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ABSTRACT 

Construction projects encounter a variety of risks, which require a thorough risk response phase to 
identify, evaluate, and determine solutions. This study presents a methodology for effectively choosing an 
appropriate risk response strategy and allocating suitable funds for the risk response phase of building 
projects. The framework employs optimization approaches and evolutionary principles, specifically 
utilizing the Genetic Algorithm technique. The objective of the model is to reduce costs and determine a 
suitable fund allocation strategy with minimum risk. The effectiveness of the framework is assessed in an 
actual building project involving a ventilation and air conditioning system, demonstrating its ability to 
optimize risk response and assist decision-makers in making well-informed choices. 
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I. INTRODUCTION  

A project is a series of activities with defined objectives, 
managed effectively through planning, directing, and 
controlling resources [1]. Each project inherently carries 
potential risks, and a crucial responsibility of project 
management is to reduce or eradicate these risks. Project risks 
refer to unpredictable occurrences that have the potential to 
affect project goals [2-5]. The latest developments in 
construction projects have resulted in higher complexities and 
possible threats. The complexity of risk analysis and 
assessment is increasing, with a greater emphasis on 
understanding the interrelationships between threats and the 
project environment. Frequently, enhancements fail to consider 
the risk attributes and interconnections, the complicated details 
of the project, and the experience of the management team. The 
evaluation of project complexity involves assessing the level of 
differentiation, dependency, and impact on decision-making 
within the various components of the project. Project 
complexity arises from the integration of individuals from 
diverse organizations and the utilization of various 
technological combinations. The complexity of a project is 
directly correlated with the level of uncertainty associated with 
its components [6-8].  

Risk Management (RM) is a crucial knowledge area 
addressed by the Project Management Institute (PMI), 
enhancing construction project management and resource 
efficiency. RM is a methodical process that identifies, analyzes, 
and responds to risks, minimizing adverse effects and 

maximizing positive impacts. It is applied in various fields like 
safety, enterprise management, environment, and health. RM 
consists of four major phases: risk identification, risk 
assessment and analysis, risk response planning, and risk 
monitoring and control. It is essential for recording risks and 
managing them for future projects [9-13]. The Risk Response 
(RR) stage is a crucial part of RM, involving developing a plan, 
proposing responses, and determining treatments for each risk 
event to minimize risk occurrence and negative impacts, 
maximize opportunities, and achieve project objectives [14-15]. 
The research on risks affiliated with construction projects 
frequently prioritizes identification and assessment, while 
overlooking the risk response phase. This stage encompasses 
the formulation of plans, the identification of solutions, and the 
determination of treatments for each risk occurrence. The main 
objective of RR is to mitigate risks and their adverse 
consequences, optimize opportunities, and accomplish project 
goals by reducing negative results [4]. 

Through the years, many techniques and instruments have 
been created to assist project managers. One of the techniques 
available is the Genetic Algorithm (GA) [16, 17]. GA is an 
evolutionary algorithm that utilizes crossover, selection, and 
mutation procedures. They are employed in construction 
endeavors to manage intricate, multi-modal, and distinct 
assignments and optimize project management. The process of 
selection is responsible for driving natural selection, whereas 
the process of crossover involves dividing a parent string into 
segments and exchanging them with corresponding segments. 
Mutation is responsible for maintaining genetic variation 
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within a population. GAs possess several benefits, including 
straightforward conceptual understanding, wide-ranging 
applicability, the capacity to be combined with various 
methodologies, resilience to dynamic alterations, and 
adaptability. In addition, they do not enforce mathematical 
prerequisites on optimization problems, enabling them to 

address non-linear challenges in continuous, hybrid, or limited 
search domains [18-19].  

The objective of this research is to construct a mathematical 
model that can identify efficient strategies for managing risks 
in construction projects. Additionally, the model will be used to 
predict the expected budget for risk response and employ the 
GA to find it. 

II. RESEARCH METHODOLOGY 

The research technique comprises two discrete components: 
theoretical and practical. The theoretical component entails a 
comprehensive examination of risk and RR, along with an 
evaluation of relevant prior research on these subjects. The 
practical component involves the construction of a 
mathematical model, the collection of data, and the execution 
of the model using the GA to accomplish the intended research 
objective. These two components are crucial for achieving the 
research purpose, which is to predict a suitable RR budget to 
assist decision makers in their responsibilities (Figure 1). 

 

 
Fig. 1.  Research methodology. 

III. LITERATURE REVIEW 

This study’s objective is to examine, comprehend, plan, and 
create a suitable approach for managing risks in different 
project categories. Optimization modeling approaches have 
been extensively deployed to provide various models for 
efficiently managing RR plans in construction projects [20]. 
Authors in [1] categorized the RR strategies into preventive 
and adaptive ones, taking into account factors, such as the 
controllability of the risk, the cost of the response, and the 
features of the project. A mathematical model was devised to 
assist managers in selecting cost-effective solutions for 
mitigating risks. A mathematical model was formulated in [21] 
to address the issue of scheduling a project in the presence of 
risk. The model consists of two goal functions: (1) minimizing 
the predicted makespan and (2) minimizing the projected 
overall cost. The study indicated that GA was a rapid and 
efficient strategy that could be utilized.in solving this problem. 
Authors in [22] employed a matrix-based methodology to 
effectively handle risk interactions and risk networks. They 
formulated an optimization problem and utilized the GA to 
discern pivotal places that contribute to project delays. The 
study determined that the presence of uncertainty regarding 
important tasks does not necessitate their inclusion on the 
critical path. Moreover, the effectiveness of the algorithm was 
mostly influenced by the complications of the project rather 
than the quantity of tasks. 

Authors in [23] developed a model that uses multi-objective 
and Binary Integer Programming (BIP) to select suitable 
solutions for risk events in projects, with a particular focus on 
risk interactions. The Saba tower project was the case study of 
this paper and delay and failure costs were minimized whereas 
the efficiency of the project was maximized. A mathematical 
model was developed in [24] to quantitatively evaluate the 
effectiveness of RRs. The efficacy of each solution was 
determined by utilizing the probability distribution of the 
number of days of delay after implementing RRs. Authors in 
[25] introduced an approach which employs multiple objectives 
and BIP to choose appropriate reactions to risks with the goal 
of maximizing their measurable effects. Authors in [26] 
presented a study with three stages: (1) Identifying risks, 
responses, and their interrelationships, (2) assessing the 
importance of risks and responses employing the Analytical 
Network Process (ANP), decision-making trial and evaluation 
laboratory (DEMATEL), and Fuzzy theory, as well as (3) 
utilizing BIP. The framework proposed in [27] analyzes the 
influence of risks on the objectives of the projects, the 
interaction among threats, and the criteria and characteristics of 
managing risks. The proposed model is an optimization 
framework designed for determining RR operations. It consists 
of three techniques: fuzzy TOPSIS, Ant Colony Optimization 
(ACO), and Multi-Criteria Decision-Making (MCDM).  

IV. RISK RESPONSE STRATEGIES 

Risk events must be managed through a plan to minimize 
their impact on a project's success. Researchers have explored 
various risk reduction strategies, including avoidance, 
acceptance, mitigation, transfer, sharing, and removing. 
Avoidance involves implementing a risk-free plan, whereas 
acceptance acknowledges potential risks. Mitigation involves 
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implementing measures to reduce risks, whereas transfer 
includes transferring risk-related work to a third party. Sharing 
encompasses multiple partners handling risk, and removing 
entails diminishing risk causes to achieve risk elimination [28-
30]. 

V. THE MATHMATICAL MODEL CONSTRUCTION 

An RR approach encompasses various alternatives, such as 
risk avoidance, risk acceptance, risk mitigation, risk 
transferring, risk sharing, and risk removal. The overall 
expenditure associated with implementing these strategies, 
known as the Total RR Cost for the project (TRRCp), is 
calculated by summing the costs linked to each form of 
response: risk-avoidance cost (Cv), risk-sharing cost (Cs), risk-
removing cost (Cr), risk-acceptance cost (Ca), risk-mitigation 
cost (Cm), and risk-transferring cost (Ct). It is necessary to 
assess the cost of each specific action. Table I provides a 
comprehensive explanation of every parameter employed in the 
proposed model. The model constraints include the following: 

 Fitness (cost) Constraint:  

Fitness= total cost = ∑(selected responses)cost  (1) 

 Strategy Constraint 1: states that strategies Si and S í  
exclude each other: 

x�� + x´�� ≤ 1                    (2) 

 Strategy Constraint 2: guarantees the selection of a single 
strategy: 

x�� + x´�� = 1                     (3) 

 Strategy Constraint 3: implies the condition that choosing a 
particular strategy necessitates the selection of another 
specified method as well: 

x�� − x´�� ≤ 0                         (4) 

 The objective function will calculate the TRRCPp while 
minimizing the total cost for each category: 

Min RC�  = ∑ ∑ PC���
�
��� x���

�
���            (5) 

TRRCPp = (∑ C�
�
��� + ∑ C�

�
��� + ∑ C� +�

��� ∑ C�
�
��� +

∑ C� + ∑ C�)�
���

�
���                      (6) 

TABLE I.  PARAMETER DESCRIPTION 

Parameter Description 
Ae A project activity, e=1,……,E 

PRj Primary risk event, j=1,…..n 

Si 
Set of risk response strategies where i=1,….,6 or m 

if risk response actions were considered 

PCeij 
Primary Cost for the implementation of the ith 

primary RR for activity Ae 

xeij 

Decision variable, it is equal to 1 for the ith RR 

strategy for the jth risk in the eth activity, otherwise 
is equal to zero 

RC Total cost of response strategies (actions) 

TRRCp Total risk response cost for the project 

Min RCa Minimum RR cost for each activity 

VI. DATA COLLECTION 

The effectiveness of the proposed RR selection model is 
confirmed by its application in an actual building construction 
project. The data used to verify the accuracy of the model were 
obtained from [20]. This study examined the construction 
project of a ventilation and air conditioning system. The project 
expenditure amounts to $4.7 million. The entire project is 
organized into eight key work activities. The researchers 
determined 10 significant risks that could potentially affect the 
vital activities of the project as depicted in Table II. They have 
also proposed 20 potential actions to respond to these risks. 
Table III presents the description and anticipated cost of every 
possible response available for each individual risk. 

TABLE II.  PROJECT ACTIVITIES AND RELATED RISKS 

Project activities Related PRs Related RRAs 

Ventilation duct 
making (A1) 

Corrosion (PR1) RRA1, RRA2, RRA3 

Wear (PR2) RRA4 

Drainage pipe making 

(A2) 
Corrosion (PR1) RRA1, RRA2, RRA3 

Support making (A3) Corrosion (PR1) RRA1, RRA2, RRA3 

Installation of a system 
and ventilator ducts (A4) 

There are sundries 

in the ventilation 
duct (PR4) 

RRA7, RRA8 

Looseness (PR5) RRA9, RRA10, RRA11 

Condensation (PR8) RRA13, RRA14, RRA15 

Implementation of a 
drainage pipe and system 

(A5) 

Looseness (PR5) RRA9, RRA10, RRA11 

Sewage residue 
(PR6) 

RRA12 

Condensation (PR8) RRA13, RRA14, RRA15 

Air leakage test (A6) 

Valve interfaces are 
not tight (PR3) 

RRA5, RRA6 

Too much noise of 
ventilation system 

(PR9) 

RRA16, RRA17, RRA18, 
RRA19 

Pipe pressure test (A7) 
High resistance of 
drainage system 

(PR10) 
RRA20 

Installation of air-
conditioning equipment 

(A8) 

Corrosion (PR1) RRA1, RRA2, RRA3 

Rustiness (PR7) RRA1, RRA2, RRA3 

 

VII. MODEL APPLICATION 

The proposed model was applied to the specified 
construction project via GA. Consequently, distinct results 
were achieved for each risk, including the effect of PR1 
(Corrosion) on the activity of Ventilation duct making (A1). To 
resolve this problem, the implementation of the RRA3 
treatment can be considered. This treatment was evaluated 
alongside other approaches (RRA1 and RRA2 treatments) 
considering the cost criterion, and was ultimately chosen. The 
chosen RR action is a subordinate component of the mitigation 
strategy. This methodology has been implemented for every 
project task and for every potential risk, subsequently 
proposing to an estimated total budget to carry out the RR 
strategy for managing the risks associated with the project 
equal to $56,571. Table IV shows the detailed results of the 
model. 

This framework may be characterized as a beneficial, 
efficient, and uncomplicated tool for users or decision makers. 
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TABLE III.  RISK RESPONSE ACTION INFORMATION  

RRA ID Description Est. cost $ Strategy 

RRA1 
Implementing moisture-proof and anti-

corrosion procedures at the building site 
156900 Mitigation 

RRA2 
Enhancing the degree of equipment 

safety throughout the equipment 

purchase process 

65350 Mitigation 

RRA3 Purchasing the dehumidifier 7845 Mitigation 

RRA4 
Organising fibre boards at the storage 

facility 
1569 Mitigation 

RRA5 
Conducting a pressure test prior to valve 

installation. 
785 Mitigation 

RRA6 
Before valves  installation, it is 
necessary to clean the valves 

313 Mitigation 

RRA7 
Sealing duct holes when installation of 

the ducts is stopped temporarily 
120 Mitigation 

RRA8 

Attaching steel meshes to the ends of 

the ducts during their installation in the 
structural air ducts. 

470 Mitigation 

RRA9 
Conducting a bearing test on the fixed 

anchors  and supports 
627 Mitigation 

RRA10 
Enhancing the quality of the supports 
and employing supports of  vibration 

dampening. 

12600 Mitigation 

RRA11 
Using an electric drill to create bolt 

holes on the supports, instead of using 

gas welding. 

7800 Mitigation 

RRA12 
Cleansing the pipes with air purge after 

the pressure test 
450 Mitigation 

RRA13 
Playing hoops outdoors the layers  of 

insulation 
4800 Mitigation 

RRA14 
Making improvements to the insulation 

quality of the plenum chamber that 
houses the air conditioning supply 

78450 Avoidance 

RRA15 
Implementing insulation measures on 

the internal walls of the equipment 
room. 

21500 Mitigation 

RRA16 
Cleansing the ducts interiors before 

installation 
350 Mitigation 

RRA17 
Temporarily closing duct holes after 

duct installation 
120 Mitigation 

RRA18 
Installing sound-absorbing materials on 

the inner walls of the equipment room. 
785 Mitigation 

RRA19 
Placing the silencer in the ventilation 

pavilion 
7060 Mitigation 

RRA20 
Installing automated drainage valves 

and exhaust valves 
3920 Mitigation 

TABLE IV.  RESULT  

Act. Primary risks RR actions Min RC Strategy 

A1 
PR1 RRA3 7845 Mitigation 

PR2 RRA4 1569 Mitigation 

A2 PR1 RRA3 7845 Mitigation 

A3 PR1 RRA3 7845 Mitigation 

A4 

PR4 RRA7 120 Mitigation 

PR5 RRA9 627 Mitigation 

PR8 RRA13 4800 Mitigation 

A5 

PR5 RRA9 627 Mitigation 

PR6 RRA12 450 Mitigation 

PR8 RRA13 4800 Mitigation 

A6 
PR3 RRA6 313 Mitigation 

PR9 RRA17 120 Mitigation 

A7 PR10 RRA20 3920 Mitigation 

A8 
PR1 RRA3 7845 Mitigation 

PR7 RRA3 7845 Mitigation 

VIII. CONCLUSION 

The current study introduces a model that follows 
optimization techniques to choose efficient actions and 
strategies for responding to risks. The GA was employed to 
optimize the model, with the objective of minimizing costs 
connected to addressing risks. The efficacy of the framework 
was showcased in an actual building construction endeavor, 
with its advantages succinctly outlined as follows: 

 The use of GA in combination with optimization strategies 
can effectively address the RR challenges. 

 The proposed model enables decision-makers to evaluate 
possible responses and reach optimal decisions. 

 This approach is applicable to various building projects due 
to the GA characteristics. 

Implementing the proposed strategy has specific limitations 
and challenges, including the lack of comprehensive 
documentation regarding the risk management process in 
completed or ongoing construction projects, from risk 
identification and assessment to risk response. Additionally, it 
is crucial to assess and consider the probability and 
consequences of secondary risks. 
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