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Abstract 
This study examines the impact of workforce reduction on project completion times in the 
South African construction industry during the COVID-19 pandemic. Adopting a positivist 
research philosophy with a quantitative design, the study utilized an online survey targeting 
CIDB-registered contractors, yielding 62 responses. Despite minimal overall workforce 
reductions, the loss of skilled labor significantly impeded project progress, primarily due to 
quarantine protocols. The research applies the Adaptive Chaos Management Theory in 
Construction (ACMTC), highlighting non-linear dynamics and the critical role of skilled 
labor. Findings reveal substantial project delays linked to workforce shortages, 
underscoring the need for flexible workforce strategies and robust health protocols. 
Recommendations for the industry include adopting multi-skilling, enhancing health 
measures, and investing in technology. Policy suggestions advocate for pandemic-specific 
construction guidelines and incentives for technological advancements. Academia is urged 
to further explore workforce management strategies and the integration of technology in 
crisis contexts. This study contributes to both theoretical understanding and practical 
applications, providing a framework for resilience in construction project management 
amid global disruptions. 
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• Quarantine measures identified as leading cause of workforce loss. 
• Reduction of skilled workers critically delays project completion timelines. 
• Study underscores need for strategic pandemic recovery plans in construction. 
• Provides a comprehensive framework to address long-term impacts of pandemics in 

construction. 

Abbreviations 
ACMTC - Adaptive Chaos Management Theory in Construction, CIDB - Construction 
Industry Development Board, COVID-19 - Coronavirus Disease 2019, H1N1 - 
Hemagglutinin 1 Neuraminidase 1, SARS-CoV-2 - Severe Acute Respiratory Syndrome 
Coronavirus 2, SPSS - Statistical Package for Social Sciences. 

1. Introduction 
1.1 Pandemics' Long-Term Impact on Humanity and Construction 
Throughout history, outbreaks of contagious diseases have had substantial and lasting 
effects on humanity, significantly impacting the construction sector [1–4]. These outbreaks 
have profoundly influenced the economic, political, and social dimensions of human 
civilization, with their effects persisting for centuries [5–8]. Notable examples include the 
1918 H1N1 (Spanish Flu), the 2009 A/H1N1 (Swine Flu), and the 2019 COVID-19 pandemic 
caused by SARS-CoV-2 [9–13]. The impact of such diseases on global activities, including 
construction, has prompted event studies like this one [10,12,13]. Event studies allow 
researchers to examine the effects of specific events at particular times, as demonstrated in 
the construction industry during the peak of COVID-19 [9,13,14]. 

1.2 COVID-19's Effects on Construction Delays and Workforce Reduction 
COVID-19 exacerbated existing delays within the construction industry, significantly 
affecting project completion times [15–18]. Restrictions on movement and interpersonal 
interactions, primarily enforced through lockdown measures of varying restrictiveness, 
disrupted the execution of construction projects, leading to missed milestones and 
deadlines [13,19–23]. These disruptions were anticipated to affect project turnaround times, 
causing job losses in the short, medium, and long term [21,24,25]. Additionally, the 
pandemic was expected to result in revenue losses, economic downturns, and business 
disruptions within the South African building and construction industry [26,27]. 
Consequently, workforce reductions led to many construction projects failing to meet their 
scheduled milestones. However, due to the novelty of the pandemic, a comprehensive 
theory explaining these observed phenomena appears to be absent from existing 
epistemological frameworks. 

1.3 Research Gap: Exploring COVID-19's Long-Term Impact on Construction 
Despite extensive research documenting the impacts of pandemics on various industries, 
the specific effects of COVID-19 on the construction sector, particularly in South Africa, 
remain underexplored [28–34]. Previous studies have primarily focused on immediate 
operational disruptions and broad economic impacts, neglecting the intricate dynamics of 
workforce reduction and its consequential effects on project completion times within the 
construction industry [28,35–42]. This oversight is significant given the critical role of skilled 
labor in maintaining project timelines and ensuring economic stability within the sector; 
with existing literature and frameworks often overlooking the nuanced interplay between 
workforce availability and project management strategies during unprecedented global 
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health crises, often lacking theoretical foresight to provide a foundation for study’s over a 
longitudinal period [43–47]. There is a scarcity of theoretical frameworks applied to 
empirically analyze these dynamics. This gap underscores the need for detailed empirical 
investigations to bridge these knowledge disparities and enhance the theoretical 
understanding of crisis management in construction. A study with comprehensive insights 
into how minor reductions in skilled labor can lead to disproportionately large delays in 
project completions is lacking in the body of knowledge, and thus, a study is required to 
offer a deeper understanding of the sector's vulnerabilities and resilience strategies in the 
face of pandemics, especially from a theoretical perspective. Addressing this knowledge 
gap necessitates a re-evaluation of current management frameworks and the development 
of more resilient strategies capable of withstanding such disruptions. 

1.4 Problem Statement: Skilled Labor's Role in Pandemic Construction Delays 
The COVID-19 pandemic has unveiled significant challenges within the construction 
industry, particularly highlighting the critical dependency on skilled labor for maintaining 
project timelines [48–50]. Despite recognizing labor as a pivotal element in construction 
management, there is a paucity of focused research on how reductions in the workforce, 
particularly skilled labor, influence project completion during health crises. This issue is 
exacerbated in environments like South Africa, where the construction sector plays a vital 
role in the economy but is highly susceptible to external disruptions such as global 
pandemics [45]. Traditional project management strategies may not be adequately 
equipped to handle the abrupt and unpredictable disruptions caused by pandemics [51–
54]. Existing models and theories often fail to account for the non-linear impacts of small 
changes in workforce availability on project outcomes. Investigating the specific impacts of 
COVID-19-induced workforce reductions on the completion times of construction projects 
in South Africa is required.  

1.5 Aim of the Study: Assessing Workforce Reduction Impacts in Construction 
The primary aim of this study is to thoroughly investigate the specific effects of workforce 
reduction on project turnaround times within the South African construction industry during 
the COVID-19 pandemic. This research seeks to quantify the impact of losing skilled labor 
on the completion schedules of construction projects and to examine the efficacy of 
existing management strategies in mitigating these effects. Additionally, the study aims to 
apply the Adaptive Chaos Management Theory in Construction (ACMTC), a theory for which 
it develops to explain the observed phenomenon, to evaluate whether this theoretical 
framework can effectively interpret the complex dynamics observed during the pandemic. 
By doing so, the research intends to contribute to both theoretical and practical 
advancements in construction project management by developing a deeper 
understanding of how to manage and adapt to the disruptions caused by global health 
crises efficiently. Ultimately, the study's goal is to provide actionable insights and robust 
strategies that can help stakeholders in the construction industry prepare for and respond 
to similar challenges in the future, thereby enhancing the resilience and sustainability of 
construction practices in volatile environments. 

1.6 Main Research Question: Skilled Labor Reduction and Management Theory 
MRQ: How does the reduction of skilled labor due to COVID-19 impact project turnaround 
times in the South African construction industry, and in what ways can the Adaptive Chaos 
Management Theory in Construction (ACMTC) be applied to improve resilience and 
effectiveness in project management practices during global crises? 
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1.7 Research Sub-Questions: Labor Reduction, Management Strategies, and Theory 
To address the main research question comprehensively, the study is guided by the 
following three interrelated sub-questions, each targeting specific facets of the study’s 
findings: 

1.7.1 SQ1: What is the extent of the impact of skilled labor reduction on the completion 
times of construction projects during the COVID-19 pandemic in South Africa? 

1.7.2 SQ2: How do existing project management strategies and practices in the South 
African construction industry adapt to the challenges posed by sudden reductions in 
workforce during a global crisis? 

1.7.3 SQ3: In what ways can the Adaptive Chaos Management Theory in Construction 
(ACMTC) be integrated into project management practices to enhance resilience and 
adaptability in response to workforce disruptions during pandemics? 

1.8 Research Objectives: Labor Impact, Evaluating Strategies, and Applying ACMTC 
To thoroughly explore the main research question and its sub-questions, the study is 
structured around the following three research objectives: 

1.8.1 RO1: To determine the specific impacts of skilled labor reductions on project 
turnaround times in the South African construction industry during the COVID-19 
pandemic. 

1.8.2 RO2: To evaluate the effectiveness of existing project management strategies in the 
construction industry during the workforce disruptions caused by the COVID-19 pandemic. 

1.8.3 RO3: To explore the application of the Adaptive Chaos Management Theory in 
Construction (ACMTC) to enhance project management practices for better handling of 
workforce disruptions during global crises. 

1.9 Research Assumptions: Workforce Impact and Management Strategies 
For the effective execution and interpretation of the study, it is crucial to establish 
assumptions that underpin the research framework. The three assumptions relevant to this 
study include: 

1.9.1 Workforce Reductions Directly Impact Project Turnaround Times 

The study assumes that reductions in the skilled workforce, due to COVID-19-related factors 
such as illness, quarantine, or preventative measures, have a direct and measurable impact 
on the completion times of construction projects. This assumption is based on the notion 
that skilled labor is critical to maintaining project timelines and that any reduction would 
naturally lead to delays. 

1.9.2 Existing Project Management Strategies are Not Fully Equipped to Handle Pandemic-
Induced Disruptions 

It is assumed that current project management strategies within the South African 
construction industry are not fully prepared or adequately flexible to manage the 
disruptions caused by sudden and significant workforce reductions during a pandemic. This 
assumption suggests a gap in current management practices that could be addressed 
through the application of new theoretical approaches like ACMTC. 
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1.9.3 The Adaptive Chaos Management Theory in Construction (ACMTC) is Applicable and 
Useful in Addressing Construction Project Disruptions 

This assumption posits that the principles of ACMTC are relevant and can be effectively 
applied to the construction industry to improve management practices and outcomes in 
the face of chaos induced by pandemics. It assumes that the theory provides a viable 
framework for enhancing resilience and adaptability in project management strategies 
during such unprecedented disruptions. 

1.10 Research Hypotheses: Skilled Labor, Strategy Efficacy, and Theory Application 
Formulating research hypotheses is crucial for testing the theoretical assumptions and 
providing empirical validation within the study. Based on the research objectives, three 
hypotheses are tailored to guide and test the outcomes of the investigation [55]: 

1.10.1 H1: There is a significant negative impact of skilled labor reduction on construction 
project turnaround times during the COVID-19 pandemic in South Africa. This hypothesis 
posits that reductions in skilled labor due to COVID-19 will statistically correlate with an 
increase in project completion times, evidencing a direct detrimental effect on project 
schedules. 

1.10.2 H2: Current project management strategies in the South African construction 
industry are inadequate in fully addressing the disruptions caused by workforce reductions 
during the COVID-19 pandemic. This hypothesis suggests that existing project 
management practices, when evaluated against the challenges imposed by the pandemic, 
will show limitations in effectiveness, indicating a need for improved strategies or 
methodologies. 

1.10.3 H3: Implementing principles from the Adaptive Chaos Management Theory in 
Construction (ACMTC) significantly improves the management of construction projects 
during workforce disruptions caused by pandemics. This hypothesis asserts that the 
application of ACMTC to project management under pandemic conditions will lead to 
better management outcomes, demonstrating the theory’s practical utility and effectiveness 
in enhancing project resilience and adaptability. 

2. Literature Review 
2.1 Introduction: Exploring COVID-19's Impact on South Africa's Construction Delays 
2.1.1 COVID-19 exacerbated pre-existing delays in the construction industry, prompting the 
built environment to adopt measures to mitigate further project completion delays [56–62]. 
Despite the ongoing uncertainties surrounding COVID-19, it is crucial to investigate its 
impact on South Africa's construction sector, especially concerning project turnaround 
times [45,63]. This literature review aims to elucidate the effect of workforce reduction on 
project completion timelines, evaluating the extent of its influence on construction projects. 
The review relied on articles from reputable journals and databases, focusing on COVID-
19's implications for the construction industry. Selection criteria involved keyword 
identification and thorough examination of abstracts, findings, and conclusions, ensuring 
articles' relevance to construction and project management. Preference was given to peer-
reviewed sources. The review predominantly features studies published within the last five 
years, reflecting the novelty of COVID-19 as a global challenge. The selection was guided 
by the publication date and relevance, with a focus on recent and pertinent literature [64]. 
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2.2 Theoretical Literature Review 
2.2.1 Applying Chaos Theory to Construction Project Management Amid Pandemics 

In management, various theories such as Administrative Management Theory, Contingency 
Theory, Team Building Management Theory, Theory X and Y, Quantitative Approach, and 
Chaos Theory are applied [65–70]. These theories underscore the theme of change and 
how it can be effectively managed. The research problem of this study was examined 
through the Chaos Theory perspective, which elucidates the fundamental mechanisms of 
chaos, including its manifestation in pandemics like COVID-19 and other epidemics. Chaos 
Theory is pivotal for articulating the complexities of Construction Project Management, 
given its focus on the inherent unpredictability in budgeting, profitability, linear analysis, 
and strategic planning [54,71]. At its essence, Chaos Theory posits that any system is 
perpetually susceptible to chaos, encompassing wide-ranging phenomena from 
pandemics and epidemics to shifts in the economy, climate variations, and demographic 
changes [54,70–76]. 

2.2.2 Chaos Theory's Insight on COVID-19 Disruptions in Construction 

The advent of COVID-19 induced significant shifts in the global economy and population, 
directly impacting the daily operations of the construction industry [77–84]. Consequently, 
this study adopts Chaos Theory to elucidate the pervasive disorder COVID-19 has 
introduced into the construction sector. Chaos Theory, with its focus on non-linear 
dynamics, challenges traditional models that aim to explain phenomena through regularity, 
equilibrium, stability, and predictability [54,71–76,85]. It asserts that outcomes are not 
always directly proportional to their inputs , illustrating how minor alterations can result in 
substantial system-wide changes, a principle often observed in intervention research [75].  
Despite the general assumption that interventions should be carefully evaluated for their fit 
and potential consequences prior to implementation, the chaotic nature of events like the 
COVID-19 pandemic frequently overrides such considerations [54,71,86]. A purview into 
theory, therefore, examines the effects of interventions devised to mitigate project delays 
during the peak of the COVID-19 crisis in South Africa, using Chaos Theory to analyse the 
interplay between these interventions and their impacts on project timelines and 
construction delays during the pandemic. This study builds upon and expands Chaos 
Theory by applying its principles to the construction industry's response to the COVID-19 
pandemic. By examining the non-linear dynamics and unpredictability inherent in crisis 
situations, the research highlights how even minor disruptions, such as the loss of a small 
number of skilled workers, can have disproportionately large impacts on project timelines. 
This application of Chaos Theory underscores the "butterfly effect," where small initial 
changes lead to significant outcomes, and emphasizes the need for adaptable and resilient 
management strategies [54,70–78,85,85,87–89]. Through the development and validation 
of the Adaptive Chaos Management Theory in Construction (ACMTC), the study not only 
reinforces the relevance of Chaos Theory in understanding complex, dynamic systems but 
also provides practical insights and a framework for managing construction projects amid 
global disruptions, thereby expanding the theoretical and practical applications of Chaos 
Theory in the built environment. 

2.3 Theoretical Framework: Adaptive Chaos Management Theory in Construction 
The theoretical framework for this study, derived from Chaos Theory, encapsulates the 
complex interplay between systemic disruptions and the construction industry's response 
to the COVID-19 pandemic. The following four tenets provide a foundation for 
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understanding the dynamics at play and tests in reality the following tenets to formalize the 
Adaptive Chaos Management Theory in Construction (ACMTC) [55]: 

2.3.1 Non-Linear Dynamics and Unpredictability 

At the heart of Chaos Theory is the acknowledgment that systems behave in non-linear 
ways, where outcomes are not directly proportional to inputs. This tenet is crucial for 
analysing how seemingly minor disruptions caused by COVID-19 led to significant, 
unforeseeable impacts on construction project timelines and workforce dynamics. It 
underscores the importance of expecting and planning for unpredictable shifts in project 
management and operational strategies [54,70–73,75,76]. 

2.3.2 Sensitivity to Initial Conditions 

Often referred to as the “butterfly effect,” this principle suggests that small changes in a 
system's initial conditions can lead to vastly different outcomes. Applied to the construction 
industry during the pandemic, this tenet highlights how initial responses to the outbreak—
ranging from workforce reduction to the implementation of safety measures—had profound, 
sometimes unpredictable effects on project completion and economic stability [54,70–
78,85,85,87–89]. The “butterfly effect” of initial conditions—such as early responses to the 
pandemic—has had profound and varied impacts on project outcomes [54,70–78,85,85,87–
89]. This sensitivity has manifested in the way small decisions made at the onset of the 
pandemic determined the later success or failure of managing project delays and 
maintaining economic stability. The pandemic has underscored the necessity for 
adaptability and resilience as described in this tenet. The construction industry's response 
to COVID-19, through the development of flexible project management practices and 
resilient operational strategies, has exemplified how systems can adjust and evolve in 
response to external shocks. 

2.3.3 Adaptability and Resilience in the Face of Chaos 

Drawing from Chaos Theory, this tenet emphasizes the capacity for systems to adapt and 
evolve in response to chaotic conditions. For the construction industry, it suggests that 
developing flexible project management practices and resilient operational strategies is 
essential for navigating the uncertainties introduced by pandemics and other disruptive 
events [75,88–95]. This adaptability has been key to sustaining operations and minimizing 
disruptions during the pandemic. The potential for new, adaptive structures to emerge from 
chaotic conditions has been vividly illustrated in the construction industry's evolution 
throughout the pandemic. Innovations in project management, labor practices, and safety 
protocols have begun to reshape the industry, pointing to a future where enhanced 
efficiency and resilience could become the norm. This tenet confirms that chaos, while 
disruptive, can also be a catalyst for significant positive transformation within the industry. 

2.3.4 Emergence of New Order from Chaos 

Chaos Theory posits that within chaotic systems, there exists the potential for new, more 
adaptive structures and patterns to emerge. This tenet is applied to the study by exploring 
how the construction industry might evolve post-pandemic, identifying opportunities for 
innovation in project management, labor practices, and safety protocols that could lead to 
improved efficiency and resilience against future disruptions [54,70,71,73,74,74,75]. 
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Figure 1: Theoretical Framework for Adaptive Chaos Management Theory in Construction 
(ACMTC) 

2.5 Adaptive Chaos Management Theory Validates Construction Project Resilience 
The synthesis of this study through the lens of the newly conceptualized Adaptive Chaos 
Management Theory in Construction (ACMTC) underscores a significant advancement in 
understanding how unforeseen crises like the COVID-19 pandemic impact construction 
project management. Drawing from the foundational principles of Chaos Theory, this 
research intricately analyzes the non-linear dynamics and unpredictability that pandemics 
inject into the construction sector, providing a novel lens to observe phenomena in project 
management. The findings validate the theory by demonstrating how even minimal 
reductions in skilled workforce—prompted by quarantine and health safety measures—can 
drastically impede project milestones and timelines. Such disruptions, though seemingly 
minor, catalyze significant ripple effects across project outcomes, affirming the “butterfly 
effect” described in Chaos Theory [54,70–78,85,85,87–89].  

2.7 Empirical Literature Review 
Chaos and the Reshaped Global Construction Industry 

The COVID-19 pandemic has significantly reshaped the landscape of the global 
construction industry, intensifying existing challenges and necessitating novel interventions 
to manage unforeseen disruptions [96–103]. This empirical literature review delves into the 
multifaceted impacts of the pandemic on South Africa's construction sector, examining how 
the industry has responded to the crisis and the effectiveness of various strategies 
implemented to ensure continuity and resilience [30,61,77,89,90,92,93,104–106]. By 
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drawing on a wide range of studies from 2019 to 2024, this review synthesizes insights into 
the delays experienced, the adaptive measures adopted, and the broader implications of 
these interventions on project productivity and workforce dynamics. Focusing on South 
Africa, a region that swiftly enacted strict measures in response to the outbreak, this review 
explores the direct responses enacted within the construction industry to combat the 
spread of the virus and mitigate its impacts on project timelines and labor forces [45]. By 
analyzing empirical data and theoretical perspectives, particularly through the lens of 
Adaptive Chaos Management Theory, the review addresses the critical need for 
comprehensive analysis before the implementation of intervention measures and evaluates 
the real-world effectiveness of such strategies [55,107–109].  

In presenting a detailed examination of health-related absenteeism, workforce adjustments, 
and project management adaptations, this literature review provides a crucial 
understanding of the pandemic's enduring impact on construction. It highlights the need 
for strategic foresight, flexibility, and rigorous evaluation of interventions to enhance 
industry preparedness for future global disruptions. Through this scholarly discourse, the 
review not only contributes to academic knowledge but also offers practical insights for 
industry stakeholders aiming to navigate the complexities introduced by COVID-19 and 
similar crises. 

2.7.1 COVID-19's Impact and Response in South Africa's Construction Industry 

The COVID-19 pandemic has exacerbated a pre-existing spectrum of challenges within the 
construction industry's management at all levels [94,110–113]. To deepen understanding 
of this recent phenomenon, identified late in 2019, a review of literature spanning from 
2019 to 2022 was conducted. This review revealed that South Africa responded swiftly to 
the pandemic by enforcing lockdown measures [45,114,115]. Key issues identified in the 
literature related to COVID-19's impact on the construction industry include experienced 
delays and the implementation of interventions to mitigate further delays 
[79,81,82,94,100,101,105,111]. However, the literature appears to overlook or 
underemphasize the consequences these interventions have had on the construction sector 
and continues to have on the construction sector in the long term [45]. 

2.7.2 South Africa's Construction Industry Adapts to COVID-19 Challenges 

According to 18 case studies from various countries across the globe, COVID-19 
necessitated varied interventions to mitigate delays in their construction industries 
[34,39,40,42,44,45,47,48,61,77,79,81,82,94,100,101,111]. The South African construction 
sector enforced stringent measures to curtail the virus's swift spread, mandating the use of 
facemasks, gloves, face guards, routine hand sanitization, and daily temperature checks at 
entry and exit points [15]. Yet scant literature has been published regarding the South 
African construction industry, the largest on the African continent [116]. Additional 
precautions included the placement of hazardous bins and the requirement for workers to 
fill out registers and answer screening questionnaires, all aimed at monitoring and 
controlling the virus's transmission rate [117]. The majority of South African construction 
projects adopted guidelines addressing site access, induction processes, management of 
COVID-19 cases, and social distancing practices [96]. These measures prompted scholarly 
discussions on the impacts of airborne and respiratory diseases like COVID-19 on 
construction project productivity. Theoretically, such pandemics necessitate 
comprehensive analysis and evaluation before implementing measures to mitigate their 
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effects, given their propensity to induce complex and rapid changes [105]. However, 
empirical evidence suggests that the analytical phase is often overlooked in practice, 
especially when initial plans falter [118]. The paradox, shift work, intended to minimize 
COVID-19 transmission among workers, inadvertently led to project delays due to reduced 
manpower [119]. This multitude of global evidence from 18 different countries underscores 
the significance and methodology of the current study, emphasizing its necessity and 
relevance.  

2.7.3 Health Absenteeism and COVID-19 Interventions in Construction Impact 

Health-related absenteeism was observed to significantly reduce the workforce, potentially 
leading to the shutdown of construction projects if prolonged [120–125]. When 
construction site processes proceed smoothly, projects can still encounter setbacks if issues 
arise with lower-tier subcontractors and suppliers [31,104,121,126–128]. This study, 
focusing on workforce reduction, examined the impact of COVID-19 intervention measures 
on construction project turnaround times, thereby proposing a solution framework. 
Through the application of Chaos Theory and empirical evidence, it was deduced that the 
most effective strategy for mitigating the spread of the virus involved early vaccination of 
workers [129–132]. This approach enabled project managers to predict and manage project 
timelines amidst the pandemic more accurately. However, the scarcity of detailed 
information on the outcomes of various interventions to alleviate COVID-19 induced delays 
underscores the significance of this research. 

2.7.4 COVID-19's Global Impact and Management in Construction Industry 

The COVID-19 pandemic precipitated unprecedented socio-economic upheavals globally, 
significantly impacting various industries, including construction [114,133–135]. The pivotal 
role of adept management in ensuring project success, especially in the face of unforeseen 
events like the COVID-19 pandemic is scantly studied and is novel to the management 
sciences [118,133,136–138]. Current reviews highlight a shallow overview of the COVID-
19’s impact on the construction industry, rather than detailing the delays induced by 
COVID-19 and explaining it from a phenomenological perspective, most studies present 
data and do not engage in the theoretical implications pandemics have had and will have 
in the future, especially from a theoretical perspective [29, 32, 43, 48, 53, 61, 83, 97, 99, 101, 
103, 116, 121, 125, 127, 130, 133, 139].  

Subsequently, most reviews explore the interventions devised to mitigate these delays. 
Often lacking the ability to delve into the global response to workforce reduction and the 
measures adopted on construction sites to counteract the pandemic's effects. Furthermore, 
the reviews examine the impact of these interventions on project turnaround times, but do 
not directly inform the research question.  

Literature continues to fail to grasp the concept of Chaos Theory in construction, which 
posits that outcomes are not directly proportional to inputs, this study advises caution in the 
implementation of interventions, reflecting the unpredictable nature of COVID-19’s  effects 
across various sectors, and not only construction [54,71,75,86]. This unpredictability, 
emblematic of Chaos Theory, suggests that minor changes can have profound systemic 
impacts. Nevertheless, not all interventions are deemed counterproductive. For instance, 
shift work social distancing strategies, albeit reducing worker exposure to COVID-19, 
inadvertently led to project delays due to diminished on-site workforce, highlighting the 
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need for strategic planning in mitigating the spread of viral infections 
[36,79,81,119,122,127]. 

2.8 Adapting Construction Management to Global Pandemics: Insights and Strategies 
This empirical literature review has elucidated the extensive and varied impacts of the 
COVID-19’s pandemic on South Africa's construction industry, with particular emphasis on 
project management. Through an exhaustive analysis of recent literature spanning several 
crucial years, it has become clear that the pandemic has not only intensified pre-existing 
challenges but also prompted the industry to innovate and adapt in ways previously 
unconsidered. The swift implementation of diverse intervention measures, from stringent 
health protocols to strategic workforce management, has underscored the industry's 
capacity to respond to crisis situations dynamically. The application of Adaptive Chaos 
Management Theory within this context has provided valuable insights into the non-linear 
dynamics and unpredictable nature of construction project management during global 
disruptions. The theory demonstrates how small changes in initial conditions can lead to 
significant impacts on project outcomes, emphasizing the need for adaptive strategies that 
can accommodate sudden shifts in operational contexts.  

This review has highlighted both the successes and shortcomings of the interventions 
adopted, pointing to the necessity for continuous evaluation and adaptation of strategies 
based on empirical evidence and theoretical frameworks. The findings advocate for a more 
resilient and flexible construction industry that can not only withstand future pandemics but 
also thrive amidst the chaos they bring. As the construction industry continues to navigate 
the aftermath of the COVID-19 pandemic, the insights garnered from this review will be 
invaluable in shaping more effective and sustainable management practices. The synthesis 
of empirical data and theoretical perspectives presented here not only advances academic 
understanding but also serves as a foundational resource for practitioners in the field, 
ultimately enhancing the robustness and efficiency of construction project management in 
facing future global challenges. 

3. Methodology 
3.1 A Positivist Philosophy by Quantitative Design 
Adhering to the Positivist Research Philosophy, this study prioritized unbiased fact-
gathering, uninfluenced by subjective interpretation. It employed a deductive approach for 
theoretical generalization of the data collected. Utilizing an online questionnaire as a survey 
strategy facilitated the collection of extensive, consistent data. This method ensured the 
study's objectivity and allowed for quantitative analysis. A linear regression model 
supported the removal of speculative elements concerning COVID-19. The investigation 
provided a cross-sectional view of COVID-19's impact on South Africa from March 2020 to 
June 2022 [140]. Purposive sampling selected a representative cohort of participants from 
the South African construction industry to enhance the study's generalizability, mirroring 
the broader sub-population. The sample was used as a reflection of the sub-population 
from which participants were drawn [141]. This research specifically targeted contractors, 
leveraging their expertise to achieve the study's objectives. 

3.2 Data Collection from South African Construction Entities 
This study targeted ten South African entities through social media, texts, direct interactions, 
and emails, aiming to secure a minimum of ten permission letters for participation 
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[142,143]. Selection was randomized to mitigate bias, prioritizing entities appearing at the 
forefront of search engine results and those within accessible proximity. The survey's 
background questions, designed for validity, interconnected to guide subsequent inquiries, 
such as correlating a contractor’s project value with its workforce size [144]. Companies 
were contacted to share contact details, with those found on Google receiving emails 
directly from their listed information. Upon receiving consent and ethical clearance, 
participants were sent an online questionnaire link, which included an information sheet 
emphasizing that questionnaire submission constituted consent to participate [140]. The 
survey, conducted from March 2020—marking the onset of the COVID-19 pandemic—was 
designed to be completed within 10 to 15 minutes , ultimately garnering 62 responses 
[145]. 

3.3 SPSS Analysis of Survey Data by Company Size, Project Size, and Timelines 
Survey data were analyzed using the Statistical Package for Social Sciences (SPSS) via a 
linear regression model [146]. The analysis segmented data into three primary categories: 
participants from large versus small/medium-sized construction firms, as classified by the 
Construction Industry Development Board (CIDB) grade ; project size; and the initiation 
date of the projects [147,148]. This categorization aimed to discern the influence of project 
commencement periods on success rates, accounting for project scale. Descriptive statistics 
and regression analysis facilitated the examination of these variables, with tables, graphs, 
and relationship maps illustrating the findings. Participant confidentiality was paramount, 
with anonymity preserved throughout the study [149,150]. The questionnaire was designed 
to detect inconsistencies, featuring multiple-choice and Likert scale questions for 
comprehensive data collection and enhanced accuracy of results. Clarity and 
comprehensibility were key in question design, ensuring uniform interpretation across 
respondents [142]. 

3.4 Statistical Analysis of Workforce Reduction Impact on Project Timelines 
The study's data was analysed utilizing the formula Y = f₀ + f₁(wfr)₁ + ɛ (1), where the 
dependent variable (Y) signified the project turnaround time, and workforce reduction (wfr) 
served as the independent variable (X). This analytical model yielded a precise coefficient, 
accompanied by a standard error, facilitating the evaluation of the study's significance by 
quantifying the impact of workforce reduction on project completion time. 

4. Results 
4.1 Introduction 
This section reinforces prior discussions by presenting the outcomes of hypothesis testing 
introduced earlier. It juxtaposes the survey results against the reviewed literature, 
employing a linear regression model alongside descriptive statistics and relationship maps 
within SPSS for analysis [151]. The participation of 62 individuals exceeded the threshold 
for robust findings, aligning with the recommendation of a 15:1 participant-to-research-
study ratio as indicative of dependable outcomes. The absence of missing responses 
underscored the data's completeness. Focused on CIDB-registered contractors, the survey 
disclosed predominant participation from contractors within Grade 7, 8, 9, and 2, recording 
participation rates of 21%, 14.5%, and 12.9% for Grades 9 and 2, respectively. Additionally, 
22.6% of respondents categorized themselves as "other," not aligning with provided CIDB 
grades, among which 3.2% identified as Grade 1 contractors, with the remainder not 
associating with any specific CIDB grade. 
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Table A1. Contractors’ Project Background Information. 
 

QUESTION CLASS FREQ. % VALID % CUMULATIVE % 

What was the 

contract amount 

you were working 

on during 

COVID-19? 

<R1 000 000 9 14.5 14.5 14.5 
R1 000 000 – R3 900 000 7 11.3 11.3 25.8 

R4 000 000 – R10 900 000 7 11.3 11.3 37.1 
R11 000 000 – R35 900 000 16 25.8 25.8 62.9 

R36 000 000 – R100 000 000 11 17.7 17.7 80.6 
>R100 000 000 12 19.4 19.4 100.0 

Total 62 100.0 100.0  
How far along is 

your project? 

1%–49% 8 12.9 12.9 12.9 
50% 5 8.1 8.1 21.0 

51%–99% 25 40.3 40.3 61.3 
100% 24 38.7 38.7 100.0 

Total 62 100.0 100.0  
How many 

workers did you 

have on your 

project? 

Less than 10 10 16.1 16.1 16.1 
From 10 to 30 23 37.1 37.1 53.2 
From 31 to 50 9 14.5 14.5 67.7 
From 51 to 80 8 12.9 12.9 80.6 

From 81 to 100 4 6.5 6.5 87.1 
More than 100 8 12.9 12.9 100.0 

Total 62 100.0 100.0  
 

Table A1 classifies data into three main categories relevant to the study: contract amounts 
during COVID-19, project progress, and workforce size. Each category is essential for 
understanding the impact of the pandemic on the South African construction industry. 

4.2 Contract Amount 
The data ranges from less than R1 million to over R100 million. Most projects (25.8%) fell in 
the R11 million to R35.9 million range, indicating that middle-range projects were most 
common during COVID-19. The distribution shows that significant portions of the projects 
(19.4%) involved contracts over R100 million, suggesting that high-value projects continued 
despite the pandemic, possibly due to their critical nature or prior financial commitments. 

4.3 Project Progress 
Most of the projects were either nearly completed or fully completed during the pandemic, 
with 38.7% fully completed and 40.3% between 51%-99% completion. Only a small fraction 
of the projects was less than half completed (12.9%), which might indicate effective 
management or adaptation strategies that prevented severe delays. 

4.4 Workforce Size 
Workforce sizes varied significantly, but the largest segment (37.1%) consisted of projects 
employing between 10 to 30 workers, aligning with middle-range project values. Projects 
with more than 100 workers accounted for 12.9% of the total, reflecting the scale of 
operations required for larger projects. 

4.5 Descriptive Analysis 
The data from this table is crucial for understanding the dynamics of project management 
during the pandemic. It suggests a concentration of ongoing construction activities in mid 
to high-value projects, with a significant portion nearing completion despite COVID-19 
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disruptions. The variance in workforce size indicates diverse strategies and adaptations to 
pandemic restrictions, possibly reflecting different degrees of automation, outsourcing, or 
remote management capabilities across projects. Understanding these dynamics helps in 
assessing the resilience of the construction sector and the effectiveness of strategies 
employed to mitigate the impact of COVID-19, particularly in terms of managing skilled 
labor and maintaining project schedules. This analysis provides a quantitative foundation 
to evaluate the broader implications of COVID-19 on project timelines and financial stability 
within the construction industry, aligning with the study's objectives to explore the effects 
of skilled labor reduction and the application of the Adaptive Chaos Management Theory 
in Construction. This trend suggests that participants engaged in larger projects during the 
COVID-19 pandemic likely adopted more stringent and careful approaches compared to 
those involved in smaller projects [152]. 

 

Figure 2: The Relationship Between the Year and Term Construction Projects Began. 

The graph presented in Figure 2 is a relationship map focusing on the timing of project 
commencements within the context of the COVID-19 pandemic's impact on the 
construction industry. The graph uses nodes to represent different terms of the year (Term 
1 through Term 4 and "Other"), as well as two specific years (2020 and 2021). These terms 
correspond to the quarters of the year when construction projects began. Each node size 
correlates with the number of projects that began in that term or year, with larger nodes 
representing a higher number of project initiations. The scale provided (5, 10, 15, 20, 25, 
30, 35) suggests a quantitative measure of the projects per term/year. The term/year with 
the largest node (most projects started) would be significant in assessing the impact of 
COVID-19 on project initiation timelines. Lines connect various terms and years, indicating 
relationships or comparisons between when projects were initiated. The thickness of the 
line correlates to the frequency of relationships (2 to 19 times), indicating transitions or shifts 
in project scheduling from one term or year to another. 

4.6 Project Start Timeline Relationship Map 
This map is essential for visualizing how the pandemic caused shifts in project planning and 
initiation across different times. It supports an examination of patterns in how projects were 
either clustered or spread out over specific terms, reflecting the industry's response to 
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unfolding pandemic-related disruptions. The map identifies periods of heightened activity 
or notable delays, which are correlated with specific events or phases of the pandemic, such 
as lockdowns or changes in public health policy. Understanding these patterns is crucial for 
evaluating the impact of skilled labor reductions and other pandemic-induced challenges 
on project turnaround times. Analyzing the timing of project starts provides insights into 
how workforce disruptions influenced project schedules and deadlines, potentially leading 
to the formulation of strategies to mitigate similar impacts in the future. This relationship 
map serves as a foundational tool for dissecting the temporal dynamics of the construction 
industry's project management strategies during the pandemic, providing empirical data 
to support hypotheses related to project delays and management adaptations. 

4.7 Arguments from the Status Quo 
new construction projects in the United Kingdom (UK) were significantly affected by COVID-
19  [63]. Figure 2 illustrates the temporal commencement of participants' projects, revealing 
that the majority were initiated in the first and second terms of 2020. This timeframe 
coincides with the initial declaration and peak of the COVID-19 pandemic, indicating a 
direct impact on these construction endeavors. There is a significant negative impact of 
skilled labor reduction on construction project turnaround times during the COVID-19 
pandemic in South Africa. This hypothesis argued that reductions in skilled labor due to 
COVID-19 are statistically associated with increased project completion times, thereby 
adversely affecting project schedules. 

4.8 Minimal Workforce Loss Due to COVID-19 Skews Toward Skilled Workers, 
Affecting Project Timelines 
 

 

Figure 3: Workforce Loss on South African Construction Projects During COVID-19. 

The pie chart in Figure 3 illustrates the distribution of workforce losses on construction 
projects due to COVID-19, categorized by the number of workers lost. Analyzing this chart 
provides valuable insights into how the pandemic affected labor availability on construction 
sites, a crucial aspect of the study focusing on the impacts of skilled labor reduction on 
project timelines. 
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4.8.1 No Loss (22.58%)  

This segment, representing nearly a quarter of the participants, indicates projects where no 
workers were lost. This suggests that a significant portion of projects managed to retain 
their workforce, potentially maintaining project schedules more effectively. 

4.8.2 Loss of 1 to 5 Workers (43.55%)  

The largest segment, almost half of the responses, experienced minimal workforce 
reductions. While these projects lost a few workers, the impact might vary based on the total 
size of the workforce and the roles of those lost. 

4.8.3 Loss of 6 to 10 Workers (11.29%) and 11 to 15 Workers (8.06%)  

These categories show moderate workforce losses. Projects with such reductions 
experience more substantial delays, especially if the lost workers were in skilled or critical 
positions. 

4.8.4 Loss of 16 to 20 Workers (4.84%) and more than 20 Workers (9.68%)  

These smaller segments represent projects with significant labor losses. Projects in these 
categories are likely to face considerable challenges in meeting project deadlines, 
requiring adjustments in project management strategies to mitigate delays. 

This distribution is critical for understanding the scale of workforce disruptions across 
different project sizes and types, informing the study's examination of management 
strategies and the application of the Adaptive Chaos Management Theory in mitigating the 
impacts of such disruptions on project timelines. 

 

Figure 4: Skilled Worker Reduction and Delay Impact in Construction Projects. 

This bar chart presented in Figure 4 represents the distribution of opinions among survey 
participants regarding the statement: “Workforce reduction led to a loss in skilled workers, 
resulting in delayed task completion.” The responses are categorized across a Likert scale 
ranging from “Strongly Disagree” to “Strongly Agree” [153,154]. 

Strongly Disagree: A small minority (6.45%) of respondents strongly disagree that 
reductions in the workforce, specifically skilled workers, have led to delays in task 
completion. 



PREPRINT – 10/07/2024 – VERSION 3 – CC BY-SA 4.0 DEED – SUBMITTED TO THE JOURNAL 
OF DEVELOPMENTS IN THE BUILT ENVIRONMENT WITH A WORD COUNT OF: 9,834 
(JOURNAL ACCEPTANCE RATE – 16% AT TIME OF SUBMISSION - ISSN: 2666-1659 – 
PUBLISHER - ELSEVIER LTD.) 
 

Page 17 of 37 

Disagree: A slightly larger segment (16.13%) disagrees, suggesting that they do not 
perceive a direct impact of workforce reduction on delays or have experienced different 
circumstances that mitigated such impacts. 

Neutral: A quarter of the participants (25.81%) remain neutral. This indicates uncertainty or 
a lack of direct experience with delays caused by the loss of skilled workers. 

Agree and Strongly Agree: Each of these categories also captures 25.81% of responses, 
indicating that a significant portion of the sample—more than half when combined—
acknowledges a direct connection between the reduction in skilled workforce and the 
resultant delays in project milestones. 

This distribution depicts a relatively even split in perceptions, with a significant number 
acknowledging the impact of skilled worker reduction on project timelines, while others are 
less convinced of this causality. The results highlight the need for further investigation into 
the factors that might influence differing experiences and perceptions, such as project type, 
management strategies, and the specific roles of skilled workers within project teams [155]. 

 

Figure 5: Causes of Workforce Reduction During COVID-19 in Construction. 

The pie chart visualizes the primary causes of workforce reduction on construction sites 
during the COVID-19 pandemic as perceived by the study participants. The largest 
segment, comprising 74.19% of the responses, attributes workforce reduction 
predominantly to quarantining due to COVID-19 infections. This highlights the significant 
impact that health safety measures and infection control had on staffing levels. The second 
major cause, accounting for 24.19% of the responses, is job termination, indicating that 
employment cuts were also a notable factor in workforce changes. A much smaller segment, 
1.61%, represents workers' resignations due to reduced physical and mental health, 
suggesting that personal health concerns played a minor role compared to other factors. 
This distribution underscores the overwhelming influence of pandemic-related health 
protocols on workforce availability, aligning with the study's focus on understanding the 
broader impacts of COVID-19 on project management and completion within the 
construction industry [156,157]. 
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Figure 6: Workforce Reduction's Effect on Project Milestones During COVID-19. 

The bar chart in Figure 6 displays survey responses on the perceived impact of workforce 
reduction on the completion of project milestones during the COVID-19 pandemic. The 
responses are categorized across a Likert scale ranging from “Strongly Disagree” to 
“Strongly Agree” [153,154]. 

Strongly Disagree (8.49%): A small fraction of the respondents, about 8.49%, strongly 
disagree that workforce reduction delayed project milestones. This depicts that for these 
respondents, reductions in workforce did not translate into noticeable delays, possibly due 
to effective management strategies or the nature of their specific projects. 

Disagree (8.49%): An equal percentage of respondents also disagree, indicating a similar 
sentiment that workforce reduction did not significantly impact their project timelines. 

Neutral (19.35%): Nearly a fifth of the participants are neutral, suggesting they might not 
have observed a direct correlation between workforce reduction and project delays, or they 
may have seen varying impacts that do not lead them to lean strongly towards agreement 
or disagreement. 

Agree (25.81%): Over a quarter of respondents agree that there was a delay in project 
completion due to reduced workforce, supporting the idea that fewer hands-on deck can 
lead to slower progress. 

Strongly Agree (45.16%): The majority, nearly half of the respondents, strongly agree that 
the reduction in workforce led to delays in completing project milestones. This strong 
agreement depicts a significant perception or experience of impact, reduced workforce 
capacity critically affected project timelines. 

This data is crucial for understanding the real-world impacts of workforce disruptions in the 
construction industry during the pandemic. It illustrates a significant acknowledgment of 
the challenges posed by reduced labor availability, emphasizing the need for robust 
workforce management and contingency planning in construction project management to 
mitigate such risks as posited through the lens of Adaptive Chaos Management Theory. 

4.9 Finding Nuance and Connections in COVID19 Skilled Construction Workforce 
Data 
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As illustrated by Figures 2 through 6, COVID-19's impact on workforce reduction at 
construction sites was minimal. The predominant categories of job loss were 0 workers, 1–
5 workers, and 6–10 workers due to COVID-19. A significant 62% of participants concurred 
that most job losses involved skilled workers, with 25.81% remaining neutral. Quarantining 
emerged as the principal reason for workforce reduction, closely followed by job 
termination. Despite the overall minor reduction in workforce numbers, the skill level of 
those lost was notably high, with 70.97% affirming that such reductions consequently 
delayed project activities and milestones. This was further supported by 77.42% of 
respondents in Figure 4, who noted their projects suffered from the loss of skilled labor. 
Conversely, 22.58% disputed that project delays were directly linked to skilled worker 
shortages, aligning with Figure 3 findings where an equal percentage reported no job loss 
due to COVID-19. Notably, most respondents managed projects with 10 to 30 workers, 
suggesting a maximum potential job loss average of 16.67%, explaining the neutral 
responses. The attribution of workforce reduction primarily to quarantining is logical, given 
the indiscriminate nature of COVID-19 infections relative to workers' skill levels. Figure 6, 
aligning with Figure 4, revealed that over 50% of participants recognized workforce 
reduction as a significant factor delaying site activities, echoing findings from the literature, 
and underscoring the global challenges faced by contractors. In the United States, the 
pervasive impact of COVID-19, particularly through worker infections, significantly hindered 
project timelines [63]. This observation was corroborated by Shibani et al., who highlighted 
that implementing shift work as a precaution only resulted in further delays due to reduced 
staffing levels [119]. 

4.10 Mixed Views on COVID-19 Interventions Improving Construction Schedules 

 

Figure 7: Impact of COVID-19 Interventions on Construction Project Schedules. 

A notable neutrality was observed among participants regarding the efficacy of COVID-19 
interventions on enhancing project schedules. In related research from the USA, some 
respondents reported minimal disruption to construction activities due to COVID-19, albeit 
acknowledging the necessity of implementing new safety protocols [63]. Among the 
respondents, those in agreement were outnumbered by neutrals, followed by strong 
disagreement, with strong agreement and disagreement ranking fourth and fifth, 
respectively. In confirming the study’s second hypothesis, (H2), current project 
management strategies in the South African construction industry are insufficient for 
effectively addressing the disruptions caused by workforce reductions during the COVID-
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19 pandemic. The testing of this hypothesis, existing project management practices, when 
assessed in light of pandemic-induced challenges, will demonstrate shortcomings in 
effectiveness, highlighting the necessity for enhanced strategies or approaches. 

4.11 Chronology of Construction Project Recovery Post-COVID Delays 
 

 

Figure 8: Project Recovery Time from COVID-19 Delays in Construction Industry. 

Participants reported a sequential pattern regarding their projects' recovery times from 
COVID-19-induced delays. The majority stated their projects would recover in less than 3 
months. However, a deeper dive into the recovery timelines relative to project size and CIDB 
grades of contractors would further enrich the construction industry's understanding. 
Following the majority, 32.26% of respondents anticipated a recovery period of 3 to 6 
months, with 19.35% projecting 7 to 12 months for project normalization. A smaller fraction, 
8.06%, foresaw a recovery extending beyond 12 months, while 6.45% were uncertain about 
the duration required for their projects to overcome the delays caused by COVID-19. The 
application of principles from the Adaptive Chaos Management Theory in Construction 
(ACMTC) significantly enhances the management of construction projects during workforce 
disruptions caused by pandemics. This hypothesis maintains that the incorporation of 
ACMTC into project management during pandemic conditions results in improved 
management outcomes, thereby proving the theory’s practical value and effectiveness in 
boosting project resilience and adaptability. 

5. Discussion 
5.1 CIDB Grade Representation in South African Construction Study Participation 
Data collection targeted contractors within the South African construction industry, with 
participation limited to those who provided consent through letters. The survey captured 
representatives across all CIDB grades, though significant representation was seen in only 
five categories. The “other” category received limited responses, with two indicating 
employment at Grade 1 contracting firms, and the remainder comprised Implementing 
Agents, Consulting Engineers, or those unaffiliated with any specific CIDB grade. It is 
hypothesized that the research link was disseminated among entire project teams by 
participating companies, thus including a variety of professionals such as Implementing 
Agents and Consulting Engineers. 



PREPRINT – 10/07/2024 – VERSION 3 – CC BY-SA 4.0 DEED – SUBMITTED TO THE JOURNAL 
OF DEVELOPMENTS IN THE BUILT ENVIRONMENT WITH A WORD COUNT OF: 9,834 
(JOURNAL ACCEPTANCE RATE – 16% AT TIME OF SUBMISSION - ISSN: 2666-1659 – 
PUBLISHER - ELSEVIER LTD.) 
 

Page 21 of 37 

5.2 CIDB Grading Influence on Contractor Project Scope and COVID-19 Impact 
The Construction Industry Development Board (CIDB) stipulates that a contractor's 
maximum project value aligns with their CIDB grading; however, government projects may 
permit small/medium-scale contractors to engage in larger projects as subcontractors due 
to a mandatory 30% subcontracting rule [147,158,159]. This study's outcomes indicated the 
highest participant representation in projects valued at R11,000,000 and above, signifying 
substantial involvement from large construction firms. Nevertheless, small/medium-scale 
contractors were also well represented, with 37.1% of participants from firms tendering at 
R10,000,000 and below, indicating their significant presence. Among respondents, 40.3% 
were involved in projects 51%-99% complete, with 38.7% on projects already completed at 
the time of the survey, and 29% working on projects 50% or less complete. The aggregation 
of 79% participants from projects either completed or more than halfway through 
underscores the reliability of the findings, reflecting comprehensive experiences of COVID-
19's impact. Conversely, 21% of responses came from projects 1%-49% complete, likely 
initiated in late 2021 or early 2022, offering insights into the pandemic's evolving effects. A 
notable portion of participants worked on projects with 10 to 30 workers, suggesting 
significant representation from Grade 6 contractors and above, based on the proportional 
relationship between project value and workforce size. This delineation suggests that 
projects with more than 30 workers fall into the larger project category, while projects with 
10 or fewer workers were considered small-scale. The commencement date of projects 
provided valuable data, enhancing the comparability of findings, and affirming the study's 
methodology. 

5.3 Minimal Workforce Impact From COVID-19 on South African Construction Sites 
The findings indicated that most participants experienced minimal loss of workforce on 
their sites, while a notable second group reported no impact from COVID-19 on their 
workforce composition. Such variance within a single study's responses is both intriguing 
and illustrative of the diverse impacts of the pandemic across the construction sector. 
Contrary to prevailing literature, which suggests significant workforce reductions as migrant 
workers returned home, our findings presented a different narrative. Stiles et al. noted that 
the UK saw a decrease in skilled labor availability on construction sites due to illness or 
social distancing measures aimed at controlling COVID-19 [152]. These outcomes align with 
the project sizes of our respondents, primarily indicating participation from larger projects. 
It was anticipated that larger contractors, benefiting from substantial turnovers, would 
reallocate resources within their operations to mitigate the impact of a diminished 
workforce. Responses regarding other impacts were evenly spread, showing little variation 
across different categories. 

5.4 Quarantining as Primary Cause of Workforce Loss in Construction During COVID-
19 
The results demonstrated that a significant proportion of participants experienced 
workforce losses on their construction sites due to COVID-19. These findings detailed the 
primary reasons for such reductions, with nearly three-quarters attributing worker shortages 
to quarantining necessitated by COVID-19 infections. Ogunnusi et al. echoed this, 
observing that in the UK, governmental mandates on social distancing significantly 
dwindled the workforce, thereby extending project timelines [56]. A similar scenario was 
reported in Singapore, where the isolation of foreign workers, a critical labor force in the 
construction sector, due to heightened infections in dormitories, led to project delays [160]. 
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Job termination emerged as the secondary cause for workforce reduction, a predictable 
outcome [161]. Additionally, a small fraction (1.61%) of respondents indicated job 
departures due to deteriorating physical and mental health amidst the pandemic. The 
predominance of responses suggesting that workforce reduction, particularly of skilled 
workers, led to project milestone delays highlighted the critical nature of such research, 
revealing unexpected data outcomes. Furthermore, the existence of participants from 
projects unaffected by labor shortages suggests a nuanced understanding of the factors 
behind project delays, underscoring the importance of comprehensive analysis in 
attributing causes to observed effects. 

5.5 Mixed Reactions to COVID-19 Interventions' Effect on Project Schedules 
A total of 40.32% of participants concurred or strongly concurred that COVID-19 
interventions positively impacted project schedules, yet over half expressed disagreement, 
strong disagreement, or neutrality, underscoring the relevance of this investigation. This 
division prompts inquiries into the anticipated timeline for project recovery, a question to 
which Alsharef et al. found that many US study participants could not provide definite 
timelines due to the multifaceted influences of COVID-19 on project execution [63]. 
Olanrewaju et al. revealed that health and safety protocols could potentially reduce site 
productivity by half, suggesting similar project delays [162]. Consequently, it is advised that 
future unforeseen events with the potential for widespread disruption, akin to COVID-19, 
should prompt the Built Environment and contractors to proceed with caution, leveraging 
lessons from past pandemics to assess the efficacy and impact of proposed measures. The 
affirmation of the study's hypothesis, derived from its research question and objectives, 
signifies the achievement of the research aim, validating the necessity for cautious and 
informed intervention strategies in the face of pandemics. 

5.6 Confirming Adaptive Chaos Management Theory in Construction Project 
Management 
This study's results highlight the necessity for the construction industry to embrace 
adaptability and resilience, enabling it to navigate through and evolve amid the chaos 
introduced by global health emergencies [77,89,90,92,106,163–169]. The research 
advocates that proactive adaptation, and the implementation of flexible management 
strategies can mitigate the adverse effects of such disruptions 
[104,105,111,112,127,139,170]. The emergence of new, more effective construction 
management practices in response to the pandemic illustrates the potential for industry 
evolution, driven by crisis-induced innovation [86,88,98,127,171]. Conclusively, the 
Adaptive Chaos Management Theory in Construction, rooted in the empirical findings of 
this study, provides a robust framework for understanding and managing the complex 
dynamics of construction projects during pandemics. This theory not only enriches 
academic discourse but also offers practical insights for industry practitioners, aiming to 
enhance project management strategies in the face of unpredictable global challenges. 
This alignment of theory with empirical evidence encapsulates the study's contribution to 
both the theoretical and practical dimensions of construction project management, paving 
the way for future research to build upon these foundational insights. 

The successful application of the Adaptive Chaos Management Theory in Construction 
(ACMTC) within the context of the COVID-19 pandemic has significantly advanced the 
understanding of the construction industry's capacity to cope with and thrive amid 
unprecedented global disruptions. This theory, grounded in Chaos Theory, has 
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demonstrated its robustness through the validation of its four key tenets in the real-world 
scenario of the pandemic's impact on the construction sector. The pandemic's outbreak 
acted as a practical test for these tenets, revealing how minor disruptions could escalate 
into significant challenges affecting project timelines and workforce dynamics. The theory's 
prediction of non-linear outcomes has been borne out, as construction projects 
encountered unexpected delays and complications, underscoring the critical need for 
project management frameworks that anticipate and plan for such unpredictability. These 
tenets have proven essential in fostering a strategic approach to managing unforeseeable 
shifts in the construction landscape.  

ACMTC has not only provided a theoretical framework for understanding the impacts of the 
COVID-19 pandemic on the construction industry but has also offered practical insights that 
can guide future responses to similar crises. The industry's journey through the pandemic 
has proven the indispensability of embracing chaos as an opportunity for growth and 
innovation, thereby transforming challenges into catalysts for enduring advancements in 
construction project management. 

6. Conclusion 
Lockdown restrictions within the construction sector prompted the adoption of measures 
to counteract resulting delays, driving this study to examine the impact of workforce 
reduction on project completion times in the South African construction industry [172]. 
Despite COVID-19's relatively minor effect on overall workforce numbers, the loss of even 
a small number of skilled workers significantly hindered project progress, primarily due to 
quarantine and isolation protocols. Consequently, many projects failed to meet their 
milestones within the anticipated timelines, underscoring the profound impact of skilled 
labor shortages on construction site operations. Nonetheless, this study sheds light on the 
nuanced effects of workforce reduction, offering insights that may pique the interest of 
researchers in South Africa and beyond, seeking to explore the broader ramifications of 
such challenges on a global scale. 

7. Recommendations 
7.1 Industry Recommendations 
7.1.1 Adoption of Flexible Workforce Strategies 

Construction companies should adopt flexible workforce strategies, including multi-skilling 
and cross-training of workers, to mitigate the impact of skilled labor shortages during 
pandemics. By diversifying workers' skills, companies can ensure that project milestones 
are met even when specific skilled workers are unavailable due to health-related absences. 

7.1.2 Implementation of Robust Health and Safety Protocols 

The industry should develop and implement robust health and safety protocols that can be 
swiftly activated in response to pandemics. These protocols should include regular health 
screenings, provision of personal protective equipment (PPE), and clear guidelines for 
quarantine and isolation to minimize workforce disruptions. 

7.1.3 Investment in Technology and Automation 

To reduce dependency on manual labor, the construction industry should invest in 
technology and automation. Utilizing advanced construction technologies such as Building 
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Information Modeling (BIM), drones, and robotic automation can enhance project efficiency 
and reduce the impact of workforce shortages. 

7.2 Policy Recommendations 
7.2.1 Development of Pandemic Response Guidelines for Construction 

Governments should develop comprehensive pandemic response guidelines specifically 
tailored for the construction industry. These guidelines should address workforce 
management, health and safety protocols, and project timeline adjustments to ensure 
continuity during health crises. 

7.2.2 Incentives for Technological Advancements 

Policymakers should provide incentives for construction firms to adopt technological 
innovations. Grants, tax breaks, and subsidies for investments in automation and digital 
tools can help the industry become more resilient to future disruptions. 

7.2.3 Support for Training and Development Programs 

Governments should support training and development programs that focus on upskilling 
construction workers. By promoting continuous learning and skill diversification, the 
workforce can better adapt to changing project demands and mitigate the impact of labor 
shortages. 

7.3 Academic Recommendations 
7.3.1 Further Research on Workforce Management During Pandemics 

Academia should conduct further research on workforce management strategies during 
pandemics. Studies should explore the effectiveness of different intervention measures, 
including shift work, remote work, and multi-skilling, to provide empirical data that can 
guide industry practices. 

7.3.2 Exploration of Technological Impacts on Project Management 

Researchers should investigate the impact of technological advancements on construction 
project management during pandemics. Studies should examine how technologies such as 
BIM, drones, and automation influence project timelines, labor requirements, and overall 
efficiency. 

7.3.3 Development of Theoretical Frameworks for Crisis Management 

Academia should develop and refine theoretical frameworks for crisis management in the 
construction industry. The Adaptive Chaos Management Theory in Construction (ACMTC) 
provides a foundation, but further work is needed to expand its application and validate its 
principles across different types of crises. 

7.4 Framework for Resilience in Construction 
The following framework integrates the recommendations for industry, policy, and 
academia to enhance resilience in the construction industry during pandemics and other 
crises: 

7.4.1 Preparedness and Planning 

• Develop and implement comprehensive health and safety protocols. 
• Create flexible workforce strategies, including multi-skilling and cross-training. 
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• Establish clear communication channels for timely dissemination of guidelines and 
updates. 

7.4.2 Technological Integration 

• Invest in advanced construction technologies such as BIM, drones, and automation. 
• Encourage continuous technological innovation and adoption within the industry. 
• Provide training programs to enhance digital literacy and technological competencies 

among workers. 

7.4.3 Policy Support and Incentives 

• Develop government guidelines and policies specifically for managing construction 
projects during pandemics. 

• Offer financial incentives for technological investments and workforce training 
programs. 

• Collaborate with industry stakeholders to ensure policies are practical and effective. 

7.4.4 Research and Development 

• Conduct empirical studies on the effectiveness of different workforce management 
strategies during pandemics. 

• Explore the impact of technological advancements on project management and 
efficiency. 

• Develop and validate theoretical frameworks for crisis management, such as ACMTC, to 
guide industry practices. 

7.4.5 Continuous Improvement 

• Monitor and evaluate the effectiveness of implemented strategies and protocols. 
• Adjust and refine measures based on feedback and new research findings. 
• Promote a culture of continuous learning and adaptation within the construction 

industry. 
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