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1. Introduction

The shells without bending stress usually are used in practice. The problems for determination
of the forms of these shells when external loads are given, have been Investigated in many works
[, 2.

In reality, these problems are inverse mathematical problems and for some simple cases of
loading, analytical and numerical solutions are derived in (3, 4].

In this paper we consider the shell subjected to hydrostatic pressure and axially symmetrical
load, which is parallel to axis of revolution. The differential equations for determination of meridian
forms of the shell are obtained. Analytical and numerical solution of these equations are presented.
The forms of the shell are shown by program written by FTN77 on PC.

These problems are solved according to geometrical linear theory of the shell.

2. Equations of linear membrane theory for shells of revolution under axially-
symmetrical loading

The equation of equilibrium for a shell of revolution in an axisymmetric membrane state of

stress are [5]:
dT, sinf

+ (T, = Ty)— = -X,
ds r . (2.1)
E S Tﬁ =2
.R]_ R2 - !

where T}, T,, - stress resultants; X, Z - the surface load components; R, R; - radius of curvatures
of middle surface; r - radius of the hoop circle; § - angle of the meridian and axis z.

If n = secf then solution of (2.1) will be written [1}:

T, =%—[frr(z+ %)dr+0]n,.

o
_ r X dn
T.=rmZ+ l;fr(z-{- _ﬂz——-—i)dr-'-c]; .
: 0

Note that C may be found from loading in boundary of the shell. If @ is axially symmetrical load,
which is parallel to axis of revolution at r = ry then

(2.2)

C =T,{ro) X rg X cosng = —Q X ry.
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From the condition of zero bending stresses, the curvature change is equal to zero, we have

X-s=_i(il£“ u)——-'U,

ds\ds R
sinf rdw u
= (F-m) -0
h .
ernce d_ui i e
ds RI -
Substituting this relation into the compatibility deformation equation (5]
r% —(ep — &,)sinf — (‘z—l-: - -Ril) cos§ =0,

we obtain the condition of zero bending streases in the form

rdsl e e_.,)d— =0=
ds .
(2.3)
d(rs,)
dr *
The deformation components can be expressed by stress resultants
o 5 . (T, —vT,)
3 = G lds —Vip),
Eh (2.4)

1
S = E(TP - vTy),

where E - the Young’s modulus, v - the poisson’s ratio and A - the thickness of the shell.

3. Integro-differential equation for determination of shell forms

Substituting (2.4) and (2.2} into (2.3) we obtain integro-differential equation for determination
of shell forms: '

o[ [ ofgs X i
r[/r(Z+m)dr+C]dr2+

To

dr

[ e i) oo B

ro

r"‘z(z- %’" +v) +f [r(Z-l— m?)f__l)dmc] (iii',,_ 1)—
d[fr r(Z+ :%{)drﬂ- C’]

dZ
322 =
rv ‘ T +r dr]ﬂ 0. (3.1)

If the thickness of the shell changes on rule



where rg and hg are respectively the values of r and h at r = ry, and n is real. The loading consists
of hydrostatic pressure and loads parallel to axis z at the boundary of the shells {5]:

Xeo 2mdfi-3) =

r—r

)1 C = _QTO,

rg=—-r;

"where ¢ - pressufe at the bottom of the shell, s - coordinate of the any point of the meridian, L -
the length of the shell meridian. If p is axial load at the beundary r = ry. then from equilibrium
condition we have relation

2rryQ = 2nryp = ~xrig >
C=-rQ=—pr1 = qr§/2.

The basic equation (3.1) then reduces to:

r f(f) +r9(f) +k(r)n =0, (3.2)
where
3 2 2
__9 (7 1, nm
f{r)"ro—rl(s 1273 2)+C’
r3 rP o ory nrg 2({ TN
(f‘) [f‘g-ﬂ-rl (—3'—7'1?—'?‘1‘ )+C‘](1-—n]+2qr (TO—T],)’

2

3 3 3
af T— r r Ta 1"1?'0 4
k(r) =g (To—Tl)( n)+ (o —1) ro—ri\8 23 T2 )+C Ta—n

The equation (3.2} is differential equation of Fock type with regularity point r = 0.
If d = py — p; is not natural, solution is found in the form:
(=] =]
Ny = rf Z Cirt, ne = rf2 Z cirt, (3.3)
=0 {=0

p1 and py are solutions of the characteristic equation:
plp —1)£(0) + pg(0) + £{0) =0,
where .
2 3
riry _ !’2
f(ﬂ) ?"0—1’1( 2 3)+G’
g(0} = (1 - n)£(0),
(0) = (v — 1)1(0),

P12 = g[n VAP = aG—1)].

The coefficients C; in the (3.3) are determined by substituting (3.3} into (3.2) and giving zero
coefficient with the same degree r*, we have .

Cg=1, Cl=0,

- rig
% O )
14 g :
Crm = f(O [ m— 2?‘7'_1) _Cm—3m] with m > 3.
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Joefficients in the series (3.3) then can be reduced to function:

.r.O 1 rP2

= ' = . 3.4
m i 7 (rlrz_fs—) ' 2 L q (flfz_f_) (3.4)
FO)(ro—ri)\ 2 3 ‘ fO){ro—m} \ 2 3
Jeneral solution is: .

n = An; + By, - : (3.5)

4, B - constants, which are given from boundary conditions of n in the r = r; and r = ry.

If d = p1 — pp is natural, solution has the form:
rf1

M= g ;o Mm= mlnr+ arf =% (3.6)

) F(0){ro - fl)(n; - 533)

If =z denotes the distance along the axis of revolution, then a relationship between r and z may
e obtained by integrating the equation with ro > r:
d
31 =—v1-n2. (3.7)

z

Che general shapes of shell obtained from equation (3.4} - (3.7) are illustrated in numerical results
Tab.1 and Fig.1). The type of curve depends on the n, A, B, g, r1, ro. These numerical results
re given by program written by FTN77 on PC for calculating n and integrating (3.7).

Tab. 1
R,‘ Zl Z2 ZB Z4
14 0 0 0 0
13 2.125 2.334 1.244 1.204
12 4.089 _ 4.853 2.540 2.387
il 5.904 7.371 3.848 3.532
10 . 7.552 9.765 5.136 4.628

9 9.06 11.987 6.386 5.671
8 10.444 14.032 7.687 6.661
7 11.718 15.910 8.732 7.598
6 12.894 17.638 9.820 8.484 .

ixample. The shells with various boundary values of 5{r;) and 5(r;}

Let us consider the shells with ro = 14m, ry = 6m, ¢ = ~100T/m?, n = 2, v = 0.33,
7 = =13 q is the axial load at boundary ry and given from equilibrium condition of the shell. The

Fa—

oundary values of 5{rg) and n(r;) are following:
1. The meridian form Z; according to n(rg) = 1.1; (r;) = 1.3
2. The meridian form Z, according to 5{rg) = 1.1; n(r1) = 1.5
3. The meridian form Z; according to n(rg) = 1.3; n(r:) = 1.5
4. The meridian form Z; according to n(ro} = 1.3; (r1} = 1.7

The radins of the cross circles is given in column R of the Table 1. The distances = (from shell
ottom to circle R;} are presented in each columns Z), Z;, Z5, Z,. The meridian forms of these
hell are shown on figure 1.
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Ftg. 1. The meridian forms of the shells with various values of eta
Conclusion

The equation for determining meridian form of the shell is given. The solution of equation
is obtained for the shells subjected to hydrostatic pressure and axially symmetrical load, which
is parallel to axis of revolution. Many examples are considered to illustrate the method of deter-

mination of the shell forms. Using this method, the other meridian curves may be obtained by
executing given program with other values of n, A4 B, q, ry, 1g.

This publication is completed with financial support from the National Basic Resea.rch Pro-
gramme in Natural Sciences.
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DANG VO KHONG CHIU UNG SUAT UGN DUGI TAC DUNG CUA AP LUC
THUY TINH VA CAC DANG TAI KHAC

Trong bii bic di dwa ra phweng trinh vi phin xdc dinh dang dudng sinh cia vé tron xoay
khéng chju udn dwéi téc dung cda 4p lwc thdy tinh va ti d8i xéng tdc dung song song véi truc
quay trén bién vd. Nghiém phwomg trinh di dwoyc tim ra dwéi dang nira gidi tich. K& qui 38 cu
thé cda cdc didm trén dwdng sinh cho cdc tredmg hop gée cia dwdng sinh tai bién vé khic nhan
va hinh dang dwimg sinh vé 33 dwoc hién thi trén &5 thi nhd chwong trinh dwyc vi€t bing ngdn
ngié FTN77. Cé4c dang khic cda vé 6 thé dwoe tim bing phwong phép v chwong trinh niy véi
chc ditu kién khdc v8 4p lwc vi ditu kién hinh hoc trén bitn vd. Két qui nghlen ciru cb thé 4p
dung trong vigc thi€s k€ cdc vé trdn xoay khéng chiu uén.
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