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'ON THEE STABILITY AND OSCILLATIOR3 OF
ANISOTROPIC FPLATER

/Following is & translation of an article
written by S. A. Aumbsrtsumyan and A. A.
Khachetryan in Mekhenikse 1 Mashinostroyeniye
{(Mechenics end Machine Building) No. 1,

1960, Yerevan, pages 113-122.7

1. Let us investigate a resctangular plate of
unifore thickness h , with one of the elastic symmetry
planes parallel to the middle plane of the plate, the
other two belng parellel to 1ts sldes. .

The rectanguler coordinste system ( o B9 ) 1s so
selected that the coordinate plane off coincides with the
medien plane of the plste, but the coordinate axes a, f
gre In dirsctlion of 1ts sldes.

The following hypotheses are agsumed /1/ s

&) The normel stresses o, on aress parallel te
the medlen plane mey be neglected &as compered to the
other stresses.

_ b) The normal distance (1) between two plate points
remaing ynchanged aftey the deformetion.

¢c) For tengential stresses %o and %y we have

t ok \ : '
W“?ﬁ“ﬁ?ﬂm% %=%@~ﬁﬁ@@ (1.1)

where ¢(xB) and ¢ ( =2,p ) esre arbitrary functione to be
determined of coordinates a,B. )

These hypotheses, s 1is known /2,3/, prove thelr
velidity. Some inconsistency, which 1s due to the accepl-
snce of hypothesis {a), can be justified in the present

csse. The fact is that in omlitting o, , we first of all

commit only small errors for the majority of sctual plates,
¢ince all terms connected with ¢y have small multipliers;
second -- omission of Oy does not dlstort the quallta-
tive aspect of the investigated problems, and third «-
omission of o, substentielly simplifies problems of



stability and osciilations of enisotroplic pletes. v

In work /1/, while investigating problems of bend-
ing of anisotroplc rlates, a resolving system of three
d1frerentisl equetions in three unknown functions is

derived: popmal dislocation w(=,f ) and functions
$(2, B), @la, B For the sccepted notstions the systen
hes the form - :

de . By A2,
(';E -;v.z}«';; -t -g;sé =)

b, X oy ® Ve Pl (B Z 4 Bt )6+
El’u 'Lu"“?‘.‘%' (Byst 2B4) Haoat w 0. Qs (B”i}a'l i Bbsaga)@’ ‘
' Y : ;
aa A Bt B “?]_,:0 1 .23
ST “")0165 49 { £
o o ol P | A
[(/:lg,;, 2Bu) sy -+ B gga| @ o 9me (Buat B 5525 -

7 ("2 e
- ays (Boo 55 4 Boa ) ¢+ =0

where Z - intensity of the normal approximated surface
load; Bgy, ehy, @55 -- -known elasticlty coefficients

/1,4/. -

For setting up equstions of static and dynemic
stsbility and ocillations of rectanguler anlisotropic
plates, which are investigated here, we start with ths
equation system (1.2). '

o, "We derive the equation of static stebllity
by substituting in (1.2) for Z the expression /b,8/

& = Tlc-a-éi‘}’fgoéwi'*jwm ' (2’1)

vhere Tg ,»Tg and 8% -- tangential forces per unit length,
scting In the medlsn plene of the plate. A
Substituting (2.1) into 1.2) we obtaln the final
equations of stablliity of an crthotropic plate

dp , 8y  12(p o & o0 6%r #w

gg'ﬁ'gg"i‘gs(«'ﬁ st Ts 55?-’:@5"57;55)»’-‘—‘0 (2.2)
859 » A2

[}3:: St (Bna+ 2B) Wu] v~ ;ﬁ[ﬂu (Bng% -+ Bia 5%;)? -+

-4+ @gq (Byat+ Bes) %} +e=10



v of the system 1ls zero. Equating the determinant of the

{{3&3’1" 23&)3“3?35' +Bu§§5]w —

(2.2)

. AT _ ‘ o a |
TV [ng (B”“*' BH) "ggg;‘g"&" LYY (B“ 5;;:—2* Bﬁ 5@;) q&] -f- q’ = 2
o ’ SONT.

Let us investigate the stability of a rectangular plate
supported along the edges, compressed in both principsal
directions (Fig. 1). Assuming P,= P, Py=:)\P, Ve obtaln
T P . _

Pimap, £o0 @3

Fig. 1 .
We seek the solution of system (2.2) in the form of where

, . mugy nr3
LW Wy BEf e § -
. [ a $ 1 A
mma . nnf fe
¥ o= ?oc.os-._.....s‘nﬂ \dol“)
(] [ .
.. mnQ Rz
¢ == o Sin— cos red

. 08 5 .
V5,9 o,§ o--unknown constants. Using (2.4) we satisfy the

requirements of hinged support around the whole cutline
of the plaits.

Subsiituting (2.4) into (2.2) we get

mt . n? h? =m h® nn
Pri(S o nlwe— g 7w g g w0

P mt a - . R m® ni
»;w(lfn ;3‘ 4 (Mgt 2B4) 5',;:} Wy = { 1+t (B“'E? i B“T:?)] Po

w3 ma

— N4 §G (Bu't'-' Bes) - fo 0 2.%

n*h? .'

10
at

i By ‘;?)} o = 0

’ ' s
"%ﬁ [(lfu 4 2 yg) ':3," + By '%i'] Wo =~ dgp

nhe / m?

- [1 + a1 75 Bee

(Brz + Bea) -'2%:" $o—

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

A
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system (2.5) to zero we cen find the following expression
for the criticsl vslue of force

P = Pra(l +d) | (2.8)
wnare | | B |
. - s St
P = sy P 5 4 200 + 200 Ty + Pup|  @.7)

{s the value of criticel force of an analogua/problem,
gssuming validity of Kirchoff's hypothesls /4

A~B . W8
d=T7F, Da=—g Q8

©om ' s W w
\Bn'%"-l- B«%“Xﬁw%‘ + 3&'55‘}"{3}&'&'3&}’ :‘WP
& Sx3 )

By "'23" +2(Bu+ 23&)‘%@" + 8n W

s3hs m® n?
A = 55 (0w % -+ o 5)

B = 5:}%-’? {{Guﬂn + 64Bu) %;' + (6B + BaaBer) -%;-} + l
B+ )0 0 )-8

The first term of formuls (2.6) represents the
velue of the erltlcal force of the investlgated problen,
determined by the classic theory of plates, but the
second one--1lts correction.

It should be pointed out that the second term of
the expression (2.6), which is conventionally called
1ts correction, in some cases may be larger than the
basic term determinad by the classlc theory.

When the plete is compressed in the mzin éirection

only, the formula (2.6) remains unchenged, but the
expression v
® 248 T .. é - 8553 :
Py = %‘ [ﬂu % +2(Dyy -+ "D ','2% + Dy ‘%;'] {2.8)
must be used for P:_  instead of (2.7).

In the spec%gl case of & rectangular plate support-
ed 811 arocund the edges, compressed in direction @ , and
made of trensversely isotropic materiel (1t being assumed
that the isotropy planes at each point are perellel to
the median plane of the plate /4/ we get for the critical

force eimne ;
P wD (m/c ext/mp 2.40) |
o =T T k(b + ) y

I



where .

' En® « __ st B
Degiew =% F=iwramm @

E, 1 --elasticlty modulus end Polssons ratic in the
isotropy plane; G!--shear modulus, characterizing the
distortion of angles between the directions in the plane
of isotropy and perpendéicular to 1t.

In examining (2.10), it is easy to prove that the
value of the criticel force is minimel when only one half-
weve is generated in the direction perpendlicular to the
direction of compression, that 1s if n = 1. We gst

‘ . ) imicdelm)

" From (2.12) it may be seen that, as in the ana-
logous problem of the clessicel plate stebllity theory
/4,5/, the minimum vsalue of critlcal force Py° is in-
dependent of m and equals _ :

. . . ) ‘D‘ & €
Poin = ?"5“5* T | (2.13)
The values of the plate side ratio e=a/b for
aifferent 1 , when the criticel force reaches its min-
imuz (2.13) can be determined from the formula

c=my (i — &)/(! + &) ’ (2.14)

As may be seen from (2.12) to (2.14%) the determined
values substentiaslly depend on the coefficlent k , or
on the ratio of elasticity constants E/G*, Poissons ratio
end the ratio h/b, that 18 on some relative normalized
plate thickness, which depends not only on the geometrlcal
parameters, but also on the physical properties of the
plate material.

In Teble 1 values of coefficlent k and coordinates.
of some charecteristic points of curves. ®= @) for k=
0.25 are glven. In the upper part of the Teble h/b = 0.1,
but in the lower part h/g = 0.2; cnrand d% are points of
intersection of stability curves.




Taeble 1 -

i Points ‘min T meet EXT me=3

Ex X c/m ‘Qmin e, L ¢, | @y < | @,
¢ | o 1.0 4.00 1414 | 450 12.4694.1673.464]4.083
2.5 |0.00632] 0.975 3798 | 1.373 | 4.245 |2.3833.947|3.372|3.873
5 |0.05266! 0.948 3610 | 1.332 | 4.009 |2.3193.745]3.283|3.677 -
0 | 01083 | 0.900 39764 | 1,256 | 3.593 |2.19¢3.383|3.110]3.320
0 0 | 1.0 4.0 1.415 | 4.50 |2.449]4.167|3.46414.082
a6 10,4053 | 0.900 3’974 | 1.256 | 3.503 |2.194]3.38313.1103.329
5 o206 | 0.808 9'7a0 | 4.143 | 2.830 |1.961]2.709)2.785]2.765
{0 |0.4218 | 0.638 984 | 0.857 | 2.05& |1.536]2.007]2.192(1.994

Based on dats of Table 1 stability curves for some values
of perameter k &re plotte¢ in Fig. 2. Values from
P o s curves and Table for

@ M::gow ’/r.‘awﬁg k=0 correspond to the
se - '/_/:*-‘ﬂ?lﬂé. ,fi”"z — _solution of the pre-
e ' P m3 | sent problem of the
oy 3 S i ~ classical method.
$860 NNl S m&: From the exemined
3574 T numerlical examples
258 P = . we see that with an

‘ : ~ - i{ncrease of parameter
L e 1 ST 7 z k¥ the critical force
Fig, 2 ’ - decreases, as compared
. with its value obtalnec

by the classical theory of plates (k= 0). In eddition, the
1imits of every type of stebility nerrov down with increas-
of k .

For the case of an orthotropic plate the calculetion
of the critlcel force per formuls (2.6) is very cunbersome.
meble 2 shows some roesulis of varistions caslculated with
a computer 1). Values of the expression ®f) = P W¥isthy

for different ratios b/a end

Ex _w_ By e .o e h ~ ’
B Ba ky - agoley = aglls, o= '13&“;. w == 0.3
ere given in the Table. Here X1, i end £ #1 --elesticlty
modulii and Poissons ratios along directions e and B

respectively.



Table 2 “
¢ k2 b =10 v0
0.25 12.6193458 9. 1525048 8.2856576 §6,0181000
.45 5,2574384 4.5385052 3.70%7616 5,B863715
0.65 . 3. 1438624 9.8728144 2.5156152 3.3560840
(.85 2.3224992 2.1740704 1.6668984 2.4341830
.06 1.9577536 1.8552720 1.7077264 2.0334200
1.25 1.7985344 1.7164560 1.5060576 §. 8584000
1.45 - 1.7495952 1.6771424 1.5630856 1.8047243
1.65 1.7685084 1.7004600 - 1.5681904 1. 8174000
1.85 1.8344560 1.7673152 1.6681854 | 4.882uB4
2.0 1.8357216 1.867€672 1,7647040 §.08400:6
2.25 2.0857552 1.9253848 1.8885084 2.4156300
2.45 2,2204856 2.1466720 2.0343492 £.27:8873

¢=1.4820342  £=1.4828392  ¢=:1.4335692  e={.5003488
Q=1 74878560, =1.677012 @, =1.5693776 @, =1.8000272

Calculations were made only for m- 1. Accerding to
the methods based on the cese for m=1 the cases of m= 2,3..
can be deteruined. In the last column of Table 2 values of
1) The calzulations were made on an electronic computer
type M-3 at the computing center of the Armenian 333R.

@), calculated sccording to the classical theory of
plates, are given. The two lowest lines glve values of
¢ and the corresponding n

3. In order to ob aTﬂ‘équations of free osclllsetlions

of non losded plates it 1s necessary to sssume for 2
/%,6/ in (1.2)

g o .
The finasl equation of free oscillations of the orthotropic
plate can be written in the form ,

dg gy {2 Tolt o%w

s e g ° 3.1)
f @ , @ LR P Fr oy
LBH Fas i (312 :'»2355)-5?5-5-2]31 ""g@"gaé&\lju“;@ - B“ ?;é?)@ 4
| % ,
4 Qe (Byg - Boe)*;;&;] g 0'

‘ ) o* [ . a°
(Byy - ZBGG)W + Beeg};{j“‘ - ‘{‘6 {”55(”12 i+ Beg) ‘5;‘5,; -

. AT Y
- Qg (i}t‘;ﬂ D“a“..: - 1}-_)2 ';3_?) ?] . ’# = 0
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* whers To ‘specif'ié gravity of the plate material, g -
gravity accéleration. The solution of system (3.1,
we seek in the f_ozm ) ) : :

_ L, omma .oAmd
Hows Wy SHL T £ e vus ol
' cmma o nnd ' VoA % oo
= G o8 sin == cos ol - o sin e Cus b}’ corml  {3V0) .

satisfying conditions of free support &long the whole
contour of the plate. -

Substituting (3.2) into (3.1) we obtaln & system
of homogenous equations in¥w §m ¥, EQuating its deter-
minsnt to zerc we get the frequencies of free cecilla-
tlons from : _ R | 4
e G YU+ d (3.3)
vhere d corresponds to (2.8), and |

. P . L - ,

Gy = R'P ;%;{3;& ":r 4 2(Dje 4 2Dg;) "“Tab‘n’?‘ + Dy ‘%ﬁg] @34
repreaanta,‘properly speaking, its frequencies, determin~
ed eccording to the classical theory of plates.

If the plate 1s mede of transversally-«isotrople
material (see section 2) /B/ we get for the frequencles of
free oscillations / .

| P S .."‘E';.VEP_.':'!t |

Table 3 glves values of ratio ®mn/®m:.corresponding
to some osciliation tones{m, m=1, 2jcalculated according
to formula (3.5) for a square plste (¢=1) with different
values of parameter k . ‘

Table 3
. L L E ° [ . . ..
Hub~ umf«%u ‘ H:sfﬂu k wni«.é . e Ogfen
0 4 g i 1 0.45| 0.877¢ 0.7550 0.6742
0.2 | 0.0808 | 0.9535 | oo [020| omsz | o707 | 0,620z
003] 09713 | 09325 | 08980 |025| 08165 | 06667 | 0.5774
605 | 09535 | 0806k | 08452 030 07908 | 0.6325 | 0.5423
0.07 | 0.9356 | 0.8607 |. 08006 |035| 07670 | 0.6030 | 0.5130
010 o 081165 | 0.7454 1040 0.7454 05774 | 0.4880

. -
Py
N
-



' v
This teble shows that with increasse of parameter
k¥ the frequencies of its oscilllations wm, vary more greatly
from the corresponding frequencies @m: obtained by the
clesslcal theory of plates. This difference, less pronounced
et the lowest oscillation frequency (v;,) , becomes more
substantiel at the highest oscillation modes ( @5 , etc.)

4, Th2 equation of dynamic stabllity of an ortho-
tropic plate is found when substituting in (1.2) for 2 the
expression /7/

o dw M o 0w oh 9w
2= T+ 15 g 4 2 gas — T @

Substituting (4.1) into (1.2) we cen easily obtain
the final equations of dynamic stabllity of orthotropic
plates. .
If the plate is compressed in the main direction

@ only (Fig. 1) then

1‘lﬂ - In’. Tgo 8% = 0 o (4.2)

Let us assume that the external force P varies
periodically in time

P Pyeost | (4.3)

where Po - amplitude and @ - frequency of externsal force.
ConsidePing (4.1) to (4.3) the system (1.2) is written as

L7 ™ P .

- {
[Bu 355 + (Bu+ 2Bu) 35;;;] w— ‘%{ﬂm (Bz'n'sgr + B ';ir)' + i
toulB+ B k| om0 WA
{(Bu + 2By) &% + By '3%.‘"]'0 - %gﬂm (B2 + B@f"ﬁ?ﬁ" +
+¢a(3u38::i' +B”-§%)¢}+¢%0

We seek solution of system (2:3)'1n the form of =

| "wzw(t)sin—”:-f-viin-#';-’-v N
N 93?(t)cosﬂ?sip~"%@-, ¢&¢(‘)Sin2;!-6084 (‘05) A

—_ 9 -




* where w(t), ¢(t), and‘?(t) --valuee of cunctions w, ? &and A

$ in the center of the plate. This will satisfy the con-
d%t%ana of hinged support all around the outline of the
plate. ,
Substituting (%.5) into (4.4) we obtaln

e e et

e h® mm W omn RS

(5, 52 4 (B 2B 5 O—[1+ 5 wBas + Bu )0~

73he

—~ 5 tuBut B G540 =0 )
8 ! ’ " R ' . ‘ i
¥ {’(Bu +28:) G+ B %] wi) “E:% G55 (Bys - Bea) "E‘% {8 —
2R Z &

‘The last two equations of syatem {4.6), as may
be seen, G¢ not contain derivetives with respect to time.

Excluding ¢(t) and ¢(t) from system (k.6) with
pespect to w(t} we obtein the differentisal equation

dw (t | |
..-.;%-2 4wl (1 - -—53-— €08 ﬂt) w(t) =0 “4.7 ;

mna

where ¥gn, Pap -- frequency of free osciilations of the
nonloasded plate {(3.3) end critical value of the com-
pressing forre (2.9) (if the compressing force gcts 1n
one direction @ only), respectively.

Bquation (%.7) is the well-known equetion of
Matthieu. For certalin coefficient relationships it has
inereasingly unlimited solutions. These solutions £111
out complete arcas of the paramster plane, to wnich
correspond regions of dynamic instability.

Let us revrite sguation (k.7) as

f%(ﬂ + G P cos ) (1) - 0 {)‘mn '&’:\ ("-8)‘

? 2Ppn /

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

v lng formulag: . 4




6 = %opaV TE0m By

for the fipst . or main instability reglon, or

¢ QMV/H.% s oV I=28, | (410)

for the second instabllity region, or

.2 T e :
B = V o Thim (4.4%)
3O FE9h,,

for the third instebility region.

Here 60 are critical frequencies of externsl
load, that 1is externsl loed frequencles, corresponding
to the boundaries of instability regions.

As may be seen from the above formulas, the
critical forces, the frequencles and snatebility reglon
boundsries will be substentially different, depending
on the number of half-waves (m,n) in the dlrectlons al.
gnd £ .
¢ There will be a further examination of the case
when, in both dirvectionsel and J only one half-wave will
be generated, that 1s in all the above formulas we shall

th” me=n =1 (4.12)

and for simpllicity the indices ¥ 11" shall be omitted.

1et us consider the case when the rectanguler
plate, supported around the outline, 1s made of trans-
versally - isctropic meterial. As before, vwe assune
the plane of lsotropy at every point to be parsllel
with the medlan plane of the plate.

Talhle 4

e ‘ , i region ; 11 rezion | ur reglon

For k=0 ().iif .y :
i :
[ 1.0 0.50 0.50 (.3333 | 0.3333

¢ | $.00

0.4 | 0.9487 | 1.0488 0.4950 0.5008 0.3312 0.3316
0.2 | 0.8044 | 1.085¢ G.4798 0.5033 0.3235 0.3272
0.3 | 08387 | 1.1402 0.4528 0.5074 0.3068 0.8205
G.4 | 0.9748 { 4,1832 0.4123 0.532 0.2734 0.3120
by 0707 l 1.2248 0.3536 9.5204 0.1992 0.3018

DURI & 1 —_—



J,

(rable 4 Conty)

A | I reglon 1I reglon 111 region

For k=0.00 (i g:.::"’ 3
or 5 { vig )

0 | 0.8535 | . 0.8535 0.4767 0.4767 0.3178 0.3178
0.4 | 0.8895 L0045 0.4709 6.4777 0.3133 0.316%
0.2 | 0.8422 | 1.0531 0.4531 0.4806 0.3064 0.3140
0.3 | G.7804 . 1.0008 0.4218 0. 4853 0. 4852 0. 3005
.4 i 0.7925 | 1.1442 0.3732 0.4919 0.2397 0.2918
Mg 06742 | 1.1677 0.3371 0.4962 0.1899 0.2878
_ . Fer k==0.10 (Klgé"/u)
IO O R Pl 0.4566 1 0.4564 0.3043 0.3043
01| GENEY L 0.9661 0.4498 0.4575 0.3014 0.5024
U2 | 07858 | 10165 | 0.4203 0.4808 0.2905 0.2064
0.3 | 07308 | 10645 0.3929 0.4667 0.2644 0. 2681
0.4 | 0.6583 | 1.1105 0.3352 0.4738 0. 2040 0.2745
Mig 08157 | 1.1180 0.3078 0.4754 0.1819 0.2755
For k=0.20 (?‘153’!:@)
, _ . m
0 (L8402 1 0.B452 0.4228 04226 10,2817 0.2817
0.4 | OTKR | 0.0 0. 4142 0.4:240 0.4780 6. 27490
t.2 {051 | 0.9062 0. 385 0.4281 02830 0.2721
UK l 06436 | 1wl Y. 3400 04348} 0,225 U262
Afih 0.5976 | 10051 0. 2083 0.4348° [ 0. 1684 0.2551
For k. 0.30 (A" =%/1)
s . lin
] (UL LLAT £ S LI 11 e 03453 ‘ G. 2655 0.2635
i | aie G851 1 o GG 1 0,258 0. 26003
0.2 48L19 QW3 1 U2k 1 Gae 6T 4. 25h24
O% | OsTor | 0eeI8 ¢ o L 04102 ! 01748 0. 2403
by G008 | O oo oo | eters ) 0.238

‘The reglons of dynamic instabllity will be de-
termined per formulas (4.9) to (4,11}, the indices Fan®
being omitted. -t

Let us examine a square plate ( b = &), In
order to compare the results obtained for the instablility
reglons with the respective pesultis ghtained by the )
classical thoory of plates, -- formulas (4.9) to (4.11)
-- taking (4.12) into consideration -- are presented
in the following form

YA e .
Eggm.]/rrzizjjk (4.19)




for the fi_i's‘t.“‘- (ﬁ;’ain) inatabiiity region, or

»

S S N 1 1+M . 1 / i _
; :-;m” :. V!-}-Zk —{‘ J4 (;“a)zg ..2;?* 'i's/' i—:ﬁwz‘i ~§‘ 25&}(}@ )3 {&‘!/‘)

for the second instability region, or

Jﬁ}yii/rd* AT e Puy .
2 T3V ¥R OBLSArH N _(" =) (4.15)

i

for the third instability region. - -
From (%.8) we drew the conclusiocn that <l

and therefore for the limit velue of A° we have |

R R i
M gmte = i (4.16) .
i ¥ Y/, ; T T o ' ' R
ii - ey 2 Table 4% giyes values
o B 7 2 of e° / 2wY dependent

on A’ , calculated
accoerding -to formulas.
(4.13) to (&.15) for
different values of
peraneter k .

As 1llustration Fig. 3
~shows regions of in-
stability for k=0 and
k-O.Q.'

Fig. 3 .

In examining Fig. 3 and the above Tables we see that with
increase of the coefficlent k the instability regions
calculated according to (4.13) to (4.15) are different
from those csleculated according to the clesslcal theory
of plates (k-0), this difference belng & decrease of €9/
2v° and of the intervel of parameter . |
Anslogous caloulations for ‘orthotropic squere
plstes (b=a) were made on an electronic computer type
ggg»at the computing center of the Acad. Scl. Armenilan
Three variations of these calculations are given
in Table 5, showing @C / 2w0 for different values of
, baremeter k .




t Table &
o g ! region 11 region HI region
For k=10, ke=2 (A =0,4840434)
' 1im
- 0 0.9830180 | 0.9839100 | 0.4010505 | 0.4918505 | 0.3278730 | 0.3279730
6.90 | 0.9317170 | 1.0334878 | 0.4886820 | 0.4628328 | 0.32573B4 | 0.3262047
0.9 | 0.8784112 | 1.0807852 | 0.4704945 | 0.4954466 | 0.3175495 | 0.3215206
0.230 | 0.8173718 | 1.1260980 | 0.4422n04 | 0.4997743 | 0.2895431 | 0.3145625
0.40 | 0.7537218 | 1.1896566 | 0.36u2340 0.5057637 | 0.2626090 | 0.2037170
Mir | 06957358 1.2050498 | 0.3478679 | 0.5120477 | 0.1960013 | 0.2866922
k=hy=5 (A (50-4543373) |
0 0.9572442 | 0.0532442 | 0.4766221 | 0.4766221 | 0.3177480 | 0.3177480
c.10 | 08850532 | 1.0043278 | 0.4708143 | 0.4775832 | 0.3152678 | 0.3158160
0.20 | 0.8418280 | 1.0529360 | 0.4520443 | 0.4804549 | 0.3060235 | 0.3107304
0.30 | 0.7801758 | 1.0993972 | 0.4214806 | 0.4852034 | 0,2850747 | 0.3032048
0.40 | 0.7132442 | 1.1439730 | 0.3729991 ! 0.4917743 | 0.2394993 } 0.2636728
Mg | 0-8740454 | 1.1674810 0.3370227 | 0.4960840 | 0.1898907 | 0.2877331
’ ky=2, ky=10 (Aii;gzo,3949343)

0 0.8887434 | 0.8887ab4 | 0.4443727 | 0.4443727 | 0.2962485 | 0.2962485
0.10 | 0.8305832 | 0.9433284 | 0.437192%1 | 0.4450582 | 0.2631173 | 0.2850012
020 | 0.7680200 | 0.9946214 | 0.4143053 | 0.4490966 | 0.2800120 | 0.2878131
0.30 | 0.6099060 | 1.0439676 | 0.3748275 | 0.4549311 | 0.2507869 | 0.2788981
Mim 4.U884864 | 0.3142168 | 0.4625178 | 0.4770423 | C.2682644

0.6284378

Notations used in these Tebles are

where By ,/gl_and Eg ,/2 --elasticity modull and

{3

ky = -FL
1 3

-

1

p==d

©®

o

— TS o btk

£y
3
18

ky = agyk, == auk,

Polssons ratlos in directions« and~@ , respectively;
G12 = Bgg. o
Cslculatlions were made for 4 =
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0.3, h/a=0.1.
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