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Earthquake Damage Assessment Method for Historical Timber Buildings

Guo Xiao-dong, Ma Dong-hui, Su Jin-yu
( Institute of Earthquake Engineering , Beijing University of Technology, Beijing, 100022 , China )
Abstract: Protecting the historical buildings against the earthquake damage is an important mission on urban
earthquake disaster prevention planning. This paper mainly discussed the earthquake damage assessment
method for traditional timber buildings. The fuzzy damage assessment method is provided. The examples
about timber buildings in ancient zone in some city indicate that this method is operable and reliable. The
method presented in this paper provides a reference for similar structures in future research.

Key words: historical building; timber structure; fuzzy damage assessment

1 AR EER S

REMBRALBKK G ERPRRREEAN T REHEA . TRAKRGHERSILKE: B,
TE. K2, =8, PR, TEEFERA. SRNBRENMTEARREHEERE, FEEOTRN
REME R

ARG BEEE R RABEAN T AR EE. fl: ONMAREF B Eshie: @%EH
HTRUIE, OKBHRNE; OFMEHTRER, B LESHNENEE; ©OFEE G
B WIARE: O©FWIRRIREE. Bt HYEPRGESRIIE B igit e,
REHARR R, HOARLGHRERMEERRT R B R EMER R, JUESAERY, XRGHE

EE WS BEF (1978~), H, ILHHMA, LEM, FENHTEEHESHIHR.
BAK (1977~), B, IHEHEA, P, EL, FEFRAIRRESHREE.
JELR (1979~), &, LHHE A, T, By Mk TEHE.



2008 FEI TR AWK 5 TEARARR SR

MR BTN, A ATE N AR T MRS TR Rt AL, BT SIEREE,
SR, FELERUE FSRE. EELNE, BRERERLET, WE AT o BRKR
o L A B G M B LA S M 50 <L AR IB S B)  BUSL T 11 BEIX B AL T A2
AMAEERERE, T8 EE AR ABIS, HlHHS 2 HASHERERE T RERHED
SRR AR, Bl LR, EME 8 EKNEEE. MR 7 ER AR, R 8 ERXK
REE. B8 7 EROREEEIR. KEHKX 6 FXAOKE . BFME. b, BELESONE
BHEE, WRETX—A.
2 —AREMEEANEETMNSZE

EREESHRT SRR IEEXRNANRS, SRR HREFREEN. SAREHN
Frih s RAETFREH A MAE, ERLEAF LS R R SR % a4 B TR ELE T 4
¥, XRMEE BESERESHNT NS, BRERN RS, EHEEK, KHASRERTE
B B TURIERETEAY, TR SRR R KT B — SRR M 45 R B B A S

B, ERRIT S ERRAGHIE D2 HREETAE, B, EXRBHIH Rk
L PO T R A5

EIE, ST RIS, AR E WA LR R SR &
SRR, FISGREUH RIS H RS AT ) EERMN S HEEAREEWET, TIER b
R T TR DN — BRI B R T
21 RETTEE

PR R B R AR R E R BRET R

U ={uj,uy,uz,uy,ls, g, g} ()

A, u—BREAR: WOREAMENEE, UK wn—EEMR: 1 %2 A3 L
AR 1~2 u— BHERER: 1 i 15 ;2 2 w—BEEME: DEXW: us
REEREEREFR: 1B, 2 #E: 3 B ue—EREERR: 1 & 2 94 u—
ArLaseiity: 1 FHE; 2 RER; ATZERK1~2 ZH.

22 WHEBEERILE

Bk RENRR-BRESHER. EN—REBRYNBIEE S NI ES, MELRTEL.

BMBIR. PSR, TEMK. BF. BESTRBIKED, XERE TR EHER K

V= (Vg0 Ve iy =10, 0.1, -+, 1.0} 2

LHERFE, LR 3).



YAl BPRE B ik

A =EAEIF=1/0+0.7/0.1+0.2/02
A, = BRI =0.2/0+0.7/0.1+1/02
+0.7/0.3+02/04
A, = FEREFR=0.2/02+0.7/0.3+1/0.4
+0.7/0.5+0.2/0.6
A=TEHH=02/04+0.7/05+1/0.6
+0.7/0.7+0.2/0.8
A =%  $%=02/06+0.7/0.7+1/08
+0.7/0.9+0.2/1.0 (3)
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= = =0.07

PO =P )= 0om03 +1+0.7+02

Pr(vy) = p(v,)=0.25

P (v;)=0.36 (6)

SHF n MRS, WABAFRRE SRR

q; = Z'sk (x)p(v;)
k=1 (7D

TEERE Q ={q, ) o N RERESF B EERE, EAF T HPWBRYKITRREFE.

SRIX QATAT. U MKE—LAAEIGETEMESE, TR ERAD KRR RESR .
FEREREES AR L
X FEEEBIRE u, ={3, 3.5, 4, 45, 5,55, 6, 6.5, 7}, W& 7 HTFHERRERBSEE

B (R 2) MERIXRAERE (R 3), RMANETMEMBERNREBSREFNBXRERELEE
L, XEAEHR.

®1 AEHEERERR

] B (o) Btk 28 a3 FEM SR HREE A% TERE
5 2R Ho AR p<x:d P38 ®BaH =3

1 39 2 1 1 1 i 1.5 BHEOR
2 6 2 1 0 1 1 1 B
3 6 15 1 0 1 1 1 BRI
4 48 1 1 0 1 1 1 BATELF
5 39 1 1 15 3 2 L5 L5 CLENN
6 5 2 2 4 3 2 2 &R
7 4 1 1 0 1 1 1 HEASELF
8 4 1 1 0.5 3 1 1.5 L7 U 82N
9 4 1 1 0 1 1 1 R ASEF
10 4 1 2 0.5 3 1 1 L2 (7N
11 6 1 2 3 3 1 1 B2
12 6.6 15 1 0 3 1 1 BBE
13 45 15 1 1 3 1 1 BB
14 3 1 1 0.2 1 1 1 BAsehr
i5 4 15 1 1.2 2 1 1 250 80208
16 36 1 2 22 1 1 2 L2 UL 22N




gAY BRURE RN

% H Cmd ik EH B R S 3ah FER & PN L E/bgg%
5 #k 148 A e, 2 BiY g3
17 36 1.5 1 ] 1 1 FeASEHF
18 5 15 1 1 2 2 B
19 4 1 1 0.5 1 1 AT
20 36 1 1 1 1 1 AT
21 3 15 1 25 2 2 BB
22 5.1 1 1 0.8 2 2 BRI
23 33 2 2 4 3 2 Gk 27N
24 4 15 2 4 3 1 k71278
25 3.6 3 2 2 1 2 BB
26 45 2 1 1 1 1 220 L 22
B R, MERER Y TN ERRESENRE AL
A, =X, OoR,; (8)
#2 EARuUWRBERSEERE
u, 14
(B m) 0.0 0.1 0.2 03 0.4 0.5 06 0.7 0.8 0.9 1.0
3 0.07 025 | 039 | 035 | 0214 0.1 0.03 0 0 0 0
35 0.932 089 | 065 045 0.3 0.15 0.04 0 0 0 0
4 2668 | 283 | 221 | 12 | 0336 | 0 0 0 0 0 0
4.5 0.282 04 04 0.25 0.07 0 0 0 0 0 0
5 0444 067 | 078 07 | 048 | 025 0.07 0 0 0 0
55 0.014 005 | 007 | 005 | o014 0 0 0 0 0 0
6 0.14 0.5 0.79 0.75 0.5 0.25 0.07 0 0 0 0
6.5 0.056 0.2 0.29 02 | 0056 0 0 0 0 0 0
7 0.014 005 | 007 | 005 | 0014 0 0 0 0 0 0
£3 BEXu WEMXRER
U, v
(BE m) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
3 0026 | 009 | 018 | 029 | 0428 | 026 0.07 0 0 0 0
35 0349 | 032 | 029 | 038 | 0322 | 0.16 0.05 0 0 0 0
4 0.943 1 0.78 042 | 0.119 0 0 0 0
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(&R
7 ’ 14

(B# m) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1.0
4.5 0.106 | 0.14 0.18 0.21 0.14 0 0 0 0 0 0
5 0.166 | 024 0.35 0.58 0.62 0.32 0.09 0 0 0 0

55 0.005 | 0.02 0.03 0.04 | 0.028 0 0 0 0 0 0

6 0.052 | 0.18 0.36 063 | 0633 | 032 0.09 0 0 0 0

6.5 0.021 | 0.07 0.13 0.17 | 0.112 0 0 0 0 0 0

7 0005 | 002 | 003 0.04 | 0028 0 0 0 0 0 0

Hop X, Bou, ER—NEBTR, B0 NEMBEA, RiNBEERBHXRER.

B, X FHSH 1 K52, X={0, 02, 08, 0, 0, 0, 0, 0, 0}, FRAAK (8) AT A1= {0.82,
0.86, 0.68, 0.41, 0.16, 0.03, 0.01, 0, 0, 0, 0}, X HAKAANEEALUMERFKZE, BELFER
RUEEEmENR.

A2= {0.04, 0.14, 0.34, 0.67, 0.86, 0.5, 0.14, 0, 0, 0, O}

A3= {0.84, 1.00, 0.89, 0.51, 0.14, 0, 0, 0, 0, 0, 0}

Ad4= {043, 072, 094, 065, 0.18, 0, 0, 0, 0, 0, O}

A5= {1, 09, 055, 0.25, 0.07, 0, 0, 0, 0, 0, O}

A6= {0.77, 1, 097, 0.62, 0.23, 0.05, 0.01, 0, 0, 0, 0}

A7= {0.025, 0.09, 0.18, 0.21, 0.105, 0, 0, O, O, 0, 0}
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AT SEEARN, BEGNESERNNE. IR %5 SRR SRR B A E

ERAE R BENRERE, % W=(0.15, 0.1, 02, 015, 0.15, 0.1, 0.15}. ABEHHMEEEA

Z85K%
A=Wo R (9)

R=[ar - AT (10
WXRSH 1 NERBHEE 7T FHBEEATRREELSE RN
A={0.59, 0.70, 0.66, 0.46, 0.22, 0.06, 0.02, 0, 0, 0, 0} B AR FHH LMMMT M, HHER
(3) REKICFES, B3 (4 A2) FEEED, RESARGHEESR 7 ERBTNE=E BRI .
3 EW ARG RE TN S H)
KA LR —BRAEGAR WM R ST A EA BT IR MR 132 BRREHE EHITRE

g, RBEARSHRERIAESRE 4, FEARNRPREDEL ST PHHELT LA 1.
ME 1 TTUEE, REMEATIREERY, BRTETRRAMNOTHNRLE, BLERNET



ARG R RE R

MM S —REBRYN TR REERR, SR HERZET 53R M U T JuE b W ER A
BEHRRESERBEEYAH.

x4 AT ARG REER

BESERE (%)
7 EHEH
EHEEY
BEARSERF BRER v SRR FEEBH 5228
6.5 37.01 62.99 0.00 0.00 0.00 0.1445
1.5 25.57 59.05 15.38 0.00 0.00 0.2001
8.5 2357 38.39 31.031 7.01 0.00 0.2773
9 20.27 29.44 37.54 12.76 0.00 0.3273
10 0.00 44.01 35.05 20.94 0.00 0.3923
vt BEB: 1823 HFFEHK
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