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Status and prospects of highway transportation

infrastructure resilience research

HUANG Xiao-ming,ZHAO Run-min
(School of Transportation, Southeast University, Nanjing 211189, China)

Abstract: Since the concept of resilience was introduced into the field of transportation, resilient
transportation has received extensive attention from researchers in the transportation field. Road
transportation infrastructures with good resilience can effectively deal with various natural and man—made
disasters, and further meet the needs of efficient and safe transportation in the future. In order to clarify the
current research status of road transportation infrastructure resilience around the world, the research results
of road transportation infrastructure resilience were summarized from the definition, measurement
methods, and resilience improvement technologies of road transportation infrastructure, and the future road

transportation infrastructure resilience research was discussed especially the development direction and

W %5 H #3 . 2022-10-22.
ELUH . EHEARPAESTH (52278444 ; B Z 5 0F & 71 %10 H (2021 YFB2600600,2021YFB2600601).
YEE BT BRI (1963-), 55 #0818+ W58 Jr 1] 38 5 TF2 . E-mail: huangxm@seu.edu.cn



+ 1530 - THRXEFR(OIFR) % 53 %

research focuses of resilience improvement technology. The analysis shows that the research on the
resilience of road transportation infrastructure mainly focuses on the overall traffic network organization and
planning level of the road network. The research on the resilience of the infrastructure structure is relatively
scattered, and there is a lack of unified and comprehensive definitions and metrics. In addition, in the
research on the catastrophic failure mechanism of structural resilience, there 1s a lack of a comprehensive
research understanding of all elements and the coupling between structural systems, and it is difficult to
reveal the chain process and catastrophe characteristics of catastrophic evolution. Therefore, the research
on the resilience of future road transportation infrastructure should further reveal the theories and methods
of catastrophe analysis of different types of facility structures, and establish a comprehensive and unified
definition and measurement standard for the structural resilience of road transportation infrastructures. At
the same time, from the perspectives of disaster monitoring, structural safety and resilience improvement,
flexible operation and post—disaster recovery, etc., more effective technologies for improving the resilience
of road transportation infrastructure should be formed and furtherly promoted in the future.

Key words: highway engineering; resilient transportation; road transportation infrastructures; resilience

improvement technology; flexible operation; post-disaster recovery

0 B = o RS TS A T R B IR LR

SUT 3 RSB B B B B R . AR
A 1 8 e 2 0 SO R S B
AT T TE RSN AN B R e T AR 4
S 0 R 7 LA 7 B 7 e i
U257 T T e R R UG 2 A
RS G RE ) . SESR ST B e 5 ek e
SRS W TR S 3 Al R K
G TR TR R 00 F BRI S i R S

B A GEE N IS T B AP
FE R I 4 6 B S B VL R e 2 — A A R
R B A 5 W T 4 o R T AR A
BB N 2B KA TR AR 4
50 i R G 1 2 A e A o AL S
T TR B 58 52 i 28 40 76 W A B 11
JeAb 2 BURRSAC  AE L AERR 4R
¢ % J7 T, 2008 4F B0 Ik s 72 9 5 o, A D | ‘
B T O v B PARRRS AT L 1 5 SR
58012, 762", T 2012 4F H) JEL JX\ 5 3t A5 XF 401 25 — 7l B30I P R SRR OB ST, B A A
0 5 T 15 2 G T Tk 75 M2 n p g SO R SR M S b B B 0
B e R T S S g PR L A 3 R 2 R o T 2
L5 S 7 T A 2011 4F 36 [ Sl B b i g R OP L ELT AV R B S B £ PN Y JE
S5V SRR BE 1k 12104225 0, I Ah 3 Sm A 1% A2 T8 HE w5 it 0 ) B 9T AN EE T, X A2 A R 4%
T2 S /N R R 2R 2 BR B A H A £ T Y PRI A EEEE L., AXEELGEHE
FEEH . RS R RN B E A s sz WONKRT SR B TR R I S R it )
W LR M R G AP TE SO R T AR A e . PRI SRR B IAOR B T LAY B SR
RS M R A e e B PR 3 B R BT AR B IR, ) 3R T H Al aE sl LAl
AT R SR M TR Sk g RSSO R U TR R T ROR B B 5
S el 3 ek 2 1) 52 38 45U D6 T B I TR PR TSI

1973 4F , 4 K 2 % Holling™ ¥4 31 ¥ 19 HE & s g ke 22 O
AR RE I T s gy o LA R IE R
W i TR 855 A O RE 7 o R R 1 “HME” A I TR T8 R A “ resiliere” , 2
BIAX BRGNS B AR RSB I A B A
B ERAT TR OB KA GUESE ACHIE MU LK , Ak £ e R AT o
Z A4 . 2006 4F , Murray—Tuite'®' B K £ 3¢ 1 12 TR RS o A R il 6 5 A Y 4%k Tl 52



% 6

SERE S L R R GE R BRI AR R IR R - 1531 -

2% Wiz sC i 2% e AT R GE HE IR GE LA K
a2 3 M) 2% A FL PR AR o3 52 T A0 R B0 A A
i
L1 RBEMERFHMEE XL

2006 4 Murray-Tuite' ' 15 UK B M HE & 5] A
ST W 45 I 52 T R G E O ST R S
e AR I H# AR BT R A P AR | 2h RE 1 S B DL %
PRS2 28 1 H DI RE BTt B9 Ah T B A 2R A R .
M Z 5 AR 22 AT X 232 il i I AT T
FHVE Y B 3A A Serulle 557 1E XS 3 2 W5 38 R
GE FEAT AR ST I, R A2 3 0 2% ) 1 AR Dy A2 i R G
PRA5 R E 09 i 55 BE 0, A &% 4t 52 B iR s
TE L AE I (8] K 2 28 B 5 IR 95 DI RER BE 1 o Cox
SN R B RGRIBETE M R G R Y R
GEYE R I 55 B8 1 K ARSI gl rpope < ] i 2
B0 I 55 K SF- B BE I3 o Tl Omer 55V AE XTI 32 R
GEREAT ORI, DA 2R G i 3A D 2R 8 i
Hh S b B BE T, LA K R G AR B il R R O =
JEAS B AT JRUAS 19328 g D BE AU BE JJ o Bhavathra-
than 551 1 X 24 B W 347 B 52 I, WA R 529
PERE N 2R GERE AR PRI I 28 A58 B #2 T B B2 32
HUB S NG W v B S N D RS 2 R R X )
FUR A B HH AT 1A AR 2 5T TR X
TS a2 T DL K 2R 45 A i i R G AR
T 218 i 2 A R BT ST PO S8 E R G AT
TR A IR 1 TR

F1 BERXHPNFRBREIENENX
Table 1 Definitions of transportation resilience
in domestic researches

T R 7R Al A 58 S A T AR GE B 4T 5
SR MK 1 RE S, RIVER e AN U A M
S 1 00 2% R T A0 SISl 2 A R R A
PRI IE S, R IE T RIRE ST o
P~ R T IIF TP R /Y
eI
A2 8 Ky 2R G B W) IR R AS BUK SR RE T
1.2 ERTEEMIZENEEX

AT 1. 179 o 52 3 ) 28 B0 1k 8 S AP SR i T
2% R GE R AR ) B 58 B 1, K A2 il B )
eI e RN RN STE RS B o R A BB
B 45 R B i T RE SE B M . AN Lounis %1
AR R « Bl 5 it 1) 1 95 ) B AR TR XL (e
B &5 ¥4 B T 9 I d R 57 25 ) L e o PR B2 0 20 Ty

*Z‘rﬁ%@tm

E =

By

oy 5z 2 4010

4 2R LA R A0 1 S B T8) R 52 AR B BB 7 o T
Zimmerman 7R X A 3 R AR TR I SR k%
Tt AF 5 T, A 2 AT Gk B ) i 6 52 e R Al R it 4
PR Al A A A TR T U 4 Sy 61 2 2 3% R Ak S X
o A2 38 5 it 15 it 7 O B e 559 o 2K 52 A IR 3R 4 B
1Y e 77 A H A2 3 R A (D e T o I AME 7S G
TR HAE G IR 5 e 1 B, R s A T 1 % 2C
TR il % At A DG T2 il A4 R ) 5

NI 2258 SCRXT g v, AT R 4 8 4 i
AHTR] S5 o TCIE A2 X 38 38 N 2% 2 48 3 AR 1) ) e
S 2 R T % 28 30 L Al ) 0 e S, LT
JT A AR AR A S B DL — AN 3 A R A
D32 it iz it 7 e HRPT B Wl b F 48 3l 19 g
@ M\ ZZ A0 I 55 T e Ik 52 B BE T o ORT T IE B
A8 S A B, v iR L R R

1 B 52 &8 43 1 AR 3R el A0 S0 3l )
1 P8 A S i T Re i ok S oo T U
AR o 1 E AT B 5 T AR R R TE (o~ W A AR
Bl [A] Be N & B RGP RE T REL G o i AR
AN AR R 2R Ge 8B s Wl sk S 3h i e
g 1B B AR R AR NS RE E RS
1K 55 i 0 Rk 52 22 D K S 1% 3 R P 2 e A K [ B
L~LARER T RG5O TE T I )
A ) 4 S 0 IT B 4 B2 AR RN AR R R T R 4
Z UG WK R Ty o HOE BRI 4~ 22 [B) Y B
] B gL, R R 7R 3R G0 32 Pt e (IR A2 BE ) i, R4
YR A 5 B R) A . T LUIA R T B s S
(TR AT A N R B a1 5 2 ) R R L
SENRECR FER SRR g . B TR 1T
B 5280 40 R PERE T B A PERE IR 27 P > 3B 43
2R, FEARE AR TR AR AT DL F = A8 B 1 i R 2
SHICHE TR — PR H o ) =B (Re-
silience triangle)""' . [l B} 55 45 i, B =M B
FE A IR B A A — S G L 1 G0 T T R B
I I PR A 3k FE v TS I A0 S B A R RN ek
R Z el 5 002 Ve IR R S v 52
ST A R A, HE 1
AIB Ik = 8 SE PR T T 1 52 IR T8 [t 2 8 Al 15
it ) 1 1) 5 A T A o

S G B e SCRT DL R IR, JC IR = R T A8 i
D) £ A 8 9) 1 S, 30 2 X T B A 3 Al i
it 55 HLAR KL — i B LA X R ok g X, @ X )
PEME G, B2 AR R — ARG, AR



- 1532 - THKRXEFF

(T % k)

% 53 %

A
RARE e e
745
N
BARERE

=~y

Iy 41 153
L J

Sh AL %%Wéﬁﬂ
Bl EXEZBEEMEEDE

Fig. 1 Resilience of road transportation infrastructure
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Fig.2 Traffic topology network
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Fig.3 Calculation results of size of the largest cluster

and mean inverse shortest path length
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