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STUD[ES ON HIGH PRESSURE GASKETS.
By Suun-icui Uchipa* and ;YOSHI'I"ADAI_S.UEZAWA.*

i. Introduction,’ ‘

With regard to the design of high pressure chemical plant, the prevention of
lealage of the working fluid from joints is of the utmost importance. The work

was taken, up from this point of view. .

’

2. Previous Works. l_

A glance over thlier works is not out of placc here before entering into
detailed description of our present work,

A gasket joint of simple design as shown .in Fig. 1 is chosen, because it is

fundamental and convenient to apply the results obﬁained therewith to high pressure

joints of particular design in which we have particular interests. - -

Let p,=working fluid pressure,
¢ =thickness of gasket before tightening joints,
b =width of gasket before tightening joints, [
Py, =initial total bolts foad caused by.tightening joints,

then, when the working Auid is perrhitted to exert pressure the force 5, will increase
by AP, and assume the value of P, The joint will expand at the same time
axially, stretching 'each bolt by A/ ‘ €
Hence, ’

PQ—IJM=£},1) =AbEgA1/l ................................. (l)

where A,=total cross-sectional area of bolls,
/ =natural length of each bolt,
' [ ]
Ey=modulus of longitudinal elasticity of bolt matgrials.

The process will make the gasket recover its thickness by A/ which wil reduce

the contact force by AP, making it to assume the new value of F, or
PusP=AP=AE N oo cee2)

where A,':R(rg"';-j‘f)zcontact area of pgasket,

Z,=modulus of longitudinal elasticity of gasket materials.
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1*'urthérmore, the following relation holds:
Po=P+P, T S RSN S .|

where B is the axial force excrted by the fluid pressure gy, acting upon the area
A, as will be discussed in the next section. .
Fig. 2 illustrates the diagram of these relatidns- bctween loads and. elongatlons
In an ideal case, even if the residual contact (or gasket) force F, reduced to
nothing under the fuid pressure, the prevention of leakage of the “v"OI’l\lI'lg ﬂuld
from joints could be attained ; but actually it is not the casé unless the forcc F oA
or the so-called residual gmean aasket p_re:ss’ure 2, (=F,/4) assumes the value
somewhat larger than the limiting one to be -found experimentally. _

- Accordingly, in every actual case, it is necpssary to take an adequate value of
the initial total bolts load B, in order to prevent the leakage of the workmg Auid
from Jomts :

Table 1, compiled from the data found in some recent llteratures, gives the
values of thé residual mean uw-‘kct pressure-on contact surface and the initia! bolts

load m.cc%:ary to prevent the leakage from joints,

3. The authors’ theory and its application to design.

As shown in Table 1, the values of the initial total bolts load or. the residual
mean gasket pressurc on contuct‘surfnce vary so, widely that the designer finds it
very difficuit to chodse proper ones.

The fact may certainly be-die to the diversities of experimental conditions,
especially of the manner of tightening the flanges, the dimension, ratio of gaskets

to flanges {especially the diameter of pitch’ CerIe of bolts) and the number of bolés. .

Furthermore, the assumphuu of the cilective area on which working fluids act may
come into ‘question, ' :

In this connection, the authers are of the opinion that the effective diameter
of the circle in which working fluids act is the inner diameter of gasket, and that,
with regard to the critical leakage pressure, the faci.: that the distribution of the
initial gasket pressure on contact surface is not uniform must also be taken into
consideration. Accordingly, the minimum gasket pressire p,,. on contact surface
will be discussed, being based on the working fluid pressure g, l
These considerations lead to a set of equations of more trencml apph:.ablhty than

the usual ones, as follows:—

- Let he distribution of the initial gasket pressure on contact surface, be expressed -

by the equation, §
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where p is the distance between the centre of any bolt and any point on the

' » -
clementary corresponding area A, B; B A, of contact surface as shown in Fig. 3,

namely,
/ ‘ =2 VP =B RGOS TR we worsacesimsmsine sisavins e (s) -
in which ¢ and # are constants, the former being determined by boundary conditions
and the latter experimentally, ¢
From Eq. (4) & (5), it follows that’
R, R,
& = ~ P B—
] T
] | D e
, g
p : , e
[ ﬁ'« I ——
% ; 2in ] f
L
} —
lo— 2"‘..- ! Pb' - “q'r !
2R
1
[ \
. L
Fig. 1 Fig. 2.
P !/
;

Fig. 3.
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B ;
. . 6
? v (" —2Ry cos 1+ K ©

The cqllahon of eqmi1bnum of forces acting upon the area 4, B, B, 4,, i. €.,

3 fo T2
—Pu —'[ J Prdydd
[+]

T -
-

and the above equation (6) leads to the following equation,

o T3 '
P :_2_Jri T“fr{ﬁ ....... e
" b, E i[ V(7= 2Ry cos 0+ R)" ”

From this equation (7) the constant ¢ is deterthined ‘and so Eq. (6) gives the
initial gasket pressure at any point. For example, at the point 5; where the

pressure is minimum,

{; ' IDM

Rl FO. £ . S 8
Po=prin= "0 R (7" — 2Ry, eos B+ !E‘”)" ( )
in which
Q0 T2 2 . . \ I
I,= j j B e, (9) ’
" —2Ry cos 0 + &) ‘ '
0L : ‘
Table 2 gives some values of the integration of 7.
Table z2. '
T Te 4 A
41 i 43 0.0734 0.0163
" 45 ' 0.154 | 0.0350
" 47 0.241 0.0562
" ) 4.9 . 0.336 o.0805

(R=8.5 Oy=r{8)

When the working fluids act, the minimum initial gasket pressure 01{ contact
-surface caused by tightening -jaints reduces to the value:

.?}Mﬂ_([_a) ‘Pﬂ/"qp . \ .

) where @ is defined by
AP=ub, }

r AB=(1—a«)F,

" Hence. remembering the relations expressed in Eq. (1) & (2), it follows-that

» \
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a, _ AE2 ' ' s
1—a  AEY ’ : -
Lo . . ~
ALt - ¥ i
= EE erm——————————— ikt baptibinsaan Sesesidsemrnvanaran v I
’ Ior a ABet AE] (11)
p ) N ¥
_ To prevent entirely the leakage of the working fluid from joints, the next
equation must hold, i ., .
: B, : - : ,
Puin— (] '_'a)?—:O B ‘ \
L n-»--......‘.-.,.-..(12)

or - ng(l.,—a)%
7

On the other hand, from various experiments and experiences as described in
the former section, it is apparent ‘that the initial tightening force 7% should be -

greater than the hydraulic foree F,; hence; we can put in general

Pu=Dytaped, oo e sen(13) /

where z is tI1e cochment of addlhon'll force. -

In" earlier works the coefficient ¥ was regarded as independent of the chmcusmn

" ratio of Jomts. But, the theoletlcal t.onmdcmt:ons based upon non-uniform distri- T
bution, of ml‘hdl gasket pressure lead to the concluswn that » depends upon the .
dimension ratio of jo:nts . &

' Lct the atio A/, be denoted by a, the.n from Eroin Eq. (13) we obtain
Pu=(a+2)ad, ccccvirivrins S R A (14)
On the other hand, ¢ .
Bi=p.- 4, ....... G R AR RS S sl mscrsmmr e (15)
hence, from Eq. (14) & (15) we have 7
S E i .
atr=Lu— P Pun T TS 01\ :

. . * ?U Puin Do *

To prevent entirely the leakagr. of the workmg fluid from joints, it must hold
at least as the poatul.ztz. of Eq. (12) that

Pan= i =(1—«)ap ’
1. .'Jg ] .
Peein _ 0
or 7 (h —B)8 v e S 78 Wi AR s (17)
\ccordingly. from Eq. (16) & (17) we obtain following equation,

i ]
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¥ P 5
.1:={([—a)-—-4'!---'- l}a el 18]
: Dnen
L a
For the special case of e=o, /
4
_&_1)3 ceeereenn(182) ;?V
min N £ A
: ? 7 %&’// :
or, remembering Eq. (17) ] / /
]bm ‘_ﬂ;rwtn . Y gk k / " = "
=T BT s eoe i 18b
b ¢ ‘ ‘ / | .
: o —
Fig. (4) shows how the value of » varies” © ! z 3 a 5
with the dimension ratio of &/y; and the ex- =~ Fig. 4.

perimental constant z in the case of R/y,=2.07, #,=7/8 & a=o0; by which- we
can readily recognize the facts mentioned above. '

With a set of equations thus obtained, we ca|1'1;.0\\' easily design the gasket
joint of simple type in the following way.

< First assume the main dimensions of joints-and the number of bolts, as tye

inside and outside diameter of vessels and the working fluid pressure p, are given
and also the constant z is known**¥, .

Then we_find the value of Pl Prin rom Eq. (S) & (13), calculating the value
of Z, by Eq. (9). The coefficient of additional force, z, will also be determined by
Eq. (18) with the value of « computed from Eq. (11). The minimum value of the
initial tightening force 7 will be thus obtained, If the value of P thus found is
not appropriate in view of the strength of bolt x;mteria!s, the first assumption should
be modified and the calculation be repeate(i. In this way we can finally decide
the adequate main dimensions of joints and the corresponding initial tightening force.

4. Conclusions.

As above mentioned, theoretical considerations based upon non-uniform distri-
bution of initial gasket pressure have led to a set of equations of more general
applicability than the usual ones. With the aid of these equations we can find the
numerical values requisite in the design of the gasket joint of simple type.

The present paper is the contribution by a member of the Committee to the

" Sexaginwof Dr..S, Horiba who is the Head of the 15th Special Committeé of Ja'pan

Society far the Promotion of Scientific Research.

The Tokyo Institwle of Technology.

& o our preliminary experiments where Afr =z.07, Jlre=0.145~0.1g95, §,=1//8 and a=0o0s5,
the valae of the eontant » fell near 1.8, -
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