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Angular and offset movements, as well as axial
m!bemodaud,dtboughtwoorgnmbd
lows assemblies are usually used for offset since, if 1
spool piece of sufficient length separates the assem
blies, the offset attained by this means greatly re
duces the required bellows length. ‘ Such doubk
'bellmjoinulbmﬂdboptwidodwithuumalcoq
straint to assure distribution of the axial movement
betweentbembliu,lndtomthewdght
of the spool pieces from the bellows.

Means to equalize extreme expansion movement
in a bellows assembly, and in addition to provide
some measure of support to the elements against
internal pressure loading) is generally considered
himbledmitglm.pin&‘ﬁiaﬂ distortion
(squirming). For corrugated-type bellows, this usu-
ally consists of rings suitably contoured to it in the
spaces between the convolutions, as shown on the
joint of Fig. 7.5. /By such arrangement, compres-
livedeﬁecﬁommdeﬁnitelylimitedfueachindi-
vidual element. The support rings may be connected
externally to further insure some equalization of
dmtwtinnnpuiﬁm;ghhpwm
may be combined with other motion-constraining
or overall limiting devices described in Section 7.6,
A“mpwtfwthbeﬂmwwm
effects, the equalizing rings occupy a role similar to
that of the casing of a pneumatic tire in containing
its inner tube. Obviously, they are most effective
for this purpose in the fully compressed position.

Rings are sometimes cast and sometimes fabricated
bywddin;/l‘beym%tplitintol&)‘no—
tions and assembled with bolted joints; where used
for substantial pressure one-piece construction is
necessary. izn

The expansion bellows is fragile in comparison
ﬁthtbepipelndildteneovuodfwmﬁon
mhndlmmduﬁnginunlhﬁonormbuqumt
service. Enunddecvu,nthemﬁmeprovide
some measure of operator protection in the event of
q_blowoun(ﬁut must be arranged s0 as not to inter-
fere with the joint movement and should be remov-
able for inspection of the bellows.

For U-shaped bellows having equalizing rings
along inner edge:* ; SIENIEL B,
-5EtA  oud
e =gy, + &8
TGN | HERS
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[Standards of the Expansion Joint Manufacturers Assoc. Inc.]

The equations shown in section C-4.2.2 are based on the Atomi International
annﬁrllnﬁnhudbdhn Equations (C-32), (C-33), (C~g). (C-35) and
(Q”)thmmmdﬂnmhﬁmdnb the
reinforcing member, Bqldu- (C-30a), (C-30b), (C-31a), (C-31b), (C-31¢), (C-
3?)nd(0-33)umod:ﬁdnybcuad to calculate stresses which can be
Mmm&%mﬁﬂ“muﬁmw
mw&mmmmmummmmm
Vessel Codes. TbsymWWSTdmﬁ!ydnmﬂcdmpeodob

reinforced bellows is shown in Figure C22. An externally reinforced bellows
with external pressure shall be treated as an unreinforced bellows. :

mmmmmmmmnmummmwur

\ )
VIEW-X X

L § petpen ] r-'
)—?ﬁ%ﬁ&tﬂmw&ﬁbb\)vb‘

Db REINFORCED BELLOWS
Figure C22
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C-4.2.2 DESIGN EQUATIONS FOR REINFORCED BELLOWS

Bellows Tangent Circumferential Membrane Stress Due to Pressure
P(D, +m)' LE,
5 A (wL+ A 2)E, (D, + )+ AED]
Coﬂuﬁmmhmﬁdh[mbmneﬂmbmmﬁmrn

’ 2[(mL.+AJz}E (D, +ne)+AED, |
Collar Circumferential Bending Stress Due to Pressure

- (C-300

Bellows Circumferential Membrane Stress Due to Pressure

H R
-— | — K C-31a
S-ar (7K (c3m)
R = R, for integral reinforcing members

R = R; for reinforcing members joined by fasteners

Note: In the case of reinforcing members which are made in sections ani 1
joined by fasteners in tension, this equation assumes that the structure
used to retain the fastener does not bend so as to permit the reinforcing

member to expand diametrically. In addition, the end reinforcing
members must be restrained against the longitudinal annular pressure
load of the bellows.

Reinforcing Member Circumferential Membrane Stress Due to Pressure

(C-30a)

H 1
- 31b
5 [R,HJK’ (C-31b)
Note: Inthemnfequa!mugnngs,thmquauonpmﬁdesmlﬂhe
simple membrane stress and does not include the bending stress caused by
the eccentric fastener location. These stresses can be determined by
elastic analysis and/or actual tests.
Fastener Membrane Stress Due to Pressure

H [_1_.],{
2 R~ (C-310)
Bellows Meridional Membrane Stress Due to Pressure
< - 85P(w-4C.r,)
’ 2m, (C3)

Bellows Meridional Bending Stress Due to Pressure
L ] c,
2n t

P

Note: The above stresses should be evaluated for pressure capacity as follows:

(C©3)

11
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C-4.2.2 (continued)
sl &S! ic-l'sd S; = Cursr 'S: +S‘l' ‘KIE“S-
§S'=C.S, 5§35, .
S,+5,sC,S,, (Below the Creep Range) |~
S, +(8,/1.25)= 5, (In the Creep Range)
Bellows Meridional Membrane Stress Due to Deflection
E 2
5, = 2% (C-34)
2[“"""4(?,?.) Cf
Bellows Meridional Bending Stress Due to Deflection
s SE,t,e ,
* 3(w-4ac,r)'cC, ()
Note: Modulus of elasticity, E, in Equations (C-34) and (C-35) is at room
temperature.,
Fatigue Life
) C-36
H.,— [S:'b] { )

where: a, b and ¢ are material and manufacturing constants,
S5:=0.7(5;: + 8¢ + (55 + Sg). See Figure C28 for fatigue curve
for austenitic stainless steel.

Limiting Internal Design Pressure Based on Column Instability for Single

Bellows with Reinforcing Rings (both ends rigidly supported). Refer to Section
C-4.1.6. For bellows with equalizing rings see Figure C22 and consult the
manufacturer.

0.3%C, f,
=N CEy

For universal expansion joints, N = total number of convolutions in both
bellows for calculation of P,
Bellows Theoretical Axial Elastic Spring Rate per Convolution

f =17 D_E,i,n
: ‘ (w“"crrlr]:lcf

(C-38)
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