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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.

p= 28Et,
D -2¥t,
where
P = allowable pressure
S = basic allowable stress at maximum of CAEPIPE input temperatures T, T, and T;
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.

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

=1, X (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=04for D/t, 26and Y = dD for 4<D/t, <6

For Cast Iron, Y = 0.0
Sustained Stress (in corroded condition)

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

_PD M)+ (M) _
4t z
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S
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where
P = maximum of CAEPIPE input pressures P;, P, and P3
D = outside diameter

t. = nominal thickness — corrosion allowance, as per para 502.3.2 (d)

i. = in-plane stress intensification factor

I, = out-of-plane stress intensification factor

M. = in-plane bending moment



M, = out-of-plane bending moment

Z. = corroded section modulus as per para 502.3.2 (d)

Sy = basic allowable stress at maximum of CAEPIPE input temperatures T4, T, and T;
Occasional Stress (in corroded condition)

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

P D [ V(i M,)* +((,M,)? L VGM)? +(M,)?
4t Z z

c c . c .
sustained occasional

SLo =

<1.33S,

where
Ppeak = peak pressure = (peak pressure factor) x P, where P is defined above
Expansion Stress (in uncorroded condition)

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

S =S +45 <8,

where

JM)? + (i, M,)?
Z

S, =resultant bending stress =

. M,
S, =torsional stress = ——
27

M, = torsional moment

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

S, = f(1.25S,, +0.25S,,) (see para. 502.3.2 (c))

f = stress range reduction factor from Figure 502.3.2

Scoid = basic allowable stress at minimum of CAEPIPE input temperatures Ty, T, Tz and T,
Shot = basic allowable stress at maximum of CAEPIPE input temperatures Ty, To, Tz and Ties

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

S,=S,+f(s,-S.)

where, S, = basic allowable stress at maximum of CAEPIPE input temperatures T,, T, 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.

_2SEt,FT
D

P

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
. = available thickness for pressure design
=1, X (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 S, (required to compute Expansion Stress Allowable Sp):
For Pipes and Long Radius Bends

L GM)7+ M)’
z

4, A

PD . R
S =l—+—

Sustained Sustained

For other Fittings or Components.

_[pD R . J(0.75i,M,)? +(0.75i M )% + (M,)?
L(fc) | e | A
4t A Z
n Sustained Sustained
Sustained + Occasional Stress S, o:
For Pipes and Long Radius Bends
P« —P)D iM%+ (i M.)?

SLO=S|_+( peak ) +E + \/(| |) (0 o) SO?SSI—

4t” occasional Z

occasional

For Fittings or Components

P_. —-P)D 0.75i.M.)% +(0.75i_ M )% +(M,)?
5, =5, +| G PR R [(OTE M) (075" + (M) < 0755

4t” Occasional Z

occasional



where

P = maximum operating pressure = max (P1, P2, P3)
Ppeak = Peak pressure factor x P

D = nominal outside diameter

t, = nominal thickness

I, = in-plane stress intensification factor; the product 0.75i; shall not be less than 1.0

I, = out-of-plane stress intensification factor; the product 0.75i shall not be less than 1.0

M, = in-plane bending moment

M, = out-of-plane bending moment

M; = 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 Ilowest 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 (Sg) due to thermal expansion is calculated from para.833.8.

S =S +457 <5,

where

JEM)Z+ (i M,)?
Z

S, =resultant bending stress =

, M,
S =torsional stress = —-
2Z

M; = 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.
Sy = f[1-25(sc + Sh) - SL]
f = stress range reduction factor = 6/N°?, where N = number of equivalent full range cycles

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

S. = 0.33S,T at the minimum installed or operating temperature

Sy =0.33S,T at the maximum installed or operating temperature

where

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

S, - 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 Ilowest 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 (S,) 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)

S = max(S,+S, +S,|,|S, +S, - S,) +

! sustained

max(S, +S, +S,

where

Sp + Sx - SB‘)Occasjonal +

Sr ‘ooldesl ) <0.98T

PD
Internal pressure stress = S, = 0.3——

n

Thermal expansion stress = S, = Ea(T, —T,)

Nominal bending stress Sg from Weight and / or other External loads for
For Pipes and Long Radius Bends

VEM )2+ (i M ,)?
SB - (I I) Z ( o] O)

For other Fittings or Components.

_ J(0.75i,M,)? +(0.75i M) + (M, )?
z

SB

Stress due to axial loading (other than temperature and pressure) = g =

>

Where
P = maximum operating pressure = max(P1,P2,P3)
D = nominal outside diameter

t, = nominal thickness

I, = in-plane stress intensification factor; the product 0.75i; shall not be less than 1.0

I, = out-of-plane stress intensification factor; the product 0.75i shall not be less than 1.0

M, = in-plane bending moment

M, = out-of-plane bending moment

M, = 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

T, = installation temperature = T,; in CAEPIPE

T, = warmest or coldest operating temperature

a = coefficient of thermal expansion at T, defined above



ASME B31.8-2010

Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Factor, i [Notes (1) and (2))

Flexibility Flexibility
Factor, Out-plane, In-plane, Characteristic,
Description k ia f; h Sketch
ry
i t
Welding elbow or pipe bend 1.65 0.75 0.9 TRy = ro
[Notes (1)-(5)] h PEE R 2 f
2 _ N f11 = bend
radiug
Closely spaced miter bend [Notes 152 0.9 0.9 cot 8 Ts
(1), (2), (3), and (5)] o = o = 3
s<ry (1 +tan #) h Bt h 2
Single miter bend or widely _
spaced miter bend 1.52 0.9 0.9 L+cotfT
sz (1+tan d) pole PEIE p2i3 2 =
[Notes (1), (2), and (5)]
Welding tee per ASME B16.9 with
: 4
rez ' 0.9 . T
=157 1 pis fly + 44 e
[Notes (1), (2), and (6)]
Reinforced fabricated tee with =
0. T+ 35652
pad or saddle [Notes (1), (2), 1 4 Vi iy +Y, {i/ize}
{7]_{9]] h!.l"! T'i.l) r
Unreinforced fabricated tee 1 0.9 304, E
[Notes (1), (2), and (9)] PETE 4l sk r
Extruded outlet B
ro = 0.05d 0.9 ; [ L\ T
T<15T A ni Yalo+ Y L
[Notes (1), (2), and (6)] '
Welded-in contour insert
i -
ro= % _ ﬁ 1 1 _T
T.>15T * T Yulo+ Yo s
[Notes (1), (2), and (10)]
Branch welded-on fitting (inte- =
0. 0. T
grally reinforced) [Notes (1), 1 —9 9.2 33—

(2), (©), and (11)] p2i3 PRI =




ASME B31.8-2010

Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)
Flexibility Stress Intensification
Factor, Factor,
Description k i Sketch
Buttweld [Notes (1) and (12)]
720237 in. (6.02 mm), 1 10
8nax. € Yy in. (1.59 mm),
and 8ue/T < 0.13
Buttweld [Notes (1) and (12)] o
. AN T
Tz 0.237 in. (6.02 mm), —
Snax, < Yo in. (3.18 mm), 1.9 max. or T_a
and 8,/T = any value 1 [0.9 + 2.7 (8,/ M.
but not less than
Buttweld [Notes (1) and (12)] Lo
T £0.237 in. (6.02 mm),
Gnax, £ Y6 I, (1.59 mm),
and 8,,,/T < 0.33
1 1.9 max. or T
Tapered transition per D 5
ASME B16.25 1.3 + 0.0036 = + 3.6 =
[Note (1)] T T
Dy
1 2.0 max. or ?1] \
Concentric reducer per 0.5 + 0.01a |@| ] T_ o 2
ASME B16.9 [Notes (1) and ‘T2 D T
(13)] T Do
Double-welded slip-on flange 1 1.2
[Note (14)]
Socket welding flange or fit- 1 2.1 max or 2.1 T/C, but
ting [Notes (14) and (15)] not less than 1.3
Lap joint flange (with 1 1.6
ASME B16.9 lap joint stub)
[Note (14)]
Threaded pipe joint or 1 23
threaded flange [Note (14)]
Corrugated straight pipe, or 5 2.5

corrugated or creased bend
[Note (186)]



ASME B31.8-2010

Stress intensification factor, J,

Corr factor, ¢4

and flexibility factor, k

Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)
100
80 Flexibility factor for
elbows, k = 1.65/h
60 e

17/'

factor, i = 0.9/h

Flexibility factor for5
miters, k = 1.52/h /6

Stress intensification
2;3

Stress intensification
factor, /= 0.75/h%/3
Y
) \\ N
\ N
15 N N
\\\
1 : :\
0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 1.5
Characteristic, f
Chart A
1.00 "
/
—
=
CI.SOF
//’\ \\
0.375 /’! '\\1 1 End flanged cq =h"/g
/ ™ 2 Ends flanged ¢q = XE]

0.25

Chart B




ASME B31.8-2010

Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES:

(1)

2

(3)
(&)
(5)

(8)

)
®
©

(10

(11)
(12)

The nomenclature is as follows:

d = outside diameter of branch, in. (mm)

R, = bend radius of welding elbow or pipe bend, in. (mm)

ry = radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the header and

branch, in. (mm)

r; =mean radius of matching pipe, in. (mm)

s = miter spacing at centerline, in. (mm)

T =nominal wall thickness of piping component, in. (mm)

= for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm)

= for welding tees, the nominal wall thickness of the matching pipe, in. (mm)

= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching
pipe, increased thickness must be maintained for at least one run outside diameter to each side of the branch outside diame-
ter), in. (mm)

Te =the crotch thickness of tees, in. (mm)

t, = pad or saddle thickness, in. (mm)

a =reducer cone angle, deg

# = one-half angle between adjacent miter axes, deg
The flexibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress intensification factors, /, shall not be less
than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines in the
sketches) for curved and miter bends and to the intersection point for tees.

The values of k and i can be read directly from Chart A by entering with the characteristic, h, computed from the formulas given.
Where flanges are attached to one or both ends, the values of k and 7 shall be corected by the factors, C,, which can be read
directly from Chart B, entering with the computed h.

The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are
used. Large errors may be introduced unless the effect of these greater thicknesses is considered.
In large diameter thin-wall elbows and bends, pressure can significantly affect the magnitudes of k and /. To correct values from the

table, divide k by
e T3 13
R
|:1 +6(—P){r:2) (—1] i|
E, \ T, ]

divide i by

fp (e 52 23
[+ 325 (8) (2 (8) ’ |
E/\T \Fz2)
where
E. = cold modulus of elasticity, psi (MPa)
P = gage pressure, psi (MPa)
If the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the radius
and thickness limits are not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensification fac-
tors shall be calculated as 1.12/h*? and (0.67/h%%) + Vi, respectively.
When t, = 1Y,T, use h = 4.057/r,.
The minimum value of the stress intensification factor shall be 1.2.
When the branch-to-run diameter ratio exceeds 0.5, but is less than 1.0, and the number of design displacement cycles exceeds
200, the out-plane and in-plane stress intensification factors shall be calculated as 1.8/#*” and (0.67/h*7) + Y, respectively,
unless the transition weld between the branch and run is blended to a smooth concave contour. If the transition weld is blended to
a smooth concave contour, the stress intensification factors in the table still apply.
If the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the radius
and thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress inten-
sification factors shall be calculated as 1.8/h*” and (0.67/h*?) + Y, respectively.
The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.
The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875T and
1.10T7 for an axial distance of \,-"D,, T- D, and T are nominal outside diameter and nominal wall thickness, respectively. 8, is the
average mismatch or offset.



ASME B31.8-2010

Table E-1 Flexibility Factor, k, and Stress Intensification Factor, / (Cont'd)

NOTES: (Cont'd)

(13) The equation applies only if the following conditions are met.
(a) Cone angle « does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,,/T and D,,/T does not exceed 100.

(¢} The wall thickness is not less than ?1 throughout the body of the reducer, except in and immediately adjacent to the cylindrical
portion on the small end, where the thickness shall not be less than T-.

(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a
flanged joint with a gasket having no self-sealing characteristics can be estimated by the equation.

My = (C/4) (5, Ap - PAL)

h
=
|

= total area of flange bolts, in.? (mm?
A, = area to outside of gasket contact, in.* (mm?)
bolt circle, in. (mm)
moment to produce flange leakage, in.-lb (mm-N)
P = internal pressure, psi (MPa)
Sp = bolt stress, psi (MPa)
(15) G is the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Factors shown apply to bending. Fexibility factor for torsion equals 0.9.



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.

_ 2%, - A
D

P

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

E = longitudinal or spiral weld joint efficiency factor or casting quality factor
{m = minimum required pipe thickness as per para.904.1.1(a)

=1, X (1 - mill tolerance/100)
t, = 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 Eqgs. (3A) and (3B) of para 904.2.2 (a)

P-SET( T J Eq. (3A)
r \T+0.64tan6VrT '
SET( R-r
P=—"| — Eq. (3B
r [R—rlzj % (38)
where

r = mean radius of pipe=(D-t,) /2
T =t,— A, where t,, and A are defined above
R = effective bend radius of the miter

6= miter half angle

Sustained Stress (in uncorroded condition)

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

PD, = 0.75M ,
= ° 4+ <
S 4t Z

n

S,

where

P = maximum of CAEPIPE pressures P;, P, and P

D, = outside diameter

t, = 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 T, T, and T;



Occasional Stress (in uncorroded condition)

The longitudinal stress (S, ,) 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 (S,) such
as earthquake or wind. Wind and earthquake are not considered to occur concurrently.

Poeak Do N 0.75M , + 0.75M
4t Z Z

S, = B £1.33S,

n
where

Mg = resultant bending moment due to occasional loads
Ppeak = peak pressure = (peak pressure factor) x P
Expansion Stress (in uncorroded condition)

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

where

Mc = resultant moment due to thermal expansion
S, = f(1.258C +0.25$1)

= stress range reduction factor = 6/N®? 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 Ty, To, Ts
and T

When S, is greater than S, the allowable stress range SA may be calculated as per para. 902.3.2 (d).
Sy = fIL25(S +S,) - S.]

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

_ 2fze
D-e

P

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 ecqui.

e =%
equi tf
Where
_(R/D-0.25)
" (R/D-0.50)

R = radius of bend

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

2 —_
P:min{ fze fze(R, r)} with 6 <22.5

r(e+0.643tan6/re) 'T(R —r/2)

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

P:min[ fze” , fze(Rs_r)} with <225
r(e+0.643tan6/re) 'T(R —r/2)

fze?

P= with 8 > 22.5
r(e+1.25tan6/re)

where
I = mean radius of pipe = (D - t)/2
R, = effective bend radius of the miter

6 = miter half angle



Sustained Stress

The stress (0, ) due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from

PD, . 0.75IM,
= + <

f
4e z n

1

where

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

D, = 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
M , = resulting bending moment due to sustained loads

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus
f, = hot allowable stress

Sustained plus Occasional Stress

The stress (0, ) 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.

PD, . 0.75M, . 0.75iM,
, = + + <
4e Z Z

Mg=resultant bending moment due to occasional load

f,

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 (0;) due to thermal expansion is calculated from

iM
o, = ZC < f,
where
Mc = resultant moment due to thermal expansion and alternating loads
Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus

f =U(L25f, + 0.25fh)%

C

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

f, = allowable stress at hot temperature



E. = elastic modulus at cold temperature

E,, = elastic modulus at hot temperature

If the above condition is not met, then the following may be used

_ PD, + 0.75M , + iM¢
4e Z

Additional Conditions for the Creep Range

o, <f,+f,

For piping operating within the creep range, the stress, 0., due to sustained, thermal and alternating
loadings shall satisfy the equation below.
o, = PD, + 0.751M , + 0.751M <t
4e Z 3Z

where

f, = 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.

For D,/D, <1.7

For D,/D, >1.7

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

_2e
D

a=1

o

For pipe bends the maximum allowable pressure is calculated using the equivalent pipe wall
thickness ecqi.

e =%
‘equi tf
Where
_ (R/D-0.25)
" (R/D-0.50)

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.

p= min[ fze? fze(R, - r)

, with 8 <22.5
r(e+0.643tan6/re) r(RS—r/Z)}

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

p= min[ fze? fze(R, - 1)

, with 8 <22.5
r(e+0.643tan6/re) r(RS—rIZ)}



fze?

P=
r(e+1.25tan 9\/@)

with 8 >22.5

Where

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

R, = effective bend radius of the miter
6 = miter half angle

Sustained Stress

The stress (0;) due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from equation (12.3.2-1)
PD, . 0.75iM,
g = + <
4e

n

fh

where

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

D, = outside diameter

e, = nominal pipe thickness

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

M , = resulting bending moment due to sustained loads

Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus
f, = hot allowable stress

Sustained plus Occasional Stress

The stress (0, ) 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.

PD,  0.75iM, . 0.75IM
g, = + + <
4e z z

n

kf,

Mg=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 (0;) due to thermal expansion is calculated from equation (12.3.4-1)

iM
o, = ZC <f,
where
Mc = resultant moment due to thermal expansion and alternating loads
Z = uncorroded section modulus; for reduced outlets / branch connections, effective section modulus

f,=U(L.25f, + 0.25fh)%

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

fc = allowable stress at cold temperature



f, = allowable stress at hot temperature
E. = elastic modulus at cold temperature
E, = 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.
_ PD, + 0.75IM , + iM¢
Y 4e z

n

< f,+f,

Additional Conditions for the Creep Range
For piping operating within the creep range, the stress, 0, due to sustained, thermal and alternating
loadings shall satisfy the equation (12.3.5-1) below.
o = PD, , 0.75M, , 0.75M _ 3
4e Z 3z

where

f, = allowable creep stress value



Table H.1 (continued)
N® Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification modulus
h kg ® factor i 4
4 Single mitre o 4Re,, 152 09
bend or widely 5 575 57 "
spaced mitre di %/ h /
bend \ )
; with
Izr(1+tang) J
N R:dm(lﬂsotﬁ
4
R
forged welded-in| Shape conditions : 1 \1/2
reducer w . 05+_% [d_o
z?/ | a< 60 " 100\ e, )
s @ en = dp/100 max. 2,0
ep zeq {(arin deg.)d
© ho
6 |tee with wel_ded— d op 2ep, 09 Header :
on, welded-in or ‘ ‘ . a —2m e
extruded nozzle e, i W m h= T d;—df
i - 32 dy
E
© | - 'r:t
: It
7 as above, d np N \6/2 09 Nozzle
however, with [ = 2len U,Sep|] 5 Pe
e | | & 3/2 he LT
additional ews L dmen” —d, e,
reinforcing ring e | ) 4
= with ep| < en
+—=-1 _.ét
; with ex as
8 |forged welded-in 838e, 1 09 smaller value
tee with e and e —5 bo of
O h™
€nb s ex1 = en and
connecting wall
thickness ex2=ienp
resp.
9 butt weld en < 5mm 1 1,0f
f [ and < 0,1ep |
1 I
— 1o
i, ep < 5mm and 1 18 f
&>0,1eqn |
(to be continued),




Table H.1 (concluded)

N® Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification modulus
h kg @ factor i z
10 )r @< 30° 1'3; x b=t
] f<15° 00036—2+ |32 d,
wall thickness (without ©n
transitions circumferential weld 1 36 2}
w at transitions = 0) I e
n
max 1,9 f
M concave shape with smaller value
continuous of
transition to pipe
filet welds at @ 1 13 & dy-df
set-in o 32 d
connections = g
and
12 T
L
4 o
1 21
U
©

The flexibility factor kg applies to bending in all planes. The factor related to torsion is equal to 1 in all cases.

The factors kg and i apply over the whole effective length of the elbows and bends and al the intersection of the axes in

case of tees and nozzles.

If these components are fitted with :

- flange at one extremity, kg and i are multiplied by #

- flange at each of the extremities, kg and i are multiplied by h

/6,

1/3

The wall thickness of the reducer is not less than ¢; except in the vicinity of the small end where however the thickness is

not less than ¢, .

Other values may be used subject to justification.

The factor applies if the fabrication tolerances are met. Otherwise the determination of the factors is the responsibility of

the designer.

The factors only apply to nozzles with convergent axes.




Table H.3 — Flexibility characteristics and stress intensification factors for out-of-plane and in-plane bendin

Component Out-of-plane In-plane Flexibility Sketch
description ia i characteristic
B
Welding elbow or pipe 075 09 e,R
bend hzfa abe hE,.-"a abe r2
Closely spaced mitre
bend 09 09 cote e,l
I<r(1+tané) h2B abe h23 abe 2,2
(/=2 Rtan#g)
Single mitre bend or s
widely spaced mitre 09 09 e_m( 1+ 0019]
bend hZ,-'fi abec hz"'f:i abgc r\ 2 7
lzr(1+tand
Forged lee to be
welded, designed with )
a burst pressure 09 0.75i4 +025 4.4ey
greater than or equal h2/3 aefgi aefgi r
to the burst pressure
of the connected pipes
[ | i
: 5/2 T,
Reinforced fabricated 0.9 0,75i, +025 (en +05e;, )* = J ] t |
tee with pad or saddle h2;3 adei Ty riena,-*z ! 1 ‘| = .
4‘1‘_“ | \IF—A |
w
Unreinforced 09 0,75i, +0.25 ey
fabricated tee hz,v‘S s ad et 7 — _'__ —

(to be continued)




Table H.3 (concluded)

Component Out-of-plane In-plane Flexibility Sketch
description io i characteristic
P
, 09 075i, +025 () en ' f
Extruded welding tee 57 1+—|— ] }
h<* ae ae I r - I ] =
. [ | D ! L
€U
Welded in contour 0’9 075i, +025 4.4e, i (
insert hZ;‘S aefgi aefgi r ‘R?‘ﬁ_s
‘ [
B
Bralnch wefded on 09 0750, + 0,25 33e,
fitting (integrally 273 — R . 4
reinforced) h adfh adfh i ﬂ =]

The factors ip and jj apply over the whole effective length of the elbows and bends and at the intersection of
the axes in case of tees and nozzles.
If these components are fitted with :

- flange at one extremity, ig and jj are multiplied by h“f’;

i flange at each of the extremities, iy and i are multiplied by n3,

If the pressure is likely to correct ovality (large diameter, small thickness), the factors ig and j; shall be

Cl’)’ \rm/

512 2/3
P R
divided by 1 + 3,25 (—] (ri] {—] , where P is the operating pressure and £ the modulus of
L3 AN

elasticity at 20 °C.

Far a nozzle with a ratio of branch diameter to pipe diameter exceeding 0,5, the out-of-plane stress
intensification factor may be non-conservative. In addition a smooth transition by a concave shaped weld is
proved to reduce the value of this factor. Consequently the selection of an appropriate value for this factor
remains the responsibility of the designer.

The stress intensification factors regarding the branch connections are based on tests carried out with at
least two diameters of straight pipe on either side of the branch axis. The case of closer branches requires a
particular attention.

The forgings shall be suitable with regard to the operating conditions.

When the limitations with respect to radius and thickness are not met and reliable data are not available, the

n

e
flexibility characteristic is taken as .
F

The designer shall check that the design against pressure is at least equivalent to that for a straight pipe.

The factors only apply to nozzles with convergent axes.




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 | Nominal Thk. x (1-mill
used tolerance/100) — Corrosion | Nominal Thickness | Nominal Thickness - Nominal Thickness
allowance
Section Uncorroded Section Modulus; Uncorroded Section Modulus; Uncorroded Section Modulus;
- - For Branch, effective section | For Branch, effective section | For Branch, effective section
Modulus used
modulus modulus modulus
B31.3 (2010)
Pipe Thickness | Nominal Thk. x  (1-mill . . ) _ _
used tolerance/100) — Corrosion | Nominal Thickness Nominal Thickness - Corrosion ) Nomlngl Thickness -
allowance Corrosion allowance
allowance
Section Corroded Section Modulus; Uncorroded Section Modulus; Corroded Section Modulus;
- - For Branch, effective section | For Branch, effective section | For Branch, effective section
Modulus used
modulus modulus modulus
B31.4 (2009)
Pipe Thickness | Nominal Thk. x (1-mill
used tolerance/100) — Corrosion | Nominal Thickness | Nominal Thickness - Nominal Thickness
allowance
Section Uncorroded Section Modulus; Uncorroded Section Modulus; Uncorroded Section Modulus;
Modulus used - - For Branch, effective section | For Branch, effective section | For Branch effective section
modulus modulus modulus
B31.5 (2010)
Pipe Thickness | Nominal Thk. x  (1-mill . . ) _ _
used tolerance/100) — Corrosion | Nominal Thickness Nominal Thickness — Corrosion ) Nominal Thickness -

allowance

allowance

Corrosion allowance




Particulars | Allowable Pressure Pipe Weight Sustained Stress Expansion Stress Occasional Stress
Section Corroded Section Modulus; Uncorroded Section Modulus; Corroded Section Modulus;
- - For Branch, effective section | For Branch, effective section | For Branch, effective section
Modulus used
modulus modulus modulus

B31.8 (2010)

Pipe Thickness | Nominal Thk. x  (1-mill

used tolerance/100) — Corrosion | Nominal Thickness | Nominal Thickness - Nominal Thickness
allowance

Section Uncorroded Section Modulus; Uncorroded Section Modulus; Uncorroded Section Modulus;

Modulus used - - For Branch, effective section | For Branch, effective section | For Branch, effective section

modulus modulus modulus

B31.9 (2008)

Pipe Thickness | Nominal Thk. x (1-mill

used tolerance/100) — Corrosion | Nominal Thickness | Nominal Thickness - Nominal Thickness
allowance

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 it, or t;
where, t, = branch nominal thickness, t, = header nominal thickness, i; = in-plane SIF at branch




