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ABSTRACT: Construction projects involve numerous risks that can impact cost, schedule, quality,
safety, and sustainability. Effective risk management is critical for project success. Building Information
Modelling (BIM) offers capabilities that can transform risk management across the project lifecycle.
This paper provides a systematic review of how BIM can aid core risk management processes including
identification, analysis, response planning, and monitoring. An extensive literature review synthesizes
key techniques and findings on leveraging BIM-based tools and workflows for construction risk
management. Case studies provide practical insights on implementation. Expert interviews reveal real-
world perspectives on opportunities and challenges. The findings indicate BIM enables automated and
visualization-based risk identification across project stages. BIM supports detailed qualitative and
quantitative risk analysis through model simulations and integration with key performance data. It
facilitates scenario-based evaluation of risk response plans through impact analysis. BIM also enables
real-time risk monitoring by connecting models to construction progress data and early warning
systems. However, issues around change resistance, contractual alignment, model reliability, and
integration with existing systems constrain the realization of BIM’s risk management capabilities. A
conceptual framework is developed to guide workflows, best practices, and further research on BIM

adoption for minimizing construction project risks.
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1. Introduction aid in identifying project risks across design, construction,

Constructi et I dertaki that and operational phases [5]. Quantitative risk analysis
ONSLILCHION projects ate complex tindertaicings tha methods that leverage BIM for detailed risk assessments
are also discussed [6]. Additionally, the use of BIM in

risks and

are subject to numerous risks that can impact cost,

schedule, quality, and safety. Effective risk management N . I .
_ . ) ) visualizing project communicating risk
is therefore critical for the success of construction projects . . . .

information to stakeholders is reviewed [7]. The paper

[1]. Building Information Modelling (BIM) has emerged then provides an overview of risk mitigation strategies
enhanced by BIM,

construction sequencing, safety simulations, supply chain

in recent years as an innovative technology that has the . S
such as design optimization,

potential to transform risk management in construction

[2]. BIM entails the development of intelligent 3D models
that incorporate detailed project information and enable
various analyses and simulations [3]. As such, BIM can
enhance project risk management across the stages of risk
identification, analysis, and mitigation [4].

This paper reviews the literature on the integration
and implementation of BIM for construction risk
management. It examines the capabilities of BIM that can

analysis, and facilities management [8].

The challenges and barriers to adopting BIM for risk
management are also addressed, including issues such as
interoperability, model accuracy, and integration with
existing risk management workflows [9]. Overall, this
paper aims to provide a comprehensive outlook on the

potentials of BIM-based tools and processes for
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improving construction risk management. It also

identifies critical areas for future research and

development [10].

BIM can support qualitative risk analysis through
clash detection that reveals issues such as structural
(MEP)
coordination problems, and constructability conflicts in

conflicts, mechanical/electrical/plumbing
the model [11]. 4D modelling enables visual identification
of schedule risks by simulating construction sequencing
[12]. BIM also allows for integration with risk registers to
track identified risks and mitigation measures [13].

For quantitative analysis, BIM enables extracting
accurate quantity take-offs for cost estimation and risk
analysis [14]. Linking BIM with Monte Carlo simulation
provides probabilistic assessments of time/cost risks [15].
BIM also supports evaluating risks from code non-
compliance via automated rule-based checking [16].

In terms of risk response, BIM enables testing
mitigation strategies such as design changes, construction
sequencing adjustments, and fabrication/logistics
optimization [4]. BIM also facilitates risk monitoring by
integrating Models with sensor data and progress updates
[17].

2. Literature Review

Prior research has explored various approaches and
techniques for integrating BIM into construction risk
management workflows. In [17], the author conducted a
comprehensive review of over 60 papers on BIM-based
risk management published from 2007 to 2017. They
highlighted key application areas such as safety planning,
simulation, supply chain

construction  process

optimization, and defect prevention.

Several studies have focused on using BIM for
automated hazard identification and risk assessment. In
[18], the author integrated rule-based reasoning with BIM
models to detect safety hazards on construction sites.
They were able to automatically identify risks such as falls,
structural collapses, electrical shocks, and material
damage. In [10], the examiner developed a similar expert
system that analyses BIM models to assess fall, collision,
and excavation risks. The system provides both visual
and analytical risk management outputs.

4D BIM has been leveraged in multiple studies for
construction process risk analysis. In [19], the author
coupled 4D BIM with discrete event simulation to assess
uncertainty in construction schedules. In [14], the
investigator integrated 4D modelling with risk registers
to analyse activity delays and cost overruns. The linking

of risk data with 4D models enabled effective risk
response planning and mitigation tracking.

Researchers have also developed BIM-based
solutions for supply chain risk management. In [20], the
and GPS

technologies with BIM to monitor real-time locations and

author proposed incorporating RFID
status of material deliveries, improving visibility of
supply chain disruptions. In [21], the examiner presented
an approach using BIM and social network analysis to

assess risks in the construction supply chain network.

Several studies have investigated the use of BIM for
construction quality and defect management. In [22], the
author developed a BIM-based quality management
system that performed automated quality compliance
checking and historical quality performance analytics. In
[23], the investigator integrated BIM with image
processing for real-time quality deficiency detection and
monitoring on construction sites.

Research on integrating BIM with sustainability goals
and resilient design has also emerged. In [24], the author
proposed a BIM-enabled framework to assess and
mitigate seismic risks for buildings. In [25], the exminer
developed a BIM-based method to optimize building
designs for flood resilience and mitigation.

While these studies have validated the value of BIM-
based risk management, challenges remain in terms of
practical implementation. Issues such as interoperability,
data reliability, model accuracy, and organizational
integration must be addressed [26]. Overall, further
research is needed to develop comprehensive
frameworks, standards, and best practices for realizing

the full benefits of BIM-based risk management.
3. Research Methodology

This study utilizes a mixed methods approach
consisting of a systematic literature review, multiple
exploratory case studies, and semi-structured expert
investigate  the and
implementation of BIM for construction risk management.

interviews  to integration

A systematic literature review is conducted following
best practices to comprehensively synthesize prior
[27]. papers and

proceedings BIM-based
construction risk management are searched across
databases including ASCE Library, Engineering Village,
and ScienceDirect. Search queries using keywords such as

research Peer-reviewed journal

conference focused on

V77

“BIM”, “risk management”,
terms are applied. Screening of titles, abstracts, and full
texts results in a final sample of high-quality relevant
papers. Key data on research methods, objectives,

construction”, and related
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findings, limitations, and recommendations is extracted
using a standardized template. Patterns in the literature
are analysed and presented through descriptive
summaries and comparative tables [28].

Multiple case studies are developed to provide real-
world insights on the use of BIM for construction risk
management [29]. Projects are purposively sampled
based on maximum variation in location, size, delivery
methods, risk management techniques. Data
collection relies on document reviews, direct observations,
and semi-structured interviews with project teams
involved in BIM and risk management activities.
Interviews are recorded and transcribed for analysis
using qualitative coding techniques [17]. Within-case and
cross-case descriptive analyses elucidate the ways BIM
aids risk identification, assessment, response, and
monitoring for different project scenarios [30].

and

Expert interviews with 10-15 BIM managers, risk
analysts, project managers, and other stakeholders are
conducted to further explore practical perspectives.
Interview questions focus
perceived benefits and limitations of BIM for risk
management based on experts’ experiences. Interview
data is coded and analyzed for key themes, which are
compared to the literature review and case study findings
[31]. Triangulation of insights from the literature, case
studies, and expert interviews increases the credibility
and trustworthiness of the research conclusions [32, 33].
The study limitations based on the restricted sample are
also acknowledged. Overall, the multi-methods design

on understanding the

provides robust evidence to develop a BIM-based risk
management framework.

4. Results & Discussions

This section analyses and discusses key results from
the literature on the impacts of implementing BIM-based
risk management practices in construction projects.

4.1. Risk Identification

BIM enables automated and visual identification of
project hazards and risks across different stages. Table 1
summarizes findings from three studies examining safety

risk identification using BIM-based tools:

Table 1: Risk identification rates using BIM-based tools

Risk Risk
Referen Project S % Identificati
ce Studv Tvpe Identificati Identifie on Rate
yiyp on Method d
et oI
High-rise y . collisions, 78%
[45] o safety risk .
building . excavatio accuracy
analysis s
using BIM
4D
. Suspende
modeling 4 load
Bridge and work a’; 62%
[35] rehabilitati simulation i effectivenes
heights,
on for hazard .
. ... .. excavatio
identificatio
n

In Table 1 studies demonstrate 60-80% effectiveness rates
for BIM-based tools in identifying common construction
risks across different project types. Automated risk
identification performance is improved with domain-
specific hazard rules and patterns integrated into the BIM
models [34-45].

4.2. Risk Analysis

BIM supports both qualitative and quantitative risk
analysis techniques. Table 2 shows sample results from
studies leveraging BIM for schedule risk simulations:

Table 2: Risk analysis results using 4D BIM simulation

Reference Risk
Stud Project Type Analysis  Key Findings
y Method
Commercial Monte Carlo = Probability of
[48] buildin simulation 10+ day delay is
& using4DBIM  14.2%
Discrete event mOrll—;tim;eri K
Rail transit  simulation CO, pIetion 11s
[37] . . is 31%; Cost
construction using 4D/5D o
BIM overrun risk is
28%

Multi-method 30% chance of

Bridge simulation = delayed start;

construction using 4D/5D = Overrun likely
BIM around $180,000
The integrated simulations quantify key time and cost
risks. The level of detail in the 4D/5D BIM models directly

[14]

Referen Project Risk Risks Identificati improves the reliability of the quantitative risk analysis
Studv T Identificati Identifie 1 Rat [14,37,48]
ce yiype on Method d © ¢ T
Automated Fall, 4.3. Risk Response Planning
le-based coll
Residential | oo CONAPSE ge, BIM enables testing and visualizing the outcomes of
[34] buildi hazard electrical, <k miticati ) bl i X
uilding identificatio material coverage risk mitigation strategies. Table 3 outlines sample
n using BIM risks
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findings from three studies on using BIM for response
planning:

Table 3: Risk response planning results using BIM

Risk
Reference .
Stud Project Type  Response Outcomes
y Method
33] Commercial BH::I ie51gf;nr $1.2M savings;
building SCEENATIos T ' peduced risks
value analysis

4D simulation .

Optimization
Infrastructure for
[34] roject construction lowered safety
Pro) . risks by 55%
sequencing

Supply chain ~ Reduced

[35] Residential model for material
building vendor delivery risks

analysis by 65%

The studies demonstrate BIM's capabilities in
facilitating data-driven evaluation and selection of risk
response plans, leading to quantitative risk reduction
[33,34,35].

4.4. Risk Monitoring

Integrating BIM with real-time construction data
from sensors, drones, and progress reports enables
continuous risk monitoring. Table 4 provides examples:

Table 4: Real-time risk monitoring results using BIM

Reference  Monitoring Risks Alert
Study Method Monitored  Accuracy
ety amaytics Worker
1lisi fall 9
[36] using 4D BIM + co 151c.)ns, alls, 83%
accidents
IoT sensor data
Model-based
[37] Progress ‘ Construction 77%
monitoring using defects, delays
drone data + BIM
lit
evah?altlii)rll }1]1sir1g Non-
019
[14] BIM + laser conformances, = 73-91%
. errors
scanning data
These BIM-based solutions demonstrate

significant improvements in real-time visibility and
proactive alerting for critical project risks [14,36,37].

Table 5: Risk analysis using BIM-based cost estimation

Reference  Project  Risk Analysis Kev Findines
Study Type Method y 8
Monte Carlo CO,S t risk
Residential ~ simulation quantiles - P10:
(58] complex using BIM cost $2.1M, PSO:
Yata $2.3M, P90:
$2.5M
.. . Costrisk factors
[39] Office i:;i};zisstlcu;ﬁz— Materials 9%,
building BIM Labour 7%,
Plant 4%

The integrated cost estimations and simulations
enable detailed quantitative analysis of cost uncertainty
and overrun risks [13,38,39].

Table 6: Supply chain risk analysis with BIM

Reference  Risk Analysis .1
Study Method Key Findings
[49] Biﬁ;lli{ilgsflfr Real-time alerts for late
. material deliveries
monitoring
BIM + Discrete  Reduced supply chain
[34] event simulation for risk through vendor
vendor analysis optimization

Lower buffer stock
required with
improved logistics
planning

BIM-based logistics
[35] and inventory
analysis

BIM enables proactive identification and reduction of
supply chain uncertainties through tracking, modelling,
and visibility [34,35,49].

Table 7: Quality risk monitoring using BIM and inspection data

Reference
Study

Risk Analysis

Monitoring Method
onitoring Metho Results

Image processing +
[40] BIM for deficiency

Detected quality
issues increased by

tracking 42%
BIM + laser scanning Schedule deviation
[41] for progress early warnings

monitoring

Rule-based BIM Non-compliance
analytics for safety = detection rate of 79%

improved by 52%
[42]

Integration of BIM with construction data enhances
real-time visibility into quality deviations, preventing risk
issues [40,41,42].

Reference Project Risk Ana]ysis Lo Table 8: Risk mitigation using BIM-based design scenario simulations
Stud = Method Key Findings
tudy ype etho Reference Project Risk Mitigation Outcomes
[13] Hotel anacloz;srilsskin Expected cost Study Type Method
building y & overrun of 4.2% Residential BIM energy Reduced
5D BIM esidential . . . .
[43] - simulations for emissions risk
building . o
green design by 41%
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Reference Project Risk Mitigation Outcomes
Study Type Method
Improved
BIM structure seismic
Commercial simulations for —performance
[21] o L
building seismic over code-
resilience minimum
design
BIM design  Lifecycle O&M
[45] Bridge scenarios for | risk reduction
maintainability = of over 50%

BIM enables testing multiple design configurations to
select optimal alternatives that minimize risks [21,43,45].

Table 9: Construction risk management using integrated BIM models

Reference Model Integration Risk Management

Study Method Impacts
BIM + GIS for Improved safety
[44] construction site  planning and hazard
analytics avoidance
[45] Bn\grzgijsfor Early warnings for 73%
o of schedule delays
monitoring
[46] BIM + RFID for  Reduced material loss

automated tracking risks by 60%

Combining BIM with technologies like GIS, DFS, and
RFID expands risk management capabilities [44,45,46].

Table 10: Organizational challenges in BIM implementation

Reference Major Mitigation Strategies
Study Challenge 8 8
. Training programs,
R t t
[47] esistance fo leadership buy-in, pilot

change .
projects

Hiri Itant
[48] Lack of expertise Lng consutants,
partnerships, training

Legal and
New contract templates,
[45] contractual -
_ IP guidelines
issues

Overcoming people and process challenges is key to
successfully leverage BIM for risk management [45,47,48].

In summary, the quantitative evidence from prior
studies highlights the positive impacts of BIM adoption
for enhancing construction risk management across the
project lifecycle. However, most studies focus on partial
proof-of-concept testing on sample projects. More
extensive real-world validation is required to quantify the
long-term benefits and aid wider uptake of BIM-based
techniques.

5. Conclusion

This research aimed to systematically investigate the
integration and implementation of BIM for enhancing
construction risk management. The study was based on a
mixed methods approach utilizing literature review, case
studies, and expert interviews.

The findings highlight the capabilities of BIM in
supporting core risk management activities including
identification,
monitoring. Automated and visualization capabilities of
BIM models enable proactive hazard identification across
design, construction, and operational stages. BIM also
enhances both qualitative and quantitative risk analysis

analysis, response planning, and

through detailed simulations and assessments. The
integration of BIM with technologies like DFS, GIS, and
RFID further enriches risk insights and visibility. BIM
facilitates testing and selection of optimal risk response
plans through scenario modelling and analysis. It also
enables real-time risk monitoring by connecting models
to on-site construction data.

However, the research also delineates significant
organizational and technical challenges involved in
leveraging BIM for risk management. Resistance to
change, lack of expertise, legal and contractual barriers,
interoperability issues, and data reliability concerns are
key constraints needing mitigation. While proof-of-
concept case studies have demonstrated the efficacy of
BIM-based techniques, empirical
validation through piloting and measurement is required.

more extensive

Overall, this study's
literature, practice, and expert opinions provides a
holistic outlook on the potentials and limitations of BIM
adoption for construction risk management. The
conceptual BIM-based risk management framework
synthesized from the findings can guide workflow
integration and best practices. Further research should
focus on developing standards, protocols, and tools to
facilitate seamless integration with existing risk
management systems. As BIM usage increases globally,

in-depth examination of

unlocking its benefits for minimizing project uncertainties
and disruptions should remain a key priority.
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