
양3-A-4- -12

국외학술발표

Shape Grammar-Driven Bim Model 

Database for A Modular Building 

Design Recommender System 

- ICCEPM 2024 The 10th International 

Conference on Construction Engineering and 

Project Management -

2024.11.

과 제 명 인공지능 기반의 건축설계 자동화 기술개발 

주 관 기 관 경북대학교 산학협력단

총 연 구 기 간 년 개월2021. 04 . 01 - 2025. 12 . 31(4 9 )

해당연도 차년(4 ) 년2024. 01 . 01 - 2024. 12 . 31(1 )

구 성 기 술 명 구성기술 3 설계 품질검토 자동화를 위한 지능형 설계서비스 보급 활용 기술개발·

세 부 과 제 명 3-A 지능형 설계적법성 평가 및 건축행정 서비스 지원 기술개발

공 동 연 구 기 관 경희대학교 산학협력단 코스펙이노랩, ㈜

연 구 기 관 경희대학교 산학협력단 연구책임자 김인한



Conference Sponsors and Supporting Organizations

ICCEPM 2024
The 10th International Conference on

Construction Engineering and Project 

Management

How innovative technology shapes sustainable built 
environment beyond limits for research and industry

Conference Hall, Hokkaido University
Sapporo, Hokkaido, Japan29th July – 1st August 2024 |

Proceedings of the 10th International Conference on Construction Engineering and Project Management

Edited by Han Tian, Ph.D., Tamura Atsushi, Ph. D., Nagumo Yosuke, Ph. D. and Jung In Kim, Ph. D.



                                                              ICCEPM2024 Sapporo 

15 
 

TECHNICAL PROGRAM PROCEEDINGS 

ROOM1 (DAY2&DAY3) 

 

SESSION CODE SESSION THEME SESSION CHAIR ROOM Theme DAY DATE START FINISH
Paper 

Number
Authors Title

DAY2-SESSION1-ROOM1 1. Industrialized and Modular Construction Sungkon Moon ROOM1 1,3,8 DAY2 30-Jul-24 10:30 10:45 36 Sangmin Park, Maxwell Fordjour Antwi-

Afari, Sanghyeok Han and Sungkon 

Moon

Classification and Improvement Directions for Mobile 

Crane Path Planning Algorithms: A Comprehensive 

Review

Multiple topics ROOM1 1,4 DAY2 30-Jul-24 10:45 11:00 9 Zhenglu Zhu and Kazuya Shide Construction Method Research Using Building 

Information Modeling: A Focus on the Precast Concrete 

Partitioning Method Leveraging Genetic Algorithms

ROOM1 1,4 DAY2 30-Jul-24 11:00 11:15 201 Saddiq Ur Rehman and Inhan Kim Shape Grammar-Driven BIM Model Database for a 

Modular Building Design Recommender System

ROOM1 1,4 DAY2 30-Jul-24 11:15 11:30 202 Ke Chen, Weixun Duan, Guichen Zhou 

and Gang Wang

A framework of welding digital twin for steel structures

ROOM1 2,10 DAY2 30-Jul-24 11:30 11:45 1 Kwanghyuk Im IM (Interindustry-Macro) Model on the Construction 

Sector

ROOM1 2,10 DAY2 30-Jul-24 11:45 12:00 188 William Collinge When sustainable technologies are ignored. Socio-

technical systems thinking, construction and sustainable 

development.

ROOM1 2,4,6 DAY2 30-Jul-24 12:00 12:15 67 Sining Li, Zhihao Ren, Yuanyuan Tian, 

Jung In Kim, Li Ma and Longyang 

Huang

Multi-objective optimization model for urban road 

maintenance planning using BIM, GIS, and DCE

DAY2-SESSION2-ROOM1 2. Sustainable Construction and Resilient 

Infrastructure/Cities/Communities

Manik Adhikari ROOM1 2,3 DAY2 30-Jul-24 13:15 13:30 19 Manik Adhikari, Seung-Bin Lee, Seong-

Wuk Kim, Hyeon-Jun Kim, Jeremie 

Tuganishuri, Sang-Guk Yum and Ji-

Myong Kim

Monitoring Roadbed Stability to Prevent Cascading 

Hazards in Daejeon City, South Korea, Using Sentinel-1 

SAR Data

Multiple topics ROOM1 2,4,8 DAY2 30-Jul-24 13:30 13:45 38 Kieun Lee, Taeyong Kim and Sungkon 

Moon

Simulation of Urban Environments for Disaster Risk  

Management: Comprehensive Review of Techniques and  

Future Directions

ROOM1 2,4,8 DAY2 30-Jul-24 13:45 14:00 43 Wonwoo Shin, Kyubyung Kang and 

Sungkon Moon

Enhancing Road Infrastructure Management: Pothole 

Detection Technology and Classification Standards

ROOM1 2,7 DAY2 30-Jul-24 14:00 14:15 282 Yerim Jo, Sangik Lee, Jonghyuk Lee, 

Byung-hun Seo, Dongsu Kim, Yejin 

Seo, Dongwoo Kim and Won Choi

Nonlinear Finite Element Method for Local Buckling in 

Plastic Greenhouse

ROOM1 3,4,7 DAY2 30-Jul-24 14:15 14:30 192 Thanh Luan Le and Sung-Ah Kim Mixed-input neural networks for daylight prediction

ROOM1 3,6 DAY2 30-Jul-24 14:30 14:45 50 Haneul Lee, Yeongchae Yun, 

Seokheon Yun and Youkyung Kim

The optimal method for imputing missing data in the 

preprocessing phase to enhance the performance of a 

DNN-based construction period prediction model

ROOM1 3,4 DAY2 30-Jul-24 14:45 15:00 59 Shadi Alathamneh, Busra Yucel, 

Junshan Liu and Scott Kramer

A Comparative Analysis of Point Clouds Acquired from 

Terrestrial Laser Scanning, UAV Photogrammetry, UAV-

based LiDAR, and 3D Virtual Tours in the Built 

Environment

SESSION CODE SESSION THEME SESSION CHAIR ROOM Theme DAY DATE START FINISH
Paper 

Number
Authors Title

DAY3-SESSION1-ROOM1 3. Sensing and Data Analytics for 

Construction (AI & Data Science)

Minkoo Kim ROOM1 3,4 DAY3 31-Jul-24 10:30 10:45 69 Francis Xavier Duorinaah, Samuel 

Olatunbosun, Jeong-Hun Won and 

Minkoo Kim

Advancing Construction Safety Through a Combination of 

Immersive Technologies and Physiological Monitoring – 

A Systematic Review.

Multiple topics ROOM1 3,6 DAY3 31-Jul-24 10:45 11:00 149 Nasrullah Khan, Syed Farhan Alam 

Zaidi, Aqsa Sabir, Muhammad Sibtain 

Abbas, Rahat Hussain, Dongmin Lee 

and Chansik Park

DTR : A Unified Detection-Tracking-Re-identification 

Framework for Dynamic Worker Monitoring in 

Construction Sites

ROOM1 3,6 DAY3 31-Jul-24 11:00 11:15 271 Junhee Jung, Seohyeon Yang, 

Emmanuel Kimito, Dohyeong Kim, 

Chansik Park and Dongmin Lee

Worker Customized Stress Monitoring through Body 

Composition Analysis and Wearable Bio-Sensor

ROOM1 3,8 DAY3 31-Jul-24 11:15 11:30 182 Wei Yi Hsu, Aritra Pal, Jacob J. Lin 

and Shang-Hsien Hsieh

Real-time Construction Progress Monitoring Framework 

leveraging Semantic SLAM

ROOM1 4,12 DAY3 31-Jul-24 11:30 11:45 127 Mehrtash Soltani, Akeem Pedro, Rahat 

Hussein, Si Van Tien Tran, Aqsa Sabir, 

Doyeop Lee and Chansik Park

Enhancing Construction Jobsite Safety Training Through 

iSAFEEducation: A Novel Approach Using Industry 4.0 

Technologies

ROOM1 2,8 DAY3 31-Jul-24 11:45 12:00 215 Chen Li, Ke Chen and Hanlin Li Cross-Learning Enhanced Semi-Supervised Point Cloud 

Semantic Segmentation for Sewer Inspection

ROOM1 3,12 DAY3 31-Jul-24 12:00 12:15 142 Syed Farhan Alam Zaidi, Muhammad 

Sibtain Abbas, Rahat Hussain, Aqsa 

Sabir, Nasrullah Khan, Jaehun Yang 

and Chansik Park

iSafe Chatbot: Natural Language Processing and Large 

Language Model driven Construction Safety Learning 

through OSHA Rules and Video Content Delivery

ROOM1 3,6 DAY3 31-Jul-24 12:15 12:30 281 Byunghee Yoo, Yuncheul Woo, Jinwoo 

Kim, Moonseo Park and Changbum 

Ryan Ahn

Improving Explainability of Generative Pre-trained 

Transformer Model for Classification of Construction 

Accident Types: Validation of Saliency Visualization

DAY3-SESSION2-ROOM1 4. Visualization, Information Modeling, and 

Simulation (Digital Twin, AR/VR, BIM)

Fahran Alam Zaidi /Chansik Park ROOM1 4,12 DAY3 31-Jul-24 13:15 13:30 133 Aqsa Sabir, Rahat Hussain, Syed 

Farhan Alam Zaidi, Muhammad Sibtain 

Abbas, Nasrullah Khan, Chansik Park 

and Dr. Doyeop Lee

Integrating Conversational AI-Based Serious Games to 

Enhance Problem-Solving Skills of Construction Students

Multiple topics recorded presentation ROOM1 4,12 DAY3 31-Jul-24 13:30 13:45 135 Rahat Hussain, Aqsa Sabir, 

Muahmmad Sibtain Abbas, Nasrullah 

Khan, Syed Farhan Alam Zaidi, 

Chansik Park and Doyeop Lee

Multi-agent Conversational AI System for Personalized 

Learning of Construction Knowledge.

recorded presentation ROOM1 4,12 DAY3 31-Jul-24 13:45 14:00 136 Rahat Hussain, Akeem Pedro, 

Mehrtash Soltani, Tran Van Tien Si, 

Syed Farhan Alam Zaidi, Chansik Park 

and Doyeop Lee

Enhancing Leadership Skills of Construction Students 

Through Conversational AI-Based Virtual Platform

ROOM1 4,6 DAY3 31-Jul-24 14:00 14:15 66 Shuhan Yang, Ke Dai, Zhihao Ren, 

Jung In Kim, Bin Xue, Dan Wang and 

Wooyong Jung

Excavation schedule optimization for hardrock tunnels 

based on Q-learning

ROOM1 4,6 DAY3 31-Jul-24 14:15 14:30 236 Thai-Hoa Le and Jacob J. Lin An On-site and Off-site Collaborative Safety Monitoring 

Framework using Augmented and Virtual Reality for Near-

miss Incidents

ROOM1 4,7 DAY3 31-Jul-24 14:30 14:45 141 Shuhei Tazawa, Yui Sato, Stephanie 

Bay, Yoko Nagayama and Jun Inoue

Improving Efficiency of University Campus Facility 

Management Using Digital Twin

ROOM1 3,4 DAY3 31-Jul-24 14:45 15:00 151 Jinwu Xiao, Jiashu Hu, Sungkon Moon 

and Kyubyung Kang

Reconstructing and Visualizing Construction Progress 

Using Neural Radiance Fields

ROOM1 2,10 DAY3 31-Jul-24 15:00 15:15 287 Kwanghyuk Im Interindustry-Macro (IM) Model on the Construction 

Sector

DAY3-SESSION3-ROOM1 4. Visualization, Information Modeling, and 

Simulation (Digital Twin, AR/VR, BIM)

Christina Gross ROOM1 4,9,11 DAY3 31-Jul-24 15:15 15:30 259 Changmin Pyo, Donghwi Yoo and 

Jaewoong Kim

Design of considering distortion after high energy 

manufacturing with Finite element analysis & Deep 

learning

Multiple topics ROOM1 5,6 DAY3 31-Jul-24 15:30 15:45 46 Christina Gross, Philip Sander and 

Christian Trapp

A novel Approach to Risk Management for University 

Research Projects

ROOM1 5,6,10 DAY3 31-Jul-24 15:45 16:00 35 Wonwoo Shin, Sanghyeok Han and 

Sungkon Moon

Advancing Defect Resolution in Construction: Integrating 

Text Mining and Semantic Analysis for Deeper Customer 

Experiences

ROOM1 6,10 DAY3 31-Jul-24 16:00 16:15 95 Jaehyun Park and Sungkon Moon STRATEGIC FRAMEWORK FOR DIGITAL 

TRANSFORMATION IN ARCHITECTURE, 

ENGINEERING, AND CONSTRUCTION 

ORGANIZATIONS

ROOM1 6,10,12 DAY3 31-Jul-24 16:15 16:30 247 Keito Sadamatsu A Survey of the Structure of Construction Projects Using 

BIM ~Focusing on Malaysia and Vietnam~

ROOM1 2,11 DAY3 31-Jul-24 16:30 16:45 261 Jason Ting, Foo Wei Lee, Ming Kun 

Yew, Ren Jie Chin and Chun Chieh Yip

Particle Size Dependent Enhancement of Compressive 

Strength and Carbonation Efficiency in Steel Slag 

Cementitious Composites

ROOM1 2,11 DAY3 31-Jul-24 16:45 17:00 262 Jason Ting, Foo Wei Lee, Ming Kun 

Yew, Kim Hung Mo and Yip Chun 

Chieh

STRUCTURAL PERFORMANCES OF RUBBERIZED 

CONCRETE WALL PANEL UTILIZING FIBER CEMENT 

BOARD AS SKIN LAYER.

Dongyoung
직사각형




i 

 

Table of Content 

 

 

I. INDUSTRIALIZED AND MODULAR CONSTRUCTION 

 
 

1 

 Construction Method Research Using Building Information Modeling: A Focus on 

The Precast Concrete Partitioning Method Leveraging Genetic Algorithms 

2 

 Zhenglu Zhu and Kazuya Shide 

 

 

 A Basic Study on Comparative Analysis of The Characteristics and Performance of 

Different Types of Mechanical Rebar Coupler for Sustainable Built Environment 

10 

 Jeeyoung Lim, Sunkuk Kim and Ayomi Dita Rarasati 

 

 

 Classification And Improvement Directions for Mobile Crane Path Planning 

Algorithms: A Comprehensive Review 

18 

 Sangmin Park, Maxwell Fordjour Antwi-Afari, Sanghyeok Han and Sungkon Moon  

 Multi-Objective Permutation Flow Shop Scheduling in Precast Production Under 
Consideration of Embodied Carbon Emissions 

25 

 Zhongfu Li and Ruiyan Zheng 

 

 

 Survey-Based User Perception Analysis for Off-Site Construction in Institutional 

Building 

33 

 Chaeyeon Yu, Hojeong Jeong and Sungjin Kim 

 

 

 Measuring And Reducing the Embodied Carbon in High-Rise Buildings Through 

Innovative Modular Construction 

41 

 Xiaohan Wu, Yue Teng, Geoffrey Qiping Shen and Jingke Hong 

 

 

 A Study on The Lower Shape of Double-Curved and Polygonal Free-Form Concrete 

Panel 

49 

 Kyeongtae Jeong, Jongyoung Youn, Chaeyeon Yu and Donghoon Lee 

 

 

 Multi-Objective Production Scheduling of Precast Concrete Based on Reinforcement 

Learning 

56 

 Leting Zu and Wenzhu Liao 

 

 

 Research On Risk Quantification of Pc Components Production Scheduling Based on 

DBR 

63 

 Shuyan Ji, Yuechuan Wang and Yingmin Li 

 

 

 Shape Grammar-Driven Bim Model Database for A Modular Building Design 

Recommender System 

70 

 Saddiq Ur Rehman and Inhan Kim 

 

 

 A Framework of Welding Digital Twin for Steel Structures 77 

 Ke Chen, Weixun Duan, Guichen Zhou and Gang Wang 

 

 

 A New Composite Wall Inner Tie System Applied in Reinforced Concrete Modular 

Integrated Construction 

85 

 Xiaokang Zou, Jiang Huang, Wenjie Lu, Jun Shi, Zhen Zhao and Tian Shi 

 

 

II. SUSTAINABLE CONSTRUCTION AND RESILIENT 

INFRASTRUCTURE/CITIES/COMMUNITIES 

 

 

93 

 Systematic Literature Review of Sustainable Construction Projects for Carbon 

Neutrality 

94 

Dongyoung
직사각형




 

ICCEPM 2024 

The 10th International Conference on Construction Engineering and Project Management 
Jul. 29-Aug.1, 2024, Sapporo 

 

Shape Grammar-Driven BIM Model Database for a Modular 

Building Design Recommender System 

 

Saddiq Ur REHMAN1,*, Inhan KIM2,# 

 
1Department of Architecture, Graduate School of Kyung Hee University, Korea, E-mail address: 

saddiqurrehman@khu.ac.kr  
2Department of Architecture, Graduate School of Kyung Hee University, Korea, E-mail address: 

ihkim@khu.ac.kr  

 
Abstract: The absence of standardized architectural design configurations poses significant challenges 

in stakeholder collaboration during the pre-design phase, particularly for modular buildings. Clients 

often lack comprehensive knowledge of potential design configurations for their proposed buildings, 

leading to dissatisfaction upon project completion. This issue is exacerbated in office buildings where 

floor plan layouts are uncertain due to diverse employee needs. To address these challenges, this 

research introduces a BIM-based dataset for modular office buildings using shape grammar principles. 

The research manipulates the location of core modules (including staircases, elevator shafts, and 

entrances) based on shape grammar principles, resulting in twenty unique configurations that provide 

standardized options for BIM model development. The initial phase involves developing a naming 

convention based on shape grammar principles to determine the core module locations. Using this 

convention, BIM models for modular office buildings are created, forming a database connected to the 

frontend and backend of a recommender system. This system recommends three different design options 

to clients based on their specific needs, fostering improved collaboration in the pre-design phase by 

involving clients directly. The user interface of the recommender system aids clients in understanding 

potential office building configurations, thereby enhancing collaboration and decision-making. Through 

the amalgamation of shape grammar principles and BIM technology, this proposed system offers a 

promising approach to advancing efficiency and precision in architectural design communication and 

representation. 

 
 

Key words:  Architectural Design, BIM (Building information Modeling), Modular building, Shape 

Grammar, Naming Convention. 

 

1. INTRODUCTION AND BACKGROUND 

The Architecture, Engineering, and Construction (AEC) industry's complexity and collaborative 

requirements underscore the need for cohesive teamwork among clients, architects, engineers, and 

construction professionals. This intricate nature of collaboration introduces various challenges in project 

design and construction [1], including issues such as ineffective communication, divergent stakeholder 

priorities, and difficulties in information management [2]. These challenges can impede the 

collaborative efforts of clients and project teams. For instance, representing building designs accurately 

and comprehensively presents two major challenges: handling heterogeneous data sources from 

architecture, engineering, and interior design, and addressing the dynamic evolution of designs to meet 

the client's evolving needs. Efficient communication is essential for achieving clear project 

understanding, fostering collaboration, facilitating effective problem-solving, and ultimately achieving 

successful architectural outcomes [3]. Effectively communicating the floor plan layout configuration to 

the client is a paramount element in design collaboration during the initial design phase. For instance, 
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in modular construction, where the design is tailored for both manufacturing and assembly phases, 

accurate communication of the initial design and building layout to the client is crucial. Failure to do so 

may lead to design modifications that significantly impact on the manufacturing phase, potentially 

causing project delays or cost escalations. Most often, architects design the floor plan layout based on 

their expertise in the field, anticipating minimal changes from the client on some occasions. However, 

diverse clients with varied needs, and different project types, such as offices and residential buildings, 

exhibit distinct layout requirements. When it comes to core modules and entrances in modular office 

buildings, the design must be flexible and customizable, comfortable, durable, aesthetically-pleasing, 

sustainable, and accessible. The use of modular designs in the office offers unique spaces and features 

that can adjust to meet the changing dynamics of the workplace. 

 BIM significantly streamlines design processes by serving as a centralized repository for project 

information, promoting collaboration, and enabling design analysis and optimization [4]. Developing a 

BIM based framework can improve design configuration efficiency, communication, and collaboration. 

However, BIM alone cannot address the client needs for floor plan configuration. To address these 

issues, a framework or a system that provides a structured representation of office building design details 

is required. Integrating BIM with shape grammar to create a system that represents the configuration of 

floor plans can improve communication and make it easier to address client needs in the plans in a 

seamless manner. Integrating BIM with information technology can further improve the collaboration 

among project stakeholders [5,6]. However, this process model of enhancing project productivity 

through effective communication is yet to be studied. A predefined and agreed-upon BIM based naming 

convention and standard is a condition without which the project could not succeed [7,8]. Applying 

these standards to directories, files, parameters, and any element shared among the stakeholders will 

guarantee fewer misunderstandings and errors when exchanging data. 

Shape grammar, developed by Stiny and Gips [9], serves as a computational formalism for generating 

geometric shapes. Functioning as a design generation method, shape grammar executes rules to create 

designs, offering an efficient approach for automation in architectural design. In architecture, it is a 

method that generates architectural shapes and spatial configurations using predefined rules and 

operations, extensively researched, and applied in various projects [10]. For instance, GPLAN, a 

software dedicated to constructing dimensioned floorplan layouts, utilizes graph-theoretical and 

optimization techniques [11]. It takes user requirements in two forms: Adjacency graph and 

Dimensionless layout. GPLAN then generates dimensioned floorplans based on the provided 

adjacencies. In the realm of BIM, this approach suggests that each distinct floor plan layout, defined by 

a specific set of shape rules, could be assigned a unique identifier. Such an identification system would 

facilitate easier referencing, tracking, and modification of floor plans within a BIM system. However, it 

is essential to recognize that implementing such a system demands careful consideration of factors like 

the complexity of the shape rules, the diversity of potential floor plan layouts, and the system's flexibility 

and adaptability to changes in design requirements. Furthermore, the integration of shape grammar with 

visual coding [12] and reinforcement learning [13] has been employed to create diverse configurations 

for floor plan layouts. Additionally, it is noteworthy that research has explored real-time procedural 

generation of building floor plans [14]. This involves developing algorithms capable of generating floor 

plans resembling those created by architects, with potential for further refinement and adjustment. 

Integration of such algorithms into a BIM system could automate the assignment of unique identifiers 

to each generated floor plan. 

This paper aims to create a modular office building dataset for an office recommender system, 

featuring diverse configurations to enhance communication with clients during the initial design phase. 

The research scope encompasses the adoption of shape grammar principles for floor plan layout 

development, the creation of a BIM model dataset, and its integration into the recommender system. 

This article is structured as follows: Section 2 outlines the methodology which covers the development 

of the naming conventions, and its application in BIM, Section 3 depicts BIM dataset integration into a 

recommender system and finally, Section 6 presents the conclusion and provide few future 

recommendations. 

2. RESEARCH DESIGN AND EXCUTION 

Figure 1 illustrates the research methodology employed to establish a BIM database based on shape 

grammar principles for recommender system. The subsequent sections will provide a concise 

elaboration on how this methodology has been implemented to fulfill the objectives of this paper. 
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Fig. 1 Research Flow chart 

 

2.1 Systematic naming convention development 

The naming convention developed for modular office buildings comprises various modules to 

formulate both individual floor plans and the entire model. Specifically, modules containing stairs and 

an elevator are identified as core modules. The location of these core modules, along with the main 

entrance to the building, serves as parameters for the application of shape grammar principles, resulting 

in unique configurations. The initial assumption is a rectangular layout for the building, as illustrated in 

Figure 2. The shape grammar principles used in the floor plan layout configuration are 1) Symmetry and 

Asymmetry, 2) Proximity and Accessibility, 3) Orientation and view, 4) Modularity and repetition, 5) 

user-centered design, and 6) flexibility in configuration. 

 

 
Fig. 2 Core modules configuration based on shape grammar principles 
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 Applying shape grammar principles led to the creation of 20 distinctive floor plan configurations. 

Each configuration is assigned a unique identifier based on its core module location, represented by a 

three-letter code. The first letter, "O," consistently denotes an office, while the second and third letters 

signify the direction of core module and main entrance placement—R (Right), L (Left), U (Upper), B 

(Bottom), and C (Center). Table 1 shows the unique three letter code generated using the shape grammar 

principles and Figure 2 shows its corresponding typical configuration. 

 

Table 1: Unique three letters codes generated for office buildings layout using naming systems 

No. Code Description 

1 ORR Office with Core Modules on the Right, Entrance on the Right 

2 ORL Office with Core Modules on the Right, Entrance on the Left 

3 ORU Office with Core Modules on the Right, Entrance on the Top 

4 ORB Office with Core Modules on the Right, Entrance at the Bottom 

5 OLL Office with Core Modules on the Left, Entrance on the Left 

6 OLR Office with Core Modules on the Left, Entrance on the Right 

7 OLU Office with Core Modules on the Left, Entrance on the Top 

8 OLB Office with Core Modules on the Left, Entrance at the Bottom 

9 OUR Office with Core Modules on Upside, Entrance on the Right 

10 OUL Office with Core Modules on Upside, Entrance on the Left 

11 OUB Office with Core Modules on Upside, Entrance on the Bottom 

12 OUU Office with Core Modules on Upside, Entrance on the Top 

13 OBR Office with Core Modules at the Bottom, Entrance on the Right 

14 OBU Office with Core Modules at the Bottom, Entrance at the upside 

15 OBL Office with Core Modules at the Bottom, Entrance on the Left 

16 OBB Office with Core Modules at the Bottom, Entrance at the Bottom 

17 OCL Office with Core Modules at the Center, Entrance at the Left 

18 OCR Office with Core Modules at the Center, Entrance at the Right 

19 OCU Office with Core Modules at the Center, Entrance at the Upside 

20 OCB Office with Core Modules at the Center, Entrance at the Bottom 

 

The three-letter unique identifier is combined with additional parameters, including design number, 

building configuration mirroring, and rotation. Rules are established for mirroring and rotation 

operations. Mirroring options include horizontal (MH), vertical (MV), or simultaneous horizontal and 

vertical mirroring (MX). Rotation, limited to 90-degree increments in the clockwise direction, is 

represented by Rx, R1, R2, and R3, corresponding to 0, 90, 180, and 270 degrees, respectively. Figure 

3 showcases the final naming convention demonstrating the integration of shape grammar principles 

and parameters into a coherent and systematic approach for uniquely identifying and categorizing 

diverse floor plan configurations within the modular office building. Table 2 depicts the naming 

conventions developed for floor plan with core module to the Right and with different entrance 

directions. 

 

 
Fig. 3 Final naming convention for office building configuration 
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Table 2: BIM models attributes corresponding to unique ID generated through naming convention 

Unique ID Land area (sq.m) Floor area (sq.m) 
Number of 

floors 
Gross floor area (sq.m) 

ORR-01-M0-00 630 366 12 4386 

ORL-01-M0-00 507 327 9 2940 

ORU-01-M0-00 455 305 8 2444 

ORB-01-M0-00 255 126 7 880 

 

2.2 Application in BIM models 

The 20 unique office building configurations were translated into BIM models using Autodesk Revit, 

resulting in diverse floor plan layouts with varying building shapes and areas, as depicted in Figure 4. 

These BIM models serve as templates for generating new office building configurations. The naming 

convention, reflecting core module locations in an easily understandable format, facilitates clear 

communication among project stakeholders, including the client. This system ensures the seamless 

incorporation of client needs into the templates. The BIM models are exported to IFC files to create a 

dataset of office building models which will be used in recommendation system in future. 

The BIM modeling incorporates modular properties in its configuration and 3D modeling, dividing 

the model into different modules of sizes (3x9) m and (3x6) m. Core modules, including the staircase, 

elevator shaft, and entrance, are identified, and their locations are determined using naming conventions. 

Once a standard configuration is established for a specific area, it can be extended to different area sizes 

by adding extra modules to one side of the floor plan. This configuration allows for easy fulfillment of 

the client's area needs by maintaining the same core module locations despite the addition of extra 

modules. 

 

 
Fig. 4 BIM dataset development 

 

3. BIM DATASET UTILIZATION IN RECOMMENDER SYSTEM 

The naming convention operates within the BIM database of the recommender system, assigning a 

unique ID to each BIM model. This unique identifier serves as a representation of the configuration of 

the BIM model. The use of a unique ID facilitates seamless comparison with the specific requirements 

of the client, streamlining the recommendation process. Users input their building configuration 

preferences, and these input values are compared with the BIM database utilizing cosine and Euclidean 

similarity functions. These functions rank the top three most suitable models from the BIM database. 

Users can then view the recommended models in both 2D and 3D on the output page, with rendered 

views enhancing the realism for a more immersive client experience. Figure 5 shows the process of 
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recommender system for office building design based on client needs. 

 

 
Fig. 5 Process framework of the design recommendation system 

 

Figure 6 shows the user interface for the recommender system in which the client chooses the attributes 

of building for recommendations. Clients have the flexibility to select various floor plan parameters, 

including floor area, core module locations, the number of core module locations, the number of floors, 

and floor area ratio, enabling a tailored and comprehensive customization of their building 

configurations. It can be seen in the figure that the core module location selection is provided in the user 

interface which is based on the naming conventions and its value can be automatically determined from 

the unique ID of the BIM model in the backend.  

 

 
Fig. 6 User interface for the office building recommender system 

4. CONCLUSION 

This research introduced a BIM-based dataset for modular office buildings using shape grammar 

principles to manipulate core module locations, resulting in twenty unique configurations. It employs a 

naming convention based on shape grammar to guide the placement of modules, creating BIM models 

connected to a recommender system. This system suggests three design options, involving clients 

directly and enhancing collaboration in the pre-design phase. The developed naming conventions 

uniquely represent office building floor plan layouts, allowing the creation of distinct IDs for different 

design configurations. This system is particularly effective for handling big data and large data sets of 

office buildings. Additionally, it facilitates easy identification of specific models based on client 

requirements for core module locations, reducing miscommunication between designers and clients. 

Furthermore, the unique BIM models can serve as templates for developing new office building 
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configurations. The recommender system helps in enhancing the collaboration of client in the predesign 

phase which reduces any possible design changes in the future of project execution. 

Besides the many contributions and advantages of the BIM dataset and recommender system, there 

is still more research needed to be carried out. For example, the dataset use for recommender system is 

not enough to fulfill all the client needs and the recommendation may not match 100% with client needs, 

so improving the dataset by adding more BIM models can enhance the recommendation system. 

Moreover, the client needs should be studied through systematic survey to determine what are some 

needs which the client want in their office building configuration. 
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