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Fig. 2 Schematic of Guanghua Building Pillar Network
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Tab. 1 Korean pine mechanical parameters
14 E, Eg £y Hre By, M G Grr Gy

440 9702 1955 1955 0.352 0.106 0.52 971 218 609

. p NIREEEE, B kg/m®; E NSRPERR, AL MPa; u
RIARALL; LOoAAm, R AEEM, TR E,; 6 NI, $
{3; MPa.
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Tab.2 Plastic mechanical parameters of red pine
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L 52.4 LR 8.3
R 4.4 LT 2.0
T 4.4 RT 8.3
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Fig. 3 Mechanical parameters of brick wall material
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Tab.4 Tenon and Bucket arch joint stiffness
k/ k,/ ks ky/
Rt
(kN*m™) (kN*m™") (kN -m™") (kN - m/rad)
S|t 2197.3 2197.3 127 950 296. 71
-3 1.26x10° 1.26 x10° 1.41 x10° 7 362
H-Hi 1.41x10° 1.41x10° 1.41x10° 7 362
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Fig. 5 Numerical model of Guanghua Building
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PR

FUEME N —FhBERAFERILE, (PR30 55z Sk
I (RS O e 2845 1k o SR B A B e AT 80,
BHJEHERE C Hh BT R R M ORI AR KRR

3.2

600
Pl ol
—m— M1 2 @
—@— M1 il
500 | —a— Mi1=EEETR
- - M2 b
PR - & M2
n,{n 400 - A- M2 T
=
2
& 300 |-
&
i
) 200 |
=
100 -
0 1 1 1 1 1 1 1 1 1

El E2 E3 T1 T2 T3 L1 L2 L3

(2)
e FaAIBHJE w8 o A1 B 4351 BT i BHLE 5 HI
JERE . BHIEHEuE XN

a Po;
€50 T 2

C=aM +BK

(3)

FRAEAT I 245 (1991) . Fang 28 (2001a, b)
XA ZE R EE AR SN 156 I 5 B A 5% ik 2l i 5%
MEHHR N 2% ~9% , —B/NF 5%, AR3CH
JEH 3. 5% , WY ZFIEASHra R, Al o
=0.2413, B=0.003336; A2, «=0.4981, B
=0.001 605,

3.3 INiEE KRR

XA AL A KSR i, T Y R
SEANT X I, SO ABERIEET Y 5 X U
JEL R 1:0.85, RIATSCHTAR 9 SRR ahic skt AT
A, BN THIES,

®5 BEMBIR
Tab.5 Model loading conditions

MR PGA/ gal Hh RS
E1/L1/T1 70 VI 2 38 e
E2/12/T2 200 VI 52 B B
E3/13/T3 400 VI 5 i 7l

. E, L, T2rM% 0 El - Centro 3 . 2 M. Taft 3%, 1,
2, 3 SIS RIRAE S 70, 200 F1400 gal (MRS, T .

R 3T AN ) 3 7 o (LS D' e R el 5
BL, Srol ekt —ZMERT . JRMEN . =R AT
B, SRS yw RLEE . BT O TR R
ARSIV E AR 8 R, A TOEHTF

600

Pl 51
—m— M1 ik
—o— M1 2 HiHi
—A— M1 = TR

(b

500
- W= M2—ZHfibi
- @- M2 ik
- A- M2 R

TN B U A/ (em-s)
w B
? S

%)

(=3

(=]
T

=3
=}
T

El E2 E3 T1 T2 T3 L1 L2 L3

B8 &mEXw (a) ZAY® (b) Rahinik Fisll

Fig. 8

Peak vibration acceleration at each measurement point in X (a) and Y (b) directions
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Tab. 6 The average value of the amplification factor of two models in three working conditions

it 1 R 2
I X I Y [ X [ Y 1]
—JEMERT CEMENT 2R RN 2N SR 2D RN 2T RN CEED SRR
E 0.783 0. 881 0.937 0.709 0. 801 0.814 1. 009 1.038 1. 078 1.018 1. 041 1. 084
L 0. 686 0. 651 0.71 0.692 0. 663 0.720 0. 942 0.988 1. 050 0.909 0.958 1.027
T 0. 738 0.767 0.812 0. 641 0.611 0. 68 1. 138 1.25 1. 410 1.157 1.269 1. 401
xR7 WHEREE M IR THABIER
Tab.7 The displacement peak of two models under nine working conditions BT mm
B 1 2
Huril X 1] Y [i X 1) Yl
—JEMERT CEMENT SRR RN 2N SRR 2D RN 2T RN CEED SR
El 5.91 8.99 10.93 9.59 14.34 17. 00 0.13 1.01 2.22 0.59 2.32 3.14
E2 16.47 24.19 29.29 26. 86 40. 15 47.43 0.32 2.38 5.34 1. 00 4.55 7.88
E3 33.28 48.99 58.72 54.75 82.08 97. 00 0. 66 4.69 10. 4 1.5 8.35 15.7
L1 3.35 5.12 6.23 6.95 10. 11 11.73 0. 06 0.69 1. 49 0.45 1.83 2.03
12 8. 88 13.10 15. 86 17.44 25.89 30. 16 0.14 1.45 3.24 0.59 3.07 4. 66
L3 17.32 25.27 30. 59 32.62 49.55 58.53 0.33 2.69 6.01 0.96 5.03 8.87
T1 5.69 8. 64 10. 51 9.84 14.72 17. 43 0.09 0.83 1. 83 0.52 2.07 2.55
T2 15. 60 23.2 28.09 25.89 39. 44 46.73 0.22 1. 86 4.21 0. 80 3.75 6.15
T3 30. 83 45.54 55.1 50.59 77. 44 91.77 0.44 3.46 7. 86 1.23 6.28 11.71
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A BT B AR ARG (AL 1o R A M R 0L

(4) XJZMEALR M AT TIH, win et
REAEAN [ M 7 B AR TR 77 25 19 e KR [R5 7% £ 2
FEE AR B PRAERLAE o

(5) TEVEZFlHRAE T, SRR RS
THIRAL A IBPE AR B, SR A B SR ] 3
HAb 5y R AL

Sk

e R X Pk BB . 2008, ACZE Y iy A AR e 2 Mk S A O SR
PURPERE—IXImIIIE[ J]. AMRIF R, 17(2) :58 - 64.

EREAE . 1983, E kAR M. AUt i E STl A



453 1

CLR T4 SR RO RERL 5 A SRR PR RE A 52 1) 507

XEERK . 2005, WIARZEHIEEAZ ST ERRIIAFFE[ D). KU WIRE K.

R, =R, S5, 4 . 2019, FHIE)Z A0 X i SRS PR T RE Y
W[ ]]. DARTRERSEH,52(3) 129 - 40.

JRZE . 2008, PEI AR R PIEERER BT [ D], FEEE . P A AR
FRHE K

TRl . 2018, 5 AN B ERTE MENT U0 2 2 ARG H T PR
REAMT[D]. Fi% . PSR % .

WHE DY, e, A, %5 . 2018, PHCAP AR SRR 3 45 iR I6 F
FE[)]. EHLEI 2,39 (12) 128 - 138.

AR EIR BRIE IR . 2014, P E AT [ M. AR D R 2 ik

B2 XUBRAR, 7 AOF 25 1991, FaZedbl IR 1 S5 sh etk ny
ISR 1] VU3 K F 244 ,25(3) .55 - 62.

JEISE 2 M 67 AR 5 L 2014, FEBHbARAE T B R A B R
RERFZE[T]. EEAR A M 244 ,35(S1) :25 - 32.

AR KV, JEIIESE . 2019, dy BESLRG — 450 124 v e M s 4k
B AT )] ERSLAE 24,40 (9) 157 - 186.

PR TE . 2013. FEIRSC ML MERR A 0T B GE 4 [ D). P4 7Y
BIEFRHE R

Fang D P,Iwasaki S,Yu M H,et al. 2001a. Ancient Chinese Timber Ar-

chitecture. I; Experimental study[ J]. Journal of Structural Engineer-
ing,127(11) ;1348 - 1357.

Fang D P,Iwasaki S,Yu M H,et al. 2001b. Ancient Chinese Timber Ar-
chitecture — II; Dynamic characteristics[ J ]. Journal of Structural En-
gineering, 127 (11) ;1358 - 1364.

Fujita K, Chiba K, Kawai N, et al. 2008. Earthquake response analysis of
traditional Japanese timber pagoda[ C]//CDR:10th World Confer-
ence on Timber Engineering.

Kawai N, Minowa C, Maekawa H, et al. 2006. Dynamic characteristics of
Japanese pre — modern five — storied pagodas [ C ]//Portland: 9th
World Conference on Timber Engineering.

Uchida A ,Minowa C,Kawai N, et al. 2004. Seismic performance of Japa-
nese wooden pagodas[ C]//Lahti;8th World Conference on Timber
Engineering.

GB 50003—2011, BI{R&5 L[ S ].

GB 50005—2017 , RZ5H BT RITE[ S ].

GB 50011—2010 , @ HHTR L[ S].

GB 50165—92 , SR LS AES SN EH AL S].

The Influence of Brick Wall Structure of Jiayuguan Guanghua
Building on Seismic Performance

BA Zhenning', JIAO Peng’, LIU Bingsong®, ZHANG Xiang’
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, China)
(2. Tianjin International Engineering Institute, Tianjin University, Tianjin 300072, China)
(3. Jiayuguan Silk Road ( Great Wall) Culture Research Institute, Jiayuguan 735100, Gansu, China)

Abstract

Taking the Jiayuguan Guanghua building as the research object, we use the ANSYS software to build a pure
wood structure and a brick-wood mixed structure Guanghua building models. based on the relationship between
tenon-mortise joints, bucket arch nodes, and column-wall contact. Through model analysis and dynamic time-
series analysis of various input seismic waves, the following conclusions are obtained: the brick tube structure
greatly improves the low-order natural frequency of the Guanghua building, and the natural frequency gradually
equals in the high-order mode. The displacement response of the pure wood structure model under the ground mo-
tion is greater, but it is still less than the limit of 1/50 of the displacement angle between the elastoplastic layers
of the wood structure building. The brick wall structure significantly increases the peak acceleration of the struc-
ture under seismic time-series analysis, which is related to the reduction of the structure’s natural vibration peri-
od. The brick wall structure significantly reduces the peak displacement of the structure, which greatly contrib-
utes to preventing the lateral collapse of the wooden frame. Under the 8-degree rare earthquake, the plastic strain
at the bottom of the brick wall structure and at the opening is large, which may be manifested by cracks at the
bottom of the brick wall and the connection with the wooden door.

Keywords: Guanghua building; pure wood structure; brick-wood mixed structure; modal analysis; time-

series analysis



