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Increased globalization and disruptions caused by pandemics are contributing towards complexity of the supply

chain (SC) across all industries. The construction sector is not an exception, and is faced with similar SC

disruptions. This has increased the integration issues of the construction SC. Therefore, it is important to manage

the complexities in integrating SC risks and resilient capabilities (RCs) to enable a resilient SC in construction. 

construction supply chain  resilient capabilities  simulation modeling  supply chain resilience

1. Introduction

Increased globalization and high regard for innovation have made modern supply chains (SCs) more complex,

uncertain, and interdependent. This has resulted in widespread interrelated risks with respect to inter and intra-

organizational perspectives . This interconnectedness and advancement in the global economy unfolds

numerous benefits and ensures better living standards in various developed countries. However, it has intensified

the SC risks to a greater extent .

SC disruptions have severely affected different countries in the world. The effects are more pronounced in

developing countries. Although the SC problems of the developed and developing countries are similar, the poor

performance of construction projects has more adverse effects on the long-term socio-economic and national

development of the developing countries . Various issues such as poor health and safety, environmental

concerns, cost overruns, and poor work quality seriously disturb the project performance of developing countries

compared to developed economies . Further, the SC of the developing countries is subjected to secondary

disruptions that are not common for developed countries, such as unskilled or untrained workforce, poor

governance, corruption, bribery, and other such practices .

Nevertheless, in line with the global development initiatives, developing countries must uplift and improve their

state of affairs. Accordingly, for an improved living standard, developing countries have started to strengthen their

infrastructure. However, with the growing construction sector, proper knowledge about managing complexities

related to the SC risks and building resilience in the construction SCs is needed. Accordingly, this research targets

developing countries to investigate the understanding of construction SC risks and incorporate resilience in the

relevant SCs to move towards a more globally developed construction industry and SCs.
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Various risks are present in SCs worldwide, including socio-economic, political, technological, and natural

disasters. These risks have made it difficult for organizations to understand and confront every aspect of this global

marketplace leaving the doors open for unintended consequences and project failures . Moreover, in a globalized

world, where every industry is interconnected in one way or the other, risks are beyond any single organization’s

control. Therefore, an error by one organization can send cascading effects out into the other sectors and become

the primary cause of their disruption through a ripple effect . Therefore, managing risks has become increasingly

important across the SCs to reap holistic benefits and avoid collective damages.

The construction industry is dependent on a strong and uninterrupted SC. It suffers a lot because of interdependent

risks and their associated consequences. Such risks provide the basis for deviation from project objectives. The

associated poor project performance causes other great losses in relation to the construction project quality, time,

and cost . The transient nature of the project-based SC with interrelated risks makes interdependencies of

the construction SCs unique compared to the other industries .

Similarly, the highly fragmented nature of the construction industry also reduces the organizations’ visibility to

identify risks that may occur within the SC network. To handle ever-increasing complexities and interdependencies

within the SC is challenging for a single entity to assess and control . Consequently, to overcome disruptions

across the SC, it is important for an entity to carefully explore the dynamics of the effects between its prevailing

risks and resilient capabilities (RCs). The inability of the associated construction companies to view the SC

operations collectively and their related risks makes them more vulnerable to unintended disruptions . Therefore,

the main challenge is to make the entire system resilient enough to survive the disruptive events and continue to

progress stably.

SCs must be resilient enough to prevent or control disruptions . SC resilience refers to the system’s

preparedness for any uncertain environment and stability of operations to have proper command over the entire

structure and function . Accordingly, RCs are the characteristics of an organization that helps it foresee and

alleviate disruptions . Furthermore, removing risks with the help of effective capabilities makes the SCs more

resilient to disruptions .

RC, such as flexibility of any task, is defined by its ability to consider the aftereffects of various uncertain situations

it may face and be prepared to tackle such situations . In construction, it is the capability to quickly adjust

demands/supplies or the means of receiving inputs/delivering outputs of the project in case of any disruption . For

example, flexibility in construction can be enhanced by using the standardized components in various finished

products during construction, as it can save cost and time and address the risk of being stocked out. Contrary to

that, SC can achieve flexibility on the demand side by quickly increasing its storage capacity or distribution services

without stocking surplus volumes to fulfill the unpredictable customer demands . Another RC is the system’s

efficiency. The system’s efficiency is the capability to fulfill the demands of customers keeping in mind the scope,

time, and quality of the project but with minimum expenses and wastage. Furthermore, it is the ability to yield

superior outputs with minimum resources . For example, the system’s efficiency can be increased with the help
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of waste elimination as it helps the construction projects to be completed within the cost, and on time and with

reduced harmful effects on the environment.

2. Construction Supply Chain Risks

Disruptions confronted by SCs have sparked the interest of different researchers. SC disruption is a spontaneous

and unforeseen incident by which the usual stream of materials and goods is interrupted . The presence of

such disturbances having an adverse effect on SCs obviously puts them at risk . Typical risk management

practices seem ineffective because they rely on risk identification and statistical information . Therefore, there is

an urge to develop effective and efficient SC capabilities that can help to resist and withstand disruptions.

Accordingly, an integrated and proactive approach is needed to evaluate SC’s reaction to disruptions alongside the

typical pre- and post-disruption phases.

A precise and comprehensive definition of SC risks was given by Pettit et al.  as “fundamental factors that make

an enterprise susceptible to disruptions”. Thus, decreasing the likelihood and severity of such risk factors can help

the construction organization make SC more resilient and stable . Different researchers in the past have

addressed various SC risks. Wagner and Neshat  divided the SC risks into three groups: supply, demand, and

SC structure. The supply risks are connected to the supply base and the supplier (portfolio, financial status, entire

network among different suppliers) . Demand risks are downstream operations in SC that involve the customer

(financial status), the product (lifecycle, features), and the distribution and transportation systems adapted to serve

the end customers. Finally, the SC structure risks arise due to the disintegrated SCs. For example, the ‘supplier or

customer disruptions’ is a key concern in construction as inept contractors, sub-contractors, and suppliers can

decelerate the project progress, making the SC more vulnerable to disruptions in project delivery . Similarly, the

supply–production–distribution chain is highly interrelated in delivering construction projects which can instigate

vulnerability in the SC as materials are linked with labor, information, technology, and finance to complete the

project . Therefore, to mitigate disruptive events in construction projects, it is important to cope with vulnerability

within the SCs.

SC risks have been grouped into seven main categories by Pettit et al. : turbulence (i.e., natural disasters, price

fluctuations, political instability); threats (i.e., theft, terrorism); connectivity (i.e., inter-relationships with external

entities); external pressures (i.e., innovation and price pressures from competitors); resource limits (i.e., production

and distribution capacity and suppliers availability); sensitivity (i.e., product and process reliability); and supplier or

customer disruptions. These are further divided into 39 sub-factors. Despite the different category terminology

used, there is an overlap of risk factors between Pettit et al. , and Wagner and Neshat .

Other researchers classified SC risks as financial risks (i.e., price fluctuations, price pressures). Construction

organizations of developing countries suffering from these financial risks face cost overruns, affecting the project

scope and performance and resulting in a loss in business opportunities. Other risks include operational risks (i.e.,

supplier disruptions, products availability); strategic risks (i.e., vast supply network, unproductive planning);

hazards risks (i.e., natural disasters) ; demand and supply risks (i.e., customer disruptions, demand
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unpredictability) ; organizational risks (i.e., risks resulting due to the organization itself and are under its direct

control); and external risks (ahead of the company and its SC’s control) . Overall, poor information

handling, inability to manage different stakeholders, and failure to control cost, time, and quality constraints by the

construction organization affect the project performance and brings SC risks. Badea et al.  identified 16

potential SC risks that can cause cost, time, and quality problems in construction projects. The most critical are

competitive cost, delivery, procurement, material quality, and delay risk. Chan et al.  identified 11 key SC risks in

the Ghana construction industry, including price fluctuation, instability of interest rates, shortages of material, and

unexpected changes in demand, as the most crucial ones.

The vulnerability may derive from sub-factors within the organization, external to the organization but within the SC

network, or from factors external to the SC network. Figure 1 presents an overview of risk factors in construction

SCs based on the above categorization. These risk factors were incorporated in the survey described in the

methodology part to determine the area in which the SC members are most vulnerable in an attempt to build SC

resilience.
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Figure 1. Supply chain risks.

3. Supply Chain Resilient Capabilities of Construction
Organizations

According to Peck , the ability of an organization to change and restore itself according to any disruptive event is

termed its resilience. It is an important skill that supplements typical risk management practices as it deals with

several risks and includes various risk management mechanisms . Resilience is a vast topic comprising

disruptions, risks, and capabilities to mitigate the risks. Removing risks with the help of effective capabilities makes
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the SCs more resilient to disruptions. Such capabilities can either prevent or mitigate an actual disruption and its

effects or make the entire SC acclimate to that disruption . Most SC resilience literature seems to cover multi-

sectoral issues. Researchers such as McManus  and Pettit et al.  have focused on the performance and

capability of organizations to survive, adapt, and grow in the face of disruptions.

While the research on SC resilience is growing, more research in the construction industry context is required.

Currently, the research related to construction SC resilience is limited. Among the few relevant studies, Abas et al.

 targeted the critical risk factors affecting the construction SC and assessed the different success factors to

realize their direct impact on the successful execution of construction projects. Similarly, Pettit, et al.  created a

process flow to support different organizations in their resilience journey through the recommended SC Resilience

Assessment and Management (SCRAM) tool. The authors investigated 14 RCs, including flexibility in sourcing and

order fulfillment, capacity, efficiency, adaptability, visibility, anticipation, recovery, dispersion, collaboration, market

position, organization, security, and financial strength. This helped the case study organizations to analyze their

current SC resilience state and devise a proactive strategy rather than waiting for the next disruption.

Christopher and Peck  investigated four basic RCs: risk management in organizations, agility, re-engineering,

and collaboration. Other secondary factors explained by the author were SC availability, efficiency, flexibility,

redundancy, velocity, and visibility. Sheffi and Rice Jr  explored different risks faced by the SCs to pinpoint the

main RCs needed to mitigate the identified risks. RCs such as flexibility, collaboration, redundancy, security, and

customer relationship management are the center of attention for the researcher. Meng  stated that risk

allocation is a crucial RC for construction SC. A proper risk management team can educate all the stakeholders

about the possible risks in the project. According to Ryciuk , developing trust with a supplier is a key to

establishing a successful construction SC. Similarly, Luo et al.  stated that effective communication is the most

important RC for successful SC in construction projects.

The discussion above shows several common RCs identified by existing studies. Among them, flexibility and

system efficiency are the important ones. The current study also assessed other main RCs (such as adaptability,

capacity, and visibility) identified by previous researchers. The considered RCs are interrelated . Therefore, it

is important to understand the trade-offs between appropriate RCs to mitigate critical risks related to construction

SCs. This is an under-researched area that previous researchers have not properly investigated .

Accordingly, it has been targeted in the current study.

4. Construction Complexity and System Dynamics

The construction industry is highly dependent on an interrupted SC and suffers a lot because of interdependent

risks arising from the complexities of the SC process. Such risks provide the basis for deviation from project

objectives resulting in poor overall project performance that has a snowball effect on quality, time, and cost .

Overall, construction processes are unpredictable, non-linear, and dynamic, making them susceptible to various

disruptions . The transient nature of the project-based SC with interrelated risks makes interdependencies of the
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construction SCs unique compared to the other industries . Similarly, the highly fragmented construction industry

reduces the organizations’ visibility to identify risks that may take place within the SC network .

The SD approach uses a non-linear feedback system to sort out the complicated relationships between various

constructs. As a result, it presents the complex data in a more organized and simple way . Built on the ST and

feedback control theory, the SD approach assesses the dynamic behavior of the system using qualitative (CLDs)

and quantitative (SD modeling and simulations) practices . Computer simulation technology is used to

dynamically examine the system’s changing trends, which helps make decisions and action plans and verify the

validity of working strategy and decisions taken. SD is one such technology based on system modeling . Thus, it

helps reduce complexity to boost the system’s productivity . In addition, the SD approach helps smooth the

decision-making process and assess the problem with different viewpoints and timelines to devise a proper

strategy.

Different researchers have leveraged the SD approach for addressing various complex phenomena. Lee et al. 

discussed the complexity and uncertainty of construction projects resulting in re-work due to errors and changes.

Peng et al.  studied the effects of post-seismic disruptions on inventory and transportation rates in SCs. Risks

effects, as well as their mitigation scenarios in chemical SC transportation, were studied by Li et al. . Keilhacker

and Minner  used the SD simulation model to test various ways to abate risks in rare earth elements SC.

Khan et al.  and Naveed and Khan  used the ST and SD approach to manage the information complexity in

construction projects. Ghufran et al.  used the SD approach to determine the challenges in adopting sustainable

SC management in the construction industry. Amin et al.  identified the barriers to information management and

factors affecting the adoption of collaborative technologies in construction using the SD approach. However, when

it comes to construction SC risks and RCs integration and quantification using the SD approach, the research is

limited, if not nonexistent. Thus, the SD approach was selected to assess the complex and interdependent

relations between SC risks and RCs in the current study. It aims to bridge the literature gap in addressing the

criticality of the construction SC management risks from resilience perspectives using the SD approach.
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