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Abstract: The urban lifeline engineering system, serving as a key infrastructure that ensures the daily lives of
residents, the functional operation of the city, the healthy development of the economy, and the long-term stability
of society, is the cornerstone of resilient city construction. Research on seismic resilience assessment methods for
urban lifeline engineering systems has achieved certain progress both domestically and internationally. However, the
seismic resilience design methods for urban lifeline engineering systems remain underdeveloped. This paper
expounds on the concept of seismic resilience design for urban lifeline engineering systems and delineates the
differences between seismic resilience design for urban lifeline engineering systems and traditional seismic design for
individual urban lifeline facilities. The basic framework of seismic resilience design, characterized by the “two
dimensions”, is put forward, which ensures the structural seismic safety of individual facilities through the
structural safety design of individual facilities, and guarantees the post-earthquake functionality and rapid recovery

of the engineering system through the resilience coordinated design among individual facilities. The basic
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requirements for seismic resilience design, characterized by the “three objectives”, are established, ensuring

5545 %

-
structural seismic safety of individual facilities, meeting predetermined functionality of individual facilities and the
engineering system, and enabling rapid recovery of the engineering system. The key steps of seismic resilience
design, characterized by the “four components” are proposed, which include determining the seismic resilience
goals for the engineering system, structural safety design for individual facilities, post-earthquake functionality
verification for the engineering system, and identification of technologies and strategies for the rapid recovery of the

engineering system. A unified seismic resilience design approach for urban lifeline engineering systems is
established. This paper takes a road transportation system as an example to conduct seismic resilience design. The

preliminary results validated the rationality and feasibility of the proposed seismic resilience design approach. The
design approach enables the transition of seismic design for urban lifeline engineering systems from structural

seismic design, which ensures the structural seismic safety of individual facilities, to seismic resilience design,
can also provide a practical solution to improve their seismic resilience.

which ensures post-earthquake functionality and rapid recovery of the engineering system. The proposed approach
post-earthquake functionality verification; rapid functional recovery
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Table 1  Comparison of traditional seismic design methods for individual facilities

and seismic resilience design methods for engineering systems
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Fig. 1 Key steps of the seismic resilience design for urban lifeline engineering systems
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Table 3 Recommended values for seismic resilience goals of urban lifeline engineering systems

i B bR
iR fE
L ER S R — R IR T — ek T
£ = i i T Bk
BB b A R R Rk FA M
FiBE T ol Witk it

3.1.2  HUREEHTEEME iR

FER E BRI TR B B ARET, BR T SR B B A TR B BRI A AR R TR R S
R B L, DA R R it = R AR B B bR iR
3.1.2.1  FARit i f FH D RE S il

BAACISE it 14 ek FE S B2 ) el PR i (9 5 i) ER v R A A AR TR R G P I B B L B
F B 04 B A PR ORIt e ik ST A RS TR R B L P BRI A R | D) RE DL R AT R R A o
JERAER R E , RSO TE L gk TR R G0 b iy E B PR R 4R PRI X TR R G VI RE A R R RR e
PRIt =22 1) (8 I R R R, R 43R 7™ B R M KR i) | rp A5 i VR BRE T 4 S48 90, 4 S50 &)
OYBRIERESCR BT AR AR A2 TR RGP I E MBI FRTLO, 5% ] i (5%, 20% ] \Hi(20%, 50% ]
HIRT(50%, 100% ], AT LR Boboo ) R Em vk a 50 hig i 2 vk 25007 4605 ik B ek it
MEAEA A2 TR R G BB

AR SCH BRI 3 T 28 T2 2RIV 4 AMERTIRESRM . O 1 289 R E R A IR 4 HiERf
ARl & AR ™ EE R AR U SRR I B R SR SR ) BRI , IR 5 6 TR R G ) RE s T E s, @ T2l
FHIIREARE P sk 75 PR & | AT RE i A K i A B T 55 1RO e SR i SRR R, B3R5 % TR R S0y RE
WA KN, @M. 35 1 1 IVIELISMG BB , B3R 55T TR RGN Re s b S m, @IV, &
PAAS O™ A AR U (R BRI , BRI X TR R Ge D Re it R e i
3.1.2.2  HURBIGE BTG

AR SCHR A BRIt () 25 A BT RR & Ak RS IR A FIRR JE IR R T 3 M8 hm  # SR it d) 43 LR
4 AN PURPINEFH .

1) B « ARt A5 P AR S i R BB IR, H Rt 1 22 S DI RE AR R [0, 10% ] 5 s B PE Bk i
Jiti R A D B/ N T 12

2) B R A A AR SE AT SR SO IR, AR 1 R S5 DI RE B 2K R (10% ,30% 1 5 1)1 B 152t
MRS I [B] BN T 72 b

3) FEAFIME: | BRI 25 A8 AR S A B SO IR, HLBAOR IR A 72 IS D REBR 2 R (30% ,50% 1 s A 1
R PR E IR BN T 7 d

) EAIE ; AR SR SRR M E R IR B SE IR, SR SR T RER K R (50% ,100% ]

5T RERGIM,, FEH 5 SRS A TR RIPE St | 32 BRI A S BRI it Y 45 ¥ 28 4 PR R S T g
IR, AN AR R ) AR Ak A2 B ], 3 B TR it e 7 P 3 S LS (E 2  AN [) 2I TR A 1 i 1 e
RERIPEPEN 5 O A A Y
3.1.2.3  HREEHUE M B bR a UE

AT R PUR R B AR BUA

ST A A AR LA Bt RN TR R G A 2, ARt R TR R G BRI S G R B R I H bR T LA
TEASSCEG R A BB A L |, 255 ST B 1R E AP PPAN 235 SRR 3 5l L 5k



552 PR, 45 T AR AR TR R GPUR IS — B Tk 7

R4 HHEGLBEEEARTEBRENE

Table 4 Recommended values for seismic resilience goals of urban lifeline individual facilities
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Fig.2 Topology diagram of the road transportation network
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Table 6 Information of the input ground motions

JF5 R Ay Al WREhsr EY WiEEE/km Vge/(m/s)  PGA/g
1 Imperial Valley-02 1940  El Centro Array #9 ELC180 6.95 6.09 213.44 0.432
2 Parkfield 1966 Cholame-Shandon Array #5 C05355 6.19 9.58 289.56 0.257
3 Parkfield 1966 Cholame-Shandon Array #8 08320 6.19 12.90 256.82 0.583
4 Parkfield 1966 Temblor pre-1969 TMB295 6.19 15.96 527.92 0.419
5 San Fernando 1971 Castaic-Old Ridge Route ORR291 6.61 19.33 450.28 0.834
6 San Fernando 1971 Lake Hughes #12 112021 6.61 13.99 602.10 0.348
7 Managua_ Nicaragua-01 1972 Managua_ ESSO ES0090 6.24 3.51 288.77 0.322
8 Imperial Valley-06 1979 Calexico Fire Station €X0225 6.53 10.45 231.23 0.398
9 Imperial Valley-06 1979 El Centro Array #10 E10320 6.53 8.60 202.85 0.297
10 Imperial Valley-06 1979 El Centro Array #11 E11230 6.53 12.56 196.25 0.257
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Table 7 Post-earthquake functionality verification of the bridge %
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Table 8 Post-earthquake functionality verification of the road transportation system %
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