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Analysis of earthquake damage ratio of buried gas pipe

KIM Kang-Suk, REN Ai-zhu
(Institute of Engineering Disaster Prevention and Mitigation, Tsinghua University, Beijing 100084 , China)

Abstract; The analysis methods of earthquake risk of buried pipeline could be divided into theoretical approach and
empirical approach. Earthquake damage ratio is a usually used concept in empirical approach. The main factors
that lead to damage to buried pipe in earthquakes are earthquake ground motions ( wave propagations) and ground
failure induced by liquefaction etc. In addition, there are other factors—such as joint, material, diameter of pipe
and so on. In this paper, analysis methods of earthquake damage ratio of buried pipe are summarized, and damage
ratio of gas pipe is put forward based on empirical approach.
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B, I R OBIRRES A EATH , PHBIR R HEIR 3 MRS E, RERERZHHRER P,
PEBIRERER K P, CERIRBERS P, M P P, PIRR P + P+ Py= 1, FFH, BEBLELRT
HBR PR R LA, WLEEEE U/ T EEELAFFRRRAS R o, BHEL TERTHR
;R UsKT R, , AR/ FERESK B WA R, MO E HE T HERIPRE; R UK T R,
K EEAL FEBERRE, DU EXRTLAZRRN

I"‘Rl ~ Hs
P, = P(U, <R, = ¢ 2L 1
(U, <R,) d»(m) (1)
P,=P(R,<U<R,) =1-P, -P, (2)
p'RZ = i
P, = P(U, >R,) =1 ¢(———) (3)
,,/0',¢2+0'5

BERR, ERAMTHXBETEHER UK R. BHEENHATER S ARTHTS
B R, M RS,

2 ZmWagitiE

2.1 ETHRARSFTRER
BT RAETHRANEN T E, it R/ BN EXA, EETX RSB EE
RIRETIM, R AT ENELRENELH N HXBERERYRAE,
FJ) Bresko % (1981) B3 7T RER R, SAFMEMAR,
logR, = 3.65 +6.39(-2.98 +0.30) (7 <[ <8)
R, = 2.0 (1=9) (4)
R, =32.0 (1210)
A, AR
20 142 80 4E4%K, Shinozuka ZFZEXT3%E Memphis TR K ERHTHRAHTE, RAT —ME6%
KELAG S REBIANMEFRGUHEAR . ZERFEXBHRIE EREGHKGS3 MY
ERHITHERREERMITR
R, = C,C,10%*wu~> (5)
AP Ly B IEK Mercalli UE ; CHEREMRE,C G ¥@ARB(AEL),

21 REEEWMRNK
Table 1 Influence factors of seismic damage ratio

Ex %R ¥

HHAHB D/mm D <250 C,=10
250 <D <500 C,=0.525

500<D <1000 C,=0.25

D=1000 C,=0.01

Hht 2 s €,=0.5
V] ¢, =10

s3 C,=2.0

s4 €, =5.0

- S 1 29 R 4R R M B — B RMAL ( Uniform Building Code) 17423, 51 REA, S4 R L

— f 3 3 B 2% 60 IR BT SE 4 Poisson 43 B A TR, LR A RESRARE 3 0
P, =1-e" (6)
AH,R, RRER, A4S km BRI/ (K/km) 2R, L AR ELNKE, ARE X RBERT
ITABRIURAR? RRESX(6)WRERS, 2 ABETR, BA 2H, BAFSERERN ¥ 218
B R, {8, R EHBRIFEBIE SCEH SRR RERN R, Haossn’
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Table 2 Values of seismic damage ratio, R,
NE

it B (mm) VI vii Vil X X

E T oy > 500 0.0001 0.001 0.01 0.1 0.5
200 ~ 500 0.001 0.01 0.1 0.7 1.6

75 ~150 0.003 0.02 0.2 1.5 3.0

M2+ >500 0.005 0.05 0.2 0.6 0.8
200 ~ 500 0.01 0.15 0.8 1.8 3.0

75 ~150 0.02 0.3 1.6 3.0 5.0

ST RGO EH, R, i—R (BMRR T AN SRR G MIE) B BT E, R M— R (BIEREP
FIMRBR A ZE MME) o
AOBRHERETM TR THBEHEAROBEREFER"" H4R(6) hit R FI RE, R HBE
REE, EMRBERATBERER R TLURRA:
‘ R, = C,C,C,R, (7
AF C, N R E R, XK, B+ HIRA C, = 2.0, 0.9, 0.4;C, N EHERAN, — MK
BRER L O, AR AGHEM 0.2, REMEMO0. 1;C, hEHBERHMANK, LR 3R HRENET

BT EHAGEAREE(K/km) , HEROLEREFOSN , FEHRBAERT , RAE D VIL VI, IX, X 3
B, LB R, = 0.16, 0.45, 1.3, 4.0(%K/km) ,

£3 FHARKEMERN C,
Table 3  Influence factors of buried depth, C,

# K HHEFEREY C,
XF 5m UBRR C,=04 0.4
C'= 0.9 0.44
C,=20 0.2
nRE 0.05:<0.3 1.0
0.35:<0.6 0.7
0.6<z2<1.0 0.4
/MF5m 1.0
. Liﬂﬂi@ﬂﬁﬁﬁ 1 *ﬁi‘o ME 1 ‘:Pﬂuél'fu 1000 ERHRRB/mm ZRBRAR/nn
HEANETHRERMERR AREEMENLT | e | (o
ff LA RAEHRERBZER, S8 [ i o e |
Bt EHAEHERFERANSERER(R ;| '
(7)) UL/ MBI (I 530 +) R E R £ |
Bl BRAR(T) GAFUBE TRMMER . &

AAETHAMEROERRE A LEHOES,
L) Bresko % (1981) MOMAR LT BLSHY 1126, I % 001

St R E RN LR, ey i
2.2 EFPCVAMIPGD 2HiRER

AR A BB 5 M 1, I S MR 4 | SRR SRERLR
RIAEE— I THANSYE, A, FAENERS Fig.1 Relationships between earthquake intensity
I T2 R — M7 VPR th R R R AR, B, and damage raio

1983 4FBLAkAN( Coalinga) My BEE , BLAKHNIREE Y 44 tH MMI - 8 B0 MMI - 10 BERIARZNEE ™!, BRLIE T ith
RSEIENER (PGV) , Vi , AR AME LI (PCD) , Dyg, AT RE RERA AWML, MR IEHE S5
R E R R, R Z AN L EE . RtEE I Al Ve Wi, BT
Ve RBBRERLFME, R b M GHERER) REBA 231 (LB (RA W) SRR HE LA
TR BB RE R, 3 R BRI Do SRARRE . FTLA, 5T Voo M Dy FTLAB RO AT B H AR E .

BT 1995 4F H AR # A Hi R L1994 4E Northridge b & .1989 4F Loma Prieta 31/ .1971 4E San Fermando
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Y Vo F Do B(AE , Eidinger AERR TRER, MG X EA ML TEEKAS S (ALA) B 5 & LA R
PHUKE LR F R HLET 28, T 2001 ERE TN TR T ERFYRELEETARLIR " AR
5|2 A F 2 (backbone vulnerability function) 7 R, =0.001 87 « V. , i /K AL EHREE N R, =
1.06 « Dpc™” s R Vg BT RE /5 Do AT R (1 Ff =2, 54em) RFR R, 24 1000 HR (13
R =0.304 8 m) EHMBIAE,

AL HEEARH#ITANGESHER L, EAWFEERT SI AT, BY T THHREAR:

(1) B E 35 B MEF R (K km) ,

R, = 0.00239 - K, - Vi (8)

A, Ve AU B HMEE R (cmv/s) ;K A B BE R HERNABEE, REK 4,

(2) AAEEE 5| RARER(K km)

R, = 2.577 + K, * D™ * (9)
AP, Dy HAABE T (em) ;K hEREH ELEANRARRE, RS,
24 ARRY K %5 MUREK,
Table 4 Modified coefficients, K, Table 5 Modified coefficients, K,
®H BgiEA Bt ®R/mm K, TH BLHERA K,
”ﬁf KR AR# 100 ~ 300 1.0 “ﬁf KR 1.0
Bt 100 ~300 1.4
EMmmt 100 ~300 0.7 3] 0.8
e BUR AR#  100~300 0.6
R 100 ~300 0.9 BEAR 1R (ERM) 0.15
pN-T] >390 0.15
R @ 100~300 0.7 AMAR B 0.8
WEE RS 100-~300 1.3 KR 1.0
L3 RR#  100~300 1.3
BWAR MKMW RRM 100~300 0.5 R+ Sha g 3 0.6
S AR 100 ~300 1.0 el AR 1.0
2 RN B PN >390 0.7
T2 KR VN >390 1.0 W 0.7
W FN:L >390 0.8 !l&ﬁ‘ﬂ‘ 14 | 0.8
REZHRE Y] AERM  100~300 0.5
YRS WERM  REM  100-300 0.5 ERNeT L3 0.5

3 BSEENRER

3.1 HAZERHt R Kobe earthquake)
BARMRAAE 85 TAPESAFAZTARBREN#K, 253 90 d BRI ATLKHE . Shimazu
R RORSEERER(R,) M Vo 2RI EEAUTARKRE

R, = C,C,C\R, (10)
A,C b+ ZE(1.0~2.5);C, HEEXAYMEAEL(O0 26 HEREESPCVHXK
~1.0);CHBHBABERK(1.0~5.0) R, RITERER Table 6 Relationship between normal
(k/km) 5 me*§m§6o seismic damage ratio and Vg
Shimazu FHF AL T 5+ MWK W, o LIAER Vag(em »s7') FREREE, R,
BRI ERTLIMEES f, MH, YEEAXHELC, Ve <20 0
=0 EH Ve <0 B BERRET, XiLPHBERE—T 20 < Vg €90 0.025 - Vpg -0.5

ELUTFH, EREEHNRTEEETATENIEBRARR
HERE, Fn, RERO.001 & 1000km FIELARE 1 MM
B HEFZHRITHEMISERORKRERRALEAE  EARRLELTEEAER 100km, 73X 1%

Vi >90 1.75
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BT, — RSB AERE, RS/ MRFREARLATRAMBAZRT | ~2 MERE,
3.2 KM (Chi-Chi earthquake)
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Fig.2 Relationships between and V. (cm - 8~')

seismic damage ratio
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EREXRTAARKER

M EBREEBPHRLSENEKEORE
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100
. /MEB (RN
P L / /
g vl
g 04 2 :. i — KERBIRS)
Risd . + /3
‘ ,,a"'l '
Lo/
001 MER(BEAK),
AERHEK)
0.001 el : !
10 100 1000
Viglem « s7)

M3 MREAGAEIMEE
Fig.3 Comparison of seismic damage ratio
between gas pipeline and water pipeline
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Table 7 Relationship of seismic damage ratio

with diameter of pipe!'’

®2,D/mm 3.2 9.7
BkE MER,20<D<50 Ri=1.90 107" - vyt ¥
KER,65<D<600 Ry =2.26 - 1071 .« Vp 53
®I® HER, D<65 R =0.02 « Vp!®
X ERB,65 <D=<150 Ry =0.13 « Vp®¥

WA 3.1 BT, Ve <20 HREFE R RET, ZRERWEM, ZXRETEAYMER
Kio $ D=150 mm B9 KE,65 mm <D <150 mm B} g -p942, D <65 mm B A/ NEFR, 4 BIRRR K, =
0.2,0.5,5.5, BSHHNRERE V WXRLES,

8 AKHEAIMERS V RIXR
Table 8 Relationship between seismic dsmage ratio
and ¥y for gas pipeline

Vec/(em + 87") HHEREE,R,
<20 0
>20 0.016 - K, - Vyg

RO MAWHOMERES D XK
Table 9 Relationship between seismic damage ratio
and Dy for gas pipeline

-8 R R R
e 0.075 « Dy % 0.47
BRI 0.12 - Dpc*™ 0.73
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33 D ,SREX
RRHE 1983 4E R4 19 H 4% ¥ ( Nihonkai 10003 o par- bt
- chubu) 3 R YTl , Eidinger 181 T RS B HR I T
FRYE B D SWERMIPEAM L R=0.075 * D,,*"

HEWE Y, AXRAHBE T k9 B 1004
RHGR . 4 DT B, B R RE R i
HRENRERER, M DB/ HEKER
RERS/N—%, R, ZBELEHFERS
HEHEZILFABEAY , A XA XERSH
B, TUBHEEE Dy M, RN RER

| BKELRY)
104 (Rym2STT 8 D

BER/K-km™)

BT H AR R S 8 1 0 2 B B 5 " 7o
2 R o o0
D, /om
B4 MNTAMBPEM D T
4 Q_E il:l Fig.4 Variation of seismic damage ratio of gas pipeline with Dy
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