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Design Inputs 

S N Parameters Values 

01 Internal Working Pressure  10 bar (1 MPa) 

02 Design pressure (P)*  

(Adding minimum 5% to 10% to the Maximum Working Pressure) 

1.05 MPa 

03 Hydrostatic Pressure 1.3 * Design Pressure 

04 ID of Shell 5725 mm  

05 Length of cylindrical Shell 5192 mm 

06 Material of Construction Al 5083  

07 Electromagnetic Calorimeter (load) 300Ton 

08 Maximum Allowable Stress (S) 80.7 MPa 

09 Joint efficiency (E ) 1.00 

10 Design Temperature Room Temp 

* Design pressure (P) is chosen 5 % higher (lower side of margin), so that it will not affect radiation length criteria 



S. No Categories ASME Materials 

(Plate, sheet), ASME, Section II, Part D  

Allowable stress 

(MPa), UG-27 

1 Aluminum SB209, A95083, H32 Class 80.7  

2 Carbon Steel SA 283 118 

SA 516 128 

SA 537 138 

SA 738 158 

3 Stainless Steels SA-240 S301 138 

SA-666 S21904 177 

SA-240 S30815 172 

SA-240 S32202 185 

4 Nickel SB-409 177 

SB-424 161 

Material Selection & Corresponding Allowable S 
(ASME, Section II, Part D) 
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Ruled Out 

Owing to 

magnetic in 

nature. 

Material Selection Criteria: Radiation length characteristics of Material Al 5083 Materials. 
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Flat Flange (UG-34, ASME Section VIII Div 1) 
(Al 5083) 

𝑡 = 𝑑 𝐶 𝑃 𝑆 𝐸 

Flat Flange to be welded to Pressure Vessel 

Sketch (e), C = 0.33m 

d = 5725 mm 

C = 0.33 

S = 80.7 MPa 

E = 1.0 

P = 1.05 MPa 

t = 375.14 ≈ 376 mm 

Head attached by bolts causing an edge moment 

Sketch (j)                      Sketch (k) 

𝑡 = 𝑑
𝐶𝑃

𝑆𝐸
+
1.9𝑊ℎ𝐺
𝑆𝐸𝑑3

 

For operating conditions: 

W = Wm1 = 2.7*107 N, P = 1.05 MPa,  

hG = radial distance from gasket load reaction to the bolt circle = 215.4 mm,  

t ≈ 405 mm 

For gasket seating conditions: 

𝑊 = 
𝐴𝑚+𝐴𝑏 𝑆𝑎

2
 = 2.8*107 N, t ≈ 407 mm 

Conclusion: 

Flat head is not a good option.  
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Flat Flange (UG-34, ASME Section VIII Div 1) 

(Stainless Steel, SA-240 S32202) 

𝑡 = 𝑑 𝐶 𝑃 𝑆 𝐸 

Flat Flange to be welded to Pressure Vessel 

Sketch (e), C = 0.33m 

d = 5725 mm 

C = 0.33 

S = 185 MPa 

E = 1.0 

P = 1.05 MPa 

t ≈ 248 mm 

Head attached by bolts causing an edge moment 

Sketch (j)                      Sketch (k) 

𝑡 = 𝑑
𝐶𝑃

𝑆𝐸
+
1.9𝑊ℎ𝐺
𝑆𝐸𝑑3

 

For operating conditions: 

W = Wm1 = 2.7*107 N, P = 1.05 MPa,  

hG = radial distance from gasket load reaction to the bolt circle = 215.4 mm,  

t ≈ 268 mm 

For gasket seating conditions: 

𝑊 = 
𝐴𝑚+𝐴𝑏 𝑆𝑎

2
 = 2.8*107 N, t ≈ 269mm 



K = 0.674 

Minimum thickness required = 25.1 ≈ 26 mm 

Specified Thickness: 30 mm 

Crown radius = K * D = 0.67 * 5725 = 3836 mm 
S. N Description Value  

1 Design Pressure (P) 10.5 bar (1.05 MPa) 

2 D  5725 mm 

3 K   0.674 

4 S (AL 5083)  80.7 MPa 

5 E as per UW-12 1.00 

Tangent Length:  

50 mm 

= 2000 mm 

   : 5725 mm 

7 

S. 

N 

Stresses Calcula

ted 

Values 

Allowable 

Values 

Re

mar

ks 

1 𝜎L = 𝜎h 

(At Crown) 

71.6 

MPa 

80.7 

MPa 

Pass 

2 At 

Equat

or 

𝜎L  50 MPa 80.7 

MPa 

Pass 

 

𝜎h 5 MPa 80.7 

MPa 

Pass  

t =
PDK

2SE − 0.2P
 𝐾 =

1

6
2 +

𝐷

2ℎ

2

 
D / 2h = 5725 / (2*2000)  

           = 1.43 

Elliptical Head (Appendix 1, ASME Section VIII, Div 1) 

(Al 5083) 



At Crown At Equator 

Reference: Theory and Design of 

Pressure Vessels by John F. Harvey  

Comparison b/w Elliptical Heads based on ratio of Major to Minor axis 
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Elliptical Head 



K = 1.83 

Minimum thickness required = 11 mm 

Specified Thickness: 15 mm 

Crown radius = K * D = 1.83 * 5725 = 10477 mm 
S. N Description Value  

1 Design Pressure (P) 10.5 bar (1.05 MPa) 

2 D  5725 mm 

3 K   1.83 

4 S (SA-240 S32202)   185 MPa 

5 E as per UW-12 1.00 

Tangent Length:  

50 mm 

= 955 mm 

   : 5725 mm 

9 

S 

N 

Stresses Calculated Values Allowable 

Values 

Rema

rks 

1 𝜎L = 𝜎h 

(At Crown) 

300 MPa @15 mm 

180 MPa @25 mm 

185 MPa Pass 

2 At 

Equator 

𝜎L 100 MPa@15 mm 

61 MPa@25 mm 

185 MPa Pass 

𝜎h 58 MPa @15 mm 

35 MPa @25 mm 

185 

MPa 

Pass  

t =
PDK

2SE − 0.2P
 𝐾 =

1

6
2 +

𝐷

2ℎ

2

 
D / 2h = 3 (Suppose) 

Elliptical Head (Appendix 1, ASME Section VIII, Div 1) 

(Stainless Steel, SA-240 S32202) 

Final Specified Thickness: 25 mm 
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Comparison of Elliptical Heads 
(Based on major to minor axis ratio variation)  

5192 

mm 

5192 

mm 

2000  

mm 

2000  

mm 
955  

mm 

955  

mm 

Total Length = 9192 mm Total Length = 7102 mm 

Overall length reduced = 2090 mm 

Designed Head Thickness: 30 mm 

Material: Al 5083 

Designed Head Thickness: 25 mm 

Material: Stainless Steel, SA-240 S32202 

Need to attract special attention of Fabricator 
If dome depth is reduced to 955 in Al5083, then 

Minimum thickness required for Head = 69 mm 

Thus, specified thickness = 74 mm 
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Weldability of Stainless steel & Aluminum 

Bimetallic Transition Inserts:  available commercially in combinations of 

aluminum to such other materials as steel, stainless steel and copper.   

These inserts are sections of material that are comprised of one part aluminum with 

another material already bonded to the aluminum. 
Sample of bimetallic transition inserts 

The arc welding of these steel aluminum transition inserts can be performed by the normal arc welding methods such as 

GMAW or GTAW.  One side of the insert is welded steel-to-steel and the other aluminum-to-aluminum.  Care should be taken 

to avoid overheating the inserts during welding, which may cause growth of brittle intermetallic compounds at the steel-

aluminum interface of the transition insert. 

• Very brittle intermetallic compounds are formed when metals such as steel is directly arc welded to aluminum. 

• To avoid these brittle compounds, some special techniques to facilitating arc welding of aluminum to steel are 

• Bimetallic transition inserts and  

• Coating the dissimilar material prior to welding.  
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Weldability of Stainless steel & Aluminum (Cont…) 

It is good practice to perform the aluminum-to-aluminum weld first.  In this way, we can provide a larger heat 

sink when the steel-to-steel welding is performed and help prevent the steel aluminum interface from 

overheating.  The bimetallic transition insert is a popular method of joining aluminum to steel and is often used 

for producing welded connections of excellent quality within structural applications.  Such applications as 

attaching aluminum deckhouses to steel decks on ships, for tube sheets in heat exchangers that have aluminum 

tubing with steel or stainless steel tube sheets, and for producing arc welded joints between aluminum and steel 

pipe lines. 



Coating The Dissimilar Material Prior To Welding:  A coating can be applied to steel to facilitate its arc 

welding to aluminum.  One method is to coat the steel with aluminum. This is sometimes achieved by dip coating 

(hot dip aluminizing), or brazing the aluminum to the surface of the steel.  

Once coated, the steel member can be arc welded to the aluminum member, if care is taken to prevent the arc from 

impinging on the steel.  A technique must be used during welding to direct the arc onto the aluminum member and 

allow the molten aluminum from the weld pool to flow onto the aluminum coated steel.   

Another method of joining aluminum to steel involves coating the steel surface with silver solder.  The joint is 

then welded using aluminum filler alloy, taking care not to burn through the barrier layer of silver solder.  Neither 

of these coating type joint methods are typically depended upon for full mechanical strength and are usually used 

for sealing purposes only. 

Weldability of Stainless steel & Aluminum (Cont…) 


