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ABSTRACT 

 This paper report stress analysis of two pressurized cylindrical intersection using finite element 

method. The different combinations of dimensions of run pipe and the branch pipe are used to investigate 

the stresses in pipe at the intersection. In this study the stress analysis is accomplished by commercial 

finite element package ANSYS.   
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INTRODUCTION 

 A pipe or tube is hallowing longitudinal product. A pipe is a general term used for hallow product 

having circular, elliptical or square cross section or for that matter cross section of any closed perimeter. 

A pipe is tubular product of cross section that has specific sizes and thicknesses governed by particular 

dimensional standard. Thus while tubes can be ordered for any DO or DI or thickness, pipes have 

specific sizes and thickness and have to be ordered based on these size or thickness. 

Finite element analysis of pipe T-joint 

 FEA with differential equation of system and end with solving them approximately. It goes through 

a number of steps in between. It converts differential equation in to integral equation by using variation 

approach or weighted residual method. Next it divides the problem domain into elements and develops 

the elements equations. It assembles the element equation to obtain the global system matrix equations. 

The boundary condition and external loads are applied to this system before solving. The result of the 

solution are available at the nodes of the elements .finite element analysis can display them in graphical 

form to analyse them, to make design decisions and recommendations. 

 Conventional analytical method for solving stress and strain become very complex and almost 

impossible when part geometry is very complex and almost impossible when part geometry is intricate. 

In such cases finite element modelling becomes very convenient means to carry out the analysis. Finite 

element process allow for discretizing the intricate geometries into small fundamental volumes called 

finite element. It is possible to write the governing equations and material properties for these elements. 

These elements are then assembled by taking proper care of constraints and loading, which result in set 
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of equations. These equations when solved give the result that described the behaviour of original 

complex body being analysed. For this analysis  pipe T-joint having the different thicknesses. By change 

the diameter of branch pipe and the run pipe and get number of combinations of that and then finding the 

results. 

A. Dimensions of pipe T-joint 

Outer diameter = DO = 50 mm 

Inner diameter = DI = 40 mm  

Length of main pipe = 300 mm 

Length of branch pipe = 150 mm 

Modulus of Elasticity = E = 200*10³ Mpa 

Poisson’s Ratio= 0.3 

Pressure= Pi = 1 Mpa. 

B. Model of Pipe T-Joint  

 In this work simple pipe T-joint will be used for analysis.Where the branch pipe is attached with run 

pipe with an angle of 900. The model is shown in fig.1, in which ANSYS software is used for modelling 

the T-joint pipe. The model has length of main pipe is 300mm and branch pipe is150mm. The advantage 

of symmetry is taken while analysis and quarter model is shown in fig.2. 

 

Figure 1 pipe T-joint 
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Figure 2 : One Fourth Model of Pipe T-Joint 

C. Meshing  

 Meshing is the integral part of computer - aided engineering (CAE) analysis process. The mesh 

influences the accuracy, convergence and speed of solution. Furthermore, the time it takes to get result 

from a CAE solution. Therefore, the better and more automated the meshing tools of ANSYS software 

which having smart size option is to control size of element and nodes.  

 The meshed pipe T-joint model using element type solid 92 tetrahedral 10 nodes. This element type 

is 3D stress having element count 49967 and nodes 79218 and finer meshing is applied to model as 

shown in Fig.3. 

 

Figure 3 : Meshed model of pipe T-joint 

D. Loading 

  The pipe T-joint model is loaded by internal pressure. The pressure of 1 Mpa is considered for 

analysis.  

E. Boundary Conditions 

 In the case of one fourth of the T-joint, X axis, Y axis and the Z axis are the axes of symmetry. 

Hence for the node laying in the XY plane the displacement along the Z axis is zero. i. e. W=0, similarly 
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for the nodes lying in the XZ plane v=0 and for the nodes lying in the YZ plane u=0. Only those lying on 

the boundaries of the one forth section of the T-joint  were considered for the imposition of the boundary 

condition. Internal pressure and constraint to model of pipe T-joint with help of ANSYS Software. This 

model is shown in Fig. 4.    

 

Figure 4 : Loading and Constraint 

III. RESULTS AND DISCUSSION 

The analysis reveals the stress distribution over the pipe. The location of maximum stress is present at 

the intersection of pipe and Von-mises stresses, First Principle Stresses and Third Principle Stresses 

contains are shown in Fig  5,6 and 7 .The maximum  Von- mises stress is 31.4048 Mpa. The maximum 

First Principle Stress at the end of the pipe is 4.1507 Mpa. The minimum stress is 3.9141 Mpa. The 

maximum Third Principle Stress at the end of the pipe is -1 Mpa. The minimum stress is 0 Mpa. 

 

Figure 5 : Von-Mises Stress 
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Figure 6 : First Principle Stress 

 

Figure 7 : Third Principle Stress 

Analytical calculation 

σ(max)= Pi((Ri²+Ro²)/(Ro²-Ri²)) 

σ(max)= 1×((25²+20²)/(25²-20²)) 

σ(max)= 4.566 Mpa 

σ(min)= 2×Pi×Ri²/(Ro²-Ri²)) 

σ(min)= 2×1×20²/(25²-20²)) 

σ(min)= 3.556 Mpa 

Pi  = Pressure (Mpa) 

Ri  = Inner radius of pipe (mm) 

Ro  = Outer radius of pipe(mm) 

(DO)b = Outer diameter of branch pipe  

(DO)r = Outer diameter of runpipe 

(Di)b = Inner diameter of branch pipe 

(Di)r  = Inner diameter of run pipe 
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 The comparison between FE and analytical stresses is given in Table 1 The variation of stress along 

radius of the pipe is also given in Table 2 & shown in Fig. 6 & 7. 

Table 1 : Comparison between analytical stresses and FE stresses 

Stresses 
By Analytical Method 

(Mpa) 

By Finite Element Method 

(Mpa) 
% Error 

Max. Hoop stress 4.566 4.561 0.005 

Max. Radial stress -1 -1.001 0.001 

 

 It is seen from Table 1 that the error between analytical and FE values for stress is 0.005% and 

0.001%, which is negligible. 

Table 2 : Comparison between analytical stresses and F.E. stresses at various diametric positions 

Diameter 

(mm) 

Hoop stress 

% Error By Analytical 

method(Mpa) 

By FEM 

(Mpa) 

40 4.566 4.561 0.005 

42 5.793 5.799 0.006 

44 7.865 7.872 0.007 

46 12.021 12.033 0.012 

48 24.51 24.524 0.014 

 

 

Figure 8 : Variation of Hoop Stress for different Diameter Points 

 The stress analysis of pipe T-joint with (DO)b/(DO)r =1 revealed the stresses at pipe intersection. 

Von-mises stresses at the intersection are shown in Table 3. These stress values are evaluated for 

(DI)b/(DO)b varying from 0.8 to 0.96 and (DI)r/(DO)r varying from 0.8 to 0.96. 
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Table 3 : Maximum Von-Mises Stresses (Mpa) at the Intersection of Pipe 

(DI)b/(DO)b 

(DI)r/(DO)r 

0.96 0.92 0.88 0.84 0.8 

Maximum Von-Mises Stresses (Mpa) 

0.8 174.87 94.939 86.135 73.978 56.158 

0.84 101.24 78.033 60.942 50.564 43.158 

0.88 76.008 60.933 50.49 42.815 37.335 

0.92 61.207 50.578 43.655 38.072 34.001 

0.96 51.714 43.676 37.566 33.666 31.347 

 

 The values of the Maximum Von-Mises Stresses at the intersection of the pipe T-joint are plotted in 

Fig.9. 

 

Figure 9 : Variation of Max. Von Mises Stresses at the Intersection of Pipe 

 

The Table 4 shows the values of Max. Von-mises stresses for pipe T-joint away from the 

intersection for the run pipe and the branch pipe. 

Table 4 : Maximum Von-mises Stresses away from the Intersection of Pipe 

(DI)b/(DO)b 
Von-Mises Stress 

(Mpa) 
 (DI)r/(DO)r Von-Mises Stress (Mpa) 

0.8 6.343  0.8 6.58 

0.84 8.086  0.84 9.727 

0.88 11.67 0.88 14.338 

0.92 17.6 0.92 25.64 

0.96 32.2 0.96 72.7 
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The following Fig. 10 and Fig. 11 shows the variation of Max. Von-mises stress in the branch 

pipe and run pipe  away from the intersection.   

 

Figure 10 : Variation of Max. Von-Mises Stresses away from Intersection in Branch Pipe 

 

Figure 11 : Variation of Max. Von-Mises Stresses away from Intersection in Run Pipe 

 

 The analytically calculated hoop stresses and hoop stresses revealed by FEM away from intersection 

are shown in Table 4 and Fig.10, 11 shows the comparison between hoop stresses calculated analytically 

and by FEM away from intersection. 

Table 5 : Maximum Hoop Stresses away from the Intersection of Pipe 

(DI)b/(DO)b 

FE values for 

Max. Hoop 

Stress (Mpa) 

Analytical Max. 

Hoop Stress 

(Mpa) 

 

(DI)r/(DO)r 

FE values for 

Max. Hoop 

Stress (Mpa) 

Analytical 

Max. Hoop 

Stress  (Mpa) 

0.8 4.661 4.566 0.8 4.612 4.566 

0.84 5.621 5.798 0.84 5.726 5.798 

0.88 7.537 7.865 0.88 7.962 7.865 

0.92 11.956 12.0208 0.92 10.177 12.0208 

0.96 27.502 23.096 0.96 22.069 23.096 
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Figure 12: Comparison between hoop stresses calculated analytically and by  

FEM away from intersection in Branch Pipe 

 

Figure 13 : Comparison between Hoop stresses calculated analytically and by  

FEM away from intersection in Run Pipe 

 It is seen from the Table 5 and Fig.12, 13 that the hoop stresses away from intersection evaluated 

analytically and by FEM are quite closer. This verifies the exactness of FE solution. 

 The stress analysis of pipe T-joint with (DO)b/(DO)r =0.6 revealed the stresses at pipe intersection. 

Von-mises stresses at the intersection are shown in Table 6. These stress values are evaluated for 

(DI)b/(DO)b varying from 0.667 to 0.93 and (DI)r/(DO)r varying from 0.8 to 0.96. 

Table 6 : Maximum Von-Mises Stresses (Mpa) at  the Intersection of Pipe 

(DI)b/(DO)b 

(DI)r/(DO)r 

0.96 0.92 0.88 0.84 0.8 

Maximum Von-Mises Stresses (Mpa) 

0.667 126.54 71.118 52.775 42.439 35.854 

0.73 100.87 54.651 42.6 34.874 29.05 

0.8 95.9 45.023 36.75 30.364 25.834 

0.86 82.493 37.669 31.289 28.123 23.944 

0.93 69.963 32.863 28.028 24.003 22.385 
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 The values of the Von-mises stresses at the intersection of the pipe T-joint as given in Table 6 are 

plotted in the Fig. 14. 

 

Figure 14 - Variation of Max. Von-Mises Stresses at the Intersection of Pipe 

 The Table 7 contains the values of Max. Von-mises stresses for pipe T-joint away from the 

intersection for the run pipe and the branch pipe. 

Table 7 : Maximum Von-Mises Stresses away from the Intersection of Pipe. 

(DI)b/(DO)b 

VON-MISES 

STRESS(Mpa) 

 

(DI)r/(DO)r 

VON-MISES 

STRESS(Mpa) 

0.8 5.5137 0.66 3.2109 

0.84 7.146 0.733 3.982 

0.88 8.0827 0.8 5.351 

0.92 13.38 0.866 8.217 

0.96 26.784 0.93 16.364 

 

 The following Fig. 15 shows the stress variation of Max. Von-mises stress in the run pipe and 

branch pipe away from the intersection. 
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Figure 15 :  Variation of Max. Von-Mises Stresses away from Intersection in Run Pipe 

 

Figure 16 : Variation of Max. Von-Mises Stresses away from Intersection in Branch Pipe 

III. CONCLUSION 

1. It is observed from the figs. 9, 12, 13, 14 that as the thickness of branch pipe goes on reducing 

the stress at the intersecting junction are also reducing, and  as thickness of run pipe increases 

the stresses are also reducing at the intersecting junction.  It means the behaviour of stress at 

intersection is exactly reverse for branch pipe thickness and run pipe thickness. It means that the 

lower value of branch pipe thickness  are preferable for lower stress values at intersecting 

junction provided the stresses in branch pipe are within the safe limits. 

This reduction of stresses at the intersection with lesser branch pipe thickness may be due to the 

less constraining effect of branch pipe on the run pipe.  

2. From figs. 9, 12, 13, 14 it is observed that as the thickness of run pipe increases, there is no 

appropriable change in Von-mises stress at intersecting junction with respect to change in 

branch pipe thickness. Thus for thicker run pipe the variation in the thicknesses in branch pipe 

do not play important role in reduction of Von-mises stresses at intersection. 

3. From table no. 3,6 and also from the figure no. 9,14 it is observed that, as the thickness of run 

pipe & the branch pipe reduces the stresses in the branch & run pipe away from the intersection 

point increases. Though it is desirable to have the lesser value of branch pipe thickness for 
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lesser von-mises stress at intersection point but lesser thickness of branch pipe will lead to 

increase in the stresses in the branch pipe. Thus the thickness of branch pipe plays a dominating 

role in the stress distribution at intersection point. Thus, judicial choice is necessary to decide 

the branch pipe thickness.  
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