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Abstract
With the increase in frequency and intensity of natural disasters, the number of transportation
infrastructures needing reconstruction is also increasing. Insufficient financial resources and cost overruns
are among the major limitations that affect the reconstruction works of the transportation infrastructure
after a disaster; however, there are few resources to help practitioners monitor the cost of reconstruction
and keep it within the allocated budget. This study aims to provide a comprehensive list of the critical factors
that affect the reconstruction cost (CFRC) of transportation infrastructures after a disaster, and to
categorize them, based on the level of damage incurred. A survey was conducted to determine the
importance of 30 potential CFRCs, and the survey results were statistically analyzed. It was found that
effective coordination plays a critical role in completing a project within the budget limitations, a slow
decision-making process slows the reconstruction efforts and increases the probability of cost overruns,
and the reconstruction cost of transportation infrastructures with a high level of damage are dependent on
more factors than infrastructures with a low level of damage. For example, when the damage level is low,
fewer disruptions to traffic are necessary during the reconstruction than if the damage level is high. When
the damage level is high, the likelihood of more traffic disturbance is greater, which has the potential to
create unforeseen costs and/or cost overruns. The outcome of this paper will be of value to the authorities
who are responsible for controlling budget overruns during post-disaster reconstruction projects.
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1. Introduction
Natural disasters are one of the major causes of losses and casualties worldwide [1, 2, 3], and hurricanes
are among the most powerful and destructive disasters [4]. The destruction wreaked by Hurricane Katrina
in 2005 was estimated at more than $160 billion [5], Hurricane Ike left massive destruction in its wake in
2005 [6], and Hurricane Harvey destroyed a considerable number of structures when it hit the southern
part of Texas in 2017 [7].
Since the number of natural disasters, especially hurricanes, has increased over the last two decades [8, 9]
limited financial resources have become a critical factor that seriously affects the success of post-hurricane
reconstruction projects [10, 11, 12, 13]. Hidayat and Egbu [14] and Chang et al. [15] explained it by saying
that inflated prices and/or shortages of laborers, materials, and equipment commonly occur after
hurricanes and lead to cost overruns, schedule delays, and even failure of reconstruction projects. [16, 17,
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18, 19]. Few studies have been conducted to estimate the cost and/or duration of post-hurricane
reconstruction of transportation infrastructures to prevent cost overruns and time delays in projects, but
the project’s cost is usually considered an indicator of the duration of the construction phase [20, 21].
Reconstruction after a disaster comes with the notion of building back better, with resiliency against future
disasters, which increases the reconstruction costs even more [22, 23]. One of the best strategies for
completing a reconstruction project within budget is to identify the factors that affect its cost [24, 25];
however, few studies have investigated these factors and limited literature is available on the subject. In
addition, not all disasters damage transportation infrastructures at the same level [26], which means that
the resources and financial needs are different for the various levels of damage. For example, [13] found
that floods damage transportation infrastructures more than fires or storms; therefore, the financial and
resource outlay will be greater after a flood. Hence, it is necessary to investigate the factors that affect the
cost of reconstruction based on the level of damage.
This research aims to fill the above-mentioned gaps by identifying and classifying the critical factors
affecting reconstruction costs (CFRC) of transportation infrastructures after a disaster. To achieve the aim
of this study, the following objectives were formulated: i) identify the potential CFRCs that affect the
reconstruction cost, ii) determine the significant CFRCs that affect reconstruction cost, and iii) classify the
CFRCs based on the level of damage. The outcome of this paper will be of value to the authorities who are
responsible for controlling budget overruns during post-disaster reconstruction projects.
2. Literature review
In the last three decades, the number of natural disasters has increased significantly, and with that increase
has come a strong disruption of the functioning of society, as serious human and environmental impacts
are experienced when an affected community cannot cope with the loss of their resources [27, 28]. Natural
disasters cause physical and psychological trauma to society and damage to the environment [25, 29].
Furthermore, the losses and damages experienced have not increased proportionally, as they increased
from approximately $10 billion in 1975 to approximately $90 billion in 2009 [27].
The transportation sector experiences some of the greatest losses and damages from a disaster [27];
however, its reconstruction provides an often unrecognized advantage to the affected community, as
several studies have shown that the reconstruction of the transportation sector accelerates the process of
recovery in all of the affected areas [30]. It is a continuous procedure that needs to begin immediately after
the disaster and often takes longer to complete than what was estimated [31, 32]. Multiple researchers and
authors have espoused that cost overruns are one of the most serious issues and challenges that
governments face in construction and reconstruction projects [33, 34, 35, 36] as a result of the complexity
of the projects [37, 38].
Every post-hurricane reconstruction project is unique, and the differences can be those of safety and
environmental issues or even the attitudes of the decision-makers [39, 40]. Multiple studies have been
conducted to identify the root causes of post-disaster reconstruction projects’ success and failure [41], and
Table 1 depicts the causes of cost overruns and failure.
Table 1. Challenges creating cost overruns of the reconstruction of the transportation infrastructure after a disaster
Challenge
Finance and limitation of funds
Ineffective design
Inadequacy of resource procurement
Unavailability of human resources
Unavailability of material resources
Engineering mobilization
Inflation
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3. Research methodology
3.1. Outline
A structured research framework was designed to fulfil the goals of this research. Figure 1 shows that a
comprehensive review was performed of the existing literature to identify potential CFRCs affecting
projects’ costs. Over 200 journal articles, conference papers, dissertations, and research reports were
identified from five main databases, Google Scholar, JSTOR, ProQuest, and Science Direct. More than 75%
of all the articles were peer-reviewed journal articles. The articles were carefully reviewed, and the most
relevant articles were included; the others were discarded.

Fig. 1. Research methodology

Each CFRC was converted to a question of a survey that was pilot tested and distributed. The survey
responses were analysed descriptively and quantitively and were discussed and interpreted to identify and
classify the CFRCs that affect the cost of reconstruction after a disaster.
3.2. Statistical analysis methods
Various statistical tests were utilized, depending on the type of data that was collected from the survey.
Table 2 summarizes the basic formal statistical methods that were used for the quantitative analysis in this
study. The P-values that indicated the statistical significance of differences between the two targeted groups
were generated through the relevant tests.
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Table 2. Statistical analysis methods
Statistical Test

Assumptions

Two-sample t-test: This test was used for responses of a count or
numerical value.

• The two groups follow a normal distribution.
• Each project was independent from other projects.

Kruskal-Wallis: This test was used for Likert-scale questions (ordinal
seven-point scale), where it could not be assumed that the data
followed a normal distribution.

• The two groups follow an identically scaled distribution.
• Each project was independent from other projects.

Chi-squared test: This test was used for survey questions with binary
responses (“Yes” or “No”), testing whether the observed frequencies
of “Yes” or “No” are equal for both targeted groups.

• Each project was independent from other projects.

4. Data collection
4.1. Potential PDR listing
A comprehensive literature review of scholarly articles was conducted for this study. A list of 30 potential
CFRCs was prepared, based on the findings of the study and the authors' understanding and expertise.
Table 3 shows the CFRCs that were considered for this study.
Table 3. List of potential CFRCs
#

List of CFRCs

#

List of CFRCs

CFRC1

Number of main/truck lines

CFRC16

Quality issues of materials

CFRC2

Total length

CFRC17

Quality issues of equipment

CFRC3

Level of complexity

CFRC18

Frequency level of logistics/ management issues

CFRC4

Distance from highly populated area

CFRC19

Quality of on-site inspection

CFRC5

Level of damage

CFRC20

Frequency of on-site inspection

CFRC6

Level of traffic disturbance

CFRC21

Information management

CFRC7

Shortage of experts

CFRC22

Pace of decision-making process

CFRC8

Shortage of field laborers

CFRC23

Implementation level of risk management

CFRC9

Productivity level of contractors

CFRC24

Coordination

CFRC10

Shortage of materials

CFRC25

Pace of workers’ mobilization

CFRC11

PRT11. Shortage of equipment

CFRC26

Volume of debris

CFRC12

PRT12. Inflation of labor wages

CFRC27

CFRC13

PRT13. Availability level of on-site infrastructure

CFRC28

Work suspension through execution of the project

CFRC14

PRT14. On-site accommodation level for staff

CFRC29

Regulatory requirements

CFRC15

PRT15. Shortage of suppliers

CFRC30

Availability of required temporary pathways

Environmental/safety issues prior to executing the
project

CFRC refers to critical factors affecting reconstruction cost of transportation infrastructure after a disaster.
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4.2. Survey development
Based on the identified potential PRTs, a structured survey was developed, and each PRT became one
question in the survey. The survey consisted of three main parts: i) respondent information, ii) area
transportation network, and iii) project-based information. The survey consisted of 46 questions, and two
samples of the questions are presented in Figure 2.

Fig. 2. Research methodology

4.3. Pilot testing
After the survey was developed, it was pilot tested to verify its suitability for the respondents. The pilot
testing was performed among a limited number of respondents and was modified according to their
comments. After that, the necessary approval for the survey was acquired and the survey was finalized.
4.4. Survey distribution and collection
A list of 500 potential respondents was prepared by the team. The list consisted of the name and contact
information of the potential respondents who were either policymakers, project managers, or design and
construction engineers, etc. Special attention was given to ensure that the respondents were working in
different governmental and private agencies such as state transportation agencies, departments of
transportation, the offices of cities, etc. They were contacted by email, and after three follow-up emails, 30
responses were collected.
5. Descriptive analysis
5.1. Analysis based on project cost
The descriptive data from the analyses associated with the baseline and actual budgets and schedules, as
well as the rework costs corresponding to the 30 reconstruction projects, are provided in Table 4. As
illustrated in this table, the means of the baseline and actual budgets were roughly $25 million and $35
million, respectively.
Table 4. Descriptive data analysis based on cost
Minimum

Mean

Maximum

Standard Deviation

Baseline Budget

$300K

$22,930K

$100,000K

$33,200K

Actual Cost

$500K

$36,540K

$150,000K

$53,110K

Cost

5.2. Analysis based on the level of damage
The respondents were asked to provide information about the damage level of the affective transportation
infrastructures resulting from a hurricane in which they were involved. The results are shown in Figure 3.
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Fig. 3. Damage level of disasters based on the percentage

Figure 3 illustrates that about 45% of hurricanes damaged more than 60% of the transportation systems.
In addition, roughly 35% of the transportation systems were damaged from 30% to 60%. As presented in
Figure 5, the minimum damage level of transportation infrastructures was 21%.
6. Quantitative analysis
6.1. Significant CFRCs affecting the overall cost of reconstruction projects
The P-Values corresponding to the significant CFRCs affecting the cost performance of reconstruction
projects are shown in Table 5.
Table 5. Significant CFRCs affecting cost performance
Category

Physical
Characteristics
Damaging
Level

Resource

Quality

Project
Management

Environment
&
Safety
Legal
Local

List of CFRCs

P-Value

CFRC1. Number of main/truck lines
CFRC2. Total length
CFRC3. Level of complexity
CFRC4. Distance from highly populated area
CFRC5. Level of damage
CFRC6. Level of traffic disturbance
CFRC7. Shortage of experts
CFRC8. Shortage of field laborers
CFRC9. Productivity level of contractors
CFRC10. Shortage of materials
CFRC11. Shortage of equipment
CFRC12. Inflation of labor wages
CFRC13. Availability level of on-site infrastructure
CFRC14. On-site accommodation level for staff
CFRC15. Shortage of supplier
CFRC16. Quality issues of materials
CFRC17. Quality issues of equipment
CFRC18. Frequency level of logistics/management issues
CFRC19. Quality of on-site inspection
CFRC20. Frequency of on-site inspection
CFRC21. Information management
CFRC22. Pace of decision-making process
CFRC23. Implementation level of risk management
CFRC24. Coordination
CFRC25. Pace of workers’ mobilization
CFRC26. Volume of debris
CFRC27. Environmental/safety issues prior to execution of the project
CFRC28. Work suspension through execution of the project
CFRC29. Regulatory requirement
CFRC30. Availability of required temporary pathways

0.051*
0.049**
0.036**
0.078*
0.044**
0.196
0.011*
0.054**
0.069*
0.077*
0.017**
0.096*
0.080*
0.350
0.065*
0.018**
0.011**
0.013**
0.072*
0.422
0.045*
0.020**
0.012**
0.046**
0.258
0.082*
0.033**
0.060*
0.205
0.163

** denotes significant differences with 95% confidence
* denotes significant differences with 90% confidence
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As there were three types of data (continuous, seven-point Likert scale, and binary) collected from the
survey, the two-sample t-test, Kruskal-Wallis, and Chi-squared test were performed. As presented in Table
5, the 30 CFRCs identified by the literature were classified into eight categories: (1) physical characteristics,
(2) damage level, (3) resources, (4) quality, (5) project management, (6) environment and safety, (7) legal,
and (8) local. Table 5 presents that 24 out of 30 identified CFRCs were determined statistically significant
for the cost performance of the targeted projects.
CFRC-3 (level of complexity), which belongs to the category of project characteristics, is an indicator that if
a reconstruction project is complex, an increasing number of reworks is more probable due to errors made
because of deficiencies in the laborers’ knowledge and/or experience. Ultimately, these reworks might
increase the cost of reconstruction. Since financial limitations are common after a disaster, the stated CFRC
significantly decreases the cost performance.
Table 5 presents that low-quality materials (CFRC-16), belonging to the category of quality, and low quality
of equipment (CFRC-17), belonging to the category of quality, lead to their replacement during the
reconstruction process, which causes serious shortages in materials and equipment and increases the
number and cost of overruns.
6.2. Classification of CFRCs affecting cost performance of low and high damage levels
The results of the P-Values of the CFRCs that affect the cost performance of infrastructures damaged at
different levels is shown in Table 6. Twenty-six (26) CFRCs were determined statistically significant for highly
damaged reconstruction projects and 19 CFRCs were recorded as statistically significant for low-level
damaged reconstruction projects.
Table 6 indicates that when the damage is greater, more attention must be given to the factors that affect
reconstruction cost. For example, when the level of damage is low, the level of complexity (CFRC 3) is less.
and this CFRC does not affect the cost of reconstruction. However, when the level of damage is high, the
complexity of the reconstruction is also probably high and creates the possibility of reworks and resulting
overruns. Similarly, the level of traffic overruns (CFRC 6) is a significant factor for high-damage
reconstruction costs but not a significant factor of low-damage reconstruction work.
Table 6. Significant CFRCs affecting cost performance of low and high damage transportation infrastructure
P-Value
Category

Physical
Characteristics

List of CFRCs

Highly

Low Level

Damaged

Damaged

CFRC1. Number of main/truck lines

0.040**

0.022**

CFRC2. Total length

0.025**

0.034**

CFRC3. Level of complexity

0.068*

0.534

CFRC4. Distance from highly populated area

0.056*

0.036*

CFRC6. Level of traffic disturbance

0.011**

0.397

CFRC7. Shortage of experts

0.001**

0.017**

CFRC8. Shortage of field laborers

0.022**

0.075*

CFRC9. Productivity level of contractors

0.078*

0.041**

CFRC10. Shortage of materials

0.081*

0.082*

CFRC11. Shortage of equipment

0.065*

0.037**

Damage
Level

Resource
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CFRC12. Inflation of labor wages

0.055*

0.031**

CFRC13. Availability level of on-site infrastructure

0.063*

0.061*

CFRC14. On-site accommodation level for staff

0.325

0.197

CFRC15. Shortage of suppliers

0.035**

0.487

CFRC16. Quality issues of materials

0.012**

0.059*

CFRC17. Quality issues of equipment

0.062*

0.085*

CFRC18. Frequency level of logistics/management issues

0.010**

0.063*

CFRC19. Quality of on-site inspection

0.078*

0.021**

CFRC20. Frequency of on-site inspection

0.085*

0.258

CFRC21. Information management

0.058*

0.089*

CFRC22. Pace of decision-making process

0.071*

0.073*

CFRC23. Implementation level of risk management

0.008**

0.014**

CFRC24. Coordination

0.001**

0.051*

CFRC25. Pace of workers’ mobilization

0.061*

0.357

CFRC26. Volume of debris

0.044**

0.526

CFRC27. Environmental/safety issues prior to execution of the project

0.055*

0.070*

Safety

CFRC28. Work suspension through execution of the project

0.091*

0.357

Legal

CFRC29. Regulatory requirement

0.258

0.278

Local

CFRC30. Availability of required temporary pathways

0.195

0.355

Quality

Project
Management

Environment
&

** denotes significant differences with 95% confidence
* denotes significant differences with 90% confidence

7. Conclusion
The intensity and destructive nature of natural disasters are gradually and constantly increasing, and with
them, the need for reconstruction of infrastructure, including transportation infrastructure, is also
increasing. Keeping the reconstruction cost within budget is almost always a priority for practitioners, yet
it is often difficult to do. This study identified the factors that contribute to the reconstruction cost of
transportation infrastructure after a disaster. A survey was conducted that incorporated the identified
factors, and the responses were descriptively and quantitatively analyzed. It was found that effective
coordination plays a critical role in completing a project within the allocated budget. Additionally, it was
found that a slow decision-making process commonly causes delays in the reconstruction that increase the
probability of cost overruns. Moreover, the reconstruction of transportation infrastructures with a high
level of damage depends on more factors than those with a low level of damage. The outcomes of this
paper will be of value to authorities who are responsible for controlling budget overruns during a postdisaster reconstruction project.
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