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 The COVID-19 pandemic significantly disrupted construction projects 

worldwide by introducing risks related to occupational health and safety 

(OHS), workforce availability, and material supply. While previous studies 

have largely focused on project- and organizational-level impacts, limited 

empirical research has examined how pandemic-related risks affect individual 

construction activities. This study investigates pandemic-related risks from an 

activity-level perspective and proposes mitigation strategies based on 

evidence from a developing-country context. A descriptive quantitative 

approach was employed using a questionnaire survey of 112 construction 

practitioners involved in active projects during the pandemic. Data were 

analyzed using Mean Score Analysis and the Relative Importance Index (RII) 

to evaluate the severity of risks affecting construction stakeholders and 

specific construction activities. The results show that OHS was the most 

critical risk category (mean = 3.82), followed by labor availability (3.71) and 

material procurement (3.58). At the activity level, masonry work was the most 

affected (mean = 3.79), followed by earthwork (3.63) and concrete work 

(3.49). These findings indicate that pandemic-related risks are unevenly 

distributed across construction activities, with labor-intensive activities being 

particularly vulnerable to health restrictions and workforce disruptions. This 

study extends construction risk management literature by introducing an 

activity-level assessment perspective and emphasizes the need to integrate 

health-related risks into conventional risk management frameworks while 

adopting activity-specific mitigation strategies to improve resilience against 

future public health emergencies and other large-scale disruptions. 
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1. INTRODUCTION 

The construction industry plays a vital role in economic development by supporting infrastructure 

provision, generating employment opportunities, and stimulating investment. Despite its significant 

contribution, construction projects are inherently exposed to numerous uncertainties due to their complexity, 

dynamic working environments, resource constraints, and the involvement of multiple stakeholders [7] [9]. 

These uncertainties may adversely affect project performance in terms of cost, schedule, quality, and safety, 

making effective risk management an essential component of successful project delivery. 

The COVID-19 pandemic created an unprecedented global disruption that fundamentally altered 

construction project execution. Government-imposed mobility restrictions, mandatory health protocols, 

workforce limitations, and supply chain interruptions significantly affected construction productivity, project 
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scheduling, and operational efficiency [13] [5]. Unlike conventional construction risks, pandemic-related risks 

simultaneously impacted multiple aspects of project performance, requiring contractors to address not only 

technical and financial challenges but also public health concerns. Consequently, occupational health and 

safety (OHS), labor availability, and material procurement emerged as critical risk factors during the pandemic 

[2]. 

Although a growing body of literature has examined the effects of the COVID-19 pandemic on 

construction projects, most studies have focused on project-level and organizational-level impacts, including 

schedule delays, productivity losses, cost escalation, and supply chain disruptions [3] [1] [8]. However, 

empirical evidence remains limited regarding how pandemic-related risks affect individual construction 

activities. This gap is particularly important in labor-intensive construction environments such as Indonesia, 

where different activities vary considerably in their dependence on manual labor, worker interaction, 

equipment, and material availability. As a result, the severity of pandemic-related risks is likely to differ across 

construction activities. 

Therefore, this study investigates pandemic-related risks from an activity-level perspective by assessing 

the relative impact of major risk categories on selected construction activities. By identifying the activities 

most vulnerable to pandemic-induced disruptions, this study provides a more granular understanding of 

construction risk management and offers practical insights for developing activity-specific mitigation strategies 

to enhance project resilience against future public health emergencies and other large-scale disruptions. 

 

1.1 Construction Risk Management 

Construction risk management is a systematic process of identifying, assessing, responding to, and 

monitoring uncertainties that may influence project objectives, including cost, schedule, quality, safety, and 

overall project performance [6] [9]. Due to the fragmented nature of the construction industry and the 

involvement of multiple stakeholders, construction projects are inherently exposed to diverse sources of risk 

throughout the project lifecycle. These risks originate from technical complexity, financial uncertainty, 

contractual disputes, regulatory changes, environmental conditions, and social factors [10]. 

Effective risk management enables project stakeholders to anticipate potential disruptions, allocate 

resources efficiently, and implement preventive or corrective measures before risks escalate into project 

failures. Traditional construction risk management frameworks generally categorize risks into internal risks, 

which are associated with project execution and management, and external risks, which arise from economic, 

political, environmental, or legal conditions. However, these frameworks have largely been developed under 

relatively stable operating environments and primarily focus on predictable project uncertainties. 

The COVID-19 pandemic exposed a significant limitation of conventional construction risk 

management practices by demonstrating that large-scale public health emergencies can simultaneously affect 

multiple dimensions of project performance. Unlike conventional risks that are often localized or project-

specific, pandemic-related risks are systemic, dynamic, and highly interconnected, influencing workforce 

availability, material procurement, project financing, contractual obligations, and occupational safety 

simultaneously [11]. Consequently, construction risk management frameworks need to evolve by incorporating 

health-related risks and enhancing project resilience against future large-scale disruptions. 

 

1.2. Occupational Health and Safety Risks During COVID-19 

Occupational health and safety (OHS) became one of the most critical concerns for the construction 

industry during the COVID-19 pandemic. Construction activities typically require close physical interaction 

among workers, frequent equipment sharing, collaborative teamwork, and continuous movement across 

dynamic work environments, making construction sites particularly vulnerable to infectious disease 

transmission [2]. Unlike many office-based industries, construction work cannot be fully performed remotely, 

increasing workers' exposure to health risks while maintaining project continuity. 

To minimize virus transmission, governments and construction authorities introduced various 

preventive measures, including mandatory use of personal protective equipment (PPE), physical distancing, 

routine health screening, temperature monitoring, site sanitization, staggered work schedules, and limitations 

on workforce density. While these measures successfully reduced infection risks, they also altered normal 

construction operations by reducing labor productivity, increasing operational costs, and creating additional 

management complexity. 

Previous studies consistently reported that COVID-19-related OHS measures negatively affected 

project performance. Reduced workforce capacity, temporary site closures following confirmed infections, 

quarantine requirements, and stricter health protocols resulted in schedule delays, increased labor costs, and 

decreased construction productivity. These findings demonstrate that occupational health risks during a 

pandemic should no longer be treated solely as safety issues but also as strategic project risks that significantly 

influence construction performance. 
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1.3. Pandemic-Induced Risks in Construction Project 

Beyond occupational health risks, the COVID-19 pandemic generated a wide range of interconnected 

risks affecting nearly every aspect of construction project delivery. One of the most significant challenges was 

labor availability. Government-imposed mobility restrictions, regional lockdowns, quarantine regulations, and 

workers' health concerns reduced workforce availability and disrupted labor allocation across construction 

sites. Many projects experienced labor shortages due to travel restrictions affecting migrant workers and 

limitations on workforce density implemented to comply with health regulations. 

The pandemic also severely disrupted global and domestic construction supply chains. Manufacturing 

slowdowns, transportation restrictions, border closures, and fluctuating market demand contributed to 

shortages of construction materials and substantial increases in material prices [8]. Delays in material 

procurement subsequently disrupted project schedules, increased project costs, and reduced overall 

productivity. 

In addition, the pandemic created financial and contractual uncertainties. Project owners experienced 

budget constraints, contractors faced cash flow problems, and contract execution became increasingly 

complicated due to force majeure conditions and changing government regulations. These interconnected risks 

demonstrate that pandemic-related disruptions extend beyond traditional project risks by simultaneously 

affecting human resources, logistics, financial management, and operational decision-making [3]. Therefore, 

pandemic-induced risks should be recognized as an integral component of modern construction risk 

management frameworks. 

 

1.4. Research Gap 

Existing literature has extensively examined the impacts of the COVID-19 pandemic on construction 

projects from project-level and organizational perspectives. Previous studies primarily focused on project 

delays, cost overruns, workforce productivity, supply chain disruptions, contractual issues, and organizational 

resilience [1] [3] [8]. These studies have substantially improved understanding of the macro-level 

consequences of the pandemic on construction project performance. 

However, relatively little attention has been given to how pandemic-related risks influence individual 

construction activities. Construction projects consist of multiple activities with varying levels of labor intensity, 

equipment dependency, material requirements, and operational characteristics. Consequently, the vulnerability 

of each activity to pandemic-related disruptions is unlikely to be uniform. Labor-intensive activities requiring 

close worker interaction, such as masonry or concrete work, may experience greater disruption than equipment-

intensive activities. 

This knowledge gap is particularly evident in developing countries such as Indonesia, where 

construction projects often rely heavily on manual labor and face additional challenges related to resource 

availability and health protocol implementation. Understanding risk at the activity level can provide more 

precise information for prioritizing mitigation strategies, optimizing resource allocation, and improving project 

resilience during future public health emergencies. Therefore, this study investigates pandemic-related risks 

from an activity-level perspective by identifying the most affected construction activities and evaluating the 

relative importance of different risk categories. This approach complements existing project-level studies and 

contributes a more granular understanding of construction risk management under pandemic conditions. 

 

2. METHOD 

This study used a descriptive quantitative research design to examine risks arising due to the pandemic at 

the activity level in the construction industry in Indonesia. Questionnaire data was collected by administering 

it to construction professionals who were working on construction projects amid the coronavirus outbreak. 

A total of 112 valid questionnaires was completed by project managers, site engineers, contractors, and 

site supervisors using the purposive sampling method. These participants had to meet the criteria of at least 

three years of work experience in construction project management and participation in executing projects 

under the pandemic condition. 

Two parts constituted the structure of the questionnaire: (1) impact of pandemic-related risks on 

stakeholders and resources of the construction project, and (2) impact of pandemic conditions on specific 

construction activities. Respondents gave answers based on a four-point Likert scale with options 1 – no impact 

and 4 – very significant impact. 

Questionnaire tool was validated and checked for reliability before analyzing the data. All items in the 

questionnaire proved their validity with r > 0.30 while Cronbach’s Alpha score was found equal to 0.846. The 

collected data were then analyzed with the help of Mean Score Analysis. 

 

3. RESULTS 
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3.1. Impact of Pandemic-Related Risks on Construction Projects 

Table 1. Ranking of Pandemic-Related Risks 

Risk factor Mean Score Rank 

Occupational Health and Safety 3.82 1 

Labor Availability 3.71 2 

Material Procurement 3.58 3 

Equipment Availability 3.22 4 

Financial Risk 3.11 5 

 

The results indicate that occupational health and safety (OHS) was perceived as the most significant 

risk during the COVID-19 pandemic, with the highest mean score of 3.82. This finding reflects the substantial 

challenges faced by construction projects in maintaining worker safety while ensuring project continuity under 

strict public health regulations. Construction sites involve frequent physical interaction, shared equipment, and 

labor-intensive operations, making compliance with health protocols such as physical distancing, routine health 

screening, mandatory use of personal protective equipment (PPE), and site sanitization particularly 

challenging. Consequently, OHS risks extended beyond worker protection and directly influenced project 

productivity, scheduling, and operational efficiency. 

The availability of labor ranked as the second most critical risk, with a mean score of 3.71. Workforce 

shortages were primarily driven by government-imposed mobility restrictions, quarantine requirements, illness 

among workers, and limitations on the number of personnel permitted on construction sites. These conditions 

reduced workforce capacity, disrupted work sequences, and delayed project completion, particularly for labor-

intensive construction activities. 

Material procurement was identified as the third highest risk, with a mean score of 3.58. The pandemic 

disrupted both domestic and international supply chains through manufacturing slowdowns, transportation 

restrictions, and fluctuating market demand. These disruptions resulted in delayed material deliveries, 

shortages of essential construction materials, and increased material prices, all of which adversely affected 

project schedules, construction costs, and overall project performance. 

Overall, the findings demonstrate that pandemic-related risks were multidimensional and 

interconnected. Health-related risks triggered labor shortages, while supply chain disruptions further 

constrained project execution. This highlights the need for construction risk management frameworks that 

integrate occupational health, workforce planning, and supply chain resilience to improve preparedness for 

future large-scale disruptions. 

3.2. Activity Level Analisys of Pandemic Risks 

Table 2. Activity Level Impact Assement 

Construction Activity Mean Score Rank 

Mansory Work 3.79 1 

Earthwork 3.63 2 

Concrete Work 3.49 3 

Mechanical and Electrikal Work 3.32 4 

Finishing Work 3.18 5 

 

 The results reveal that the effects of the COVID-19 pandemic were not uniformly distributed across 

construction activities, indicating that each activity exhibited different levels of vulnerability depending on its 

operational characteristics, labor requirements, and work environment. 

 Masonry work recorded the highest mean score (3.79), indicating that it was the construction activity 

most severely affected during the pandemic. Masonry operations typically require close collaboration among 

workers for material handling, bricklaying, plastering, and alignment tasks, making compliance with physical 

distancing measures particularly difficult. In addition, the labor-intensive nature of masonry work increased its 

susceptibility to workforce shortages resulting from illness, quarantine requirements, and mobility restrictions. 

These factors collectively reduced productivity and contributed to project delays. 

 Earthwork ranked second with a mean score of 3.63. Although earthwork often relies heavily on 

construction equipment, its execution still requires coordinated interaction among machine operators, 

surveyors, supervisors, and supporting labor. Pandemic-related labor shortages, restrictions on site occupancy, 

and interruptions in equipment mobilization reduced operational efficiency and affected work scheduling. 
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 Concrete work ranked third with a mean score of 3.49. Concrete construction involves time-sensitive 

operations, including reinforcement installation, formwork preparation, concrete pouring, and curing. Delays 

in labor availability or material delivery can interrupt these sequential processes, potentially compromising 

construction quality and extending project duration. 

 Mechanical and electrical work recorded a moderate impact (mean = 3.32). These activities generally 

involve smaller specialized teams and can be scheduled more flexibly than structural works, reducing their 

exposure to pandemic-related disruptions. 

 Finishing work exhibited the lowest mean score (3.18), suggesting that it was relatively less affected by 

the pandemic. Finishing activities are commonly performed during the later stages of construction, often by 

smaller work crews operating in separated areas. Their greater scheduling flexibility and lower dependence on 

large numbers of workers enabled contractors to better adapt to health protocols and workforce limitations. 

 Overall, these findings demonstrate that labor-intensive construction activities were considerably more 

vulnerable to pandemic-related risks than activities requiring smaller or more specialized workforces. This 

variation highlights the importance of adopting activity-specific risk management strategies rather than relying 

solely on project-level approaches, enabling contractors to prioritize mitigation measures for the activities most 

susceptible to large-scale public health disruptions. 

 

4. DISCUSSION 

 The results show that pandemic-induced risks have made notable changes to the construction risk profile 

by adding health-related risks as a primary factor that causes project uncertainties. Occupational health and 

safety have been found to be the most important risk factor in the present research, which aligns well with the 

findings of [2] and Kermanshachi et al. (2021) who have found that construction projects are highly susceptible 

to the spread of diseases because of extensive worker interactions and constantly changing nature of the 

construction sites. 

 Labor availability has been determined to be the second most important risk factor. The present research 

supports the conclusions reached by [8] according to whom mobility and quarantine restrictions imposed on 

workers decreased labor productivity. 

 One of the novel findings in the current research is the assessment of pandemic-induced risks at the level 

of activities. Previous researches considered pandemic-induced risks at the level of construction projects and 

identified project delays, lower productivity and increased cost as the outcomes [3] [1]. 

 Masonry work was found to be the most vulnerable activity because it relies heavily on labor-intensive 

processes and close physical interaction among workers. Similar observations were reported by Kabir et al. 

(2022), who identified labor-intensive construction activities as particularly susceptible to pandemic-related 

disruptions. In contrast, finishing activities were less affected because they generally require fewer workers 

and offer greater flexibility in task scheduling. These findings suggest that project-level risk assessments alone 

may not adequately capture operational vulnerabilities during crisis situations. Therefore, activity-level risk 

assessment should be integrated into construction risk management frameworks to support more targeted 

mitigation strategies and improve project resilience against future disruptions. 

 Regarding this, there are several contributions that the present research makes to the existing knowledge 

base on construction risk management. Firstly, the current research involves health-related risks of the 

pandemic into the existing construction risk management framework. Secondly, this research uses a task-based 

risk assessment methodology. Finally, empirical data are generated in the case of Indonesia where manual labor 

is still widespread in construction. 

 The findings of this research increase the scientific knowledge of the construction risk management area 

by revealing an uneven distribution of the pandemic-related risks among the various construction activities. In 

accordance with the findings of this research, the most important risk factors during the pandemic period were 

occupational health and safety (mean = 3.82), labor availability (mean = 3.71), and material procurement (mean 

= 3.58). 

 In addition, the masonry activity received the highest average score of vulnerability (mean = 3.79), the 

earthworks activity got the second-highest average score (mean = 3.63), while the third place was taken by the 

concrete work activity (mean = 3.49). Thus, the findings of the research prove the need to incorporate the 

concept of health risks into the current models of construction risk management and analyze risks on the level 

of activities rather than projects. 

6.2. Practical Implications 

 The findings from this research will be beneficial to construction practitioners in mitigating crisis 

situations during their future projects. Since those construction processes, which are labor dependent, for 

example, bricklaying process and earthwork, have been identified to be very susceptible to disruptions due to 

pandemic, then such activities should be prioritized while addressing such risks. 
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 Some of the approaches are employee scheduling in shifts, health check-up of employees, contingency 

plan for employees, and material inventory management. Additionally, carrying out risk assessments in relation 

to activities will enable the stakeholders of the construction project to manage their resources without 

disturbing the schedules of the project. 

 On the other hand, the current research is associated with some limitations. First, the current research is 

based on questionnaire data, and therefore it can be biased by the perceptions of respondents. Second, the 

current research deals only with construction projects in Indonesia. It is recommended that further studies 

should be carried out using large samples and employing advanced techniques of data analysis such as SEM 

or multivariate analysis for the purposes of examining risk factors in connection with the pandemic. Further 

studies might take into account the use of digital technologies including BIM, AI, and digital monitoring. 

 

5. CONCLUSION 

This study examined the impact of pandemic-related risks on construction projects through an activity-

level risk assessment. The findings indicate that occupational health and safety (OHS), labor availability, and 

material procurement were the most significant risk factors affecting construction project performance during 

the COVID-19 pandemic. Among the construction activities analyzed, masonry work was identified as the 

most vulnerable, followed by earthwork and concrete work, reflecting the greater susceptibility of labor-

intensive activities to workforce shortages, health restrictions, and operational disruptions. 

The results demonstrate that pandemic-related risks are not uniformly distributed across construction 

activities. Instead, the level of risk exposure varies according to the operational characteristics, labor intensity, 

and resource dependency of each activity. This finding highlights the limitations of conventional project-level 

risk assessments and underscores the importance of incorporating activity-level analysis into construction risk 

management. 

The primary contribution of this study is the introduction of an activity-based perspective for assessing 

construction risks during large-scale public health emergencies. From a practical standpoint, the findings 

suggest that contractors and project managers should adopt activity-specific mitigation strategies, prioritizing 

labor-intensive activities through enhanced health protocols, workforce contingency planning, and more 

resilient material procurement practices. Such targeted approaches can improve project resilience and minimize 

disruptions during future crises. 

From a theoretical perspective, this study extends construction risk management literature by integrating 

health-related risks into traditional risk assessment frameworks and demonstrating the value of activity-level 

analysis in supporting more informed risk prioritization and decision-making under crisis conditions. Future 

research may further validate this framework across different project types, procurement methods, and 

geographical contexts to enhance its broader applicability 
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