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Problem Statement 

- Objective of analysis: To verify strength of Bend Limiter of Apache Julimar 

under listed loading condition  

A) Subsea Termination - Bend Limiter 

- Bending moment of 60 kN*m 

- Axial load of 1.5 tonnef (14.715 kN)  

- Shear load of 7.69 kN 

B) Pulling Head Side - Bend Limiter 

- Bending moment of 60 kN*m 

- Axial load of 15 tonnef (147.15 kN) 

- Shear load of 25 kN 
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- Design criteria: as per ASME - BPVC 2010, Section VIII, Division 2 

- Geometry Inputs: 

 Subsea Termination – Bend Limiter 

o Main Body: D-0573608, Rev A 

o Connecting Cap: D-0573607, Rev A 

 Pulling Head Side – Bend Limiter 

o Main Body: D-0569157 , Rev A 

o Connecting Cap: D-0569155 , Rev A 

- Material of Construction 

o Main Body & Connection Cap : Medium Carbon Steel BS EN 10225 

Grade S335 G10+M 

Problem Statement, cont.. 
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Material Properties 

- The true Stress-Strain Curve Modeling for these materials as per ASME 2010, 

Section VIII, Division 2, Annexure 3.D 

- Material properties are same for both subsea termination and pulling head side 

Bend Limiter. 

 

 

 

 

References 

 [1]  Material properties as per BS EN 10225 Specification  

Material 
Yield Strength 

(MPa) 
Ultimate Tensile 
Strength (MPa) 

S335 G10+M[1] 335 470 
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Subsea Termination Bend Limiter 

Analysis Results 



Slide 5 

Geometry Details 

Connecting Cap 
(S335 G10+M) 

Main Body 
(S335 G10+M) 

Subsea Termination - Bend Limiter 

Post Weld Machining Details 
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FEA Model 
- Half symmetric solid model considered for this analysis 

- Brick element SOLID186 used to mesh the FEA model 

Connecting Cap 
(S335 G10+M) 

Main Body 
(S335 G10+M) 

Subsea Termination - Bend Limiter 
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Frictional Contact Details 

Frictional contact – Flanges of main body to Pipe of 
connecting body# 

Frictional contact – Flanges 
of main body to Flanges of 
connecting body# 

Frictional contact – Between 
two flanges of main body# 

#Frictional coefficient between all contacts – 0.15 
Subsea Termination - Bend Limiter 
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FEA Physics 
- Frictional contacts with frictional coefficient of 0.15 defined between all the 

adjoining parts 

- Other loading & boundary conditions as stated below 

Translational constraint in X,Y & Z 
directional applied 

Displacement constraint in Normal 
direction to simulate half symmetry, 
applied on all areas on symmetry plane 

Loading conditions applied at main body  
flange due to half symmetry 

(Total bending moment for 360 degree model is 60 kN*m, total 
axial force 1.5 tonnef (14.715 kN) and total shear load 7.69 kN) 

Subsea Termination - Bend Limiter 



Slide 9 

Stress, von-Mises, Plot-1 (MPa) 

–Stresses above yield strength of material (S335 G10+M – 335 MPa) 
–Local plastic deformation observed and verified using Tri-axial 

Limiting Strain Criteria as per ASME BVPC Div 2 Sec VIII 

Subsea Termination - Bend Limiter 
Overall Stress Plot 
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Stress, von-Mises, Plot-2 (MPa) 

- Maximum von-Mises stress * = 380.86 MPa 
(Material Yield strength = 335.00 MPa) 
- Local plastic deformation observed and verified using Tri-axial 

Limiting Strain Criteria as per ASME BVPC Div 2 Sec VIII 
Subsea Termination - Bend Limiter 
Main Body * Region of max. plastic strain.  
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Stress, von-Mises, Plot-3 (MPa) 

- Maximum von-Mises stress = 381.37 MPa 
(Material Yield strength = 335.00 MPa) 
- This value of stress is only due to meshing. No yielding will be 

observed at shown Area. 
Subsea Termination - Bend Limiter  
Connecting Cap 
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Plastic Strain, Plot - 4 (mm/ mm) 

Maximum Plastic Strain  = 0.017503 mm/mm 
(At +ve principal stress locations) 

Subsea Termination - Bend Limiter 
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Total Deformation, Plot-5 (mm) 

Maximum deformation = 9.6022 mm 

Subsea Termination - Bend Limiter 
Overall Deformation 
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Total Deformation, Plot-6 (mm) 

Maximum deformation = 3.025 mm 

Subsea Termination - Bend Limiter 
Center region 
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Limiting Tri-axial Strain Calculation 

Subsea Termination - Bend Limiter 
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Pulling Head Side Bend Limiter 

Analysis Results 
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FEA Model 
- Half symmetric solid model considered for this analysis 

- Brick element SOLID186 used to mesh the FEA model 

Connecting Cap 
(S335 G10+M) 

Main Body 
(S335 G10+M) 

Pulling Head Side - Bend Limiter 
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FEA Physics 
- Frictional contacts with frictional coefficient of 0.15 defined between all the 

adjoining parts as shown in Slide 8. 

- Other loading & boundary conditions as stated below 

Translational constraint in X,Y & Z 
directional applied 

Displacement constraint in Normal direction to simulate 
half symmetry, applied on all areas on symmetry plane 

Loading conditions applied at main body  
flange due to half symmetry 

(Total bending moment for 360 degree model is 60 kN*m, total 
axial force 15 tonnef (147.15 kN) and total Shear load 25 kN) 

Pulling Head Side - Bend Limiter  
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Stress, von-Mises, Plot-1 (MPa) 

–Stresses above yield strength of material (S335 G10+M – 335 MPa) 
–Local plastic deformation observed and verified using Tri-axial 

Limiting Strain Criteria as per ASME BVPC Div 2 Sec VIII 

Pulling Head Side - Bend Limiter 
Overall Stress Plot 
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Stress, von-Mises, Plot-2 (MPa) 

- Maximum von-Mises stress * = 399.73 MPa 
  (Material Yield strength = 335 MPa) 
- Local plastic deformation observed and verified using Tri-axial 

Limiting Strain Criteria as per ASME BVPC Div 2 Sec VIII 
Pulling Head Side - Bend Limiter 
Main Body * Region of max. plastic strain.  
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Stress, von-Mises, Plot-3 (MPa) 

- Maximum von-Mises stress = 430.53 MPa 
(Material Yield strength = 335 MPa) 
- This value of stress is only due to meshing. No yielding will be 

observed at shown Area. Pulling Head Side - Bend Limiter 
Connecting Cap 
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Plastic Strain, Plot – 4 (mm/mm) 

Maximum Plastic Strain = 0.031343 mm/mm 
(At +ve principal stress locations) 

Pulling Head Side - Bend Limiter 
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Total Deformation, Plot-5 (mm) 

Maximum deformation = 5.6656 mm 

Pulling Head Side - Bend Limiter  

Overall Deformation 
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Total Deformation, Plot-6 (mm) 

Maximum deformation = 2.7078 mm 

Pulling Head Side - Bend Limiter 

Center Region 
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Limiting Tri-axial Strain Calculation 

Pulling Head Side - Bend Limiter 
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Analysis Summary 

- The subsea termination and Pulling Head side Main body is experiencing 

local plastic deformation, hence limiting tri-axial strain is derived for main 

body as per ASME - BPVC 2010 

- Local plastic deformation is observed at main body shown in Slide 13 and 

Slide 23 for subsea termination and Pulling Head side respectively 

- The ratio of limit stain (tri-axial limiting strain - as per ASME - BPVC 2010, 

Section VIII, Division 2) to observed plastic strain is above 1.5 

- No local plastic yielding is observed on connection body – both Bend 

limiter 
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Conclusions 

- Local plastic deformation is observed in pipe of main body at joint of 

flange and pipe. This is caused by yielding around local geometric stress 

concentrations and limited to a small percentage of the section thickness. 

- The factors of safety in terms of strain are 10.72 (Subsea termination) and 

5.99 (Pulling Head) 

- The bend limiters (main body) may observe permanent plastic 

deformation under analyzed condition. Due to permanent plastic 

deformation the component/ assembly will observed low cycle fatigue life 

(life < 103) 
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Appendix A:  

Non-Linear Material Properties Calculations 

(BS EN 10225 Grade S335) 
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Stress-Strain Curve Modeling – BS EN 10225 Grade S335   (slide 1)  

  



Slide 30 

Stress-Strain Curve Modeling –BS EN 10225 Grade S335      (slide 2) 
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Stress-Strain Curve Modeling –BS EN 10225 Grade S335  (slide 3) 


