EN 13480-3 ed.2012

Metallic industrial piping —
Part 3: Design and calculation

12 Flexibility analysis and acceptance criteria

Review of problems and open questions:

— Alternative Stress equations for ii and io

— Axial force

— Corrosion allowances

— Sectional modulus

— Factor Ec/Eh gives strange results for cryo-piping

including solution proposals
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Stress Equations

Problem:

Chap.12 describes stress equations and
appendix H1 describes the stress
intensification factors (similar to
FDBR/ASMEB31.1 CODETI)

12.3.2 Stress due to sustained loads

The sum of primary stresses 1, due to
other sustained mechanical loads s
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Annex H

(normative)

Flexibility characteristics, flexibility and stress intensification

geometrical discontinuities

factors and section moduli of piping components and

Piping component and geometrical disconuities characteristics for general cases, particular connections, and out of
plane and in plane bending of the piping system shall be in accordance with Tables H.1 to H.3.

Table H.1 — Flexibility characteristics, flexibility and stress intensification factors and section moduli for

general cases

N® Designation

1| staignt pipe |

3 Closely spaced .
mitre bend

I=<r{1+tandt)

(1= 2 Rtand)

Sketch

Flexibility
characteristic

Flexibility Stress
factor intensification
kg @ factor i

165
I

152
1516

0.9
hzfa be

039
PETE

Section
modulus
Z

& do—d
2 d

{to be continued)
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Alternative Equations oo | O | e |
P b I Welding glbudw or pipe % Enf -
roplem: - S A ’ ' -
Appendix H3 describes alternative stress
equations (similar to ASME B31.3), butno <., N -
. . . . bend , b8 cotd ey
equations is given in chapter 12 g | W | e | 2
»Suiir&ilﬁ 's“;'}gietﬁefn‘?fé 0;‘33 LSS Bn (1+00td)
12.3.2 Stress due to sustained load ar(etng | M cve | e | r L2
The sum of primary stresses o4, due to
. . Forged tee to be
other sustained mechanical loads shall s welded, desgned wih | g 0750, +025 | 4dey
E:QEEL“LEREPQ?%:SJ?J W etsi | e ’ . | -
of the connected pipes
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4€n Z‘ J o
Reinforced fabricated 09 0,75/, +0,.25 e, +05e, 7 - ) P /J
tee with pad or saddle ?ﬁ_acei ade riensﬁ-} . I| i V-
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Alternative Equations, Solution

Include Stress equations for alternative SIF:
or alternatively using the stress intensification factor from table H3:

-

where

M. is the in-plane moment from the sustained mechanical loads

M. is the out-of-plane moment from the sustained mechanical loads
M. is the torsional moment from the sustained mechanical loads

I is the stress intensification factor for torsional moments. Unless more
precise information is available i = 1.0

2

<f,

an Qs V(0,75:i-M,, )>+(0,75-i,-M_, )2

2
1My
_|_
A, Z

Z

C C

Same modifications for the other equations:
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Alternative Equations , Solution for Range

Include Stress equations for alternating loads:

-

I. is the stress intensification factor for axial forces for alternating loads.
Unless more precise information is available i. = 1.0

2

iQC Qxc n \/(0’75'ii'Mic)2+(0’75'io'Moc)2
A Z

As in ASME B31.3: use nominal thickness for Z for secondary loads.
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B

Alternative Equations , Range with pressure
stiffness

in cases where the stress intensification factor is load case dependant (e.qg.
pressure stiffening of bends), the stress range is the maximum difference

between all pairs (j,k) of thermal expansion or alternating load cases
calculated in the following way:

|

(Basically replace moment rang by calculation stress range directly over all
load case combinations)

2

inQij_iQk Qka 4 \/<iij'MiCj_iik' MiCk)2+(ioj'Mocj_ iok' MoCk)2

'=max
3 A Z

Iy Myg;— Iy Migi
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B

Alternative Equations

Similar as in ASME B31.3 2014 we introduce SIF's for axial force and
torsional moment which are set to 1.0. This allows replacing the factors with
more precise data if available:

ification factor for axial forces in the load case L.
cise information is availablei, = 1.0

l.. IS the stress inte
Unless more

I, is the stress intensification factor for torsional moments in the load
case L. Unless more precise information is available i, = 1.0
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AXxial force

Problem:
The stress equations in chap.12 do not consider axial force
(other than that due to internal pressure):

pCdO O-75'i'MA
= + <f
4e, Z. f
The stress analysis cannot be used where axial force from other sources is
relevant:

- buried pipes
- axial restrained pipes
- pipes for supporting structures (e.g. in water boilers etc)

oF
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Axial force, Solution

Include axial force into stress equations:

Q, 0.750M, __

G1:iQAA T 7 =Ty
where:
p.md’
Q,=MAX °4 >+ Q.,l, Q.

Q. is the axial force from the sustained mechanical loads
d is the inner diameter of the corroded pipe
A. is the cross section of the pipe (reduced by the corrosion allowances)

laa IS the stress intensification factor for axial forces for sustained loads.
Unless more precise information is available /. = 1.0
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Axial force, Solution Alternative Equations

Include axial force into alternative stress equations:

2
" iQAQx_|_\/(0’75°ii°MiA)2+<O’75'i0'M°A)2 + My 2<f
o=\ A, Z, Z )
where: )
nd
QX:MAX pc4 O+QXA,QXA
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AXxial force

For occasional loads

inQ, 0.75i-M,+0.75-i-M
0,= QZ\ X4 AZ B <k f,

C C

Axial force must include:

- Pressure effect (acting or not)

- Sustained loads QxA (acting all the time)

- Occasional loads QxB (acting or not, reversing or not)

. | Pt d,
for reversing loads :  Q,=MAX 7 T Qa +|Qg|, |Q,a|+{ Qg
Pt d, Pt d,
non reversing: Q=MAX||=7—=+ Q|| Qa|,| =~ +Qat+Qs), Qa+Qy
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Corrosion allowances

Problem:
The internal pressure design considers corrosion and erosion but
stress equations in chap.12 is not clear about it:

Stresses shall be determined for nominal thickness.

NOTE Wall thickness r
covered by the stress limi

uctions, allgwed by the technical conditions of delivery for seamless and welded pipes are

First look: M
consider

Second look: Normal manufacturing tolerance does not need to be considered.
So what about corrosion?

ufacturing tolerance + Corrosion allowance does not need to be
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Corrosion allowances

How it is done in other codes:

FDBR: Calculation of stiffness using nominal thickness
calculation of SIF using nominal thickness
calculation of stresses using corroded thickness

Codeti: Calculation of stiffness using nominal thickness
calculation of SIF using corroded thickness
calculation of stresses using corroded thickness

ASME B31.3: calculation of stiffness using nominal thickness
calculation of SIF using nominal thickness
calculation of primary stresses using corroded thickness

calculation of secondary stresses using nominal thickness
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Corrosion allowances

—& .
. —e ? :
Solution: c
Define calculation thickness e_ co
Define nominal sectional modulus: :
4 4 3
TT do_di

Z

"32 d, | B -

and corroded sectional modulus:

L dzeft |
C 3 2 d |

0]

Z

Use nominal thickness for forces, moments and stiffness
Use corroded sectional modulus for stress analysis
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Corrosion allowances

In order to avoid confusion about corroded or non corroded thickness in
calculation of sectional modulus, all sectional modulus are calculated using

the thick wall formula in 12.3.1

d 4 d 4 6 . tee wiﬂl'ldwgla_:ied—. d .y . 2e, . 1 . 09 . Header
—QJ. on, welded-in or —
_ Tt (0] I extruded nozzle “ m h? x di-df
Z = e | L Tk
32 d ; A
o i . 1:| e
4 ( )4 | | | | |
> _n d—(d.—26, e deeose o, e
— E ' o ///// h2 3 id2
¢ 32 d rei:gig:ﬁni:n enp | s dmenafz//// 4 m=bex
0] grning B _ with ept<en
L] L] L] L] & L ////
The stress intensification S —TTHs -
| | ' ///// | | |
factors are corrected so that 8 (forsed e Oon B8e 1 09 with e as
tee with e, and e = = bg
nb y d hzfa smaller value
. enb as I m of
the thick-wall formula comecing vall |+ oxt = n and
thicl-:ne/gs// o _I_ EI X n
b d h 7 © ' ° ex2=ienp
Can e use eve ryW ere . ///// resp.
] | | | | . |

No need to have Z in table H1-H3
any more.
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Sectional Modulus and Stress Intensification

Problem:

EN 13480-3 ed.2012

Appendix H1 gives SIF and sectional
modulus Z. But for Tees Z is mOdIerd

for the branch.
So for the run:

0.75:i-M,

_|_

01=S|p -

run

and for the branch

0.75-1-M,

C1=Spt /4d?

0,=5,+MAX
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WMIN(e

0.75:M,

en,b)

0.75-i-M,

n/4d; e, m/4d: e,
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tee with welded-
~—-on, welded-in or
extruded-nozzle

as above,
however, with

additional
reinforcing ring

forged welded-in

tee with e, and
en,b as

connecting wall
thickness

2le,, +056y, }5’“2

c:fmen?'“;2
with ep| < en

8.8e,

09
Ve

Header

idg d
2 4,

Nozzle

with ey as
smaller value
of

ex{ = ep and

ex2=1iéenb
resp.
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Sectional Modulus and Stress Intensification

Problem:
for branches with big wall thickness
0.751-M,

Ip+ 2
n/4d;, e,
with constant outer diameter:

0=9
2
dm,b:do,b_en,b

this leads to higher stresses for bigger wall thickness e, |,

0.75i-M,
Ip+ 2
J-[/4<do,b_en,b>en

0=9
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Sectional Modulus and Stress Intensification

Stress verification for the branch is done at two sections:

At the branch itself without BSILLY

SIF AN

In the shell of the run at
the average diameter of the
branch including SIF
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Sectional Modulus and Stress Intensification

dnb

Stresses calculated at the branch
as function of branch wall thickness
(OD constant)

2
1.8
1.6
14
1.2

1
0.8
06
04
02

0

Stresses(s)

2 4 6 g 10 12 14 16 18 20
branch wall thickness enb
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Sectional Modulus and Stress Intensification

Stresses calculated at the run shell
as function of branch wall thickness
(OD constant)

1.95
1.5
145
14
1.35
1.3
1.25
1.2
1.15
1.1
1.05

Stresses(s)

2 4 6 8 10 12 14 16 18 20
branch wall thickness : enb

SIGMA Ingenieurgesellschaft mbH -  www.rohr2.de www.rohr2.com



EN 13480-3 ed.2012

Sectional Modulus and Stress Intensification
Code stresses calculated as function d nb

of branch wall thickness
(OD constant)

2
19

1.8
1.7

-

1.6
15
1.4
1.3
1.2
1.1

1

Stresses(s)

2 4 6 g 10 12 14 16 18 20
branch wall thickness ; enb
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Sectional Modulus and Stress Intensification

Stresses in the shell should d

not increase with n h
wall thickness of the branch.
Calculate stresses .
at outside diameter
not average diameter
of the branch

0
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Stresses(s)
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Sectional Modulus and Stress Intensification
When using outside diameter, stresses remain constant d ng

when increasing branch wall in the area where
stresses are maximum in the run of the header

272
21

formula 1 ———

formula 2 ——

1.8
1.6
14
1.2

1
08
06

04

2 4 6 5 10 12 14 16 18 20
branch wall thickness ; enb
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Sectional Modulus and Stress Intensification

New SIF must like old one but multiplied by
ratio of Zexact(average diameter)
and Zthin(outer diameter)

i i % Zexact<en,b’dm,b)
new:old Zthin(en’dm,b—l_en,b)

4

_ 0,9 (dm,b+en,b)4_(dm,b_en,b)
e h2/3 8en'<dm,b+en,b)3
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Sectional Modulus and Stress Intensification

Add same corrections to table H3

PreV|OUSIy Forged tee tobe |
welded, designed |\ r,__\\_'
noth i ng WaS W|th a burSt £ (d,.,_;. "T“Qn.b)4_(ﬂ€,‘b_e&¢)4 >1 075‘; + O 25 4 49 n (
pressure greater h 8e,-(d,,+e,) e —= . ) ) )
. than or equal to the \ | aefgi| aefgi r I t_
SpeC|fled burst pressure of x =
the connected pipes ‘ :
about Z. |
@
| |
5/2 { 7
Reinforced 0.9 (dmL+en.b)“—(dm\—%)“ -1] 075/ . +0.25 (en +0,5¢, ) / c )
fabricated tee with | #* 8¢ (d,+e.)} Tl r(e 3/2 ) u —_—
pad or saddle | adei | adei n | | <

in new version

:
as Z is defined |
. 0.9 (d,, +e,) —(d,, —e,) :
. U f d ;3 ms | nb T mb - nel w1 0’75}. 0125 e
in chapter 12 fabricated toe | 0 Bk re) - I (
adei ) <

exclusively

This is not needed :j‘ | ‘F‘
i
T\I‘

(to be continued)
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Sectional Modulus and Stress Intensification

For other components where calculation was based on thin wall formula we need
to change the SIF by the ratio
Zexact<en,b’dm,b>

Zexact(average diameter) and | now = loig *
. . Zthin<en’dm,b>
Zthin(average diameter). -
This does not change the results. —
T~
T~
concave shape with —
continuous p ; S
transition to pipe fz
d” +1
1 13 L3/ >
e ' ™
n €
= | +1
. \Ym Y,
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Minor corrections:

Remove bad page brake in table H2 (SIF of Tee was below heading of Y-piece):

Tahble H2 — Stress intensification factors and section moduli for particular connections

Designation Tes with specisl shape condiions
£ . #on 2.q = #
~H — W e —tH
" 4 .,
A | - Fantday ||
- d., o I| | | |
-l | ~ | 4 L B
i 1 ! o op ]
I 1
1 | dJ=— 1 | | )
|I € e ".] I “ |
skeich £a —+4—— ———
EnN |
| |
i - — 1 1
L ; |
€nn = Er +2V/3
o p - dmp + o
o,
MR cps ; 2100 ; 0, £r <05, /
dm n
(2an &) /
= 3 “
r _ma.# = 3| @ = 30
.5 S
dmi +%nR L. 3
shaps condiions e “T'bm “{dm.b

+Enn —JW

Table H2 [confinued)

Diesignation -5 pherical fitting
Nﬂfgr,,haa—:alt:— —— 7,,,,,,,j9!'”l:-rar:r B
2 = i3
) ;1?‘;; ) i-ﬂ‘i-l!q'" -‘|3H!1-r|,R ; 1q"4"-\|3|l’4nlﬁ\|2xanlﬁx dns
tensificat . = e
Irfacﬁoﬁcar'-‘:r \Zn / dm \2en ) ) & dnp +enn
section moduli
but atleast i= 1,5 Z-;q%mq.llﬁ
& 2 —
g
e

For the conditions of r3 o shal
For branches DN < 100 the itions. for rq can be omited.

[To be comfinued)

skeich

Snpl = Enm + 2§13

o =ty + 5
& bt = S ot + Shpt
h b2 = dn, b2 + Enpz

Tactom o
influence

lp, A1, A2

I7 T
Iy - 2 dgenid-1— |La-1- |2
T Ia

for Mzl iy =0andfor 22 [ az=0
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Siress
intensification
factor

ie 09
e

with h= 25
Om

section modull

27 27

Hozzle T

Nozzle Za and 20

2
Zy = mdy 2 4

withay = mirls, g g1 )

Zp - mdL e 4
witheg = min=, s, o2 )

[To be corfinued)



Minor corrections:

New version

at new location
with new SIF and
without Z.

This does not change
the results.
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Table H.2 — Stress intensification factors and section moduli for particular connections

Tee with special shape conditions

Designation
2. q ®on Bap = €np
¥ d o __®ape —h
I. { d R = d“t |
- || . ' |
‘:‘7; W € np [
I c
sketch b :
JI 2 w2 - | ‘-/
€a —
I
1
|
enp =enp + 2 Y3
dop=dm b+ Enp
o
MR o5 - 2100 : 01e <r <05e,
dny €n
g
rzzmax!, nb . & o = 30°
L2 2
shape conditions dnp t8R ., . 3
73 = max QW’ZSIH a(dm,b +enp —dmp — &nIR)

For the conditions of r3 cshall be in deg.

For branches DM = 100 the conditions for rq can be omitted.

\ forheader=—— [ —forbranch:
B F} P = ¥ *x\\\
L o =N | : : {;j +1 \\
stress i—o4 %= | [d-] o G f=L5[i] [di] . i T
intensfication | 12 ) (g ) d, Ze, ) 4 [g“] o = d,+e
g —= -+ - /
factors \\ d_ 4, ’ /
butatleasti=15 |

www.rohr2.com
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Sectional Modulus and Stress Intensification

Summary:
Define sectional modules once and for all in chapter 12 based on thick wall formula

advantages:
- allows to remove Z from tables H1-H3
- allows to integrate Z and Zcorroded (for equations 1-6)

- all stress intensifications now are directly visible in SIF and not hidden in different
section modulus

- clarification of Z for table H3
- remove inverse effect of wall thickness of branch
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Factor Ec/Eh gives strange results for cryo-piping

Problem:
The allowable stress for Stress Range is defined as:

fa = U125/ + 0,25;5)?—“ (12.1.3-1)

C
where

E. is the value of the modulus of elasticity at the minimum metal temperature consistent with the loading
under consideration;

E, is the value of the modulus of elasticity at the maximum metal temperature consistent with the loading
under consideration;

For cryo piping where hot condition is ,assembly temperature” the cold
condition is -200°C the thermal expansion is already calculated based on Ec but
the allowable stresses are again reduced by Eh/Ec.
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B

Factor Ec/Eh gives strange results for cryo-piping

Solution:
Change the definition of Ec in the equation (12.1.3.1)

Ey
f,=U(1.25f,+0.25f,) ="

E. is the value of the modulus of elasticity at the minimum metal temperature
consistent with the loading under consideration. In cases where operation
conditions with temperatures below assembly temperature exist, E. may be
taken as the modulus of elasticity at assembly temperature .
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Mitre Bends at high pressure ?

The current code limits the use of mitre bends to 20 bar :

6.3.1 ... Time independent design stress:
the calculation pressure p. is less or equal to 20 bar (2,0 MPa ),

This limitation is not given in other stress codes (FDBR, ASME
B31.3). Is this limit required to prevent non-conservative designs

or are the provisions for maximum pressure calculation ATy T

e
(6.3.4 and 6.3.5) sufficient? e.qg: Ve - |
7,
YA / | ,,, ) o | .
_2fzea ea . / . }
P, D, |e,+0.643tan00,5D_e, ——}— RN ]
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Mitre Bends at high pressure ?

What reasons for the limitation:

1) Internal pressure design formula?
2) Longitudinal stresses (SIF)

FE- Series Analysis (16900 Bends)

- 1-5 Segments ‘;5":: SR [ R S
- 19*DN : 300-3200 2
- 17*s : 2-40mm

- 7* Internal pressure
(for pressure stiffening)
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Mitre Bends - Internal Pressure design ?

1) Internal pressure design formula:

/pi 2fze, e,
. ? D, |e,+0.643tan0+0,5D_e,

Stresses are proportional to pressure!

Stresses from FE Analysis are proportional with pressure unless
internal pressure stiffening is considered.
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Mitre Bends - Internal Pressure design ?

Pressure stiffening : design formulas are more conservative at

higher pressure than FE-Analysis!

DA=400
5
o %
- - a = - e = —a
-8 n 'E' L3 —— . i : :
$ ¥
& &
12
-16 -
L) L) L)
20 40 60
pi
5
ﬂ -
_4 -
-8 4
'12 T T T
20 40 60
pi
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DA=1000

20 40 60
pi

DA=2000

20 40 &0

40

30

20

10

40

30

20
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Mitre Bends - Longitudinal Stresses ?

SIF is less conservative at higher pressure for very thin walled bends.

(But these are rejected in the internal pressure design at higher pressure)
DA=400

DA=1000
s s
40 40 40
50 4
130 30 140 1 30
o @
|
E g4 20 -
@ 20 & 20
10 - 10 a 10
DA=1400 DA=2000
N 70 - 5
50 40 40
B0 -
30 150 - 30
z
140 -
20 o 20
® 30
10 T T T T T T
20 40 60 20 40 60
pi '

Pl
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Mitre Bends at high pressure - Yes!

Conclusion:

There is not systematic limitation in the stress code which make
the design process invalid above 20 bars.

The limitation:

7
7,
6.3.1 ...Time independent design stress: y )/
the calculation pressure p. is less or equal |
to 20 bar (2,0 MPa ); —r

can be removed 0.
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