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Seismic Resilience Assessment of Urban Road Network Structure
Based on Intensity Distribution

Xie Fei,Zhao Xing,Shen Ke

(College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: The research objective is to analyze the seismic resilience change characteristic of urban road net-
work. Firstly, considering the spatial characteristic of earthquake and the comprehensive earthquake damage of
road infrastructures, a link connectivity probability model based on intensity attenuation distribution was con-
structed, thus vulnerable sections were identified. Then, the seismic resilience of specific network under different
scenarios was analyzed using a network structural resilience assessment model which considered 3 dimensions.
Evaluation results of the effects of these vulnerable links elimination in the network show that network resilience
was still strong when a few roads canceled, while this ability was significantly getting poor after the cumulative
attack on the other vulnerable sections. Therefore, network transportation efficiency was reduced, and the con-
nection between nodes were weakened.
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*1 EREEEFEMLE 2 BUWEZET o EEE
Tab.1 Quantified value of road earthquake damage factor Tab.2 Recommended value of o for each seismic intensity
Earthquake Quantified Earthquake intensity VI VI Vil X X
Category
damage factor value
o 040 030 0.25 020 0.15
VI degree 0.20
*3 EREHFEESKEEEHE
VI degree 1.00 . . - .
Tab.3 Road integrity degree and probability of section
1 Intensity VIl degree 1.05 connectivity
IX degree 1.15 Integrity Traffic condition P. P
Basicall
X degree 120 Basically intact oY 0.95¢p.<1.00
unaffected
Hard soil 0.90
Minor d Passable 0.75<P.<0.95  P,=~
Clay 1.00 nor damage e epair 75<P,<0. =P,
2 Subgrade soil
Silty soil 1.10
Moderate Passable. 045<P.<0.75
Stage construction 1.20 damage after repair
Serious d >
I 0.90 erious € am'age Impassable P.<045 P.=0
or destruction
. . I 1.00
Site soil
* 4 BAEES Lo WX R
category m 1.10
: Tab.4 The correspondence between seismic intensity and
v 1.30 Trev
No failure 1.00 Rarthquake I X X
intensity
Foundation Light 1.05 12.0 25.8 55.5 119
failure degree Tros
Medium 1.15 (emls) B (177~ (37.9~ .
(8.18~17.6) 37.8) 81.4) (81.5~175)
Heavy 1.40
R o0 7R s A FLE 430l InX -1 XM bR o )5 22 | R
OW subgrade .
i %5,
Embankment and cutting 1.10 SRy PR T A BT 22 A6 i e B EES AR A 4 T
5 Subgrade type Combination of g P RIVAE M v ] — DR J2 3 1T D e S A0 35
1.30 P
excavation and filling ] ﬁ*ﬁiﬂ 1] %J'E@'@“Q]O [ it S E%%ﬁ’fﬁ%fiﬂ 5 FLAR
= | i ‘#,
Riverside subgrade 1.35 LIS BB o 48 1 i
1
H<1 1.00 W=t W, (4)
Subgrade S H sin o —1w.
6 e.levation I<H<2 1.05 Bj: 5jHjsin a; - Aij,PG\ (5)
difference 2<HS3 1.10 .
H/m
B=) B, (6)
3<H 1.40 jz:‘ !
Yes 0.90 itqj:wj, ﬁ%]%@ﬁ%ﬁﬁﬁ%%%ﬁﬁ;wdﬁ%
o . =) N Yo /, oz
or not A B LR B ZE 56, S A 7 MR SR ) B 5 ) B

Damage 1.20 JE 2B, SCHR[13] %) 3 72 1 TR S SR g 1 1 31




58 R AR ¥ 2023 4
®5 BENBBHEGEESY AT AR, T A5 31 7 1 ST (8] 05 B e 22 Y T i
Tab.5 Estimating parameters of building collapse PLIT AR M A R
probability ’
T
LW 7
Building Construction Parameter
material time A £ Q= TBR‘;/ . (8)
—1971 4.45 0.342 0
1.0- ,O0<(.
P 2= Q“ Q Q (9)
1972—1981 4.73 0.378 0, 0>0.
et FHZE & m?; L A B B m W oR B B AT 3 9E )
199272001 508 0496 m, HAE N 2 (o, )+wo,wo 977 53 FELE 5 Q. Ja il 5
PRUERRAC s W, R B BOPREA RUHE
—1971 5.12 0.646 112 Tﬁg@ﬁfﬁ
Reinboreed 1o 1081 533 0575 R o T HEE IR0 2 o AL i B F R R, — L
concrete [N
T A7 b R IR X6 % IR A AR Y 3% 3 R 2 AR N
1982 6.00 0789 S, R R 4 S U I ] A 5 A TR
1971 464 0.619 X B 1Y) 7R 40 AT B S A ST R A AR R AN,
oo =
Steel frame 1972—1981 4.97 0.490 9 235
A:cOH Hc,w (10)
1982— 5.46 0.731 a=1 b=1

xo6 EFEBBARIIEERH

Tab.6 Coefficient of influence area of building collapse

Building height /m 13
H<24 0.55
24<H<54 0.55~0.45
54<H<100 0.45
100<H<160 0.45~0.35
160<H<250 0.35~0.3

BAREWEIT TS, 45 th B IR 6 H, N ST
JE oy R EEIW) 7 1SN (Y J5 1w A EE A R TR TR
Pvov N j HREE S BB AR s n S s B
i SR AL

H e 8 a6 g B U AR B 2 e % A I PR

Krfeg NI RE, —MnT LIEL 0.98 50 b 52 R
B9 RKEERT b NEEHRFHIEMN e, HE a
KR FEHET PR RS b A FONEE R, &
M RBEWNER T iR, RIG5IARELEER
WK, 256 7% F WS 0  Ja HEE AE X i G
EIE S
1.1.3 B

W& 18 BT R B R MR (0 Y R TE Y 2
FAR R LIRS i o B A FH B, mT R &5l L4 15
WML, BB M S H VPR E R R
oty
2,3,5,6

2. b

3 (11)

KB W IE R FEIRE; W mEEIER 7 KR
Tk HEER TN b M RBERN
- BT N AR kNS I R R R AR, R AN R 9
iR

FR T T A5 11 Bk T8 7 3 R A, 0 — 20 i
TH 4 3 AR X 56 R LR 10,

.

=1
=}
=]

B



AR AR LT R A 7 ST ST B T AL B S AT

RT HREEEZMREHY

Tab.7 Influence coefficient of bridge earthquake damage

Earthquake

damage factor Category co
VI degree 1.00
VIl degree 1.10
Intensity IX degree 1.20
X degree 1.30
XI degree 1.40
I 0.80
Site soil Il 1.00
category I 1.50
v 1.80
No failure 1.00
Foundation failure degree Light 1.50
Heavy 1.80
Steel frame, single arch 1.00
Continuous beam, slab beam, multi—arch 1.10
Superstructure
Simply supported beam, cantilever beam 1.40
Anti—drop beam device -
Support form Energy dissipation support (rubber support) 1.00
General support 1.10
h<5 1.00
5<h=<10 1.10
Pier and
10<h <30 1.20
abutment height h/m
30<h=<50 1.30
h>50 1.40
Reinforced concrete 1.00
Pier and
abutment material Brick, stone and concrete 1.10
Expanded foundation, 100
open caisson foundation, multi-row pile foundation '
Foundation form
Bent pile, high-rise pile, etc 1.20
Bridge length Lgn =<3, L tenan < 10 1.00
[fm L3 s Ly 10 1.20
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Tab.8 Earthquake damage degree and probability of bridge connectivity
Integrity Traffic condition A K P,
Basically intact Basically unaffected A=<123 K=<0.25 P.=1
Minor damage Passable after repair 1.23<A <222 0.25<K<0.44 P,=1-K
Moderate damage Impassable 2.2<A<3.38 0.44<K=<0.68 0
Serious damage Impassable 3.38<4 <44 0.68<K=<0.88 0
Destruction Impassable A>4.4 K>0.88 0
*9 BEEERTFREHY
Tab.9 Coefficient of tunnel earthquake damage factor
j Earthquake damage factor k Category b,
1 VI degree -0.05
2 VI degree 0
1 Intensity 3 VIl degree 0.05
4 IX degree 0.2
5 X degree 0.3
1 h=<10 0.12
2 Overburden thickness hA/m 2 10<h <50 0.05
3 h>50 0.01
3 Surrounding rock : Soft rock 007
2 Hard rock 0
4 Pass through fault or not : ves 025
2 No 0
5 Tunnel length //m : [=1000 0
2 >1 000 0.08
1 Before 1978 0.05
2 6 degree -0.05
6 Construction time and fortification standard ; 7 degree 0l
4 8 degree -0.15
5 9 degree -0.2
6 10 degree -0.25
1 Good 0
7 Tunnel entrance stability 2 Bad 0.15
Worse 0.3
F10 FEFEEBBEE
Tab.10 Probability of tunnel connectivity
Integrity Traffic condition B P,
Basically intact Basically unaffected B=<0.2 P=1
Minor damage Passable after repair 0.2<B<04 P=1-B
Moderate damage Impassable 0.4<B=<0.6 0
Serious damage Impassable 0.6<B=<0.8 0
Destruction Impassable 0.8<B<1.0 0
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Fig.3 Seismic resilience assessment framework
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Tab.11 Road reliability state

Reliability state Reliable Medium reliable Unreliable

P, P.=0.8 0.5=P<0.8 P<0.5
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Tab.12 Probability of vulnerable section connectivity

Section Probability of vulnerable section connectivity/%
17 65.85
18 72.28
12 78.27
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Fig.5 Location diagram of vulnerable sections
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Tab.13 Elimination scenario simulation

Scenario Simulation
1 Eliminate section17
2 Eliminate section 17,18
3 Eliminate section 17,1812
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