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APPENDIX B 900MM X 90° BEND ASSESSMENT 

 

B.1 GEOMETRY 

In the absence of specific geometrical data the geometry of the bend is assumed to 
satisfy the criteria given in IGE/TD/12 and the minimum specified wall thickness and 
material properties of the 1973 edition of B1. The dimensions used are shown in Table 
B1. 

 

B.2 FINITE ELEMENT MODEL 

The three-dimensional finite element (FE) model of the bend was constructed using 
MSC Patran and analysed using the general purpose FE code ABAQUS. Twenty-
noded, three degree of freedom reduced integration brick (hexahedral) elements, 
C3D20R, were used for the analysis.  

Beam elements representing the pipe stress model are tied to the open ends of the 
3D solid model using rigid multi-point constraints (MPCs), as shown schematically in 
Figure B1.  The three nodes J(1), J(2) and J(3) are coincident at the intersection but 
are not connected. The branch node, J(3), is fixed by a translational and rotational 
boundary condition, whilst forces and moments are applied at the header nodes J(1) 
and J(2).   

The beams allow the application of forces and moments from the pipe stress model 
onto the solid model of the fitting.  Adequate lengths of pipe are modelled such that 
the local effects of the MPCs are removed from the area of interest at the fitting. 

The FE mesh created for the 900mmx90° bend is shown in Figure B2. 

 
B.3 MATERIAL PROPERTIES 

Young’s modulus and Poisson’s ratio equal to 210000 N/mm2 and 0.3, respectively, 
were used in all analyses. The material grade of the tee is unknown and has therefore 
been modelled assuming minimum required mechanical properties as per T1. The 
bend and matching pipe is material grade X65 which has a SMYS of 448MPa and 
SMUTS of 530MPa. 

 

B.4 LOADS 

 Internal Pressure 

Distributed pressure loads were applied to all internal surfaces.   

In order to represent the bend being ‘capped off’ downstream of the fitting, a pressure 
end loads is applied to End1 via the MPC. The pressure end load at End2 is taken into 
consideration by the reaction at the other MPC. 

 Applied Displacements 
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Large vertical displacements, due to settlement, were predicted from the pipe stress 
analysis, and therefore a strain based analysis has been undertaken of the bend, 
whereby boundary displacements/rotations, and not loads, are applied to the model. 

For the assessment criterion considered (sustained loading), displacements and 
rotations were extracted for the most highly stressed fitting only, details of the 
IGE/TD/12 assessment considered and associated loadcase from the pipe stress 
analysis are provided in Table B2. 

The applied displacements and rotations are given in Table B3. 

B.5 ANALYSIS 

The assessment of the 900mmx900mm tee, of Appendix A, indicated very high 
stresses in the fitting which exceeded the linear elastic assessment criteria of 
IGE/TD/12, for both plastic collapse and shakedown.  

For this reason, and in order to obtain a more accurate solution, a non-linear analysis 
has been undertaken to determine the acceptability of the 900mmx90° bend. 

 Plastic Collapse (Limit Load Analysis) 

Protection against plastic collapse is demonstrated by undertaking an elastic-
perfectly-plastic (limit load) analysis to determine the load which causes overall 
structural instability. 

B.6 RESULTS 

 Internal Pressure 

A contour plot of maximum principal stresses due to an internal pressure loading of 
79.5 barg is presented in Figure B3. Away from concentrations, maximum principal 
stress in the adjoining pipe is in the range 200 to 230 MPa.  Classical theory predicts 
a hoop stress of 228.6 MPa in the outside wall for a wall thickness of 15.9 mm. This 
provides some confidence in the model. 

 Abnormal Sustained 

Table B4 summarises the results of the limit load assessment. A limiting load factor of 
2.07 was found, and therefore the bend is fit for purpose for the anticipated abnormal 
sustained loadings (including settlement).
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B.8 FIGURES 

 

 
Figure B1 – 900mm x 90°Bend - Model Schematic 

 

MPC2 

MPC1 
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B.9 CONCLUSIONS 

1. A three-dimensional finite element model of the 900mmx90° bend has been 
created. 

 
2. Displacements and rotations, giving rise to the abnormal sustained exception, have 

been extracted from the relevant pipe stress model and applied on the FE model 
together with internal pressure.  
 

3. Finite element analysis of the 900mmx90° bend has been undertaken using the 
ABAQUS software, with a subsequent limit load analysis assessment to the TD/12 
criterion for abnormal sustained loading only. 

 
4. A limiting load factor of 2.07 was found, and therefore the bend is fit for purpose 

for the anticipated abnormal sustained loadings (including settlement). 
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APPENDIX C 900MM X 300MM SWEEPOLET ASSESSMENT 
C.1 GEOMETRY 

In the absence of specific geometrical data the geometry of the sweepolet is assumed 
to meet the requirements of the 1971 edition of F1. The dimensions used are shown 
in Figure C1. 

 

C.2 FINITE ELEMENT MODEL 

The three-dimensional finite element (FE) model of the sweepolet was constructed 
using MSC Patran and analysed using the general purpose FE code ABAQUS.  
Twenty-noded, three degree of freedom reduced integration brick (hexahedral) 
elements, C3D20R, were used for the analysis.  

Beam elements representing the pipe stress model are tied to the open ends of the 
3D solid model using rigid multi-point constraints (MPCs), as shown schematically in 
Figure C2.  The three nodes J(1), J(2) and J(3) are coincident at the intersection but 
are not connected. The branch node, J(3), is fixed by a translational and rotational 
boundary condition, whilst forces and moments are applied at the header nodes J(1) 
and J(2).   

The beams allow the application of forces and moments from the pipe stress model 
onto the solid model of the fitting.  Adequate lengths of header and branch pipe are 
modelled such that the local effects of the MPCs are removed from the area of interest 
at the fitting. 

The FE mesh created for the 900mmx300mm sweepolet is shown in Figure C3. 

 
C.3 MATERIAL PROPERTIES 

Young’s modulus and Poisson’s ratio equal to 210000 N/mm2 and 0.3, respectively, 
were used in all analyses. The material grade of the sweepolet is unknown and has 
therefore been modelled assuming minimum required mechanical properties as per 
F1 1972. A material grade of X60 has been assumed which has a SMYS of 413MPa 
and SMUTS of 517MPa.  

Material property details for the sweepolet and matching header and branch are 
provided in Table C1. 

 

C.4 LOADS 

 Internal Pressure 

Distributed pressure loads were applied to all internal surfaces.   

In order to represent the branch and one of the header sections being ‘capped off’ 
downstream of the fitting, pressure end loads were applied to the header pipe 
elements via the MPCs. The branch pressure end load was taken into consideration 
by the reaction at the branch boundary condition. 
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 System Forces and Moments 

For each of the assessment criteria considered, forces and moments were extracted 
for the most highly stressed fitting only, details of the IGE/TD/12 assessments 
considered and associated loadcase from the pipe stress analysis are provided in 
Table C2. 

Before application to the FE model, the extracted forces and moments were converted 
to the axis convention of the FE model. 

The extracted forces and moments are provided in Table C3 to Table C6 and the 
forces and moments applied to the FE model are given in Table C7 to Table C10. 

C.5 ANALYSIS 

The assessment of the 900mmx900mm tee, of Appendix A, indicated very high 
stresses in the fitting which exceeded the linear elastic assessment criteria of 
IGE/TD/12, for both plastic collapse and shakedown. For this reason, and in order to 
obtain a more accurate solution, non-linear analyses have been undertaken to 
determine the acceptability of the 900mmx300mm sweepolet. 

 Plastic Collapse (Limit Load Analysis) 

Protection against plastic collapse is demonstrated by undertaking an elastic-
perfectly-plastic (limit load) analysis to determine the load which causes overall 
structural instability. 

 Shakedown (Incremental Plastic Collapse) 

IGE/TD/12 does not provided guidance for undertaking a non-linear analysis to 
consider shakedown loads, therefore an elastic-perfectly-plastic analysis has been 
performed in accordance with ASME VIII Division 2. Details of the assessment are 
provided in Section 3.2.1. 

 

C.6 RESULTS 

 Internal Pressure 

A contour plot of maximum principal stress due to an internal pressure loading of 79.5 
barg is presented in Figure C4. Away from concentrations, maximum principal stress 
in the adjoining pipe is in the range 200 to 230 MPa.  Classical theory predicts a hoop 
stress of 228.6 MPa in the outside wall for a wall thickness of 15.9 mm. This provides 
some confidence in the model. 

 

 Sustained 

Table C11 summarises the results of the assessments, limiting loading factors of 1.52 
and 1.33 were found for the abnormal and normal sustained loadcases, and therefore 
the sweepolet is fit for purpose for the anticipated sustained loadings. 
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C.7 CONCLUSIONS 

 

1. A three-dimensional finite element model of the 900mmx300mm sweepolet has 
been created. 

 
2. System forces and moments, giving rise to the sustained, shakedown and fatigue 

exceptions have been extracted from the relevant pipe stress model and applied 
on the FE model together with internal pressure.  
 

3. Finite element analysis of the 900mmx300mm sweepolet has been undertaken 
using the ABAQUS software, with a subsequent limit load and fatigue assessment 
to the TD/12 DBA criterion for sustained and fatigue loadcases only. 

 
4. In lieu of a TD/12 elastic-plastic shakedown criterion, an incremental plastic 

collapse assessment has been undertaken to the requirements of ASME VIII 
Division 2. 

 
5. Limiting loading factors of 1.57 and 1.46 were found for the normal and abnormal 

sustained loadcases, and therefore the sweepolet is fit for purpose for the 
anticipated sustained loadings. 

 
6. The 900mmx300mm sweepolet has been shown to satisfy the elastic-plastic 

incremental plastic collapse criterion of ASME VIII Div 2. 
 

7. The 900mmx300mm sweepolet has been shown to satisfy the DBA fatigue criterion 
of TD/12. 
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L12 24.53 4.29E+07 1310 3.05E-05 40.01 9.88E+06 1310 1.33E-04 50.87 6.85E+06 1310 1.91E-04 

21-50F 

L8 338.3 1.63E+04 20 1.22E-03 491 5.35E+03 20 3.74E-03 682.7 2.83E+03 20 7.06E-03 

L9 313.9 2.05E+04 1320 6.45E-02 460 6.50E+03 1320 2.03E-01 632 3.57E+03 1320 3.70E-01 

L10 68.37 1.98E+06 3100 1.57E-03 109.1 4.87E+05 3100 6.36E-03 131.4 3.97E+05 3100 7.80E-03 

L11 27.74 2.97E+07 4720 1.59E-04 41.53 8.84E+06 4720 5.34E-04 56.32 5.04E+06 4720 9.36E-04 

L12 23.36 4.97E+07 15390 3.10E-04 36.94 1.26E+07 15390 1.23E-03 47.76 8.27E+06 15390 1.86E-03 

Cumulative Usage 0.08  0.25  0.43 

Table C12 – Fatigue Results
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Figure C3 – 900mm x 300mm Sweepolet Mesh 
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Figure C6 – Max. Displacement - Loadcase 9 – X60 Material Grade - ASME VIII Incremental Plastic Collapse
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APPENDIX D 900MM X 200MM SWEEPOLET ASSESSMENT 
 
D.1 GEOMETRY 

In the absence of specific geometrical data the geometry of the sweepolet is assumed 
to meet the requirements of the 1971 edition of F1. The dimensions used are shown 
in Figure D1. 

 

D.2 FINITE ELEMENT MODEL 

The three-dimensional finite element (FE) model of the sweepolet was constructed 
using MSC Patran and analysed using the general purpose FE code ABAQUS. 
Twenty-noded, three degree of freedom reduced integration brick (hexahedral) 
elements, C3D20R, were used for the analysis.  

Beam elements representing the pipe stress model are tied to the open ends of the 
3D solid model using rigid multi-point constraints (MPCs), as shown schematically in 
Figure D2.  The three nodes J(1), J(2) and J(3) are coincident at the intersection but 
are not connected. The branch node, J(3), is fixed by a translational and rotational 
boundary condition, whilst forces and moments are applied at the header nodes J(1) 
and J(2).   

The beams allow the application of forces and moments from the pipe stress model 
onto the solid model of the fitting.  Adequate lengths of header and branch pipe are 
modelled such that the local effects of the MPCs are removed from the area of interest 
at the fitting. 

The FE mesh created for the 900mmx200mm sweepolet is shown in Figure D3. 

 
D.3 MATERIAL PROPERTIES 

Young’s modulus and Poisson’s ratio equal to 210000 N/mm2 and 0.3, respectively, 
were used in all analyses. The material grade of the sweepolet is unknown and has 
therefore been modelled assuming minimum required mechanical properties as per 
F1 1972. A material grade of X60 has been assumed which has a SMYS of 413MPa 
and SMUTS of 517MPa. 

Material property details for the sweepolet and matching header and branch are 
provided in Table D1. 

 

D.4 LOADS 

 Internal Pressure 

Distributed pressure loads were applied to all internal surfaces.   

In order to represent the branch and one of the header sections being ‘capped off’ 
downstream of the fitting, pressure end loads were applied to the header pipe 
elements via the MPCs. The branch pressure end load was taken into consideration 
by the reaction at the branch boundary condition. 
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 System Forces and Moments 

For each of the assessment criteria considered, forces and moments were extracted 
for the most highly stressed fitting only, details of the IGE/TD/12 assessments 
considered and associated loadcase from the pipe stress analysis are provided in 
Table D2. 

Before application to the FE model, the extracted forces and moments were converted 
to the axis convention of the FE model. 

The extracted forces and moments are given in Table D3 to Table D6 and the forces 
and moments applied to the FE model are given in Table D7 to Table D10. 

D.5 ANALYSIS 

The assessment of the 900mmx900mm tee, of Appendix A, indicated very high 
stresses in the fitting which exceeded the linear elastic assessment criteria of 
IGE/TD/12, for both plastic collapse and shakedown. For this reason, and in order to 
obtain a more accurate solution, non-linear analyses have been undertaken to 
determine the acceptability of the 900mmx200mm sweepolet. 

 Plastic Collapse (Limit Load Analysis) 

Protection against plastic collapse is demonstrated by undertaking an elastic-
perfectly-plastic (limit load) analysis to determine the load which causes overall 
structural instability. 

 Shakedown (Incremental Plastic Collapse) 

IGE/TD/12 does not provided guidance for undertaking a non-linear analysis to 
consider shakedown loads, therefore an elastic-perfectly-plastic analysis has been 
performed in accordance with ASME VIII Division 2. Details of the assessment are 
provided in Section 3.2.1. 

 

D.6 RESULTS 

 Internal Pressure 

A contour plot of maximum principal stresses due to an internal pressure loading of 
79.5 barg is presented in Figure D3. Away from concentrations, maximum principal 
stress in the adjoining pipe is in the range 200 to 230 MPa.  Classical theory predicts 
a hoop stress of 228.6 MPa in the outside wall for a wall thickness of 15.9 mm. This 
provides some confidence in the model. 

 Sustained 

 Limit Load Analysis 

Table D11 summarises the results of the assessment, limiting loading factors of 1.57 
and 1.46 were found for the abnormal and normal sustained loadcases, and therefore 
the sweepolet is fit for purpose for the anticipated sustained loadings. 
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D.7 CONCLUSIONS 

 

1. A three-dimensional finite element model of the 900mmx200mm sweepolet has 
been created. 

 
2. System forces and moments, giving rise to the sustained, shakedown and fatigue 

exceptions have been extracted from the relevant pipe stress model and applied 
on the FE model together with internal pressure.  
 

3. Finite element analysis of the 900mmx200mm sweepolet has been undertaken 
using the ABAQUS software, with a subsequent limit load and fatigue assessment 
to the TD/12 DBA criterion for sustained and fatigue loadcases only. 

 
4. In lieu of a TD/12 elastic-plastic shakedown criterion, an incremental plastic 

collapse assessment has been undertaken to the requirements of ASME VIII 
Division 2. 

 
5. Limiting loading factors of 1.57 and 1.46 were found for the normal and abnormal 

sustained loadcases, and therefore the sweepolet is fit for purpose for the 
anticipated sustained loadings. 

 
6. The 900mmx200mm sweepolet has been shown to satisfy the DBA fatigue criterion 

of TD/12. 
 

7. The 900mmx200mm sweepolet has been shown to satisfy the elastic-plastic 
incremental plastic collapse criterion of ASME VIII Div 2. 
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15990 1954578 -245 13938 -727 325401 -3245 

16000 -1954578 245 -13938 727 -353487 2751 
       

15990 -175784 -169 -3280 -349 158672 -36 

16650 175784 169 3280 258 -64978 36 
 

L9 

15981 1576919 -38 18270 -1046 415242 -3335 

15990 -1576919 38 -18270 1046 -473533 3214 
       

15990 1918333 -241 13575 -706 319520 -3178 

16000 -1918333 241 -13575 706 -346873 2693 
       

15990 -170738 -164 -3276 -340 154013 -35 

16650 170738 164 3276 252 -63008 35 
 

L10 

15981 1287131 -40 14914 -895 344679 -2798 

15990 -1287131 40 -14914 895 -392262 2669 
       

15990 1562029 -199 10478 -608 264174 -2656 

16000 -1562029 199 -10478 608 -285288 2255 
       

15990 -138816 -152 -2078 -288 128088 -13 

16650 138816 152 2078 207 -54098 13 
 

L11 

15981 306827 -8 4625 -287 91813 -774 

15990 -306827 8 -4625 287 -106568 749 
       

15990 364492 -54 2897 -204 64745 -747 

16000 -364492 54 -2897 204 -70583 637 
       

15990 -45232 -44 -359 -83 41823 -2 

16650 45232 44 359 59 -17714 2 
 

L12 

15981 300899 -8 4533 -281 89991 -756 

15990 -300899 8 -4533 281 -104454 731 
       

15990 356760 -53 2839 -200 63357 -729 

16000 -356760 53 -2839 200 -69076 622 
       

15990 -44446 -43 -356 -81 41097 -2 

16650 44446 43 356 58 -17407 2 
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L10 320.2 1.93E+04 675 3.50E-02 107.2 5.14E+05 675 1.31E-03 176.7 1.71E+05 675 3.94E-03 

L11 65.11 2.29E+06 5400 2.35E-03 91.95 8.14E+05 5400 6.63E-03 54.24 5.92E+06 5400 9.12E-04 

L12 64.64 2.34E+06 4050 1.73E-03 90.24 8.61E+05 4050 4.70E-03 46.62 9.32E+06 4050 4.35E-04 

98-03R 

L8 379.1 1.16E+04 0 0.00E+00 427.1 8.12E+03 0 0.00E+00 680.6 3.00E+03 0 0.00E+00 

L9 371.9 1.23E+04 2 1.63E-04 398.9 9.97E+03 2 2.01E-04 643.8 3.54E+03 2 5.65E-04 

L10 137.5 2.43E+05 53 2.18E-04 113.5 4.33E+05 53 1.22E-04 145.1 3.09E+05 53 1.71E-04 

L11 78.37 1.32E+06 81 6.16E-05 112 4.51E+05 81 1.80E-04 55.24 5.60E+06 81 1.45E-05 

L12 77.23 1.37E+06 265 1.93E-04 109.2 4.86E+05 265 5.45E-04 51.52 6.91E+06 265 3.84E-05 

98-03F 

L8 351.4 1.46E+04 0 0.00E+00 429.3 8.00E+03 0 0.00E+00 668.4 3.16E+03 0 0.00E+00 

L9 333.1 1.71E+04 1 5.84E-05 405.6 9.49E+03 1 1.05E-04 630.8 3.76E+03 1 2.66E-04 

L10 98.7 6.58E+05 5 7.59E-06 86.95 9.63E+05 5 5.19E-06 131.6 4.14E+05 5 1.21E-05 

L11 53.77 4.07E+06 31 7.61E-06 36.8 1.27E+07 31 2.44E-06 54.73 5.76E+06 31 5.38E-06 

L12 49.6 5.19E+06 139 2.68E-05 31.52 2.02E+07 139 6.88E-06 46.44 9.43E+06 139 1.47E-05 

03-21R 

L8 377.5 1.18E+04 4 3.40E-04 428.2 8.06E+03 4 4.96E-04 680.4 3.00E+03 4 1.33E-03 

L9 370.4 1.25E+04 22 1.77E-03 399.8 9.91E+03 22 2.22E-03 643.7 3.54E+03 22 6.21E-03 

L10 136.1 2.51E+05 502 2.00E-03 115 4.16E+05 502 1.21E-03 144.9 3.10E+05 502 1.62E-03 

L11 78.8 1.29E+06 765 5.91E-04 112.5 4.45E+05 765 1.72E-03 55.29 5.59E+06 765 1.37E-04 

L12 77.66 1.35E+06 2495 1.85E-03 109.7 4.79E+05 2495 5.20E-03 51.78 6.80E+06 2495 3.67E-04 

03-21F 

L8 350.9 1.47E+04 4 2.73E-04 429.1 8.01E+03 4 4.99E-04 668.4 3.16E+03 4 1.26E-03 

L9 267.1 3.32E+04 12 3.61E-04 393 1.04E+04 12 1.15E-03 619.3 3.98E+03 12 3.02E-03 

L10 90.71 8.48E+05 46 5.42E-05 88.25 9.21E+05 46 4.99E-05 130 4.30E+05 46 1.07E-04 

L11 53.86 4.05E+06 294 7.26E-05 39.18 1.05E+07 294 2.79E-05 54.4 5.87E+06 294 5.01E-05 

L12 50.73 4.85E+06 1310 2.70E-04 34.09 1.60E+07 1310 8.20E-05 46.29 9.52E+06 1310 1.38E-04 

21-50R 

L8 479.8 5.73E+03 20 3.49E-03 493.7 5.26E+03 20 3.80E-03 682.4 2.97E+03 20 6.73E-03 

L9 469.4 6.12E+03 1320 2.16E-01 474.7 5.92E+03 1320 2.23E-01 645.7 3.51E+03 1320 3.76E-01 

L10 218.2 6.09E+04 3100 5.09E-02 154.2 1.73E+05 3100 1.80E-02 150.1 2.79E+05 3100 1.11E-02 

L11 53.63 4.10E+06 4720 1.15E-03 63.93 2.42E+06 4720 1.95E-03 53.6 6.13E+06 4720 7.70E-04 
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L12 49.92 5.09E+06 15390 3.02E-03 59.35 3.03E+06 15390 5.08E-03 45.39 1.01E+07 15390 1.52E-03 

21-50F 

L8 396.6 1.01E+04 20 1.97E-03 469.9 6.10E+03 20 3.28E-03 670 3.14E+03 20 6.37E-03 

L9 267.2 3.32E+04 70 2.11E-03 396.8 1.01E+04 70 6.91E-03 619.2 3.98E+03 70 1.76E-02 

L10 100.2 6.29E+05 290 4.61E-04 101.6 6.04E+05 290 4.80E-04 129.9 4.31E+05 290 6.73E-04 

L11 60.95 2.80E+06 1810 6.47E-04 52.88 4.28E+06 1810 4.23E-04 54.54 5.82E+06 1810 3.11E-04 

L12 57.84 3.27E+06 8090 2.47E-03 48.52 5.54E+06 8090 1.46E-03 46.58 9.34E+06 8090 8.66E-04 

Cumulative Usage 0.34  0.29  0.45 

Table D13 –Fatigue Results
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Figure D3 – Max. Principal Stress Due to 79.5 barg 
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Figure D5 – Max. Displacement - Loadcase 9 – X60 Material Grade - ASME VIII Incremental Plastic Collapse
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elements via the MPCs. The branch pressure end load was taken into
consideration by the reaction at the branch boundary condition. 

 System Forces and Moments 

For the assessment criteria considered, forces and moments were extracted for the 
most highly stressed fitting only, details of the IGE/TD/12 assessments considered 
and associated loadcase from the pipe stress analysis are provided in Table E2. 

Before application to the FE model, the extracted forces and moments were converted 
to the axis convention of the FE model. 

The extracted forces and moments are given in Table E3 and the forces and moments 
applied to the FE model are given in Table E4. 

E.5 ANALYSIS 

The assessment of the 900mmx900mm tee, of Appendix A, indicated very high 
stresses in the fitting which exceeded the linear elastic assessment criteria of 
IGE/TD/12, for both plastic collapse and shakedown. For this reason, and in order to 
obtain a more accurate solution, non-linear analyses have been undertaken to 
determine the acceptability of the 900mmx50mm weldolet. 

 Plastic Collapse (Limit Load Analysis) 

Protection against plastic collapse is demonstrated by undertaking an elastic-
perfectly-plastic (limit load) analysis to determine the load which causes overall 
structural instability. 

 

E.6 RESULTS 

 Internal Pressure 

A contour plot of maximum principal stresses due to an internal pressure loading of 
79.5 barg is presented in Figure E3. Away from concentrations, maximum principal 
stress in the adjoining pipe is in the range 200 to 230 MPa.  Classical theory predicts 
a hoop stress of 228.6 MPa in the outside wall for a wall thickness of 15.9 mm. This 
provides some confidence in the model. 

 Sustained 

 Limit Load Analysis 

Table E5 summarises the results of the assessment, a limiting loading factor of 1.58 
was found for the abnormal sustained loadcase, and therefore the weldolet is fit for 
purpose for the anticipated abnormal sustained loadings. 

 

  



Report Number: R0724-21 
Revision: 00 

 

CONFIDENTIAL        Page 87 of 100 

E.7 CONCLUSIONS 

 

1. A three-dimensional finite element model of the 900mmx50mm weldolet has been 
created. 

 
2. System forces and moments, giving rise to the sustained and shakedown 

exceptions have been extracted from the relevant pipe stress model and applied 
on the FE model together with internal pressure.  
 

3. Finite element analysis of the 900mmx50mm weldolet has been undertaken using 
the ABAQUS software, with a subsequent limit load assessment to the TD/12 DBA 
criterion for sustained loading. 

 
4. A limiting loading factor of 1.58 was found for the abnormal sustained loadcase, 

and therefore the weldolet is fit for purpose for the anticipated abnormal sustained 
loadings. 
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Figure E2 – 900mm x 50mm Weldolet Mesh 
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APPENDIX F 50MM X 50MM TEE ASSESSMENT 
 
F.1 GEOMETRY 

In the absence of specific geometrical data the geometry of the tee is assumed to meet 
the requirements of the 1993 edition of T2. The properties used are shown in Table 
F1. 

 

F.2 FINITE ELEMENT MODEL 

The three-dimensional finite element (FE) model of the tee was constructed using 
MSC Patran and analysed using the general purpose FE code ABAQUS. Twenty-
noded, three degree of freedom reduced integration brick (hexahedral) elements, 
C3D20R, were used for the analysis.  

Beam elements representing the pipe stress model are tied to the open ends of the 
3D solid model using rigid multi-point constraints (MPCs), as shown schematically in 
Figure F1.  The three nodes J(1), J(2) and J(3) are coincident at the intersection but 
are not connected. The branch node, J(3), is fixed by a translational and rotational 
boundary condition, whilst forces and moments are applied at the header nodes J(1) 
and J(2).   

The beams allow the application of forces and moments from the pipe stress model 
onto the solid model of the fitting.  Adequate lengths of header and branch pipe are 
modelled such that the local effects of the MPCs are removed from the area of interest 
at the fitting. 

The FE mesh created for the 50mmx50mm tee is shown in Figure F2. 

 
F.3 MATERIAL PROPERTIES 

Young’s modulus and Poisson’s ratio equal to 210000 N/mm2 and 0.3, respectively, 
were used in all analyses. The actual material grade of the tee is unknown and has 
therefore been modelled assuming minimum required mechanical properties as per 
T2 1993. Grade B material grade has been assumed which has a SMYS of 241MPa 
and SMUTS of 413MPa. 

Material property details for the tee and matching header and branch are provided in 
Table F1. 

 

F.4 LOADS 

 Internal Pressure 

Distributed pressure loads were applied to all internal surfaces.   

In order to represent the branch and one of the header sections being ‘capped off’ 
downstream of the fitting, pressure end loads were applied to the header pipe 
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elements via the MPCs. The branch pressure end load was taken into
consideration by the reaction at the branch boundary condition. 

 System Forces and Moments 

For the assessment criteria considered, forces and moments were extracted for the 
most highly stressed fitting only, details of the IGE/TD/12 assessments considered 
and associated loadcase from the pipe stress analysis are provided in Table F2. 

Before application to the FE model, the extracted forces and moments were converted 
to the axis convention of the FE model. 

The extracted forces and moments are given in Table F3 and the forces and moments 
applied to the FE model are given in Table F4. 

F.5 ANALYSIS 

The assessment of the 900mmx900mm tee, of Appendix A, indicated very high 
stresses in the fitting which exceeded the linear elastic assessment criteria of 
IGE/TD/12, for both plastic collapse and shakedown. For this reason, and in order to 
obtain a more accurate solution, non-linear analyses have been undertaken to 
determine the acceptability of the 50mmx50mm tee. 

 Plastic Collapse (Limit Load Analysis) 

Protection against plastic collapse is demonstrated by undertaking an elastic-
perfectly-plastic (limit load) analysis to determine the load which causes overall 
structural instability. 

 

F.6 RESULTS 

 Internal Pressure 

A contour plot of maximum principal stresses due to an internal pressure loading of 
79.5 barg is presented in Figure F3. Away from concentrations, maximum principal 
stress in the adjoining pipe is in the range 30 to 40 MPa.  Classical theory predicts a 
hoop stress of 43.3 MPa in the outside wall for a wall thickness of 5.54mm. This 
provides some confidence in the model. 

 Sustained 

 Limit Load Analysis 

Owing to the complex geometry of the tee, and to eliminate the ambiguity of selecting 
suitable planes for linearsation across a section, a limit load analysis has been 
performed in accordance with Section A6.7 of TD/12. 

Table F5 summarises the results of the assessment, a limiting loading factor of 3.21 
was found for the abnormal sustained loadcase, and therefore the tee is fit for purpose 
for the anticipated abnormal sustained loadings. 
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Figure F1 - Beam Schematic 

  



Report Number: -R0724-21 
Revision: 01 

 

CONFIDENTIAL              Page 99 of 100 

 

 

Figure F2 – 50mm x 50mm Tee Mesh 






