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LIS OF SYMBOLS

A A A . D Y

The following symbols are used in the pressiat theals.

Other aymbols not limted below are defincd wherever used.

E = Young's modulus of elasticity.
I « moment of inertia,

Nx ) Ny.

ny -

Mp» ly'
%y -
Ny "y'
NyVyW =

) =

normal forees 1cveloped per unit area inx , y
directions.(t/m)

Shearing forec developed per unit arvead?/m )
Bending moments,(¥ky m /- )

Torsional moient,(kyq = /=)

Shearing forces. (t/m)

Deformations in x , y » = direetions,(m.m )

Poisgont's ratio

Stress funetlon.

Change of eurvature,

Toreional chanze of curvature,
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INTRODUCTION

D G M D D D A g - A —

Shells belonz to the class of stressed-skin structures
which by virtue of thelr geometry and small flexural rigl.
dity tend to carry appPlied loads primarily by direet stres-
s8¢0 lying in the lr pl~ne accompanied by same bending.

Shells poassess such many useful propertise arising
from their elastie nature as ;

- By sultable design they can be made to support
hsavy loads even if they were very thin.

~ They have light weight as compared with other
structures, This is a substantial factor where economy in
the materials 1s essential.

The theory of shells forms a part of the theory of
elasticity concerned with the gtudy of the deformation of
slastic bodies under the influence of given loads. For
this purpose it will be assumed that the materlial of the
shell is isotrople and obeys Hook's law and that the dis-
Placements at a point are small in comparison with the
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thicknens of the ahell,

With Llncreasing sprna, both in lon:itudinal and tranag-
versal directions, the danger of buckling of the thin shell
méwbrans becomes an Liportant design faetor . Similarly the
radial deflectlon ean no longer be ignored due to the flat-
tening of the shell are, which is Particularly a serious
matter in the case of end bays and singlc mhclls,

In order to inereass the rigidity of the shell
structure, also to avold the bad effeet of the econcentrated
loads on the shell, gmall stiffening ribs are introduced,
elther in the tranaverse or longitudinal pattern. Rxeep-
Vionally large shclle may be stiffened by a aystem of ribg
at right angles to c¢ach other. They may be set parallel to
the axis of the shell or along the diagonals., The rihs are
Placed elther below the soffit of the shell glab or above
it. Since both systems have their disadvantages, it is
rather pointless to set the shell in line with the ir cent~
roids, although theoritically it may be the most correct
Waye. With riba Projecting below the shell membrans, the
unbroken ceiling wounld be desirable., On the other hand,
ribs above the shell surfage create difficulties in water
proofing,
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Most af the enrly analyols of ribbed shelle were
dons for ribbed domss and cylindsrs by various methods, In
this thesis, analysis of doublc curved shell is the main
object,

The present work is concermed with the stress dis-
tribution of the ribbed shallow double curved shalle,
(The shsll is ealled shallow Af the ratio betwesn the rise
and the slde length is less than 1/10). The objeet is to
Investignte the effect of stiffeners on the stress distrib-
ution and the vertig¢al deformations,

Now the problem of ribbed shell is treated in this
thesis by uslng two mcthods of analysis ;

The first ; 1is the variational method, which is
derived for the first time in this thesis. The bagiec dif-
ferentinl equations which governm the behaviour of the rib-
bed shallow shells under any case of loading ean be reduced
to a palr of homogensous equations involving a stress funec-
tion (P) and the vertical dlaplacement (w). These equat-
ions can then be linearly combined to emanate ths proper

solution,.
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The mceondy L1t the fLlnito (locment acthod. In
this mcthod thc eonustructlon conolsts of un asscmblage of
clements fitting torctner in a ecoantinuous and eloac app-
roximation to the shap: of thc actual ahcll, Lhe state of
stressens Ln sach clcacnt is assuncd to bec a comblnation of
membrane and bending strospes,conatant through the thick-
ncas of the clement and becnding stresses varying linsarly
through the thickness.

Two prograomo have becn used through the analyels.

In concluslion, It must be emphasized that this work
Intends to glve a new presentation of the particular appli-
eation to the nnalysls of ribbcd shells,

Soluation af such shells nced a great effort especi-
ally in the developuacnt of the methods of analysls, study-
ing the convergence of the varlous shell and ribbed shells

solution, preparing the ecomputer programs, ...ste.
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1.1 4

a)

QHAPTBR (I)

W ey o B . e Aoy vy oty do

REVIE/ OF PREVIOUS WORK .

D Ly S S et e il e S ) P I S BE Rp AN Y Samu

Sholl Analysis ;

D R A G . e b - -

Shell analysis mecane the cstimatlion of the internal
stresses cnuscd by the sxternal loads.

Phere arc 1/ 2Ll theorico for this catimation

Olassical Mcmbranc Theory i-

A shell which carries loads entircly by direet stres-
seg lying in its plane is known as nenbrane., For
membrane agtion to be possible, the shell must be
thin.

In the membranc theory, the shell is idealized as a
membrane Incapable of resisting bending astresses,.

This theory provides the solutlan of such prob-
lems depcnding on the eondition of static eguilibrium
(6, 20 ).

Membrane theory doesn't give a complete solution for
the differcnt types of shells, becanse it negleets
the effeet of the bending stresses, eapscially near
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b)

the boundarica, Thus it 18 not puffliclent to molve all
shell problems as ;-

1) The effcet of a non-uniform or concentrated load.

2) The sudden change of geomtry, carvature and shell
thiciness,

3) The variecty of bounmdary conditions of the shell.
Por thcesc rcasons, the classiccl membrane theory can-

not be used to solve the ribbed shell problem.

Approximate Bending Theory g-

In this theory the external loads are carried by tha
membrane and tie bending stresses.

The following assumptions are consldered ;-

1) The straizht fibers which are perpendicular to the middle
surface before deformation remain as such after Qeformat-

ion and do not change their length,

2) The normal stresses acting on planes parallel to the
middle gurface may be neglected in comparison with the

other gtresseg..

Here two bending theories are mentioned as follows 3~
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