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INTEGRAL FLANGE DESIGN PROGRAM
By
John F, Wilson
NASA
LANGLEY RESEARCH CENTER
HAMPTON, VIRGINIA

SUMMARY

The flange design methods in this program are applicable to circular
flanges under internal pressure. The gaskets must be entirely within
the bolt circle and the ocuter rims of the flanges must not touch under
the applied loading. This paper presents an automated design solution
to integral and optional type flanges using the methods in the 1971
edition of the ASME Boiler and Pressure Vessel Code, Section VIII,
Division I, Appendix II, pages 210-221 (reference 1).

The program calculates the stresses associated with a given geometry
and prints the required flange thickness to assure that the working
stresses are within the allowed code values. It is the responsibility
of the designer to be sure the geometry conforms to code requirements
such as maximum hub taper, maximum bolt spacing, number of bolts and
size of bolts, as well as allowable materials and material properties.

The program was written for use with the Hewlett-Packard Model 9810A
Calculator and programmed using their operating manuals (reference 2),.



EQUIPMENT NEEDED
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Before using calculator:

1 |Determine a flange materlal (ASME Code) .
2_|Determine a bolting material (ASME Code)

3 !Determine a flange Geometry (See Page 3 )

t_4 Determine Gasket Details _ {See Page4 & 5)
| 5 Determine Flange Facing Details (See page 6 ) .
i 5a Determine Design Pressure and Temperature

... Now go to Calculator

& Press: End -

T ‘Press: Load (Load Program)

8 Press: Clear

9 Press: End
10 Press: Continue

information to calculator as requested.when no error

messages appear (See sample program output pages 12

& 13

‘have been satisfied.

) design stress and flange thickness requirements

Designer may still select a flange

thxckness to iterate to closest acceptable thlckness

giving no error messages.

¢



INTEGRAL FLANGE

GEOMETRY
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PRESSURE VESSEL CONSTRUCTION
FACINGS AND GASKETS

(Reference 3)

Suggestions as to the choice of facing and type of gasket to suit
particular applications and service conditions are not covered in this
Manual. Pressure, temperature, thermal shock, cyclic operation and the
fluid handled are all factors to be considered. A1l sections of the
American National Standard Code for Pressure Piping (ANSI B31) contain
rules for flange facings and gaskets and these serve as valuable guides,
Reference should also be made to American National Standard ANSI B16.5,
covering "Steel Pipe Flanges and Flanged Fittings". This Standard pro-
vides facing dimensions for flanges in the 150 1b. through 2500 1b.
classes in sizes through 24" and also refers to gasketing. Similar
data for sizes 12" through 36" in classes 150, 300, 400, 600 and 900 1b.
is gi;en in the Manufacturers Standardization Society's Standard Practice
MSS SP-44,

Flange facings may be classified as (1) those sealed by pressure
on the gasket from bolt loading and (2) those sealed by self equalizing
gaskets that function by internal fluid pressure. The first group
includes raised and flat faces where the gasket is restrained only by
loading. The gasket is confined in a recess when Male and Female,
Tongue and Groove, and Ring Joint are used., Such facings provide
greater unit pressure and offer more protection against blow-out.

Raised Face Gaskets for raised faces may extend to the inner
edge of the bolt holes for centering control. The 0.D. of the raised
face may extend to the same point at the option of the designer, but
because of machining tolerances, it is advisable to keep it smaller,
The gasket 0.D. for design purposes is equal to the 0.D. of the raised
face. Spiral Wound gaskets work best when the 0.D. of the gasket is
slightly smaller than the 0.D. of the raised face. They should be

provided with a compression and centering guide to insure proper loca-
tion.

The gasket need not cover the entire width of the raised face as
this requires additional bolt load. For certain corrosive services,

}ocating the gasket 1/8" from the flange 1.D. helps protect the flange
ace.

Male and Female In this type of joint the 0.D. of the gasket
is the same as that of the male face. The femalefacing is made
larger than the male face to receive the gasket and provide interiock,




Tongue and Groove  For this type of facing the width of the
gasket 1s made equal to the width of the tongue, which, for clearance
purposes, is narrower than the groove, The joint proportions are
shown in Figure 1c, page 6. The detail shows a "nubbin". This is
used to reduce the effective seating width of the gasket.

Ring Joint Suggested minimum edge distances are shown in Figure 1 g.
For reasons of economy and sound design, it is recommended that grooves
for ring type joints conform with ANSI or MSS Standards whenever possible.
ANSI B16.5 and B16.20 cover sizes through 24" and MSS SP-44 covers sizes
26" through 36", In larger sizes the configuration and proportions of
the groove should follow those astablished by these Standards.

It should be noted that neither Standard refers to rounded-bottom .
grooves. Unless otherwise specified, flat bottom grooves should be pro-
vided. While either oval or octagonal rings may be used with flat bottom
grooves, the octagonal type is preferred.

Self Equalizing Types The self equalizing type of gasket, such as
0-Ring, Delta-Ring and Lens-Type, are useful for high pressure applications.
These gaskets and the special flange facings required for them are shown
in Figure 1 e, page 6. Joints of this kind have the distinct advantage of
not requiring mechanical loading for gasket seating. Since the gasket
reaction can be considered negligible, the total bolting is only that
necessary to retain the hydrostatic end force.

A great deal of research and experimental work has been done in
connection with joints of this type. No attempt is made here to cover
the subject in detail. Where metal 0-Rings are required, they should
have a plating of soft metal (copper, for example} and be used with
16 AA maximum surface finishes.
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INTEGRAL FLANGE DESIGN
NOTATION SYMBOLS AND DEFINITIONS
ALL SYMBOLS ARE SHOWN IN THE ORDER THEY APPEAR IN THE PROGRAM

The definiticns are those given in Appendix Il of the 1971 ASME Boiler and
Pressure Vessel Code, Section VIII, Division I,

B = Effective gasket or joint contact- WM2 Minimum required bolt load

surface seating width, inches.

B=bo, when bo = % inch

for gasket seating, pounds,
=BTrGY

P Design pressure, pounds per
B=vbo, when bo=¥% inch square inch,
2
HP Total-joint~contact surface
bo=basic gasket seating width, compression load, pounds,
inches, see Table UA-49.2, =27TBGMP
page 14,
Gasket or joint-contact-surface H Total hydrosgatic end force,
seating load, pounds per square pounds.-:.-'q_G P.
inch, Table UA-49.71, page 15.
Gasket factor, Table UA-49.1 WM1 Required bolt load for
page 15. operating conditions, pounds,
=HP+H
Diameter at location of gasket SA Allowable bolt stress at
load reaction. atmospheric temperature,
pounds per square inch. Select
when by = 1/4 inches, G = from ASME Code for required
mean diameter of gasket material.
contact face, inches,

_ SB Allowable bolt stress at design
when b,==1/4 inches, G = temperature, pounds per square
outside diameter of gasket inch. Select from ASME Code
contact face less 2B, inches. for required materials.

AM Total required cross-sectional

area of bolts taken as the
greater of AMI or AM2, square
inches.



AM]

AM2

AB

N(Min)

Bl

8B

HD

= Total cross-sectional area

of boTts at toot of thread
or section of least diameter
under stress required for the
operating conditions, square
inches, ={11)

(sB)

= Total cross-sectional area

bolts at root of thread or

section of least diameter

under stress required for

gasket seating, square

inches, =(lM2)
{S

A)

Actual total cross-sectional
area of bolts at root of
thread or secticn of least
diameter under stress, square
inches. (tust be equal to

ar greater than AM).

Flange design bolt load for
the operating conditions or
gasket seating, as may apply,
pounds , =.5(AM+AB) (SA)

Minimum width, in inches,
reguired for the basic gasket
seating width, based upon

the possible contact width of
the gasket. Has no meaning
if Y=0, =(AB){SA}/2YTG.

Inside diameter of flange,
inches. When Bl is less
than 20 61, it will be op-
tional for the designer to
substitute BB for Bl in the
formula for longitudinal hub
stress, SH.

BI1+GD for integral-type
flanges when FC is equal teo
or greater than 1,

Hydrostatic end force on area
inside of flange, pounds,
=r BeP,

T

HG

HT

HGG

Gl

HD1

HG1

HT1

HG16

MD

MG

MT

Gasket Load (difference between
flange design bolt Toad and
total hydrostatic end force),
pounds, = W-H=Hp

Difference between total hydro-
static end force and the hydro-
static end force on area inside
of flange, pounds, =H-HD

Possitle gasket seating Toad due
to bolting, pounds, see UA-49,
paragraph (b) item (3), sub item
(d), formula (4), = y

Radial distance from bolt c¢ircle
to point of intersection of hub
and back of flange, inches, (in-
tegral and hubbed flanges).

Thickness of hub at back of flange,
inches,

Bolt-circle diameter, inches.

Radial distance from the bolt
circle to the circle on which HD
acts, inches, = R+.5(G1).

Radial distance from gasket load
reaction to the bolt circle,
inches, =C-G .

2

Radial distance from the bolt
circle 6n which HT acts, inches
=, 5(R+(61)+HG}

Radial distance from gasket load
reaction to the bolt circle,
inches,=C-G

2

Component of moment due to
HD, inch-pounds,={HD}{KD1)

Component of moment due to
HG, inch-pounds, =(HG)(HG1)

Component of moment due to
HT, inch-pounds,=(HT)(HT1)



MO

MOG

YS

GO

G1/G0
HO

H/HO

FC

Total moment acting upon the
flange for the operating
conditions, inch-pounds,
EMD+HMGEMT

Total moment acting upon

the flange for the gasket
seating, inch-pounds, =(HGG)
(KG1)

Qutside diemeter of flange or,
where slotted holes extend to
the ouzsidn of the flance, the
diameter to the bottom of the
slots, inches.

Ratio of outside diameter of
flange to inside diameter of
flange, = A .
(BT)

Factor involving K, shape con-
stant.

Factor involving K, shape con-
stant.

Factor invoiving K, shape con-
stant

Factor invoiving K, shape con-
stant

Thickness of hub at small end,
inches

Shape constant.

Factor = Y(B1)(G0) , inches.
Hub length, inches

Shape Constant.

Factor for integral-type
flanges, figure UA-51.2,
page 16.

Factor for integral-type

flanges, figure UA-51.3,
page 16

~Hub stress-correction factor

(for integral-type flanges).
For values below limit of chart
use F€ = 1, Figure UA-51.6,
page 17.

E ]

ALF =

BTA =

GMA =
DEL =

LMA =

MMG =

BS =

SH =

SR =

5T =

sC =

Factor for integral-type
flanges, E(f__

HO)

Factor for inte%ra1-§ype
flanges,ssg_(HO (G0)<,

Flange thickness, inches,
assumed value.

Stress formula factor,
=(TK)(E)+1.

Stress formula factor,
= (4/3)(TK)E+T,

Stress formula factor,
=ALF (T).

StressaformuTa factor,
=(TK)>/D.

Stress formula factor,
=GMA4DEL,

MO
BT

MOG
BT

Bolt spacing, inches

Calculated Tongitudinal stress
in hub, pounds per square inch,
(operating conditiongL
Z(FC)(MM)/ (LMA) (61 )%,

Calcuiated radial stress in
flange, pounds per square inch,
{operating conditions),
S(BTA) (MM)/ (LMA) (TK)Z.

Calculated tangential stress

in flange, pounds per square

inch, (operating tonditions),
= r'n\*!)(‘:')/(TK%ZJC - Z(SR)

Combined stress greater of
-5(SH+SR) or .5(SH+ST)



- 3FO

SHG

SRG

STG

SCG

SFA

Allowable design stress for
material of flange, nozzle
neck vessel or pipe wall, at
design temperature (operating
conditions), pounds per square
inch. Select from ASME Code
for required material.

Calculated longitudinal stress
in hub, pounds per square

inch, (gasket seating con- g
dition), = (FC)(¥¥:a)/ (LKA) (61)2,

Calculated radial stress in
flange, pounds per square

inch, (gasket seating conditions),
= (BTA) (MMG) (LMA)/{TK)Z,

Calculated tangential stress in

flange, pounds per square inch,

(gasket seating conditions),
=[(w6) (Y)/(TK)2] - Z(SR).

Combined stress greater of
.5 (SHG+SRG) or .5(SHG+STGR).

Allowable design stress for
material of flange, nozzle

neck vessel or pipe wall, at
atmospheric temperature

(gasket seating), pounds

per square inch. Select from
ASME Code for required material,
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Table UA-49.2

SECTION Vill - DIVISION 1 PRESSURE VESSELS (Reference 1)

TABLE UA 49,2 EFFECTIVE GASKET WIDTH

14

FACING SKFETCH
Fows sHrne rated

BASIC GASKET SEATING WIDTH, b,

COLUMN |

COLUMN I

WW&“&
G

W*W,N:j?'f?! 7

b*

“‘“mem

[ AN K%Y

TVRET”

mlz

lc

-
]

1d*

Fat

1/64" Nubbin W
-

1/64" Nubbin € %

4%

5‘

R

’1”’1"

e\

oa|g

EFFECTIVE GASKET SEATING WIDTH, ‘5"

b=b,, when b, % Y in.

b=“—2—° when b, > % in.

LOCATION OF GASKET LOAD REACTION

He
0.0, Conlac; .
face ! £ Gasker

For b,

- % in.

74 For b, £ % in.

NOTE: The gasket
{actors listed only
apply to flanged
joints in which the
gaskel is contained
entirely within the
inner edges of the
bolt holes

*Where serrations do not exceea 1/64 in. depin and 1/32 in. width spacing, sketches 1b and 1d

shall be used.




MANDATORY APPENDICES (Reference 1)
TABLE UA.49.1

GASKET MATERIALS AND CONTACT FACINGS

15

Table UA-49.1

Gasket Factors {m} for Operating Conditions and Minimum Design Seating Stresa (y)
NOTE: This table gives o list of many commonly used gasket mnt:cials and contact facings with
suggeated design values of m and y that have generally proved satinfactory in actual service when

Rafer to Table

using effective gasket seating width & given in Table UA-49.2. The design valuen and other details UA.4%.2
given in this table are suggested only and are not mandatory.
Mi
Gas ket dnil';n Skatches Use u
) e
Gasket moterial factor eating ond facing
m stress notes skeich column
4
Seli-Enetgizing Types
0 Rings, Metallic, Elastomer other gasket types 0 0 - - -
considered as self-sealing
Elastomers without fabric or a high percentage of
ashestos [iber:
Below 75 Shore Durometer 0.50 0 Q
75 or higher Shore Durometer 1.00 200
Ashestos wi!h a suii?l_)]e binde: io. ;;/' :::2: g?g ;?83 Q
the operating conditions . .}i: thick 150 6500
Elastamers with cotton fabric insertion 1.25 400 é 2 1(3-4b.50- d)
3ply | 2.25 2200 -
Elastomers with asbestos [abric inzer-
:r‘:::; with or without wire reinforce- 2-ply 9.50 p— Q
lply | 2.75 3700 <
Vegetable fiber 1.75 1100 Q
P 4 . b ! | E;.'arhrin 2.50 2900 W II
Spiral-wouad metal, asbestos fiile.  Stainless ar &
| Honel 3.00 4500 it o, b)
af:g;::a—metaa, dne Soit aluminum 2.50 2900 .
hestos inserted Soll copper or brass 2.75 3700 IE[%‘O
or ) Iron or soft steel 3.00 4500
(.orrugated mewal, jack- | Monel or 4—6% chrome 3.25 5500 ez
eted asbestos filled Stainless steels .50 6300
o Soft aluminum 2,75 3700
‘ ?oft coppcir or brass 3.00 4303
. rrugated metal ron or soft stee! 3.25 550 m 1{a, b,c,d)
Monel or 4—6% chrome 3.50 6500
Stainless steels 3.75 7600
20? aluminum b 3.28 gggg —_
Joft copper or brass 3.5 : —
¥lat metal jacketed as- |[ron or soft steel 3.75 7600 la,1b, lc*,
vestos filled Mone! 3,50 8000 p 1d*, 2#
4-6% chrome 3.75 2000 ol
Stainless siecls 3.75 9000 P
Soft aluminum 3.25 33500
Soft copper or brass . 3.50 6500 a b, c,d)
Grooved mela. Iron ot soft steel 3.75 7600 W n',, "ac'
Monel or 4—6% chrome 3.75 9000 “r
Stainless steels 4.25 10100
Soft aluminum 4.00 8800
Soft copper or brass 4.75 13000 1 "
%+ id fiat meta. Iron or soft steel 5.50 18000 > dy 0y Cy
Monel or 4—6% chrome | 6.00 21800 = 13 h
Stainless steels 6.50 26000 I
lren or soft sieel 5.50 18000
ding Joint Mone] or 4—6% chrome 6.00 21800 6
Stainless steels . 6,50 26000

*The suriace of & gasiet having a lap should not be sgainst the nubbin.
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CONCLUDING REMARKS

This computer aided design program presents an "interactive" procedure
for the engineer utilizing the electronic desk top calculator to obtain
the optimum circular, integral or optional type flanges under internal
pressure, The design criteria meets the requirements of the 1971 ASME
Pressure Vessel Code. This program provides the flexibility of comparing
the computed stresses for a selected flange thickness to the allowed
code value for a given geometry. Since the design equations for Toose,
non-circular and split flanges subject to internal and external pressure
are similar to the integral and optional type flange, this program could
easily be modified and adapted to those types of design, The other
types of flanges in conjunction with different gasket and outer rim
contacts are not as easily programmed but the general outline and
procedure is valid.
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