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Abstract

Girth welds of hydro-carbon transporting pipelines play important role of the life and the lifetime,
during both the construction and the operation. In consideration of the huge number of girth welds,
the highlighted attention to those is worthy and necessary. The aims of the article are twofold: on the
one hand, collecting the influencing factors on the failures of girth welds; on the other hand, answer-
ing the question assumed in the title of the article: how to prevent damages of transporting pipeline
girth welds? The answers build upon the demonstrated influencing factors, using examples, and sys-
tematically respond to those.
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1. Introduction

Girth welds play important role during both the construction and the operation of the transporting
pipelines. Only the high quality girth welds reassure the operators of reliable function of the pipeline
systems during their lifetime. Numerous girth welds can be found in different transporting systems,
Table 1 summarizes the main characteristics (type, length and number of girth welds) of the Hungarian
hydro-carbon transporting systems.

By reason of the huge number of the girth welds the aims of our publication are twofold: on the one
hand, collecting the influencing factors on the failures of the girth welds; on the other hand, formulat-
ing how to prevent damages of girth welds of pipelines.

Table 1. Main characteristics of the Hungarian hydro-carbon transporting systems

Characteristic Value Unit

Natural gas system ~ 6000 km

Crude oil system ~ 850 km

Other systems transporting liquid media ~ 1200 km
Total length ~ 8050 km

Average length of individual pipe sections ~11 m
Girth welds ~732.000 item
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2. About the girth welds

Unfortunately, the old pipeline systems often contain girth welds with unacceptable quality. Figure 1
shows two non-Hungarian examples (Anonl, Anon2) where the manufacturing of the welded joints
was ineligible.

Figure 1. Unacceptable girth weds (Anonl, Anon2).

A study (Eiber and Jones, 1992) summarizes the obligated-to-reports incidents of a 6.5 year re-
search process. Figure 2 shows the cause distribution for all incidents (621 items) and for weld defects
(50 items). Based on the Figure 2, it can be stated, that welds are more damageable, as we have no
reason to suppose that welds have more favourable position from the point of view of corrosion and
external force than the other parts of the pipeline. At the same time, the construction defects and mate-
rial discontinuities occurs in much higher ratio in welds than in the other parts of the pipelines. Ac-
cording to Hungarian failure statistics significant part of failures were retraceable for weld defects,
basically in girth welds. The comparison of the international data and the Hungarian statistics show,
both in the past and present, that the ratio of the weld defects in Hungarian transporting pipelines is
higher than the above-mentioned one and weld defects typically occur in girth welds.
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Figure 2. Incident distribution by cause (Eiber and Jones, 1992)
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The different defects of welded joints occurring in the welded structures with high importance can
be classified into three groups of acceptability:

— defects acceptable by the assessment rules (workmanship criteria) of welded joints;

— defects unacceptable by the assessment rules of welded joints, but having no influence on the

Fitness for Purpose (FfP) or Fitness for Service (FfS) of the welded joint;

— defects influencing the Fitness for Purpose or Fitness for Service of the welded joint.

The three groups require different approaches with special emphasis of girth welds particularities.
These characteristics are summarized in Figure 3, whereon the girth weld integrity puzzle demon-
strates that the girth weld integrity depends on many factors interacting with each other (Denys, 1999;
Nagy, Lukacs and Torok, 2005).
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Figure 3. Girth weld integrity puzzle (Denys, 1999; Nagy, Lukdcs and Tordk, 2005).

3. Influencing factors on damages of girth welds

The influencing factors on damages of girth welds can be divided into three main groups, as follows:
design of the pipeline; construction of the pipeline; operation of the pipeline including integrity man-
agement.

Either part of the design is the design and designation of the pipeline path and tracing. Especially,
the crossings and the different installations have important role. Figure 4 demonstrates the difficulty
and the hazardousness of the problem (Anon3). (How do make up the sculptures of the modern age?)
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Figure 4. Pipelines and nodes in an installation (Anon3)

Another part of the design is the specification of the welding technology, including the welding of
the pipeline and the related facilities. Extraordinary attention should be appropriated for the specifica-
tion of possible axial misalignment, changing of wall thicknesses etc.

Figures 5-7 illustrate three determining parts of the pipeline construction, the treatment of the axial
misalignment (Lee; Sanborn, 2015), the realisation of the laying the pipeline (Lee; Bruce, 2017) and
the connection of different section with different characteristics (Lee), respectively. The selected unfa-
vourable examples point out the complexity of the tasks and the problems.

Figure 5. Unacceptable treatment of an axial misalignment (Lee; Sanborn, 2015)

Regarding that welded joints of buried steel transporting pipelines may contain such defects, which
have not been detected during the construction or are discovered only during the operation, we must
declare about their permissibility and correction. Since failure detection and especially defect correc-
tion represents extremely expensive procedures, it is reasonable to complete critical analysis (Engi-
neering Critical Assessment) of effects of flaws. This provides the possibility for minimizing the nec-
essary corrections, so that the risk of further operation should not exceed the acceptable level.
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Figure 6. Above: Pipeline laying (Lee); Below: Girth weld crack caused by different pipe and ditch
profiles (Bruce, 2017)

Figure 7. Connection of different pipeline section with different shape and wall thickness (Lee)

The operation and/or integrity management part includes the analysis of the values and the varia-
tions of the internal pressure. Figure 8 shows an example using 1.039.753 registered data from a Hun-
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garian pipeline section, where data clearly demonstrates the cyclic loads on the section designed under
guasi-static loading conditions.

65

60

wn

(U]
|
—

Internal pressure, bar
v
(=]
o :
=
— =
——

45 | w ’ | t
J —— Internal pressure
40 ---- Average + 15D
—— Average
---- Average - 15D

35 f f f
18.10.27 18.12.16 19.02.04 19.03.26 19.05.15 19.07.04 19.08.23 19.10.12 19.12.01

Figure 8. Changing of the internal pressure on a Hungarian gas transporting pipeline section

Important parts of the operating transporting pipeline are the periodic (state) inspection and the
continuous (state) control. Since the corrosion defects are the most common metal loss defects and
their forms are various, differentiated consideration should be attended to their location, sizes, growth
rate etc. Figure 9 shows corrosion defects near and on pipeline (girth and spiral) welds (Feng, 2017
Anon4).

Figure 9. Corrosion defects near and on pipeline welded joints (Feng, 2017; Anon4)

Another corrosion category is the Stress Corrosion Cracking (SCC), with classical terminology, or
Environmentally Assisted Cracking (EAC), with more general terminology. Hydrogen play important
role in this field and hydrogen damage is a term that covers a range of different types of failure modes,
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including embrittlement (HE), cracking (HIC, HAC etc.) and blistering. Figure 10 a) shows schemati-
cally the main hydrogen problems which can occur in steel at normal temperatures, although it must
be stressed that not all types can occur simultaneously, or in the same type of steel. The probability of
all such forms of hydrogen damages usually increases with increasing strength, although blistering can
occur in almost any steels (Francis, 2001). Concurrently, Figure 10 b) illustrates the electrochemical
potential and pH regions where SSC can occur for carbon (e.g. pipeline) steels in typical production
environments (lannuzzi, 2011).
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Figure 10. a) Hydrogen embrittlement, cracking and blistering processes (Francis, 2001); b) EAC
modes as a function of pH and electrochemical potential for carbon steel (lannuzzi, 2011)

Figure 11 shows two circumferentially oriented stress corrosion cracking (C-SCC) either in a pipe
body and another in a girth weld (Chua, Alleyne & Calva, 2017).

Figure 11. Examples of stress corrosion cracking (Chua, Alleyne & Calva, 2017)
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At last but not least, the sustainment and reconstruction of the girth weld integrity are continuous
tasks of the pipeline operators. Besides the replacing of girth welds, which means making two new
girth welds, the reinforcing is an effective way for the improving of the girth weld integrity. Figure 12
shows the results of two full scale fatigue and burst tests of our practice, where the reinforced girth
welds with not passed quality have tolerated the loads, the pipe body has been damaged in both cases
(Lukacs et al., 2012).

Figure 12. Pipeline sections after fatigue and burst test with reinforced girth weld; Above: Own de-
veloped system; Below: Clock Spring repair system (Lukdcs et al., 2012)

4. How to prevent damages of transporting pipeline girth welds? — The answers

Since there are several influencing factors on the damages of pipeline girth welds, there are different
possibilities for prevention of the damages, too. These possibilities are as follows:
— observance of the technological discipline and prescriptions
¢ during the construction,
e during the operation and the maintenance;
— applying Engineering Critical Assessment (ECA) methods, for which
o reflect the operational experiences,
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e demonstrate and endorse the compromise of rational risk and striving for safety ensuring
pipeline integrity,
o use the results of the non-destructive examinations, and
o validated by the results of full-scale investigations on different pipeline sections;
— reinforcing of the girth welds using non-welded methods (e.g. composite wraps).

5. Conclusions

Girth welds of hydro-carbon transporting pipelines play important role of the life and the lifetime,
during both the construction and the operation. Several factors have influence on the behaviour of the
girth welds and they can be divided into three main groups, as follows: design of the pipeline; con-
struction of the pipeline; operation of the pipeline including integrity management. In line with these
influencing factors, there are different possibilities for the prevention of damages which can be divided
into three groups, too, as follows: observance of the technological discipline and prescriptions; apply-
ing Engineering Critical Assessment (ECA) methods; reinforcing of the girth welds using non-welded
methods.

It should be noted that efficient and cost-effective solutions on whole transporting pipeline systems
can only be reached with complex approaches and based on the common works of different expert
groups.
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