
 
Journal of Energy and Natural Resources 
2023; 12(1): 1-6 
http://www.sciencepublishinggroup.com/j/jenr 
doi: 10.11648/j.jenr.20231201.11 
ISSN: 2330-7366 (Print); ISSN: 2330-7404 (Online)  

 

Stress Analysis of Large Diameter Pipe Interface Structure 
of Boiler Main Steam Pipe 

Chen Ye
*
, Zheng Nenghong, Yang Rui, Xia Fengbing, Liu Tao, Huang Renjie, Chai Lijun 

College of Mechanical Engineering, Sichuan University of Science and Engineering, Yibing, People’s Republic of China 

Email address: 

 
*Corresponding author 

To cite this article: 
Chen Ye, Zheng Nenghong, Yang Rui, Xia Fengbing, Liu Tao, Huang Renjie, Chai Lijun. Stress Analysis of Large Diameter Pipe Interface 
Structure of Boiler Main Steam Pipe. Journal of Energy and Natural Resources. Vol. 12, No. 1, 2023, pp. 1-6. doi: 10.11648/j.jenr.20231201.11 

Received: March 17, 2023; Accepted: May 6, 2023; Published: May 18, 2023 

 

Abstract: The “four tubes” safety of the boiler is related to the economic and safe operation of the boiler. In order to ensure the 
safety of boiler steam pipe large diameter nozzle welding place, the structural stress analysis of the special large-aperture nozzle 
pipeline designed in a boiler enterprise's design process is studied in this paper. In the case, the allowable angle of the pipeline 
exceeds the direct calculation range of JB4732-1995, therefore, the ANSYS finite element analysis method is used to calculate 
the structural stress of the pipeline, and the stress evaluation is carried out. The results show that the finite element method can 
effectively calculate the pipeline structure's stress calculation. In order to meet the requirements of JB 4732-1995 for the 
evaluation of various types of stress intensity step by step, the film bending stress is treated as SIII, and the conservative treatment 
is controlled by 1.5Sm, therefore, the finite element analysis results of the pipeline show that the maximum equivalent stress is 
176.22 MPa, which is located at the connection between the large nozzle and the main pipe, and the larger the diameter of the 
pipe nozzle, the higher the equivalent stress. The stress evaluation results of the pipeline are evaluated according to the third 
stress intensity, and the strength of the analyzed parts meets the standard requirements. 
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1. Introduction 

The “Four-tube” safety of the boiler is related to the safe 
and economic operation of the boiler, so it has been wide a 
concern by domestic and foreign boiler enterprises and 
research institutions. The boiler’s main steam pipes are used to 
transport high-temperature and high-pressure steam. The 
pressure and temperature of the working medium in the pipe 
are high. Once the leakage or even fracture occurs, it will 
seriously endanger the safety of the operator and the normal 
operation of the boiler unit. 

The material used in the steam pipeline of the boiler is 
mainly structural steel. This material is sensitive to 
temperature changes. When the temperature rises to a certain 
extent, the performance of structural steel will change greatly. 
Excessive steam temperature is easy to cause 
high-temperature failure. In addition, the steam pipeline will 

cause fatigue failure of the pipeline under the alternating load 
of repeated pressurization and pressure relief [1, 2]. Different 
pipeline structures and stress conditions are very complicated, 
and there are certain requirements for the primary stress and 
secondary stress generated by the pipeline. Therefore, 
scholars at home and abroad have conducted extensive and 
in-depth research, mainly focusing on creep life analysis [3-6], 
pipeline performance evaluation monitoring [7, 8] stress 
analysis [9-11], and failure analysis [12]. To ensure the safety 
of boiler steam pipes, after long-term research, China has 
formulated JB4732-1995 “steel pressure vessel-analysis and 
design standard” [13], GB150-2011 “steel pressure vessel” 
[14] and GB/T 16507-2022 “water pipe boiler” [15] and other 
standards suitable for safety assessment and design of boiler 
pipes. However, in the design process of boiler enterprises, 
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there are still special pipelines that exceed the existing 
standards. For example, it is very difficult to calculate the 
stress at the interface of large-diameter nozzle pipes with an 
allowable angle of more than 45° according to the published 
JB4732-1995 standard. There is a certain deviation between 
the results of primary stress, secondary stress, and the actual 
situation. Therefore, in the existing situation, the strength 
analysis and evaluation of the pipeline with a large diameter 
nozzle cannot be completed by simple calculation, and the 
strength evaluation can only be carried out by the finite 
element method. 

In this paper, the problem of structural stress and stress 
assessment of special large-diameter nozzle pipes are 
discussed which needed to be designed in the design 
process of a boiler plant, the ANSYS finite element analysis 
software is used to establish the stress calculation model of 
steam pipes according to the design scheme. The stress 
linearization method is used to carry out the strength 
assessment of steam pipes at the interface of large-diameter 
pipes to ensure that the strength of boiler steam pipes meets 
the requirements. 

2. Finite Element Model 

2.1. Steam Pipe Geometry and Performance Parameters 

According to the design requirements of a boiler plant, 
the size of the steam pipe is Φ219mm×16mm. There is a 
large aperture nozzle of Φ133mm×10mm in the horizontal 
270° direction of the cylinder and the horizontal 192° 
direction. There are three small nozzles of Φ60mm×5mm 
in the direction of 90°. The distance between the small 
nozzles is 90mm, and the nearest distance between the 
small nozzle and the center point of the main nozzle is 
10mm in the vertical direction. The basic design 
parameters and material parameters of the pipeline are 
shown in Table 1 and Table 2. 

Table 1. Basic design parameters of the pipeline. 

Projects Unit Parameter 

Design pressure Pc MPa 5.09 
Design temperature °C 275 
corrosion addition mm 0.5 

Table 2. Main material parameters of the pipeline. 

Projects Unit Parameter 

material type  20G (steel tube) 
Elastic modulus Et MPa 181000 
Poisson ratio µ  0.3 
Thermal expansion coefficient α (10-6/°C) 12.78 
Allowable stress [σ]t MPa 110 

2.2. Finite Element Model 

Stress assessment of the model is an important means to 
ensure the normal operation of the boiler. According to the 
design parameters, the allowable angle of the steam pipeline 
studied in this paper is 58°, which is beyond the scope of 

direct use of the JB4732-1995 steel pressure vessel-analysis 
design standard. Therefore, the finite element method is used 
to evaluate the stress of the model. 

The finite element model shown in Figure 1 was 
established by ANSYS software. The following 
simplifications were made in the process of establishing the 
model: local details such as welds and fillets were ignored. 
The corrosion margin was considered in the model, and the 
wall thickness was subtracted by 0.5mm on the original basis. 
The 20-node hexahedral element solid186 of ANSYS 
software is used to divide the grid. The header cylinder is 
divided into 6 layers along the thickness direction, the wall 
thickness of the large nozzle is divided into 5 layers, and the 
wall thickness of the two small nozzles is divided into 4 
layers. The whole finite element model is divided into 
541139 nodes and 128,970 elements. The mesh discretization 
is shown in Figure 2. 

 

Figure 1. Finite element model of steam pipeline. 

 

Figure 2. Mesh generation of finite element model. 

2.3. Boundary Condition 

Because the working medium in the boiler steam pipeline 
has pressure, the load applied in the finite element analysis 
is mainly divided into pressure load and temperature load. 
The design pressure is applied to the inner surface in 
contact with the medium, that is, internal pressure is applied 
to all inner surfaces, and the design pressure Pc=5.09MPa. 
The operating temperature of the whole model is 275°C and 
the ambient temperature is 20°C. According to the 
operation of the boiler, the constraints on the steam pipe are 
as follows: 

1) the vertical displacement and rotation will be limited at 
the end (X=0); 

2) The nodes of the end face are taken for circumferential 
displacement and axial restraint, that is, UY = 0, UZ = 
0 in cylindrical coordinates; 

3) In another end face and nozzle end face, apply the 
equivalent surface force generated by internal pressure. 

The application of the boundary conditions and the loading 
are shown in Figure 3. 
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                                      (a)                                               (b) 

Figure 3. Calculation model boundary conditions and load application ((a) computing model constraints; (b) applying load to the calculation model). 

3. Results and Analysis 

3.1. Stress Cloud 

Under a load of each design condition, the third strength 
cloud diagram of the pipeline is shown in Figure 4. It can be 
seen from the diagram that the bending moment caused by 
the opening of the nozzle makes the equivalent stress of the 
nozzle attachment lower, which is determined by the three 
stresses. The stress concentration is mainly in the main pipe 
and Dalian nozzle and small connecting pipe opening 

welding position. Figure 5 is the equivalent stress cloud 
diagram at the opening of the connecting pipe of two sizes. It 
can be seen from Figure 5 that the larger the opening size of 
the connecting pipe, the higher the equivalent stress, and the 
higher the possibility of danger at the opening. The 
maximum equivalent stress appears at the Dalian nozzle, 
with a maximum value of 176.22 MPa, while the maximum 
equivalent stress at the small nozzle interface is 142.29 MPa. 

The figures should be clear and they should be numbered 
as Figure 1, Figure 2, Figure 3 etc. There should be 
annotations behind each figure as follows: 

  

                                       (a)                                             (b) 

  

                                       (c)                                             (d) 

Figure 4. The third strength cloud of the pipeline ((a) Overall Tesca equivalent stress cloud map; (b) Overall circumferential stress S1 cloud diagram; (c) 

Overall axial stress S2 program; (d) Overall radial stress S3 program). 
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                                       (a)                                             (b) 

Figure 5. Local Trsca equivalent stress program of the large and small nozzle ((a) large nozzle; (b) small takeover). 

3.2. Stress Assess 

According to the stress distribution cloud diagram of the 
pipeline in Figure 4 and Figure 5, the maximum stress 
distribution surface is determined, then the most dangerous 
path is selected, and the calculation results are linearized to 
provide a basis for subsequent stress evaluation. According to 
JB4732-1995 ' steel pressure vessel-analysis design standard ' 
evaluation standard: 

1) In the primary stress zone, the maximum average 
equivalent stress of the inner and outer walls or the 
average equivalent stress of the section is less than 1 
times the allowable stress; 

2) In the primary stress zone, the equivalent stress of the 
maximum equivalent stress or the sum of the section 
average stress and the bending stress is less than 1.5 
times the allowable stress; 

3) In the secondary stress zone, the maximum average 
stress of the inner and outer walls or the average 
equivalent stress of the section is less than 1.5 times the 
allowable stress; 

4) In the secondary stress zone, the equivalent stress of 
the maximum equivalent stress or the sum of the 
section average stress and the bending stress is less 
than 3 times the allowable stress. 

According to the selection principle of the stress 
linearization path, the linearization path is set by the maximum 
stress intensity node and the shortest distance along the wall 
thickness direction. The path is set along the wall thickness 
direction for the relatively high-stress intensity area. A total of 
6 evaluation paths are selected for the large and small nozzles. 
The name and node number are shown in Table 3, and the 
specific path distribution is shown in Figure 6. 

Table 3. Evaluation Path. 

Path number node number node number 

1 197767 197780 
2 197767 197780 
3 197767 197771 
4 3916 3905 
5 3916 3910 
6 3916 3899 

 

  

                                      (a)                                               (b) 

Figure 6. Assessment path of the stress assessment area ((a) large nozzle; (b) small pipe). 

According to Figure 6, the stress linearization path is set at 
the discontinuity of the structure. Through the function of 
stress linearization along the path provided by ANSYS 
software, various types of stress along the path of wall 

thickness can be distinguished. The results of stress 
linearization along each path are listed in Table 4 stress 
classification. 

The bending stress near the nozzle or other openings 



 Journal of Energy and Natural Resources 2023; 12(1): 1-6 5 
 

contains both the primary stress component caused by static 
equilibrium and the secondary stress component caused by 
structural discontinuity. 

Due to the finite element software, the total amount of 
membrane bending stress can only be given after linearization 
in ANSYS, and these two stresses cannot be further subdivided. 
Therefore, considering that the total bending stress at this place 
contains the primary bending stress required for static 
equilibrium and the secondary bending stress caused by 
deformation coordination since the two components cannot be 
distinguished, there is no additional bending stress in the 
external load in this paper. The bending stress in the path is 

used as the secondary stress, that is, it is reasonable and 
feasible to evaluate according to SIV, and 3Sm. 

Further analysis, in order to meet the requirements of JB 
4732-1995 for the evaluation of various types of stress 
intensity step by step, the film bending stress is treated as SIII, 
and the conservative treatment is controlled by 1.5Sm, which 
is a very conservative way. Only Path1 is not rounded due to 
stress concentration, which exceeds the limit by 6%. 
Therefore, this paper still uses the method of JB4732-1995 to 
evaluate the third stress strength. According to the analysis 
and evaluation results, the strength of the analyzed part meets 
the standard requirements. 

Table 4. Stress evaluation results. 

Projects and Paths 
SⅡ(PL) MPa SⅣ(PL+Pb+Q) MPa 

Conclusion 
Calculated value Allowable value 1.5KSm Calculated value Allowable value 3KSm 

Path1 114.42 165 175.75 330 

Pass 

Path1 94.27 165 130.09 330 
Path1 88.16 165 112.69 330 
Path1 100.51 165 144.44 330 
Path1 85.66 165 116.51 330 
Path1 78.44 165 95.27 330 

 

4. Conclusion 

In this paper, the structural stress and stress assessment of 
the large opening nozzle pipeline in the design process of a 
boiler steam pipeline in a boiler enterprise are analyzed, and 
the following conclusions are obtained: 

(1) The allowable angle of the pipeline interface is 58°, 
which is higher than the requirement of ≤ 45° which 
specified in the JB 4732 - 1995 design. The stress 
assessment of the pipeline can only be carried out by 
the finite element method. 

(2) The finite element analysis results of the pipeline show 
that the maximum equivalent stress is 176.22MPa, 
which is located at the connection between the large 
nozzle and the main pipe. 

(3) The results of the pipeline stress assessment show 
that the third stress intensity is evaluated. 
According to the analysis and evaluation results, 
the strength of the analyzed part meets the standard 
requirements. 
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