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Forewonrd:

American Spiral Pipe Works was organized at the first of the
century to produce spiral riveted pipe. This unigque product was
widely used in water supply systems for city aquaducts, surface
mining, and penstocks in this country and overseas. A serious
problem developed with this pipe when flanged joints were re-
quired. At that time the flanges were made of cast iron and were
often broken during shipment and fabrication. J. Hall Taylor and
his staff solved this problem by developing processes and equip-
ment to manufacture a superior, virtually unbreakable product—
the forged flange. Then under a new name, Taylor Forge and Pipe
Works, the company pressed on to become a leader in flange
manufacturing.

They did not stop with that, but topped their achievement by
developing analytical flange design formulas for industry and Code
use. Professor E. O. Waters of Yale University spearheaded this
work and joined Mr. Taylor to co-author the technical papers which
led into the Taylor Forge publication Modern Flange Design.
Industry immediately accepted this convenient system of flange
design and used it worldwide.

This up-dated version of Modern Flange Design carries on the
tradition with a skillful blend of data, graphics, and text. We sin-
cerely hope that this issue will prove to be the most useful of all.
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Introduction

Bulletin 502 was first published in 1938 by Taylor
Forge and Pipe Works as Modern Flange_Design.
It has since become a standard reference  manual
for the design of bolted flanges—now called Part
A Flanges by the Code® These are defined as
having gaskets wholly within the circle enclosed
by the bolt holes and no point of contact beyond
this circle.! Part A rules limit the analysis to con-
sideration of the flange moment that results from:

* bolt load

* gasket load

« face pressure load

* hydrostatic end load

The analytical aspect of this bulletin covering Part
A Flanges is based on paper number- FSP-59-4
“Formulas for Stresses in Bolted Flanged Connec-
tions”.2 This paper considered the effect of ta-
pered hubs and built on an earlier work by E. O.
Waters and J. Hall Taylor “The Strength of Pipe
Flanges™.? These two papers still form the tech-
nical base -of the Code rules for flange design.
Later, the authors published the derivation of the
flange formulas in a booklet titled, “Development
of General Formulas for Bolted Flanges.*”

This seventh edition covers code revisions
through the winter '78 addenda, includes revised
design formulas for reverse flanges, has a refer-
ence-only paragraph with design sheets for full
face designs, adds a bibliography and a computer
program listing for F, V, f, F| , V|, shape factors for
hubbed flanges.

The PVRC Subcommittee on Bolted Flanged Con-
nections and the ASME Subgroup on Openings
cooperatively developed design methods for flat
face flanges in metal-to-metal contact. Rules for

analyzing identical pairs of such flanges. were first
published in Mandatory Appendix It of the 1971
Edition of the Code. These rules give a method of
analysis that satisfies all conditions of equilibrium,
provides for compatibility of rotation and transla-
tion between elemenis (hub and flange), and
accounts for the radial effect of pressure acting
on the pipe, hub and flange. The flanges designed
by these rules were identified as “Part B”’ to dis-
tinguish them from “Part A” flanges.

The theory used as. the basis for the rules in the
Code for identical Part B flange pairs was ex-
tended on a consistent basis to also cover non-
identical flanges. Because such an analysis is
laborious, a simpler method suitable for analyzing
both identical and nonidentical pairs was devel-
oped and published as ASME Code Case 1828:
“A Simplified Method for Analyzing Flat Face
Flanges with Metal-To-Metal Contact Outside the
Bolt Circle.” The Case was approved by Council
January 9, 1978, after the rules for Part B flanges
had been transferred from Mandatory Appendix |
to Nonmandatory Appendix Y in the Summer '77
Code Addenda.

The simpler rules of Code Case 1828 resulted from
designing for tangential contact between the
flanges at their outside diameter. Also many of the
assumptions and charts that apply equally to Part
A or Part B flanges were used.

It is beyond the scope of this Bulletin to cover
the design of flat face flanges in metal-to-metal
contact, however, the work leading up to the Case
is fully documented in the open technical litera-
tlre. For further information refer to bibliography
items 6 through 12.

PART A FLANGES: GASKET COMPLETELY INWARD
FROM BOLT HOLES — NO OTHER CONTACT.

@ The use of “Code” in this manual will specifically mean
ASME Code Section VHI, Division 1.
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Sidestep Designing

Any flange design work costs time and effort, and
leads one to ask, “Is there a way | can sidestep
designing?”

The answer for Part A Flanges is yes—two ways.
One way is to consider that the Code recognizes
the proper use of existing flange dimensional
standards. These are fully prepared and ready to
be specified within the limits of their scope and
rating. The Code incorporates ANS!| B16.5 *‘Steel
Pipe Flanges . . .”,”® APl 605 *Large Diameter
Carbon Steel Flanges”,'* and ANSI B16.1 “Cast
Iron Flanges . . .%5.” Not included, but designed per
Code rules are Industry Standards Classes 75, 175,
and 350, and MSS-SP44 “Pipe Line Flanges.”15
Note that the B16.5 ratings above ambient do not
apply to the large diameter MSS-SP44 flanges as
they are intended for use with thin-wall high-yield
strength line pipe. These should be checked for
Code applications; sizes over 36” in Classes 300
and greater were designed using higher than Code
allowed stress levels.

Flanges greater than 24” size that are required to
match valves often must use ANSI B16.1 cast iron
dimensions. This may mean adjustments in mate-
rial, bolting, and facing. All such changes affect
the rating, and require Code Inspector approval.
He will often ask for supporting calculations.

The other way to sidestep the task of designing
is to call on TAYLOR FORGE for help. When
design calculations must be done, and no standard
is found to satisfy all requirements, we will bid
a custom designed flange. This work is part of the
guote and includes price and delivery, but full
dimensional details are held pending an order.
In the case where only a design calculation is
required, this can be furnished for a nominal
charge that depends on the complexity of the
problem and engineering/computer time required.

For any Part A design calculation, the following
information is essential:

* type of flange

* shell or pipe dimensions

» design pressure and temperature
» flange material

and this information is very helpful:

 governing code

* media contained

» shell or pipe material

* bolt and gasket material

» facing style—if specified

* corrosion allowance—if required
If the design mates existing equipment, give com-
plete details of facing, drilling, and O.D.

OPTIMUM INFORMATION INPUT IS A TRUE ECONOMY —
IT SAVES QUESTIONS, GUESSES, AND GOOFS.

You may sidestep Code Case 1828 Flange Design
calculation by using our design/computer serv-
ices.

The calculation work for Code Case 1828 re-
quires much more effort than Part A because the
flanges behave differently. One flange is influ-
enced strongly by the other since they are in
contact outside the bolt circle; accordingly, cal-
culated stresses are meaningful only when the

interaction is considered in the analysis. As a

result, when we are requested to bid on a custom

job and perform calculations, it is essential that
information on both flanges of the pair be pro-
vided. We require a sketch of the assembly show-
ing all dimensions which are known or must be
held. Include flange types, shell or pipe dimen-
sions for each flange, material, type and size of
gasket, design pressure and temperature. If the
flanges are to be tested separately, for example
with a blind cover, this information should be
provided to check adequacy of the flanges for this
situation.

CODE CASE 1828 FLANGE PAIRS ARE DESIGNED

FOR OD TANGENTIAL CONTACT.
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Part A Designs

Three types of flanges designed by the rules of Part A are defined
and illustrated by the Code in Paragraph UA-48 and Figure UA-48.
See page 7, Fig. 1—Flange Types. The first type is

INTEGRAL

Integral which means the hub and flange are one continuous struc-
ture, either as manufactured from the original material or made so
by full penetration welds. Examples are shown in Figure 1a thru 1d
with loads and dimensions needed for designing. Examine hub details
carefully: g, is defined in the Code as the hub thickness at the small
end, but for calculation purposes it equals the wall thickness of the
attached pipe. Then the hub length & extends to the point where the
slope of the hub meets the OD of the pipe. Thus, g, in the design
formulas may be different from g, as defined, and & shorter or longer
than the hub length as manufactured.

Note that B = Flange ID = Pipe ID
Use Design Sheet A, page 35.

LOOSE

Loose types either have no attachment to the pipe as in Figure 1e,
a lap joint, or have a non-integral structure as shown in Figures 1f
and 1g for slip-on flanges. Threaded and socket-weld are also classed
as loose flanges. Lap joints and threaded flanges transfer loads to
the pipe at or near the face, their hubs act independently of the pipe.
The hubs of slip-ons and socket-welds actually interact with the pipe
but this is disregarded in the analysis. See par. UA-52 in the code.
The hubs have no minimum limit on % or g, but values of g, < 1.5 ¢,
and h < g, are not recommended. If the hub is too small to meet these
limits, it is best to design per Figure 1d as an integral type. (Hub
thickness = g; + t, at the base, and t, at the top.)

Note that B = ID of flange—not pipe ID.
Use Sheet B or C, pages 36 and 37.

OPTIONAL

Optional types are constructed in such a way that flange and pipe
act as a unit—similar to integral flanges. Optionals would normally
be designed the same way as integral flanges but when:

g, £5/8"
B/g, £ 300
p < 300 psi
Temperature < 700°F

The designer may choose the simpler approach and design as a
loose type, and thus the term “optional flange.” This classification
is a convenience not a necessity, because a flange calculation is
done either as integral or loose.
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For those who are beginning designers, example 1, page
12 and the following instructions point the way for

WELDING NECK FLANGES

Welding Neck Flange calculation. This is a typical design
problem; it shows the formulas and the sequence of
their use. It lists the most frequently specified material
and facing: ASTM A105 carbon steel flange, ASTM A 193
Grade B7 bolts, 1/16” thick asbestos composition gasket,
and a raised face. The first step is to choose material
for flange, bolts, and gasket.” Then select facing type,
facing diameter, and gasket width. Locate the gasket
where it will not interfere with bore or bolts. If this data
is not stipulated in the job specification, look for general
guidance on material capability, facing options, and gas-
ket width in the standards mentioned earlier.13.14.15.

Next compute the loads, required bolting area, and com-
plete block 4.

From Table 1, page 28, choose bolt size, in multiples of
four, in number approximately equal to the flange bore.
For starting hub dimensions setting g, ~2g, is suggested,
R&E per the bolt size, and h based on 3:1 minimum hub
slope as required by the Code. It is good practice to draw
the flange section full scale, check the bolt spacing and
proportion the hub so that f < 1, and make adjustments
before calculating the moments in block 5.

@ Fill out block 6 using Table 2, page 29 and the F, V, and f
graphs. Block 7 follows after trial ¢ is chosen. Use an
‘““educated” guess from a similar design or
(trial) — 0,79 MY
t(trial) =0.72 Sfo
Calculate the stresses in Block 8 and 9. If calculated
stresses are greater than those allowed, increase thick-
ness or adjust hub size until the stresses are satisfactory.

Welding Necks are designed the same way as weld-
ing neck flanges but the hub is always straight. This
causes the following terms to be constant for each

design: _
8o = &1
go/8:=1
f=1
F =0.9089
V = 0.5501

Use Design Sheet A, page 35

SLIP-ON FLANGES

Slip-on Flanges also follow the same procedures as
welding neck flanges except f is omitted, F;, and V;, are
@ used instead of F and V. The hub may be straight or
tapered and trial g, ~ 2x pipe wall thickness. The flange
ID is not equal to the pipe OD; allowance is needed to
compensate for the nominal pipe OD and irregularities.

Use Design Sheet B, page 36

\_ . | | o /
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WELDING NECK FLANGES

Welding Neck Flange calculation. This is a typical design
problem; it shows the formulas and the sequence of
their use. It lists the most frequently specified material
and facing: ASTM A105 carbon steel flange, ASTM A 193
Grade B7 bolts, 1/16” thick asbestos composition gasket,
and a raised face. The first step is to choose material
for flange, bolts, and gasket.’? Then select facing type,
facing diameter, and gasket width. Locate the gasket
where it will not interfere with bore or bolts. If this data
is not stipulated in the job specification, look for general
guidance on material capability, facing options, and gas-
ket width in the standards mentioned earlier.13.14.15.

Next compute the loads, required bolting area, and com-
plete block 4.

From Table 1, page 28, choose bolt size, in multiples of
four, in number approximately equal to the flange bore.
For starting hub dimensions setting g, ~2g, is suggested,
R&E per the bolt size, and 2 based on 3:1 minimum hub
slope as required by the Code. It is good practice to draw
the flange section full scale, check the bolt spacing and
proportion the hub so that f < 1, and make adjustments
before calculating the moments in block 5.

Fill out block 6 using Table 2, page 29 and the F, V, and f
graphs. Block 7 follows after trial ¢ is chosen. Use an
“educated’” guess from a similar design or
(rial) — MY
t(trial) =0.72 Sto
Calculate the stresses in Block 8 and 9. If calculated
stresses are greater than those allowed, increase thick-
ness or adjust hub size until the stresses are satisfactory.

Welding Necks are designed the same way as weld-
ing neck flanges but the hub is always straight. This
causes the following terms to be constant for each
design:

8o = 81
gi/g: =1
f=1
F = 0.9089
V = 0.5501

Use Design Sheet A, page 35

SLIP-ON FLANGES

Slip-on Flanges also follow the same procedures as
welding neck flanges except f is omitted, F;, and V, are
used instead of F and V. The hub may be straight or
tapered and trial g, =~ 2x pipe wall thickness. The flange
ID is not equal to the pipe OD; allowance is needed to
compensate for the nominal pipe OD and irregularities.

Use Design Sheet B, page 36
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RING FLANGES

Ring Flanges in this manual are hubless. They may be
loose type or slip-on designed as loose type. Use all the
data and procedures of blocks 1 through 5, as in a weld-
ing neck flange. In block 6, only K and Y apply. Since
there is no hub or hub factors, the tangential stress is the
only one to be calculated using blocks 8 & 9.

The calculated flange thickness is the greater of

o (__Moy MY
“N§.B °f 'TNg.B

Use Design Sheet C, page 37

BLIND FLANGES

Blind Flanges in this manual are circular and limited to
those shown in the Code in Figure UG-34 sketches (j)
and (k). Use the load data given in blocks 1 through 5
and dimensions—except thickness—from the matching
flange.

; . - 03P , 1.9 W, hg
1) Operating conditions t =G _Sfo + ———-—Sfo o

_ . - _ 1.9 Whe
2) Gasket seating conditions t = G —Sfa G

Use the greater thickness.

When the blind has a grooved facing, ¢ under the groove
must at least equal that required for gasket seating.

Use Sheet D, page 37

REVERSE FLANGES

Reverse Flanges have the hub at the O.D. as shown in
Figure 2. For operating conditions Hy and &y are nega-
tive, and A may be positive or negative. Add the mo-
ments algebraically, then use the absolute value|M,|in
all subsequent calculations. Use B’ to calculate K, and
A to find A,.

A fourth stress equation Sy, tangential stress at B’, has
been added for both design conditions. This will often
be the controlling stress.

Use sheet E page 38.

\1Q
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SLOTTED FLANGES

Slotted Flanges — The effect of bolt holes on flange
design is not considered in Part A rules, but some flanges
require T-bolts with radially slotted holes. This allows
the bolts to swing out of the way of a cover for quick
opening. The slots destroy the continuity of the outer
boundary and the interrupted fibers can no longer con-
tribute to the ring action. Substitute the diameter of the

circle tangent to the inner edges of the slots for A, and

follow the appropriate standard design procedure. See
Figure 3. '

Use Design Sheet A page 35

UNUSUAL SHAPES

Unusual Shapes — Bolted connections must sometimes
be fit into tight spaces where the usual geometry cannot
be applied. In this case, flanges may be made square
or oval with circular bores and are treated as inscribed
circular flanges. Bolt loads and moments, as well as
stresses, are calculated as for other flanges, using a
bolt circle passing through the centers of the outermost
bolt holes. Similar assumptions gre in order for oval-
shaped and two-bolt flanges departing not too greatly
from the circular. For both types, the bolt spacing should
be checked and an allowance made for maldistribution
of the moment. The spacing factor can be less than is
required for circular flanges since the metal available
in the corners tends to spread the bolt load and even out
the moment.

Special care is needed when the effective (highly

stressed) part of the hub is interrupted. This may occur

with channel flanges on heat exchangers where large
nozzle openings are located in a portion of the hub.
Here is a case where the moment is introduced uniformly
but it cannot be absorbed evenly. Increased moment or
local reinforcement can help compensate for this con-
dition.

The Code rules for flange design provides an alternate
method of calculating hubs stresses for small diameter
flanges. When the inside diameter is less than 20 times
the hub thickness (20 g,), B, may be used for B in the
formula for longitudinal hub stress, Sy. Calculate B, as
follows:

B, =B + g, for loose hubbed flanges and integral
flanges where the point corresponding to g./g,
and h/h, falls below the f = 1 line. See the values
of f chart, page 34.

B, = B + g, for integral flanges where f > 1

This option is not shown on sheets A & B — it is quoted
here for reference. See the Code paragraph UA-47.

n /




EXAMPLE1

1 2

DESIGN CONDITIONS

WELDING NECK FLANGE DESIGN

GASKET

FROM Fig, UA-49

3

FACE

Loo

Design Pressure, P

S500° F~

Design Temperature

A/058

Flonge Material

Bolting Moterial

2327/0 X36"00 X M6

7H K. 458 . LOMP-

3404700 X i 8F

iIN=0250"
b= 0.30b "
G=33.f/f” )
y= 3700
m=_1).750

4797-87
0 4

Corrosion Allowance

LOAD AND BOLT CALCULATIONS

Design Temp., S W2

17,3500

= brGy /20008

Am = 0% Wm2/Soof Wi /Sy = /7. L 97

Flange

Atm. Temp., S¢o

/0, 800 | He

= 2bwGmP 2/97¢F

/9 £3C

A, =

Allowable
Stresses

Design Temp., Sy |5, /47 | H

= G*rP/4 o022/

W = 5lAn+ AlSe = 2L /92

Atm. Temp., S, 3—5, d0J | Wm

lBolﬁng

=H +H= d31DF4

CONDITION LOAD

X LEVER

ARM

MOMENT

5 Ho=nBP/d= X1/ 9T

hp = R+ .5,

= /457"

Mo =Hpho = (25 090

2/ 2%

Operating Ho =Wn-H

he = .5(C —G}

/. 550"

Mg = Hgheg ///3/9?

Hy=H — Hp =

ES R PP

hr = .5(R + g + hq)

= L. OLF"

29 04>

MT = Hrhy

M., = A/t 175

Ho = W Ll L7852

Seating

hg = .5(C — G}

/550"

2xXr3)/

Me

8 Allowable

Strass

STRESS CALCULATION—Operating

6

K AND HUB FACTORS

1.5 St long. Hub, Su = fmo/Ag)*

2265

A =/225 |ame =2.CFf

Radial Fig., S = Bmo/At?

/0 9F L

,.A320 0.777

Tong. Flg., St = mo.Y/* —ISr

Lo

S.o4ylv D./62

oreat- 5(8y + Sg) or .5 (Sk +7$T)

er of

/6 923

7.775

/000

9 Allowoble

Stress

STRESS CALCULATION— seating

K=
T
V4
Y
U

/0. 740 |e = F/n, 0./94

1.5 Sta =

Long. Hub, Sg = fmg/Ag®

Y PV

91/90 L.)250

Radial Fig., Sg = Bma/At?

9744

YA N

7]
~ = hood? =

he VBg, = L.000

Tang. Flg., St =mg Y/4* —ZSr

©233

7

STRESS FORMULA FACTORS

9real 518y + Sg) or.5(Sy + Sp)

er of

/5L

t = .00

SIOPE= 1:3
hLZ%”‘*-—A: 39%/ ”
e e

R/ %

w

A

i
t

L
1

3é -~/ ” #Bolts

=te +1

V44

4/3 te + 1

-V

= a/T

0.259

& =1t/ o-/ 20

AN =v+5 =

9£77

LELE

mgo = Mo/'B = operating

mc = Mg/B = seating

LS5 L

If bolt spacing exceeds 2a - t, multiply
m, and mg in above equations by:

‘/M
2a + ¢
G+W Taylor-Bonney Division ‘I ORGE '~

DLS bore. 2=72-29

Computed

Checked, Number




Full Face Design
Hp

< h;

hc |&hg G

Flanges With Full-Face Soft Gaskets have no design
rules included in the Code. They are assigned to the
general category of ‘“‘good engineering practice,” or
they are to be accepted at the discretion of the Code
Inspector. In lieu of official rules, D. B. Rossheim pro-
posed a design method as long ago as 1943. Taylor
Forge adapted his work to the Code pattern and pub-
lished it as Engineering Department Bulletin No. 45.
This has not been made part of the Code but has served
as a conservative guideline with apparent success. This
design approach assumes:
* Rigidity at the boit circle before pressurizing
 Inner flange edge is unrestrained
« Uniform gasket pressure on the annular surfaces
on each side of the bolt circle.
» Ring effect and bolt holes cause no significant
loss of strength
» A counter moment between the bolt circle and the
flange OD
This analysis is published for reference only—as a sug-
gested “Good Practice.” We invite your comments.

The design procedures are sequenced much the same
as in Example 1, page 12. Example 2, page 14, illustrates
this by listing calculations for a 24 inch Class 125 Light
Weight Slip-On flange.

Use Sheet F, page 39




EXAMPLE 2 SLIP ON FLANGE DESIGN—FLAT FACED

1 DESIGN CONDITIONS GASKET

Design Pressure, P 75 ,E'VLL FHCE Zﬂfé’@é b= (C— B)/4_=

Design Temperature 300

Flonge Moteriol ,4 /// 75A ;6/026 WZUMéféﬂ— L= }30

m=

Bolting Material A3078 4 LOAD AND BOLT CALCULATIONS

Corrosion Allowance Vi Wme = bTGy + Her = 23 /4, Am = greater of Wimz/Sa or W1/ Sp = £.76
Design Temp., S1.| /T /00 Hp = 2bTGmP = /7420 Ay = /70
Atm. Temp., S, | /5500 H% =/y/c Hp = Fediro W =5(Au+ Av) So = /0400
Design Temp., S, | 72/0 H= Gp/y—= 4) 46l H'ex = "*/v's bTGY = 4f 554
Am.Temp.S. | J000 Wur=H -+ He + WP = 94 1/

CONDITION LOAD X LEVER ARM MOMENT

5 Ho=xbP/d= 7399 ho =R+ g1 = 2757 = 73205
Operating | vy = H — Hp = S 537 hr = 5 + gi + he) 2.23)" /7390

M., = /0095

_(C—B2B4 0= ” r _A—CR2A+ O = ”
=T B+ O /3x5 W= A 673

Flange

Allowable
Stresses

Bolting

REVERSE ., nt ) '
e S L I T N Ty

8 Allowable

Stress STRESS CALCULATION—Operating Conditions (use M) K AND HUB FACTORS

Sto Radial Fig., Sg = Bmo/ At = SLrLL
Sto Tang. Flg., St — m.Y/ ¥ —128» /3 /)é
Sto % 5{Sh + Seor S{Su+ 1) = 5 f6

=/7f Fy f
J.57 v = Jo

¢-9/
RADIAL STRESS AT BOLT CIRCLE

759 €= .97x
6 Mg

Sfo Spap — _ g1/90 = /'”0 U
Ry < 47T . b= vie = o |PTue =l

7 STRESS FORMULA FACTORS
Hp = = 0
$ p te + 1 / 9?),
"l 4—Oo° /% 4/3te + 1 1324

6
1.5 Sp Long. Hub, Sy — mo/\g:® = /67{ K= A/B =/ jig h/h, =, /47
T
Z
Y
U

= a/T /. /J’ﬂ
=1/d 9.7
AN o=vy+56 X.o4)
mo = Mo/B = 472

If bolt spacing exceeds 2a -+ 1, multiply | Bolt spacing
mo in above equations by: 20 + 1

h'G' i [ It Date 7— /7- 7j

20- ///4”¢Bolrs

Checked Number,
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( Face and Gasket

Figures to the right picture a variety of flange facing styles
used in industry. Specific recommendations for facing/gasket
combinations are not within the scope of this manual, but pres-
sure, temperature, thermal shock, cyclic operation, and the
fluid handled should be considered. The various flange stand-
ards give valuable suggestions in this area, along with dimen-
sional data.

Two general categories are shown. The first seals by bolt force
squeezing the gasket and this includes raised face, tongue and
groove, ring type joint, male and female, and lap joint. The
tongue face can be made with a small nubbin for extra gasket
grip without bolt load penalty. The nubbin style also reduces
b and is used with metal clad gaskets.

Gasket materials used in this first category include the various
sheet stocks of rubber, cork, and asbestos compositions,
metallic-elastomer mixes as the spiral wound, and solid metal
rings made as flat washers or ring-type-joint forms.

"
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RAISED FACE
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TONGUE & GROOVE

o 2

RING TYPE JOINT
The other category is called self-energizing or pressure actu-
ated. This means that initial sealing is achieved by the gasket/ (A l
facing geometry without significant bolt load, and the gasket T
seating force increases with pressure. O-rings made of elastomer I
materials are used most often in this style seal. Calculations for a1
flanges using such gaskets often omit gasket loads and gasket =
seating stresses, Wu., H,, and W, as being negligibly small. |
Metallic self-energizing seals, not shown, are delta ring, double s - ;
cone, lens joint, metallic O-rings, APl RX and BX ring joints.'® _
All of these require very fine surface finishes, tight tolerances, MALE & FEMALE
and meticulous care in assembling.
{
| ! M
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LAP JOINT O RING
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/ FACTORS m,y,b

The problem of -specifying acceptable gasket factors has been a
long-standing concern of the ASME Boiler and Pressure Committees.

m = factor needed to hold a seal under internal pressure,

dimensionless.

y = unit seating load, psi

b = effective gasket width, in.
in 1941, Rossheim and Markl2 reviewed values then in use, made
changes, presented m and y tables for commonly used gasket mate-
rials, and suggested rules for finding b. It was known that m increased
as the initial bolt load was given lower values — when the intitial
pressure was zero m was very high. Therefore, the authors decided
that.y could be the m value required for a bolt load that would seal at
zero internal pressure, and proposed the empirical formula y = 180
(2M — 1)2. Although Rossheim and Markl made no claim other than
they hoped to stimulate research, their m and y values were adopted
by the Code.

Gasket tests show Ieakége usually happens well before the internal
pressure has relieved the gasket reaction.

Suppose the ratio of the compressive stress of the gasket to the
internal pressure of the fluid trying to escape is designated m’ at the
instant when leakage starts, then for a very poor gasket m” would be
a large number. For good quality commercial gaskets it might range
between 3 and 1.5. For a theoretically perfect case a leak would not
start until the fluid pressure just exceeded the gasket pressure, with
m’ =1. Assuming that reliable values of m’ are available, the equilib-
rium conditions of Figure 4, can be expressed: bolt load = (fluid
pressure) X (area subjected to fluid pressure) -+ m’ (fluid pressure)
X (area subjected to gasket pressure). In formula form this is
Wy ==/4 G? P + = 2b Gmp where W, is the bolt load (operating).
The first term on the right side is the total hydrostatic pressure load
acting on the effective gasket diameter G, and the second is the
gasket reaction over an annular area 2b wide on the same G. Sealing
theory requires that the load 2b-Gmp be resisted by the gasket when
the internal pressure equals P. But the gasket also resists the total
load, W,.,. When pressure P is applied, load =/4 G2P is removed and
2b=GmP remains as the theoretical load required to hold a tight
joint at P,

Factor m is derived from m’ and has an added safety margin. Neither
m or y values have theoretical standing and those now in use are
based on practical experience and some formal experimentation.
They have a direct effect on flange desigh and have been discussed
for years without reaching fixed values that could be made mandatory.
Many variables are involved, and much time is required to make a
single test.18

At the present time, leakage criteria is getting a “hard look™ and
research programs are under study by the Pressure Vessel Research
Commititee to determine if m and y values can be set up in relation
to specified leak rates. For example, a joint that held for one minute
without the escape of one drop of water was considered "tight”.
This equals a leak rate of 102 cc. per second and would not be

.allowed in many industries. Possibly a leakage of 10-* cc. per sec.,

corresponding to 6 drops per hour, would be acceptable for liguids,
while 10 would be necessary for heavy gas and 107 for lethal sub-
stances. This concept may lead to multiple listings of gasket factors
for a given material—with a different level of ; and y values assigned
to each leak rate and contained fluid.

\ Note: Code m, y and b values do not pertain to full face gaskets.

Fig. 4
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LLoad and Vioment

The Code requires the analysis of two distinct load systems. The first
is gasket seating— when there is no internal pressure. To achieve
a seal, all facing surface irregularities must be filled with gasket
material. This is done with direct force by bolting the flanges. The
required seating load is represented by: W.. = bxGy and is illustra-
ted in Figure 5 where the bolt load (seating) is balanced by the gasket
reaction. :

The other load system relates to internal pressure and has four forces:
Hyp — the hydrostatic end force
Hr — pressure force on the flange face
H, — the total gasket load required to maintain seal
W — the bolt load
The first three forces work to separate the flange pair. They are
balanced by the fourth, W, which holds the assembly together. This
is illustrated in Figure 6.

The hydrostatic end force H, comes to the flange from the closed
end of the pipe system to which it is welded. The end force reaches
the flange through the hub, and pulls on the ring portion of the flange
mid-hub at its large end if it is a tapered hub.

The fluid pressure force H, acts directly on the face of the flange
where it is exposed. For a gasket covering the entire raised face in
Figure 6, Hy would equal zero, but as a conservative allowance,
leakage is assumed to be possibie as far as G. The H force acts on
a circle half-way between B & G.

The gasket load, H, = 2b=GmP where gasket factor m relates the
required gasket stress at design pressure P to that design pressure.
For example, an m factor of 3 means that the residual gasket stress
at P must be at least 3P for the joint to be tight.

In order to calculate the moment acting on a flange, the forces are
multiplied by the appropriate lever arms which are measured from
the point of force application to the bolt circle. The forces and the
lever arms indicated in Figure 6 are for an integral flange.

The gasket reaction load is generally assumed to decrease as internal
pressure is applied. The actual change is atfected by flange rotation,
bolt stretch, and the gasket’s ability to resist and recover from com-
pression. Bolt loads frequently change too, for the same reason.
They must be retightened, especially when gasket relaxation or
creep occurs.

All of these variables may be explained by the following illustration.
Let a pair of flanges be represented by two steel bars placed side by
side as in Figure 7, page 20; they are separated by blocks, as shown,
which represent the gasket, and forces W at the ends of the bars
represent the bolt loads, which are balanced by opposite reactions
at the blocks. Under the action of the “bolt loads” the bars are pulled
together at their ends, the amount of deflection can be calculated
by formulas in engineering handbooks. Consider now two cases:




-

HARD GASKETS

Hard Gaskets. The blocks are completely rigid, and the bars deflect.
Before internal pressure is applied, the bolt load balances the gasket
reaction, and pulls the ends of the bars towards each other so that

their separation is reduced as the bolts are tightened. For a cantilever, .

the ends of each bar would defiect a distance proportional to Wi,3/3,
but due to slight rotation as the bars pivot about the blocks, this is
increased to (W1;3/3) (1+1.51,/1,). Therefore, in the initial boit-up,
the nuts are wrenched down until the rod ends are brought closer
together by twice this amount, proportional to (WL,3/3) (2 + 3L/L;).
Now, when pressure is applied to the bars between the blocks, equal
in amount to Pl,, and tending to spread the bars apart, the “bolt load”
W may be kept constant but the ““gasket load” on the blocks is
reduced; this may continue until, in the case of a real flange joint,
leakage occurs. In any event, under the most favorable conditions
P may be increased until, in our illustrative example, the pressure on
the blocks is completely relieved, and Pl, = 2W. At this point, calcula-
tion of the deflection of the ends of each bar indicates that it is more
than before, the total reduction of space between the bars now being
proportional to (W1,3/3) (2 + 3L/l + 0.5 (I./1;) 2). In other words,
in order to maintain full bolt load while internal pressure is applied,
the effective bolt lengths must be shortened by wrenching down the
nuts still further.

SOFT GASKETS

Soft Gaskets. The bars are inflexible, and remain straight and parallel
during all changes of loading. During bolt-up the blocks are com-
pressed a small distance and the rod ends are pulled together the
same amount; the “bolt load” = W. Then when pressure Pl, is applied
between the blocks, the “gasket load” can only be relieved by letting
the blocks return to their original thickness; this means that the bars
must be separated by the same amount, from end to end, and the
bolt lengths increased to avoid stressing the bolt beyond the original

~value of W.

These illustrations represent two extremes, between which an end-
less variety of conditions can occur.

=
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([ Bolts

AREA

Area. The minimum total bolt area required (A,,) equals the larger
of W,.,/ Sy or W,,../S, where S, is the allowable bolt stress at operating
temperature and S, at ambient. Use A,, to select bolt size and num-
ber. This is easily done for most flange designs, but thin flanges at
low pressure may require excess bolt area because:
1) Bolt sizes <1/2" are easily overstressed, avoid using them
when possible.

2) The number of bolts should be specified in multiples of four
to guide fit-up and alignment.

3) Bolts must be close enough to hold the seal.

SPACING

Spacing. When a very few bolts will satisfy the Code but give bolt
spacing so wide that leakage may occur, adjust the design by increas-
ing the flange thickness, increasing the number of bolts, or both.
This will help the flange seal the gasket—even between bolts. The
best boiting practice is to combine smallest practical size with mini-
mum spacing to carry the load.

In 1950, Irving Roberts completed a detailed study of the interaction
of bolts, gasket and flanges.?! Investigating the gasket factor m’ and
the relation of bolt spacing to leakage, he recognized that gasket
elasticity distributes the load between bolts. He also derived a bolt
spacing curve in terms of flange thickness, indicating a 5 percent loss
of gasket pressure half way between bolts. Mr. Robert’s work leads
to a formula for “normal” bolt spacing when a workable gasket-to-
flange compression ratio S is used. Normal bolt spacing = tS%, where
S = compression of gasket/compression of flange, or E; (gasket
thickness) (flange area)/E, (flange thickness) (gasket area).

E;, E, = modulus of elasticity of flange and gasket, respectively.
E, is the uncertain factor in this formula, but gasket manufacturers
or miscellaneous material tables might be data sources.

The formula for maximum bolt spacing, also recognizes the impor-
tance of gasket compression by using m. Maximum bolt spacing =
2a 4+ 6t/ (m + 0.5) It assumes proper load distribution when bolt
spacing = 2a + t. Minimum bolt spacing is controlied by the require-
ments of nut and wrench clearance—see Table 1, page 28. If special
nuts and wrenches are used to permit very close spacing, the flange
section may be seriously drilled away, and the weakening effect
will not be exposed by Part A analysis, discussed pp. 9-16.

=/




SUCCESSFUL FLANGE JOINTS OFTEN STRESSED
ABOVE CODE ALLOWANCE: EXPERIENCE
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FLANGES

Example 1, Page 12 shows the stresses computed
for Part A flanges. Each stress must be equal or
less than the Code allowable except for the longi-
tudinal hub stress which may reach 1.5 x the allow-
able. This is permitted because Sy is a bending
stress. The formula gives a maximum value which
only exists on the inside and outside surfaces of the
hub, and decreases to zero at a point half way
between. If a slight overstress in the hub causes
yielding, the load shifts to the ring portion of the
flange. The ring is also subjected primarily to bend-
ing and thus able to absorb the additional load so
that a new equilibrium within safe limits is estab-
lished. When localized yielding extends to the point
where the flange and hub cease to act elastically
as an integral structure, the flange takes a perma-
nent set or “dishes” and the joint usually cannot
be disassembled and remade in a satisfactory man-
ner. This is likely to occur when an integral flange
has a thin straight hub because bending stress and
direct pressure stresses must be carried at the
same time. If there is cyclic loading, fatigue, or
operation at high temperature in the creep range,
with the stress above the yield point over a consid-
erable portion of the hub, the use of Sy = 1.5 allow-
able should be reviewed.

It is reasonable to expect that stress concentrations
higher in magnitude could be withstood before the
flange ceases to act elastically but at this time
methods for setting this critical level accurately are
very laborious. These limitations apply to ductile
materials having elongations of 15% or more (in 2”)
and yield points of 50% to 70% of the ultimate
tensile strength. High strength materials may have
yield points very close to the ultimate tensile
strength or no observable yield point, and with such
materials the higher hub stress should only be used
after careful consideration.

The existence of localized stresses, stress concen-
trations, and discontinuity stresses of a relatively
high order in all pressure equipment is well known.
Typical examples are stress concentrations around
nozzle and branch connections, stiffener rings or
flat head attachments. The Code Committees and
the Pressure Vessel Research Committee are cur-
rently studying such effects in an effort to arrive at
a better method of evaluating safe limits for design.
It is not likely that any simple answer will be found.
The character of the stress and the area over which

N

it exists must be evaluated in addition to the capac-
ity of the adjacent structure to carry increased load.
The Code accounts for localized stresses by using
compensating factors in the design formulas for
stress.

In flange design, the most obvious example of
stress concentration occurs with hubbed flanges at
the corner where the outside surface of the hub
meets the back face of the flange. Integral flanges
provide for this with a fillet radius that is required

to be 0.25 g, minimum — but never less than 0.188 -

inches.




BOLTS

The allowable bolt stresses listed in the Code may
seem to be too conservative, but they were very
carefully selected by the Committees. Particular
reference was made to stresses in flange bolting.

It was recognized that bolts are often stressed

above the tabulated values, and that relaxation
occurs in many service applications due to creep in
the gasket, flange or bolt material.

Appendix S of the Code distinguishes between the
design value of bolt stress and that which might
actually be needed for both design and test con-
ditions. The initial tightening of the bolts prior to
hydrostatic test may be the most severe load that
they will receive. It is sometimes thought that bolts
stressed 112 times the allowable will pass the test,
but this is not necessarily true. As internal pressure
is applied, flange rotation and gasket properties
may actually lower bolt load. To offset this, the bolts
must be tightened as internal pressure is added, or
there will be leakage. After the test, the flange will
tend to relax to its original flatness, the gasket will
recover a large part of its original thickness, and
the twice tightened bolts may be loaded beyond the
design value. Bolt capacity for higher initial loading
is desirable and experience bears this out.

Code allowable bolt streses also account for se-
vere torsion and bending during service. The actual
tension achieved in each bolt is never exactly uni-
form whether by hand wrenching with plain or
torque wrenches, power driven impact wrenches,
or hydraulic bolt tensioners. Tests show that man-
ual tightening develops bolt stresses as high as
45,000/ \a psi. This indicates why a potential prob-
lem exists when bolts 2” and less are specified.

Allowable bolt stress is related to bolt temperature
and in uninsulated piping the bolts are cooler than
the contained medium. it is suggested that the
higher stresses permitied at lower temperature be
avoided unless reliable test data is available and
specifications permit their use. See ANSI B31.3
Paragraph 301.3.1.
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BOLTING DATA DESIGN TABLE 1

Coarse Thread 8 Thread

Series Series Nut Dimensions Minimum Maximum

Threads Root Root Radial Edge Fillet
per Area Area Across Across Bolt Distance | Distance | Radius | Wrench
Sq. In. Sq. In. Flats Corners | Spacing R E r Diameter

126 - - % 969 1Va e P Va 1
.202 - - 1% 1.175 1% e Ya e 1%
.302 - - 1Va 1.383 1% it He % 2%

419 - - 1% 1.589 2 1Va YHe ) 2%
551 551 1% 1.796 2% 1% 1%e e 2%
693 728 1'% 2.002 2 1Y, 1% e 2%

.890 929 2 2.209 2'%6 1% 1V Ye 3%
1.054 1.155 2% 2.416 3% 1% 1% e 3%
1.294 1.405 2% 2.622 3% 2 12 % 3%

1.515 1.680 2% 2.828 3V 2% 1% % 4
1.744 1.980 2% 3.035 3% 2% 1% % 4%
2.049 2.304 2'%e 3.242 4 2% 1% % 4

2.300 2.652 3%- 3.449 4% 2% 2 e 4%
3.020 3.423 3 3.862 4% 2% 2% Ve 5%
3.715 4.292 3% 4.275 5V 3% > Ve 5%

4618 5.259 AV 4.688 5% 3% 2% % 6%
5.621 6.324 4% 5.102 6V 3% 2% 'Yhe 7
Bolt and nut dimensions are those given in ANSI B18.2

Wrench {e—
Dia.

Flange With Nut Stop

See Code Case 1575-1
For Providing Fillet
Relief at Base of Hub

Nut Stop Dia.

The values of T, Z, Y, and U in Table 2 have been When K is beyond the scope of Table 2, or a mate-
computed using Poisson’s ratio = 0.3 and cover rial with a different Poisson’s ratio is required,
1.00 < K < 5.00. The increments of K are chosen calculate T, Z, Y and U according to the following
to provide calculation accuracy that is consistent formutas. These are equal to those in the Code
with formulas of the Code. Values of T, Z, Y, and U Figure UA — 51.1 when Poisson’s ratio U =0.3.
are listed with three of four significant figures, and (1—-v) (K>—1)

the difference between successive tabulations is T= 1-» + 1+ K

not greater than 1% in the range 1.100 < K < 5.00. ! Y
Linear interpolation is adequate for values of Z, Y, 7 = K2+1
and U when 1.000 < K < 1.020 where T is almost K2—-1
constant.

;YZ(l—_v2)U

1+v
K2 (1+4.6052 —— 1 K) -1
When K ranges less than 1.020, the values of Z, Y, U ( 1—, 8o )

and U change rapidly and the interpolation Formu- ~1.04720 (K2—1) (K—-1) (1+»)
las shouid be used as follows:

_1 .1 &
=TTy

U:1.0493[3+ 1.3 (1 —%ﬂ
£

T as below; Y=(1-v¥)U
wheree=K—1, v=03




FACTORS INVOLVING K DESIGN TABLE 2

V4 Y U

1000.50 [1911.16| 2100.18
500.50 | 956.16| 1050.72
333.83| 437.85{ 700.93
250.50| 478.71| 526.05
200.50 | 383.22| 42112

16717 | 319.56| 351.16
143.36 | 274.09| 301.20
125.50 | 239.95] 263.75
111.61 1 213.40| 234.42
100.50 | 192,19} 211.19

91.41 {17483 | 19213
83.84|160.38| 176.25
77.43 (148.06| 162.81
71.931137.69} 151.30
67.17 | 128.61| 14133

63.00120.56| 132.49
59.33(111.98| 124.8)
56.06 1107.36| 118.00
53.14|101.72| 11178
50.511 96.731 106.30

48.12f 9221 [ 101.33
4596 | 88.04 96.75
43.98 1 84.30 92.64
42,17 | 80.81 88.81
40.51 | 77.41 85.29

38.97 | 7470 82.09
37.54) 7197 79.08
36.22 | 69.43 76.30
34.99 | 6711 7375
33.84 1 64.91 71.33

11.52 | 22.22 24.41
11.40 | 21.99 2416
11.28 | 21.76 23.91
11.16 | 21.54 23.67
11.05 | 21.32 23.44

1094 { 21.11 23.20
10.83 | 20.91 22,97
10.73 | 20.71 22.75
10.62 | 20.51 22.39
10.52 | 20.0 22.18

1.
1.
I
1.
1.

10.43 | 2005 22.12
10.33 | 19.94 21,92
10.23 | 19.76 21.72
10.14 | 19.58 21.52
10.05 | 19.38 21.30

9.96 | 19.33 21.14
9.87 | 19.07 20.96
9.78 | 18.90 20.77
9.70 | 1874 20.59
9.62 | 18.55 20.38

9.54 | 18.42 20.25
9.46 | 18.27 20.08
9.38 | 1813 19.91
9.30 | 17.97 19.75
9.22 | 17.81 19.55

— et s | —

9.15 | 17.68 19.43
9.07 | 17.54 19.27
9.00 | 17.40 19.12
8.94 | 17.27 18.98
8.86 | 1713 18.80

—— ot .

8.79 | 17.00 18.68
8.72 | 16.87 18.54
8.66 | 16.74 18.40
8.59 | 16.62 18.26
8.53 | 16.49 18.11

8.47 | 16.37 17.99
8.40 | 16.25 17.86
8.34 | 16.14 17.73
8.28 | 16.02 17.60
8.22 [ 1591 17.48







TABLE UA-49.1
GASKET MATERIALS AND CONTACT FACINGS'

Gasket Factors (m) for Operating Conditions and Minimum Design Seating Stress (y)

TABLE

UA -49.1

Gasket Material

Gasket
Factor
m

Min..
Design
Seating

Stress
v

Sketches
and
Notes

Use
Facing
Sketch

Use
Column

Refer to Table

UA-49.2

Self-Energizing Types

0 Rings. Metallic, Elastomer other gasket types

consi

ered as self-sealing

0

Elastomers without fabric or a high percentage of

asbestos fiber:

Below 75A Shore Durometer
75A or higher Shore Durometer

0
200

Asbestos with a suitable binder for
the operating conditions

% thick
Y6 thick
%2 thick

1600
3700
6500

Elastomers with cotton fabric insertion

400

Elastomers with asbestos fabric inser-
tion, with or without wire reinforce-

ment

3-ply

2-ply

l-ply

2200

2900

3700

Vegetable fiber

1100

(1a)(Lb),
(Le)(1d),
(4)(3)

Spiral-wound metal, asbestos filled

Carbon
Stainless or
Monel

10,000
10,000

Corrugated metal, as-
hestos inserted

or
Corrugated metal, jack-
eted asbestos filled

Soft aluminum

Soft copper or brass
Iron or soft steel
Monel or 4-6% chrome
Stainless steels

2900
3700
4500
5500
6500

(la)(1b)

Corrugated metal

Soft aluminum

ft copper or brass
Iron or soft steel
Monel or 4—6% chrome
Stainless steels

ww
N
owm

3700
4500
5500
6500
7600

(La),(1D),
(Le)(1d)

Fla: metal jacketed as-
bestos filled

Soft aluminum

Soft copper or brass
Iron or soft steel
Monel

4—6% chrome
Stainless steels

Ww| W
.« w .
NN =
ou| w

5500
6500
7600
8000
9000
9000

(tay(w), |
(1e).*(1d),’
2y

Grooved metal

Soft aluminum

Soft copper or brass
Iron or soft steel
Monel or 4—-6% chrome
Stainless steels

5500
6500
7600
9000
10100

(1a)(1b),
(Le)(14),
(2)(3)

Solid flat metal

Soflt aluminum

Soft copper or brass
Iron or soft steel
Monel or 4-6% chrome
Stainless steels

- 8800
13000
18000
21800
26000

&>

(La)(1b),
(Le)(1d),
(2)(3),
(4)(5)

Ring joint

[ron or soft steel
Monel or 4—-6% chrome
Stainless steels

oon

w POUNNO]NNIIDN | N~

[T

18000
21800
26000

(6)

NOTES:

oE

(1} This table gives a list of many commonly used gasket materials and contact facings with

suggested design values of m and y that have generally proved satisfactory in actual service
when using effective gasket seating- width b given in Tagle UA-49.2. The design values and
other details given in this table are suggested only and are not mandatory.

(2) The surface of a gasket having a lap should not be against the nubbin.

*From ASME Code Section VIl Div. 1—Reprinted by permission.




TABLEUA-49.2

TABLE UA-49.2
EFFECTIVE GASKET WIDTH

Facing Sketch Basic Gasket Seating Width, b,
(Exaggerated) Column | Column 1}

N
2

(2) _Lcuuml““

p =3

1/64 in. Nubbin * WW?
(3) .
1/64 in. Nubbin <

4

Effective Gasket Scating Width, “b”
b=b,, when b, = Y% in.
\/5_

,when b, > % in.

Location of Gasket Load Reaction

He He '
G—-»L—hc ; ¢ "c"‘ NOTE: The gasket

0. D. Contact factors listed only

¢ Gasket apply to flanged

Face joints in which the
gasket is contained
entirely within the
inner edges of the
bolt holes

For b, S 1/4in.

NOTE:
(1) Where serrations do not exceed 1/64- in. depth and 1/32 in. width spacing, sketches (1b) and
(1d) shall be used.




N 0 O A B O O




VALUES OF V| [UA-51.5)
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WELDING NECK FLANGE DESIGN SHEET A

1 DESIGN CONDITIONS GASKET FROM Fig. UA-49

Design Pressure, P

Design Temperature

Flange Material

Bolting Moteriol

Corrosion Allowance 4 LOAD AND BOLT CALCULATIONS
Design Temp., S, W2 = bnGy = Am = %% Wn2/Se of Wh1/Sp =

or of

Flange
Atm. Temp., 5S¢ Hy = 2bnGmP = A, =

Allowable
Strenies

Design Temp., Sp H =G7P/4 W = 5(An + Ap)S, =
Atm.Temp., S, Wmt =H, + H

]Bolting

CONDITION X LEVER MOMENT
5 Hp = »xBP/4 = hp = R+ .5q,

He =-w,,.r-H = he = .5(C —G)
Hr=H—Hp = hr = .5(R + g1 + hg) =

Operating

Seating He =W = he = .5(C — G)

8 rigwarte STRESS CALCULATION—Operating HUB FACTORS

1.5 S Long. Hub, Su = fmo/Ag®
Sto Radial Fig., Sn = Bm./At* F
Sto Tang. Fig., St =mJY/ ¥ —ZSr v
Sto Sre .5(Sy + Sedor .5 (Su + Sp) f

9 Angworie STRESS CALCULATION— seating e =F/he

1.5 St long. Hub, Sg = fmg/\g:® =
Sto Radial Fig., Sz = Bmg/A =

U
= = hogo? =
d v 9

Sta Tang. Flg., 8t =mg Y/ > —2Sz = STRESS FORMULA FACTORS
Sta Sre 5(Sh+ Selor.5lSw + 51 =

=te +1 =
= 4/3 let+1 =

mo = Mo/ B = operating =

me = Mg/B = seating=

If bolt spacing exceeds 2a -+ t, multiply Bolt spacing
m, and mg in above equations by: 20 +t

G+W Taylor-Bonney Division ‘l Toner }

¢ Bolts Computed Dote.

Checked, Number




SLIPON or LAP JOINT FLANGE DESIGN SHEETB

1 DESIGN CONDITIONS 3 FROM Fig. UA-49

| Design Pressure, P N =
b=
G =

Bolting Material m=

' Corrosion Allowonce 4 LOAD AND BOLT CALCULATIONS

Design Temperoture

_Flange Moteriol

greot-

Design Temp., Sy, Wn2 = brGy oot Wm2/Sq or Wni /Sy =
Atm. Temp., Sy, H, = 2bwGmP

Flonge

Allowable
Stresves

Design Temp., S H = GrP/4 = .5(An + AplS. =
Atm. Temp., S, Wn =H, + H=

Bolting

CONDITION X MOMENT
5 Hp = xB2P/4 = =R+ a

He =Wm—H= S51C - G)
Hr=H—Hp = SR+ g1 + he) =

Operating

Seating = .51 — 6G) =

Allowable

Stres STRESS CALCULATION—Operating K and HUB FACTORS
1.5 S Long. Hub, Sy = mo /Agi? = h/ho

Sto Radiol Fig., Sg = Bm. /A1 Fu

Sto Tang. Flg., St = mo Y/1? — Z54 v,

Sto 2% - 5(8k + Sa) or .5 (S + 57} 3

e=p

Mlgwonle STRESS CALCULATION— Seating

1.5 St Long. Hub, Sy =mg/Ag? d
Sta Radiol Flg., Sg =fmes/A1?
YA Tong. Fig,, St = mg Y/¥* — ZSg STRESS FORMULA FACTORS
Sta St 55k + Sa)or 5(Sy + S1)

U
= hogel =

=te + 1
= 4/3te + !

=a/T
& =1/
AN =v+9
my = ™%/ s— OPERATING =

mg = M8/y — SEATING.—

If bolt spacing exceeds 2a + t, multiply | Bolt spacing
mo and mg in above equations by: 2a + ¢t

Computed

Checked




RING FLANGE DESIGN

1 DESIGN CONDITIONS

2 GAsKer

SHEETC

3 FROM Fig. UA-49

Design Pressure, P

Design Tempercture

Flange Material

Bolting Material

Corrosion Allowonce

4 LOAD AND BOLT CALCULATIONS

Design Temp., 51,

Wn2 =brGy =

= N Wm2/Sq of Wn1/Sp =

or of

Flange
Atm, Temp., S,

H, = 2brGmpP

Design Temp., Sp,

H =G=P/4

= .5(An + Ap)S, =

Bolting

Atm. Temp., S,

Wm =H, + H=

CONDITION

X LEVER

MOMENT

5 Hp = xBP/4 =

= .5(C —B)

He =Wni—H=

S5(C—G)

Operating
Hr=H—Hp=

=.5( ho + 'PG)

M,

=.5(C - G) =

Ma

6 SHAPE CONSTANTS

K=A/8B Y=

If bolt spacing exceeds 20 + t, multiply
M, ond Mc in I equotions by:

/ Bolt spacing
20+t

OPERATING

t =

GREATER

G+W Taylor-Bonney Division

OF

BLIND FLLANGE DESIGN

1 DESIGN CONDITIONS

2 GASKET

Computed Date

Number.
SHEETD

3 FROM Fig. UA-49

Checked

Design Pressure, P

Design Temperature

Flange Material

Bolting Material

N=

b=

G =

y =

Corrosion Allowonce

4 LOAD AND BOLT CALCULATIONS

Design Temp., St

Wm2 =brGy =

= 3% Wn2/S, of Wa /S =

Flange
Atm. Temp., Sy,

Hp = 2bwGmP =

Design Temp., S,

H =GxP/4 =

S{An + Ap)Se

Bolting

Atm. Temp., So

Wm =H, + H=

=.5(C — G)

Thickness Calculations

NOTES

Operating =G

Thickness —

’0.3 P + 1.9 Wmi he —
Sf, sf. G°

(]

. OD, Facing, drilling. Gasket—same as matching
flange—if any.

. No additional thickness is required for facing
special design B.F.’s.

Greater of

=G

19 Who _
Sfa G®

. Unless otherwise specified, faces of blind flanges
may be machined only over area required for
gasketing.

G+W Taylor-Bonney Division

Date.

Checked Number.




- - » A »

1 DESIGN CONDITIONS 2 GASKET FACE FROM Fig. UA-49
Design Pressure, P N =
Design Temperature (l; =
Flange Materiol y ;
Bolting Material m=
Corrosion Allowance 4 LOAD AND BOLT CALCULATIONS
Design Temp., Sf, Wn2 = bxGy = Am = I W,2/S, of W1 /Sy =
. Flange
I3 Atm. Temp., S, H, = 2bxGmP = Ap =
325 Design Temp., Sp H = GP/4 = W = 5(An + Ap)S, =
Boltin
91 A, Temp., So Wm =Hy + H =
CONDITION LOAD X LEVER ARM = MOMENT
5 Hp = xBP/4 = hp = .5(C + g1 —2go — B) = Mp = Hphp =
0 i He =Wm—H= he = .5(C — G) = Mg = Hghg =
perating
Hr=H—Hp = hT:.5(C__B_"&): My = Hrhy =
ADD MOMENTS ALGEBRAICALLY — THEN USE I‘M I _
THE ABSOLUTE VALUE|Mo}IN ALL SUBSEQUENT CALCULATIONS ° -
Seoting He =W = he = .5{(C — G) = Mo =
Meren® STRESS CALCULATION—Operating 6 K AND HUB FACTORS
1.5 St Long. Hub, Sy =fm./Agi? K= A/B’ = h/ho =
Sto Radiol Fig., Sz = B m. /AP T = F =
St Tang. Flg., St = meYr/¥ — ZSr(0.67tet1)/8= z = v =
St | 9ot 5 (5w 4 Sw) or 5(Su 4 S = Y = f =
. 2K (1 + s te) v = e=Frh =
5t Tang. Flg, St (Ar 8) =T2 |y 2 T 2208 | —
¢ ang. Flg, St (A B) == [ RIS _1 [+3<K+1)(1—V)] _
R = e =
Allgwarle STRESS CALCULATION— Seating
R (Z + v) ar T =
1.5 St long. Hub, Su = fmg/Ag.® = Tz —v) -
Sta Radial Fig., S = Bmg/Ai? = Ye=0orY =
Sta Tang. Fig., St = mgYr/t* — ZSp (0.67te t1)/B8= u“/: ox U =
- g1/go = U
Sta g:e:f' 5(Sur -} Sr) or .5(Su + Sr) = ho — VAge — d—= T:‘ hogo® =
2 2
Sto Tang. Fig., St (AT B') :":—f [ — 2(%1_:_)—)‘/“—'—9)} = 7 STRESS FORMULA FACTORS
Hp w t =
G= — .
hD_"_hG_’ a=te-+ 1 =
B=4/3te4+1 =
T = a/Tr =
—_ g3 J—
Br: d=1+#/d =
A=v+4+ 98 =
l mo — Mo/B’ =
mg = Mc/B’ =
-
h= .
aylor-Bonney D 0 o
—»
Computed Dote
#Bolts Checked Numb




SLIP ON FLANGE DESIGN—FLAT FACED SHEETF

1 DESIGN CONDITIONS _ GASKET 3

Design Pressure, P G =C — 2hg =
b=(C _B/s=
y —3

Flange Material m=

Bolting Material 4 10AD AND BOLT CALCULATIONS

Corrosion Allowonce Wiz = bTGy 4 Hloy = An = greater of Wi2/Sa or Wi/ Se =
Design Temp., S, Hy = 2bTGmP = A, =

Atm, Temp., Sso H, =/ Hp = W == .5 (Am + Ab) So =

Design Temp., Sp H = G*TP/y= Hey = "/v'c bTGY =

Atm. Temp., S, Wur =H -4 He 4+ HP =

Design Temperature

Flange

Allowable
Stresses

Bolting

CONDITION x LEVER ARM MOMENT
5 Hp = xBP/4 = hp =R+ g =
Operating | Hy =H — Hp = hr =.5(R + g1 + he) =

M,

_(€—B28 40 = oo A—O@A+O=
6(B+C) CTTEC+ A

he =

REVERSE

= —h= — — — no_
MOMENT | Ho=W-—H= o= 2219 — Mc = Hohg" =

8 Aiguotie STRESS CALCULATION—Operating

1.5 Sp Long. Hub, $y; — mo./Xg:® =
Sto Radicl Fig., Sz = Bmo/ )\ =
Sto Tong. Flg., St == moY/ 1 —2Sg =
St B -5iSn + Sedor .5(Sy + 59 =

RADIAL STRESS AT BOLT CIRCLE
6 Mg

12 (TC—ndi))

Sfo

Srap =

STRESS FORMULA FACTORS

= 4/3te

Yy =a/T
5 =/
AN =v+48
mo = M,/B

If bolt spacing exceeds 2a -+ ¢+, multiply | Bolt spacing
m. in above equations by: 2a + 1

T

Checked




SYMBOLS & DEFINITIONS

-

A

Ay

B,

o
o

& Q™

ds

\_a0

Part A is a type of flange having the gasket wholly
within the circle of the bolt holes and no contact
beyond that circle

Part B is a type of flange with metal-to-metal contact
outside the bolt circle, identical pairs only

Code Case 1828 Flanges: Type with metal-to-metal
contact outside the bolt circle having identical or
non-identical pairs, & desighed by the simplified
rules of cc 1828.

outside diameter of flange. For slotted
flanges the diameter of the circle tangent
to the inner edge of the slots, in.

actual total cross-sectional area of bolts at
root of thread or section of least diameter
under stress, in.2

total required bolt cross-section area, in.2

= nominal bolt diameter, in.

= alpha — stress formula tactor, te + 1

= alpha x — stress formula factor,

1 3(K+1)(1—V)J
7
for reverse flanges

inside diameter of flange, in. When B is
less than 20 g, it is optional for the designer

to substitute B, for B in the Code formula
for longitudinal hub stress Sy

B + g, for loose hubbed flanges and also

. for integral flanges when <1

B + g, for integral flanges when f>1

effective gasket or joint-contact-surface .

seating width, in.

effective gasket or joint-contact-surface

pressure width, in.
basic gasket seating width, in.

Beta — stress formula factor =4/3te + 1

= Bolt-circle diameter, in.

hub shape factor, for integral flanges d =
U h, g2, for loose flanges , _ U h.go?% for
v 2 VL
reverse flanges d = U’“e—"g"

Bolt hole dia.

o2

Hp

Hg
Hg

Hr

hp

ke

hr

K

= factor =

= delta — stress formula factor = t3/d

= radial distance from C to A4, in.

hub shape factor; for integral flanges e =
F/h,, for loose flanges e = F./hy

= hub shape factor for integral flanges
= hub shape factor for loose flanges

= hub stress-correction factor for integral

flanges, when the chart reading gives
values < 1 use 1

diameter at location of gasket load reaction,
in. Except as noted in sketch e of Figure 1,
G is defined as follows:

When b, < % in., G = mean diameter of
gasket contact face )

When b, > 1 in., G = outside diameter
of gasket contact face less 2b

= thickness of hub at small end, in.
= thickness of hub at back of flange, in.

= gamma—stress formula factor=a/T, o/ Ty

for reverse flanges.

= total hydrostatic end force = »/4 G*P, lbs.

hydrostatic end force on area inside of
flange = »/4 B?P, Ibs.

= gasket load, operating=H, = W,,, — H, Ibs.
= gasket load, seating = W, Ibs.

= total joint-contact-surface compression

load = 2bx GmP =W, — H, Ibs.

difference between total hydrostatic end
force and the hydrostatic end for an area
inside of flange —= H — Hp, Ibs.

= hub length, in.

radial distance from C to the circle on which
Hj acts, in.

radial distance from Gto C =
(C—G)/2,in.

Bg,, in.

= radial distance from C to the circle on which

Hr acts, in.

A/B, A/B’ for reverse flanges




My
Mq
Me

M,

™

Sa
Sb

Sla

Sy
Sr
Sz

T

lambda — stress formula factor =y + 8

M,/ B — unit load, operating, M,/B’ for re-
verse flanges, Ibs.

Mg/ B — unit load, seating, Mq/B’ for re-
verse flanges, Ibs.

component of moment due to H, = Hphyp,
inch-pounds

total moment acting on the flange, seating
= Why, inch-pounds

corﬁpohent of moment due to Hg, operating
= Hghg, inch-pounds

total moment acting upon the flange, for
operating conditions, inch-pounds.

component of moment due to Hr = Hrhr

= gasket factor

width, used to determine the basic gasket
seating width &,, based upon the possible
contact width of the gasket, in.

number of bolts
Nu — Poisson’s ratio = 0.3 for steel
design pressure, psi

radial distance from bolt circle to point of
intersection of hub and back of flange for
integral and hubbed flanges, in.

radial distance from bolt circle to bore, ring
flange, in.

allowable bolt stress at atmospheric tem-
perature, psi

allowable bolt stress at design temp., psi

allowable design stress for material of
flange, nozzle neck, vessel or pipe wall, at
atmospheric temperature, psi

calculated longitudinal stress in hub, psi

calculated radial stress in flange, psi

= calculated tangential stress in flange, psi

K-factor

= K-factor for reverse flanges

tlange thickness, in.

pipe wall thickness, in.

U =

Vi

K-factor
K-factor for reverse flanges

hub shape factor for integral flanges

= hub shape factor for loose flanges

width used to determine the basic gasket
seating width b,, based upon the contact
width between the flange facing and the
gasket (see Table UA-49.2), in.

flange design bolt load for operating or
seating conditions, as may apply, lbs.

= required bolt load, operating conditions, Ibs.

min. req’'d. bolt load for gasket seating, lbs.

K-factor

= K—fabtor for reverse flanges

gasket or joint-contact-surface unit seating
load, psi

K-factor

41)
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APPENDIXI

C CALCULATE FLANGE FACTORS, Fy Vv, SMALL—-F, F-SUB-L, AND V-SUB-L

\

Computer Program Listing That Calculates F, V, 1, F,, V.,

This program was written by E. C. Rodabaugh of Battelle Memorial
Institute and his permission to reprint is gratefully acknowledged.
The program is based on formulas developed in reference (4).

Minor editorial changes have been made to publish the listing in this
manual. The program was adapted to run on a 370/145 under OS.

DET(OL1,D12,D13,0D21,D22,D22,031,032,033) =
1 D11*D22*D33 + D12%D23*D31 + D13*D32%D21

2 —(D31%D22%D13 + D32%D23#%D11 + D33%D12+D21)
50 READ {5,1,END=100) G1GO, HHG

1 FORMAYT (2E10.5)

€ 6l60= G1/60, HHO = H/SQRT(B*GO)
10 CONTINUE
A = GlGO -1,
B = 43.68%HHO**4
C_A = ALPHA, B = KAPPA

PRINT 2, G1GO, HHO
2 FORMAT {9H G1/GO0=, 1PiE10.5,48H H/HO=, 1E10.5//)

A2 = Ax%xA
A3 = A%%3

DIl=1./3.+ A/12.
C11=D11]

D12=5./42. + 17.*A/336.
C12=D12

D13=1./7210. + A/360.
Cl13=D13

D14=11./360. + 59.%A/5040. + {1.+3.%A)/B
Cl4=D14

D15=1./90. + 5.%A/1008. — (l.+A)%*3/8
C15=D15

D16=1./120. + 17.*%A/5040. + 1l./8
Cl6=Dl6 '

D21=C12
C21=D21

D22=215./2772. + 51.%A/1232. + {60./7. ¢+ 225,.%A/ 14,
1l + 75.%A2/7. + 5.*%A3/2.) / B

C22=022
D23=31./6930, + 128.%A/45045, * (6./7e *+ 15.%A/7, + 12.%A2/7.

1 + 5.*%¥A3/11.) / B
€23=D23

D24=533./30240. + 653.%A/73920. + {1./2. + 33.%A/14.
1 + 39.%A2/28, + 25,%A3/84.) / B

C24=D24

D25=29./3780, + 3.%A/704s — (le/2s * 33.%A/14., + 8l.%A2/28.
1 + 13.*%A3/12.) /7 B '
C25=D25

o

)




D26=31.7/6048. + 1763.%A/665280. + (1./2. + 6.%A/7T.
1 + 15.,%A2/28., + S5.%A3/42.) / B

C26=D26
D31=C13

C31=p31
D32=C23

C32=D32
€32=D32

D33=1./2925. + 71.%A/300300. + (8./35. + 18.*%A/35,
1L + 156.%A2 / 385. + 6.*%A3/55.) / 8B

C33=D33
D34=761./831600. + 937.%A/1663200. + (1./35. + 6.%¥A/35,

1 + 11.%¥A2/70. + 3.%A3/70.) / B
C34=D34

D35=197./415800. + 103.%A/332640. — (1./35. +6.%A/35,
1 + 17.%A2/70. + A3/10.) / B

C35=D35
D36=233./831600. + 97.%¥A/554400. + (1./35. + 3,%A/35,

1 + A2/14. + 2.%A3/105.}1 / B
C36=D36

DET1 = DET{Dl1l,D12,D13,021,022,D23,D31,D32,D33)
D11=Cl4

D21=C24
D31=C34

DA1AAQ = DET(D11,C012,013,D214D22,023,D21,032,D33)
D11=C15

D21=C25
B31=C35

DAlAAl = DET(Dl1,D12,D13,021,022,D23,D31,D32,D33)
Dl11=Clé

B2l=C26
D31=C36

DAl1BBO = DET(Dl1,012,013,D21,D22,D23,021,032,D33)
Di11=C1l1

D21=C21
D31=C31

D12=Cl4
D22=C24

D32=C34
DA2AAQ

ber(oii,p12,013,021,022,023,031,032,033)

D12=C15
D22=C25

D32=C35
DA2AAL

bev(pii,b12,D13,021,022,023,031,D032,033)

D12=C1le6
D22=C26

D32=C36
DA2BBO

DET{D)1,012,D013,021,022,023,D31,032,D33)

Dl2=C12
D22=C22

D32=C32
Di3=Cl4

D23=C24
D33=C34

DA3AAC
D13=C15

DET(DL1,b12,013,0D21,D22,D23,D31,D32,D33)

\_aa




D23=C25
D33=C35

DA3AAL = DET(D11,012,D13,D21,D22,023,D31,032,D033)
D13=Cié6

D23=C26
D33=C36

DA3BBO = DET(C11,012,013,D21,022,023,D31,032,033)
AlAU=DALAAOQ/DETL

ALA1=DALAAL/DET1
A180=DA1BBO/DET1

A2A0=DAZAAOD/DET]
A2A1=DA2AAL1/DET]

A280=DA28BO/DET1
A3AQ0=DA3AAG/DET1

A3A1=DA3AAL1/DETL
A380=DA3880/DET1

C ABOVE COMPLETES DETERMINATIUN OF “Als,A2, AND A3 IN TERMS OF AAI'AAO,BBO

Cl1=Dl1 —(B/4.}**.25

D12=-5./12. — A1AD + A2AD — (B/4.)%* 25%A1A0

€12=D12 :
D13=—1./12. - ALBO + A2B0 - (B/4.)%*.,25%A1B0D
Cl13=013

D21l= ~{B/4.)%%,5

C21=D21

D22=1./2.

C22=D22

D23= 0.

C23=023

D3l= —(B/4.)1%*,75

€31=031

D32= 3.%A/2. + (B/4.)** . T5%A1A0

€32=032

D33=1./2. + (B/4.)kk.T5%A1BOD

C33=D33

DET1 = DET(0111E12p0139DZlvDZ¢.D23o031'032'033)
Al = 1./12. + ALAL — A2ALl + (B/4.1%%.25 % AlAl

A2 = 0.

A3 = — (B/4.)%%.75 ¥ AlAl

DLl = Al

D2l = A2

D31 = A3 '

DC5 = DET{(D11,D12,013,D21,D22,023,031,032,033)
D11 = Cl1 '

D21 = C21

D31 = (€31

D12 = Al

D22 = A2

D32 = A3

DAO - DET(D11,012,D13,D21,022,D23,031,032,033)
D12 = C12

D22 = (22

D32 = €32

D13 = Al

D23 = A2

D33 = A3

D80 - DET({D11,D12,D013,021,022,023,031,032,033)

a5




DC5 = DCS5/DET1
DAO = DAO/DET1
DBU = DBU/DET1

PRINT 5, DC5, DAG, DBO

5 FORMAT (1P3EL15.5//)

Al = ALAUQ#DAO + AlAL + ALBO*D30
A2 = A2AD*DA0 + A2A1 + A280%*D80O
A3 = A3A0%DAD + A3A}L + A380*DBO

Pl = (1o/2.+A/6.0%A1 + (1./4.+1]1.%A/84.0%A2 + {1./70.+A/105,)%A3

2 A/120. + 1./8)*%0BO

F = —PL/{(B/2.72)%%,25 % (l.+A)**3 / B)
V.= THETA /7 ((2.73/B)%¥%,25 * (l.+A)*%*3)

FS = DAD / (l1.%A)

C LCOSE HUB FLANGE, AAQ = BBO = O

DBO=0.
DAO=080

Al A1AQ*DAO + AlAl + A1BO*DBO
A2 A2A0%DAC + A2A1 + A2B0%*DBO

in H

A3 A3AO%DAO + A3A1 + A3BO*DBO
THETA = "Al —BI*AZ/ZC - AB/SD + DAG/I|- + 1./4. + DBD/IZ.

Pl = (la/2.4A76.01FAL + (lo/4.+11.%A/84.0%A2 + (1./T0.+A/105.}%A3
1 —(7./120-+A/36.+3.*A/B)*DAU -~ (10/400 + A/?Zt) - (10/60. +

2 A/120. + 1./B}*DBO
FL = =Pl/{((B/2.73)%*,25 * (l.+A)**3 / B)

VL = THETA / 1(2.73/8)%%x,25% (l.+A)%*3) .
PRINT 3, Fy V, FS, FLy VL

3 FORMAT (5H F=, 1P1E10.5,5H V=, 1E10.5,
1 11H SMALL-F=, 1E10.5, /,11H F-SuB-L=, 1E10.5,

2 11H V-SUB-L=y 1E10.5,//7/)
GO TQ 50

100 CALL EXIT

END




APPENDIX 11

s | ™

BOLT TORQUE CHART
Torque in Foot-Pounds for
Various Bolt Stresses
Nominal Root Root
Dia. Threads Dia. Area 7500 psi 15000 psi 30000 psi
in. Per in. in. in.2
1/4 20 0.185 0.027 1 2 4
5/16 18 0.240 0.045 2 4 8
3/8 16 0.2%4 0.068 3 6 12
7/16 14 0.345 0.093 5 10 20
1/2 13 0.400 0.126 8 15 30
Machine 9/16 12 0.454 0.162 12 23 45
5/8 11 0.507 0.202 15 30 60
and 3/4 10 0.620 0.302 25 50 100
7/8 9 0.731 0.419 40 80 160
Cold-rolled 1 8 0.838 0.551 62 123 245
11/8 7 0.939 0.693 28 195 390
Steel 1 1/4 7 1.064 0.890 137 273 545
1 3/8 6 1.158 1.054 183 365 730
1 1/2 6 1.283 1.294 219 437 875
1 5/8 5 1/2 1.389 1.515 300 600 1200
1 3/4 5 1.490 1.744 390 775 1550
1 7/8 5 1.615 2.049 525 1050 2100
2 4 1/2 1.711 2.300 563 1125 2250
30000 psi 45000 psi 60000 psi
1/4 20 0.185 0.027 4 6 8
5/16 18 0.240 0.045 8 12 16
3/8 16 0.294 0.068 12 18 24
7/16 14 0.345 0.093 20 30 40
1/2 13 0.400 0.126 30 45 60
9/16 12 0.454 0.162 45 68 20
5/8 11 0.507 0.202 60 90 120
3/4 10 0.620 0.302 100 150 200
7/8 9 0.731 0.419 160 240 320
Alloy 1 8 0.838 0.551 245 368 490
11/8 8 0.963 0.728 355 533 710
Steel 11/4 8 1.088 0.929 500 750 1000
1 3/8 8 1.213 1.155 680 1020 1360
11/2 8 1.338 1.405 800 1200 1600
15/8 8 1.463 1.680 1100 1650 2200
1 3/4 8 l.588 1.980 1500 2250 3000
1 7/8 8 1.713 2.304 2000 3000 4000
2 8 1.838 2.652 2200 3300 4400
21/4 8 2.088 3.423 3180 4700 6360
21/2 8 2.338 4,202 4400 6600 = . 8800
2 3/4 8 2.588 5.259 5920 8880 11840
3 8 2.838 6.324 7720 11580 15440
The torque values above are suggested only due to the many variables
that affect actual resuits. These loads are based on the use of heavy
oil-graphite lubricant and the thread forms shown. Efficiency of non-
lubricated bolts may drop 50%. More accurate bolt tension is cal-
culated as follows: Divide total elongation by the bolt length, and
multiply the result by E, the modulus of elasticity. Bolt iength is taken
0 mid-nut to mid-nut, or an equivalent distance. Careful micrometer
measurements are required.
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