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Analytical Study of Static and Dynamic Responses of Multi-story
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Abstract

Recently, cultural heritages in South Korea gain many interests of restoration and preservation from the government
since many of that have been severely damaged during earthquakes. Many previous studies in both terms of experimental
and analytical approaches have been done to examine structural behavior and decide appropriate methods of preservation.
Being motivated by such researches, this research aims to investigate a religious stone pagoda dated back to the Goryeo
Dynasty in Korea. The structure consists of a granite stone foundation and baked bricks, which resembles the shape of
traditional pagodas. In order to examine the structural behavior of the pagoda, an analytical model is implemented using
ANSYS, a comprehensive engineering simulation platform. For the time history analysis of the pagoda, several earthquake
excitations are chosen and input to simulation modeling. Seismic response of the tower such as time domain, natural
frequency, modal shapes and peak acceleration measured at each layer are presented and discussed. In addition, the
amplification ratio of the tower is calculated from the accelerations of each layer to determine tower stability in accordance
with Korean seismic design guide. The determination and evaluation of status and response of the brick tower by
simulation analysis play an important role in the preservation of history as well as valuable architectural heritages in South

Korea.
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(Fig. 1) The multi-story brick pagoda of
Silleuksa temple
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(Table 1) Specification of Bastmate llI

Apparatus Blastmate I
Production company Canada Blastmate Inc.
Measuring range 0.127mm/ sec~254mm/ sec
Frequency range 2~300Hz

Sensoris installed at the top as much as possible to

{Recm ddata BlastMatelll get the overall behavior of the stone pagoda

{ Datareduction

O

{ Analysis EF.T

arranged using computer software Blastware

Stone pagoda’s natural frequency was

] Vibration data obtained through BlastMateIll was
} determined using FFT
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The rubber hammer creates vibration.

/\ making it possible to measure vibration

(Fig. 3> Natural frequency vibration test
process
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(Fig. 4) Natural frequency measurement using
vibration apparatus and rubber hammer
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(Table 2) Number of nodes and elements

Detailed  Simplified ~ Macro
Number of
Nodes 1,217,078 1,187,723 31464
Number of =507 106902 5616
Elements
Analysis Time 4044 3,855 7
(sec)
Frequency
13.09 12.04 12.08
(Hz)
Difference (%) - 8.02 727
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(a) Measured peak acceleration at
different story

(c) Base stylobates

(b) Top view

(Fig. 7 |dealize image of Multi-story
Brick Pagoda of Silleuksa Temple
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(Table 3) Material properties used for
pagoda model
. Elastic .,
Properties (]'i)(er}srlntg; Modulus PO;:;%H S
& (MPa)
Granite 2,560 2,400 0.25
Brick and 1y, 534 02
joint
Filled 2,560 850 0.3
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(Fig. 9) Natural frequency changes due to
decrease in Young's modulus
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(Fig. 13) Earthquake results of PGA

(Table 6) Variation of peak acceleration under the seven earthquakes.

Height Peak acceleration (g)
[m] El centro Pohang Ofunato Gyeongju Parkfield  San Fernando  Hachiohe
84 238 1.19 0.89 1.79 249 216 0.54
78 1.84 0.88 0.77 146 1.98 1.74 044
6.9 124 0.57 0.61 0.98 137 119 031
6 0.78 0.49 043 0.63 0.86 0.75 022
5 042 041 0.28 0.33 0.46 041 0.16
38 0.24 0.34 017 0.22 0.22 0.23 0.15
26 0.20 0.28 0.16 0.19 0.21 0.21 0.15
14 0.20 0.28 0.16 0.19 0.21 0.21 0.15
0 0.22 0.28 0.22 0.22 022 0.22 0.22
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(Table 7) Variation of story drift under the seven earthquakes.

Story

Story drift (%)

El centro Pohang Ofunato Gyeongju Parkfield  San Fernando  Hachiohe
7 3.00 572 1.08 4.29 715 4.65 2.09
6 249 451 0.85 3.06 520 3.75 1.63
5 1.86 317 0.59 1.88 3.00 272 114
4 148 232 043 1.10 1.90 212 0.84
3 148 214 0.39 0.83 1.83 211 0.82
2 123 1.67 0.30 0.51 151 1.75 0.65
1 122 1.64 0.28 0.38 1.51 1.75 0.63
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