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Influence of loss distribution and non-structural loss on the
seismic vulnerability of buildings
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Abstract ; Seismic vulnerability of buildings provides basis for the assessment of seismic losses and earthquake ca-
tastrophe risk. While the nonstructural components constitute an important part of modern buildings, their seismic
losses have not received enough attention in the seismic vulnerability analysis of buildings. For an example school
building of reinforced concrete frame structure, we conduct a refined vulnerability analysis in which the components
in a building are classified into multiple vulnerability groups by their seismic fragilities and loss consequences to in-
vestigate the influence of loss distribution and non-structural loss on the seismic vulnerability of the building. The
results show that the seismic vulnerability is predominated by the nonstructural loss when the building is subjected
to earthquakes of small-to moderate-intensities and remains repairable. The structural damage plays a more impor-
tant role as the earthquake intensity increases and eventually predominates the vulnerability by making the building
unrepairable. The loss distribution among the different floors is nonnegligible for the vulnerability analysis when the

building remains repairable.
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Table 1  Fragility groups of prototype building
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Fig.2  Cost breakdown of prototype building
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Table 2 Fragility parameters and loss factors of fragile structural components
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Fig.3 Fragility curves and loss factors of components in different fragility groups
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Fig.5 Skeleton curves of each floor of prototype RC frame structure
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Table 5  Stress-strain relations for the model
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Table 6 Masonry infill walls in prototype building
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Fig.6  Force-displacement skeleton curves of masonry infill walls in different floors
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Table 7 Parameters of masonry infill walls in different floors
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Table 8  Periods of first three mode of simplified model
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Fig.9 Height-wise distributions of peak seismic responses of prototype structure at PGA =0.4 g and 1.0 g

3 MESBESN

3.1 BHRERE

BRI IDA 4347 15 31 1 25 76 7 7 4 32 0 7 1
T A 52 0 50 A6 B T 2 I 7 AT SRR ™ L5 YT LY mepers
R MR B 543 1 ) A T IR {325 M MR T
FH 0 BRI A RCIE 543 . 4 4 2 B0 3R R R W

W 10 s, Hrpe Xy noxom RSG5 RN HFE; n 2 IDA w| | 2

S3A S B R S iC SRR m g AR RE AR A rh

TRk S A (I, XA S S TR A, X 10 RERHRE

M1 ZES5FSBR R 1 5 EriEEZR A2 A 0,6 & Fig. 10 Flow chart of samilli;lg building
10 FUSMBIZEH | % 5 2 0 RETIUR G M IE PRAL 5 X thig seismic response

B TCRBOS UG BIAE RS Y, 4820 (7) AEXTBCES RV B B Z 0% Z Ao Z B B0 RIS 3 m x K 1
AP S R B W, LA —FIR R G5 HA S g () — MRS K R FEAS B
Z=D,L,U+M, (7)

Ao My m x K PR, 80 10 & o R BN R Y B —3 e R B3, 3 B = KA AR Dy
RN ICER R Y B— 50 R BRI AT AR s 6 Ry =R Y MR OC R BRI Ly 2 Ry R
SANSMRAERE B Ry = LyLy ;U 52 m x K B3 I 25 05 1 BEH LU R
3.2 “SHUHIRKR

SRFEAF S A2 F) S S REAR K O T — A SEBL”  BEA K K R RISEERAG B, 203 S Se Bl Eok
T2 000 B, 255 55 B s o7 R BEATLPE X T4 G T A s2 mep e i 2508/ N . AEASSCARLB R, B K =5 000,

FEREASEI R SR A b AR R PRS0 2 114 T — S5 IR 25 X g ) A 2 463 47 A 88 AR 2k I/ M b
BUAR T X RE—AN S0, B Jee T 30 3. 3 W LI g i 2 v . ARG AT AL I S 285
PR AET S B AU, R 220 100% 5 Gn SR S5 v 48, T0IHR 41 122 S 30 1) b 75 S g, #e5C (8) 1133 LT i
K% R,

R(I) = i C. R (8)

&u>=;[maﬂuw—Pwn%n-Awp (9)



FaH IR A AWM ATFNAR SR R X 7 R A ST ) 45 P P 52 ) 117

Arb: M =5 G B AR ; C AN TR Sy 1k 20 A o o A 5 A R AR Z LG s P (D L) AL (D))
RN @ SRR T AT R S HON x ik 3] s AR RS D BER AR L
3.3 BEFWARERF5H

SR ] 53 A A i W 2 45K - A 2 1
7o BB POREA KRR R A0 R 1, 09
Pt T R Ay S P SR T 72K I A A0 o 81 g
WS . B — I, X S A e 1) i
E RTINS A sk
¥ 100% 041
(Gl () UM HBRZWEIR 45 9801 53) ((GB/T 24335 03] ok
~2009) L , L2 1 o L AR AR A 02
i, S H A P 2 0 P A, 4 4 D 01}
ek MU A A SO . PR, A SR I 1 o 501 0.02
SHAEALA T TR R A5 I 19 55 0 2 Dy O
FUBTHE SR ] PR B HAR o B, Xk T 5 — S B, AR 4] B 11 AT MRS R

11 FIom (B A TT 468 SR B B 5 MG e pT 28 ) T 235 4 0 2 Fig. 11  Fragility model for reparability of buildings
B EE AR 6, T A TE S, o 6, R4S &1
REIZVE(EZ RN RS A 0 i K MH.

B, He— SR 5 I KR R RS £ 6, % I 1) 38 B sl RR S AT RS Al «% , I #E 1 % 100
Z AV R NS 50 20 A B B ATLE, An SR B AL, T 1 2 x Z 8], R S5 AN T8 5 i SR BENLECAE » + 1 &
100 Z 1], AR Z5 R T8 o Y SR B R 6% 22 B, ] 220 e A= B BE AT 50 1) AS A 2 2 %o AS ] 468 30 285 R 1) 5%
L]
3.4 EHFIMEAMEKITE

X 45 7 (0 L RE Bl B T, RS SR AT B AR R X i e R I S R T 45 A |l R S N ) AT
TEME AL B T A O R B R G KN A e 1 . AR B 25 G e T B SR I 5 = R 4 5
KRG ReE . ICHUR SR [ F BT A SCEL B R BEh R, RIS 2] R, - T AHESC R LR, JRED 5 6
PR

RS AT AT RS N R 12 R R AR R . X — 5 R TR [R) 28 R 1 (AL FE A A
FAELE IR ) () M FE A0 e LA B A B AR SR v B AR (7 L, BB 1E ) 2 AN [) S 7R 1 Xof S 50 4

TR IO
4 SHEDTE

4.1 EEEFHZHME

R BRI A BIAR SO RS A0 R 2 a0 P 13 Fro . [EIFRBR 1 45 R X 45 K R I 3 7 i 2

B3 PGA (LR Z A1 3B [F]I 45 ) 1 %A Sy i PR RS R TE B R T i [ 24 PGA B/, 3T AY

PR F R G ARSI (D 4 A 4H) [ BlE PGA (3K, B4ty S AR Z Wi K., 24 PGA K
T250.4 g i AES A UC 41A1 US AR B — @ A , X U W7 KB S BT 46 th B nT B B 0
4 PGA BRI, 2% Zy R AL B0 % o POl Ra e , SR B U R | I, & By ML A K o LB ks
U T4% A B A Lo

ARYE IR SR R, AT LB AN [l s sy i B R 1R R A B vk o 181 14 23 1 1 R R A b i 22 Fil
MRS R AR R . YRR B N, 15 AR 0 B M 0N s B AR R BB OR, X — B M
WO, OB R e 1 M= Sl AN S 1 , o St 1S () B 45 P2 Y st R B 40 A s e o it A S0 2 v
— IR ORI ) SEIUTE AR ATEIR S , 401 2 3 1 B PR S, IR AT T, RV S B R 45 2K
Vg T 1.



118 LIS S = S D 37 &

Ik

ey A
PERERER)
)

fiiava/d(
SrbTEiE

|n4ﬂ§%ﬁﬁd

i=0

r
g Rt
72 S 1oE

J=0

AR
taf+EDP

TR R
Stk Ty 2%

B 12 ETHEHSENMESRETZ

Fig. 12 Component group-based seismic vulnerability analysis method

09 F

0.8 0.8 |

0.7

0.6 & 0.6

& 05} Q

04} B 04t

03

02} 02 b

0.1} ]

% o0z o4 06 08 1 % 02 04 06 08 1
PGA/g PGA/g

13 BSMTESRAE (SR HLE) 14 FEEIMEIR KRR
Fig. 13 Mean loss ratio-intensity measure Fig. 14 Standard deviations of loss ratios

relationship ( vulnerability curve) of various realizations



554 4]

IR A AWM ATFNAR SR R X 7 R A ST ) 45 P P 52 )

4.2 AESHMEARHEK

X T4 I RR S5 L 1, AR B9 S AR A A A S B X T — D AR R R nlBF XA~ S 4

PEAL, TS T A LB I S I PR R G R B B AR E 22 , W& 15 R

1 0.25
09} 7N
08} 0.2 ;" 5
0.7} :. N ‘\\
_ 0.6} g 0.15 i \\
of 0.5 o 1;1‘ (WY
0.4} 0.1 i~ N
\ A %
03} N
02} 0.05 | N Neao,
0.1 ,' 1 - & \“" h
Y O e L) J e S
s o 4 N
0 L * I i 1 0 o 1 | | —=
0 0.2 04 06 0.8 1 0 02 04 06 08 1
PGA/g PGA/g
(a) FH e (b) 1  R bR HER

15 ZF5RMEANTFHRKEMBREEHIREES

Fig.15 Mean and standard deviation of loss ratios of different vulnerability groups
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B3R -
D o= Bl R PGA/g Vpe/ (em = s71)
1 Central Calif -01 Hollister City Hall A - HCHI181 0.049 4.10
2 Parkfield Cholame-Shandon Array #12 C12050 0.060 6.41
3 Imperial Valley — 06 Cerro Prieto H - CPE147 0. 168 11.59
4 Livermore — 01 San Ramon Fire Station A - SRMO070 0.055 3.13
5 Irpinia_ Italy — 01 Calitri A-CTR000 0.126 17.29
6 Morgan Hill Hollister Differential Array #3 HD3255 0.079 9.68
7 Hollister — 04 Hollister Differential Array #3 D-HD3255 0.099 7.75
8 Chalfant Valley-01 Bishop-LADWP South St B-LAD180 0.126 9.91
9 Superstition Hills-02 Westmorland Fire Sta B-WSM090 0.173 24.39
10 LomaPrieta Agnews State Hospital AGWO000 0.170 30.20
11 Landers Mission Creek Fault MCF000 0.126 6.84
12 Northridge-01 LA-W 15th St W15090 0.099 13.85
13 Kobe_ Japan Abeno ABNO0O 0.221 21.16
14 Chi-Chi_ Taiwan CHY041 CHY041-E 0.303 20.68
15 Parkfield -02_ CA Coalinga-Fire Station 39 COA090 0.079 5.86
16 Umbria Marche_ Italy Castelnuovo-Assisi A-CSA000 0.173 14.25
17 Chuetsu-oki_ Japan Hinodecho Yoshida Tsubame City 65085NS 0.112 11.68
18 Iwate_ Japan Kitakami Yanagiharach 44B61NS 0.206 8.26
19 El Mayor-Cucapah_ Mexico El Centro Array #7 E07360 0.255 20.09
20 Darfield_ New Zealand DFHS DFHSS17E 0.472 40.05




