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fntroduction

Productivity is a measurement of output per unit of time [American
Association of Cost Engineers (AACE) 2004] and is important
because it is one of the three components of labor cost (along
with the hourly rate and the work quantity). If productivity is im-
paired, project kabor costs will increase. Because labor costs are
usually a large proportion of total project costs, the overall total
project costs will probably increase. Such an jncrease will probably
jeopardize the owner’s project business value and the contractor’s
profit.

One of the ways labor productivity may be impaired is through
change, which is any addition, deletion, or revision to the general
scope of a contract (Ibbs 1994). Because change may result in idled
resources {e.g., waiting for new instructions), reassigned resources
(with extra, unplanned transit time or learning curve losses), of
other problems, a contractor may suffer a loss of labor productivity
(LLOP). Even though labor effort and schedule are related and
somewhat interchangeabie, the courts have held that LOP damages
are different than and distinct from schedule delay damages.’ This
makes them a separate and important category of recoverable
damages; cf., Clark Congrete.”

It is also & maxim of law that when claiming such damages a
confractor must demonstrate what caused the change, why the
owner is liable for the change, and (hat any claimed damages are
reasonable.’ There are different methods for estimating such LOP
losses, including actual costs, total and modified total cost, project
comparison studies, specialty industry smdies, general industry
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studies, and' the measured-mile approach (AACE 2004; Finke
1997). One of the ways that productivity damages can be estimated
is through use of a measured mile,

Though seemingly simple in concept, there are actually a num-
ber of issues and nuarces associated with measured-mile analysis,
The AACE (2004) says the more common mistakes are (1) calcu-
Iating fost productivity on a cost rather than a labor-hour basis;
(2) applying calculated factors fo all labor hours on the project
rather than just those of the impacted period; (3) failing to account
for typical leaming curve effects and losses in the early stages of a
project; (4) failing & deduct additional fabor hours already paid for
in change orders; and (5) failing to take into account other factors
that impacted productivity but that are not recoverable under the
contract’s terms.

Thomas (2010b) categorizes the problems with measured-mile
analysis as either analysis (or methodological) difficulties and
process (or application) difficulties. Specific issues include select-
ing time periods that are not truly comparable; failing to verify
cost, productivity, and progress data; using production rather than
productivity data; and performing a cost-based analysis without
understanding the project contexi and construction methods. To this
should be added the general proposition that many project owners
do not want to acknowledge LOP damages because they are by
nature difficutt to pinpoint and quantify, and often very substantial.

Objective and Research Methodology

The success rate for LOP claims is low because there is in general
no rigorous methodology for quantifying damages and specificaily
no rigorous methodology for developing and applying the
measured-mile concept (Thomas 2010a). Thus, there is a need for
such guidelines. The purpose of this paper therefore is to
present such.

The guidelines presented herein were developed by (1) review-
ing the measured-mile basics; (2) summarizing key project man-
agement literature and court and board decisions on the subject;
(3) identifying complications and contradictions in its use; and
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(4) synthesizing the literature and decisions. The result is a set of
guidelines for general usage.

The intended audience of this paper is any contractor, con-
sultant, or owner who needs to quantify LOP, either on a
forward-looking or retrospective basis. Though it is written from
the viewpoint of a contractor/plaintiff pursing a LOP claim against
an owner/defendant, the points presented could apply to the reverse
situation. They may also help in forward-pricing change proposals.
This research and its guidelines are important because of the vast
sums of money at stake in LOP disputes, probably exceeding $60
billion in the United States alone (Ibbs 1997). Improvement,
whether by faster resolution or more accuracy of such disputes, will
translate into cost savings for both the contractor and the owner
parties.

Measured Mile: General Background

The preferred method for quantifying LOP damages is the use of
actual costs, but when that is not possible, measured mile should he
used (Calvey and Zollinger 2003, W.G. Yates, U.S. Industries). The
goal in such an analysis is to compare the actual labor-hours spent
and work ouatput achieved during a period of time or for a category
of work unimpacted by disruptions (the measured mile) with a
period or category impacted by such. That arithmetic difference
is then presumed to be the loss associated with the disruption
and is used to calculate the LOP. The LOP is measured in terms
of labor hours, which can then be multiplied by an houtly rate
to derive the cost associated with LOP. Those lost labor hours
can also be inserted into a project’s as-built schedule to determine
if the project duration was lengthened. If it was extended, the con-
tractor may also be entitled to extended overhead costs. This ap-
proach has been accepted by U.S. federal and state courts
(discussed in length below), as well as by overseas authorities such
as the U.K.’s Society of Construction Law (2002).

This approach relies upon the accuracy and completeness of
contemporaneous project records and the skill, care, and impartial-
ity of the analyst (Keane and Caletka 2008). The quality and avail-
ability of data will be important factors in determining the durations
of the time periods {or work categories) studied. Good weekly
labor-hour records, for instance, will lead to weekly labor produc-
tivity analyses. In some cases monthly pay applications, with
monthly analyses based on dollars put-in-place, can be used. One
example where this approach might be necessary is a general con-
tractor’s pursuit against an owner for a LOP claim on behalf of a
subcontractor whose records are insufficient. It may also be the
case that the project is so disrupted that even good record keeping
is of no help:

one of the jronic things about loss of productivity claims
is that often the very factors that produce the loss of pro-
ductivity can also serve to preclude the accurate and precise
record-keeping that would constitute evidentiary certitude.
(Shea 1989)

Measured-mile analysis is attractive to owners and triers-of-fact
because it is based on actual project productivity, This avoids any
problems created by a contractor bid bust and the necessity of
making adjustments to the bid as is required in the modified total
cost or earned value approaches. Measured mile analysis also takes
into account the contractor’s own inefficiencies.

Some contractors do not like it because it requires them to keep
more detailed records than they customarily would. However, it
does offer a benefit that an estimate-based earned-value calculation
does not. Namely, the contractor may be able to recover more

damages than what an earned-value approach would yield if he
or she is actmally more productive than expected in his original
estimate. In addition, the measured-mile approach is more closely
tied to the specific circumstances of the project at dispute than some
of the other LOP estimating methods. That avoids the criticism
often leveled at estimating guidelines and industry studies as being
too generalized.

Project Management Literature Review

Zink (1986) introduced the concept of a measured mile. It is based
on a project’s actal labor hours, comparing productivity during
an unhindered time to productivity during a hindered time. His
original paper presented a pictorial representation of the concept
along the lines shown in Tlig. 1 of this paper.

The actual labor-hours curve in this figure shows the contrac-
tor’s actual production at different poinfs in time, from start to
finish. The slope of that curve at any particular point in time is
the contemporanecus productivity at that particular point in time.
Often it is the case that there is a period of lower productivity at the
start of the project while learning curve and other start-up effects
are worked through. That is illustrated by the nonlinear portion of
this curve, on the left-hand side of the figure. Then, the project
hits its stride (the linear portion of the curve between the 40%
and 60% complete points). Later, some event disrupts the project
and creates lower productivity rates, as reflected in the higher, non-
linear curve on the right-hand side. The linear portion in the 40%
to 60% range of this example would be extrapolated and used as
the measured mile or unimpacted reference period. The difference
between the two curves post 60% complete would be computed
to estimate the LOP. In this case, that loss is the 670 cumulative
labor hours.

As straightforward as the concept seems, years of application
have revealed a number of nuances and intricacies. Wilson
(1993), for example, was one of the first to illustrate how two differ-
ent computational approaches applied to the same project—one
being the productivity per cubic yard of excavated soil and the other
being productivity per lineal foot of excavated soil-—can yield sub-
stantially different results. The reason is because the cross-sectional

1400 ; - :
=== Unhindered, Extrapolated Production

1200 =F==Actual Labor-Hrs

1600

)
B

@
g

Cumuiative Labor-Hrs.

400

it oI — &

0% 20% 40% 60% 80% 100%
Project % Complete

Fig. 1. The measured mile concept (adapted from Zink 1986)
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area of the measured-mile section differs substantially from the
allegedly impacted section,

A few years later, Finke (1998) reported that the impacted and
unimpacted time periods could be concurrent if the underlying
works are separate and distinct. This reinforces the point that
LOP claims should be evaluated separately from schedule delay
claims. He also noted that productivity can be defined as labor-
houss per percentage point of completion or progress, labor hours
per doflar of earned value, or labor hours per quantity mstallied.

" Finke also made the important cbservation that measured
mile analysis generally compares an average productivity rate
* for an unimpacted time period with an average productivity rate for
an impacted time period. Moreover, such averages hide the fact
that a contractor does not achieve a single, uniform rate of produc-
tivity throughout a time period. Thus, “once it is yealized that you
are dealing with a collection of productivity rates rather than a sin-
gle average productivity rate, you open the door for a statistical
analysis to determine whether there are meaningful differences.”

This means that the laws of probability enter the discussion.
There is a certain probability that the difference between
PR ynimpacted 419 PRippucied (PR 18 productivity rate) is simply a
manifestation of the inherent variability of the contractor’s produc-
tivity. That is, the differences may just be statistical noise and thus
not qualify as a systemic owner-caused disruption. There must be a
meaningful difference between PR impacted 810 PRingacrea for
owner Hability to arise. :

Thomas and Oloufa (1995) compared the productivity of vari-

ous construction projects that had been disrupted by change. To .

standardize the data, they applied the ideas of conversion factors
to obtain equivalent work types across the projects. The basis for
these conversation factors was the earned value, using labor hours
taken from standard estimating manuals. Thomas and Zavrski
(1999) show that projects with more complex design have lower
and more variable baseline productivity. That may be useful infor-
mation when trying to compare an impacted project against an
unimpacted project.

Thomas and Sanvido (2000) and Thomas (2010a) note some
projects are distupted throughout their entire duration, meaning
no pure, unimpacted measured mile period exists. For such condi-
tions, they propose using a baseline productivity method. In this
approach, the best time petiods are selected and used to estimate
the LOP for other time periods, even if they are noncontimious time
periods and even if they have owner-caused disruption.

The approach has merit, although there are some insufficiencies,
one being that according to Thomas the baseline period should be
the time period constituting 10% of the entire project duration.
There is no scientific evidence to suppott that 10% is an appropriate
number. Abu-Hijleh and Ibbs (1993) have in fact shown that some-
times 20% is needed and other times 3% is sufficient. Holloway
(2007} comes to the same conclusion. Thomas is also ambiguous

and possibly mistaken when he says that the baseline subset is the.

“reporting periods that have the highest unit production or output.”
Unit production or unit output could refer to output per day, thus
ignoring crew size and misrepresenting productivity, which would
lead to computational errors.

Finally, the best time period {i.e., the baseline period) and the
time period being impacted and reviewed may both have LOP that
is the owner’s responsibility. To compute the LOP as the difference
between the baseline and impacted periods would therefore be o
compare one time period with modest owner-caused problems
with another time period that had significant owner-caused prob-
lems. This would lead to an underestimate of the true LOP and
penalize the contractor. A better approach would be to select the
baseline period, make adjustments for that period’s productivity,

and then compare this adjusted baseline to that of other project peri-
ods. This is something the courts have aliowed, as discussed in a
subsequent section.

Gulezian and Samelian (2003) note that plotting the to-date pro-
ductivity in a cumulative fashion may smooth the data and more
clearly reveal systematic abnormalities. They also apply statistical
control chart theory to the measured mile concept. In this approach,
a center line is computed for the average of all the productivity data
points during the course of a project. Then upper and lower control
Yimits are plotied as three standard deviations from that average
rate. Values falling within these control limits are said to fall within
a normal range of variation. Those falling outside the controf Hmits
are said to be attributable to some systematic event, not a chance
event. Those events would be events where productivity was mean-
ingfully disturbed; events within the three-sigma range would not
qualify as LOP events. Gulezian presents no evidence, though, to
validate the use of three standard deviations other than histori-
cal usage.

Eden (2005) notes that the measured mile approach does not
easily allow disaggregation between different categories of disrup-
tion and delay, and triers-of-fact often want to assess disruptions
and delays individually because of Hability provisions in the project
contract. Shea (1989) notes that cases with measured mile analysis
are usually too complicated to parse in detail: “Commenting on the
practicality of proving damages the board [in Robert McMulien &
Sons, Inc.] stated that to attempt to deal with each individual issue
and to segregate delays and loss of efficiency would be a wasteful
exercise. It was impractical if not impossible to distinguish with
any degree of accuracy the contract work from extra work.”

Braimah (2010) notes that one key to developing a credible
measured-mile analysis is good underlying project decumentation.
A critical first step is developing a flexible and usable work break-
down structure {(WBS). As project change arises, it is important to
create separate WBS accounts in a timely way and update progress
and labor-hour expenditures frequently.

Presnell (2003) and Serag (2010) describe the measured-mile
process in very general terms as (1) defining the work activity or
cost, (2) account for the work performed, (3) log accurate labor
hours used to perform the work, (4) log accurate quantities of work
completed for the period, and (5) briefly define any condition or
event that prevented optimum production. These guidelines also
refer to production {output) rather than productivity (output per
unit of time), which is incorrect. Loulakis and Santiago (1999)
suggested choosing a measured mile according to (1) the work
performed during the unimpacted period should be substantially
similar in type, nature, and complexity to the affected work,
and (2) the skill and composition of the workers should be
comparable.

Ibbs and Liu (2005, 2011} have developed and tested a statistical
K-clustering method for separating productivity data info impacted
versus nonimpagted categories. Applying this method to an actual
claim, Williams (2011) found that it yielded results that were closer
to the actual project losses than other methods. The method also

‘demonstrated that a hard and fast 10% rule is arbitrary.

Dieterle and Gaines (2011) offer some practical points about
meastred-mile use, inchuding the fact that shifting the measured-
mile period forward or backward in time may have substantial
impacts on the claimed LOP amount. This allows the analyst to
perform a sensitivity analysis and assess the confidence in the
analysis. They also encourage step-by-step explanations of the LOP
analysis with transparent use of data.
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-Case Law and Board Decision Literature Review

There have been many project disputes involving the measured

mile concept that have resulted in published court or board deci-

sions. Federal decisions that are instructive and have been favorable

Tor plaintiffs using measured miles include:

* Bell BCI Co., where compensation was granted to the general
contractor based on use of a measured mile using units of work
complete and earned valued on a weekly basis. Bell’s practice
for many years had been to track productivity rates by reguiring
the foremen to record each week the amount of units installed on
a project, allowing analysis of the actual time to install units
against its estimates. A subcontractor on this project was also
granted compensation after using a guantity/labor-hour-based
measured-mile approach: “Stromberg installed the changed duct
work on the third floor at a rate of 6,26 1b per hour, compared to
the 11.23 Ib per hour it experienced early in the project.”

e Natkin & Co. In this case Natkin suffered LOP because the
owner failed to furnish design drawings and permanent equip-
ment in a timely manner, and the owner and general contractor
abandoned the CPM schedule. At the same time, they forced
Natkin to accelerate its piping work. Natkin began tracking pro-
ductivity for the affected piping systems shortly afterward.

* DANAC, Inc. The court awarded the contractor LOP damages
for out-of-sequence work. It also put the burden to disprove
LOP back on the defendant after the government repeatedly
asserted that DANAC’s analysis was flawed.!

* PJ. Dick. Electrical design deficiencies occurred  throughout
the entire installation of electrical branch circuits, This led to
uneven workflow, constructive acceleration, and reduced labor
productivity. The court allowed the contractor to compute a
LOP using a measured mile based on similar work (feeder
circuit) even though that work was done by a different crew.
The board found that there was “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 of the loss of productivity.”

* Alstom Power. Alstom’s expert used a measured mile to validate
atebid of the project. Verifying that estimate allowed Alstom to
successfully prosecute a modified total cost claim.

* Lamb Engineering & Construction Co. Here, the Board of
Appeals allowed use of a corrected measured mile, incorporat-
ing a large number of corrections in scraper cycle time to
reflect site conditions. Those corrections were substantiated
with extensive documentation.

* Bay West. Board allows use of measured mile that was adjusted
for learning curve and other factors. Such adjustments were
made by the analyst after careful review of daily diaries and
inferviews with the dredge leverman.

Luria Bothers & Co. is an instructive case because it supports
the use of measured-mile productivity rates that are then adjusted
by experts to account for slight differences with the impacted
period. However, those adjustments must be substantiated with rea-
soning, not just observation and experience:

It is a rare case where loss of productivity can be proven by
books and records; almost always it has to be proven by the
opinions of expert witnesses. However the mere expression of
an estimate as to the amount of productivity loss by an expert
witness with nothing to support it will not establish the
fundamental fact of resultant injury nor provide a sufficient
basis for making a reasonably correct approximation of dam-
ages...we cannot ignore the fact that the percentages testified
to were merely estimates based on [the contractor’s witness]

observation and experience. Furthermore, his estimates are
much higher than those testified to in other cases in which
the conditions are not materially different from those present
here. Taking these things into consideration and in view of
the fact that no comparative data, no standards, and no cor-
roboration support his testimony, we are constrained to reduce
his estimates based on the record as a whole and the court’s
knowledge and experience in such cases...

Other cases in which contractors successfully used a measured-
mile approach include Batteast Construction, where the analyst
developed his LOP by working with the foreman actually coping
with the disrupted work. James Corporation is an example of a
state court permitting use of the measured-mile concept. In this case
labor billings as percentage of the contract’s total labor value were
deemed to be a sufficient measure of completion.”

Most denials of measured-mile analysis are rooted in the apphi-
cation details, not the methodology itself. One common reason
for rejection is the faulty rationale by which the reference period
is selected, such as choosing an unimpacted period that is not
comparable to the impacted period. A noteworthy example is
P.W. Construction, Inc., in which the court sharply criticized the
expert:

The record shows that welding in the impaired period was
butt-welding on polyethylene pipes, which takes only 15 sec-
onds 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... [PWCI's expert] deleted both the weld-
ing work and the trenching wotk from the pre-disruption rate
and left both kinds of work in the post-disruption period...
The two periods thus have not made a correct comparison. ..
Indeed, the Government submitted unrebutted evidence that
adding the welding costs back into the ideal period yields
an ideal rate of 0.171 hours per linear foot, a rate very close
to the impaired rate.

Another reason for denial is that analysts sometimes make
adjustments to the measured-mile period to make it better fit the
unimpacted period. The adjustment may not be credible or the
adjustment may be credible but not fully explained in a clear and
transparent manner. Such was the case in Clark Concrete Contrac-
tors. Here, a subcontractor’s work was disrupted by the addition of
some extra concrete work and, the court believed, the government’s
failure to respond to RFIs in a timely manner and the government
engineer’s lack of experience. The analyst in Clark Concrete also
defined and used fwo types of impacted periods: severely and
moderately, which the court accepted. Using multiple categories
of impacted period makes it easier for a trier-of-fact to accept a
LOP claim. )

Unfortunately, Clark Concrete expert’s use of an adjusted unim-
pacted period productivity rate was denied becanse the expert
making the adjustment did not sufficiently corroborate his pro-
posed adjustment. Shields, Inc. had the same problem.® Similarly
the Board in Bay Construction Co. denied a contractor claim be-
cause his expert failed to separate trades between the comparison
petiods.

In Southern Comfort Builders Inc., the contractor’s expert
claimed that it was impossible to identify a measured mile because
the construction period was too short. He also asserted that the
whole period was subject to lost productivity because of the own-
er’s late change orders and the acceleration and out-of-seguence
work that resulted from those change orders. In an attempt to
overcome these problems, he developed a measured mile using
productivity rates achieved by another contractor on the same
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project and then applied those rates to the disputed portion of
the project.
The court did not accept this analysis:

Based on the information presented, this court cannot adopt
[contractor’s] measured mile analysis or modified total cost
analysis to support SCBI’s calculation of damages for loss
of productivity... Plaintiff’s expert attempted three different
methodologies without explicitly signing on to any one of
those definitively, and his analysis on each of the methodol-
ogies presented at trial was flawed. SCBI's measured mile
calculation is deficient in that i#t does not adequately represent
a comparison between SCBT’s unimpacted work with SCBI’s
impacted work. Instead, SCBI’s calculation compares SCBI’s
work with the work performed by another contractor, Merritt,
Although the two companies conducted similar work, even
SCBT’s own expert...indicated that, under a measured mile
. analysis, comparing two separate companies is fundamentatly
flawed. Also, since SCBI did not provide a basis of its work
unimpacted by government actions, the court cannot properly
conclude what SCBI’s unimpacted work would have been.
Another flaw in SCBI’s measured mile analysis is that in its
calculations, plaintiff’s final average labor costs under the
measured mile analysis is [sic] greater than the total cost
calculations. This presents a fundamental problem because,
fas plaintiff’s expert] admitted, a total cost analysis represents
the maximum amount a contractor could possibly receive. It,
therefore, is unreasonable for SCBI’s measured mile calcula-
tions to be higher than its total cost calculation, perhaps a
result of comparing SCBI’s costs with Merritt’s costs.

The couri was also critical of SCBI because many of the
disruptions encountered by SCBI could have been identified by
SCBY had SCBI drafted the coordination drawings required by
the contract. SBCI also failed to attend the prebid site visit, which
may have contributed to the court’s skepticism of its claim.

Despite the fact that this court was not comfortable accepting
use of a measured mile from an adjacent contractor in Southern
Comfort, Shea (1989}, Jones (2001), and Society of Construction
Law (2002} state that it is possible to use productivity from a
similar project or series of similar projects. Schwartzkopf and
McNamara (2001) cite Robert McMullan & Sons, Inc. and
Ginsburg (1985) cites Maryland Sanitary Manufacturing as cor-
roboration that similar projects can be used as a measured mile
on a disrupted project.”

The tipping point in Southern Builders might have been that
the contractor’s expert applied the measured-mile productivity rate
from the other contractor’s project to SBCI's entire project dura-
tion. Merritt {2008) goes so far as to describe this as an example
of a measured mile being identified for reasons of convenience
rather than from a rigorous, impartial basis, Another problem was
that the court saw this as a total cost claim, which defeats the whole
point of preparing a measured-mile analysis in the first place.

Calvey and Zoliinger (2003) stress the importance of an impar-
tial qualified expert in quantifying LOP claims. Lack of such
impartiality has been cited in several cases, including Daewoo
Engineering. In that case, the court rejected the experts’ opinions,
noting they made a presumption of efficiency with regard to the
impacted period, which were neither substantiated nor justified:

We assume that a finder of fact faced with the measured mile
method of estimating damages would want to have confidence
in the expert’s ability and objectivity, A court would be
particulatly concerned to know how the experts picked peri-
ads of productive and non-productive construction for

comparison. We did not have such a level of confidence in
the plaintiff’s experts. Cross examination showed their
choices of productive and non-productive periods to be
arbitrary at best. More likely they were chosen to achieve
a pre-determined result,

LA, Jones Construction is another example of a misapplied
measured mile. The plaintiff’s expert used a one-of-a-kind
meastred-mile approach and testified that a contractor suffered
LOP as the result of the cumulative impact of numerous change
orders. The Board rejected his analysis for several reasons. First,
the expert appears to have derived his 28% inefficient factor by
a very subjective and convoluted route that was not explained
clearly to the Board. His analysis was also weakened by a failure
to eliminate other noncompensable factors that could have contrib-
uted to LOP.

Another major problem was that the expert did not attempt to
perform a cause-and-effect analysis, even failing so much as to show
the timing of when the purported disruptions occured and their
consequences. {The lack of trying to demonstrate a cause-and-effect
undercut a LOP analysis in Sunshine Construction & Engineering
too.) Other problems included the fact that craft labor hours were
coded to various cost accounts and in some cases maferially over-
stated and not corrected by the coniractor’s expert. As one example,
the analyst included all the labor hours of a flagger in the LOP cal-
culation even though that flagger was providing traffic control ser-
vice to the entire project, which had undisturbed parts.

His approach also was suspect because a single impacted day
determined whether entire months of data were categorized as
impacted or unimpacted. It appeared the contractor’s expert had

- not reviewed all the pertinent documents or else chose to ignore

them because some internal documents placed blame for cost over-
runs on the contractor. Those documents recounted high turnover
of supervisory personnel, a bid bust, and unreasonable overly ag-
gressive productivity estimates. Those same internal postmortem
documents noted that the productivity rates were better on this
disputed project than those on a similar but less complex project
performed a short distance away. Finally, the decision also suggests
that the Board was swayed by the credentials and experience of the
government’s expert relative to those of the Contractor’s expert.

E.C. Ermnst, Inc. is a case noteworthy for using dissimilar work
types to compute LOP. Erust's expert computed that there were
roughty 100,000 labor hours Iost on a three-year project. To allo-
cate number of lost labor hours per year, he decided that the major
cause for delay was the extraordinary number of drawing revisions
developed by the defendant. This led to a calculation of the percent-
age of drawing revisions that were submitted in each of the three
years, From this, he prorated the lost labor hours to a particular year
and assigned that year’s labor cost to those labor hours.

The court dismissed this approach because

Emst’s hypothetical allocation of unpaid journeyman hours
on the basis of the number of drawing revisions received
per year is invalid. Not all drawing revisions required work
by Ernst, and all revisions requiring work would not cause an
equal amount of work. Thus, a calculation based on an arti-
ficial method of allocation is not a proper substitute for a cal-
culation based on historical expenditure [on] labor.

Recommended Measured-Mile Practices

The preferred method for computing LOP damages on a disrupted
project is the actual costs methodology. However, this approach is
often not available for various reasons, one being that contractors
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sometimes do not realize they are in a substantially changed cir-
cumstance until it is too late. They may be too late because they
fiterally do not recognize the changed condition or because they
cannot react quickly enough to set up new cost accounts to capture
the quantity, titning, and productivity of the change work.

In lieu of actual costs, the measured mile technique is preferred.
However, the cases and decisions summarized above indicate
that there problems with this approach. To help ameliorate the
situation, the following guidelines are recommended for con-
ducting a measured mile analysis. Some of the key, specific refer-
ences cited in this paper are cited in the parentheses behind a
guideline when that reference is used as the basis for the particular
guideline.

1. Selection of the measured mile analyst.

a.

b,

Use impartial, experienced, knowledgeable experts (Luria
Brothers; Daewoo; 1A, Jones; Calvey and Zollinger 2003).
Someone who understands both construction cost account-
ing and construction work methods (J.A. Jones).

. Review the entire project record. Interview the project

persomnel, including field personnel. Review pertinent
documentation, obtain clear understanding of the issues in
dispute (Batteast; J.A. Jones; Keane and Caletka 2008).

2. Selection of the impacted period.

a.

f

Graphically plot daily, weekly, monthly productivity over
time to identify periods of disruption (Zink 1986; Finke
1998; Thomas 2000; Ibbs 2003).

. Consider use of statistical methods to select impacted

and unimpacted periods cbjectively (Finke 1998; Ibbs
2005, 2011).

. Compute productivity, not production data (Zink 1986;

Ibbs 2005; Thomas 2010b).

. At the minimum, make an effort to demonstrate cause and

effect between the change(s) and the consequence(s)

(I.A. Jones).

(1) Ideally, prove what the causes of LOP were. If unable to
prove, demonstrate and explain o a reasonable degree.

(2) Investigate the timing of the purported disruptions and
their alleged consequences.

. Make adjustments for noncompensable changes and

contractor-cansed problems in the impacted period
(J.A. Jones).

Consider developing categories of “impact severity” rather
than one general category (Clark Concrete),

3. Selection of the measured-mile period.

a.

Select a reference period for a narrow spectrum of similar

work.

(1) Select a petiod that as similar to the disrupted period
as available (Zink 1986; AACE 2004; Loulakis 1999;
Presnell 2003; Serag 2010; Ibbs 2005, 2011; Thomas
2010b; Ernst),

(2) Use quantity of work per labor-hour as a measure of
productivity if possible; if not, resort 1o quantity of
work per percent project complete or quantity of work
per dollar spent (Bell BCI; P.J. Dick; P.W. Construc-
tion; James Corp., AACE 2004).

(3} Consider the physical character and amount of the work
(Zink 1986; AACE 2004: E.C. Ernst).

{(4) Consider the means and methods, e.g., weather condi-
tions, work hours, project schedule, site logistics, man-
agement and supervision, {rades, used to perform the
work (Zink 1986; AACE 2004; Thomas 2010b; Bay
Construction).

(5) Consider the administrative and managerial aspects

governing the work; e.g., supervisory ratios, number
of and time spent processing shop drawings, RFIs,
and change orders (AACE 2004; Ibbs 1997).

(6) Select workers with reasonably similar skill, knowl-
edge, and effort. The same labor pool is desirable
(PJ. Dick Construction; Loulakis 1999).

(7) Separate the loss of productivity by labor trade if
possible (Bay West).

(8) Use owner-collected data if available {Dieterle and
Gatnes 2011).

. Confirm that the reference period has unhindered produc-

tivity, Both for the contractor and any subcontractors or

suppliers.

(1) Make adjustments if there are contractor-caused hin-
drances to adjust the reference period (Lamb Engineer-
ing; Luria Brothers; Southern Comfort).

(2) Be prepared to explain those adjustments with solid
reasoning, not just assertions (Luria Brothers).

(3) Conversion factors, perhaps derived from authoritative
estirating sources, may be needed to compensate for
differences between unimpacted and impacted work
(Thomas and Oloufa 1995).

. If no measured-mile productivity data available on disputed

project, use other information sources.
(1) Published industry estimating guides (AACE 2004).
(2} Other projects built by this contractor or by similar
contractors (Robert McMullan & Sons; Maryland
Sanitary; Southern Comfort; Shea 1989; Jones 2001).
(3) Dollar per percent complete, eamned value rates (Bell
BCI; James Corp.; AACE 2004).
(4) Baseline Productivity analysis (Thomas 2010a).
(a) Make adjustments as necessary to baseline refer-
ence period to develop true unimpacted baseline
productivity rate {(Bay West; Luria Brothers).

4. Calculate the loss of productivity.

a.

b,

i

Test the integrity of the underlying productivity, change,
progress, etc. data (Dieterle and Gaines 2011).

Apply LOP factors to just the time period and labor trade
disrupted (AACE 2004).

. Adjust for learning curve productivity factors in the early

stages of a project (Bay West; AACE 2004).

. Adjust for additional labor-hours already paid for in change

orders {AACE 2004).

. Exclude any loss which is not recoverable under the

comfract’s terms, including confractor’s own problems
(AACE 2004).

. Look for several different ways to compute a measured mile

from the instant project (Wilson 1993),
(1) Report the results using those different ways and
bracket them into a high-low range.

. Consider other reference sources.

(1) Other projects by this contractor, other projects by other
contractors (Society of Construction Law 2002).
(2) Other decisions by this court or board (Luria Brothers).

. Be conservative.

(1) Apply the LOP factor to just the crews and the time
period involved (J.A. Jones).

Check the mathematics: do not present results that strain

credibility, such as a measured-mile analysis that claims

more damages than a total cost claim (Southern Comfort).

5. Present the analysis clearly.

a.

Explain the cause and effect (J.A. Jones; Southern Comfort:
Sunshine Construction).
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b. Use more than broad, unsubstantiated statements such as
- based on “my experience” (Luria Brothers).

¢. Focus on key points, not minutia (J.A. Jones; Clark
Concrete; Southern Comfort).

d. Include photographs, other graphic aids, correspondence,
job diaries, etc.

e. Corroborate with other methods such as modified total
cost, industry guidelines.

f. Rehearse before presenting. Anticipate questions and
prepare answers (Dieterle and Gaines 2011).

g. Tell the truth (Merritt 2008; Loulakis 2003).

Discussion

The previous section presented a set of guidelines for developing
the measured-mile approach in LOP claims. Applying these
proposed guidelines requires a variety of 1mplementat10n steps,
which is the subject of this section.

One of the keys to being able to apply the measured-mile
approach properly is to have the tight productivity data, both im-
pacted and unimpacted. [deally the contractor will have developed
and maintained a detailed WBS with a sufficient number of cost
accounts so that the processes are already in place (o capture the
data. What constitutes a sufficient number of cost accounts depends
on many factors, including the type of work, project size and du-
ration, the contractor’s familiarity with that type of work, the labor
proportion of the work, future estimating needs, owner require-
ments, and the risk-sharing nature of the project as expressed by
the contract terms.

Teicholz (1987, 1974) observes, however, that many contractors

fail to keep good, detailed cost control systems, in part because they -

believe it is too expensive to collect and put the data into the
system. In such cases, the contractor who has an insufficient cost
control system must recognize early that he may be installing dis-
puted work and must therefore react quickly to define new cost
accounts so he can begin capturing the productivity data. Further
complicating this is that many contractors and owners tnitially
deceive themselves into believing that a changed condition really
is not a serious maiter, only to realize much later that the problem is
significantly worse than they thought and that impact productivity
data needs to be collected (Ibbs 1994), By that time much or all
of the disputed work has been completed and it is too late to
capture the productivity of that changed work and in sufficient
detail to be accurate. '

Even if the contractor does recognize in a timely manner the
need to start tracking this information, there can be other difficul-
ties. One such difficulty involves sefting up new cost accounts. This
is not easy because new codes must be developed and the personnel
must be trained (o use those codes. On large projects, it can take
a considerable amount of time to communicate these changes.
Another problem is that it can be difficult to separate contract work
from changed work. As an example, estimating the amount of time
to add 1 in. of extra shotcrete to a tunnel lining when the base con-
tract cafls for 4 . is a judgmental call. If the field engineers or
foreman are not properly trained, the data may be collected incon-
sistently because they are using their individual judgments without
any overarching guidance. That inconsistency can in turn jeopard-
ize the quality of the measured-mile analysis.

Once the information is collected, it must be analyzed faitly.
Though that almost seems unnecessary to note, several of the cases
cited above underscore the imporiance of objectivity and candid-
ness. Loulakis (2003) writes, “the baseline for demonstrating what
the confractor could have done needs to be unimpeachable.”

Tn other words, the baseline used for demonstrating losses does
not need to be perfect, but it should be credible if not irrefutable.
The cases reviewed earlier in this paper demonstrate that most of
the problems associated with measured-mile anatyses are applica-
tion problems, in particular problems with the measured-mile
analysis being a fair and balanced estimate of the project’s prob-
lems. The contractor and his expert should presume that the own-
er’s team is familiar with the measured-mile approach and will be
looking for ways to discredit the contractor’s analysis. A single in-
stance of skewing the analysis and trying to hide chicanery can
discredit the contractor’s entire claim. Better to present information
that is not entirely favorable than to try to sneak a skewed analysis
through the owner’s review.

The benefit of using these guidelines is that labor produc-
tivity losses will be more accurately and consistently quantified,
which will make disputes easier and less expensive to resolve,
A collateral benefit of using them is that more detailed productivity
information may be collected, which will help to better plan and
estimate future projects. They may also help evaluate employee
performance.

Conclusions

The measured-mile methodology is one of the preferred methods
for quantifying loss of productivity claims. The technique com-
putes the difference between the actual productivity on an unim-
pacted portion of a project fo an impacted portion of the project,
and treats the difference as the LOP associated with thai impact.
Responsibility for the costs of this impact are then assigned to
the party responsible, as determined from the cause of the impact
and the liability, as determined by a reading of the contract or
interpretation of industry custom and practice.

The measured-mile technique has been the subject of many
court and appeal board decisions. Those decisions and applications
in professional practice have shown that there are nuances to the
methodology and those nuances undermine the results of its con-
sistency and reliability. The purposes of this paper are to review
those decisions to identify specific methodological and application
issues and to develop and present a series of guidelines that can be
used by contractors, owners, and other interested parties to develop
and apply measured miles for quantifying the loss of labor produc-
tivity on disputed projects, They may also help in forward-pricing
change proposals. The intent is to help reduce the uncertainty and
inconsistency in LOP requests and claims, and make construction
more cost effective.

From this review, it is clear that impartial and unblased selection
and application of the measured-mile methodology is the most
important determinant in its success. Preference is given to com-
puting a measured mile on a labor-hour basis, not a cost basis,
and presenting a conservative analysis, which includes taking into
account other factors that impacted productivity but which are not
recoverable under the contract’s terms. Also important is the selec-
tion of the type of work or time pertod used as a reference. Though
the reference work does not need to be identical to the impacted
work, the analyst must show a good faith effort when trying to find
the mile, and if similar work is used, a good explanation of that
similarity is essential. Finally, consider use of a measured mile from
similar projects, if available. :
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Endnotes

'S.L. Harmonay, Inc.: Subcontractor Harmonay was able to recover LOP
because his general contractor, Binks, accelerated the project and forced
Harmonay to double crew size and move to a three-shift per day oper-
ation. “On the other hand, courts have often recognized that the extent
of harm suffered as a result of delay, such as the loss of efficiency claim
in isswe, may be difficult to prove.”

Clark Concrete Contractors, Inc.: “Impact costs are additional costs occur-
ring 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 man-hours necessary to produce a given
unit of work. As is self-evident, if productivity declines, the number of
man-hours of labor to produce a given task will increase....”

*In Warwick the court noted “It has always been the law that in order to
prove entitlement to an adjustment under the contract or for its breach, a
contractor must establish the fundamental facts of liability, causation
and damage.” And in Wundexlich, “A claimant need not prove his dam-
ages with absolute certainty or mathematical exactitude. .. It is sufficient

if he furnishes the court with a teasonable basis for his computation,
even though the result is only approximate... Yet this Ieniency as to
the actual mechanics of computation does not relieve the contractor
of his essential burden of establishing the fundamentat facts of lability,
causation, and resultant injury.”And in Safeco the federal appeals court
ruled that the expert’s measured mile was acceptably even though it
may have inaccurately treated some fow prodectivity days: “Becanse
damages need not be proved with mathematical precision, nitpicking
regarding the calculation is seldom successful grounds for appeal.”

*Eourth, while respondent specuiates that appellant’s quantum evidence is

unreliable, suspect, and most likely done after-the-fact, ...respondent
has failed to direct our attention fo any specific entries in those exhibits
that are inaccurate.”

The court wrote, “This approach compares the cost of completing work not
subject {o delay or acceleration with costs of completing work during a
period of impact, the difference representing the measure of damages.
Atlas Cas. Surety Co. v. The George Hyman Constr. Co,, No. 93-CV-
4570, 1998 U.5. Dist. Lexis 22627 (E.D. Pa. May 15, 1998}, The work
compared need not be exactly the same, as the ascertainment of dam-
ages for [abor inefficiency is not susceptible to absolute exactness. Clark
Concrete Contractors, Inc. v. Gen. Servs, Admin., 99-1 Bd. Contract
Appeals, 30280, 1999 WL 143977 (Gen. Servs. Bd. Contract Appeals
1999). When a contractor alleges a loss of productivity, the measured
mile approach is the preferred method of computing damages. Atlas
Cas. Surety Co.; cf. Angelo Iafrate Constr. Co., Inc. v. Pa. Tpk.
Comm’n, 2006 Pa. Bd. CL. Lexis 4 (Dkt. No. 3654, Pa. Bd. CL. 2006}
(experts agreed measured mile analysis is ideal method to determing
loss of productivity.)” One of the persuasive factors in the contractor’s
favor was that the school district presented no counterexpert to rebut
the measured mile analysis. o

...it appears that a not insubstantial part of the extra cost for which the
plaintiff sought reimbursement [in the impacted periods] could be
attributed te factors for which [the contractor] was not responsible,
As the evidence daes not provide any reasonable basis for allocating
the additional cost among these contribating factors, we conchade that
the entire claim should have been rejected...this court has heretofore
recognized and applied the principle that if there are actionable and
nonactionable factors, the court, in the absence of a showing of some
reasenable basis in the evidence, will not attempt to apportion the dam-
ages.” Shields Inc.

"The Maryland court also points out that to use a measured mile method it is

) necessary to demonstrate: (a) that there actually exists a representative

period that can be used as a baseline and that that period is itself actually
undistupted; (B) that there actually exists a single period that has been
consistently dismpted by ‘the event being analyzed; and (<) that the
relative lack of productivity in the disrupted period is solely attributable
to the event being analyzed, and not to other events. This last eriterion is
rather restrictive and would seem to preclude expert adjustments,
though as seen elsewhere in this paper other courts have permitted such
adjustments,
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