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Abstract: Progress payment valuations and certifications represent a core construction contract administration function. If not attended to by
the concerned contract administrators in accordance with prescribed provisions and in good faith, this vital function could end up being the
seed for disputes to arise between contractors and owners. There are many reasons why work considered to have been accomplished by
contractors ends up being denied certification by the contract engineer, thereby leading to the deferral of receipt, if not partial or full denial, of
payment to the contractor. The aim of this paper is to address the conditions that could trigger potential withholding or setting off by the
engineer of amounts that are otherwise viewed as due by the contractor. The adopted methodology includes (1) identifying of well-researched
earned-value reduction methods, (2) investigating a suitable approach for incorporating them into the process of interim-payment certifi-
cation, and (3) providing a proposed framework under which the application of such warranted earned-value reductions can be exercised in a
fair and transparent manner. The research findings revealed several reasons that can be regarded as justifying the effectuating of reductions by
the engineer, including quality of executed work, potential rework caused by the violation of the planned work execution sequence, and the
inability to transfer the performed work to internal schedule’s customers. DOI: 10.1061/(ASCE)LA.1943-4170.0000309. © 2019 American
Society of Civil Engineers.

Introduction

The construction industry is viewed as a main driver of economic
development (Xu and Cheung 2015). Nevertheless, it has been
well-established that it is susceptible to disputes and lawsuits
(Olatunji 2015; Lee et al. 2017). As such, disputes are almost
unavoidable on any construction project, and managing them is
consequently considered critical for better outcomes for both dis-
puting parties (Olatunji 2015; Abotaleb and El-adaway 2017). To
this end, the delivery of construction projects while respecting the
agreed completion time and contract price and in accordance with
the set quality standards serves the interests of both parties to the
construction contract (Bubshait and Almohawis 1994; Gorse and
Emmitt 2003). Conditional to such looked-for success is having
efficient communication between the owner and the contractor
(Gorse and Emmitt 2003). Accordingly, this calls for well-drafted
contracts that (1) accurately and expansively define the various
technical, financial, and legal characteristics of a project (Bubshait
and Almohawis 1994); and (2) take into consideration all probable
contingencies likely to be experienced during project execution
(Cheung and Pang 2012). To this end, it has been established that
a widespread agreement does exist among industry practitioners as
to the criticality of project monitoring and control to achieving
project success (Demachkieh and Abdul-Malak 2018).

For close to two decades, the earned value management (EVM)
method has been viewed as the underlying platform for exercising
project control, and doing so in accordance with a structured and
systematic approach. According to PMI (2018), EVM is a method
that “integrates the scope baseline with the cost baseline, along with
the schedule baseline, to form the performance measurement base-
line, which helps the project management team assess and measure
project performance and progress.” As such, EVM has three main
parameters, namely the planned value (PV), actual cost (AC), and
earned value (EV). To this effect, PV, known as the budgeted cost of
work scheduled (BCWS), is defined as the share of the budget that
is planned to be spent at a given instant of time. Zhong and Wang
(2011) defined PV as “permissible budgeted cost for accomplish-
ing project plan workload at some stage during project imple-
mentation.” Moreover, AC, also known as the actual cost of work
performed (ACWP), represents the money spent for a completed
work package at some stage of the project. On the other hand, EV,
previously called the budgeted cost of work performed (BCWP),
represents the amount budgeted for executing the work that was
performed by a given point in time. The American Association
of Cost Engineers (AACE) defined earned value as “the periodic,
consistent measurement of work performed in terms of the budget
planned for that work” (Amos 2004).

To compute the EV for a work item, its total budget is multiplied
by the corresponding percent complete. Alternatively, it can also be
computed using quantities, where it will be equal to the quantity
installed for an activity multiplied by its agreed unit rate or price.
With the EV, AC, and PV being expressed in monetary terms, the
project manager can adopt the EVM to evaluate the project’s sched-
ule and cost (Borges and Mário 2017). For each reporting period,
the project manager is required to calculate two types of perfor-
mance measures, namely variances and indices, based on the three
main EVM parameters. Because these variances and indices are
interrelated, they both contribute in estimating the expected at-
completion forecasts for the project duration and cost. From a
project owner’s perspective, such a computed EV amount, which
is earned in respect of the work accomplished by the contractor
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up to a certain point in time, is significant for the purpose of com-
parison with the value that was planned (i.e., PV) to be achieved by
that time. Also, this EV amount claimed by the contractor to be
representing the portion of the contract price that has become
due will be the subject of payment certification consideration by
the construction contract’s engineer (or project manager) appointed
by the owner.

As such, the payment process is one of the critical areas that
needs to be attended to by the various parties involved in the
construction of the intended facility (Hinze 2001), where work
progress and quality are significantly impacted by delays in certi-
fying and making payments, settling cost claims, and discharging
retention amounts (Odeyinka et al. 2008). Unlike normal discern-
ment, it is not an “inherent or implied right” of a contractor to ob-
tain interim payments from the project owner; this is a right that is
granted in the contract (Hinze 2001). To this effect, releasing regu-
lar interim payments to contractors is necessary in order to provide
funding for construction work progress, and contractors should
be fully acquainted with the provisions for interim-payment appli-
cations administration in order to appropriately support their con-
struction cash-flow analyses (El-adaway et al. 2013). To this end,
management of cash flow in construction projects is critical be-
cause projects are complex and take longer time to be completed,
relative to other industries, and progress payments also tend to be
bulky (Makarfi Ibrahim 2010). In fact, payment-related issues are
one of the leading sources of disputes in the construction industry
(Kartam and Kartam 2001; Chan and Suen 2005; Cheung and Yiu
2006; Kennedy 2006; Abdul-Rahman et al. 2013; Ramachandra
and Rotimi 2014).

Although contractual provisions dealing with the owner’s pay-
ment obligations are often explicitly stated in contracts, they are
frequently misinterpreted and/or misemployed, leading to claims
and disputes between the parties to the contract (Ramachandra
and Rotimi 2014). As also indicated by Ramachandra and Rotimi
(2014), failure of payment provisions fulfillment, disagreement on
quantification of executed work for interim and final payment cer-
tificates, and issues related to the valuation of variations are the
main causes of disputes between owners and contractors. Similarly,
Abotaleb and El-adaway (2017) stated the common payment-
related problems in construction projects include (1) delay in pay-
ment or nonpayment of certified amounts, (2) valuation of final
accounts, (3) late release of retention money, (4) valuation of varia-
tion orders, (5) flawed payment procedures, and (6) withholding/
setting off amounts from interim payments without a contractual
basis. Regarding this cited payment-reduction problem, it is argued
that although contracts incorporate detailed provisions concerning
the mechanisms concerned with interim payments that provide the
engineer with the authority to withhold or set off amounts from
these payment applications submitted by contractors, they do not
offer explicit language or basis for effectuating such reductions
and for their possible reimbursement at a later stage (Abotaleb
and El-adaway 2017). The work presented in this paper has thus
been motivated by the need to have clear and rationalized bases
that can be relied upon by the contract engineer when deciding
to exercise withholding or setting off certain sums from amounts
presented by the contractor to be representing the value of executed
work allegedly earned by the owner at the time of submitting an
interim-payment certificate application (IPCA).

Research Scope and Methodology

Interim progress payment valuations and certifications signify
a central contract administration function in the construction

industry. If not attended to by the involved contract administrators
in accordance with prescribed provisions, this critical function
could end up being a primary cause for disputes to arise between
owners and contractors. To this effect, there are several scenarios as
to why work estimated by contractors to have been completed ends
up being denied certification by the engineer, thus causing the de-
ferral of receipt, if not temporary or complete rejection, of payment
to the contractor.

The aim of the work presented in this paper is therefore to ad-
dress the situations that could justify the potential withholding or
setting off by the engineer of amounts that are otherwise viewed as
due by the contractor. The adopted methodology relied on three
sources of information pertaining to payment reduction practices:
(1) a review of relevant standard contract conditions governing pay-
ment certification by the contract engineer, (2) an examination of
the payment certification records on three building construction
project cases, and (3) a synthesis of several techniques encountered
in the reviewed literature tackling progress measurement assess-
ments and EV adjustments. The first two sources led to the com-
pilation of an initial set of reasons for, and corresponding means of,
effectuating payment reductions in practice. These deduced meth-
ods, together with those synthesized from the reviewed literature,
fed into the formulation of a framework that comprehensively in-
corporates the reasons that can potentially drive the effectuation of
EV reductions.

The study’s outcomes shall be of value to project participants
involved in administrating construction contracts through stipulat-
ing transparent practices for dealing with interim-payment certifi-
cations. The ultimate implication is intended to be one that helps in
avoiding probable payment-related conflicts and disputes between
owners and contractors on construction projects.

Contract Language Governing Interim-Payment
Certification

Standard conditions of contract are normally regarded as preserving
an equitable approach in allocating the responsibilities, obligations,
rights, liabilities, and duties of each party to the construction con-
tract, and those provisions dealing with payment-related matters are
no exception. To this end, such terms invariably specify the author-
ities and roles assigned to the contract engineer for periodically
certifying the amounts due to the contractor.

To deduce a standard set of the engineer’s payment-related
responsibilities, the standard conditions for the construction con-
tract issued by the International Federation of Consulting Engineers
(FIDIC), which are used extensively on international projects and
endorsed by the World Bank, were closely examined (FIDIC 1999).
Table 1 summarizes the attributes of the prescribed roles for both
the contractor and engineer, as directly adopted from the concerned
general conditions’ subclauses. In addition, guiding clarifications
offered by the FIDIC under its corresponding guide version of
the examined conditions are also presented across the listed sub-
clauses’ requirements. A number of observations can be drawn as
follows:
• The engineer is required to inspect executed work without un-

reasonable delay, and the quantities of completed work should
preferably be agreed between the engineer and contractor as part
of a continuous process.

• The engineer is authorized to withhold an amount from an
interim-payment certificate if the work executed by the contrac-
tor is deemed not to be in accordance with the contract, or due
to a disagreement as to the assessment of executed quantities
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Table 1. Standard contract language pertaining to payment certification

Subclause
number

Subclause
description Described role (FIDIC 1999) FIDIC guide clarifications (FIDIC 2000)

7.3 Inspection The Contractor shall give notice to the Engineer
whenever any work is ready and before it is covered up,
put out of sight, or packaged for storage or transport

If the Contractor does notify, the Engineer must be
reasonably prompt in responding by carrying out the
examination, inspection, measurement or testing
without unreasonable delay, or by giving written notice
to the Contractor that it is considered unnecessary.
Unreasonable delay may entitle the Contractor to an
extension of time under Subclause 8.4(e).

The Engineer shall then either carry out the
examination, inspection, measurement or testing
without unreasonable delay, or promptly give notice
to the Contractor that the Engineer does not require
to do so.

7.5 Rejection The Engineer may reject the plant, materials, or
workmanship by giving notice to the Contractor, with
reasons.

The Contractor may request clarification of the reasons
why it is considered to be defective, but there is no need
for the Engineer or other Employer’s Personnel to
identify the cause of the defect.

7.6 Remedial work The Engineer may instruct the Contractor to : : :
(b) remove and re-execute any other work which is not
in accordance with the Contract.

—

If the Contractor fails to comply with the instruction,
the Employer shall be entitled to employ and pay other
persons to carry out the work.

—

12.1 Works to be
measured

Whenever the Engineer requires any part of the Works
to be measured, reasonable notice shall be given to the
Contractor’s Representative, who shall: (a) promptly
either attend or send another qualified representative to
assist the Engineer in making the measurement, and
(b) supply any particulars requested by the Engineer.

Quantities should preferably be agreed between the
representatives of the Engineer and the Contractor as a
continuing process and as the execution of the Works
proceeds. Although the second paragraph empowers
the Engineer to take the initiative in requiring a
measurement to be made, this activity should be
regarded as a joint activity.

The Contractor shall, as and when requested, attend to
examine and agree the records with the Engineer, and
shall sign the same when agreed. If the Contractor does
not attend, the records shall be accepted as accurate.

—

14.6 Issue of interim-
payment certificate

The Engineer shall, within 28 days after receiving a
Statement and supporting documents, issue to the
Employer an Interim Payment Certificate which shall
state the amount which the Engineer fairly determines
to be due, with supporting particulars.

The Contractor is to be notified of the payment which
they are to receive, without being requested to amend
their Statement. Such a request would typically be
inconsistent with the procedures for payment specified
in Clause 14.

An Interim Payment Certificate shall not be withheld
for any other reason, although: (a) if anything supplied
or work done by the Contractor is not in accordance
with the Contract, the cost of rectification or
replacement may be withheld until rectification or
replacement has been completed.

If an item of work is so noncompliant that its contract
value is zero, there would typically be no payment due
and therefore nothing from which a deduction for
withholding may be effected.

The Engineer may in any Payment Certificate make
any correction or modification that should properly be
made to any previous Payment Certificate.

The final paragraph allows an Interim Payment
Certificate to be corrected or modified in any
subsequent Payment Certificate.

14.7 Payment The Employer shall pay to the Contractor : : : (b) the
amount certified in each Interim Payment Certificate
within 56 days after the Engineer receives the
Statement and supporting documents,

If the Employer considers themself to be entitled to
claim against the Contractor, notice and particulars
must first be submitted under Subclause 2.5. The
Employer’s entitlement is then to be agreed or
determined and incorporated as a deduction in a
Payment Certificate.

14.8 Delayed Payment If the Contractor does not receive payment in
accordance with Subclause 14.7, the Contractor shall
be entitled to receive financing charges compounded
monthly on the amount unpaid during the period of
delay.

Financing charges are calculated for a period which is
“deemed to commence on the date for payment
specified in Subclause 14.7”, even if the Engineer had
not issued an Interim Payment Certificate by such “date
for payment.”

15.2 Termination by
employer

The Employer shall be entitled to terminate the
Contract if the Contractor : : : (c) without reasonable
excuse fails : : : (ii) to comply with a notice issued under
Subclause 7.5 or Subclause 7.6, within 28 days after
receiving it.

—

15.4 Payment after
termination

After a notice of termination under Subclause 15.2 has
taken effect, the Employer may: : : : (b) withhold further
payments to the Contractor until the costs of execution,
completion and remedying of any defects, damages for
delay in completion (if any), and all other costs
incurred by the Employer, have been established.

—

Sources: Data from FIDIC (1999, 2000).
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resulting from differing methods of measurement respectively
employed by the contractor and engineer.

• The engineer is authorized to make any proper modification to
the previously issued payment certificates.

• The contractor is entitled to be informed of the payment they
are to receive, without being requested to modify their statement
(i.e., payment certificate application).

• The contractor is under the obligation to rectify any defective
products, materials, or works to ensure compliance with the
contract.

• The employer (referred to as the owner under other standard
conditions) has the right to employ and pay other persons to
perform the work due to the contractor’s failure to comply with
the engineer’s instructions calling for the remedy of such defec-
tive work.

• The contractor is entitled to receive financing charges com-
pounded monthly on amounts unpaid by the owner and for
which an interim-payment certificate has been issued.

• The employer has the right to ultimately terminate the contract
due to the contractor’s performance noncompliance.
The aforementioned deductions are believed to be representative

of what other standard contract conditions typically stipulate in re-
spect of administrating IPCAs submitted on a periodic basis by
construction contractors. Whether or not these—or other similar—
stipulations are properly adhered to and/or exercised in practice
remains to be answered on a case-by-case basis, depending on
the varying industry cultures and concerned participants’ behaviors
when acting under such terms.

Examined Building Construction Project Cases

In this section, the payment application, certification, and reim-
bursement records of three building construction projects com-
pleted in the last five years in the Middle East and North Africa
(MENA) region were examined. Two of them were high-end res-
idential complexes, and the third was a 400-room luxury hotel de-
velopment. All projects adopted sequential payment certification
and honoring periods, with two specifying 28 days for each of these
stages and the third opting for 30 and 14 days, respectively. The
main common observation was that the contractors were asked
to correct and resubmit their originally submitted statements prior
to the engineer issuing the corresponding payment certifications.
The other shared observation was that the differing opinions as
to the executed work to be included in payment certification appli-
cations were invariably in relation to quantity measurement differ-
ences and quality-related issues. Other specific main findings
pertaining to the studied projects on a case-by-case basis were as
follows:

In the first project case, a claim for financing charges was pur-
sued by the contractor in connection with payments having allegedly
been made late by the owner. In this claim, the contractor measured
both the delay in issuing certifications followed by the delay in ef-
fectuating certified payment by the owner. The former was primarily
the result of having been requested to correct originally submitted
statements to reflect the differing assessments held by the contractor,
on one hand, and the engineer, on the other, concerning the eligibil-
ity of executed work for inclusion in payment certification applica-
tions. The latter accounted for the actual dates on which the value of
payments made by the owner became effective.

In the second project case, two significant issues are worth re-
porting. First, the project owner on more than one occasion during
the project’s construction life span had been held in default in re-
lation to several consecutive interim payments. This resulted in a

major dispute following the contractor’s pursuing of a claim in
connection with both the project completion time to be targeted
and the corresponding additional compensation. The second issue
had to do with the contractor having been persuaded by the owner
to agree that for the woodwork shipments to be allowed onto the
site and their installation work to be permitted to proceed with, a
reduction was to be effectuated to the total value of this multi-
million-dollar woodwork package. The woodwork in question
was fabricated in a country different from that of the project locality
and shipped by trucks across the boundaries of multiple neighbor-
ing countries. The then-intended reduction was agreed by the
contractor, and in writing, but only on the principle of instituting
it with no percent reduction figure explicitly expressed. The reduc-
tion was primarily in connection with the quality of the veneer that
ended up being used, assessed by the engineer as having been
inferior in comparison with that of the samples that had been
approved. The reduction ultimately applied by the engineer was
in the order of about 50% of the package’s total value, which
was viewed by the contractor to have been enormously excessive.
In fact, the contractor later purported that the reduction had been set
to such an unrealistic ceiling in order to give the owner more
leverage in negotiating the then-pending contractor’s claims and
owner’s counterclaims.

In the third project case, three payment-related issues were dis-
tinctively identified: (1) deferred or delayed attendance by the en-
gineer to inspection requests issued by the contractor, (2) effects of
overstated quantities in the bill of quantities (BOQ), with the con-
tract price having been of the lump-sum type, and (3) lack of a
schedule of value (SOV) for integrative items of work. The delayed
inspection practiced on the part of the engineer was strongly con-
sidered by the contractor to have been deliberate and aimed at
precluding work that could have otherwise been considered for
inclusion in a payment certificate in question. Regarding the over-
statement of quantities for some BOQ’s work items, the contractor
was being denied the payment of work item’s price subtotals in an
interim-payment certificate in question despite the fact that no more
work was still required concerning the concerned items, with the
total executed quantity having turned out to be less than the total
quantity originally estimated and listed in the BOQ. An example of
the lack of SOV issue was with the main work item of “carpet,”
which entailed executing multiple layers of work starting with a
concrete screed and ending with the carpet layer with a couple
of other layers in between. A dispute over the value corresponding
to the screed layer emanated when the engineer opted to apply for
the purpose of certifying interim payments a BOQ’s existing rate,
listed in relation to concrete screed work specified for stairways’
landings. The resolution of this matter was achieved after lengthy
discussions of the contractor’s submitted analysis of the costs that
were being actually incurred. All three issued, as explained previ-
ously, were viewed by the contractor to have resulted in interim
underpayment and EV misrepresentation throughout the construc-
tion duration.

Effectuating Payment Reductions in Practice

Based on the deductions made from the work presented in the two
previous sections, a synthesis was done of the types of differing
assessments of the value of work earned, followed by highlighting
the reasons that can lead to payment withholdings and/or setting off
by the engineer. Furthermore, the incompatibility between the
quantities forming the basis for payment certifications and those
that are reflected in the construction schedule updates generated
by the contractor and submitted in congruence with payment
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certificate applications and their accompanying progress reports
has been underlined.

Differing EV Assessments

Accurate progress measurement helps ensure that payment appli-
cations presented by contractors are exact and timely. Before
payments are certified by the engineer, the typical practice is for
the value of the work to be ascertained by determining the correct
amount of work executed to date. To this effect, calculating accu-
rate quantities in a transparent manner and based on sound methods
may contribute to reducing or preventing payment-related conflicts
between owners and contractors.

The BOQ document contains a list of the items of works to be
carried out under the contract. These items are briefly described,
with their estimated quantities entered against each along with
the corresponding unit rates offered by the contractor. The work
descriptions and quantities are usually prepared based on a specific
standard method of measurement. Although the chief function of
the BOQ document is to present a breakdown of the total contract
price according to the work items involved, one of its main uses is
to form a basis for computing the value of work completed for the
purpose of successive interim-payment applications and certifica-
tions. To this end, it can be said that the BOQ document provides an
effective and agreed-upon basis for periodically quantifying the
value of progressed work, first by the contractor for preparing
an interim-payment certificate application and, second by the en-
gineer for issuing the payment certificate, thereby causing payment
to have come due to the contractor.

Table 2 summarizes several types of work items having differing
progress assessments respectively made by the contractor and en-
gineer. For directly measured quantities, where the principle for

quantifying work progress is based on the quantities being directly
measured on-site, the actual quantities executed up to date multi-
plied by the unit rates offered in the BOQ contribute to the calcu-
lation of the subtotals included in the IPCA submitted by the
contractor to the engineer. As stated previously, the involved quan-
tity measurement process must be as transparent as possible and
should be based on sound standards of measurement. To this effect,
Work item 1 in Table 2 corresponds to the case where the contractor
and the engineer disagree on the assessment of quantities actually
executed to date by an amount qm, due to the lack of reference to a
specific standard method of measurement. As such, this discrep-
ancy in quantity measurement is considered to be the first reason
justifying the reduction applied by the engineer when certifying an
IPCA. In addition, the inability to meet the specified technical
performance or quality requirements for the executed work can
be regarded as another main reason leading to a discrepancy be-
tween the assessed and certified amounts in the interim-payment
cycle. The engineer may temporarily reduce the amount to be cer-
tified to the contractor by adjusting the actual quantity executed to
date by the defective quantity qd, as shown forWork item in Table 2,
in order to cause the contractor to rectify the defective units in ques-
tion. Alternatively, the engineer may have reasons to accept the de-
fective works or systems at a quality level inferior to that originally
desired, but in this case by applying a percent reduction to the unit
rate of the concerned work item (as in Work item 5 in Table 2).

Moreover, Work item 3 (Table 2) also corresponds to executed
works, but ones for which a delay in inspection by the engineer has
taken place for a partial (executed) quantity qi. In this case, the
contractor may request in the submitted IPCA the amount corre-
sponding to the full quantity executed to date, whereas the engineer
responds in deducting the amount associated with the quantities
that are yet to be inspected, despite the inspection requests having

Table 2. Types of differing assessments of value of work earned

Item Description

Total
quantity

(x)
Unit
rate

Full billable
subtotal at
completion

Actual quantity
(y) of units

executed to date Conditions

Interim-payment cycle

Contractor’s
assessed amount

Engineer’s
certified amount

1 Direct measurement, with
measurement disagreement
by an amount qm

x1 UR1 x1 × UR1 y1 y1 ≤ x1 y1 × UR1 ðy1 − qmÞ × UR1

qm ≤ y1

2 Direct measurement, with a
quantity qd being inspected
by the engineer and
considered to be defective

x2 UR2 x2 × UR2 y2 y2 ≤ x2 y2 × UR2 ðy2 − qdÞ × UR2

qd ≤ y2

3 Direct measurement, with a
delay in inspection by the
engineer for an executed
quantity qi

x3 UR3 x3 × UR3 y3 y3 ≤ x3 y3 × UR3 ðy3 − qiÞ × UR3

qi ≤ y3

4 Direct measurement, with a
BOQ quantity x being
overstated by a quantity q0

x4 UR4 x4 × UR4 y4 ¼ x4 − q0 0 < q0 < x4 x4 × UR4
a y4 × UR4

5 Direct measurement, with a
quantity qa being accepted
by the engineer at lower than
desired quality

x5 UR5 x5 × UR5 y5 y5 ≤ x5 y5 × UR5 ðy5 − qaÞ × UR5þ
qa × ð1 − αÞUR5qa ≤ y5

6 Schedule of value, with
stipulated payment
milestones

x6 UR6 x6 × UR6 y6 0 ≤ y6 ≤ x6 k × UR6 þ l × θ3 × UR6þ
ðmþ nÞ × θ2 × UR6

ðkþ lÞ × θ3UR6þ
ðmþ nÞ × θ1 × UR6y6 ¼ kþ lþ

mþ n
7 No schedule of value, with

differing subjective progress
assessments

x7 UR7 x7 × UR7 y7 0 ≤ y7 ≤ x7 y7 × ðβcUR7Þ y7 × ðβeUR7Þ

Note: UR = unit rate; α = percent reduction in the unit rate of the work item; k, l, m, and n = individual units of the same item of work; Θ = percent unit rate
corresponding to a milestone in the work item’s SOV; βc = percent unit rate applied by the contractor; and βe = percent unit rate applied by the engineer.
aTotal quantity is completed before project completion time.
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been already made by the contractor. To this end, and provided that
these partial quantities end up being accepted later upon performing
the necessary inspection by the engineer, this practice puts into
effect a total effective retention that may far exceed the threshold
set forth in the contract.

Furthermore, the total actual quantity of a work item may end up
being different from the total estimated quantity shown in the BOQ.
For instance, Work item 4 in Table 2, corresponds to the scenario
with a BOQ quantity x being overstated by a quantity q0; that is, the
contractor will, upon completing the whole actual quantity, be paid
in the interim less than the full amount corresponding to the price
subtotal of the concerned work item unless the completion of the
work item in question coincides with the completion of the whole
of the works. As such, overstated BOQ quantities in a lump-sum
contract may lead to underpayment of the contractor during con-
struction if the BOQ is relied upon as the basis for making periodic
payments. The resulting underpayment value would be the differ-
ence between the amount assessed by the contractor and that cer-
tified by the engineer during the interim-payment cycle on hand,
which is equivalent to the quantity q0 multiplied by the correspond-
ing unit rate of the work item in question.

Finally, an SOV incorporates a list of progress milestones for a
given item of work, indicating the percent unit rate corresponding
to each described milestone. If specified, it can aid in providing
more transparency regarding the value used for describing achieved

progress by allowing both contractor and engineer to rely on the
same basis for payment application and certification purposes.
Therefore, with such a tool being provided as in the case of Work
item 6 in Table 2, the contractor and engineer may end up in dis-
agreement as to the description of achieved progress corresponding
to the work actually executed, thus leading to a difference between
the contractor’s assessed and engineer’s certified amounts, as indi-
cated in Table 2. An extension of this analysis can be done by con-
sidering Work item 7, representing a case where an SOV is not
specified in the contract. Here, the disagreement will be twofold,
involving (1) differing subjective progress assessments and, sub-
sequently, (2) conflicting work valuation judgements. As indicated
in Table 2, this will result in two different unit rate percent values
being applied, one by the contractor upon submitting the IPCA and
a lower one by the engineer for computing the certified sums.

Payment Withholdings and Setting Off

It can be concluded at this stage that two general classes for
possible reductions can be effectuated by the engineer to the sums
purported by the contractor in the submitted IPCAs, namely with-
holding and setting off, as shown in Fig. 1. The two highlighted
classes happen to originate from two reasons that can be regarded
as justifying the effectuation of reductions by the engineer:
(1) discrepancy in quantity measurement, and (2) quality-related

Adjusted quantity of units

Quantity measurements 
disagreement

Quality-related issues

Withholding Setting-off

Reasons for EV Reductions

Amount certified:     
(1- ) x (item’s subtotal)

Adjusted unit rate: 
(1- ) x UR
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BOQ: Bill of Quantities
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Contractor’s underpayment

in the interim

Fig. 1. Reasons leading to payment withholdings and/or setting-off.
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reductions. Regarding the differing assessments, first by the con-
tractor and subsequently by the engineer, for the executed quan-
tities for work items under progress or completed, these are
found to lead to effecting withholdings pertaining to (1) differences
in the method of measurement used for quantities take-off, (2) de-
lays in carrying out inspection by the engineer, and (3) overstated
BOQ quantities for certain work items under a lump-sum contract.

On the other hand, in the case of failure by the contractor to
deliver the executed works according to the set quality require-
ments during the relevant payment period, the engineer may resort
to a temporarily withholding of a part of the requested interim pay-
ment until the contractor remedies the defective work. This reduc-
tion is put into effect through either reducing the quantities
executed to date or the item’s subtotal, as the case may be, until
the contractor attends to the remedy of such defective work and
ensures that the corrected work is compliant with the contract re-
quirements. However, if the contractor fails to comply with the in-
struction to rectify the defective quantities, the engineer shall be
entitled to set-off the withheld amount, and the owner may then
pay other persons to carry out the work. In case the engineer accepts
the executed works or systems while not being in full conformity
with the contract requirements, a permanent set-off is exercised
either by reducing the work item’s unit rate or subtotal, as the case
may be. The outcome here is one where the work or system in ques-
tion will be taken over by the owner at lower than the desired
performance levels or quality requirements.

Incompatibility with Construction Schedule Updates

Regardless of whether the means for introducing reductions
(withholdings and/or setting-off) to contractors’ assessed payment
amounts are used rightfully in all instances by the contract engineer,
an issue seems to inevitably surface. This is stemming from the fact
that the quantities based on which a payment certification is issued
may be different from—or, more exactly, lower than—those used by
the contractor to produce the construction schedule update accom-
panying the submitted IPAC. In turn, this incompatibility is likely to
manifest itself in the form of a discrepancy between (1) progress
metrics generated through the updated version of the schedule,
and (2) the total value earned to date as computed in the latest issued
payment certificate relative to the value of the contract price.

Disagreement Avoidance and Preventive Reduction
Techniques

This section presents several techniques related to EV assessment,
which were identified from the related literature and are summa-
rized in Table 3. They aim at (1) introducing objectivity to the
measurement of executed work, and (2) justifying the effectuation
of reductions in connection with noncompliant work as well as
work performed out of the planned sequence or not in satisfaction
of a dependency with the work of other activities. Indicative exam-
ples on selected building construction work items are offered, to
the extent possible, by way of demonstrating the applicability of
the identified techniques to the formulation of EV assessments
or reductions. A brief discussion of each of the proposed methods
indicated in the second column of Table 3 follows.

Measurement Assessment

Two proposed formulations can be used for more objectively
assessing or measuring the level of achieved progress: fuzzy EV
and internal earned value (IEV) techniques. These proposed meth-
ods allow the contractor and engineer to use an identical basis for

interim-payment application and certification purposes, thereby
potentially diminishing disagreement over the assessment of
executed works and preventing excessive contractor underpayment
during the interim-payment cycle on hand. The fuzzy EV technique
(Moslemi-Naeni and Salehipour 2011; Moslemi-Naeni et al. 2011)
is used in the case where an SOV, based on which the progress
estimates should be made, is not specified in the contract. It aims
at preventing differing achieved progress assessments, and conse-
quently biased and conflicting work valuations judgements. As
such, activity progress is stated using linguistic terms, such as very
low, high, and more than half, which are transformed into fuzzy
numbers by assigning a membership function to each term. How-
ever, those linguistic terms cannot be applied when performing EV
analyses unless they are converted to real numbers by using fuzzy-
set principles; EV formulas and rules are then adjusted to reflect
fuzzy numbers, as indicated in Table 3.

On the other hand, the IEV technique proposed by Forouzan-
pour et al. (2016) adopts the evidential reasoning approach to
calculate the EV of those executed works with subjectivities
being inherent in the assessments of their progress metrics. This
method relies on the concept of belief degrees in estimating the
completion percent of each activity, with two or more attributes
as decision makers having normalized weights evaluated for them
(Forouzanpour et al. 2016). As provided in Table 3, the assigned
decision makers are asked in each reporting period to determine the
achieved progress stage described in the work item’s SOV with a
certain probability. Consequently, the basic probability masses as-
signed to the grade interval are computed, and the percent complete
of the activity, and subsequently the interval EV, are calculated
based on the interval-valued evidential reasoning algorithm.

Quality-Related Reductions

It has been established in the preceding discussion that in reaction
to the contractor’s failure to implement a remedy, suitable contrac-
tual mechanisms are in place to allow the owner to effectuate a set-
ting off and pay others to make good the executed work. It has also
been found that work executed to a quality (or performance) level
deemed inferior to the minimum prescribed by the specification
requirements may still be taken over (i.e., accepted) by the owner,
for the owner’s defensible reasons. Payment-reduction formulas
may be incorporated in the contract in order to facilitate agreeing
to the reduction to be effected. Alternatively, such deductions may
be implemented at the discretion of and based on the judgement of
the engineer, which may in this case lead to the matter being dis-
puted by the contractor. When addressed properly in the conditions
of the construction contract in terms of the authority entrusted in the
engineer and the basis or technique to be used for quantifying such
deductions, the engineer would then be acting within such pre-
scribed authority, albeit with the possibility that this eventually
may lead to a dispute based on the disagreement of the contractor
with the engineer’s judgement.

As stated previously, the inability to meet the specified technical
performance for the executed work can be regarded as one of the
main reasons justifying the exercising by the engineer of authority
to effectuate reductions to the sums proposed by the contractor in
an IPCA. To this end, the literature revealed a number of methods
that can be used to measure the achieved quality of performed
work, including (1) performance-based EV, (2) quality EV, and
(3) earned quality. Hernández et al. (2013) proposed an extension
to the EV method, termed “performance-based earned value”
(PBEV), where a decrease in the EV amount is applied in case
the technical objectives are not satisfied. The application of this
technique is well supported by the excessive reduction applied
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in relation to the multi-million-dollar woodwork package, as in the
third project case discussed previously.

The subjectivity inherent in the quantification by the engineer of
the ceiling for such a reduction, applied by way of a setting-off,
presents a serious limitation, potentially leading to payment-related
disputes between the contractor and owner. To mitigate this limi-
tation, the engineer may refer to the method proposed by Dodson
et al. (2015), which calls for the assessment of the operating per-
formance of construction activities in order to ultimately satisfy the
project quality requirements during construction. To illustrate the
applicability of this proposed method, a performance-based con-
crete specification example has been developed, which involves
the execution of a work package (e.g., concrete columns) having
three quality criteria: compressive strength, density, and air voids.
The acceptance tests for hardened concrete along with the related
procedural and statistical requirements are usually spelled out in the
specifications. Table 4 summarizes the quality criteria considered
applicable to concrete performance specifications and lists the set
limits to be satisfied. For instance, the strength level of each batch
of concrete shall be considered acceptable if the average of all sets
of tests performed on in situ concrete samples for the batch in
question at 28 days equals or exceeds the specified strength
(e.g., 35 MPa) up to a maximum strength of 45 MPa, with no indi-
vidual strength test result being more than 3.0 MPa below the speci-
fied strength. In addition, testing for air voids shall be in accordance
with ASTM C642 (ASTM 2013), with satisfactory air voids falling
between 6% and 8%, but not below 5%. Similarly, the acceptable in-
place density values for structural lightweight concrete are in the
range of 1,440–1,840 kg=m3. As indicated in Table 5, the lack of
quality pertaining to the air void criterion results in a quality index
number (QIN) of 0.67 for the first batch. This indicates that, for each
$1.00 submitted by the contractor for this part of the work package,
only $0.67 met the limits set by the specifications (i.e., converted
into right deliverables). As a result, a setting-off can be exercised by
the engineer, thereby reducing the work item’s unit rate by 33%.
This is of course assuming that (1) ordering rework is not practicable
to entertain, and (2) accepting the executed work in question at less
than the desired performance levels remains within the range of rea-
sonable decisions or actions that may be taken by the engineer on
behalf of the owner. In other words, according to the compressive
strength test results criterion, more analysis would be warranted,
possibly leading to instructing partial or full rework of the work’s
affected parts.

On the other hand, Paquin et al. (2000) proposed an earned-
quality method that links the construction schedule activities to

the project quality attributes. This method evaluates and controls
the quality of performed work throughout the execution stage
by detecting quality deviations and tracing them to their associated
activities. A simplified example of a project’s curtain wall work
package is presented, illustrating the calculations required for the
effective implementation of the method. The package is assumed to
be constituted of three activities: (A1) installing vertical and hori-
zontal mullions, (A2) sealing the corners, and (A3) glazing the
walls. Regarding the quality requirements, it is assumed that three
such criteria of concern exist: (C1) structural integrity, (C2) air
tightness, and (C3) water tightness. That is, although curtain wall
systems are considered as secondary structures in the building-type
projects, they have to be evaluated and tested in order to safely
withstand wind, seismic, and thermal loads, in addition to meeting
performance requirements related to air and water tightness. As
such, the structural performance of a curtain-wall system is a func-
tion of the frame design, arrangement of mullions and studs, trans-
oms, anchoring details, and glass panels’ fixation.

On the other hand, although air leaks may not be fairly as
noticeable as water penetration, they can show up as current of
air or hot and cold spots at panel corners, leading to high heating
and cooling costs. Accordingly, performance criteria pertaining
to air and water leakages are critical to specify for curtain walls
system due to the fact that such leakages lead to unhealthy indoor
air quality during building operation by providing an environ-
ment conducive for mold growth. Factors affecting such perfor-
mances are primarily related to glazing details, frame structure
and connection, drainage details, frame gaskets, and perimeter
seals. On the air-tightness performance end, for example, ASHRAE
(2009) provided three levels of air leakage for typical buildings
(1) 0.5 L=s · m2 at 75 Pa interior/exterior pressure differential for
tight buildings, (2) 1.5 L=s · m2 at 75 Pa for average buildings, and
(3) 3.0L=s ·m2 at 75 Pa for leaky buildings. Regarding the test
methods that may be employed, the air leakage resistance, water
penetration resistance, and structural performance of an installed
curtain wall system can be evaluated in accordance with ASTM
E283 (ASTM 2004), ASTM E331 (ASTM 2000), and ASTM
E330-02 (ASTM 2012), respectively.

The integration of the work breakdown structure (WBS) and
quality breakdown structure (QBS) can occur as proposed in Fig. 2.
The allocation scheme for the assumed potential contribution of the
activities to quality, relative contribution of the criteria to the over-
all quality objective, and relative contribution of the activities to
the quality criteria are also shown in Fig. 2. In addition, the value
functions for all three quality criteria, which—ideally—are to be

Table 4. Quality requirements and limits of specifications: hardened concrete example

Description Compressive strength (MPa) Density (kg=m3) Air voids (%) Quality performance index

Lower specification limit 32 1,440 5 1
Target 35 1,650 6 1
Upper specification limit 45 1,840 8 1
Out of specification >45 and <32 >1,840 and <1,440 >8 and <5 0

Table 5. Quality index number calculations

Executed works

Compressive strength Density Air voids

QINMeasured QR QPI Measured QR QPI Measured QR QPI

Batch 1 40 35 1 1,585 1,650 1 4.3 6 0 0.67
Batch 2 32 1 1,630 1 7.0 1 1.00
Batch 3 38 1 1,910 0 8.4 0 0.33

Note: QR = quality requirements; QIN = quality index number; and QPI = quality performance index.
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determined jointly by the engineer and contractor, can be as shown
in Fig. 3.

Fig. 4 shows the Gantt chart for the work package with the
planned start and finish times of the three activities, along with
the timings of control milestones marked with asterisks. These con-
trol points are decided upon based on the number of major elements
in each activity.

Now, assuming that 8 weeks have elapsed since the start of ex-
ecution, Activity A2 is shown to have started at Period 6 instead of
Period 5 and requires one more week to be completed; however,
Activity A3 has not started yet due to unexpected conditions. Con-
sequently, the planned quality of the work scheduled (PQWS),
planned quality of work performed (PQWP), and earned quality
of work performed (EQWP), along with the quality variance (QV)
and quality performance index (QPI), are computed as demon-
strated in Table 6, using the formulas summarized in Table 3.
Columns in Table 6 representing the planned contribution of work
scheduled to the quality criteria are specifically identified. At Time
period 8, the earned quality is 2.3 percentage points below the cli-
ent’s expectation, and the QPI is equal to 97%, which is below the
acceptable threshold. Thus, in case the engineer ends up accepting

the curtain wall system not being in full conformity with the con-
tract quality requirements, a setting-off in the order of 3% of the
work item’s unit rate or price subtotal can be exercised.

By way of summarizing, the reduction applied by the engineer
to the sums proposed by the contractor due to an inability to meet
the specified technical performance for the executed work is often
viewed by the contractor to have been enormously excessive, in the
absence of an explicit basis for effectuating such reductions. Thus,
in deciding on the amount to be permanently deducted, techniques
such as the previously discussed quality EV and/or earned quality
of work performed methods can be found instrumental in reducing
the subjectivity with which such reduction may otherwise be ef-
fected. This can potentially be expected to diminish the likelihood
of disagreement between the contractor and engineer over the as-
sessment of the amount to be reduced, thereby leading to mitigating
payment-related disputes.

Work Dependencies and Actual Execution Sequence

Two schedule-related methods proposed in the current literature
were identified as justifying the effectuation of reductions by
the engineer to the sums proposed by the contractor in a submitted

Quality of the 
curtain-walls system

Structural integrity Air tightness Water tightness

Sealing the corners Glazing the walls 
Installing vertical and 
horizontal mullions 

Curtain-walls system

Quality Breakdown Structure

Work Breakdown Structure

(1.0) (0.3) (0.8)
(0.7) (0.2)

(0.25)(0.6)
(0.15)

Fig. 2. WBS-QBS integration for the curtain wall work package.
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Fig. 3. Value functions for the quality criteria.
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IPCA. The first is based on the inability to transfer the executed
work to an internal schedule’s customer, and the second is founded
on the rework possibly caused by the violation of the work’s
planned execution sequence.

To this effect, the new metric of customer earned value (CEV)
has been proposed by Kim et al. (2015). It is defined as the budg-
eted amount of work completed that is needed by the successors on
a network. For instance, taking the case of two trades such as an
earthwork contractor and a structures contractor, the structure trade
can initiate its work in the assigned area after the earthwork con-
tractor releases the area. Nevertheless, if the last part of Activity A,
such as slope trimming and leveling, is slow in progress, this will be
unsuccessful in EV terms. Then, Activity B, which represents an
internal customer of Activity A, cannot be started as a result of the
area still being unreleased. The traditional EV method gives com-
plete credits for all the executed works of Activity A, yet none of
them are transferable to its internal customer (Kim et al. 2015).
However, the CEV of Activity A is not credited until Activity B
starts its work in the released area. The contractor, when assessing
the amount to be included in an IPCA, does not differentiate be-
tween the value-generating activities (i.e., work that generates value
for the internal customer) and non-value-generating activities. The
amount included in an IPCA may thus be questioned by the
engineer, who might apply suitable reductions to the contractor’s
assessed amounts.

On the other hand, when constraints and impediments are faced
during work execution, the contractor is most likely to direct labor
to perform activities out of the originally planned sequence. This is
done at the risk of these activities not having all the required inputs,
consequently making them susceptible to rework that is likely to
ripple into succeeding activities. As such, the method calls for ad-
herence to the planned execution sequence to ideally be heeded for
the engineer to certify the whole sums assessed by the contractor.
The p-factor measure has been proposed by Lipke (2004, 2011) to
designate adherence to the project plan, calculated as the ratio of the
EV corresponding to the plan divided by the total EV. This factor, in
combination with an assessed percentage of rework, is then used to
adjust the EVamount to a lesser amount, named effective EV. When
the value of the p-factor is far less than 1.0, the engineer is then
presented with a strong indication that the project is experiencing
the burden of an impediment and, consequently, likely to suffer a
delay in completion. The main formulas needed to calculate the
effective or rework-adjusted EV are given in Table 3.

Discussion and Practical Implications

A number of observations can be drawn from the work previously
presented. They are believed to help better inform contract admin-
istrators working for either party to the construction contract in

Table 6. Earned quality calculations

t

A1 (0.6) A2 (0.15) A3 (0.25)

PQWS (t) PQWP (t) EQWP (t) QV QPI (%)

C1a C1b

φ

C2a C2b

φ

C3a C3b

φ

C2a C3a

1.0c 1.0c 0.3c 0.3c 0.2c 0.2c 0.7c 0.8c

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 0.000 0.000 0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 0.000 0.000 0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 0.000 0.000 0
4 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.600 0.000 0.000 0.000 0
5 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.600 0.600 0.600 0.000 100
6 1.0 1.0 1.0 0.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.675 0.600 0.600 0.000 100
7 1.0 1.0 1.0 0.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.675 0.600 0.600 0.000 100
8 1.0 1.0 1.0 0.3 0.3 0.5 0.2 0.2 1.0 0.0 0.0 0.675 0.675 0.653 0.023 97
9 1.0 1.0 1.0 0.3 — — 0.2 — — 0.0 0.0 0.675 — — — —
10 1.0 1.0 1.0 0.3 — — 0.2 — — 0.7 0.8 1.000 — — — —

Note: t = time units.
aPlanned contribution of work scheduled to the quality criteria.
bActual contribution of work scheduled to the quality criteria.
cEstimated contribution of each schedule activity to the quality criteria.

1 2 3 4 5 6 7 8 9 10 

A1 

A2 

A3 

Status Date: 8 weeks 
1 2 3 4 5 6 7 8 9 10 

A1 

A2 

Fig. 4. Gantt chart for the work package.
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terms of (1) the approaches that need be observed for mitigating EV
disagreements, and (2) the techniques that may be adopted for jus-
tifying the effectuation of preventive EV reductions. Although data
concerned with the extent of practical reliance on and the effective-
ness of these identified methods seem to be lacking, a brief discus-
sion reflecting the authors’ perspectives regarding the relative
suitability of the various encountered EV-adjustment methods is
nevertheless offered. To this effect, it can be argued that the two
proposed methods related to EV assessment (fuzzy and interval
EV) shall be taken as mutually exclusive.

The fuzzy EV technique suits cases where an SOV, based on
which the progress estimates should be made, is not specified in
the contract. The IEV technique can be a better choice for situations
where multiple decision makers (whether belonging to the same or
different teams) are expected to collectively contribute in yielding
an assessment of the achieved progress in relation to the stages ex-
pressed in the work item’s SOV. Similarly, the two schedule-related
methods (namely, customer EV and effective EV ones) are to be
applied also in different circumstances. The application of the first
method, which is based on the inability to transfer the executed
work to the internal schedule’s customer(s), can be considered
in respect of those schedule activities whose sequencing relation-
ships are agreed to be critical to the effective progress of their re-
spective successors. On the other hand, the second method, being
founded on rework that may possibly be caused as a result of vio-
lating the planned work execution sequence, can have the effect of
promoting a more thoughtful approach on the part of contractors in
conceiving the work’s method statement and deciding the sequenc-
ing of work program activities. Lastly, the three methods related to
the measurement of the achieved quality of performed work can be
applied for different situations.

The application of performance-based EV is mainly represented
through the use of pay-adjustment factors, which are usually incor-
porated as an integral part of the construction contract. However, if
the executed work item incorporates several quality requirements
(i.e., criteria) that can be regarded to be of equal weight, the en-
gineer can then be given (through the contract) the discretion to
refer to the quality earned value method proposed by Dodson et al.
(2015).

On the other hand, the method particularly proposed by Paquin
et al. (2000) shall be capable of evaluating and aggregating the
lower-level quality criteria into higher-level quality objectives,
which may be problematic in the case of qualitative criteria requir-
ing subjective assessments. This requires that a formal approach be
agreed to between the parties in order to quantify (1) the criteria’s
subjective values, (2) the relative weight of each criterion with re-
spect to the overall quality objective, (3) the estimated contribution
of each schedule activity to its related quality criterion, (4) the value
function for each criterion, and (5) the number of schedule-
embedded control points. As such, quality is accrued progressively
and cumulatively as the work package is being executed when the
project activities are properly linked to the work package’s quality
attributes.

In order to further elaborate on the practical implications of the
outcomes of this research work, a framework has been conceptu-
alized, as illustrated in Fig. 5, synthesizing the several critical
requirements that need to be properly incorporated and, more im-
portantly, observed under the construction contract. These start
with the need for treating the measurement of work under progress
or completed as a continuous process; such measurement is to be
jointly performed by the contractor and engineer. Inherent to this
process is the condition that any work being measured shall have

Withholding Setting-off

Quantity-related issues Quality-related issues

Defective work
Work accepted at lower 

than desired quality
Overstated BOQ 

quantities
Delay in inspection

Method of 
measurement

Quality EV

Earned quality of 
work performed

Owner’s entitlement to pay others 
to remedy defective work

Engineer’s instructions to remedy 
or re-execute work

Possible correction of previously 
certified amounts

No request to have the contractor 
amend his statement

Engineer’s inspection without 
unreasonable delay
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Fig. 5. Approaches for mitigating EV disagreements and techniques for justifying preventive EV reductions.

© ASCE 04519023-12 J. Leg. Aff. Dispute Resolut. Eng. Constr.

 J. Leg. Aff. Dispute Resolut. Eng. Constr., 2019, 11(4): 04519023 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

A
m

er
ic

an
 U

ni
ve

rs
ity

 O
f 

B
ei

ru
t o

n 
04

/2
9/

24
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



already undergone the proper examination and inspection by the
engineer and, as a result, have been cleared for possible incorpo-
ration in the payment statement. The contractor may be instructed
to remedy or reexecute work that is deemed defective for which a
withholding may then be in order. Failure to so remedy on the part
of the contractor shall entitle the owner to pay others to rectify
such work.

Conversely, if the defect is irremediable and executed work ends
up—for the owner’s defensible benefits—being accepted at lower
than the desired quality or performance levels, the effectuation of a
setting-off shall then be viewed as justifiable. In deciding on the
amount to be permanently deducted, techniques such as the dis-
cussed quality EV and/or earned quality of work performed meth-
ods (Table 3) can be found instrumental in reducing the subjectivity
with which such reduction may otherwise be effected. The latter
technique has a strong dependence on the construction schedule
because its underlying principle is founded on establishing a strong
link between the project time schedule’s activities (i.e., WBS) and
project quality attributes (i.e., QBS).

In addition, being a precedent to determining whether or not
executed work is eligible for incorporation in a payment statement,
the engineer shall carry out inspections without unreasonable delay.
Here, more accurate wording may be introduced in the contract
conditions or the specifications’ procedural requirements setting
forth the periods within which different types of inspection are
to be fulfilled by the engineer.

If at the time of payment statement submission by the contrac-
tor, the executed work in question has not yet been inspected
despite the expiry of the corresponding inspection period, the en-
gineer may legitimately entertain allowing payment for the quan-
tities of such work. The risk arising from such a practice, as
proposed previously, is mitigated by the fact that the engineer is
authorized to make corrections to any previously certified amounts
in future payment certifications. Furthermore, it goes without
saying that such a mechanism, when formalized through the con-
struction contract, is likely to help avoid excessive construction
financing costs and reduce the likelihood of such extra costs being
the subject of future claims raised by the contractor. It can also help
resolve the incompatibility between the quantities used in assessing
the total value earned to date and those that are used for reflecting
achieved work progress in the activities of the construction time
schedule updates. Finally, it can act as a control tool, with the likely
effect of discouraging the engineer from deliberately deferring the
examination of work that is ready for inspection. This is assuming
that the requests or notices for inspections have been duly and
timely served by the contractor and in accordance with the explicit
or implied requirements of the construction schedule kept current
by the contractor.

The recommended standard practice calling for measurements
to be conducted jointly as part of a continuous process (FIDIC
1999) can allow both parties to resolve possible differences in
assessed progress/quantities that may otherwise prevail when mea-
surements are made individually, first by the contractor in prepa-
ration for submitting an IPCA and then by the engineer for the
purpose of issuing a payment certification. Under such a joint
assessment/measurement of work progressed, the subjectivity tradi-
tionally inherent to assessments made in pertinence to integrative
work items can be reduced through the reliance on methodologies
such as the fuzzy EV and interval EV methods, as previously dis-
cussed. Joint assessments can also help abide by the recommended
standard practice of not requiring the contractor to amend an
already-submitted statement. At the same time, this can minimize
the chances of the periods specified for payment certification
and reimbursement being exceeded, which, in turn, can help avoid

having financing charges assessed by the contractor in relation
to delinquent payments. By the same token, when it is jointly
known that the total field quantity (as opposed to the BOQ-listed
quantity) of a certain work item has indeed been executed, it will be
only fair that the contract lump-sum price’s subtotal corresponding
to the work item in question be wholly reflected in the current
interim-payment certificate. As such, the possibility of a misleading
understatement to the owner of the total value earned for work
executed to date can be circumvented. In addition, the risk of con-
tractor’s overpayment is diminished by the fact that the engineer
may at any later stage correct any amounts previously certified
if it becomes evident that there has been an oversight, and sub-
sequently more work is still required under the work item in
question.

By way of closing, the value earned for executed work that has
been already approved, cleared, or accepted by the engineer, and
whose quantities (or progress milestones) have been finally agreed
by the contractor and engineer to have been properly or objectively
measured, may ultimately undergo a further reduction based on
schedule-related compliance criteria. In other words, if any work
for which measurements have been agreed is found (1) to have been
executed out of the sequence prescribed by the current (consented)
construction schedule, or (2) not to have appropriately served other
activities (customers) of this schedule with which work dependen-
cies do exist and based on which the schedule rationale has been
based, the total value earned may be reduced. This can be done by
resorting to the effective EVand customer EV techniques (Table 3),
as previously explained. Taken without saying, the authority of the
engineer to possibly effect such reductions better needs to be pre-
scribed under the particular conditions of the contract in question in
order for the engineer to be acting within the limit of its prescribed
authority.

To reiterate previous points, it can be argued that the primary—
or rather, driving—motivations justifying the employment of
such approaches for deriving to a more representative EV figure
include (1) promoting the adoption of more realistic activity se-
quencing constraints and other assumptions in the formulation
of the construction schedule, (2) allowing closer observance of
the specifications’ execution requirements in the adopted activities’
dependencies, (3) enabling a more effective follow-up on planned
work by the engineer, and (4) minimizing the risk of payment being
certified for out-of-sequence executed work, which may possibly
lead to rework.

Concluding Remarks

The paper has tackled one of the critical commercial aspects of
construction contract administration, namely that related to the de-
termination of the value earned for executed work. It offers a
framework highlighting a set of practices that are conducive to
avoiding disagreements over the measurement of executed work.
Also incorporated in the formulated framework are several reasons
or conditions that can be viewed as justifying the effectuation of
payment reductions either by way of withholding or setting off
sums from the amounts to be certified on a periodic basis by
the engineer for subsequent reimbursement by the owner to the
contractor. The outcome of the presented research work empha-
sizes the need to impart cooperation between the involved partic-
ipants and to instill transparency and objectivity into the processes
and techniques that may be adopted for the purpose of adminis-
trating the issuance of interim-payment certificates, with the
anticipated benefit ultimately being the avoidance of payment-
related disputes.
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