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Abstract

The number of natural catastrophic events has increased remarkably in recent decades, and the resulting
challenges of construction projects have increased even more. Itis imperative to recognize these challenges
and employ suitable strategies to mitigate them to avoid project failures, which is the basis of this study.
To become more knowledgeable about this subject, more than 100 scholarly articles, including peer-
reviewed papers and other types of publications, were reviewed and a list of eleven challenges was
developed. The next step was to identify the management strategies that could be applied to overcome the
challenges. The outcomes from this study concisely help decision-makers and project managers allocate
their resources wisely after a disaster, implement construction activities more efficiently, and achieve
higher rates of productivity while reducing the consequences of disruptive events.
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1. Introduction

The unexpected and destructive power of disasters diminish the social stratification and cause physical
damage and psychological trauma to society and harm to the environment [1,2,3]. The number and severity
of natural disasters has increased significantly in recent years [4]. There were only about 100 natural
disasters reported annually worldwide during the 1980s, and that number has risen to over 300 since 2000
[5]. Disasters have impacted both developed and developing countries, and the United States is one of the
top five countries most frequently impacted [5,6]. Both direct and indirect impacts of natural disasters are
devastating to business activities and their community [7], as they affect many parties, such as company
management, investors, suppliers, etc. [8]. The construction industry is in the maelstrom of the aftermath
of the disasters, as they deal with damage to buildings and infrastructures that must be repaired
immediately [9,10,11]. Disaster recovery made without knowledge of effective strategies results in an
increase of losses [6,12,13,14,15], while studying natural catastrophes facilitates better decision-making
regarding the timing and planning for reconstruction materials for future disasters [16, 17].

This study aims to investigate and analyze the impacts of natural disasters on construction projects and to
develop a list of resultant challenges and management strategies to address them. These research results
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will help project managers identify, prevent, and manage the challenges caused by natural disasters in
construction projects and help them allocate their resources effectively.

2. Methodology

This research methodology includes four main steps. A thorough literature search was conducted in the
first step, and more than 100 scholarly articles were reviewed to meet the objectives of this study. In the
next step, the existing database was scrutinized, and data was collected. In the third °

step, potential challenges were identified from the finalized database, and in the fourth step, the
management strategies were identified from the literature. Finally, the conclusions were presented. Figure
1 shows the adopted methodology of this study.

Literature Data Collection Id entify list of Id entify peotental
search Challenges strategies

Figure 1. Research methodology

3. Data collection

As presented in Figurel, scholarly articles related to challenges in construction after a disaster were
collected by entering various keywords in search engines like Scopus, Google scholar, Science Direct, etc.
After reviewing the journal articles, essential information like the name and publication year of the articles
were documented. Table 1 shows details of the reviewed journals and articles published in this area. It can
be noted that the Natural Hazards journal ranked first with 9 papers, which accounted for 11% of all the
papers.

Table 1. Frequency of studied journals

Journal Title Frequency Percentage
Natural Hazards review 9 11%
Journal of Computing in Civil 7 9%
Engineering

Construction Research Congress 5 7%
International Journal of Disaster Risk 5 7%
Reduction

Journal of Structural Engineering 4 5%
Journal of Construction Engineering 3 4%
and Management

Social and Behavioral Sciences 3 4%
Sustainable Transportation Systems 3 4%
Nature 3 4%
Procedia Engineering 2 2%
Disaster Prevention and Management 2 2%
Applied Economics 2 2%
Building Research and Information 2 2%
Earthquake Engineering and 2 2%
Engineering Vibration

Journal of Aerospace Engineering 2 2%
Others 27 33%
Total 81 100%
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Although the effects of natural disasters have been experienced worldwide for many years, researchers
have only recently begun to focus on the subject. The trends in the number of journal articles published
over the years is depicted in the Figure 2.
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Figure 2. Distribution of articles based on year of publication

4. Identification of challenges for construction projects created by natural disasters

The 11 challenges observed through a thorough review of the literature are depicted in Table 2 and are
discussed below.

Table 2. List of the identified challenges

# Challenges Source
C1 Increase in overhead cost and profit margins [17]
Cc2 Disruption of transportation network (logistics) [18]
C3 Psychological and environmental factors [19]
C4 Damages to machinery [20]
C5 Inflation of construction labor charges [21]
C6 Increase in demand for labor and equipment [21, 22, 23]
Cc7 Loss of lives and impact on neighboring communities [24]
c8 Damages to materials in construction site [25]
Cc9 Stability of structural components [26]
C10 Project schedule [27]
Ci11 Interdependent utilities [28]

4.1. Increase in overhead costs and profit margins

Damage to the land and equipment, and loss of revenue were identified as sources of financial stress after
a natural disaster. Damages to manufacturing equipment and machinery may be severe and disrupt
production [20], and the loss of equipment and supplies can cause temporary cessation of construction
projects, delaying the repair or restoration of structures [29]. In 2010, the aftershock of the Canterbury
earthquake hit the South Island of New Zealand and impacted a large number of infrastructures, including
natural heritage sites. This disaster resulted in damage to structures that led to reconstruction costs of
approximately $5 billion [30]. The cost of labor tends to inflate in the construction industry after a disaster
and is considered one of the factors for cost overruns in projects [31]. Large amounts of debris are
accumulated at the site and must be hauled off and dumped, and the hazardous materials need to be
discarded safely [32]. All the above mentioned tasks require additional labor and equipment that incur
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additional cost and time [22,33]. For instance, the material cost of strand board increased up to 30% and
tarpaulin sheets increased up to 2000% after the Sydney hailstorm [17]. Contractors often increase the
overhead and profit margins and may change the bidding values in the aftermath of disasters. They also
tend to increase the cost of repairs, thereby increasing the overall project cost [17].

4.2. Logistics

Disruptions after disasters to public and utility services such as electricity, water supply and sewage, fuel,
transportations, and telecommunications can be responsible for slowing down construction [18]. Lack of
facilities and public infrastructures is also an expected effect that requires projects to look at an alternative
for emergency logistic support [20]. Any failure in the civil engineering services results in a disruption in
delivering emergency services such as rescue operations [34]; hence, it is vital that agencies related to
emergency services stay aware of the vulnerability of critical infrastructure systems [35].

4.3. Labor

The demand for skilled labor and construction materials drastically increases after a natural disaster and
usually results in massive price escalations [21]. Shortages of resources, together with the increase in the
cost of materials, slow down the post-disaster construction process [36]. The increase in repair costs
following large-scale natural disasters is measured as a percentage increase in construction costs and
affects the supply of construction materials and labor [37]. Sudden and temporary escalation in the cost of
construction materials, labor, and services due to the increased demand following natural disasters is called
“demand surge” (Subcommittee on Ratemaking of the Casualty Committee 2000). Another impact of
disasters on construction sites is the increased demand for skilled laborers [23]. In New Zealand, after the
2010 and 2011 Christchurch earthquakes, there was a high demand for skilled labor. The research reports
that the complexity of structures increases as disaster resiliency must be increased, and the incorporation
of revised building codes, the need for innovative construction, financial constraints etc., increase the
requirements for skilled labor [23]. The demand for labor begins or escalates based on the impact of the
disaster. The construction industry in general and the project managers specifically should take the
workforce capacity into account in the planning phase by allocating a separate cost for it and considering
the risks of labor shortages [23]. The questionnaire survey conducted by the research team at Christchurch
revealed that 65 percent of the poaching of laborers from other construction companies began to increase
after the Queensland earthquake. Experts believe that both time and money are wasted in the pursuit of
skilled workers to deliver projects with the desired quality [23].

4.4. Psychological environmental factors

The frequency of disaster events across the globe has led to an increase in psychological environmental
risks [2]. Psychological environmental factors refer to the culture, general practices, and climate of the
workplace. Natural disasters create distress among construction firms’ management teams and workers,
which takes the form of job insecurity, uncertainty about work contracts, and discriminatory practices
affecting salaries and career development. Natural disasters also influence organizational factors [19].

4.5. Loss of lives and impact on neighboring communities

Unsecured materials at construction sites are vulnerable to being converted into debris, thereby causing
injuries to people at the site when it gets tossed about at a high velocity [38]. When the construction site is
not secure, and if it is subjected to intense wind forces, the impacts resulting from it could create a series
of further damages that disturb neighboring communities. Construction sites are exposed to different types
of natural disasters, including fire. During the event of fire disasters, one of the factors to be considered on
a construction site is the safety of the construction crew/employers at the site. This factor must be given
higher consideration when it comes to high rise building projects, as the workers have to be evacuated
from each floor, which consumes a lot of time [24].

4.6. Damages to materials and machinery at construction sites

Depending on the magnitude of the wind force, materials at construction sites, such as steel props,
plywood, and other heavy objects, can be thrown about at a very high speed. Residential projects that
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employ light wooden frame construction are significantly impacted by disasters like hurricanes [25]. From
several surveys conducted by the author to study the impacts of Hurricane Sandy, it became evident that
the residential structures that were built using light wooden frames at Ortley Beach, located on the narrow
peninsula between Barnegat Bay and the Atlantic Ocean, were hit the hardest by the storm surge. In coastal
areas, frontal dunes act as shelter to other structures by absorbing the impact. The coastal dunes on Ortley
Beach were damaged, and as a result the structures were exposed to higher loads from waves, which led
to failure. In addition to damages resulting from storm surges, inadequately designed structures generate
water-borne debris when they become fragments, resulting in increased havoc as it carries high impact
from waves as well as the debris [25]. Huge amounts of raw materials are wasted at construction sites due
to disasters. Generally, there is a high demand for procuring construction materials at a regional level
following a serious disaster [32]. After the Wellington disaster in New Zealand, the demand for aggregates
increased at the regional level, as the local markets were not able to produce adequate quantites because
of the disaster’'s impact on the quarries [39]. Demands for cement also increased, and as the manufacturing
unit was able to work only for a limited time and produce less, materials had to be imported from
international markets which further increased costs [39].

4.7.Stability of structural components

Structures under construction do not have any fire protection systems or earthquake-resistant elements,
which makes them highly prone to destruction during disastrous events [38]. Coastal structures and
projects face inundation from storm surges, and the site can experience hydrostatic uplift as a result of the
buoyant force that develops from air pockets and can turn into debris in the water or obstacles holding
water. This results in weakening the structural components. Numerous structures and structures under
construction were destroyed or weakened by storm surges during Hurricane Katrina [26]. The pavements
had lower strength in the strength penetration tests conducted by the Louisiana Transportation Research
Centre after the impact of the hurricane [40].

4.8. Project schedule overruns

One of the common issues that construction companies face following a disaster is schedule overruns [3,
27, 41]. In the Aegean Highway Project that involved three identical tunnels of 22 km length, one of the
tunnels adjacent to an existing national road faced breakdown as huge rocks fell over the road, causing the
death of the project manager on the site. The investigators were unable to determine whether the disaster
occurred because of the natural phenomena or technical issues, but there was no emergency plan in place,
which resulted in a delay in the completion of the project [16, 42]. Various unexpected situations can occur
that impact the completion of construction and reconstruction projects and might increase the project costs
[6, 43]. These unexpected situations can arise from factors such as a weakening of the economy; political
wars; socioeconomic conditions; technical errors due to lack of skilled workers; improper site conditions;
and natural disasters such as earthquakes, hurricanes, and floods [13,43].

4.9. Interdependent utilities

Huge catastrophic events like Hurricane Katrina affect construction sites by damaging equipment,
disrupting utility lines such as those for electricity and water, and creating debris. In 2012, Hurricane Sandy
resulted in $185 million damage to World Trade Centre construction site, and disrupted interdependent
utilities. Underground infrastructures such as water distribution systems and waste-water collection
networks are exposed to higher pressures and external loads during such events and require high levels of
strength to withstand such intense pressures. Hurricane Rita that occurred in 2005 in Louisiana damaged
the wastewater treatment plants to the extent that it took nearly two weeks to restore their function [28].
These types of underground structures and components will have a shorter life span than what was initially
predicted for them because of corrosion caused by the accumulation of debris and water seepage during
disastrous events like floods [44].

5. Identification of management strategies

Potential management strategies were collected from the literature to lessen the impact of challenges.
Table 3 shows the list of identified strategies, some of which are discussed below.
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Since disasters such as hurricanes and typhoons create serious damage to materials and machinery on
construction sites, developments are emerging that will enhance the level of preparedness and reduce the
amount of losses to the public [45, 46, 47, 48]. The literature highlights the importance of new imaging for
simulation frameworks that aids in discovering the risks that are caused by wind-induced disasters [38].
The imaging depicts a clear picture of the extent to which the construction site will face damages by
predicting the force at which the objects in the construction site could travel. This enables laborers to be
proactive in preparing construction sites for possible disasters and at the same time reduce the number of
laborers required to carry out the operations as a result, reducing the cost for inspecting the site [38].
Recently, the construction industry has begun to use radio frequency Identification technology (RFID), an
automated tracking device that tracks materials at the site and has been shown to save 3.1% of the
construction cost [49] in recovering construction operations.

Another recommended strategy is adopting the Geographical Information System, which helps in debris
removal. The removal of debris following a disaster is a time-consuming, expensive, and intensive process
that requires heavy equipment that sometime encounters spatial constraints [41]. The schedule and cost
of a project overrun can be significantly reduced if proper preparedness tools are considered during the
planning phase. A balanced scorecard method can be adopted [27], and plans can be put in place for
procuring materials and modifying the construction in the event of disaster [39]. A recovery model was
proposed for dealing effectively with unanticipated situations by using existing approaches and PMBOK'’s
knowledge to recover construction projects after a disaster [42]. The model developed, by the author,
focuses on identifying major hazards and planning effective methods to deal with such unanticipated
situations in the pre-disaster phase, and planning activities that will help return the project back to its
normal functioning state with as little damage as possible in the post-disaster phase.

Table 3. Strategies for the identified challenges

# Challenges Management Strategies

1 C3 Enhancing teamwork by team performance training

2 C9 Adopting AD-CIRC model to derive storm surge for identifying the damages
caused to structural components

3 C6 Accessing Geographical Information System

4 C5 Using a simulation dynamics (SD) model to make decisions about the labor force

5 C1 Incorporating RFID to track materials in construction sites

6 C1 Using multi linear regression models for predicting an approximate increase in
cost

7 C4,C8 Using imaging to simulate a framework to reduce the damage caused to
materials, machinery

8 Cc7 Incorporating simulation software to create emergency plans for evacuation of
workers

9 C2,C11 Employing the Bayesian network theory and system dynamics simulation to
assess the criticality of the infrastructure

10 C10 Adopting the balance score method to reduce overruns

Although OSHA provides safety regulations for means of egress, the practical implementation can be
attributed to the emergency plans adopted by the contractor. Emergency plans include real life drills that
use fake alarm systems. These drills hinder the construction activity and schedule, causing minor delays in
project activity and increasing the overhead cost. Irrespective of the number of practice drills, the behavior
of the workers might vary during the actual evacuation environment. In order to overcome the above-
mentioned challenges, the author in [24] proposes a simulation framework that assists contractors in
assessing the evacuation of the crew throughout the project's duration.

Psychological and environmental factors affecting the working conditions of the crew can be improved by
conducting team performance training and encouraging teamwork, thereby increasing the workers’
behavioral attributes, collaboration within the construction crew, and production [50]. The author in [51]
highlighted the importance of the AD-CIRC model, which helps predict storm surges and the damages that
will be caused to structural components. This model provides an opportunity to design buildings that have
the structural stability to withstand such heavy forces. In the aftermath of disasters, critical infrastructures
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must be identified, and their restoration must be given priority [17]. To assess the criticality of critical
infrastructures, the author in [35] introduced a decision support system, using the Bayesian network theory
and system dynamics simulation system. A multilinear regression model developed by the author in [52]
can be used for predicting approximate increases in cost, which helps in allocating sufficient funds in the
planning phase. The simulation dynamics (SD) developed by author in [53] helps managers maker sounder
decisions pertaining to whether to hire more laborers or operate with the currently available workforce.

6. Conclusion

This study conducted a thorough literature review on the challenges and potential management strategies
used in construction projects after a disaster and revealed 11 challenges that can significantly affect the
progress of a project after a disaster. Increases in costs and overhead margins is one of the most important
challenges noted in the literature; other important challenges are an increase in demand for labor and
equipment and disruption of transportation networks. This review also identified 10 potential strategies
that are effective in controlling the challenges. Among those strategies, accessing geographical Information
systems, and using multilinear regression models and the Bayesian network theory were found to be the
most important. It is expected that the outcomes of this study will help project managers and policymakers
better understand the challenges following a natural disaster and will enable them to prioritize their
resources in a productive manner.
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