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Abstract: Earthquakes can cause building collapse and trigger secondary disasters spreading among ur-
ban infrastructure systems. Hence, to assess urban seismic resilience, it is a critical issue to investi-
gate the secondary disaster chain of urban infrastructure systems associated with building collapse.
The purpose of this study is to develop an analytical method for the disaster chain of “collapse of build-
ing cluster, degradation of road traffic system performance due to debris blockage, and deterioration
of fire protection system function”. Firstly, the analytical method was quantitative and achieved by us-
ing the distribution of collapsed debris, efficiency and accessibility of the road traffic system, as well
as response coverage ratio and response time of the fire protection system. Especially, a technique was
applied to reproduce disappearing elements in the finite element method. As a result, the comprehen-

sive distribution of earthquake-induced debris was depicted for concrete frame structures with infill
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walls. Subsequently, as a case study, disaster scenarios were described for a region in Shanghai after a

hypothetical strong earthquake. Finally, suggestions were proposed for improving urban seismic resil-

ience. The results reveal that the proposed method effectively predicts the blocked range of debris, as-

sesses the performance of both the road traffic system and fire protection systems post-earthquake. In

the case study, the total travel time of the road network increased by up to 26 %

, and the accessibility

of the road network nodes decreased by more than 43% . Regarding the fire protection system, the re-

sponse coverage ratio decreased by a maximum of 28% , while the response time increased by up to

32%.

Keywords: earthquake-induced collapse; disaster chain; debris distribution; road traffic system; fire

protection system; resilience

0 5

[l

WHERTRZMHAD fFEMUE . mEH
i A6 3 o 9k i i 35 it K A BB AN B, O
— BRI AR E o TF R Ja Wi 9 5 A I
X BRI T B R

BEOGE ST L A B B — 1 RS, © TR R AT
T, U SRR BT RN B T IO ik R
G52 J5 RSB B i B R VP A R IS BE T R etk g
G AT T O S R S P RE VA 3T Y
L HLRR By BUE AN BT AF L Oy — T T, B A B
P R G RHRME R R F AW S, T AR AR AL . L
AN, 4 | A ST ) B - BU AR 0 2 B0 % S AR
Guik REIR AL R R GE T RE T R O — HiL A Y K K i
S, W Kol SURE LG8 % 52 18 AR (N BRJ7 LI B
SE)EZARGE . AR I AL B IR I T = S
FURR 3% 2 T8 AW S5 40 77 LB R S i R R R B R
DRI BL W 39 2 T 138 17 30 % 1 B0 BF o b a4
DX Ji 0% 00 322 3 T A R 5 RO R 8 LI IR AL
DA e v [ 65 95 65 R T AR i 3E B 2 ) R T R
W B 43 M X e R ST A, A R B OB R A,
3 A i A S R R TR0 AT S A5 A LA R AR
F10 ke A8 R 20 6 M AR A, D R DX 0 AN T ) 2 S 4 4 2
RCRIR TR AESE HIREZR ) ARG 3. 5
b, 7 I A28 s I 114 o A £ TP T A% i B RL RO E AR
JRE B T PR A TR R W RO B I £ 38 1T RE

YR Tl 0000 AN [ 45 4 2 Y ) Sl ) B B 5K 2 AT
J& HBT AT FE B ME 5o AT BROCAE UL Dy 8] 38 B 52
T5 2 =" — R T A S B T R S R i 4k
PR AR 2 i A o (H IR R BUR BT R
BN 55 FL IR 0 A AN 52 8 o I AR K, A BROT /B 1Y

424

b g Sy S R 3R S 58
BRI A o ASCAEH RHX — ik, 3k T H A
JEL T 905 1) 40 HE 24 S0 245 4 15 3 B0 R 0 A O 4 3R
FRAE S DR, & X6 44 4 55 45 #4 , M. Domaneschi
SR N BT TN T HAR 3 B R A A -

AW FE 0 H B R e — R e AN R R K E
HE < M 7R 5] S A AR (R 4 - FU AR 3 ZEBUH I ACE R 4
PEREIR LT B R G RE T TR o M ik . RS
Hby, e 3 TR B AR TR B+ (RC) HE SR A 5L 454
i 4 B0 5 ) 4 P 0T 2R PR T I 43 BT 81 3 B B 1
A S B o AR R B0 K T4 3k 0 L 9 ek X
DX, - 45 HH 3k 7T 0 0 B T AL

1 RE®RSWTIE
11 7 RCAER & SIS I FLAF 5 75

1.1.1  EHEZIF

2 JE A AR B L A 1R L A S BRI EU(E
T BT O MR LR Y RCHEZR AR, Lk 1. 45
PP A B 1R . RN E)Z)E SR 4.2 m,
HAZZE 0 3.6 mo HAZE 0 8 m R4 9ok
500 mm X500 mm 1 500 mm X250 mm, # ft &
100 mm. 3 7R 5% R H 96 B 200 mm i MU 10 IR & +
250 ) B AR . TR E R S 9L C30, 4K R
HRB400, PKHEH, B piZiE R 78 (0.1 g).
M1 5 2 T E faF 2555 518 4.5 KN/m® #i1 7.0 kKN/m”,
TG 23 R 2.0 kN/m’,
1.1.2 2 MBI E fe o dE

K LS-DYNA K e 4 47 B o0 7 76 A .
5% 2 B, FH RS A0 AR A A | o 2 A R e A A
AE A% 7 DR TIE T SR0RS B2 9 1 2 N 5 3 s T A
S5 A6 11 TR RIHE R FH 21 4 B2 B T AL B AR FH 43 )2



K1 HHEFRERCERERAER

Table 1 Information of RC frame buildings with infill
walls
N L S P
m m m

F4-1 4 4X3 150 24.0 14.7 1.02  1.63
F4-2 4 5X3 15.0 30.0 14.7 1.02  2.04
F4-3 4 6X3 15.0 36.0 14.7 1.02  2.45
F5-1 5 4X3 186 24.0 14.7 1.27  1.63
F5-2 5 5X3 186 30.0 14.7 1.27  2.04
F5-3 5 6X3 186 36.0 14.7 1.27 245
F6-1 6 4X3 222 24.0 14.7 1.51  1.63
F6-2 6 5X3 222 30.0 14.7 1.51  2.04
F6-3 6 6X3 22.2 36.0 14.7 1.51 245
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Fig.1 Structural plan of designed buildings
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Fig.2 Constitutive model of the concrete
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Fig.3 Constitutive model of reinforcing steel bars
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Fig.4 Finite element model of building F6-2
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Table 2 Parameters in material models

SR FC /MPa SUREINF /MPa ECUTEN UNLFAC
IR A 20.1 400 0.002 5 0.5
S FT /MPa YMREINF /MPa E /MPa SIGY /MPa
A 2.01 2X 10° 8 664 4.3
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Table 3 Material failure criteria and parameters for ele-

ment collision
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Fig.5 Comparison between test results and finite element

simulation
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Fig.6 Flowchart of reproduction of disappearing elements
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Table 4 Characteristics of debris distribution

gi 5 A/m? A,/m? S a,/ b,

F4-1 352.8  (771.8)775.6 (2.19)2.20 (1.41)1.46
F4-2  441.0  (924.0)902.0 (2.10)2.05 (1.67)1.70
F4-3 529.2 (1037.9)1025.0 (1.96)1.94 (1.79)1.87
F5-1 352.8  (879.6)854.4 (2.49)2.42 (1.34)1.42
F5-2  441.0 (1031.0)987.5 (2.34)2.24 (1.67)1.66
F5-3 529.2 (1188.9)1125.9 (2.25)2.13 (1.83)1.87
F6-1 352.8  (978.4)939.7 (2.77)2.66 (1.39)1.42
F6-2  441.0 (1118.0)1098.2 (2.54)2.49 (1.62)1.65
F6-3 529.2 (1295.8)1250.2 (2.45)2.36 (1.87)1.88
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mance after an earthquake
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Table 5 Information of roads in the region

M 485 BAGEE TR/ EE/

xR FIEH E/m (peush ™) (kmeh )
EER R 4 3.5 1350 50
Wt 2 3.5 1300 40
W1 1 3.5 1200 25
2 1 2.8 1 000 15
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