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ABSTRACT

This invéstigétion is mainly concerned with the applica-
tion of finite difference' method to analyse élates stiffeﬁed
by.mutually perﬁendicula£ ribs of variable depthsﬂ
| A_The stiffeners are integrally connected to one side of a
{hin isotropic slab of constant thickness. The material of the
plate is considered to be perfectly homogeneous and linearly
elastic. Analysis is bésed on the usual assumptibns under;
lying the two dimensional flexure theory of a thin elastic
‘plate.: | |

‘For orthoéonally stiffenea plate of constant rigidity in
each direction the solution is usually §btained by ﬁsing Huber's
differential eéuation for ideal orthotropic_plates. For the |
plate in this investigatibn having variable.deéths of the
stiffeners, the Huber equation cannot be used without modifi-
~cation. Therefore, the solution is approached by;the*eaérg?.'
.methoa. ‘ _

In this investigation the value of éppargnt torsional
rigidity in the potential energy expression has been takeh
from ref. 10. The energy expression of the plate.is approxi-
mated by using the method of modified central differences.
The function product: obtained in the terms of the deflection
functions of a number of discrete points is minimized . with
respect to the deflection of any inferior point to obtain the
E difference operator of that particularipoint. Using appro-

priate'boundéry conditions, difference operator for any point

near the plate boundary has also been deri&ed. After obtaininb
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all thé necessary difference operators, a general matrix equa-
tion has been formed and utilized to solve the plate problem.
P#ior~t6 the solution of the main plate problem of this

invéstigation, the validity of the proﬁosed method of solution
has béen ihVestigated by solving a plate and a beam problems of
constant énd variable‘rigidities respectively. Comparison of
'theigolutions_with'those obtained from other standard methods .
_haé revealed that é'conéiderable discrepancy.arises if whole
station'(conventional) method of central differences is used
to approx1mate odd order derlvatlves. Such a discrepancy has

~ ‘been av01ded by using half station (modlfled) central differ-
ences method.
| The values of deflectlons obtained by using the modified
‘central differences methgd are in fair .agreement with those
obtained from tests on a steel plate model made from an iso-
tropic slab stiffened with mutually perpendiculér ribs of
vériable depths. Teété were berfarmed under two different
kinds of loadings: (a) A siﬁgle concentrated and (b) Two equal
coﬁcentrated. _ v |

From this étudy it has been clarified that the theéry df

equivaleht orthotr&py in conjunction with the modified central
differences method can be used as a véluable tool in.301ving
the problem of an orthogonally stiffened plate of varlable

rlgldlty
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. INTRODUCTION

An orthogonally stiffened'plate'is commonly composed of
a thin isotropic plate stiffened on.one side with mutually
perpendicular ribs. ‘ '

In general, bending moment i§ variable in plates and,
since bending rigidity is a function of depth, it is possible
to reduce the weight of materials_used in a platé by providing
apprOp;iate depth of ribs. Becausé weight is a very important
factor in the design of aircrafts, space vehicles, and ship-

. bottom structﬁres, where_orthogonélly stiffened plates are
mainl& used, plates with vafiable depth of ribs are gaining
more imporﬁance ovér the ones stiffened withlribs of constant
depth. ‘ |

' The differential equation of an orthotropic plate; first

- formulated by Huber [81, is bommonly used to éolvé the problem

-of stiffened plates. One of the firs% suitable solutions of the
Huber‘differen{ial equation applicable to such plates was pub-
lished by Cornelius [51 in 1952, based on the concept of
"equivalent orthotropy".Latér, the theory of "equivalent orth-
tropy" gained more importance whén Giencke [7] and Massonnet ﬁd]
formulated the "equivalent rigidity of torsion" on a rational
basis. |

Besides them, other authors have contributed to the
further development of both the analytical and experimenfal
methods of solution of'ortﬁogonally stiffened plates.' But,
most of them were for plates of constant rigidities. To the

knowledge of the writer, very few works have been done on ortho-
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gonall&‘stiffened plate with variable rigidity.

Based on the method suggested by Witteveen [16] for
plate% of aﬁruptly varying -thickness, Aquilino [2] derivea
finitgjdifference equgtions for plates having rib sizes
changeablé'both ways. Thesé eqﬁations are also applicable to

, orthpgonally a;ranged beam-gratings of variable sections. But -
he‘did nqt>include'the effedt of stresses induced in the middle
»pléne of the pléte; Mazurkiewicz {127 used the method of
Dbublg Fourié; §eriesvto solve simultaneous bending and com-
pression (or tension) probiems of rectangular plates reinforced
by ribs éf.variable rigidities. He assumed that the plate and
jthe ribs have common axes of bending and disregarded the effect
of shear pfégsure. Also, his solution is practically applicable
to plateé ;eihforced in one direction by limited number of
stiffeners. , 'j _

It may be noted that most gf the works to daté‘either'
did not take middle plane stresses into consideration or is
subject to cumbersome numerical works and_convérgénce difficul-
ties. The work presented herein stems from the need for a more
accurate and rapidly converging method_of soiution for problems
in the theory of orthogona;ly stiffengd plates of variabie'rib
sizes.

Based on the theorem of minimum potential energy and
using the method 6f half station central differénces, modified
finite difference equations for a plate with variable rigidity
have been developed for calculations of deflections. Solutions

thus obtained are also verified with experimental results.
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NOMENCLATURE

Aspect ratio

Flexural rigidity of isotropic slab

- Orthotropic flexural rigidities per unit

width in x and y directions

 Orthotropic torsional rigidities per

unit width in x and y directions
Lehgth and width of the plate

Spacing of ribs lying parallel to x and
y axes respectively , _

_'Tors;onal rigidity constant

Isotropic plate constant

Strain rigidities per unit width in x-
and y directions zax _

Depth of ribs in y direction of the
plate model '

Modulus of Elasticity

Eccentricities of the cenbroids of the
stiffened plate elements from the middle
surface of the slab in x and y directions

Elementary areas in x and y directions of

the plate-rib repeating sections

Shear Mddulys of Rigidity

Apparent tortional rigidity of the
orthogonally stiffened plate

Moment of inertia with respect to x axis

‘Any _interior point

Length of beam

‘Bending moments per unit width of cross

section in x and y directions

Twisting moments per unit width of cross
section about x and y axes
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Nx,N © Normal axial force per unit width of
Y cross section along the middle plane
in x and y directions .
N_,,N_ Shéaring forces per unit length on planes
Xy? yx
~perpendicular to x and y axes
q " Distributed load iarea or length
i .’.;Qx,Qy ~ Shear fofces per unit length on planes
: parallel to z axis but perpendicular to
y. and x axes respectively -
R ' '. : Region within the contour of plate
boundary
Thickness of the isotropic slab
U - .Total potentlal energy .
u,v,w '_Dlsplacements in x,y and z dlrectlons
' respectlvely
£, ,€,€; Unit strain components in x,y and z
B dlrectlons respectlvely
w& : Angle of twist per unit length
D Ty ' Distances of node or mesh points in x
' and y directions respectively
Yy.- . - Poisson's ratio |
L Radius of curvature
G, G 'Unit normal stresses on planes perpendi-
cular to x and y axes respectively
Ty, Ty Unit shearing stresses on planes perpen-

dicular to z axis but parallel to y and
X axes respectlvely

L Dx sy ) ux Differentiation with respect to x,y and
' Xy respectively ..

-~ e e , e . . . . o .
VL et B N B
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I - FORMULATION OF THE PROBLEM

A. Plate With Constant Rigidity In Each Direction
An ideal orthogonally anisotropic (or orthotropic) plate
can be defined as a plate having'constant.thickness, but dif-
ferent elastiq properties in two mutually perpendicular di-
_rections.. _ _ _
| The small deflection theory of an ideal orthotropic plate
is:baséd on the usual limitations applied to isotropic plafes,
for example, deformation of a loaded plate is purely elastic,
folldwé Hoék'; Law and Bernéuli's hypothesis. The small de-
flection{behaviour of such a plate was first formulated by

Huber 18 'ihlthe form of the following partial differential:

equation:u.v _
Bl pxa + 2H A, -;J!BJWJ_Q,M,,__;V~ (1)
whére, | | - |
B = orthotropic flexural rigidity in x-direction
‘ By = orthotropic‘flexurai rigidity in y-direction

oo
]

apparent torsional rigidity of an orthotropic plate.
The same form Of‘governing differénfial.equatidn is also applied
to an of{hogonally stiffened plate, since, in such a plate, the
~discrete ribs are assumed to be continudusly distributed in two
mutually”perpendicular directions to yield an "equivalént orth&-
tropic structure". o
 ’.*EquivalentsorthdtropiCﬁstructures“ may bé definéd-in the“
foliowing‘ways {9] : - |
(a) The equivalence might be based on the equality of

|

deflections at similar points within the boundaries of the actual
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and the hypotheticai plates. _ .
(b) It might be based on the équality offstrain com-
ponents or upon minimization of differences of stralns at spe-
cified points of the actual and hypothetlcal plates.: ‘
(c) It might be based on equality of the strain ener-
gies of the actual and hypothetlcal plates.
Massonnet [10] has shown that the_assumptloﬁ of én equivalent .
orthotropic plate to replace an agtual ribbed plafe is excel-
lent for a ﬁlate with symmetrical ribs, provided that the ratios
of stiffener spacings to plate boundary dimensions are small
(bx/a, by/b <L'1) to eﬁsu?e approximate homogéenity of stiff-
ness [9] .- But, for a plate with asymmetrical ribs, such an
assumption is theoretically impérfect. More exact analysis‘
shows thét.an eighth order partial differential'eﬁtation is
necessary to determine the exaét behavior of such a plate. |
Sihce Huber's differential equation Is only of the fourth
order, there existé no Huber—typé-orthotropic plate rigour-
6usly equivalent to the ieal asymmetrically ribbed plate.
Huber's equation, unless modified, can only give an’approﬁi-
mate solutibn_of the actual stafé of stress and strain.
Giencke [7] attempted to solye such a plate problem in

equivalent orthotropy on the basis of Huber's equation (1) :

2
Xy yx ¥ vexeYD + (ex+eY) .fl;(vz (2)

Massonnet [10] has shown that the apparent torsional ri-

where H = B+B,, + B
gidity, H, in Giencke's solution, is vastly exaggerated. He
(Massonnet) proposed:

H= B+Ex~5——£°+vvexeYD+(ex+e )% (1=v) | .'(3)

._..-—.

4
In this investigatlon the value of H as given in expression (3)

has been used.
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B. Orfhoqonallv Stiffened‘Plate Reinforced By Ribs Of

Variable Rigidity In Each Direction

If én isotropic blate is reinforced by an orthogoﬁal'éét
of ribs of_variable rigidities in its mutually perpendicular
directions, x and y, (Figs.l & 2), the force equilibrium equa-
'tioﬁs due to a uniformly distributéd load, q, can be'Written as

follows: [10]: | |
Ni,x + Nyx',y =0 9 N=y,t + Ny,y =0 ajla[,,

- Mg+ (May E Myx )y + Myy + =0 R (4,a-c)
where, M, = -By W,y ~YBu,yy + €x D (U, - € "‘J,z::-)
: MY =.- By tyyy -)’B“,;Lx+cy Dy (17,3 - €, wvlﬁ).

'MXY= AG-08 + Byl W,y
Myy= =[G-9) B+ Byz] o,z
Ny = D (i, =€ed  )+yDv,y
Ny = Dy(v,, - ey wyyy) + ¥ DU,
and Ny =N .= %222(3‘;,5’ + ) |
Introducing'the stress-strain relationS'and;the.compatibility
conditions in fhe above fundamental equatioﬁs, oné obtains the
following equation: .
B td, wuxx + Bryuz oz F Bynyy Wogy + By o yygy + 20PB gy B W
By wayy ) +{ Byt By b 20170 B xxyy F (Bayyay+ Bz, ay)u; 2y
+(5’<:lnc.+ Byzsx) Wrayy ¥ CBayry+ Bygo0) Dany = %7 _ (5
For simply supported plates, the solution of the above equati&n
becomes too much involved. Therefofe, instead of procééding
with such an equation, the principle of minimum potential en-

ergy has been used for derivation of finite difference operators

as involved in chapter III of this investigation.
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IT METHOD OF SOLUTION

Thé boqndary véiue problem in partial. differential egua-
tions, as involved in this investigation will be solved by usiné‘
- the me%hod of‘finite differenceé. In this method, partial de- |
rivative is.replaced_by an appréximating difference operator in
- the cbntindous.region in which the solution is deéired for a
set of discrete points., This process of reblaceﬁént yields a
' system of simultanébus equations involving the same number of
‘unknOWhé, By. solving thgge equations, when the values for a-
finite set of points are available, data for intermediate
poihfs may be,obtained by interpolation or any other analytical
,ﬁethod.' | | . |
The mefﬁpd of finite differences can be applied in the
three different ways [ 14, 15; 17 ] s . H
(l) Central ﬁifferenées |
(2) Forward Differences 
(3) Backward Differences . .
Among these three, the most commonly applied is the method of
Central Differenceé. There are two differenf formulations of
this method: |
A. Conventional or Whole Station Method:

A whole station method i1s one in which derivatives of
function products are expanded first and then the finite dif-
ference approximations are made.

B. Modified or Half Station Method:

In this method finite difference approximations are

made before expanding derivatives of function products.

Whole station method can be conQeniently employed to
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approximate even order differential operators. But for ‘odd
order derivatives which frequently.occur in structuréi pro-
blems with non-uniform rigidiﬁy, whole.station central dif-
ference approximation leads to a considerable error, while,
excepting a few cases, half station method always yields
better results.

| A comparison of the'root-mean-square values of the errors
involved in both the methods shows that'half.station method is
usually superior to whole station method in calculating de-

flections and bending curvations of such structures [3J.
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: 'III -_APPLICATION OF THE METHOD OF FiNITE DIFPERENCES

.- This chapter deals w1th the appllcatlon of finite dlf-
‘ference method in solving beam and plate problems. In section
l, both the conventional anq the modified finlte.dlfferences

»ére applied to the problgm of a beém with variabie'rigidify
ind the results are varified with those obtained from a solu-
fion by using“Castigliano‘s second theorem. In'section.2; the
conventional method of central diffefeﬁces is applied to ap-

i ﬁroximate both‘the even order and the odd order derivatives in
the‘équafion of an orthotropic plate‘of constant rigidity in
__eacﬁ:direction aﬁd'the diécrepancy arised thereby has been de—_
~tedted aﬁd correctgd by uéing half station or modified method.

" In the conclusions 6f séctioné'l_and 2, the Qalidity of
=a§plication of the méthod of'finite.difféiences, in particular
:the modlfled method has been discussed and the application of
the method has been further extended to the problem of an ortho-

gonally stiffened plate hav1ng rlbs of variable rlgldlty in each

direction in sectlon 3.

A - Aggllcatlon To A-Beam Problem Wlth Varlable R1q1d1tz
' A beam with variable ;1gld1ty is a special case of a
two-dimeﬁsional plate problem with variable rigidity. If the
derivative with reSpett to the cartesian coordinate y is put
equal to zero, equation (5) reduces to the:differential equa-
tion of a beam having Qariable rigidity in the direction x and
subjected to.a_uhifofmly distribﬁted load, g, as giveh below:
By U">_zzzx + Bx;zwnux t Brpux “axa .‘-‘—~‘V' : 6)
| | (6a)

or . )
L [Bx_ w:ixx]sxx = 9
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Equatlons (6) and (6a) can be approx:.mated by using the
method of whole station and half statlon central dlfferences in
'jthe follow1ng manner: |

l Approx1matlon By Usmq Whole Statlon Central Dif-

ferences Method For Any Interior Pomt K., (Fig.3) -

ko 11 o
""”‘mewc [- '* """K - "”"m"‘ kﬂ.‘]
-L*‘%: z&%xx[”knv;”&"+‘”mﬂ . ' "f"Vf“(7)‘

2 Approx1matlon Bv Usmq Half Station Central Dif-

_ ferences Method For Any Interlor Point, K. (qu 3)
. q"l'—-EB W, ]K” e : . . .

' .,J"L ;L K-,)("i: -1 )uz 23 n“"’n): 2z +5; cn+|) (“"K-H )v xz]

Myea -wa-—n* &_25 c")“’u-l.-i'*’x +W K1 ..

3 - . "Qt(k-!) 7\.7& ‘ - - 7\.‘,;
.'..' ‘;." . w .." U .:““ .~_.v 'v: ' ) "
Crthcgase e

) - In a 51mllar manner flnlte dlfference equatlons can be
'derlved for any p01nt near the edge of the beam and appropriate
: boundary condltlons can be applled to evaluate the deflectlons
- of flctltlous external node p01nts in terms of those of the
Jp01nts of.lnterest.' In the case of thé 51mply supported beam,

-~ w(support)= o
| : - j(9a,b)
M(support)= 0 o .
For conVenienoetof the reader a number of finite dif-
~ference equations have peen_given'for both interior and ex-

terior points in the Appendik A.
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Numerical Example: -

» Deflectlons at dlfferent node p01nts of a slmply sup-
ported tapered beam (Fig.4), of" length ¢ ‘and depth 2b/5 on one
’end and 2b on the other, have been calculated by uslng both

'-equatlons (7) and (8) for ten aad five segments and the results‘
- are compared w1th those obtained by u31ng Castlgllano s Second
Theorem in Flg (7)&(8) respectlvely. A
| It is observed that deflectlons obtained fof ten seg-
ments by u31ng half statlon method are very close to those ob-
tained by us1ng Castigliano's Second Theorem. Whereas, whole
~ station solutlons are qulte far away from Castlgllano s solu-
tion. This also applles for a flve segment solution. A com-
*hdparison between Fig. (7)&(8) , shows that in case of half
'station‘method,'thodgh_deflecfions by using five segments seem
: 'to'be closer to Casiigliano's solofion, at some node points’
:7',thaa those’by using teh'segments; thejpaftern of deflections,
.in case of ten segment'solution,'is much closer fo'Castigliano's
solution. A comparison betWeen the same Figures also shows |
that five segment half statlon solutions are more accurate than
‘ten—segment whole station solutlons. '

From the above results, it 1s'clear that though in case
of conventional finite difference solutions, the use of large
number of segments usually yields more reflned results than by
using a fewer number of segments, it is also posslble to obtain
results of the same degree of accuracy by using the method of

modified finite differences with a fewer number of segments.
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.So, it can be eoncluded that ueingfenly a few'mesh points

end applying the method of ﬁodified finite<differencee as ap-
plied‘in the case of a tapered beaﬁ; eufficieﬁtiy precise solu-
tibh'of deflections Af an orthogonélly stiffened plate with ribs
of‘&ariable-rigidities may be obtained. Because such a plate is .
R nothlng but a generallzed version of a one- dimen51onal problem

‘ fof a tapered beam.

B - Appllcatlon Of The Conventlonal (Or Whole Statlon)

Method To An OrthotrOplc Plate Problem With Constant

‘Bigidity In Each Direction»aed Detecfion Of Discre--
"If the partlal derlvatlves of the governing dlfferen-
‘tlal equatlon (l) of an orthotrOplc plate are,apprqx1mated by
'l.,the conventlonal f;nite.differénces; the fesulting difference
| equation maj be wfiﬁ?en in the following fqrh: | |

7

."‘

l—sil .
] _ '
EMH I__MB +As~7l___@

L -] i ]——FMSG\ﬁ B +H) Ha ASH +6( B, +As‘s,)H;4As@s Bt _.]'A_éts::‘_."_ 9= cy')_f,

(28— i) [2Ra]

Eézj

ly ) o)

where, AS Hv/2, )"
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. Instead of uslng equatlon (l), if the pr1nc1ple of 1 mini-.
. mum potentlal energy 1is utlllzed, one should end up w1th the
Asame flnlte dlfference operator as in equatlon (10).’
| The total potentlal energy, U, of such a plate can be
expressed as [lO] ‘ T .
A J.SS(B Wit +2HW,15 + Bj"-’wg)"l"‘l)‘ “’V""‘(X‘{)' SRR (l'l)
1f the quantltles w,xx, ,yy and W,xy are approxlmated by us1ng

'fthe whole station’ central dlfferences, equatlon (11) reduces to:

‘-_112;\:"-‘

X =y V

} } , (lla)
3y :
Equatlon (11a) can be wrltten in the follow1ng form

“-

,Betalning ouly{the'fefms contaihihg theideflectidu,wzuf,
.vAdf'eﬁ interior point, K, -(Fig 5), 'fhe fiuite difference expres-
B sions for the terms Tl, T2, TS’ and T4 reduce to the follow1ng
fforms R _'I' o o
'-Tl —-—-———-4-—:-’7%[ ”xa. -"'Wg|+w i
R -‘3{ukq’-zwk_+ Hg
| "‘i“”& ’2"")&+1"' H—-} ]
AR

L ke e e e e

T2 = _._...-_4____'__._...___ — — i ——— ———

*;xz EZ‘ N& - 7.(AJ” 4+ Hki
iw“ "7“"’&"’ e 3
C. "{‘J'\. —-7_-(-’“\ 1-'“’3]..*_—.._-.__'

Cer e e —— e = e e -
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:  +{' m—z“" Q+’L+UJK.§
o o i +{__w,,\ _'wm N Yen ;,sz]

—_— F e e - - — =

T4 meee = = ¢ . xx’h-‘jq/gwﬁ. +___ - - - - - ———

-Minimizing U with ;ggpect'tovbig',‘and puttinQ it equal

’ 'to zero

ﬂi 2T, T 2Ts _2OTe - - ) -
3“& ?NL=+5?k/ 7“&‘ 75k =° B : (12)

4'@btained e S ,‘f" -Tj v ..5".:~ a4
ARl BysAS W ssify |
I [ . |
| AsCexntrs) -4asBx  BUSSBAEE) uasmy  as(Bx-b) |, a1’
o T - oz Y
N — __4.3}, -
R

,1t.isfobserved tﬁat equétigh (14) does not tally with
equation (10). But instead of taking whole §ta£ion central dif-
' ferénces; if half station dentraitdifference'techniqde‘is ap-
" plied, other terms in the potential energy equation (125 remain
the same, while only term,}T3; containing an odd order deriva-

tives &:xy, needs the following modification:
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T3 = zH £ |— & %
X l.l -

. . : _ ‘, ’ A

o

"+§‘QQ+Q~11 + W "“Jm}yf'
| +'$_'.- Wea + W + “"M«z»rf‘uMi?'

i;m : ;.}. hp,.;- . "5:4{”n*whﬂ ‘H~'AL§?]+*'—f—;~%f—% g

;E"Mlnlmlzlng with respect to uJ&

: B |
S ,?(3; M'A.y[‘w"'f f e _,+uN+uJM+wK+,§+ | ”
- Lo +z “’n |*“"’u+| * Y "‘""mlﬂ : ' R (15) |
Replac1ng the term 2% in equatlon (13) by the rlghth&nd

T _ Buy,
N 51de of equatlon (15), and puttlng it equal to zero, one. ob-

tains a flnlte dlfference equatlon for any 1nterlor mesh p01nt
Whlch 1s same as equation (lO) A comparlson of equatlons (10)
and (14), shows that the dlscrepancy arises due to the fact that
the procedure applied in the conventlonal central dlfference
method to obtain approx1matlons for odd order derivatives is not
fcon51stent_w1th that used to'obtaln even.qrder dlfferences.
Vsueh'inCOHSistencies wefe aleo‘reported by Cyrus and Fulton [3],
Melin'and.Robinson [lJ » and Chuang [4j . A
| Durlng this present 1nvest1gatlon, such an inconsistency

was flrst observed while solv1ng a few test problems of ortho-
gonally stiffened plates of constant rigidity, originally
'solved by N.Ando [i] s by using equation (14), had no corre-
lation with those obtained by N. Ando. After modified central
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'differepceelwere ueed to approiimate fhe odd order derivative
>Ias invoi&ed'in equation (ll) both of the dlfference equations
001n01ded -and the deflectlons obtained by them were falrly
;'close to those obtained by N. Ando. (Table 2A). |
’ 'Due to the above facts, in the rest of thls investlgatlon,
| half statlon (or modified) central difference method has been
 .ut1l1zed to approx1mate odd order derivatives. For convenlence,

some modified operators erelgiven in the appendix;
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_ IV - ORTHOGONALLY STIFFENED PLATE WITH RIBS OF
- VARIABLE RIGIDITIES IN EACH DIRECTION

A - Derivation Of 'Modified Cen‘_l;ral ‘Difference Operators Based

- On The Principle Of Minimum Potential Energy: (Fig 5)

: For a given load, q, unlformly dlstrlbuted over an 1so-.
troplc plate orthogonally stlffened with ribs of varlable rlgl-
7dit1es in each direction, and hav1ng no 1n1t1al curvature, the
equation (ll) for total potentlal energy at the mlddle plane

- due to bendlng, tor51on and external load can be approx1mated

'over a reglon R,

‘ r.:.
R i 17«.;")\" g 'f'.:‘ : .
o rEaTE HZBW; a =22y
R VRV X R P e

; Expandlng the terms Tl’ T2, T3, and T4, and retalnlng
f”fthe terms requ1red to mlnlmlze each of them w1th reSpect to the

”deflectlon ‘*’K .y Of. an 1nterlor pomt K, one obtains,

o R -"_ sx(x.om{ K-:L-—Z‘JK-l.{. Wk E s,mngmx "2“’&+Wu+!1"
‘ - Bx(m)h;?\v{ K —Zw;m +w<+z}1___‘-_;'_,‘_________ .
) v A%
A Tv)f(m?tx’z\y He =20y 4y, TBIDAN] YN = 2w + WA
iZ.* - “+ { pYA }f‘ z [ - g . )
By(ﬂ)'/lzly{“’lt - W + Wp }"— ‘ o .
. i‘.‘-"-—""- --------------- -
i ! Rj . Co 1
’1‘3 —---+H Ay 15 f N1 ~ “I\L’wx-x'fux} H|.7l )\,f-UN +“{K+;’“K—UK+' i
e . X Y
' _|_ H 2 r"-‘k—l et DOu —Im 7. zu 5'*’&—'0-’}&4-1 — i 4 ed il
© l ? t ; A dla v o Ny i
+".-__.. e e e -
) T4 e — qf&wh ]_,_.7‘_31 - ;'.,.;..-.__‘...f.... e e —_
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Minimizing U with respect to & K', and putting i.t-'equal to zero,

ie.

2U ._'__. T ch O '3'1'3 - 2T _q. o;ne;‘ obtains
0L WK +®w,c TR T B, D07 ; ’

- B - oo R S '
- -"-—{%-ﬂ{” _in:'z~'f.2“,’ K1+ %" 58

v . .‘.‘ .;..'-v.' ] -.._._zé_?';i © {'wg-—l -—2-0) % —H»’ &+l } _

o ~.; By(m {0, ; A_‘z_oq:.” . ?.;.Iu);‘:, . }

f%?“u ey |

S e

y _L;yw{ R, *w,@g’.._{

— 1”,,, ‘
P f—{qa;j*{""’u | u+| o v;"'"’ i}
. 2He e . -
——-—-—-—N’ — ¢,.) o) ‘_u) ]
‘!f ey { ‘." Mi " }"

R LR CTR g P EL N (.s>
Equat:.on (18) can be wrltten in the f0110w1n5 form-

-

- 2eE g {e_k’,-——.\; ~wg v el T
+ 55"&!.{2’3‘53._:"“’ KH 4 Wi

|
B LI Y ST S B
}

2By {Wu. 2l 4o
+E gy [Pk =2 UK W]

v_,_geca_ é“’u Vom Wt e e

~

v BEC {'-“M Y f
+BSCT i_wk ‘“-ew K+ Wt —w. }

4 gsc-d { Wy o= W R - — AN + LJ;M.\ q,b__'_____-_‘___'___'-(\q)

Lo ; .
. PR . . FN B '
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‘ I I g
where, (Ry /12= AS
BEX = ByxAs®

“BEC =. ;?.»H AS ... e

P

lThe equation (19) has been derived u31ng equatlon (ll)
1wh1ch is based on the condition: o
5% .
. S%_Z_L 2;:: Jny SS ) diolj |
, To av01d such a condltlon one may use the follow1ng finite dlf—

-

ference equation (Derlvatlon given in the Appendlx A):
o ©T . - :

[

| | (20
~* where, P= ASzB .

i x(K) SR :
| (aAs B (x) +45ym + B)’(M)+5YCN) + 2 BEcK_+BEC

.

+SEC +4 .IBEZK _ ‘
" R=-- [530«9*‘ E’)’(K)] - BEC K-sscM
. _5EZK._ B‘EZM
S=-2 [Byuy +By] - BEC ~BEC,
L e BEZ, - B'EZN. o
I= -'-'B.ywy.
U=-8y m - :
Y=—4As" Bxcn) BEZ, - {BQLM+RECMS /2- BEC, —BEZ
Zl:.{BEc.K‘—t-B"EC.N}./z +{BE.2‘+ BEZy5 /2 -

=4 -BECK%BEC@ [o+{BEEg BB 2
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In the above equation, K, is thé interior point where the
derivative is éppréxihated and N;éna M (Fig.5) are two adjacent
points whose rigidities were also necessary in this abproxiﬁa-
tion. Rigidities for other adjacent points shown by black |

" circles (), except for N and M, were not negessafy. | '

Equations (18), (19) or (20) can be applied to an ortho-
gonally étifféned plate with variable figidities,of ribs in-each
difection to'get the defiections of any point within the bound-
ary. These éQuatidns are based oﬁ small.defiection theory. All
the assumptions of a thin isotropic plate aré a%so appligabie
to them. To apply these‘eantions at the exterior mesh'points‘
of a plate; suitable boundéry cbnditiéns hgvé to be:applied. In
case of a clamped plate, Lagrangéfs'Multiplier method may be
used t6]. in case of a free edge, Kirchoff-Love c6ndition may
be applied. Eor-agimply éupported plate aléng the entiré con-
‘touf, as involved in this investigation, the following condi-
tions.afe épplied: |

®= 0 and Mx=.0 at x= 0 and x=a

@ﬁio and My= 0 at Y= 0 and y=b )

Since Mx= - Bx®yxx- 5“).1 Wyxy + e} D« (u'vx. - eitix )
and sinée.there is ho'curvature,in the y—direction,ad,m,zo ’
and also acéording to Massonnet's appro%imation [10] y U=eg
af'u,z==€;v%1g the iast term in the equation of momén£ is
equal to.iero, énd-fhe zero moment condition reduces to @, =0
at x=0 and x=a, and in the y-direction, 9, yy = O at y= 0
and y= b. . o | (21)

o In the case of a platé with constant rigidity in each

direction, equation (19) coincides with equation (10).
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In case of a plate with varlable rib-dimensions in the

y-direction only, as used in this investigation, the terms,
_BEC  +BEC,

BEC, = BEC, = . (approx.)
| : BEC REC
BEC. = BEC/= Mé+ '& (approx.)

B, Numerical Solution of an Orthoqonallv'Stiffened Plate

With Ribs of Variable Rigidity

Introduction

In this section, finite difference solutions by both
wﬁole station (conventional) and half station (modified) methods
have been présehted for an isotropic plate (Fig.6), having di-
mensioﬁs S'XZ'XV".and stiffened in the x-direction with five
‘equally spaced rlbs, each hav1ng different but constant stlff-
ness. In the y direction, five ribs are used, each of constant.
width but depth varying as a half sine wave, d(in inches} =
1.5(1 + sinZg ). Width of all stiffness was 4". Material

" used in the solution was hot rolled structural grade steel
havinngoupg'é modulus of elasticity, E= 30 x'106p.s.i., and
Poisson'g ratio, 0.3. The solutions presented herein for the
above plate with simply supported boundary conditions along
the éntiré contour are under three different conditions of
loading{

(a) Uniformly Distributed Doad, q

(p) A Singlé Concentrated Load, P, located at center

(c) Two Concentrated Loads, each equal to P/2, located at
(a/3, b/2 and (2a/3, b/2)
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‘Since the ioadings considered and the plate geometry are
symetrical-ebout the central axes, only one quadrant of the
plateAMms considered. Fig.(6) shows the layout of the meshes
for apnlicetion of both the conventional and the modified me-

-thedlof finfte difference techniques. -

" In both cases, pertinenf difference operators in accord-
ance with equation (20) are applied for intefior mesh points.-
(5,6,8,9) and for meshvpoinfs near the boundary (1,2,3;4,7).
Boundary conditions (21) are applied.to evaluate the deflection

’fnnctioné outside the platé boundary, in terms of those within
fhe boundary and the resulting equations are written in terms

of deflectiens of different interior mesh points.* The re-
snlting matriﬁ of the above sfmultaneous equations are solved
with the help of a 1620-II compiler of the University of Windsor.
To maintain nroper accuracy digits up‘te eight significant fi-
.gures were taken fnto cbnsiaeretion. .

The Solution

The finite difference operator (20) can be used to solve
'tne orthogonally stiffened plate shown in Fig.(6) by forming

the general matrix equations in the following way:

l’ 2" 39 4

A wi=1¢ ﬁ%
(22)
e WMy .
where, w u%,w2?w3,w4,.......w , the deflections at mesh
points 1,2,3,4,......9 _ -
(T : : , _
C(»)= c,,cCc.,Cc,, C ,........Cg, the loads acting on

¥ To élarify the application, some of the equations for both in-
terior 'and exterior mesh points are given in the appendix.

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



region Ry, R,, Rsf' seeeeeRge

" and the équare matrix A is, R

&T-F| Y | p .g- 2.-] o ] wl o o
| Y é:7+$ Yy |~E | R 2y |0 w0
2P | -lag-T |0 | 22,] R o o | w
oS-z | o jepa| Y | op R | % | e
“g | s Zof Y (P oy R E
o | 27 | s | 2p | 2y [atw | o 22, | R -
~THL o | o 's+_}z z+Z;| o |&F ¥y -p
O THLE | 0 | BT 4R zaml ¥ |arr | Y
R B L] o f’-(z,ﬁ; st |- zP |- ¥ | & -
| I - T 4.

ﬁy inverting- the co-efficieﬁt' matrix A and cerrying out multi-
. -p1ication‘with the ?sctbf C, deflectidns.alglbg, ;;..ib can easiiy
be.coxﬁputed; In thls seétionvthr'e,e'difhférant caseé_.of ioading are
" considered. | o - | o |

a. Distriputed load |

. For-uniformly loed of intensity, q, per unit ares,

equation (22) aséumés; the form:

1
1

Wy ~ : N

%

(7978 .

- . » \

VoY= CA i

5 !

‘ !

EE (23)
vh 1” ( T )__ vf nr Tﬂ. . . . . ) ' .
W ere) - 11) ﬂz’ 39 -o-ccooﬂg. =defl€ctlons at mesh p01nts
1’2}3350-..9. ety - . . . )

-
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' A_,= inverse of the stiffness co-éfficient metrix.

- bs...Concentrated load

- For a single concentrated. load, P, at the centre

(mesh point,9), equatibn (22) assumes’ the form:

g

)
u}
1.
-

!
0.0{00 0{0 0 O

S
&

§-----p s

”

(24)

~where, A—l_same as in equatlon (23) and the vector W refers to -

deflectlons at mesh p01nts 1,2 35 .....9 o

c,» Tw -Poxnt LOud SJMMetrlcal About 1he Axes
,A For tWo conccntrstcc LO 1S each hav:mb a magnltude
of p/2 and 1ocated at’ (a/3 b/2) and (2a/3 b/2), (mesh p011ts 8~8)

equatlon (22) assumes the follow1ng form;

Wy . qp -o
') . o
(20 ‘o
. 3
for=s) ;
* 2 |
B e ' . .
L bg L - P/ll,ﬂ\-;. . T (25)

Where, the vector W represents deflections at p01nts 1,2 3,...9
and A =1 is the same as in prev1ous equatlons.

| By us1ng the three equatlons (23), (24) & (25),,
the plate problem as described in the inirbductionfbfathis section

“has ‘been-solved and the Tesults are-given in Table 3.A.

247612
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V - EXPERIMENTAL VARIFICATION OF THE PROBLEM OF AN
ORTHOGONALLY STIFFENED PLATE OF VARIABLE RIGIDITY

A. Deécription Of The Model

\ -~ The mcdel as described in chapter four, section "B", was
built up from a rectangular plate (%" x 36" x 24") made of hot
' rolleu structural ;teel having Young's modulus of elasticity,
E'= 30 x 10° p.s.i. and Poisson's ratio, 0.3, and ten %" thick
.stiffeuers of sizes as shown in Fig.(3.1). The stiffeners were
weldec to cne‘side of the plate to form rectangular meshes, each
a having a size of 6" x 4" (centre to centre). To prevent local
:warplng, the plate used was a little over51zed (4" x 40" x 28")
“and the exterlor stlffeners were %" thick. CPhoto plate l)

B. Supporting Structure

The "edges of the plate were simply sucpofted on.four
polished Speciel machine steel rods of 3/4" diameter. These

"~ rods in return were supported ou a rectangular steel frame
built up‘with four 15" x 3" x 3/8" channels, the top surface
fofiwhich was specially ground to form uniform SUpport.' This
frame wae finally supported by four standard steel bases on

4the'steel floor of the testing structure; (Photo Plate Il)

C. 'Loading Device

.The plate. was tested inithe.elastic range under two
types of loading:
1. Concentrated Load At The Centre

'For this loading, a 40-ton load cell was specially
" built at the Central Research Shop and was callibrated with a
Budd Portable type strain indicator and a PCA-300,000 lb.
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. testing machine. (Calibration Curve, Fig. 12). The load was
concentricélly abplied from the top of the plate by a hydraulig
ram supporfed under the beam of the testing structure. (Phbto
Plate III). , .

2. Two Concentrated Equal Loads Applied at (a/é,b/2 and

(2a/3,b/2)

For this loading the same ram as in case 1 was used.

Load was appliea’throughig Thawing=Albert 20,000 lb. load ceil
(Calibration Curve, fig.13), on the center of a 5 * 3 x 7/32
I-beam resting on two rollers (12" centre to céntre) symmetrical-’
ly about the axes. The rollers in return were supported on two |
3" x 4" grdoved steel blocks. Between these two steel blocks and
the surface.of the plate two pieces‘of p}yWood were placgd to re-
move any inaccuracy oflloading. (Photo Plate IV).

D. Testing Method and Recording of Data 

Loads in’both the cases were applied from a testing mach-
:'ine tﬁfoﬁgh a Hydraulic ram mounted from the loading beam of the
testing structure. The rate of loading was constantly kept at 6.
_Deflectioﬁs at different ﬁointg along the transverse axis
was recorded, for both the cases- of loading, with the help of extra
- sensitive dial gauges (10_4). Corrections have been incorporated
in the result for the inaccuracy arose due to the vertical de-
flections of the'supporting structure and the steel floor. To do
this, vertical deflections of supporting structure and the steel
floor were also measuréd during the application of the load. De-
flections in the latter case were measured relative td the floor
adjacent to steel strips. A digital strain indimtor was used to
record strains (Photo Plates V and VI).
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Discussion and Conclusion

Comparison of Fig. 9-11 shows that the experimental
values of deflections for the plate subjected to a single con-
centrated load and to a two point loading are respectively
11.45% (max.) and 18% (max.) higher than those obtained by.
uéing modified finite difference method. Whereas, the solu-
tion obtained by using the method of conventional finite dif-
férence has hardly any correlation with the eiperimental so-
Tution. _ _
| The deviation of the theoretical solutions from the
experimental results méy be attributed to ?he followihg:

A. Calcula&ions of Rigidities

The effective width of plate used in calculating ri-
giditiés could be taken about 90% of the full width [13].

B Since the coefficient matrix depends on the values of rigidity,
lower rigidities would result in bigher deflections. The above
fact is one of the majof causes of deviation between theo-
retical and experimental resulfs. |

B. Experimental and Constructional Inaccuracies of the Model

The model was having uneven iqitial curvatures in its
neutral planes induced due to welding shrinkage, which gave
rise to unsymmetrical deflections.

To maintain uniform support on all sides, the depths
of ribs, provided over the supports were 1.5 inchés, which re-
sulted in lower torsional rigidity and'higher deflections.

No .foolproof method could-be devised to take measure

against such errors in the theoretical investigation.
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From the foregoing treatment of the subject it has been_.
clarifiéd‘that the theory of equivalent orthotropic plate .could
be used to'analyse orthogonally stiffened plates having not only
consta;t #igidity but also'varigbles rigidities. |

It hés also been clarified thét fhe modifiéd central dif-
'fe:enées method could be conveniently.USed to solve problems of
varational calculus with the aid of hiéh Spéed electronic com-

'puters; Since in this method, the number of equations or the
time'fequiréd-for solutions is considerably less than other

cbmmonly used methods.
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COMPARISON OF DEFLECTIONS

T 2 e T -
¢ ¥ ( ! - ) %| PERCENTAGE PDIFFERENCE FROM2)
T MESH WHOLE OR HALF |ANDO'S EXPERIMENTAL| ANDO'S THEORETICAL - .
_POINT5 __| STATION METHOD [VALUES (¢ mwm)  |[vAaLues (mm) TN (3>
_____ (mm.) . i
! 21995 DATA_NOT AVAILASLE] DATA NOT AVAUASIE - -
A + 2593 ey » 2 N 2 - -
3 Qb4 [T 1] ” e I v - -
4 4940 -5800 * 5000 -4, ~a.l
5 22756 2500 » 2300 -21i3 -20,0
6 *4982 oo - ' 5000 D184 -18.0
4 6412 7400 16400 =10:0 —I 1
8 +6899 7500 - 4900 ~8.0 - 8.0
i [T 2320 mem )
3 1 8 A% =2320mm, | o . ..
—p . ’ y - * td
DR, ANDOS PLATE
ol ¢ |2 s b ' ‘
.
9
»
8 s b |7 e
n ¥ RIGIDITIES ‘CALCULATED PER ONE
<
< PITCH BREADTH, TOTAL LOAD 10-ToNs
JUNIFORMLY DISTZIBUTED ON ENTIRE PLATE
-4 | A (SHORT.ToNS), E= 3ox10° PsI V2 -3,
AL A G&=E/(+7)2% . ALL QUANTITIES TAKEN
I JTN'Me.Tzug SYSTEM CF MEASUREME}YTS.
[N R RN o
tzbmm
-SECTION AA O BB
TABLE 2.A

v
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' DEFLECTION INFLUENCE COEFFICIENTS

|mESH PoInTS

DISTRIBUTED LOAD

CONCENTRATE D,

LOAD P= 1 ¥AT PT.9

2-POINT CONC. LOAPS
P/2=05%AT 8- ¢.

45!9)3045—03 240232410 E-00b <B4614074 E-06
124 791875-0% (5228175 € -06 572594240 E-0G
-27994557-03 81165299 £ —ob 48228170 E-0b
23187214 — 03 54710902 E - 06 55320509 E ~0b
'38327060 -03 10664104 E - 05 '%148852 € -o0b

4344105903

JUI3Z5B6B5 E - 05

10654104 E —-05

-25527655-03

61574562 E - ob

6024251 E-060

*42535185-03

12169704 E -05

‘NB22¥90 E 05

N ALY G E R S

‘48272281 -03

14487932 E - 05

FOR LOCATION OF LOADS REFER TO FIGURE &

YOUNG’S MODULUS OF ELASTICITY =30% 10¢ Ps(

12169798 E-05

POISSON’S RATIO = 0.-3. ALL LINEAR MESURIMENTS ARE.'IN "INCHES.

PLATE BOUNDARY SIMPLY SUPPORTED, DEFLECTIONS WITH RESPECT.TO THE MIDDLE PLANT OF PLATE

TABLE 3A
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FIGURE |
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Modified Central DifferenceNOPeratore:

S

43

The following potetions have been used:’

53

AFull Mesh Point O;-a--’------o.n-—.?------;.;-q-.-;--f--' &

An Intermediate Mesh Point-

*

Mesh Point at which the derivative is approximated cencena ()

To evaluate the derivative of any point within the plate boundary each

of the arithmetical figures,with its proper sign, quoted on each -mesh. ‘point

. has to be multiplied by the appropriate deflection function. The function

products thus obtained have to be added algebrically.to get the difference

. equation of that interior point.

Followino are the few modified central difference Operators used to eva-

'ﬁluate derivatives conmonly encountered in plate problems with variable rioi-

ditics.

A , T x
N L ,
.o ) l @' ,L—Z ci -
Wosen Y3 — T » 4—; _
S Ny ‘
“..' —;‘ ) . B l\ - )
R e——Z I ot w
Az I . fr
L Co 4 ‘
T | i -4 ‘J\G . ] ]
Vaksig F TS e —a v
Y
' @ e -
.'.':' — ' o=l .
We 'y ! -
e ALy T x
. » . .
L & &
. y .
3 2
ppa e St -z r)4 -2
1XXYY  NEN <
&= =2 g
15,
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- ol

From the above it may be noted that the modified central difference mete

hoci differs from the conventional central differehce fornulation only in

~

" approximating the odd order derivatives, otherwise both the formulations

‘are similar in approximating -even order i_lerivat;i.ves'.
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Calculation of ﬁefléctibns of a Beam Using Castigli'and"s Second Theorem:

A B ’ . CV/U-n.L{ fc'r\_c)'{-g-...- : e '
P jﬁ;\ -\,\,.—v-\ S TN P-—---,m‘f‘.--—-n—nz'\nr\—«r\m OANATNDCT L,

/6

3
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. x '\iz
B 2600 0 Dz 2b (5p-42) |E
Z/ ﬂf.'—. EZ(“ 4:L>_ | | ne== (54 4?
‘ . -3 3 3 , - 3 .
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Derivation of the Values of Plate Rigidity Constants
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= 2Dyeg ahyy +27[ Dé,,_%y + Bl 2 Mhyy - qua{g daely
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ZZJoB 5

INERTIA —-——80-SEGMENTS

—ZZFORX5
C DEFLECTIONS OF A BEAM OF VARIABLE MOMENT OF
G BY-USING_CASTIGL1ANO+S_SECOND. THEOREM

DEFLECTIONS s U=V* (L¥¥4%Q) / (B#¥3*E)

c

DO.-4M=1480
AM=M

AM=AM/80.¢
AR=1+~AM

AZ=4 e ¥AM+1 e
BZ=5 e—=4 ¢ ¥AR

———e CZ=BZ /5
Z1=AR%¥1500e/4096

22z=AM%1500e /4096

T1=Z21%(=Ge*f 147

*¥LOGF (AZ)+11e%¥(1e/AZ-16)=2e5% (1 a/(AZ¥%¥2)~10)

1-) -
T2=22%( =4 ¢%¥AR=114

*¥L.OGF (CZ)~35e% (1 e/BZ~1e/5e)+12e5¥% (1 e/ (BZ¥%*2

1) =10/ 25 e )—mm

AT

v=T1+T2

1-e- V.

PEOINT -1
Lanh o o M b o } 119~V

11 FORMAT(E168)

e 4~ CONT-INUE

CALL EXIT
e ——END -
zzzz8
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340003200701360003200702490240251196361130010200
~—ZZJOB-5 SIMRLY  SUPPORTED BEAM=VARIASBLE Mele=10 SEC

ZZFOR S
oG SOLUTION—_OF..BEAM_PROBLEMS. . BY_ FINILIE DIFFERENCE METHOD
c SIMPLY SUPPORTED BEAM-~VARIABLE DEPTH-TEN SEGMENTS-MODIFIED
S DIMENSION-XC10) e — . e e e
DIMENSION A(25¢25)+F(25+25) 'W(ZS) aW1(25)
COMMON—A-+MA .o NA.o.F o Mo NF.o W
AN=1 .
XX=9.e
XL.=8e
—————eeee XD R e
YN=e0
—Y-X=0-2
YL=10,
YD=.02 —
CALL PLOT(101 oXNoXXwXL;XDoYNOYXOYL s YD)
NA=G - - S — I
MA=Q
AR=1500-0-280000..
DO 4M=1410
e L AM=M- et e e e e
X(M)=(1 o+o4*AM)**3
e e~ GONT-ENUE
PUNCH 1029(X(M)0M=1010)
1-02--FORMAT(-27H XM XAM)L2E16.08)
K=1
L=2
P=1e
B — R==2-¢%(-1-0-+X(L-))
Q=1 e+% e ¥X(KI+X(L)
Sz==2 o -X-lK) X A L))
T=X(L)
Al—1-4—1-)=Q=P. —
AC 1s 2)=S
SRR W AU PO 1 =, OO
AC 19 4)=0e
Al —1-0+—5)=0..
Al 1¢ 6)=0.
e A —1-0—T7-)=0.0 ST - — S - S
AC 19 8)=0e¢
[N . W S0 SO - 3 ¥ 1 o YU SRS
K=2
=3
N=1
e PEXANY) , e e e e e e e e e e et e oot e e
R==2¢ ¥ (X {N)+X(K))
e QEXCUN)F 4 0 X XK XA L) o — e e e e e e+ e o
Sz=2e#¥ (X (KI+X(L))
T=X-(=)
AC 2¢ 1)=R
SO . W G0~ JOT— 1 W o JS OO
A(C 2+ 3)=S
SUUSSUNY. W SIS~ WO, B =S SR — e e et e = e = e e
AC 2¢ 5)=00
A-(—2-9—6-)-=0-o
AC 2¢ 7)=00
e AP 90— 8) =00 . R e e e
AC 2+ 9)=00
e T B e e e et et e e e o et 2+ e
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N=2
P=X-{-N)
Q=X (N)+4 o ¥X (K)+X (L)
e R 20 e (X AN A XYY . S e
S==2e¢ ¥ (X(K)+X(L))
SURTUR G 5 1 S TN TS U PP v e - - — - e
A(C 3¢ 1)=P
A(—-39—2)=R
A(C 3 3)=Q
e A 30 4) =S - et e e
A( 3+ 5)=T
e Al - B0B) 00 e e e e e - X —
A{ 3¢ 7)=0s
A(—-3-9—8-)-=0e
A( 3¢ 9)=0e
S < U RSP VS, - e+ e [ —_ —_— S
L.=5
e N B e ot e e e e i - B e - —
P=X(N)
Rz 2 036 (-XAN-)-+X(K)-)
Q=X (N)+4 ¢ ¥X(K)+X (L)
e G D @ (XA XA D e e
T=X(L)
— Al—4-9—1-)=0. RS e S
AC 4 2)=P
A-(-—4-+—3)-=R
A( 44 4)=Q
e A~ B-9-—5-)-=8
’ AC 4y 6)=T
e A B9 -—7-)-=0-0 e — -
AC 449 8)=0e
—A-(—G-9——3-)-=0-0
K=S
N=4
L=6
e P=X-CN2) -
R==2¢# (X{(N)+X(K))
Q=X-EN-)-+4-¢- 34X )X =)
Sz=2¢ ¥ (X (K)+X (L))
T=X-(l) -
A( Se 1)=00.
e A -5 4 2)-= D0 — S S - e -
A( Se¢ 3)=P
A-(—54+—4-)-=R
Al Se 5)=Q
SRS W N PSS 11 - S e S - B, - -
A( S 7)=T
e B G o B B B € o
A( Se 9)=0e
K=6
L=7
N=5 . [ P e e e s - - S
P=X(N)
i R 2 @ KN A X K Y Y o e e e
QA=X(N)Y+4 ¢ ¥X(K)+X (L)
S==2 e ¥ LXK ) EX (L))
T=X(L)
Al 69..1)=0e__..__ . o S e _ - -
A{ 6+ 2)=00
e AL —-69_3).=00 e S

Al 6+ 4)=P
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Al 64 5)=R
A{—E+—6)-=Q
A( 6+ 7)=S

e AL 648 ).=T - —
AC 6+ 9)=0e

=8
P=X{N)
e R =2 0 R X AND XKD
Q=X (N)+4 e ¥X(KI+X (L)
e S R 2. 0. % XK ) XK (L))
T=X{(L)
A-(—7-4—1-)}=0-e
AC Ta 2)=0o
A(--T-9--3.)=0-4 e e
AC 7e 4)=00
—e—reve A g5 ) =P —_—— D -
AC Te 6)=R

A~ -2 =2 3-=G
AN LA ) 179 =%

AC 7« B)=S

L -

nnu

)(\OMCD

l

= o*(X(N)“I’X(K))

e QEX AN+ G0 EX K AXAL)

Sz=2¢¥(X(K)+X (L))
e TR XA L) -

Al B+ 1)=00

A(—84—2)=0-9

A( 8+ 3)=0s s

A _.84-4)=0. : - ——

At Bs 5)=04

'IJI"EIK

U . W GO - S S Y = TS U e e e
A(C 8+ 7)=R
Al—-84+_8)=Q
A( 8+ 9)=S
——ee =9, S _ - R —
L=10
_N=8 . e e e e e e e e e e e e e e e e et o et e e e e e e e et e e

P=X(N)
Rz==2 03 (-X-(N-) X AK)-)
Q=X (NI +4 o ¥ X(KI+X (L)

S Y- SPy- W Sy ( VO d "g X T o & T 1 YOO
T=X(L)

e N G S O S U A OSSO
At 99 2)=00
A-L—~9-4—3-)=0-e
Al 9e 4)=0,

[N . W G = I Y ¢ S—, - e e e A oot 2o+ et £ e 2 e e e = e e e e <o et et ¢4 e e e e et
A( 94 6)=0.

SSSESSUSUSUY . W GU > J Oy 25 8- ~— S
Al 9¢ 8)=R
A(—9-4—S5)=Q=T
PUNCH 111

e L L B ORM A T L L L HMA T R I XK A L S Y e e s e o et
PUNCH 2+ ((A([eJ) eJ= IQNA) o I= IOMA)

SO R— FORMAT( 3FE16e¢8) . — . RSP

- i e Yante o 2 T YN

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




DO 30 I=1.NA

W-(-[)=0-«
DO 7J=1+MA
USNUUSRUSUUNN 1T X g (8 W03 11X G0 40 YU N d AP 1 YOOV,
Wi(I)=w(])*AR
ISR, S 7| N & 13 1 N 13 | S0 OO
30 CONTINUE

PUNCH—444

444 FORMAT(10HINVERSE [S)
e PUNCH4O0 e (L (A L0 Jd) e J=1eNA) o I=1eMAY . e et -
40 FORMAT(3E1648)
SRR 5 Yo YN = Y o TN "< - Y= 3K = IO O OO OSSN
AKA=KA :
—_—  WAKA)=WKA) AR

CALL PLOT(OyAKA W1 (KA))
e OO0_CONTINUE ... S e e e e e e e e eeeeete e et e e
PRINT 333
333 _FORMAT(43HDEFLECTIONS. . AT _POINTS 1023049560789 ARE)) . . ..
PRINT S50+s(W1(I)sl=1eMA)

——— 50_FORMAT-LE1648.)
PUNCH 16 +DETRM

16 -FORMAT (. 14HDETERMINANT.. . IS/EL16.08) oo -
CALL PLOT (99) .

CALL—EX-LT —
END
22778
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34000320070136000J400702490240251196361130010200
—ZZJOB—5 SIMBLY SUPRORTED=10 SEGMENTS =CONVENTIONAL_
ZZFORXS
i Ci e . SOLUT.ION._OF. _BEAM_PROBLEMS_ BY_FINITE DIFFERENCE METHOD . __ . —
C SIMPLY SUPPORTED BEAM-VARIABLE DEPTH-TEN SEGMENTS~CONVENTIONAL
i DIMENS ION_A( 25425 ) e F(25¢25) s WA25) o WL A25) e
COMMON A+sMAeNAIF sMF ¢ NF o W
NA=S9.
MA=9
e AR=.1.500.0./80000 0. i — a4 4 e £+ 1t e
XN=1e .
_______________________ LRI TS @ e e e i e e St £ e e e e e | e e e £ i £ et 11 e e e te 21 Lt e 2t o e e e e
XL=8e .
XD=1l-e
=e0
Y X=.02 i s s et e e et s - I . S S
YL=10e
e XD =00 S e e e e e e e
CALL PLOT(IOIoXNcXXoXLoXDoYNoYXoYLQYD)
DO-—-4M=1-4-1-0
AM=M
.................... B OO S 8 1 O OSSR
ABX=BX#%¥3
e - BBX=BX##2%2 04 R
CBX=e96%¥BX
PUNCH...1-02+8X+.ABX+BBX+CBX
102 FORMAT(10H STEP A OK/4E1648)
e P=ABX~BBX e S
R= CBX+20*BBX—40*ABX
—e e Q2 6 @ R AB X = 2.0 X CBX e e
S=CBX—2 e *¥BBX=4 ¢ ¥ABX
T=ABX+BBX
IF (M=9)500+50044
—500 GO~JO(1449142%143|1440145.146014701480449)0Mm“
141 AC 1 1)=Q-P
i A (] 4 2} 2 S
AC 1e 3)=T

AL 1 n\_ﬁ
LalhY L34 -s hd

A( 1+ 5)=0s

e A (—-]- 9 6-)-=00 o e
AC 19 7)=0e¢

USRI, W S, FP 1 X1 ¢ 18 S—— e e 8 e e e e e e - [
A(C 19 9)=0a
GO—TO0—4

142 A( 2+ 1)=R

___-_.A_w.,._.,.A_(_~..2_._.,2._)-=Q__..,._;...,M_....,_....__ e i i e 21 v e e e - e et it en @t e e e et e e e e e e e
A( 2+ 3)=S
A-¢--2-9—4-)-=T
Al 2+ 5)=00 :
A(—24—6)=0e
A( 29 7)1=00

S . W d - SO - 1 1 ¢ PO e e ot e e o e e e oo e e
A(C 29 9)=00e

SN 1o Witk 1 o N /S S e e e e e oot et e e

143 A( 3¢ 1)=P

A(—34—2-)=R
A( 3+ 3)=Q

e AL B0 B)=S —— e e e o e e
A( 3¢ 5)=T

e A -B9-—6-)-=0-0 — —— S
A(C 3¢ 7)=0¢

: - S e —

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




AC 3+ 8)=0s
A{—34-9)=0e

GO TO 4

144 A 4.0 -1 )=0.e : —
A( 44 2)=P

e A B9 —-3).=R . e — .
A( 449 4)=0Q
A{ 4.4 5)=S
Al 44 6)=T
Al _4.4_7)=00
A( 44 8)=0oe
A(--bhy-F.) =0
GO TO 4
—— 145 Al —F—1-}=0
Al Se 2)=0e
SR . W N - W % - e e e e e
Al S¢ 4)=R

e A (S -5 )20 PR . e e s

A{ Se 6)=S

A-—Sv—7)-=F

A( S¢ 8)=0e

e P 5 oG} O
GO TO 4

1 46 —A—69—1-)-=0-e
Al 69 2)=00

AL £~ Y= s
A O30S

Al 6+ 4)=P

A{-—~64—5)-=R -

Al 6+ 6)=Q

Al—6.4—7)=S —
Al 6+ 8)=T

Al6-0-—.)=00s
AN O-§-—F -} L

GO TO 4

e 1 BT — AL —T-0--1)-=00
AC 7+ 2)=0e

[OSUUUIY . W (N A7 S 25 Y -3 6 3 YOO OO U SO OO

AC 74 4)=0e
Al70—5)=P

Al 74 6)=R

Y : W Sy A Wy 2 X1 ¢ ) e et e e e s e b e et S e

A( 7+ 8)=S

SO . N0 AUy SR - 15 . 30O U OO

GO TO 4
148—A(—84+—13=0e

A( 8¢ 2)=00

SOy N JHE - SO 3 S o U e
A{ 8¢ 4)=00¢

SRR W SN - WARY 5, W o W - e e e e oo B
A( 8+ 6)=P
A(—8 +—T)=R
A( 8+ 8)=Q

Y.\ S - S - 1 3 -3 S

GO TO 4

VRSN 107 = TR 4 UK (OO = SOt B0 36— (U U O

A( 9¢ 2)=00
A(—9.9—-3)=0.

Al 99 42)=00¢
e AL 99853200 I

Al 92 6)=0e

SRRy | W A = RN 2, Y- = S et e e

Al 9¢ 8)=R
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A( 9 9)=Q-T

A—CONT-I-N N (o
- S WA TNU W

PUNCH 111
e 31 1 FORMATA- - L HMATR I X A 1S Y o e e e e e e -
PUNCH 2+ ((A(LeJ)sJ=1eNA)[=1aMA)
S~ S o 1= 1Y 7% o B | o I - SO - 5 O S . e e e e
CALL P13 (DETRM)
DO—-30--]-=1-+NA
W(I)=0e.
i e DQ e I e MA e — et et e e e et o -
WII)I=W(IY+A(] )
13 T a0 5 Y 1 G Y5 Y SOS
7 CONTINUE
—————30-CONT-INUE
PUNCH 444
e p 4G FORMAT. (C1OHINVERSE 1S) — . e e imtn et e e e e e
PUNCH40 ¢ ( (A(I sJ) ed=1eNA) = loMA)
Y Yo W Yo 1= 3 VN o 0. 18 -3 - 1 YOO oS
: DO 90 KA=14+9
———AKA=KA
W1l (KAY=W(KA)*AR
e C AL~ PLOTA O AKA WL G Y oo e e e e e e e
90 CONTINUE , '
e PRENT-- 333~ - -
333 FORMAT(43HDEFLECTIONS AT POINTS 1929344 0596070899 ARE)
PRINT—50-+-(W1-(-1-)-oT-=1-+MA)
50 FORMAT(E168) :
e PUNGH 164 DETRM—— — S —
16 FORMAT(14HDETERMINANT [S/E168)
e i - CA L - P O T (9 9-) - -—- e
CALL EX IT

~NQ)
oIND)

Zzz728
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340003200701 360003200702490240251 196361130010200
Z2ZJ0B 5 BEAM=VARTABLE Me+Ile="5 SEGMENTS=MODIFTED—

ZZFORXS
T T T D TMENSTONT X CTOY T
DIMENSION A(Z25025)¢F(25+25) vW(ES) 1W1 (25)

T T T COMMONTT A TMATNA Y F M G NF g W T e T T T T
XN=e5
XX=4 5
XL=8e¢
XD=e5 T
YN=0e
TR S e 2 B T T
YL=10,
YD=e02
CALL PLOT(1C1sXNeXXaXLoaXDsYNeYXsYL sYD)
NA=% -
MA=4
f‘m—'”"““""‘~'_AR’=”'l"5O'OT/"S'O'O'OZA T e
DO 4M=1+10
AM=M
X(MI= (] eated*AM) %%3
T4 CONTINUE
PUNCH 102y (X(M)sM=1410)
102 FORMAT(Z7H XM X(MY72ET678)
. P=1e
Q=T e F4 o ¥X(2)TF+X(4)
S=—2+¥(X(2)+X(4))
T=XCGY -
AC 1y 1)=Q-P
TR Ly T 2y=s -
A( 1e 3)=T
AC 19 4)=00
N=2
K=N+2 B T -
L=N+4
e Ty e et i ot e e = e e e e e e
S==2e ¥ (X(K)+X (L))
Q=X (NYFG ¥ X (KT+X(L)
Rz«2e ¥ (X (N)+X(K) )
e e NN e e e — I R e
Al 2+ 1)=R
TR T2 T2Y=EQTT - T T e
Al 2+ 3)=S8
A 29 4)Y=T
N=4
K=N+2 - T T
L=N+4
R 2 1Y S et e ——— et o e e e oo
=-2.*(X(K)+X(L) )
=X (NYF4 «¥X(KY+X(E)
R-—Z.*(X(NH-X(K) )
T TP=X(N)Y T T T - h T T
A( 3+ 1)=P
A( 3y 2 =R T T ” T T T T
A( 3+ 3)=Q
Al 3¢ 4)=5S
N=6
N CENE2 U, S e e e e
L=N+4
S TR e e e o S S,

EEa e S AV 3 VAV RV W IV & 1 T T
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Q=X (N)+4 ¢ ¥X(K)+X (L)
R=E=Z2¢ ¥ (X (NT+X(K7J)
P=X(N)
TACT4 e TTYED o T - T T T T
AC 44 2)=P
e e R e e e -~ ~ RS
Al 44 4)=Q-T
PUNCH 111
111 FORMAT(11HMATRIX A IS)
T TRPUNCH 237 (CACTITIYvI=TiNAY T T=1TvMA) B -
2 FORMAT(4E168)
e A T P B D ETRM Y= e e o e et e e e e e
DO 30 I=1eNA
W(I)=0,
DO 7J=1«MA
WO =W O FACT YT T T ’ T T
W1CI)=w(I)*AR

7 CONTINUE
30 CONTINUE
PUNCH 444
444 FORMAT(1OHINVERSE 1S)
e O A O s CUA CT 50 8 U2 14 NA ) 3 T= T MY e oo s

40 FORMAT(4E1648)

DO 90 KA=E1 44 ) T ) -
AKA=KA
W1 (KA)Y=W(KA) ¥AR
CALL PLOT (C¢AKAIW1 (KA))

790 CONTINUE
PRINT 333

TTTTT333 FORMATUG5H T T T MODIF TED METHOD=5"SEGMENTSZDEFLECTTONS AT "POITNTS 2% -
1446+8 ARE)
PRINT S0 (WI(TI)YsI=T¢MA)
50 FORMAT(E168)
T “"PUNCH 16 +DETRM
16 FORMAT( 14HDETERMINANT [S/E16.8)
CALL PLOT(99) -
CALL EXIT
END
22228
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ZZJO0B 5 BEAM=VARTABLE Me o= 5 SEGMENTS=CONVENT IONAL—
ZZFORXS
e e PMENS TON BX ¢10) vABX (10 v BBX (T0Y v CBX (10~
DIMENSION A(25+25)+F(25125) sW(25)sW1(25)
e O MMON T A YMA TNATE Y MF s NF W T e
XN=e5
XX=4 05
XL.=8e
XD="e5
YN=0.
wm,_~_mwﬂ_yx_.2~_u- i S —— R o
YL=104 f
YDEe02
CALL PLOT(IOIoXNcXX.XLqXD.YNoYXoYLoYD)
NAZG e e
MA=4
e ARE TS 006 5000 ¢ T T
DO 4M=1410
AM=M
BX(M)=1e+ed¥ .AM
T T T ABX (MY EBX (MY ¥ 3T T
' BBX(M)=BX (M) *%#2%1 42
T EBX (MY S s96*BX (M)
, PUNCH 102+BX(M) s ABX (M) +BBX(M) +CBX (M)
102 FORMAT(4ET6+8)
4 CONTINUE
M=2
P=ABX (M) -BBX (M) v
T RECBX (M) F2 ¢ ¥BBX (MY =4 e ¥ABX (M)
Q=6 *ABX (M) =2« ¥CBX (M)
SECEBX (M) =2+ ¥BBX (M) =4+ ¥ABX (M)
T=ABX (M) +BBX (M) |
ACTTY T SG=P |
Al l1e 2)=S _ ;
ACTIN 3VET :
AC 14+ 4)=0e J
M=4 , ‘
P=ABX (M) =BBX (M) I
RECBX (MY ¥2¢*¥BBX (M)Y=4e*ABX (M) ===
Q=6 e ¥ABX (M) =2 ¢ ¥CBX (M) {
T T TG ECBX (M Y S2 e ¥BBX (MY =4 ¥ ABX (M) e - - -

T=ABX (M) +BBX (M)

AT 2y 17=R

A( 2+« 2)=Q
TRt 2. 3yEs T

Al 20 4)=T

=8 e R -

P=ABX(M)-BBX(M)

RECEBXTM Y +2 « ¥BBXTMT =4« ¥ABX (MY

Q=6 *¥*ABX (M) =2+ ¥CBX (M)

T T TGECBX (MY <29 ¥BBX (MY =4 o ¥ABX (M) T e B e
T=ABX (M) +BBX(M)
AC 3y TSP - e e e e -
A( 3+ 2)=R
AU 3 2 =0
A( 34 4)=S

M=8
P=ABX(M)-BBX (M)
RECBX MY +2¢¥ 3BX (MY=4¢¥ABX (M)
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S=CBX (M) =2 ¥BBX(M)~44¥ABX (M)

T=ABX (MYFBBXTM)
A( 44 1)=0e

T TTACT4 T2 =P
AC 44 3)=R

AU 4% 4Y=Q-1
PUNCH 111

111 FORMAT(ITTHMATRIX A IS)
PUNCH 2+ ((A(I+J)sJ=1aNA)sI=1+MA)

T T2 FORMAT(4E16e8)
CALL P13(DETRM)

TTTTTTTTTDO 30T ITET W NA
‘ W(I)=0e

DO 7J=1T+MA
WiD)=w(I)+A(l+J)

TR CIYEW CTY¥AR
7 CONTINUE

T T30 CONTTINUE
PUNCH 444

444 FORMAT(IOHINVERSE TS)
PUNCH40 ¢ ((A(IaJ) e J=1eNA) s I=19+MA)

40 FORMAT(4ET648)
DO 90 KA=1+4

T TTTTTTTAKAEKA
W1 (KA)Y=W(KA)*AR

‘ CACC PLOT  (OVAKATWI(KATY)
90 CONTINUE

TTTTTTTTTTPRINT 333

333 FORMAT (65H MODIF IED METHOD-5 SEGMENTS/DEFLECTIONS

POINTS 2

T I476.8 ARED
PRINT SO0+(W1(I)s1I=14MA)

50 FORMAT(E TG« &)
PUNCH "164+DET. M

16 FORMAT(T4HDETERMTINANT "TSZE16+8)
CALL PLOT(99)

CACLCTEXTT ™
END

LLZlB
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ZZJoB 5
2ZZFORXS5
— g —ORTHOTRPTC—PLATE —SOLUTTON ~~BY~—FINTTE—DIFFERENCE—METHOD—————————

C DRe ANDOsS PLATE BY USING MODIFIED FINITE DIFFe METHOD

e e EME NS TON A (25325 ) v F (25425 )y W25y Wl (25 ) 7w mmm s s e e
COMMON A+MAISNAF ¢ MF oNF o W
XN=4"

XX=8e
XL=8%
XD=1e
YN=060O
YX=1e0
YL=10%
YD=e1l

e AT PEOT T CTO TV XNT XXX XDTYN Y X T Y v YD)
MA=8

TTTTTTTTTTTTNAESS

TPL=6e.

WX=580,

ABX=580.

WY=290,

ABY=290.

HZ=200.

FX=24e5

FY=4e5

E=13608e/(25 04%25e4)

T G=E/246
"AZ1Z=10e/(2320e%%2)
T DTANNE=ZS80%
AR=DIANNEX*4%AZ1Z
HY=580,
AZ=HZ4+TPL/2e

T T B Y E WK TRPLFHZ ¥ XY R G (TRL¥*2) /(3 FABX) i
BYX=(WY*TPLH+HZXFY)*G¥ (TPL*¥%2) /(3 «¥ABY)

T DYE(WYR TRUFHZRFY Y RE Z7ABY s s e mm s
EYS(AZRX2=(TPL/2e ) ¥%2 ) HEXFY/ (ABY*DY%#24)
DX=(WXRTPLFRALFE X JFE7R0X
EX= (AZ**Z—(TPL/Zo)**2)*E*FX/(ABX*DX*20)

T T T DD =ER TPIL /91
B=TPL*#%3*¥E/(12e¢%e91)

T T CEBHR (BXYH#BY XY /e T T
PRINT 555

555 FORMAT(70R DX —DY EX EY
1 : C)

T T T PRINT 6 DX DY SEXSEYRCTTTTT

6 FORMAT(SE16e8)

T T T T HE CH s SXEXXEYXDDH(EXFEY YR K2 ¥ §THDD/ G T T
BX= (HZ#¥3%F X+ TPL¥ X3 XWX +EXR#¥2XWXH¥TPL¥12 ¢+ (HZ+TPL =2 ¢ ¥EX ) ¥ #2¥HZ*¥F X3#
13 ) ¥E/Z7(T2e¥WXY
BY= (HZ**3*FY+TPL**3*WY+EY**2*WY*TPL*12o+(HZ+TPL*2-*EY)**E*HZ*FY*

T TI 3G Y¥E/Z (I Z2eH¥WY ) T T T
PRINT 10+BXe«BY+sBXYsBYXsH

e e G E ORMA T C T LH 7 7 BX T R G m S Np  B Y

1 H/5E168)
HX=290.
AK=HY/HX
e e e e B S
R=AS¥%2%8X
T T T T D E 6 e ¥ (A SR A 2B +BY I+ 86 ¥AS¥H - T o - T
Q=—4 « ¥ (ASHH+BY)
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Uz—4 o ¥ ( ASK¥2%#BX+AS¥H)
S=2 ¢ *AS¥*H
T=BY

g YR T T e e e I
Al 1s 2)=U
A (R R e e e . e e
A( 1¢ 4)=0e
AT 1T 5)Y=Q
AC 1o 6)=S
A1y 7YE0s -
A( 1s 8)=00e

. A2y R R e e - S

Al 2 2)=P
AT 2y 3)=U
Al 2+ 4)=R

e e e N e
Al 2+ 6)=Q

e (g Y T e SO e e e e
Al 29 8)=0e
A3y 1TI=R
A( 3+ 2)=U

e g g STy R e e S .
A( 3+ 4)=U

TR 3y 5)Y=0e o - T
Al 3¢ 6)=5
AT 3y 7)=Q
A( 3y 8)=S
AU744 1)Y=00 -
Al 4y 2)=2¢%R
A 4T 3VE2THRU —
Al 44 4)=P
AC 44 5)=00
Al 4y 6)=00
A4y 7)YE2¢%S -
Al 44 8)=Q «

TTTTTTTTTTTTTA TS I =20 ¥Q o
A( 59 2)=2e%S
AU Sy 3)=0e
A( SS9 4)=00

T T AT TS Y EP=R o - T
A( S¢ 6)=U

X . - e - .
Al Sy 8)=00e
AU 6y 1T)=2e%S
Al 649 2)=2%Q
NG Y E B WG T e e e _ - - S
A( 64 4)=00
A{ 64 5Y=U - a
A( 64 6)=P
AU 6y 7Y=U
Al 6y 8)=R

TTTTTTTTTTTTTACT 7y 1 Y=EO. _‘ T T e -
Al 79 2)=2e%S

e e Y g QT - . i} - - S
A( 79 4)=2e%S
AC 7+ B5)=R
Al 74 6)=U

SR P .,-._._A‘,(.~-7.3,<_7',)4=p.*R.—-_.._-.r_.._A—--— vy S U - e e v e e - e e s e - - - ——
A( 7+ 8)=U

A(T83 17Y=0%

A( B¢ 2)=00e
e |
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A({ Bes 3)=4e%S

A8 4)=2+%Q
A( Bs 5)=00

A8y 6)=2+¥%R
A( Bs 7)=2e%U

Y X G = O = B
PRINT 111

111 FORMAT(TIIAMATRIX A IS)
PRINT 2+ ((A(IeJ)eJ=14NA) s I=1+MA)

- "2 FORMAT(4E16«8
CALL P13(DETR

)
M)

DO 30 T=T N4
W(I)=0.

DO 7 J=1.MA
WCI)=wCI)+A(L

o J)

TTTTTTTTTWI T =W T #AR
7 CONTINUE

T30 CONTINUE T
PRINT 444

444 FORMAT(TIOHINVERSE TS)
PRINT 40¢((A(IsJ)eJ=1eNA)sI=1aMA)

TTTTTTTT407FORMAT(4E16.8
’ DO 90KA=5+8

)

TTTTTTTTTTTTAKAEKA
: W1 (KA)=W(KA)*

AR

————CALCL PLCOT(OTvAKATWICKA))

90 CONTINUE

PRINT 666

666 FORMAT(21HDEFLECTIONS ARE
TTTTTTTTTTTPRINT TS T (WITCTY R TETIYMAD

51 FORMAT(E168)

PRINT T6DEITR

M

16 FORMAT(14HDETERMINANT IS/ZE16¢8)

T CALEPLOT(99)

CALL EXIT
"END o - - - - T
22278
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2Z2J0B 5
ZZFORX5S
ST T ORTHOTRP IC PLATE "SOLUTTION BY ~ FINTTE ~DIFFERENCE-METHOD — "™
C DRe ANDO¢S PLATE BY USING NON-MODIFIED FINITE DIFF. METHOD ‘
DIMENSION A(25v25)vF (25925 ) W25 ) s Wl (25 ) mr s m mms o s o
COMMON A MASNAGF ¢MF oNF o W
MA=8
NA=8
TPL=6%
WX=580.
TTTTTTTTTTTTTTWY =290 T
HZ=200.,
FX=4e5
FY=4e5
L
’ ABY=290.
TTTTTTTTTTTTTEE 13608 /(254 2564y T T
G=E/2¢6
AZTE107/(23206%23207%)
SAM=580.
ey o MR ARAZ T
AZ=HZ+TPL/2¢
T T XY E CWXF TPLFHZ R X )Y ¥ GR (TRPL¥%2) 7 (39 ¥ABX)
BYX=(WY*TPLAHZEFY)XGR(TPL¥%2) /(3 ¥ABY)
DYE(WYFTRPLCFHINF Y )YXEZ/ABY
EYS(AZ% %2~ (TPL/2¢ ) ¥%2) XE*¥FY/( ABY*DY*Z o)
T T T DX E (WX TPEHHZHF X)) R EZABX T
EX=S(AZ%¥2—(TPLL/26¢ ) %%*2 ) ¥EXF X/ ( ABX*DX*Z o)
T DDEEXTPIL/+91 T :
' ‘ B=TPL#%3%E/(12¢%e¢91)
C=B+ (BXY+BYX) /Z.
o PRINT 6¢DX+sDY+sEXIEYsC
TG FORMAT(27HVALUESTOF DX VDY VEXTEYYC AREZSE16+8)
H=C+ ¢ 3HEXHEYH#DD+ (EXH+EY ) ¥¥2% o 7#DD/4 o
T T B E (HZ XN 3R XF TP R A IR WXFEX K ¥ 2 HWXH TPLH T2+ (HZFTPLL=2 ¢ ¥EX Y # ¥ 2#HZ¥FX#——
13 )*¥E/( 12 %¥WX)
BY =S (AZF ¥ 3¥FYF TP ¥ 3 X WY FEV R 2 X WY R TPLH T 2o F (HZF TP =2 e ¥EY I ¥ ¥ 2¥HZHF Y ¥
13e)¥E/(12e¢%WY)
TTTTTTTTTTTTTPRINT 10eBXeBY W BXY W BYX W H
10 FORMAT(71H BX BY BXY BYX
i - HAGE TG ey o e
HY=580.
HX=290.
AK=HY/HX
T TTTTTTTTTTTASEAR N2 T T
BZ=e3¥EX*¥EY*DD¥*AS
SH=H=BZ/AS
BEX=AS¥*2%BX
BECS=d ¢ ¥ASHSKF
BEZ=2%BZ
S
P=6¢% (BEX+BY) +4 « ¥ (BEZ+BEC)
e e 2 TR (2 e #BY+BECH+BEZ) - - S e e e e e e o e
S=BEC+BEZ
T=BY
UsS—2e%(2e *BEX+BEC+BEZ )
ATV TY=P=RT
Al 1+ 2)=U
TR Y 3 =ER
Al 19 4)=0e
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AC 1o

5)=Q

AT
Al

Te
1o

&)=5S
7)1=0e

T A (T8 Y=0% -
Al 2¢ 1)=U
TR 2y 2V=P - T - -
A( 2 3)=U
AU 2¢ 4)=R
Al 2+ 5)=S
A(CT2v671=Q
A( 29 T7)=S
A( 2+ 81=0% —
AC 3¢ 1)=R
AC 3y 2I=U
i A( 3+ 3)=P+R
Y S G R S 6 - T e
A( 3¢ 5)=0e¢
TTTTTTTTTTTTA(TT3Y B =S } -
A( 3+ 7)=Q
A( 39 8)=8
A( 449 1)=00
TR &y 2)Y=2 e %R o
Al 409 3)z2e%*)
AT 4y 4)=P
Al 44 5)=0¢
AT 4% 6)=00
Al 449 T)=2e%S
A4y 8)=Q -
- A( Se 1)=2e%Q
T TTA(T Sy 2)T2e%S
A( Ss 3)=00e
AT S5e¢ 4)=00
AC 54 5)=P-R
TRy 6)=U
Al S5¢ 7)=R
A5y 8)Y=0s T - T T e
Al 64 1)=2e¥S
A6V 2r=2+%Q
A( 64 3)=2e%S
- A6V 4 =0% - - e —
A( 69 5)=U
e g 6 2P S R e — e
A( 6¢ 7)=U
AU 6y B)=R
Al 7¢ 1)=00
ey gy G e S e e e e e S
Al Te 3)=2e%Q
T TAN T T e Y ER e kST T T T T T T
A( 7e¢ 5)=R
AU 7y 6)Y=U
Al 7 7)=P+R
o e g e Y . - I I S
A( 8+ 1)=0e
e (o o e - I S
A( By 3)=4e%S
AT 8¢ 41=2e%Q
Al 8+ 5)=0e
T A By BYE2¢¥RT o T - o
A( 8s T)=2e¥U

TR (T8 8 EP
CALL P13(DETRM)
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DO 30 I=1«NA
w(I)=0s
DO 7 J=1eMA
I ™V O 0 Y17 I 40 4 I Y 1 2 1 -
Wi(l)=w{i)¥*AR
T T CONT ITNUE o - T T o - T
30 CONTINUE
PRINT 111
111 FORMAT(11HMATRIX A 1IS)
PRINT 2% COACT o) T I =T aNA o7 IS g M A ) o o e e
2 FORMAT(4E168)
ey o LT g e e ~ . .
444 FORMAT(10HINVERSE 1S)
PRINT 403 (CACT VN 7 I=TINAYT VI =TTMAYD
40 FORMAT(4E1648)
e DO N TR 3 — — e e e e e e e - N e
333 FORMAT(21HDEFLECTIONS ARE )
e D TNT S 0% CW L C I 4 T 1 g MA Y = oo o omm o e e e e e I
50 FORMAT(E168)
PRINT 16«DETRM
16 FORMAT( 14HDETERMINANT IS/E16.8)
e e AT EX T T e e e, e e - e e
END
2272 B T T
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—ZZJOB—-5

ZZFORXS
c SOLUT.LON_OF _AN_ORTHOGONALLY STIFFENED RPLATE WITH VARIABLE MOMENT ___

Cc OF NERTIA OF THE STIFFENERS IN THE DIRECTION OF SHORT SPAN
C MOD.IFEIED - . e
DIMENSION BEZ(6)
DIMENS.I.ON-BEC(62)
DIMENSION BEX(6)
DIMENSION_BEY.(6)
DIMENSION A(949)¢F(9e9)eW(9)
~~~~~~~~~~~~~ -COMMON-—A.e+MA + NA s F. e MF. ¢ NFE_o.W
DIMENSION W1(9)
MA=9
NA=9
e B2 300 % (1 Qe X% X6 ) R - —
G=E/2e6
B e B - -
B=TPL¥%¥3*E/(12e%+91)
DD=E*TPL/-e91
FX=1e/40
- F Y 2 Y- 0/ G 0 e
HX=6e
HY-=4-o o e
WY=6e
ABY=6-+
ABX=4e.
WX=4 e - —
: AL OAD=1. :
—AR=HY3#%4%ALOAD ——
DO 4M=146
AM=M
AM=AM/6 .
——eeee— HZ= 10 54+ 1-e 5%XS IN—( 3.1 4.1 59%AM) S
AZ=HZ+TPL/2e
e B YR WX ETPLAHZEEX ) KGR (TPLX#2) /(3. XABX) o e — -
BYX=(WY*TPLAHZXFY ) *G* ( TPL*¥¥%2) /(3¢ *¥ABY)
PDX= (WX AT P+ ZXEX)HRE LABX
DY=(WY*TPL+HZX¥FY) ¥E/ABY
EX=(AZ%¥2=(TPL/A2e ) ¥*2)XEXEX/(ABX¥XDX¥*24). e et et e e e
EYS(AZX%2~(TPL/2¢ ) ¥%2 ) ¥EXFY/ (ABYXDY¥24)
e C=BHABXY+BYX). L2 0 e e e e et e e
Hz=C+ e 3¥EXXEYXDD+ (EXHEY ) #¥2% ¢ 7%XDD/ 4 o
BX=-(HZ*%3HEXATPLAEIRWX+EXXR2RWXETPLX] 20t (HZATRL =2 ¢ REX ) K H2RHZHEXE

13 )¥E/( 12 %WX)
e BY.Z L H ZH # 3R Y ATPL R SRWYAEY R 2K WY R TRLEL2 e F (HZFTPL =2 o #EY.) ¥ ¥ 2XHZHFE Y .

13)*¥E/(12e%WY)

~_,___..____._.._...AA|<_=H.Y,/Mx S [ e ek tierm e e 2o 1 et e e it s 4 o oo e it 2 o L o | o i e s e e e
AS=AK*¥%2
BEX-(M)-=AS*¥2%BX
BEY(M)=BY

i BECAMY. S 2 ¢ XASH (CH(EXFEY )R N2%Xe7XDD/G 0 ) . -
BEZ (M) = e G*FASKEX*EY*DD

SRS Y 1 o N 1= o & N | U - e e o o e e i e e e b oo
N=6
K=-1
M=2

SV ——— - T {4 A A . J— PR — e e o A o o e ettt e e et + o emeemene
T=BEY(N)

—— e A 2 BEY- M) RO - — SO e ~

Q=6 e *¥*BEX (K ) +4 ¢ ¥BEY (K) +BEY (M) +BEY (N) +2« ¥BEC (K)+BEC (M) +BEC(N)
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144 ¢ ¥BEZ (K)
Rz 2 0 #- (- BEYAMIABEYAKI)=BECAKI=BECAMI=BEZ LK) =BEZ (M)

S=—2« ¥ (BEY(N)+BEY (K))~BEC(K)=BEC(N)~-BEZ(K)-BEZ (N)
- Yem G e RBEXAK ) =BEZ (K )~ (BECINI+BEC(M).)./2+=BEC(K)=BEZ(K) e
‘ Z1=(BEC(K)+BEC(N) ) /26 +BEZ(K)/2e+BEZ(N) /2
e e 2D EABEC- (LK) +BEC (M )-) /20 +BEZ (K )- 20 +BEZ IM )/ 2 0 o s e
A( 1e¢ 1)=Q-T=-P
A-(—1-—2-)-=Y-
AC 1+ 3)=P
e A L 0 B Y FR e e
A( 1e B)Y= Z2

SRS : W S0 W0 ST - 3 X © S OO VO
AC 1 7)=U
Al19.8)=.0s
A(C 1+ 9)= Do
Sy . X S~ Y SO U 3200 O OO
A( 2+ 2)=Q-T+P
SRS . W G~ St 35 T s OO PO S
Al 2¢ 4)= Z2 .
A(—2+-5)=R
A( 2 6)= Z2
U . W A~ N 2 TS S s
AC 20 8)= U
Al—29--D.) = 0@ -~ - —— — —
A(3e1)1=2e%P
Al—39—2)-=—Ce kY
A{ 3+ 3)= Q=T
e A~ B -5} - 20 % Z2 . —
Al 3s 4)= Qe
Y AR WO, 5 N0 o P —— e S—
AC 3¢ 8)= Qe
A-—3+—63)=—R
A{ 3¢ 9)= U
.___‘__,\._..___._..,__Nz.l — . -
K=2
=3 e et et o e e — —

P=BEX(K)
T=BEY-(-N-)
U=BEY (M)
e Q=6 0 FBEXAK ) 44 0 XBEY.(K).+BEY (M) +BEY.AN)+2 « ¥BEC(K)+BECIMI+BECINY

1+4 e ¥BEZ (K)
= =20 % (BEYAMI+BEYAK))=BECI(K)=BECAM)=BEZ(K)=BEZ (M) e

S=—2¢¥(BEY (N)+BEY(K) ) -BEC(K)~BEC(N)~-BEZ(K)=BEZ(N)

Y = e # BEX-AKI=BEZAKI)-=(-BECANI+HBECAMIL)L L2+ =BECIKI=BEZ(K)

Z1=(BEC(K)+BECIN) ) /2 +BEZ(K)/2¢+BEZ(N)/ 2

Z2={BEG(K)+BEC(M))/2e+BEZ(K) /2 +BEZAMI LB 0o

AC 44 1)3=S

T R 2 B -
A( 44 3)= Oo
Act—4-9—4-)3=Q=PAlJ
A(C 44 5)= Y

[FESSUSSNY W AU WPy %) S < R —— e e e e o e e e
AC 4+ 7)=R

ST X SO0 YO - 0 Y S~ S S _
AC 44 9)= Qe
Al—Se—1)=-21
A( 59 2)= S

e e B B0 3) = 2 . O U
Al Se 4)= Y

e e B B 4. B). 2 QAR — e et e o
Al 5S¢ 6)= Y
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AC 54 7)= Z2
A(_Sa_8)=_R

Al Se 9)= Z2

s A —B9--1.)=_O
Al 64 2)= 2e%Z1
(SRR . W (G _ 9 S 35 .o S

Al 69 4)= 2%P

A—Gv—5)=—2 %Y.
Al 6+ 6)= Q+U

A-(—-6-0—7)=0e
A( 64+ 8)= 2e¥Z2

Sy | W (N _ SO = I N & S
N=2

K=3
M=4

------------------ P=BEX (K-}
T=BEY(N)

Y 12 24 Vb — —_—

Q= 60*BEX(K)+4-*BEY(K)+BEY(M)+BEY(N)+2.*BEC(K)+BEC(M)+BEC(N)

————————t+4- ¢+ ¥ BEZ (K-}

R==2e¥(BEY(M)+BEY(K))=-BEC(K)~-BEC(M)-BEZ(K)~BEZ (M)
e G H o D 0 ¥ - BEYA NI +BEY-(K). ) =BEC(K.)=BECAIN)=BEZ (K )=BEZ (NJ) ... -
Y==4 ¢ ¥*BEX (K ) -BEZ(K) ~(BEC(N)+BEC(M) } /2~-BEC(K)~BEZ (K)

e Z1=(BECAK)HEICANI ) L2e4+BEZ(K) L2+ +BEZAN)L2 e
Z2=(BEC (K)+BECIM) ) /24 +BEZ(K) /24 +BEZ(M) /2

A-(—T-9—1-)=—T+U

AC 74 2)= Qo

A(—T-9—3)=--0e
Al 7+ 6)= Oe

e AT 44 )-=-SAR
A Ts 5)= Z14Z2

A—F-4—T7-)=—Q=P

Al 79 B)= Y

e AT 9= P
A{ 8+ 1)= Oe

e A B 2 ) B _TAN

. Al 8¢ 3)= Qo
e A B0 Q)= 21422
A{ 8+ 5)= S+R
e A __Bo_6)=. 21422 [ e ¢ e e e e
A( 8y T7)= Y
i A(.-B.4-8 )= Q4P - S e
A( Bs 9)= Y
A 94 1)=0e
A{Se¢2)=040
e A(—94..3) .= TH+U . - . . e -
A( 94 4)= Oe
i A - D g 5.) 2 2 e F (L1 AZ2) - S - U
At 99 6)= S+R
A9 7-)=— 20 %P
Al 9¢ 8)= Ze¥*Y
Y. ¥ - DU - 3 T « D e
PRINT 111
-1-1-1--FORMAT-(-1 LHMATRIX --A .. 18)- — - I B}
PUNCH 2e¢((A(LeJ)eJ= loNA)’l-loMA)
2—FORMAT-(3E16¢8)
CALL P13(DETRM)
SR o ¥ T Yo W 15 U 20 U —
102 W(I)=0.

——--1-03-DO ~T-J=1-+MA R

104 WD) =W(I)+A(L+J)
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105 Wi(l)y=w(I)*AR

7—CONT-INUE
31 CONTINUE
e PRINT- 4.4 4 e e

444 FORMAT (IOHINVERSE IS)

e PRINT -4 10 CCAC Lo ) s V=1 e NA) o L=t o MAY

41 FORMAT(3E168)

PRINT—333
333 FORMAT(21HDEFLECTIONS ARE )

e PRINT_ 510 (W1 (1) e 121 eMA) . ——
51 FORMAT(E168)

e} 06 -PRINT-_.1.64DETRM o e e e e e

16 FORMAT(14HDETERMINANT IS/E1608)

CALL—EXIT
END .
SN 7.4y 7 A, S

340003200701360003200702490240251196361130010200

Sy 2 T Y- YO SO0 U P
ZZFORXS

D-LMENST-ON-W-1-(25-)
DIMENSION A(25+25)¢B(25+25) sW(25)

e COMMON . A s MAWNA . B oeMBaNBoW. e e oo e

READ 1+4MAINA9 ((A(TeJ)sJd= IQNA)OI—IOMA)

e 1~ FORMAT-( 21 2/£( 3E 1608 )
AR=256.

CALL—P1-3(DETRM)
DO 4 I=14NA

e e M_.___...w.(~l_.,_=.o ° 0 PN
‘ DO 5 J=1+MA

e W) S WA R ) A T )
W1C(I)=w(I)*AR

5—CONT-FNUE
4 CONTINUE

— e PRINT—20((AlT-aJ)-eJ=1eNA) s =19 MA)
2 FORMAT(3E1648)

——reee - PRINT—6-0-{W-A-]- ) 0-] =10 MA-)
6 FORMAT(E168)

PRINT--333

333 FORMAT (36HDEFLECTIONS FOR DISTRIBUTED LOAD ARE)
e PRINT T3 -(WA- 1) 01210 MA ) S —

7 FORMAT(E168)

e AA=32 0/ 3 - - S—

BA=A(149)%AA

BB=A-(-24-9)%AA
BC=A(349)*AA

[ e BD=AL-4-99)FK AA e e e e e

BE=A(54+9)*AA

e BFEA (649 R AA-— e e
BG=A(7+9)*AA

BH=A-(8+-9)#AA
BI=A(9,9)*AA

e — - PRINT--9.09 e e e

909 FORMAT(29HDEFLECTIONS FOR CONC LOAD ARE)

e PRINT--99.¢8A+BBeBCeBDeBEWBF.«BGeBH«BI1

99 FORMAT(E168)

CC=1-6-4/3

QW=A(1+8)*%CC
e e AE R AL 2 4. 8.).%CC e —

QR=A(3+8)%CC

e QT2 A4 4-8)%CC —

QY=A({54+B8)*%CC

R
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QU=A(648)%CC
QI=ALT.48)%CC
QO=A(8+8)*CC
QP=A(9.48).%CC
PRINT 808
— _808_FORMAT{.33HDEFLECTIONS FOR _TWO=POINT_LOADING)
PRINT 88+QWsQE+1QR+QT+QYsQUIQT +Q0+ QP
88_FORMAT(E16e8)
PRINT 3+DETF 1
— . 3_FORMAT(E16.e8.)

CALL EXIT
—— e ——END ~
9 9
——— 3674094 T7EHO8—— = 7382004 8E4+07—-1-19261.07E+07
-e28214287£+08 e18171858E+07 «00000000E~-39
e 7 B6B 354 SE+ 0700 0000000E~99.—.—e.00000000E=99..... I —
~e73820048E+07 e 39126167E+08 ~73820048E+07
i g - 8171 BE BEH 0T = 0. 2821 4 28 TE+08- - --0-18171858E+07 ...
«O0000000E=-99  «78683545E+07 +000000Q0E~99
+ 23852214 E+0T7— = e-1-4764009E+08——e 37933557E+08
«00000000E~-99 e36343716E+07 —28214287E+08
it 0O Q QO O O OE~ 9 -0- 0000000 0E~F9 - — 7868354 5E+07- e e e e e
~+28214287£+08 e18171858E407 «00000000E~-99
+ 7441541 6E+08——0-12960144E+08———021-020476E+07
- ¢39940851E+08 0 26489488E+07 +00000000E~99
-*—f—1+8+¥+858E+0¥-ur288%4281E+08—~—++8+1L858F+ﬂ7
-212960144E+08 ¢ 78619510E4+08 —¢12960144E+08
~——fm—1264894885+07—m-a39940BSLE¢OBM~Wa26489488F+07
+«00000000E~-99 036343716E+07 —28214287E+08
e 0 B 204095 2E407- - =0.25920288BE+08 ___ +76517463E+08
«00000000E-99 «52978976E+07 =e39940851E+08
¢-157367.24E+08 +-00000000E =99 «00000Q00CE=99
- —e79881740E+08 «52979003E+07 «000C0O000E~99
@ 770534 75E4+08_ = 1552858 1E+08.._ __«25176363E+07
«00000000E-99 s 15736724E+08 «00000000E-99
T e52979003E407 .= 79881 740E+08._.. __«52979003E+07 .. .. .. .
- 15528581E+08 «82088747E4+08 =e15528581E£E+08
+00000000E =99 +«00000000E=99 15736 724E+08
«00000000E~-99 e 10595800E+08 =79881740E+08
e 503527 26E+07-—.—e31057162E+08_ . . 79571 L L IE+O8 o e e
22228 . . e e ———
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340003200701360003200702490240251196361130010200

27 u\n :

L IOD

ZZFORX5
i e D TMENS LON_W1 (. 25)) -

DIMENSION A(25425)sF(25+25) +W(25)
e e e COMMONL_ A s MA s NA I F e ME_ o NF_ o W B e . o

E=30e%(104%%6)
G=30-03( 1 0o #XE6)L2.e6

MA=9
NA=9

TPILL=1e/40

e BETRLXXBHE /(120 %e91)
DD=E*TPL/e91

FY=1 /44
=Y - 0-/--&

FX=1e/4e

Hx:ﬁ ° — -
ABY=6s

et e wy =6 o- - — - — PR
ABX=4.

v-/n

-

HY=4 .

e ALOAD =10 — -
AR=HY#*4 ¥ALOAD

DO~ 4-M=1-4 6 -
AM=M

AM= AMI‘

(U et oY i Vg

HZ=1e5+1e5%¥SIN (3e14159%AM)

— —PRINT-53+HZ — —
53 FORMAT (8HVALUE HZ/E16e8)

e AZ=HZATPL/2 e
BXY= (WX*TPLHHZ¥FX) ¥G¥* ( TPL.¥%¥2) / (3¢ ¥ABX)

BYX=CWYSTRLAHZEEY ) RGR(TRPLHEX2) £ (3.4 EABY.)
DX=(WX*TPL+HZ¥FX) *E/ABX
i DY S LMY X TPLAHZ ¥EY ) XE LABY. . —

EX=(AZ¥%¥2~(TPL/ 26 ) ¥%2 ) ¥*EX¥FX/ ( ABX%¥DX*%2 )
EY=(AZXR2=(TRL/2 ¢ ) ¥ X2 ) KEXEY /L (ABYXDY %20 ) . i

C=B+(BXY+BYX) /2
PRINIT-_555
555 FORMAT (70H DX Dy EX EY
1 C) e - -

PRINT 6+DXeDYIEXsEYC

RSO S - 0 1. Wa s 8] 0 = 3 = 0 O USSR

H=C+ e 3*EX*EY*DD+ ( EX4EY ) %%2% ¢ 7%¥DD/ 4 o

— BX=AHZ%RIAEXATRL ARSI FWXAEXREZHWXHETRL %1 20+ (HZ+ATRPL =2 o HEX ) #E2HHZXFEX#
136 )¥E/ (120 *¥WX)

e BY=AHZ%# X 3REY A+ TPL X BHUY AEYRH 2R WYHTRPLEL 2o+ (HZ+TPL=2 e ¥EY.) KX 2RHZREYH

136 )#E/ (12« %WY)

e PRINT-54-4BX e BY- 4 BXY. e BYX o - S R R —
54 FORMAT(13HBX BY BXY BYX/4E168)
AK=HY-£HX
AS=AKH*#2
e Q=60 R (BYFASKR2RBX ) ABe RASHH.
==l ¢ ¥ (BY+ASHH)

et rerererme -Gy 2 = G- e AS F L AS T A H-Yormice et et et et e e e e e~ R o e e e et e

T=2e¢ ¥ASH*H

—————— U= ASEX 2B X
v=8Y

e PRINTSS 0. Q0 R0 S 0 T 0 o e e e e e

55 FORMAT(13HVAL Q R S T U/5E16o8)

e e M= B3-S 000300 0.8 et e e e 1+ <o ot e e e o e

500 GO TO (30+40+50) M
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30 A(1+1)=Q-U~-V

A€ )=
NN ATY &Y ~d

A(1+3)=U

. N 0 T 0 S O O

A(1¢5)=T

U N G FO S 0 S T O S OO

A(ls7)=V

A{-1-4+-8)-=0-40

A(149)=040
e A 2021 ) =S S — S

A(24+2)=Q+U~-V

A(2¢4)=T

AL2+5)=R
AC2¢6)=T

ST W &~ X % 2 XY o 1Y o KNS, —— e s
A(2+8)=V

A2 2000 o e e e S

A(3s1)=2e%V
A(34.2)=2¢ %S

A(3+3)=Q-V

Y - W Q0. 30 3 35 751 @ J K © U U OO

A(3+5)=Z2¢%*T

A(3+6)=R
A(3+7)=0e0

A-(-3-4-8)=0-0
A(3+9)=V

S o T - -
40 Al441)=R

- A-(-4:9-2)=T R
A(4+3)=040

A-l-b-2-8-)-=QV=U
A(445)=S

e A(40.6)=U. -
AC44+7)=R

A(4.4.8)=T -
A(4+49)=060

A(S.e 1 )=T
A9l 4

A(5+42)=R

e AL 5.4.3).=T e U,

A(S5+44)=S

SESUNY . W o % T T o o 1 1 oY A OO —
A(5+6)=S
A-(S-97)=T
A(5+8)=R

ST . N G 2= B Y5 2SSO RNp P e e ke e i+ e o o e -
A(641)=000

e A B9 2) =2 0 R T - — S
A(6+43)=R
A-(-64-4)=2-3U
A(Be5)=2e%S

—————e e A (646 )-=Q+V. e e e e e e e
A(647)=0.0

e A B 9.8 20T e N e et et et e meeeene e e e -
A(6+9)=R
GO--TO0—4

S0 A(7¢1)=2e%*V

o AL 70232060 . - S e

A(7+3)=040

e AL T 04 ) =2 e ¥R [ —
A(T745)=2%*T
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A(74¢6)=040
AT T ) =0=U

vvvvv

A(7¢8)=S
Al Te9)=U
A(8+1)=040
A(S.02).520%\ e . e N
A(Be3)=0.0
A{-Be4-)=2¢*T
A(Bs5)=2¢%R
e - A (. 8.0.6.). 5. 2.0 %T
A(8e¢7)=S
A(8.¢8)=Q+U - -
A(8+9)=8S
A9 4-1)=040
A(9+2)=040
A(D.03)=2e*V. .
A(9D44)=060 -
ALD.05).28 T e . . e e e e e e
A(946)=2¢%R
AL e T7).=2 e XU
A(9e¢8)=2¢%S
A(9+9)=Q .
o 4 CONTINUE
e PRINT—1-1-1
111 FORMAT(!IIHMATRIX A 1IS)
PRINT -2+ (- CA(Lsd)eJ=l.eNA) e I=1 «MA)
, 2 FORMAT(3E168)
—_— - CALL—P1.3(DETRM)
: DO 311=1sNA
——  W(1).=000 -
' DO 7 J=1+MA
WL =W AL e J)
- W1CI)=w(I)*AR
—reee— 7 —CONTINUE
31 CONTINUE '
SR -1~ & X & S V.Y S OO .
444 FORMATC1C0HINVERSE 1IS)
PRINT— 41 ¢ (CA(LeJ)eJ=14NAYs I=]14MA)
41 FORMAT(3E168)
e PRINT 333 . - e
333 FORMAT(36HDEFLECTIONS FOR DISTRIBUTED LOAD ARE)
e PRINT. S1e(W1l(I)elI=1eMA) — I . e e e e
51 FORMAT(E168)
AA=32e/3e
BA=A(149)*AF
e BB=AL2+9)%AA___ R I . e
BC=A (3+9)%AA
e BDEACG DY A o e e
BE=A(S5+9)¥*AA
BFE=A-(-6-+9-)-%AA
BG=A(T7+9)%AA
e BH=A(B 9 9)RAA — e
BI=A(949)*%AA

........................... PRINT-909.- — e £ e et o e e
909 FORMAT(29HDEFI_ECTIONS F'OR CONC L.OAD ARE)

PRINT-99.48A+8B.4.8C+8D+.BE+BE «BG.+8H.4B1
99 FORMAT(E168)
R _CC=16 /30 - . e e e e e e
QW=A(1+8)%CC
e QE=A{2+8)%CC — e e e 1 i £ i o 2 e . e
QR=A(3+8)%CC ‘
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QT=A(4+8)%CC
QY-=A-(-54-8)3%CC
: QU=A(6+8)*CC
e QL=A(Te8)¥CC . s e
Q0=A(8+8)%CC
e AP B A D . 8 X C e I
PRINT 808
— e B08_FORMATA33HDEELECTIONS FOR TWO=POINT LOADING)
PRINT 88+QWsQEsQR+QT+QYsQU+QI1+Q04QP
- 88 . FORMAT(E168) e e e e e et e e ot e e e e e —enreen

PRINT 16+DETRM

16 - FORMATALGHDETERM INANT - LS/ZE L6 0 8o oo i e e oo e

CALL EXIT

END

N

zZzz728
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