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CHAPTER III

{

RESULTS AND DISCUSSIONS

Numerical work for Eq.(2.30) is carried out on the IBM

570-;1 38 Computer at Chulalongkorn Computer Center. ‘i‘he radius

ratio is varied from a_./b = 0.1 to 0.‘8.’, while the Poisson's ratio

Yo is fixed at 0.3. ' The rigidity ratios considered in the

computations are k = 0.3, 1.0, 2.0, 4.0, and 6.0. The variation

\

of the pressure ratios is 0.0, 0.5, and 1.0.

.The critical buckliné load,:' A, is plotted against the radius

ratio, a/b, and the curves are presented in Fig. 3.1 to Fig. 3.60.

© These curves exclude the .buckli'ng loads at 0.8 radius ratio and

| above, because the annular plate of those radius ratios behaves as

a ring rather than a plate. . The assumption that b-a is much greater
than its thickhess; h, is no longe: ﬁrue_.- Thereforé, the concepts
of thi\n plates can not be used, and ._errors are surely created.

The 'effect- of the number of waves along t‘hg c‘irqumference of a plate
on the buckling load will be discussed first, thén the effect of

the rigidity ratio on the buckling load. The last va.:_ria.ble~includ‘.ed.

|

in this discussion is the load effect or the pressure ratio.

The very first notice made on the number of waves along the

circumference of the plate, n, is that the critical buckling loa._d

.
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. ratio of the plate. Beneath or above that range, the minimum load

a0

can occur at any number of waves aloné the circunference of the
plate. Mostly, thé number of waves is not zero.. That is the
critical buckling loads are rarely restricted to the axisymmetric

buckling. Therefore, the axisymmetric buckling load can not be

" used in the design with confidence. As the radius - ratio getting

bigger, the critical buckling load occﬁra at more number of waves'
along the circumference of the .pla.te. In cher words, ”the plate
with a certain number of waves along its circumference can bear

the critical bu&kling load within the'prope.r range .of. the radius
borhe by the plate with the same number of waves along its
.c.ircumferenco is not the critical buckling load anjr more. The
plate with less number of wa.vés and less radius ratio will buél_cle
at lower load. ' It is clear that the buckling load pai‘ameter
increases with the radius ratio which résulta in more number of
waves in the circumferential direction. in case 1 and case 2

where the outer edges are clamped, the critical buckling loads

occur .at higher number of \;:a,ves along the circunference of the

plate than in case 3 and case 4 where the outer edge'sv are simply

supported, considering Fig. 3.1 and Fig.' 3.31 for examples.

The influence of rigidity ratio is the next interest. At
each pressuré ratio, the rigidity ratio is varied from 0.3 up toj
6.0 by the energy criterion that the rigidity ratio is not less

than v, where Ve is here taken as 0.3. The increase in the rigidity

ratio shows an obvious effect of increasing the critical buckling
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loaa. Since the rigidity ratio is the squared root of the ratio
of the tangential rigidity to the radial rigidity, therefore
increasing the tangential rigidity will raise the critical
buckling load. -Thg variation of the rigiiity ratio also brings
out another interest which is the slopés of the curves. Taking
Fig. 5f1 to Fig. 3.5 for examples; the curve of 0.3 rigidity ratio
is flatter than the ones of higher rigidity ratio. The slope ;
keeps on riéing as the rigidity ratioxinCreaSes. ‘This is because
the rigidity ratio inp;ies how much thé tangential rigidity dominates
the radial rigidity. Enlarging tﬂe hole causes the platémﬁore-rigid
in tangeqtial direction. By the same incremént of the radius %afip,
the plate with higher rigidity fa%io can beaﬁ larger increment of

load than the one with lower rigidity ratio.

For the influence of the pressure ratio, it shows very'slignt‘

effect on the critical buckling load. By increasing the pressure

‘ratio from 0 to 0.5 and‘1.0, the critical buckling load rises in

- small increments. Oﬁe thing that can not be neglected is the slopes

of thelcurVes. The increase in the pressufe‘ratio steepens the
curves-as shown in Fig..5.1, Fig. 3.6,Aapd‘Fig. 3.11.

There is no way to telluhow accuraté the results are. What
can be done here is to compare to sol;fions’reached by other
wethods as the Rayleigh-Ritz solutidn by Vijayakumar and Rao[14j, K
ahd.tha same Galerkin‘s method fdr isotropic pla¥es by wiwat [17].
Sinhe Vijayakuma; and Rao's ;esults assumed an axisymmetric buckling,

where n=0, thnus %he‘results»at n=0 foﬁﬁd in this study are given
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in the figures as well aé Vijayakumar aﬁd Rao's for comparing at
0.5 radius ratio of plates of 0 and 1.0,pr;ssure ratios. In case 1
and case 2, at zero pressure ratio the calculated critical buckling
loads are iess than that from Vijayakumar and Rao's, but opposité
conclusion is found for a unit pressure ratio. For the rest two
cases, the calculated critical buckling ldads nearly coincide with
that from Vijayakumar and Rao's. By comparing the calculated results
of a unit rigidity ratio té the isotropic case by Wiwat, which are
also given in Fig. 3.2 and Fig. 3.17, ‘they agree very well to each
other,vexcept where there are load jumps. The coincidence between .
the radius ratio and the Poisson's ratio causes load jumps in the .
case that the inner edge is simply supported. Thgre is no problem
of load jumps in Wiwat's work,‘because his deflection functions for,

this case do not get along with all boundary conditions.

This research yields the results in agreemént with some
available prediction by others. Therefore, they can be used in
checking fhe design of such a structural elemeht with some confidence.
However, one should be aware that the selected defleétion function
in the form of truncated polynohials will constrain the annular
plates, thus the theoretical critical load is éxpeqted to be.higher
than the actual one. Experimental verificatioh of the accuracy of

the results contained herein is needed for future work.

7
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Fig. 3.1 Buckling of polar orthotropic annular plates

for P,/ P,= 0.0 and k = 0.3
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Fig. 3.2 Buckling of polar’oz"thotropic annular plates

for P;/ P,= 0.0 and k = 1.0
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Fig. 3.3 Buckling of polar orthotropic annular plates

for P,/ Po= 0.0 and k = 2.0
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Fig. 3.7 Buckling of polar orthotropié annular plates
for P,/ P= 0.5 and k = 1.0
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Fig. 3.9 Buckling of polar orth'otropic aﬁnular_ pla,t‘es. 2

for' P;/ P,= 0.5 and k = 4.0
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Fig. 3.10 Buckling of 'pblar 6rthoti‘opic annular ﬁlates,

for P,/ P,= 0.5 and k = 6.0
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Fig. 3.11 Buckling of polar orthotropic annular plates

for P/ P,= 1.0 and k = 0.3
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Fig. 3.13 Buckling of polar orthotropic annular plates |
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Fig. 3.15 Buckling of polar orthotropic annular plates

for P,/ Py=1.0 and k = 6.0
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3.16 Buckling of polar orthotropic annular plates

for P,/ Po= 0.0 and k = 0.3
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Fig. 3.19 Buckling of polar orthotropic annular plates

for P,/ Pe= 0.0 and k = 4.0
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Fig. 3.21 Buckling of polar orthotropic annular plates

for P;/ Po= 085 and k = 0.3
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for P;/ P,= 0.5 and k = 1.0
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3.24 Buckling of polar orthotropic annular plates
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Fig. 3.25 Buckling of polar orthotropic annular plates

for P,/ P= 0.5 and k = 6.0
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Fig. 3.26 Buckling of polar orthotropic annular ‘plates

for P,/ P,= 1.0 and k = 0.3
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Fig. 3.29 Buckling of polar orthotropic annular plates

for P/ B,=1.0 and k = 4.0
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Fig. 3.30 Buckling of polar orthotropic annular plates

for P,/ P,=1.0 and k = 6.0
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Fig. 3.31 Buckling of polar orthotropic annular plates

for P,/ BP,= 0.0 and k = 0.3
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Fig. 3.32 Buckling of polar orthotropic annular plates '

for P,/ Po= 0.0 and k = 1.0
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Fig. 5.33 Buckling of polar orthotfojﬁié annular plates

for P,/ BP,= 0.0 and k = 2.0
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160
N 40 F
4 v 120 |-
100 |

80 -

60 -

40

20

.f ' C)O

P e
0.1

1 1 1 § 1
0.2 0.3 c.4 0.5 0.6

for P,/ Po= 0.5 and k = 0.3 -

1
0.7

a/b

0.8

Fig. 3.36 Buckling of polar orthotropic annular plates
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for P,/ Py= 0.5 and k = 4.0
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for P;/ P,= 0.5 and k = 6.0
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Fig. 3.43 Buckling of polar orthotropic annular plates

for P/ Po=1.0 and k = 2.0
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Fig. 5.45 Buckling of polar 6rthotropic, annular plates

for P,/ B=1.0 and k = 6.0

160
A 140 |
120 -
IbO -
80
60
40 +

20

case 4

ak

* Vijayakumar & Rao

°

0-1

1 1 [ 1
0.2 03 04 05

i
0.6

1
0.7

a/b

0.8

Fig. 3.46 Buckling of polar orthotropic annular plates

for P,/ P,= 0.0 and k

0.3



48

160

A 140 case 4

100 -
80

60 -

40 F

20 -

* Vijayakumar & Rao

! { i 1 1 I 1 :
C ol 0.2 0.3 0.4 0.5 0.6 0.7 o/t 0.8

0

Fig. 3.47 Buckling of polar orthotropic annular‘plates

for P;/ B,= 0.0 and k = 1.0
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Fig. 3.51 Buckling of polar orthotropic annular plates
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Fig. 3.57 Buckling of polar orthotropic annular plates

for P/ Po=1.0 and k = 1.0
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Fig. 3.59 Buckling of polar orthotropic annular plates
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Fig. 3.60 Buckling of polar orthotropic annular plates
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