




Productivity 
in Construction Projects



Scrivener Publishing
100 Cummings Center, Suite 541J

Beverly, MA 01915-6106        

Publishers at Scrivener
Martin Scrivener (martin@scrivenerpublishing.com) 

Phillip Carmical (pcarmical@scrivenerpublishing.com)



Productivity  
in Construction Projects

Ted Trauner  
Chris Kay

and  

Brian Furniss



This edition first published 2022 by John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA 
and Scrivener Publishing LLC, 100 Cummings Center, Suite 541J, Beverly, MA 01915, USA
© 2022 Scrivener Publishing LLC
For more information about Scrivener publications please visit www.scrivenerpublishing.com.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or other-
wise, except as permitted by law. Advice on how to obtain permission to reuse material from this title 
is available at http://www.wiley.com/go/permissions.

Wiley Global Headquarters
111 River Street, Hoboken, NJ 07030, USA

For details of our global editorial offices, customer services, and more information about Wiley prod-
ucts visit us at www.wiley.com.

Limit of Liability/Disclaimer of Warranty
While the publisher and authors have used their best efforts in preparing this work, they make no rep-
resentations or warranties with respect to the accuracy or completeness of the contents of this work and 
specifically disclaim all warranties, including without limitation any implied warranties of merchant- 
ability or fitness for a particular purpose. No warranty may be created or extended by sales representa-
tives, written sales materials, or promotional statements for this work. The fact that an organization, 
website, or product is referred to in this work as a citation and/or potential source of further informa-
tion does not mean that the publisher and authors endorse the information or services the organiza-
tion, website, or product may provide or recommendations it may make. This work is sold with the 
understanding that the publisher is not engaged in rendering professional services. The advice and 
strategies contained herein may not be suitable for your situation. You should consult with a specialist 
where appropriate. Neither the publisher nor authors shall be liable for any loss of profit or any other 
commercial damages, including but not limited to special, incidental, consequential, or other damages. 
Further, readers should be aware that websites listed in this work may have changed or disappeared 
between when this work was written and when it is read.

Library of Congress Cataloging-in-Publication Data

ISBN 978-1-119-91080-0

Cover image: Pixabay.Com
Cover design by Russell Richardson

Set in size of 11pt and Minion Pro by Manila Typesetting Company, Makati, Philippines

Printed in the USA

10 9  8  7  6  5  4  3  2  1



v

Contents

Acknowledgments ix

1 Purpose 1

2 Productivity In Construction 9
 The Continuing Importance of Productivity in Construction 9
 What Is Productivity? 10
 Controllable Factors that Affect Productivity 13
 Non-Controllable Factors that Affect Productivity 14
 The Focus on Productivity Should Be Continuous  

and Based on Hard Data 16

3 Measuring Productivity 19
The Owner 19
The Contractor 24

4  The Measured Mile 33
 Calculating Productivity Losses and Inefficiency  

Using the Measured Mile 37
 Comparisons to a Similar Project 41
 Measured Mile Case Studies 41
 Case Study #1: Transportation Project 42
 Case Study #2: The Pharmaceutical Facility 44
 Case Study #3: The Psychiatric Hospital 46
 Case Study #4: Pile Driving 48
 Case Study #5: DOT Project 49
 Case Study #6: Welding Work  51

 Project Background 51
 Welding Types and Methods Used 51
 The Dispute and Claim 52



vi Contents

 Other Experts’ “Measured Mile” Analysis 53
 A Big Problem 56
 Other Productivity Considerations 57

 Case Study #7: The Painter 58
 Discussion 62

5 Regression Analysis 63
 Case Study #8: The Transmission Line 68

6 Learning and Experience Curves 73
 Case Study #9: Elevated Rail Project 74
 Discussion 76

7 The Kitchen Sink Approach – Blending  
Methods Together 77
 Case Study #10: The High-Rise Hotel 77

 Vertical Transportation 78
 Expected Losses 83
 Unexpected Losses 84
 Additional Lost Man-Hours 84
 Total Lost Man-Hours Due to Inadequate Vertical 

Transportation 85
 Productivity Losses 86
 Data Assembly and Calculations 88
 Rough-In 91
 Finish Work 93
 Percent Loss of Productivity 94
 Total Man-Hours Lost Due to Inefficiency 95

8 Industry Publications and Studies 97
 Bureau of Labor Statistics 98
 Business Roundtable Report 103
 National Electrical Contractors Association 109
 Mechanical Contractors Association of America 114
 The Leonard Study 119
 Corps of Engineers Modification Impact Evaluation Guide 123
 Construction Industry Institute 126
 Quantitative Impacts of Project Change 132



Contents vii

 The Ibbs Studies 133
 Other Reports and Studies 141
 Use of “Industry Publications” 141

9 COVID and Productivity 143
 Introduction to COVID Impacts 143
 COVID’s Effect on Construction Projects 143
 Lumber Supply Chain Example 144
 Impacts on Global Commerce and Resources 145
 Additional Effects to Craft Labor Shortages 145
 Evaluation of Productivity Improvements Due to COVID 147
 Material Price Fluctuations 148
 Entitlement to Recover COVID Productivity Losses 149
 Measuring COVID Productivity Losses 153
 Recommendations for Measuring Productivity  

Losses during COVID 154
 The Measured Mile and “A Day in the Life” Documentation 154
 Comparisons to Similar Projects 157
 Other Measurement Considerations 157
 The Way Forward 157

10 How Construction Disputes are Resolved 159

11 The Selection and Use of the Expert Witness 165
 The Selection of an Expert 165
 The Criteria an Expert Must Meet: The Daubert Standard 166
 The Application of the Daubert Standard in Construction  

Cases: The Benefits of the Measured Mile Method 170
 The Application of the Daubert Standard in Construction  

Cases: The Pitfalls of the “Industry Standards” Methods 174
 Industry Standards: Mechanical Contractors Association  

of America (MCAA) 178
 Industry Standards: National Electrical Contractors  

of America (NECA) 187
 Industry Standards: Business Roundtable (BRT) 187
 Industry Standards: United States Army Corps  

of Engineers (ACOE) 188
 Industry Standards: Bureau of Labor Statistics 189



viii Contents

 The Application of the Daubert Standard in Construction  
Cases: The Likely Failure of Future “Industry Standards” 
Methods 189

12 Achieving the Desired Results 191

13  The Way Forward 197

Bibliography 205

About the Authors 211

Index 213



ix

Acknowledgments

As noted in the Forward to this book, many people contributed to the effort 
shown herein. Special thanks go to the following: William Manginelli, 
Scott Lowe, Mark Nagata, John Crane, Bruce Ficken, Richard Burnham, 
Stephanie Trauner, Natalie Furniss, Richard Browne, Michael Furbush and 
Janet Montgomery. Hopefully, we included everyone.





1

Ted Trauner, Chris Kay and Brian Furniss. Productivity in Construction Projects, (1–8) © 2022 
Scrivener Publishing LLC

1

Purpose

Why should anyone read a book on productivity, particularly one about 
productivity in construction? For many people and entities in the construc-
tion business, productivity probably hasn’t been of primary importance 
in the scheduling and execution of the work. But in today’s construction 
environment, productivity should be a primary focus for everyone’s future 
success.

Without a doubt, the construction industry is challenged today more 
than ever before. Many new construction opportunities exist, yet the 
industry has a dearth of subcontractors to rely upon to accomplish much 
of the work, and this was before skilled labor shortages and a pandemic hit 
the industry. Projects have even tighter budgets and shorter time frames 
imposed upon them. What this means is that projects cannot afford delays, 
mistakes, or missteps. Every party involved needs to perform its work as 
efficiently and expeditiously as possible. Estimates must be accurate, aug-
mented management staff must be applied to projects, and management 
must be ever vigilant to identify and resolve problems as soon as practica-
ble. In today’s construction environment, with its heightened demands, a 
continuous and concerted focus on productivity is crucial.

Whether the reader is a construction professional, a contractor retained 
to construct a building or renovate an existing one, or an owner with a 
business plan for its new building, the concept of productivity in construc-
tion is intertwined in so many aspects of the work. Here are just a few 
examples:

• A contractors’ bid is based on certain assumptions/ 
predictions/estimates concerning construction productivity.

• The assignment of time or durations to specific construction 
activities is based on assumptions/predictions/estimates 
concerning construction productivity.
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• The type of equipment utilized for specific construction 
tasks is based on the productivity that must be achieved.

• The size and makeup of construction crews is driven by 
the productivity desired for a specific activity in a specific 
environment.

• The cost of the work flows directly from the productivity of 
the crews and equipment on the project.

• The overall project schedule is dependent on the productiv-
ity for each of the activities in the schedule.

• The overall profitability of the project is a direct function of 
the productivity that can be achieved on the project.

• The overall long-term viability and functionality of the proj-
ect is a direct function of whether the contractor took “short 
cuts” in the construction process when it was discovered 
that the project’s productivity, and thus the contractor’s prof-
its, were being adversely affected.

These examples demonstrate the pervasive nature of productivity within 
the construction project, as well as its daily importance. Unfortunately, the 
authors have seen too many parties in the construction project begin to 
truly focus on productivity only very late in the process—typically when 
they realize productivity has not been achieved, or not to the levels origi-
nally anticipated. Owners, contractors, sub-contractors, and construction 
professionals seem to express concern only when they finally realize there 
is a cost overrun in a specific area of work, or when activities are taking 
longer to perform than the time assigned. They become rightfully alarmed 
when forced to use longer work weeks and overtime on a daily basis. But 
by then, it is often too late.

In our collective experiences, we have encountered construction per-
sonnel who accept the general proposition that construction productivity 
is important on a prospective or forward-looking basis, but very few actu-
ally put that proposition into practice. Instead, their attention to produc-
tivity typically occurs when they look at it on a retrospective basis. By then, 
it may be too late to undo what has occurred. However, we can analyze 
what has occurred to determine the cause of the problem and, hopefully, 
seek a solution.

Perhaps the single most important lesson the reader should learn from this 
book is that any improvement in productivity, and the ability to adequately 
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measure any shortcomings of actual productivity on the project, must begin 
with a comprehensive and detailed analysis of productivity on a prospec-
tive basis. We have seen time and again that owners, contractors, litigators, 
and consultants will expend hours and hours retrospectively attempting 
to quantify the amount of productivity that allegedly has been “lost” as a 
result of changes to the project during construction. If even half (or less) 
of those same hours were spent prospectively, the problem may never have 
occurred, and the additional legal costs (and time associated with a legal 
dispute) would have been avoided. Even if the problem persisted, the work to 
quantify any such losses is already more than half completed. We encourage 
the reader to adopt the more proactive approaches described in this book 
to avoid these kind of problems—and subsequent legal disputes—that have 
plagued so many construction projects in the past.

Performing the work of identifying and monitoring productivity ana-
lytics on the front end will increase the reader’s chances of achieving a 
desirable result on the back end. Interestingly, what we describe as neces-
sary work at the start of the project can actually reduce the amount of work 
that is necessary to be performed later in the project, or in subsequent 
litigation. Once an organization uses these processes at the beginning of 
the project, its employees will soon discover that the implementation and 
mastery of the productivity methods gets easier over time. Each project 
further increases an organization’s body of knowledge and experience. If 
that organization then employs those lessons learned from preceding proj-
ects to its future projects, the organization will complete more projects on 
time and on budget, and earn greater profits—and future business. That is 
the essence of successfully harnessing productivity.

We recognize that some problems will nevertheless arise on the job site 
that result in the parties suing each other, either in court or in arbitration. 
Having spent considerable time on both, we also write this book to help 
the reader better understand how the dispute resolution process works, as 
well as the benefits and weaknesses of pursuing litigation and arbitration.

Thus, the second most important lesson to be learned from this book is 
that when parties find themselves in litigation or arbitration, they need to 
retain knowledgeable and experienced expert witnesses that employ cred-
ible and reliable methods of quantifying productivity losses. We have long 
believed that litigants in construction disputes made major mistakes when 
they did not attempt to use the “measured mile” approach to determine 
if there was a loss of labor productivity on a job site. The measured mile 
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approach is predicated on the use and comparison of the actual facts con-
tained within the data generated at the job site.

We do not want to see the next generation of owners, contractors and 
sub-contractors fall into the same trap as their predecessors, whose experts 
were apparently unable or unwilling to utilize a measured mile approach. 
As the reader will see, over the last 20 years the courts have essentially 
agreed with our point of view. We will show the reader the measured mile 
approach, provide actual case studies demonstrating its use, and how 
regression analysis may fit into that analysis process.

Along the same lines, we have long believed that litigants in construc-
tion disputes made egregious mistakes when they retained experts who 
relied heavily upon “industry standards,” a collection of general studies 
authored by various groups over the last several decades. Here again, we do 
not want the next generation of owners, contractors, and subcontractors to 
make the same mistakes. As the reader will see, over the last 20 years the 
courts have agreed with our point of view in almost all instances. Many 
cases have been lost because the party’s expert relied solely or significantly 
on such industry studies, without truly understanding the basis of those 
studies, and whether they were applicable to the subject project.

The third overarching message we emphasize in this book is the ben-
efit of changing the workplace culture. Over the course of our respective 
careers, the authors have encouraged parties to collaborate to solve prob-
lems when they arise, rather than casting blame towards the other parties 
and engaging in defensive measures that result in lengthy and costly liti-
gation or arbitration. The fact that the authors are owners, attorneys, and 
engineers collaborating on this book underscores our belief in the need 
for the kind of give-and-take, by everyone involved, to effectively and effi-
ciently solve the problems that frequently arise on a construction jobsite.

Using that collaborative approach, we believe it is time for a different 
on-the-job culture, one that is significantly assisted by the implementa-
tion of new software and technology. With the adoption of a new culture 
and new software, parties can collectively create a schedule predicated on 
the same kind of units used in creating the measured mile approach. Such 
a construction project schedule would cause the parties to look at work 
per man units, and thus enhanced labor efficiency, at the outset of con-
struction. Such a schedule would also lend itself to having the parties peri-
odically review on-the-job productivity in real time and make real-time 
adjustments.
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The basis of our recommendations come from decades of experience 
engaged in all facets of the construction process. Ted Trauner is a nation-
ally recognized expert in the areas of scheduling, construction manage-
ment, cost overruns and damages, construction means and methods, and 
delay and inefficiency analysis. 

Ted has either managed construction or evaluated problems on virtually 
every type of project including transportation, water and wastewater treat-
ment, process and manufacturing, power, medical, educational, commer-
cial, correctional, hotels, condominiums, residential housing, and athletic 
facilities. For over 45 years, Ted has participated in the analysis and resolu-
tion of construction claims, managed many types of construction projects, 
and provided scheduling and training to the industry. 

He has testified as an expert witness on delays, inefficiency, disruption, 
differing site conditions, excessive changes, extra work, termination, pro-
ductivity, structural analysis, construction means and methods, and cost 
overruns and damages. 

Ted lectures, conducts seminars, and has developed and presented 
training programs on multiple topics including construction claims, spec-
ification writing, partnering, and construction management to thousands 
of construction professionals throughout the world.

Ted is the author of the following highly-regarded construction texts; 
Construction Delays, Third Edition; Managing the Construction Project; 
Construction Estimates from Take-Off to Bid; Construction on Contaminated 
Sites; Construction Delays (1st and 2nd Editions); and Bidding and Managing 
Government Construction.

Prior to his work in the private sector, Ted was an officer in the U.S. Army 
Corps of Engineers for 11 years. He was Military Assistant to Construction 
Operations of the Philadelphia District, where he was Resident Engineer 
for major highway bridge rehabilitation, was involved with the construc-
tion of major gravity earth dams, and also advised on regulatory affairs for 
the District waterways.

Chris Kay was a trial lawyer for over 23 years and handled a wide range 
of construction disputes. As a construction litigator, he has extensive expe-
rience identifying the data and expert testimony needed to succeed in 
cases of all sizes and complexity. He also appreciates that a “win” needs 
to take into account the amount of time the client devotes to the litigation 
rather than to its normal business, and the cost of legal and expert fees. 
Thereafter, Chris became the first General Counsel in the history of Toys 
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‘R’ Us, and later its Chief Operating Officer. He was responsible for the 
construction of hundreds of new stores and renovation projects for exist-
ing stores, for the entire portfolio for Toys ‘R’ Us, Babies ‘R’ Us and Kids 
‘R’ Us properties across the country. Chris later served as Chief Executive 
Officer for the New York Racing Association and spearheaded a number 
of capital improvement projects at that organization’s three racetracks. As 
the owner of retail stores, malls, and sporting and entertainment venues, 
Chris knows that the corporate owner seeks to have the project completed 
on time and on budget, but not at the cost of the contractor taking detri-
mental “shortcuts” that may adversely affect the short-term operation or 
long-term viability of the completed facilities.

Brian Furniss has served in the construction industry for over 20 years, 
analyzing complex construction projects and providing expert testimony 
on scheduling, delays, productivity losses, and damages. As someone who 
has worked various construction sectors in projects ranging up to $15.5B, 
Brian has seen both exceptional management strategies and a fair share of 
missed opportunities. He is a licensed Professional Engineer (Industrial) in 
Florida, Texas, California, North Carolina, and Colorado, and a Planning 
and Scheduling Professional (PSP), Certified Cost Professional (CCP), and 
Certified Forensic Claims Consultant (CFCC) with AACE International. 
Brian is co-author of the book Construction Delays: Understanding Them 
Clearly, Analyzing Them Correctly, and has authored a number of articles 
for construction industry publications. He shares the experiences in this 
book knowing that every project provides a learning opportunity, and to 
help construction professionals increase the probability of project and 
company financial success. 

We know of no other book where owner, attorney, and expert have col-
laborated together to explain and assess construction productivity, or inef-
ficiencies at the job site. We have written this book primarily for the owner, 
contractor, and subcontractor—in that we write in practical yet specific 
terms. We also write extensively about what is required under the appli-
cable law in construction disputes, so that the parties, their attorneys, and 
their expert witnesses can understand and appreciate those applicable legal 
standards as they begin to evaluate all the facts of their dispute—before 
they spend a ton of time and money in court or in arbitration.

Based upon our collective experiences, we offer the reader very practi-
cal insights and advice in straight-forward prose—starting with a chapter 
devoted to explaining what productivity is, how to measure it, and why it is 
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important. We then devote a chapter to a simple but accurate explanation 
of a complex topic: what is a regression analysis and why it is important. 
We describe a regression analysis in terms we hope the reader will quickly 
understand, rather than relying on overly detailed explanations.

Precisely because there are too many post-construction disputes, we 
provide an explanation of how those disputes are resolved, and the best 
way for the reader to reduce or eliminate significant costs in that process. 
We also share with the reader the applicable law in construction cases, but 
not by providing lengthy string citations of several different court cases 
that force the reader to find and read the cases. Instead, we provide rele-
vant facts of the cases we selected—cases we specifically selected for their 
informative or illustrative nature.

Finally, we provide guidance on how to achieve your goals of “winning” 
your case—in settlement or in court. Employing our recommendations 
will likely lead to fewer lawsuits and arbitration claims after the job has 
been completed. Even if there are some unresolved problems that can-
not be reconciled at the end of the construction process, we believe this 
approach will narrow the issues in dispute and make for a less costly reso-
lution process. None of the authors, including the attorney, want needless 
or needlessly expensive litigation. We hope this book will help some read-
ers avoid such unpleasant and costly situations.
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2

Productivity in Construction

During much of the past two centuries, productivity was a driving force in 
this country and throughout the world. The ability to produce and distrib-
ute goods in an efficient and cost-effective manner drove the financial suc-
cess of nations. The United States became a world power not solely because 
of military might. Its rise was also driven by the successes it had in industry. 
American industry moved from hand tools to assembly lines to robotics in 
search of higher productivity. The U.S. applied this same production focus 
to agriculture, not only feeding this country, but also being able to export 
food to the rest of the world. The ability to produce efficiently, to achieve 
high levels of productivity, has been key to America’s economic success. 

Workers have experienced tremendous changes during the past century. 
The basic manner in which they earn their livelihoods has been dramat-
ically altered from farming and hunting in the 17th century, through the 
factories of the industrial revolution in the 18th and 19th centuries, to the 
Internet workplace of the 20th century and today. Many of us remember 
our parents putting in their nine to five in a routine that varied little. But 
today, our work environment is drastically different. We rely on computers 
and robotics to handle many of the chores we formerly labored through. 
The United States, in particular, has moved from an industrial base to a 
service-oriented economy, but the same focus on productivity applies—
and has been the key to many companies’ success. 

The Continuing Importance of Productivity  
in Construction

Despite operating in the Internet Age, we still rely on manual labor to con-
struct our homes, high-rises, power plants, airports, and highways. In fact, 
construction is one of the few career paths that has not changed substantially 
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in the last century. Though the industry benefits from more sophisticated 
equipment, more advanced designs, and a greater choice of materials, it still 
relies on construction workers to put the pieces together to create a function-
ing system to meet our needs. But the same focus on productivity that now 
applies to both manufacturing and service-oriented businesses can—and 
should—apply to construction project planning and execution as well.

Construction, like any other business, is driven by the bottom line. 
Construction managers, general contractors, subcontractors, and specialty 
contractors are in the construction business to make a profit. One of the 
most significant factors affecting that profit is the productivity or efficiency 
of the construction tradesmen working on the project and the construc-
tion equipment utilized on the project. Consequently, construction pro-
ductivity is extremely important to contractors. 

Productivity is also important to owners of construction projects. If 
workers on a project perform in an inefficient manner, the work may be 
completed later than required by the contract, much to the disappoint-
ment and lost revenues of the owner. In such situations, owners may also 
face claims for additional payments advanced by the contractor for lost 
productivity. Owners also need to be concerned about situations where 
the contractor takes short cuts to expedite the project. These shortcuts, in 
many cases, diminish the useful life of the building or compromise some 
aspect of the facility’s operation—all of which adversely affect the owner’s 
investment in the property. Architects who design facilities that cannot be 
constructed efficiently may drive the cost of the project so high that it will 
be cancelled for budgetary reasons. Hence, all parties involved in a con-
struction project have an interest in maximizing productivity on the job.

What is Productivity?

In its simplest form, productivity or efficiency is the relationship between 
a given outcome and the resources expended to produce that outcome. In 
simpler terms, it is units of work over units of input (or the inverse). For 
example, presuming a contractor is diligently tracking work on a project, 
a daily record of work performed may show that 400 feet of 4˝ pipe was 
installed with 40 man-hours of effort. Simplifying that means that the work 
crew was achieving a measured productivity of 10 feet of pipe per man-hour 
(400 feet divided by 40 man-hours). The inverse of that would be 40 man-
hours divided by 400 feet of pipe or one tenth of a man-hour per foot of pipe 
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(40 man-hours divided by 400 feet of pipe). We can readily relate to pro-
ductivity in manufacturing when we think of how we might make a certain 
number of widgets during a certain period. Because the manufacturing facil-
ity requires a certain amount of resources for each minute that it operates, 
we would want to produce as many widgets as possible for every minute we 
are running our production line. Due to the fact that assembly line tasks are 
generally repetitive, with few (if any) variables, the efficiency of the manufac-
turing operation can be measured and evaluated easily. 

By now, it should be apparent that productivity is a ratioed comparison 
of quantity of work achieved to hours expended to complete that quantity. 
We have seen the terms “productivity” and “production” used interchange-
ably. While the output measure is typically the same between the two terms 
(quantity of work complete), the input of the two terms is very different. 
As a result, the production is not the same as productivity. Let’s expand on 
this for a minute.

Production is primarily focused on output. It is often expressed as the 
production of an overall steel fabrication plant by month, a country’s out-
put for the year, or the amount of rebar placed in a day. Production is out-
put compared to a duration-based input. The production rate is the output 
expressed against that unit of time. The output of a cell phone manufactur-
ing plant may be 300 phones per shift. 

What production does not explain is the resources input to achieve that 
outcome. This is where productivity comes into play. Productivity changes 
the input from a duration-based unit to a resource-based unit. While the 
production rate may remain constant when comparing two time periods, 
the productivity rate may vary greatly. To illustrate this point, let’s presume 
that in two different time periods, the production rate of that cell phone 
plant remained consistent at 300 phones per shift. However, the productivity 
during the two shifts was different. In the earlier time period, a single pro-
duction line was used that had 5 workers and each worker worked 8 hours 
per shift (let’s ignore the use of robotics in phone production for the sake of 
simplicity). The earlier time period had a productivity of 300 phones per 40 
labor hours, or 7.5 phones per labor hour (300 phones divided by 40 hours). 
In the later period, two production lines were used as the plant was anticipat-
ing shutdowns for preventive maintenance and the plant wanted to maintain 
its shift production rate. Each production line had the same hours per shift. 
So in the later period, 300 phones were produced using 80 labor hours (two 
shifts at 40 hours per shift), resulting in a productivity of 3.75 phones per 
labor hour (300 phones divided by 80 hours). Despite production being the 
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same between the two shifts, the productivity in the earlier shift was twice as 
good, or 100% better, than the productivity during the later shift. Conversely, 
one may argue that the preventive maintenance caused a productivity loss, or 
inefficiency, of 50% in the later period. This example demonstrates the differ-
ences between production and productivity rates, and that even when there 
are equal production rates there may be very different productivity rates. 

Productivity in construction is a bit more difficult to define because, 
unlike manufacturing, construction tasks that may appear repetitive, actu-
ally may vary to some degree. For example, a worker on an assembly line 
normally is repeating the identical same task with each widget that passes 
his/her station. A construction worker, on the other hand, may be repeating 
similar work, but a variety of factors will make each task a bit different and, 
therefore, not executable in precisely the same manner every time. These 
variations can be significant. For example, an electrician may spend an entire 
day installing 1˝ conduit. It may seem that because the conduit is all the same 
size, the productivity should be uniform throughout the entire day. However, 
the conduit runs are likely to be located in different areas and at different 
heights. Some conduit runs may be waist high in an open area. Other con-
duit runs may be ten feet in the air, requiring the use of a ladder or scaffold 
to perform the work. Still other conduit runs may be vertical, while others 
are horizontal. And each conduit run may be anchored or supported in a dif-
ferent fashion. There may be hundreds of variables that enter into the man-
ner in which the conduit is installed: ten-foot sections or smaller sections; 
numerous elbows; working around ductwork or plumbing lines; no drywall 
installed, or drywall installed on one side; the presence of other workers in 
the area; hot or cold working conditions; damp or dry working environment; 
well-lit or dark workspace. The list of real-life variables at construction sites 
goes on and on. Each of these factors can affect the speed or efficiency that 
the electrician can achieve in installing the conduit.

In the interest of further illustrating some of the variables that distin-
guish construction productivity from productivity in the factory setting, 
another example is worthwhile. Suppose a construction contractor is exca-
vating soil from an area. The quantity of soil that can be excavated during 
any unit of time is dependent on many different elements. The soil may 
vary in hardness or degree of compaction. Some areas within the excava-
tion may be wet, while others are dry. The operation may be in an open 
area for some portion of the work and far more restricted in other areas of 
the excavation. As a consequence, the speed at which the material can be 
excavated may vary over the course of the day.
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The problem in analyzing construction productivity is that, in contrast to 
the manufacturing facility, the work cannot be isolated and maintained in a 
controlled environment. This does not mean that construction productivity 
cannot be managed or controlled. In fact, many of the most significant fac-
tors that affect construction productivity are within the control of the project 
management team. It is precisely these factors—factors that can and should be 
controlled by the project management team—that are addressed in this book. 

We recognize there are some areas over which we have no control, like 
weather. But even in those areas, we can properly estimate the weather’s 
potential effect on the workers’ productivity during inclement weather, and 
then plan accordingly. The key to maximizing productivity, in both those 
areas over which we have control and those where we do not, is to properly 
plan ahead of the project’s commencement of construction and continually 
evaluate that plan throughout the project. Let’s take a moment and identify 
factors that are controllable and non-controllable.

Controllable Factors that Affect Productivity

There are many factors that we can control that will affect the productivity 
achieved on the project. While these are discussed in more detail in the 
remainder of the text, it is worthwhile to briefly identify them here.

Construction Schedule: The schedule we create for the project dictates 
the sequence of work and the time allotted to complete specific activities. 
Obviously, both the sequence and the duration allowed can affect the pro-
ductivity achieved. If we structure the work such that our sequence of oper-
ations is not optimally efficient, we will see a corresponding reduction in 
the productivity that can be attained. For example, if the project manager 
plans to drive underwater piles for a pier and excavate or dredge the mate-
rial from between the piles after they are driven, this may be less efficient 
than first dredging the material and then driving the piles. While there 
may be good reasons for choosing this sequence, the project manager must 
accept the reduced level of productivity. Consequently, our planning and 
sequencing of the work directly affects the productivity we will achieve.

Equipment: The type and amount of resources we assign to specific tasks 
will affect the productivity of the task. If the project manager utilizes equip-
ment that has limited production when it is possible to use more efficient or 
more productive equipment, the direct consequences must be recognized 
and accepted. For example, if a contractor chooses to perform excavation 
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with a small backhoe when a larger piece of equipment would yield better 
rates of production, that should be factored into the plan. Problems arise 
when an estimate is based on optimal production with equipment that is 
never utilized. Similarly, if the crews assigned are either too large or too 
small, the efficiency of the operation can be adversely affected. Resources 
are an important element of the productivity equation.

Application of Resources: The duration allowed for a task and the 
number of shifts to which resources are applied will also bear on the effi-
ciency of the work. We address the use of overtime, extended workweeks, 
and multiple shifts in more detail later in the text. Suffice it to say that there 
has been general acceptance that excessive overtime, extended workweeks, 
and multiple shift work may reduce the productivity of the workers. In 
most cases, we can control the use of these approaches.

Site Layout and Management: The manner in which we organize the 
site also can affect our efficiency. This is different than our organization 
or sequencing of the work itself. In the construction industry, it has been 
demonstrated that how the site is organized, such as where we store mate-
rials, where we marshal deliveries, how we distribute materials, and how 
we make tools and supplies available, can impact the efficiency with which 
the work is performed. For example, on a large process plant project, a 
contractor might set up its parts trailer on a remote corner of the site in 
order to allow easy access for deliveries. Unfortunately, that contractor may 
later discover that as the workers require parts for construction, the remote 
location may require them to walk a long distance to acquire these parts. 
This might result in a reduced productivity due to the time spent acquiring 
the necessary components for the construction.

Labor Supervision: The amount and the quality of supervision 
employed on a project can also have an impact on the efficiency achieved. 
More experienced foremen and superintendents can often recognize better 
and more efficient work methods for their crews to utilize.

Non-Controllable Factors that Affect Productivity

Weather: Almost all will agree that cold, snow, extreme heat, high winds, rain, 
and other climate conditions can alter the productivity of construction work-
ers who are exposed to them. While there are some measures we can take to 
mitigate the impact of weather, we cannot eliminate all impacts. We may “tent” 
or enclose work areas to reduce the exposure of workers from the weather. We 
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may incorporate heaters in the work areas to raise the working temperatures to 
more acceptable levels. We may create additional drainage on the worksite to 
reduce the amount of water infiltration into the work area. We may take differ-
ent steps to lessen the impact of weather, but we cannot completely eliminate 
the negative effects of weather on our work, and we cannot completely control 
the occurrence of unfavorable weather at the worksite. 

The fact that adverse weather conditions reduce the level of productiv-
ity of construction workers does not necessarily result in a reduction in 
expected performance. Because certain weather conditions are known to 
exist in specific areas year after year, a contractor can estimate and plan the 
work considering the likely weather conditions. For example, if we know 
that our project site typically experiences ten days of snow as a yearly aver-
age, we can estimate and plan for that level of interference to the work. In 
other words, our expected level of productivity should be based on the 
anticipated conditions of the job. While we cannot control the weather, we 
can manage the risk associated with it by estimating and planning for what 
should be expected. 

This example highlights one of the major differences between produc-
tivity in construction and productivity in manufacturing. In a factory, we 
can control many of the environmental factors that affect productivity, but 
on a construction site we do not have that same level of control. Also, we 
must recognize that the occurrence of inclement weather that negatively 
affects our performance does not mean that we experience a loss of pro-
ductivity. A loss of productivity would occur only if the weather differed 
from what was normally anticipated for that time of year, and thus not 
made a part of the initial schedule for the project.

Skilled Workforce: Another factor we cannot control is the availabil-
ity and skill level of the workforce. It is not uncommon for projects to face 
shortages of qualified workers. This is particularly true on very large projects 
or in areas where the overall level of construction activity is high. Many areas 
of the country have had “boom times” where both housing and commercial 
construction have exhausted the available workforce requiring “travelers” to 
offset the shortfall. Better management and planning can mitigate problems 
with shortages of qualified workers. However, we cannot overcome all the 
shortcomings of this problem by management alone. As with weather, a loss 
of productivity because of the workforce available is most meaningful when 
it is based on a comparison of what should reasonably have been anticipated 
when the project was bid on. If the construction contractor is aware at bid 
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time that various trades are in high demand with limited availability, the plan 
of execution and the bid should reflect this. Planned levels of productivity 
should account for any variations in the anticipated availability of trades.

Worksite: Construction productivity may also be influenced by the 
available access to the worksite. For example, one excavation project may 
have available ingress and egress from virtually all directions. This allows 
the contractor to exercise great flexibility in how it executes the actual exca-
vation operation. Alternatively, another excavation project may have lim-
ited access. It may require the contractor to enter the site from one point, 
excavate material, and exit the site through the same route. Obviously, the 
daily productivity of the equipment and operators will vary significantly 
between these two projects. That does not mean that there is a loss of pro-
ductivity. It merely means that the productivity that can be achieved differs 
because of the physical parameters of the project site. While we may not be 
able to have optimal access to every site, we can and should plan for a real-
istic, achievable level of productivity based on the known site conditions.

Design Complexity: The complexity of the design and construction of a 
project can also affect the level of productivity. Electrical work on a process 
plant may be much more difficult than in a warehouse facility because of 
the complexity of the design or because of the physical configuration of the 
electrical installation compared to electrical work. Once again, the man-
ager can plan for this to ensure that its estimated productivity is achievable. 
This does not mean that the electrical work on the more complex project 
exhibits a reduced or loss of productivity. Rather, it highlights that pro-
ductivity in construction varies from project to project depending on the 
specific characteristics of the job. Productivity should be compared against 
a baseline productivity that considers the characteristics known at the time 
of bidding, not against other projects with different characteristics that 
might allow for different levels of productivity.

The Focus on Productivity Should Be Continuous  
and Based on Hard Data

Productivity in construction is often addressed in three distinct contexts: 
the planning stage, during the execution of the work, and at the project 
postmortem. Unfortunately, the priority given to these by project manag-
ers is commonly the reverse of what should be employed. Often, the least 
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amount of thought and effort is given during the planning stage. Slightly 
more attention is paid to efficiency during the work execution stage. And 
the most emphasis on productivity is applied during the project postmor-
tem, usually in a situation where a construction claim has arisen. As a con-
sequence of this questionable if not flawed approach, much of the literature 
on the subject of construction productivity has been written in the context 
of claims and disputes. 

In reviewing the literature on construction productivity, numerous 
“laundry lists” are cited that purport to identify the factors that cause or 
affect the loss of efficiency experienced on a project. Many of these factors 
are discussed and evaluated only when claims are asserted, rather than at 
the time the alleged problem occurred. Some of the factors that are most 
often presented in construction litigation include the following:

Fatigue
Morale and attitude
Stacking of trades
Reassignment of manpower
Crew size 
Dilution of supervision
Learning curve
Errors and omissions
Beneficial or joint occupancy
Logistics
Delays
Shift work
Cumulative effect of multiple changes
Overtime
Compression

Items from the preceding list are presented to explain an adverse effect 
on productivity that resulted in a corresponding financial loss. Often, little, 
or no “real-time” quantitative analysis is performed or presented to sup-
port the factors alleged or the inefficiency claimed.

In the succeeding chapters of this book, we address the subject of con-
struction productivity as it relates to planning and executing construction 
tasks before and most importantly during a project, as well as measuring 
and evaluating changes to productivity during the postmortem. There are 
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many steps a manager can take, and an owner should demand, of the con-
struction manager in the planning and execution stages of a project to bet-
ter control the productivity that the project experiences. This requires an 
understanding of the factors that affect productivity as well as a conscious 
and continual commitment to focus on ways that the process can be man-
aged to improve efficiency from the planning stage through to the com-
pletion of the project. It also requires some understanding of the means 
to best evaluate productivity while working on the job, and the data and 
technological tools currently available to assist in the productivity evalua-
tion process.

The rest of the book provides methods and examples to measure and cal-
culate productivity losses. Other methods, including industry publications 
and studies referencing productivity loss, are also discussed. However, there 
are no sections on the modified total cost or total cost methods. This is not 
a mistake, and the authors are not ignoring these methods. While courts 
and various jurisdictions have accepted these methods as ways to measure 
the additional costs resulting from productivity losses, they are not meth-
ods of measuring or quantifying productivity losses. The increased techno-
logical and software advancements have made the tracking of productivity 
metrics more commonplace and, we believe, will further reduce the need 
to use these methods. As such, these cost-based measurements will not 
be discussed throughout the rest of this book despite their acceptance in 
certain courts and jurisdictions. 

In assessing productivity on a construction project, nothing is absolute. 
All of us have heard “absolute statements” related to construction and to 
construction productivity. For example, “Everyone knows that overtime 
causes a reduction in worker efficiency.” Or “Everyone knows that encoun-
tering a differing site condition will reduce the efficiency of an operation.” 
But these so-called “absolute statements” may be totally false assumptions. 
Until one can test, analyze, and assess the productivity demonstrated, such 
so-called “absolute” assumptions should not be made. While many factors 
can affect work and can be shown to have affected work on some projects, 
that does not mean that those same factors will have even a similar effect 
on any other given project. As a result, both the prudent owner and the 
professional manager will rely on real-time data for their project to assess 
productivity and promptly make whatever changes are deemed necessary 
to achieve the best possible result.
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Measuring Productivity

A meaningful discussion on how to improve productivity starts with an 
understanding of the nature and level of our existing productivity. Hence, 
we must determine this before we can make improvements. Similarly, we 
cannot make the assertion that a change or some other factor adversely 
affected the productivity of a trade on a project unless we have an objective 
measure. Therefore, we have some work to do. Let’s look at the major par-
ticipants on a construction project and objectively assess how productivity 
can be determined. For simplicity’s sake we will take the two major partic-
ipants: the owner and the contractor. Within each of those, we will make 
some subdivisions in order to have a clearer picture. 

The Owner

How does an owner track productivity on a construction project? It 
depends on the size and nature of the business of the owner, and the 
resources the owner is willing to commit to the project. What are those 
resources? An owner that performs numerous construction projects, such 
as a governmental agency (including for example, the U.S. Army Corps of 
Engineers, the Office of Veterans Affairs, the City of New York, the various 
Federal and State Departments of Transportation and/or State Highway 
Administrations), normally has an existing staff of resources such as con-
struction inspectors, resident engineers, design staff, and quality control 
personnel. Private owners that build a number of facilities, such as big box 
retailers, mall developers and office building developers, generally have 
both real estate and construction departments within their organizations. 
These departments will have employees that not only select and contract 
with contractors and architects, but they monitor the construction process 
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and progress. Depending on the nature and location of the project, they 
will also hire the same kind of third parties noted previously. 

Owners that do not construct buildings as an integral part of their busi-
ness (and therefore perform fewer projects) normally enlist the services of 
supporting third party organizations such as owner’s representatives, proj-
ect management companies, agency construction managers, or oversite by 
architectural firms. There is often confusion when assessing the similarities 
and differences among these different types of organizations, all of whom 
claim to provide necessary and important assistance to owners in the con-
struction process.

Owner’s Representatives/Project Management Companies: To 
some in the business, these terms are interchangeable, which it is why 
it is important to understand the actual work they perform for owners. 
Owner’s representatives are usually charged with monitoring—but not 
managing—(1) the design development process (serving as the primary 
advisor to the owner for architectural issues, rather than the architect);  
(2) the project budget; (3) the bidding process; (4) the schedule (in some 
but not all companies); (5) construction pay applications; and (6) project 
close out and occupancy.

Agency Construction Managers: Quite a few years ago, the term 
“Construction Manager” came into vogue. There were many reasons for this, 
but the initial concept was to provide a construction company or someone 
to work with the owner starting at the design process and continuing thru 
the entire construction. In this manner, the construction manager (CM) 
would be an available resource to the owner to provide preliminary esti-
mates on a design and to suggest cost savings that could be implemented 
during the design process. The concept envisioned a partnership between 
the owner and a construction contractor (the CM) from the beginning of 
a project instead of the more typical design-bid-build approach. It should 
be noted that it was common practice in the design-bid-build process to 
require the General Contractor to perform a specified percentage of the 
project work with its own staff (commonly at the 10% to 15% level). This 
requirement went by the wayside in the CM process. This then allowed the 
CM to subcontract all work on the project. As the CM process evolved, 
Agency CMs entered the scene. An Agency CM is a company that works 
with the owner from the project inception through the entire design 
and construction process. The major difference is that the Agency CM 
(ACM) does not subcontract any of the work but provides more oversight.  
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The ACM concept evolved from the belief that an ACM would be less 
biased since it was not directly involved in the subcontracting of work and 
therefore, would not be “protective” of any subcontractor bids or requests 
for additional compensation. We will not offer any opinion on the best 
method for an owner to manage a project other than to note that the 
method of compensation for the ACM is a major factor to consider before 
going that route. A brief explanation is worthwhile.

The ACMs may have their compensation structured in various man-
ners. For example, the ACM nay charge on an hourly, weekly, monthly, or 
use basis at predetermined rates. In simple terms, if the ACM requires two 
people on the project site, the ACM bills for the time the two representa-
tives work. In one project that the author consulted on, the ACM was com-
pensated based on a percentage of the construction costs. Reflect on that 
for a moment. If the ACM is paid on a percentage of the total construction 
costs and the contractor requests a change order that will increase the cost 
of the contract, the ACM will receive higher compensation. This belies the 
“loyalty” to the owner and may not serve the owner’s best interests. The 
bottom line is that if an owner decides to use an ACM, the compensation 
must be structured to support the goals desired by the ACM approach.

Architectural Firms: Many architectural firms will propose services for 
construction oversight. This usually includes tasks such as: periodic site 
visits and inspections, review, and approval of pay requests, review and 
approval of submissions, review and approval of change order requests, 
responses to requests for information (RFIs), and project closeout. 
Compensation for these types of services is usually on an hourly basis at 
predetermined rates for the level of staff. The inherent risk in the owner’s 
use of the architectural design firm to provide construction services is that 
the designer may have been motivated to “protect its design.” For example, 
if a contractor submits a change order request that may have been occa-
sioned by a design error, the designer might not be willing to approve it lest 
it reflect poorly on the initial design.

Whatever approach the owner chooses to represent its interests on the 
project, it must choose a firm that has experience and satisfied clients. All 
too often, the owner performing fewer projects decides to go cheap—hire 
a “clerk of the works” and engage them to make only periodic site visits. 
Going cheap may be far more costly in the long run. No amount of excul-
patory contract language will make up for consistent and careful oversight 
of the actual project.
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Let’s start with the constant construction owner such as a Department 
of Transportation. Let us further accept that the owner has full time 
inspectors on the project. If any of our readers have read inspection reports 
from a project, they will not be surprised when we state that most of those 
inspection reports can be disappointingly substandard. All too often the 
inspection report includes the date, day of the week, a brief note about 
the weather (temperature, precipitation, etc.), a very general description of  
the ongoing work, a listing of the contractor and subcontractor personnel 
on site (usually by number of people), and a note on visits to the site by 
other personnel. No meaningful information on the daily or weekly prog-
ress of the work vis-à-vis the schedule, or problems/delays encountered, 
is documented. After reading one of these typical inspection reports, it 
makes one wonder what the inspector did for the remaining 7½ hours of 
an 8-hour day. 

But, regularly collecting contemporaneous and comprehensive rel-
evant data—with precision—is critical in determining accurate levels of 
productivity in real time. That determination can help the owner and the 
contractor together overcome construction delays as they occur to the 
mutual benefit of both parties. Alternatively, that data collection process 
can help the owner and contractor when claims are filed against each other 
in post-construction litigation or arbitration.

For example, years ago, a State Highway Administration (SHA) was con-
structing a major bridge project. The bridge crossed a waterway and had 21 
concrete piers for the substructure. The concrete piers had precast concrete 
piles, pile caps, etc. The project experienced a significant delay and led to 
litigation between the general contractor and the SHA. The major claim 
by the contractor was that cobbles and boulders were encountered in the 
subsurface conditions while driving the piles. This differing site condition 
caused major delays and a significant cost overrun because of reduced pro-
ductivity in the pile driving.

Let’s give you some more pertinent facts. 
First, the original subsurface investigation of the site had numerous sub-

surface borings. On 7 of the 21 piers, the borings clearly showed the pres-
ence of cobbles and boulders. 

Second, the borings from the subsurface investigation were not included 
as part of the contract bid documents. Therefore, the bidders were not 
privy to that information and no bidders had asked the SHA if any such 
information existed.
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About this point, the reader is probably thinking that the claim by the 
contractor sounds pretty darn good. But, as always, the devil is in the 
details.

The SHA had more than one inspector on the project. One inspector was 
solely responsible for reviewing the ongoing pile driving operations. This 
inspector was unusual. He kept very precise and detailed records on the 
pile driving. His inspection reports specified the exact pier and pile being 
driven. He chronicled the exact time spent driving each and every pile. 
He recorded the exact time expended to move the pile driver, to change 
the cushion block, etc. Simply put, he recorded every minute spent on pile 
driving and exactly how it was spent.

The information recorded by the inspector was FANTASTIC! Based 
on this information, a detailed analysis was performed to determine 
whether the seven piers with cobbles and boulders took more or less time 
or increased or decreased productivity more than the other fourteen piers 
that had no cobbles and boulders. In the analysis, all factors were consid-
ered, including the efficiency of the pile driver, the crew size, the length of 
the piles, and other relevant data.

The results were illuminating—and dispositive. Based on the detailed 
inspection reports, the piles in all seven piers were driven as productively or 
better than the remaining fourteen piers. Simply put, the presence of cob-
bles and boulders caused no reduction in the productivity of the pile driv-
ing operation. As a direct result of the inspector’s diligence in recording all 
pertinent information, the majority of the contractor’s claim was found not 
to have merit and was denied after a trial that lasted nearly three months.

The moral of the previous story is as clear as it is crucially important. The 
owner needs to have an adequate inspection presence and those inspectors 
need to perform well above the norm we have historically experienced, to 
a higher standard that must be set by the owner or its representative. Bear 
in mind, that inspection effort can be conducted by direct employees of the 
owner or the owner’s representatives, an agency CM, a project manager, or 
staff from the construction services with the design firm.

No matter who collects the inspection data, decisions should be made 
at or before the initiation of the project as to the specific type, scope, and 
depth of information that should be maintained, as well as the frequency 
of that project monitoring and documentation. Once begun, management 
must review the reports at predetermined intervals to ensure that informa-
tion is properly and completely recorded in the detail required. 
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In the name of clarity, and to make life a bit easier for all parties con-
cerned, we suggest that the owner and/or the owner’s representative pre-
pare a daily report form that lists all of the information that the owner may 
require and that should be maintained. But don’t stop there. Also prepare 
a sample of an acceptable report filled out and a sample of an unacceptable 
report. Sorry, your job isn’t over yet. Now the owner and/or the owner’s 
representative must review the daily reports to ensure the information is 
correctly recorded and the acceptable level of detail is provided. Once all 
parties are performing correctly and collaboratively, it is essential that the 
owner and/or the owner’s representative continue to review the progress 
reports and “counseling” any parties when their reports are inadequate.

One of the benefits of operating in the internet age is that there are many 
electronic apps and software that allow us to record information easily, 
in real time, and in reasonable detail. The desired information can—and 
should—be captured digitally (include video, especially when document-
ing a possible problem that could lead to a loss of productivity). In fact, it 
would be wise for whomever is managing the inspection staff to establish 
the detail required in reports for each portion of construction, and then 
train those responsible for using the technology to record the informa-
tion properly and completely. For example, if the electrical subcontractor 
is working, the information recorded cannot be limited to the man-hours 
expended per lineal foot of conduit; instead, the size of the conduit, the 
length of the runs, the height of the conduit, if scaffolding was required, 
and the number of bends/joints would all be meaningful information that 
should be part of the record. 

In light of the fact that we have stressed the importance of collecting 
job-specific data, it would be disingenuous for us to now list every detail 
of information that should be tracked. But this book can stress that the 
project’s manager must give careful thought to the information required 
and the units that should be used to allow a determination of productivity 
from that information.

The Contractor

For discussion purposes, let’s presume our project has either a general con-
tractor (GC) or a construction manager (CM). Realistically, there is little 
difference between the two. Historically, construction projects that retained 



Measuring Productivity 25

general contractors required that a set percentage of the contract work had 
to be performed by the general contractor’s staff whereas a construction 
manager had no requirement to perform a percentage of the work with his/
her own staff. Either way, the GC/CM represent the entity that actually will 
be performing the work. 

One would think that when the project is bid on by the GC/CM that 
productivity documented historically would be a key factor in the prepara-
tion of a bid. Let’s not be naive. The majority of GC/CM bids will be based 
on a compilation of bids by subcontractors. In practice, the GC/CM will 
distribute the various parts of the contract work by trade discipline (elec-
trical, HVAC, plumbing, steel, etc.) and request bids from the respective 
subcontractors. Estimating and bidding a portion of the work on a project 
can be performed in many different ways. In most cases the subcontractor 
will (or at least should) use its own historical data to arrive at a price for 
submission. The most significant question is “on what experience is the 
historical data based?” It may be based on units, dollars, or a number of 
factors. All too often, it is not based on accurately measured historical pro-
ductivity—but it should be.

 If not based on actual and accurate historical productivity data, what 
then, is the basis of most subcontractor’s bids? It could be numerous and 
different answers depending on the subcontractor. The bid could be derived 
from estimating manuals (such as RS Means). It could be based on a man-
hour estimate and quantities. It could be based on cost and quantities. We 
know from our experiences that there are various different approaches 
used by subcontractors when developing a bid. 

 Even at this early stage of this book, it should already be apparent 
that the accuracy of the bid is directly dependent on the historical data 
amassed by the subcontractor over a period of time. But is that enough? Is 
the subcontractor’s bid predicated upon the nature, quality, and detail of 
its experiential data, and then customized to take into account the specific 
issues for this project? Allow us to elaborate a bit. Presume that a plumbing 
contractor is preparing a bid on a project. If the subcontractor’s historical 
data shows that past projects have cost X dollars per foot of 4˝ pipe, is that 
specific enough? Probably not. Is the historical data based on all 4˝ pipe 
installed regardless of location? Or is the data further subdivided into 4˝ 
pipe installed from a floor level or on a scaffold? 

Then there are site-specific considerations that should be incorporated 
into the subcontractor’s bid. Does the historical data account for where 
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materials will be stored and distributed? Obviously, if the storage trailer 
for this project must be located several hundred feet from the installation, 
what dollars will account for moving the pipe from the “yard” to the instal-
lation point? Do different workmen display different installation rates? If 
so, what rate forms the basis of the historical data and what workman will 
be available for this project? 

 By now, the reader should be getting our message. The better our his-
torical data, particularly when coupled with site specific facts for a given 
project, the better able we are to prepare an accurate estimate and the fewer 
problems we should have on the project. But the saga doesn’t end yet. What 
foremen will be available? What project manager will the contractor be 
using to run the project for my specialty? How much time is allotted in the 
schedule for each respective activity and what number of workmen will be 
needed to accomplish that work in the allotted time? All of these factors 
can affect the productivity that we are able to achieve on the project, as the 
following story illustrates.

A power company in the western United States had undertaken a proj-
ect to run new high-tension lines across mountainous terrain. The physical 
project required the use of towers that were a combination of freestand-
ing towers and guyed towers. (For a freestanding tower, think of the Eiffel 
Tower – 4 legs on foundations with a steel lattice structure rising to the 
apex. For a guyed tower, think of a steel lattice “post” that is supported 
symmetrically on 4 sides by steel guy wires.) In order to expedite the proj-
ect, the owner had an engineering firm complete the design and the owner 
then preordered the fabrication of the steel for all of the towers. The job for 
the successful contractor was to erect the towers, run the lines, appropri-
ately sag the lines, and do the connections at both ends. In essence, since 
the steel towers were designed and fabricated, this became a large-scale 
“erector set” type of project. We noted previously that the project was in 
mountainous terrain. What this meant was that men and materials had to 
be helicoptered to each worksite. Then the fun began!

When the contractor performed the tower erection, he noted what he 
believed were significant errors in the fabrication of the steel. The lattice 
structure for each tower (both guyed and freestanding) required the bolt-
ing together of numerous pieces. In some locations, there were as many as 
five pieces bolted together at a single point. The contractor asserted that the 
bolt holes in the steel did not always line up and he was forced to re-drill 
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or ream the holes such that all of the overlapping pieces aligned enough to 
allow bolting. 

A claim was submitted by the contractor for several million dollars for 
this alleged extra work. In his claim, the contractor included a count of every 
misaligned bolt hole. (Note: if five pieces were at a bolt hole and a bolt could 
not be inserted through, then this was “counted” as five mis- fabrications.) 
From just a commonsense view, asserting that misalignments caused more 
work makes sense. But, as a wise man has said to us many times, “the devil 
is in the details.” Having been retained by the owner to review the claim, it 
seemed that towers with a higher number of “mis-fabrications” should be 
the ones with the most man-hours expended. But, it is always wise to check 
the facts. When we checked out this theory, it wasn’t supported by the facts. 
Towers with a very high number of “mis-fabrications” did not take more 
effort (man-hours) than towers with far fewer “mis-fabrications.” We must 
require the same precision of ourselves to make an accurate assessment as 
we do for those working on the project, such that we segregated the guyed 
and freestanding towers so that the comparison was apples to apples.

 Needless to say, this was befuddling. We ran a regression analysis (more 
about regression analysis later in this book). There was no correlation 
between the number of incorrect bolt holes and the man-hours expended 
to erect the towers. We asked ourselves “what factor was most realistically 
controlling the amount of effort on the towers if no correlation existed 
between the number of alleged incorrect bolt holes and the man-hour 
effort required to erect the towers?” Based on experience, we performed a 
variety of other regression analyses. These findings showed that one spe-
cific foreman always achieved good results (fewer man-hours) regardless 
of the number of misalignments and one other foreman always achieved 
the worst results (more man-hours) regardless of the number of misalign-
ments. In the final analysis, the controlling factor for the majority of the 
excess man-hours was which foreman was heading up the specific tower 
erection. 

 Ah, yes, the devil is in the details, but in this instance, the result was 
devilishly dispositive for the contractor’s ill-fated claim. In this particular 
instance, the contractor’s claim was undermined solely by the relevant data 
collected daily at the project site.

But the same relationship between owner and contractor also applies 
to contractor and subcontractor, such that the same collection of relevant 
data can be used by a contractor to respond to the claims of a subcontractor. 
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Along the same lines, just as the owner is well served to work with the con-
tractor on the development and subsequent monitoring of the schedule 
and related productivity, the contractor is equally well served to have the 
subcontractors participate in the scheduling and monitoring process.

It is clear that GCs/CMs rely on the accuracy of the bids received from 
the subcontractors when submitting their bids on the project. The respec-
tive subcontractors when bidding on the project have (or should have) 
developed a base of historical data for the various types of work they will 
be performing on the project. The quality of that historical data is of tre-
mendous significance with respect to the accuracy of the bid. That data can 
be based on many different factors. It could be derived from a simple dol-
lars per square foot, or cost per unit (such as feet of 2˝ pipe), or crew hours 
per unit, or man-hours per unit, or many other approaches. 

Also in the mix, is the fact that subcontractors bidding on a project must 
make certain assumptions during the preparation of their bid. Let’s take 
an example just to highlight this area. A drywall subcontractor submitted 
a bid for the installation of drywall on a 10-story hotel project. One of the 
many assumptions inherent in this bid was that the subcontractor could 
work a full floor at a time and that access for that entire floor was avail-
able. During construction, a design error was discovered that necessitated 
a redesign of portions of the exterior facade and the interior layout of the 
floors. 

As a consequence of this unfortunate result, the drywall subcontrac-
tor worked on partial areas of the floors away from the facade, and then 
had to return to each floor as the redesign work was completed. Access 
to an entire floor was never available, and most floors required three to 
four return trips to perform the work. Another consequence of the revised 
sequence of work was that some areas on each floor could only be par-
tially completed until one of the later return trips. The end result was the 
submission of a claim by the drywall subcontractor to the CM, then to the 
owner and architect. 

What do we take away from this? Most importantly, if a bid is based on 
certain assumptions, they should be stated in the bid submission. But per-
haps even more importantly, some entity on the project should have been 
tracking and documenting the actual productivity of the drywall work 
both before and after the design change. If that had been performed, the 
task of calculating any differences in productivity and any consequent cost 
change could have been a relatively easy task—yet one more reason why 
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all parties involved should periodically measure productivity in detail on 
the project.

Another factor in this equation relates to the project schedule. Most 
contracts from the GC/CM to the subcontractors include language that the 
subcontractor will provide all necessary resources to achieve the schedule 
that is prepared by the GC/CM. Well, sports fans, just saying so doesn’t 
necessarily make something true. Ask yourself a question. “How often does 
a GC/CM prepare a project schedule with actual input from the subcon-
tractors who will be performing the work?” NOT VERY OFTEN! Yet, the 
durations that are assigned to specific activities in the schedule must be 
based on the resources each subcontractor will be applying to each activity. 

 Let’s keep one thing in mind—we are trying to avoid problems. 
Therefore, the GC/CM should invite, welcome, and insist upon input and 
participation from all of the subcontractors with respect to the sched-
ule precisely because schedule durations drive the resources (manpower, 
hours per day, and equipment), and the resources affect the price and the 
cost of the output (dollars per unit). 

Although we won’t launch into a dissertation on project scheduling in 
this book, we will provide the following observations:

1. The majority of project schedules are prepared by a “sched-
uler” who will not be performing any of the project work.

2. It is relatively simple to make the schedule portray that the 
project is “on time” with any number of manipulations made 
by the participants attempting to mask any lack of produc-
tivity occurring on the project.

3. By the time project personnel realize that the project is not 
“on time,” it is too late to correct the situation, or the correc-
tion is extremely expensive and moves the entire ballgame 
toward a court or arbitration. You don’t want to have the last 
activity in the schedule to be “appear in court and testify.”

Since we have stressed the importance of using the specific market con-
ditions and job or site-specific challenges to define the best method to 
thereafter measure productivity, we are not now going to tell you the best 
way to track productivity on your particular project. That must be your 
decision based on the work you are performing. We can offer, however, 
some guidance, including the following advice we have previously offered:
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1. Everyone (owner, owner’s representative, contractor, and 
subcontractors) involved in creating the activity durations 
should base the schedule on the reasonably anticipated pro-
ductivity for your specific situation.

2. The activity durations and sequence of work must be based 
on historical data, current market conditions, and site- 
specific issues and challenges.

3. Develop a comprehensive plan to monitor the work, with 
clear direction to all parties regarding the amount, scope, 
timeliness, and detail required, as well as the times when the 
data will be collected in the monitoring reports.

4. Use technology to your advantage. The present era of digi-
tal phones and tablets should make it far simpler to record 
whatever type of data you need to measure your productiv-
ity. The parties collectively must determine this before the 
project starts and set up templates to capture the informa-
tion needed. The structure and level of detail of those tem-
plates must be carefully thought out.

5. Train all involved staff in the process of using technology 
correctly. The staff must be educated on the information you 
desire, and how to record that information. We suggest that 
you educate your staff beforehand, provide an example of 
what a well filled out “report” includes. Also provide a sam-
ple of an unacceptable “report” with an explanation of what 
information is missing and why it is important to include it.

There is a sixth requirement, and it may be the most important, and 
the most difficult to achieve. The owner and contractor need to change 
the culture. Placing an emphasis on the kind of detailed relevant reporting 
described previously is part of changing the culture, but it is only a mani-
festation of the real and philosophical change needed at construction sites 
across the country. 

The real change is for all parties to be committed to maximizing pro-
ductivity every day on the job. Every party should be part of the process 
of scheduling, and of data collection throughout the duration of the pro-
cess—whether they are specifically required to complete a daily report or 
not. When any party sees that productivity is suffering, it is every party’s 
opportunity and responsibility to bring the problem to the attention of 
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the other parties. In the past, there have been many construction projects 
where all the parties involved pointed the finger at each other. 

Other than lining the pockets of the attorneys, what was accomplished 
by such confrontational behavior? In most cases, none of the parties was 
made whole, particularly when one considers the time devoted to the liti-
gation (rather than devoting that same amount of time more productively 
to the business of the parties) and the amount of attorney fees and expert 
fees paid as part of the lengthy legal battle. We fervently believe, (includ-
ing the author who is an attorney), that it is far better for every party in 
the construction process to be part of achieving the greatest productivity 
possible, speaking with candor whenever they detect a diminishment of 
that productivity, and immediately working together to create a rational 
solution. A problem solved, or at least addressed, during the construction 
process is almost always a better and more profitable solution than a legal 
battle after the project has been finished (which may also sadly describe the 
state of one or more of the companies involved, their ability to pay and/or 
their reputations). 

There are companies that offer software and services geared to assist-
ing in the improvement of project productivity. During the writing of this 
book, we contacted one such company and explained what we were doing 
and asked them for any and all available information. We explained that we 
would not be buying their software, but we would gladly include any useful 
information about them in the book. They promised to send information—
but never did. We did start receiving marketing emails telling us how great 
they were. Unfortunately, we are unable to comment on the worth of their 
product. We do believe that the owner, the agency CM, the contractor, and 
the subcontractor know far better what information is important to you 
and to your demonstrated productivity.
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The Measured Mile

It is encouraging that when claims arise concerning inefficiency, there is an 
increased use of the objective technique of the measured mile to assess the 
magnitude of the loss of efficiency. In the past, too often only industry pub-
lications or variations of total cost were used to quantify losses associated 
with productivity. The industry should encourage the use of the measured 
mile while maintaining the correct application of the method.

This chapter addresses the use of the measured mile as a quantitative 
tool to determine losses of efficiency on a construction project. It is best to 
begin with some history concerning the measured mile.

As far as the authors can determine, the first publication related to the 
measured mile was authored in 1985 and appeared in Cost Engineering 
Journal. Dwight Zink was the author of the article. The article described 
the measured mile as a method preferred over a total cost approach. It 
described the measured mile as “comparing the unit productivity costs 
in an unimpeded time period (or physical area) to that achieved in the 
claimed disrupted time period (or areas).” The article further described the 
method as one of comparing man-hours versus percent complete for dif-
ferent periods of time. In its simplest form, it described a comparison of a 
period of work that had no outside factors affecting progress with a period 
where acceleration or other detrimental factors were present. This simplis-
tic description is an accurate summary of what a measured mile should 
be. It should be noted that the use of percent complete or costs might be a 
misleading element in the use of a measured mile. This will be discussed 
further. However, for the present, it is most important to understand that 
a measured mile on a construction project is a quantitative comparison of 
work with no external negative impacts to work that experienced exter-
nal factors that could have adversely affected the efficiency of the work.  
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The productivity data for both comparison periods is based on the actual 
project records.

There are many ways that a measured mile may be constructed. 
Invariably, the ability to utilize a measured mile, and the manner that it is 
applied are directly dependent on the amount and quality of the documen-
tation available concerning the actual progress of the work.

The earliest uses of a measured mile focused on comparisons of percent 
complete or costs between the two periods of time being used. There is an 
inherent problem in using either percent complete or costs. When using 
percent complete, unless the item being measured is a unit type of item 
such as feet of pipe installed or yards of fill, then the assignment of percent-
age completion is a subjective estimate. Seldom do project personnel count 
exact quantities of an item in assigning a percent complete to a specific 
line item on the project schedule of values. Consider percent complete on 
electrical rough-in of a building. At best it may be done by floors or areas. 
However, the amount of effort may vary among the floors or areas and the 
percentage assigned will, of necessity, be subjective. When utilizing costs 
of a line item, this type of measure may also suffer from some degree of 
inaccuracy since the costs will include materials, subcontractor/supplier 
invoicing, and other factors that preclude an actual measure of produc-
tivity. Also, since some degree of front-end loading often occurs on a con-
struction project, this may dramatically affect the accuracy and results of 
any measure based on costs or percent complete. As a consequence, using 
either percent complete or costs as the unit for comparison may lead to 
erroneous results.

Let’s reflect on what our ultimate goal is in the use of a measured mile. 
We are trying to measure the difference in the demonstrated productivity 
between a period of time on a project when no external factors or “changes” 
are affecting the work and a period of time when external factors may be 
affecting the work. We desire to use a measured mile for several reasons. 
First, by using actual demonstrated productivity on the project as a base-
line we are showing what production was actually achieved with the actual 
equipment, manpower, and supervision that existed on the project. We are 
not comparing productivity to some theoretical project or to our estimate 
that has not been demonstrated on the project. It should be obvious that 
the significance of the measured mile, if applied correctly, is that we accept 
as a baseline a productivity rate that has been proven to exist on this job 
under real conditions. This is a key element of the value of the measured 
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mile and a very important reason to use it if at all possible. The second 
reason we desire to use a measured mile is that our impacted period or 
the time when the external factors or changes occurred is also based on a 
measured production rate with the actual resources applied on the project. 
Again, we avoid any theoretical measures. Third, the use of a measured 
mile allows us to show what we actually could do irrespective of estimates, 
standards, and rates from manuals, etc. But the use of the measured mile 
demands that we carefully and accurately construct the model in order to 
accurately portray any impacts that might have occurred to the productiv-
ity on the project. Let’s explore this a bit further.

One of our first concerns is our unit of measure. The most desirable 
unit of measure is a productivity unit. A productivity unit would be of 
the nature of cubic yards per man-hour, cubic yards per crew hour, feet 
of pipe per crew day, square feet of concrete finished per man-hour, tons of 
steel set per crew day, feet of pile driven per crew day, etc. In other words, 
we should look for productivity units that actually demonstrate the work 
achieved for a given task. Cost per cubic yard is not a productivity unit—
it’s a unit cost measurement. Percent complete per day is not a true rate of 
the work achieved for reasons previously stated. In order to construct a 
measured mile with a true productivity rate, we must maintain records that 
allow for productivity to be determined. Recognize that not all tasks are 
finitely measurable such that a pure productivity rate can be documented. 
Accepting that, we want to determine as many tasks that can have their 
productivity measured as possible and use as many of these as feasible.

A second concern in the use of the measured mile is the determination 
of the periods that are to be measured. In the purest form, the compari-
son for a measured mile should be between a period of work that has no 
adverse factors that may negatively affect the work. In this context, adverse 
factors are those elements that are being claimed as a cause of problems 
or a reduction in efficiency. Clearly, poor supervision may be considered 
an adverse factor but if this factor is present in both periods of the com-
parison, it equalizes out. For example, if a contractor alleges that exces-
sive overtime that was caused by the owner led to reduced efficiency, the 
baseline period for the measured mile should be a period when either no 
overtime was worked or the original planned overtime was worked. The 
second period for the comparison would likely be a period when the con-
tractor was working excessive overtime. It is possible that there may be 
multiple periods in the comparison. Staying with our example of excessive 
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overtime, let’s assume that a contractor was working 40-hour weeks, five 
days at eight hours per day. The owner directs overtime, and the contractor 
goes to 50 hours per week, or five days at 10 hours per day. The owner later 
directs even more overtime, and the contractor goes to 60-hour weeks, six 
days at 10 hours per day. In this example, the baseline period would be the 
40-hour week. A comparison would separately be made with the 50-hour 
week period and the 60-hour week period. The two comparisons may yield 
different measures of reduction in efficiency.

With respect to the periods chosen, the baseline is best established as a 
period when no adverse factors are occurring. But what if no such period 
exists? Instead, what do we do if some factors occur throughout the project 
while other factors occur sporadically? In these cases, the baseline measure 
may be diluted to a period of least impacted or least affected productivity. 
In other words, the baseline period is the period of work when it was as 
good as it could be but was still affected to some degree. This measure 
would conservatively favor the owner since the measure of inefficiency 
could be higher if no factors are present.

Another very important element of the measured mile approach is the 
productivity unit that is being used for the comparison, in other words, the 
type of work that is chosen. The analyst should strive to compare “apples to 
apples.” For example, if the measure is based on concrete placement, the type 
of placement should be the same. Comparing concrete columns to concrete 
slabs would not be a valid comparison since one would reasonably antici-
pate that the cubic yards per man-hour for slab placement would be signifi-
cantly higher than the cubic yards per man-hour for columns. Some analyses 
attempt to take a generic item such as concrete and presume that placement 
of concrete is a valid measure with no thought or reference to the type of 
members that are being placed. This is erroneous and will yield suspect 
results. The same line of reasoning applies to other types of work. For exam-
ple, feet of pipe per crew day. If one pipe is 72˝ diameter and the other is 16˝ 
diameter, there is not a valid correlation between the productivity between 
the two. At times you may see an analyst attempting to “normalize” different 
pipe sizes to allow the 72˝ to 16˝ comparison. In most cases it is questionable 
if this normalization can be done accurately. The authors reviewed a “mea-
sured mile” presented during the course of litigation on a public works proj-
ect that involved laying pipe in a city. The analyst used a measure of feet of 
pipe per day. No distinction was made for size of pipe, depth of pipe, or size 
of crew. When the presentation was scrutinized, it became clear that these 
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oversights were significant to the results. On some days, the crew laying pipe 
was four laborers and on other days the crew was 20 laborers. Obviously, just 
the crew size difference affected the amount of pipe that was laid. Likewise, 
some days only 24˝ pipe was placed and other days only 72˝ pipe was placed. 
It was no surprise that the productivity for the 72˝ pipe was significantly less 
than for the 24˝ pipe. In this example, the input unit chosen, feet of pipe per 
day, represented production and was too general and too broadly defined 
to provide a reliable measure or comparison of productivity. Both the unit 
chosen and the type of work were inconsistent with the proper application 
of the measured mile.

To provide another example, the authors also reviewed a measured mile 
analysis of welding productivity for structural steel members. The alleged 
measured mile performed attempted to quantify welding productivity rate 
differences when welding rejections increased on the project. Again, the 
analysis ignored key factors affecting the expected productivity between 
the two measured time periods, including variances to material type, 
welding process, expected rejection rates of the different welding process, 
and other factors. Ignoring other flawed implementation steps, the results 
compared two periods when the work was “apples and oranges” instead of 
“apples to apples.” No distinction was made for the expected productivity 
differences during the time period measured and, as a result, there was 
not a valid measured mile comparison for productivity losses caused by 
welding rejections.

Calculating Productivity Losses and Inefficiency  
Using the Measured Mile

Let’s go back to our example of drainage pipe placement to demonstrate 
how to perform the measured mile calculations. We will change the facts 
slightly to simplify the calculation, and then build on the fundamentals to 
demonstrate variants of the calculations.

First, the contractor performed installation of 36" reinforced concrete 
pipe (RCP) during a time period unaffected by owner changes (unimpacted 
period). Presume the pipe size, depth, bedding, processes, and other vari-
ants were similar between the unimpacted and impacted periods in order 
to keep things simple. The contractor’s daily reports demonstrated that the 
contractor placed 880 linear feet (LF) during a two-week period without 
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any owner impacts. The crew that placed the pipe consisted of 3 laborers, 
a backhoe, and a backhoe operator working nine hours per day. The labor 
hours reported on the contractor’s daily logs for this work was 360 labor 
hours (4 workers × 9 hours a day × 5 days a week × 2 weeks = 360 hours). 
The unimpacted productivity was:

 
Unimpacted Productivity Outputs

Inputs
LF

Hours
  

 
880

360
2.44LLF
Hour  

The crew operated at that average level of productivity for two weeks 
during the unimpacted period before an owner-directed change occurred 
that caused the crew to work 60 hours per week (5 workdays × 12 hours = 
60 hours) for the next two weeks (impacted period). During the impacted 
period with increased overtime, the contractor’s documents showed that 
it placed 960 LF, which was an increase compared to the prior period, and 
expended 480 labor hours completing the 36˝ RCP. The impacted produc-
tivity was:

 
Impacted Productivity Outputs

Inputs
LF

Hours
  

 
960

480
2.00 LFF

Hour  

Comparing the productivity rates of the impacted and unimpacted 
period yields the following productivity loss:

 
Productivity Loss Unimpacted Rate Impacted Rate LF     2 44 2. ..00 LF

Hour 

 
Unimpacted Rate Impacted Rate LF   2 44 2. ..00 LF

Hour
0.44 LF

Hour  

The measured mile allowed the contractor to understand that during 
the impacted period, its productivity decreased by 0.44 LF per hour. To 
calculate the inefficiency, the contractor compared the productivity lost 
during the impacted period to the productivity expected during the unim-
pacted period:
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= = = InefficiencyInefficiency Productivity Loss

Unimpacted Rate
18.180.44

2.44
%

 

In summary, when the contractor worked 60 hours per week during the 
impacted period, it was 18.18% less efficient than when it worked 45 hours 
per week during the unimpacted period. 

The inefficiency occurred during the unimpacted period that had 480 
labor hours. Therefore, the inefficiency rate of 18.18% resulted in the fol-
lowing additional hours:

 Additional Hours during Inefficient Period x I       Hours = Total nnefficiency Rate  

 = = additional hourshours x 87.27480 0.1818  

An easy verification of the 87.27 additional hours would be to take the 
inverse of the productivity ratio and express the ratio in terms of hours 
per linear foot of pipe. This would result in the following unimpacted and 
impacted productivities:

 
Unimpacted Productivity Inputs

Outputs
Hours

LF
  

 
360

880
0.4099 

 
Hours

LF  

 
Impacted Productivity Outputs

Inputs
Hours

LF
  

 
480

960
0.5 Houurs

LF  

 
= − =Added Hours Per LF during Impacted Period Hours

LF
0.5 0.409 0.09

 

 
Added Hours for Impacted Period Hours

LF
x LF for I         0 09 960. mmpacted Pe

 

 
Period Hours

LF
x LF for I     0 09 960. mmpacted Period =  87.27 Added Hours
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The preceding calculation provides a verification of the first calculation 
method and also demonstrates an alternate way to calculate the additional 
hours expended during the impacted period.

To calculate the inefficiency costs, presume the average cost of all 
straight-time and overtime hours during the unimpacted period was $40 
per hour. The additional cost is shown in the following equation:

 = =Added Labor Cost during Impacted Period per hour x added h$40 87.27 
 = =pacted Period per hour x added hours $3, 490.91$40 87.27  

The determination of burden and other markups would be added to the 
preceding amount and may require other information on the contractor’s 
cost-accounting records. For example, many companies attribute burden 
to only straight-time hours and not to overtime or double-time hours. As 
a result, the additional burdened cost requires further adjustment of the 
additional hours to account for only the additional straight-time hours 
before calculating the additional burden cost.

Calculating equipment inefficiency costs may also require more detail 
than labor calculations, especially when the equipment costs occur 
during non-straight-time periods, or the equipment is owned instead 
of rented. For example, equipment may not incur an hourly rental cost 
beyond eight hours per day, except for the operating cost (equipment, 
fuel, lube, operator, etc.). Owned equipment costs may be further com-
plicated by the contractor’s internal accounting procedures and require 
detailed equipment cost accounting to quantify the equipment costs due 
to inefficiencies. This again highlights the importance of separating the 
inefficiency calculations from cost calculations, as the two calculations 
require the consideration of different variables in order to obtain the 
proper results.

Note that the inefficiency calculation was supported by the project 
records on the actual project where the inefficiency occurred. This allowed 
for an inefficiency analysis using the measured mile method. However, 
what if the project is adversely affected throughout the entire period of the 
job? In other words, there is no time period that reasonably established the 
efficiency that could have been achieved except for the adverse factors. In 
these cases, the next best measure that can be used would be a comparison 
to other similar projects. 
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 Comparisons to a Similar Project

What are “similar projects?” A similar project would be one that is the 
same type of construction such as paving a roadway. The comparison to 
a similar project is the next-best method to measure inefficiency if a mea-
sured mile cannot be performed. The decrease in preferability results from 
the increase in variabilities between the source project with the inefficiency 
and the “similar” project being used as the basis of the unimpacted period. 
To reduce variation among the comparison projects, it should be in the 
same geographical region so that weather, labor factors, and regional influ-
ences are similar. It should be by the same contractor, or subcontractors, 
performing the work. It should have the same or similar management 
staff. The execution of means and methods, equipment used, etc., should 
be similar. The general makeup of the job or at least the main elements 
being compared should be similar. For example, paving an econocrete air-
field runway would not be “similar” to slipform paving a concrete roadway. 
Placing Portland cement concrete pavement in Arizona may have different 
productivity considerations than placing similar material in New Jersey. 
While comparisons to similar projects are less preferred than the measured 
mile, there are occasions when a project does not have a period of time that 
can be identified as unimpacted or least impacted period of productivity. 
When this approach is used, a careful review must be made to make sure 
the projects are similar and to carefully review the projects for any differ-
ences that may factor into the results of the analysis.

The change from a measured mile to a comparison project does not require 
changes to the inefficiency calculations, as the inefficiency calculations are 
the same regardless of whether the measured mile or similar project meth-
ods are used. What changes is that the basis for the unimpacted period shifts 
from the source project to the comparison project. As discussed earlier, this 
apparent subtle change to the source of the unimpacted period data means 
that the analysis needs to consider and potentially reconcile more variables 
that affect productivity between the source and comparison project. 

Measured Mile Case Studies

To best describe the approach to the measured mile, several case studies have 
been included in this chapter. The case studies are from real projects and cover 
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a wide variety of types of work. At the end of each case study a commentary is 
provided that addresses the strong and weak points of each presentation. The 
authors believe that the case study method is the best approach to exemplify 
the application of the measured mile technique and some of the consider-
ations that should be made during a review of a measured mile analysis.

The one most significant point that the reader should take away from 
this chapter and the case studies is that a measured mile can best be done 
when good records exist. This means that contractors and owners alike 
should structure their recordkeeping such that it provides measurable pro-
ductivity units or the ability to derive them. Project documentation must 
record man-hours spent, and quantifiable units of work accomplished by 
specific type, size, and quantity of material. Realistically, recordkeeping of 
this nature is not as difficult as some may think. If mechanisms are set up 
at the beginning of the project, accurate tracking of the necessary informa-
tion becomes a routine task that can yield benefits not only in the case of a 
dispute concerning loss of efficiency, but also in terms of providing useful 
information during the project and for future projects and bids.

Case Study #1: Transportation Project

In the course of this project, the contractor worked overtime throughout 
the project in order to reduce the delays allegedly caused by the Department 
of Transportation. It is generally acknowledged that prolonged or extended 
periods of overtime work may result in a reduction of productivity. The 
available project data was reviewed to determine if a measurable loss of 
efficiency occurred.

The preferred approach to the analysis of inefficiency is called the “mea-
sured mile.” The measured mile approach relies on a comparison of pro-
ductivity before (the unimpacted period) and after (the impacted period) 
an impact occurs. Such an analysis would be appropriate to address the 
effect of the extended periods of overtime on the contractor’s productivity. 

In order to evaluate the impact on the contractor’s productivity due to 
overtime using the measured mile approach, it was necessary to identify 
an activity that included a repetitive task performed both before and after 
the extended overtime and for which productivity data was available. The 
activity that met these criteria was the concrete paving work. 
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According to the plans, an 11-inch plain concrete base pavement was 
to be constructed for the proposed roadway throughout the project. The 
as-built information indicated that the majority of the concrete base pave-
ment was placed with a slipform-paving machine. In order to perform the 
measured mile analysis, the contractor’s paving productivity was compared 
before and after the extended overtime period. 

The first step in this analysis was to identify the production data for 
concrete paving activities. According to the available project documents, 
Bid item 11˝ Concrete Base, corresponded to this work. The units of work 
for this item were measured in square yards of concrete pavement. Next, 
it was necessary to establish a basis of measurement for the paving opera-
tions. Because the crew sizes for the concrete pavement construction were 
approximately the same and because the daily logs listed labor hours for 
the entire crew, the duration of the concrete base pavement work was mea-
sured in crew hours. Therefore, productivity was defined in terms of square 
yards of concrete pavement per crew hour (SY/crew hour).

To facilitate this analysis, the repetitive slipform construction of the 
concrete base pavement was evaluated. For this analysis, the actual crew 
hours spent on the slip-formed pavement construction were tabulated. 
Crew hours spent on other concrete roadway construction activities such 
as “hand paving” or the placement of concrete traffic barriers were not 
included in this analysis.

Next, an unimpacted period for the concrete paving activity was identi-
fied and is referred to as the unimpacted period. According to the daily logs, 
the concrete paving crews during this time period consisted of superinten-
dents and skilled and unskilled laborers. Neglecting the superintendents 
or shop stewards, the manpower averaged 22 men per crew. According 
to the as-built information, during the unimpacted period, the contrac-
tor slip-formed 6489.2 S.Y. of eleven-inch plain concrete base pavement, 
expending 45 crew hours. Therefore, during this unimpacted time frame, 
the contractor demonstrated a productivity rate of 144.2 S.Y. per crew hour 
(6489.2/45=144.2).

Next, the productivity for the concrete paving work was evaluated for 
a time period impacted by prolonged overtime operations. During the 
impacted period, the contractor went from working a five-day work week 
with nine-hour days to a six-day work week with ten-hour days. Although 
the concrete crews consistently worked extended hours during the 
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impacted period, the contractor worked exclusively on the 11-inch base 
pavement operations using a slipform paver. 

During the impacted time period, the manpower also averaged 22 
men per crew for concrete paving. According to the as-built information, 
the contractor paved 6893.9 S.Y. of 11-inch plan concrete base pavement 
using a duration of 58.5 crew hours. Therefore, during the impacted time 
period, the contractor realized a productivity rate of 117.8 S.Y. per crew 
hour (6893.9/58.5=117.8). Thus, after working four consecutive weeks of 
extended overtime operations it appeared that the contractor’s productiv-
ity for slip-forming 11-inch concrete base pavement decreased from 144.2 
S.Y. per crew hour to 117.8 S.Y. per crew hour. 

In order to calculate the inefficiency caused by the extended overtime 
work the productivity for the impacted period was divided by the produc-
tivity of the unimpacted period.

 
× =S Y of concrete base pavement per crew hour

S Y concrete base pavement per crew hour
117.8  . .             

144.2  . .           
100% 81.7%

  

Therefore, the inefficiency caused by the extended period of overtime 
was 18.3% (100%-81.7%=18.3%).

What lesson was learned from this situation? A party cannot articulate 
the “measured mile” approach unless it has data for the unimpacted period 
and the impacted period. Here, the data compiled on the project included 
the number of square yards of concrete base pavement, the number of 
crews, and the number of hours expended per employee. As a result, the 
productivity could be calculated for both the unimpacted and impacted 
periods of time, making it possible to perform a “measured mile” approach 
to quantify losses in productivity.

Case Study #2: The Pharmaceutical Facility

The project involved the construction of a pharmaceutical facility in the 
approximate amount of $100,000,000. During the project, a significant 
number of changes were made by the owner through formal change 
orders, drawing revisions, sketches, etc. Overall, the project had 2,000 
changes at a minimum. Needless to say, the project ended in a dispute that 
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was ultimately resolved during mediation. The specific problems identified 
included extra work, delays, and loss of productivity. This case study high-
lights one small portion of the project, focusing on the lost productivity for 
the mechanical contractor. 

In order to measure the lost productivity, an analysis was made on the 
ductwork installed by the mechanical contractor. The project had nine 
buildings broken down into three areas. Area 1 included Buildings 1, 2, and 
3. Area 2 included Buildings 4 through 7, and Area 3 included Buildings 
8 and 9. Area 2 had the best available information for analytical purposes. 
In that area, Building 5 had the fewest changes and disruptions. This does 
not mean that Building 5 did not have problems but that it had the least 
amount of problems. As a consequence, Building 5 was used as the least 
impacted building for the analysis.

Based on the project records, Building 5 had 201,736 pounds of duct 
installed. The labor hours for this installation totaled 14,228 man-hours 
(MH). This resulted in a demonstrated productivity of 14.18#/MH 
(201,736# divided by 14,228 MH). Based on similar calculations the other 
buildings in area 2 had the following levels of productivity:

Building 4    -    10.06#/MH
Building 6    -    10.61#/MH
Building 7    -    11.82#/MH

Based on the demonstrated productivity in the least impacted building, 
the losses for the other buildings in Area 2 were calculated as follows:

Building 6: Total pounds of duct = 312,577#

 
312 577
14 18

22 044, #
. /

,
MH

MH
 

Actual man-hours expended    =   29,461 MH
Extra man-hours: 

 − =MH MH MH29,461  22,044  7,417   

Similar calculations were performed for Buildings 4 and 7 and resulted 
in a total loss of man-hours of 17,735 MH. The total man-hours expended 
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for these three buildings was 70,268 MH. Therefore, the percentage loss of 
efficiency is calculated as:

 
=MH

MH
17,735 
70,268 

25.24%
 

A second analysis was performed adjusting for any approved change 
orders. Basically, the approach was the same, but the pounds of duct and 
man-hours were decreased for any changes that could be documented. This 
resulted in a loss of efficiency of 23.83%. To be conservative, the smaller 
percentage was used for the calculation of damages.

Based on the analysis for Area 2, the 23.83% loss of efficiency was also 
applied to Area 1, Buildings 2 and 3.

The ductwork in Area 3, however, was performed by another contractor. 
While the problems were the same and at least as significant as Area 2, the 
contractor for Area 3 calculated its loss of efficiency based on its estimated 
ductwork productivity versus its actual productivity. This approach yielded 
a loss of approximately 20%. To be conservative, the lesser figure of 20% 
was used for the loss of efficiency in Area 3.

Other approaches were also used in order to verify the reliability of the 
loss calculated for the ductwork. An analysis of the piping resulted in a 
calculated loss of 21.19% and this figure was used for the applicable man-
hours. Similarly, several other analyses were run on the different areas and 
buildings. The end result was that all approaches resulted in very close 
agreement with the initial calculations.

In the presentation of the costs associated with the loss of productivity, 
all calculations were shown so that all parties could make a reasoned deci-
sion as to the most acceptable method and number to resolve the dispute.

In this instance, the availability of good records was essential to the 
analysis. It must be noted, however, that a significant amount of work was 
required to determine pounds of duct, feet of pipe, etc., in order to perform 
the analysis. Hence, we must be as detailed as possible when we structure 
the recording of our productivity.

Case Study #3: The Psychiatric Hospital

This project involved the construction of a County Psychiatric Hospital. 
This included the construction of a new pavilion and renovation of two 
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existing structures. The electrical contract was in the approximate amount 
of $5,000,000. 

During the course of the project there were numerous design changes 
made, multiple errors and omissions in the plans, problems with the work 
of other subcontractors, and a constant array of clarifications and mod-
ifications. As a result of this, the project was delayed and was not per-
formed in the orderly sequence originally planned. As a result, a dispute 
arose and required an analysis of losses in productivity along with several 
other issues. The following presents an overview of the analysis utilized 
to measure the loss of productivity by the electrical contractor during the 
construction.

Based on a review of the project documents, it appeared that the major-
ity of the losses in productivity occurred in the branch conduit installation. 
Consequently, that area became the initial focus of the analysis.

The project information indicated that the first few months of branch 
conduit installation were performed with minimal problems. To verify 
this, branch conduit work was plotted on a daily basis to determine if the 
work proceeded logically and methodically in accordance with the project 
schedule and plan. The as-built information/plot verified that this work 
did proceed in a reasonable fashion for the first few months. Thereafter, the 
work was performed in a disrupted and sporadic manner corresponding 
to the problems that were occurring on the project. However, the first six 
months allowed a representative period to establish a demonstrated level 
of productivity of the electrical contractor’s crews.

The project documents supported that the electrical contractor was able 
to install 45% of the branch conduit during the first six months on the proj-
ect. This totaled 107,525.25 feet of conduit with a total of 6,957 man-hours 
(MH) expended for the installation. This calculates to a productivity rate 
of 15.45 feet/MH.

For the remainder of the project, that portion of the project impacted 
by the changes, the electrical contractor installed 59,736.25 feet of branch 
conduit with a total of 15,048.75 man-hours expended for the installation. 
This calculates to a productivity rate of 3.97 feet/MH.

Based on a comparison of the unimpacted period with the impacted period 
of work, the electrical contractor expended 10,823 MH in excess of what it 
should have because of the lost productivity. This is calculated as follows:

Demonstrated rate of productivity = 15.45feet/MH
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Actual quantity installed during impacted period   =   59,736.25 feet
Man-hours expected: 59,736.25 feet/15.45feet/MH = 3,866.42 MH
Actual MH expended    =   15,048.75
Overrun due to loss of productivity = 11,182.33 MH

Similar calculations were performed for fixture installation work.
As can be seen from this example, the ability to determine the effort 

expended in specific tasks is key to being able to determine productivity 
rates and draw conclusions or “measure” any differences in productivity on 
a construction project.

Clearly it would have been desirable to have even more detailed infor-
mation in order to refine the analysis. Having such contemporaneous 
recordkeeping may well have allowed for fewer overall problems on the 
project.

Case Study #4: Pile Driving

In this project, a state Department of Transportation (DOT) contracted for 
the construction of a new highway bridge. The bridge had 25 separate piers 
and each pier was constructed on pre-cast pre-tensioned concrete piles. 
During the pile driving operation, the contractor asserted that a differing 
site condition had been encountered that adversely affected the pile driv-
ing operation. The contractor specifically stated that boulders and rubble 
had been encountered that obstructed the pile driving. Upon review of 
the soil borings for the project, several borings indicated the presence of 
boulders and rubble. However, these borings had not been included with 
the contract documents and also had not been made available to bidders. 
Consequently, it appeared that the contractor had encountered a differing 
site condition. The claim that was submitted by the contractor included 
delays to the project and lost productivity, both directly related to the pile 
driving operations.

The DOT had very detailed records of all of the pile driving operations. 
The particular inspector for this phase of the project had tracked the driving 
time for every pile to the minute. He also had recorded the time for splices, 
moving equipment, the efficiency of the hammers, the length of every pile, 
the time for cutoffs, length of cutoffs, etc. In fact, the records were the best 
our staff had ever seen on a pile driving operation. The detailed records 
allowed for a precise analysis of the time for each pier and each pile.
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Based on these detailed records, the DOT was able to accurately respond 
to the claim. The contractor had asserted that the operations were affected 
on eight piers because of the differing site condition. He also asserted that 
in other piers, it had substantial cutoffs and also had piles go much deeper 
than planned. The records allowed the analysis to categorize the piers into 
four separate groups. The first group was piers that did not experience a 
differing site condition and the production pile lengths did not vary signifi-
cantly from the test pile length. This group included 12 piers and the piles in 
these 12 piers averaged a driving rate of 3.4 piles per crew day. The second 
group of piers included piers that experienced a differing site condition but 
did not have production pile lengths that varied significantly from the test 
piles. This group included five piers and the demonstrated productivity was 
3.8 piles per crew day. The third group of piers was those that experienced a 
differing site condition and the production pile lengths varied significantly 
from the test pile lengths. This group had six piers and the demonstrated 
productivity was 2.9 piles per crew day. The final group included piers that 
did not experience a differing site condition, but production pile lengths 
varied significantly from the test pile lengths. This group had two piers and 
a demonstrated productivity of 4.4 piles per crew day.

Based on the data and the actual pile driving records, it was relatively 
simple to determine those piers that were affected by differing site condi-
tions and quantify the effect to the contractor. From that, reasonable com-
pensation could be determined.

This project is an outstanding example of why detailed records are 
important and the level of detail that should be recorded for operations 
such as this.

Case Study #5: DOT Project

A contractor was executing the work on a contract with a state Department 
of Transportation (DOT). During the course of the work numerous changes 
were made that adversely affected the project schedule and efficiency. The 
contractor submitted a claim for the additional costs. Summarized below 
is the contractor’s presentation of a measured mile for the embankment 
work on the project.

As stated by the contractor in the claim, there were few work items or 
time periods that were not impacted in one way or another. However, the 
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contractor was able to identify two work items where there existed a period 
of time where relatively few impacts occurred and that the impacts of over-
time could be addressed. One of these items was the embankment work.

The contractor’s analysis selected the first year of embankment work 
and compared it to the succeeding three years of embankment work. This 
first year of embankment required a minimum amount of overtime while 
the second two years of work required significantly more amounts of over-
time over a much longer period. The contractor presented the following 
data from his cost accounting system:

Based on the preceding data, the contractor ignored cost code 135 for 
the first year since the cost code of 150 was a more conservative num-
ber. Hence, it used the demonstrated productivity of 31.35 cy/mh as the 
demonstrated productivity.

On a percentage basis, the calculations show the following:

Year Inefficiency calculation Inefficiency factor

2 (12.64 – 31.35)/31.35 = 59.7%

3 (7.78-31.35)/31.35 = 75.2%

4 (15.95-31.35)/31.35 = 49.1%

To be conservative, the contractor then calculated inefficiency factors for 
the bridge work for three railroad bridges on the project. This analysis was 
more complex because of the number of work items for the three railroad 
bridges. Consequently, these detailed calculations will not be presented 

DOT project productivity comparison on embankment work.

Year
Cost 

code Description
Quantity 

(CY)
Man-Hours 

(MH)
Productivity 

(CY/MH)

1 150 Embankment 
(APP)

133,501 4,258.5 31.35

1 135 Embankment 12,000 362.5 33.10

2 135 Embankment 169,511 13,412.0 12.64

3 135 Embankment 54,640 7,023.0 7.78

4 135 Embankment 60,411 3,788.5 15.95
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herein. The bridge analysis yielded an inefficiency factor of 22.6% and that 
factor was used for the subsequent cost calculations.

In general, the approach used by the contractor is reasonable. Some 
study is warranted for the exact differences in the cost codes used and the 
weighted average based on man-hours that the contractor used for the 
composite bridge work. Similarly, the cost accounting should be scruti-
nized to ensure that the data is reasonably accurate and reliable for a com-
parison of like items. Once again, the more detailed the records, the more 
reliable the calculations become.

Case Study #6: Welding Work 

Project Background

A structural steel subcontractor was awarded a subcontract to fabricate, 
weld, and ship approximately 20 different structures for light rail stations. 
The subcontract agreement was based on a time and materials (T&M) 
basis, meaning that the subcontractor was reimbursed for the time and 
materials expended to complete the work. Each of the structures required 
the fabrication of the steel components, and were followed by the assembly, 
welding, and quality control and assurance work, and then the shipping of 
the product to the project site. The steel was accepted on-site and erected 
by a separate subcontractor at the site that was unaffiliated with the steel 
supplier. As a result, all of the work to be completed by the steel subcon-
tractor was completed in its fabrication facility, and all of the quality con-
trol and assurance work was also completed in the subcontractor’s facility. 
The general contractor employed a separate steel inspector to perform 
reviews of the steel subcontractor’s work, and the inspector provided daily 
and monthly reports to the general contractor that, in turn, were provided 
to the project owner. The inspector’s reports were not provided to the steel 
subcontractor.

Welding Types and Methods Used

The subcontractor started his work by completing a mock-up of one of the 
structures, which was later approved. The hours expended by the subcon-
tractor to complete the mock-up, along with the linear footage of welding 
completed, was tracked by the subcontractor.



52 Productivity in Construction Projects

Following the completion of the mock-up, which was later used as one 
of the structural components, the steel subcontractor proceeded with fab-
rication and welding work on the remaining structures. The type of weld 
used to weld the structures (complete joint penetration (CJP), partial joint 
penetration (PJP), and fillet welds) depended on the structural require-
ments of the project. All structures required a mix of CJP, PJP, and fillet 
weld types. However, the welding method used to complete the weld type 
was a means and method selection by the steel subcontractor. The steel 
subcontractor manually welded, or hand welded, the first several struc-
tures using a mixture of flux cored arc welding (FCAW) and submerged arc 
welding (SAW) methods to complete the various welds. 

Approximately mid-way through the remaining structures, the steel 
subcontractor changed to predominantly using machine welding via gas 
metal arc welding (GMAW) method to expedite the welding process, and 
then used hand welding processes only when necessary. In summary, 
the first half of the work was completed using predominantly a hand- 
welding method, while the second half was completed using predomi-
nantly machine welding. The first half of the structures consumed a higher 
quantity of hours than the second half of the structures. Once the machine 
welding started for the second half of the structures, the rate of linear feet 
welded per man-hour increased. This resulted in an improved productivity 
rate per linear foot of welding during the machine welding. 

Each weld was inspected via ultrasonic testing (UT) to ensure the struc-
tural integrity of welding. The inspections identified welding issues requir-
ing corrections during both the hand and machine processes. However, 
despite the increased productivity of the machine welding process, there 
was also an increase in welding rejections using machine welding. Each 
weld rejection required remedial work to repair the area with the apparent 
welding issue, along with additional re-inspections of the weld using UT. It 
should be no surprise that the remediation work and re-inspection process 
consumed additional time.

The Dispute and Claim

When the steel subcontractor was approximately 95% complete, the gen-
eral contractor (GC) notified the steel subcontractor that it was withhold-
ing the remaining subcontract balance and all retainage amounts. The GC 
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stated that the steel subcontractor’s chosen means and methods resulted 
in additional time expended to remediate the non-conforming welds, and 
that the general contractor should not have to pay for remedial work. The 
GC also backcharged the steel subcontractor for some of the amounts paid 
to the inspector, as the GC alleged that the inspector’s costs were increased 
due to the increased non-conformances during the second half of the work. 

To support its claim against the steel subcontractor, the GC’s expert 
completed an inefficiency analysis. The GC’s expert used various measure-
ments of productivity during the project to complete its “measured mile” 
analysis, and based on the expert’s analysis, the second half of the project 
incurred productivity losses due to the increased rate of non- conforming 
welds and the subsequent remedial work. A second expert for the GC 
reviewed and verified the work of the first expert, and both testified that 
the subcontractor’s costs increased during the 2nd half of the project due to 
the non-conformances, which caused unnecessary cost increases for the 
GC.

Other Experts’ “Measured Mile” Analysis

As already stated, the subcontractor tracked the hours used to complete 
the work. The welding inspection reports allowed for an understanding 
of when the various welds were inspected and, if necessary, re-inspected. 
The frequency of welding inspections varied between a daily and weekly 
inspection ratio. The experts assumed that the linear footage of welds 
inspected equated to the linear footage of welding completed since the last 
inspection. For example, if a welding inspection occurred on Days 7 and 
11, it was presumed that the Day 7 inspection included the linear foot-
age of welding completed on Days 1 through 6, while the linear footage 
of welding completed on Days 7 through 10 were included in the Day 11 
inspection. This allowed the experts to match the linear footage of welding 
completed (quantity) with the hours expended to produce that quantity 
as long as all the hours from Days 1 through 10 were used to calculate the 
productivity (more on this later). 

The experts’ “measured mile” analysis used a Baseline Period that 
spanned between mid-August and mid-September 2018. This Baseline 
Period provided the basis for the “unimpacted” time period or, in other 
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words, the productivity rate that the steel subcontractor should have been 
able to weld throughout the rest of the project. The hours of welding per 
month are shown in Figure 4.1, along with the Baseline Period.

In total, the experts’ Baseline Period spanned 25 working days. Of 
the total of 25 working days during the Baseline Period, inspections 
occurred on 11 working days. The experts showed that the welding 
rejections during this time period were the lowest on the project com-
pared to the other months. The experts used the labor hours expended 
on those 11 working days and the linear footage of welding inspected 
on the 11 working days to deduce the productivity rate for welding 
completed. The Baseline Period productivity is shown in the following 
equation:
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The experts asserted that since the welding non-conformance rate was 
the lowest during the Baseline Period, the rest of the project should have 
had the same productivity rate as the Baseline Period.

The experts then compared the productivity during the Baseline Period 
(Unimpacted Period) to the productivity during the remainder of the 
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Figure 4.1 Hours of welding per month along with Baseline Period.
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project (Impacted Period). The productivity that occurred during the 
Impacted Period is shown in the following equation:

=Linear Feet of Welds Completed
Labor Hours

LF
Hr

Impacted Productivity Rate10,573         
30,646   

 0.345 
1  .

       

The productivity loss is calculated showing two different methods:

Method 1 – Using Productivity Rates as Shown by Linear Feet/Hour

 

− = − =Unimpacted Impacted
Unimpacted

Productivity Loss 0.447 0.345
0.447

 22.8%   
 

Applying productivity loss against the total hours during the Impacted 
Period would result in the following additional hours:

( )=Productivity Loss x Hours Lost Hours Added Hours22.8%       30,646   7,006       

Method 2 – Using Productivity Rates in Hours/Linear Foot

If the productivity was calculated as labor hours per linear foot, the cal-
culations show the same outcome, as shown in the following:
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− = − =Impacted Unimpacted
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Productivity Loss  2.899 2.236
2.899

 22.8%   
 

Applying this against the actual hours during the Impacted Period yields 
the same 7,006 added hours as Method 1. 

Alternatively, the analyst could use the following equation against the 
linear feet completed during the Impacted Period:



56 Productivity in Construction Projects

 
2 899

1
2 236

1
0 663. . .Hours

Linear Foot
Hours

Linear Foot
Added Hourss

Linear Foot
x Linear Feet Added Hours

1
10 573 7 006, ,

 

Since the welding non-conformance rate was higher throughout the rest 
of the project, the experts alleged that the steel subcontractor should have 
completed the work in 7,006 fewer hours, resulting in an alleged overbill-
ing of 7,006 hours to the GC. The additional inspector hours were added, 
multiplied by the respective labor rates, and then marked-up to quantify 
the alleged damage to the GC.

A Big Problem

You may have caught it by now, but the experts’ productivity calculations 
during the Baseline Period (Unimpacted Period) contained a significant 
error. Remember that the quantities during 11 inspection days included all 
welding completed since the prior inspection date. In other words, while 
the inspections only occurred on 11 of the 25 working days during the 
Baseline Period, the quantities were actually achieved over all of the 25 
working days. This would mean that the labor hours on all 25 working days 
would need to be used—not just the labor hours on the 11 inspection days. 
The experts should have used 1,452 labor hours instead of 673 labor hours. 
Adjusting for this error leads to—you guessed it—a lower productivity rate 
during the Baseline Period. The original Baseline Period and corrected 
Baseline Period calculations are shown in the following table, along with 
the productivity during the alleged Impacted Period:

This means that the productivity during the Impacted Period (0.345 LF/
Hr) was better than the Unimpacted Period (0.207 LF/Hr) when all labor 

Original and corrected Baseline Period with productivity.

Time period Weld length (LF) Labor hours
Productivity 

(LF/Hr.)

Original Baseline 
Period 301 673 0.447

Corrected Baseline 
Period 301 1,452 0.207

Impacted Period 10,573 30,645 0.345
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hours from the Unimpacted Period were accounted for. There was no loss 
of productivity during the Impacted Period and, appropriately, no damages 
were awarded by the trier of fact.

Other Productivity Considerations

Other considerations for the inefficiency analysis on this project were:

• The measured mile must compare similar work
 – The fabrication hours were ignored by the analysts and 

were blended with the welding hours. The problem 
with this was that fabrication hours were not uniform 
throughout the welding periods and, therefore, did not 
substantiate a like-for-like comparison necessary for the 
measured mile.

 – Weld types were also not uniformly distributed because 
the material being welded was not uniformly distributed. 
CJP welds were more complex welds that caused a higher 
non-conformance rate during the UT inspections. A 
much higher proportion of CJP welds were completed 
during the Impacted Period than the Baseline Period. 
Despite this, the Impacted Productivity was still better, 
but it’s questionable whether this was also a valid like-
for-like work comparison.

• Test the strength of the assumed relationship
 – The analysts presumed that an increase in welding 

non-conformances had to cause an increase in the hours 
needed to complete each structure. The analysts relied on 
a practical argument but did not test the strength of that 
argument using the project data. The analysts could have 
tested the strength of the assumed relationship by using 
a regression analysis to compare the number of non- 
conformances per structure (independent variable) to 
the hours it took to complete each structure (the depen-
dent variable). The analysts assumed 100% of the added 
hours were caused by increased non-conformances, but 
the data showed otherwise. The resulting r-squared value 
of a simple linear regression was 0.458, meaning that, at 
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most, only 45.8% of the variation in welding hours per 
structure may be explained by the changes to the weld-
ing non-conformances. In other words, at best, less than 
half of the additional hours may have been caused by the 
increases in welding non-conformances.

There were more issues, but we’ll skip to the answer. The project data 
showed that the steel subcontractor changed from hand to machine weld-
ing to increase the efficiency of the welding process. This change decreased 
the hours spent per linear foot of weld by almost 50%. Yes, additional hours 
were expended to resolve the increased welding non-conformances and 
those non-conformances consumed a small portion of the 50% increase. 
But, overall, had the steel subcontractor continued the process using the 
hand welding methods, it would have resulted in increased labor hours 
billed to the GC under the T&M contract. The steel subcontractor’s change 
from hand to machine welding increased welding non-conformances, 
but overall, it saved the GC considerable money in increased process 
efficiencies.

Case Study #7: The Painter

A painting subcontractor was awarded a bid for interior painting of a new 
high-rise building. The initial (lower) floors of painting progressed with 
few if any problems. However, as the painter worked himself up the build-
ings, he experienced numerous interferences in the progress of his work. 
Other trades were working on floors performing remedial work and, in 
some cases, still performing base contract work. Similarly, since some of 
the base contract work was not yet completed, the entire floor was not 
available for the painter to efficiently accomplish his work. Accordingly, 
the painter’s work on at least one of the lower floors represented a period 
of time when his work was relatively unaffected by the problems on the 
remaining higher floors. For the analysis that was performed, the 2nd floor 
was chosen as the “baseline” when relatively few problems were encoun-
tered. Also, the 2nd floor was chosen because it was very similar to the 



The Measured Mile 59

remaining floors going up while the first floor had a different configuration 
then the remaining upper floors. 

Unfortunately, few detailed records of the exact manhours spent per 
floor were maintained. However, the following data was compiled by the 
painter for the work on the 2nd floor:

The painter’s estimated cost based on the schedule of values/costs for the 2nd 
floor was:

Walls (19,000 square feet @ $.45 per square foot) $8,550

Multi-color (4,000 square feet @ $.70 per square foot) $2,800

Doors (40 @ $40 each) $1,600

Mechanical room $5,950

Punch out $2,100

TOTAL $21,000

The painter’s actual cost for the 2nd floor (adjusted to remove the cost of 
change order work):

Labor $8,548.43

Materials $3,560.15

TOTAL LABOR AND MATERIALS $12,108.98

Overhead @ 15% $1,816.35

TOTAL ACTUAL COST EXCLUDING PROFIT $13,925.33

Based on these costs compiled by the painter for the work on the 2nd 
floor, it appeared that when the painter did not experience the problems he 
had on the higher floors, he was able to perform the work well within his 
schedule of value cost. The painters records also indicated that 585 man-
hours were expended on the second floor.

The painter, based on his review of the project, selected the 13th floor as 
one that was representative of the kinds of problems he had encountered 
on most of the upper floors. In turn, the painter compiled the following 
information regarding his performance on the 13th floor:
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The painter’s estimated cost based on the schedule of values/costs for the 13th 
floor was:

Walls (18,000 square feet @ $.45 per square foot) $8,100

Multi-color (4,000 square feet @ $.70 per square foot) $2,800

Doors (40 @ $40 each) $1,600

Mechanical room $5,500

Punch out $2,000

TOTAL $20,000

The painter’s actual cost (adjusted to remove any change order work)

Labor $21,074.69

Materials $3,661.70

TOTAL LABOR AND MATERIALS $24,736.39

Overhead @ 15% $3,710.46

TOTAL ACTUAL COST EXCLUDING PROFIT $28,446.85

In contrast to the painter’s work on the 2nd floor, the actual costs for 
performing the work far exceeded the schedule of values/costs for the 13th 
floor.

The comparison of the painter’s actual costs to the schedule of values/
costs on the 2nd floor confirmed the painter’s ability to complete the work 
within the schedule of values/costs. Accepting this as a verification of the 
reliability of the schedule of values/costs, the comparison of the schedule 
of values/costs and the actual costs for the 13th floor supported that the 
work was performed with a reduction in efficiency. Given the problems as 
described by the painter on the upper floors, this would be expected.

To calculate the increased costs associated with the inefficiency, the fol-
lowing analysis was performed:

The scheduled value of the painter’s activities were as follows:

Basement $3,000

1st Floor $14,000

2nd Floor $21,000
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3rd Floor $20.000

4th Floor $29,000

5th Floor $28,000

6th Floor $22,000

7th Floor $18,000

8th Floor $20,000

9th Floor $20,000

10th Floor $20,000

11th Floor $20,000

12th Floor $20,000

13th Floor $20,000

14th Floor $20,000

15th Floor $20,000

16th Floor $24,000

17th Floor $26,000

18th Floor $4,000

Atrium $10,000

Garage $10,000

Misc. Ext. $10,000

TOTAL 
PAINTING

$399,000

If painting work was expended in approximately the same proportion 
for all painting work as for the 2nd floor, then the estimated painting labor 
expenditure in man-hours would have been 11,115 man-hours ($399,000 ×  
585/$21,000). According to the painter’s records, the actual man-hours 
expended were 26,677, an overrun of 15,562 man-hours.

The total expended man-hours included time spent for change 
order work. Though the exact number of man-hours devoted to change  
order work could not be determined, if the labor component of change 
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order costs was similar to the proportion for the 2nd floor, then an adjust-
ment can be made to account for change orders. The total value of change 
orders appears to be $112,117. The adjustment would then be 3,123 man-
hours (585/$21,000 × $112,117).

Taking the total labor expended by the painter of 26,677 man-hours 
and subtracting the 3,123 man-hours for change orders, yields a total labor 
expenditure of 23,554 man-hours. Subtracting the 11,115 man-hours that 
the painting work should have taken results in a labor overrun caused by 
the inefficiency of 12,439 man-hours. Applying a burdened labor rate of 
$12.31/man-hour to these man-hours yields a labor cost attributable to 
inefficiency of $153,124.09. Adding 15% for overhead yields a total added 
cost, not including profit, of $176,692.70.

Discussion

Is the preceding approach the preferred method to be used? Probably not. 
Our preference would be to have detailed records of every man-hour spent 
on each specific activity. Similarly, we would want a detailed accounting 
of man-hours spent on all change order work. In that same context, each 
and every interference on each and every floor or location should have 
been documented. While the project participants can testify in court or 
arbitration about what occurred and where, and man-hour records can be 
produced, hard documentation that is specific is far more persuasive.
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Regression Analysis

We know, the alarm bells are going off. You may be thinking that the 
authors have some weird idea that statisticians are reading this book. No 
worries. We haven’t flipped out on you. Other chapters refer to regression 
analysis and, hopefully, you will recognize how important it is to any claim 
or argument about loss of productivity. We will simplify this to a level that 
all can assimilate. And to the statisticians who are reading this, we apol-
ogize. Suffice it to say, there are numerous more rigorous writings on the 
subject of regression analysis.  Please feel free to delve further.

In simple terms, regression analysis is a statistical method that allows 
you to examine the relationship strength between variables. To give that 
context to this book, let’s take the hypothesis that increasing overtime 
hours (or longer or more workdays) will result in a reduction in productiv-
ity. This is one of the more common assertions associated with a claim of 
lost or reduced productivity. This particular assertion will be addressed in 
more detail in subsequent chapters. But let’s get back to the topic at hand.

When we are speaking of regression analysis, we will be confining our 
discussion to a simple linear regression analysis. As we said, in regression 
analysis we are examining and testing the strength of the relationship 
between two variables. More than two variables can be integrated into the 
test but that leads you to a much more sophisticated form of regression 
analysis. Let’s stick to just two factors that we want to explore to determine 
if there is a relationship.  In essence, a regression analysis plots a set of data 
based on the value of the two variables you are testing.  From the plot of the 
data, a linear regression analysis will plot a straight line that “fits” as best as 
possible to the plot of the data. 

Let’s start with a simple non-construction example to further illus-
trate the point of linear regression, and we’ll use the apparent relationship 
between exercise and blood pressure as an example. Now, we recognize that 
there may be other factors, or variables, in the human body that influence 



64 Productivity in Construction Projects

blood pressure (e.g., genetics, diet, stress, etc.) but with this example we are 
simply testing the relationship between exercise and blood pressure. Figure 
5.1 is an example of a plot of data collected.*  

In this example, we are testing the relationship between measured sys-
tolic blood pressure and hours of exercise each day. For this example, do 
hours of exercise (the independent variable or “X”) and systolic blood pres-
sure (the dependent variable or “Y”) have a strong relationship? Figure 5.2 
shows the best fit of a line for the data points acquired. 

Figure 5.2 shows a simple plot of data and a simple line showing a best fit 
for that data. The closer the data points are to the line, the more accurately 
the line may allow us to predict the relationship between the two variables. 
The reader can see that the best fit line shows the predicted value of systolic 
blood pressure (Y) for any given value of exercise duration (X) based on the 
sample data available. The more variation in systolic blood pressure (Y), 
the less that hours of exercise (X) demonstrates that it’s a strong predictor 
of systolic blood pressure. 

 Although we have offered a simple graph with plotted data points, 
regression analysis is not a simple exercise. It involves testing a variety of 

* Warning: This data is not real. It was completely invented by the authors for illustrative 
purposes only. 
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Figure 5.1 Sample comparison of exercise duration and systolic blood pressure.
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variables and then calculating a standard of reliability. Statistics explain 
how a formula for the line is determined and also how to check the pre-
dictability of your model. We won’t get into the mathematical formulas, 
but we think a little more detail is important. In regression analysis simple 
formulas allow you to calculate a value termed “R.”  R is generally referred 
to as the coefficient of correlation. That term can be a bit misleading. 
Oftentimes, when a regression analysis is run, the “analyst” will plot the 
data, perform the mathematics, and determine a value for R. If the regres-
sion analysis generates a value of R of 0.71, the analyst will then conclude 
that their model is accurate 71% of the time. But that would not be accu-
rate. A little more digging into statistics tells you that R must be squared 
(multiplied by itself) to get a value for R-squared (R2). R-squared, which 
is also known as the coefficient of determination, is a statistical measure 
of how close the data are to the fitted regression line. R-squared is always 
somewhere between 0 and 1, and the closer to 1, the better the strength of 
the relationship may be.  If we take the 0.71 value for R and square it, we get 
an R squared value of 0.50.  Effectively, that means our model shows that 
the X-variable may be an “accurate” predictor of the Y-variable only 50% 
of the time. In simple terms, the accuracy of X predicting Y is the same as 
predicting when the flip of a coin will turn up heads.
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Figure 5.2 Simple linear regression of exercise duration and systolic blood pressure.
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Figure 5.3 shows the linear regression line, equation, and R-squared 
value for the data.

Note that for a simple linear regression, the formula used is a simple 
slope-intercept equation that most learned in middle school (Y=mX+b). 
The predicted value of systolic blood pressure (Y) can be calculated by tak-
ing the slope of the line (m), multiplying it by the hours of exercise (X), and 
then adding the intercept value (b = value of Y when X equals zero). This 
may seem a little like overkill, but we wanted to use this example to illus-
trate the simplicity of the mathematics. When applied, this equation will 
allow the analyst to predict the value of Y for any value of X. Now, to deter-
mine the strength of that relationship, we need to reference R-squared, 
which is also shown in Figure 5.3. By now, an analyst has already deter-
mined that an R-squared value of 0.59 means that the strength of the rela-
tionship between hours of exercise (X) and systolic blood pressure (Y) is 
not very strong—slightly better than a coin flip. This also tells us that some 
other variable besides the duration of exercise influences systolic blood 
pressure. Other variables may be the type of exercise performed, genetics, 
prior cardiovascular health, diet, etc. The point is that exercise duration 
(X) does not always predict systolic blood pressure (Y) and the strength of 
that relationship is not very good.
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Figure 5.3 Linear regression equation and R-squared.
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The reader may have observed over the last several paragraphs on 
“Regression Analysis” that the authors used the term “may” quite a bit. For 
example, the “line may allow us to predict the relationship” and “our model 
may allow us to predict the relationship,” and so on. The reason we did that 
was not our fear of absolutes. Rather, we wanted to highlight that even if a 
strong relationship exists via a high R-squared value, it does not mean that 
one item is the accurate cause of the other. Let’s take our blood pressure 
versus exercise example. Presume that someone ran a regression analysis 
and determined that exercise is related to blood pressure with an R-squared 
value of 0.85. In other words, it may appear that exercise is an accurate 
predictor of blood pressure 85% of the time. However, also presume that 
people who exercise regularly may also consume a better diet, take multi-
vitamins, practice meditation, etc. These other variables may influence or 
alter the strength of the relationship between exercise and blood pressure 
because they may influence the exercise variable. One may want to isolate 
these variables from exercise to accurately determine whether exercise is 
the only factor causing the 0.85 R-squared relationship value to blood pres-
sure. The old saying “correlation does not equal causation” is true and, per-
haps more accurately for this example, “R-squared (determination) does 
not equal causation.”

In cases where there are multiple variables in play, and a lot of dollars 
at stake, parties will utilize regression analysis to support their case. The 
important point is that the parties should check all the references concern-
ing predictions for loss of productivity to see if the analysts authoring those 
studies collected data randomly, if there were other factors that could have 
influenced the outcome of their analysis, and if the analysts then verified 
their predictions by some form of a statistical analysis.

The value of a regression analysis is to be able to explain an outcome 
based on the relationship between certain variables, such as blood pressure 
and exercise. Now that the concept of regression analysis has been intro-
duced, Case Study #8 provides an example of how regression analysis can 
be used to determine the most significant variable that affected another 
variable despite what a “common sense” approach might tell us.

Another point that the reader should appreciate from this case study is 
that many variables were reviewed and tested before a reliable correlation 
was determined.
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Case Study #8: The Transmission Line

Several years ago, the authors were engaged on a project that had a signif-
icant claim concerning loss of efficiency. The project was the construction 
of a 500KV transmission line. The following information summarizes the 
key elements of the project and the claim.

The work was located in the northwestern United States in an extremely 
mountainous area.

Because of the location of the project, access was very limited. Most 
material equipment and manpower had to be flown in by helicopter.

The work involved the construction/erection of transmission line tow-
ers. There were seven different types of towers, including both guyed and 
self-supporting towers.

The owner supplied the materials for the project. The most significant 
material was the steel that comprised the structural members for all of the 
towers. The owner contracted a supplier/materialman to provide the steel 
based on specifications drawn up by the owner’s designer.

The tower steel sections were bolted together in the field with high 
strength steel bolts and, where necessary, gusset plates.

During the course of erection, the erection contractor complained vig-
orously of mis-fabricated steel pieces.  This mis-fabrication necessitated 
that the erection contractor ream or redrill thousands of bolt holes in order 
to make the towers fit together. In fact, the claim asserted that approxi-
mately 50,000 bolt holes were mis-fabricated.

As a consequence of the mis-fabricated steel, the erection contractor 
claimed that his crews suffered tremendous losses in productivity. The 
claim that was submitted totaled several million dollars.

When we began our analysis of the claim, we first investigated if the 
steel was in fact mis-fabricated, as claimed by the erection contractor. The 
results of that review verified that the steel did have significant mis-fabrica-
tion problems that necessitated that the erection contractor ream or redrill 
bolt holes. It must be noted, however, that the count of the number of 
mis-fabricated bolt holes overstated what really was happening. For exam-
ple, if three steel pieces came together at a connection and one hole was 
misaligned, the reaming was done on that one hole in a single operation. 
The erection contractor counted this as three mis-fabrications. Obviously, 
this was somewhat misleading. 
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This project was an excellent example of the benefit of good recordkeep-
ing. The engineering firm that inspected the work kept detailed records 
for every tower that was constructed. These records included the following 
information:

Tower type
Number of pieces
Shake out hours
Assembly hours
Crew size
Crew chief/foreman and crew members by name
Time spent for reaming, bolting, etc.
Travel time to assembly sites

Clearly, one could identify the direct time spent for the reaming and 
redrilling since the records contained that detail. Therefore, an amount of 
compensation for this extra work was directly calculated. This amount did 
not even approach the sums claimed by the erection contractor. Therefore, 
an analysis was required to determine what potential productivity losses 
might have been experienced because of the extra work that resulted from 
the mis-fabrications. That analysis was performed in the following fashion.

The overall productivity in man-hours per tower was calculated and 
plotted over the life of the project. The actual number of holes that had to be 
reworked was indicated on each individual tower. One would expect that 
productivity would decrease as the number of mis-fabrications increased 
on any given tower type. Surprisingly, this was not the case. Had this been 
so, it would have supported the erection contractor’s claim that its losses 
were a direct result of the mis-fabrication of the steel. It also would have 
allowed the analyst to develop a measured mile between a least impacted 
tower and the remaining towers by tower type. Since there was no direct 
correlation between the hours required to erect a tower and the number 
of mis-fabricated holes, this could not be done. But this lack of correlation 
raised a much more significant question. If the time to erect a tower was 
not directly influenced by the number of mis-fabrications, what factors 
were affecting the demonstrated productivity? This question led to the sec-
ond phase of the analysis.
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In the continuation of the analysis, our staff looked more closely at what 
the available information showed to see if there were any obvious elements 
that could be readily identified that might affect the productivity. 

The first factor that was recognized was that the productivity increased 
significantly about a third of the way into the project. This increase in pro-
ductivity corresponded directly with a change by the erection contractor 
in the overall project management team. This initial clue led to the devel-
opment of a list of all possible factors that might have affected the produc-
tivity.  Some of these factors included steel-related items such as number of 
pieces, number of mis-fabrications, etc., and non-steel-related items such 
as tower location, travel time, crew chief/foreman, and crew staff.

With the various factors identified, a computer model was constructed 
to analyze the data to determine the correlation of each possible variable 
with the productivity demonstrated.  The results of the regression analysis 
were far different than what was surmised when the analysis began.

When compared on a tower-type basis, the most dominant factor effect-
ing productivity was the crew chief/foreman. Also, the variation in pro-
ductivity among crew chiefs was dramatic. The “good foreman” always 
had good productivity regardless of the tower type and regardless of the 
number of mis-fabrications on a tower. In fact, there was little difference 
in the productivity by tower type for a good foreman even if one tower had 
two or three times more mis-fabrications than other towers in the group.  
In other words, a good foreman got good results whether the tower had 
mis-fabrications or not.

The ultimate result of the analysis was that it could be shown with a 
reasonable level of confidence that the bulk of the productivity variations 
were not due to the steel problems. Instead, they were directly related to the 
management of the crew by the crew chief.

An analysis of this type was possible only because of the nature of the 
work, the simplicity of the alleged problem that was claimed, and the large 
volume of specific detailed information for the entire tower population. 
This volume of data allowed for an analysis of the entire population and did 
not require that a model be based on a limited population and extrapolated 
or inferred to the rest of the population.

The lesson learned from this case study is simple. While “common 
sense” would lead one to believe that the amount of mis-fabrications would 
control the time spent on erection, something more is needed to support 
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that supposition. Hence, a regression analysis. And in this instance, it was 
several regression analyses that finally demonstrated a significant correla-
tion between increased man-hours of effort and the specific foreman run-
ning the tower crew.
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Learning and Experience Curves

Sometimes not enough data is available to do a straightforward measured 
mile. Similarly, there are times when an analyst recognizes that an inter-
ruption or disruption on a project may adversely affect the learning pro-
cess that a work crew develops as they work through a structure. It is on 
these occasions that one might consider learning curve effects. Let’s start 
with the basics.

Oftentimes the terms learning curve and experience curve are used inter-
changeably. Some writings on the subject do offer some difference between 
the two. In simple terms, experience is gained with every job and task a 
workman performs in his particular field. For example, an electrician with 
10 years of experience will have a different skill level than an electrician with 
one year of experience. Consequently, the more “experienced” electrician 
may well be able to perform a task more quickly or more efficiently. The 10 
years of experience have allowed the electrician to develop his/her own tech-
niques and skills such that most tasks he/she will perform can be performed 
in less time. A learning curve, on the other hand, is project specific. In other 
words, once a craftsman becomes familiar with the project, the location of 
materials, the supporting staff, the location of tools, etc., he/she should be 
able to perform repetitive tasks more rapidly (efficiently) as they are repeated 
throughout the project. So, as we view these two terms, experience curve and 
learning curve, the experience curve is broader and flows from the aggre-
gate experience that someone has over many different projects. The learning 
curve is narrower and relates to what is “learned” on a specific project.

The concept of learning curves is not new. It was first noted in the 19th 
century but wasn’t quantified until 1936 during the production of airplanes 
at Wright-Patterson Air Force Base. The concept in simple terms holds that 
for every doubling of a task, there will be some reduction in the time to 
perform the task. Every task has its own unique learning curve. According 
to Wikipedia, the Boston Research Group (BRG) observed experience 
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curve and learning curve effects in the 1970s. Their research noted learn-
ing curve effects for different industries ranging from 10 percent to 25 per-
cent. What those numbers mean is simple. A 90% learning curve means 
that the cost of a doubling of output would be reduced by 10%.

Can the concept of a learning curve be applied to construction? Yes, it 
can. We have included the case study shown below that demonstrates this. 
The main point that should be recognized is that any benefits of a learning 
curve may well be eliminated because of interruptions in the performance 
of the work. Therefore, in the situations where not enough data exists to 
perform a reasonably good measured mile, one alternative may be to mea-
sure any alleged loss of productivity by calculating a demonstrated learn-
ing curve and then applying that to the period of work where “changes” 
negated the learning curve benefits.

The following case study exemplifies the use of learning curves.

Case Study #9: Elevated Rail Project

This case study is a bit different since it intertwines the measured mile anal-
ysis with a learning curve.

The project involved the reconstruction of portions of an elevated rail 
line. The project had four separate contracts, all with the same contrac-
tor. During the course of the projects, the Occupational Safety and Health 
Administration (OSHA) made a change to its regulations and imposed new 
requirements for workers exposed to lead. The changed regulations were 
not amended until after the contracts were bid on, awarded, and under 
construction. The four contracts totaled approximately $89,000,000. The 
claims for these four projects totaled approximately $7,000,000. According 
to the contractor, the productivity losses took three forms:

1. A significant amount of time was consumed in conforming 
to the new requirements of the regulations. These included 
lost time for training, medical exams and tests, and similar 
activities. The direct costs for this time were compiled by the 
contractor from project records.

2. The second type of loss involved the time required for don-
ning and removing respirators, Tyvek and Nomex suits, and 
other lead-related safety equipment before lead work was 
performed, for breaks and lunch, and at the end of the day. 



Learning and Experience Curves 75

Also included was cleanup time during breaks and lunch and 
showers at the end of the day. The contractor determined the 
time lost for these activities by timing the actual suit up and 
cleanup activities of its crews. This data was then used to 
calculate an average time lost per shift for these activities.

3. The last area of reduced productivity was the time lost 
during performance of the work, related primarily to the 
inconvenience associated with wearing full head respirators 
and Tyvek or Nomex suits.

Obviously, the first two preceding items could be quantified by direct 
measurement of the time involved. The third element, however, was more 
challenging. In order to perform a measured mile to support an amount 
claimed for item three, a demonstrated period of work prior to the regula-
tion change was necessary, along with detailed records of the time spent on 
common tasks. One of the projects met this requirement and was used as a 
baseline for measurement. Some of the columns in the bents were replaced 
before the OSHA change and some afterwards. For the actual analysis, the 
column bents were grouped, and each group of columns was numbered. 
For each group of bents, man-hours were tabulated for each bent from 
the date the truss load was transferred to the cribbing to the date the load 
was returned to the reconstructed bent. Only hours specifically related to 
bent reconstruction work were included. Based on the detailed project 
records, the initial bents required 330 man-hours per bent and there was 
an initial improvement down to 318 man-hours per bent. This productivity 
then decreased to 366 man-hours per bent and over time the productivity 
improved to 305 man-hours per bent. Clearly, one would not expect an 
improvement in the productivity of the bent construction given the nature 
of the OSHA requirements. However, if one reflects on it, one should have 
expected that bent construction over the life of the project should have 
improved with each group of bents. The expectation that repetitive work 
will become more productive as more repetitions are performed is often 
called the “learning curve” effect. A learning curve is a plot of the cumu-
lative average man-hours required to perform a task as the number of 
repetitions increases. The basic observed relationship is that for each dou-
bling of units produced, productivity improves by a constant percentage. 
For example, for a 90% learning curve, the cumulative average manpower 
required to perform each doubling of units will be 90% of the previous 



76 Productivity in Construction Projects

doubling. Different types of work have different learning curves. However, 
given the nature of this project and the OSHA regulation change, it was not 
possible to determine the exact learning curve that would be applicable.

It was possible, however, to plot a learning curve for the precast deck 
installation work. Since the precast deck installation work was not affected 
by the OSHA change, an unimpacted learning curve could be plotted for 
this work. This curve showed that after each doubling the learning curve 
was 79%. Though there is a difference in the work, a second learning curve 
was plotted for the stringer replacement work. The results of this portion of 
the analysis were that the learning curve factor for the stringers was 73.28%.

Without going into all of the charts and plots for the work, let’s cut to the 
chase. The productivity for the columns prior to the new OSHA require-
ments was 323.63 man-hours/column. This represents the contractors 
unimpacted productivity prior to the revised lead laws. The average pro-
ductivity achieved on the remaining work was 342.78 man-hours/column.  

To calculate the loss of efficiency for the contractors work there are two 
possible calculations. One with the learning curve factor of 79% and the 
other with the learning curve factor of 73%. The more conservative choice 
is the 79% one. Therefore, the calculated loss of efficiency experienced by 
the contractor because of the revised OSHA requirements would be:

 323.63 man-hours/column × 79% = 255.67 man-hours/colum

The lost productivity is then calculated as:

 (342.78 – 255.67) ÷ 255.67 × 100% = 34.07% 

Discussion
This is an interesting case study. It is interesting because while we can 
determine a man-hour amount for lost productivity by just a measured 
mile as we did initially, we need to keep our thinking caps on and recognize 
that repetitive work normally yields a long-term benefit in terms of the 
efficiency of performing the operation. Not very far afield from the manu-
facturing facility concept.
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The Kitchen Sink Approach – 
Blending Methods Together

There are some projects that experience problems that may require some 
combinations of approaches in order to quantify as best as possible the 
increased costs that occurred. Other factors besides just a measured mile 
may enter into the mix. Consequently, the analyst must be aware of all the 
factors that occurred and put on their thinking caps in order to persua-
sively incorporate and quantify those factors. The following case study is 
one such project and it is included to demonstrate the thoroughness and 
inclusiveness that must be incorporated into any presentation.

Case Study #10: The High-Rise Hotel

During the review and analysis of a major dispute on a high-rise hotel, 
several factors were evident that adversely affected the productivity of the 
workforce. This example is a good illustration of how to approach an ineffi-
ciency situation when you have more than one factor affecting productivity 
and when you do not have perfect or totally complete information.

The hotel was 55 stories, and because of a number of factors, was forced 
into an accelerated construction schedule. Besides numerous and signifi-
cant delays, there was a tremendous number of design changes and clarifi-
cations. As a consequence of this, there was a significant amount of change 
order work, most of it being performed on a time and material basis. 
Compounding the problem of delays and changes was the dilemma of 
inadequate vertical transportation. In some instances, lifts ran only to the 
40th floor and workers had to climb ladders for the remaining 15 floors. 
The project was accelerated to an extreme. To put that into perspective, 
the electrician, about whom we will be discussing, was forced to increase 
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the manpower level to 650 tradesmen. The original staffing was at the 150 
tradesmen level.

In this project, the productivity of the tradesmen was affected by over-
time, crowding, significant numbers of disruptive changes, and increased 
manpower levels. Simultaneously, the vertical transportation problem 
was causing wasted man-hours throughout the day. In order to analyze 
the project as accurately as possible, the effects of vertical transportation 
were isolated to allow accountability for those man-hours and to exclude 
them from any other quantification of loss of efficiency. Therefore, we 
will first describe how the vertical transportation problem was addressed 
and then proceed to the measured mile for the other factors that affected 
productivity.

Vertical Transportation

Vertical transportation was crucial to the productivity of the prime con-
tractors on the project. Time spent waiting for and riding the vertical lifts 
was not productive to the respective contractors. Thus, the longer the wait, 
the greater the loss of productive man-hours.

Numerous complaints were submitted by the prime contractors to the 
construction manager concerning the lack of adequate vertical transpor-
tation. At the midpoint of the project, agreements were entered into, com-
pensating the contractors for problems to that point and promising to solve 
the problem by increasing the available vertical transportation. Along with 
this, the contractors were required to increase their respective manpower 
levels to meet the accelerated schedule.

After the agreement, however, the vertical transportation did not 
increase. Prior to the agreement, four hoist cars were available with a 
capacity of 25 personnel each or a total of 100 personnel. Shortly after the 
agreement, one hoist of two cars was dismantled and three elevators were 
placed into operation. The elevator cars, however, could only accommo-
date 15 personnel each. Therefore, the vertical transportation decreased 
from 100 personnel to 95 personnel. Therefore, instead of an increase as 
promised, the lift capacity was reduced.

In order to analyze the man-hour losses from inadequate vertical trans-
portation, queuing theory was utilized. Queuing theory is a statistical 
method of analyzing waiting lines, such as at a bank, a fast-food restau-
rant, or in this case, at an elevator or a hoist. Queuing theory was used to 
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determine the average daily time spent by each worker waiting on verti-
cal transportation. The detailed analysis using queuing theory will not be 
reproduced herein. It should be noted that when multiple factors affect the 
productivity, the analyst must sort out these factors and apply whatever 
analytical techniques are necessary in order to attain accurate results.

The following summary provides an overview of the general approach 
to the problems with the vertical lifts and the other productivity losses. 

Based on project information, the average electrician made six trips on 
vertical lifts each day.

Up to the work area at the start of the day.
Down to the street level at the end of the day.
Down to the street level for lunch.
Return to the work area from lunch.
Down to the restroom.
Return to work area from the restroom.

The restrooms were on the ninth floor. As a result, vertical transporta-
tion was required to go to the restroom. The six trips were independent of 
each other. Thus, the waiting time for each trip was analyzed separately. The 
analysis was also divided into three time periods to account for changes in 
the number of lifts available to construction personnel and the number of 
personnel on the job.

First Time Period

Trip to work area at the start of the day.
Four personnel hoists were available to construction personnel.
Number of lifts = 4.

A detailed analysis of the electrical contractor’s timesheets was con-
ducted to determine where personnel were working throughout the hotel. 
For the purpose of this analysis, the floors of the hotel were divided into 
groups. The subforemen’s timesheets were used to determine the number 
of men working in each group of floors on a daily basis. Three separate 
weeks were used in this analysis. The total number of men per group of 
floors was calculated for all three weeks. These totals were used to calculate 
the percentage of men per group of floors. 
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Men working from the sub-basement to the second floor did not require 
vertical transportation. Approximately 71% of the electrical contractor’s 
personnel required vertical transportation. The time for the hoists to reach 
each group of floors was estimated based on discussions with the electrical 
contractor’s project manager and the site engineer. The estimated times 
were multiplied by the number of men per floor to determine cumulative 
service time per floor. 

The average service time was the average time workers actually spent on 
the lifts during a trip. Based on the project information, the average service 
time was approximately eight minutes. 

Applying queuing theory to this first time period resulted in an average 
waiting time of approximately 54 minutes.
Return to street level at the end of the day.

The number of lifts and service rate remained the same. Due to over-
time, all trades did not leave at the same time. According to the electri-
cal contractor’s project manager and the site engineer, all personnel left 
within two hours. Again, using queuing theory, the average waiting time 
was approximately 9 minutes.
Go down to the street level for lunch.

The number of lifts and service rate remained the same. All personnel 
did not go down to the street level for lunch. According to the electrical 
contractor’s project manager, 85% of the personnel went to the street level 
for lunch and all personnel took lunch within one hour. For the lunch trip 
the average waiting time was approximately 15 minutes.
Return to the work area after lunch.

This trip was the same as the previous trip going to lunch. Thus, the 
average waiting time was 15 minutes.
Trip to the restroom.

The number of lifts and service rate remain the same. As previously 
stated, the average worker made one trip to the restroom each day. The 
trips were assumed to occur within a five-hour period of the day, exclud-
ing lunch and the start and end of the day. The average waiting time was 
approximately 8 minutes.
Return to work areas from the restroom.

This trip was the same as the previous trip going to the restroom. Thus, 
the average waiting time was 8 minutes.
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The total average waiting time for all six trips was calculated as follows:

Trip Average waiting time (Minutes)

1 53.62

2 8.58

3 15.02

4 15.02

5 8.02

6 8.02

TOTAL 108.28 Minutes

Thus, the average loss of productive man-hours per worker for the time 
period analyzed, was 108.28 man-minutes per day or 1.80 man-hours per 
day.
Second Time Period
During this period, two outside personnel hoists and three elevator cars 
were available to the construction personnel for a total lift capacity of 95 
men.

Using the same approach as the first time period shows that the total 
average waiting time for all six trips was calculated as follows:

Trip Average waiting time (Minutes)

1 163.64

2 8.42

3 13.75

4 13.75

5 8.00

6 8.00

TOTAL 215.56 Minutes

The average loss of productive time for the second time period analyzed 
was 215.56 man-minutes per day or 3.59 man-hours per day.
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Third Time Period
During this period vertical transportation available to construction per-
sonnel varied due to the operations of the hotel and removal of the hoists. 
Due to this variation in available vertical transportation, a determination 
of the average capacity of the lifts during this time period was not feasi-
ble. The capacity of vertical transportation during this time period did not 
surpass the capacity in the previous time period. Therefore, the average 
capacity of the lifts during the previous time period will be used to calcu-
late losses during this time period. From project daily reports, the average 
number of personnel on the job was 100. 

The calculations for this period were similar to the calculations in the 
previous two time periods. The results are summarized as follows:

Trip Average waiting time (Minutes)

1 8.00

2 9.00

3 8.00

4 8.00

5 8.00

6 8.00

TOTAL 48.00 Minutes

The average loss of productive time for this third time period was 48.00 
man-minutes or 0.80 man-hours.

The total man-hours lost due to vertical transportation are shown in 
Table 7.1.

Since not all of the electrical contractor’s workforce required the use of 
vertical transportation, the actual man-hours lost by the electricians due to 
inadequate vertical transportation was calculated as follows:

Man-Hours Lost - 101,330.45 MH

Percent of Electrical Contractor’s Workforce 
Requiring Vertical Transportation

- 71.2%

Actual Man-Hours Lost  
(101,330.45 × 71.2%)

= 72,147.28 MH
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Expected Losses

Even in an ideal situation, where the electrical contractor had sole use of the 
lifts, a loss of productive man-hours would have occurred. Consequently, 
some losses of productive man-hours due to vertical transportation should 
have been expected.

Table 7.1 Man-hours lost due to vertical transportation.

Time 
period Month

Contractor 
average 
manpower Workdays

Man-
hours 
lost 
per 
day

Total 
man-
hours 
lost

1 March 129 5 1.80 1,161.00

April 269 17 1.80 8,231.40

2 April 269 5 3.59 4,828.55

May 286 22 3.59 22,588.28

June 277 20 3.59 19,888.60

July 231 22 3.59 18,244.38

August 206 22 3.59 16,269.88

September 161 4 3.59 2,311.96

3 September 161 16 0.80 2,060.80

October 110 23 0.80 2,024.00

November 60 19 0.80 912.00

December 51 20 0.80 816.00

January 46 22 0.80 809.60

February 33 20 0.80 528.00

March 41 20 0.80 656.00

TOTAL: 101,330.45
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As with the actual losses, the expected losses were calculated using 
queuing theory. The calculations were based on the electrical contractor 
having sole use of the lifts.

Based on the project information and queuing theory, the electrical con-
tractor’s expected loss per day for each time period was 48 minutes, or 0.8 
man-hours.

Using this expected daily loss, the electrical subcontractor’s total 
expected loss of man-hours due to vertical transportation was:

Expected Lost Man-Hours - 30,728.80 MH

Percent of Electrical Contractor’s Workforce Requiring 
Vertical Transportation

- 71.2%

Actual Expected Lost Man-Hours  
(30,728 MH × 71.2%)

= 21,878.90 MH

Unexpected Losses

The difference between the electrical contractor’s actual lost man-hours 
and expected lost man-hours was the unexpected lost man-hours incurred 
by the electrical contractor due to inadequate vertical transportation. The 
unexpected loss was calculated as follows:

Actual Lost Man-Hours - 72,147.28 MH

Expected Lost Man-Hours - 21,878.90 MH

Unexpected Lost Manhours = 50,268.38 MH

Additional Lost Man-Hours

The calculation of lost man-hours using queuing theory was based on the 
assumption that all vertical lifts operated nonstop during the workday. This 
was not the case. Mechanical breakdowns, lack of operators, maintenance, 
and other uses for the lifts resulted in unavailability of lifts to construc-
tion personnel. The unavailability of lifts caused the electrical contractor to 
incur additional lost man-hours. These additional lost man-hours were not 
accounted for in the queuing theory calculations and were thus calculated 
separately.
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The electrical contractor’s general foreman maintained a log for five 
months of the project. The log noted that delays due to lift unavailability 
occurred on 38 out of 58 logged days, or 65.5% of the time. The number 
of lifts unavailable and the duration of the unavailability varied. A review 
of the log indicated that the delays were generally greater than one hour. 
Thus, the average delay was at least one hour. The total number of man-
days during the period of the problems was 38,411.

Additional lost man-hours were calculated as follows:

Percentage of Days with Delays - 65.5%

Total Man-Days with Delays 
(38,411 Man-Days × 65.6%)

= 25,159.20 Man-Days

Percentage of Electrical Contractor’s 
Workforce Requiring Vertical 
Transportation

- 71.2%

Actual Electrical Contractor Man-Days with 
Delays 
(25,159.20 Man-Days × 71.2%)

= 17,913.35 Man-Days

Lost Man-Hours Due to Delays 
(17,913.35 Man-Days × 1 hr/day)

= 17,913.35 MH

Thus, the electrical contractor lost an additional 17,913.35 MH due to 
unavailability of elevators to construction personnel.

Total Lost Man-Hours Due to Inadequate Vertical 
Transportation

The electrical contractor’s total lost man-hours due to inadequate vertical 
transportation was calculated as follows:

Unexpected Lost Man-Hours Waiting for Operational 
Lift

- 50,268.38 MH

Lost Manhours Due to Lift Unavailability - 17,913.35 MH

Total Man-Hours Lost by the Electrical Contractor Due 
to Inadequate Vertical Transportation 
(50,268 MH + 17,913.35 MH)

= 68,181.73 MH
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Productivity Losses

The electrical contractor also incurred significant increased costs due to 
productivity losses. The losses of productivity were a direct result of delays 
and disruptions caused by:

• Change orders
• Design conflicts
• Acceleration of the schedule
• Inadequate vertical transportation

The delays and disruptions associated with the change orders were cre-
ated by:

• The lengthy change order approval process
• The untimely introduction of changes
• The effect on the electrical contractor’s work by changes to 

other subcontractor’s work
• Holds on various portions of the building
• Changes to changes by the owner

The planned flow of the building construction was severely and adversely 
altered due to these changes. This out-of-sequence work caused the elec-
trical subcontractor to incur additional labor costs as a result of having to 
perform numerous additional tasks that were not contemplated at the time 
of the agreement. Some of these tasks were:

• Additional man-hours were expended to secure materials 
that were brought to the work area but could not be installed.

• Additional man-hours were expended as a result of hav-
ing to return to a work area that could not be completed 
in sequence with other work. The specific additional tasks 
required to return to a work area included:

• Review drawings and specifications to determine what and 
how to perform the work.

• Determine what tools, equipment, and material are required 
to perform the work. Obtain those required materials.

• Determine what materials, if any, had already been stored 
near the work area.
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• Coordinate the electrical work with other trades working in 
the area.

• Determine what materials had already been installed.
• Demobilize the craftsmen from other tasks in order to finish 

the now available work which had previously been left out.
• Perform M/D directed T&M work and return to original 

contract and lump sum (LS) change order work.

The disruptions encountered resulted from both changes issued to the 
electrical contractor as well as changes issued to other subcontractors. The 
electrical subcontractor was compensated for the direct costs associated 
with the change, but not for all the additional costs both for the change and 
the base contract work that were incurred as a result of having to perform 
work out-of-sequence. The resulting loss of productivity was such that it 
could not be related to a limited number of specific changes.

The design conflicts caused delays and disruptions due to an inadequate 
request for information (RFI) system, lack of engineering on the project 
site, and inadequate control of coordination among subcontractors by the 
construction manager. The design conflicts and poor coordination affected 
the electrical contractor’s work in the same manner as the changes.

The acceleration of the schedule resulted in stacking of the trades and 
increased manpower. Thus, areas of the hotel were overcrowded with 
tradesmen. The overcrowding caused further losses in productivity.

Vertical transportation was a problem on the project. Inadequate verti-
cal transportation has already been discussed.

The losses caused by change orders, design conflicts, acceleration of the 
schedule, and inadequate vertical transportation can be demonstrated and 
documented. The following narrative demonstrates the productivity losses 
using a measured mile approach.

In general, the measured mile approach determines lost productivity 
by comparing least impacted work with impacted work. The difference 
between the impacted and least impacted productivity equals the loss in 
productivity for the activity. From this difference, the percent of ineffi-
ciency is calculated.

It must be noted that the loss of productivity was calculated based on the 
electrical contractor’s actual demonstrated performance on the project. It 
was neither based on industry standards nor on estimates. It was a detailed 
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measure of the man-hours expended in excess of what was demonstrated 
on baseline work on the job. 

The loss of productivity was measured based on the available docu-
mentation. Of the various activities performed by the electrical contractor, 
accurate records existed for guest level rough-in and electrical finish work. 
Rough-in work consisted of floor layout, installing conduit, and installing 
back boxes. Back boxes were industry approved, steel rectangular boxes, 
closed in the back and open in the front, in which are mounted electrical 
devices and to which conduit is connected. Electrical finish work consisted 
of installing fixtures, devices (switches and receptacles), and device cover 
plates in the guest rooms. The data available did not facilitate analysis of 
the public areas. 

In order to best demonstrate the impact of the changes on the electrical 
work, a comparison was made on the actual documented productivity of 
the rough-in and finish work. It is reasonable that rough-in and finish work 
would exhibit the impacts of inefficiencies due to change orders, design con-
flicts, acceleration of the schedule, and inadequate vertical transportation.

Data Assembly and Calculations

The electrical contractor’s subforemen’s timesheets were used to deter-
mine the total number of man-hours spent per floor on rough-in and fin-
ish work. Due to the nature of the data, the floors were broken down into 
groups. Data was not available for rough-in on floors 10 through 14 and 
finish work on floors 20 and 41.

The number of rooms per floor was determined from the project draw-
ings. Some floors had non-standard rooms which were larger than the 
standard guest room. In order to accurately compare the rough-in and fin-
ish work using man-hours per room, the non-standard rooms were con-
sidered to be more than one room depending on their size and the amount 
of electrical work involved. Following is a summary of the non-standard 
rooms and their standard room equivalency:

Non-standard room
Standard room 

equivalency

Parlor 1

Hospitality Suite 2



The Kitchen Sink Approach – Blending Methods Together 89

Luxury Suite 2

Bedsitting Suite 2

Concierge Lounge (28th Floor) 2

Concierge Lounge (29th Floor) 8

Vice Presidential Suite (43rd Floor) 7

Vice Presidential Suite (44th Floor) 10

Presidential Suite (42nd Floor) 16

Presidential Suite (44th Floor) 12

The productivity was calculated by dividing the number of man-hours 
expended per activity by the number of rooms per floor or group of floors. 
For example:

ROUGH IN: 

Floors 15 to 21

Total Number of Rooms - 400 Rooms

Total Labor Spent on Rough-In - 2,353.5 MH

Demonstrated Productivity = 5.9 MH/Room

(2.353 MH ÷ 400 Rooms)

FINISH WORK: 

Floors 12 to 15

Total Number of Rooms - 230 Rooms

Total Labor Spent on Finish Work - 687.0 MH

Demonstrated Productivity = 2.99 MH/Room

(687.0 MH ÷ 230 Rooms)

Based on similar calculations, the results in Table 7.2 and Table 7.3 were 
obtained for guest-level rough-in and finish work:
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As previously discussed, extra work due to change orders caused the 
electrical contractor to divert effort from base contract work. The following 
Tables 7.4. and 7.5 illustrate the amount of T&M work completed during 
the completion of rough-in and finish work.

Table 7.2 Guest level rough-in.

Floor
Number of 

rooms
Man-hours 

expected
Productivity  

(MH per room)

10 - 14 Insufficient Data

15 - 21 400 2,353.5 5.9

22 - 27 340 2,335 6.9

28 - 31 240 2,039 8.5

33 - 35 180 1,796.5 10.0

36 - 37 100 1,299.5 13.0

38 - 41 240 1,666.5 6.9

42 - 44 & 32 248 4,579 18.5

Table 7.3 Guest-level finish work.

Floor
Number of 

rooms
Man-hours 

expected
Productivity  

(MH per room)

10 60 198.0 3.30

12–15 230 687.0 2.99

11, 16–18 230 752.5 3.27

19, 21–26 400 1,936.0 4.84

27–31 300 1,291.0 4.3

33–36 230 935.5 4.07

37–40, 32 290 972.5 3.35

41–44 184 1,075.0 5.84
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Rough-In

As shown in Table 7.4, the lowest rate of T&M change order work occurred 
during the completion of rough-in on floors 15 to 21. Rough-in on floors 
15 to 21 was also completed prior to acceleration of the schedule. Thus, 
floors 15 to 21 were used as a baseline for the rough-in work. This does not 
mean these floors were not impacted. Rather, these floors were the least 
impacted. The measured productivity for floors 15 to 21 was 5.9 MH/room 
as calculated earlier in this report.

However, this productivity includes inefficiency due to vertical transpor-
tation. During the completion of floors 15 to 21, the electrical contractor’s 
workers lost 3.2 man-hours per day due to vertical transportation. Based 
on this loss, the least impacted productivity was calculated as follows:

Table 7.4 Summary of T&M work during performance of rough-in.

Floors

Dates of 
rough-in 
completion

Number of 
workdays

Man-hours 
of T&M 
work 
performed

T&M 
man-hours 

performed 
per day

15–21 08/28/84 
- 11/01/84

57 1,601.5 28.1

22–27 10/26/84 
- 12/10/84

31 902.5 29.1

28–31 11/26/84 
- 01/25/85

42 6,138.0 146.1

33–35 01/14/85 
- 03/03/85

35 4,926.0 140.7

36–37 03/04/85 
- 04/03/85

23 3,124.5 135.8

38–41 03/29/85 
- 05/01/85

23 2,567.5 111.6

42–44 & 
32

04/18/85 
- 07/10/85

60 20,222.0 337.0



92 Productivity in Construction Projects

FLOORS 15 TO 21: 

Total Man–Hours Expended - 2,353.5 HM

Average Workday - 8 MH/Day

Total Man–Days Expended
(2,343.5 MH ÷ 8 MH/Day)

= 294.2 Man-Days

Loss Due to Vertical Transportation
(294.2 Man–Days × 3.2 MH/Day)

= 941.4 MH

Man-Hours Expended Less Man-Hours Lost to 
Vertical Transportation

(2,353 MH–941.4 MH)

= 1,421.1 MH

Least Impacted Productivity
(1,412.1 MH ÷ 400 Rooms)

= 3.5 MH/Room

 Table 7.5 Summary of T&M work during performance of finish work.

Floors

Dates of 
finish work 
completion

Number of 
workdays

Man-hours 
of T&M 
work 
performed

T&M 
manhours 
performed 
per day

10 02/12/85 
- 03/30/85

34 3,678.0 108.2

12–15 02/12/85 
- 03/05/85

16 1,171.5 73.2

11, 16–18 03/05/85 
- 04/04/85

23 3,124.5 135.8

19, 21–26 04/05/85 
- 05/08/85

24 3,435.0 143.1

27–31 05/10/85 
- 06/06/85

20 6,574.0 328.7

33–36 06/07/85 
- 06/28/85

16 6,137.0 383.6

37–40, 32 06/27/85 
- 07/26/85

22 9,152.5 416.0

41–44 08/05/85 
- 08/22/85

14 7,114.5 508.2
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Given the least impacted productivity, the impact on specific floors can 
be shown as:

FLOORS 38 TO 41: 

Total Number of Rooms - 240 Rooms

240 Rooms × 3.5 MH/Room = 840 MH Based on Least Impacted 
Productivity

Actual Man-Hours Spent - 1,666.5 MH

Extra Man-Hours Expended Due 
to Inefficiency

(1,666.5 MH – 840 MH)

= 826.5 MH

In other words, on floors 38 through 41, the electrical contractor 
expended an additional 826.5 MH on rough-in work due to the delays and 
disruptions previously discussed. Based on similar calculations, the man-
hours in Table 7.6 were calculated.

Finish Work

As shown in Table 7.5, the lowest rate of T&M change order work occurred 
during the completion of finish work on floors 12 to 15. Finish work on 
floors 12 to 15 was also completed prior to acceleration of the schedule. 
Thus, floors 12 to 15 were used as a baseline. The measured productivity for 
floors 12 to 15 was 2.99 MH/room as calculated previously. However, this 
productivity contains inefficiency due to vertical transportation. During 
the completion of floors 15 to 21, the electrical contractor’s workers lost 2.0 
man-hours per day due to vertical transportation. Based on this loss, the 
least impacted productivity was calculated as follows:

Table 7.6 Rough-in man-hour summary.

Floors Total man-hours

Least impacted 
productivity 
man-hours Extra man-hours

38–41 1,666.5 840.0 826.5

42–44, 32 4,579.0 868.0 3,711.0

TOTAL: 6,245.5 1,708.0 4,537.5
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FLOORS 12 TO 15: 
Total Man–Hours Expended - 687.0 MH
Average Workday - 8 MH/Day
Total Man–days Expended
(687.0 MH ÷ 8MH/Day)

= 85.9 Man-Days

Loss Due to Vertical Transportation
(85.9 Man–Days × 2.0 MH/Day)

= 171.8 MH

Man-Hours Expended Less 
Man-Hours Lost to Vertical Transportation
(687.0 MH–171.8 MH)

= 515.2 MH

Least Impacted Productivity
(515.2 MH ÷ 230 Rooms)

= 2.2 MH/Room

Given the least impacted productivity, the impact on specific floors can 
be shown as:

FLOORS 27 TO 31: 

Total Number of Rooms - 300 Rooms

300 Rooms × 2.2 MH/Room = 660.0 MH Based on Least 
Impacted Productivity

Actual Man-Hours Spent - 1,291.0 MH

Extra Man-Hours Expended Due to 
Inefficiency

(1,291.0 MH – 666.0 MH)

= 631.0 MH

In other words, on floors 27 to 31, the electrical contractor expended an 
additional 631.0 MH on finish work due to delays and disruptions previ-
ously discussed. Based on similar calculations, the additional man-hours 
in Table 7.7 were calculated.

Percent Loss of Productivity

The percent loss of productivity was calculated as follows:
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This percent loss was calculated based on guest level electrical work. The 
electrical work on the guest levels was relatively simple compared to the 
electrical work in the restaurants, kitchens, mechanical/electrical rooms, 
and public areas. So, it is reasonable that productivity losses in these areas 
were at least equal to the productivity losses on the guest levels. Thus, the 
electrical contractor’s overall loss of productivity was at a minimum 61.5%.

Total Man-Hours Lost Due to Inefficiency

Compensation for T&M work was based on the actual number of hours 
spent on such work. Thus, the electrical contractor has already been com-
pensated for any inefficiency in T&M work.

The total man-hours lost due to inefficiency were calculated as follows:

Direct Man-Hours Expended - 412,311 MH

T&M Man-Hours Expended - 119,309 MH

Man-Hours Subject to Inefficiency 
(Directed Man-Hours Expended – T&M Man-Hours)

= 293,002 MH

Man-Hours Lost Due to Inefficiency
(293,002 MH × 61.5%)

= 180,196 MH

Thus, the electrical contractor lost 180,196 man-hours due to ineffi-
ciency during the period when problems occurred.

Table 7.7 Finish work man-hours summary.

Floor Total man-hours

Least impacted 
productivity  
man-hours Extra man-hours

19, 21–26 1,936.0 880.0 1,056.0

27–31 1,291.0 660.0 631.0

33–36 935.5 506.0 429.5

37–40, 32 972.5 638.0 334.5

41–44 1,075.0 404.8 670.2

TOTALS: 6,210.0 3,088.8 3,121.2
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This case study reminds us, again, to develop as much detailed and 
accurate information as possible. It further illustrates that we must con-
sider every possible factor that may come into play such as the learning 
curve. Perhaps most importantly, it alerts us to the requirement that we 
cannot just make a modification and expect that it works without verify-
ing that the change we made (such as the vertical transportation) actually 
improved on the problem.
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Industry Publications and Studies

When discussing inefficiency on a construction project, you will see ref-
erence made to various industry publications and studies. Normally, the 
reference to these studies is in the presentation of a claim or request for 
equitable adjustment because of increased costs related to loss of produc-
tivity. Far too often, the citations are treated as gospel with no analytical 
backup or verification. Even worse, these references are used to establish 
a quantitative basis for a claim, but the user has little to no understand-
ing of the reference used, how it was developed, or its applicability to the 
situation.

Before anyone uses these documents as a basis for quantifying lost pro-
ductivity, there should be a thorough understanding of the study being 
used, the development of the study and the reliability of that published 
information. It has been the authors experience that these studies are 
often used incorrectly in that they may not directly apply to the situa-
tion at hand, they have little, if any, quantifiable or analytical basis, or 
they do not clearly and accurately describe the actual application of the 
study. You may recall that we noted early on in this book that there are few 
absolutes in the area of construction productivity. The blind application 
of an industry published study inherently assumes the absolute applica-
bility of the study to the existing problem. This may be far from reality. 
We have noted in this book that productivity in construction is a difficult 
area to define by formula or rules. Because tradesmen do not do the same 
tasks every day or even every hour, and because there are many factors 
that affect productivity, it is extremely difficult to do a statistically valid 
evaluation that will yield a simple formula applicable to most situations. 
There are many variables to consider, even if the comparison areas are 
being made on the same project. Naturally, the “studies” exacerbate those 
variables, as the amount of differing factors and considerations increase.  
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That does not mean that the studies performed are not worthwhile. They 
do serve to provide potential indicators of the effects of various factors on 
the productivity of a construction project. They have value as an indicator 
of where to look if problems are experienced. They have not yet offered 
valid formulas that can be blindly applied to every situation. This import-
ant distinction must be kept in mind when attempting to measure losses 
of productivity on a construction project.

It has also been the authors’ experience that the use and expansion of 
industry studies will not go away. More will be created, more will be refer-
enced, and more will be used. The reader is cautioned that just because a 
“study” was completed, or even accepted in the legal domain, that does not 
make it a valid study or analytical basis. The legal domain does not dictate 
engineering practice and principles. Would you trust a bridge more if it 
was deemed useful by the legal system, or a board of structural engineers 
and experts? Do you know whether the people making the legal decisions 
were provided ample information, analyses, or alternative options? Valid 
“studies” endure thorough peer review and the authors of these studies 
willingly provide the raw information behind the “study” available for 
consideration and scrutiny. It would be imprudent to trust that a car was 
deemed “safe” without performing research on the basis of the testing per-
formed, the availability of the raw data from the tests, and then objectively 
reviewing and scrutinizing the results by the industry. We ask that the 
reader and analyst simply perform the same level of consideration before 
applying studies to their construction project, especially when consider-
able costs are at stake.

This chapter will look at the more common industry published stan-
dards, review the genesis of each, and comment on their applicability and 
use on the construction project. As each is discussed, the degree of weight 
that may be ascribed them should become obvious to the reader.

Bureau of Labor Statistics

One of the oldest publications that is often referred to is a study by the 
United States Department of Labor, Bureau of Labor Statistics (BLS). It is 
titled “Hours of Work and Output” and was issued in Bulletin No. 917 on 
May 21, 1947. The bulletin addresses the effects of overtime or an extended 
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work week on the output of labor. Basically, this is a study of the effects of 
extended work periods on productivity.

The study was performed on manufacturing facilities and encompassed 
78 different plants. It included 2,445 men and 1,060 women. The general 
results of the study indicate that as the hours of the work week increase over 
40 hours, there is a reduction in the hourly productivity. The study further 
noted that an increased work week also resulted in increased absentee-
ism and increased incidence of injuries. In reviewing Bulletin No. 917, one 
may quantify various percentage levels of productivity or efficiency based 
on the case studies performed. The real question for us in the construc-
tion industry is “Can we rely on this study and use it to quantify perceived 
losses of efficiency on a construction project?”

Let’s look closely at what this study presents.
First, this study was performed over 70 years ago. We believe it prudent 

to note that many things were different 70 years ago such as the individual 
work ethic, societal values, family priorities, equipment used, etc. Times 
have changed dramatically. Therefore, the sheer age of the study forces us 
to question its direct applicability to today’s construction project.

Second, the study was conducted in a wartime (WWII) and immediate 
post-wartime environment. Reasonably, the wartime environment might 
well have had an effect on the motivation and performance of the work-
ers, the stresses those workers were enduring, and other societal consider-
ations that may not apply today.

Third, the study did not isolate variables in order to measure the affect 
that they might have on efficiency. For example, the study included oper-
ations where there was a wage incentive above 40 hours and also where 
there was no wage incentive above 40 hours. It noted that:

“It must be added, however, that long schedules had no adverse effect on 
workers operating under wage incentives if their pace during the shorter 
work schedule was moderate. Under such conditions they not only could 
maintain their efficiency at the longer hours but were even capable 
of improving it. It is likely, however, that this would not hold true for 
weekly hours above 60, because of the cumulative effects of fatigue.”

As can be seen from the preceding quote, some types of work with wage 
incentives above a 40-hour week, resulted in no loss of efficiency and a pos-
sible increase in efficiency. The study only conjectured that this might not 
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hold true beyond a 60-hour week. It further noted that the effects of over-
time were not consequential if the work was moderate as opposed to heavy. 
The study noted the differences among light, moderate, and heavy work as:

“In the discussion of each work schedule, findings will be shown sep-
arately for heavy, moderately heavy, and light operations. In the first 
category are operations such as are found in forge shops and foundries, 
and in which the work normally involves the handling of heavy mate-
rials. The category of light work involves, as a rule, the manual han-
dling of materials up to about 5 pounds, or the mechanical handling of 
somewhat heavier objects. The moderately heavy group falls somewhere 
between these two.”

In the context of a construction project, how many operations require 
the manual handling of objects in excess of five pounds? Generally, not very 
many tasks require this. For example, an equipment operator is mechani-
cally handling material and, therefore, would fall into the moderate cate-
gory. Obviously, many tasks on a construction site would be categorized as 
moderate based on the definition given in the study. As a consequence, the 
more dire effects on productivity cited would not necessarily apply.

This study must be weighed in the context of exactly what was done 
and when it was performed, and does it provide a comparative basis to 
the modern construction project. The BLS study was only done in a man-
ufacturing environment. Clearly, this is very different from a construction 
job site. It was performed over 70 years ago. Thus, we must recognize cul-
tural and societal differences over time with respect to work. It applied 
primarily to piecework, which is vastly different than construction tasks, 
as piecework in a manufacturing context is far more monotonous and 
boring than performing varied tasks throughout the day. The average con-
struction worker does not perform the same “piecework” during the day. 
The construction worker’s time may vary among moving around the site, 
procuring material, getting tools, etc. Even seemingly monotonous con-
struction tasks require a high degree of variability, such as height of work 
performed, varying levels of skill, and the project location where the work 
is performed. The manufacturing environment strives to eliminate vari-
ability in the operations and encourages repetitive work in order to max-
imize efficiency, whereas construction work can seldom be performed in 
the same manner.
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Other findings of the study should also be noted. For example, it is often 
postulated that this study supports the position that work in excess of 40 
hours in one week will cause a loss of efficiency. That is not an accurate 
conclusion. While some facilities that were studied supported that prem-
ise, others did not. For example, the study notes that:

“And it may be concluded that the addition of a sixth day without 
increasing daily hours had no adverse effect on efficiency.”

It further stated that:

“On the whole, it may be concluded that these studies indicate that the 
addition of a sixth day had no disadvantageous effect on output, pro-
vided daily hours were held to 8 per day.”

Therefore, it appears that while the overall study indicates situations in 
a manufacturing environment where overtime work may cause a loss of 
productivity, the application or method of applying the overtime hours 
directly relates to any effects on productivity.

When a careful review is made of the specific case studies used in the 
report, some very interesting results are observed. For example, in one of 
the case studies, which more closely approximated a construction environ-
ment, the results of a 58-hour week were surprising. The study notes:

“In study 9, 275 men were engaged in welding operations in the con-
struction of various parts which were to go into battleships. The work 
involved considerable climbing about and permitted the use of individ-
ual initiative and resourcefulness. The work was not routinized, repeti-
tive, or monotonous. Under these conditions, workers found it possible to 
maintain the same hourly efficiency under the 10-hour day and 58-hour 
week as they had under the 9-hour day and 45-hour week.”

From reading this, one is tempted to immediately conclude that for 
operations similar to some types of construction activities, a longer work 
week has no adverse effect on efficiency. It must be noted, however, that 
this case dealt with workers fabricating parts for battleships during a world 
war. It is very possible that pride and patriotism may have been a factor in 
this particular case. This is another example of the many variables that may 
affect the productivity on the project. While we cannot say definitely that 
pride and patriotism came into play, we cannot say it did not.
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With respect to wage incentives, the study noted:

“…the men worked at straight day rates, and without any kind of wage 
incentive. In each case, output changed directly in proportion to the 
change in hours, indicating that the same pace was maintained regardless 
of hours. As output for men at piecework or other forms of direct incen-
tives usually increased proportionately less than hours when they were 
raised substantially, the conclusion seems warranted that the slower pace 
which characterized the longer schedule for the men at straight day rates 
also prevailed during the shorter schedule. In short, operators who stood 
to gain nothing by working fast would not do so. Consequently, it was 
possible to increase hours – within reasonable limits – without impairing 
output. An hour’s output resulted for each additional hour worked.”

The study continued, noting:

“Regardless of the reason for the speed of the work pace, it is obvious that 
individual incentive systems do not ipso facto mean that operators work 
at their optimum efficiency. Where the pace is moderate, therefore, out-
put can be increased in direct proportion to the increase in hours, even 
though these are raised to 55, and perhaps to 60. This appears to be par-
ticularly true of operations which allow the operator considerable ini-
tiative and are not strictly routinized and monotonous. Although it was 
not possible to study such situations, instances were found in which the 
production of tool makers held up well under 60- and 70-hour weeks.”

Another area is worthy of note. Oftentimes it is suggested that once over-
time operations are ceased or that there is a break for workers to become 
“refreshed,” any adverse effects from overtime to that point will disappear 
and the work “will start anew.” The BLS study noted that:

“...a shift to a new schedule did not result in an immediate change to 
readily ascertainable new patterns of efficiency, absenteeism, and out-
put. It was found, for example, in case study 1, that it took about 4 
months for the patterns of the 50-hour week to emerge clearly after a 
change from a 60-hour schedule. Similarly, in case study 7, the efficiency 
of the 40-hour week was maintained for 3 months after weekly hours 
had been raised to 50, and then decreased sharply to a lower level.”

A review of the underlying data in the BLS was analyzed using regres-
sion analysis. The goal was to use the information in the BLS to determine 
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whether increased hours resulted in a decrease in efficiency. The BLS infor-
mation available provided coefficients of determination (R2) that were very 
weak when comparing the change in hours (independent variable) to the 
change in efficiency (dependent variable). The data in Tables 1 through 
18 (in the BLS study) had an R2 value of 0.09 when comparing the per-
centage change in hours to the % change in efficiency. In simple terms, 
this means that less than 10% of the efficiency change could be explained 
by the change in hours. Table 20 in the BLS, which discussed “relation of 
performance at various schedules of hours and incentive systems” had the 
highest R2 value with a 0.59, meaning that 59% of the variation in effi-
ciency could be explained by the changes in hours per week. Several other 
regression analyses were completed and the R2 values remained around 
10%. This substantiates that even if the BLS did somehow relate to modern 
construction, the data does not support that an increase in working hours 
caused a decrease in efficiency. 

In summary, probably the only conclusion that one may draw from this 
study is that it indicates that productivity may be adversely affected if the 
work week is increased either in hours or days such that the total exceeds 
the 40-hour norm. It does not allow one to deduce or quantify the exact 
amount that productivity will decrease. To rely solely on this study to sup-
port any mathematical computation as a measure of lost efficiency because 
of overtime would not be a prudent course of action. Granted, this particu-
lar study does not offer formulas to quantify losses of productivity because 
of overtime. Others, however, do provide methods of calculation. These 
will be addressed next.

Business Roundtable Report

Another often cited “industry standard” is a bulletin by the Business 
Roundtable on the “Scheduled Overtime Effect on Construction Projects.” 
The Business Roundtable is an organization of Chief Executive Officers of 
200 large companies. The Business Roundtable has produced the results of 
studies it has had conducted on various topics. The overtime study is one 
of those reports. The study was published in 1974, updated in November 
1980, and reprinted in 1986 and 1989.

In researching the history of this Business Roundtable Bulletin, it 
appears that the results published trace back to the early 1970s. There are 
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two articles published by the American Association of Cost Engineers 
(AACE) in 1973. These articles address the same specific topics as shown 
in the Business Roundtable Bulletin. The genesis of these articles was from 
a study by the Construction Users Anti-Inflation Roundtable. Apparently, 
this was the precursor of the Business Roundtable. A review of the mate-
rial presented in these articles shows that the graphic and tabular informa-
tion presented is identical to that contained in the Business Roundtable 
Bulletin. Therefore, the study had to have been performed prior to 1974, 
which makes it at least 45 years old. As was noted in our discussion of the 
data from the Bureau of Labor Statistics, many changes have occurred in 
the construction industry and in the work environment in this country. 
Thus, as noted earlier, the age of the study must give rise to its direct appli-
cability in today’s construction environment. 

The study as summarized in the AACE bulletins was based on a review 
of construction work at Proctor & Gamble. No explanation was located 
as to the exact nature of the projects, the exact number of projects, or 
the exact craftsmen involved. It is reasonable to presume that since the 
work was for a manufacturing operation, the type of construction would 
be to some degree vertical and predominately it would be process work. 
William Schwartzkopf in his book Calculating Lost Labor Productivity in 
Construction Claims notes that:

“The Business Roundtable report is based entirely on data from a single 
project constructed in Green Bay, Wisconsin, for Proctor & Gamble. The 
data is from a series of short jobs over a ten-year period. The entire study 
period was a period with excellent labor-management relations. The 
data was calculated using fixed-unit rate standards. As a result, the data 
did not yield a direct comparison between actual overtime and straight 
time productivity.”

It is particularly significant that the AACE article clearly indicated that:

“Sources of quantitative data include Bulletin No. 917, Department of 
Labor, Bureau of Labor Statistics (1947) and two relatively recent evalu-
ations by Mechanical Contractors Association of America, Bulletin No. 
18A, and the National Electrical Contractors Association’s Southeastern 
Michigan Chapter, and experience records of Proctor & Gamble con-
struction operations.”
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It is unknown how the information was integrated into the vari-
ous tables and graphs presented in the Business Roundtable Bulletin. It 
must be noted, however, that as was seen from the preceding discussion 
of the Bureau of Labor Statistics and will be seen in the later discussion 
of the Mechanical Contractors Association and the National Electrical 
Contractors Association, the information used as a basis may be neither 
accurate nor applicable to the vast majority of construction projects. The 
supporting data does not justify the use of the Business Roundtable Bulletin 
as a quantitative measure of loss of efficiency due to the effects of overtime.

In reading the Business Roundtable Bulletin, the conclusions reached 
are quite clear that overtime can adversely affect the productivity on a con-
struction project. The results are presented both graphically and in tabular 
format. Figure 8.1 shows the Roundtable curves for the cumulative effects 
of overtime over an extended period for 50- and 60-hour work weeks.
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Figure 8.1 Cumulative effect of overtime on productivity for a 50- and 60-hour 
workweek; BRT, page 10.
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Figure 8.2 shows a tabular representation of the relationship of produc-
tivity and cost for a 40- and 50-hour workweek.

In both figures, one can clearly see that the study concludes that produc-
tivity is adversely affected as a result of the hours in excess of 40 hours per 
week and also affected by the duration over which the overtime extends.

Once again, let’s look at the basis of the report.
The references given at the end of the report do not include any stud-

ies dealing with construction projects. Note that two of the references 
are the Mechanical Contractors’ Association of America Bulletin 18-A, 
“How Much Does Overtime Really Cost?” and the National Electrical 
Contractors’ Association publication “The Hidden Cost of Overtime.” 
Both of these “studies” will be addressed later in this chapter. The remain-
ing references are primarily for manufacturing situations. Note also, that 
one reference is the Bureau of Labor Statistics study which was discussed 
previously.

The report notes that:

“This paper relates only to operations where the total job is placed on an 
overtime basis for an extended period of time. Meaningful data to cover 
periodic overtime is not available.”

This statement seems curious. If a job has overtime only for one trade 
but not all trades, are we to assume that the report does not apply? One 
would conclude that from the preceding quote. Therefore, the use of this 
report for validation of lost productivity becomes questionable.

The Business Roundtable Report notes that:

1 2 3 4 5 6 7 8

50 Hour
Overtime

Work Weeks

Actual Hour
Output for
50 hr. Week

Hour Gain
Over 40 hr.

Week

Hour Loss
Due to

Productivity
Drop

Premium
Hours

Hour Cost
of Overtime
Operation

(at 2X)

Productivity

40 Hr.
Week

1.00

50 Hr.
Week

Rate

0-1-2
2-3-4
4-5-6
6-7-8

8-9-10
>10

.926
.90
.87
.80

.752

.750

46.3
45.0
43.5
40.0
37.6
37.5

6.3
5.0
3.5
0.0
-2.4
-2.5

10.0
10.0
10.0
10.0
10.0
10.0

13.7
15.0
16.5
20.0
22.4
22.5

3.7
5.0
6.5

10.0
12.4
12.5

Figure 8.2 Relationships of hours worked, productivity and costs (40 hours vs. 50 hours); 
BRT, page 12.
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“...the following conclusions have been reached:

For hours above eight per day and 48 per week, it usually took three 
hours of work to produce two additional hours of output when the work 
was light. For heavy work, it took two hours to produce one hour of 
additional output.”

Yet this conclusion is footnoted to the BLS study that was previously 
discussed. Those conclusions may apply but only in the context of the BLS 
study. To represent that as a conclusion of the BLS study misrepresents to 
some extent what is contained in the entire document, as other parts of the 
BLS also contradicted that conclusion.

When one reviews the Business Roundtable Bulletin in detail, there are 
several subtleties and inconsistencies which become apparent. A few of 
these will be noted as follows to demonstrate the risk one accepts when 
attempting to use this bulletin in any quantitative fashion.

Figure 8.1, as shown previously, was replicated from the Business 
Roundtable Bulletin. In that bulletin it is identified as Figure 8.2. The bul-
letin then shows its Figure 8.4, which was shown previously as Figure 8.2. 
The representation of this table shown in Figure 8.2 is that it is a quantifi-
cation of the graphs in Figure 8.1. Unfortunately, the numbers in the table 
do not directly correspond with what is shown in the graphs. The Business 
Roundtable Bulletin very subtly notes this anomaly when it states:

“Column 3 reflects an interpretation of the productivity rate from Figure 
2 for the periods shown in Column 1.”

If the graphs are scaled based on the units shown, you will not arrive at 
the same numbers as shown in the table. Therefore, this “interpretation” 
raises serious questions as to the propriety of using the numbers presented 
in the table for any meaningful calculation of lost efficiency.

In one sentence on page 13 of the Business Roundtable Bulletin it states 
that:

“This results from the reduced productivity applying to a smaller base of 
overtime hours and indicates that a 45-hour job schedule very quickly 
becomes nothing more than wage inflation.”
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This sentence is related to a discussion of how productivity was reduced 
to a “point of no return” in 50- and 60-hour workweeks. The AACE articles 
were more explicit in this discussion. It noted that earlier studies indicated:

“...the workman to be 12% more productive for 4 weeks at an 8-hour day 
than he is for 4 weeks at a 9-hour day.”

In other words, the bulletin very quietly indicates that for overtime less 
than a 50-hour week results in a loss of efficiency even greater than indi-
cated in the studies for the 50-hour and 60-hour workweek.

A July 2006 article in Cost Engineering by Seals and Rodriquez was crit-
ical of the Business Roundtable study. The article asserted that the BRT 
Report was “fundamentally flawed” and “contained significant method-
ological and theoretical errors.” The article further noted that the BRT 
Report contained three significant failures:

1. It contained no actual data or explanation of how data was 
collected, filtered, or manipulated.

2. There was a lack of correlation between the curves and the 
source material.

3. Data was not collected following set standards, the study 
was too specific to be applied universally, did not make an 
explicit connection between fatigue and efficiency, and was 
outdated.

This article is worth reading and is in line with the criticisms expressed 
in this book.

Because the Business Roundtable Bulletin is based on non-scientific 
studies such as the MCAA and NECA, because it draws in part from the 
Bureau of Labor Statistics manufacturing study, and because it is limited to 
a study only of Proctor & Gamble for any independent assessment, its reli-
ability is highly questionable. It appears that this bulletin has no value as a 
quantitative measure of loss of productivity for construction operations for 
an overtime situation. Its sole use is additional support that overtime may 
cause a reduction in the productive output of construction workers. The 
amount of that reduction should not be quantified from the information 
presented in this bulletin.
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National Electrical Contractors Association

The National Electrical Contractors Association has published numer-
ous documents related to the subject of productivity in construction. 
Apparently, NECA has two alter organizations, the Electrical Contracting 
Foundation and ELECTRI’21. The following is a partial list of the NECA 
publications:

• Quantifying the Cumulative Impact of Change Orders
• The Effect of Temperature on Productivity
• Factors Affecting Labor Productivity
• Project Peak Workforce
• Manpower Loading: The Rate of Manpower Consumption
• Guide to Electrical Contractors’ Claims Management
• Overtime and Productivity in Electrical Construction
• What-To-Do-Guide for Schedule Acceleration and 

Compression
• Productivity Enhancement Focusing on Labor Efficiency
• Normal Project Duration
• Rate of Manpower Consumption
• The Effect of Multistory Buildings on Productivity
• Impact of Change Orders on Labor Efficiency
• Stacking of Trades
• Negotiating Loss of Labor Efficiency
• Strategies for Minimizing the Economic Consequences of 

Schedule Acceleration and Compression

Our discussion will be limited to just a couple of the publications, 
though it should be noted that many of the assessments made concerning 
these publications apply to most of the other publications.

The National Electrical Contractors Association (NECA) published 
a document in 1969 titled “Overtime and Productivity in Electrical 
Construction.” The second edition of this was reprinted in 1989. While 
first published in 1969, the document notes that the “study” was conducted 
ten years earlier or approximately in 1959. This means that the information 
used as the basis for this publication is now over 60 years old. Once again, 
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many things have changed in the past 60 years. This obviously brings into 
question the applicability of the data today; 60+ years later.

Schwartzkopf notes that:

“This study is based on a survey of NECA membership and, as a result, 
is not based upon empirical or field study.”

This statement is not exactly correct. The NECA publication notes that 
it is based on a survey, as Schwartzkopf points out:

“Some years ago, NECA published the results of a survey of its mem-
bership regarding the experience of electrical contractors with reduced 
productivity associated with overtime. The survey consisted of four ques-
tions concerning overtime on a sporadic, short-duration basis, and two 
questions concerning continuous application of overtime over several 
successive weeks.”

The NECA publication, however, goes on to note that:

“A study conducted by the NECA Southeastern Michigan Chapter of 
jobs worked during 1964 bears this observation out dramatically. The 
findings of the study are presented...”

Therefore, the data contained in the NECA publication includes its sur-
vey results and the results of the chapter study. The results of that study are 
shown in Figure 8.3. It should be noted that this study reflects a period up 
to 28 days or four weeks. Additional charts contained in the NECA publi-
cation extend out to 16 weeks and apparently are the results of the survey 
information rather than the Chapter study. Figure 8.4 and Figure 8.5 show 
the results of the survey information for a 50-hour workweek. As can be 
seen, this approach yields a range of possible losses in productivity from 
0% to 37%. The figure also does not illustrate a “point of no return” as was 
hypothesized by the Business Roundtable Bulletin.

If one reads the entire NECA publication, he/she will note that NECA 
concludes that the information it has acquired correlates quite closely with 
the data presented by the Bureau of Labor Statistics study from the mid-
1940s. The information from both the Bureau of Labor Statistics and the 
NECA research is summarized in various charts and graphs throughout 
the publication. Perhaps the most significant point made in the NECA 
publication is the following:
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Days and
Hours

Weekly
Hours 7 Days 14 Days 21 Days 28 Days

Percent Productivity

Six 9’s
Six 10’s
Six 12’s
Seven 8’s
Seven 9’s
Seven 10’s
Seven 12’s

54
60
72
56
63
70
84

96–94%
93–91%
88–86%
91–89%
89–87%
86–84%
80–78%

94–91%
89–86%
82–79%
86–84%
83–80%
79–76%
70–67%

92–86%
86–82%
76–72%
82–76%
78–74%
72–68%
60–56%

90–85%
82–77%
70–65%
77–73%
72–67%
65–60%
50–45%

Figure 8.3 Tabular results of the Southeastern Michigan study.
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“The need for thorough, orderly documentation of project expenses 
cannot be overstressed. The most persuasive argument which can be 
raised….is to show that the proposed loading factors are based upon the 
experience of one’s own organization, and that they are not out of line 
with the experience of the industry as a whole.

Supporting a claim requires in addition that the particular project 
in question be thoroughly documented. Courts and boards are rarely 
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willing to apply purported industry averages to the adjudication of a 
claim directly, although they may reasonably be expected to use such 
averages as benchmarks against which to judge the reasonableness of a 
specific claim.

Therefore, it is important to keep both good current records and orderly 
historical files.”

In simple terms, NECA points out that its members should not be using 
the “industry standards” as the primary method to support a claim but 
rather to base a claim on the detailed project records and the company’s 
detailed historical records. This concept will be addressed in other sections 
of this book.

More recently, NECA produced new studies related to productivity in 
electrical construction. The publications have been noted previously.

Of the preceding publications, the Factors Affecting Labor Productivity 
for Electrical Contractors incorporates the results of some of the other 
studies. For that reason, it will be addressed first.

Review of Factors Affecting Labor Productivity for Electrical Contractors
This study attempts to quantify loss of efficiency for seven items: 

• Overtime
• Overmanning
• Shift Work
• Stacking of Trades
• Owner-Furnished Items
• Beneficial Occupancy
• Cumulative Impact or Ripple Effect

The study was based on data provided by contractors and collected 
between 1999 and 2002 for 152 projects, including commercial, institu-
tional, and industrial projects. The projects were competitively bid on in 
a design-bid-build delivery system. While the report notes the number of 
projects, it does not indicate that every project was utilized for each area 
where formulas were developed. For example, it is unclear if all 152 proj-
ects had usable data for the derivation of the formula for overtime loss of 
productivity. The same is true for the other six items in the study. Therefore, 
the report fails to define the exact data base for each specific item.
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For all seven items a formula is developed based on a regression anal-
ysis of the available information. The authors, however, fail to provide the 
raw data used for any analysis, and fail, except in one case, to provide any 
measure of the reliability of the equations developed. Only one value for 
R2 is provided and that relates to the overtime study. In that instance, the 
R2 value is 53.4%. This means that the reliability of this calculation is about 
3.4% more reliable than the flip of a coin (50% of the time you get “heads”). 
Though the specific R2 values were requested from the NECA and the 
author of the study, this information has not been provided. If this one 
value is indicative of the entire study, then the results have questionable 
reliability.

The new publications contain various formulas for quantifying the 
amount of lost productivity for various causes. Unfortunately, the details 
of the research are not clearly described in the publications. The authors 
of this book have written to the NECA and ELECTRI’21 seeking addi-
tional information to allow a fair peer review of the published material. At 
the time of publishing this book, no response was received. Therefore, the 
discussion in this book is based on the material as presented in the NECA 
publications. It should be noted that the lack of detailed information for 
the formulas developed precludes any meaningful and analytical review to 
assess the validity of the methods used, the reliability of the usable infor-
mation, and the merit of any conclusions reached. Until such time as the 
NECA and ELECTRI’21 provide backup information for these publica-
tions, they should not be considered reliable or accepted as a reasonable 
estimate for any alleged losses in productivity.

Mechanical Contractors Association of America

The Mechanical Contractors Association (MCAA) offers a publication 
titled Change Orders, Productivity, Overtime—A Primer for the Construction 
Industry. It was first published in 1974, and there have been multiple revi-
sions since then that generally use the same information. This publication 
offers comments on the effects of change orders and overtime on the pro-
ductivity of the contractor. In its section on “Productivity,” the MCAA 
publication includes tables providing various factors affecting labor pro-
ductivity. This table of factors is often used in support of claims for lost 
efficiency.
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In the discussion of overtime, the MCAA refers to various studies 
such as the Construction Industry Cost Effectiveness (CICE) Project, the 
Business Roundtable, etc. Various charts and graphs are included in the 
MCAA publication that were taken from the Bureau of Labor Statistics 
and the Corps of Engineers Modification Impact Evaluation Guide. The 
MCAA generated the tables shown in Figure 8.6 that represent loss of effi-
ciency due to overtime ranging from 3 1/3% to 29%. 

Section PD2 of the publication summarizes the MCAA guidelines for 
losses in productivity in a 2-page table which provides a range of percent 
loss for various factors. This table is shown in Figure 8.6.

As can be seen in Figure 8.6, the factors affecting productivity include 
stacking of trades, morale and attitude, reassignment of manpower, crew 
size inefficiency, concurrent operations, dilution of supervision, learning 
curve, errors and omissions, beneficial occupancy, joint occupancy, site 
access, logistics, fatigue, ripple, overtime, and season and weather change. 
The represented potential losses in productivity range from 1% to as high 
as 50%.

Oftentimes, the factors shown in Figure 8.6 are used in the presentation 
of a claim for loss of productivity. Unfortunately, there is no clear instruc-
tion as to how one correctly applies these factors. It is immediately appar-
ent that the assignment of these factors is totally subjective. Therefore, one 
can reach any desired percent loss of productivity merely by the method of 
assigning the factors in the manner he/she chooses or deems appropriate.

Factor

Percent of Loss if Condition:

Minor Average Severe

10% 20% 30%

5% 15% 30%

1.

2.

STACKING OF TRADES: Operations take
place within physically limited space with other
contractors. Results in congestion of personnel,
inability to locate tools conveniently,
increased loss of tools, additional safety
hazzard and increased visitors. Optimum crew
size cannot be utilized.

MORALE AND ATTITUDE: Excessive hazzard,
competition for overtime, over-inspection,
multiple contract changes and rework,
disruption of labor rhythm and scheduling,
poor site conditions, etc.

Figure 8.6 Factors affecting labor productivity; MCAA 1994, Productivity PD2.
 (Continued)
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Factor

Percent of Loss if Condition:

Minor Average Severe

5% 10% 15%

10% 20% 30%

5% 15% 25%

10% 15% 25%

5% 15% 30%

1% 3% 6%

3.

4.

5.

6.

7.

8.

REASSIGNMENT OF MANPOWER: Loss
occurs with move-on, move-off men because of
unexpected changes, excessive changes, or
demand made of expedite or reschedule com-
pletion of certain work phases. Preparation not
possible for orderly change.

CREW SIZE INEFFICIENCY: Additional men to
existing crews  “breaks up” original team effort,
affect labor rhythm. Applies to basic contract
hours also.

CONCURRENT OPERATIONS: Stacking of
this contractor’s own force. Effect of adding
operation to already planned sequence of
operations. Unless gradual and controlled
implementation of additional operations made,
factor will apply to all remaining and proposed
contract hours.

DILUTION OF SUPERVISION: Applies to both
basic contract and proposed change.
Supervision must be diverted to (a) analyze
and plan change, (b) stop and replan affected
work, (c) take off, order and expedite material
and equipment, (d) incorporate change into
schedule, (e) instruct foreman and journeyman,
(f ) supervise work in progress, and (g) revise
punch lists, testing and start-up requirements.

LEARNING CURVE: Period of orientation in
order to become familiar with changed
condition. If new men are added to project,
effects more severe as they learn tool locations,
work procedures, etc. Turnover of crew.

ERRORS AND OMISSIONS: Increases in
errors and omissions because changes usually
performed on crash basis out of sequence or
cause dilution of supervision or any other
negative factors.

Figure 8.6 (Continued) Factors affecting labor productivity; MCAA 1994, Productivity 
PD2. (Continued)
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Factor

Percent of Loss if Condition:

Minor Average Severe

15% 25% 40%

5% 12% 20%

5% 12% 30%

10% 25% 50%

10% 15% 20%

10% 15% 20%

9.

10.

11.

12.

13.

14.

BENEFICIAL OCCUPANCY: Working over,
around or in close proximity to owner’s
personnel or production equipment. Also
badging, noise limitations, dust and special
safety requirements and access restrictions
because of owner. Using premises by owners
prior to contract complerion.

JOINT OCCUPANCY: Change causes work to be
performed while facility occupied by other
trades and not anticipated under original bid.

SITE ACCESS: Interferences with convenient
access to work areas, poor man-lift
management or large congested worksites.

LOGISTICS: Owner-furnished materials and
problems of dealing with his storehouse people,
no control over material flow to work areas.
Also contract changes causing problems of
procurement and delivery of materials and
rehandling of substituted materials at site.

FATIGUE: Unsual physical exertion. If on
change order work and men return to base
contract work, effects also affect performance
on base contract.

RIPPLE: Changes in other trades’ work affecting
our work such as alteration of our schedule.
A solution is to request, at first job meeting,
that all change notices/bulletins be sent to
our Contract Manager.

10% 15% 20%15. OVERTIME: Lowers work output and effiency
through physical fatigue and poor mental
attitude.

10% 20% 30%16. SEASON AND WEATHER CHANGE: Either
very hot or very cold weather.

Figure 8.6 (Continued) Factors affecting labor productivity; MCAA 1994, Productivity 
PD2.
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The most significant question about this table in Figure 8.6 is its 
origin. A few years ago, the authors contacted the MCAA in an attempt 
to determine the basis for the factors. The e-mail response noted that 
the information was so old that the MCAA was unaware of the exact 
source. In a subsequent investigation of the MCAA factors during a 
trial before the Department of Veterans Affairs Board of Contract 
Appeals, the MCAA executive vice president submitted a sworn writ-
ten statement setting forth the history of the MCAA factors. Two sig-
nificant statements from that sworn statement are worthy of note. The 
first notes:

“Because MCAA and its membership recognize that the loss of labor 
productivity is difficult to quantify with specificity, the MCAA Factors 
are expressly intended to serve only as a point of reference for mechani-
cal contractors and other parties. The specific percentage values set forth 
in the MCAA Factors must be applied with careful consideration and 
a review of the facts surrounding the loss of productivity. The MCAA 
Factors are intended to be used in conjunction with the experience of 
the particular contractor seeking to use them, because the percentage 
of increased costs could well vary from contractor to contractor, crew to 
crew, and job to job.”

The sworn statement most significantly states that the factors were 
developed beginning in the late 1960s and continued into the early 1970s. 
With respect to the basis of the factors, the sworn statement notes:

“To the best of the MCAA’s current knowledge, the information con-
tained in the MCAA Factors was gathered anecdotally from a number 
of highly experienced members of the MCAA’s Management Methods 
Committee. MCAA does not have in its possession any records indicat-
ing that a statistical or other type of empirical study was undertaken in 
order to determine the specific factors, or the percentages of loss associ-
ated with the individual factors.”

Therefore, the use of the MCAA Factors in the support of a claim seems 
questionable at best. There appears to be no scientific or empirical basis for 
the factors but rather the anecdotal assessment or estimate of members of 
a committee.
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The Leonard Study

The Leonard Study is often referenced to support a loss of inefficiency 
caused by change orders on a project. Not only is it used to support that 
inefficiency occurred but also to provide percentages of loss to the project. 
Before one accepts this study as reliable, the basis for the work should be 
understood. The following discussion will provide useful background on 
the study and allow the reader to decide the applicability of the study to an 
analysis of inefficiency.

The Leonard Study was published in August 1988. It was a thesis for a 
master’s degree at Concordia University, Montreal, Quebec, Canada.

Perhaps the most efficient way to start a discussion of this study is to 
summarize the conclusions presented in the study. In Chapter VI of the 
study, Leonard draws 13 conclusions that can be summarized as follows:

1. Most change orders are caused by design errors and 
omissions.

2. Individual change orders that disrupt and delay work 
adversely affect productivity.

3. Change orders have a ripple effect on the productivity of 
unchanged work.

4. When change order labor hours exceed 10% to 15% of 
the original contract work, there is a detrimental effect on 
productivity.

5. Causes of productivity losses caused by change orders 
include: stop-and-go operations, out-of-sequence work, loss 
of productive rhythm, demotivation of workers, learning 
curve losses, unbalanced crews, excessive manpower fluctu-
ations, unbalancing of successive operations, lack of man-
agement support, and acceleration if time extensions are not 
granted.

6. Change order productivity losses are primarily experienced 
later in the job. As a consequence, delays may occur.

7. Project completion dates may be delayed significantly 
as a result of disruptions, additional work, and losses in 
productivity.
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8. Scheduling and coordination of the work are significant fac-
tors in productivity. Change orders may make this more dif-
ficult but also more important.

9. Individual change orders may affect productivity depending 
on when work can proceed relative to the planned start of 
an activity.

10. Productivity losses are best calculated after the fact by the 
use of a measured mile analysis (“differential method of cost 
calculation”).

11. The relationship between change orders and productivity 
loss is linear and the correlations are “relatively” strong.

12. The amount of productivity loss from change orders is 
affected by the type of work but not the type of construction.

13. Other causes of productivity losses (separate from change 
orders) can increase the amount of lost productivity.

Before accepting Leonard’s conclusions, it is appropriate to understand 
the basis for the study and the methodology used in the study. The most 
important questions that must be addressed are:

• What is the basis of the study?
• Does the study analytically support the conclusions reached?

Let’s begin with the basis of the Leonard study.
Leonard begins the study by noting that 90 cases from 57 projects were 

studied. One must question if this is truly 90 cases or more appropriately 
57 cases, since multiple “cases” on the same project should show the same 
results. If so, this can skew or bias the results of the study by providing 
more weight to results from a project with multiple cases as compared to a 
project with a single case.

Most importantly, Leonard also notes that this study is not meant to 
replace a measured mile and, in fact, the measured mile is the preferred 
method for assessing lost productivity. Leonard clearly states that this 
study is a method for estimating lost productivity when a measured mile is 
not possible.

Leonard contends that this study is equivalent to an industry-wide study 
because it is based on actual projects. This assertion is highly questionable 
and will be addressed a bit more later on.
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Leonard notes that his study used data from 84 separate contracts on 57 
independent projects comprised of buildings and industrial facilities. No 
heavy/highway work was included.

Perhaps the most important aspect of the study setup was how the data 
was acquired. Leonard gathered information from a claims consulting firm 
for all the projects. Furthermore, Leonard states that:

“…84 contracts were identified on which the contractor had experienced 
loss of productivity as a result of change orders.” 

Recognize that this means that someone else had already concluded that 
change orders caused loss of productivity. If you accept that this identifica-
tion was correct, then the study is merely an attempt to quantify that loss. 
There is no indication that the losses in productivity may have had other 
factors that influenced the magnitude of the loss. Because of this huge 
assumption, the validity of the study must be questioned. Furthermore, to 
objectively determine whether change orders cause productively losses, an 
analyst would need to not only analyze projects with alleged inefficiency 
losses due to change orders, but it would also need to analyze projects 
without inefficiency losses where change orders occurred. To assume that 
change orders lead to productivity losses would be biased and skew any 
alleged quantifiable link between change orders and productivity.

The Leonard Study information that was utilized was gathered from the 
following sources:

• Contractors’ Claims
• Claim Evaluations
• Expert Reports
• Job Files

There was no independent analysis by Leonard to determine if change 
orders caused any loss of productivity. Rather, it was accepted that because 
the firm supplying the information believed change orders caused a loss, 
then it was a fact. A highly questionable premise for an analysis.

Leonard also states that in many cases information was not available 
on the actual man-hours spent on change orders. Instead, estimates by the 
contractor or the owner were utilized to define man-hours for the study. 
This is yet another highly questionable premise. Basically, there is no 
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accurate record of the man-hours expended on change orders, yet it is the 
basis for the statistical gymnastics that followed.

Leonard also does not independently measure the losses in productiv-
ity. Instead, the study accepts whatever measure was assigned by an expert 
report outside of the Leonard Study. In cases where there was no expert 
report, Leonard used either some form of measured mile or total cost/
modified total cost. As a consequence of this, one must conclude that this 
study has no accurate or reliable measure of the productivity losses that 
are used in subsequent statistical calculations. Leonard further points out 
that in 15% of the cases; progress was over-reported early in the job. This 
resulted in the remaining work being understated and the early productiv-
ity achieved as being overstated. Hence, the data was inaccurate to begin 
with. Yet Leonard does not state whether these cases were excluded from 
the study.

After gathering data, Leonard then performs a series of statistical cal-
culations based on regression analysis. Some of these show a reasonable 
level of correlation, while others don’t. Interestingly, Leonard does not have 
a large amount of data points in any of the scatter diagrams in the study. 
Based on a visual review of the figures in the study, the data points range 
from a high of 28 to a low of eight. Using eight data points to draw conclu-
sions for future estimates is highly questionable. 

The results of the regression analysis yield correlation coefficients (R) 
that are at best suggestive of a correlation. Leonard fails to take the one 
further step and calculate the coefficient of determination (R2). This calcu-
lation would be a better measure of the reliability of the analysis for making 
predictions. A quick calculation of the coefficient of determination for all of 
Leonard’s regression calculations shows that the reliability of this study for 
predicting loss of productivity is less than the study implies. For example, 
Leonard’s Civil/Architectural contracts, Type 2, have a correlation coeffi-
cient of 0.74. This yields a coefficient of determination of 0.55. That means 
that the model Leonard developed may explain only 55% of the variation 
of productivity versus the man-hours on change orders. The other 45% 
of variation is unexplained and resulted from a factor other than change 
orders. It is highly questionable to use a model that can at best account for 
55% of the variation as an accurate method for estimating loss of produc-
tivity. Yet Leonard states that the 0.74 coefficient of correlation indicates a 
“relatively strong correlation.” Simply put, this is incorrect.
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Finally, it must be noted that the overall conclusions in the study are not 
supported by the analytical work that is performed. Though some relation-
ships appear to exist in the statistical models generated, they are based on 
questionable data. Regardless of the results of the statistics, the conclusions 
are far broader than the analysis supports.

Corps of Engineers Modification Impact Evaluation 
Guide

The U.S. Army Corps of Engineers published its Modification Impact 
Evaluation Guide, EP 415-1-3, in July 1979. The purpose of the Guide is 
stated as:

“This pamphlet provides information and guidance on the identification 
and evaluation of that portion of the fixed-price construction contract 
modification defined as impact on the unchanged work.”

The Guide material recognizes the possibility that certain occurrences 
on a construction project may give rise to a reduction in the productivity 
achieved on the project. Both equipment and labor losses of productivity 
are addressed in the Guide. With respect to equipment, the Guide notes 
that:

“Reduction in productivity because of equipment crowding or increased 
traveling time requires a study of the individual situation. The objec-
tive of such a study is to define the production time lost to traveling 
(hours) and the loss of productivity caused by crowding (converted to 
hours), plus equivalent additional costs for operators and oilers (when 
applicable).”

With respect to manpower, the Guide addresses this in much more 
detail. Several factors are identified which may adversely affect the pro-
ductivity of the labor force on the project. These factors include disrup-
tion, crowding, acceleration, increased crew sizes, increased hours worked, 
multiple shifts, and morale. For several of these factors, the Guide presents 
graphs as a guide for estimating lost productivity. It should be kept in mind 
that the Guide was established to assist Corps of Engineers personnel in 
the upfront resolution of changes. As a consequence, the graphs and charts 
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included are not presented as scientific studies but rather as “information 
or trends.”

The narrative for each of the factors noted is instructive since the Corps, 
as one of the largest construction owners in the world, is recognizing how 
these factors can adversely affect productivity. In the discussion of disrup-
tion, the Corps notes:

“Disruption occurs when workers are prematurely moved from one 
assigned task to another. Regardless of the competency of the workers 
involved, some loss in productivity is inevitable during a period of ori-
entation to a new assignment. This loss is repeated if workers are later 
returned to their original job assignment.”

The Guide then offers various learning curves based on industrial tasks 
to allow some estimate of the effect of disruptions. The following Figures 
8.7 and 8.8 show the learning curve data presented in the Guide.
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Figure 8.7 EP 415-1-3, July 2, 1979; Construction operations orientation/learning chart.
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The Guide also recognizes that crowding can affect productivity. It 
notes, however, that merely because more activities are worked at once 
does not necessarily mean that crowding will be a factor. It clarifies 
this by noting that “both increased activities stacking and limited (con-
gested) working space must be present for crowding to become an impact 
cost.” Therefore, it is important to assess the actual project conditions 
before assuming that crowding has occurred and has had any effect on 
productivity.

In the area of acceleration, the Guide lists factors as subsets of this. These 
include increased crew sizes, increased hours worked, and multiple shifts. 

For increased crew sizes the Guide notes that the optimum crew size 
is one that has the minimum workers to perform the task in the allocated 
time frame. As workers are added, a lesser return is seen on the produc-
tion achieved. In other words, production increases are not linear as we 
increase the size of a crew. The Guide provides charts to estimate the effects 
of increased crew sizes. The major problem which is not clearly addressed 
in the Guide is the determination of the optimal crew size such that the 

(BASED ON CONSTRUTION OPERATIONS
                                ORIENTATION/LEARNING CHART)
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charts can be used. It is also unclear as to how these specific charts were 
developed.

For increased work hours, shifts over 8 hours per day and more than 5 
days per week, the Guide offers the composite chart in Figure 8.8 showing 
losses in productivity ranging from 2% to 40%:

Figure 8.8 was based on information for a four-week period of time. The 
Guide notes that it is assumed that the loss of productivity beyond four 
weeks will flatten out, implying no further losses after a four-week period.

The Guide notes multiple shifts as an increase in cost but does not 
address how one approaches the quantification of these costs. It does point 
out that lighting, cold weather, etc., are factors which come into play when 
multiple shifts are worked.

Finally, when the Guide addresses the area of morale, it notes that work-
force motivation is the responsibility of the contractor. While it recognizes 
that morale has an influence on productivity, it postulates that “The degree 
to which this may affect productivity, and consequently the cost of performing 
the work, would normally be very minor when compared to the other causes 
of productivity losses.”

In a letter dated June 14, 1996, the Corps of Engineers “hereby rescinded” 
the use of EP 415-1-3. To the authors’ knowledge, the Corps of Engineers 
has not reinstated the use of EP 415-1-3.

Construction Industry Institute

The Effects of Scheduled Overtime and Shift Schedule on Construction 
Craft Productivity

In December 1988, the Construction Industry Institute published a 
study of overtime and shift work on craftsmen productivity. The results 
of that study vary markedly from the previous studies noted. The study 
reaches four main conclusions, which are:

1. Previous studies by BLS, the Business Roundtable, and oth-
ers are not consistent predictors of productivity loss during 
overtime schedules for construction projects in this study.

2. Even on the same project working an overtime schedule, 
productivity trends of individual crews are not consistent.
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3. Productivity does not necessarily decrease with an overtime 
schedule.

4. Absenteeism and accidents do not necessarily increase 
under overtime conditions.

The study further notes, however, that “Additional projects need to be 
studied and the database expanded for any further meaningful results to be 
drawn.”

The obvious question is how can this study vary so far from all of the 
other references to overtime and shift work that rather consistently predict 
a loss in productivity when additional hours are worked? It appears that 
the answer may well lie in the projects studied, the size of the database, and 
the analysis method employed. Some of the areas that must be questioned 
in this study are the nature of the projects, the method of measurement, 
and the skill of the study team.

In reviewing the material presented, the data was obtained only from 
seven projects. The data was collected by three students from the University 
of Texas working on their master’s thesis. It is unknown if any of these 
students had any firsthand construction experience. It would seem appro-
priate that researchers involved in this area should have a reasonable level 
of experience in construction in order to be able to assess the validity of 
methods used and data recorded.

The seven projects studied were all of a process nature and included:

1. Refurbishing of a distillation unit at a refinery complex.
2. Expansion of a large oil refinery.
3. A shutdown of an oil refinery.
4. A power plant project.
5. Construction of a chemical processing plant.
6. A natural gas recovery plant.
7. A natural gas recovery plant.

In all seven projects, none were studied throughout the entire proj-
ect but instead were assessed during limited time frames when overtime 
occurred. In some cases, the job was on overtime for the entire duration. In 
those cases, it seems highly questionable that any valid measurement could 
be made since a base standard was never established to define productivity 
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without overtime. This leads to another important question about this 
study, that of the method of measurement.

The study did not measure like quantities but, instead, “normalized” dif-
ferent quantities to establish a baseline. For example, the study notes:

“In order to obtain useful periodic productivity values, it is necessary 
to equate the quantities installed to standard units. For instance, if a 
particular crew installs 6-inch pipe one day and 12-inch pipe the next, 
the two daily productivity values should vary significantly. Adjustment 
factors are clearly needed to equate the two commodities.

The adjustment factors used in the CII study are known as “Bogey fac-
tors.” Bogey factors are obtained by calculating the ratio of estimated 
work-hours to install one unit quantity of a particular material of 
detailed description with estimated work-hours to install the material of 
the size and description in question. For example, Bogey factors are used 
to convert all pipe sizes to 6-inch, carbon steel, field-run, socket-welded 
pipe.”

The conversion or normalization was done by graduate students in their 
master’s thesis. Using estimates at any time in a study of this nature forces 
one to question the validity of the resultant findings.

When one reviews the detailed graphs presented in the study, it is obvious 
that the measured productivity varied significantly even for the same project 
over the time frame measured. Such variations indicate the lack of any pattern 
to the productivity achieved. This could be the result of many elements such as 
the measure used, the “Bogeys” calculated, the collection of information, etc.

Six years later, in 1994, the Construction Industry Institute (CII) issued 
another study titled: Effects of Scheduled Overtime on Labor Productivity: 
A Quantitative Analysis. The conclusions reached in this study were sig-
nificantly different than the earlier study. The Executive Summary notes 
two major conclusions:

1. The first conclusion noted that curves shown in the Business 
Roundtable Report (BRT) were reasonable average estimates 
of productivity losses caused by overtime.

2. The second conclusion related to disruptions. The report 
noted three types of disruptions; Management disruptions, 
rework disruptions, and resource disruptions. The report 
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concluded that “there is no clearly established relationship 
between the disruption frequency and the number of days 
worked per week” for management and rework disruptions. 
Resource disruptions were defined as the lack of materials, 
tools, equipment, or information. “The frequency of resource 
disruptions increases sharply for longer workweeks…. The 
conclusion is that working overtime efficiently is a resource 
management problem.”

Some other areas must be noted concerning this report. No longer were 
“Bogey Factors” used. Instead, the report utilized “Conversion Factors.” In 
order to compare different types of installations, the report used an earned 
value approach. Since it was recognized that different size conduit, for instance, 
would require different time to install, the study defined a standard item for 
each category of installation. That standard item was assigned a conversion 
factor of 1.00. For different size conduit, for instance, any other size conduit 
was given a conversion factor compared to the 1.00 for the standard. The basis 
of these calculations was three estimating manuals and an estimating manual 
from one of the contractors working on one or more of the projects. The con-
version factors were then used to determine how much of the standard item 
would have been installed. We will not enter into a discussion of the accuracy 
of estimating manuals. However, we will note that if ample information was 
available (and based on the report it was) a more realistic comparison could 
and should have been made of like items without using conversion factors. 
The use of conversion factors from a generalized estimating manual added 
subjective modifications to the analysis results. 

The study incorporated data from four projects: a process plant, a man-
ufacturing facility, a paper mill, and a refinery.1

* This clearly is a very limited 
sample size. Further limitations were that the “focus” of the study “was on 
detailed observations of piping and electrical crews, rather than on various 
crafts.” Yet, electrical observations were only made on three of the four 
projects (process plant, manufacturing, and paper mill) and mechanical 
observations were also only made on three of the four projects (process 
plant, manufacturing, and refinery). The obvious question is whether the 
data can be applied to drywall work, concrete work, etc. The application to 
other trades has not been substantiated by the study.

*

1See Table 1 within the CII SD-98 (August 1994).
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Furthermore, the study defined a normal workweek as four 10-hour 
days. Overtime was then defined as five or six 10-hour days. “There were 
no data for 5–8-hour days.”2

† Once again, the obvious question is the appli-
cability of four 10-hour days since many construction projects operate on 
the basis of five 8-hour days or five 10-hour days. 

The hours used in the study were also modified from the raw data. As 
stated in the study, “If the crew worked 37.5 hours during the week, that 
was considered a 40-hour week.”3

‡ It is unclear why the study would not 
just use the raw data of a 37.5-hour week. As explained, the additional 
2.5 hours in the conversion would not appear to be a significant change, 
but not all conversions were completed in a like manner. The samples 
for “Actual Hours” and “Nominal Hours,” the hours used in the analysis, 
were provided in Appendix A, Table A-1. For Project 9187, Week 2, 33 
Actual Hours were reported, and the study converted those hours to 40 
Nominal Hours, resulting in an addition of seven nonproductive hours. In 
this example, the quantities completed during this week would have seven 
additional hours added, showing a lower productivity measurement than 
what was actually achieved using 33 hours. One would think given this 
example, any time the Actual Hours equaled 33 then the study rounded up 
to 40 Nominal Hours for consistency reasons. This was not true. 

Project 9188, Week 4 also had 33 Actual Hours, but in this instance, the 
study rounded down to 30 Nominal Hours. When compared to the other 
sample where 33 hours were increased to 40, the sample that reduced the 
hours from 33 to 30 would show 10 fewer hours used to achieve the quantities 
obtained during the week (40-30=10). The 10 hour difference resulted in a 
modified productivity rate because of the subjective changes to weekly hours. 

In two other examples, 42.25 Actual Hours were rounded up to 50 
Nominal Hours (Project 9186, Week 9) while 35.5 Actual Hours were 
rounded down to 30 Nominal Hours (Project 9189, Week 4). Of the 132 
data samples for hours, 43 samples (over 32.5%) had the Actual Hours 
modified to another quantity of Nominal Hours. Stated differently, over 
32.5% of the productivity calculations were based on hours that did not 
actually exist in the raw data.

The study also did not identify which weeks were used to calculate 
the “Baseline Productivity,” which appears to be the alleged productivity 

†

2 See page 30 within the CII SD-98 (August 1994).
‡

3 See page 20 within the CII SD-98 (August 1994).
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achieved during non-overtime periods. The study stated that, “The weeks 
used for the baseline are noted in Appendix A by an asterisk (*).” However, 
no asterisks were shown in the version of Appendix A, purchased from CII.

Other data “outliers” were also excluded from the analysis. Examples of 
raw data collected, categorized as “outliers,” and excluded were:

• The first week of data for three projects was excluded. These 
exclusions were attributed to “some initial difficulties with 
data collection….for projects 9181, 9183, and 9185.4

§

• One 7-day workweek was discarded.5
¶

• All performance factors greater than 2, which would show 
higher levels of productivity, were “ignored”.6

** This appeared 
to occur on 11 samples.7

†† The specific reason provided for 
these exclusions were:8

‡‡

“The analysis found that the results were very sensitive to extreme val-
ues. Therefore, all PF [performance factor] values greater than two were 
ignored.”

The alleged “extreme values” were excluded despite the study also stating:

“However, simply removing extreme data points would be improper 
since they are, to some extent, the focus of this study.”

The analyses and conclusions were completed once the non-project- 
specific conversion rates were used to “normalize” the work comparison, 
the alteration of productivities were changed by subjectively modifying the 
“Actual Hours” to “Nominal Hours,” and the excluded data showing higher 
productivity results were excluded. Similar to our advice concerning the 
study performed by the CII six years earlier, based on the preceding issues, 
the use of this study in any form is questionable.

§

4 See page 21 within the CII SD-98 (August 1994).
¶

5 See page 23 within the CII SD-98 (August 1994).
**

6 See page 23 within the CII SD-98 (August 1994).
††

7  See Appendix B, Table B-1 within the CII SD-98 (August 1994). Note that the quantity of 
samples in Table B-1 is different than the samples in Table A-1.

‡‡

8 See page 23 within the CII SD-98 (August 1994).
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Quantitative Impacts of Project Change

A study issued by the CII in May 1995 titled “Quantitative Impacts of 
Project Change” addressed changes on craftsmen productivity. The study 
was based on questionnaires sent to 90 CII member companies. Responses 
were received from 35 different companies and represented 104 projects. 
It should be noted that almost half of the responses were from owners as 
opposed to contractors or construction managers. This gives rise to the 
question of the accuracy of productivity data available. The projects con-
sisted of manufacturing and process work. There did not appear to be any 
vertical or heavy civil projects included. The measurement of productivity 
was based on a ratio of earned hours to expended hours. Numerous statis-
tical evaluations were performed on the data, and the report attempted to 
answer three hypotheses concerning changes.

The findings of the report can be summarized as follows:

 Hypothesis 1: “Changes that occur late in a project are imple-
mented less efficiently than changes that occur early in the 
project.” The report concluded that this hypothesis was valid 
but could not statistically support it.

 Hypothesis 2: “The more change there is on a project, the more 
of a negative impact there is on labor productivity.” The report 
concluded that this hypothesis was validated statistically.

 Hypothesis 3: “Hidden change increases with more proj-
ect change.” The report concluded that this was statistically 
supported.

While the study supports hypotheses which have been recognized for 
quite some time, there does not appear to be any quantifiable result from 
the report which can be used in assigning measurable losses of productiv-
ity because of specific amounts of changes. Furthermore, because the data 
upon which the study was based is the result of questionnaires and not 
measured firsthand by the researchers, one must question the reliability, 
accuracy, and validity of the source data. Finally, because the data is from 
limited types of projects, and is based on an “earned value” approach, the 
results must be questioned as to the accuracy of the information. It should 
be noted that on page 3 of the study, it states: 
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“Because the results indicate relationships from a broad, total project 
perspective they cannot be used to accurately calculate the cost of an 
individual change or a group of changes. The findings of the study are 
helpful in benchmarking the amount of change and the expected pro-
ductivity on a given project against the studied projects. However, many 
variables affect productivity on a given project other than the amount 
of change, such as the timing of changes, the rate of changes, the change 
management system in use, and the type of changes. In evaluating the 
productivity on an individual project, these other variables, whose effects 
were not studied in this research, must be taken into account.”

The Ibbs Studies

Dr. C. William Ibbs is a professor at the University of California at Berkeley.9§§ 
Dr. Ibbs has authored multiple publications on various topics in the construc-
tion industry. The Ibbs studies are another type of industry study that allegedly 
support those changes that equate to productivity and project losses. 

For a bit of background on the Ibbs studies, Dr. Ibbs and Mr. W.E. Allen 
co-authored “Quantitative Impacts of Project Change” in May 1995 with 
the Construction Industry Institute at the University of Texas, in Austin, 
Texas.10

¶¶ The 1995 Ibbs/Allen study included 104 projects that compared 
the percentage of change orders (the independent variable) to a pro-
ductivity factor (the dependent variable). Percentage of change orders 
was determined by the number of labor hours expended on authorized 
changes during the construction phase divided by the total labor hours 
expended during the construction phase. Construction Productivity Ratio, 
or Index,11

*** was measured by taking actual productivity divided by planned 
productivity. The following Figure 8.9 is from the 1995 Ibbs/Allen study 
and shows the 104 projects plotted to show the percentage change orders 
compared to the productivity index:12

†††

§§

9  List of publications by Dr. Ibbs on University of California at Berkeley website, accessed 
May 2, 2021: https://ce.berkeley.edu/people/faculty/ibbs/publications

¶¶

10  Ibbs, C.W. and Allen, W.E., “Quantitative Impacts of Project Change,” Construction 
Industry Institute, Source Document 108 to Publication 43-2, May 1995.

***

11  As acknowledged in the 2005 study by Dr. Ibbs, it was assumed that the “planned 
productivity” was accurate and could be used as a comparable basis to determine 
productivity loss.

†††

12  McEniry, Gerald. “The Cumulative Effect of Change Orders of Labour Productivity – the 
Leonard Study “Reloaded,” The Revay Report, Volume 26, Number 1, May 2007, Figure 4.
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Some general observations on the information in the 1995 Ibbs/Allen 
study:

1. Most of the data exists in the 0% to 20% range for % Change 
Orders. There was little data provided where the change 
orders exceeded 20%.

2. The data within the 0% to 20% Change Orders range has a 
high amount of variability. 

 For example, projects in the 10% to 15% Change Orders 
range appear to have the same frequency of greater than 1.00 
productivity (better than planned) instead of lower than 1.00 
(productivity losses against the plan). This, along with most 
of the data points from 0% to 20% Change Orders, would 
indicate that the variation in the productivity index is not 
dependent on the variation in the percentage change orders.

3. The best-fit, or regression model, is linear and has a weak 
coefficient of determination (R2) of 0.1822.
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 In simple terms, an R2 of 0.1822 means that 18.22% of the 
variation in productivity may be explained by the variation 
in change percentage. In other words, even if a causal rela-
tionship actually existed between the two variables, 81.78% 
of the productivity variation remained unexplained by a 
simple regression comparison between the two variables.

In 2005, Dr. Ibbs authored an update to the 1995 Ibbs/Allen study and 
included the data from 169 projects (65 more projects than the 1995 study). 
The 2005 publication,13

‡‡‡ which was titled “Impact of Change’s Timing on Labor 
Productivity,” supplemented the data from the 1995 publication, and further 
classified productivity impacts into three categories based on the timing of the 
changes (early, normal, and late). The following Figure 8.10 shows the Ibbs 
study data for the 2005 analysis plotted similarly to the 1995 data:14

§§§

Several observations from the preceding 2005 Ibbs study figure are:

‡‡‡

13  Ibbs, William, “Impact of Change’s Timing on Labor Productivity,” American Society of 
Civil Engineers, Journal of Construction Engineering and Management, November 2005, 
pages 1219 through 1223.

§§§

14  Ibbs, William and Vaughan, Caroline, Change and the Loss of Productivity in 
Construction: A Field Guide, Version Date: February 2015, page 68. Source data link: 
https://ibbsconsulting.com/wp-content/uploads/2020/03/Change-and-the-Loss-of-
Productivity-in-Construction-A-Field-Guide.pdf

All Projects

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0
0% 10% 20% 30% 40% 50% 60%

Amount of Change

Productivity Ratio

Figure 8.10 2005 Ibbs study.



136 Productivity in Construction Projects

1. The 2005 Ibbs study appeared to include more data in greater 
than 20% Change Orders range that was lacking in the 1995 
Ibbs/Allen study. 

2. There were multiple projects in the 15% to 25% Change 
Orders range with a productivity ratio greater than 1.00 in 
the 1995 study that are not shown in the 2005 study.

3. There appears to be reduced variability in the 2005 Ibbs 
study. This would appear to be an improvement compared 
to the 1995 Ibbs/Allen study.

4. The best-fit, or regression model, has been changed from a 
linear 1st-order equation to a 2nd-order equation.

 The regression model contained the following equation:

 y = 2.4621x2 – 2.169X + 1.0589,  

 where x = Amount of Change and y = Productivity Ratio 

  Using this equation in attempting to describe the relation-
ship between change and productivity is problematic, as will 
be discussed later in this section.

5. Coefficient of Determination (R2) has improved to 0.72, 
indicating that a higher percentage of variation in the 
Productivity Index (y) may be explained by the variation in 
the Amount of Change (x).

  A stronger R2 would also appear to be an improvement 
compared to the 1995 Ibbs/Allen study.

Dr. Ibbs’s 2008 article,15
¶¶¶ “Evaluating the Cumulative Impact of 

Changes on Labor Productivity – an Evolving Discussion,” provided 
a graphic that compared the results and data of the 1995 and 2005 

¶¶¶

15  Ibbs, William and McEniry, Gerald, “Evaluating the Cumulative Impact of Changes on 
Labor Productivity – an Evolving Discussion,” AACE’s Cost Engineering, Volume 50, 
Number 12, December 12, 2008, pages 23 through 29.
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information. The graphic shown in Figure 8.11 is the version included 
in Dr. Ibbs’s 2008 article:

The preceding figure allows for a comparison of the 1995 Ibbs/Allen 
study and 2005 Ibbs study and provides several key observations:

1. Data that was included in the 1995 Ibbs/Allen study was 
omitted from the 2005 Ibbs study. 

  Many of the 1995 data points (grey) that showed a higher 
productivity when compared to the 2005 data points (red) 
were removed. Removing the 1995 values would reduce the 
variation among the data. Why the 1995 data points were 
omitted was not addressed in either Ibbs’ 2005 or 2008 pub-
lications on this topic.

2. The polynomial equation used in the 2005 Ibbs study shows 
that when change order percentages exceed 44%, the pro-
ductivity index will improve. In other words, the more the 
change orders exceed 44%, the better the productivity will 
become.

This conclusion is counter to many of the assertions in the 2005 Ibbs 
study. This issue can be observed by the inversion of the regression line 
after 44%, and how it bends upward after 44%. To further illustrate this 
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point, had the 2005 Ibbs study included change order values out to 100%, 
the 2005 Ibbs study regression model would support a productivity index 
of over 1.3, as shown in the chart in Figure 8.12.

This begs the question—is the model only accurate up to 44% and, if 
so, how could it be used to reasonably determine how percentage change 
effects productivity with such a significant limitation?

If the regression model equation is correct then the 2005 Ibbs study would 
support that if a project incurred 87% change, then the productivity index 
would be 1.035—a productivity improvement compared to a 1.0. The fol-
lowing use of Ibbs’ 2005 regression equation supports this alleged outcome:

 y = 2.4621x2 – 2.169X + 1.0589 

 If x (Amount of Change) = 0.87, then: 

 Y (Productivity Index) = 2.4621(0.87)2 – 2.169(0.87) + 1.0589 = 1.035 

Increase the change percentage more, and the productivity index 
improves even more. If the equation were true, a change percentage of 
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200% would result in a productivity index of 6.569—a massive productiv-
ity gain to the project. The following use of Ibbs’ 2005 regression equation 
supports this alleged outcome:

 y = 2.4621x2 – 2.169X + 1.0589 

 If x (Amount of Change) = 2.00, then: 

 Y = 2.4621(2.00)2 – 2.169(2.00) + 1.0589 = 6.5693 

It gets worse from there, but you get the point—the equation in the Ibbs 
2005 study cannot be used to accurately measure the amount of productiv-
ity loss caused by change. 

The 2005 Ibbs study concluded that, “The research reported in this 
paper (and other studies) reaffirms that project change is disruptive to 
labor productivity.” Simply put, this conclusion is not supported by Dr. 
Ibbs’ regression model in the 2005 Ibbs study. For resolution of doubt, the 
authors of this book requested a copy of the underlying data used in Ibbs’ 
studies in 2013 but were informed that the information was “proprietary to 
[Dr. Ibbs’] consulting practice.” 

To our knowledge, the 2005 Ibbs study was the latest version of the Ibbs 
study, and it has not been revised since. Dr. Ibbs’ publication16

**** from 2015 
also used the 2005 Ibbs study information and did not contain an updated 
study. Ibbs’ 2018 publication stated:

“We hope this field guide gives you the information you need to gain 
perspective on what change is and the possible effects it can have. Keep 
in mind that all of the methods presented are generalized and it is 
important to remember that every job is unique and will run into its 
own problems. Many of the methods and factors described will have 
slightly different effects on each job, and it is necessary to incorporate 
the unique characteristics of your project when estimating the effects of 
change. (Emphasis added)

We cannot stress too much that the guidelines presented are approximate.”

****

16  Ibbs, William and Vaughan, Caroline, Change and the Loss of Productivity in 
Construction: A Field Guide, Version Date: February 2015, page 5. Source data link: 
https://ibbsconsulting.com/wp-content/uploads/2020/03/Change-and-the-Loss-of-
Productivity-in-Construction-A-Field-Guide.pdf
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The authors support Dr. Ibbs’ statement that “every job is unique.” 
However, we must emphasize that the analysis of the unique characteris-
tics that exist within each job are essential to determining the productivity 
losses that occurred on that job. Every project, its design, and its require-
ments are unique. Every contract is unique. The contract requirements are 
unique. The applicable law is unique. The people administering the con-
tract are unique. The change administration requirements are unique. The 
people administering the changes are unique. The change estimates are 
unique. The people performing the change estimates are unique. The peo-
ple tracking the productivity information are unique. The tracking systems 
and capabilities of those systems are unique. The negotiation tactics are 
unique because the people employing those negotiation tactics are unique. 
The desire to settle, financial and operational capabilities of the parties, and 
desired outcomes are unique. We could keep going, but you get the point. 
These are just several examples of the unique aspects that exist between 
every project. As such, it would be imprudent to trust that any “study” 
could reasonably opine on the unique characteristics of any project.

The criticisms of these studies are not limited to this book. Similar sen-
timent was offered by Mr. Gerald McEniry in an article from 2007.17

†††† Mr. 
McEniry’s article included his evaluation of the Leonard study and Ibbs’ 
study (versions dated 1995 and 2005), and while we do not agree with all 
the opinions within the article, we agree with the following statements 
from Mr. McEniry’s article:

“Generic industry studies should never replace project-specific 
information….

Lost productivity is best studied by evaluating causes and effects specific 
to a particular project…Industry studies alone are of limited use.”

We could cite multiple sources that discourage, if not denounce, the use 
of industry studies, but this would belabor the main point. 

The hard work of documenting and analyzing these specific circum-
stances for each project should not, cannot, be neglected or bypassed by 
the analyst. It may be more challenging to analyze project data that is 

††††

17  McEniry, Gerald. “The Cumulative Effect of Change Orders of Labour Productivity – the 
Leonard Study “Reloaded.” The Revay Report, Volume 26, Number 1, May 2007, page 8.
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voluminous or contain imperfections. However, it would be hypocritical to 
then suggest that a “study” with even less commonality to the subject proj-
ect could reasonably determine what happened on the project. That, along 
with the other reasons presented, are why these “studies” are inappropri-
ate as a measurement tool or standard. These statements are not meant to 
demean the authors of these “studies,” or the time expended to produce 
them. Rather, the industry must continue to move toward understanding 
the process to track this information, the purpose and value it holds, and 
then hold analysts accountable for using that data as a source for project 
analysis.

Other Reports and Studies

There are numerous other related reports and studies. Many of these are 
included in the bibliography of this book. While it might be intellectually 
pleasing to discuss every one of these studies, it is not believed to be pro-
ductive. The studies and reports noted previously appear to be the more 
prevalent ones that are often referenced in the industry.

Use of “Industry Publications”

The overriding question concerning these industry publications is how do 
we use them? Clearly, none are definitive enough or have enough scientific 
bases to be used as a direct measure of loss of productivity on a construc-
tion job. To attempt to solely utilize these publications as a quantification 
of lost productivity would be incorrect. Rather, these publications can be 
used as support for a more direct study of actual project data such as a 
measured mile analysis. Similarly, they may be used in conjunction with 
expert analysis and opinion as support for those expert conclusions. 
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COVID and Productivity

Introduction to COVID Impacts

As we were approaching the completion of this book in early 2020, the 
world was hit by the COVID pandemic. This widespread event affected 
operations throughout the construction industry. All facets of the supply 
chain were affected. On-site labor was affected. Project management and 
staffing was affected, either having to divert resource toward managing new 
COVID-related issues or figuring out how to have some of the staff man-
age work remotely. In general, there were few areas of project operations 
that were not affected in some capacity. This chapter will address some of 
the effects that COVID had on construction productivity, and how this 
unique circumstance may alter the approach to measurement and recovery 
of losses incurred because of COVID inefficiency losses.

COVID’s Effect on Construction Projects

The COVID pandemic was a “perfect storm” to construction productivity. 
It introduced new challenges via supply chain and production shortages, 
compounded existing concerns with craft labor shortages for ongoing and 
upcoming projects, and in some instances, added new management and 
resource complexities because of the spike in remote, or virtual, work com-
pleted on projects. This section will describe some of the impacts incurred 
on projects during the COVID pandemic.*

1  

*

1 Note that the authors started this chapter at the beginning of the COVID pandemic. The book 
was submitted for publication in early 2022 when the COVID pandemic, its many variants, 
and the changing effects of the many variants were still ongoing. We anticipate that the 
ramifications and outcomes of the COVID pandemic will continue to evolve and, as such, 
so will the applicable data on how COVID affected construction projects and productivity.
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Lumber Supply Chain Example

As an illustration, we’ll provide an example of how the lumber industry 
was affected by COVID. Some examples of effects on lumber milling oper-
ations were:

• Reduced working times at the mill due to imposed curfews 
and lockdowns.

• Increased spacing and testing requirements to enter the mill 
to start productive work. 

• Reduced productivity for workers in lumber mills as newly 
imposed safety requirements, including increased spacing 
and testing, reduced the overall output and production of 
the mills.

• Milled lumber crossing provincial or national boundaries 
were affected by the changed laws of countries that either 
required increased testing or, in some instances, com-
pletely shut down the borders to importing and exporting 
operations.

• This lowered the available lumber stock and created material 
shortages at lumber yards.

• The material shortages caused lumber prices to increase sub-
stantially, resulting in increased material costs due to supply 
and demand constraints. 

• Some transient workers housed in camps near lumber har-
vesting facilities and mills were either affected by COVID 
impacts at their jobsite or reduced need at the mills because 
reduced output caused a raw lumber supply build-up at the 
mill.

• Even when lumber was available at an increased cost, the 
worker productivity and production at sites often also 
decreased because of the increased safety standards and 
monitoring at the site due to new COVID protocols.

There are more examples, but you get the point. From the beginning 
to the end of the supply chain, various aspects were affected by COVID, 
causing massive disruptions and price fluctuations.
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Impacts on Global Commerce and Resources

The examples of COVID impacts are not limited to the lumber industry, of 
course. In the United States, materials continued to flow, but the already-ex-
isting dependence on long-haul commerce, materials, and labor mobility 
had a tremendous effect on overall plan execution, the workers available to 
execute that plan, and the timing and costs of materials. International proj-
ects were hit even harder because procurement, management, and field labor 
was even more dependent on international working crews, commerce, and 
mobility, and these areas suffered even larger effects than domestic projects. 
For example, it’s more challenging to test and certify operation on a valve 
already fitted on a Middle Eastern project when the valve manufacturer is in 
Europe, and the specialty crew that performs that testing is precluded from 
leaving their home country or entering the country where the project is 
located. With the worker in one country and the equipment in another coun-
try, the worker will not be able to fully observe and appreciate the “hands on” 
performance of the equipment during the testing process. How confident is 
the worker in his/her ability to start and utilize that equipment? What effect 
will that have on warranty cost, coverage and replacement? 

Many companies developed new and innovative means attempting to 
mitigate the effects of the issues. While those efforts may have reduced the 
effects of a total time or productivity loss, or simply prevented them from 
being worse, they often did not eliminate the effects on the projects. 

Additional Effects to Craft Labor Shortages

Construction projects, and the companies performing construction work, 
were already encountering difficulties finding adequate skilled craft labor 
to perform the field work before the COVID pandemic period. Craft labor 
challenges were not new to the industry and occurred in previous decades 
when the construction industry felt the ebbs and flows of economic 
changes. Before COVID, the United States had entered a time period 
where a large number of highly experienced craft labor and management 
were either retiring or nearing retirement. The resource pool required to 
supplement and replace the retiring workforce was not sufficient, and com-
panies were forced into a situation where it was increasingly harder to find 
available resources adequately skilled to complete the work. As is typical in 
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the supply-demand curve, labor supply was reduced and the cost to pro-
cure the limited skilled resources increased via escalating wages and ben-
efits for craft labor. This placed existing and future projects in a bind and 
created a competitive craft labor “war” between construction companies. 
Then COVID happened.

COVID took an already challenging labor market and added more 
chaos. Now those limited resources had to be further limited due to 
COVID safety protocols. Labor resources that traveled via plane to com-
plete projects stopped traveling due to COVID concerns or shifted to other 
travel means that decreased the time available to work on the projects. For 
example, imagine a project manager completing a project in Boise, Idaho, 
while her family was located in Seattle, Washington. Before COVID, the 
project manager went on a plane on Sunday evening from Seattle to Idaho, 
performed work during the normal Monday through Friday working 
cycle, and departed the site on Friday to return home to her family over the 
weekend. With COVID, the project manager’s travel to the project site was 
reduced due to personal medical concerns, family safety concerns, new 
company safety protocols, or other reasons that came out of the COVID 
pandemic. The project manager began to travel from home to and from 
the site in the company vehicle, turning the former three-hour plane travel 
into an eight-hour trip on Sundays and Fridays. This caused the project 
manager to spend even less time with her family and added increased per-
sonal issues. This continued until the project manager started performing 
more work remotely. While technology allowed for some work to suc-
cessfully occur remotely, there are situations when there is no substitute 
for solving the challenges at the project site. The situation is further com-
pounded when the team supporting the project manager is also fractured 
into remote working and is facing its own COVID-related challenges. 

Problems affecting field craft labor were even worse because ‘remote 
working’ was not an option for craft labor. The craft work faced similar travel 
and personal challenges as the project manager, but the craft worker had 
to be at the site and around other people in order to get the work accom-
plished. For union jobs, skilled labor that was already in high demand pre-
COVID increased further, and a “bench” of lower skilled workers was no 
longer available. Of course, productivity may be adversely affected when a 
less-skilled labor crew is the only resource available. Consider the negative 
effects on construction productivity when less skilled workers were forced 
to take on a larger role and working crews that required close contact were 
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now limited to smaller sizes to comply with company or jurisdictional safety 
requirements. When you combine these COVID-specific impacts with the 
pre-COVID labor “war” that was already ongoing, most construction proj-
ects suffered increased labor productivity losses. 

We could continue trying to present the complexities that labor resources 
faced during the COVID pandemic, but we would still not cover all the 
specific impacts encountered on the projects. The COVID pandemic lay-
ered so many resource issues into our personal and professional lives, and 
these issues caused craft labor and management labor effects that hindered 
most projects.

Evaluation of Productivity Improvements  
Due to COVID

We would be remiss if we did not mention that there may have been sit-
uations when productivity increased due to COVID. One could imagine 
a situation when reduced highway traffic created fewer lane closures, or 
reduced airport traffic opened more runways, taxiways, and aprons for 
work and reduced the traffic anticipated and actually incurred in the pre-
COVID time period. For example, imagine a roadway project where lane 
closures were restricted to times when traffic was in a reduced-flow state. 
COVID resulted in fewer people traveling on roadways and, therefore, 
the reduced-flow state of traffic occurred more often or became the norm 
for a time period. In certain circumstances, this allowed transportation 
departments to reduce impediments for ongoing construction projects and 
shifted what were previously non-working periods to be available work 
periods. Likewise, reduced airport traffic meant fewer operating gates. 
Fewer operating gates meant reduced traffic on aprons, taxiways, and tar-
macs. In these circumstances, you could see an airport authority reducing 
the areas used for aircraft transport into and out of the runway to reduce 
the staff needed to operate and maintain the airport. Airport authorities 
may have made these areas open to construction planned during COVID 
for longer periods than originally anticipated, as performing construction 
in these areas no longer impeded airport operations. 

You could see where this could benefit contractors operating under nor-
mal labor circumstances. However, these anticipated improvements may 
have also been offset by the COVID labor and safety impacts previously 
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described. For example, it would be an apparent benefit to have less air-
plane traffic and two aprons available for a contractor to perform resur-
facing operations simultaneously in two different areas. However, the 
contractor would need two crews instead of one crew to perform the work 
simultaneously. Given the COVID labor impacts and safety protocols, the 
contractor may not have been able to procure a second paving crew, and 
the productivity of the original paving crew may also be adversely affected. 
The point is, there may have been circumstances when productivity could 
have increased but due to other COVID impediments, those anticipated 
productivity increases may have been reduced, if not eliminated. This 
highlights the importance of each contractor recording the effects on their 
work, along with the actual performance of quantity information and 
hours expended during the time periods to allow for the monitoring and 
measurement of productivity effects.

Material Price Fluctuations

COVID caused dramatic swings in the supply chain and resulted in price 
fluctuations. Steel, concrete, fuel, lumber, and labor pricing all fluctuated 
with increased variability during COVID. For example, at the beginning of 
the pandemic, fuel prices were reduced as more people worked remotely 
and reduced the demand for fuel. However, this was only a temporary 
drop. By early 2021, fuel prices had increased approximately 50% com-
pared to the pre-COVID fuel prices as people returned to the roadways 
and global supply chain concerns continued. Certain contracts allowed for 
evaluation and recovery of commodity price fluctuations, but many hard-
bid and guaranteed maximum prices do not allow for recovery of com-
modity price increases. 

Contractors during the COVID period and other particularly volatile 
time periods may benefit from negotiating commodity price corrections 
in their contract. Owners may perceive such risks to be an unnecessary 
burden in contracts, but it may actually reduce the bid pricing received 
by owners because the potential risk to the contractors is reduced and, as 
a result, contractors can carry less money in the bid to cover the potential 
risk. In short, it may be beneficial for parties to reconsider and revise their 
risk profile and agree to adjustment procedures to handle such price fluc-
tuations that cannot be reasonably predicted by any party. 
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Entitlement to Recover COVID Productivity Losses

To our knowledge, owners, contractors, suppliers, and various parties are 
openly acknowledging that COVID has caused increased impacts. What 
the parties are struggling with is how to resolve who is responsible to pay 
for these impacts, as few contracts addressed the risk of a pandemic and 
whether parties are entitled to the additional time and costs caused by 
COVID. We have observed various legal arguments that COVID impacts 
are force majeure, or “superior force” or “act of God,” impacts. The party 
at risk for the time and cost aspects of force majeure impacts varies by 
contract. Contracts often provide the contractor excusable time for force 
majeure impacts, but not compensation for those impacts. This determi-
nation would seemingly force contractors to absorb the additional costs 
incurred, despite the causal events being outside of their control. Owners 
would equally absorb the effects of project delays due to COVID, having 
to absorb the additional cost of project oversight, financing, lost revenue, 
and other project time-related costs to owners. Being as this is a book on 
productivity, some productivity losses may cause delay and, as a result, 
the productivity losses may be subject to the time-related aspects of force 
majeure clauses. 

Some legal counsel have also asserted that certain impacts of COVID 
were caused by changes in law, either on the national, state or province, and 
local level. For example, recall the prior example about testing and certifi-
cation on a Middle Eastern project. Presume the equipment operator that 
performs the tests on behalf of the equipment manufacturer cannot leave his 
home country of Germany due to a change in German law. Perhaps German 
law allowed the travel of that worker, but the United Arab Emirates (UAE), 
the country where the project is located, precluded travelers from Germany 
from entering the UAE. Another situation may be that the worker could 
travel from Germany to the UAE, but while he is in the UAE, laws changed in 
either Germany or the UAE and precluded the worker from leaving the UAE. 
Now, presume the contract addresses changes in law differently than force 
majeure, and allowed the contractor to recover for additional time and costs 
caused by changes in law. In this situation, the contractor would not only be 
able to recover the additional time (similar to the force majeure example), 
but he may also be able to recover additional costs resulting from changes in 
law (different than the force majeure example). This would be a large differ-
ence in potential recovery depending on what issues caused which effects. 
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Again, increased costs resulting from productivity losses incurred due to 
changes in law would be recoverable in this example, along with the delays 
that resulted from productivity losses.

Who would pay for the additional lost time, travel, and other costs for 
having the worker stuck in a foreign country with no ability to return 
home? The risks of how to safely transport workers to and from the proj-
ect sites has always been a consideration of companies, especially those 
companies performing work internationally, but the potential of various 
jurisdictional changes on such a wide-spread event is “new territory.” This 
example not only highlights the entitlement challenges presented to proj-
ects and legal counsel, but it also highlights the importance of tracking and 
segregating impacts in a detailed manner. The contemporaneous record-
ing of impacts and costs, and whether those items were caused by force 
majeure events or changes in law, may have significant effects on owners 
and contractors throughout the industry. We encourage the parties to seek 
guidance from competent legal counsel on their potential means of risk 
and recovery relating to COVID.

Beyond the questions of foreign travel and construction, there were 
just as many variables in the United States, and those variables changed 
whether it was the original COVID, the Delta variant, or the more con-
tagious but less deadly Omicron virus. But in each case, there was a delay 
claim. How were these addressed?

The authors are familiar with companies that dealt with hundreds of 
delay claims where productivity suffered, all of which were analyzed along 
the following lines:

(a) The nature of the job;
(b) Where the job was in the construction process when the 

COVID-related delay first occurred and when it passed; 
(c) The nature of the labor force;
(d) The nature of the party’s compliance protocols; and
(e) The level of government involvement.

As to the nature of the job, great attention should be directed to the 
unique aspects of the project itself. Was this the construction of an open-
air stadium or even an arena where the work was still performed outside 
until the roof was erected? Was this project the construction of an office 
building, or some other vertical building, where social distancing had a far 
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greater impact in the construction process? Or was there a need to change 
the design of the building to meet new social distancing protocols, such as 
going from an open floor format to offices? Asked more generally, what was 
the air circulation on the job site and intended for the completed facility?

The progress on the job at the time it was shut down or adversely affected 
by COVID is also important. For example, was the steel partially or fully 
installed? If it was only partially installed, was the rest of the steel on site? 
If not, was it delivered in a timely manner, or was it subject to the supply 
chain delays that manifested themselves a few months later? Or was the 
delay instead related to the Omicron virus, which tended to wipe out large 
amounts of the labor force on a given job site—but with those losses only 
present for a few weeks. How quickly did the labor force return to work, 
and in what areas?   

The nature of the labor force differed remarkably by region of the coun-
try. In those areas where there are high hourly rates, either due to union 
contracts or “prevailing rates,” many workers returned to work as soon as 
they were permitted to do so to earn those higher wages. In those areas of 
the U.S. where the government shutdowns were relatively brief, workers 
also tended to return to work after the brief hiatus. High-profile or unique 
projects, the kind that generate pride amongst the workforce and the com-
munity, also tended to have a greater and quicker return to work.  

But there was evidence in some jobs where certain types of workers took 
full advantage of the ability to collect government checks and not work. 
Others would take advantage of the fact that one of their fellow workers 
tested positive, and they used the protocols to stay home for several days, 
despite no symptoms or subsequent illness. That reluctance to work, or 
to take advantage of the opportunity to get paid without working, not 
only made it more difficult to get people back to work, but also made it 
very difficult for contractors to “catch up” by going to a full second shift. 
Despite the desire to do so, in many instances there simply were not enough 
workers— or supervisors.  In other cases, contractors could not even ini-
tiate an overtime program, or only operated it on a partial basis. Saturday 
work was compromised, due to a lack of labor or the fact the workers were 
physically and/or mentally fatigued.

The nature of the workforce affected by COVID was also different in 
another important context: who was affected? A contractor could have a 
full complement of his workers ready to go once the architects or engineers 
gave their approval. But those architects or engineers might have been out 
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for weeks battling COVID. By contrast, the architects and engineers could 
be fully engaged, but Omicron wiped out a substantial number of members 
of a given group of trades, such as the electricians, for several weeks.

A contractor’s ability to quickly institute an efficient compliance program 
was also critical.  With 1,200 people on the job site, the ability to convey 
the COVID requirements in five of fewer minutes, or to have a crew come 
in after the day shift to clean the entire job site, along with equipment and 
tools, created an opportunity for some contractors to get greater productiv-
ity out of their highest paid and most critical workers. Comprehensive con-
tact tracing programs could limit the number of people that took time off 
for precautionary reasons.  In some instances, well-documented compli-
ance programs could generate greater trust in the community and with the 
workforce, thus increasing the productivity of the workforce and decreas-
ing the time spent on local government compliance issues.

As to the level of the government’s involvement, the manner in which 
various states handled the shutdown, and the length and breadth of that 
shutdown, is well documented. Some jobs, like the cities in which they 
were located, were completely shut down. But that was not always the 
case. Somewhat counterintuitively, some contractors did very well in states 
enduring long shutdowns, precisely because all the generally smaller proj-
ects were closed down. In those instances, sometimes for only a limited 
period of time, the labor supply greatly exceeded the demand for those 
workers. By contrast, contractors in other states discovered that no one was 
willing to take a cut in pay to go back to work because jobs were so plen-
tiful. But even in some of the states that had the most restrictive response 
to COVID, there were instances where the local governments were either 
helpful in getting construction projects moving again or did not provide 
active COVID oversight once the work resumed. In those situations, the 
greater challenge for the contractors was to get the public at large to under-
stand that there were good reasons to return to work.

 In addition to these five factors, the authors also note the 
 “problem-solving spirit” of some contractors and construction managers. 
Some contractors would lengthen the workday as part of a deal they nego-
tiated with the workforce. Others sought to work with the owners to extend 
the finish date, with documentation to justify the belief in that new finish 
date. Others came up with temporary solutions to accelerate the opening. 
For example, they may have ordered several hundred toilets for the facility, 
but with supply chain issues they could not get all of those from the same 
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vendor. Instead, they installed a different type of toilet for the opening, and 
then determined later with the owner whether they should replace them 
with the same toilet as originally intended.

Measuring COVID Productivity Losses

It may be surprising that despite COVID effects incurred on so many lev-
els, there is no “one size fits all” ruler to measure the effects on each job. For 
example, a superstructure crew building a highway and bridge project in 
Texas would have fewer effects if it had already procured lumber and rebar 
for forms and reinforcement and executed subcontracts with the subcon-
tractors preparing to perform the work. This is not to suggest that the prior 
example would not have encountered some effects to its operations and 
costs, but it often incurred fewer impacts than the company in the earlier 
stages of subcontractor and material procurement. 

Given the variable effects on each project, how would a management 
team measure the productivity losses? As you may have guessed, some 
industry-based companies and organizations attempted to create new 
“studies” that attempted to generalize and quantify certain effects of 
COVID. The raw data in these “studies” were limited, if available at all. The 
lack of raw data may be understandable given how the recent nature and 
magnitude of effects may limit the amount of data available, but that lack 
of data must also be considered within the context of its application and 
usefulness to measure productivity losses. Further limiting the use of these 
studies was how the effects varied from project to project. Each country 
created different policies and enacted varying changes in law. The same 
goes for each state or province. Corporations created different policies, and 
the tasks and enforcement requirements varied depending on location. 
You get the point—the impact effects vary widely from project-to-project. 
If a supply chain was dependent on material or labor production in China, 
it incurred different impacts than the project solely dependent on materi-
als produced within its same country. The same may be true for two simi-
lar projects with the same company within the same area, but in different 
phases of the project.

Moreover, the overlap of COVID effects further complicates the rela-
tionship between causal factors and productivity losses. Earlier in the book, 
we discussed several simple examples using linear regression analysis to 
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aide in causal determination. The examples used pinpointed the effect of a 
singular event, or single factor, that affected the dependent variable (pro-
ductivity). With COVID, the project may be incurring multiple issues, or 
multiple factors, and the timing and magnitude of effects from those fac-
tors may be constant or variable throughout the project.

We’ll save you the suspense—our recommendations are largely the same 
as they were throughout the rest of the book. Without a “magic bullet” 
or reputable study that can accurately quantify the effects of COVID on 
each specific project, the solution to document COVID issues presented 
an overwhelming challenge to project management. Project management 
either had to create new teams to document and measure these impacts, 
or it had to sharpen its approach to track these impacts with the resources 
available.

Recommendations for Measuring Productivity Losses 
during COVID

The following subsections discuss methods of measuring productiv-
ity losses that were presented, in detail, in other areas of this book. The 
deployment of these methods will not be restated in this section, but cer-
tain COVID-related considerations of the methods will be emphasized.

The Measured Mile and “A Day in the Life” 
Documentation

The best option is still the measured mile method of productivity anal-
ysis. Projects that started and gained progress before COVID started 
may provide a usable basis for an unimpacted measurement of produc-
tivity. This unimpacted productivity measurement could be compared 
to the impacted productivity incurred during COVID. The difference in 
productivity could be quantified and priced both prospectively and ret-
rospectively. We are not going to restate the importance and implemen-
tation method of the measured mile, as that is covered in prior sections 
of this book. We simply want to emphasize its importance in the COVID 
world.
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There may also be instances where projects were bid on, accepted, and 
started prior to COVID, but there is not a measurable comparison of work 
due to the time-related proximity of the project start and COVID. In these 
circumstances, another method may be more suitable.

Given the pervasive nature of COVID effects, the documentation of the 
specific effects may be a more cumbersome process. We encourage project 
teams to frequently create “day in the life” scenarios that document what 
downtime, work stoppages, productivity losses, and other COVID impacts 
are incurred on a daily basis. An example of a “day in the life” timeline for 
an electrical journeyman may look like the following:

 – 5:30 – Arrived at site parking area – on the clock
 – 5:35 – Got in line to board buses. Only 5 allowed on each bus 

due to COVID protocols. Would normally be a 5-minute  
ride to the site drop-off point.

 – 6:00 – Board bus after temperature screening and COVID 
questionnaire (20 minutes lost).

 – 6:05 – Arrive at site drop-off point.
 – 6:10 – Arrive at man-lift/vertical transportation. Wait in line 

because only three people allowed on lift at once (including 
operator). Normally, 15 people can ride lift at once, resulting 
in a 5-minute wait normally.

 – 6:30 – Get on lift for transport to 9th Floor (15 minutes lost).
 – 6:35 – Arrive at 9th Floor. Fifteen-minute briefing on COVID 

requirements, spacing requirements, more temperature test-
ing, and visual observation for signs of sickness (15 minutes 
lost).

 – 6:50 – Daily work; break out and prep tools.
 – 7:00 – Start productive work.
 – 9:15 – Meeting with foreman; worker on 9th Floor with 

mechanical subcontractor tested positive yesterday. We are 
required to pack up hand tools, take with us, and go get 
rapid test.

 – 12:30 – Return to 9th Floor and resume work. Rapid tests for 
4 crew members were negative (3.25 hours away for testing 
minus 0.5 hours for lunch = 2.75 hours lost).

 – 15:00 – Stop work for day; gather hand tools for transporting 
to vehicle.
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 – 15:10 – Arrive at lift elevator and wait due to COVID limita-
tions (normally back on ground in 5 minutes).

 – 15:45 – Lift arrives at ground (30 minutes lost); waiting for 
bus with COVID limitations (normally 5 minutes from bus 
to parking area at this time).

 – 16:10 – Arrive at parking area – off the clock (20 minutes 
lost).

This preceding example identified a total of 10 hours and 40 minutes 
from the moment the electrical journeymen arrived at the site to the 
moment they left the site, equating to a total of 640 minutes at the site. 
The journeymen documented each “lost time” incident related to COVID, 
resulting in total COVID-related lost time of 265 minutes (41.4%) on that 
day. This information can be provided to the project management staff for 
tracking and, along with the company safety representatives tracking the 
COVID testing of staff, the company could quantify the number of lost 
hours due to COVID protocols and testing requirements.

The preceding is an example of a “day in the life” scenario that can be 
documented by the workers. It would appear abnormal to expect a shut-
down of 2.75 hours each day for the crew. This would be an anomaly that 
the team should account for, but the remainder of the time impacts are 
applicable to other electrical staff at the site. Multiplied by the number of 
staff at the site, the analyst could quantify the total hours of nonproductive 
lost time per day due to COVID, then simply multiply by the labor rates 
and appropriate multipliers to obtain the cost of that lost time.

Of course, as the COVID requirements change, the documentation will 
require updating. The electrical superintendent can arrange meetings with 
project management and determine when requirements change and, as a 
result, a new documentation of “day in the life” is required.

The “day in the life” scenario is not an alternative to the measured mile. 
Rather, it can be used as a supplement to explain the causal nature of the 
various impacts, and why so much “lost time” is happening for the craft 
labor. The preceding example demonstrated that out of a total of 640 min-
utes, 265 minutes were nonproductive due to COVID on that day, resulting 
in COVID losses of 41.4% of all minutes expended for that crew. The more 
detailed information contractors have, the better they can track and, if pos-
sible, adjust and attempt to reduce productivity losses. 
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Comparisons to Similar Projects

For projects with no measurable “unimpacted period” pre-COVID, the 
best alternative to the measured mile may be a comparison to a similar 
project. The comparison to a similar project is different from a measured 
mile because there will be differences between the subject projects used 
to measure unimpacted and impacted productivities. The analyst should 
seek to minimize these differences and use the project most-similar to the 
COVID project, identify the differences and, when necessary, make rea-
sonable adjustments for those differences. Again, our recommendation 
would be to use this method in circumstances when there is not a suitable 
time period available to measure the unimpacted period on the subject 
project.

Other Measurement Considerations

Given the nature of the COVID impacts and the level of variability between 
different projects and requirements, we currently do not believe there are 
applicable studies that could provide an accurate measure of lost produc-
tivity amounts due to COVID. We realize that the ability to track and mon-
itor large amounts of data is being greatly improved and, at some time, 
there may be an applicable study in the future. The studies observed to date 
have been too generalized and relied too much on subjectivity and were 
qualitative in nature. Furthermore, you may understand our reservations 
with any industry study on COVID, given the track record of prior studies 
that were allegedly acceptable to the industry. As such, our recommenda-
tions for proactively accounting for productivity losses are the same as in 
other areas of this book. COVID simply took the importance of tracking 
productivity in real-time and added greater importance because of the per-
vasiveness of the effects. In short, the investment in process and tracking 
is time well spent.

The Way Forward

As of this publication, American owners and contractors have survived 
the initial onslaught of COVID, then Delta and now Omicron. We do not 
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know what will come next, but our past experiences demand that our next 
set of contracts account for the possibility of that which we recently expe-
rienced.  Owners and contractors alike should consider the extent to which 
labor and supply chain scheduling problems appear to have dissipated or 
are sustained. 

 Create models based on assumptions regarding such problems and 
identify performance parameters in the contract. Do this with the under-
standing that the owner is paying for that level of risk identified in the 
parameters set forth in the contract. For example, the contract will have 
assumptions that inflation will increase X% over each year of the con-
tract. The contractor will bear the risk for anything over those parameters. 
Some contractors might want to push X% to an unacceptably high number 
during the contract negotiations, which may be unnecessary. Instead, if the 
parties agree that if inflation exceeds Y%, the parties could split the costs 
of inflation equally.  

Once the contract has been negotiated, it behooves both parties to do 
that which we have been recommending throughout this book: (a) moni-
tor the scope, schedule, and budget; (b) measure the work performed with 
the measured mile approach; and (c) mitigate mistakes, mismanagement, 
and monetary losses as effectively and efficiently as possible.



159

Ted Trauner, Chris Kay and Brian Furniss. Productivity in Construction Projects, (159–164) © 2022 
Scrivener Publishing LLC

10

How Construction Disputes are Resolved

Owners, contractors, and subcontractors do not start the construction pro-
cess with a desire to win a subsequent lawsuit. Instead, all the parties want 
to get the project built on time and on budget, and owners certainly want 
to avoid any shortcuts that could adversely affect the life and use of the 
constructed facilities. Despite those initial good intentions, many projects 
end up in one of two forms of dispute resolution: litigation or arbitration. 

To succeed in court, to win an arbitration, or to successfully settle a 
construction dispute usually requires the selection and effective use of 
qualified expert witnesses. Expert witnesses are crucial to a party’s success 
because such witnesses are deemed to be objective and very knowledgeable 
about the areas of their testimony. However, not every witness will be certi-
fied as an expert by the trier of fact. The United States Supreme Court, in a 
series of opinions starting with the 1993 decision in Daubert v. Merrill Dow 
Pharmaceuticals, 509 U.S. 579 (1993) and continuing through Kumho Tire 
v. Carmichael, 526 U.S. 137 (1999) six years later, articulated much more 
specific requirements that a witness must meet before that witness will be 
certified as an expert. The requirements for a witness to be certified as an 
expert, particularly in a construction dispute are the subject of Chapter 11.

To understand the importance of qualified experts under Daubert and 
its progeny, it is first necessary to understand the litigation and arbitration 
processes. 

Litigation is that situation where one party (the plaintiff) files a com-
plaint against the other party (the defendant) in federal, state, or admin-
istrative agency courts (such as the Federal Board of Contract Appeals). 
The other side (the defendant) eventually files its answer. At that point, 
the Rules of Civil Procedure, the Rules of Evidence, as well as that court’s 
local rules, dictate the actions of the parties. In many litigation matters, the 
parties spend a great deal of time and money obtaining and reviewing the 
records of their opponents. Thereafter, each side asks a lengthy number of 



160 Productivity in Construction Projects

oral questions and answers (under oath) of those people that will poten-
tially appear at trial, known as depositions. The process of acquiring docu-
ments and taking depositions is known as the discovery process. Included 
in that discovery process will be the depositions of the opposing party’s 
expert witnesses. The purpose behind the discovery process is to provide 
each side with a good idea of what the opposing party’s evidence will be at 
trial.  The theory is that once the parties know what their opponents will 
be offering as evidence at trial, then the parties are in a much better posi-
tion to settle their dispute instead of going to trial. Despite the purported 
benefit of the discovery process, that same discovery in construction cases 
can take years to complete and can cost the parties hundreds of thousands 
of dollars or more. 

Precisely because litigation can take years to complete and is very costly, 
many parties agree to employ the arbitration process, to the exclusion of 
litigation, to resolve post-construction disputes. That agreement to utilize 
arbitration is included in the contract between the parties, prior to the 
commencement of construction, and prior to any dispute between those 
parties. Many construction contracts also require that the arbitration is 
conducted by the American Arbitration Association, which typically pro-
vides a list from which three arbitrators are selected by the parties. In other 
contracts, a process is set forth that permits each side to select one arbitra-
tor, and those two people then select the third arbitrator. Some contracts 
may even specify the arbitrator or arbitrators who will be used with no 
input or selection by the other party to the contract. Three arbitrators is 
not a magic number, as some contracts may even specify a single named 
arbitrator to be used.

Precisely because parties agree to the utilization of the arbitration pro-
cess while negotiating the construction contract, parties with leverage—
such as owners with general contractors and general contractors with 
subcontractors—can even be more specific in dictating the terms of the 
arbitration. The application of a given State’s law, and the site of the arbitra-
tion dispute, are commonly included in the contract clause providing the 
parties with the right to arbitrate.

Once one of the parties demands an arbitration, the arbitrators are 
selected pursuant to the terms of the construction contract. Those arbi-
trators will then determine the amount of discovery, if any, the parties can 
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conduct. Generally speaking, there is less discovery in arbitration than in 
litigation, including fewer depositions. However, since attorneys are fre-
quently selected as the arbitrators, and those attorneys are familiar with 
the benefits arising from the discovery process, it is possible that the arbi-
tration discovery process in some cases could become as extensive (and 
expensive) as the litigation process. No matter the extent of discovery per-
mitted by the arbitrators for witnesses with knowledge of the facts, the wit-
nesses identified by each party as experts are usually deposed prior to the 
commencement of the arbitration. 

There are several similarities between trials and arbitrations. First, once 
the complaint has been filed to initiate the litigation process, the parties are 
usually required to meet and agree on the timetable for the completion of 
discovery in the case. This agreement is thereafter submitted to the court 
and a pre-trial order is executed by the judge. Later, usually after the time 
allotted for discovery in the pre-trial order has passed, the case is set on a 
trial docket before the judge assigned to the case—and the parties wait for 
their case to be heard in a courtroom by the trier of fact (either a judge or 
jury). The trial judge controls the scheduling of the trial. In an arbitration, 
a similar scheduling process is followed.  Once the arbitrator(s) have been 
identified, they meet with the parties’ attorneys and agree on a more lim-
ited discovery phase, as well as a date for the arbitration hearing. That date 
(or dates) is usually dictated by the availability of the arbitrators. 

Second, when the trial or arbitration starts, the parties present their 
evidence, including the facts of the dispute and expert testimony. As the 
authors have emphasized throughout this book, the facts are the most 
important element in obtaining a successful result, either before a dispute 
goes to litigation or arbitration, or once the parties enter a structured dis-
pute resolution procedure.  Those facts also serve as the foundation for the 
expert’s opinions.  But the expert is very important, as parties would not 
be in this dispute if one side had all of the facts in its favor and the other 
side had no such facts. The expert helps the trier of fact understand which 
aspects of the competing set of facts are most important, and how those 
particular set of facts also justify a determination of what amounts, if any, 
should be awarded to the parties. The rules regarding the admission of evi-
dence, including the testimony of experts, is dictated by the law of the State 
that the parties agreed to follow in their construction contract. 
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Third, and most important, the decision-making power does not reside 
with the parties. Instead, it resides with a judge, a jury, or a panel of arbi-
trators. But there is a way for the parties themselves to control the outcome.

In litigation, the court’s local rules typically call for the two sides to 
engage in mediation after most, if not all, of the discovery has been com-
pleted. Mediation is ordered by the court to see if a settlement can be 
achieved without a trial. The parties choose a mediator, typically a former 
practicing attorney or judge. In mediation, each party attends with his/
her attorney. While in the same room, both parties listen to the legal and 
factual arguments made by opposing counsel. Then the mediator separates 
the parties into different rooms and engages in “shuttle diplomacy” until a 
settlement is reached, or the parties declare an impasse.

Most cases are settled during the mediation process for several reasons. 
First, each side feels as if it has been given a chance to “have their day in 
court,” as their claims have been presented to a neutral third party. Second, 
the parties have been forced to listen to the weaknesses of their case, first 
by the opposing party’s attorney and then later by the mediator as part of 
the “shuttle diplomacy.” Third, the parties must voluntarily agree to the 
settlement terms negotiated in the mediation process. If the parties do not 
both agree to the terms, then the mediator declares an impasse. In contrast 
to a negotiated settlement created and agreed to by the parties in the medi-
ation, those same parties lose that decision-making control when the case 
goes to trial. The parties are reminded by the mediator that if a settlement 
is not reached, then the ultimate decision will either be in the hands of 
a jury that was specifically chosen because they know nothing about the 
topic, or in the hands of a judge that may be disappointed the parties did 
not achieve a resolution in the mediation. 

Mediations have become so successful at resolving construction litiga-
tion that many arbitrators now require or encourage mediation as part of 
the arbitration process. Over the years, the authors have witnessed a grow-
ing number of contracts that require the parties to employ mediation prior 
to an arbitration hearing. Some of the parties to those contracts are going 
even further to control the parameters of the dispute resolution process. 
Having been unpleasantly surprised by the expansive amount of discovery 
permitted by some arbitrators or having been pleased with the efficient and 
equitable way a mediator was able to resolve prior disputes, parties are now 
beginning to identify specific people—in their construction contracts—to 
serve as mediators. 
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As a result, if a party seeks to “win” its litigation case or arbitration, that 
party will likely be “winning” a negotiated settlement—typically achieved 
in a mediation—as the vast majority of construction cases are settled at 
mediation or shortly thereafter.  We do not see that well-established trend 
changing anytime in the COVID and post-COVID world. 

As a result of this trend, the key to a party’s success is the extent to which 
the case is settled on their terms. While acknowledging that the facts are 
always important, the best way to achieve the most favorable settlement 
is for that party to prepare to win their case even before a formal claim 
is filed. A party should start the process while the construction project is 
still ongoing. In particular, each party should (a) require its team to keep 
timely, comprehensive and well-documented records; (b) hire an experi-
enced construction attorney when it appears that a significant dispute is 
brewing and either needs to be resolved quickly or by means of subsequent 
litigation or arbitration; and (c) ensure that the expert witness selected 
by the attorney is well versed in the facts of the construction project and 
meets the Daubert standards. 

The team: Every party in the construction process should insist that 
its team is keeping timely and comprehensive records. It is the best busi-
ness approach, whether or not a claim is subsequently filed. As set forth in 
these chapters, the best way to measure productivity, and act in a timely 
manner if inefficiencies occur on the job site, is to keep such records and 
review them on a periodic basis. Such a practice is the best way to man-
age the project, the best way to make timely changes if necessary, and the 
best way to prepare a case for litigation or arbitration. With the prudent 
use of smartphones, a party can make daily entries in software programs 
that measure progress; harkening to the old adage that a picture is worth 
a thousand words, those same smartphones easily facilitate the generation 
of daily or periodic photos that demonstrate the progress, or lack thereof, 
at the jobsite.

The attorney: Every party should also consider engaging an experienced 
construction attorney whenever meaningful scope, schedule and/or bud-
get issues arise during the construction. Don’t wait until the problem has 
grown to such a size that litigation or arbitration is inevitable. We also cau-
tion parties not to think they can solve the problem by themselves, and 
thus avoid paying an attorney for his/her fees. Instead, we recommend a 
proactive approach, with the party viewing the attorney as an asset that 
helps solve the problem before it gets any larger. This approach requires the 
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attorney to understand shortly after the outset of his/her retention what 
are the critical issues, and the documents that support their client’s claim. 

Some parties may initially blanche at the idea of adding the cost of an 
attorney at this juncture, but this approach can actually be financially bene-
ficial. Since most construction disputes end in settlement, the party’s attor-
ney can collect the relevant and persuasive documents as the construction 
progresses. Under this approach, that party will be much better prepared to 
sit down with the opposing party (and his/her attorney), thereby increas-
ing the possibility that the dispute can be settled without initiating sub-
stantially costlier litigation or arbitration. Even if those efforts are initially 
unsuccessful and a claim is filed, a party’s attorney (having previously been 
educated on the facts of the claim) will be in a better position to streamline 
the discovery process and push for an earlier date for trial or arbitration 
hearing, and thus potentially obtain an earlier date for a mediation and 
resolution of the matter.  In every step of this process, an experienced and 
well-informed attorney can save money for a proactive party.

The expert: Every party should insist that its attorney retain an expert 
that will meet the current criteria for testimony at trial. Due to the fact that 
the criteria have changed over the last three decades, and the application of 
that criteria to experts in construction cases has become far more complex, 
the following chapter is devoted to this topic.
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The Selection and Use  
of the Expert Witness

The Selection of an Expert 

At some point in the process, each party needs to determine whether they 
should retain an expert witness to analyze their position in the construc-
tion dispute. For the reasons set forth in the preceding chapter, it is often 
prudent to retain an expert while the project is ongoing, even before a 
claim is actually made. At the other end of the spectrum, the retention 
of an expert must be completed before the end of discovery, as the expert 
needs to offer his/her report, and likely testimony, before the trial or arbi-
tration is conducted. In many instances, the expert witness is the last per-
son to be deposed by each side during discovery. It is not a coincidence that 
most cases settle only after the deposition of the experts. 

Why should an expert be retained? Especially in construction cases 
where there is a claim of labor utilization inefficiencies or lack of produc-
tivity, the parties cannot rely solely on their payroll records and the tes-
timony of their personnel. Precisely because there are so many variables 
and competing factors that occur at the job site—which may or may not 
adversely affect the productivity of the workforce—an expert witness is 
usually needed to help the trier of fact understand what happened, explain 
how that disputed event or changes led to a lack of productivity (or not), 
and reasonably quantify the estimated resulting loss of labor productivity 
and damages (if any).   

An experienced and objective expert witness can offer the most compre-
hensive, persuasive and even dispositive testimony, the kind of testimony 
that can have a significant impact in the resolution of the case—either at 
mediation, trial, or arbitration. To be persuasive, the expert must quickly 
become fully knowledgeable about the facts and issues of the case and per-
form the most acceptable, recognized analysis or method to reach his/her 
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conclusions. A party’s attorney and expert should work collaboratively on 
all aspects of the case, for it is the expert—not the attorney—that will offer 
the expert opinions to the trier of fact. For this reason, the attorney—rather 
than the party—typically selects the expert witness. 

What kind of person should be selected as an expert? Retaining an 
expert is much more than just selecting someone with university or indus-
try “credentials.” The attorney needs to retain an expert that will be:

• Qualified as an expert under the Daubert standard and the 
applicable rule of the Federal Rules of Evidence (Rule 702), 
thus permitting the expert to testify at trial.

• Knowledgeable about the type of construction issues and the 
facts of the particular dispute; and

• Persuasive to the trier of fact by providing opinions that 
are based on the actual facts of the construction project in 
dispute and applying those facts to reliable construction 
principles.

The Criteria an Expert Must Meet: The Daubert 
Standard 

Rule 702 of the Federal Rules of Evidence initially created in 1975 stated, 
in part:

“If scientific, technical, or other specialized knowledge will assist the trier 
of fact to understand the evidence or to determine a fact in issue, a wit-
ness qualified as an expert by knowledge, skill, experience, training, or 
education, may testify thereto in the form of an opinion or otherwise…”

In the 1993 United States Supreme Court case of Daubert v. Merrill Dow 
Pharmaceuticals, 509 U.S. 579 (1883), the parents of children born with 
birth defects sued the drug manufacturer, claiming the drug Bendectin 
had caused the birth defects. There was a battle between the  Merrill’s 
expert, who argued that there were no scientific studies tying the birth 
defects to the drug, and the parents’ expert, who argued a novel the-
ory supported by data from animal studies. Under a prior United States 
Supreme Court ruling, the exclusive test for the admissibility of expert 
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testimony was whether the opinion expressed by the witness was “gener-
ally accepted” in the field. 

In Daubert, the U.S. Supreme Court ruled that “general acceptance” was 
not the standard under Rule 702 of the Federal Rules of Evidence. Instead, 
the trial court must ensure that an expert’s testimony rests on a reliable 
foundation of scientific knowledge before it is to be considered by the trier 
of fact. The critical question for the court is whether the witness’ underly-
ing reasoning or method is scientifically valid and properly applied to the 
facts of this case—not whether it was generally accepted in the industry. 

Prior to this case, it was typical for the trial courts to simply certify each 
party’s experts after learning of their credentials and determining that the 
methods by which the evidence was obtained was generally accepted by 
experts in that particular field. Then let the jury decide. The Court’s certi-
fication of a witness as an expert was so routine that experienced trial law-
yers would sometimes stipulate to the opposing party’s expert, such that 
the jury would not learn of that witness’ academic or scientific bona fides.

But all of that changed with the new standards for admissibility of expert 
testimony, first expressed in the 1993 Daubert decision and in two cases 
later that same decade, General Electric v. Joiner, 522 U.S. 136 (1997) and 
Kumho Tire v. Carmichael, 526 U.S. 137 (1999). This trilogy of cases forms 
what is now commonly called the Daubert standard.

After Daubert, trial courts have continued to take a much more active 
role as gatekeeper, rigorously evaluating whether the expert would be per-
mitted to offer his/her opinions to the jury. Since this Supreme Court deci-
sion, it is now more common for trial courts to conduct a Daubert hearing 
prior to trial, where the judge determines the extent to which a party’s 
expert can offer his/her opinions to the trier of fact. 

In applying this ruling to construction cases, a party’s expert can no 
longer simply cite his/her credentials and expect to be certified as an expert 
and testify at trial. Instead, the expert’s knowledge of the subject matter 
of the dispute, the actual facts that occurred, and the recognized method 
that serve as the underpinnings of the expert’s opinions will likely be chal-
lenged by the opposing counsel and carefully examined by the judge.

In General Electric, the experts battled over whether Joiner had been 
exposed at his workplace to certain chemicals manufactured by General 
Electric that allegedly “promoted” his subsequent lung cancer. The trial 
court determined that the expert had failed to set forth a reliable link 
between Joiner’s exposure and his subsequent cancer, in that the expert’s 
testimony was based on studies that were very dissimilar to the facts in 
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the case. In addition, some of the studies upon which the expert relied 
specifically did not make the causation link between the exposure and the 
subsequent cancer, the very essence of the expert’s opinion. As a result, the 
trial court excluded the testimony of the expert, thus effectively ending 
Joiner’s case.

The Supreme Court also stated that discretion should be given to the 
trial court judge when sitting as the gatekeeper, as the judge is responsible 
for determining whether an expert’s opinions are not only relevant, but 
reliable. Here, the Supreme Court held that the trial court did not abuse its 
discretion in excluding the expert’s testimony. 

What is important about this decision for experts in construction cases 
is the Supreme Court’s criticism of Joiner’s expert for relying upon studies 
that did not conclude the causal link between the alleged wrongful event 
(exposure to certain chemicals) and the resulting damage to the party 
(cancer). As a result, these studies were an insufficient basis for an expert’s 
opinion. Similarly, a construction expert witness’ sole reliance on indus-
try standards, such as those of the Mechanical Contractors Association of 
America, can lead to similar debilitating problems.  

In Kumho Tire, the Supreme Court held that the Daubert standard 
applies to all expert testimony, including testimony that is non-scientific. 
This case involved the opinions of a tire engineer as to why a tire exploded 
while in use, thus causing injury and death to those in the vehicle. The tire 
manufacturer argued that Carmichael’s expert should be excluded because 
he wasn’t a scientist. The fact that the testimony was not “scientific” did not, 
alone, invalidate the expert’s opinion, the Supreme Court held, because 
Rule 702 also applied to “technical and other specified knowledge.” Thus, 
engineers and others with considerable construction experience can be 
deemed an expert under Rule 702.                         

Equally important to construction disputes is the Supreme Court’s focus 
on whether the expert’s methods reliably determined what caused the tire 
to explode. Based on his experience and inspection of the tire, the expert 
testified that there was no other possible explanation for the tire failure. 
He did not explain the cause of the tire failure, but only that he could not 
come up with any other explanation. That testimony “in the negative” 
failed the Daubert test, for it was not based on facts that would support the 
opinion. Instead, the Court found the expert’s opinion to be nothing more 
than an unsupported, conclusory statement. As a result, the testimony was 
excluded. To the extent that a construction expert’s testimony is based on 
his/her opinion that is not supported by facts, it will now face a similar fate. 
There must be a clear and reliable causal connection between the alleged 
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wrong (such as a design error or a change order) and the alleged resulting 
damage (such as labor inefficiencies), and that connection must be proven 
by reliable means. 

These three U.S. Supreme Court cases have had an impact on the admis-
sibility of expert testimony in construction cases. In particular, the past 
practice of a construction expert's utilization of “industry standards” has 
been significantly curtailed. A party’s expert takes great and unnecessary 
risks if he/she relies heavily upon “industry standards” rather than basing 
their testimony primarily upon their analysis of the facts of the case. Since 
the application or the Daubert trilogy of cases regarding the admissibility 
of expert testimony, courts have frequently and more consistently rejected 
a purported expert’s testimony when it is solely or substantially based on 
the application of “industry standards.” 

As we have written throughout this book, the parties and their attor-
neys need to have a full and commanding understanding of the facts of 
the construction process. There is simply no substitute for hard, detailed, 
and comprehensive work. With the widespread implementation of the 
Daubert standard, that same work ethic is now required of the expert 
witnesses as well. A construction expert cannot simply rely upon some 
factually limited, general, or faulty study, refer to it as an “industry stan-
dard,” and then hope that the testimony will prove successful in court or 
in an arbitration. 

Since those three United States Supreme Court decisions, the Daubert 
standard has been applied in all federal courts. Federal Rule 702 has been 
twice amended to provide greater clarity to the parties, the witnesses, and 
the judges. Rule 702 now states: 

 A witness who is qualified as an expert by knowledge, skill, 
experience, training, or education may testify in the form of an 
opinion or otherwise if:

 (a) The expert’s scientific, technical, or other specialized 
knowledge will help the trier of fact to understand the evi-
dence or to determine a fact in issue;

 (b) The testimony is based on sufficient facts or data;
 (c) The testimony is the product of reliable principles and 

methods; and
 (d) The expert has reliably applied the principles and meth-

ods to the facts of the case.
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In addition, the vast majority of states have applied these same stan-
dards, or modified versions, in their jurisdictions. But there are still a 
handful of states that have not adopted the Daubert standard. As a result, 
the parties, their attorneys, and expert witnesses should learn and thereaf-
ter follow the applicable legal criteria for admissible testimony in the states 
in which they are working.

The Application of the Daubert Standard  
in Construction Cases: The Benefits of the Measured 
Mile Method 

Applying the Daubert standard and Rule 702 to construction disputes, one 
can see why experts utilize the measured mile approach whenever possible, 
for it is the most likely path to having their testimony presented to the trier 
of fact. The measured mile approach is predicated on the actual facts of the 
particular construction project, where the expert compares the productiv-
ity in certain parts of the job site before there was a change of events to the 
productivity of other parts of the same job site adversely impacted after 
those events occurred. Alternatively, the analysts may compare the facts of 
similar projects, one where there was an intervening change order or event, 
and the other where no such disruption took place. 

In both situations, a qualified expert has the opportunity to isolate 
the specific cause of a lack of subsequent productivity and then reason-
ably quantify its cascading impact of labor inefficiency on the job’s scope, 
schedule, and budget. 

Many courts and administrative boards have found the measured mile 
to be the most reliable method to quantify labor inefficiencies, while 
simultaneously acknowledging that there cannot be an exact calculation 
of labor inefficiencies. For example, in Clark Concrete Contractors, Inc. v. 
General Services Administration, G.S.B.C.A. No. 14340, 99-1 B.C.A. (CCH) 
30280, 99 WL. 143977 (Gen. Services Admin. B. C. A. 1999) the Board of 
Contract Appeals found that the measured mile was a reliable means of 
determining the cost of labor inefficiencies created by the owner, even if 
the amount could not be precisely calculated. The case involved the con-
struction of the Washington D.C. field office building of the Federal Bureau 
of Investigation. After construction had commenced, there was a bombing 
at a federal building in Oklahoma City, thus prompting the government’s 
architects to make “massive blast design changes” to make the FBI building 
more capable of withstanding a similar bomb blast. 
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The contractor sued for the additional costs and delays associated 
with the design changes. After making a determination that the GSA was 
responsible for 185 days of delay, the Board considered the testimony of 
the parties’ experts. 

The contractor’s expert utilized the measured mile method. He compared 
the productivity achieved in the unimpacted period with that achieved in 
each of the impacted periods. Specifically, the expert determined that with 
respect to the forming of floor slabs, there was a productivity rate of .042 
man-hours per square foot during the unimpacted periods, and a .048 rate 
per square foot during the impacted periods. The expert subtracted the 
achieved productivity rate during the unimpacted period of time from 
the actual productivity rate during the impacted period of time to mea-
sure the inefficiency. He then multiplied that figure by the quantity of slabs 
formed during each period to determine the number of lost man-hours. 
He multiplied that number of lost man-hours by the average hourly rate 
for members of the forming crews, to calculate the total labor inefficiency 
cost for forming slabs. The expert conducted the same kind of analysis for 
the work associated with the stripping of the floor slabs, the forming and 
stripping of columns, and the forming and stripping of stairs. The expert 
concluded there was $1,181,508 in inefficiency labor costs.

The government’s expert contended that the contractor’s measured mile 
analysis was not valid, as the concrete work performed after the design 
changes was not identical to the work performed before the design changes. 
Instead, the government’s expert contended the contractor’s calculations 
were nothing more than a modified total cost approach, and inherently 
unreliable.

There is no dispute that the work was not identical. The very essence 
of the design changes was to make the building better able to withstand a 
bomb blast—through the use of more concrete. But that fact did not negate 
the ability to reliably employ the measured mile approach. The Board’s 
analysis is instructive in several respects, as it found:

“The purpose of a measured mile analysis is to permit a comparison of 
the labor costs of performing work during different periods of time, so 
as to show the extent to which costs increased from a standard during 
periods impacted by certain actions. See U.S. Industries, Inc. v. Blake 
Construction Co. 671 F.2d 539, 547 (D.C. Cir. 1982); Stroh Corp. v. 
General Services Administration, GSBCA 11029, 96-1 BCA  28,165, at 
141,132. GSA is correct in asserting that the work performed during the 
periods compared by [the contractor] was not identical in each period.  
We would be surprised to learn that work performed in periods being 
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compared is ever identical on a construction project, however. And 
it need not be; the ascertainment of damages for labor inefficiency is 
not susceptible to absolute exactness (emphasis added). See Electronic 
& Missile Facilities, Inc. v. United States, 416 F.2d 1345, 1358 (Ct. Cl. 
1969). We will accept a comparison if it is between kinds of work which 
are reasonably alike, such that the approximations it involves will be 
meaningful. We conclude, as explained following, that [contractor] has 
generally used a measured mile analysis consistent with this objective, 
but that some of the adjustments made in the course of the analysis are 
not justified.”  

As an additional argument, the government’s expert conducted his 
own version of a measured mile analysis. The Board compared the mea-
sured mile analysis of the two competing experts, finding computation 
errors in the contractor’s measured mile analysis, but significant differ-
ences in the allegedly “comparable” work set forth in the government’s 
measured mile approach. The Board wrote that “although no perfect 
comparison involving different floors during different periods of time 
could be devised for the project,” (it) found the measured mile proposed 
by the contractor to be the most reliable one. Having so ruled, the Board 
nonetheless made some adjustments to the calculations performed by 
the contractor’s expert, which reduced the claim from $1,181,508 to 
$1,082,490.

There are four important lessons to be learned from this decision, those 
being:

1. The Board permitted the comparison of work even though it 
was not identical. It even opined that it doubted such com-
parable work could ever be identical. 

2. The Board found that the claim for labor inefficiency need 
not be absolutely exact; rather it is an “approximation.” 

3. The court will adopt an expert’s measured mile method 
where the work compared in the “before and after” time 
periods is sufficiently similar for reliable comparative pur-
poses. Here, the contractor’s expert’s comparison of argu-
ably comparable work was much more logical, and much 
more tied to the actual facts of the project, than the work 
compared by the government’s expert—even though both 
experts claimed they were correctly employing the mea-
sured mile method. 
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4. Finally, when a court or board conducts such review of a 
successful party’s claim based on the measured mile, it can 
and will make adjustments to these calculations, thus reduc-
ing—but not negating—the amount a party may recover. 

As reflected in Clark Concrete and the cases cited therein, the measured 
mile is the preferred method to identify and calculate labor inefficiencies, 
when performed in a reliable fashion. Whether a measured mile analysis 
is deemed reliable is often determined by the degree to which the expert 
has compared two reasonably similar periods of time, work, and accurately 
measured and performed a productivity analysis.

As a result, parties in construction disputes frequently retain experts 
to argue the measured mile approach. However, when those experts are 
retained after the completion of the project, the expert is often faced with 
a lack of data to support such an analysis. The authors have recommended 
in prior chapters that it is wise to promptly retain experts when problems 
arise that potentially adversely affect productivity—primarily to solve or 
minimize the costs of such inefficiencies. This approach also provides the 
expert with the opportunity to direct the party to engage in additional or 
differentiated documentation (as the project proceeds) that can provide 
support for a measured mile analysis at the end of the project. 

Precisely because courts and agency boards recognize the measured mile 
as the preferred approach, many experts attempt to base their testimony on 
this method, even if the facts of their case do not support such an analysis. 
Sitting as the gatekeeper, courts have rejected expert opinions based on the 
measured mile for a variety of reasons, including but not limited to: 

 (a) Inadequate or flawed labor records; 
 (b) An expert’s utilization of non-comparable work; 
 (c)  The use of a sample size of work that is comparable but 

demonstrably too small; or 
 (d)  Because the expert’s credibility is in doubt due to the 

subjective selection of the periods of productive and 
nonproductive work compared in the report. 

Some of the grounds for excluding such testimony may be beyond the 
control of the parties. But there are things a party can control. The party 
can quickly retain an expert, address the intervening change and its associ-
ated problems, and carefully consider whatever changes the expert recom-
mends regarding the quality, specificity, and quantity of a party’s records. 
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Those steps that a party can control may make a significant difference in 
getting the judge to permit the expert to testify using the measured mile 
method, which is yet another important reason to retain an expert as soon 
as possible in the construction process.

The Application of the Daubert Standard  
in Construction Cases: The Pitfalls of  
the “Industry Standards” Methods 

Suppose there is no way the facts lend themselves for an expert to suc-
cessfully present the measured mile method? In many cases, experts have 
turned to “industry standards” as an alternative. Industry standards include 
the publications of the Mechanical Contractors Association of America 
(MCAA), the National Electrical Contractors Association (NECA), the 
Business Round Table (BRT), and the U.S. Army Corps of Engineers 
(ACOE) among others. To the extent such publications served as the basis 
for expert testimony prior to the creation of the Daubert standard, such 
testimony is now more rigorously scrutinized by courts and often excluded 
in construction cases.

The 2019 federal district court case of Trane U.S. Inc v. Yearout Service 
LLC No. 5-17-CV-42-MTT, 2019 WL 2553100 (M.D. Ga. June 20, 2019) 
is the most recent published opinion regarding the admissibility of expert 
testimony in construction cases. This federal district court decision illus-
trates the problems that a party will likely face when expert’s testimony is 
solely or substantially based on industry standards. 

The dispute involved the general contractor for a renovation at a U.S. Air 
Force Base and Yearout, a subcontractor responsible for providing a “turn-
key mechanical and plumbing system.” Yearout sought over $280,000 in 
overtime costs due to alleged inefficiencies created by the general contrac-
tor. Yearout’s expert’s opinions were based on the estimated overtime ineffi-
ciency costs. In support of his opinion, the expert used payroll records and 
a “productivity index table,” as well as guidance from MCAA Management 
Methods Bulletins OT1 and OT2-2011. 

The trial court conducted a Daubert hearing to determine if Yearout’s 
expert witness testimony should be permitted at trial. After hearing that 
testimony, and carefully reviewing the MCAA standards and its under-
lying support, the judge concluded the expert’s testimony was “seriously 
flawed.” As a result, the trial court granted the opposing party’s motion to 
exclude the testimony of Yearout’s expert.



The Selection and Use of the Expert Witness  175

The trial court first addressed the MCAA overtime inefficiency stan-
dards, observing that “the overriding purpose of the MCAA bulletins is 
to provide mechanical contractors with negotiating tools: primarily pro-
spectively, to obtain more favorable terms, but also retrospectively to sup-
port claims for additional compensation. The bulletins do not, nor do they 
purport to be, peer-reviewed studies determining whether overtime and 
shift work ‘inefficiencies’ exist and, if they do, how these ‘costs’ can be cal-
culated.” Before addressing the foundational basis of the MCAA bulletins, 
the judge noted that the industry has a more precise standard to calculate 
such costs, that being the measured mile approach.

The trial court then evaluated the MCAA bulletin and its underlying 
support, which comes from other industry standards—namely the NECA, 
BRT and ACOE studies:

 “The problems with [Yearout’s expert’s] testimony start with the MCAA 
bulletin, which bases its percentages table on the four studies. The bul-
letin, however, provides almost no information about the studies them-
selves. The first study, the Business Round Table, examined data from 
twelve weeks of one construction project to “demonstrate[ ] that, in 
general, inefficiency increases as the overtime schedule extends in dura-
tion.” Doc. 158-4 at 129. A second source of the MCAA numbers is a 
study by an electrical contractors’ trade group, NECA, based on a survey 
of electrical contractors. Id. The MCAA argues that the NECA study 
translates to mechanical contracting because “[i]t is a generally accepted 
axiom in the construction industry that efficiency impacts sustained by 
the mechanical trades are similar in nature to the inefficiency impacts 
sustained by the electrical trades given reasonably comparative adverse 
conditions.” Id. n.9. Nowhere is this “axiom” supported. Third study, 
authored by an engineer, appears to only have data for overtime loss 
for 50-hour weeks. Id. at 129-133. “Appears” because the Court, short of 
purchasing a copy of the study, has no way to tell what the study actually 
did.3 The fourth study, by the Army Corps of Engineers, “was widely 
used ... until the Corps formally withdrew this publication several years 
ago for unspecified reasons.” Id. at 130. Despite the ACOE’s formal with-
drawal of their study, the MCAA finds it “noteworthy that Publication 
EP 415-1-3, which contained the Corps’ overtime study, has never been 
repudiated by the Army Corps of Engineers.” Id. (emphasis added). The 
distinction between “withdrawn” and “repudiated” eludes the Court.4

The MCAA OT1 methodology, therefore, depends on four studies: 
one which only focused on one project, another based on a survey 
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of electricians, and another of which has been withdrawn by its pub-
lisher. And none of which has been made available to the Court.” 

Having exposed the weaknesses of the industry standards, the trial court 
then focused on the expert’s work, or lack of work, related to these studies:

“Without access to the underlying studies, the Court had to rely upon 
[the expert’s] knowledge of the studies. However, [the expert] has not 
even read the studies.5 So even if the MCAA’s asserted “axiom” that the 
relationship between overtime and inefficiency is the same for electrical 
contractors and mechanical contractors were true, and even if the Court 
were to accept the MCAA’s contention that the COE study has only been 
withdrawn, not repudiated, the Court still could not conclude that this 
methodology has any reliability.”

Equally significant, the trial court observed that the expert’s opinions 
were not based on his personal investigation of the project. Instead, the 
expert’s testimony was “based on an inconsistent and one-dimensional 
application of a trade group’s statistical table based on a small set of limited 
or withdrawn studies that have not been made available to the Court or 
even read by [the expert]. And Yearout’s brief defended the testimony by 
citing cases which used a different methodology altogether. The testimony 
is clearly inadmissible under the standards of Rule 702 and Daubert.” 

The Trane decision is not the only case where an expert’s reliance on indus-
try standards has been excluded because it lacked sufficient foundation. In 
fact, most of the reported decisions since the Daubert standard was com-
pleted with the 1999 Supreme Court’s decision in Kumho Tire have rejected 
expert testimony based on each of the “industry standards” rejected by the 
trial court in Trane. Those industry standards, and the courts’ assessment of 
their reliability, are set forth in the following pages of this chapter.

But before addressing how courts and administrative agencies have accepted 
or rejected testimony based on “industry standards,” it is important to explain 
the relevance of previously rendered cases. As noted above, the trial court 
stated that “Yearout’s brief defended the testimony by citing cases….” 

What does it mean to “cite cases”? Each party’s attorneys’ will make 
arguments to the trier of fact that their client’s arguments are based upon 
legal principles and/or similar factual arguments contained in previously 
published cases that demand a similar result in the matter in dispute. They 
“cite” those cases supportive of their theories of the case. By contrast, the 
opposing party’s attorneys will argue that those cited cases by the other 
side are no longer “good law” because they have been overturned on appeal 
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or the relevant statute or rule has been amended, the cases have not been 
adopted or used by other courts, and/or those cases are not applicable to 
the facts of the case in dispute. Instead, the opposing attorneys usually 
assert there are different cases that are much more relevant to the facts 
in dispute. One can assume that if the legal dispute goes on for several 
months or years, the attorneys on each side are arguing different case deci-
sions in support of their client’s position. 

As a result, it is extremely important for the attorneys to conduct 
legal research to determine the extent to which courts and administra-
tive agencies have subsequently relied upon, rejected, or ignored previ-
ously published decisions. The most fatal of flaws is to rely upon a lower 
court decision that has thereafter been overturned on appeal. Almost as 
unfortunate is to rely upon a case decision that is not cited or utilized by 
other courts when explaining the basis for its decision, or distinguished 
by those courts as to be rendered irrelevant. The entire basis for a case, 
as well as the credibility of the attorney, can be effectively destroyed if the 
opposing counsel demonstrates to the trier of fact that their opponent is 
relying upon case law that is no longer applicable. To avoid such blun-
ders, attorneys have used the Shepard’s Citations Service (also known as 
“Shepardizing” a case)—or otherwise conduct case decision “updates” on 
the internet—to determine whether a prior published decision has been 
affirmed or overruled on appeal, is cited by other courts in support of the 
ruling, distinguished by other courts that came to a different conclusion, 
or not even mentioned when similar facts are involved in a case before a 
different court or agency board.  

It is equally important for the would-be expert to understand the adop-
tion, rejection, or avoidance of a given decision by other courts and agency 
boards. As is true in many current contentious aspects of modern life, some 
judges can take unique or “activist” positions that may temporarily affect 
the law, but those positions may not thereafter be adopted by any other 
court or agency board. The authors have seen the same situations occur 
in construction cases, where a particular judge or agency board may ren-
der a decision utilizing an industry standard, only to see that decision be 
rejected or ignored by other courts. If an expert relies upon an individual 
decision that is subsequently overruled, distinguished, or ignored, the loss 
of their credibility will be as devastating as that of the attorney described 
previously. 

Finally, it is important to understand when a case is decided. Some cases 
do not stand the test of time. For example, there were a few decisions that 
were rendered shortly after the Daubert trilogy of cases that may have given 
some weight to “industry standards,” usually because the facts suggested it 



178 Productivity in Construction Projects

was fair to compensate a particular party. But when those decisions are 
not relied upon by any other courts or agency boards after the widespread 
implementation of the Daubert standards, the results in those earlier cases 
tend not to be dispositive or persuasive in subsequent cases.

At the opposite end of the time spectrum are those cases recently 
decided, such as the 2019 Trane case previously described. That decision 
reflected the breadth of current and well-established utilization of the 
applicable standards for assessing the admissibility of expert testimony—
and the lack of judicial respect for “industry standards.” As a result, large 
portions of that opinion can be used to similarly eliminate the testimony 
of any expert relying substantially on “industry standards.” The court has 
literally provided a “blueprint” for the exclusion of that purported con-
struction expert’s testimony before the trial or arbitration.

Stated differently, everyone in the construction dispute process, including 
the parties themselves, should be wary of putting too much reliance upon one 
case decision that tends to support their arguments until that case has been 
Shepardized, or updated, to determine if any other court has found it per-
suasive. In addition, attorneys and parties should also be wary of a purported 
expert that primarily relies upon “industry standards.” As demonstrated in the 
following sections devoted to each of the so-called “industry standards,” the 
courts and administrative agencies have frequently (and with much greater 
regularity in the last two decades) chosen not to admit such testimony. 

One final point about shepardizing or updating cases: some of the construc-
tion cases cited in this chapter have been favorably cited anywhere from 5 to 
198 times. Only one case received a somewhat negative treatment, where the 
appellate court upheld in part and reversed in part. The change on appeal was 
based primarily on the manner in which the lower court had used one date 
from which to determine damages for six different changes that occurred over 
time, as well as how that court miscalculated home office overhead damages.

Industry Standards: Mechanical Contractors 
Association of America (MCAA) 

Since 2000 there have been 16 reported decisions from U.S. federal courts 
(3 in total), state courts (2), and administrative agencies (11) regarding the 
admissibility of expert testimony that rely on the MCAA factors to prove 
labor inefficiencies. The courts in all three published federal court deci-
sions have rejected expert testimony based on MCAA industry standards. 
Of the 11 published administrative agency board opinions, expert testi-
mony based on MCAA has been rejected in six of them. In three cases, the 
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testimony was accepted in part and rejected in part. In two other adminis-
trative cases, the testimony was admitted, but only because entitlement had 
already been admitted (Appeal of Prince Construction, DCCAB No. D-1127, 
2003 WL.21235618 (D.C.C.A.B. May 12, 2003)) or where the expert had 
made his own adjustments to the MCAA factors for the specific mechan-
ical work in dispute (Hensel Phelps Company v. General Services Admin, 
G.S.B.C.A. No. 14744, 01-1B. C.A. (CCH) 31249, 2001 WL 43961 (Gen 
Services Admin. 2001), aff ’d 36 Fed Appx. 649 (Fed Cir. 2002). 

Federal Trial Court Decisions Relating to MCAA
Turning first to the published federal decisions, in addition to the 2019 
Trane decision (previously discussed) there is the 2015 decision in North 
American Mechanical Inc. v. Walsh Construction Company and the 2005 
case of Sunshine Construction & Engineering Inc. v. United States.

North American Mechanical (132 F. Supp. 1064 E.D. Wisc.) was a dis-
pute between the general contractor (Walsh) and an electrical subcontractor 
(NAMI) regarding the renovation and construction of new space at a hospital. 
The construction was phased in such a way to permit the hospital to continue 
to operate during the construction. Such construction phasing during occu-
pancy can create scheduling challenges, and that was the case here—as sched-
uling problems plagued the project from its onset. At the end of the project, the 
electrical subcontractor claimed $1,747,326 in labor inefficiencies.

Pursuant to the terms of the contract, the dispute was presented to the 
court, rather than to a jury, for resolution. The parties agreed that the trial 
judge’s Magistrate Judge would try the case. During the pendency of the 
case, Walsh moved for summary judgment. As part of that motion, Walsh 
also moved to bar the testimony of NAMI’s expert witness. The court had 
doubts about the testimony, but since the case was being tried by a judge, 
the Magistrate Judge believed it best to permit the testimony and then give 
it the weight it deserved. (This approach is often used by arbitration panels 
as well as in judge-tried cases.) After considering all of the facts and tes-
timony, the Magistrate Judge ruled in favor of Walsh. The federal district 
court rejected NAMI’s subsequent appeal on several separate grounds. This 
case provides several important lessons.

1. The dispute was resolved in court, by a judge. The authors have noted 
the desirability of having language in the contract that specifies the use 
of selecting certain arbitration services or even individual arbitrators. We 
have found this approach minimizes time and legal expense associated 
with the resolution of the claim. Here, the parties contractually chose to 
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have the case adjudicated in a federal court, but by the judge rather than 
a jury. Such an approach can potentially create an advantage for certain 
parties. But it should be noted that this so-called advantage, if any, calls for 
some speculation on the part of the parties when the contract is drafted. 
Who knows as of the time the contract is signed whether a party’s legal 
argument is more analytical in nature, and thus more likely to be under-
stood more clearly by a judge, or which side would have a more equitable 
factual claim that could be embraced more readily by a sympathetic jury?
2. What does not require speculation is the second important lesson learned 
from this case: the terms of the contract will be applied to the parties. Here, 
the terms required NAMI to make specific claims within 7 days of discov-
ering that such owner-requested changes would create additional costs for 
it. Although such a short time requirement seems severe in the abstract 
against this subcontractor, in this particular case the general contractor 
was required to bring such claims to the owner within 21 days, according 
to the terms of its contract with the owner. Thus, the subcontractor was 
on a short timeline to report costs for owner requested changes precisely 
because the general contractor was also on a short timeline of the owner 
for such requested changes. More important, the subcontractor contractu-
ally agreed to perform pursuant to those short timelines. 

NAMI failed to follow that contractual term with specificity, and 
therefore the claim was denied. The authors cannot stress enough the 
importance of negotiating contractual terms with which both parties can 
successfully comply and perform. We have been advised by parties, once 
litigation has commenced, that they knew a disputed contractual clause 
like this one would be difficult to follow—but they agreed to such terms 
anyway because they feared they would otherwise lose the bid. In retro-
spect, some of these parties have acknowledged that their burning desire 
to get the work had effectively burned their legal rights in their subsequent 
dispute resolution proceeding. We recommend that if a party is going to 
agree to such terms in the written contract, the party should immediately 
hire all necessary personnel, and institute all necessary reporting require-
ments, to be able to fully comply with such problematic contract terms.
3. Third, it is critically important to keep contemporaneous and thorough 
records. Without such records, a party’s expert cannot use the generally 
preferred approach of the measured mile to calculate labor inefficiencies. 
Instead, the expert is forced to use other methods with unacceptable, but 
not unexpected, results in court. In this case, NAMI’s expert was forced 
to employ the total cost method precisely because NAMI did not have 
such supportive records. The total cost method computes damages as the 
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difference between the amount bid and the actual cost incurred. Courts 
have recognized that this approach can improperly reward a party that has 
either created an unrealistically low bid or has been inefficient in its own 
performance on the job. As a result, the total cost method has often been 
rejected, or at least viewed as the method of last resort. 

In support of the expert’s findings under the total cost method, the 
expert provided opinions based on the measured mile and NECA stan-
dards. Although the court had already concluded that the total cost method 
was without merit, it examined the other two methods to see if either one 
could justify a finding in favor of the subcontractor. 

NAMI’s expert sought to provide a measured mile expert analysis but 
admitted he did not have sufficient data to render an opinion that could 
stand on its own, and hence it was only offered in support of the total cost 
method. The trial court agreed with those admitted deficiencies, finding 
that only 30 man-hours of unimpacted labor was used for the expert’s mea-
sured mile approach. But 30 man hours on a project that required 32,000 
man-hours to complete [is] only 0.094% of the total work on the project—
much too small a sample to be credible and persuasive. 
4. Fourth, an expert’s reliance on the MCAA factors—without specific job 
site factual support—is often a recipe for failure. Here, the subcontractor’s 
expert relied on the MCAA factors in support of the total cost method, 
specifically the MCAA factor involving “beneficial occupancy” (where an 
owner, such as this hospital, operates the building during the construction 
process). The court noted that the expert incorrectly calculated such an 
impact on the entire project, even though some of the work was in an area 
that had not yet been occupied, that being the newly constructed areas of 
the expanded hospital. Beyond that, the court concluded that since NAMI 
knew that the hospital intended to continue its operation prior to entering 
into the contract with the general contractor, it should have factored such 
potential problems into its bid, and thus this MCAA factor was inapplica-
ble to both the new and the renovated areas.

Perhaps more important was the court’s observations about the MCAA 
factors when it wrote:

“Moreover, the MCAA bulletin states:

These factors are intended to serve as a reference only. Individual cases 
could prove these to be too high or too low. The factors should be tested 
by your own use of them, since percentages of increased costs due to the 
factors listed are necessarily arbitrary and may vary from contractor to 
contractor, crew to crew and job to job.”
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The court concluded NAMI’s expert failed to take “the next crucial step 
of analyzing the specific conditions of the Project to assess the extent and 
impact of any condition to arrive at an appropriate inefficiency rate.” In 
light of the nature of the expert’s four offered opinions, his failure to ana-
lyze the specific job site conditions may well be attributable to the subcon-
tractor’s lack of contemporaneous and extensive data.

The North American Mechanical court cited Sunshine Construction & 
Engineering v. U.S. 64 Fed CI. 346 (2005) with approval, a decision ren-
dered in 2005 by the Federal Court of Claims, for the proposition that 
MCAA factors are not dispositive because they are general propositions. 
In Sunshine, the contractor’s $915,872 claim against the Army Corps of 
Engineers involved the construction of an educational center and library at 
the MacDill Air Force base in Florida. While acknowledging that the archi-
tects’ blueprints were substantially inadequate, the federal court rejected 
the contractor’s claims. The case is noteworthy for three reasons.

First, it is important for a party’s employees to testify as objectively as pos-
sible—especially since the party is using its witnesses to persuade the trier 
of fact. Sunshine’s key fact witness was its Project Superintendent, who tes-
tified a substantial part of Sunshine’s problems were due to his counterpart 
at the ACOE, a person that allegedly impeded progress and directed “quite 
a bit of hostility” towards Sunshine and its representatives. The court noted 
from the correspondence that the parties had several disagreements and 
communication issues. But the court heard and witnessed the testimony of 
that ACOE’s Contracting Officer’s Technical Representative, and found him 
to be a reasonable, if exacting, representative of the ACOE. The credibility 
of Sunshine’s claims suffered because its Project Superintendent’s personal 
frustration during the construction process carried over into the courtroom.

Second, as previously noted, construction disputes are often a battle of the 
experts. The court’s analysis of the two experts underscores the importance 
of retaining the most qualified, thorough, and objective expert available:

“Key to defendant's successful proof against plaintiff 's claims was the 
thorough, detailed testimony of Mr. Bolyard, a certified structural engi-
neer who served as defendant's expert. Mr. Bolyard was also very knowl-
edgeable in terms of the overall contract performance sequence. While 
Michael T. Midgette, plaintiff 's forensic expert, served plaintiff well as a 
consultant during contract performance, and was committed to advanc-
ing plaintiff 's cause to the extent permitted by the scope of his retention, 
it was obvious at trial that he faced an uphill battle with numerous con-
straints hampering the task that plaintiff and the EC/L Project presented 
him. 
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Mr. Bolyard testified as an expert in CPM scheduling for construction 
projects; delay analysis for construction projects; construction cost esti-
mating; construction cost analysis; and construction means and methods. 
See supra note 14. Mr. Bolyard has broad experience in the construction 
industry. He has served as a field engineer, design estimating engineer, 
and projects engineer for different employers on major construction 
projects. He has extensive experience in providing cost estimating ser-
vices; CPM scheduling services; constructability reviews; construction 
cost analyses, including costs of changes and loss of labor efficiency; and 
analyses and cost control work. He is fully qualified to monitor and cal-
culate a contractor's performance against a CPM schedule. Significantly, 
Mr. Bolyard was certified in April 2004 by the AACEI (formerly known 
by its full name, the Association for the Advancement of Cost Engineering 
International) as a Planning and Scheduling Professional, which is the 
only recognized professional certification for practitioners of CPM meth-
odology, and is a member of the American Society of Civil Engineers, 
the Heavy Construction Contractors' Association, the Construction 
Management Association of America, and AACEI. 

Mr. Midgette was accepted as an expert in the field of scheduling and 
claims analysis and equitable adjustment claims. Mr. Midgette assists 
contractors with the resolution of construction contract disputes. He tes-
tified that he has experience as a general contractor in residential and 
light commercial work and that he has served as an office manager, 
where he maintained and copied drawings, sent them to the field, and 
maintained necessary data. He also has experience with CPM schedul-
ing, loss of productivity analysis, and recovery schedules. Mr. Midgette 
is certified by AACEI as a Planning and Scheduling Professional, which 
notably, however, he received after he submitted his revised expert 
report of August 30, 2004, as he sat for the AACEI certification exam on 
October 6, 2004. Tr. at 827. He has never prepared a bid estimate for a 
project on behalf of a construction contractor. Mr. Midgette has a prom-
ising career as a construction consultant, because he showed himself to 
be dedicated and enthusiastic, but Mr. Bolyard's background, range of 
experience, and knowledge of the Project overwhelmed Mr. Midgette's 
delay analysis and proved to be a more reliable source of expert opinion 
on the issues surrounding the EC/L Project. (emphasis added)”

Finally, MCAA factors are merely the start to an expert’s analysis, not 
the end of his/her work. Sunshine’s expert cited a number of MCAA 
factors in his determination of Sunshine’s claim for labor inefficiencies. 
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However, the court noted with approval the testimony of ACOE’s expert, 
who warned that such factors are not meant to provide absolute costs nor 
percentages but rather as a general reference, citing the language within 
MCAA Bulletin 58. Sunshine’s expert never tested the reliability of the per-
centages used by the MCAA against the facts on this jobsite.

To summarize the federal decisions on this point as succinctly as pos-
sible, there is not one decision since the Daubert trilogy of cases that has 
permitted expert testimony based primarily or solely upon the MCAA 
“industry standards.”

Federal Administrative Board Decisions Relating to MCAA
In six different cases, the administrative courts have rejected testimony 
based on MCAA factors, for a variety of fact-specific reasons. 

In Appeal of States Roofing Corporation, A.S.B.C.A. No. 54860, 10-1 
B. C. A. (CCH) 34356, 2010 WL 292732 (Armed Serv. B.C.A. 2010) the 
Armed Services Board of Contract Appeal (Board) noted other adminis-
trative boards had accepted the MCAA analysis, “despite its subjectivity,” 
but further stated it had rejected those same MCAA standards in Appeal of 
AEI Pacific, Inc. A.S.B.C.A. No. 53806, 68-1 B.C.A. (CCH) 33792, 2008 WL 
436928 (Armed Serv. B.C.A. 2008) Inc. and In re Sauer, Inc. A.S.B.C.A. No. 
39605, 61-2 B.C.A. (CCH) 31525, 2001 WL 865382 (Armed Serv. B.C.A. 
2001). 

In States Roofing, the testimony incorporating the MCAA factors, and 
the resulting estimated labor inefficiency, came from the contractor’s 
President. The use of a standard lacking in objectivity, offered through the 
testimony of an executive of one of the parties, was too much subjectiv-
ity—and thus unreliability—for the court to embrace. The court’s decision 
is further appreciated by the fact that the President testified to a 340% loss 
of productivity, a figure that strains credulity to the breaking point.

In AEI Pacific, the expert was not sufficiently aware of the facts of 
the case, in that he neither spoke to anyone from AEI prior to the sub-
mission of his report, nor did he visit the job site. Instead, the expert 
based his testimony on the MCAA factors and his review of the party’s 
internal documents. Due to the fact he did not take many notes during 
that review, the expert could not explain what specific MCAA factors 
and numbers he applied to the party’s documents, at what intervals, 
and therefore how he calculated the party’s alleged inefficiency costs. 
As a result, the court concluded the expert’s opinion, based on MCAA 
factors but without specific justification and backup data, was “specu-
lative and lacking credibility.”
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In Herman B. Taylor v. General Services Administration, G.S.B.C.A. 
No. 15421, 01-2 B.C.A. (CCH) 32320, 2003 WL 21711359 (Gen. Services 
Admin B.C.A. 2003) the MCAA factors were determined to only be appro-
priately used in calculating the labor inefficiency for mechanical workers, 
but not for other trades.  

In those three cases where the MCAA factors were admitted in part and 
rejected in part, the facts of each case are critical to the ultimate decision—
and thus the decision to permit such expert testimony must be taken with 
a grain of salt.

For example, in Turner Construction Company v. Smithsonian Institution, 
CBCA No. 2862, 17-1 B.C.A. (CCH) 36739, 2017 WL 1968758 (Civilian 
B.C.A. 2017)  a 2017 decision of the U.S. Civilian Contract Board of Appeals 
(Board), two of the eight subcontractors, using MCAA factors, sought 
inefficiency payments from the Smithsonian Institution (Smithsonian) 
for their work on the renovations to the National Museum of American 
History. One subcontractor succeeded, while another failed. 

At the outset of its lengthy opinion, the Board notes that the Smithsonian 
never agreed to a firm fixed price with the general contractor before con-
struction commenced, and it now had a renovated building. The court’s 
sense of equity was evident on the first page of its opinion, when it states 
“[h]aving failed to execute the bargain prior to the provision of services, 
Smithsonian cannot reap the benefit of the bargain it wishes it had struck.”

As to the subcontractor that succeeded through its reliance on MCAA fac-
tors, the court noted that the use of the measured mile method was not avail-
able due to the nature of the work and the nature of the disruptions caused 
by the Smithsonian’s changes. The subcontractor therefore applied four of the 
MCAA factors to calculate a 42% inefficiency rate. Perhaps even more import-
ant, and certainly more persuasively, the subcontractor then reduced its claim 
of additional or adversely affected hours by 25% to address defects in its own 
performance before multiplying the inefficiency rate by the number of hours 
affected. A reader of this opinion could conclude that the subcontractor’s 
method was viewed with favor not because of the accuracy or applicability of 
the MCAA factors, but because of the equity the subcontractor employed in 
its calculations—in stark contrast to the positions taken by the Smithsonian.

The court denied the other subcontractor that also utilized the MCAA 
factors simply because there was no evidentiary support for recovery. 
Although one of their witnesses testified that the subcontractor had con-
sulted with tables in industry standards, they did not provide that table to 
the court. This subcontractor did not offer to the court any expert testi-
mony to support its application of the MCAA factors. Without that kind of 
evidentiary support, any labor inefficiency claim would fail, as this one did.
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The case of In re Fire Systems, Inc., V.A.B.C.A. No. 5559-63, V.A.B.C.A. 
No. 5566-70, V.A.B.C.A. No. 5579, V.A.B.C.A. 5583, V.A.B.C.A. No. 55581, 
02-2 B.C.A. (CCH) 31977, 2002 WL 1979118 (Veterans Admin. B.C.A. 
2002), was related to the pipe and sprinkler installation of a new fire sup-
pression system at the existing Veterans Hospital in Columbia, Missouri in 
1994-5. The VA Board noted that the government had conducted a study 
and therefore knew prior to the time it requested bids of the presence of 
asbestos in the building and made those that attended the pre-bid walk-
through aware of that fact. But the government did not mention that report 
in the solicitation for bids, nor was there any amendment to that solicita-
tion. The contractor did not become aware of the potential problem until it 
encountered possible asbestos in the middle of the job. 

The contractor subsequently made a claim for labor inefficiencies, based 
primarily upon its labor logs and three different MCAA productivity 
factors. The Board accepted the argument that the discovery of possible 
asbestos may have had an effect on one factor, morale and attitude, it sub-
stantially reduced the risk from “severe” to “minor” because of other facts, 
including the prompt response by the VA to remediate the situation. The 
other MCAA factors raised by the contractor were flatly rejected, as there 
was no support for such claims in the daily logs. 

The third case in the last two decades where the MCAA standards 
were accepted in part and rejected in part was the case of In re Clark 
Construction Group, Inc., V.A.B.C.A. No. 5674, 00-1 B.C.A. (CCH) 30870, 
2000 WL 375542 Veterans Admin. B.C.A. 2000). The subcontractor's 
inefficiency claim related to the construction of a VA hospital in West 
Palm Beach, Florida, in the early 1990s. The subcontractor attempted, 
without success, to use the “measured mile” approach to establish dam-
ages, and also argued the MCAA factors in the alternative. Due to the 
board’s finding that the change of construction sequence “pervaded the 
entire project,” and the subcontractor’s bid was “reasonable,” the board 
was equitably inclined to render some award for the claimant. Since the 
“measured mile” was not warranted, the board used two of the MCAA 
factors—dilution of supervision and site access—to calculate an award, 
but at a reduced rate than that argued by the subcontractor. The Board 
chose not to use other MCAA factors because the subcontractor failed to 
provide relevant evidence supporting the impact on productivity, despite 
the presence of the subcontractor’s voluminous contemporary records. 
The board specifically made the inference that those records did not jus-
tify any other claims, or the claimant would have brought those records 
to the board’s attention. 
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Industry Standards: National Electrical Contractors  
of America (NECA)

The admissibility of an expert’s testimony based upon NECA industry stan-
dards has been the subject of only one published federal court opinion since 
the Daubert standards were adopted, and that was in the Trane decision pre-
viously mentioned. In that case, Judge Treadwell, in a footnote, dismissed the 
NECA standards as not meeting the Daubert standard in the following way: 

“The problem with the NECA study is not that its data are inaccurate, but 
that it considered electrical work, not Mechanical work. So, the MCAA’s 
observation that no one has proved the underlying data inaccurate is not 
only logically flawed, but also unresponsive to the studies critics.”

There has also been only one state court decision, Norment Security Group 
Inc. v. Ohio Department of Rehabilitation and Correction, 2003-Ohio-6572 
2003 WL 22890088 (Ct Cl. Ohio 2003) which also declined to accept the 
expert’s testimony based on MCAA and NECA factors. Norment involved 
the construction of a prison near Toledo, Ohio. The contractor’s expert tes-
tified that his calculations were based on MCAA factors, and then esti-
mated that inadequate scheduling and coordination caused a productivity 
loss for the electricians, carpenters, and iron workers on the job. Despite his 
testimony that his assessment represented an average or medium impact 
on productivity, the Ohio Court of Claims found the expert’s findings 
based on data from the MCAA manual to be “arbitrary and speculative and 
do not represent a reliable measure of damages.” The Court of Claims also 
refused to accept NECA factors due to insufficient evidence.

Industry Standards: Business Roundtable (BRT)

In Trane, the federal court also rejected the BRT industry standard, writing 
in a footnote that “defending the accuracy of the data misses the issue: the 
problem with the Business Roundtable study, for instance, is not that the 
underlying data are inaccurate, but that the underlying data are limited to 
one project over twelve weeks.”

Other than the Trane decision, there has been one federal court decision, 
the 2006 case of Ace Construction Inc v. U.S.,70 Fed. Cl 253 (2006), aff ’d 499 F 
3d 1357 (Fed Cir 2007) that analyzed this industry standard. In that case, the 
contractor brought a “differing site condition” claim against the government 
arising out of inadequate or erroneous representations made during the bid 
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process. The court found that the government’s initial drawings were inac-
curate, leading to additional labor and costs for the contractor. As a result of 
those differing site conditions, the contractor argued, and the court agreed, 
that it was entitled to $462,745 in direct costs (including additional labor 
costs, additional equipment rental costs, and additional overhead costs of 
field office expenses, lost profits, and bond expenses). It was also awarded 
$17,283 for its constructive acceleration claim, due to the fact that the con-
tractor had to incur overtime costs for a considerable period of time to avoid 
paying liquidated damages as set forth in the contract. Remarkably, the gov-
ernment would not extend the end date of the contract after the government 
had been presented with evidence of the problems—and even adopted part 
of the general contractor’s proposed solution. 

Finally, the court awarded the general contractor its loss of productiv-
ity claim for $12,651 in labor costs, plus the same kind of overhead costs 
mentioned previously. The court had already ruled in favor of the general 
contractor on all its other claims in the prior sections of its opinion and did 
so here—except it refused to grant recovery for the equipment inefficiency 
costs. The expert had taken the Business Roundtable efficiency charts for 
50- and 60-hour workweeks, and made adjustments to fit the facts of the 
case. The court found the BRT to be “relevant” and further noted that the 
general contractor “presented uncontroverted evidence that such overtime 
resulted in reduced productivity of labor.”

This is the only published opinion since Daubert where an expert’s reli-
ance on the BRT has been permitted. In light of the compelling facts of the 
case in favor of the contractor, the court’s acceptance of all the other contrac-
tor’s damage claims presented, the fact there was no defense to the use of the 
BRT tables, and the fact that this inefficiency claim represented only roughly 
5% of the direct costs claimed by the general contractor, a party should be 
forewarned to present expert testimony relying solely on BRT tables. 

Industry Standards: United States Army Corps  
of Engineers (ACOE)

In addition to the aforementioned Trane decision, there is only one other 
reported decision since 2000 assessing the reliability of the ACOE stan-
dards, that being the administrative board decision in the Hensel Phelps 
case, which rejected such testimony. One of the reasons there is such a 
paucity of case law on this particular standard is likely due to the fact that 
several years ago the Corps of Engineers withdrew its 1979 publication, 
Modification Impacted Analysis, as the court noted in Trane.  
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Industry Standards: Bureau of Labor Statistics

As set forth in Chapter 6, in 1947 the U.S. Department of Labor published 
Bulletin 917 regarding inefficiency costs related to the overtime hours for a 
sole munitions manufacturer during World War II. The application of this 
industry standard is dubious. In the 2000 ruling of the Corps of Engineers 
Board, Appeals of J. A. Jones Construction Company, E.N.G.B.C.A. No. 
6348 00-2 B.C.A. (CCH) 31000 WL 1014011 (Corps Eng’rs B.C.A. 2000) 
the Board specifically rejected the study because it only applied to manu-
facturing plants and did not apply to construction projects. This standard 
has not since been assessed in any published case. 

The Application of the Daubert Standard  
in Construction Cases: The Likely Failure of Future 
“Industry Standards” Methods 

This review of the published court and agency board decisions demon-
strates that the purported “industry standards” have fared very poorly 
since the courts have instituted the higher and more rigorous standards 
of Daubert, Joiner and Kumho Tire. Some future “experts,” in support of 
their future theories, may try to explain this consistent rejection of current 
industry standards as simply due to the fact that these studies are very old 
and/or the underlying data is no longer subject to peer review. Such claims 
would simply not be true. 

As reflected in the cases reviewed in this chapter, the age of these studies 
is not the only—or even main—reason why the industry standards have 
fared so poorly. For all the reasons set forth in Chapter 8, these so-called 
“industry standards” are not directly applicable to the facts of any case pre-
cisely because each construction project is different from any other—often 
in multiple ways. Any future proposed “industry standards” will likely fail, 
and should be disregarded, for the very same reason: there are too many 
variables in any and every construction project to believe in a method that 
is not based on the facts of each construction project. 

In other words, the most reliable method of the future is the most reli-
able method of the past and present: the measured mile. The only way to 
be able to employ the measured mile is to have assembled facts that reason-
ably compare the productivity of the work performed before the project 
was impacted with the productivity of the work that was performed after 
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the project was impacted. And the only way to have meaningful compar-
ative data is to be vigilant and dedicated to generating that kind of data as 
the job is progressing—not attempting to recreate it after the completion 
of the project. This approach not only pays dividends in increased prof-
its during the construction process, but it also benefits the parties should 
a dispute arise that requires such documentation as factual evidence. In 
addition, this approach provides the data that will serve as the basis for the 
expert witness’ opinion.
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Achieving the Desired Results

The authors recognize that events frequently arise in construction proj-
ects that could adversely impact the productivity of the workforce. To best 
respond to that event, the parties must first identify there is a problem, and 
agree it can have a potentially negative effect on the project’s scope, sched-
ule and/or budget. 

Once the problem has been identified, we have recommended that the 
parties work together to solve “their” collective problem. We urge the par-
ties to reject the finger-pointing approach of the past, an approach that has 
led to so much wasted time and money. We have instead promoted the 
concept of problem-solving collaboration, a concept we have seen work 
well on certain projects. 

To be able to identify such problematic events in real time, the par-
ties should collect meaningful and accurate labor-and work-related data 
 (preferably on a daily basis), evaluate that data on a frequent basis, and 
then hold people accountable for such accurate and timely data generation 
and the performance of the work. 

We have also recommended that a party retain experienced construc-
tion counsel (and possibly an experienced construction expert) early in the 
problem-solving process, with the initial goal of monitoring and address-
ing the disruptive event as quickly and as inexpensively as possible. Should 
it be difficult for the parties to solve the problem while construction is 
underway, or agree on the responsibility or cost of such problem’s solution, 
at least the parties will have narrowed the issues of disputed fact and placed 
themselves in a better position to more quickly settle their dispute at a later 
date.

It is well recognized that most disputes are settled prior to the parties 
submitting their case to the trier of fact, be it a judge, jury, administrative 
judge, or arbitration panel. More and more of those settlements now occur 
as part of a mediation process, usually after expert witness testimony has 
been obtained by the opposing party. With these unmistakable trends in 
mind, what is the best way to obtain the most favorable settlement terms? 
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We offer the following suggestions:
First and foremost, make it a priority to retain qualified personnel 

to collect relevant data and review it frequently - from the commence-
ment of the initial budget and schedule to the completion of the proj-
ect. These people can not only keep the job on schedule and on budget, 
but they will likely become important fact witnesses should litigation 
or arbitration be necessary. With the sophistication of modern project 
control software programs that monitor various aspects of the project, 
the retention of knowledgeable project staff can also offer crucial sup-
port to a party’s expert, by providing them with accurate and relevant 
information immediately after the expert has been retained. We stress 
that the retention of such support personnel is not an extra expense to 
the party. To the contrary, they can save the party money while the job 
is ongoing by working to decrease inefficiencies, and they can help the 
party recover money (or avoid the payment of money) if litigation or 
arbitration is necessary.

Second, retain an experienced attorney—someone who has proven that 
he/she knows there are ways to avoid unnecessary time and expense in 
the resolution of construction disputes. Select someone who is not try-
ing to make a fortune on the legal fees that will be generated in this par-
ticular case. A party should insist that their attorney actually performs a 
substantial amount of the critical work and/or be significantly engaged in 
the assessment of liability and damages. Don’t let the experienced attor-
ney, once retained, subsequently delegate the vast majority of the work 
to a younger associate - all in the purported context of “saving the cli-
ent money.” To the extent that courts are not permitting the testimony of 
experts who are not intimately knowledgeable about the facts of the case, a 
party should not hire an attorney to argue its case unless that attorney can 
meet that same standard.

Third, have a party’s attorney retain an expert (or experts) that know 
the construction business “from the inside”—people who are contractors, 
schedulers, and/or engineers. That expert also must be committed to learn-
ing all the relevant facts of the construction project. As we have seen from 
several of the published court decisions, a witness who simply teaches at a 
university, relies heavily upon “industry standards,” and/or computes dam-
ages based solely upon overtime and wage data is not going to meet the 
Daubert standard for expert testimony. 

Fourth, a party should insist that its attorney and expert work together 
to assess the critical factual issues, the possible solutions to the current 
construction problems, and the evidence proving (or disproving) labor 
inefficiencies. This approach creates several benefits to the party. First, such 
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efforts may help solve the problem while the project is ongoing, thus min-
imizing the disruption. Second, to the extent there is subsequent litigation 
or arbitration, their initial work should result in discovery conducted with 
a laser-like focus on the most relevant facts. That kind of discovery should 
save time and money. Finally, when it comes time for the mediation, the 
attorney and the expert should be able to collaborate to make the most 
effective presentation possible. 

Fifth, a party should push hard for an early mediation. The purpose of 
hiring experienced and engaged attorneys and experts, and then insisting 
they conduct discovery quickly, is to push for a mediation as soon as possi-
ble. The opposing party may object to this approach, but the party moving 
for mediation can make the argument that (a) the case has been pend-
ing for a considerable period of time; (b) that same party has followed the 
court’s orders (or those of the arbitration panel) and diligently conducted 
its discovery; and (c) that party is now ready to have the matter resolved, 
either in mediation or at trial. The judge or panel may give the other side 
some additional time for discovery, but generally the additional time is 
likely not enough to overcome the advantage an aggressive party’s attor-
ney and expert will have gained by working diligently to that point. This 
approach will generally result in an earlier mediation date, and less legal 
expenses associated with discovery, than had the party let the typical legal 
process dictate the date of mediation. Preparation is critical to success, and 
a party’s attorney and expert should work hard to be better prepared than 
their adversaries, and to do so as quickly as possible.

Sixth, the senior-most decision makers for the parties need to be present 
when the time comes for the mediation. A party’s owner (assuming he/she 
is the CEO or President of the party) should make it clear that he/she will 
attend and have its attorney call for the opposing party’s CEO or President 
to also attend. Parties are generally required by the court to bring a “deci-
sion maker” to the mediation. In many cases, that person is the company’s 
General Counsel. The reason to have an opposing party’s owner or CEO 
attend, particularly if that owner or CEO is experienced in construction 
work, is that the executive will see the evidence as it would be presented to 
the trier of fact—not filtered through the subsequent report from that par-
ty’s General Counsel. A senior construction executive also has likely seen 
a lot of “real life” situations in the field similar to those described in the 
mediation and may have a greater appreciation for the fact that no party is 
ever completely blameless or completely to blame.

Seventh, if a party is able to persuade the opposing party’s CEO or 
President to attend, careful consideration should be given to also sug-
gesting the experts participate in the mediation. Seasoned construction 
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executives may tend to discount some of the arguments made by opposing 
counsel, on the grounds that lawyers get paid to advocate for their clients. 
But an objective expert, with considerable experience working for or in 
companies like that of the opposing party, may have an opportunity to 
make a more persuasive factual argument than an attorney—and thus be 
taken more seriously by the opposing party’s CEO. 

Case in point: The authors engaged in such a settlement session, 
after the owner had terminated the general contractor and sued it for 
$10 million in federal court. The general contractor filed a $30 million 
counter-claim. The parties agreed to bring their most senior executives, 
attorneys, and experts together. The general contractor was a large, national  
company—and its CEO attended the session. Over the course of an entire 
day, the owner’s expert explained his opinions, supported by sound con-
struction and scheduling principles, visual proof, and construction docu-
ments. The dispute was settled the following day, on terms favorable to the 
owner. The authors believe that the general contractor’s CEO could not 
have fully appreciated the evidence against his company had he not been 
in attendance at that session.     

What is the bottom line of a construction dispute? It is the amount that 
one party pays, and another party receives—it is the parties’ financial bot-
tom line. The authors appreciate the fact that events occur during the con-
struction process that can result in a loss of productivity and an increase 
in labor costs. This is a business problem not uncommon in the industry. 
Those that have successfully solved that business problem during or imme-
diately after the completion of the project tend to spend less money on 
attorneys and experts and save more of their valuable time. To achieve that 
result, seriously consider retaining experienced personnel early in the pro-
cess to find greater efficiencies and/or document and address inefficiencies. 
Those professionals can certainly help save money during the construction 
and/or thereafter in the litigation or arbitration.  

Should a party become involved in litigation or arbitration, retain attor-
neys that recognize they are engaged in but one way to solve a business 
problem—usually by settlement. Hire professionals who fully appreciate 
that the bottom line for their client’s dispute really is the client’s bottom-line 
cost for all the expenses associated with the litigation or arbitration. An 
attorney should not waste the client’s money retaining an expert witness 
that will not be certified as an expert under the Daubert standard. Neither 
the party, the attorney nor the expert should waste time and money by let-
ting the dispute get dragged out for years of discovery, the all-too- common 
approach for many construction cases today. Instead, everyone’s focus 
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should be on the best way to bring the parties to a mediation or settlement 
conference as soon as possible. 

It is the authors’ experience that the amount paid in settlement for 
alleged inefficiencies is likely going to be the same if a case is settled right 
before trial or a year before trial—since the dispute is based on the facts 
of the project, and the expert’s analysis of those facts. The only difference 
between an earlier settlement and a later settlement is the additional legal 
expenses incurred over that additional year. We have been involved in 
disputes where a party grits its teeth and pays a higher sum than it ini-
tially thought was warranted, but did so because that party’s legal fees were 
exacting a substantial toll. Consequently, we recommend swiftly conduct-
ing focused discovery and moving for a quicker mediation, precisely so 
that a party can—if necessary—make a larger payment than originally 
intended but achieve a resolution to the dispute. That type of settlement 
avoids another year of expensive, and likely not beneficial, discovery. That 
additional year of discovery may also distract the parties from spending 
more of their time in pursuit of their business endeavors.
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The Way Forward

Collectively, the authors have over 120 years of experience in the construc-
tion industry. However, at no point have we waxed poetic about the “good 
ol' days.” We did not do so precisely because the “good ol' days” were not 
“good” for many in the construction business. 

The “good ol' days” were not good for those organizations that did not 
know the most basic and integral elements of labor productivity, or lack 
thereof, and thus bid their jobs without the most important information. 
Those companies got hammered as the job proceeded. In addition, the 
“good ol' days” were not good for organizations that did not intimately 
know how to monitor the progress on the job using those elements. As a 
result, they were not able to make timely adjustments in response to prob-
lems that arose on the job. Accordingly, many such parties ended up in 
litigation—an expensive process that takes a lot of time and effort from 
more profitable ventures, and seldom makes a party “whole” upon its com-
pletion. Finally, the “good ol' days” were not good for organizations that 
turned to attorneys and expert witnesses that failed to understand the cru-
cial elements of labor productivity on that particular project, instead tak-
ing the easier path of arguing “industry standards”.

As a result of those mistakes, too many companies were ultimately 
forced to close their doors, including reputable organizations that had been 
in business for many decades. We know this to be true, because we ran 
businesses, or were retained by others in the construction business, that 
competed against such organizations—and succeeded at their expense. 

To succeed then—and to succeed now—people in the construction 
industry must do three things, whether they are an owner, a general con-
tractor, a subcontractor, an engineer, a construction manager, or even an 
attorney or expert witness. 

First, they must take the time, and make the effort, to understand the 
basic elements of labor utilization and incorporate that data into the orig-
inal bid and schedule. You must think in terms of the labor it takes to lay 
X number of feet of pipe per man-hour, and then take it to the next level  by 
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projecting the productivity if employee X or employee Y is serving as the 
superintendent or foreman on that part of the job. In these post-COVID 
days, there is also the question the talent pool. Not only do we need to 
project the employees X and Y serving as supervisors, but all the employees 
working for those supervisors. You also must think in terms of the labor it 
takes to run Z feet of wire at a height of 10 feet per man-hour on the first 
floor, and then calculate (and adjust) the same costs per man-hour for the 
same wiring on the next 12 floors, including the time it takes to get workers 
and equipment to and from those elevated floors. 

Second, once the job has commenced, we stress that the parties should 
periodically review the daily records together. These data review sessions 
create an opportunity for all the parties to measure labor utilization in the 
same terms set forth in the original schedule and determine if those pro-
jections are still being met. From our decades of experience, we know that 
major construction jobs seldom always run on time and on budget as ini-
tially foreseen, even if there are no changes to the original plans and scope 
of work. Instead, the frequent monitoring of the data will provide compa-
nies with the ability to respond more quickly—and more accurately—to 
the unexpected issues that arise on that particular job. Such efforts also 
have a long-term benefit, in that the data will add to the companies’ knowl-
edge base for a better educated approach to the next project.  

Third, such detailed data review sessions result in greater collaboration, 
transparency, and accountability throughout the construction process. 
That is the kind of cultural change of which we write in this book. When 
all the parties are together reviewing the same detailed labor utilization 
data in real time, the insights and experience of the different professionals 
involved can create better, more comprehensive, and immediate solutions. 
When the parties see all the relevant data, agree upon a modification of 
the labor utilization, and then check back a few days or weeks later to see 
if the modification has achieved its desired result, the parties are working 
together for their collective good.

While the project is under construction, it is much easier to assume the 
best intentions of everyone involved, precisely because all the parties have 
the best of intentions: to get the job done right, on time and on budget. But 
it is our experience that once the project has been completed, often after a 
series of contentious and accusatory conversations and emails, the parties 
retreat to their respective corners and prepare for battle in court. That is the 
wrong culture at any time, and particularly today when there are so many 
more demands on every player in the construction industry.

We recommend everyone involved in the construction industry spend 
more time and effort in the planning stages, and more time and effort 
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monitoring the labor utilization of all the parties throughout the subse-
quent construction phases. We understand that this means more work in 
the planning stages, and different work than may have been performed in 
the past. Some executives or employees may not want to learn or utilize 
this approach, or that they may not want to conduct this kind of work on 
a daily basis. 

We also understand that change, of any kind, can be a pain in the neck. 
But we have witnessed over our combined careers in various roles in the 
construction process, time and time again, that too many businesses that 
didn’t embrace change subsequently suffered mightily—and were ulti-
mately forced to close their doors. Which raises the obvious question: 
Would you rather experience a pain in the neck while your organization 
learns a different way to measure and monitor labor utilization, or would 
you rather have your business decapitated?

With respect to our first point, to fully understand and break down the 
minute aspects of the work and calculate them in terms of function accom-
plished per man-hour, we are recommending those in the construction 
business follow the lead of their peers in other industries. In the “good ol' 
days,” we might travel to the airport on roads where we were forced to stop 
and interact with an operator in a tollbooth. Today, our license plates are 
captured by cameras that automatically debit our accounts, as we speed by 
without interruption to our destination. When we arrived at the airport, 
we used to be greeted by a large group of people at the check-in counter. 
Today, we obtain our ticket via a kiosk. Technology is at work to enhance 
productivity, and reduce labor costs, all around us.

Let’s look at another industry that captures the passion and imagination 
of millions of people around the world: sports. The sports world has seen an 
explosion in the cost of its labor, as salaries of sports stars has skyrocketed to 
record heights. Some players make so much money during their careers that 
they become owners after they have retired from their playing days. With 
that kind of cost for a sports team’s labor, those teams have spent incredible 
time, talent, and money on…. labor analytics. Every sport has broken down 
the elements of the work of its players into many distinct units that affect the 
performance of that player, and the success of that team. 

Today, fans have twice as many ways to measure the performance of 
their favorite players. Moreover, that data is made available to them on 
the internet and through the media with instant updates. If you are one of 
those sports fans, you are now using constantly updated data analytics—
labor productivity metrics—to know and assess the performance of your 
teams and their players more thoroughly. This begs the next question: If 
you are using data analytics to measure the performance of the players on 
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your favorite team, why aren’t you employing the same data analytics for 
your construction projects?  

Once you have embraced the concept of measuring the productivity of 
your personnel through labor analytics, the next crucial step is to ensure 
that you are using the right metrics. That requires getting involved in the 
“nitty gritty” of each aspect of the work, and then analyzing it a couple 
of different ways, before determining the working units that will be used 
to build the bid and schedule, and then measure the work thereafter. We 
understand that contractors and subcontractors are often bidding compet-
itively on construction jobs. To win the job they must sharpen their pencils 
and have the best price. What could be a better estimate/bid than one that 
is based on hard records of demonstrated performance? Obviously, none. 
But the accuracy of our bidding can be moderated, depending on the scale 
we can comfortably live with. Allow us to clarify that a bit.

A bidder can use a “market” bidding manual that will provide numbers 
of specific items for respective areas. Most likely this is not the common 
route taken. More commonly, the estimate will be based on historical per-
formance data that substantiates actual performance in prior, similar proj-
ects. But this too has a variable scale. If the previous jobs demonstrated that 
a vertical project was constructed for a certain cost per square foot, is that 
enough to use it as an estimate basis on the current project? Maybe so. But 
besides knowing the cost per square foot from preceding jobs, would the 
estimate accuracy increase if the historical cost for each unit of work was 
used instead of a square foot cost? Probably so. Therefore, a fine tuning of 
the estimate can occur when established historical records exist that sup-
port the costs for each individual unit of work. 

If those records are available, is it enough? Maybe not. Hopefully, 
the records are detailed enough that the cost per unit can be separated 
for superintendent or foreman because the same people cannot lead and 
manage every job. Those performance numbers often vary for different 
participants. 

The same reasoning applies for subcontractors. A contractor may have 
historical data on what a subcontractor costs for certain units of work, but 
what staff from the subcontractor was supplied on those projects? A sub-
contractor may have data on what its costs were for units of work—but 
what superintendent or foremen were on those jobs? 

By now, you should see where this discussion is headed. The obvious 
conclusion is that the better our historical records and data are, the more 
accurately we can prepare a bid. 

Our second overarching recommendation is that once the job has com-
menced, we stress that the parties should periodically review the daily 
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records together. Once the project starts, the information must be tracked 
for what is happening on the project, to determine if the actual perfor-
mance is meeting the estimated performance. If performance is better or 
worse, the contractor needs to answer the question of “why” and then act.

We understand that we are saying that you need to expend a lot more 
effort on recordkeeping. And not only must you keep more detailed 
records, but you must also review and analyze that data to be able to make 
adjustments along the way and for future work.

If you reflect on this for a bit, in today’s tech-based world, we have devices 
that will assist us in more thorough and more detailed recordkeeping, and 
then those devices will provide almost instantaneous analysis and perfor-
mance data. Whether we consider laptops, tablets, or phones—we have the 
technology and the means to do this work much faster than in the past. 
Granted, you are going to have to perform some “up front” work, but it is 
an investment in your company’s success. Let’s consider that for a moment.

What information do you want to know? What form or format should 
be utilized to record that information? What level of detail do you need 
the information to be recorded in? What happens to the information once 
we collect it? Who is the record keeper or keepers? How often is the daily 
information collected? How often is that information analyzed, reviewed, 
assessed? Who does the review or assessment? Bear in mind, that you may 
record detailed information and may recognize from your periodic review 
that you are not achieving the level of productivity planned. But without 
that investment of up-front work, you are unable to ask the important ques-
tion that stems from that assessment—“WHY”? Were the working con-
ditions different than what we anticipated? Do different foremen achieve 
markedly different results? Is productivity better or worse than planned? If 
the level of productivity continues, will there be any effect on the project 
schedule? Obviously, depending on the results of our demonstrated per-
formance, tasks may finish in less or more time than planned or allowed 
by the schedule.

We recognize that this increased knowledge may be a double-edged 
sword. As contractors, if we have more precise historical information, we 
may not win the bid. But is this really bad? Do we want to win the project 
bid if we are going to lose money? Over the years, we have heard most of 
the counters to this position. Some of them include:

1. We can make up any difference on the change orders.
2. We will assign our best people to the job, and they have 

always succeeded – even with the problem jobs.
3. We will find “opportunities” and costs so we end up profitable.
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4. We must take these risks to have a chance at growing the 
company.

The list goes on.
How about the construction owner? Why should that entity keep 

detailed records? What possible benefit could an owner receive from hav- 
ing their inspection personnel keep such information? Hopefully, from the 
examples that have been given throughout this book, an owner should be 
able to see the benefit he/she can receive. Information on the productivity 
that is being achieved on a project is directly related to the schedule on the 
project. Does any owner want to learn that the only way the completion 
date can be met is if overtime is undertaken? Does an owner want to learn 
late in the game that the schedule will not be met? Does that owner want to 
suffer the reputational damage, in the eyes of their customers, if they have 
spent tons of money and time marketing the grand opening of their new 
facility, only to learn later that the grand opening will not take place at the 
promised time? Does an owner want to get embroiled in a costly dispute 
when the project finishes late or when a claim is submitted asserting that 
changes by the owner caused significant extra costs in terms of delays or 
losses in productivity? Of course not! 

The owner should be assessing the records and comparing the demon-
strated productivity with the durations shown in the project schedule. 
Candidly, it is very easy to have a project schedule reflect that a project 
will finish on time even if it can’t. It is equally important for the owner to 
know what actually is being achieved on the project in the same detail. It 
is equally important for the owner to record, maintain, and assess detailed 
information on the productivity of various trades on the project so he/she 
understands the probabilities for a successful project schedule.

Which leads us to our third recommendation, that such detailed data 
review sessions among the owner, contractors and subcontractors result 
in greater collaboration, transparency, and accountability throughout the 
construction process. That is the kind of cultural change which is needed 
to succeed today. It is also the kind of cultural change that is going on else-
where in our country’s businesses. The whole idea of blockchain technol-
ogy is to create a permanent, transparent ledger system for the participating 
parties in that system to use today’s technology to compile data on the most 
relevant aspects of the parties’ business. This innovative approach has been 
successfully used by so many different players in so many diverse indus-
tries. Accordingly, it is essential that all parties to a construction contract 
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not only agree to share such data, but they commit to regularly evaluate the 
data and, when necessary, make changes to increase productivity. 

It is important to have collaboration and transparency. But it is equally 
important to have accountability. Once the parties have agreed to make a 
change, whether it be to the architectural design, to the work schedule (as 
in the authorization of overtime), or to such tangential aspects such as the 
workers’ transportation to the job site (as in adjacent parking or addition 
of elevators), the newly agreed upon modification must be periodically 
reviewed to determine if it is achieving the desired results. A change in 
plans, without accountability, serves no beneficial purpose to anyone. 

Finally, to ensure accountability, it is imperative that the information 
shared and reviewed by all the parties is accurate. Accuracy is a function 
of several important players in the process. It starts with those responsible 
for the elements of the bid, which become the units by which the parties 
measure the productivity of the labor force throughout the project. As the 
project commences, different people, such as foremen or construction 
managers, are responsible for generating progress reports. It is essential 
that these reports not only be accurate, but measure productivity with the 
same units of work performed that were set forth in the schedule in place 
at the commencement of the project. Otherwise, how can the parties truly 
know the state of the project’s progress, or lack thereof, and make the nec-
essary changes? 

But it is not enough to rely solely upon the honesty and accuracy of 
the foremen and construction managers because those individuals may 
be knowingly or unknowingly influenced by their bosses, or their bosses’ 
bosses. We have seen it happen too many times, where a work progress 
assessment is “modified” or there is a schedule “update” that makes it 
appear that the project is on schedule—when in fact it is not. In such 
instances, the owner (and perhaps others) is temporarily lulled into a 
false sense that everything is proceeding according to plan. But the day 
of reckoning eventually occurs, and those that thought they could sur-
reptitiously recover lost time and productivity are unable to do so. The 
project’s completion is delayed, to the deep disappointment and financial 
loss to many involved. 

In conclusion, all the parties to a construction project should take the 
time, and make the effort, to understand the basic elements of labor utili-
zation and incorporate that data into the initial bid and schedule. Once the 
job has commenced, we stress that the parties should periodically review 
the daily records together. Finally, to ensure accountability, it is imperative 
that the information reviewed by all the parties is accurate. Based on our 
experience, this is the best way to enhance labor productivity, avoid labor 
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inefficiencies, and manage the project through all its issues to a successful 
completion. 

Whatever additional work that may be required for your organization 
to change in this fashion, we believe it will be well worth your time and 
effort—and consistent with the same kind of changes that have already 
taken place in other industries. Greater labor productivity results in greater 
profitability and a greater likelihood of greater business opportunities. It 
has become the way forward for many other industries in this country. 
We have seen this approach work successfully on some of our projects. We 
hope you will make this approach your way forward as well.

We understand that we are strongly suggesting that all parties in a con-
struction project spend more time and money tracking, documenting, and 
analyzing the detailed work on the project. Yes, we are! And we have wit-
nessed that effort pay for itself and generate success and reduced costs later.
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