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Influence of Embedded Walls to Aseismic Performances of Timber Structure of Chinese Ancient Timber Buildings
—Taking Taihe Palace as Example
ZHOU Qian'*” ,YAN Wei-ming' ,GUAN Hong-zhi’ , JI Jin-bao'
(1. Beijing Key Lab. of Earthquake Eng. and Structural Retrofit, Beijing Univ. of Technol. , Beijing 100124 , China;

2. Palace Museum, Beijing 100009 , China;3. Beijing Key Lab. of Transportation Eng. , Beijing Univ. of Technol. , Beijing 100124 , China)
Abstract ; In order to find out the influence of embedded walls to aseismic performances of timber structure , Taihe Palace in the Forbid-
den City was taken as example for analysis by simulation methods. Based on mechanical characteristics of tenon-mortise joint as well as
bracket sets, 2 finite element models of Taihe Palace were built with and without embedded walls. By modal analysis, spectrum re-
sponse and time history analysis, the influence of embedded walls to main modes as well as seismic responses of timber structure under
different intensity of earthquakes were studied. Results showed that with the consideration of embedded walls, the basic frequency of
Taihe Palace increases. Its vibration at wall locations is inconspicuous. Under 8 degree intensity of earthquakes, its internal forces gen-
erally increase, however peak distortion value of its timber structure decreases to avoid overturn, especially under rarely occurred earth-
quakes.
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Fig.1 Photo of damage of an ancient building under

Wenchuan earthquake

BT S (A T e ) AT i KR, 2
H RIS e A A 0 A% R e e 1 BB AR KR B
AT 1420 4F, B 2 A A8 SO g, AR 5
THWI(1695 4F) A F Bl EHTK 64 m, ¥E 37. 2
m, 5 26.92 m, fAIRE 11 (8], BEPR S (8], BAEPE R
OB, BARIE 1,25 ~ 1,45 m, 25045 75 R M B
PILL R RGN B AR IR 2, ik
[ 58 AT ety A AR A R M RS A, I T LK R B
N AT T

3620

7465 | 11180 | 7465

3620

8 @ B B @ 9 B O @ @b
Js seo]s 5505 550]5 550] 8470 |5 550[5 550]5 550]5560] |
3620 3620 HAf7 :mm

(@) Pl

=3
=
o
o

| 7540 L53251[5755[ 7455 | |

—

| L7465 ] 11180 [7465] ]
3620 3620
(b) 7

B2 XfER~TE
Fig.2 Sizes of Taihe Palace
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Fig.3 Plan view of relation between columns and embed-

ded walls of Taihe Palace
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Tab.2 Results of vibration analysis( with filler wall)

514 WA/ Ha
X Jfi] Y Ji) AL
1 0.90 0.23 0.50 1.00
2 1.58 1.00 1.00 0.03
3 2.04 0.05 0.04 0.38
4 2.39 0.05 0.00 0.19
5 2.73 0.07 0.02 0.03
6 3.06 0.04 0.01 0.01
7 3.24 0.00 0.01 0.02
8 3.45 0.02 0.04 0.05
9 3.75 0.02 0.00 0.05
10 3.85 0.06 0.01 0.04
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Fig.4 Finite element model of Taihe Palace
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Fig.5 Distributions of contact pairs of wall-column
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Tab.1 Results of vibration analysis (no filler wall) S e e ==
SRR % Food
(514 WA/ Ha
X 1] Y Z 1
1 0.70 0.18 0 1.00
2 0.71 1.00 0 0
3 0.80 0.60 0 0.03
4 1.33 0.16 0 0
5 1.67 0.01 0 0.01
6 2.50 0.04 0 0.02 (0) 3 2 RALOST I
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8 336 0 0 004 Fig.6 Contrasted modes (up: without filler wall, bot-
9 3.89 0.01 0 0.03 .
10 4.31 0.03 0 0 tom ; with filler wall)




84 PO R A2 4 ( TARERE 22 )

46 &

M1 ~2 Al 1) 8 [ s A e, A g
R R FE AU 19K, X 2R ON R M EE S R 2)
AN ESE [EFE RTE, BETAE Y 1] BB R BOh
0 1M 7% JERE ARG BERITE Y [0 RS RBCH — & M
TSR R, % JE R [ i A5, KRB S A X
Y. Z i) EIRB A S S R L - 0.21: 0. 01:
1, 25 B RS 454 i Lo 0. {525 B S
AR I J 2R A 5 1] 4 4 S A o T 5 S B . 3)
T SRR S T B IR AUE TP ERT P BT, 3R
BUAER 1 IRB AN IR 3h K2R 2 SRA AR ] iR 50

ZiaR1~2 K6 nIH: 1) JgH Bk Y
B EIRB KRB0 1, HAE X Z [/
KIBAR/N; 2) R S i [ 15 T, LAY AY F 9%
TUR BN AN B BEARNES 5 T2 B HE AR , T4
A L TG B AT dist (AR T A, 3 b iR o7 Y
ARAEIFTC] RS, RV (A0 A ZR4% 3l BAT 200K
YEHL

G Va5 i

SR FHWE S 1 70 A7 T3 VAR T 58 0 1 M R A F R B A
XA SRR BRI, B ZSHRHE L € =
0. 05, MR A LSRR ) (GB50011—2010) 1Y
FRHLE R R a0, &) ASSHIPUE N -
MR R B ¢, = 0. 165 5 TEECE T AL
R 126, Bt ba sy 2 5 1 241 FHIERI T, =
0.35 s; PR R K m, = 15 Z T FRBA IS £L
y = 0.9; HEL T BEBIRERIMBE RS, = 0.02,

XA RUTRAIN 8 R 188 U ) 7 - X0 i) B i i) i
ji% ( single-point response spectrum ) , 3% F SRSS ¥4
FFRLZS, 245 R A AS IE Iz Von Mises )i ) 73 Afi 4
R T ~8,

I 7 Ca) R, R 25 RS A8 [ 7 FH I, 254
HAE S 0.04 m, H " Az RASTE Y FRAL 451 L 28
UL L RRARIRAL . I8 7 (b) Al 25 AR AR 4% [
I, Z5H A /), e RAE N 0.03 m, HASFEBORME
AR PR A F e v T B ) B () B AR5 1 T AN 5
SRR SE R0 ] Je AR X 18 B3 A X A B g 0] e
TEAH —E A RAER A B E T, 254 28 T (AR
XN oA RARTE AR 53 A1 DX sl N , 73 o e )
BEAGRRE AT, DR T I/ NG R 1 R B A

H P 8 T, 25 RS i [ 2 R 5, Z5F4 7Y Von
Mises Ji JJ 734 1) S ZARPCRAAE g 1) 17 g W (B 728
K, 2.29 MPa 14 % 3. 10 MPa, X fii 15 254 7= 4= 5%
PIBIRBIRTREESE K o 2) WS Al B A2 Al , R %

0 0.016 0040 HILm

0 0.015 0.030

(b) Tl
B7 3 EEBMBEEATENERSS
Fig.7 Deformation distributions of model under 8 degree

intensity of frequently occurred earthquakes
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Fig.8 Von Mises stress distributions of model under 8
degree intensity of frequently occurred earth-

quakes
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Fig.9 Displacement response curves of nodes
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Fig. 10 Acceleration response curves of nodes
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