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Flange Design In Detail
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Some Typical Flange Images {c@ HEXAGON
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Flange Design As Per ASME Sec.VIII Div.1 «“8
Mandatory Apendix.2 -

*Scope:-
»The rules apply specifically to the design of bolted flange connections with

gaskets that are entirely within the circle enclosed by the bolt holes and
with no contact outside this circle, and are to be used in conjunction with the
applicable requirements in Subsections A, B, and C of this Division.

»Non Circular Flanges can be done as per 2-10 for circular bores only.
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Flange Design As Per ASME Sec.VIll Div.1 «d l[',!EXAGON
Mandatory Apendix.2 -

*Scope:-
»The rules apply specifically to the design of bolted flange connections with
gaskets that are entirely within the circle enclosed by the bolt holes and
with no contact outside this circle, and are to be used in conjunction with the

applicable requirements in Subsections A, B, and C of this Division.
»Non Circular Flanges can be done as per 2-10 for circular bores only

*We can Use standards listed in UG-44 like B16.5, B16.47

*One can use other types of flanged connections provided they are designed
in accordance with good engineering practice and method of design is
acceptable to the Inspector.
» Flanged covers as shown in Figure 1-6;
»Bolted flanges using full-face gaskets
»flanges using means other than bolting to restrain the flange :
. ; YY) ImageGrafix
assembly against pressure i'



Figure 1-6
Dished Covers With Bolting Flanges
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Some Important Considerations as per Appendix.2 «4 !)}!EXAGON

 Flanges made from ferritic steel shall be full-annealed, normalized,
normalized and tempered, or quenched and tempered when the thickness of
the flange section exceeds 3 in. (75 mm).

[t is recommended that bolts and studs have a nominal diameter of not less than
1/2 in. (13 mm)
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(1) Loose Type Flanges.
This type covers those designs in which the flange has no direct connection to
the nozzle neck, vessel, or pipe wall, and designs where the method of

attachment is not considered to give the mechanical strength equivalent of
integral attachment.

See Figure 2-4 sketches (1), (1a), (2), (2a), (3), (3a), (4),

(4a), (4b), and (4c) for typical loose type flanges and the location of the loads
and moments
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Figure 2-4
Types of Flanges

Full penetration weld,
single or double. The

Gasket t full penetration weld Gasket, [<=t{—f=h
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of gasket location. (Optional hub is radius to suit standard Iap joint flanges.
shown by dotted line.)

M (1a) There is no bevel or cut given in flange

for welding.

See Note (1)
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Types Of Flanges (“ Lol

(2) Integral Type Flanges.

This type covers designs where the flange is cast or forged integrally with the
nozzle neck, vessel or pipe wall, butt welded there to or attached by other
forms of arc or gas welding of such a nature that the flange and nozzle neck,
vessel or pipe wall is considered to be the equivalent of an integral structure.

See Figure 2-4 sketches (5), (6), (6a), (6b), and (7) for typical integral type
flanges
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(2) Integral Type Flanges. (..A HEXAGON

Figure 2-4
Types of Flanges (Cont'd)

Slope exceeds 1:3

h=15g,
Gaskat t Gaskat ‘—'1'—’ —1.5 g,
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i
i \‘ Hp i A ; Weld
G He g S92 G He H ; [/~ Slopa exceeds 1:3
91 =00 Where hub slope adjacent /-Slopel:3(max,)
s to flange exceeds 1:3, A 115 9
. . use sketches (6a) or (6b) ——~min.
Full welding is done though out the thk of flange. )

0.26g_, but not less than /, in. (6 mm), the
Gasket I | ‘_.1 e minimum for either leg. This weld may be
\ machined to a corner radius as permitted in

Weld
if\:\\ DLt f'“;d’ S There is Full penetration butt weld
hr-f,,, i provided between flange and shell or
,,—TL h "—’Ho nozzle.
6 /ot
]
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(3) Optional Type Flanges.

This type covers designs where the attachment of the flange to the nozzle neck,
vessel, or pipe wall is such that the assembly is considered to act as a unit, which
shall be calculated as an integral flange.

* For simplicity the designer may calculate the construction as a loose type flange
provided none of the following values is exceeded

g, = 5/3 in.(16 mm)
B/g, = 300

P = 300 psi (2 MPa)
operating temperature = 700°F (370"(‘]

Figure 2-4 sketches (8), (8a), (9), (9a), (10),(10a), and (11) for typical
optional type flanges. i_' ——
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(3) Optional Type Of Flanges. ﬂA HEXAGON

Figure 2-4
Types of Flanges (Cont'd)

B i B Zag | ‘/_\l B, -
> N—r _’I L= __
—~

min. = ¢ but not
less than /g in. (6 mm)

max. = c + Vg in. S rpe {8a) . (9a) . .
{6 mm) % Db There is bevel or cut given in flange for
welding.
\\/1 | Vs S Z AT
—.I ~—min. =¢ Full penstration and backchip
[ses Fig. UW-13.2 sketches {m)

{10} {10a) and (n) and UG-23(d}3}]

(i

Optional-Type Flanges [Notes (5), (6), and {7)]
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Design Conditions

(1) Operating Conditions.
*The conditions required to resist the hydrostatic end force of the design

pressure tending to part the joint and to maintain on the gasket or

joint-contact surface sufficient compression to assure a tight joint, all at the
design temperature.

*The minimum load is a function of the design pressure, the gasket material
and the effective gasket or contact area to be kept tight under pressure, per eq.

(c)(1)(1) sufficient compression to assure a tight joint all at the design
temperature.

. Q" ImageGrafix
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Design Conditions

(2) Gasket Seating Condition.

*The conditions existing when the gasket or joint-contact surface is seated by
applying an initial load with the bolts when assembling the joint, at
atmospheric temperature and pressure.

* The minimum initial load considered to be adequate for proper seatingis a
function of the gasket material, and the effective gasket
or contact area to be seated, per eq. (c)(2)(2)

. ‘{:' ImageGrafix
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Flange Design.... «dl HEXAGON

STEP 1: - Calculation of required bolt loads

» Calculation of required Bolt load for operating h=15bg g
condition = Wm1 Gasket [€I—>Te—> o -
2 \ :
Win1 = H + Hy = 0.785G°P + (2b x 3.14GmP) (1) ,’ 1:3 (max.
A he w R
H = total hydrostatic end force. | - < /
Hp = total joint-contact surface compression load h \ r h f
D
G = diameter at location of gasket load reaction. I ¢ I
G is defined as follows (see Table 2-5.2): Y 9
(a) when bo < 1/4 in. (6 mm), G = mean diameter of gasket contact d HG HD/ * \91 /2 f

face
(b) when bo > 1/4 in. (6 mm), G = outside diameter of gasket contact

face less 2b
b = effective gasket or joint-contact-surface seating width i' ImageGrafix
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Table 2-5.2
Effective Gasket Width
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Flange Design.... «dl HEXAGON

STEP 1: - Calculation of required bolt loads

» Calculation of required Bolt load for Gasket h=15 9
Seating Condition = Wm?2 Gasket [€I—>Te—> Slope
\
W = 3.14bGy (2) f 1:3 (max.
h R

y = Gasket seating Stress. A lG - < w /

G = diameter at location of gasket load reaction. h \ r hD g

G is defined as follows (see Table 2-5.2): T I
(a) when bo < 1/4 in. (6 mm), G = mean diameter of gasket contact H 91
face /] 7 * \ P *
(b) when bo > 1/4 in. (6 mm), G = outside diameter of gasket contact H G HD B 91 g

0

face less 2b
b = effective gasket or joint-contact-surface seating width

. i' ImageGrafix
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Flange Design.... «dl HEXAGON

STEP 2: - Calculation of required bolt Areas

> Calculation of required Required and Actual h=15g,
Bolt Area (Am and Ab) Gasket [€I—>Te—> o -
Total Required cross sectional area of bolt Am = \ 1 % (
A,, = max (Am,, Am,) * h .9 \max.
. . . A N6 w R

Required bolt area for operating condition Am1 = | - < /

Am; = Wm,/Sb \ r h f

Required bolt area for Gasket seating condition Am2 = hT D/IC

HT \
Where, G HG HD/ g 91/2

Am, = Wm,/Sa. d _L
}

Wm1 = Required Bolt load for operating condition
Wm2 = Required Bolt load for Gasket seating condition
Sa =allowable bolt stress at atmospheric temperature(see UG-23)

Sb = allowable bolt stress at design temperature (seeUG-23) i' ImageGrafix



Flange Design....

STEP 3: - Maximum Bolt Spacing Between Bolts

For vessels in lethal service or when specified by the user or his
designated agent, the maximum bolt spacing shall not exceed
the value calculated in accordance with eq. (3).

6t
m + 0.5

Bsmax = 2a +

(3)

Where,
a = Bolt diameter

t = Flange thickness

m = Gasket factor

22
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STEP 4: - Calculation of Flange Design Bolt Load( W)

For operating conditions,
W= Wni (4)

For Gasket Seating conditions,

e (A +2Ab]s,, (5)

By taking avg area instead of only required area Am ,we are increasing W ~
and hence the thickness to take care of over tightening of flange bolts.

For critical applications where lethal service is present full bolt load is
considered i.e W = Sa x Ab, And hence designing flange for full strength of
bolts .
. §) 'mageraix
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Flange Design.... ..

STEP 5: - Calculation of Flange Moment( Mo) h>15g
=>15¢,
<[> =
For operating conditions, Gask\et Slope
1:3 (max.
Mo = Mg + My + Mg ﬁ\ hlG\ w R /
Where, h 0 \“ i j“ h *
My = component of moment due to Hp, I “"ﬂz \ IN2/|C +
=Hp hp H" \: Ny .
H, = hydrostatic end force on area inside of flange ! C HG * \91/2 *
= (m/4)xB2P B 9o

h,, = radial distance from the bolt circle, to the circle on
which Hj, acts, as prescribed in Table 2-6

g Coogahr Satacnenis Siganets
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Table 2-6
Moment Arms for Flange Loads Under Operating Conditions

hp hy he

Integral-type flanges [see Figure 2-4 sketches (5), (6), (6a), (6b), and (7)] and
optional type flanges calculated as integral type [see Figure 2-4 sketches (8), R+ 0.5g, m -G

(8a), (9), (9a), (10), (10a), and (11)] 2 2
Loose type, except lap-joint flanges [see Figure 2-4 sketches (2), (2a), (3), (3a),

(4), and (4a)]; and optional type flanges calculated as loose type [see Figure B hp + g i)
2-4 sketches (8), (8a), (9), (9a), (10), (10a), and (11)] 2 2 2
Lap-type flanges [see Figure 2-4 sketches (1) and (1a)] c_B G G

2 2 2

- ‘3 Image6rafi
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Flange Design....

STEP 5: - Calculation of Flange Moment( Mo)

: e Gasket
For operating conditions,

Mo = Mp + M + Mg ﬁ\ he
Where, 0 \‘
M; = component of moment due to H, @

=H; h !
T.%T H
H = difference between total hydrostatic end force and the hydrostatic @

end force on area inside of flange, acting between gasket diameter G anc
ID of flange B.

= H-H,
h; = radial distance from the bolt circle to the circle on which H acts as
prescribed in Table 2-6

. i' ImageGrafix
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Table 2-6
Moment Arms for Flange Loads Under Operating Conditions

hp hy he

Integral-type flanges [see Figure 2-4 sketches (5), (6), (6a), (6b), and (7)] and
optional type flanges calculated as integral type [see Figure 2-4 sketches (8), R+ 0.5g, m -G

(8a), (9), (9a), (10), (10a), and (11)] 2 2
Loose type, except lap-joint flanges [see Figure 2-4 sketches (2), (2a), (3), (3a),

(4), and (4a)]; and optional type flanges calculated as loose type [see Figure B hp + g i)
2-4 sketches (8), (8a), (9), (9a), (10), (10a), and (11)] 2 2 2
Lap-type flanges [see Figure 2-4 sketches (1) and (1a)] c_B G G

2 2 2

- ‘3 Image6rafi
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Flange Design....

STEP 5: - Calculation of Flange Moment( Mo)

For operating conditions,

Mo = Mg + My + Mg

Where,
M, = component of moment due to H,
=Hg hg

H; = gasket load (difference between flange design bolt load and total
hydrostatic end force)
= W-H

N

h; = radial distance from gasket load reaction to the bolt circle
=(C-G)/2

For operating condition

. i' ImageGrafix
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Table 2-6
Moment Arms for Flange Loads Under Operating Conditions

hp hy he

Integral-type flanges [see Figure 2-4 sketches (5), (6), (6a), (6b), and (7)] and
optional type flanges calculated as integral type [see Figure 2-4 sketches (8), R+ 0.5g, m -G

(8a), (9), (9a), (10), (10a), and (11)] 2 2
Loose type, except lap-joint flanges [see Figure 2-4 sketches (2), (2a), (3), (3a),

(4), and (4a)]; and optional type flanges calculated as loose type [see Figure B hp + g i)
2-4 sketches (8), (8a), (9), (9a), (10), (10a), and (11)] 2 2 2
Lap-type flanges [see Figure 2-4 sketches (1) and (1a)] c_B G G

2 2 2

2 ‘3 Image6rafi
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Flange Design....

STEP 5: - Calculation of Flange Moment( Mo) h=15g
Gask\et DR Slope

* ; 1:3 (max.
C-G A G\ W/R
MO;W% 1) A l\l\i B A :

hr Y5 Vai hp <§

For Gasket Seating conditions,

y N\ Gg4
Y \' 91"
! H H/ * \9/2 f
For Gasket Seating condition @ G D ! 9

. i' ImageBrafix
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Flange Design....

STEP 6: - Calculation of Bolt Space correction Factor

When the bolt spacing exceeds 2a + t,

Multiply M, by the bolt spacing correction factor By If Bolt
spacing exceeds 2a+t /

| B 1
BSC=\'Za+t 4 ’ @ @

31
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Flange Design.... "l HEXAGON

STEP 7: - Calculation of Flange Stresses

For Integral Type Flanges

1) Longitudinal hub stress - S,

fM,
Sy=-L-0
H LglzB (8)

2) Radial Flange stress - Sy

(1.33te + 1)M,
Sp =
R Lt°B

9)

3) Tangential Flange stress - S;

YM, ’



Flange Design.... (.A HEXAGON

STEP 7: - Calculation of Flange Stresses

For Integral Type Flanges PvElite Report 1.5 X 5
S Stress Computaticn Results: Operating Gasket Seating
T Actual Allowed Actual Allowed
Longitudinal Hub 29s52. (30000D 7651. 30000. psi
1 Radial Flange 324z2. 20000. 8402. 20000. psi
Tangential Flange l1le€l. 20000. 3008. 20000. psi

S;

,
5 ‘) ImageGrafix
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Flange Design....Various Factors For Flange Stresses

Figre 291
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Flange Design.... «dl HEXAGON

STEP 7: - Calculation of Flange Stresses

Allowable Stresses For Flange 2) Radial Flange stress - Sy
1) Longitudinal hub stress - S, S.=S,
*For Castiron, S,=S;
Where,
Sf = Allowable flange stress at design or ambient 3) Tangential Flange stress - S;
temperature as applicable.
*Other than cast iron material San= S¢
» For optional type of flanges designed as integral
[Figure 2-4 sketches (8), (8a), (9), (9a), (10), 4) Combined stresses
(10a), and (11)], also integral type sketch(7)] S. +S S. +S
S.= Smaller (1.5S; 1.5S, ) AR =5 , LT <=5,
» For integral type flanges with hub welded to the 2 2
neck, pipe or vessel wall sketches (6), (6a), and
(6b) :
S,y= Smaller (1.58; 2.55, ) . §) ‘magerafi
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STEP 7: - Calculation of Flange Stresses

For Loose Ring Type Flanges Where,
M, = total moment acting upon the flange, for the operating
1) Longitudinal hub stress - S, conditions or gasket seating as may apply
t =flange thickness
Sy=0 B = inside diameter of flange

g1 = thickness of hub at back of flange

fL,eY,Z = Factors.

f = hub stress correction factor for integral flangesfrom
Figure 2-7.6

2) Radial Flange stress - Sy
Sp=0
3) Tangential Flange stress - S;

oo YMy _,
"= 2 . §) ‘magerafi
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*Flanges that have been designed based on allowable stress limits alone may not be sufficiently
rigid to control leakage.

*The rigidity factors provided in Table 2-14 have been proven through extensive user experience
for a wide variety of joint design and service conditions.

* The use of the rigidity index does not guarantee a leakage rate within established limits but it
should be considered as one of factors for joint design.

* Successful service experience may be used as an alternative to the flange rigidity rules for fluid
services that are nonlethal and non-flammable without exceeding following conditions.

»The temperature range of —20°F (-29°C) to 366°F (186°C)
» Design pressures of 150 psi (1 035 kPa).

. ﬁ" ImageGrafix
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Flange Rigidity......

Table 2-14
Flange Rigidity Factors
Flange Type Rigidity Criterion
Integral-type flanges and optional type
: 52.14VM,
flanges designed as integral-type Jm———L<10
flanges LE g,"Kiho
L - fl ith hub
oose-type flanges w ubs s214uM, -
LEG,“Kihy
Loose-type flanges without hubs and i
optional flanges designed as .. < 1.0

v :
loose-type flanges EtKy(Ink)

‘ 4 HEXAGON

PPM

E = modulus of elasticity for the flange

material at design temperature (operating

condition) or at atmospheric temperature

(gasket seating condition), psi

] = rigidity index < 1

KI = rigidity factor for integral or optional

flange types = 0.3

KL = rigidity factor for loose-type flanges
=0.2

g Ll Satacrenis Sty



- v
How to define Flange Geometry «d HEXAGON

For Integral Type Flanges

* Select Flange 1.D = Shell I.D

* Assume Flange thickness

* Take g, as equal to shell thickness

» Assume g1 such a way that 1:3 taper requirement satisfies, give hub length as at least as (g1- go)*3

* Select Size of bolt

* From TEMA table D-5M give the minimum Hub to bolt dimension and hence finalize P.C.D of bolt.

* From TEMA table D-5M give the minimum Bolt to Edge dimension and hence finalize O.D of Flange

* Define this as gasket 0.D

* Consider gasket width and decide gasket 1.D

* Specify gasket m and Y factors

* Check bolt area requirement and give no of bolts

* If bolt area is sufficient then check minimum and maximum bolt spacing requirements.

* If required fine tune the dimensions.

* Don’t use bolt below M16 size.

* Check required thickness and give thickness more than this.

* Check and provide if needed counter flange bolt loads.

* Check for moments and axial loads and apply them if applicable. .

* Always keep rigidity index check box on. - i' ImageGrafix
« If corrosion is there check on the corrosion check box as well.
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Defining Flange Geometry- Integral Flange “¢dl HEXAGON
Select Flange Type

(» ofs of* ofs ofs omm o ofA

)
Description : | FLANGE Huby Dsmensions

Flange Thickness : | 6.35 Thickness Lacge | Smal : | 0 19 | men..
Flange ID | ©O : | 1000 {0 | Hub Length s | 0 | rren
F ;o | o
e ID | OO l l 5 "
Gask oo :!
D oD 0 | Gasket Factoe m |y :| 0 |lo | M2
Bolts .
Se———— . Sketch | Column ;| 18 ~ ~
Bolt Materal 1 | SA-19387 Matl.. P -
{teeastm— y m:w;l 3 L
Bolt Crde Diameater & 0 mm :
Thvead Seres : Tema - Nubbe or RTI Widhth : |
Nomnal Boit Diameter ¢ | © | -, et Additonal Flange Data

Nusnber of Bolts : | © (7] Base Requsred Thickness on Rigidty (ASME VIII-1)?

Root Ares ; on*2 [Tl inchude Corrosion n Mange Thidmess Caladatons?

ANSI/OIN Mange Dynension Lockup [C] Are the Hub and Attached Shell Materisls the Same?

4] 1s s & Standerd Mange (No Calaudation perfomed)?
Class : | 350 = »LgJNGISe\esA
() ANS] Seres B
Grade : GR 1.1 e
Noownal Size ¢ | 12,0000 - Obtan Dimensions |
[C]Use Full Bolt Load in caic (Sa“Ab)?

Just ke ~ Copy now Desgn Loads ‘Partibon Gasket Informabon. ..

S | ——— Plot... helo

o’
Flange Rating: 17,700 bars . Imagosnﬁl

Cuogahs Satace

e Sty



Defining Flange Geometry- Integral Flange “¢dl HEXAGON
Define Flange 1.D

Sedect a Mange Type

o= of= ofs of= ofs ofs of opf opd

Description : | FLANGE b Carmernmons
Flange Thickness : [ 6.35 Thackness Large | Smal = | O 19 | Tn.
Flange ID | OO : I = Hub Length 1 | 0 | tren
Face ID OO :| 0 { =
Gask .l .
#t1D §CO:| 0 Gasket Factorm |y :| 0 {lo | N ™2
Sketch | Column ;| 18 v -

Bolt Materal 1 | SA-19387 Gt ..
Eolt Crde Diameter : | 0
Thread Seres | Tema

m:w:l 3
Nubbn or RTI Width ¢ | 0

13

Aoditonal Flange Data

] 8ase Requsred Thickness on Rigidty (ASME VIT1-1)?
[Tl inchude Corrosion n Mange Thidmess Caladatons?

Nomenal Boit Diameter ¢ | O | o,
Nusnber of Bolts : | ©

Root Ares on*2

ANSI/OIN Mange Dynenson Lookup
£4] s this & Standerd Mange (No Calcufation perfomed)?
o o | @) ANS] Seres A
::: :1 5 ':;H(S!‘Seness Put Flange I.D = Shell I.D
Nomnal Size ;| 12,0000 o Cotam Domenmions |

(] Are the Hub and Attached Shel Materisls the Same?

[C]Use Full Bolt Load in caic (Sa“Ab)?
Just ke ~ Copy now Loads ‘Partibon Gasket Informabon. ..

Desgn
S | ——— Plot... helo

Spaong !

-
Flange Rating: 17,700 bars . Imaﬂ'sm

Coogahe Satacrenie Sty



. v
Defining Flange Geometry- Integral Flange «dl HEXAGON
Assume Flange Thickness

Flange Dialog

oo s oW opt opf

F‘U‘OQW'Q I Thickness Large | Small | 0 o v
Flange ID | QO : 0 | Hublength ' 0 ~r
FoceID |CO: |0 0 1™ ot
Gt IR0 L2 | Gagket Factorm |y : [0 I[e | M pmm~2
How 2 T Sketch |Cokmn: (18~ I v
t Materisl ;| SA-193
Boit Gircde Dismetey : | 0 1 :6 . Iaaeac = 2
Thread Series ; (Taa == Nubbin or RTI Width : | 0 ..
Nominal Bolt Duasmeter © ;O r Adduonal Flange Data
Number of Boits 1 | 0 ] Base Requred Thickness on Rigdity (ASME VIII-1)?
Aoot Ares | an~2 [ inckude Corrasion in Flange Thickness Caladstons?
ANST/OTN Flange Denension Lookup [ ] Ace the 1 and Attached Shell Materials the Same?
[[]1s ths & Standerd Fange (o Caladation perfomed)?
Class ;100 ANET Seres A
Grade : [N 1.3 ol
Nomnal Size : 12,0000 tn Deme=gers
[JUse Pull Bolt Load n calc (Sa*Ab)?
Just ke ~ Copy now Loada Partition Gasket Information.

3 Delete [I] Cancel Plot... e

Flange Raong: 17,700 bars Cungahs Saue



Defining Flange Geometry- Integral Flange

Define g0
Flange Dialo

Select a Flange Type

cC* o= ofs ope
|

Description : | FLANGE
Flange Thickness @ | 40
Flange ID | OD : | 1000 flo 1 i
FacelD |OD: |0 |0
GasketID JOD: | O ] o
Bolts
Bolt Material : [ 5A-193 87 | Matt... || B
Bolt Circle Diameter 1 | 0 | mm,
Thread Series | Tema Metric v
Nominal Bolt Diameter : [ 3] mm.
Number of Bolts ¢ | O
Root Area: 0O oan~2

ANSI/OIN Mlange Dimension Lookup
[ "] 1s this & Standard Flange (No Calculation per fomed)?

Class 1 150 ANSI Series A
ANSI Series B
Grade : GR 1.1
Nominal Size : 13,0000 Obtars Dunerwony |

[ use Full Bolt Load In calc (Sa~Ab)?

Just ke :

Spacang :

o f_'m o [Em o £l

Hub Dimensions

Thickness Large | Small ;
Hub Length

Gasket
Gasket Factorm |y

Sketch | Column :

Gasket Thickness
Nubbin or RTJ Width

Additional Flange Data

[~] Base Required Thickness on Rigidity (ASME VIII-1)?
] include Corrosion in Flange Thickness Calculations?

[C]Are the Hub and Attached Shall Materials the Same?

(“ HEXAGON

PPM

o P2

:|0
1a
:|J

Put g0 = Shell nominal thk provided

~

Copy now
Qelete

Desnign

——
|

Innufficient Bolt Area or Geometry Error

[F avileed)

43

Cancel

Loads\Partition Gasket Information, .,
Plot... Help

&y ImageGrafi

Cuugahs Sascrenis Sigawers



Defining Flange Geometry- Integral Flange

Define g1 and hub length

Select a Flange Type
® pze- o p:- '®) ﬁm
Description : I FLANGE

Flange Thickness : | 40

Flange ID | OO : | 1000 | o

FaceID |OD:[0 [0

Gasket 1D | 00 : | 0 o

Bolts
Bolt Material : | SA-193 B7 | mat...
Bolt Cirdle Diameter ¢ I o » ‘ mm,
Thread Series : brm Metric -
Nominal Bolt Diameter : | v} mm.
Number of Bolts : ;6
Root Area : O o2

ANSI/DIN Flange Dimension Lookup
[11s this a Standard Flange (No Calculation perfomed)?

150 ANSI Series A
ANST Series B

Clasgs :

Grade : GR L1

Nominal Size : 120000
L_] Use Full Bolt Load in calc (Sa*Ab)?

Just ke :

Spacing !

Cbtany Cimenmons |

(.‘ HEXAGON

PPM

O ﬁl (@) p (@] m

Hub Dimensions

Gasket
Gasket Factor m Iv:[O

Sketch | Column @ | 18

Gasket Thidmess :

Nubbin or RTJ Width

Additional Flange Data

Putgl =g0 + 8 to 10 mm,
here taken as 9mm

[C]Are the Hub and Attached Shell Mate/lals the Same?

Hub length= (g1- g0)*3 = (17-8)*3 =27

Loads \Partition Gasket Information, .
Cancel Plot,., Help

- Copy now
3 Delete

Design

o 1]

-
Sawis

Coogahs Satacriie

Insufficent Bolt Area or Geometry Error  [Failed]
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%, 4 HEXAGON

PPM

Defining Flange Geometry- Integral Flange
Define bolt type,size and numbers

Select a Flange Type
@ P’ O p’ O a

Description : | FLANGE

Q ﬁn (&) IEH () qn (] P

Mub Dimensions

Flange Thickness : | 40 | Thickness Large | Small : | 17 ll 8 |
Flange ID | OD : 1000 '[o; }‘ 2 Hub Length : i727 | mm,
Face ID | OD : ( 0 1[0 I . Gasket
GasketID | OD ¢ | 0 o | Gasket Factorm | y : [0 [0 | N.fmm~2
i , Sketch | Column: (18 ~||m v
Bolt Material : | SA-193 B7 Mat... | B Gasket Thickness : | | mm.
Bolt Circle Diameter : | O | mm,

Nubbin or RTI Width : [ 0

Additional Flange Data
Base Required Thickness on Rigidity (ASME VIIT-1)?
Include Corrosion in Flange Thickness Calculations?

Nl Are the Hub and Attached Shell Materials the Same?

Select Bolt type

Class ; 150 s <5
ANST Serien B
Grade : R 1
Nominal Size ¢  12.U Obtary Dimensions |

Give Size of bolt

[C]use Full Bolt Load in cffic (Sa*Ab)?
Just like : - Copy now Design Loads \Partition Gasket Information. , .
Give no. Of Bolts @ opeee |[_ok__ ]| concs Plot... Hels
Spacng ¢ -
| ) ImageGrafix
Insufficient Bolt Area or Geometry Error  [Failled] Coogahs SaAtcrenie Sgawets



. (
Defining Flange Geometry- Integral Flange «il HEXAGON
Define Bolt PCD and Flange 0.D

TABLE D-5M
METRIC BOLTING DATA - RECOMMENDED MINIMUM
(All Dimensions in Millimeters Unless Noted)

Threads Nut Dimensions
Bolt Size Pitch Root a | Across Flats Across Bolt Radial Radial Edge Bolt Size
dg (mm Cornera Spacing Distance Distance Distance dg
a8 Rpy R, E
M12 1.75 72.998 21.00 24.28 31.76 20.64 15.88 15.88 M2
—MI6 200, 138.323 2200 2119 42,45 060
[ M20 2,50 217.081 34.00 39.26 52.39 31.75 23.81 23.81 M20
M22 2.50 272.419 36.00 41.57 53.98 /33.34 25.40 25.40 M22
M24 3.00 312.748 41.00 47.34 58.74 / 36.61 28.68 28.58 M24
M27 3.00 413.852 46.00 63.12 63.50 28.10 2900 20.00 M27
M30 3.50 502,965 50.00 57.74 73.03 46,04 33.34 33.34 M30
M36 4.00 738.018 60.00 60.28 84.14 / 53.97 39.69 39.69 Ma6
M42 4.50 1018.218 70.00 80.83 100.00" a1 49,21 MAa2
M40 5.00 1342959 80.00 92.38 11271 )~ esa.ze 55,56 Mas
Ms6 5.50 1862.726 90.00 103.92 127/ 76.20 63.50 M56
M6E4 6.00 2467.1650 100.00 118.47 29.70 84.14 66.68 M64
M72 6.00 3221775 110.00 127.02 )~ iss.58 88.90 69.85 M72
MBO 6.00 4076.831 120.00 ;:2;5’ /166.69 93.66 74.61 M80
M20 6.00 5287.085 135.00 .88 |/ 188.91 107.95 84,14 M90
M100 6.00 651,528 150.00 1V 173.21 | 207.96 119.06 93.66 M100

AR
ity

e
e

TNy .

ikl

Cucah s S



PPM
Define Bolt PCD and Flange 0.D

Select a Flange Type

Flange 0.D = 1098 + 2 * 23.81 = 1145.62 ~1146
® P’ O 03' O ﬁn O p-’ll @) ﬁn O
I

. v
Defining Flange Geometry- Integral Flange «il HEXAGON

ot e b= O P&

Description : | FLANGE brBimensions

Flange Thxung a 5‘ Thidaess Large | Smal m | mm,
Flange 10 | QD : | 1000 qop -

Hub Length ¢ | 2

FaceID |OD: | O D 2
i D . gasket
ol L ‘ Gasket Factorm |y ¢ | |0 | N.fmm~2
o ( Sketch | Column/| 1a |1 ~
Bolt Material : | SA-193 87 Matl,,.
Gasket Thickp€ss : [ 3 | mm
Bolt Circle Diametey | mm, |B ] i
Thread Series Tre = Nubbin or R4 Width :
Nominal Bolt Diameter ; I 20 ’ mm, AdNional Flange Data
Number of Bolts : | 20 e Required Thickness oprRigidity (ASME VIII-1)?
Root Area: O em~2 Includi Corrosion in Flage Thickness Calculations
ANSI/DIN Flange Dimension Lookup Are the Hub angd Attached Shell Materials the Sahe?
[C] 18 this & Standard Flange (No Calculation perfomed)?
I ANSL Series A » — P % —
Class 1 1 i CD=1000+2*17+2*31.75=1097.5~1098
Grade : 8R 1.1
Nominal Size : | 12,0000 Obrtain Dimenaionn |

[ Use Full Bolt Load in calc (Sa™Ab)?

Just like : v | Copy now Loads\Pafition Gasket Information. ..

Design
T — |~ pr.. oo

Circumfpfental Spacing: Minimum 52,39 Actual 171,76 Maximum 484,00 mm. [Ok]
Spadng ©

Bolt to Edge: mlnal 24.00 mm. [Ok) ‘ Hub to Bolt; Mininx

Insufficent Bolt Area or Geometry Error  [Falled)

ol 32,00 mm,  [Ok])

&y ImageGrafi

Cuugahs Sascrenis Sigawers



Defining Flange Geometry- Integral Flange
Define Gasket parameters

Select a Flange Type

o= o

Description :

Flange Thickness

Face 1.D = Flange I

Bolts

Bolt Material : | SA-19387

T 1| 1098
Thread Serl L lric

Bolt Circle Diame,

Nominal Bolt Diame ter(; |
Number of Bolts ; | 20
Root Area: O

ANSI/DIN Flange Dimengion Lookup

[[]1s this a Standard Flange (No Calculation pf
Class : | 150
Grade : GR 1.1
Nominal Size : 120000

[[] use Full Bolt Load in calc (Sa*Ab)?

Just like :

Spacing
Bolt to Edge

v
Y« HEXAGON

M and y factors for gasket

ofs  ofs

Huby Dimensions

ofm  ofe

[ LaNGE |

[ JAre the Mub & ched Shell Materials the Same?

or fomed)
ANSI Series A

Gasket0.D=1098-22-2=1074
/ ™\ Clearance between bolt inner
edge and gasket 0.D

ANSI Series D

Qb tan Chimensions

Bolt hole for M20 bolt size

~ Copy now Design Loads Par tition Gasket Information, .
3 Delete [ ] Cancel Plot... Help
Circumferential Spacng: Minimum 52.39 Actual 171,76 Maximum 103.43 mm. | Maximum, Check |
t minimum 23,81 Actual 24.00 mm, [Ok] Hub to Bolt: Minimum 31.75 Actual 32,00 mm, [Ok)

Actuasl Bolt Area: 43.410 Required Bolt Area: 92.009 om™2 [Insufficent] [Faled)

£
Sawis

Coogahs Satacriie



Defining Flange Geometry- Integral Flange
Checking Bolt Area

- P’ o’ O ‘:m O 0‘ (] ﬁm (] p ) m

() pﬂ O
Description : I FLANGE 1 Hub Dimensions
I
Flange Thickness : I 40 “ Thickness Large | Small ; ! 17 II (-]
|
Flange 10 | 0D : | 1000 | 1146 | P Hub Length : | 27
Face ID | OD : I 1000 1 107Q t‘ Gasket
Gasket 1D | OD : | 1044 | 1074 ’ ot Pk s L. 4” —
- [ Sketch | Column : 1 v
Bolt Material : [ 5A-19387 | ot || PR | 5
Bolt Circle Diameter : { 1090 ’ mm, |
1 T, |0
Theead Series : [ Metic < Nubbin or RTI Width : |
Nominal Bolt Diameter : \ 20 mm,

Additional Flange Data

[+l Base Required Thickness on Rigidity (ASME VIII-1)?

Root Area : O [~] inchude Corrosion in Flange Thickness Calculations?

ANSI/DIN Flange Dimension Lookup
[C11s this a Standard Flange (No Calculation perfomed)?

[C] Are the Hub and Attached Shell Materials the Same?

Clags ; | 150 ANSI Serles A
ANSI Setles B8
Grade ! [ GR 1.1
Nominal Size : 12,0000 Cibrtanry Dimenmons |

[CJuse Full Bolt Load in calc (Sa™Ab)?

Just like : Copy now

i Delete

II]W

Actual 171,76 Maximum 103.493 mm, [

Plot...

Circumferential Spacing: Minimum 52,35 » Maximum, Chedk ]

Spacng
Actual 24,00 mm.

Bolt to Edge: minimum 23.81 (OK) \

> Actual Bolt Area: 43,410 Required Bolt Area: 92.009 om”2 [Insufficent] [Falled)]

Bolt Area is insufficient

Hub to Bolt: Minimum 31.75 Actual 32,00 mm,

( «d HEXAGON

PPM

Pmm
(k
| N.fmm~2
[ mm

Increase no of bolts to satisfy bolt area

Loads \Partiton Gasket Information..

Help

(Ok])

Imanosnﬁl

Lugahs Satuc
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"« HEXAGON

Defining Flange Geometry- Integral Flange 8

Checking Bolt Area
o p’ Q ’:\'_m (@] P

® p’
Description : | FLANGE ]

Flange Thickness : | 40

Flange 1D |OD : [ 1000 || 1146 l
Face 1D | OD : | 1000 | 1074 ke

GasketID |OD: | 1044 || 1074 |

Bolts
Bolt Material : | SA-193 87 | e, || B
Bolt Cirde Diameter : | 1008 o | mm.
Thread Series | Tema Metric ~
Nominal Bolt Diameter ;| 20 mm, .

Number of Bolt<
Root Area : 0

ANSI/DIN Flange Dimension Lookup
[]1s this a Standard Flange (No Calculation perfomed)?

ANSI Series

Class ; | 150
Grade : GR 1.1

ANSIT S
Nominal Size 1 120000 QO Piermons:|
[[Juse Full Bolt Load In calc (Sa*Ab)?

Just ke :

@] ﬁ (@) p o fjl o vﬁ

Hub Dimensions

Thickness Large | Small : [ 17 IE | mm.
Hub Length I 27 ]mm.
Gasket
Gasket Factorm |y : [ 3 || 69 | N.fmm~2
Sketch | Column : | 18 v i v
Gasket Thickness : l ] mm.

Nubbin or RT Width : | 0
Additional Mange Data
[7] Base Required Thickness on Rigidity (ASME VIII-1)?
[2] Include Corrosion in Flange Thickness Calculations?

[C] Are the Hub and Attached Shell Materials the Same?

No of bolts increased to satisfy bolt area

~ Copy now Loads \Partiton Gasket Information. ..

| Design
E T S —— Pt.. e

Circumferential Spacing: Minimum 52,39 Actual 78.33 Maximum 103.43 mm. [Ok)

Spacing

Bolt to Edge: minimum 23,81 Actual 24,00 mm.

Required Thickness Internal: 75,946 External: 0,000

[Ok) \ Hub to Bolt: Minimum 31.75 Actual 32,00 mm, [Ok)

Coogahe Satacrenie Sty

Actusl Thickness: 40,000 mm, [Faled)]



Defining Flange Geometry- Integral Flange ey

Fine tune dimensions

s.,seuaF::oecT;:e . 0, = ’:\JI ()p’ a p o £l O vﬁ O ﬁ':)

FLANGE Hub Dimensions

Description :
Flange m.dmes Thickness Large | Small : | 17 IE [ mm.
Flange 10 | 0D : | 1000 * ] 2 Hub Length : | 27 | mm.
Face ID | OD : | 1000 | Gasket
Susfalicy 100000 | Gasket Factorm |y : [ 3 |[ 69 | Nmmaz [
o PR DR A 1930) | 4 Sketch | Column : | 18 v v
ters s bv
Bolt Circdle Diameter } 1098 | 2: > Gasket Thickness : ' ] mm
Thread Series : [TER ERICTRE = Nubbin or RT Width : | 0 | mm
Nominal Bolt Diameter \' 20 | o, qx Additional Flange Data
Number of Bolts : I ws) [7] Base Required Thickness on RIg
Root Area : 0 emn2 [ Include Corrosion in Flange Thickness

ANSI/DIN Flange Dimension Lookup [ Are the Hub and Attached Shell Materials the Same?

[[]1s this a Standard Flange (No Calculation perfomed)?
Class ;: | 1580 ANSI Series A
ANST Seties B
Grade : GR 1.1

Nominal Size 1 12,0000 O5tan Dimenmorns. |

Required thickness is insufficient, Increase it

~ Ci now Design Loads \Partiton Gasket Information. ..

T < S —— - por.. e

m 52,39 Actual 78.33 Maximum 103.43 mm. [Ok]

[[Juse Full Bolt Load in calc (Sa*Ab)?

Just ke :

Circumferential Spacing: Min
|
Hub to Bolt: Minimum 31.75 Actual 32,00 mm, [Ok)

-
40,000 mm, [Failed)] . Imaﬂosnﬁl

Cuogahs Satace

Spacing !
Bolt to Edge: minimum 23,81 Actual 24,00 mm, [

Required Thickness Internal: 75,946 External: 0.000 Actual Thickness:




Defining Flange Geometry- Integral Flange

Fine tune dimensions

® [ o r;- O ﬁﬂ

Description : | FLANGE

|
Flange Thldmeu( 78 l‘
Flange 10 | OO : | 1000 ¥~ |1
Face 1D | QD 1 | 1000 || 1074
Gasket ID | OD : | 1044 5 1074
Bolts
Bolt Material ; | SA-19387 Mat... || B
Bolt Circdde Diameter ; ixo‘;a e 7' mm.
Thread Series ¢ Tems Metric ~
Nominal Bolt Diameter : i 20 1 mm. oo
Number of Bolts : ’ B I
Root Area: 0O cn~2

ANSI/DIN Flange Dimension Lookup
[]1s this a Standard Flange (No Calculation perfomed)?

Class : | 180 ANSI Series A
ANST Series
Grade : GR 1.1
Nominal Size : | 12.0000 Obtaity Dimensions |

JUse Full Bolt Load in calc (Sa*Ab)?

Just lke : ~ | |

Spadng

Bolt to Edge: minimum 23.81 Actual 24.00 mm. [Ok]

o fm

Hub Dimensions

Additional Flange Data

Circumferential Spacing: Minimum 52,39

.4 HEXAGON

PPM

() F’ (] q‘ (@] Fﬂ

Thickness Large | Small ¢ [ 17 H -} ]mm
Hub Length @ i 27 ] mm
Gasket
Gasket Factor m |y 1 | || o9 | N.mm~2
Sketch | Column ! | ~on ~

Thickness increased

Base Required Thickness on Rigidity (ASME VIII-1)?
Include Corrosion in Flange Thickness Calculations?

[CJAre the Hub and Attached Shell Materials the Same?

Now Flange Thickness is passed

Loads \Partition Gasket Information, .,
Cancel Plot... Help

Ctual 78.33 Maximum 168,57 mm, [Ok]

‘ Hub to Bolt: Minimum 31.75 Actual 32,00 mm, [Ok]

Required Thickness Internal: 75,946

External: 0,000 Actusl Thickness:  78.000 mm. [Passed]

-

Coogahe Satacrenie Sty



Defining Flange Geometry- Integral Flange “edl HEXAGON
Plot of Flange
Flange Type 1 (Integral Weld Neck) : FLANGE
Flange Material: SA-516 70
Bolt Material: SA-193B7
Number of Bolts: 44 @ 1098.000 mm, BCD
ke 78.000 >

1146.000

20.000 [Bolt Diameter Dim, NOT the hole 1

T
1074.00 27,000 b
i)
8.000
| 1044.00 W
1000.00 1000.000

. ﬁ ImageGrafix
Lugshs Do wnie Sigaws



. v
Defining Flange Geometry- Integral Flange "« HEXAGON
If gasket is defined from flange 1.D

Select a Flange Type

@ p“ O 01- (= f_\m O p" (@ ﬁll O F‘ O E:III & pﬂ O F’

Description : f FLANGE I Hub Dimensions
Flange Thickness : [ 78 Thickness Large | Small & 1 17 h 8 ‘mm.
Flange ID | OD 1 | 1000 || 1146 Hub Length : | 27 [ mem.
1 mm.,
Face [D | OD : | 1000 | 1074 Gaalaat
G. t
asket | 001000 > Y1030 Gasket Factor m |y : | 3 || 69 | N.jmm~2
i : Sketch | Column : |18 v | |II v
Bolt Material : | SA-19387
Baanl. (A4 Gasket Thickness ; | 3 I mm.
Bolt Circle Diameter @ | 1098 "
I L, RT {l s mm.
Thread Series ;  Tema Metric RO or I Width ]

Nominal Bolt Diameter : ‘ 20
Number of Bolts : L

Root Area ; O

Additional Flange Data

[] Base Required Thickness on Rigidity (ASME VII1-1)?
Include Corrosion in Flange Thickness Calculations?

Gasket 0.D =1.D +2*15=1030

ANSI/DIN Flange Dimension Lookup [ ] Are the Hub and Attached Shell Materials the Same?

LI 1= this a Standard Flange (No Calculation perfomed)?
Class : |58 werse o When Gasket I.D = Flange 1.D

ANSI Serles
Grade : GR 1.1

Nominal Size ; [12.0000 Cbtairy Dimenmons |
TP Required Thickness is increased considerably

Just like : v Copy now Loads\Partitton Gasket Information. ..

Design
= | Delete EI | Cancel Plot.,. Help

Circumferential Spacing: Minimum 52,39 /Actual 78,33 Maximum 168,57 mm, [Ok]
Spacing :

Bolt to Edge: minimum 23.81 Actual 24,00 mm. [Ok] \ Mub to Bolt: Minimum 31.75% Actual 32,00 mm, [Ok]

-
Sawis

78,000 mm. [Failed] Cungahs Satacranis

Required Thickness Internal: 92.405  External: 0.000 Actual Thickness!:
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Defining Gasket Width %4 HEXAGON

As Per ASME Section VIII Div.1

Table 2-4
Recommended Minimum Gasket Contact
Widths for Sheet and Composite Gaskets

Gasket Contact

I'-'lange (18] Width
24 in. (600 mm) < ID = 36 in. (900 mm) 1 in. (25 mm)
36 in. (900 mm) =< ID < 60 in. (1500 mm) 1%, in. (32 mm)
ID = 60 in. (1500 mm) 1Y (38 mm)
As Per TEMA
RCB-6.3 PERIPHERAL GASKETS

RC-6.31

The minimum width of peripheral ring gaskets for external joints shall be 3/8" (9.5 mm) |for
shell sizes {hrough 23 in. (584 mm) nominal diameter and [‘IIE" (12.7 mm)|for all larger shell
sizes.

B-6.31

The minimum width of peripheral ring gaskets for external joints shall be 3/8" (9.5 mm) for
shell sizes through 23 in. (584 mm) nominal diameter and 1/2" (12.7 mm) for all larger shell 4 ImageGrafix
sizes. Full face gaskets shall be used for all cast iron flanges.
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Defining Gasket Width %4 HEXAGON

As Per ASME Section VIII Div.2

Table 4.16.2
Recommended Minimum Gasket Contact Width

Gasket Contact Width, N
Gasket Outside Diameter

<150 mm <300 mm <600 mm <900 mm 900 mm (36 in.)
Gasket Type (6 in.) (12 in.) (24 in.) (36 in.) and Over
Sheet gaskets including laminated sheets gaskets 9 mm 12 mm 16 mm 16 mm 19 mm
with or without a metal core (0.375 in.) (0.5 in.) (0.625 in.) (0.625 in.) (0.75 in.)
Preformed composite gaskets including spiral 6 mm 9 mm 12 mm 16 mm 16 mm
wound, jacketed, and solid flat metal gaskets (0.25 in.) (0.375 in.) (0.5 in.) (0.625 in.) (0.625 in.)

:
- ‘) ImageGrafix
Sty

Cuogahs Satscranis



Transferring Bolt loads, forces and moments on flange <@ HEXAGON

When Bolt Loads are different on Flanges?

* When Flanges on both sides of tubesheet are having different pressure, temperature or
gaskets.

* In case of TEMA AES t
diameters.

nstruction shell side bonnet flanges are having different

/

a

*
Cuugahs Sascrenis Sigawers



. v
Transferring Bolt loads, forces and moments on flange «dl HEXAGON

How to apply Forces and Moments on Flanges?

* When there are external forces and moments present on the flange joint its effect will be considered
according to Kellogg’'s Equation

4.F + 16.M
T.G? 7.G3

* This P . is simply added to the design pressure P

* Where, F is external axial force on flange.

* According to Div 2 equation this axial force will have to be considered if it is tensile i.e. pulling force, in
other case the value to be taken as zero.

F, = value of the external tensile net-section axial force. Fompressive net-section forces are to be neglectedland for

that case.l FA should be taken as equal to zero. |
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Thank You!

Have a great conversation!
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