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i

Change Orders, Productivity, Overtime: A Primer for the Construction Industry 
was developed to assist construction contractors, their customers, and others 
involved in construction projects in determining the costs associated with 
unplanned events, circumstances, and factors that may impact the outcome, 
productivity, and schedule of those projects. This primer is intended to be a 
planning tool and not a source for absolute percentages or costs. 

The contents of this primer were prepared and peer reviewed by construction 
industry professionals and expert consultants to the industry. MCAA wishes to 
thank members of the Management Methods Committee for their contributions 
of time, insight, and experience. 

MCAA thanks Paul Stynchcomb of Vero Construction Consultants Corp. for his 
numerous contributions to this primer.
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When this publication was first prepared in 1971, it 
was focused solely on MCAA member-firms and the 
trades associated with the MCAA. As the content 
has been updated and expanded over the past 20 
years, the material in this publication has taken a 
broader approach to include the interests of a wide 
variety of construction contract participants: owners, 
design professionals, construction managers, prime 
contractors and subcontractors.

Recently, the Sheet Metal and Air Conditioning 
Contractors’ National Association (SMACNA), 
National Electrical Contractors Association (NECA), 
and ASHRAE renewed their previous endorsements 
of the contents of this publication. At the same time, 
the American Subcontractors Association (ASA) 
renewed its full support for the contents of this 
publication as applicable to their particular trades. 

The management issues addressed in this 
publication are not by any means limited to the 
mechanical and plumbing trades. The concepts 
presented in this publication reach across trade 
differences between the organizations that have 
endorsed this book. When a project schedule is 
delayed and/or accelerated, when various trades 
are improperly stacked upon one another, when 

the continuity and flow of the work activities is 
disrupted and when a substantial amount of change 
is introduced into a construction project, the impacts 
can be felt by pipe fitters, plumbers, sheet metal 
workers, electricians, carpenters, masons and the 
various finishing trades. The level of impacts may 
vary by trade, but no trade is, by its nature, immune 
from sustaining impacts on problem projects.

This publication assists labor intensive contractors 
and subcontractors in concepts of proactive 
project management such as CPM scheduling, 
labor planning and productivity tracking, change 
management and settlement negotiations, dispute 
resolution, claims avoidance and, if necessary, 
claims preparation and presentation. Once again, 
the concepts published herein are applicable 
to MCAA, SMACNA, NECA, ASA, and ASHRAE 
member firms alike. The object of this publication is 
to sensitize construction professionals of all trades 
to enable the early identification of obstacles to a 
successful project, and to proactively manage such 
obstacles to mitigate or eliminate their impact to 
the bottom line, to the benefit of all of the project 
participants.

Preface
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The Sheet Metal and Air 
Conditioning Contractors’ 
National Association is 
an international trade 
association representing 
1,834 member firms in 
nearly 100 chapters 
throughout the United 
States, Canada, Australia, 
and Brazil. A leader in 
promoting quality and 
excellence in the sheet 
metal and air conditioning 
industry, SMACNA has 
offices in Chantilly, VA and 
on Capitol Hill.

SMACNA has endorsed 
this publication as being 
applicable to the sheet 
metal and air conditioning 
trades and helpful to 
SMACNA member firms.

The National Electrical 
Contractors Association 
is the voice of the 
$225 billion electrical 
construction industry 
that brings power, light, 
and communication 
technology to buildings 
and communities across 
the U.S.

NECA contractors are the 
technical professionals 
responsible for the most 
innovative and safest 
electrical construction in 
the U.S.

NECA has endorsed 
this publication as being 
applicable to the electrical 
trade and helpful to NECA 
member firms.

The American Subcontrac
tors Association promotes 
the rights and interests 
of subcontractors, 
specialty contractors 
and suppliers by building 
strength in community 
through education, 
advocacy, networking and 
professional growth. 

ASA’s Vision 
“Better Construction 
Through Fair Construction”

ASA fully supports this 
publication as being 
applicable to companies 
that furnish subcontract 
labor and helpful to ASA 
member firms.

Endorsing/Supporting Organizations
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ASHRAE is a global society 
dedicated to advancing 
the arts and sciences 
of heating, ventilation, 
air conditioning and 
refrigeration to serve 
humanity and promote 
sustainable technology in 
the built environment. 

ASHRAE has endorsed 
this publication as being 
applicable to the HVAC&R 
and building services 
industries and helpful to 
ASHRAE members.
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Introduction
Changes on a construction project should be 
anticipated and can have a significant effect on 
a contractor’s performance, productivity, and 
profitability. Although changes are common, 
misunderstanding and disagreement can occur 
when it comes to identifying whether a change has 
occurred, pricing a change, and determining the 
time impact of a change. Detailed documentation of 
events related to changes can significantly reduce 
disputes and overall project risks. Changes also may 
result in a claim under the contract’s disputes clause 
if the owner and contractor, or the general contractor 
and subcontractor, do not agree as to entitlement to 
and/or the dollar amount of the change. However, 
a significant number of claims and disputes can be 
avoided by following the changes provisions, or 
changes clauses, in the contract; preparing detailed 
documentation during the course of the project; 
and maintaining active communication among the 
various parties involved in a capital project.

This chapter suggests approaches to the effective 
management of change orders with the objective 
of increasing contemporaneous agreements 
between owners and contractors that resolve the 
price and time associated with a change and avoid 
change order disputes. These approaches also 
apply to changes between general contractors 
and subcontractors, as well as owner-caused 
changes that flow down to subcontractors. For 

brevity, most of the narrative is in the context of a 
project owner and general contractor, but most of 
the same principles apply to contracts between 
general contractors and subcontractors. References 
to “contractor” apply to general contractors and 
specialty trade subcontractors. General guidance 
is provided related to common change order 
circumstances, however, specific contract laws, 
working conditions, and practices can vary among 
jurisdictions and geographic locations. Contractors 
and owners are encouraged to seek advice from 
their in-house contracts manager and/or legal 
counsel as to their respective rights and obligations 
associated with the contracts they sign, including 
change orders which are contract modifications. 
Construction professionals such as other in-house 
personnel, construction consultants, and legal 
counsel with cost and time impact experience may 
be helpful in evaluating the cost and time impacts 
associated with change orders.

Types of Events 
Leading to a Change
A variety of events may result in changes to a 
contractor’s actual work from what was planned 
and set forth in the contract documents, regardless 
of the project delivery methods used. Some of the 
issues and events that may cause changes include:

How to Identify and 
Manage Change Orders
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n	Owner-driven scope changes that cause an 
increase or decrease in the amount of work 
from the scope of work outlined in the original 
contract;

n	Changes in the methods of performance or the 
materials or equipment to be installed;

n	Changes that modify the planned sequence in 
which the work was to be performed;

n	Differing site conditions not anticipated in the 
original contract price;

n	Constructability issues;
n	Changes in performance specifications;
n	Changes to correct errors, omissions, or in

consistencies in the specifications or drawings;
n	Changes in the time for performance; 
n	Changes resulting from extraordinary, 

unexpected natural events; and
n	Changes due to the actions or inactions of other 

trades working on the project.

The changes described above fall within two general 
categories: directed changes and constructive 
changes. Directed changes are usually easier to 
recognize and resolve. In this kind of change, the 
owner specifically directs the contractor to make 
a change. A directed change can add to or reduce 
the contract price and it also may involve a change 
in the construction sequence or schedule. Owners 
typically have the contractual right to initiate 
any change. Owner changes often impact the 
contractor’s scope of work. However, changes in a 
project’s size, configuration, or space requirements 
also can create a schedule impact and/or change the 
sequence of work, thus impacting the productivity of 
the base contract work. 

In contrast, constructive changes occur from any 
events that are not owner directed or that have 
the effect of implicitly requiring the contractor to 
modify the scope set forth in the original contract. 
Constructive changes are often more difficult to 
identify because they are actions or inactions of 
an owner without the explicit acknowledgment 
of any change by an owner. Whether the contract 
in question is a private or a government contract, 

verbal communication among owner, general 
contractor, and subcontractors can sometimes be 
viewed as a change. Contractors are encouraged 
to follow up in writing if they believe a constructive 
change has occurred. Some of the common types of 
constructive changes are:
n	Defective contract documents;
n	Over-inspection;
n	Changes in methods of performance;
n	Changes in construction sequence;
n	Misinterpretation of specifications;
n	Incomplete owner or architect/engineer re-

sponses to contractor information requests; and
n	Differing site conditions.

Defective specifications are often cited as a cause 
of constructive changes. The term “defective 
specifications” covers a multitude of latent 
change-causing circumstances that result from 
inaccurate or incomplete specifications. Examples 
of defective specifications are discussed in the 
following paragraphs:

Incomplete specifications. Incomplete specifications 
exist when the contract documents do not provide 
adequate information necessary to execute the work 
as planned. These types of changes often occur 
when the plans and specifications fail to coordinate 
construction details between different design 
disciplines, such as architectural and mechanical, 
resulting in conflicts that require resolution.

Facility space constraints. Conflicts occur when 
the project design provides insufficient space for 
all of the elements in an area. For mechanical work, 
there can be conflicts in shaft and in-wall installation, 
with above-ceiling mechanical, and with structural, 
electrical, and plumbing elements that require 
resolution. Some of these conflicts can be resolved 
during the coordination process; others may be 
so significant as to require a re-routing of work or 
an adjustment in the size of the space in order to 
properly install the work. 

Design discrepancies. Design discrepancies 
occur due to differences between the plans 

Change Orders
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and specifications, differences between details, 
dimensional errors, or differences between planned 
equipment details and actual equipment cut sheets. 
A design discrepancy may also be found when the 
same item is specified in different sections of the 
contract documents with different requirements in 
each section. Additionally, a design discrepancy can 
occur when details are omitted from the contract 
documents or when there are inconsistencies 
among the construction drawings associated with 
different trades.

Latent conditions. This term refers to existing 
differing site or subsurface conditions, unknown 
at the time of bidding, that affect the contractor’s 
performance. Change orders for latent conditions 
usually result from either subsurface soil conditions 
or conditions within the existing site or facility that 
are materially different from what was shown on 
the contract documents or materially differ from 
conditions that are clearly evident and observable. 

Nondisclosure. Nondisclosure can be either 
intentional or unintentional. In either case, a change 
occurs when the contractor is not given all of the 
critical design or construction information necessary 
to facilitate proper project performance.

Changes required by regulatory agencies/ 
using agency. The owner’s design team normally 
has the responsibility to ensure that the project 
design meets all applicable building code and 
regulatory requirements. Added work or changes 
required to meet code or regulatory requirements 
should result in a change order.

Value engineering. In what is sometimes referred 
to as value engineering, a contractor may point 
out changes when superior methods or materials 
become apparent, or when the same design 
result can be achieved at a lower cost. Contracts 
frequently allow for shared savings associated 
with such improvement, however the cost of 
reengineering can offset any savings while 
potentially delaying progress. When improved 
methods or materials are necessary to overcome an 

owner-caused problem, such as to mitigate a delay 
impact, the contractor should be compensated for 
such changes.

Tools to mitigate or avoid changes. Use of tools that 
can be utilized to mitigate or avoid costly change 
conditions in the field is becoming more widespread. 
For example, tools such as 4D Building Information 
Modeling (BIM) and Integrated Project Delivery 
(IPD) processes help coordinate the development 
of design drawings, and can reduce the number of 
instances of conflicts in drawings and incomplete 
specifications. With 4D BIM, the Critical Path Method 
(CPM) schedule is integrated into a 3D model of the 
drawings so that the project can be visualized from 
both a constructability sense and a project execution 
perspective before the project is started. Updates 
are provided throughout construction to reflect 
as-built conditions as a reference point for planning 
and analyzing the work still to be completed. The 
time and costs associated with implementing tools 
such as BIM on a specific project can be tracked and 
treated as a direct cost of the work in both the initial 
contract and any changes. 

What To Do When a 
Change is Identified
When a change is identified, one of the first things a 
contractor should do is provide notice to the owner. 
Notice provisions are common contract provisions 
and the parties should follow the applicable contract 
guidelines for providing change notices. For 
mechanical contractors and other subcontractors, 
not only is notification to the general contractor 
important, but knowledge of any flowdown 
provisions from the owner to the general contractor 
and, in turn, to the subcontractors are important. 
Subcontractors should be aware of any notice 
requirements that may be part of such flowdown 
provisions that are incorporated by reference in the 
subcontract. For example, the notice provision in 
the changes clause of the ConsensusDocs 200 form 

Change Orders
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contract between owner and contractor states that 
except for certain delay circumstances covered in 
a different contract provision, the contractor shall 
give the owner written notice within fourteen (14) 
days after the occurrence giving rise to the claim 
or within fourteen (14) days after the contractor first 
recognizes the condition giving rise to the claim, 
whichever is later. This provision continues that the 
contractor shall submit notice before proceeding 
with the work, except in the case of an emergency, 
and shall have twenty-one (21) days after giving 
notice to submit claim documentation, and then 
the owner must provide a written acceptance or 
denial within fourteen (14) days after receipt of the 
contractor’s documentation.

When a change is identified, detailed documentation 
of the change should be prepared. Typical 
documentation includes a description of the reason 
for the change or description of events causing the 
need for a change order. Documentation should 
also include a narrative description of the schedule 
impacts after completing a time impact analysis of 
the work scope that has changed.

Since constructive changes do not emanate from a 
directed owner change, it is particularly important for 
contractors to identify that a change has occurred, 
document the details of the changed condition(s), 
and notify the owner of the changed condition in a 
timely manner. Some contract forms do not include 
provisions for constructive changes, so a contractor 
needs to be clear with the owner about proceeding 
with any work related to a constructive change and 
documenting such work in a written change order. 
If a contractor is directed to proceed with the work 
before a change order is agreed to and signed, the 
contractor needs to carefully document the costs 
and time associated with the change and take the 
following steps to facilitate the resolution of the 
change with the owner:
n	Research the contract documents thoroughly to 

confirm that a changed condition exists.

n	Prepare and submit a change order request 
proposal, giving the owner a clear and detailed 
description of the change.

n	Be alert to any notice requirements and respond 
properly.

n	Issue notice of intent to file a claim if the change 
order is denied.

n	Inform the owner of any applicable schedule 
impacts.

n	If the change is not resolved, follow the dispute 
resolution procedures in the contract.

While the owner-directed change is easiest to 
identify, the contractor must consider schedule and 
productivity impacts in the analysis and pricing of 
the change. Time and productivity impacts often are 
not the subject of initial negotiations regarding the 
scope, but these topics should be incorporated into 
the negotiation process. Failure to consider these 
impacts at the time of the change can result in a 
waiver of a contractor’s ability to recover additional 
time and money. Contractors should consider their 
need to reserve rights associated with impacts if 
they are not quantified and included in a change 
order price at the time of each change order 
negotiation.

Schedule time impact analysis arising from change 
orders. Each change order should be carefully 
evaluated to determine whether an extension of 
time is warranted. The chapter entitled “Time Impact 
Analysis—Measuring Project Delay” contains a 
detailed description of the manner in which a time 
extension analysis should be performed using 
the contemporaneous project schedules and 
procedures set forth therein. This chapter should 
be consulted whenever the contractor identifies an 
impact that could affect any aspect of the schedule. 
As noted in the chapter, the contractor should pay 
particular attention to the contract requirements for 
submitting requests for extensions of time, as well as 
the scheduling requirements for the project. Failure 
to adhere to these requirements could affect the 
contractor’s ability to obtain a time extension.
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Separate cost coding. The contractor should 
determine whether it is practical to document 
the costs of a change using separate project 
job cost coding. In some instances, it may not 
be possible to separately track impacted costs 
or costs associated with an individual changed 
condition contemporaneously as the impacted work 
progresses. This could occur if the impacted work is 
an integral part of the base contract work, such that 
the base contract work is more difficult to perform 
and/or takes longer. In other situations it may be 
feasible to separately track the costs associated 
with a change via separate cost coding from the 
base contract cost coding in the contractor’s job 
cost reporting system. When it is impractical to 
separately track costs associated with the change 
due to effects on the base contract scope and/
or cumulative impacts associated with multiple 
changes, it is helpful to document the impacts 
and costs through additional contemporaneous 
notes in the daily project logs, timesheets, or other 
daily reports so that the portions of the work that 
are impacted can be more clearly identified in the 
absence of separate cost coding. However, when 
possible, it is recommended that contractors use 
separate job cost coding to track changed work. 

Impacts Arising From 
Change Orders—Losses 
Of Productivity
In addition to the direct costs associated with a 
change, the contractor should be aware of various 
factors that can have an adverse effect on labor 
productivity, both in the performance of the changed 
work and as an impact on the base contract scope 
of work, depending on the scope of the change 
and depending on the activities being performed. 
In order to recover such costs, a contractor must 
establish the cause and effect between the event 
and a quantified loss of productivity. Some causes 
include the following:

1. Worker overtime. Unscheduled overtime may 
lower both work output and efficiency, depending 
on the amount of overtime being incurred and the 
duration of the overtime. Evaluating the extent to 
which a loss of productivity has occurred resulting 
from sustained overtime, along with the premium 
costs, is a factor that contractors should consider 
when pricing change orders.

2. Manpower availability to perform the changed 
work. High volume of construction activity in 
a concentrated geographic area may create a 
shortage of skilled workers which, in turn, can affect 
labor costs depending on the type of skilled work 
that is required and the level of worker training. The 
additional costs of such labor, such as hourly or 
daily premiums to attract skilled workers from other 
locations, including the cost of travel and lodging, 
should be considered in change order pricing.

3. Other considerations that may affect 
productivity. Other conditions and circumstances 
should be considered when evaluating the cost of 
performing changed work. These circumstances 
could include things such as:
n	Excessive heat, cold, precipitation, or other 

forms of severe weather (especially unexpected 
intermittent changes)

n	Performing work in a different season, i.e., 
summer work shifted to winter work

n	Contaminated air
n	Constructability problems with plans and 

specifications
n	Unusual and unplanned changes in the 

sequencing of the work
n	Unplanned protection of existing facilities, 

completed portions of construction, furniture, 
fixtures, machinery, stock, or finished surfaces

n	Unplanned daily clean-up of tools and work area
n	Unexpected interference by owners, employees, 

or other trades
n	Accessibility to material stores, changes in 

laydown areas or tool lockers
n	Unexpected poor lighting
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n	Work in tight spaces with unsure footing, 
interfering tie wires, piping, ducts, hangers, etc. 
not originally planned

n	Frequent repair work from trade damage
n	Acceleration

Consideration of the above factors should enable 
the contractor to more discretely price and explain 
any added costs of performing changed work when 
preparing change order requests.

Pricing Change Orders
It is important to identify whether the pricing of a 
change is to be developed on a forward-pricing 
lump-sum estimate or if the pricing should be 
partially or completely based on actual costs plus 
applicable mark-ups. In the situation of forward 
pricing change orders, estimating the amount of the 
change order typically is conducted in the same way 
that a contractor prepares other lump sum estimates. 
However, the manhours required to complete a 
change order may be similar to or different from 
the productivity and manhours incurred under 
normal unimpacted conditions. Adjustments must 
be considered for abnormal or less-than-optimal 
conditions at the jobsite. Some additional factors to 
be considered are whether the schedule has been 
or will be delayed, or if schedule acceleration efforts 
are underway, for example. These factors may call 
for consideration of labor productivity impacts when 
pricing a change.

A common step when evaluating the impact of 
changed work and evaluating the planned versus 
actual financial performance of a contract, is to 
analyze cost underruns and overruns by comparing 
the actual costs to the project budget. Budget 
variances can be analyzed by comparing the actual 
costs to-date to the current contract budget adjusted 
for the percent complete on the project, or by 
comparing the forecasted costs at completion to the 
total contract budget. The contractor’s fee should be 
subtracted from the overall contract budget when 

analyzing underruns and overruns on a cost-to-cost 
basis. Analysis of budget variances can be used 
effectively to evaluate the impact of changed work. 
For example, analyzing the amount of planned versus 
actual labor overtime on a project and then isolating 
when the overtime was incurred and what caused 
the overtime to be incurred can provide very useful 
information when evaluating the impact of changed 
conditions. The usefulness of budget variance 
analyses are dependent on the quality and level of 
detail in the original estimate. Contractors are advised 
to maintain good documentation of how budgets are 
derived and to prepare budgets in sufficient detail, 
along with the corresponding job cost coding work 
breakdown structure, so that variances can be used 
to effectively quantify project impacts.

In government contracting, costs must also be 
“reasonable,” “allocable,” and “allowable.” Although 
an exhaustive analysis of change order pricing on 
government contracts is beyond the scope of this 
publication, briefly, as stated in Federal Acquisition 
Regulation (FAR) 31.201-3, “A cost is reasonable if, 
in its nature and amount, it does not exceed that 
which would be incurred by a prudent person in 
the conduct of a competitive business.” Factors 
to consider when evaluating the reasonableness 
of costs include: whether the costs are ordinary 
and customary, whether the costs are based on an 
arm’s-length transaction rather than a related-party 
transaction, and whether the costs reflect what a 
prudent person would be expected to incur. FAR 
31.201-4 states, “A cost is allocable if it is assignable 
or chargeable to one or more cost objectives on 
the basis of relative benefits received or other 
equitable relationship.” This FAR provision further 
states that a cost is allocable if it, “(A) Is incurred 
specifically for the contract; (b) Benefits both the 
contract and other work, and can be distributed 
to them in reasonable proportion to the benefits 
received; or (C) Is necessary to the overall operation 
of the business, although a direct relationship to 
any particular cost objective cannot be shown.” FAR 
31.201-2 states in part, “The factors to be considered 
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in determining whether a cost is allowable include 
the following: (1) Reasonableness. (2) Allocability. 
(3) Standards promulgated by the CAS Board, if 
applicable; otherwise generally accepted accounting 
principles and practices appropriate to the particular 
circumstances. (4) Terms of the contract. (5) Any 
limitations set forth in this subpart.” Contractors 
must be very careful when preparing a change order 
involving a government contract to avoid myriad 
pitfalls. Pricing data, per the FAR, must be “current, 
accurate and complete” as of the date of the 
agreement on price. 

Contractors and owners are encouraged to reach 
advance agreements on items of cost and mark-
ups that will be allowable in change orders and 
specify these agreements in detail in the contract 
documents. For example, labor rates to be used for 
change order pricing can be established at the time 
of negotiating and signing the contract rather than 
treating labor as a cost reimbursable item which can 
be the subject of costly auditing and disagreement. 
For a summary guide to the allowable versus 
unallowable costs described in FAR 31.205, please 
refer to Exhibit 18 at the end of this chapter.

Direct Costs Arising From Change Orders. Direct 
costs are any costs that support one cost objective, 
meaning that they are directly related to a specific, 
identifiable task. Materials, equipment, and 
subcontract costs are usually identifiable to specific 
tasks and are generally treated as direct costs. 
However, some costs may appear to be indirect 
because they are allocable to multiple activities, but 
are still direct costs related to the performance of 
the base work or changed work. For example, fuel, 
oil, and grease are necessary to support the use of 
equipment to perform direct construction activities, 
but seldom would these types of costs be separately 
tracked and coded to individual work tasks or job 
cost codes. It is common for fuel, oil, and grease 
to be accumulated in one code, even though they 
support multiple work activities on a project, or even 
across multiple projects or contracts. Small tools, 
consumables, QA/QC activities, localized labor 

supervision, detailing, BIM, and scheduling activities 
are all examples of direct costs when contractors 
track them to a particular project. These types of 
costs are frequently tracked in general conditions, 
but sometimes are tracked in one consolidated direct 
job cost code and sometimes are allocated to jobs 
as a percentage of labor or some other allocation 
basis. These examples demonstrate that some 
direct costs like trade labor are almost universally 
accepted and defined as a direct cost, but some 
costs can be coded as either a direct or indirect cost 
and need to be analyzed to determine their proper 
categorization. Although general conditions costs are 
sometimes also referred to as “field overhead,” which 
may imply an indirect nature to this cost grouping, 
in reality, these costs are direct costs of the work. 
General conditions costs support various aspects of 
the project and therefore are often allocated at the 
project level in a change order situation, or treated 
as a daily cost in a delay or suspension situation, 
but the costs are still directly related to a given 
contract. Such definition and categorization can also 
be important when it comes to drafting contracts 
so that the pricing terms are clearly defined for the 
benefit of the parties and to avoid costly disputes 
after the contract is signed. For example, there can 
be challenges with determining the actual cost of 
using owned equipment so frequently owners and 
contractors will agree on stipulated rates for the use 
of equipment in the contract.

Common Categories 
of Change Order 
Pricing Elements
The common categories of construction and change 
order pricing elements are:
n	Direct and indirect job costs,
n	General and administrative overhead, and
n	Profit.
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Direct and Indirect 
Job Costs 
The elements of direct and indirect job costs vary 
depending on the type of building construction and 
can also vary depending on the size of the contractor. 
Care must be taken to treat projects consistently 
within a contractor’s organization so that certain cost 
areas (e.g., superintendents, yard costs, machine 
shops, etc.) are treated as either direct or indirect 
and not subject to double charging. This is especially 
true for contracts being performed in the federal 
government contracting arena. Direct costs are the 
costs of labor, materials, supplies, equipment, and 
subcontracted work that go into, and which can be 
clearly identified with, a particular segment, phase, 
or unit of a project. Indirect costs are those costs 
that cannot be attributed to a single item or unit of 
a project. Indirect costs are generally divided into 
two categories—jobsite overhead and general and 
administrative overhead. General conditions is another 
term commonly used to describe jobsite overhead. 
Examples of direct and indirect costs include:

1.	� Labor, including:
a.	 Wages
b.	 Overtime premium pay
c.	 Union health and welfare benefits 
d. 	 Apprenticeship training
e. 	 Journeyman training fund
f.	 Retirement fund
g.	 Vacation
h.	 Jury duty, sick pay, or other leave 

allowances
i.	 Per diem allowances
j.	 Travel expenses
k.	 Worker’s compensation 
l.	 Payroll taxes
m.	 Other agreed-upon payments similar to 

those above

2.	� On-site Supervision

3.	� Small Tools and Consumables

4.	� Permanent Materials

5.	� Project Equipment and Systems incorporated in 
to the project (elevators, HVAC systems, etc.)

4.	� Construction Equipment

5.	� Subcontractor Costs

6.	� Other Project Costs, such as:
a.	 Job insurance
b.	 Equipment rental
c.	� Job supplies and facilities (ice water, ice, 

portable toilets, etc.)
d.	 Cell phones and radios 
e.	� On-site office equipment (telephones, 

computers, copies, fax machines, etc.)
f.	 Sales taxes
g.	 Construction and performance bonds
h.	 Permits
i.	 Temporary services and facilities
j.	 Miscellaneous costs (instruction manuals, 

tags, move on/move off expenses, 
certification, etc.)

k.	 Safety
l.	 Costs of developing a change order
m.	 Drug testing
n.	 Material handling and re-stocking costs
o.	 Clean-up, dumpsters, and garbage hauling
p.	 Surveying and layout
q.	 QA/QC
r.	 Crane and hoisting equipment
s.	 Scheduling
t.	 Document control clerk
u.	 Expeditors
v.	 Site security
w.	 Temporary jobsite electricity/lighting
x.	 Shop drawings, blueprints, reprographics, 

and photography
y.	 Mobilization and demobilization
z.	 Temporary heating and temporary weather 

protection
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General and Administrative 
Overhead 
General and administrative (G&A) costs, sometimes 
called home office overhead, are not charged directly 
to a job cost report; they are corporate indirect costs 
that typically support more than one contract at a 
time. G&A costs commonly contain essential functions 
that are necessary for a company to conduct 
operations, fulfill specific contract obligations, and 
even perform change order work. Sometimes the 
allowable percentage for G&A is stipulated in the 
contract documents. It is often a useful practice to 
negotiate a G&A overhead rate for change orders at 
the beginning of a project and incorporate the rate 
in the contract. In the context of federal government 
contracts, FAR Part 31 provides guidance on the types 
of G&A costs that are allowable in a change order.

Profit
Profit should be applied as a separate percentage 
figure. It should be applied after all costs are 
included, with the appropriate addition for G&A 
overhead. Sometimes the percentage for profit is 
stipulated in the contract documents. Like G&A, 
disputes can be avoided by stipulating a profit rate 
for change orders in the contract. In other instances, 
a “fee” percentage is specified which is intended to 
cover both home office overhead and profit. 

Other Considerations 
in the Pricing of 
Change Orders
Additions and/or deductions: 
1. 	 Where additions only are involved, the contractor 
is entitled to an addition to the contract sum in the 
amount of direct and indirect job costs, plus home 
office overhead and profit. If requested, the contractor 

may be obligated to provide a detailed breakdown 
to verify the quotation or, depending on the contract 
provisions, the contractor may be subject to an audit.

2. 	 Where deductions only are involved, the 
contractor should calculate the reduction to the 
contract sum only in the amount of the reduction 
in direct and indirect job costs unless other, more 
specific guidelines are provided in the contract.

3. 	 When both additions and deductions are involved, 
each should be calculated as separate change orders 
in accordance with 1 and 2 above. If both omitted 
work and added work is involved in the same change 
order, the total amount of the change order will be 
equal to the difference between the additions and the 
deductions in accordance with 1 and 2 above, unless 
more specific guidance is provided in the contract. 
Sometimes the contract stipulates that overhead and 
profit, especially when it is a fixed-fee project, will not 
be reduced for deductive changes; this should be 
considered when pricing a combination of additive 
and deductive changes. 

Unaccepted change orders: If the schedule 
and associated pricing of an owner-initiated 
change order is not accepted and authorized, the 
contractor may wish to seek reimbursement for 
all costs incurred in the preparation of the quote. 
The contractor should have a prior understanding 
in the contract with the owner regarding the 
reimbursement and allowability of such costs.

Comparison of contract forms and change order 
provisions: Multiple references are made in this 
chapter to change order provisions in the contracts 
governing the work. Much of the specific change 
order pricing approach and contractor submittal 
process is determined by the change order 
provisions in a subject contract. There are several 
commonly-used form contracts that frequently 
serve as the basis or starting point for negotiating 
contracts between owners and contractors. An 
overview of the similarities and differences among 
the change order provisions in these commonly 
used contracts is provided in this chapter.
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The contract forms that are compared in this chapter 
are the ConsensusDocs, which is endorsed by 
MCAA and other trade contractors among others; 
the American Institute of Architects (AIA) 2007 form 
contracts; the Engineers Joint Contract Documents 
Committee (EJCDC) forms; and the Construction 
Management Association of America (CMAA) forms. 

All of these form contracts are similar in that they 
provide for a change to be initiated by the owner in 
the form of a directed change or identified by the 
contractor by notifying the owner. However, each 
of these form contracts have nuances as to the 
prescribed approach for determining the price and time 
associated with the change. The following paragraphs 
address the pricing methodologies among these 
contracts, but do not address all of the procedural 
differences. The parties to the contract are strongly 
encouraged to read and understand all contract 
and change order language before signing these 
documents and to seek professional legal assistance 
when necessary. For example, the ConsensusDocs, 
AIA, EJCDC, and CMAA forms all include notice 
provisions, however the number of specific days varies 
from contract to contract, as do the specified days for 
submittal of changes and owner response times.

The following table provides a summary comparison 
of the pricing provisions in these four different form 
contracts, with further discussion about the pricing 
provisions in the paragraphs that follow.

ConsensusDocs1 – Article 8. The ConsensusDocs 
call for expeditious negotiation of time and price 
when the owner issues an interim directed change. 
This form contract does not provide detailed 
guidance on the determination of cost, overhead, 
or profit when pricing is based on cost of the work 
plus a fee, but rather leaves the determination of 
these pricing elements to the negotiating parties. 
In the event the parties cannot reach agreement, 
this contract generally provides for pricing to be 
determined based on “reasonable and actual 
expenses and savings.” If unit pricing is used, and 
the quantity or unit items are so different from the 
original unit prices to cause substantial inequity 
to owner or contractor, the unit prices are to be 
equitably adjusted. Also, in the event of a directed 
change, when pricing cannot be agreed upon, the 
contract provides that 50 percent of the estimated 
cost of the work shall be paid on an interim basis.

AIA2 – Article 7. This form contract does not 
provide detailed guidance on the determination 
of cost, overhead, or profit when pricing is based 
on cost of the work plus a fee, but rather leaves 
the determination of these pricing elements to the 
negotiating parties, except when agreement cannot 
be reached, in which case Article 7.3.7 provides 
guidance on the elements of cost and guidelines 
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for the determination of overhead and profit. If unit 
pricing is used, and the quantity or unit items are 
so different from the original unit prices to cause 
substantial inequity to owner or contractor, the unit 
prices are to be equitably adjusted. 

EJCDC3 – Articles 10–12. This form of contract 
provides detailed guidance on the determination of 
cost, overhead, and profit and provides guidance 
on unit price determinations in the event owner 
and contractor are unable to reach agreement as 
to the change order price. Parties using this form 
of contract are encouraged to consult the specified 
provisions in Articles 10–12.

CMAA4 – Article 11. When the cost-plus-fee 
method of change order pricing is used, the CMAA 
change order pricing provisions provide distinct 
definitions for “cost of the work” with additional 
guidance for the quantification of labor, materials, 
subcontractors, and several other types of costs. 
The CMAA change order provisions also provide 
guidance on the quantification of the contractor’s 
fee, which consists of overhead and profit. The 
change provisions state that the contractor shall be 
entitled to a mutually acceptable fixed-fee amount. 
If that amount cannot be agreed upon, then the fee 
shall be 15 percent of payroll and materials plus 5 
percent on subcontractor change work, subject to 
other detailed exceptions and procedures specified 
in the contract.

Change Order 
Procedures and Forms
Authorization procedures. It is incumbent on the 
contractor to ascertain in writing, either from a 
review of the contract documents or through a 

written request to the owner, the specific individuals 
who have the authority to accept and implement 
change orders. Often a contract will identify the 
authorized representatives for both the contractor 
and owner. When negotiating the cost, time, and 
any specific terms and conditions associated with a 
change order, it is recommended that the authorized 
representatives for both the contractor and owner 
thoroughly review the documentation associated 
with the change before signing the change order. 
Otherwise, the owner may contend that the 
individual who authorized the alleged changed 
work did not have authority to issue a change. If 
the contractor believes that the actions of a party 
within the owner’s control, such as the architect/
engineer, took action that constitutes a constructive 
change to its work, the contractor should give timely 
written notice to the owner that it considers such 
action a constructive change directive, and will 
perform the work as a change order and provide 
a cost accounting of the change when the work is 
complete. An example of such a written notice of 
change is:

Contractor has received the Engineer’s 
Response to Request for Information (RFI) 213, 
which has rerouted the piping from that shown 
on Drawing M.402. We have assigned Proposed 
Change Order 5000 to this item. We will be 
charging costs for labor, material, services, and 
equipment to this change order cost code and 
will provide you with a complete accounting in 
a formal change order request when the work is 
complete.

Time for acceptance: Except as specified in a 
contract, the time limitation for acceptance of a 
change order should be stipulated by the contractor 
in a change request. If not accepted within the 

1	 From ConsensusDocs 200 – Standard Agreement and General Conditions Between Owner & Contractor © 2007.

2	 From AIA A201 – 2007 General Conditions of the Contract for Construction © 2007.

3	 From EJCDC C-700 Standard General Conditions of the Construction Contract © 2007.

4	 From CMAA Form CMAR-3 General Conditions of the Construction Contract Between Construction Manager and Contractor © 2005.
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stipulated time, it should be stated that the quoted 
price may be subject to escalation. 

“Full accord and satisfaction” language. 
Contractors should be alert to any change order 
they are requested to execute that includes “full 
accord and satisfaction” language. Such language 
is designed to make the written change order a 
full and final agreement on the applicable cost and 
time associated with the subject change. A bilateral 
signing of a change order with this language could 
bar the recovery of any additional costs associated 
with the change order, such as loss of productivity, 
delay-related costs, and/or cumulative impacts. The 
actual wording will vary, but is likely to be similar in 
substance to the following:

The execution of this Change Order represents 
the Contractor’s total and final costs for all 
impacts, both direct and indirect, arising from 
this Change Order. A time extension (if any) 
granted with this Change Order represents 
the total impact of all delays, both direct and 
indirect, to the project schedule.

Courts and boards have found that such language 
may bar the contractor from additional recovery. 
If there is concern that productivity impacts, 
cumulative impacts of multiple changes, and delay-
related costs cannot be quantified for individual 
changes, the contractor should consider reserving 
its rights to make a claim for such impacts separate 
from individual change orders. An example of such 
reservation language follows:

The execution of this Change Order represents 
the Contractor’s estimate of direct costs only. 
The Contractor expressly reserves the right to 
submit, at a later date, added costs, applicable 
mark-ups and time extensions attendant to 
this change order arising from, but not limited 
to: extended field and home office overhead, 
labor inefficiency, disruptions, impacts to the 
critical path, schedule re-sequencing and/or 
acceleration. 

Again, legal counsel should be consulted before 
signing a change order that contains either accord 
and satisfaction language or reservation of rights 
language. 

Dispute resolution. In the event that a change order 
cannot be mutually agreed upon with a bilateral 
signing, some changed work may still proceed with 
a directed change or a unilaterally issued change 
order. In the event that the parties have exhausted 
all possible remedies under the changes provisions 
of a contract, they may need to turn to the dispute 
resolution provisions of the contract. Occasionally, 
change orders ultimately become resolved through 
the dispute resolution provisions of the contract. It 
is beyond the scope of this chapter to discuss the 
details of resolving claims outside of the change 
order clauses in contracts.

Change Order Forms
Having outlined a variety of considerations when 
faced with changed work, the following forms are 
recommended for use in estimating and for tracking 
the costs of such changes. There are three typical 
types of change order pricing: 
n	Lump sum,
n	Time-and-material, and
n	Unit price.

In a lump-sum change, the contractor’s original 
estimate for the change must include all items 
needed to do the work. Lump-sum pricing is 
frequently used when pricing changes before the 
changed work has commenced, meaning that the 
change is “forward priced.” Contractors bear the risk 
of overruns and receive the benefit of underruns. 

In time-and-materials changes, such risks are 
eliminated and both the contractor and the owner 
get a clear picture of the profit that will be earned 
by the contractor. Time-and-materials changes 
require accurate tracking of all expenditures to allow 
verification of reimbursable costs. These costs may 
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be invoiced periodically as the work commences, or, 
on shorter-duration changes, invoiced on completion 
of the work. 

Unit-price contracts specify the unit prices 
associated with various types of work. In some 
instances, the parties may agree that, on changes 
above a specified percentage of the base work (for 
example, 25 percent), the contractor has the ability 
to charge on a time-and-materials basis. In these 
instances, the contractor may be allowed to charge 
actual costs rather than being limited to charging 
the unit prices that were established in the contract. 
Unit prices, in most instances, include direct costs, 
indirect costs, G&A, and profit.

The forms and procedures (Exhibits 1 through 18) are 
tools for documenting and tracking costs, determining 
time impacts, and pricing change orders. 

Part 1 deals with lump-sum changes and Part 2 is 
for cost-plus changes. Included in Part 2 is a Field-
Authorized Change Order Form. Designed primarily 
for field use, it provides a means not only for tracking 
costs but also for obtaining written authorization for 
additional work, when necessary. Before adopting 
the procedures presented here, evaluate them 
carefully and revise them as necessary to meet the 
requirements of local conditions and your company’s 
operating procedures.

Part 1: Lump-sum (fixed amount) changes. Lump-
sum changes are advantageous to the contractor 
for two reasons: (1.) they allow the contractor to 
estimate all costs and mark-ups before work begins. 
If the contractor includes all items necessary for the 
work as well as applicable and contractually allowed 
mark-ups, the probability of making a reasonable 
profit is enhanced. (2.) they require far less tracking 
and paperwork in the field than time-and-material 
changes. Despite these advantages, lump-sum 
changes must be handled properly to ensure that all 
cost and time impacts are properly estimated and 
included. The following procedures and forms will 
help make that handling accurate and efficient.

Recommended Procedures
1. 	 The key document in controlling change order 
activity is the Change Order Status Sheet (Exhibit 1). 
The project manager should record any potential 
change on the Change Order Status Sheet as soon 
as the possibility of a change is identified. Formal 
changes should be numbered sequentially and 
recorded on the Change Order Status Sheet.

2. 	 Prepare a Change Order Proposal (Exhibit 2) 
and use it as a cover letter when submitting your 
change order cost estimate to the project owner or 
general contractor. Be sure the proposal letter states 
that you reserve the right to modify your estimate 
if additional work not covered by the proposal is 
required. Also state a time limit for the owner’s or 
general contractor’s acceptance of the proposal 
if there are no time limits already specified in the 
contract.

3. 	 Exhibit 3 is a Change Proposal Cost Summary 
Sheet. The sheet is used to summarize all estimated 
costs from the detailed cost estimate sheets in 
Exhibits 4 through 13. Keep a copy of all change 
order pricing sheets and related documentation 
readily available for review with the approving 
authority should questions arise.

4. 	 Itemize estimated equipment and materials costs 
on an Equipment Cost Estimate Sheet (Exhibit 4) 
and a Materials Cost Estimate Sheet (Exhibit 5). 
Because changes usually involve relatively small 
amounts of materials, and therefore do not qualify 
for large volume discounts, it is suggested that all 
materials be estimated using standard over-the-
counter discount prices. Restocking charges should 
be considered where credits might be involved. Be 
sure to estimate required quantities of all items and 
to calculate the materials cost subtotal using the 
figures in the total cost columns. Also consider lead 
times required for ordering materials and equipment 
and the potential need for expediting materials and 
equipment, which may involve additional costs. Add 
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to subtotals all additional costs, such as sales taxes, 
drayage charges, warranties, start-ups, etc.

5.	 Estimate all miscellaneous direct job costs on an 
Other Direct Job Costs Estimate Sheet (Exhibit 6). 
Once computed, the labor cost estimates on this 
form should be transferred to the Labor Summary 
Sheet (Exhibit 9) and the materials costs to the 
Change Proposal Cost Summary Sheet (Exhibit 3).

6. 	 Complete an Equipment and Tool Rental 
Estimate Sheet (Exhibit 7).

7. 	 Complete a Vehicle Operating Cost Estimate 
Sheet (Exhibit 8), including all gasoline and oil costs 
anticipated for each vehicle.

8. 	 Itemize all labor costs on the Labor Summary 
Sheet (Exhibit 9). Rates, fringe benefits, payroll taxes, 
insurance, travel allowances, etc. for the various 
labor categories should be shown in the matrix at 
the top of Sheet #1 of the Labor Summary Sheets. 
Use items 13–22 (Exhibit 9) and 23–40 (Exhibit 10) 
to indicate any applicable increases or decreases 
to the labor estimate due to factors affecting 
productivity. Once you have itemized the various 
labor factors, calculate and total the estimated labor 
costs using items 41–52 on Exhibit 10. 

9. 	 List all subcontractors and subcontract quotes 
and total the estimated cost of subcontracts on a 
Subcontracts Summary Form (Exhibit 11).

10. 	 On an Extended Overhead Cost Sheet (Exhibit 12), 
compute all overhead costs not included on the other 
estimate forms.

11. 	 Use the Special Inclusions and Exclusions Form 
(Exhibit 13) to list any additional items that should be 
part of the change order, as well as specific items 
that should be excluded from the change order 
pricing. Be sure that items listed on this form are 
referenced in either the Change Order Proposal 
Form (Exhibit 2) or a special cover letter to the 
proper project authority.

12. 	 The key to effective change order management 
is documentation. While contractors have been 

reacting to the present litigious atmosphere in 
construction with more attention to documentation, it 
is still not a tool that most contractors use effectively. 
Good documentation of the events leading to and 
supporting a contractor’s contention that a change has 
occurred can mean the difference between settling a 
change order and filing a claim. As a guide to proper 
documentation, a contractor should, at a minimum, 
include the following information on every change:

1.	� Date of discovery

2.	� Person and/or company making discovery

3.	� Detailed description of changed conditions

4.	� Documents supporting assertion that a change 
exists

5.	� Notification to owner (date and person)

6.	� Pertinent records and documents, such as:
•	 Affected plans or sketches
•	 Daily reports
•	 Meeting minutes
•	 Letters, notes, memos, and telephone logs
•	 Payroll records
•	 Equipment reports
•	 Material invoices
•	 Photographs
•	 Subcontractor/supplier cost and  

schedule impacts
•	 Impacted schedules

7.	� Notification to subcontractors/suppliers

8.	� Notification to bonding company (if required)

By using the above procedures and the exhibit 
forms, a contractor’s estimate for a lump-sum 
change order should cover all the necessary items 
and maximize the contractor’s ability to recover a 
reasonable profit while at the same time avoiding 
a loss in the performance of the additional work. 
In addition, the completed estimate forms provide 
a thorough and complete set of documentation 
to present to the contractor and/or owner during 
change order review and negotiations.
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Part 2: Time and Material Change Orders. A 
time-and-material change order requires that the 
contractor carefully track all expenditures on a 
change while doing the work. This requires the field 
personnel to keep accurate records. The following 
steps can help to enhance accurate recordkeeping:

1. 	 Use a Field-Authorized Change Order Form 
(Exhibit 14) and Work Authorization Form (Exhibit 15) 
for all time-and-material changes to ensure that 
change work is properly authorized and costs are 
tracked. 

2. 	 Incorporate the Sample Instructions for Field-
Authorized Changes (Exhibit 16) into your company’s 
operations, modifying them as necessary. 

3. 	 Educate on-site supervisory personnel 
about time-and-material change orders and the 
proper use of the Field-Authorized Change Order 
Form. In particular, emphasis must be placed on 
the importance of controlling and recording all 
expenditures, and accountability for performing 
this task properly. There is no reason to lose money 
on time-and-material changes if your company has 
established policies for managing such changes and 
procedures to ensure that your personnel follow 
those procedures.

4. 	 Exhibit 17 provides a checklist of FAR allowability 
of costs to be used when pricing time-and-material 
change orders.

5. 	 Exhibit 18 provides a template for the pricing of 
unit-price change orders.

Prepared by Paul Ficca, CPA, CMA, CFE, CFF of FTI Consulting, with contributions from Louie Wu, CPA, CFF, also of FTI Consulting. Peer review per-
formed by: Robert Beck, President of John W. Danforth Company in Tonawanda, NY; Michael R. Cables, Executive Vice President of Kinetics Systems Inc. 
in Rogue River, OR; James Durant, President and CEO of Trautman & Shreve in Denver, CO; Richard Freeman, Vice President of Stromberg Metal Works in 
Beltsville, MD; William Goodrum, CFO of John J. Kirlin, LLC in Rockville, MD; Matthew Hahr, Senior Vice President of Kirlin Mid-Atlantic, LLC in Rockville, 
MD; Michael Loulakis, Esq., President/CEO of Capital Project Strategies in Reston, VA; Michael Mack, Executive Vice President of John J. Kirlin, Inc. in 
Rockville, MD; and Adam Snavely, President and CEO of The Poole & Kent Corporation in Baltimore, MD.
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Exhibit 2: Sample Change Order Proposal Form
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Exhibit 3: Change Proposal Cost Summary Sheet 
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Exhibit 4: Equipment Cost Estimate Sheet
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Exhibit 5: Materials Cost Estimate Sheet 
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Exhibit 6: Other Direct Job Costs Estimate Sheet
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Exhibit 7: Equipment And Tool Rental Estimate Sheet
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Exhibit 8: Vehicle Operating Cost Estimate Sheet – Gasoline And Oil
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Exhibit 9: Labor Summary Sheet
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Exhibit 10: Labor Summary Sheet — Labor Corrections
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Exhibit 11: Subcontracts Summary Form
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Exhibit 12: Extended Overhead Cost Sheet
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Exhibit 13: Special Inclusions And Exclusions Form
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Exhibit 14: Field-Authorized Change Order
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Exhibit 15: Field-Authorized Change Order Form Work Authorization # __________
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Exhibit 16: Instructions For Field-Authorized Changes (FAC)
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Exhibit 17: Summary of FAR Cost Allowability



33Management Methods Bulletin CO1 - 2020; replaces all previous versions. © 2024 MCAA. All rights reserved.

Change Orders

Exhibit 18: Unit Price Change Order Pricing Form
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Introduction
What is a construction claim? This term is widely 
used to describe anything from a request for 
equitable adjustment (or change order request) to 
a formal lawsuit demanding relief from some court 
or governmental agency. However, “claim” has 
recognized definitions in our industry:

According to the American Institute of Architects 
Glossary of Construction Industry Terms:

A demand or assertion by one of the parties 
seeking, as a matter of right, adjustment or 
interpretation of Contract terms, payment of 
money, extension of time or other relief with 
respect to terms of the Contract (Ref: AIA 
Document A201.)1

As defined by the Federal Acquisition Regulation 
(FAR) Subpart 2.1, 2,101 (b)(2):

Claim, means a written demand or written 
assertion…seeking, as a matter of right, the 
payment of money in a sum certain, the 
adjustment or interpretation of contract terms, 
or other relief arising under or relating to the 
contract. However, a written demand or written 
assertion by the contractor seeking the payment 

of money exceeding $100,000 is not a claim 
under the Contract Disputes Act of 1978 until 
certified2 as required by the Act.

Beyond these formal definitions, the term “claim” 
has taken on a meaning based on its common 
use in the construction industry. According to this 
meaning, a claim is a demand for relief, usually as to 
cost and/or time, by a contractor to another party, 
such as a general contractor or owner. In this sense, 
a claim is filed only after negotiations for a fixed-
price change order fail, or after the reviewing party 
has formally denied the change order request. Thus, 
in the vernacular, a claim is equated to a dispute 
between the parties that remains after negotiations 
to modify the contract have failed. When an issue is 
resolved by a change order to the contract, usually 
no claim results.

Most change order requests do not require formal 
certification. However, claims of over $100,000 
on federal government projects must include a 
certification signed by the claimant with language 
consistent with the requirements of the Contract 
Disputes Act. Thus, for projects contracted under 
the FAR, a “claim” of over $100,000 is differentiated 
from a change order request by the required 
certification. The issue of claim certification requires 

How to Organize and 
Submit a Claim

1	 “The Architect’s Handbook of Professional Practice” Volume 3, AIA Press.

2	 The issue of claim certification is not the subject of this chapter and is a topic that should be addressed by the claimant’s construction counsel.
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careful review and consideration by the claimant’s 
upper management and construction counsel and is 
not the subject of this chapter.

As noted above, a claim typically is filed when 
negotiations to execute a change order to the 
contract have not been fruitful. Many contract 
documents contain critical timing clauses that set 
forth the time frame within which a contractor must 
give formal written notice of a claim and further 
deadlines as to when a claim must be filed in order 
to be considered by the reviewing party, such as 
a government agency. Contractors should pay 
close attention to timing deadlines and content 
requirements. If they do not, claims may be dismissed 
or rejected out of hand by the reviewing party for 
failure to file the claim in a timely fashion or with the 
proper information and in the proper form.

The content of a mechanical contractor’s claim 
typically will be dictated by the terms and conditions 
of the contract or by governing regulations, such 
as the FAR. The claimant should carefully review all 
submission requirements in the contract to ensure 
that the timing and content of the claim are in 
conformance with the contract terms.

Many mechanical contractors have the philosophy 
that claims must be avoided at all cost. While it is 
certainly desirable to avoid distracting and time-
consuming disputes or costly litigation, the failure 
of a contractor to file a claim in a timely fashion 
may forever bar the contractor from relief (i.e., costs 
and/or time extensions) to which the contractor is 
otherwise entitled. Before a mechanical contractor 
makes a decision to delay or to avoid filing a claim, 
the company’s upper management should evaluate 
thoroughly the potential risks and liabilities that 
would result from this decision.

Steps to Preserve the 
Contractor’s Right 
to File a Claim
If a contractor determines that claims will 
inevitably be filed on a project, due perhaps to 
the exceptionally poor quality of the construction 
documents or the general contractor’s or owner’s 
improper scheduling or project management, 
certain steps should be considered to preserve the 
contractor’s right to file a claim.

1)	� Many change order forms used by general 
contractors and owners contain broad “accord 
and satisfaction” language that seeks to bar 
the contractor from recovering time and/or 
costs for a change in scope over and above 
the remedies specifically prescribed within the 
change order itself. Such language has been 
strictly interpreted and as such, the contractor 
executing a change order with broad accord and 
satisfaction language may be held to the bargain 
defined by change order scope and pricing. In the 
event the contractor is faced with such language 
on the change order forms, the appropriate 
course of action should be formulated by upper 
management aided by construction counsel.

2)	� Monthly payment applications often contain 
broad waiver language that seeks to bar 
contractors from recovering unsettled claims 
that are not expressly listed as exceptions on 
the payment application form itself. Frequently, 
these forms are not processed by the 
contractor’s field management and thus they are 
unaware of this waiver language. All outstanding 
claims and unapproved change orders should 
be expressly listed within the exceptions section 
of the payment application form every month. In 
the event the owner or general contractor do not 
provide an exceptions section on the payment 
applications form, the mechanical contractor 
should insert its exceptions on the form prior to 
submitting it for payment.
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3)	� In the event the project is nearing completion with 
claims still outstanding, the claimant should not 
accept final payment for the project or execute 
final releases until all claims are fully settled.

Differentiating a 
Notice from a Claim
A notice of an event involving a claim is not, in and 
of itself, a claim. Notices and claims are typically 
two different documents with varying content. 
Notice refers to the transmission by a contractor 
to another party (i.e., the general contractor or 
owner) of a document that asserts that a delay and/
or added costs may be, or have been, encountered 
on a construction project. A notice is designed to 
alert the general contractor or owner to a condition 
that requires remediation or special attention. 
Most notice letters are written when the details of 
the impacting event are not fully known and the 
outcome in terms of delay and added costs, if any, 
is uncertain. Most contracts include provisions 
outlining the required components of a proper filing 
of notice. These requirements may include specific 
description(s) of the thing or things causing the time 
and/or cost impact, estimates of the time and/or cost 
impacts, and other specific requirements that may 
be set forth in the contract.

Notice letters do not typically contain the same 
elements that are included in a claim for relief. While 
a notice letter sets forth a set of conditions that have 
occurred or may occur, usually giving the other party 
an opportunity to remedy or mitigate the adverse 
effects of the condition, a claim letter usually 
includes the time and cost impacts of the events. 
The notice letter generally precedes the preparation 
of a claim. The timing and content of notice letters 
and claim documents are often provided for in 
the contract and the claimant should refer to the 
contract prior to submitting either a notice or a claim 
document to ensure proper content and timing.

Typically, a claim is a demand for specific relief or 
remedy and is filed after the impacting event has 
occurred so that its effects are known; and after 
change order negotiations have failed to provide 
for an equitable adjustment. Since a formal claim 
document usually follows the quantification of 
the impact, one component of a claim should be 
specificity—a number of days of extended contract 
performance time, an amount of money for direct 
costs, an amount of money for indirect costs, 
and other components of contract changes that 
are being requested by the claimant. If the claim 
does not contain specific requests for contract 
modification, the claim may be denied based on a 
lack of specificity.

The Components of a Claim
Proof of entitlement and quantum normally lies 
with the contractor making the claim (the claimant), 
meaning it is the contractor’s obligation to prove the 
elements of its claim. There are several common 
components in a contractor’s claim. These may 
include, depending on the nature of the claim:
n	A Critical Path Method (CPM) schedule impact 

analysis. Such analyses can include fragnets, or 
time impact analyses (TIA), a windows analysis, 
and/or as-planned versus as-built schedule 
analysis to support any claim for a time extension.

n	Craft-level analyses showing as-planned versus 
as-built craft curves.

n	Inefficiency studies identifying and quantifying 
losses in labor productivity.

n	An accounting of the direct costs arising from 
the claimed conditions.

n	An accounting of the indirect costs arising from 
the claimed conditions.

n	A narrative of the cause and effect nexus that 
can include a written description of the events, 
photographs, contract documents such as 
letters and electronic correspondence, requests 
for information (RFI), change directives, and 
other proofs that demonstrate the changed 
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nature of the work, the resulting damage, and a 
summary of the desired relief.

The exact content and format of the claim should 
be thoroughly reviewed by the claimant’s senior 
management and, if appropriate, by the firm’s legal 
counsel and the chief financial officer or outside 
accountant. As noted, the timing, form, and content 
of a claim can be critical elements in the claim’s 
acceptance or rejection by the reviewing party.

Read the Contract 
Before Filing a Claim
As noted above, various contract documents may 
contain language that seeks to limit a contractor’s 
right to recover delay time and the costs arising from 
delay and inefficiency. Important time- and cost-
related issues such as labor and material escalation, 
force majeure events such as unanticipated adverse 
weather, unanticipated added impacts arising from 
previously executed change orders, and other 
important concepts are frequently discussed in the 
contract terms. Other important factors such as 
waiver language on payment applications, “full accord 
and satisfaction” language regarding change orders, 
and “no damages for delay”3 clauses that attempt 
to limit time-related cost impacts for delays may be 
included in the contract. Contractual time limits for 
providing notice and for submission of a claim are 
important elements to consider. The contract must be 
fully reviewed to ensure that a claim is in compliance 
with the contract terms or, if not, why the particulars 
of the contract may not apply to the claim being filed.

A thorough review of the contract terms, results of 
the schedule and labor productivity analyses, and 
damages calculations should be performed before 

finalizing the entitlement and damages portion of 
the claim narrative. The contract and applicable 
regulations should be carefully reviewed in order to 
ensure that the form of the claim is consistent with 
the requirements set forth therein, including timing, 
addressee, contents, and certification. Generally, the 
claim package should be transmitted to the reviewing 
party or agency by registered mail or by other means 
that result in a signed and dated proof of receipt.

Content and Order 
of the Claim
It is true that, to some extent, how seriously the 
claim is viewed by the party receiving it can be 
determined by the professional appearance and 
completeness of the claim document and its 
supporting exhibits. If the claim is poorly organized, 
incomplete, or contains a narrative that is vague 
or confusing and lacking in compelling facts to 
connect cause and effect, the claim has a greater 
chance of being dismissed out of hand. However, if 
the claim package is compelling in its narrative and 
comprehensive in its supporting documentation, 
then the chances of an equitable settlement are 
increased significantly.

The content and order of the claim should be 
designed to compel the reader, by the weight of 
the facts, to adopt the claimant’s position and to 
issue an equitable adjustment to the contract. Thus, 
the claimant should include in the claim package a 
comprehensive and comprehensible narrative that 
sets forth the bases of the requests for remedy that 
can include both an extension of time and added 
costs. If the reader cannot reasonably navigate 
through the claim or understand the basis of the de
mand, a rejection of the claim can be expected.

3	 Contact language that attempts to limit a contractor’s right to make a claim for a certain element of cost or time impact may not be applicable in all cir-
cumstances. By way of example, in some cases a “no damages for delay” clause may not have its intended efficacy, given actual circumstances on a project. 
However, such clauses cannot be ignored by the claimant and must be carefully considered when a claim is prepared. Review of the contract, in conjunction 
with the claim, by the contractor’s counsel is advised in order to ensure harmony between the requirements of the contract and the claim being submitted.
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Addressing the claim to a specific person and/
or entity may be of vital importance depending 
on the jurisdiction in which the claim is submitted. 
This consideration is in addition to the time 
restrictions for filing a claim that may be contained 
in the contract or other governing regulations. 
For instance, public works contracts in some 
jurisdictions require that, in order for a claim to be 
validly served, it must be addressed to a specific 
individual, within a specific department, within a 
specific time frame. Copies of the claim also may 
be sent to other project-related individuals, such as 
the project manager or resident engineer, but to be 
valid, the claim must be transmitted to the specific, 
named party listed in the contract documents. When 
a contractor is contemplating a claim, in addition to 
attention to the content of the claim itself, careful 
attention must be paid to the contractual and 
regulatory requirements of filing a valid claim.

Typically, a summary stating the basis of the claim 
is essential. This summary, or claim narrative, 
should lay out the contractual foundation for 
making the claim and for the resulting damage. It 
should directly connect the basis of the claim to 
the resulting damages—this is called the “cause 
and effect” nexus. A citation to contract and/or 
schedule requirements is usually appropriate in the 
summary or narrative. It is important to consider 
two general concepts when preparing the summary 
or claim narrative: a chronological and sequential 
presentation of the events; and addressing the 
questions of who, what, where, when, why, how, 
and how much, as appropriate. Specificity is key to a 
properly constructed claim document.

The damages portion of a claim may include such 
components as:

n	Days of delay and the attendant time extension 
request;

n	Costs for added performance time due to delays 
(field and home office overhead costs)4;

n	Direct acceleration costs (payroll differential 
costs for overtime, shift work, or added 
supervision and equipment attendant to an 
increased crew size);

n	Indirect labor inefficiency costs such as overtime 
inefficiency, crew disruption, stacking of trades, 
or other labor productivity factors;

n	Labor wage rate escalation;
n	Material cost escalation;
n	Extended warranties;
n	Equipment “inefficiency”;
n	Added detailing or drafting/building information 

modeling (BIM) and schedule update costs;
n	Supervision or management added to mitigate 

labor inefficiencies or to process a large quantity 
of scope changes;

n	Subcontractors’ claimed amounts;
n	Finance charges;
n	Bond costs; and
n	Overhead (unless claimed separately) and profit.

Once the particulars of the issues have been 
introduced in a comprehensive and compelling 
manner so that the reviewer is prepared to assimilate 
the facts, then the documentation and calculations 
can be presented to support the claim narrative.

Sample Claim 
Narrative Summary
A claim narrative can be provided in summary 
form, as shown on the next page, as long as the 
summary denotes each major category of impact. 

4	 The components of a compensable delay claim (i.e., extended field office overhead) are frequently large in number and can include the daily costs of 
on-site project management and supervision, the daily costs of office and storage trailers and warehouses, trucks, fuel, telephones, and other time-related 
costs. In certain instances, home office overhead may be recoverable. What may or may not be claimed as to delay costs is frequently prescribed in the con-
tract, the FAR, generally accepted accounting procedures, or in other related documents. Refer to “How to Identify and Manage Change Orders” for more 
specific information on damages calculations.

Management Methods Bulletin CO2 - 2020; replaces all previous versions including 1973 Bulletin No. 32. © 2024 MCAA. All rights reserved.



40

Change Orders

The documentation supporting each category can 
be provided in accompanying exhibits. However, a 
more exhaustive and comprehensive written claim 
narrative is usually presented. A comprehensive 
claim narrative can provide a chronologically-
ordered description of the impacting events with 
citations to the drawings, specifications, the contract 
or other pertinent documents such as letters, 
purchase orders, or site photographs. A well-written, 
comprehensive claim narrative can lead the way 
for expanded understanding of the claimant’s 
position by the reviewer and can also result in an 
equitable adjustment to the contract. It is much more 
economical for the contractor to expend appropriate 
resources in the preparation of its claim narrative 
and supporting documentation than to later become 
involved in costly litigation because the claim was 
denied due to lack of supporting documentation.

Also note from the sample on the next page that 
the claim contains elements of compensable delay 
and loss of labor productivity. A compensable delay 
is one that entitles the claimant to compensation 
for each day of extended general condition costs. 
All delays are not necessarily compensable. Some 
delays are excusable only, meaning that the claimant 
is relieved from liquidated damages but receives 
no compensation for the delay. Some delay may be 
a combination of non-excusable, excusable, and 
compensable time.

A compensable schedule analysis is normally 
considerably more complex than a schedule 
analysis focusing only upon excusable delay. For 
an excusable delay analysis, the claimant must 
prove that it was not the sole cause of critical path 
delay. For example, if the claimant caused the 
project to finish late by 30 days through its own 
fault, and another party (e.g., the owner or the prime 
contractor) independently caused the project to 
finish 30 days later than allowed by the contract, 

the claimant would still be entitled to a 30-day 
excusable, non-compensable delay.

However, in order for a compensatory analysis to 
prevail, the claimant must demonstrate through a 
CPM scheduling analysis that its own delays, if any, 
were not controlling critical path delays and as such, 
did not independently or concurrently cause the 
project to finish late. A compensable delay can have 
many facets that must be analyzed and explained and 
is frequently a very complex analysis best assigned 
to scheduling experts. The contract terms, accepted 
practice in the industry, combined with a technically 
competent CPM schedule analysis generally 
determine whether project delay is compensable, 
excusable, or in some cases, non-excusable.

In addition to the claim narrative, supporting 
documentation can be provided as exhibits to assist 
the reviewer in reaching the desired conclusion. If 
a schedule analysis has been performed to support 
a claim for an excusable and/or compensable 
time extension,5 summaries of this analysis can be 
included in the claim, as shown on the next page.

If the claimant has included a component of 
damages arising from labor inefficiencies caused 
by the impacting event, the computations for this 
component can be added as an exhibit to the 
claim. There are several methods of quantifying 
a contractor’s loss of labor productivity. These 
include the: total cost or modified total cost method; 
measured mile method; and industry study method, 
such as by the use of the MCAA labor inefficiency 
factors. An example of an inefficiency exhibit 
supporting the claimant’s loss of labor productivity 
component may appear as on page 43.

It is well acknowledged in the construction industry 
that proving labor inefficiency is difficult. In computing 
a labor inefficiency claim, exactness is not a 
requirement. However, connecting the causes with 

5	 For a more detailed review of the methods of schedule impact analysis, refer to the chapter on “Time Impact Analysis—Measuring Project Delay.”
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Exhibit 1: Sample Claim Narrative Summary
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the effects is generally a necessary element in any 
claim submission for loss of labor productivity. There 
are indicia of labor inefficiencies that many experts 
look for when preparing a labor inefficiency claim. 
These indicia can include: unexpectedly high crew 
sizes, fluctuations in crew sizes, disruption in the 
productive flow of crews, a high percentage of scope 
changes as a ratio of changes to base contact labor 
hours, unanticipated stacking of trades, unreasonable 
limitations to site access, and many other categories 
of impacts. Once the causes are established, then 

the claimant must estimate or calculate the resulting 
damages in terms of lost labor hours.

Field labor is not the only type of labor that may 
be susceptible to inefficiencies. The productivity 
of coordination, or the BIM6 process, can also 
be adversely affected by events on the project. 
Coordination, or BIM labor, can become inefficient 
if the plans and specifications are defective, 
leading to excessive clash identification and 
remediation. Often, the coordination process is 
adversely affected by an excessive number of 
requests for information that slows the progress 

6	 Building Information Modeling, usually a three-dimensional model of the project showing the elements of the work by the various trade contractors. 
The BIM process generally occurs at the early stages of the project and labor overruns may be not be properly included in an inefficiency analysis. The 
claimant should be careful to assess BIM labor overruns to determine if such overruns were occasioned by inefficiencies caused by defective plans and 
specifications or other non-contractor caused impacts.
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of the BIM activities and makes such activities 
inefficient though the effects of piece-mealing 
of the coordination work and other disruptions. 
Coordination labor should be carefully analyzed by 
the claimant in order to ensure that this component 
of construction is not improperly omitted from a 
delay and/or inefficiency claim.

Claims for loss of labor productivity can be 
quantified by several means as described above. 
A more exhaustive discussion regarding the 
identification and quantification of loss of labor 
productivity claims can be found in the chapter 
detailing “How to Use the MCAA Labor Factors.”

Furthermore, many contractors recognize a 
phenomenon sometimes called “equipment 
inefficiency.” Equipment, in and of itself, is not 
inefficient.7 The labor to use the equipment may be 
made inefficient by a host of causes. Presumably, the 
labor required to operate a piece of equipment would 
be evaluated in a typical labor inefficiency claim. 
However, due to labor inefficiencies, the time required 
to use a piece of equipment may become elongated 
on the project. If it can be shown the a piece of 
equipment (either rented or owned by the claimant) 
was required to be on site longer than planned, or if 
equipment had to be added to the project due solely 

7	 It may be argued that a newer and more fully featured piece of equipment is more efficient or cost effective when compared with an older or less 
robust model of the same item. However, as it is used herein, efficiency is a function of output over input for a given piece of equipment.
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to the inefficiencies claimed for the labor portion of 
the project, the attendant costs can be recovered in 
the claim. It is therefore important to record planned 
and actual equipment usage on the project to 
determine if inefficient conditions have caused an 
unplanned increase in the cost of equipment.

Damages calculations are an important component 
of a claim. As noted, the claim should contain a sum 
certain (i.e., a specific dollar amount for damages) 
that is being sought by the claimant as a result of the 
impact event(s) described in the narrative. Damages 
calculations must conform to accepted accounting 
practices and to the governing authorities such as 
the contract or the FAR, as applicable.8 The damages 
portion of a claim also may be the subject of a review 
by the contractor’s counsel and its chief financial 
officer or accountant, particularly if a component for 
extended home office overhead is included. The 
claimant should anticipate that a claim will be the 
subject of a full audit and should prepare accordingly.

Home office overhead as a component of a delay 
claim may or may not be recoverable as a matter 
of contract provisions, or as a matter of the current 
trends in reported cases. At the time of this writing, 
the ability to recover unabsorbed home office 
overhead is limited to those situations where the 
contractor can demonstrate that:

1)	� The excusable delay period represents a 
suspension of the work, not just an elongation 
of the duration of work activities, effectively 
placing the claimant in a “stand-by” mode;

2)	� The “stand-by” period is of an uncertain 
duration; and

3)	� The claimant can demonstrate that it did not 
obtain, and could not have reasonably obtained, 
new work to absorb the home office overhead not 
being absorbed by the project on which the claim 
is being filed due to the suspension of work.

The use of allocation-related formulae, such as 
the Eichleay9 formula, is common in computing 
a contractor’s home office overhead for the 
purposes of including those costs in a delay claim. 
The Eichleay formula allocates a contractor’s 
corporate home office overhead to a particular 
project and then computes the daily home office 
overhead allocable to that project. The daily home 
office allocated rate times the number of days 
of compensable delay equals the home office 
overhead component of compensable delay claim.

Other methods of computing home office overhead 
have been utilized by contractors with varying 
degrees of success. The recovery of home office 
overhead is challenging due to the limitations currently 
imposed by the courts and boards and the decision 
by the contractor whether or not to seek recovery of 

8	 For a more detailed review of the methods of quantifying impacts, refer to the chapters on “Time Impact Analysis—Measuring Project Delay,” “How to Identi-
fy and Manage Change Orders,” and “How to Use the MCAA Labor Factors.” The pricing format for a change order request and a claim are essentially identical.

9	 Reference Appeal of Eichleay Corporation, ASBCA No. 5183, 60-2 BCA ¶ 2688 (1960).
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home office overhead costs should be aided by the 
advice of the contractor’s counsel and accountant.

On public contracts, expect to be audited once the 
claim is submitted. Audits can be performed by 
such agencies as the Inspector General’s Office, the 
Defense Contract Audit Agency, or other audit groups 
affiliated with the governmental department with 
which the contract was executed. A public contract 
audit of a contractor’s claim is not a mere technicality. 
Many audits probe the contractor’s financial and 
accounting records for possible discrepancies 
between the claimed amounts and the entries 
shown in the contractor’s books and records. While 
simple entry or arithmetic errors can be corrected 
or explained, audits can have serious ramifications 
to the claimant should the audit uncover apparent 
improprieties in the claimant’s books and records as 
they are compared with the claimed damages. Apart 
from an audit of the claimant’s monetary damages, 
an audit can challenge methodologies utilized by the 
claimant in the preparation of the claim. Audits can be 
far reaching and have significant impact on how the 
claim is processed or if the claim is simply denied in its 
entirety for lack of support or proper record keeping.

Actual or Deemed 
(Constructive) 
Denial of a Claim
Regardless of how well a claim is prepared, some 
claims will be denied. When a claim is denied with a 
written or oral evaluation or rebuttal, it is incumbent 
upon the claimant to carefully review the bases 
for denial and make a determination as to any 
corrections that may be needed to the original claim 
submission. It is possible that the reviewer may find 
disallowed costs or raise questions as to entitlement 
or the factual events described in the claim. The 
claimant should timely and constructively respond 
to those issues with corrections or explanations as 
to the issues raised by the reviewer. If a constructive 

dialogue can be established between the claimant 
and the reviewing party, the potential of an equitable 
settlement of the claim increases.

In some cases, a reviewer will dismiss the claim 
out of hand and without any reasoned basis for 
the rejection. Further, the rejection may not be 
accompanied by a written or oral rejoinder or 
rebuttal; simply the other party’s deafening silence. 
The contractor should take written exception to this 
sort of “constructive” denial and, where appropriate, 
file an appeal in the manner prescribed by the 
contract. When a claim is formally denied, it would 
be prudent to have the claim and its denial reviewed 
by a construction attorney to ensure that the form 
of the original claim was correct (if this step was 
omitted prior to the original submission of the claim) 
and to prepare the appeal of the denial.

A “deemed” or “constructive” denial of a claim 
occurs when the party receiving the claim does 
not respond to the claim in any fashion, or in the 
prescribed or reasonable amount of time. As noted, 
in some cases the recipient of the claim may have 
no response at all. It is usually appropriate to 
expect a response within 30 to 90 calendar days 
of the date of submission of the claim. If, after a 
reasonable period, or the contractually prescribed 
period, of time has elapsed without a response 
to the claim, a second demand letter should be 
transmitted requesting a response to the claim 
within a reasonable (i.e., 30 days) period of time. 
If no response is received, the claimant, aided by 
counsel, may decide to file a notice of deemed or 
constructive denial of the claim. In this fashion, the 
claimant has documented its reasonable assumption 
that the reviewing party has constructively denied 
the claim. If this course of action is taken, it may 
trigger contract terms and other issues may arise, 
such as having to constructively accelerate the work 
to overcome any claimed excusable delay.

The concept of a “deemed denial” of a contractor’s 
claim is principally a matter of federal contracts, 
such those executed by the General Services 

Management Methods Bulletin CO2 - 2020; replaces all previous versions including 1973 Bulletin No. 32. © 2024 MCAA. All rights reserved.



46

Change Orders

Administration or the U.S. Army Corps of Engineers. 
That does not mean that if a non-federal owner 
or prime contractor refuses to acknowledge a 
contractor’s claim, the general concept of constructive 
denial does not apply. However, the issue of “deemed 
denial” can be a complex legal issue and may be 
based on the terms and conditions of the contract, 
thus this matter is the subject of careful consideration 
by experienced construction counsel.

Conclusions
A mechanical contractor should carefully assess all 
options when considering whether or not to file a 
claim. However, the time restrictions contained in 
many public and private contracts do not allow the 
contractor significant latitude as to when a claim 
can be filed, thus the contractor is normally forced 
to make this decision promptly. Often, a contractor 
decides not to file a claim believing that, somehow, 
disputes will simply resolve themselves by working 

out the differences on the jobsite. This can lead to 
unanticipated results when the contractor comes 
to realize that the only suitable resolution available 
is that prescribed in the contract documents. If the 
contractor has made a decision not to file a claim in 
accordance with the terms of the contract, its rights 
and remedies may have been irretrievably waived 
and thus, its ability to be equitably compensated 
may have passed by.

The proper and timely preparation and submission 
of a claim can be viewed simply as prudent 
management. A claim is an avenue to receive a 
remedy that is provided for in most contracts. The 
filing of a claim is not, on its face, an adversarial act. 
It is a business decision that is recognized as the 
contractor’s right under most contracts. It may, in fact, 
be a business obligation to ensure fair and equitable 
payment for work performed over and above the 
base contract scope of work or work performed in a 
most costly and unanticipated manner.
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On the majority of larger and/or more complex 
construction projects, the prime contractor and/or the 
owner’s construction manager (“prime/CM”) has the 
responsibility to prepare a detailed, baseline critical 
path method (“CPM”) schedule at the outset of the 
project. At set intervals, usually monthly, the prime/CM 
is required to update the accepted baseline schedule 
with progress. Most contract specifications also require 
that time impacts, known as time impact analyses 
(“TIAs”) or Fragnet analyses, be inserted into the 
updated schedules to identify and quantify potential 
delaying events. The subject of TIAs is addressed 
in a separate chapter within this publication entitled 
“Time Impact Analysis—Measuring Project Delay.” As 
explained in that chapter, updates to the accepted 
baseline CPM schedule must contain properly 
developed TIAs, otherwise the forecasts contained in 
those schedule updates may be seriously flawed. This 
chapter is devoted to the development of the baseline 
CPM schedule. Common scheduling terms utilized in 
this chapter are defined in the chapter cited above and, 
in most cases, will not be defined herein.

CPM scheduling should be an inclusive, cooperative 
and collaborative process on a construction 
project. The original schedule—the “baseline CPM 
schedule”—should reflect the knowledge and 

planning of all of the major trade contractors. In 
simple terms, the baseline CPM schedule should, 
if followed, be the “roadmap to success” on a 
construction project. For the development of a 
reliable and useful baseline schedule to occur, it 
must be prepared by persons experienced in the 
construction industry and with training or extensive 
experience in the development of CPM schedules. 
Such individuals may also have had training in the 
common scheduling software systems utilized in 
the industry. However, the key elements in the 
development of useful and accurate schedules are 
the knowledge of the construction process in general, 
an understanding of the particular details of the 
project being scheduled and significant experience 
with the application of critical path methodologies.

Although contract specifications vary from project 
to project, usually the mechanical and/or plumbing 
subcontractor (“M/P subcontractor”) is required either 
to provide the prime/CM with the M/P subcontractor’s 
proposed schedule (sometimes called a “sub-
network”), or the M/P subcontractor is required 
to participate in schedule development meetings 
with the prime/CM.1 Notwithstanding the method 
of information delivery by the M/P subcontractor to 
the prime/CM, this step should be taken with the 

Integrated, Cooperative, 
and Collaborative 
CPM Scheduling… 
a Roadmap to Success

1	 The timing and method of schedule information sharing between the M/P subcontractor and the prime/CM may vary depending upon the contractual 
delivery method. However, with both the design-build and the design-bid-build delivery methods, the baseline CPM schedule is of the utmost importance, 
as is the input of the M/P subcontractor into the scheduling process.
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utmost attention to detail and accuracy. The project 
CPM schedule (the baseline schedule and the 
updates) is usually considered a contract document 
of record, and as such, deserves a significant 
amount of focused input to ensure that the prime/
CM is properly advised as to the M/P subcontractor’s 
individual activities, sequence, activity durations and 
crew planning on the project. Before any schedule 
development meeting with the prime/CM, the M/P 
subcontractor should be thoroughly knowledgeable 
regarding the project to be constructed, including 
the contract terms, drawings, specifications and 
the M/P subcontractor’s own labor plan. To the 
fullest extent possible, the M/P subcontractor 
should develop an understanding of the prime/CM’s 
contractual requirements for schedule development, 
submissions, and updating. Knowing the prime/
CM’s contractual obligations to the owner regarding 
the CPM schedule can be very valuable when 
negotiating with the prime/CM regarding having 
access to the complete schedule and its updates.

What is a Baseline 
CPM Schedule?
A “baseline CPM schedule” is a reasonably 
detailed2 project schedule prepared using critical 
path method technology and formulae called the 
forward and backward pass, usually input into a 
software system such as Primavera® or Microsoft® 
Project® that computes the critical path or paths 
within the schedule network and identifies the non-
critical activities. The baseline CPM schedule sets 
forth the M/P subcontractor’s (as well as the other 
contractors’) base contract activities, the estimated 
durations for those activities, the logical restraints 
between the activities (i.e., CPM schedule logic ties) 
and which activities control the project milestone 

and/or completion date(s). These logic restraints 
set forth the M/P subcontractor’s sequence of 
performance in terms of its crew flow and the 
order in which its work activities will be performed. 
The baseline CPM schedule depicts the original 
intent of the construction team to meet the various 
requirements of the contract that includes achieving 
completion dates set forth in the contract. As such, 
the baseline CPM schedule on a construction project 
should reflect an efficient and profitable plan to 
achieve the contract requirements, and reflect an 
orderly and efficient sequence of events.

Some contract specifications require that the CPM 
schedule be “resource loaded,” which means that 
the contractors must provide the number of trade 
workers per activity that will be required to perform 
the base contract work. Other contract specifications 
may require that the CPM schedule be “cost loaded,” 
which means that the M/P subcontractor’s total 
contract billing value must be divided between 
the various schedule activities so that the total of 
the individual activity billing values equals the M/P 
subcontractor’s total contract amount. 

When the contract specifications require that the 
M/P subcontractor “resource load” the baseline 
schedule, great care should be taken to ensure that 
the resulting crew curves for both the early and 
late dates (i.e., curves created by the scheduling 
software that present the resource data as number 
of workers, or labor hours, on the y axis depicted 
over time on an x axis) calculated in the CPM 
schedule never represent more labor hours than 
were present in the M/P subcontractor’s original 
estimate or job plan. Some specifications even 
require the M/P subcontractor to differentiate 
between “fitters,” “welders,” “plumbers,” and/or 
“sheet metal workers” within each erection activity in 
the baseline CPM schedule. The M/P subcontractor 
should use great care to ensure that each trade’s 

2	 Often times, the contract specifications set forth the level of scheduling detail that is required on the project and may also provide a maximum dura-
tion that can be assigned to a schedule activity. It is important for the M/P subcontractor to obtain, and to review, the prime/CM’s contractual scheduling 
requirements before finalizing the baseline CPM schedule. 
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baseline CPM schedule planned labor hours never 
exceed the hours for each trade that was carried in 
the M/P subcontractor’s estimate or job plan. 

If the M/P subcontractor includes more labor 
hours (expressed in hours or in the number of craft 
persons by activity) in the baseline CPM schedule 
than were contained in the original estimate or 
job plan, this condition is usually the result of an 
inadvertent data input error or carelessness on 
the part of the M/P subcontractor in providing 
the resource data. In some cases, reflecting more 
labor hours in the schedule than are contained in 
the M/P subcontractor’s estimate demonstrates 
the identification of an error in the estimate. In 
cases where the M/P subcontractor encounters 
a labor over-run on the project, it may be difficult 
to recover those labor losses that are comprised 
of the difference between the labor hours in the 
M/P subcontractor’s estimate and the labor hours 
contained in the M/P subcontractor’s baseline 
CPM schedule, even if an inadvertent error is 
claimed. Always ensure that the labor hours 
shown in the baseline schedule never exceed the 
original estimate or job plan, unless an admitted 
estimating error has occurred on the part of the M/P 
subcontractor. 

A CPM schedule has two sets of calculated dates: 
earliest start and finish dates and latest start and 
finish dates. The mathematical difference between 
the earliest and latest dates is known as “total float.” 
Total float is the number of days that a particular 
activity within a CPM schedule can slip in time 
without impacting an interim milestone date(s) and/
or a final project completion date(s). Activities that 
have zero total float are said to be on the “critical 
path.” If a critical path (zero total float) activity is 
delayed by even a day, it has a day-for-day impact 
on finish milestones or final completion dates. In fact, 
if collateral impacts are present, a one-day delay 
to a critical path activity may result in more than a 
day’s delay to the project’s end date. It is often the 
case that the M/P subcontractor does not, or is not 
permitted to, link the activities in the baseline CPM 

schedule to demonstrate the M/P subcontractor’s 
planned crew flow and crew restraints. When this is 
the case, the schedule may be invalid due to “false 
float,” which is a calculation of float that is erroneous 
because planned crew flow (i.e., proper activity 
sequencing) is not considered in the CPM schedule’s 
mathematical analysis.

Because this is a frequently committed error, the M/P 
subcontractor must ensure that the number of craft 
workers shown within the baseline CPM schedule 
never exceeds the expected peak curves for both 
the early start dates and the late start dates. The 
M/P subcontractor should also focus attention on 
resource loading specialty activities such as welding 
or other activities that use limited availability skills 
or equipment to ensure that the individual resource 
usage on an activity-by-activity basis does not 
exceed the estimated quantities. 

On many projects where the M/P subcontractor does 
not input, or is not allowed by the prime/CM to input, 
crew restraints into the baseline CPM schedule logic, 
the late start date resource curve may far exceed 
the number of craft persons that were planned to 
be utilized on the project because of “false float.” 
Examples of crew restraints will be provided later in 
this chapter.

The baseline CPM schedule is, or should be, a 
reflection as to how the project is planned to be 
constructed. That plan includes proper resource 
allocations that may be input into the scheduling 
software. This baseline CPM schedule may be 
used to compare the construction team’s planned 
performance with actual performance by inputting 
actual start and finish dates, or actual start dates 
along with progress information for active activities, 
thus it is imperative that the baseline schedule reflect, 
to the fullest extent possible, the most economical 
and realistic model of how the project is being 
planned to be constructed. Once submitted and 
approved or accepted by an owner or its authorized 
representatives, it is difficult to go back in time to 
revise a defectively prepared baseline CPM schedule. 
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Further, comparisons between a defectively 
prepared baseline CPM schedule and future updates, 
particularly on an impacted project, may be rendered 
unreliable and not useful in a delay impact analysis. 

In order to provide accurate and reliable input to the 
prime/CM, the M/P subcontractor should thoroughly 
review the contract specifications, drawings, and its 
own bid and planning documents to gain a detailed 
understanding regarding the scope of work, time 
of performance, interim milestones (if any), planned 
crew sizes, and crew flow and other requirements 
contained in the contract. For instance, the M/P 
subcontractor may be required to provide early 
energization of HVAC equipment for acclimatization of 
spaces in the building, or other special requirements 
that are usually defined in the contract documents. 
Such special milestones or other considerations 
(e.g., delivery of owner-furnished furniture, fixtures, 
and equipment) should be included in the schedule 
logic and thereby, become a part of the M/P 
subcontractor’s baseline scheduling considerations. 

Additionally, the M/P subcontractor should carefully 
consider the timing of its construction activities 
with regard to the potential effects of weather. In 
certain areas of the country, historical weather 
events such as severe winter conditions or seasons 
of intense heat or heavy rains may adversely affect 
the productivity of the crews and cause delay. To the 
extent possible, the M/P subcontractor’s schedule 
sequencing should take those historical (potential) 
climatological conditions into account. In some cases, 
these historical weather seasons may require the 
construction team to take special actions, such as 
installing temporary building enclosures or temporary 
roof systems (i.e., temporary building dry-in as a 
predecessor to water sensitive activities). These 
considerations should be made when the baseline 
schedule is being prepared. The M/P subcontractor 
should also evaluate when the work of other trades is 
planned to occur, such as the milestone for providing 
permanent power to the project. This may be 
particularly important to the commissioning work that 
may fall under the M/P subcontractor’s scope of work. 

Further, the provision of temporary hoisting and crew 
lifting equipment should be included in the baseline 
schedule. Depending on the type of contract delivery 
method, the M/P subcontractor should also ensure 
that the baseline schedule includes milestone dates 
by which decisions are made as to the acceptance 
or rejection of bid alternates and the receipt of 100% 
complete construction documents. 

At a minimum, there are three areas of special 
consideration that, on most larger projects, require 
a detailed analysis by the M/P subcontractor when 
preparing the baseline CPM schedule or when 
participating in schedule development meetings. 
These are:

1.	� Detailed logic reflecting the requirements 
and timing of Building Information Modeling 
(“BIM”) and its relationship to piping and sheet 
metal prefabrication activities that are, in most 
specifications, successor activities to the 
approval of the coordinated drawings.

2.	� Consideration of logic ties that reflect the M/P 
subcontractor’s planned crew flow, crew size 
restraints, and general sequencing of the M/P 
subcontractor’s activities.

3.	� Detailed logic reflecting the requirements for 
building commissioning, including identification 
of milestone dates for the involvement of the 
owner’s third party commissioning agent in order 
to forecast accurate commissioning events. 

This is certainly not an exhaustive list of important 
scheduling considerations. On some projects, 
computerized BIM is not a requirement, or 
commissioning may be a minimal effort, or may be 
provided by a party other than the M/P subcontractor. 
However, on most larger and more complex projects, 
the M/P subcontractor may have some, or a significant 
amount of, liability as to prefabrication BIM activities 
and final commissioning activities. Furthermore, 
there may be many project-specific considerations, 
such as owner-furnished equipment and fixtures and 
training of the owner’s personnel that occur near the 
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completion of the project and should be included in 
the project CPM schedule as discrete activities.

Virtually all construction projects require careful 
consideration of crew flow and crew size restraints 
that should be included in the baseline CPM 
schedule. The M/P subcontractor’s crew flow should 
be demonstrated by actual logic ties or restraints 
input into the baseline CPM schedule. The resulting 
crew loading curves for both the early and late dates 
should be analyzed to ensure that the planned crew 
sizes meet the M/P subcontractor’s reasonable 
expectations and labor planning.

While some M/P subcontractors may not be 
responsible for performing the commissioning 
activities, on many projects the detailed requirements 
for commissioning fall within the contractual 
responsibility of the M/P subcontractor. In such cases, 
the M/P subcontractor should ensure that an accurate 
and properly sequenced commissioning logic chain 
be present at the outset of the project, in the baseline 
CPM schedule. Even when commissioning is provided 
by another party, the commissioning activities should 
be included in the baseline CPM schedule by the 
prime/CM so that the timing of the performance of the 
predecessor mechanical activities will have realistic 
forecasted completion dates and total float values.

The three important topics to be considered in the 
baseline schedule, in addition to the actual erection 
activities, are described in more detail below.

Defining the BIM (or 
Conventionally Drafted) 
Coordination Process 
and the Dependent 
Prefabrication Activities in 
the Baseline CPM Schedule
In today’s prefabrication and computer modeling 
environment, many project specifications contain a 

requirement for the M/P subcontractor to participate 
in, or take the lead in, the coordination process, 
whether achieved by way of BIM or conventional 
drafting methods. When BIM is required and is 
undertaken as a collaborative process, developing a 
three dimensional model of the mechanical, plumbing, 
sheet metal, electrical, fire protection, and other 
key systems in spaces such as ceiling plenums and 
interstitial spaces can solve spatial conflicts prior to 
the commencement of fabrication and can reduce 
construction delays and costs. Even if coordination 
on a project does not include the utilization of a 
computerized BIM product, and instead utilizes 
conventional drafted coordination drawings, the 
need for a collaborative process remains an essential 
element of a productive and successful planning 
process. Moreover, the timing of both BIM and 
conventionally drafted coordination drawings is critical 
to success on the project. The various coordination 
methods in use today must be commenced early 
enough in the project to allow for timely pre-planning, 
procurement, and prefabrication of the mechanical 
and plumbing systems. Whether conventional draft
ed coordination drawings or computerized BIM, these 
crucial activities must be included in the development 
of the baseline CPM schedule. 

Frequently, the contract specifications or the 
subcontract documents set forth the requirement 
that the M/P subcontractor receive approval or 
acceptance of the coordinated drawings by some 
party (e.g., the owner’s engineer of record, the 
construction manager, or another party) prior to 
commencing prefabrication activities, such as 
the prefabrication of piping systems. Because 
the approval or acceptance of fully coordinated 
drawings is usually required prior to the M/P 
subcontractor commencing prefabrication work, 
including these prefabrication activities in the 
baseline CPM schedule is essential. The details 
of this process should be agreed upon at an early 
stage in the project planning, such as at the kick-off 
meeting or at the time when the flow and sequence 
of the BIM or manually drafted coordination process 
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is established by the construction team. Omitting 
the prefabrication activities that are the logical 
successors of the acceptance of the coordinated 
drawings will result in false float within the schedule 
and may render the baseline CPM schedule 
inaccurate and unreliable. 

The M/P subcontractor should carefully review all 
coordination (by way of BIM or other methodologies) 
requirements in the contract documents prior to 
commencing the preparation of the baseline CPM 
schedule. This is a crucial step in the schedule 
development process because the coordination 
logic (i.e., the BIM activities, activity durations and 
logic ties), coupled with the M/P subcontractor’s 
prefabrication activities, will, in most cases, establish 
the M/P subcontractor’s critical path in the base
line CPM schedule, defined as the longest chain of 
interlinked activities which, if delayed by even a day, 
will equivalently delay either the project end date, or at 
least the end date of the M/P subcontractor’s work.3 All 
too often, the BIM or other coordination activities, with 
their estimated durations and logic ties to approvals and 
then the commencement of prefabrication activities, are 
totally omitted from the prime/CM’s baseline schedule, 
or in other cases, the coordination scope of work is 
scheduled in such a summary level that it adds little or 
no usable information within the otherwise reasonably 
detailed baseline CPM schedule. Such conditions 
should be avoided in the planning process.

Based on the contract documents, which vary 
from project to project, a baseline BIM logic chain 
for a discrete portion (i.e., Area A, Levels 1–4) of a 
hypothetical project could appear as shown in Figure 1.

In this hypothetical example, the baseline CPM 
schedule should contain a milestone activity for 
production of the CAD backgrounds provided by the 
owner’s design team to the M/P subcontractor. This 

milestone activity commences a chain of events that 
includes the development of the first set of background 
drawings that contain base contract activities such 
as plumbing piping, ductwork, mechanical piping, 
electrical activities, and the fire sprinkler work within 
discrete areas of the project’s ceiling plenums, as 
defined by floor levels and/or physical areas. 

On particularly large or complex projects, it may 
be desirable to add detail to the coordination 
(computerized BIM or drafted) logic sub-network. For 
instance, in the case of projects utilizing BIM, it may 
be advisable to add discrete activities for the receipt 
of BIM drawings provided by other trade contractors, 
for the clash detection and correction steps, and 
more detailed activities describing the engineer of 
record’s review and acceptance of the BIM drawings 
prior to the commencement of prefabrication 
activities. In most cases, the level of BIM sub-
network detail will be dictated by the contract 
specifications and the complexity of the project. 
If the M/P subcontractor suspects that the project 
may suffer from an incomplete design or defective 
design, it may behoove the M/P subcontractor to 
add detail to the baseline BIM schedule sub-network 
so that added BIM work causing impacts to the 
schedule can be more easily identified. On projects 
that are not fully designed at the time of contract 
execution, the milestone date for the receipt by the 
M/P subcontractor of 100% complete construction 
documents should appear in the baseline CPM 
schedule. In all cases, the BIM sub-network must be 
inserted into the master baseline CPM schedule and 
not be analyzed apart from the overall CPM schedule. 

Often the M/P subcontractor is the contractually 
responsible party to incorporate clash corrections 
identified by a host of other subcontractors (e.g., 
electrical, sheet metal, fire protection) into a final set 

3	 The M/P subcontractor’s critical path (i.e., its longest connected chain of activities) may be different from that of the prime/CM. In some schedules, the 
M/P subcontractor’s work is shown to finish earlier than the prime/CM’s work, and if the M/P subcontractor is delayed from its planned finish date, it may 
be possible to recover delay costs. The theory that a mechanical subcontractor can recover its delay costs (i.e., “delay” as between the mechanical sub-
contractor’s planned finish date and its actual finish date) on a construction project, even when the prime contractor completed on time, was successfully 
litigated in the case of E.R. Mitchell Construction Co., Appellant, v. Richard J. Danzig, Secretary of the Navy, Appellee, 175 F.3d 1369 (Fed. Cir. 1999).
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of coordinated BIM drawings. Once clash free, the 
BIM drawing files may be required to be approved 
by the engineer of record. This is an essential 
activity in the schedule since any BIM coordination 
efforts that change the locations or sizes of piping, 
duct work, electrical and similar systems must be 
reviewed and approved by the designer of record. In 
order to reduce liability risks, the M/P subcontractor 
should request and receive formal approval from the 
designer of record for any changes in system routing 
and/or sizing that resulted from the BIM process. 

After approval, the prefabrication of the piping 
systems can commence. This is a crucial logic tie 
that will ensure that the schedule will not depict 
the commencement of pipe fabrication until the 
authorized party (usually the designer of record) 
approves the coordinated drawings. It is very 
important to properly depict the coordination logic, 
whether by BIM or other processes, with reasonable 
durations, in the baseline CPM schedule. 

The M/P subcontractor may wish to reference 
an industry publication in the preparation of the 
detailed BIM logic in the baseline schedule, entitled 

Achieving Spatial Coordination Through BIM.4 
This publication, pictured on the next page, was 
prepared by representatives of the MCAA, SMACNA 
and NECA, and is available through the named 
associations’ administrative offices.

With regard to project scheduling, particular 
attention should be paid to Section 4.3, “Schedules,” 
and Section 5.1, “Establishing Norms for the Project,” 
in the above referenced publication. The former 
section refers to important considerations when 
preparing the BIM activities and logic ties within the 
baseline CPM schedule. The latter section contains 
the definition of normal and expected coordination 
for a specialty contractor, which definition has 
also been published by the National Institute of 
Building Sciences buildingSMART alliance™ in the 
Journal of Building Information Modeling, Fall 2011 
edition. M/P subcontractors should carefully review 
and consistently apply the published guidelines 
regarding what can be reasonably expected by the 
contracting team when a BIM requirement is present 
on a construction project. When these reasonable 
and published expectations are not met due to 

4	 Copyright 2013 by the MCAA, the Mechanical Contracting Education and Research Foundation, NECA, the New Horizons Foundation, and SMACNA.

Figure 1
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design issues, and the results are added cost and 
time of performance, the M/P subcontractor should 
evaluate the damage and, if appropriate, seek an 
equitable adjustment to the subcontract. 

Having detailed BIM coordination logic in the 
baseline CPM schedule will facilitate more accurate 
and meaningful comparisons between the baseline 
plan and the actual execution of the BIM process. 
Should the clash identification and correction 
process (with three such clash detection and 
correction steps expected, consistent with the 
definition of normal and expected coordination cited 
in Section 5.1 of the referenced publication) extend 
beyond the expected norm and thus take longer 
than reasonably planned, the schedule slippage and 
critical path delay, if any, can be demonstrated. 

Mechanical and/or Plumbing 
Crew Restraints in the 
Baseline CPM Schedule
On the vast majority of construction projects, the 
M/P subcontractor has not estimated, or planned 
upon, providing unlimited resources. As crew sizes 
are increased beyond a reasonable plan, the M/P 
subcontractor must provide added tools, equipment 
and supervision, which can result in significant and 
unanticipated added costs. Therefore, the M/P 
subcontractor must ensure, to the fullest extent 
permitted by the prime/CM, that reasonable and 
supportable crew restraints are present in the 
baseline CPM schedule. The absence of reasonable 
and supportable crew restraints in the baseline 
schedule will, in most instances, result in false 
float and may render the entire baseline schedule 
unreliable and fatally flawed.

There are three principal reasons why M/P 
subcontractor’s crew restraints (i.e., actual logic ties 
inserted between activities in the CPM schedule 
database) are omitted in the prime/CM’s baseline 
CPM schedule. These are: 1) the M/P subcontractor’s 
lack of understanding regarding the importance of 
installing crew restraints into the baseline schedule; 
2) the M/P subcontractor’s lack of resource planning 
that would allow for the definition of crew flows in 
the CPM schedule by way of logic ties or restraints; 
and 3) the prime/CM’s refusal to allow the M/P 
subcontractor to insert crew restraints into the 
schedule by way of logic ties or restraints. In most 
instances, the M/P subcontractor must specifically 
request, preferably in writing, that the prime/
CM permit crew restraints to be inserted into the 
baseline CPM schedule. Also, in most cases, the 
prime/CM will not know the M/P subcontractor’s 

5	 A schedule “restraint” can include by examples: (i) physical restraints such as having site areas, mechanical rooms, or slab surfaces available; (ii) 
crew or labor restraints such that the schedule will not depict early or late date crew curves in excess of the M/P subcontractor’s estimated labor plan; (iii) 
equipment restraints such as the planned number of welding machines, cranes, or other major equipment items; (iv) BIM and prefabrication restraints to 
the commencement of prefabrication activities; and (v) procurement restraints from the delivery of material and/or equipment to the installation of those 
items as shown in the construction schedule.
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crew flow or restraints.5 This information must come 
from the M/P subcontractor and the preparation 
of this vital information can only result from a 
reasonable and well thought out labor plan and crew 
flow analysis. 

At times, the prime/CM may instruct the M/P 
subcontractor that crew restraints in the CPM 
schedule are unnecessary because the M/P 
subcontractor’s form of contact requires the M/P 
subcontractor to supply whatever labor may be 
required to meet the prime/CM’s CPM schedule. 
This chapter is not a treatise on construction law, 
however the prime/CM’s duty to cooperate and 
not to unreasonably hinder or financially harm a 
subcontractor is well established. To the fullest extent 
possible, the M/P subcontractor should assert its 
right, and duty, to insert appropriate crew restraints 
into the baseline CPM schedule in order to assist in 
the preparation of a reliable and usable schedule 
document (i.e., one that does not contain false float 
due to the absence of proper crew restraints).

Assume the following in this hypothetical example: 
1) a cast in place concrete structure on a large high 
rise medical research building; 2) a sizable quantity 
of specialty stainless steel welded pharmaceutical 
grade piping; 3) a limitation on the number of 
qualified stainless steel welders and orbital welding 
equipment; 4) five physical “Areas” are designated 
per floor slab, A through E; and 5) once a floor slab 
is placed and stripped, all mechanical piping mains 

can (by the laws of physics and assuming unlimited 
resource availability) commence at the same time.

The schedule example below (Figure 2) was 
prepared without any crew flow or crew restraint 
logic. As a result of the lack of crew restraints, 
the stacking of critical stainless pipe erection and 
welding activities is improperly depicted as the M/P 
subcontractor’s baseline plan. In this hypothetical 
example, the number of qualified orbital stainless 
steel welders, and orbital welding machines, is very 
limited. Without any consideration for the planned 
crew flow, the schedule allows for the concurrent 
installation of the stainless steel piping in each area 
by floor. If the M/P subcontractor is unable to staff the 
floor with five welding crews and five orbital welding 
machines, the schedule will exhibit false float and a 
false planned crew curve. 

However, if the M/P subcontractor actually has only 
one planned stainless steel orbital welding crew and 
one welding machine and inputs finish to start crew 
restraints in the baseline schedule to demonstrate 
that planned limitation, the baseline schedule will 
show a remarkably different crew curve, expected 
early and late finish dates and float values. While 
the example above may be physically possible, it is 
not reflective of how the M/P subcontractor plans 
to execute its contract work scope. Moreover, if the 
M/P subcontractor only planned on utilizing one 
stainless steel welding crew, Figure 2 represents 

Figure 2
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improper crew stacking that was not contemplated 
by the M/P subcontractor in its original estimate.

The example (Figure 3) depicting the M/P 
subcontractor’s plan to have only one specialty 
stainless steel welding crew, provides for accurate 
crew curves and float computations. If, in the Figure 
2 example above, the M/P subcontractor receives a 
change in scope that elongates activity 20, “Install 
Pipe Mains & Branches Area A” by 8 days, the effect 
of this change does not ripple through to the other 
mechanical piping activities that will utilize this 
scarce welding resource. However, in the example 
below, if activity 20 is elongated due to a change, 
or for that matter, any reason including the M/P 
subcontractor’s own production issues, those delay 
effects will be shown to ripple through all dependent 
activities. Thus, the proper effect of schedule 
impacts will be depicted much more accurately 
throughout the CPM schedule network. Moreover, 
the resulting planned crew curve that results in the 
baseline schedule will accurately depict the M/P 
subcontractor’s plan to install the base contract 
scope of work.

The logic ties between the various M/P 
subcontractor’s activities are finish to start logic 
ties that have been inserted into the baseline 
CPM schedule. Such logic ties must be provided 
to the prime/CM by the M/P subcontractor. The 
absence of proper crew restraints in the baseline 
CPM schedule will, in virtually all cases, result in a 

flawed and unreliable baseline CPM schedule. In 
cases where the M/P subcontractor is prevented 
from inputting proper crew restraint logic ties in the 
baseline schedule, the M/P subcontractor should 
notify the prime/CM, in writing, that the schedule 
does not reflect the M/P subcontractor’s plan to 
accomplish the work and that the resulting schedule 
is unacceptable to the M/P subcontractor. 

Test & Air Balance (“TAB”) 
and Commissioning 
(“CX”) in the Baseline 
CPM Schedule
Many construction contracts require the M/P 
subcontractor to fully commission the project. In 
such cases, even if the M/P subcontractor issues 
a subcontract to a separate commissioning agent 
or contractor, the scheduling of the commissioning 
process still falls upon the M/P subcontractor. In many 
baseline CPM schedules, the M/P subcontractor is 
not asked to provide detailed TAB and CX input to 
the prime/CM during the development of the baseline 
CPM schedule. This may lead to improperly shortened 
CX schedule sub-networks that result in delays at the 
conclusion of the project because the TAB and CX 
work was not properly depicted in the schedule (e.g., 
by way of improperly short activity durations and/or 
incorrect and missing logic ties). 

Figure 3
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The first step in the creation of an accurate 
and reliable TAB and CX sub-network that will 
be inserted into the prime/CM’s baseline CPM 
schedule is to read the technical provisions of 
the contract to ascertain what level of TAB and CX is 
required on the project. On some types of projects, 
CX is little more than traditional startup operations. 
However, on many projects, TAB and CX work are 
a complex, interrelated series of activities that are 
driven both by the completion of building features 
and systems (e.g., permanent power available, 
glass and glazing complete, finished ceilings and 
doors installed), and by the limitation of specialized 
commissioning technicians (i.e., TAB and CX crew 
restraints). If the M/P subcontractor is not familiar with 
performing TAB and CX tasks on a complex project, 
the technical representatives who will actually perform 
the TAB and CX tasks should be engaged early in the 
planning and scheduling process so that the baseline 
CPM schedule will accurately reflect the level of effort 
that will be required to complete the project.

As can be seen in the summary flow chart (Figure 
4), the general TAB and CX may, depending on the 
specifications and type of systems, overlap in time. 
However, by area of a building, there is generally 
a finish to start relationship between the TAB and 
CX activities. As noted above, the TAB and CX 
activities are logically preceded by such activities 
as permanent power on line, building envelope 
complete and certain interior finishes in place (e.g., 
doors, ceiling system, and windows). These logic 
restraints must be present in the baseline CPM 
schedule. The absence of the proper logic restraints 
from the work of other trades, such as the availability 
of permanent power, may cause the schedule 
updates to incorrectly identify the M/P subcontractor 
as the cause of commissioning delays, when, in fact, 
such delay may be the result of the failure of other 
trades to timely perform their activities. 

When developing the baseline CPM schedule, 
particularly for a complex process mechanical 
and electrical project such as a manufacturing or 
research facility, a much more detailed TAB and CX 

activity sub-network will be required, potentially 
comprised of many activities. It is essential that 
a reasonably complete TAB and CX schedule be 
prepared and included in the baseline schedule. 
Even if this sub-net has to be refined or revised as 
the TAB and CX specialists become engaged in the 
project, having reasonable logic restraints and time 
slots for the TAB and CX activities are very important 
to the production of a reasonable baseline schedule. 
Time spent at the outset of a project to properly plan 
and sequence the TAB and CX requirements, and 
to incorporate those sub-networks into the baseline 
CPM schedule, will result in a much more reliable 
project management tool. The absence of accurate 
TAB and CX activity identification, durations and 
logic ties will result in an inaccurate and unreliable 
baseline CPM schedule.

Other Important Baseline 
Schedule Considerations
In addition to the three areas of focus described 
above, the M/P subcontractor must evaluate the 
activity descriptions, estimated durations and logic 
ties that comprise the flow of the work under the 
subcontract. Duration estimates should be derived 
from the relationship between the quantity of work, 
the number of craft persons assigned to the activity 
and an estimated production rate. The linear feet of 

Figure 4
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piping, number and type of joints, inherent difficulty 
factor (e.g., taking into consideration height above 
the finished floor), and crews to be assigned must all 
be evaluated when the activity duration is estimated. 
Additional considerations include the following.

Developing the M/P Subcontractor’s 
Activity Descriptions

Carefully defining the activity’s description, which 
allows the project team to know what work is 
contained within the CPM schedule activity, is 
a crucial step in preparing a useable and useful 
baseline CPM schedule. Proper activity descriptions, 
in addition to a definition of scope, may include 
locations by floor, area, or phase that further define 
the location of the work. For erection activities, the 
M/P subcontractor should be able to reference the 
activity description in the CPM schedule and then 
locate the scope of work on the contract documents. 
By way of example, an activity description should 
include system type and location, such as: “Install 
CHWS/R Mains from CL 1 – 10 Level 4, Area C.” 
This specific description includes the system type 
(CHWS/R) and the specific location of the work by 
floor and column lines. It is also a good practice to 
limit activity descriptions, and the resulting scopes 
or work, to one primary trade. Thus, mechanical 
piping activities should be separated from plumbing 
activities, and from sheet metal duct installation. 
Developing specific activity descriptions allows the 
M/P subcontractor to better estimate the activity’s 
planned duration and crew requirements in the 
baseline CPM schedule and will also aide in the 
progress reporting in the subsequent schedule 
updates. As a guideline, durations for work 
activities6 should fall in a range of between 3 and 22 
work days, but may be further defined by terms of 
the contract specifications. 

In many cases in which the M/P subcontractor has 
not been involved with the development of the 

baseline CPM schedule, activities such as “MEP 
Ceiling Rough-in” or similarly vague activities, 
frequently appear in the schedule. “MEP” refers to 
“mechanical, electrical and plumbing” system rough-
in work. Such descriptions result in forecasting 
errors in the baseline CPM schedule. In this common 
example, on most projects, the mechanical piping, 
ductwork, plumbing and electrical systems are not 
installed in the ceiling plenums at the same time 
and concurrently in the same building area. These 
sorts of “short cut” activities do not properly define 
the scope of work (in this example, potentially four 
different trades) required by the contact drawings. 

Open Starts and Ends (“Dangles”) 
Within the CPM Schedule Network

Some schedulers improperly prepare a baseline 
CPM schedule as if it were a loosely tied bar chart. 
Usually, in such circumstances, the scheduler ties 
the starts of activities but fails to tie the finishes. 
This represents incomplete logic within the CPM 
schedule and results in unreliable and inaccurate 
schedules. It is a basic tenet of CPM scheduling that 
there can be only two activities that either have no 
predecessors or successors. Those two generic 
activities are “Notice to Proceed” that commences 
the project and “Project Complete” that denotes 
the final finish of the contract work. Other than the 
activities that denote the commencement of the 
overall project and the completion of the overall 
project (notwithstanding what the activities are 
called by the scheduler), with very few exceptions, 
all other activities must have logic ties at the start 
and end of the activity.

In a CPM schedule, there are four possible logic 
ties: finish to start (“F/S”), start to start (“S/S”), finish 
to finish (“F/F”) and start to finish (“S/F”). Within the 
vast majority of construction schedules, all logic 
relationships in the CPM schedule are defined by the 

6	 Shop drawing preparation and procurement activities may have significantly longer durations. 
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first three types; S/F logic ties are very seldom used 
in construction CPM schedules. 

F/S logic ties define a relationship wherein the 
preceding activity must finish before its successor 
can start. S/S logic ties define a relationship wherein 
the preceding activity must start on a date on or 
before its successor (dependent) activity can start. 
F/F logic ties define a relationship wherein the 
preceding activity must finish on a date on or before 
its successor activity can finish. In addition to these 
three basic types of logic ties or restraints, the 
scheduler can impose “lead” and “lag” durations, 
commonly referred to simply as “lag durations.”7 
These lag durations further define the S/S and/or F/F 
overlaps between the predecessor and successor 
activities and, like activity durations, are estimated 
durations of overlap.8 

The three most utilized logic ties appear graphically 
as follows:

In the examples above, the three most common 
CPM scheduling restraints are depicted. In the top 

graphic, the pipe mains must be completed before 
the branch piping can commence (a finish to start 
relationship where pipe mains are the predecessor 
and pipe branches are the successor). In some cases, 
overlapping of work activities may be desirable 
and possible (by the laws of physics and based 
on available crews and equipment). In the bottom 
graphic, a S/S logic tie with lag duration and a F/F 
logic tie with lag duration have been utilized to show 
that 8 work days of the pipe main installation must 
be started before the branch piping can commence 
(a start to start relationship with an overlap, or lag 
duration, of 8 work days). When a S/S logic tie is 
utilized to define the relationship between the start 
dates of two activities, in the vast majority of cases, 
a F/F logic tie must also be utilized. The F/F logic tie 
prevents the successor activity from finishing before 
the predecessor activity completes, with an overlap 
in this example of 4 work days. If the F/F logic tie is 
omitted and in the presence of an impacting event, 
it may be possible for the pipe mains to finish later, 
or in some cases significantly later, than the branch 
piping that connects to the mains. Also, unless a 
separate logic tie is introduced into the schedule, 
the pipe main installation activity would be an 
“end dangle,” also called an open end. If the pipe 
main installation activity is not tied from its finish to 
another logical activity, such as to the finish of the 
branch piping in the same area, then the finish float 
value of the pipe main activity will be unrealistic.

The omission of a F/F logic tie in the presence of 
a S/S logic tie between two related activities is 
the most frequently committed technical error in 
CPM scheduling. The M/P subcontractor should, 
to the fullest extent possible, review the baseline 
schedule to ensure that complete logic is depicted, 

7	 “Lead” durations are placed on S/S relationships and “lags” are placed on F/F relationships. It is generally improper to place a lag duration on a F/S re-
lationship. Such cases usually represent the scheduler’s attempt to define, for example, a concrete curing duration or some other place holder. In virtually 
every case, a F/S relationship with a lag implies that the scheduler has failed to define the event, such as procurement of an item or concrete curing, that 
could better be defined as a discrete activity within the CPM schedule. 

8	 Another derivation of the common lag is called a negative lag and is allowed by certain scheduling software systems. The use of negative lags to 
define activity overlaps is discouraged since lead durations on S/S relationships may be different from lag durations on F/F relationships, and these lead 
and lag durations affect total float in the CPM schedule. 
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as described above. The absence of proper 
and complete logic ties will most likely result in 
inaccurate schedules, and unreliable results when 
the schedule is progressed and when TIAs are 
introduced into the schedules to quantify the effects 
of changes in scope and other delaying events.

Contractual Considerations 
Regarding the Baseline CPM Schedule 
for the M/P Subcontractor

Some contracts require that the prime/CM receive 
from each major subcontractor a “sign off” signifying 
approval of the baseline schedule so that this 
record of acceptance can be provided to the 
owner. The M/P subcontractor should not sign off 
with an approval of a baseline schedule until that 
schedule has been thoroughly vetted by the M/P 
subcontractor. If the M/P subcontractor does not 
possess the technical scheduling experience to 
perform a detailed review of the project baseline 
schedule, a construction scheduling expert or 
consultant should be retained to assist in the review 
process. From time to time, subcontracts between 
the prime/CM and the M/P subcontractor contain a 
“mutually agreed-to schedule” clause. Such clauses 
can be very helpful to the M/P subcontractor. A 
“mutually agreed-to schedule” clause means that 
the prime/CM expressly commits to expend its best 
efforts to develop a CPM schedule that is mutually 
agreed to with other contractors, such as the M/P 
subcontractor, as to activities, logic ties including 
crew restraints, and performance dates. In the 
absence of such a clause and during subcontract 
negotiations, the M/P subcontractor should 
negotiate with the prime/CM to have this important 
requirement added to the final contract documents. 
The requirement to produce a “mutually agreed-to 
schedule” is in the best interests of the prime/CM 
and the M/P subcontractor.

On some projects, agreements are made that affect 
the subcontract price and timing of certain facets 
of the work. A very common example of such an 

agreement is a commitment by the prime/CM to 
withhold the erection of interior non-bearing or non-
fire rated partitions (masonry and/or stud walls) until 
some measurable portion of the M/P subcontractor’s 
overhead piping mains and/or branch piping 
has been installed. It is a well-known fact in the 
industry that when interior walls are erected prior 
to the installation of overhead mechanical and 
plumbing piping systems, the M/P subcontractor’s 
labor productivity suffers a decline. When interior 
partitions are erected in a wholesale fashion before 
overhead piping systems are commenced, the 
loss of labor productivity and time impacts can be 
substantial. Because of this fact, and in the presence 
of a sequencing agreement as described above, the 
M/P subcontractor must carefully review the baseline 
CPM schedule to ensure that the logic restraints 
that reflect this sort of agreement are present, and 
correctly linked, in the schedule. This sort of restraint 
could appear as shown in the following example:

In this example, the CPM schedule logic reflects 
the agreement that mechanical piping mains must 
“lead” the start of the dependent non-fire rated 
wall erection by, in this example, 10 work days, and 
that the dependent non-fire rated partitions must 
“lag” the finish of the pipe mains by 5 work days. 
The lead and lag durations are very important and 
should be reached by mutual agreement between 
the M/P subcontractor and the prime/CM. Obviously, 
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the example above can be modified and applied 
to plumbing piping, sheet metal duct, electrical 
feeders, or other affected activities. 

Shop Drawing, Engineer’s Review, 
and Procurement Activities in 
the Baseline CPM Schedule

In addition to installation activities, the M/P 
subcontractor should consider incorporating its 
shop drawing or submittal package development, 
the owner’s review of the shop drawing or submittal 
package and the procurement (manufacturing and 
delivery) activity that precedes the installation of 
equipment or material items such as chillers, boilers, 
air handling units, pipe supports, piping, and piping 
appurtenances. These procurement activities 
should commence in conjunction with the notice to 
proceed, or in conjunction with the appropriate BIM 
step in the coordination process. 

The activity durations for the preparation of the shop 
drawings or submittal package and the durations 
for the fabrication and delivery of equipment 
and materials should be derived from, or at least 
verified with, the vendors. To the extent that certain 
stages in the BIM coordination process affect when 
submittal preparation or procurement activities can 
occur, these logic restraints must be present in the 
baseline CPM schedule. Most construction contracts 
provide a minimum duration that the contractor 
must allow to the designers/engineers for review 
of the contractors’ shop drawings. These minimum 
durations should be included in the baseline 
schedule for the “review and approval” activity in the 
procurement logic. In some cases, as with complex 
mechanical and plumbing systems, a resubmittal and 
a re-review set of activities should be considered 
within the baseline schedule in order to provide a 
more realistic overall duration to obtain acceptance 
of such submittals.

Obtaining the Baseline CPM 
Schedule from the Prime/CM

Obviously, it benefits every trade on a construction 
project when the prime/CM provides the complete 
CPM schedule for a thorough review and comment 
session. The most effective means to accomplish a 
trade contractor’s review of a CPM schedule is for 
the prime/CM to provide the native scheduling file 
to any of the subcontractors who have the means 
(internally or through a scheduling consultant) to 
read a native schedule file. Two of the most widely 
utilized scheduling software systems, Primavera and 
Microsoft Project, export the complete schedule 
files in formats that can be opened and reviewed on 
computers that utilize those software systems.

Only by having the native schedule data file can a 
complete and thorough review of the durations and 
logic be performed.9 While some prime/CMs have 
corporate policies that prevent the field management 
staff from sharing the native schedule files with the 
subcontractors, this is counterproductive and does not 
represent a cooperative approach to utilize one of the 
most important management tools on the project—
namely the CPM schedule. It is unfortunate that 
many prime/CM’s take the position that the baseline 
CPM schedule and the subsequent updates, in their 
native forms, constitute proprietary information that 
cannot be shared with the prime/CM’s partners on the 
project—the various the trade contractors. 

In cases where the M/P subcontractor has the 
capability to open and read the native scheduling 
program files, and wishes to perform a thorough 
schedule review on a project, a request for the 
native scheduling files should be made, in writing, 
to the prime/CM. This request letter should be 
positive and constructive. In the cases where the 
prime/CM refuses to provide the native schedule 
files, and instead only provides static PDF “pictures” 

9	 Although it may be claimed that a thorough logic review can be performed utilizing only a tabular report, on larger projects, this is highly impractical 
and overly burdensome and may, in fact, be an impossibility. 
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of the schedule or portions thereof,10 the M/P 
subcontractor should object in writing, asserting that 
the only means of fully analyzing a CPM schedule, 
with its myriad of logic ties and potential lag values, 
is by use of the native schedule files.

Unfortunately, when the prime/CM refuses to provide 
to the M/P subcontractor the native schedule files 
(assuming that there is no contractual requirement for 
these files to be provided to the trade contractors), 
the only non-litigious step the M/P subcontractor 
can take is to document this action in writing, taking 
strong but professional objection to this obfuscation 
of the project CPM schedule. In cases where the 
prime/CM refuses to provide reasonable access to 
the CPM schedule, the M/P subcontractor must put 
the prime/CM on written notice at the outset of the 
project and with each schedule update, requesting 
the native schedule files in order to perform a 
competent review of the baseline CPM schedule and 
the subsequent updates. If the M/P subcontractor 
can determine, from the printed (PDF) versions of the 
schedule that may be provided by the prime/CM, that 
the schedule is incorrect as to activities, durations, 
float values and/or dates, the M/P subcontractor 
should notify the prime/CM, in writing, that the 
schedule is not acceptable. The M/P subcontractor 
should also request meetings to review the schedule 
and to offer corrective suggestions so as to assist 
the prime/CM with the preparation of an acceptable 
baseline CPM schedule.

Early Finish in the Baseline 
CPM Schedule

The contract documents on most construction 
projects contain an overall project completion 
date11 by which the work must be substantially 
complete. Often, the contact contains a liquidated 

damages provision whereby the owner may assess 
a stipulated amount for each calendar day the 
project is inexcusably delayed beyond the contract 
completion date. The M/P subcontractor should 
determine the contractual finish date of the project 
and know the amount of liquidated damages that 
may be assessed for certain kinds of delay. 

Some prime/CMs employ a strategy to reduce the 
bid or proposal price of the project by preparing a 
baseline schedule that contemplates completing the 
work earlier than the required contract completion 
date. This strategy reduces the number of weeks 
or months a prime/CM plans to expend field and 
home office overhead costs, which on some 
projects are substantial. This is called an early finish 
schedule. Such schedules can impose upon the M/P 
subcontractor a finish date that is earlier than the 
project completion date shown in the contract. If the 
baseline schedule has been prepared cooperatively, 
then the prime/CM will have shared this strategy 
with the M/P subcontractor so that the work can be 
planned within the early finish schedule. This early 
finish schedule may require expedited delivery of 
equipment and materials, added crews and/or the 
use of overtime. In any event, the M/P subcontractor 
should carefully review the baseline schedule to 
ensure that the project completion date(s) comport 
with those contained in the contract, or those which 
have been agreed upon between the prime/CM and 
the M/P subcontractor at the outset of the project.

In cases where the M/P subcontractor has not been 
involved in the development of the baseline CPM 
schedule, and where the prime/CM has unilaterally 
included an unacceptable early finish date for the 
work, the M/P subcontractor should notify the prime/
CM accordingly. If the early finish schedule could 
result in added costs to the M/P subcontractor, the 

10	 It has become a standard practice in the industry for the prime/CM to only provide to the trade contractors PDF images of the schedule or portions 
thereof, and in many instances, the late start and finish dates and total float values are suppressed in the PDF schedule snapshots. This sort of limited 
schedule presentation gives the reviewer little or nothing to use as a means to evaluate logic ties, lag values, late dates, and float values.

11	 The contract may contain other required completion dates on interim milestones or specific phases of the work and the M/P subcontractor should be 
aware of all contractually required finish dates. 
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prime/CM must be notified in writing of the potential 
for such unanticipated and added costs, and that a 
request for equitable adjustment will be submitted at 
a future date to recover these costs. 

The M/P subcontractor should also evaluate the 
risk of not being able to recover the costs of delay 
to an early finish schedule prepared by the prime/
CM. While there have been reported cases that 
support a contractor’s right to finish earlier than 
a contract finish milestone date, and to recover 
extended general condition costs for otherwise 
compensable delays to that early finish date, in many 
instances the owner will refuse to recognize this 
right to finish early and will consider the duration 
between the contractor’s scheduled early finish and 
the contractual finish date as total float which can 
be used by either the owner or the contractor with 
impunity. The M/P subcontractor should consider 
the potential financial risks versus the rewards of 
submitting an early finish baseline schedule.

Documenting Issues with the 
Prime/CM’s CPM Schedule 

Most subcontracts between a prime/CM and a 
M/P subcontractor require that notices of potential 
impacts be transmitted in writing and within a 
specified period of time. Such requirements 
extend to scheduling issues, such as the absence 
of a reliable schedule, or in the case that the M/P 
subcontractor’s review of the prime/CM’s schedule 
reveals substantial defects that prevent the M/P 
subcontractor from accepting the baseline CPM 
schedule. It is recommended practice that the 
M/P subcontractor respond in writing to each and 
every schedule submittal provided by the prime/
CM to the M/P subcontractor, which include draft 
schedules, the baseline CPM schedule, and each 
and every update to the baseline CPM schedule. 
Such evaluations and notices of deficiencies 

should be written in a constructive fashion and 
should include specific examples of unacceptable 
scheduling practices that can include: 1) missing 
or incorrect activities; 2) unrealistic activity 
durations; 3) improper sequencing (e.g., lack of crew 
restraints, out of sequence work); 4) questionable 
total float values; 5) inaccurate progress reporting 
in the updates to the baseline schedule; and 6) 
the absence of the schedule itself (i.e., when the 
schedule is not provided to the M/P subcontractor). 
As previously noted, all requests for schedule data, 
including requests for the native schedule electronic 
media, should be in writing. 	

In some cases, even when the prime/CM refuses 
to provide the native electronic scheduling files or 
even sufficiently detailed and complete print-outs 
of the schedule, the M/P subcontractor may be 
able to determine that the schedule is defective. 
In this event, the M/P subcontractor should notify 
the prime/CM, in writing, that the schedule is not 
acceptable. Even when the M/P subcontractor 
cannot ascertain the reasonableness of the prime/
CM’s baseline CPM schedule due to the lack of 
sufficient data, the M/P subcontractor should notify 
the prime/CM, in writing, that a thorough schedule 
review has not been possible, accompanied by a 
reservation of rights to recover any damages that 
may arise from attempting to adhere to the CPM 
schedule. 

The M/P subcontractor must carefully read all 
provisions of the contract documents, giving 
consideration to the notice provisions and any 
waiver language that may appear within the contract 
or that is included in change order forms or within 
the payment application documents.12 Notifications 
of potential or actual schedule and/or cost impacts 
must be transmitted to the appropriate party or 
parties in strict accordance with the applicable 
provisions of the contract. To the fullest extent 

12	 Examples of waiver language, such as change order “full accord and satisfaction” clauses and payment application waiver language, are addressed in 
other chapters within this publication. 
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possible, the M/P subcontractor should confirm that 
that prime/GC is timely forwarding the scheduling 
and cost impact notices and REAs to the owner, 
in accordance with the contract provisions, so as 
not to waive the M/P subcontractor’s rights to an 
equitable adjustment in the event that the impact is 
an owner-caused event. Also, the M/P subcontractor 
should encourage the prime/GC to avoid signing 
unmodified13 contract documents such as change 
order forms and monthly payment applications that 
may contain waiver language. 

Even when the prime/CM does not respond to 
the M/P subcontractor’s notifications and/or 
TIAs, such non-responsiveness does not relieve 
the M/P subcontractor of its contractual duties 
and responsibilities. In cases where the M/P 
subcontractor detects that the CPM schedule 
(baseline or updated) has been modified and is 
thereafter directed to proceed with changed work 
scopes or sequencing14 that the M/P subcontractor 
believes may, or will, adversely affect its timing 
and/or costs, before proceeding with the revised 
schedule the M/P subcontractor must provide proper 
and timely notice of such conditions. 

Management of a construction project requires 
vigilance by the M/P subcontractor as to the timing 
and sequence of the work. That requirement of 
vigilance extends to the development and use of 
the CPM schedule. In addition to the comprehensive 
CPM schedule, many prime/CMs also utilize short 
interval schedules, usually of two, four or six 
weeks in duration, Lean® project control methods, 
and scheduling “pull” planning sessions. These 
management methods can be effective in focusing 
the construction team on near term control of the 
construction process. However, in no case should 

these complementary project control methods 
replace the overall project CPM schedule or the 
periodic updates to the total project CPM schedule. 
Only by the use of the updated, total project CPM 
schedule can time impacts be reliably computed 
and assessed in terms of their potential impact to 
interim milestones or to the final completion date 
of the project. It is essential to maintain the total 
project CPM schedule in an accurate and updated 
condition in order to comply with most contract 
scheduling requirements, and to provide for total 
project progress and impact analyses, the latter of 
which cannot be accomplished in the absence of an 
updated, reliable, and comprehensive CPM schedule 
that depicts the entire project scope of work. 
The absence of vigilance on the part of the M/P 
subcontractor with regarding to the CPM schedule 
will often come at a substantial cost.

Conclusion
The CPM schedule is one of the most dynamic, 
collaborative and vital project management tools 
available to the construction team. It does not profit 
the construction team for the prime/CM to refuse to 
distribute the CPM schedule in its native form to the 
larger trade contractors. However, this appears to 
be the norm in today’s construction marketplace, not 
the exception.

As such, the M/P subcontractor must be proactive 
regarding the development and use of the project 
CPM schedule. Should the M/P subcontractor ignore 
the schedules provided by the prime/CM and offer 
no written responses to the prime/CM’s schedules, 
fail to request the complete schedule in writing, fail 

13	 In some cases, and in the presence of waiver language on contract forms, the M/P subcontractor should attempt to have the prime/GC utilize revised 
language that reduces the M/P subcontractor’s risks, and/or provide any qualifying information, such as a listing of unexecuted scope changes on payment 
application forms that contain restrictive language. This is a very important issue that should be addressed by the M/P subcontractor’s construction counsel. 

14	 Most contracts allow the prime/CM to direct the M/P subcontractor to perform added or changed work prior to the execution of a change order. While 
in most cases the M/P subcontractor must proceed with this modified work, the prime/CM must be notified in writing that the prosecution of the modified 
work is being performed under protest and that a request for equitable adjustment will follow as soon as the time and/or cost impacts can be ascertained. 
Note that the resulting impacts can include a loss of labor productivity. 
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to follow the schedule when possible or to notify the 
prime/CM when adherence to the schedule is not 
possible or not practicable, the M/P subcontractor 
will be diminishing the ability to protect its 
contractual position and its planned profitability. The 
M/P subcontractor should attempt to convince the 
prime/CM of the value of using the CPM schedule as 
a cooperative and powerful management tool. In the 

absence of cooperation by the prime/CM regarding 
the distribution and use of the CPM schedule, 
the M/P subcontractor must take all reasonable 
precautions, in a timely and professional manner, to 
advise the prime/CM of the potentially deleterious 
results that may be arise from its conduct regarding 
the CPM schedule.

Prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp. with peer review performed by: Robert Beck, President of John 
W. Danforth Company in Tonawanda, NY; Charles F. Mitchell, General Counsel of The Kirlin Group in Rockville, MD; Richard Freeman, Vice President of 
Stromberg Metal Works, Inc. in Beltsville, MD; Robert Turner, President/CEO of Tucker Mechanical, An EMCOR Company in Meriden, CT; and Robert N. 
Lindbloom, Account Executive at Apollo Mechanical Contractors in Tigard, OR.
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Executive Summary
The critical path method (CPM) schedule is an 
essential management tool to assist all construction 
team members with achieving a timely completed 
and financially successful project. For all of the 
construction team members, consisting of the 
construction manager, prime or general contractor 
and all major subcontractors, to fully participate in 
the planning and scheduling of the project, each 
construction team member should have access to 
the native schedule files that comprise the baseline 
and the updated native CPM schedule files. During 
the course of a construction project, the parties may 
encounter differing conditions, disruptions, delays 
and other circumstances that can adversely affect 
the schedule and the profitability of a project. When 
such events occur, the project team must have a 
useable tool to demonstrate cause-and-effect, and 
to provide a means of mitigating the sorts of impacts 
that can erode profit and lead to construction claims.

The CPM schedule is one of the primary tools to 
accomplish impact quantification, and potentially, 
mitigation of those or other impacts. This chapter 
sets forth suggested means for a subcontractor to 
acquire the native CPM schedule files, and then 
to use those data to evaluate the project plan, to 

quantify the impacts of changes to the plan and to 
consider mitigation efforts. The chapter contains 
descriptive sections covering: (1) important concepts 
of schedule review; (2) definition of terms such as 
total float and false float; and (3) the importance of 
other schedule-related topics such as crew restraints.

Many contract documents require contractors to 
provide specific types of time impact analyses 
which are based on the current project schedule. 
This chapter will discuss how, even in the absence 
of receiving access to the master schedule, a 
contractor can provide notice, and quantification, 
of delaying events so as not to waive important 
contractual rights. Additionally, this chapter will 
offer suggestions as to how the sharing of the 
native CPM schedule files can be accomplished, 
and why this process of data sharing is so vital 
in promoting cooperation and trust between the 
parties to a construction contract. The suggestions 
and examples contained below will assist all 
contractors in reviewing the project schedule, 
identifying and quantifying impacts, meeting the 
time impact analysis requirements contained in 
many construction contracts, and preserving rights 
to relief should impacts occur.

The Importance of Obtaining 
the Prime Contractor’s Native 
CPM Scheduling Files1

1	 Obtaining a subcontractual commitment from the prime contractor for it to provide the full project schedule as early in the pre-construction planning 
stage as possible is vital to project success. 
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History and Background

By the end of the 1960s, the influences of the 
various government construction agencies such 
as the U.S. Army Corps of Engineers, the General 
Services Administration, and the Department 
of Veterans Affairs had set the standard in the 
construction industry for the development and 
updating of CPM schedules.2 During the 1960s 
and much of the 1970s, CPM scheduling programs 
were processed on mainframe computers, many 
using punch cards. By the early 1980s, the advent 
of more widely available personal computers and 
personal computer-based scheduling software 
placed CPM scheduling technology in the hands of 
most larger construction management agencies and 
the contracting community. Also during this early 
period between 1960 and 1980, CPM scheduling 
specifications became much more advanced and 
sophisticated. Many specifications required cost 
and resource loading,3 and importantly, contained 
requirements for delay time impact analyses.

Both public and private construction management 
entities, as well as the contracting community 
overall, generally became familiar with scheduling 
terms such as the: forward and backward pass, early 
start and finish dates, late start and finish dates, 
total float, negative float, critical path, secondary 
critical path, concurrent delay and controlling critical 
path delay. Analysis methodologies such as as-
planned versus as-built, windows, collapsed as-
built, windows analyses, and time impact fragnets4 
entered the construction vernacular. There was, 
however, no consistent utilization and application 

of these terms, particularly in the early use of CPM 
scheduling methodologies and schedules. As a 
result of these varied, sometimes inconsistent, terms 
and methodologies, in 2011 the Association for the 
Advancement of Cost Engineering International 
published its Recommended Practices for the 
development and analysis of CPM schedules, along 
with a glossary of standardized schedule terms and 
definitions, which remain in publication as of the 
date of this publication.5

As CPM scheduling has become a general 
requirement throughout the construction 
industry on the vast majority of projects, contract 
specifications for the development, updating and 
use of the schedule have become more elaborate 
and detailed. Most specifications on larger and 
more complex projects began to require CPM 
schedule-based analyses and quantifications of 
alleged project delay. Likewise, by way of prime 
contract or subcontract provisions that began to 
appear, claimants were given time limits by which 
the claimant must provide its notice, and its time 
impact quantification, to the governing party (e.g., 
the construction manager or owner).

As a further refinement, contract clauses began 
to require a contractor to prepare and submit time 
impact analyses (TIAs)6 demonstrating the effects 
of scope changes or other impacts on the dates 
in the then-current schedule (i.e., schedule update 
closest to the identification or commencement of the 
impacting event). Such requirements are prevalent 
in many of today’s contracts. Failure to submit the 
required time impact analyses within the specified 

2	 CPM scheduling is the process by which construction managers divide an overall project into discrete activities and then link those activities into a 
logical sequence, called the network, to demonstrate how the project will be completed.

3	 Competent CPM scheduling software generally allows the user to input the craft and equipment levels required to accomplish the project. By “re-
source loading” the schedule, the user can produce craft and equipment usage curves that demonstrate the quantity of resources that the project will 
require plotted over the timeline of the schedule.

4	 Fragnet: a fragmentary portion of a CPM schedule network designed to demonstrate impacted activities arising from changes in scope, differing site 
conditions or other events that impede the progress of a contractor.

5	 See, AACE International, Recommended Practices, Publication 29R-03, “Forensic Schedule Analysis”, dated April 25, 2011.

6	 TIA: a time impact analysis demonstrating impacting events in a CPM schedule, equivalent to a fragnet analysis. For more information regarding the 
development and analysis of TIAs, refer to the chapter titled: “Time Impact Analysis – Measuring Project Delay.”
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time frames, which are often quite short, may result 
in a waiver of rights.

Such requirements were often placed upon the 
prime, or general contractor, through the prime 
contract (or in the case of public contracts, 
applicable regulations and regulatory clauses). The 
practice of flowing these requirements down to the 
lower-tier subcontractors has become commonplace 
in the construction industry.

As scheduling specifications evolved during the 
1970s and 1980s, contract scheduling requirements 
on most larger projects defined a “preliminary 
schedule” that would cover the first 60, 90, or 
120 days of a project, followed by a detailed CPM 
schedule that would define how the entire project 
would be constructed within the time frames set 
forth in the contract. The detailed, full project CPM 
schedule, also known as the as-planned or baseline 
project CPM schedule, could consist of many 
hundreds or thousands of discrete activities, all tied 
together by schedule logic to demonstrate how the 
project would be timely and efficiently constructed. It 
was not unusual for a prime or general contractor to 
require the involvement of the major subcontractors 
in the development of the initial baseline, or as-
planned CPM schedule, and in the progressing 
of the schedules during the (normally) monthly 
updating process.7

Similarly, when delay occurred on the project, 
and specifically when delays impacted particular 
subcontractors, the prime or general contractor 
would require, per the applicable terms of the 
prime and/or subcontract, that the affected 
subcontractor(s) timely submit TIAs, or fragnets, in 
a form consistent with the contract’s specifications. 
The prime contractor would then submit those TIAs 
to the owner to demonstrate the effects of project 
impacts, usually by first inserting those TIAs into the 

overall project schedule to quantify the time effects 
of changes to the contract scope.

In addition to delay analyses, during the period up 
to the late 1990s, the prime or general contractors 
would often share CPM schedule updates or schedule 
revisions with the major subcontractors to receive their 
concurrence and insight prior to the commencement 
of the project, or early in the mobilization stage. It 
was often the usual practice for the prime or general 
contractor or the construction manager8 to post and/
or distribute complete CPM schedule printouts to the 
major subcontractors for their review and input and 
to have schedule review and coordination meetings 
to update, adjust and revise the schedule. CPM 
scheduling was, for the most part in the period prior 
to the late 1990s, a relatively cooperative venture 
between the primes and the major subcontractors. 
Particularly with the increasing availability of both 
personal computers and CPM scheduling software 
that occurred in the late 1980s, larger subcontractors 
would often be given the overall project schedule 
updates in “native”9 scheduling software formats so 
the schedule files could be viewed and analyzed by 
the subcontractors on their own computer systems 
in “real time.” That practice formed a bond between 
the prime or general contractors and their larger and 
more sophisticated subcontractors and demonstrated 
a level of trust that one would expect between team 
partners who had the common goal of successfully 
and timely completing a construction project.

That degree of alliance has, however, seemingly 
eroded with the passage of time. Now, that level 
of trust and cooperation has often significantly 
atrophied in the modern era of construction and 
scheduling issues. As discussed in this chapter, 
the primary author who represents both prime and 
subcontractors (as well as the occasional owner/
developer), have seen a significant increase in 

7	 This is a practice the authors generally advocate for both the prime contractors and subcontractors.

8	 The terms “prime contractor,” “general contractor,” and “construction manager” are used interchangeably for purposes of this chapter.

9	 The definition and importance of “native” scheduling software files are explained in detail in the following section of this chapter.
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two concepts: 1. the prime contractor’s refusal to 
provide the native format files to the subcontractors 
(i.e., not just a partial or look ahead .pdf file10 
containing a static portion of the schedule); and, 
occasionally, 2. the prime contractor’s creation of 
different schedules; one version to the owner and a 
different version to the major subcontractors. These 
inconsistent versions of what is often the same 
schedule, routinely contain logic, float calculations 
and durations that are materially different. This 
has resulted in a substantial area for litigation and 
dispute resolution in the construction industry. 
While not necessarily avoidable in this heated arena, 
it is mitigatable if the parties work together and 
share the full panoply of available, accurate and 
contemporaneous data.

What is a Native Schedule File 
and Why is it Important?

Virtually all non-generic software packages, such 
as those that perform or support word processing, 
spreadsheets, estimating, engineering and 
scheduling, are written in a particular software 
language that requires the user to own or license 
the applicable software package in order to read 
its data files. This principle applies to the CPM 
scheduling software systems available for purchase 
or license today. They typically require the user to 
acquire the software package in order to develop, 
and to read, schedules produced by that software. 
As prime contractors frequently refuse to provide to 
their subcontractors with access to the actual “live” 
schedule files, the project schedule is often reduced 
to “snapshots” of parts of the schedule in the form 
of .pdf files. See, e.g., Figure 1. In the vast majority of 
cases, that “image” or graphic representation of the 
schedule does not contain or disclose all of the data 
comprising the schedule. In order for a contractor 

(or its scheduling consultant/personnel) to review 
the details of a computerized CPM schedule, it is 
necessary for them to have the scheduling software 
package itself and the native CPM scheduling file. 
Simply put, the native CPM scheduling file is a “live” 
database containing all the data that forms the 
schedule, including the actual CPM connective logic.

Figure 1 shows a typical .pdf file “snapshot” of a project 
schedule showing only selected activities in a static bar 
chart format. This static picture of the schedule does 
not show the subcontractor the late start and finish 
dates, total float, progress, or the logic relationships11 
that create the full, native CPM schedule file. Nor 
can the subcontractor choose the time window or 
particular activities that will appear in the schedule 
report. Without these vital data, a subcontractor usually 
cannot perform a competent analysis of the overall 
schedule, or even of its own full set of activities.

Scheduling software packages produce CPM 
schedule files in the “native” computer language 
of the software system. For a subcontractor to 
have full access to a CPM schedule produced by 
the prime contractor or construction manager, the 
subcontractor should have both the software system 
used to create the schedule and the “native” CPM 
schedule file that contains all the data of a particular 
project schedule.

As previously noted, these native schedule files 
can contain such data as the schedule’s: activity 
descriptions, special activity codes such as by 
area, phase or trade, original planned durations, 
current remaining durations, progress percent 
complete, early start and finish dates, late start and 
finish dates, and total float. In addition, the native 
schedule file will contain the logic of the schedule; 
the connectors that tie the schedule together to set 
forth precedent activities and follow-on dependent 
activities. This is crucial information that must be 

10	 Referring to Portable Document Format (PDF), an Adobe product.

11	 For more information on typical CPM schedule logic relationships (logic ties) and schedule development, refer to the chapter titled: “Integrated, Coop-
erative, and Collaborative CPM Scheduling…a Roadmap to Success.”
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available to the analyst if the schedule is to be fully 
reviewed, utilized and from time to time, revised 
to allow the schedule to reflect the current plan to 
construct the project.

Often, when a subcontractor asks of a prime 
contractor to be provided with the prime’s CPM 
schedule, the subcontractor will only receive a 
graphic, static picture (a .pdf file) of all or a portion 
of the CPM schedule applicable to that subscope 
of work. While such images of the schedule can 
be helpful, they usually do not contain depictions 
of the logic in the schedule (i.e., how the items 
are interconnected and logically tied together), 
particularly with other trades, and many times, do not 
contain the late start and finish dates of activities or 
total float values of activities. Even where the logic 
and ties are depicted, they are often difficult, if not 
impossible, to read in .pdf format as these ties run over 
other activities and across multiple pages. Without 
knowing the late dates, total float values, and logic 
ties contained in the CPM schedule, it is difficult if not 
often impossible, for a subcontractor to perform any 
detailed or probative analysis of the CPM schedule. 
This can impact the “up front” planning of its work, 

the preparation of TIAs (or fragnets) for submission 
in the event of a claim for extended performance, 
acceleration or other similar requests, determining 
how a changed condition may impact the schedule of 
the subcontractor’s work, and other like concerns.

Without access to the prime contractor’s 
contemporaneous complete, native schedule files, 
no full and competent review can be made of the 
prime contractor’s CPM schedule. In cases where 
the subcontractor is prevented from performing 
a thorough review of the prime contractor’s CPM 
schedule due to the absence of the native schedule 
files, this effectively prevents the subcontractor from 
accepting the prime contractor’s schedule. This is 
the condition that is so frequently faced today on 
many construction projects. The refusal by a prime 
contractor to provide the native schedule files 
negatively affects the overall project planning and 
can prevent the efficient use of time and labor, and on 
the relationship between the prime contractor and its 
subcontractors. In fact, this condition may significantly 
increase the likelihood of litigation, particularly 
between the prime and its major trade subcontractors.

Figure 1
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A Paradigm Shift in the Prime-to-
Subcontractor Relationship

As CPM schedule-based claims have grown in 
number, complexity and importance, and particularly 
as to contentious matters between prime contractors 
and their subcontractors (particularly those 
subcontractors that have developed the skills to 
analyze a CPM schedule), prime contractors began 
to withhold the native CPM schedule files from their 
subcontractors. No longer were the subcontractors 
provided with the native CPM schedule files, as 
prime contractors did not want to be taken to task 
with the very schedules that they had prepared 
in the first place. As a result, beginning in the late 
1990s, to the extent any schedule data was provided 
to subcontractors, it was typically piecemeal and 
incomplete, often omitting vital data such as the 
CPM schedule logic relationships, total float values, 
late start and finish dates, and other data that could 
be used to identify schedule errors and to identify 
and quantify possible delays. As noted previously, 
most schedule files provided by the prime contractor 
to its subcontractors were usually in the form of 
static .pdf files.

Subcontractors were also being provided with 
highly edited, or abbreviated, versions of the 
project schedules that were usually limited to only 
the subcontractors’ scopes of work showing only 
planned durations and early start and finish dates, 
and without showing the interplay of that trade’s 
activities with those of other trades or float values. 
As this practice evolved during the late 1990’s 
and into the present, many prime contractors 
have developed formal (or informal) policies that 
native schedule files shall not be provided to any 
subcontractor for any reason. This is the state of 
construction scheduling between many prime 
contractors and their major subcontractors in 
today’s marketplace. This policy of denying the 
subcontractor the native schedule files may form a 
breach of the contract and may actually result in an 
increase in the frequency of construction claims.

As the use of the CPM schedule as a time impact 
and litigation tool has developed to higher levels, 
some prime contractors have developed a strategy 
to abandon, at the project level, the use of CPM 
schedule updates in favor of “pull planning,” “Lean 
Management,” “Last Planner,” or short interval 
schedule techniques, while maintaining the detailed 
CPM schedule updates solely for submission to 
the construction manager or owner. Such non-
CPM schedule methodologies usually do not meet 
the standard time management (e.g. scheduling)
requirements contained in the owner-contractor 
prime contract, but often times the owner or its 
agents do not perform on-going reviews of the 
prime contractor’s CPM schedules to identify that 
the detailed, total project CPM schedule has been all 
but abandoned.

While these newer scheduling and management 
techniques may have certain perceived benefits 
on the project site to address short-term planning 
and scheduling, the results of these methods are 
rarely, if ever, incorporated into the overall project 
master CPM schedule (i.e., the update current at the 
time of the planning session). That fact results in 
the effective maintenance of two relatively parallel 
schedules which may have little or nothing to do 
with one another. One being the detailed, total 
project CPM schedule that the prime or general 
contractor provides to the owner, and the other 
being a short interval-type schedule, usually in 
the form of a graphic summary bar chart or Excel 
spreadsheets showing limited data, that contains 
work planned for the near term. Thus, as to the 
detailed baseline CPM schedule, once the original 
schedule is published, creating a “now you see it, 
and now you don’t” scenario for subcontractors. 
From the early stages of many projects today, once 
the baseline schedule is issued, it is never seen 
again at the project level, it is stamped or marked 
the equivalent of “Top Secret” and viewed only 
by the owner or its agents. It also frequently fails 
to take into consideration the impacts and events 
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happening at the subcontractor level, where the 
vast majority of the actual work is being performed.

This perceived pattern of conduct leads to a key 
question based on the way subcontract terms and 
requirements are being faced today: “If my firm is 
required to review and comment upon the prime 
contractor’s CPM schedule and/or must submit a TIA 
(or fragnet) timely to pursue a claim for additional 
time or time-related costs, how can that be done 
competently if my firm does not have the full 
schedule in the form of the native files?” This is a 
valid question and a very important one. This is also 
a double-edged sword that often cuts only one way. 
First, as noted, the subcontractor cannot perform a 
competent CPM schedule review or a time impact 
analysis without full access to the complete project 
schedule in its native format. Second, however, 
the refusal of the prime contractor to provide the 
needed schedule data to the subcontractor may 
not exculpate the subcontractor from contract 
requirements for time impact schedule analyses 
based on the project CPM schedule. Assuming 
the subcontractor fails to submits its TIA in the 
format and time frame required by the contract, 
an inadvertent waiver of rights could be the 
unfortunate result.

Thus, the question that is begged by this present 
condition in the construction industry is, “what 
is a trade contractor to do?” Starting with the 
negotiations that precede the execution of each 
subcontract (or in today’s world the master or task 
order contract), it is a best practice to include 
express requirements that the prime contractor 
provide the subcontractor with the native CPM 
schedule files for the baseline schedule and each 
update thereto. This entails adding language in 
the subcontract document itself, along the line of 
the following:

Prime Contractor will provide to (Subcontractor) 
a complete copy of the project baseline 
schedule and all updates thereto in the form of 
the Prime Contractor’s scheduling software’s 

native file format. All schedule files will contain 
the complete content of the CPM schedule. 
Prime Contractor’s native schedule files will 
be transmitted to Subcontractor commencing 
promptly upon preparation and issuance of the 
preliminary or baseline CPM schedule to the 
Owner and such provision to Subcontractor will 
continue throughout the entire project duration 
for each revised and/or updated schedule 
prepared thereafter.

If the prime contractor refuses to accept such 
language, an alternative, albeit less effective, 
approach is to include in the subcontract a 
requirement for the prime contractor to develop a 
“mutually agreed to” baseline schedule and progress 
updates. Also, a clause that ensures that the 
subcontractor’s activities, logic ties and durations will 
be included in the prime contractor’s CPM schedule 
can also provide a means for the subcontractor to 
influence the prime contractor’s schedule. However, 
without the prime contractor’s native schedule 
files, it will be difficult, if not impossible, for the 
subcontractor to audit how the prime contractor has 
inserted the subcontractor’s scheduling information 
into the overall project CPM schedule.

As with the above-discussed schedule requirements, 
it is also important that all such clauses appear 
in the subcontract document. Documents such 
as side or cover letters that contain important 
requirements that define the relationship between 
the prime contractor and its subcontractor that are 
not expressly incorporated into the subcontract may 
have little or no efficacy as to their enforcement. If 
the language is not in the subcontract expressly or 
by reservation or reference, the language is often 
excluded and of little to no effect when it comes to 
enforcement.

If the subcontractor has already entered into a 
contract with a prime contractor without such rights 
and obligations made manifest in the subcontract 
document, the next alternative is to make a written 
request for that data and for the right to cooperate 
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in the development of the schedule and its 
updates.12 An example of a letter requesting 
schedule development participation and for the 
native schedule files follows as Figure 2.

The need for inclusion of such language becomes all 
the more important given the current trend of many 
prime contractors to negotiate and enter into master 
services agreements (MSAs) or their equivalent, where 
the material terms applicable to a given subcontractor 
are entered into “up front” and then job or task orders 
are entered into subsequently for individual jobs 
which incorporate the MSA. Failure to include these 
requirements with negotiation of the MSA may result in 
a significant exposure for the subcontractor as they get 
more and more task orders from the prime contractor.

With this in mind, it is highly recommended that the 
subcontractor attempt to negotiate all language 
relating to the provision by the prime contractor of 
the complete and native CPM schedule files to the 
subcontractor before the subcontract document is 
executed.14 The same applies to other provisions such 
as pay-if-paid, pay-when-paid, no damage for delay, 
claim waiver language on payment application forms 
and other like exculpatory provisions. Reasonable 
and logical arguments that can be made by the 
subcontractor to the prime supporting the transfer 
of the native schedule files may include: 1) the 
subcontractor is the prime’s “technical expert” as 
to a certain scope of work (e.g., mechanical piping, 
ductwork, electrical, etc.) and as such, should be 
treated accordingly as a “partner”; 2) the CPM 
schedule belongs to the project and not solely to the 
prime contractor; 3) it is irrational to deprive a major 
subcontractor of the most vital project planning tool 

available to the construction team; 4) the treatment 
of the total project CPM schedule as a “top secret 
document” sows discord among the contractual 
parties and suspicion as to the true intentions of the 
prime contractor; and in certain instances, 5) the 
refusal of a prime contractor to provide comprehensive 
and usable schedule data to a major, labor intensive 
subcontractor may rise to the level of a breach of the 
duty of cooperation and/or it may serve as an effective 

12	 Such requests to participate in the schedule development process presuppose that the subcontractor’s management team has thoroughly reviewed 
the project’s technical specifications and time requirements and has planned out the proposed sequence of events so that the subcontractor can make a 
substantial contribution to the schedule development process.

13	 The trade name “Primavera” or “P-6,” as used herein, does not constitute an endorsement of any particular CPM scheduling software package. “Pri-
mavera” is a trademark of Oracle.

14	 Some subcontractors are placing language in their bid forms that the subcontractor’s bid proposal pricing is contingent upon being provided with 
the prime contractor’s native electronic files for the baseline and updated schedules. This may be an effective way to notify the prime contractor of the 
importance of the native schedule files, however if this requirement is not incorporated into the subcontract form itself, it may be considered as outside of 
the four corners of the subcontract and thus, potentially unenforceable.

Management Methods Bulletin CO6 - 2020. © 2024 MCAA. All rights reserved.

Figure 213



75

Change Orders

Management Methods Bulletin CO6 - 2020. © 2024 MCAA. All rights reserved.

bar to the subcontractor’s ability to meet the time 
impact requirements in the subcontract (or the prime’s 
main contract) that include content and time limits 
for submission of its proposed changes and its time 
impact analyses, or even loss of productivity claims.

Why the Native Schedule File is 
Vital to the Subcontractor

Many contracts require that the subcontractor agree to 
meet the dates within a prime or general contractor’s 
overall project CPM schedule. That notwithstanding, 
oftentimes, the subcontractor is only provided with 
a basic bar chart graphic in .pdf format limited to that 
particular subcontractor’s work, and not a complete 
CPM schedule. Seldom is a subcontractor provided 
with the native CPM schedule files that would 
enable the subcontractor to review the schedule in 
one of the industry-standard CPM scheduling software 
systems.

A review of the native schedule files can reveal, among 
other things, the planned crew flows (and if resource 
loaded, the crew sizes), the absence or presence 
of the subcontractor’s crew restraints15 (actual logic 
ties in the schedule that dictate the subcontractor’s 
crew and equipment usage), planned and unplanned 
concurrent operations, errors in logic connections, or 
other valuable observations that a subcontractor can 
provide to the prime or general contractor regarding 
the subcontractor’s schedule logic and durations. 
Having that data can also allow the subcontractor to 
use the same schedule as a tool for documenting and 
verifying its work flows, budget/bid discipline, and any 
impacts to its work or that it may be causing to others 
(or is otherwise alleged to have).

Yet, many prime contractors appear to have a policy, 
often dictated by upper management, a given 

project team/executive and/or their legal counsel, 
that the native CPM schedule files will, in no case, 
be voluntarily16 provided to the subcontractors. This 
increasingly widespread policy may arise from the 
perceived concern that sophisticated subcontractors 
will analyze the prime’s schedules and note their 
deficiencies or utilize these schedules to submit 
claims for disruption and acceleration. In the face 
of refusals from the prime contractor to transmit 
to the subcontractor the native schedule files, it is 
necessary to document such refusals in writing, often 
repeatedly. An example follows as Figure 3.

Figure 3

15	 For a detailed discussion of crew restraints, refer to the chapter titled: “Integrated, Cooperative, and Collaborative CPM Scheduling…a Roadmap to Success.”

16	 On most public projects on which the prime contractor must, by specification requirement, submit the native schedule files to the owner/agency, a subcon-
tractor may request the production of such files by way of a Freedom of Information Act (FOIA) request. The federal FOIA can be found at 5 U.S.C. §§552 et seq. 
Most, if not all, states have similar open records, sunshine, or public information act statutes. Consideration must be made in taking such an action as, (a) the 
actual production by a governmental agency can take many months, and (b) can negatively affect the relationship between the subcontractor and prime con-
tractor. However, in some cases, this may be the only means of obtaining the prime contractor’s native schedule files outside of an actual litigation proceeding.
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The omission, whether purposeful or accidental, 
of a subcontractor’s (particularly one with high 
labor intensity) crew restraint and/or equipment 
logic connectors in the CPM schedule, can—and 
often does—result in an inaccurate and unreliable 
schedule, and usually results in false total float17 in 
the baseline and updated CPM schedules.

“Total float” is generally defined as the number of 
days an activity may slip in time without impacting 
the project’s completion date.18 Most contracts state 
that total float is owned by the project, not by any 
one party, and whoever uses the float first, owns 
that float or the relevant portion thereof. In most 
cases of delays to the schedule caused by changed 
conditions, all available float must be used before a 
time extension is granted. Therefore, total float is an 
extremely important calculation in a CPM schedule 
that must be considered when there is an allegation 
of schedule impact or delay. It is also not something 
that can be calculated on the “back of a napkin.” The 
scheduling software packages perform this often 
complex calculation and develop the float values for 
all activities as well as define the critical path. Given 
the size and complexity of many schedules in the 
construction industry, this is not something that an 
individual can readily determine without the use of 
computers. Computers need the data to develop the 
relevant provisions, and that simply cannot be done 
without having the complete native schedule files.

“False total float” is a condition that exists when an 
error has been made in the logic of the schedule that 
results in positive total float that, when the schedule 
logic error is corrected, is diminished to its correct 
value. False total float can, and usually does, distort 
(under-report) the effects of delays and impacts 
to the schedule logic, which benefits neither the 
subcontractor nor its prime contractor. Most contract 

scheduling specifications state that time extensions 
will be granted only to the extent that an owner-
caused delay extends the work beyond the available 
total float on the affected logic path, and thereby 
causes the project completion activity to extend past 
the contract date. If the CPM schedule contains false 
float and an otherwise excusable delay occurs on 
that path of schedule logic, the contractor team may 
be denied an otherwise recoverable delay because 
the TIA only consumes false positive float.

False total float can only be detected and corrected 
if the party reviewing the schedule is in possession 
of the native schedule files. PDF graphics are 
not sufficient to allow for a thorough and sifting 
review of the logic contained in a construction 
schedule. Most often, false total float in a mechanical 
subcontractor’s schedule occurs due to the absence 
of crew and/or equipment restraints, which must be 
corrected prior to the prime contractor’s submission 
of the baseline schedule to the owner or its agents.

Because the contractual risks are so relatively 
high in terms of potential liquidated damages, 
actual damages acceleration costs, and the costs 
of remaining on a project longer than originally 
anticipated (e.g., extended general conditions), it 
would seem to make good business sense for a 
prime contractor to provide to (at least) its primary 
subcontractors the native CPM schedule data files 
for their review and comment. Since the primary 
subcontractors are the trade specialists in their 
particular field of expertise and only they know 
how they planned and bid their own work to a level 
sufficient to allow prompt, accurate, and efficient 
planning, the prime or general contractor could 
significantly benefit from the technical reviews of the 
baseline and updated native CPM schedule files by 
those subcontractors. This also would provide the 
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17	 “False total float” refers to a condition created by a logic error in the schedule that results in the improper calculation of available float for the chain of 
logic on which the user error has occurred. This condition can result in the under-reporting of project delays. For a discussion of false total float, refer to 
the chapter titled: “Integrated, Cooperative, and Collaborative CPM Scheduling…a Roadmap to Success.”

18	 For a discussion of total float, refer to the chapters entitled: “Integrated, Cooperative, and Collaborative CPM Scheduling…a Roadmap to Success” and 
“Time Impact Analysis—Measuring Project Delay.”
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added advantage to prime contractors of gaining 
subcontractor “buy-in” at the start of the project.

Moreover, in virtually all cases, in order to prepare 
a contractually compliant CPM schedule-based TIA 
when delays occur, such analyses can typically or 
preferably only be performed in the complete project 
CPM schedule, not in isolated portions of the CPM 
schedule or in non-CPM performed schedule formats 
such as bar chart graphics. Thus, if a subcontractor 
encounters a delay to its work that the subcontractor 
believes is excusable, and potentially compensatory, 
in order to perfect its claim, the delay period has to 
be evaluated in the context of the overall project 
CPM schedule and not in a prefatory four or six week 
“look ahead” schedule, or in a pull planning matrix, 
since the concept of float availability and usage is not 
present in such limited schedule depictions. The key 
concepts in performing a proper TIA include, but are 
not limited to, having the native CPM schedule update 
file, having a project schedule that is accurate and 
reliable, and preparing the proposed TIA activities 
and logic ties that are realistic and supportable.

In order to perfect a delay claim under most 
construction contracts in use today, the claimant 
typically must demonstrate at least: the identification 
of the delaying activity, quantification of the delay 
period, party causing the delay, time period(s) the 
delaying event(s) affected the current updated CPM 
schedule, the total float available to the impacted 
activity(ies) if any, the resulting negative float 
resulting from the inclusion of the delaying event(s) 
into the current CPM schedule update, and the 
impacted end date of the project as a result of the 
delaying event(s). The foregoing is based, in part, 
on the well-established principle that total float 
is “owned” by the project, thus whichever party 
consumes the float first owns or has access to that 
float. Delay, except under certain cases,19 is only 
present when an impacting event(s) consumes all 

available total float and causes the end date of a 
project to extend beyond the contractually required 
finish date. Analysis of available total float, and 
negative float (i.e., delay), can only be performed 
in a current, accurate, total project CPM schedule. 
Such mathematical analyses cannot be performed 
in incomplete or short interval schedules or by using 
many of the modern short-term planning techniques.

Thus, the absence of the native schedule files can 
present a serious contractual impediment to the trade 
subcontractor, based on the majority of construction 
contracts being entered into between owners, prime or 
general contractors and subcontractors. The majority 
of contracts between prime or general contractors and 
subcontractors have flow down provisions that tie the 
subcontractors to the same requirements the prime 
or general contractors have with the project owner. 
Whether on public or private projects, most contracts 
have delay notice and quantification requirements that 
must be met within limited time frames. Under such 
provisions, the subcontractors must often follow the 
prime or general contractor’s contractual requirements 
to identify and quantify alleged delays to the project 
schedule in the limited time frames called for in the 
contract document.

If the subcontractor is denied access to the current, 
total project CPM schedule in its native format, in 
the best case the subcontractor is often severely 
hampered in its ability to fulfill its contract requirement. 
In the worst case, the subcontractor is effectively 
prevented from meeting its contract requirement to 
quantify delay and identify those delays that affect 
the project’s critical path by the prime or general 
contractor’s refusal to provide full scheduling data, and 
specifically, the native CPM schedule files.

These inconsistencies also create and heighten the 
likelihood of contract disputes. Consider a situation 
where (a) the prime contract requires that the general 
contractor prepare and maintain a total project CPM-
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19	 For an exception to this, see E.R. Mitchell Const. Co. v. Danzig, 175 F.3d 1369 (Fed. Cir. 1999) (determining that a subcontractor could recover home office 
overhead expenses incurred as a result of delays caused by the government even where the prime contractor’s completion of the contract was not delayed).
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based schedule; (b) the subcontract between the 
prime and its subcontractor states that it flows down 
the full contract documents, including the baseline 
schedule, to the subcontractor; and (c) the subcontract 
has appended to it a truncated, partial schedule that 
only covers a limited duration or solely the scope of 
the subcontractor, is missing other key data such as 
float and late start/finish time frames, and indicates 
different planned performance dates and work 
sequences as contained in the prime contractor’s 
master CPM schedule. Which controls, the prime 
contract baseline CPM or the limited subcontractor’s 
schedule included in, and appended to, the 
subcontract? The most effective way to eliminate such 
occurrences, and improve the management of the 
overall project, is for the prime contractor to provide 
to all of its major subcontractors the full baseline 
and updated CPM schedules in native format. In this 
manner, all of the project schedules come from one 
confirmed database that can be reviewed and relied 
upon by the entire project team.

One typical rejoinder to the proposition that the 
subcontractor is being prevented from meeting the 
contract requirements for delay quantification and 
notice is the prime or general contractor’s offer to 
have the subcontractor “look over their shoulder” 
while the schedule is shown on a computer being 
operated by the prime or general contractor’s 
scheduler or consultant. While, on the surface, this 
may seem to offer a solution to this dilemma, at least 
on the issue of performing TIA analyses, this process 
seldom, if ever, permits the subcontractor to actually 
perform a thorough and sifting analysis of the logic 
ties and other strategies embedded in the prime 
contractor’s CPM schedule database. Such analyses, 
using the native CPM schedule files, frequently reveal 
logic errors in the schedule that may render the 
TIA forecasts highly inaccurate (usually, improperly 
understated). Thus, in cases where the subcontractor 
is denied access to the native schedule files, 
comprehensive reservations of rights language must 
be included in any submission of TIA fragnets to the 
prime contractor.

On some projects, the prime or general contractor 
is not the originator or “keeper” of the CPM 
schedule; there may be a construction manager or 
similar party between the prime and the owner that 
has that responsibility. In this contractual model, 
to the extent that the subcontractor’s request for 
the native schedule file is made upstream to its 
contractual party, the prime or general contractor, 
and that request is denied by the construction 
manager, the subcontractor should ask that all 
written requests for the schedule files, as well as 
notices of potential or actual impacts, reservations 
of rights or waivers of rights be provided by the 
prime to the requesting subcontractor. By the 
prime providing these sorts of correspondence 
to the subcontractor, the subcontractor can be 
reassured that the prime is attempting to protect 
the subcontractor’s rights, as well as its own rights, 
regarding the prime’s relationship with the upstream 
construction manager.

Potential Options Absent the 
Native Schedule File Production

If the prime contractor refuses to provide to the 
subcontractor with its native schedule files, the 
subcontractor has several limited options:

1)	� Place in writing its requests to the prime contractor 
for the native CPM schedule files and with each 
updated schedule, transmit a separate written 
request for the updated native CPM schedule files.

2)	� In the face of repeated refusals to provide the 
native schedule files, transmit a letter to the 
prime contractor responding to each and every 
schedule submission (baseline and each update) 
with a rejection of, or refusal to accept, the prime 
contractor’s schedule.

3)	� In the presence of a contract requirement for 
the subcontractor to prepare TIAs, notify the 
prime contractor that in the absence of the native 
schedule files, the subcontractor is effectively 
barred from meeting the contract requirements 
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to quantify the effects of potential schedule 
impacts, reserving rights to later amend any time 
impact requests when the native CPM schedule 
files are made available (for instance, in pre-
litigation discovery).

An example of a schedule “rejection” letter appears 
as Figure 4. This is applicable for the baseline 
schedule and each and every update/revision 
thereto. No schedule transmittal from the prime 
contractor to the subcontractor should go without a 
written response.20

4)	� Depending on the circumstances of a given 
project and in the absence of having the prime 
contractor’s overall native CPM schedule files, 
it may be advantageous for the subcontractor 
to develop its own schedule either as a stand-
alone CPM schedule network, or as individual 
activities tied to and from the prime contractor’s 
existing activities. While certainly not the optimal 
solution, it may motivate the prime contractor 
to either incorporate the subcontractor’s scope 
of work into the prime contractor’s overall 
schedule, or to provide the native CPM schedule 
files to the subcontractor.

5)	� Regardless of the situation, if the subcontractor 
believes that it is being delayed or impacted, the 
subcontractor must promptly notify the prime 
contractor in writing and provide what details it 
can. A submission of a preliminary notice with 
a reservation to supplement later, once more 
information is made available, is a best practice 
that should be consistently followed.

However, in the absence of the native schedule 
files and in the presence of contract provisions 
that require the subcontractor to submit time 
impact analyses, the question that is begged by 
this dilemma is: How can the subcontractor who 
has sustained an impact accurately and timely 
measure its schedule impact if the prime contractor 
refuses to provide the native schedule files to the 
subcontractor? Importantly, if a subcontractor fails 
to submit a contractually required TIA in a timely 
fashion, with or without the prime contractor’s native 
schedule files, that subcontractor could be waiving 
its rights to a time extension.

As critically, the question of accuracy plays a 
substantial role. Lacking access to the accurate, 
contemporaneous data of the overall project schedule 
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Figure 4

20	 If the subcontractor ignores schedule transmittals from the prime and offers no written response, particularly a timely reply, there may be a presump-
tion of acceptance of the schedule by acquiesce. That is, no response from the subcontractor may be, at some later date, construed as the subcontractor’s 
acceptance of the prime contractor’s schedule submission.
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and critical path can undermine the validity and 
veracity of the analysis and request submitted. If a 
subcontractor possibly waives its rights to a time 
extension by failing to submit its TIA within the 
prescribed time limits and in the proper format, and 
it is later found that this delay, which might have 
been otherwise excusable to the subcontractor, is 
on the critical path and actually delays the project’s 
completion, that subcontractor could potentially be 
liable for the prime contractor’s liquidated damages 
and the extended performance costs of the prime 
contractor and the other subcontractors on the 
project. This is obviously an extremely serious, but 
potentially real, effect of the subcontractor’s failure, 
or inability, to submit its TIA to obtain an extension of 
its time of performance. The essence of this crucial 
issue is not so much that the prime or owner extends 
the subcontractor’s performance time, indeed the 
essence is the fact that the subcontractor has made an 
appropriate claim for the time impacts. In this fashion, 
neither the prime nor the owner can later say that they 
were uninformed as to the potential magnitude of 
the subcontractor’s impacts or that the subcontractor 
entirely failed to give notice and quantification and, 
therefore, prejudiced the owner or prime contractor.

Also, in the face of a legitimate delay impact analysis 
by the subcontractor, should the prime deny the 
request for a time extension and then force the 
subcontractor to accelerate to make up the slippage 
in time, that situation can constitute constructive 
acceleration.21 If the subcontractor prevails in its 
case of constructive acceleration (having met all of 
the notice requirements to support a constructive 
acceleration claim) then not only is the subcontractor 
potentially due compensation for its overtime, 
crewing-up, or other acceleration inefficiency impacts, 
but is not liable for delay to the project schedule.

The essence of a TIA, with or without the prime’s 
native schedule file, is having an understanding of 
the contract requirements for a time impact analysis 

and documentation of the issue at hand. As relates to 
having an understanding of the contract requirements: 
most contracts require that the claimant prepare a 
timeline of impacting events showing their influence 
on the base contract schedule logic and durations. 
The claimant must generally show that it acted timely 
as to its knowledge of the proposed impacting event 
and kept records of dates and activities that formed 
the TIA. With or without the native schedule files the 
best way to document a time impact is usually to 
develop a detailed timeline of events. The timeline 
should be started when the first impact is realized or 
discovered and maintained or updated periodically 
thereafter. This starting point can be the issuance of 
an RFI, a request for a change in scope or a notice of 
the discovery of a differing condition.

In the typical situation, the impact timeline normally 
does not commence with the event itself (the changed 
work); instead, it begins with the notice of the 
impacting condition or a request for a change order 
proposal. The timeline then moves through responses 
between the parties (RFIs, change proposals and the 
like), pricing, and approval to perform the changed 
work. In most instances, the subcontractor should 
not wait until the entire change story unfolds. To the 
contrary, in order to meet the timing requirements 
for notice, the subcontractor should promptly and 
timely submit notice of the changed condition or 
impact, and also submit “evolving” (e.g., updated) TIAs 
to demonstrate what a subcontractor knows about 
the changed conditions with each passing schedule 
update timeframe, usually monthly, until the entire 
changed condition impact can be computed. In many 
instances, the greatest time impact arising from a 
changed condition is not from the changed work 
itself, but instead occurs from the time consumed by 
the RFI, change request or differing condition notice, 
any response(s), often in the form of Architect’s 
Supplemental Instructions (ASIs) or redesigns; change 
proposals, and procurement of new equipment or 
materials needed to perform the changed work.
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21	 For more on constructive acceleration, see the conclusions in the chapter entitled: “How to Estimate the Impacts of Overtime on Labor Productivity.”
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As noted, the subcontractor can create and update 
this timeline TIA without having the prime contractor’s 
native schedule file in cases where the prime 
contractor refuses to provide this vital data to the 
subcontractor. What the subcontractor cannot, in 
most cases, do without the prime’s native schedule 
file is to measure the time impacts of its changes on 
the overall project’s critical path. A subcontractor 
can maintain meticulous records of impacting events 
and dates, but without a thorough analysis of the 
prime contractor’s CPM schedule, including all logic 
ties and total float values, the subcontractor cannot, 
in the majority of cases, measure the effects to the 
schedule’s critical path without the native files. In 
other words, the subcontractor much first determine 
if the prime contractor’s schedule is an accurate 
and reliable plan to construct the project from the 
subcontractor’s point of view. The subcontractor must 
also ensure that the schedule does not contain false 
total float, a condition that frequently exists in prime 
contractors’ schedules due to the absence of the 
subcontractor’s crew and equipment restraints.

If the subcontractor dutifully and accurately sets 
forth its timeline of events and provides it to the 
prime contractor for insertion into a flawed schedule 
database, the subcontractor can expect a flawed 
analysis of the potential time impact of the delaying 
event. This is much more than a nuance—it can mean 
the difference between receiving a fair and equitable 
extension of performance time, or the assessment of 
liquidated and other damages for apparently being the 
cause of an inexcusable delay to the project schedule.

Assuming that the subcontractor has requested, in 
writing, the prime contractor’s native CPM schedule 

files with the baseline schedule, and for each monthly 
CPM schedule update issued thereafter, and the prime 
refuses to provide the native files to the subcontractor, 
how can the subcontractor maximize its protections 
under most contracts as to delay damages and 
liability? As described above, by the development 
of an evolving timeline of events associated with 
the delay and submitting that data, with appropriate 
protective language, to the prime contractor. As 
critically, the subcontractor may be establishing a 
case where the prime contractor’s failure to provide 
these database files has actually prejudiced and/or 
constructively accelerated the subcontractor.22

The graphic examples in Figures 5 through 9 assume 
that the subcontractor: 1) may not have access to the 
native CPM schedule file by which it can evaluate the 
soundness of the prime’s schedule and then quantify 
the effects of the TIA; 2) is working under a contract 
that requires a notice and TIA quantification process; 
3) can graphically depict23 the potentially delaying 
events as they occur over time. The graphics below 
show a developing TIA, or fragnet (called a gapless, 
evolving fragnet).24 The TIA evolves as information 
become available, as do the subcontractor’s timely 
notices to the prime contractor.

 It would, in most cases, not be contractually 
appropriate for the subcontractor to wait until the time 
impact chart reached the completion of the events 
before making a submission of notice and quantification 
to the prime contractor. However, at the outset of 
many delays, the subcontractor cannot know what the 
full duration of the changed conditions will be. Thus 
the claimant must provide interim TIAs (and updated 
notices) as the delay evolves and develops, with the 
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22	 A contractor could potentially be liable to its subcontractors and expose itself to damages incurred by the owner if it disregards the CPM schedule 
by failing to update or follow it. See, e.g. Natkin & Co. v. George A. Fuller Co., 347 F. Supp. 17 (W.D. Mo. 1972) (determining that because the contractor 
abandoned the schedule, it violated the subcontractor’s contractual rights and the subcontractor was entitled to damages for delay and disruption); see 
also Titan Mountain States Construction Corp., ASBCA 23095, 85-1 BCA ¶ 17,931. Additionally, a contractor could place a subcontractor in a condition of 
accelerated performance where it requires the subcontractor to comply with a new timeline without considering whether an extension was warranted. 
See Matec, Inc. v. Bechtel Jacobs Co., LLC, 346 F. App’x 59, 63 (6th Cir. 2009).

23	 “Graphically” can mean a computer-generated graphic, or a simple, hand-drawn timeline of TIA events. The form is not the issue, it is the content of 
the TIA timeline that is important.

24	 For a detailed discussion of the “gapless, evolving fragnet,” refer to the chapter titled: “Time Impact Analysis—Measuring Project Delay.”



82

Change Orders

appropriate reservations of rights. As relates to 
the required “notices,” it is also key that, where a 
claimant has an ongoing delay or impact that is not 
localized to a single schedule update period, the 
claimant include some form of reservation language 
along the lines of the following:

Claimant submits the enclosed claim and TIA 
given the presently available information, but 
notes that the underlying impact and delay 
events are ongoing and, as such, the TIA 
information is evolving and Claimant reserves 
the right to further augment, amend and 
revise its TIA as this data is further developed.

When the subcontractor does not have access 
to the prime or general contractor’s native CPM 
schedule files, the following reservation should also 
be included, in general conformity to the following:

Given the foregoing reservation, as a result of 
the General/Prime Contractor’s failure to provide 
the native schedule files, the underlying TIA 
information, even when completed, cannot be 
fully evaluated as to the potential impacts to the 
overall Project and the underlying data is made 
based on the information that Claimant has 
available to it at this time.

For the example portrayed in Figures 5 through 9, 
when the RFI in the examples above is issued by 
the subcontractor, it is usually not possible for the 
subcontractor to forecast when the response will be 
received, or even what the response may entail as 
to added/changed work. Every potentially impacting 
event may not need a TIA, however, potentially 
impacting events as determined by the subcontractor 
should be carefully evaluated for potential impacts 
contemporaneously with the identification of the 
associated events. In the example in Figures 5 through 
9, as time moves forward, the RFI25 response date is 

recorded in the TIA and subsequently the submission 
of the subcontractor’s change order proposal.

Once the change order has been accepted (with 
reservations of rights for time and labor impacts), the 
timeline can evolve to include the ordering of the 
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Figure 6

Figure 7

25	 This graphic TIA example uses an RFI as the initiating event, however, the initiation of a TIA can include many categories, such as the discovery of a 
differing site conditions, requests for changes in scope, defective specifications and similar events or conditions.
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changed materials. At this point in time, it may be 
possible for the subcontractor to accurately forecast 
when the materials will be delivered and when the 
added work can be accomplished. Note that the 
performance of the changed work identifies the 
existing base contract activity (in this case activity 
# 2020) that this added work restrains (impacts). By 
logically connecting the changed work to restrain base 
contract work, the parties can evaluate the potential 
impacts to the overall CPM schedule. Depending 
on the particular scope of the added/changed 
work embodied in a TIA, it may be possible for the 
subcontractor to predict how the added/changed work 
will restrain base contract activities. However, as with 
this example, since the subcontractor may not be in 
possession of the prime contractor’s native schedule 
files, the subcontractor cannot ensure the accuracy 
of TIA forecasted schedule impacts. To the extent 
that the prime contractor’s schedule is flawed, such 
flaws may improperly understate otherwise valid time 
impacts arising from the subcontractor’s TIA.

As such, the subcontractor must reserve its rights to 
revisit any time impact quantification provided to the 
prime/general contractor once (if) the native schedule 
files are provided. For instance, upon submission of a 
TIA chart to the prime by the subcontractor, if the prime 
contractor reports that the TIA had no impact on the 
critical path, and thus did not merit a time extension, 
the subcontractor must reserve its right to reassess the 
TIA impacts by use of the native schedule file. This, of 
course, may require pre-litigation discovery in order 
to require the prime contractor to produce the native 
schedule files, however the cost risks are too great 
to ignore the possibility that the prime contractor has 
evaluated the subcontractor’s TIA in a flawed schedule, 
thus producing flawed time impact results.

Can Hiding (or Refusing to Provide) the 
Schedule Rise to the Level of a Breach 
of Contract, the Failure in the Duty to 
Cooperate and Not to Hinder, or Even 
Active Interference? Some Potential Legal 
Theories to Consider in a Given Case.

In today’s world of 50+ page subcontracts and vast 
seas of exculpatory (or risk shifting) clauses, the 
prepared subcontractor needs to set itself up for 
success from the earliest phases of a contract. The 
old adage of “hope for the best, but plan for the 
worst,” plays an ample role in today’s subcontracting 
universe. From both the “upfront” preparation, review 
and negotiation of a favorable (or at least reasonable) 
contract to properly, timely, fully and accurately 
documenting any changes or impacts on the project, 
a subcontractor should try to place itself in the best 
position to mitigate, recover and protect/defend 
itself. There are, however, instances where, no matter 
what the subcontractor does, it cannot adequately 
protect itself. Most likely this is due to the fact that the 
subcontractor cannot negotiate reasonable and fair 
terms in its subcontracts or fails to comply with the 
established and required notice and documentation 
aspects thereof. Often, this may arise due to impacts 
and actions (or inactions) that are not the fault or cause 
of the subcontractor, or due to more egregious actions 
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taken by others, whether a contractor or owner, in the 
form of active interference or the breach of a duty, 
whether express or implied, in a given contract.

While this chapter is written from the perspective 
of the subcontractor, many of the following same 
possible arguments and potentially applicable legal 
theories articulated herein may also apply equally to 
the actions of an owner against a prime contractor or 
construction manager at risk, or even, on occasion, 
a case which arises due to the designer of record’s 
actions or inactions.

In addition to the fundamental, express breaches of 
contract that contractors are (and should be) aware 
of and regularly experience, as of this writing and 
anecdotally, the volume of delay and impact claims 
appears to be increasing, as does the use of liquidated 
damages provisions. This is prevalent in both public 
(government) contracts and commercial contacts 
alike. This inherently leads to questions and issues of 
schedule, such as “which schedule controls?”; “what is 
the schedule?”; “what data is a subcontractor entitled 
to schedule-wise?” and “is the subcontractor entitled 
to receive the schedule, and if so, only the ‘.pdf’, hard-
printed copy or the underlying native CPM schedule 
files?” There are often more questions than answers 
that arise out of these inquiries. Some initial concepts 
and thoughts are provided below that may or may 
not apply to a given case. These will try to allow 
the reader to begin to formulate some answers and 
recognize some potential strategies for mitigation of 
risk associated therewith.

What is the project “schedule”?

What constitutes the project or subcontract schedule 
is a question that can often have significant and 
profound ramifications for a project, subcontractor, 
dispute, or a combination thereof. As a first step, 
one needs to look at the terms of the prime contract 
and subcontract. Does your subcontract include 
language that requires the subcontractor to receive 
the native CPM schedule files? Does it incorporate 
the prime contract schedule into the subcontract or 

is it a trade-specific schedule? Do you have actual 
copies of that relevant schedule? Is that a hard copy 
schedule or soft, electronic copy? Do you have the 
right to participate in development of the schedule?

In a “perfect world,” the subcontractor would expect 
to: receive the native CPM schedule files, be involved 
in the “up-front” development of the overall schedule 
so that it can assist in making sure work flows and 
schedule logic make sense and that there is “buy-in” 
from all related parties; have a right to timely receive 
electronic schedule updates; and receive the same 
schedule that all other parties to the project (particularly 
the owner) receive. There are many situations where 
litigation ensues and it is discovered only then that the 
schedule a client receives is not the same as those that 
other parties receive or that the general contractor is 
running a “subcontractor” schedule and submitting a 
different schedule to the owner. This makes it almost 
impossible, or certainly more difficult, to run a project or 
develop a proper schedule analysis where delays and 
impacts are experienced. As an initial consideration, 
some subcontractors want to be the “good guys” 
and not “rock the boat,” so they decide to blindly sign 
whatever form of subcontract is placed in front of them.

While it is certainly possible that a form of subcontract 
prepared by a prime contractor or upper-tier 
subcontractor can be reasonable and favorable 
to a subcontractor, the odds are often against this 
likelihood. The subcontract establishes not only the 
parties’ respective duties and responsibilities, but the 
undertone for the entire relationship between those 
parties. The reader should rest assured that there is 
nothing wrong in reviewing and requesting changes 
to a subcontract. While there are undoubtedly some 
prime contractors who will not negotiate or modify even 
a single term of their form of subcontract, that does 
not mean that asking for such changes is somehow 
improper or wrong. To the contrary, seeking to modify a 
“boilerplate” form of agreement is not only reasonable 
but it is good business practice. As critically, letting 
the general contractor know “up front” that you are 
a diligent subcontractor sets a tone and expectation 
which can be favorable as the project proceeds 
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forward. Most critically, regardless of whether you get 
any changes to the form of the subcontract agreement, 
the fact that you review the material places you in a 
better position to preserve your rights later if delays, 
impacts or other circumstances arise which require you 
to provide notice, documentation or the like.

This all being said, as relates to schedules, whether 
between the prime contractor and subcontractor or 
the prime contractor and the owner, it is key that the 
parties involved establish a common understanding 
of what the contract documents consist of. In today’s 
world, many prime contractors provide language 
along the lines of “General Contractor X has provided 
subcontractor with access during normal business 
hours to the Contract Documents at prime contractor’s 
offices and Subcontractor recognizes this fact.” What 
is wrong with this language? First, the prime contractor 
is not required to provide hard (or soft) copies of the 
contract documents to the subcontractor. Merely 
being given “access” is never adequate to perform 
a proper take-off, let alone manage to perform a 
project successfully. Second, case law and contract 
provisions widely exist stating, to the effect, that such a 
provision of an opportunity to review documents must 
be taken advantage of and failure to do so is not an 
excuse for failure to perform.26 This is much the same 
argument as where a solicitation provides for a site 
visit and a general contractor’s failure to perform that 
site visit often precludes the GC from later claiming an 
observable differing site condition.27

Likewise, there are instances where a subcontractor 
only reviews the drawings or specifications limited 
to its own work but does not review other related or 
interrelated sections and drawings. This presents a 
potential exposure for a subcontractor, such as where 
the drawings for a façade show fresh air louvers but 
the mechanical drawings do not. Which control? If the 

contract states that all drawings and specifications are 
part of the contract documents and the subcontractor 
is responsible for all work shown in any, then there 
is a potential scope gap or bust which must be 
addressed “up front” by inclusions and exclusions. 
Failure to do this or review these materials can create 
a potential exposure for the subcontractor.

Finally, the issue of schedule along the lines of the 
questions raised above can create real exposures 
and concerns for trades, particularly those with large, 
complex scopes and workforces on a job. So, how 
does a subcontractor address these issues? The 
following examples consist of edits made to real 
world subcontracts and are provided not to create or 
introduce the only way to resolve these issues, but 
instead to foment thought and recognition of these 
sorts of issues. Ask the following questions:

What are the “contract documents”? Do they 
include the schedule? If so, which schedule?

In this example, the “Agreement” includes any 
“Schedules” attached to the agreement. Which 
schedule is that? Is one included or attached? If it 
is not, are you bound to it? Note that this language 
does not reference amendments or revisions to the 
schedules. While a subcontract incorporates the 
documents, attachments and other aspects of the 
prime contract, often those prime contract documents 
are not actually shared or included/provided to the 
subcontractor by the prime contractor. This is done (or 
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not done) for a number of reasons, including, by way of 
example, (a) the prime contractor’s belief that its overall 
pricing should not be shared with subcontractors; 
(b) oversight or human error; or (c) a belief that mere 
incorporation without provision of such documents 
nonetheless binds that subcontractor. “Why share 
documents when you do not need to?” appears to be 
today’s mantra for many prime contractors. In the case 
of (c), case law is presently few and far between, but 
there are arguments available to both sides. Attorneys 
can argue that the mere incorporation is enough to 
bind a subcontractor to prime contract documents, 
and that the subcontractor knew or had reason to 
know they existed and should have been diligent 
and requested copies thereof. In opposition, one can 
argue that the mere reference without provision can 
preclude their inclusion. For example, if the documents 
are incorporated into the subcontract but the prime 
contractor refuses to grant the subcontractor with 
access or copies thereof, how can a subcontractor be 
expected to be bound to such documents?28 These 
are the types of fact-intensive inquiry arguments 
which make up many trials and arbitration hearings 
and that make it difficult for a trier of fact (judge, jury 
or arbitrators) to determine what controls and what a 
given party had possession of, and when.

This can have significant impacts on a subcontractor’s 
ability to perform. Incorporation of other documentation 
by reference without provision of those documents can 
pose pitfalls for subcontractors, as there is no “hard and 
fast rule” as to whether the incorporated documents 
are in place, and if so, which control as between the 
subcontract documents and the incorporated prime 
contract documents.

This is particularly the case with schedules. Delay 
and impact cases have been won and lost on what 
the “contract documents” do (and do not) consist of 
and what the “schedule” is for that dispute or project. 

Likewise, situations have arisen where a prime 
contractor provides and includes in a subcontract a 
limited, subcontractor-specific schedule as an exhibit 
to the subcontract, yet the subcontract references 
an overall project schedule. Which controls the 
subcontractor? Yet a third increasingly common trend, 
as discussed briefly above, is inclusion of language that 
states something along the lines of “Subcontractor has 
been provided access to the contract documents at 
the offices of prime contractor during normal business 
hours,” or similar such language. The argument that 
is posed as a result of this language is that the prime 
contractor provided access to the documents at its 
offices, so the subcontractor cannot later argue that it 
did not have the ability or advantage to review those 
materials if it elected not to take such action.29 It is key 
that the subcontractor make sure that it (a) has access 
to, and reviews, all of the prime contract documents, 
inclusive of the overall project schedule in its native 
electronic format; (b) define in its subcontract what are, 
and are not, the subcontract documents; and (c) confirm 
that its scope of work defines the work to be performed 
by the subcontractor and what is included or excluded 
therein, or otherwise modified via negotiations.

For example, the following depicts changes made 
to a standard form subcontract to define “contract 
documents” as being those documents that are 
actually provided to the subcontractor prior to entering 
into the subcontract.

As initially written (the black wording), the term “contract 
documents” includes the subcontract agreement and 
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those materials making up the prime contract, whatever 
those items may be. As a result of a subcontract 
negotiation and a diligent subcontractor, this “standard” 
language has been modified to state that the contract 
documents are only those materials that were 
provided to the subcontractor prior to entering into 
the subcontract. How can a subcontractor be bound 
to documents that it has not seen or received? While 
not a favorable outcome, it can happen, as contractors 
and subcontractors can be viewed as sophisticated 
contracting parties who can perform their own due 
diligence. Failure to do this can be a problem.

This second example provides a similar basis to 
argue that the contract documents are limited to 
what was provided and received pre-bid or pre-
subcontract execution:

It is key that the subcontractor take the initiative to 
review both the bid and contract documents (prime 
and subcontract) to verify what they are signing up 
for and to negotiate for better terms. Failure of a 
prime contractor to provide for any modifications 
of its “boilerplate” language is a sign of possible 
dangers ahead, but this also allows the subcontractor 
to weigh its business risk in entering into a given 
contract with a given contractor, particularly one 
where there is no prior business history.

What is the date of “substantial 
completion” and what is it based upon?

Another key question in the realm of scheduling is 
“What are the start or notice to proceed date and 
the substantial completion date?”, as those define 
the critical path duration of work, are milestones 
and establish the critical path itself. In the scheme of 
a delay or impact claim, the latter date, substantial 
completion, drives the possible assessment 
of liquidated or actual delay damages. While it 
may be defined differently in different contracts, 
generally speaking, “substantial completion” is the 
date or time when the project, or a portion/phase 
thereof, can be occupied and used for its intended 
purpose.”30 Failure to meet that date may subject 
a party (prime or subcontractor alike) to delay or 
liquidated damages by the owner or prime, as the 
case may be. This date (among others) typically 
drives the critical path and directly implicates and 
affects the ability of a subcontractor to defend or 
prosecute a delay claim.

The following example depicts the initial language 
and modified, negotiated language, that seeks to 
better define the substantial completion date and 
provide more precision on that date and when it can 
be changed:
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As originally crafted, the preceding language simply 
referred to the date set forth in the project schedule. 
Did you receive that schedule? If not, how do you 
know what that date is? As modified, the date of 
substantial completion is the date that is agreed 
upon (preferably in the subcontract) and, with the 
modification in (b), above, per the schedule that was 
provided to the subcontractor.

Have you seen the schedule up front, before 
bidding or entering into the subcontract? 
In other words, are you “buying in”?

Any experienced contractor, at whatever contractual 
tier it may be (prime or sub), should receive the 
schedule up front. In a perfect (or even reasonable) 
world, as discussed above, the subcontractor 
receives the complete schedule file in both image 
(.pdf) and native electronic CPM schedule files. 
Likewise, this should be the actual schedule, not 
one prepared for the subcontractor while another 
one is provided to the owner. Without receipt of the 
actual schedule that other parties to the project are 
working from, there is little in the way of usefulness 
that such a single trade, look ahead or inconsistent 
schedule brings to bear. The increased use of trade-
specific or limited duration look ahead schedules 
as the basis for performance under a given contract 
offers little value and can create a plethora of 
confusion, inconsistency, lack of coordination, 
stacking of trades and overall mismanagement 
which is difficult to recover from once the impacts 
start to manifest themselves. Imagine a situation 
where each of the major trades (mechanical, 
electrical, sheet metal/ductwork, drywall, structural, 

concrete, etc.) are each working off a schedule 
that only depicts that trade’s work. That trade has 
no idea where others are in the schedule, the ties 
and importance that their trade has to others, and 
how they interplay with those other trades. The 
convergence of activities or delays and impacts 
that other trades may be experiencing due to some 
unforeseen actions or inactions, can have a major 
impact across the trades, yet without an overall, 
fully developed schedule, the trades may not have 
the ability to foresee and mitigate such impacts. 
This may be the reason prime contractors utilize 
scope-specific schedules, but that also gives the 
subcontractor an ability to argue that as a result of 
the prime contractor’s decision to not give an overall, 
full activity schedule to a given trade, that trade is 
excused from performance impacts and delays.

As a matter of both preference and good business 
practice, it is typically better to get the full project 
schedule so that you can not only plan your work 
up front but also be in a position to address and 
notify the contractor about impacts and delays 
as they are experienced. A key adjunct to this 
is negotiated up-front in your contract—the 
requirement that you be given the actual contract. 
There are a number of mechanisms for doing this, 
but in general, as part of any negotiation, terms 
should cover the following areas:

1.	� The prime contractor is maintaining and 
updating the overall project schedule.

2.	� The prime contractor will (or has) provided a 
complete schedule to the subcontractor in 
electronic (soft) and hard copy/image formats;

3.	� The prime contractor will provide hard and soft 
copies of all updates in a timely manner (as 
defined by the parties or contemporaneously 
with its production of same to the owner);

4.	� The prime contractor will seek input from the 
subcontractor on both development of the 
baseline CPM schedule and any updates; and
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5.	� The prime contractor will not make any changes 
to the schedule without first obtaining the input 
and consent of the subcontractor.

Obtaining these five fundamental elements 
will often simplify the subcontractor’s job of 
performance and schedule compliance. Even 
getting some of these concessions can be 
tremendously beneficial to the subcontractor and 
other performing parties.

The following real world example provides further 
insight into the kinds of edits that subcontractors 
need to consider.

 

Note that the modifications made to the general 
contractor’s boilerplate require, among other 
things, that the delay is to the critical path, that the 
expenses are documented, and that the schedule 
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has been mutually agreed-upon. It is these types 
of concessions that help to protect a subcontractor 
and to allow it to prosecute a delay claim or defend 
against one.

Does the Prime Contractor Have A 
Duty to Share or Provide the Native 
CPM Schedule Files (or for that Matter 
any Version of the Schedule)?

Another key, but fundamental question that often 
arises is: “does the prime contractor have a duty 
to share or provide the contract schedule and 
database?” At present, no reported cases have 
been found which definitively answer this question. 
Critical to note, however, is that there are also no 
reported cases that state the inverse, that the prime 
contractor does not have such a duty. To be clear, 
the lack of reported decisional case law on this topic 
does not necessarily mean that the issue has not 
been raised before, just that no tribunal has issued a 
reported, publicly available decision on the outcome 
of that issue. As such, it appears to be an open 
question warranting a reported answer, an answer 
which will eventually come before a court or tribunal. 
While there may be unreported cases out there, by 
not being reported they are not easily “findable” and 
are typically of little to no precedential value. That 
being said, contract language can often be utilized 
to create or impose such a duty if properly written 
or if language exists therein to allow one to make 
such an argument. This fundamental question is one 
which the author has discussed and debated for 
many years, and which continues to draw significant 
commentary and insight from fellow consultants, 
attorneys, and clients alike.

While the creation and development/framing of this 
question and issue is not totally new, the lack of formal 
case law (court decisions) does not undermine the 
ability to make this argument, particularly where the 
contract documents require that the subcontractor be 

provided with the schedule. Likewise, where a prime 
contractor fails to provide a schedule or updates, 
can result in a favorable argument that, while not 
definitive, can create a strong presumption in favor of 
the subcontractor. That being said, the fundamentals 
and foundation of a case are found in the subcontract 
documents. Negotiating favorable and reasonable 
terms up front often makes the development (and 
avoidance) of litigation less daunting and raises fewer 
questions for the parties involved.

a. Implied Duties

Similarly, in addition to explicit contract language 
that creates these types of arguments, there 
exist long recognized duties and obligations of 
contractual parties that allow a party to present, and 
possibly succeed in proving, such a case.

Many of the issues involving a party’s provision, or 
more critically, failure to provide, schedules can arise 
from both the aforementioned express (written) and 
implicit or implied contractual duties and obligations. 
Express obligations are those obligations that arise 
from the actual, explicit language of the contract. For 
example, if the prime contractor is obligated by the 
explicit contract language to provide the full native 
CPM schedule files to the subcontractor and does 
not, then one can state that the prime contractor 
breached an express provision of the contract. Other 
obligations, however, are ‘read into the contract’ as 
a matter of law even if not explicitly therein. One of 
the more common, widely known, examples of these 
implied obligations is the Spearin doctrine, which 
is the implied warranty that the design documents 
provided by an owner to a contractor are fit for their 
intended purpose.31 This doctrine is not explicit in 
contracts (at least not always) and was created as a 
matter of law by the courts as a matter of policy. It is 
also still good law over a century after the decision 
was rendered.
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This is not, however, the only such implied duty. 
There are a number of other duties that attorneys 
hold in their quivers as a means of arguing cases. 
Admittedly, these arguments can either favor or 
undermine a party’s litigation position (or both), 
so use of them needs to be measured and well-
reasoned; applied to the facts and circumstances 
of each unique case. Generally, these are doctrines 
that arise out of public policy or which history and 
substantive case law have developed or recognized. 
There exist a number of implied contractual duties 
and warranties that apply to this situation.

Duty of Good Faith & Fair Dealing

In most jurisdictions across the United States, and 
in the realm of government contracts as well, there 
exists an implied duty of good faith and fair dealing 
between contracting parties.32 This implied duty 
is described as an implied agreement and general 
presumption that parties to a contract, in this case 
a contractor and subcontractor will act honestly, 
fairly and in good faith and that, in this case a 
subcontractor “will not be unreasonably delayed 
by the failure of other contractors to perform work 
which is essential to the performance of the work 
in question.”33 This duty was created or formed so 
that each party to the agreement is presumed to 
be acting in a manner so as to not damage another 
party from receiving the benefits of the agreement 
between them.34 Tied to this basic duty, that all 
parties to a contract will act fairly, reasonably, and in 
good faith is that the parties (owner, prime contractor 
and subcontractor alike) shall not actively interfere 
with one another’s contractual performance.35

While not absolute, this fundamental principle 
plays a key role in establishing the relationship 
of contracting parties and acts as a baseline 
against which other duties are often measured. 
For example, is it a breach of the duty of good faith 
and fair dealing to either (a) run different schedules 
for the subcontractors and owner?; (b) to not 
provide all of the contract documents to a given 
subcontractor?; or (c) to not properly document and 
notify the relevant parties of impacts or delays on 
a project, particularly where the subcontractor has 
provided such notice? The answers to these and 
other like questions are highly fact specific, but they 
do create bases for arguing that failure to conform 
to these sorts of requirements is a breach of this 
implied duty. These sorts of inquiries raise the 
question; the answer, is, however, in the hands of 
the trier of fact (judge, arbitrator, etc.) and cannot be 
answered definitively herein.

Prime contractors often will insert exculpatory 
clauses into contracts. These are clauses which 
seek to shift the risk from one party to another on a 
variety of topics, such as no damage for delay, pay-
if-paid, and interference provisions. These clauses 
are, however, often strictly enforced against the 
party seeking to be exempt or protected from the 
damage it otherwise causes. Likewise, they must 
not interfere with the other party. In other words, 
even if there is exculpatory language, the actions of 
a party to actively interfere in another’s work may 
act to undermine the enforceability of, in this case, 
an interference or no damage for delay clause.36 A 
recent trend relating to this is language that prime 
contractors add to their subcontract forms along 
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the line that they are not liable for interference even 
if intentional or active. The enforceability of such 
provisions remains open in many jurisdictions.37

The Prevention Doctrine

Another argument that exists and is implied in 
contracts relates to whether a party may rely on an 
exculpatory provision or schedule where that party 
has already breached the contract in question. 
This topic and argument are addressed under 
what is commonly called the Prevention Doctrine, 
also sometimes referred to as the Doctrine of First 
Breach.38 In summary, this legal doctrine states that 
if a party is in breach of its contract, it cannot seek to 
hold the other party in breach of that same contract 
for subsequent conduct.39 In other words, if a party 
is in breach of its contract, it often cannot claim that 
another party to the same contract is subsequently 
in breach. One cannot breach the contract and then 
seek to enforce the same agreement against the 
other party. While long established, it is not widely 
recognized by many parties and attorneys, yet it can 
be a powerful tool.

For example, a subcontractor submits a hotly 
contested proposed change order. The prime 
contractor reacts by withholding and failing to 
pay undisputed amounts, putting that prime 
contractor in default of the payment provision. If 
the subcontractor later submits a delay claim and 
the prime contractor points to a no damage for 

delay provision, one can argue (with no guarantee 
of success) that (a) the preexisting breach by 
the prime contractor precludes its ability to hide 
behind the no damage for delay clause under 
the Prevention Doctrine; and (b) an alternative 
argument is that the prime is interfering in the 
subcontractor’s work.

This argument can sometimes be used to preclude 
application of a no-damage-for-delay provision. 
Arguably, a party to a contract cannot be in breach 
and rely on the defense offered by that contract at a 
later date during the continuance of the underlying 
breach. Failure to provide a schedule or update can 
also run into this doctrine. If a general contractor 
has an affirmative duty to provide schedules and 
updates and to maintain a proper schedule and does 
not, then the failure to provide that material could 
potentially result in the contractor being unable to 
enforce other provisions of the subcontract against 
the subcontractor.

Other Implied Contractual Duties

Many subcontractors are familiar with the doctrine 
of promissory estoppel, sometimes called the 
“firm bid rule” or “detrimental reliance,” in which a 
subcontractor is bound to its bid if that bid is relied 
upon by the prime contractor.40 While this doctrine 
was first recognized in 1958 in California, it has 
since expanded across much of the country.41 Can 
one turn this doctrine on its proverbial head and 
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37	 See, e.g., Zachry Const. Corp. v. Port of Houston Auth. of Harris Cty., 449 S.W.3d 98, 103 (Tex. 2014) (finding unenforceable a no-damages-for-delay 
clause providing that the owner would not be liable for damages arising out of or associated with any delay or hindrance to the work, even if such delay or 
hindrance was due to the owner’s negligence, breach of contract, or other fault.).

38	 Farmers Feed & Seed, Inc. v. Magnum Enterprises, Inc., 344 N.W.2d 699, 701 (S.D. 1984) (“Whether interference by one party to a contract amounts to 
prevention so as to excuse performance by the other party and constitute a breach by the interfering party is a question of fact to be decided by the jury 
under all of the proved facts and circumstances.” (quoting Williston, § 39:3)).

39	 Thalle Constr. Co., Inc., v. The Whiting-Turner Contracting Company, Inc., 39 F.3d 412, 419 (2d Cir. 1994) (“‘A person violating his contract should not 
be permitted entirely to escape liability because the amount of the damages which he has caused is uncertain.’”) (quoting, Najjar Indus., Inc. v. City of 
New York, 87 A.D.2d 329, 451 N.Y.S.2d at 414–15 (App.Div. 1982); see also Rastek Const. & Dev. Corp. v. General Land Commercial Real Estate Co., LLC, 
806 S.E.2d 740, 295 Va. 416, 426 (2017) (“The prevention doctrine is the well-recognized ‘principle of contract law that if one party to a contract hinders, 
prevents, or makes impossible performance by the other party, the latter’s failure to perform will be excused.’”) (quoting, 13 Samuel Williston & Richard A. 
Lord, A Treatise on the Law of Contracts § 39:3, at 569 (4th ed. 2013)).

40	 Pavel Ent., Inc. v. A.S. Johnson Co., Inc.,, 674 A.2d 521,342 Md. 143 (1996).

41	 Drennan v. Star Paving, 333 P.2d 757, 51 Cal.2d 209 (1958); see, e.g., Pavel, supra. Please check your local laws for relevance and applicability.
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apply it to against the prime contractor? There is 
no definitive answer to this question, but it is not 
far-fetched to develop an estoppel argument42 
that, much as a prime contractor relies upon a 
subcontractor for its bid when seeking pricing pre-
award, a subcontractor should also be able to rely 
upon the prime contractor to have a consistent, 
accurate and well-thought-out plan for how it is 
going to perform the work.43 Again, while related 
to some of the other duties covered elsewhere in 
this chapter and that exist in the law, an estoppel 
argument is very fact intensive and case specific, 
arising from the fact that, where a subcontractor 
relies upon, in this case, the expectation and 
assurances (whether express or implied) that the 
schedule provided by the prime contractor to the 
subcontractors and owner will be accurate and 
reasonable, or that it will be followed.

One can imagine a hypothetical situation where 
the prime contractor provides the subcontractor a 
schedule, but that schedule is not the one that is 
provided to the owner or other parties, such that the 
schedule provided to the subcontractor is, in effect, 
a falsity. Performing its work, the subcontractor 
is later notified that it is not meeting its dates 
or the schedule, only to find out that another 
schedule exists. The argument would be that 
the subcontractor based its bid upon the “ghost” 
schedule it was provided, and that it relied upon that 

schedule. As a result, the prime contractor should 
be barred or estopped from pointing to another, 
effectively irrelevant schedule (at least as relates to 
the subcontractor’s performance).

While promissory estoppel applies pre-bid and 
would likely not be enforceable once a contract 
is entered into, as any prior negotiations and 
discussions are generally superseded by the terms 
of the contract (through what is called the integration 
doctrine), some creative drafting may be able to 
thwart (or at least reduce) such concerns. How can 
a subcontractor price or plan out its work means 
and methods without being able to rely upon the 
representations and planning of the prime?

Estoppel, in effect, can excuse one’s performance 
due to the active actions, inactions or interference 
of another party.44 That being said, the burden 
of proving an estoppel argument is often high, 
particularly among sophisticated parties or 
businesses, such that this argument is likely a 
secondary or tertiary one to consider in your litigation 
and claims strategy. Short of providing extensive 
documentation from the earliest impacts relating to 
such an argument, and continuing to document the 
impact, reliance, and related conduct, this argument 
is difficult to establish, but not impossible.
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42	� “Estoppel”, a legal term, is defined as follows: 
 
Estoppel arises where one, by his conduct, lulls another into a false security, and into a position he would not take only because of such conduct. Estoppel, 
in the event of a disputed claim, arises where one party by his words, acts, and conduct led the other to believe that it would acknowledge and pay the 
claim, if, after investigation, the claim were [sic] found to be just, but when, after the time for suit had passed, breaks off negotiations and denies liability 
and refuses to pay. To constitute estoppel there must be deception relied upon by the other to his detriment.

McWaters and Bartlett v. United States ex rel. Wilson, 272 F.2d 291, 296 (10th Cir. 1959) (a Miller Act case in which the court stated a working definition of 
estoppel, although it did not find estoppel as a matter of fact); accord U.S. for Use & Benefit of Atlas Erection Co. Inc. v. Cont’l Cas. Co., 357 F. Supp. 795, 
798 (E.D. La. 1973).

43	 See Bat Masonry v. Pike-Paschen Joint Venture III, 842 F. Supp. 174 (D. Md. 1993) (recognizing that a contractor has an implied duty to properly sched-
ule and coordinate the subcontractor’s work and awarding subcontractor costs for loss of productivity due to the contractor’s re-sequencing of the work 
on the project which caused more “trade stacking” than was required under the original CPM schedule); Blake Const. Co., Inc. v. C.J. Coakley Co., Inc., 431 
A.2d 569, 576 (D.C. Cir. 1981) (recognizing that a contractor cannot schedule on-site work in an “unreasonable sequence”); see also AIA A201-2007, Art. 3, 
§ 3.10.1 (“The Contractor, promptly after being awarded the Contract, shall prepare and submit for the Owner’s and Architect’s information a Contractor’s 
construction schedule for the Work. The schedule shall not exceed time limits current under the Contract Documents, shall be revised at appropriate 
intervals as required by the conditions of the Work and Project, shall be related to the entire Project to the extent required by the Contract Documents, 
and shall provide for expeditious and practicable execution of the Work.”)

44	 Restatement (Second) of Contracts §§246 & 247.
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Obstructionism, Interference and 
the Duty Not to Interfere

Also implied in every contract is a duty to not 
obstruct or interfere in the work of other parties to 
the contract.45 Of course, if the contract in question 
allows such actions, then there is likely no implied 
duty against such conduct or inactions. That 
being said, interference can come in the form of 
both affirmative and passive conduct, i.e., “acts or 
omissions.”

There is a long line of cases stating that an owner 
or prime contractor cannot interfere in another 
party’s efforts to achieve the contract’s goals. 
Active interference is defined as “committing an 
affirmative, willful act that unreasonably interfere[s] 
with the [contractor’s] performance of the contract, 
regardless of whether that act was undertaken in 
bad faith”46 and it arises from various actions or 
inactions of the upper tier party. It can also arise 
from another subcontractor’s actions or inactions 
which are imputed to the prime contractor. As the 
courts have held:

“It is hornbook law that an implied provision of 
every contact is that neither party to the contract 
will do anything to prevent performance thereof 
by the other party or commit any act that will 
hinder or delay performance.”47

This may also be termed as an “implied duty to 
cooperate,” but the conclusion and obligation are 
effectively the same.

Some select examples of active interference include, 
but are not limited to:

a.	� A direct order that impacts the means, methods, 
efficiency or costs of a subcontractor.48

b.	� Overzealous inspection.49

c	� Failure of a contractor to timely act or to remain 
silent, such as in the instance of delayed 
submission responses or failing to give direction 
on changed or differing site conditions.50

d.	� Failure of the general contractor to coordinate 
its subcontractors, resulting in interference to a 
subcontractor.51
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45	 See, S. Leo Harmonay, 597 F.Supp. at 1027 (“Balancing this risk factor, however, is the well-established rule that a contractor is entitled to a reason-
able opportunity to perform his contract without obstruction or interference….”).

46	 Tricon Kent Co. v. Lafarge North America, Inc., 186 P.3d 155, 161 (Colo. App. 2008).

47	 Peter Kiewit Sons’ Co. v. Summit Constr. Co., 422 F.2d 242 (8th Cir. 1969)(citations omitted); see also, S. Leo Harmonay, supra, at note 35 (There is a “…
well-established rule that a contractor is entitled to a reasonable opportunity to perform his contact without obstruction or interference, and that neither 
party will do anything that will hinder or delay the other party in performance of the contract.” (citations omitted)); see also, Gulf M&O Ry. Co. v. Ill. Cent. 
Ry. Co., 129 F.Supp. 311, 324 (N.D. Ala. 1954), judgment aff’d, 225 F.2d 816 (5th Cir. 1955).

48	 See In re Redondo Constr. Corp., 411 B.R. 89, 105 (Bankr. D.P.R. 2009), vacated in part, 700 F.3d 39 (1st Cir. 2012) (“The Court concludes that RCC has 
proven the disruptions in the work performed and therefore established an entitlement to inefficiency claims against PRHA. There was a reduction in the 
expected productivity of labor and equipment, which went well beyond the normal range of disruption inherent in the construction process.”); see also 
Tricon Kent, 186 P.3d at 161 (determining that the contractor’s decision to affirmatively change the scope of the project caused the subcontractor to alter its 
anticipated construction methods and forced it to deal with delays caused by closures of a traffic lane).

49	 See Kenneth Reed Constr. Corp. v. U.S., 475 F.2d 583 (Ct. Cl. 1973) (contractor entitled to equitable adjustment where government inspectors required 
tolerances not set forth in the contract nor normally used in similar construction); see also Adams v. U.S., 358 F.2d 986 (Ct. Cl. 1966) (finding that the 
government’s inspection procedure increased the contractor’s costs); State v. Buckner Constr. Co., 704 S.W.2d 837 (Tex. App. 1985) (determining that the 
owner’s engineer required more sandblasting than what was required in the contract specifications).

50	 See Haney v. U.S., 676 F.2d 584, 597 (Ct. Cl. 1982) (government’s untimely furnishing of instructions and information caused work areas to be placed 
“on hold” and delay was compensable); see also Horton Indus., Inc. v. Village of Moweaqua, 492 N.E.2d 220, 142 Ill. App. 3d 730 (1986) (contractor enti-
tled to recover due to the owner and its engineer’s failure to respond to its inquiries in a timely manner). Also note that a contractor’s failure or inaction in 
responding to a written request to waive a thirty-day notice of claim requirement can result in the contractor’s inability to raise the contractual provision as 
a defense on a later date. See E.C. Ernst, Inc. v. Koppers Co., 476 F. Supp. 729 (W.D. Pa. 1979), affirmed in part, 626 F.2d 324 (3d Cir. 1980).

51	 See, Bat Masonry, 842 F.Supp. 174; see also, Klingensmith, 670 F.2d 1227 (D.C. Cir. 1982); Howard P. Foley Co. v. J.L. Williams & Co, 622 F.2d 402, 406 
(8th Cir. 1980); Blake Constr. Co., Inc., 431 A.2d at 576.
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e.	� The general contractor otherwise acting 
unreasonably or irrationally.52

f.	� By extension this duty can be breached through 
a direction to accelerate.53

Likewise, this doctrine can be read as holding that a 
“prime contractor implicitly promises to provide such 
working conditions as may be necessary to allow its 
subcontractors to carry out its obligations under the 
contract.”54 Such interference ties not only into the 
Prevention Doctrine, discussed above, but also can 
be its own potential independent breach of contract, 
excusing performance and/or creating a basis to 
claim recovery and time in the case of schedule 
impacts. This can also extend to the situation where 
the contractor does not provide schedules or the 
data supporting such work, particularly where that 
requirement is explicit in the subcontract documents. 
Even lacking that duty, an argument exists that the 
failure to cooperate and provide such data is, by its 
very nature, a form of interference. Such a general 
contractor (or other party) “omission,” or in the more 
egregious situation where different schedules are 
being run simultaneously, creates this argument. 
Being able to prove that the subcontractor did not 
know of this situation, relied upon the expectation 
that it would receive such contract documents and 

schedules, and was damaged and/or delayed as a 
result of the omission play key factors in developing 
this argument.

Duty to Cooperate and Interference

Interference can also extend to a violation of the 
duty of cooperation. There is an implied duty to 
cooperate and not hinder performance implied 
in all construction contracts.55 That duty requires 
the owner (or general contractor in the case of 
a subcontract) to cooperate with, and assist, the 
lower-tier party in achieving the goals set forth in the 
contract.56 Where an owner/prime actively interferes 
in that achievement, liability can attach (absent an 
express right in the contract to interfere).57

This doctrine attaches most often in the government 
contracting realm, but as the cases cited herein 
show, they can apply with equal force and effect in 
the commercial, state, and private realms. What one 
typically must establish is that the interfering party’s 
actions were unreasonable58 under the relevant 
circumstances and that the delay or hindrance was 
not caused by others whom the interfering party did 
not direct or control.59 Moreover, in order to show 
a breach of the implied duty, the aggrieved party 

Management Methods Bulletin CO6 - 2020. © 2024 MCAA. All rights reserved.

52	 See, S.A. Healy Co. v. U.S., 576 F.2d 299 (Ct. Cl. 1978) (approving contractor’s proposed schedule of progress and billings despite knowing that “funds 
of this magnitude would not be appropriated because not requested”); see also T.C.B. Constr. Co., Inc. v. W.C. Fore Trucking, Inc., 134 So. 3d 701 (Miss. 
2013) (holding that a contractor was liable to its subcontractor as it acted in bad faith by denying previously approved change orders for which the con-
tractor had obtained compensation from the owner).

53	 See, Bat Masonry, 842 F. Supp. 174.

54	 United States ex rel. Heller Electric Co. v. William Klingensmith, Inc., 670 F.2d. 1227, 1232 (D.C. Cir. 1981).

55	 Often this duty arises between the Owner having the duty to the prime contractor (see, Jacobson & Company, Inc., GSBCA No. 5605, 80-2 BCA ¶14,521), 
but it can easily extend to the Prime Contractor and its Subcontractors.

56	 For example, see, e.g., Paliotta v. Department of Transp., 750 A.2d 388 (Pa. Comm. Ct. 1999) (finding that the owner interfered with contractor’s 
planned method of construction when it represented that utility poles would be removed to facilitate curb and gutter work but this proved incorrect, 
prompting contractor to request pouring of the curb gutters behind the utility poles which was denied by the state, requiring the contractor to switch to 
a more costly method of construction); Lester N. Johnson Co., Inc. v. City of Spokane, 588 P.2d 1214, 22 Wash. App. 265 (1978) (after heavy rains, owner’s 
pumping raw sewage into field uphill from job site was interference when sewage ran down hill into construction zone, causing delays). See also, City of 
Seattle v. Dyad Constr., Inc., 565 P.2d 423 (Wash. Ct. App. 1977); M. De Mateo Constr. Co. v. Maine Turnpike Auth., 184 F.Supp. 907 (S.D. Me. 1960).

57	 In the case of federal government contracts, this doctrine has existed for decades. See, e.g., George A. Fuller Co. v. U.S., 69 F.Supp. 409 (Ct.Cl. 1947).

58	 Tricon Kent Co., 186 P.3d at 161–62; see also Orlosky Inc. v. U.S., 68 Fed. Cl. 296, 311 (2005) (noting that a party breaches the implied duty when it acts 
unreasonably under the circumstances).

59	 Triangle Sheet Metal Works, Inc. v. James H. Merritt and Co., 588 N.E.2d 69, 79 N.Y.2d 801 (1991), aff’g Triangle Sheet Metal Works, Inc. v. James H. 
Merritt and Co., 171 A.D.2d 417, 566 N.Y.S.2d 644 (1991), order aff’d, 588 N.E.2d 69, 79 N.Y.2d 801 (1991).
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does not need to show bad faith on the part of the 
breaching party, just a breach.60

Duty to Coordinate

Another implicit duty is that of the prime contractor 
to coordinate its subcontractors. As the court in 
Blake Construction v. C.J. Coakley, Inc. stated:

“We note parenthetically and at the outset that, 
except in the middle of a battlefield, nowhere must 
men coordinate the movement of other men and 
all materials in the midst of such chaos and with 
such limited certainty of present facts and future 
occurrences as in a huge construction project 
such as the building of this 100 million dollar 
hospital. Even the most painstaking planning 
frequently turns out to be mere conjecture and 
accommodation to changes must necessarily be 
of the rough, quick and ad hoc sort, analogous 
to ever-changing commands on the battlefield. 
Further, it is a difficult task for a court to be able 
to examine testimony and evidence in the quiet 
of a courtroom several years later concerning 
such confusion and then extract from them a 
determination of precisely when the disorder and 
constant readjustment, which is to be expected 
by any subcontractor on a job site, become so 
extreme, so debilitating and so unreasonable 
as to constitute a breach of contract between a 
contractor and a subcontractor….”61

That court also held that the prime contractor 
has an inherent duty to coordinate the work of its 
subcontractors. Towards this end, the Blake court 
upheld the trial court’s finding that Blake’s improper 
work sequencing amounted to “active interference” and 
that because of this, the no damage for delay provisions 
was unenforceable.62 It is this doctrine which plays a 

fundamental foundation to much of a subcontractor’s 
ability to seek recovery from a prime contractor.

Conclusion
Negotiating a proper and positive subcontract up 
front and obtaining the prime contractor’s native 
CPM schedule files at the outset of a project 
are often a challenge in today’s construction 
environment. However, it may not be an 
insurmountable challenge if the subcontractor is 
prepared to press for pre-subcontract terms and 
conditions that will ensure the prime contractor’s 
provision of the native CPM schedule files and 
is prepared to explain the rationale and logic for 
such a request. Should pre-subcontract execution 
negotiations to obtain access to the native schedule 
files provide unfruitful, then the subcontractor can 
attempt to negotiate access to the schedule by other 
means. These post-subcontract execution strategies 
can include letters documenting specific requests 
for the prime contractor’s native schedule files and 
informing the prime contractor that, given impacts 
or perceived problems on the project, access to the 
schedule as soon as possible can play a key role in 
documenting, researching, analyzing, and mitigating 
resulting delays or impacts.

The project CPM schedule is, on most projects, 
considered a contract document of record and 
should be treated accordingly. It should be read, 
reviewed to the fullest extent possible, and 
responded to in writing to the prime contractor.
n	Only by having access to the native schedule 

files can a subcontractor perform a thorough 
review and analysis of the project CPM schedule.

n	Only by having access to the native schedule 
files can a subcontractor ensure that its activity 
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60	 Orloskly Inc., 68 Fed. Cl. at 312.

61	 Blake Const. Co. v. C.J. Coakley Co., Inc., 431 A.2d 569, 5757 (D.C. 1981).

62	 Blake at 578-79 (citing, E.C. Ernst, Inc. v. Manhattan Const. Co. of Texas, 551 F.2d 1026, 1029 (5th Cir. 1977); pet. for reh. granted in part and den. In 
part, pet. for reh. en banc denied, 559 (5th Cir. 1977), cert. denied, 434 U.S. 1067, 98 S.Ct. 1246 (1978).



97

Change Orders

sequencing, logic ties, crew, and equipment 
restraints are an accurate reflection of the 
subcontractor’s time and resource plan.

n	Only by having access to the native schedule 
files can the subcontractor perform a thorough 
review of available total float, and identify false 
total float, in the CPM schedule.

n	Only by having access to the native schedule 
files can the subcontractor perform a complete 
and comprehensive time impact analysis to 
identify and quantify potential project delay.

Having access to the prime contractor’s CPM schedule 
native electronic files is an essential management tool 
to allow the subcontractor to aid the prime contractor 
in the successful execution of the project. Denial by 
the prime contractor to the subcontractor’s formal 
requests for the native CPM schedule files can rise to 
the level of obstructionism, or even active interference 
in the subcontractor’s ability to perform its work in a 
timely and efficient fashion.

The MCAA thanks Lawrence M. Prosen, Esquire of Kilpatrick Townsend & Stockton, LLP for the case citations and some general commentary contained 
in the sections of this chapter entitled: “Can Hiding (or Refusing to Provide) the Schedule Rise to the Level of the Failure in the Duty to Cooperate and 
Not to Hinder, or Even Active Interference? Some Potential Legal Theories to Consider in a Given Case” and “Does the Prime Contractor Have a Duty to 
Share or Provide the Native CPM Contract Schedule?”. The statements and opinions expressed herein are that of Mr. Stynchcomb, the primary author, 
and are not to be construed as those of, or attributed to, Kilpatrick, Townsend & Stockton LLP, its attorneys, or Lawrence M. Prosen. Readers should not 
rely on these materials as legal advice and should seek the advice of competent counsel. These materials are not intended to constitute the rendering of 
legal advice or to create an attorney-client relationship with the reader or MCAA members. The authors thank Benjamin L. Williams for his invaluable le-
gal research assistance in preparing this chapter. Peer review was performed by: Robert Beck, President/CEO of John W. Danforth Company in Tonawa-
nda, NY; Rick Freeman, Executive Vice President, Southern Insulation, Inc. in Hyattsville, MD; Brian Helm, President of The Helm Group in Freeport, IL; 
and Denis St. Pierre, Executive Vice President & COO of Alterman in Austin, TX.
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Introduction
Schedule delays are a frequent occurrence on 
many construction projects and can have immense 
cost consequences. Without the remedy of a time 
extension, mechanical contractors are often forced 
to work overtime and may be required to increase 
crews and supervision to mitigate delays, even when 
caused by others. Mechanical contractors may also 
be assessed liquidated damages for delay, along with 
possibly having to defend against delay claims from the 
prime contractor or other trades. In some instances, a 
mechanical contractor is not made aware of delaying 
events until it is too late to remedy the delay without 
incurring added costs that can be substantial.

The purpose of this chapter is to alert mechanical 
contractors to several of the key elements of 
schedule usage and the development of time 
impact analyses to identify and quantify project 
delays. An important first step in this process is the 
mechanical contractor’s thorough review of the 
contract documents. The specifications generally 
contain the scheduling requirements for the project. 
Within this section of the specifications is often 
found the provisions governing timely notice and 
the requirements for a schedule impact analysis. 
Read the general conditions of your contract 
specifications carefully before any work is performed 
on the project. It is not unusual to find terms and 
conditions such as:

Contractor’s failure to submit its time impact 
analysis, with all supporting documentation 
and within the time period provided for in this 
contract, will constitute a full and final waiver 
of the contractor’s right to an extension of time 
arising from the alleged changed condition. 
Absent the timely and complete submission of 
the contractor’s time impact analysis as required 
by this contract, it is mutually agreed that the 
alleged changed condition has no effect on the 
critical path of the project schedule.

The method of delay impact analysis described in 
this chapter is known as the “contemporaneous 
windows” method of analysis. The windows method 
measures delay at specific time windows throughout 
the project. The contemporaneous windows in time 
used for this type of analysis are usually the dates 
of the monthly update of the project schedule. 
While there are other methods of construction delay 
analysis, such as the “impacted as-planned,” the 
“as-built,” or the “collapsed as-built” methodologies, 
none offer the ability to evaluate the project at 
specific windows of time throughout the duration of 
the work. Moreover, some methodologies, including 
the “impacted as-planned” technique, have been 
generally discredited or strongly critiqued by courts 
and boards in reported cases.

Many modern contract specifications require the 
“contemporaneous windows” method of delay 
impact analysis. This bulletin will describe this 

Time Impact Analysis—
Measuring Project Delay
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method of analysis using the terms employed by 
contract specifications that are encountered on 
many public and private construction projects.

Terms and Concepts 
Used in Delay Analysis
Activity—the basic unit of work in a construction 
schedule. The activity is the unit of work1 into which 
the overall project is divided for the purposes of 
tracking and managing time and labor during the 
construction process. The overall project is divided 
into activities during the job planning phase. 
Each activity is defined by specific geographic or 
contract boundaries such as phase, building, floor, 
and sectors; and by other designations, such as 
column lines, systems, rooms, crew codes, or other 
definitions that will allow specific identification of the 
work on the contract drawings. Each activity is given 
an estimated duration and is linked to other activities 
in the schedule by the use of logic restraints. Logic 
restraints (i.e., finish to start, start to start, finish to 
finish, and start to finish) define the relationship 
between activities in a construction schedule and 
are input by the scheduler to develop the overall 
Schedule Network.

Critical Path Method (CPM) Scheduling—a 
formalized, and usually computerized, method of 
construction scheduling. This dynamic construction 
management tool requires the development of 
activities and interconnecting logic restraints. The 
activities are analyzed to determine how each 
interrelates to other activities on the overall project 
with regard to performance dates. Logic restraints 
are created between the activities to create the 

CPM schedule network, which is the graphic 
representation of the overall schedule showing the 
activities and the interconnecting logic restraints. The 
CPM schedule should demonstrate the most efficient 
and profitable means of completing the project within 
the performance time set forth in the contract.

Critical Path—the longest connected chain (or 
chains, in the case of multiple critical paths) of 
activities in a CPM schedule that, if delayed, will have 
an equivalent impact on the end date of the project.

Total Float—the number of days an activity can be 
delayed from its earliest start date, or its earliest 
finish date, without causing delay to the completion 
of the project. Activities on the critical path have 
zero (0) total float.2 Total float is a computation that 
is derived from the CPM schedule network and is 
dependent on the duration of the activities and 
the logic restraints that are input by the scheduler. 
Total float can change with each progress update or 
modification made to the original schedule.

Most contract specifications contain a “shared total 
float” clause. Such clauses state that total float is 
a commodity to be shared between the parties to 
the contract. In the case of a delaying event, a time 
extension will be granted only to the extent that the 
delay first consumes the entire available total float 
and, thereafter, causes a delay to the critical path. 
Impact events, which only consume positive float 
when analyzed in the CPM schedule, will usually not 
result in the granting of a time extension.

Time Impact Analysis (TIA)—a series of activities 
and logic restraints that define what is known about 
a changed condition,3 such as work added by a 
scope change or work occasioned by a differing 
site condition. As the conditions change, or as 

1	 A “unit of work” includes all elements of field installation as well as submittal preparation, engineer’s submittal review, and prefabrication. 

2	 It is possible for the most critical path to have positive float, a concept which is not discussed herein.

3	 TIAs are generally created at the outset of a potential delay and, as such, will not contain a complete delay analysis because the entire scope of the 
TIA will not be apparent. Therefore, the TIA must be evolved from month to month to show the development of the potential delay. This evolution requires 
the addition of new activities to the TIA, such as responses to RFIs, approval of a change order, direction to proceed, and definition of the actual work 
involved in the change.
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more information is known about the potential 
delay, the TIA must be modified (evolved). The TIA 
has become a term of art in the industry and is 
referenced in many contract specifications regarding 
project scheduling, notice, and delay analysis. TIAs 
are input into the CPM schedule as soon as the 
changed condition is recognized and are inserted 
into the CPM schedule update with a status, or “data 
date,” closest in time to the date of the initiation or 
discovery of the potential impact event.

Fragnet—another term of art in the construction 
industry having the same definition as the TIA. The 
fragnet is a fragmentary portion of an overall project 
CPM schedule network that depicts the activities 
and logic associated with a potential schedule 
impact. The gapless evolving fragnet is a term of 
art that describes a process of identifying, defining, 
and developing over time, the discrete activities 
that form a potential impact to the project schedule. 
Maintaining contemporaneous documentation 
supporting the details of each delay activity is 
important in developing and supporting the TIA, 
or gapless evolving fragnet. The terms “TIA” and 
“fragnet” will be used interchangeably herein.

The Project Schedule
While this bulletin does not cover the means 
and methods of CPM schedule development, 
updating, and maintenance, some commentary 
concerning the scheduling process is useful. If the 
mechanical contractor is also the prime contractor 
on the project, the development and control of the 
schedule should not pose a problem. The prime 
mechanical contractor is usually tasked with the 
same type of overall scheduling responsibilities 
as would a typical general trades contractor or 
construction manager. In such cases, the prime 
mechanical contractor will be fully aware of the 

requirements of the project schedule and will know 
when TIAs are required to be developed and input 
into the overall project schedule.

The majority of mechanical contractors, however, are 
in the role of subcontractor to a prime contractor or 
construction manager. In such cases, the mechanical 
subcontractor may not have unfettered access to the 
prime contractor’s schedule. When that is the case, the 
mechanical subcontractor must take some affirmative 
steps regarding participation in the scheduling 
process. It is recommended that the following 
minimum steps be followed on every project:

n	Request the opportunity to participate in the 
development of the project schedule.

It is essential that the mechanical subcontractor 
request that it be given a full and complete opportunity 
to participate in the development of the overall 
project schedule prepared by the prime contractor or 
construction manager. Furthermore, the mechanical 
subcontractor may, from time to time, be asked by the 
prime contractor to review, or to provide input into, the 
overall project schedule. The mechanical contractor 
should respond competently, comprehensively, and in 
a timely fashion to such requests.

n	Request electronic copies of the project 
schedule and all updates.

It is often difficult, if not impossible, to conduct a 
meaningful schedule review using only a paper 
copy of the project schedule or updates thereto. 
Thus, the mechanical subcontractor should request 
in writing a magnetic media copy4 of the prime 
contractor’s baseline schedule and each progress 
update thereto. The mechanical subcontractor 
is then able to perform a much more detailed 
and thorough review of the prime contractor’s 
schedule. On public projects, when requests for the 

4	 All scheduling software systems, such as Primavera®, allow the electronic schedule files to be written onto transferable media such as compact discs. 
The electronic scheduling files can also be easily transmitted by e-mail.
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electronic scheduling files are denied by the owner, 
construction manager, or prime contractor, such files 
can sometimes be obtained through a Freedom of 
Information Act (FOIA) or “public information act” 
request filed by counsel.

n	Timely submit any TIAs in accordance with the 
contract documents.

With or without the prime contractor’s assistance 
and cooperation, the mechanical subcontractor must 
submit its TIAs in accordance with the requirements 
of the specifications. The fact that a prime contractor 
may not utilize the TIA, or properly insert the TIA 
into the overall project schedule, does not relieve 
the mechanical subcontractor from fulfilling, to the 
fullest extent possible, its contractual obligations, if 
so specified, to develop and submit TIAs for events 
affecting the work of the mechanical contractor.

n	Utilize crew and equipment restraints to avoid 
“False Float” and possible stacking of trades or 
crew size inefficiencies.

False float is an important concept to grasp for the 
mechanical contractor because the presence of false 
float may result in understated time impact analysis. 
Many contractors do not take into consideration 
the limitations of available crews or equipment 
items, such as cranes, and fail to insert crew and 
equipment restraints into the logic of the CPM 
schedule. The absence of these vital logic restraints 
can create false float5 which, in the event of a delay, 
may improperly consume the impacts when a TIA is 
inserted into the project schedule. When mechanical 
crew and equipment restraints are missing, a delay 

impact may show no delay computation in the 
project schedule due to false float. In fact, because 
of the lack of crew and equipment restraints, the 
mechanical subcontractor’s activities may become 
improperly “stacked” in the schedule in a manner 
that was totally unanticipated, in turn, leading 
to unplanned increases in crew or equipment 
requirements and their associated inefficiency and 
financial impact to the mechanical subcontractor.

Contractual Obligations 
to Submit the TIA
Most current contract specifications contain 
requirements that the contractors submit a TIA, 
or fragnet analysis, in order to demonstrate the 
impact of changes or delays to the project schedule. 
Since most prime contractors include “flow down” 
provisions6 in their subcontracts with mechanical 
subcontractors, the mechanical subcontractor bears 
the same, or even a greater,7 burden as does the 
prime contractor in order to demonstrate the impact 
of changes, delays, and other disruptions to its work.

An illustrative example of the clauses that typically 
appear in many contract specifications is the 
following:

Contractor shall submit its time impact analysis 
within seven (7) calendar days after the initiation 
of the event that causes the alleged delay. 
The seven calendar day period shall begin 
at the point in time when the delaying event 
was known, or should have been known, to 
the contractor. The contractor shall submit 
its time impact analysis in the form of a CPM 

5	 “False Float” is relative float (relative to the float on the controlling critical path) that is improperly shown in a CPM schedule, usually arising from the 
absence of proper crew and equipment restraints. In many cases, False Float incorrectly absorbs the time impacts of fragnets inserted into the schedule, re-
sulting in no measurable delaying effect on the project end date. False float can deprive a contractor of its entitlement to an otherwise excusable delay event.

6	 A “flow down” provision contains language that places the same requirements and obligations on the subcontractor as the prime contractor has with 
the owner or construction manager. 

7	 In many subcontracts, the mechanical subcontractor is required to provide its notice of delay, or TIA, in such a manner that the prime contractor can meet 
its timing obligations for notice and quantification with the owner in its contract. Essentially, this requirement means that the mechanical contractor must 
submit its TIA or notice in less time than the prime contractor is provided in its contract with the owner or construction manager to submit its TIA or notice.
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schedule fragnet analysis that will be inserted 
into the approved schedule update closest to 
the initiation of the delaying event. Failure of 
the contractor to submit its time impact analysis 
within the time limits set forth herein will result in 
a waiver by the contractor of any entitlement to 
an extension of time to the contract. By failing to 
submit its time impact analysis in the format and 
within the time requirements described herein, 
the contractor agrees that no time extension 
is required by the alleged change in scope or 
event and forevermore waives its rights to claim 
for such delay or impact of any sort or type.

n	Notice requirements for TIAs should be strictly 
followed.

The time element imposed by the contract is 
dependent upon the specific project—some 
specifications allow as little as three (3) calendar 
days, some as much as thirty (30) calendar days or 
more. Notwithstanding the relatively short period 
allowed by many specifications to provide written 
notice and a TIA, such clauses may be enforceable 
under the controlling laws and, thus, cannot be taken 
lightly by the mechanical subcontractor. To vault the 
dual hurdles of delay identification and timely notice 
is a formidable task for the mechanical contractor. It 
is foolhardy to rely upon assurances from the prime 
contractor or construction manager’s employees that 
such requirements will not be enforced or that issues 
of delay and associated costs will “be dealt with” 
at the end of the job. In order to accommodate the 
rigid requirements of many current specifications, 
the mechanical subcontractor must strictly adhere 
to the CPM scheduling techniques described in the 
contract specifications. 

n	Contract conditions, payment applications, 
and change orders should be reviewed by the 
contractor and/or its legal counsel to avoid 
waiving valuable rights.

With more and more contract specifications being 
written with strict waiver clauses regarding notice 
and TIAs, it is a wise and prudent investment for 
the mechanical contractor and/or its construction 
counsel to review carefully the contract general 
conditions, payment application forms, and change 
order forms.8 Such a review at the outset of the 
project is critical to alerting the project management 
team as to its responsibilities and obligations 
regarding these crucial issues.

Development of the TIA
As described herein, many contract documents 
(usually a section in the scheduling specifications 
within the general conditions) require that fragnets, 
or TIAs, be inserted into the project schedule as 
delay events are known. These TIAs are to be placed 
into the update of the schedule closest in time to 
the notice to proceed of the changed condition, or 
in the update closest to the start of the impact of the 
changed condition. Since most TIAs are prepared 
and submitted before all of the potentially delaying 
events are known, the TIA must be evolved from 
update to update. The steps to prepare an evolving 
TIA are generally as follows:

n	Draw out the TIA logic, in detail, to include all 
discrete activities that are known at the time 
the potential impact is identified, or can be 
reasonably predicted as a result of the impact 
event.

8	 The regular monthly payment application form provided to the mechanical contractor by the prime contractor, construction manager, or owner 
may contain waiver language that must be addressed with each and every monthly payment application in order to preserve the contractor’s rights for 
compensation for such things as unsettled change orders and impact events that are known, but not covered, by a formal change in scope. Some prime 
contractors’ monthly payment application forms contain full or partial release language that attempts to bar the subcontractor’s recovery of unexecuted 
changes in scope or delay and impact claims. Similarly, the change order form used on the project may contain “full accord and satisfaction” language 
that may severely limit or restrict the contractor’s rights to seek additional relief beyond what is explicitly set forth in the change order.
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Such information may include the issuance of an RFI, 
the waiting period for a response, the analysis and 
pricing of the response and a forecast of change 
order processing time, procurement of any materials 
and equipment required by the impact event, and the 
actual work to address the event. Each of these items 
should be designated as a separate activity in the TIA.

n	Ensure that there are no unidentified gaps in 
time within the fragnet.

From the start date of the fragnet event until it finishes, 
or is forecast to finish, every significant period in time 
must be identified as an activity within the TIA. For 
instance, if the contractor must wait for five (5) weeks 
for the owner’s response to an RFI, then the five (5) 
week period would be identified as an activity, such 
as “Contractor Waiting for Owner’s Response to RFI 
No. 50.” The TIA must be gapless—every day must be 
accounted for by an activity describing the events of 
each time period, whether “waiting” for a response, 
“negotiating” the change documents, or actually 
performing the changed work scope.

n	The actual start and finish dates for historical 
portions of the TIA (those activities that have 
been completed) should be verified against 
the project records and the source of all 
actual dates and durations should be noted 
for future reference.

n	Starting with the first update in which the 
impact of the fragnet is identified, the TIA 
should include those portions of the fragnet 
that are known at the time of that update as 
historical data. All forecasted information 
(activities not yet accomplished that are part of 
the TIA) should be entered into the schedule 
update as new activities.

n	The existing base contract activity(ies) that 
are, or may be, affected by the TIA must be 

identified. The TIA is then logically tied to 
the affected activity(ies) in the CPM schedule 
to determine what, if any, impact has been 
caused by the event.

The mathematical analysis of the schedule update 
can be rerun and the scheduler can determine if the 
fragnet has changed the critical path by comparing 
the pre-impacted schedule with the impacted version.

n	Each succeeding month after the first update 
into which the TIA has been inserted, the 
TIA can be “evolved” with information as it 
becomes available regarding the scope and 
timing of the TIA Activities.

Although the step of forecasting activities in the 
evolving TIA (also known as the gapless evolving 
fragnet) may be somewhat subjective, it is essential 
in meeting many of the specification requirements 
now being included in contracts. Contemporaneously, 
maintaining notations or other records that support 
these forecasts of future events that are depicted in 
the TIA can provide an important historical record. In 
addition, including the latest information regarding 
the TIA in the most current schedule update allows 
the mechanical contractor to manage the work to 
mitigate the impact of the delay.

n	As the contractor looks forward in the CPM 
schedule to the point at which the potential 
delay event will affect the base contract work, 
it is important to tie the ending activity of the 
TIA into the earliest base contract activity 
which could be affected by the TIA logic.

This tie point from the TIA into the base contract 
schedule is extremely important and should be 
established with care. With regard to new scopes of 
work arising from the TIA that must be defined as 
activities, it is essential that these new activities be 
sequenced within the existing logic of the schedule so 
as to maintain the contractor’s planned crew restraints.
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n	With each update, the scheduler can note 
the effects of the various TIAs on the overall 
Critical Path of the project schedule.

The Critical Path impacts, if any, will evolve along 
with the input and updating of the TIA data. In 
fact, the impact of the TIA on the Critical Path may 
change from month to month as other job conditions 
also change.

n	If the impacts of the TIA are expected to 
include labor inefficiencies, these estimated 
inefficiencies can be forward priced using 
“Factors Affecting Labor Productivity” and 
“How to Use the MCAA Labor Factors.”

To the extent that the mechanical contractor must, 
or desires to, include all of the potential impacts in 
a forward looking TIA, the contractor must consider 
if the TIA will impact the productivity of the base 
contract work. If the contractor will be required to 
bring in new workers that may be unfamiliar with the 
project, work overtime, or work in an unanticipated 
manner concurrently with other trades, the scope 
change work and the base contract work could be 
adversely affected in terms of labor productivity. 
In such cases, the mechanical contractor should 
reference “Factors Affecting Labor Productivity” 
on page 151 and “How to Use the MCAA Labor 
Factors” on page 155 to estimate the potential loss 
of labor productivity to the scope change work and 
possibly to the base contract work as well.9 This loss 
of productivity will be manifested in either added 
labor to overcome the effects of the inefficiencies, 
overtime, or longer activity durations that can result 
from inefficiency.

For example, if a base contract activity of 18 planned 
work days for the installation of piping branches 

is expected to sustain a loss of productivity of 20 
percent caused by “stacking of trades” because it 
will be performed in a different working environment 
resulting from the time slippage demonstrated by a 
TIA, the duration of the activity can be increased to 22 
work days (18 x 1.2). By including this consideration, 
where possible, in the overall TIA, the mechanical 
contractor may be more fully compensated for 
impacts arising from changes in scope. “How to Use 
the MCAA Labor Factors” explains how the estimated 
durations of schedule activities can be impacted 
using the inefficiency factors contained in “Factors 
Affecting Labor Productivity.”

n	If a change order is executed regarding an 
evolving TIA (i.e., is executed before the delay 
impacts are actualized), the contractor should 
reserve its rights as to any future impacts of 
the evolving delay events.

Assuming that the delay event is recognized as a 
change in scope to the mechanical contractor’s 
contract, a formal change order may be executed. 
The change order form may contain “full accord and 
satisfaction” language that is designed to bar the 
contractor from receiving any further compensation 
(time and/or money) arising from the change. If the 
mechanical contractor is required, or decides, to 
execute such change order forms before the full 
effect of the TIA is known, it is essential that the 
estimates for future impacts of the TIA to the schedule 
be very carefully assessed.10 Once the mechanical 
contractor executes a “full and final” change order, 
it may be difficult or impossible for the contractor to 
later make a claim for added costs arising from the 
change, such as longer than anticipated procurement 
times or for inefficiencies arising from a disruption to 
the crews performing the work.

9	 The concept of impacts of multiple changes to the base contract work is known as a “cumulative impact claim” and care must be taken to price comprehen-
sively the effects of changes to the base contract hours. The contractor should provide exculpatory language on the change proposal in the event that compre-
hensive pricing is not possible. It is recommended that “How to Use the MCAA Labor Factors” be consulted for a more detailed explanation of this condition.

10	 If the mechanical contractor is required to execute “full accord and satisfaction” change orders before delay impacts are actualized by, among other 
things, the threat of non-payment for the change work, it is prudent for the contractor to consult with legal counsel as to options that may limit or qualify 
the “full accord” language.
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The aforementioned steps that describe the TIA 
process are graphically depicted in this bulletin and 
they are as follows:

n	Step 1: The process starts with a properly 
developed CPM schedule (one which includes a 
reasonable level of detail, mechanical crew, and 
equipment restraints). A faulty CPM schedule11 
will serve little purpose in managing the project 
or in analyzing the effects of changes as they 
occur. The graphic in step 1 shows a portion 
of the base contract work in a mechanical 
equipment room depicted in a CPM schedule 
format. Note that this example contains 
properly developed CPM schedule activities 

that describe discrete scopes of work within a 
definable geographic area of the project. The 
ability to identify the limits of a schedule activity 
by referring to the contract drawings is essential 
in the proper assignment of potential impacts 
arising from the insertion of the TIA. Unless 
the scope of work in the schedule activities is 
known, it will be difficult to identify where, in the 
CPM schedule logic, a potential impact event 
restrains specific base contract activities.

n	Step 2: In this example, assume that the 
mechanical contractor discovers a differing 
condition or design deficiency. By way of 
example, assume that structural elements of 
the building conflict with the physical location 

Labor Inefficiency Arising from Changed Conditions Can 
Adversely Affect the Project CPM Schedule (Exhibit A)

11	 If the mechanical contractor has reason to believe that the prime contractor’s CPM schedule is defective, written notice of this determination should 
be transmitted to the prime contractor with regard to the baseline (original as-planned schedule) and each successive update thereto.
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of major mechanical equipment in a mechanical 
room. The mechanical contractor prepares and 
submits an RFI upon discovering this condition 
and must await the owner’s response. Note that, 
in the example shown in Step 2, the contractor 
has prepared a TIA starting with an activity that 
describes the submittal of the RFI, the period 
awaiting a response, and the date on which the 
response was received; all of which are historical 
dates in this example. However, from this point 
forward, the contractor may not know the scope of 
the change nor does the contractor have authority 
to proceed with a modified scope of work. 
Therefore, in this TIA example, the contractor has 
estimated a period of 20 work days for the owner 
to define the scope of the changed condition and 
agree upon a cost for the added work. Having 
complete and detailed information concerning 
all of the elements of a TIA is not a condition 
precedent to the development of an evolving TIA.

n	Step 3: Within the next update period, the 
TIA is evolved by the mechanical contractor. 
By schedule update No. 2, as shown on the 
graphic, the mechanical contractor and owner 
have defined the modified scope of work 
and the contractor has received a notice to 
proceed to perform the scope change. The new 
activities are added to the TIA and now sufficient 
information is available for the mechanical 
contractor to understand what work must be 
accomplished in the field to carry out the scope 
change. As such, the contractor has added the 
forecast for the required equipment relocation 
for 10 days and has identified 10 days of work 
that must be added to the base contract work for 
the relocation of CHWS/R branch piping.

n	Step 4: The TIA has been evolved to the extent 
that the mechanical contractor can tie the 
TIA logic into the base contract activity(ies) in 
the master CPM schedule. In Step 4, the TIA 

activity for equipment relocation for 10 days will 
be performed by a separate rigging crew and 
thus can begin as soon as the change order is 
approved. However, the additional 10 days of 
work associated with relocation of the branch 
piping will be performed by the mechanical 
contractor’s existing piping crew. Therefore, the 
TIA activity that describes the added work for 
CHWS/R branch piping must be inserted within 
the existing crew flow12 for the piping work. 
	 In this manner, the schedule will maintain 
the planned flow of the crews and will not depict 
added crews that the contractor did not anticipate. 
The failure to integrate TIA activities into the 
existing logic with regard to crew flow may 
result in false float and no impact, or incorrectly 
attenuated impact, to the CPM schedule. 
	 By inserting the TIA activity that is to be 
performed by the base contract crew (in this 
graphic example, the added work for relocation 
of the CHWS/R branch piping) within the 
existing crew flow, the dependent activity of 
CHWS/R piping drops to the chillers and pumps 
is impacted by 10 work days. To the extent that 
this base contract work was on the critical path 
of the CPM schedule, the mechanical contractor 
would be entitled to a time extension of 10 work 
days, or 14 calendar days. This time extension 
could be both excusable and compensable.

Conclusion
While it would be desirable for all of the impact events 
to become historical (actualized) before a change 
order is initiated to cover the effects (costs and time) 
of a delay impact, the current specifications in wide 
use today attempt to provide a means for scope 
changes to be fully executed early in the life of a time 
impact so that all of the time and cost impacts are 

12	 This operation assumes that the mechanical contractor plans to execute the scope change work with the crews already on site. In the event that the contractor 
mobilizes new or separate crews to perform scope change work, it may not be necessary to consider the disruption of the TIA Activities to the existing crew flow.
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included in the change order. This goal, if achieved, 
can reduce the incidence of “after-the-fact” claims 
that are submitted at the conclusion of the project. 
If properly and cooperatively implemented, “real 
time” TIA analyses that lead to the settlement of 
delay events, such as changes in scope, can mutually 
benefit the contracting community and owners. 
Unfortunately, the contemporaneous settlement of 
“real time” TIAs is the exception, not the rule, in the 
construction industry.

In order for this potential benefit of “real time” 
impact settlements to be realized however, the 
subcontractors, prime contractor, and construction 
managers/owners must make the CPM schedule a 
mutually shared commodity. If the prime contractor 
holds the scheduling information under lock and key 
and does not encourage, or allow, the mechanical 
contractor to participate in the development of 

the baseline schedule and in the maintenance and 
updating of the schedule as the project moves 
forward, the goal of obtaining “real time” impact 
settlements will remain elusive.

In most instances, the terms and conditions of the 
contract will dictate what the mechanical contractor 
must do with regard to development and submission 
of TIAs. Unfortunately, in some cases this means that 
the mechanical contractor may have to prepare its 
TIAs without the assistance or cooperation of the 
prime contractor. That notwithstanding, in today’s 
litigious environment, the mechanical contractor 
cannot afford to ignore any of the requirements 
contained within the general conditions of the 
contract and must take every reasonable step 
to preserve its right to be fairly compensated for 
impacts and delays.

Prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp., with peer review performed by: Ronald Pearson, President/
CEO of The NewMech Companies in Stillwater, MN; Matthew Hahr, Senior Vice President of Kirlin Mid-Atlantic, LLC in Rockville, MD; Richard Freeman, 
Vice President of Stromberg Metal Works, Inc. in Beltsville, MD; Robert Cox, Esq. of Watt, Tieder, Hoffar & Fitzgerald in McLean, VA; and Roger Jones, Esq. 
of Huddles & Jones, P.C. in Columbia, MD. 
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Executive Summary
Building Information Modeling (BIM) has been 
widely used in the construction industry for over 
two decades. The advent of BIM brought with it the 
ability to view computerized design and construction 
drawings in three dimensions (3D), in many cases 
replacing the previous two-dimensional paper plans. 
BIM software identifies spatial conflicts through a 
process called “clash detection,” which permits the 
BIM user to modify the design and construction 
drawings (e.g., to relocate, resize or otherwise solve 
the obstruction), called “clash resolution.” This 
process allows clashes to be resolved prior to the 
commencement of prefabrication and construction 
operations. In small or medium sized projects, there 
is a wide variance in who is responsible for pre-
construction clash detection and resolution. In some 
cases, this is done by the architect. In other cases, the 
general contractor (GC) or the largest subcontractor, 
usually the mechanical contractor, handles this 
task. In large or complex projects, the mechanical-
electrical-plumbing-sheet metal (MEP/SM) design firm 
often conducts the clash detection and resolution. 
BIM has made a significant contribution to reducing 
the time and costs of construction coordination.

With the advent of the BIM process, the design and 
construction industry has progressed through a 
challenging learning curve. Designers and contractors 
had to learn new computer hardware and software 
techniques and had to train BIM technicians. New 
contract language needed to be developed to 
describe the requirements of BIM on individual 
projects, and new estimating and execution strategies 
had to evolve. Fully developed BIM models contain 
objects with full asset recognition. For example, 
a chiller depicted in a complete BIM model would 
include performance metrics, the manufacturer’s 
operation and maintenance data, and other attributes. 
These are often referred to as “intelligent objects.” 

As it has evolved over the years, the BIM software 
platform has enabled a wide variety of related BIM 
software applications to increase its power and/or 
usefulness. For example, Revit® is now commonly 
used to produce virtual 3D MEP/SM models based 
upon the BIM platform. Although clash detection and 
resolution can be done in Revit, other BIM-related 
software applications, such as Navisworks®, Revizto™ 
and BIM 360™ Glue®, also produce clash detection 
reports.1  Many small and medium-sized architectural 
and engineering (AE) firms use Revit or other similar 
BIM-based programs to depict their designs. It should 
be noted, however, that the industry is gradually 

Identifying, Quantifying 
and Preventing BIM-Related 
Cost and Time Impacts
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1	 These products are mentioned as examples of what is currently used in the marketplace. MCAA does not endorse commercial products.
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moving towards the use of the full, intelligent BIM for 
the design, construction, operation, and maintenance 
of buildings. 

Here, we will use the term BIM to refer to any 3D 
modeling software using a BIM platform. Ideally, 
the MEP/SM contractor should try to obtain the 
native BIM files prior to submitting its final bid for the 
project. The native BIM files can provide extremely 
helpful information regarding the stage of design 
coordination that has occurred and can affect the 
MEP/SM’s bid price for both the BIM effort and the 
overall project. Where such inclusion is not possible 
prior to the bid, at a minimum, the MEP/SM contractor 
should submit a written request to be provided 
with the native BIM files before the contractor’s 
BIM coordination process commences. If the native 
files are not provided prior to the bid, the MEP/SM 
contractor may wish to note that absence in their 
scope letter and include language limiting their 
liability for undisclosed design coordination issues.

The learning process – incorporating BIM into 
actual construction work – has been fraught with 
challenges such as estimating difficulties, managing 
BIM technician labor expenditures, and managing the 
process of changes in scope within the design and 
construction operations. Losses in the BIM budget 
codes for designers and contractors have been, in 
many cases, substantial. In addition to BIM labor cost 
overruns, delays in the BIM process have resulted in 
critical path delays on many projects. Here, we will 
provide guidance in promoting BIM management 
concepts that may reduce the risk to designers and 
contractors and potentially result in reduced losses to 
the professionals involved in the BIM process. 

General Discussion of 
the Common Forms of 
Construction Contracts
How BIM is integrated into a construction project 
is, in most respects, a function of the form of 

the contracts between owners and their design 
professionals, between owners and the prime 
contractor, and between the prime contractor and 
its subcontractors. Here, BIM is viewed through the 
lens of the most prevalent types of contracts in the 
construction industry. How construction contracts 
define and integrate the BIM process can be the 
determinate factor in a successful BIM outcome. 
Here, we address the BIM process in terms of the 
three primary general types of construction contracts 
in use today: Design-Bid-Build (D-B-B), Design-
Assist (D-A), and Design-Build (D-B). These will be 
used herein to address BIM’s functionality and the 
challenges it presents to prime contractors and their 
subcontractors.

The Design-Bid-Build 
Form of Contract
For years, the most prevalent form of construction 
contract has been the D-B-B contract delivery 
system, wherein an owner prepares construction 
drawings and bidders offer lump sum prices to 
perform the work in a specified duration of time. 
As BIM has been integrated into the construction 
industry, contractors bidding the work may be 
required to include BIM costs in accordance with the 
BIM requirements contained in the owner’s and/or 
the prime contractor’s contract terms. In most D-B-B 
contracts, both the owner and the prime contractor 
include some form of BIM Execution Plan (BEP). Such 
plans set forth the requirements of the parties (e.g., 
the architect/design team, prime contractor, and the 
major subcontractors such as structural, mechanical, 
plumbing, sheet metal and electrical contractors). 
Coordination is a key element of a successful BIM 
operation on a D-B-B project and is summarized in 
the National BIM Standard publication² :

“Normal and expected spatial coordination 
performed by the trade contractor after 
execution of a contract is not design. Rather, 
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it is the reflection of the design in a three-
dimensional model.” (Emphasis added.)

This is a very important distinction for the contractor 
and is consistent with AIA A-201, 2017 edition, which 
states:

The Contractor shall not be required to 
provide professional services that constitute 
the practice of architecture or engineering 
unless such services are specifically required 
by the Contract Documents for a portion of 
the Work or unless the Contractor needs to 
provide such services in order to carry out the 
Contractor’s responsibilities for construction 
means, methods, techniques, sequences, and 
procedures. The Contractor shall not be required 
to provide professional services in violation of 
applicable law.³

When the owner/AE/GC/construction manager 
(CM) produces an over-reaching BEP, MEP/SM 
contractors may be caught unaware of their rights 
and responsibilities and inadvertently cross the line 
from contractor coordination to design. Practicing 
engineering or architecture without a license is 
illegal in all 50 states. Moreover, most Commercial 
General Liability (CGL) policies for contractors 
specifically exclude coverage for engineering 
services. Therefore, a contractor inadvertently 
performing engineering can expose itself to 
enormous risk in the event of a failure deemed to be 
caused by negligent engineering services provided 
by the contractor. BIM may well blur the line 
between engineering and contracting depending on 
the scope and breadth of changes made in the BIM 
coordination process. It is the owner/AE/GM/CM’s 
responsibility to provide the necessary leadership 

of the BEP process to ensure legal liability is not 
incurred by the subcontractors. 

The issue of BIM coordination morphing into 
elements of design is a multi-faceted problem in the 
construction industry. Contractors should ensure 
that clear guidelines are provided to the BIM team. 
These guidelines can include examples of “stop 
points” at which the BIM coordinator must seek 
approval from the contractor to make changes 
to system locations and/or the sizes of elements 
such as piping and ductwork systems. Such “stop 
points” may also require submittal of system sizing 
and/or location to the engineer of record, in the 
form of a Request for Information that requires the 
owner’s design professional to accept the proposed 
change before the BIM coordination process is 
concluded. Also, if this step in preparing the BIM 
documents requires the addition of materials (e.g., 
pipe, ductwork or fittings), based on the published 
definition of normal and expected coordination 
on a D-B-B contract, recoverable time and costs 
may be involved.⁴  Keeping time records for the 
BIM coordination team is also an essential element 
of documentation of hours required to address 
uncoordinated design documents and the resulting 
added BIM hours to produce clash-free construction 
documents.

The BEP has become a significant component in 
D-B-B contracts in that the BEP sets forth how BIM 
will be developed and by whom. It is important 
that the prime contract documents identify the 
responsibility of the owner’s design team as to 
providing complete electronic backgrounds to 
the prime contractor and its subcontractors. It is 
also essential for the prime contractor, prior to 
contract execution, to define who will prepare 
the BEP (i.e., the owner, the prime contractor, or 

2	 “National BIM Standard – United States® Version 2 
 
3	 AIA-201A, General Conditions of the Construction Contract, 2017 Edition, 3.12.10 
 
4	 See, published definition of normal and expected coordination on a D-B-B contract herein at page 112.
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others) and who will be responsible for discrete 
elements of the BEP by trade. Today, most large 
prime contractors include the detailed BEP in the 
subcontracts of the various trade contractors. The 
MEP/SM subcontractors should carefully study the 
prime contractor’s BEP prior to offering lump sum bid 
prices for their respective scopes of work. 

The most favorable requirement for the MEP/SM 
subcontractors who are required to implement BIM 
for their trades is one which causes the owner’s 
design team to provide complete BIM “background” 
drawings to the prime contractor and its major 
subcontractors. Where the contract and/or the BEP 
is unclear in this regard, and on projects where 
the owner’s design team refuses to provide to the 
prime contractor its background BIM drawing files, 
the BIM process can be severely impeded and the 
subcontractor’s cost to perform BIM can increase 
substantially. This is true even if architectural and 
structural backgrounds are provided to the MEP/
SM subcontractor but are in such a rudimentary 
state of completion (i.e., coordination) that such 
backgrounds provide no reasonably actionable data 
to the MEP/SM’s BIM coordination teams. Thus, it 
is best practice for the prime contractor, in concert 
with its primary subcontractors, to ensure that the 
various contracts between the parties include the 
requirement for the owner’s design team to provide 

electronic files containing the project’s backgrounds 
based on a completed design. With these complete 
backgrounds, the prime contractor and its primary 
subcontractors can execute the BEP, including the 
BIM coordination drawings, in a much more cost and 
time efficient manner. 

To the extent possible, the MEP/SM contractor 
should ascertain the Level of (BIM) Development 
(LOD) prior to providing a lump sum price for a 
project. The LOD that will be provided to the MEP/
SM contractor can impact the cost of the BIM 
effort on a project. As can be seen in the American 
Institute of Architects (AIA) and BIM Forum LOD 
definitions contained on the following pages, the 
LOD can dictate the amount of BIM effort an MEP/
SM contractor may have to estimate and to expend 
to produce coordinated drawings suitable for actual 
construction activities. For instance, LOD 400 is the 
level both the AIA and the BIM Forum cite as the 
level that will support fabrication and installation 
of systems. If an MEP/SM contractor estimates a 
project expecting an LOD of 400 and receives 
design drawings at an LOD of 250 or 300, the BIM 
effort to bring the lower LOD design documents to a 
level suitable for fabrication and installation may be 
significant. As noted above, the MEP/SM contractor 
should attempt to have the LOD defined in the 

Management Methods Bulletin BIM Cost and Time Impacts - 2023; © 2024 MCAA. All rights reserved..
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subcontract documents, before submitting the lump 
sum price for the project.

The BEP sets forth the manner in which the BIM 
process will take place on the project. The BEP 
may include definitions of terms, the LOD, the job 
descriptions of the project’s BIM coordinator and 
the BIM manager, the BIM development and sign-
off schedule, a description of what work activities 
cannot be performed until an area of the project 
has been “signed off” as coordinated, and other 
important considerations. The detailed requirements 
of the BEP will vary, depending on the terms of the 
prime contract and the various trade subcontracts, 
as referred to in the AIA’s LOD guideline below:⁵  

The LOD has been defined by the AIA in its Digital 
Document Guide, © 2020. This AIA BIM guide 
should be carefully reviewed by BIM coordinators 
and managers for MCAA (Mechanical Contractors 
Association of America), NECA (National Electrical 
Contractors Association), SMACNA (Sheet Metal and 
Air Conditioning Contractors’ National Association), 
American Subcontractors Association (ASA), and 

The American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE). The LOD 
provides guidance as to what level of development 
will be required, which is usually included in the 
BEP. The LOD can affect the amount of BIM labor 
the MEP/SM contractor includes in its lump sum bid 
estimate. AIA LOD definitions for LOD 100 through 
500 are as follows:

Note that the cited AIA document above permits the 
fabrication of elements of the project in LOD 400. 
Such elements can include pipe, sheet metal duct, 
and electrical system pre-fabrication elements. The 
successful clash resolution of the LOD 400 BIM 
model can, depending on the contract language, 
initiate the start of shop pre-fabrication and field 
fabrication of MEP/SM elements of the work. 

Similarly, the BIMForum has published a table 
containing BIM LOD definitions, see page 118. It is 
noteworthy that the BIMForum’s definition of LOD 
400, like that of the AIA, cites this level as that 
which contains sufficient detail to support accurate 

5	 Guide, Instructions and Commentary to AIA Document E203-2013, Building Information Modeling and Digital Data Exhibit, © American Institute of Architects.
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fabrication of elements of work on a construction 
project.

Based on the AIA’s definition of LOD 400, it would 
be reasonable for a MEP/SM contractor, in a D-B-B 
environment, to expect to receive bid documents to 
this level of LOD. However, it appears from a polling 
of MEP/SM contractors, the actual LOD on many 
D-B-B projects ranges between LOD 250 and 300.

The preliminary LOD provided by the owner’s design 
professionals or the prime contractor will directly 

impact the estimated cost of the BIM services 
required by the subcontract. There is a cost to the 
MEP/SM contractor to take LOD 250 or 300 design 
documents and refine those design documents to 
a point that pre-fabrication and field installation can 
commence (i.e., LOD 400), and this can be the root 
cause of BIM labor hour and cost overruns in the 
industry. 

The BIMForum publication offers the following 
levels of development used in the design and 
construction industry (note that the BIMForum does 
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not include LOD 500 in its definitions because this 
level does not enhance the layout of elements of 
the project, while providing detailed operational 
and dimensional information on, for example, major 
equipment items):⁶

The MEP/SM subcontractor should evaluate the 
risks that are assigned to them as to required 
LOD, scheduling, leadership responsibility and 
the scope of the work to be completed with BIM. 
The LOD that is to be provided by the MEP/SM 
subcontractor may determine the relationship 
between when clash resolution has been reached 

for various areas or phases of a project, and when 
pre-fabrication and site fabrication of elements 
of the project can commence. Such relationships 
should be clearly defined by the contract, and/or by 
the prime contractor’s Critical Path Method (CPM) 
schedule and should include relationships between 
the approval of clash resolution by the owner’s 
design professionals and the commencement of 
pre-fabrication and site fabrication operations. At 
the point of clash resolution and area by area BIM 
coordination, it is highly advisable for the MEP/SM 
subcontractor to receive a signed release by, or 

6	 Level of Development (LOD) Specification Part 1 & Commentary for Building Information Models and Data, © December 2019, BIMForum.
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structural steel or concrete? Defining the scope 
of the various trade subcontractors for BIM 
responsibilities on a D-B-B contract delivery system 
is an essential element of the BEP, in concert with 
the terms of the various contract documents. 

For the preparation of a D-B-B lump sum proposal, 
the MEP/SM subcontractor should include in its 
lump sum price the labor and time required to 
execute the BEP. This includes the cost of skilled 
BIM coordination labor and the hardware and 

software required by the subcontract to perform 
the scope of work included in the BEP. As of this 
writing, neither the MCAA’s WebLEM® web-based 
labor estimating manual, nor any other known 
estimating publications, have provided detailed 
guidance as to how to estimate BIM labor hours 
on a D-B-B lump sum contract. Recently, NECA’s 
ELECTRI International – The Foundation for 
Electrical Construction has published a manual titled 
Identifying BIM Related Costs Due to Changes that 
includes some general guidelines as to estimated 
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BIM labor for electrical subcontractors. It is worth 
noting that NECA’s publication cited above suggests 
a lower BIM labor estimate for electrical work 
scopes, as compared with mechanical, plumbing and 
sheet metal subcontractors.

MCAA’s WebLEM does not include, as of this writing, 
labor estimating guidelines for BIM labor in a D-B-B 
subcontract. Currently, the MCAA is engaged in a 
process of collecting data from MCAA member firms 
that may provide guidance in estimating BIM labor 
on various types of projects, using various types of 
contract delivery systems. 

Many contractors utilize a percentage of BIM labor 
to field erection labor hours, while other MEP/SM 
contractors include BIM labor hours (expressed as a 
forecasted job cost) in the lump sum proposal or on 
the estimated or budgeted dollar value of the overall 
project. Notwithstanding the method of BIM labor 
estimating used, it is advantageous for the estimated 
and actual costs for BIM operations to be tracked 
and reported as a project-specific direct cost, as 
opposed to a general corporate overhead indirect 
cost. In certain instances, project-specific BIM direct 
labor costs may be more easily recovered than 
BIM labor charges made to an indirect corporate 
(or overhead) cost code, in the event the MEP/SM 
subcontractor pursues a BIM claim. 

Another important consideration is the extent to 
which the MEP/SM subcontractor will be required to 
manage the overall BIM process. For instance, if the 
MEP/SM subcontractor’s BIM responsibility is limited 
in the BEP or in the subcontract to only coordinating 
the MEP/SM activities, then the BIM labor budgets 
listed above may prove sufficient. However, if 
the MEP/SM BIM “manager” is also required to 
coordinate structural and architectural features, the 
electrical and fire protection trades along with the 
MEP/SM elements of the work, this increased scope 
of BIM responsibility should be considered when the 
MEP/SM subcontractor is developing its overall BIM 
budget. It is important for the MEP/SM subcontractor 
and/or the BEP to clearly define the limits of the 

MEP/SM subcontractor’s overall BIM management 
beyond the work directly within the MEP/SM 
subcontractor’s scopes of work.

Still another essential element in BIM cost 
management is the manner in which BIM labor hours 
are tracked, and how change hours are recorded 
separate from the planned BIM expenditures. In 
some cases, MEP/SM subcontractors have been 
denied BIM add-work cost proposals because 
they were not timely submitted and/or were not 
reasonably documented in terms of hours expended 
to resolve uncoordinated design drawings. It is a 
good practice to record BIM change hours on time 
and material (T&M) time sheets and, if contractually 
allowed, to invoice for these added BIM hours on the 
monthly payment applications. In some cases, the 
contract will require added BIM hours to be invoiced 
on the same change order proposal document as 
the added physical work, to the extent that the 
change involves both added BIM and field labor 
costs to address a design issue. Maintaining BIM 
added labor time records and timely invoicing for 
unanticipated BIM labor expenditures can facilitate 
the compensation to the MEP/SM subcontractor for 
added BIM operations. 

MEP/SM subcontractors normally do not control 
the prime contractor’s CPM schedule development. 
Very frequently, the prime contractors do not include 
detailed BIM activity subnetworks within the master 
CPM schedule. This has become a very serious 
project management issue, particularly when the 
contract language prevents the commencement of 
pre-fabrication, site fabrication and/or field erection 
activities until an area or phase of the project has 
achieved BIM coordination. If the contract requires 
review and approval by the AE prior to fabrication, 
it is recommended that the AE’s approval be tied to 
the completion of the BIM coordination. 

To the extent that the MEP/SM subcontractors can 
influence the prime contractor to include a detailed 
BIM activity subnetwork within the master CPM 
schedule, the project schedule will more accurately 
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forecast the effects of BIM coordination progress 
within the project’s master schedule. When BIM 
clash detection and clash resolution can be delayed 
by various parties, or by the condition of the bid set 
of drawings, critical path impacts may occur. It is 
essential that the MEP/SM subcontractors have the 
ability to identify and notify the prime contractor of 
actual or forecasted BIM coordination delays in the 
project’s master schedule. In fact, such schedule 
delay quantification and notices are important and 
specific elements in most subcontracts with the 
prime contractor.

It is also very important that the BIM activities in 
the project master CPM schedule consider the 
LOD required to be achieved by the MEP/SM 
subcontractor’s BIM coordination efforts. Moreover, 
it is important to define in the project master CPM 
schedule the contractual precedents that restrain 
the commencement of the MEP/SM subcontractors’ 
pre-fabrication and site fabrication activities. 
Such precedents are often included in the prime 
contractor’s contract or the MEP/SM’s subcontract. 
To the extent that such precedents exist that restrain 
the start of pre-fabrication or site fabrication of 
system by the achievement of acceptable clash 
resolution and coordination efforts, those logic 
restraints should be included in the CPM schedule. 

Thus, if clash resolution is delayed, that delay will 
be shown in the project master CPM schedule and 
can be quantified by the MEP/SM subcontractor. 
If such a delay affects the critical path of the CPM 
schedule, then notice, as is normally required by the 
contract, can be provided to the prime contractor as 
to potential project schedule slippage.

Within the chapter titled “CPM Scheduling – a 
Roadmap to Success,” a sample BIM CPM schedule 
subnet is included. This BIM sample schedule 
sub-net identifies and logically ties the various 
BIM elements on a D-B-B project and includes the 
activities of the designer/engineer of record (EOR) 
or entity responsible for final coordination sign off 
of BIM elements. This subnetwork should logically 
tie the EOR’s acceptance of successful coordination 
to the start of pre-fabrication activities, which in 
turn are shown to restrain the start of field erection 
activities. 

Delays to these chains of BIM clash detection/clash 
resolution and owner acceptance activities can 
cause critical path delays to the project’s master 
schedule. Some MEP/SM subcontractors have 
negotiated language in their contract terms that 
require the development of a “mutually agreed to 
schedule.” In any “mutually agreed to schedule,” 
the BIM schedule activities leading to the owner’s 

Figure 4
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approval of coordinated drawings should be clearly 
shown, along with the requisite logic ties between 
the BIM activities and shop pre-fabrication and field 
fabrication activities, and other key activities such as 
the installation of hanger inserts.

Agreeing to the definition of “normal and expected 
coordination” in a D-B-B contract delivery system is 
an important element of maintaining a reasonable 
BIM labor and schedule estimate. The National BIM 
Standard – United States™ Version 2 (2012) contains 
a definition of “normal and expected coordination on 
a design-bid-build project”.⁷  This definition, found 
in Figure 5, was drafted by an ad hoc committee 
of senior construction firm executives from MCAA, 
SMACNA and NECA firms, sets forth the reasonable 
number of clash detection/clash resolution events, 
and defines what constitutes changes to the MEP/
SM’s subcontractors’ base contract scopes of 
work. The MEP/SM subcontractor would benefit 
from including a specific definition of normal and 
expected coordination in its contract with the prime 
contractor, and the definition in Figure 5 has gained 
acceptance in the industry.

Establishing a specific definition of “normal and 
expected coordination” is essential to controlling 
BIM labor costs and schedule, because it helps 
establish a reasonable baseline from which extra 
work and extra time can be measured. When this 
practical “norm” is not achieved and the BIM team 
is required to perform extraordinary “coordination” 
of the designer’s documents, such condition usually 
results in unanticipated BIM operations, labor costs 
and in delay to the project’s master schedule. This 
chapter focuses on frequent BIM labor over-runs 
experienced on D-B-B contract delivery systems. 
It is expected, on D-B-B lump sum contracts, that 
the prime contractor and MEP/SM subcontractors 
are not required to design the project’s systems – 
but are required to make minor adjustments to the 

systems as designed by the owner’s professionals 
to provide for final “coordination.” This final 
“coordination” does not entail added or relocated 
piping, ductwork, or electrical systems.

When “coordination” exceeds this published “norm,” 
the MEP/SM subcontractor should have in place 
a method of recording added/unanticipated BIM 
labor hours. As previously noted, these added BIM 
labor hours should be discreetly tracked on T&M 
forms and timely submitted to the prime contractor 
as change order proposals. Added BIM labor costs, 
and time impacts, should not be held until the 
project concludes, but should be provided to the 
prime contractor, in accordance with the terms of 
the subcontracts, in a timely fashion such as with 
the monthly payment applications, or within discrete 
change order proposal submissions.

Performing BIM coordination on a D-B-B project 
is not the same as providing “design services. It 
is a computerized reflection of the design and 
coordination performed by the owner and its design 
professionals prior to releasing the drawings and 
specifications for competitive lump sum bidding. 
When the design is not properly coordinated prior 
to the time of contract award, BIM costs can be 
expected to grow, and in some cases, to grow 
exponentially. These added and unanticipated BIM 
costs and time impacts should be recoverable as 
a change in contract scope. It is a good business 
practice for MEP/SM subcontractors to track and 
timely submit such added and unanticipated BIM 
costs, and prime contractors and/or owners are 
obligated to evaluate, and if entitlement is found, 
to provide equitable adjustments to the MEP/SM 
subcontractors.

7	 While the National BIM Standard includes this definition as “Commentary,” nowhere in this published BIM standard do the writers take exception to 
the definition of “normal and expected coordination” on a design-bid-build project. 
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Figure 5
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acceptance of, the owner’s design professionals 
prior to commencement of the work activities. 

Oftentimes, the prime contract, the various trade 
subcontracts and/or the BEP do not define with 
enough specificity the role and scope of the MEP/
SM’s BIM leader. Will the MEP/SM BIM leader or 
manager be responsible only to incorporate its 
own activities into the BIM model or will the MEP/

The Design-Assist Form of 
Contract
D-A forms of contracts have gained much popularity 
in recent years. This is due to several factors 
that include, but are not limited to, the ability of 
the MEP/SM contractor to make coordination 
recommendations prior to signing a lump sum or 
guaranteed maximum price (GMP) subcontract. 
Unfortunately, there is not a generally accepted 
definition of the D-A process, which has predictably 
led to problems for the designer and contractor 
alike. A common definition of D-A is found in 
ConsensusDocs Document 541, which states:

“Design-Assist is loosely defined in the 
industry as a process by which the constructors 
collaborate with the project owner and the 
design professionals beginning in the design 
development phase to assist all parties in 
meeting the Project’s objectives.”⁷ (Emphasis 
supplied.)⁸

MEP/SM subcontractors who participate in D-A 
forms of contract have found that many, or in some 
cases, most of the design coordination issues are 
resolved before the design drawings are issued for 
pricing by the prime contractor and its subcontractor 
team. In such cases, the post-award BIM process 
by the various contractors is sizably reduced and 

commensurately, the BIM cost and time overrun risks 
are reduced as well.

As noted, in many D-A processes, the MEP/SM 
participants are required to provide pre-GMP or 
pre-subcontract BIM coordination budgets, or in 
some cases, fixed price proposals. In the former, if 
unanticipated, extensive BIM coordination efforts are 
required to coordinate the pre-contract or pre-GMP 
design, the MEP/SM participants may be able to 
negotiate changes to their BIM budgets. In the latter, 
the MEP/SM’s pre-contract or pre-GMP budgets 
are “fixed,” leaving the MEP/SM subcontractor to 
either absorb added BIM coordination costs, or 
to shift the BIM labor overruns to the fixed price 
or GMP submission. The risk in most D-A contract 
delivery systems is the possibility that the MEP/
SM subcontractor who participated in the pre-
construction coordination and pricing exercise 
may not be chosen or selected to construct the 
project. That is a known risk that can be potentially 
addressed by the business relationship between 
the owner, the prime contractor, and the MEP/SM 
subcontractors. 

Once the GMP or lump sum contract is executed, 
the BIM process to finalize the coordination of the 
construction design follows along the same path as 
with a D-B-B contract delivery system. The principal 
difference is, as noted, the fact that much of the 
design coordination, BIM conflict identification 
and BIM clash resolution processes have already 
occurred during the period prior to entering into a 
fixed price or GMP contract. 

The same protocols that have been set forth in 
the prior section on the D-B-B form of contract are 
applicable to the D-A form of contract. The quantity 
of the BIM clash detection and clash resolution 
should be expected to be highly attenuated due to 

8	 ConsensusDocs 541, Addendum to Agreements Between Owner and Construction Manager and Between Owner and Design Profession for De-
sign-Assist Service.
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the D-A contractor’s meaningful influence on the 
design, as opposed to a traditional D-B-B contract 
delivery system. Thus, the MEP/SM’s risk of BIM 
labor and schedule overruns are proportionally 
reduced, assuming the owner’s design professionals 
do not re-design the project after execution of the 
prime and MEP/SM’s contracts. If the mechanical 
contractor does not have meaningful influence 
in the design phase, then the risk of BIM cost 
overruns is much higher, primarily due to the fact 
that: (1) it must trust that proper design and design 
coordination between the various design disciplines 
has occurred, and (2) it will have inadequate time 
built into the schedule for design corrections if 
the mechanical design is poor or has been poorly 
coordinated with the other disciplines.

The D-B Form of Contract
This contract delivery system is less frequently 
applied because it requires, in most cases, highly 
sophisticated prime contractors and subcontractors. 
This is true because with a D-B contract delivery 
system, the prime contractor and trade contractors 
take on the responsibility to design the project, 
or in some cases, to complete the design of the 
project. Oftentimes, an owner will provide Owner 
Project Requirements (OPR) for a proposed 
project, including certain appearance items, 
design, performance, and spatial requirements. 
From this data, the prime contractor and its lead 
subcontractors must obtain, unless in-house 
professionals are available, design professionals to 
develop and/or complete the owner’s parameters. 

Because the full, or substantial, design development 
is being provided by the prime contractor and its 
principal subcontractors, the risk and liability for 
“design defects” falls in part, or in whole, on the 
construction team. Such potential “design defects” 

can include defects that result in coordination 
errors that may be identified during the final BIM 
coordination steps once the construction process 
commences. “Unanticipated” BIM cost and schedule 
over-runs become difficult to recover since, under 
most D-B contract delivery systems, design and 
coordination defects are the responsibility of the 
D-B construction team.⁹

In some cases where coordination labor losses and 
schedule impacts are so pronounced, the MEP/
SM subcontractors may have an avenue to recover 
unanticipated design and coordination costs and 
schedule impacts onto the lead design team, or to 
the owner if the owner has instituted project scope 
changes. However, the potential complexity and the 
cost to pursue such internal design and coordination 
claims by the principal subcontractors make 
recovery speculative and expensive. 

Conclusion
There are guidelines that can assist the MEP/SM 
contractor in preparing a reasoned and reasonable 
BIM labor estimate or budget on most types of 
construction contracts, and to track and recover 
added and unanticipated BIM costs due to changes 
in scope or design. The following practices can aid 
in the development and control of BIM costs in the 
construction environment.
1)	 To the extent reasonably possible, in the pre-

bid period, evaluate the completeness of 
the owner’s designs against the respective 
published LOD definitions. The LOD to be 
provided at the outset of a project should, 
in most cases, influence the BIM labor bid or 
budget. 

2)	 Read and evaluate the owner’s or the prime 
contractor’s BEP and ensure that each item of 

9	 Whether any of these cost overruns can be recouped through professional liability insurance is an issue that is beyond of the scope of this chapter.
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MEP/SM responsibility is addressed in the bid 
price or the construction budget.

3)	 Confirm that each member of the owner’s or 
prime contractor’s design team will timely 
provide 3D backgrounds to the MEP/SM 
subcontractor.

4)	 Request, in writing, that the owner or prime 
contractor include in the detailed project 
CPM schedule a subnetwork of BIM activities, 
including clash detection, clash resolution 
and coordination sign-off activities that are 
predecessors to the start of pre-fabrication and/
or field installation activities. 

5)	 For the MEP/SM subcontractor, track and 
account for the estimated and the actual BIM 
bid labor hours or costs as a direct cost of the 
project and charge them to a project-specific 
cost code, rather than accounting for these costs 
as home office general and administrative (G&A) 
costs.

6)	 Establish BIM labor time sheets for the MEP/
SM subcontractors’ BIM team to record base 
contract and change hours. For change hours, 
code the added BIM labor to codes that tie the 
added work to discrete pending or requested 
change order codes or numbers.

7)	 Define for the BIM team the process of 
coordinating the owner’s or prime contractor’s 
design team member regarding what constitutes 
reasonable coordination as opposed to 
design modifications (reference the published 
definition of normal and expected coordination 
in a design-bid-build contract environment 
contained herein). 

8)	 Caution the BIM team not to voluntarily change 
or modify the owner’s or prime contractor’s 
designs without approval from the owner, 
prime contractor and/or engineer of record as 
necessary. Remind the BIM team that BIM is 
coordination, not design.

9)	 Draft BIM guidelines that provide to the BIM 
team a definition of coordination as opposed 

to design for each specific contract type (i.e., 
D-B-B, D-A or D-B)

10)	 Even if the MEP/SM subcontractor accounts 
for BIM labor as a direct cost of the project, in 
some instances the contract documents might 
include a provision stating that BIM labor costs 
are included in the contractually specified 
overhead mark-up for change orders and as 
such, they cannot be separately charged in the 
change order proposal. Where added BIM labor 
costs are one component of a larger change, 
these types of clauses typically will be enforced 
according to their terms. Where the MEP/SM 
subcontractor is only seeking recovery of added 
BIM labor costs because the design documents 
are incomplete, defective or poorly coordinated, 
application of this type of clause becomes much 
more complicated. In either case, the MEP/SM 
subcontractor would be well-served to negotiate 
this type of clause out of its subcontract before 
execution.

Appendix
A number of published decisions have grappled 
with the distinction between the contractor’s duty 
to coordinate, on the one hand, and defective 
design that is subject to the implied warranty of 
design under United States v. Spearin, 248 U.S. 
132 (1918), on the other hand. Compare, Appeals of 
M.A. Mortenson Company, ASBCA Nos. 53146, et al 
(2005) (“A government design that does not provide 
adequate space to accommodate the work required 
to be accomplished within that space, regardless of 
any amount of coordination efforts by the contractor, 
is defective …”) with Appeals of M.A. Mortenson 
Company, ASBCA Nos. 53105, et al (2004) (“While 
the government impliedly warrants the correctness 
and adequacy for the job of its design specifications 
and drawings … the implied warranty does not 
eliminate the contractor’s duty to investigate or 
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inquire about a patent ambiguity, inconsistency, or 
mistake when the contractor recognized, or should 
have recognized, an error in the specifications or 
drawings … Thus, appellant bears the burden to 

prove that it complied with the contract, but that 
a defect in the drawings, which it could not have 
recognized with reasonable effort, was responsible 
for its claimed extra costs.” 

Prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp., Tim Wentz, PE of Wentz Consulting LLC and Chip Mitchell, 
Esquire of Blue Fence Advisors with peer review performed by: Brodie Arndt, Vice President - Colorado Manufacturing and Logistics at Murphy Company 
in Thornton, CO; Robert Beck, CEO of the John W. Danforth Company in Tonawanda, NY; Robert M. Bolton, CEO of Arden Engineering Constructors, LLC 
in Warwick, RI; Richard Freeman, Executive Vice President of Southern Insulation, Inc. in Hyattsville, MD; Herman W. Goldner, CEO of Herman Goldner 
Company, Inc. in Philadelphia, PA; Brian Hughes, President of Hughes Environmental Engineering, Inc. in Ridgewood, NJ; Doug Kumm, President of the 
Baker Group in Ankeny, IA; James R. Lowder, President of All Temperature Service Air Conditioning, Inc. in San Jose, CA; William E. Lugaila, President of 
Wayne Crouse, Inc. in Pittsburgh, PA; Tim Moormeier P.E., LEED, President - U.S. Engineering Holdings of U.S. Engineering in Olathe, KS; Denis St. Pierre, 
Executive Vice President and COO of Sargent Electric Company in Pittsburgh, PA; and Gary Tidwell, Vice President – Pre-Construction at Integrated 
Facility Services in Fenton, MO. Additional review was provided by: Paul Battaglia, President of Corporate Mechanical in Woburn, MA; William Cameron, 
Director of Virtual Design & Construction (VDC) at Arden Building Companies, LLC in Pawtucket, RI; Todd Follis, Senior Vice-President - Operational Risk 
Management at the John W. Danforth Company in Tonawanda, NY; Dan Suerhring, BIM/Prefab Manager, Great Lakes at Sargent Electric Company in De 
Pere, WI; Tom Crouse, BIM Manager, Mid Atlantic at Sargent Electric Company in Pittsburgh, PA; Ryan Frazier, Director of VC at U.S. Engineering in Kansas 
City, MO; Cara Fulton, Projects Coordination Manager at Wayne Crouse, Inc. in Pittsburgh, PA; and Pat Moran, VP of Virtual Design & Construction at the 
John W. Danforth Company in Tonawanda, NY.
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Executive Summary
In its simplest form, concurrent delay in a construction 
schedule means that two or more delays, caused by 
two or more parties, occur at generally the same time, 
and each delay could affect the project completion 
date. Many concurrent delays have no impact on 
the critical path. The issue is whether there is a 
concurrent critical path delay. In most construction 
contracts, a contractor or subcontractor can request 
an extension of its performance time if another 
party, such as an owner or its design professional 
team, causes delay to the project completion date. 
If the sole cause of the delay is an owner or the 
prime contractor, and absent restrictive language in 
the contract, the mechanical subcontractor may be 

entitled to extended performance costs arising from 
the delay to the project completion date. However, 
if it is found that the contractor or subcontractor 
(the claimant in this example) has also delayed the 
project’s critical path by way of a concurrent critical 
path delay, then the claimant may not be entitled to 
recover its extended performance costs, but may only 
be entitled to an extension of its performance time 
and as such, relief from liquidated damages.

In the case that the claimant’s concurrent critical 
path delay is found to be the actual cause of project 
slippage (known as the controlling critical path 
delay), the claimant may be faced with liquidated 
damages and the extended performance damages 
of the prime contractor and subcontractors on 

Concurrent Delay

Figure 1.

Classic concurrent critical path delay caused by an owner and a prime contractor—two delays occurring at the same time, caused by different 
parties, both on the controlling critical path and both having the same delaying effect on the project completion date. Such simple conditions are the 
exception, not the rule, on typical construction projects.
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the project. Thus, the topic of concurrent critical 
path delay is an extremely important one that has 
substantial cost and legal implications to owners, 
design professionals, contractors and subcontractors.

Points to Consider
n	To the fullest extent possible, participate in the 

development of the baseline CPM schedule
n	Request, or have available, the native electronic 

files for the baseline and each updated CPM 
schedule

n	Participate in the development of, and/or review 
each progress update of the CPM schedule

n	Determine if any of your firm’s activities are on, 
or near, the controlling critical path

n	If delays are shown, quantify the delay(s) and if 
possible, determine what party(ies) or event(s) 
caused the delay(s)

n	Take appropriate action—by way of a written 
notice of delay and/or loss of labor productivity, 
request for a time extension or relief in the case 
of labor inefficiency impacts, or take action to 
mitigate the impacts—depending on an analysis 
of the impact forecast shown in the updated 
CPM schedule

n	To the extent that your firm’s activities are shown 
to be delaying the critical path, in conjunction 
with activities of others (i.e., a concurrent delay) 
determine if mitigating delay to your firm’s 
activities is appropriate

The reader is encouraged to reference the chapter 
titled “Time Impact Analysis—Measuring Project 
Delay,” herein, for additional information on quantifying 
delay impacts in the project CPM schedule.

Critical Path Delay and 
Ownership of Total Float
Since the 1960s, computerized CPM schedules 
have become the norm on the majority of larger 
construction projects. The vast majority of 

government contracts have an entire section within 
the contract specifications devoted to CPM schedule 
terminology, development, updating and evaluation 
that the prime contractor and its subcontractors must 
follow on the project. The private sector has followed 
suit and has adopted many of the CPM scheduling 
terms and conditions that have been developed 
by such public construction managers as the U.S. 
Army Corps of Engineers, the General Services 
Administration and the Veterans Administration.

The concept of concurrent critical path delay is one 
of the most important, and most complex, conditions 
that can exist within a project schedule that can 
result in substantial monetary impacts in terms of 
liquidated damages or other forms of delay damages 
such as extended performance costs. It would seem 
simple enough to determine if several delaying 
events, occurring at basically the same time within a 
construction schedule, would be defined as delays 
that control the overall completion of the project, 
known as controlling critical path delays. However, 
identifying what work is really concurrent in a delay 
analysis is oftentimes difficult to determine.

On larger and more complex construction projects, a 
total float definition and ownership clause is usually 
included in the contract. Total float is defined as 
the total number of days an activity within a critical 
path method (“CPM”) schedule can slip in time (i.e., 
be delayed) without affecting the critical path(s) 
and therefore, the required end date of the project. 
Slippage to activities within their total float is not 
considered critical path delay.

Most construction scheduling specifications go on 
to state that total float is a shared commodity in the 
CPM schedule. This is called a “shared ownership” 
clause. This common type of “shared ownership” 
clause has come to mean that the party using an 
activity’s total float first, owns the float for that 
activity, or for the string of activities in that chain of 
schedule logic. The application of such shared float 
ownership clauses can become a vital consideration 
when a claimant asserts a delay claim that includes 
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the claimant’s extended performance costs (i.e., a 
compensatory delay claim).

Compensable and Non-
Compensable Delays and 
the Controlling Critical Path
In cases where the claimant is not asserting 
recovery of its extended performance costs, but is 
only requesting excusable time in order to avoid 
liquidated damages, the analysis of cause and effect 
is much less complicated as opposed to evaluating 
a compensatory delay claim. In non-compensatory 
claims for delay, usually the claimant must only 
demonstrate that the “controlling critical path” 
was adversely affected by an owner delay or an 
otherwise excusable event (e.g., unusually severe 
adverse weather). The claimant usually submits its 
CPM schedule demonstrating where and when the 
critical path impacts occurred, that these impacts 
were not caused by acts or omissions of the claimant 
and that these impacts were on the controlling 
critical path of the CPM schedule. In such instances, 
a concurrent delay analysis is not necessary since, 
under most contracts, the claimant must only show 
that it did not solely cause the project delay.

Compensable and excusable time extensions 
depend upon proving delays to the critical path. 
The “critical path” in a construction CPM schedule is 
defined as the longest connected path(s) of activities 
which, if delayed by even one day, will equally 
(at a minimum) impact the end date of the overall 
project. As projects are delayed, frequently there 
are independent paths of logic that extend beyond 
the contract completion date, each of which are 
technically “critical.” The delay on each independent 
critical path must be mitigated if the schedule is to 
show an on-time completion. Usually, on projects 
with multiple delay events, there is one path of logic 
that is longer in duration than other delayed paths 
of logic. This is known as the “controlling critical 
path.” This concept becomes more complicated 
if there are multiple completion milestones within 
the contract that may have separate liquidated 
damages provisions. However, for the purpose of 
this writing, we will assume a project with one overall 
start date and one overall substantial completion 
or final completion milestone date. In most cases, 
if a contractor or subcontractor inexcusably fails 
to achieve the project completion milestone date, 
liquidated damages will be imposed consistent with 
the applicable contract provisions.

The distinction between the “critical path” and 
“controlling critical path” in a schedule that has been 

Figure 2. Depiction of Logic Paths in a Baseline CPM Schedule

Red bars denote the controlling critical path activities and green bars denote activities with available total float. The mechanical building activities can “slip” 
in time, or otherwise be impacted by changes, labor shortages or other events, by 30 days before the mechanical building activities become concurrent with 
the baseline controlling critical path. As schedules are updated, the critical path(s) and activity float values can change, and thus, must be carefully monitored.
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progressed with actual data is very important to 
this discussion when there are concurrent critical 
paths. On the majority of construction projects, the 
contractor prepares and submits an original schedule 
called the baseline CPM schedule. This baseline 
CPM schedule has no progress, depicts a timely start 
of the work and finish of the work in compliance with 
the contract specifications (or with the contractor’s 
planned early project finish date), and has a critical 
path that commences with the notice to proceed 
activity and concludes with the project substantial 
completion or final completion activity. Normally, 
this baseline critical path has a total float value of 
zero, meaning that if this chain of logically connected 
activities is impacted by a delay event, this delay will 
translate thorough the critical path and will affect the 
forecasted end date of the project.

Time Impact Analyses 
(TIAs); Inserting Impacts 
into the Project Schedule
Most construction specifications require the 
contractor to update the schedule with actual 
progress on a periodic basis; usually monthly 
in conjunction with the contractor’s submission 
of its payment application. This actual progress 
information usually includes actual start and finish 
dates of completed activities and start dates with 
either a percent complete value or a remaining 
duration of in-progress activities. During the 
schedule update process, the contractor may insert 
time impact analysis activities (“TIAs” or “Fragnets”) 
into the schedule to depict actual and/or potential 
delay events. Oftentimes the project specifications 
require such Fragnets to justify a time extension. All 
of this progress (or lack thereof) and potential impact 
data that is used in the progress updates can shift or 
impact the critical path and can cause “negative total 
float” in the CPM schedule updates.

Negative float is defined as the number of days 
an activity’s early start and/or finish dates are 
forecasted to occur later than the same activity’s 
late start and finish dates. A baseline CPM schedule 
contains two distinct sets of forecasted dates: the 
early start and early finish dates and the late start 
and late finish dates. The difference between an 
activity’s early start and finish dates is its duration. 
The difference between an activity’s forecasted 
early start and finish dates and its late start and 
finish dates is the activity’s total float, or the number 
of days the activity can slip in time before it impacts 
the critical path. Thus, if an activity has a baseline 
total float of 10 work days, and it is delayed for 
any reason by 8 work days, this slippage will not 
affect the schedule’s critical path; it will only absorb 
available total float.

However, if the slippage in the start or finish of an 
activity in the updated CPM schedule exceeds the 
available total float, the mathematical result will be 
negative float in the CPM schedule. Simply put, in 
most cases negative float means that the project has 
sustained a critical path delay that, if not corrected, 
will cause the project to finish later than the required 
completion date.

In an updated schedule with a single, overriding (or 
“controlling”) critical path that clearly dictates the 
delayed end date of the project, determining delay 
that may entitle the claimant to compensation for 
the delay is relatively simple. It usually becomes 
a straightforward cause and effect analysis. For 
instance, if a contractor is constructing a building 
and, while preparing to place the critical path 
foundations, discovers an unforeseen site condition 
that is contractually the owner’s responsibility 
and it takes 30 days to address and correct the 
differing site condition, this would be expected to, 
at a minimum, cause a 30-day delay to the project’s 
forecasted completion date. If the contractor 
completes the balance of the project within the 
planned durations and the net delay to the project 
critical path is 30 days, the contractor’s delay 
analysis would be relatively simple in that the 30-
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day differing site condition delay would translate 
into a net 30-day delay to the completion date of 
the project. This sort of simple, critical path impact 
is often the exception, not the rule, in construction 
delay claim analyses.

Much more frequently in construction delay claim 
analyses, there are multiple critical and near-critical 
paths1 within a CPM schedule update. As such, the 
concept of “controlling critical path” impact becomes 
important in determining what activities are actually 
“controlling” the forecasted end date of a project. 
As CPM schedules are updated on projects that are 
suffering from multiple delay events, various logic 
paths can be affected in the schedule. As these 
different logic paths are adversely impacted in the 
updated schedule, and these delay events cause 
the affected activities to slip out in time beyond their 
available total float, each such path exhibits negative 
float within the schedule. Therefore, in an updated 
schedule on a delayed project, there can be multiple 
and independent paths of logic that exhibit negative 
float, all of which must be reduced to zero in order to 
forecast a timely completion of the project. Thus, each 
independent negative float path within the overall 
CPM schedule must be compressed or accelerated 
if the project end date is to be maintained,2 and 
as such, each independent negative float path is 
“critical.” On projects with multiple negative float 
paths (or multiple critical paths), there may be one, or 
sometimes several, paths of logic that are the “long 
pole in the tent,” or the paths that actually dictate 
the forecasted end date of the overall project. This is 
called the “controlling critical path” (or paths) within 
the overall CPM schedule.

The condition described above—multiple critical, 
or sometimes called sub-critical, paths within a 
CPM schedule update—create the challenge to 
the schedule delay analyst when preparing a 

compensatory delay claim. The issue of concurrent 
delay is one of the most difficult facets of preparing 
a compensatory delay claim because, as we write, 
the term concurrent delay has not been consistently 
or clearly defined by the courts or boards of contract 
appeals as it relates to collecting compensatory 
damages under a construction contract.

In fact, absent the discussion of whether or not 
a claimant is entitled to recover its extended 
performance costs, there is even disagreement as 
to what constitutes concurrent delay. Some analysts 
require that two or more paths of logic in the CPM 
schedule be delayed at the same time and for the 
same duration, both equally contributing to the 
forecasted delay to the end date of the project. 
While this is a simple-to-understand concept, 
it is rarely found to be the case in a complex 
construction delay analysis.

What the schedule analyst usually finds upon 
performing a compensatory delay analysis is a tangled 
web of logic paths that have different delay values (i.e., 
negative float values) and different causations of delay, 
some perhaps owner-caused and others perhaps 
caused by the prime contractor, or its subcontractors. 
Such analyses are usually very complex and sometimes 
subjective, but developing a cogent and fact-
sustainable quantification of delay, and identification of 
the controlling critical path(s) are essential elements of a 
credible compensatory delay analysis.

The identification of the controlling critical path(s) in 
a compensable delay analysis is the central element 
of this type of assessment, since identifying the 
controlling critical path(s) separates real project 
delay from concurrent but non-controlling delay. 
What magnitude of impacts must occur on a project 
to rise to the level of a concurrent critical path delay 
that affects the recovery of the claimant’s extended 

1	 For a further discussion of “near critical paths,” reference the Association for the Advancement of Cost Engineering International’s Recommended Practice No. 
29R-03 publication dated April 25, 2011 titled “Forensic Schedule Analysis” at pp 114-118.

2	 This assumes that the owner does not issue a time extension extending the delayed project completion date to equal the forecasted end date shown 
in the updated schedule.
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performance costs? That is the central question that 
this chapter seeks to address.

In the majority of compensatory delay analyses, the 
analyst finds that there are multiple paths of logic 
that exhibit negative float (i.e., logic paths that have 
extended beyond their available positive total float). 
Sometimes, the difference in negative float between 
the controlling critical path and other float paths that 
have been delayed, potentially by events unrelated 
to those on the controlling critical path, is so clear 
that there is no argument about the cause, effect 
and responsibility for those controlling critical path 
delays. For instance, if an owner delay affects the 
project completion date by 50 days, and a potentially 
concurrent contractor delay independently 
(concurrently) affects the project completion date by 
20 days, the contractor-caused “concurrent” delay 
would obviously be considered as a non-controlling 
delay. However, this simple concurrent delay 
condition is not the subject of this article.

As opposed to the simple example above, the analyst 
often finds that there are multiple negative float 
paths that hover near the controlling critical path. 
These present the real challenge to the analyst. 
The Association for the Advancement of Cost 
Engineering’s recommended practices publication 
defines delays (i.e., negative float paths) that do not 
affect the controlling critical path as “pacing delays.”3 
This term suggests that such non-controlling delays 
are those which are benign or are allowed to occur 
by one or both contractual parties because they are 
known to be delays that do not affect the end date 
of the project. While these paths of logic exhibit 
negative float (i.e., delay of activities beyond the 
contract completion date), they are not considered 
as controlling the end date of the project. This sort 
of “delay”—one that is known but is not on the 
controlling critical path—is the basis of the “hurry up 
and wait” argument that will be discussed later herein.

While the term “pacing delay” is a term of art in the 
construction industry, it is also helpful to think of this 
concept in terms of “relative total float.” Relative total 
float is the difference, measured in days, between 
a path of logic or even a specific activity’s total float 
value that does not appear on the controlling critical 
path, and the total float calculated on the controlling 
critical path. A pacing delay can be an independent 
path of logic, such as work on separate buildings on 
the same project site—with one delayed building 
being less critical than another, or it can simply be 
a chain of activities that are delayed, with the root 
cause being an identifiable event or events that can 
be controlled or mitigated. An example would be 
the purposeful delay of structural steel delivery to a 
project with a major unforeseen site condition impact, 
where the delivery of the steel to the site could 
actually exacerbate the problematic site conditions or 
cause damage to the steel assemblies.

As an example of a pacing delay caused by separate 
features of work, the delayed curtain wall of the 
primary building on a project site depicts -90 days 
of total float and is the controlling critical path to 
project completion. The erection of the adjacent 
central utility plant under the same contract depicts 
-70 days of total float. Both features of the work 
are late (i.e., both have negative float) and are 
independent of one another, thus the central utility 
plant erection is said to have 20 days of relative 
float. That is, it will be 20 days before the central 
utility plant erection activities equal the delayed 
curtain wall installation. Whether or not the central 
utility plant erection was planned to pace the 
curtain wall erection is irrelevant; what is relevant is 
the 20 days of relative total float between the two 
segments of work on the same contract and that the 
curtain wall work is the controlling critical path.

In the Figure 3 and 4 examples, let us assume that 
the subcontractor erecting the civil works in the 

3	 For a detailed discussion of “pacing delays,” reference the Association for the Advancement of Cost Engineering International’s Recommended Prac-
tice No. 29R-03 publication dated April 25, 2011 titled “Forensic Schedule Analysis” at pp 111-113.
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mechanical building was responsible for the delay 
of 24 days (for whatever reason) and the owner was 
responsible for the late erection of the main building 
due to changes in curtain wall design of 31 days. The 
question at hand is, does this example represent 
a true concurrent critical path delay? If so, the 
prime contractor erecting the main building could 
be entitled to an excusable time extension of 31 
days, with only 7 days being compensatory (i.e., the 
difference between the -31 caused by the owner’s 
curtain wall design issue and the -24-day logic path 
to the construction of the mechanical building).

However, if the prime contractor was able to 
persuade a trier of fact that the 24 days of delay 
caused by its civil works subcontractor erecting 
the mechanical building didn’t matter because the 
owner’s critical path delay of 31 days was controlling 
as to the completion date of the project, the prime 
contractor could potentially receive an award of 31 
days of compensatory delay time, as of the date of 
this update. At present, there is no clear acceptance 
of a rule as to how much relative float must exist 
between generally concurrent paths of logic in a 
schedule in order to award compensatory, non-
compensatory/excusable, nor non-excusable days of 
delay to a party in a construction dispute.

In concurrent delay analyses, the question that is 
frequently begged is, how close (i.e., “near-critical”) 
must a party’s delay be to the controlling critical 
path to be considered a “true concurrent delay” 
and thereby, warrant a reduction in the recovery of 
extended performance costs or in the assessment 
of liquidated damages? These essential questions 
have not been consistently or clearly addressed by 
the courts and boards of contract appeals. Many 
scheduling consultants will use 14 calendar days as a 
general “rule of thumb” to identify “near-critical path” 
delays. That number could vary depending on the 
complexity of the schedule, the number of activities 
involved, and time remaining for contract completion. 
Many times, activities at the end of the project are so 
compressed and accelerated that almost all of the 
remaining work activities become critical because 
all of them have to be timely performed to reach the 
projected substantial completion date.

Most projects that encounter multiple delay events 
have multiple paths of negative float within the 
CPM schedule that are independent, or partially 
independent, from one another. This condition 
requires the analyst to evaluate each path of 
negative float, identify the causation of each and 
importantly, determine if each path of negative float 
actually affected, or absent the controlling critical 

Figure 3. Updated CPM Schedule with Both the Main Building and 
the Mechanical Building Showing Delay (Negative Float)

Even though the mechanical building shows 24 work days of negative float, it is not the controlling critical path. The slippage in the main building activities 
shows 31 work days of negative float, and thus, is the controlling critical path. Both buildings are late, however there is relative float of 7 work days between 
the longest path of -31 days, and the secondary path of -24 days. While the delays of both buildings are shown to occur within the same general time frames, 
the effects of delay are manifested more critically in the activities associated with the main building.
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path would have affected, the end date of the 
project (i.e., the controlling critical path). In a relevant 
decision, a Board found as follows in this regard:

The lesson of Warwick is that certain kinds of 
second-guessing are proscribed. To take an 
easy example, if the job schedule was originally 
such that the contractor needed certain widgets 
on hand by January 1, but because of a six-
month delay attributable to the Government, 
the contractor rescheduled the delivery for July 
1, the Government cannot be heard to say the 
delays were concurrent because the contractor 
would have had to wait six months for the 
widgets anyway. In such a situation there is no 
reason to doubt that the contractor could have 
had the widgets on January 1 and proceeded on 
schedule absent the Government-caused delay. 
Such a simplistic example poses no problem 
at all. The problem lies in not reaching the 
right conclusion, given such an example, but in 
determining whether a given fact situation is an 
example of such an occurrence or is instead an 
example of a true concurrent delay.

The cited decision4 expresses the notion of “hurry 
up and wait” in a concurrent delay analysis. “Hurry 
up and wait” simply means that a contractor need 
not hurry up with work not on the controlling critical 
path while awaiting the prosecution of delayed work 
activities that actually dictate when the project will 
finish. It is multiple negative float paths that approach 
the negative float value of the controlling critical 
path, where no discrete and provable action has 
been taken by the claimant to accelerate, mitigate or 
contemporaneously explain the apparent concurrent 
delay paths that cause the difficulty in performing a 
concurrent delay analysis. In the Board’s words, the 
challenge is “in determining whether a given fact 
situation is an example of such an occurrence (i.e., 
hurry up and wait) or is instead an example of a true 
concurrent delay.” (emphasis supplied)

In another relevant case, the U.S. Claims Court 
offered some relevant findings as to concurrent 
delay in a case involving a delayed contractor 
(Sterling Millwrights) on a U.S. Government 
construction project.5 The decision read, in part:

Figure 4.

As described above, both the main building and mechanical building activities are in delay (both show negative float), however the main building activities 
are the controlling critical path to final project completion and the mechanical building activities form a non-controlling path. There are 7 days of relative 
float between the two paths of logic. If the owner directed that the project was to be completed by the original finish date of October 17th, both paths of logic 
would have to be accelerated to remove the negative float; 31 days on one path and 24 days on the other path.

4	 Warwick Construction, Inc. GSBCA Nos 5457, 5387, 5543, 5070, 5388 82-2 BCA ¶16,091, at 79,854-55, 1982 WL 7830 (G.S.B.C.A. Oct. 8, 1982) cited 
in Utley James, Inc. (1985) 85 1 GSBCA No. 5,370, 85 1 BCA 17,861 at 89,109, WL 13,874, affirmed, Utley-James, Inc. GSBCA No. 5370, 85-1 BCA ¶ 17,681 at 
89,109 1984 WL 13874 (G.S.B.C.A. Dec 21, 1984) affirmed in Utley-James, Inc. v United States, 14 Cl. Ct. 804 (1988).

5	 Sterling Millwrights, Inc. v. United States, 26 Cl. Ct. 49, 68 (1992)
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“Where both parties contribute to the delay 
‘neither can recover damage, unless there is 
in the proof a clear apportionment of the delay 
and the expense attributable to each party’” 
Blinderman Constr. Co. v. United States, 695 
F.2d 552,559 (Fed.Cir.1982), (quoting, Coath & 
Goss, Inc. v. United States, 101 Ct. Cl. 702, 714-15 
(1944)). “Generally courts will deny recovery 
where the delays are ‘concurrent or intertwined’ 
and the contractor has not met its burden of 
separating its delays from those chargeable to 
the Government.” Blinderman Constr. Co., 695 
F.2d at 559. The evidence of Arsenal delays 
recited earlier makes clear to the court that 
Sterling has met its burden of demonstrating that 
the Arsenal’s actions were the overwhelming 
source of delay in this contract. The 
government’s delay is well documented for each 
of Sterling’s subcontractors and totals well into 
the hundreds of days.

In this case, the Court’s depiction of the Government’s 
delay to the plaintiff as “the overwhelming source of 
delay in this contract” is another way of saying that 
the Government’s delay constituted the controlling 
critical path delay and thus, the plaintiff was entitled 
to recover its delay damages that arose from the 
Government’s acts and omissions.

How close to the controlling critical path does an 
apparent concurrent path of logic need to be, in 
order to be considered as a “true concurrent delay”? 
This is a vital question in a concurrent delay analysis 
because if true concurrent contractor-caused delay 
is identified, it can reduce the number of days to 
which the contractor may otherwise be entitled 
as a compensatory delay. Such reductions are 
called concurrent delay apportionment and are 
evaluated on a project-by-project basis (i.e., there 
is no established standard for apportionment in the 
construction industry).

In a relevant decision at the District of Columbia 
Board of Contract Appeals,6 a prime civil/mechanical 
contractor was awarded a contract at a large waste 
water treatment plants located in Washington, DC. The 
work included major repairs and upgrades to several 
buildings on the site and the rehabilitation of the 
chlorination system of the plant. The contractor was 
late in its civil works on several buildings, however the 
rehabilitation of the Government’s chlorination system 
was substantially delayed by added scope, ordered by 
the Government, to the repairs being performed to the 
chlorination equipment.

In the hearing, the claimant’s scheduling expert 
opined that the controlling critical path of the as-built 
schedule on the project was comprised of activities 
associated with the decommissioning, removal, 
rehabilitation and reinstallation of the Government’s 
chlorination equipment; a delay for which the 
Government was solely responsible. As such, the 
contractor was entitled to a compensatory delay for 
the entire duration of the time over-run on the project.

The Government’s expert opined that the contractor 
was only due a fraction of its delay costs because it 
had concurrently delayed the project arising from its 
late prosecution of civil works on several buildings 
that were independent of the chlorination equipment. 
The Board found that the contractor’s civil work 
activities on other buildings on the site were late 
not due to the fault of the Government, but that they 
were not on or near the controlling critical path, 
and as such, the contractor was entitled to recover 
all of its delay damages. This is another example 
of “relative total float.” The activities that were 
being delayed by the contractor exhibited sufficient 
relative total float that the Board determined that the 
contractor claimant was entitled to recover its full 
extended general conditions amount.

The entirety of the preceding discussions have 
focused on the prime contractor’s critical path. 
However, a subcontractor may recover in a pass-

6	 MCI Constructors, Inc. DCCAB No. D-924, 1996 WL 331212 (D.C.C.A.B. June 4, 1996)
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through claim to an owner for delay the owner 
caused to the subcontractor’s work, even though the 
prime contractor’s critical path is not delayed. The 
case that set forth this proposition is E.R. Mitchell 
Construction Co. v. Danzig, 175 F.3d 1369 (Fed. 
Cir. 1999). In this case, the court decided that the 
mechanical subcontractor could recover for delay 
to its work being essentially placed on standby 
while the government cured defective routing of 
mechanical piping systems and paid the direct costs 
for curing these design defects even though the 
prime contractor’s critical path was not affected. The 
government was aware of the impact the defective 
design issues had on the mechanical subcontractor’s 
timely performance. While subcontractors often 
“piggyback” the prime contractor’s delay claim, they 
may have owner-caused delay impacts independent 
of the prime contractor’s critical path for which 
they can recover compensation. This case also 
underscores the importance of a thorough and 
sifting review by the mechanical subcontractor of 
the prime contractor’s CPM schedules, including 
the logic, durations, progress or update input data, 
total float values and time impact analyses that are 
included in the prime contractor’s CPM schedules. 
Subcontractors cannot simply depend on the prime 
contractor’s critical path analysis.7

Two Theories on 
the Application of 
Concurrent Delay
There are two theories regarding the application 
of concurrent delay in analysing a construction 
schedule and delay. These are as follows:
1)	 Only the delays on the controlling critical path 

matter in conducting a schedule impact analysis. 
Thus, if Party A delays the controlling critical 
path in a project schedule by 50 days, and Party 

B concurrently delays the project by 49 days 
(i.e., but for the Party A delay, the Party B delay 
would control the critical path and would delay 
the project by 49 days), only the delay caused by 
Party A matters. That means that if Party A is the 
contractor delaying a project with a liquidated 
damages provision in the contract, then Party 
A owes 50 days of liquidated damages to the 
owner. If Party A is the owner, then the owner 
would pay the contractor for the entire 50 days 
of delay. There is no consideration of the nearly-
critical 49 day float path in this example and the 
“but for” argument falls moot.

2)	 Near-critical path delays must be considered 
as to the allocation of damages. This is a much 
more complex reality but one that seems 
to more fairly address what takes place on 
a delayed construction project. This theory 
requires that the near critical paths be analyzed 
and explained in the delay computations. For 
instance and using the example above, if the 
49 day concurrent delay caused by Party B was 
unavoidable (i.e. not a pacing delay), then it 
must be considered as to reducing the owner’s 
assessment of liquidated damages, or the 
contractor’s recovery of its extended general 
condition costs.

If the near-critical path method of analysis is utilized, 
then the question of how close (i.e.,”near critical”) 
to the controlling critical path must a delay fall to 
be considered in potentially reducing liquidated 
damages or reducing the contractor’s recovery 
of extended general condition costs. Here, the 
reported cases do not provide any clarity in 
making this determination. That is logical since the 
application of what is a near critical path delay will 
be case specific driven by particular project and 
schedule facts. In previous analyses, the writers 
have utilized a rule of reason approach. That is, for 
example, on a project with a planned duration of at 
least one year, each independent path of logic that 

7	 Turner Construction Company v. Smithsonian Institution, CBCA Nos. 2862, 4085, 4802, 17-1 BCA ¶ 36,739, 2017 WL 1968768 (C.B.C.A. April 14, 2017) 
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falls within two weeks of the controlling critical path 
must be evaluated for potential concurrency. This is 
how the writers apply “apportionment.”

For instance, if an owner makes design changes to 
non-structural elements of a building that impact 
the controlling critical path of a project by 60 days, 
and at the same time, the prime contractor’s steel 
erector cannot timely obtain structural steel to erect 
the building and that independent delay results in 
50 days of concurrent delay, under the two week 
“rule of reason,” the delays are “co-critical” and 
the contractor would not be entitled to any days of 
extended general conditions recovery. However, the 
contractor would be entitled to a non-compensable 
time extension thereby avoiding liquidated damages. 
Delays on a complex construction project generally 
cannot be so precisely measured to conclude that 
the prime contractor would be entitled to 10 days of 
extended general conditions in such a case.

Since the courts and boards of contract appeals 
have not clearly ruled on what is “near critical,” or 
even the theory that only the controlling critical path 
matters in a delay analysis, a conservative schedule 
analysis should, at least, identify each independent 
path within two weeks8 of the controlling critical 
path on a project of at least one year in duration, 
and analyze and explain why each such “concurrent” 
path should, or should not, affect the assessment 
of liquidated damages or the award of extended 
general condition costs.

Conclusions
The evaluation of the CPM schedules—baseline 
and each progress update—must be conducted 
each month by the mechanical contractor. If the 
mechanical contractor is shown to be controlling 
the critical path in an updated schedule that 

contains negative float (delay), the mechanical 
contractor could be assessed liquidated damages, 
actual damages, face downward adjustments in its 
payment applications, be forced to accelerate, or 
even terminated, depending on the specific events 
affecting the schedule, the extent of the negative 
float (delay) and the terms of the contract. Thus, if 
the mechanical contractor is shown to control the 
critical path in a project that is being delayed, the 
mechanical contractor must take immediate action 
to analyze the CPM schedule and determine the 
accuracy and reliability of the allegation of controlling 
critical path delay. If the allegation is accurate, and 
the delay is (or was) in the control of the mechanical 
contractor, steps should be taken to remove or 
at least mitigate the delay by way of acceleration 
(e.g., overtime, added crews, added equipment). 
If the allegations are inaccurate, the mechanical 
subcontractor must immediately notify the prime 
contractor or owner (depending on the party in 
privity) in writing that the schedule is in error, and 
to the extent possible, should suggest corrective 
actions to make the schedule reliable and accurate.

In other cases, the prime contractor may allege that 
while the mechanical subcontractor’s activity(ies) 
may not be controlling the longest path of logic in 
the schedule, its actions or inactions are causing a 
concurrent delay to the project completion date. In 
such cases, to the extent that the owner is causing 
the controlling critical path delay, the owner may 
claim that due to the mechanical contractor’s 
alleged concurrent delay, it owes the prime 
contractor a substantially reduced, or no, extended 
performance costs. Here again, how the parties 
define “concurrent delay” is the operative factor in 
determining if such “delay” represents a hurry up 
and wait argument, or is considered to be so close 
to the controlling critical path that the delay results 

8	 The “two week” period described above is an analysis methodology suggested by the writers as a reasoned approach to concurrent delay assess-
ment, and has not been adopted as an accepted “rule” by any court or board of contract appeals. Confer with your construction counsel as to how your 
firm should approach a concurrent delay analysis.
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in diminishment of extended performance cost 
compensation to the prime.

In simple terms, the danger of being found 
responsible for a concurrent delay in a project 
schedule is real and can equate to substantial 
financial impacts. In order to ensure that a mechanical 
subcontractor is not causing concurrent delay that 
could affect the recovery of extended performance 
costs, the project CPM schedule must be under 
constant review. Each update must be thoroughly 
analyzed by the mechanical subcontractor to ensure 
that its activities are not on, or near, the controlling 
critical path. The concept of “near critical path delays” 
has not been clearly addressed by the courts, but 
from a practical point of view, activity delay (negative 
float) that approaches within two working weeks of 
the controlling path should be consistently analyzed 
to ensure that these near-critical paths do not 
encroach on the controlling path.

The concept of concurrent delay demands vigilance 
on the part of the mechanical subcontractor. 
Vigilance to monitor near-critical path activities 
that are the responsibility of the mechanical 
subcontractor and vigilance to ensure that the 
mechanical subcontractor’s activities do not actually 
control the critical path in a project that is being 
delayed. In some cases, it may be advisable for 
the mechanical contractor to identify, in writing, 
its pacing delays so that such delays are not 
considered by the prime contractor or owner as true 
concurrent delays. This topic of concurrent delay is a 
complex and financially (and legally) weighty subject 
that requires mechanical subcontractors to focus 
substantial attention on the CPM schedule and its 
progress updates. We recommend a careful study of 
the other chapters within this publication to enhance 
the mechanical contractor’s knowledge base 
regarding schedule review and impact analyses.

Prepared by Douglas Patin, a partner in the Construction & Procurement Practice Group at Bradley Arant Boult Cummings in Washington, DC, and Paul 
L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp. with peer review performed by: Robert Beck, President of John W. Danforth 
Company in Tonawanda, NY; Steve Dawson, President of Harrell-Fish, Inc. in Bloomington, IN; Brian Helm, President of The Helm Group in Freeport, IL; 
and Adam Snavely, President and CEO of The Poole & Kent Corporation in Baltimore, MD.
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Introduction
In the mechanical contracting sector of the 
construction industry, as with all labor intensive 
trades, once the project has been bought out 
and the material and equipment purchase orders 
have been entered into the job cost system, the 
largest single variable (and the most volatile 
component) that controls profit on the project is the 
expenditure of labor hours. Therefore, one of the 
keys to profitability on a project-by-project basis is 
maintaining control of labor productivity.

Surprisingly, many labor intensive contractors do not 
make any attempt to monitor and control labor hour 
expenditures during the life of a construction project. 
All labor charges are recorded to one or two general 
project codes, such as “field labor” or “shop labor.” This 
method of labor control may be adequate for small and 
very simple projects with limited risks of labor overruns. 
However, on large and complex projects that offer a 
mechanical contractor the potential to lose thousands, 
or perhaps tens of thousands, of labor hours, a system 
of general and summary level labor tracking results in 
an unacceptable level of risk.

It is not standard practice in our industry for the team 
that prepared the original estimate to also be the 
team that manages its installation. Generally, most 
large mechanical contractors maintain an estimating 
department comprised of estimating professionals that 
will not, in the final analysis, be held responsible for 

the final labor expenditures on the project. Therefore, 
it is important to conduct in-house project initiation 
meetings wherein the estimators can explain, in detail, 
what was included and excluded in the estimate as 
well as defining any assumptions that were made in 
the preparation of the estimate. Furthermore, the basis 
of the labor estimate, along with any factors or special 
productivity rates that were used by the estimators, can 
be communicated to the project management team.

With so much profit or loss at stake, it is important 
that labor-intensive contractors make a management 
decision to track labor expenditures on a specific 
and identifiable basis on every major construction 
project. As set forth in this bulletin, the reasons offered 
for not tracking field labor are varied and generally 
lack substance. One excuse that is frequently put 
forth regarding the contemporaneous tracking of 
labor by element of work is the difficulty in the field 
with ensuring reasonably accurate reporting, such 
as disseminating to the labor managers the meaning 
of the various labor codes. Since the reporting may 
be unreliable, a contractor may elect not to maintain 
reasonably detailed labor records. Other labor 
managers simply aver that tracking labor by multiple-
labor codes on a regular basis is too much work and 
the investment of resources is not sufficiently rewarded 
by the value of the information gained in the process. 

This bulletin will explore the arguments supporting 
more specific and defined labor tracking and some 

Maintaining Control of 
Labor Productivity
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of the methods of achieving greater control over the 
expenditure of craft labor on construction projects.

Terms and Concepts 
Used in Project Planning 
and Labor Tracking
Original Estimate—the collection of bid forms, 
take off sheets, labor adjustment sheets,1 material, 
equipment and labor pricing documents and other, 
similar material that comprise the bases for the final 
labor estimate included in the lump sum bid for the 
project. Obviously, an important historical set of 
documents regarding the original estimate are the 
bid set of drawings and specifications.

Job Planning (the Job Plan)—the process whereby the 
estimators and/or the construction managers divide the 
original estimate into identifiable units of work to which 
can be assigned the materials and equipment that must 
be installed and the labor and construction equipment 
that is required to complete each unit of work.

Activity—the basic unit of work in a construction job 
plan (and in the construction schedule). The activity is 
the unit of work into which the overall original estimate 
is divided for the purposes of tracking and managing 
craft labor during the construction process. The 
original estimate is divided into activities during the 
job planning phase. Each activity is defined by specific 
geographic or contract boundaries such as: phase, 
building, floor, sectors and by other designations such 
as by column lines, systems, rooms, crew codes or 
other definitions that will allow specific identification 
of the work on the contract drawings. Each activity 
should be given a detailed and specific description 

of up to 48 characters in length2 in order to comport 
with critical path method (“CPM”) schedules that are 
typically developed from the job plan activity listing.

The recommended size of the activity (i.e., the 
amount of work that is included in an activity), and the 
resulting duration for the activity, are based on the 
principle of optimized tracking. Optimized tracking 
refers to the greatest reasonable degree of reporting 
accuracy that can be expected during the course 
of the project. The concept of optimized tracking 
dictates the size of the activity in the job plan, as well 
as in the project CPM schedule. In scheduling, the 
general guideline regarding the durations of erection 
activities3 for optimized tracking suggests a range 
of between three to 22 work days for the majority of 
the activities defined in the job plan. Obviously, some 
activities will be only one or two days in length by 
necessity. However the majority of the activities in the 
job plan and schedule should have durations that fall 
within the range of 3 to 22 work days. This range or 
duration for the activities used in the schedule also 
provides for optimized tracking when these activities 
are also used in the job plan reporting system.

The duration of an activity is calculated by estimating 
the number of labor hours that will be required to 
complete the activity and by estimating the crew size 
for the work. The duration is derived by dividing the 
total estimated labor hours by the hours required 
for the crew per day. For instance, if the activity will 
consume 640 labor hours and the contractor plans 
to utilize a crew of four mechanics (i.e., totaling 32 
hours per day), the resulting duration for the activity 
would be 20 work days. 

Obviously and within reason, the more specific the 
activity data, the more valuable is the reporting 

1	 For the purpose of increasing the competitive nature of a bid, many mechanical contractors “discount” the detailed labor estimate by some factor or 
percentage. Any such adjustments should be carefully documented in the bid file.

2	 In today’s construction environment, the most widely used CPM scheduling software system is Primavera®. This software system allows activity 
descriptions of up to 48 characters in length, however the software allows for many additional fields into which the planner may place area, floor, column 
line, crew identification, or other code information in order to track the activity with greater particularity.

3	 “Erection Activity” as opposed to procurement activities, such as “Fabricate and Deliver Chiller,” which may have a duration of many months and will 
not be assigned field erection labor in the job plan or in the schedule.
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information. Therefore, it is advisable to differentiate 
between the types of systems that may occur within 
the same geographic area, resulting in more than 
one activity in an area. For instance, if the mechanical 
contractor has HVAC piping, plumbing piping and duct 
work within the same area, each principal trade would 
have its work identified by separate activities. Similarly, 
if the mechanical contractor has large bore weld joint 
carbon steel pipe, socket weld small bore pipe and thin 
wall stainless steel pipe work, all in the same area or 
phase of the project, it is useful to divide this work into 
three discrete activities by type of piping system based 
on the crews that will perform the installation work.

Furthermore, the activity should be defined during 
the job planning phase such that the work can 
be commenced and not halted until the activity is 
completed. This is one of the characteristics of an 
efficiently planned construction project; namely that the 
activities express continuity of work such that there is 
no planned “start-stop-start” disruption contemplated in 
the baseline job plan or CPM schedule. 

Once the mechanical contractor has developed its 
activities, this information should be shared with 
the prime contractor for integration into the project 
master schedule. If the prime contractor has already 
prepared the overall master schedule, the mechanical 
contractor must determine if the activities created in 
its job plan comport with the mechanical activities 
created by the prime contractor. If the activity durations 

of the prime contractor do not comport with those 
contained in the mechanical contractor’s job plan, then 
a written request should be submitted to the prime 
contractor requesting the required modifications. If 
the prime contractor refuses the reasonable schedule 
modification requests of the mechanical contractor, the 
prime contractor should be placed on notice that the 
baseline master schedule is not reasonable. Specifics 
should be provided in the written notice as to the 
activities and/or logic that are incorrect or inconsistent 
with the mechanical contractor’s reasonable plan to 
prosecute its base contract work.

Activity Identification (“ID”) Code—the unique 
numeric, or alphanumeric, identifier that is given 
to each activity. The application of activity IDs may 
be dictated by the contractor’s job costing system, 
the labor performance software in use and by the 
scheduling software that may be employed on the 
project. In order to simplify the overall labor tracking 
operation on a construction project, it is important to 
utilize the same codes for all cost, labor and schedule 
tracking software systems. Having one single set of 
activity IDs for all control systems used on a project will 
increase the accuracy of the reporting and reduce the 
overhead costs to develop and update the systems.

Labor Performance Report (“LPR”)—the report 
format that provides the planned and the actual 
performance data for use by field and office 
management during the life of the project. There 

The Labor Performance Report (Example of Detailed Activities)
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is not a single, “best” form of this report and many 
mechanical contractors have developed their own, 
highly effective, version of the LPR. The LPR can take 
on many different forms and is called by different 
names by various mechanical contractors, but for the 
purpose of this bulletin, the report that provides the 
labor tracking information will be known as the LPR. 
One example of an LPR is shown below.

The code fields are identified from left to right as 
follows:

Activity ID Code—the unique identifier for each activity

Activity Description—the definition of the work that 
is to be performed

Planned Hours—the originally estimated (or re-
estimated hours)4 hours to perform the work

CO Hours—estimated change order, or scope 
change, hours

Revised Plan—the total of the original estimated 
hours and estimated change order hours

Last Percent Complete—the progress of the activity 
at the previous reporting period5

Current Percent Complete—the progress of the 
activity at the current reporting period

Earned Hours—the “should have spent” hours 
(Revised Plan 5 Current Percent Complete)

Previous Total Actual Hours—the actual hours 
charged as of the last reporting period

Current Actual Hours—the actual hours charged 
through the current reporting period

Variance Week – 2—the craft hour variance as of 
two weeks prior to the current period

Variance Week –1—the craft hour variance as of one 
week prior to the current period

Current Week—the current period craft hour 
variance (– over budget / + under budget)

By maintaining a current and accurate job plan, 
the productivity of each activity of work can be 
measured on a period-by-period basis (usually 
measured by pay period). Once the activity ID codes, 
activity descriptions and the planned hours have 
been input at the outset of the project, the regular 
input data consists of: (i) any revisions to the original 
job plan hours (i.e., changes in scope); (ii) the actual 
hours from payroll information; and (iii) the percent 
complete of the activity. In return for the input of the 
above-listed data, the project team has at its disposal 
a powerful tool that allows management to review 
with specificity the areas of labor expenditure that 
exceed the budgeted job plan labor hours. Most 
importantly, it permits the project management 
team to identify specific activities of work that are 
indicating unproductive progress before the activity 
is complete, thus allowing the project management 
team to proactively address the forecast labor 
overrun before it becomes an historical loss.

The Purposes of, and 
Methodologies for, 
Tracking Labor
The single, best reason to maintain better control of 
field labor expenditures is to increase profit. There 
are other sound reasons for a higher degree of labor 
control on construction projects, which include:
n	Establishing, or verifying, the accuracy of the 

contractor’s bidding units

4	 Some mechanical contractors require that the construction team “re-plan” the project once it has been transferred from the estimating department. 
The construction team may find differences in the “construction estimate” as opposed to the original estimate. The job plan should reflect the planned 
hours determined by the team that will actually take responsibility for the profitability of the project.

5	 The frequency of the reporting periods is generally governed by the frequency of the pay periods of the field craft labor, which is usually weekly or 
twice monthly. The longest effective reporting period in terms of labor tracking and trending is approximately monthly.
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n	Developing an early warning system that will 
allow proactive management intervention

n	Mitigating, or documenting, the inefficiencies 
associated with non-contractor caused impacts as 
well as accurately quantifying the associated costs

In fact, these reasons to track labor expenditures 
contribute to the concept of maintaining, or 
increasing, profit on the project. 

The job plan should be developed with the input 
and direct assistance of the field labor supervisors 
(sometimes called the labor superintendent or 

general foreman). The inclusion of the principal labor 
managers will increase the opportunity for accurate 
labor reporting. An essential element of accurate 
labor reporting is the clear definition of the work 
included in an activity. Documenting the elements 
of an activity is an essential ingredient in achieving 
accurate labor reporting. One means of meeting this 
goal is to mark the outlines or boundaries of each 
activity on a set of contract drawings. The graphic 
example below shows how depicting the extents 
of a specific job plan activity can provide relevant 

Activity Boundaries Marked on the Contract Drawings
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documentation that can be constantly referenced 
during the life of the project.

In addition, other forms can be utilized to capture 
the details of each activity that can be referenced 
during the project to ensure that the actual labor 
hour reporting is accurate. The form shown below 
has been used on large and complex projects 
to document the labor, equipment and material 
required to perform each activity. The form allows 
the contractor’s planning team6 to record each 
set, or task, which will be required to complete the 

activity. Such records can substantially improve the 
quality and accuracy of actual labor hour reporting in 
the field.

Any project reporting system requires an investment 
in terms of management resources. If a contractor 
expects to derive valuable management information 
from any reporting system, whether cost or labor 
efficiency, attention to detail and accuracy are 
a necessity. A “corporate culture” that supports 
accurate cost and labor reporting is essential.

Activity Planning Form

6	 Many mechanical contractors find it very valuable, and highly profitable, to have the construction team perform a re-estimate of the project before 
commencement of the work. While time-intensive, this operation provides an invaluable learning experience for the project team concerning the particu-
lars of their specific project and will provide for a reasonably detailed job plan that relates to the manner in which the project team will actually prosecute 
the work. Another benefit of this process is the identification of long lead-time procurement items.
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Once the initial data has been input and collected, 
the contractor has the following data that must be 
accurately coded and input on a period-by-period basis:
n	Actual field craft labor hours charged to each 

activity ID code
n	Estimated scope change hours that must be 

input to update the job plan
n	Current period percent complete progress by 

activity ID code

The foregoing represents the ongoing data that must 
be collected and entered into the LPR to allow the 
report to provide a variety of output data that can be 
used by the project management team proactively 
to address productivity “events” that serve to reduce 
profits and/or cause delays to the construction 
schedule. The software cost for implementing and 
maintaining a labor tracking and trending system is 
not the limiting factor for the use of such systems. 
Reporting systems as described herein can now be 
accomplished using some of the more advanced 
features of Microsoft Excel®. Therefore, the actual 
costs of the software and computer platform to 
run such systems are no longer a bar to their 
implementation. It is simply reduced to the will of the 
mechanical contractor to track the expenditure of its 
most valuable and volatile resource—field labor.

With an accurate LPR, the project management team 
can readily and effectively evaluate the productivity 
of defined areas of the project including specific 
crews, labor managers or other defined features of 
the work. Often, inspection of the updated job plan 
activity ID codes will alert the project management 
team to inefficient labor trends that can be 
investigated by physically observing the work and 
interviewing the labor foremen to determine whether 
the deteriorating labor productivity has been caused 
by changed conditions, unanswered RFIs, other 
impact events beyond the control of the mechanical 
contractor or self-induced inefficiencies.

However, if the contractor does not institute quality 
control checks and reviews of the data and the 
period-by-period coding of the actual labor hours 

to the job plan activity ID codes, the resulting 
inaccuracies arising from this neglect may render 
the LPR unreliable. For instance, some mechanical 
contractors offer a bonus to labor managers for 
hours saved on the project. This program may have 
the unintended effect of promoting the “balancing” 
of actual labor hour charges each reporting period. 
If the craft labor manager sees an activity ID code 
decreasing in efficiency (i.e., the negative variance 
increases each period), there may be a temptation to 
improperly reassign craft hours from the inefficient 
code to a labor code that is reporting highly 
productive work. This sort of “balancing” renders the 
LPR information suspect and unreliable.

Every reasonable effort should be engaged to 
ensure that the craft labor managers who generally 
decide to which activity ID code actual labor hours 
are assigned are charging the hours to the correct 
activity ID codes. This may even entail changing 
the contractor’s bonus incentive plans to move 
away from bonuses granted purely on incremental 
reporting of labor efficiency. In addition, the labor 
managers must be given the time and clerical 
support to allow for accurate collection of the 
necessary data. Whatever steps are employed to 
ensure accurate charging of actual labor hours 
will be effort well spent in terms of providing an 
invaluable tool for the project management team to 
detect potential losses of labor productivity before 
they become significant. 

The primary goal of the labor tracking and trending 
methods described herein is to increase profit. The 
mechanism by which that goal is achieved is known 
as “proactive management.” Simply put, this sort of 
management occurs when a project team is able 
to identify negative trends within its labor budgets 
early enough to allow the manager to identify the 
discrete work activity in which the inefficiency is 
occurring and to take steps to totally remedy or 
mitigate, or at least identify the source and location 
of, the productivity loss. Assuming that the activity 
has been properly developed, it will have definable 
and specific geographical boundaries such that 
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the labor manager can walk onto the project and 
“stand” in the area of the activity. The presence of 
such specific labor tracking and trending can allow 
the manager to evaluate the potential causes of the 
reported inefficiencies and take the appropriate 
action before the loss becomes project-wide. 

Labor Productivity Trending
In order to grasp quickly the overall labor 
productivity on a construction project, it is essential 
that the data be presented in a format that can 
be readily acted upon by the management team. 

Various summary reports and trending curves 
can be produced from the LPR. For instance, from 
the summary of the LPR, the total project (or the 
mechanical portion thereof) can be computed on 
a period-by-period basis. This data, in combination 
with the variances computed within the LPR, can 
be combined to create a curve or trend of labor 
productivity, as can be seen in the example below:

From this sample curve, the trend of the labor 
expenditures can be plotted and quickly evaluated 
by the project management team. On this example, 
the total project percent complete, labor hours over/
under budget and percent variance are shown on 

Labor Productivity Variance Tracking & Trending Curve
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one chart. These types of easily assimilated graphic 
presentations can be augmented with other types of 
“roll up” trending reports that have their data derived 
from the LPR without any further input by the project 
team. Other sorts of “roll up,” summary level reporting 
that can be generated from the data described 
previously herein includes the following example:

Such summary level reports require no further input 
from that described herein and can provide valuable 
management information.

From the above example, the following data can be 
derived:
n	Total hours ahead or behind the job plan
n	Total project percent complete in terms of labor 

hours
n	Progress gained by period in terms of labor hours

n	The progress (by percent complete) that must be 
achieved by period

n	Required crew size at the planned rate of 
performance

n	Required crew size at the actual rate of 
performance

n	Historical reporting on the activities that have 
been completed

n	Trending of the active activities

These data can provide further insight into the 
typically non-linear expenditure of labor hours on 
a construction project and within each discrete 
activity. The object of any reporting methodology 
and output reporting is to increase profits and 
eliminate the end-of-project labor loss “surprise” that 
afflicts a large number of otherwise sophisticated 
and successful mechanical contractors.

Labor Performance Summary
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When Loss of Labor 
Productivity Claims Arise
On some projects, the mechanical contractor 
sustains a substantial loss of labor productivity for 
which the contractor seeks recovery from a prime 
contractor or owner. Each year, MCAA member firms 
incur hundreds of millions of dollars in unplanned 
labor expenditures due to loss of productivity 
impacts not caused by the mechanical contractor. 
To the extent that it can be demonstrated that the 
mechanical contractor was not the cause of such 
losses, it may be necessary to develop a loss of 
productivity claim. In some cases, the very survival 
of the contractor may depend on the success of 
such a request for equitable adjustment.

Once the mechanical contractor’s estimate has 
been eliminated as the source of the loss, the 
mechanical contractor should determine what 
other events cause the loss of productivity. Some 
commonly overlooked items are the impacts of 
RFI’s, field change directives and “field fit-to-suit” 
conditions, which are seldom incorporated into 
the compensation for change orders. After careful 
evaluation of the events that adversely affected 
the labor productivity on a project, the mechanical 
contractor has the option of either absorbing the 
loss or preparing a loss of productivity claim. One 
of the acceptable methods of computing loss of 
productivity is the “measured mile” method. This 
method is described in the MCAA’s Publication 
“How to Use the MCAA Labor Factors.” Simply 
put, this methodology computes inefficiencies by 
measuring a contractor’s actual productivity rate 
achieved in a time frame or area of lesser impact 
and compares the contractor’s actual productivity 
in a time frame or area of representative impact. 
Among other information that is necessary in order 
to perform a measured mile analysis, the contractor 

must have available comparative data in order 
to compute the varying production rates. If the 
contractor maintained an LPR system similar to that 
described herein, then the data required to perform 
a measured mile analysis can usually be compiled.

By referencing its estimate, or by taking off systems 
by activity ID codes, the contractor can equate 
labor hours to the quantity of material installed. A 
measured mile analysis requires knowing the actual 
hours expended to install a unit of material; for 
instance, hours actually expended to install a linear 
foot of 14” ASTM A-53 schedule 40 butt weld pipe by 
area or time frame. The vast majority of mechanical 
contractors do not track materials installed on a 
period-by-period basis. However, the materials and 
conditions of installation can be readily analyzed 
by reviewing the historical data that supports the 
job plan and the LPR. Assuming the mechanical 
contractor has retained the records (such as contract 
drawings marked by activity ID code or the Activity 
Planning Form) that provide the basis of each 
activity, the materials installed in the activity can be 
estimated or, if the Activity Planning Form has been 
used, the material data are readily available without 
the need to reestimate the materials.7 

Assuming that the contractor has accurately 
recorded the actual hours charged to each activity 
ID code, the hours required to install the material 
and equipment within an activity are identifiable. 
With that information in hand, a contractor can 
compare the labor required to install systems in 
less impacted time frames or areas with the labor 
required to install similar systems in the impacted 
time frame or area. The measured mile method 
is not dependent upon the contractor’s estimate 
because it uses actual installation rates achieved on 
that particular project site to form the basis of the 
productivity comparison.

7	 To the extent that change orders have been issued, the original estimate for materials must be adjusted for the material items added by the change 
orders to create the “adjusted estimated quantities.” This is true for field labor as well.
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As noted in “How to Use the MCAA Labor Factors,” 
on some projects it will be impossible to perform 
a measured mile analysis, even if proper labor 
productivity data is available. On many projects, 
there is no identifiable unimpacted, or less impacted, 
period thereby preventing the contractor from 
applying a measured mile analysis. In such cases, 
the MCAA factors described in “Factors Affecting 
Labor Productivity” and “How to Use the MCAA 
Labor Factors” can be useful in estimating the 
cause and effect of various sources of inefficiency 
such as “Reassignment of Manpower,” “Crew Size 
Inefficiency,” “Dilution of Supervision” and “Overtime 
Inefficiency.” This data and an explanation of what 
a loss of productivity claim entails are addressed in 
the other MCAA publications as noted above.

Conclusion
Measuring labor productivity during the course of a 
construction project requires discipline, dedication 
of the labor management team and an earnest 
desire to understand the somewhat ethereal and 

amorphous concept of labor inefficiency. The pursuit 
of this understanding, however, can lead to more 
profitable construction projects and avoidance of 
substantial losses that are occasioned by impacts 
causing loss of labor productivity.

Author’s Note

Obviously, the labor tracking and trending concepts 
described herein were not originated by the writer. I 
am compelled to credit many experienced and highly 
profitable mechanical contracting firms, well known 
within the MCAA membership, for developing, 
testing and proving the inestimable value of the 
labor tracking and trending systems described in this 
bulletin. The writer had the privilege of having been 
employed by one such firm and had the opportunity, 
on a first-hand basis, of experiencing the hard work 
developing and maintaining an accurate LPR system 
and also of witnessing the material benefits that 
resulted from this proactive management concept. 
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Instructions on the use of MCAA’s Labor Factors are 
provided in the section titled “How to Use the MCAA 
Labor Factors.”

Factors Affecting 
Labor Productivity
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By Gerson B. Kramer

Gerson B. Kramer began acquiring his vast experience 
in measuring differential productivity during his first 
post-college job at the Department of Labor’s Bureau 
of Labor Statistics. After graduating from George 
Washington University School of Law, Mr. Kramer 
joined the Justice Department’s Court of Claims 
Section and later the Commerce Department’s 
Appeals Board. For ten years prior to his retirement, Mr. 
Kramer served as chairman and chief administrative 
judge of the Department of Transportation’s Contract 
Appeals Board. In that capacity, Mr. Kramer heard 
cases involving contractors’ claims for loss of labor 
productivity and authored a reported decision on one 
of the government’s largest inefficiency cases in the 
history of any major board of contract appeals.

The construction industry is one of the leading capital 
industries that drive the U.S. economy. As an industry, 
it depends to a great extent upon labor productivity 
to remain profitable. Yet, many construction firms 
do not maintain the necessary records to supply the 
quantification of its labor productivity. 

A contractor needs to maintain accurate 
contemporaneous productivity records to manage 
its labor forces and to serve as a foundation in 
the event of a productivity claim. While the courts 
and boards have established the principle that a 
contractor need not compute its loss of productivity 
with exactness, it would appear that accurate 

recording of a contractor’s productivity is simply 
a management necessity to ensure profitability, 
irrespective of the portent of an inefficiency claim.

One of the fundamental issues that a trier of fact 
considers in hearing a contractor’s inefficiency claim 
is “cause and effect.” Important in the consideration is 
the question of whether or not the contractor’s claims 
as to productivity impacts comport with the quantum 
being sought. In my experience, “productivity” can 
be summed up as the efficiency that contractors 
achieve in converting inputs to outputs. In the 
construction industry, this usually means the 
conversion of labor hours to a quantity of installed 
materials, such as tons of steel erected, cubic yards 
of concrete poured or linear feet of pipe installed. 
However, where productivity is concerned, there is 
no general agreement and no “black letter” law as 
to how this is to be quantified. This is equally true 
of quantifying the loss of productivity. Furthermore, 
standard cost accounting categories and standard 
monetary categories do not readily yield the 
necessary quantifications of labor productivity or loss 
of productivity. Neither the IRS nor the vast majority 
of construction CFOs arrange for, or demand, the 
reporting of the necessary elements to calculate or 
quantify productivity or its loss.

This lack of quantification on productivity or its 
loss becomes problematical when disputes arise. 
The disputes process that is presented to tribunals 
calls for magistrates to make findings of fact on 

Connecting the “Cause” 
and “Effect” in Loss of 
Productivity Claims



154

Productivity

very specific matters. Although there is currently 
no accepted empirical study that delineates a 
specific methodology or a particular means of 
record keeping to prove productivity or the loss 
of productivity, one method of labor productivity 
quantification that has achieved a relatively high 
level of acceptance is known as the “measured mile” 
analysis. This methodology is highly dependent 
upon the contractor’s books and records and also 
upon the presence of an unimpacted and impacted 
area or period by which a production ratio can 
be computed. While this methodology has been 
well received by the courts and boards, it is also 
true that this methodology cannot be applied on 
many construction projects for a host of reasons, 
two being the lack of detailed productivity record 
keeping and the lack of suitable or comparable 
unimpacted areas or time frames. The inability to 
prepare a measured mile analysis does not, in and 
of itself, bar a contractor’s loss of productivity claim. 
In such cases, the contractor must apply a different 
methodology to connect the cause and effect.

It is a fact that the MCAA factors have been in use 
for over 30 years in furnishing a means of estimating 
loss of productivity in construction matters. One of 
the most beneficial and advantageous facts is that 
the MCAA factors require users to consider carefully 
the narrative facts and project events or milestones 
with the trends shown by the numbers. “How to Use 
the MCAA Labor Factors” repeatedly instructs users 
to assess carefully each and every element of fact 
along with the use of the percentage factors provided 
by “Factors Affecting Labor Productivity.” Direct and 
indirect impacts need to be quantified carefully in 
conjunction with the specific events of the project. 

This process of matching the facts with the claimed 
loss of productivity is designed to provide the 
deciding tribunals with a degree of confidence 
necessary to reach the ultimate decisions. It is well 
recognized that a contractor does not have to prove 
its loss of productivity with mathematical exactitude; 
however this does not relieve the contractor from 
making a compelling case as to the specific causes 

of the impacts and to connect then with a logical 
effect. In this regard, the MCAA factors have 
been found to be a reliable means of estimating a 
contractor’s loss of productivity caused by individual 
categories of causation. For this reason, “How to 
Use the MCAA Labor Factors,” which outlines how 
to use the MCAA factors to arrive at a reasonable 
estimate of productivity or loss of productivity, 
should furnish much needed and useful guidance to 
users who need to estimate productivity quantities 
and costs.

MCAA thanks Judge Kramer for providing this 
introduction.
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Introduction
Since 1971 the MCAA has offered “Factors Affecting 
Labor Productivity” in its Management Methods 
Manual. Known as the “MCAA factors,” they have 
been used by contractors to forward price estimated 
losses of labor productivity in change order proposals, 
and to retroactively price estimated losses of labor 
productivity in the whole after the completion of a 
project. Since their introduction in 1971, the factor 
titles, descriptions and the percentage of estimated 
impacts have remained unchanged.

“How to Use the MCAA Labor Factors” has been 
developed to provide detailed explanations 
suggesting the proper use of the MCAA factors 
in estimating losses of labor productivity for both 
forward and retroactively priced change requests 
and for performing labor productivity analyses.

Also included are some points of consideration when 
assessing change order conditions and contract lan
guage that may affect the contractor’s ability to recover 
its damages. However, this chapter offers no legal 
opinions or conclusions and the contractor should re
view all project documents and conditions with counsel.

This chapter has been prepared to assist the 
contractor with the quantification of the loss of labor 
productivity caused by occurrences described by 
the various MCAA factors. Of all construction-related 

subjects, the proof and quantification of the loss 
of labor productivity are recognized as among the 
most difficult and complex to describe. An attempt 
has been made to avoid the overly scientific and 
complex. It is understood that quantifying a loss of 
labor productivity is oftentimes based on an estimate 
of losses. However, by the very complex nature of 
the issue of the quantification of labor productivity 
loss, detailed explanations and qualifications of 
applications must be offered to the contractor.

The MCAA factors have proven to be a reliable 
means of estimating the loss of labor productivity on 
construction projects for over 30 years. The specific 
values shown in the factor tables must be applied 
with careful consideration and a review of the facts 
surrounding the events, which caused the loss of 
productivity. The applications of the various MCAA 
factor percentages will vary as project conditions 
dictate. This chapter will provide specific guidelines 
and examples of several methods of application for 
the proper use of the MCAA factors in calculating the 
loss of labor productivity on construction projects.

It is important to note that the MCAA factors have 
gained wide acceptance in the construction industry 
and before various courts, boards of contract appeals 
and tribunals of the American Arbitration Association. 
For example, reference the Appeal of Clark Concrete.1 

How to Use the MCAA 
Labor Factors

1	 Appeal of Clark Concrete, GSBCA 14340 99-1 BCA @ 630, 820 (1999).
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In this decision by the General Services Board of 
Contract Appeals, the board wrote, in part:

“To assess the impact of unanticipated conditions 
on productivity … P&K used a manual published 
by the Mechanical Contractors Association 
of America (MCA). … P&K has used it on other 
projects to measure similar impacts, and the 
publication is generally accepted in the mechanical 
industry for this purpose. … We have previously 
accepted the use of this manual for this purpose as 
well. Stroh Corp., 96-1 BCA at 141.132; also see Fire 
Securities Systems, Inc., VABCA 3086. 91-2 BCA 
23,743 at 118.902. … The manual lists various types 
of impacts, and for each, a percent of labor costs 
which represents loss of labor productivity under 
each of minor, average, and severe impacts.”

In a 2017 Civilian Board of Contract Appeals decision, 
Turner Construction Company v. Smithsonian 
Institution, CBCA Nos. 2862, 4085, 4802, 17-1 BCA 
¶36,739, 2017 WL 1968758 (C.B.C.A. April 14, 2017), the 
Board accepted expert opinion on behalf of Turner’s 
mechanical subcontractor regarding productivity loss 
utilizing the MCAA labor inefficiency Factors. Again in 
2019, the Civilian Board of Contract Appeals published 
a decision in the matter of Suffolk Construction 
Company, Inc. v. General Services Administration, 
CBCA 2953, 2954, 2955, 3596, 4175, 5006 December 
2019. Suffolk’s mechanical subcontractor’s labor 
productivity expert testified regarding unforeseen 
events that substantially reduced the subcontractor’s 
labor productivity. Based on the fact and expert 
testimony and utilizing a measured mile approach 
in one area of the project and applying the 
MCAA labor inefficiency Factors coupled with the 
overtime inefficiency data published by the MCAA 
in other areas of the project, the Board awarded 
the mechanical subcontractor over $2,000,000 in 
loss of labor productivity damages. Coupled with 
credible testimony, the MCAA factors can be useful 
to contractors, owners, boards of contract appeals 
and other courts and tribunals for the purpose of 
estimating a contractor’s loss of labor productivity.

There are many definitions for the impact costs 
associated with a productivity loss on a construction 
project. The Department of Veterans Affairs Board 
of Contract Appeals in one decision offered the 
following cogent explanation:

“Impact costs are additional costs occurring 
as a result of the loss of productivity; loss of 
productivity is also termed inefficiency. Thus, 
impact costs are simply increased labor costs 
that stem from the disruption to labor productivity 
resulting from a change in working conditions 
caused by a contract change. Productivity is 
inversely proportional to the manhours necessary 
to produce a given unit of work. As is self-evident, 
if productivity declines, the number of manhours 
of labor to produce a given task will increase.”

The board continued in its explanations of 
inefficiencies:

“Direct impact is generally characterized as 
the immediate and direct disruption resulting 
from a change that lowers productivity in the 
performance of the changed or unchanged work. 
Direct impact is considered foreseeable and the 
disrupting relationship to unchanged work can 
be related in time and space to a specific change. 
Cumulative impact is the unforeseeable disruption 
of productivity resulting from the “synergistic” 
effect of an undifferentiated group of changes. 
Cumulative impact is referred to as the “ripple 
effect” of changes on unchanged work that causes 
a decrease in productivity and is not analyzed in 
terms of spatial or temporal relationships. This 
phenomenon arises at the point the ripple caused 
by an indivisible body on two or more changes 
on the pond of a construction project sufficiently 
overlap and disturb the surface such that 
entitlement to recover additional costs resulting 
from the turbulence spontaneously erupts. This 
overlapping of the ripples is also described as the 
“synergistic effect” of accumulated changes. This 
effect is unforeseeable and indirect. Cumulative 
impact has also been described in terms of the 
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fundamental alteration of the parties’ bargain 
resulting from the change.”2

The Armed Services Board of Contract Appeals has 
also found that two types of productivity impacts can 
arise from changes to the contract and the board 
wrote as follows:

“It is undisputed that the costs of performing 
changed work include both (a) those costs directly 
related to the accomplishment of the changed 
work, called ‘hardcore costs,’ and (b) those costs 
arising from the interaction between the changed 
work and unchanged work or expended to offset 
inefficiencies experienced as a result of changes, 
called ‘impact.’ Viewed broadly, ‘impact’ embraces: 
the man hours, labor costs, and material costs that 
are expended to offset inefficiencies experienced 
as a result of Government-caused or contractor-
caused changes or other departures from the 
plan. Included is the process by which the above 
inefficiencies in the performance of contract work 
are created.

Among other things, ‘impact’ includes: 
inefficiencies due to overcrowding, over or 
undermanning, skill dilution, extended overtime, 
shift work, and local and cumulative disruption.

‘Local [or direct] disruption’ refers to the 
direct impact that changed work has on 
other unchanged work going on around it. 
Conceptually, for purposes of this appeal, 
‘cumulative disruption’: Is the disruption which 
occurs between two or more change orders 
and basic work and is exclusive of that local 
disruption that can be ascribed to a specific 
change. It is the synergistic effect . … of changes 
on the unchanged work and on other changes.”3

It is clear that a contractor must consider both the 
direct impacts of a loss of labor productivity caused 
by a change to the contract scope of work, as well 

as the cumulative impact of changes in scope to the 
unchanged work. In the past, many contractors have 
used the MCAA factors only when “forward pricing” 
a loss of productivity component of a change order 
proposal. In addition to providing updated general 
instruction on the uses of the MCAA factors, this 
chapter seeks to explain how the MCAA factors 
can also be applied equitably and reasonably when 
retroactively quantifying the cumulative effects of 
changes on the productivity of a construction project.

General Discussion of Loss 
of Labor Productivity
To offer the lowest bid price or negotiated price for a 
construction project, labor intensive contractors such 
as mechanical and electrical contractors must plan to 
control labor productivity. Controlling the productivity 
of labor during construction is central to maintaining a 
fair and reasonable profit. When events occur which 
could not reasonably be foreseen by a contractor 
during the bidding or negotiating process, and which 
materially and negatively impact the contractor’s labor 
productivity through no fault of the contractor, the 
contractor should consider seeking recovery of the 
costs of the loss of labor productivity.

For the purposes of this chapter, “owner” refers to the 
party with whom the contractor executed a “contract.” 
If a subcontractor, it could be the general trade 
contractor; if a prime mechanical/electrical contractor, it 
could be the project “owner,” whether public or private.

Contractors have long understood that adding new 
scopes of work to the original work plan can disrupt 
the flow and rhythm of the otherwise productive 
crews. The added work often comes at the peak of 
the planned effort on the project, when craft levels 
are already at their highest points on the labor 
curve. Also, added scope often affects the schedule, 

2	 Appeal of Centex Bateson Construction Co., Inc., VABCA-4613 and 5162-5165. 

3	 Triple “A” South, 94-3 BCA P 27, 194, ASBCA No. 46, 866.
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available work spaces, ability of labor supervisors 
to effectively manage base contract craft labor, 
material and equipment procurement and many other 
productivity-related factors. Sometimes the effects 
of a scope change/change order, or a series of such 
changes, on labor productivity can be of a higher 
dollar value than the direct cost of the change itself.

Assuming that the contractor did not cause the 
changed conditions, the contractor should seek to 
recover those losses in labor productivity either within 
the change order, or, if necessary, at the end of the 
project when all of the effects of project-wide changes 
on the total labor productivity can be measured. The 
courts have stated clearly that exact methods of loss 
of labor productivity quantification are not a condition 
precedent for recovery. Boards and courts have 
recognized the difficulty of measuring productivity 
loss and allow the contractor to use several methods, 
including the MCAA factors, to measure such losses.

Often, contract language known as “full accord and 
satisfaction” language, contained in some change order 
forms, may require the contractor to attempt to price 
all categories of productivity loss within the change 
itself, as estimated values. This is called a forward 
priced productivity loss and the cost of this estimated 
loss can be included as a line item in the change order 
proposal. While it can be highly beneficial to include all 
estimated impacts within a change order, thus “closing 
out” the change, many owners refuse to recognize 
labor productivity impacts caused by scope changes 
or other factors beyond the control of the contractor. 
This leaves the contractor in the unwanted position of 
either not executing change orders due to the risk of 
waiving its rights or placing a “reservations of rights” 
statement on each change, which can have the effect 
of holding open the option of making further requests 
for equitable adjustment should the contractor suffer 
productivity losses due to the cumulative impacts of 
changes in scope on the project.

Productivity loss recovery, which is sought at 
the end of a project phase or after the project 
is concluded, is called a retroactive productivity 
loss analysis. Such retroactive productivity loss 
analyses take into account the total impacts of all 
unanticipated categories of potential loss, such 
as the quantity (in terms of added craft hours) 
of changes, resequencing, schedule delays and 
disruptions, overtime and shift work and increase in 
crew size over the optimum level.

Many experts in the field of productivity loss analysis 
believe that the only means of recovering a significant 
portion of productivity loss is to measure such losses in 
their totality, at the end of the project, particularly when 
such losses are a result of a large number of scope 
changes,4 which add a significant number of craft 
hours. This is believed to be true because it can be 
very difficult to evaluate fully the effects of productivity 
loss caused by one, single change in scope on the 
contractor’s entire labor force, when it may not be 
known how many changes will be forthcoming in a 
given time period and how the aggregate of those 
potential impacts will increase the contractor’s overall 
productivity losses. Such claims are typically called 
“cumulative impact” claims and are a recognized 
phenomenon by the major boards of contract appeals. 
It is understood that on projects pervasively and 
adversely affected by changes in scope, the only 
reasonable means of recovery may be through a 
cumulative impact claim rather than a forward priced, 
or individually priced, loss of productivity quantification.

Nevertheless, both methods of productivity loss—
the forward priced and retroactively priced—are 
valid, and each project may demand the use of 
either, or both methods, described herein. 

In terms of actually measuring a loss of labor 
productivity, several methods may be available 
to the contractor. A highly regarded method 
of measuring productivity loss is known as the 

4	 “Scope changes” refers to any changed condition that is outside of the contractor’s scope of work. These can include added items of work over which 
there is no dispute (i.e., approved and pending change orders), disputed scope items, differing site conditions, and acceleration proposals.
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“measured mile.” This approach utilizes actual 
productivity measurements taken in unaffected and 
affected portions of a project and, from that data, 
a productivity ratio is established. However, many 
contractors do not maintain labor hour tracking and 
material installation records needed to support this 
methodology and on some projects, there are no 
unimpacted labor hours. In such cases, the MCAA 
factors can be very useful and have been accepted 
by courts and boards as a reliable means of 
estimating a contractor’s loss of labor productivity.

It must be stressed that the contractor should carefully 
study the contract general and special conditions, 
the project schedule, change order forms and other, 
related documents to understand fully the rights, 
liabilities, obligations, limitations and remedies which 
are provided for by the documents that comprise the 
overall contract. These documents may dictate which 
method the contractor uses on a given project.

While the trend at the boards of contract appeals had 
been to define waiver language contained in change 
order forms as only waiving all impacts (direct and 
indirect costs) that were “knowable” at the time the 
change order was signed, the current trend points to 
much stricter and broader interpretations of waiver 
language on change order forms. An example of a 
generally “unknowable” impact is labor inefficiency 
caused by cumulative impacts: those impacts arising 
from a multitude of unanticipated labor-intensive 
changes in scope. Since cumulative impact labor 
inefficiency claims can only be quantified when all 
of the changes are known and the work is complete, 
in the recent past it was successfully argued that 
a contractor was not understood to have waived 
its cumulative labor inefficiency impact claim on 
executed change order forms containing “full accord 
and satisfaction” language since such impacts are not 
fully known while the project is active.

In line with the earlier cases, the recent U.S. Court of 
Federal Claims case of Bell BCI Company v. United 
States, 81 Fed. Cl. 617 (2008) upheld the proposition 
that cumulative impact labor inefficiency claims were 

understood to be preserved even in the presence of 
waiver language on change order forms. However, on 
appeal, this decision was vacated in part by the U.S. 
Court of Appeals for the Federal Circuit. The Court of 
Appeals did not issue a finding as to whether or not 
the contractor sustained a loss of productivity caused 
by cumulative impact. Rather, the Court of Appeals 
found that the broad waiver language contained on 
the government’s change order form had released 
the government from any and all liability beyond the 
express relief provided for in the change order itself.

The Appeals Court wrote, “The language [on 
the change order form] plainly states that Bell 
released the government from any and all liability 
for equitable adjustments attributable to Mod 93.” 
The Court further wrote, “if parties intend to leave 
some things open and unsettled, their intent to do so 
should be made manifest.” As such, the contractor 
was barred from recovering its cumulative impact 
labor inefficiency costs for the contract modifications 
that contained the government’s waiver language.

Based on this appeal, it would be wise for a 
contractor to assume that if broad waiver language 
is present on the change order form, such language 
will be viewed as a waiver of the contractor’s right 
to later claim for any added compensation, even 
for those costs attributable to a cumulative impact 
claim that cannot be quantified until the project 
has been completed. Thus, if a contractor believes 
that a cumulative impact claim may be forthcoming 
due to a large volume of labor-intensive changes in 
scope, change order forms containing broad waiver 
language should only be executed after careful 
weighting of the potential cost impact of a waiver 
(i.e., waiver of future cumulative impact claims) and 
with the advice of experienced construction counsel.
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Use of the MCAA Factors 
for Forward Pricing 
Scope Changes
The MCAA factors can be applied to a pricing sheet 
for a scope change on an itemized basis. Once the 
direct costs of the change have been estimated—the 
labor, supervision, material, equipment and other 
such costs—the contractor can apply one or more of 
the MCAA factors to the change order breakdown 
sheet. In order to evaluate properly the estimated, 
potential impacts to labor productivity of changes in 
scope, the contractor must determine if the change 
requires a departure from the contractor’s otherwise 
productive work flow. A change of very limited 
scope, which may affect only a small crew, and which 
may occur in a limited and distinct area of the overall 
project, may have little or no measurable negative 
impact on productivity. However, such changes 
in scope are rare. Generally, changes occur in the 
most active areas, and at times when crews are at or 
near their peak. These types of changes can have a 
significant, negative effect on crew productivity.

In order to estimate potential losses of productivity 
using the MCAA factors, questions can be posed to 
the contractor’s labor supervisor(s) by management:

These are the types of conditions, for the purposes 
of examples, which can result from the issuance of 
changes in scope, and which can cause a loss of 
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labor productivity. The contractor must apply the 
appropriate factor categories and percentages.

“Factors Affecting Labor Productivity” includes 
three levels of potential productivity impacts—
“Minor,” “Average,” and “Severe.” Each level of 
impact intensity carries its own loss of productivity 
percentage. The three impact levels indicate the 
estimated effects of the changed condition on the 
labor hours being analyzed; i.e., specific hours 
within the total hours expended, or on the total 
hours expended on the project depending on the 
approach being used. Also, the three levels of 
intensity allow the user to more specifically assign 
an estimated impact for each of the MCAA factor 
categories being used, and like the categories 
themselves, should be applied with care and, if at 
all possible, with input by those who witnessed the 
conditions under evaluation.

For example, if a contractor’s crews are constantly 
being required to demobilize, relocate and then 
remobilize back to the crew’s original location 
to complete work activities, due to changed or 
unforeseen conditions, on 10% of the crew’s planned 
work activities, then the “Minor” intensity level 
could be selected for the category “Reassignment 
of Manpower.” If the crews were being relocated on 
25% of the crew’s planned work activities, then the 
“Average” intensity level could be selected. If the 
crew’s planned work activities were being affected 
on over 30% of their activities, then a “Severe” 
intensity level could be selected. The rationale for 
the selection of the intensity levels can be explained 
in the claimant’s narrative.

Similarly, if a contractor was required by acceleration 
(constructive or otherwise) or other conditions 
not the fault of the contractor, to add crews to the 
project plan, then that contractor may select the 
MCAA factor “Crew Size Inefficiency” to quantify 
the resulting labor inefficiencies. For example, if the 
crew size increased on a particular project by 15%, 
then a “Minor” intensity level could be selected. If 
the crew size increased by 30% over the plan, then 

an “Average” intensity level could be chosen, and if 
the crew size was required to grow more than 40% 
over the contractor’s original plan, then a “Severe” 
impact could be chosen.

The intensity levels selected by the claimant, or 
the claimant’s expert, are project and fact specific. 
Oftentimes, the selection is based on the eyewitness 
evaluations of the site managers who experienced 
the inefficiency impacts. Choosing the intensity 
levels can vary from project to project, depending 
on such conditions as the contractor’s original 
labor plan, the overall size of the project, spatial 
constraints on the project, available supervision, 
number and size of work activities, quantity and 
labor intensity of changes in scope, schedule 
conditions and other factors. The claimant should 
carefully interview the site managers and compare 
their estimates of labor impacts to the claimant’s 
earned value reporting or other productivity data on 
the project being analyzed.

From time to time, the description and meaning 
of the median impact category of “Average” may 
be questioned by the respondent. “Average,” as 
an MCAA Factor impact category, does not mean 
that conditions on the project under study were 
“average.” If the conditions were, in fact, “average,” 
the contractor would most likely not have a loss of 
productivity claim. The assumption or conclusion 
that the MCAA’s impact intensity category of 
“Average” suggests that conditions on the project 
were “average” (i.e., to be expected, normal, 
unimpacted) is simply counterintuitive. “Average” in 
the context of the application of the MCAA Factors 
means that the impacts caused by one of the 16 
categories of labor inefficiency fall between “Minor” 
and “Severe.” In other words, the impact effect of the 
MCAA factor category is “Average” in intensity, as 
opposed to being “Minor” or “Severe.”

While this chapter cannot provide for each and 
every condition under which contractors will choose 
a particular MCAA factor or factors, or the level of 
impact intensity, it is obvious that care must be taken 
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to eliminate overlapping factors, to the fullest extent 
possible. The unrestrained and ill considered choice 
of multiple factors can lead to unreliable results. 

For instance, the factor describing “Morale and 
Attitude” is a valid, but somewhat amorphous, category 
of inefficiency. The effects of a decline in workplace 
morale and attitude can be embodied in several other 
MCAA factors, such as stacking of trades, overtime 
fatigue and reassignment of manpower. It would be 
impossible to determine what portion the impact 
percentage caused by stacking of trades, overtime 
fatigue and reassignment of manpower is attributable 
to the attendant decrease in worker morale and 
attitude. Thus, by way of the above example, when 
using other factors that may already include in the loss 
of productivity factor a consideration for decreased 
worker morale and attitude, it may be advisable to 
avoid applying a potentially duplicative factor such as 
“Morale and Attitude.”

Another example to consider when striving to avoid 
factor duplication is the “Ripple Effect.” This term 
of art has been used in several board decisions 
and is a well recognized phenomenon in the 
construction industry. This MCAA factor describes 
the downstream effect on the mechanical contractor 
of impacts caused to predecessor trades. For 
example, the mechanical contractor’s schedule may 
be compressed because the building structure was 
erected late. In order to mitigate the structural delay, 
the general trade contractor may accelerate the 
follow on trades by stacking the crews of the various 
subcontractors, or forcing the subcontractors to 
work on an overtime basis. In such cases, the loss of 
productivity may be better classified by the events 
that result from the ripple effect, such as “Stacking of 
Trades” or “Overtime Fatigue.” 

On some projects, a mechanical contractor may 
add labor supervision in order to mitigate a loss of 
productivity caused by an unplanned requirement 
to substantially increase its work force. In such 
cases, the contractor generally submits a request 
for equitable adjustment for its added supervisory 

costs. Such additions of supervision usually do not 
totally eliminate the contractor’s labor inefficiencies. 
The contractor may have suffered inefficiencies 
such as “Stacking of Trades,” “Logistics,” or 
“Reassignment of Manpower,” which the added labor 
supervision could not mitigate or eliminate. However, 
where the contractor’s supervisory forces are 
effectively increased, it may be duplicative for the 
contractor also to assert productivity losses arising 
from the MCAA factor “Dilution of Supervision.”

Indiscriminate assignment of the MCAA factors 
can result in estimates that may be overstated and 
unreliable. Therefore, careful “testing” of each 
MCAA factor and its impact intensity must be carried 
out by the contractor. The description of each factor, 
which has remained unchanged for over 30 years, 
provides generally ample explanation of the type of 
impact described in each MCAA factor category.

It is important to understand that the MCAA factors 
provide a basis for developing reasonable estimates 
of loss of labor productivity and not for developing 
a loss with exactness. Thus, when the MCAA factors 
and their respective impact percentage are chosen, 
it must be with the intent to connect the cause 
or causes of the inefficiency with the reasonable 
effects. The MCAA factor descriptions represent the 
“cause” and the impact intensity percent represents 
the “effect” that can result from the conditions 
described by each MCAA factor. However, care 
must be taken to consider potential duplication and 
overlapping when the factor categories are chosen.

Likewise, the assignment of the impact intensity 
percentage must be chosen with care. For instance, 
if the change in scope is of a limited nature, on a 
project with a reasonably small crew size with little 
or no schedule impact (as opposed to productivity 
impact), then a “minor” category can be chosen. 
However, if the change is significant in its scope and 
requires major rescheduling and/or resequencing, 
crew size increases, overtime, shifting of work areas, 
piece-mealing of the work and general disruption of 
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the rhythm of the crews, then “average” or “severe” 
impacts could be the result.

When the factor for “Crew Size Inefficiency” is used, 
it is most helpful to have on hand a planned craft 
level chart based on the estimate or the project plan. 
When attempting to demonstrate that conditions 
beyond the contractor’s control resulted in a loss 
of productivity, it is very helpful to show graphically 
what the contractor reasonably expected. Therefore, 
an estimated/planned versus actual craft curve is 
often helpful in graphically depicting the effects of 
unplanned crew size growth.

The percent values for each category chosen are 
additive in the change order pricing. Once all of the 
factors have been carefully evaluated for each changed 
condition caused solely by the proposed change in 
scope, the percentages are added together. The total 
percent is then multiplied against the estimated craft 
labor hours for the change. For instance:

As stated previously, this methodology prices the 
estimated loss of productivity caused by project 
conditions only on the estimated change order hours. 
But what about the impacts of change order work on 
the unchanged hours? It is infrequent that a change 
in scope is so segregated from the base contract 
work that it has no effect on the crews performing 
unchanged, base contract work. How does the 
contractor recover the cost of a productivity loss 
caused by changes in scope to the unchanged work? 

There are several ways to estimate the impacts to 
labor productivity of changes to the unchanged work, 
two of which use the MCAA factors (i.e., the modified 
forward priced and retroactively priced methods). 
Another highly regarded method of measuring 
productivity loss is the “measured mile.” This 
approach utilizes actual productivity measurements 
taken in unaffected and affected portions of a 
project, and from that data, a productivity ratio is 
established. However, as previously noted herein, 
many contractors do not maintain labor hour tracking 
and material installation records needed to support 
this methodology and on some projects, there 
are no unimpacted labor hours. In such cases, the 
MCAA factors can be very useful in estimating the 
contractor’s loss of labor productivity.

Modified Forward Pricing 
for Estimating Labor 
Loss of Productivity 
on the Changed and 
Unchanged Work
It is a well understood principle that when significant 
changes in scope are issued to a contractor, a loss of 
labor productivity may affect the change order labor 
hours and the base contract labor hours. Previously 
herein, a method was described which only 
measured a loss of productivity on the estimated 
change order hours. This segment deals with 
estimating the effects of significant and pervasive 
changes in scope on the contractor’s entire labor 
forces, both those working on the changed work and 
those working on base contract labor; known as “the 
effects of changes in scope to the unchanged, or 
base contract, work.”

The principle is the same as is often employed to 
describe the overarching effects of overtime fatigue 
as it impacts the overtime hours and the straight 
time hours worked by the overtime crews. Obviously, 
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if a crew works for eight weeks of scheduled 
overtime, 10 hours per day for six days per week, 
the fatigue and its resulting effects impact both the 
straight time and the overtime hours worked by 
that crew. There is no way to segregate the impacts 
of this sort of loss of productivity factor between 
straight time activities and overtime activities.

Similarly, if the owner issues a major scope 
change, or issues many changes in scope in the 
same general time frame, it may be impossible 
for the contractor to segregate the loss of labor 
productivity to the change order work from the loss 
of productivity imposed on the base contract work 
by the changes in scope.

As an example, a crew of nine pipe fitters is working 
productively on base contract work. The owner 
issues a change, which requires four of this crew to 
move to scope change work. The craft supervisor for 
this crew must now divert his attention from the total 
crew performing base contract work to setting up 
the new “sub-crew” performing the scope change 
work. The remaining five workers’ productivity on 
the base contract work suffers because work is not 
being laid out as it was when the supervisor was 
focused only on the planned work of the single 
crew; answers to workers’ questions take longer 
to resolve and materials and tools are frequently 
“borrowed” from contract work to perform scope 
change work. These impacts are defined by “Dilution 
of Supervision,” “Reassignment of Manpower” and 
perhaps other MCAA factor categories. This is only 

one example of how a change in scope can affect 
the productivity of both the change order hours and 
the base contract hours.

When attempting to estimate and recover such 
losses in labor productivity when changes of a 
significant magnitude affect the base contract work 
force, a modified approach can be employed. It is 
called a “time specific” MCAA factor method. 

The “time specific” method is used for both this 
modified forward pricing method and the retroactive 
pricing method (with slightly different rules), which will 
be described later in this chapter. The “time specific” 
method also requires significantly more information 
than does the standard forward pricing method, but it 
attempts to quantify loss of labor productivity to both 
the change order and base contract hours.

This method has some requirements, which may not 
be possible to meet because of problems inherent 
with the issuance of change orders. Some of the 
field conditions which can restrict or eliminate the 
effective use of this method include:
1)	 Unknown timing of owner’s approval of the 

change order “notice to proceed;”
2)	 Lack of foreknowledge on the part of the 

contractor regarding pending changes in scope 
which are to be released by the owner for pricing;

3)	 Performance of the scope change work without 
change order execution; and

4)	 Not knowing what existing crews will be affected 
by the change order work.
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Since these conditions are very prevalent on 
construction projects, the contractor may still be 
left with only three options: 1) use the method which 
limits loss of productivity estimates to the change 
order hours only; 2) wait until the project is over and 
perform an overall loss of productivity analysis; or 
3) forego making any attempt to recover the loss of 
productivity costs from the party making the change. 

However, if the project conditions allow the use of the 
modified approach, the general format is as follows:
1)	 The time frame of when the change order work 

will be performed must be known or estimated—
in days, weeks, or at most, monthly increments.

2)	 The conditions of the change in scope must be 
known—what types and magnitudes of impacts 
are anticipated.

3)	 The planned craft hours for the affected period 
must be ascertained from estimates, labor plans 
or other labor forecast reports.

4)	 The crews which could be affected by the 
change must be known (i.e., some changes may 
only affect certain physical areas of an overall 
project, and therefore, not the entire work force).

5)	 A table is prepared with planned hours per 
period (day, week or month) across the top, 
including the estimated change order hours. The 
appropriate MCAA factors are listed along the 
“y” axis of the table. Under each time period, 
the appropriate MCAA factor percentage is 
estimated. The percentages may change from 
period to period based on the estimated impacts. 
The percentages are then totaled and multiplied 
against the total, estimated/planned craft hours.

6)	 An example of a resulting table follows:

In this example, a specific time frame has been 
evaluated for estimated impacts. This more specific 
method permits the contractor to make MCAA factor 
applications, which can vary as estimated conditions 
vary. This is actually more realistic and compares 
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well with what actually happens in the field when 
changes are issued, or when acceleration or other 
impacts occur. In reality, as time and conditions in 
the field change, the MCAA factors can change as 
well and the estimate should reflect this fact.

For instance, if the MCAA factor “Learning Curve” 
is applied to a change, which is estimated to have a 
long term effect, this factor may only be applicable 
for the first two to four weeks of the impact, as new 
workers become familiar with the work area. This 
methodology allows for a more precise estimation of 
loss of labor productivity impacts.

Similar to the concept of performing time specific 
analyses, it is also appropriate to determine if 
the contractor’s entire crew will be affected by 
the changes. If a change in scope only affects a 
separate and discrete area of the project, it may not 
be appropriate to impact the total crew hours by a 
loss of productivity factor. It is generally appropriate 
to use the MCAA factors on only those crews that 
will be affected by the changed condition.

Unfortunately, many owners simply do not recognize 
the effects of significant or numerous changes on 
the productivity of the base contract labor. However, 
virtually all contractors recognize this condition as 
a costly loss of labor productivity. Therefore, the 
contractor is frequently left with only one option, 
a post-project measurement of productivity loss 
caused by conditions that are not the fault or 
responsibility of the contractor.

Impacting the Project 
Schedule Using the 
MCAA Factors
This chapter does not deal with the development of 
the schedule time impact analysis (“TIA”) or “fragnet.” 
However, contractors should impact the current 
project schedule activities with the loss of productivity 
estimates derived from using the MCAA factors. 

For instance, a contractor originally planned a series 
of activities as shown below. One of the activities 
was adversely affected due to a change, resulting in 
a 20% impact to productivity. Inefficiency can impact 
schedule durations and as such, the duration of the 
affected work must also be factored. Unless crews 
are added, the originally planned duration for “Piping 
Branches” would increase from 18 days to 22 days 
as a result of the 20 percent impact to productivity.

The loss of labor productivity will, in general, cause 
planned activities to take longer to perform, because 
the productivity ratio of 1:1, which was most likely 
used as the basis of the activity duration estimate, 
is no longer accurate. The contractor will no longer 
receive one hour’s production for an hour planned, 
but rather some production rate less than the plan. 
Therefore, unless crews and supervision are added 
to the schedule in such numbers and with such care 
so as to accommodate the loss of productivity, the 
work activities will take longer than planned. 

In this example, the 18-day planned activity in the 
series will take approximately 22 days each to 
perform, given an estimated loss of productivity 
of 20 percent. The adjustment of the project 
schedule for estimated losses in productivity can 
have a significant impact on the critical path, and 
on forecasted job costs. As can be seen in the 
graphic on page 165, the extension of a duration 
of a planned activity by adjusting the duration for 
an estimated loss in productivity using the MCAA 
factors can materially affect the schedule.

Retroactively Pricing 
Losses of Labor 
Productivity Using 
the MCAA Factors
In many instances, the only option for a contractor 
attempting to recover a loss of labor productivity 
caused by changed conditions is to wait until 
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the project is over and review the actual loss; 
planned versus actual. Such claims are sometimes 
known as “cumulative impact” claims. The “plan” 
can be the original estimate of craft hours or the 
preconstruction target plan. Before a contractor 
makes a claim for a loss of labor productivity 
at the conclusion of a project, several obvious 
considerations must be made, including: 
1.	 Was the estimate/plan of craft hours accurate 

and reasonable?
2.	 Were the conditions, which caused the loss of 

productivity, reasonably foreseeable when the 
project was bid/negotiated?

3.	 Did the contractor cause this loss of 
productivity?

4.	 Were the principal causes for the loss of 
productivity the responsibility of identifiable 
parties?

5.	 Will the potential cost of recovery exceed the loss?

There are a series of important legal considerations 
which could be added to this list which can only 
be addressed between the contractor and his 
construction counsel, and which are not the 
subject of this chapter. Additionally, this chapter 
addresses several methods of calculating a loss of 
productivity using the MCAA factors; however it 
does not address the means and methods of proving 
the impacts, often known as the “triad of proof,” 
which includes proving (a) liability; (b) causation; 
and (c) resultant injury. This is also known as the 
“cause-and-effect” connection, which is necessary 
in linking an owner’s actions and/or inactions to 
the contractor’s injury. This chapter assumes that 
the contractor has already determined liability 
and causation, and is attempting to quantify the 
“resultant injury” by the use of the MCAA factors.

Assuming that the contractor is satisfied that the 
loss of productivity is significant and is principally 
the fault of another identifiable party, and that party 

is legally accessible for redress, then the contractor 
must prepare the cause and effect analysis.

Frequently, contractors use the MCAA factors to 
retroactively price the cumulative effects of changes 
in scope. Often, the method used by contractors 
is to multiply the cumulative percentage of losses 
of productivity as derived from the MCAA factors 
against the total, actual hours expended, sometimes 
with, and sometimes without, change order hours 
included in the total.5

This methodology of multiplying the MCAA factor 
percent against the actual hours is incorrect. The 
actual hours against which the MCAA factors are 
frequently multiplied in a contractor’s retroactively 
priced claim for loss of productivity already include 
the contractor’s loss of productivity; therefore 
multiplying the MCAA factors against the actual 
hours overstates the loss of productivity. Only by 
removing the theoretically efficient hours from the 
contractor’s actual hours can the MCAA factors be 
properly applied in a retroactively priced request for 
equitable adjustment.

The actual hours must be further adjusted to deduct:
1.	 Time and materials hours;
2.	 Hours spent to repair the contractor’s defective 

work;
3.	 Change orders on which a loss of productivity 

has already been calculated; (If the contractor 
has included “forward priced” loss of 
productivity in individual, executed change 
orders, and then seeks to recover global losses 
at the end of the project, these incremental, per 
change order loss estimates must be factored 
out of the computations.)

4.	 Hours associated with executed change 
orders, where it has been determined that the 
contractor is barred from recovering the impact 
caused by the executed change orders;

5	 As noted herein, it is imperative that the contractor carefully read the contract, including all general and special conditions, as well as the change or-
der forms offered for execution by the owner. The contract terms set forth in such documents will, in most cases, dictate the contractor’s rights of recovery 
and obligations for timely notice of delay and inefficiency claims.
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5.	 Hours expended by crews that were not affected 
by a loss of productivity;

6.	 Other types of productivity losses for which the 
contractor is responsible.

The claimant (i.e. a contractor making a loss of 
productivity claim) should evaluate if a labor hour bid 
error (i.e., underbid) occurred, and if so, did such a 
bid labor hour error affect its own labor productivity 
by adding new tasks to the work plan that were not 
included in the bid or the original labor plan This 
evaluation may result in the inclusion by the claimant 
of an inefficiency estimate for any contractor-caused 
disruption the contractor believes may have arisen 
by way of its own labor hour bid errors. The MCAA 
Factors may be used for such adjustments, such 
as “Reassignment of Manpower” (i.e. disruption) to 
estimate the contractor-caused labor inefficiency 
attendant to a measurable bid labor hour error so 
an appropriate adjustment can be made to the 
contractor’s labor productivity claim. 

Deducting bid error labor hours from the MCAA 
Factors’ inefficiency computations, on a project with 
measurable labor inefficiencies not caused by the 
contractor, could constitute an inequity to the claimant, 
assuming the claimant reasonably includes an 
inefficiency estimate for introducing the underbid labor 
hours into the existing labor plan. This is true because 
the claimant would not have anticipated the non-
contractor caused labor inefficiencies when the project 
was bid, and thus, to remove these hours from the 
MCAA labor hour pool would penalize the contractor 
by barring the contractor from recovering the non-
contractor caused labor inefficiencies on the underbid 
labor hours. Put another way, while deducting bid labor 
hour errors in the modified total labor hour calculation, 
the contractor had a right perform those bid labor 
hours in an unimpacted, efficient fashion. Thus the 
non-contractor caused labor inefficiencies on those bid 
error hours should be recoverable by the contractor.

Also, some contractors simply apply the total MCAA 
factor percentage to the total actual hours for the 
entire project duration. This can, in some instances, 

lead to inaccurate results because the effects of labor 
inefficiency can change during the life of the project.

The MCAA factor percentages sometimes change as 
actual project conditions change. Therefore, it can 
be useful to assign the MCAA factors to the specific 
impacted time frames within the overall project 
duration. In some cases, multiplying an MCAA 
factor against the total hours expended for the total 
duration of the project will result in a distortion (on 
the high side) of the forecasted loss of productivity.

The loss of productivity categories described by 
the MCAA factors can occur in a non-linear fashion 
across the entire duration of a project. To more 
accurately demonstrate the retroactive loss of 
productivity on a project, it may be desirable to 
divide the project into months (or, if possible weeks) 
and to assign loss of productivity percentages 
by MCAA categories by time periods, based on 
the accounts of eye witnesses (field managers, 
labor supervisors and other fact witnesses) or on 
documents prepared contemporaneously. Considera
tion of the areas of the project and the crews working 
in those areas is very important in performing 
this analysis. Only the crew hours that have been 
impacted by the changed conditions should be 
included in the loss of productivity computations. 
This is similar to the format for the modified forward 
pricing method, described previously.

When it is possible to apply this procedure, the types 
of losses described by the MCAA factors can be 
more accurately assigned to discrete time periods. 
The following table shows an example of this type of 
time-specific assignment of MCAA factors. Different 
MCAA factor categories can affect different periods 
of a project and at different percentages of impact 
intensity. As stated, it may be inaccurate to globally 
apply the cumulative MCAA factors against the total 
hours expended on a project. It may, depending on 
the specific circumstances, be more accurate for the 
contractor to evaluate the loss of productivity on a 
periodic, rather than on a total project, time scale.
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The following table demonstrates the as-built, 
retroactive loss of productivity analysis using the 
MCAA factors, the rows indicate:
1.	 The actual work period being measured for 

impacts.
2.	 The actual, payroll craft labor hours (without 

supervision).
3.	 Craft hours deducted for time and material 

ticket work, the contractor’s own deficient 
work (rework), any estimated, self-inflicted 
productivity losses, crew hours that the 
contractor believes were not affected by the 
changes in scope, such as crews working in 
areas of the project not proximate to the areas 
where the changed work was performed, and 
change order adjustments as described herein.

4.	 The resulting “revised actual hours.”
5.	 The list of the MCAA factor categories being 

applied.
6.	 The resulting estimated loss of productivity for 

each time period.

Note that the total MCAA factor percentage has 
not been multiplied against the revised craft hours. 
Instead, the percentages have been totaled, the 
adjusted hours divided by one plus the decimal 
percent (i.e., 1.05 for the first period in the table), 
and that result subtracted from the total, adjusted 
hours. One significant difference between forward 
estimated and retroactively estimated productivity 
loss is that the contractor’s actual labor hours 
already include the loss of productivity. Therefore, it 

is necessary to calculate the productive hours first to 
avoid overstating the loss of productivity.

For instance, referencing the preceding table, during 
week 42, the contractor actually expended 1,800 
labor hours. However, 120 hours were spent on time 
and materials work or repairing deficient work and 
were subtracted from the total, leaving 1,680 as the 
adjusted labor hours. After removing the contractor’s 
self-inflicted inefficiencies, if any, hours not affected 
by the changes, or the hours for which the contractor 
was paid for the inefficiency (i.e., T&M), what remains 
are actual labor hours that already include the non-
contractor caused losses of productivity.

After interviewing the site personnel, if it is 
determined that a 25 percent loss of productivity 
occurred, then the contractor must determine the 
number of hours that were efficient based on that 
estimated loss. Thus, taking the 1,680 craft hours and 
dividing that by 1.25 results in 1,344 efficient hours. 
Had the contractor not suffered any loss, 1,344 hours 
should have been spent on the work. The difference 
of 336 hours are those attributed to the identified loss 
of productivity described by the MCAA factors.

With the above analysis, the hours the contractor 
should have spent, if no loss of productivity had been 
encountered, have been calculated (1,344 hours). 
Since the contractor has estimated that the workers 
were impacted by a 25 percent loss, the resulting 
labor hours being claimed for recovery is 336. If the 
contractor simply multiplied the 25 percent times the 
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adjusted actual hours (1,680 x 25%), the resulting loss 
would be estimated at 420 hours. The overstatement 
of loss would have been 84 craft hours (420 – 336) if 
the MCAA factor calculation had been misapplied.

The “Should Have 
Spent” Labor Hours in 
a Retroactive Loss of 
Productivity Calculation
One of the foundations of a loss of labor 
productivity claim is to determine how many hours 
the contractor should have spent to perform the 
work had the contractor not been affected by 
events caused by others. 

The purpose of dividing the actual, adjusted6 labor 
hours by 1.n, where n is the decimal % of the total 
of the selected MCAA factors, is to derive the 
“should have spent” hours on the project. Once the 
“should have spent” hours have been calculated, 
then these hours can be subtracted from the total, 
adjusted actual hours to determine the hours of lost 
productivity. In a hypothetical project, one without 
changes in scope, estimate errors and contractor-
caused inefficiencies, the calculated “should 
have spent” hours should, theoretically, equal the 
original estimated hours. However, this hypothetical 
condition almost never exists.

The actual hours are affected by a series of 
inextricably intertwined events, such as impacts of 
changes to the unchanged work, impacts caused by 
the direct hours of change order work to the changes 
themselves, and other factors that affect the number 
of labor hours actually expended on a project. 
Therefore, it is highly unusual when the calculated 
“should have spent” hours equal the original estimate 
of labor hours. The frequent inability to match the 

original estimated hours with the “should have spent” 
hours only demonstrates that many factors can enter 
into the total hours expended on a construction 
project, some of which can be difficult, or impossible, 
to identify and to quantify on an individual basis.

Calculating the “should have spent” hours:

Example:

A contractor estimates a project to require 10,000 
hours of field erection labor. 

At the conclusion of the project, the contractor 
determines that 18,000 hours of field labor were 
actually expended to construct the project.

The contractor determines that approximately 
3,000 hours were expended on out-of-scope work, 
which came in the form of change orders and/or 
scope changes. The contractor also determines that 
approximately 300 craft hours were spent removing 
and replacing work which was improperly installed by 
the contractor’s own forces.

The contractor then reviews the project documents, 
interviews the management team, and determines 
that owner-caused problems, such as scope 
changes, disruptions and acceleration, have caused 
a loss of productivity on the project. A review of 
the change orders themselves reveals no language 
which could bar the contractor from recovering 
losses of productivity caused by the change orders.

Using the MCAA factors, the contractor interviews 
the management team and determines that the 
combined impacts caused by the owner, as described 
in the applicable MCAA factors, is estimated to be 30 
percent. In this simplified example:

10,000 estimated/planned hours

18,000 actual hours less the remedial work of 300 
hours = 17,700 hours

6	 Adjusted (reduced) to account for such items as the contractor’s remedial work, forward priced inefficiencies contained in change orders, contrac-
tor-caused inefficiencies and in some cases, the hours directly associated with executed change orders.
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17,700 adjusted, actual hours divided by 1.30 
(1 + 30%, or 1.30) = 13,615 hours

17,700 adjusted, actual hours less 13,615 “should 
have spent” hours = 4,085 inefficient hours

The 4,085 hours represent the hours of lost productivity 
caused by all types of non-contractor caused impacts 
as calculated using the MCAA factors. The 13,615 hours 
are the “should have spent” hours if 17,700 adjusted, 
actual hours were spent and the project suffered an 
overall productivity loss of 30 percent.

From the above example the obvious question arises—
what comprises the difference of 3,615 labor hours 
between the original estimate and the calculated 
“should have spent” hours (i.e.,13,615 “should have 
spent” hours—10,000 originally estimated hours)? The 
difference will most likely be comprised of the hours 
expended on scope change/change order work, the 
loss of labor productivity caused by the change order/
scope change work and all categories of contractor-
caused issues other than the hours subtracted in 
the “adjustment” phase of the computation (in this 
example, the subtraction of 300 labor hours which 
were attributed to the contractor’s own forces).

When the estimated 3,000 hours in scope change/
change order work are subtracted from the “should 
have spent” hours of 13,615, the result is 10,615 hours. 
The remaining 615 hours (i.e., 10,615—the estimate of 
10,000 hours) are unidentified, non-productive hours 
for which the contractor is not making claim.

It is often alleged by owners that contractors do not 
account for their own inefficiencies when calculating 
a loss of productivity claim. The aforementioned 
calculation demonstrates that the contractor has 
not made claim for 615 labor hours, which can be 
characterized as non-productive labor hours for which 
the contractor has taken responsibility. By whatever 
means chosen by the contractor, any contractor-
caused loss of productivity must be deducted from 

the total loss of productivity hours quantified in the 
contractor’s request for equitable adjustment.

In the above analysis, the performance of change 
order work, as well as the contractor’s base contract 
work, would be performed inefficiently. Consequently, 
it could be appropriate for the contractor to recover 
losses of productivity incurred in the performance 
of change order work as a part of the contractor’s 
overall retroactive loss of productivity analysis as 
described above. However, as is discussed herein, it 
may be determined by the contractor’s counsel that 
“full accord and satisfaction” language contained in 
executed change orders bars the contractor from the 
recovery of productivity losses on the direct change 
order hours. In such events, the contractor may deduct 
the executed change order hours from the total actual 
hours to arrive at the adjusted, actual labor hours, as 
described in the appropriate section of this chapter.

In some cases, the interpretation of the “full accord 
and satisfaction” language is so broad that the 
contractor’s cumulative impact claim is barred in total 
or in part because such impacts are claimed to arise 
from the change orders containing such exculpatory 
language. Therefore, it is absolutely essential that the 
contractor review with counsel all proposed change 
order forms and other contract documents7 that seek 
to limit the contractor’s right of recovery—before the 
contractor executes such documents.

In the event that the contractor, or the contractor’s 
counsel, determines that change order hours 
will not be deducted from the total, actual labor 
hours, it is necessary for the contractor to remove 
from the contractor’s retroactively developed 
loss of productivity claim any forward priced loss 
of productivity hours which were included in the 
contractor’s executed change orders. This is true 
because the MCAA factor calculation should include 
all categories of productivity losses, including those 
caused to the direct hours of the change orders 

7	 Other contract documents such as the monthly payment requisition lien waiver and release forms must be reviewed carefully for exculpatory lan-
guage that may seek to limit or bar a contractor’s claims.
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themselves. To leave the forward priced productivity 
loss estimates in place when using the MCAA factors 
in a retroactive computation would be “double 
dipping.” In performing a total project, retroactive loss 
of productivity calculation, it is necessary to deduct 
the individual forward priced productivity losses, which 
may have been included in the contractor’s individual 
change orders proposals submitted by the contractor 
to the owner. This deduction can be included when 
arriving at the adjusted, actual labor hour total.

The calculated “should have spent” hours may 
include, in addition to the originally estimated hours: 
(i) actual change order/scope change hours; (ii) 
inefficiencies caused to and by the out of scope work 
(subject to other possible limitations discussed herein); 
(iii) contractor-caused losses of productivity; (iv) 
contractor’s remedial work hours; and (v) estimating 
errors. Consequently, the comparison of the “should 
have spent” hours to the original estimate is generally 
not appropriate. What is important is that the owner is 
not being charged with the “should have spent” hours 
or for contractor-caused impacts in the retrospective 
productivity loss calculation as described in the above 
example and elsewhere herein.

Modified Total Cost 
Method Check of 
the Productivity 
Loss Calculations
When using the retroactive productivity loss 
analysis, it is prudent for the contractor to check 
the estimated loss of productivity, which results 
from using the MCAA factors against the modified 
total cost method of calculating the loss of labor 
productivity. The modified total cost method consists 
of a very simple calculation:

This section will suggest a simple check on the 
results of the loss of productivity calculations using 
the MCAA factors. This very important calculation 
check is shown as an example below using numbers 
from the “should have spent” example on page 170:

The remaining 615 labor hours would be the 
contractor’s productivity loss not claimed in the 
contractor’s request for equitable adjustment. These 
hours would remain as a potentially undefined, but 
unclaimed, loss of productivity. Nevertheless, it could 
be concluded that some portion of the 615 hours was 
attributable to a loss of productivity caused by the 
300 hours of remedial work. Thus, with this example, 
the contractor has taken to its own account a loss of 
productivity caused by its own actions and/or inactions.

It is possible, however, for the remaining hours to 
be a negative number. If the remaining hours are 
represented by a negative number, it would indicate 
that the contractor expected a savings in labor, as 
compared with the contractor’s original estimate. 
While it is not impossible to put forth labor savings 
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in a loss of productivity claim, it does require an 
added level of confirmation that savings in labor, 
as compared with the original estimate, would be a 
reasonable expectation of the contractor.

The reasonable expectation could include a detailed 
analysis of the originally estimated labor hours, a 
presence of an historical pattern of proven labor 
savings by the contractor on past projects, and a 
verification that the subject project lent itself to a higher-
than-anticipated productivity by such factors as the 
presence of a high degree of prefabrication or repetitive 
work which was not fully addressed in the original 
estimate. If the remaining hours indicate labor savings, 
the contractor will most likely have to demonstrate 
both the claimed losses and the reasonability of labor 
savings, as compared with the original estimate.

Special Considerations 
for “Full Accord and 
Satisfaction” Change 
Orders when Calculating the 
Loss of Labor Productivity
Many public and private owners are including in 
their change order forms language which attempts 

to bar the contractor from recovering, at a date after 
the execution of the change order, any added costs 
arising from the change, such as loss of productivity. 
The referenced language—that which attempts to 
bar the contractor from recovering additional costs 
arising from the change order after the execution 
of the change order—is called “full accord and 
satisfaction” language. The actual wording varies 
from project to project, and such language is best 
reviewed by the contractor’s counsel before the 
execution of the project’s first change order.

Boards and courts have found that when such 
language is included on executed change orders, 
the contractor may be barred from the recovery of 
added costs arising directly from the change, after 
the execution of the change order document. In some 
cases, the application of exculpatory language is 
applied very broadly to bar the contractor from any 
further recovery arising from a change order containing 
such language. It is equally important to note that, in a 
Veterans Affairs Board of Contract Appeals case,8 the 
board found that while the “full accord and satisfaction” 
language contained on the executed change orders 
barred the contractor from recovering retroactive, 
direct losses in productivity on the change order 
work, it did not bar the contractor from the board’s 
consideration of the alleged losses in productivity 
caused by the change orders to the unchanged work.

8	 See: Appeal of Centex Bateson Construction Co., Inc., VABCA-4613 and 5162-5165.
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In the above referenced Veterans Administration 
Board of Contract Appeals case, the real party 
of interest was the electrical subcontractor. The 
electrical subcontractor did not include any loss 
of productivity “impact” costs in its change order 
pricing, and sought to recover loss of productivity in 
its claim. The VA’s change order forms contained “full 
accord and satisfaction” language. Complicating the 
matter, there was “reservation of rights” language on 
the part of the contractor also in evidence.

The board ruled that it was the intent of the parties 
to resolve all costs directly associated with the 
executed change orders during the negotiations 
for change order pricing. However, the decision 
further stated: “We find that Dynalectric’s claims for 
cumulative impact on unchanged work … survive the 
accord and satisfaction agreement.” The board found 
that, whereas the electrical subcontractor was barred 
from recovery of productivity impact costs on the 
work directly covered by executed change orders, 
which contained the “full accord and satisfaction” 
language, it could attempt to recover the cumulative 
loss of productivity impacts to the unchanged work.9

Therefore, when the contractor’s counsel finds that 
the contractor has executed change orders which 
contain enforceable “full accord and satisfaction” 
language, the contractor may find it advisable to 
remove from productivity loss calculations the 
hours (either estimated or actual) associated with 
the executed change orders. This deduction would 
form a part of the adjusted, actual hour computation 
explained herein.

Many contractors do not maintain records which 
memorialize the actual hours expended on change 
orders, or which identify when the change order 
work was actually performed. In such cases, it is 
necessary to use the estimated change order hours, 
and to further estimate when the change order work 
was performed. This is best accomplished by the 
onsite managers, as the fact witnesses who saw the 

work being performed. An analysis which deducts 
the hours for executed change orders may appear 
as shown below.

By using this example, the contractor’s deficient 
work and the change order work covered by 
executed change orders which contained “full 
accord and satisfaction” language have been 
factored out of the calculation. However, the impacts 
of productivity loss caused by changed events on 
the unchanged work remain.

Court Acceptance of 
Loss of Productivity 
Calculations
There are several court and board cases with 
published decisions which describe the use of the 
MCAA factors. The recent Appeal of Clark Concrete 
case, cited previously herein, clearly stated the 
board’s acceptance of the MCAA factors publication 
in presenting a mechanical contractor’s claim for 
loss of productivity. In S. Leo Harmonay, Inc. v. Binks 
Manufacturing Company, tried in the U.S. District 
Court, Southern District of New York in 1984 (No. 82 
Civ. 6868), Harmonay sued Binks to recover several 
categories of project costs, including a loss of labor 
productivity. In the case, Harmonay’s fact witness 
testified to a productivity loss of 30 percent based 
on personal observations and the use of the MCAA 
“manual.” The court, in this portion of the case, 
decided for Harmonay, stating in part, that:

“… courts have often recognized that the extent 
of harm suffered as a result of delay, such as the 
loss of efficiency claim at issue, may be difficult 
to prove. Thus, courts have recognized that a 
plaintiff may recover even where it is apparent 
that the quantum of damage is unavoidably 

9	 This determination by the board was in contrast to the appellate decision in the more recent Bell BCI matter described at page 159 herein.
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uncertain, beset by complexity, or difficult to 
ascertain, if the damage is caused by the wrong.” 

This is an important case which established that even 
though the loss of productivity cannot be computed 
with exactness, the impossibility of reaching an 
exact proof of loss does not bar recovery.10 Also, 
in the Stroh case, which was previously cited, the 
General Services Board of Contract Appeals restated 
two important principals of productivity loss claims; 
that exact measurement of productivity loss is not 
a condition precedent for recovery, and in loss of 
productivity claims, the claimant bears the burden 
to clearly demonstrate that the cause (for which the 
claimant was not responsible) resulted in the effect 
(loss of productivity).

It is fortunate that courts and boards have 
recognized the difficult nature of quantifying with 
exactness construction productivity losses and have 
not found the absence of precise measurements as 
a bar to recovery. Furthermore, the MCAA factors 
publication has been recognized as a useful and 
reliable tool by which loss of productivity impacts 
can be estimated, particularly when their use is 
coupled with credible fact-witness testimony.

When a Contractor 
Must Litigate an 
Inefficiency Claim
It is usually in a contractor’s best business interest 
to settle, or at least to mediate, a construction 
dispute rather than to litigate or to take the matter 
to arbitration. The decision to litigate, or to arbitrate, 
means handing over the destiny of your case to 
others. It is usually a better business decision to 
control your destiny and bring a contentious matter 
to an amicable settlement, if at all possible. 

When a contractor has utilized the MCAA’s labor 
inefficiency factors and then decides to take its loss 
of labor productivity claim forward for a hearing at 
arbitration, in a court or before a board of contract 
appeals, it is helpful to know how the courts and 
boards have viewed this method of calculating 
labor inefficiency. As noted previously in this 
chapter, the MCAA factors, if properly applied, have 
gained broad acceptance as a reasonable means 
of estimating a contractor’s loss of productivity. 
However, that does not mean that boards of contract 
appeals automatically find persuasive contractors’ 
inefficiency claims prepared using the MCAA factors. 
A contractor should expect probative questioning 
regarding the factual basis of such claims, how 
the claim was prepared, who prepared it, and the 
qualifications and independence of the person 
testifying on the issue of labor inefficiency.

From time to time, the source of the MCAA factors 
may be questioned. This issue has been addressed 
by the MCAA in a Declaration filed in 1999. While the 
records of the polling and data collection process 
were not retained in MCAA’s files, through historical 
research, the means of preparation of the factors 
have been memorialized. Pertinent excerpts from 
MCAA’s Declaration follow:

The MCAA Factors apparently were developed 
by the MCAA Management Methods Committee 
beginning in the late 1960s and continuing into 
the early 1970s. It is (MCAA’s) informed belief 
that the committee was comprised of MCAA 
Member representatives who were experienced 
mechanical contractors. MCAA records show 
that in April 1969 a “rough draft on the subject 
of Change Orders in the Construction Industry” 
was presented to MCAA’s Board of Directors…. 
In May 1970, the Management Methods 
Committee reported to the MCAA’s Board of 
Directors on a “complete ‘in-depth’ study of the 
whole Change Order concept as it affects the 

10	 Luria Bros. & Co. Inc. v. United States, 369 F.2d 701, 712, 177 Cl.Ct 676 (1966).
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construction industry.” It is (MCAA’s) informed 
belief that this is the predecessor of the current 
MCAA Factors. It is also (MCAA’s) understanding 
that the substance of this document has not 
changed since that time. It is now known as 
the “Factors Affecting Labor Productivity.”…
the available documents indicate that the 
committee and its members were responsible 
for selecting the titles and descriptions for each 
of the factors and formulating the percentage 
values that are set forth in the document. To 
the best of MCAA’s current knowledge, the 
information contained 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 indicating 
that a statistical or other type of empirical 
study was undertaken in order to determine 
the specific factors or the percentages of loss 
associated with the individual factors. 

The process of collecting data such as that which 
appears in the MCAA factors’ table using a polling 
process is not unusual or proscribed. Such methods 
have been used to establish losses of labor 
productivity by many trade associations other than 
MCAA. The factor descriptions were prepared in 
advance by the Management Methods Committee. A 
form was created listing the factor descriptions and 
three levels of potential impact: “Minor,” “Average,” 
and “Severe.” The form was then made available 
to the MCAA member firms for careful review. The 
intensity data, in the form of the expected impacts 
percents, were filled in by the MCAA member 
firms. From this broad polling process, the factor 
descriptions and the expected impact percentages 
were reviewed and finalized by the Management 
Methods Committee and then formalized in the 
MCAA’s publication.

Not only were the factors prepared by experienced 
and knowledgeable leaders in the mechanical 
construction industry, the factors have constantly 
been vetted in the industry for the past 40 years 

and found to be reasonable and reliable. They have 
remained unchanged since their first publication and 
have been accepted by courts, various boards of 
contract appeals and arbitration panels as useful in 
estimating a contractor’s loss of labor productivity. 
Moreover, the MCAA factors have been formally 
adopted by the Sheet Metal and Air Conditioning 
Contractors’ National Association (SMACNA) and have 
been utilized by the National Electrical Contractors 
Association (NECA) and Electri International in its 
publication entitled Impact of Overtime on Electrical 
Labor Productivity: A Measured Mile Approach.

In terms of preparing to utilize the MCAA factors 
in a litigation or arbitration to establish a claim of 
lost labor productivity, it is vital that the contractor 
retain an experienced and independent expert 
to perform the inefficiency analysis, prepare the 
expert report, and testify as an independent expert 
if necessary. In several recent cases in which the 
MCAA factors were utilized, the Armed Services 
Board of Contract Appeals has indicated that the 
testimony regarding labor inefficiency quantification 
should not be performed by an employee or principal 
of the claimant, but rather by an independent labor 
productivity expert. That is not to say that credible 
fact witnesses, such as foremen, superintendents, 
and project managers should not testify as to the 
causes and effects of issues adversely affecting 
labor productivity. Credible fact-witness testimony is 
very important to establishing the cause and effect 
nexus. However, if various formulae are to be applied 
during testimony in litigation or arbitration, including 
utilization of the MCAA factors, then the use of an 
independent expert is highly recommended and 
may be mandatory if an analysis utilizing the MCAA 
factors is to be credible and reliable.

Even when an independent expert is utilized, it 
must be underscored that the MCAA factors should 
be applied in a reasoned manner, relying on the 
methodology set forth in this chapter. Outlandish 
and unsupportable inefficiency analyses will draw 
deserved skepticism from courts and boards of 
contract appeals. If the MCAA factors are not applied 
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in a proper manner as described in this users’ 
manual, a contractor can expect to face a high bar in 
its attempts to recover its loss of labor productivity.

Conclusion
The loss of labor productivity is often difficult 
to quantify with exactness. The MCAA factors 
can be highly useful to contractors seeking to 
recover losses in labor productivity due to events 
not the fault of the contractor. The contractor 
facing a project that shows the symptoms of 
delays and inefficiencies should ensure that the 
contract terms and conditions for timely notice 
and impact quantification are followed with care. 
Many otherwise meritorious claims for which 
the contractor is entitled to recover its fair and 
reasonable costs are barred because the contractor 
failed to follow the contract terms as to notice and 
quantification, or failed to reserve the right to file a 
delay or inefficiency claim at a point in time after the 
execution of a change order.

The use of the MCAA factors in forward pricing change 
orders can result in an overall acceptable recovery of 

potential loss of productivity in addition to the direct 
costs of the change. Also, the use of the MCAA factors 
can result in a more accurate forecast of potential 
schedule impacts when durations of activities are 
factored for the estimated productivity loss.

It is essential that contractors weigh the value of 
recouping reasonable amounts for the indirect costs of 
change orders along with the direct costs against the 
potential of gaining a greater recovery by waiting until 
the end of a project to assess the cumulative effects of 
all changes issued during the life of the project.

As described herein, in some instances, the only 
option available to the mechanical contractor may be 
a retroactively quantified loss of productivity claim. In 
such cases, the MCAA factors can be applied to the 
adjusted, actual hours expended by the contractor.

Productivity loss caused by changes in scope, 
including defective design, unforeseen site 
conditions, delay and acceleration and change 
orders, can be real, provable and recoverable. Using 
the MCAA factors correctly can materially improve 
the contractor’s ability to recover from such losses.

Prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp. and Jarad Kriz, CCM, LEED® AP (BD+C), PSP of FTI Consulting, 
with peer review performed by: Wayne Day of John J. Kirlin, Inc. in Rockville, MD; Raymond Jung of The Poole & Kent Company in Baltimore, MD; Robert 
Gawne and Richard Freeman of Stromberg Metal Works, Inc. in Beltsville, MD; Herman Braude, Esq. of Braude & Margulies, P.C. in Washington, DC; Robert 
Windus, Esq. of Moore & Lee, LLP in McLean, VA; and Henry Danforth, Esq. of Watt, Tieder, Hoffar & Fitzgerald, LLC in McLean, VA.
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Introduction
When the labor on a project exceeds the estimate 
or job plan, the mechanical contractor often 
commences an analysis of the causes for, and 
quantification of, its labor loss. This sometimes leads 
the contractor to seek relief from a third party, such 
as a prime contractor or owner. Frequently, the third 
party’s first line of defense will focus on assertions 
that the mechanical contractor’s original labor 
estimate was flawed. When properly applied, the 
“measured mile” analysis is a very effective means 
of quantifying the loss of labor productivity. This 
method relies on a comparison of the contractor’s 
actual unit rate ratios on the subject project, thus 
eliminating concerns over bid errors. 

The measured mile method compares actual labor 
productivity in an impacted period or area with 
productivity in an unimpacted (or less impacted) 
labor period or area in order to establish what the 
labor production rates “should have been” in the 
impacted labor periods or areas. To be effective, 
the work performed in each area or period needs 
to be of a reasonably similar nature. The work 
performed in the unhindered or less impacted area 
or time frame is frequently known as the “baseline” 
or “measured mile” labor. The process of calculating 
the difference between the “should have spent” 
labor hours and the actual labor expended in the 
impacted areas or time frames is referred to as the 
measured mile method of labor productivity analysis.

The more detailed and accurate the contractor’s 
labor expenditure records, the more persuasive 
the measured mile analysis will be. Contractors 
are advised to evaluate their record keeping 
procedures to ensure that the information 
necessary for a measured mile analysis is being 
collected and maintained on a regular basis. 

This chapter offers a description of the measured 
mile method of productivity analysis, discusses 
record keeping and provides examples of the 
analysis process itself, along with ways in which 
the results can be presented. When used properly, 
the measured mile analysis can offer a compelling 
case for recovering a mechanical contractor’s loss 
of labor productivity.

Applying the Measured 
Mile Method to Quantify a 
Loss of Labor Productivity
The measured mile method provides for a 
differential productivity comparison between 
actual production rates achieved on the same 
project.1 Because this methodology relies on actual 
production rates, no reference or reliance upon 
the contractor’s estimate or labor plan is required. 
This fact is one of the most important sources of 
credibility for this methodology. 

How to Apply the 
Measured Mile Method of 
Productivity Analysis
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Identifying the Measured 
Areas or Time Frames

In order to perform a measured mile analysis, different 
areas or time frames must be identified. These should 
be contrasted, one from another, by the inefficiency 
factors that have been alleged to be the root cause of 
the contractor’s loss of labor productivity. The choice 
between utilizing physical areas of a project or time 
frames is at the discretion of the contractor based 
on the specific project conditions. The fact pattern 
may be such that similar sections of a building are 
definable with one or more definable areas having 
been less adversely affected by the productivity 
impact factors and with one or more definable areas 
having been more affected. These same conditions 
could be ascribed to discrete time frames.

For instance, a project could progress to the 50 
percent complete point with reasonable productivity 
and then be subjected to a substantial acceleration 
effort resulting in overtime work, stacking of trades, 
crew size inefficiencies and reassignment of manpower 
for the duration of the project. The aforementioned 
case would suggest a time frame approach. 

On another project, one or more discrete areas 
could be constructed with reasonable productivity 
while other, similar areas were affected by 
substantial changes in scope, trade stacking, lack 
of owner-supplied materials (logistics), site access 
limitations and other identifiable factors. The 
differential measurement between such areas can 
form the basis of a measured mile analysis.

One means of determining which method is best 
for a project under study is to interview the site 
management (i.e., project managers, superintendents, 
and foremen) and seek their input into what took place 

(or is taking place) and what areas or time frames were 
more productive and less productive. This interviewing 
process will also form the basis of the cause-and-effect 
connection that will be required when proving and 
explaining the production rate differential.

Once this interview process has taken place, the 
observations of the staff can be tested against the 
actual labor production records. At this time, it may 
become obvious as to which format will be most 
effective: an area measurement or a time frame 
measurement. After the contractor has decided on 
whether the measured mile analysis will be made on 
an area or time frame approach, the collection and 
analysis of the actual payroll labor hour and material/
equipment installation data can commence, as 
described in greater detail below.

Reasonable Similarity between 
Materials and Work Environment 

The measured mile method measures the difference in 
actual productivity rates between sets of productivity 
impact conditions, one having little or no impacts and 
one having representative2 impacts. For this measure to 
be “exact”3 (which is not a condition precedent to use 
this methodology), the same material and/or equipment 
would have be to installed by the same crew, under the 
same management, in the same work environment, as 
measured between two areas or time frames that are 
similar in space and time; with the remaining difference 
being the influence(s) of inefficiency being claimed 
by the contractor. The aforementioned conditions 
virtually never exist on a construction jobsite. Only in an 
academic or laboratory setting would these precisely 
matched conditions be found. 

1	 While this chapter focuses on the use of labor hours in quantifying labor inefficiencies, some contractors have chosen to use unit costs. The measured 
mile method does not proscribe the use of costs as a surrogate for labor hours, however if costs are utilized, the claimant must be careful to remove all 
factors, such a wage increases, that would inherently unbalance the measured mile comparison.

2	 The term “representative” is used herein to mean impacts representing a reasonable and consistent level of productivity loss arising from the alleged 
causes as opposed to choosing a limited, particular area or time frame that exhibited the most drastic impacts without averaging or weighing the resulting 
inefficiencies with other impacted areas or time frames. 

3	 Luria Bros. & Co. Inc. v United States, 369 F.2nd 701, 712, 177 Cl. Ct. 676 (1966)
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The courts and boards of contract appeals only 
expect that the areas or time frames under 
measurement be reasonably similar. These 
reasonable similarities between the data being 
measured include: 1) material and equipment 
types; 2) installation equipment and/or means and 
methods; 3) experience, quality and quantity of 
supervision; 4) experience and quality of the work 
force; 5) inherent work environment including 
exposure to weather factors and height of the work 
being installed; and 6) any other factor that would 
inherently imbalance or skew the productivity study. 

For instance, comparing the installation of 4”, 6” and 
8” standard weight A-53 carbon steel butt weld pipe 
to the installation of 8”, 10” and 12” pipe of the same 
or similar material would be considered as reasonably 
similar. Comparing the production rate for 2” carbon 
steel threaded pipe to large bore mechanically welded 
stainless steel pipe, if utilized in the analysis, offers 
inherent dissimilarities that will require a carefully 
considered production adjustment and/or thorough 
explanation of why the comparison is reasonable.

Installing pipe under a roof slab 30’ from the finished 
floor in a mechanical room can be more challenging 
than installing the same type of pipe system in a 
room with a 15’ ceiling. Installing straight lengths of 
pipe on pipe racks in an open area can be inherently 
more efficient than installing the same type of pipe in 
a crowded mechanical room where the pipe system 
has frequent changes in direction and may have 
valves and other appurtenances that could represent 
a lower production rate. Installing equipment during 
the winter in an area open to the elements with 
exposure to lower temperatures and wind will most 
likely be inherently less productive than installing 
similar equipment in a heated mechanical room 
(this assumes that the work was not delayed into an 
unanticipated adverse climatological period). 

Installing material with a seasoned journeyman 
crew with proven competent supervision in an 
unobstructed area will most likely be inherently more 
productive than installing the same types of material 

in a congested area with a measurably higher ratio 
of inexperienced workers, less effective supervision 
or in more crowded or constrained conditions. 

All of the potentially inherent differences must be 
identified and evaluated when performing a measured 
mile analysis. The goal of the analyst is to measure 
the differences in productivity rates caused by the 
productivity impact categories identified in the analysis 
(i.e., stacking of trades, overtime inefficiency, disruption 
and other such categories), and to be confident that the 
segment is reasonably free of differences that would 
have, on their own, caused a measurable variation in 
the contractor’s labor performance. 

The Project Records

An essential feature of the measured mile method is 
its absence of reliance on the contractor’s estimate 
or labor plan. This method relies on the contractor’s 
actual unit rate ratio of production achieved on the 
project in different areas or time frames of the same 
project or, in some cases, highly similar projects. In 
order to establish the contractor’s actual unit rate ratio, 
or productivity rate, records that set forth the actual 
labor hours expended to install a definable quantity of 
material and/or equipment is very helpful. They are not 
absolutely required, however, as explained herein.

A minority of contractors track, in a contempora
neous fashion, the amount of material and/or 
equipment installed by hour of labor. This sort of 
contemporaneous labor productivity tracking is 
very meaningful, however it usually requires a very 
substantial and costly effort to track the actual 
material installed by type and by labor hour. In some 
industries, such as the sheet metal industry, the 
difficulty of tracking actual material installed by labor 
hour is being overcome by electronic means of bar 
coding duct sections and tracking the duct from 
manufacture to pre-assembly to final installation in 
the field. Assuming the contractor’s systems allow 
coding of actual labor to a section of duct, its actual 
manufacturing, pre-assembly and installation can be 
tracked with a reasonable degree of accuracy.
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Such contemporaneous labor-tracking record keeping 
provides for valuable and timely productivity monitoring 
that requires little or no further adjustment in order to 
apply this data to a measured mile analysis. However, 
most mechanical contractors do not contemporaneously 
track the actual labor hours required to install lengths of 
pipe, supports, fittings and appurtenances or pieces of 
equipment in discrete areas or time frames on a project. 
The absence of contemporaneously maintained actual 
labor installation records does not preclude the use of a 
measured mile method.

Many contractors maintain labor performance reports. 
These are an earned value type of reporting because 
the actual hours expended to install a known quantity 
of work are compared to a plan or estimate. These 
reports typically provide a variance between discrete 
activities of work comparing the planned and actual 
hours on a regular basis, such as each payroll period, 
or monthly. Such labor performance reporting is 
described in greater detail within the chapter on 
“Maintaining Control of Labor Productivity,” and a 
sample is shown on the next page. 

In the sample labor performance report shown on the 
next page,4 current actual payroll hours “C Act Hrs” 
are compared with an updated plan “Rev Plan”5 to 

provide for weekly variances. The “Earned Hours” are 
a function of earned or reported percent complete 
multiplied against the updated planned hours. Thus, the 
contractor’s measure of performance using an earned 
value reporting system is based on reported progress 
and the contractor’s estimate, adjusted to incorporate 
changes in scope in order to compute a current, revised 
plan. This system enables the contractor to divide 
the overall plan into identifiable units of work, called 
activities. These activities usually have work boundaries 
that are defined by the description of the activity, as 
shown in the example on the next page. 

Assuming the contractor has a labor performance 
reporting system that sets forth definable features of 
the work (i.e., activities), the contractor can locate the 
activity boundaries on a set of contract drawings and 
from that information, take off the material contained 
in the activity. Provided the contractor has coded the 
actual labor hours by discrete activity, the contractor 
can assign actual hours expended to a definable 
quantity of installed material and/or equipment. 

Due to the differences in expected production 
rates between different piping and equipment 
systems, it is helpful if the contractor has defined 
its activities by pipe size (i.e., small bore versus 

4	 For an explanation of the data columns shown in this sample report, refer to the chapter entitled “Maintaining Control of Labor Productivity” herein.

5	 Many mechanical contractors do not track actual change order hours by activity code. Some mechanical contractors do not update the plan on an 
activity-by-activity basis for estimated change order hours. There is no established standard in the industry in this regard. However, at some level, the 
contractor must know if the production rates estimated to perform the work are being met on the project, either at the activity level or at the bottom line.

The Labor Performance Report (Example of Detailed Activities)
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large bore) and general material type (i.e., butt weld 
versus threaded, carbon steel versus cast iron, 
pipe installation versus equipment setting). Such 
differentiation will enable the contractor to assign 
the actual hours by general categories of pipe 
system, pipe type, equipment setting and other 
definable features of the work. 

The goal of an exercise such as that described above 
is to assign actual labor hours expended to discrete 
elements of the construction process. This area-by-

area comparison method is one manner of preparing 
a measured mile analysis. Once the actual labor 
hours have been defined and the material and/or 
equipment have been quantified, a production rate 
ratio can be computed. 

Assuming the contractor has been able to identify 
a nonimpacted or less impacted area or time frame, 
then the actual labor hours and installed units can be 
measured. For example, a contractor measured 1,000 
linear feet of 6” and 8” carbon steel butt weld pipe 

Activity Boundaries Marked on the Contract Drawings
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that required 575 labor hours to install6 in a definable 
area or time frame. From this data, the contractor can 
compute a labor rate of .575 hours per linear foot, 
or 1.74 linear feet of pipe per hour of labor actually 
expended. Although the contractor was unable to 
differentiate the labor required to install the 6” system 
from the 8” system, the pipe systems were sufficiently 
similar to arrive at a blended production rate.

The contractor must now identify a reasonably 
impacted area or time frame in which similar work 
was performed but was adversely affected by the 
conditions the contractor has identified during the 
interview process described herein. For example, it 
was found that 1,500 linear feet of 4” and 10” carbon 
steel butt weld pipe required 1,250 hours to install. 
Once again, the contractor could not differentiate 
between the 4” and 10” pipe as to actual labor hours 
required to install the pipe systems. The blended 
production rate equals .83 hours per linear foot or 1.2 
linear feet of pipe per hour of labor actually expended.

The measured mile method comparison would be 
.575 hours per linear foot in the non/less impacted 
area or time frame versus .83 hours per linear foot 
in the reasonably impacted area or time frame. 
Similarly, the methodology would compare an actual 
production rate of 1.74 linear feet per hour with an 
actual production rate of 1.2 linear feet per hour. The 
productivity factor would then be computed as 31 
percent. Those calculations appear as:

The loss of productivity factor of 31 percent is then 
multiplied against the actual labor hours expended 
in the impacted area or time frame for the work 

being measured, or 1,250 actual hours x 31 percent 
= 388 labor hours lost due to the productivity factors 
that impacted the less productive area or time frame.

The results of this calculation also can be used 
to compute the “should have spent” labor hours 
between areas or time frames. From the example 
above, the contractor demonstrated that it actually 
installed butt weld carbon steel pipe at a rate of 1.74 
linear feet per hour of labor in a less impacted area or 
time frame. There were 1,500 linear feet of pipe in the 
affected area. Absent the productivity factors being 
complained of in the affected areas, the contractor 
should have achieved approximately the same 
production rate in the impacted area or time frame 
as was achieved in the more productive area or time 
frame; 1,500 linear feet of pipe ÷ 1.74 linear feet per 
hour = 862 hours. The actual hours expended in the 
impacted area; 1,250 less the “should have spent” 
hours of 862 = 388 hours of lost productivity. 

When more than one sampling segment of work is 
included in the measured mile analysis, particularly 
when the amount of material (i.e., pipe lengths) varies 
significantly between the segments of work being 
compared, it may be advisable to use a weighted 
average, weighted on pipe lengths or other material 
considerations. This process weights the production 
averages based on the amount of material being 
evaluated. Examples that follow include a weighted 
average computation. Depending on the data, some 
samples using a simple arithmetic average will 
produce the same, or nearly the same, results as 
using a weighted average. However, in analyses with 
multiple and relatively large sample groups, and with 
significant variances in the quantities of materials, 
a weighted average approach based on material 
quantities or other measurement metrics can yield 
measurably different results as opposed to a simple 
arithmetic average. 

6	 “Installation” needs to be uniformly defined within the analysis such that categories of work such as material handling and pipe support erection are 
consistently included or excluded.
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Unusual Study Observations Caused 
by Inconsistent Project Conditions

One of the goals of a measured mile analysis 
study is to evaluate differential productivity rates 
by comparing similar work being performed under 
similar conditions, with the exception of identifiable 
categories of inefficiency that affect one set of labor 
hours but not the other set of labor hours, or at least 
to the same extent. Sometimes when performing a 
measured mile analysis, an area or time frame under 
study shows a productivity rate that is either much 
greater or much lower than other unimpacted or 
less impacted areas or time frames. The contractor 
should carefully review these apparent anomalies 
and take appropriate action. One appropriate action 
could be to exclude these apparent outliers as 
shown in the example below:

Step 1. Identification of Areas 
and Production Rates

Assume all areas contain a mix of 4”, 6” and 8” Std. 
Wt. B.W. pipe, 8-hour workday, 5 days per week, 
at approximately the same elevation and work 
environments, but production anomalies exist in one of 
the “better productivity” areas of the study (i.e., Area C).

Areas that are expected to be more productive and 
less productive can be calculated as shown in the 
example at the top of the next page.

Step 2. Weighted Average Method

In the example at the top of the next page, Area 
C has been excluded from the weighted average 
because of its unusually high rate of productivity. 
This type of exclusion is known as an “outlier” due 
to its unusually high rate of productivity compared 
with the other less impacted areas and thus was not 
included in the weighted average. The fourth box 
on the following page provides sample calculations 
used in determining the weighted average of the 
less productive areas.

Step 3. Example Loss of Productivity 
Calculations Using the Weighted Averages

The contractor demonstrated a weighted average 
production rate of 2.54 linear feet of pipe installed 
per labor hour expended in the less or nonimpacted 
segment of work.

The contractor did not include Area C due to 
apparent dissimilarities (an exceptionally high 
production rate in comparison to the other less 
impacted areas)

The contractor’s demonstrated production rate in 
the impacted areas averaged 1.82 LF/MH for 5,800 
LF of pipe.

Step 4, Option 1: Calculate the 
“Should Have Spent” Hours

In the impacted areas, 5,800 LF of pipe should have 
been installed at the proven rate of 2.54 LF/hour. 
Samples of these calculations are provided on the 
facing page.

Step 4, Option 2: Calculate the Inefficiency Factor

A calculation of the production rate ratio would look 
like the example on the next page.

The mechanical contractor’s result may vary 
depending on the option selected in Step 4. In the 
examples shown above, Option 1 results in 900 
hours of productivity loss, while the number of hours 
of lost productivity in Option 2 is 892. 

As can be seen from the example, the contractor 
has removed the one study area that demonstrated 
an unusually high level of productivity. This may 
have been caused by having assigned a particularly 
experienced or hand selected crew to perform the 
work, or perhaps the physical work environment 
allowed the installation of the material to be 
performed much more efficiently than in other 
areas of the project. While there is no set guide 
as to how much variance in a particular study 
segment should disqualify it from a measured mile 
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Sample Calculations to Identify Expected More Productive Areas

Example of Calculations Used to Identify Expected Less Productive Areas

Determining the Weighted Average of the More Productive Areas, Less Any “Outliers”

Calculating the Weighted Average for Less Productive Areas

Sample “Should Have Spent” Hours Calculation

Sample Inefficiency Factor Calculations
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method analysis, findings that approach doubling 
or halving of productivity in particular segments 
suggest that such segments could be outliers in 
the study. However, there can be incidences where 
vastly different productivity rates have a reasonable 
explanation, thus these sorts of apparent anomalies 
must be analyzed on a project-by-project basis.

Additionally, if the contractor finds that its own 
management problems or crews caused portions 
of the inefficiencies in the impacted areas or time 
frames, such self-inflicted inefficiencies must 
be identified, quantified and removed from the 
contractor’s request for equitable adjustment (REA). 
For example, a mechanical contractor may have 
experienced delay caused by its own forces and, 
to mitigate these impacts, embarked on unplanned 
overtime. This overtime schedule, depending on 
its intensity and duration, can on its own cause 
labor inefficiency. In its measured mile analysis, 
the contractor finds that it sustained a substantial 
loss of productivity caused by owner changes and 
disruptions in a particular time frame of the project 
schedule. The contractor also finds that this period 
of owner change and disruptions is concurrent with 
the time period of contractor-initiated overtime. 
Assuming the same crews involved in the contractor-
initiated overtime were also affected by the owner 
changes and disruptions in the same time period, 
the contractor must factor out of its claim the 
inefficiencies caused by the overtime it chose to 
undertake to mitigate its own delay. 

Another adjustment that must be considered is 
the payment by an owner or prime contractor to 
the mechanical contractor for change orders that 
include a loss of productivity that occurred in the 
impacted segment of the project. To the extent that 
the contractor has been compensated for labor and/
or equipment inefficiencies during the impacted 
segment, these labor and/or equipment hours must be 
identified and removed from the measured mile REA.

Area Measurement 

Area-based measurements are often used in a 
measured mile analysis to quantify the loss of labor 
productivity on a construction project. Area-based 
analyses can usually be derived from earned value 
reports that divide the project into are spatially-
based activities. Assuming that the productivity 
impacts can be segregated by building or project 
area, spatial dividing lines between impacted and 
less impacted areas make logical study segments. 
It is important that the work environments be similar 
from one area to the next, which includes the 
height of the work off the finished floor elevation, 
if applicable. There should not be any inherent 
features of any of the areas that make them more 
productive or less productive—only the inefficiency 
impact categories should form the significant 
differences between the areas, to the fullest extent 
possible.

As with a reasonable amount of time in a time frame-
based measured mile quantification, there is debate 
within the construction industry and in academia 
regarding how large an area should be in order to 
offer a credible measure of actual productivity. As 
of this writing, there does not appear to be any firm 
agreement on this question nor have the courts 
offered any judicial guidance. Generally, the area 
should be representative of the overall work, not 
an isolated segment of the work that would, by its 
nature, exhibit a much higher production rate than 
the balance of the project areas. 

The space within the areas should be reasonable—
that is, the area should be large enough for the 
crews to perform a sufficient amount of work to 
establish a measurable pattern of performance. 
Furthermore, the spaces between the areas used 
in the comparison should be similar or, if dissimilar, 
such differences should not have had an adverse 
effect on the underlying productivity.
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Time Frame Measurement 

In terms of utilizing time frames rather than 
physical areas, the application methodology is 
the same. Also, similar considerations have to be 
made when comparing the different time frames. 
Adverse weather may be a factor to consider; if the 
various measurement time frames fall into different 
climatological periods and weather impacts are not 
one of the categories of inefficiency being claimed, 
this may require adjustment of the study. In fact, 
any measurable inconsistencies between the time 
frames that could represent inherently more or less 
efficient performance need to be carefully evaluated. 
Reasonable care must be taken to eliminate from 
the study any effects that are materially different 
between the time frames being evaluated. 

As with the proper amount of space when considering 
an area-based measured mile quantification, there is 
an unresolved debate within the construction industry 
and in academia regarding how long a measured 
mile time frame should be in order to offer a credible 
measure of actual productivity. In the writer’s opinion, 
the time frame should be long enough for the crews 
to perform a sufficient amount of work to establish 
a measurable pattern of performance. The less 
impacted or unimpacted time frames should not 
include periods that experienced unusual or isolated 
spikes of high productivity that are not representative 
of the work on the overall project.

For instance, the learning curve commences with lower 
productivity as workers arrive on the project at the 
outset of the contract, or begin work in very different 
surroundings. As workers become more accustomed 
to the project, or to an area, the productivity of the 
crews is expected to increase. If the time frame is 
limited to the opening days or weeks of a project, 
it may encompass this time of lowered productivity 

due to the effects of learning curve. Conversely, if the 
measurement period is at the height of the project such 
that workers have gained the benefit of the learning 
curve effect, this alone could increase productivity. 
The effects of the learning curve, both negative and 
positive, can in some instances be very slight and may 
not affect the measured mile comparison, however it 
should be taken into consideration when choosing the 
time frames to be measured. If necessary, explain in 
the written narrative that will accompany the measured 
mile quantification why the learning curve was, or 
was not, considered as a variable that could affect the 
outcome of the study.

What if the Contractor’s Earned 
Value Records Are Not Available?

Most mechanical contractors do not track material 
and equipment installed by labor hour on a 
contemporaneous basis. The reasons this sort of 
detailed tracking does not usually occur include 
the level of complexity of most mechanical piping 
systems, the mix of materials within areas or systems, 
and the cost of having a “clerk of the work” tracking 
the physical amount of material or equipment 
installed during each day of work, tied to the hours 
spent to install those materials or equipment.7 Where 
mechanical contractors do perform this sort of 
contemporaneous productivity measurement, the 
contractor has already gathered the information it 
needs to conduct a measured mile method analysis. 
There is little or no need to refer to earned value 
reports or to other data since the actual production 
data is being collected on a daily or weekly basis.

The absence of contemporaneous labor and material 
tracking is not an unusual condition in the construction 
industry. While many contractors maintain some 
form of earned value reporting, on some projects the 

7	 We note that the trend among many of the larger sheet metal contractors is to track the labor required to manufacture, pre-assemble and erect duct 
work on a contemporaneous basis. This trend has been facilitated by computerized sheet metal detailing and cutting systems and bar coding on the duct 
segments that allow for efficient tracking of the material and correlation of the material installed with the labor required to perform the work. This mecha-
nization has resulted in many sheet metal contractors being able to perform measured mile analyses while the project is on-going and with little additional 
effort in data collection and labor hour correlation.
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contractor may not have maintained any reports that 
segregate the hours actually expended by physical 
areas or time frames within the project. There are 
other means of extracting the needed information, 
albeit means that are much more time consuming and 
that may be more subjective in nature. An alternate 
method of data segregation involves the use of the 
contractor’s payroll system, time cards, daily reports8 
and/or field diaries. The CPM schedule also may be 
used to determine when work was performed.

In such cases, the interview process is very important 
in order to locate the areas and/or time frames of 
better and lower productivity. If the site management 
is available, a list of the categories of inefficiency 
impacts should be compiled. If necessary, refer to 
the list of inefficiency categories contained in the 
chapter that addresses “Factors Affecting Labor 
Productivity.” Discuss what areas or time frames were 
adversely affected by these impact categories and 
what areas or time frames were less impacted. Once 
the differential areas and/or time frames have been 
identified, have the knowledgeable individuals review 
the payroll time cards and other contemporaneous 
project data to see if the labor hours expended in 
those areas and/or time frames can be identified 
using the workers’ names or crew coding. Often, 
area foremen or superintendents know the workers 
by name and can identify which workers performed 
the various activities on the project. This is more 
subjective than using a well-maintained earned 
value report, however it may enable a measured mile 
method analysis to be performed.

If the labor hours can be extracted from the payroll 
system by identifying the workers by name and 
assigned to specific areas or time frames, then the 
materials installed in discrete areas can be taken 
off and quantified in that manner. As to time frame 
measurements, it may be necessary to review 
progress records such as daily reports, progress 

photographs, project schedules or site diaries for 
descriptions of the work being installed. Some daily 
reports allow very specific entries of such progress 
information and can be useful references to allow for 
the identification of workers and the material being 
installed by time and area. The payment applications 
or CPM schedule updates also may reveal vital 
information regarding when and where work was 
performed, and to what extent it was complete 
on a weekly or monthly basis. While this sort of 
investigative analysis is very time consuming, it may 
be the only way to extract the labor hour and material 
quantity information that is necessary to perform a 
measured mile method analysis.

What if the Less Impacted Area or 
Time Frame was Adversely Impacted?

On some projects, there is no reasonably 
“unimpacted” area or time frame. This is not unusual. 
Projects with pervasive defective design impacts can 
experience labor inefficiencies from the outset of the 
work, and in virtually all areas of the project. Projects 
that are the subject of enormous scope growth by 
way of scope changes (i.e., cumulative impact) can 
be similarly affected such that no area or time frame 
can be found that was immune from measurable 
productivity impacts.

One method of removing labor inefficiencies from 
the less impacted area or time frame is to perform 
an MCAA labor inefficiency factor analysis on those 
labor hours (reference the chapter entitled, “How to 
Use the MCAA Labor Factors”). If the less impacted 
area or time frame has been impacted by others 
as a result of unplanned trade stacking, disruption, 
overtime or other recognized categories of labor 
impacts, appropriate MCAA factors can be applied to 
the less impacted area or time frame to set a revised 
baseline to be used in the measured mile comparison. 

8	 From the outset of a project, the contractor’s management should review the superintendent’s or foreman’s daily field reports and/or progress diaries 
to ensure that the contemporaneous entries contain sufficient detail, are accurate and are in the proper format. At a minimum, daily reports or diaries 
should specify what work is being performed, where the installation activities are taking place by physical area of the project and by which crews.
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All adjustments to the less impacted baseline labor 
hours should be fully explained and justified. If the 
contractor was responsible for its own inefficiencies in 
the baseline segment of the project, those have to be 
quantified and explained as well to demonstrate that 
the contractor has not claimed inefficiencies arising 
from its own mistakes and corrections. 

Can Similar Projects Serve as 
Surrogates for Areas/Time Frames 
on the Project Under Study?

The farther a contractor moves from comparative 
measurements on the same project, the less likely 
the analysis will be considered a valid measured 
mile analysis. That does not necessarily disqualify 
the use of very similar projects to produce the 
comparative areas or time frames. The two-project 
measured mile approach is used when the baseline, 
or less impacted area or time frame on the project 
under study simply does not exist, or would have to 
be significantly adjusted to explain the inefficiencies 
in the less impacted area or time frame.	

In some cases, it may make sense to offer two 
measured mile analyses: one utilizing a modified 
baseline comparison as explained above and one 
utilizing two very similar projects. However, there will 
be a need to demonstrate that the crews, supervision, 
work environments, types of productivity impacts and 
other factors on the two projects were indeed highly 
similar, one to the other. While a two-project method is 
not proscribed, it is worth the extra effort on the part of 
the contractor to find similar areas or time frames on the 
single project under study. 

Productivity Impacts to BIM/Coordination 
and Pre-Fabrication/ Sub-Assembly 
Operations and Equipment Inefficiencies

On projects that suffer from the effects of multiple and 
significant changes in scope (i.e., cumulative impact), 
defective designs, overall disrupted “start-stop-
start” operations and/or delays to the schedule, the 

BIM/coordination and pre-fabrication/sub-assembly 
operations can sustain significant labor inefficiencies. 
The measured mile method can be used to quantify 
inefficiencies in these areas of a project.

When a mechanical contractor bids a project, labor 
hours are usually included for traditional coordinated 
drawings or, on larger projects, computerized Building 
Information Modeling (BIM) drawings. The production 
of these drawings or computer models usually leads 
to some amount of prefabrication or sub-assembly 
of systems. A mechanical contractor can expect 
substantial labor savings if this process is reasonably 
free of impacts from large quantities of requests for 
information (RFI), changes, disruptions and delays.

Many mechanical contractors include coordination/
BIM hours performed on change work within the 
change proposal itself by way of percentages or 
direct hours required to address the changes. 
However, many of the issues that affect coordination/
BIM labor and the downstream prefabrication and 
sub-assembly operations never become a part of 
the contract as a change order. It is not unusual 
to find that a large percentage of RFIs issued by a 
mechanical contractor during the coordination/BIM 
stage never become change orders, thus the added 
time and disruption to the coordination/BIM process 
are not equitably compensated to the mechanical 
contractor. The result is an undefined overrun in 
the coordination/BIM efforts. The disruption and 
inefficiency of the coordination/BIM operation then 
trickles down to the prefabrication and sub-assembly 
operations, which can be additionally impacted by 
having to start, stop and then restart operations due 
to the flow of the drawings, or due to “holds” placed 
on prefabrication or sub-assembly work caused by 
delays, RFIs and changes to the work.

In order to capture measured mile information for 
use in the coordination/BIM, prefabrication and 
sub-assembly operations, the mechanical contractor 
should ensure that the workers are coding time 
to individual projects and, if possible, to discrete 
segments of the erection work or drawing. To 
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the extent that there are areas of a project or 
discrete time periods which represent reasonably 
productive work, actual hours required to produce 
a representative drawing or set of drawings, or to 
prefabrication or sub-assemble a known quantity of 
material should be maintained. This becomes the 
baseline set of hours. As with the erection work, 
the baseline productivity should be based upon a 
representative sample and not on unusually simple 
drawings or assemblies.

Similarly, actual hours should be coded and col
lected on drawings by area or systems, or during 
time periods which represent the effects of the 
disruptions, RFIs and changes. The goal is to 

establish a differentiation between the labor 
hours required to produce coordinated or BIM 
computerized drawings without the adverse effects 
of inefficiencies not caused by the mechanical 
contractor and the labor required to produce the 
drawings given impacts on the project.

Actual prefabrication and sub-assembly operations 
can be measured for inefficiencies in the same 
fashion as field erection activities. In order to perform 
the comparative analysis, the contractor should have 
records of the time required to perform prefabrication 
and sub-assembly work by definable segment, 
comparing the production rates between more 
efficient and less efficient areas or time periods.

Sample Productivity Chart by Area
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Construction equipment can also be subject to a loss 
of productivity. Depending on how equipment has 
been estimated, the inability to utilize equipment in an 
efficient fashion can add to the cost of construction. 
If the inefficiency of construction equipment is the 
result of delays, disruptions, stop work orders or 
other adverse conditions outside of the control of the 
mechanical contractor, this component of added cost 
can be the subject of an REA. 

To the extent that usage records can be maintained 
for any mechanized or motorized equipment, 
such as gas welding rigs, bulldozers, track hoes, 
electrical welding packs and similar items, these 
records can be coordinated with the contractor’s 
measured mile labor analysis to demonstrate the 

less efficient and/or delayed nature of the equipment 
usage on the project. A measured mile analysis 
can be performed on the equipment itself, by way 
of example contrasting the amount cubic yards of 
excavated materials that were moved in unimpacted 
and impacted segments of the project. 

As with the erection activities, any appreciable 
inherent differences between segments being 
measured, other than the inefficiency categories 
themselves, must be identified and factored during 
the preparation of the measured mile method 
analysis. Also, any contractor-caused inefficiencies 
occurring in the impacted areas or time periods 
must be identified, quantified and removed from the 

Sample Productivity Graphic by Time Period
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contractor’s REA along with any inefficient hours paid 
for in change orders or by time and materials tickets.

Presentation of the Analysis 
and Graphic Charts
When presenting a change order proposal, or 
REA, for loss of labor productivity, the claimant 
has the burden of proof regarding the cause-and-
effect nexus and the damages resulting from the 
causative events. Therefore, it is helpful to prepare 
a comprehensive written narrative report describing 
the conditions that the mechanical contractor is 
asserting caused the harm and how the resulting 
damages were quantified. 

One effective means of communicating the 
comparative variances that are at the center of a 
measured mile analysis are graphic charts depicting 
various productivity curves. These curves can convey 
the time lines and differences between the productivity 
that was measured in the analysis. Two examples are 
provided, one on the previous page, and one above.

Oftentimes, the acceptance or rejection of a 
mechanical contractor’s REA for loss of labor 
productivity can be affected by the quality of the 
narrative describing the cause-and-effect nexus, 
the supporting schedule analysis (if appropriate), 
payroll and other project reporting, and the form 
and content of the measured mile quantification. 
Presentation graphics, supported by well-prepared 
documentation, also can be persuasive in depicting 
the differential productivity unit rate ratios derived 
by the measured mile investigation.

Conclusions
The measured mile method is, without question, a 
very effective means of quantifying a contractor’s 
loss of labor productivity in the construction 
industry. In order for the measured mile method 

to be reliable and successful, however, it must be 
applied in an appropriate manner. The inappropriate 
application of the measured mile method may result 
in a significantly reduced recovery or, in the worst 
case, no recovery at all. However, many contractors 
have properly applied sound and reasoned logic 
to prepare measured mile method analyses that 
contain comparisons of similar materials, equipment, 
environments, and crews and also contain any 
required adjustments between the segments as 
described herein. 

Contractors who consistently pre-plan their 
work and create a mechanical schedule in close 
coordination with the general contractor’s schedule 
can significantly improve tracking of the measured 
mile data. The mechanical contractor, in coordination 
with its developed schedule, can create an area-
specific labor-coded schedule of activities that 
follows the logical construction sequence of the 
project. Whenever possible, this area-specific 
data should be divided and identified by individual 
system or piping material. 

The general guideline for the duration of activities 
is from between 3 and 22 working days in order 
to allow for optimal tracking. Mechanical activities 
should be created that can usually be accomplished 
by a single crew in the time period noted above. 
Collection of the payroll input then gives the 
contractor timely data as to how each area performs 
in comparison to the original project plan, and in 
comparison with other similar areas on the project. 

Since the contractor’s estimated/planned hours 
are used to populate the area-specific labor-coded 
activity schedule and labor performance report, the 
contractor has a record of performance compared 
to its estimate/ plan and to other similar work on 
the same project. Such record keeping can allow a 
mechanical contractor to perform a measured mile 
analysis while the project is still ongoing, and with 
that information, to work proactively to mitigate 
productivity losses, if at all possible.
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When mitigation is not feasible or achievable, the 
mechanical contractor may be placed in a position 
of recovering its productivity losses by way of 
an REA. In its REA, the contractor will have to 
identify, justify and quantify its loss of productivity 
component.9 A contractor has several choices in the 
selection of a method to quantify labor inefficiencies. 
Where possible, the contractor should consider 
the measured mile method as the one that will, if 
properly applied, produce the most compelling and 
acceptable results. 

Additionally, when a mechanical contractor 
anticipates that it will sustain a loss of labor 
productivity on a project and such labor productivity 
losses will, more than likely, not be equitably 
compensated in change orders, the contractor 
must preserve its rights to collect its damages 
by other means, such as an omnibus REA. Many 
change order forms issued by public and private 
sector owners contain “full accord and satisfaction” 
restrictive language. On many projects, the prime 
contractor may include waiver language on the 
monthly payment application release forms that 
attempt to bar a mechanical subcontractor from 
recovery of any impacts that are not expressly 
excluded from the waiver provisions. These “full 
accord” and waiver provisions are explained in 
greater detail in other chapters within this manual, 
however the mechanical contractor is reminded to 
avoid executing any document that seeks to limit 
the mechanical contractor’s rights to recover its 
delay and labor productivity impact costs, unless 
such terms have been reviewed and accepted by 
the mechanical contractor’s senior management or 
construction counsel. 

Finally, the more credible the measured mile 
analysis, the greater the contractor’s REA recovery 
will be. To be credible, the contractor must carefully 
apply the test of reasonability—reasonably similar 

comparison areas or time frame, reasonably 
similar types of material and/or equipment being 
installed, reasonable record keeping or source data, 
reasonable adjustments that may be required to the 
unimpacted and/or impacted segments, such as the 
removal of the contractor’s own inefficiencies and 
inefficient hours compensated in change order in 
the impacted segments, and reasonable conclusions 
drawn from the analysis. The analysis should be 
accompanied by a cogently written narrative that 
connects the causes with the effects of the analysis 
and discusses why such impact causations were 
not the fault or responsibility of the mechanical 
contractor. A well-prepared and well-documented 
measured mile REA can be an important factor in 
averting costly litigation and can offer the potential 
for a positive recovery of a mechanical contractor’s 
loss of labor (or equipment) productivity.

Appendix

Support at the Courts 
and Boards of Contact 
Appeals for the Measured 
Mile Method
Reported decisions from the boards of contract 
appeals and other tribunals can be instructive in 
the preparation of a measured mile quantification 
of labor productivity loss. One of the frequently 
cited cases in favor of the use of the measured mile 
method is the Appeal of P.J. Dick1 at the Veterans 
Administration Board of Contract Appeals. This 
decision stated the following, in part:

…the efficiency factor calculated from the 
feeder work was used to adjust the budget for 
the branch work. …the VA’s labor productivity 

9	 The contractor should also endeavor to measure the potential time impacts to the project schedule arising from labor inefficiencies and, if applicable, 
include those time impacts it its REA. The subject of potential time impacts arising from labor inefficiencies is covered elsewhere in this manual.

Management Methods Bulletin PD3 - 2020; replaces all previous versions. © 2024 MCAA. All rights reserved.



195

Productivity

expert, took exception to use of the measured 
mile analysis using the feeder-branch circuit 
comparison because it violated a fundamental 
precept of a measured mile analysis in that [the 
electrical subcontractor’s expert’s] analysis 
does not measure the productivity for an 
activity in an unaffected period against the 
productivity for the same activity in the affected 
period. …[the electrical subcontractor’s expert] 
indicated, there was no period of branch conduit 
installation that was not impacted by either 
the design problems or acceleration. [The VA’s 
expert’s] principle objection to comparing feeder 
work to branch work was the difference in crews 
and crew continuity. 

Note that the government’s expert criticized the 
electrical subcontractor’s alleged improper use 
of feeder conduit installation as compared with 
branch conduit installation to form the measured 
mile as being too dissimilar to support a reasonable 
comparison. The Board rejected this criticism 
and the electrical subcontractor was awarded 
inefficiency damages based on its measured mile 
analysis comparing feeder conduit production with 
that of branch conduit.

Moreover, in the Appeal of P.J. Dick the Board 
underscored the favored standing of the measured 
mile method to quantify a contractor’s loss of labor 
productivity and also recognized that measured mile 
quantification was not required to be exact in order 
to be acceptable as a basis of recovery. This decision 
mirrors the oft-cited Wunderlich Contracting Co.2 
decision wherein the Court decided that a “claimant 
need not prove his damages with absolute certainty or 
mathematical exactitude…it is sufficient if he furnishes 
the court with a reasonable basis for computation, 
even though the result is only approximate ….”

However, the Wunderlich Contracting Co. decision 
cannot be taken to extremes and the requirement for 
establishing “a reasonable basis for computation” 
[emphasis supplied] cannot be ignored with impunity. 
Other cases underscore the need for the claimant to 

adjust its measured mile analysis to take into account 
inherent dissimilarities between the segments under 
study. Danac, Inc.3 and W.G. Yates & Sons4 confirm 
the necessity for the claimant to make productivity 
adjustments for differences in materials and joint 
types in the segments being compared.

The decision in W.G. Yates & Sons underscoring 
the acceptance of the measured mile method 
stated, in part:

Yates, using the measured mile methodology, 
computed its alleged additional labor 
inefficiency costs by comparing performance 
costs incurred prior to the defective specification 
disruption with performance costs after the 
defective specification disruption. …In DANAC, 
Inc., ASBCA No. 33394, 92-2 BCA ¶ 29,184 this 
Board endorsed the use of the measured mile 
methodology to measure the cost for labor 
inefficiency caused by Government delay and 
disruption holding:

For labor inefficiency claims, “good period vs. 
bad period” analysis, comparing the cost of 
performing work during periods both affected 
and unaffected by disrupted events “is a well 
established method of proving damages.” U.S. 
Industries, Inc. v Blake Construction Co. Inc. 671 
F.2d 539, 547 (D.C. Cir. 1982) [emphasis supplied]

The contractor’s measured mile analysis may be 
significantly reduced or even rejected by a court 
or board of contract appeals if the contractor does 
not adjust the underlying productivity rates for 
differences in the installation of the materials or 
other conditions not associated with the inefficiency 
categories upon which the claim is based. Such 
inherent differences can include material types, 
joint types, elevation of the work, spatial limitations 
or other physical conditions that would make the 
comparisons imbalanced. The goal of the measured 
mile method is to measure labor productivity 
between two segments of reasonably similar work 
with the variable being the labor inefficiency factors 
identified by the contractor.
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The principal of “reasonably similar” comparisons 
in a measured mile analysis was clearly defined in 
Clark Concrete Contractors, Inc. wherein a concrete 
contractor offered a measured mile analysis. The 
aforementioned decision was cited, in part, in the 
P.J. Dick decision:

We find no basis to conclude that either the 
productivity of the same crew or that exactly the 
same work is a prerequisite for a valid measured 
mile analysis to establish the amount loss of 
productivity. We agree with the GSA Board of 
Contract Appeals when it held in Clark Concrete, 
Inc., 99-1 BCA ¶ 30,280:

[The Government] 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 compared is ever 
identical on a construction project, however. And 
it need not be; the ascertainment of damages 
for labor inefficiencies is not susceptible to 
absolute exactness [citation omitted]. 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. 
[emphasis supplied]

However, in P.W. Construction, Inc.5 the contractor’s 
measured mile productivity analysis was rejected 
because the contractor failed to take into account 
very different pipe joining methods between the 

segments being measured. While different materials 
and installation methods do not necessarily prohibit 
the use of a measured mile comparison, the claimant 
must make suitable adjustment in the computations 
to account for inherent differences in the segments 
being compared. This decision stated, in part:

The record shows that welding in the impaired 
period was butt-welding on polyethylene pipes, 
which takes only 15 seconds to 2 minutes per 
weld, whereas the welding done in the pre-
disruption period was steel welding, which may 
take up to 2.69 hours per weld. …this evidence 
suggests that a comparison of the pre- and post-
disruption periods must take into account the 
difference in welding …

Because the impaired rate accurately reflects 
productivity during the impaired period, but 
does not accurately reflect productivity during 
the ideal period, the court vacates the damage 
award on lost productivity. The rates must 
account for the differences in welding and 
trenching costs for the different pipes.

What can be taken away from the aforementioned 
cases and the other measured mile cases in the 
industry is that the concept of reasonable similarities 
is crucial in prevailing when utilizing a measured 
mile analysis. Also, these cases affirm the fact 
that the measured mile method is the most widely 
accepted form of productivity measurement in the 
construction industry.

Prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp. with peer review performed by: Robert Beck, President of John 
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President, Harrell-Fish, Inc. in Bloomington, IN; Richard Freeman, Vice President of Stromberg Metal Works in Beltsville, MD; Michael A. Mack, Executive 
Vice President, John J. Kirlin, Inc. in Rockville, MD; Charles F. Mitchell, General Counsel of The Kirlin Group in Rockville, MD; Adam Snavely, President and 
CEO of The Poole & Kent Corporation in Baltimore, MD; and Thomas Williams, President of Sustainable Builders in Atlanta, GA.
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Executive Summary
This chapter has been written as a resource for the 
subcontracting industry with the purpose of helping 
the reader identify when cumulative impact has 
affected labor productivity and how to quantify the 
adverse effect in terms of inefficient labor hours. 
To the extent that questions arise, contractors are 
encouraged to seek the expertise of their legal and 
claims consulting resources.

Definition

Cumulative impact of changes to a construction 
contract is the unforeseeable disruption of labor 
productivity resulting from the effect of multiple 
changes to the contractor’s pool of labor. Cumulative 
impact is referred to as the “ripple effect” of changes 
on unchanged work, and on the change work itself, 
and causes a decrease in labor productivity. This 
loss of productivity is usually not subject to analysis 
in terms of spatial or temporal relationships because 
its source is not a single event, but arises from the 
multiple changes issued on the project.1

Contractors have long understood that when a 
project is subjected to a large number of changes in 
terms of labor hours, not necessarily dollar amounts, 

the productivity of the contractor’s labor force can 
decrease substantially, even more so than the 
contractor may foresee at the time any single change 
is priced. It is not the effect of a single change, but the 
cumulative effect of numerous labor-related changes 
in scope that disrupts the rhythm of the project and 
frequently results in stacking of trades, unplanned 
crew size increases, piece-meal performance, and 
other types of inefficient operations.

The resulting loss of labor productivity may be 
recoverable as an added cost of the multiple 
changes affecting the contractor’s labor pool. This 
loss is not attributable to a single change and cannot 
be tied to a specific change by a traditional cause 
and effect analysis. Rather, the contractor’s loss of 
labor productivity is the result of the myriad changes 
radiating disruption and other adverse effects 
outward, resulting in a decrease in the contractor’s 
overall labor productivity on the project.

The contractor may quantify the effects of 
cumulative impacts in several ways. The simplest 
means of quantification is the total cost method. This 
entails subtracting from the contractor’s total labor 
hours its estimate and change order labor hours. 
A variation on this, called the modified total cost 
method, subtracts from the total actual hours any 

How to Estimate the Effects 
of Cumulative Impacts

1	 Paraphrased from the Veterans Affairs Board of Contract Appeals reported decision in the matter of The Appeal of Centex Bateson Construction Co., 
Inc. VABCA-4613 and 5162-5165.
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of the contractor’s bid errors or field retrofit caused 
by the contractor. These are the least accepted 
methods of quantifying the contractor’s losses. The 
contractor may employ the MCAA labor inefficiency 
factors to quantify the labor inefficiencies caused 
by cumulative impact. The most widely accepted 
method of recovering loss of labor productivity is 
the measured mile method, where the portion of the 
project impacted by others (i.e., change) is compared 
with an undisrupted or less disrupted portion. 
The measured mile is the favored methodology 
because it is an empirical, project-specific method 
of quantifying all types of labor productivity impacts. 
However, the conditions permitting the use of a 
measured mile analysis may limit the projects on 
which it can be applied.

Only recently have methods been made available 
for a contractor to quantify the adverse productivity 
effects of cumulative impacts utilizing statistical 
analyses performed on other construction 
projects. William Ibbs, PhD, Professor of Civil and 
Environmental Engineering at the University of 
California, Berkeley, has performed studies of over 
170 individual construction projects covering a wide 
variety of project types. Those data have been 
assembled into forecasting curves that predict, with 
reasonable accuracy, a contractor’s loss of labor 
productivity given the labor intensity and timing of 
the implementation of the labor changes.

Professor Ibbs’ studies have confirmed the critical 
role of the timing of the performance of changes 
as correlating to the degree of impact caused by 
change to a construction contract. The Ibbs studies 
show that when change is implemented early in a 
construction schedule, the effects of these early 
changes can be less than the effects of changes 
introduced during the “heat of battle”—at a time 
when crew sizes and the number of activities being 
worked are at their maximum, and when much of 

the physical base contract work may have been 
installed and may require modification or removal 
and replacement as a result of changes in scope. 
The resulting studies and the statistical analyses 
have now been published by the MCAA in a form 
that allows contractors to utilize the data to quantify 
the effects of cumulative impact.

In the following chapter, contractors will learn what 
constitutes cumulative impact, how to explain the 
phenomenon, and, using the Ibbs curves, how to 
quantify the resulting loss of labor productivity. 
Examples are provided that guide the contractor in 
selecting the appropriate timing curve, computing 
the necessary categories of labor hours and percent 
of change, and reaching a reasonable result in terms 
of the loss of labor productivity, expressed in labor 
hours. The graphic curves presented in this chapter 
allow the contractor to plot percent change against 
the resulting loss of labor productivity percentage. 
That correlation, derived from the graphic curves, 
is then utilized by the contractor to compute an 
estimated number of inefficient labor hours resulting 
from the effects of cumulative impact. The Ibbs 
methodology has been accepted by triers-of-fact 
and thus, can be helpful in resolving disputes arising 
from cumulative impact.

Introduction to Change 
and Cumulative Impact
There are few subjects in the construction industry 
as widely discussed in the context of identifying 
and quantifying losses in labor productivity as the 
subject of cumulative impact. A principal reason for 
this discussion regarding cumulative impact stems 
from the fact that cumulative impacts are, in most 
instances, virtually impossible to identify while 
they are taking place.2 In many cases, the effects 

2	 The impact of the cumulative effects of multiple changes on a construction project has been described in one Board of Contract Appeals decision as 
amorphous (i.e., all but invisible, lacking definite form, shapeless). Reference the Appeal of Centex Bateson Const. Co. Inc., 99-1 BCA ¶ 30153 (1998).
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of cumulative impact only become evident at, or 
near, the conclusion of a project, when the effects 
of the individual changes have been recorded in the 
contractor’s labor and cost reports. Reasons for this 
may arise from a lack of detail in contemporaneous 
labor tracking and trending reports, the manner 
in which labor reporting was maintained, or the 
late issuance of scope changes such that negative 
trends do not appear in the labor reporting until the 
project is at, or near, completion.

Another cause can be attributed to the notion that a 
significant number of small to medium-sized changes 
are difficult, if not impossible, to connect as causes 
to quantifiable and specific effects on an individual, 
change by change basis. It is not until these almost 
invisible and individual impacts of changes mount 
into a tidal wave that the effects begin to become 
evident in the project records.

Because today’s construction projects are complex, 
expensive, and sometimes risky investments for 
project owners, many owners seek to impose 
strict bidding or proposal conditions and tight 
controls on their projects. Projects sometimes 
have to go to market by way of competitive bidding 
early in the development process, with plans and 
specifications that are latently incomplete or have 
errors, such as lack of a coordinated design among 
the trades. Often the additional costs associated 
with incomplete design and/or design errors do 
not become apparent until the project is under 
construction. At the same time, there is fierce 
competition in the marketplace as evidenced 
by the large number of contractors pursuing the 
projects released for bidding. The result is an 
industry that is competitive and which creates tight 
profit margins for the builders. Moreover, some 

projects are “economically fragile” and susceptible, 
so when even modest change occurs, contractor 
profit margins and owner value propositions can be 
jeopardized, or even evaporate.

Thus, in a challenging marketplace, it is important 
for the contractor to monitor the status of contract 
changes on a construction project. An important 
step in this process is for the contractor to attempt 
to fully understand the scope of work in the contract. 
Only by being aware of the base contract scope can 
a contractor know that an owner is requiring out-
of-scope work to be performed. Unfortunately, at 
times contractors perform out-of-scope work without 
realizing that the labor hours they are expending 
are actually for work that is out of scope. They 
incorrectly assume that the labor hour overruns 
recorded on the labor reporting system must be 
caused by their own issues in the labor plan or by 
inherently inefficient workers.3

A second step in monitoring the change process is 
for the contractor to track the magnitude and timing 
of change. Many contractors do not record actual 
labor hours expended on change orders or scope 
changes (i.e., by charging actual hours to separate 
change work codes on labor reports) nor are actual 
start and finish dates for changed work tracked in 
the contractor’s contemporaneous records. When 
changes are performed, the contractor should 
create some form of documentation (e.g., RFIs, 
daily field reports, or superintendent’s diaries) that 
will denote when and where change work is being 
performed and by what crew size. In the absence 
of this contemporaneous data, change work files 
should be maintained that document the estimated 
labor hours required to perform the work, and, at a 

3	 At times the contractor will perform out-of-scope work that is not identified as such until late in the project, when a major labor overrun has been iden-
tified and the contractor’s management team undertakes a detailed comparison between the base contract work scope and the work actually performed 
on the project. This comparison can identify large quantities of labor expended on work not contained in, or contemplated by, the base contract but which 
was required to actually build the project. A common example is labor expended to install extra pipe and fittings not shown on the contract drawings but 
which are necessary to overcome design deficiencies such as improperly coordinated drawings. Because the labor was not associated with a change in 
the contractor’s cost system, it was never submitted for compensation as changed work. Such lapses in the contractor’s control of the work taking place 
on a project is lamentable, but should not necessarily bar the contractor from an equitable recovery of its reasonable costs, subject to the terms, condi
tions, and limitations set forth in the contract documents.
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minimum, when the change work was estimated to 
have commenced and when it was completed.

However, even with identification and monitoring of 
the work scope accompanied by reasonable efforts to 
segregate and account for job costs, the cumulative 
impact of multiple changes often cannot be accurately 
captured within the contractor’s cost reporting system. 
As noted by legal and accounting experts:

The advisable practice for capturing and 
reporting claimable costs is to segregate the 
costs that are a direct result of the events 
that impacted the project….This argument has 
merit in theory but in practice may be difficult 
to achieve. If the claimed event relates to 
additional activities or expanded scope of work 
that is readily identifiable and segregated from 
the original scope of work, then discrete cost 
accounts can be established to capture the 
additional costs of direct labor, purchase orders, 
or subcontractor change orders. Conversely, if 
the basis of the claim is…acceleration within the 
same activity, or changes affecting multiple work 
packages, then the associated extra costs may 
not be captured from the originally established 
cost accounts. Because separating the 
additional costs may be difficult or impossible, 
the basis for substantiating these costs must be 
accomplished by other means.

…Even with optimal planning and cost control 
systems, contractors can still experience 
difficulty in capturing all of their discrete cost 
damages….Hidden costs may occur with a 
significant number of changes to a project…
and such delay and disruption costs can 
snowball and not be discretely captured….The 
quantification of each change order will fail to 
identify the cumulative impact or “ripple effect” 

associated with multiple changes. These…
will have a negative compounding effect on 
construction productivity and are usually difficult 
to quantify discretely in the cost report.4

This chapter will describe methods for establishing 
a reasonable recovery of costs arising from the 
adverse effects of cumulative impact. As a starting 
point, change is defined by the Construction 
Industry Institute (CII) as “any variation in a project’s 
scope, whether physical, administrative, commercial, 
or schedule.”5 For the purposes of this chapter, 
change will refer to changes in the contract scope, 
whether existing as formally approved change 
orders or unapproved scope changes submitted 
by the contractor to the appropriate contractual 
party (e.g., owner or prime contractor). As will be 
discussed more fully herein, unapproved scope 
changes used in the computations contained in this 
chapter must have a reasonable likelihood of being 
approved as a change order, or have a reasonable 
chance of being recognized as valid changes by a 
neutral or trier of fact.

When many changes occur, the situation is further 
complicated and may result in what is known as a 
cumulative impact condition. This term has, perhaps, 
been best defined by recent decisions issued by 
the major boards of contract appeals and which are 
cited elsewhere in this publication (reference “How 
to Use the MCAA Labor Factors” herein). Two such 
definitions bear repeating here:

Direct impact is generally characterized as 
the immediate and direct disruption resulting 
from a change that lowers productivity in the 
performance of the changed or unchanged 
work. Direct impact is considered foreseeable 
and the disrupting relationship to unchanged 

4	 A. Overcash and J. Harris, “Measuring the Contractor’s Damages by ‘Actual Costs’ – Can it Be Done?” The Construction Lawyer, Vol. 25, No. 1 (2005), 
pp. 34-36.

5	 The Construction Industry Institute (CII) is an organization comprised of more than 100 leading owner, engineering-contractor, and supplier firms that 
sponsor research into construction-related topics. Founded in 1983, it has earned a reputation for conducting high quality, impartial research that enhanc-
es business effectiveness and capital project sustainability.

Management Methods Bulletin PD4 - 2020; replaces all previous versions. © 2024 MCAA. All rights reserved.



201

Productivity

work can be related in time and space to a 
specific change.

Cumulative impact is the unforeseeable disruption 
of productivity resulting from the “synergistic” 
effect of an undifferentiated group of changes. 
Cumulative impact is referred to as the “ripple 
effect” of changes on unchanged work that causes 
a decrease in productivity and is not analyzed in 
terms of spatial or temporal relationships.

This phenomenon arises at the point the 
ripple caused by an indivisible body on two or 
more changes on the pond of a construction 
project sufficiently overlap and disturb the 
surface such that entitlement to recover 
additional costs resulting from the turbulence 
spontaneously erupts. This overlapping of the 
ripples is also described as the “synergistic 
effect” of accumulated changes. This effect 
is unforeseeable and indirect. Cumulative 
impact has also been described in terms of the 
fundamental alteration of the parties’ bargain 
resulting from the change.

The second paragraph of this board of contract 
appeals decision defines several key elements 
of cumulative impact: 1) changes in scope that 
can result in decreased labor productivity can 
be “undifferentiated” (i.e., the loss of productivity 
cannot be attributed to a specific change); 2) the 
effects of such changes can “ripple” outward 
adversely affecting the base contract, or unchanged 
work, as well as other change work; and 3) changes 
in scope that affect labor productivity need not 
be related spatially or temporally—they need not 
occur in the same time frame and/or in the same 
physical area of a project. As a result of the inability 
to tie the features of cumulative impact to a specific 
event, time frame, or area of the project, it is difficult, 
if not impossible, to capture the additional costs 

associated with a specific impacting event even with 
standard project control and accounting systems 
being utilized by the management team.

Finally, in the third paragraph, the board found 
that these “ripples” of inefficiency flow from the 
changed work onto the pond of the base contract, 
or unchanged work, as an indirect effect of the 
changes. Since these “ripples” are an indirect result, 
they may not be foreseeable at the time the change 
events are taking place.

It follows that cumulative impacts—the destructive 
effects of multiple changes in scope on a construction 
project—cannot be measured as the work moves 
forward, nor can such adverse effects be measured in 
individual changes in scope. An estimator attempting 
to forward price changes may not be able to foresee, 
let alone quantify, with reasonable accuracy the 
productivity impacts to the overall project arising 
from individual changes.6 Indeed, such impacts may 
not be identifiable or quantifiable until the end of a 
construction project, when measured within the entire 
universe of change that was encountered during the 
construction process.

Another definition of cumulative impact offered by a 
major board of contract appeals is also instructive:

Among other things, ‘impact’ includes: 
inefficiencies due to overcrowding, over or 
under manning, skill dilution, extended overtime, 
shift work, and local and cumulative disruption.

‘Local [or direct] disruption’ refers to the 
direct impact that changed work has on 
other unchanged work going on around it. 
Conceptually, for purposes of this appeal, 
‘cumulative disruption’: Is the disruption which 
occurs between two or more change orders 
and base work and is exclusive of that local 
disruption that can be ascribed to a specific 

6	 This chapter focuses on inefficient labor hours; however, losses of productivity can also affect other facets of construction costs, such as equipment 
that supports the work effort being analyzed (e.g., cranes, welding machines and excavation equipment for underground installations). Thus, productive 
use of equipment, which is typically charged to the project in hourly units, can also be adversely affected by cumulative impact.
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change. It is the synergistic effect….of changes 
on the unchanged work and on other changes.

While this chapter is not intended to serve as a legal 
treatise on the subject of cumulative impact, it is 
frequently the published decisions from the Boards 
of Contract Appeals and the U.S. Court of Federal 
Claims that can provide some understanding 
regarding critical issues in the construction industry. 
It is apparent from these and other Board of Contract 
Appeals decisions that there is general agreement 
as to the existence and effects of cumulative impact. 
However, there is less agreement regarding how to 
actually measure the effects of cumulative impact. 
Addressing this challenging issue in the construction 
industry is the primary purpose of this chapter.

Underlying Causes and 
Nature of Cumulative Impact
Cumulative impact occurs when multiple changes in 
scope unforeseeably ripple out to cause disruption 
and a loss of productivity to changed work and, 
potentially, to the base contract work itself. However, 
it is understood in the construction industry that some 
change is inevitable on larger construction projects—
the question is how much change to expect. It is 
generally agreed in the construction industry—
and substantiated by research—that projects with 
multiple, unanticipated labor hour changes often 
suffer a considerable loss of labor productivity.

Thus it is important to establish what general 
magnitude of change an experienced contractor 
should expect when bidding a construction project 
of any size or complexity. Studies conducted in the 
construction industry by governmental agencies 
have resulted in the data shown in Figures 1-A 

and 1-B regarding expected changes in scope on 
construction projects.

From the data shown in Figures 1-A, 1-B, and 1-C,7 
it is clear that contractors should expect some 
amount of change on a sizable construction project. 
Obviously, the exact percentage of contract growth 
is not foreseeable at the time of bidding each 
individual project. However, ranges of potential 
change growth can be evaluated based on historical 
data available in the industry.

Cumulative impact arises from multiple labor-related 
changes (whether directed or constructive) being 
issued on a construction project. The more labor 
intensive the project, the greater the impact that can 
be expected. This impact may result from design 
changes, differing site conditions, third party actions 
or inactions, weather, or other causes that are not 
the responsibility of the labor-intensive contractor.

Regardless of the source of the change, it is generally 
not the dollar value of the change, or the number of 
executed change orders, that are the critical factors in 
determining whether change may cause or contribute 
to cumulative impact. Rather, it is the number of labor 
hours that will be required to perform the changed 
work. A change order presented to a mechanical 
contractor could have significant dollar impact to 
the overall contract value, but could be “all material” 
and have little or no meaningful impact on labor 
productivity. Thus, it is usually the labor hours that 
really matter when attempting to identify and quantify 
cumulative impact.

Another characteristic of change, not just of 
cumulative change, is that it can be either additive 
or deductive. That is, a given change may enlarge 
a project’s scope or reduce it. Many owners find it 
difficult to accept, but research clearly indicates that 
there are many instances where a deductive change 
can be so disruptive that the number of labor hours 

7	 Figures 1-A through 1-C were extracted from the publication entitled “Construction Contract Modifications—Comparing the Experiences of Federal 
Agencies with Other Owners” published in 1986 by the Committee on Construction Change Orders, Building Research Board and the National Research 
Council. As of the date of this publication, no more recent studies on the subject of expected change have been identified by the authors.
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Figures 1-A & 1-B

Figure 1-C
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and costs actually increase despite the fact that the 
physical quantity of work may be reduced by the 
change. This situation must be evaluated on a case-
by-case basis.

Cumulative impact cannot be measured on 
individual, discrete changes as each change by 
itself may not have a significant impact. Usually, 
cumulative impact is best measured near, or at, the 
conclusion of a project because its adverse impacts 
do not dissipate until the project is completed, or is 
nearly completed.

Waiver Language in 
Contract Documents
This chapter does not offer a comprehensive review 
of the potential legal obstacles associated with 
recovery of damages arising from cumulative impact. 
However, it is important to note that owners such 
as the federal government (e.g., GSA, VA) and many 
local agencies and private developers are including 
waiver language in the various contract forms (e.g., 
change orders, payment releases, or in the contract 
itself) that seeks to limit a contractor’s right to 
recover any costs of change that are not expressly 
included in the executed change order. Recent 
trends at the federal level suggest that a contractor 
must use extreme caution when executing any 
contract document, including the contract itself, if the 
contractor expects to preserve its rights to recover 
the cost of change (i.e., cumulative impact) that was 
not included in the executed change order.8

Since cumulative impact is usually quantified 
near, or at, the conclusion of a project, by that 
point in time the contractor may have executed 
a host of monthly payment application forms and 
change orders containing some form of waiver 

language. In many cases, these forms contain “full 
accord and satisfaction” language or other waiver 
provisions that may seriously limit, or even bar, the 
contractor from a cumulative impact claim arising 
from the adverse effects of changes that have been 
previously negotiated and bilaterally executed.

Before executing the original contract or any of the 
various contract forms, such as monthly payment 
applications and change orders, the project 
management team should review these documents 
with its executive management team and seek legal 
advice if deemed appropriate. Executing such forms 
containing the aforementioned waiver provisions, 
without an assessment of long term risk to the 
contractor, is not prudent project management. In 
general, the contractor should assume such waiver 
clauses are enforceable unless advised to the 
contrary by competent construction counsel.

In the alternative to executing payment applications 
and change order forms that have comprehensive 
waiver provisions, the contractor may seek to 
bilaterally negotiate with the prime contractor or 
project owner alternative language that will appear 
on the forms themselves. Such alternative language 
often seeks to preserve a portion of the contractor’s 
rights to recover, at some future date, “unknowable” 
(i.e., “unknowable” at the time individual, “stand 
alone” changes are priced and executed as change 
orders) impact costs such as those arising from 
cumulative impact.

In the alternative, on projects where cumulative 
impacts are expected to be substantial, and where 
the owner refuses to alter the waiver provisions 
on the various contract forms, the contractor may 
decide to accept unilateral change orders that pay 
for a portion of the change but do not require the 
contractor to execute documents that may waive the 
right to later claim for unforeseeable or unknowable 

8	 Reference Bell BCI Company v. United States, U.S. Court of Appeals, Federal Circuit No. 2008-5087 570 F.3d 1337, 2009. For a related decision 
regarding cumulative impact following the decision in Bell, reference Walsh/Davis Joint Venture v General Services Administration, Civilian Board of Con-
tract Appeals 1460, March 13, 2012.
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impact costs such as those arising from cumulative 
impact. Another option is for the contractor to 
proceed with the changed work without payment 
(most contracts give the owner the right to direct 
the contractor to proceed without a settled change 
order) while the parties address the change through 
the contractor’s dispute clause.

The waiver of a contractor’s right to claim for 
cumulative impact costs after the execution of 
changes bearing full accord and satisfaction 
language is a very serious financial and legal 
issue. It is strongly recommended that mechanical 
contractors review all contract documents with 
competent legal counsel prior to mobilizing on 
the project and certainly prior to executing any 
document that could potentially bar the contractor 
from receiving full equitable adjustment to its 
contract for all forms of impacts, including the 
cumulative impacts of change.

The Measured Mile 
Analysis Methodology
The measured mile method of quantifying a loss 
of labor productivity on a construction project is 
considered a project-specific, empirical analysis 
methodology. Productivity data is collected on 
the project under study comparing the production 
rates of similarly skilled workers installing similar 
materials, but under different conditions; productive 
(or partially productive) and impacted. The role of 
the analyst is to identify the causes of the reduction 
in productivity between a less impacted and a 
representatively impacted area or time frame on 
the project. The comparative production rate data 
produces the productivity loss quantification.

Since the measured mile methodology is a 
project-specific means to quantify a loss of 
labor productivity, it is highly favored by courts 
and arbitration tribunals. The cumulative impact 
data provided in this chapter are not studies of 

the productivity rates actually achieved on your 
company’s project. The graphic models presented 
herein were prepared under statistical controls to 
offer accurate predictions of productivity loss given 
a set of circumstances that existed on over 170 
individual construction projects.

As will be described herein, the data lines shown 
on the graphs have a “good fit” as to their ability 
to statistically predict with reasonable accuracy 
outcomes given certain input (i.e., the project 
data described in the examples contained herein). 
However, the data collected to produce the 
curves shown in this chapter were not prepared 
from the specific project to which the reader will 
apply the methodologies described herein. Thus, 
before a statistical approach is attempted, the 
claimant should attempt to prepare a measured 
mile analysis that derives its data directly from the 
affected project under study. The description of the 
measured mile methodology is provided in detail 
within this publication in the chapter on “How to 
Apply the Measured Mile Method of Productivity 
Analysis.”

There may be a host of valid reasons why a 
measured mile analysis cannot be applied on a 
construction project that is beset with multiple 
changes in scope. In order to prepare a measured 
mile analysis, there must be a non-impacted or less 
impacted area or time frame in which, or during 
which, the contractor’s actual productivity can be 
compared with the contractor’s actual production in 
an impacted area or time frame. On many projects, 
change begins at the outset of the project and 
continues almost to the time of commissioning or 
demobilization, thus yielding no unimpacted or less 
impacted area or time frame for the comparison. On 
other projects, the labor tracking records may not 
exist to perform a measured mile analysis. However, 
there are ways to modify the measured mile 
approach to accommodate some of the obstacles 
often encountered with the lack of a less impacted 
area or time frame, or with the lack of robust 
recordkeeping.
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Before any other type of productivity quantification 
methodology is applied, the claimant should 
first seek to utilize the measured mile method to 
quantify the loss of labor productivity. A successful 
measured mile analysis will capture the vast majority 
of the types of labor inefficiencies that occur on 
construction projects. If a measured mile analysis 
cannot be performed and the project has been 
adversely affected by change, the methodology 
described in this chapter may assist the contractor 
with the preparation of a loss of productivity analysis 
that is derived from statistically reasonable project 
studies as will be described herein.

Defining “Scope Change” 
and “Change Order”
When reviewing the available literature on the 
subject of cumulative impact, the terms “scope 
change” and “change order” are frequently used 
interchangeably when discussing the hours 
attributable to contract changes in scope.9 “Change” 
includes unapproved scope change labor hours and 
approved change order hours, presuming these 
unapproved changes will stand the test of scrutiny 
regarding their validity. Including labor hours arising 
from questionable scope changes will reduce the 
contractor’s credibility and potentially affect the 
inefficiency computations and estimates.

If scope change hours (which by definition have 
not been formally approved as contract change 
orders) are included in the contractor’s cumulative 
impact loss of productivity computations, some 
special considerations have to be made. If, during 
the process of vetting scope changes, the contractor 
withdraws a scope change and performs the work 
under its base contract, or the scope change is 
determined by an authoritative tribunal or board 

to have been within the contractor’s base contract 
scope, the total “change” hours must be adjusted 
accordingly in any of the cumulative impact models 
that are presented in this chapter.

As will be discussed herein, the actual number of 
change orders issued on a project may not be relevant 
to the issue of labor inefficiency. On some projects, 
an owner may bundle many, perhaps 10, 20 or more, 
individual scope changes into one omnibus change 
order. Thus, it is not the number of executed change 
orders, or necessarily the timing of the issuance of the 
formal change order documents, that most adversely 
affect field labor productivity. It is the number of 
change labor hours and their timing (in terms of when 
the work is actually performed) that most profoundly 
affects a contractor’s labor productivity.

Identifying Labor Overruns 
in the Construction Industry
Labor overruns can have a variety of causes as their 
origins. One cause of labor overruns could be an 
inaccurate estimate. However, on projects fraught 
with a multitude of labor intensive changes, labor 
overruns are frequently the result of cumulative 
impact. As noted, a simple labor overrun shown in a 
labor production report is not necessarily an indicium 
of an inefficient project. Similarly, labor overruns 
on construction projects do not necessarily arise 
from inaccurate labor estimates. A project which 
was based on an accurate, reasonable and carefully 
reviewed labor estimate can have substantial labor 
overruns. Therefore, it is necessary to investigate 
such labor overruns carefully to ensure that the root 
cause is not an inaccurate labor estimate and is, 
in fact, the result of labor inefficiencies caused by 
identifiable events on the project.

9	 “Design development” changes, a type of change common in design-build projects, are a different type of change for which the design-build contrac-
tor is responsible.
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Labor overruns that result from an inaccurate 
estimate usually arise from missed work scopes, 
such as material and equipment items, not being 
identified during the estimating process. As such, 
when it comes time to assign labor hours to material 
and equipment items, the labor hours required to 
install items that were missed in the estimate are 
not included in the total of labor hours required to 
construct the project. Another possible source of an 
improper labor estimate is the labor factor(s) utilized 
by the contractor as the achievable productivity 
on a particular project and that will result in the 
expenditure of the planned labor hours.

For instance, if an estimator applies a 0.65 MCAA 
estimating labor factor for the installation of pipe, 
valves, and fittings on a project because the field 
forces are known to the estimator as productive, 
and these forces become unavailable when the 
project actually commences, the actual labor forces 
may only achieve a 0.75 or higher MCAA estimating 
labor factor. While this represents a form of labor 
inefficiency (i.e., the actual labor force was inherently 
less productive than the estimated labor force), such 
misassumptions in the estimating process may not 
constitute a claim for labor inefficiency under most 
construction contracts.10

When a project has been properly estimated in 
terms of quantities and the original labor factors 
applied at the time of the bid, and the project 
sustains a measurable labor overrun, then a 
condition resulting in a potentially recoverable 
loss of labor productivity may have occurred. Such 
conditions should initiate a careful analysis of the 
project by the contractor’s management personnel.

A potentially recoverable11 loss of labor productivity 
condition is one that was not caused by the 
contractor in its estimating, management of the 
project, or other factors ascribable to the contractor. 
Put another way, but for the conditions that caused 
the inefficiencies—conditions not caused by the 
acts or omissions of the mechanical contractor—the 
mechanical contractor’s labor would have at least 
met the planned production rates.

Loss of productivity cannot be defined simply as 
actual labor hours for a specific scope of work, 
minus change hours, minus estimated hours, equals 
inefficient labor hours for a particular scope of work. 
Consider that a contractor planned to install 40 
linear feet of 10” diameter ASTM A53 schedule 40 
carbon steel butt weld pipe and fittings in 8 labor 
hours. However, it actually took 12 labor hours. The 
labor overrun cannot be ascribed to a loss of labor 
productivity without the benefit of a productivity 
cause and effect analysis. The overrun of 4 labor 
hours could have been caused by a bid error, an 
inherently less efficient labor force, or the introduction 
of the ripple effect of change to the project.

When cumulative impact occurs, it is the effect 
of multiple changes to the work that causes the 
majority of the loss of labor productivity, not each 
independent change itself. In such cases, it is usually 
impossible to connect an individual, single cause 
to a specific effect—on a change by change basis. 
However, the contractor still must prepare a cogent 
narrative that provides the respondent with a logical 
and factual basis for the contractor’s productivity 
losses.12 If the cause can be identified as arising 
from the impacts of multiple changes on the project 
and not from the contractor’s self-inflicted acts and 

10	 An excusable delay to the commencement of the mechanical contractor’s work, such as by a differing site condition that delays foundation and verti-
cal construction, may justify such a loss of productivity claim based on an assumed, reasonable overall production rate.

11	 “Recoverable” is a term that can be highly qualified or restricted by the terms and conditions of the contract. Many contracts attempt to limit, or elimi-
nate, a mechanical contractor’s right to recover labor inefficiencies. Such contract terms should be the subject of a careful legal review.

12	 “…it is clear that demonstrating an overrun in labor and the existence of numerous changes without some evidence linking the changes to the overrun 
is insufficient proof of causation. Finally, there must be some proof of a causal connection established showing that the undifferentiated group of contract 
changes affecting the changed and the unchanged contract work resulted in the loss of productivity on that work.” Reference the Appeal of Centex 
Bateson Const. Co. Inc., 99-1 BCA P 30153 (1998).	
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omissions, then the contractor should consider the 
application of the studies and examples contained in 
this chapter to quantify the loss of labor productivity.

If the contractor is tracking its field erection labor 
by use of activity tracking or cost account codes 
that divide the project into identifiable segments, 
such as by buildings, floors, rooms, or site facilities, 
management can determine if the losses are project-
wide or limited to certain specific areas or time 
frames. This sort of labor performance reporting is 
discussed in much greater detail in the “Maintaining 
Control of Labor Productivity” chapter of this 
publication. Such contemporaneous labor tracking 
is an important tool in forecasting inefficient labor 
trends on a construction project and can assist the 
management team in their efforts to connect causes 
with the effects in terms of lost labor productivity.

Once a contractor determines that its crews have 
sustained a measurable loss of labor productivity, 
and that such losses are not solely the result of the 
contractor’s own acts or omissions, the contractor 
should seek to identify the source(s) of the productivity 
loss, mitigate where practical, quantify the losses, and, 
if appropriate, seek recovery for those losses.13

Evaluating the Potential 
Productivity Impacts 
of Changes in Scope
What are the potential constituents of cumulative 
impact as we presently understand them in the 
construction industry? In terms commonly used in 
the construction industry, cumulative impacts arising 
from a multitude of changes can include, without 
limitation, the following components:

n	Stacking of Trades—congestion of unplanned 
trades simultaneously working in limited spaces;

n	Reassignment of Manpower—also known 
as labor disruption—the start-stop-restart 
condition frequently resulting from the 
introduction of new scopes of work into the 
existing labor plan, or the resequencing of 
activities to accommodate the introduction of 
other trades in an unplanned fashion, or new 
activities (i.e., the scope change activities);

n	Crew Size Inefficiency and Learning Curve—
resulting from the addition of unplanned resources 
brought on site to address the magnitude of 
the changed work and their need to “learn” the 
project and assimilate into existing crews;

n	Concurrent Operations—congestion caused by 
the stacking of the contractor’s own forces to 
address the added change activities;

n	Dilution of Supervision—redirection of field 
labor supervision’s attention from managing 
base contract work to solving change scope 
issues—such as preparing RFIs, directing crews 
performing changed work and ordering of 
materials arising from the changes; and

n	Overtime—inefficiencies arising from an unplanned 
overtime schedule required to mitigate the delaying 
factors arising from changes to the work.14

The aforementioned categories, taken from the 
widely accepted MCAA table entitled “Factors 
Affecting Labor Productivity” at pages 151 through 152 
herein, are among the list of possible components of 
cumulative impact. On a project with multiple changes, 
it can be difficult, or in some cases impossible, to 
segregate the individual impact categories that 
caused the loss of productivity arising from cumulative 
impact. Thus, the data provided in this chapter is 
presented to allow a contractor to estimate labor 
inefficiencies arising from cumulative impact in a more 

13	 Even if the contractor determines that all or a portion of the loss of productivity has been caused by the contractor, it is still essential for the contractor 
to identify the cause and to mitigate the loss wherever possible.

14	 The contractor should differentiate between short-term “spot” overtime required to address immediate scheduling needs and long term and un-
planned overtime that can cause a substantial loss of labor productivity. Reference the chapter entitled “How to Estimate the Impacts of Overtime on 
Labor Productivity” herein on the subject of overtime inefficiency.
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holistic fashion based on the manner in which the 
underlying data was collected and analyzed.

In addition to reviewing the labor tracking records 
and interviewing the field supervision in its 
investigation, the contractor should carefully assess 
the size, quantity in terms of labor hours, and timing 
of changes in scope that have been issued. As 
will be described below, the timing of changes in 
scope is important in the evaluation of the impacts 
of those scope changes to the base contract labor. 
Changes in scope that are issued early in a project 
and sufficiently prior to the planning, coordination, 
fabrication, and installation of the affected work can 
be expected to have less impact than changes that 
are issued in the heat of battle and while the affected 
work is about to commence or is already in progress. 
The importance of the timing of changes has been 
borne out by the research performed by the research
ers at the University of California at Berkeley and is 
demonstrated by the data contained in this chapter.

It is helpful for contractors to record when scope 
change work commences and is performed. While 
the majority of contractors do not code their 
actual field labor to scope change or change order 
account codes, in some cases it is possible to track 
generally when changes are directed or otherwise 
authorized to commence and when the changed 
work is performed.15 By tracking when scope change 
work is performed, a bar chart can be compiled 
demonstrating the timing of the scope change work. 
Such charts can temporally depict the concurrent 
nature of multiple changes on a construction project 
and aid in the preparation of a cumulative impact 
request for equitable adjustment.

It is a generally accepted axiom in the construction 
industry that the timing of changes is important 

when considering the potential effect of changes on 
labor productivity. Changes that occur early in the 
project and which affect downstream activities may 
not adversely affect the overall labor productivity. 
For example, if a scope change/change order is 
issued near the outset of a two year project to 
modify piping on a vessel that is not planned to be 
fabricated, installed, and piped until the middle of 
the second year of construction, such changes may 
have a negligible effect on productivity because the 
influence of such changes can be assimilated into 
the normal flow and rhythm of the work more easily.

However, most changes in scope are not issued far 
enough in advance of the planning, coordination, 
prefabrication, and installation of the work to allow 
the influences of the change to be managed into an 
efficient work flow. Most often, contractors are deluged 
with changes in scope as the work affected by those 
changes is being installed. When changes in scope are 
identified and are required to be performed during the 
“heat of battle,” when the crews are ramping up or are 
at or near their peak, the effects of such changes in 
scope on labor productivity can be devastating.

Figure 2 on the next page depicts the temporal 
relationship between change, resource usage and 
a value known as the Actual Contract Labor Hours 
(ACLH). The ACLH calculation and consumption curve 
will be explained in the next section of this chapter. 
The actual crew size is shown on the z axis and, if 
desired, the planned labor curve can be superimposed 
to show a contrast between planned and actual. This 
is optional, but potentially very helpful information to 
show how the craft levels responded to the addition 
of change work. On the line graph, the contractor has 
plotted the dates on which scope change work actually 
commenced and was performed16 and the rate of 
consumption of the ACLH.

15	 When the cumulative impact arises from constructive changes that are not recognized until after their performance or, in some cases, until the conclu-
sion of the project, it may not be possible to track the start and stop dates of the change.

16	 These change work start and finish dates should be as accurate as reasonably possible. As previously noted, the date on which a change order is executed 
may be totally irrelevant to the issue of labor productivity. A formal, executed change order may “roll up” dozens of individual scope changes and may not be 
approved until very late in the project, thus shedding no light on when the changed work scope was actually directed and performed. On some projects, an owner 
may never actually execute any change orders and may direct the contractor to perform added or changed work scope under the applicable terms of the contract.
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Figure 217 shows that certain scope changes (SC), 
or interchangeably, change orders, were directed 
to commence when the project was in its early 
stages and when the crews were at minimal levels. 
Assuming these early changes allowed the contractor 
to easily incorporate the new or changed work into 
its planning, coordination, fabrication and installation 
steps, an attenuated impact would be anticipated 
as compared with changes issued during the peak 
crew periods. However, as the contractor increases 
its crews and prosecutes multiple work activities on 

several work fronts, changes could be expected to 
have a substantial and increased adverse impact on 
the contractor’s labor productivity. It is the labor-hour 
intensity of the change in scope, and its timing, that 
are the important considerations regarding the effects 
of the change on labor productivity. The actual dollar 
value of the change is not the determining factor as to 
its potential impact on labor productivity.

An important feature of the inefficiency study 
that underlies this chapter is its measurement of 
inefficiencies arising from the timing of the changes in 

Figure 2:  Example of Scope Change Timing Chart with Craft Level Curve

17	 ACLH shown in this figure refers to Actual Contract Labor Hours. This value is not simply direct payroll hours; rather it is a computation of adjusted 
labor hours that is fully described in the “Change and its Quantitative Effect on Productivity” section of this chapter.
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scope. The studies and resulting data that underlie this 
chapter (i.e., the University of California at Berkeley 
Ibbs Study) were evaluated to determine the effects 
of timing of the changed work, as well as the effects 
of the magnitude of the ratio of changes to the base 
contract labor hours. In a following section of this 
chapter describing the use of the Ibbs cumulative 
impact curves, the manner by which the user can 
categorize a change as “early,” “median,” or “late” will 
be defined in detail.

Change and its Quantitative 
Effects on Productivity
Despite the fact that change clearly has measurable 
and oftentimes adverse impacts on a construction 
project’s labor productivity, until recently there was 
little authoritative and reliable research into the 
quantitative relationship between change and loss of 
labor productivity.18 This dearth of information led CII 
to fund an extensive, two-year study led by Professor 
William Ibbs, PhD, a co-author of this chapter, and his 
University of California at Berkeley research team.

The study was funded by large, sophisticated owners 
and contractors and was reviewed and overseen by 
a balanced audience. The published results were 
endorsed by representatives of a majority of the 
stakeholders in a typical construction project. The 
Berkeley researchers collected extensive amounts 
of data from 172 projects and tested various research 
hypotheses by sophisticated statistical methods. 
Follow-up interviews were conducted with the project 
participants to provide quality control on the data and 
to understand the contexts of the projects.

The projects ranged in size from $3.2 million to $15 
billion, with a median value of $62 million, and included 

both domestic and foreign worksites. Ninety-two 
percent of the sample projects were constructed in the 
United States. Sixty-two percent of the sample projects 
consisted of private sector projects and the remaining 
38 percent were public sector projects. Of the public 
sector projects, 31 percent were highway and bridge, 
20 percent rail systems, 19 percent commercial and 
school buildings and 15 percent hospitals, with the 
balance consisting of airports and canals.

Forty-one percent of the sample projects were design-
build and the balance of the projects utilized a design-
bid-build contract delivery system. Fifty-two percent 
were fixed price (either lump sum or unit price) and 48 
percent were cost reimbursable projects. Eighty three 
percent of the public projects were design-bid-build 
with a general contractor or construction manager 
at risk and 17 percent utilized a design-build delivery 
system. Seventy six percent of the private projects 
were design-build, with 20 percent using a design-bid-
build delivery system and 4 percent utilizing a hybrid 
contract delivery system. Of the public projects, 65 
percent were lump sum, 31 percent were unit price and 
4 percent cost plus. Of the private projects, 53 percent 
were lump sum and 40 percent were cost plus. Eleven 
percent of the public projects were multi-prime as 
were 8 percent of the private sector projects. Fifty-
seven percent were new, greenfield projects and the 
balance renovation or expansion projects.

The private projects in this database contained the 
following types of construction:
n	Petrochemical . . . . . . . . . . . . . . . . . . . . . . . . . . .                           27%
n	Power generation������������������������������������������������� 19%
n	Heavy manufacturing ������������������������������������������16%
n	Light manufacturing����������������������������������������������12%
n	Commercial buildings and other types �����������26%

Labor hour and labor, material, subcontractor, and 
overhead cost data were collected for the projects at 

18	 Over 15 years ago, a cumulative impact study was authored by Charles Leonard (the “Leonard Study”) and was widely circulated in the construction 
industry. The Leonard Study found that the cumulative impact of multiple changes on a construction project adversely affected a contractor’s labor pro-
ductivity. This study also found that the timing of changes affected labor productivity. This study was later criticized in several court cases, primarily for its 
manner of data collection and statistical analysis. The study utilized in this chapter was carefully composed and monitored in order to avoid, and then to 
correct, those data collection and statistical analysis errors for which the Leonard Study was criticized.
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the 25 percent, 50 percent, 75 percent, 80 percent, 
85 percent, 90 percent, 95 percent and 100 percent 
completion points in the design and construction phases.

The data points representing each of the 172 total 
projects were analyzed and plotted as can be 
referenced in Figure 3 on this page. The curved 
line represents the best-fit, regression for the total 

projects under study and the equation for that line is 
represented by the mathematical expression shown 
in the figure. The R² value19 is a measure of the line 
goodness for fit for the universe of projects in the 
study; R² = 0.72 indicates a good fit.

Percent Change as used in this chapter is defined 
as: change labor hours20 ÷ Actual Contract Labor 

Figure 3

19	 The R² value is known as the correlation coefficient and is used in statistical models whose main purpose is the prediction of future outcomes based 
on other related information. This value states the proportion of variability in a data set that forms a statistical model, such as regression analyses as 
utilized in the Ibbs models. The R² value provides a measure of how well future outcomes are likely to be predicted by the model, thus within the range of 
0 to 1, the closer the value is to 1, the more likely it will be that the prediction will resemble the result.

20	 In order to offer a more conservative inefficiency estimate, the labor hours contained in T&M tickets are not included in the percent change computation 
for the purpose of this chapter. By virtue of the way T&M charge tickets are maintained, they usually have the direct inefficiencies embedded within the T&M 
entries. We have taken the conservative approach of not including these hours in the computation of the percent change value. However, if a significant portion 
of the total change hours were recorded on T&M tickets, this exclusion of T&M hours in the percent change computation may be revisited by the contractor, 
since the exclusion of a major portion of the change hours recorded on T&M tickets could unfairly affect the outcome of the labor inefficiency estimate.
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Hours (ACLH). Actual Contract Labor Hours are 
the total number of actual payroll field labor hours 
minus change labor hours and minus all appropriate 
contractor adjustments. These adjustments would 
include, without limitation, bid errors and contractor 
field mistakes. Examples of such potential downward 
adjustments will be provided later in this chapter.

As described above and as shown in Figure 3, the data 
collected and analyzed by the Ibbs Study research 
team were transferred onto charts for use in the 
construction industry. From the extensive data that was 
gathered, the research team identified three separate 
data curves based on the timing of the issuance 
of changes in scope. The data presented herein 
represent the estimated impacts to labor productivity 
when changes at a particular level are issued early, 

at a median point, or late in the project. These terms, 
and the means by which projects are categorized as 
“early,” “median,” or “late” models, are fully defined and 
explained in a later section of this chapter. The data 
resulted in the following three curves.

These two variables, percent change and percent 
productivity, were compared, as can be seen in 
Figures 4 A-C. Each of the data points in these 
figures represent a project in the Ibbs study. The R² 
values for the three curves shown in Figures 4 A-C 
are as follows: 0.81 for the “early” timing curve, 0.63 
for the “median” timing curve and 0.76 for the “late” 
timing curve. All provide for reasonable forecasts of 
labor inefficiencies that can be expected at various 
ratios of changes to adjusted base contract hours.

Figure 4-A
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Figure 4-B

Figure 4-C
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Several points emerge. First, larger amounts of 
change result in greater loss of productivity. For 
instance, a project with 20 percent change (measured 
on the horizontal axis of the median curve) results in a 
loss of labor productivity of approximately 25 percent. 
In other words, the cumulative impact of changes 
causes a reduction in the contractor’s planned 
productivity of approximately 25 percent.

In this portion of the Ibbs Study projects were ranked 
as having change at an early, median point or late 
stage of the project. As to the timing of change, this 
study utilizes the total ACLH by establishing the mid-
point of the project based on the actual utilization of 

one half of the ACLH, as depicted in Figure 6 on the 
next page and as described below.

The Change Timing Designation Chart in Figure 6 
demonstrates how each of the three timing models is 
defined. Follow these steps: 1) compute the ACLH as 
described in this chapter, we will call that labor hour 
number X; 2) by referencing payroll or other labor 
hour data,21 determine when, in time, one half of X 
was actually expended, this is known as the ACLH 
midpoint; 3) by referencing change pricing folders, time 
sheets or other data, determine when change work 
was performed; 4) from that data, determine how many 
change hours were expended before, and after, the 

Figure 5

21	 For the purposes of this chapter, field craft labor hours should not include non-working labor categories. Such non-working categories could include 
superintendents, general foremen and foremen, depending on the size of the project, local union requirements and custom and practice of the contractor.
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ACLH midpoint; and 5) compute the percent of change 
hours expended prior to, and after, the ACLH midpoint.

By way of example, the ACLH on a project was 
calculated to be 16,000 field craft labor hours. The 
claimant would refer to payroll records to determine 
when 8,000 field craft hours had been expended 
on the project. The date on which 8,000 field craft 
labor hours had been expended would mark the 
ACLH midpoint for the purpose of determining the 
timing categories of change. The claimant would 
then determine when change hours were expended 
and from that data, compute the percent of change 
hours that were expended before, and after, the 
ACLH midpoint.

Early change means that about 70 percent of change 
hours were expended before the ACLH midpoint, 
median change means that about 50 percent of 
the change hours were expended before the ACLH 
midpoint and “late” change means that about 70 

percent of change hours were expended after the 
ACLH midpoint.

Note that in most cases, 100 percent of the ACLH 
hours will be expended before the project has been 
completed. That is because the ACLH hours exclude 
various components such as bid labor hour mistakes, 
field retrofit caused by the contractor and the change 
work, thus the ACLH will achieve 100 percent before 
all of the labor hours are consumed on a project. 
Also note from Figure 6 that the ACLH midpoint 
will probably not match the midpoint of the overall 
project timeline measured by other indices, such as 
billing values, total hours consumed or work days 
accomplished. This is to be expected. As previously 
noted, 100 percent of the ACLH will be consumed 
prior to the actual completion of the project.

As can be seen in Figure 5, projects with early 
recognition of change incurred less loss of 
productivity than projects with median or late 

Figure 6:  Change Timing Designation Chart
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changes. For example, at 20 percent change, 
the “late” projects suffered about twice as much 
productivity loss as the “early” projects. These 
curves reinforce the notion that it is better to 
address change earlier in a project than to postpone 
resolution of the issues causing change.

Examples of Cumulative 
Impact Quantification
Below are three examples of the use of the 
cumulative impact studies. These studies provide 
a basis to estimate a contractor’s loss of labor 
productivity caused by cumulative impacts. The 
results gained from applying the Ibbs Study are not 
represented to be precise computations. They are 
represented to be reliable estimates of productivity 
losses when properly applied.

Special Consideration 
Regarding the Deduction 
of “Change” Hours in 
the Computation
The examples contained in this Chapter indicated 
that the claimant is to deduct “change” hours from 
the total, actual labor hours to compute the ACLH. 
The formulas used in the three examples contained 
in this Chapter have assumed that the “change” 
hours are the subject of full accord and satisfaction 
language, and as such, inefficiencies arising from the 
change hours themselves have been waived. 

This may not be the case on every project. The 
claimant, on advice of competent construction 
counsel, may find that some, or all, of the change 
hours are not the subject of cumulative impact 
waivers and thus, could be potentially included in 
the claimant’s cumulative impact quantification. This 
would fit the description of “impacts to the changed, 

as well as to the unchanged work” and would mean 
that cumulative impacts would apply to both the 
base contract (or “unchanged”) labor hours as well 
as the change order (the “changed”) labor hours.

If this is the case, the claimant would only subtract 
the change hours that were subject to a contractual 
waiver of rights (“full accord and satisfaction” waiver) 
from the total, actual labor hours, to solve for the 
ACLH. This process could also affect the timing 
evaluation of change, as described in the chapter. 

The claimant should carefully evaluate the change 
order language included in the executed change 
order forms to ensure that hours not subtracted 
within the ACLH calculation represent only change 
hours that have not been the subject of waiver.

Example No. 1: A project was planned to utilize 
16,500 field craft labor hours (excluding non-working 
supervision). At the conclusion of the project, 
the payroll reports show an actual expenditure 
of 30,000 field craft labor hours, excluding non-
working supervision. Upon careful investigation it 
was discovered that there was a bid error of 1,500 
field craft labor hours, errors in construction that 
required 900 field craft labor hours to repair, and 
500 hours were recorded via T&M tickets. Moreover, 
the contractor estimated that 5,500 hours were 
expended on scope change work, other than the 
T&M time tickets noted above. Based on the formula 
described above, the Actual Contract Labor Hours 
would be computed as follows:

Total field craft labor hours actually expended 
on the project: . . . . . . . . . . . . . . . . . . . . . . . .                         30,000

Bid error:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             (1,500)

Field errors: . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            (900)

T&M ticket time:  . . . . . . . . . . . . . . . . . . . . . . . .                         (500)

Scope changes/change order 
labor hours: . . . . . . . . . . . . . . . . . . . . . . . . . .                           (5,500)

Actual Contract Labor Hours  . . . . . . . . . . .           21,600
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From the example above, it is clear that the Actual 
Contract Labor Hours are not simply the actual payroll 
hours; the ACLH value has been derived by reducing 
the actual payroll hours by various factors such as bid 
errors or field retrofit. The factors will vary from project 
to project and must be determined by the contractor’s 
management team. Once the Actual Contract Labor 
Hours have been computed, the timing of the labor 
expenditure must be plotted using the payroll or labor 
performance reports. The date at which 50 percent 
of the ACLH were expended (10,800 hours of payroll 
labor expenditures out of the total of 21,600 ACLH 
hours) is considered the midpoint of the project 
for purposes of assigning the proper curve to the 
inefficiency analysis that follows.

The next step would be to identify from the actual 
records, or estimate if such records are not available, 
the dates during which the change work was 
performed. Also, the actual (or estimated) labor hours 
of each change must be determined utilizing payroll 
reports, field records or an estimate. By determining 
change hours performed before and after the mid
point, the appropriate curve can be selected.

In this example, it was determined that approximately 
74 percent of the change hours were expended by 
the midpoint, thus the first graph (early) on the curve is 
chosen to calculate the impact to the labor productivity.

From the formulas provided above: Percent Change = 
Change Labor Hours ÷ Actual Contract Labor Hours. 

Figure 7
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Percent Change = 5,50022 ÷ 21,600 = 25.46% = 26%. 
The percent change for this example is 26 percent.

From the example above, it was determined that the 
project sustained a 26 percent cumulative change 
impact. From the “early” curve on Figure 8 it can be 
seen that 26 percent intersects the “early” curve 
at a productivity loss of approximately 20 percent. 
A loss of 20 percent of the ACLH of 21,600 equals 
a loss of productivity of approximately 4,320 field 
craft labor hours.

Special Note: When performing a loss of productivity 
computation from industry studies, it is advisable 
to test the results by way of a “modified total cost” 

evaluation (in this case, labor hours are substituted 
for the “cost” value). This will allow the contractor to 
analyze the amount of labor hours being claimed as 
cumulative impact inefficiency in comparison with 
the total unallocated labor loss on the project. From 
Example No. 1 above, a modified total labor hour 
calculation would appear as follows:

Total field craft labor hours actually expended 
on the project: . . . . . . . . . . . . . . . . . . . . . . . .                         30,000

Original estimate: . . . . . . . . . . . . . . . . . . . . .                     (16,500)

Bid error:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             (1,500)

Field errors: . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            (900)

Figure 8

22	 The change hour totals in the examples included in this chapter for the calculation of the percent change value do not include T&M ticket hours, as 
previously explained herein.
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T&M ticket time:  . . . . . . . . . . . . . . . . . . . . . . . .                         (500)

Scope changes/change order 
labor hours: . . . . . . . . . . . . . . . . . . . . . . . . . .                           (5,500)

Unallocated labor loss due to 
all causes:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             5,100

Since the cumulative impact recovery computed in this 
example was 4,320 hours, there remains 780 hours of 
unallocated loss of labor productivity. This unallocated 
labor loss can be explained in the contractor’s 
narrative as potential unclaimed losses caused by the 
contractor’s own acts or omissions (so as not to assert 
an otherwise perfect performance) or simply as an 
undefined, and unclaimed, amount of lost labor hours.

Example No. 2: A project was planned to utilize 
8,000 field craft labor hours (excluding non-working 
supervision). At the conclusion of the project, the 
payroll reports show an actual expenditure of 20,000 
field craft labor hours, excluding non-working 
supervision. Upon a careful investigation, it was 
discovered that there was a bid error of 1,200 field 
craft labor hours, errors in construction that required 
1,000 field craft labor hours to repair, and 300 hours 
were compensated by T&M tickets. Moreover, the 
contractor estimated that 4,000 hours were expended 
on scope change work (net of the T&M ticket hours). 
Based on the formula described above, the Actual 
Contract Labor Hours would be computed as follows:

Total field craft labor hours actually expended 
on the project: . . . . . . . . . . . . . . . . . . . . . . . .                         20,000

Bid error:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             (1,200)

Field errors: . . . . . . . . . . . . . . . . . . . . . . . . . . .                           (1,000)

T&M ticket time:  . . . . . . . . . . . . . . . . . . . . . . . .                         (300)

Scope changes/change order 
labor hours: . . . . . . . . . . . . . . . . . . . . . . . . . . .                           (4,000)

Actual Contract Labor Hours . . . . . . . . . . . .            13,500

Once the Actual Contract Labor Hours value is 
computed, the timing of the labor expenditure must be 
plotted using the payroll or labor performance reports. 

The date at which 50 percent of the Actual Contract 
Labor Hours were expended (6,750 hours of actual 
payroll-supported labor was expended of the total 
of 13,500 hours) is considered the “midpoint” of the 
project for purposes of assigning the proper curve to 
the inefficiency analysis that follows.

The next step would be to identify from the actual 
records, or to perform an estimate if such records 
are not available, the actual performance dates of 
the change work. Also, the actual (or estimated) 
labor hours of each change must be determined. As 
described in Example No. 1, the timing component 
is thereby computed and the appropriate curve is 
chosen from the timing chart.

As shown in Figure 9, it was determined that 
approximately 50 percent of the scope change hours 
were expended by the “midpoint,” thus the second 
graph (median) on the curve is chosen to calculate the 
impact to the labor productivity. Note on this example 
that the scope change timing has been taken from field 
records or has been estimated by the project staff. 
Further, the number of field craft labor hours (actual or 
estimated) has been determined for each change. Thus, 
at the time approximately half of the change hours 
have been expended, the contractor has expended 
approximately half of its Actual Contract Labor Hours.

From the formulas provided above: Percent Change = 
Change Labor Hours ÷ Actual Contract Labor Hours. 
Percent Change = 4,000 ÷ 13,500 = 29.6% = 30%.

From the above example, it was determined that the 
project sustained a 30 percent change impact. From 
the “median” curve on Figure 10 on page 222 it can be 
seen that 30 percent intersects the median curve at 
approximately 35 percent. A loss of 35 percent of the 
Actual Contract Labor Hours of 13,500 equals a loss of 
productivity of 4,725 field craft labor hours.

Example No. 3: A project was originally estimated to 
utilize 8,200 field craft labor hours (excluding non-
working supervision). At the conclusion of the project, 
the payroll reports show an actual expenditure of 
40,000 field craft labor hours, excluding non-working 
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supervision. Upon a careful investigation, it was 
confirmed that the bid was accurate and complete, 
errors in construction required 2,500 field craft labor 
hours to repair, and 1,000 hours were compensated 
T&M tickets. Moreover, the contractor estimated that 
12,000 hours were expended on scope change work. 
Based on the formula described above, the Actual 
Contract Labor Hours would be computed as follows:

Total field craft labor hours actually expended 
on the project: . . . . . . . . . . . . . . . . . . . . . . . .                         40,000

Field errors: . . . . . . . . . . . . . . . . . . . . . . . . . .                           (2,500)

T&M ticket time:  . . . . . . . . . . . . . . . . . . . . . . .                       (1,000)

Scope changes/change order 
labor hours: . . . . . . . . . . . . . . . . . . . . . . . . . .                          (12,000)

Actual Contract Labor Hours . . . . . . . . . . .            24,500

Once the Actual Contract Labor Hours are computed, 
the timing of the labor expenditure must be plotted 
using the payroll or labor performance reports. The 
date at which 50 percent of the Actual Contract 
Labor Hours were expended (12,250 hours of actual 
payroll-supported labor was expended of the total 
of 24,500 hours) is considered the “midpoint” of the 
project for purposes of assigning the proper curve to 
the inefficiency analysis that follows.

Figure 9
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The next step would be to identify from the actual 
records, or to perform an estimate if such records 
are not available, the actual start date of the scope 
changes. Also, the actual (or estimated) labor hours 
of each change must be determined. From this data 
applied to the timing chart, it can be determined if 
the change model is “early,” “median,” or “late.”

In this example from Figure 11, above, it was 
determined that only approximately 28 percent of the 
scope change hours were expended by the “midpoint,” 
thus the third graph (late change) on the curve is 
chosen to calculate the impact to the labor productivity. 
Note in this example that the scope change timing has 

been taken from field records or has been estimated 
by the project staff. Further, the number of field craft 
labor hours has been determined (from charge records 
such as time sheets, contemporaneous field reports, 
or estimated) for each change. Thus, at the time 
approximately half of the Actual Contract Labor Hours 
had been expended, only 28 percent of the change 
hours had been expended. Therefore, in the last half 
of the project, 72 percent of the change hours were 
expended, making this example a late change project.

From the formulas provided above: Percent Change = 
Change Labor Hours ÷ Actual Contract Labor Hours. 
Percent Change = 12,000 ÷ 24,500 = 48.9% = 49%.23

Figure 10

23	 Note that the data points do not support a Percent Change value greater than 50 percent. No extrapolation of the data lines should be performed to 
allow for Percent Change values in excess of 50 percent.

Management Methods Bulletin PD4 - 2020; replaces all previous versions. © 2024 MCAA. All rights reserved.



223

Productivity

From the above example, it was determined that the 
project sustained a 49 percent cumulative change 
impact. From the late change curve within Figure 
12 it can be seen that 49 percent intersects the late 
change curve at a productivity loss of approximately 
61 percent. A loss of 61 percent of the Actual 
Contract Labor Hours of 24,500 equals a loss of 
productivity of 14,945 field craft labor hours.

Special Consideration for 
Projects with Substantial 
Bid Mistake Adjustments 
Not Identified Early in 
the Project Schedule
Today’s computerized estimating and BIM 
coordination processes that are undertaken before 

Figure 11
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a contractor mobilizes on a project make it more 
likely that bid mistakes will be discovered before the 
actual fabrication and construction phases of the 
project commence. In the past, usually the only way 
a contractor could verify an estimate was to have the 
project team perform a re-estimate of the project 
prior to mobilization. That process is still utilized by 
some contractors who are not fully adapted to the 
more advanced technologies.

When bid labor errors, even serious ones, are 
recognized at the outset of a project such that the 
labor hours that were omitted from the bid are able 
to be assimilated into the labor plan before work 
commences, or very early in the project, the labor 
productivity impacts should be mitigated to a greater 
extent. Certainly, the contractor will feel the direct 

financial impact of having to provide the labor hours 
that were missed in the estimate; however, such 
estimating errors would not be expected to diminish 
the contractor’s overall field labor productivity.

However, if a serious labor estimating error were to 
occur that was not diagnosed early in the project 
and that required the expenditure of a material 
number of labor hours in the midst of the project, 
the contractor’s productivity would be expected to 
suffer in the same fashion as if a change, or series 
of unanticipated changes, were introduced into the 
project during the same performance period. The 
contractor would usually not be able to recover such 
losses from a prime contractor or owner. In cases 
where this type of bid error has been identified, it is 
reasonable to treat this bid error in the same manner 

Figure 12
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as a scope change or series of changes when 
preparing a cumulative impact analysis.24

Example 4 offers an illustration of how a contractor 
might address the impact of this type of bid mistake:

Example No. 4: At the conclusion of a project, the 
contractor’s payroll reports show an actual ex
penditure of 34,500 field craft labor hours, excluding 
non-working supervision. This amount exceeded the 
contractor’s labor plan by many thousands of hours. 
Upon a careful investigation, it was discovered that 
there was a bid error of 2,500 field craft labor hours. 
Moreover, the contractor estimated that 5,500 hours 
were expended on scope change work. Based on 

the formula described above, the Actual Contract 
Labor Hours would be computed as follows:

Total field craft labor hours actually expended 
on the project: . . . . . . . . . . . . . . . . . . . . . . . .                         34,500

Bid error:  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             (2,500)

Scope changes/change order 
labor hours: . . . . . . . . . . . . . . . . . . . . . . . . . .                           (5,500)

Actual Contract Labor Hours  . . . . . . . . . .           26,500

As described in Examples 1 through 3, the next step 
is to identify from the actual records, or to perform an 
estimate if such records are not available, the dates 

Figure 13

24	 The claimant would compute the loss of labor productivity arising from such types of bid error and demonstrate, in its request for equitable adjust-
ment, that these labor hours were not being claimed in the total labor hours sought in the claimant’s recovery.
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during which the change work was performed. This 
special example also requires the contractor to know, 
or to estimate, the dates when the “missed” bid labor 
hours were added into the project schedule. In this 
case, the contractor’s bid error labor hours are treated 
just as if those hours were the result of change.

In this example, it was determined that approximately 
50 percent of the change hours and the “missed” 
labor hours were expended by the “midpoint,” thus 
the “median” curve is chosen to calculate the impact 
to the labor productivity.

A revised formula can be applied in the case of a 
major bid labor hour estimate error that was not 
discovered until the labor to perform the “missed” 
work was actually required: Percent Change = 
(Change Labor Hours + Bid Error in Labor Hours) 
÷ Actual Contract Labor Hours. Percent Change 
= 8,000 ÷ 26,500 = 30.2% = 30%. The Percent 
Change for this example is 30 percent. This percent 
represents the total loss of productivity caused by 
change and the contractor’s bid error.

From the above example, it was determined that 
the project sustained a 30 percent change ratio. 
From the “median” curve on Figure 13 it can be seen 
that 30 percent intersects the “median” curve at a 
loss of productivity of approximately 38 percent. 
A productivity loss of 38 percent of the ACLH of 
26,500 equals a loss of productivity of approximately 
10,070 total field craft labor hours arising from the 
changes and the contractor’s bid error.

The claimant must apportion the total loss of 
productivity of 10,070 field hours between the 
contractor and the respondent, as follows: bid error 
of 2,500 hours; 2,500 hours of contractor caused 
impact ÷ 8,000 hours of total change = 31% to the 
contractor’s account. Similarly, 5,500 hours of scope 
change hours ÷ 8,000 hours of total change = 69% 
to the respondent’s account. The allocation would 

therefore be: 10,070 hours of lost production x 31% 
= 3,122 hours to the contractor’s account and 10,070 
hours of lost production x 69% = 6,948 hours to the 
respondent’s account. The contractor would seek a 
recovery of 6,948 hours of loss of labor productivity 
caused by cumulative impact but would not claim the 
3,122 hours of productivity impacts caused by its own 
bid errors that had to be remedied in an unplanned 
fashion in the midst of the project. This approach can 
also be used to address particularly sizable contractor 
installation errors that require the contractor to 
introduce significant, unplanned labor hours into the 
project during the course of construction to re-install 
or repair the installation deficiencies.

Application of Cumulative 
Impact Analyses on 
Projects with Very 
Limited Project Records
Sometimes on a limited number of construction 
projects, events occur that severely reduce the 
factual data that analysts may rely upon to perform 
an assessment of productivity. This condition may 
rise from the failure to contemporaneously maintain 
anything but the most rudimentary payroll records, 
or, in other cases, the loss of project records due 
to changes in the management staff or computer 
systems. With the inability to question members of 
the management team25 or to review change files or 
other contemporaneous data, the analyst is severely 
hampered in the use of the methods provided in this 
chapter. Suggested steps will be provided that may 
assist the analyst in the use of the methods included 
herein, however, as an alternative, the contractor 
should evaluate and consider the use of the MCAA’s 
labor inefficiency factors contained in the “How to 

25	 On some projects, the entire field office management team is either terminated or terminates employment, making the process of fact finding even 
more difficult.
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Use the MCAA Labor Factors” chapter herein to 
estimate the adverse effects of cumulative impact.

For the purposes of this subsection, the following 
assumptions have been made:
n	The management team, including the project 

managers and field superintendents, are not 
available for interview or offer very limited 
probative value;

n	The superintendents’ diaries and daily reports 
are not available or are not useful;

n	Change order files do not provide for temporal 
tracking of the change order work;

n	Basic payroll information is available

Given this difficult situation, the following steps are 
recommended:	

A first step would be to consider retaining a 
competent loss of productivity expert who can 
advise, in very preliminary terms, on the prospects 
of recovery given the limited data. Whether through 
an attorney or a consultant, the contractor can 
catalogue the available project information to 
develop the best strategy for a reasonable recovery.

As the contractor’s team engages in the collection of 
all pertinent support for the preparation of the request 
for equitable adjustment, subcontractors and vendors 
may be polled for information to support the timing of 
change. The owner, designer and, if one was utilized, 
construction manager may have key information 
(which probably will have to obtained through the 
discovery process) by which the timing and scope 
of changes can be ascertained. Other sources may 
be useful such as building inspection and permitting 
authorities, progress photographs maintained by the 
owner or architect, and even mapping services.

It is assumed for the purposes of the extreme condition 
of a dearth of contemporaneous records, that the 
change orders or change directive documents are 
available for review. A reasonable estimate of the 
labor hours involved in each of these changes can be 
derived from the pricing information by identifying or 
estimating the labor proportion of the change order 

and dividing that labor cost by an average hourly labor 
rate. If the description of the change work does not 
identify when the change work was performed, the 
signature dates may be used to estimate its timing. 
With this information, the change work can generally be 
determined to be of the early, average, or late variety.

This estimate of the change hours can then be 
compared to the number of labor hours in the bid. 
(Adjustments need to be made for any bid errors as 
discussed earlier in this chapter.) Dividing the change 
hours by the bid hours yields a very gross percent 
change value. For illustrative purposes and using the 
preceding formula, let us assume that this project’s 
percent change is 10 percent. Depending on whether 
the project experienced early, median, or late 
change, the loss of productivity would be between 4 
percent and 10 percent, which is useful information, 
as seen in Figures 4-A, 4-B, and 4-C.

Those same figures also yield another piece of useful 
information. Inspection of those figures reveals 
that all the projects in this database which had 10 
percent change experienced a loss of productivity. 
This is demonstrated by noting that none of the data 
points in those three figures were associated with a 
productivity index above 1.0. This means that not only 
did the contractor have a productivity loss in the 4 
percent to 10 percent range; it also means that there 
is a high probability that such a loss was incurred.

The discussion above has been focused on a project 
with virtually no extant records beyond basic payroll 
information. This discussion accentuates the need for 
the contractor to maintain contemporaneous change 
records that may include the initiating RFI, change 
proposals, photographs, related correspondence, 
diaries or notations citing when change work as 
performed and all associated contract modification 
documents. Generally, the more robust the 
recordkeeping, the more compelling will be the 
resulting request for equitable adjustment.
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Summary and Conclusions
Virtually all projects, even the most comprehensively 
planned and designed and carefully scoped, have 
change. Change can adversely affect labor productivity, 
which in turn can substantially reduce or even eradicate 
a contractor’s profit. Contractors deserve to be timely 
and fairly compensated for change. While many owners 
are willing to pay the direct costs of project change, 
often there is a resistance and reluctance to pay for the 
impact costs of change. This resistance and reluctance 
can arise from the contractor’s lack of documentation 

and the lack of proper citation to industry-accepted 
means of impact quantification. This chapter has 
addressed this latter issue through the publication of a 
reliable method to estimate labor inefficiencies arising 
from cumulative impact.

Contract change often results in disputes over the 
quantitative impacts of the change, particularly the 
impacts on labor productivity. As previously stated, 
those impacts are discussed in this chapter and an 
approach to quantifying these impacts is presented. 
This approach, developed by one of the co-authors 
of this chapter, has been used to resolve numerous 

26	 This chart is provided for the contractor’s use in plotting Percent Change and the resulting Percent Productivity. If desired, this chart may be copied 
and inserted into the contractor’s request for equitable adjustment to demonstrate the plotting of the data.

Figure 14:  Sample Inefficiency Chart for Readers’ Use26
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disputes and has been accepted in mediations, 
arbitrations and in trial courts.27 That research clearly 
indicates there are strong correlations between the 
amount of change and the loss of productivity. The 
cited research indicates that the timing of change 
is a key factor as well. The concepts of cumulative 
impact and the timing influence of change have been 
accepted in international arbitrations as realities in the 
construction industry. The Ibbs Study also had been 
published in peer-reviewed scientific journals.28

Also, contractors should be aware that cumulative 
impacts may result in critical path schedule impacts. 
Labor inefficiency can cause growth in activity 
durations that may erode total float or impact the 
critical path. This chapter does not deal with project 
delay. Your attention is directed to the chapters entitled 
“Time Impact Analysis—Measuring Project Delay” and 
“How to Organize and Submit a Claim,” which address 
potential project delay caused by productivity impacts.

As with all industry study applications, the results 
should provide for a reasonable estimate of the 
damage—not a precise computation. The contractor 
making a claim for cumulative impact should perform 
an investigation of the facts, provide a narrative 
explaining how the magnitude of change adversely 
affected the labor productivity29 and should apply the 
Ibbs data and resulting curves in a proper manner. 
The finding in S. Leo Harmonay, Inc. (cited at page 174 
herein) represents sound reasoning in this regard:

… courts have often recognized that the extent 
of harm suffered as a result of delay, such as the 
loss of efficiency claim at issue, may be difficult 
to prove. Thus, courts have recognized that a 
plaintiff may recover even where it is apparent 

that the quantum of damage is unavoidably 
uncertain, beset by complexity, or difficult to 
ascertain, if the damage is caused by the wrong.

Every project and every dispute should be evaluated 
with the facts of the situation in mind. Applying the 
approach presented herein without careful regard 
to the actual circumstances that took place on the 
project could lead to errors in the quantification of 
the impacts that a project has incurred. However, if 
the contractor making claim for cumulative impact 
prepares a comprehensive narrative report that 
describes the contractor’s reasonable plan for the 
work, how that plan was disrupted and impacted 
by unanticipated change, and how the contractor 
estimated its loss of labor productivity by properly 
applying the methodology provided in this chapter, 
the contractor may improve its opportunity to amicably 
and equitably resolve its productivity loss claim.

The contractor should consider including in the 
submission of its cumulative impact change request 
the following items:

Review of all pertinent documents, such as the 
contract, executed change order forms, and 
monthly payment applications, by the contractor’s 
executive management and/or construction counsel 
to ascertain waiver risks, if any, for recovering 
cumulative impact;

Modified total cost calculation showing the 
unallocated loss of labor productivity;

Narrative of the contractor’s reasonable plan 
to construct the project within the labor hours 
contained in its original, or revised, labor estimate 
and a contrasting description of what events took 

27	 As of the date of this publication, there have been no published decisions citing the study that is the subject of this chapter.

28	 “Evaluating the Cumulative Impact of Changes on Labor Productivity – an Evolving Discussion,” Dr. W. Ibbs and G. McEniry, Cost Engineering, Vol. 50/
No. 12, December 2008, Association for the Advancement of Cost Engineering International; and Ibbs, William (2005). “Quantitative Impacts of Project 
Change: Timing Issues,” Journal of Construction Engineering and Management, ASCE, 131(11), November, 1219-1223.

29	 Construction productivity cases often mention the need to establish the “cause-and-effect nexus,” however the nature of cumulative impact renders 
it virtually impossible to tie individual changes to specific effects in terms of labor productivity impacts. However, that does not relieve the contractor from 
evaluating its estimating, labor performance and documentary records to demonstrate that the impacts were not self-inflicted and to offer a narrative that 
describes the contractor’s plan and how that plan was disrupted by the influences of multiple changes on the project.
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place to change that reasonable plan—including 
comparative crew curve graphics, as-planned 
and as-built schedule analyses, photographs of 
impacting conditions, pertinent daily reports and 
correspondence, and other contemporaneous and 
relevant proofs of the impacting conditions;

Description of all adjustments that have been made 
in the computation of the contractor’s loss of labor 
productivity including: estimate errors, contractor’s 
field rework, and total change hours;

Change timing chart showing the actual or estimated 
start and finish dates of the changes to the original 
contract scope of work;

Application of the cumulative impact methodologies 
provided in this chapter utilizing the appropriate 
curves and calculations;

Proof of damages as recorded in job cost reports 
or other accounting documentation and a summary 
of damages that are sought as the contractor’s 
recovery in its request for equitable adjustment or 
claim document.

By properly applying the methodologies described 
herein and by preparing a comprehensive narrative 
of the cause-and-effect nexus, a mechanical 
contractor may enhance its opportunities to recover 
cumulative impact damages.

Prepared by Professor William Ibbs, PhD, University of California, Berkeley and Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants 
Corp. with peer review performed by: Michael R. Cables, Executive Vice President of Kinetics Systems, Inc. in Rogue River, OR; Norman Escover, COO of 
Kinetics in Freemont, CA; Richard Freeman, Vice President of Stromberg Metal Works in Beltsville, MD; Charles F. Mitchell, General Counsel of The Kirlin 
Group in Rockville, MD; and the members of MCAA’s Education Committee.
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When the original authors of this chapter 
considered the available overtime inefficiency data 
for the version of this chapter published in 2011, it 
seemed prudent to include the U.S. Army Corps of 
Engineers’ (USACE) publication EP 415-1-3, which we 
noted had been withdrawn by the USACE without 
repudiation of the actual data. In an abundance 
of caution, the co-authors of the 2020 preface 
have removed the USACE’s EP 415-1-3 data from 
the tables and curves contained in the previous 
version of this chapter. The new tables and curves 
contained herein are based solely on the Thomas 
empirical overtime inefficiency study (Thomas), 
the overtime inefficiency study published by the 
Business Round Table (BRT), and the overtime 
inefficiency study published by the National 
Electrical Contractors Association (NECA).

Additionally, we recommend that, when presenting 
an overtime loss of productivity claim using industry 
studies to a court, board of contract appeals, or an 
arbitration panel, the claimant present to the trier 
of fact the complete supporting publications by 
Thomas, the BRT and NECA, which are available 
online or through the organizations that published 
the data. The Thomas study was based on empirical 
data collected by Dr. Thomas and his team, which 
data and findings were peer reviewed prior to 
its publication in the Journal of Construction 
Engineering and Management. In that publication, 
Dr. Thomas compared the empirical overtime 

inefficiency data produced by his research team to 
the data published in the BRT study. Dr. Thomas 
determined that the BRT overtime inefficiency data 
was reliable and so stated in the ASCE’s journal. 
Supporting an overtime loss of productivity claim 
with an industry study based on empirical data 
that has been peer reviewed can be an important 
consideration for a trier of fact.

The co-authors of the 2020 preface and the 
updated data in this chapter continue to underscore 
the importance of presenting loss of labor 
productivity impact estimates using a measured 
mile method whenever possible. However, we also 
recognize that many projects have neither a less 
impacted area nor a less impacted time frame by 
which a less impacted production rate ratio can 
be established, or the contemporaneous labor 
production records are found to be inadequate 
for the purposes of developing a measured mile 
analysis. The courts have made it clear that the 
quantification of loss of labor productivity need 
not be computed based on book and records, or 
the result of precise calculations, but the courts 
have also warned that such quantification cannot 
be based on mere speculation. As one oft-cited 
decision has stated: “… it will be enough if the 
evidence show the extent of the damages as a 
matter of just and reasonable inference, although 
the result be only approximate. The wrongdoer 
is not entitled to complain that they cannot be 

Preface to the 2020 Edition 
of How to Estimate the 
Impacts of Overtime on 
Labor Productivity
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measured with exactness and precision …”1 
Additionally, providing triers of fact with fact 
witness collaboration to support an expert’s 
analysis and quantification of labor productivity 
loss can be an essential element in a reasonable 
recovery of damages. 

Dr. Mike Pappas, P.E. and Paul Stynchcomb, CCM, 
PSP, CFCC

1	 See Luria Brothers & Company, Inc. v. the United States, 369 F.2d 701 (Ct. Cl. 1966)
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1	 We are unaware of any data showing the difference in impact, if any, between “planned” and “unplanned” overtime. Generally, planned overtime 
has been included in the base contract estimate and was accounted for in the baseline CPM schedule. Unplanned overtime, which is the subject of this 
chapter, occurs when no overtime, or only very limited overtime for equipment setting or start-up tasks, was contemplated under the terms of the base 
contract and is implemented during the course of construction.

2	 See, e.g. Appeal of J.A. Jones Constr. Co., 00-2 BCA ¶ 31000, ENGBCA Nos. 6386, 6387, 6390; 2000 WL 1044011 (Eng. BCA 2000) (“The study itself 
states that it was based upon prolonged overtime schedules in manufacturing plants and that it may not be applicable to construction projects.”)

Introduction
The cost impact of unplanned extended overtime 
work1 may exceed the increased costs of the 
premium pay associated with an overtime work 
schedule. This impact comes in the form of 
reduced worker productivity as compared with 
the productivity of work performed on a straight-
time basis. A mechanical contractor confronting 
significant periods of unplanned extended overtime 
work must consider the reduced productivity 
associated with working an overtime schedule.

A number of published studies attempt to quantify 
the decrease in labor productivity associated with 
working extended overtime in the construction 
industry. This chapter will discuss the most frequently 
cited studies that have been used to quantify 
overtime labor inefficiency in the construction 
industry. The chapter also will set forth some general 
guidelines for a mechanical contractor’s consideration 
in assessing the labor inefficiency impact of 
unplanned extended overtime. The principles set 
forth in this chapter can provide meaningful guidance 
in estimating the loss of labor productivity arising 

from overtime in the forward pricing of change orders 
as well as in a retrospective application.

Previous MCAA publications on overtime inefficiency 
included histograms that depicted loss of labor 
productivity data based on various overtime 
schedules. The histograms published in MCAA’s 
Bulletin Nos. 18-A and 20 were based on the 1947 
U.S. Department of Labor Bulletin No. 917, a study 
of prolonged overtime worked in the manufacturing 
sector. As several courts and commentators have 
recognized, the 1947 Bulletin No. 917 has limited 
application in the construction industry.2 As a result, 
MCAA Bulletin Nos. 18-A and 20 have now been 
superseded by this version. This current publication is 
based on more recent studies that provide a basis of 
estimating labor inefficiencies utilizing data provided 
by construction contractors or from quantitative data 
actually measured on construction projects.

Background
Often mechanical contractors are directed by an 
owner or general contractor to accelerate the work 

How to Estimate the 
Impacts of Overtime on 
Labor Productivity
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for a variety of reasons. Acceleration can be achieved 
by adding crews, adding shifts, and/or working longer 
hours over and above 40 hours a week for the primary 
crew. This latter form of acceleration is known as 
“overtime,” and the direct costs of this process (i.e., 
the overtime payroll premium costs) are reasonably 
easy to compute. However, the indirect effects of 
working an overtime schedule can be more difficult 
to quantify. The primary indirect effect of working an 
overtime schedule is the loss of labor productivity by 
the workers performing the overtime work. The added 
cost in terms of the loss of labor productivity may, 
as noted above, exceed the direct payroll costs of 
supporting an overtime work schedule. The subject of 
this chapter is the added inefficiency costs of working 
overtime. While the MCAA has not prepared an 
empirical study within this chapter, the better-known 
overtime inefficiency studies have been revisited 
herein and compared, thus allowing the contractor to 
consider several sources of data in one set of tables.

Overtime inefficiency is the most generally accepted 
category of labor inefficiency within the construction 
industry. That is true because virtually everyone who 
has worked extended hours—executives, managers, 
technical and support personal, as well as the field 
labor forces—have personally felt the reduced 
productivity effects of overtime schedules. These 
effects can include fatigue, increased absenteeism, 
increased incidence of accidents, reduced morale, 
and a more negative work attitude.

While many prime contractors and owners may be 
willing to pay the mechanical contractor’s direct cost 
of overtime if the acceleration was not caused by 
the mechanical contractor’s delay, the mechanical 
contractor is much more likely to be denied its 
inefficiency costs for the overtime schedule. It is 

essential for the mechanical contractor to establish 
a range of inefficiencies that may arise as a result of 
embarking on an overtime work schedule such that 
payment for the direct costs as well as the inefficiency 
costs can be reimbursed. This chapter seeks to 
provide the mechanical contractor with estimated 
inefficiency rates for various overtime schedules seen 
most frequently on construction projects. The percent 
inefficiency values offered herein are reasonable 
estimates of the inefficiency impacts that can be 
sustained by mechanical crews working various 
overtime schedules. The inefficiency percentages are to 
be applied to all hours worked by a crew performing on 
an overtime schedule and not just the overtime hours.3

The construction industry generally uses three terms 
to describe different overtime scenarios: shutdown 
or turnaround projects, spot overtime, and extended 
overtime. Shutdown or turnaround projects are those 
in which a system or plant is completely shut down for 
the project duration, and due to the production value 
of the system or plant, the construction schedule 
is highly compressed (often working 24/7 with 
multiple shifts) in order to minimize the duration of 
the shutdown. These working conditions are clearly 
understood during the bid/proposal process, and the 
contractor should include the associated inefficiencies 
in the mechanical contractor’s bid or proposal.4

Spot overtime is short in duration (from as little as 
one day to a week) and is generally not planned in 
advance—it is usually caused by a delay or other 
unanticipated event that requires the mechanical 
contractor to make up quantities or finish work that 
was not completed during the preceding week.5 
Spot overtime is also normally worked by only a few 
crews at a time—those responsible for the specific 
work scope in question. The impact of working 

3	 The well-accepted axiom is that the inefficiency effects of overtime affect the worker while he or she works the straight-time schedule as well as the 
overtime schedule.

4	 Similarly, on a non-overtime-based project estimate, the mechanical contractor should qualify in its bidding documents if the bid excludes overtime work.

5	 The delay or event causing the mechanical contractor to engage in spot overtime may not arise from the fault or negligence of the mechanical contractor. 
For instance, the mechanical crews may be required to work spot overtime installing sleeves in slab pours because the concrete contractor was delayed and 
was required to accelerate, thus requiring the sleeving crew to work alongside on an overtime basis.
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periodic and infrequent spot overtime is normally 
considered negligible in terms of inefficiency effects. 
As a result, spot overtime is not normally calculated in 
industry studies that attempt to quantify the lost labor 
productivity due to unplanned extended overtime.

Unplanned extended overtime is a condition wherein 
the entire project, or a significant portion of the project 
(e.g., all mechanical crews), work an overtime schedule 
for an extended period of time, sometimes without a 
planned return to a normal 40-hour week. Experience 
indicates that a return to a normal 40-hour schedule 
tends to “reset” the productivity of a crew, such that 
if the crew returns to an overtime schedule after a 
week or two of a normal schedule, the productivity 
loss would “reset” to that of the first week of overtime. 
Thus, when utilizing any of the data provided herein, 
it is important to know the work schedule of the 
crews working overtime. If using a study that shows a 
progressively increasing loss of productivity over time, 
should a crew cease overtime and return to a straight 
time schedule, the crew’s inefficiency upon resuming 
overtime work must be reset to normal production 
for the first measured period. Mechanical contractors 
should ensure that their bid or negotiated proposals 
clearly state that the base price for the work does 
not include any overtime, if in fact, no overtime was 
estimated. If overtime was estimated and its scope 
exceeds infrequent and limited spot overtime, an 
inefficiency factor should be included in the price for 
the work using a prospective estimate of inefficiency 
described in this chapter.

As previously noted, this chapter does not offer 
an empirical study based on new overtime loss 
of productivity data. Rather, this chapter reviews, 
analyzes, and summarizes three existing studies 
that have gained recognition in the construction 

marketplace and have been utilized to prove claims 
for overtime inefficiency. These studies are:
1)	 The November 1980 Business Roundtable 

publication entitled Schedule Overtime Effects 
on Construction Projects (hereinafter referred to 
as “BRT”);

2)	 The 2011 study published by the National 
Electrical Contractors Association (NECA) 
entitled Impact of Overtime on Electrical Labor 
Productivity: A Measured Mile Approach 
(hereinafter referred to as “NECA”);

3)	 The 1997 peer reviewed study published by Dr. H. 
Randolph Thomas of Penn State University, et al., 
entitled Schedule Overtime and Labor Productivity: 
Quantitative Analysis, published in the June 
1997 Journal of Engineering and Construction 
Management, which was based on empirical data 
(hereinafter referred to as “Thomas”).

These studies have been in use in the construction 
industry for many years and have been generally 
accepted as reliable measures of lost productivity due 
to unplanned extended overtime.6 The baseline data 
in any of these studies have never been proven to be 
inaccurate. Moreover, the concept that a contractor’s 
work force becomes less efficient as unplanned 
extended overtime is worked is generally recognized 
and has never been disproved as an underlying fact.

The three studies presented in this chapter as a basis 
for estimating a contractor’s loss of labor productivity 
show striking similarities in their results. These 
studies and the resulting curves are not offered as 
precise or exact forecasts of impacts. Rather, they 
are reasonable guidelines to be used to estimate a 
loss of labor productivity caused by overtime. The 
courts and boards of contract appeals have clearly set 
forth the principle that a contractor does not have to 
prove its loss of labor productivity with mathematical 

6	 See, e.g., Ace Constructors v. United States, 70 Fed.Cl. 253, 281-283 (Cl.Ct. 2006), aff’d, 499 F.3d 1357 (Fed.Cir. 2007)(contractor entitled to recover 
lost productivity due to overtime based on BRT); Appeal of Harbison & Mahony, 68-1 BCA ¶ 6880, ENGBCA Nos. 2819, 2820, 1968 WL 436 (Eng. BCA 1968)
(allowing claim for overtime inefficiency based on NECA); Appeal of States Roofing Co, 10-1 BCA ¶ 34356, ASBCA No. 54860, 2010 WL 292732 (ASBCA 2010)
(Thomas study recognized); Appeal of Sante Fe Engineers, Inc., 86-3 BCA P 19092, ASBCA No. 29362, ASBCA No. 28058, 1986 WL 20062 (ASBCA 1986), 
aff’d, 818 F.2d 856 (Fed.Cir. 1986)(allowing inefficiency claim using the Corps study).
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precision, but can offer a reasonable estimate of its 
damages.7 These studies offer just that—a source from 
which to prepare a reasonable estimate of inefficiency 
damages arising from unplanned extended overtime.

In some cases a measured mile analysis can 
be performed that will compute, by use of the 
contractor’s project payroll and field records of 
installed material, a comprehensive loss of labor 
productivity comparing actual impacted and 
non-impacted production on the jobsite. When a 
measured mile analysis can be performed, such an 
analysis usually subsumes all types of inefficiency 
categories on a project. Therefore, if a measured 
mile labor productivity study is utilized, there is no 
need for a separate inefficiency analysis for overtime 
loss of productivity using industry studies.

Discussion of the 
Four Studies

Business Round Table (BRT)

The BRT is a study of a Proctor & Gamble 
construction project that experienced overtime 
during the course of the work. The BRT has been 
frequently cited as a reasonable guideline to predict 
loss of labor productivity. While the BRT is sometimes 
criticized because it is based on only one project, its 
critics have not undermined its underlying data. A 
positive facet of this study is that its data were based 
upon payroll records of the workers compared to 
actual units of material installed on the project by 
those workers. This study provided overtime loss of 

productivity data over a 12-week period at various 
overtime intensity levels and demonstrated that, 
in general, inefficiency increases as the overtime 
schedule extends in duration.

National Electrical Contractors 
Association (NECA)

NECA provides the user with various overtime 
models measured over a 16-week period. The 
underlying data for NECA was gathered by surveying 
electrical contractors who were members of the 
association.8 The survey data was compiled and 
presented as tables and graphs showing expected 
overtime productivity losses as “Low,” “Average,” and 
“High” for each one-week period. These categories 
allow the user to factor the weekly inefficiency by 
gradients defining more precise levels of impacts. 
For instance, if the contractor had been given 
substantial notice of the implementation of overtime 
to allow some pre-planning to lessen the effects of 
the overtime, the contractor could select a “Low” 
or “Average” impact. Alternatively, if the overtime 
schedule imposed upon the contractor created havoc 
on the project site, or if there was stiff competition 
for overtime on nearby projects, the contractor could 
select a “High” impact category. Like BRT, NECA 
demonstrates decreasing labor productivity as the 
overtime schedule extends in duration.

Dr. H. Randolph Thomas, P.E. (Thomas)9

Thomas compared various overtime inefficiency 
data with those independently derived from studies 
prepared under his supervision. Interestingly, Thomas 

7	 See, e.g., B.Bramble, et al., Construction Delay Claims, §5.07, p. 5-53(3d ed. 2000) (“Where the damages are directly attributable to the breach, they 
are often recoverable even though they are uncertain in amount. ‘Thus, courts have recognized that a plaintiff may recover even where it is apparent that 
the quantum of damage is unavoidably uncertain…or difficult to ascertain.’ The courts have recognized that ascertainment of damages, especially lost 
productivity, is not an exact science. When the responsibility for damages is proven, it is not essential that the amount of damages be ‘ascertainable with 
absolute exactness or mathematical precision.’” (and cases cited therein).

8	 It is a generally accepted axiom in the construction industry that inefficiency impacts sustained by the mechanical trades are similar in nature to the 
inefficiency impacts sustained by the electrical trades given reasonably comparative adverse conditions.

9	 Dr. H. Randolph Thomas, P.E. was a professor of civil engineering at Penn State University, author or co-author of a series of well recognized published 
papers on labor inefficiency, and frequent expert witness on the subjects of labor productivity and construction management.
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opined that: “…it is concluded that the BRT curve 
is a reasonable estimate of the minimum loss of 
productivity. For projects experiencing worsening 
degrees of distress and disruption, the loss of 
productivity will probably be greater.”10 Thomas tracked 
labor inefficiency caused by overtime in the mechanical 
and electrical trades. In order to attempt to accurately 
isolate the effects of overtime on labor productivity, 
Thomas removed projects where overtime occurred 
at the outset of the work, projects that suffered from 
adverse labor action, and projects on which there were 
an “inordinate” number of changes in scope or other 
conditions that would exacerbate the inefficiencies 
arising strictly from overtime.

Thomas’ comparative curve utilized in the 
aforementioned study was based on data collected 
on the project site by site personnel.

Presentation of Data

The following charts present the loss of productivity 
as determined by the four referenced studies. 
The loss of productivity is presented in terms of a 
Productivity Index, or PI, such that

where Productivity is in terms of work hours 
expended per unit of work installed. In this case, a PI 
of 1.0 indicates that the actual productivity was equal 
to the planned productivity; a PI > 1.0 indicates that 
the actual productivity exceeded (was better than) 
the planned productivity; and a PI < 1.0 indicates that 
the actual productivity was less than (worse than) 
the planned productivity.

In all cases, the PI during a normal 40-hour work 
week is assumed to be 1.0. The PI during a given 

overtime schedule is then indicated on the chart 
over a number of weeks of consecutive overtime. If 
a chart indicates a PI of 0.90 for a given week, that 
shows a 10% loss of productivity for that week (1.00 
– 0.90 = 0.10, and 0.10 ÷ 1.00 = 10%).

Note: For the following graphics and tables, the 
data points from the Thomas and BRC publications 
have been interpolated from the curves provided in 
those publications.

Application
As noted above, the curves were generally within 
the same relative order of magnitude. Using the 
average of the four studies, the table of PI at the top 
of page 242 was developed.

The Prospective 
Application
When the period(s) of extended overtime have 
been determined, the mechanical contractor can 
find the chart for the applicable work schedule and 
determine a reasonable range of productivity loss 
by reading the PI for the given week of consecutive 
extended overtime and subtracting it from the 
“normal” value of 1.0. For instance, a PI of 0.60 
equates to a inefficiency estimate of 40% (1.00 
– 0.60 = .40 x 100% = 40%). In a prospective, or 
forward-priced analysis, the resulting percentage of 
productivity loss is multiplied against the estimated 
number of hours to be worked during that week to 
identify the estimated impact of working extended 
overtime. In a retrospective analysis (i.e., an analysis 
prepared after the fact using actual labor hours), the 
formula for computing a conservative inefficiency 
estimate is discussed in a following subsection.

10	 Thomas, et al., “Scheduled Overtime and Labor Productivity: Quantitative Analysis” Journal of Construction Engineering and Management, June 1997, ASCE.
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As described herein, the NECA tables list three 
impact intensity levels for each overtime schedule: 
“Low,” “Average,” and “High.” For the PI values 
shown in the following table, the “Average” values 
listed in the NECA tables were utilized. Where two 
different work weeks resulted in the same number of 
total hours (e.g., a 60-hour work week resulting from 
a 12-hour per day five-day schedule versus a 10-hour 
per day six-day schedule), the PI values derived from 
the source data were averaged between the two 
working schedules. Further, from weeks 13 through 
16, only the NECA PI values were available.

When inefficiency factors are applied to estimated 
hours in a forward priced or prospective analysis, 
the user multiplies the factor percentage against the 
estimated hours for the overtime and for the straight 
time worked by the overtime crews. For instance, if 
a contractor expects to work a 50-hour work week 
with 25 mechanics for five weeks, the computation 
appears in the forward pricing table below.

Based on a forward priced, or prospective, estimate 
of overtime inefficiency, the contractor would request 
compensation for 552 labor hours of lost labor 
productivity.

The Retrospective 
Application
Retrospective analyses are performed after the 
overtime hours have been spent. For a retrospective 
example, let us assume that a contractor was directed 
to put its mechanical crews on overtime during 
construction of a processing plant. The contractor’s 
planned working hours were a 40-hour week, and in 
an effort to maintain schedule the contractor placed 
the mechanical crews on a five-day 10-hour shift over 
an 11-week period. In calculating the retrospective 
(performed after the fact) loss due to unplanned 
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extended overtime, the contractor should apply the 
formula and procedures described below.

Most inefficiency tables, such as the MCAA’s labor 
inefficiency factors, were prepared with the anticipation 
that these factors would be applied to forward-priced 
change order requests.11 Thus, the percent inefficiency 
factor would be utilized as a multiplier against the 
estimated hours to provide the forecast loss of 
productivity. However, when using tables and factors 
in a retrospective manner (i.e., applying these factor 
percentages to actual payroll hours), an adjustment 
must be made in order to eliminate overstating the 
inefficient hours. The use of the retrospective formula 
adjusts for the fact that the inefficient hours are already 
embedded within the actual labor hours used in the 
retrospective computation. Multiplying the inefficiency 
factor against the actual hours that also include the 
inefficient hours results in an overstatement of the 
estimated inefficiency.

1)	 Identify the individual craft persons who 
worked unplanned extended overtime.

The contractor’s payroll records should identify those 
individual craft labor who worked at least 50 hours 
a week during the period of unplanned overtime. It 
should not be assumed that every worker recorded 

on the daily craft report actually worked overtime 
during a given week. Note that the number of workers 
working over 40 hours declines with each successive 
week, indicating that some members of the crew did 
not work 50 hours. The result of such a calculation is 
shown in the table below.

Note that when the crew moved back to the normal 
40-hour week, the “OT week clock” started over 
at Week 1 on March 27, 2010, and no hours were 
subject to any lost efficiency in the preceding two 
weeks. This was due to the fact that the crew was 
able to recover during the normal work weeks 
ending March 13 and 20. Thus, when overtime work 
resumed for the week ending March 27, 2010, the 
“Week 1” percentages were utilized.

2)	 Apply the applicable percentage tables 
above for the applicable overtime period (in 
this case 5/10s) to the craft hours subject to 
lost productivity due to unplanned extended 
overtime using the retrospective formula.

In this retrospective example using actual payroll 
data, the result is as shown in the table at the top of 
the following page.

11	 Thomas, et al., “Scheduled Overtime and Labor Productivity: Quantitative Analysis” Journal of Construction Engineering and Management, June 1997.

Forward Pricing Table
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In this example, the contractor lost 839 craft hours 
due to working unplanned extended overtime 
caused by the attendant overtime inefficiency over 
an 11-week period using a retrospective analysis 
approach. In order to produce a conservative 
inefficiency estimate, it is recommended that when 
actual labor payroll hours are used, as would be the 
case in a retrospective analysis, the retrospective 
formula should be utilized, as described below.

The retrospective formula appears as: actual la
bor hours - (actual labor hours ÷ (1 + the percent 
inefficiency factor)), or as an example from the table 
above: 1,250 – (1,250 ÷ 1.06) = the inefficient hours, 
or 1,250 - 1,179 [the efficient hours] = 71 inefficient 
hours in a retrospective analysis. This formula solves 
for the effi cient hours [1,179] in the equation and then 
allows the user to subtract the efficient hours from 
the total, yielding the inefficient hours [71].

Preparation of the Request 
for Equitable Adjustment
It is not unusual for a general contractor or owner 
to request that a mechanical contractor provide 
a prospective cost proposal to accelerate a 
construction project. However, such requests are 
often limited to the added payroll costs attendant 
to the overtime schedule. When a mechanical 
contractor is asked to submit a proposal to engage 
in overtime on a prospective basis, the attendant 
estimated labor inefficiencies must be added to the 
direct payroll costs of the overtime schedule.

Thus, in cases where a mechanical contractor is asked 
to forward price an overtime change order request, 
both the direct payroll and the inefficiencies should 
be included. The content of this chapter provides the 
guidelines for forward pricing an overtime-inefficiency 
change order request. In cases where the extent of 
the overtime is unknown, the mechanical contractor, 
at a minimum, should include an express reservations 
clause in the change order proposal.
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For example:

This change order proposal represents the 
direct additional payroll costs arising from the 
requested overtime schedule. No overtime 
inefficiencies are included in this proposal. 
Amalgamated Mechanical Contractors expressly 
reserves its rights to request compensation for 
labor efficiencies attendant to the requested 
overtime schedule. A revision to this change 
order proposal containing the costs for 
overtime labor inefficiencies will be forwarded 
for processing as soon as these costs can 
be computed. We estimate that the labor 
inefficiencies arising from this overtime schedule 
will not be less than ____ %.12

There may be occasions when the general 
contractor or owner denies the opportunity to 
supplement a change order request based on future 

events. Such prohibitions also may be a part of 
the contract or printed on the change order forms 
themselves as “full accord and satisfaction” clauses. 
If the mechanical contractor is prohibited from 
submitting supplemental change order requests, 
such as for labor inefficiencies arising from an 
overtime schedule, then forward pricing of the 
overtime inefficiencies may be the only option.

For example:

The overtime pricing contained herein includes 
the added payroll costs for the overtime 
schedule provided by your office. Furthermore, 
this change order proposal contains a loss 
of labor productivity estimate based on the 
overtime schedule that we have received from 
your firm. The proposed overtime schedule 
provided by your office is the basis of our 
estimate for direct and inefficiency costs 

Retrospective Pricing Table

12	 As a conservative approach, it has been assumed that the NECA overtime tables, as well as other published tables designed for use as forward-pricing 
guides, require the use of the retrospective formula when applying such factors to actual labor hours.
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associated with this change order request. 
Amalgamated Mechanical Contractors expressly 
reserves the right to submit a separate change 
order proposal in the event the overtime 
schedule changes in any manner from that 
upon which we have relied in the pricing of this 
proposed change order.

It is recommended that the forward-priced 
(prospective) overtime change order request be 
treated, to the fullest extent possible, in the same 
manner as a “sticks and bricks” change would 
be priced. In a “sticks and bricks” change order 
request, the contractor takes off pipe, fittings, and 
appurtenances based on a scope of added work 
provided by the general contractor or owner. The 
labor is derived there from and the final pricing is 
added to the change order proposal.

In like fashion to the fullest extent possible, overtime 
change order requests should be based on a 
fixed scope. A fixed scope means that the general 
contractor or owner will provide the mechanical 
contractor with the number of days of overtime and 
the number of hours per day that are to be worked in 
order to form a basis for the forward-priced change 
order. Once the fixed scope is known, then the 
mechanical contractor can estimate the added payroll 
costs and the expected loss of labor productivity 
using the tables included herein. The tables refer only 
to estimated overtime inefficiency and do not include 
inefficiencies arising from other categories of impacts, 
such as unanticipated trade stacking, reassignment of 
manpower (“disruption”), lack of site access, or other 
inefficiency factors. Refer to the chapter titled “How 
to Use the MCAA Labor Factors” for a more complete 
listing of potential inefficiency factors to consider 
when preparing a change order request or a claim.

In summary, it is essential that the mechanical 
contractor define, in its proposal, what costs are 
and are not included in its overtime change order 
request. Obviously, if the general contractor 

or owner direct an overtime acceleration effort 
without a requirement for a prospective change 
order proposal, and with only the requirement 
to provide the proof of overtime payroll costs for 
reimbursement, the mechanical contractor must 
make it clear that in addition to the actual payroll 
costs, a request for reimbursement of its overtime 
inefficiency costs will be submitted for payment.

Conclusions
A sustained and unplanned overtime schedule can 
result in a substantial loss of labor productivity. The 
mechanical contractor may be entitled to recover the 
associated costs, in addition to the direct overtime 
premium payroll costs. The current available data 
on inefficiency resulting from unplanned extended 
overtime, when properly utilized, provide the 
mechanical contractor with a reasonable basis 
to estimate such losses in either the prospective 
or forward pricing of an original estimate or a 
scope change, or in a retrospective application. 
The inefficiency factor will vary depending on the 
amount of overtime to be performed, the number 
of mechanics required, and the duration of the 
unplanned extended overtime. Additionally, other 
inefficiency factors may occur simultaneously, such 
as stacking of trades, reassignment of manpower, or 
site access restrictions. Such additional impacts can 
be separately estimated using the MCAA inefficiency 
factors described in this manual.13

Crew considerations also can affect overtime 
inefficiency levels. Such considerations include 
whether or not to place the entire crew on overtime 
even if only a definable portion of the work requires 
acceleration (i.e., the critical path activities), whether 
or not rest intervals can be interspersed into the 
overtime schedule to allow for one or more weeks 
of straight time work, or whether certain activities 
that would be subject to overtime acceleration can 

13	 The estimated inefficiency percent can be derived from the data and tables contained in this chapter.
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be scheduled for a second-shift crew. These sorts 
of considerations are made on a project-specific 
basis and can affect the amount of inefficiency 
sustained by a mechanical contractor resulting from 
performing the work on an overtime schedule.

Mechanical contractors should not accelerate to 
mitigate schedule slippage that was not caused by 
the mechanical contractor’s fault or negligence on a 
voluntary basis. If a mechanical contractor is directed 
by a general contractor or owner to accelerate the 
work by commencing an extended overtime work 
schedule in order to overcome delays not caused 
by the mechanical contractor, a specific notice is 
necessary. While most construction contracts contain 
provisions that require the mechanical contractor to 
follow the direction of a general contractor or owner 
to accelerate the work,14 such direction and the 
ensuing acceleration must be accompanied by clear 
and timely notice that includes a statement that the 
mechanical contractor is proceeding under protest 
and that a claim will be filed for reimbursement of 
all costs as soon as those costs can be computed. 
If a mechanical contractor is placed in a position of 
constructively accelerating15 a project to overcome 
delay that has not been caused by the acts or 
omissions of the mechanical contractor, the review 
of these conditions by the contractor’s upper 
management and counsel is highly advisable.

A schedule time impact analysis may be an essential 
factor in demonstrating that the mechanical 
contractor is not critically delaying a project. This is 
important in properly deflecting responsibility for the 
costs of acceleration in that the party controlling the 
critical path in a delayed schedule is usually the party 
that is found responsible for the costs to mitigate 

the delay. One primary means of delay mitigation 
is overtime. If the mechanical contractor is being 
charged with the acceleration costs, or the payment 
for the direct and indirect costs of acceleration are 
being withheld on the basis that the mechanical 
contractor was the responsible party, the contractor 
can employ a schedule time impact analysis to 
identify the party causing the critical path delay.

A schedule analysis also may be helpful in 
demonstrating, to the extent that the mechanical 
contractor’s activities are not controlling the critical 
path of the current project schedule, that overtime 
demanded by a general contractor or owner will 
have no mitigating effect on the forecast end date of 
the project. It is an accepted axiom of construction 
Critical Path Method (CPM) scheduling that reducing 
the duration (i.e., by way of overtime acceleration) 
of a path of logic that does not control the critical 
path has no effect whatsoever on the end date of 
the overall project. Put another way, the end date 
of a CPM schedule can only be foreshortened by 
accelerating work on the controlling critical path. If 
the mechanical contractor can demonstrate that its 
work is not on, or even near, the controlling critical 
path, accelerating those non-critical activities will 
have no mitigating effects on a project that is behind 
schedule and will represent potentially substantial 
economic waste.

The mechanical contractor should clearly note 
in its bid or change order proposal whether or 
not overtime has been included in its lump-sum 
pricing, and if so, to what extent it was included. If a 
contractor includes extended periods of overtime in 
a lump-sum bid or change proposal, the attendant 
loss of labor productivity should be evaluated and if 

14	 The “Overtime” component (Item No. 15) listed on the MCAA inefficiency factors table in the chapter on “Factors Affecting Labor Productivity” herein was 
designed to give general guidance in forward-pricing overtime inefficiency. It is recommended that the more specific estimates of impacts contained in this 
chapter be applied to overtime inefficiency analyses due simply to the increased level of specificity offered by the studies and tables contained in this chapter.

15	 Constructive acceleration is a condition wherein a contractor is directed to accelerate to mitigate a delay not caused by the contractor at no additional cost. 
In anticipation of a claim to recover the costs of the constructive acceleration, the contractor takes express exception to the acceleration directive, provides 
notice of a claim, and then executes the acceleration as directed. The submission of the claim for added costs occurs as soon as the contractor can compute 
the added costs either while the acceleration is taking place, or after the acceleration has concluded. The steps that should be taken to perfect a constructive 
acceleration claim are best set forth by the contractor’s counsel.
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deemed appropriate, the costs should be included 
in the lump-sum price for the work. At a minimum, 
the contractor’s right to claim for such cost impacts 
should be preserved.

Preservation of the contractor’s right to be reimbursed 
for its overtime inefficiency costs, on projects where 
the other party refuses to pay for such overtime 
inefficiency costs, is of paramount importance. As 
described in greater detail in the chapter on “Time 
Impact Analysis—Measuring Project Delay,” many 
general contractors and owners are including broad 
waiver language on change order forms and on the 
monthly payment applications. The contractor should 
take great care to limit this waiver language to matters 

that it deems have been settled and take express 
exception to each unsettled item, such as a pending 
inefficiency claim.

Overtime inefficiency costs for extended periods of 
unanticipated overtime may exceed the payroll costs 
of overtime premium. The mechanical contractor 
should employ every reasonable management 
tool including issuing proper and timely notice, 
keeping comprehensive records, performing 
schedule analyses, taking exception to broad waiver 
language, and timely submittal of change order 
requests to help ensure that the contractor’s right to 
recover all of its overtime costs are preserved and 
that payment will be forthcoming.

Updated chapter prepared by Paul Stynchcomb, CCM, PSP, CFCC and Dr. Mike Pappas, P.E., PhD.  
 
Originally prepared by Paul L. Stynchcomb, CCM, PSP, CFCC of Vero Construction Consultants Corp.; Dr. Mike Pappas, P.E., PhD of Pappas Consulting, 
Inc.; and Jarad Kriz, CCM, LEED® AP (BD+C), PSP with peer review performed by: Robert Beck, President of John W. Danforth Company in Tonawanda, NY; 
Michael R. Cables, Executive Vice President of Kinetics Systems Inc. in Rogue River, OR; James Durant, President and CEO of Trautman & Shreve in Den-
ver, CO; Richard Freeman, Vice President of Stromberg Metal Works in Beltsville, MD; Matthew Hahr, Senior Vice President of Kirlin Mid-Atlantic, LLC in 
Rockville, MD; Michael Loulakis, Esq., President/CEO of Capital Project Strategies in Reston, VA; Michael Mack, Executive Vice President of John J. Kirlin, 
Inc. in Rockville, MD; and Adam Snavely, President and CEO of The Poole & Kent Corporation in Baltimore, MD.
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The following paragraphs list factors that may affect 
productivity when work is done on a shift work basis. 
Most apply to “extra” shifts, although you should note 
that paragraph B and C also affect costs on a regular 
shift. All factors may not apply to a particular job. 

Factors Affecting Shift 
Work Productivity
1.	 Additional Needs—Night versus Day. Since the 

extra shift will be performing at night, natural 
lighting will not be available and good quality 
artificial lighting may have to be provided. Even 
if the work is done inside a building, additional 
lighting in yards, storage areas, etc. would be 
required. It would also be expected that the 
temperature and weather conditions at night 
would be more severe than during the daytime 
period and additional heating would, therefore, 
be needed. 

2.	 Since both shifts will be working on the same 
installation, there will be a certain inefficiency 
in the transition from one shift to the other. The 
new shift must go through a learning period 
to become familiar with the work done by the 
previous shift. 

3.	 Since both shifts use the same tools and 
equipment, they will not be at the same place 
and in the same condition as a man leaves them 

when he completes his shift. Extra time will be 
spent reorganizing tools and equipment. 

4.	 Night work will result in work force fatigue to a 
greater extent than daytime work. 

5.	 Supervision will be diluted, since the normal 
supervisory employees of the company must 
be spread out over several shifts. Supervisory 
problems also include transferring information 
between shifts as to work completed, ordering 
of materials, deliveries, field orders, etc. 

6.	 Additional welders may have to be qualified for 
second shift operations, resulting in increased 
manhours for testing, together with the cost of 
qualification tests. 

7.	 The men required for ancillary services, such as 
laborers and operating engineers, whose time is 
normally distributed over a broader base of total 
pipefitter manpower, will add disproportionally 
to the smaller work forces normally used on 
additional shifts. 

8.	 When only one trade is working shifts, they 
probably will not be “pushed” to complete 
certain work, as they may be during the regular 
shift. 

9.	 If the shift works 7 1/2 hours in lieu of 8 hours, 
the percentage of work hours spent in starting, 
stopping, and coffee breaks becomes a greater 
proportion of the work shift. 

10.	 The social aspects of the tradesmen may have to 
be considered, such as the disruptions on family 
life by working nighttime hours, and the effects 

Shift Work and its Effects 
on Productivity
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on a man of having to change his schedule, such 
as sleeping during regular daytime hours. 

The following is an index of additional factors which 
should be considered as direct costs when pricing 
bids for shift work operations. 

Additional Factors

Coordination Costs
1.	 Overtime Supervisory Personnel. It may be 

necessary to overlap supervisory personnel by 
1–2 hours per shift. 

2. 	 Engineering Costs. Additional engineering costs 
may be required for all shifts, at least in the initial 
stages of the project. 

3.	 Project Support and Communication. A 
jobsite business office containing business 
machines, such as faxes, computers, etc., 
may be necessary due to the need for intense 
coordination, communication and information 
disbursement among shifts. The lack of 
available personnel in the home office after 
regular shift hours may require supervisory 
personnel from all shifts to meet on a regular 
basis for coordinating, planning and establishing 
relationships among shifts. 

Labor Costs
1.	 Hiring for Shift Work. If it is necessary to hire 

additional personnel to man the shift, be aware 
that the productivity of “new hires” may not be 
the same as for the established crew. This may 
also depend on the employment levels and labor 
availability within your local jurisdiction. 

2.	 Shift Premium Differential. Shift premium 
differential should be a part of the labor contract. 

3.	 Absenteeism. Absenteeism can run as high as 
30 percent during summer vacation months, 
particularly on Fridays and Sundays, and when 
holidays occur during shift schedules. 

4.	 Bodily Adjustment Period. An adjustment 
period can be from 30 to 60 days, with a 
productivity loss of 15 percent to 25 percent 
during this time. 

5.	 Accident Rate. An accident rate increase of up 
to 15 percent may be experienced, which would 
mean additional workers’ compensation costs. 

6.	 Efficiency Loss. From 10:00 p.m. to midnight, 
there is up to a 25 percent loss of efficiency. 

7.	 Alcohol. Often there is an increased 
consumption of alcohol before coming to work 
by shift workers. 

8.	 Attitudes. Lack of productivity and quality work
manship can transfer from one shift to the next. 

Job Costs 
1.	 Safety. Safety requires more emphasis due to 

potential increase in the accident rate. 
2.	 Heat. Heat in colder climates may be required to 

a greater extent on second and third shifts. 
3.	 Lighting. Particularly when work is being 

performed outdoors, i.e., installation of rooftop 
units, additional lighting may be required. 

4.	 Rental of Equipment. All shifts must have 
adequate tools and equipment available. 

5.	 Delivery Charges. If they are required, delivery 
costs can be costly outside of regular hours. 

6.	 Material Availability. A crucial scheduling 
consideration, depending on schedules and 
productivity, may be the requirement for 
accompanying shifts in the fabrication shop. 

7.	 Tool Availability. Time required in searching 
for and/or replacing tools can be staggering. 
Most companies provide a set of tools for each 
work shift. 

Additional Resources 

When shift work is not the norm of the company, all 
of the items described above may apply. However, 
the company may also require additional resources 
to accommodate the shift project and other projects 
in progress could suffer drastically—a real hidden 
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cost. Some of the added resources that should be 
considered for sporadic shift work: 
1.	 Additional engineers for the other shifts and 

overlap with daytime engineers. 
2.	 Additional project managers for other shifts for 

continuity and resolution of problems which 
surface on late shifts. 

3.	 Additional supervisory personnel, foremen, etc. 

Conclusions
After the contractor considers these items, he should 
then determine the effects on overall productivity 
and the cost of shift work based upon overall 
productivity. He may also want to consider that during 
the short-term, such as one through four weeks, the 
productivity of shift work will be different than during 
the long-term, such as three months or more. 

In situations of a controlled environment, such as a 
fabrication shop, there may be some advantages (or 
perhaps less disadvantages) to shift work other than 

for those outlined above. These factors include using a 
plant twice, thus cutting the fixed overhead cost; fewer 
interruptions on the work force; and less supervisory 
problems. The latter is true since fabrication work 
tends to be production-type work and information 
is normally passed directly to the tradesman by 
fabrication drawings or fabrication tickets. 

In some regions of the country, such as summertime 
in the Southwest, weather and temperature 
conditions may be such that it would be an 
advantage to work shifts. If so, this should be 
considered by the contractor. 

If the contractor is in the position of being able to 
make a decision as to whether to use shift work or 
overtime, he should determine a total productivity 
factor for shift work and compare this with the 
productivity factor for overtime work, as described in 
other Management Methods Bulletins. (See “Factors 
Affecting Labor Productivity” on page 151 and 
“How to Estimate the Impacts of Overtime on Labor 
Productivity” on page 233.) This information should 
be used in making the final decision. 
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