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Longitudinal seismic fragility analysis of utility tunnel structures based on
IDA method

LI Jingiang, ZHONG Zilan, SHEN Jiaxu, ZHANG Bu, ZHANG Yabo, DU Xiuli
(Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology, Beijing 100124,

China)
Abstract: This study aims to propose a fragility analysis method for evaluating the longitudinal seismic performance of
long-line utility tunnels based on nonlinear incremental dynamic analysis (IDA). To this end, a simplified beam-spring model is
established, to reasonably consider the mechanical properties of the joint and the soil-tunnel interaction. A series of 17 sets of
ground motion records are selected and uniformly scaled to different intensity levels as the input of one-dimension free filed
analyses to obtain the ground motions at the bottom slab of a utility tunnel. Finally, the seismic analysis of the utility tunnel
considering wave passage effects is conducted. Based on the IDA results, the optimal intensity measure is selected. With the
damage measure of the peak joint opening, the fragility curves of the utility tunnel are established using the peak velocity at the
bottom slab of the tunnel and the peak velocity at the ground surface as the intensity measures, respectively. The failure
probability of the utility tunnel under different earthquake intensity levels is also obtained. The proposed fragility curves and
failure probability of the utility tunnel in typical site II can provide an effective tool to estimate the seismic performance of this

type of underground structures and a reliable basis for predicting damage under different earthquake intensity levels.

Key words: utility tunnel; beam-spring model; incremental dynamic analysis; fragility analysis; failure probability
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Fig. 1 Procedures of longitudinal seismic fragility analysis for utility tunnel

2 KEHFESEBSHHMSTIRE
2.1 KEBFEEERIREET

AL BT S A b, AR TR T B IR 55 T
AEREE R TAREE X It b M RO N TIE A
WMBRE L. Arhrb. GkRb. SRAAIES 6 M EEL
2, HTEVESHEEEILR 1, TRSEHEII
HTE N 230 mys, AR GRITHIEAS @B LS WPTUE R
FTEY) DRI oh 125, LAY 4.8 m, 4.0
m, BEE 0.4 m, FEIREEEZ) 10.0 m, Hh L2
SR CREE RN S s 2 E W 2 B

=1 TEYESHE

Table 1 Geotechnical properties of soil layers

= R T 2EE %:E E@tﬂiﬂzﬁ
H/m pl(kg'm?) v/(m-s )
1 N 6.0 1750 180
2 BEFL 10.0 1900 250
3 g P Rb 10.0 2000 300
4 bR 15.0 2000 320
5 K] 20.0 2280 500
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Fig. 2 Schematic diagram of site information and utility tunnel
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Fig. 3 Schematic diagram of utility tunnel-soil interaction model
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Table 2 Material parameters of steel rebars and concrete
T PUERCE R B P O P W e AR AR R AR
FhE , N AL A " N
w/kgm?)  EJGPa f/MPa WRSF fo/ MPa  FRJF £/ MPa &0 £cu
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TREEL 2500 325 — — 19.1 2.39 0.0020 0.0038
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Table 3 Parameters for longitudinal and transverse soil springs
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kN mm  (kN'mm) kN mm (KN*mm ")
960  10.0 96 120960  420.0 288
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Table 4 Information of ground motion records

e Y i j) HhiZ 445 = PGA/g PGV/(mm-'s!)
1 6.69 1994 Northridge-01 LA - Wonderland Ave 8 1(6) 17466
2 7.62 1999 Chi-Chi_ Taiwan CHY102 88‘; 22
3 7.62 1999 Chi-Chi_ Taiwan HWAO035 0.08 !
_ 0.07 67
4 7.62 1999 Chi-Chi_ Taiwan KAU034 88? 3(5)
5 7.62 1999 Chi-Chi_ Taiwan TAP086 88‘; 3(7)
6 7.62 1999 Chi-Chi_ Taiwan TCU088 82; ?i
7 7.62 1999 Chi-Chi_ Taiwan TTNO028 883 g;
8 6.05 1994 Northridge-02 Lake Hughes #12A 88; 43;
9 5.9 1999 Chi-Chi_ Taiwan-02 ILAO15 88} ?3
10 6.2 1999 Chi-Chi_ Taiwan-05 HWA002 88; g i
11 6.3 1999 Chi-Chi_ Taiwan-06 TTN042 88? ;g
12 6.9 2008 Iwate Japan IWTHI18 8 (1)2 gé
13 6.9 2008 Iwate_ Japan MYGHO3 882 ;3;
14 5.39 2008 14383980 Mount Wilson Obsv 8:83 3;2
15 5.89 2004 Oroville-01 Oroville Seismograph Station 883 ;;
16 5.19 2004 Anza (Horse Canyon)-01 Anza - Pinyon Flat 813 gg
17 5.45 2007 40204628 Hamilton Field 881 455
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Fig. 4 Curves of dynamic shear modulus and damping ratio
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Table 5 Definition of damages states for utility tunnel

PEREAKHME PR IRRRIEE/mm PR R AR A {E/mm
AR TEUF Amax <2 —
LER DL 20 2<dmx<10.5 6.3
T EERIIR 10.5<dnax<<15.0 12.8
FEE A dmax>15.0 15.0

3.2 ihEFNREIEFRILIEE

HhFE SR PR AR TM A2 R 45 P4 b 52 SRR P A1k 1
WM EE S, B3 T YRS AR TR FHESE o
RAFHE BB, A PR RS Bh 50 H bs AT U454
MR S S TR 25 SR R, HRT, AW, BB
SRR 3 M b S B o R AR A A o
PGA. VE{HIEE PGV LA KIE(E N # PGDPY, [HET,
AR A O B AT HO RSN, JT R L 23 BT 3R X
SRR R RS AR AT B A T 7R B 1 3 B N ) A Y
Ho Rk, A R S (E INIE E PBA. W(EE

¥ PBV LS WEAE A7 F2 PBD A4S JERJEE AR A7 B AL M 75 5
VB INIEE PTA. WEAEEIE PTV DLAIE(EAI# PTD
FEA T HE .

O g R WBY, S 4E s DM SHUE
IR TRRR IM AL R R R

DM =a(IM)* . (5)
¥ (5 B AT
InDM =Ilna+bInIM - ©6)

ZANEER S A N G D O AW U E K i = R 2 )
In(DM) A1 Hb 7% 3 533 B F8 A5 In(IM) 3547 2608 [31 9 4347
Him A (6) MAKI A, LA PR w
Pl

ﬁD:\/zi_l[lnDM n(_lr12a+blnIM)] -
A a f b NIRRT S RIS BRI 240G n 3R
LA Bl ST RE AT I R
PR E R ZE fo BN, BEBAHLFE SR TR AR
BN, BaE S MRS L bR . B S A
O FE B L R AR A S E AT g5 R, FEXS AR T
FHbr R ZE o BTG HIAIRIE, W 6 Fis.
ATLVE Y, PTV R NGRS B FR bR, &5 SR iU
s/, CERRMERZE fo B, AR EL, XY
B SV L g B AR — 8. BRI 5855 18K A

51 51 5r
al 4t at
3r ¥ 3r 3t
£ 2 s % © ®%©e £ 2 =2 So
ik 560000030g o 1L g 1F, 0330 %@ % o
oh °  In dpax=0.29 In PGA+2.55 ol °  Indy,=0.83 In PGV+2.87 ol In d5,,,=0.31 In PGD+2.76
Boy: 0.58 X Bp: 0.32 By: 0.54
o 1 I 1 I I J — I I 1 J -1 1 I 1 1 J
LT3 2 0 o 1 2 -3 -2 -1 0 1 -5 -4 -3 2 -1 0 1
In (PGA/(m-s1)) In (PGA/(m-s1)) In (PGD/(m-s1))
51 51 51
4t ar 4
3 3F E 3r ’ 3r
=2 o R Y gl S0 it
1F p2 N 1t 58 1" o odBo
o © In dpex=1.11 In PTA+3.35 oF ® In dpxy=1.011n PTV+2.78 ol In dipy=0.39 In PTD+2.79
LT s L P02 L Aoso
T4 3 2 -1 0 1 2 23 -2 -1 0 1 5 4 3 2 -1 0 1
In (PTA/(m-s™) In (PTV/(m-s™)) In (PTD/(m-s"))
51 51 51
4t o 4+ 4r ,.
§ 3 o § : 2 20
< 9} 0 o 800 00 = L L S e
£ 2 o8 ¥ 00R’% 0o° s 2 ;: 2 25 o8
1t oooo & go%o <] 1k : 8 15 6000,900&0
ol © In dpa=0.28 In PBA+2.56 ob ° In dipae=0.81 In PBV+3.05 ol £ dya=0.37 In PBD+2.97
L Ress X . _ Fo:031 . L fo: 0.50
4 -3 -2 -1 0 1 2 23 -2 -1 0 1 5 4 3 2 -1 0 1

In (PBA/(m-s7!))

In (PBV/(m-s™'))

In (PBD/(m-s7"))

5 1RfptatREYAS i

Fig. 5 Regression analysis of damage measures
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Fig. 8 Seismic fragility curves of utility tunnel
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