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Abstract
The pipe lines are the transfer medium wand economical linkage in the
countries development and infrastructures.Seismic waves being a lead role in
the destruction of pipeline networks. The buried pipe lines which are situated
in seismic zone can be able to get affected during an earthquake. Once the
pipe line system gets failed, there is a difficulties to repair it because it is
situated below the ground and also it will take too much of cost to repair it.
During an earthquake the both surface and body seismic waves are propagate
through the ground can cause the movement of grounds. The piping systems
which are connected by the different kind of joints bolts, welds or the rivet
type of joints. In this paper deals with the seamless steel carbon pipe which is
welded by seamless weld in the project of Chennai Petroleum Corporation
Limited that is the Crude oil pipe line laid from Chennai Manali to Chennai
port. The Chennai city comes under the Earthquake zone III. The recent
intensity of earthquakes also studied in and around the Chennai city through
the recent journals. So, in this paper the pipe line Model has been created and
response spectrum analysis for the corresponding zone is done using structural
analysis software. From the response of the model the most effective joints of
pipe lines prepared by introducing new seismic resistant techniques.
Keywords: Buried pipe line, seismic zone, seismic waves, seamless, response
spectrum analysis.
1.0 .INTRODUCTION
The pipe lines are the transfer medium which is used to transfer the substances like
water, oil, gases from one place to another place. The pipe line system is one of the
best transportation systems in all the countries. This is connecting the countries and
leads to economic growth of the country. The underground pipe lines or buried pipe
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lines which are situated in seismic zone can be able to get affected during an
earthquake. Once the pipe line system gets failed, there is a difficulties to repair it
because it is situated below the ground and also it will take too much of cost. If the
pipe line systems get failed it leads to severe losses in transportation. That it is also
leads to loss of economy. This paper is helpful and updates a good knowledge about
seismic analysis and resistant design of pipe lines.
Chennai Petroleum Corporation Limited, formerly known as MRL (Madras Refineries
Limited); is one of the largest and most integrated refineries in south India producing
fuel products, lubricants & additives. The Manali refinery was originally designed for
processing 2.5 MMTPA (Million Metric Tonnes per Annum) of Darius Crude from
Iran. The construction of the refinery was completed in a record time of 27 months, at
a cost of Rs.43 crore. It was constructed without any cost or time overrun. The
refinery was commissioned in the year 1969 and has consistently been making profits
from the second year of operations, and paying dividends from the third year.
A new 42” crude oil pipeline is proposed to be laid from Chennai Port to Manali
Refinery along the route of the proposed Port Connectivity Project. The detailed route
alignment survey has been completed; soil geo-tech studies and other pre-project
activities are carried out. CPCL is closely coordinating with Chennai Port Trust,
Tamilnadu Road Development Corporation, Indian Oil Corporation (Pipelines
Division) and other agencies for this project. The new pipeline is expected to be laid
within 12 months of obtaining right of way. The indicative project cost is about
Rs.126 crores.
P.Shi, T.D. et.al., mentioned in The14th World Conference on Earthquake
Engineering, October 12-17, 2008, Beijing, China is the analytical model is applied to
other types of pipelines, such as CI trunk and distribution mains with lead-caulked
joints that have ductile pullout characteristics. The high predicted relative joint
displacement indicates a strong potential of joint pullout and disengagement when the
jointed concrete cylinder pipelines is affected by surface waves.
Smrutirekha sahoo, et.al., mentioned in Journal of Earthquakes, Volume 2014,The
larger magnitude of displacement is found at the middle portion of the pipeline than at
the end portions for all the cases and this can be due to the boundary conditions and
the direction of seismic excitation provided during the FE analysis. The magnitude of
displacement reaches its maximum value when the burial depth of pipe is equal to the
pipe diameter in case of single pipeline, whereas it is maximum when the spacing
between pipes equals to half the pipe diameter in case of double pipeline. Hence it can
be concluded that avoiding the burial depth of pipe equal to the pipe diameter can be
more effective from design point of view. It can also be concluded that to lessen the
vulnerability of geometric failure of pipes as a result of earthquake induced PGD; one
should avoid the shallower burial depth in case of design of pipelines. The burial
depth nearly equal to the diameter of pipe can be considered as safe as well as
economical for both single and double pipes.
A.K.Arya, et.al., mentioned in International Journal of Engineering and Science,Vol
1,Issue 1 The importance of seismic design in pipeline system is inevitable. The
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attention given to seismic design in Trans Alaska paid off where the pipeline survived
an earthquake of magnitude of 7.9 Richter scale. The guideline proposed in this paper
can be used to calculate the behavior of pipeline under various seismic hazards and
according to these computed strains; necessary mitigation measures should be adopted
to prevent failure of pipeline. While selecting the mitigation measures -cost involved
in application, after effects of pipeline rupture, importance of pipeline etc should be
considered.
2.0 PROJECT DESCRIPTION
A. Model description
The 42 inch diameter of pipe line is laid 1.5 m below the ground level. This paper is
involved to perform the response spectrum analysis for the above mentioning pipe
line system. In this paper the 50 m length of pipe line model is considered for the
corresponding response spectrum analysis from the pipe line laid from Chennai Port
to Manali Refinery along the route of the proposed Port Connectivity Project. The
individual pipe line length about 10 m long each pipe connected by seamless weld
type connection. Totally the 4 numbers of joints is connected the 5 numbers of pipe
lines. Both pipe ends are in fixed condition.
B. Project location
The proposed pipeline will originate from Chennai Port Trust and terminate at CPCL,
Manali which is about approximately 16.8 KM from Chennai Port Trust. The study
area covers 10 km radius aerially. The pipeline traverses mostly through flat terrain
near the coastal zone. The pipeline encounters railways, National Highways and a
canal.
C. Map of the pipe line
Study area covers around 10 km from that is nearly from MFL bus stop to
Sathyamoorthi nagar, about Manali. This project pipe line model 50 m laid on the
highways road Manali from MFL bus stop to Sathyamoorthi nagar. The soil condition
and water quality and the position water table also studied from the literature reviews
of Chennai city soil, water Quality Corporation limited. This pipe line analysis is done
also considering the above criteria.
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Figure 1. Route of pipe line
D. Material specification
ASTM A106 Grade A (Seamless Carbon Steel Pipe) 42” diameter which is buried
1.5 m below the ground level. The material which is chosen based on the American
society of steel association. Minimum yield and tensile strength of pipe is 30,000 and
45,000 Mpa. Allowable stress of the pipe 21,600 Mpa (-20°F to 250°F (-30°C to
120°C).

Figure 2. Material of pipe
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E. Weld specification
Stainless steel tubing is often used in applications that depend on the material’s high
corrosion resistance, versatility, and relatively low maintenance cost. Because tubing
can serve a range of functions that require varying degrees of specification, several
standards are in place to ensure the proper use and manufacture of different grades of
stainless steel tubing. Although there are several such standards and specifications
(for different grades of manufactured stainless steel tubing in certain applications),
there are generally two major categories for tubes and piping, welded and seamless.

Figure 3. Seamless weld
3.0 DESIGN COMPLIANCES
A. Load cases for design
The 50 m length finite element model of pipe line buried 1.5 m below the ground
level and the corresponding water table is also below the pipe line, so the buoyancy
effects due to water table is negligible . There is no blasting activity in and around the
Chennai city, so the load due to blasting operations also negligible.
● Internal pressures
● Vertical earth loads
● Surface live loads
● Surface impact loads
● Thermal loads
● Earthquake loads
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Table 1

Design parameters
Parameters

Description

Maximum internal operating pressure (Ip)

1000 psi

Thickness of pipe

(t)

0.0127 (m)

Unit weight of dry soil

(γ)

18 KN/m3

Height of fill above the fill

(I)

1.5 (m)

Offset distance from pipe to line of application of surface loads

(d)

1.58 (m)

Modulus of elasticity of steel

(E)

2×105 N/mm2

Maximum operating temperature

(T2)

250/oF

Minimum temperature

(T1)

-20/oF

Poisson’s ratio for steel

(µ)

0.3

Table 2
Load calculation
Loads

Measurements

Internal pressure

500 psi

Self-weight of soil

27 KN/m2

Live load

11.996 KN/m2

Impact load

1.5 KN/m2

Temperature

250 oC

4.0 RESULTS AND CONCLUSIONS
4.1 RESPONSE SPECTRUM ANALYSIS
In order to perform the seismic analysis and design of a structure to be built at a
particular location, the actual time history record is required. However, it is not
possible to have such records at each and every location. Further, the seismic analysis
of structures cannot be carried out simply based on the peak value of the ground
acceleration as the response of the structure depend upon the frequency content of
ground motion and its own dynamic properties. To overcome the above difficulties,
earthquake response spectrum is the most popular tool in the seismic analysis of
structures. There are computational advantages in using the response spectrum
method of seismic analysis for prediction of displacements and member forces in
structural systems. The method involves the calculation of only the maximum values
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of the displacements and member forces in each mode of vibration using smooth
design spectra that are the average of several earthquake motions.
B. Response spectrum method
The commonly used methods for obtaining the peak response quantity of interest for a
MDOF system are as follows:
● Absolute Sum (ABSSUM) Method,
● Square root of sum of squares (SRSS) method, and
● Complete quadratic combination (CQC) method
C. Establishment of seismic analysis model
The FEM Model is based on Laminated Shell Element. Generally, the ratio of SCSP
pipe thickness relative to its diameter is less than 1/15, so it is suitable to simulate the
pipe using shell element. In addition, the SCSP pipe is a typically laminated structure,
so it is necessary to consider this feature in the FEM model. Therefore, the shell
element should be divided into several layers of different materials along the
thickness direction, and all layers of the shell element should be analyzed as a whole
element in the calculation process. For convenient, the laminated shell element in
SAP which can meet the above requirement is chosen. The laminated shell element
can be divided into several material layers of different thickness along the shell
thickness direction, but the number of nodes, basic unknown quantity, and the rank of
the element stiffness matrix are still the same as traditional shell element. The element
stiffness matrix and the element equivalent nodal force are calculated through
numerical integration based on the cross-sectional properties of the given laminated
shell element which are the thickness, the number of integration points, and the
constitutive model of each layer. In general, FRPM pipe can be divided into the outer
surface layer, the inner liner layer, and the structure layer. The outer surface layer, the
inner liner layer, and the sand inclusion layer of the structure layer can be viewed as
an isotropic elastic material, while the glass fiber layer with different winding way
should be regarded as an orthotropic elastic material.
D. Dynamic interaction between soil and pipe
Essentially, the interaction between pipe and surrounding soil is a contact problem.
Thus, the contact analysis function of SAP 2000 is used to simulate the dynamic
interaction between pipe and soil in the seismic analysis model for buried SCSP pipe.
Since the SCSP pipe is harder than surrounding soil, the SCSP pipe surface that
contacts the soil is set as the master contact surface, and the soil surface that contacts
the SCSP pipe surface is set as the slave contact surface. In order to achieve a
satisfied result, the mesh density of the soil surface should not be less than that of
SCSP pipe surface. Based on the interaction mechanism between the SCSP pipe and

8

S.Daniel Raj, et al

the surrounding soil, the classical isotropic coulomb friction model is used to describe
the tangential contact property between pipe and soil, and the hard contact model is
adopted, which allows normal separation and does not allow normal aggression, to
describe the normal contact property between pipe and soil.
4.2 SEISMIC OBSERVATIONS
A. Seismic zoning map of India

Figure 4. Seismic zoning map of India
From the seismic zoning map of India Chennai comes under the zone of III. But three
years back it was in zone II. The recoded intensity of earthquake is lower than the
zone III which is the expected intensity. So it needs to be analyzed in both zone II &
III.
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D. Expected intensity in Chennai zone
The seismic zone and the expected intensity (Prakash) 2004 [From
DR.P.Anbazhagan (lecture 10)]
Table 3
Expected Intensity
Zone

Intensity

II

6 and below

III

7

IV

8

V

9 and above

The PGA predicted by GSHAP Model (Bhatia et al., 1999)
Table 4
Expected PGA
Zone

PGA

II

Upto 0.1 g

III

0.10-0.20 g

IV

0.20-0.30 g

V

0.30-0.40 g
Table 5

Observed Earthquake Intensity in Chennai Zone
Name of fault

intensity

PGA
(g)

Fault 53

4.1

0.029

Kilcheri fault

4.0

0.025

Fault 15a

4.5

0.032

Palar fault

4.4

0.013

Tambaram fault

4.4

0.021

Mahapalipuram

4.0

0.010

Muttukadu

3.5

0.004

Fault 26d

4.5

0.013

Fault 56e

4.5

0.013
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E. Designed acceleration and damping ratio
The damping ratio is assumed to be 5% of critical damping for the period of
acceleration.
Table 6
Designed acceleration
Periods (sec)

Acceleration

0

0.1

1

0.136

2

0.068

3

0.045

4

0.034

5

0.034

6

0.034

7

0.034

8

0.034

9

0.034

4.3 FEM ANALYSIS IN SAP 2000
A. Finite element model of pipe line

Figure 5. Finite element model of pipe line
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The 50 m length of pipe line model created using SAP 2000 software. The model
contains totally 328 Nodes. 320 number of shell areas. The Node numbers 1 to 8 and
321 to 328 are fixed. There is no more rotations and displacements are allowed. The
Nodes 65 to 72, 130 to 138 195 to 202 and 260 to 268 are seamless welded joints.
B. Components of FEM of pipe line
● Shell section data
The finite element model of pipe line is assigned as a thin-shelled member
with thickness of membrane 0.0127m and bending thickness 0.0127m and also
a angle of 0. The elasticity modulus and yielding capacity of a material also
assigned to the model and the material name with ASTM A106 grade A. The
detailed specification of the material studied from American steel guidelines.
All the property of the material is assigned to the respective model.
● Weld constraints
Special weld constraints are assigned to the node of Nodes 65 to 72, 130 to
138 195 to 202 and 260 to 268 with weld tolerance factor as 1.The seamless
weld property studied and assigned as weld constraints. The translation and
rotations are upto yielding capacity of the material.
● Support restraints
The support restraints are assigned to the node of 1 to 8 and 321 to 328.
Rotations and displacements are strictly restricted. The support is assigned as a
fixed support.
C. Load cases assigned
The loads considered for the analysis such as dead load, live load, impact load,
internal pressure, thermal load, response spectrum analysis are assigned with the
above said values to the shell area of the pipe line.

Figure 6. Load cases
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4.5 DISCUSSION
A. Displacement after response spectrum analysis
The displacements which are developed from the origin of joints those are maximum
at the nodes of 65 to 73 and 260 to 268. Because which is very nearer to the fixed
support. Due to the excessive shear stress and maximum torque developed at the
joints because of the excitation forces which leads to shearing failure in welds results
damages in joints and leads to leakages.

Figure. 7. Displacement after response spectrum analysis
B. Maximum shell stress

Figure 8. Maximum shell stress
The shells are adjacent to the joints from the supports which is identified by the red
and rose from above wizard. Which is affected by shear and tensile forces developed
at the joints.
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C. Analysis report by SAP 2000
The displacements and reactions of the special joints are given by SAP 2000. The
whole information’s contains totally 1029 pages including shell data, support
reactions, joint reactions and stresses developed. but the main theme of this paper
deals with the seismic resistant joint preparation, so it is enough to analyze the special
joints displacements and reactions to prepare the joint as most effective.
Table 7
Maximum Joint Displacements And Reactions Due To Response Spectrum
JOINT

U1
(inch)

U2
(inch)

U3
(inch)

R1
(Radians)

R2
(Radians)

R3
(Radians)

65

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

66

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

67

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

68

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

69

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

70

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

71

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

72

2.000E-05 1.300E-04 1.300E-04 2.927E-12 1.900E-05 1.900E-05

129

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

130

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

131

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

132

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

133

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

134

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

135

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

136

1.100E-05 3.010E-04 3.010E-04 4.788E-12 1.000E-05 1.000E-05

187

8.438E-06 3.120E-04 3.130E-04 7.852E-07 8.076E-06 7.816E-06

188

8.438E-06 3.120E-04 3.120E-04 7.852E-07 7.947E-06 7.947E-06

189

8.438E-06 3.130E-04 3.120E-04 7.852E-07 7.816E-06 8.076E-06

190

8.438E-06 3.120E-04 3.120E-04 7.852E-07 7.947E-06 7.947E-06

191

8.438E-06 3.120E-04 3.130E-04 7.852E-07 8.076E-06 7.816E-06

192

8.438E-06 3.120E-04 3.120E-04 7.852E-07 7.947E-06 7.947E-06

193

1.100E-05 3.010E-04 3.010E-04 4.894E-12 1.000E-05 1.000E-05
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194

1.100E-05 3.010E-04 3.010E-04 4.894E-12 1.000E-05 1.000E-05

258

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

259

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

260

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

261

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

262

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

263

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05

264

2.000E-05 1.300E-04 1.300E-04 3.097E-12 1.900E-05 1.900E-05
* Joint Displacements And Reactions

4.6 PREPARATION OF SEISMIC RESISTANT JOINT
The following two techniques is adopted to prepare the seismic resistant joint,
● Vibration Isolator-Flexible
The Vibration Isolator-Flexible Joint is installed between pumps (or other
sources of vibration) and fixed sanitary pipelines, absorbs vibration that can
weaken or damage critical pipeline systems. Its flexible feature allows for
slight misalignment of connections. Rubber/elastomer flexible connectors
provide efficient but economic ways to accommodate pressure loads, relieve
movement stress, reduce noise, isolate vibration, compensate for misalignment
after plants go on stream, and prolong life of motive equipment. Special builtin features will also eliminate electrolysis, counter expansion and contraction
against start up surge forces.
● Magnetic Vibration Absorber
The vibration absorbers are frequently used to control and minimize excess
vibration in structural system. Dynamic vibration absorbers are used to reduce
the undesirable vibration in many applications such as pumps, pipes, gas
turbines, engine, bridge, and electrical generator. To reduce the vibration of
the system, the frequency of absorber should be equal to the excitation
frequency. This study will aim to develop a position of magnetic vibration
absorber along the pipe line joints to adopt the change in vibratory system.
The absorber system is mounted on a pipe line joint acting as the primary
system. The objective is to suppress the vibration of the primary system
subjected to a harmonic excitation whose frequencies are varying. It can be
achieved by varying the position of magnetic vibration absorber along the
length of beam. The advantage of magnetic vibration absorber is that it can be
easily tuned to the excitation frequency, so it can be used to reduce the
vibration of system subjected to variable excitation frequency.

Seismic Response of Buried Pipe Lines and Preparation of Seismic Resistant Joint…

15

CONCLUSIONS
This project contains the information about the project from crude oil pipe line which
is laid by the industry of Chennai Petroleum Corporation Limited. This paper will
helpful to update knowledge about seismic effects on pipe lines and oil refineries.
This paper helps to obtain good information about characteristics of seismic waves
and response spectrum analysis of pipe lines by using software’s. The response from
the respective analysis such as displacements, reactions and accelerations have been
studied thoroughly and the causes of displacement are also analyzed that is maximum
shear, torque in lateral directions.
The vibration absorption techniques are introduced to reduce the amount of excitation
forces due to seismic effects at respective nodes. The finite element model of joint
will be created using the above mentioned techniques through the advanced FEM
software. The joint accelerations and the resultant forces are taken as a input from the
past analysis and which will be given to the joint. The behavior of the joint will be
observed and then the final discussion will be decided
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