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Abstract

Although construction industry is risk-averse, a major portfolio of risk is accepted and
jointly managed between a client and contractor under cost-plus guaranteed maximum
price contract through cost contingency (CC). Other than allocation adequacy, a proper
management of these funds is not only vital to financial and schedule targets, it also
impacts stakeholder relationships. There is a lack of pragmatic guidelines for CC
management, resulting in contractual and managerial conundrums. Also, contingency
spending rates are not standardized, causing improper CC utilization. Therefore, this
study analyzes the current practices and prevailing conundrums of CC management,
along with investigating the behavioral implications of a project manager’s (PM)
mental model over CC spending rate. An extensive survey and case studies are used to
achieve these objectives. It is found that respondents contradict over key aspects of CC
and organizations manage CC through ad-hoc mechanisms. Also, PMs demonstrate
lesser aggressive behavior than their passive tendencies, and their majority withholds
contingency amount in the first half of the project. The findings highlight conundrums

and offer practical guidelines for CC utilization.
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Chapter 1

INTRODUCTION

1.1 Preamble

The literature stress on the sensible and appropriate allocation of risk among contracting
parties but in practice this responsibility is placed on only one party, i.e., the owner
(Peckiene et al., 2013). Therefore, unlike owner the contractor has to face a portfolio of
risks in a construction project (Kartam and Kartam, 2001; Shumway et al., 2004; Smith
and Bohn, 1999). Lack of information (incomplete contract document) and errors in
interpreting the available information (ambiguity about the language of contract
document) are the main sources of uncertainty (Rauzana et al., 2015). The scope of risk
in a project increases with design complexity and subjective estimation. Owners
recognize these issues and often demand bid, payment and performance bonds from a
contractor to safeguard their interests. The situation worsens in the face of poorly

prepared drawings, specifications, and significant scope changes.

Risk analysis along with proper response is essential for minimizing the losses and
enhancing the profitability (Akintoye and MacLeod, 1997). Risk response strategies
during project execution are contingency funds, subcontracting and third party
insurances (Ke et al., 2012; Lyons and Skitmore, 2004). Theoretically, it is cognitive to
transfer risk to the party that is in the best shape to act in response, but in practice, a
contractor might lose competitive edge by paying a heavy risk premium (Laryea and
Hughes, 2010). Further, owner and consultant can avail bond and insurance facilities

against their risks; contractor does not have this luxury due to cost escalation since most



of the construction risks are owned and handled by the contractor (Li et al., 2004). Ke
etal. (2012), (EI-Adaway and Kandil, 2009) and (Lyons and Skitmore, 2004) discussed
the negative impacts associated with insurance and therefore use of contingency funds,

and subcontracting are favored over third party insurances.

Contingency is defined as “an amount of funds, budget, or time needed above the
estimate to reduce the risk of overrun of project objectives to a level acceptable to the
organization” (PMI, 2017). Contingency is used to respond to uncertainties and bring
back the project to their original schedule and cost targets (De Marco et al., 2015).
Proper estimation, allocation and smart consumption of contingency during project

execution are very important for achieving the set goals (Barraza and Bueno, 2007).

During the project execution, contingency utilization related decisions made by the
project manager (PM) impact the project performance (Ford, 2002). Subjectivity and
dependence on individual skills are the main drivers of contingency management
(Burroughs and Juntima, 2004). Murray and Ramsaur (1983) contemplated over the
assessment of the spending rate to handle risk to be the most challenging and crucial
phase of contingency management. PMs peruse either aggressive or passive strategy
for managing contingency (Narbaev and De Marco, 2017). PM with aggressive
behavior utilize funds quickly, for resolving emergencies, handling project delays and
early facility improvement (Salah and Moselhi, 2015). On the contrary, under passive
strategy, the spending rate is slow. PMs delay the application of contingency until its
utilization is necessary to achieve critical objectives (Ford, 2002). Under this approach
facility improvement funds are released late (Narbaev and De Marco, 2017). PM’s
aggressive or passive contingency utilization behavior affects the cost, timeliness and

value addition to the facility (Ford, 2002). Moreover, in the case of contingency
2



drawdown request, PMs often encountered with decision dilemma regarding how much
amount to release. De Marco et al. (2015) highlighted the complexity of decision-
making process under difficult project conditions and varying demands of the owner

and senior management.

It has been observed that a good number of PMs do not formally manage cost
contingency (Andi, 2004; Barraza and Bueno, 2007; Bello and Odusami, 2013; Ortiz-
Gonzalez et al., 2014). Which results in exhaustion of these reserves before the project
closure, requiring extra funds to address the later risks (Baccarini, 2004a).
Unavailability of additional funds may harm the quality of the project along with
overrunning of cost and time objectives. The large size of contingency, its central role
in determining project success and its dynamic management make it an important

project management concern (Ford, 2002).

The management of contingency cost can be treated akin to the project cost. There are
known patterns in the form of s-curve and performance measuring tools such as Earned
Value Management (EVM) for construction cost. S-curve is used to show planned
cumulative cost and continuous resource utilization at different stages of the project
against time (Narbaev and De Marco, 2017), whereas EVM is a standard tool for
overseeing the project time and cost performance (Narbaev and De Marco, 2013). The
performance baseline is established at an early stage of the project to check for any
deviation from project goals (Babar et al., 2016). This measurement helps PMs track
the project progress and preempt any major deviations by reallocating the current or
utilizing additional resources (Mubarak, 2015). The inputs and performance indices

(CPI, SPI) generated using project management tools fail to define a decision support



system which guides PMs on how to use contingency in response to cost and schedule

indicators (Ford, 2002).

The inadequacy of existing cost management tools fuels the research for the
development of specialized theory and simple tools for contingency management. But,
currently, available contingency management tools are either complex or based on
assumptions (Hammad et al., 2016). The tendency of the construction industry to apply
these models is jeopardized by their complexity and presence of assumptions which as
contrary to the pragmatism (Barraza and Bueno, 2007). Ortiz-Gonzalez et al. (2014)
found that construction companies seldom use such management methods and some of
the PMs are not even aware of them. The application of these models in the construction
industry was considered ineffective (Kutsch and Hall, 2005). Barraza and Bueno
(2007) stated that the complexity is the main issue due to which some managers do not
use these techniques. Without addressing reality, it will be impossible to propose any
sound solution for contingency management (Laryea and Hughes, 2010). Partly due to
such complex tools and techniques, and partly due to non-systemized and informal
decision-making, lack of management practices regarding contingency utilization is

evident in the literature (Hammad et al., 2016).

This lack is further exasperated in the form of nonexistent standard guidelines and
assessment tools to monitor contingency consumption (De Marco et al., 2015; Hammad
et al., 2016). Instead of well-organized and systematic procedures, contingency
management is dependent on organization policies and PM’s intuition and experience
(Barraza and Bueno, 2007; Ford, 2002; Ortiz-Gonzalez et al., 2014). Since contingency
IS a prime instrument to manage project risk, its consumption can establish the project

outcome (Ke et al., 2012).



Dynamic and challenging nature of construction industry makes it a risky business.
There are formal methods and techniques suggested in the literature to curtail the
negative impacts associated with risks. However, the industry has a very poor
reputation for managing risk, with many major projects failing to meet deadlines and

cost targets (Mills, 2001).

1.2 Research objectives

The main objectives of this research are
1  To identify the upcoming conundrums related to contingency management.
2  To assess the behavioral reflection on actual project risk expenditure.

3  To propose appropriate contingency consumption guidelines.

1.3 Research hypothesis
The contingency reserves get consumed before the end of the project. In such scenario,
project managers face cash issues in the later part of the project on accounts of

contingency.

Ho:  The contingency is consumed before the project completion.

Hi:  The contingency is not consumed before the project completion.

1.4 Research questions

The main research questions are

1  What are the problems faced by project managers in consuming and managing

cost contingency amount?

2 How risk behavior influences the contingency management patterns during

various stages of the project?



3  What psycho-contractual guidelines can be suggested to enhance project

success by effective management of cost contingency?

1.5 The scope of the study
This study tends to explore the current contingency management models and
consumption patterns in the literature with the aim of finding their limitations and

providing suitable guidelines for contingency withdrawal.

1.6 Significance of the study

This study will propose certain guidelines for contingency utilization during project
execution. Based on these instructions, PM’s would be able to monitor their
contingency usage against a standard consumption region. Also, the guidelines will
help contingency consumers to forecast future contingency needs. Also, the outcome
of this study will highlight the level of agreement over basic aspects related to
contingency management. Based on the findings stakeholders might be able to address
the conundrums related to contingency management and its usage through specific

contract provisions

1.7 Limitations
The research will only provide guidelines for Contractor’s Contingency (CC) under

cost-plus guaranteed Maximum Price (GMP) contract type.

1.8 Thesis Overview

This thesis has been organized into five chapters. Chapter 1 is ‘introduction’ it includes
an introduction to the research, problem statement, scope, significance, and objective
of the research. Chapter 2 is ‘literature review’ it focuses on the previous studies in the

field of contingency management and provides essential information and synthesis.
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Chapter 3 is ‘Methodology’ of the research. It explains how the research has been
carried out to obtain our objectives. Chapter 4 is ‘Results and Discussion’ that covers
the analysis of data after being collected and results according to our research
objectives. Discusses in detail related to how these objectives are achieved from
collected data. It also explains how the collected and analyzed data is interpreted to
produce the results which interpret achievement of research objectives. Lastly, Chapter
5 is ‘Conclusions and Recommendations’ where conclusions and recommendations

have been drawn and summarized.



Chapter 2

LITERATURE REVIEW

The focus of this chapter is on the past work, which is relevant to this research. It entails
a brief discussion on risk, type of risks, project risk management (PRM), risk allocation,
contingency, type of contingency, contingency estimation, cost contingency
management. The main portion of this section is related to; review of research related
to contingency, a summary of models for contingency management, a synthesis of
problems related to contingency management, factors affecting contingency release,

contingency use strategies and a critical review of contingency management models

2.1 Risk

Project outcome is uncertain. It is in the very nature of the project that circumstances
changes as the project moves through planning, execution and completion stages. There
may be external or internal events that might harm the achievement of planned goals
and targets (Baloi and Price, 2003). The risk is defined as “a variable in the process of
a construction project whose variation results in uncertainty as to the final cost,
duration, and quality of the project.” (Akintoye and MacLeod, 1997). Risk can also be
explained as “the chance of something happening that will have an impact on
objectives, may have a positive or negative impact” (Smith and Bohn, 1999).
According to PMI (2017) “Project risk has been defined as an uncertain event or
condition that, if it occurs, has a positive (opportunities) or a negative (threats) effect

on at least one project objective such as time, cost, scope, or quality.”



2.2 Types of risks

Construction projects naturally contain a variety of uncertainties and risks throughout
all phases from conception until completion. These uncertainties can be distinguished
as known unknowns (predictable) and unknown unknowns (unpredictable) (Hammad
et al., 2016; Lee et al., 2017; Salah and Moselhi, 2015). The main objective of proper
risk management is to turn as many unpredictable into predictable by applying creative
thinking during risk identification process (Eldosouky et al., 2014). While, On the
contrary, some risks are unidentifiable and are hard to predict their occurrence (Lee et

al., 2017).

2.3 Project risk management (PRM)

According to Frimpong et al. (2003), a successful project is characterized by its
achievement of set objectives and goals regarding its technical aspects, time and budget
constraints. It is not so simple in construction projects; the risk is a factor that can
negatively influence the project success by diminishing its performance, resulting in
cost and time overruns, and quality decline, hence the failure of the project (Ghosh and
Jintanapakanont, 2004; Taylan et al., 2014). Some studies have discussed the impact of
risk on construction projects regarding success parameters. For example, in Saudi
Arabia, 70% of projects suffer time and cost overruns (Assaf and Al-Hejji, 2006).
Similarly, Odeyinka and Yusif (1997) found that 7 out of 10 Nigerian construction

projects suffer delays and cost overruns due to various uncertainties.

PRM it is a critical part of project management (Lyons and Skitmore, 2004). Proper
application of PRM in the construction industry is useful for achieving project targets

(Zou et al., 2009). PRM is a proactive approach, and it is a systematic way of dealing



with risks (Gray, 2000; Hillson, 2002; Mills, 2001). It is the combination of different

activities which are intended to reduce the disturbances occurring during project
delivery (Skorupka, 2003). It is an iterative process, which applies from planning until
completion to achieve better risk performance. The process of PRM follow the steps
that are planning, identification, analysis, responses, monitoring and control of risk on
a project. Its main objective is to exploit the positive events and to reduce the
consequences of negative events (PMI, 2017). PRM starts from the identification of
factors that may influence the project outcomes positively or negatively. The purpose
of identifying risks is to expose a list of potential threats to be managed before they
become problems (PMI, 2017). If a risk is not identified, it cannot be managed (Bajaj
et al., 1997). For efficient management, identification is considered as the most crucial
part (Chien et al., 2014). Risk factors identification is not enough; they also need to be
measured to assess their importance. The assessment techniques are majorly divided
into qualitative, quantitative and semi-quantitative categories (Chien et al., 2014).
During the analysis phase, risks are categorized based on their criticality (Al-Bahar and

Crandall, 1990).

Risk response planning is the process of evaluating options and choosing appropriate
actions to enrich opportunities and shrink threats (PMI, 2017). Response to risk is based
on its exposure to project objective (Enshassi and Mayer, 2001). This step specifies the
action, which would minimize the probability and impact of identified risks. Ahmed et
al. (1999), Akintoye and MacLeod (1997), Enshassi and Mayer (2001) and Potts and
Ankrah (2014) explored the available choices to react to a risky situation and suggested
four distinct responses, which are, risk avoidance, risk reduction, risk retention and risk

transfer.

10



2.4 Risk allocation

The risk is a major entity in the construction industry and has a significant effect on the
final cost of the project (Babar et al., 2016). The risk is allocated when more than one
party (owner, contractor, consultant, etc.) is liable for the project progress, making sure
that for every recognized risk there is a certain guardian (Abednego and Ogunlana,
2006). This activity influences the behavior of the project participants, which influence

both project performance and final cost.

In a construction project, owner selection of contract type is very critical to the project
success (Pinto et al., 2009). The owner must opt for a contract type that will maximize
the efficiency and encourage the contractor to the desired goals. Contract selection is
widely dependent on the clarity of language; completeness of information for the
bidders at the tender time and the scope of risk that owner is willing to expose himself.
In this context, every contract allocates risk. The power and authority to manage the
risk are defined in the contract document. Although all parties are affected by risk
allocation, the owner has the ultimate power of division (Peckiene et al., 2013). Most
of the contracts neglect equitable risk sharing. Given the opportunity, an owner should
favor appropriate risk decision that will reduce risk and improve project performance.
However, in practical owner appears to avoid risk by shifting most of the project risk
to another contracting party (usually the contractor) through disclaimer (exculpatory)
clauses (Gransberg and Ellicott, 1997). As a result, the extra burden of risks is supported

by adding a handsome contingency to the bid price (Andi, 2006).

11



2.5 Contingency

Contingency has a different meaning for different contracting parties. Contractor
considers it as a fund for uncertainty and more profit: consultant takes it as a fund for
minor design problems whereas owner takes it money to cover change orders
(Mohamed et al., 2009). In the practice of project management, cost contingencies have
the mandate of covering probable cost increases above target estimates (Barraza and
Bueno, 2007; Hammad et al., 2016; Picken and Mak, 2001). According to (PMI, 2017),
Contingency is “the amount of money or time needed above the estimate to reduce the
risk of overruns of project objectives to a level acceptable to the organization.” Guinhan
and Arditi (2007) termed it as funding for unexpected and undesirable events. Baccarini
(2004b) presented it as an antidote to risk. Contingency funds are liable for surprise
elements of cost which can’t be anticipated at bidding (Ford, 2002). Risner (2010) defined
contingency as untapped funds that may generate a high risk for construction projects
in case of misuse. Contingency sum is a specific provision of money in an estimate for
undefined items that statistical studies of historical data have shown will be required

(AACE, 2000).

2.6 Type of contingency

At the time of preparation of estimates of any project, it is not possible to assess all the
cost items as there can be any risks that may arise in future during execution of the
project. According to Figure 2.1 project’s uncertainty resides in two areas; aleatory
(Variation and changes) and epistemic (Lack of knowledge) (Frank, 1999). Typically,
Quantity Surveyors would add contingency to pre-tender estimates to cater for any
unforeseen costs or events that may arise after the date of the estimate (Aibinu et al.,

2011). Such risks are of two types known-unknown and unknown-unknown, and
12



Contingency funds cater for both (Hammad et al., 2016; Lee et al., 2017). Based on the
type of uncertainty, contingency sum is classified into two categories; contingency

reserve (CR) and management reserve (MR).

Project Uncertainty

w E

KNOWN

Known Knowns

“Statistical Uncertainty”

Figure 2.1: Project Uncertainty

2.7 Contingency reserve (CR)

Scope definition of any construction project is hardly good enough to price a tender.
Although during quantity take-off, a certain fund is set aside along with the base price,
there is ambiguity about activities performance and working circumstances during the
construction project (Barraza and Bueno, 2007). The vagueness in the definition of
project scope, site condition, and various other factors are classified as Known-
unknown risks (Hammad et al., 2015). These risks can be identified, analyzed, planned
and estimated (Moselhi and Salah, 2012).CR caters for these known unknowns and can

be estimated using various risk management techniques.
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2.8 Management reserve (MR)

A contingency should be set aside to respond unknown-unknown. These are residual,
unidentified and unpredictable risks, which are not discovered during the risk
identification process (Lee et al., 2017). Management and planning of unknown-
unknown are not possible (Moselhi and Salah, 2012), but they may be tackled by
applying general contingency known as MR. MR is added allowance after the normal
contingency reserve. This reserve is just known to management and is not part of the

contingency allowed on the works.

2.9 Contingency estimation

Contingency estimation has been the focus of study for many researchers (Barraza and
Bueno, 2007). Contingency estimation techniques are based on two approaches;
probabilistic and deterministic (Moselhi and Salah, 2012). A deterministic approach is
based on expert opinion whereas probabilistic technique relays upon statistics
(Baccarini, 2004b). Contingency budget can be defined as a percentage of a project’s
budget, as a fixed monetary value, or developed using various quantitative
methodologies (Xie et al., 2011). In practice, traditional percentage approach is
preferred over other estimation techniques (Baccarini, 2005b), but Cioffi and
Khamooshi (2009) criticized this approach. On the other hand, in the related literature
regarding probabilistic estimation recently three other estimation approaches have also
gained a good reputation, which are Monte Carlo simulation (MCS), regression analysis

and artificial neural networks (ANN) (Baccarini, 2006).
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2.10 Contingency management

Contingency estimating and management is critical management functions needed for
the successful delivery of construction projects. Considering their importance,
academics and industry professionals have proposed a wide range of methods for risk
quantification and accordingly for contingency estimation. However, considerably
fewer procedures and methods can be found in the literature for contingency drawdown
and its management (Barraza and Bueno, 2007). Also, note that the contingency
estimating is commonly prepared before project execution; its management is an
ongoing process over project duration (Ortiz-Gonzalez et al., 2014). The budget
contingencies are critical to achieving the project objectives, and they can represent a
large portion of a project budget (Eldosouky et al., 2014). Therefore, the efficacy of

contingency management can robustly influence project success.

Contingency management is proper utilization of contingent resources to handle project
risks and uncertainty so that the project may be delivered within planned limits of cost,
duration, and quality (Barraza and Bueno, 2007). The gap between planned and actual
estimate is largely dependent on the appropriate and timely application and
management of contingency (Uzzafer, 2013). Effective contingency management can
strongly influence project success. The managerial process of defining, monitoring and
controlling the cost contingency during the project execution may influence the final
project cost (De Marco et al., 2016; Ford, 2002). Despite the fact, contingency
management is often defined in a subjective and non-systematic manner (Ford, 2002;
Moselhi and Salah, 2012). Several studies suitably consider the dynamic process of
contingency management as an integral and important indicator of final project cost

(Babar et al., 2016; De Marco et al., 2016; Narbaev and De Marco, 2017).
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2.11 A review of contingency related research:

The gap between planned and actual estimate project cost is largely dependent on the
proper application and management of CC (Uzzafer, 2013). Also, several studies have
justified this fact with the help of case studies (Babar et al., 2016; De Marco et al., 2016;
Narbaev and De Marco, 2017). Due to the contingency importance, a wide range of
methods for risk quantification and accordingly contingency estimation has been
developed (Baccarini, 2005b). However, a few procedures and methods are reported
for contingency management (Barraza and Bueno, 2007). After a detailed literature
review, this lack is further ascertained as given in Table 2.1. It can be seen that out of
the total literature published between years 2000-2018 on cost contingency related

matters, approximately 20% deal with its management.

Table 2.1: A comparison of contingency estimation and contingency management

studies
Contingency
Period Contingency Estimation Studies Management
Studies
) (Mak and Picken, 2000), (Touran, 2003a), (Ford, 2002)
2000-2003 - (161ran, 2003h)

(Burroughs and Juntima, 2004), (Baccarini, (Rowe, 2006),
9004-2007 2004a), (Baccarini, 2004b) , (Baccarini, 2005a), = (Barraza and

(Khalafallah et al., 2005), (Baccarini, 2006), | Bueno, 2007), ,
(Glnhan and Arditi, 2007)

(Laryea, 2007), (Panthi et al., 2009), (Tseng et = (Xie et al., 2011)
al., 2009), (Lhee et al., 2009), (Schneck et al.,
2008-2011 | 2009), (Molenaar and Wilson, 2009) , (Barraza,
2010), (Thal Jret al., 2010), (Idrus et al., 2011),
(Espinoza, 2011), (Lhee et al., 2011)
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2012-2015

2016-2018

(Buertey et al., 2012), (Teye Buertey et al.,
2012), (Moselhi and Salah, 2012), (Polat and
Neval Bingol, 2013), (Baccarini and Love,
2013), (Ojuri, 2013), (Bakhshi and Touran,
2014), (Buertey, 2014), (Jimoh and Adama,
2014), (Otali and Odesola, 2014), (Lhee et al.,
2014), (El-Touny et al., 2014), (Salah and
Moselhi, 2015), (Elbarkouky et al., 2015),
(Samuel and Snapp, 2015), (Rauzana et al.,
2015), (Babaa, 2015)

(Elbarkouky et al., 2016), (Addo, 2016),
(Nyagormey, 2016), (Jung et al., 2016), (Lee et
al., 2017), (Nawar, 2017)

2.12 Contingency management models

(Eldosouky et al.,
2014), (De Marco et
al., 2015), (Salah
and Moselhi, 2015)

(Hammad et al.,
2016), (De Marco et
al., 2016), (Narbaev
and De Marco,
2017)

After a detailed review of the literature, nine models for contingency management were

identified. Table 2.2 shows chronological order of research and provide information

about the developer name, intended objective of research, tools, and technigques to

achieve these objective, inputs variable and output results.

Table 2.2: A summary of existing contingency management models

Reference Study Inputs Tools and Outcome
Objectives Techniques
Ford CC flow  Primary  data, System CC performance
(2002) management project Dynamics | indices
and assessment | conditions, concerning  cost
of uncertainty, (pe), schedule (ps)
management PM’s and facility
strategy impact = management improvement (f i)
style.
(Rowe, Development Initial Retained
2006) of a contingency (Ci), MS Excel Contingency (Cr),
Contingency Change  order Estimate at
distribution(Ays), Completion
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Barraza
and Bueno
(2007)

Xie et al.
(2011)

(Eldosouky
etal.,
2014)

De Marco
et al.
(2015)

Salah and
Moselhi
(2015)

Tracking
System (CTS)

Establish
parameters for
CC monitoring

CC updating
and forecasting

Estimation and
monitoring of
Cost
Contingency
Reserve
(CCR).

Cost
contingency
flow and
excess
contingency
release
mechanism

CC estimation,
allocation, its
management

Current Budget

(B), Current
Forecast (F),
Actual Cost (A)
Budget At
Completion
(BAC), the
degree of risk

acceptable (o)

Prediction
period,
confidence level
c, the
observation
period

Performance
Measurement
Baseline (PMB),
CCR,
Nonspecific risk
provisions
(NSRP)
Primary  data,
Top
management and
owner pressure,
PM willingness

for facility
improvement.
PM’s
management
skills,
experience, and
lesson  learned
from past
projects

18

Monte-Carol
Simulation

Value at
Risk (VaR)

(EVM) and
Project Risk
Management

(PRM)
interface

System
Dynamics

Fuzzy set
and IF-
AND-THEN
approach

(EAC),
Contingency
surplus / Deficit
(Csip)

Planned Budget
(PB), Total
Contingency Cost
(TCO), and
activity cost
contingency
status.

Contingency

update at data date
along with a
forecast for the
future milestone.

A better
mechanism  for
CCR monitoring
and control.
Systematic
allocation and

reallocation  of
contingency
funds, a decision-
support system for
excess
contingency.

Planned
Contingency
(PC),  Actually
Contingency
(AC), project
contingency
status



Hammad | Cost activities Monte Carlo @ Total cost (TC),

et al. contingency planned  value = Simulation @ Planned value
(2016) allocation, (PVa), the project (PVp), cost
monitoring, degree of risk contingency
and updating | acceptable (o) project  (CCp),

activity-based
cost status

De Marco | Formulate Project cost Gompertz | Risk-adjusted cost
et al. CEAC baseline and Growth estimate at
(2016) adjusted with ' estimated CC Model completion

CC forecast (CEACR)
Narbaev Formulate Project cost Gompertz | Risk-adjusted cost
and De CEAC baseline, Growth estimate at
Marco adjusted with | Estimated CC Model completion
(2017) CC forecast (CEACR)

2.13 Problems associated with contingency management

Literature was thoroughly reviewed to synthesize the problems with contingency
management. Identified problems are also ranked based on their reporting in literature.
As shown in Table 2.3, the top three reported issues have a wide reporting span of over
30 years. Also, most of the problems have double-digit reporting duration. It shows the
lack of research in the field of contingency management. Table 2.2 also try to locate
the source of the problem found in the shape of managerial, contractual and

psychological guidelines.

A major section of construction management is related to managerial and contractual
guidelines regarding the basic cost of construction. Although a certain portion of
literature also covers ‘uncertainty’ attached to the basic cost, its major focus is on pre-
construction guidelines. PRM and contingency estimation are fairly discussed and have

strong managerial backgrounds. Literature identified a wide gap in the shape of limited
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guidelines regarding allocation, ownership, utilization, reappropriation, reallocation,
releasing, updating and monitoring of contingency during the execution phase of
construction work. Most of the problems might resolve given a sound Managerial (M)
process along with smart Contractual (C) guidelines while keeping the Psychological

(P) trait of PM in mind.

Table 2.3 Conundrums related to contingency management and their relevant sources

# Conundrum Selected Reporting ' Frequency = Lack of

References Period Guidelines

(YYears) M C P

1. The absence of (Murray and 35 8 v v v
standard Ramsaur, 1983),
Contingency (Salah and
spending rate = Moselhi,  2015),
(CSR). (Hammad et al.,

2016), (Narbaev
and De Marco,

2017)
2. The absence of (Ruskin, 35 7 v v x
standard 1981),(Ford,
contractual and | 2002), (Barraza
managerial and Bueno, 2007),
guidelines. (Salah and

Moselhi, 2015)

3. Lack  standard | (Ford, 2002), (Xie 16 6 v v x
mechanism  for et al., 2011),
periodic updating (Eldosouky et al.,
and forecasting  2014), (Narbaev

CC. and De Marco,
2017)
4.  Lack of consensus | (Barraza and 10 5 vViix v
over Contingency @ Bueno, 2007),
consumption (Salah and
trends. Moselhi,  2015),
(Hammad et al.,
2016)
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Ambiguity about
contingency
coverage and its
objectives

The absence of
standard
guidelines for
contingency
release.

Opportunity cost
due to blockage of
contingency
funds.

Contingency
ownership

Excess
contingency
ownership.

(Patrascu,
(Baccarini,
2004b),
(Mohamed et al.,
2009)

1988),

(Ford, 2002), (De
Marco et al., 2015)
(Ayub et al., 2016)

(Xie et al., 2011),
(De Marco et al.,
2015), (Ayub et
al., 2016)

(Diekmann et al.,
1988b), (Ford,
2002), (De Marco
etal., 2015)

(Eldosouky et al.,
2014), (De Marco
etal., 2015)

circumstances (Ford, 2002).
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2.14 Factors affecting contingency release
Risk management is proactive approach; all the feasible response options are analyzed
and estimated before the execution phase of the project (Chapman, 1997). Although
Construction organization is risk averse, market competition, project characteristics
and several other factors need attention before pricing risk (Laryea and Hughes, 2010).
Contingency funds are established to respond accepted risks (Lyons and Skitmore,
2004). Although, the estimation process of contingency is a team effort performed in a

static environment, these funds consummated under only PM’s supervision in dynamic



PM’s contingency release decision-making is dependent on certain factors. A
comprehensive literature review identified some factors affecting contingency release.
Also, subjective (S) and objective (O) nature of these factors are also marked. As shown
in Table 2.4, PM’s experience, project cost performance, PM’s management Strategy,
and project complexity are the main drivers of contingency drawdown. However, it is
strange that the significance of schedule performance of the project, future risk
perception and percentage of project completion is not entertained in most of the studies
related to management of contingency funds. Lack of contingency management studies

might be the reason for the lesser appearance of these factors.

Limited literature of contingency management is a major limitation of Table 2.4.
Reliability of any model built over this frequency analysis will be questionable, in order

to use this information, it will be smart to validate it from the construction industry.

Table 2.4 Factors affecting contingency release

Estimation
# Factors Selected Reference Frequency
S O

1. | PM’sexperience | (Ford, 2002), (Barraza and
Bueno, 2007), (Xie et al.,
2011), (Salah and Moselhi, 9 x v
2015), (Hammad et al., 2016),
(Ayub et al., 2016)

2. | Project cost | (Barraza and Bueno, 2007),
performance (Xie et al., 2011), (Salah and 8 . v

Moselhi, 2015), (Ayub et al.,

2016), (Hammad et al., 2016)

3. | PM’s (Ruskin, 1981),(Moselhi and
management Salah, 2012), (Moselhi and 2 v .

strategy. Salah, 2012), (De Marco et

al., 2015),, (Ayub et al., 2016)
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10.

11.

12.

13.

14.

15.

16.

Project
Complexity.

Project
characteristics
(Risk and cost
structure)

Project schedule
performance
Future risk
perception.

Top management
Pressure.

Facility
improvement

Owner Pressure.
Percentage
completion of the

project.

The amount of
contingency
funds in hand.

The level of
Stakeholder’s
satisfaction.

Project  quality
performance.

Project Safety
performance.

Emergencies

delays

(Ford, 2002), (Xie et al.,
2011), (De Marco et al.,
2015), (Salah and Moselhi,
2015)

(Ford, 2002), (Moselhi and
Salah, 2012), (Salah and
Moselhi, 2015)

(Ford, 2002), (Ayub et al.,
2016)

(Xieetal., 2011), (Ayub et al.,
2016)

(De Marco et al.,
(Ayub et al., 2016)

2015),
(Ford, 2002), (De Marco et
al., 2015)

(De Marco et al., 2015)

(Ayub et al., 2016)

(Ayub et al., 2016)

(Ayub et al., 2016)

(Ayub et al., 2016)

(Ayub et al., 2016)

(Ford, 2002)

(Ford, 2002)
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2.15 Contingency use strategies

Construction projects are risk-oriented. The outcome of most of the construction
projects suggests that there is a major gap between what was set and what is achieved
(Flyvbjerg, 2007). Although there is a well-established process for PRM and
contingency estimation, PMs perceive contingency funds as inadequate and sometimes
ineffective (Baccarini, 2004a; Baccarini, 2004b; Laryea and Hughes, 2010). PMs might
doubt the efficacy of these risk-handling practices while on the opposite end researchers
might blame inappropriate usage of suggested funds. If the process of PRM is assumed
perfect and the estimated contingency enough, then there is a need to investigate the
person responsible for contingency utilization. According to Ford (2002) PM is the only

man responsible for contingency related decision making.

The main objective of this research is to study the behavioral influences on contingency
usage. PM’s comfort level, future risk perception, and management expertise have a
significant effect on when PM releases contingency and how much. According to Ford
(2002), PM’s either use contingency aggressively or passively. Whereas, some of the
research suggests it might follow project s-curve (Salah and Moselhi, 2015). Indifferent
to how PMs use contingency, its exhaustion before project completion is considered a
serious threat (Diekmann et al., 1988a). At the same time, an excess contingency at
project completion is not necessarily a sign of successful risk management plan (Ford,
2002). Murray and Ramsaur (1983) consider the assessment of the spending rate to
manage this risk to be the most complicated and essential aspect of contingency

management.
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After a detailed review of the literature, varying spending patterns of contingency are
observed. As shown in Figures 2.2 and 2.3, different types of contingency spending
patterns are; linear, basic, front-end loaded, back-end loaded and custom (De Marco et
al., 2016; Hammad et al., 2016; Narbaev and De Marco, 2017; Salah and Moselhi,

2015).

120.00%

3

100.00%

80.00%

60.00% —eo—Ford (2002)
Salah (2015)

Salah (2012)
40.00%

Percenatge Contingency
Spending

20.00%

0.00% @=¥ —
0.00%  20.00% 40.00% 60.00% 80.00% 100.00% 120.00%

Percentage Execution

Figure 2.2: Comparison of Ford (2002), Salah (2012) and Salah (201
Hammad et al. (2016) and Barraza and Bueno (2007) in pursuit of defining a

mechanism for contingency monitoring and updating, assumed a linear contingency
consumption pattern. Whereas, Salah and Moselhi (2015), based on IF-AND-THEN
approach, defined the procedure for selection of ‘ready-made’ planned contingency

(PC) curve. De Marco et al. (2016) and Narbaev and De Marco (2017) tried to represent
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contingency spending curve using mathematical functions. Finally, Salah and Moselhi
(2015) used actual data to draw a baseline contingency pattern. Although Ford (2002)
established the behavioral impacts of PM’s contingency utilization approach, Salah and
Moselhi (2015) proposed contingency depletion curve as free from PM’s psychological

trait.

120.00%

—@— De Marco
100.00% (2017A)

—@— Salah (2015A)
80.00%

De Marco

60.00% (20178)

Percenatge Contingency
Spending

Salah (2015B)
40.00%

—@— Barraza (2007)
and Hammad
20.00% (2016)

0.00%
0.00% 20.00% 40.00% 60.00% 80.00%  100.00%  120.00%

-20.00%

Percentage Execution

Figure 2.3: Comparison of De Marco (2017) with Salah (2015)

It is interesting to study how managers use contingency and to relate this back to
established contingency estimation processes. Undertaking this investigation may
require detailed study of contingency estimation and its utilization environment. As
shown in Table 2.3 contingency spending pattern is one of the basic issues with

contingency management. Researchers tried to update and forecast contingency based
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on less pragmatic patterns (De Marco et al., 2016; Hammad et al., 2016; Narbaev and

De Marco, 2017). Practical patterns can be established by considering PM’s

psychology.

2.16 A critical review of contingency management models:

Contingency funds management is very important to achieve project targets. Although
construction industry has successfully defined standard procedures for risk and its
management, the process of contingency management is nonsystematic and based on
subjective judgment and PM’s expertise (Ortiz-Gonzélez et al., 2014). In the presence
of standardized, the issue of project targets overrun is still faced by the construction
industry. There is a need for critical analysis of current contingency management

techniques discussed in the literature.

Ford (2002) tried to define a flow management model for cost contingency, based on
the information collected through detailed interviews of PMs. SD, as an analysis tool,
introduced a series of 30 formulae for the allocation and reallocation of funds within
four escrow accounts. Although this model generalized the decision-making process by
formally addressing currently available management practices, the dependence on
PM’s skills and their preferred management style (aggressive or passive) makes it
highly subjective. This model requires inputs for 30 formulae for generating the results.
According to Barraza and Bueno (2007), complex and time-consuming models will not
be pragmatic and user-friendly. Therefore, they used MCS for contingency allocation
and defined a simple method for cost contingency monitoring. The proposed method
monitors the project activity based performance by comparing the activity target cost

with actual cost. Activities performances are classified based on status A (cost
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underrun), B (cost overrun, contingency underrun), C (cost overrun, contingency
overrun). This method allows contingency performance to be monitored at both the
activity and project levels. Although it is a simple method compared to Ford (2002) and
ensures easy monitoring without the capability of control, it cannot be easily
implemented in complex projects. Another limitation is its assumption of the same

probability of overrun or underrun for every activity (Hammad et al., 2016).

The sophistication and reliability of simulation models are built into their selection of
variables. In this context, Ford (2002) considered PM’s management strategy the only
significant variable. Barraza and Bueno (2007) neglected a significant variable of ‘bid
competitiveness.” According to Smith and Bohn (1999), analytical models tend to miss
the competitive nature of bidding in their design for formulating contingency. As an
improvement, De Marco et al. (2015) suggested the varying project conditions and

pressure of owner and top management should also be considered as input variables.

Unlike detailed procedures for cost and time extensions in the face of variation orders,
the subject of contingency updating is rarely addressed in the literature (Barraza and
Bueno, 2007). Contingency is estimated before project execution, and a handsome
amount of funds (maybe in millions) are prescribed in the bid to achieve project goals
(Xie et al., 2011). Contingency blockage in the escrow account will result in
opportunity costs (Ayub et al., 2016; De Marco et al., 2015). To alleviate such cost, Xie
et al. (2011) applied value at risk (VaR) to forecast and update contingency funds at
milestones. Though their proposed method is favorable on highway projects due to
limited repeating activities, for complex projects, its validity will be hard to get. VaR
for a market stock is easy to calculate as historical data is conveniently available, but

contingency management practices are not properly documented and shared (Ford,
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2002). Therefore, VaR for construction projects will be difficult to obtain. On the other
hand, VaR is a statistical tool, which does not consider the source of loss and merely

forecasts the expected loss at a certain confidence level.

Contingency depletion is dependent on PM's contingency management strategy,
experience, and project characteristics and organizational policies (Moselhi and Salah,
2012). Different types of contingency depletion patterns are observed in literature;
linear depletion, basic depletion(s-curve) (Tichacek, 2004), custom depletion(Salah and
Moselhi, 2015), front-end loading depletion and back-end loading depletion (Narbaev
and De Marco, 2017). Salah and Moselhi (2015) tried to evaluate contingency
performance by comparing Planned Contingency (PC) against Actually Contingency
(AC). PC is a hypothetical pattern, which is selected from above patterns based on
factors affecting contingency depletion by applying IF-AND-THEN approach. The
selection procedure of PC is very subjective, and the significance and validity of factors

helping PC selection are not available.

Project success is heavily dependent on the estimated costs including contingency
(Uzzafer, 2013). Based on the limitation of Barraza and Bueno (2007) of treating each
activity with same chances of overrun, Hammad et al. (2016) introduced a cost
contingency allocation criterion based on activity’s contribution to overall project
variance. The criterion takes into consideration cost and uncertainty attached to activity
and whether or not the activity is on the critical path. They assumed the contingency
depletion as linear which needs practical substantiation through representative case

studies.
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De Marco et al. (2016) and Narbaev and De Marco (2017) forecasted CEAC adjusted
with risk contingency. De Marco et al. (2016) tried to forecast the future contingency
requirements based on the major assumption that contingency depletion will follow a
nonlinear pattern, represented as an s-curve. Whereas, Narbaev and De Marco (2017)
forecasted CEAC based on the assumed pattern of aggressive and passive contingency

utilization, inspired by Ford (2002).

As per Laryea and Hughes (2010), without experiential support to explain what happens
in practice, the industry will not move forward to develop new approaches. To effect
any improvement in analytical and decision support models, the ability of practitioners
and experts to precisely capture reality plays a significant role. Most of the studies
discussed are based on analytical and formal models, which hardly consider the reality
of how construction companies deal with contingency (Ortiz-Gonzélez et al., 2014).
Barraza (2010) stated that the complexity is the main issue due to which some managers
do not use these methods. According to Ortiz-Gonzalez et al. (2014), construction
companies seldom use contingency management methods, and some of the managers
are not even aware of them. Only Ford (2002) was able to study what goes on in the
industry and concluded that PMs do not follow any formal contingency management
and there is a serious lack of contingency management techniques and procedures. The
practice of contingency management is not recorded and shared, and decision maker

hides contingency to avoid its use by any other party.

Thus, it can be deduced that the current contingency management models have failed
to provide simple, pragmatic and organized procedures. The literature seems to reflect
only the selective practices of contingency management. Contingency consumption

pattern and guidelines is a major gap in studies. In practice, the lack of well-organized,
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systematic and pragmatic models pushes the construction industry to manage
contingency based on their organizational policies, PM intuition and expertise (Barraza
and Bueno, 2007; Ford, 2002). Therefore, the focus of this research is to inspect the
current and upcoming problems with contingency management in construction
industry. Based on the collected information and behavioral drivers, a set of practical
guidelines and contingency consumption patterns will be formulated which may act as

a standard for contingency consumption to support PMs in decision-critical scenarios.
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Chapter 3

METHODOLOGY
3.1 Introduction:
This study was executed in five phases to achieve the research targets; In the first phase,
an initial study was conducted to set the fundamental objectives. During the second
phase, a detailed literature review was performed concerning the established objectives.
The third phase covered the development and dissemination of survey instrument. Data
collection, analysis and a detailed discussion of the results was done during the fourth

phase. Finally, in the last phase, research findings were tested in a case study.

3.2 Initial study

A broad set of contemporary literature was studied to find the research gap. Science
Direct, ASCE, and Google Scholar were used to locate the relevant papers. Keywords
such as, ‘cost contingency,” ‘contingency management,” ‘cost estimate at completion
(CEAC),” ‘earned value management (EVM)’ and ‘risk response strategies’ were
mainly searched. After a critical review of a set of almost 40 papers, several questions
were highlighted: what are the basic problems faced by project managers during the
management of cost contingency? What are the existing psycho-contractual guidelines
for cost contingency management? Which psycho-contractual guidelines can be
suggested to enhance the project success by effective management of cost contingency?
How the risk behavior influences the contingency utilization at various stages of a
project? Is estimated cost contingency enough to meet the needs of construction
projects? In reference to this rationale, a set of well-defined objectives were established

to improve the body of knowledge.
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3.3 Synthesis and review of the literature

The detailed literature review was performed in two sections. During the first section,
PMBOK and FIDIC were thoroughly reviewed to find the existing managerial and
psycho-contractual instructions for CC management, respectively. In the second
section, literature was explored to locate the relevant articles. An inverted pyramid
approach was used to filter the relevant literature as shown in Figure 3.1. Under the
umbrella of selected approach, a four-stage screening of available literature was
performed. In the first stage, research journals were searched with keyword
‘contingency,” ‘cost contingency management,” ‘cost contingency estimation,” ‘risk
response strategies,” ‘contingency release’ and ‘contingency utilization.” As a result,
over 150 papers were downloaded. During the second stage, the irrelevant literature
was prudently screened based on their research goals. At this stage, a comparison of
cost contingency concerning its management and estimation was concluded as shown
in Table 2.1. During the third stage, research articles related to the estimation of cost
contingency were removed, leaving behind approximately 22 articles. A detailed
review of these articles was carried out with the core perspective of finding the
conundrums related to cost contingency management. Also, the identified conundrums
were ranked based on their appearance in the literature as shown in Table 2.3. In the
last stage, only those papers were shortlisted which purely presented models and
techniques for the management of cost contingency. Table 2.2 shows the chronological
order of the existing models along with their intended objectives. A critical review of
these papers was also performed at this stage. Also, contemporary cost contingency

spending patterns were identified, as shown in Figures 2.2 and 2.3.
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Stage-1 Related Papers Downloaded

Stage-3 Cost Contingency Management

Stage-2 Cost Contingency \

Existing Psycho
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A 4
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Cost Contingency

A 4

Stage-4 Cost Contingency Management
Models

Cost Contingency
Management Models

Ranking of Conundrums Critical Review of
Based on Literature Existing Models

Existing Cost Contingency
Spending Criteria

Contingency
Management vs
Estimation

Figure 3.1: Literature review flowchart

3.4 Data collection

This phase is designed to understand the perspective of management experts. A global

questionnaire survey was conducted. The questionnaire was divided into three sections,

and the sections were further divided into sub-sections. The first section is related to

the demographic information of the respondents, where respondents were asked to

select their field of work, job title, work experience and the list of countries they

worked.
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The second stage of the questionnaire gathered the organizational approach and the
expert’s opinion concerning various contractual and managerial concerns. In this stage,
the respondents were inquired about the fundamentals of cost contingency. Further, the
opinion of management experts was acquired regarding the physical location and
movement of CC funds. Then the industrial approach towards monitoring and
forecasting of CC funds was investigated. Finally, the prevailing criteria for CC fund
consumption were examined, and the adequacy of cost contingency funds was

ascertained.

During the third stage, consumption behavior of PMs was assessed through a selected
project scenario and guidelines were formulated. In this stage, respondents were asked
about most likely CC consumption pattern. The psychological status of all the
respondents was analyzed based on their responses. Finally, CC consumption region

was proposed along with managerial guidelines.

The developed questionnaire was then floated to collect responses from field experts.
It is sufficiently established in the literature that cost contingency related decisions are
mostly influenced by the top management of the construction organization (De Marco
et al., 2015; Ford, 2002). To collect reliable data, experienced individuals were
focused,. In this process, construction professionals from all around the world were
searched based on their designations. The questionnaire was developed in
QuestionPro® and was disseminated online through LinkedIn™ and Facebook®.
Respondents had the option of submitting the survey after completion of the second

stage or proceed further to the last stage.
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Chapter 4

Results and Discussions

Out of over 1000 total experts reached, 658 opened the questionnaire, 456 started it,
154 responded till the second section of the survey and 102 till the third section. It took
16 minutes on average to complete all stages. Thus, it took over 35 man-hours in data

collection through a survey.

4.1 Demographic information of survey respondents

The breakdown of 154 experts who responded till the second section of the survey is
such that there were 70 contractors, 53 consultants and 31 clients or their
representatives. It is important to note that in contingency related matters, the
consultant-client nexus has a different set of objectives and concerns compared to those
of a contractor. Therefore, the results reflect the bifurcation in the surveyed sample
based on their role and objectives. In doing so, client and consultant are lumped together
and termed as the sponsor. Thus, data were collected from a total of 70 contractors and

84 sponsors.

It is important to note that due to the option of multiple selections, the total number of
responses for each question is greater than the total number of respondents. This
phenomenon is common to almost all the questions. Further, to meet the objectives of
this study, only the experienced practitioners, mainly belonging to construction and

project management backgrounds, were approached as shown in Figure 4.1.
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Figure 4.1: Field of work

Figure 4.2 reinforces the findings shown in Figure 4.1 that most individuals belonging
to management backgrounds occupied relevant positions in their organizations. As per
Ford (2002), Opinion of such experienced and important experts enhances the level of

confidence in the survey results.
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Figure 4.2: The organizational position of participants
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More than 85% of the individuals possessed working expertise of 5 years or above.
Also, more than 75% of the responding individuals were above 30 years old. The
respondents had working experience in 48 countries. Figure 4.3 shows top 17 countries

where respondents gained their experience.
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Figure 4.3: Countries of working experience

4.2 Fundamental CC conundrums

About the CC funds coverage, construction experts were presented with a variety of
options, which were extracted from the literature. As shown in Figure 4.4, more than
80% of the participants opted for known-unknown risks to be handled by CC funds,
which is further ascertained in PMI (2017) and Lee et al. (2017). Interestingly, 49
respondents selected the estimation errors to be covered by the CC funds which was

contrary to the finding of Baccarini (2005b).
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Figure 4.4: CC objectives

According to Figure 4.5, mainly consultants supported the use of CC funds for scope
changes and change orders, Touran (2003b) considered change order and its impact on
project objectives as a significant variable for CC estimation. Just like change orders, a
majority of consultants selected design changes. It is important to note that consultants
are mainly responsible for design related risks (Perez et al., 2017) and such an opinion
points to either a conflicting behavior on the part of consultants or lack of clear
understanding for the usage boundaries of CC funds. Further, contractors will not be
comfortable in sharing CC funds to cover the risk of other parties (Sastoque et al.,
2016). So, it can be observed that there is a considerable difference of opinion between
consultants and contractors over the coverage of CC funds, which was also pointed by
Mohamed et al. (2009). In the absence of a contractual guideline for the ownership and
responsibility of CC funds, this situation may trigger dispute and hamper the project

execution (Zaghloul and Hartman, 2003). Therefore, there is a need to establish
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standard guidelines, which not only highlight the items to be covered by CC funds but

also the extent of their coverage.
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Figure 4.5: CC Coverage in purview Organization

Further, respondents were asked to select the key objectives of cost contingency
concerning their organizational approach. According to the Figure 4.6, on budget and
timely completion are respectively the main CC objectives. Also, quality of executed
work and stakeholder’s satisfaction were the go-to options for the achievement of cost
and time objectives. Interestingly, the CC objectives justify the observations of Ford
(2002). There are some minor differences between the objective of CC and the key
performance indicators (KPIs) of a project ranked by Ayub et al. (2016) and PMI

(2017).
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Figure 4.6: CC objectives

Figure 4.7 establishes a comparison of contractor’s and consultant’s perspective
regarding the objectives of CC funds. Contractors are more animated to complete the
project within the agreed boundaries; consultants appreciate the spending of CC on
stakeholder’s satisfaction. Both the parties have equal representation regarding the

safety and quality of projects.
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Figure 4.7: Comparison of CC objectives
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At the start of literature review, Table 2.2 shows a comparison of research related to
estimation and management of cost contingency. According to the results of that
comparison, 82% of the researchers focused the estimation of cost contingency. To
assess the applicability of existing models respondents were asked about their

organizational approach for cost contingency estimation.

According to Figure 4.8, almost 60% respondents selected the Traditional Percentage
Approach (TPA) which supports the findings of Mak and Picken (2000), who argued
that the general trend to estimate CC is based on lump sum amount without considering
any critical or non-critical line items. Interestingly, the findings of the current study
suggest a decrease in usage of TPA from 77% as per Baccarini (2005b) to 58%. This
decrease can be justified by more adoption of ERA (35%) by the construction industry.
According to Mak and Picken (2000), the simplicity of ERA is close to the TPA, and
public sectors of various developed countries have made it necessary for participating

in the bidding process.

Sensitivity Analysis, 2.60%
MCS, 3.90%

ERA, 35.06%

TPA, 58.44%

Figure 4.8: Cost contingency estimation approach
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Further, only a few participants selected MCS (3.9%) and sensitivity analysis (2.6%)
for CC estimation. Similarly, Brook (2016) studied some methods for risk estimation
and criticized the lack of their application in real life projects. On the other hand, Smith
and Bohn (1999) interviewed managers, which concluded that they do not have any
knowledge of the published mathematical models for estimating CC. According to
Baloi and Price (2003), these models depict the mathematical capabilities of publishers,

rather than offering a rational and simple approach to CC estimation.

4.3 Funds related conundrums

According to Xie et al. (2011) and De Marco et al. (2015) cost contingency funds are
the source of opportunity cost. To provide a solution to this problem participants were
asked about the time in the project when these funds are available. As shown in Figure
4.9, the majority of participants reported the interim payment certificate (IPC) based
recovery of CC funds. Since IPCs recover the cost that is already spent, the loss in value
due to opportunity cost does not seem to be a real problem as per the findings of this
study. This conclusion is further reinforced by the majority of respondents not reporting
to receive the full CC funds just after the award of the contract. A quarter of the
respondents reported that the matter varies from project to project, pointing towards a

contextual decision-making trend.
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Figure 4.9: CC funds Availability

Participants were asked about the physical location of CC funds under the specified
contract type of Cost-plus GMP. According to the results shown in Figure 4.10, only
12% respondents selected escrow account system contrary to the assumption of De
Marco et al. (2015). Though the trend of noncompliance with previous research is
alarming, the findings point towards a tendency of construction professionals to deal
with matters on the case to case basis, this offers greater flexibility in decision-making
but introduces subjectivity and robs the practices of necessary standardization.
Although debate on the pros and cons of standardization is outside the scope of this

paper, interested readers may refer to Polesie et al. (2009) and Polesie (2013).
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Figure 4.10: Cost Contingency Funds Physical Location

Further, according to 61% of the participants, CC funds are available in owner’s
account. Although under the specified conditions, continuous availability of these funds
to PM is essential for project success (Ford, 2002), the actual practices are different to
this recommendation, pointing towards ad hoc and informal working patterns in the

construction industry (Barraza and Bueno, 2007; Ortiz-Gonzélez et al., 2014).

To further observe the level of ad hocism, the current practices regarding the ownership
of cost contingency were investigated. Lack of clear consensus was observed as shown
in Figure 4.11. Majority of the experts (41%) suggested the client for the ownership of
excess CC, which is contrary to Ford (2002) and De Marco et al. (2015), as they
suggested that the developer has the ultimate ownership of excess contingency. Their
recommendation is in the best interest of the project as the executing party receives a
little more than their due share of incentive. Such an approach improves the client-

contractor relationships but puts a burden on a consultant to ensure all functional, as
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well as enriching works, are sufficiently done. However, the downside to this approach
is an undue advantage to contractors who focus only on correcting rather than
improving. Such contractors will tend to save CC funds and not spend on facility
improvement; this raises the need for a standardized and contractually bound
consumption guideline which will eliminate the subjectivity of decision-making and

bind the parties with their obligations.
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Figure 4.11: Excess Cost Contingency Ownership
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The lack of consensus can be further seen in Figure 4.12 where the majority of the
contractors does not consider the client to be the rightful owner of excess CC. Similarly,
90% of the total consultants did not approve the contractor’s ownership over the excess
contingency; this again points to an unharmonious mindset of industry representatives

and justifies the need for standard procedures.
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4.4 CC funds usage

Respondents were engaged to observe the contemporary practices regarding the time
and amount of CC funds usage as a risk response. According to Figure 4.13, more than
85% of participants opted for self-improvised and organization based guidelines which
are contrary to the findings of Baccarini (2005b) where it was found that organizations
do not have formal cc consumption guidelines. Though it seems advisable that such
practices and guidelines be documented and formally shared for the overall education
and awareness of the construction sector, the sensitive nature of CC funds does not
allow such transparency (Ford, 2002). Further, only 7% of the respondents use
published guidelines which shows the lack of research regarding the usage of CC funds,
reinforcing the need for a formal set of psycho-contractual guidelines. In the absence
of any standard published guideline for CC utilization, only a minority of the
respondents selected ‘gut feelings’ based CC usage, contrary to the thinking of Barraza
and Bueno (2007) who deduced that judgment and ‘feeling’ are the base for decisions

regarding contingency management. It can be argued that the construction sector has
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matured regarding policies and guidelines over the last decade. Current sophistication
can be linked to major intrinsic motivators such as internal competition (FIEC, 2014;
FIEC, 2015) and accountability Mak and Picken (2000), and extrinsic motivators such

as declining contribution to GDP (FIEC, 2016; FIEC, 2017).

Published  Others
guidelines 5%
7%

Personal
experience
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1% Organizational
guidelines
63%
Figure 4.13: CC utilization criteria
4.5 CC funds adequacy

Respondents were asked to suggest a percentage of planned and actual CC spending
concerning the total project cost in order to check the number of projects exceeding or
falling short of the budgeted CC and margin of this deviation, It is important to note
that this solicitation was made under the assumption of cost-plus GMP contract type.
According to the Table 4.1, average planned CC funds are 8.78% of total project cost,
whereas actual consumption is 9.36%. Also, 41% respondents were found to need extra
contingency during project currency, whereas 26% had excess contingency and 33%

respondents consumed their entire planned contingency by the project completion.

48



Table 4.1: Cost contingency adequacy

Average Average . L.
Status Percentage Planned CC Actual CC Deviation
Extra CC 41% 7.46 11.17 3.71%
required
CC available 26% 10.65 7.04 3.61%
in excess
AILCC 33% 8.94 8.94 0
consumed
Average 100% 8.78 9.36 0.58

The level of CC funds adequacy was further investigated as shown in Figure 4.14,
where participants were asked to pick the percentage of the projects that are likely to
drain CC funds earlier than project completion. According to the results, more than
50% of the participants believe in the possibility that at least one in every four projects

exhausts all of its contingent resources before completion which is in line with

Diekmann et al. (1988a).
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Figure 4.14: CC funds Exhaustion
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Later on, the respondents were asked about the funding required to manage the risks
arising after the exhaustion of budgeted CC funds. According to a majority of the
respondents, extra CC funds will be demanded from the client as shown in Figure 4.15.
This observation suggests that client-contractor relationship will be critical due to
earlier exhaustion of CC, which was previously stressed by Aibinu and Jagboro (2002).
According to 60 participants, they will use profit as compensation for CC, but it will
damage the repute of CC funds manager, who is mostly the PM. According to one of
the Ford (2002) interviewees, unspent contingency guarantees the job. Some of the
participants opted to do nothing in response or compromise on quality to generate
funds; such thinking will leave a negative impact on project health and is not

recommended in the best interest of the project.
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Figure 4.15: Funding for later risk
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4.6 Monitoring and forecast

To monitor and forecast the direct cost in construction projects, PMs are facilitated by
the availability of standard procedures such as EVM which represents the cumulative
cost in the form of an S-curve. In the absence of any reasonable body of knowledge
concerning the planning, tracking, and forecasting of CC, respondents, were inquired if
they adequately and systematically plan the spending of CC before project execution.
As expected, more than 70% of respondents negated it. Therefore, in the absence of any
reliable baseline for cost contingency, its optimum utilization during project currency
cannot be ensured which will hamper the forecasting of future spending. In this context,
De Marco et al. (2016) tried to forecast the consumption of CC funds based on an S-
curve which was later improved by Narbaev and De Marco (2017) through

incorporating passive and aggressive behaviors.

In the next stage of the survey, when asked about the monitoring of cost contingency
funds, interestingly, more than 80% of participants replied positively. But they did not
report any formal monitoring systems being implemented. In this context, the literature
has established some parameters for monitoring of CC funds by presuming a linear
depletion pattern (Barraza and Bueno, 2007; Hammad et al., 2016). Clearly, in the
absence of any standard CC usage patterns, management techniques for monitoring and
forecasting the future CC demand will be a sham because what cannot be rationally

measured cannot be wisely managed (Broadbent, 2007).

4.7 CC consumption trends
Experts were posed a specific scenario to formulate a standard baseline for CC. They

were asked to assume the role of PM for the execution of a 2-million-dollar project with
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a deadline of 2 years under cost-plus GMP contract. In addition to GMP, the client will
provide $ 100,000 CC which will be available at project start in an escrow account.
According to specific provisions of the contract, excess contingency will be owned by

the client and liquidity damage will be $ 5,000/day.

Participants were given four types of CC consumption behaviors to assess the general
CC usage trend. As per Salah and Moselhi (2015) these behaviors were normal,
aggressive, passive and basic (Salah and Moselhi, 2015). Experts were asked to report
CC consumption patterns under the specified conditions as per their experience.
According to the results shown in Table 4.2, a majority of respondents (90%) reported
a non-linear CC consumption, which does not follow the normal behavior. It is contrary
to the opinion of Barraza and Bueno (2007), and Hammad et al. (2016) who postulated
that majority of PMs linearly consume the CC funds without subscribing to non-normal
behaviors such as aggressive or passive. Only 37% participants expressed to spend
these funds aggressively or passively, which supports the suggestions and assumptions
of Ford (2002), and Narbaev and De Marco (2017) respectively. A majority (52%) of
respondents thinks they follow a basic CC consumption in the form of an S-curve,
which validates the assumption of De Marco et al. (2016). Thus, it is seen that different
practitioners tend to consume CC funds differently based on their threat perception and

urgency requirements.

Furthermore, these experts were asked to smartly utilize $ 100,000 CC as there are no
extra funds available. In addition, they were instructed to completely consume these
funds to achieve the set targets. The spending behavior of 102 experts was analyzed,
and individual comparison of the planned and actual CC consumption was established

to identify the participants who retained their spending criteria. The findings show that
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70% respondents consumed funds differently than their perceived behavior. A
comparison of respondents’ behavioral patterns based on their general threat perception

and actual CC utilization is established in Table 4.2.

Table 4.2: A comparison of CC consumption

Behavioral General Actual Behavioral Shift Overall
Patterns Threat Utilization Behavioral
Perception Shift
Normal (Linear) 12% 33% 21%
Aggressive (FEL) 11% 16% 5%
70%0
Passive (BEL) 25% 42% 17%
Basic (S-curve) 52% 9% -43%

The results point to a major shift in the managerial approach to CC utilization, as a
majority (42%) of experts consume CC funds passively in comparison to their
perceived pattern of basic (52%). According to Ford (2002), the cautious usage shows
that project managers are concerned about the time and cost targets. Interestingly, the
aggressive usage of CC was not entertained by participants at both perception and actual
utilization stages, which in light of Ford (2002) depicts a PM’s lack of commitment
regarding value addition to the facility. Also, a sizable portion (33%) of participants
were indifferent to any behavioral tendencies and consumed CC linearly. Although a
majority (52%) of participants opted S-curve based CC consumption, in actual only,
9% opined to consume in this fashion, which contradicts with the assumption of De

Marco et al. (2016).
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4.8 Contingency spending rate (CSR)

According to Ford (2002), the top three utilization criteria for CC funds are resolving
emergencies, reducing project delays and improving the facility. The findings of this
research expand upon the facility improvement function of CC funds and reveal that
the participants focus on the quality of executed work and stakeholder satisfaction after
resolution of emergencies and reduction in delays. However, to achieve the first two
objectives, the factor of facility improvement is neglected during the first half of the
project, resulting in passive CC utilization (Ford, 2002). On the contrary, some PMs
tend to overreact to the arising issues along with the requirement for value addition to
the facility during the early stages of the project, thus applying extra CC funds (Salah
and Moselhi, 2015). Although there is an established sense regarding the aggressive
and passive consumption of CC (Ford, 2002), the magnitude of such behavior is not

measured in the literature.

According to Murray and Ramsaur (1983), the assessment of spending rate is the most
complicated and essential aspect of contingency management process. Despite its
importance, this aspect remained unaddressed, and only recently Narbaev and De
Marco (2017) considered VQ and Q? to represent the aggressive and passive rate of CC
usage. Given the importance of CC consumption baseline to monitor, control and
forecast CC and CEAC (Babar et al., 2016; Hammad et al., 2016), spending pattern of
102 respondents was further analyzed to formulate standard CC consumption rate and
guidelines for all the established behaviors. Mean values of BEL, FEL, and basic CC

usage groups were calculated as shown in Table 4.3.
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Table 4.3: Mean CC usage

Established behavioral Established behavioral
Project patterns of CC consumption Project patterns of CC consumption
duration . . . duration . . .
Passive | Basic | Aggressive Passive | Basic | Aggressive
5% 2.16 1.11 4.625 60% 43,51 | 59.56 72.94
10% 4.86 3.44 11.25 70% 55.30 | 74.44 80.94
15% 7.93 5.55 17.19 80% 68.46 | 87.22 86.19
20% 11.70 | 7.77 25.06 85% 7791 | 91.67 90.44
30% 16.86 | 16.56 35.44 90% 86.02 | 94.56 93.38
40% 24.63 | 27.44 49.06 95% 93.46 | 97.33 96.94
50% 34.72 | 41.56 61.75 100% 100 100 100

CC exhaustion before project completion is considered a serious threat to cost and time
objectives (Diekmann et al., 1988a). At the same time, an excess contingency with poor
value addition to the facility cannot be considered a sign of good management practices
(Ford, 2002). Based on the findings of Table 4.3, balanced approaches to passive and

aggressive CC spending are given in Figures 4.16 and 4.17 respectively.

According to Table 4.3, experts with passive utilization tendencies used only 55% of
the total contingent resources at 70% of project execution. It is in line with Ford (2002);
PMs with passive behavioral tendencies are more reluctant to spend CC at the end of
the project to meet the deadlines. Furthermore, the findings of this study are compared
with previously established CC usage criteria set by Narbaev and De Marco (2017)
shown in Figure 4.16. It points that the actual passive tendencies of the participants are

relatively lesser than the established pattern by Narbaev and De Marco (2017). Also,
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Equation 1 shows the spending pattern for passive CC utilization with an R? value of

99%.

y = 0.0069x2 + 0.3001x + 1.4865 Equation 4.1
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Figure 4.16: A comparison established CSR with Narbaev and De Marco (2017)

Project duration was divided into 5 phases to study the difference between both studies.
A comparison of CC spending rates for each phase was established in Table 4.4. During
the middle phase, the spending rate for both studies is almost equal. The major
difference in spending rate can be observed during the first (0-20%) and the last (81%-
100%) phases. During the first phase, participants are willing to spend .38 extra CC for
every 1% progress in work than Narbaev and De Marco (2017). Whereas due to the
cautious usage of CC at first and second phases, Narbaev and De Marco (2017) has .15

and .22 extra CC for every 1% project progress than the established rate of this research.
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Table 4.4: Phase wise comparison of CC consumption rate

CC spending per 1% project progress

Passive behavior Aggressive behavior
Project phase
Research | Narbaevand De | Research = Narbaev and

findings Marco (2017) Findings De Marco

(2017)
0-20% 0.58 0.2 1.25 2.24
21%-40% 0.65 0.6 1.2 0.93
41%-60% 0.94 1 1.19 0.71
61%-80% 1.25 1.4 0.66 0.60
81%-100% 1.58 1.8 0.69 0.53

Furthermore, the level of aggressiveness was calculated based on the mean values
shown in Table 4.3. During the first two phases of project execution, participants
showed a partially aggressive behavior as only 49% of contingent resources were
utilized at 40% project completion. Whereas in comparison to passive CC utilization,
the spending rate for aggressive participants was more than double for first two phases
and a half for the last two phases. Further, the findings of this research were compared
with Narbaev and De Marco (2017) as shown in Figure 4.17. A major difference can

be seen till the 60% project completion.
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Figure 4.17: A comparison established CSR with Narbaev and De Marco (2017)

Comparison of phase wise spending rates of this research with Narbaev and De Marco
(2017) can be seen in Table 4.4. During the first phase, the rate of CC usage set by
Narbaev and De Marco (2017) was 80% more than the participants’ rate, which shows
that experts, in reality, are significantly lesser aggressive users of CC. In the second
phase, there is a significant drop of 1.31 per 1% project progress from the first phase of
the project. Interestingly the last two phases are close to the recommended spending

rate of the experts. Also, Equation 2 shows the aggressive CC spending.

y = —0.0053x2 + 1.5676x — 4.312 Equation 4.2

4.9 Research validation

“To validate the findings of this study, a CC usage region is established based on the
minimum and maximum CC usage limits shown in Figure 4.18. Due to the sensitivity
of data, most of the PMs were unwilling to share a detailed CC usage information. Later
on, they were asked to give the percentage CC usage at various project stages. Three

PMs agreed to share CC usage profile.
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Figure 4.18: Established CC region
4.9.1 Case study 1

The spending of CC for this case study was plotted against the established region for
CC as shown in Figure 4.19. Interestingly the CC usage did not exactly match any of
the established behaviors but remained within the set boundaries during certain phases.
Such as, during the first phase (0% - 18.5%), only 3.3% of the TCC was utilized which
is even half of the minimum established limit of 7.7%. Although at 62.5% PD, 56% of
TCC was consumed but at 69% PD, almost 85% of TCC was utilized which shows
either the occurrence of a black swan event or the PM’s intent to reduce project delays.
Interestingly, during the last phase (81.57% - 100%), there were only 2.25% CC funds

available, which points to poor management.
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Figure 4.19: Case study 1 and 2

Contingency Spending Rate (CSR) was calculated at five phases of case study 1 to
study the consumption behavior. During the first phase, the CSR was extremely low
which in light of Ford (2002) shows the lack of intention regarding the facility
improvement. During the second and third phases of the project, PM applied CC in
aggressive and partially aggressive manners respectively. Due to extremely aggressive
usage during the fourth phase, only 2.25% of TCC was available for the last phase of

the project, and that is why the CSR is extremely low (.12), as given in Table 4.5.
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Table 4.5: CSR of case studies

Case Study 1 Case Study 2
Passive | Aggressive | Project
CSR g%SR phglse Physical Physical
Progress | CSR | Behavior | Progress | CSR | Behavior
(%) (%)
0.39 1.25 First 0-185 | 0.18 | Extremely | 0-20.53 | 0.33 Passive
passive
0.84 1.2 Second | 18.6-37.5 | 1.31 | Aggressive | 20.54- | 0.55 Extra
40.4 passive
0.94 1.19 Third | 37.6-625 | 1.11 Partially 40.41- 1.56 Partially
aggressive | 60.26 aggressive
1.25 0.71 Fourth 62.6- 2.2 Extremely 60.27- 2.54 | Extremely
81.56 aggressive | 80.13 aggressive
1.58 0.64 Fifth 81.57- 0.12 | Extremely 80.14- 0.04 | Extremely
100 passive 100 passive
4.9.2 Case study 2

The CC spending in the second case study was plotted against CC region, as shown in
Figure 4.19. Only 16% of TCC was utilized till 33% of the PD, which is less than the
stated guideline of 20% for passive CC consumption. This deficiency was recovered
from 33% to 60% PD. Interestingly, from 60% to 63% PD, abrupt usage of CC was
experienced, where a quarter of TCC was consumed, which is in resonance with the
pattern of case study 1. As aresult, at 80% PD in case study 2, almost all of the available
CC fund was consumed. Availability of CC during the last phase is critical to achieving
project targets (Salah and Moselhi, 2015) but most the projects tend to exhaust CC
before project completion (Diekmann et al., 1988b), as can be seen in case of studies 1

and 2.
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The usage of CC for the second case study was investigated using a phase-wise CSR
given in Table 4.5. During the first and second phases of the project, the CSR is below
than its stated lower limit. This show that PM is neglecting the facility improvement
along with arising problems and project delays. During the third phase, CSR increased
by a margin of 1 than the second phase, which shows the willingness for dealing with
project cost control and delay related matters. Interestingly, the CSR for the fourth
phase shows an extremely aggressive CC usage; this may be the effect of untreated
risks and project delays during the first and second phases. Due to such passive behavior
in the beginning and aggressive behavior towards the end, no CC funds are available

for the last phase of the project.

These case studies help understand the consumption patterns and the possible issues
that may arise due to behavioral tendencies of consumption. It is imperative to note that
due to limited availability of data, the validity of analysis remains inadequate. The
performance indices (CPI, SPI) generated by using project management tools ensure a
high quality, objective data. Such inputs could have enhanced the validity and
generalizability of these case studies, and act as a decision support system to guide PMs

on how to use contingency in response to cost and schedule indicator
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Chapter 5

Conclusions and Recommendations

CC has a significant impact on stakeholder’s relationship and project success. Despite
its importance, the subject of CC management is not properly addressed in the literature.
General practices regarding contractual and managerial aspects of CC were collected
and studied. The lack of consensus between contractors and sponsors regarding CC
coverage, objectives and excess CC ownership is highlighted, which might harm the
contractor-sponsor relationship. Practitioners are recommended to clarify the

highlighted ambiguities through specific contractual provision.

According to research findings, publications related to contingency management is the
only 1/5" of the total studies related to contingency. Also, ad hoc based CC
management was also reported which points to a lack of standard guidelines for CC
management. There is a need to establish more pragmatic contractual and managerial
frameworks for CC management.  Also, the existing proprietary CC management
practices need to be analyzed to help formulate the standard set of contractual and
managerial guidelines so that inexperienced organizations can benefit from the

practices of well-established firms.

Further, the CSR for aggressive and passive behaviors is calculated which helps in

better monitoring and control of CC funds. It was observed that the experts are less
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aggressive compared to their passive tendencies. The findings also infer that majority

of PMs tend to withhold contingency amount in the first half of execution.

This research established CC usage region, which will help PMs assess their CC
consumption concerning the suggested limits. The region is based on the
recommendations of 102 experts. Construction organizations can analyze their previous

completed projects to enhance the reliability of established CC region,

It is reported that that prevalent processes of monitoring and forecasting are based on
assumed CC patterns. But this study found that more than half of the construction
industry is still applying TPA for CC estimation which does not support the
development of a baseline for CC. On the contrary, because of probabilistic nature of
risk, any formulated baseline might not be efficient for monitoring and forecasting. This
research established consumption trends and usage region of CC by analyzing the CSR.
Now, Construction industry and academia can formulate reliable monitoring and
forecasting parameters based on the standard consumption trends instead of

assumptions.

This research is limited in its scope on the contractor’s contingency and projects
delivered through cost-plus GMP method. Future research may expand upon these and
cater to the contingency of other prime stakeholders and for projects delivered
throughout methods. Also, the future research can delve into the financial complications

of more advanced project delivery methods such as public-private-partnership.
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Annexure — |

Contingency Utilization in Construction Projects: A psycho-

contractual framework
Respected Sir/Madam,

This survey is being carried out as part of MS research titled “Contingency utilization
in construction projects: A psycho-contractual framework.” The research is aimed at
finding the upcoming problems with contingency management. Based on the findings,
this study will propose certain guidelines for contingency utilization. This survey will
help in assessing industrial practices regarding contingency management. Your
contribution towards this research is highly appreciated.

Please be assured that the data will only be used for study purpose and no personal
information will be disclosed at any forum. Please click next to continue and complete
the survey and remember to click submit at the end. In the case of any inquiry, please
feel free to contact.

Regards,

Zohaib Khaliq

Graduate student

Dept. of Construction Engineering & Management
School of Civil & Environmental Engineering

National University of Sciences & Technology (NUST)
Islamabad, Pakistan

Email: zkhalig.cem7@nit.nust.edu.pk

*Required
Section-1

Personal Information

1. Please indicates your highest academic qualification.
o B.Tech

B.Sc/B.Eng

M.Sc/M.Eng/M.Tech/P.Dip

Ph.D./D.Eng

Other:

o O O O

2. Please indicate your years of professional experience

74


mailto:zkhaliq.cem7@nit.nust.edu.pk

From1to5

From 6 to 10

From 11 to 15
From 16 to 20
From 21 and above

Please indicate your field of work (Please select all that may apply).
Architecture

Building design
Infrastructure management
Construction management
Quantity surveying
Engineering

Facility management

Site execution

Project management
Financial consultancy
Other:

0O O O O O

o O 0O 0O O 00 O o0 O O

Please indicate your job title.

Project director
Project manager
Construction manager
Contract administrator
Assistant manager
Site manager

Project engineer
Architect/Designer
Consultant

University teacher/professor
Other:

0O 0O 0O 0O 0O 00 O o0 O O

. Type of organization.
o Client

o Consultant

o Contractor

o Other

Please select relevant age group (X) years.
o 21<X<25

o 25<X<30

o 30<X<35
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o 35<X<40
o 40<X<50
o X>50
7. Countries in which you have working experience

Section-2

Limitation of the survey:

The survey is limited to the projects performed under cost-plus Guaranteed Maximum
Price (GMP). Kindly keep this in mind while giving your feedback.

1. Does your organization carry out systematic project risk management before

the submission of the bid? *

O
@)
O

Yes
No
Other

2. How do you define ‘Cost contingency’ concerning your organizational

terminology?(Please select all that apply) *

O

Funds which are an uncertain portion of contractor’s profit
margin

Extra funds which will provide a cushion for change orders
Funds for dealing with projects known and unknown risks
Funds which will entertain any changes to the project scope
Extra funds kept to overcome estimating errors

Extra funds to negate the effect of inflation

Funds for design changes
Other

3. What are the intended objectives of Cost contingency? (Please select all that

apply) *

On time project completion

On budget project completion
Stakeholder satisfaction

Ensure safety on the project
Ensure quality of executed work
Facility improvement

Other
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4. What kind of approach does your organization use to estimate the amount of

contingency funds? *
o Traditional percentage approach (x% of total project cost)
Estimating using risk analysis (ERA)
Monte-Carlo simulation (MCS)
Sensitivity analysis
Other

O O O O

5. In your experience, under cost-plus GMP contracts, planned cost contingency
funds are how much (in percentage) of total project cost for EPC projects.

6. In your experience, under cost-plus GMP contracts, actual cost contingency
funds are how much (in percentage) of total project cost for EPC projects.

7. When the cost contingency funds are received by the contractor. *

o Full payment after the award of the contract.

o Partial payment based on Interim Payment Certificates (IPC)
generated by the contractor and approved by the consultant

o Partial payment at milestones.

o Partial payment based on contingency demand of project.

o Vary project to project due to lack of standard managerial and
contractual guidelines

o Other

8. From the start till the execution of the project; Cost contingency funds are

physically available in *
o Contractor’s account
o Owner’s account
o Consultant’s account
o An escrow account (client and contractor's joint account)
o Other

9. Which party owns excess contingency at the project completion*

o Contractor

o Owner

o Consultant

o The disputed issue as there are no standard contractual
guidelines

o Depend on the specific provision defined in the contract
between client and contractor

o Owner's prerogative

o Other

10. Do you or your organization plan the spending of cost contingency during

project execution? *
o Yes
o No
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Other

11. Do you or your organization monitor the spending of cost contingency during
project execution?

@)
@)
@)

Yes
No
Other

12. In your experience the percentage of EPC projects (X) under cost-plus GMP

contract, that consumes all of their estimated/planned cost contingency funds

before project completion. *

O

O O O O O

None of the project
1% < X <25%

25 % < X < 50%
50% < X<75%
75 % < X <100 %
All the projects

13. How does your organization respond latter risks after exhaustion of

planned/estimated cost contingency? (Please select all that apply) *

O

O

O

@)
O

Request extra contingency funds from client
Cut-off profit margin to respond latter risks
Let things go on until project completion

Compromise on quality of work and save funds for risk response
Other

14. How do you decide the timing and amount of contingency to be released; as a

risk response? *

(@]

o O O O

Organizations have its own sets of guidelines, which help in
decision making

Based on gut feeling, as there are no published guidelines.
Based on personal experience

Based on published guidelines

Other

Section-3

Contingency Depletion:

Literature was thoroughly reviewed, and following contingency depletion patterns of
cost, contingency was identified.

1. Front-loaded curve (FEL)

FEL shows a PM's aggressive usage of contingency. Aggressive spending means
more contingency will be depleted in the early phase of project and less in the
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finishing phase

2. Back-loaded curves (BEL)

BEL shows a PM's passive spending of contingency. Passive spending means less
spending of a contingency during early phase and more spending in the finishing
phase

3. Basic (S-curve)

Basic spending indicates a PM’s will consume contingency as per cost baseline of the
project, which normally is S-curve. In basic S-curve, the spending of contingency will
be less in early and finishing phase, but spending rate is more during the middle phase
of the construction project

4. Linear

It shows uniform contingency utilization throughout the project life. Contingency will
spend linearly concerning the percentage of the construction project completed, i.e. at
60 % of project completion 60 % of contingency funds will be consumed.

Contingency Depletion Curves

Percentage of depletion Vs. Percentage of Completion
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Scenario

Suppose your CEO has appointed you as Project Manager (PM) for the execution of an
Engineering Procurement and Construction (EPC) project. The contractual relationship
between your organization and the Client is based on Cost-Plus Granted Maximum
Price (GMP). According to your CEQ; financial experts of the organization came up
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with $ 2 Million GMP. The project must be executed within two years. Otherwise firm
has to face plenty of $ 5000/day in the shape of liquidity damages. To ensure that project
will be completed with targets $ 100,000 in contingency are kept in an escrow account,
which will only cover the execution phase of the project. According to one of the
specific contract provisions, excess contingency will be owned by the client at project
completion. CEO of your organization stressed that every last penny of 100,000 dollar
contingency must be consumed to avoid any delay, cost overrun, to ensure; the quality
of work, the safety of workers and satisfaction of the client.

Must read the above information before answering the following
questions.

1. CEO has asked to apply your experience to suggest the most likely spending of
contingency under the established scenario. *

Linear

Basic

Front-End Loading (FEL)
Back-End Loading (BEL)

o O O O

To avoid opportunity cost due to blockage of contingency in an escrow account. CEO
has also asked you to apply your experience to give a tentative cumulative utilization
of 100,000 at different phases of project execution.

2. Total cost contingency funds that you plan to use from the start of the project
until the 5 % Project completion. ( Select figure in between 1,000 and
100,000)

3. Total cost contingency funds that you plan to use from the start of the project
until the 10 % Project completion ( Select figure in between 1,000 and
100,000)

4. Total cost contingency funds that you plan to use from the start of the project
until the 15 % Project completion ( Select figure in between 1,000 and
100,000)

5. Total cost contingency funds that you plan to use from the start of the project
until the 20 % Project completion ( Select figure in between 1,000 and
100,000)

6. Total cost contingency funds that you plan to use from the start of the project
until the 30 % Project completion ( Select figure in between 1,000 and
100,000)

7. Total cost contingency funds that you plan to use from the start of the project
until the 40 % Project completion ( Select figure in between 1,000 and
100,000)
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10.

11.

12.

13.

14.

15.

Total cost contingency funds that you plan to use from the start of the project
until the 50 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project
until the 60 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project
until the 70 % Project completion

Total cost contingency funds that you plan to use from the start of the project
until the 80 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project
until the 85 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project
until the 90 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project
until the 95 % Project completion ( Select figure in between 1,000 and
100,000)

Total cost contingency funds that you plan to use from the start of the project

until the 100 % Project completion ( Select figure in between 1,000 and
100,000)
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