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Abstract; After disasters, especially earthquakes, the vulnerability of hospitals becomes increasingly evi-
dent, and the resilience of hospitals plays a crucial role in disaster prevention, mitigation, adaptation, and
recovery in seismic areas. The research on seismic resilience of hospitals is not limited to the structural
safety of hospitals, but focus more on the seismic performance of non-structural componentsand medical e-
quipment within hospitals, as well as quantification and rapidly recover of hospital functions after earth-
quakes. The paper explored the connotation, theoretical framework, and modeling methods of hospital resil-
ience from engineering dimension. By reviewing the progress of hospital resilience research at home and a-
broadd, the connections and distinctions among relevant concepts of hospital resilience were analyzed, and
qualitative and quantitative methods for assessing hospital resilience were summarized. Finally, the paper
provided an outlook on future directions and research points in light of the limitations of existing research.

Keywords: hospital ; seismic resilience ; functionality assessment

« [H T W& T4 (2023 YFC3805100) 5 1 K A SR B 2% 5 4: T H (51938004, 51825801 )
E—EE PVE BIDEIT By, 35 BN TR AR o AL T i RIS

WS IEE K, 25 A0 A 50 5 S0 15t o) R4 B B 9 7 1T 19 BF 5T, zeh-hit@ hit. edu. en,
W s B #1:2023-12-14

© 2024 T EH gyjz. ic-mag. com 106



TALEES 2024 4 54 52

0 5]

T A Ok [ P A0 M RE R FE A R, T fe TN
BEA A A e 4 35 LT BRI B4 52 T 4%
SRR E K MR 2 IR A SR R A e )
I X B2 T 2R 40 4 R T 0, 08 32 9 N R SE LA AR 75
BEABEITIRS . BN EE NI Re T A A L2
FICT 527 ok 1w i | 78 7R S 4R FLEEAS 1Y I 55 e
J1o BEREREEFIFR A, % BB FR 5
ROIA TR AR L, B B )1 © 40 0 ok 8 2 37 BR B
P R SRR E N A, N TR A iR T
P Bt 470 52 490 P ) A e R R i e ) O R} 2 (]
SEE T BRI R N AR DG T

il

1 ERFER RN E
1.1 ERI#E

HAp, BB ) ey oz Bl R Ry )iz ok
TRV Tk I T R g R R S el 18 AR
R I T SR e LA B R AN A AR R T
gitgbr R Pk ne 5 B B R % g 1 Z 1Ay WY A oG
B BEBE RS R AT AL S S M e R N B
BC & A b B W) B, 3 R A K S BE BE 1 )
BELCS ) (EA AR, BN AR S Y U PR
AR R ¢ E M R R 7 BRI
e b BN TR 2R AR =AM T,
1) LRGN AH RSt | BT & 5
AR 2) HA Ty J B 2B E P RN Y
B2 97 e 55 1) Bk e R A5 L SR G 5 3) B B P 1N 4L G
WFFEF AR ATEAE A RMBERHEA, TR 4
UM B3 22 (8] 30 R A |, DARA (8 IR e 45 ¥4 Y 22 4, I
P AL i BT A ) BT IR 5% o
1.2 ER#WEams

BAR T BT WM R o o8 ok fn s B R H AT
KT BEIFEER & L& AHR 1% (resilience ) —
TR FH T 15 resilio, B oA, M 2 A TFAES
FODHSEMTBREAREZ AN ER, fE LA TR
B, Bruneau 251" 1 YR A X B0 R B B ME & D
HEPUR IR HE— L 5 I T BB, R TR S
P B D BE S R i R B 156 R, Zhai ST
TR 5 DR i 2% R 52 (] (9 XS B0 R 1) PR O
Wik kg TR TR R S e ) AN TR SR B PE A FE
bro AR bR AT R B [F] 282 0% & R R K IR 4% By
KX RGP PE B bR 9 28 5, 5 (8 [R] 4 4R 0 ) B
SEHEAT LR, B TR R S T e RN R A2 [ ] A
B0 [ B A ) B . W) PR AR HES A B TR
Je B PR A R AR AT R4 B0 F i, O R KR
MR E TAES . BAREHMTA — TR TER

S PERE S BRI (HR X T IS 5 Y ) 1k M A AT
A B AL,

Zhong %50 R BE B A2 S < B B A AR 4R
SR Y7 D1 B 4 (] A A | W SO Xof R X e i | AR
Je W23 H D R R S B0E W ROIR S B BE 17 . V-
grin S5O R B )R A SO T ) 9 A X g
FIRCI B AR, Ol i — 25K S B B 1k 7 oy
“ PR B A K E R AR T W] 225 A i R P
F I R MK E fE S, Shahverdi' " 5 B 3 1
FE SCOA R B [T A Y 4T K RE ) AR X 9 HE Y 38 R P
RE 0, 76 JME ] Sy f8 3 40 5 1E % 1% 00 T JLT- 4
LRI 55 o [8) I 3 399 4% 0T 5 5 0 1 g B A SRR
NP B T R ) S SO BE e AE X B 2t
B SR O 4 A 2 RO B T IR 55 I DR A SR AR T RE Y
R

Barasa %5 /S A, 5 80Pk A9 BS B 1 Y L £ 3l B
FAS B BE ), LA SR 44 5y o 2 IR 55, 3 A 80t i
ot B Al PR R, Kruk 2504 IS B 0 € SCA
BEST MOl A B B LA B2 AR A 98 J P Al i 1Y)
WEA A RO X R A N2 20 Fn A 3
HAWBES), F I A b N IRk, 5 I AH
Ji7 , Blanchet %% I\ S — A4~ B A7 )4 0 B2 g 5 2 L
£ W BE 1 (absorptive capacity ) | 1&E W BE JJ (adap-
tive capacity ) Ph J 48 %5 BE JJ (transformative capaci-
ty ), 7 5 B 7 78 38 s i AT UK T A B B Y
B U Ak 2 AR AR 5] 7K 08 B 97 IR 55, IO R 45 8 0 8
AR BRI | S BB 7 Bt 7 S

= B 1 0 453 1) T A A ]
02 BE B 5 BUR AT B 20 SURN 2 55 1 A 25 2 LA
WIATsh A= 4 X5 F — R i S Rt R 4, B
Wit 490 1 T % A e B2 T 5 SRV Th R A R
ATV Y, AN A7 B0 1Y) T BE M (] 55 T i 16 ) 98 A
T B 3 P A PRk R AR A N B e
SRR 9 R AR SRR WO RE ) L N RE T SRR
FIRBIHRE 1, T 50 g A 58 &N 3 DA
ST TLA AT 1 R AE K B2 B 490 14 S % Ry 78 IO %
SR B2 B e 5 1 K R ) 98 K S ML R I B B AE 4H
21 s a) BE SCA BT 5 YR B4R IR R
7 LA IR 55 I BT 3R B 0 2 A RS2 ehdy (BT
FERY AN A 9 BE 1, R AR I I B )
AL R B FA D LIRS EEAR BT IR 55 (BT R
SR PR SIS AT 55 DA 4 RF i
N RAEHN 2] Ry EENAERIRE ST

MR SCHR T L A8 BE B 1) 1 A A 2 O
NG — AH B B )P ) 2R AT I 0 e R,

107



B ERE LR P T R

LG “FEPL” (resistance) | “ 3@ N7 ( adaptation ) 5« ik
& “ (recovery) EAAEEMRED T,

) RPitE . BERe A v T ORIE A B 12 4t
M WS v 7 R ) AN R ) DR IR B2 97 IR 55 AR R 21k

2) 1 M, BE e aE d F B 2H 40 O R X R
T KA SEIR I i, DT 6 T 3 4 B2 7 T U Ok 2 I i
55 1 fiE

3)VPRAE M, TE I Z vh b 52w 5t K S H B
¥7 IR 55 DI RE Y BE

2 ERBAEH. EEMEEGEMETIZEENME
w15
2.1 ERZAZMGREREBAR

= Bt 42 50 45 0 42 4 R R I R e 2 R LI AR IR 55
NREME IR, MEASRFRRE, #RE
BT R B < A A e 7 [ EFF DI RE L &2 #
ARG N RN th R R RN E n]
“HETFHREU LT MR R EE, 5’
b — J8E 1 SR R A L, s B A B 4 R TE B AR 1R B
D7 TS 5 T AR B BE BB E B bR A E R
R 5 BN B e A NG L) ROR B8 | i e 22 4 |
VMR SE 2 H AR, X AR A R A 4% B2 Be B K
PRI K FHE T RE

FEMA P-58"" v i iy 1 DA — i R 8 5 4t
Tk R 3 O vk B 40P R A SR 5 R
S5 TEGRSEG G, R R B S35 054k
SitEERE S (Bl ARGT BE R MER
WA 45 ) . GB/T 38591—2020 ¢ 31 Pt 52 ) v PF 1y
PRy O B T — R A B M A T
EHEFEAFE U T I P51 #5015 B
2) &5 KEy TR S ST R SR VA M B R A0 M5 3) S5 H TRE
SRS EAR I ;4 ) 45 K6 150 00 R 285 0 45 1 g 458 1 5 90 42
Hs) MR bnit B (AT B S e
ST 56) @RPUE I,

2010 4FEAT A3 BT Y CHE S B0 RE BRI )
W T 2008 AF 501 HE 7% () 2250, $2 F T BE Bl 2E
Z KRB YR E Y 2 3 il 55 H BT TR B B S 4R,
Ak R M A R bUR e 2 —E e T,
£ 1 2 8 235 ) 1Y) b 5 4 40 2 R AT 8 B 0 R B 1
b FE R, — Bl a3 3 TR 8 & 156 0 sk
B ASLA0L B0 308 M B O DT M R e 5 A B AR
P31 D0, A5 3] B Bt 205 1 44 R0 245 A4 ) 4 1 3 7 )
N — DRI T B TR K S48k, TIRL M
) 7 AR S A A AR AR O K B B, 0 B LA
J2 LA Fl R TN 38 A R TR 5 ok 2 B AT A
AY 58, WAR D RIS R TS B LA R 2

108

B, H0 7 B BE 25 0 ) B RS S AR A 05 IR S A
= Ja S T RE ) Bs B R R A T DL R it
E 2 BT RIA RS .

T 3 B 2008 AF 01| M AR A AR e 0, R 4R
o BT I T A Y R B AR A, O X A A R
Be AT T i i . 2 EEE T X X B R T
e R A Y s NI /(11 4 B AW/ T £
B BEAFAE 4 RIEATHUR B 8, K240 E#
Wit 5 TR BE B A b i v 28 B B A 1 P
fE. SR TIPREE AR M ER, 75 R R R AT,
FARGER R K A BEIR AR S MR R e AR g b, R
I 8 SR RO TR v AR T o P A5 2 A 2 e A
R B 97 U 45 5 i AR 17 00, SR, DA AR 22 1) 7 5 O
2 PORKMER B R T o B BE N A 2SR 25 0 H 1 R
B Y7 10 A% M AR A5 405 40 TH M DAk B0, Pl O, R S PR B
PRI 45 g A S 7 15 % 1 43 40 1 00 B G X B T R 45
R M52 (A5 33— 25 AT
2.2 EMRANAESHMHRERETE

2T R BE N ZS R R AR SE AR BT Y
PR EE BE T B K B M R s N fE 47
Hi R AR S5 R R PR A 23 5 T S A A 1k AR R
B N AM AR 22 38 AN ) 1 BE IR T 3% 5 e B
[Fi] 2 700 A A P 00 4 AR 2 Ak G X B 7 Bk Bl 55
DIBERY 5Z )

B 25 R AL 1 (SR AR S5 4 4 1R | ST E AL
WA A B F L5 250 ARG % ) MBI AR A &
i = 5 P98 114 IR 55 T R JE S . 1994 4P 55 =] b I Hhy
B A EIT O IHB IR R R SR R E
T Z A0, 2 A A I O S B IR K [ R s R R
T ZRKEB LA R G Z B, B5 B A 15 A K
5 & L 2R G0 K Y G B S T IR A S AT, R R
Je BRE B R B 2008 AR HUEE AT 2011 4E A H
AR HFE I BT R P i B B B 1Y A
P8 R BE A I 8] 2 5 | R I 4R R AR AR a2 4
T3 B B I A AU 2R W 2, B T N Y R I YA O
AFARTR, 2010 458 ) f= v, 4 K1 B K 45 1)
AR 25 K IR O AT, A ad 10 Z 1 e PR G 7K s 3k 45
T2k 25 75% WS BET . 2013 4EAY 7.0 9% 1L 3
T 50 43 HE 4 8 4 s 50 1) Il 45 A8 ) PR R b
FEREZE) T EBIN, AR S A R Z B TR
) B B (RIS | B 7 1 4% 2 400, A7 R 247 it 11 A T 22
T, 5 S0 25 28 A A R 2 R e AR R
XS PIA T A T BOE S B (BT 5K RT BE X

N B B SR TR AR T IR 55
Uite.



TALEES 2024 4 54 52

A 235 K 46 04 B PR BE G i il g (LR ) K
55 2 1 56 AR 3 & K ) R B A U AR
B i gy ARG 52 R RO R TR IR 45 A T
VL4367 A% S80I TR R o sk R R R A5 A% B R A
GERE R A O BB IR 32 8 52 )23 ) 6 8 A 455 11 n 3
JE TRl 255 R 4 A 1 I S 2 B A M T o e A L, A
N7 1t 457 A% BB L R 25 4 4 1 0 AR 1 e I e
SR UL 33 Ty k| o s 2 0 AR I 45 A A 4 D)
W H SR Bl 1R 8RR 2 /8 O i
2.3 ERAEFXENREREART

Y7 BE A 2 WE W I RA Y BT B AR R
AR X AR R PR S TR R CEZE . HAr, T
S5 KB R A R — M TR 25 A 4 R 1) M 7R B PRI Y O &
AAXT B, FEMA P-58" Fl GB/T 38591—2020""
O 2R BRI T 48 0K 22 500 SR 285 0 0 A 235 K A 2 ) b
=y AR R {HJE R T 15 A 1 M R B 0 v A R
— W5,

Tk 2% B MR 0 e e Y IR T A Y e N S
XA i 4 DR S RN W 7 5 2 A T EE R RURS
— I OCF 1995 4F Pz pi oK M AR 9 1 A R, 70% |
37%F129. 9% By B= B 1 8L T MRIL &7 #1 CT 1% 45 1
PR 2004 4F B 3 LU T, 80% B 12 Wik A
40% HIIRIT I A B T B G T #E 2012
AP 1) T R R K ) I 1l 5% v, Mirandola S B N IIf PR
BB M & T R B & A 5
WA TR X F R R Bl 48 Sk 0 Y 15 A T
2ot A fE RN, A BEE B A A O

HATE A K& T8 5 2  rpmg gL 2y
Bt AR O A BT R & IR B A IR, 2R
56 L LS b TG FTAR T R B0 SR A B 5 R I
W R AR A O AE M R SR R A 32
7 3 ISR R A T B T B PR T R 5
25 1,

B T AN HE AT 0 S8 I T A0, 1 Ah A
X B Bt 7 () B8R A S e HE AT T HR B i 5 F
ORI A OV P g% & (8 1y Lk (17 el g0 12 P
B P Ah 27 o 3 AT DAl R AR B R IR TR
L0000 TR Ay BT 7 A it R A TR I A A i AR
it kLB I A B T R A PR M B T M Y
A DD TCE R B DI R P K 0 OR BRI A TR M
e A5 B UG DU T RE A% AR A [ B 1) BT IR 55

R 1A R 3 5 3 5 5 vk S 8 AT AR A
Bl 7 2% B R, 7 15 ok 43 B B 7 158 2% S5 VR IR A
TE 3 7= (Y 2l g e A P L BEYT A R LA
v O DO R 1) S0 O | A b 52 A T 3R B I

DR g 137 R LR 0 DR O T oK LA Sy R A
HBEAT 43 7  J8 i A BR T J5 % (Finite Element
Method , FEM ) F1 % #1 JC J7 3% ( Distinct Element Mod-
el ,DEM) %5 ¥ {i A 400 5 AR ml DL WF 5% B8 Bt v i) A
AE O AR R AR AR R R R Bl 0 e ) . Yu
SFUVHEAT TR X R A A R A Y PR B 5 i
B, $8 7R TAE ST THCE RO AR S PR T
R W IO R T R ROIR A e TR O R YT R A
b 7 IR A W b 1 5 3k 38 = B ) Ay R R TR
TR 45 1 b % B M 2K . Liu 551> e 45 0P 0 AL AN
JRR AL 0 b G B 2 3 4 AT B8 ) I 3D 5 8, T
8T R AT 8] S5 0 FO R B2 T 0 A2 P BE , R
FH¥G B 353 07 i, N T AR AR A 1Y ML RE B
PETZL

R385 75 B e N O S B A O TR I ] Ak BE
Bt ) 1 DA A R A 0 0 ] — SO A DU AR 1,
A [F) 28 BB A 1) b 75 W) 7 3 5= 4% s 1 00 R AT O B
I RN MR By AL AL S e R R Sy PR ot T R
P PEO S 4 T30 VIR 2R Sy 50 1k L ik K

3 ERR#METEMG
3.1 ATERZBNERMEFRE

Xof B B 0 5 P A B DA 32 SR T 8 A i &
A BT R RA W E fE bR Ao, Horb A
IR & Rz 22 DA A Z (PAHO) FiH 2 T3 A 40
ZL(WHO) $2 i 19 = B % 4> 45 80 ( Hospital Safety In-
dex,HST) '™ B ALHE— 0y B pe e M K A 2, o
R R E W RS L5 2 A AR S R S L
JEE G PSR HST PR 7E BS B 390 1 DAl b
HEAE, 8P T RMA RO 24 E K TR
G W B BE B 22 A Ve PP AT B B B it DL BE B 2
Ry AR B R BOM R Z 3 BO0 900 2 BE B i
177 PF Al JF 8 BE R 4y e 45 5 E R 2 ek i R
BT BN SR VE W B T A o R B B ] HST F
il 9 o £ 5 L Cruz-Vega %7 R A HSI
XF VG R ST 35 RKEEBEH#HEAT 1AL LD 0
P& Bt 9 ia A7 B T REYE . Luke 45177 58K A
B2 X 6 Bt 4 KA 2012 FndE: e ik 55 1 =
BeBEAT T PETRAS K HST 53U 1 G Fik
R T RREREAT T LA, DAITAS ¢ 3 oE & 1 00 I B
iffy 15 e e i /) 7 1]

Zhong L (1678801 21 Cimellaro 2518 3@ 3 a) 45
AR AT DN 8 A I ( B= B & A K E S
SR RFIR HFE & G A N 2B
BL 2GRN > | B 2 E W A RE ) AR S AL )
PRI A DO R P 1) BB K H BT

109



B ERE LR P T R

AE 7 52) BE B U HE A HHLH 53) B8 B K H BEIR ;4) BB
Bide 4, imadixX 4 A SCHE N KRR E DK EE T 1)
SVARTKOE | LA/ B et K 43 B b A B 9 AR S AR
W A G A5 4 AH N, 38 3 A5 40 1 2R 1 AL G i
PHE, a2 &R Y 26 1k 4l & 3K 75 30 1 35 b
Fallah-Aliabadi 45" i i3 SCHk 28R W 5%, JF & T %
T EBEKFPEIE M6 R R T 450 5454
S, SR ICE FURI M | FE RO it ) R AT R 1  TF
B B 6 0 P, DG 2 A Y ST T IR Y RS
RNEPEAG TR PR R R 38 i 2 R A B A I 2 A BT
UIRESTC T RS S by 1k i E 2k

X I F L AT 4 2810 B BE W) M 174 O 1k pe %
T M DA 22 A G G R B 1 O N X RE O E AT
b BRI XA AR — LI AR L T O,
B AR AR AT O 1) 2 PR IR | B 2 g0 Pk M DX B2 B )
PESEATRE 8 PFAG 5 LUk 8 A5 B AL 43 0 HE DA & UL
E , DT 52 Ml VAL 25 SR 0 AT A5 B 5 e, 8 b BA 38
SER ) R A X LA B IR B A O o R P Y ) g A
AR S B8, 3k LA R FH T4 52 B B 1Y) ) g Ak A
BT
3.2 A THEIA TR ZARE LT

bR 75T & K370 0 e W v ik
Gh A —Fp LT )R8 4 10 e AL TEAL ik
Bruneau %" 5 Je 06 R Go Tl Rk il 4k SCRNT
BRGEWIREDYE, WE 1T, T 6E ik £ nd 9 2k
FroAIH— B TR R G DI BE Q, 166 A A5 S I [] ¢, 4%
ZR 2T KB Ry 72T 5= B Ik ) 453 2K RN AR 5 R 2
R AN B, YRR TR RGN, HIfe s
7 B AZ 252 e 5 BOAE R B4 2K B B ) e il 2 R
TR A R GBE TAENET, TR RSN HEE
Wk, B Re M AR R o Beg e B, B
S, F S, R E AR FEE KT R nThagih
2ty Mo, b HBRR K AR R BT Bl 45 I R B &), —
HARMGSEBMIREMZE 0 (o) , T LIE (1) 3345
2R RS,
R=f°““’0(t)dt (1)

tT.C
A R U D 8 M £t 545 20 00 BB T
A B A5 FR e T BE Q (o) B U S [ O 0 F
100%

e L RE it e Rl A B2 e BT 2 BIE DO b il 2R Y
YAFRCREBE TR RE . 12 R B AT ZR Pk 1 I
o Tk 1 % e P BB A AL b 4 S =26 ) T
(BEBEMAESE AT LB E) ;2) BUA e (B
ALY BT IR 55 Bt ) 53) BT IR 55 S fiE (B e 2 A3

110

00 KERE o

RGTRRO
AFEER

AU T N N, W N N
SN DU N V. N U N

~
<
~

0% 0

~
&

<
S
=

B i ¢
B 1 hfgisk

Fig.1 Functionality curves

MMk 55 i) .
3.2.1 R

P B 5 Je 0 AT R B e i B T RN A S R T
FIORTEM — N EE T, BT BB N TR
RGP ER G X B RS R (RE B IR AL T
KB A 2 BT $ A IR 55 1) o5 ¢ 3 (B A5 3 2 IX.
S O B ROA T SR ) o BEE RS (FT) P A DLt S
W4 (BN) 7 & T & 40 58 B A H I 4 b T
B A DA R R e N BB A5 #E AR S5 40 RN B T A
Xof = e T P R S

FT J& —Fp R 48 a] S5 Pk 40 TR B T 2 4 Rk
i T RARGERRBMR, T ZH TR RS
B4 DRI 43 A R IGC 32 W 40088k . BT 7 o Ak 2 1 R
it A A 4 22 45 2 6 0 B i 5 R R e PR T R G (4
o N BRI AL I 45 R 40 ) X T B A R e Oy
AR T B2 REENEM, FT o riEk ez
32 I e A 7 A W 4 E sl O < S I G T

17 [89-94
5 o

BN & — M EE #E B R, T3R8 78 & Z [H]
MR 6 &, &R T AT AR TR AR DY R R 12
W IR AR SE ELZESE T BN A ET 2 [H] Y
ARRLEET JF B Y BN 78 @R 0 20 A BE 1 5 1D
WA T FT, 8 2f BN XF (RIS OC & 09 88, nT LUAE
RRFREE F5E FT AR, B AT & A 3 o o506
BN Ji; 75 B A 45 A B 5 5= 0 00 AT T D7 Al 455 A
Z AT R AT LA A 4 A S R A R T
A& TN IR AL F IR 28 22 ) B SR SO0, 285 4 IR o 4
FURY AR T 5K 2 850 (5 A W6 I 3o 32 | A58 R 6 (T
FERZ AL £ ) 49 B[R] B2 7 B3 18] 1Y 26 Rt 42
3.2.2 BEREIRYTRE

= B ()36 97 e 0 w4 3R o B B B 13 A i 55 %k
i EEBER A B, AR A2 AN ROE T R B
Bruneau il Reinhorn' " 4 H AT DLl FH 45 K ROA &
114 5 Of S W P2 e IR T RE T, AR AR L T X
ST Bl 9 AR 2 BEBE IR YT BE 1 . Malavisi' " % & T



TALEES 2024 4 54 52

bR 5 B R R B AT ] 2002 & A A8 i HL A IR
BBt a2 BHE R G N T A B AL IR 55 I EE ).
Favier' " gF — 45 5] #i8 BE B 3 € 40 A B3] P |
B 5T AN 2 IS 1 A5 405 AR A [ I A Sy = I Ml 55
RE 1% 2 Rg g PR 2R, a7 A S 10 A Bk 45 A N
A S5 wky e )i A K A5 4 5 T Re A 2k 45 AL IS R) A A
LHEEIRITRZ ML FR , Takahashi &' @ 1 e
A Fin T AN AT B 7 9% R O 5 IR T I R K
it 15 R AT ¥R T Y A8 3 N B0k Ak 3 B2 B 1R T RE
J1o (T AR RGP VETEAN T 0 e TR
BBt 52 WPk 5 VA 25 A5 H AR S5 R R0 R T B A 1 4
PrRBL R FT A BN J5 540 5 Be N OC SR 2 19 2
REARAS 38 o B 7 9% U 0 o AN SRR A (] 28 A8 18 3 e
T B IR Y OB, 5 i — 2 i [A) PN R T B R Y
Bk RN RO B0 PR

T3 A WE 5T N B R BE B RO RE R AL
SRR Y BT IR 55 75 oK R AL S B 1Y T B, Miniati
I Tasio" ' 38 it I e A1) T A — i A 780 R 52 X ¢
J B2 B 1) PR 5585 PR DA P I o Rk 1Y) S AN
AMRHGE IR B2 B IR 9T e 1 48 B BE T IR T W OR L TF
Ak 1% Bt 6 T ME P 5 4 ) R I
3.2.3 EBEMRSS A

P B ik 55 o s DX 53] 7 A R FRROIR e L, 5 R
HHIRTT A5 R ARG H 8 5 IR 55 T R A OC 1 24U
RITE BRI W R AT T, B RIS 1 B H
B, BE PN AR SRR B ) Y JE R B0 1 1 A 5w
AT B E R K BT RS B i T Re Ak e bR A
WA e AN BRI 3E A, AR R RO
TR MBER B T B, T, W WY BE B s 17 i 72
(AT vk AL 2 B R R | B O O A
ARG f1 2

Z 8 BEIK ( Agent-based model ) {5 H. 52 i 1o 1] 22
BRI X HAT T E R BEERE RIS
FEVE 48 2 BT R G4 AT o K B g
PRBIAT A R B 38 3 0 RE AR 22 TR) 38 B AT A AR
UM A RGN AT A R BT R G SR B
givh, 2R R BB B T B Beas Ay U A
JRWABEN L A I, Taboada %' It F £
REMR A BB Ik dE S T 22 s 17 B i
FOR 2T ML X RIZ X 42 K ANG T X5
DIge X, B AN FE iR % DB X 1947 4 . Kaushal
2V g ST 2 AR B R R A SRR T
BRI N TR B s A B e IR A B T e
U5 B ANTE 22380 412 e AR YT Gt 72,
PLARAS I A 2 15 1]

BEREE F A ( Discrete event simulation ) &
PRI o B R 1 5 B AR I B G0 T s A7 R 40 Y
WAL Y Gul SN X R B LS
BB B 22 B 5 AT T R G0 SCBRER B, 3X
5T AT LA By ke 3R 35 76 1E 51 0 A0 I HE B I R
[Fa) 250 R 4 21 5 B A A DT 1 . SR [ 34-35 ] i
WO B85 R 455 S8 H B 45 1 — DS 8Oook
B P TERF E R K E T A ERNBITHL., X
BR[40-41 ] 8 7 B B (R BB AL | DL S5 £ B [ £
MR IE BB R 55 T AE, JF AR R A L g5 R s T —
ASFE ] TARAT S A BE B () oo R A, SCHER [42 ] =
16T = W B A0 X B B 4L 4 B2 IR Ll i BT
D7 R R G AT R = B T R IR R B A
B BE 2 SR AR I, 48 1 T T A O B AR A I )
W HESZ 10T 1Y R B B 1 = B DI RE PP ik

F 5 8l 7127 (System dynamics ) &7 4 /) M5 ¢
AR R, JF i g r ooy B s O B A
WROCR IZTERE T 1z M AT = B D) he 2 A A it
Gt B YT R 5 A 9 6 R R & Lubyan-
sky 'S i R G Bh  2E AL TR T R BE R T
B AR 7 far 5 OB AR Z [ 1Y & &R, Cassettari
ST T B a2 T R G h S R 5k
By R 5 B ATE 223 MBS E T2
ZME W Eh” . Xt E A 5, Hirseh!™ %8 T it
K R E R RN AC A S A e X R B T i 1Y Y
Wi, Arboleda %10 4500 2 b B2 g PN 38 28 B (W R
B 55 N 01 24 S i & R T B AR 2 348 ) LA S b
AR (G AN BIBE S e oK A AE) iR T
—~ R Gl Iy 2 B DLT AR B B Y ME 55 M
Khanmohammadi %' "'/ 2% F T 5 4t 8l 1 2407 0k
XPIGIT BRAE TR I WK 52 3 78 (0 80y ) 22 AT A, %
JERH BEREHER ES AR AR ARRGEE S
AEEARER R TC i 0 B B 3 O Dy IS B 1Y
PERESE br, R PEAG LA EBIME . Li IR R G
BB g A R (e EOK R s
) BRITREIR (BE S N R A ) L B &
FE TN ZE R BEAT T VE40 0 A, R T BE e 7E — B
IFIR] P AT LAYR T 00 B8 NS B2 e s 20097 1Y B
B iy LR AR BE B P e i = AR A

SN T AR R YT R G0 5 A )Tz il
JH B TE R 3 B2 Bt 21 B8 J T ) & 25 AN AR, 25
PR HE B SR R R E R R AR 19 A IR AT SRR BLAE T
FE % T L S Ml S B R 8 v 25 A AR A AT R S
PR R G AR 4 TP S i AR Y B TE) A BB A 4R
HEXF RGBT H W TR BT A5 B RS Ty it

111



B ERE LR P T R

BT R 505 4508 2 9D 0 1 SR 38, 0% 28
MR R A B KR

WA AT — BN A 5 PR B T 10— B 2
T VT A8 o 8 038 PR 6, 0 0 72
A L4 MM A 45 4 O 0 T AR 5 4 4 9
I R e A ST
3.2.4 NG

X FG I T4 5 2 0 10 9F £ U7 o, 2 T 0 B L
9 TR R SV 7 e 8 L AL TS B
T T 000 RETCALRLf B B M RE A 45 600 0
AP O AR BE T IR 5 0 RE =2, L0 T 45
AL B 01 F

1) B B 08 T VAN B B 0 3 A1 FE R
LR R R B L 208 T DR B
B A RIS HE A U0 8 0 T, {220 T 1 e
GO AL S L HLAN % 2R DL 9

2) $f i o 5 e T B B 1 U 2 A L 0 R
S5 PR 7 0 RE ) L5 B 1 Ak 9
VR, % BEVEUR 0 A B L AL, A B B K g T
HOR I HCRE , 206 T DS B A5 A 0 IR 25 R0
AR

3) B9 IR 5 90 A 8 9 B 7 900 e, T
R DK RO N 47 W B 45 O 0 5 6 0 . 6
AR BUR KPR S I E A%,
BRI TS 3 B S %

5 L AR A 0 3 %4 1
36 B A0 B T L 35 = S A B 2 A BT, B2
T A 5 A 39 04 KT

4 & i

RO AGE T E BRI R PR AL Ok TR T
EE 2 5 R DR i A S R 3R A TR
Bt DI REFE AR AN D AR AR k. HESUEES TG TR B
PRSI 5 ) g 2 R B T R S e R P e Y BF 5, I
g 1 = B D R EAR HE 22 ¥ T B & AL 48 bR X 43 Ry E
PEAE 5 TGS I 00 9 288 48 Fn (9 35 FH e Bl R0 g A
P AT TREAE . X SIS R O S B BT AR P R R PR
PETHER AL BRI Ry VA SR A B BE HH s A B L
N B B ik 52 o A R S0 e SR AR I R T M AR, ]
B, 5515 48 0 N 208 RAME AN [R] B= B 301 9 BF 53 ]
R 0 5 g 12 T 7 X R B 2R A RE T, S Bk
B B 1) FE 1 8 AR 9 S 43 RN B L

it — A E B PR B R, LT 4 3
R B[] LA W A R SR B W5 vh 2 T %

1) BE BE A IE 25 40 0 B2 7 5 4 1 b R B 48 1 O
G o MU RE I A b & B, R R BRI B B

112

L5 R 22 HAR S 1 R OB (R AR S5 A4 1 S i
RGBT R S R IE R s T, H
BT, 9T BT £ SR v 4 A G B i L F 38 IR T R
7 14 b 72 By 0 18 AR A B b 7R B B A W ST A T
RIEB B, BUA BT B4 b oy 40 M AR A AR
T A1 A A R 0 E ST AR T S AR R
DE R A 0 A 25 AN AR TR] PR, 0 A ] 26 7Y
(0 BT B ST — AR R B MR B BB R
B Al R e D RE Y LA

2) HMER G Bk Al B AR S8 0 R e 2 ) Y A R
BL = B P B TR AL R 35 2 ) 7 45 S i AR 25
He ™ FE R BE e 09 T RE L B AT S Be B 1R A AIF S AR AL
s BT B g A R AL R 5 7 X R S IR 55 RE ) Y R
W o 17 AP R S B R At B 2R 5t (22aE AL g A K
I 15 55 ) B AR RE P Mz AR 245 B R W I B 1Y
B, i, g K 52 A £ A5 59 2 g
e | BT U o i IR W AR AN Be N BOR g
B9 T B o Xk R 5 WL A HE AT BIF 5 AT LS 4 M Y 1
IR 5T N B3 T figp S S ok i 15t it 3o 2% g I 55 2 e A ) 44
FRZ I, A T o 2 e 3T K R AL o 9 4R it S B
jEa e

3)EEBERIVEfE TR R YR JE SR 4o &
FrEETRERNAIES . N TSR L b
TEBEPUR BP0 T ik, BR TR R SR B
VI A N EZS) S RN B2 N A [ 5 (TR S = 3
S5 R 2RO T 2 I R 0L A R K B A AT R
- YN AP S S D IS E NS
X AR ICE A W AR B TR A A R G E R AR
FH 33 TR AR o A s 5 g 9 i o 00 e A iy, R
MY A MAFFELE TREZNE A BT
DL A 2 e P9 B R A JE o R LA Dy BROAT B A S S
1B BEAT B0 1 B9 8 B L

4) f1 BE B B AE A S B BIAE R L 2
S0 1k B R 22 BT 5T B O T B B 1 B A 1E
B Z B 0T SO T OB 2 BT R S BB O
o BT ST EIE B RE S CRIE BT S A %
4 9 R T PR T D) RE M R 9 e O DO B 4R
BT i DT RR W E B 05 1K S R R I F 5 T
AR R e B B0 P B AN S O I Y L 2 K
IARETT , i 58 I B2 e 1) B W BT D RE, S8 P R A
7o W AE R BT P R U R TR A
EVE P AL 2 NP N AR, T LU 50 R4 FIAR
f (0 5 e, DA HL 7E T X 25 Fh Bk R 9 I BE 6%
Pt A B BT IR 55

2 % X #
(1] JE#Is. J5 e mh AR R B vk B2 B Be it [J). & SHR,



TALEES 2024 4 54 52

[5]

(7]

[10]

[11]

[12]

[13]

[14]

[17]

2022, 53(12): 1756-1758.

Zug, R R. BEBERITERTIERE R (1], PR BT B R
2023, 13(6): 21-25.

SINGER A J, THODE JR H C, VICCELLIO P, et al. The associ-
ation between length of emergency department boarding and mortal-
ity [J]. Academic Emergency Medicine, 2011, 18(12): 1324-
1329.

ACHOUR N, MIYAJIM M, KITAURA M, et al. Earthquake-In-
duced Structural and Nonstructural Damage in Hospitals [ J].
Earthquake Spectra, 2011, 27(3) : 617-634.

ACHOUR N, MIYAJIMA M. Post-earthquake hospital functional-
ity evaluation: The case of Kumamoto Earthquake 2016 [ J].
Earthquake Spectra, 2020, 36(4) : 1670-1694.

ACHOUR N, MIYAJIMA M, PASCALE F, et al. Hospital resili-
ence to natural hazards: classification and performance of utilities
[J]. Disaster Prevention and Management; an International Jour-
nal, 2014, 23(1) . 40-52.

KALAJA R, MYSHKETA R, SCALERA F. Service quality as-
sessment in health care sector; the case of durres public hospital
[J]. Procedia-Social and Behavioral Sciences, 2016, 235; 557—
565.

JACQUES C C, MCINTOSH J, GIOVINAZZI S, et al. Resilience
of the canterbury hospital system to the 2011 Christchurch Earth-
quake [J]. Earthquake Spectra, 2014, 30(1) . 533-554.

YI P, GEORGE S K, PAUL J A, et al. Hospital capacity plan-
ning for disaster emergency management [ J]. Socio-Economic
Planning Sciences, 2010, 44(3) . 151-160.

CIMELLARO G P, REINHORN A M, BRUNEAU M. Perform-
ance-based metamodel for healthcare facilities [ J]. Earthquake
Engineering & Structural Dynamics, 2011, 40(11): 1197-1217.
CIMELLARO G P, MALAVISI M, MAHIN S. Using discrete e-
vent simulation models to evaluate resilience of an emergency de-
partment [ J]. Journal of Earthquake Engineering, 2016, 21(2) :
203-226.

REHAK D. Assessing and strengthening organisational resilience
in a critical infrastructure system: Case study of the Slovak Repub-
lic [J/OL]. Safety Science, 2020, 123[2023-12-14]. https://
doi. org/10. 1016/]. ssci. 2019. 104573.

BRUNEAU M, CHANG S E, EGUCHI R T, et al. A framework
to quantitatively assess and enhance the seismic resilience of com-
munities [ J]. Earthquake Spectra, 2003, 19(4) . 733-752.
ZHAI C, ZHAO Y, WEN W, et al. A novel urban seismic resili-
ence assessment method considering the weighting of post-earth-
quake loss and recovery time [ J/OL]. International Journal of
Disaster Risk Reduction, 2023, 84 [ 2023-12-14]. https://doi.
org/10. 1016/j. ijdrr. 2022. 103453.

BRUNEAU M, REINHORN A. Exploring the concept of seismic
resilience for acute care facilities [ J]. Earthquake Spectra, 2007,
23(1); 41-62.

ZHONG S, CLARK M, HOU X Y, et al. Development of hospital
disaster resilience: conceptual framework and potential measure-
ment [J]. Emergency Medicine Journal, 2014, 31(11): 930-
938.

VUGRIN E D, VERZI S J, FINLEY P D, et al. Modeling Hospi-
tals” Adaptive Capacity during a Loss of Infrastructure Services

[J]. Healthcare Engineering, 2015, 6(1): 85-120.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[30]

[31]

[32]

OLU O. Resilient health system as conceptual framework for
strengthening public health disaster risk management: an african
viewpoint [ J/OL]. Front Public Health, 2017, 5[ 2023-12-14].
https://doi. org/10. 3389/ fpubh. 2017. 00263.

SHAHVERDI B, TARIVERDI M, MILLER-HOOKS E. Assessing
hospital system resilience to disaster events involving physical dam-
age and demand surge [ J/OL]. Socio-Economic Planning Sci-
ences, 2020, 70 [ 2023-12-14 . hups://doi. org/10. 1016/].
seps. 2019. 07. 005.

WIIG S, AASE K, BILLETT S, et al. Defining the boundaries
and operational concepts of resilience in the resilience in health-
care research program [ J/OL]. BMC Health Services Research,
2020, 20:1-9[2023-12-14]. https://doi. org/10. 1186/512913 -
020-05224-3.

MOITINHO DE ALMEIDA M, VAN LOENHOUT J A F, SINGH
THAPA S, et al. Hospital resilience after the 2015 earthquake in
nepal ; results from semi-structured interviews with hospital staff
[J/OL]. Front Public Health, 2021, 9[ 2023-12-14]. https://
doi. org/10. 3389/fpubh. 2021. 602509
OSORIO J, MADRAZO Z, VIDELA S, et al. Use of failure-to-
rescue after emergency surgery as a dynamic indicator of hospital
resilience during the COVID-19 pandemic: a multicenter retro-
spective propensity score-matched cohort study [ J/OL]. Interna-
tional Journal of Surgery, 2022, 106[ 2023-12-14]. https://doi.
org/10. 1016/]. ijsu. 2022. 106890.

BARASA E W, CLOETE K, GILSON L. From bouncing back, to
nurturing emergence : reframing the concept of resilience in health
systems strengthening [ J]. Health Policy and Planning, 2017, 32
(S3):91-9%.

KRUK M E, MYERS M, VARPILAH ST, et al. What is a resili-
ent health system? Lessons from Ebola [ J]. Lancet, 2015, 385
(9980) : 1910-1912.

BLANCHET K, NAM S L., RAMALINGAM B, et al. Governance
and capacity to manage resilience of health systems: towards a new
conceptual framework[ J]. International Journal of Health Policy
and Management, 2017, 6(8) : 431-435.

ANDERSON J E, AASE K, BAL R, et al. Multilevel influences
on resilient healthcare in six countries: an international compara-
tive study protocol [ J/OL]. BMJ Open, 2020, 10(12) [ 2023-
12-14]. https;//doi. org/10. 1136/bmjopen—2020-039158.
BAXTER D, CASADY C B. Proactive and strategic healthcare
public—private partnerships ( PPPs) in the coronavirus ( COVID-
19) epoch[J]. Sustainability, 2020, 12(12) . 5097-5114.
T, RERLAL, AhNE, S TR RGO s O K LR B
[J]. P EWREEAE, 2018, 19(11) : 869-870.

sk, B, XEMR, S A BB H S — DS HE
BR0I]. PEBERAE, 2019, 39(9): 1-3.

D, MM, BRI, 5. R A I T A S b B B B AR
FBLE AR B MmO 5E [ 1], A BB 2023, 37(2) . 14—
17.

PEI S S, ZHAT C H, WANG Z Q, et al. Resilience assessment of
the interdependent transportation-healthcare system during emer-
gency response [ 17.
2022 1-15.

PEIS S, ZHAI C H, WEN W P, et al. A dynamic patients dis-

Structure and Infrastructure Engineering,

patch and treatment model for resilience evaluation of interdepend-

113



i

B PR B I B F S 0

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

114

ent transportation-healthcare system [ J]. Journal of Earthquake
Engineering, 2023, 1-26.

FEMA. Multi-hazard loss estimation methodology, earthquake
mode ; Hazus—MH 2. 1; Technical manual [ S]. Washington, DC
FEMA, 2013.

Hh AR O B SR 7 AN S R A o AR O . R AR
ERPETEM bR UE . GB/T 38591—2020( S. db5T . Hh [ 4r i i)
MAt, 2020 68.

A KRR E A B AR & d B a0 AR B L. GB
50011—2010[ ST. dbgt. g5 Tolk R4t , 2010.

SATO E, FURUKAWA S, KAKEHI A, et al. Full-scale shaking
table test for examination of safety and functionality of base-isolated
medical facilities [ J].

namics, 2011, 40(13) . 1435-1453.
SHI Y, KURATA M, NAKASHIMA M. Disorder and damage of

Earthquake Engineering & Structural Dy-

base-isolated medical facilities when subjected to near-fault and
long-period ground motions [ J]. Earthquake Engineering & Struc-
tural Dynamics, 2014, 43(11): 1683-1701.

TH e, MRV, BPREFTE, SF. RURR T AR TN IR IR B e R e 4
W PTREBeT [J]. ERITA5H, 2016, 46(3HE T 2) : 235-238.
A, A BH, R T T R By IR R A B S R
AT (1], SRTITIRE, 2016(11) : 47-52.

FRME. BE R SRR A BT R AR Bt ()], @A,
2011, 41(4) ; 52-56.

TR, RESLLL, VF LS. I 7.0 MR R AR E 5 R
L] WET RS TRIRS), 2013, 33(4): 44-53.
PLANNING C O O S H, DEVELOPMENT, AYRES,
Office of

et al.
Northridge earthquake hospital water damage study[ M ].
Statewide Health Planning & Development, Division of Facilities
Development, 1996.

PERRONE D, CALVI P M, NASCIMBENE R, et al. Seismic
performance of non-structural elements during the 2016 Central Ita-
ly earthquake [ J].
(10): 5655-5677.
PUBHE, M, MG, S AR SR TR R Oy 1 4
R [J]. EARTHR2EH, 2017, 50(9) ; 16-27.

MR, BEME, L. W RS HUE RO kR
[J]. 5 HbE T/, 2018, 34(4) . 174-1781.

R BRRETURIERRTI K S ML [D]. MR
T M 52 ) TR ) A RSB, 2019.

MYRTLE R C, MASRI S F, NIGBOR R L, et al. Classification

Bulletin of Earthquake Engineering, 2018, 17

and prioritization of essential systems in hospitals under extreme e-
vents [ J]. Earthquake Spectra, 2005, 21(3): 779-802.
NEBIL A, MIYAJIMA M, IKEMOTO T, et al. Damage analysis
of health care facilities in the 2004 niigata-ken chuetsu earthquake
[ C]//Proceedings of the JSCE Earthquake Engineering Symposi-
um. Japan Society of Civil Engineers, 2005.

MASI A, SANTARSIERO G, GALLIPOLI M R, et al. Perform-
ance of the health facilities during the 2012 Emilia (Italy) earth-
quake and analysis of the Mirandola hospital case study [ J]. Bul-
letin of Earthquake Engineering, 2014, 12, 2419-2443.
MIRANDA E, MOSQUEDA G, RETAMALES R, et al. Perform-
ance of nonstructural components during the 27 February 2010
Chile earthquake [ J]. Earthquake Spectra, 2012, 28(S1) : 453~
471.

PRICE H J, DE SORTIS A, SCHOTANUS M. Performance of the

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[64]

[65]

San Salvatore Regional Hospital in the 2009 L’ Aquila Earthquake
[J]. Earthquake Spectra, 2012, 28( 1) ; 239-256.

WANG D, DAIJ, NING X. Shaking table tests of typical B-ultra-
sound model hospital room in a simulation of the Lushan earth-
quake [J]. Bulletin of the New Zealand Society for Earthquake
Engineering, 2016, 49(1) : 116-124.

NIKFAR F, KONSTANTINIDIS D. Experimental study on the
seismic response of equipment on wheels and casters in base-isola-
ted hospitals [ J/OL]. Journal of Structural Engineering, 2019,
145(3) [ 2023-12-14]. https://doi. org/10. 1061/ ( ASCE ) ST.
1943-541X. 0002266

LIU J, ZHATI C, YU P, et al. Experimental and numerical analy-
sis of wheeled medical equipment with adjacent wall subjected to
earthquakes [ J/OL]. Journal of Building Engineering, 2023, 72
[2023-12-14]. https://doi. org/10. 1016/j. jobe. 2023. 106635.
KUO K C, SUZUKI Y, KATSURAGI S, et al. Shake table tests
on clutter levels of typical medicine shelves and contents subjected
to earthquakes [ J]. Earthquake Engineering Structural Dynamics,
2011, 40(12) . 1367-1386.

SHANG Q, LIJ, DU C, et al. Seismic fragility analysis of free-
standing hospital cabinets based on shaking table tests [ J]. Jour-
nal of Earthquake Engineering, 2023, 27(8) : 1993-2012.

DI SARNO L, MAGLIULO G, D’ ANGELA D, et al. Experimen-
tal assessment of the seismic performance of hospital cabinets using
shake table testing [ J].
namics, 2019, 48(1) . 103-123.

KONSTANTINIDIS D, MAKRIS N. Experimental and analytical

Earthquake Engineering Structural Dy-

studies on the response of freestanding laboratory equipment to
earthquake shaking [ J]. Earthquake Engineering & Structural Dy-
namics, 2009, 38(6): 827-848.

HUTCHINSON T C, CHAUDHURI S R. Bench-shelf system dy-
namic characteristics and their effects on equipment and contents
[1].
(13): 1631-1651.

NIKFAR F, KONSTANTINIDIS D. Shake table investigation on

Earthquake Engineering Structural Dynamics, 2006, 35

the seismic performance of hospital equipment supported on

wheels/casters [ J]. Earthquake Engineering Structural Dynamics,
2017, 46(2) : 243-266.

MOSQUEDA G, RETAMALES R, FILIATRAULT A, et al. Tes-
ting facility for experimental evaluation of non-structural compo-
nents under full-scale floor motions [ J]. The Structural Design of
Tall Special Buildings, 2009, 18(4) . 387-404.

SATO E, FURUKAWA S, KAKEHI A, et al. Full-scale shaking
table test for examination of safety and functionality of base-isolated
medical facilities [ J]. Earthquake Engineering Structural Dynam-
ics, 2011, 40(13) . 1435-1453.

PANTOLI E, CHEN M C, WANG X, et al. Full-scale structural
and nonstructural building system performance during earthquakes:
Part II-NCS damage states [ J]. Earthquake Spectra, 2016, 32
(2): 771-794.

MORALES E, FILIATRAULT A, AREF A. Seismic floor isolation
using recycled tires for essential buildings in developing countries
[J]. Bulletin of Earthquake Engineering, 2018, 16(12) : 6299-
6333.

PELLECCHIA D, LO FEUDO S, VAIANA N, et al. A procedure

to model and design elastomeric-based isolation systems for the



TALEES 2024 4 54 52

[66]

[67]

[68]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

seismic protection of rocking art objects [ J]. Computer-Aided Civ-
il Infrastructure Engineering, 2022, 37(10) . 1298-1315.
DESTRO BISOL G, DEJONG M, LIBERATORE D, et al. Analy-
sis of seismically-isolated two-block systems using a multi-rocking-
body dynamic model [ J]. Computer-Aided Civil Infrastructure
Engineering, 2023, 38(12): 1583-1604.

CHAI J, LIN F. Seismic retrofit and shaking table test of medical
equipment in a hospital [ C]//Proceedings of the Ninth Pacific
Conference on Earthquake Engineering Building an Earthquake-
Resilient Society. Auckland, New Zealand, 2011 14-16.
COMERIO M C, STALLMEYER J C. Laboratory equipment ; esti-
mating losses and mitigation costs [ J]. Earthquake Spectra,
2003, 19(4) : 779-797.

COMERIO M C, STALLMEYER J. Nonstructural loss estimation;
the UC Berkerly case study[ M ]. Berkeley: Pacific Earthquake
Engineering Research Center, 2001.

PETRONE C, DI SARNO L, MAGLIULO G, et al. Numerical
modelling and fragility assessment of typical freestanding building
contents [ J]. Bulletin of Earthquake Engineering, 2017, 15:
1609-1633.

YU P, ZHAI C, LIU J, et al. Shake table tests for the seismic
performance assessment of desktop medical laboratory equipment
considering the effect of adjacent walls and restrainers[ C]//Pro-
ceedings of the Structures. Elsevier, 2023.

R ST RGEHURBIMETEN T UER [ D], R/R B IE
W= R TR Iy A 5T, 2022.

WORLD HEALTH O, PAN AMERICAN HEALTH O. Hospital
safety index: guide for evaluators [ M]. 2nd ed. Geneva: World
Health Organization, 2015.

MOJTAHEDI M, SUNINDIJO R Y, LESTARI F, et al. Develo-
ping hospital emergency and disaster management index using
TOPSIS method [ J]. Sustainability, 2021, 13(9): 5213.
SUNINDIJO R Y, LESTARI F, WIJAYA O. Hospital safety in-
dex: assessing the readiness and resiliency of hospitals in Indone-
sia [J]. Facilities, 2020, 38(1/2) : 39-51.

CRUZ-VEGA F, ELIZONDO-ARGUETA S, SANCHEZ-
ECHEVERRIA J C, et al. Hospitals of the Mexican Institute of
Social Security in the Face of September 2017 earthquakes: analy-
sis from the perspective of the safe hospital program [ J]. Gacetla
Medica de Mexico, 2018, 154 575-581.

LUKE J, FRANKLIN R C, DYSON J, et al. Building toward a
disaster resilient health system: a study of hospital resilience [ J/
OL]. Disaster Med Public Health Prep, 2022, 17[2023-12-14].
https://doi. org. 10. 1017/dmp. 2022. 204.

ZHONG S, HOU X Y, CLARK M, et al. Disaster resilience in
tertiary hospitals: a cross-sectional survey in Shandong Province,
China[ M ]//International Disaster Health Care. Apple Academic
Press, 2017: 63-96.

ZHONG S, CLARK M, HOU X Y, et al. Development of key in-
dicators of hospital resilience: a modified Delphi study[J]. Jour-
nal of Health Services Research & Policy, 2015, 20(2) ; 74-82.
ZHONG S, CLARK M, HOU X Y, et al. Validation of a frame-
work for measuring hospital disaster resilience using factor analysis
[J]. International Journal of Environmental Research and Public
Health, 2014, 11(6) :6335-6353.

CIMELLARO G P, MALAVISI M, MAHIN S. Factor analysis to

[82]

[83]

[84]

[86]

[87]

[88]

[89]

[90]

[92]

[93]

[94]

[95]

[96]

evaluate hospital resilience [ J/OL]. ASCE-ASME Journal of Risk
and Uncertainty in Engineering Systems, Part A: Civil Engineer-
ing, 2018, 4 (1) [ 2023-12-14]. hups://doi. org/10. 1061/
AJRUAG6. 0000952.

FALLAH-ALIABADI S, OSTADTAGHIZADEH A, ARDALAN
A, et al. Towards developing a model for the evaluation of hospital
disaster resilience: a systematic review [ J]. BMC Health Services
Research, 2020, 20(1); 1-11.

WRAE, BE M, LW, EIT R GRS 1R AR R R
[J]. TR N2, 2019, 36(3F] 1) ; 106-110.

CIMELLARO G P, REINHORN A M, BRUNEAU M. Framework
for analytical quantification of disaster resilience [ J].
Structures, 2010, 32(11) : 3639-3649.

YU P, ZHAI C, LIU J, et al. Resilience assessment methods for

Engineering

hospitals subjected to earthquakes: State of the art [ J]. Earth-
quake Engineering and Resilience, 2022, 1(1) . 40-59.

LEE W S, GROSH D L, TILLMAN F A, et al. Fault tree analy-
sis, methods, and applications: review [ J]. IEEE Transactions
on Reliability, 1985, R-34(3). 194-203.

MAHADEVAN S, ZHANG R, SMITH N. Bayesian networks for
system reliability reassessment [ J]. Structural Safety, 2001, 23
(3):231-251.

YOUANCE S, NOLLET M J, MCCLURE G. Effect of critical
sub-system failures on the post-earthquake functionality of build-
ings: A case study for MontrEal hospitals [ J]. Canadian Journal
of Civil Engineering, 2016, 43(10) ; 929-942.

LUPOI A, CAVALIERI F, FRANCHIN P. Probabilistic seismic
assessment of health-care systems at regional scale [ C ]//The
I5WCEE-15th World Conference on Earthquake Engineering.
Rome, Italy: 2012.

HASSAN E M, MAHMOUD H. Full functionality and recovery as-
sessment framework for a hospital subjected to a scenario earth-
quake event [J]. Engineering Structures, 2019, 188, 165-177.
LUPOI A, CAVALIERI F, FRANCHIN P. Component fragilities
and system performance of health care facilities [ M]//SYNER-G ;
Typology Definition and Fragility Functions for Physical Elements
at Seismic Risk: Buildings, Lifelines, Transportation Networks
and Critical Facilities. Dordrecht; Springer Netherlands, 2013
357-384.

MINIATI R, CAPONE P, HOSSER D. Decision support system
for rapid seismic risk mitigation of hospital systems. Comparison
between models and countries [ J]. International Journal of Disas-
ter Risk Reduction, 2014(9): 12-25.

SHANG Q, WANG T, LI J. Seismic resilience assessment of e-
mergency departments based on the state tree method [ J/OL].
Structural Safety, 2020, 85: 101944 [ 2023-12-14 ]. https://doi.
org/10. 1016/j. strusafe. 2020. 101944,

YU P, WEN W, JID, et al. A Framework to Assess the Seismic
Resilience of Urban Hospitals [ J].
ing, 2019, 2019, 1-11.

WILSON A G, HUZURBAZAR A V. Bayesian networks for multi-

Advances in Civil Engineer-

level system reliability [ J]. Reliability Engineering & System
Safety, 2007, 92(10) : 1413-1420.

PRZYTULA K W, THOMPSON D. Construction of Bayesian net-
works for diagnostics[ C]//2000 IEEE Aerospace Conference Pro-

ceedings (Cat No 00TH8484) , IEEE. Montana, USA: 2000.

115



B ERE LR P T R

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

116

KHAKZAD N, KHAN F, AMYOTTE P. Safety analysis in
process facilities: comparison of fault tree and Bayesian network
approaches [ J]. Reliability Engineering & System Safety, 2011,
96(8): 925-932.
BOBBIO A, PORTINALE L, MINICHINO M, et al. Improving
the analysis of dependable systems by mapping fault trees into
Bayesian networks [ J]. Reliability Engineering & System Safety,
2001, 71(3) : 249-260.
LIU J, ZHAT C, YU P. A probabilistic framework to evaluate seis-
mic resilience of hospital buildings using bayesian networks [ J].
Reliability Engineering & System Safety, 2022226 226-241.
PELS, ZHAI C, HU J, et al. Seismic functionality of healthcare
network considering traffic congestion and hospital malfunctio-
ning: A medical accessibility approach [J]. International Journal
of Disaster Risk Reduction, 2023, 97-117.
MALAVISI M, CIMELLARO G P, TERZIC V, et al. Hospital
Emergency Response Network for Mass Casualty Incidents [ C]//
Structures Congress 2015. Porland, Oregon: 2015 1573-1584.
FAVIER P, POULOS A, VASQUEZ J A, et al. Seismic risk as-
sessment of an emergency department of a chilean hospital using a
patient-oriented performance model [ J]. Earthquake Spectra,
2019, 35(2): 489-512.
TAKAHASHI A, ISHII N, KAWASHIMA T, et al. Assessment
of medical response capacity in the time of disaster; the estimated
formula of Hospital Treatment Capacity ( HTC), the maximum
receivable number of patients in hospital [ J]. The Kobe Journal
of Medical Sciences, 2007, 53(5): 189-198.
57 F3R & @ B R 2 BF ST . T TR R iRk
PEAFI : RISN-TG041—2022[ S]. dbxt. th [ #E5T Tl i
ML, 2022.
MINTATI R, TASIO C. Methodology for rapid seismic risk assess-
ment of health structures: case study of the hospital system in
Florence, ltaly [ J]. International Journal of Disaster Risk Re-
duction, 2012, 2. 16-24.
FAE b FE TR A A BT R Gt AR SE A VP4 5 B T
Jrik [D]. bRt W R, 2022
MACAL C M, NORTH M J. Tutorial on agent-based modeling
and simulation|[ C]//Proceedings of the Winter Simulation Con-
ference. IEEE, 2005.
BEE R, SR, . JET Multi-Agent 055 B R 4
AR R (1], A ES TR &, 2010, 27
(6): 1346-1349.
STAINSBY H, TABOADA M, LUQUE E. Towards an agent-
based simulation of hospital emergency departments[ C]//2009
IEEE International Conference on Services Computing, IEEE,
2009.
i, ST ME R R S5 s (1], &
G5 B, 2019, 31(2) : 181-188.
TABOADA M, CABRERA E, IGLESIAS M L, et al. An agent-

based decision support system for hospitals emergency depart-

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

ments [ J]. Procedia Computer Science, 2011, 4. 1870-1879.
KAUSHAL A, ZHAO Y, PENG Q, et al. Evaluation of fast
track strategies using agent-based simulation modeling to reduce
waiting time in a hospital emergency department [ J]. Socio-Eco-
nomic Planning Sciences, 2015, 50 18-31.

GUNAL M M. A guide for building hospital simulation models
[1]. Health Systems, 2012, 1(1): 17-25.

ZHANG X. Application of discrete event simulation in health
care: a systematic review [ J]. BMC Health Services Research,
2018, 18(1): 1-11.

GUL M, GUNERI A F. A comprehensive review of emergency
department simulation applications for normal and disaster condi-
tions [ J]. Computers & Industrial Engineering, 2015, 83 327-
344.

CHANG A Y, OGBUOJL O, ATUN R, et al. Dynamic modeling
approaches to characterize the functioning of health systems: a
systematic review of the literature [ J]. Social Science Medicine,
2017, 194 160-167.

LUBYANSKY A. A system dynamics model of health care surge
capacity[ C ]//Proceedings of the 23rd International Conference
of the System Dynamics Society. Boston, USA ;2005.
CASSETTARI L, ORFEO A, ROLANDO F, et al. A system dy-
namics study of an emergency department impact on the manage-
ment of hospital > s surgery activities [ C ]//Special Session on
Health Applications. Reykjavik, Iceland: 2013.

HIRSCH G B. Modeling the consequences of major incidents for
health care systems[ C]// the 22nd International Conference of
the System Dynamics Society. Oxford, England:2004.
ARBOLEDA C A, ABRAHAM D M, LUBITZRJJOPOCF.
Simulation as a tool to assess the vulnerability of the operation of a
health care facility [ J]. Journal of Performance of Constructed
Facilities, 2007, 21(4) . 302-312.

KHANMOHAMMADI S, FARAHMAND H, KASHANI H. A
system dynamics approach to the seismic resilience enhancement
of hospitals [ J].
tion, 2018, 31; 220-233.

LIZ, LI N, CIMELLARO G P, et al. System dynamics model-

International Journal of Disaster Risk Reduc-

ing-based approach for assessing seismic resilience of hospitals
methodology and a case in China [ J]. Journal of Management in
Engineering, 2020, 36(5) : 04020050.

SHANG Q, WANG T, LI J. A quantitative framework to evaluate
the seismic resilience of hospital systems [ J]. Journal of Earth-
quake Engineering, 2020, 26(7) : 3364-3388.

PEREZ JIMENEZ F J, MORILLAS L. Effect of the Importance
factor on the seismic performance of health facilities in medium
seismicity regions [ J]. Journal of Earthquake Engineering,
2019, 26(1): 546-562.

MITRANI-REISER J, MAHONEY M, HOLMES W T, et al. A
functional loss assessment of a hospital system in the bio-bio prov-

ince [ J]. Earthquake Spectra, 2012, 28(S1) . 473-502.





