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Abstract 27 

Far-field long-period ground motions (LPGMs) contain abundant low-frequency components, 28 

which can significantly affect the seismic response of tall buildings. The recent Myanmar Mw 7.7 29 

earthquake exhibited significant tall buildings’ shaking caused by LPGMs. The tall buildings in Yunnan, 30 

China experienced strong shaking. The tall building structural array located in Dali, Yunan, 31 

approximately 608 km from the epicenter, obtained the far-field strong earthquake observation data for 32 

this event, with the seismic response concentrated around 1–2 seconds. This paper compares the seismic 33 

response from this far-field strong earthquake and the local 2021 Yangbi moderate earthquake sequence 34 

in Yunnan to investigate the characteristics of tall buildings’ far-field strong earthquake responses and 35 

the patterns of amplification factors for engineering demand parameters (EDPs). To obtain seismic 36 

response at all floors in the tall building, a detailed finite element model of the building was developed 37 

using OpenSees and used as the computational model for the seismic response. The rationality of the 38 

model was verified through modal analysis. A comparative analysis of EDPs, including Peak Floor 39 

Acceleration (PFA), Peak Floor Velocity (PFV), Peak Floor Displacement (PFD), and inter-story drift 40 

ratios (ISDR) under both far-field LPGM and near-field ordinary ground motions were conducted. It is 41 

found that the PFA at the top floor reaches 9.57 times that of the first floor under far-field LPGM, while 42 

the typical amplification factor is about 3-5 under near-field ordinary ground motions. Furthermore, the 43 

maximum seismic response induced by far-field LPGM is 2.45 to 2.8 times greater than that caused by 44 

near-field ordinary seismic motions if the peak ground accelerations (PGAs) are adjusted to be the same. 45 

Additionally, if the building were in Ruili City, with an epicentral distance of approximately 280 km, the 46 

maximum ISDR could reach 1/188, exceeding the limits specified by current seismic design standards. 47 

This suggests that significant structural damage for similar tall building in Ruili may occur under such 48 

conditions. 49 

Keywords: Tall building; long period ground motion; large earthquake; peak floor acceleration; 50 

inter-story drift ratio; Myanmar earthquake; natural frequency; damping ratio; finite element; modal 51 

parameters  52 
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1. Introduction 53 

Many tall buildings have been built in modern cities all over the world. Buildings are affected by 54 

ground motion generated by near and far distant earthquakes [1-3]. Tall buildings are long-period 55 

structures, with fundamental period larger than 1 second. Tall buildings in mega cities are usually built 56 

on sedimentary basins (e.g., Chengdu in China, Los Angeles in US, Osaka in Japan, Mexico city in 57 

Mexico). Far-field long period ground motion (LPGM) mainly results from the interaction between 58 

distant large magnitude earthquake and sedimentary basin effect [4-5]. Differing from ordinary ground 59 

motion, LPGM has a large energy in its embedded long-period component and long-duration 60 

characteristics, leading to substantial seismic response for tall buildings [6]. The well-known report on 61 

the impact of LPGM is that approximately 300 buildings collapsed and 20000 persons dead in Mexico 62 

city during the Michoacan Mw 8.1 earthquake 400 km away [7-8]. The 1999 Chi-Chi Mw 7.6 earthquake 63 

caused extensive building destruction, with many tall buildings in Taipei, over 150 km from the epicenter, 64 

suffering from substantial damage [9-10]. During the 2004 Mw 6.6 Niigata-ken Chuetsu earthquake, a 65 

noticeable sway was observed in a 70-story tall building in central Tokyo, which was located 66 

approximately 200 km from the epicenter [11-12]. In the 2008 Wenchuan Mw 8.3 earthquake, a tall 67 

building in Xi’an, situated over 700 km away from the epicenter, experienced wall cracking [13-14]. 68 

Similarly, Taipei 101, a 508m tall skyscraper located 1800 km from the epicenter, also recorded 69 

noticeable seismic motion [15]. This indicates that far-field LPGM can have a significant impact on tall 70 

buildings [16-17]. In many cities across China, new tall buildings are rapidly emerging, increasing the 71 

likelihood that such structures will be affected by far-field LPGM [18-21]. Analyzing the actual structural 72 

responses of tall buildings under far-field LPGMs can provide a scientific basis for seismic damage 73 

prevention, earthquake early warning systems, and emergency response planning. 74 

Current research on the impact of far-field LPGM on tall buildings is primarily conducted through 75 

numerical simulations [22-24], with few studies utilizing actual observational array data [25]. Records 76 

obtained from observation arrays installed in tall buildings can provide better insights into structural 77 

seismic performance, damage assessment, and model validation [26-27]. In the early years, the United 78 

States began to install arrays on important engineering structures and studied the response behavior of 79 

tall buildings through actual observation data. For example, during the 1992 Mw 7.3 Landers earthquake, 80 

the California Strong Motion Instrumentation Program (CSMIP) installed structural arrays in tall 81 

buildings near Los Angeles and acquired records. Rahmani and Todorovska analyzed the response of a 82 

54-story tall building [28-29]. Japan has deployed numerous sensors in tall buildings and recorded data 83 

during the 2011 Great East Japan Earthquake. A 55-story tall building in Osaka, located 770 km from the 84 

epicenter, recorded 140 seconds of significant resonance and peak roof displacement of 130 cm [30-31]. 85 

Additionally, structural response records were obtained from the Burj Khalifa in Dubai, the tallest 86 

building in the UAE, during several earthquakes in Iran [32], and seven tall buildings in Abu Dhabi also 87 

recorded structural responses to these Iranian earthquakes [33]. In China, numerous structural arrays 88 

have been established, such as those at the Beijing Hotel [34], Shanghai World Financial Center [35-36], 89 

and Beijing Yintai Center [37], all providing clear station records for tall buildings. Moreover, there are 90 

even fewer buildings that can record both near-field ordinary earthquakes and far-field LPGM 91 

simultaneously. However, tall buildings that can simultaneously record both near-field ordinary 92 

earthquakes and far-field LPGM are relatively rare. Therefore, one of the reasons for using the response 93 

records from a 26-story tall building in Dali City center is to address this gap. 94 

On March 28, 2025, at 14:20, an Mw 7.7 earthquake occurred in Myanmar with a focal depth of 30 95 
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km and an epicenter located at 21.85°N latitude and 95.95°E longitude. LPGM and its destructive effects 96 

are quite significant in this earthquake. A 30-story skyscraper under construction in Bangkok, 97 

approximately 1,000 km away from the epicenter, collapsed and resulted in severe casualties and 98 

economic loss [38]. Most of Yunnan Province, located 300 to 600 km from the epicenter, experienced 99 

noticeable shaking, with residents in many urban tall and super tall buildings reporting intense swaying. 100 

Investigations revealed that the far-field effects of the Myanmar earthquake primarily impacted long-101 

period structures, especially tall and super tall buildings. Therefore, a thorough exploration of such 102 

phenomena not only enhances our understanding of how far-field LPGM affects the responses of tall 103 

buildings but also provides crucial reference data for building design. During the recent Mw 7.7 104 

earthquake in Myanmar, the highest instrumental intensity recorded within China reached instrument 105 

intensity of 8.1 degrees. In 2020, the strong motion observation center of the Institute of Engineering 106 

Mechanics deployed a seismic response observation system in a 26-story frame-shear wall structure in 107 

Dali, Yunnan, and obtained valuable high-quality strong motion records. The epicentral distance of the 108 

structural array is 608 km, and the instrument seismic intensity in Dali is only 4 degree. These recordings 109 

are typical examples of strong, far-field earthquake records. Seven measuring points with a total of 21 110 

channels all successfully captured the response data, which have the characteristics of clear vibration 111 

phase, large amplitude and complete recording. They feature long recording durations and rich long-112 

period components, providing a rare opportunity to study the response characteristics of tall structures 113 

under far-field LPGM. Additionally, the structural array station recorded data from the Ms 6.4 Yangbi 114 

earthquake in 2021, offering a valuable example for comparing the impacts of near-field ordinary seismic 115 

motions and far-field LPGM on tall buildings. 116 

The purpose of this article is to study the records from a 26-story tall building in the center of Dali 117 

City, Yunnan Province. Firstly, the actual observational records from the Myanmar Mw 7.7 Earthquake 118 

are analyzed. Subsequently, detailed modeling is performed using OpenSees as the computational model 119 

of the tall building, with modal analysis used to validate the rationality of the model. The study conducts 120 

a comparative analysis of Peak Floor Acceleration (PFA), Peak Floor Velocity (PFV), Peak Floor 121 

Displacement (PFD), and inter-story drift ratios (ISDR) for tall buildings under both far-field LPGM and 122 

near-field ordinary earthquakes. 123 

2. Dali tall building and seismic instrumentation 124 

2.1 Dali tall building 125 

The Dali Tall Building Structural Array is located in eastern Dali City (see Fig. 1), Yunnan Province, 126 

China, with geographical coordinates of 25.618°N and 100.279°E. The area features complex 127 

geological structures, surrounded by several active fault zones, including the Red River Fault Zone, the 128 

Cangshan Frontal Fault, and the Eryuan-Midu Fault to the east [39]. Historically, this region has 129 

experienced multiple destructive earthquakes and is one of the most seismically active areas in China. It 130 

is significantly influenced by major earthquakes originating from western Myanmar and northern 131 

Sichuan. These seismic events are related to the collision between the Indian Plate and the Eurasian Plate 132 

[40-42]. The most recent influential earthquakes besides Myanmar Mw 7.7 earthquake are the Yangbi 133 

Ms 6.4 earthquake in 2021, with its epicenter just 34 km away from the structural array, significantly 134 

impacting local buildings and infrastructure [43]. 135 

The building housing the structural array adopts a frame-shear wall structural system, consisting of 136 

26 floors above ground and one basement level. The building has a first floor height of 5.1m, a basement 137 

floor height of 7.0m, and standard floor height of 3.6m. The total height of the main structure reaches 138 
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98.7m. The structural dimensions are approximately rectangular, measuring 64 m by 32m, with 139 

approximate symmetry in both horizontal directions and uniformity in the vertical direction. The layout 140 

of a standard floor is illustrated in Fig. 2. The aspect ratio in the long-axis direction is 1.5, while in the 141 

short-axis direction the aspect ratio is 3. The seismic fortification intensity for this structure is set at 8 142 

degrees, with a basic design seismic acceleration value of 0.2g and belongs to the second group of design 143 

seismic classifications. Seismic design strictly adheres to the GB 50011- 2010 Code for Seismic Design 144 

of Buildings [44], which considers potential local seismic threats and geological characteristics to ensure 145 

that the building structure can effectively withstand the impacts brought about by earthquakes. 146 

The structural design details are as follows: the shear wall thickness is 400 mm; column dimensions 147 

are 500 mm×750 mm, 650 mm×900 mm, and 650 mm×1000 mm; beam dimensions are 250 mm×148 

550 mm, 400 mm×800 mm, and 500 mm×700 mm; and the floor slab thickness is 120 mm. The 149 

concrete strength grade for the shear walls, beams, and slabs is C30. 150 

 151 

Fig. 1 Yunnan Dali Tall Building 152 

 153 

 154 
Fig.2 Plan View of the Examined 26-Story Building 155 

2.2 The seismic instrumentation 156 
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When selecting these accelerometers, efforts are made to maximize data storage density while 157 

ensuring sensitivity [45-46]. This ensures high-quality data recording and efficient use of storage 158 

resources. The Micro-Electro-Mechanical System (MEMS) accelerometers fully meet the requirements 159 

for recording seismic activities [47]. Since 2019, the Institute of Engineering Mechanics of the China 160 

Earthquake Administration, in collaboration with the Yunnan Provincial Earthquake Administration, has 161 

deployed MEMS in the Dali tall building. The sensors have a wide monitoring frequency range (DC to 162 

80 Hz), measurement error less than ±5% (within the 0.1 to 20 Hz band), dynamic range no less than 163 

90 dB, and linearity error not exceeding ±1.0%. Additionally, the sensors support a sampling frequency 164 

of 100 Hz, meeting most application needs in earthquake engineering. Each sensor can monitor and 165 

record data in three directions, providing critical information for understanding the building response 166 

under seismic impacts. 167 

MEMS accelerometers are connected via a dedicated high-performance wired local area network 168 

(LAN) to a network switch located in the basement machine room. Data is transmitted in real-time 169 

through a router to the data center at the Yanjiao campus of the Institute of Engineering Mechanics of 170 

the China Earthquake Administration. This data center supports access to these critical seismic 171 

monitoring data via the public internet in the cloud. Fig. 3 illustrates the architecture design of the built 172 

LAN. Additionally, the data recorded by the sensors are synchronized in real-time using the Network 173 

Time Protocol (NTP) provided by the on-site server, ensuring temporal consistency and precision of the 174 

observational data collected at various points. This process is crucial for achieving high-quality seismic 175 

monitoring. 176 

 177 

Fig.3 Instrumentation Layout and Sensor Network Architecture of the Structure: (a) Instrumentation 178 

Layout along Vertical Cross Sections of the Structure, (b) Architecture of the Wired Sensor Local Area 179 

Network (LAN) 180 

3. Data analysis and finite element modeling 181 

3.1 Time history 182 
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The information recorded by the structural array was summarized in Table 1. All seven measurement 183 

points of the array recorded three-directional accelerations, yielding a total of 21 strong motion data 184 

records. The acceleration records along the long-axis direction of the structure (X direction), the short-185 

axis direction of the structure (Y direction), and the vertical direction (Z direction) were shown in Fig. 4. 186 

Note that the north direction of the structure was 350° with respect to the north direction of the earth. 187 

Integrated relative velocities were presented in Fig. 5. From the figure, it can be observed that the 188 

waveform recording quality was good, with waveforms at different floors showing high consistency in 189 

shape. The observation system was located 608 km away from the epicenter of the Mw7.7 earthquake.  190 

 191 

Fig.4 Floor Acceleration Records of the Structure During the Myanmar Mw7.7 Earthquake 192 
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 193 

Fig.5 Integrated Relative Velocities under Myanmar Mw7.7 Earthquake 194 

Specifically, for the first floor (measurement point F01E), the PGA along the X direction, Y 195 

direction, and Z direction were 10.60 cm/s², 7.03 cm/s², and 3.16 cm/s², respectively. For the 25th floor 196 

at the top of the structure (measurement point F25E), the PFA in the three directions were 56.47 cm/s², 197 

67.27 cm/s², and 4.67 cm/s², respectively. 198 

During the Myanmar Mw7.7 earthquake, the peak accelerations at various floors were relatively 199 

close. Specifically, for the 25th floor (measurement point F25E), the amplification factors of the peak 200 

accelerations in the three directions were 5.33, 9.57, and 1.48 times, respectively. The amplification 201 

factors in the horizontal directions were significantly higher than the 2.5 factor used in seismic design 202 

standards [44]. The maximum value significantly exceeded the typical PFA amplification factor range 203 

of 3 to 5 [48]. 204 

Table 1. Peak Acceleration of Measuring Points Observation System During Myanmar Mw7.7 205 

Earthquake 206 

Number Position X (cm/s2) Y (cm/s2) Z (cm/s2) 

1 F01E 10.60 7.03 3.16 

2 F01W 10.73 7.80 3.05 

3 F04E 12.40 18.71 3.39 

4 F10E 20.22 29.76 3.82 
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5 F17E 34.32 48.54 4.01 

6 F17W 25.76 46.62 3.72 

7 F25E 56.47 67.27 4.67 

The comparison curves of the acceleration response spectra in three directions with the design 207 

response spectrum were shown in Fig. 6. From Fig. 6, it could be observed that the peak values of the 208 

horizontal acceleration response spectra for far-field large earthquakes occurred at periods of 1 to 1.5 209 

seconds. This differed significantly from the peak periods (0-1 second) of near-field ordinary seismic 210 

motions [49]. The 90% strong motion duration of this record was 74 seconds (the time interval for Arias 211 

intensity from 5% to 95%). With relatively low intensity, long duration, and long-period characteristics, 212 

this ground motion clearly exhibited the features of LPGM [50]. 213 

Fortunately, the intensity of the seismic input at the Dali array was relatively low and did not exceed 214 

the response spectrum for frequent earthquakes. The seismic response of the Myanmar earthquake was 215 

primarily concentrated around 1.0-2.0 seconds, as shown in Fig. 6. Although the recorded acceleration 216 

response spectra showed a significant amplification effect in the long-period range (such as 1.0-2.0 217 

seconds), they remained below the design response spectrum for frequent earthquakes at intensity 8 218 

degrees. This indicated that the structure remained essentially within the linear elastic range without any 219 

damage. 220 

 221 

 222 

Fig.6 Comparison of Acceleration Response Spectra at the First Floor During the Myanmar Mw 7.7 223 

Earthquake with Seismic Design Response Spectra (5% Damping Ratio, Site Class II, 8-Degree Seismic 224 

Fortification) 225 

3.2 Modal analysis 226 

To obtain modal frequency, modal damping ratio, a subspace state-space system identification 227 

called multivariable output error state space (MOESP) is implemented [51]. Since MOESP is established 228 

in state space, the motion equation for building needs to be rewritten in state space domain. The motion 229 

equation for a building structure subjected to ground motion is given by 230 

 𝐌𝑿̈(𝑡) + 𝐂𝑿̇(𝑡) + 𝐊𝑿(𝑡) = −𝐌𝐁g𝑥̈g(𝑡) (1) 

where 𝑿 , 𝑿̇ , and 𝑿̈  are the relative displacement, velocity and acceleration response of building 231 
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respectively; 𝐌, 𝐂, and 𝐊 are mass, damping and stiffness matrices respectively; 𝐁g represents the 232 

effect on building response due to ground motion; 𝑥̈g(𝑡) is the input ground motion acceleration. 233 

The motion equation can be rewritten in the state space domain given by 234 

 𝐙̇(𝑡) = 𝐀𝐙(𝑡) + 𝐁gz𝑥̈g(𝑡) (2) 

where 𝐙 is state vector containing relative displacement, velocity; 𝐀 is the dynamical system matrix; 235 

𝐁gz is the input matrix. 𝐙, 𝐀, and 𝐁gz are given as follows 236 

 
𝐙(𝑡) = [

𝑿(𝑡)

𝑿̇(𝑡)
]     𝐀 = [

𝟎 𝐈
−𝐌−1𝐊 −𝐌−1𝐂

]    𝐁gz = [
𝟎

−𝐌−1𝐁g
]   

(3) 

The observed absolute accelerations 𝑿̈𝒐𝒃
𝒂  at several floors of a building is given by 237 

 𝐘(𝑡) = [𝑿̈𝒐𝒃
𝒂 ] = 𝑬𝐙(𝑡) + 𝐃gz𝑥̈g(𝑡) (4) 

where 𝐘(𝑡) is the observed measurement or output; 𝑬 is output matrix which transfers internal state to 238 

outside measurement; 𝐃gz is the feedthrough matrix. 239 

The main procedure for MOESP is given by (1) Construct block Hankel matrices for input and 240 

output using past and future measurements, and concatenate them together to get a Hankel matrix; (2) 241 

Get the upper triangular matrix using QR decomposition of the Hankel matrix; (3) Employ oblique 242 

projection to construct the oblique projection matrix, which is equal to the product of the estimated state 243 

vector and the extended observability matrix; (4) Calculate the Singular Value Decomposition (SVD) of 244 

the oblique projection matrix to obtain the extended observability matrix; (5) Obtain the dynamical 245 

system matrix from the extended observability matrix; (6) Extract the modal frequency, modal damping 246 

ratio are extracted from the dynamical system matrix [51]. The first three modal frequencies and damping 247 

ratios for two horizontal components are given in Table 2. 248 

Table 2. Identified Modal Frequencies and Damping Ratios 249 

 First mode Second mode Third mode 

Component 𝑓1 (Hz) 𝜉1 (%) 𝑓2 (Hz) 𝜉2 (%) 𝑓3 (Hz) 𝜉3 (%) 

X 0.55 3.19 1.82 6.51 3.25 3.94 

Y 0.49 1.09 1.86 3.56 3.92 3.83 

 250 

3.3 Detail modeling of the building 251 

The building structure in this study consists of shear walls and moment frames, with its three-252 

dimensional view and floor plan shown in Fig. 7(b). To simulate the behavior of this structure during an 253 

earthquake, a detailed finite element model was constructed based on the OpenSees platform [52-53]. 254 

The model assumes a fixed base condition, and the modeling process was simplified by excluding the 255 

basement portion of the building. The planar translation and rotational degrees of freedom of each floor 256 

are constrained through rigid diaphragms to ensure the integrity and stability of the floors. 257 

The mass of each floor is calculated considering the structural dead load and live load, concentrated 258 

at the geometric center to more accurately reflect the actual load distribution [54]. The moment frames 259 

and their connecting beams are defined using elastoplastic fiber beam-column elements [55], while the 260 

shear walls are modeled using 4-node layered shell elements, specifically ShellMITC4 [56]. The material 261 

properties include an elastic modulus of 3.250×10⁴ MPa, a section torsional moment of inertia of 262 

2.567×10⁹ mm⁴, a shear modulus of 1.354×10⁴ MPa, a moment of inertia about the Y direction of 263 

5.721×10⁹ mm⁴, and a moment of inertia about the Z direction of 0.846×10⁹ mm⁴. A tri-directional 264 

seismic input was employed to comprehensively evaluate the building seismic performance under 265 

earthquake waves acting in different directions. 266 
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The first three modal frequencies of the model were extracted and are presented in Table 3. 267 

Furthermore, the modal frequencies obtained in Section 3.2 based on actual data were compared with 268 

those of the finite element model. This similarity indicates that the assumptions and simplifications 269 

adopted in the model are reasonable and that the finite element model is capable of effectively 270 

representing the dynamic behavior of the actual physical system. Thus, the model demonstrates the 271 

effectiveness in accurately simulating real-world system dynamics. 272 

Table 3. Finite Element Model Frequencies 273 

 First mode Second mode Third mode 

Component 𝑓1 (Hz) 𝑓2 (Hz) 𝑓3 (Hz) 

X 0.50 1.82 3.62 

Y 0.52 2.09 4.62 

Based on the modal parameters obtained from actual data, the observation records at the first floor 274 

were input into the structural model, and the simulation results were shown in Fig. 7(a). A comparison 275 

between the simulated data and the measured data (Fig. 4) revealed that the waveforms were similar. 276 

This process ensured the accurate simulation of seismic observation data and validated the reliability of 277 

the model output. 278 

 279 

Fig.7 Seismic Response Simulation and Finite Element Model: (a) Simulation Results of Floor 280 

Acceleration Recording, (b) Three-Dimensional View 281 

4. Comparative seismic response analysis of tall buildings under different earthquake conditions 282 

4.1 Comparison with seismic responses under 2021 Yunan Yangbi moderate earthquakes 283 

To compare the effects of near-field ordinary seismic motions and far-field LPGM on this tall 284 

building, the observation data at the first floor during the Mw 7.7 Myanmar earthquake were selected as 285 

a representative of far-field LPGM. Additionally, data from the first-floor station recorded during the 286 

2021 Ms 5.6 Yangbi earthquake were chosen as a sample of near-field ordinary ground motion. By 287 

extracting seismic response indicators such as PFA, PFV, PFD, and ISDR for each floor, the study 288 
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investigated the variations in structural seismic responses under different seismic motions. The epicentral 289 

distance of the Yangbi Ms 5.6 earthquake was 42.5 km. The peak accelerations at the first floor of the 290 

structure in the X, Y, and Z directions were 43.0 cm/s², 37.4 cm/s², and 27.6 cm/s², respectively. To 291 

standardize the peak values of ground motion to match those of the Myanmar earthquake, the peak 292 

accelerations of each seismic motion were scaled by a factor of 0.25. The adjusted three-directional inputs 293 

for the seismic motions were 10.60 cm/s², 9.35 cm/s², and 6.90 cm/s² along the X, Y and Z directions 294 

of the structure, respectively. 295 

The comparison of PFA, PFV, PFD, and ISDR under different seismic excitations is shown in Fig. 296 

8. As can be seen from the figure, both near-field ordinary seismic motions and far-field LPGM influence 297 

the PFA and PFV of the structure. Specifically, under the same PGA conditions, the PFA recorded at the 298 

25th floor of the structure during the Ms 5.6 Yangbi earthquake were 31.6 cm/s², 29.7 cm/s², and 6.95 299 

cm/s², with PFA amplification factors of 2.9, 3.2, and 1.0, respectively. The horizontal amplification 300 

factors were lower than the 2.5 factor adopted in seismic design standards, indicating a conservative 301 

approach. This was consistent with the normal PFA amplification factors of 3 to 5 observed in general 302 

tall buildings [48]. This contrasted with the amplification factors observed during the Myanmar M7.7 303 

earthquake, which were 5.33, 9.57, and 1.48, respectively. Therefore, the dynamic amplification factors 304 

for tall buildings subjected to far-field LPGM differed significantly from those of near-field ordinary 305 

seismic motions. The maximum PFV for far-field LPGM was 22.17 cm/s, while for near-field ordinary 306 

seismic motions it was 8.67 cm/s. The maximum PFA and maximum PFV of far-field LPGM were both 307 

significantly higher than those of near-field ordinary seismic motions, being 2.45 times and 2.55 times 308 

greater, respectively. 309 

Additionally, as could be seen from Fig. 8, the PFD of the structure under far-field LPGM were 310 

significantly greater than those under near-field ordinary seismic motions. Although the top-floor 311 

displacement in the X direction under far-field LPGM was 7.7 cm, which was less than that in the Y 312 

direction, it still exceeded the maximum PFD of 2.7 cm under near-field strong seismic motions. The 313 

maximum PFD under the two types of seismic motions differed by a factor of 2.8. The ISDR of the 314 

structure under the two types of seismic motions were shown in Fig. 8(d). From the figure, it could be 315 

observed that the distribution characteristics of the ISDR under both types of seismic motions were 316 

generally consistent: they gradually increased from the bottom floor, reached a maximum at the middle 317 

floors, and then decreased. The maximum ISDR primarily occurred between the 13th and 16th floors. 318 

However, the ISDR under far-field LPGM were generally larger than those under near-field ordinary 319 

seismic motions. As shown in Fig. 8(d), under the Myanmar earthquake input, the maximum ISDR were 320 

1/1883 and 1/1003, whereas under the Yangbi earthquake input, they were 1/3787 and 1/2590. The 321 

maximum ISDR for the former was approximately 2.6 times that of the latter. Nonetheless, the ISDR at 322 

all floors remained below the current standard limit of 1/800. 323 
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 324 
Fig. 8 Simulation of Maximum Responses of a tall Building at Different Floors Using Seismic Records 325 

at the first floor during the Myanmar Mw7.7 Earthquake and the Yangbi Ms 5.6 Earthquake: (a) PFA, 326 

(b) PFV, (c) PFD, (d) ISDR 327 

After performing Fourier Transform on the station records monitored at the first floor and the top 328 

floor during both earthquakes, the Fourier amplitude spectra of the X and Y directions during the 329 

Myanmar Mw 7.7 earthquake and the Yangbi Ms 5.6 earthquake were obtained (Fig. 9). For the 330 

Myanmar Mw 7.7 earthquake, the first-floor station showed distinct peaks at 0.52 Hz and 0.73 Hz along 331 

the X and Y directions, with no significant peaks at higher frequencies, while the top floor exhibited 332 

peaks at 0.51 Hz and 0.47 Hz. For the Yangbi Ms 5.6 earthquake, the first-floor station displayed peaks 333 

at 1.1 Hz and 1.07 Hz, whereas the top floor showed peaks at 0.58 Hz and 0.55 Hz. The peak positions 334 

of the Fourier amplitude spectra in the X and Y directions differed, which was attributed to the varying 335 

stiffness along the long and short-axis directions. 336 

Further comparison of the Fourier amplitude spectra of acceleration records along the Y direction 337 

at the first and 25th floors revealed that, during the Myanmar Mw 7.7 earthquake, the seismic response 338 

energy at the 25th floor was primarily concentrated at the first frequency (approximately 0.49 Hz, 2.04 339 

seconds), with a small amount of energy in the second and third modes. However, during the 2021 340 

Yangbi earthquake in Yunnan, the first three modes were all excited [57]. This indicated that the dynamic 341 

response characteristics of tall buildings under far-field LPGM differ significantly from those under near-342 

field ordinary seismic motions. 343 

 344 
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 345 

Fig.9 Fourier Amplitude Spectra of Structural Accelerations during the Myanmar Mw 7.7 Earthquake 346 

and the Yangbi Ms 5.6 Earthquake: (a) First-Floor Station X Direction, (b) First-Floor Station Y 347 

Direction, (c) 25th-Floor Station X Direction, (d) 25th-Floor Station Y Direction 348 

To more clearly compare the differences in impact between near-field ordinary seismic motions and 349 

far-field LPGM on tall buildings, additional earthquake records from the Yangbi mainshock and two 350 

aftershocks were selected for this study. The amplitudes of these ground motion records were uniformly 351 

adjusted to match the amplitude of the first floor ground motion recorded at the Dali observation array 352 

during the Myanmar Mw 7.7 earthquake, and then were used as input applied to the model to calculate 353 

the corresponding seismic response indicators. Taking the tall response under the Myanmar Mw 7.7 354 

earthquake as the baseline, the results of near-field ordinary ground motions from the Yangbi earthquake 355 

were compared (see Table 4). The calculation results of PFA, PFV, PFD, and ISDR were listed, with 356 

values provided separately for both X and Y directions. The ratios in Table 4 were the multiples of the 357 

results from the Myanmar earthquake compared to the Yangbi earthquake, used to further quantify the 358 

differences between the two. 359 

From Table 4, it could be seen that the amplification effect of LPGM on PFD significantly exceeded 360 

that on PFA and PFV. Particularly, the ratio of PFD in the Y direction reached up to 32.1, highlighting 361 

its pronounced impact on PFD. All observed ratios were greater than 1, indicating that tall buildings 362 

generally exhibited weaker responses to near-field ordinary ground motions compared to LPGM. The 363 

largest ratio was observed for the Ms 5.0 earthquake, indicating that small-magnitude near-field ordinary 364 

ground motions had the most limited excitation effect on tall buildings. As the magnitude of near-field 365 
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ordinary ground motions decreased, the difference in response between these motions and LPGM became 366 

increasingly significant. 367 

Table 4. Comparison of Seismic Response Parameters Between the Yangbi Earthquake and the 368 

Myanmar Mw7.7 Earthquake 369 

Maximu

m 

Directi

on 

Mw 

7.7 

Ms 5.6 Ms 6.4 Ms 5.0 Ms 5.2 

Simulat

ed 

Rati

o 

Simulat

ed 

Rati

o 

Simulat

ed 

Rati

o 

Simulat

ed 

Rati

o 

PFA 
X 45.4 31.6 1.4 29.7 1.5 14.5 3.1 20.3 2.2 

Y 72.9 29.7 2.5 28.8 2.5 12.1 6.0 22.4 3.3 

PFV 
X 13.2 6.7 2.0 8.1 1.6 1.31 10.1 1.6 8.3 

Y 22.1 8.6 2.6 5.9 3.7 0.75 29.5 1.8 12.3 

PFD 
X 4.3 2.1 2.0 2.5 1.7 0.31 13.9 0.2 21.5 

Y 7.7 2.8 2.8 2.0 3.9 0.24 32.1 0.4 19.3 

ISDR 

X 
1/188

3 
1/3788 2.0 1/3155 1.7 1/18182 9.7 1/13158 7.0 

Y 
1/100

3 
1/2591 2.6 1/3846 3.8 1/25000 24.9 1/10753 10.7 

4.2 Comparison with seismic responses at different epicentral distances  370 

In this section, the records from the structural array were analyzed and compared with the simulated 371 

results from a observation station in Ruili City. Special attention was given to key parameters including 372 

ISDR, PFA, PFD, PFV, and floor response spectra. 373 

The station YN.N0203 in Ruili City, approximately 280 km from the epicenter, recorded PGA of 374 

65.2 cm/s² (X), 79.6 cm/s² (Y), and 31.4 cm/s² (Z), which were 10 times higher than the PGA in Dali. 375 

According to simulations using data from the station YN.N0203, the PFA at the top floor was 376 

approximately 5.7 times that of the first floor, while the PFA at the 12th floor was about 2.5 times that 377 

of the first floor. 378 

However, for Ruili City, which was closer to the epicenter (approximately 280 km away), some tall 379 

buildings were likely to have experienced damage. The comparison curves of the acceleration response 380 

spectra in three directions with the design response spectrum are illustrated in Fig. 10. The response 381 

spectra exhibit a distinct dual-peak characteristic, which is a hallmark of LPGM. The horizontal response 382 

spectrum not only exceeded the frequent earthquake design spectrum [44], but also surpassed the seismic 383 

design spectrum in the local long-period range (1.0–1.75 seconds). Particularly, the north-south 384 

acceleration response spectrum reached 1.89 times the seismic design spectrum at a period of 385 

approximately 1.45 seconds. This may explain the widely reported strong shaking sensations in tall 386 

buildings and the observed damage to some structures in Ruili City. 387 
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 388 

Fig. 10 Comparison of Acceleration Response Spectra from YN.N0203 station during the Myanmar 389 

Mw7.7 Earthquake with Seismic Design Response Spectra (5% Damping Ratio, Site Class II, 8-degree 390 

Seismic Fortification) 391 

The comparison of PFA, PFV, PFD, and ISDR for different epicentral distances at various floors of 392 

the structure was shown in Fig. 11. The analysis results demonstrated that as the floor increased, the 393 

structural vibrations in both the X and Y directions generally exhibited an increasing trend. However, 394 

there were localized instances where the vibration decreased, such as the observed reduction in PFA for 395 

floors 5 to 15 in the simulation results from the YN.N0203 station in Ruili City. This phenomenon was 396 

closely associated with the modal characteristics of the structure under seismic excitation. 397 

Notably, under the seismic input from the YN.N0203 station in Ruili City, the seismic response of 398 

the structure significantly increased. Specifically, the maximum PFA , PFV, PFD, ISDR reached 5 to 6 399 

times those under the seismic input at the first-floor station in Dali. 400 

Under the seismic input from the first-floor station of the Dali structure, the top-floor displacement 401 

was 7.7 cm; whereas, under the seismic input from the YN.N0203 station in Ruili City, the top-floor 402 

displacement reached 41 cm, approximately six times that of the former. Further comparison of the ISDR 403 

under seismic inputs at different epicentral distances showed that, under the seismic input from the first-404 

floor station of the Dali structure, the maximum ISDR were 1/1883 and 1/1003, fully meeting the 405 

requirements of current standards. However, under the seismic input from the YN.N0203 station in Ruili 406 

City, the ISDR of all floors either reached or significantly exceeded the limit of 1/800 specified by current 407 

standards [44], with the maximum ISDR reaching 1/188, exceeding the limit by 4.2 times, which 408 

suggested that potential damage may occur. 409 

Additionally, under the seismic input from the first-floor station of the Dali structure, the variation 410 

of ISDR along the height was not significant. In contrast, under the seismic input from the YN.N0203 411 

station in Ruili City, the distribution of ISDR exhibited a trend of gradual increase from the lower floors 412 

upward, peaking at the middle floors before gradually decreasing. Notably, in both cases, the maximum 413 

ISDR primarily occurred between the 13th and 16th floors.In conclusion, far-field LPGM can amplify 414 

the seismic response of tall structures. If this effect is not taken into account, the adverse impact on such 415 

structures may be underestimated. Therefore, it is recommended to conduct seismic performance 416 

evaluations of tall structures under the influence of far-field LPGM during the seismic design process. 417 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 418 

Fig. 11 Simulation of Maximum Responses of a tall Building at Different Floors Using Seismic 419 

Records from the First-Floor of Dali Structure Station and YN.N0203 Station of Ruili City during the 420 

Myanmar Mw7.7 Earthquake: (a) PFA, (b) PFV, (c) PFD, (d) ISDR 421 

 422 

5. Conclusions 423 

This study investigates and compares the seismic responses of a tall building during the Myanmar 424 

Mw 7.7 earthquake and the Yangbi earthquake, using records from a 26-story frame-shear wall structure 425 

in Dali City. A detailed finite element model of the building was developed using OpenSees and served 426 

as the computational model for the tall structure. Modal analysis was conducted to validate the rationality 427 

of the model. A comparative analysis was conducted on the seismic response indicators of PFA, PFV, 428 

PFD, and ISDR under both far-field LPGM and near-field ordinary seismic motions. The main findings 429 

are summarized as follows: 430 

When both near-field ordinary ground motions and far-field LPGM were scaled to the same 431 

amplitude, a comparative analysis of structural response metrics (PFA, PFV, PFD, and ISDR) was 432 

conducted. The results reveal that far-field LPGM have significantly greater impacts on the structural 433 

response compared to near-field ordinary earthquakes. Under far-field LPGM, the maximum values of 434 

PFA, PFV, PFD, and ISDR were 67.27 cm/s², 22.17 cm/s, 7.7 cm, and 1/1003, respectively. These values 435 

were approximately 2.45 times, 2.55 times, 2.8 times, and 2.6 times higher than those under near-field 436 

ordinary ground motions, indicating that far-field LPGM induce stronger responses in tall buildings. 437 
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In the Myanmar Mw 7.7 earthquake, the PFA at the top of a building located in Dali City, 438 

approximately 608 km from the epicenter, reached 5.33 and 9.57 times the corresponding ground motion. 439 

These amplification factors exceeded the typical range of 3-5. Under the same PGA conditions, the PFA 440 

amplification factors were higher than those observed during the Yangbi M5.6 earthquake, which were 441 

2.9 and 3.2. The PFA amplification factors under far-field LPGMs were higher than the values specified 442 

in current seismic design codes, indicating that existing standards may underestimate the potential impact 443 

of far-field LPGMs on tall buildings. 444 

During the Myanmar Mw 7.7 earthquake, the PGA at the first floor of the Dali structure was 445 

relatively low and did not exceed the frequently encountered seismic response spectrum. However, as 446 

the floor level increased, the structural vibrations became increasingly pronounced. The maximum PFD 447 

reached 7.7 cm, and the maximum ISDR was 1/1003, which is within the limits specified by current 448 

seismic design standards. This indicates that the building remained within a safe range under this event. 449 

However, if the same building were located in Ruili City, with an epicentral distance of approximately 450 

280 km, the maximum ISDR could reach 1/188, exceeding the current design limit of 1/800. This 451 

suggests that such structures may experience significant damage under similar far-field LPGM conditions. 452 

Therefore, special attention should be given to the deformation characteristics of tall buildings under far-453 

field LPGM during the seismic design phase. 454 
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