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ABSTRACT

In this paper a solution of the system of equations in Internal
Ballistics of a conventional gun has been discussed for the
hepta-tubular powder. The shot-start pressure is taken diffe-
rent from zero and the covolume correction also is taken
into account and thus some of the results of Tavernier!
who has taken zero shot-start pressure and has neglected the .
covolume'correction, have been generalised. It has been-found
out that the maximum pressure in the case of hepta-tubular
powders always occurs before the all-burnt position. ‘

Introduction :
In the present paper an attempt has been made to present the solution of
 the system of equations in Internal Ballistics of ‘a conventional gun by using
hepta-tubular powders in a modified form over that given by Tavernier!.
Tavernier has assumed that the shot-start pressure is zero and the covolume is
equal to the specific volume. But in the present -paper the shot-start
pressure is not neglected, and covolume correction is also taken into- account.
As shown by Tavernier? in the case of hepta-tubular ipowders the form
function ¢(z) before the rupture of the grains takes the form o
) =o—By—y
where y is the fraction of thickness remaining at time ¢, and o, 8, ¥ are con-
stants depending on the characteristics of the hepta-tubular powders used. Also
in this case the form function when expressed as a relation betwéén z and y is
z = (1—y)a—by—sy?), Lot T
which is the most general cubic form-function and therefore includes the cubic
form function discussed by Venkatesan® when- ' SRR
a=10b=—8and c =—1¢. "
After the rupture of the grains, these form functions take very complicated
forms in terms of a certain angle w which in turn depends ony, -~ "

H A

i

However when a=1, there is no second phase of combustion, the point of
rupture coinciding with the point of all-burnt. Hence the case considered in this
paper includes as stated above the cubic form ' function R

RIS R 2 = ()oY Ty
and all its particular cases, the quadratic formfunction - - -
2= (-0
and the linear form function o
2 = (1—y). R s YL
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Assumptions regarding combustion ~

The following assumptions regarding combustion have been made in this
p&p&rw orderte geba tangible salution :—

(¢) That all the grains of the charge are of the same geometrical shape, of
the same dimensions and are homogeneous in character,

(i%) That burning takes place in parallel layers,

(v5) That the linear velocity of the combustmn at any instant is propor-
tional to the pressure at that instant.

Prmcipa:‘l ‘Notations:
The fellowing principal notations have been adopted in the present paper:—

p==The: fictitious  mass-of the projectile, taking inta eensideration the
different passive resistance as well the differences of pressure
betwreen the base and the breech..

v=Velacity of the projectite;

o= Cross segtion of the arm taking rifling into cons1derat10m
P= Mean-pressure under which the powder burns.

% ws Fidction-of the powder burat-upto the time ',

y = Fraction of the t‘ﬁwkness (web-sme) of the powder remammg atﬁme
‘ ¢.

== Theforee of the powder.
= Ratio of the twa sperifie heats of gases.

n==1
y= CH
®=_Weight of the charge.
ﬁ
fw

n == Covolume of the gases:

+ = Specifio volime of the gases.

8
1

D

‘o = Shot-travel ab any instant 7

¢*= Internal volume of the gun up to the bage of the pro;ectlle at any
instant ¢, == '+ a. ‘
= Internal volume at the instant when ¢ = 0,
D‘ web-size,
A = Vivacity of the powder.

p' = Linear velocity of thecombustion of the powder under unit pressure,
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So = Surface of the. powd@r ipitially Wﬁ@ the sombustion.
W5 == Initial wolume of the pewder. :
S = Surface of the combustion at he instant4f.
10 =“’§-*-—- function of the progressivity of the powder.
The classical Equations of Internal Ballistics i

'J.‘he classical equations of Internal Ballistics after.some modlﬁcw ire
given as :—

1. Resal’s Equation of Energy :— |

o H DD o

which reduces to equation (5) of Tavernier! when co-volume correghion

1
is neglected, i.e. ‘when n = = istaken.

0
2. Equation of Inertia :—
p‘T;_dP*" e, . . (@)
3. Equation of combustion :—
dz

= =’4Pq)‘(gz). - . - (3

UOther Notations
~ Initially when ¢ = 0, 2=z, Y=Y, P=P, andv=0,

For the sake of convenience in writing, we may introduce the fellewiing
symbols as done by Tavernier!, ,

Jo
o'—

P, = . . .. @

0’9[ [

. 2 d .
) =f (P—(:)— . e . .. (5)

£= ve?
A’fwy X [ X ] oo o0 »e (6)
Y‘-:-‘ @ ve . .o ve L %‘7)
¢ — = :
8
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y = Fraction of the thickness of the powder remaining at time ‘0.
" m = Ratio of the exterior diameter of the grain to the interior diameter of
the hole of the grain (m >3). L '
p = Ratio of the length of the grain to the exterior dlameter of the grain

m—3
~'P> T

" - Case I:-;Duﬁng ‘the ﬁrst.pha,se of the combustion of tﬁe hé'pta-‘tubu,lar
powder (before the rupture of the grains, i.e., before the web is con-
sumed). o '

Following Tavernier?, we have .

2 = (1—y) (Hy—cy’) e e .' - > 9)

S . |
o= -ém—r(—-—m:nf_,l—)?[m*pll-ls;m;+ (@12*'—1)2] .. (9A)
b=—ﬁ;———ﬁ_ﬂ[ﬁmpf5m—5 ] o .. (9B)
o= %——?&f’% w00

o—b—c = -Ime&-g_—,l—)-['2ﬁzp+14mp+m&—7] D)
9(2) = SS: =a—By—yy® - x .. (10)

Where | ‘
o= azr_bc e .. (104)
p= if_‘;"_)c .. .

T I

Case IT:—During the second phase of the comhustion (after the rupture
of the grains i.e. after the web is consumed), we have

3m+1® [,, 1 m+1 |

g=1— Br(mA—T) [1+ pm ~  4fmCose ]H(.m) - (D

with | - |
H(w)=F(0)+6(w) .. . T e e .. (114)

Y"f"‘fw "F(m)=\/5:—3 tan o—3 (g—- ® )s,ec’w e ‘ X .. (11B)
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W

2 +o) || v3+tanw.
=5 - - ,[ SZ((: +§_E) Lm( -¢)
"(”‘b@)o ST

.. (11E)

pos(_“,_l_w_l_w)—e-z’-go(mw 3. Lt :\"'.": .

where w varies from 0°to 42° 25'{the values corresponding to the rupture of
the grains and the complete combustion respectwely) and accordingly - varies

from @° to 30° and X from 120° to 0° as. gWQn in ,t’he fo}long i':able 24 . *
De‘;’éees" |+ Bodians Degr%e;r A R“@ﬁm De;"rees Ra.gian:
o 0-0000 120° | z00aa | 0000 | 0:00 iafen
PO 0-0873 106° 200 | 1-8569 ge 54' | ooss
10° 0-1745 92° 38’ 1668 | ;53 50 0. 101s ‘M
15° 0-2618 78° 52/ 1-3765 & B 0-1545
200 0-3491 “65° 000 | 11345 120000 [10-2094
25° 0-4363  50%.58 .0-8896, 150 2 0-2679
'30° 0-5236 365440 | 0-64F1 L 180 59° 03314
32230 | 0-5672 g% 810 |..0-5162 20° 56/ 03664
35° 0-6109 29° 13 ' 0-3878 23° 00’ 0-4014
37° 30/ 0-6545 14° 50’ 0-2502 25° 11 )
40° 0-6981 2K 70 1zsa°', |20 807 0-4805 ¥
(42025 0-7403 000 | o oodb o 1go0opr 0-5236
T . N - ARl T :
Y= :'-’_;,; (1’—+ 8ec w) '/_; s . (}2?
8(m--1)

¥~ G i PR [pm+;l>K<m)—(m+1) I(w)]

Y, . :r 4t

v %] e

) =B 0ot @B .. 0L
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Nt

"@

K(w)-—:ﬂ (@ ‘ .-.' . ‘e

H'{) being the dlfferentml coéﬂiclent of H (w) with respest to w,

Also for both phases bf the combustion, we have
- VE=(—b—o)y —8H. - -
Clea.rly at the point of rupture.of the grains of the powder

y=o0,2=a , @()=a ,
V(z) (a—b——c)yo

(:)—-O,F(w) »\/3 — —, G(w) = ____‘/3 ,
At the end of combustioa of this powdet,

= 420 95!, g1, H(wi)e= 0.
H’(w)—O and-g(2)=0.

Also
Lo ‘_ 15—“&\7’3 md
- o Y=Ymin =— T3 T 3 ns — 3545
and ,
V(Z) V(l) (a—b—-c)(ya ——ym )
Solutxon oi the Equations
On _d1_v1ding (2) by (3), we get
do _ _ 6
g T TAe(2)
Lo e s ey
I A
sothat . .- : .
' pot vpa“
Jo_ T Jodg 3V2(2)

= E V2 (X od. . .. )
. the equation of energy (1) can be written as :—

z-%"“@—-[( ~5)~( - ) ]

o 14

TTEG

mt-1

mw—3

. (13B)

. (14)

. {(15)

(16)

(A7)
(18)

. (19)

. (20)

. (21)

o (214)

C*—0'
‘ glmg Pasa functlon of % % a,nd shot-travel » (- : ) :
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%;e equatmn (21) can also be written as : —

2§72 o
S
.. Po (2—ET72) ‘ A : \
or P = '——Y:-'B—z— | .o .o .o /.. (21A)

with

(3)s
B 3 : -

= (_‘)_—-—-— o “ ‘.. - e .o (21B)
(-5) - |
From equation (2), we get
po 'gv— = GPo .

Substltutmg the values of v and P from (18) and (21A), we get the- following
dlfferentlal equation of the first order

R 4 4 v 1 £ V ‘Bz )

-—_..é. = :g-—— "—“—ﬁ Te'e ..'(2?5)

—

e 2 ¢ +—§V2 o —¢
EV ¥Y—B
oo *;r[Y*Bz Ve =B
The Integratmg factor
*fzo vig z—&Vzd
H=¢
ioCo 2 ‘ .
lf)’gH = -::-v _zb_rqj . "‘zTEV—z- dz : ..' .o | . (23.A.)
= -—-17), from (8)
e . .
H=;"DP “ . . ..(2B)
thoxsélmibnof@)z)rs

[(Y——Bz)H] ---Y—B f Hix

'éincémltlallywhenz_ko JH = 19,1_1(1 Y =i, R ; N
-. (Y_BZ)H-'(]-‘_"Bzo )"—'—‘"—'Bz B bs . L 'oqr(%)
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—
where :
z B ¢ :
Z,=jzo‘Hd?, S R (25)
) - Y—Bz = —i—:g——‘[(izjﬂ .. T . . (26)
Also from (18) and (14), we get o
o 4
v = - V(2)
' A;‘ . (27)
= A}l (a’—'b—_c){go "_y)
and from (21A) and (26)
P —tPE [ N
T 1—B(Z+2% ) ) o B v

The equations (26), (27) and (28)give ¥ (déﬁning theshoﬁ tré?él); vélocity
v and pressure P at any instant. - S

It is evident that H and Z are functions of z and therefore functions of y.
These equations (26), (27) and (28) closely resemble with (17), (18) and (19) of
Patni. A L

Initially when shot starts,
Po zc ; “‘ .
PO = ’I—:Ez:- .o .y ) .o . S Ne oe (29) ‘
—l
or .Po= sza(]-""BZo)
= P@ ZQ[1+BZQ+B2z20+ -rv.o-] “ -
= Pz [l+Bzun]  nearly .. . (30)
Po BPa _lk B
an-d ‘ 20 = ";P‘ "‘"c [1 + Pc ]
b, P, 2 . -
= P B ( P: ) ’gpprommatqu,,. . (30A)

Again the pressure cannot be negative, also the quantity involving the
~ covolume correction in (28) is small in comparison with Y, so that the quantity
(Y — Bz) is always positive and hence the equation (28) is valid only -

if z—§V3(2) =0
ie. if E < 7,,—3(;5- SR 1)

PR

for all values of z from 0 to 1.
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M
Maximum Pressurz

Denoting the values of the various variables at the-point of maximum
pressure by the suffix ‘m’, we have from equation (28),

- Po (2n — & VPn)

Po = —%.—% .
Po (zm*'s Vzm)Hm
1—B (Znt 7) - (62),

But at the point of maximum pressure, ¢P. = 0.

Therefore dlﬁ'erentla.tmg (28) and puttmg dP—*O we get with the help of
(22), &

Vm » [ zm —_ E | & m) m ]

= 1 N
Eqam wri LT 1B, + 2z
This equation when solved will give us the valuez,, of z at which the maximum
pressure occurs. For this purpose a graphical method can be used if necessary.
This equatmn reduces to (46) of Tavernie' when B=0, .., when covolume
correction is neglected.

From (32) and (33) we also get

(33)

Vm Pm - . : .
Eo = 2u+1[1+13 . . . (34)
Position of All-Burnt ’

At the position of complete. combustmn z=1.

If at this position the values of the variables be-denoted by using the suffix B
the equations (23 B), (26), (T), (27) and (28) give

Hp = D5l .. .. .o .. (35)
with
1 S
Vdz .
Dp =& [ ' 3
1%, o¢.2 (1-— E:I ) e Tt (35A?
Also o o 2
Y —B= I“B(ZB*‘“ . o .. (36)
0 = Y3 (0'——~) +L§ L .. (37)
vp = A,, Vs .. )
with o ' B

V(1)=VI: e ISR 7Y

tig . Ve 9(2)
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and . .
p _ P l1—%731 ) |
A T 1’
.. (39)
_ Pc[l—'fVﬂs]HB I ’
1—B(Zp+ 2, J
Atier the All-Burnt position
Since after the all-burnt position z==1, ‘the ‘equation (28) becomes
_ P (1—%T |
P == Y — B »e oe (X > (iﬁb .
. from ~(39), we have ‘ |
1—E V2 Y. -«B
LR & -

Also as after the position of all-burnt, the expansion may be regarﬂied as very
nearly adiabatic, we have '

b .———1’) PB - .o Re .(42)
05
. P o o
i 3 =17gm .o «(43)
®
since
€
—= — g :
(0]
Y—B~£—i—— ae Qo. .o .o . (@M
20. -

» from (41) and (43), we -have

1—EV3 __[ Yg— B Jr—1!
T—FEVs -:7—:—3‘—] . . . ..o (44)

Also from (6) and (19), we have
l—zVﬁql—% N 1)

from (44), we have
vp ot

1=—>% =(1—§ V%) -y‘::ﬁ“]
o o= % [-1—‘(1 —ET) (%E%) :a] . (46)
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Also\i'r/omeqmtion (40) and (44), we hawe

P=P (1—§7% ,}(Y“”B e

The-equations.(46). and (47) give the values of the velocity of the projec-
tile- and the pressure P.a% any instant after the-all-burnt pesition.
In partlcular the muzzle velocity vy is given as

[ — n-——1
p -—% 1—(1—Ev23)(§;; %) |- @

where suffix“js.* denotes the value of thevariablgs at the muzsgle.
Application to Hepta-Tubulae Powders _
In the case of Hepta-Tubular Powders, we have the following three cases:—

T

(47)

I. When the powder is, burning: before the rupture of ‘the- gx;a;mg, %e.
during the ﬁrst phase of combustion,

II. When the powder is burning after the rupture of the gmms, . o during
" the second phase of combustion.

III. After the all-burnt position, i.e., during the phase of ‘detente”.
Cage I—In this case we get: th;h ‘the help:of (8), (14), and (10).after simpli-

fication,
_ ‘, V“(z)‘ dz
D(z)_ff; :—E0 " 9 (d)
=—(a—b—c)t
f Yoy} dy
e {a—-&(a——b-—-c)’y’}—y{b+a—2t(a——-b—c)2y°}
+?/’{b—'0—2(“—b—6)2}+0y ]
_fo—b—ep Y —9 dy
— Sy @ Gt @ =y - 4
with’
birdy ey = SO EO O
Ao Ay + A4, 4y — 4, 4y = b+a—-2Eyg(a—b-—c)’ .- (49B)
4, 4, 4 = ek ¥ 53 (“”'b"""‘z (490)
. _ (w—-b-o)zf Y% — 4
- D) x| '(<A2+A,.) (dg— 4;2( =0T

: Yo+ 4, )
(Ay o+ 45) (s + 45 (4 + y) - (4y = 4) (=4s +- -45) (Ay—3) y,]
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T
0

' S e Al"’"‘yo :
= (“"‘b““"a§ [lg ( Al Y )(A2+A1)( As_"A1)

L y+&' o Ay—ys
4ty (A1 + 4y) (45 + Az) ( As — y (4y— 4y) (Az + As)
Az + yo

| q'wu‘ " (50)
Hence .. '
‘ : Al — Y
log H = ?(“*”—0)2 (f——: @+ 4y Uy — A)
17 Yo ;
v As e yo 1
4, + ?/ ) (4, + Az) (As + 4,) ( A — ) (4, "‘As) (A + 4,)
A2 + Yo — Y
. .. (51)
Or Mm~mum+wMA~w . . (52)
where - . . :
, L - —-N '
= (Al _ yo) (AZ + yo) (‘AS - yo) ' .. .o (52A’)
4, —y. E (a—b—of
= ° L G Ak Ao .. (52B
L= grdyu—a ~, oy &
_ 4, +y, ' i (@—b—Tc)?
M= Grhusdy vy o %0
Ay — Yy, & (@—b—0o? B
V= @A) 4T Ay " i O
Also e Y

2= [ mi:= x(a~b—a) f (Ap—y) At o )
(a—Py—yy®)dy.. (59
which can be evaluated by numencal mtegratmn

The equa.tlons (62) and (53) glve the values of I and Z'in terms of y at
any instant during the first phase of combustion 1.e., before the rupture of the
grains.

Hence from the equations (26), (27) and (28), we can get Y (a,nd hence the
shot-travel), the velocity © and the pressure P at any instant in terms of y.

Case IT—A% the pomt of rupture of grains, we have
: v=a,y =0, and D (z) = D(a) o
A from (56), we have -

_..%ﬂg ( -—-—-?/o ) :4-2 + Yo - )VM A ‘—yo )VN '..(54)
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and“trom (52) and (54) - - ‘ B
” . Alh—yo —L A2+yo - ‘As"'?/o _—N
i - (S ) (g
Yo L M N

Z=Z =2@—b—0) ["(Uy—y) Aty Uy—y)

- (@—By—eoyi)dy .+ (85)
Hence the values of ¥, C! can be obtained from (26) and (7).
" "Now-at ‘any ‘moment after the rupture of the grains i.e., when z > a

) 2 Vdz . -
D(z’)‘:fz; 9. (z—EVE | ,
’ —'-'f“‘ Viz I (R
s 9.z —ET?) a ¢.0—EV? ,
] Vd. .
mD(a)—}-,fa 'q?.—(z—:zi‘tf? . . .. (56)

For the caloulation of the integral of the second member of (66), we have from
(14) and (12),

b . o ‘ ,
Ve = g [+ D= {m 1)+ 1+ 330}]
& a—bire (m 4 1) sin o
T == d0= m—3 [ 005? & ]d(&)

. 3(m 412 T 1  m41 _—
Sr— =1 8w (m2—"1) [1+ Pm 4P m cos o ]H ()
— Ela—b— C)a;,r(m 4 1)— €08 @ {m 11— yo)..l_ (14 ;3.%)}]2

i (m—3)% 008w L

I vi:
ide oe—ED ;

(@—=b—¢)?
o (m — 3)3 X s :
L@ T m+ 1) (m41— 4 cos w) sin w 1o
3 ; 0
f 00s% & S
3 (m+ 102 1 m+ 1 }H(w)

of! 8w (md —7) 1+ Pm ~ 4%moos w

E(a——b—c)z[ 5 . ]2
— —_ 1—
(m — 3)2 cos?w (m+1)—coswqm(l—g)+(1+ 33/0)} .
o .. (57)
This integration can be evaluated numerically and the value of D(z) at any

moment in this case obtained accordingly. Having obtained the value of D(z),
equations (23B) and (25) can give us the values of H and Z either as functions of
o or of z where z is given in terms of « by (11).

.. Then equations (26), (27) and (28) will give values of Y (defining shot-travel)
velocity v and pressure P at any instant after rupture in terms of w,
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L -

Case ITI—At the all-burnt position, we have
A1 mdd

z=1, Ynin =

, . m— 3
D (2) = Dg(z) =D (1)
We have from (56) .
D (1) = D (@) + f T'?:”:i_zg‘ﬁ‘)‘

where the: lgh)'oer mtegml is obtained frem (57), when the upper limit s
w= (42° 25'

Then Hpis given by (23B) or (35) Alse Zgis given, by (25) when z=1,
and Y5 and Vgby (36) and (38A).

After the all-burnt position, the v@ue of ¥, the velﬁclty v a;d the pressure
P at any point will be given by (7), (46) and (47 )

In partioular the muzzle velocity v, shall be glven by» (48).

 .Gonditions for Maximum Pressure
From (21), (9) or (11) and (14), we have
folt@y) —El@—b—cf (g — 97

T [e=3) (-)sew]

Differentiating with respect to y, we have

[(+=$)= (i )erw] (&3

T A ) {c*——%"—-—' =)ot}

-E— (@—b— o) (yo——y){c*-——*—( )"’Ny)}

f 2 1 |
+{em- eV} {n }ou; w - - 9
Titially y =1, £ () =0, L' () =b+c—a

z=0, C*=27c\.

~.equations (58) becomes

(6—3)( )y*l

{(b+c-a)+2 (a—b—o)ﬁ(yo——l)} —i"—}

—

+E a—b— o (v -

—E b o -1 (n—:—-) Gk - ()
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But\( )y should be negative smce lmtw,lly P mcreases a8 y docreasu.

[b-{-c-——-a)-l— 2§(a-—-—b-—o)’ (%o —--1) <+ —E— (a-—-b~-—c)z (yo —-1)]

| 4 ﬁ,G““)
<£<o(a——b-c)’ % — 1)2 (n - ~)(b+c——-a)

Or (a——b-wc) o—~\-) [1+f,(a-—b—-o) (1-——-y,,)(2+-)]

| P
ek

. >Em(a—-—b,..o)3 (1__% )’(’l)r-\—) e
0r I+t @wb—0l—) (2+—~)

SR G-
>E(@—b—of (l—y,
”-T

=

Or 1+§ (a-——b—-—-o) (1-—y,, )[2 +- ——(a——-b—-c)(l-—a-yo )B] > o.

. (60)"‘
Also at the point ofrupture, we have EZ IR R AN T

y=otW=at’ (=—@+H. .

and ¢* = ¢} ,
.".equation (58) gwes

[(+-+) - (n---)“ ]( )y-.o'

—[~w+m+azw~b—wolﬁw——~ (n~—~)wa]

+~ (@ — b— 0%y, [c, ——-——~——(n—~)ma ]

ty——co(a—['—b) n—‘*—)[a——(‘(a——b-—-c)"‘ o| ”

o[- DT, .
.—:[c}‘—:—-——— (1,-—~)coa] [za—-b—%)z G+ ) -

g e+

m+mm~sw—b~Wf3(m-~) .. (6)
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At the point of all-burnt, we have ... . .. .. i o
s=1¢0) =180 =0 o
- Y = Yuin, ot =of
£.equation 158) gives

-+ -G53 (G- e
[2z(a——b——o)2(yo—ymm>] og-———-(,,?- 8) ]
o 03——8— —- _") ] (’dy )y—ym'f
=8 (a—b—0)*(¥o "‘.’/ﬂun)i(z'i‘“_) [03——~— —-—( —-‘—_) ]

(62)

B

a'
@ positive qua.ntity‘ sinoe = > ) and aB > d.

(T Y = Yomin is always positive at,}iihe all-burnt Pmiﬁon, .and the
maximum pressure therefore occurs before the all-burnt. A

Thus the maximum pressure may occur:—
(4) before the rupture of the graing, °

if (—-—) is pos1t1ve at the pomt of ruptu.m.
(%) at the rupturé, - : ‘ { ‘ e 1
. ﬁ(-di is zé’m at-;f&ptum.i, |
(i43) after the Tupture, ', R

t . N
lf( ) is stlll negative at ruptu.te

The condition so that maxxmum pressure may occur befdre fhe rupture of the
grains is

( )y‘:\ f B
f .e., from (61), (7) and (21B), ' ' g
[. ._Ba][f(a——b—-—c)zyc(2+——) (a—I-—b)]
,(a,—l-b)B»[a—-f(a_b__c)zy ] i
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Or ;a—b—c)ﬁyo [Y, (2 + —i—)——B{a(2 +%)—(“+b)yo } ] |
| > Y (a+ ) o ,
- _ Yetn L
&> (G—b— oy, [(2+ %)Y, -—'B{(z 4-"%)a——(a¥+ b)yo}]
| | .. (63)

This condition reduces to (64) of Tavernier! when B = 0 and Yo =1, te.,
when the covolume correction is neglected and the shot-start pressure is
also taken as zero.

Again the condition for the maximum pressure to ocour after or ab the
Fupture is

; , e Y@t S _
it < ‘qvébﬂ@)@‘ygv’[(ﬂ + —%-)y, ,-—B-{;(ﬂ 4+ _\1;_ )»WH b)yo}]
. ) " e e (64)

Y, (a + b) )

mi = (u..b..»o)*y‘,?[(é +—3~>Yr —~B{(2 + %‘-jéﬂw e } ]
o « .. (65)
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