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A review on seismic performance of ancient timber structures on sloped lands
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Abstract: Ancient timber structures on sloped lands are an important part of the ancient Chinese
architecture, Due to the unequal height constraint at the bottom of columns, they are different from the
ancient timber structures on flat lands in the aspects of architecture layout, structure characteristics and
seismic performance. In recent years, the investigations on seismic damage of ancient buildings show that
the damage degree of ancient timber structures on sloped lands is generally more serious than that on flat
lands. To protect ancient timber structures on sloped lands much better, the basic concept of ancient
timber structures on sloped lands is expounded and the architecture characteristics, structure forms and
structure characteristics of ancient timber structures on sloped lands are summarized. According to the
results of many investigations on seismic damage of ancient buildings, the typical earthquake damage
characteristics and causes of ancient timber structures on sloped lands are analyzed, such as foundation
failure, column foot slip, mortise-tenon failure, column frame torsion, roof failure and frame collapse. The

similarities and differences between seismic damage of the ancient timber structures on flat lands and those

We#m B #A:2021-02-20

EE&WH : HRK A RB 54 (51878559)

TEE®/ N /B (1977- ) 5 L 28, FENFELSS TRBUR S5 E ST . E-mail : panyi@swjtu. edu. cn.

Received: 2021-02-20

Foundation item: National Natural Science Foundation of China (No. 51878559)

Author brief: PAN Yi (1977- ), PhD, professor, main research interests: seismic and reinforcement of structure

engineering, E-mail: panyi@swijtu. edu. cn.



% 2

EHLE L A SR M AR AT SRR "

on sloped lands are pointed out. The key scientific problems of seismic research on ancient timber structures

on sloped lands are illustrated from the aspects of dynamic characteristics, analysis model, seismic

mechanism, failure mode and reinforcement method and the thinking and direction for the subsequent

seismic performance research are pointed out.

Keywords: structures on sloped lands; ancient structures; timber structures; seismic performance; seismic

damage charateristics

SRS AR EN oS U 5 LR L e A S A LT
25 A E S AR 1/30 .l T B IR EE S
oA = IR SR A 2 S ES T b |,
WA AR P BE , — St AN AN T
e R EEE RS T BN R A ) 2 AR A N AE ] —
KT8 AN BE AT Ak R [R] — KT, X 26l 3
SCR I SR TR R R 2 R AR A 4
A A Ly S SO L A A

H 21 e Lok, hEEE R4 5 HLL R
600 R, KZ A0 TR IX ., W24 10
Hb | P Mg LRI 2 ity AR 254 . Tk
REW AR, SR Y 52 BUR R R ) b
IR, 0 H R b 73 B0 B X L My A SRR &
FYEol Gl A ORI AR LE L Ll by SR &G
FAANASL LA e - 52 7 ) AR O 3 32 55 % BLARRAE
WA R T 5 | 1 A D AN 458 vy 240 SR L T 2 i)
RHIN S A . A bR AR L o R 4
P12 F1 50 S R, 7% AR AR R B 2 . SCHk [ 6-
LA 5% 1Lyt oty A 7 s AR L Tk AR R R
HEAT T I3, SCHR 15 X TR IR R A L b oy 2 SRR
HEAT T VAR 20 BT, SCHR 16 100 AS 55 i AR F 42 11 527
FIRUERIEAT T 50T SCHR [ 17 568 8 3 780 1 Ly b oy 2 50
REEFPTRTEREDEAT T 20T SCHR (18 % 75 311
RE B RT3 R AT, B R
AL B P REI 9% B A M bl 50, B
SRAG 43 L Hh by SR AC 5 K 1 5 A RN AR M BE Y
Gy T F L by A SR 25 4 1 B M RE F 9 TR AE AR
RERNKE,

FEF S Ly vy SRR 25 A A i S AR S T
Ly oty AR S5 4 1) S SRR A, B0 285 1L Ml oy SRR
SRS SRR L S5 B 2 OB FE A L
SR 0B DAL L TR 35T 1 3 vy 8 SR A 4 M T R v
FFTAYA AL T4 R 5 A SR 2 Tl A

1 BT

Hh L T SRR 454 32 M B BRI L SR O
FIAE = HE TG 2 PR AR, B B T 2 & 2 AR L 3t
BB SRAE . B, vy d SR S5 R 7 e HE i

ZHFRIRET 5, LG R b X R 5], BT 9 U
S Lo Hod DO 1] EE DGR 5 N 45 b 4 1 e T
Uy 53k ) 46 B B B 79, 52%., 75, 33% A
61. 70% , FE B AU A 245 A A AR A9 11, 03 % .
15. 60 %01 31. 1026, K a9 1L M Fr e i fff 1 1L b
WAL A

LU 1 by A AR 235 4 7 A ik A2 SR Ak
IsEIR . TEBAE R T EA LR AR R R D
TERL T 520 H AR GER RS — M AR, A5 WA
AEBERE TG WA 0 45 1L KIS A8 2 13
WS AR LA LS8 B K TR A IF4Z [0
= {7 vivt € v IS NN £ I O 7 (B A I B ¥
LA 1 7 g ko) [l ee, oy AR A %1
1) R FRE AR 0 T B8 2 S 100 4, JEE e A A A 1 L Y
BB N AE SRR S )1 R X S TE
SEBE A L My B ARR Z54 h F EA JR A a), E
NIk NS W= E B S ST IB AR50 P N
ZER LU 1 PR,

(OWNFRURIF (4) W LA
B 1 FUELMEER
Fig. 1 Temples-like ancient buildings on sloped lands
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Table 1 Structure forms of ancient timber structures on sloped lands
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Fig. 5 Local collapse of ancient buildings on a slope of Erwang
Temple in Dujiangyan( Wenchuan Earthquake intensity 11 )
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Fig. 7 Failure of the mortise-tenon of Zushi Hall in

Qingcheng Mountain( Wenchuan Earthquake intensity 11)
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Fig. 9 Inclination of the column frame of Fotu Temple in

Lushan( Lushan Earthquake intensity 9 )
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Fig. 10 Tile slip of the roof of Erwang Temple entrance in

Dujiangyan( Wenchuan Earthquake intensity 11)
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Fig. 11 Shedding of the animal sculptures in Fulongguan in

Dujiangyan( Wenchuan Earthquake intensity 11)
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Fig. 12 Complete collapse of the Douzhen Hall of Yunyan

Temple in Jiangyou(Wenchuan Earthquake intensity 8 )
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