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Pipeline Networks
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Gas Delivery Network Diagram Liquide Delivery Network Diagram



U-O-E Manufacturing Process
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Buried Pipes
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Differential Soil SettlementDifferential Frost Heave

End Bending Moment
Internal Pressure



Canadian Oil and Gas Pipeline Standard

(CAN/CSA Z662-15)
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Objective
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Develop a model to improve the prediction of buckling strains by:

1- Predicting the stresses induced in the UOE forming process of 

the pipe, and then 

2- Modeling the deformational behavior of the pipe
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Obtain Critical Strains

Previous studies In this study

Experimental

Advantage: 

Obtain accurate 

buckling strains

Disadvantage: 

Expensive

Conducted 

Coupon Test

Nonlinear 

FEA

Advantage: 

Inexpensive

Disadvantage:

Overestimate 

buckling strains

Modeling 

forming process

Modeling combination of 

bending and internal pressure

Advantage: 

Obtainbetter 

prediction of 

buckling strains

Closer to experiment

Coupon in hoop

direction

Coupon in longitudinal

direction



Simplified Model

Å FEA modelling in the Past Studies
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Detailed Model

Å Present Study
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Continuum Element Types 
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C3D8R
(First-order and reduced integration)

C3D8
(First-order and fully integration)

C3D20R
(Second-order and reduced integration)

C3D20
(Second-order and fully integration)

Advantages and limitations
Element Type

C3D8 C3D8R C3D20 C3D20R

A
d

v
a

n
ta

g
e

s

In incompressible materials, provides a constant volumetric strain to prevent mesh 

locking. �3 �2 �2 �2

Ideal for modeling curved geometry with fewer elements. �2 �2 �3 �3

Useful for simple problems/ modeling. �2 �3 �2 �3

Useful for complex problems/ modeling. �3 �2 �3 �2

Reduced integration points used to form stiffness matrix thus reducing running time�2 �3 �2 �3

L
im

it
a

ti
o

n
s Suffers from shear locking for problems involved bending. �3 �2 �2 �2

Suffers from volumetric locking for nearly incompressible materials �2 �2 �3 �2

Hourglassing(can be controlled by distributing load points and boundary conditions)�2 �3 �2 �2
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