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ABSTRACT
The Rayleigh-Ritz method is used to determine the
deflections and moments of clamped skewed plates. A deflection
configuration of the skewed plate is assumed in the form:
ve (1-F P2 (P-8%)% (a4 -808)

where Ao and A, are undetermined parameters defining the shape

1
of the deflection surface,

By minimizing the total energy expressiocn for the
bendfing of plates, the parameters Ao and Al are evaluated and a
deflection equation for the plate established, The deflectiom
equation is then differentfated accordingly to obtain moments
and stresses at varicus points of the plate,

An experiment was performed on the bending of a
clamped skewed plate with a skew sides ratilc of 1.23 and a
gkew angle of 55 degrees, The results of this cxperimental
investigation are compared with those obtained by the Rayleigh-Ritz

procedure,
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CHAPTER I
INTRODUCTION

Skewed nlates and slabs ave often required as
component parts for large Geale structures, such as bridges and
buflding floor systems, The bending behaviour of such plates s
alco of zreat iaterest to the alrcraft industry, where such plates
are found Ffregquently as parts of swepteback wings and finsg of
subsonic and superscnic aivcrafes,

Many diverse aad Indirect mathods are aow available
for the analysis of clamped vectangular plates subjected to uniform
normal loadings., Some of these methods are cited by Timosheako and
Hoinowsky-¥rieger (1) who employ a double series which operates
with two intorvdependant systems of infinite linear slumusltaneous
equations, However, no general solutions are yet avallable for the
skewed plate under similar bourdary conditfons, This is perhaps due
to the fact chat the enalysis of a parallelogram piate is wore
compliicated by its absence of orthogonal reiationships,

“he work embodied in this thesis comprises:

&

1) a theovetical analysis on the bending o
clagped skewed plates subjectad to a valfozmly

distributed lateral load;

and 21) an ewperimencal ifavestigatlon of the bendiag

fo
w
(54
(&)
&
=
e
Toe
s
3]
@,
o

behavicur of g clamped skewes pi

«

sides ratle of 1,.2% @nd a skew angle of %5 degreea,

1
B
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tiith refereace to the theorctical work, the Rayleigh-
Ritz method {2) is used to determine the deflections and moments of
clamped skewed plates, Essentially, this method is one of the wore
fmportant energy variaticnal wmechods based on the well-kaown principle
that when a system is in & positilon of stable equilibriun, {ts total
enargy 18 3 miniwum, Following the RayleilgheRitz procedure, a
deflection configuration containing vndetermined pavameters was figst

assumed setisfyling not only the boundary comditions of the plate but

giving akso polar symuelTy a condition guite ovident in a
wmiformly ioaded skewed plate, The assumed defiection function is
next {nserted into the expressicm for the complementary cnergy and
the raquived integration carried cut, the limits of the integration
belny extended to cover the entire surface of the plate, The resultilag
enexyy expression is then a function of the undetermined paraweters.
By wminimizing this energy expression and golving the simultaneous
equatiocns thus obtalned, the paramsters are evaluated. Finally, the
deflection cquation with 4ts deternined parameters 1s differentlated
to yield ¢he required wmcments and hence stresses,

The experimental iavestiszation consisted of the
locding of & R/h" thick aluminum plate vigidily clamped cu all
four edges, Meta-film straia rosette gauses were Ilnstelled and
moments and stresses wore calculated from the strain mcasurements

roecorded for the different lntensities of lozdling, Dial ndicalors

3h}
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wevre also instelled o record the laterxal defiecction at celected
points on the skewed plate.

To facilitate the computation of deflections, moments
and tiie primcipal moments at specified points on the shkewed plate,
programues weing Fortran language were writtem and are included fa

Appendix 8,
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CHAPTER 11
REVIEW OF LITERATURE

In 1941, Vernon P, Jensen {3) investigated slabs with various
skew angles, boundary conditions and losding conditions, Finite
difference equationa were developed for a general system of skew co-
ordinates, By means of these equations, he computed the principal
momentg for uniformly loaded slabs simply supported ca two or £ll four
edges,

In 1953, Eric Reieener (4) showed that the bending stiffness for
a8 skewaed plate 1s lesp than that of an unskewed plate and that pure
bending of the skewad plate is slways assoclated with a twisting de-
formation, the relative magnitude of which depends upon the engle of
skew,

In the periocd between 1950 - 1960, 2 great deal of work waz done
on skewed plates sad skewad structures, The outstanding zesearchers
in this perlod are L.5.D, Morley (5), I, Mirsky (6), aad 2.D, Jones (7).

In 1953, PN, Dorman {8) used the energy approach to investigate
the bending behaviour of & clamped parallelogram plate but the function
he asgumed has the restrictive character of satisfying not only the
polar symmetry but also quadrant aymmefry ewewwe—~ a iondition

vihich 18 non-oxistent in a skewed plate,
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One of the more recent contributions to the solution of skewed
plates and slabs i{s the onc by Keanedy and M,YW, Huggins {2) who pre-
sented an analytical solutfon for skewed stiffened plates under a
uniformly distrxibuted load, ©OStresses ncar the corners of skewed
stiffened plates were aleo investigated by Kennedy and Martens (10)
who have observaed experimentally that critical stresses often cccur

in obtuee corners of such skewed plates,
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CHAPTER 111
THEORETICAL ANALYSIS

{a) The Plate Energy Equation in Obl{que Dimensionless Co-ordinates

in investigating the bending behaviour of skew plates, it is often
advantageous to adopt a co-ordinate system parallel to the edges of the
plate, namely the oblique co-ordinates @ and P shown in Fig. 1.

By the transformation
X =& cos 9 (3-1)
y=B+asing (3-2)

in which & is the skew angle, the following relationships between the

rectangular and the oblique co-ordinate systems hold:

_B_w:_ = é_w: sec 9 --é-'?- tan 0 (3-3)
3x Xy Y]

3% % 2 3w % 2
ml’.za--g-sec o -2 sec 9 tan 6 + —g tan” 9 {3-b)
% X B B

Also,

= 7 _a% (2-5)
dy oB

Pew .

P e}
O = AnI—
—z 3 (3-6)
QY 3p
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FIG, 1 THE RECTANGULAR AND OBLIQUE CO-ORDINATE SYSTEMS



From the classical small deflection theory of thin elastic plates,
the total enargy of bending consists of two parts: the strain eaergy
due to bending and the potential energy of the load distributed over
the plate, The expression for the strain energy of bending in

rectamgular co-ordinates can be written as,
- - 2
1aip ( aaw N 3% )
2 .2 2
ox

2. 2= 2. 2
3w % _ (3w - =
« 2 (1-v) I s -:‘5 (?:‘a:}; ) dx dy (3-7)
x oy :
For a clamped skewed plate, the displacement v is zero around the

boundary and Eq. (3-7) takes a simpler form since

% _(d% | aids =0 -5)
yjjﬁ .J%E (9= ) x dy (3
oy Aoy

For a plate subjected to normal uniform load of intensity p,

the potential energy of the total load is

Jﬁpdidi

dence, the total energy of the system in rectangular co-ordinates

2= 2. 2
[ B ale s on
oK 3F

is
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Using the transformation reiations Fgs. (3-1) and (3-2), Eq. (3-9)

becomes, in oblique co~ordinates,

2
\2"' 2- 52-
I = cos QJJ{% seche [ o3 . 2 9-_-.-3 gin & ~+ ..-g.]

33° &8 3
-Gp}d&dﬁ (3-10)
Now, by putting
a8 = ax {%-11)
B = ap (3-12)
h
§ = B (3-13)
w = wh {3-14)

wvhere, o and B are dimensionless obiique co-ordinstes, 2a and 2b
ars the cblique dimencicns of the plate (Fig, 1), b 1s the thickness of
the plate and g the dimensiconless load, the total energy expression can

be further simpliffed Llnto the following dimensionless form:

2 2 2
1 uE-l}—- cos § JJ[S.Z.%L -vq] dcr dB {3-15)

aa
where
2 2 52
2 2 Q% Aot g Ow L OW )
Vv = gec © (v = 2 8ia £ e ]
: 2 enod a8
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{b} The Rayleigh-Ritz Procedure
To apply the Rayleigh-Rite procedure, a deflection cenfijuration

for a clamped skewad plate & sssumed as:

valt - (F -5 (a - a o8) (3-16)

where Qb and A, are undotermined parameters,

i

The boundary conditions for tha clamped plate are:

Wwalforase 1, ard § = <y

ead

81

- Ogaxf}z:;;,andg e O foroge =l

where n s 4n a direction nermal to the edge of the plate (Pfg. 1),
From Bq, {2.1¢), it cen be readily shown that all thess houndary
conditione sre eatiefied, It may he worth notiag aleo thet tha

deflection function satiafies polar symmsetry, L.e., w(x,8) = wlez,-8)

8 necaossary conditioa for a uniforaly leaded skewed plate,

in order to substitntr Iato the plate energy expression {3-15),
the assumed deflection function w fg diifercatiated with respect Ro
rhe dimsasicaless co-crdinates, @ aunt 2.

Tous,

2 . .
T . (-8 (s 24 08208 0%

+i2 A a ) (3-17)

10
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aw__ 22 2 4 3
55 = (1 -a")" (12 4, 7 of - 20 &, of

2

2
-ba S v12a 8%) (3-18)

and,

2 2 2 3 3 323
Fw = 164 (YB -7 aB -’ + a’8” )
dadp °

+A1(671‘6!2-571’051’-7“-3672&232

+w;aahaeér67252*30&25h-25a2"6h~Sﬁh) (3-19)
licace,
2 2
V% = sec a(-a-é—-asi oa" +a“)
X s p°

)
- aecgf){ [-47 - 3&72+ (12 74+ 372) Qa
+ (12 + 8 4°) g2 (2h7+au)-.hs+12as

~hyPat v 120" 6% + 2 sta 6 9% 0% « 3 etn 6 0

- %0 gin a~g;;3 3251n9a3f53]+!s [2sin67h+aﬁ(1272

b 3 =
£ 12 7°) - o8 (205" + 24 »7) - ap (24 47 + 20) + % (b0 5P

G & n g
+40) v+ 1208 -0 B v+ 129 a B -20¢ B° - 10 ainayhal’

z . ~ 2
+ 72 sin A o 0:2 be + 50 sin @ ah ﬁh + 10 8in 9 Bh « 12 sin 67“0!

; 2 4 2
-0 sfn @y o P - 12 sin@yafa -L)Osi"z‘)aaf}h]} {3-20}

i1
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Now, the total energy integral, Ec. (5-15), can be re-written as,

+y +1 *y +1
2 2
I= 9-13-5 cos 8 J ﬂfg_L do d8 -J wq da dg [ (3-21)
a .7 ~1 ‘7 -1

where the limits of the integration externds over the eéentire surface
of the piate es siown,

Substituting the form of ng, Eq. (3-20), into the energy exe-
pression, Eq. {3-21), and after some tedious algebraic menipulations

and integrations, the plate ensrgy equation reduces to:
2 b
D 5 Y
1= --‘é‘- cos 8 [ {-“i’-“-‘-’m61 {[ 20,8050793 77 + (11.8386168
a 2

2.\ 7 9], ?
+ 23,7772337 sin®0) y! + £0,8050793 » ] A,

+ 2 [Ao Al]
[" 5.954308% ain 6 77 - 5.944%083 gin @ 79] “ [1,3509791 77

2
+ {1.320957% + 2.041914% 84a°0) y° + 1.3509791 711] Ay ]j

) 256 5
& q [225 7 (3-22)
Fcllowing tho procedure, the total eaergy expression

Rayleigh-Ritz ¢

ia pow minipized with respect ts each of the undeternined paramecexa,

3 -eb ,
ci o1
= 0" = 0
o 1
12
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snd afrzer partial oifferentiation, two linear siwulisncuves equaiicni
are ovtalned, vis.,

4

{o.eusemss ++ « (115006058 + 2277 @37 sda® 9) o0

* £0,3050793 -;9] A - [5.9&%3@5} 7' ain &

3 A <3 .
+ 5. GLAGY 17 sin O ]AI = q con’ [:2?5-] o (5-23)

g
v %
{« PRl T3 y7 gin @ « 5,0L8%048 57 sia %] Ae

-

o [tos07on ¥T + (1.3209578 » 2,5b19185 sta® 2) 57

N T Sl F (3-24)

Solvioy theds Oqualiods eiuulteacoualy, he parasecers o and Al

are fouad Lo oes

Aa w q_caa“ g [i.%%?llkﬂ + 1,.50829%:0 72 > 3, {0805310 72 aing 3 ﬁ.ﬁi?llwﬂjyl

v

and

‘4
Ay = g 208 & [i,?gﬁ}@lﬂ aln 3 s L Tu3WIL vy~ ginm ﬂ]

1 p
1//

13
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vhere

Vo= 205072275 ¢ 5.5559:5 90 ¢ SL.T5ES915 1° sta® ¢

+ T1.916::109 7h - T.0581750 7* aina a

+ 62,517h855 7* stn® 6 + 43,5h3¢903 ?6
_ - &
+ 51.7529915 7~ ein” & + 26,072273 7

These paramsters are then {nserted into the expresaion for the
deflection Eq. (3-15), from which deflections at any point within the

plate boundaries can be determiaed,
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{c¢) Moment and Displacement Relationships

From the transformatien equations (3-1) and (3-2), and the dinen-

sionless ratios, equations (3-11) and (\"--12), rectangular moments can

he expraessed in texrme of deflections in oblique diwensienless co-
ordinates, ¢ and 8.

Thus:
\2. ~2-
%, | gw
= - B (e v=g)
o% dy
2
3-3% (-a-%aeczs-a-—l'- sec 6 tan 5
a° 3 S
2 2
* é...‘a.'_ tan®s + é..‘éﬂ (3-25)
o8 9B
2~ 2=
oy dx
2 2 2
=‘Db2(§-§ *,,(9..3.,“29-2?.’.3 sec 9 tam 2
a® dp o Soos
. a8
"9 ean? g }) (3-20)
? b («L-'-—V-) h (62" sec 9 = ©% ten 8)  (3-27)
From the Tsctangular momeuts H; , ¥= and the twisting moments
ﬁ;;,

nax

1 (; . I . 1 P . 2 ) - l?
= = (He + Ma) 1 --’ Mo o He) + B B2 -
aia 2 "% 7 2 X v Xy

15

the principal moments can be calculated in the usual manner:

(5-20)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The direction in which the maximum principal stress occurs is

=zt 2N (3-29)
M .-M_
(" = y)

where ¢ is the angle messured clockwise from the x direction,

Once these moments for the plate have been ascertained, the
stresses are then readily obtainable by multiplying the correspending

moments by éé, i.e,,
h

6 M-
0’5 - -;§~ {3-30)
75 = 6 " (3-31)
2
h
g = 6 Hax (3-32)

and
. = %M (3-33)

(d) Sample Calculations

4s a sample calculation, deflections and moments were worked out
at specified points for a skewed plate with a skew sides ratio of 1.25
and a skew angle of 55 degrees .u4 these results are tabulated
in Table I, Also, to demonstrate the adaptability of the digital com-
puter to thile tyne of problems, daflections, moments, and principal
moments for the same sk. - plate were oompyted by the IR 1620 and the
ragults are included in Appendix %,

16
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TABLE 1

Theoretical deflections and Moments for = Clamped Skewed Plate
having a skew sides ratio of 1.23 and a skew angle of 55 degrees,

Plate is subjected to a uniform load of 1.3 1b./1n2.

Deflection (w) Max. Homeat Min. Moment
Location ia, 1b,.in,/in, ib.in./in,
a =0 i _ ] .
056 22,529 1l.430
£ =20
& = g
032 15.561 6.157
=0
& = 0
032 18, 368 6,869
B = z
- n
o
€ .010 8,434 0, 348
B ol
2

For D = 14,646.4375 1b.dn; v = 0,333; and E = 10,000,000 p,s.1.
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CHAPTER 1V
EXPERIMENTAL STUDY

(a) Materials and Apparatus

A 1/4" thick aluminum alloy (12) 6061-T6 plate was cut to the
dimensions shown in Fig, 11, W#ith the dimensions shown, { ~ plate
has a skew sides ratio of 1,23 and a skew angle of 55 degrees. A
total of 32 meta-foil straim rosette gauges waere instslled on the
plate, seven on the top surface and twenty-nine on the bottom surface,
All these rosette gauges are of the 3-peuge h5° rectangular type,
having & gage factor of 2.05 and a resistance of 120 ohma, Terminal
strips (type T-50) were used to connect the lead wires to the gauge
tabs. The wire leads are twelve feet long, made of Ho, 26 stranded
copper wire and with vinyl insulation, To provide suppert for the
piate, "-andard steel channels twelve inches deep and weighing 20.7
pounds per foot were cut to the required skew, 1t was thought that
there might be a possibility that these channels would twist as the
clamped plate wae being loaded, As a safety measure, 1/4 inch thick
vertical stiffeners were welded to the chaanels and were spaced
approximately six inches apart. The plate and channel assembly was
then seated on steel angles attached by 1 inch belts to heavy steel
posts, To assimulste the built-in edge condition, the aluminum plate
vas sandwiched between the flange of the channels and a 1 inch thick

cold-rolled steel cover plate, 3 inches wide, The plate was cut in

18
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such a way that it provided a clamping edge of thres inches while the
flange width of the channel was also three inches, A wooden box having
the same dimensions sad skew as the plate was made, The box wes £ 1/2
feet high and was heavily reinforced with 2 inch by 4 ianch planks and
steel straps. A waterproof sihcet made of polyethyleae material was
placed inside the wooden box, The strains were measured by means of
two standard S-R L strain indicator units, iwo switch and balancing
units (model C~10T and C-1CLTC) and a digital strain iadicator which
permitted the strains to be read off directly in micro-inch per inch,
Seven dial indicatore were used to measure the deflection cf the plate.
To clarify the description of the aforcmentioned apparatus and the
general set-up of the experiment, photographs were t. 21 and are in-

cluded on pages 3 to 37

19
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(b) Procedure and Results

The 1/4 inch thick aluminum piate was first sawed to the required
éimenslons and skew, laaving threc {nches all aTtound for clamping
ourposee, The plate was then aleancd with acetone and the locatfions
for both the top 2nd botton surface gauges lald with reference to the
rectangular sxes, x and y, The co-ordinates of all the gauges are
recorded in Table II while their aliznment and locations &re shown in
Fig, 2 and 3, The installetion of these rosette geuges foi:iowed a
set procedure, The spot where the rosatte was to be placed was first
wiped clean with acetone and then sanded with a metal conditioner
using eilfcon carbide paper, The ..act location of the gauge was
then marked with & ballpen, The samc spot was again cleansed in tura
first with a metal conditioner and them with a neutrsiizer, With the
rogsette and the terminal strip properly lined, Eastman 910 cement was
applied to cement the assembly ento the plate, The gauge and terwinal
we - then left to dry for one minute during which time prassure was
applied to the gauge by meens of the thumb, The insulatlou of both
onds of the lead wires was next stripped and the bare copper strands
twiszed., Each lead wire coaslsted of three copper strands, one strand
was soldered to ocae tet °f the terminal sctrip while the other two
strande were twigted togetaer and soldered te the othar tab of the
terminal, The tabs of the terminal strip were then connected in turn
with the tabs of the gauges by wmeans of zhin copper jumper wires. To
provide waterproof and mechanical protection, besidee the usual aighly

insulating jauge coating, a special gauge coat made of a two~component

&
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rubber-like resin was also applied to cover the entire gauge and pert

of the lead wires, This gauge coating i{s greenish in colour and photo-
graph A on page 34 shows a clear picture of some of the gauges completely
installed on the bottom surface of the plate, All 32 roscttes were

thus installed and the gauge lead wires soldered in position,

The supportiag structure for the plate iz shown in photograph A,
The plate was placed between the flange of the channel and the 1 {ach
steel cover plate and all four edges .. -2 then clamped by special
sttucﬁural erection clamps spaced six inches apart; allowance was mada
here to have clamps placed closer together near the coxrners of the
plate, {See photograph B oa page 35)

To allow & direct reading of the deflections, seven . "4l indicators
were installed in locations previously marked on the bottom of the
plate, These are numbered from 1 to T and their locations in terms of
the rectzagular co-ordinates are tabulated in Table II and are also
shown in Fig. 4. The wooden skew tank was then placed to rest on the
cover plates and, inside t.~ tank a waterprcof sheet of polyethylene
matarial was carefully laid so that water cam be used as a loading
medium,

text, gauge lead wires from 20 rosette gauges vwere soldered to
twelve S-channel receptacies aspecially provided for ithe three switch
and balance units, Unit strains in micro-inch per iach could be read
off directly from a screen of tie dilgital strain {adicanor., The
remaining 12 rosettss were hooked to the terwinals of the two switch

boxes which were in tura connected ve a coaventlicna! S«R & strain

21
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indicator. Unit strains were read off frem this indicator in the usual
manner, These instruments are clearly depicted in photograph C on
page 36.

Before the plate was loaded, all the gauges and dial imdicators
were "zeroed in", After the plate was loaded, strain snd dial in.
dicator readings ware taken and reoorded. Such readings were obtained
for every one foot imcrement in height of water. Readings were also
taken and recorded in a similar manner while the load was tsken off
tha plate, The average of the loading end unloading readings was
computed and the resulting strains tabulated in Table LII,

Three strain values e, e, , aud e_ {See Fig. 2) vere obtained
from each rosette gauge., From these values tha principal stresses
and principal moments were then computed by using either the Hohr

Circle or the following formulas:

2 2
fmaxsg (Car T +i%-;/2(ea-ab) +2(ey-e) ) (kD)

1l -y

2 2
T JE (8% ol [2(%7%) +2(% " %) ) (42)

2 1 =-v i+v

1 -1 - -
# o« b oeam (2% 7% " %) .us° (4-3)

2 (ea - ec)

4
where § gfves the direction in which the maximum stress occurs,

this angle being mesasured counter-clockwise from tbeav axis,

e2
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Hax® T % mex {h-4)
h&
H, = <= g7 (L5)

min E;' ain

To facilitate the computatiocn, a projraume in Fortran waa
written %o give the rectanjular momeats, principal auments, principal
stresses and the direction of theae priacipal streszes. As & eawple
calculation, the digital ccmpuzer iBx 1020 was used to cslculate the
principal moments ead principal stresses for cach rogette and the
rasults are tabulated f{a Table IV, 7The programse ssed for the com-

putation 1is included in Appendix i,

2% )
"
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FIG, 3 DIMENSIONS OF SKEW PLATE AND LOCATION OF ROSETTE GAUGES ON BOTTOM SURFACE
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FIG, 4 LOCATION OF DIAL INDICATORS



TADLE 11

Co-ozdinates of Strain Rosette Cauges gad Dial Indicators,

Reproduced with permission of the copyright owner.

Co-ordinatoes Cauxe Co-ordinates
Gauge y
No. PRENY v {in.) e 2 {40 ) v fin
! -11. -k 23 10,0 5.5
2 -11.0 -3 e «10.C s 7
; - ! -5:.0 23 =300 101
L
-11.0 -2 24 « 7.0 +11
. - -
z -10.0 - 5% 2 +7.0 22
- -h 2 11, ~41.h
" -1t.5 -21.,5 o +D 20
-11.0 -20. 2 -11.0 wl
~ -10 .0 ~20.% 2 0.0 0.0
16 2.8 -20, 30 ~11.0 G
11 -11.9 -1 23 ) y 5
12 .%.0 -1.3 2 ~11.0 .5
1A -T0.0 1o ial 1 - .0 -2},
o J i1 Diat 2 4.0 k%
e &1 -12.! Dial 3 -0 .
4 -310.0 -2 Dial O 2.0 0.0
Pial “ - O -
: 0o 0.¢ ial 5
- 5 C 19 -
s 1D N pia? 3.0 P
i .0 -5 % Bial ; 5.0 e
20 -1t .5 N
27
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p oy . .
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TABLE 111 (Cont’d,)

Strajn Gauge Readings (H{icro-inch per inch) and Dial
lndicator 2eadings {inches) for Difforent Intensities of Lloading

Gauge Uniform Load in feet of Yater
§§£éﬁl 1 2 3 4 5 & o1/2
7« -lF >l -85 21 ~99 =107
2 a - & «il 20 -25 «32 » 37
g b w 7 - 8 - & - & - & - 3
B¢ »28 -7 51 -7 - %4 «103
9 a + & + & + 8 +13 +14 + 13
G b - 8 - 8 - 4 - & - 4 - 3
2 e «26 ol - -7 83 « B8
¢z -2t =335 31 310 «l3G ~135G
i b 28 «40 -S4 -71 «B4 - 30
10 ¢ % 1 <+ 3 + 7 + B + & + 9
11 a2 w3 «35 356 =72 e =100
i b l7 30 LAY =30 «39 - G
2l e w3 -73 =108 «13% -167 -182
i1Z & +28 +&C +§1 +121 +1532 +169
12 b «ll? -4 -3 + 2 + 0 + &
12 ¢ - 3 “+ & <18 +36 +33 - 30
L a - 6 -lld 20 w26 .33 - B
12 b - - 2 v & + 7 + 8 + 12
iz =33 32 =5 =35 -l =102
iGoa il «ld -2} 3 -l o 14
la B wil -l3 -ld w17 -20 - 19
&%
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TABLE 111 (Cont'd.)

Strain Gruge Readings (Micro-inch per inch) end Diel
Indicator Readings {inches) for Different Intensities of Loading

Gauge Uniform Load in feet of Water

or Dial

Number 2 2 3 & 3 3 1/2
¢ ¢ ). + 7 + 13 wili +1é +18
i5 a «55 «ll] =160 =210 =255 ~266
is b 21 -l -5l 82 «1C2 «113
it ¢ - Q w20 «25 «37 -50 - 50
ic o -17 «32 «43 =54 =63 =70
6 b - © -1l 12 «lf «2C -23
16 ¢ =24 -2 38 -7 -4 -103
i7 & +3 +70 +121 +159 +187 +214
i7 b + 4 +20 +49 +69 +52 +86
17 ¢ +30 +70 +101 +130 +166 +168
1€ a -33 57 -77 =95 -111 «122
is + & 412 +20 +23 +24 +26
iB ¢ - & w1l -ld -23 «35 -2
19 a +18 44 +73 +10G +128 +140
18 b + 9 +21 43 +70 <43 +124
I +19 +4 5 +69 +80 +106 +116
20 a ) -75 =100 =124 =143 «154
20 b + 5 +13 =20 el +59 +58
20 ¢ +10 +17 +23 w28 +25 +29
21 a «53 =93 »125 =133 wli70 » 190
<l o + 7 +13 +23 +31 +37
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TABLE III (Cont'd.)

Strain Gauge Readings {}icro-inch per inch) and Disi
indicator Readings (inches) for Different Intensities of Loading

f;‘“g:al Uniform Load in feet of Water

Huxsber 2 2 3 & 5 S /3
2L ¢ « 7 LAY +10 + 8 * 5 ¢ 4
22 & =35 =75 « 100 =133 »137 10
22 b v 3 + 9 + 19 +20 33 +37
22 ¢ - 2 - & =il -39 23 w31
23 =05 «i33 «l73 w2iU 242 =204
23 b 23 widl w5l 70 ~»lGO lC7
25 ¢ 25 =38 G 33 «l07 w103
2% a M) 29 +75 +833 +120 <i3l
o b - 8 s 3 <12 +18 + 24 +28
28 ¢ «il wi2 - 9 - 8 - 7 - G
25 a +1d +37 +56 562 +83 +97
25 B i3 =ld <15 -2l 27 <23
25 ¢ »14 «10 =10 «21 *27 @2l
<0 8 - S5 v § ¢ 6 + 7 + O <« 7
20 b < & + 1 <« 1 Ll - 3 ¢+ 1
26 ¢ <« 3 & 8 > & 12 32 15
27 a e - & - O =12 =17 =10
27 b w16 +3Y *55 7L +91 *G8
27 ¢ S5 +9HS SO 127 +157 $272
28 a +27 »53 +1C0 #1351 <160 +177
as b 5 <313 ) @31 $37 2

31

¢
-
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TABLE 11X {Cont.<d.)

Strain Gauge Readings (Micro-inch per inch) and Dial
Indicator Beadings (inches) for Different Intensities of Loading

ﬁﬁ“%ial Uniform load in feet of Water
Nenber 1 2 2 4 5 5 1/2
25 © *19 +33 *4585 %05 «73 +i33
29 8 -8 w8 D35 -ll0 widd =152
2v b «27 «33 sl -5k 55 -35
29 ¢ il =76 -i 30 il 133 wldd
3L a -3 - 2 - 2 - 1 + 3 + O
IR +) «ii3 «30 -3 -l -55 PRl
30 ¢ *25 +53 +80 +1GH +136 +147
3 8 «38 &G «35 « 137 «230 159
31 b «3i -G -3 -5 &35 N2
2 ¢ 33 &0 -ild -5l «HY -73
32 a «i{s =21 w35 52 57 -7
32 b wli -21 30 w3l -S4 =72
22 ¢ 30 w34 w1335 @373 <+224 +240
Diad i + 3 ¢ 7 %13 w14 +18 20
Dial 2 i +31 T T + 7 *73
Diny 3 15 20 S+ ik S5 Eats
Dlas 2 +21 TG0 +87 w75 LY *53
Sdak L LT 23 ©35 iy +354 +52
iai & *i0 +234 +3& LYY %57 +60
2io. 7 il PES w355 ey +57 +OI
2
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TABLE IV

Computation of Principal Moments and

Principal Stresses for Rosette Gauges,

Subjected to & Uniform Load of 1.3 1b./in°.

Plate is

e

Gauge Yrincipal Moment Principal Stresses @
Number Max Min Max Min (radians)
1 0.354 -0.198 34.017 -19.017 -.071

2 0,926 -0, 458 88.950 -43.950 -1.h27
5 1.030 ~0.717 93,88z 58,8z ~1.339
b 0. 470 -3.20% 45,156 -315.156 -0. 76k
5 2,103 -1,322 201,102 -126902 -1.178
A 0, 514 -3.795 49,329 -364. 329 -0.195
7 -2,365 -8.885 -227,060 | -852.939 -0.364
8 -3.058 -9. 599 -2073, 700 | W92 4T -0, 256

-0.753 -6.434 -72. 304 -617.695 -0.510
10 -2.096 -9. 456 -201.,225 | -908. 77k -0.601
11 -8.953 -16.671 -859.527 | -1600.472 -0.277
12 15,836 2,195 1208,299 | 306.700 .1,288
13 -2.638 11,268 -253.265 | -1081.735 | -0.230
14 0,981 -2.075 gh,182 -199,182 -0.502
15 -8 922 -20,452 -856.572 | -1963.426 -1.017
16 -4.761 -10.707 -457.056 | -1027.943 -0.086
17 22,250 12,437 2136.008 | 1193.989 -1.401
18 -1.431 -12,788 -137.393 | -1227.606 -1.347

Moments are in 1b. in./in. and stresses are in 1b./in“.

33
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TABLE IV (Cont'd.)

Computation of Principal Moments and

Principal Stresses for Rosette Gauges.

Subjected to a Uniform Load of 1.3 1b./in%,

Plate is

Gauge Principal Homent Principal Stresses 9'

Number Max Min Mex Min
19 13.365 8.823 1283,016 | 846.983 -1.536
20 1.293 -13.324 124,161 <1279.161 -1.212
21 -1,188 -16.781 ~114,057 | -1610.9%2 | -1.199
22 -1.892 -15.451 -181.661 | -1483.337 | -1.302
23 -11.937 -24,.313 ~1145.934 | ~2334,063 -1.169
24 8.860 1.452 850,598 139.402 ~1.027
25 6.894 -0.957 661,870 | -91.870 . =1.157
26 1.569 0.619 150.621 59.379 -0.826
27 10.996 2,598 1055.585 | 249,41l -0.893
28 15.965 7.159 1532.669 | 687.329 -1.331
29 -11.050 -19.419 -1060.811 | -1864.187 | -0.233
30 13.281 -0.938 1275.062 | -90.062 -0.230
31 <9.336 ~11.758 ~893.323 | -1131.676 | -0.896
32 -7.428 -18.831 -713.116 | -1806.882 | -0.368

33A
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PUOTO, & DECTOGRAPH SHOWING PART OF TRE SUSPORTING STRUCTURE AHD
COMPLETED GAUGE AND DIAL INDICATOR INSTALLLTIONG
{ BUTACH OF PLAYTE)
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PROTOGRAPH SHOVWING SUPPCERTIHG CHAHNELS AND CLAMPED ELCRS
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PHOTO, D PHOTOGRAPH SHOWING THE CLAMPED EDGES
AND THE STRUCTURAL STEEL COLUMNS
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CRAPTER ¥
COMPARISOW OF RESYLTS AND OBSERVATIONS

The deflections of the clamped skewed pigte recordeu o polnts
where the dfal indicators were lovate:l ave coupared with thoe da-
flections at the same poiats derived from thae thanreticel snalysis,

The comparison is tabulated fa Table V,

A comparison of the theoretical end cxperimentel principel siresses
and moments {8 also made at two locutionc ef the skewed plate, nanely,
at pointe where gauges 1i and gauge 17 {eearra s;hege) sre located,
These results are tabuiated in Teble VI,

By way of comparison, it i perhsps lateresting to compare
Timosheako's reaults on clawped uaifornly loaded ructanguler plates
with those  ived fro— the theoretfcsl analysis. 1In this particulasr
case, the angle of skew in the deflection function is ge: to uero 2nd
the deflection calculated for different sidaes ratios of the raectangular
plate, Table VII shows a comparisoa of the centre defigctions, ceatre
woaente and the mexil: -+ cdge momenty,

A8 cean be seen from Tabie V, the deflecticns of the particular
skew plate investigated check very well with those frem the theoretical
snalysis, Also the deflections for rectangular plates cougags ~eny
clesely with these glven by Timoshemico eand Xrieger(l) for clamped rectangu-
lay plates, (Sce Table VII)

Centre deflecticas for clamped siiewed piates having Jdifferent

ghew sides ratlos and skew saglos compare suite well with those

O
(42
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obtained by Kennedy. (See Table VIIL)

Moments and stresscs, on the other hand, do not compare 8o
closely with sither the experimentsl results or with other investigators
(Tables V1 and VII) The maximum or critical momeats have beaan found
to occur at the midpoint of the lomngitudinal sides., These moments
are compared with Timoshenko's solution on clamped rectangular plates,
and the deviation of the moment values i{s ia the range of about 1lG
per cent, Comparisons of principal wmoments and stresses are also
made with Kennedy'swork {11) on clamped skewed plates and it is found
that all principal moments and stresses compare quite favourably in
the vicinity of the central portioa of the plate but no close agreec-
ment could be observed for moments and astresses close toc the built-in
edges,

A comparison with Kennedy's results for the deflections and
principal moment? at the ceatre of skew plates with different shkew
sides ratics and skew anglas ie tsbulated in Table VIII,

To conclude, it may be interesting to note that while based on
the theoretical asnalysis, the deflections, moments and stresses are
all proportional linearly with the intensity of loading, The experi-
mental results, however, tend to deviate from this strict linear
relationship, the deviation becomes increasingly evideat for high
intensities of loadings, This is understandable in the light that in
the theoretical treatment of clamped skewed plates embodied in this
thesis, only the bending effect on curvature is taken iato account,

vhereas the tension in the middle surface of the plate effecting
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curvature, is iguored, This effect is preosumably unegligible when the
lateral deflection w is emall, ... as the deflectiocn gets larger,
the pembtrene effect Lecowies more and wore prominent until for large
values of §, the membrane effect becones predominant and the beading
stiffness is then negligible., 1t 1s quite evident from the experimen-
tal results in Table I1I that, for the particular skew plate under
investigatica, cthe effect of stretching of the middle plane of the
plate becomes guite appreciable for loadings of . v feet of water

and higher,

Lo
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TABLE V

Comparison of Deflections of a Clamped Skewed
Plate (y=1.23; 6=55°) for Different Intensities of Loading
Theoretical Studies Vs, Experimental Observations

tgagt Gauge 1 Gauge 2 Gauge 3 Gauge k4 Gauge 5 Gauge 6 Gauge 7

I?Jefxter/ Experi| Theor {Experil Theor |Experi} Theor |Experi Theor JExperi| Theor.Experi|Theor [Experi.| Theor.
1* {.003" |.003"|,016"|,013"|.013"|,011" |,021" |,019' [,013"|,011" [,013"|,011"|,013" | .011"
2' |.007" |.007"|.031%|,026"|,023"|,021" | ,040" |,037" |,023"|,021"|,024" |,021"|.,025" | ,021"
3* |.oriv {.010"|.,045"|,039" |,034" |, 032 "|,057" |.056 "{,035"|.032 "|,036" |.032"|.036 "| .032"
4 .01a" |.014" |.060"]|.052 "|.044" |,042 "|.075" |.075 "|,045" |, 042 "|.047" |.042 "|.047" |.042"
5¢ |.018" [,0173%,072"|,065 "|,053" |,053 "|,089" {,093" |.054" |,053 "|.057" |,053"|,057 "|.053"
5 %' .020" |,0191"|,078 "},071 "|,058" |,058 "|,098" |,102 "|{,062" |.058 " |.063" |,058"|,063" |.058"

For Location of Dial Gauges See Fig, 4




TABLE V1

Comparison of Maximum Moment and Maximum Stress
for a Clamped Skewed Plate (y = 1.23; 6 = 550)
for Two Different Intensities of Loading
Theoretical Studies Vs, Experimental Results

Uniform Max, Moment Max. Stress
Load 5
in Ft, Gauge (1b. in./ in,) 1bs,/ in.%)
of Water No, Experi. Theor. Experi. Theor.
¥
17 7.55 7.44 725 714
1
11 -3,09 2,79 -296 -268
* 17 22,25 22.33 +2136 2144
3
11 -8,95 -8,39 -859 -806
= 10,000,000 5 5§,
b2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




-uoissiwiad Inoypm pajaiyosd uononposdal Jaypng “Jsumo WBuAdoo sy} jo uolssiuiiad ypm paonposday

TABLE VI1

Comparison of Centre Deflection, Centre Moments and

Maximum Edge Moments for Clamped Rectamgular Plates

Centre Deflection

Max., Edge lMoment Centre Moments
b/a a=o,é=o @=a, B=0 Mc at @ =0,8=0 [Myaca=0,8=0
From From From From

Theor.Anal. Timo, [Theor.Anal.] Timo. [Theor.Anal,| Timo. heor.Anal,| Timo,
1.0 .021 Eg: .020231 -.170 pa® -.205 paa .110 pa® .092 932 .110 pa .092 pa”
1.1 025 " l,024 " |a.203 " |-.232" |.126 " |.106 " .11 " .09z "
1.2 J.o29 " |.028 " l-.233 " |..256 " |.140 " |.120 " 115 © | .oo1 "
1.3 .032 " 1,031 " |e.2590 " j..275" |,152 " |.131 " L115 " .089 "
1.4 035 " 1,033 " |-.282 " (-,200" |,162 " |.140 " 114 " .085 "
1.5 .038 " o35 " [|-.301 " {-.303" J|.170 " |.1a7 " 112 " .os1 "
1.6 .040 " 1,037 " [|-.318 " |..312" |,177 " [|.i52 " .109 " .077 "
1.7 ,042 ¢+ |,038 v -.332 " l-.320 " .183 * .157 " 107 " 073 "
1.8 043 " 039 n ~.344 " (-.325 " .187 ¢ .160 ™ .104 ™ .070 "
1.9 1044 v L0400 " k.354 " |..320 " {191 " |.163 " 102 " .066 "
2.0 045 v 041 n .362 » .332 " .195 v 165 " .099 " .063 "
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Ciemenn oyl

The Rayleigh-R{itz technique was employed to establish a deflection
function for clemped uniformly loaded skewed plates, From this function,
deflections, rectangular moments and principal moments were computed
et arbitrary points of plates having different iiw: sides rations and
skew sngles, These results were then compared with those observed
from an experiment on & skewed plate with a skew sides ratio of 1,23
and a skew mgle of 55 degrees, Also, the same results were used to
compare with those obtailned by XKennedy, Timoshenko and other investi-
gators, These comparisons geew teo indicate that the deflection function
established for the clsmped uniformly losded skewed plate represents,
to a rezscnably high degree of accuracy, the true deflections of skew
plates having the same boundary conditiocns,

Satisfactory agreements were alsc obtained when the principal
moments and principal stresses in the central portion of the plate
ware compared with those observed irom the experiment, However, as
the adge of the plate 13 approached, the variation of moments and
streases 4s steep and 4t is in these areas that incongruencies oxist
in the values of the principal mements and stresses,

To gain confidence in the application of the theoretical analysis
of clamped skewed plates embodied in this thesds snotner similar
experiment will be conducted in the ngar future on a uniformly loaded

clemped skewed plate with a skew sides ratfo of 1.12 and a skew angle

£
N\
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of 590. The results of such au experiment will azain be compared

with those obtained irom the ...  ticel amalysis,
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APPERDIX A

Fortran Programme for the Theoretical Analysis of Uniformly
Losded Skewed Plates

C ANALYSIS OF UNIFORMLY LOADED SKEWED PLATES

100 READ 10+GeDEGRE ¢ ANU

10 FORMAT(3F10e5)
THETA=DEGRE*0.017453292
A1=(COSF(THETA) ) *%4
A2=(256e /22D ) ¥G¥#¥5
A3=A1%A2
A4=20.8050793#G#¥5+1 188861 68*GH¥T7+237772337*G%%7
I*¥(SINF(THETA) ) #¥2+2048050793*#CH#K3
AQQC1=A3/A4

144 A2=1e5371140+15029560%G*¥G+3¢0059119%G#G
L¥(SINF(THETA) ) ¥#2+] ¢ 5371140%G#¥*4
A3=A1%A2
AG=28+10722734+43e5438963¥GH#2+51 ¢ 752991 SHGHX2* (SINF(THETA) #%2)
AS5=271:9188109#GCHk¥4-T¢8521768#GH¥4¥ (SINFITHETA) ¥%¥2)
146281 74256%C¥ ¥4 %X (SINF (THETA) ##4)
AB=843¢543B963HCHH®E+T] ¢ 752991 5%*CH#%6
I¥(SINF(THETA) #X¥2)+284 1072273 #G%%8
AT7=A44+AS+A6
AQO2=A3/A7
A2=6a7633018%(SINF(THETA) )+65¢7633018%*GHGXSINF (THETA)
A3=A1#*A2
A4=28¢1072273+43e5438963HGH¥2+51 « 75291 SHGH#H2H (SINF(THETA) ¥%#2)
AS=T71.9188109%GCH#4-Te 8521 TEBFCH#4X (SINF (THETA) *¥%2)
1+6268 174256 GH#4 % (SINF (THETA) #3%#4)
AB=43.5438063#GH%#6+5] ¢ 7529913 %CH#%6
I#(SINF(THETA) #%¥2)+284 1072273%G¥#8
A7=A4+A5+A6
AQ022=A3/A7
PUNCH 198

198 FORMAT(24H INPUT DATA AND RESULTS)
PUNCH 199+GesTHETA.ANU+AOO1+4A002+A022

199 FORMAT(3H G=F10e547H THETA=F10e5S+45H ANU=F10e5/76H AOO1=F2048»
16H AO02=F158/6H A022=F1548)

888 DIMENSION TBETA(3)+TALPA(3)
READ 101 +(TBETAC(I)s1=1+3)«(TALPA(J)aJ=1+3)

101 FORMAT(6F105)
DO 99 U=1+3
ALPA=TALPA(J)
DO 99 1=1.3
BETA=TBETA(L)
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SEC=1+/COSF(THETA)

S=SINF(THETA)

C=COSF(THETA)

SEC3=SEC*¥3

Pl=(G#%*¥2~BETAX¥2) ##2

P2=12e%AQ0 1 ¥ALPA#X2 =4 ¢ *A0O1

P3=P1 %P2

Pa=32#3S%A001

PS=GHH2* (ALPA¥*¥3)X¥BETA+ALPAX¥ (BETA#%*3)

1 -G #2*ALPAXBETA~(ALPAX%¥3) ¥ (BETA*¥%#3)

P6=P4¥P5

P7=5%#%2

pP8=C#x%x2
PO=(1e—ALPA¥#2)%3%2

P10=12¢%A0C1#BETAX#2=4 ¢ ¥AQ0 1 #G*#2

Pl1i=PO%P10

AMAL 1 ==SEC3%¥ (P3+P6+ (P7+ANU¥*P8)#P ] 1)

AMBE 1==SEC3*¥{(P1l1+P6+(P7+ANU*P8)*P3)

AMAB1 =~SEC3¥S*(P3+P6+P11)=SECH* {1 +=ANU) ¥ (=166 )*A001 % (—-P5)

DEF1=P9*¥P1%A001

P20=~4 4 %A002+12s ¥A022*ALPAXBETA
1-20%A022% (ALPAXXZ ) ¥BETA+ 12 #A002%A_PAKH#2

WAA=R1#P20
P21=12¢ #A022%GH##2¥ALPAXBETA=20 ¢ #A0Z22%*ALPANBETA¥ X3 ~4 o ¥AQO2#G3#¥#2
1+12e%A002%BETA¥*2

wBB=PO*P21

P22z 16e*A002% (GHA2HALPAXBETA-GH*#23% ( ALPA*%#3) ¥BETA
1-ALPA#BETA##3+(ALPA¥%X 3 ) (BETA¥*3) )

P23=A022%(He ¥ (GE®L ) ¥ALPAX A2 =5 o XGA X4 HALPAXHL4 =GR ¥ 4= 36 ¢ ¥ GXH2AALPA XKD
1 ¥BETA#¥#2+30 ¢ HGHUZ2HALPAKHYUDETAXR 2+ o HGHH2HBETAXX24+30 e ¥ALPAXX2
PHBETA%RRLG =25 ¢ HALPARKAL4XBETA* X4 =5 HBETA¥4 )

WAB=P22+P23

AMAL2==SEC3* (WAA=2 4 #tSH*WAB+H{ SHH2+ANUKCH#*2) ¥WBB)

AMBEZ2=~SEC3%¥(WBB—2¢ ¥S*WAB+ ( SH#¥2+ANUNRCHH* 2 ) ¥*WAA)

AMABZ2==SEC3#S#{WAA-2+ ¥ SHWAB+WBB)I+SECH (1 «—ANU) *WAB

DEF2=RPI9#P1%¥{ ACO2~A022*ALPAXBETA)

PR4=16¢tA001 H (GAXR2HALPAHBETA~GHH2X (ALPAR*X3) #¥BETA
1 ~ALPAX(BETA#¥*23)+ (ALPA¥*3) X (BETAX*3))

TAN=S/C

AMX]1=—( (SECH¥X2%*P3) =24 ¥SECHTANHP24+TANFH*#2#P 1 1+ANU*P1 1)

AMY1==(P11+ANUX (P3¥# (SECH*2) —2 ¢ #SECHTAN¥P24+P1 1 # (TAN*¥*¥2)))

AMXY1=(]1e~ANU)* (P24 #SEC~-P11*TAN)

AMX2z—( SECH¥2H#YWAA—2 ¢ ¥ SECHTANFWAS+TAN®X2#WBB+ANUXWEE)

AMY2 == (WBB+ANUH (SEC% %42 ¥ WAA-2 « ¥SECHTANFWAB+TANXER2* (WB3) ) )

AMXY2=(1e—ANU) ¥ (WAB#SEC~-WBE*TAN)

L8
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PMMAX={ AMX2+AMY2) /2 «+SQRTF ( ( (AMX2-=AMY2) /24 ) ¥#2+ (AMXY2)¥*2)
PMMIN={ AMX2+AMY2) /2 e—=SARTF { { (AMX2—~AMY2) /24 ) ¥ X2+ (AMXY2)%**2)
PUNCH 1501 AMAL 2+ AMBEZ2 + AMAB2  AMX2 ¢+ AMY2 4 AMXY2Z

99 PUNCH 151 +PMMAXsPMMINDEF2+sALPABETA

150 FORMAT(7H AMALZ2=E15+8+7H AMBEZ2=E168/7H AMAB2=E16.8/
16H AMX2=E16e8+6H AMYZ2=E16¢8/7H AMXY2=E1648)

151 FORMAT(7H PMMAX=E16¢8+7H PMMIN=E16s8/
26H DEFR2=E16¢8/6H ALPA=F6e¢396H BETA=F6«3///)

GO TO 100
END
1e23 55 02333
Oe0 De615 1,23 OeO Ce5 10

ko
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Fortran Programme ior the Experimental Studies
of = Uniformly Loeded Skewed Plate

EXPERIMENTAL STUDIES OF A UNIFORMLY LOADED SKEWED PLATE

C
READ Q¢E+ANUT
100 READ 10+SA+SBsSC
9 FORMAT(3F1048)
10 FORMAT(3F108)
TI1=(SA+SC)/(1e=~ANU)
T2=(1le/ {1 e+ANU) } XSQARTF (2e¢*(SA-SB) #%42
1+2e# (SB~SC ) ##2)
SIGMX=(E/2¢)%¥(T1+T2)
SIGMN=(E /2 )¥(T1~-T2)
DIMXM=0 e SH¥ATANF ((2¢#SB~=SA=SC)/(S5A~5C)1=45¢%4017453292
T4=T#*T/6
PMMAX=T4#S1GMX
PMMIN=T4 #S IGMN
PUNCH 11+SA4SBsSCeSIGMXsSIGMNsDIMXMsPMMAX «PMMIN
1] FORMAT(4H SA=El16e8Bs4H SEB=E16e8s4H SC=E16.8/
17H SIGMX=FE16:8s7H SIGMN=E16¢8+s7H DIMXM=E16.8/
27H PMMAX=E16e8e¢7H PMMIN=E16e8///)
GO TO 100
END
10000000 04333333 0e25
Ooe -3 le
4o -7 e ~1le
Ee -F -4

00 00 O

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX B

Computer Solutior for Deflections, Moments, and Principal

Moments for & Uniformly Loaded Skewed Plate with a Skew Sides

Ratio of 1.23 and a skew Angle of 550

INPUT DATA AND RESULTS
G= 1423000 THETA= ¢ 95993 ANU= ¢33330
AOO1l= +00111395 AQ002= + 00143657
AQ22= e 00192663
AMALZ2= «67379836E-01 AMBEZ2= «e62196962E-01
AMABZ2= «58346108E-01
AMXZ= «38647488BE-01 AMY2= «20609022E~-01
AMXY2= «31517782E=02
PMMAX= ¢39182325E~01 PMMIN= e 20074 185E-01
DEF2= «32881273E-02
ALPA= 0,000 BETA= 04000

AMAL2= «55376465E-01 AMBEZ2= #49303281E-01

AMAB2= +48392214E-~01

AMX2= e31762636E~01 AMY2= e12518439E-~01
AMXY2= «30304716E-02

PMMAX= «32228575E-01 PMMIN= +12052499E-01
DEF2= ¢ 18495715E~-02

ALLPA= 0,000 BETA= «615

AMALZ2= =-471931256E-01 AMBE2= —92141318E-01
AMAB2= —e75477746E-01
AMX2= —e41258079E-01 AMYZ2= =,29206948E-01

AMXY2= -—-416555108E-01
PMMAX= =617614936E-01 PMMIN= =-¢352850090E-01

DEF2= «00000000E~39
ALPA= 04000 BETA= 1230

AMAL2= «44834382E~01 AMBEZ2= 046696486E-01
AMAB2= ¢42343381£-01

AmMX2= 0 25715946E-01 AMYZ2= «12918020E-01
AMXY2= s 56172069E-02

PMMAX= e 27831660E~01 PMMIN= ¢10802306E£~01
DEF2= e 18495715E-02

AlLPA= + 500 BETA= 0000

51
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AMALZ2= ¢ 22838868E-01 AMBEZ2= e 24214036E-01

AMAB2= e 23323437E-01

AMX2= «13099839E~01 AMY2= +23157578E-02
AMXYZ2= e461439327E-02

PMMAX= «14805100E-~-01 PMMIN= +61049510E~03
DEFZ2= 0651133134E-03

ALPA= «500 BETA= 615

AMAL 2= —e70889517E-02 AMBE2= -~+90806883E~-02
AMAB2= —~e74384642E-02

AMX2= —e40660560E-02 AMY2= ~—.28783959E~-02
AMXY2= —e16315349E~02

PMMAX= —617359828E-02 PMMIN= -¢52084690E-02
DEF2= +00000000E~-99

ALPA= «500 BETA= 14230

AMAL2= ~«13940060E+00 AMBEZ2= -.10882480+00
AMAB2= -—-411419028£+00

AMXZ2= ~=eT79956I904E-01 AMY2= =.26649636E£-01
AMXY2= «~489577538E~-09

PMMAX= —e26649637E-01 PMMIN= =—4¢79956903E-01
DEFZ2= ¢ O0C00000E~-99

ALPA= 1000 BETA= 0000

00 00 @
AMAL 2= =e13738170E-01 AMBE2= -—410724869E~01
AMAB2= -411253648E-01
AMX2= —e78798BF07E-02 AMYZ2= —426263675E~-02
AMXYZ2= » 14556350E-08
FMMAX= —426263675E-02 PMMIN= =-478798903£-02
DEF2= «00000000E~-99

ALPA= 1,000 BETA= «615

AMAL 2= +0000C000E~-99 AMBEZ2= «00000000E=~99
AMAB2= «00000000E~99
AMX2= ~+00000000E-99 AMY2= ~,00000000E~-99
AMXYZ2= «00000C00E-99
PMMAX= « 00000C000E~-99 PMMIN= «00000000E-99
DEF2= +00000C00E-99
ALPA= 1.000 BETA= 14230
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HOHNERCLATIRE

Xy goctanzulay cartosisn co-ordinates

ad oblique coe-ordinates

ag dimenpionless obliau. co-ordicates

w lateral doflection of place

2a plate's transverse dimensien {along & exis)

2b plate's leagicwdinal diaeansion (aleng © axis)

] thickness of plate

2 aagle of slew

P intensity of uniforwly dlstriduced load

¥ ratis of cthe leungitudinal asd transverss dimensions
{ratio of shkow sides)

v Peisson’s vatio

Y flexural yigidity of che plate

J straltn zn~FRy imtegral lox seadlng
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max

min

08, @b, GC

total energy integral

bendéng moment per unit length of plate perpendicula to
tie x axis

bending moment per unit length of plate pexpendicula to
the y axis

twisting moment per umnit length of plate perpeandicula to
the x axis

normal component of stress parallel to the X axis
normal component of stress parallel to the y axis

maximmn principal stress

min{mum principal stress
parsmater in the assumed deflection furctien
principal maximum moment
principal mininuz momeant

angle measured clockwise from the z axds, giving the
direction in whichk the maximum principsal moment occurs

recorded unit strsin in the three legs of 2 zoaetie gauge
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