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Abstract: The present seismic damage prediction method of predicting damages of buildings is based on one-—
degree—interval intensity zone. This method results in quite different damages predicted for buildings with same
seismic capacity but closely located in two sides of the intensity isocline, while the damages predicted for all
buildings within the same intensity zone, no matter close to the higher intensity isocline or the lower intensity
isocline, are identical under a certain scenario earthquake. This kind of results predicted is quite different from

actual seismic damage.To solve this problem, the authors subdivide one—degree—interval intensity zone by 0.2
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degree interval, and break down the damage index and damage level into five smaller grades accordingly at the
same time. Based on the relationship between seismic intensity and damage index, the authors use fitting and
equal division methods respectively to get adjustment coefficient of damage index or graded damage index for five
subdivided intensity grades. The adjustment coefficient of damage index obtained by fitting method is suitable for
seismic damage prediction of building groups, and the damage index obtained by equal division method is

applicable to single building. This improved method for damage prediction can not only reflect the discrepancy

among buildings located in different subsections of the same intensity zone, but also make sure that the

predicted damages of buildings with same seismic capacity and from two sides of anintensity isocline not fluctuate

sharply.

Keywords: Seismic damage prediction method; Seismic intensity; Damage index; Adjustment coefficient

0 5l5F

MR A A —E AN AT HINAE AN Y]
MZE, HFEMEROEFHRMANGGT ) mid
SR B4 B AR e R B R T AR B A G A B A
TR EENER, Nt Bhasa B Jo 5=
M JE RS R R B B oy A L
B AT A T 75 R ) 2 o) S SR B R
[ S (AR 5 o mT LA 3R A L S BOR TA S 43t
LIPS XS

LR XTSI R RF B, E A
ShEE AT T —RIIRIBETE, HATHE R 52 % 7
M7k BRI R FG L L RZIEE
RagE e | SIS RONE D & T
T SCT SR, FFam A oo A 2540 B R R A
JEE GO HER SRR, AT LS 2R
RERREETT R IEY; SRS DT AP T RR
T A RE IR A M ML R Sy A ER . R TSI T
FEAE YR LB 7 IE95  IMAYE | PMS B
A AT R B AR AR A L AN TR 7 3 R e X1
MZHERY, HSMIREM GG IHNEIE dar
TZHT LR T RS IR F RIS, &,
5 I R A A X Dy o 5 T R R A AE T B kA L
s HGETH AR Tr i HRSE T BRI A SR
F% 7 T TN ] LA T — ST RS IR B 4 Bk 2T
A EREERC T @RISR R i
BARL BURBTRE A R E N T, fil T
AL TR B B A B A SR R 2R
FE Ty ik, RIS AETSE T 25 IR R IR AR
FR H N ) ) S B R

RETTEARZ | (AR B2 MR,

B — R TG B AR S R T 5 e
5 T RJE I A A S B R T B 5 ks

X PRI IEAR I 7 3 N AR h R N Y

S — 2RI EE T A A SR () TEAN [
ST S BE T, 5 0Nk EEE M T
MBS X P4 B R AEAS R B R BB S5 9%, ]
DURHEAR, dnl OB X 2875 9% nl 3R 4%
BIFFE IX 2% it S ol T A A SR A AN [ 2% 1Y
R EIRRCRX N A BIAES . h TAEBE AR T,
R AR SN I e &R, IS4 I A e SR P Ak A7
BERHEREE, B, SRESRIEEE = E
FEBC IR IR NG AR , A5 5 B E ML =5
AR (RER) T A ) () IR E
CRACRI N

BT RR AU A R O O ik R S AT, A
Il T 2R TN AR P AR R T N ER A AR
— ARG B [ A i e, ESE N TSR
Wy T 25 R MER L

1 R

AT o, 3T g AR Y A A
Dife. B IR, @S, W
A S TE L 2 BV T R E S, Nl AT
EH 5 R AN A AR S A B R i [ B
SHEWKIG, B AIRER, WS R (k]
AER A M RRIEN) T , SRS AR S R o3 A1
Shyly Bh PSR N SRR PR AR TS . BT H A 3
T b 7R B 1 R TN vk R e e B A IX T
YR EEY, MNPUERR MR, (BT
B B DI AR &R s S, SR 20 220 AR K
RE TS, ik [E) — Z1 R P PN G B A
SRR 55T AR FUE 3 Bk (0 S ) 7R 5 0 4%
S, X5 EPREE I EAL,

WE 1R, BEH 4 FRbiEae S M ) g
TV T A R, BRL, CRAID &L, HAET
AFIB L, 5 CAID S ERYISE AL, BT



52 3 F& SRR IR AR SR Oy VA ) it 3

JITRE ZURE DXANTR] LA 7 3 5 SR A AR AR R B9
a5t , BER—DBINEH; MALT B A C A8
AL T IR —FUE X P, # T (R — 2
JEIX, RFLAAR LS a—B, 5 AR
9 A FI D RURRSRY), REFER AT REE — WA
FH,

1 BoE MR R o Sk S ABUE B e o s IR
Fig.1 Earthquake intensity boundary setted and the position of

assumed housing

T DR LR (R R T TN 4 SR SN A
BEEBR, SR T IR R

2 itk

2.1 FAREEE

FEX AT I AR R R AR SO b R S
0.2 B PRAEAT o0, BIFE 1 oy 5 AR
B, R AR SRR R IR | AR
I T IR = A 28 G R T 7 4 7 3 48 B A7 o0
B SRJF AR 2752 5 45 K05 H e B 2 [ ) ok
Z, WE A FZUE R R 47 BOR B R 8
TRAFKRRD AR F B, b TS EG R
AN TR ZUEE I 5 19 55 5 i RO AR RO fE B B LA
SR R2 T R RO AN o B AR AR AR
S ARk, RIVAGE (8] R A (R AR AR A [ ZURE 704
MR EIE R, HTEA R p B AR E T,
JE A5 31 2% 28 sl I AT Sl SR L AN ) B8 R4 X O 1) 72
FHEER,, HERBLREEIT (K 2).

jf
Faxis

2 DA S 1R

s g &S RRAMERAZE

§§ SRAEAH MR TN R R
L [ AR FRE AR R E A ll

gk HEHR

R T FrATsAY (b A KB B
. AR TEAR FIZIRF SRS IX (810 B S

ZE Tz

pEgr wa HRZEFHL R ::>U

sk

BEIFARFYRE R R ERT
RREIZLEESS T R 4 R B S 2

Pl 2 SR E TN SO R BOR T

Fig.2 Technical flowchart of improved methods of earthquake damage prediction of for building
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Table 1 Grading table of seismic intensity
U E P BUBERY 5 AR EY DX ]
Vi 6.3 [5.8, 6.0); [6.0, 6.2); [62, 6.4); [64, 6.6); [6.6, 6.8)
VI 7.3 [6.8, 7.0); [7.0, 7.2); [7.2, 74); [14, 7.6); [7.6, 7.8);
VIl 8.3 [7.8, 8.0); [8.0, 82); [82, 84); [84, 8.6); [8.6, 88);
X 9.3 [8.8, 9.0); [9.0, 9.2); [9.2, 94); [94, 9.6); [9.6, 9.8);
X 10.3 [9.8, 10.0); [10.0, 10.2); [10.2, 10.4); [10.4, 10.6); [10.6, 10.8);
®2 BEBBHEX
Table 2 The definition of damage index
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,g ASBREFF L AT WA, R R R A W s -
FERBR R B SR R S S 45 01 02 0l=0d
st ZHRUKEAOF I ERRAE, AW RREE ) DR PRI -
FhAERIR T T (81 0.4 0.3<D=0.55
JEEREIR ZHORTEM MR, RIS EE S, RIEE R, 0.7 0.55<D=0.85
BIR ZROKEMEBIN, P REFIR e O, CRBEThE, 1.0 0.85<D
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Table 3 Grading table of damage index and damage level

REFR BESRSR () BESR BEIRHGER Eizp Ve
FEARGEUT FEARGEUT I =0.1 D=0.1
TR R IR (WIS BN IR ) 122 0.125 (0.10, 0.13]
BRI IR (2 1 2 TR ) 2 0.15 (0.13, 0.17]
BYmEIR R IR (ML R AR S IR ) = 0.20 (0.17, 0.23] 0.1<D=023
AR (W 19 32 SO IR ) iz 0.25 (0.23, 0.27]
AR RO IR (B AF IR ) Bn 0.285 (0.27, 0.30]
R P AERER (RIS R AEREIR ) 2 0.32 (0.30, 0.35]
AR AERIR (AR R T AF IR - 0.37 (0.35, 0.40]
HAFRIR R AR IR (LT g v SR ) i 0.42 (0.40, 0.45] 0.3<D=0.55
B AR (R B T AEREIR) Hi+ 0.47 (0.45, 0.50]
RE AR (R E IR ) 2 0.53 (0.50, 0.55]
AR IR (WA RN ™ E IR ) ;2 0.575 (0.55, 0.61]
BAR P E IR (AR ™ EE IR - 0.65 (0.61, 0.67]
JEE IR FETE AR (ML ) PR RGN ) G 0.70 (0.67, 0.73] 0.55<D=0.85
B AR (R A REIR ) Gl 0.75 (0.73, 0.79]
AR HAIR (B SR Gite 0.815 (0.79, 0.85]
BRI BRI % >0.85 0.85<D
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Fig.3 Fitting curve of the average damage index of brick structure and seismic intensity
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Table 4 Expressions and variance of various fitting functions

B el PRI IR 2%

2 AR f(x)=0.090 8x-0.59 0.046 98
ZRZIi Ff(x)=0.021 712°-0.269x+0.862 4 0.003 13
PR Ax)=06531e 0.005 27
B/ €250 f(x)=0.001 167x°-0.007 336x°-0.032 51x+0.228 3 0.000 23
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Fig.4 Fitting curve of the average damage index of frame structure and seismic intensity
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Table 5 Suggested values of adjustment factor (Aj)) of

frame structure and brick structure under different

intensity
" A o A ()
Az AT O R
[5.8, 6.0) 0.85 0.94
[6.0, 6.2) 0.9 0.97
VI (6.2, 6.4) 1 1
[6.4, 6.6) 1.15 1.05
[6.6, 6.8) 13 1.1
(6.8, 7.0) 0.7 0.85
[7.0, 7.2) 0.85 0.9
VI [7.2, 7.4) 1 1
(7.4, 7.6) 1.2 1.1
(7.6, 7.8) 1.4 1.2
[7.8, 8.0) 0.75 0.8
(8.0, 8.2) 0.85 0.9
VI (8.2, 8.4) 1 1
[8.4, 8.6) 1.15 1.12
[8.6, 8.8) 13 1.25
[8.8, 9.0) [9.8, 10.0) 0.8
[9.0, 9.2)[10.0, 10.2) 0.9
X(X) 1[92, 9.4)[10.2, 10.4) 1
[9.4, 9.6) [10.4, 10.6) 1.15
[9.6, 9.8) [10.6, 10.8) 1.25
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Table 6 The list of determination method of damage index and damage level of typical brick structure

FUREEARY RUEARME BERERE EFESR FREDAEE  REFESER SRR ARIEEER

5.8~6.0 5.9 0.047 0

6.0~6.2 6.1 0.048 5 0.03 i

6.2~6.4 6.3 0.05 FEARGEUT 0.05 0.05

6.4~6.6 6.5 0.052 5 0.08

6.6~6.8 6.7 0.055 0.11 B

6.8~7.0 6.9 0.17 I 0.14 21

7.0~7.2 7.1 0.18 -l 0.17 -l

7.2~7.4 73 0.2 TR ER 0.2 % 0.2 7

7.4~7.6 7.5 0.22 % 0.24 e

7.6~7.8 7.7 0.24 B 0.28 e

7.8~8.0 7.9 0.32 -2 0.32 -2

8.0~8.2 8.1 0.36 -l 0.36 -L

8.2~8.4 8.3 0.4 rRAEREIR 0.4 -l 0.4 -l

8.4~8.6 8.5 0.44 i 0.46 rht

8.6~8.8 8.7 0.48 r+ 0.52 r+t

8.8~9.0 8.9 0.56 2 0.58 -2

9.0~9.2 9.1 0.63 E 0.64 -l

9.2~9.4 9.3 0.7 JEEE R 0.7 W 0.7 iy
9.4~9.6 9.5 0.784 g 0.746 iy
9.6~9.8 9.7 0.875 B 0.792 i
9.8~10.0 9.9 0.744 i 0.838 i
10.0~10.2 10.1 0.837 i 0.884
10.2~10.4 10.3 0.93 37 0.93 0.93 by
10.4~10.6 10.5 1 B 0.976 -
10.6~10.8 10.7 1 1
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Table 7 The list of determination method of damage index and damage level of typical frame structure

FUEARS RSP BRETRERE EESYR PRERIREL REESS SRR RIRESER
5.8~6.0 5.9 0 0

6.0~6.2 6.1 0 0

6.2~6.4 6.3 0 FEATELS 0 0

6.4~6.6 6.5 0 0

6.6~6.8 6.7 0 i 0 Iy
6.8~7.0 6.9 0.035 0

7.0~7.2 7.1 0.042 5 0.03

7.2~7.4 73 0.05 FEATELS 0.05 0.05

7.4~7.6 75 0.06 0.08

7.6~7.8 7.7 0.07 0.11 B
7.8~8.0 7.9 0.15 -l 0.14 -l
8.0~8.2 8.1 0.17 21 0.17 21
8.2~8.4 8.3 0.2 LU 0.2 % 0.2 %
8.4~8.6 8.5 0.23 % 0.24 L
8.6~8.8 8.7 0.26 LN 0.28 e
8.8~9.0 8.9 0.32 -2 0.32 -2
9.0~9.2 9.1 0.36 -l 0.36 -L
9.2~9.4 9.3 0.4 LEEIT 127N 0.4 - 0.4 -L
9.4~9.6 9.5 0.46 r+1 0.46 rp+t
9.6~9.8 9.7 0.5 rr+ 0.52 2
9.8~10.0 9.9 0.56 2 0.58 i
10.0~10.2 10.1 0.63 -l 0.64 -l
10.2~10.4 10.3 0.7 JEEE R 0.7 0 0.7 G
10.4~10.6 10.5 0.805 i 0.746 i
10.6~10.8 10.7 0.875 i 0.792 i
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Fig.5 Comparison of the intensity and damage index determined by different methods under typical damage assumption
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Fig.6 The curve of the calculated damage index of brick structure and intensity
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Fig.7 The curve of the calculated damage index of frame structure and intensity
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