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Finite element analysis on seismic responses of Yingxian Wooden
Tower by considering the effect of stylobate
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Abstract: In order to study the effect of stylobate on the seismic responses of Yingxian Wooden Tower , the
models of octagonal stylobate, the upper timber frame and the overall structure are built by ANSYS finite
element software. The modal analysis method is used to obtain the natural frequencies and periods of the
model. The direction of the weak horizontal stiffness of the upper timber structure is obtained, and seismic

wave excitation is input to the upper wooden structure and the overall structure model respectively. Then
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the seismic responses of the two models are compared and analyzed. Results show that the octagonal
stylobate has a higher natural frequency and all frequencies are relatively close. And when the high-order
frequency of the upper timber structure is close to that of the stylobate, the stylobate obviously affects the
dynamic properties of the upper timber structure. The east-west direction of the wooden tower is the
direction of weak horizontal stiffness. Compared with other seismic wave excitations, the acceleration and
displacement responses of the upper timber structure and the overall structure model are greater when the
long-period Tianjin wave is input. As the peak acceleration of the inputting excitation increases, the
dynamic coefficients only considering the structure decrease. Under the excitation of the same type of
seismic wave with the same peak acceleration, the acceleration and displacement response of the overall
structure are greater than those of the upper timber structure.

Keywords: Yingxian Wooden Tower ; stylobate; dynamic properties; seismic response; finite element analysis
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Table 2 Material parameters of rammed soil

HE/ WML YAk KRS/ FEE Ak
(kg*m %) H/MPa 4 MPa /) /)
1 870 20.9 0. 33 0. 063 25.7 0
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Table 3 Section dimensions of main members
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Fig. 2 Finite element model of the Yingxian Wooden Tower
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Table 4 Natural frequencies, periods and modal shapes

of octagonal stylobate

Mg B f/Hz  JAA T/s B PR
1 4. 857 0.205 9 RV 5 -5
2 4. 860 0.205 8 Bl DR Sz
3 5.103 0.195 9 Eilkid
4 5.413 0.184 7 RVET7 W3
5 5. 420 0.184 5 el nR S
6 5.713 0.175 0 Eilkzd
7 5.716 0.174 9 Eilkid
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Fig.3 Vibration modes of octagonal stylobate
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Table 5 Translation natural frequencies and periods of

upper timber frame and overall structure considering

the effect of stylobate

ARG B AL
(%3

f/Hz T/s f/Hz T/s
1 0. 626 1. 597 0. 626 1. 597
2 1.772 0. 564 1.772 0. 564
3 3.051 0. 328 3. 051 0. 328
4 3. 733 0. 268 3.733 0. 268
5 4.502 0.222 4. 502 0.222
6 5. 534 0. 181 5.022 0. 199
7 6. 167 0.162 5. 665 0.177

L EBARLEAG Y — B L A 2R 0. 852 Hz, K
F 1B, BN T 2 B Fahdi s, BiuIARE
LRGSR UL W N AE R E T, %
ARG R 725 AR 1 TR 25 5 & A LG AR I

T SRR LN 2 SR Y T R B L R 46 R

SHPRBLA F PR B SCRRL 14 TSR R 77 X
Fo S5 6.t 6 ATl PSS il 5
(B SR PR A R R 22 /N U BB A SR B A —
JE IR 1
®6 LEAGHTHIRE BIRFEELES
STk 14 JKME RS EE
Table 6 Comparison between simulated natural frequencies

and measured frequencies in reference [ 14]

B BRIE/Hz  SCRKC 145208 / He AR/ %
15 0. 626 0. 601 4.16
2 By 1.772 1. 660 6.75
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storey and the third hidden storey
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Fig. 5 Displacement time-history curves of the reference

point under different main excitation directions
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Fig. 6 Acceleration time-history curves of of the reference

point under different main excitation directions
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Table 7 Seismic responses of upper timber frame and overall structure considering the effect

of stylobate under peak acceleration of 50 cm/s’

HFE d kst /mm aksy/(em s s7%) Presty dgissyy/mm agsgpenyy/(em © s72) Bigtkzsty
El Centro % 23 30. 1 0. 602 28 46. 6 0.932
Taft 20 41.7 0. 834 27 43.7 0. 873
Tianjin ¥ 42 48. 7 0.973 56 51.6 1. 032
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Table 8 Seismic responses of upper timber frame and overall structure considering the effect

of stylobate under peak acceleration of 100 cm/s*

BiN2)2 dsepg/mm e aggy/(ems s ?) Bty distsiby/mm aggrzg /(em o+ s 2) Busthsity
El Centro J 40 65. 2 0. 652 54 93.1 0.931
Taft J% 38 82. 4 0. 824 52 86. 4 0. 864
Tianjin % 85 94. 8 0. 948 113 98.5 0. 985
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