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E 4.16.1 - Bolted flanges - ASME BPVC VIII Division  1 App. 2: 2019 
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Integral Type Flange 

Design data 
Design pressure 
Hydrostatic head 
Calculation pressure 
Calculation temperature 

Flange 

Outside diameter A Inside diameter B 

Bolt circle diameter Pipe size C 
Hub length h Flange thickness t 

Large hub thickness Small hub thick. 

Material 
Cast Quality Factor f 
Design strength operation 
Design strength installation 
Allowable operating stress 
Allowable installation stress 
Corrosion allowance 
Modulus of elasticity at operation 
Modulus of elasticity at test (20°C) 

Gasket 
Gasket diameter G 
Effective gasket width b [Table: 2-5.2] 
Gasket factor m [Table: 2-5.1] 
Gasket seating load y [Table: 2-5.1] 
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Consider bolt spacing correction factor BSC 2-6(7)? 

Wm1 
Wm2 
Ab 
Am1 Wm1/Sb 
Am2 Wm2/Sa 

(Am+Ab)·Sa/2 

Wall Ab·Sa 

MD = HD · hD 

MG = HG · hG 

MT = HT · hT 

M01 MD + MG + MT 
M02 

SH 1.5·Sf 
SH/Sf 

Sf 
SR Sf 
ST Sf 

(SH+SR)/2 Sf 
(SH+ST)/2 Sf 

BSmax BS 

Bolts 
Number n 
Root diameter 
Nominal diameter a 
Material 
Allowable operating stress 
Allowable installation stress 

(Y/N) (N=No) 

Required operation bolt load Eq.(1) 
Minimum initial bolt load Eq.(2) 
Available cross section of bolts 
Required cross section 
Required cross section 

Req. bolt load for gasket 
seating 

W Eq.(5) 

Allowable bolt load 
Design (gasket seating =1; max. allowable=2) (1,2) 

Moment 

Force · = Result Lever arm 
· = = 

· = = 

· = = 

Total operating moment = = 
Total gasket seating moment, Eq. (6) = W · (C-G)/2 = 

Stress 
≤ Allowable Installation Operation 

Longitudinal ≤ Eq.(8) 
Ratio ≤ 1.5 

Allowable stress 
Radial ≤ Eq.(9) 
Tangential ≤ Eq.(10) 
Combination ≤ = 
Combination ≤ = 

Bolt pitch ≤ = Eq.(3) 

Remark 

Cross-sectional area of bolts 
Strength condition flange 
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Auxiliary values 

(Fig. 2-7.1) 

(Fig. 2-7.1) 

(Fig. 2-7.1) 

(Fig. 2-7.1) 

(Fig. 2-7.2) 

(Fig. 2-7.3) 

(Fig. 2-7.6) 

Eq.(1) 

Eq.(2) 

Bolt pitch 
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Eq.(3) 

For 

Eq.(7) 

KI (=0.3 acc. Table 2-14) = 

Rigidity criterion: ≤ 1.0 J 
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E 4.6.1 - Unstayed flat heads and covers - ASME BPV C VIII-1 UG-34 & UG-39: 2019 
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Circular flat heads and plates with flange moment 

Design data 
Design pressure 
Hydrostatic head 
Calculation pressure 
Calculation temperature 
Design type (Fig. UG-34) Type 

Gasket 
Gasket diameter G 
Effective gasket width b 
Gasket factor m 
Gasket seating load y 

Bolt forces 
Gasket seating force W acc. 2-5(e) Eq.(5), AFL 
Lever arm 

Flat head or plate 
Final wall thickness 
Wall thickness allowance 
Allowance (corrosion) 
Wall thickness without allowances 
Design diameter d 
Joint efficiency (or Cast Quality Factor) E 

Material data 
Material 
Allowable stress installation 
Allowable stress operation 

Results 
Gasket force for min. pressure 
Bolting force for installation 
Bolt force for operation 
Design factor C 
Required thickness t 
Required thickness incl. allowances 
Minimum required thickness in a groove 

Remark 

Openings according to UG-39 
Nozzle material 
Opening diameter, corroded (≤ d/2) 
Nozzle wall thickness without allowances 
Allowable nozzle stress 
Wall thickness reserve t' 
Available reinforcement area (plate) 
Required reinforcement area A 
Alternative plate thickness acc. UG-39(d) corroded 
Remark 

Allowable unreinforced opening diameter d for welded, brazed, and flued connections acc. UG 36(c)3 

d ≤ 89 mm for t ≤10 mm or d ≤ 3 1/2 in for t ≤3/8 in 
d ≤ 60 mm for t > 10 mm or d ≤ 2 3/8 in for t > 3/8 in 
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Equations 

UG-34 (c-2) 
(2) 

Available reinforcement area analogously to Fig. UG-37.1 
If 

Fig. UG-37.1 

then 
Fig. UG-37.1 

else 
Fig. UG-37.1 

Required reinforcement area acc. UG-39(b)(1) 
UG-39 (b) 
(1) 
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If A1 > A > is not met, the available 
reinforcement area can better be calculated acc. UG-37 analogously to openings in cylinders (Longitudinal 
plane, F=1) 

acc. UG-37 ) ( ≥ A 
Alternatively the plate thickness without allowances can be increased 

t acc. UG-39(d) ) 
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E.4.6.2 - Unstayed flat heads and covers - ASME BPV C VIII-1 UG-34 & UG-39: 2019 
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Non-circular flat heads and plates without flange m oment 

Design data 
Design pressure 
Hydrostatic head 
Calculation pressure 
Calculation temperature 
Design type (Fig. UG-34) Type 

Cylinder 
Outside diameter 
Final thickness without allowance 
Required thickness without allowance 

Flat head or plate 
Final wall thickness 
Wall thickness allowance 
Allowance (corrosion) 
Wall thickness without allowances 
Short span d 
Long span D 
Joint efficiency (or Cast Quality Factor) E 

Material data 
Material 
Allowable stress S 

Results 
Ratio m 
Design factor Z 
Design factor C 

Required thickness t 
Allowable excess pressure P 
Required thickness incl. allowances 
Required bend radius rmin 

Remark 

Openings according to UG-39 
Nozzle material 
Opening diameter, corroded ≤ d/2 
Nozzle wall thickness without allowances 
Allowable nozzle stress 
Wall thickness reserve t' 
Available reinforcement area (plate) 
Required reinforcement area A 
Alternative plate thickness acc. UG-39(d) corroded 
Remark 

Allowable unreinforced opening diameter d for welded, brazed, and flued connections acc. UG 36(c)3 

d ≤ 89 mm for t ≤10 mm or d ≤ 3 1/2 in for t ≤3/8 in 
d ≤ 60 mm for t > 10 mm or d ≤ 2 3/8 in for t > 3/8 in 
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( ≤ t0 

Equations 

UG-34 (b-2) 
(3) 

Available reinforcement area analogously to Fig. UG-37.1 
If 

Fig. UG-37.1 

then 
Fig. UG-37.1 

else 
Fig. UG-37.1 

Required reinforcement area acc. UG-39(b)(1) 
UG-39 (b) 
(1) 

If > is not met, the available A1 > A 
reinforcement area can better be calculated acc. UG-37 analogously to openings in cylinders (Longitudinal 
plane, F=1) 

acc. UG-37 ) ( ≥ A 
Alternatively the plate thickness without allowances can be increased 

t acc. UG-
39(d) 

) 

in² in² 

in² in² 

in in 
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Appendix: Material documentation   
 
 
Section 1: Flansch/E 4.16.1 
Section 3: Boden/Platte/E 4.6.1  

 
Material specification:  
Material code: K03504-SA-105--Class:-Size: Regulation: ASME II.D Table 1A:2017 Spec. No.: SA-105 
Short name: Carbon steel Product: Forgings 
Delivery condition: 
 
Design conditions and dimensions:  
Temperature [°C]: 343.33 Thickness [mm]: 
Pressure [bar]: 9.31 Outside diameter [mm]: 
 
Material values for test and design conditions:  
 Test condition Operating condition 
Nominal design strength [N/mm²]: 138 122.8 
Safety factor: 1 1 
Allowable stress [N/mm²]: 138 122.8 
Modulus of elasticity [kN/mm²]: 201.3 178.7 
 
Notes: 
G10: General Requirements 
Upon prolonged exposure to temperatures above 425°C, the carbide phase of carbon steel may be converted to graphite. 
See Nonmandatory Appendix A, A–201 and A–202. 
S1: Size Requirements 
For Section I applications, stress values at temperatures of 450°C and above are permissible but, except for tubular 
products 75 mm O.D. or less enclosed within the boiler setting, use of these materials at these temperatures is not current 
practice. 
T2: Time-Dependent Properties 
Allowable stresses for temperatures of 400°C and above are values obtained from time–dependent properties. 
 
Strength values at 20°C  
ReH density Tensile strength 

. . Rm, min 

N/mm² kg/dm³ N/mm² 
250 7.85 485 
 
Strength values as a function of temperature  
T °C 40 100 150 250 325 375 425 475 525 
K N/mm² 138 138 138 136 125 117 83.9 51.1 21.3 
 
Young's modulus -values in dependence of  the temperature  
T °C 25 100 150 200 250 300 350 400 450 500 550 600 
E kN/mm² 201 197 194 191 188 183 178 170 161 149 136 121 
 
Mean coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αm 1e-6/K 11.5 12.1 12.7 13.3 13.8 14.4 14.8 15.1 15.4 

 
Differential coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αdiff 1e-6/K 11.5 12.7 13.8 14.9 15.9 16.7 17.0 17.1 17.7 
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Section 1: Schraube/E 4.16.1  
 
Material specification:  
Material code: G41400-SA-193-B7-Class:-Size:<=64 Regulation: ASME II.D Table 3:2010 Spec. No.: SA-193 
Short name: 1Cr-0.2Mo Product: Bolting 
Delivery condition: 
 
Design conditions and dimensions:  
Temperature [°C]: 343.33 Thickness [mm]: 
Pressure [bar]: 9.31 Outside diameter [mm]: 
 
Material values for test and design conditions:  
 Test condition Operating condition 
Nominal design strength [N/mm²]: 172 172 
Safety factor: 1 1 
Allowable stress [N/mm²]: 172 172 
Modulus of elasticity [kN/mm²]: 204.3 183.4 
 
Strength values at 20°C  
ReH density Tensile strength 

. . Rm, min 

N/mm² kg/dm³ N/mm² 
725 7.85 860 
 
Strength values as a function of temperature  
T °C 40 100 150 200 250 300 350 400 450 500 550 
K N/mm² 172 172 172 172 172 172 172 162 118 68.8 18.9 
 
Young's modulus -values in dependence of the temperature  
T °C 25 100 150 200 250 300 350 400 450 500 550 600 650 700 
E kN/mm² 204 200 197 193 190 186 183 179 174 169 164 157 150 142 
 
Mean coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αm 1e-6/K 11.5 12.1 12.7 13.3 13.8 14.4 14.8 15.1 15.4 

 
Differential coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αdiff 1e-6/K 11.5 12.7 13.8 14.9 15.9 16.7 17.0 17.1 17.7 
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Section 5: Boden/Platte/E.4.6.2  
 
Material specification:  
Material code: K02700-SA-516-70-Class:-Size: Regulation: ASME II.D Table 1A:2017 Spec. No.: SA-516 
Short name: Carbon steel Product: Plate 
Delivery condition: 
 
Design conditions and dimensions:  
Temperature [°C]: 260 Thickness [mm]: 
Pressure [bar]: 27.58 Outside diameter [mm]: 
 
Material values for test and design conditions:  
 Test condition Operating condition 
Nominal design strength [N/mm²]: 138 137.6 
Safety factor: 1 1 
Allowable stress [N/mm²]: 138 137.6 
Modulus of elasticity [kN/mm²]: 202.4 188.2 
 
Notes: 
G10: General Requirements 
Upon prolonged exposure to temperatures above 425°C, the carbide phase of carbon steel may be converted to graphite. 
See Nonmandatory Appendix A, A–201 and A–202. 
S1: Size Requirements 
For Section I applications, stress values at temperatures of 450°C and above are permissible but, except for tubular 
products 75 mm O.D. or less enclosed within the boiler setting, use of these materials at these temperatures is not current 
practice. 
T2: Time-Dependent Properties 
Allowable stresses for temperatures of 400°C and above are values obtained from time–dependent properties. 
 
Strength values at 20°C  
ReH density Tensile strength 

. . Rm, min 

N/mm² kg/dm³ N/mm² 
260 7.85 485 
 
Strength values as a function of temperature  
T °C 40 100 150 250 325 375 425 475 525 
K N/mm² 138 138 138 138 132 123 83.8 51 21.3 
 
Young's modulus -values in dependence of the temperature  
T °C -200 -125 -75 25 100 150 200 250 300 350 400 450 500 550 
E kN/mm² 216 212 209 202 198 195 192 189 185 179 171 162 151 137 
 
Mean coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αm 1e-6/K 11.5 12.1 12.7 13.3 13.8 14.4 14.8 15.1 15.4 

 
Differential coefficient of thermal expansion -values in dependence of the temperature  
T °C 20 100 200 300 400 500 600 700 800 
αdiff 1e-6/K 11.5 12.7 13.8 14.9 15.9 16.7 17.0 17.1 17.7 

 
 


