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Abstract. In this paper, a multi-stage modeling and simulation approach incorporating different 

deformation conditions is used to analyze the structure of the Taipei 101 building. The modeling 

process mainly involves the formation of an initial simplified model based on the basic geometry, 

the determination of an accurate model based on the actual dimensions, and finally the 

introduction of a hollow structure design to mimic the density and mass distribution of the real 

building. After the model is established, mesh creation and mesh independence study are carried 

out. The simulation is carried out using Ansys software, which mainly performs the process of 

selecting boundary conditions, determining the equivalent density, dividing the mesh for modal 

analysis, and obtaining the modal vibration pattern as well as the corresponding intrinsic 

frequency. By analyzing the intrinsic frequencies and vibration modes, the structure of Taipei 

101 Building is prone to resonance under certain circumstances, and this study provides some 

significance to the geology of local seismic activities. 
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1.  Introduction 

Taipei 101 building, one of the important indicators of Taiwan’s economic development, is one of the 

landmarks of Taipei City, where several multinational corporations are stationed to form the business 

circle of Taipei Xinyi District, which drives the financial trade of Taipei. The Taipei 101 building has a 

floor area of 398,000 square meters and a height of 508 meters, including 101 floors of office towers. 

Building design to the number 8 as a design unit, each 8-story building as a structural unit [1,2], the 

building face of the outward sloping 7 of the structure, every eight floors as a group, can both support 
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the weight of the floor plate, and in order to cope with earthquakes and typhoons, the framework has the 

elasticity of each other successive, layer upon layer, to build a whole; the appearance of a multi-section 

structure, to dissolve the high-rise building caused by the airflow of the ground caused by the effect of 

the wind field, and the use of greenery [3]. The exterior is a multi-section structure, which solves the 

wind field effect on the ground caused by the airflow of the high-rise building, and is separated by green 

planting areas to ensure the safety and comfort of pedestrians; the walls are made of transparent heat-

insulating curtain glass [4]. 

Modal analysis is the most basic and important analysis for all dynamics calculations [5]. We use 

modal analysis in ANSYS workbench to obtain data such as mode-specific intrinsic frequencies, 

damping ratios, and mode shapes, so that we can adjust the stiffness of some positions according to the 

frequencies, prevent resonance, and so on [6,7]. 

2.  Modeling 

We first simplified the building model to reduce errors and enhance the meshing and finite element 

calculation speed. Some detailed features were removed, such as facade decoration and gates. We 

simplify nonlinear taper cone structures to cones or lines and approximate complex geometries with 

simpler geometric shapes and disregard geometric details. 

Then we created a relatively simple model and used basic geometric structures (trapeziums and cubes) 

to combine it into a simple entity based on the height, width, and length dimensions of this building. 

We discovered that this building consists of three parts: the bottom trapezoid, eight small trapezoidal 

structures in the middle, and the upper structure. Therefore, we divided the construction process into 

three parts. First, we built a trapezoidal structure at the bottom based on the dimensions. Next, we 

constructed a small trapezoidal structure in the middle and replicated it seven times from bottom to top. 

Finally, at the top, we followed the blueprint and built the model by stacking blocks. 

Regarding the construction of the trapezoidal structure, we established a vertical reference line along 

the central axis and drew the bottom and top surfaces at the same height based on dimension data. Then, 

we moved the top surface to its real-world height and finally combined the two surfaces to form the 

trapezoidal structure. 

 

Figure 1. Phase 1 model 

Clearly, when simulating with this version of the model, we treat this building as a solid, uniformly 

dense structure, which is clearly not consistent with reality. 

To address this limitation, we decided to introduce a hollow area in the middle of the building model 

to make it closer to a real-world structure. 
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Figure 2. Phase 2 model 

To maintain stable mass distribution in the upper and lower parts, we designed the hollow structure 

as a cubic construction. This version of the hollow structure closely mimics the density and mass 

distribution of real-life buildings, and the data analyzed from it can better approximate the conditions of 

actual buildings under various forces and deformations. 

Moreover, since Taipei 101 Tower is located in the Pacific Ring of Fire earthquake zone and 

frequently faces strong typhoon impacts, a model structure that closely resembles reality can more 

accurately depict the building’s condition under various levels of natural disasters. This holds profound 

significance for disaster prevention, mitigation, and the protection of buildings. 

3.  ANSYS 

ANSYS is a widely used engineering simulation software suite that enables engineers and designers to 

simulate and analyze the behavior of physical systems in a virtual environment. It offers a 

comprehensive range of tools for finite element analysis (FEA), computational fluid dynamics (CFD), 

electromagnetics, and more [8]. 

As a result, we use ANSYS for analysis, obtaining the condition of the building under different 

deformation scenarios by inputting parameters based on reality.  

First, based on the real situation, we selected boundary conditions located at the bottom of the 

building (purple one in the image). 

 

Figure 3. Boundary condition 

4.  Density 

Second, to determine the equivalent density of the building model, we need to know the volume of the 

building model and the actual mass of the building. 
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To determine the equivalent density of the material and model of the building, we can use Ansys to 

calculate the volume of the model. Then, regarding the actual mass, we found out that it is 72,800 tons. 

Finally, we can approximate the building’s density to be around 69.839 kilograms per cubic meter by 

dividing the actual mass of the building by its volume. 

5.  Meshing 

We attempted 11 different mesh scenarios, ranging from 1,715 nodes to 125,917 nodes, and plotted them 

on a line graph with the x-axis representing the number of nodes and the y-axis representing the 

frequency. We observed that the curve becomes relatively flat when the number of nodes exceeds 40,000, 

and the data we obtained showed minimal differences, which could be disregarded. Therefore, to reduce 

the computational burden of the analysis, we chose the mesh created of 24,391 elements and 42,939 

nodes. 

 

Figure 4. Mesh independence study 

.  

Figure 5. Meshing 

6.  Analysis of results 

After completing the modal analysis, we can obtain the modal shape diagram and the corresponding 

natural frequency values. Below is a modal description of the building Through the investigation of the 

top 6 modes, it is found that the vibration of the Taipei 101building is primarily characterized by rigid 

motion and bending of the building. (a) and (b) are dislocations along the x axis, (c) and (d) are bending 

around the y axis, (e) are torsion around the z axis, and (f) are dislocations in the direction of the z axis 

[9]. 
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Figure 6. Modal analysis mode shape diagram of Taipei 101building (a) First-order mode (b) Second-

order mode (c) Third-order mode (d) Fourth-order mode (e) Fifth-order mode (f) Sixth-order mode 

The first 6 natural frequencies are got through the modal analysis of the building.  

Proceedings of the 2nd International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/78/20240402

80



 

 

Table 1. Modal Analysis Results of Taipei 101 Building 

Order Frequency/Hz 

1 1.178 

2 1.179 

3 6.425 

4 6.433 

5 8.557 

6 13.53 

From the data presented in Table 1, it is evident that there are two modes at a frequency of 1.179Hz, 

two modes at 6.4Hz, and two modes within the range of 8.5Hz to 13.5Hz. The lower modes play a 

significant role in determining the dynamic behavior of the structure. The impact on the dynamic 

characteristics of the building is more pronounced for mode shapes beyond the fourth order. The 

frequency distribution of the modes is densely concentrated between 6Hz and 13Hz. Due to the 

susceptibility of the spindle to resonance, it is crucial to design it with utmost care. Additionally, the 

actual speed of the spindle should be adjusted to avoid reaching critical speeds that could induce 

resonance. 

7.  Conclusion 

With the simplification of the building, we empty the middle of the model to approach reality. And we 

chose the mesh created of 24,391 elements and 42,939 nodes to decrease differences. The approximate 

density of the building is calculated to be approximately 69.839 kg per cubic meter. Through modal 

analysis of the Taipei 101 building, we identified two modes at 1.79Hz, two modes at 6.4Hz, and two 

modes at 8.5Hz to 13.5Hz. The modal density is highest between 6Hz and 13Hz, making the structure 

susceptible to resonance. Additionally, we obtained the corresponding frequencies. Between 6 and 13hz, 

we need to focus on construction. 
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