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Estimation of average displacement of fault
surface co-seismic dislocations

Wang Long Liu Aiwen” Li Xiangxiu Fan Xiaoqing Zhang Libao Wang Yu

(Institute of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract: According to the concept of pipeline performance design, the current seismic code
for oil and gas pipelines stipulates that the displacement of fortified faults in important sections
and general sections are the predicted maximum displacement and average displacement,
respectively. However, at present, the fault displacement estimation method generally gives
only the maximum displacement of the fault in the next 100 years, but not the average displace-
ment. Therefore, based on the investigation results of co-seismic dislocation distribution of
seismogenic faults on the surface at home and abroad, the distribution characteristics of
co-seismic dislocations along the surface fracture trend of the fault are summarized and
analyzed in this paper. And then the ratio of the average co-seismic dislocation of the fault to
the maximum co-seismic dislocation of the fault is summarized by the statistical comparison and
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analysis of the average displacement obtained by different calculation methods in the actual
earthquake cases. Anyway, based on a large number of data of seismic fault displacement at
home and abroad, considering a certain safety factor, this paper suggests that 2/3 of the maxi-
mum displacement of the predicted fault should be used as the fortification displacement of the

oil and gas pipeline in general sections.

Key words: fault surface rupture; co-seismic dislocation; oil pipeline; average displacement;
fortification displacement
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Table 1 Average displacement of each secondary fracture segment resulted from
western Kunlun Mountain Pass Mg8. 1 earthquake in 2001
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Table 2 Average displacement of vertical fault dislocation in Wenchuan earthquake
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Table 3 Average displacement of horizontal fault dislocation in Wenchuan earthquake

W22 B IR D g /m %Dmax /m BAFIE D/m RO 4MEDs /m Dg/Dyax
61— T5 L 5.0 2.5 2.210 2.20 0.44
LTl 2L B 0.8 0.4 0.334 0.5 0.625
HE BT rE B 2.9 1.45 0.525 0.4 0.14

At B 1 T B A K B8 V- A ME 5 i KA LA R 0,625, 24 2/3.
4 HHSEEME RPN RIZBAE

Xt 5 b R T S W2 AU EHUR RO, BATE & m AR T R R B R T
P B W A D) RS T R AR, A R o B X B — M X B IR E X
BEJR A8 R H R o B VTR B L ST I 2 0 DO G X LA R B TR AT T 2t i A 1
FAEX, HE X BUFR Ry — B X B (A ARG R [ AE ok £ a2 i, dr e ARG E E
R W BRSO G 2 Ry, 2008) L EE L X B — g X B M B R IR S B XU fR B, R
A28 3o Yo 30 N 1 R DX B R R4 . B0 A T i e A B AR R (P AR N RS N R
FIE & @B, h A R R A B A S R 8 R, 2017) B, X BE A — i
DX B 1) 5 7 W8T J2 A5 % 4 531 Sy T 1) e RS B A R T- B RS (B . F T R 2 B0 s b AR 1 )2
Bl R B KA RS, T E T A T S A MR A PRI T — R T A R R ok —
HAE IR e RS (E . B, 5 B 45 AR A T 7 s, T 72 1S 3 0 A
SRR .

M1 AE2 R, RKCWE T Dyul2, DD =Fg LW EF R reE. T
b 5 RO LI, 8 AT B XA W R R T Ge v, AT A A B M SR R A R A
ARG L, XREE R (2) S T AR RO M O A



54 TR WE MR R R AL BT B LR A T 5 ik 851

% J& — P B AR OO . B BE IR R A B AE 10

WA SRR A, RSk e s
A AR, MR BT ] S
BSWRGRKMBAEZLN 1. - o L
RS WA R A Rk R .
R LR S KA DU — A = s 2o N
s, IR (), SARMEBRALE o s T
B — 2, U0 2 i 1T LT 249 032 7% 5 i )2 ot km
M KA (HZ H o 0.5, WA s fioR, = B S ST 5 W 25 80 S K 1 - £
$0 T 43413 30 O R B 58 4 L 455 52 B 14 131 45 B AT I
M s, Wik, MENBSGAIES LY Fig. 5 Analysis diagram of average displacement
LRIL S AR T = RE NS 2 A B s, selection based on fault displacement
A T T B R T S MR B morphology and measured data
osl . ] 5 f5 K {E Y LU AR R AE 0. 5— 1.0 22 1] % HR
2 . TR {7, PTG BURR 23 35 8 D i b 5 K R F —
SOl WOt T LEl sneew| R RSP R RS RE A A R
R S T P 6 R A S8 P9 45 I Bk
T oz} S T T 1 B2 19 70 U A B3, 70 4 L fi
0 ‘ ‘ ‘ ‘ ‘ S I(E R 0.49, 57220 0.17. NGt
55 6.0 6.5 7.0 7.5 8.0 8.5

My A BE, B BN — 15 75 22 (0.66) , iX
M6 PRI SRAAHZ L ER My R LR HORR . I8 %
Fig. 6 Relationship between the ratio of average R, @O AR IR R LB Y

displacement to maximum displacement 2/3 A Ry vk A T — X B Y 1 B W 2
and earthquake magnitude My, M.

5 Wit 5%t

AR S T 2 A [ P A M AR T JZE S RS T M 3R ARG 2 1 o A LAY, o S B R B A 5
TEXT L, BRI TR kO O M PR BT AR, SRR S O B 1 2/3 AR R B RS
{EL, AT (3t Al O O — e X B o T B BT JR BB 2, M Pl R R B R AR AE I — 2 A
SRR, XTI U I PR B ORI T B BB SRR, i T MR B A M R
HEA R H) Z A MEFNBENLIE , FlH 1 SR BT 5T A BT IR A, BE— 20 WO B B S e 7 F
b, X B AT Bk — AP 58 3% A IE

2 F X M

BRAs, BRsh, T EH, ER%, WG, FOi0, S, 5. 2004, 2001 4F R A L FTE M8, 1 3R % [ R L8 4
A REAE [J]. HBAZ ML 5T, 26(3): 378-389.

ChenJ, Chen Y K, DingGY, Wang ZJ, Tian QJ, Yin G M, Shan X J, Wang Z C. 2004. Surficial slip distribution and seg-
mentation of the 426 km long surface rupture of the 14 November, 2001, Mg8. 1 earthquake on the east Kunlun fault, north-
ern Tibetan Plateau, China[J]. Seismology and Geology, 26(3): 378-389 (in Chinese).

WRar#r, £0%, BT, s, oER, Edk, WS, 2R, KT, 20100 M M7, 1 J R MR RS DT s oK



852 H = 2% Eire 4 5

7], BhAEiE R, 55(13): 1200-1205.

Chen L C, Wang H, Ran YK, Sun X Z, Su G W, WangJ, Tan X B, Li ZM, Zhang X Q. 2010. The Mg7.1 Yushu earthquake
surface rupture and large historical earthquakes on the Garzé-Yushu fault[J]. Chinese Science Bulletin, 55(31): 3504-3509.

MR A, BRI, M-I HE. 2004, 3% S E TS S M (], Mo TSk, 11(4) 2 383-392.

Deng Q D, Chen L C, Ran Y K. 2004. Quantitative studies and applications of active tectonics[J]. Earth Science Frontiers,
11(4): 383-392 (in Chinese).

T, HER, FLAVE. 1993, 36 2 40 B (M), dbat: HbRR A 12

Ding G Y, Tian QJ, Kong F C. 1993. Active Fault Subsection[M]. Beijing: Seismological Press: 12 (in Chinese).

X% 3. 2002, T 746 R A UL A LR HURE ST [D]. bt v [ MR JR M R BEAT S B . 1

Liu A W. 2002. Response Analysis of a Buried Pipeline Crossing the Fault Based on Shell-Model[D]. Beijing: Institute of Geo-
physics, China Earthquake Administration: 1-7 (in Chinese).

Foe, XEIC, TIBEME, FHEF, EBEME. 2020, 28 BIE 3 72 b B oY BL A a0 BURR B TR A (0], M ER RO,
43(3): 539-545.

Wang L, Liu A W, Jia X H, Li X X, Wang X H. 2020. Evaluation of seismic resilience of oil and gas pipelines in service cross-
ing active faults[J]. Journal of Seismological Research, 43(3): 539-545 (in Chinese).

RE, RAEKR. 2008, PU)IBI Mg8. 0 1 7% 19 Hh 32 A5 T8 5 W] 52 A0 #% [J]. HLBT@E 4R, 27(12): 2067-2075.

Wu Z H, Zhang Z C. 2008. Seismic deformation and co-seismic displacement of the Ms8.0 Wenchuan earthquake in Sichuan,
China[J]. Geological Bulletin of China, 27(12): 2067-2075 (in Chinese).

e, BROCW, Tatfe, Dol fAeOt, sokB, Bk, fsest, ERE, SEOLWI. 2002, 2001 4F 11 A 14 H RS ILE
FE W) L 7E (M8, 1) Mo B AT 1) FEAKFAE [J]. Mo Mo, 24(1): 1-13.

XuX W, Chen WB, YuGH, MaWT, Dai HG, Zhang ZJ, Chen Y M, He W G, Wang Z J, Dang G M. 2002. Characteristic
features of the surface ruptures of the Hoh Sai Hu (Kunlunshan) earthquake (Mg8.1), northern Tibetan Plateau, China[J].
Seismology and Geology, 24(1): 1-13 (in Chinese).

Hh A N T A [ £ 5 R 2 R, AR e A T A [ [ 505 ek M AG A R R 2008, GB 50470—2008 il X 4 3B 2k
B TREHURH AR [S]. JbaT: b & piat: 2.

Ministry of Housing and Urban Rural Development of the People’s Republic of China, General Administration of Quality Supervi-
sion, Inspection and Quarantine of the People’s Republic of China. 2008. GB 50470-2008 Seismic Technical Code for Oil
and Gas Transmission Pipeline Engineering[S]. Beijing: China Planning Press: 2 (in Chinese).

A N R FE AN D R 2 B, P AR G R [ [ 51 B AR U0 K B . 2017, GB/T 50470—2017 {ifi Ui 1% 4 18
LB TARPURB AN [S]. deat: PpEFR SR 12

Ministry of Housing and Urban Rural Development of the People’s Republic of China, General Administration of Quality Supervi-
sion, Inspection and Quarantine of the People’s Republic of China. 2017. GB/T 50470-2017 Seismic Technical Code for Oil
and Gas Transmission Pipeline Engineering[S]. Beijing: China Planning Press: 12 (in Chinese).

Bonilla M G, Mark R K, Lienkaemper J J. 1984. Statistical relations among earthquake magnitude, surface rupture length, and
surface fault displacement[J]. Bull Seismol Soc Am, 74(6): 2379-2411.

Eberhart-Phillips D, Haeussler P J, Freymueller J] T, Frankel A D, Rubin C M, Craw P, Ratchkovski N A, Anderson G, Carver
G A, Crone AJ, Dawson T E, Fletcher H, Hansen R, Harp E L, Harris R A, Hill D P, Hreinsdottir S, Jibson R W, Jones L M,
Kayen R, Keefer D K, Larsen C F, Moran S C, Personius S F, Plafker G, Sherrod B, Sieh K, Sitar N, Wallace
W K. 2003. The 2002 Denali fault earthquake, Alaska: A large magnitude, slip-partitioned event[J]. Science, 300(5622) :
1113-1118.

Hreinsdottir S, Freymueller J T, Biirgmann R, Mitchell J. 2006. Coseismic deformation of the 2002 Denali fault earthquake:
Insights from GPS measurements[J]. J Geophys Res, 111(B3): B03308.

Kennedy R P, Williamson R A, Chow A M. 1977. Fault movement effects on buried oil pipeline[J]. Trans Eng J ASCE,
103(5): 617-633.

Wells D L, Coppersmith K J. 1994. New empirical relationships among magnitude, rupture length, rupture width, rupture area,

and surface displacements[J]. Bull Seismol Soc Am, 84(4): 974-1002.


https://dx.doi.org/10.3321/j.issn:1005-2321.2004.04.005
https://dx.doi.org/10.3969/j.issn.1000-0666.2020.03.016
https://dx.doi.org/10.3969/j.issn.1671-2552.2008.12.012
https://dx.doi.org/10.3969/j.issn.0253-4967.2002.01.001
https://dx.doi.org/10.3321/j.issn:1005-2321.2004.04.005
https://dx.doi.org/10.3969/j.issn.1000-0666.2020.03.016
https://dx.doi.org/10.3969/j.issn.1671-2552.2008.12.012
https://dx.doi.org/10.3969/j.issn.0253-4967.2002.01.001

	引言
	1 断层平均位移常用计算方法
	1.1 算术平均值$\makescalebox{0.88}{\overline{D}}$方法
	1.2 面积等效平均值DS方法

	2 地震破裂分段与形态特征
	3 实际震例同震位错的平均位移统计对比
	3.1 玉树MS7.1地震
	3.2 昆仑山口西MS8.1地震
	3.3 美国德纳利&nbsp;（Denali）&nbsp;MW7.9地震
	3.4 汶川MS8.0地震

	4 输油气管道抗震设计中的断层设防位移
	5 讨论与结论

