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" 1. Scope

UDC 621.643.412
JAPANESE INDUSTRIAL STANDARD JIS

Basis for calculation of pipe flanges B 2205-1991

This Japanese Industrial Standard specifies the basis for stress calculation
of bolt-fastening pipe flanges using a ring gasket (hereafter referred to as

"flange").

Furthermore, the basis for calculation of flat-face flange using a full-
face gasket is shown in Informative reference 1, and that of metal face contact
flange, in Informative reference 2.

Remarks 1.
o ;
30

Full document details: JIS B 2205-1991

The basis for calculation specified in this Standard is used
to calculate and to evaluate the stress generated in the
flange at each stage, by assuming the two independent
imaginary stages at the time of gasket clamping and under
the operating condition (pressurized state, hereinafter
similar to this). Therefore, the load to be used for
calculation herein shall be the load which actuate to the
flange when bolts are fastened and inner pressure or outer
pressure is applied, and the loads as shown in the following
are not considered.

(1) The unnatural forced force which acts when the flange
is installed.

(2) The outer force transmitted from the connected piping
system during service.

(3) The thermal stress generated inside the flange during
service,

(4) The stress generated by heat expansion difference
between the flange and the bolt during service,

This Standard is not applicable in the case where the flange
surfaces contact with each other at the outside of center
circle of bolt holes in both cases of clamping time of gasket
and of operating condition.

In this Standard the units, numerical values and calculation

formulae shown in { } are in accordance with the convention-
al units and indicated for informative reference.
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2. Symbols

The symbols used in this Standard shall be as follows
A4 : Outside diameter of flange (mm), However, in the case where
bolt holes are notched till the outside diameter of the flange, it is
the diameter of the inscribed circle of notches,
4, 1 ngds’, total effective sectional area of actually used bolts (mm?)

4n ¢ Required total effective sectional area of bolts (mm?), and the
larger value out of 4., and 4

Am : Required total effective sectional area of bolts under operating
condition (mm?2)

4= : Required total effective sectional area of bolts at the time of
clamping the bolts (mm?)

B : Inside diameter of flange (mm). However, in the calculation
formula of axial stress o» of hub, when B is smaller than 20 ¢ ,
B, may be used instead of B .

B, : B+g (mm) (in the case of integral type flange when f21 )

B : B+g (mm) (in the case of loose type flange or of integral type
flange when f<1 ., Provided that the minimum value of f is 1.)

b : Effective gasket seating width (mm), which is as follows:

where b<6.35 mm b=
where 5>6.35 mm b=2.52./by

bk : Basic gasket seating width (mm) in accordance with Attached
Table 2,

¢ : Bolt circle'diameter (mm)

¢ + Basic dimension (mm) for the minimum weld dimension, ¢ or j ,
whichever is less. :

D, : Outside diameter of gasket .'(mm).

d: Factolr-_&,';'for integral type flange and for optional type flange to be
calculated as integral type flange —g—hogo2 , for loose type flange
T[ihogoz

d, : Minor diameter of threaded portion of bolt or the minimum part
of shaft diameter, whichever is less (mm)

¢ : Factor, for integral type flange and for optional type flange to be

calculated as integral type flange % , for loose type flange as %
Documents
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Factor for integral type flange and for optional type flange to be
calculated as integral type flange and to be in accordance with
Attached Fig. 2 or Attached Table 3.

Factor for loose type flange to be in accordance with Attached
Fig. 3 or Attached Table 3.

Hub stress correction factor to be in accordance with Attached
Fig. 1 or Attached Table 3 (When f>1, f expresses the ratio of
the stress at the part of % in hub thickness to the stress at the
part of ¢ in thickness. When <1, f=1.).

Diameter of gasket reaction force cirecle (mm)

Center of gasket
H surface Ha

G,JG/hG Q hg

Outside diameter of
gasket contact surface 1
)
by = 6.35mm

SN

where »<6.35 mm ¢ = diameter of central circle of gasket
surface

where 5>6.35 mm G = (outside diameter of gasket contact
surface) - 2b :

However, lap joint type flange is to be as shown in Fig. (a) of
3.2.

Thickness of hub at back of flange (mm)
Thigk_ness of hub at small end (mm)

%GZP{Z(’)%GZP} , total load applied to flange by internal pressure

(N{kgf}h

%BZP{ﬁBzP} , load applied to inside diameter surface of flange
by internal pressure (N{kgf})

W,—H , gasket load (N{kgfl}), i.e., the difference between the
bolt load and the total load applied to flange by internal pressure

2anmP{%—ggGmP} , compression force (N{kgf}) applied to gasket

or joint contact surface so as to maintain sufficient air-tightness
H—H, , différence between the total load applied to the flange

and the load applied to the inside diameter surface of flange by
internal pressure (N{kgf})
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k : Hub length (mm), in accordance with Fig. 1 of 3.2,

ko 1 Radial distance from bolt circle to H, acting point (mm), in
accordance with Table 1 of 3.4.

ks + Radial distance from bolt circle to H; acting point (mm), in
accordance with Table 1 of 3.4.

kr ¢ Radial distance from bolt circle to H, acting point (mm), in ac-
cordance with Table 1 of 3.4,

ho :  JBg, (mm)
Factor, %
L : Factor, te-:,l:l +—§
- M : Moment acting on flange (N.mm{kgf+mm}), in accordance with the |
following: ‘

(1) Under operation condition m=pnm,
(2) At clamping gasket M=M,

Mp :  Hphy , moment due ‘to load acting on inside diameter surface of
flange according to internal pressure (N.mm{kgf.mm})

MG :  Hehe , moment due to gasket load (that is, the moment due to the '
difference between bolt load of flange and the total load applied
to flange by internal pressure) (N.mm{kgf-mm})

M; ¢+ Hphr , moment due to the difference between the total load
applied to flange according to the internal pressure and the load
applied to inside diameter surface of flange (N+mm {kgf.mm})

M, : Moment acting on flange at clamping the gasket (N.mm{kgf.mm})

M, : Total moment acting on the flange under the operating condition ‘
(Nemm{kgf-mm})

m : QGasket factor, in accordance with Attached Table 1

N : Width of gasket contact surface (mm), in accordance with Attached
Table 2.

n ¢ Number of bolts
P : Internal pressure (MPa{kgf/cm?}) -

P, : External pressure (MPa{kgf/ecm?})

rR: CEoB_g, radial distance from bolt circle to the intersecting .
point of hub and back of flange (mm)
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r ¢ Rounding of corner (mm), not less than 0.25g, provided that it
is 4.5 mm or more.

T :+ Factor determined by the value of K(=
Attached Fig. 4.

SN

) ,-in accordance with

¢t : Flange thickness (mm), not including the height of gasket seating
surface and depth of gasket groove.

& ¢ Thickness of connecting tube (mm)

-

4 : In the case of calculating as the integral type flange, 2 g , and
of calculating as loose type flange, twice (mm) the thickness
required for calculation of connecting tube relative to internal
pressure, provided not less than 6.35 mm,

4

. U : Factor determined by the value of K(: B) , and in accordance with

Attached Fig. 4.

v : TFactor for integral type flange and for optional type flange to be
calculated as the integral type flange, in accordance with
Attached Fig. 5 or Attached Table 3.

V.: Factor for loose type flange, in accordance with Attached Fig. 6
or Attached Table 3.

W,: Bolt load under the operating condition (N{kgf})
W,: Bolt load at clamping the gasket (N{kgf}
W, : Minimum bolt load required under the operating condition (N{kgf})

W., ¢ Minimum bolt load required for clamping the gasket (N{kgf})

‘ Y ¢ Factor determined by the value of K(=%) , in accordance with
Attached Fig. 4.

vy : Minimum design clamping pressure (N/mm?{kgf/mm2}) of gasket or
joint contact surface, in accordance with Attached Table 1.

Z + Factor determined by the value of K(:%) , in accordance with
Attached Fig. 4.

on + Axial stress of hub (N/mm2?{kgf/mm2})
oz : Radial stress of flange (N/mm2{kgf/mm2})
or : Circumferential stress of flange (N/mm?{kgf/mm2})

0. : Permissible tensile stress of bolt material at ordinary temperature
(N/mm?{kgf/mm?})

o, + Permissible tensile stress of bolt material at operating temperature

‘ o (N/ mm2{kgf/ mm2})
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dr ¢ Permissible tensile stress of flange material at operating tempera-
ture (N/mm2{kgf/mm?})

Further, relative to the gasket fastening time, the permissible
tensile stress at ordinary temperature (N/mm?{kgf/mm?2})
0»: Permissible tensile stress of the material of tube or tubular part
: at operating temperature (N/mm?{kgf/mm?})
Furthermore, for gasket clamping time, the permissible tensile
stress at ordinary temperature (N/mm?{kgf/mm?})

3. Calculation for flange

3.1 Calculation for flange The calculation shall generally be in accordance
with 3.2 to 3.5, However, the flange receiving external pressure, split
flange, and non circular flange with circular holes shall be in accordance
with 4., 5., and 6.

3.2 Classification of flanges The classification of flanges herein shall
be as follows:

(1) Loose type flange

(a) Lap joint type flanges [Figs. 1 (a), (b)] The flange to be used
in combination with stub end.

‘(b) Slip-on type flanges [Figs. 1 (c), (d), (e)] The flange which
is screwed in or inserted into a tube and attached by welding as
shown in Figs. 1 (d), (e).

(2) Integral type flanges [Figs. 1 (f), (g), (h), (), (§)1 The flange
casted or forged integrally with tube or the flange so welded by
complete joint penetration that the flange and the tube become
integral as shown in Figs., 1 (g) to (j).

(3) Optional type flanges [Figs. 1 (k), (1), (m), (n), (o)1 The flange )
attached to the tube by welding as shown in Figs. 1 (k) to (o). ‘
This flange must be calculated as the integral type flange. However,
in the case where all values of the following numerical values are not
exceeded, it may be calculated for simplification as without hub loose
type flange. '

%=16 mm, %=300, P=2 MPa(20 kgf/om?} , operating temperature = 370°C
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7 Fig. 1. Types of flanges
(1) Loose type flanges
(Lap joint type flanges)
(a) (b)
On side or both sides welding
(Full penetration weld)
t
=
&8
I/ >\:< 0.7¢ (min.)
To be taken at mid-point of This weld may be machined
contact between flange and lap to a corner radius to suit
. independent of gasket location standard lap joint type flange
(Slip-on type flanges)
(e) (d) (e)
t,_h -
Gasket
\
\ w
<|,, &5 < ‘ :
1 ) SO -~ -
Q’l Hr o ; Hp Sg ) {(Max.)
Lt (Max. .
0.7c(Min. N 2 0.7¢ (Min.)
Screwed type flange | G+ 6mm(Max.) For the hub tapers 6 deg.
(Wlth or without hub) Loading“ condition and or less, regard as G=a
dimensions for (d), (e)
are the same as for (e)
(2) Integral type flange
l' (f) (g) (h) (i)
h 1.5, (Min.)
Gasket Gasket 7 't\ ° t A
t t h {é i\ Weld center
: )
_ \ 1.5g, (Min.) Ha "y
\ W S [ s T
S S < &< 18 | ©lslope 1/3 (Max.) &5 w8l
3 7 ‘: .
3 > i = :
Hrl ) Q1 |7 HV o o ); (1) 1.5u(tin. )T l hLE Ho
m gy D/ - gi
© H 5 | [Ha | 2 Slope 1/3 9
\_G gl_ o 2 ) go 2

The minimum leg length is 0,254 ,
but shall be 6 mm or more. where °
the weld of the part is machined to
a corner radius as in (f), g=0

Weld center
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Fig. 1 (Continued):
(3) Optional type flange
(k) (1) (m) (n) (o)
g ;{ ~
71 ¢ (min.) :
%3( AR
J X o
. N A
70 (min.) ¢ (Min.) ¢(Min,) T > L i
but not less than 6 mm v
¢+6mn 0.7¢ (min.) az3t, a+b=3t,
(max.) In case where welding from
: both sides is impossible; backing
is used. The backing may be
removed after welding,
3.3 Bolt loads The bolt loads shall be as follows: ‘

(1) Bolt loads required for calculation  The bolt loads to be used for
calculation of total effective sectional area required for bolt are to
be as follows:

(a) Bolt load required under operating condition

Wi=H + Hy=-E 6?P + 226 GmP =TT (G + 8bm)
{WmI=H+Hp= TGP+ 270 Cp = ”GPfG+8bm)}

, 200 77100 400 ©
(b) Bolt load required at clamping gasket

W= nbGy

(c) Bolt load required where self-seal gasket is used In this case,
the bolt load may be in accordance with the following formula,
excepting the special shape in which the axial load for clamping can ,
not be neglected. ‘

W,,,1=H=%D92P{W,,,1=H=%DJP}
Wyz=0 '

(2) Total effective sectional area required for bolt and that for actual
bolt ~ The total effective sectional area 4. required for bolt relative
fo both of operating condition and gasket clamping time are to be the
value out of the values according to the following two formulae,
whichever the larger.

— Wiy
Am= Go

Wy
A==

The total effective sectional area of bolt to be used actually 4, must
be so determined that it is always larger than the total effective
secitonal area required for bolt 4, .
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(3) Bolt load to be used for calculation of flange The bolt load to be
used for calculation of flange is to be as follows:

(a) Bolt load under the operating condition
Wo=Wm

(b) Bolt load at the time of clamping the gasket
Wg=_Am-2i—Ab0'a

Remarks: In the case where the safety against over clamping is
required excessively or where the flange is required
to resist against the effective total bolt load 4, x da ,
the flange may be calculated on the basis of bolt load
at clamping the gasket.

3.4 Moments acting on flange The moments acting on flange shall be as

. follows:

(1) Total moments acting on flange under operating condition The total
moments acting on a flange under the operating condition is to be as
follows:

M0=MD+MG+MT

(2) Moment arm to flange load under operating condition The moment arm
relative to flange load under the operating condition is to be in ac-
cordance with Table 1.

Table 1. Moment arm to flange load under operating condition

Type of flange ho ke hy

Lap joint type flange C;B C—G C—G
2 2
Integral type flange and optional type _
‘  flange to be calculated as the integral R+05g €€ 51%"'—@

type flange
Slip-on type flange and optional type C—B C—C b+ he
flange to be calculated as the loose 2 2
type flange

(3) Moment acting on flange at clamping gasket The moment acting on
flange at the time of clamping the gasket is to be as follows:

C-G
Mo=Wo—g—

3.5 Stress of flange The stress of flange shall be as follows:

(1) Stresses of loose type flanges without hub and to be calculated with

neglecting hub, and of optional type flange to be calculated as loose

‘ type flange without hub The stresses under the operating condition
' and at the time of clamping the gasket are calculated according to

the following formulae: Documents
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Axial stress of hub on=0
Radial stress of flange or=0

Circumferential stress of flange ar=%

(2) Stresses of integral type flange, optional type flange to be calculated
as integral type flange and loose type flange to be calculated taking
into consideration the hub The stresses under the operating con-
dition and at the time of clamping gasket are calculated according to
the following formulae, taking into assumption dimensions of each
part of flange.

M
Axial stress of hub OH="T.4?B
Radial stress of flange 0‘R=£%M

. . , YM
Circumferential stress of flange or=-zp —Z0k

3.6 Permissible values on calculated stresses of flanges

3.6.1 Calculated stresses of flanges The calculated stresses of ﬂanges
shall not exceed the permissible values shown in the following:

(1) Permissible value of axial stress o» of hub
= or (grey cast iron flange)

= 1.5 o [flange of material other than grey cast iron. However,
the flanges corresponding to following (a) or (b) are to be in
accordance with (a) or (b).]

(a) In the cases of integral type flange having a part of tube as
hub as shown in (j) of Fig. 1 and of the optional flange to be
calculated as the integral type flange, it shall be 1.5 or 1.50. ,
whichever is less. ' ’

(b) -In the case of integral type flange, the hub of which is welded
with the tube as shown in (g), (h) and (i) of Fig. 1, either
1.5 g; or 2.5 g, , whichever is less.
(2) Permissible value on radial stress oz of the flange = o,

(3) Permis:s_ible value on circumferential stress or of flange = or
(4) Permissible value of Jutar 4
(5) Permissible value of %QT— =05

3.6.2 In the case of calculéting the slip-on type flange with hub as shown
in (¢), (d) and (e) of Fig. 1, the pipe connected with this shall not be added
as the hub. '
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.3.6.3 In the case of the lap-joint type flange as shown in (a) and (b)
of Fl.g. 1, where the gasket is so mounted that the lap (or stub end)
. receives shearing force, it shall not exceed 0.8 times the permissible tensile

stress of lap material.

3.6.4 In the case where the pipe is welded with the flange adjacent to
bearing surface of gasket as shown in (d), (e), (§), (k), (1) and (m) of
Fig. 1, the shearing stress of weld shall not exceed 0.8 times the permissible
tensile stress (0. ) of the pipe material. These shearing stresses shall be
calculated by using ¥, and w,, of 3.3 (1).

4, Flanges receiving external pressure

As to the flange receiving external pressure, excepting the following
conditions, the specifications to the flange receiving the internal pressure
shall be applied, as appropriate.

(1) Moment acting on flange under operating condition The moment
‘ acting on flange under the operating condition is as follows:

M0=HD(hD_ hc) +HT(hT _ hc;)

(2) Moment acting on flange at clamping gasket The moment acting on
the flange at the time of clamping gasket is as follows:

My=Whe

where, W= AmZ;'Ab o
Hn=%B2Pe{HD=%BZPe}
HT—_—H—HD

=T __
H=T¢ Pe{H— o GZP,,}

. 5., Split flange

To the split flange of lap joint type, the specifications of 3.4 and 3.5 shall
be applied in accordance with the following conditions, as appropriate.

(1) The moment M acting on the flange shall be calculated as the loose type
flange without split by using the value twice the value obtained in

3.4.

(2) In the case of double split flange, each flange shall be calculated as
the loose type flange without split by using the value 0.75 times
the moment M acting on the whole flange.

(3) The split of the split flange must be arranged at the intermediate of

bolt holes. In the case of double split flange, it shall be so assembled
that splits of each flange are at right angles with each other.
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6. Noncircular flange having circular holes

As to the noncircular flange having circular holes, the specifications of
3.2 to 3.6 shall be applied, as appropriate, after assuming as follows.,

(1) The diameter of a circle which is concentric with the circular hole and
inscribes the outside edge of the flange is taken as the outside
diameter 4 (mm) of the flange.

(2) The diameter of circle passing through the center of bolts at the
outermost side is taken as the diameter ¢ (mm) of bolt circle,
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