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Abstract: This study explores integrating Building Information Modeling (BIM) technology into 11
risk management practices for construction projects, aiming to enhance project performance 12
through improved risk identification, assessment, and mitigation. The research employs the 13
Analytical Hierarchy Process (AHP) to prioritize BIM-based strategies across multiple risk 14
management dimensions, including technical, financial, sustainability, and time management. The 15
findings demonstrate that BIM-financial strategies rank most among BIM-driven risk management, 16
followed by sustainability and time. In contrast, Technical, Operation, and maintenance capabilities 17
have the lowest rank. Given the high priority of BIM financial strategies, it has been applied to 18
conduct sensitivity analysis; the sensitivity analysis results demonstrate the dynamic nature of BIM 19
sub-criteria strategy in response to changes in the weight of financial considerations. As financial 20
concerns diminish, the shift towards sustainability, health, safety, and time efficiency underscores 21
the importance of a more balanced approach in BIM strategy prioritization. BIM- risk management 22
improves project outcomes by enabling real-time data-driven decision-making, enhancing 23
stakeholder collaboration, and optimizing resource use, cost control, and sustainability. This 24
research contributes to theoretical and practical advancements in construction risk management, 25
suggesting that BIM can be a transformative tool for optimizing project performance while 26
Citation: To be added by editorial addressing the complexities and uncertainties inherent in the construction industry. 27

staff during production.

Keywords: Risk management (RM), Building information modeling (BIM), Construction project, 28

Academic Editor: Firstname Last- Analytical Hierarchy Process (AHP), optimal performance. 29

30

name

Received: date

Revised: date

Accepted: date 1. Introduction 31
Published: date . . . .
Since the 17th century, "risk" has been used to describe hazardous threats and their 32

repercussions [1-3]. Siegrist and Arvai [4] define risk as the likelihood of financial loss due 33
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Logical and methodical risk management requires early identification and risk assessment 39
methods [10]. However, traditional risk management methods are ineffective [11,12]. Zou 40
et al. [3] say risk management occurs throughout building projects. The many common 41
threats that matter are complex to resolve [13]. The risk may increase with an insufficient 42
database, subjective views, and time and cost constraints [14]. Without advanced data 43
analysis techniques made possible by digital technology, these concerns may be more 44
challenging to manage and research [15-17]. According to Azhar et al. [18] and Liuetal. 45
[19], well-planned and managed risks increase project success. A risk event may affect 46
project success or failure. However, companies can mitigate these risks [20, 21]. Given the 47
unpredictable nature of construction and the significant influence risk management has 48
on project completion, this area may considerably benefit from the risk management 49
process [22]. Simultaneously, the construction sector, a significant contributor to GDP in 50
numerous nations, faces challenges that might adversely affect project outcomes [1]. 51
Construction operations involve many stakeholders, resource availability, environmental 52
issues, budgetary constraints, political dynamics, low productivity, and contractual 53
obligations, which might slow project progress [23]. According to Eilers et al. [24] and 54
Aladayleh [25], successful initiatives require time, cost, quality, and performance. Price 55
increases and scheduling delays are the biggest challenges in the construction industry 56
[10]. 57

Azhar [18] believes formal risk management for building projects provides essential 58
data and evaluations. Complexity impacts building projects [26, 27]. These risks affect 59
project outcomes [28]. Recent studies link construction to delays [10]. This causes owner- 60
contractor mistrust, lawsuits, and project abandonment (16,17]. Risk increases affect 61
construction time, cost, quality, and safety [25, 27, 29]. Due to heightened risks, 62
construction projects have cost overruns of 20.4% to 44.7%, with nine out of ten globally 63
[26, 29]. Risks include structure damage, injury, mortality, budget overruns, and 64
construction delays [10, 28]. These issues stem from design problems, including 65
inadequate load-bearing capacity, material failures like concrete mix anomalies, ignorant 66
clientele, and poor management [3,30]. Middle East construction, especially Jordan, needs 67
aid with risks and challenges due to 40% execution failures. [31]. Corruption, low technical 68
capabilities, limited member knowledge, competition, lack of R&D, weak real estate 69
market, business delays, bureaucracy, inflation, and land acquisition issues plague the 70
Jordanian construction sector. Politics and economy limit Jordan's infrastructure 71
investment [23,32,33]. 72

This paper conceptually outlines BIM's risk management and construction 73
performance benefits. The study examines how BIM might reduce risks and losses 74
throughout the construction life cycle while addressing the constraints and tasks of 75
traditional BIM. Construction benefits from better performance. BIM's superior digital 76
technology helps coordinate projects throughout a facility's lifecycle [33]. Construction 77
risk management is easier using BIM. BIM helps manage risk [7]. Yang & Mao [34] 78

mention that BIM may collect substantial data on a facility's physical and functional 79
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elements throughout its life cycle. Darko et al. [35] claim that data reduces danger and 80
enhances building. 81
In BIM-based risk management, digital technologies reduce project risks [36,37]. 82
Construction project inefficiencies, losses, and interruptions are reduced via BIM risk 83
management [20,31,38]. BIM offers improved risk management capabilities. Nonetheless, 84
no comprehensive frameworks integrate BIM with traditional risk management [32,33]. 85
Research is required for methodologies that effectively integrate these domains. Current 86
BIM-based risk management technologies predominantly overlook human factors [27]. 87
These instruments must be analyzed for ease of use by construction professionals. BIM- 88
based risk management systems are frequently untested and inadequately assessed in 89
construction projects. These tools must be evaluated practically to ascertain their 90
effectiveness and reliability. Construction risk management encompasses various 91
methodologies owing to its intricacy [4-6]. There is limited research on integrating BIM 92
with other technologies and disciplines to enhance risk management, such as the Internet 93
of Things, artificial intelligence, and machine learning. Data precision and security are 94
crucial for risk management [3]. 95
Research is required on BIM-based data management challenges, such as 9%
interoperability, security, and privacy[7]. The absence of established standards and 97
regulations renders BIM-based risk management intricate [14-16]. Research ought to yield 98
industry-wide standards and guidelines for consistent and effective implementation. 99
Addressing these research deficiencies may enhance BIM-based risk management and the 100
productivity of building projects. 101
Risk management using BIM is a reality in construction. The trip is not over. What 102
remains is to close the conceptual, experimental, and contextual gaps that prevent 103
contractors from maximizing BIM risk management advantages. Only BIM-based best 104
practices may improve conventional risk management from its unacceptably poor 105
productivity to greatly optimized material advantages. This study prioritizes BIM-based 106
risk management research requirements from the literature and technical knowledge to 107
fill this gap. The result is a collection of key study problems that, when addressed by 108
future research, may enable contractors to utilize BIM for risk management not as an 109
assurance but as a dependable way to increase construction risk management 110
productivity. 111
The construction industry is characterized by high volatility or uncertainty, often 112
caused by design complexity, market dynamics, innovative technology, and human 113
factors. These uncertainties threaten the success of construction projects, necessitating a 114
diligent and efficient management strategy. Construction risks can take the form of project 115
resources such as time, cost, and quality, or business market, credit, and corporate risks, 116
depending on the nature of the attributes. Regardless of the focus, risk managementisa 117
common decision-making practice in various fields of study. However, the choice of risk 118
response is complicated by the interdependence or conflict between responses, context, 119
and project stakeholders. Given these characteristics of construction risks, identifying 120

risks during the project concept phase would facilitate using advanced project 121
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management techniques. It would improve decisions regarding setting project objectives. 122
The primary aim of the research is to determine the feasibility of BIM-based risk 123
management for improving performance in the construction industry. 124

The specific objectives of this research are (1) to assimilate knowledge from the risk 125
management literature to develop a BIM-based risk management framework for 126
identifying, assessing, and managing appropriate risk responses for the construction 127
industry; (2) Investigate the opportunities that present themselves to the construction 128
industry when adopting risk management practices using BIM technologies and methods; 129

(3) Analyze and evaluate the benefits and limitations. 130

2. Literature Review. 131

Construction dominates Middle Eastern and Jordanian economies. Jordan needs in- 132
novative construction management methods to grow this industry nationally and glob- 133
ally. Development plans in Jordan recommend BIM for construction. Hyarat et al. [33] 134
noted that the Jordanian Society of Engineers offers BIM training, which may increase BIM 135
adoption. For 3D visualization, Jordanian construction design offices use BIM to improve 136
efficiency and cost, facilitate interdisciplinary collaboration and coordination, detect 137
clashes, evaluate energy and performance, implement intelligent objects, and perform au- 138
dits [33 Mohammed and Haron [32] say contract responsibilities and project party inter- 139
action, coordination, and interoperability drive BIM implementation in Jordan. 140

Recent global developments use BIM. A 2010 McGraw Hill study found that 74% of 141
Western European BIM users saw a significant ROI. Many BIM integration strategies for 142
construction risk management have been studied. Ganbat et al. [20] reviewed 526 BIM- 143
based risk management studies from 2007 to 2017. Safety, building process simulation, 144
supply chain optimization, and defect prevention were prioritized. BIM implementation, 145
maintenance, and cost overruns were financial concerns. The study correlated investiga- 146
tions to reduce BIM-based structure risks. 147

Practical BIM implementation for automated identification and risk assessment is 148
well-studied. Zhou et al. [39] detected construction site safety issues using rule-based logic 149
and BIM models. Falls, structural issues, electrical dangers, and bodily damage can be 150
detected autonomously. Researchers built a BIM model expert system to analyze fall, ac- 151
cident, and pothole hazards [19]. Visual and analytical system data enhances risk man- 152
agement. Much research has identified construction hazards using 4D BIM. Hamledari et 153
al. [40] evaluated construction schedule uncertainty using discrete event simulation and 154
4D BIM. Risk register-based 4D modeling assessed activity delays and cost overruns [41]. 155
Risk response and mitigation have improved using 4D models and risk data [42]. Re- 156
searchers created BIM-based building supply chain risk reduction [43]. 157

Darko et al. [35] recommended combining Radio Frequency Identification (RFID) 158
and Global Positioning System (GPS) to track material delivery in real time and increase 159
supply chain visibility. Jalaei and Jrade [44] assessed building supply chain network risks 160
using BIM and social network analysis. Many studies have studied BIM for construction 161
quality and defect management. Pickering and Byrne [45] suggested BIM-enabled seismic 162
risk assessment and mitigation. The researchers also used BIM to improve earthquake 163
and flood resilience building designs, reducing their effects. BIM-based risk management 164
works, but its implementation needs improvement. Interoperability, data reliability, 165
model accuracy, and organizational integration must be addressed. To maximize BIM- 166
based risk management benefits, frameworks, standards, and best practices must be de- 167
veloped [35]. 168

Construction projects require risk management to regulate cost, time, safety, and 169
quality [10,30]. The researchers employed the Analytic Hierarchy Process (AHP) in Egypt 170
and Saudi Arabia to prioritize risks during the bidding and construction phases. Expert 171
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questionnaires indicated that financial risk was the most prevalent, succeeded by design, 172
political, and construction dangers. The Analytic Hierarchy Process (AHP) was stream- 173
lined using Expert Choice Software ECS [30]. Musarat et al. [27] used AHP in Malaysia. 174
They found that BIM and integrated systems had the best potential as advanced technol- 175
ogies, with a score of 0.3855, followed by wireless monitoring and sensors at 0.3509. In- 176
dustrial Revolution 4.0 technology like robotics, automation, BIM, augmented reality, and 177
wireless monitoring promise to improve worker health and safety in the construction in- 178
dustry. Robin et al. [46] used the Analytical Hierarchy Process to evaluate twenty partici- 179
pants' BIM competencies. Critical performance metrics were policies (37%), procedures 180
(17%), technology (16%), people (15%), and organization (15%). Moshtaghian and Noorzai 181
[21] illuminated the integration landscape in project management and stressed the im- 182
portance of timely information integration, particularly in risk management. They pre- 183
sented a database to analyze timely risk management influences using 3D, 4D, and 5D 184
models. Alirezaei et al. [47] proposed an online project risk monitoring system using BIM 185
and Augmented Reality (AR). 67% of consumers cited better communication, punctuality, 186
and risk awareness. 187

Dey [11] offered historical background for an Indian oil pipeline project and illus- 188
trated AHP and decision tree risk management. This technique separated the project into 189
work packages, assessed hazards, and measured their consequences. Al-Fahad and 190
Burhan [28] linked risk management to BIM using the Fuzzy Analytical Hierarchical Pro- 191
cess (FAHP) to analyze risks and create pricing estimates for specific categories. Their 192
study found that BIM-integrated systems may lower most risk factors, highlighting the 193
need for procedural solid and training requirements. Hamid and Zainon [48] created a 194
BIM model for a complicated Malaysian airport project that facilitated risk analysis and 195
stakeholder engagement, decreasing change orders by 30% and finishing two months 196
early. A BIM-based 3D model by Ferndndez-Alvarado et al. [49] identified future disa- 197
greements and improved stakeholder communication, lowering safety incidents by 40% 198
in an urban infrastructure upgrade project. 199

Sanchez et al. [50] used BIM to reduce risk during the Sydney Opera House renova- 200
tion, while Smith [14] used BIM to improve visualization and planning for the London 201
Cross Rail project. BIM managed design coordination throughout the World Trade Center 202
building, enabling efficient planning and safety compliance [51]. These examples demon- 203
strate BIM's ability to improve construction risk management and project outcomes. These 204
studies and implementations show that BIM is a transformative tool for risk management 205
and project success in the construction industry. Numerous research studies have exam- 206
ined BIM and related technologies in construction risk management. However, most eval- 207
uations focus on specific aspects of these technologies' applicability, evolution, and limi- 208
tations [52]. Many academic papers assess traditional risk management methods, while 209
others briefly discuss BIM's pros and cons [46]. There is no comprehensive analysis of 210
recent BIM-based risk management research, digital technology, or traditional risk man- 211
agement methodologies. This paper addresses this gap by highlighting the main benefits 212
of BIM in risk management, such as improving construction project efficiency and encour- 213
aging further research. 214

2.1 Risk Mitigation in Construction Projects Using BIM. 215

BIM enables high-efficiency construction management, simplifying and improving 216
industry knowledge [1]. BIM models are created from digital structure simulation models 217
and laser-scanned images in three to n dimensions. Alaeddini & Dogan [5] say completed 218
models communicate process data and operate. BIM is needed to overcome the main lim- 219
itations of 2D (axonometric and aerial view) and 3D (axonometric and perspective) con- 220
struction representations [3]. BIM models all building parts over time. BIM positions and 221
shows nD model accessories and structures. Status updates, executive reports, construc- 222
tion progress meetings, and project data are needed [9]. Data assesses risk and impact [7]. 223
Data flaws and risks are highlighted. Proactive risk decision-making requires judgment 224
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or experience [1]. Risk assessment of data reports requires creativity and expertise. Com- 225
panies must disclose building project portfolios [10, 60]. Data processing, inspection, and 226
proactive risk management are neglected. The firm must prioritize it with senior manage- 227
ment approval [16,17, 29]. The most progressive people recognize financial challenges or 228
opportunities in the established environment as risk management improves performance 229
preparation [17]. BIM anticipates issues and evaluates building component readiness 230
throughout the project [53]. BIM simulates work area mobility, construction processes, 231
and personnel, helping schedulers optimize logistics [19]. BIM improves risk assessment. 232
The correlation between structural and maintenance data is crucial for risk assessment. 233
Chowdhury et al. [54] say BIM integration aids structural understanding and risk identi- 234
fication. 235

Risk management is improved by BIM's risk analysis report, which provides specific 236
views of buildings and infrastructure [55]. It can also streamline stakeholders' evaluations 237
and help them eliminate mismatches [19, 34]. Finally, reliable design and construction in- 238
formation reduces formalities and access time [20,35]. BIM stores countermeasure and re- 239
covery data for building, operating, and maintaining facilities [31, 56]. Hazard, risk prob- 240
ability, building damage, and other structured data are integrated into BIM to automati- 241
cally analyze risk and open chart risk system architectural component information. 242

Many BIM tools help project managers manage risks [3,53]. Active methods like BIM 243
help digitize plans [57, 58]. Parsamehr et al. [36] say BIM's 3D visualization helps stake- 244
holders quickly identify and delete unneeded design elements, reducing risks. BIM cen- 245
tralizes project data, improving drawing flow and management. BIM's precise quantity 246
takeoffs and estimating tool integration eliminate calculation errors [24, 61]. BIM inte- 247
grates with GIS and other data sources to simplify site analysis, reducing the risk of insuf- 248
ficient site investigations during planning and design [3, 20, 59]. BIM can preserve risk- 249
related information and share project experiences while minimizing risks during design 250
and construction [37, 62]. 251

According to the research model presented in the literature review, after final confir- 252
mation of the practical criteria and sub-criteria in enhancing the risk management of con- 253
struction projects using BIM capabilities and technical, knowledge management, financial 254
management, time potential, sustainability, Health and Safety, operation, and mainte- 255
nance and based on the evaluations and validation of experts, the final factors and sub- 256

factors are provided in Appendix 1 257
258
3. Methodology. 259

This study aimed to identify and prioritize BIM-based strategies for improving con- 260
struction project performance using a multi-stage approach. Figure 1 outlines the research 261
methodology, starting with defining the research question, identifying keywords, con- 262
ducting a literature review, and categorizing strategies and sub-strategies. The findings 263
were refined with feedback from industry experts and academics, and the final strategy 264
was prioritized using the Analytical Hierarchy Process (AHP) based on their likelihood 265
and impact, with sensitivity analysis ensuring robust results. Expert involvement ensures 266
that the strategies are comprehensive and aligned with industry needs. 267
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Figure 1. The research methodology's sequencing steps. 269
3.1 Analytic hierarchy process (AHP) 270

This study utilized the AHP method for multi-criteria decision-making, organizing 271
BIM strategies and sub-strategies into a hierarchical framework for prioritization. The hi- 272
erarchy is designed to highlight the most critical BIM strategies at the top, focusing on 273
their outcomes from a managerial viewpoint. This structure assigns considerable weight 274
to the overall strategic outcomes, ensuring that the most critical BIM strategies are identi- 275
fied. The AHP process follows several key steps, as described by Saaty [63]: 276

Step 1. Problem Definition: The first step involves clearly defining the problem or de- 277
cision by identifying the objectives, criteria, and alternatives relevant to the decision-mak- 278
ing process. 279

Step 2. Construct a Hierarchical Structure: Next, a hierarchical model is created (see 280
Figure 2), organizing the objectives, criteria, and alternatives in a tree-like structure, with 281
the primary objective at the top and alternatives at the bottom. 282

Step 3. Pairwise Comparisons: This step involves comparing strategies and sub-strate- 283
gies to determine their normalized priority weights. The pairwise comparison includes 284

several sub-steps: 285
286
Creates pairwise comparison matrices for BIM-strategies and their sub-strategies. 287

Pairwise Comparison matrices are created for strategies and sub-strategies, with cer- 288
tain elements reflecting reciprocity. This study uses Saaty's [63] nine-point scale (shown 289
in Table 1) to assess the importance of criteria and sub-criteria in a standardized and un- 290
biased way. During pairwise comparisons, these evaluations are converted into integer 291
values. If element (i) is deemed superior to element (j), the corresponding row and column 292
in the matrix are assigned this integer. In contrast, the reciprocal is placed in the opposite 293
row and column. When two elements are judged equal, both positions receive a value of 294

1, ensuring the matrix follows the reciprocity principle as shown in Equation (1). 295
296

.
Cij = o ;L =12,..n) (1) 297

Ji
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Table 1. Saaty's 1-9 scale for Pairwise comparison based on Saaty (1987). 298
Weight
Intensity Definition Explanation
1 Equally important Two elements contribute equally to the objective.
3 Moderately important Experience and judgment slightly favor one over another.
5 Strongly important Experience and judgment strongly favor one over another.

Very Strongly

7 One element is strongly favored, and its dominance is demonstrated in practice.
important
9 Extremely important The importance of one over another is affirmed in the highest possible order.
2,4,6,8 Intermediate weights Used to express intermediate values between the above-defined weights.

299

Weight intensity indicates the significance or preference of one element over another 300

in a pairwise comparison. This scale is a crucial aspect of the AHP method, allowing de- 301
cision-makers to perform consistent and objective comparisons between elements. It pro- 302
vides a numerical basis for assessing various criteria or alternatives' relative importance 303
or preference in decision-making. 304
Additionally, constructing aggregate comparison matrices involves combining the 305
evaluations from experts who have provided pairwise comparisons for different strate- 306
gies and sub-strategies. As Vargas [64] described, the geometric mean method is applied 307
to derive the combined judgment for each element within the matrices. This results inan 308
aggregated comparison matrix, A = [aij], corresponding to a specific attribute. Each ele- 309
ment (aij) reflects the geometric mean of the judgments from N decision-makers, calcu- 310

lated using equation (2) as detailed below: 311
N 1/N
aij = 1_[ Cij (2) 312
i=1
Derive and calculate the relative weights of each strategy and sub-strategy. 313

Deriving and calculating the relative weights for each strategy and sub-strategy 314
involves generating a normalized matrix (N) corresponding to the comparison matrix (A). 315
The construction of this normalized matrix follows the equations provided in (3) below: 316

317

a; j
—
2 %

Next, all strategies' relative priorities or weights are determined by averaging the 319

N = [n;],wheren;; = (3) 318

elements in each row of the normalized matrix (N), as shown in Equation 4. These 320
priorities form the priority vector W = [wi], a column matrix of dimension n X 1, where 321

each element [wi] represents an eigenvalue and indicates the weight assigned to a 322

particular factor. 323
324
n
P n P
=1"4j
w; = 2= Y (4) 325
n

326
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To ensure the validity of the outcomes, the consistency of each comparison matrixis 327
evaluated using the Consistency Ratio (CR). A CR of 0.10 or less indicates acceptable con- 328
sistency within the comparison matrix A, supporting the ranking results [63]. If the CR 329
exceeds 0.10, the rankings cannot be validated, and the decision maker must reassess the 330
evaluation process. A matrix A is deemed consistent if AW=nW. According to Saaty [63], 331
the largest eigenvalue (Amax) should be greater than or equal to (n), with consistency in- 332
creasing as (Amax) approaches (n). The calculation of (Amax) is performed using equation 333

(5) as follows: 334
AW = AW (5) 335
The following formula (Equation 6) is used to calculate the consistency ratio (CR): 336
CR = ¢l 6) 337
=2 (6)

The CI is the consistency index calculated based on following formula (Equation 7): 338

339

Cl = Amn“"%ll (7) 340

The Random Index (RI) is used alongside Saaty's Consistency Ratio (CR) to evaluate 341

the consistency of a comparison matrix. RI provides a benchmark based on the matrix's 342
order (the number of elements compared) and helps determine if the CR is within an 343
acceptable range. Saaty (1980) outlined recommended CR values in relation to the RI, as 344

shown in Table 2. 345

Table 2. Random index (RI) and recommended consistency ratio (CR) values (Saaty, 1970). 346

n 3 4 5 6 7 8 9 10
Random Index RI 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
Recommended
CR value <0.05 <0.08 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

The random index assesses the consistency of pairwise comparisons, a key element 347
of the AHP method. A lower consistency ratio (CR) reflects greater consistency and 348
strengthens the reliability of AHP results. As the number of criteria increases, the random 349
index rises, making consistent comparisons more difficult. However, the recommended 350
CR values remain relatively low (<0.10), suggesting consistent comparisons are achievable 351
even with more significant criteria sets. The evaluators' pairwise comparison scores were 352

analyzed using the geometric mean for accuracy. 353
Calculating Global Weights 354
355

Local weights, obtained from pairwise comparisons, reflect the importance of a sub- 356
strategy relative to others within the same category. On the other hand, global weights 357
represent the overall significance of a sub-strategy within the entire decision hierarchy. 358

The global weight is computed using the following formula: 359
Global weight of a sub-strategy = Local weight of the sub-strategy x Local weight of the cor- 360
responding primary strategy 361

Step 4. Sensitivity Analysis: This process assesses the robustness of the decision by 362
analyzing how variations in weights or input values affect the final outcome. 363
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3.2 Data collection 364

The AHP methodology was guided by the insights of ten experts from construction 365
companies. The study examined risk-management-savvy firms with over ten years of ex- 366
perience. The researchers asked ten construction professionals and one academic to com- 367
plete a questionnaire with key strategies and BIM sub-strategies from a literature review. 368
Participants included management, assistant general managers, project managers, quality = 369
and development specialists, and a construction industry professor and experts. To avoid 370
inconsistencies, the study only included ten respondents [63, 65]. Previous research has 371
successfully used AHP with a few experts [66]. All chosen experts were from Jordanian 372
construction firms. These experts and an academic specialist were interviewed about Jor- 373
danian risk management main and sub-BIM strategies. 374

A hierarchical model has been developed to manage risks associated with BIM strat- 375
egies, featuring a three-level conceptual structure as in Figure 2. The model's goal is to 376
manage BIM strategies (level 1) by utilizing the main BIM strategy categories for decision- 377
making (level 2) and further breaking them down into sub-strategies (level 3). These seven 378
categories were derived from literature reviews and insights from industry experts. Data 379
was collected via a questionnaire in which participants evaluated eight BIM strategy cat- 380
egories and 37 sub-strategies, making pairwise comparisons at each hierarchical level us- 381
ing Saaty's 1-9 scale. A composite vector with normalized weights was created based on 382
the relationships between the levels. Consistency was verified through the Consistency 383
Index (CI) and Consistency Ratio (CR) for BIM strategies and sub-strategies, ensuring re- 384
liable expert data. 385

4. Results 386

The researchers developed a conceptual hierarchy model for BIM strategies and sub- 387
strategies, as shown in Figure 2, by reviewing existing knowledge and consulting con- 388
struction industry experts. After aligning with experts, the model was validated against 389
prior theoretical literature. This framework categorizes BIM strategies at a high level, with 390
each category containing sub-strategies addressing specific concerns. It provides a clear 391
breakdown of key BIM strategies for optimizing performance and mitigating risks in con- 392
struction, supported by expert input to ensure it reflects the industry's most critical prior- 393
ities. 394
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Figure 2. Hierarchal model of BIM strategies. 398
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4.1 Results of AHP- Pairwise comparison

Table 3 shows BIM strategy criterion-to-criterion pairwise comparisons, while Table
4 shows the normalized matrix at the same level. Table 5 shows the local weights (LW)
and rankings (LR) of the seven BIM strategies from the pairwise comparison matrix and
AHP analysis, as shown in Figure 3. Based on its eigenvector values at level 1, the financial
criterion (BIM_3) ranks first with a weight of 0.4099. This suggests that financial factors
most influence BIM strategy decisions. Sustainability (BIM_5) ranks second with 0.1734,
followed by time (BIM_4) at 0.1433.

Knowledge (BIM_2) ranks fourth with 0.1387 weight, indicating moderate im-
portance. Health and safety capabilities (BIM_6) rank fifth with 0.0631, less critical than
financial, sustainability, and time factors. Technology (BIM_1) strategies rank sixth with
0.0388, while operation and maintenance capabilities (BIM_7) rank last with 0.0328.

The weights and ranks indicate that financial, sustainability, and time factors domi-
nate the formulation of a BIM strategy, as supported by Siegrist and Arvai [4]. At the same
time, technical capabilities, health safety, and operational maintenance are less critical. In
the BIM decision-making process, this hierarchy prioritizes cost, environmental sustaina-
bility, and project schedules over technical and operational factors. Finally, Table 6 shows
the randomness index (RI) and the recommended consistency ratio (CR), checked against
the value of the most important eigenvector in Table 2.

Table 3. Criterion to criterion pairwise comparison matrix for BIM strategies.

BIM_1 BIM_2 BIM 3 BIM 4 BIM5 BIM_ 6 BIM_7

BIM_1. Technical 1
] BIM_2. Knowledge 4
Main
. BIM_3. Financial 8
Strategies
BIM_4. Time 3 1/5
(BIM
BIM_5. Sustainable 6 1 1/2 1/2
Based)
BIM_6. Health and Safety capabilities 1 1/2 1/9 1/3
BIM7. Operation and maintenance
capabilities 1 1/3 1/9 1/5 1/5 1/5 1
Table 4. Matrix Normalization for BIM strategies (Criterion-to-Criterion).
BIM_1 BIM_2 BIM_3 BIM _4 BIM_5 BIM_6 BIM_7
BIM_1 0.04 0.03 0.05 0.04 0.03 0.05 0.03
BIM_2 0.17 0.13 0.11 0.21 0.15 0.09 0.10
BIM_3 0.33 0.53 0.44 0.53 0.30 0.42 0.31
BIM_4 0.13 0.07 0.09 0.11 0.30 0.14 0.17
BIM_5 0.25 0.13 0.22 0.05 0.15 0.24 0.17
BIM_6 0.04 0.07 0.05 0.04 0.03 0.05 0.17
BIM_7 0.04 0.04 0.05 0.02 0.03 0.01 0.03
Table 5. Eigenvector and largest eigenvector value.
Criterion \%% Rank AW A CI RI CR
BIM 1 0.0388 6 0.2972925 7.6602688 0.0990636 1.32 0.0750481
BIM 2 0.1387 4 1.0810368 7.7936061
BIM 3 0.4099 1 3.2016413 7.810613
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BIM 4 0.1433 3 1.1111247 7.7526839
BIM 5 0.1734 2 1.3010401 7.5052778
BIM_6 0.0631 5 0.4633211 7.3443781
BIM 7 0.0328 7 0.2393591 7.2938417
7.5943813
BIM7. Operation
BIM_6. Health and
and Safety mai ance\ BIM_1.Technical BIM 2.
capabilities capabilii Knowledge
BIM_5.
Sustainable

Figure 3. Eigenvector Values of BIM strategies.

A pairwise comparison matrix was used to determine the local weights (LW) and
local rankings (LR) of the BIM sub-strategies using the same AHP methodology. Table 6
shows the sub-strategy's local weights and rankings from the AHP analysis.

The local weights of each BIM sub-strategy were multiplied by their primary strate-
gy's local weights to calculate global weights (GW) and rankings. Table 6 shows these
results. Figure 4 ranks the BIM sub-strategies with the highest global weights and cumu-
lative impact to show the model's most important.

The BIM strategies and sub-strategies analysis shows Local Weights (LW) and Global
Weights (GW) for different criteria, highlighting construction industry risk management
and performance optimization priorities. Regulatory Compliance (a3) has the highest Lo-
cal Weight (LW = 0.4453, ranked 1st) and Global Weight (GW = 0.0173, ranked 18th)
among BIM-based technical capabilities, indicating its importance. Enhance Visualization
and Planning (al) and Dispute Resolution and Clash Detection (a6), ranked 36th and 35th,
respectively, have lower global impacts with GW values of 0.0016 and 0.0018, making
them less critical to BIM technical strategy.

In BIM-based knowledge management capabilities, Knowledge Sharing Manage-
ment System (KSMS) (b3) is highly significant, with the highest LW (0.4436, ranked 1st)
and GW (0.0615, ranked 6th). This sub-strategy emphasizes the importance of information
dissemination in enhancing BIM performance [11,12,24]. Other sub-strategies like Extract-
ing Risk Information (b5) (LW = 0.1779, ranked 2nd; GW = 0.0247, ranked 10th) and Cen-
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tral Data Store (b2) (LW = 0.1482, ranked 3rd; GW = 0.0206, ranked 14th) further under-
score the importance of managing knowledge and information within construction pro-
jects.

For BIM-based financial management capabilities, Changes Order and Rework Man-
agement (c3) dominates, holding the top local weight (LW =0.4396, ranked 1st) and global
weight (GW = 0.1802, ranked 1st overall), signifying its paramount importance in mini-
mizing financial risks and ensuring project stability. Real-Time Cost Reporting and Lifecy-
cle Cost Analysis (c5) follows with a significant GW (0.0720, ranked 3rd overall), under-
scoring the importance of real-time financial monitoring in BIM [20,39, 40].

In the BIM-based time potential category, Time-effect Analysis (d3) takes the lead
with a LW of 0.4514 (ranked 1st) and a global weight of 0.0647 (ranked 4th), highlighting
the criticality of time management and its effect on project outcomes [3,35]. Similarly,
Monitoring Risks in Real-Time (d2) (GW = 0.0214, ranked 13th) and Data-driven Decision
Making (d5) (GW =0.0246, ranked 11th) play key roles in optimizing project timelines.

When focusing on BIM-based sustainable capabilities, Effective Resource Manage-
ment and Waste Reduction (e3) emerges as the most influential sub-strategy with the
highest LW (0.6068, ranked 1st) and GW (0.1052, ranked 2nd overall), reflecting the indus-
try's increasing prioritization of sustainability and resource efficiency. Energy Efficiency
and Environmental Impact Analysis (e2) follows closely (GW =0.0360, ranked 9th), show-
ing its critical contribution to sustainable construction practices which is supported by
Ref. [9, 27,58].

The BIM-based health and safety capabilities category highlights Work Environment
and Monitor Workload (f3) as the leading sub-strategy with the highest LW (0.6090,
ranked 1st) and GW (0.0384, ranked 8th), emphasized by Musarat et al. [27] the im-
portance of maintaining safety standards and ensuring an optimal working environment.
Incident Tracking (f2) and Increased Hazard Awareness (f4) also contribute to this cate-
gory, although they rank lower globally (21st and 23rd, respectively).

Finally, in BIM-based operation and maintenance capabilities, Enhanced Asset Infor-
mation Management (g3) leads with a LW of 0.4678 (ranked 1st) and a GW of 0.0154
(ranked 20th), indicating its critical role in operational efficiency and maintenance man-
agement which is supported by [19,54].

The consistency check, conducted using the Consistency Index (CI), Random Index
(RI), and Consistency Ratio (CR), reveals reliable and valid pairwise comparison results.
The CR values across all categories are well within the acceptable threshold of CR <0.10,
with values ranging from 0.02 to 0.07, ensuring consistency in the expert judgments. This
consistency indicates that the hierarchical model's comparisons and weight assignments
are coherent and logically aligned [66]. For instance, the BIM-based sustainable capabili-
ties category shows a CR of 0.03, affirming that the judgments related to sustainability
criteria are robust and consistent. Similarly, other categories like health and safety capa-
bilities and knowledge management capabilities also demonstrate low CR values of 0.03
and 0.06, respectively, further strengthening the model's reliability.

Table 6. Final ranking of BIM Strategies and sub strategies.

Local (LW) and Global Weights (GL) Consistency Checks

Main Criteria

Index
Sub Criteria

LW  Rank(LW) GW Rank(GW) CI RI CR

BIM- based

technical

al
a2
a3
a4

0.0407 6 0.0016 36
0.1499 3 0.0058 29
0.08 1.24 0.06
0.4453 1 0.0173 18
0.1417 4 0.0055 31
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as 0.1764 2 0.0068 24
a6 0.0461 5 0.0018 35
bl 0.0409 6 0.0057 30
BIM - based b2 0.1482 0.0206 14
Knowledge
management b3 0.4436 1 0.0615 ¢ 008 124 006
capabilities b4 0.1427 4 0.0198 16
b5 0.1779 2 0.0247 10
b6 0.0466 5 0.0065 26
cl 0.0407 6 0.0167 19
c2 0.1570 3 0.0644 5
BIM - based
o c3 0.4396 1 0.1802 1
Financial
c4 0.1412 4 0.0579 7 0.08 124 0.06
management
capabilities
c5 0.1757 2 0.0720 3
c6 0.0458 5 0.0188 17
dl 0.0409 6 0.0059 27
d2 0.1496 3 0.0214 13
BIM - based time ~ d3 0.4514 1 0.0647 4
0.07 124 0.06
potential d4 0.1401 4 0.0201 15
ds 0.1715 2 0.0246 11
dé 0.0465 5 0.0067 25
el 0.0563 4 0.0098 22
BIM - based
sustainable e2 0.2077 2 0.0360 9 0.03 090 0.03
capabilities
e3 0.6068 1 0.1052 2
ed 0.1293 3 0.0224 12
BIM - based f1 0.0564 4 0.0036 34
Health and 2 0.2023 2 0.0128 21
0.02 090 0.03
Safety 3 0.6090 1 0.0384 8
capabilities f4 0.1323 3 0.0083 23
gl 0.0417 5 0.0014 37
BIM-based g2 0.1658 3 0.0054 32
operation and . .
g3 0.4678 1 0.0154 20 008 L1 007
maintenance
capabilities 24 0.1471 0.0048 33
g5 0.1776 0.0058 28

Table 7 outlines the global weights (GW), rankings of various BIM sub-strategies, and
their cumulative weights. The top-ranked sub-strategy, "Changes order and rework Man-
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agement" (c3), has the highest global weight (GW) of 0.1802, which significantly contrib-
utes to the overall strategy with a cumulative weight of 0.1802. This is followed by "Effec-
tive Resource Management and Waste Reduction" (e3), ranked second, with a GW of
0.1052 and a cumulative weight of 0.2854, showing its considerable impact on BIM strate-
gies. "Real-Time Cost Reporting and Lifecycle Cost Analysis" (c5) ranks third, with a GW
of 0.0720 and a cumulative weight of 0.3574.

The next group of sub-strategies includes "Time-effect analysis" (d3) and "Cash flow
diagram analysis" (c2), with global weights of 0.0647 and 0.0644, respectively, both con-
tributing notably to the cumulative weight, reaching 0.4864 by the fifth sub-strategy.
These top five sub-strategies collectively account for almost half (48.64%) of the overall
BIM strategy, highlighting their importance in the prioritization process.

As the ranking continues, sub-strategies such as "Knowledge Sharing Management
System" (b3), "Improved Contract, Tendering Process" (c4), and "Work Environment and
Monitor workload" (£3) play key roles, with global weights ranging from 0.0615 to 0.0384.
By the time these sub-strategies are considered, the cumulative weight reaches 0.6443, in-
dicating that more than two-thirds of the overall BIM strategies are covered by the top
eight sub-strategies.

The subsequent sub-strategies, including "Energy efficiency and environmental im-
pact analysis" (e2), "Extracting Risk Information" (b5), and "Data-driven decision making"
(d5), continue to build up the cumulative weight, which reaches 0.7734 by the 13th sub-
strategy, "Monitoring risks in real-time" (d2).

Lower-ranked sub-strategies, such as "Incident Tracking" (f2), "Regulatory Compli-
ance and Sustainability Standards" (el), and "Increase hazard awareness" (f4), contribute
less individually to the overall strategy, with global weights below 0.0130. However, their
collective impact still pushes the cumulative weight close to full coverage, reaching 0.9528
after 26 sub-strategies.

Finally, the lowest-ranked sub-strategies, including "Dispute Resolution and Clash
Detection" (a6) and "Superior facility management" (g1), have minimal individual global
weights, contributing marginally to the overall strategy. Figure 4 highlights the BIM sub-
strategies global weight (GW) and cumulative weight in increasing order.

Table 7. BIM sub-strategies Global weights (GW) and rankings with their cumulative
weights.

Index- Sub Criteria GW Rank (GW) Cumulative Weight
c3 0.1802 1 0.1802
e3 0.1052 2 0.2854
cS 0.0720 3 0.3574
d3 0.0647 4 0.4221
c2 0.0644 5 0.4864
b3 0.0615 6 0.5480
c4 0.0579 7 0.6059
3 0.0384 8 0.6443
e2 0.0360 9 0.6803
b5 0.0247 10 0.7050
ds 0.0246 11 0.7296
ed 0.0224 12 0.7520
d2 0.0214 13 0.7734
b2 0.0206 14 0.7940
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d4 0.0201 15 0.8140
b4 0.0198 16 0.8338
c6 0.0188 17 0.8526
a3 0.0173 18 0.8699
cl 0.0167 19 0.8866
g3 0.0154 20 0.9019
2 0.0128 21 0.9147
el 0.0098 22 0.9244
4 0.0083 23 0.9328
as 0.0068 24 0.9396
dé 0.0067 25 0.9463
b6 0.0065 26 0.9528
d1 0.0059 27 0.9586
g5 0.0058 28 0.9644
a2 0.0058 29 0.9703
b1 0.0057 30 0.9759
a4 0.0055 31 0.9814
g2 0.0054 32 0.9869
g4 0.0048 33 0.9917
f1 0.0036 34 0.9953
a6 0.0018 35 0.9971
al 0.0016 36 0.9986
gl 0.0014 37 1.0000
527
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Fig. 4. BIM sub-strategies global weight (GW) and cumulative weight in increasing or- 528
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The organized ranking and aggregate weights of BIM sub-strategies establish a de- 530
finitive framework for prioritizing initiatives in BIM implementation. Organizations can 531
significantly refine their BIM strategies by concentrating on critical domains such as order 532
management and resource optimization, resulting in enhanced project outcomes and effi- 533
ciencies within the construction sector [22]. 534

4.2. Sensitivity analysis 535

The sensitivity analysis conducted in this study provides verification of the stability 536
of rankings and the impact of variations in the weights of leading BIM strategies on the 537
rankings of sub-strategies. This type of analysis is essential for assessing the reliability of = 538
the proposed framework, allowing researchers to examine how variations in the weights 539
of primary BIM strategies influence the rankings of the sub-strategies, a method validated 540
by previous studies such as Munny et al. [67]. 541

This study considers 7 main BIM strategies. Among the 7 main strategies, the Finan- 542
cial (BIM_3) have the highest priority as the most critical strategy that influence optimiz- 543
ing performance in the construction industry. Hence, a slight variation in the weight of = 544
financial strategy may significantly influence other BIM strategies. In this context, this 545
study changed the weights of the main BIM strategies in proportion to conducting sensi- 546
tivity analysis. Hence, the Demand risks' weight varies from 0.4099 to (BIM_3.0.9=0.3689), = 547
(BIM_3.%0.8=0.3279,(BIM_3.70.7=0.2869),  (BIM_3.0.6=0.2459),  (BIM_3.*0.5=0.2050), 548
(BIM_3.%0.4=0.1640), (BIM_3.0.3=0.1230) , (BIM_3.¥0.2=0.0820), and (BIM_3.*0.10.=0410). 549
The study conducted a sensitivity analysis by altering the proportions of the weights of 550
the primary BIM strategies. The sensitivity analysis presented in Table 8 explores how 551
changes in the weight of the financial criterion (BIM_3) influence the global weights and 552
rankings of different BIM criteria. This analysis reveals how various criteria adjust their 553
importance relative to each other as the weight of the financial criterion decreases in in- 554
cremental steps (from 90% to 10% of its original value). Consequently, the weight of fi- 555
nancial strategy fluctuated from 0.4099 to 0.041. 556

As the financial weight is progressively reduced, the analysis reveals shifting im- 557
portance among the other criteria, the Incremental Changes in the other criteria indicated 558
that BIM_1 (Technical) consistently maintains a low rank (6th place) throughout most 559
weight reductions but moves up to 5th position when the financial weight is reduced to 560
10% of its original value, reaching a local weight of 0.1003. This indicates that while the 561
technical criterion has less influence under normal circumstances, it becomes relatively 562
more significant when financial considerations are diminished. 563

BIM_2 (Knowledge) shows steady performance, retaining its 4th place ranking in 564
most scenarios. However, when the financial weight is drastically reduced (to 30% or 565
lower), it advances to 3rd place, highlighting its increasing relevance when the financial 566
factor becomes less dominant. 567

BIM_3 (Financial), the most dominant criterion in the base case, experiences a signif- 568
icant drop in importance as its weight is reduced. By the time the financial weight is cut 569
to 50%, it still holds the first position but loses this ranking as the weight is further reduced 570
to 40%, where Sustainable (BIM_5) takes over. Once the financial weight reaches 20%, the 571
Financial criterion plummets to 7th place with a weight of just 0.0410, indicating that its 572
dominance heavily depends on its original weight allocation. 573

BIM_4 (Time) displays consistency, maintaining its 3rd position under most weight 574
scenarios. When the financial weight is reduced to 30% or less, Time rises to 2nd place, 575
illustrating that the criterion becomes more influential when financial concerns are mini- 576
mized. 577

BIM_5 (Sustainable) shows a steady increase in importance as the financial weightis 578
reduced. It climbs to 1st place when the financial weight drops to 40% or lower, indicating 579
the growing priority of sustainability considerations when financial constraints are re- 580
laxed. Its final weight at 10% of the financial criterion is 0.2348, the highest among all 581
criteria at that point. 582
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BIM_6 (Health and Safety) remains relatively stable in 5th position but eventually 583
rises to 4th place when the financial weight drops to 20%. This reflects that health and 584
safety concerns become more prominent in lower financial weight scenarios, though they 585
remain moderately influential overall. 586

Finally, BIM_7 (Operation and Maintenance) consistently holds the lowest rank (7th 587
place) throughout most sensitivity analyses. However, it rises to 6th place when the finan- 588
cial weight is reduced to 10%, suggesting that while it generally has a lower impact, its 589
importance increases slightly in less financially-driven scenarios. 590

The key observation from sensitivity analysis offers a clear view of how various BIM 591
criteria shift in relevance as financial considerations are adjusted. For instance, the Finan- 592
cial criteria of construction projects is dominant as The Financial criterion (BIM_3) clearly 593
dominates under normal conditions but rapidly loses its influence as its weight is de- 594
creased. This underscores the critical role financial considerations play in BIM decision- 595
making, though this influence can shift significantly when financial factors are depriori- 59
tized. Furthermore, Sustainability Emergence as The Sustainable criterion (BIM_5) shows 597
notable growth in importance, eventually surpassing 598

Financial when the latter is weight decreases to 40% or less. This shift highlights the = 599
increasing relevance of sustainability in situations where financial concerns are less cen- 600
tral. Moreover, Consistency of Time and Knowledge as Both Time (BIM_4) and 601
Knowledge (BIM_2) show stability throughout the analysis, maintaining similar rankings 602
across different financial weight scenarios. This indicates that these criteria maintain their 603
importance regardless of financial shifts, reflecting their intrinsic value in BIM strategies. 604
Finally, Technical, Health, and Safety Growth These two criteria (BIM_1 and BIM_6) show 605
modest but noticeable improvements in their rankings as the financial weight decreases, 606
reflecting their growing importance in less financially driven decision-making contexts. 607
Figure 5 illustrates the BIM criteria changes with the varying weight of the financial crite- 608

rion (BIM_3). 609
Table 8. BIM criteria change with the varying weight of the financial criterion (BIM_3) 610
£ g Incremental changes
2=
S g = % & © " < “ ~ -
3 — (=] = (= = (=4 (=] < < <
E E ml é ml é MI é t’)l é tﬁl é MI é Ml é MI é t’)l é
s 2 2 = = = = = = = =
Criteria z = /m m /? @ m @ m /?
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
38 45 52 59 66 73 79 86 93 00
BIM_1.Technical 8 6 6 6 5 6 3 6 1 6 0 6 8 6 6 6 5 5 3 5
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
38 45 52 59 66 72 79 86 93 00
BIM_2. Knowledge 7 4 5 4 4 4 2 4 0 4 9 4 7 3 5 3 4 3 2 3
0.4 0.3 03 0.2 0.2 0.2 0.1 0.1 0.0 0.0
09 68 27 86 45 05 64 23 82 41
BIM_3. Financial 9 1 9 1 9 1 9 1 9 1 o0 2 0 4 o0 4 0 7 0 7
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
43 50 57 63 70 77 84 91 98 04

BIM_4. Time 3 3 2 3 0 3 8 3 6 3 5 3 3 2 1 2 0 2 8 2
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0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2
73 80 87 93 00 07 14 21 28 34
BIM_5. Sustainable 4 2 2 2 o0 2 8 2 7 2 5 1 3 1 2 1 o0 1 8 1
0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
BIM_6. Health and 63 69 76 83 90 97 04 10 17 24
Safety capabilities 1 5 9 5 7 5 6 5 4 5 2 5 1 5 9 5 7 4 6 4
BIM?7. Operation and 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
maintenance 32 39 46 53 60 67 73 80 87 94
capabilities 8 7 6 7 5 7 3 7 1 71 0 7 8 7 6 1 5 6 3 6
1.0
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Figure 5. BIM criteria change with the varying weight of the financial criterion (BIM_3) 616
617

The analysis of the results from Table 9 reveals several significant shifts in rankings 618
among the BIM sub-criteria as the weight of the Financial criterion (BIM_3) is reduced 619
incrementally. Focusing on the sub-criteria that have experienced the most pronounced 620

changes: 621
622
1. Financial Management Sub-Criteria 623

e Changes Order and Rework Management (c3): Initially ranked 1st in the normal 624
weight scenario, this sub-criterion remains highly prioritized when the Financial 625
weight is 0.9 or 0.8. However, as the Financial weight continues to decrease, its rank 626
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gradually drops, particularly after Financial*0.5, where it moves to 4th and then to 627
16th when Financial is 0.1. This indicates that the importance of this sub-criterion is 628
highly sensitive to financial considerations, and as financial factors become less dom- 629
inant, the importance of managing change orders and rework declines substantially. 630
¢  Real-Time Cost Reporting and Lifecycle Cost Analysis (c5): Ranked 3rd under nor- 631
mal conditions, this sub-criterion remains in the top ranks until the financial weight 632
reaches 0.4, where it starts to drop significantly, eventually falling to 29th when the 633
financial weight is 0.1. This demonstrates that while cost reporting is crucial in finan- 634
cially-driven contexts, its relevance diminishes when financial concerns are deprior- 635
itized. 636
¢ Improved Contract, Tendering Process (c4): Ranked 7th in the normal scenario, this 637
sub-criterion sees a steady decline in rank as the financial weight decreases, reaching 638
32nd place when Financial*0.1. Like the others, it indicates a strong dependence on 639
the financial criterion for its importance. 640

2. Sustainable Capabilities Sub-Criteria 641

¢ Energy Efficiency and Environmental Impact Analysis (e2): Starting at 9th place in 642
the normal weight scenario, this sub-criterion improves its rank as the financial 643
weight decreases, moving up to 5th place at Financial*0.1. This suggests that sustain- 644
ability-related concerns, such as energy efficiency, become increasingly importantin 645
scenarios where financial priorities are reduced. 646

e  Effective Resource Management and Waste Reduction (e3): This sub-criterion con- 647
sistently ranks at the top, remaining in the 1st position throughout the weight reduc- 648
tions. It highlights the critical and stable importance of effective resource manage- 649
ment, even when financial concerns are diminished. 650

3. Time Potential Sub-Criteria 651

¢  Time-Effect Analysis (d3): Initially ranked 4th, this sub-criterion remains consistently 652
in the top 3 across the different scenarios, ultimately rising to 2nd place when the 653
financial weight reaches 0.1. This suggests that time-related efficiency is a critical fac- 654
tor, even when financial constraints are reduced. 655

*  Monitoring Risks in Real-Time (d2): Ranked 13th initially, this sub-criterion sees its 656
importance rise as the financial weight decreases, moving up to 10th place when Fi- 657
nancial*0.1. Real-time monitoring of risks gains prominence when financial pressures 658
lessen. 659

4. Health and Safety Sub-Criteria 660

* Incident Tracking (f2): This sub-criterion starts at 21st place in the normal scenario 661
but gradually improves its rank as the financial weight decreases, moving up to 15th 662
at Financial*0.1. The importance of health and safety management, particularly track- 663
ing incidents, becomes more relevant in lower financial weight scenarios. 664

e  Work Environment and Monitor Workload (f3): Ranked 8th in the normal scenario, 665
this sub-criterion climbs to 4th place when Financial*0.1, indicating that as financial 666
concerns become less dominant, the management of work environments and moni- 667
toring workloads become more critical. 668

5. Operation and Maintenance Sub-Criteria 669

*  Enhanced Asset Information Management (g3): Initially ranked 20th, this sub-crite- 670
rion sees significant improvement in its ranking as the financial weight decreases, 671
eventually moving up to 7th at Financial*0.1. This suggests that asset information 672
management becomes increasingly important as financial priorities are scaled back. 673

®  Proactive Maintenance and Risk Mitigation (g2): Initially ranked 32nd, this sub-cri- 674
terion improves its rank significantly as financial weight decreases, ultimately reach- 675
ing 20th place when Financial*0.1, highlighting the growing relevance of proactive 676
maintenance strategies in less financially constrained contexts. 677
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The General Observations observation from the sensitivity analysis highlights: 678

¢  Highly Financial-Dependent Criteria: Sub-criteria like ¢3 (Changes Order and Re- 679
work Management) and c5 (Real-Time Cost Reporting and Lifecycle Cost Analysis) 680
are highly dependent on the financial criterion. As the financial weight decreases, 681
their relevance diminishes dramatically, which is indicative of their strong connec- 682
tion to financial management capabilities. 683

* Rising Sustainability and Time-Effectiveness: As the financial criterion is depriori- 684
tized, sustainability-related sub-criteria such as e2 (Energy Efficiency) and time-re- 685
lated sub-criteria such as d3 (Time-Effect Analysis) gain importance. This shift sug- 686
gests that when financial concerns are not the primary focus, there is a greater em- 687
phasis on sustainable practices and time optimization. 688

689

The sensitivity analysis demonstrates the dynamic nature of BIM sub-criteria rank- 690
ings in response to changes in the weight of financial considerations. The shift towards 691
sustainability, health, safety, and time efficiency as financial concerns diminish under- 692

scores the importance of a more balanced approach in BIM strategy prioritization. 693
694
Table 9. BIM sub-criteria changes with the varying weight of the financial criterion 695
(BIM_3). 696
Incremental changes in Global ranks when Financial criterion
<
2 Normal W and Ranks change
‘B
e P ~ % @ b 2 10 = « o =
Main Criteria E] = = S S S S S = IS IS
7] [+ * * * * * * * * *
% z = £ § 5 : 5 5 E 5 35 =
_GUJ = = 1% 1% 9 9 9 1% 9 9 9
= 8 B £ £ £ £ £ £ £ £ £
= g e = £ £ £ & £ £ g £ £
= O O [ [ = 2 [ [ = 3 i3
BIM- based technical al 0.0409 0.0016 36 36 36 36 36 36 36 36 34 34

a2 0.1494  0.0058 28 27 26 26 27 25 25 24 22 21
a3 0.4409 0.0171 18 17 14 12 11 8 7 7 6 6
a4 0.1428  0.0055 31 30 28 28 28 26 26 26 23 22
ab 0.1795  0.0070 24 24 24 24 21 20 20 20 17 17
a6 0.0464 0.0018 35 35 35 35 35 35 35 35 33 33

BIM - based Knowledge management

capabilities bl 0.0409  0.0057 30 32 33 33 33 33 32 31 31 28
b2 0.1494  0.0207 14 14 15 16 16 16 14 13 13 12
b3 0.4409 0.0612 6 5 4 4 4 4 3 3 3 3
b4 0.1428 0.0198 16 16 18 18 18 18 17 15 15 14
b5 0.1795  0.0249 11 10 10 10 10 11 9 9 9 8
b6 0.0464  0.0064 26 28 30 31 31 31 29 29 29 26

BIM - based Financial management

capabilities cl 0.0409  0.0168 19 20 21 21 25 29 33 34 37 37
2 0.1494 0.0613 5 6 6 7 8 9 16 18 24 31
3 0.4409 0.1807 1 1 1 1 2 2 4 5 8 16
c4 0.1428  0.0585 7 7 8 8 9 13 18 19 27 32
5 0.1795  0.0736 3 4 5 6 6 7 11 17 21 29

6 0.0464 0.0190 17 19 20 20 23 28 31 33 35 36
BIM - based time potential di1 0.0409  0.0059 27 31 32 32 32 32 30 30 30 27
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d2 0.1494  0.0214 13 13 13 15 15 15 13 11 11 10
d3 0.4409  0.0632 4 3 3 3 3 3 2 2 2 2
d4 0.1428  0.0205 15 15 16 17 17 17 15 14 14 13
d5 0.1795  0.0257 10 11 11 11 12 12 10 10 10 9
d6 0.0464 0.0067 25 26 29 30 30 30 28 28 28 25

BIM - based sustainable capabilities el 0.0563  0.0098 22 22 22 23 22 23 24 25 26 24
e2 0.2057  0.0357 9 9 9 9 7 6 6 6 5 5
e3 0.6076  0.1053 2 2 2 2 1 1 1 1 1 1

e4 0.1304 0.0226 12 12 12 13 14 14 12 12 12 11

BIM - based Health and Safety capabilities f1 0.0563  0.0036 34 34 34 34 34 34 34 32 32 30
2 0.2057  0.0130 21 21 19 19 19 19 19 16 16 15
£3 0.6076  0.0383 8 8 7 5 5 5 5 4 4 4
f4 0.1304 0.0082 23 23 23 22 20 21 21 21 18 19

BIM-based operation and maintenance

capabilities gl 0.0415 0.0014 37 37 37 37 37 37 37 37 36 35
g2 0.1678  0.0055 32 29 27 27 26 24 23 23 20 20
g3 0.4657 0.0153 20 18 17 14 13 10 8 8 7 7
g4 0.1489  0.0049 33 33 31 29 29 27 27 27 25 23
g5 0.1761  0.0058 29 25 25 25 24 22 22 22 19 18

697

The analysis for BIM-based financial management capabilities (BIM_3. Financial) 698
shows a dynamic shift in financial sub-criteria prioritization as financial criterion 699
weighting changes. In particular, the Exact Cost Estimation and Control (c1) sub-criteria 700
have declined in importance. This sub-criterion drops from 19th to 37th as financial 701
weight decreases. This suggests that cost estimation and control are essential when finan- 702
cial constraints are prioritized but less so when they are not. Cash Flow Diagram Analysis 703
(c2) follows a similar pattern. Starting at 5th under normal financial conditions, it steadily ~ 704
falls to 31st. Cash flow management depends heavily on financial factors but becomes less 705
important when sustainability or operational efficiency takes precedence. 706
Under normal financial conditions, Changes in Order and Rework Management (c3) 707

are the most essential financial prioritization sub-criterion. It falls to 16th place as its fi- 708
nancial weight decreases. According to this result, managing changes and rework can sig- 709
nificantly reduce costs in financially driven environments. However, as financial concerns 710
fade, other factors take precedence, reducing the focus on this sub-criterion. Improved 711
Contract, Tendering Process (c4) starts at 7th and drops to 32nd as financial weight de- 712
creases. This shows that contract and tendering process improvements are more im- 713
portant when financial management is critical but less so when not. 714
Also falling in rank are Real-Time Cost Reporting and Lifecycle Cost Analysis (c5). 715
This sub-criterion drops from 3rd to 29th as financial weight decreases. According to the 716
findings, financial criteria require real-time cost monitoring and lifecycle cost analysis. 717
When financial concerns become less important, other project management tasks take 718
precedence, reducing the importance of real-time cost management. Financial Prediction 719
and Risk Analysis (c6) starts at 17th and drops to 36th as financial weight decreases. This 720
supports the idea that financial prediction and risk analysis are closely related to financial 721
management and become less relevant as financial constraints are deprioritized. 722
The analysis shows that financial management sub-criteria depend heavily on the 723
financial criterion. As the financial criterion decreases, sub-criteria like Exact Cost Estima- 724
tion and Control (c1), Changes Order and Rework Management (c3), and Real-Time Cost 725
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Reporting and Lifecycle Cost Analysis (c5) become less important. This suggests that fi- 726
nancial management activities are most crucial in financially driven decision-making con- 727
texts but less critical when sustainability or operational efficiency are more important. The 728
consistent decline across all financial sub-criteria shows that BIM decision-making is mul- 729
tidimensional and requires balancing financial priorities with other critical issues. The 730
findings suggest that BIM implementation should be flexible, prioritizing financial man- 731
agement capabilities according to project priorities. 732

The analysis of Regulatory Compliance (a3) shows that it gains importance as finan- 733
cial weight decreases. Financial considerations start at the 18th and rise to the 6th when 734
prioritized. This shows how vital regulatory compliance is in non-financial environments. 735

Due to compliance requirements' non-negotiability, organizations appear to priori- 736
tize regulatory standards over financial criteria as the latter lose weight. Unlike financial 737
management, regulatory compliance is often required and directly affects project legal 738
and operational feasibility. Its steady rise from 18th to 6th place shows its growing im- 739
portance as other financial factors fade. 740

This suggests that financial management drives project planning in the early stages, 741
but regulatory compliance takes over as finances fade. This criterion becomes more critical =~ 742
as economic concerns are deprioritized because organizations must comply with regula- 743
tions to avoid legal penalties, project delays, and other risks. 744

Regulatory Compliance (a3) is becoming more critical as financial priorities change. 745
In BIM decision-making, regulatory compliance becomes increasingly essential to project 746
success and viability, especially when financial constraints are less important. The steady 747
rise in ranking reflects a shift from financial management to operational and legal consid- 748
erations. 749

Finally, Documenting and Tracking Changes (b6) performs consistently across finan- 750
cial weights. It starts at 26 and drops to 31 before returning to 26 as finances ease. This 751
stability suggests that BIM processes must document and track changes regardless of fi- 752
nancial priorities. A temporary focus on financially oriented criteria may explain its slight 753
ranking drops. Still, its overall position indicates its foundational importance despite be- 754
ing a secondary priority to cost control and compliance. 755

Lifecycle Management (d6) starts at rank 25 and fluctuates to 26-30 before returning 756
to 25 across financial weightings. This consistency shows its long-term role in BIM, which 757
is essential but not a priority when economic factors are emphasized. Even without finan- 758
cial considerations, Lifecycle Management remains critical, but minor changes suggest pe- 759

riodic shifts in focus to other criteria. 760
761
4. Discussion 762

The study investigates incorporating (BIM) technology into construction project risk 763
management to improve risk detection, assessment, and mitigation. Technical, financial, 764
sustainability, and time management concerns prioritize BIM-based plans using the Ana- 765
lytical Hierarchy Process (AHP). Economic strategy, sustainability, and temporal varia- 766
bles are crucial to BIM-driven risk management. The research shows how BIM improves 767
project results by enabling real-time decision-making, collaboration, cost management, 768
and resource utilization efficiency. The findings of this study are consistent with the cur- 769
rent body of literature because they emphasize the significance of financial strategies, par- 770
ticularly those centered on cost reporting and lifecycle analysis, during the first phases of 771
building information modeling (BIM) deployment [68]. 772

Integrating (BIM) in construction risk management has shown significant potential 773
for enhancing project performance. The study's findings validate the significance of BIM- 774
based techniques, especially in addressing financial risks, sustainability issues, and time 775
efficiency in building projects. Financial management has emerged as the paramount as- 776
pect, corroborating prior research that underscores the importance of financial methods 777
for project stability and cost control [10,60,68]. 778
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This study's sensitivity analysis reveals how altering the weights of fundamental BIM 779
strategies, notably financial criteria, impacts sub-strategies ranking and relevance. This 780
approach verifies ranking framework robustness [67]. It also shows how criteria and sub- 781
criteria change when financial considerations change, demonstrating the dynamic nature 782
of BIM strategy prioritizing decision-making [68]. Under normal conditions, the financial 783
strategy (BIM_3) is prioritized most. Therefore, any change in its weight considerably in- 784
fluences the total ranking of BIM strategies. Once the financial weight falls below 40%, 785
BIM_5 (sustainable) becomes the most significant criterion. This trend shows sustainabil- 786
ity is becoming more critical in non-financial circumstances [8,9]. BIM_4 (time) and BIM_2 787
(knowledge) perform similarly across financial weight scenarios, demonstrating their 788
value independent of financial priority, which is supported by [24,35]. The sensitivity 789
analysis shows that financial weight affects specific tactics more than others. BIM_1 (tech- 790
nical) and BIM_6 (health and safety) gain somewhat when financial weight declines. 791
These factors are crucial when financial concerns are decreased, demonstrating that tech- 792
nical and safety issues become more significant in decision-making when cost limitations 793
are lowest. 794

The sub-strategy analysis shows that financial weight strongly influences change or- 795
der and rework management, real-time cost reporting, and life cycle cost analysis. These 796
sub-criteria drop sharply when the economic criterion is weighted down, showing dimin- 797
ished relevance in non-financial circumstances. As financial concerns decrease, sustaina- 798
bility-related sub-criteria rise in rank, including energy efficiency, environmental impact 799
assessments, efficient resource management, and waste reduction. Aladaileh et al. [8] as- 800
sert that reduced financial priorities may make sustainable practices and resource man- 801
agement more important in decision-making. 802

The sensitivity analysis shows that BIM plan prioritizing should be more balanced, 803
especially when budgetary restrictions are less critical. Financial reasons frequently dom- 804
inate decision-making, but sustainability, time efficiency, and health and safety gain 805
prominence when financial concerns wane. These data imply that flexible and dynamic 806
BIM deployment improves project performance in varied circumstances. 807

BIM also improves environmental, health, and safety procedures, which are more 808
important in less financially motivated situations. The study advances BIM as a transfor- 809
mational tool by providing a systematic way to balance building project goals. Thus, fu- 810
ture research should improve BIM-based risk management frameworks for broader use. 811
This study shows that BIM plans are dynamic and require a balanced strategy that adjusts 812

to shifting objectives for long-term project success. 813
814
5. Conclusion. 815

Experienced Jordanian construction specialists find BIM helpful in minimizing and 816
analyzing risks across the project life cycle. The results are specific to the Jordanian build- 817
ing sector and cannot be generalized. Experts from various populations may potentially 818
have different results. This study should be seen as an experimental study that gives first 819
insights into using BIM to manage construction project risks, which may inform future 820
studies on BIM in diverse contexts. 821

The researchers' conceptual hierarchical model of BIM strategies and sub-strategies 822
advances our understanding of construction performance and risk. The model organizes 823
BIM strategies by interviewing experts and comparing their replies to earlier studies. This 824
technique emphasizes the responsibilities of different methods and shows how cost, long- 825
term goals, and time management affect decision-making. 826

The study shows that financial criteria (BIM_3) are the most important, with a weight 827
of 0.4099, meaning they significantly impact how the BIM strategy is made. As we can see, 828
the second and third most important factors are sustainability (BIM_5) and time manage- 829
ment (BIM_4). This order of importance shows that the industry focuses on being cost- 830
effective and positively affecting the environment. 831
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832

AHP helped the researchers to appreciate the importance of tactics and strategies 833
more thoroughly. Regulatory compliance has become a technological talent, indicating its 834
importance as financial priorities shift. Documenting and monitoring modifications and 835
other sub-strategies perform consistently across financial weights, proving they are cru- 836
cial to BIM operations even if they are not always prioritized. The link between project 837
elements and economic priorities is complicated in BIM-based financial management. As 838
financial weight reduces, cost predictions, tight management, cash flow analysis, and real- 839
time cost reporting become less critical. This shows they are more relevant in cost-sensi- 840
tive circumstances. Following regulations becomes increasingly vital when economic con- 841
cerns decrease, proving its importance to legal and operational success. This shows why 842
firms must be adaptable when utilizing BIM to modify project goals. Financial manage- 843
ment is crucial while planning, but compliance and operations become increasingly vital 844
as projects advance. This research shows how difficult BIM decision-making is and how 845
essential financial management, operational, and regulatory demands are for project suc- 846
cess. The research enhances construction management, digital technologies, and risk man- 847
agement theory. It shows how digital techniques like (BIM) may improve risk manage- 848
ment theories by employing dynamic data instead of static or fragmented information to 849
identify, analyze, and mitigate risks. The findings show that BIM integrates environmen- 850
tal effect assessment and real-time monitoring, promoting sustainability theory in con- 851
struction and green building practices. Finally, this complete BIM strategy framework em- 852
phasizes the importance of cost, environment, and time considerations for building or- 853
ganizations. According to the research, BIM initiatives should balance regulatory compli- 854
ance and operational efficiency. Thus, organizations may manage current construction 855
complexity while monitoring crucial performance parameters. 856
For the theoretical Implication, the study supports the idea that data-driven risk mit- 857
igation is better in complex environments like construction. Knowledge management us- 858
ing BIM promotes stakeholder knowledge sharing and aligns with knowledge-centric 859
project management philosophies. The results show that BIM can combine environmental 860
effect assessment and real-time monitoring, promoting sustainability theory in construc- 861
tion and green building practices. This study uses the Analytical Hierarchy Process (AHP) 862
in a BIM framework to help project managers prioritize risks and decisions, improving 863
risk prioritization models. It shows BIM's complicated function in enhancing risk man- 864
agement, wise financial decision-making, and construction sustainability, addressing cur- 865
rent theories' flaws. 866
Practical implications are significant for industry professionals, particularly in im- 867
proving the management, execution, and outcomes of construction projects. Project man- 868
agers may also guarantee that designs fulfill regulatory standards, eliminating delays and 869
penalties. These practical consequences show that BIM-based risk management may im- 870
prove cooperation, reduce risk, and make building projects more efficient, cost-effective, 871
and sustainable. Construction businesses that use BIM to improve project results and re- 872

duce operational inefficiencies may gain a competitive edge. 873
874
limitations 875

The study focuses on BIM-based risk management within the construction industry, 876
particularly in Jordan, which may limit the generalizability of the findings to other con- 877
texts. The unique challenges and dynamics of the Jordanian construction industry, includ- 878
ing its regulatory, economic, and political environments, may differ from different re- 879
gions. While the study uses expert input to validate its framework and strategies, the sam- 880
ple size of experts is relatively small (10 participants). This small sample size may not 881
capture the diversity of opinions and experiences within the broader construction sector, 882
limiting the robustness of the findings. The sensitivity analysis also revolves primarily 883
around financial criteria (BIM_3), which, while important, may overshadow other BIM 884
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strategies such as sustainability, time, and health and safety. A more comprehensive anal-
ysis that includes all BIM strategies equally may reveal different insights. The study does
not fully explore integrating emerging technologies such as artificial intelligence, machine
learning, or the Internet of Things with BIM to enhance risk management practices. This
omission may lead to missing potential avenues for innovation and efficiency in construc-
tion management.

Future research should look beyond Jordan to evaluate BIM-based risk management
solutions in other cultural, economic, and regulatory contexts. More considerable research
with additional building industry professionals from different sectors would give a
broader viewpoint and improve dependability. Including specialists from other locations
or industries would make the framework more relevant.

Longitudinal studies are needed to assess BIM-based risk management systems'
long-term efficacy. Researchers may follow projects over time to discover how BIM adop-
tion affects construction project success across the project life cycle.

A more balanced BIM strategy investigation is needed. Instead of concentrating on
finances, future studies should analyze sensitivity assessments on BIM strategies, includ-
ing sustainability, time management, and health and safety. This would clarify how tactics
interact in different project situations.
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Appendix 1.

Main criteria and Sub-criteria of the BIM bas Risk management.

Index  Main criteria Index  Sub criteria Descriptions References
BIM's 3D  visualization of [3,4,53]
building projects

BIM- based helps discover design and
Enhance visualization
A technical al logistical concerns early on. This
and planning.
capabilities visualization prevents expensive

mid-construction ~ adjustments
and delays.
BIM  improves  stakeholder [47,49]
cooperation by allowing real-time
Improved Collaboration = updates and communicating
22 and Communication changes to all team members.
Live collaboration reduces errors
and misunderstandings.
Automatically checking if project [59]
designs comply with standards.

a3 Regulatory Compliance
This feature reduces the risk of
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a4
a5
a6
BIM - based
Knowledge
B bl
management
capabilities
b2
b3

Early Risk Identification

Organized knowledge
repository

Dispute Resolution and

Clash Detection

Combining  traditional
methods with BIM and
other management

software.

Central Data Store

Knowledge Sharing
Management

(KSMS)

System

compliance-related issues,

potential fines, or rework.

Fast 3D project information
modeling. Accurate forecasting
and visualization of project
development, management, and
maintenance  improves  risk
communication and mitigation.
BIM organizes, stores, and shares
risk

information from project
participants, capturing and using
fragmented data to address risk
concerns quickly.

Early clash detection allows for
solving problems in the virtual
environment ( (e.g., structural,
mechanical, electrical), reducing
the risk of rework and delays.
Utilizing databases, risk
management tools, and project

management software enhances

project development risk
detection, analysis, and
information management,
facilitating ~ end-to-end  risk

management through data transit
across systems.

BIM helps all stakeholders have
access to the latest information by
consolidating data. Effective risk
management requires centralized
risk detection, analysis, and
mitigation throughout a project.
Project managers and engineers
may exchange

BIM expertise on KSMSs. This
technology may record project
future risk

information for

mitigation.

[54,55]

(1,4,6]

[32,33]

[11,12]

[24,61]

[53,54]
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b Information Retrieval
4
and Ontology
Extracting Risk
b5
Information
b6 Documenting and
Tracking Changes
BIM - based
c Financial L Exact Cost Estimation and
c
management Control
capabilities
Cash flow diagram
2
analysis
3 Changes order and
c

rework Management

BIM technology utilizes ontology
and semantic

web technologies to describe
construction risk information
semantically. This improves
safety management risk
knowledge and communication.
BIM manages 3D/4D information
models in a virtual environment
before construction to improve
risk information extraction. It
simplifies risk identification and
communication, improving risk
management.

BIM excels in recording and
tracking project changes. For risk
management, this ability helps
project teams track changes,
understand their implications,
and manage their risks.

3D/D5 BIM models improve cost
predictions,  reduce  budget
overruns, and enhance project
control through detailed
visualizations ~and  accurate
calculations, enhancing financial
understanding of design and
construction decisions. Improved
project cost and budgeting risks
control

BIM allows comprehensive cash
flow analysis by integrating
schedule and cost data (4D BIM).
This function estimates project
funding needs to ensure sufficient
funds are available. It helps
anticipate cash flow gaps and
reduce risk via proactive financial
planning.

BIM's financial impact assessment
tools and effective change order

management are made more

(16,17}
[15, 16,17]

(39]

[20,40]
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accessible, reducing the risk of

cost escalations.

BIM incorporates contract terms [43]
and conditions into the project
model to improve contract
management. This  interface
controls milestones, payments,
and penalties for contract
Improved Contract,
c4 financials, avoiding disputes and
Tendering Process.
ensuring compliance. BIM gives
potential contractors
comprehensive and  accurate
project information, lowering
financial risks and improving
tendering transparency.
BIM offers real-time project cost [41,42]
and  financial = performance
updates, detecting economic risks
Real-Time Cost
and managing data throughout a
5 Reporting and Lifecycle
building's life, enabling informed
Cost Analysis
decisions to balance early
investments  with  long-term
savings.
Advanced analytical techniques [43]
in BIM enable financial risk
. Financial Prediction and analysis and prediction. These
c
Risk Analysis tools assist in controlling project
risk by simulating financial
situations and their effects.
This helps spot scheduling issues  [40,43]
and understand how delays affect

4D Scheduling and the project. BIM's 4D scheduling

BIM - based
D time di1
Time Visualization mixes 3D models with the project
potential
schedule to see construction
progress.
BIM links virtual models to [3]
construction progress and real-
q Monitoring risks in real- time early warning system data to
2
time monitor risk. This enables the
immediate detection and

resolution of any issues.


https://doi.org/10.20944/preprints202410.1783.v1

Buildings 2024, 14, x FOR PEER REVIEW

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted:

23 October 2024

doi:10.20944/,

reprints202410.1783.v1

30 of 36

d3

d4

d5

dé

BIM - based
E sustainable el

capabilities

e2

e3

Time-effect analysis

Reduced Schedule
Delays
Data-driven decision

making

Lifecycle Management

Regulatory Compliance
and Sustainability
Standards

Energy efficiency and

environmental impact

analysis:

Effective Resource
Management and Waste

Reduction

BIM provides accurate time
impact analysis by examining
project schedule changes and
delays. This identifies key routes
and activities that might delay the
project.

BIM reduces unexpected project
delays by enabling proactive
planning, conflict detection, and
risk reduction.

Data ((e.g., geospatial, structural,
environmental) analytics and
real-time access improve risk
assessments and decision-making
long-term

perspective  helps

identify and mitigate risks
associated with building
performance, maintenance, and
future renovations.

Automatically verify building
code, legal, and sustainability
designs. Including sustainability
criteria in BIM models helps
project teams make informed
decisions that fulfill

safety,
budget, and operational
requirements while promoting
environmental, economic, and
social sustainability. This reduces
the risk of non-compliance, fines,
and rework.
Detailing energy use and
environmental effect using BIM
aids sustainability. Designers can
maximize building performance
for LEED and BREEAM.

BIM enhances sustainable
management by improving time,
labor, and material estimates,
preventing overestimating or
underestimating resource

demands, and promoting project

[24,35]

[13,14]

(24]

(891

[27]

(58]
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ed
BIM - based
Health and

F f1

Safety

capabilities

2

3

f4

Pollution Monitoring and

Evaluation

Project-Lifecycle Safety

Management

Incident Tracking

Work Environment and

Monitor workload

Increase hazard

awareness.

sustainability by reducing waste

and optimizing material and
energy use.
BIM's real-time sustainability

monitoring and evaluation is a
big  benefit. This permits
continual risk assessment and
management throughout the
project. BIM can integrate with
environmental monitoring tools
to track pollution levels in real-
time during construction.

BIM assists safety management
from design to construction and
operation, assuring health and
safety priority.

BIM facilitates the monitoring
and documentation

of near-misses and incidents,
enabling in-depth analysis and

the formulation of preventative

measures against future
occurrences.

BIM technology can enhance
workplace well-being by
optimizing natural light,

ventilation, and noise, reducing
overtime and preventing burnout
and stress by promoting a healthy
work environment.

3D BIM models provide early
hazard detection by visualizing
the building site. Simulations may
show where equipment and

personnel are placed, revealing

possible conflicts or Risks.

[46]

[31, 56]

reprints202410.1783.v1
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Improved O&M  Efficiency. [20,34]
Facility management is enhanced
by space and comprehensive asset
information from BIM.
BIM-based Controlling unexpected
operation and Superior facility behaviors like energy-hungry
¢ maintenance gl management activities or facilities management
capabilities problems improves operational
efficiency. This proactive building
performance management
reduces operational inefficiencies
and risks.
Predictive maintenance. This [19,54]
preventative strategy aims to
prevent equipment failure and
the resulting expensive repairs,
Proactive = Maintenance downtime, and safety risks. The
and Risk Mitigation real-time performance of
equipment may be monitored by
integrating BIM data with
Building Management Systems
BMS.
Improved asset monitoring and [34]
visualization, consolidated data
repository. BIM models can store
component warranties,
Enhanced Asset
maintenance instructions, and
g3 Information
historical data. This reduces
Management.
errors from outdated or missing
data, allowing facility managers
to make smart maintenance and
repair decisions.
Personnel, equipment, [19,20]
technology, and management
processes are integrated via BIM.
Integration of Personnel, Effective planning, maintenance,
g4 Equipment, and repair, and emergency
Technology: management, addressing
workers' fundamental
requirements and improving

construction project efficiency.
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Including compliance criteria in [54,55]
the model assures regulatory
compliance with standards and

legislation. = BIM  tracks all

Enhanced building alterations and upkeep.
g5 Documentation and Inspections by regulatory
Compliance organizations need this

documentation to ensure that all
maintenance actions are code-
compliant and limit the risk of

non-compliance.

914
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