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1. Introduction

The building structural design industry primarily relies 

on manual workflows, which results in significant obstacles 

such as limited design efficiency, low data reuse rates, and 

over-reliance on the experience of senior engineers. Hence, 

a more automated and intelligent approach to structural 

design is urgently required.

Engineers have endeavored to develop efficient, automated, 

and intelligent computer-aided design methods. Automatic 

design methods have been primarily investigated based on 

expert systems and heuristic algorithms (Zhang et al., 

2017; Tafraout et al., 2019; Lou et al., 2021; Zhou et al., 

2022). However, the automated design methods mentioned 

above encounter challenges in learning from design data, 

empirical knowledge, and mechanical principles; they 

exhibit relatively low optimization efficiency and typically 

require more than 10 h of processing time. Hence, the 

intelligence of building structural design must be enhanced 

by developing efficient and intelligent methods that can 

learn from available design data to satisfy the efficiency 

requirements of scheme design and provide more diverse 

design scheme references.

Deep learning, particularly generative artificial intelligence 

(AI), has demonstrated remarkable proficiency in acquiring 

design data features and generating new content, thereby 

effectively addressing the challenges of structural design 

data learning and intelligent design generation. Deep learning 

has become a novel production tool for researchers and 

fosters new scientific research paradigms (Alibaba DAMO 

Academy, 2021). In recent years, generative AI has 

garnered significant attention in research owing to its high 

content-generation abilities (Alibaba DAMO Academy, 

2023). 

In this study, AI design technologies developed for 

building structures that utilize generative AI are proposed. 

Based on generative AI algorithms such as generative 

adversarial networks (GANs) and graph neural networks 

(GNNs), data feature extraction and representation methods 

are proposed, and AI generation methods that integrate 

constraints such as architectural design images, design 

specification texts, mechanics principles, and the corres-

ponding design evaluation methods are developed. These 

proposed methods facilitate the AI design of vertical and 

horizontal component layouts, as well as the cross-sectional 

size of the components in reinforced concrete (RC) shear 

walls and frame structures of tall buildings.

2. Generative AI-driven design for building 
structures

Figure 1 shows the generative intelligent design process 
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of building structures. By leveraging advanced deep learning 

algorithms, the system can learn from the drawing data of 

existing structural design data and empirical knowledge, 

thereby acquiring structural design abilities. The trained 

deep neural network can subsequently intelligently generate 

structural designs based on the architectural drawing input 

(Liao et al., 2021 & 2022 & 2023; Lu et al., 2022; Zhao et 

al., 2022 & 2023a & 2023b & 2023c; Fei et al., 2022a & 

2022b; Pizarro et al., 2021a & 2021b).

The authors developed a series of AI design methods and 

investigated the extraction and representation of data 

features, the implementation of AI generation algorithms, 

and the evaluation methodologies. The result shows that 

the methodologies investigated effectively facilitated the 

intelligent design of vertical and horizontal component 

layouts, cross-sectional sizes of structural components, and 

isolation bearings in RC shear walls and frame structures 

of tall buildings.

3. Generative AI-driven layout design of 
vertical components

3.1. GAN-based shear wall structure design

A design methodology for shear wall structures (referred 

to as StructGAN, as depicted in Figure 2(a)) is proposed. 

StructGAN utilizes an image-synthesis GAN to address the 

challenge of mapping architectural design drawings to 

structural design drawings (Liao et al., 2021). Additionally, 

an image-text fusion GAN and its corresponding structural 

design methodology (referred to as StructGAN-TXT, as 

depicted in Figure 2(b)) are proposed, which address the 

issue arising from generating structural designs guided by 

Figure 1. Generative intelligent design for building structures.

Figure 2. GAN-based intelligent scheme design for shear wall structures. (a) StructGAN; (b) StructGAN-TXT; (c) StructGAN-
PHY; (d) StructGAN-AE.
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design conditions (Liao et al., 2022). Furthermore, a 

mechanics-enhanced GAN and its mechanics-data co-

training method (referred to as StructGAN-PHY, as depicted 

in Figure 2(c)) are proposed to address the challenge arising 

from structural design constraints based on mechanical 

properties (Lu et al., 2022). Finally, an attention-mechanism-

enhanced GAN (referred to as StructGAN-AE, as depicted 

in Figure 2(d)) is proposed to improve the design details of 

key areas, such as elevators and balconies in building 

structures (Zhao et al., 2023a).

3.2. GNN-based shear wall structure design

The use of a graph to represent the design of a shear wall 

structure offers the advantages of clear topology and 

seamless integration with subsequent design processes. By 

representing the shear wall design as graph data features 

and utilizing a GNN for data learning, one can intelligently 

generate shear wall structure schemes from architectural 

schemes. The intelligent design approach for shear wall 

structures based on graph representation and GNN-based 

generation is illustrated in Figure 3(a) (Zhao et al., 2023c). 

In this method, the input graph node represents the com-

ponent end, and the node features comprise x- and y-

coordinates. The input graph edge represents the component, 

and the edge feature comprises the one-hot code of the 

component category, the coordinates of two nodes of the 

edge, and the edge length. After extracting and mapping 

the features using the GNNs, the output graph edge 

features become the length features of the shear wall 

components. In contrast to AI design techniques based on 

image learning, graph representation and GNN learning 

exhibit higher effectiveness, yielding results that align 

closely with engineers’ expectations (Zhao et al., 2023c). 

4. Generative AI-driven layout design of 
horizontal components

4.1. GAN-based design for beams of shear wall structure

When designing shear wall structures, one must focus on 

not only the shear wall components, but also the horizontal 

beam components. Unlike the design of shear walls, the 

design of beam layouts should consider both the spatial and 

structural properties of buildings. Hence, Zhao et al. (2022) 

proposed a GAN for the coupled learning of building 

components and spatial layouts, in addition to a corres-

ponding beam component design method. To create the 

necessary input data, semantic architectural and structural 

component images, as well as building space attribute 

images, are generated based on the original shear wall 

design CAD drawings (Figure 4). Through the coupled 

learning of these architectural components and space 

attributes, the GAN can master the ability to convert 

architectural designs into beam structural designs. 

Consequently, the trained intelligent design method can 

generate highly consistent beam component layouts that 

align with the engineer’s design (Figure 4).

4.2. GNN-based beam design of frame structure

The topological characteristics of beam-column com-

ponents in frame structures are important, which renders 

the application of image representation-based AI design 

methods challenging in the layout design of frame beams. 

To overcome this issue, a novel design method for frame–

beam components using a GNN is proposed. In this 

approach, frame columns and beams are represented as 

nodes and edges in a graph, respectively. Whether the 

corresponding features are beams can be determined by 

predicting the attributes of the nodes and edges (Zhao et 

al., 2023b). In the graph representation method, where the 

nodes represent frame columns, the edges denote the 

connection relationship between columns. The GNN 

model is trained using this representation method and 

applied to the frame beam design. The beam design results 

for a typical complex frame structure are shown in Figure 

5. The AI design is highly consistent with the engineer’s 

design, with a consistency rate exceeding 95%.

5. Generative AI-driven cross-sectional size 
design

A domain knowledge-enhanced GAN, known as Struct 

GAN-KNWL, and its corresponding design method for the 

Figure 3. GNN-based intelligent scheme design for shear wall structures.
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cross-sectional size of the frame-core tube structural 

components are proposed (Fei et al., 2022a, Figure 6(a)). 

First, StructGAN-KNWL learns the mapping relationship 

among the component size, overall design conditions, 

specific component location, and planar size of a structure 

by analyzing several drawings and design conditions. 

Moreover, design rules such as component size symmetry, 

consistent sizes of collinear outer and inner walls, and 

section size decrease along the height are introduced in the 

AI learning of the frame-core tube structure design. These 

rules are expressed as differentiable tensor operators, 

which ensures the effective learning of design rules. After 

a comprehensive analysis of design rule-data coupling, the 

knowledge-enhanced AI design algorithm successfully 

completes the cross-sectional design of the columns and 

walls. The design outcomes complied with the relevant 

design rules (Figure 6(b)) and exhibited a high degree of 

consistency with the engineers’ designs. Moreover, the 

mechanical properties of the components satisfied the 

specification requirements (Fei et al., 2022a).

6. Generative AI-driven parametric design 
of seismic isolation bearings

Acquiring seismic isolation design data is extremely 

difficult, which renders it challenging to develop data-

driven intelligent design methods. Therefore, a self-

supervised parameter design method for seismic isolation 

bearings co-guided by mechanical principles and empirical 

rules is proposed. After inputting the upper shear wall 

structure layout, the seismic isolation bearing layout design 

is automatically generates; subsequently, the trained 

intelligent design algorithm generates the parameters of the 

seismic isolation bearings (Liao et al., 2023) based on the 

Figure 4. GAN-based beam design of shear wall structure.

Figure 5. GNN-based intelligent design of frame beam.

Figure 6. Empirical knowledge-enhanced GAN for cross-sectional size design of structural components. (a) Knowledge-
enhanced GAN. (b) Sectional size designs of frame-core tube.
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layouts of the shear walls and isolation bearings. As shown 

in Figure 7(a), the training of the generator is simultaneously 

guided by the mechanical performance evaluator (i.e., 

ResNet 18-based surrogate model), empirical rule evaluator 

(i.e., differentiable tensor operators), and discriminator, 

thus enabling the intelligent design of seismic isolation 

bearing parameters without learning from ground-truth 

data. The analysis of typical seismic isolation design cases 

shows that the structure designed using this method 

effectively satisfies the code limit (Figure 7(b)) and that the 

structural design result is similar to the engineer’s design; 

consequently, the structural dynamic response is reduced and 

the structural seismic resilience is improved (Figure 7(c)).

7. Conclusions and discussion

The automation and intelligent transformation of building 

structure design are urgently required to enhance design 

efficiency and quality. The scheme design capabilities of 

the vertical, horizontal, and component sizes of shear walls 

and frame-core tube structures can be effectively learned 

from existing building structural design data, empirical 

knowledge, and mechanical principles using generative AI, 

thus providing favorable technical support for the 

intelligent transformation of building structural designs.

Whereas generative AI can design building structures, its 

current capabilities are relatively limited. Significant 

challenges in terms of data, algorithms, and evaluation 

methods must be addressed. The number of unconventional 

structural designs available for training data is limited. AI 

algorithms struggle to effectively learn complex domain 

knowledge from small sample sizes, and evaluation 

methods that rely significantly on domain knowledge are 

difficult to use for guiding AI learning. Further research is 

required to address these issues. Therefore, the research 

and development of relevant technologies must be continued 

to unlock their full potential.

Acknowledgment

This work is supported by the Research Project of China 

Civil Engineering Society (2023-05). the China Post-

doctoral Science Foun-dation (2022M721879), and the 

Tencent Foundation through the XPLORER PRIZE.

References

Alibaba DAMO Academy (2021). 2022 Top ten technology 
trends of DAMO academy. https://damo.alibaba.com/
techtrends/2022 (in Chinese)

Alibaba DAMO Academy (2023). 2023 Top ten technology 
trends of DAMO academy. https://damo.alibaba.com/
techtrends/2023 (in Chinese)

Fei, Y., Liao, W., Huang, Y., & Lu, X. (2022a). Knowledge-
enhanced generative adversarial networks for schematic 
design of framed tube structures. Automation in Construction, 
144, 104619.

Fei, Y., Liao, W., Zhang, S., Yin, P., Han, B., Zhao, P., ... & 
Lu, X. (2022b). Integrated schematic design method for 
shear wall structures: a practical application of generative 
adversarial networks. Buildings, 12(9), 1295.

Liao, W., Huang, Y., Zheng, Z., & Lu, X. (2022). Intelligent 
generative structural design method for shear wall building 
based on “fused-text-image-to-image” generative adversarial 
networks. Expert Systems with Applications, 210, 118530.

Liao, W., Lu, X., Huang, Y., Zheng, Z., & Lin, Y. (2021). 
Automated structural design of shear wall residential 
buildings using generative adversarial networks. Automation 
in Construction, 132, 103931.

Liao, W., Wang, X., Fei, Y., Huang, Y., Xie, L., & Lu, X. 

(2023). Base-isolation design of shear wall structures 

using physics-rule-co-guided self-supervised generative 

Figure 7. Mechanics and rules co-guided GAN for parametric design of seismic isolation bearings. (a) Mechanics and 
rules co-guided GAN. (b) Mechanical performance satisfying code limit. (c) Seismic response comparison among the 
designs of GAN, engineer, and non-isolated.



208 Wenjie Liao et al. | International Journal of High-Rise Buildings

adversarial networks. Earthquake Engineering & Structural 

Dynamics.

Lou, H., Xiao, Z., Wan, Y., Quan, G., Jin, F., Gao, B., & Lu, 

H. (2022). Size optimization design of members for shear 

wall high-rise buildings. Journal of Building Engineering, 

61, 105292.

Lu, X., Liao, W., Zhang, Y., & Huang, Y. (2022). Intelligent 

structural design of shear wall residence using physics-

enhanced generative adversarial networks. Earthquake 

Engineering & Structural Dynamics, 51(7), 1657-1676.

Pizarro, P. N., & Massone, L. M. (2021a). Structural design 

of reinforced concrete buildings based on deep neural 

networks. Engineering Structures, 241, 112377.

Pizarro, P. N., Massone, L. M., Rojas, F. R., & Ruiz, R. O. 

(2021b). Use of convolutional networks in the conceptual 

structural design of shear wall buildings layout. Engineering 

Structures, 239, 112311.

Tafraout, S., Bourahla, N., Bourahla, Y., & Mebarki, A. 

(2019). Automatic structural design of RC wall-slab 

buildings using a genetic algorithm with application in 

BIM environment. Automation in Construction, 106, 

102901.

Zhang, Y., & Mueller, C. (2017). Shear wall layout 

optimization for conceptual design of tall buildings. 

Engineering Structures, 140, 225-240. 

Zhao, P., Liao, W., Huang, Y., & Lu, X. (2023a). Intelligent 

design of shear wall layout based on attention-enhanced 

generative adversarial network. Engineering Structures, 

274, 115170.

Zhao, P., Liao, W., Huang, Y., & Lu, X. (2023b). Intelligent 

beam layout design for frame structure based on graph 

neural networks. Journal of Building Engineering, 63, 

105499. 

Zhao, P., Liao, W., Huang, Y., & Lu, X. (2023c). Intelligent 

design of shear wall layout based on graph neural 

networks. Advanced Engineering Informatics, 55, 101886.

Zhao, P., Liao, W., Xue, H., & Lu, X. (2022). Intelligent 

design method for beam and slab of shear wall structure 

based on deep learning. Journal of Building Engineering, 

57, 104838.

Zhou, X., Wang, L., Liu, J., Cheng, G., Chen, D., & Yu, P. 

(2022). Automated structural design of shear wall 

structures based on modified genetic algorithm and prior 

knowledge. Automation in Construction, 139, 104318.


	00.1Editor note
	Editor’s Note

	00.2.목차
	Contents

	01.195-201(Akihiko Osawa)
	Abstract This paper reviews the history of the birth and development of the skyscraper in Japan, mainly from the perspective of the legal system, and presents the following points: 1) After 1919, building height was limited to 31 m or less, which con...
	Keywords High-rise Building, Height Restriction, Floor Area Ratio, Relaxation of Restrictions
	The Birth and Development of High-Rise Buildings in Japan: Focusing on the Historical Development of Height and Floor Area Ratio Regulations

	Akihiko Osawa†
	Department of Architecture, Toyo University, Japan
	1. Introduction
	2. The Era of the 31-Meter Height Limit
	3. The Birth of the Skyscraper
	4. The Skyscraper Boom due to the Deregulation
	Conclusions
	References



	02.203-208(Xinzheng Lu et al)
	Abstract The implementation of artificial intelligence (AI) design for tall building structures is an essential solution for addressing critical challenges in the current structural design industry. Generative AI technology is a crucial technical aid...
	Keywords Tall building structures, Generative artificial intelligence (AI), Generative adversarial network (GAN), Graph neural network (GNN)
	Generative Artificial Intelligence for Structural Design of Tall Buildings
	Wenjie Liao, Xinzheng Lu†, and Yifan Fei
	Key Laboratory of Civil Engineering Safety and Durability of China Education Ministry, Department of Civil Engineering, Tsinghua University, Beijing 100084, China
	1. Introduction
	2. Generative AI-driven design for building structures
	3. Generative AI-driven layout design of vertical components
	4. Generative AI-driven layout design of horizontal components
	5. Generative AI-driven cross-sectional size design
	6. Generative AI-driven parametric design of seismic isolation bearings
	7. Conclusions and discussion
	Acknowledgment
	References




	03.209-214(Xiao Congzhen et al)
	Abstract Seismic performance-based design methods are widely used in the field of engineering. This paper introduces the current status of seismic performance-based design methods for high-rise buildings in China, and summarizes latest advancements i...
	Keywords High-rise buildings, Seismic resistance, Performance-based design, Predetermined yielding mode, Ductility
	Development and Practice of Performance-Based Seismic Design of High-Rise Buildings in China
	Xiao Congzhen1, Li Jianhui1,2†, Li Yinbin1,2, Qiao Baojuan1, Sun Chao1,2, Wei Yue1,2, and Ding Jiannan1
	1China Academy of Building Research-Beijing100013-China 2National Engineering Research Center of Building Technology-Beijing100013-China
	1. Introduction
	2. Seismic Design Methods for High-Rise Buildings
	4. New Methods for Seismic Performance- Based Design of High-Rise Building Structures
	5. Conclusions and prospects
	Acknowledgments
	References




	04.215-224(Mizuki Shigematsu et al)
	Abstract This paper presents the structural design and response control system of the JR MEGURO MARC building, a 70 meters high office building with steel structure located in Tokyo (Figure 1). In order to achieve high earthquake resistance and useab...
	Keywords Structural design, Centralized vibration control system, Deformation amplification mechanism, Tuned viscous mass damper (TVMD), Robust design
	Structual Design of a Building with High Damping Provided by Deformation Amplification Mechanisms and Tuned Viscous Mass Damper

	Mizuki Shigematsu†, Takaaki Udagawa, and Satoru Nagase
	Structural Design Division, Engineering Department, Nikken Sekkei Ltd., Japan
	1. Introduction
	2. Building Outline and Architectural Scheme
	3. Structural Scheme and Response cOntrol Scheme
	4. Design of High-performance Centralized Response Control System
	Conclusions
	Acknowledgments
	References



	05.225-234(Myung Sik Lee)
	Abstract Even at this point in the era of digital transformation, we are still facing many problems in the safety sector that cannot prevent the occurrence or spread of human casualties. When you are in an unexpected emergency, it is often difficult ...
	Keywords Smart location guidance, AI engine, Capacity constrained routing problem, Digital Twin, Time-expanded graph network modeling, Safety digital transformation
	A Study on the Implement of AI-based Integrated Smart Fire Safety (ISFS) System in Public Facility
	Myung Sik Lee† and Pill Sun Seo
	Division of Architectural Engineering, Dongguk University, Seoul, Korea
	1. Introduction
	2. Limitations of Existing Fire Safety Systems
	3. Overseas technology development trends
	4. Integrated Smart Fire Safety (ISFS) system
	5. Conclusios
	Acknowledgments
	References




	06.235-239(Min Jae Park)
	Abstract In this study, the fire resistance performance of the concrete-filled steel tube (CFT) columns and thin steel-plate composite (TSC) beams installed at a 20-story office building were designed using a performance-based structural fire design....
	Keywords Performance-based structural fire design, CFT columns, TSC beams, Fire resistance
	The First Performance-based Structural Fire Design for Office Building in Korea
	Min Jae Park†
	Department of Architectural Engineering, Pukyong National University, Republic of Korea
	1. Introduction
	2. Performance-based Structural Fire Design
	3. Finite Element Analysis
	4. Reinforcing elements
	5. Conclusions
	Acknowledgments
	References




	07.241-249(Ayako Yasutomi et al)
	Abstract Azabudai Hills is located in the area connecting Kamiyacho on the Hibiya Line and Roppongi 1-chome on the Nanboku Line, and was planned as a district with three skyscrapers arranged around a plaza. Based on the concept of a “Modern Urban V...
	Keywords High-rise buildings, DX challenge, Construction robots, Monitoring
	DX Challenges in Azabudai Hills
	Ayako Yasutomi1† and Shinsuke Inoue2
	1Construction Technology Division, Shimizu Corporation, Japan 2Tokyo Branch, Shimizu Corporation, Japan
	1. Introduction
	2. Building Outline
	3. DX Strategy of Shimizu
	4. Initiatives in Azabudai Hills
	5. Conclusions
	Acknowledgments
	References




	08.251-262(LIU Peng et al)
	Abstract In response to China's “Regulations on the Management of Earthquake Resistance of Building Constructions” on the provision of eight types of important buildings to maintain functional after fortified earthquakes occur, “Guidelines for ...
	Keywords Post-quake functional, Base isolation, Energy dissipation, Hospital design, School design
	Case Study On The Seismic Design Strategy For Post-Quake Functional Buildings In China
	Peng Liu†, Xue Li, Yu Cheng, Xiaoyu Gao, Jinai Zhang, and Yongbin Liu
	Arup, Beijing, China
	1. Introduction
	2. The Hospital Building: Structural Design
	3. The Hospital Building: Evaluation For Post- quake Functional Building Requirements
	4. The School Building: Structural Design
	5. The School Building: Evaluation For Post- quake Functional Building Requirements
	6. Conclusion
	References




	09.263-272(DoYong Um)
	Abstract Role of architecture should not be limited to function of providing an inhabitable space but also include urban and social role of its impact to the public and surrounding area. Role of landmark building should be further expanded beyond and...
	Keywords Revitalization, Vertical Platform, Ecosystem, Digital Nomad and Open Wall
	Conversion Vertical Platform: Changdong·Sanggye Start-Up and Culture Industry Complex

	Do Yong Um†
	Siaplan Architects and Planners, Seoul, Korea College of Architecture, Konkuk University
	1. Introduction
	2. Design Concept
	3. Program Analysis
	4. Inception
	5. Green pieces and culture palette
	6. Digital nomad and network living
	7. Urban Skyline
	8. Structure
	9. Sustainability
	10. Conclusion



	10.273-274(뒤1-(Submission-2p))
	Introduction to Paper Submission

	구독신청서-12-3
	빈 페이지
	빈 페이지
	빈 페이지
	빈 페이지

