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ABSTRACT 
Natural Disasters cause major adverse social and financial effects by destroying homes and 

infrastructures. For example, Hurricane Katrina in August 2005 damaged over 214,700 homes in 

New Orleans and forced over 800,000 citizens to live outside of their homes due to flooding. Thus, 

these disasters require a quick and efficient response to post-disaster housing issues and provide 

resources for temporary houses for short-term disaster relief and reconstruction of destroyed and 

damaged housing for full rehabilitation. Reconstruction of permanent housing for disaster victims 

is one of the most time-consuming activities in the post-disaster recovery process. However, time 

is a critical factor which should be minimized for the restoration of affected communities. 

Modularized construction is a promising solution for improving the process of post-disaster 

housing reconstruction because of its inherent characteristic of time-efficiency. This paper aimed 

to evaluate prefabricated modular construction potentials as an approach that can facilitate the 

design and construction phase of post-disaster reconstruction. An extensive literature review has 

been carried out to identify the features of modularized construction which can add value to the 

post-disaster recovery process.  To investigate the suitability and feasibility of implementing 

modular construction for post-disaster reconstruction and also identify major barriers of its 

implementation, a survey has been conducted in 2018 among AEC experts who were experienced 

in the prefabricated construction industry and/or involved in post-disaster reconstruction projects. 

The results of the study indicate that prefabricated modular construction is a promising approach 

to improve time-efficiency of post-disaster reconstruction and tackle challenges of current 

practices by its unique benefits such as reduced demand for on-site labor (overcome local labor 

pool constraints impacted by the disaster) and resources (overcome shortage of equipment and 

materials), shorter schedule (due to concurrent & non-seasonal), reduced site congestion, and 

improved labor productivity (due to assembly line-like and controlled environment). 
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INTRODUCTION 
The disaster has been defined and investigated from various perspectives by several authors. Smith 

et al. (2014) defined the disaster as an unexpected natural or manmade phenomenon which causes 

a large number of lives and property losses. Forcael et al. (2014) claimed that 373 natural disasters 

occurred which caused about 296,000 lives losses and about 110 million dollars cost for about 208 

million people directly or indirectly. FEMA categorizes disaster as the following four phases: (1) 

mitigation; (2) preparedness; (3) response; and (4) recovery (FEMA 2005). Among these phases, 

this study aims to improve the recovery phase, which requires an enormous amount of time, fund, 

and effort after a disaster event.  

  

From the construction management perspective, the rapid recovery of damaged houses and 

infrastructures is one of the urgent challenges. The most critical and time-consuming step of a 

post-disaster recovery and reconstruction process is promptly providing permanent housing for 

affected people. This process can take up to five years (FEMA, 2005) or even more, up to 10 years 

(Goodyear, 2014), according to the severity of the disaster. Undoubtedly, it is a very long period 

of time for communities and people to restore their normal livelihood. Therefore, time is a key 

factor in the reconstruction process to minimize the impacts on the communities. To explore a new 

approach to tackling the challenge of time in the post-disaster recovery, this study investigated a 

modular construction approach for mass reconstruction. Time-efficiency is an inherent 

characteristic of modular construction, which offers great potential for it to be a desirable strategy 

for post-disaster housing reconstruction. In this paper, the authors investigated the feasibility and 

perception of modular construction-based post-disaster reconstruction with the survey from 

industry professionals and identified the competitive features of modular construction for 

facilitating the disaster recovery process. 

 

 

METHODOLOGY 

To achieve the objectives of this study, a comprehensive literature review has been conducted to 

identify the major challenges of a post-disaster reconstruction process. Modular construction also 

has been investigated by reviewing the literature to find out the features and capabilities that can 

be leveraged to improve the current status of a post-disaster reconstruction process. The results 

have been validated by subject matter experts who have been involved in relevant projects with a 

diverse background. According to the extensive literature review, an online questionnaire has been 

designed and distributed among experts. To verify the findings, an analytical comparison has been 

done between the results of the literature review and the survey. 

 

 

LITERATURE REVIEW 

 

Post-disaster recovery and reconstruction process 

This study divides the following two parts of post-disaster reconstruction: housing and 

infrastructures (e.g. roads, electricity, ports, etc.). Both are the urgent issues, but housing 

reconstruction after a disaster causing a large number of victims has been mostly addressed in 

diverse studies. Two types of dwelling have been determined by the terms “shelter” and “housing” 

(FEMA, 2005). The shelter is a temporary accommodation provided until the victims can relocate 

to permanent houses. On the other hand, “Housing” refers to permanent dwelling with all 
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requirements including physical, social, and administrative infrastructure (Gunawardena, 2014). 

In other words, shelters are provided as the short-term solution of relief process and permanent 

houses must be provided in the long run to recover the normal livelihood of the disaster-affected 

communities. 

 

The post-disaster housing reconstruction process encounters similar challenges to other housing 

projects in addition to several other challenges due to their special situation. These added 

challenges have been discussed in literature extensively as shown in the following key factors.  

  

(1) Time: Disaster recovery projects should be completed as quick as possible to minimize 

impacts on affected victims. As mentioned above, the completion of such projects may 

take at least 5 years which is a considerably long time period for restoration of affected 

people. Tas et al (2010) stated that ‘time’ is the most critical factor that determines the 

post-disaster permanent housing strategy. In addition to the reduction in recovery time, 

the time is crucial to reduce construction costs supported by federal government or 

personal resources. Weerakoon et al. (2007) studied the post-disaster recovery process of 

Indian Ocean Tsunami in Sri Lanka and found that wages of labor and price of material 

considerably increased (about 15-25 percent) over the recovery time due to inflation. 

 

(2) Funding: One of the most common challenges of the post-disaster recovery process is 

funding for reconstruction, which can be worsened by deploying inappropriate strategies. 

Sometimes, spending excessive fund in the relief process such as building shelters may 

cause inadequacy of funds for housing reconstruction projects (Lloyd-Jones, 2006). 

Availability of adequate fund is necessary for starting a housing reconstruction process. 

This fund is mostly from insurance or aids from donors and governments. The challenge 

of funding is more significant when the insurance coverage is not available so that 

starting the reconstruction process highly depends on aids from outside (Hidayat and 

Egbu, 2010). Due to a large number of damages and limited funds, communities affected 

by a disaster always have difficulties to properly and promptly initiate their recovery 

process with the insufficient fund for reconstruction. The other challenge regarding 

funding resides in allocating given funding efficiently and steadily to fulfill the projects’ 

needs, which require wise and systematic portfolio management.   

 

(3) Resources and Materials: The other common bottleneck of housing reconstruction 

projects is the shortage of required resources and construction materials. Housing and 

infrastructure recovery projects supposed to be simultaneously started by the public and 

private sections require an enormous amount of construction resources and materials. 

Since a natural disaster event sweeps out local production facilities and supply systems 

and causes disruption of transportation systems, it frequently brings serious problems in 

procuring construction resources in a timely manner during the recovery process (Chang 

et al., 2010). Several studies revealed that the shortage of materials leads to adversely 

affect the projects’ objectives such as project suspension, quality defects, cost overrun, 

and delivery delay (Boen, 2006; Steinberg, 2007). In addition, Tabmbe et al. (2018) 

stated that during post-earthquake housing reconstruction in the Sikkim Himalaya, many 

houses construction processes were suspended because the supply of stock material was 

not able to fulfill the rising demand. 
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(4) Workforce: Several case studies revealed that inadequacy of available skilled workforce 

during construction projects is one of the decisive issues that negatively influence the 

post-disaster reconstruction projects.  The findings of the Koria’s study (2009) on the 

reconstruction projects in Sri Lanka indicated that the lack of field staff’s relevant 

experience or training to handle a large and complex project was a key issue in delaying 

the recovery process. Arshad & Athar (2013) also stated that locals assisting the recovery 

projects have had a lack of knowledge and/or skills in Pakistan after the 2005 Earthquake. 

Inadequate worker’s skill may lead to poor quality of the constructed facility. 

 

(5) Planning, Communication, and Coordination: The other challenges are ineffective 

coordination and communication among agencies involved in reconstruction. 

Involvement of federal and local government, various funding agencies, donors, and 

other stakeholders requires a comprehensive approach for systematic coordination and 

extensive knowledge of planning.  Roosli et al (2012) identified a lack of expertise and 

knowledge in the relevant authorities acting as a major impediment in the housing 

reconstruction process.  

 

(6) Resiliency and Sustainability: The post-disaster period has been recognized as an 

opportunity to improve quality, resiliency, and sustainability and reduce vulnerability to 

future disasters (Davidson et al, 2006). Thus, to establish new facilities and communities, 

practitioners need to consider their resiliency and sustainability to prepare any 

unexpected future events. In addition, there are several factors that must be considered 

in the post-disaster reconstruction process including limitation of transportation and 

accessibility of affected areas. 

 

Modular construction and prefabricated houses 

Modular construction is a modern construction methodology that was introduced as an alternative 

for traditional cast-in-situ (stick-build) construction. In recent years, modular construction has 

attracted immense attention from many countries because of its inherent superiority of this 

technology including, but not limited to, construction waste reduction (MBI, 2010), improved 

quality control (Judy, 2012)), noise and dust reduction (Pons & Wadel, 2011), higher standards for 

health and safety (CII, 2002; CII, 2011; MBI, 2010), time efficiency (CII, 1987; CII, 2002; MBI, 

2010), cost saving (Lawsen et al., 2012), reduced labor demand (Nadim & Goulding, 2010), and 

low resource depletion (Won et al., 2013). Choi (2014) provided a comprehensive summary of the 

advantages and disadvantages of modularization in previous studies. The inherent characteristics 

of modular construction make it the most suitable method for post-disaster housing reconstruction. 

In the following section, the identified features of modular construction which can promisingly 

tackle the mentioned challenges of post-disaster recovery process will be analyzed in detail. 

 

(1) Time-efficiency 

One of the most important characteristics of modular construction, which make it a fitting 

approach for post-disaster housing reconstruction, is the time-efficiency. According to Lawson 

et al. (2012), it can decrease project completion time about 50% in comparison with traditional 

on-site construction. The simultaneous process of mass production and on-site installing of 

modules will shorten the construction time. This time saving will benefit the recovery process 

by both minimizing the restoration time for affected communities and avoiding labor and 
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material cost fluctuations. Furthermore, the flexibility of the modular construction method 

offers great potential for saving time. All components of a building can be configured as a 

module together or separately. Shapes and sizes of the modules can vary to comply with the 

limitations of transportation and technical aspects of construction, such as truck dimensions 

and height or weight restrictions. 

 

(2) Long-term cost benefits  

Although it seems that modular construction requires more initial cost and investment, the 

long-term benefits of this approach are greater in comparison with traditional construction. 

Rogan et al. (2000) assess the costs and benefits of modular construction as against traditional 

construction, for a typical four-story residential building in London. Where the initial 

investments have only been a mere 2 percent higher for modular construction, but it has 

received greater benefits, from the beginning of the life of the structure. With a 39 percent 

greater turnover estimated and a 43 percent higher Internal Rate of Return (IRR), modular 

construction was clearly shown to provide more benefits to the builder as well as the client. 

Modular construction has also this potential to reduce the material delivery cost, 

accommodation cost of labors, and on-site usage of equipment such as crane (Fagerlund 2001). 

 

(3) Reduced demand for labor and resources on-site 

As modular construction exports site-based works to off-site, 1) on-site labor demand is 

reduced which leads to reduced onsite accommodation costs (Fagerlund 2001; Gotlieb et al. 

2001); 2) resources demand on the job site can be also minimized. This helps the fabricator to 

hire skilled labor in a fabrication shop and the contractor to hire skilled labor on the job site 

more selectively with lower costs (Choi 2014). A high percentage of the construction process 

of a modular structure is a pre-planned process carried out in a factory environment. External 

parties would only get involved in the on-site construction. Modular units are generally built 

with provisions for services. It is only a matter of connecting them on-site once the modules 

are assembled. Furthermore, since the interiors, as well as façades, roofs, etc., are all pre-

constructed into the modules, the required planning becomes much simpler. Modular 

construction potentially has the ability to provide a more workable platform for institutions of 

various disciplines, such as contractors, governmental institutions, non-governmental 

organizations, and humanitarian agencies, to work together and produce better results; 

however, this is the desired, not the current practice in the off-site construction industry  

 

(4) Resilient and sustainable houses  

Modular construction helps to improve quality control (Lapp and Golay 1997) and the 

production of a housing module is done in a highly controlled environment. The quality checks 

inside a mass production facility will be more reliable compared to on-site construction, 

especially in a post-disaster scenario where on-site construction will be under heavy pressure 

for delivery. This will make sure that the final product suits them with respect to structural 

stability, livability, and sustainability. 

 

The extensive conducted literature review indicated that modular construction with its inherent 

characteristics is a promising strategy for rapid post-disaster housing reconstruction. The in-detail 

analysis of previous case studies also revealed that modular construction can bring the potential to 

improve the post-disaster recovery process and address most of its challenges. Table 1 briefly 
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describes the finding of the literature review.  According to the key factors of modular 

construction-based post-disaster recovery from this literature review, the authors designed and 

conducted a survey to collect the industry experts’ opinions with the purpose to validate our 

findings and investigate the feasibility and suitability of modular construction for facilitating post-

disaster housing reconstruction. 

 

 

 

 

Table1. A brief description of the literature review 

Challenges of post-disaster 

recovery projects 

Characteristics of modular 

construction 

Ability to solve the 

issue 

Time Time-efficiency HIGH 

Funding Long-term benefits LOW 

Quality High-quality controlled environment HIGH 

Planning Pre-planned process  MEDIUM 

Resource availability Resource integration MEDIUM 

Skilled workforce Minimum required on-site skill  HIGH 

 

 

VALIDATION BY A SURVEY OF EXPERTS 

In order to validate the findings of our literature review, 18 industry experts were invited to 

participate in a short survey. The survey contains questions about the feasibility of utilizing 

modular construction for the reconstruction of the individual building as well as a mass 

reconstruction of houses with different designs. The invited experts have also been asked to 

identify the benefits and the barriers of modular construction implementation in the post-disaster 

recovery process by choosing options from one (1) to four (4); one being strongly disagreed or no 

importance and four being strongly agreed or high importance. The survey found that the 

participants have 375+ years of experience in the AEC/FM industry. 94.4 participants (17 out of 

18) have been involved in at least one modular construction in the last five years. In addition, 

38.9% of them (7 out of 18) have been involved in a post-disaster reconstruction project using 

modular construction.  The Cronbach's α (alpha) (Cronbach, 1951) has been calculated for testing 

the consistency of responses. The alpha value is equal to 0.845 which indicates the “Good” 

consistency (Cortina, 1993) in our responses. 

 

Findings of the survey and discussion 

Literature provided several pieces of evidence that the implementation of modular construction 

can efficiently address the challenges during the post-disaster reconstruction process. The result 

of the survey also supports the benefits identified in the literature review about the suitability of a 

modular approach for post-disaster recovery by the average point of 3.16 (out of 4.00) for 

individual houses and 3.00 for mass construction with different designs. This question has also 

been added to another survey about modular construction designed and distributed by our 

collaborators. The results of the survey are also consistent with the literature because over 90 

percent of survey participants (40 out of 44) responded that modular construction/prefabrication 

can be used for mass post-disaster reconstruction of facilities (average point of 3.23 out of 4). The 

respondents believed that the process of modular construction is “quicker”, and this means 
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“quicker relief”. They stated that prefabricators can work in non-affected areas simultaneously 

with clean-up in affected areas so that they can deliver their products as soon as possible. However, 

there were few comments from negative respondents. One believed that it can be only the short-

term solution. It has also asserted that amount of preconstruction planning and coordination can 

impede the quick response to disaster even with modular construction. 

Most of the respondents believe that modular construction can reduce the time of post-disaster 

reconstruction projects and it received point of 3.27, while cost reduction has a lower point (2.88) 

and consequently lower support among the experts. The experts also evaluated the benefits of 

modular construction and their influence on making this approach suitable for post-disaster 

reconstruction. The results have been shown in Figure 1. The most important characteristics that 

benefit the post-disaster recovery process are as follows: 

• Easier access to required labor and material 

• Improved Schedule 

• The potential for a quick response 

• Better Predictability/Reliability 

• Increased Productivity 

• Sufficient Labor Supply 

 

 

 
Figure 1. Benefits of modular construction and their importance in its suitability for post-disaster 

recovery 

 

 

These factors are mostly related to the time-efficiency of modular-based construction, minimum 

requirement of skill and labor, and pre-planning features of modular construction, which reinforce 
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the finding of our literature review. However, the authors expected stronger support for the ability 

of modular construction in time reduction of post-disaster recovery projects. It indicates that 

although modular construction can offer the most time-efficient strategy for reconstruction, a 

construction method is not the only factor that determines the completion time of the projects 

because of a complex environment and situation after a disaster. The chaotic environment, social 

and political considerations, funding limitation is the other factor that can affect the completion 

time for post-disaster recovery projects. Moreover, it should be noted that in contrast with the 

literature that indicated modular construction can improve the quality of construction in housing 

reconstruction projects due to its potential for implementing quality control procedures, the 

respondent did not identify the quality as an effective factor for post-disaster reconstruction 

projects. This conflict might be because of overlooking of quality during the post-disaster 

reconstruction. Importance of time, pressure from stakeholders for projects completion, and high 

demands are the factors that lead to scarifying the quality to obtain the other objectives of the 

project. Tabmbe et al. (2018) briefly indicated that low-quality of prefabricated houses is one of 

the shortcomings of this strategy for post-disaster permanent housing reconstruction.  

As a part of the survey, participants evaluated the barriers that impede employing modular 

construction as the main strategy for post-disaster reconstruction. The results show that they 

identified design and construction culture, quality concerns, and unpredictable conditions after a 

disaster as the most important barriers. Design and construction culture barrier for modular 

construction is not limited to post-disaster reconstruction projects. Gan et al. (2018) found that 

“protectionism” and “conservatism” inherent within the AEC industry culture play a pivotal role 

in limiting technological innovations such as modular construction. Regarding the quality 

concerns, it is obvious that the satisfaction of end users is always a key concern. Although the 

affected individuals may eventually be thankful for the resettlement of their livelihoods after 

possibly losing all their possessions, it must be understood that they are entitled to be opinionated 

of the quality of the finished product. For this reason, institutions such as FEMA (2005), APEC 

(2009) and UNDRO (1979) have set standards for post-disaster housing reconstruction. However, 

high demands after a disaster might lead to several deficiencies in module production and 

undesired defects in the final products. So, more reliable quality control procedures are needed to 

fulfill most of the requirements.  

 

 

 CONCLUSION 

It is observed that time is a critical factor in the reconstruction of permanent housing for disaster 

victims and it should be minimized for the restoration of affected communities. Modular 

construction can drastically improve this time gap. The faster construction times, which are 

characteristic of modular construction, make this form of construction a great solution for 

providing faster permanent houses. Factors such as scarcity of resources, deficiencies in 

transportation, funding, etc. can still have a detrimental effect on the efficiency of modular 

construction. However, such factors can be expected in a post-disaster scenario and must be 

planned. A great advantage of using modular structures as a post-disaster housing solution is that 

much of the expertise in reconstruction is directed to one solution provider. This feature makes 

stakeholders able to address common challenges of the post-disaster reconstruction process, lack 

of skilled workforce and inefficiencies in planning, communication, and coordination.   
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