figure B-1, except that
the diagonal member is reversed. Force P applied at corner
B causes the structure to deflect to the right, requiring that
member BD shortens. This shortening is produced by the
compressive forces CBD and CDB shown on member BD in
Figure B-2b. As before, equilibrium requires that CBD and
CDB be equal.

Bending Members

A beam is a generic name for a bending member. Girders,
joists, purlins, girts and spandrels are other common names
of bending members. These names describe how the member
is used in the structure, not how it is loaded. Floor beams
and roof beams are horizontal members that support verti-
cal gravity floor and roof loads. Joists are another name for
both floor and roof beams. Purlins are roof beams. Girts are
beams used in the plane of a building’s wall to transfer hor-
izontal wind forces into the frame of the structure. Girders are
usually large beams that support smaller beams. Spandrels
are beams around the perimeter of a building that support
the building veneer. 

Beams are also classified by geometry and support con-
ditions. Examples are shown in Figures B-3 through B-5.
Each figure shows a pictorial view of the beam and a schematic
view that would be used by an engineer to represent the beam
and its support conditions. The dotted line on each schematic
view shows the deflected shape that would be caused by the
general force shown.

A simple beam is “simply supported” at each end. In Figure
B-3a, the support at one end is a pin, and the support at the
other end is a roller. Each allows the end of the beam to rotate.
The pin keeps the end of the beam from moving horizontally
and vertically. The roller prevents motion vertically. These
provide the minimum restraints required to hold the beam in
place and make it stable (e.g., a roller at each end would be un-
stable because if a horizontal force were to act on the beam,
the whole structure would move freely in the horizontal direc-
tion like a roller-skate). A typical schematic view of a sim-
ple beam is shown in Figure B-3b. A double-angle framed
beam connection (Figure B-3c) is an example of a simple
support because the connection angles are flexible enough to
distort, thus allowing the beam ends to rotate as the beam de-
flects. Shear tabs are simple supports because distortion of

the bolt holes in the tab plate lets the ends of the supported
beam rotate. 

A fixed beam support restrains the beam end so that it can-
not rotate as the beam deflects. Figure B-4a shows a beam
that is fixed at both ends. The schematic view of this beam
is shown in Figure B-4b. A cantilever beam is one with at
least one end “free.” Figure B-5a shows three possible forms
of cantilevers.

Bending members are not limited to beams that are di-
rectly loaded, such as the floor or roof beams. Members that

B-2 • Detailing for Steel Construction
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Figure B-2. Compression member—diagonal bracing.
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Figure B-3. Simply supported beam.

a) Idealized beam and support details

b) Schematic diagram (solid line) and deflected shape (dashed line)

c) Framed-beam connection behavior as “simple connection”
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Figure B-4. Fixed beam.
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Figure B-5. Cantilevered beam.
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are part of a frame flex (bend) because externally applied
loads cause the frame to distort. Stability of the frame is pro-
vided by the rigid connection between the members. Two
types of simple frames are shown in Figure B-6. The frames
in Figures B-6a and B-6b are portal frames, in which all mem-
bers are connected at right angles to each other. Gable frames
(Figure B-6c) contain inclined members that do not all meet
at right angles. The portal frame in Figure B-6b provides bet-
ter resistance to the external load than that in Figure B-6a be-
cause the base of each column is fixed. However, fixed column
bases must be carefully designed and detailed to assure the
connections are actually as rigid as assumed.

LOADS (CLASSIFIED BY ORIGIN)

The main purpose of a steel structure in a building or bridge
is to support loads. Loads are the forces that the structure
must be designed to support. The engineer’s first step in a
structural design is to define the loads that the structure must
support. There are three main types of loads on buildings;
dead loads, live loads and loads produced by forces of na-

ture. Loads are defined by building standards such as ASCE
7-05 (ASCE, 2006).

Dead Load

Dead load is the actual weight of the structure. Dead loads
include things like the architectural features, the HVAC sys-
tem and electrical systems, and the structure itself. The weights
of steel members are found in the AISC Steel Construction
Manual. The weight of the structure is usually not known at
the outset of a design. In this case a weight is initially as-
sumed and then refined as the design progresses.

Live Load

Live loads are loads created by the occupancy of the building.
These generally include human occupancy and the structure’s
moveable contents. Sometimes these loads are very accu-
rately defined (e.g., the volume of an elevated water tank de-
termines the weight of the water in the tank). However, some
live loads (especially human occupancy loads) are not easily
defined. 
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APPENDIX B

Figure B-6. Rigid frames.
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Figure B-7. The effect of load placement on beam reactions.
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Other Loads

The third major class of loads is those produced by forces of
nature. These include wind, earthquake, ice, snow and rain-
water loads. Extensive work has been done in the areas of
wind and earthquake loads to develop load models that reflect
the randomness and variability of these loads. 

LOADS (CLASSIFIED BY TYPE)

Loads can be classified by type, based on how the loads act
on a structure. Figure B-7a shows a schematic diagram of a
load that is uniformly distributed over the full length of the
beam. This load could be caused from the weight of floor
decking or distributed live loads. Since each 1-ft length of
beam carries a 100-lb share of the load, the load is labeled 
as either 100 lb per foot (100 lb/ft) or 0.1 kip per foot (0.1
k/ft), where 1 kip equals 1,000 lb. The symbol w is used to 
denote a uniformly distributed load across the full length 
of the beam. The resultant (W) of the distributed load is 
the load intensity (load per foot) multiplied by the loaded
length (feet): W � wL � 100 lb/ft � 10 ft � 1,000 lb. The re-
sultant is placed at the center of the loaded length (here,
the midspan). The resultant is used to compute the beam 
reactions. Figure B-7b shows a schematic diagram of a 1000-
lb (1-kip) concentrated load placed at the midspan of the
beam. Although the magnitude of the concentrated load in
Figure B-7b is the same as the resultant of the distributed
load in Figure B-7a, and the reactions are the same in both
cases, the bending stress in the beam caused by the concen-
trated load is twice that caused by the distributed load. Thus,
a roof beam designed to support bar joists and roofing spread
over the full length of the beam might not be able to support
the bundled weights of these materials if they were placed
at the middle of the beam during construction.

Figure B-7c shows another way that a uniformly distrib-
uted load can be applied to the beam. Here, the load intensity
is the weight per foot (200 lb/ft), and the loaded length is
L/2. The load resultant (W) is the load intensity (load per
foot) multiplied by the loaded length (feet): W � w(L/2) �
200 lb/ft � 5 ft � 1,000 lb. It is located at the middle of the
loaded length, which is at position 1/4 of the distance from the
left end (L/4). 

Figure B-7d shows a 1-kip concentrated load applied at
L/4 from the left end. Figure B-7d could represent a short
beam supporting a column or cross-beam connected at the
quarter-point.

In the four cases shown in Figure B-7, total load applied
to the beam is 1,000 lb. In the first two cases, the beams are
said to be symmetrically loaded because applied loads are
symmetric with the beam mid-span. For this reason the reac-
tions at the beam ends are equal. The beam capacity given in
the tables in Part 3 of the AISC Steel Construction Manual as-

sumes that each beam is loaded with a uniformly distributed
load over its full length. The reaction at each end of the beam
is wL/2. In Figures B-7c and B-7d, the beams are not loaded
symmetrically so that the reactions are not equal. The larger
reaction is the one nearest the applied load or resultant. It 
can be much greater than wL/2, but may not exceed the value
of φvVn or Vn/Ωv given in Tables 3-6, 3-7, 3-8 and 3-9. The
beam reactions must be computed, and the connections de-
signed for the computed reactions.

EQUILIBRIUM

All structures and members must be in equilibrium and stable.
Figure B-8a shows a beam that supports a single concentrated
load that acts along an inclined line of action. The pin support
at A and the roller support at B connect the rigid body to the
rest of the world. 

Reactions are forces that are provided by the structure’s
supports. In order for the beam in Figure B-8a not to move
when the external force is applied, there must be enough re-
actions acting on it to keep it in balance—the beam must be
in equilibrium. The beam is in equilibrium if, along any given
axis, all forces add up to zero and all moments about any
point in the beam add up to zero. A moment is the product
of a force and a distance. A moment can be either clockwise
or counterclockwise about any point on a member.

The requirement that any rigid body be in equilibrium is
called the Law of Equilibrium. It is written in shorthand as
equilibrium equations ΣFH � 0, ΣFV � 0 and ΣM � 0 (Σ is
a math symbol meaning sum). Each equilibrium equation
sum is an algebraic sum. For example, if forces shown acting
to the right in the horizontal direction are assumed positive,
then any force shown acting to the left is negative in the sum-
mation. Thus:

FH (��) � 0 is a statement of equilibrium that says
that “the sum of all horizontal forces (as-
suming forces acting to the right are pos-
itive) must be zero”

FV (��) � 0 is a statement of equilibrium that says
that “the sum of all vertical forces (as-
suming forces acting upward are posi-
tive) must be zero”

SMA (��) � 0 is a statement of equilibrium that says
that “the sum of all moments (assuming
clockwise moments are positive) about
point A must be zero”

The single concentrated load applied to the beam in Figure
B-8a acts on a “9 on 12” slope. It is convenient to break up the
inclined load into vertical and horizontal components (PV and
PH , respectively). This can be done two ways (Figure B-8b). 

APPENDIX B
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Figure B-8. Simply supported beam reactions, on inclined concentrated load at midspan.

b) Resolve P into horizontal and vertical components 
(two methods)

c) Reactions

a) Schematic diagram
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Method I: Use ratios based on “similar triangles”

Method II: Trigonometry

Pv � P cos θ � 1,250 cos 36.9° � 1,000 lb

PH � P sin θ � 1,250 sin 36.9° � 750 lb

The reactions at A and B shown in Figure B-8c hold the
beam in equilibrium because:

ΣFH (��) � �750 lb � 750 lb � 0 lb

ΣFV (��) � 500 lb � 1,000 lb � 500 lb � 0 lb

ΣMA (?�) � (5 ft � 1,000 lb) � (10 ft � 500 lb) � 0 lb-ft

A plane truss is a collection of long, slender members as-
sembled in triangular patterns to produce a two-dimensional
structure (see Figures B-1 and B-2). A truss joint is any point
where two or more truss members meet. External forces ap-
plied to a truss, and the reactions that hold the truss in equi-
librium, are assumed to act on the truss at the joints. A truss
distorts when loaded due to the combined effects of lengthen-
ing and shortening of the individual members. However, this
distortion is small compared to the truss dimensions. Thus,
it can be assumed that a truss generally retains its shape so
that all distances used to compute forces and moments are
those based on the truss dimensions. 

Figure B-9a is a schematic diagram of a truss showing
members as straight lines and joints as open circles. The sym-
bol U denotes an upper joint and L a lower joint. The joints 
are numbered from left-to-right, starting with “0.” In this case,
joint L0 is the “origin” (reference point) for joint numbering.
The numbered vertical lines through the truss are sometimes
referred to as panel points, and each horizontal segment 
between panel point lines is a panel. Truss equilibrium can
be verified by applying the equations of equilibrium based
on the applied loads:

ΣFH (��) � −5,000 lb � 5,000 lb � 0 lb

ΣFV (��) � 10,500 lb � 6,000 lb � 9,000 lb � 4,500 lb
� 0 lb

ΣMLo (��) � (18 ft � 5,000 lb) � (30 ft � 6,000 lb) �
(60 ft � 9,000 lb) − (180 ft � 4,500 lb) � 0 lb-ft

INTERNAL FORCES

The external forces (the applied forces and the reaction forces)
that hold the structure in equilibrium cause internal forces in
the members of the structure. The internal force in each truss
member is either a tension or a compression axial force, and
is the same everywhere along the length of the member. For
beams, the internal loads are moment and shear, and they vary
along the length of the member. In this case, it is necessary to
find the location of the maximum internal load. 

Trusses

Figure B-9a shows the internal forces in selected members
of a plane truss. The engineer computes these forces by per-
forming a structural analysis of the truss. A positive member
force means that the member is in tension (Figure B-1)—the
member “pulls” on the joints to which it is connected, and the
joints “pull back” on the member. A negative member force
means that the member is in compression (Figure B-2)—the
member “pushes” on the joints to which it is connected, and the
joints “push back” back on the member. Figure B-9b shows
the pin at joint U2. The four members meeting at joint U2 are
all in compression, and hence push on the pin. The externally
applied force pushes downward on the pin. It can be shown
that horizontal components of the forces on the pin add up
to zero (ΣFH � 0), as do the vertical force components (ΣFV
� 0). Thus, the pin at joint U2 is in equilibrium, as are the
pins at every other joint in the truss.

Each set of external forces applied to a truss produces one
unique set of member forces, and the member forces shown on
a truss diagram will hold each joint in equilibrium. However,
trusses are often designed for more than one set of loads. In
this case, the design drawings may show the maximum force
in each member produced by the multiple load sets. If the
maximum forces in members meeting at a joint were caused
by different load sets, then the joint will not be in equilib-
rium for the forces shown on the design drawing. 

Trusses that support moving loads (such as bridge trusses)
usually contain members that can be in either tension or 
compression depending on the position of the load on the
truss. Connections for these members must be designed 
accordingly.

Beams

There are two internal loads, called moment and shear, pro-
duced in a beam by the external loads that bend (flex) the

B-10 • Detailing for Steel Construction
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Figure B-9. Tension and compression forces in truss members.

a) Reactions and member forces

b) Forces acting on pin at joint U2, and on member L1U2
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beam. These loads can be demonstrated by looking at how a
beam deflects when the external loads are applied.

Figure B-10a shows a simply supported beam that is loaded
with a generalized downward load that is represented by the
load arrow at midspan (this load includes the weight of the
beam). The beam is first divided into a number of imaginary
equal-length segments (elements). In the figure, the elements
are labeled A through M simply for reference. 

When a downward load is applied, the beam deflects down-
ward and forms a shape that is curved concave upward (Figure
B-10b). In order for the beam to curve, each element must
distort. The distortion consists of two parts: bending distortion
and shear distortion.

Bending distortion causes the top of each element to shorten
and the bottom to lengthen (shown in the left half of the beam
in Figure B-10b). If the sides of the element are assumed to re-
main plane (so that they appear as straight lines when seen
from the side of the beam), they must rotate inward so that
the distorted element becomes a trapezoid. Piecing together the
trapezoids produces the curved beam.

Each element can be distorted to form a trapezoid by
“squeezing” the top of the element and “stretching” the bot-
tom of the element by a pair of compression forces (C) and
tension forces (T), as shown in Figure B-10c. In order for
each element to be in horizontal equilibrium, C and T on each
face of the element must be equal to each other. The elements
along the length of the beam do not distort the same amount,
and C and T are different on each element. For the beam
loaded as shown, the elements at the center of the beam dis-
tort more (and are subjected to greater C and T forces) than the
elements at the ends.

For a typical element (such as element G in Figure B-10c),
the distortion caused by the C and T forces could also be
caused by the pair of bending force effects, M, shown in Figure
B-10d. The bending axes are the horizontal arms at the level
of the center of gravity of the element cross section. Each
bending force is called a moment. A moment is statically
equivalent to the C-T force pair that it represents. Hence, in-
stead of showing the C-T forces acting on the side face of the
element, the moment can be shown instead. The magnitudes
of the internal moments vary along the length of the beam,
and can be plotted to form a moment (M) diagram.

The downward load on the beam also causes each element
to distort as shown in the right half of the beam in Figure 
B-10b. Vertical forces on the sides of each element cause it to
distort to form a parallelogram. These forces are called shear
forces, and the distortion is called shear distortion. Shear force
is represented by the symbol “V.” The magnitudes of the in-
ternal shear loads vary along the length of the beam, and can
be plotted to form a shear (V) diagram. 

The shear forces shown in Figure B-10 act on the vertical
faces of the beam elements, and hence are referred to as ver-

tical shear. Figure B-11 shows that shear can also be pro-
duced in the horizontal direction when a beam bends.
Horizontal shear is the internal resistance to “sliding” the
upper portion of the beam relative to the bottom portion, much
the same as the pages in a book slide when the book is bent.
The sliding effect is greater at the ends of the beam than at the
middle. In Figure B-11a, each pair of points A-A′, B-B ′ and 
C-C ′, which were adjacent before bending, are horizontally
offset after bending. The offset is greatest at the end of the
beam, and smallest (or even zero) at the middle. The beam
is much more efficient if the top and bottom of the beam can
be forced to “work together,” as shown in Figure B-11b. The
internal load that is developed between the top and the bottom
as they work together is the horizontal shear (Figure B-11c). 

Horizontal shear is very important in the design of steel-
concrete composite beams (Figure B-12a). The steel W-shape
and the concrete slab shown in the figure work together to
form a single cross-section. The internal compression load
caused by bending pushes on the concrete slab and the inter-
nal tension load pulls on the steel W-shape, thus trying to
cause them to slip along the intersection between the two (the
shaded area in Figure B-12a). Shear studs welded to the top
flange of the beam and extending into the concrete slab force
the steel and concrete to work together by preventing this
slip. The studs are spaced more closely at the ends of the
beam than at the middle because the tendency for slip is greater
at the ends of the beam than at the middle.

Shear is also important in the design of built-up beams
and plate girders (Figure B-12b). Horizontal shear and verti-
cal shear can act together in the webs of these sections to
cause web buckling, which is a “crumpling” of the web.
Vertical stiffeners are used to reinforce the web to prevent
web buckling. The stiffeners are usually spaced more closely
at the ends of built-up sections than near mid-span because
shear is greatest at the ends.

Both moment and shear can be present at every point along
the length of the beam. Usually, shear is the dominant inter-
nal load at the ends of a beam and moment is the dominant in-
ternal load in the middle portions of a beam. Most steel
wide-flange shapes are selected based on the maximum mo-
ment they will experience, and then checked for shear.

Figure B-13a shows a simply supported beam with a sin-
gle concentrated load at midspan, and the reactions computed
for this load case. Figure B-13b shows a segment of the beam
formed by making a section cut at point A that is midway be-
tween the left end and the load, P, at the center of the beam.
The external load, RL, and internal loads, VA and MA, at the lo-
cation of the cut are shown on this segment. The internal shear
load, VA, must be downward (and equal to reaction RL) for
the segment to be in vertical equilibrium. The internal mo-
ment, MA, must be counterclockwise in order for the segment
to be in rotational equilibrium (ΣM � 0). Summing moments

APPENDIX B
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Figure B-10. Moment and vertical shear in beams.
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Figure B-11. Horizontal shear in beams.

Detailing_Appendix B  6/2/09  8:31 AM  Page 14



Detailing for Steel Construction • B-15

ENGINEERING FUNDAMENTALS

Figure B-12. Shear details in beams.
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about point A (ΣMA � 0) involves two loads that produce
moments about point A. These are the reaction, RL, and the
moment, MA, which is one of the internal loads “exposed”
by the section cut. The other load, shear VA, produces no mo-
ment about point A because it passes through that point. It is
very important to note that the symbol “MA” is used two ways.
First, MA is a specific internal load applied at point A.
Secondly, ΣMA � 0 is an equilibrium statement that says “the
sum of the moments about point A caused by all loads, in-
cluding the internal moment, MA, acting at point A, must add
up to zero.”

Table 3-23, Shears, Moments and Deflections on pages 
3-211 through 3-226 of the Steel Construction Manual, 13th
Edition, gives shear and moment diagrams for many typical
beam configurations and load cases. Also included in Table 

3-23 are expressions for the magnitude of the maximum mo-
ment for many cases.

STRESSES

The tension and compression loads in truss members, and the
shears and moments in beams, are the internal loads in these
members caused by the external loads acting on the structure.
The stresses that these loads produce are a way of measur-
ing the intensity of these internal loads. In each case, the in-
ternal load in each member is the resultant (sum) of the stresses
acting on the member cross-section surface.
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Figure B-13. Internal shear and moment forces in a beam.
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Figure B-14 shows a member loaded with axial tension
load, T. The axial stress that this load produces is computed 
by dividing the load by the cross-sectional area of the sec-
tion. If the load is in kips and the area is square inches, then
the resulting stress has units of kips/in.2 or ksi (kips per square
inch).

The symbol f is used to denote applied stress (i.e., stress
caused by the external loads on the structure). The subscript
a indicates that the stress is axial stress, one that is caused by
either tension or compression. The axial stress, fa, is uniform
(has the same intensity) over the entire cross section. The re-
sultant of the tension stress at any cross-section is T � A fa,

which is the internal load in the member. This resultant, and
the axial stress it represents, is the same for a section cut taken
at any point on the member.

Figure B-15 shows a W-shape bending member for whom
the internal shear load at a section along the length of the
beam is V. The average shear stress in the web of the W-
shape is found by dividing the shear load, V, by a shear area
equal to the overall section depth, d, multiplied by the web
thickness, tw:
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Figure B-14. Stress distribution in a tension member.

Figure B-16. Bending (flexural) stress distribution in a 
W-shape steel beam.

Figure B-15. Shear stress distribution in a 
W-shape steel beam.
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Figure B-16 shows a bending member for which the in-
ternal moment at a section along the length of the beam is M.
As was shown in Figure B-10, the internal moment on each
face of each beam element is equivalent to a pair of forces C
and T that cause the element to deform to a trapezoid. The
internal flexural (bending) stresses caused by internal mo-
ment, M, act perpendicular to the face of the cross-section
area, and are distributed over this area in the pattern shown in
the figure. The maximum flexural stress occurs at the upper
and lower edges of the cross-section, and the flexural stress at
the center of gravity of the cross-section (which is the mid-
depth of the beams shown in Figure B-16) is zero. The bend-
ing axis (shown as horizontal arms in Figures B-10) passes
through the center of gravity and lies on the line of zero stress.
This is often called the neutral axis. 

The maximum flexural stress is denoted as fb. It is com-
puted by dividing the bending moment by the section modu-
lus, S, of the cross section:

The steel W-shapes shown in Part 1 of the Steel
Construction Manual are shown oriented with the flanges
horizontal and an x-axis for these sections parallel to the
flanges. The maximum flexural stress, fb, for a W-shape
shown in Figure B-16 is “spread” horizontally the full width
of the flanges. The stress at the inner edge of each flange is
slightly smaller than fb at the outer edge of the flange.
Between the flanges, the stress is “spread” over the width of
the web. The stress diminishes to zero at the neutral axis.
For W-shapes the neutral axis is the x-axis at the mid-depth
of the beam. Placing the majority of the cross-section area in
the flanges where the stress is greatest increases the effi-
ciency of the moment resistance for W-shapes compared to
rectangular shapes. This is why W-shapes are manufactured
this way. Thus, whenever possible, steel beams are oriented
with the webs vertical so that gravity loads produce bend-
ing about the stronger x-axis. 

In summary, there are two types of stress that can act on
a surface: normal stress (perpendicular to the surface) and
shear stress (parallel to the surface). However, as seen in
Figure B-16, stress fb is part of a set of normal stresses that
add up to produce a bending effect. This is the reason fb is
called a “bending (flexural) stress.” Similarly, internal stresses
in a member loaded in tension are normal stresses that 
act along the longitudinal axis of the member. Torsional
stresses are produced on the cross-section of a member
twisted by a torsional moment. The words “flexural,” “axial,”
“torsional” used in conjunction with the word “stress” tells the
type of internal load in the member to which these stresses are
related.

ENGINEERING PROPERTIES OF STEEL

Structural steel has three characteristics that make it an ex-
tremely versatile building material: strength, stiffness and
ductility. These characteristics can be demonstrated by ob-
serving the behavior of an idealized model of the simple ten-
sion member shown in Figure B-17. 

As the tension load, P, is gradually increased, the mem-
ber stretches in the loaded direction and contracts proportion-
ally in its cross section. In Figure B-17, it is assumed that
force P causes an elongation whose value is an amount ΔL
(change in length). Stiffness is the resistance to elongation.
If the member were made stiffer (such as by increasing the
cross-section area), it would take greater force P to produce the
same ΔL.

For load stages [1] through [3], stretching the tension mem-
ber is like stretching a rubber band. The elongation of the
member is proportional to the applied force. Another charac-
teristic of elastic behavior is that if the member was loaded to
force 2.5P (causing it to elongate to 2.5ΔL) and then unloaded,
the member would return to its original length. This is called
elastic behavior.

For the steel tension member, there is an upper limit on
the force for which it will behave elastically. In Figure B-17,
this force is randomly assigned the value of 3P. At a force
just slightly greater than theoretical force 3P, the member will
stretch (and continue to stretch) without application of any
additional load. A portion of the length of the member will
dramatically contract (neck down). The stretching will continue
as long as the force is maintained at essentially 3P. This in-
crease in elongation (with the associated contraction) at con-
stant force is called yielding, and is similar to pulling taffy. If
the member were to elongate to the length shown in stage [4]
and the load then removed, it would not return to its original
length. It would shorten by the amount that it had stretched
elastically (elastic recovery), but the increase in length due
to yielding would not be recovered. The permanent increase
in length that remains is called permanent set.

For an idealized model such as shown in Figure B-17, the
member will stretch until it finally breaks in the region where
the cross-section contraction is greatest. The elongation at
which it breaks (fractures) is several times the elongation at
which yielding begins. The ability of steel to undergo signif-
icant yield deformation before it fractures is called ductility. 

Ductility is one of the most important properties of steel.
Most engineering models that are used to predict the strength
of steel members make use of steel’s ductility. Ductility is
one reason that steel can be successfully welded. Ductility
also means that as a steel member yields it absorbs the en-
ergy applied to it by the external force producing the yielding
deformation. Any structure that is subjected to an earthquake
has considerable energy imparted to it by the earthquake
ground motions. In steel structures, this energy is absorbed
by yielding of overloaded components in the structure. Even
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though the components may be deformed to the point where
they must be repaired or replaced before the structure can be
put back into service, the steel does not fracture during the
earthquake and the structure does not collapse. This protects
the lives of the occupants. Special steel connections are now
in use that deform and yield under the extreme effects of
earthquakes, thus protecting the remaining components in the
structure.

The force required to cause elongation, ΔL, in a tension
member (such as shown in Figure B-17) depends upon the
size of the member (its cross-sectional area) and its length.
It has already been shown that dividing the force by the cross-
sectional area gives the stress, which is a measure of the force
intensity. Dividing the elongation ΔL by the total length L
gives strain (denoted by Greek symbol ε):

The units of ε are inches per inch Strain (ε) is a measure of
how much each inch length of the member stretches, and
hence it is the “rate” of elongation. The greater the elonga-
tion per inch (ε), the greater the overall elongation, ΔL, caused
by the force. Figure 1-3 (Chapter 1) is a typical stress versus
strain diagram for low-carbon steel. 

LOAD AND RESISTANCE FACTOR DESIGN: LRFD

Load and Resistance Factor Design (LRFD) is a structural
design procedure for selecting each steel member in a struc-
ture so that it most economically resists the loads applied to
it. In LRFD it is first necessary to identify every possible con-
dition for which the component would fail to perform accept-
ably and then ensure that the member is adequate for these
conditions. Such conditions are called limit states. Service
limit states are based on the maximum expected day-to-day
loads (service) loads. For example, if a beam supporting a
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Figure B-17. Yielding failure of a steel tension member.

ε = ΔL
L

Detailing_Appendix B  6/2/09  8:31 AM  Page 19



floor deflects excessively or if it vibrates excessively during
day-to-day usage, then deflection or vibration would be a
serviceability limit state. Similarly, if a load applied to a beam
were to cause it to break, then the beam’s required strength
would be exceeded and the beam would be said to have
reached a strength limit state. The required strength is based
on maximum expected day-to-day loads that are determined
according to ASCE 7 load combinations.

LRFD load combinations contain load factors, which are
necessary for several reasons. Perhaps the most important
reason is that it can be very difficult to predict the true max-
imum loads that will be applied to a structure. Load factors
serve as protection against overloads, whether accidental or
deliberate. Thus, load factors provide a margin of error be-
tween the expected service loads and the loads at which a
member will reach its strength capacity. 

One of the underlying concepts in LRFD is that the same
margin need not apply to all loads. For example, actual dead
loads can be better predicted than actual live loads, so dead
loads do not require as great a load factor as live loads. For
a steel beam that supports a combination of dead and live
loads, the live load is multiplied by a factor of 1.6, whereas
the dead load is multiplied by a load factor of 1.2. The 2005
AISC Specification for Steel Buildings does not include load
combinations (as was done in editions of the LRFD
Specification prior to 1999), but refers to ASCE 7, which is
the national standard for loads on structures.

The structural engineer uses engineering models that pre-
dict how a component will reach its strength capacity and
the internal load at which failure will occur. In these models,
tension members fail by yielding, columns fail by buckling
and connections fail by either yielding or rupture (or a com-
bination of both). Beams can fail by either yielding or buck-
ling, both of which can be caused by the internal shear or
moment produced by the external load. All limits states must
be investigated to determine the smallest externally applied
loads that would cause the member’s strength to be exceeded.
The failure condition that requires the least externally ap-
plied load to reach its capacity is the critical limit state. The
nominal strength of a member is defined as the strength pre-
dicted by the model appropriate for the way the member is
used. Section 16 of the Steel Construction Manual includes
the 2005 AISC Specification for Structural Steel Buildings,
hereafter referred to as the AISC Specification, which contains
limit state engineering models in the form of design equa-
tions that are used to predict the nominal strength for each
limit state by which a steel component can fail. Both
Allowable Stress Design and Load and Resistance Factor
Design are included.

The tension member shown in Figure B-1 will be used as
a simple introduction to computing the nominal strength of a
steel member. As can be seen in Figure B-14, the stress pro-
duced in a tension member is uniform over the entire cross-

section of the member, and it is the same at any section cut
made along the length of the member. If the external force, T,
were increased until the stress reached Fy, the entire cross-
section would yield. Yielding is a strength limit state for a
tension member because once the member yields its usefulness
as a load carrying member is ended. From AISC Specification
Chapter D, the nominal tensile yield strength, Tn, for a ten-
sion member is:

Tn � Fy A

This equation is the strength model that says a tension mem-
ber will fail by yielding at a force that is equal to the cross-
section area multiplied by the yield stress. Any member that
is in compression (such as the compression member in Figure
B-2) is susceptible to buckling, as shown in Figure B-18. The
average compressive stress never reaches yielding because
the member buckles before the internal stress reaches the
yield stress. Dividing the force at which buckling occurs by the
area gives the critical stress,

The critical stress depends on the length of the compression
member, its cross-section properties and how the member is
used in the structure. AISC Specification Chapter E contains
the engineering models used to predict the critical stress, Fcr,
for compression members. Once Fcr is found using the ap-
propriate equations in Chapter E, the nominal strength, Pn,
for compression then becomes:

Pn � Fcr A

Figure B-16 shows the flexural internal stress distribu-
tion in a W-shape beam (these are the stresses produced by
service loads). A simplified view of this stress distribution is
shown in Figure B-19a. The nominal flexural strength of a
beam is the internal bending moment at which the beam will
fail. Increasing the externally applied loads causes the in-
ternal moment to increase, thus increasing the maximum
stress, fb. At the yield moment, My, the maximum stress fb �
Fy (Figure B-19b). Unlike the tension member, whose en-
tire cross section yields (thus “fails”) as soon as Ty � FyA, the
bending member does not fail when My � SFy because only
a small portion of the cross-section has yielded. Increasing
the bending moment beyond My causes the section to yield
progressively (Figure B-19c) until full yielding occurs
(Figure B-19d). The bending moment at which full-depth
yielding occurs (the beam “fails by yielding”) is the plastic
moment, Mp:

Mp � Fy Zx
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Figure B-18. Buckling failure of a steel compression member.

Figure B-19. Yielding failure of a steel beam.
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where Zx is the plastic modulus for bending about the 
x-axis. The Zx values for steel shapes are contained in Part 1
of the LRFD Manual.

The maximum possible nominal strength for any particu-
lar beam is based on the yielding limit state just shown.
However, lateral-torsional buckling can cause a beam to fail
at internal moments less than Mp. Lateral-torsional buckling
occurs when the compression in the beam causes it to simul-
taneously buckle sideways and twist. Lateral-torsional buck-
ing can be prevented by bracing the compression flange to
prevent it from moving sideways (Figure B-20). In this fig-
ure, the beam is braced so that its web (shaded area) remains
in the vertical plane as load is applied and the beam deflects.
The unbraced length of a beam is the distance between braced
points. If the unbraced length is small enough, the internal

moment can reach the plastic moment, Mp, before the beam
buckles. It is important to see that lateral-torsional buckling
is effected by how a beam is used in the structure. Members
that frame into the beam (particularly members that connect
to the side of the beam that is in compression) are often used
to prevent lateral-torsional buckling. For example, bar joists
welded to the upper flange of floor or roof beams are gener-
ally spaced close enough to prevent buckling. In this case,
the unbraced beam length is the bar joist spacing. 

It is emphasized that the strength equations in the AISC
Specification that give the nominal strengths of steel members
are only models. The accuracy of each model depends on
how well it predicts the failure strength for every possible
member of the type for which the model is to be used. The ac-
curacy of the model depends on things like the possible man-
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Figure B-20. Beam bracing to prevent out-of-plane buckling (lateral-torsional buckling).
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ufacturing variations in the member that could affect the ac-
tual cross-sectional properties used in the model and the ac-
tual yield stress, Fy , for the particular batch of steel from
which the member is made. Some models (such as those that
predict beam buckling and column buckling strengths) are
sensitive to the type, size and use conditions of the mem-
bers. For these reasons, the LRFD procedure applies a re-
sistance factor, φ, to the nominal strength predicted by the
model. This is done to offset variations or inaccuracies in
the nominal strength, whatever the cause. Thus, φTn is the
design tensile strength of a tension member based on yield-
ing (φ � 0.90; Tn � FyA), φMn is the design flexural strength
of a beam (φ � 0.90), φVn is the design shear strength of a
beam (φ � 0.90 or 1.00, depending on the member type),
and φPn is the design compressive strength of a column (φ �
0.90). In addition, φ � 0.75 is the resistance factor applied to
fracture strengths computed for connections. Numerous de-
sign aids are provided in the various sections of the Steel
Construction Manual to assist the engineer in computing the
design strength for each limit state for each member type.

Load and Resistance Factor Design states that the strength
limit state of a member is satisfied if the design strength of 
the member equals or exceeds the required strength based
on the factored load combinations. Thus, for floor beams
that support dead and live loads, the strength limit states re-
quire that:

Required Design 
Strength Strength

Shear: 1.2VDL � 1.6VLL ≤ φVn
Moment: 1.2MDL � 1.6MLL ≤ φMn

where VDL, VLL, MDL and MLL are the maximum internal shear
and moment caused by the applied loads, and Vn and Mn are
the nominal strengths based on the critical limit states (yield-
ing, buckling).

Deflection is a serviceability limit state. For the floor beam
example, a typical deflection requirement is that the deflections
produced by the live service load not exceed the beam span
length divided by 360. Deflection is generally not a safety
issue, but rather is a limitation imposed based on how the
structure is to be used.

The information contained in this appendix is supplied to
give the steel detailer only a very basic understanding of the
principles used in engineering steel structures. The informa-
tion is for general knowledge purposes only. Engineering de-
sign should be completed or approved by a licensed engineer.
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The role of computers in the development, storage and trans-
fer of information traditionally communicated on drawings
has grown at an unprecedented pace. Technology continues to
develop, and adoption of electronic drafting and data transfer
in various segments of the steel construction industry contin-
ues to grow. The delivery of steel to a project is critical to
many construction schedules, and the advancement of technol-
ogy in the design and construction industry is a response to a
growing demand of the construction market to complete proj-
ects faster and cheaper than ever before. In order to remain
competitive in a business environment that seeks improved
productivity and agility, members of the construction com-
munity must continue to develop effective practices within
their organizations and must participate in industry efforts to
coordinate data exchange between various segments of the
design and construction community. 

The technology available and commonly used in the de-
velopment of electronic drafting information varies widely
from libraries of standard details in general drawing programs
to sophisticated programs that generate three-dimensional
models, accept and calculate loads, draw the appropriate 
connections and ultimately communicate with machinery to
fabricate the steel. The specific technology used by various 
participants in the construction community varies signifi-
cantly, depending on their position in the industry and ability
to adopt available technology into their existing methods of
conducting business. The application and utilization of tech-
nology will continue to grow, and all members of the steel
industry must work together to ensure that the transition is
productive and ultimately successful. Little can be said in a
static text that will be helpful in developing future technol-
ogy. However, the successful resolution of issues involved in
data transfer between companies will pave the way for a
smooth transition from traditional methods to the adoption
of developing technology. 

DIRECT BENEFITS OF INFORMATION SHARING

The work of detailers is greatly aided by the use of informa-
tion sharing. Potential benefits for detailers include:

• Time saved to enter the building frame into detailing
software. 

• Easy adaptation of layered electronic plans into erec-
tion drawings by “turning off” unnecessary levels of
detail. 

• Accurate realization of the design intent into the final
product, especially in the case of highly complex or ir-
regular designs. 

• Accurate transfer of structural loadings to the fabricator
for connection design.

Dominant issues involved in the efficient use of detailing tech-
nology include format, scale and quality of information.

DATA FORMAT

What is a data format? Data format refers to the way that in-
formation is delivered in a data set—fonts, numbering, de-
gree of detail, etc. Data formats in electronic drawings are
analogous to drafting standards in hand detailing. While each
independent producer of drawings could work with an inde-
pendent standard, information sharing would benefit from
one unified format. The term “data format” is not to be con-
fused with the term “file format” (such as DXF), which refers
to the computer file structure for the reading of information by
computer programs, which is outside of the control of the
typical designer or detailer. 

AISC has evaluated available data format standards and 
believes that CIS/2 is the most effective neutral data file for-
mat for design and construction information exchange avail-
able. The CIS/2 data format, developed in Europe, is a method
of accurately conveying all necessary information for a proj-
ect with a degree of consistency and accuracy that allows it
to be used by all members of any given project team, when
they have obtained written permission to do this from the
Owner’s Designated Representative for Design. The use of 
the CIS/2 data format allows information that is calculated for
the development of a design but is not presented explicitly 
on a drawing to be stored with the drawing data file for future
use on another portion of the project. All loads—individual
loads, factored loads, service loads and combined loads—
can be stored with the drawings, supplying the fabricator
with all of the information necessary for the accurate cre-
ation of connection details.

If properly utilized, consistent CIS/2 data formatting can
save weeks in a project schedule. The benefits of this system
will be most easily realized in design-build project delivery
systems, where structural steel is often on the critical path of
a construction schedule and the underlying goal of the project
is mutual benefit derived from working together toward greater
overall efficiency, or in a complex project such as a stadium
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or arena, where a highly specialized design relies on com-
puter methods to complete a very complex structural analysis.
The incorporation of CIS/2 data formatting and electronic in-
formation sharing into the design process will lead to a more
wide spread use of structural steel in the construction mar-
ket and will ultimately create greater profits for steel fabri-
cators and detailers, greater savings to owners, added value for
architectural services, and greater efficiency and value for en-
gineers. For more information on CIS/2 data formatting, please
visit AISC’s web resourse on electronic data exchange at:
http://www.aisc.org/edi.html.

SCALE

Scale is a critical factor for information obtained electroni-
cally from outside parties on any given project team.
Architects, construction professionals and engineers occa-
sionally modify scales in drawings in order to make informa-
tion fit or to make details more clear. The slightest deviation
in the scaled versus actual dimension of a drawing demands
a thorough review of the drawing and adjustment of the data
to accommodate the scale variation. This can cause detailing
errors, which can lead to major problems for steel erection
and major cost increases for a project.

When using drawings from outside parties who do not as-
sume the responsibility of drawing precision, detailers must be-
ware of the possibility that drawings will contain “exploded
dimensions”—dimensions in which the actual scaled distance
measurement of the CAD-drawn line is different from the nu-
meric dimension shown. Design professionals may employ
imprecise dimensions in the development of drawings for
conceptual applications of design. When the dimensions have
been violated, the usefulness of digital information sharing
for detailers becomes highly limited. When using informa-
tion created by an outside party, it is the responsibility of the
user of that information to make a judgment on the accuracy
of the information. Generally, structural models are much
more accurate than drawings as the models themselves rely on
members drawn between defined node locations to complete
a technical design rather than a conceptual or aesthetic pres-
entation of information.

Often a designer will not allow the distribution of elec-
tronic files in an attempt to avoid the responsibility of file
precision or to avoid potential liability in the event that the
user modifies the drawings. Common practice at this time is
for CAD drawings to be considered informational only and are
superseded in their validity by contract drawings. For more in-
formation on liability issues with respect to the sharing of
electronic information please see the AISC Code of Standard
Practice for Steel Buildings and Bridges, Section 4.3. As elec-
tronic data exchange develops, standards for format and pre-
cision of data will evolve and information processing and
distribution will provide increased productivity.

QUALITY CONTROL

With the use of new technologies comes an increased respon-
sibility to ensure that steel detailing does not circumvent the
thought process necessary for the development of an accu-
rate and useful product. As is true for any computer software
application, the “garbage in, garbage out” principle applies,
meaning the quality of the end product is only as good as the
information entered to develop it. The use of CIS/2 data for-
matting will help to improve the quality of information by
promoting effective checking by the drafter and verification of
compliance with design intent by the engineer. 

WHERE WE ARE TODAY

Today only the most advanced building projects make use of
the tools available with the development of technology. The
most sophisticated proponents of this process can even enter
electronic information into a CNC (computer numeric con-
trol) automated fabrication system that allows shop drawing
information to be accurately uploaded directly to the machin-
ery that fabricates the steel. 

In an industry that thrives on tradition, adoption of this
type of technology will take time. Inefficiencies will persist
until competition makes the technology necessary. The thrifty
professionals of today should take steps now to prepare them-
selves for the day when the technology of tomorrow becomes
the reality of the present day.
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Although there are seven metric base units in the SI system, only four are currently used
by AISC in structural steel design. These four units are listed in Table D1.

Similarly, of the numerous decimal prefixes included in the SI system, only three are
used in steel design; see Table D2.

In addition, three derived units are applicable to the present conversion. They are shown
in Table D3.

Although specified in SI, the pascal is not universally accepted as the unit of stress.
Because section properties are expressed in millimeters, it is more convenient to express
stress in newtons per square millimeter (1 N/mm2 � 1 MPa). This is the practice fol-
lowed in recent international structural design standards. It should be noted that the joule,
as the unit of energy, is used to express energy absorption requirements for impact tests.
Moments are expressed in terms of N � m.

A summary of the conversion factors relating traditional U.S. units of measurement to
the corresponding SI units is given in Table D4.

APPENDIX D

SI UNITS FOR STRUCTURAL STEEL DESIGN

Detailing for Steel Construction • D-1

TABLE D2. SI PREFIXES FOR STEEL DESIGN

Prefix Symbol Order of Magnitude Expression

mega M 106 1,000,000 (one million)

kilo k 103 1,000 (one thousand)

milli m 10�3 0.001 (one thousandth)

TABLE D1. BASE SI UNITS FOR STEEL DESIGN

Quantity Unit Symbol

length meter m

mass kilogram kg

time second s

temperature celsius °C

TABLE D3. DERIVED SI UNITS FOR STEEL DESIGN

Quantity Name Symbol Expression

force newton N N � kg � m/s2

stress pascal Pa Pa � N/m2

energy joule J J � N � m
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Note that fractions resulting from metric conversion should be rounded to whole mil-
limeters. Common factors of inches and their metric equivalent are in Table D5.

Bolt diameters are taken directly from the ASTM Specifications A325M and A490M
rather than converting the diameters of bolts dimensioned in inches. The metric bolt des-
ignations are in Table D6.

D-2 • Detailing for Steel Construction

APPENDIX D

TABLE D4. SUMMARY OF SI CONVERSION FACTORS

Multiply By: To obtain:

inch (in.) 25.4 millimeters (mm)

foot (ft) 305 millimeters (mm)

pound-mass (lb) 0.454 klogram (kg)

pound-force (lbf) 4.448 newton (N)

ksi 6.895 N/mm2

ft-lbf 1.356 joule (J)

psf 47.88 N/m2

plf 14.59 N/m

TABLE D6. SI BOLT DESIGNATION

Designation Diameter, mm Diameter, in.

M16 16 0.63

M20 20 0.79

M22 22 0.87

M24 24 0.94

M27 27 1.06

M30 30 1.18

M36 36 1.42

TABLE D5. SI EQUIVALENT OF FRACTIONS OF AN INCH

Fraction, in. Exact conversion, mm Rounded to: (mm)

1/16 1.5875 2
1/8 3.175 3
3/16 4.7625 5
1/4 6.35 6
5/16 7.9375 8
3/8 9.525 10
7/16 11.1125 11
1/2 12.7 13
5/8 15.875 16
3/4 19.05 19
7/8 22.225 22
1 25.4 25
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The yield strengths of structural steels are taken from the metric ASTM Specifications.
It should be noted that the yield points are slightly different from the traditional values.
See Table D7. The modulus of elasticity of steel E is taken as 200,000 N/mm2. The shear
modulus of elasticity of steel G is 77,000 N/mm2.

Detailing for Steel Construction • D-3

SI UNITS FOR STRUCTURAL STEEL DESIGN

TABLE D7. SI YIELD STRESSES

ASTM Designation Yield stress, N/mm2 Yiels stress, ksi

A36M 250 36.26

A572M Gr. 345 345 50.04

A588M

A852M 485 70.34

A514M 690 100.07
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APPENDIX D

TABLE D8. WEIGHTS AND MEASURES
INTERNATIONAL SYSTEM OF UNITS (SI)a

(METRIC PRACTICE)

Base Units Supplementary Units

Quantity Unit Symbol Quantity Unit Symbol
length meter m plane angle radian rad
mass kilogram kg solid angle steradian sr
time second s
electric current ampere A
thermodynamic 

temperature kelvin K
amount of substance mole mol
luminous intensity candela cd

DERIVED UNITS (WITH SPECIAL NAMES)

Quantity Unit Symbol Formula
force newton N kg-m/s2

pressure, stress pascal Pa N/m2

energy, work, quantity
of heat joule J N-m

power watt W J/s

DERIVED UNITS (WITH SPECIAL NAMES)

Quantity Unit Formula
area square meter m2

volume cubic meter m3

velocity meter per second m/s
acceleration meter per second squared m/s2

specific volume cubic meter per kilogram m3/kg
density kilogram per cubic meter kg/m3

SI PREFIXES

Multiplication Factor Prefix Symbol
1 000 000 000 000 000 000 � 1018 exa E

1 000 000 000 000 000 � 1015 peta P
1 000 000 000 000 � 1012 tera T

1 000 000 000 � 109 giga G
1 000 000 � 106 mega M

1 000 � 103 kilo k
100 � 102 hectob h
10 � 101 dekab da

0.1 � 10�1 decib d
0.01 � 10�2 centib c

0.001 � 10�3 milli m
0.000 001 � 10�6 micro μ

0.000 000 001 � 10�9 nano n
0.000 000 000 001 � 10�12 pico p

0.000 000 000 000 001 � 10�15 femto f
0.000 000 000 000 000 001 � 10�18 atto a

a Refer to ASTM E380 for more complete information on SI.
b Use is not recommended.
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SI UNITS FOR STRUCTURAL STEEL DESIGN

TABLE D9. SI CONVERSION FACTORSa

Quantity Multiply by to obtain

Length inch 25.400 millimeter mm
foot 0.305 meter m
yard 0.914 meter m
mile (U.S. Statute) 1.609 kilometed km

millimeter 39.370 � 10�3 inch in
meter 3.281 foot ft
meter 1.094 yard yd
kilometer 0.621 mile mi

Area square inch 0.645 � 103 square millimeter mm2

square foot 0.093 square meter m2

square yard 0.836 square meter m2

square mile (U.S. Statute) 2.590 square kilometer km2

acre 4.047 � 103 square meter m2

acre 0.405 hectare

square millimeter 1.550 � 10�3 square inch in2

square meter 10.764 square foot ft2

square meter 1.196 square yard yd2

square kilometer 0.386 square mile mi2

square meter 0.247 � 10�3 acre
hectare 2.471 acre

Volume cubic inch 16.387 � 103 cubic millimeter mm3

cubic foot 28.317 � 10�3 cubic meter m3

cubic yard 0.765 cubic meter m3

gallon  (U.S. liquid) 3.785 liter l
quart (U.S. liquid) 0.946 liter l

cubic millimeter 61.024 � 10�6 cubic inch in3

cubic meter 35.315 cubic foot ft3

cubic meter 1.308 cubic yard yd3

liter 0.264 gallon (U.S. liquid) gal
liter 1.057 quart (U.S. liquid) qt

Mass ounce (avoirdupois) 28.35 gram g
pound (avoirdupois) 0.454 kilogram kg
short ton 0.907 � 103 kilogram kg

gram 35.274 � 10�3 ounce (avoirdupois) oz av
kilogram 2.205 pound (avoirdupois) lb av
kilogram 1.102 � 10�3 short ton

a Refer to ASTM E380 for more complete information on SI.
The conversion factors tabulated herein have been rounded.
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APPENDIX D

TABLE D9. SI CONVERSION FACTORSa

Quantity Multiply by to obtain

Force ounce-force 0.278 newton N
pound-force 4.448 newton N

newton 3.597 ounce-force
newton 0.225 pound-force lbf

Bending pound-force-inch 0.113 newton-meter N-m
Moment pound-force-foot 1.356 newton-meter N-m

newton-meter 8.851 pound-force-inch lbf-in
newton-meter 0.738 pound-force-inch lbf-ft

Pressure, pound-force per 6.895 kilopascal kPa
Stress square inch

foot of water (39.2 F) 2.989 kilopascal kPa
inch of mercury (32 F) 3.386 kilopascal kPa

kilopascal 0.145 pound-force per lbf/in2

square inch
kilopascal 0.335 foot of water (39.2 F)
kilopascal 0.295 inch of mercury (32 F)

foot-pound-force 1.356 joule J
bBritish thermal unit 1.055 � 103 joule J
bcalorie 4.187 joule J
kilowatt hour 3.600 � 106 joule J

joule 0.738 foot-pound-force ft-lbf
joule 0.948 � 10�3 bBritish thermal unit Btu
joule 0.239 bcalorie
joule 0.278 � 10�6 kilowatt hour kW-h

Power foot-pound-force/second 1.356 watt W
bBritish thermal unit 0.293 watt W

per hour
horsepower (550 ft-lbf/s) 0.746 kilowatt kW

watt 0.738 foot-pound-force/ ft-lbf/s
second

watt 3.412 bBritish thermal Btu/h
unit per hour

kilowatt 1.341 horsepower hp
(550 ft-lbf/s)

Angle degree 17.453 � 10�3 radian rad

radian 57.296 degreeg
Temperature degree Fahrenheit t°C � (t°F � 32)

/1.8 degree Celsius
degree Celsius t°F � 1.8 � t°C

� 32 degree Fahrenheit

a Refer to ASTM E380 for more complete information on SI.
b International Table.
The conversion factors tabulated herein have been rounded.
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Note: Terms designated with ∗ are consistent with the glossary
terms in the AISC Specification for Structural Steel Buildings.

Advance bill or Advance bill of material. List prepared by
the detailing group showing the steel mill products to be or-
dered expressly for the requirements of a specific project.

AESS. Architecturally Exposed Structural Steel. See the
AISC Code of Standard Practice for Steel Buildings and
Bridges.

AISC Specification. The AISC Specification for Structural
Steel Buildings.

AWS D1.1. American Welding Society Structural Welding
Code—Steel.

Alloy steel. Steel containing silicon, manganese, nickel or
another element or elements.

Anchor. Device for fastening steelwork to masonry or 
concrete.

Anchor rod. Rod used to fasten steel columns, girders, etc.
to masonry or concrete.

Angle. Common structural steel shape, the cross-section of
which is in the form of a right angle.

Anneal. Process of softening metal or making it more uniform
by heating and cooling slowly.

Approval. Process whereby shop and erection drawings are
submitted to the owner’s designated representatives for de-
sign and construction for review and approval. See AISC Code
of Standard Practice for Steel Buildings and Bridges.

Arrow-side. That part of the welding symbol below the ref-
erence line, which describes the weld to be placed on the side
of the joint to which the arrow points.

Assembling. Putting the component parts of a member to-
gether in the shop preparatory to bolting or welding.

Assembly marks. System of identifying marks used on the
component parts of a member to facilitate assembling in the
shop.

ASD (Allowable Strength Design).* Method of proportion-
ing structural components such that the allowable strength
equals or exceeds the required strength of the component
under the action of the ASD load combinations.

ASTM. American Society for Testing and Materials.

AWS. American Welding Society.

Axial forces. Forces that are applied longitudinally at the
center of a member.

Back-charge. Costs directed to a fabricator or steel detailer
for errors in fabrication or detailing.

Back-check. Steel detailer’s checking of the comments and
corrections made by a checker to a document prepared by the
steel detailer.

Bar. Round or square rod. Also, a rolled flat (1) up to and
including 6 in. in width by 0.203 in. and over in thickness,
and (2) over 6 in. to 8 in. in width by 0.230 in. and over in
thickness. Bars have rolled edges.

Base angle. Angle used to connect the bottom of a column to
the base plate.

Base plate. Load-distributing plate upon which a column
bears.

Batten plate. Plate element used to join two parallel com-
ponents of a built-up column, girder or strut rigidly connected
to the parallel components and designed to transmit shear be-
tween them.

Beam.* Structural member that has the primary function of
resisting bending moments.

Bearing. Support upon which a member rests. Also, the re-
sistance to crushing offered (1) by a member that bears against
another or upon a support, or (2) by a component part of a
member that bears on a bolt or a pin.

Bearing plate. Load-distributing plate, as at the end of a
wall bearing beam.

Bearing stress. Stress that occurs when two metal surfaces are

GLOSSARY

Some of the terms listed herein are extraneous to the text of this manual. However, they are terms that the steel detailer may
expect to encounter during their involvement with structural steel detailing.

Detailing for Steel Construction • Glossary-1

Detailing_CH12_Glossary  6/2/09  8:33 AM  Page 1



in contact and a compressive force is applied perpendicular to
the contact surfaces. Also, the stress that occurs where the
shanks of bolts in holes or slots come into contact with the
surrounding material.

Bearing value. Amount of pressure in bearing, either total or
per unit of area.

Bending moment. Term that expresses the measure of the
tendency of a beam, girder or column to bend. It is the sum of
the moments of all external forces on one side of the point
of moments.

Bent. Planar framework of beams or trusses and the columns
that support these members.

Bevel. Slope of a line with respect to another line.

Beveled washer. Washer beveled on one side.

Bill of finished parts. See Shipping Bill.

Blast furnace. Furnace in which iron ore is reduced to 
pig iron.

Block. See Cope.

Blueprint. Form of reproduction of a drawing. Blueprints
are commonly made with a process that exposes sensitized
paper to light shone through an original drawing.

Bolt. Cylindrical fastening with a head at one end and a
threaded length at the other. The thread may extend the full
length or a part length of the bolt shank, depending upon the
type of bolt.

Bore. To enlarge a punched or drilled hole by means of a
cutter that accurately pares the inner surfaces of the hole to fit
a pin.

Box girder. Girder with two or more web plates that, with
coverplates, form a closed box.

Box section. Member in which the component parts enclose
a space that is accessible only at the ends.

Brace. Diagonal member placed between panel points in a
frame of other members.

Braced frame.* An essentially vertical truss system that pro-
vides resistance to lateral forces and provides stability for the
structural system.

Bracing system. A series of diagonals and struts placed be-
tween main members to resist wind or other lateral forces.

Bracket. Projecting type of a connection usually made of a
tee, a combination of plates, or a plate and angles.

Buckle. Deflected position taken by a straight member under
the influence of a compression load.

Building code. Compilation of the laws and ordinances that
relate to building construction.

Built-up member.* Member fabricated from structural steel
elements that are welded or bolted together.

Butt joint. Joint in which the ends of the parts connected
are cut to bear against each other. The ends are held in place
by splice plates or by welding.

Butt weld. Type of weld in which the edge or end of a piece
is welded to the edge or end of another piece so that the pieces
are in line.

Button head. Rounded head of a bolt as distinguished from
one that is hexagonal, countersunk or square.

Camber.* Curvature fabricated into a beam or truss so as to
compensate for deflection induced by loads.

Canted. Orientation of a beam or girder that is perpendicu-
lar to the face of a supporting member, but rotated so that its
flanges are tilted with respect to those of the support.

Cantilevered beam or girder. Beam or girder that projects
beyond one or both supports and is free to deflect at the end.
Also, a cantilever beam or girder may have one end fixed at a
support and the other end free or unsupported.

Cap angle or Cap plate. Angle or plate at the top of a col-
umn or portion of a column.

Casting. Anything formed by pouring molten iron, steel or
other material into a mold and allowing it to harden.

Center of gravity. That point through which the resultant
of the forces of gravity acting upon a body in any position
must pass. If the body could be supported at this single point,
it would remain in equilibrium in any position.

Center punch. Cylindrical piece of steel with a sharp point
protruding from one end. It is inserted in the holes of tem-
plates and struck with a hammer to make indentations in the
steel to indicate where holes are to be punched.
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Centroid. See Center of gravity.

Change order. Document issued to make changes in the ma-
terial already ordered.

Channel. Common structural steel shape the cross section
of which is similar to that of an S-shape except that the flanges
are on only one side of the web.

Check. To verify the accuracy of all information relating to
sketches of structural members and their details, dimensions,
notes and material on a drawing, advance bill or any other
document originated within the detailing group.

Checker. Person in the detailing group who, by reason of
experience and ability, has advanced successfully from a be-
ginning steel detailer to a position with more responsibility.

Checkered plate. See Raised pattern floor plate.

Chip. To cut off projecting parts, as with a pneumatic chisel.

Chord. Main top or bottom member, or line of members, in
a truss.

Clear span. Length of a span from face-to-face of supports.

Clearance. Space left between members, or parts of members,
to allow for inaccuracies in cutting and to facilitate placing
them in position.

Clevis. Forging used to connect a clevis rod to a plate or
angle. The clevis is arranged to thread on the end of the rod
and the plate is inserted between two flattened ends through
which a pin is passed.

Clip. Small connection angle. Also, to remove the corner of
a plate or angle at 45° to clear a beam fillet or a fillet weld.

Column.* Structural member that has the primary function
of resisting axial force.

Column base. Base plate, slab or pedestal upon which a col-
umn stands, together with any connecting angles or plates.

Column schedule. Drawing upon which is summarized in-
formation regarding the composition and lengths of different
sections of the columns in a tier building.

Component. One of two or more parts into which a force
or stress may be resolved. The force or stress is the resultant
of its components.

Composite beam. Steel beam structurally connected to a
concrete slab so that the beam and slab respond to loads as a
unit.

Compression member. Member in which the principal
stresses tend to compress or shorten the member.

Compressive stress. Stress induced by axial forces on a
member directed toward each other. They tend to compress or
shorten the member.

Concentrated load. Load that is assumed to act at one
point.

Concrete. Mixture of cement, water, sand and coarse aggre-
gate, which hardens in forms to make structural members,
slabs, walls, etc.

Connection.* Combination of structural elements and joints
used to transmit forces between two or more members.

Connection angle or Connection plate. Angle or plate used
to connect members. 

Construction manager. Agent retained by the owner to rep-
resent the interests of the owner in the proper execution of
the project.

Continuous beam or Continuous girder. Beam or girder
that spans continuously over one or more intermediate 
supports.

Contraflexure. Change in the direction of bending in any
member.

Cope.* Cutout made in a structural member to remove a
flange and conform to the shape of an intersecting member.

Cost plus contract. Type of contract wherein payment is
based on the actual cost of material and all labor plus a per-
centage of these costs.

Cotter pin. Cylindrical steel pin held in place by a split steel
key or cotter placed through a hole in the pin.

Countersink. To ream a hole to receive the conical head of
a bolt or screw so that the head will not project beyond the
face of the part connected.

Cover plate.* Plate welded or bolted to the flange of a mem-
ber to increase cross-sectional area, section modulus or mo-
ment of inertia.
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Crane. Hoisting machine arranged to move heavy loads both
vertically and horizontally. An overhead traveling crane usu-
ally is used in mill buildings, being supported by longitudinal
girders on opposite sides of the building.

Crane-clearance diagram. Diagram made to show a crane
manufacturer the principal column, truss and knee-brace di-
mensions so that the crane can perform.

Crane runway girder. Girder that supports one of the rails
upon which a traveling crane runs.

Crane stop. Cast or built-up block attached to a crane runway
girder at the end of a runway to stop a crane.

Cross bracing. Bracing with two intersecting diagonals form-
ing the shape of an X.

Cross-section. Transverse section. Also, a view represent-
ing the appearance of a structure or member where cut by an
imaginary section plane.

Crosshatch. To draw fine sloping lines signifying a cross-
section. Optional in the current practice of structural steel de-
tailing, generally used only when necessary to improve the
clarity of presentation.

Cut. Term used by some fabricators to describe the removal
of a portion of a steel piece.

Dead load. Comparatively constant static load on a struc-
ture due to its weight, as distinguished from the live or mov-
ing load, wind load or seismic load.

Deflection. Movement at right angles to either principal axis
of a member. Also, the linear measurement of such move-
ment.

Deformed bar. One of many types of reinforcing bars which
are rolled with projections to increase the bond to the sur-
rounding concrete. 

Derrick. Hoisting machine so pivoted that a load may be
swung horizontally. Two types are a guyed derrick and a stiff-
leg derrick.

Design-build. Type of contract in which an owner retains a
general contractor to assume responsibility for the design and
construction of the structure.

Design drawing. Drawing prepared by the owner’s desig-
nated representative for design to show the dimensions, con-
figuration, sizes, connections and other aspects of the structure. 

Design strength.* Resistance factor multiplied by the nom-
inal strength, φRn.

Designer. Owner’s designated representative for design. 

Detail. To make shop and erection drawings. Also, a con-
nection or other minor part of a member in contrast to the
main member.

Detailer. See Steel detailer.

Detailing group. Organization of structural steel steel de-
tailers and checkers whose purpose is to supply a fabricator
with accurately prepared shop drawings.

Detailing manager. One who manages a detailing group,
and whose responsibilities include becoming familiar with
the project plans and specifications and scheduling the de-
tailing work to meet the fabricator’s schedule.

Develop. To represent on a drawing a bent or curved piece as
if it were flattened into place. 

Diagonal bracing.* Inclined structural member carrying pri-
marily axial force in a braced frame.

Diagram. Drawing in which each member usually is repre-
sented by a single line, as in an erection drawing or a load
diagram.

Diaphragm.* Roof, floor or other membrane or bracing sys-
tem that transfers in-plane forces to the lateral force resist-
ing system.

Die. Steel form used in forging or cutting any piece.

Dimension. Linear measurement indicated on a drawing
upon a dimension line to show its extent and significance.

Direct tension indicators. Washer-type element inserted
under the bolt head or hardened washer, having several small
arches, which deform in a controlled manner when subjected
to load. See the RCSC Specification for Structural Joints
Using ASTM A325 and A490 Bolts for further information. 

Double shear. Tendency to shear, or the resistance to shear,
a single element or group of elements on two planes.

Drafting. Making working drawings, usually including the de-
sign of the details.

Drafting project leader. Member of the detailing group who
plans and organizes work assignments and supervises a group
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of structural steel detailers and checkers in the work of the
group.

Draw. Tension induced in diagonals of bracing systems to
ensure initial tightness.

Drift. Lateral deflection of structure.

Drift pin. Tapered pin used in assembling members in the
shop or during erection. It is driven into the connection holes
to bring them into alignment to permit installation of perma-
nent bolts.

Drill. To make a hole by means of a rotating cutting tool or
drill bit.

Ductility. Characteristic of steel in which, when steel is under
load and stressed beyond its yield strength, strain increases
disproportionately greater than stress, resulting in permanent
distortion. When the load is released, the steel does not re-
vert to its original shape.

Eave strut. Longitudinal member between the tops of
columns at the eaves of a building.

Eccentric connection. Connection in which the line of action
of a resultant load does not pass through the centroid of a
group of connecting bolts or welds.

Eccentricity. Perpendicular distance from a resultant force to
some other point or line.

Edge distance. Perpendicular distance from the center of a
hole to the edge of the piece that contains it.

Effective weld length. Distance from end to end of a fillet
weld measured parallel to its root line. For curved fillet welds
the effective length is measured along the centerline of the
throat.

Elasticity. Property of steel in which steel will return to its
original shape following deformation by an externally ap-
plied force not exceeding the yield strength.

Elevation. Vertical distance from a reference surface or
datum. Also, a drawing or view that represents the projection
of a structure or member upon a vertical plane.

Embedment. Steel component cast into concrete and used
to transmit externally applied loads to the concrete by means
of bearing, shear, bond, friction or any combination thereof. 

Entering and tightening clearance. Minimum distance from

the center of a bolt to the nearest projecting part that might in-
terfere with the use of the wrench used to tighten the bolt.

Equilibrium. Loads that act upon a body are said to be in
equilibrium when they so balance each other that the body
has no tendency to move.

Erasing shield. Thin sheet of metal containing openings of
different shapes through which parts of a drawing may be
erased without disturbing the adjacent parts.

Erection. Assembling and connecting of the different mem-
bers of a structure in their proper positions at the job site.

Erection bolts. Bolts used during erection to hold members
in position until field welds are placed or permanent field
bolts are installed.

Erection clearance. Clearance between members provided
to facilitate erection.

Erection drawing. Drawing consisting of line diagrams rep-
resenting framing in plan, elevation, section, etc., to which
are added principal dimensions, erection marks, notes and,
when required, enlarged details, thus providing the erector
with sufficient information to place the members in the struc-
ture. These drawings do not normally show the erection
scheme, schedule, rigging devices, temporary supports, safety
devices, etc.

Erection mark. Identifying mark that aids the erector in
properly placing a member.

Erection seat. Seat angle bolted or welded to a supporting
member to support a beam, girder or similar member tem-
porarily during erection.

Erector. Party responsible for the erection of the structural
steel. Also, a term used to identify any or all of the workers
performing erection activities.

Estimate. To compile the quantities, weights and costs of a
structure as a basis for bidding.

Expansion bolt. Bolt for attaching steelwork to a masonry/
concrete wall or concrete slab. The bolt is surrounded by a
split sleeve that expands as the bolt is tightened in a hole
drilled into the masonry or concrete.

Extension dimensions. Cumulative dimensions from a given
point, such as the left end of a beam or the finished bottom of
a column shaft, used to locate several connections with the
same position of a measuring tape. 
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Extras. Costs incurred for performing work beyond the scope
of work originally contracted to perform.

Fabrication. Shop work required to convert raw material
into complete structural members or the work done in a struc-
tural shop.

Fabricator. Party responsible for furnishing fabricated struc-
tural steel.

Face. To plane or smooth a surface. Also, the exterior plane
surface of any solid.

Factored load.* Product of a load factor and the nominal
load.

Falsework. Temporary system of steel and/or timber columns,
beams and bracing for supporting a structure during erection
or demolition.

Fastener.* Generic term for bolts, rivets, or other connecting
devices.

Fatigue.* Limit state of crack initiation and growth resulting
from repeated application of live loads.

Faying surface.* Contact surface of connection elements
transmitting a shear force.

Field. Term applied to the work done on parts of a structure
at or near the job site as opposed to work done in the shop.
Also, used interchangeably with the terms Job site or Site.

Field check. Partial checking of the drawings of a structure
to ensure the proper connection of the members in the field.

Field connection. Connection of different members made
by the erector.

Field bolt or field weld. Bolt installed or weld placed in the
field as distinguished from a shop bolt or weld.

Field bolt summary. List of bolts required to make the 
necessary field connections in a structure.

Field work drawing. Drawing showing sketches and details
of connections to existing structures. Also, it may be used as
a preliminary drawing to list field measurements, which will
determine the length and connection details of new members
connecting to an existing structure.

Filler.* Plates used to build up the thickness of one component.

Fillet. Additional metal that forms the curve at the junction
of the flange and web of a rolled shape.

Fillet weld.* Weld of generally triangular cross-section made
between intersecting surfaces of elements.

Finger shim. Shim consisting of a narrow piece of structural
steel with slots open through the edge.

Finish. To smooth a surface by milling, sawing or other suit-
able means.

Fit check. Partial checking of the shop drawings to ensure
the proper connection of the members in the field.

Fitter. Shop workman who assembles the component parts of
a member and bolts or welds them in position.

Fixed-end beam. Term describing a beam or girder in which
the connections at the ends are rigid and end rotation is 
prevented.

Fixture. Special device built in the fabricating shop to lo-
cate and clamp component parts of a welded assembly prior
to welding. Usually used for fabricating several members hav-
ing the same configuration, such as a group of roof trusses.

Flame. Gas flame or torch used for cutting steel by melting
a narrow slot by means of an intense heat.

Flame-cut plate. Plate in which the longitudinal edges have
been prepared by gas cutting from a larger plate.

Flange. Wide part of a rolled W-, M-, HP-, S- or channel
shape at each edge of the web. Also, the corresponding portion
of a built-up girder or H-shaped column, each flange being
composed of plates.

Flange plate. Plate used as the flange of a built-up girder or
similar member. Or, a plate used on the flange to reinforce
or connect the flange.

Flange weld. Weld that attaches a flange. Also, a weld that 
attaches a flange plate to the web plate of a built-up girder
or column.

Flat. Narrow plate with rolled edge.

Flexible connection. Connection permitting a portion, but
not all, of the rotation of the end of a member.

Flexure. Bending. Commonly applied to describe the bend-
ing of a beam, girder or column.
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Flitch plate. Steel plates used as reinforcement for timber
beams.

Floor beam. Beam participating in the support of a floor.

Floor plan. Plan showing the arrangement of beams, girders,
bracing, columns, etc., in a floor.

Floor plate. See Raised pattern floor plate.

Floor slab. Reinforced-concrete floor supported by beams,
girders and columns.

Flush top. Tops of connecting members, such as beams 
and girders in a floor arrangement, which are at the same 
elevation.

Footing. Concrete pier or foundation for a column.

Force.* Resultant of distribution of stress over a prescribed
area. 

Forging. Article formed by being hammered while hot. Often,
a die is used for shaping the article.

Foundation plan. Plan showing the layout of the founda-
tions that support a structure.

Gable. Triangular portion of the end of a building between the
opposite slopes of the roof.

Gage.* Transverse center-to-center spacing of fasteners.

Gage lines. Lines on which bolt holes are placed in a rolled
or built-up shape.

Galling. Scouring of base metal under the head or nut of a
high-strength bolt assembly during installation.

Galvanize. Process of applying a coating of zinc to steel
products where protection of the surface from corrosion is
required.

Gantry. Self-propelled crane supported on two bents and
traveling on two rails.

General contractor. Entity with full responsibility for 
construction of the structure according to project plans and 
specifications, on schedule and within budget or the con-
tracting entity who contracts for the general trades portion
of a project.

Girder.* See Beam.

Girt.* Horizontal structural member that supports wall pan-
els and is primarily subjected to bending under horizontal
loads, such as wind load.

Government anchor. Short rod with a V-shaped bend in the
center, used to anchor the end of a wall-bearing beam.

Grillage. Tier of closely spaced beams connected to each
other to support a heavily loaded column. When more than
one tier is required to support a column, additional tiers are laid
across and connected to the tiers below.

Grip. Combined thickness of steel connected by a bolt or a
pin.

Groove weld. Weld made in a groove between adjacent ends,
edges or surfaces of two parts to be joined. Grooves usually are
prepared by flame cutting, arc-air gouging or edge planing.

Gross area. Full area of cross-section, in contrast to net area.

Group spacing. Number of equal spaces dimensioned to-
gether as, for example, 4 at 6” � 2’-0.

Grout. Fluid mixture of cement, water and sand, which can
be poured to establish a bearing surface under a column base
plate, to fill small voids in concrete or to smooth or to level a
surface of a wall or footing.

Gusset plate.* Plate element connecting truss members or
a strut or brace to a beam or column.

Hand hole. Hole made in a member for the insertion of a
hand to install bolts that would be inaccessible otherwise.

Hanger. Steel tension member used to support a load.

Heel plate. Gusset plate at the heel, or main support, of a
roof truss.

High-strength bolts. ASTM A325 carbon steel bolts and
ASTM A490 quenched and tempered alloy steel bolts.

Hip. Junction of the top chord of a truss with the inclined
end post. Also, the intersection of two roofs where the
drainage is away from the intersection, as distinguished from
a valley.

Hollow structural sections (HSS).* Square, rectangular or
round hollow structural steel section produced in accordance
with a pipe or tubing product specification.

Hook. Curved or bent end of an anchor rod.
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Hook bolt. Rod with a hook at one end and threaded at the
other, used to attach light rails to crane runway beams.

Impact. Increased effect of live loads that are applied 
suddenly. 

Inflection point. See Contraflexure.

Information sheet. Sheet which will accompany the design
drawings containing all information for basis of the contract.

Item number. Serial number assigned to each different item
that is ordered from the rolling mills and steel distribution
center.

Itemize. To add the item numbers and other mill informa-
tion to a shop bill. 

Jig. See Fixture.

Job Site. Location where a structure is to be erected.

Joint.* Area where two or more ends, surfaces or edges are
attached. Categorized by type of fastener or weld used and
method of force transfer.

K bracing. System of diagonals used in a braced frame in
which the pattern of the diagonals resembles the letter K, ei-
ther normal or on its side.

Kerf. Width of material removed during the process of cut-
ting a steel member by torch or saw.

Kip. Term relating to force. One kip equals 1,000 pounds.

Knock down. Term referring to the shipping in smaller, man-
ageable sections of structural steel for members that are too
large or heavy to ship in one piece.

Lag screw. Large screw for wood with a square head to be
turned with a wrench.

Lamellar tearing. Separation in highly restrained base metal
caused by through-thickness strains induced by shrinkage of
adjacent weld metal.

Laminated. In layers, as a steel member built of several thin-
ner pieces bolted together.

Lateral. Sidewise or at right angles to the weak principal
axis. 

Lateral bracing member. Member utilized individually or as

a component of a lateral bracing system to prevent buckling
of members or elements and/or to resist lateral loads.

Laying out. Marking of steel from templates or otherwise, in-
dicating where holes are to be punched or drilled and where
cuts are to be made.

Layout. Preliminary drawing or sketch by means of which
distances may be determined by scaling.

Left. Member is so marked when made exactly opposite to a
corresponding member marked “right,” the latter being repre-
sented on the drawing. Also, means left of sketch when applied
to a shipping mark.

Leg. One of the two steel flanges or parts of an angle. Also,
the distance from the root to the toe of a fillet weld.

Limit state(s).* Condition in which a structure or compo-
nent becomes unfit for service and is judged to be no longer
useful for its intended function (serviceability limit state) or
to have reached its ultimate load-carrying capacity (strength
limit state). 

Linear. Pertaining to line or to length. A linear dimension
usually is one measured parallel to the length of the member.

Live loads. Loads from occupants and contents of the build-
ing, elevators, certain types of machinery or equipment stored
in the structure.

Load.* Force or other action that results from the weight of
building materials, occupants and their possessions, environ-
mental effects, differential movement, or restrained dimen-
sional changes. 

Load factor.* Factor that accounts for deviations of the nom-
inal load from the actual load, for uncertainties in the analy-
sis that transforms the load into a load effect, and for the
probability that more than one extreme load will occur simul-
taneously.

LRFD (Load and Resistance Factor Design).* Method of
proportioning structural components such that the design
strength equals or exceeds the required strength of the com-
ponent under the action of the LRFD load combinations.

Lug. Small projecting connection, as a connection angle or
plate.

Lump sum. Type of contract wherein payment is based upon
satisfactory completion of a specific amount of work explic-
itly shown on the contract documents.
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Masonry plate. Bearing plate placed on masonry.

Matchmark. System whereby structural steel members too
large or heavy to ship are fabricated in smaller sections that are
assembled in the shop for fitting or reaming connections.
After each field splice is given an individual identifying mark
to enable the erector to reassemble the sections in the same
manner as they were in the shop, the pieces are disassembled
and shipped to the site.

Material list or Material order bill. See Advance bill. 

Member. Part of a structure that is assembled completely in
the shop and shipped to the site where it is combined with
other members.

Mill. Plant in which plates and shapes are produced. Also,
to plane the end of a member by means of a rotary planer or
milling machine.

Mill building. Steel-framed building with a roof of compar-
atively large pitch and span, but usually without partitions,
intermediate floors or interior bracing, except knee braces.

Mill test reports. Documents furnished by steel producers 
to show the results of physical and chemical tests for steel
produced.

Mill tolerance. Term used to describe permissible deviations
from the published dimensions of shapes and plates listed in
mill catalogs and the AISC Steel Construction Manual.

Mill variation. Rolling and cutting tolerances in size or
length as practiced in the rolling mills.

Milled surface.* Surface that has been machined flat by a
mechanically guided tool to a flat, smooth condition.

Milling machine. Machine for milling or planing the end of
a member.

Mitered joint. Joint in which the angle between the con-
nected parts is bisected by the plane of contact.

Modulus of elasticity. Ratio of stress to strain in the elastic
range, designated by the letter E.

Moment. Term referring to the bending or rotating effect of
an eccentric force upon a member or joint. The rotation may
be clockwise or counterclockwise. Moment is the product of
a force expressed in units of weight (kips or pounds) times a
distance expressed in units of length (feet or inches), such as
kip-feet, pound-inches, etc.

Moment diagram. Graphical depiction of the magnitude of
the bending effects at any point along the length of a beam,
girder or column.

Moment of inertia. Value used in determining the resist-
ance of material to flexure and torsion.

Monitor. Raised portion of a roof of a mill building or sim-
ilar structure, arranged to provide additional ventilation or
light through the louvers or windows in the sides.

Multiple punch. Machine arranged to punch two or more
holes simultaneously.

Nailing strip. Strip of wood bolted to a steel beam or other
member, to which wooden flooring or sheathing is nailed.

Necking-down. During a test in a tension machine of a bar of
steel, the perceptible thinning of the bar prior to rupture. It
occurs when the bar continues to elongate despite a drop in the
stress required to continue the elongation.

Net area (or Net section).* Gross area reduced to account for
removed material.

Nominal load.* Magnitude of the load specified by the ap-
plicable building code.

Nominal strength.* Strength of a structure or component
(without the resistance factor or safety factor applied) to resist
load effects, as determined in accordance with the AISC
Specification.

Ordered length. Length of a steel piece as ordered from the
mill or steel distribution center.

Orthographic projection. Method of representing the exact
shape of an object in two or more views on planes generally
at right angles to each other by dropping perpendicular projec-
tions from the object to the plane.

OSL. Abbreviation for outstanding leg of an angle.

Other side. That part of the welding symbol above the refer-
ence line, which describes the weld to be placed on the side of
the joint opposite from the side to which the arrow points.

Outlooker. Small angle or similar piece fastened to an end
purlin of a building to support the roof, which overhangs the
gable end.

Overrun. Amount of increase in the actual length of a struc-
tural shape over the theoretical dimension indicated on the
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drawing or advance bill. Also, the amount of increase in the 
actual cross-sectional dimensions from those published in
ASTM A6, A500 or A53 (as summarized in the AISC Steel
Construction Manual).

Owner’s designated representative for construction. Owner
or the entity that is responsible to the owner for the overall
construction of the project, including its planning, quality and
completion. This is usually the general contractor, the con-
struction manager or similar authority at the site.

Owner’s designated representative for design. Owner or the
entity that is responsible to the owner for the overall struc-
tural design of the project, including the structural steel frame.
This is usually the Structural Engineer of Record.

Oxyacetylene flame or torch. Equipment used for cutting
steel by burning a narrow slot.

Panel point. Intersection of the working lines of different
members of a truss.

Parabola. Curve in which the coordinates vary as the squares
of the abscissas, or conversely.

Peak. Top point of a roof truss where the top chords meet.

Piece mark. See Assembly mark.

Pier. Concrete column footing.

Piles. Logs or steel shapes driven into the ground to give
greater support for the foundations of a structure.

Pin. Solid steel cylinder used for connecting the members
of a truss.

Pin plate. Reinforcing plate bolted or welded to a truss mem-
ber to provide greater bearing on a pin.

Pitch. Longitudinal distance between adjacent bolts in the
main part of a member. Also, the ratio of the center height of
a roof truss to the half-span.

Plan. Drawing that represents the horizontal projection of a
structure or part of a structure. Often less accurately used to
refer to any general drawing of a structure, whether plan or 
elevation.

Plans. Design drawings furnished by the party responsible
for the design of the structure. 

Plane. To smooth to a planar surface.

Plate. Rolled steel of flat, rectangular cross section with
sheared or gas-cut edge.

Plate girder.* Built-up beam.

Pneumatic tools. Tools made to operate with compressed
air, as a chisel for removing projecting parts, a wrench for
tightening bolts or a fluted reamer for enlarging holes.

Point of inflection. See Contraflexure.

Post. Comparatively short vertical, or near vertical, compres-
sion member. Also, a compression member less than 300 lb in
weight per OSHA.

Pound price. Method of contract payment wherein pay-
ment is based upon the calculated weight of structural steel
in pounds (or tons) multiplied by the contractual price per
pound (or ton). This method of payment often is used when
a design is incomplete or when additions and changes are
expected.

Preliminary bill. See Advance bill.

Prequalified joint. American Welding Society joint that is
welded and prepared conforming to all AWS D1.1 Code 
and specification provisions for design, material and work-
manship.

Projection line. Line drawn at right angles to a dimension
line to indicate the extent of the dimension.

Prying action.* Amplification of the tension force in a bolt
caused by leverage between the point of applied load, the bolt
and the reaction of the connected elements.

Punch. To make a full-size hole with a single stroke, as dis-
tinguished from drilling or boring. Also, a punching machine.

Purchaser. Person employed by the fabricator to buy the raw
material.

Purlin.* Horizontal structural member that supports roof
deck and is primarily subjected to bending under vertical
loads such as snow, wind or dead loads.

Qualified joints. Welded joints (apart from prequalified
joints) used by a fabricator. The joints meet the requirements
of AWS D1.1.

Radius of gyration. Value, derived from the shape of a mem-
ber, used in determining the resistance of the member or part
of the member to buckling under compression or flexure.
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Rafter. Inclined member parallel to the roof slope used to
support the purlins in place of a truss.

Rail clamp. Device for fastening a crane rail to the flange
of a crane runway beam or girder.

Raised pattern floor plate. Steel plate with raised ribs or a
raised pattern used for a walking surface.

Raw material. Structural steel obtained by a fabricator from
steel producers and steel distribution centers for fabrication.

Reaction. Load on a beam, girder or truss imparted by the
support to balance the loads.

Ream. Enlarge a hole by means of a rotating fluted cutter.

Reinforced concrete. Combination of concrete and steel re-
inforcing bars.

Reinforcing plate. Plate used to reinforce a member.

Required strength.* Forces, stresses and deformations act-
ing on the structural component, determined by either struc-
tural analysis, for the LRFD or ASD load combinations, as
appropriate, or as specified by the AISC Specification or
Standard.

Residual stress. Stresses that remain in an unloaded member
after it has been formed into a finished product. Examples of
such stresses include, but are not limited to, those induced
by cold bending, cooling after rolling or welding.

Resistance. The capacity of a structure or component to re-
sist the effects of loads. It is determined by computations
using specified material strengths, dimensions and formulas
derived from accepted principles of structural mechanics, or
by field tests or laboratory tests of scaled models, allowing
for modeling effects and differences between laboratory and
field conditions. Resistance is a generic term that includes
both strength and serviceability limit states.

Resistance factor, φ.* Factor that accounts for unavoidable
deviations of the nominal strength from the actual strength
and for the manner and consequences of failure.

Resisting moment. Moment of the internal forces or stresses
which resist the bending moment of a beam, girder or column.

Restrained beam. Structurally speaking, a beam that is 
restrained or “fixed” at a support. Also, in fire resistance 
applications, a beam that has thrust restraint against thermal
expansion. 

Resultant or Resultant force. Simplest single force 
that can replace a system of forces and have an equivalent 
effect.

Reversal of stress. Change of stress from compression to
tension, or vice versa.

Ridge strut. Longitudinal structural member along the ridge
or peak of a roof.

Right. Member is so marked when another member marked
“left” is to be made exactly opposite from the same drawing.

Right section. Section at right angles to the principal axis.

Rigid frame. Structure in which connections maintain the
angular relationship between beam/girder and column mem-
bers under load.

Rivet. Short cylindrical rod of steel with upset heads used
to fasten together component parts of a steel structure. One
head is formed before the rivet is placed in position, the other
head later by a riveting machine. Currently, replaced by the use
of high-strength bolts.

Rod. Rolled bar of steel with round or square cross section.

Rolling mill. See Mill.

Rotary planer. Machine for planing or milling the end of a
member for uniform bearing.

Round. Round rod.

S beam. Rolled structural steel shape with a cross-section
that resembles the letter I and is characterized by narrow,
tapered flanges and relatively thick webs.

Sag rod. Vertical or inclined tie rod used to reduce the sag-
ging of a girt or purlin.

Sawtooth roof. Roof arrangement providing for sky light
without direct sunlight. The vertical or steeper slopes are
glazed while the smaller slopes toward the sun are covered
with roofing material.

Scale. Flat or triangular measuring stick used in plotting a
drawing in proportion to the thing represented. Also, indi-
cates proportion.

Seat angle. Angle bolted or welded to one member such that
its outstanding leg is, or nearly is, horizontal to support the end
of another member.
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Section. Cut across a member or structure made by an imag-
inary section plane.

Section lines. Fine sloping lines used to shade an area cut
by a section plane. In current practice, these lines are omitted
in sectional views on structural steel shop drawings.

Sectional view. Projection of one segment of a member or
structure upon a section plane.

Separator. Plate or piece of pipe placed between the webs of
beams to keep them a fixed distance apart.

SER. Structural Engineer of Record.

Serviceability limit state.* Limiting condition affecting the
ability of a structure to preserve its appearance, maintainabil-
ity, durability, or the comfort of its occupants or function of
machinery, under normal usage.

Setback. In detailing beams and girders, the distance from the
extreme end of the member to a major reference line, such
as the centerline of the supporting beam, girder or column. 

Shank. Cylindrical part of a bolt, as distinguished from the
head.

Shape. General term for structural rolled steel of any cross-
section other than a plate.

Shear. To cut by shearing. The machine used for shearing
steel plates or angles. Also, in material an expression for the
algebraic sum of all the external forces acting on one side of
a section plane through the material.

Shear diagram. Graphical depiction of the magnitude of
vertical shear force at any point along a beam or girder.

Shear lag. Occurrence where less than the total cross-
sectional area of a member is connected, resulting in a 
decrease in efficiency of the section in the region of the 
connection.

Shear lugs. Plates and other steel shapes that are embed-
ded in the concrete and located transverse to the direction 
of the shear force. They transmit shear loads introduced 
into the concrete by local bearing at the shear lug-concrete 
interface.

Shear wall. Wall that, in its own plane, resists shear forces re-
sulting from applied wind, earthquake or other transverse
loads or provides frame stability. 

Sheared plate. Plate that is passed between horizontal rolls
at the mill and then trimmed (sheared or gas cut) to the desired
size on all edges, as distinguished from a Universal mill plate.

Shearing stress. Stress caused by vertical loads applied to
a beam or girder and tending to slide one section along an
adjacent section.

Shim.* Thin layer of material used to fill a space between
faying or bearing surfaces.

Shipping bill. List of members to be shipped or transported
from the shop to the site.

Shipping mark. See Erection mark.

Shipping memorandum. See Shipping bill.

Shipping weld. See Tack weld.

Shipping yard. Area at a fabricating shop in which fabri-
cated members are sorted and stored for shipment to the job
site as required.

Shop. Place where the component parts of a structure are
fabricated into members.

Shop bill. Summary of material required for fabricating the
members shown on a particular drawing.

Shop bolt. Bolt that is installed in the shop, as distinguished
from a field bolt.

Shop drawing. Working drawing prepared for use in the
shop.

Shop paint. Coat of paint applied, if required, at the fabricat-
ing shop.

Sidesway. Lateral movement of a structure under the action
of lateral loads, unsymmetrical vertical loads or unsymmetri-
cal properties of the structure.

Simple beam. Unrestrained beam that is supported at both
ends only.

Simply supported. Loaded beam or girder in which the ends
are free to rotate at the points of support.

Single punch. To punch one hole at a time.

Single shear. Tendency to shear, or the resistance to shear, a
single element or group of elements on one plane.
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Site. See Job Site.

Skeleton. Term used to describe a building frame. The frame
may be of steel, concrete, wood or any combination of these
materials.

Sketch. Illustration of a structural steel member, connection
or detail made free-hand. Also, the individual illustrations of
members and details presented on a shop drawing.

Skewed. A beam or girder is described as skewed when its
flanges are parallel to the flanges of the supporting
beam/girder, but the webs are inclined to each other.

Skids. Parallel supports of timber or steel used to elevate
members a convenient distance above the floor of a shop to
make them more accessible.

Skin. Term used to describe the exterior wall (covering) of a
building. The skin may be brick, concrete, glass, metal panels,
stone or a combination of any of these materials.

Slab. Thick steel plate used as a column base or similarly.
Also, a reinforced-concrete floor.

Sleeve nut. Long tubular nut having a right-handed thread in
one half and a left-handed thread in the other, used for join-
ing two threaded rods and pulling them together to tighten
them.

Slenderness ratio. Ratio of the effective length of a column
to the radius of gyration of the column, both with respect to the
same axis of bending.

Slip-critical connection.* Bolted connection designed to re-
sist movement by friction on the faying surface of the con-
nection under the clamping forces of the bolts. 

Slope. Bevel or inclination of one line with reference to 
another. It is measured by the tangent of the angle of 
inclination expressed in inches and fractions to a base of 
one foot. 

Sloped. Beam or girder is described as sloped if its web is per-
pendicular to the web of the supporting member, but its flanges
are not perpendicular to this face.

Slot weld. Weld made in and filling a slot in one of the parts
connected.

Slotted hole. Elongated hole with semicircular ends and par-
allel sides. May be either short slots or long slots as defined by
the AISC Steel Construction Manual.

Snipe. See Clip. 

Snug-tightened joint.* Joint with the connected plies in firm
contact as specified in Chapter J in the AISC Specification.

Span. Distance between the supports of a beam, girder, truss,
etc.

SSPC. Society for Protective Coatings or the Steel Structures
Painting Council.

Spiking piece. Wooden strip bolted to a steel beam or simi-
lar member to which strip planking or sheathing may be nailed
or spiked.

Spiral. Small round or square rod bent in the form of a helix,
used in reinforced-concrete columns to prevent the longitudi-
nal reinforcing bars from spreading.

Splice. Connection between two structural elements joined at
their ends to form a single, longer element.

Split beam. Beam that is split to form a structural tee or
bracket. Also, a beam split part way with one flange bent out
to permit welding a plate in the web for strengthening the
joint for rigid-frame construction.

Spotting. Placement of a spot of paint on the faying surface
of a single angle, single plate or tee. It is one of several meth-
ods used to alert the erector as to which side to connect a 
supported member.

Staggered bolts. Bolts which alternate on two parallel bolt
lines.

Statical moment. Product of an area times the distance from
an axis to the center of gravity of the area.

Steel. Modified form of iron used in construction.

Steel detailer. Individual who uses contract documents to
make detailed working drawings for each piece of steel to be
furnished by a fabricator and erected by an erector.

Steel mill. See Mill.

Stiffener.* Structural element, usually an angle or plate, at-
tached to a member to distribute load, transfer shear or prevent
buckling. 

Stitch bolts. Bolts used to hold the angles of a multi-shape
member together at intervals. If the elements are separated
by connection (gusset) plates, a stitch filler is placed between
them at each stitch bolt to maintain a constant space.
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Strain. Deformation in a member caused by external forces.
Strain is measured in linear units.

Strength limit state.* Limiting condition affecting the safety
of the structure, in which the ultimate load-carrying capac-
ity is reached.

Stress.* Force per unit area caused by axial force, moment,
shear or torsion.

Stress concentration.* Localized stress considerably higher
than average (even in uniformly loaded cross sections of uni-
form thickness) due to abrupt changes in geometry or local-
ized loading.

Strip shim. Shim consisting of a narrow piece of structural
steel punched with round holes.

Striping. Placement of a stripe of paint on the faying sur-
face of a single-angle, single-plate or tee. It is one of several
methods used to alert the erector as to which side to connect
a supported member.

Strong axis.* Major principal centroidal axis of a cross 
section.

Structural design documents. Documents prepared by the
designer (plans, design details and job specifications). These
documents define the responsibilities of the parties involved
in bidding, purchasing, supplying and erecting structural
steel.

Structural drafting. The preparation of the working draw-
ings for the members in a structure.

Structural shop. Shop where rolled steel shapes and plates
are punched, cut, bolted, welded and otherwise prepared for
erection in a steel structure.

Structural tee. T-shaped member made by cutting a W-, M-
or S-shape in two along the length of its web.

Strut. Comparatively light compression member, usually
with no intermediate connections.

Subpunch. To punch a hole to a smaller diameter than re-
quired, that will be reamed after parts are assembled.

Substructure. Concrete piers or foundation for a structure.

Superstructure. Main part of the structure above the con-
crete foundation or substructure.

Sway bracing. Bracing in a vertical plane as between the
roof trusses of a mill building. 

Sweep. Comparatively flat horizontal curve in a beam or
girder induced through cold bending or by the application of
heat. 

Swedge bolt. Type of anchor rod threaded at one end for a nut
and having depressions in the remaining length of shank to fur-
nish bond when embedded in masonry or concrete.

Tack weld. Small, temporary weld made to hold compo-
nent parts of a member together until they can be welded
permanently.

Tee. See Structural tee.

Template. Full-size pattern or guide (made of wood, card-
board or steel) used to locate punched or drilled holes and
cuts or bends to be made in the steel.

Tension. Condition of a material loaded in such a way that the
load tends to stretch the material in the direction of its length.

Tension-control (twist-off) bolt. Alternative design type of
fastener with a splined end extending beyond the threaded
portion of the bolt. The bolt is installed using a special wrench
to remove the splined end when the proper pretension is in-
duced in the bolt.

Tension member. Member in which the principal stresses
tend to lengthen the member.

Tensile strength.* Maximum tension force that a member
is capable of sustaining.

Throat. In a fillet weld, the distance from the root to the face
of the weld.

Tie. Light tension member, such as the diagonal in a brac-
ing system.

Tie plate.* Plate element used to join two parallel components
of a built-up column, girder or strut rigidly connected to the
parallel components and designed to transmit shear between
them.

Tier. Term relating to a length of column supporting one,
two or three floors of steel.

Toe of fillet.* Junction of a fillet weld face and base metal.
Tangent point of a rolled section fillet.
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Top angle. Connection angle used at the top of a beam in
conjunction with a seat angle on a column or in a girder web.

Torsion. Action of applied load(s) that tend to twist a member.

Tracing paper. Paper specially treated to make it transparent
so that copies can be made of drawings on it.

Truck crane. Crane mounted on a mobile truck.

Truss. Framed structure that acts like a beam. The principal
members usually form a series of triangles and each member
primarily is subjected to axial stress/loads only.

Turnbuckle. Similar to a sleeve nut except that a transverse
opening is provided at the center for the insertion of a crow-
bar for turning the turnbuckle.

Turn-of-nut method.* Procedure whereby the specified 
pretension in high-strength bolts is controlled by rotation of 
the nut a predetermined amount after the snug-tightened con-
dition has been achieved.

U-bolt. Rod bent in the shape of the letter U with each end
threaded for nuts.

Undercut. Groove melted into the base metal adjacent to the
weld toe or weld root and left unfilled by weld metal.

Underrun. Amount of decrease in the actual length of a
structural shape over the theoretical dimension indicated on the
drawing or advance bill. Also, the amount of decrease in the
actual cross-section dimensions from those published in ASTM
A6, A500 or A53 (as summarized in the AISC Steel
Construction Manual).

Uniform load. Load that is distributed uniformly over a por-
tion or full length of the beam or girder.

Unit price. See Pound-price.

Universal mill (UM) plate. Plate rolled between horizontal
and vertical rolls and trimmed (sheared or gas cut) on ends
only, as distinguished from a sheared plate. 

Upset. To enlarge the end of a rod by hammering or pressing
into a die while hot.

Valley. Intersection of two roofs where drainage is toward
the intersection as distinguished from a hip.

Vertical bracing system. System of shear walls, braced

frames or both, extending through one or more floors of a
building.

View. In orthographic projection, a view is the projection of
an object upon a plane by means of parallel lines.

Wall anchor. Rod or a pair of angles used to anchor a wall
bearing beam to a masonry wall.

Wall plate. Bearing plate on a wall used to distribute the
load from a steel beam or girder. Also, a plate along the top 
of a beam to furnish bearing for a superimposed wall.

Washer. Usually a flat disk with a central hole placed under
the head or the nut of a bolt. Also, may be a square bar with
a central or eccentric hole.

Weak axis.* Minor principal centroidal axis of a cross 
section.

Web. Web plate of a built-up girder or column. Also, the 
corresponding thin portion between the flanges of a rolled
W-, M-, S-, HP-, C- or MC-shape.

Web buckling. Buckling of a web or web plate. 

Web connection angles. Angles at the end of a beam or
girder used to connect to another member.

Web crippling. Local failure of a web plate in the immedi-
ate vicinity of a concentrated load or reaction.

Web member. Intermediate member of a truss between the
chords.

Web splice. Splice in the web of a rolled shape or in a web
plate.

Weld. To connect metal parts by fusion of the parts, with or
without additional metal, with the necessary heat being sup-
plied by electric arc or otherwise.

Weld face. Exposed surface of a weld on the side from which
welding was done.

Weld pass. Single progression of welding along a joint, the
result of which is a weld bead or layer.

Weld root. Point at which the root surface intersects the base
metal surfaces. In a fillet weld the root is the point at which the
legs intersect.
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Weld spatter. Metal particles expelled during fusion welding
that do not form a part of the weld. These particles stick to
the surrounding metal.

Weld throat. Shortest distance between the root and face of
a weld.

Welding clearance. Necessary working space around a
welded joint so that the electrode can be used to the best 
advantage.

Wide-flange beam. Common, rolled structural steel shape
used principally as a beam or column and referred to as a W-
shape.

Wind bracing. System of bracing which resists loads in-
duced by the wind.

Wind bracket. Bracket used to stiffen a joint to resist loads
caused by the wind.

Working drawing. Detailed drawing prepared for the work-
ers who fabricate the members or parts represented.

Working line. Reference line to which the dimensions of a
member are referred. A working line of one member can be

used in conjunction with the working lines of other members
to form a system of working lines for a truss or a bracing sys-
tem. Also, working lines are used at the site as a reference to
locate, for example, foundation walls, piers, shear walls, em-
bedments, edges of floor slabs, and equipment.

Working load. Also called service load. The actual load as-
sumed to be acting on the structure.

Working point. Intersection of two or more working lines.

Wrapped connection. Connection in which the end of the
web of a beam or girder is connected to the inside face of a sin-
gle angle.

Yield point.* First stress in a material at which an increase
in strain occurs without an increase in stress as defined by
ASTM.

Yield strength.* Stress at which a material exhibits a spec-
ified limiting deviation from the proportionality of stress to
strain as defined by ASTM.

Yield stress.* Generic term to denote either yield point or
yield strength, as appropriate for the material.
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Anchor rods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14, 4-1, 5-1, 6-1, 7-1, 7-10, 7-14
Anchors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12, 7-14
Angles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2, 1-11, 3-9, 6-4, 7-30, 7-58, 7-48, 7-58

Base angles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22
Connection angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9, 3-25, 7-30

Approval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4, 4-11, 5-1, 8-2
Architecturally Exposed Structural Steel (AESS)  . . . . . . . . . . . . . . . . . . . . . . . . . 4-39, 5-8, 6-4
Arrow-side  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-22
Assembling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-12, 2-9, 3-25, 7-63
Assembly marks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5, 4-9, 7-24, 7-31
Axial forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6, 3-1, B-10

Back-charges  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3
Back-checking  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2
Bars  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41, 4-17, 4-30
Beam and column details  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2
Beam gages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18, 7-27, 7-32
Beam and Girder  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-29

Cantilevered beams  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-44
Composite beams  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9, B-12
Wall-bearing beams  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-44

Bearing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-13, 3-43, 6-5, 7-29
Bearing connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2, 3-8
Bearing plates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-44, 5-1, 7-14, 7-44
Bearing stresses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2 

Bearing in bolted shear connections  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2, 3-5
Bending moment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7, 3-39, 3-43, B-18
Beveled washers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5
Bevels  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-43, 4-16, 5-4, 7-36
Bill

Advance bills of material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2, 5-3
Bills for shipping and invoicing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
Bill of finished parts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
Preliminary bill  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3

Bolted shear connections  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5, 3-9
Bolts

Bolt holes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11, 3-6, 3-51, 4-11, 7-16, 7-69, B-2
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