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The PRSCs of the most affected column (C29) of 
all cases are shown in Table 9. Periods (T) and 
effective modal mass percentages (Ux in X-axis 
and Uy in Y-axis) of mode 1, target displacements 
(TDy) and base shears (BSy) in Y-axis of the 
collapse preventions (5-D) are shown in Table 10. 
The comparison between capacity graphs in Y-
axis from Table 10 are shown in Fig. 10. The 
absolute floor displacement (AFD) graphs of C29 
in Y-axis from the data of structural 
displacement tables by SeismoBuild 2021-2 are 
shown in Fig. 11.   

 

Figure 12. Comparison of Inter-storey Drift 
Ratios of C29 in Y-axis of Case nos. 1-4  

Using the data from the AFD graphs in Fig. 11, the 
IDRs (%) of C29 in Y-axis of case nos. 1-4 were 
calculated and are shown in the IDR graphs in Fig. 
12. The max IDRs of case nos. 1-4 were 0.18, 0.30, 
0.22 and 0.57 respectively, and below the allowed 
limit of 2. The case no. 4 greengraph demonstrates 
that the drift demands in the upper storeys are 
much more sensitive to irregularities in the lower 
storeys than the response of the lower storeys is 
affected by irregularities in the upper stories [6].  

According to the analysis of results from Tables 4-6 
and Figs. 6-7 as shown in Items 4.61 and 4.62, the 
overall improvement due to the strengthening in 
case no. 1 was evaluated as the average increase in 
PRSCs of C24 to C35 between cases no. 1 and no. 2 
to be about 28 %. For case nos. 3 and 4, the results 
from Tables 7-8 and Figs. 8-9 in Items 4.63 and 4.64 
show that there would be damaged members, and 
due to the strengthening in case no. 3, the average 
increase in PRSCs of C2-C3, C21-C22 and C29 
between cases no. 3 and no. 4 is also about 28 %. 

5 Conclusions 
The performance ratios of the shear capacities of 
the existing building for case no. 1 in Table 4 and 
Fig. 6 showed that, after strengthening, it complied 
with the Thai Ministerial Regulation B.E. 2564 
(2021), ASCE 41-17, ASCE 7-16, and ACI 318-14. 
Therefore, it was proven that the building is able to 
resist the selected seismic forces in combination 
with other loads to provide sufficient performance, 
such as safety, and the factors affecting the 
performance of structures.  

However, if there were no the RT walls in the 
basement, it would lead to a stiffness–soft story 
irregularity in the building. Vertical structural 
irregularities are known problems that decrease 
the seismic performance of structures. Thus, all 
changes in the vertical bracing structures must be 
carefully studied for critical effects, especially for 
seismic loadings. 

6 References 
[1] Thai Ministerial Regulation B.E. 2564 (2021). 

Seismic Building Design Regulation. 
Department of Public Works and Town & 
Country Planning. Bangkok, Thailand; 2021. 

[2] ASCE Standard ASCE/SEI 41-17. Seismic 
Evaluation and Retrofit of Existing Buildings. 
American Society of Civil Engineers. Reston, 
Virginia; 2017. 

[3] ACI Standard ACI 318-14. Building Code 
Requirements for Structural Concrete. 
American Concrete Institute. Farmington 
Hills, Michigan; 2014.  

[4] SeismoBuild Release-2. Seismic Assessment 
& Retrofitting of Existing Reinforced 
Concrete Buildings. Seismosoft: Earthquake 
Engineering Software Solutions; 2021. 

[5] ASCE STANDARD, ASCE/SEI 7-16. Minimum 
Design Loads for Buildings and Other 
Structures. American Society of Civil 
Engineers. Reston, VA; 2016. 

[6] Chintanapakdee C., and Chopra A.K. Seismic 
Response of Vertically Irregular Frames: 
Response History and Modal Pushover 
Analyses. ASCE Journal of Structural 
Engineering. 2004; 130(8): 1177-1185.  

        IABSE Symposium Prague 2022 
        Challenges for Existing and Oncoming Structures 
        May 25-27, 2022, Prague, Czech Republic 

1 

Standardized Seismic Design of Modular High-rise Steel Structure 
Equipped with Viscous Dampers 
 

Xin Zhao 
Department of Structural Engineering, Tongji University, Shanghai 200092, China 

Tongji Architectural Design (Group) Co., Ltd, Shanghai 200092, China 

 

Gang Wang 
Department of Structural Engineering, Tongji University, Shanghai 200092, China 

 

Bingjie Du 
Department of Structural Engineering, Tongji University, Shanghai 200092, China 
 

Contact: 22zx@tjad.cn 

 

Abstract 
Standardization is the key word of modular building, which requires modular building to have strong 
flexibility and replicability in engineering. Only by standardizing housing modules can factory 
assembly line production be realized. For modular buildings, buildings with similar functions often 
have similar height and load, and there is little difference in vertical load, while the difference of 
horizontal load in different sites can be huge. In order to realize the standardized construction of 
multi-intensity sites of modular houses, it is necessary to make the structural responses of different 
sites the same without changing the main structure. Based on the above background, a standardized 
design method for multi-intensity site damping of modular steel structures based on viscous 
dampers(VD) is proposed in this paper. the additional damping of the structure is increased by 
arranging viscous dampers to reduce the seismic response. in order to realize the construction of 
standard modular steel structure at different intensity sites, the automatic calculation of structural 
target additional damping ratio and the automatic design of viscous dampers are realized by coding 
design program. The optimal parameters, quantity and location of viscous dampers for different 
intensity areas can be obtained, and an actual high-rise modular steel structure engineering case is 
taken as an example to illustrate the correctness and applicability of this method. 

Keywords: Modular structure; standardized design; viscous damper; seismic design. 
 

1 Introduction 
At present, the application of modular steel 
structure buildings is generally in the single-story or 

low-rise stage, but in the face of the increasing 
shortage of urban land, modular steel structure 
buildings urgently need to develop to high-rise 
buildings. In China, seismic design is one of the key 
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