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Introduction 

A pipeline in other terms is referred as a lifeline plays 
a strong role and provides a strong foundation in 
human life. For past 20 decades, demand for energy 
had been increasing in a greater extent and recent 
survey had denoted that the demands for energy will 
increase further in next 20 years. This provides that 
additionally to carry out these energy demands from 
one place to another, long pipelines is necessary to 
carry out the problems due to energy crisis. Thus 
additionally transmission pipelines for longer miles 
are required to carry out these processes. Thus, most 
important factor to be regarded is the safety of these 
pipelines playing an important role in construction 
management process. These pipelines are most 
prominently subjected to adverse accidental loads 
over it since it is been placed under sea beds. This 
may cause larger damage over these pipelines and 
may result in leakage of energy. 1 
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Figure 1: Offshore Pipelines – Transverse Impacts 

These pipelines which are laid under sea has the 
ability of absorbing the applied load and energy. 
Also due to its plasticity it has the ability to deform 
itself when these suitable loads are applied over it, 
which is been a current scenario in research fields. 
The most important concern is pipeline which carries 
oils and gases under transverse load condition is of 
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In an offshore application, the effects of elasto plastic pipes offer a continuous support and the 
response of these pipes is adverse when certain objects were dropped over it causing a transverse 
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main importance. These pipelines are unburied in the 
sea beds and impact of the droppings of object over 
these pipelines could seriously cause a major impact 
or catastrophic consequences over these submarine 
pipelines. Certain examples like anchors, dropped 
objects, trawl gears shown in fig. 2 could affect these 
pipelines to a larger extent as shown in fig. 1. 

 

Figure 2: Offshore Pipelines – Trawl Gear Impact 
(DNV-RP-F111 2006) 

Study of Different Types of Adverse Impacts on 
Offshore Pipelines 

Wierzbicki et al, (1988) proposed a simplified model 
of pipelines to analyse it based on transverse load 
condition and he mainly studied this constraint on 
single transverse condition. Karamanos et al, (2004) 
investigated the effects of these transverse loads on 
steel pipelines and it collapsing due to adverse load 
conditions due to the presence of interface forces. 
This forces on these steel tubes impacts transversely 
in the presence of pre-compression axial behaviour 
which were experimentally verified and Zeinoddini et 
al, (2000) investigates the presence of these axial 
forces on the steel pipelines. An experimental study 
had been carried on pipeline impacts based on pipe 
to pipe connections while carrying oil and gases was 
studied by Yang et al, (2009). Impact of geometrical 
effects over a material and the impact of velocity 
inside the pipelines were also evaluated. Also 
Zeinoddini, (2000) had conducted and empirical 
study based on numerical and its analytical 
characteristics based upon several reviews on quasi 
static and dynamic behaviour on steel pipeline 
membranes, which were tested under lateral impacts.  

 

Figure 3: Soil Bed Flexibility Subjected to Lateral 
Impacts 

Previous study reveals that free span or rigid bed is 
considered which can impact the offshore pipelines. 
Also the effects of the flexile bed based on 
pressurized pipelines were considered in terms of 
transverse impacts which have not been studied in 
previous studies. Here the compression behaviour 
due to transverse impact on offshore shore pipeline 
is studied based on internal pressure on these 
pipelines.  

Also quasi static impacts on these tubular vessels 
were studied and investigated. On the application of 
transverse loads in terms of wedge shaped indenter 
has been studied. These data were considered based 
on several experimental results from several 
researchers and based on numerous researches. 
Finally a validated model for the compression 
behaviour has been studied and employed in order 
to provide an extensive study to determine effects of 
compression behaviour due to several parameters 
like geometry of the pipeline, internal pressure, 
flexibility of the bed, shape and orientation of 
indenter, depth of pipeline into the soil bed and soil 
properties and its causes over these pipelines. 

Analysis of Elasto-Plastic Behaviour 

The elasto plastic behaviour based on limiting 
conditions were studied on applying maximum and 
minimum stress and strain on the pipeline to analyse 
the compression behaviour. Here several 
combinations of compression behaviour has been 
analysed based on bending moment and static axial 
force, here four kinds of elasto plastic behaviour is 
studied which are defined as follows namely plastic 
collapse, one sided plastic, elastic and two sided 
plastic. Here the stress distribution is analysed based 
on two parameters. So in order to satisfy the 
equilibrium condition these two parameters c and d 
should get satisfied. 
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Where A is the area of cross section. Thus for given N 
and M, c and d should be determined 

 

Figure 4: Elastic Behaviour after Applying Stress 
between the Indenters 

 

Figure 5: One Sided Plastic after Applying Stress 
between the Indenters 

 

Figure 6: Two Sided Plastic after Applying Stress 
between the Indenters 

 

Figure 7: Plastic Collapse after Applying Stress 
between the Indenters 

Compression Behaviour in Pieplines 

Under a seismic behaviour in oceans, a pipeline can 
be defined as an elastic and perfectly plastic having a 
tubular structure which is subjected to a steady axial 
force and also cyclic bending moment, which causes 
this pipeline to exhibit compression behaviour in 
offshore or in submarines. Yu and Johnson (1982) 
studied this perfectly elastic and plastic behaviour of 
these pipelines in terms of a rectangular beam which 
is been under different compression condition. Also 
the axial tension due to this compression behaviour 
and bending effects were noted and studied. Similar 
problem was studied by Webster et al. (1985) based 
on cyclic bending in a reverse criteria and effects due 
to this bending, mainly the compression behaviour 
due to external forces and internal pressure.  

These present papers, the compression behaviour 
due to external forces were presented. Here in the 
following structure a classical beam theory is 
approached which shows that deflection in the axis 
of the beam is small when compared to dimension of 
cross sectional beam. This cross section needs to be 
remaining in plane and it has to be perpendicular to 
the beam axis which is been deformed. During these 
compressions loading, ovalization and hardening 
cycle behaviour has been neglected. Here in this 
proposed method, a steel pipeline is been 
constructed and compression behaviour is applied 
over it as a part of preventing the blowout option. A 
circular pipeline is constructed and it is squeezed by 
applying pressure on both sides using flat stiff 
indenters.  This pipeline is constructed based on the 
following geometry: 

Compression Behaviour Analysis 

Table 1: Data for Analyzing Compression Behaviour 

PROPERTY VALUE 

Young’s modulus 190 GPa 

Yield stress 260 MPa 

Poisson’s ratio 0.4 

Ultimate strain 0.51 

Ultimate tensile stress 620 MPa 
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Here the compression behaviour is characterized 
based on placing the pipeline between flat intenders 
which is placed as a rigid body. 

 

Figure 8: Geometry of Pipeline 

The size of each intender is considered to be of 1mm 
thickness in its outer wall. When the pipeline is 
compressed, the intender distance between the two 
pipelines is reduced by 300mm. Also they can be 
retracted back to their original position after the 
compression is been removed out. Due to 
symmetrical properties, quarter of the geometry has 
been chosen for the model.  

Results and Discussion 

Model here the analysis is made based on plastic 
strain behaviour for larger area, also the stress and 
compression state is simulated and the maximum 
compression had been analyzed and shown in the 
fig. 9. Here the stress applied over the pipeline is 
slightly higher than the tensile strength. Thus the 
extrapolation results based on various integration 
values inside this pipeline is noted by fulfilling the 
constitutive law. 

 

Figure 9: Maximum Compression Stress 

Effective plastic strains is shown in fig. 10 and fig. 11, 
from this it is found that the peak value is larger than 
the ultimate strain values and the values which are 
above the ultimate strain were measured inside the 
pipeline and the state of strain is noted based on the 
compression behaviour of the pipeline. On the outer 
side of the pipeline, the plastic strain had reached its 
ultimate strain value and this provides a risk of cracks 
around the pipeline. So for testing a specimen values 
is used to calculate the ultimate strain and stress, 
which cannot connect directly the transferred multi 
axial condition. 

 

Figure 10: Occurrence of Maximum Compression due 
to Effective Plastic Strain 

 

Figure 11: Effective Plastic Strain at 0.52 Value of 
Ultimate Strain 

Figure 12 shows the final stage of the retraction of 
the indenters. Here the figure shows the reverse 
yielding of the pipeline during unloading process  
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Figure 12: Residual stress and Deformed Shape 

 

Figure 13: Applied Force on Pipeline due to Intender 

 

Figure 14: Hardening Curve 

The hardening curve is available as a text file 
containing pairs of data (plastic strain, stress) which 
can be imported as a function. Here the results are 
obtained using hardening curves which consisted of 
data such as plastic strain and stress, applied through 
the function. The curve which is shown consisted of 

the function which is used to plot the curves. 
Hardening function, that is non-linear is specified in 
terms of interpolation function as a framework for 
material node. Cauchy true stress is used to calculate 
the stress and logarithmic strain is used to calculate 
the strain. These data was computed using COMSOL 
where the input is given directly to it under large 
plasticity behaviour. Also it could be noted that strain 
when reaches a limit above ultimate strain, then the 
curve becomes flat implicitly, after this the 
deformation continues to reduce under constant 
stress. 

Conclusion 

Thus an essential model is proposed for an offshore 
application; thereby compression behaviour based 
on its severity is stressed and analyzed. This is done 
by choosing the material models and its parametric 
values to provide a better compressibility results 
even when larger droppings occur on the pipelines. 
Also major requirement in success of these models 
includes its inelastic response of the material, 
antistrophic, accurate representation of 
imperfections in geometry which includes thickness 
of the pipeline and the intruder behaviour over it. 
Also while designing the curvature needs to be 
under observation to avoid any catastrophic failures. 
Also the interesting feature of the above result is that 
the system can provide its maximum stress-strain 
limit to achieve compression in a wide range. Thus 
this method can provide a better efficient pipelining 
even when external or internal forces drops over it, 
this is due to its compression behaviour. Also other 
effects like collapse of the tubes, inelastic wrinkling 
and other bending effects could be removed using 
this analysis. 
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