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Abstract - Process industries have vast networks of pipelines. Those pipelines are prone to external and
internal corrosion. Usually environmental conditions and other operating factors cause corrosion. Although
there are various ways to protect corrosion but it is inevitable. It may lead to uniform material loss of the wall
thickness or pitting, which corresponds to the local wall thickness reduction or general form of cavitations.
Corrosion cavity can appear as simplified or in other general form as shown in Fig. 1. These corrosion defects
can appear externally as well as internally. Corrosion reduces strength of pipe leading to risk on production,
facilities and even human life. To avoid failures due to corrosion and ensure safe and continued operation,
corrosion has to be detected and measured. The strength of these corroded areas has to be determined to
ensure safety of pipeline, facilities and human life. In this paper different theoretical method are mentioned
which are used to evaluate pressure carrying capacity corroded pipe. And also brief information is added
about experimental validation of analytical methods. It is very important to carry out periodic assessment
and inspection of the pipeline by assessing remaining strength of corroded pipe.

I.INTRODUCTION

Corrosion reduces strength of pipe leading to risk on production, facilities and even human life. To avoid failures
due to corrosion and ensure safe and continued operation, corrosion has to be detected and measured. The strength
of these corroded areas has to be determined to ensure safety of pipeline, facilities and human life. It is very
important to carry out periodic assessment and inspection of the pipeline by assessing remaining strength of
corroded pipe. Currently, industry widely uses various codes (Empirical Relations) to estimate the strength of
corroded pipe which is little time consuming and conservative. However, strength of corroded pipe can be evaluated
using analytical, numerical and experimental methods.

Fig. 1: Typical Corrosion in Pipe

Typically following corrosion assessment methods are used to estimate the burst pressure of corroded pipe:

II. PROPOSED ALGORITHM

As discussed in above section there are analytical, numerical, experimental and statistical methods available to
estimate strength of corroded pipe. From literature it is observed that some of the currently in use corrosion
assessment methods are over conservative. When pipeline operators use these codes for their fitness for service

Vol. 2 Issue 3 May 2013 303 ISSN: 2278-621X



International Journal of Latest Trends in Engineering and Technology (IJLTET)

analysis, they are probably subjected either to unnecessary maintenance or to premature replacement of pipelines.
Some of the methods are less conservative corrosion assessment method based and might lead to failure of pipes due
to incorrect prediction of corroded pipe pressures. Hence following objectives are outlined and proposed in this
work:

e To study and evaluate advantages and limitations of existing analytical methods for strength assessment of
corroded pipes.

e To estimate corroded pipe strength using commercial FEA tool ANSYS

e Experimental validation of analytical and FEA results

Analytical and FEA results are validated using laboratory experimental set up for corroded pipes.

III. EXPERIMENT AND RESULT

1. Numerical Approach ( FEA Approach)

Steps:

a. Creating the model: - The model is drawn in 1-D, 2-D or 3-D space in the appropriate units (meter,
mm, inch etc.). The model may be created in the pre-processor, or it can be imported from another
CAD packages via a neutral format (IGES, STEP, ACIS, Para solid, DXF, etc.).

b. Defining the element type: - This may be 1-D, 2-D or 3-D & specific to the analysis type being carried
out no. of elements are available for analysis like 8-node-42, 8-node-82 (plane 82),6-node-2(plane 2)
etc.

c. Applying a mesh: - Mesh generation is a process of dividing the structure continuum into a number of

discrete parts or finite elements.If the mesh is finer ,the results are also better but the analysis time is
longer. Therefore, a compromise between accuracy & solution speed is usually made.

d. Assigning material properties: - Material properties Young’s modulus & Poisson’s ratio are defined.
Also other properties like coefficient of expansion, coefficient of friction, thermal conductivity,
damping effect, specific heat etc. are defined if required.

e. Apply loads: - Some types of load are usually applied to the analysis model.

Fig 2: Typical deformation stages of corroded pipe for a burst analysis[ 4]

2. Experimental Approach

Constructional Details:

Experimental set up consists of pipes with and without corrosion having different nominal diameters. These pipes
will be connected to the U-tube manometer for pressure measurement ( or Pressure transducer can be used) . A flow
control valve arrangement will be used to have close monitoring over flow of fluid. These experiments can be
conducted in fluid mechanics laboratory.
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Fig 3: Experimental Setup
Sample results:

Three successful burst tests with different defect depths were completed to study the failure behavior of artificial
corrosion defects in pipelines.

The geometry and experimental failure pressures of the three pipes tested are summarized in Table.2.

Pipe Dimension . .
Test (mm) Defect Dimension (mm) Experimental
D Failure Pressure

i Depth
L D t | Lo ":""’"'1?1:'; (a) (MPa)

(%WT)
C1 1800 508 5.7 200 30 22 12.8
c2 1800 508 5.7 200 30 45 9.59
C3 1800 508 5.7 200 30 61 6.00

Table 2.  Geometry and Test Results [ 6 ]

Fig. 4: Corroded pipe after burst test [ 7 ]

IV. CONCLUSION

With this study strength of corroded pipe can be investigated and time required to replace the pipes can be
approximated. And because of FE analysis approach one can easily analyze the ultimate strength of corroded pipe
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having complex corrosion profile area so that danger due to bursting of pipe can be eliminated which gives various
advantages in the various fields of engineering.
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