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Abstract. This research explores the integration of photovoltaic systems in super
high-rise buildings to enhance their earthquake resilience. By analyzing the
structural performance of buildings equipped with these sustainable energy
systems under seismic loads, the study aims to identify potential benefits and
challenges. Using advanced simulation models, the findings indicate that inte-
grated photovoltaic systems can contribute to the overall structural integrity and
energy efficiency of high-rise buildings, offering a dual solution for sustainabil-
ity and safety in earthquake-prone areas.
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1 Introduction

In recent years, the integration of sustainable energy solutions like photovoltaic (PV)
systems into building designs has gained significant traction. Photovoltaic systems
offer dual benefits: they contribute to energy efficiency and can potentially enhance
the structural integrity of buildings during seismic events. The challenge lies in seam-
lessly integrating these systems into the architectural and structural framework of
super high-rise buildings without compromising their aesthetic and functional aspects,
as shown in Fig. 1.

Fig. 1. Photovoltaic systems integrated into building facades.
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The potential of integrated PV systems to improve earthquake resilience is still an
emerging field of research. By focusing on the interaction between these systems and
the structural elements of high-rise buildings, this study aims to explore how PV sys-
tems can contribute to the overall seismic performance of these structures. Integrating
sustainable energy solutions into the seismic design not only addresses energy effi-
ciency but also offers innovative ways to enhance building resilience.

This research seeks to fill the gap in current studies by evaluating the seismic per-
formance of super high-rise buildings with integrated photovoltaic systems. The find-
ings aim to provide valuable insights for architects and engineers, promoting the
adoption of dual-purpose design solutions that enhance both sustainability and struc-
tural resilience in earthquake-prone regions.

The aim of this research is to investigate the impact of PV systems on the earthquake
resilience of super high-rise buildings, assess the structural performance of buildings
with integrated PV systems under seismic loads, and identify the potential benefits and
challenges associated with this integration.

The research objectives as following:

1. To Investigate the impact of integrating photovoltaic systems on the earthquake
resilience of super high-rise buildings.

2. To Assess the structural performance of buildings with integrated photovoltaic
systems under seismic loads.

3. To Identify potential benefits and challenges associated with this integration.

2 Literature Review

2.1 Earthquake Resilience in Super High-Rise Buildings

Numerous studies have addressed the need for advanced materials and structural de-
signs to enhance the earthquake resilience of super high-rise buildings. Techniques
such as base isolation, energy dissipation devices, and advanced damping systems have
been extensively researched and implemented.

2.2 Photovoltaic Systems in Building Design

Photovoltaic systems have gained popularity for their ability to harness solar energy,
contributing to the sustainability of modern buildings. Their integration into building
facades and rooftops not only supports energy efficiency but also offers aesthetic and
functional benefits.

2.3 Integrated Approaches

The intersection of seismic performance and sustainable energy solutions is an
emerging field. Studies have begun to explore how sustainable technologies, such as
photovoltaic systems, can be designed to complement structural resilience. However,
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comprehensive research integrating these systems into high-rise buildings' earthquake
resilience strategies is limited, all the barriers from the literature as the Table 1.

Table 1. Barriers of New Technology use in High-rise Building

Barrier Reference
High Initial Costs [11,[6],[8]
Technical Complexity [21, 5]
Maintenance and Durability [11,]3]
Impact on Building Aesthetics [41,19]
Regulatory and Code Compliance  [5], [7], [10]
Performance Uncertainty [81,]10]
Limited Simulation Models [11]
Economic Feasibility [5]

3 Methodology

3.1 Research Design
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Fig. 2. Research Design
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The research involves designing and analyzing two super high-rise building models:
one with integrated photovoltaic systems and one without. The photovoltaic systems
are strategically integrated into the building facades and rooftops, the detail flowchart
as the Fig. 2.

3.2  Simulation and Testing

Advanced simulation software, such as ANALYSIS, is used to model the seismic
performance of both building designs. The simulations include various earthquake
scenarios, with different magnitudes and frequencies, to assess the structural response.

3.3 Data Collection and Analysis

Data is collected on the buildings' structural performance, including stress distribution,
displacement, and energy absorption. Comparative analysis is conducted to identify
differences in seismic resilience between the two models.

4 Data Analysis and Result

4.1 Model Mesh

Based on the conventional shapes of high-rise buildings, the model is simplified ac-
cording to mechanical principles to obtain the experimental model. This process in-
volves analyzing the typical design features and structural elements of high-rise
buildings, such as their height, number of floors, column grid layouts, and the dimen-
sions and materials of key components like beams, columns, walls, and slabs. By
understanding these fundamental characteristics, the model can be streamlined by
focusing on the most critical structural aspects, eliminating less significant details that
do not substantially affect the overall mechanical behavior. This simplification enables
the creation of a more manageable and representative experimental model that accu-
rately reflects the essential structural dynamics and responses of a high-rise building
under various load conditions. The calculate model show in Fig. 3.

Fig. 3. The Sample Model for Analysis
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Parameter Set: Columns: 0.6x0.6 meters, Beams: 0.3x0.6 meters, Slabs: 0.2 meters
thick. PV Panel Properties: Weight per panel: 15 kg/m?, Distribution: Applied as a
distributed load on fagade and roof. Load Definitions: Dead Load: Self-weight, Live
Load: 2.0 kN/m?, Seismic Load: As per local code, the mesh as Fig.4.
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4.2 Simulation Results

The simulation results support the research findings by demonstrating the enhanced
earthquake resilience of super high-rise buildings with integrated photovoltaic sys-
tems. The advanced simulation models reveal that buildings equipped with PV sys-
tems exhibit improved stress distribution and reduced displacement during seismic
events. This is illustrated in Fig.5.
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Fig. 5. The Analysis Result with the PV System and without it.

Key findings include:
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e Improved Stress Distribution: The integration of PV systems contributes to a more
even distribution of stress across the building structure during an earthquake, re-
ducing the likelihood of structural failure.

e Reduced Displacement: Buildings with integrated PV systems experience less
displacement under seismic loads, which enhances their overall stability and resil-
ience.

e Increased Energy Absorption: The photovoltaic panels contribute to the energy
absorption capacity of the building, further enhancing its ability to withstand seismic
forces.

Comparative analysis indicates that photovoltaic-integrated buildings perform better
in terms of structural integrity and energy efficiency during earthquakes. These find-
ings support both the sustainable energy goals and the enhanced seismic resilience
objectives of the research.

5 Conclusion

This study demonstrates that integrating photovoltaic systems into super high-rise
buildings can enhance their earthquake resilience by contributing to better stress dis-
tribution, reduced displacement, and increased energy absorption during seismic
events. The findings have significant implications for the design and construction of
super high-rise buildings in earthquake-prone areas, suggesting that architects and
engineers should consider the dual benefits of photovoltaic systems for both sustaina-
bility and structural resilience. Future research should explore the long-term perfor-
mance and maintenance of integrated photovoltaic systems in seismic regions, along
with cost-benefit analysis and the development of standardized guidelines for integra-
tion.

Acknowledgments

China Communications Group Science and Technology Research Project
(2021-ZJKJ-11)

References

1. Al-Kodmany, K. (2022). Sustainable high-rise buildings: Toward resilient built environ-
ment. Frontiers in Sustainable Cities, 4, 782007.

2. Aly, A. M. (2023). Breaking boundaries in wind engineering: LSU WISE open-jet facility
revolutionizes solar panel and building design. Applied Sciences, 13(23), 12546.

3. Shareef, S. S. (2023). Earthquake consideration in architectural design: Guidelines for ar-
chitects. Sustainability, 15(18), 13760.

4. PALOMINO, L. (2023). Frisco Future, a look to the role of sustainability in earthquake
prone cities and how to prepare Downtown San Francisco for year 2043 (Doctoral disser-
tation, The University of Arizona.).



72

10.

11.

J. Yang et al.

Omrany, H., Ghaffarianhoseini, A., Chang, R., Ghaffarianhoseini, A., & Rahimian, F. P.
(2023). Applications of Building information modelling in the early design stage of
high-rise buildings. Automation in Construction, 152, 104934.

Kapsalis, V., Maduta, C., Skandalos, N., Wang, M., Bhuvad, S. S., D'Agostino, D., ... &
Karamanis, D. (2024). Critical assessment of large-scale rooftop photovoltaics deployment
in the global urban environment. Renewable and Sustainable Energy Reviews, 189,
114005.

Li, Y., Chen, H., Yu, P, & Yang, L. (2024). Analysis and reflection on the green,
low-carbon, and energy-saving design of the super Thigh-rise build-
ing. Sustainability, 16(10), 4146.

Chen, T., Tai, K. F., Raharjo, G. P., Heng, C. K., & Leow, S. W. (2023). A novel design
approach to prefabricated BIPV walls for multi-storey buildings. Journal of Building En-
gineering, 63, 105469.

Rajabzadeh, M., & Kalantar, M. (2022). Improving the resilience of distribution network
in coming across seismic damage using mobile battery energy storage system. Journal of
Energy Storage, 52, 104891.

Shareef, S. S. (2023). Earthquake consideration in architectural design: Guidelines for ar-
chitects. Sustainability, 15(18), 13760.

Moustafa, K. (2024). Tent-cities: A resilient future urban solution to live and mitigate
earthquake damages. Cities, 145, 104696.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Integrating Photovoltaic Systems to Enhance Earthquake Resilience in Super High-Rise Buildings



