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Abstract

There are a lot of welded joints in the shale gas collection pipeline, so the failure risk

of the shale gas production line is very high. A leak has occurred in the gas collec-

tion pipeline of a dewatering station, and in order to find out the causes of failure

and provide technical support for safe shale gas transmission, macroscopic analysis,
non-destructive testing (X-ray flaw detection), mechanical properties, and metallurgi-
cal analysis were performed on the failed pipe section, and CFD method was used to
further analyze the failure mechanism of the ring weld pipe. The macroscopic analysis
yielded the weld height is significantly greater than the standard minimum require-
ment. Non-destructive testing showed a large number of cracks with varying degrees
of extension along the weld circumference on the inner surface of the weld. The chem-
ical composition and mechanical properties of the pipe and the weld met the require-
ments. The microstructure of the base metal met the standard. There are no inclusions,
holes, unfused areas, or other welding defects in the weld zone. The cracks originate
from the weld fusion zone, and there are a large number of intergranular microcracks.
CFD simulation results show that although the stress concentration caused by the
height of the weld does not directly lead to weld cracking, under the influence of

the stress concentration, cracks tend to sprout at the coarse grain organization of the
fusion zone on the inner surface of the weld and can easily propagate throughout the
weld and pipe wall thickness, leading to crack damage. Several suggestions to prevent
such a failure were proposed to avoid the occurrence of similar accidents.
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Introduction

The breakthrough of shale gas mining technology has brought about a surge in shale
gas production. As a result, the installation of gas gathering pipelines is increasing, and
there will be a large number of welded joints in gas gathering pipelines. Each welded
joint is composed of the base metal, the weld metal, and the heat-affected zone. The
mechanical properties of each part are different. Therefore, the butt weld area is prone to
failure relative to the entire pipe [1-8]. A gas gathering pipeline of a dewatering station
had a leak 2 months after it was put into operation. After investigation and excavation,
it was found that cracks appeared in the heat-affected area of the weld of the pipeline. In
the process of shale gas production, the pipeline welds have repeatedly failed, which has
caused huge economic losses to the production. It is urgent to conduct in-depth analysis
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on the failure causes of the gas gathering pipeline, so as to provide technical support and
reference for the safe application of pipelines.

Gen et al. [9] conducted a comprehensive analysis on the fracture failure of a circum-
ferential weld of a gas gathering pipeline containing H2S and concluded that sulfide
stress cracking of a circumferential weld may be the main cause of fracture failure. Jun
et al. [10] studied the failure events of girth weld in a natural gas station and considered
that the reason causing welding defects of girth weld is that the slag inclusions were not
cleaned up timely, and then, the slag inclusions led to the existence of welding defects.
Qiang et al. [11] studied the cracking failure of a boiling gas (BOG) pressurized pipe-
line weld in liquefied natural gas (LNG) receiving station and studied the influence of
compressor vibration on welding by finite element simulation analysis method. The
experimental results show that a large number of inclusions and super-size second phase
are produced in the weld, and microcracks appear around the inclusions and the sec-
ond phase. The finite element analysis (FEA) calculation results show that the vibration
of the compressor does not directly lead to weld cracking. However, under the influ-
ence of vibration, multi-source solidification cracks and micro-cracks originate from the
butt weld surface and propagate to the entire weld, which is the reason for crack failure.
Shabani et al. [12] analyzed the failure of 30-in diameter gas pipeline and studied the
mechanism and morphology of crack initiation and propagation. The results show that
the failure reason is the longitudinal crack on the longitudinal weld centerline, and some
factors related to sulfide stress cracking (SSC) and metallurgical defects lead to the fail-
ure of welded joint. Zhao et al. [13] analyzed the gas explosion pipeline. The results show
that the stress corrosion cracking (SCC) in the pipeline mechanical damage zone is the
cause of failure. Qiao et al. [14] studied the corrosion damage at a weld joint based on
the heterogeneity of natural gas gathering pipeline. The results show that the geomet-
ric discontinuity of the welded joint is the main cause of accelerated corrosion damage
at the joint. The change of the wall thickness of the welded pipe not only produces a
gas eddy, but also leads to stress concentration. Lixia et al. [15] studied the internal and
external causes of the failure of a girth weld. It is considered that the collapse of the slope
along the pipeline and the settlement of the ground aggravate the stress concentration
at the root welding defect, which is the external cause of the leakage failure of the girth
weld. Yuguang et al. [16] studied the fracture mechanism and behavior of a pipeline girth
weld. The results show that due to the softening of the material in the heat affected zone,
the crack initiates at the interface between the weld line on the inner wall of the pipeline
and the heat affected zone, and then, the crack expands outward from the inner wall
until a penetrating crack is formed. Finally, the crack propagates rapidly along the cir-
cumferential direction, resulting in the overall failure of the pipeline. Xu et al. [17] stud-
ied fatigue properties for the weld joint of the X80 weld pipe before and after removing
the weld reinforcement and think that the fatigue crack always initiates at the inner weld
toe. Zhang et al. [18] studied effect of stress concentration on the fatigue strength of
A7NO01S-T5 welded joints. The results show that the butt joints with the weld reinforce-
ment have much lower fatigue strength than joints without the weld reinforcement,
stress concentration is a key factor that affects the fatigue strength of welded joints, and
stress concentration introduced by the weld reinforcement should be controlled.
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In the present case, in order to find out the reasons for the failure, the failed part of
the pipeline was intercepted and checked through macroanalysis, non-destructive test-
ing (X-ray flaw detection), mechanical properties, and metallographic analysis. CFD
simulation was used to further analyze the stress concentration effect of the pipe. Finally,
the causes of failure are summarized, and countermeasures to avoid similar failures are
proposed.

Methods
The focus of this paper is the failure analysis of the weld, and this study evolved through
a series of steps which are as follows:

1) Firstly, a macroscopic analysis is performed to determine whether the dimensions,
wall thickness, and the height of the weld meet the standard requirements, and then,
a nondestructive inspection is performed to determine the crack distribution.

2) Secondly, after mechanical properties and metallurgical analysis of the base material
as well as the weld to determine whether the pipe base material properties meet the
standards and whether there are welding defects in the weld.

3) Then, the finite element model is established and the boundary conditions are set
according to the actual dimensions.

4) Finally, the causes of failure are summarized, and relevant suggestions and measures

are proposed.

Experimental analysis

Macroanalysis

External inspection and measurement of the pipe showed no obvious signs of corrosion
pits inside or outside the pipe (Fig. 1). In the direction of 12 o’clock position, on the outer
surface of the pipe near the side of the B pipe section, there is a crack that extends along
the circumference of the weld with a crack length of about 40 mm and corresponds to
the presence of a circumferential crack of about 140 mm in length and 0.46 mm in width
on the inner surface of the weld. As shown in Fig. 2.

The measured wall thickness of the pipe meets the minimum required wall thick-
ness of 6.3mm, and there is no significant difference between the wall thickness of
A and B pipe sections, where the average wall thickness of A pipe section is 7.02mm
and the average wall thickness of B pipe section is 6.96mm. Dimensional measure-
ment results are shown in Table 1. The root welding height, the cover welding height,
and the misalignment of the weld were checked, and the results are shown in Table 2.

The maximum and average values of the root welding height are 4.6mm and 3.03mm,

A pipe section  the weld metal  The crack B pipe section

[ \_ ~ !

Direction of flow Direction of flow

Fig. 1 Schematic diagram of A and B pipe sections
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Fig. 2 Macroscopic appearance of pipeline weld position

Table 1 The wall thickness measurement results (mm)

Measurement category 1 2 3 4 mean value
A pipe section 7.06 7.12 7.04 6.84 7.02
B pipe section 6.95 7.02 6.96 6.91 6.96

Table 2 Weld quality inspection (mm)

Specimen number 1# 2# 3# 44 Mean value
Measurement category 12 o'clock direction 9 o'clock 6 o'clock 3 o'clock

(crack location) direction direction direction
The root welding height 46 35 2.1 1.9 303

The cover welding height 25 1.7 1.6 23 2.025
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Table 3 Length of weld crack

Numbering Crack length
(mm)

# 90

2# 120

3# 40

44 10

S5# 5

6# 132

Table 4 Chemical constituents of pipe materials (Wt%)

Numbering element Maximum content (wt%)
A pipe section B pipe section GB/T9711-
2017 standard
requires
C 0.134 0.13 <024
Si 0.25 0.255 <045
Mn 1.363 1327 <14
P 0011 0.015 <0.025
S 0.003 0.004 <0.015
Cr 0.071 0.062 <03
Mo 0013 0.01 <0.15
Ni 0.032 0.032 <03
Nb 0.025 0.037 <005
vV 0.075 0.062 <0.1
Ti 0.002 0.015 <0.04
Cu 0.032 0.044 <05
B <0.0001 <0.0001 <0.001
V+Ti+Nb 0.102 0.054 <0.15
Carbon equivalent (CE,) 0.397 0.383 <043
Table 5 Results of tensile test
Item/test specimen Specimen size Tensile Yield strength (MPa) Yield Elongation (%)
(width x gauge) strength strength
(MPa) ratio
1 15x50mm 527 392 0.74 32
2 531 395 0.74 31
3 533 397 0.74 30
Mean value 530 395 0.74 31
GB/T9711-2017 460~760 360~530 <093 >20

respectively; the average value of the cover weld height is 2.025mm and there is a mis-
alignment of the weld; and the maximum misalignment is 0.4mm.

The execution standard of steel pipe welding is “GB/T31032-2014 Welding and
acceptance standard for steel pipings and pipelines” Weld quality control standards
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Table 6 Results of tensile test

Item/test specimen Specimen size Tensile Yield strength (MPa) Yield Elongation (%)
(width x gauge) strength strength
(MPa) ratio

1 12.5x50mm 550 407 0.73 24

2 554 402 0.74 27

3 548 408 0.73 22

mean value 551 405 0.73 25
GB/T9711-2017 460~760 360~530 <093 >18

Table 7 Bending test results

Item/test specimen Dimensions of test pieces Span (mm) Bending
strength
(MPa)

1 150x15mm 60 1178

2 150x15mm 60 1146

3 150x15mm 60 1142

4 150x15mm 60 1218

are weld height of 0-2mm, and local not more than 3mm and length not more than
50mm, the amount of misalignment is not more than 0.17 (T is the thickness of the
thinner position at the butt joint, that is, 0.684mm). The inspection results found
that the misalignment met the standard requirements; the maximum value of the
root weld height was 4.6mm, which was 53% higher than the standard value; and
the average value of the root weld height was 3.03mm, which was 51.5% higher
than the standard value because the weld height at the root weld position is sig-
nificantly higher than the minimum standard requirements and there is a certain
amount of misalignment, which may lead to more serious stress concentration at

the weld position.

Non-destructive testing

X-ray inspection of the failed ring weld was performed using a radiographic flaw
detector. A tube voltage/tube current of 180KV/5mA was selected, and the inspection
was performed in a single-wall, single-image transmission mode at an exposure time
of 1min. The entire weld is divided into 6 sectors according to 60°for inspection, and
the total number of films taken is 6. Testing detected a large number of cracks extend-
ing to different degrees along the circumferential direction of the weld in the inner
surface of each sector. The crack length of the entire circumference accumulated 397
mm, accounting for about 75% of the circumference length (527.8 mm). X-ray inspec-
tion results are shown in Table 3.

Chemical analysis
The chemical composition of the base metal was tested by direct reading spectrom-
eter according to the standard ASTM A751-14a. The results show that the base metal
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Fig. 3 Specimen after bend testing experiment

Table 8 Hardness test results

Sample Test point hardness value (HV)

A pipe section 1529 154.1 1549 1541 1519 1541 160.1 159.2
B pipe section 154.6 154.6 159.3 163.5 155.9 162.8 155.6 157.9
Girth weld 201.2 2155 198.6 193.7 183.9 185.7 199.3 208.3
SYT 0452-2012 <250

Table 9 Impact performance test results

Sample number 1 2 3 Mean value
Axial direction 31 27 31 30
Circumferential direction 30 29 30 30

Girth weld 25 26 25 25

SY/T 0452-2012 >7(J)

meets the requirements of GB/T9711-2017 steel pipe for pipeline transportation sys-

tem of petroleum and natural gas industry. The test data are shown in Table 4.

Mechanical properties analysis

Tensile test

Full-thickness tensile test of base metal of B pipe section The tensile test samples were

prepared from the axial direction of the pipe. According to the standard GB/T 228.1-

2010 Tensile test of metal materials Part 1: Room temperature test method, the tensile

properties of the samples were evaluated by universal material testing machine. The

Page 7 of 26
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Table 10 Test results of weld samples without crack

Item Weld microstructure Fusion zone Fine grain zone
No cracks Filling layer: GB+PF+P (Fig. 6) PF+P (Fig. 7)
Girth weld IAF+GB+PF+P (Fig. 4)

Root welding: PF+P (Fig. 5)

>

R e k_)\l' \Eﬁ

)

Fig.5 Structure of root weld of girth weld

results show that the tensile properties of the pipe material meet the requirements of
GB/T9711-2017 steel pipe for pipeline transportation system of petroleum and natural
gas industry, as shown in Tables 4 and 5.
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Fig. 6 Microstructure of fusion zone
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Fig. 7 Microstructure of fine-grained region
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Full-thickness tensile test of weld The experimental specimens were intercepted at
the location of the crack-free welds, and the results showed that the specimens met
the requirements of the tensile properties standards. The data results are shown in
Table 6.

Bending experiment
The full wall thickness bending test specimen was prepared from the axial direction of

B pipe, and the universal material testing machine was used to carry out the experiment

Page 9 of 26
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Fig. 8 Sampling position of cracked girth weld

Filling layer = fusion zone

Fig.9 Failure weld

Table 11 Test results of specimens at weld crack position

Item Weld microstructure Fusion zone Fine grain zone

Invalid girth weld Filling layer: IAF+GB4-PF+-P (Fig. 10) GB+PF+P (Fig. 12) PF+P (Fig. 13)
Root welding: PF+P (Fig. 11)

according to the standard GB / T232-2010 Metal material bending test method. The
experimental data are shown in Table 7. The standard GB/T9711-2017 steel pipe for
pipeline transportation system of petroleum and natural gas industry stipulates that no
crack should appear in any part of the sample after the bending test. The samples after
the test were observed and analyzed. There were no cracks in any position of the experi-
mental samples after the test, as shown in Fig. 3. The results show that the bending per-

formance of the pipe meets the standard requirements.
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Table 12 Test results of weld crack position
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Item\number Low magnification

High magnification

1# The crack extended from the inner wall fusion
zone and penetrated the entire wall thickness.
The maximum crack width is about 0.4mm
(Figs. 17,18 and 19).

No welding defects such as inclusions, holes,
or unfused metal were found around the crack,
and no abnormal microstructure was found
around the crack. There were many micro
cracks along the crystal (Figs. 20, 21 and 22).

2% The crack extended from the fusion zone of No welding defects such as inclusions, holes, or
the inner wall, and there are extended cracks  unfused mental were found around the crack,
in the heat affected zone (Figs. 23 and 24). and no abnormal microstructure was found

around the crack. There were many microcracks
along the crystal (Figs. 25 and 26).
3# The crack extended from the fusion zone of No welding defects such as inclusions, holes,

and unfused mental were found around the
crack, and no abnormal microstructure was
found around the crack. There were many
microcracks along the crystal (Figs. 29, 30 and
31).

the inner wall and is branched (Figs. 27 and
28).

. B2 >
f F T
== f =SS % £ - 5 ¥y *4
? ey € 3! f S
5 - - ¥ 2
Uz 2 /578 § 3
o By /S . 73
® %
4 - \, ~ v
4 » X /.
2 7 < i
%y R
Ags
x = 3 X ¥ 3
4 § < 3 % ¢
® & - & -
S ¥ -
. e
# £ .
y

- » J

X " >
v \ N
\ ¥

> et 3 SSep =
3 3 %

5 el % 3

S . A ¥ L ‘
¢ =
¢ \ e )
e : B : 7 3 ¥
: N » 1 & ¥
g 3 Abay § - g

Fig. 10 Structure of filling layer of failed girth weld

Hardness experiment

According to the standard GB/T 4340.1-2009 Vickers hardness test of metal materials
Part 1: Test method, the hardness test of base metal, weld, and heat affected zone of steel
pipe was carried out by hardness tester. According to the requirements of SY/T 0452-
2012 oil and gas metal pipeline welding process evaluation, the maximum allowable
hardness of the base metal and weld of the steel pipe is 250 HV. The results show that the
hardness test results of steel pipe base metal and girth weld meet the requirements. The

test results are shown in Table 8.
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Fig. 11 Structure of root weld of failed girth weld
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Impact performance experiment

According to the standard GB/T 229-2020 Charpy pendulum impact test method of
metal materials, Charpy impact test of base metal of steel pipe was carried out by
impact testing machine. Three specimens were taken from the axial, circumferential,
and circumferential weld positions of the B pipe to carry out impact tests. The SYT
0452 - 2012 welding process evaluation of oil and gas metal pipelines stipulates that
the impact energy of 55mmx10 mmx2.5mm small sample should be greater than or
equal to 7]. The results show that the impact energy of base metal and girth weld meet
the standard requirements. The impact test data are shown in Table 9.

Page 12 of 26
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Fig. 13 Structure of fine-grained region

Table 13 Analysis results of microstructure of base metal

Item\number Metallographic structure Grain size Inclusions
A pipe section PF+P (Figs. 32 and 33) 11 D25
B pipe section PF+P (Figs. 34 and 35) 11 D2.5

Metallographic analysis

Analysis of weld microstructure for weld without cracks

Two samples were taken from the weld without cracks for microstructure analysis.
The analysis results are summarized in Table 10.

The girth weld metal of the metallographic specimen without crack is acicular ferrite
+ granular bainite 4+ polygonal ferrite + pearlite structure (Fig. 4), the microstructure in
the weld root is polygonal ferrite + pearlite (Fig. 5), the fusion zone structure is granu-
lar bainite + polygonal ferrite + pearlite structure (Fig. 6), and the structure in the fine
grain zone is polygonal ferrite + pearlite (Fig. 7). No welding defects such as inclusions,
holes, or unfused metal are found.

Microstructure analysis of weld cracking position

Three samples were taken at the cracking position of the girth weld to carry out metal-
lographic analysis. The sampling positions are shown in Figs. 8 and 9, and the analysis
results are summarized in Tables 11 and 12.

The microstructure of the filling layer of the cracked girth weld metallographic
sample is acicular ferrite + granular bainite + polygonal ferrite + pearlite (Fig. 10),
and the structure at the root of the weld is polygonal ferrite + pearlite (Fig. 11), the
fusion zone structure is granular bainite + polygonal ferrite + pearlite (Fig. 12), the
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Fig. 14 Equivalent stress distribution at different weld heights

fine-grained zone structure is polygonal ferrite + pearlite structure (Fig. 13), and no
abnormal structure is found.

Microstructure analysis of base metal

One specimen was taken from the A and B pipe sections near the cracking position of the fail-
ure girth weld for metallographic analysis. The results show that the base metal of the steel pipe
is a multilateral ferrite structure, and the crack is located in the weld, close to the fusion bound-
ary on the one side of the B pipe section. The microstructure of the weld near the crack is the
same as that of the girth weld. The analysis results are summarized in Table 13.

CFD simulation
CFD method was used to further analyze the failure mechanism of the ring weld pipe.
The analytical model of the failed pipe was established, and the fluid-structure cou-
pling analysis was performed. Since there was no collapse or settlement of the ground,
the external forces on the pipe were not considered. According to the data provided,
the operating temperature of the pipe at the time of failure was 24.2°C and the actual
average operating pressure of the pipe was 2.83 MPa. Considering these operating
conditions, the load boundary conditions of the analytical model were set. Material
parameters were obtained by actual material determination. Specifically, the yield
strength and tensile strength of pipe section B were 395 MPa and 530 MPa, respec-
tively; the yield strength and tensile strength of the weld were 405 MPa and 551 MPa,
respectively; the Poisson’s ratio was 0.3, and the modulus of elasticity was 200 GPa.
According to the steel pipe welding executive standard “GB/T31032-2014 Weld-
ing and acceptance standard for steel pipings and pipelines,” the weld is set to have a
smooth transition with the base metal, and the welding bevel is 65°. Under the condi-
tion that the girth weld has no misalignment, the cover weld height is 2mm, and the
pipeline operating pressure is 2.83MPa; the root weld heights are set to 2mm, 3mm,
4mm, and 5mm, respectively; and the stress distribution of the welded joints is ana-
lyzed. As can be seen from Fig. 14, the greater the root weld height, the more severe
the degree of stress concentration. The direction of fluid flow is from the B pipe to the
A pipe, which also confirms from another perspective that the maximum stress-strain

and cracks always appear at the weld near the side of pipe B.
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the direction of
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Fig. 15 Equivalent stress distribution of the weld at different weld heights

As shown in Fig. 15, by observing the stress distribution in the weld, the equivalent
stress in the weld gradually increases from the outer region to the inner region and
reaches a maximum value at the intersection of the bottom of the weld, where the
crack damage occurs. According to the calculation results, although the maximum
equivalent stress is not enough to directly cause cracking of the weld, the maximum
equivalent force increases significantly with the increase of the root weld height under
working conditions, and a relatively serious stress concentration occurs.

According to the data provided, since the pipeline has been put into operation for 2
months, the fluctuation range of the actual operating pressure is not very large, so the
pressure fluctuation range is set to 1MPa in this analysis. Through the weld quality

Fusion zone In the
direction of pipe !
segment B i

s

4Propagation of
L~microcracks
Weld

Fig. 16 Equivalent stress distribution under different operating pressure conditions
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Fig. 17 Macro-morphology of 14 (the upper part is the outer surface)

inspection, the maximum root weld height of the ring weld pipe is 4.6 mm. In order to
further analyze the impact of fluctuations in actual operating pressure on the welded
joint, a pipe model with a root weld height of 4.6 mm was established, and the flow-solid
coupling analysis was performed under the operating pressure conditions of 2.83 MPa,
3.33 MPa, and 3.83 MPa, respectively. As can be seen from Fig. 16, the operating pres-
sure fluctuations have a significant impact on the stress of the welded joint, with the
increase in operating pressure, the stress of the welded joint increases, and the degree
of stress concentration becomes more and more serious. On the basis of the influence of
the weld height, the formation of cracks will be accelerated.

Results

No obvious corrosion was found on the internal and external surfaces of the weld, and
there was a tiny crack extending along the circumference of the weld on the external
surface of the weld in the direction of the 12 o’clock position, with a crack length of

: 3 \ - U
Bl S Rt DTN 110155, e Yo ™Y

Fig. 18 Macro-morphology of 1# crack (position (D in Fig. 17)
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17)

about 40 mm, corresponding to a circumferential crack of about 140 mm in length
and 0.46 mm in width on the internal surface of the weld. The crack was located on
the base metal side of the B pipe section, immediately adjacent to the weld.

The X-ray inspection results of the pipe showed that there were a large number of
cracks of different extension lengths along the circumference of the entire weld, all of
which were located on the base metal side of the B section of the weld, immediately
adjacent to the weld.

Through the analysis of the physical and chemical performance testing of the pipe, the
tensile, impact, hardness, and other performance indicators of the base metal and the
weld all meet the requirements of the standard “GB/T9711-2017 steel pipe for pipeline
transportation system of petroleum and natural gas industry”.

Filling layer fusion zone

Fig. 20 Microstructure 1 at the crack of 1# (right side of position (D in Fig. 17)
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Fig. 21 Section 2 at the crack of 1# (left side of position D in Fig.17)

By observing the metallurgical organization of the A pipe section, B pipe section base
material, and the location of the crack in the ring weld; no abnormalities were found
in the base material organization; and no welding defects such as inclusions, holes, and
unfused welds were found in the weld metal.

According to the steel pipe welding executive standard “GB/T31032-2014 Weld-
ing and acceptance standard for steel pipings and pipelines,” then combined with
the weld quality inspection results found that the misalignment meets the stand-

ard requirements, the maximum value of the root weld height is 4.6mm, which is

Page 18 of 26
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fusion zone

Filling layer

Fig. 23 Macroscopic appearance of 2# (the top is the outer surface)

53% higher than the standard value, and the average value of the root weld height is
3.03mm, which is 51.5% higher than the standard value.

According to the calculation results, the greater the root weld height, the more
severe the degree of stress concentration. The operating pressure fluctuations also
have a significant impact on the stress of the welded joint, with the increase in oper-
ating pressure, the stress of the welded joint increases, and the degree of stress con-

centration becomes more and more serious.

Discussion

Based on the non-destructive testing results of the weld and the macroscopic observa-

tion, it can be determined that the crack originated from the inner surface of the weld.
The cracks originated in the fusion zone on the side of the B pipe section, and there

were a large number of microcracks along the crystal extending.

Fusion zone in o
the direction of
pipe segment B 37

-

Propagation of
Weld microcracks

Fig. 24 Macroscopic appearance of 2# crack
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Fig. 25 Section 1 at the crack of 2# (position (D in Fig. 23)

The weld height at the root weld position is significantly higher than the minimum
standard requirements, and there is a certain amount of misalignment, which may lead
to more serious stress concentration at the weld position.

The fluid—solid coupling analysis shows that under working conditions, the weld
height does not directly cause cracking of the pipe body and weld in the absence of
defects in the pipe, but it causes severe stress concentration and has the effect of
accelerating crack expansion.

Through a comprehensive analysis of the results of the experiment and CFD simu-
lation, the cracking mode of the crack at the weld is the cracking along the crystal
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Filling layer fusion zone

Fig. 27 Macroscopic appearance of 3# (the outer surface above)

under the internal stress of welding, and the possible reasons for the cracking are as
follows. The stress concentration at the weld toe is mainly caused by the height of the
weld, the greater the height of the weld, the more serious the degree of stress con-
centration, and the root weld position of the pipe is higher than the average height of
51.5% of the minimum standard requirements, resulting in the location of the weld is
more severe stress concentration situation, which makes the weld inner surface of the
fusion zone of the coarse crystal organization sprouting crack, and then continuously
expand, and finally form cracks.

Several suggestions to prevent such a failure were proposed to avoid the occurrence
of similar accidents. Improve tube manufacturing accuracy and reduce wall thickness
variation, unequal wall thickness steel pipe should be thinned on the parts with large
thickness before welding, and the welding process protocol should be strictly observed
to improve the quality of the weld; preheat as much as possible before welding to reduce

: )' xﬁ‘@ﬁm ;

Fig. 28 Macroscop|c appearance of 3# crack
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Fig. 29 Section 1 at the crack of 3# (the position of the green frame in Fig. 28)

the residual stress of welding and reduce the risk of cracking caused by stress concentra-
tion, and after welding is completed, try to eliminate the application of external forces to
the weld that could lead to cracking of the weld.

Conclusions
Through the systematic detection, analysis, and simulation of the gas gathering pipe-
line welding cracking fault, the following conclusions are drawn:

Fig. 30 Section 2 of the crack at 3# (position (D in Fig. 28)
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Fig. 31 Section 3 at the 3# crack (position @ in Fig. 28)

(1) The pipeline base metal meets the standard, and there are no welding defects such
as inclusions, holes, and incomplete at the weld.

(2) The weld height is larger than the standard minimum requirement, resulting
in more serious stress concentration at the weld position, and there is a certain
amount of misalignment, which to a certain extent will aggravate the stress concen-
tration caused by the height of the weld, thus making the fusion zone of the inner
surface of the weld at the coarse crystal organization sprouts cracks, and then con-

tinuously extend, and eventually form cracks.

AELEAT O TR ¥

Fig. 32 A Pipe inner surface microstructure
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Fig. 33 A Pipe outer surface microstructure
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Fig. 34 B Pipe inner surface microstructure
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Fig. 35 B Pipe outer surface microstructure

(3) The cracking mode of the crack at the weld is the cracking along the crystal under
the internal stress of welding.

(4) CFD simulation results show that although the stress concentration caused by the
height of the weld does not directly lead to weld cracking, but under the influence
of the stress concentration, cracks tend to sprout at the coarse grain organization of
the fusion zone on the inner surface of the weld and can easily propagate through-
out the weld and pipe wall thickness, leading to crack damage.

Abbreviations

IAF Acicular ferrite

GB Granular bainite

PF Polygonal-like ferrite
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