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ABSTRACT

This paper examines the performance of gas pipeline welding in relation to the mechanical properties and
metallurgical structure of the weld bead. Our research focuses on API 5L X42 steel pipes, which are
commonly used for transporting hydrocarbons, particularly in the welded joints of these pipes. We
conducted tests to characterize a weld created using the Shielded Metal Arc Welding (SMAW) method for
gas pipelines. This included a microstructural analysis of the heterogeneous zone and the production of
standardized specimens taken perpendicular to the welding direction, which were then subjected to
uniaxial tension to assess the properties of both the base material and the filler metal under various stress
conditions. Our findings indicate that the welded joint exhibits hardening compared to the base metal due
to thermal effects, and we observed that the elongation in the welded specimens is significantly lower than
that of the unwelded specimens.
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I INTRODUCTION mechani.cal characteristics by destructive tests [6]. and befgre

o ) o ) concluding, we present the results obtained with
l?lpellnfzs pl.ay a very important TQIC m mdgstry and. m interpretation. The aim of this work is twofold: to conduct
particular in oil transport or production conditions which  experimental tests to evaluate the tensile strength of the weld

require the use of very high pressures, therefore the most  joints and develop numerical models to predict the strength
effective method for joining high-strength steel (HSLA) of the welded joints under external loads.

pipes is welding [1-11]. In order to avoid bursting and

damage to welded pipes due to geometry defects, corrosion II. EXPERIMENTAL STUDY
and many intrinsic factors (inclusions, lack of penetration,
gas pore), etc. [2-4], we are always looking for better
mechanical properties of weld joints. The oil industry
attaches great importance to the quality of pipe welding. A. Material Characteristics
This type of assembly is particularly distinguished by areas

of  heterogeneity, which reflect very different 1) Base Metal
microstructures and mechanical characteristics, so it is The chemical composition and the mechanical
necessary to identify them in order to consider them during  characteristics are indicated in Tables I and II.

the installation of the gas pipeline network [5]. 2) Filler Metal

In this paper, we first present the chemical compositions E6010 and E7010 are types of cellulose-Na electrodes

of the materials used and the main parameters of the welding specifically designed for DC welding. They offer a deep
process applied in a pipeline in service. Then, we treat the

The pipeline steel that we considered in our study is an
API 5L X42 grade manganese micro-alloyed steel.
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penetration arc, are easy to use, and provide high efficiency
and excellent detachment during welding. These electrodes
are suitable for all welding positions. It is possible for the
weld to form on both sides,with the chemical composition

and mechanical properties detailed in Tables ITI-IV.

sourced from the same welded pipe. The machining was
conducted under standard ambient conditions while adhering
to specific machining parameters. The machining speed was
adjusted according to the specimen's geometry, resulting in a
different speed than what would typically be used in actual
machining scenarios. Figures 1-3 illustrate the pipe-cutting
machine, the visual appearance of the weld bead, and the
universal milling machine WEYRAUCH FR-U-1100.

TABLE V. ELECTRICAL PROPERTIES OF THE WELDING
PROCESS
Passes 1" pass | 2™ pass | 3“pass | 4™ pass
Welding process SMAW SMAW SMAW SMAW
Welding position | 56 W | 3G o7 | 3G 47| 3G 4~
Fixed rotation Fixed Fixed Fixed Fixed
Current/Polarity DC-EN DC-EP DC-EP DC-EP
Filler metal E6010 E7010 E7010 E7010
Electrode diameter 395 325 4 4
(mm)
Amperage 80-135 90-140 110-150 110-150
Tension 30-35 25-35 30-40 30-40

TABLE L. CHEMICAL ANALYSIS (%) OF API L X42
GRADE STEEL
C Mn Si P S Cr Mo
0.18 1.10 0.25 0.019 0.014 0.050 0E.025
\ Al Cu Sn Ni Ti
0.040 0.040 0.060 0.035 0.030 0.039
TABLE IL. MECHANICAL PROPERTIES OF API L X42
GRADE STEEL
Type Young’s modulus Poisson’s Yield strength
P (MPa) ratio (MPa)
API 5L X42 210 0.3 450
TABLE IIL CHEMICAL ANALYSIS OF E6010 ANDE7010
FILLER METAL
C Mn Si P
E6010 <02 0.3-0.6 <0.02 <0.04
E7010 0.2 0.6 0.6 0.09
S Cr Mo )\
E6010 <0.035 0.2 0.3 0.8
E7010 0.09 0.3 0.5 0.1
TABLE IV. MECHANICAL PROPERTIES OF E6010
ANDE7010 FILLER METAL
Type Young’s modulus Rm Poison's
P (MPa) (MPa) ratio
Filler E6010 128 >420 0.34
metal E7010 <0.02 0.34
Type Yield strength (MPa) A (%)
Filler E6010 330 27
metal E7010 500 26

B. Welding Process
The assembly is done with the coated electrode.

1) Preparation

The edges to be welded were firstly prepared. They were
freed of any excess oxides, rust, grease, or paint. The passes
are only schematic and the exact arrangements of the passes
depend on the chosen welding parameters.

2) Fixing

Fixing was conducted by external or internal clamps to
avoid deformations. The internal fastener was removed after
100% completion of the first pass. The technique of
execution of the welded joint and the electrical
characteristics are shown in Table V.

3) Machining of the Specimen

To analyze the weld regions, specimens were machined
from a section of pipe featuring a butt weld joint, made from
API 5L X42 steel with E6010 as filler material. It is
essential that these specimens do not undergo deformation
during the machining process, which could result from the
relaxation of residual stress. All test specimens should be

e

23382

Fig. 1. Cutting a section of the welded pipe.

Fig. 2.

Visualization of the shape of the welded joint.

4) Tensile Tests

The tensile tests were carried out in the mechanical test
laboratory on a universal machine of the Zwike/role type
with a capacity of 120 tons under ambient temperature.
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Fig. 3. Universal milling machine WEYRAUCH FR-U-1100.

5) Fatigue Tests

Fatigue testing machines cover a variety of fatigue
applications, dynamic and static testing are based on servo-
hydraulic and eclectic motor technologies. These fatigue
tests were carried out on the INSTRON 8502 type testing
machine under the following conditions: Machine capacity:
10 tonnes, +62 undulating sinusoidal tensile stress, load ratio
R=0.1, frequency f=30 Hz, and ambient temperature. The
purpose of these tests was to study the mechanical behavior
of the materials of the pipeline with and without welding in
an ambient medium by tensile curves in order to draw the
Wohler curves. The results will consider thousands of
cycles, which determine the life of the welded joints.

&0

\/

Fig. 4. Welded joint geometry.

Fig. 5. Test specimen of steel API 5L X42 (not welded) for tensile
strength testing.

63,70 —
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Fig. 6. Test specimen with welded joint for traction in API 5L X42
steel (with weld beads).

II. FINITE ELEMENT SIMULATION

We used numerical simulations through the finite
element method, which allows us to understand the behavior
of the weld and predict its life span. Finite element
simulation allows us to predict the resistance to forces acting
on welded joints. Very often, material test data are provided
using nominal stress values. In such situations, the
expressions presented below must be used to convert the
plastic material data from nominal stress/strain values to true
stress tress/strain values. The relationship: between true
stress/strain and nominal stress /strain are [12, 14]:

FIN]

Onominal = S[mz] (1)
AL

Enom = ; (2)

Otrue = Onom X (1 + gnom) 3)

Etrue = In(1+ gnom) “)

Eplastique = Etrue — Jt;.ue )

where ¢ is the strain, ¢ is the stress, F' is the applied force
(N), and S represents the section (mz). Subscripts nom and
true stand for nominal and true values, respectively.

IV. RESULTS AND DISCUSSION

The mechanical characteristics of the material studied
(API X42 steel) are illustrated in the following figures. The
results reported in Tables VI and VII express the average
values of the tests. It should be noted that the obtained
results comply with the mechanical characteristics provided
by the manufacturer.

TABLE VI. MECHANICAL CHARACTERISTICS
OBTAINED BY TENSILE TEST
Young’s Elastic limit Constraints max | Elongation
modulus (MPa) (MPa) (MPa) (%)
210000 460 510 54

The static and cyclic mechanical characteristics of the
welded structure are summarized in Figure 8. We notice
cyclic hardening of the material compared to the static case,
which gives us an explanation why fatigue is the cause of
the failure of welded structures.
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Fig.7.  Tensile curve of an API 5L X42 steel test specimen. Strain {3

Fig. 10.  Behavior of base metal and filler metal by tensile test.

= 7 TABLE VII.  MECHANICAL CHARACTERISTICS OF THE
SPECIMEN WITH WELDED JOINT AFTER TENSILE
4 TEST

Ste=s (MPa)

Elastic limit Constraints max | Elongation
(MPa) (MPa) (%)

450 550 23

Cyclic behakilour

Using Abaqus finite element simulation software, a 3D
numerical model was developed to replicate the transverse
tensile test of welded specimens (Figure 11). The material
was assumed to exhibit elastic-plastic behavior. The model
. was treated as a deformable body, incorporating an elasticity
criterion along with suitable stress-strain relationships
during nonlinear plasticity. For the elastic analysis, the
Fig.8.  Static and cyclic behavior of the welded structure. material’s elastic properties were characterized by the
modulus of elasticity (E) and poison ratio (v).The finite
element discretization employed 3D 8-node isoparametric
hexahedral elements. For simplicity, the sample was
- positioned in the Oxy plane, and the tensile test was
simulated by applying positive displacement in the Ox
direction. Figure 12 shows the comparison of the numerical
and experimental results.
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Fig. 9. Wohler curve of the welded pipeline in fatigue.

According to Figure 10 and Table VII, there is a
hardening in the weld joint compared to the base metal due
to the thermal effect of welding and the elongation is less e
important than that of the seamless specimen. Za X et 368

ODB: Job-1.0db  Abaqus/Standard 3DEXPERIENCE R2017x  Wed Oct k. o -7 < -"'[+02:00 2023

Activer Winduw.

Fig. 11.  Distribution of the Von Mises stresses of the API 5 L X42 steel
specimen in tension.
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Fig. 12.

Comparison between numerical and experimental curve.

V. CONCLUSION

In this study, we presented a method that involves
understanding the welding process using the SMAW
technique. We conducted tests using operating parameters
applied to accurately target the encountered issues. The
analysis of samples with and without welding allowed us to
highlight the significance of the results obtained on the
welded samples, where welding alters their mechanical
properties and enhances fatigue resistance under cyclic
loading. Furthermore, numerical simulation using finite
element analysis with Abaqus software allowed us to clearly
illustrate the experimental phenomena.

Welded joints exhibit mechanical characteristics
different from those of the base metal, with an increase in
hardness but a decrease in elongation compared to the non-
welded samples due to the thermal effect. The use of digital
tools allows us to predict the behavior of welded joints by
varying the welding parameters, in this case, the number of
passes, the thickness of tubes and the materials used.

These new areas, which will modify the elasticity and
metallurgy of the structure, will require a relaxation heat
treatment protocol to improve their mechanical behaviour.
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