International Journal of Science Vol.5 No.7.2018 ISSN: 1813-4890

Numerical Simulation Research on the Residual Stress of Welding on
In-Service Gas Pipeline

Yaping Ding ¥ 2, Daiying Yuan ?, Xiaolin Xu #¢, Yanan Cui % ¢
! Department of Transportation and Municipal Engineering, Sichuan College of Architectural
Technology, Chengdu 610399, China;
2 China Petroleum and Gas Pipeline Science Research Institute Co., Ltd., Langfang 065000, China.
3471253219@qgq.com, ®158673531@qq.com, 944650428 @qq.com, 941100681@qg.com

Abstract

The residual stress induced by the surfacing and fillet welding processes during the in-service
welding on the gas pipeline was researched. A 3D thermo-mechanical finite element method
with boundary conditions was developed by a same numerical model. The results show that the
hoop residual stress along the circumference on the outer surface is higher for fillet than
surfacing. However, the residual stress along the axial direction is slightly affected by the
adopted welding schemes. At the weld zone, the hoop and axial residual stresses fluctuated and
quickly reversed sign from compression to tension.

Keywords

In service welding, Temperature field, Residual stress, Gas pipeline, Surfacing and fillet
processes.

1. Introduction

Many accidents occur with the deployment of gas pipeline. Welding onto the gas pipeline is a repair
method which can reinstate the pipeline’s function without interrupting its operation. It does not only
prevent the pollution from leaking in time, but also avoids disrupting pipeline operation and secures
continuous gas supply [1, 2].

The burn-through and hydrogen-induced crack were the problems of the in service welding on gas
pipeline [3]. When the heat input was increased, the risk of hydrogen-induced crack is decreased, but
the risk of burn-through was improved, and the vice versa [4, 5]. It was found that the two problems
were induced by the temperature and can be avoided by welding procedure. However, the residual
stress of welding has great effect on the performance of in service welding of pipeline. It need to be
pay more attention [6, 7].

2. Governing Equations
During the in-service welding, the governing equation for transient heat transfer analysis is:
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Where X, vy, z are the coordinates in the reference system, t and T are the time and temperature,
respectively, ¢ denotes the internal heat generation, p is the density, k represents the thermal

conductivity and C,, is the specific heat.
The relation between stress and strain is as following:
doy =Dy, (dg, —d&f —dsg —dsy ) (2)

1

o A€, dé‘;t are the total strain,
plastic strain component, creep strain component, and thermal strain component, respectively.

Where Dijk| denotes the coefficient of elastic tensor, and d&, de? dé&t
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3. Simulation Model

As shown in Fig. 1, each all-around bead for the sleeve was finished by two welders. The welding
bead Al and B1 were welded by two welders simultaneously. After that, the welding bead A2 and B2
were completed. As shown in Fig.2, the surfacing and fillet welding process were designated as the
welding scheme #1 and #2, respectively. The in-service welding parameters is listed in Table 1.
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Fig. 1. Welding sequence of all-around bead.r
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Fig. 2. Welding schemes considered in the present work (a) welding scheme #1 (b) welding scheme
#2
Table 1.Parameters of in service welding procedure
Bead No.  Electrode diameter (mm)  Welding current (A)  Arc voltage (V)  Welding speed (cm/min)
1-2 3.2 120-135 24-26 10.8
3 4.0 140-180 25-30 12

Because of structural symmetry, a quarter of sleeve geometry was used for modeling to reduce the
number of elements and control the scale of calculation [8]. The mesh size was refined in and near the
welding region which shown in Fig 3. The outside diameter of pipe and sleeve is 234 mm and 254 mm,
respectively. To compare different welding processes, the same finite element mesh used in the
thermal analysis was employed in the thermal and mechanical analysis. The thermal-physical
properties of 316L was listed in Table 2.
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Fig. 3. The FE model and size
Table 2 .Thermal properties of 316L

Temperature Density Conductivity Specific heat Thermal expansion coeff.
() (kg/m?®) W/(m -C) (kg <C)) (mm/(mm -C))
20 7979 13.31 0.47 15.24
100 7937 14.68 0.487 15.8
500 7760 20.96 0.571 17.85
1000 7535 27.53 0.676 19.38
1200 7430 29.76 0.719 19.95
1400 7320 31.95 0.765 20.6
1500 7320 320 0.765 20.7
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Table 3. Thermal-physical data of fluid medium in pipe.
Flow . 3 2107 <107
medium T PP plgmy el wimi) (Pas)) v (m/s)
CHa 20 1.6 10.9 2.284 3.211 11 10

4. Istribution of Residual Stress

A distribution of series nodes in Path A and Path B was given in Fig 4. The Path A was along the axial
direction, which located at the centerline of the weld. The Path B was along the circumferential

direction. To compare the difference of the residual stress, both the inner surface and outer surface of
the paths were considered.

Fig. 4. The stress path along axial direction and circumferential direction

As Fig 5 shown, for both the two welding Schemes, the hoop residual stress increases with the
increasing of the angle from the weld start. The maximum hoop residual stress on the inner surface of
the pipeline is 578.4 MPa and 531 MPa for welding scheme #1 and #2, respectively. While it is
correspondently reduced by 294.5 MPa and 201.5 MPa on the outer surface. The axial residual stress
along Path B is plotted in Fig 6. At the weld start point, the axial residual stresses are higher than
those of other angles both on outer and inner surface for the two schemes.
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Fig. 5. The hoop stress distribution along Path B (a) inner surface (b) outer surface
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Fig. 6. The axial stress distribution along Path B (a) inner surface (b) outer surface

As shown in Fig 7 -8, the hoop and axial residual stresses of the two schemes fluctuated and quickly
reversed sign from compression to tension both on the inner and outer surface of the pipeline at the
weld location. It is significantly different from other residual stress along Path A that the axial

residual stress on the inner surface is no more than 15 MPa, which was less harmful for the safe of the
pipeline.
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Fig.7. The hoop stress distribution along Path A (a) inner surface (b) outer surface

(a) 50
40

- (b) 300 _

—— Welding scheme #1 20 y —— Welding scheme #1

W | - -- Welding scheme #2 - = - Welding scheme #2
leld zone u

30

~ 150 4

1 Weld zone

Axial stress (MPa)
Axial stress (MPa
°
1

T T T T T X T
0 50 100 150 200 0 50 100
Axial distance (mm)

T
150 200
Axial distance (mm)

(a) inner surface (b) outer surface

Fig. 8. The axial stress distribution along Path A (a) inner surface (b) outer surface

5. Conclusion

(1) With the increase of the angle, on the one hand, the hoop residual stress increased, while the axial
residual stress decreased; on the other hand, the residual stress of surfacing is higher than that of fillet
on the inner surface, but it is opposite on the outer surfacing.

(2) At the weld zone, the hoop and axial residual stress fluctuated and quickly reversed sign from
compression to tension both on the inner and outer surface. The maximum residual stress along the
axial direction is located in weld zone. It is obvious that the axial residual stress along axial direction
on the inner surface is no more than 15 MPa for both schemes.

(3) The maximum residual stress on the inner surface is 502.6 MPa for surfacing welding process and
462.6 MPa for fillet welding process. The fillet welding process is a better process.
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