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ABSTRACT

In this paper, stress analysis of the welded incline-bent pipe under non-operating condition and operating condition 
has been analyzed by the means of ANSYS finite element analysis. The results show that the maximum stress of the 
welded incline-bent pipe is 0.29Mpa at 0.88m of the lower end under the combined action of bending moment. The 
maximum stress of is 4250MPa at 0.24m around the corner under the joint action of bending moment, internal media 
pressure and temperature field. Compared to two kinds of conditions found welded incline-bent pipe both at the 
corner weld of larger stress concentration, and the maximum stress in the operating condition is 15,000 times of the 
maximum stress under the non-operating condition. Thus the welded incline-bent pipe should try to reduce the 
additional bending moment and avoid to produce larger stress concentration. In this way, the safety of the welded 
incline-bent pipe is improved under the condition of installation. The results of this investigation provide some 
reference for the design of engineering piping.  
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1. INTRODUCTION

Fluids are usually transported and passed through the pipe system in 
large chemical plants [1]. The most common type of pipe system is the 
elbow pipe, which plays an important role in the pipe system [2]. 
In the classification of bend elbow adopts welded miter form is more 
widely used, the difference between other welded incline-bent pipe is 
mainly used in oil and gas, water conservancy, electric power, city pipe 
network. It is generally used in low pressure without the conveying of 
corrosive medium [3]. The welded incline-bent pipe is welded by a 
plurality of sectional sections, and its bending angle can be arbitrarily 
changed. The design of the welded incline-bent pipe in many 
practical projects is of great significance [4,5]. 

The most important parameter for designing welded incline-bent pipe is 
the stress. In the domestic, there are many scholars about the stress 
analysis of welded incline-bent pipe. For example, some researchers from 
the chemical machinery college of dalian university of technology [6-8]. 
They analyzed the stress of the overall stress and the internal 
pressure bending moment respectively. In abroad countries, the study 
of welded incline-bent pipe is relatively small, but there are still a lot of 
literature for reference, and other scholars made A summary and 
experimental investigation on their stress analysis [9-11]. Based on the 
research results of various scholars at domestic and abroad, this paper 
applies the three-dimensional finite element analysis software ANSYS to 
analyze the stress analysis of the welded incline-bent pipe [12]. 

1.2 Geometric model 

The welded incline-bent pipe from the point of view is divided into 90 °, 
60 °, 45 °. The welded incline-bent pipe geometry is shown in Table 1 
[13]. The geometric model is shown in figure 1 [14].  

Table 1: Geometric Dimensions of the welded incline-bent pipe 

DN 
(mm) 

D0 
(mm) 

δ 
(mm) 

R 
(mm) 

a 
(mm) 

b 
(mm) 

L 
(mm) 

Φ 
(°) 

Ψ 
(°) 

350 377 9 525 378 152 1000 30 15 

Figure 1: Geometry model of the welded incline-bent pipe 

2. FINITE ELEMENT MODEL

2.1 Material properties 

The welded incline-bent pipe is usually made of carbon steel. The material 
properties are shown in Table 2 [15]. In this analysis, ANSYS finite element 
analysis software was used to select SOLID186 20Brick block solid unit in 
the cell [16]. 
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Table 2: Properties of Carbon Steel Materials 

Young’s 
Modulus  
EX（GPa） 

Poisson's 
ratio 

Density 
(Kg/m3) 

Coefficient of thermal 
expansion 

(10-5) 
2.1 0.3 7850 1.2 

2.2 Load and boundary conditions 

In this paper, the two different boundary conditions of non- operating 
conditions and operating conditions are discussed respectively. (1) Under 
non-operating conditions, one end of the bend is rigidly connected, and 
one end is loaded by moments. The moments are replaced by Mx = 
1500N×m , My = 500N× m , Mz = 200N×m [17]. (2) Under operating 
conditions, the welded incline-bent pipe add the gravity load and the 
internal medium load of 1.6MPa on the basis of the non-operating 
conditions. The indoor temperature is 20°C, and the operating 
temperature is 200°C. The temperature field is applied to the integral 
welded incline-bent pipe.  

3. CALCULATION RESULTS AND ANALYSIS

In the research direction from bottom to bottom, the inner surface of the 
welded incline-bent pipe is selected as the research path, as shown in 
figure. 2. 

Figure 2: Research pathes identification 

3.1 Analysis of results under non-operating conditions 

3.1.1 Non-operating stress analysis 

The stress distribution of the welded incline-bent pipe under non-
operating conditions is shown in figure 3. The maximum deformation 
displacement occurs at the bottom of the welded incline-bent pipe. The 
displacement value is X(DMX) = 0.289×10-3 m. The maximum equivalent 
stress occurs on the corner. The maximum equivalent stress value 
σmax(SMX) = 0.44×10-3MPa. The minimum equivalent stress occurs on the 
outer surface of the welded incline-bent pipe, the minimum equivalent 
stress σmin(SMN) = 0.29MPa.  

Figure 3: Equivalent stress under operating conditions (Von Mises) 

3.1.2 Non-operating stress-displacement curve 

The displacement stress curve of the non-operating condition is shown in 
Figure. 4. The x-coordinate is expressed as the displacement value, and the 
y-coordinate is expressed as the stress value. As can be seen from the four 
curves in the figure, it can be seen that the stress tends to be similar to the 
displacement curve. The stress value decreases with the increase of 
displacement under non-operating conditions. It can be seen from the a 
curve that the stress has a sudden change in the displacement value of 
0.88m. It can be seen from the b curve that when the displacement just 
occurred, the stress suddenly decreases to a minimum value and then 
approaches to a certain value, and then it tends to steady. It can be seen 
from the c curve that the curve path of c curve is not much change and the 
curve trend is relatively stable. It can be seen from the d curve that the 
stress changes at 0.58m in displacement. At the displacement of 0.88m, 
0.02m and 0.58m, the stress values are all peak, which indicates that stress 
concentration in these three positions is more prominent, which is 
consistent with the stress distribution diagram in figure 3. 
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Figure 4: The stress- displacement curves under non-operating 
conditions 

3.2 Analysis of results under operating conditions 

3.2.1 Operating stress analysis 

The stress distribution of the welded incline-bent pipe under operating 
conditions is shown in figure.5. The maximum deformation displacement 
occurs at the lower end of the welded incline-bent pipe, and the 
displacement value is X(DMX) = 0.12m. The maximum equivalent stress 
occurs at the corner of the bend, the maximum equivalent stress value 
σmax(SMX) = 4250 MPa. The minimum equivalent stress occurs at the 
bottom of the welded incline-bent pipe, and the minimum equivalent 
stress σmin(SMN) = 8.2 MPa.  

Figure 5: Equivalent stress under operating conditions (Von Mises) 

3.2.2 Operating condition stress-displacement curve 

The four curve stress changes with the displacement is different from the 
stress displacement curve generated under non-operating conditions, as 
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shown in Figure 6. It can be seen from the A curve that the increase of 
displacement first decreases and then increases. The stress value at the 
displacement of 0.22m is 0 MPa. From B and C both curve can be seen that 
the final stress value is large. It can be seen from the D curve that the stress 
value of the inclined elbow always decreases as the displacement 
increases. The minimum value occurs at the 0.22m point of the A curve 
and the maximum stress value occurs at the 0.24m point of the C curve. 
This indicates that the stress points are the most stress points in these two 
positions and are consistent with the stress distribution diagram of the 
welded incline-bent pipe under the operating conditions in Figure. 5.  
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Figure 6: The displacement-stress curve under operating conditions 

3.3 Comparison of results under two conditions 

(1) Due to the non-continuation of the material at the welding corners of
the welded incline-bent pipe, the curvature is not uniform and the stress
concentration is significant.
(2) The deflection displacement of welded incline-bent pipe under
operating conditions is 100,000 times larger than that under non-
operating conditions.
(3) The stress value of the welded incline-bent pipe under operating 
conditions also increases significantly. The internal pressure and
temperature load have a great influence on the welded incline-bent pipe.

4. CONCLUSION

(1) From the displacement-stress curve Figure.5, the trend of the four 
curves is similar under non-operating conditions. The maximum stress
occurs at the weld corner where a curve is 0.88m, b curve is 0.02m, and d 
curve is 0.58m.
(2) From the displacement-stress curve Figure.7, it is seen that the trend
of the four curves is irregular under operating conditions. The maximum
stress occurs at the welding corner where the C curve is 0.24 m. The
moment load under the installation conditions should be appropriately
reduced, so as to ensure design engineering piping safety. 
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