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ABSTRACT 

Providing a model for inspection, repair and 

maintenance of oil and gas transmission pipes to 

marine platforms is among the most important issues 

related to marine structures, especially in relation to 

piping at the bottom of the sea [1 and 2]. In this way, it 

is quite effective to recognize different defects caused 

in the piping sections of offshore industries for their 

repair and maintenance as well as for suitable 

positioning of the pipes in deep water to prevent the 

defects [3, 4, 5 and 6]. These defects may be caused by 

scour of waves, effects of waves, leakage, rupture and 

corrosion. This project deals with corrosion. 

Moreover, use and recognition of different tests and 

procedures will be of a great importance to detect the 

defects. After detection of defects by using the existing 

procedures, different processes of pipe repair and 

maintenance should be used to improve the condition 

of pipes. In this regard, several models and procedures 

have been provided to achieve this purpose. In this 

project, some of the different types of breakage and 

failure caused by corrosion in oil and gas transmission 

pipes are identified and predicted and the results have 

been validated by authentic research bodies and 

laboratory tests. 

Keywords: Inspection, Maintenance, Oil and gas 

pipes 

 

1. INTRODUCTION 

 The present project provides a model for inspection, 

repair and maintenance of oil and gas transmission 

pipes. Moreover, ANSYS software is used to model 

the corroded pipes. Although several researchers have 

already worked on modeling of sound and corroded 

pipes by different software packages, the present 

project reviews specific corrosion models that have 

already not been studied (thickness loss corrosion, oval 

corrosion, rectangular corrosion and pitting corrosion 

which are all among local corrosion) by using finite 

elements method and unchecked ANSYS software. 

Even in some of the designed models, the effect of 

internal pressure on oil and gas transmission pipes has 

been surveyed. Moreover, ultimate strength of oil and 

gas transmission pipes before and after buckling and 

also the bending moment capacity of corroded pipes 

which are all among repair and maintenance processes 

of oil and gas transmission pipes are studied in this 

project. The pipes selected from authentic design 

standards in the world and the results of the survey of 

items stipulated in them have all been validated by the 

existing laboratory and research bodies. Several studies 

and surveys have been conducted in this field some of 

which are summarized below. Survey methods can be 

generally divided into two methods, namely results of 

laboratory test and analytical method. 

2. Studies based on laboratory test results 
So far, few studies have been conducted on the 

bending capacity of the corroded pipes. Complete 

laboratory studies have been conducted in this regard 

by Roy et al. [7], Katsumasa et al. [8], and Shinji et al. 

[9]. Roy et al. studied both laboratory tests and finite 

elements analyses to survey the breakage mechanisms 

of corroded pipes under combined loading from 

internal pressure, bending moment and axial force with 

an emphasis on pressure. He referred to three main 

fracture mechanisms: “rupture (under pressure), 

bending failure and axial failure”. In my analyses of 

corroded pipe under bending moment, bending failure 

is considered as a mood of failure and rupture. 

Katsuma et al. [8] and Schinji et al [9] conducted 

combined loading tests and uniform bending tests, 

respectively to determine moment capacity of pipe 

upon failure. Although they focused on uniform 

bending tests, the tested pipes had very large ratios of 
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D/t (diameter/thickness). Although these tests (D/t ≈ 

100) are common for gas transmission pipes, they are 

not common for higher pressure pipes used in oil and 

gas industry (D/t ≈ 20). Based on the test data and 

analyses of finite elements, there are several 

experimental formulas to show the decrease of bending 

capacity as the result of corrosion. There is a certain 

standard [10 and 11] for analyzing pipe failure a part 

of which has lost its thickness under bending; however, 

in some cases it provides exaggerative results. Zheng 

et al. [12] modified this standard by using the corroded 

thickness instead of initial thickness of pipe. This 

modified standard provided better results than before 

which were only suitable for relatively long term 

defects. Kim et al. [13 and 14] introduced a stress-

based reference method to estimate the strength of a 

pipe upon local thinness of its wall. The local failure 

based strength indicates a function of maximum 

possible load which is thoroughly imposed on the 

structure. The results showed that general geometries 

of structure and the geometry related to defects are not 

as effective in the pipe failure strength in this method 

as the characteristics of material though this method is 

based on a thin shell of structure, where there is no 

space between internal and external cracks [15]. In 

addition, the obtained formulas were obtained based on 

“fracture mechanics for under-tension cracks” [15]. 

Our analyses are focused on the corrosion of external 

surfaces. The corroded zone in our analysis is exposed 

to pressure because under stress corrosion has a lower 

subsequent bending moment as compared to tension. 

In 1971, Hutchinson et al. conducted some 

experiments on the cylindrical tubes with centralized 

defects on the walls which were present on the cylinder 

shell on a non-symmetrical basis. They modeled them 

by using Amizigo and Budiansky relations to model 

the depression on the cylinder shell and then compared 

the numerical-based methods with the experiment. 

They calculated the amount of buckling force on the 

shell for different sizes of depression and studied non-

linear effects of materials and different bearing 

conditions in the numerical analysis. In axial pressure 

experiments they used seven types of cylinders with 

unsymmetrical depressions on the middle of their 

lengths [16]. In 1975, Bouwkamp and Calif conducted 

experiments on a few samples of pipe in which the 

length to radius ratio   was within the range of 40-120. 

They studied ultimate strength of the pipes considering 

their dimensions and type of their structures. They 

made the test samples by two methods. The first group 

which had a larger radius was made by bending sheets 

and welding longitudinal edges (cold forming). The 

second group which had a smaller radius used marine 

pipes which are used in fixed marine platforms as 

brace members under AISC standard (hot forming). In 

order to study behavior and properties of materials, the 

pipes in the first group with an outside diameter of 324 

mm were separated to lengths of 914 mm and the pipes 

of the second group with an outside diameter of 204 

mm were separated to lengths of 609 mm and were 

then put in the machine under pressure. The jaws of the 

machine are adjusted such that they provide a 

completely rigid situation for the upper and lower 

edges of the pipes. The amounts obtained from the test, 

maximum ultimate strength of the pipes in the first 

group which were under axial pressure were in good 

conformity with the amounts obtained from AISC 

standard and the little differences were due to the 

stresses caused by welding [17]. In 2006,Yamane and 

Iwao studied ultimate strength of steel pipes that had 

been corroded in marine environments. They compared 

the results obtained from the tests with those obtained 

from numerical methods and AISC relations. Border 

conditions in both initial and final edges are considered 

in such as manner that there is no abrasion movement 

in the two ends of the pipe and only axial movement is 

permissible. Finally, by conducting numerical analyses 

on the pipes with the ratio of radius to different 

thicknesses and by considering the corresponding 

results they found that similar pipes with uniform 

corrosions that their total surface thickness has 

decreased equally have similar ultimate strength. They 

further found that uniform corrosions can be used for 

modeling instead of modeling of non-uniform 

corrosions [18]. 

3. Studies based on analytical procedure 
Theory of elasticity stability and its application can be 

divided into parts, namely pre-buckling and post-

buckling [19]. Kyriakedes et al. [20 and 21] have 

shown that a perfect pipe which is exposed to 

hydrostatic outside pressure is branched and deformed 

in a certain buckling loading and loses its efficiency. In 

the process of its change, the pipe passes through pre-

buckling route before achieving such a certain loading 

level. In that route, the pipe is exposed to reduction 

only in its radial direction. This results in a low volume 

reduction of the pipe. In a pressure higher than what 

the pipe is buckled, pipe deformation enters into post-

buckling direction. For an elastoplastic material, such a 

post-buckling behavior is highly unstable. Figure 1.1 

symbolically shows pre and post buckling behavior of 

a perfect pipe with characteristics of an elastoplastic 

material. When the hydrostatic outside pressure 

imposed on the pipe increases up to a critical level, the 
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pipe’s shape changes to an oval until yield occurs in 

the areas with the highest changes in the curve. 

Bearing capacity of the pipe decreases sharply 

immediately after yielding. When deformation reaches 

plastic and fine parts of the pipe, the steep slope begins 

to decrease. Finally, the two opposite points of the pipe 

are connected and pressure increases sharply with a 

very small change in the volume. Other individuals 

have also conducted researches in this field including 

Palmer and Martin [22], Chater and Hutchin [23] and 

Weizbicki [24 & 25]. 

  

 Figure 1.1) Behavior of a perfect pipe with an 

elastoplastic material before and after buckling [22] 

The researches that had been conducted until that date 

were only related to the perfect pipes that had been 

exposed to loading. A short time thereafter, several 

researchers surveyed corroded pipes including Bai et 

al. [28, 27, 26, and 29], Hoo Fatt et al. [32, 31, 30 and 

33]. Although each of these researches surveyed 

different forms of a corroded pipe, it can be said that 

all of them agree on the behavior of elastoplastic 

material of a corroded pipe before and after buckling 

which will be a diagram similar to figure 2.1. It should 

be noted that the researches have mentioned in their 

studies that this diagram will be obtained only in some 

corrosion states. In most cases, the states of diagram 

will only passes through snap-throughpath. It loses is 

bearing capacity in lower points and collapses. 

 

 Figure 2.1) Behavior of a corroded pipe with an 

elastoplastic material before and after buckling [30] 

The diagram for surface change pressure and buckling 

critical pressure that changes the behavior of pipe from 

elastic to plastic point has been calculated with the 

amounts calculated by Timoshenko in different 

corrosion states [34]. Moreover, the pressure in which 

the pipe has experienced the highest deformation and 

its bearing capacity has decreased to the minimum 

level and after which the pipe collapses has been 

calculated by the theory of Maxwell [35] in the paper 

written by Chater and Hutchin. In 1983, Vigoo 

conducted several analyses for the cylindrical pipes 

with defects that had axial symmetry on the pipe 

surface. He obtained the effects of changes on 

geometry and properties of cylinder materials in the 

amount of buckling force for the ratio of different radii 

to different thicknesses and found that in highly thick 

cylinders, buckling occurs in higher amounts of 

maximum tolerable pressure for the cylinder [36]. In 

1986, Pachko and his colleague Darkin studied the 

behavior of pipes with depression on their walls. Their 

studies included experiments and analyses on the pipe 

elements. Some of the results achieved by them are 

described below. The first and most important result is 

the sharp decrease in bearing capacity of the element 

thanks to the small damages caused on its surface. For 

example, for an element in which the ratio of outside 

diameter to maximum depression depth is 0.085, its 

maximum bearing capacity has decreased about 30% 

[37]. In 1990, Meek and Loganathan conducted some 

studies on thin wall cylinders which were non-linear in 

view of geometry and materials. The finally succeeded 

to provide a simple and effective relation for beam and 

column elements in the analyses with large 

displacement for elastic and plastic materials [38]. In 

2000, Herbert Schmidt provided a general report of 

researches, studies and analyses conducted on stability 

of steel structures and introduced several methods for 

analyses and experiments. In some cases, he also 

compared the results [39]. In 2002, Hebor surveyed the 

remaining stability in the corroded pipes [40]. After 

examining the pipes they found that the types of 

corrosion were to a high extent similar to oval with 

different dimensions. To conduct testing therefore, 

they began to create an oval hole with different 

dimensions by mechanical machinery. It should be 

noted that the dimensions of ovals and pipes were not 

the same and they made only one hole on each pipe. 

By changing the corrosion dimensions, they studied 

the effects of each on the remaining stability of 

elements. The obtained results showed that in the area 
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of the cross section which had experienced decreased 

thickness due to corrosion, they reached yield and local 

buckling occurred in that area. By conducting an 

analytical study on the elements, they tried to establish 

a relation between the corrosions and the amount of 

remaining stability in the elements. Buckling and yield 

of cross section in the pipes with uniform and thorough 

corrosion and also finding a critical thickness in which 

the yield of cross section occurs have made several 

institutes such as API and DNY provide relations. 

However, it is difficult to find this equal thickness in 

the elements with non-uniform corrosion on their 

surfaces. The reasons for this include displacement of 

the center of pipe surface and formation of bending 

moment which should be addressed in the calculations. 

By the experiments conducted on actual samples, 

buckling behavior of elements showed that at first 

there was an elastic and linear element and then, 

uniform strains occurred in the length of elements. 

Upon higher decrease in the pipe length, the strains in 

the corroded area were no longer linear and the surface 

of that area enters into plastic area [40]. In 2010, 

Blachut surveyed thin wall cylinders with defects 

present in their lengths and were exposed to axial load. 

Finally he achieved the results that conformed to those 

obtained from the experiment. Various amounts of the 

obtained buckling strength indicted a high sensitivity 

to non-uniformities. Various tested cases showed the 

sensitivities up to 5 times and even more than the 

cylinders with common manufacturing defects. Those 

cylinders were buckled in very lower amounts than 

predictable amounts [41]. Gao el al. analyzed short and 

under pressure load cylinders with both geometrical 

defects and residual strain and compared them with the 

amounts obtained from experimental relations. He then 

drew the results for different amounts of defects and 

radius to thickness and length to radius ratios. Finally, 

he provided a relation for calculating ultimate strength 

of cylinders and achieved the following results. 

Decrease in ultimate strength of cylinders with 

longitudinal defects was much more than decrease in 

ultimate strength of cylinders with radial defects. The 

amount of ultimate strength of cylinder for radius to 

thickness ratios lower than 0.1 is highly variable or 

sensitive [42]. In 1990, Moehlman conducted a test on 

19 pipes with severe corrosions and defects. He 

showed that change in thickness caused by corrosion 

had an insignificant role in the fracture of element. In 

this study, 11 samples experienced fracture under 

general buckling effect, 4 samples broke under the 

effect of physical and welding defects and only one 

sample fractured due to decrease of thickness caused 

by corrosion in the corroded zone. It should be noted 

that the samples used in this study had severe and 

abnormal corrosions. Therefore, he came to conclude 

that localized and severe corrosions could affect the 

strength of the part and corrosion had lower effect on 

the strength as compared to other physical defects [43]. 

In 2000, Hauch and Bai conducted a series of 

laboratory tests on the pipes to evaluate bending 

capacity of steel pipes. Moreover, they provided an 

analytical solution for load bearing capacity and 

compared the pipes using finite element method to 

show that the proposed relations enjoyed a suitable 

accuracy [44]. Lee and Kim in 2000 modeled an under 

pressure pipe and applied the localized corrosion to the 

outside surface of the pipe to show that corrosion depth 

had a significant role in the fracture of pipes. They 

used a fracture criterion based on localized strain and 

plastic fracture mechanism and compared the results to 

ASMI recommendations [45]. In 2001, Hoofatt and 

Xue evaluated the effect of corrosion on buckling 

behavior of under pressure pipes by making a 

numerical modeling in Abacus software environment. 

To model the pipe, they used a circular section with an 

infinite length. To apply corrosion, they assumed that 

the corroded area is on one part of the pipe and has a 

lower thickness [46]. In 2001, the relation between 

load bearing capacity and decrease of the walls of 

corroded pipe were provided by Lutes et al. Moreover, 

Euler buckling and non-elastic buckling strengths in 

the pipe elements with unsymmetrical corrosion were 

examined. As for the uniformly corroded pipes, they 

used the assumptions of API to define bearing capacity 

for buckling strength of the pipes. For the corrosion in 

the outside wall, they provided an estimation of 

pressure force resulting in yield on outside surface in 

the middle of the pipe. They also showed that bearing 

capacity in unsymmetrical states was never higher than 

7% of bearing capacity in the symmetrical state. 

Therefore, disregard of such small difference, 

symmetrical corrosion relations can be used for 

buckling strength of corroded pipes. The authors used 

the relations of API research institute to study non-

elastic buckling strength. They proposed that finite 

element method should be used for lower thicknesses. 

Moreover, without consideration of symmetry and 

corrosion model of the element, it can be assumed as 

symmetrical with the least corrosion caused thickness 

to evaluate its strength [47]. 

4. Future work 
 Study different states of corrosion as one of the 

failures occurred in oil and gas transmission lines 

in order to repair and maintain the pipes 
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 Model different types of corrosion including 

corrosion caused by decrease in thickness, 

elliptical corrosion, rectangular corrosion, pitting 

corrosion which are all considered as localized 

corrosions 

 Survey ultimate strength of oil and gas 

transmission corroded pipes before and after 

buckling as one of the procedures for repair and 

maintenance of oil and gas transmission pipes 

 Survey bending moment capacity of oil and gas 

transmission corroded pipes as one of the 

procedures for repair and maintenance of oil and 

gas transmission pipes 

5. Summary 
In this study, the importance of preparing a model for 

inspection, repair and maintenance of oil and gas 

transmission pipes and selection of corrosion as one of 

the failures in oil and gas transmission pipes is studied 

in parallel with repair and maintenance of those pipes 

and a history of analytical studies and laboratory tests 

is provided concerning different modes of corrosion. 
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