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Tab.1 Amount of the exposed disaster — bearers in Jianshui County

S EEmBY An HERLH/ TR, BeRGH, LREM, WBUKTERE SIRSIRE KA, BB AN 2O

2R km? £ m? m? m? HEA/m? R o m® BK/m o B/ m?
gk 351 160 675 255213 2513658 385557 317617 23 600 14 1.307.91 813 1.3
BITHL 382 37640 10420 316153 315961 321 567 517 818 2 529.14 32 1.7
7 145 36242 21562 633771 173 668 218 620 36 650 1 1 846.7 845 0.5
Fles 330 16214 65000 209100 279200 144 300 36 650 1 1426.5 34 0.7
BT 214 54003 48370 1981030 243630 260 204 7 000 3 2 780. 49 174 0.4
RME 283 26268 31325 176454 257991 192 390 15 800 1 465.13 465 0.7
HIVT4% 347 73348 80610 858610 367806 1351 450 10 400 3 978. 1 588 0.9
Wfs 351 41329 84000 358000 222000 160 000 4 885 5 805. 1 361 0.5
Wi & 260 13662 19 701 181047 95213 136 391 11 920 1 313.3 20 0.4
¥k 317 24982 2040 132145 90540 299 315 17 100 2 152 15 0.2
RN 225 11754 4760 40830 144640 168 940 14 800 1 155 27 1.9
E)=%7 157 15092 25000 59400 86700 245 000 600 1 6321.42 121 1.1

FIES 165 17403 10 774 31820 148400 88920 330 1 441.18 71 0.8
AR % 255 14829 11067 117500 59 880 312 000 76 130 1 52.09 47 0.6
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Tab.2  Comparison between the peak ground acceleration

and the seismic intensity on Type Il site
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Tab.3 A mairix of damage ratios of buildings hit

by historical earthquakes in Yunnan (% )

FUEIX iRl BRIR P AR R
17727 NI 7 N 127 N1 ¢ 0
VI HEZRZEH 0 0.09 0.8 15.83 83.19
VI RS 002 029 221 19.33  78.15
VI ARG 0.77 0 23.59 0 75. 64
VI EARZH 111 0 27.25 0 71. 64
VI HEZRZEH 0 1.69  8.49 31.86 57.96
VI REIRZH 0.39 4.21 13.7  33.02 48.68
VI ARG 5.91 0 51.9 0 42.19
VI +AR%H 9.0l 0 51.74 0 39.25
VI HEZRSZEH 1,69 8.89  15.38  34.08  39.96
VI fRSEM 3.71 13.59 30.72 33.39  18.59
I G5ty 28.67 0 61.07 0 10. 26
W A% 31.82 0 57.34 0 10. 84
X  HEZRZEM) 18.06  31.69  25.54  17.32  7.39
X GEIR4H 39.96 3272 15.64 7.08  4.58
X fieAREH  83.15 0 16.74 0 0.11
X ARG 85.45 0 14. 55 0 0

®4 ZEMRARSEHERBIFRKLERE (%)

Tab. 4 A matrix of loss — ratios of buildings in Yunnan (% )

EAUAP IV o7 NI e (37 NI LR 3 7 NI 30 €127 N - 2 N 4
HEZRZEH 85 55 25 7.5 2.5
MRS 85 55 25 7.5 2.5
TeARZE 90 0 40 0 2.5
TARZH 90 0 40 0 2.5
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R5 ZEHMRHEMBEARLEHEBBRIFREAE (%)
Tab.5 Loss ratios of buildings caused by historical

earthquakes in Yunnan (% )

FUREIX HEDRGEHY  FRIRZEH  TeAR4it LR
Vi 3.54 4.13 12.02 13.69
Vi 6.89 9.77 27.13 29.79
VIl 13.73 21.28 50.49 51.85
IX 40. 65 56. 52 81.53 82.73
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20° ~ 25°, 25° ~30°, 30° ~ 35°, 35° ~40°,
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Tab. 6  Quantitative assessment of losses of villages and towns of Jianshui County hit by Intensity VIl

FAEEES AN R B R A UNGE A WAL G ET 2%

SHA HWEE/ PR AR A, AR . ) AR HHAE/ PR AR THAE PEARIE

5t Bl (2w % O e E (%) i
[ 1 166. 43 2.28 3.31 1. 64 187 1.92 0.53 1. 61 3.9 -1.02
HITH 364. 21 0.08 0.96 -0.42 108 0. 46 0.28 -0.15 6.3 1.48
P A 366. 78 0.07 2.55 0.97 66 -0.32 0. 46 1. 09 4.2 -0.71
G4 264.73  -0.37 0. 80 -0.55 Y] -0.77 0.13 -1.26 4.3 -0.60
AR 851. 44 1.35 3.96 2.20 63 -0.38 0.29 -0.08 3.6 -1.34
SR 252,42 -0.40 0. 89 -0.47 77 -0.12 0.27 -0.23 4.7 -0.19
111 A< 954. 95 1.66 2.59 1.01 215 2.44 0.58 1.99 4.4 -0.50
T ) 297.44  -0.27 0.85 -0.51 87 0. 07 0.25 -0.41 4.5 -0.40
Lt & 156.24  -0.69 0. 60 -0.73 33 -0.93 0.13 -1.27 5.1 0.23
ek & 192.55  -0.58 0. 61 -0.72 83 -0.01 0.26 -0.31 7 2.22
#/Is 141.45  -0.73 0.63 -0.70 43 -0.75 0.19 -0.80 5.3 0. 44
filkE % 154.49  -0.69 0.98 -0.39 53 -0.56 0. 34 0.23 4.3 -0.60
RS 112.97  -0.81 0. 69 -0.65 61 -0.41 0.37 0. 48 4.8 -0.08
FIR % 181.15  -0.61 0.67 -0.67 49 -0. 64 0.18 -0.89 5.9 1. 00
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Tab.7 Models of earthquake — induced landslide density Wi4s S LA AR 0 B 4% [ AR 22, 4
at variant slope gradients Wi debrmE i A2k .
Wi b S Rl
<1° Y=1/[1+exp(8.221 78 -0.34329x)]  OR=1.409 577
1°~3°  ¥Y=1/[1+exp(9.279 05 -0.633 448x) ] OR =1. 884 096 (5)
3°~7°  Y=1/[1+exp(11.398 3 -0.916 239x) ] OR =2.499 872
7°210° Y=1/[1+exp(10.602 5-0.849 128x)] OR =2.337 608 by S, WHEIURIREZS ; X, W j A 2 B
10° ~15° Y=1/[1+exp(10.351 7-0.852 482x) ]  OR =2.345 462 A8 }ﬁﬁ%gbﬁmggéﬁjﬁyg%ﬂjﬁ; n AW
15°~20° Y=1/[1+exp(10.007 8 -0.847 624x) ] OR =2.334 094 FEX I S R S
20°~25° Y=1/[1+exp(9.197 21 ~0.789 875x) ] OR =2.203 122 WA SR bR HTEA
25°~30° Y=1/[1+exp(9.681 42 -0.852073x)] OR =2.344 501 W
30°~35°  Y=1/[1+exp(9.651 06 -0.884 7x)]  OR=2.422 259 Yy
35°~40° Y=1/[1+exp(10.1154 —0.968 573x) ] OR =2.634 182 D, = jSL- (6)
40° ~45° Y=1/[1+exp(10.1773 -1.012792x) ] OR =2.753 278
45° ~50° Y=1/[1 +exp(9.896 83 —1.007 739x) ]  OR =2.739 400 LIRS HOR B2 S BB RBUK
>50°  Y=1/[1 +exp(9.800 03 —0.989 653x) ] OR =2.690 301 AGET . MOFERCE LR “BibREE" (A, 2
Rz 6 s, RIEXT “FEAREZE" #1750 90K

T Y IR

RETE A0 R 4

x FTRHE UL .

Ja, A TAERRTE B (KR

SR LSRRGS, 5 B K H ]

ff: Dy< -1 KM, ~1<D,<0 WEE, 0<D,
<1 AP, D, >1 A, @KAMRIFMEK
SRR 1R

(b

(c)

Fig. 1
death toll (b),

Y £
Cwmm o
3 fizuz} ol E BT® 5 ARFET
L, sk || S s
TR TP e \\3 y -
N ¢ g . bR .
04.59km = g ([0 5 10w o - g | [0 5 10k i
B1 #REZSHUFEME (a), ARRT (b)), EBRK (¢) REBESA

Grading of earthquake — hazard losses of damage of buildings (a),
earthquake — caused landslide (c¢) in Jianshui County
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Rtk B 2L S 8100 B 2R 17 XU 25 9% 4] 7
N TAES BRI By AR S5 90, A TR 7
RERE R YA TR A 7 BEAT AR Al . ARSI
2R (AERIRAE, 2004) X b2 U KU 15
PR TR R AL AL B — R, PR A bR R A
TE VR AR A0 (A 5 A5, AN SOk BORY R S 3k xfE 7 i
IR AR, NS4 S X I B AR O, LR
e IV A3 R AL PP 200 R I Ry, R ) DU A

% HAR W IE [ 48 b, 1E 18] 9F O 15 A AR HE 1L 24
EwoR

Y - X, -min(X,) (7)
“max(X,) —min(X,)

W PR bR AL 3

v - max(X;) - X, (8)

" max(X,) -min(X,)

KL X, FoRIPNFERIEN IO, (X)) FoR
PR bR BT A BT

ik SR AN S BT BB R, R R R,
B I v AR S5 T IR G R A b 52 0 3 X
R AEbR R A AR (3007 ToR) BN
BHESAT V. + IR EAL 7 2R &4 £ B AY Hb
R FE NS HEPREHEATIH— b B, Nk 8 i,
WRIELRA/WE G NS IRIRAE T . R
KR 022, NRFT- N 0.3, W -FHEER
0.16, M F 8 SN 0.09 ., 54K b 15 1
Bl R 0.06, KEEZ R 0.08, M ok h
0.03, AXN 2k sz i A 0. 06, FIJH Arc-
GIS [z (Bl HT I RE, 4 FRiEAL 5 1 PPAN 35 b B
T HIT, I Weighted Sum pREL, B 4%
FEPR AR F BOMALE: N 5347 J5 15 B PN 50T H
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Tab. 8 Synthetical values of the earthquake — hazard risk of villages and towns in Jianshui County
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of villages and towns in Jianshui County

5 458

AR 2 48 K B iR A2 KRG | K
PSS 8 N WA BRSPS Y& X TS
SEREPPAG o 7 8 KU PEAG D7 vk i 2D B, X e
TR ICE R O R A AR AR 2 5 1 AU
SRAERAEAT KBS AR, IO P A 22 728 8 vk X M 7 K
TR B[R] A T AT bR AL, 3 0 25 4 T AR Sl
IR E NG R, U ma @K B e, %
T BT, AR EEAS.

(1) TEBCE AR A K S EVIEZRIR T, F
R E PP BRI, I 0 5 45 R 4
MIFAEEERKTE . Dr Rk NEIE W S 3 3 4,
SrREIRLERL . MVTAR . RIS, PR A, RE
101 ADUBETNEEZM S 5A 3 4, J0lEih
TEB IR, PR, P2 A, BIET A, M
JE2 A4~ MRS EIE SHA 34, Al EIT
W,yekg | MRS, RE2A, BETA, MUK
214,

(2) MAEEZK M 3 MU I 45 8Ok B,
RRFRENBLE S A 54, P S HA 6 1,
R £ 54T 3 1>, e AU DX sk At K b 8 4 it
1L, MRSARIE . VYR, W BT

D@ R W, vrRtkRe R E W T 5 b =
(A . IR P O RAL S5 5 R4 ) T3l
MR LA T MR T 402k 1 BB R, 13 s
JRITREE A G A MERE B, AR ST ST 9 % il o
W AR AR BN PR A GETT RGBS BE X AU 1t A7
PG, B MR K E h B R, HAT
HEST IR R KRR MR R F R R G R EFERZ
[F] A8 5 2R 2 5 T3 IX 0T P 4R A BR A ) sk 72 41
GRS, HABOR BB e, A T A
K, mEEA /N, H R AR 2 R XA
HRAS AL DK A B . S R R R MR DS
MG, WAL AN K G AR A AR ], AT
JLHRR TE R AR B ST e S AR RGTIE IR
AAURFFEN TR B A4 2R, b 2 W R
FHZH RGBSR AT IE, HHEHAMAE
o 34, BEEA SRR, HXBAD, 25,
i R 2 K S Y SR AR I A Je A2 A8 Ak, 45 ML IX Y
W9 M APt 2 — A B AR 2

SEA .

Pl HEFT2E , A Dch 45 2015, MR M 16 16 PP Ah A 10 K 790 2
NEF[T]. RS ,38(2) 1301 -312.

HHE, LS IR B . 2005, 56 T3t 5% FU B Wy BEAR R 58 10 45 T AR
F[1]. MBS ,5(2) 113 - 117,120.

KB BT LS IMVAE 2018, FEKAES (2018) [M].
i A8 RO A

el R, HOERS 2019, T2 R 43 M ik Y S TiT 78 O XU
PEARBEFELT]. DSR2 ST ,45(2) (21 -27.

ZEIEUH R 22, RATSE . 2004, L5 A PR Hh 46 dn A o AL 7 B BF 5
[J]. hEEF IR, 12(S1) 45 -48.

XS, THRI, a1, 45 . 2014, RAEJLHLIX M2 K 2 55 U AL



514

SKITIEAE LS BUN BITITA 2 K S e I E KUK 117

[T]. HhrE TR 254,36 (1) 1134 - 143.

B, RAHE IR, S 2010 FARRE RSG5 O s R
WF——L4 Ll 78 25 Hb 7% 9 3 KUK O i) [ ], BB 5T, 30
(2) :195 -208.

Hekte . 2017, =R HARICE LU RIF[T]. STk
2:41%,30(4) :13 -20.

S HIRICELG RS A B AR SR . 2020, 2 E A RK FELS
SRR TR (—) TR 4 [ [ 4K 9 3 25 A KU 37 A 7Y 75 35
[J]. BN, (1) .42 -45.

IV, BRAEER . 2017, o IR B AL MR O T B 3 TR WFR [T ]
AT EHR,50(9) :1-7.

FETRAE  ZEIA , KL . 2016, M o 3 XUBR PEAS O ik i 0 Lt 43
Mr——Uh G RF N HI [ T]. M TR 44,38 (5):838
- 845.

I B¢, B RK . 2000, 5T H XU T 55 USRS T ] . b ok
5B, 11(1) .38 -41.

i, THE, DI ZE % 2004, T MR O E SRR AN [T].
HARIKE#H15(1) 9 - 15.

WK AR, BESHE . 2002, bR 2 XU PR 2% 0 AU PEAS e A AR R 3
HEL]. AR ESIR,11(2) 151 -58.

FrZ 8 . 1991, iR K EBURBUAIZE[J]. R TR S TRIRS), 11
(4) :87 -96.

Cornell C A. 1968. Engineering seismic risk analysis[ J]. Bulletin of the
Seismological Society of America,58(5).

Dilley M, Mundial B. 2005. Natural disaster hotspots: A global risk analy-
sis[ M]. Washington D C;Hazard Managemengt Unit, WorldBank.

Reiter L. 1990. Earthquake hazard analysis : Issues and insights[ M ]. New
York ; Columbia University Press.

GB 18306—2015 , ' [EHE S SHUX R [ S].

GB 18306 — 2015, 1 [ iy 5% 2 W in i B X Rl 11 [ S .

GB/T 18208. 4—2011, M iR B3 TAES 4 & 43: RH HEBUR VAN
[S].

Assessment of Earthquake-hazard Risk of Jianshui County,
Yunnan Province Based on Township Units

ZHANG Fanghao, DU Haoguo, DENG Shurong, LU Yongkun, ZHANG Yuanshuo, LYU Jiali, HE Shifang
( Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)

Abstract

We use the data of buildings, population, topography, lifeline engineering systems, etc in Jianshui County
of Yunnan Province, and select suitable risk factors of earthquake disaster losses, to calculate the casualties,
damage to buildings, and amount of landslides with the assessment model on condition of the given seismic intensi-
ty, and get quantitative results of earthquake disaster losses. As the classical risk-assessment methods fail to help
establish disaster-loss relationships for the disaster-bearers, we assess the earthquake-hazard risk using the risk-ex-
posure amount instead of loss amount. Finally, we use the range transformation method to standardize the factors of
earthquake disaster losses, and grade the earthquake hazards by comprehensive weighting. The results show that in
Jianshui County there are 5 high-risk villages and towns ( Qujiang in the north, Nanzhuang, Xizhuang, Lin’an,
and Guanting in the south) , 6 medium-risk ones, and 3 low-risk ones.

Keywords: risk assessment; earthquake disaster; township unit; Jianshui County





