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ABSTRACT

A.simple bolynomial form in obligue dimensionless co-
crdinates representing the deflection configuraiion of clamped
skewed plates :ith variable thiclkness is used together with
Galerkin's veriational procedure to obtain an approximate solution
to the differential eguation of such.plates under a uniform lateral
load. Variations of centre defle&tions and maximum centre and edge
moments and stpesses with skew angle, aspect ratio and thickness
coefficient are presented. An eguation foxr a hyperbolic parabeleid
surface is chosen to represent the thickness of the plate. Results

are compared to those obtained by tests carried out on z plexiglas

plate model, showing a fair agreement.
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INTRODUCTION

Skewed plates are often required as component parts for large
scale structures; éuch_as bridges, building floor systems, triangular
dazms, as well as parts of swept-back wings and fins of subsoﬁic.and
supersonic aircrafis, |

It wes found that in a clamped skewed plate of donstant
thickness under a uniform lateral lcad the maximum moments occurred
along the longer edges of the plate and were invariably displaced
toward the obtuse corners; there are also high stress concentrations
in the vicinity of the obtuse éorners, while at the acute corners the

P . e 1L 12
stress concentrations were not s1gn1flcanto( )’( )

\

the obtuse corners of the plate have a larger thickness than that at

Accordingly, if

the acute corners the stresses in the plate will tend to be distributed
more evenly, and the criticél stresses and hence the mass of the plate
willAbe reduced. Such reduction is especially importan£ in aircraft
constructions.

With reference to the theoretical work in this thesis, the
Galerkin's variational procedure is used to solve the differentiazl
equation of a'clampe& skewed plate with_variable thicknees under a
uhiform lateral load, Following the procedure, a deflection

configuration containing four undetermined parameters is first assumed

w

atisfying not only the boundary conditions of the plate but also polar

[¢)
ck

P

ry. The selected funtion is a linear combination of four

7]

ymm

e

ndependent functions. Since this function does not contain a complete
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)

syste it does not satisfy identically the governing eguation of

5
the plate, and thus the existence of a residual load. The reguirement
that the totzl work done by such a residual lozd during a virtuz
displeace enf should vanish leads to the cvaluation of the undetermirned

parameters. Accordingly, after a process of differentiation and

iocn the paraméters axe aluated by solving a set of four

bote
a1
o+
(8]

€q
&3
I\
(3

&)

imaltaneous equa ations., Finally, the deflection eguation with its
determined pearameters is diff ere tiats& to yeild the reguired moments
and hence stresses. An IBX 7094 computer ﬁas used to do the
computationa} worke To guard esgainst round.off erxors, double precision

arithematic was used.

An experimental investigetion of the bending behaviour of a

clemped skewed plafe with variable thickness was carried §ut on a
plexiglas plute model., Strain rosette gauges and dial indicatoﬁs were
used to measure sfrains and lateral deflecticns, respectively. An 1EH
1620 II computer was used fo convert straihs to.stresses,

Both the computer progrémmes for the theoreticql and

experimental investigations wexre coded in Fortran, and are included

in Appendix A,
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CHAPTER 1II

REVIEY OF LITERATURE
Relatively little informotion is to be found in the 1iteratuﬁe
before 1940‘on'the prohlem of skewed plates. This is due to the fact
that solutions to problems of skewed, or swept structures are invariadbly
difficult and complex. However, thesé solutions are of considerable
importance in enabling the construction of safe and efficient structures
such as skewed bridges and swept wings. In 1941, quite an entensive
work was done by Jensen,(3) who investigated slabs with various skew
angles, boundary conditions and loading conditions by means of finite
difference eguations.
Since the work of Jensen, a great deal of work hzs been done
on skewed plates and skewed structurecs, The problem of unifbrxly Joadzd
clamped skewed plates with constant thickness has attracted the
~attention of Mirsky(4) and Dorman(5) in 1950's. In 1963, limited results
showing the variations of deflections and moments with skew angle were
reported by Morley.(7)
In 1963, Kennedy and Martsns(s) investigated experimentally the
stresses near the corners of skewsd stiffened plates, and they observed
that critical stresses often occur in obtuse corners of such skewed
plates. An anzalytical solution of such plates under a uniformly
o e , . . (9) . .
distributed load was presented by Kennedy and Huggins in 1904.

11 . s
In 1965, Kennedy( ) used Galerkin's variational procedure to

investigate the bending behaviour of a clemped skewed plate under =
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uniform pressure. Results showing variations of maxinun deflections,
centre moments and edge moments with skew angle and sides ratio were

(12)

presented, In the same year, Kennedy and Ng used the Réyleigh—ﬁitz
method to selve the problem. Resuvlts obtained by the two different
methods compared closely. They also obsexrved, experimentally, the
existence of high stréss concentrations in the vicinity of the obtuse
COrners,

(15)

In 1967, Iyengar and Srinivasan presented a solution for
clamped parallelogrammic penels under a uwniform pressure by employing
cha*acterlstlc functions for the modes of vibration of clamped-—clamped
beams., This method OL solutlon appears to be incapable of assessing
correcclJ the centre deflections and moments in panels with large

skev angles, wa40h influence the flexural behaviounr of the pw“

(14)

significantly. ﬁore recently, Kemedy has found a2 convergent
.solution to the problem by means of a power series and Galerkin's
technigue. He also examined the influence of elaStlc suppoxt on the
centre deflections and maximun centre and edge moments in such panels
and the influence of Poisson's ratio on maximum stress in such penels

(13),(16) (17)

with non-linear behaviour, Ienned; and Ng have also
obtained & solution for linear and non-linear analyses of clamped
skeved plates by employing the perturtation method.

Although a number of pépers have been written on recténgnlar
plates with veriable thickness, extensive literatuvre survey has shown

that a solution to clamped skewed plates with varisble thickness is

not available as yet.
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CHAPTER III

THEORETICAL ANALYSIS
(&) "Assumptions

The usual assumptions made for the small deflcetion theory for

plates of constant thickness are as follows: |

(l).Deflecfions are smell in comparison with the thickness of
the plate; therefore, the membrane stresses in the ﬁidéle
plane of the plate are negligible. )

(2) The thickness of the platé is small in comparison with its
other dimensions; therefore, the normal stre§§es in the
‘direction transversé to the plate can be disregarded.

(3) Points of the plate lying initially on a normal to the
mi&dle plane of>the plate remain on the normal to the
middle plane of the plate after bending. This.aséumption
is equivalenf to the disregard of the effect of the shear
deformations on the deflecﬁioﬁ of the plate.

_. (4) The plate is isotropic, i.e., équal prope:tiéé and béhaviour
of the material at each point and in 2ll direétions. All |
deformations are elastic, i

The same assunptions are used in deriving the governing equatibﬁv

for plates of variable thickness, and in addition, it i; assuned that

there is no abrupt variation in thickness,
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(b) Formulaticn of the Governing Fowation for Plates of Variable Thickness

In deriving the equations for bending and twisting for plates of
constant thicknéss, an element taken from the plate is considered, In
the case of plates of vaviable thickness, if there is no abrupt
variatioﬁ in the thickness the difference in thickness in the elementl
can be ignored. Thus the expressions for bending and twisting derived
for plates of constent thickness cen be applied to this case.with
sufficient accuracy.(1)

The following are the well-known expressions, felating
curvatures and momentis:

2y

I‘q = -.D( ) -noo.‘c-oeonoc.--ooo.ooououoo'(3"1)
x T 2xP Y '
o .
2 o
M = -D(""""""" v ) 88000000088 060000000s¢s0s000 (3"‘2)
¥y o¥? D% :

r L% .
l'I}Qr=D\1“\’)waT’é:i=" G OO U ¢ % 8 *O @ C.C0B0 6008 CGCLEOSLESISOCESSS (;}""5)

vhere Mi, ﬁy and Mﬁy are bending and twisting moments per ﬁnit Jength
of sections of a plate, D is the flexural rigidity of the plate, V is
the Poisson's ratio, and W is the lateral deflection.
Fig. 1 represents the middle plane of an element cut out from a
plate with all the quantities shown in their posifive directions.
‘ Considexing.the equilibrium of forces in the Z direction and moments ’

about the X and Y axes and ignoring texrms of higher order, the following

three eguations of eguilibrium can be obtained:

.gix 4 gi” + Q@ = 0 tavecinnrescnrnscisorasiecssos (3-4)

?9}%: 23M§v
53 - 5% - Q =0 (3~5)
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BMV aMW
N - : - = Os'..‘lllt.Q.0..0".!.-'!00..'(3—6)
oY oX % ,

vhere Qx and Qy are shearing forces per uvnit length, and g is the
intensity of a continuously distributed lozd,
Combing Eas. (3-4), (3-5) and (3-6), yields
220 D Orr
of 1 10
2 l}: 8 bia’s + 3 ar

seriiaes wq .-oooo-‘.o.augooco-'(3"7)

%2 Xy 78
Substituting Egs. (3-1), (3-2) and (3-3) into Eg. (3-7) and
observing that D is no longer a congtant but & funcw';ionA of the co=

ordinates X and Y, yields

2D 2 oD 9 ' .
v Lt L AY S e AT AD Ay
DAAY  + 2_8}: 3% AW + 2 N Sr +
4(ﬁ1.-‘0)(“a-2—13 --2-3i- 2 2% _ % + 2% agw) =G eeeeee(3-8)
. 23%2 Y% IéWOY ;oY o ox?
2 - 2
Q. p)
vhere A = +
dx? o172

(1)

This is the governing equation for plates with variable thickness,

1
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Q
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Fig. 1. Moments and Shear Forces on'Plé:te Element with Sides dX and ay

8
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Fig. 2. Rectangular and Skewed Co-ordinate Systems
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(c) The Governing Zguztion in Oblicue Dimensionless Co-ocedinates

In investigating the bending behaviour of skewed plates, it is
often advantageous to adopt a co-ordinate system parallel to the edges
of the plate, namely the oblique co-ordinates U and V shown in Fig. 2.

By the tranéformation | )

X = U cose 00‘000.0&0..'000090‘-'000..o‘oo-u'oooc.o‘c--oooov(5"9)

Y

i

v + U Sine U"'.5D.t.“.l.’.‘.‘._'..'..'..Gl......°.01(3~10)
in which € is the skew angle, the following relationships between the

rectangular and the obligue co-oxdinate systems hold:

2 D '
Tremem— = e - .b g 86068860650 000s00OSEIOLOIIBRSIED "1
5% 37 sec 7 an (3-11)

2 _ 2

" 5o PP ¢ S E))

By putting

U = &F eeeseocnsscaccoroscasccssssncastassnasassassoens(3~13)
and T = B tieeeerircnrerianiaiiisinciiiisicatascensnsnases(3-14)
in whicﬁ € ana " are dimensionless cblique co-ordinates, /22, and 2b are
the oblique dimensions of the plate, Egs. (3-11) and (3-12) can be

expressed in the following dimensionless forms:

a‘; - L ;E - s-%—) cerrereerrienenerenearaeas(3-15)
1
5‘%- = "';“—"aa;"'" QO..QOQ...OtQD.vOD.‘o..ooooo-.n..‘-ooov(3"‘16)

vhere for brevity, P = b/a, S = sin® and C = cos8,

Thus the following relationships can be ohiained:

& 122t 5% 2 2°
3 2R og? 25F Sz~ + aqz).........(a_n)

10
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g; - ;2 aajz ......................... ceeee.(3-18)
axa; - e ar)a;g 2 eveeeeerneesenens (5219)
A = b‘;(}g(lﬁ 3329 5 3”)8325 ;22)..,.,........(3-26)‘V
R R 57'3";" -
- s-éa%](%m)
“é%‘- = 131’2(1’297);;2 - 28P 3’?225 + ;33)..-.-.(3-22)
AA = = [P4a ‘, 45P° o + 2P(1+2S) 94
_ ToAAlT oEd M2E> INOE
9723; + -g{;—-} ..... ...(5-29)

Using the above transformation relationships, Egs. (3-15) to

(3-23), Eq. (3-8) can be written into oblique dimensionless form as:

| 4 4 1
—_ 3)'[134 DM 4epd 9 (0p? 4 4sPpP )0

vk et Mog? MDE
4. 4
Q0 M - 2D

- 457 N2k ¥ 8"}4] ’ b4c4 (2 3’6 Y B

2) >, . ‘ 3
[P3 QU 35?2 (p 4 25%p) P ?)UJ '

g3 MMoe? MPE o’
2 3D 2 %M 3o P
T THE N M IE? 25F MDE 3*13) ¥
12 3D 2°D 32D\ 2 23 2%
5%4\1" 582 2$1§ 519% +342)(P e 2SP8']aE +

11
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32D o _9%D 2 a?‘D) 2%y

3f3i[—) (1 =) —— (»* 2L oSP =— 1

a2’ T T AP 2t 219¢ o P
2 2 2. Gy ’p 2 2%
27D D aV__ gol¥y . 2D 2

2% 25!} e g e eees e e aeeana (320)
25P ST3E Tu_saqz) ] |
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(a) Assumed Variations in the Plate Thickness and Flexural Rigidity

The ﬁathematical expressioﬁ for the thickness of the plate at
any point is chosen as:

h=h (1 -~ cnﬁ);.......................................(5-25)
where hy is the thickness at the centre of the platé, and X is an
adjustable positive constant less than one. K is inserted, so that the
thickness at_the acute corners will not Be zero. %When XK is zero, the
thickness will be constent throughout the plate. Eq. (3-25) is an
equation for a hypeﬁbolic paraboloid surface. Thus one surface of the
piate has the shape of a hyberbolic paraboloid, and the opposite
surface is flat. The surface of a hyperbolic paraboloid can be easily
generated by moving a straight line parallel to one of the two
hori?ontglxaxes of the plate on two othexr straight lines which are
inclined %o each other but parallel to the other horizontal axis.
Hence, the thickness equation not onl& enables one to attain the
objective of increasing the thickness at the obtuse corners of the
platé or slab but also yields a surface_which has the practical
advantage of relatively easy forming. Moreover; by adjusting the
ccefficient K in the cquation one can attain various ratios of plate
thickness at the obtuse corner to that at the acute cornex.

With the thickness as given by Eq. (3-25), the flexural

rigidity of the plate at any point beccomes:

3 .
D.".". Eh 9 = Do(l—I‘:nE)B.oeoc-to»voo-‘no-cuog.(3~26)
’ 12(1 - V%) :

where D is the flexural rigidity at the centrs of the plate,

13
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(e) The Gelerkin's Procedure

Te apply the Galerkin's procedure, a deflcetion configuration

for a clamped skewed plate is5 assumed as:

W= (1~02)2(1*§2)2(1~VE)(Co+01U2+62§2+C54282)-o----"-°(3~27}

vhere C Cl’ C2, and C3 are undetermined parameters.
: o . ,

[o 7]
w3
s}
o
r'-
4]
[2V]
H
0]
.

The boundary conditicns for the clzmpe

W =20
. at. Vv b or ) =1%1

oY
ot = 0
and
W=0 )
>y st U=t%a or =21
2x - %1

where § is in a direction normzl to the edge of the plate (Fig. 2).

From Bg. (3-27), it can be readily shown that all these
Eoundary conditions are identically satisfied, It may be worth ncting
alse that the deflection function chosen satisfies the polar symmetry,
iceoy W(EM) = W(-E,-1) and w(-E,N) = w(E,-), which is a necessary
céndition for a uniformly loaded skewed plate,

Substituting Egs. (3-26) and (3-27) into Eq. (3-24), the
governing equation can be writfen in the following form:

EEMN) = a/Dy = 0 teviniiniiiiiiiiiiieieiiiesieircnenaesaa(3-28)

Since Eg. (3-27) is only an approximate solution to Eg. (3-24),
it is clear that Eq. (3~28) is an error function, which can be
considered as a residual load., The tatol.work done by such a residual
load during a virtual displacement corresponding to an increment 8% is

]
identically zero.(z)’('B) Thus mathematically expressed:

14
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ijq.G-ze)&-de}ag e 0 iieinencnerearssnnenneeennens(3=29)
R

vhere the double integral extends over the plate region R,
From Eg. (3-29) and by using Eg. (3-27), Galerkin's procedure

requires
41 +1

jJ’Eq.(B.-ZS) mgl- FIE = Ovevrverrieerrennaessenneasss(3-30)
24 C; |
where. 1 = 0, 1, 2 and 3,

Pérforming the integration indicated in Eg, (3-30) yields,
after some cumbersome algebra, four simultaneous equations, from which
the four parameters can be obtained., These parameters are then inserted
into the expression for the deflection, Eg. (3-27), from which
deflec‘;ions at a;ny point within the plate boundaxries can be determined.

A programme coded in Fortran for an IBM 7094 computer was used

to solve for the unknown parameters,

15
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(f) Moment and Displacement Relationshi

It was indicated that the expressions for bending and twisting
moments derived foxr plates of constant thickmess could be applied with
sufficient a;:cu:g‘acy to plates of va:c_iable thickness provided that there
was no .abrupt varietion in thickness,

4 Using the transformation relationships, Egs. (3-—17), (3-18) end
(3-19), rectangularAmoments' can be expressed in Yerms of the deflection

W in oblique dimensionless co-orc1inates, ¥ and 7] . Thus:

M}{:-D(gkw o+ gig
- D°§Z§"1) [Pz aa:g 2SP aqug)'s (s? + v¢2) 3)?1]......(3—31)
g o 3
- 3052{25 1)3[91)263:2 -2YSP aaﬂgé (vs?+ 02) %%J'“”“(B-BZ)
SRR 1
2 DoV - ;)((}KYIE" D (p aa,;g& - s-%%‘é‘{) eeereenneees(3-33)

From the rectangular moments Mx’ My and the twisting moment M
4 : ]

-the principal moments, Mpgs and IMysn, can be calculated in the usual

manmex:

i —-1—— 5t \ .—1— q % 2 - T
Mmax= 2 (}Jx_}_liy) -+ 2/\/(1\lx-liy) -+ 4}1xy co.o.otoooo-a(3"54)

min

M., = -;—-(Mx + ) - —%—--/(Mx - My)2 F AL eeeenneend (3-35)

16
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The direction in which the maximum principal stress occurs is

4 a1 oy )
¢ = —é—tan E'I;-j_}g:y -'oosoo&ocoo'oo_.o-oa-oo-oo-..oo.ce(3 36)

where § is the angle mearsured clockwise from the X direction.
Once these moments are known, the stresses can be readily

obtained by multiplying the corresponding moments by 6/h2, i.€4y

6Mx : 6Hx | (3-37)
O“‘ = meeem— = . €GeS EIL OO PBLIGCIRENOIEELOSONL -)
* n? n3(1 - KNE°
611 61 .
G‘& = "—-%- = 2 i 2 .o;c,..oc-.o.vonooo.c0.;..o00;(3"38)
h no(1 - X7E)
611 61 =
T = ""'-221 = 2 JQ, 2 o‘loc.c'ooo...g.'ocl-Anto-'oo~(3-39)
¥ . n nS(1 ~ KN%)
0- ) = 6IYImax = .v..6ﬂlm < 2 u...o.........-...c..'.....(3-40)
max 1l n2(1 - Kng)
and
6M . 6M . ' A
min min -
O_;}in = 2 = 2 2 11000000-lltootc'.loooctooot(3 41)
h he (1 - XK1%) . .

1T
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(g) Observation and Discussion of Theoxetical Results

" ‘Theoretical resulis for centre deflections, maximum moments
and stresses at centre and along the edge for various skew angles,
aspect ratios and thickness coefficients are shown in TABLE I. It car
be observed that the deflection coefficient wl and stress coefficients
S1 and 82 invariably decrease with increasing K, the thickness
coefficient., Observing the thickness equation, it can be seen that by
increasing XK the thickness at the obtuse corners of the plate is
increaéed while that ét the acute corners is decreased. Hence, the
objective of reducing the critical stresses‘and the centre deflection
of the plate by increasing the thickness at thg obtuse corners relative
to that at {the acute corners is attained. Furthermore, the ratio of the
coefficient of the maximum edge stiress 32 to the coefficient of the
maximum cenire stress Sl inveriably decreases with increasing K. This
means that the strésses in the plate tend to distribute more evenly |
with the assumed variation in thicknes#.;

It is also to be noted that the volume.apd hence the mass of
the‘plafe are decreased, as shown in TABLE II.

The percentage differenées in the values of W, 5,, L (the
volume coefficient) and 32/31 when K = 0 and K = 0.8 for various skew
angles and aspect ratios are shown in.Figs. 3, 4, 5 and 6, respectively.
The a?erage differences are, respectively, 25%, 27%, 15% and 16%.

It can be also observed that points of maximum stress and

: .maximum moment along the longer edge do not céincidé, generally, with
the latter being closer to the obtuse corner.

Furthermore, the tzbular results show that the centre

deflecticns, moments and stresses at centre and along the edge decrease

with increasing skew and aspect ratic.
18
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(n) Convergency of Results

The convergency of the theoretical solution Qas checked byA
comparing the résults obtained from one~, two-, three- and four-
parameter solutions. A sample of the results are presented in TABLE III
where centre defiections, principal centre and edge moments, obtained’
from the four solutions, are compared. For the maximum moments along the
longer edge where critical sitresses may occur the percentage differences

- between the results from three- and four~parameter solutions are less
than 1%. As for the cenire deflections and maximum moments the
_convergency of fhe results is not as favourable; however, the results
from the four-parameter solution appear to be conservative. TABLE IV
gives a comparison of centre deflections and maximum moments at centre
and edge‘fér:clamped skeved plates of constant thickness with Kennedy's
results'obéained from thirty-six-perameter solution;(14) It can be seen

that the resulls from the two solutions compare quite closely.

19
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TABLE II

Variation of Volume Coefficient I with Skew Angle,
Aspect Ratio and Thiclmess Coefficient

~ ( Volume =.L(q\/f):'1~’.-a,3 y

P K 6 = 15° 0 = 30° 6 = 45° e = 60° 8 = 75°
0 4.227 3.442 2.312 1.150 0.3055

0.2 4.107 3.338 2,238 1.111 0.2948

. | 0.4 3,964 | 3.208 2.144 1.066 0.2833
1.00 | 0.5 3,886 3,138 2.095 1.044 0.2773
0.6 | 3.805 3,065 2,049 1.020 | 0.2709

0.7 3,702 2.991 2.002 0.9962 0.2644

0.8 3,638 2,916 | 1.954 0.9717 0.2578

0 6.093 4.985 3.346 1.663 0.4420

0.2 5.931 4.837 3,238 1.616 0.4299

0.4 | 5.737 4.654 3,125 1.558 0.4143

1.25 | 0.5 5.632 4.555 3,060 1.525 0.4055
0.6 5.524 4.453 2.994 1.492 0.3963

0.7 5.412 4.350 2.926 1.457 0.3869

0.8 5.299 4,246 2.858 1.422 0.3774

0 7.891 6.488 £.359 2,181 0.5822

0.2 7.687 | 6.289 4.236 2,122 0.5662

0.4 | 7.448 © 6,050 4.081 2,043 0.5447

1.50 | 0.5 7.319 5.923 3.996 1.999 0.5328
0.6 7.187 5.794 © 3,908 1.954 0.5206

0.7 | 7.052 5.663 3.819 1.908 0.5082

0.8 6.914 5.533 3,731 1.862 0.4957
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TABIE ITI (Cont'd.)

P K o = 15° e = 30° e = 45° e = 60° 6 = 75°

0 9,642 7.935 5.363 2.695 0.7211

0.2 9.364 7.678 5.199 2.613 0.6991

1 0.4 9.077 7.583 4.997 2,510 0.6712

1.75 | 0.5 8.928 7.229 4.888 2.454 0.6561

0.6 8.775 7.073 4.778 2.398 0.6407

1 0.7 8.620 6.918 4.668 2,341 0.6253

0.8 8.462 6.763 4.559 2.285 0.6100

0 11,37 9.335 6.343 3.194 0.8564

0.2 11.02 9.018 6.128 3.087 0.8277

0.4 | 10.64 8. 665 5.874 2.958 0.7930

2.00 | 0.5 10.47 8.485 5.742 2.891 0.7747
0.6 10.30 8.304 5.609 | 2.823 0.7563

0.7 10.13 8.125 5.478 2.755 - 07379

0.8 9.955 7.948 5.348 2.688 0.7197

L "y ’
Note: Volume = 4ab?(82q/f)20086 = L(q/f)za3 , vhere S, is the coefficient
for the maximum edge stress in TABLE I, f is the allowable stress

" of a material,and I is the volume coefficient in the table.
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' DIFFERENCE IN' CENTRE DEFLECTION, PERCENT

16 p—

15

1.00 1.25 1.50 1.75 2,00
ASPECT RATIO P

Fig. 3. Variations in the Percentage Differences in the Value of
Centre Deflection Coefficient W; Corresponding to K =0

‘and X = 0.8 with Aspect Ratio P and Various Skew Angle ©
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DIFFERENCE IN MAXIMUM EDGE STRESS, PERCENT

22

1.00 1.25 1.50 1.75 2.00
' ASPECT RATIO P

Fig. 4. Variations in the Percentage Differences in the Value of
Hexinum Edge Stress Coefficient S, Corresponding to K = 0

end X = 0,8 with Aspect Ratio P and Various Skew Angle ©
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ASPECT RATIO P

Fig. 5. Variations in the Percentage Differences in the Value of

-Volume Coefficient L Corresponding to K = O and K= 0,8
with Aspect Ratio P and Various Skew Angle ©
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20

,. PERCENT

DIFFERENCE IN THE RATIO

11— A | ‘ - ' —

10

1.00 1.25 1.50 1.75 - 2,00
i ASPECT RATIO P
Fig. 6, Variations in the Percentage Differences in the Value of
 the Ratio of the Max. Edge Stress Coefficient S, to the
Max, Centre Stress Coefficient Sl Corresponding to K = O
end X = 0,8 with Aspect Ratio P and Various Skew Angle ©
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Comparison of Deflections and Moments Obtained

PABLE III

by Using Different Kumber of Parameters

( Deflection = W, (b4q/Do)(,10)~4, Homent =Mib2q(lo)"2.)

' NUMBER OF PARAMETERS
K= 0.5 e P :
1 2 3 4
15° | 1,00 157.0 15645 156.1 156.8
15° | 1.50 54.75 52,97 53,80 53,88
v, 30% | 1.00 99.71 99.29 98.99 101.9
60° | 1.00 9.828 9.722 9,655 10,32
8 60° | 1.50 |  3.560 3.429 3.474 5.674
?; 15° 1 1,00 8.227 8.153 8.077 8.262
15% 1 1.50 5.658 54370 5,720 5.764
M, 30° | 1,00 6,980 6,884 6.813 7.616
60° | 1.00 2,280 2,191 2.135 2,627
60° | 1.50 1.393 1,256 1.333 14597
" 15% | 1.00 | -6.614 -6,606 -6.725 -6,688
S . 15° | 1.50 | -5.189 -5.147 -4.699 -4.687
v oo| M2} 60° | 1.00 | -1.545 -1.540 ~1.635 | -1.645
] o 60° | 1.50 | -1.259 -1.251 -1.134 -1,125
Poisson's ratio Y = 0.3 i =1, 2
36
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TABLE IV

Comparison of Centre Deflections and Faximum Moments at Centre and Edge
for Clamped Skewed Plates of Constant Thickness with Kennedy's Results

( Deflection = w1(b4q/Do)(10)"4, Foment = M‘ibzq(lo)“2 )

CENTRE : EDGE

& ~ ‘P 1‘11 . H,‘ - 1,

Author Ref. 14 | Authoxr Ref. 14 | Author Ref. 14

1.00 | 180.9 | 180.7 | 8.894 [ 8.811 19.95 | 19.86
1.50 | 61.58 | 61.67 6.264 | 6.218 | 13.75 | 13.53
2.00 | 22.21 22.44 | 3.89 3.906 | 9.019 | 8.670

1.00 121.0 120.5 8.208 7.906 16.45 15.83
30% | 1.50 41.33 41.27 5.227 5.101 11.55 10.82
2.00 14.98 15.08 3,248 3,217 7.564 6.970

1.00 52,70 52,44 5,720 5.383 | 11.14 10.40
1.50 18.26 18.22 3,505 3.338 7.821 7.070
2,00 6.740 6.773 2.184 2.146 5,239 4.650

1.00 12,59 12.53 2.822 2.610 5,507 5.509
60° | 1.50 | 4.438 4.429 1.719 1,632 3.916 3.510
2.00 1,673 1,682 1,081 1.058 2.657 2.330

1.00 0.8680 0.8644 0.7363 0.6742 1.451 1.339 |
75° | 1.50 | 0.3099 | 0.3096 | 0.4500 | 0.4242 | 1.042 | 0.9270
2.00 | 0.1187 0.1195 | 0.2856 | 0.2791 0.7128 0.6270
Poisson's ratio Y = 0.3 i=1,2
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CHAPTER IV

EXPERIMENTAL ANALYSIS

(a) lode) Making

To make'the'plate model, a mould was first made.-The mould frame
was made of 1/2 in., thick sheet plexiglas, which was then filled with
Ultracal piaéter paste. The top surface, that of a hyperbolic
paraboloid, was generated by striking qff the material with a straight
edﬁe moving along the top edges of the sides of the box, After the
plaster paste was dry and hard, the surface of the mould was sprayed with
black paint. The mould was 2 in., thick at the obtuse corners, and 1% in.
at fhe acute cormers, with the other dimensions being the same as- those
of the intended model (photograph A). A skewed plate was then cut out
from a nominzl 1 in. thick sheet plekiglas to the required plane view
dimensions, leaving 3 inches all around for clamping purpecses, Then
with the hélp of -a copying machine, the plate wés cut to thé reqﬁired
hyperbolic paraboloid shape as copied from the mould with 21l possible
accuracy. To avoid s{ress coﬁcentrations, each of the 3 in, wide
strips left at each edge of the plate for clamping purpbseé was first
cut to the same thickness as that of the corresponding édge of the
'model. The strips were then made into the éame thickness (about 1 in.)
gluing tightly each of them to a 3 in, wide wooden plank (photograph A).

The geometries of the plate model weré as follows:v

Panel length 2b = 30 in.

Aspect ratio P = b/a = 1.50

Skew angle 8 = 30°

38
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Thickness coefficiéﬁt X = 0,6

Thickness ét acute corners: 0,210 in.

'I'hiclﬁeés at obtuse corners: 0,910 in.

Thickness at centre: 0.550 in.

Oniy ohe plate model was tested, for it was quite expensive to

make the plate model,.

39
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THE MOULD AND THE PLATE MODETL.

PHOTO. A
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(b) Tensile Tests on Plexiglas

To determine the Young's mcdulus and Poisson's ratic of the
plexiglas, five specimens cut out from the same sheet of plexiglas
used-in making the model were tested.ATheir dimensions were in
accordance wifh the requirements of the ASTH Standard for nominal 1 in,
thick plastic materials.'To measure the longitudinal and transverse
strains, a 2-legged strain gauge of 1/8 in, gauge length was installed
on each of the specimens at the intersection of the two symmetrical
axes., The strains were recorded (for method of recording see P, 43)
for each load increment of 250 1lds.

The average values of FPoisson's ratio and Young's modulus

were found to be 0.3 and 470,000 psi., respectively.

3
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(c) Apparatus and Proceduxres

| F&ur netal~foil strain rosette gauges for plastic materials were
installed on the plate model at sélected locations., All these rosette
gauvges are of the 3-legged 450 rectangﬁlar type, having a gauge factorf
of 1.97, a resistance of 120 ohms aﬁd a gavge length of 1/16 in,
Terminal strips (type T-50) were used to connect the lead wires to the
gauge tabs, The lead wires were made of No., 26 stranded coﬁper wire and
wifh vinyl insulation.

"A skewed frame, used in previous experiments, was re-used as
the supporting structure. The plate model was cut to suit the
dimensions of the existing frame vhich was made from four standard
steel chamnels with 3 in., wide flanges, 12 in. deep and weighing é0.7
pounds per foot. The chennels wvere stiffened with 1/4 in, vertical
stiffeners, spaced 6 in, apart. The frame was supported by four
.structural steel posts,

1 The test plate with all the strain gauges installed was placed
on the supporting frame, wifh the flat surface facing doﬁnﬁérdsg To
simulate the clamped edge conditions, the panel edges were sandwiched
between the flange of the cﬁannel and 2 1 in. thick, 3 in. wide, cold-

- rolled stéel cover plate, A 1/4 in, thick plate cut into the same skew
and dimensions as the panel was in turn placed on top of the cold-
rolled steel cover plate,  and the entire edge assembly was then
clamped,by special clamps, spaced 3% in., apart, To create an air-tight
chamber between the 1/4 in, plate and the test panel, thin leather
gaskets were inserted immediately above and below the edges of the
ranel, The uniform lateral pressure was provided by compressed air,

nmeasured with a manometer which was connected to the vicinity of the

42
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centre of the panel. A liquid of 2,95 specific gravity'was used for %he
manoneter, |

The strains vere measured by means of two " Switch and Balancing "
units (model C10LC, Budd Instrument Division), a digifal strain indicator -
and an automatic print ouf unit (photogrphvB). To measure lateral
disPlacements, three.1/3000 in, dial ipdicators wvere installed at the
bottom of the plate in selected locations., | |

The 16cations of the dial inﬁicators and the strain géuges in
terms'of the obligue co-ordinate axes V and U are taebulated in TABLE V,

Three independent tests were performed on the plate model within -
the élastic limit ﬁith test data obtained for botﬁ loading and unloading,
All experimental results >for deflections, principal. stresses and moments
repbrted herein represent an average value of this test. Both the strain
and lqteral deflection readings are included in APPENDIX B.

From the values of unit strains Ea’ E% and Ec obtained from each
rosette gauge, the principal stresses and moments were calculated in

the usuval menner:

E(E + E 1 > — 2~
Tnax = 2 (1-v) ooy 28 - B)° + 208 - B) | (41)
. B (E + B, ‘ ztE )2 " . - )2\ ( : )
Onin =72 (1-v) (1+v) o - BT+ 2(8) - B J------4~2
2
}Imax— 6 ma}:-c-o.ocooc.-o-n.-o.-t--oo'ooo.-cnnoo.--oon.-c(4“3)
W2
Mmin":?o;ninc.--.-oo-o.-.-.o--‘o-n-ognno-.a--..‘.-....-..(4-4)

To facilitate the computational work, a programme in Fortran was
written for an IBM computer (APPINDIX 4) to obtained the principal
stresses and moments,
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PHOTO. B DIGITAL STRAIN INDICATOR AND
e AUTCMATIC PRINT-OUT DIVICE

)

o o0 0 P O N
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R

. PEHOTO. C TEST SET-UP
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TABLE V

Locations of Strain Gauges and Dial Indicators

Point Vy in, | U, in,
o Ny -6.00 | 9.75
Strain * -
B 0 9.75
Gauges c* -14.75 | 9.75
*¥ - .
0 0
D o | o
Dial : .
y E -7.50 | 5.00
Ind,
F 7.50 { 5.00

*: Gauge on top surface.

**%: Gauge on bottom surface.

P
A
E- 309 F
. Y,V
5 2 s7]

L
|

30in,

.

Fig. 7. Plane View Dimensions of Test Plate Model and Locations

of Strain Gauges and Dial Indicators
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(&) Observation and Comparison of Experimental Results with

Theoxretical Results

~ Experimental and theoretical results for deflections,

strésses end ﬁoments at various points on the plate are élotted in -
Figs. 8, 9 and 10, respectively, Observing these figuieé, it can be
seen that the experimental resultsvat.the centre, point.D, and the
middle of the longei edgé; point B, are higher than the theoretical
resulés, while at‘point A>the theoretical results are conservative,
These deviations mgy be due to the yielding of the edges of the plate,
whicﬁ would increase the deflections, s?resses and moments.at the.
centre, and decrease the stresses and m§ments at the edges, Since
the'ideal theore;icél clamping conditions assuﬁed in th; analytical
solufién cén never be realized in practice, the disc;epancy,between
the experimental and theoretical values in the lateral displacement

. of clamped plates will always exist and.must be taken into account
in the design of such plates,

The average percentage differences between the .theoietical and

exﬁerimental results are shown in the following table:

Point Deflection . Stress Moment
A — 27 28
B -_ 15 9
D 21 21 18

~ It has been'ekﬁerimentallyfbbserved'thatﬁfor a clamped skewed
plate of constant thickness under a uniform pressure the .magnitudes

of the maximum stresses in the vicinity of the obtuse corners were of
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the same érder as maximum stresses at the centre,(lz) but examining
Fig. 9, one can oﬁserve that the stress at the obtuse corner, point
'C, is only about 42% of thai at the centre, This phenomenon is of |
course due to the fact that the thickness at the obtuse corners
havé‘been increased relative to that at the acute corners oxr the
centre, | |

The stress at point A ié s8lightly lower than the stress at
point B, which is conirary to the theoretical prédiction. According
to the theoretical eanalysis, point A is the position where the
highest stress in the plafte will occuxr, This deviation might be due
to errors made in the experiment. Theoretical_résults show thaﬁ the
ratio of the stress at point A to that.at the centre isfi.96; while
the experimental regults show that it is only 1.12. |

It may be interesting to observe fhat'tﬁe moment at the
obtuse corner is nearly the same in magnitude as fhat at the centre,

Besides the possible yielding of the clgmped edges of thé '
plate, the dey;ajions frqm §he experimantal to the theoretical
results.mighf be due to the following reaséns:

(1) Inaccurshcy of the plate model;

(2) Poésible drifting of strain gauges due to.the heat from

the current; _ A -~
(3) Possible weakéning of the ~pl;xiglas at spots where the
solder-pen was applied to connect 1;ad-wires to st;ain

gauges,
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CHAPTER - V

CONCLUSIONS

As g result of this theoretical and experimental

investigation on clamped skewed plates with variable thickness under

a uniform load; the following conclusions may be drawn:

1.

e

4.

S

The highest stress in the plate occurs along the longer
edge and is displaced towards the ob%use corner,
The-positions 6f the highest moment and stress in the
plate do not coincide, generally, with the foxrmer beiﬁg
closexr to the obtuse corner, | B
Centre deflections and maximum stresses at the centre

and along the 1onger édge decrease with increasing ratio

of plate thickness at the obtuse corner to that at the

acute corner,

The ratio of the highest stress in the pléte to the

meximum stress at the centre decreases with increasing

thickness ratio mentioned in 3.

Déflectibﬁs, moments and stresses decrease with increase .
in skew and aspect ratio. | .
Experimental results indicate that the ratio of the
stress in the vicinity of the obtuse corner to that at

the centre is less then that for clamped skewed plates of

constant thickness.(lz)
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APPENDIX A -

COMPUTER PROGRAMMES
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 (2) List of Variables

Proaajmne Language: Meaning:
P aspect ratio P
THETA ' skew angle ©
ANU : Poisson's ratio V
AKX L : thickness coefficient X
BIGM(1,1).....BICN(4,4) elements at left side of matrix
' equation
v(1).....v(4) , elements at rigth side of matrix
equation, also parameters Co’ 91
C.,and C e
. 2 3.
ETA, AXI oblique dimensionless co-ordinates
M and §
DEFL deflection W
AMK, AMY bending moments Mx and My
AVXY ' _ twisting moment M
AMMAY, AMITIN maxinmum and: ninimum principal
_monents M and M .
: max min
SMAX, SHMIN - maximum and minimum principal
stresses %w and Gos.
ALPHA : angle @, direction of maximum
principal moment or siress
B - ] ' Young's modulus
EA, EB, EC ' wnit strains in the three legs of

a rosette gauge Ea’ Eb and Ec

T ' thickness of plate h or ho
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(v) Flouchert of Programme for Theoretical Analysis

R ‘Start ) o SUBROUTINE
o , ‘ SUB1 (P, THETA , ANU, AKX, G)

tpre— _‘l

S ' o ‘ READ
CALL | P, TAETA , AN, AK
SUB1 (P, THETA ,ANU,AK,G)
THA = THETA 1g0
CALL ,
SUB2 (P, THETA , AU, AX, G s -
‘ ‘( ’ T )~ = DSIN(THA)
. = DCOS(THA)
oo D b
-. - R(515) = £(P,8,4K)

‘Hain L:Lnk . _
‘ Q(7) = £(&,P,AKU,AK,S,C, )

\

¢(178) = £(9,4NU,C)

Overlay Subroutine SU31

24
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SUBROUTINE
SUB2(P, THETA, ANU, AK,G)

4 I=1,17
- 2T
THA = THETA 380
ETA = TEPA(I)

= DSIN(THA)

C = DCOS(THA) o DEFL = f£(ETA,AXI,V)
AMX, AMY, AMXY = £(ETA,
X AXT, AU, AK,P,S,C, V)
BIGH(4,4) = £(@) ' = : -
v(4) = £(c) |
' MEIAX, ONIN = £(ANMX, AMY, AMXY)
A CALL
DLEQU(0, BIGH, 4,4, 7,1, LUCK) SMAX,SMIN = £(AMMAX,
'  AMNIN, AKX, ETA, AXT)
WRITE
\ P, THET A, ANU, AK,V, LUCK
READ . 4
TETA(I),I=1,17 ALPHA ALPHA ALPHA ALPHA
PAXI(J),J=1,2 ‘= w45 =0 = 45 =f( AMX, ALY, AHIXY)
J = 12 | WRITE
’ AXI, E:P.A’ SI‘\LAX,
. > ‘ ~ * S >\ SMIN, AMMAX,
AXI = TAXI(J : . AVMIN, DEFL,
' - ALPHA

o)

- Overlay Suvbroutine SUB2
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(¢) Fortran Programme for ‘T’heoretlcel Analys:.s E—. S

( For IRM 7094 Computer ) N AP R

4 3
C ANALYS1S OF CLAMPED SKEZwWED PLATES ™ T
C : WITH VARIABLE THICKNESS
' DOUBLE PRECISION G178y~~~ . o T ToTmTT T
373 CALL SUS1(RPTHETAYANU AKsG)
' CALL SUB2(P,THETASANUAKIG) - - T -
- GO . TO 373 . ) - :
‘ D e e -
SORIGIN - A - C ) o I S S
T US1BFTC SusA T ) : ‘ S N R

JUSROUTINE 5 Jl(P!TH..Tnar\NUur—\KHJ)

DOUBLE PQLCLQIUN R3S 15)\6(176)9019Q210J!Q4n35|Q09Q7sA1|H2\AJ0A4s .
XAS1AGTAT AD AT ALV Al 1 A12 13132 183134!JJODO!Q?'OL!UQSJIOOdI1!612'
Xﬂ135d14\u1J!dloid17ib18!0190820‘321\324?0230U24!TﬁA‘Ja)pJ’SZ‘CZ‘
XAK2+1AK3+Zs YU . - ‘

READ (54+2F) PLTHETAWANUAK

09 FORMAT (4F643)

THA=THETA#*#3. 141592635 87/9/180-

S=0SIN(THA)

C=DCIOS(THA)

pP2=p %P o . _

pP3=P2%*pP T S I e e i

S2=8S%S ’ i ' : .

Al=pP2%xpP2

A3= Z.nDZ%(l.+2-“Sa)‘

Ab=~4 ¢ %S*P ST oL _

AS=P3 | el T el
AG==3.%S%P2 ‘ ' : : o
A7=P%(1e-+2e¢%52)

AB=~S5 . : : L , _ .
A9=P2 o L . . . e
A10=~2,%3%P o '

. A11=P e e O,
A12=52 ’ - - . LT
AK2=AKHAK L _ o : . ST
AK3=AK2#AL R : - T .
81=-3%AK o . ' Y _ B T
B2=3+%AK2 - T . R
B3=<AK3. T ]

- 34 =5%AK . ' . .
S=—P%AK o . . o . L T TR

30——2oWJWAK2 ' o ‘ : :
.B7= ZOAPTAKZ . )
88=5%AK3 -
J9=vP»Ax3
3l1I=-=7
311=2%AK2
Bl2=5%P*AK

56
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. B13=AK2 L

Blaz=—4e ¥3%P%AK2 '
- B15=RP2%AK2 ' o oo A A S
B16=3 ¢ %¥S#PFAKS3 o o ) . . :
o 817=-P?”A<3 . L L
=52% AK2 . . B . :
o -“819——aaaﬂK3 _ e e
B20=P*AK ; - S : - .
. 321=2.%S¥AR2 S R
322——4.wpwh<a. : : ST
B24=3+ ¥P*AK3 ' o '
e C2ECEC e
- Z=6.%C2 - - ST o T
SYUSZ#E (ANU=1e) : ' o o
R(1)=24 e ¥A1 412+ % A2+ 166 ¥A3+12¢ mafaq.’ o T
. L OR(2)=-60.%A2-48. ¥A3-T2 e HA4~43 e
R(3)=—120e %A1 26 ¥A2—144 ¢ %A3~ 90.~A4—120. - T
S R(4)=-438.%A1-T72.%A2-48,¥AZ-60,%A4 o AR
o oot naioa, » - . T e
R(Q)=240.*A3+96."A44240.
O R(7)=360XA2F144 ¢ X¥AZH+36U e #AL ;
i © R(8)=240.%A1+964%A2+24C s %A3 )
TR(9)=24%A1+604 ¥A2 o ‘ : ‘ '
_R(lO)—~1?uo e P ‘ '
R(11)=-330e%A4 : ST T S T T
) . R(12)=-400e%A3 )
R(13)==300e%A2. . _
CR(14)=-1204%A1 o C - : N o
R(15)=—8¢%A5-5e ¥ A4~ : L T
L R(16)=24.%A3+364¥A4+S06. .
RI17)=48e%A2+T2e ¥AB+192 ¢ ¥AG+240 « h ’ -
N R(18)=24 ¢ ¥A1+36 ¢ #A2496 ¢ *A3+120+ #A4+360.
; R(19)=—30c%A4=48. ) )
. _ RI20) == 120 ¥A3—192e XA4—-48 )
) R(él)=—180-*A2—288-%A3—7du-"A4—?53. T
. R(22)=-120+%A1~-192+%A2~ 40 ¥AI~48T e FAL—B4O .
R(23)==48+%A1~1204%42-120,%A3-210«%A4 T o
R(24)=24C. .

S R(25)1=600%A%44+360. o . _
R(26)=800+%A3+480¢%#A4+1680s ' S . o

R(27)=600+%A2+360, “J+156V.AA4 ‘ S e

R(28)~ 4\10 Al'*ll{-ao/\Az’{"‘:ba. \A3 . K o

’ T R(29)=26 4 %A1+84 ¢« ¥A2
R{30)==84D. ) .
) R(31)==13S0e¥%A& S S e e
) R(32)=-840%A3 ‘ o :
R(33)=-420+%i2 _ - )
e S R(34)1=R(14) . o e R
R(35)=—43e *A1~5e ¥A2—G o A3 : I
-+

RI3H)I=36CeF¥Al1+120e %A
R(37)= °4uo‘hnl+ln"-""f«
R(33) =25, cAl+35e%AZF
RI39)=-2135«%A2-122 .
R(43)==84J«%Aal—-420 TF2eRA4=120
T e
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a

R(53)=—1050e%A2

CR(41)=-720 %¥A1-T720¢ ¥A2-283 ¥A3-180s %74

R(42)=~485e%A1~192e ¥AZ—120e #A3
R{43)=-483.%A1~304%A2

R(44)Y=84+%A4+24

R(45)=504 e %*a3+144e %A +240
R(46)=]1260.ea %¥A2+3Z6C e XABHOHU e AL

R(47)=168J¢ ¥A1+48Ue ¥A2+B0U ¥A3 L
RI4BI=362%A14+60T e %A2 ' : _—

-R(49}—2wu-wA1

R(501=R(12)
R(51)==420e%A4
R(52)=R(32)

R(54)=-843T+ %Al

R(55)=4¢#A3

RI56)=—88.%A3~13¢%¥A4—-48
RIS7)=~05e %HZ2 =364 ¥A3-56 e ¥
R(58)=—4Be%al—18e%A2~48¢%A3
R(59)=604#A3+60«%¥A44+T6.

R(I60)=240¢ tAZ+240 ¢ % cA34384 4 HAL+2ED .
R(61)=360¢%A1+360s ¥A2+576 ¢ ¥A3+350« %¥A4+350
R(5 2)—243-TH1%3840AHC%£4U¢WA3+C4JQWA4

- R(6.3)—96' ﬂc—\l"és’. K‘-\L."IGuQJ\AB

R(64) ——420*}’-\4-—480

CR(65)=-2524%¥A3~2884%A4—480

R(06)=—63J07n2 T2Ue % AJ—l(UO *AL—~ 723.
R(67)——34Jo»H1~96JowA2—16COo ¥A3-960e #A4-340
R(6ES)=—723e%¥A1—=1200¢#A2~720¢ %*A3~-6300 %A4G
R(69)=—480.*A1 283e *A2-252¢%#A3

R(73)="43.*H 426 %A2

CR(T1I=R(24) I L
L R(72)2840.%A4+360. ' ‘ o
CR(73)=1680«%A3+720¢ ¥A4+1680

R(74)=2103+%A2+900¢ ¥A3+21004 *A4 S

RU75)=1680e%A1+72Ce *A2+1680+*A3

R(758)=360s%A1+8404%A2

s RE77)Y=R(49)

R(78)=R(39)

| R(7II=—14TUe*AG

R(80)=-1764«%A43

_R(Sl)——147uo A2

R(32)=R(34)

R(83)1=24 e ¥AS+12e %A6FT16 e RAT+ 12 %A

. R(8I9)1=12.%48

R(I5) =-563+%A8,

R(84)=12eFASH1Oe FAGHIZ e ®AT+24 4 #A3
R(B85)=~20+s %A6—-10 e FAT—Z4 « *NE
R(B6)=—50+s ¥AS-41B ¢ FAE—T2«*AT—~48¢« %¥A3
R(87) =42+ X¥AS=T2 s ¥AL6—-48 e ¥*AT—~560 ¢ ¥A3
R(88)=—24¢%A5-16%A6-20e *AT7

R(gJ)~OUonH/T24QAH8
R(III=120e#nb+a48eF*ATHIEU « ¥A8
R(QL) laJ."ﬂ3+WJ. H6+1£UUAM7

'Q(93)=2407H370v-?ﬁg

R(94)=12e%1D
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R(96)12=100«#A47

R(104)1=12.%4

CR(144)=4 %46

R(I71=—~103«%A0
R(98)=—60«%A5

R(99)=—8+¥AT—6e %AB

RE10T)=~BRALE-H % M7‘-~’}” AB
R(101)=8e%xAT+H12+%A4A8 :

R(102)=24 %A6L36HAT+DE %48

B3

RU1C3)=24.%AB4364 ¥AB1+ 20 e ¥A7+1 20+ %AB
LB+ 32 e *AH64G Qe */. 7+120.w 8
R(105)=~56.%A3
R(1306)=~30e#AT~48e%AS
RI1G7)==80¢¥A6-960%AT—24C s %¥A8
R(lu&)"j-:»)e f"MS ’)OO’KHJ":_’_QO. FTAT~ 9400 ‘A8 ’
RIIJV)==4Be¥AB—120e%A6~120e *AT=2104%A8
%(1i0)=*249WH3—°4-~H6 424 %AT
R(1111=120.%A8 ' .

(

RU1121=230e%A7+120e%A8

R(113)=200e%A64120e ¥AT+420e #A8
R(114)=120s%A5+T72e% A6+235. A7

R(IIJ)—Z,_;OAH +84 o ¥AH6 _ ) ) . .
"R(116)=R(94) . o o - S

R(117)1=-210Ge*A8
R(118)=~213%A7
R(119)Y=~14Cve¥*AH

"R(120)=R(93)

R(121)1=~438e¢%*A5—6e%*AO6-B+¥A7
R(122)=~6e%A5-8.%A5 :
R(123)=120e%Aa5+40¢XA6+32e #¥AT7+12+%A8
R(124)1=120e%A5+96. *A6+360 AT 24 « XAB
f\(IZD)—C)P « RADH+BO  HALT2H 0 XAT

CR(126)=12¢%AS+3e %46
TRO127)=-42e%A6=24 ¢ HAT~24 ¢ %AG -
R(128)=-21Ue% Af—lau.*uo—xao.«h7 48 ¢%A8

R(129)=*24VOWAJ 243.Ano 36OAA7“ JO*AS
R 130)2"24\,0 AJ—,O"A’/‘G 60 ¢ XA

R(131)=-48¢%A5-304%A6
R(132)=-6.%A5,

R(133)=R(39)
R(134)=84%A7424 «%A8
RU135)=252%¥A6+T7Z2¢ ¥AT+120e%A8
P(l O}—,DJ!"HD+12U00M6+CUU0"A7

‘R{ 137):]2Uo FLEFH200 ¢ XAS
R(1381=120y%A5

R(1392)=R(S 5
R(14J3)1=-140Ce%A7
R(1411==210Ce*A5
R(142)1==21Je¥AS"
R(143)Y=4 ¢ *AT

R(145)=-16e¥AT=64%A8
R(146)=-434%A6- 184 %¥AT=434¥A3

 R(147)=-88e%n5-18e%A6=48 4 %AT

R(148) =50 %A5-16¢%A6
R(149)1=12«%ATH+12%A8

R(1531=63+ FLE+EL o ¥AT+T 5« %03
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.
o R(151)= 120. *ASH 1 20.= ABG+1924 %AT7+120e% L ____,,
R(IJZ)v12u.nla5+192on/§6'!:1200*ﬁ\7+]20‘*[\8 R
) R(153)=956+¥A5+50 e #A6+6T e ¥A7 - S S
R(1354)=12%A5+12e*A6 v : o
R(155)=R(13) o il
R(156)=-42e%AT~484 ¥A8 ' ' o o
R(ISTI=—126e %A= 144 $AT~240e %A8 e
R(153)=~21UsH¥A5-240%A6~400¢ XAT7T—240¢ ¥A8 _ ’
R(159)=—240ue¥A5-400« #A6~240s ¥AT—-210. %48 o
R(160)=~24C e ¥AS—144 R AG~126¢ ¥AT _
R(161)=~43e %A5~42 e #46 R
R(1621=R(132) , , » : -
CR(163)=R(111) e
R(164)=280e%¥A7+120 ¥A8 S , - N _
R{165)=420e%A6+183¥AT+42C+ %A8 R
TR(166)=420+#A5+18U¥A6+420e ¥A7 .. o
R(1671=120 +%AS5+280+%A6
R(168)=R(138)
{

R(169)=R(117) e
R(170)==294¢%AT7 o : e T T
RU171)=-294,%A6
R(172)=R(142) _ . N
R(173)=12e¥AT+16e¥A10+120 T : o : L
R(174)=16e%AT+12+%A10+24 « . Lo
"R(175)==20e%A9~16e%A10-24¢° ) . :
R(176)=—48¢¥H9-72+%A10-48, o s LT
R(177)==72e%A9-48+%A10-60. . : s :
R(178)=—16e%A9-20e%A10
R(179)=12. )
R(185)=62e%A10+24
R(181)=120e%n0+48e%A10+120s
RI(IBZ2)=48BeF®ATH1I20e¥AL U
R(183)=60«%A9
R(184)=-63s
R(185)=—10uUe*A10
R(186)=~10C.%A0
R(187)=~8+%A10-6. ‘
R(188)=—8¢%¥A0~6¢%¥A10~48
R(189)=8%A1U+12. _
R( 193)224'*A94360*A10+960
R(191)=36e%¥AD+96+%A13+120,
R(192)=32e%A94+40e¢%A10+120.
R(193)=—6s

TR(194)=-30e%A10~ 48.'”'”
R(195)=-56Je%¥A9=26+%A10-24C
R(195)=~00e¥AD~24Ce X¥A10=240 .
RE1I97)=2=12Ce%AD=120e%¥A10~2104 e
R(198)2~24 ¢ %A9~424%A10 ' A _ T

CR(199)=123. T
R(200)=200e%A10+120 ' S T
R(2011=200e¢%AG+120Ue %¥A104420
R(202)=72%AG+2524#A10
R(203)=84,%A9
R(234)==210 , .

CR(235)=-21".%A10

60 - ... S -
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R(206)=-14C«%A9

R(207)=~6+%¥AY=8e¢%#A10
R(208)=~8¢%AY : _
RI239)=4De%A9432eXAIU+120
R(210)=56«%AT+306e%A10+24,
R(211)=36+%A9+24+%A10

 R(212)=8%A9 _ S
R(213)12-42.¥A9~244%A10-24 4
TR(214)=—120e%A9-120.%410-48.
RI215)=-24Ue%AT~U6*A10~60
R(216)=-96¢%A9-60e*A10
R(217)=-3Ce%AQ
JR(218)Y=R(179)
R(219)=84+%A10+24.
R(220)=252e %A+ T72e%A10+1200
R(2211=120«%A9+200%A10
R(222)1=200+%A9
R(223)=R(184)
R(224)=-14Ue%A10
R(225)=-21Je%A9
R(226)=4+%A10

i R(227)=4+%A9
R(228)==16e%A10-5.
R(229)==48+%¥A9—18«%A1U-48,

" R(230)=-18+%A9-48+%A10
R(231)=~16e¢%AQ
R(232)1=12«%A10+12, _
R(233)=60+%AJ+60 4 *¥A10+96.
R(234)=120,%A0+192.%A1C+120,"
R(235)1=102%A0% 120 %A 104120
R(236)=60s%¥AF+60 e %A10
R(237)=12+%A9
R(238)=R(193)
R(239)=—42e%A10-48e¢
R(240)=-126e%A9—144 ¢ %A 1U=240
R(241)=—-240¢%A9-400e%A10-240 e
CR(242)=~400 e ¥AD=240U e % iu=210,
R(243)=—=144e%aId=126e%A10

TR(244)=-524%#59

C R(245)=R(199)

C R(245)=280+.%A10+120. .
R(247)=420¢%A9+180+%A10+420.
R(248)= 180+ %A9+4204#A10
R(249)=28J0%ag
R(230)=R(204)

: R(251)=-254+%A10
T . R(252)=~294¢%A9 o
C R(233)=-4¥AY-A10-4.
R(2541=12.%A5+6e #A1 C+8e
. R(253)1=12.%AT+i0 e %A10+120
N ) CR(256)=8¢%Aa0+64#A10+12.
Q(257)="5-*i:\10"‘4.

AlC-24,

R{259)=~24 ¢ ¥AG=235e %A1 0 =245,

 R(250)1==24e%n9-16e%A10-20,
-61
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= . R(261)=-4.%A9-5«¥A10 e e e e e e
R(262)=R(173) , . ‘ , o
- R(2631=30.%A10+12. R TR
R(264)-40.%H3+'6.AA1U+4uo R - : : : -
LT R(265)=12.% A9+30.%A10 } o o
' TR(266)=R(237)
VR(Zé?)'——L_\J' ~ e e .

R(265)=-25e%A10
R(269)==20%A9
R(27J)=2. . . i ) L .
TRE2TIY=mGe e e
R(272)=—8e%#A10-6o. L - )
4R(273)=—43AA9 ~3e#%A10-~- é4o!uh__'.MAuw . R
R(274)=R(270) - . S
R(275)—8.nA1u+12. ‘ . . :
R(276)=12¢%A0+18e%A1U+48
R(277)=12e%¥AT+32e%¥A1U+4 04
R(278)—8.wh9+1u.%A10+3bo
 R(279)=R(193)
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‘Q3=310%R(252) +31 1 ¥R(248)+B3%¥R(242) .
Q4=B12%R(344)1+513%R(341)+B14% R(J40)+BIJ‘R(339)+83’Q(335)+ T

1B16%R(334)+317#R(333)

Q5=84 ¢ #514+30e¥315-42 ¢ X519~ 60e%516-30+#317
Q6= JZO“Q(&22)*SZIAR(4)b)+u 22%R(419)+u23% R(4]3)+d24 R(414)
Q7=B13%R(511)+B3%R(S .
6(162>—o1+6.‘02+zvo346. 044YU"OJ+YU"Q6+YU"O7
Q1=381%R(81)+32%¥R(7514+03%R(68) :
Q2=B4 P(172)+33XR(171)+b6‘R(lo7)+B7 “(166)+JJ R(160)+u9wR(159)
Q3=3811%R(249)+B3%R(243)

Q4= 812"Q(343)+813an(342)T814WR(341)+513"R(J4O)+B3" (336)+

1B16%¥R(333)+B17%¥R(334) . o
OS 8491\['313"4C0 Dlé"'OU #¥t317
Q6=B22%R(420) +323%R(416)+B24%R(415) S
Q7=B313%¥R(S512)+33%R(306) ) ' ; ' I
G(163)=C1+6s*Q2+Z¥Q3+6 « *Va+YUXAS+YUXQG+YURQT S

CQ1=B1¥R(82)+B2¥R(76)1+B3%R(69) IR,
Q2=85%R(172)+B6*R(168) +B7*R(167) +38%R (161 )+B9*R(160)
Q3=B3%R(244) o
Q4=B14% R(34a)+815*Q(341)+n3*Q(337)+316xR(336)+D17yR(335)‘ ‘
Q5=-42.%317
Q6=824%R(416)

. Q7=83%R(507) ' : .
- Gl164)= Q1+6+%Q2+Z¥Q3+6 + ¥Q4+YUHQAS+YURAG+YURQT ST

_Ol—BZ"R(77)+03"R(7O)
Q2=87%R(168)+38%R(162) +659% R(161)

. Q3=815 -R(34L)+alé~R(o?7)+dI7wR(336)
G(165)‘OI+6owQZ+o-wOJ
Q1=89*R(182) - _ L
aBi] xR (a57) S ' _ . e

| Gl166)=6+%01+6¢%G2
Q1=83%R(71) ) . : _ .
02-88%R (163) S
Q3=33%R(245) ' : v : ) T
Q5:40.%519 : . .- e S
Qe=823%R(417) :

Q7=83%R (508) :

T GU16T7)1=014+6e%Q2+2Z%03+6. *u4+YU"QJ+YU"06+YU Q7
Q1=82*R(78)+B3*R(72) -

- Q2=B6XR(I6Y)I+B8XR(164)+39%R(163)
03=B11%¥R(252)+33%R(246)
Q4=313%R(343)+33%R(339)1+316%R (3353)

o  055-42.%32]1%4+30+%315440 4 %316

: Q5=321*R(421)+023FRk(418)+324F(317)

Q7=8B13*%R(313)+33%¥R(539) ‘

G(168)=01+6+%¥Q2+2Z%03+6 . ¥C4+YURQAS+YUXQGE+YURQT

P - .
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Ol—BZKR(79)+u3aR(7J)
T Q2=B6XR(17V)+37% R(169)+68xR(16v3+59~Q(104)
. Q3=811%R(251)+833%R(247) _
T Q4=813%R(344)+314% R<J43)+u3 &(340)4310‘R(339)+Bl7¥Rf3381
O05=—42e %2B14+84 e #319420 4 %316+40e #317 - : 3
T Q6=B21%R(422)+322%R(4Z21)+B23¥R(419)+324%R(418) .
07=B13%R(514)+33*R(510) R
G(1691=Q1+6+%Q2+Z%Q3+6 « Q4+ YURQS5+ YU 06+YUfu7 ' »
Q1=B2#R(0)+33%*R(74) :
Q2=86%R(171)+87% R(l7d)+58xP(160)+d?mQ(105 ,
 Q3=B11%R(252)+33%R(248) C s o
Q4= 813*9(34:)+s14fp(344>+M15«R(343)+53AR(341)+516 R(340)+
J1IBI7XER(33%) . e e e e
Ob-—42.x513+d4.n516+3u.Xd17 : o S : '
Q =B22%R(422)+B23¥R(420)+B24%R(4193)
G7=B13%R(S515)+383%R(511) : :
G(170)1=014+6e%Q2+2% oJ+6.x@4+Yu*Q5+Yu%os+Yu*a7
Q1=B2%R(81 )+BI¥R(73) '
Q2=B6%R(172)+37*R(171)+38*R(167)+59%R(166)
- .Q3=833%R(249)
Q4=814%R(345) +315% R(344)+53cR(342)+516 R(341)+b17wR(340)’
Q5=84 %817 o ‘ 4 - 4 4 . T
Q6=324%R(423) , L . e
Q7=33%R(512) s o - A -
GU171)=Q1+6e%Q2+Z¥Q3+6 ¢ ¥QA4+YURQS+YUXQ6+YURQT
S Q1=82%R(82)H+U3*R(T76) : I
Q2=07%R(172)+38%R(168)+39%R(167)
Q3=815% R(34%)+816“Q(142)+817WR(341)
‘G(172)—Ql+6-%02+6ow03
Q1=B3%R(77)
Q2=89%R(169)
T Q3=B17*R(342)
'G(173)=Q1+6+%Q2+60*Q3
" Q1=83%R(78) B
Q2=B8%R (169
' Q@3=B3%R(25V)
Q4=83%R(343)
T Q5=-42.%319
Q6=323%R(421)
T Q7=83%R(513) o , .
G(174)=01+60%Q2+Z*C3+6 ¢ #Q4+YURQAS+YUXQ6+YURQT
- Q1=833%R(79) . , _ A
‘Q2=B8¥R(17VI+39%R(169) - s S
QacBatn(paly e T
Q4=83%R(344)+316%R(343) -
A5=-42. %816 ' .
Q6=B23%R(422)+824%R(421) _ : e ’
Q7=83%R(514) : ST T
_NG(17b)~01+6-m92+é*03+6.nu4+YU Q5+Yuvoe+vu«a7
Q1=33%R(80) -
T Q2=B8%R(171)+39%#R(170)
Q3=33%R(252)
Q4=83%R(345)+316% Q(J49)+517”Q(34J)
QS5=~42,. %817 .
..06=B24x%R(422) o S
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Q7=83%R(515)
G(170)—Ol+6.~0?+ZL03+6.1G4+YU“OD+YU :Q6+YU%Q7
Q1=33%R(381) ) _ -
Q2=BE¥R(172)+89%R(171) o : - oL T
Q3=816%R(345)+317%R(344) ) '
Gl177)=Ql+6+%¥Q2+6 ¢ %03
Q1=B3%R(32)
Q2=89%R(172)
Q3=817%R(345)
G(178)—”1+6.w02+6.n03
_ RETURN
END

B e R

SORIGIN . ... A _ . . - . ‘ IR
SIBF‘ \' SUUB . . s Tee PR e cer e # - JEEETN vy e et aes e sk e me. ;o vin s e . ..AT
-7 SUBROUT INE SUS2(PsTHETAsANUSAKG) . g
R DOUBLE PRECISION blbm(4|4)yv(4)aP2152¢u29C4vTHA’AIO AY s ANs ANN1 BY s
L JBF‘JtcgCYqDYqDNqONNch;DtLaONLvVNNvvao!NL,QtFLsAMXsAhYaAMXY9
“ 2AMMAX s AMMINGG(178)
THASTHETA%3414159265358979/180.
S=DSIN(THA) e
C=DCOS(THA)
Ca=Cs
“ca=c2%Cc2
pP2=pP%pP .
o T AL O==2e %SHP ‘ s
BIGMCLs1)2G(1)/25e4G(2)/175e~G(3)/1225e+G(4) /175 +G(5) /525 « =
1G(6) /3675446 (7)/1225e-G(8)/3675+G(9)/525++G(10)/1155.-G(11)/8085¢«
14G(12)/2675e=G(13)/11025e4G(14)/3675¢~G(15)/8085¢+G(16)/1155.~
1G(17)/15015e+G(18)/8085¢~G(19)/242554+G(2C)/110254-G(21) /24255 «+
1G(22)/8085¢=6(23)/15015e4G(24)/15015.~G(235)/4504544G(26) /26255 ¢~
11G(27)/533614+G6(28)/242554-G(29)/45045.+G(30)/150154+G(31) /45045~
1G(32)/99099e+G(33) /535361 ~G(34)/99099.+G(35) /45045, ~
BIGM(2+1)2G(1)/175e+G(2)/1225:~G(3)/3675e+G(4) /5254 +G(5) /3675~
1G(6)/11025e4G(7)/3675.-G(8)/8083.+G(9)/1155.+5(10)/8085¢—
1G(11)/24255.4G(12)/11025.=G(13)/24255.+G(14)/8085.~G(15) /15015 ¢+
16(16)/2145.=G(17) /45045 +G(18)/24255.=G(19) /53361 ++G(20) /24255 ¢~
1G(21)/450454+G(22)1/15015e=-G(23)/25025.4+G(24)/450454~G(25) /99099 +
1G(26)/53361e=G(27)/99095e+G(28)/45045.~G(29)/75075+G(30) /25025, +
1G(31)/99399e—~G(32)/1846U41 e+G(33)/99092e~G(34)/165165.+G(35) /75075
BIGM(341)=G(1)/1754+G(2)/5254-G(3)/3675++G(4)/1225¢4G(5)1/1155e~
1G6(6)/8085e+G(7) /3675 ~G(8)/11025¢+G(9)/3575e+G(10)/2145 ¢~
1G(11)/150135e+G(12)/8085e~G(13)/242554+G(14)/11025e~G(15) /24255 ¢+
1G(16)/80854~G(17)/250254+4G(18)/15015,~G(19)/45045,+G(20) /24255 ¢~
1G(21) /53351 e4G(22)/24255e~G(23)/65045,+G(24)/25025¢=G(25) /75075« +
1G(26)/45045e=G(27)1/95099++G(28)/533561-G(29)/99099.+G(30) /45045 +
1G(31)/75075e=G(32)/165165+G(33)/92099e~G(34)/1840414++G(35)/9909%
SIGM(431)=G(1)/12254+6(2)/3675.-G(3)/1102544G(4)/3675++G(5)/80854~
1G(6)/24255e4+G (7)1 /11025 ¢~G(3) /24255« +G () /8085.+G(10) /150154~
e e IGU11) /45045 +G(12)/24255e=G(13)/533516+G(16)/242554=6(15)/65045¢+
1G(16)/13015e=G(17)/750754G(18)/45045.=G(19)/99099¢+G(20) /53361 ¢~
1G(21)/99C59e+G(22)/45045e~G(23) /75075 +G(24)/73075e=G(25) /165165 4+
1G(26)/909555e=G(27) /184041 ¢ +G(28)/29005e¢=G(29)/165165¢+G(30) /735075
1+G(31) /165165 ¢~G(22)/306735+5(33)/1840414~G(34)/306735
1+G(35)1/165165. : . » .
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T UG 14 2)5G(36) /256 +G(37) /175e~G(38)/1225.+G(39)/175.+G(40) /525~
1G(41) /3675 e+G(42)1 /1225 e=G(43) /367546 (44) /525.4G(45)/1155e~
1G(45) /2385 e+G(47)/2675+=-G(48)/110234+G(49)/3675.~G(50)/8085++

= 16511 /1155 ,=G(52)/15015+G(53)/8085.~G(54)/24255.4+G(55) /11025~

' 1G(56) /24252 +G(57) /8U85.~G(58)/15015.+G(59)/2145.+G(60) /15015~
1G(61) /45045 +G(62) /202554 ~G(63)/533514+G(64) /24255.~G(65) /45045 ¢+
1G(566)/15315.~G(67)/25025.4G(63)/45045.~G(69) /990994 +G(70) /53361 ¢~
lG(?l)/99099.+G(72[/45345-—G(73)/75075.+G(74)/95025.+G(73)/99099.
1G(761 /184041 e+G(T7) /99099, ~G(78)/165165+G(7I) /75075« = -~

BIGM(2+2)=G(36)/175e+G(37)/1225e~G(38)/2675+G(39)/525.+

1G(40) /3675e~G(41)/11L025e+5(42) /3575e~G(43)/53035e+G(44)/ 1155+
1G(45) /8085 ~G(46) /2425546471 /11325.~G(48)/242554+G(49) /80854~
1G(S0)/15C15+46(51)/2145e~G(52) /45045 4+G(53)/24255e-G(54) /53361 «+
1G(55) /24255 e~G(56) /45045446 (S57)/15015.~G(58)/25025.+G(59)/3575++
1G669)/450454~G(61)/99095+45(62)/53361+~G(63)/99099.+G(64)/45045 ¢~
1G(65)/75075++G(66) /25025 =G (67)/33675++G(68)/95099¢~G(69)/184041 ¢+
']G(7J)/990970—G(71)/16J163.+o(72)/7JO7J0—G(73)/116025¢+G(74)/J8675.

s

L1+G(73)/184841 4~ o(76)/306f33o+u(77)/16b1oq.—6(78)/2g52550+

T1G(79)Y/,1160325. 0 T T ‘
dIGM(J;2)nG(“6)/173.+G(37)/bEbo-G(Jd)/367ao+o(39)/1225.+
1G(40)/1155.-G(41)/8085,+G(42)/3575.4~G(43)/11025e+G(44)/3675¢+
1G(45)/21454=G(46)/15015.+G(47)/8085.~G(48)/24255.+G(49)/11025.~
1G(50)1/24255:4G(351)/8085e~G(52)/25025.4+G (3531 /15015.~G(54) /45045 ¢+
1G(55) /24255 ¢~G(55) /53361 e4+G(57)/24255.~G(58)/45045.+G(59)/15015.+
1G(601/25025e~G(81)/T5CT75e¢+G(652)/45045.-G(63)1/99099,+G(64) /53361 ¢~
1G(65) /520994 +G(66) /45045 e ~G(HT)I/T7T3075:+G(68)1/73075¢=G(69)/165165++
1G(7U)/99059e=G(T71)/184041 ¢+G(72)/95099e~=G(T73)1/165165.+G(74) /75075
1+G(73)/165163.—G(76)/3 6735.+G(77)/184041-eG(78)/306735.+ ’
1G(79) /1651654
leM(avZ)—C(q6)/122;.+o(37)/¢67b.—6(JS)/x1023.+G(49)/3673.

1G(40)/8085e~5(41)/24255e+G(42)/110254=6(43)/24255+G(44) /8085 +

L 16G(45)/15015e~G(46)/45045e+G(47)/242535.-G(48)/53361e+G(49)/242554~
1G<50)/45045,+G<51)/15015.—6(52)/75075.+G(53)/45045.—6<54>/99099.+
1G(55) /53361 ~G(Z6)/99099+G(57)1/45045.~C(S8)/T75075+G(59)/25025¢+
1G(60)/75075e~G(61) /165165, +o(69)/930”9-—G(QJ)/1G4041-+G(64)/99099o
1-Gl635) /165165 +u(60)/7bd7qo—u(o7)/l1oOdJ-+u(66)/165165-
16(69)/3U6733-+G(7\)/184041.—u(71)/v06733-+G(72)/1051b5--
1G(73) /2532534 +G(74) /116025 +G(75) /306733~G(T76)/5 11225 + ‘
1G(77)/3C6735¢=-G(TB)/4T74045e+G(T79) /235255 :
DIG1(1v3)—G(Lu)/?Jo+G(11)/1/ —u(a?)/1223.+G(83)/173.+G(84)/J25.~

G(B83)/3675e¢+G(86)/1225e=G(37)/356735¢+G(88)/525.+G(89)/1155¢—

1G(90)/80°5.+G(31)/1673.—G<92)/11325.+G<93)/3675.—Gc94)/8085 +
1G(95) /1135 ,4G(95)1 /2145 .~G(97)/15015.+G(98)/3085¢—-G(99)/24255++
16€100)/110a8+-G(1v1) /24255 +G(102)/3085.~G(103)/15015.~ .
1G(104)/250254+G(105)/15015.~G(1061/45045.4G(107)/242554—
1G(108) /33361 4+G(1UF)/242553e~G(113)/45045445(111)/15015+
1G(112)1/25325e=G(113)/75075e¢+G(114)/45045¢=G(115)/99099.+ RN
16(116)/5335614-G(117)/99CY5e+G(113)/435045+4+5(119)/75075e~
1G(120)1/165163544+G(121)/35099¢~G(122)/134041++G(123)/99099.
BIGMI293)=G(83)/175e+G(81)/1225e6=G(32)/3675¢+G(33)/525+
15(94)/3575-—6(85)/11&25.+G(86)/3675-—6(37)/8085-+G(88)/1155
1G(39) /83083 e¢~G(SC)I/242554+G(S1) /11225, —u(vd)/2~LJDo+o(11)/o
1G(S4) /15315e+G(535)/21454+G(95)/15C15.-G(I7)/45045+G(T8) /24
1G(99) /33261 4G (103)/242554-G(131)/45 ~¢o.+v<1oa)/13013.—

*1G<103)/25325.-s<1u4)/75075-+s(135)/4534J.»9<106)/99099 +
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UIG(107)/53361o*G(](38)/99099-4‘6(109)/4‘5045056(110)/75075.+"
1G(111)/25C23e+G(112)/75075¢=G(113)/1635165.+G(114)/9909F«~
16(115)/184'\}4].+G(116)/9?09‘90—G(‘117)/165165*.+G(118)/75075-+4 -
1G(119)/163165,-G(12C)/3067235.4G(121)/184041.~G(122)/306735«+
1G(123)/165165.. . ’ A
B'IGM(3<»3)=G(80)/175.+G('31)/‘_’5250'-’3(:32)/3(’375.4'3(83)/1225.+

T 1G(B4)/1155e=G(35)1/8C85.4+G(36)1/3073.-G(37)/11025+G(88)/3675«+
1G(89)/2145¢~-G(0)/15015e+G(91)/8083+~G(92)/24253:+G(S3)1/11025¢~
1_6(94)/24255-++(95)/8085.+G(96)/3575.*6(97)/25025-+G(98)/15015.-—'
1G(99)/435C45e+G(10U) /2425854 ~G(101)/53361.+G(102)1/24255 ¢~
16(1303)/45045.-C( 104} /38675+G(105)/23025~G(106)/75075, +
1G6(107)/450456e =G 1UB)/92099¢+G(109) /533861 =G(110)/799099.+
1G(111)/4534544G(112)/28675¢~G(1131/1186025¢+G(114)/75075e=" """
lG(l15)/163103.+G(116)/9&0?9(—6(117)/164341.+G(118)/99099.+
16(119)/11602“."0(120)/5532350+G(121)/16516J0“G(122)/3067350+
l’-(123)/184~)41n
BIGh(4y3)—G(80)/1225o+G(81)/307 ~G(82)/11025.+G(83)/3675.+
1G(84)/78085¢—5(85)/24255e+G(80)1/11025.~G(87)/24255+G(88)/8085+
1G(89)1/13315e~G(90)/450456+G(I91)/24255e~G(92)/533061++G(93)/24255¢~
1G(94)/45345+G(95)/15015¢4+5(56)1/25025— u(97)/730730+G(98)/4J043.
1G(99) /9909 +G(100) /53361.~G(101)/939093.+G(102)/45045 ¢~
1G(103)/750C73¢=-G(104)/116025¢+G(105)1/750754-G(106)/165165+
1G(107)/99099¢-G(108)/184041¢+G(109)/92099.-G(110)/165165++
1G(111)/75075e4G(112)/116025¢=G(113)/255255.+G(114)/1651654~
1G(1135)/3C6735.+G(116)/184041e=G(117)/306735+G(118)/165165.+
1G(119)/255255Be~=G(120) /474043 6+G(121)1/306735.-G(122)/511225++

1G(123)/386735. ’ ' o
BIGM(1+44)=G(124)/253¢+CG(125)/175e=G(126)/1225¢+G(127)/175e+
1G(128)1/525¢=G(12S5)/3675+G(130)/1225¢-G(131)/36735.+G(132)/3525«+
lG(133)/11‘35-—(5(134)/8.085-+G(13‘3)/3675-"(5(136)/11025.+G(13?)/36750"‘
1G(138)/80835e+G(139)/1155¢4+G(140)/2145=G(141)/15015.4+G(142)/8085e¢~
1G(143)/24255e+G(144)/11025e~G(145)/24255e+G(146)/8085e~ :
1G(147)/715C156+G(148)/2145.—-G(143)/725025.+G(150)/15015 e~

'lG(l51)/43045-4—C('1‘52)/24?‘—5--'6(151)/33361o+G(134)/24255.-
1G(155)1/45345e+G(156)/150156~=G(157)/25025+G(158)/725025«~
1G(159) /75075 4+G(163)/45345e=G(1561)/9905F¢+G(162)/53361 ¢~

YT T 16163 /99099645164 ) /45245 e~G(1E3)/TETTE5e+G(1556) /25025 +

N1G 167V /750 75e=G(168)1/1651536+G(169)/539099.~-G(1701/184041 .+
1G(171)/95099e=G(172)/1565165:4+G(173)/75075e+G(174) /165165~ oos
1G(173)/3CO6735+G(176)/1840C41 ¢~G(177)1/306735.+G(178)3/7165165.
BIGM(24+4)=CG(124)/173.+G(123)/1225+-G(1286)/3575.+G(127)/525e¢+
1612381 /3670«~=G(129) /11825, +u(I.JO)/JU.]:DG"Q(1J1)/508:>o“"'(.7(1J2)/11:DD.+

T G (133)/8085e~G(134) /24255 .+G(135)/11025~G(1356)/24255e+
1G(137)1/8985¢-G(138) /1501548 (139)/2145¢+G(140)/15015e~
1G(141)1/43045¢4+G(142)/24285¢~G(143)/53361 e+G1144)/24255¢~
IG(laJ)/aDuAJ¢+G(106)/1Jb130-6(147)/2—LZDOFb(lQb)/357b.
1GC149) /75575 4+G(150)/45045e=G(151) /990924 +5(152) /33361 e~ ’ -
1G(153) /99099 +G(154)/45045:=G(155)/75075e4+G(155) /25025 ¢~ -

T 1G(1S7)/32388735¢4G(158)/73075¢=G(152)/16T165¢+G(160)/99099 ¢~
1G(161)3/184041 +G(162)/890394-G(163)1/1531865¢+C(154)/735075«—
1618351 /116 25.+G(166)/33675++4+G(1H67)/15351635.—G(168)/308725«+
IG(169)/154\_)41.*G(17())/306735-%—6(171)/15)5165-”6(172)/‘2552559-%-
1G(173)/116023e+G(174)/3U6735.-G(172)1/511223++G(176)/306735¢~
1G(177)/¢74 043 4+G(1T78)/233255 . .
816?{1(304)=G(124)/175-+G(}25)/525-*G(126.)/367594'3(127)/1225o+,

e,
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e 1 G(128)/1155e~G(129) /8C85e+G(130)/3675.~6(13131/11025.+G(1323/3675¢+
1G(133)/2145.~G(134) /15015.+G (135 /80835+-G(136) /24255« + ;
1G(137)/11025.~G(138)/24255¢+5(135)/3085e+G(140)/3575
1G(141)/25025e+G(142)/15015~G(143)/450465.4G(144) /24255~
1G(145) /53361 4G(146)/24255e~G(147)/45065e+G(148)/15015 ¢~
T1G(149)/28575+4+G(150)/250234=G(151)/75075+G(152) /45045~

T 1G(153) /9939446 154) /53361 .-G (155) /9G099.4G(156) /45045, —
1G(157)/750754+G(1538)/38675:=G(159)/116025¢+G(160) /75075 o—
1G(161)/165165.+G(162)/99099+~G(163)/1840414+G(164) /99099 .+~
1G(165)1/165165.+G(166)/75C75e4G(167)/116025.=G(168)/255255«+
1G(169)/165165e=6(170)/306735+4+G(1711/1840414~G(172)/306735++
IG{T73)/165165.+G(174)/LJJabo-~G(1/J)/474O4V-+G(176)/306735:~

T1G(177)/511225+G(178) /306735« e

BIGMI4s4)1=G(124)/1225¢+G(125) /3675 ¢~ u(120)/11023.*6(127)/3675.+
16(128)/8085:~G(129)/24255.+G(130)/11025:-G(131)/24255 ¢+ : :
1G(122) /888546 133)/15015.~G(134)/45045+G(135)/24255 o~
1G(136) /53361 4+G(137)/24255.-G(138)/4504354+G(139)/15015¢+ -
16(140)/25C25e=G(141)/753075.+G(142)/45045:=G(143)/99099.+
1G(144)/533361+=G(145) /99099 +G(146)/45045e=G(147)/75075 +
16(143)/25325¢~G(149)/116025.+G(150)/75075.~-G(151) /165165 «+
1G(152)/99599+~G(153)/184041++G(154)/99099.=G(155) /165165 ++
1G(156)/73075e=G(157)/116025++G(158)/116025.~G(159) /255255
1G(160)/165165e~G(161)/3U6735:+G(162)/184041~G(163)/306735.+
1G(164)/165165¢=G(165) /255255 +G(186)/116025:+G(167)/255255 ¢~
1G(168)/474045.+6(169)/306735+¢~G(170)/51122354+G(171)/306735 ¢~
lG(17?)/474u4J.+G(17’)/253255.+G(174)/474043-—6(173)/7v0073.+
1G(176)/511225.=G(177) /790CT5++G(178) /4740450 : : »
V(1)=Ca/25e .
V(2)=C4/175,
V(3)=Vv(2) -
V(4)=Cars1225, - e
CALL DLE ou<u.axGM.4.4,v.1,LUCK) ,
e WRITE (64250) PyTHETAANUSAK (VL) sL= 1,4>,LUCK
250 FORMAT (4FB.3,4E1648,15)
- DIMENSION 1ETAC17)»TAXI(2) =
READ (5130<) (TETACI)s1=1417)+(TAXI(J)sJ= 1,a>' _
300 FORMAT (1GF4e1) - . - . . ) P OSSR QU
DO 71 JU=1,2 ' ’ _—
AXI=TAXI(J) ' o
DO 71 1=1417 . . . .
AY=(14—ETA*%2)% . ' : ' B
AN;(ETAAA3~:TA)A4. T ce e e e
ANNZ (3« *ETAXX2~14) %4, S ‘
BY=(1.-AXI%%2)%%2
BE=(AXT*¥3~AXI) %4,
BEE= (3¢ ¥AXI%%2=14) %44
CY=(1e—ETA®AX])

ST DYEVOI) FVI2)RETAREZHV (3) RAXIRI2HV (4) RETAXR2RAX [#22

DN=(V(2)¥ETA+V (4 ) RETARAXI#%2) %2

ONM=(V{2)+V (&) ¥AXI #%2) %2

DE=(V(3)#AXI+V(4)XETA: “L\Axr)na.

DEE=(V(3)+V(4) ¥ETA*#2

DNE=4 % AZLXI®V(4)

D:EL—AY 3Y“CY&DY

r\) l~.
~
P ¥
N
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mem s gNNEBY® (ANNFCYSFDY=AX ] #ANKDY FAN¥CYRIN-AX I #FANXDY —AX I #AY XON+AN*CY DN
' 1 =AX T #AYRDN+AYECYXDNN) ' ‘
WEE=AY® (2EERCYRDY-BEXITAR uY+J“Y”Y"'E—B“*ET,
C- 1 -DYHRETAXDEA4IYHCYFCELR) : : .
WNE = ANYGERCYFDY—ANRGYRETAXOY FANSSY #CY#DE~AY % ';nnXl‘OY—AYNDY"DY
’ l—"/:'\Y'X‘aY'x‘AXI RUEFAYHEEHCY HON=-AY FBYHETAFDNFAYXSYRCYHOUNE Ve
AKX (AKHETARAX]I — 1 & ) FXIX(P2FYZE4+L10%# ‘IN;_T(QZ'*‘AI\}\J"\az)"" WNN) Z7C2 .
MY S (AKKETA®AXI=1 ¢ ) #%3% (ANUXP2RYEL HANUS cA10% JNL1(ANU*S2+Cd)ﬁ”NN)/C?
AMXY = CANU=1 o ) # (AKFETA¥AX L =1 ¢ ) ®¥3% (PRyNE—SHWNN) /C e :
MAMAX= ( AMX+AMY ) /2 0+ SCRT (( (AMX—AMY ) /2,4 ) %2+ AMXY %%2)
AMIATINE ( AMXHAMY ) /20 =SORT (( (AFX— AAY)/?.)X“2+~AXY""2)
SMAX=G6 o *AMMAXS/ (1 « ~AKFETARAX ] )32 ,
SMIN=6«%AMAIN/ (1 o —AKRETASAX ] ) %%2 Lo
IF (AMX—~AMY) 41144073411 ~ '
407 IF« (AMXY) 4CB440%2,410

»>

[

*DY—SY*ETA%DE+5E*CY*DE

408 ALPHA==45+0U0 ' g T
‘GO TO 71 S T : -
© 409 ALPHA=0.0O
: GO TC 71 . T T - ;
410 ALPHA=45.0C :
GO TO 71 ) ) v

411 PIPE =24 %A%XY/ (AMX—~AMY )
' ALPHA=28 .64 T789%ATAN(PIPE)

71 URITE (6115C) AXTAETAsSHAX s SHMINGAMIAK A“.IV D= FL.ALPHA .
150 FORMAT (2F8e3,6E16.8) . ° R . D e
RETURN — L . B :
END L o ] )
5
. ’ - - -
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(b) Fortran Pro. grammne i‘or Em)ernmnt,... Ana..ilysis'. » .
._ (Por IBM 1620 IT Computer) e

C EXPERIMENTAL STUDIES OM (..Lr\..P.. S E"'L_O PI_AT:.S
C - "JITH VAR[I’\L—JLE THI({Kf\LSS ‘ ' o B
. S .5 N= T SO S . S -
k .S’XA)’ 040 T T T T
SMIN=C.0
2 READ —51T1;.r\1"L>sFC ) g . ~.«.v ‘_ T
i 3 FORMAT (4F1ves) L et T

N=N+1
E=470000.
ANU=0«300C o
: Al—(tAi_C)/(l-—ANU) _ o -
A2=(1e/(1e+ANU) I ¥SARTF (2o % (EA~EDS) ¥ %2424 % (EU-EC) %%2)
SMAX=3MAX+ (E/2e ) *¥ (A1+A2)

_ CSHMINSSMINF(E/2e) % (A1=A2) T
- IF (N- 5)6,7,7 .
6 CONT INUE T - R T T T
. GO TO 2 % L . -

7 B1=SMAX/640 | . R )
B2=SMIN/6. o}/ L o S R :
P | . b el e

e AMIMAX = =3 1*A O .
e Tl _ P A\llql\! JZ AJ T ! v Tt '. o CTTm T """'"‘4‘" I
' CPUNCH 44 Tst31 4825 AMidAX ¢ A IN
4 FORMAT (F6e314F12e5) , _

END ’ , O s :

i - - - ‘ -
e e e aeanm — - - e e e et~ oo et e e
e T '/>-
. e 94 — e
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APPENDIX B

EXPERTMENTAL DATA
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TABL=

Experimental Data for Lateral Deflections

( 1/1000 in, )
Dial Lozding Unloading
PeSul Average
Gauge Test 1 Test 2 Test: 3 Test 1 Test 2 | Test 3
0.1757 | 4.50 | 5.00 | 5.00 | 6,00 | 6.00 | 6.50 | 5.50
0.5325 14.0 14.8 14.0 17.5 16.5 17.2 15,7
0.7934 | 21.5 22,0 | 20.1 25.5 24.0 24.4 22,9
1.033%71 29.0 29.0 277 32,5 31,0 31.0 30,0
1.2514 | 35.0 35.0 35.5 38.6 37.0 37.0 36.4
D 115017 | 42.0 | a1.8 | 20,0 | 5.8 | 44,0 | 3.7 | 42.9
1.7360 | 48.7 48.6 47.0 52.0 50,0 49.5 49.%
1.9703 55.0 54.5 53.3 58.0 56.8 55.3 55.5
2.2259 62,0 59.5 60,0 63%.2 .61.0 61.6 61.2
2.3600 | 69.0 65.0 64.1 70.0 66.0 65.0 | 66,5
0.1757 | 2.00 2,00 2,00 3,00 2,40 3.10 2.42
0.5325 | 5.60 5.50 5.60 7.00 6.50 7.00 6,20
0.7934 | 8.50 8.80 8.40 10,0 9.50 9.00 9.03
1.0331 11.3 11,0 11.0 12.8 12,0 12.5 11.8
1.2514 | 13.5 13.5 13,2 15.2 14.5 14.8 1441
E 1.5017 16.4 15.8 16.0 18,0 17.2 17.5 16.8
1.7360 | 19.0 19.0 18.5 20.5 19.8 20,0 19.5
1.9703 22,0 21.5 | 21.1 23,0 22,2 22,0 22,0
2.2259 | 24.5 23.5 24.0 25,0 24.0 24.4 24.2
2.3600 | 27.3 25.7 25.5 27.8 26.0 25.9 26.4
0.1757 | 2.20 | 2.00 | 2.10 | 3.50 | 3.00 | 4.80 | 2.93
0.5325 | 7.00 7.00 7.00 9.80 8.10 8.80 |-7.95
0.7934 10.8 10.8 10.0 13.0 12.0 12,0 11.4
1.0531 14.5 14,0 13.5 16.8 15.5 15.2 14.9
- 1.2514 17.5 | 17.2 16.5 20.0 18.5 18,3 18.0
. F 1.5017 | 21.0 20.8 20.0 23.0 22.0 |. 22,0 21.5
1.7360 | 24.5 24.0 23,3 26.4 25.0 25.0 24.7
1.9703 28.0 27.0 27.0 | 29.8 28.5 28.0 28.1
2.2259 | 31.5 29.8 30.0 32,3 | 30.8 31.0 30.9
2.3600 | 35.0 32,6 32,1 35,6 33,3 32.8 3%.6
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TABLE VII

Experimental Data for Unit Strains from Rosette Gauges

( Test 1)

& o Loading Unloading

=1 P+S.i.

o Fa B Fe By B e
el 787 ] QelLUUEI | VelLUILT | 2eQ0I04E | UelULLTY | UeliLuluv [FUeUULUST
Ce55325) 0000196 ] DeUQU3IV | Tea00T1Z2 | 0e0UU232 | VelUU323 | UeuUDT1 3¢
Ce7934 | Ca00U283 | 0alCVA46 | 00020174 | 0e0uUL323 | UelLuaTs | 0ev0018:
140331 0e0CUBTE | 04020615 | 06000222 | 0eUUL4Us | Deliu618 | 0eG0023!

'A 1025141 0000455 [ 0e0UIT33 | 0e0U0263 | 040UC488 | LelLUT29 | V0027
15017 Delus38 | 0eO0854 | 06000338 0.,000576 | VeCCUBTS | 04200320
1e736U] 0s00CE46 | Celuu996 | Ve D0U364 | 0.000646 | GeCLCO90 | CeD0035¢
169703 CeUuLT718 | Ueull122 ] Ja300402 1 04000732 | 06001136 | 06000404
2e22539) 0.00UB12 | DeUUI26U | VeD0D448 | 0.3JUBUL | CoCC1236 | 000043
2e3600 ] UelUWIIZ2 1 GeUl1420 | 0000492 | 0,00U3UC | Ceu1388 « 0004 8¢
Uel737 | 0e0Iwubs | CoawCUIUU | GalO00687 | DelluuUad | UetlueT72 | 0e00D05¢
Ue5325 ] 06000174 | QeOLUB24 | 06000167 | 0eOUULIS3 | Ve UCU297 | VeVVOLS,
Ce7934] 0000249 | CeuL462 | UeDUC230 | 0e0TLE38 | Celuussu | CedT3230
1euU331{ 04000323 | GeQ00G21 | 0000300 | 0. 0UC3UB | CeCLUS96 | 04300308
le2514 | 0e000U382 | 0e0OC750 | 0e000362 | 04 UUU3TU | GeUUT3U | 06 30U3SE

B l1e5017] 0e0CuUa52 | 0e00UB8U | 0e000440 [ 000U4538 | CeCLUBTSE | Ue 002422
1e7360] CelUus523 | 0eCL1IC16 | 0e000504 | 04000428 | Oeliu992 | 04003475
1eUT7US | UeTUULSTE | Ueuul132] UeULUU564 | 0400US562 | UelQ1122 | Je030US0
2,2259] 0e00uv64s4 | Dali1272 | 0000635 | 0el0UB22 | Coitl1Z248 | 0e00059¢
2e¢3600 | DeuduT12 | VelU1420 | UeDUTES2 | 0400UG92 | VeCU1396 | Ve 0006GE
Uel1757] 0e0C0UUS34 | CoaUCLULIB | DeUIC011 ] De000UBE | UaULUUZ6 | Ve 0UI02]
0e5325] 0e00LU96 | VelLu0e8 | ULULI01I3 | 0aCUUI32 | VelLUUBL | J.000021

FUe7934] Ce0UULI32 | CalOL1I07 | Ue00001I3} 0euul76 | Cavul2l | 0eG00D2!
1060331 ] 0al0ULT7S | CeCuU148 | 0ed00014 | 0elUuU216 | Vediulna | Ua00001E
¢ |1:2514] 0.000213 | 0.CU016V | 04000008 0e0UL252 | UGeUUULIBY | UsQUOT1E
1¢5017 ] UeUu242 00CU1I84 | 0a000000 | Geuu286 | Uelu211 | Je¢00T011
1673601 06000294 [LeC0U224 | 0e0U000VY | CalUU3UB | UelUlL226 | Ve DUUOTL
169703 CoO0URZL JLetuu2ga | 0e300000 ] 0400U348 | V254 | 04 00000C
2.2259] 0ooLL368 | Le0LU282 | UeUUVOCU | 0.C0U378 | Cevul284 | U.0Q00DOE
203600 Jeluu412 | UeULUB18 [FUU00004 ) 04000414 | 0eC0U316 | 0e00003
CGel757] 0e0ULUTY JUeClUUBSE | CelTU0ZRZ | Gaa300092 | 0.00w028 | 000047
Ue5225 ]| 0e0uU184 [ CeCu238 | QeUB0L10 ] 0.300224 | UeliuiZ28y | JeULUTL14
e 7934 ] 0euu274 JCeCUU3T7Y | 0aDUCI29 | 3e00l323 | Cavdl395 | 0alUG1ISGE
1eU331 ] 04000364 JLelLUATE [ VeVVCIBY | 0eluvavs | CaUllus16 | V000192
1e2514 | 04000434 | GeCUUSTU [ Ue000238 1 Deuddd72 [ UsUUubZ2u [ Uel0U22C

D l1.e5017] CeD0Us12 [000uTLY | 5e002252 1 0e0uU362 | OalCu714 | 0eulO274
1e736u | De0uubua | 0e003832 [0e000296 | 04000628 | JeluuBUU | 0eU00338
169703 ] De0uvh72 | CeuluB78 | Ued0I343 1 0e30L710 | Uel9U8 | UelCI33
202259 | DetouT56 [ VeG4 | 0600383 | SeCILTT4 | Qavuulud | Uedull37e
Zeldcaul | CeluiEnZ JeUULl1l1l6 JeUuud4Us | CeluidEs OeiulllZ Jevuudld
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TABLE VII (Cont'd.)

Experimental Data foxr Unit Strains from Rosette Gauges

( Pest 2 )

Unloading

‘ B| p.s.i. Loading

(‘g Ea Eb EC Ea gb EC
Vel 7571 Devuuil8 e LuUU9T c.\)u'vu’;’d UeuUdulul CelUULUSE | JeuuwUTTE
CeS32u] Dl ‘u\.'dll CoelCUBUE | DeOC0124 ] 0alduu220 | Veluv283 | YeOOULH:
Ce 79341 Qe Uluviub Qe 4as Je00UI1 75 Ceduu3lz UeblL445] LeuVU19¢
lew331 ] Cel0udu2 Ue CLUBTY VeOT222 NIPREISIVATETS CelUUB33 Te0UC023¢
1e2514] 0e0UABT Je UULOBDSL Je.00U266 Jeuovitd4g UeLuld7UB JeUGU28¢
A 1e5017] 0e0OUDDY | UelCGUB3Y | De0CU311 § 5400uB62 | CevwluB50 | 04000324
le736¢C DeJUULBLIZ Ue U ULIUBO JeOUU352 OedOuUHBL28 Ce ULUDBY [P RVENIVICTSY4
169703 OeCLUTI UCeDULIUTE U, 000396 CeCUUTL2 JeLILG2 Je 043K
1242259 Qe GUUTHS UelUl 172 Ce 000423 | D.CCUTTS JeCL1186 DeC00L3E
236001 DeuduBo8 JeidilBuuU Ve JdouUGTZE | Qe S3UB40 OecU1Z00 Je0JT4TH
Cel 757 Jeuound7 Vel l U4 Je JULUIBY f 06 0TUUTE CeOUU107 JeCVI13¢
. Ce5325]1 0eU0OULITO e 322 Je0TU1656 TelULITE UsULCU3 16 VeU0I197
Cea7S34 1 Da00L2E3 DedULLTS J.000231 Qe U259 Ce ULVGTH 0« 00026
1e U331} 0 0U3BR21 CeLUBLIZ Ce000294 | DeluULE2S JelCUBID UeUUV32¢
142514 | 0,00U376 QeCULLT71A Je 000355 | UeOuu390 Deluu742 Ce0038¢
B 15017 0e00uu456 | UeUOUBTT7 | DeUU421 | el udbs | DeUUUBD2 | UeDUTES,
e 73060 0eouz1a CeUCUR 36 Vel Ul4T7S De20uBH2C Qe 0l 0B Vel IlH51(
leY Tl DeduvzBu Jeulll 14U TeUud343 | Celuuh8é CeiC1l144 e UUUHTE(
22259 D.QuuéZQ CeUULIZBU UeQUUBUVO | DeDUUBSE2 Selil240 D.00062¢
243600} 0eCULOE VeUL1I3Z40V J.000660 } 5.000684 0.CL135B2 0+400067¢
e 1757 Jeluwual CalUUU29 | LeQUUI1 1 | 0el0ULUTS el u‘u37 OeLOOZE
CeB325 | Ueduului VeuUuwTre Ue00V012 JeJdUL1IZL Ue UL UGU JeUJ0L2L
Ce792a | VelULIAL QeUUUILT | VeU0U011 | VeUuulBuU | UsUuuwllS | Veuuuv2,
l1e 331 Dol B2 UelCL 136 Je02UD11 Jevduzle CeUUULIGC JeUUJ0IE
) 1e2514 1 0eC00218 QeduUul7u DeluUuVU14 | Qelun2849 Us OULL1IED Qe VU0 2¢
Y 1eBC1I 7] Veuvubl UeUUU193 0.00C012 | Dealuu289 VelLud2Uu JeDVJULE
1le7360] Ce0lu238 UelLUZ 2 0e03T0VIOT | Caluuldlo Uedu2285 D e 00uUOUE
169702 | Geluul30 JeUUUZ4HE UeDU3030 | 0e U348 Vel 286 U« 00ulU¢
Ze2289 | e uulES JeldOwe 76 DedlU0UZ | 0o 370 Cevu2sz |0 00000
2¢3600 1 JeUvu3TH [l luZUZ J 04 2Ul00V 000398 JeCCC30U8 -V e 03300
Cel 797 Desudubly JellLuuGa Je dLUUZS DevUuUI] CelulL88 JeUdo04:
CeB325 | DeuculTO UelJUILZ23U § Ve 0I0V93 1 0sCUL21 G D ULUZTE6 | Ve D010
Ue 7934 | Ve uuueeHE Jelluwuw3H I CeOUULlI31 CeCOU3AVE Ceuuu371 Je D001 4¢
1eU331 ] Cocunul3ad | CelUUASEU | QeUUVULIOB | UaUUUSBRBY | DelUaE4 | CeOTULISBL
1e23514 ) 000423 Qe llUBET | QalC8217 [ Cevuddtss Uelduuhavw UeUO22 .
D 1e5017 ) 5.30UBCC0 De 2662 CelT024T J Cealudgo CelUUGYE CellUuULST
1« 73601 Heul 076 Cedluw 768 Je dUT 290 CeduHUS Qe 772 Jeuluode
1e97C3 ] 50020650 | CelluBE2 | Sel08312 106350684 | CaoluB380 | UelUUI33
Zel2ou | DaGouT12 CelULUGs Ce0CUB32 | GevduTaz CeLuuT43 CeU U036/
2e360C ) ZTelol7E8 Vel 1U4D Jes w392 Jelo8LSE JeuLlU3Z36 Qe QU IBYC
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TABLE VII (Cont'd,)

Experimental Data for Unit Strains from Rosette Gauges

( Test 3 )

=

-5 . Loading Unloading .
g PeSel. -

© E, Ep Eo E, By B,
Cel1757 | 0ed0v18u P Ueviulul | UeuiuUa3 | 0.00uvt7 | 0ecul1U7 | 0edDU0Te
CGeB325 ) VadUCIBES | CalUul290 | OaICT116 ] 03400uzud | Ceuu3du? | G000 3L
De7S34 Jeluwz2ug CedlL4G3 e 00C16C | 500272 Ca 0443 Je030018C
1eU331 Celuvi321 Cedidus 56 Do OTV206 | veluwiT2 UeLuLUUDTOH Jeuiu224
le22214 Oel0u427 Vel 683 JeTTU250 | UeIuvwd30 CellllUbBI6 UeUul26!
A 1eDULI7 | Deluubl? Ve ui823 Ve DUUZ298 | U« VUUBEHES CeULUB33 Ce0OU31¢4
1e7360 | 0.000880 | CeCCLUT32 | 04000340 | 0ouusld |vevui9su | Cedul324
1e¢97U3 | QeluwhHB2 | Collubz | JeCOU3T72 | Oeluu7us UeGuluSa | vel0UG334
262239 | QeuiuT740 | VelTl1Yu | UeUUI428 | 0600 UT748 {UeQUlI19U | Ueduls2s
2¢36V0 JeuuuB8l2 | CvelulZ72 UeULCULG4 | DeULBL2 CelL1270U Je J045E
Del7857 | veCLuUUE8 CelUuuIs JeJUVIT74 | DeuULBQ CeliCO12V 06002032
Ue5325 | UelluwlB2 CellULI LU Ve20U148 1 0.00u0184 UeULUR3% Q6000174
Ge7934 | DeJuul239 J Ledluds6 | UelIU225 § 0al00261 [ Cevuiuad82 | Geudi244
140331 VDe00U31C UeILERS Ve DUV285 1 0.00U329 U e LUBHLT CeUU3249
B [1e2514 | 0.0C00384 | 04000736 | 0e000354 | UeUULZYL [ UeuLuT44 | SoT00374
1e3017 | 0.000a45 JeLBES Ce 00386 | DeL4Gb! Ceuiu384 Je 0437
167360 DeVuU3uUs ] DeLiCUTT7HS Je 003452 Devuuislb Je uuuu9on CeulV4GD
169703 | D 0uw=68 Ueldullly CelOUD22 § Uesunh72 Uevullzu JeULUBAO
262259 | 53,00ub40 | Cetil]1232 | UeOUUSIE | Deuubae |Ueuullsa | Cevuvtll
2¢36U0 | UeTUUBBU | UeUULIB32 | Ve OUD44 | GaUUUBTE | LeDUIB3G | Ce0H44
Cel737 1 UeUSUU33 | CodUUU32 —Uesudddu2 | 06000070 | UelUUU31 OeVUCO07
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NOMENCLATURE
undetermined parsmeters in the assumed
deflection function
sides of plate along U and V axes, respectively

= cosine®

- Flexural rlgldlty of plate at the centre

m3/12(1 -v%)

flexural rigidity of plate at eny point
= mo/12(1 -V?)

recorded unit strains in the three legs of a
rosette gauge

Young's modulus

allowable stress

thickness of plate‘at the centre
thiclmess of plate ét any pqint

.positiﬁe adjustable constant less than one

~ bending moments per wnit length of sections of

a plate perpendicular to X and Y axes,
respectively

twisting moment per unif length of a section of
a plate perpendicular o X axis

maximum principal moment : .-

ninimum principzl moment

aspect ratio = bfa

intensity of a continuously distributed load
shearing forces parallel to Z axis per unit
length of & section of a plate perpendiculex
to X and Y axes, respectively

= sine®

obligque co-ordinates
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‘X axis

lateral deflection

outwardly drawn normal

dimensionless oblique co-ordinates egual to
¥/b and U/a, respectively

Poisson's ratio

normal compdnent of stress parallel to the

normal component of stress parallei'to the
Y exis '

maximum principal stress

. minimum principal stress

component of extrem fibre shearing .

stress
angle of skew
angle measured clockwise from the X axis,

giving the direction in which maximum
principal moment occurs
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