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Annexure A 

ASME B31.x  

Code Compliance 



 

ASME B31.5 (2010) 

Allowable Pressure 

For straight pipes and bends (including closely spaced and widely spaced miter bends), the allowable 
pressure is calculated from para. 504.1.2. 
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where 

P = allowable pressure 

S = basic allowable stress at maximum of CAEPIPE input temperatures T1, T2 and T3 

E = longitudinal or spiral joint factor (input as material property) from para. 502.3.1 and Table 502.3.1 

Table 502.3.1 provides maximum allowable hoop stress values (SE) as a function of metal 
temperature and includes Longitudinal or Spiral Joint Factor (E) for various materials. Divide SE value 
by E value provided in Table 502.3.1 to obtain basic allowable stress S. For materials where E is not 
given explicitly in Table 502.3.1, use E=1.0. 

Hence, SE in the above formula for allowable pressure P is the allowable hoop stress per para 
502.3.1 and Table 502.3.1. 

ta = available thickness for pressure design (as per para 504.1.1) 

  = tn × (1 - mill tolerance/100) - corrosion allowance 

(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be included 
in corrosion allowance) 

tn = nominal pipe thickness 

D = outside diameter 

d = inside diameter 

Y = pressure coefficient 

For ductile non-ferrous materials and ferritic and austenitic steels,  

Y = 0.4 for 6/ ≥atD and Y = 
Dd

d

+
, for 6/4 <≤ atD  

For Cast Iron, Y = 0.0  

Sustained Stress (in corroded condition) 

The stress (SL) due to sustained loads (pressure, weight and other sustained mechanical loads) is 
calculated from para 502.3.2(d). 
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where 

P = maximum of CAEPIPE input pressures P1, P2 and P3 

D = outside diameter 

tc = nominal thickness – corrosion allowance, as per para 502.3.2 (d) 

=ii  in-plane stress intensification factor 

=oi  out-of-plane stress intensification factor 

=iM  in-plane bending moment 



 

=oM  out-of-plane bending moment 

Zc = corroded section modulus as per para 502.3.2 (d) 

Sh = basic allowable stress at maximum of CAEPIPE input temperatures T1, T2 and T3 

Occasional Stress (in corroded condition) 

The stress (SLo) due to occasional loads is calculated as the sum of stress due to sustained loads (SL) 
and stress due to occasional loads (So) such as earthquake or wind. Wind and earthquake are not 
considered concurrently (see para. 502.3.3 (a)). 
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where 

Ppeak = peak pressure = (peak pressure factor) x P, where P is defined above 

Expansion Stress (in uncorroded condition) 

The stress (SE) due to thermal expansion is calculated from para 519.4.5 and para 519.3.5. 

AtbE SSSS ≤+= 22 4  
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=bS resultant bending stress = 
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=tS torsional stress = 
Z

M t

2
 

Mt = torsional moment 

Z = uncorroded section modulus; for reduced outlets, effective section modulus 

)25.025.1( hotColdA SSfS +=  (see para. 502.3.2 (c))  

=f  stress range reduction factor from Figure 502.3.2  

Scold = basic allowable stress at minimum of CAEPIPE input temperatures T1, T2, T3 and Tref 

Shot = basic allowable stress at maximum of CAEPIPE input temperatures T1, T2, T3 and Tref 

When Sh is greater than SL, the allowable stress range may be calculated as  

( )LhAA SSfSS −+=  

where, Sh = basic allowable stress at maximum of CAEPIPE input temperatures T1, T2 and T3 

This is specified as an analysis option: “Use liberal allowable stresses”, in the CAEPIPE menu 
Options->Analysis on the Code tab. 

Note: 

Refer Annexure B for the details of “Thickness” and the “Section Modulus” used for weight, pressure 
and stress calculations. 



 

 

 



 

 

 



 

B31.8 (2010) 

Allowable Pressure 

For straight pipes and bends (including closely spaced and widely spaced miter bends), the allowable 
pressure is calculated from para. 841.1.1. 
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where 

P = allowable pressure 

S = specified minimum yield strength from para. 817.1.3 (h) and 841.1.4 

E = longitudinal joint factor (input as material property), obtained from Table 841.1.7-1 

ta = available thickness for pressure design  

  = tn × (1 - mill tolerance/100) - corrosion allowance 

(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be included 
in corrosion allowance.) 

tn = nominal pipe thickness 

D = nominal outside diameter 

F = construction type design factor, obtained from Table 841.1.6-1 

T = temperature derating factor, obtained from Table 841.1.8-1 and para. 841.1.8 

Stress due to Sustained and Occasional Loads (Unrestrained Piping) 

The sum of longitudinal pressure stress and the bending stress due to external loads, such as weight 
of the pipe and contents, seismic or wind, etc. is calculated according to paras. 833.6 (a) and 833.6 
(b) along with paras. 805.2.3, 833.2 (b), 833.2 (d), 833.2 (e) and 833.2 (f). 

Please note, the “include axial force in stress calculations” option is turned ON by default for ANSI 
B31.8. 

Sustained Stress SL (required to compute Expansion Stress Allowable SA): 
For Pipes and Long Radius Bends 
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Sustained + Occasional Stress SLO: 

For Pipes and Long Radius Bends 
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For Fittings or Components 
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where 

P = maximum operating pressure = max (P1, P2, P3) 

Ppeak = Peak pressure factor x P 

D = nominal outside diameter 

tn = nominal thickness 

=ii  in-plane stress intensification factor; the product ii75.0  shall not be less than 1.0 

=oi  out-of-plane stress intensification factor; the product oi75.0 shall not be less than 1.0 

=iM  in-plane bending moment 

=oM  out-of-plane bending moment 

Mt = torsional moment 

Z = uncorroded section modulus; for reduced outlets, effective section modulus 

R = axial force component for external loads other than thermal expansion and pressure 

A = corroded cross-section area (i.e., after deducting for corrosion) 

S = specified minimum yield strength from para. 841.1.1(a) 

T = temperature derating factor, obtained from para. 841.1.8 and Table 841.1.8-1  

Note:  

Young’s modulus of elasticity corresponding to the lowest operating temperature 
[=min(T1,T2,T3,Tref)] is used to form the stiffness matrix for Sustained and Occasional load 
calculations. 

Expansion Stress (Unrestrained Piping) 

The stress (SE) due to thermal expansion is calculated from para.833.8. 

AtbE SSSS ≤+= 22 4  
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=bS resultant bending stress = 
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=tS torsional stress = 
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Mt = torsional moment 

Z = uncorroded section modulus; for reduced outlets, effective section modulus 

Please note, “Liberal allowable” option is always turned ON for ANSI B31.8. 

])(25.1[ LhCA SSSfS −+=  

=f  stress range reduction factor = 6/N0.2, where N = number of equivalent full range cycles 

where f <= 1.0 (from para 833.8 (b)). 

Sc = 0.33SuT at the minimum installed or operating temperature  

Sh = 0.33SuT at the maximum installed or operating temperature 

where 

Su = specified minimum ultimate tensile strength = 1.5 Sy (assumed), and 

Sy = specified minimum yield strength as per para. 841.11(a) 

T = temperature derating factor, obtained from para. 841.1.8 and Table 841.1.8-1 



 

Note:  

Young’s modulus of elasticity corresponding to the lowest operating temperature 
[=min(T1,T2,T3,Tref)] is used to form the stiffness matrix for Expansion load calculations. 

Stress due to Sustained, Thermal and Occasional Loads (Restrained Piping) 

The Net longitudinal stress (SL) due to sustained, thermal expansion and occasional loads for 
restrained piping is calculated from paras. 833.3 (a), 833.3 (b) along with paras. 805.2.3, 833.2 (a), 
833.2 (c), 833.2 (d), 833.2 (e) and 833.2 (f) 
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where 

Internal pressure stress = 
n

p t
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Thermal expansion stress = )( oiT TTES −= α  

 
Nominal bending stress SB from Weight and / or other External loads for  

For Pipes and Long Radius Bends 
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Stress due to axial loading (other than temperature and pressure) = 
A

R
S X =  

Where 

P = maximum operating pressure = max(P1,P2,P3) 

D = nominal outside diameter 

tn = nominal thickness 

=ii  in-plane stress intensification factor; the product ii75.0  shall not be less than 1.0 

=oi  out-of-plane stress intensification factor; the product oi75.0 shall not be less than 1.0 

=iM  in-plane bending moment 

=oM  out-of-plane bending moment 

Mt = torsional moment 

R = axial force component for external loads 

A = corroded cross-sectional area (i.e., after deducting for corrosion) 

Z = uncorroded section modulus; for reduced outlets, effective section modulus 

S = Specified Minimum Yield Strength (SMYS) from para 841.11 (a) 

T = Temperature derating factor from para. 841.1.8 and Table 841.1.8-1 

E = Young’s modulus at ambient (reference) temperature 

Ti = installation temperature = Tref in CAEPIPE 

To = warmest or coldest operating temperature 

=α coefficient of thermal expansion at To defined above 



 

 



 

 



 

 



 

 

 



 

 



 

B31.9 (2008) 

Allowable Pressure 

For straight pipes and bends, the calculation of allowable pressure is based on Eq. 2 of paras.904.1.1 
and 904.2.1. 

D
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where 

P = allowable pressure 

SE = allowable hoop stress, given in Appendix I of B31.9 (2008) Code, where 

E = longitudinal or spiral weld joint efficiency factor or casting quality factor 

tm = minimum required pipe thickness as per para.904.1.1(a) 

   = tn × (1 - mill tolerance/100)  

tn = nominal pipe thickness 

A = corrosion allowance 

(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be included 
in “corrosion allowance” in CAEPIPE) 

D = outside diameter 

For closely and widely spaced miter bends, the allowable pressure shall be the lower positive value 
calculated from Eqs. (3A) and (3B) of para 904.2.2 (a) 










+
=

rTT

T

r

SET
P

θtan64.0
  Eq. (3A) 










−
−=

2/rR

rR

r

SET
P     Eq. (3B) 

where 

r = mean radius of pipe = (D - tn) / 2 

T = tm – A, where tm and A are defined above 

R = effective bend radius of the miter 

θ = miter half angle 

Sustained Stress (in uncorroded condition) 

The longitudinal stress (SL) due to sustained loads (pressure, weight and other sustained mechanical 
loads) is calculated as mentioned in para.902.3.2 (d) 
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where 

P = maximum of CAEPIPE pressures P1, P2 and P3 

Do = outside diameter 

tn = nominal wall thickness 

i = stress intensification factor. The product 0.75i shall not be less than 1.0. 

MA = resultant bending moment due to weight and other sustained loads 

Z = uncorroded section modulus; for reduced outlets, effective section modulus 

Sh = hot allowable stress at maximum of CAEPIPE input temperatures T1, T2 and T3 



 

Occasional Stress (in uncorroded condition) 

The longitudinal stress (SLo) due to occasional loads is calculated as mentioned in para.902.3.3 (a) as 
the sum of stresses due to pressure, live and dead loads and stress due to occasional loads (So) such 
as earthquake or wind. Wind and earthquake are not considered to occur concurrently. 
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where 

MB = resultant bending moment due to occasional loads 

Ppeak = peak pressure = (peak pressure factor) x P 

Expansion Stress (in uncorroded condition) 

The stress (SE) due to thermal expansion is calculated from para.902.3.2 (c), para.919.2.1 and 
para.919.4.1 (b). 
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where 

MC = resultant moment due to thermal expansion 

)25.025.1( hCA SSfS +=  

=f  stress range reduction factor = 6/N0.2, where N being the total number of equivalent reference 

displacement stress range cycles expected during the service life of the piping. Also 0.15 ≤  f ≤  1.0 

SC = allowable stress at cold temperature, i.e. at minimum of CAEPIPE input temperatures T1, T2, T3 
and Tref 

When Sh is greater than SL, the allowable stress range SA may be calculated as per para. 902.3.2 (d). 

])(25.1[ LhCA SSSfS −+=  

This is specified as an analysis option: “Use liberal allowable stresses”, in the CAEPIPE menu 
Options->Analysis on the “Code” tab.  

Note: 

Refer Annexure B for the details of “Thickness” and the “Section Modulus” used for weight, pressure 
and stress calculations. 



 

CODETI (2006) 
Allowable Pressure 

The allowable pressure for straight pipes and bends is calculated from 
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where 

P = allowable pressure 

f = allowable stress  

z = joint factor (input as material property in CAEPIPE)  

e = nominal pipe thickness x [1 - mill tolerance %/100] - corrosion allowance “c” 

(Any additional thickness required for threading, grooving, erosion, corrosion, etc. should be included 
in corrosion allowance in CAEPIPE) 

D = outside diameter 

For pipe bends the maximum allowable pressure is calculated using the equivalent pipe wall 
thickness eequi. 
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R = radius of bend 

For closely spaced miter bends, the allowable pressure is calculated from 
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For widely spaced miter bends, the allowable pressure is calculated from 
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where 

r = mean radius of pipe = (D - t)/2 

Rs = effective bend radius of the miter 

θ = miter half angle 



 

Sustained Stress 

The stress ( 1σ ) due to sustained loads (pressure, weight and other sustained mechanical loads) is 

calculated from  
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where 

P = maximum of CAEPIPE input pressures P1, P2 and P3 

Do = outside diameter 

e = nominal pipe thickness x [1 - mill tolerance%/100] - corrosion allowance “c” 

=i  stress intensification factor; the product of 0.75i shall not be less than 1.0 

=AM  resulting bending moment due to sustained loads 

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus 

fh = hot allowable stress 

Sustained plus Occasional Stress 

The stress ( 2σ ) due to sustained and occasional loads is calculated as the sum of stress due to 
sustained loads such as due to pressure, weight and other sustained mechanical loads and stress 
due to occasional loads such as earthquake or wind. Wind and earthquake are not considered 
concurrently. 
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MB=resultant bending moment due to occasional load 

k = 1.2 if the occasional load is acting less than 1% in any 24 hour operating period. In CAEPIPE k = 
1.2 is used for occasional loading. 

Expansion Stress 

The stress ( 3σ ) due to thermal expansion is calculated from 
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where 

MC = resultant moment due to thermal expansion and alternating loads 

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus 

c
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=U cyclic stress range reduction factor as mentioned below 

Number of cycle Stress range reduction factor U  
<= 7000 1.0 

7001 to 14000 0.9 
14001 to 22000 0.8 
22001 to 45000 0.7 

45001 to 100000 0.6 
100001 to 200000 0.5 

fC = allowable stress at cold temperature 

fh = allowable stress at hot temperature 



 

Ec = elastic modulus at cold temperature 

Eh = elastic modulus at hot temperature 

If the above condition is not met, then the following may be used 
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Additional Conditions for the Creep Range 

For piping operating within the creep range, the stress, 5σ , due to sustained, thermal and alternating 

loadings shall satisfy the equation below. 
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where 

crf = allowable creep stress value 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 

EN 13480 (2009) 
Allowable Pressure 

The allowable pressure for straight pipes is calculated from equation 6.1-1 or 6.1-3 depending on the 
ratio between inner and outer diameter.  
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where 

P = allowable pressure 

f = allowable stress  

z = joint factor (input as material property in CAEPIPE)  

e = nominal pipe thickness x [1 - mill tolerance %/100] - corrosion allowance “c” 

(Any additional thickness required for threading, grooving, erosion, corrosion, etc. should be included 
in corrosion allowance in CAEPIPE) 

Do = outside diameter 

Di = inside diameter 
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For pipe bends the maximum allowable pressure is calculated using the equivalent pipe wall 
thickness eequi. 
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R = radius of bend 

For closely spaced miter bends, the allowable pressure is calculated from equations 6.3.4-1 and 
6.3.4-2. 
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For widely spaced miter bends, the allowable pressure is calculated from equations 6.3.4-1, 6.3.4-2 
and 6.3.5-1 
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Where 

r = mean radius of pipe = (D - t)/2 

Rs = effective bend radius of the miter 

θ = miter half angle 

Sustained Stress 

The stress ( 1σ ) due to sustained loads (pressure, weight and other sustained mechanical loads) is 
calculated from equation (12.3.2-1) 
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where 

P = maximum of CAEPIPE input pressures P1, P2 and P3 

Do = outside diameter 

en = nominal pipe thickness  

=i  stress intensification factor; the product of 0.75i shall not be less than 1.0 

=AM  resulting bending moment due to sustained loads 

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus 

fh = hot allowable stress 

Sustained plus Occasional Stress 

The stress ( 2σ ) due to sustained and occasional loads is calculated from equation (12.3.3-1) as the 

sum of stress due to sustained loads such as due to pressure, weight and other sustained mechanical 
loads and stress due to occasional loads such as earthquake or wind. Wind and earthquake are not 
considered concurrently. 
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MB=resultant bending moment due to occasional load 

k = 1.2 if the occasional load is acting less than 1% in any 24 hour operating period. In CAEPIPE k = 
1.2 is used for occasional loading. 

Expansion Stress 

The stress ( 3σ ) due to thermal expansion is calculated from equation (12.3.4-1) 
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where 

MC = resultant moment due to thermal expansion and alternating loads 

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus 

c
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=U cyclic stress range reduction factor taken from table 12.1.3-1 

fC = allowable stress at cold temperature 



 

fh = allowable stress at hot temperature 

Ec = elastic modulus at cold temperature 

Eh = elastic modulus at hot temperature 

If the above condition in equation (12.3.4-1) is not met, equation (12.3.4-2) may be used. 
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Additional Conditions for the Creep Range 

For piping operating within the creep range, the stress, 5σ , due to sustained, thermal and alternating 

loadings shall satisfy the equation (12.3.5-1) below. 
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where 

crf = allowable creep stress value 

 



 

 



 

 



 

 



 



 

Annexure B 

Thickness and Section Modulus used in Weight, Pressure and Stress Calculations for ASME B31.x Codes 
Particulars Allowable Pressure Pipe Weight Sustained Stress Expansion Stress Occasional Stress 

B31.1 (2010) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness Nominal Thickness - Nominal Thickness 

Section 
Modulus used - - 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

B31.3 (2010) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness 
Nominal Thickness - Corrosion 
allowance 

- 
Nominal Thickness – 
Corrosion allowance 

Section 
Modulus used 

- - 
Corroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Corroded Section Modulus; 

For Branch, effective section 
modulus 

B31.4 (2009) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness Nominal Thickness - Nominal Thickness 

Section 
Modulus used - - 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch effective section 
modulus 

B31.5 (2010) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness Nominal Thickness – Corrosion 
allowance 

- Nominal Thickness – 
Corrosion allowance 



 

Particulars Allowable Pressure Pipe Weight Sustained Stress Expansion Stress Occasional Stress 

Section 
Modulus used - - 

Corroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Corroded Section Modulus; 

For Branch, effective section 
modulus 

B31.8 (2010) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness Nominal Thickness - Nominal Thickness 

Section 
Modulus used - - 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

B31.9 (2008) 

Pipe Thickness 
used 

 

Nominal Thk. x (1-mill 
tolerance/100) – Corrosion 
allowance 

Nominal Thickness Nominal Thickness - Nominal Thickness 

Section 
Modulus used 

- - 
Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Uncorroded Section Modulus; 

For Branch, effective section 
modulus 

Note: 
1. Corrosion allowance includes thickness required for threading, grooving, erosion, corrosion etc. 

2. Uncorroded section modulus = section modulus calculated using the nominal thickness. 

3. Corroded section modulus = section modulus calculated using the “corroded thickness” 

corroded thickness = nominal thickness – corrosion allowance 

4. Effective section modulus = section modulus calculated using effective branch thickness, which is lesser of iitb or th 

where, tb = branch nominal thickness, th = header nominal thickness, ii = in-plane SIF at branch 

 


