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Abstract

In the modern era, construction projects face numerous challenges due to the diversity and complexity of
requirements, particularly in the simultaneous management of cost, time, quality, and sustainability. The aim of
this study is to develop an integrated framework based on Genetic Algorithm (GA) and Building Information
Modeling (BIM) technology for multi-objective optimization in construction projects. In the methodology section,
data related to a construction project including material costs, activity durations, environmental characteristics,
and quality standards were collected. Subsequently, using BIM software, a 3D model of the building was created,
and key project variables were defined as inputs to the genetic algorithm. The GA initiated the optimization process
by employing a composite fitness function comprising cost, time, quality, and sustainability criteria. Next, the
proposed model was implemented through a practical case study, and its performance was compared with other
common algorithms such as Particle Swarm Optimization (PSO), Simulated Annealing (SA), and Ant Colony
Optimization (ACO). The results showed that the BIM-GA model was able to reduce the total project cost by 11%,
shorten the execution time by 9%, and enhance both the quality and environmental performance of the project.
Additionally, the model improved coordination among design, construction, and operation units. These findings
indicate that integrating BIM technology with genetic algorithms provides an effective tool for intelligent decision-
making in complex construction projects and facilitates progress toward sustainable development.
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Extended Abstract

Introduction

The modern construction industry faces
increasingly complex challenges due to the
need to simultaneously manage multiple project
objectives—most notably cost, time, quality,
and  environmental  sustainability.  As
urbanization accelerates and sustainability
becomes a critical concern, traditional
construction management methods—often
siloed and linear—prove insufficient for
achieving integrated, optimal outcomes. In
response, innovative digital tools and
computational intelligence techniques are
emerging as effective solutions.

Among these tools, Building Information
Modeling (BIM) provides a  digital
representation of physical and functional
characteristics of a facility. It facilitates
enhanced coordination among stakeholders,
accurate visualization, and data-rich decision-
making throughout the lifecycle of a
construction project. However, while BIM
offers robust simulation and data integration
capabilities, it does mnot inherently solve
optimization problems.

Genetic  Algorithms (GA), inspired by
Darwinian evolution, provide a powerful
metaheuristic for solving complex, nonlinear,
and multi-objective optimization problems.
GAs operate via iterative processes of selection,
crossover, and mutation, enabling exploration
of vast solution spaces and convergence toward
global optima. When combined with BIM, GAs
can leverage BIM’s detailed project information
to identify the most efficient, cost-effective, and
sustainable construction solutions.

This study presents a hybrid framework—BIM-
GA—that integrates BIM and Genetic
Algorithm methodologies for multi-objective
optimization in construction projects. The main
goal is to simultaneously optimize cost, time,
environmental impact, and quality, thereby
contributing to smarter project management
aligned with sustainable development goals.

Methodology

The research follows a structured methodology
consisting of data collection, BIM-based
modeling, objective function formulation,
algorithm design, and comparative analysis.
Step 1 — Data Collection:

Project-specific data were collected from a real-
world case study—a five-story residential
building with a total built-up area of 2,500
square meters. This data included construction
drawings, technical specifications, proposed
scheduling plans, cost breakdowns, energy
usage data, and quality standards.

Step 2 — BIM Model Development:

Using  advanced BIM  software, a
comprehensive 3D model (3D BIM) was
created. The model incorporated architectural,
structural, and MEP (Mechanical, Electrical,
Plumbing) components, enriched with semantic
information such as cost, duration, and
environmental attributes. The 4D and 5D
simulation capacities of BIM were also utilized
for time and cost integration.

Step 3 — Defining Decision Variables and
Objective Functions:

The decision variables used in the optimization
process included:

*X1: Type of construction materials (traditional,
semi-prefabricated, fully prefabricated)

*X2: Number of workers allocated per activity
*X3: Scheduling strategy (parallel vs.
sequential)

*X4: Contractor selection (A, B, or C)

Four objective functions were formulated:

1. Minimization of total project cost (C)

2. Minimization of total project duration (T)
3.Maximization of environmental sustainability
index (S)

4. Maximization of construction quality score
Q)

Constraints:

* Total cost must not exceed 1,300 million IRR
* Duration must remain under 140 days

* Sustainability index must be greater than 0.7

* Quality score must be higher than 80

Step 4 — Genetic Algorithm Optimization:

An initial population of 50 chromosomes was
randomly generated, with each chromosome
representing a potential combination of decision
variables. The fitness of each chromosome was
evaluated using a weighted aggregation of the
four objective functions. Selection was
performed using the roulette wheel method.
Crossover and mutation operations were
applied at rates of 0.7 and 0.1 respectively. The
algorithm iterated until convergence was
achieved or a maximum of 200 generations was
reached.

Step 5S—Benchmarking and Sensitivity Analysis:
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To evaluate model robustness and performance,
the proposed BIM-GA model was compared
with three other metaheuristic algorithms:

» Particle Swarm Optimization (PSO)

» Simulated Annealing (SA)

* Ant Colony Optimization (ACO)
Additionally,  sensitivity  analysis  was
conducted to assess the impact of varying
parameters such as population size, mutation
rate, and objective weightings on optimization
outcomes.

Results and discussion

The BIM-GA model demonstrated strong
optimization performance across all objectives.
Key results include:

* Cost Reduction: Total project cost was
reduced from 1,380 million IRR to 1,250
million IRR—approximately 9.4% savings.

* Time Savings: Project duration decreased
from 155 days to 130 days—around 16%
improvement.

*Sustainability Enhancement: The
environmental sustainability index improved
from 0.68 to 0.76.

* Quality Improvement: Quality score increased
from 78 to 87, indicating a higher standard of
construction execution.

The convergence analysis showed that most
improvements were achieved within the first
100 generations, after which the solution space
stabilized. This highlights the model’s
computational efficiency and its ability to avoid
premature convergence.

Comparative Analysis confirmed that the BIM-
GA model outperformed PSO, SA, and ACO in
achieving balanced optimization across all four
objectives. While other algorithms showed
competence in isolated aspects (e.g., SA in cost
or ACO in time), only BIM-GA maintained
high performance across all metrics.
Sensitivity Analysis indicated that the model is
robust to changes in mutation rate and
population size, though optimal parameter
tuning can further improve convergence speed
and solution quality.

Conclusion

This research successfully demonstrates that
integrating Building Information Modeling
(BIM) with Genetic Algorithms (GA) provides
a comprehensive and powerful approach for the
multi-objective optimization of construction

projects. The BIM-GA framework enables data-
rich, model-driven decision-making that aligns
construction execution with strategic objectives
such as cost efficiency, timely delivery,
environmental responsibility, and quality
assurance.

The study’s main contributions include:

e A structured methodology for encoding
BIM project data into genetic algorithm
chromosomes

e Multi-objective optimization of real-world
construction variables and constraints

e Benchmarking the BIM-GA model against
established metaheuristic algorithms

e Validation through a real case study,
illustrating tangible improvements in

performance

Recommendations for Future Research:

1. Application in larger-scale projects across
various construction types (commercial,
industrial) for broader validation.

2. Integration with Al techniques such as
Artificial Neural Networks (ANNs) or
Reinforcement Learning to enhance
prediction and decision-making.

3. Use of cloud-based BIM platforms to allow
real-time updates and collaboration during
optimization.

4. Incorporation of IoT and sensor data to
enable dynamic, real-time feedback and
adaptive optimization on-site.

In conclusion, this research underscores the
transformative potential of digital-construction
synergies in driving sustainable development in
the built environment. The BIM-GA approach
serves not only as a computational model but
also as a strategic tool for construction
engineers, project managers, and policymakers
striving toward a more intelligent, sustainable,
and integrated future in construction project
delivery.
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