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FORWARD

This is a progress report for part of works performed for
contract No. NAS8-11155 under the phase of analytic study of a
cantilever conical shell subjected to wind and thermal loads.

Most of the results given in this report were given in a
Technical Report* submitted previously, However, the results
have been checked further by a somewhat different approach from
the one used in that report. Some corrections are made. Thus
this report may be regarded as the final one for the phase of the
analysis of a cantilever conical shell subjected to lateral
normal loads. For completeness the entire problem and basic equa-

tions are briefed.

*"An Asymptotic Solution For Conical Shells of Linearly
Varying Thickness', by C. H, Chang, Technical Report C submitted
to George C. Marshall Space Flight Center, NASA for Contract
No. NAS8-5168 by Bureau of Engineering Research, University of
Alabama, March 1964,
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ABSTRACT B854/ /

The basic equations of conical shells of linearly varying
thickness and an approach to the homogeneous solutions were given
in "Stresses in Shells" by W. Flugge. The homogeneous solutions
were hinged on an eighth degree characteristic equation., In this
report, along the line of the theory, the characteristic equation
is given in a different form, and a method of solving the equation
is also presented., When let the ratio of the end thickness to
total length approach zero asymptotically, it is found that the
solution consists of two parts: membrance and bending. The two
parts are coupled by the lateral displacement. The particular
solutions due to lateral normal loads are also given along with

a numerical example of a truncated semi-circular cone.

*Associate Professor of Engineering Mechanics, University
of Alabama



Introduction

The theory of conical shell of linearly varying thickness
in the framework of generalized plane stresses of linear theory
of elasticity along with a general approach of solving the basic
equations has been given in Reference [1]1. The three homogeneous
equilibrium equations in terms of three displacement components
were solved by the classic method.of separation of variables; in
turn the solutions were hinged on an eighth degree characteristic
equation.

The basic equations may be regarded as the results of series
expansion of the stresses and displacements in a parameter k
which depends on the ratio of the thickness to length, and only
the terms of zero and first order of k are retained. Along this
line, in this paper the characteristic equation is presented in
a different form and is solved by a method being approximate but
consistent with the theory.

Of the eight roots of the equation, four are real and the
other four are complex. When let the parameter k approach zero
asymptotically it is found that the solution of the real roots is
of membrane theory while that of the complex roots is of bending
effect. A general asymptotical solution is given including eight
undetermined constants.

Generally there would be no difficulties in obtaining the
particular solutions of the system due to lateral normal loads. When

the load is uniformly distributed along meridians, the solution,

INumbers in brackets designate referencés at end of paper



however, is near a singularity of the system, It is at a singularity
for the asymptotical solution. The particular solution of a such
case is given,

As an example for illustration, a semi-circular truncated
cone which has two generators simply supported with the smaller
circular end fixed and the other end free is given., It is shown
that the bending effects confine in the neighborhood of the clamped

edge as it would be expected.

Basic Equations

Let ©, s be circumferential and meridional coordinates of
the middle surface of an isotropic conical cone and u, v, w, be
circumferential, meridional and normal displacement components
respectively. Outward w 1is positive, When the thickness of shell
h is proportional to s and independent to O, one has

h = 8s (1)

where & 1is a constant which for thin shells is very small, The
elastic law assumes the following relationships between the stress
resul tants and displacement components.2

N_=4[sv: + v (u' sec a + v + w tan a)-k s?w’"tan a]
=
N9=J0[u'seca+v+wtana+vsv'

+ k(v tan @ + w tan® a + w" sec? a + sw' ) tan a]

N =J91—§—3 [su” - u + v' sec a

sw” + w’
sin a sin a

+k (su” - u -~ ) tan? a]

(2)

2Further details see Reference [1]



_ 1 - v . ,
NQS-.)O2 [su* - u+ v' sec a

sw'' w'
— ) tan? a
sin ¢ sin a

+ k (v' sec a +

Ms = Pks[s?w"" - sv' tan a + v (w" sec?® a + sw® - u' sec a tan a)]

My =0ks[w" sec? a + sw' +w tan? a + v tan a * ys2w’ |

Mse

k(1 - v) s[(sw'” - w') sec a - (su” - u) tan a]

1

MOs Pl - v) sf(sw'! - w' + 5 V' tan a) sec a - -;- (su” - u, tan a)

in which Ns vy MGs are stress resultants and stress moments
per unit length. The dots indicate partial differentiation with
respect to s and primes with respect to 0; a is the complement

of the half central angle of the cone,

(o]
[V

(3)

. __Eb -
40-1—_\77 and k—l

N

where E 1is Young's modulas of elasticity and v Poisson's ratio.

The six equations of equilibrium may be given in the following

forms:
* ' = -
(SNS) + N 0s Sec @ - Ng Pss
‘ ' + - = -
(stg) + N g Sec a NQS QO tan a Pgs
+ ! '
Ng tan a + Q g Sec a + (st) PIs
4)
o+ ' - =
(SMs) M gs S€C ¢ Mg st
* ! + =
(SMSQ) + M 5 sec @ Mgs ng
s(Nes - ng) = MQs tan a

where Qs and Qg are the transverse shear forces per unit

length and acting on sections perpendicular to the s and 0




directions; .Pr, Ps and Pg are surface loads per unit area

in normal, meridional and circumferential directions respectively.

Dropping the last one of equations (4) which is an identity
and making use of the fourth and fifth of equations (4) to eliminate
the transverse shearing forces QS and Qg in the other three

equations, one has the three equations of equilibrium of the forms:

8(8N38 + SN9 sec a + S NOs - (sMsg) tan a
] _ _‘, = - 2
Mgs tan a M 0 tan a sec a PQS
(5)
s * 4+ ' - = o 8
( Ns) Nos sec @ N0 Ps

e 4 ] . 13 .
sNG tan a + s(sMS) (sM sg) sec a + (sM OS) sec a

+ M " 2 g-8M." =P 82
o, sec s .

Substitution of elastic law (2) for equations (5) results
in the following equations of equilibrium in terms of the displace-

ments?

1 ; Ys2u®* + u"sec2a + (1 -~ v)su® - (1 - v)u + 1 ; Ysv'*seca

+ (2 - v)v'seca + w'tanaseca + k[g(l - v)s2u’ " tana

+ 3(1 - v)su'tana - 3(1 - v)u tana - 3 ; Ys2w'"seca
PQS
- 3(1 - v)sw' seca + 3(1 - v)w'secaltana = - ——
L (6)
1+ 3 P -
E 2 Ysu''seca - 5(1 - v)u'seca + s3v'" + L 3 Yisec2a

+ 28v° - (1 - v)v + vsw tana - (1 - v)wtana

- o -V .
+ k[l—a—lv"tanasecza - vtana - s3w" " + L 5 sw'' sec?q
3 \Y Pss
- 32w - ——3-—w"sec2a - sw' - wtan2a]tana = - ol



. -V
[u'seca + vsv' + v + wtana]tana + k[- 3 2 s2u

to e

seca

. 1l - v

(3 + v)su'"seca *+ (3 - 5v)u'seca - s3v™" + 3 sv'' sec2a

6s2v"" + (2 - vIv''sec?a - 7sv" - v(l - tan2a)]tana

b .o Iv o .
k[shw ® + 282w’ '""sec2a + w 'secta + 88w + Lsw''" sec2a

+

+

(11 + 3v)s?w" " + 2w'tan?asec2?a - (5 - 6v)w''sec?a
Prs

2(1 - 3v)sw - w(l - tan2a)tan2a] =

Consider a segment of cone being bounded by © = 0 and 6,

and s =L, and L, L, <L, For convenience, a nondimensional variable

y 1is introduced such that

= |8
y L (7
On the observations over equations (6), the displacement

fuctions may be assumed in the forms:

u=A )\n -1 sin nno

nY cos g

A -1 co8 nno
V=B.nyl'l ‘sin—a-; (8)

- cy'n -1 cos nn@

w= by sin 7@,

!

in which An, Bn’ Cn and Xn are constants to be determined.,

Physically speaking the upper set of the sinusoidal functions in

(8) is for a complete cone (0; = 2r) while the lower one is for a

(9)

The reactions along the two generator edges are given by

S =Q +M -
e 0 os at 0 =0 and 9, (10)



The S9 is transverse shearing force at a section perpendicular
to the @ direction. The shearing force Qe may be obtained from
equations (4). In what follows the case in which only the lateral

normal load appears is considered.3 Thus

Pg = Ps =0
P = cos 7@
and let e NS 2 sin O, (11)

Substitution of the assumed displacements and loading functions
into equations (6) yields

di18n * dppB) 450 = 0

o8 * dgaBy * 933G, = 0
= L 3 - \n
Intn * 980 T 933G = PP (VY (12)
where
4, = +52a + ktan2a)(9 - A2) + w2
1
d12 = + H[(7 - 5v) + (1 + v)xn]m
d .= 201 + 5309 - 11v) + 8w - (3 - v 2ntana
dy, = T(1 =2A2) + (1 - v)(1 +3u?) + k tan?a(l + 15-Yu2)
22° & 2 2
1 (13)
d23 = Etana[(z - V) - V4]
- %ktana[(l - 8tan2a + 2(7 - 3v)m2?)
]
- (3 + 201 - v)mz)kn + 3\ - AZ]
d33 = tan2q + %gw[CIS - 12v) - 16 (1 - tan2a)tan?a

+ 8(11 - 12v -~ b4tan®a)m® + 16mu

- - 23\1 2 4
2(7-6v + Lm )xn + xn]

3When the other loads exist, one may follow a similar procedure
and by superposition to get the appropriate solution,



and in which

_ nn
m = = secq

9, (14)
The expressions for d21’ d31, d32 are obtained by replacing kn
with —Xn in d12, 613, d23, respectively., The plus and minus

signs which appear in front of one term correspond to the upper
and lower set of sinusoidal functions henceforth,.
In order to have non-trivial homogeneous solutions of the
system of equations (12), the determinant of the coefficients
must vanish. This results in an eight degree characteristic equation
Afor Xn' Neglecting the terms of second and higher power of k
as it has been done in the derivation of elastic law (2) yields
the characteristic equation in the following form:

4 2 8 6 4 2 L
G[Xn - 10.)\n +9] + k [Xn - gskn + guxn - gzxn * gg]= 0

(15)
in which

G = 16(1 - v2?)tanZ?a

P 4(7 - 4v) - 8ytanZa + 16m?

g, 2[127 - 136v + 24v?

- 4(8 + 3v)tan?a + 8(4 - 3v2)tanua]
+ 16{(17 - 12v) - 6tan2al m2 - 96mu
g, = 4[203 - 316v + 120v?

- 2(80 ~ 61v)tan2a + 4O(4 - 3v2)tan4a]

4 Frs9 70\ h(1 2 TN Y
* L 1L — I1&V/ T TT\Niw RV R

fo)
[}
7N

+ 8(2 - v)tanua] m?
6

+

64[(13 - 12v) - 2(4 - v)tan2a] mu + 256m



g = 9f(13 - 12v)(5 - 4v) - 8(8 ~ 7v)tan2a + 16(4 - 3v2)tanua]

+ 16[(215 -~ 412v + 192v2) + 2(89 - 172v + 96v?)tan3a
+ 40(2 - v)tanua] m2
- 32[(81 - 184v + 96v2) + 4(16 - 13v)tan2a - 8tanua] mH

8
+ 256[(3 - 4v) - 2tan?a] m6 + 256m

In view of the approximation made in the derivation of equation

(15), the following approximate method is suggested for this equation.
Introducing

2 - +
Kn xno kXnl _ (17)

into equation (15) results in a sequence of equations associated
with the various powers of k. The equations associated with the

two lowest powers of k are

> -108 +9=0
no

no
and
X* g xS o+ g X2 - g X g+ 26(X_ -5)X, =0
no 6 no 4 no 2 no 0 no nl
from which
\
X =1 and 9 (18) |
no i
4 3 2
X = . Xno B g6Xno * &0 ” g2Xno T &g
nl 2G(Xno -~ 5) (19)
Th has t ts of A2 which are denoted by A_2 and A2
us, one has two roots o N ich are denoted by A and )\,
1 - + - +
N T S T
nl - 8G
(20)
4 3 2
xﬁz =9 -k 298 * 978, - 98 * g
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Substituting them into equation (15) yields a quadratic equation

of X: which gives

1 N 2 2
308 - M2 ~ M)

>
]

i+

X2 x2 k L6 n2 nl

ij 1 (go+29>-l<g a2 a2y
nl n2 (21)

Hence the eight roots of kn group into two, four each. One group

is of real numbers; the other is of complex numbers.

The next step, as a rountine, is to solve for An and Bn

in terms of Cn for each root of Xn from any two of the homogeneous

equations of equations (12). The eight constants C, shall be

determined by eight conditions at y f[%z and 1. The boundary
conditions along the generator edges are satisfied by the choice
of sinusoidal functions of the angle 6. At the two circular
edges one has the following four boundary conditions at each edge.
For a build-in edge:

u=0, v=0, w=0andw =0 (22)

For a free edge:

N =0, M =0, S =0and T =0 (23)
s 8 8 s
where
1
S =N 4+ = M' son
“s T ¥ T 5 Te0%%"
Mgg
Ts = ng - —;—tana (24)

being transverse and tangential shearing forces at sections per-
pendicular to the s-direction respectively, The shearing

force QS can be obtained from equations (4), For a simply
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supported edge:

w =0, M =0 N =20 or v=020

and

Asymptotic Solutions
As the parameter k approaches zero, the two groups of roots

Xn reach at the following asymptotic values:

= + =
Ay *1, Ag = 2 3
2 I (26)
Ag = p(1i), A, =-p(12i)
6 8 27
where
1
JERT P
=568l (28)
The subseript n has been and henceforth will be dropped for sim-
plicity.
When the first group of X\, Xi (i=1, 2, 3, and 4) is
substituted into the first two equations (12) to eliminate A,
and Bi’ and keeping the leading terms only solutions (8) assume
the following forms:
C C C
I_ - 1 2 1 3 .,
= +
u * mtana.{mz -1 TaE o 2(1 - v)y2 m2 y
4 + 4y - m2 G s NUe
* Sy — _ﬁ} sin 32
m2(7 2v n2) y*{ cos 01 (29)
2
vl = tana - 2 L >C: 1 tcos iiie
-1 wm-2(1 -Wy: m-o7+2vy J sin 9,
I - "2 2 -L" cos nTIQ
LR Rt G AR A =~ )
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When the second grogp of 1, ‘Xj, (j=5,6,7, and 8) is
used, following the similar procedure, and using some identities
to convert the complex expressions into real, one obtains the
folléwing solutions:

bt 11
uII =+ 2(2 + v)mtanaégy {yp[cscos(plny) - Cg sin(plny)]

- y-p[cscos(plny) - C7sin(peny)]} sin nUo

, cos 91
it o vtanaly_l{ prC - C.)cos(plny) + (C. + C)sin(psny)]
P > 6 > 6 (30)
-y Ple, + cgdeosplpy) - (C, - Cg) sin(plny)l} cos e
o 1

Ay

wil = Y—l {yp[Cscos(plny) + C6sin(plny)]

-P i ; cos RO
+y [C7cos(plny) + CSSLn(plhy)]} Sin 91

It is noted that the solutions of the first group are simply
that of membrane theory.

Based on solutions (29) and (30) one may establish the orders

. 4
of magnitude of the displacement components

(31)

I I . .
Due to u’, vI and w , the magnitudes of the corresponding

stresses N_I, N,,I and NAE obtained by use of relations (2) are
3 o g8

also of the order of (%O) and the moments are of (53) and higher.

The order properties of the stresses due to u;I, VII and wII are

not quite obvious and will be examined as follows,

uIt is assumed as usual that the parameter m defined by (14) is limited
to small values such that the differentiation with respect to the 0
does not affect the order of magnitude,
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- Changing the variable s to y according to (7) and then to

7 such that

_ P
Y EY (32)

and neglecting the terms which are of the order of -:—)3 and higher,
the stress-displacement relations (2) assume the following forms:

seca + v + w tana)]

1
N =0[5p7v),( + v(u,g
Ng =J0[(u,gseccc + v + w tana) + -;-vp'r(v,,!]

= = pl=vrl -
Nog = Ngg = 0 [zp'qu,,( u + v,Qseca]

- 1 2ry2 -1 L 21
M, =4) kL {Ep (1 Vg * (1 p)7w,,(] - P{Yq 7PV tana
1
2 < -
+ v(w,ogsec o+ 5P Wy u,esecatana)} (33
1
Mg =JQkL[w,_ggsec2a + Ep'r(w,,,, + wtan2a + vtana

+ %{pz[f(?w,” * Q- %)7 Wl - przw,,(}]

- 1 - -1
Mg =0k(1 - v)L[zm(w,'(Qseca w, gseca 3P7Un tana

+ utana]
M =QKL(1 - v)[lp W, .Secd - W, .secd - -l-p u,, tana
0s L3P g '9 wP T Yoy

1
3 Vi gtana seca]

1
+ - +
2u tana
where a subscript preceded by a comma represents the appropriate

derivative,

When the displacements

u=uII'-1- (1]
02
Y % S §
vV =v —pV (34)
w = II___w
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are substituted into relationships (33) and only the terms with the
lowest order of (%) are retained the following relationships are

obtained
11 1 i
= — +
Ns ﬂ[zﬂv,ﬂ v W tana]

IT _ 1
Ng =J0[W tana + 3V V,,7 ]

II _ II _,1 - v 1.1
N = Ngg =d—5— 5 [270,7 + V,gseca]

MSII =011 - vz)tanzc%-z [qzw,,,7 +>(w,,( ]
(35)
1T _ 11
M9 = \)Ms

M = )2L(1 - v)tanzc%gq W seca

s0 X

in which the relation

_ 4
k = -F;E (1 - v2) tan2a (36)

obtained from expression (28) has been used.

I
Note that the normal stresses NS I and NgIIare of the same

order as that of NsI and NQI. It can be shown, however, that

NI

0 and NsII vanish identically. When only the terms of the

lowest order of (%;) are retained, one has

N. =N s, N, =N =N (37)

II

M, =M

N -
o

M = M7, M, M,\II’M_,\
s 8 - o L] So

~n
Qv

By the similar comparison of order property one can show that

the transverse and tangential shearing forces defined by equations
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(10) and (24) are

e e s s '’ s s s0 (38)
Thus the two sets of solution, membrane and bending are coupled
by the lateral deflection w; otherwise, they would be separable.
In view of equations (37), (38) and (34), and when solutions
(29) and (30) are used, the stresses and moments may be given in

the following final explicit forms:

C 3C
= : 2 -2 B % cos nné
Ns = - 2ES tana [m2 - 201 - vz)y ¥ mz - 7 + 2v° ] sin 91
_ -1 4P .
N9 = ESy tanaly [Cscos(pfny) + CGSLn(plny)]
-p . cos nno
+y [C7cos(plhy) + Cssln(plny)]} sin 0
- s 6tana -4 in nma
= = E Sin =2
NsQ Ts + =0 {m(m2 -7+ 2v) Cyy } cos 6,
M = 2ES

s = 57 tan2a Ly<{yp[C6cos(p[ny) - Cssin(plny)]

-p . ain( ) cos nUe
+y - Cscos(péﬁy) + C751n(p ny)]j sin gl

M, = wM
s

8¢ = N 35% m(2 - v)tanzay—l{ y?[c6eos(plny) - Cssin(p[ny)]

o ‘ . i sin Due
+y [- ¢C cos(pfny) + (:75“'1’1(peny)-I } cég —6—

8 1 (39)

. Eb 2001 L Pre - _ .
Ss == tan?ay {y [¢ C5 + C6)cos(plny) (C5 + Cﬁ)s1n(pZny)]

~P B . cos nne
+y [(C7+ Cs)cos(p[ny) (c, + CS)SLn(p[ny)l}sin -EI
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and
w _ awl!
Js s
1

-3
1Py {ypKCS + C6)cos(p[ny) - (Cg - C6)sin(plny)]

-y P [(C7 - Cglcos(plny) + (c, + Cs)sin(p(ny)]} cos RTO

sin 01
Particular Solutions due to Lateral Normal Loads
Let the lateral normal load given by(ll) be confined in a
form
= P, 2P
Pn(y) = a L7y (40)
i.e,
=g &
P(8)=2as
where a_  and Pp are prescribed,
One may assume a set of particular solution in the similar
form as given by expressions (8) except Xn, in this case Xn
shall be replaced by
A* = 2B + 3 (41)

a known number., Then the particular solutions are readily obtained
by solving the three algebraic equations (12) simultaneously
provided that A* is none of the roots of the determinant. However,
in one of the most common loadings the load is uniformly distributed
along meridians, B = 0 hence A* = 3 which is one of the roots
at the asymptotic case, In the case such as this the approach

needs to be modified. 1In what follows the particular solution

due to this kind of uniform load is given.
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. Since in this case \A* 1isg a finite constant when the parameter
k approaches zero,the corresponding particular solution may be
obtained from the equations of membrane theory of the system.

Setting k = 0 and having the independent variable s trans-
formed to vy, equations (6) reduce to the following equations

i of equilibrium of membrane theory with a lateral load Pr:

1"'\)2 1+V 2
5 ly LT + 3yu,y - 8ul] + m yu,gyseca * u, ggsec?a

+ (2 - v)v,gseca + w, jsecc tana = 0

(b2)
1 + v 3 1 3
——— - - + =y2 2
8 yu,gyseca 2(1 v)u,gseca o4 V’yy + 4yv,y
+ l----'-'—-‘-)v sec?a - (1 - v)v + lvyw tana - (1 - v)wtana = 0
2 ’Q0 2 'y
u, ,seca * lvyv + v + wtana = 2P y2
’e 2 'y dr
where
Pt e, 50855
1 (43)
Let the particular solutions of equations (42) be assumed
as below:
P _ - 2 sin nmo
| u = (+ dl + dzlny)y cos ~3;
|
W= (o + by tayy? 598 B8
1 (u4)
wP = e, (1 + /ny)y? €08 i
1 YY" sin o)
in which dl’ d2’ bl’ D2 and el are constants tc be determined.

When these assumed solutions are substituted into equations (42)

and after the sinusoidal functions and y2 are cancelled, one will
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have three equations in the following fashion.

Lo L 8
tana @ 03 (45)

f¢[ny + h¢

where the subscript ¢ ( 1, 2, 3) indicates the three equations
of (42) respectively, f¢ and h¢ are expressions of the physical

and to-be-determined constants, and § is the Kronecker delta.
¢3

By making the coefficients of both sides of equations (45) equal,
there are two sets of algebraic equations; each contains three

equations that

£p = © (46)
=2n L
hd) tana g 5¢3 (47)

There are, however, only two of equations (46) that are independent
because A* = 3 is one of the roots of the determinant, Thus
the five constants may be determined by the five independent

equations of (46) and (47). The results are

P_“ an LE 1 r 4 -y 2
T E63{m [2m' - 3(5 - v)m2 - 3(1 + V)]

- gin nuoé
. (m2 -7+ 2v)£ny}y2 cég <

1 (48)
P a L 1 5 nne
= i Sl L - _ 212 cos LUY
v tana ES 6 (32 2v) w?]y sin 01
P

~ YanZa 5 3 ° [w2 - 7 + 2v]Q + 4ny) sin —5;

When these displacements are substituted into the expressions (2)
with k = 0 the corresponding stresses are

a
y F= 2ol {% (3 - m2)y?

s tana
v LEPNPE + cos nné
i 2 (m 7 +2v) (1 ¢ l)lny} cin © (49)

1



P _ apl. . 2 1 m2 2 + cos n1G
NQ ® Yana Ly + T2 2—(m -7+ 2v)(1 T 1) [ny] oS -—5-1-
oo m_y” 2 " 247 sin nne
Neo ~ Tana 1201 +5) @ -7 *+2v) 4+ (3 - 6v - w?)] 210 =

These particular solutions combined with those given by solutions

(29) (30) and (39) constitute the complete solutions,

An Example
For purpose of illustration, take a truncated semi~circular
cone with the two generators simply supported. Thus the lower set
of solutions (29) (30) (39), (48) and (49) are to be used. Let
it be clamped at the smaller end at s = L, and free at the other

1

end where s = L so that

u=v=w-=-= I 0 at y }L (50)

N =T =M =8 _=0 aty=1
8 8 s 8

By making use of the first two in each of the foregoing two

sets of boundary conditions, constants Cﬁ, C2, 03 and Cu can be

determined; then the other four constants can be determined by the
remaining four boundary conditions.

The lateral normal loads are also known as wind loads, Usually
there are two types of such loads: symmetrical and non-symmetrical,
Since the asymptotic solutions hold for small values of n only,
two cases of n =1 and n = 2 are considered,

Let

[
o
n
4]
Hh
Q
al
o]
It
—

(51)
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that
Pr = p sind@

represent a symmetrical load. For

an = §f§ P forn=1
=2~ =
= 543 P for n = 2
=0 for n > 2
that
Pr = g/ﬁqp(sing + % sin 20) (52)
represents a non-symmetrical load. These two types of loads are
depicted in Fig., 1.
For numerical computations the following values are assumed
o= 75, = %, = = 0.90 (53)

. . t . o ,
Considering R as & parameter where R is the principle radius

; ; t .
at a section of thickness t, thus & = R €osd, the eight roots

of A computed from expressions (20) (21) and expressions (26) (27)

for asymptotic values are listed in Table 1.

Table 1, The Values of A\

v [ 3 - “lebies
0.004 +0.999999 +1.0523 +1
a [ 0.006 | wosseee7 | mame |
0.008 +0.999995 +1.1955 +1
0.004 +3.00003 +2.9851 +3
A3 | 0.006 +3.00007 $2.9663 +3
0.008 +3.00013 +2.9397 7 +3
0.004 | +153,27(1.0027%i) | #152.75(1.0099%i) | #153.48(1*i)
As7 L 9.006 #125.09(1.0035+i) | *124,51(1.0149%i) | 2125,32(1¢i)
0.008 1108.28(1.0045%i) | *107.77(1.0198%i) | %108.53(1%i)
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It is evident that as thgse roots are concerned for this case,
the asymptotic results are quite satisfactory for practical use;

The asymptotic solutions of displacements, stresses and
moments computed from expressions (29) (30), (39) combined with
(48) and (49) may be given in the form:

Fn (y,0) = fn(y) 3%2 gﬂg n=1and 2 (54)
1

in which the function fn(y) are presented in Figs. (2) to (11).

Closing Remarks

There are a number of approaches for solutions of shells of
revolution available. A recent one was presented by Kalnins [2]
by treating the system of equations as a series of initial-value
problems, A comprehensive list of literature was also available
there. Conical shells subjected to edge loads was studied by
Clark and Garibotti [3] by using of edge effect approach.
The present solutions are in explicit forms and readily to be
used for practical purpose; the asymptotic solutions are exact
and applicable to conical shells

1
[11_2 (% coso[)n]zi <<1,
When the above parameter is very small the solutions may be
useful for conical shells whether of linearly varying thickness
or of constant thickness such as those given in the example.

In the given example the bending effects diminish rapidly

from the clamped edge as this is known as edge effect or boundary

layer phenomenon. The moments and shearing forces due to the
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bending effect are of higher order as compared to the membrane
stresses. However the membrane stress Ng induced by the bending
effect is of the same order as the other membrane stresses. Thus
solutions of the membrane theory alone not only make the solutions

incompatiable but also make some errors not negligible in the

membrane stress NG'
al

The deflection particularly the later\normal component at the

free end in the given example is comparatively large to the thick-

ness. For such large displacement, the theory is applicable provided

the shell is not overstrained [4;. Thus the strain at the fixed

end control the validity of the results.
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