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In this paper the authors have calculated the displacementfs and stresses at each layer of a n-layered flat-topped
- conical hill while the stresses of the type of a confined explosions are applied at the bottom of the hill. The solution is
obtained in terms.of Bessel’s function and the condition of fracturing is also specified. ‘

Decoan traps of basaltic composition covers about 200,000 sq. miles of the peninsular India and con-
ceal a large amount of precious mineral resources. The traps occur as sheets or layers of different : hick-
nesses. A traverse through the country would reveal to any observer the layered nature of the hills which -
in general have flat tops and often assumes conical shapes. '

As a preliminary investigation on the nature of deformation ete. impressed on the Deccan traps by
different geodynamic or artificial elastic stresses, we take nup the case of the isolated hill with layered flows,
as commonly found in Gujrat, Maharashtra, Madhya Pradesh.etc. - ’ S

In the present study we studied the nature of
displacement and stresses at different homoge-
neous layers, when the stress is applied in the form
of a confined explosion just at the bottom of the
Deccan trap. The basalts being fine-grained and
compact are considered to be elastically isotropic.

In this paper, we take up a n-layered case, where

n is observed in Deccan region, When » is very

large, we assume that the displacement is negligible

. and is equal to zero. We, therefore, in the present
model investigated the effect upto (n—1)th level.

Fig. 1 represents the case as” postulated and
different layers are marked as 1,2,3,.......... N.
The stress in the form of radial vibration is assum-
ed to be generated at the centre of the bage. That
is the stress (rr), is applied at r=a,. “Since the
vibration studied is radial, the co-ordinates we take
are spherical polar co-ordinates (r, 8, §). The verti-
cal axis of the cone passing through the explosion

centre is the vertical axis of the system. . Fig. 1—Fiat topped conical hill with n horizontal layers -
e aae ) . numbered 1,2,3,. . .,n and Y==aij, for i, ji=1,2,3,...,
The modulus of mgldlt}’» py, and denSIty, Pris n denotes the distance of surface of separation of

of N-th layer (N=1,2,3,................ n) are two consecutive layers i and j from the vertex of
constants ) : conical hill.

FUNDAMENTAL EQUATIONS
Stress equations of motions?! are :
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, Smce we are assummg the radial vibrations, ‘displacemenf,, (uo)y = (ug)y = O and (u)y =
(u)® = Ry(r)e’® (where N=1,2, 3,.......... #; Ris a function of r only), -

Herce the stress components

(B)y = @)y = (rPly = ]
and , .
~ auy - dRy . o
(my =, -E;AL =p, drN v |
T Ry . n o L @
@)y = my - =y, - &
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Smoe the vxbratlon is ra.dml equatlons (2) and (3) are 1dent1cally zero and the remaining. one reduces
to the form : ) > .

a(;;)N, Lo - ~ 1 _ . 3wy
Tt {2 — @y — G }4—- oy o
or - | ’
#Ry .~ 2 dRy 2\
S S S bl
Therefore . ' | -
By = ¢18 { AxJspn (var) + BNYalz (va") }
Hence(’ ‘ . . o | S U »
(n)y = ,-—1[2{ ANJsla (VN") + BNY3/2 (VN") } or ,W, (“‘;",’" ) | (6)
: - v‘ ‘ ‘ . - (fOI'N ]. \g 33 ‘aocoi.ln,)
where ' e : o S
w =\ /PNPz . T e
anda}y _mdz’tions ,“ : o _
(I) ) ' ' ‘MN"'-: 0 on = a,
(ID) | | L )y =8er on r=q; '
4 ' where § is a constant
(I11) ey (@) (My = (;;)N+l_ '\; on = ay(x+1) Lo

, (b) uy = uysy® §  forN =1,23, ....00:(n—1)"

Applying boundaty condition (I)
SR L BYya (vada) B S

A == . Onty2Uala) ~ T -(6)

» J‘sla (V,‘Qn) . KR (
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| Applying boundary condltlon (II) o ’ ,, o
4, {J 19 (Vi) — V1 a4 J5/2 (Vl “1) } + Bl { Ys/z ("1 "1) - "1 “1 Yslz ("1 al)}

_8mr T . .
o By ’ : ()
Applying boundary condition ITI(a) ’ = e
B (N+1) N+1) "
A‘ P Js/zﬂ(, ?,n anJ) + BN Q‘N Jalz( ) ;’;‘l B
f
J’ (M) ! _
1 O Juz| 2 N+1 Y8/2 n ) =0 ¥ (8)
where ‘ B | )
= ( aN(N+1)) B v.N aN(N-}-]) JSI! ( VN aN(N+_1))
(N+1) - C
=Y"’”( "X “N(NH)) TN NN+ Yslz( YN “N<N+1>)
- Py =Jys "N+l “N(N+1)) — VN4l ON(+1) Js/2 ( N1 '“N(N+1)')
@) v f o Ty
Qw1 =Yur| "5 “N(N‘+1) “»"N+1 Nv+1 Ys/z( VN 41 “Nuv‘fn))

. for N=1,23....., (n—1).
Applying boundary condition (IIT) (b) we get Lo -
Ay Jys {”N “N+1) } Iare ("n &y ) + By Ysp {”N aN(N-{-I)} Js/z( . a,,v) —
'"-BN[ Ysl?{ "'N+1' “N(N+1)} Jslzi( Vy Gy ) - Js/_zf{ YN+ “N(N+l)} Yy ( Yo % ) ] =0
‘ s , o

If we ehmmate the constants from equatxons 8)& (9) after puttmg N=n—1 and using equatlon (6)
we get ,

. D
A . .Bn . . An——l s
JSIB ( v, @, ) DB“ . : : .
D : . L . e
B _ Bn 'B'rl/—l
n—1 () o - ay
JBIB ( vy @, ) DB,; . ‘ .
- . ; (n—1) , o (n—=1)
DA»——I = [P Y3/2 ( Vp—1- -a(n—-l)n)[ Qn . JS/E( Vo Oy ) *—P” Ys/z ( Ya an )] -

) [ ' ' : .
T Qn~1 [ Ya/z ( Ya "”(n~1)n), J3e ( Yn '“n) —Jya ( Yn a(n-—_l)n )Ys/a ( v, . @, )]
DBn-Ql h P”_l[ Yo ( Vn “(n~l)n) o ( "n )“Jale( Vn, “(n—j)n) Yo ( V. @, )J_
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§ (n—1) R ) I S |
F’"—I Jsiz( VN1 a(”f-l)n )[ Qn Ja/a( Va an)”Pn ' VYa/z ( Vo )]
W N oy
DB =Py Yy ( Va—1 “(»—1)1;) “Qn—-l Js/a( Vn—1 a’(n—-l)n)

Bubstituting N= n—2 and using (9) and (10) from equations (7) & (8), we obtain

. n, . -
. B, . A, o : a
A"i"2 = l n (n—1) ' ('12)
” JS/Z/( Y an) ?Bn D.Bn
- . B, ~ | .
Bia = N\ r 1 Po,_y - (3)
J,,,( v, an)DBn Dy |
where . )
. - w1 ' o (n—2) - ~
LPAn—z = ey ( n—3 a”"g)(”“”) [P““‘ DA ot

(n—1)

) +Qn—-l B, ]“Qn——z[ Jsm( Vp—1 a(;n.—z)(n...l)) DA(;_'” + - f,\y

+Y3/2( vn—]. a(n—g)(n~1) ) DB(‘n—-'l) ]

*

=) : ‘ |
DB . é?ﬂ—z [ J3I3{ Vn,-—:l a(”_'_z)(ni__l)} DA”__I +

n—2

. . H’ - "
+‘sz} n—1 a(n——2)(n—-l)} Dy _, ] - ”:_: Jsmﬁr Yn—2 a(n--2)(n-—’})}'

n—2) " n—2) '
’}[Pn——l DAnP +Qn—l B, __1]

n—1 - '(n—l) ‘ o ‘
D.B [Pn—-2 YS/&{ Vp—2 ’a(n—"-‘?-)("‘—'l)}_ -

n
(n—1) :
—Wy—2 Jm{ n—2 “(n‘—z)(n-l)}]

Prooeedmgs in this manner, we get

f

N D

, . 5, D, .
) ' b W =D _(n—2) @ (14
Tya ( % *) D5 Dy P
- oL T - . i D ‘
B, =" ' o Bn. By : o ’ - (15)
2 i W (n—1) @ S
Js’ﬁ ( ‘\v” a‘“n) -DB” - DB” e o e s u DBn . i
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N ~() ) -
b = () [ o 2 ]
+ @, [J?/'g(vsan)lea + Ys/e( Vg (a3 )_DBa ]
(3 o :
D)?. __p [Jm( vaa23)DA’ + Y&L?(_ vshzs)DB' -]__,

—_— . o @ -
- Es_Js,_z(vaam),\[Pz, D, +¢ DB.]

] 4
Substituti(ng N=1 and using equations (14), (15) and (6), we get, S
By = S::Zz f]slz ( v a,.) Dg': D(B"nf_l)"f ..... e . Dg: Dj:: ‘
/ 4; = S:;ZS D,
where

o L@ @ 1
E='[Ja/2 (va 210) DA, +Y3/2J("2“1a) DB ][ P, Ql Qg Pl_]"‘

(1) (1
J__—EI*L[P2 ~DA’+Q2 Dy ][Qle/g(Vlalz)'—’Pl s/z("lan)]
’ o ) mi - B
DA1 = % Yy o ('ﬁ“lz) [DA’ P, + DB, Q2 ] — @ [ Jos ("’2011) DA:
+ Y ("2 “12) DB, ]
2)

Yy Py [ As Jsi2 (Vz“lz) + DB Yslz‘(”z“lz)] ‘—ﬁ Jasa (Viam)

(D (l) -
[DA,'Pz + Dp, Qz ]

D,

where, again
' Py = Jya(v101) ~ v a3 Jyya (@)
; QL= Yya(vya1) —vimy Yyp (n 1)
Thus we can determine the displacement and the stresses at different layers.

The displacements are measured as :

S

'9013/2 | L ' .
- . L M= 7 r“i[ D, 4, Iz (vlf)‘-{- Dy Yq/2 (ylr)] sl
C o S (@) \ ,
wy =280 D" 1=3[ D, a4 + Dy, Yaps ) | &
_ Sapr @ ®) W C D,y :
Bt =0 Dp Dy Dy oo ... Dy D, Jus{ at ) +
R T A B (16)
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The stresses at the boundaries of each layers are : :
—~ C opg @ a3 8T " ’ .
) (M)r=a12 = _F'-l. Dan W E DA,, AJslz(Va ) = vy @iz J3e (Vs\am)‘ 4 -

+ D_B, {»jyélzl(“s G3) - va @13 ¥y/a (vs %), }] eint

— B, 1 a32 - .8 _(2 3 -  (n—1)
r SR S st S — D, D,......D
( )r = Yn—2)(n—1) By st B T8, Bn‘ B, .

% n—2)(n—1)

: [DAn_l { Jsla ( Yin—1) "(,._2)(,,__1)) T Va1 Yn—2)(n—1) Js{z( Yn—1 - Yn—2)(n--1) )} +

+ DBn‘—l{ Yy, ( ”(ﬂ-‘—l) ‘a(n——2)(n——1)) Va1 a(n;z)(@;1) -Y51’2( Yin—1) ‘a(n;2)(ﬁ:;l) )}] e‘?t .
C o . \ amn -

. DISCUSSION

When the frequency equation (7) does not tally in adjacent layers, rupture would develop. The other
mathematical deductions bring out the point that if there are a large number of flow layers so that elastic
vibrational -energy is dissipated away and becomes negligible at the top surface, it is possible to calculate
at -different layers from equations (16) and (17) the displacements and the stresses respectively generated
by an enclosed explosion at the base of the layers. : ) S

ACKNOWLEDGEMENT

. Thanks, are 'due to the University Grants Commission, New Delhi, for financially ‘supporting the
research. Thanks are also due to Dr. A. K. Sen Gupta Department of Mathematics, Jadavpur University,
Calcutta for his valuable suggestions in this work and to the Head of the Department of Geological Sciences,
Jadavpur University for the offer of necesgary laboratory facilities. - v "

S e REFERENCE

1. Lovin, A.EH., ‘A treatise on the Mathemadtical Theory of Elasticity, (Dover Publications), 1926, p. 90, .

188



