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This research aims to build a finite element model of oil or gas steel pipelines transmission.
The model has been developed in that crack propagation in pipes can be reduced as possible to
avoid the failure. The suggestion that is taken into consideration for this purposeis to stopping
crack propagation as possibly, is by using ribs as arresters. Different thicknesses have been tested
for the ribs used in this study. The first one was of 0.02 m, while as the second thickness was of
0.05 m. The dimensions of pipe are of 0.01 m thickness, and diameter of 0.5 m. The model
of pipe consists of three parts. The first part has two different lengths 2 m and 3 m. The second,
which is the rib, is of length of 0.15 m. The third part of pipe has the length of 1 m. So all the
three parts are made up the case study that was studied in this work. The value of stress intensity
factor K/ for different lengths of cracks has been calculated by the finite element model deve-
loped by using ANSYS package. These calculations were applied with and without ribs. The re-
sults showed that when using the ribs, the stress intensity factor would be reduced significantly.
This leads to reduce the possibility of failure.

Keywords: pipe (pipeline), crack, crack arrest, crack propagation, long crack, stress intensity
factor, FEM.

1. Introduction

Natural gas and petroleum transmission pipeline system is one of the most important infrastructures
and is considered as economic and safe way, that is used worldwide efficiently of transporting a large
volume of natural gas or crude oil over a long distance [1-3]. One of the challenges facing the oil and
gas industry is the assurance of more reliable and fail-safe operations of the infrastructure for production
and transportation [4]. Modern gas steel pipelinesare built with large-diameter, thin-wall pipes in high-
strength, high-toughness steels, and is designed to be worked under high internal pressure with high per-
formance. As well as to reduce the cost of construction and operation for a pipeline system [1, 3, 5].
In order to maintain structural integrity of components such as large-diameter pipelines and to prevent
fracture by unstable longitudinal dynamic propagation of cracks, a minimum toughness level is required
for pipeline steels [6].

A lot of studies have been published in this field. An experimental-numerical method has been pro-
posed by [7] for estimation of the conditions of fracture of gas pipelines. In this study the efficiency of
the numerical-analytic approach to the evaluation of the kinetics and changes in the shapes of corrosion
fatigue defects in the course of their propagation in the wall of the pipeline was experimentally demon-
strated. They determined the conditions under which the catastrophic failures of pipes become possible
after long-operation.

Dynamic analysis relating to rapid crack propagation (RCP) and arrest in gas pipelines were consi-
dered by [8], based on a fluid/structure/fracture interaction package, PFRAC to simulate the behavior of
the fractured pipes. Growing cracks dynamically also have been studied by [9], depending on developing
a three-dimensional finite-deformation cohesive element and a class of irreversible cohesive laws which
enable the accurate and efficient tracking of growing cracks.

The use of steel rings as crack arrestor devices in steel gas transmission pipelines is to prevent the
possibility of long running axial cracks wasdone by [10]. These arrestors have used to reduce the danger
of the pipe opening as the crack is propagating. This leads to decrease the available crack driving force
and, as a result, crack arrest can be done. In the work of [11] the mechanical properties (strength, plas-
ticity, strain aging sensitivity, impact toughness, resistance to crack nucleation and propagation) of a steel
are investigated for different sections of pipe forming [12]. Showed that prevention of shear fracture in
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the natural gas pipelines is one of the most important problems for the safety of the natural gas transpor-
tation. In their work, was developed a prediction method for the crack propagation and arrest in the ultra-
high pressure pipelines.

The value of the stress intensity factor K7, which depends on the loading mode, is evaluated by dif-
ferent methods developed by many researchers [13]. A dynamic finite element analysis method was
proposed by [14] for calculating the dynamic stress intensity factors for pipes during crack propagation.
Their method can directly calculate the stress intensity factors without the simplification used in theo-
retical analyses, and it can consider the effects of the crack velocity and gas decompression.
In the work of [15] a new governing equation for the dynamic crack propagation based on the momen-
tum balance principle was presented. The prediction of the dynamic crack as a function of the time,
the material dynamic fracture properties, including pipeline limiting crack speed, and the conditions
to obtain leak before break were obtained in their study.

The fracture mechanics analysis in ANSYS for cylindrical panels with surface cracks were considered
by [16]. They proposed a universal formula for determining the stress intensity factor value. In the present
study, which depends on for modelling using the finite element method, the value of the stress intensity
factor (K7) has been computation for models with and without ribs.

2. Long cracks on pipelines

Generally, the long crack growth and fracture only amount to a small part of the total life of the
pipeline, whereas, a significant part of the total life is consumed at stages before the long crack growth
threshold is exceeded [17]. The gas pipelines consist of thousands of pipes. In the course of their long
life of more than 35 years different crack like defects accumulate which can lead to the destruction of
pipes with oil and gas leakage [18]. The risk of fracture increases at low climatic temperatures, degrada-
tion and strain aging of steel which causes in plasticity drop [19].

According to the statistics of American National Standards Institute, the economic loss of one hun-
dred billion US dollars, about 4.2% of gross national product, in the USA is caused by material fracture;
one-third of the loss could be protected and avoided by known technologies, and one-fourth of it could
be reduced by research and development [20].

If the fracture occurs in a natural gas pipeline, the consequence can be severed to its safe operation
and to the people, property and environment local to the pipeline, and may result in large economic
losses [1]. There have been a number of catastrophic instances where cracks have propagated in a rapid
manner for a few kilometers in steel gas transmission pipelines [8]. Crack arrest in steel line pipe de-
pends on the fracture and flow properties of the steel [21]. Fatigue failures can occur through a three-
stage process: crack initiation (Stage I), propagation (Stage II) and final rupture (Stage III) [22].
Fig.1 shows long crackon pipeline.

3. Opportunity to use ribs for crack arrest

The rib method has suggested to use for stopping or reducing possibility of the failure of long crack
propagation in oil or gas pipelines. For this purpose FEM (Finite element method) is used. ANSYS package
has been adopted to achieve pipe model and verification of the results. The case study model used for
this work is part of steel pipeline with the following dimensions: pipe thickness of 0.01 m, and diameter
of pipe of 0.5 m. The pipe consists of three parts. The first part is of length (/) 2 m and the second is the
rib with length (/;) 0.15 m. The third part of pipeline has the length of 1 m. The all of the three parts are
made up the case study that is studied in this work as shown in Fig. 2. For reducing time calculations,
the half pipe with symmetry boundary conditions has been used. In the models of the pipelines, different
lengths for cracks (x) have used in the first part in such that ordering started from the first point in the
direction of rib to the tip point of crack. This case study was repeated again, but with different dimen-
sion of the first part of pipeline (/). This dimension is 3 m instead of 2 m. This is to check if there is need
more ribs or not.

The pressure used during the building of model by ANSYS is 5 Mpa and the other conditions are
fixed excepting the length of the crack that waschanged from short crack 0.25 m and increased towards
the rib’s part. In addition to that, different thicknesses of ribs have been used. The first of them is 0.02 m
the second one is 0.05 m. For comparison, the same models have been applied but without rib, that
represents the default thickness (0.01 m). In all models, K/ (stress intensity factor) has been calculated.
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Fig. 1. Long crack on pipeline

Fig. 2. The case study model
with rib clarifies symmetry boundary

The relationship between crack’s length and K/ for all cases (with ribs in different thicknesses and
without rib) is shown as in fig. 3, while the fig. 4 shows the same relationship with dimension 3 m for
the first part of pipe. In this figures it could be noticed that the stress intensity factor decreaseswith ribs
significantly if it is compared with the stress intensity factor without rib. Fig. 5 shows the relationship
between of first part length of the pipe models and £ ratio that represents the rate of K/ (minimum with
rib) / K1 (without rib). From the figure, it can be noticed that the length of the first part of pipeline
doesn’t have much effect on using more numbers of ribs. In other words it can be used ribs with long
distances of each other.
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Fig. 3. Relationship between crack’s length
and K17 with and without ribs for the pipe which
its first part longs 2 m

Fig. 4. Relationship between crack’s length
and K17 with and without ribs for the pipe which
its first part longs 3 m
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Fig. 5. Relationship between of first part length of the pipe and k ratio

4. Conclusion

In this study, a finite element model (FEM) has been developed for steel pipelines used in transporting
oil or gas by using the ribs as arresters of crack propagation. The results showed that the use of ribs
plays an important role in reducing the stress intensity factor, K/, which in turn, considers measurable
value to reduce the crack propagation. As a result for that, the possibility of reducing the ricks of pipe-
lines failure will be reduced. The results also showed that the rib used of thickness of 0.05 m is better
than the rib with 0.02 m thickness. More thing is in the case of using pipe with first part 2 m or 3 m,
there is no very important difference in decreasing k ratio. That leads to use less numbers of ribs. There-
fore, the ribs can be used to protect the gas and oil pipelines of growth cracks and failure.
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BO3MOXHOCTbUCMNOJNIb3OBAHUA PEBEP
AnA SAWWUTBITPYBOMNPOBOAOOB OT PACINMPOCTPAHEHUA
NMPOOOJIbHbLIX TPELLWUH

Bapa M.X. An6azdadu’? A.O. YepHsieckuli’

'HOxHO-Ypanbckuli 2ocydapcmeeHHbill yHUsepcumem, 2. YensbuHck,
2TexHonoauyeckull yHusepcumem, bazdad, Mpak

HawuGomnbiime pa3oBble SJKOHOMHYECKHE M HKOJOTMYECKUE MOTEPH MPH aBapHsIX Ha MarucT-
PATBHBIX TPYOONPOBOAAX CBSA3aHBI C MOSBICHUEM JITMHHBIX MPOJOJIEHBIX TPEIIWH, COMPOBOXK-
JAIONIUMCS pa3IMBaMi 3HAYUTEIBHBIX KOJMUYECTB HE(TH, B3pbIBaMU U noxapaMu. CoBpeMeH-
HBIM IyTeM IS TMPEAOTBPAINCHUS TaKUX TPCIIHH SBISCTCS HCIIOJB30BAHHUE BS3KHUX CTaJeH,
OJTHAKO TIOBBIIICHHUE BI3KOCTH Pa3pyIICHUs, TOCTUTaeMOe 3a CUET JIETHPOBAHUSA U TEPMOOOpa-
OOTKH, BE/IET K CYIIECTBEHHOMY yAOpOKaHHIO TpyO. B xadecTBe Oonee nemeBoi aabTepHATHBEI
MOJKET OBITh PACCMOTPEHO KOHCTPYKTHBHOE TOPMOXKEHHE TPEUINH — HAIIPUMEp, C TIOMOIIBIO JIO-
KaJbHBIX yTONIIeHHH (pebep), pacCcTOSHUE MEXAY KOTOPHIMH JMMUTHPYET IUTUHY MPOJOIBHON
TPEIUHEI (B pAae ciydaeB TpemuHa JuHoi 10 10 M sBisercs gomyctumoit). [lpu vammunn ne-
LIEBOM TEXHOJIOTHHU CO3/IaHUs TaKHX PeOep KIIFOUEBBIM BOIIPOCOM SIBIISIETCS UX 3(peKTHBHOCTS.

Llenbto paboOTHI SIBISUIOCH OCTPOSHHE KOHEYHO-3JIEMEHTHOW MOJIENH TPYObl MaruCTpaibHO-
ro TpyOOITpOBOAA C TPELIMHOM AJIsl OLEHKH BO3MOXHOCTH TPENOTBPAIICHHS Pa3BUTHUS JITMHHBIX
MIPOAOJIBHBIX TPEIIMH C IMOMOIIBI0 OKPYXKHBIX pedep. Pebpa mpencTaBinsioT co0oi yTONIICHHS
IUTaBHOHM (opmbl. Beima mporectupoBaHa 3QQEeKTHBHOCTE pedep pa3iIMyHOW TOJIIUHBI — B 2
U B 5 pa3 MpeBHIMIAONICH TOJMIIUHY CTCHKH TPYOBl. Moenh BKITFOYaIa y9acTOK TPYOBI C TPEIH-
HOW, OTPaHWYCHHBIA C IByX CTOPOH pedpaMu, W HEOOXOAWMYIO YacTh TPyOBI CHapyxu peodep.
B kagecTBe mapamMeTpa, XapaKTepU3YIOIIEro PaclpoCTpaHEHNE TPEIIMHEI, B IIEPBOM IIPHOJIIDKE-
HUH WUCTIOIB30BajcT KO3(PPHUIIMEHT MHTEHCHBHOCTH HaIpspKeHMH K/, 3Ha9eHUs KOTOPOTO Ompe-
JIeJSUTHCh YUCIIEHHO C UCToib30BaHueM nakera ANSY'S. PacueTsl mokaszanu, 4To MPH MCTIOIH30-
BaHUH pebep K03 (PUITNeHT HHTEHCUBHOCTH HAIIPSDKEHHH MOXKET OBITh 3HAYUTEIHHO YMEHBIIIEH,
1 pebpa MOTYT OBITH HCIIOJIB30BAHBI [T TOPMOYKEHHUS (OCTAHOBKH) TPEIINHBL.

Kmouesvie crnosa: mpyba (mpybonposoo), mpewuna, 3a0epicka mpewunsl, pacnpocmpare-
Hue mpewunbl, OIuHHble MPewunsl, KO3 @uyuenm unmencusHocmu Hanpsiicenuu, FEM.

Bapa Moxcen Xoccenn AJdaraaam, acnupaHT Kadenpsl MPUKIAIHOW MEXaHWKH, JUHAMHUKH U
MPOYHOCTH MamuH, KOXHO-Y panbCKuil TOCY1apCTBEHHBIN YHUBEPCUTET, T. YeISIOMHCK; TIpeToaBaTeb,
TexHomorn4eckuii yHuBepcuTeT, r. barman, Upak, baraa.albaghdadi@gmail.com.
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