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Abstract: The subject of this paper is the analysis of stress distribution of the pipeline branch in hydropower. Pipe branches are widely 
used and very in complexity of the shape. Behaviour of the pipe branch subjected to the internal pressure was analyzed both numerically and 
experimentally. Analytical stress calculations are limited on the simpler forms of branches, so numerical calculations had to be used. Focus 
of numerical analysis was on determining critical locations and its values. Strain gauge method was used to measure greatest stress 
concentrations on the defined locations. Experimental results were very close to numerical calculations. Material used for manufacture of 
the pipeline branch is NIOVAL 47. This paper can be used as the base for the future researches concerning stress distribution in other 
branches among the pipeline both numerically and experimentally. 
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1. Introduction 
Reason for the detailed research of the A6 (Figure 1.) branch on 

the C3 pipeline in the HP Perucica lies in the necesity of adding one 
generator and thus to increase the production capabilities of HP. It 
is necessary, among other, to perform detailed stress analysis, so the 
further activities can be planed. Installation of the generator would 
increase dynamic loads of the branch. This is why it is useful to 
have real image of the branch loads in static conditions, so it could 
be verified through the detailed calculation of dynamic loads if 
there is space for generator implementation.  

 
Fig. 1 Branch A6 after reconstruction 

Pipeline branch geometry is basically very complex as seen in 
Figure 2. This means that on the local level, on the some places of 
the branch, big geometric irregularities can be noticed. In places of 
branch geometric irregularities, when certain geometric values, 
which define branch geometry, suddenly change, also the values of 
the stress in the branch material changes. 

Changing the internal pressure of the pipeline and branch, on 
the places of geometric irregularities stress values can't be 
controlled with known theoretical processes of the stress analysis. 
So, it is very important to try to define stress concentration factor. 

Topic of this paper is the analysis of stress distribution of 
pipeline branch subjected to internal pressure. 

Various analysis have to be performed in order to validate the 
integrity of real structures. These analysis depend on the criticality, 
loads, and geometry. In the case of branch designing many factors 
such as: branch shape, manufacturing materials, stress calculation 
etc., have to be considered. Stress calculation is possible only in the 
domain of the regular geometric shapes, and is defined by standards 
for pressure vessels.  

Many engineers use various software packages for calculations 
based on finite element method. Paper [2] showed it was possible to 
easily implement elastic compensation method to any Finite 
Element Code in order to enable simpler determination of limit 
loads in complex structures. In papers [3] and [4], the authors 

studied limit load solutions for branch connections (with straight 
branch to run angles) under different loads. In paper [5], static finite 
element method is performed for analysis of piping system and the 
pipe branch in order to determine extreme stress values. The most 
loaded parts of the pipe branch were analyzed by experimental 
tensometric method. This way, by combining numerical and 
experimental analysis, it was possible to obtain stress distribution of 
the whole pipeline. By analyzing obtained stress values, it was 
possible to evaluate stress concentration factor for the pipe branch 
model, which can be applied on the structures with similar 
geometry[1]. 

2. Finite element method 
Special attention during the preparation of this paper was 

devoted to the analysis of  branch with finite element method. From 
the accuracy of obtained data depends whether it can be expected 
that the real branch can be credibly displayed in the commercial 
software. This question has been raised because of the complexity 
of the geometry, irregularities and stress concentration, incomplete 
technical documentation, etc. If the comparative analysis of the 
obtained data show that the geometric model of real branch is 
acceptable, then it can be an important incentive for further 
research, because it does not have to be conducted on a real branch 
but can be used for the geometric model. Due to the size and 
inaccessible terrain on which branch is this may represent a 
significant contribution in the future. Branch A6 is made of a 
material Nioval 47. Basic dimensions of the branch at the entrance 
is D1 = 2500 mm, while the diameter of the branches at the exit:  
D2 = 2250 mm. Branch length L = 4300 mm, while the thickness is 
s = 36 mm. There are segments of the branch with thickness of  
50mm, and for these segments are welded so called branch collars. 

 
Fig. 2 Branch A6 tecnical documentation 

Based on earlier researches [1] critical spots on the branch 
model are defined and experimental and numerical calculation of 
stresses in critical points (measured points) are conducted. Using  
the similarity, applied to pipelines under pressure when bending 
stresses are considered small, thus losing the non-linearity of the 
problem, it is possible to assume that the stresses at critical points 
are to be about the same on a real branch and branch model, if the 
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conditions of  boiler formula are satisfied when creating branch 
model.  

 
Fig. 3 FEM model of the branch 

Geometrical modeling and stress deformation analysis is 
preformed using AUTODESK INVENTOR 2012 as FEM software. 

 
Fig. 4 Critical strip of FEM branch model pressure 20 bars 

Reviewing results of the analysis preented in the Figures 4, 5, 7, 
8, it can be concluded that the biggest Von Misses stresses of 
branch apears in the area next to branch collar. Von Misses stresses 
are given in the table 1. 

 
Fig. 5 Critical strip of FEM branch model pressure 50 bars 

 
Fig. 6 Anchor of FEM branch model 

 

 

 

 

Table 1: VonMisses stresses values for MP1 

Pressure values 
[bar] 

Maximum stress values for MP1 
[MPa] 

20 111 

50 234 

84 458 

 

  
Fig. 7 Critical strip of FEM branch model pressure 84 bars 

The results of numerical analysis of real branches shows that 
critical zones, when stress value is concerned, are exactly as the 
points obtained by branch model analysis [1] (with smaller 
geometry) both experimental and numerical method. This leads to 
the conclusion that the tests can be based on numerical methods and 
analysis models, without the necessary tests of the branch in real 
conditions. Dominant loads in all the tests that were performed 
figure as loads of stretching the material, which leads to the 
appearance of cracks in critical areas. This is also confirmed by the 
linear dependence of the critical stress loads, which means that  
bending loads of branch are not dominant. 

 
Fig. 8 Critical strip of FEM branch model pressure 84 bars 

3. Experimental measuring 
Experimental research on the branch model (Figures 9, 10, 11) 

were conducted in order to verify the assumption that the real 
branch is possible to replace in analasys with the branch model. 
This can be carried out in strict compliance with the conditions 
defined by the boiler formula. Calculation of stresses in the branch 
structure analytically  is possible and correct only on the cylindrical 
part of branch excluding stiffeners, ribs and holes. This calculation 
is defined also with the standards for pressure vessels. The formula 
by which calculationes of the stress is carried out in this case is 
called the boiler formula. 

Boiler formula for calculating stresses on the cilinder loaded 
with internal pressure without ribs and holes is: 

- cilinder circumferential direction t
Rpo ⋅

=σ
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- cilinder longitudinal direction    t
Rpp

⋅
⋅

=
2

σ
   

where:  p [bar]- fluid internal pressure, 

R [mm]- cilinder radius, 

t [mm]- cilinder thickness. 

From previous equations it can be seen that values of stress in 
circumferential direction twice bigger from the values in the 
longitudinal direction - po σσ 2= . 

 
Fig. 9 Branch model with strain gauges 

Branch model should give same stress as real branch. This is 
secured with the similarity method as follows: 

elamod

elamodelamodo

t
Rp

t

Rp

t
Rp ⋅

=
















 ⋅
=

⋅
=

10

52σ

 
Obtaining the values of the same stress is secured as follows: 

2
pp elamod =

 5
RR elamod =

 10
tt elamod =

 
Real branch: p = 50 bar, R = 1250 mm, t = 36 mm, σo = 174 

MPa. 

Branch model: p = 25 bar, R = 250 mm, t = 4 mm, σo = 156 
MPa. 

 
Fig. 10 Branch model in laboratory 

This means that the branch modelfor twice the value of the 
pressure has twice the value of circumferential stress, or that branch 
model should be loaded with twice as less pressure to be correlated 
with the real branch. For creation and load of the model following 
relations are adopted. Since there was no sheet thickness of 3.6 mm, 
it was necessary to apply a sheet thickness of 4 mm. In this way, a 
smaller stress is obtained in the sheets of the newly selected 
thickness by about 10%. The stress on the anchor (ellipse) is same 
in the model and the real branch since the thickness are of 8 mm 
and 80 mm. Similarities method we could apply to this branch 
model, because in its structure there is very little presence of 
bending stresses which depend on the square of the material 
thickness (t2). Based on the reading of all the diagrams stress value 
is defined  at all measurement locations for the pressure of 10 bar 
and they are given in table 2: 

Table 2: Measuring results 

Pr
es

su
re

[b
ar

s]
 

Stress[kN/cm2] - Measuring point 

MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 

10 11 7.5 5 - 1 0.5 4 3.3 

 

 
Fig. 11 Measuring equipment 

Stress values at any pressure until the limit of the strength of 
material is obtained in the way that values from the table are 
multiplied with the ratio of the desireable pressure and pressure of 
10 bars. Research pressure is adopted as twice smaller than real 
branch exploatation pressure and limit of the materials strenght of 
branch model is S355J2+N (Č.0563)  36 KN/cm2 
(KN/cm2=10MPa). 

4. Discussion of the results 
Based on the previously presented data in the previous sections 

of this paper, it is possible to reach the following conclusions: 

Table 3: Comparison of obtained values 

Measuring 
point No: M

P1
 

M
P2

 

M
P3

 

M
P4

 

M
P5

 

M
P6

 

M
P7

 

M
P8

 

Experimental 
[MPa] 

110 75 50 - 10 - 40 33 

FEM branch 
model [MPa] 

107 84 63 - 11 - 45 31 

FEM real branch 
[MPA] 

111 86 73 - 13 - 47 31 

 

Places that includes a narrow strip at the junction of the anchor 
and pipe are recognized as places with a maximum intensity of 
stresses. This is confirmed by numerical analysis of branch model, 
and the real branch, and also at experimental measurments on the 
branch model which can be seen in the fugures. 

Comparative results of all three studies are given in Table 3. 
The coincidence of the critical stress intensity in numerical analysis 
on the real branch A6 with the results obtained at experimental 
branch model analysis thus justifying the application of the boiler 
formula, based on which is shown geometrical similarity between 
the model and the real branch. As stated before, this similarity 
enables  proper application of the proportionality of pressure to 
form the corresponding stresses, which are confirmed by numerical 
analysis of the branch model. 

Analysis of the results presented in Table 3 leads to the 
conclusion that the results obtained by numerical methods 
correspond to the experimental measurements that were performed 
on the branch model. 

31

SCIENTIFIC PROCEEDINGS XIV INTERNATIONAL CONGRESS "MACHINES. TECHNOLОGIES. MATERIALS." 2017 - WINTER SESSION
WEB ISSN 2535-003X 

PRINT ISSN 2535-0021

YEAR I, VOLUME I, P.P. 29-32 (2017)



5. Conclusions 
Following conclusions can be  given: 

• 3D model of the pipe branch was analyzed with finite 
element method. This allowed locating critical spots on the branch 
from the stress concentration point of view. 

• Experimental measurements, conducted by the strain 
gauges, were compared to the numerical calculations. Locations 
with the greatest stress concentrations were determined. Numerical 
and experimental methods confirmed that plastic deformation 
would not occur on the pipe branch in the maximum regime of the 
hydropower's work. 

• Numerical calculations of the branch can be compared 
with the numerical calculations of the branch model, and 
experimental results that were performed on the branch model. 

The results presented in this paper could form the basis for 
future research. The fact that all tests on the branch can be replaced 
by tests on a branch model greatly facilitate future research and 
testing in the field of stress concentration, strains and deformations. 
Also, one of the aspects on which future research is based on that 
and all the other branches and critical points on the pipeline C3 in 
HP "Perucica" can be simulated in a similar manner. Through this 
work, among other things it is shown that whenever possible, 
especially in structures whose dimensions are large, the output 
should be sought in designing the model, which will faithfully 
reflect the behavior of the real object of research. Such a model, 
even analyzed through numerical methods, can be enough to 
pinpoint critical bands on which to focus in the research of the real 
object. 

6. Literature 
[1] Bajic, D.; Momcilovic, N.; Maneski, T.; Balac, M.; Kozak, 

D.; Culafic, S.: Numerical and Experimental Determination of 
Stress Concetration Factor for a Pipe Branch Model 

[2] Plancq,  D; Berton, M.N. Limit Analysis Based on Elastic 
Compensation Method of Branch Pipe Tee Connection Under 
Internal Pressure and Out - of - Plane Moment Loading. // 
International Journal of Pressure Vessels and Piping, 75(1998), pp. 
819- 825.  

[3] Kim, Y.J; Lee, K.H.; Park, C.Y. Limit Load for Piping 
Branch Junctions Under Internal Pressure and In - Plane Bending - 
Extended Solutions. //  International Journal of Pressure Vessels and 
Piping, 85(2008), pp. 360- 367. 

[4] Mkrtchyan, L. Scha, H. Hofer, D. Stress Indices for Branch 
Connections with Arbitrary Branch -To-Run Angles,// Transactions, 
SmiRT/ New Delhi, India, 21. November 2011, pp. 1-8. 

[5] Jovanovic, M.; Milenkovic, D.; Petrovic, G.; Milic, P.; 
Milanovic, S. Theoretical and Experimental Analysis of Dynamic 
Processes of Pipe Branch for Supply Water to the Pelton Turbine. // 
Thermal Science, vol. 16, (2012), pp. S617-S629. 

 

 

 

32

SCIENTIFIC PROCEEDINGS XIV INTERNATIONAL CONGRESS "MACHINES. TECHNOLОGIES. MATERIALS." 2017 - WINTER SESSION
WEB ISSN 2535-003X 

PRINT ISSN 2535-0021

YEAR I, VOLUME I, P.P. 29-32 (2017)




