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ON CEE STABILITY AND OSCILLATIONS OF
ANISCTROPIC PLATES

[Folloving 1s & trenslation of an article
written by S. A. Ambartsumyan and A. A.
Khachetryan in Mekhanike 1 Mashinostroyeniye
(Mecheniecs eand Machine Bullding) No. 1,
1960, Yersvan, pages 113-122.7

1. Iet us investigate a rectangulsar plate of
uniform thlickness h , with one of the elsstic symmetry
planes parallel to the middle plsne <f the plate, the
cther twc belng parellel to 1ts sides. .

The rectengular ccordinate system ( a,B.7 ) Is so
geleciued that the coordinate plsne af ccincides with the
nedlen plane of the plate, but the ccordinate &xes a,f ,
ere in direction of its sldes.

The f'ollowing hypotheses are assumed /1/ :

8) The normal stresses s, on aress parsllel to
the medl&n plane mey be neglected a3 comperzd to the
cther stresses.

_ b} The normal distance () between two plate polnts
remains unchanged after the deformetion.

c) For tengential stresses %y &nd Ty We Lave

Tay = ".!_:' (f;: - 12') ¢ (=, p)' Toy= %' (%.' - 12) ¢ (ﬂ,ﬂ) (1'1)

where ¢(z ) and ¢ ( x,{ ) ere arbitrery functlonz to be -
determined of coordinates a,8. "

These hypotheses, &s is known /2,3/, prove their
validity. S8cme lnconsistency, whizch (s due to the mccept-

snce of hypothesis {a), can be justified in the present .
case. The fact 1is that in omitting o, , we first of &ll

commit only small errors for the majority 2f sctual plates, [)
cince all terms connected with ¢, have small multipliers; O
seccnd -~ omission of Sy does not distort the quallte- e
tive aspect of the investigated problems, and third --
omlesion of s, substentlally simplifiles problems of ———
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r stability and oscillations of anisotroplc plstes. N
In work /1/, while investigating prcoblems cf bend-
ing of anisotroplic rlates, a resolving system of three

differentiel equations in three unknown functions is

derived: norral dislocation w( 2,f } and functiors ‘
(2, 8), (a, - For the accepted notations the system
hes the rorm

Je dy . 1'.12 o

Ar ud v
an » ot \
g'l”u 2’ S By 2By) 3042 ; [ ub(l;l'z;-z T o,i‘?‘)?' KR
- an e nm»,,,,c,] 45 =0 (1.2)
n ‘
[ .:lf..)‘—,;-"-; B ‘;s] " — {a,,.(li,,«; B“)"’:‘;".;.

“ilgyy Bea i ~"i nz!a,\?}'f ¢ =0

vhere Z - intensity of the normal approximated surfece
load; Byy, eyy, &gs5 ~- known elasticity coefficients

/ .
/1,47,

For setting up equations of statlc and dynanic
etability &nd ocillations of rectengular anisotropic
plates, which sre investigated here, we start with the
equstion system (1.2).

2. We derive the equation of static stablility
by substituting in (1.2) for Z the expressicn /4,5/

Z=1y a‘.—i-T,”,-}-ZS“m (2.1)
wvhere TY , 23 and S° «- tangential forces per unit length,
scting In the medisn plane of the plete.
Substituting (2.1) into i.2) we obtain the final
equstions of stability of an orihntiropic plate

nt AR TG 2-5',-33) 0 2.2)
[Bll%‘:’.ﬁ + (Blt+ 28..)3;5, % - m !u(Bng,-'tﬂu;‘;:i)?""

- gq (Bye+ Bn)%i] 4+¢=0
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g(”gh'? 2Be) yo5% +Bu;.-;'.']w-
At * F
'—m[‘u(au‘" 8&’%“*‘ ¢«(Bu5';a‘ ‘5'3u5§i> 4’]‘* ¢==0 (2.2)
cont.
Let us investigate the stability of a rectangular plats
supparted along the edges, compressed in both principal
directions (Fig. 1). Assuming P,= P, P,-: AP, we obtsin
P
t | S .
- A Te=—P, TP=—MP, -0 (2.3)
L —
4 4
>— g e
Fig. 1
We seck the solution of system (2.2) in the form of where
C W, sin "':’ s 1 '-'f,',—':!
‘;r-;oco:s'-:-';!-sin '-‘-’;-?- (2.4)

Yos 9o, o--unknown constunts., Using (2.4%) we satisfy the

requirements of hinged support around the whole outline

of the plate. ,
Substituting (2.4) into (2.2) we get

$ .t h? - A? =a
Pet( o M= TR %= 0
. 143 T 3
!,‘::" _[”u 5" (M4 2By g-l u‘..-—{ 1+ ﬂu""ay (B«lh"ﬂ;i“ '“.'Bu";’f)] Fo—
— gy *::;” (Bu‘i.‘ Bu):{g" o= 0 (2.7
) ] =I5 . '
!;’. [(”u i ulley) ";”," + By %.'] Wy — gy —5 (812 = Bu)%%“

nZAS 7

o o S )0

This system has solutions different from zero only
in cases when the determinant composed of the coefficients

. of the system is zero. Equating the determinant of the
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system (2.5) to zero we can find the following expression
for the critical velue of force

Pt Pt +d) (2.6)

where |
" wt e

P....-—:..t/.l-t-li'/F[Du'; 4 2(Dy + 20.)% + D"%} @7

is the value of criticel force of an analogus problem,
assuming valldity of Kirchofr'a hypothesis /%

A—-B »B
d=I7F., D‘,a-—ﬁ! (2.8)

xS ( ms a3 )(B“%.-"' B"%X’ ""5" + ";')_(M B’ g

A= e 55 -+ Ggs =
o ‘ ¥ 31:%"+2(ﬂu+”u)"3“+‘.‘;‘

nhs

B = 55 [@uBu + suBu) 3 + (asuBun i B 3]+
+ Mu%({&x "z';‘ + Be %’)(Bu‘?:‘ - By, *;;“)“" (B1s + 3-)"":';"

The first term of formula (2.6) represeats the
value of the critical force of the investigated problem,
determined by the classic theory of plates, tut the
second one--its correction.

It should be pointed out thet the second term of
the expression (2.6), which is ccaventionally called
its correction, in some cases may be larger than the
basic term determined by the classic theory.

When the plate is compressed in th2 maln direction

oniy, the formula (2.6) remsins unchanged. but the
expression

Pas= 20 D0 % + 2000« "D T < Du | 29

must be used for P: instead of (2.7).

In the spechl case of a rectangular plste support-
ed a1l around the edges, compressed in direction @. , and
mede of transversely isotropic material (1t being assumed
that the isctropy planes at each point are parsllel to
the median plane of the plate /4/ ve get for the critical
ferce

o wD (m/cd-ead)mp 2.4
Pow = = 3RV 1S+ A0 @10 4
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vhere
D=k - ke B (2.11)
=Bd=w' ‘=7 ™ T T— .

E,p --elasticity modulus and Poissons ratio in the
isotropy plane; G!'--shear modulus, characterizing the
distortion of angles between the directions in the plane
of 1lsotropy and perpencicular to 1it.

In examining (2.10), 1t 1s easy to prove that the
value of the criticsel force is minimel vhen only one half-
wave 1s generated in the direction perpendicular to the
direction of compression, that 1s iIf n=1. VWe get

e ) (m'ec4ec)m)
Pw’ = = T h(d£mi; el 2.42)

From (2.12) it may be seen that, as in the ana-
logcus problem of the classicel plate steblility theory
/4,5/, the minimum value of critical force P,° is in-
dependent of m and equals

D 4
Paw - 5 7T @43

The values of the plate side ratio c=a/b for
different m , vhen the criticel force reaches 1ts min-
i{mum (2.13) c&n be determined from the formuls

c=my (1 —&)}/(} + k) (2.14)

As mev be meen from (2.12) to (2.1%) the determined
values subs.sntislly depend on the coefficient k , or
cn the rati. of elasticity constants E/G!, Poissons ratio
and the ratio h/b, that 1s on some relative normalized
plate thickness, which depends nct only on the geometrical
parameters, but also on the physical properties of the
plate material.

In Table 1 values of coafficlent k and coordinates
of some charscteristic points of curves. ® = @) for u=

0.25 ere given. 1p the upper part cf the Tsble h/b = 0.1,
but in the lower part h/b = 0.2; ¢, end ¢ are points of

intersection of stability curves.




Table 1 -

Pointg W™in wmet "2 ™=y

b ’ * c/m oIIMI n ® ‘n O n °,
0 0 1.0 4.00 1.414 4.50 12.44914.16713.4644.083
2.5 0.02632 | 0.974 3.798 1.373 4.245 12.38213.047/3.37213.873
$ 0.05264 | 0.949 3.6410 1.332 4.000 [2.319(3.745{3.255:3.677
10 [0.1053 { 0.900 3.274 1.256 | 3.593 2.194)3.383/3.110]3.320
0 0 5 1.0 4.0 1.415 | 4.50  {2.449!4.167|3 464 | 4 (&3
20 101005 . 0.900 3.274 ¢+ 1.256 | 3.593 12 1941358315, 910,8 329
i 0 2106 0.808 1 2,730 | 1.113 2.930 |4.961 2.799 2985 1Y 765
) 0. 4241 O | 1.988 | 0.857 2.004 |1.53612.007 2 19211 994

Besed on data of Table 1 stabllity curves for some values
¢f parsmeter k are plotteé in Fig. 2. Values from
e curves and Table for

¢ N&:::gow kG053 ! k=0 correspcnd to t'
$e o WO ] .solution of the pre-
- A7 A i m3 sent problem of the
“w o S e classical method.
1610 ¢ e i From the examined
J22} - I T - numerical exasmples
2 r39f—7 ] ey -] we see that vwith an
i increase cf perasmeter
0 %576 7 - k the critical force

rig, 2 decreases, as compared

. . with its value obtainec
by the classical theory of plates (k= 0). In sddition, the
I%miis of every type of stability nerrow down with increase
o) .

For the case of an orthotropic plate the cslculation
of the critical force per formula (2.6) is very cumbersome.
Teble 2 shows some results of varlations calculated with
a computer 1). Values of the expression Dic) - P 3=y

for different ratios b/a and
I, — B E, - k;

e TR ema BT e

Fy T pa T

are given ‘n the Table. Here X, piand Es p2 --elesticity
modull and Foissons ratios along directions @ and B ,
respectively.

.- a.‘l"'. - ““I‘-.g. % =3 “""". P‘ o 0.3




Table 2 v
‘ |
¢ -2 -5 t - 10 ]
N |
! i

0.25 12.6103456 9.1525 6.2856.76 . 16,9181000
.45 5.2574384 4.5388997 1.703:816 S,8843716
0.65 3. 1438624 9.8728144 2.5158152 3.3:60640
0.85 2.3224492 2.1740704 1.90088984 2. 4341820
1.05 1.9877336 1.8552720 1.7077264 2.0331295
1.25 1.7985344 {.7184560 1.5060576 1.8£81000
1.45 1.7495952 1.6771424 1.5695656 1.8017243
1.65 1.7685084 §.7001800 1.598:004 $.8574005
1 85 1.8344560 1.7673152 1.668185% 1 BR27BAY
2.05 1.9357216 1.8676872 i.7647040 1. 084006
2.25 2.0657562 1.9233648 1.8885066 . 2. 1156309
2.45 2.2204896 2.1466720 2.0343192 | 2.27.6873

¢=1.4820312  ¢=1.4629392 - 1.4336692  e=1.5953488
Opnin==1.7487858@,; ~1.6750192 @, =~1.5093710 0, =1 .BOOULT 2

Calculations were made only for m- 1. According to
the methods based on the case for m=1 the cases of m: 2,3..
can be determined. In the last column of Tabhle 2 velues of
1) The calculations were made on an electronic ccomputer

rype M-3 at the computing center of the Armenian S53R.

®(c) , calculated according to the classical theory of
plates, are ‘iven. The two lowest lines give vslues of
¢ &and the corresponding a

3. 1la order to ob aTh équations of free oscillatlons

of non loaded plates it 1s necessary to assume for 2
/4,6/ in (1.2}

The final equation of free oscillations of the orthotropilc
plate can be writiten In the form

a & 2 Yol
99 . % 12 TeD O (3.1)
u3 ¢3 W g o?

@ h® 2t
{Bil%ai s (Bl. 13“ Ja 032] U‘I.aéSQBl\ '¢I H“ dﬂ’) i

e (Bya + Bed) — a,,] 50

[‘sz‘* ZBu),, %93 + By 0;,}“ - “{0 [“u(”n : Bu)"’* ;b

I L)
-4- 0“(”“ EQ:E . ”” yE ) ?} t Y




vhere To -specific gravity of the plate material, g -
gravity acceleration. The solution of system (3.1?
wve seek in the form '

W.owy s i,“-:—! i -’i—’-’ cos wf

b

mnr3 . n=3 . mex n-* .
§ = FoCOS — = sin —= cos !, ¥ fusin ~'~~" cos -f[” @O g (5.V)

satisfyin? conditions of free support along the whole
ccntour of the plate. -

Substituting (3.2) intc (3.1) we obtain & system
cf homogenous equetions in¥s. e %,, EQueting its deter-
minent to zero we get the frequencies of free oscilla-
tions from

Wom - Ween ¥4+ d (3.3)
where d corresponds to (2.8), and

. arn P ] mond ¢ 1
o =B K [Du T+ 2000+ 200 2+ DL ST @)
represenis, properly speaking, its frequencles, determin-
ed eccording to the classical theory of plates.

If the plate 1s mede of transversalily-isotropilc
material (see section 2} /B/ we get for the frequencies of
free oscillations . '

o —mmt . = BV (it 35
o = Comn Vigkimt 3wy’ Gom = 35 T,A(”‘ +n%) @9
Table 3 gives values of ratio Wmn / O’ cCrresponding
to some oscillation tones(m, n=1,2)calculated accerding
to formula (3.5) for a square plate (c=1{) with different
values of parameter k ,

Table 3

L] ¥ ) ; [ [ 4 [ ] 3

x Mn ' w" i ..,." k u“’“n "“'“u Mu

0 ] 1 1 0.15 0.877¢ C.7559 0.6742
0.021 0.9808 | 0.9535 0.9285 0.20 0.8452 0.7071 0.6202
0.03 1 0.9743 | 0.9325 0.8980 0.25 0.8165 0.6687 0.5774
2.951 0.9535 | 0.8044 0.8452 0.30 0.7908 0.6325 0.5423
C.07| 0.9308 | 0.8607 |. 0.800¢ 0.35 0.7870 0.6030 0.5130
9.40| 0.9121 | 0.81165 0.7454 0.40 0.7454 0.5774 0.4880

l
|
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This table shows that with increase of parameter
k the frequencies of its oscillations wy, vary more greatly
frocm the corresponding frequencies wms ot:ained by the
classiczal theory of plates. This difference, less pronounced
at the lcwest oscillation frequen:y (w,,) , becomes more
substentiel at the highest oscillation modes ( w;, , etc.)
4. The equation of dynamic stability of an ortho-
troplc plate 1s found when substituting in (1.2) for Z the
expression /7/

. iw o PP Pw voh %
Z .- Tn°f5;i e i 2 g — - G (4.1)

Substituting (4.1) into {1.2) we csen easily obtain
the final equations of dynamic stability of orthotrepic
plates. A

If tic plate is compressed in the main direction

@ only (Pig. 1) then
Iy =P TP F 0 (4-2)

Let us assume that the externsl force P veries
periodically in time

P Pycosbi (4.3)

vhere P_ - axplitude and © - frequency of external force.
ConsidePing (%.1) to (4.3) the system (1.2) is written as

M /3o .
B+ ) e u -5 o

[Bn '3:—. + (Byy + 2By,) -g{m] v— % {053 (Bn gt + Uy f‘;‘)' +
+ 84 (Byy + By) ':‘qr] 4+9=0 6.4 ‘
[(B“ + 28“)&:% + By ‘a%]” - ‘;'.;'gcu (B + 3&% +
+§u(3n% +Bu%)¢l+*"o
We seek solution of system (2;3) in the férm of
v=w{)sia = ein 52

P=ocos Tain TR, gagen Mo 5 o



r
vhere w(t), ¢:(t), and ¥(t) --values of cunctions v, ¢ and
¢ in the center of the plate. This will satisfy the con-
d%t%ons of hinged support all around the outline of the
plate.

Substituting (4.5) into (4.4) we obtain

=%, R vite] NN

o — LT~ Fin-2E0 3

!:m[ u %:' +(Bu'i‘28u);5:‘]w(‘)‘-[1'f E:'g‘u(au'%" + Bee %')]9(‘)"'
- f;g: a4y (Byy -+ Bes %4‘(‘) =0 (4.6)

n? ; ] ! e
= !’(Bu + 2B4) %; = Bey %i‘] w(f) —'%“' gy {B1: 7~ Nea) 3‘ ¢l —

3

-—[1 + 5 “u(B“%: + Bu%:’)“'(” =0

The last two equations of system (4.6), as may
te seen, do not coutain derivatives with respect to time.

Excluding ¢{t) and ¢(t) from system (4.6) with
respect to w(t} we obtain the differentisl equation

dtw ()
";}f" + i (1 — -5-'-— cos ﬂt)w(‘) =0 4.7

mn

vhere Wppn, Ppn -- frequency of free oscillations of the
nonloaded piate (3.2) and critical value of the com-
pressing force (2.97 (1f the comtressing force ects in
one direction ¢ only), respectively.

Eguation (%.7) 13 the well-known equetion of
Matthieu. For certain coefficient relationships it hes
increasingl; unlimited soluticns. These solutions fill
cut ccmplet:= areas of the parameter plane, to which
correspond regicns of dynamic instebility.

Let us rewrite equatlon (%.7) as

I ‘ #
DLW 4 tnd(l = 2hmem¥) (1) -0 {doun 2;}:) 4.8

™

As is known /7/, the boundaries of instability
regions can be spproximately determined from the follow-

ing formulaa: 1




0 = 20ma ) 1 £ b 4.

Q
s

fer “l.e flrst or wain instadbllity reglon,
o * . e = e
Ceun)/ 1o T8 FowVTTEE @i,

for the second instability region, or

2o 4/ | 4413
R A i

for the third instebility reglon.

Here 8° are criticsl frequencles of externsl
load, that is externsl load frequencles, corresponding
to the boundasries of instabliity reglons.

As mey be seen frcnm the above formulas, the
critical forcea, the frequencles and inatedbility region
boundsries will be zubstantially different, dependting
on the number of half-waves (m,n) in the directions &
snd o .

N Th: . wili be a further examination of the case
¥hen, in both directions« and { only one half-wave will
be senerated, that is in ail the gbove formulas we :shall

PR
Lage m=—=nz=1 (4.12)

and for simplicity the indices * 11" shsll be omitted.

Let us consider the case when the rectangular
rlete, supported around the outline, 1is made of trans-
versslly - lsciropic meterial. As before, we sssume
the plane of isotropy at every point to be parellel
with the median plane of the plsatez,

Table 4

!
A i regiom i 11 resion i3 region

- —

For k=0 (A. J=:1/,)
or { lim :

0 1400 | 1 0.50 0.5 (1.3333 0.3333
0.1 ’ 0.9487 | 1.0488 0.4950 0.5008 0.3312 0.3316
0.2 | 0.8944 t 1.0654 0.4796 0.5033 0.3235 0.2272
0.3 | 0.8387 | 1.1402 0.4528 0.5074 0. 3068 0 3205
0.4 107746 | 1.1842 0.4123 0.51:32 0.2734 0.3120
‘1.1:- 0.707t ] 1.2248 0.3536 9.5204 0.4992 | 0.3018

—_ 11 —




(Fable 4 Cont)

Al I regicn II region I7! reglon

—— Py S A

For k=0.05 (), "=
¢ { s f11)

U 09535 ) 0.8535 1 0.4767 1 04167 . 03476 ¢ 3178
0.1 1 0.8065 | 1.0045 0.4i09 | 04777 ! 0311 ) 0.316y
0.2 | 0.8422 | 1.0551 0.4531 t 0486 ! 0I0GI | oty
0.3 | (27804 | 1.0998 0.4216 0.4853 | 0.2852 |0
N4 0TS | 11442 03T L 0.4919 [ 0.7 D ooz
Min 0.6742 | 1.1677 0.3371 | 04962 | 01899 | ©.¥s

- k0,50 €3 b/

For 1im 1
Ot U bl 10,4586 1 £ 4066 1 (3055 03043
Vo3 Nl 09861 L 04408 | 04575 ¢ 0.00ME 0502l
U2 1 OTU8 | 10l6D | 0.4293 0.4608 | 0.2005 | 62464
DAL oM 0S| 0.3920 0.4667 | O.z4d 0.8
0,4 | 06083 | 1.1105 0. 3352 04738 . o201 | 0275
Mg 06157 | t1180 0.378 | 04151 | 0.4819 | 0.27%5

' For & =0.20 (Al;:"'/u)
Hoop U 08452 0.4226 G42:6 + 02817 | 0.2817
o] BIRR 0504 u.4142 3 0.4:40 | 02T H.2Tw
1.2 1 0515 | ooee2 V.38 | 0iBE | 02650 } 0.2721
N ‘ W.6de 1.7 V3400 I 6 4348 i 02225 1 0.Lelo
Mg 0-506 1 paant 0.2088 | C.osaue D 016% | w.2nol

FPor k 0.30 () _° -3/,

S - lim

Uoop Ui 0 Gu06 03008 [ 08k | 02650 1 (2635
LA S LA I B U3 VY 3 DGR uaTe T 020 Ol
LU ; LY - 0Wmss 0 o DR 0420 et e
LA ’ LU ! ILIRTIRE. ; Uy ; U 3 1384 ; U IRy } £ 2l
PR R R T I 2L R T IR S (ot PR T

The regions of dynsmic instsbility +ill be de-
termined per formulas (4.9) to (4.11), the indices "an"
beinz omitted. -

Let us examine a square plate ( b x a). In
order to compare the results obtained for ithe iastability
regions with tae respective resulis obtalned by the .
classical theory of plates, ~- Tormmlas (%.9) to (%.11}
-- taking (4.12) into consideration -- are presented
in the foll.«ing form

e 1 ' .
i Vr:ﬁ:’:” 414




for the first (main) instability region, or

¢ 1 1 1+ e ¢ . i o
e T V/T+2k*' 7 (0% 'EF“'?i/i+zt"'2u"yzﬂ(lr(i'ﬂ
for the second instebility region, or
N R V20 SR e YLV .. P
26° T 3l/i+2k"‘Ti9u+u) L (.1 ) 33") (4.15)

for the third instability region.
From (#.8) we draw the conclusion that A<l

and therefore¢ for the limit value of A® we have

(4.16)

Table 4 giyes values
of 6° / 2vw® dependent
or A*, calculated
according to formulas
(4.13) to (%.15) for
different values of

: 7 // ) parameter k .
gu3 7 d As 1llustration Fig. 3
] N{/////, shows regions of in-

] 'Y

0 &
Fig. 3

In examining Fig. 3 and the above Tables we see that with
increase of the coefficient k the instabllity regions
calculated according to (4.13) to (4.15) are different
from those calculated according to the classical theory
of plates (keC), this difference being a decrease of 69/

2w0 and of the interval of parameter .

Analogous celculations for orthctrepic squere
plates (b=a) were mede on an electrcnic computer type
gég at the c¢-.puting center of the Acad. Sci. Armenian

. //%/” stebility for k0 and
’! /% ‘. R k.°o2~

‘Q
14

Three variations of these calculations are given

in Table 5, showing Q° / 2wO for different values of
. barameter k .

13
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Table ©
R ! region | 11 region 1! region
For ky=10. ky=2 (A_. =0,4840434)
: lim
0 0.9839100 | 0.9836100 | 0.4919505 | 0.4919505 | 0.3279730 | 0.3279730
0.10 | 0.9317170 | 1.0334876 | 0.4866820 | 0.4928328 | 0.3257381 | 0.3262047
0.20 | 0.8764112 | 1.0807852 | 0.4704945 | (1.4854468 | 0.3175495 | 0.3215208
0.30 | 0.8173718 | 1.1260080 | 0.4422004 | 0.4997713 | 0.29454:1 | 0.3145625
0.40 | 0.7537218 | 1.1696568 | 0.3952340 | 0.5057637 | 0.2626090 | 0.2057170
A | 0-6957358 | 1.2050498 | 0.3478679 | 0.5120477 | 0.1060013 | 0.2063922
ki=Ry=5 (A %=0.454337
1=keg=5 ( umc 4543373)
0 0.955.2442 | 0.9532442 | 0.4766221 } 0.4766221 | 0.3177480 { ©.3177480
0.10 | 0.89...J2 | 1.0043278 | 0.4708143 | 0.4775832 | 0.3152678 | 0 3158160
0.20 | 0.8418280 | 1.0520360 | 0.4529443 | 0.4804545 | 0.2060235 | 0.2107304
0.30 | 0.7801758 | 1.0093972 | 0.4214808 | 0.4852034 | 0,2850747 | 0.3032098
0.40 | 0.7132142 | 1.1439730 | 0.37299%1 ! 0.4917743 | 0.2394983 | 0.2936726
Mig | 06740454 | 1.1674810 | 0.3370227 | 0.4960840 | 0.1898907 l 0.287733
ki=2, ky=10 () =~ 0.3640343)

0 0.8837454 | 0.8887454 | 0.4443727 | 0.44:s727 1 0.2862485 | 0.2062485
0.10 | 0.8305832 | 0.9433284 | 0.4371921 | 0.4455582 | 0.2051173 | O 2939012
0.20 | 0.7680290 | 0.9949214 | 0.4149053 | 0.4490069 | 0.2809120 | 0. 28713t
0.30 | 0.6998060 | 1.0439676 | 0.3748275 | 0.4549311 | 0.2000663 | 0.2788981
}ym | 0-6284578 | 1.U8B4864 | 0.3142159 | 0.4625178 | 0.173(4:3 | C.2682044

Netetions used in these Tables are

. ky = agEy - ayF,

where Ey sgeq 804 B, 4 --elasticity modull and
Folssons ratios in directionsa and.P , respectively;
G12 = Bgg.

Calculations were mede for# = 0.3, h/3.0.1.
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