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Abstract—Contingency costs estimation plays a crucial role in construction project management, as inaccurate allocation of contingency
allowance can lead to significant cost overruns. However, in practice, the determination of contingency cost often relies on subjective
judgment rather than empirical analysis. This study aims to examine the relationship between project risk and contingency cost using
data from six high-rise building projects. The level of risk was evaluated based on the risk events that occurred during the construction
phase, while contingency cost data were obtained from the company’s operational records. A simple linear regression analysis was
employed to quantify the relationship between project risk and contingency cost. The results reveal a positive correlation, indicating
that higher risk levels are associated with higher contingency costs. The regression equation, y = -0.692 + 0.092x, suggests that for every
one unit increase in risk, the contingency cost increases by 0.092 units. These findings highlight the importance of systematic risk
assessment in developing more objective and data-driven contingency cost estimation frameworks. This study used data from one
construction company with limited historical records; future research should expand the dataset and timeframe for more accurate
results. Comparing risks and contingency costs is essential, given the project's complexity and size. Using methods like PERT, Monte
Carlo simulations, parametric modeling, or fuzzy logic for contingency cost calculation is recommended. Technology like project
management software and risk simulation tools helps monitor hazards in real time, allowing early detection of issues and faster, more
accurate decisions.
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of allocating contingency costs is to ensure that the project
I. INTRODUCTION cost budget is estimated to be proportional, realistic, and
sufficient to cover costs arising from risks due to uncertainty
caused by lack of information and errors in interpreting
project information/data [3]. A well-planned contingency
reserve ensures that project stakeholders, including
contractors and investors, have a financial cushion to handle
risks effectively and maintain project feasibility.

Several studies provide results that the range of
contingency costs is 5%-25% [4], [5]. In practice, contingency
fees generally vary from 3% to 10%, established through a
blend of experience and subjective criteria. Estimating
contingency costs is a complicated endeavor. Excessively
high rates can increase project bids, diminishing contractors'
competitiveness in tenders. Conversely, establishing them
excessively low may subject the project to financial pressure,
compromising profitability and the capacity to manage risks
efficiently. Consequently, a precise and objective assessment
of contingency costs is crucial for sustaining financial
stability and enhancing project results.

The construction industry is inherently susceptible to
various risks, such as technical issues, financial instability,
operational inefficiencies, regulatory changes, and force
majeure events. Cost overruns, delays, and overall project
inefficiencies may result from these risks if they are not
effectively managed. A fundamental financial strategy to
alleviate these uncertainties is the allocation of contingency
costs [1]. Contingency costs have become an important part
of project management in estimating project cost budgets.

Contingency costs are defined as cost reserves or cost
estimates to anticipate uncertain conditions allocated to work
items based on experience and implementation of previous
projects, and are the integrated costs of the estimated project
costs [2]. Contingency costs are crucial in building projects
because they are financial buffers to manage uncertainties and
unexpected events during construction. Contingency
expenses are monies set aside as reserves to address the risks
and uncertainties related to construction projects. The purpose
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Traditionally, contingency expenses are fixed percentages
of the overall project expenditure. Although straightforward,
these strategies frequently neglect the risks, resulting in
excessive or insufficient allocation. The method often used to
calculate contingency costs is based on subjective judgment
and predetermined percentages. However, these methods
cannot systematically measure or present the uncertainty
conditions faced during the project. Existing methods are
problematic because of their complexity [6]. A more precise,
data-driven process is necessary to improve the accuracy of
contingency cost estimation.

Numerous studies have been conducted to determine and
mitigate contingency costs in construction projects,
particularly those involving building construction. Reference
[7] utilized artificial neural networks to forecast contingency
costs, whereas a study by [8] proposed a methodology using
the Theory of Constraints and Multi-Objective Optimization.
Regression analysis has been utilized by [9] while a study by
[10] formulated a risk-based contingency cost estimation
model for EPC projects, demonstrating notable accuracy in
relation to real contingency costs. Furthermore, reference [11]
employed fuzzy set logic to improve contingency cost
forecasts. Although improving contingency cost prediction is
the main goal of these studies, the connection between project
risks and contingency cost distribution is not explicitly
covered. This study aims to address this gap by analyzing the
impact of project risks on contingency cost prediction through
linear regression analysis. By developing an empirical model,
this study enhances risk management and cost estimation
practices, ultimately improving the accuracy of contingency
cost predictions in construction projects.

A risk is an uncertain event or condition that, if it occurs,
could affect at least one project goal [12]. Risk can have
multiple causes, and if it occurs, it can have various impacts,
including influencing other risks. Risks in building projects
are categorized into two types: internal and external risks [11,
13]. External risks come from outside the project, while
internal risks come from inside the project. External risks in
building projects arise from ecological, legal, political,
economic, and social reasons. This includes natural disasters
(earthquakes, hurricanes), resource deficiencies, regulatory
changes, political instability, economic fluctuations (inflation,
financial crises), and social upheaval (wars, riots, and local
disputes). Whereas Internal project risks stem from personnel,
technology, design, materials, contractual obligations, and
safety concerns. This encompasses labor risks associated with
technical, managerial, and supervisory teams; construction
technology risks, including inappropriate methodologies,
safety oversights, inadequate planning, and unprepared
infrastructure; and design risks, such as substandard planning,
design inaccuracies, and frequent modifications. Risks
associated with materials and equipment encompass supply
delays, quality concerns, transportation limitations, and
equipment malfunctions.  Contractual risks arise from
misinterpretations, pricing inaccuracies, and violations,
whereas safety risks encompass workplace accidents,
equipment malfunctions, and fatalities.

The ISO 31000 standard delineates risk management into
seven steps [14], [15], which are:

a. The communication and consultation process
encompasses the establishment of communication

21

plans among the people responsible for executing the
risk management process and the stakeholders
involved.

b. Establishing the context includes the firm's articulation
of its objectives, the definition of external and internal
elements pertinent to risk management, and the
establishment of the scope and risk criteria for the
subsequent procedure.

c. Risk analysis seeks to elucidate risk to inform
judgments regarding optimal strategies and
approaches for mitigation. Risk analysis entails
examining the origins and factors contributing to risks,
their adverse effects, and the likelihood of these effects
materializing.

d. Risk evaluation: the objective of risk evaluation is to
enhance decision-making support by assessing which
hazards require treatment and prioritizing the
implementation of that treatment, based on the
findings of the risk analysis.

e. Risk treatment involves selecting one or more
strategies to alter risks and executing these strategies
through a cyclical process that assesses previously
applied treatments, residual risk levels, the
implementation of new treatments for unacceptable
residual risks, and the evaluation of the proposed
treatment's  effectiveness. The risk mitigation
strategies may encompass the following elements: a)
taking measures to eliminate the risk by refraining
from initiating or ceasing the activity that generates the
risk; b) embracing or amplifying the risk to capitalize
on a potential opportunity; c) eliminating the source of
the risk; d) modifying its likelihood; e) modifying the
outcomes; f) distributing the risk among multiple
parties (including via contractual agreements or
financing); and g) accepting the risk through informed
and rational decision-making.

f. Oversight and rigorous evaluation, monitoring and
critical review must be integrated into the risk
management process to delineate responsibilities
among participants, encompassing all facets of the risk
management framework, with the objectives of: a)
ensuring the effectiveness and efficiency of controls in
design and operation; b) acquiring supplementary
information to enhance the risk evaluation process; c)
scrutinizing events (including “quasi-incidents”),
modifications, trends, successes, and failures (and
deriving lessons from them); d) identifying shifts in the
external and internal context, including changes in risk
criteria and the risks themselves, which may
necessitate a reassessment of risk treatments and their
priorities; and e) recognizing emerging risks.

g. Monitoring and critical review must be integrated into
the risk management process to delineate duties among
participants, encompassing all facets of the risk
management procedure.

Risk management is essential to effective project
management, given the increasing complexity of projects and
the intensifying competitiveness [16]. Risk management must
be conducted proactively and consistently throughout the
project life cycle to minimize anticipated risks and mitigate
the impact of threats should those risks materialize [17]. A



direct correlation exists between successful risk management
and project success, as risks are evaluated based on their
potential impact on project objectives [18]. Reference [19]
states that a clear correlation exists between effective risk
management and project success, as risks are evaluated
according to their possible influence on project objectives.

In construction, financial risks are uncertainties that could
compromise a project's financial performance, including
inflation and price rises, currency rate variations, delays in
payments, interest rate changes, and bankruptcy risks [20],
[21]. These unknowns can lead to cost overruns and call for a
well-planned contingency fund to help minimize their
influence. Inflation and price escalation heighten financial
uncertainty in construction, directly affecting contingency
costs. Higher inflation and changing material costs require
larger contingency buffers to prevent budget deficits. Project
managers must apply dynamic financial models, risk-based
contingency planning, and inflation-adjusted budgeting to
control this risk properly. Project managers must employ
inflation-adjusted  budgeting, risk-based  contingency
planning, and dynamic financial models to manage this risk
successfully. Exchange rate fluctuations are variations in the
value of one currency relative to another, which can
substantially affect construction expenses, particularly in
projects dependent on imported foreign raw materials,
equipment, or labor.

In nations with significant currency volatility, these
movements create financial risks that require mitigation
through contingency cost planning. By raising financial risk,
supply chain interruptions, and project inefficiencies,
payment delays in building projects notably influence
contingency costs. Project managers set contingency funds to
cover unanticipated financial loads, ensuring project
continuity despite payment uncertainty and reducing these
risks. Interest rate fluctuations impact borrowing costs, cash
flow stability, and project financing, all of which impact
contingency costs.

Interest rate increases put contractors and project owners
under more financial duress and necessitate establishing
greater contingency reserves to cover unforeseen
expenditures. High interest rates may also discourage
investment in building projects, which could cause delays and
liquidity issues. On the other hand, reduced interest rates can
make financing easier and lessen the need for large
contingency reserves. Bankruptcy risk raises contingency
costs by creating financial uncertainty and raising the
possibility of project delays, supply chain interruptions, and
contract terminations. To reduce these risks, higher
contingency allocations are required to cover re-tendering
expenses, legal battles, and financial penalties.

The contingency is regarded as either a reserve, the most
well-recognized element of project cost contingency,
reflecting risk and uncertainty in projects, or as an indication
of overall financial commitment [2], [22]. Traditionally, cost
contingency in project cost estimates is determined based on
intuition and previous project experience, considering that
tender document preparation time is quite short, so it cannot
systematically analyze project risks and evaluate the potential
impacts associated with risks and uncertainties.

Contingency costs are defined as cost reserves or cost
estimates to anticipate uncertain conditions allocated to work
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items based on experience and implementation of previous
projects. They are integrated into the estimated project costs.
Reference [23] explained that contingency costs are several
funds provided as reserves to deal with uncertainties and risks
associated with construction projects. The purpose of
allocating contingency costs is to ensure that the project cost
budget is estimated to be proportional, realistic, and sufficient
to cover costs arising from risks due to uncertainty caused by
lack of information and errors in interpreting project
information/data [3]. In projects, or an indication of overall
financial obligation [2].

A variety of estimation methodologies are available for
determining project cost contingencies. These methods are
typically categorized as deterministic and probabilistic [22].
The deterministic technique typically quantifies cost
contingency as a specific proportion of the base cost. The
percentage is either fixed and applied to the total base cost or
variable, applied to the total base cost or its subcomponents,
contingent upon potential hazards. According to [24], the
deterministic approaches are thought to be the most
straightforward and widely used techniques for creating a
contingency budget. For large and complicated projects, this
estimate method is arbitrary and inadequate [25]. According
to [26], the deterministic approach typically allocates a
proportion for the contingency that ranges from 5 to 10% of
the project cost.

Probabilistic models are differentiated from deterministic
models by the presence of randomness in forecasting the value
of a dependent variable. Probabilistic models are crucial when
addressing scenarios characterized by natural variability since
they allow an outcome variable to be represented through a
probability distribution rather than a point estimate of the
dependent variable. Whereas reference [24] suggest there are
four methods for calculating contingency costs: 1) Expert
judgment (subjective in nature); 2) Predetermined percentage
(historical project data); 3) Risk analysis using simulation
methods (for example, Montecarlo Simulation); and 4)
Parametric Modeling (based on an algorithm and regression
analysis).

Based on some literature, it can be summarized that five
factors can influence contingency expenses:

1) Risk and Uncertainty: The need for and number of
contingencies reflect the risks and uncertainties of the project.
Contingencies include events within the defined project scope
that were unexpected [23, 27, 28]

2) Risk Management: Contingency serves as a remedy for
risk. [29]. There are several risk treatment strategies for
managing risk in projects, such as risk transfer, risk reduction,
and financial treatment for sustained risk; for example,
probabilities once contingency is used with other risk
treatment strategies.

3) Total Commitment: A cost estimate is prepared, and
contingencies are added to show the total possible cost of the
project. Including contingencies in a budget estimate means
that the estimate represents the total financial commitment to
a project. Contingencies should avoid the need for appropriate
additional funding and reduce the impact on costs.



4) Reserves: Cost contingency is a reserve of money.
Reserves are a provision in a project plan to reduce cost risk

[3].

5) Project Outcomes: Contingencies can have a large
impact on project outcomes for the project sponsor. If the
probability is too high, it can encourage careless cost
management, cause projects to be uneconomical and canceled,
and lock in funds unavailable for other organizational activities;
if it is too low, it may be too rigid and establish an unrealistic
financial environment, and result in unsatisfactory
performance results [30].

II. MATERIALS AND METHOD

A. Research Design

This study utilizes a quantitative research methodology to
examine the correlation between project risk indicators and
contingency expenditures in building projects. A correlational
study approach was employed to investigate the impact of
various risk variables on the distribution of contingency costs.
The study employed a systematic approach, beginning with a
literature review to identify critical risk factors, followed by
data collection through surveys and project reports.

A linear regression model was utilized to measure the
influence of risk factors on contingency costs, facilitating an
empirical evaluation of their correlation. Furthermore, fuzzy
analysis enhances risk assessments by integrating expert
judgment and uncertainty factors. The study approach
incorporated descriptive analysis to examine risk distributions
and inferential analysis to assess the statistical significance of
correlations among variables.

The research examined construction projects from a
specific company, utilizing data derived from project reports,
cost projections, and stakeholder perceptions. This study
sought to enhance the precision of contingency cost
estimation and offer insights into effective risk management
in the construction industry by integrating statistical and risk-
based analytical methodologies.

B. Data Collection

The data used in this study were primary data and
secondary data. Primary data was collected via interviews and
questionnaires. Participants in the primary data for this study

consist of six project heads (project managers) from the
contractor associated with each project. One president serves
as the director, another as the operational director, and a third
as the technical director from the contractor. These insights
helped develop the initial compilation of risk factors. A
questionnaire survey was thereafter distributed to all project
participants to analyze and evaluate the identified risks
through a paired comparison method. It is used to assess and
prioritize risk.

Project records, including cost budget plans and
implementation budget plans, furnish secondary data. These
records include historical financial data, which is a foundation
for assessing contingency cost allocations. Subsequently, we
organize the gathered data into a risk register, classifying and
prioritizing risk variables by fuzzy pairwise comparison. This
methodology guaranteed that the analysis was founded on
expert assessment and actual project data, resulting in a more
accurate and data-informed contingency cost estimation. This
research used a case study in a single construction company,
focusing on six building projects completed between 2019
and 2020. The research project consisted of six projects
undertaken by a contractor company based in Surabaya,
including hotels, apartments, and hospitals with heights
ranging from eight to eighteen floors. These projects were in
Yogyakarta, Surabaya, Sidoarjo, and Solo and were
constructed between 2014 and 2020. The diversity of building
functions and scales provides a representative basis for
examining the relationship between project risk and
contingency cost.

C. Variable and Measurement

This study analyzed risk factors influencing contingency
costs in construction projects. The factors were identified
through a literature review, expert interviews, and project
reports, and then categorized in a risk register for assessment.
The research variables were derived from a literature review
of construction work risks and would subsequently be refined
using the Delphi approach, which involves a preliminary
survey to identify more pertinent variables in the examined
projects. The research variables were presented in Table 1.
The verification of research variables is conducted through
two methods: expert judgment via screening interviews and
the utilization of data references from project documentation.

TABLEI
CLASSIFICATION OF RESEARCH VARIABLES BASED ON RISK TYPE AND SUBTYPE

Risk Type Risk subtype Source

Quality of technical personnel (Including psychological and moral integrity, operational techniques, and  [13, 31]

efficiency)

. Quality of management personnel (including psychological diathesis, moral integrity, and level of [13, 19]

Internal Risk

management)

Immature consideration of field conditions [13,32]

Internal technology system failure [31,33]
Design Construction design deviation [13, 34]
Technology Lack of understanding of structural characteristics and design theory [13, 35]
Risk

Inappropriate types and quantities of raw materials, completed goods, and semi-finished products [13,34]

Local transportation restrictions [35, 36]
Eaui Delays in supplying and entering construction equipment [13, 35, 37]

quipment Insufficient production capacity of construction equipment [13, 34, 35, 37]

and Material - - -
Risks Lack of accessories and fuel for construction equipment [13,31]

Construction machinery failures and electrical faults [13, 34, 37]

Lack of maintenance of equipment and overloading of construction equipment [13, 34, 35]

Equipment damage due to natural factors [31,34]




Risk Type Risk subtype Source
Equipment that has not been used for a long time [31,35]
Unavailability or shortage of materials [31, 34]
Theft of equipment and materials on-site [31, 34]

. Accident on site [31, 35, 37]

Safety Risk = 5/ on site [31, 34, 37]

Construction Death by accident [31, 37]

technology

risk

Bad weather and environmental conditions

[13, 31, 34, 35]

External risk Undesirable field conditions (unstable water supply, electricity, etc.) [13,31]
Disadvantageous geographical location [13,31,38]
Depletion of natural resources [31, 34]

Social risk Problems created by residents [31, 38, 39]

D. Data Analysis Method

The employed analytical techniques include the triangular
fuzzy number method for risk assessment and regression
analysis to determine the impact of risk on contingency
expenditures. The process of risk assessment utilizing the
triangular fuzzy number methodology is outlined as follows:
1) Transforming linguistic variables into fuzzy numbers, 2)
Computing fuzzy average probability and impact, 3) Risk
evaluation (risk calculator), and 4) Defuzzification/validation.
The risk level for each project under assessment, utilizing
fuzzy logic in risk analysis, was established. The data must
be transformed into a percentage representation of the risk
level. The proportion of the risk level is determined using the
weighted risk analysis approach. To produce results in
percentages, a pairwise comparison analysis is required.

Linear regression analyses the relationship between project
risk and contingency cost. Regression analysis is a statistical
method used to examine and model the relationship between
variables [40]. Linear regression is one of the effective
statistical methods to obtain the magnitude of the influence of
independent variables on dependent variables [41]. The
independent variables in this study are project risk and
contingency costs, and the dependent variables are. Linear
regression permits quantifying the extent to which changes in
risk factors affect contingency costs with clear statistical
significance. This study applies a structured data analysis
approach to examine the influence of project risks on
contingency costs in building projects. The analysis is carried
out in multiple stages to verify the reliability and validity of
the findings.

1) Data Preparation: The collected data, including
questionnaire responses and project records, undergo
preprocessing to remove incomplete or inconsistent
information.  Descriptive statistics summarize the data,
providing insights into the distribution and patterns of key
variables. Descriptive analysis uses a scatter diagram to show
the relationship between two variables. It displays data points
that show how one variable change relative to the other.

2) Risk Weighting and Scoring: A pairwise-comparison
fuzzy approach is used to assign weights to the identified risk
variables. This approach helps estimate the relative impact of
each risk factor based on expert judgments. The weighted
risks are then integrated into the regression model to examine
their effect on contingency costs.
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3) Regression Analysis: A linear regression analysis was
performed to analyze the relationship between project risks
and contingency cost allocation. The model estimates the
influence of independent variables (risk factors) on the
dependent variable (contingency cost percentage). Several
statistical tests are conducted to assess the model's robustness,
including heteroskedasticity and normality tests. The
heteroskedasticity test assesses the homogeneity of error
variances, while the normality test assesses the normality of
residuals.

4) Analysis and Verification: The regression analysis
findings are analyzed to determine the most critical risk
factors influencing contingency expenses. The findings are
juxtaposed with prior research to substantiate the conclusions.

III. RESULTS AND DISCUSSION

The questionnaires collected and completed by several
experts at a construction company are summarized. The fuzzy
pairwise comparison approach converts them into a pairwise
comparison matrix for analytical purposes. To get the sub-risk
weight relative to the overall risk weight, each sub-variable
weight is multiplied by its corresponding risk variable. A
summary of the risk and sub-risk weighting is compiled for
use in the weighted fuzzy analysis approach for risk
assessment. Table 2 provides a summary of risk assessment
via the Weighted Fuzzy Analysis Method. The global weight
signifies the relative significance of each risk category,
established via expert assessment and fuzzy pairwise
comparison. The risk value derives from expert assessments,
whereas the risk level is determined by multiplying the global
weight by the risk value.

TABLEIIL
RISK RECAPITULATION WITH WEIGHTED FUZZY ANALYSIS METHOD
. Global Risk

Risk type weight Level
Internal risks
Quality of technical personnel 0.061 10.500 0.639
(Including psychological and moral
integrity, operational techniques,
and efficiency).
Quality of management personnel 0.061 6.120 0.373
(including psychological diathesis,
moral integrity and level of
management).
Immature consideration of field 0.055 6.120 0.334
conditions.
Internal technology system failure 0.034  6.120  0.206




Risk type gl‘l’:;t' Risk Ilfe‘jle‘l
Design technology risk
Construction design deviation 0.052 15.000 0.774
Lack of understanding of structural 0.068 10.000 0.684
characteristics and design theory
Equipment and Material Risks
Inappropriate types and quantities of ~ 0.021  10.500 0.215
raw materials, completed goods, and
semi-finished products
Local transportation restrictions 0.010 6.120 0.063
Delays in supplying and entering 0.038 6.120 0.230
construction equipment
Insufficient production capacity of 0.017 6.120 0.105
construction equipment
Lack of accessories and fuel for 0.019 6.120 0.115
construction equipment
Construction machinery failures and ~ 0.005 15.000 0.77
electrical faults
Lack of maintenance of equipment 0.007 6.120 0.042
and overloading of construction
equipment
Equipment damage due to natural 0.009 10.000 0.086
factors
Equipment that has not been used 0.007 10.000 0.068
for a long time
Unavailability or shortage of 0.034  6.120 0.209
materials
Theft of equipment and materials 0.005 6.120 0.031
on-site
Safety risk
Accident on site 0.183  6.120 1.119
Injury on site 0.040  6.120 0.246
Construction technology risk
Death by accident 0.102  6.120  0.624
External risk
Bad weather and environmental 0.028 10.000 0.283
conditions
Undesirable field conditions 0.038  6.120 0.235
(unstable water supply, electricity,
etc.)
Disadvantageous geographical 0.022  6.120 0.136
location
Depletion of natural resources 0.012  6.120 0.074
Social risk
Problems created by residents 0.073  6.120  0.447

Total 7.415

Table 2 provides an overview of building project risks
using the Weighted Fuzzy Analysis Method on Project 1.
Assessments for Projects 2, 3, 4, 5, and 6 are done similarly.
Safety risks, particularly on-site accidents (risk level: 1.119),
are the most significant, highlighting the critical need for strict
safety protocols. Design technology risks, such as
construction design deviations (0.774) and lack of
understanding of structural characteristics (0.684), also pose
major concerns. Internal risks, including technical personnel
quality (0.639), emphasize workforce competence and
management integrity. Equipment and material risks
underline logistical challenges, such as delays in supplying
construction equipment (0.230) and a lack of accessories and
fuel (0.115). External risks, like bad weather (0.283), and
social risks, such as conflicts with residents (0.447), further
influence project performance. The analysis highlights the
significance of thorough risk management measures,
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emphasizing safety, design verification, staff proficiency, and
supply chain effectiveness to alleviate adverse effects on
building projects.

Contingency cost data, classified as secondary data, is
directly sourced from project data overseen by the company's
operational and control director. Table 3 below displays the
contingency cost data derived from the cost budget plan and
implementation budget plan. The cost budget plan represents
the value specified in the contract between the owner and the
contractor, typically understood as the project's overall value,
encompassing the base cost, profit, and contingency. The
implementation budget plan encompasses the expenses
incurred by the contractor throughout the project's
construction, comprising a portion of the actual base cost and
cost contingency. Table 3 presents the project budget details,
including the planned cost budget (including taxes), the
implementation budget (excluding taxes), and the percentage
of actual contingency costs incurred during the project
implementation. This data provides an initial overview of how
the budget was allocated and the extent to which contingency
costs contributed to the total project budget.

TABLE III
IMPLEMENTATION BUDGET PLAN AND ACTUAL CONTINGENCY COST OF EACH
PROJECT
Project  Implementation budget plan Actual
(excluding VAT) contingency cost
1 IDR 34,313,828,100.00 2.30%
2 IDR 47,555,100,700.00 3.43%
3 IDR 24,926,064,700.00 3.24%
4 IDR 35,679,900,000.00 4.82%
5 IDR 81,843,636,000.00 3.37%
6 IDR 26,400,000,000.00 2.35%

Source: Construction Company Project Data (2020)

The impact of the identified risks on contingency costs is
assessed, considering the project budget allocation. As a
financial buffer to handle unforeseen circumstances during
project execution, contingency charges are crucial to project
risk management. The discrepancy between the projected
budget and actual expenses demonstrates budget estimation
and risk mitigation techniques. Table 4 below shows the
relationship between the risk level, the prepared budget, and
the contingency costs incurred. The comparison between
planned and actual contingency costs provides insight into the
effectiveness of budget planning in managing risks during
project implementation. The relationship between these tables
provides a comprehensive understanding of how risks,
budgets, and contingency costs are interrelated in construction
project management.

TABLEIV

RECAPITULATION OF RISK LEVELS AND CONTINGENCY COSTS
Project contli)rl::gr:ancy corﬁicrtllglsrllcy Project
number Risk Level

cost cost

1 3% 2.30% 7.415

2 35% 3.43% 7.618

3 3% 3.24% 7.535

4 3% 4.82% 7.652

5 4 % 3.37% 7.599

6 3% 2.35% 7.495

A scatterplot tool was employed to demonstrate the
correlation between contingency expenses and risk levels for



each research project. The scatter plot was constructed with the
x-axis denoting the risk level of each project and the y-axis
representing the percentage of contingency cost (CC) in Fig 1.

Relationship between Project Risk Level and Contingency Cost (CC)

50000

40000
= 0692 + 0092

30000

Contingency Cost (Percent)

o B

7.400 7450 7.500 7550 7,600 7650

20000

Risk Level (dimensionless index)

Fig. 1 Relationship between Project risk level and contingency cost (CC)

The figure shows a positive linear relationship between
project risk level and contingency cost for six building
projects. The scatter plot in Fig. 1 shows how the risk levels
(x-axis) and contingency costs (y-axis) relate to six projects.
Each point represents a project's associated contingency cost
against its degree of risk. A fitted trend line shows the overall
correlation between the two variables. The graph clearly
shows a positive link between the risk level and the
contingency cost, which usually rises. This implies that
higher-risk projects require larger contingency budgets to
help reduce financial overruns and uncertainty. Project 4
exhibits the highest contingency cost (4.82%) and one of the
highest risk levels (7.652), while Project 1 has the lowest
contingency cost (2.30%) and the lowest risk level (7.415).
This supports the hypothesis that contingency costs are
closely linked to the project's risk exposure. It is also
important to note that most of the identified risks in these
projects had been managed through various risk control
measures during construction. As a result, the mitigation
efforts may have contributed to reducing overall contingency
expenditures.

The linear regression results indicate a correlation between
risk level (the independent variable) and contingency cost (the
dependent variable). The correlation coefficient R = 0.879

indicates a robust link between risk level and contingency cost.

The R Square coefficient value of 0.772 indicates that 77.2%
of the variation in contingency costs can be attributed to risk
levels. The model remains strong enough to explain this
relationship after adjusting for the number of variables, as
indicated by the adjusted R Square = 0.716. Based on the
analysis, the following regression equation is obtained:

y=-0.692 +0.092x (6]

If x represents the risk level and y denotes the contingency
cost, then the regression coefficient of 0.092 for risk level
signifies that a one-unit rise in risk level would elevate the
contingency cost by 0.092, provided all other variables are
held constant. The positive slope indicates that higher
contingency costs are associated with higher risk levels. The
negative intercept indicates that the model's predictions may
be inapplicable when contingency costs are absent. To
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evaluate whether the resulting regression model has a
significant relationship between the independent and
dependent variables, an analysis was conducted using the
Analysis of Variance (ANOVA) test. This test aims to
determine whether the independent variables provide a
significant contribution to the dependent variable.

The ANOVA test findings indicate that the regression
model significantly accounts for the change in contingency
cost (CC) relative to risk level. The F-statistic of 13.576,
accompanied by a p-value of 0.021 (below the 0.05
significance threshold), signifies that risk level exerts a
statistically significant influence on contingency cost.
Additionally, the normality test results confirm that the
residuals follow a near-normal distribution, and the
heteroskedasticity test results indicate that the residuals do not
exhibit a significant variance pattern, supporting the model's
statistical validity.

The result of this research shows that an increase in risk
factors correlates with higher contingency expenditures for
the project. This aligns with the research conducted by [42],
who determined and assessed important risks in the
construction cost estimation process. These risks are seen to
be the primary reasons for cost overruns in Nigerian building
projects. They identified 29 significant risks that affect the
project's contingency budget. This is also consistent with the
results of [20], which used a methodical approach based on
empirical evaluation to examine the financial impact of risk
factors influencing important aspects of construction projects
using Fault Mode and Effect Analysis (FMEA) and
quantitative analysis. Risk factors such as scope changes,
incomplete designs, and economic risks (such as inflation and
delayed payments) significantly affect the need for
contingency costs. The higher and more complex the risks
identified, the greater the need for contingency costs to
address these uncertainties and ensure project success.
Additionally, reference [20] highlights the significance of
contingency estimates grounded in precise quantitative risk
assessment rather than a deterministic methodology. They
recommend a more reasonable contingency cost range of
13.36% to 17.88%.

The positive relationship between contingency cost and
risk level indicates that higher contingency cost allocation is
associated with higher risk levels in construction projects [43].
This may be due to greater project complexity or higher
uncertainty, which requires additional cost reserves to
anticipate potential risks. Projects with a high level of
complexity tend to have many interrelated components and
require complex coordination [44]. The more complex a
project is, the greater the likelihood of unexpected risks
arising, thus requiring a larger contingency cost allocation to
anticipate potential problems. Simultaneously, building
projects frequently encounter uncertainties that influence cost,
duration, and quality. These hazards may arise from various
causes, including environmental circumstances, alterations in
design, or price volatility[45]. Project managers generally
designate contingency expenditures as a reserve to address
anticipated unforeseen expenses. Accurate contingency cost
estimation necessitates a comprehensive comprehension of
potential risks and their effects on the project. By
methodically identifying and assessing risks, contingency
cost estimates can be adjusted to match the degree of risk



encountered, thus enhancing the realism and reliability of the
project budget.

The precision of contingency cost assessment deemed
significant in large, qualified construction firms differs from
that of smaller contractors. Reference [46] clarified that small
to medium contractors primarily employ contingencies in
situations when they regard the evaluation of contingency
expenses in the contract as compensable. Risk estimates are
typically not used to determine contingency costs; instead, the
emphasis is only on their competitive bidding. Consequently,
these organizations undertake a proportionately higher
business risk than indicated by the literature on contingencies.
Numerous contractors believe that incorporating contingency
funds into a project's tender price may lead to the forfeiture of
the tender. The research undertaken by [47] seeks to rectify
this erroneous belief. A more sophisticated approach to risk
management acknowledges the potential to avert or mitigate
hazards while enhancing opportunities.

Contingency is crucial for effective project management as
it offers a safeguard against the emergence of hazards.
Contingency cost allocation methods are predicated on an
activity's impact on the total project cost variance,
encompassing cost, uncertainty, and its status on the critical
path [48]. An effective contingency cost management
approach is anticipated to regulate expenditures and balance
project activity contingency costs while forecasting future
requirements [49]. The application of linear regression
analysis is one of the probabilistic methods that is quite
effective in estimating contingency costs in construction
projects. Linear regression predicts the value of a dependent
variable (e.g., contingency cost) based on independent
variables (e.g., risk factors), acknowledging inherent
variability and unmeasured influences on the outcome.

Consequently, linear regression is regarded as a probabilistic
model because it incorporates uncertainty and variability in
predictions. Using linear regression to assess risk factors
enables firms to pinpoint areas that require focused intervention,
thereby enhancing overall project performance. Linear
regression facilitates the identification of the most significant
risks, enabling targeted mitigation actions in the regions of most
need. This enhances risk management efficiency and ensures
optimal resource allocation. These models use prior project data,
offering expert insights for contingency planning without
requiring qualified professionals for each project [50]. This
research offers significant insights for project managers and
stakeholders within the construction sector. Comprehending
the correlation between risk factors and contingency costs
facilitates more precise cost estimation and efficient risk
mitigation techniques. By identifying potential hazards early,
project managers can allocate contingency expenses more
effectively, reducing the likelihood of budget overruns.
Financial risks, including inflation, exchange rate volatility, and
payment delays, must be monitored closely to avoid unforeseen
liabilities. Real-time risk monitoring and data-driven
contingency cost distribution can improve project efficiency.

IV.CONCLUSION

This study aims to investigate the relationship between risk
and contingency cost in building construction projects. Using
a quantitative approach with simple linear regression analysis,
the research investigated six high-rise building projects
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implemented by a single construction company. The research
findings indicate that the relationship between risk and
contingency cost is represented by the equation y = -0.692 +
0.092x, suggesting that an increase in risk variables correlates
with elevated contingency expenses for the project. The risk
level indicates that a one-unit increase would raise the
contingency cost by 0.092, assuming all other factors remain
constant. The results of the risk evaluation analysis of
construction project implementation in the six research
projects showed a risk level range of 7.415 to 7.652 and a
contingency cost range of 2.30% to 4.82% of the total project
contract value.

This study used data exclusively from a single construction
company with relatively limited historical records; hence,
future research should aim to enhance the dataset and extend
the historical timeframe to yield more precise conclusions. A
comparison of risks and contingency costs is necessary,
considering the project's complexity and magnitude. The
application of alternative contingency cost calculation
methodologies, such as Program Evaluation and Review
Technique (PERT), Monte Carlo simulations, parametric
modeling, or fuzzy logic, is strongly advised. Utilizing
technology, including project management software and risk
simulation tools, facilitates the real-time monitoring and
management of hazards. This facilitates the early
identification of potential issues and enables swifter, more
precise decision-making.
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