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Disasters can be defined as “an action that causes a threat to life, well-being, material goods, and the environment
from the extremes of natural processes or technology” . Natural and human-made disasters affect the built
environment. The large-scale damages caused by infrastructures and houses are accompanied by injuries and
fatalities, reversal or stagnation of the local economy, and mislaying of livelihood sources. Post-disaster
reconstruction (PDR) has been gaining more attention in the world because of frequent natural environment
disasters, such as earthquakes tsunamis, and other activities, caused by human-made factors, such as conflicts

and wars, which have raised the importance of PDR.
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| 1. Introduction

Disasters can be defined as “an action that causes a threat to life, well-being, material goods, and the environment
from the extremes of natural processes or technology” . Natural and human-made disasters affect the built
environment. The large-scale damages caused by infrastructures and houses are accompanied by injuries and
fatalities, reversal or stagnation of the local economy, and mislaying of livelihood sources 4. Post-disaster
reconstruction (PDR) has been gaining more attention in the world because of frequent natural environment
disasters, such as earthquakes tsunamis, and other activities, caused by human-made factors, such as conflicts
and wars, which have raised the importance of PDR B4, Following the increasing occurrence of major disasters,
stakeholders are increasingly initiating reconstruction to reduce the effects of those disasters on the built
environment; however, reconstruction projects are considered challenging to implement in terms of capacity and
resources BIEl Nevertheless, PDR is categorized as unpredictable, chaotic, complex, and dynamic; this indicates
several difficulties due to its differences when compared to traditional construction 4. Conventional construction
has been used in reconstruction projects, whereas some features, such as a single lifecycle of project and
inflexibility in aspects of creating a specified project duration, have proven unsatisfactory for the complications
encountered in the aftermath of the disaster B8, Reconstruction projects face immense challenges, such as time

and cost overrun, and low quality, due to several factors during the implementation L9111,

The main target of any PDR project is to attain high levels of beneficiary satisfaction. Nonetheless, PDR projects

frequently fail in their pre-planned objectives; for example, only 20% of building requirements are fulfilled, with most
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buildings being constructed on a temporary instead of permanent basis 2. Moreover, the efforts of reconstruction
projects have lacked any suitable coordination mechanism and monitoring framework 131, If not properly handled,
those challenges can result in ineffective PDR project delivery and often a failure of the project B4, Successful
delivery of PDR projects is important to restore essential services and return to normalcy after disasters 1316l
Controlling the cost, time, and delivery of the projects are the most significant factors in evaluating successful PDR
projects, which will be heightened by utilizing one of the emerging technologies or processes that aim to enhance

productivity and sustainability in PDR projects.

Building information modelling (BIM) is considered one of these technologies, and has altered the ways of the
practices of architecture, engineering, and construction industries during recent years. It brings stakeholders in
construction to a single productive platform 2. Additionally, BIM is not only a technical facility but also an activity
concept for efficient project delivery linked to advanced technology 28, It utilizes information and communication
technologies to enhance growth monitoring, increase performance, and boost productivity 22, Consequently,
numerous studies have been conducted on BIM within the construction industry from the perspective of the
industry, organizations, and users 2921l Other studies have focused on BIM in terms of adoption, implementation,

challenges, and benefits, as well as strategies and application 22231,

In this regard, BIM is an intelligence tool that has a wide range of benefits, such as collaboration among parties,
visualization of project execution, enhanced productivity and efficiency, enhanced communications, improved
design quality, cost estimation, positive return on investment, enhanced sustainability, faster development while
reducing the cost and rework, on-time delivery capabilities, clash detection, better contract documentation, life-
cycle cost data management, and competitive edge (241251126 These and other advantages have prompted

governments, institutions, and organizations to implement BIM in their construction industries [271281129]

With the increasing significant challenges in PDR, it is necessary to apply BIM in reconstruction projects after
disasters to overcome these challenges BYBLE2E3] pespite some reported evidence on the benefits of BIM within
the construction industry, the adoption of BIM for the PDR field has not received adequate attention. Moreover,
there is a lack of adoption of modern methods for managing PDR that is a cause of low boost. However, a few
studies have focused on utilizing BIM for PDR. For example, Dakhil and Alshawi B explored the BIM applications
that supported building disaster management, including disaster planning, site planning, and existing condition
modelling, and its advantages; they suggested that future research should empirically study all applications of BIM
during the project life cycle and identify the advantages of those applications. Nawari and Ravindran 22 Jisted the
potential advantages of BIM in conjunction with blockchain for post-disaster rebuilding. The authors presented a
framework for an automated reconstruction permitting process by using Hyperledger Fabric; however, no evidence
of actual implementation has been found. Messaoudi and Nawari (23l proposed a virtual framework based on BIM
and a generalized adaptive framework for speeding up the permitting process of reconstruction in the aftermath of

the disaster in Florida; however, this framework was limited to the time of the permitting process for rebuilding.

On the other hand, scientometric analysis is being used by a growing number of scholars to address subjective

problems in literature reviews [B4IB3I38I37] |n contrast, there is a paucity of scientometric analysis in the current
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studies that explore trends of BIM applications in the PDR projects field. It is worth noting that the PDR in question
is still in its early stages for BIM adoption. One of the challenges is determining the need to start setting the
foundations for best frameworks and guidelines for promoting the BIM applications in PDR projects. Experience
has shown that it is never too early to start preparing for reconstruction in the aftermath of the disaster. Accordingly,
it is crucial to map the related literature in order to address this research gap. This study is unique because it

explores trends of BIM applications in PDR from an objective standpoint.

| 2. Post-Disaster Reconstruction

The present study found various expectations for research regarding PDR, with the majority focusing mainly on
short-term recovery and ignoring long-term reconstruction. Lyons 28l reported that PDR is primarily unsuccessful in
achieving its pre-planned goals, where the failure rate of the reconstruction project is beyond 50% (2. Delays in
the process of reconstruction projects might reduce the effectiveness of the reconstruction and make achieving the
goals more challenging 4941 Based on the work that needs to be carried out post-disaster, several other
challenges can influence the timeframe of the work [El. PDR mainly relies on economic, cultural, social,
environmental, and political elements 2. Various problems emanate because of inadequate supports from poor
governance, local government, poor infrastructure, and insufficient knowledge and preparedness. Moreover, other
elements that positively influence the reconstruction processes include addressing technical problems, integrated
information, short and long-term approaches, and public participation in dealing with technical problems [43]. PDR is
influenced by the locations of the destroyed areas because this influences the assigned funds, technical resources,
and labors B, Despite the value of community contribution in PDR, it is important to ascertain timely information
during the reconstruction period 4. Moreover, although PDR offers chances to lower vulnerability and enhance
sustainability in disaster-affected communities, most reconstruction projects have failed to meet these objectives

(451 Hence, PDR is highly demanding and complex, and needs several well-coordinated and diverse actions.

Moreover, during the past few years, several studies have been conducted in this area to investigate various
variables exerting either negative or positive impacts on a PDR project [BI4IBIRI10144][46][47]148] ' The ynsuccessful
outcomes of PDR projects are due to the following: inadequate availability of resources, delays in project
implementations, inadequate coordination amidst participation organizations, corruptions, substandard quality of
the reconstructed building, inadequate community participation, inadequate road access, inadequate government
support, problems with land availability and acquisition, ineffective design, conventional 2D documentation, manual
schedule and cost estimation, and inadequate extensive resource database. Meanwhile, available evidence shows
that PDR has a discouraging record of performance in recent decades due to ineffective reconstruction strategies
that do not consider the concept of collaboration among parties, have coordination procedures, and adopt modern

communication technology.

Some examples of good reconstruction practices include the establishment of construction guidelines and
permitting processes, as well as the certification of reconstructed housing to ensure safe building construction 231,
However, these practices have taken a long time to obtain approval. Since acting quickly is the priority in a post-

disaster situation, the traditional manual cost estimation methods are not feasible. Based on previous studies, there
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is a need for a tool to calculate the construction cost of the proposed alternatives quickly and automatically 421,
Reconstruction requires avoiding disintegration between stakeholders, such as governments, emergency agencies,
builders, relief organizations, designers, and disaster victims [ and also demands the enhancement of delivery
practices in order to provide higher value to stakeholders [B1€ Moreover, non-participatory reconstruction
practices by donors have caused conflicts and resentment among the local people 13, This study found that the
existing practices of reconstruction projects must be compiled and evaluated to determine whether the proposed
conceptual designs satisfy construction codes. Accordingly, it is susceptible to personal mistakes, and any updates

need to be performed manually, which causes budget overruns and schedule delays in reconstruction projects.

The current status of managing PDR mostly seeks to avert factors causing failures in the PDR projects. However,
information about post-disaster management is ongoing, and most desire to learn from past failures. To overcome
these challenges, PDR must integrate short and long-term reconstruction to guarantee that housing and
infrastructure requirements are fulfilled throughout the short-term recovery phase, while lowering vulnerability and
enhancing sustainability and resilience in the long-term reconstruction phase. As a result, the goal of efficient PDR
may be attained by integrating the requirements of stakeholders with modern management practices and
information technology. Therefore, to accomplish the PDR project on schedule, within the allocated cost and with a
high standard of quality, there is a need for more objective studies to boost productivity and sustainability in PDR
projects. Besides, it is necessary to adopt new developments in modern management practices and information
technologies, such as building information modelling, that can enhance the competitive environment of PDR

projects based on the improvement of product quality, on-time project delivery, and cost reduction.

| 3. Building Information Modelling (BIM)

BIM is a powerful tool adopted in construction projects to control project information and building design in digital
form throughout the life cycle of buildings. This approach allows for information interchange and interoperability
between parties 9. BIM has been widely promoted as an nD modelling platform to improve collaboration and
communication, and its scope has expanded from “geometric models (3D) to include time (4D), costs (5D),
sustainability of the environment (6D), and facility management (7D)” Bl, Its significant advantages in terms of cost
and time savings, as well as increased performance and boosting of productivity, have compelled construction
players to adopt and rapidly implement it within several fields 2. A 3D building model that identifies the clash
detection, improves the schedules of construction, and prepares construction site activities was shown to be useful
in everyday operations 23], Additionally, the utilization of BIM has provided significant benefits to the construction
industry over the project’s life cycle, from conceptualization to demolition B4l Significant advantages found in the
design phase of the project include improved visualization, efficiency, and productivity, whereas, during the
construction phase, BIM can consist of cost analysis and auto-scheduling, allowing for improved project
coordination and on-time delivery capabilities B2, Accordingly, BIM encourages all professionals and stakeholders

to contribute and collaborate to produce a high-quality output throughout the project.

Diffusion and implementation are two steps in the BIM adoption process. With effective BIM adoption and

implementation, complexities and challenges in project management will be greatly minimized as and partnerships
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between stakeholders will be enhanced over the project life cycle [28IB8IE7B8] The implementation of BIM is
expanding rapidly in the international context BZ. The implementation of BIM has reached a significant level in
several developed world countries, such as the UK, USA, Australia, and Canada (2311591 However, there is a low
rate of BIM adoption not only in developing nations but also in certain developed world nations. While BIM
implementation in developing nations has fulfilled the criteria during the design stage, it is substandard during the
construction stage, as highlighted by Memon et al. 89, Due to the fragmentation in implementation, BIM
applications are delayed, and the construction industry remains at a low level of BIM adoption. Numerous factors
contribute to this fragmented activity, including a lack of understanding about BIM implementation activity, a lack of
coordination and collaboration between different disciplines, a lack of practice standards and guidelines, resistance
to changing current working practices, and a lack of skill in preparing BIM plans and the ability to use them with
stakeholders effectively 811, It can be noted that the studies centering on BIM in developing world nations have
highlighted the dynamics of BIM adoption and are working to improve BIM maturity in these countries. The barriers
to BIM adoption must be addressed, and the benefits must be explained adequately to achieve comprehensive
adoption of BIM and avail its benefits. Thus, future studies concentrating on this research field should perform case

studies in which real-life adoption of BIM is validated.

Moreover, the utilization of BIM applications has progressively appeared as an essential topic in the PDR field 31
(331 pespite some reported evidence on its benefits within the construction industry, the adoption of BIM for PDR
has been limited, and stakeholders and decision-makers in the aftermath of the disasters are not excited to adopt
and implement BIM into its reconstruction practices. Therefore, there is a need to transfer from traditional
reconstruction practices to BIM-based practices. Using BIM applications in reconstruction projects for planning,
design, and construction will create and manage support key data and reports. The application of BIM in
reconstruction projects will result in more cost-effective design and enhance communications and collaboration

among parties.

It can be concluded that several studies address BIM adoption in general;, however, few researchers concentrate
on BIM adoption challenges and factors that influence adoption without providing a comprehensive perspective and
an in-depth understanding of issues for the adoption of BIM. Nevertheless, there is a lack of studies on factors

influencing BIM adoption in various dimensions of BIM research.

| 4. Disaster Management and Building Information Modelling

The role of BIM applications in disaster management is evident through all phases, from pre- to post-disaster. For
instance, Drogemuller (2 conducted a study on the benefits of BIM in disaster response. This study looked at a
variety of scenarios in which BIM was used during several disaster stages, including prevention, preparation,
reaction, and recovery. By employing augmented reality to simulate multiple disaster scenarios and the best
method to cope with them, the BIM can aid disaster preparation. Facility managers can utilize BIM to track key
building data to undertake maintenance and prevent the failure of the building in the event of a disaster.
Additionally, BIM can create 3D visualizations to assist stakeholders and decision-makers in comprehending the

larger picture of a disaster’s effect and speed up assessments of building damage. This could result in more
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effective planning and cooperation between stakeholders 62, Dakhil and Alshawi Bl explored the BIM applications
that support building disaster management, including disaster planning, site planning, and existing condition
modelling, and their advantages; they suggested that future research should empirically study all applications of
BIM during the project life cycle and identify the advantages of those applications. Based on the study by Kim and
Hong B3], BIM information is a helpful tool for the response of disaster management. They presented a “BIM-based
disaster integration information system” that allowed first responders to locate the event occurrence rapidly. In
addition, Wang et al., [4 debated using a BIM-based virtual environment to assist the residents’ building
management during disasters. This suggested system employed BIM data and the game engine to design a real-
time evacuation path for building occupants via a mobile device 41, Moreover, Boguslawski et al., 3 proposed an
algorithm for calculating evacuation routes during disasters. This method used a combination of BIM and
geographic information system (GIS) to display the fastest egress route. According to Lyu et al. 68 BIM and GIS

integration might be a valuable tool for city managers to identify flooding disasters.

Additionally, Sertyesilisik 21 emphasized the contribution of BIM to the resiliency of disaster from the pre- to the
post-disaster stage, particularly by impacting the performance of the rescue operations, rebuild activity, and supply
chain. Academic researchers and decision-makers play a vital role in encouraging and educating the public
regarding the significance of BIM as a tool for improving the robustness of built environments throughout the
disaster management process 4. Moreover, Kermanshachi and Rouhanizadeh 42 developed a BIM-based
automatic cost estimation methodology to aid in reconstruction by providing a precise estimate of the required
budget. This tool is limited in that it can only estimate the cost of repairing a damaged structure. The tool has had
one upgrade that allows it to reflect changes in estimated costs, although it still has limitations “9. Furthermore, it
was shown that very few studies on BIM integration with blockchain have been undertaken for PDR permits 52,
Nawari and Ravindran 2 listed the potential advantages of BIM in conjunction with blockchain for post-disaster
rebuilding. The authors presented a framework for automated reconstruction permitting in any transaction by using
Hyperledger Fabric. As a result, paperwork, additional processing fees, and the time it takes to obtain building
permits, can all be reduced; however, no evidence of actual implementation has been found. Hence, more time is
required to investigate blockchain in PDR. Thus, greater research into BIM and PDR combined with blockchain will

provide a major boost in the PDR field.

Furthermore, Biagini et al. 88 recommended using BIM for historic building rehabilitation. The fundamental concern
for historical building repair is on-site management. A detailed information plan for executing the restoration plan
should be provided in order to provide effective on-site management. While conventional restoration techniques
produce 2D maps with inadequate data, BIM allows users to create a 3D model of historic buildings and link it to a
range of data. In the case of “Basilica di Collemaggio”, which was harshly damaged because of a seismic event,
BIM was used for a variety of purposes, including various scenario simulations for making decisions regarding the
collapsed dome, structural analyses, and construction site management through various stages of the rebuild 62!,
Xu et al. 19 established a BIM-based seismic damage evaluation based on FEMA P-58. Stakeholders can proceed
through a virtual walkthrough to see how damage and loss are distributed, given that FEMA P-58 necessitates
thorough information in order to forecast building damage. Furthermore, the BIM model for building components

may be at various levels of development. Messaoudi and Nawari 23l proposed a virtual framework according to
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BIM and a generalized adaptive framework for speeding up the permitting process of reconstruction in the
aftermath of the disaster in Florida. The fundamental procedure of the framework was to determine the type of
construction permission, apply the newly established permitting framework, and decide on the permit result. The
framework was able to save around 18 h for each permit, though this framework only considered the time of the
permitting process of reconstruction. Finally, Rad et al. /1 provided an integration of BIM and life cycle cost (LCC)
to assess building resiliency following an earthquake all through the building service life. The proposed BIM-LCC
approach mainly was employed during the conceptual stage. The suggested BIM-LCC approach has limitations in
that it only addresses earthquakes as one of the potential events that can occur through a building’s life cycle.
Nevertheless, in order to completely assess the building resiliency, numerous events of a disaster may need to be

examined, and the consequences of each on the structure explored, which might be a topic for future research.

According to the literature, the available evidence shows that utilizing BIM for PDR is still nascent. Even though
BIM has a great deal of potential within the construction industry, the challenges of adopting BIM in PDR have not
been extensively studied. Moreover, BIM applications in PDR, such as scheduling, communication and
collaboration, project delivery, demolition process, and deconstruction have been neglected in past studies. The
majority of previous studies on BIM for PDR have been conducted using a qualitative approach. As a result, further
primary investigations should be undertaken to adopt BIM for PDR projects fully. Researchers recommend setting
the foundations for a better framework and guidelines for BIM adoption through the planning, design, and
construction phases of PDR projects. Researchers also suggest that the barriers to adopting BIM for PDR projects
within the construction industry be identified. In addition, studies concentrating on this research field in the future
should perform quantitative research approaches in which real-life adoption of BIM is validated, which will be
helpful for decision-makers. Finally, researchers recommend the integration of BIM for PDR with blockchain and/or

other technology, such as the Internet of Things (loT), which will provide a significant boost in the PDR field.
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