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ABSTRACT

This paper presents Lhe effect ol shape of external corrosion in pipeline on [ailwe prediction by using a
numerical simulation. The numerical study for the pipeline failure analysis is based on the FEM (Finite Element
Method) with an elastic-plasiic and large-deformation analysis. Corrosion pits and narrow corosion graoves in
oressurized pipeline were analysed. A failure criterion, based on the local stress stale at ihe comresion and a
plastic collapse failure mechanism, is proposed. The predicied failure stress assessed for the simulated corrosion
defects having dillereni corroded shapes along the pipeline axis are compared with those by methods specified in
ANSIASME B31G code and a modified B31G code. It 15 concluded that corrosion geometry significantly aflects
ihe faitlure behavior of corroded pipeline and categorisation of pipeline corresion should be considered in the

development of new guidance for integrity assessmenl.
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Prediction techniques of failure pressure developed

1. Introduction during the last decade have enabled the accurate

location and sizing of pipeline wall corrosion. In

Predicting the failure of damaged oi! and gas parallel, modern numerical analysis methods have

pipeline 15 essential for the delermination of design enabled the modeling of realistic delect shapes and
tolcrance. A pipeline may experience  significant nonlinear material behavior. Limited numerical studies
internal and exiernal corrosion defects by chemical using solid medels, plane straoin models and general
and environmental effects thal reduce its strengih and 3D models have recently been published{2,3,4], n
resistance 1o [atigue, local buckling, leakage and which failure pressures are nredicted using either an
bursting. In particular, crack ocourtence in  the elastic limil slage critericn, plastic limit stage critorion
corroded surface reaches crilical stage. The eaisting or allowable plastic sirain criterion.  These studies
criterion, delaled in ANSUASME B31G[1], was have improved f(ailure predictions for the defect
developed on an empirical basis over 20 years ago. groups considered.
The cade was based on an extensive testing of This paper described the limitations in ihe using
pipeline with narrow machined slots in the external of the existing code and presenis a munerical study of
surface, The corrosion assessment methods in the the behavior of corroded pipeline. The study is based
B31G code have beer successfully used in the oil and on an elastic-plastic, large-deformatien [inite elemecnt
gas industries but it has been recognized that they can method{FEM) of simulaled pipeline corrosion shapes,
be overcomservative. This is mainly due te the exlernal corrosion  pits  and  grooves. A lailure
simptifications embodied in the methods and through oviterion. based on the local swess stage in ihe
its application lo a complex varicty ol defect shapes corraded region and failure due Lo plastic collapse. is
which have an inherently different failure mechanism. proposed.

48



Ouk Sub Lee and Heo Jung Kim

2. Theory

The oviginal B31G cuiterion for predicting the
failure of corrosion was derived from an extensive
dalabase of flawed pipe burst (ests, resulted in the

following failure equation[5]:

o= o[ LAl ) (1
/ L—(A/ApMu!
Thizs {ailure equation was modified by 1w

conditions[6]. Tirst, limiting the maximum hoop siress
by the matcrial's yield strength. Second, characterizing
corrosion geometry by a projected parabolic shape for
relatively short corrosion and a rectangular shape for
long corrosion. Fig. 1 shows the section through an
idealized external corroded pipeline[7].

Ir-fDefect length, L.‘

Fig. | Seciion through an idealized

corrosion defcet

Smple [ailure equations are embodied in the
B31G code as below: Where, o,

{ MPz), o is [low siress of the pipeline material
(MFa), A

. 2
corrosion ( mam™),

is failure stress

is projected cross-sectional area of
Ap s Lxi | mm® y, L is
of  corrosion

M

tongitudinal  length (mm), | 15

carrosion thickness ( wom), is Folias bulging

factol[8].

2.1 Parabolic shape

1= (2/3(d/ 5 ]
L—(2/Dd/Hm

2

{ for 08(%)(%—) <4)

M=\ 1+ 0.8(%)2(%)

r

Gr= G[
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o

{ for UB(%)H(‘?) <4}

I

M=o (for 0.8(%)2(%)>4) @-1)

Where, [) is outside diameter of pipeline { mm),

d is maximum corrosion depth ( s}, doyys is the

specified minimum yicld strength ( MPz)

2.2 Rectangular shape
o= 1.1ogns[1~{d/ ]

( for 08(5)2(‘0]‘)4)

52
( for o.s(%}z[t)gm

Mmoo ( for o_g(%f(%)ﬂ) @)

Kiefner and Victh argued that the B31G code is
over conservative due to the flow stress and bulging

1103

——

wlt:

factor. So they proposed a new flow stress value
{?7= 1.1 % 5gyys) an "effective area” for projected
coriosion shape, that is A/ Ay, and a new bulging

factor[9]:

ol

M= \fw-o 63(%)( L) - 0.0034(%)’(—?)
Cfor (5 )(? < 50)

M= 33-&—0039( )(—?)
Cror (BY(2)5 80 )

Bubenik et al compared the failure prediction
obtained using the ariginal and modified B31G caode
and showed that the change the [low siress definition
factor do not
but the of
considerably reduces the conscrvatism{]{].

Pipeline corrosion often has anomatous shapes that

and bulging give  significant

improvement, use eflective  area
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are normally classified by corrosion pitting, corrosion
groove amd general corrosion. A corrosion groove is
usually formed by an array of pitting, and a general
corrosion may be group pits, which spread over a
wide circumferential exient on the pipeline wall.
However, the existing codes use a single simple
corrosion geometry, either a parabolic or a rectangular

shape and the corrosion width is not considered.
3. Stress Analysis using FEM

Two types of external corrosions, isolated pits and
narrow band grooves, have been studied using the
Finite Element Method (FEM). Failure stresses of
these two models are predicted according to their
widih and lengih. The pit model has semi-spherical
shape with 60mm and 80mm diameter and the groove
modcl has  semi-cylindrical shape wilh width of
60mm, 80mm and length of 230.5mm(L/D=0.33mm).
Three corrosion depths, d/t=0.25, .50 and 0.73 have
been considered. The change of corrosion direction is
considered every 15 degrees from 0 1o 30 depree
along the pipeline axis. The geometry of the pipe,
which is considered in this siudy, is of 762mm outer
diameter and 15.9mm wall thickness Material used
modeling is  AP] X60(yield stress,

Oys = 400 MPa, Elastic modulus, E = 193.2GPa),

and the relationship belween the irue stress-strain of

for grade

this material was vsed in the Finite Elcment analysis.

Iig. 2.1 shows 3D Finite Element(FE) meshes for
local regions around ihe pit and the groove models.
Fig. 2.2 shows the groove models having different
corroded shapes along the pipeline axis[11]. Where, [
is actual corroded lengih.

model external

Finite-elemenl

0N
corroded pipeline

50

Tnternational Jowrnal of the KSPE ol I, Ne 2

1
[mm—— .
[ @=4" th) @=15
g\tbw M= Q
W 0=30" W (=d5"
Fig. 2.2 Groove meodels having dilferent

corroded direction to the pipeline
axis

4, Result and Discussion

The FE analysis was carried out using ABAQUS
v5.7 FE software[12].

calculating the wvon Mises stress

Failure was predicted by
at the external
surface of the corroded pipe.

The FE analysis indicates a critical condition that
can be approximaiely determined by a point, which
indicaies the end of the post-yield hardening state, i.e.
the beginning of the acceleralion in stress varialion
leading to an instability, in the plot of von Mises
slress velsus pressure load]13].

~

Figs, 3 and 4 show the variation of local von
Mises stresses at the inner wall, mid secltion and
corrosion surface, with an increase in the pressure
load for the corrosion pit maodel and the corrosion
groove model, respeclively. Variations of the stress
stales indicate ihal, before structural failure occurs,
the

experience Lhrec distinet loading slages.

the remaining ligaments under corrosions

[n the first stage. the local ligament deforms
elastically. As the pressure increases, the corrosion
surface reaches malerial’s yield strength. In the second
slage, the plasticity spreads through the remaining
ligament while 1he Mises stress level remains
approximaiely constant until Lhe plasticity reaches the
opposite wall surface. The third stage shows the
ultimate capacily of the corroded pipe at which point

the whole figament deforms plastically.
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A fatlure crilerion based on ihe clastic limil state

(]

at which the maximum stress at the corrosion botlom

reaches  the  material's vield strengih is
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over-conservative and a failure criterion based on
plastic limit state. al which the minimum stress at the
opposite wall surlace reaches the malerial's yield
strength, may also considerably under estimates the
ullimate strength of coiroded pipe.

Figs. 5 and 6 show the eflect of the variation of
corrosion length and depth on local stress state of pit
and groove medels with BOmm width. According to
this resull, the variation of corrosion depth and length
has considerable elfect on the failure pressure.
the
eflected by the varialion of the corrosion depth than
the pit model.

Specially, groove model has been more
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Fig. 5 Variation of the local stresses at
exlernal surface of the corrosion pit

models

Figs. 7 and 8 show the effect of lhe variation of
corrosion length and depth on local stress of pit
model with 60mm corrosion width, Comparing to the
Fig. 3, the difference of the failure pressure with the
change of width 60mm to 80mm has small effects.

Fig. 9 shows the elfect of corrosion direclion on
failure pressure in the groove model with 60mm
width and 250.5mm corrosion length. The corrosien
direction is considered every
This

15 degrees from 0 1o

90 degree. resuli says lhat even the real
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corrosion length is the same, the corosion direction
has effect on the magnitude ol fallure pressure
because the projected area varies according to the

angle with axis.
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Fig. 10 shows the predicted failure pressure with
cotrosion direction calculated by FE analysis, B31G
and MB31G code. The results oblained from these
method shows that the failure stress increases with the
increase of lhe angle between axis and external
corrosion. In other words, the change of corrosion
direction effects on the magnitude of fajlure pressure
by changing the projected area.

Table | shows the predicted failure pressure for
pit and groove maodels with 80mm corrosion width.
From these results il is found that the failure pressure
by FE analysis is 5% 1o 25% higher than those
obtained by B31G and MB31G  without
considering the corrosion widih.

Table 2 shows the predicled failure pressure for
the pit model with 60mumn and 80mm width. The
failure  pressures

using

results  show  that the predicled
obtained by TE analysis and theorstical method agree
well. It means that small change of corrosion widih in
pit model does not have considerable effect on faihuc

pressure,
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[l is found that the [ailure pressures obtained by
using FE analysis are 5% to 32% higher than those
by MB31G and B31G with respect to the angles
between axis and external corrosion. We have noted
that the projected area affect the [ailure pressure
significanily even cowosion width and length are the
same. We found that the dilference increases with
the increasing angle.
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Table | Comparison of the predicted failure pressure
for the pit models and groove models.

Predicted failure pressure(bar)

dft | Pil model{w=60mm) |Groove model{w=60mm}
FEM IMB31G[B31G| FEM | MB31G | B31G
025 262 | 218.7 [187.8| 232 201.1 172

(051238 ) 2129 | 1824 182 176.6 149.8

Table 2 Camparison of the predicted failure presswe
for the pit models.

Predicted failure pressure(bar)
dft | Pit model{w=80mm) |Groove model(w=60mm)

FEM |MB31(G|B31G| FEM | MB31G | B31G
025] 260 | 2159 |185.6] 267 2187 187.8
0.5 ] 230 | 2078 |177.3] 238 2129 | 1824
0.75] 220 | 195.6 |lad.l| 225 2048 174

Table 3 Comparison of the predicted failurc pressurcs
[or the pit models having different wall

thickness,
Predicted failure pressure{bar)

Degrees Groove models{w=060mm, d/t=0.3)
FEM MB31G B31G

0 182 176.6 149.8
30 192 179.6 152.2
60 211 193.1 162.6
90 249 218.7 182.4

5. Conclusions

The lollowing results have been obtained from the
numerical investigation for the varving [ailure
behavior of corroded pipelines,

1. It is found that FE analysis may cover more
detailed range [or the prediction of the failure
pressure than thal from existing theoretical methods
which do not include corrosicn width.

2. I is demonstrated that the corrosion depth and
length have considerable cffects on failure pressure.
3. An 30% change of conosion width shows little

effects on failure pressure.

4. The wvariation of the corrosion direction with
respect 1o the pipeline axis reveals significant
ellects on the actual [ajlure pressure even though
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the real corrosion length are identical.
50 It is that
appropriate 1o check the integrily and safety of the

confirmed the projecited arca s

corroded pipelines.
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