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1. OBJECT 

The goal of this calculation note is to review the mechanical strength under static pressure of 

piping elements of :  

  à the helium vessel following assembly drawing 318711-JLA-703-001 Rev D, 

  à the anti-radiation screen following assembly drawing 318711-JLA-702-001 Rev D. 

The design is done according to ASME B31.3 - 2012. 

2. REFERENCES 

2.1. Drawings   

- For the helium vessel piping elements 

o 318711-JLA-703-001 Rev D (Assembly drawing) 

o 318711-JLA-703-006 Rév D (Detail drawing of feeding pipe) 

o 318711-JLA-703-008 Rév C (Detail drawing of helium pipes) 

o 318711-JLA-703-009 Rév B (Detail drawing of pipe reduction) 

o 318711-JLA-703-016 Rév C (Detail drawing of below for Ø33.7 pipe) 

o 318711-JLA-703-017 Rév B (Detail drawing of half pipe) 

 

- For the anti-radiation screen piping elements 

o 318711-JLA-702-001 Rev D (Assembly drawing) 

o 318711-JLA-702-013 Rev D (Detail drawing of N2 feeding) 

o 318711-JLA-702-014 Rev D (Detail drawing of N2 outlet) 

o 318711-JLA-702-019 Rev B (Detail drawing of junction pipe) 

o 318711-JLA-702-034 Rev C (Detail drawing of below for N2 pipes) 

o 318711-JLA-702-035 Rev C (Detail drawing of below for Ø33.7 pipe) 

 

Above listed drawings are jointed in appendix A. 
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2.2. Codes standards used 

- ASME B31.3 - 2012 

- ASME B16.9 

2.3. Calculation software 

- Excel calculation sheets are used for analytical calculations under static pressure. 

3. DESIGN SPECIFICATION 

3.1. Calculation conditions 

o Corrosion allowance   : 0 mm   

o Welding joint efficiency  : 1  

o Nominal stress   : According to ASME B31.3 - 2012 (see §3.5) 

o Fluid: liquid and/or gaseous nitrogen  

→ Calculations with  : Density of 1 

o Operating temperature : -196°C (77K) 

→ Calculations at  : 20°C (conservative)  

o Operating pressure : Internal pressure of 6 bar and external pressure of 1 bar 

→ Calculations with  : Internal pressure of 7 bar  

o Hydraulic test conditions: 

→  Pressure   : Internal pressure of 10 bar 

→ Temperature   : 20°C 

o Internal/external pressures (for operating & strength test conditions) : See §3.2 & 3.3) 

o Wind     : Not applicable  

o Earthquake    : Not applicable 

o Fatigue    : Not applicable  

o Loads and moments   : Not applicable  

 

Nota : Calculation conditions are similar to those of calculation report 15N122. 
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3.2. Materials and allowable stresses 

 

Yield strength, tensile strength and allowable stresses are issued from ASME B31.3 - 2012. 

 

    Units: MPa 

Element Material Standard Température RP Rm sR f operating f test 

         Seamless/ 

Welded 

tubes/pipes 

 

304L ASME SA312 20°C 172 483 / 115 155 

Plates & sheets 304L ASME SA240 20°C 172 483 / 115 155 

Fittings (elbows, 

Reducers, tees) 

following B16.9 

304L ASME SA403 20°C 172 483 / 115 155 

 
 

 

3.3. List of piping elements to be calculated 

 

The following elements will be calculated (indicated below in function of related drawing) : 

Helium vessel piping elements Tube Welded pipe Pipe bend

318711-JLA-703-006 Rév D (Detail drawing of feeding pipe) Ø21,3x3,7
Ø21,3x3,7 R53 and R38 

(neutral)
80S SA312 grade 304L

318711-JLA-703-008 Rév C (Detail drawing of helium pipes)

318711-JLA-703-009 Rév B (Detail drawing of pipe reduction)

318711-JLA-703-016 Rév C (Detail drawing of below for Ø33.7 pipe) Ø33,7x4.55 90S SA312 grade 304L

318711-JLA-703-017 Rév B (Detail drawing of half pipe) Ø88,9x3,05 SA240 grade 304L

Anti-radiation screen piping elements

318711-JLA-702-013 Rev D (Detail drawing of N2 feeding) Ø21,3x3,7
Ø21,3x3,7 R53, R38 

and R363,2 (neutral)
80S SA312 grade 304L

318711-JLA-702-014 Rev D (Detail drawing of N2 outlet) Ø21,3x3,7 Ø21,3x3,7 R38 (neutral)
Ø21,3 / Ø21,3

(3,7x3,7)
80S SA312 grade 304L

318711-JLA-702-019 Rev B (Detail drawing of junction pipe) Ø21,3x3,7 Ø21,3x3,7 R53 (neutral) 80S SA312 grade 304L

318711-JLA-702-034 Rev C (Detail drawing of below for N2 pipes) Ø26,9x3,9

318711-JLA-702-035 Rev C (Detail drawing of below for Ø33.7 pipe Ø33,7x4,55

Branch 

connection
Schedule Material
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Helium vessel piping elements Elbow Reducer Tee

318711-JLA-703-006 Rév D (Detail drawing of feeding pipe) Ø21,3x3,7 80S SA403 grade 304L

318711-JLA-703-008 Rév C (Detail drawing of helium pipes) Ø60,3x3,9 40S SA403 grade 304L

318711-JLA-703-009 Rév B (Detail drawing of pipe reduction)
Ø33,4 / Ø21,3

(4.55x3,73)
équivalent 80S SA403 grade 304L

318711-JLA-703-016 Rév C (Detail drawing of below for Ø33.7 pipe)

318711-JLA-703-017 Rév B (Detail drawing of half pipe)

Anti-radiation screen piping elements

318711-JLA-702-013 Rev D (Detail drawing of N2 feeding) Ø21,3x3,7
Ø21,3 / Ø21,3

(3,7x3,7)
80S SA403 grade 304L

318711-JLA-702-014 Rev D (Detail drawing of N2 outlet)

318711-JLA-702-019 Rev B (Detail drawing of junction pipe)

318711-JLA-702-034 Rev C (Detail drawing of below for N2 pipes)

318711-JLA-702-035 Rev C (Detail drawing of below for Ø33.7 pipe

Material
Fittings following ASME B16.9

Schedule

 

 

3.4. Calculation methodology 

All fittings are purchased following ASME B16.9. The allowable pressure ratings for fittings 

designed following ASME B16.9 may be calculated as for seamless pipe of equivalent 

material. 

 

- As a result, tubes and fittings (elbows, reducers, tees) of same diameter, thickness and 

material are justified with the same calculation (straight pipe calculation following ASME 

B31.3 - §304.1.2 

 

- Pipe bends are justified by a specific calculation (following ASME B31.3 - § 304.2.1). 

 

- Branch connections are also justified by a specific calculation (following ASME B31.3 - § 

304.3.1). 

 

4. RESULTS 

The following coefficients are taken in account in the following calculations :  

· Quality factor for seamless tubes and fittings : E = 1 for seemless tubes & fittings 

· Weld joint strength reduction factor : W = 1 at 20°C 

· Coefficient Y = 0,4 for austenitic steel at 20°C 
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4.1. Tube, pipe and fittings calculation 

Tubes, pipes and fittings (elbows, reducers, tees) of same diameter, thickness and material are 

justified with the same calculation (straight pipe calculation following ASME B31.3 - §304.1.2 

 

PRESSURE DESIGN ACCORDING TO ASME B31.3-2012

304.1 Straight pipe

OPE TEST OPE TEST OPE TEST OPE TEST OPE TEST

Outside diameter of pipe D mm 88,9 88,9 60,3 60,3 33,7 33,7 26,7 26,7 21,3 21,3

Nominal thickness Tn mm 3,05 3,05 3,9 3,9 4,55 4,55 3,9 3,9 3,7 3,7

Mill tolerance (12,5%) tol mm 0,38 0,38 0,49 0,49 0,57 0,57 0,49 0,49 0,46 0,46

Corrosion allowance c mm 0 0 0 0 0 0 0 0 0 0

Internal design pressure P MPa 0,7 1 0,7 1 0,7 1 0,7 1 0,7 1

Allowable stress S MPa 115 155 115 155 115 155 115 155 115 155

Quality factor E 1 1 1 1 1 1 1 1 1 1

Weld joint strength reduction factor W 1 1 1 1 1 1 1 1 1 1

Coefficient Y 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4

Minimum required thickness : t = PD/2(SEW+PY) t mm 0,27 0,29 0,18 0,19 0,10 0,11 0,08 0,09 0,06 0,07

Minimal wall thickness : Tn - tol - c Tn - tol - c mm 2,67 2,67 3,41 3,41 3,98 3,98 3,41 3,41 3,24 3,24

Strength verification Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

Welded pipe

Ø88,9x3,05

Elbow

Ø60,3x3,9

Tube, Reducer

Ø33,7x4,55

Tube

Ø26,7x3,9

Tube, Reducer, 

Elbow, Tee

Ø21,3x3,7

 

4.2. Pipe bends calculation 

Pipe bends are justified by a specific calculation (following ASME B31.3 - § 304.2.1). 

 

PRESSURE DESIGN ACCORDING TO ASME B31.3-2012

304.1 Straight pipe

OPE TEST OPE TEST OPE TEST

Outside diameter of pipe D mm 21,3 21,3 21,3 21,3 21,3 21,3

Nominal thickness Tn mm 3,7 3,7 3,7 3,7 3,7 3,7

Mill tolerance (12,5%) tol mm 0,46 0,46 0,46 0,46 0,46 0,46

Corrosion allowance c mm 0 0 0 0 0 0

Internal design pressure P MPa 0,7 1 0,7 1 0,7 1

Allowable stress S MPa 115 155 115 155 115 155

Quality factor E 1 1 1 1 1 1

Weld joint strength reduction factor W 1 1 1 1 1 1

Coefficient Y 0,4 0,4 0,4 0,4 0,4 0,4

Minimum required thickness t = PD/2(SEW+PY) mm

Minimal wall thickness (Tn - tol - c) Tn - tol - c mm 3,24 3,24 3,24 3,24 3,24 3,24

304.2.1 Pipe bends

Bend radius R1 mm 38 38 53 53 363,2 363,2

Factor I for the intrados Iint 1,195 1,195 1,126 1,126 1,015 1,015

Factor I for the extrados Iext 0,891 0,891 0,916 0,916 0,986 0,986

Minimum required thickness at the intrados t = PD/2(SEW/Iint+PY) mm 0,08 0,08 0,07 0,08 0,07 0,07

Minimum required thickness at the extrados t = PD/2(SEW/Iext+PY) mm 0,06 0,06 0,06 0,06 0,06 0,07

Strength verification Ok Ok Ok Ok Ok Ok

Pipe bend Pipe bend

Ø21,3x3,7 - R 38 Ø21,3x3,7 - R 53 Ø21,3x3,7 - R 363,2

Pipe bend

Pipe bend Pipe bend

Ø21,3x3,7 - R 38 Ø21,3x3,7 - R 53 Ø21,3x3,7 - R 363,2

Pipe bend
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4.3. Branch connection calculation 

Branch connections are justified by a specific calculation (following ASME B31.3 - § 304.3.1). 

 

OPENING REINFORCEMENT item :

OPE : 7,0 bar 20°C

TEST : 10,0 bar 20°C

Header Branch

Material

304L 304L

Outside diameter D mm 21,3 21,3

Nominal thickness mm 3,7 3,7

Quality factor E 1 1

Mill tolerance (12,5%) mm 0,46 0,46

Corrosion allowance c mm 0,00 0,00

Weld joint strength reduction factor W 1 1

Coefficient Y 0,4 0,4

Reinforcement of branch connections according to ASME B31.3 §304.3.3

OPE TEST

Internal design pressure P MPa 0,7 1

Outside diameter of header Dh mm 21,3 21,3

Actual thickness of header Th mm 3,24 3,24

Allowable stress of header Sh MPa 115 155

Required thickness of header th mm 0,07 0,07

Outside diameter of branch Db mm 21,3 21,3

Actual thickness of branch Tb mm 3,24 3,24

Allowable stress of branch Sb MPa 115 155

Required thickness of branch tb mm 0,07 0,07

Angle between axes of branch and header b ° 90 90

Design inside diameter of branch d1 mm 14,83 14,83

Half width of reinforcement zone d2 mm 14,83 14,83

Minimum thickness of reinforcing pad Tr mm 0,00 0,00

Width of reinforcing pad Lr mm 0,00 0,00

Allowable stress of reinforcing pad Sr MPa 0,00 0,00

Height of reinforcement L4 mm 8,09 8,09

Required reinforcement area A1 = th.d1(2-sinb) mm2 0,96 1,02

Area available in the header A2 = (2.d2-d1)(Th-th) mm2 47,03 46,97

Area available in the branch A3 = 2.L4(Tb-tb)/sinb mm2 51,35 51,29

Area available in added reinforcement A4 = 2.Tr.min(Lr;d2-Db/2) mm2 0,00 0,00

Ratio of allowable stress branch/header R3 = Sb/Sh 1,00 1,00

Ratio of allowable stress pad/header R4 = Sr/Sh 0,00 0,00

Available area for reinforcement A2+A3.R3+A4.R4 mm2 98,39 98,26

Reinforcement is allowable  
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CONCLUSION 

This calculation report shows that the design of all piping elements on drawings listed in 

paragraph §2.1 are compliant to  ASME B31.3 - 2012 rules for design conditions defined in 

paragraph §3.1. 

 

 

Remark : 

· Pipes and fittings shall be purchased with respect of material grades (304L) and standards 

(ASME B16.9 for fittings) indicated in paragraphs 3.2 and 3.3. 

 

* * * 
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