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Abstract  The purpose of this paper is to adopt the uniform confidence method in both water pipeline design and 
oil-gas pipeline design. Based on the importance of pipeline and consequence of its failure, oil and gas pipeline can be 
classified into three pipe classes, with exceeding probabilities over 50 years of 2%, 5% and 10%, respectively. Perform-
ance-based design requires more information about ground motion, which should be obtained by evaluating seismic safety 
for pipeline engineering site. Different from a city’s water pipeline network, the long-distance oil and gas pipeline system is 
a spatially linearly distributed system. For the uniform confidence of seismic safety, a long-distance oil and pipeline formed 
with pump stations and different-class pipe segments should be considered as a whole system when analyzing seismic risk. 
Considering the uncertainty of earthquake magnitude, the design-basis fault displacements corresponding to the different 
pipeline classes are proposed to improve deterministic seismic hazard analysis (DSHA). A new empirical relationship be-
tween the maximum fault displacement and the surface-wave magnitude is obtained with the supplemented earthquake data 
in East Asia. The estimation of fault displacement for a refined oil pipeline in Wenchuan MS8.0 earthquake is introduced as 
an example in this paper. 
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1 Introduction  

Oil and gas pipelines in China are generally de-
signed and constructed as buried pipes for economic, 
safe and environmental reasons. The large gas fields in 
China are located in western part, whereas most of gas 
users are concentrated in eastern China, for example, the 
West-East Gas Pipeline from Urumqi to Shanghai was 
constructed in 2002 and the length of pipeline is up to 4 

000 km. These oil and gas pipelines are important life-
line facilities, spreading over a large area. Many oil or 
gas pipelines have to run through areas with high seis-
mic activity and are therefore exposed to considerable 
seismic risk. Figure 1 shows the location of main oil and 
gas pipelines operated by China National Petroleum 
Corporation (CNPC) and the distribution of earthquakes 
with magnitude larger than 6 in China.  

A new seismic code for oil and gas transmission 
pipelines in China has been issued on July 1, 2009 
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(CNPC, 2009). All oil and gas pipeline constructions in 
Chinese mainland should be designed to comply with 
the requirements of the new seismic code. The code 
document has been prepared in accordance with gener-
ally recognized engineering principles and practices in 
China, and many international codes, standards and 
guidelines have also been referenced. Besides functional 
design, pipeline safety should be checked for all possi-
ble ground motions, which may be encountered, and 
seismic loads simultaneously with the operating loads 
(pressure, temperature, initial bending, etc). Pipelines 
running through active seismic zones should be de-
signed in such a way that they remain function even af-
ter being suffered from high intensity earthquake shak-
ing. The performance-based seismic design of oil and 
gas pipelines include: 1 serviceability requirements of 
that the pipeline should maintain its supply capability as 
much as possible, even with considerable local damage 
due to high intensity earthquakes; 2 safety requirements 
of that the population and environmental damage origi-
nated from pipeline rupture should be considered (Liu 
and Feng, 2007). 

To identify earthquake hazards, evaluation of seis-
mic safety for pipeline engineering sites is carried out to 
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provide how the hazard affects pipelines and to define 
parameters needed to quantify the earthquake hazards 
for pipeline design. Because the pipeline perform-
ance-based design requires more information on ground 
motion, it leads to a higher requirement to the evaluation 
of seismic safety for pipeline engineering sites. Rec-
ommended by American Lifelines Alliance (shorted as 
ALA, 2005), the transient ground motion is used to de-
scribe the shaking hazard by seismic waves and the am-
plifications due to surface and near-surface ground con-
ditions and topography, including peak ground accelera-
tion (PGA), peak ground velocity (PGV), response 

spectrum (Sa) and ground motion history, a(t). Perma-
nent ground displacement (PGD) describes the ground 
failures resulting from surface fault rupture, slope 
movements and landslides, liquefaction- induced lateral 
spreading and flow failure, and differential settlement. In 
general, an oil and gas pipeline system includes pump 
stations, buried pipe, the above-mentioned ground pipe 
and pipe bridges when crossing rivers. Table 1 summa-
rizes the transient and permanent ground movement haz-
ards to be considered during the oil and gas pipeline de-
sign following the recommendation of ALA. 

 

Figure 1 Location of the main oil and gas pipelines operated by CNPC and distribution of earthquakes with 
magnitude larger than 6 in China. 

Table 1 Seismic hazards for oil and gas pipelines 
Hazard Oil and gas pipeline system Earthquake parameters Source 

Buried pipe PGA, PGV, Tg, vS Ground shaking 
 
 

Pipe bridge, above-ground pipe, pump stations PGA, PGV, Tg, Sa, a(t) 
Probabilistic seismic hazard 
analysis (PSHA) 

Faulting 
 

Buried pipe, above-ground pipe Expected amount of fault displacement, 
crossing angle 

Deterministic seismic hazard 
analysis DSHA 

Liquefaction 
 

Buried pipe, above-ground pipe, pipe bridge PGA, magnitude, length of pipeline 
exposed to PGD 

Disaggregated PSHA 

Differential settlement 
 

Buried pipe, above-ground pipe, pipe bridge PGA, magnitude, length of pipeline 
exposed to PGD 

Disaggregated PSHA 

Note: Tg is site natural period, vS is shear velocity of soil, Sa is response spectrum, and a(t) is ground motion history. 

A uniform confidence methodology for the design 
of water pipeline systems has been proposed by Davis 

(2005). This method was adopted by the American Life-
lines Alliance (2005). The uniform confidence hazard 



Earthq Sci (2010)23: 259−263 261 

evaluation provides a method to assess earthquake risk 
so that all pipes in a water system are designed to be 
consistent with their intended function, with a uniform 
confidence that design forces are greater than or equal to 
the actual forces, which a pipe may experience during 
an earthquake. The water pipe function is defined by its 
importance in post-earthquake response and recovery.  
A more important function of pipe service (for example, 
a water pipe for fire fighting) needs to have stricter seis-
mic criteria to ensure that the design value is greater 
than the actual seismic force. 

Different from a city’s water pipeline network, the 
scale of oil and gas pipelines can vary from kilometers 
to thousands of kilometers; it is a spatially linearly dis-
tributed system. The main purpose of this paper is to 
extend the uniform confidence methodology used in 
water pipeline design to oil or gas pipeline design. Fol-
lowing the new seismic code for oil and gas transmis-
sion pipelines in China, the uniform confidence method 
adopted in the seismic design of oil and gas pipelines in 
China is introduced. 

2 Design level of seismic safety  
The design level of seismic safety for an oil and gas 

pipeline in China depends on the importance of the pipe-
line and the consequences of its failure. Oil and gas pipe-
lines have been classified into three groups as follows. 

Class I: Oil and gas pipelines that are vital energy 
supply facilities are required to remain functionality 
during and following the design earthquake. Failure or 
damage to pipelines would cause extensive loss of life 
or a major impact on the environment, for example, a 
pipeline crossing a main river in eastern China. 

Class II: Oil and gas pipelines that pose a substan-
tial hazard to human life and property in the event of 
failure but their service can be interrupted for a short 
period until minor repairs are made. 

Class III: Other oil and gas pipelines. For a very 
long pipeline, the whole pipeline can also be divided into 
three classes of pipe segments with the same criterion. 

The seismic risk level accepted for design depends 
on the class of pipe, adopting the probability of ex-
ceedance in 50 years, as shown in Table 2. 

Table 2 Design levels of seismic risk 
Pipe class Probability of exceeding in 50 years Return period/a 

I 2% 2 475 
II 5% 975 
III 10% 475 

3 Pipeline seismic hazard analysis for 
transient ground movements 

Transient ground movements refer to the transient 
soil deformations (i.e., strain and curvature in the 
ground) due to seismic wave propagation and affect the 
pipeline over a large area with widely dispersed damage. 
Ground shaking does not have a serious effect on buried 
oil and gas pipelines in good condition except points at 
the transition between very stiff and very soft soils, 
penetration into valve boxes, locations at or near pump 
stations, T-connections, pipe fittings and valves. How-
ever, pipelines weakened by corrosion are more vulner-
able to damage during ground shaking. The ground shak-
ing is often characterized by PGV, rather than by PGA.  

The design basis for earthquake ground motion (in 
terms of PGA and PGV) should be estimated based on 
site-specific pipeline seismic hazard analysis (PSHA). 
PSHA itself has also been modified for the determina-
tion of seismicity model, regional attenuation law and 
the analysis of uncertainties. In China, the following 
specific standards adequately deal with the seismic 
evaluation and design for oil and gas pipelines, that is, a 
Seismic Ground Motion Zonation Map of China (China 
Earthquake Administration, 2001) and the Evaluation of 
Seismic Safety for Engineering Sites (China Earthquake 
Administration, 2005).  

Compared with a city’s water pipeline network, an 
oil and gas pipeline system is a spatially linearly distrib-
uted system, which is composed of a series of pipe seg-
ments and pump stations linearly distributed in space. 
When a part of the oil and gas pipeline system is de-
stroyed by an earthquake, the pipe’s function also fails 
(Gao, 1993). Therefore the pipeline system should be 
considered as a whole. In the PSHA models currently 
used for the seismic evaluation are all for a single site. 
When we consider the total seismic risk for an oil and 
gas pipeline system, PSHA models for sites alone are 
insufficient. There are two methods for considering the 
overall seismic risk of oil and gas systems: the Monte 
Carlo simulation method and simplified methods (Guo 
et al, 2009).  

Considering an oil and gas pipeline with n pump 
stations, the ground motion has little effect on buried 
pipes and the main serious effects are those on pump 
stations. The total seismic risk for an oil and gas system 
due to ground motion, P, is  
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where Pi is the exceedance probability of pump station, i. 
When the exceedance probability of each pump station 
has the same value, equation (1) can be simplified to  

 n
iPP )1(1 −−= . (2) 

In fact, ground shaking does not have a serious ef-
fect on buried pipelines. As already stated, the perform-
ance of refined oil pipeline in Wenchuan earthquake, the 
seismic design of a pipeline system should pay attention 
to both the pipe segments and pump stations for the 
uniform confidence of seismic safety. 

4 Fault displacement hazard analyses 
Catastrophic failures of buried pipeline did occur in 

many earthquakes, particularly under the large fault dis-
placement. Based on the investigation of pipeline dam-
age in the 1995 Kobe earthquake, the 1999 Jiji earth-
quake and the 1999 Kocaeli earthquake, PGD poses the 
greatest damage to a buried pipeline. Therefore, the as-
sessment of permanent ground displacement is very 
important for the design of oil and gas pipelines crossing 
active faults. 

DSHA has been proposed to estimate the PGD in-
duced by liquefaction and landslide. The PSHA for fault 
displacement is developed within the framework of 
probabilistic seismic hazard analysis (Youngs et al, 
2003; Todorovska et al, 2007). The earthquake occur-
rences are also modeled as Poissonian sequences. In 
addition to earthquake occurrence rates, PSHA for fault 
displacement also requires the probability distribution 
function of displacement along the fault line and prob-
abilities that a rupture will affect the site. The distribu-
tion of displacement along the fault line is strongly de-
pendent on the source mechanism of the earthquake and 
the rupture of the site for pipelines crossing faults needs 
further research. Preliminary research results show that 
the hazard is light even for very low levels of displace-
ment, in contrast to the ground shaking hazard, because 
only one fault contributes to the hazard and not every 
event on that fault necessarily affects the site. 

The PGD induced by fault movement is still pri-
marily determined by DSHA in China. Fault displace-
ment can be estimated using historical evidence, paleo-
seismic evidence and/or slip rate calculations. Usually 
the maximum fault displacement (Dmax) is estimated by 
an empirical relationship with earthquake magnitude (M) 
as follows: 

 10 maxlog ,D A M B= ⋅ −   (3) 

where A and B are the regression coefficients (Wells and 
Coppersmith, 1994). 

The maximum fault displacement depends on the 
magnitude of future earthquake on this fault. To con-
sider the uncertainty in the magnitude of the earthquake, 
as well as the uncertainty in the amount of displacement, 
given the occurrence of a particular magnitude earth-
quake, a more refined approach for DSHA is to define 
the design-basis fault displacements corresponding to 
three pipeline classes. In another words, the design-basis 
fault displacement of pipe class I is larger than that of 
pipe class III, as shown in Table 3.  

Table 3 Design-basis fault displacement for oil and gas pipelines 

Pipe class Probability of exceedance  
in 50 years 

Design-basis fault  
displacement 

I 2% log10Dmax=A⋅M−B+σ 
II 5% log10Dmax=A⋅M−B+σ/2 
III 10% log10Dmax=A⋅M−B 

Note: σ is standard deviation.  
 

The standard deviation becomes very important 
when deciding upon the design-basis fault displacement. 
Based on the research of Wells and Coppersmith (1994), 
fault displacement data of 60 earthquakes in East Asia, 
as well as the maximum fault displacement of the MS8.0 
Wenchuan earthquake, were supplemented. A new em-
pirical relationship between Dmax and the surface-wave 
magnitude (MS) was obtained using 186 earthquake data 
values. As shown in Table 4 and Figure 2, the result of 
the regression is improved and the standard deviation σ 
is 0.38. 

As an example, before the Wenchuan earthquake, 
the maximum magnitude of the potential earthquake on 
Longmenshan fault zone was assumed as 7.5 based on 
the largest history earthquake in this area, Diexi MS7.5 
earthquake in 1933 (China Earthquake Administration, 
2001, 2005). For the seismic design of the Lan-
zhou-Chengdu-Chongqing refined oil pipeline with this 
proposed MS7.5 earthquake, the maximum fault dis-
placement would be only 3.1 m without considering the 
uncertainty of magnitude, but if the data in Table 3 are 
adopted, additionally this refined oil pipeline is very 
important and runs through the high density population 
area, the class of this pipeline is considered as Class I, 
then the design fault displacement will be 7.4 m, almost 
equal to the observed total fault displacement of 7.9 m 
in Wenchuan earthquake (Xu et al, 2008).  
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Table 4 Regressions of Dmax and earthquake magnitude 
Authors Equation r σ Data Magnitude range Slip type 

This paper log10Dmax=0.669MS−4.528 0.82 0.38 186 4.6−8.7 Strike-slip, normal, and reverse faulting
Wells and Coppersmith (1994) log10Dmax=0.82M−5.46 0.78 0.42 80 5.2−8.1 Strike-slip, normal, and reverse faulting

Note: Dmax is maximum displacement in unit of m, r is correlation coefficient, M is moment magnitude.

 

Figure 2 Maximum displacement (Dmax) versus surface-wave 
magnitude (MS). 

5 Discussion and conclusions 
For the uniform confidence of seismic safety, a 

long-distance oil and gas pipeline formed with numbers 
of pump stations and pipe segments should be consid-
ered as a whole system when analyzing seismic hazards. 
According to the new code in China, oil and gas pipe-
lines have been classified into three classes based on the 
importance of the pipeline and the consequence of its 
failure, with probabilities of exceedance in 50 years of 
2%, 5% and 10%, respectively. Although buried oil and 
gas pipelines usually stand strong ground shaking in 
many disastrous earthquakes, the seismic designs of 
pump stations and other necessary facility are very im-
portant for the uniform confidence of the seismic safety. 
Because the uncertainty of future earthquake magnitude 
always exits, the design fault displacement for an im-
portant oil and pipeline is better to consider the standard 
deviation in the result of DSHA. 
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