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In the past, the analysis of plates using finite differences
has utilized artificial points lying off the surface of the
plate when assembling molecules for gridpoints in the vicinlty
' of the boundary. This method of accounting for the boundary
_conditions introduces serious errors 1ln the resulting molecules.

' The primery purpose of the finite difference plate analysis
presented herein is *o provide an accurate, systematic method

of accounting fcr boundary conditions when assembling molecules

for gridpoints in the vicinity of the boundary. Thls is done

by expressing VW at the gridpoint as a linear combination

of the boundary conditions for the side, the displacements at
neighboring gridpoints, and, if necessary, the values of Jq%w at
neighboring gridpoints., Fach of these quantities is expanded

in a Taylor series about the central gridpoint, and the coef= -
ficlents of 1like derivatives on each side of the above expression
for VW at the central gridpoint are equated. This will

result in a system of equations which can be solved for the
molecule at the central gridpoint. ‘

In addition to the above method of accounting for boundary
conditions, thls analysis also presents a method for computing
the bending and twisting moments at the interior gridpoints,
the principal moments at the interlor gridpoints, and the
bending moments, transverse shear force, and/or vertical dis-
placement, (depending on the particular boundary condition),
at up to 1000 points along the boundary. '
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Titlé:‘ Assoclate Professor of Civil Englneering
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A, INTRODUCTION
" One of the primery problems faced when analyzing thin
elastic plates using standard finite differences methods is
that of properly accounting for the boundary conditions in
assembling the moiecule fof gridpoints near the bouﬁdary: In
the standard method, artificlal gridpoints 1lylng outside of
the plate are created, As will be shown, thls could conceivab1y ‘
result in an 1naccprate molecule for fhe interlbr_éridpoints
in the vioinity of the boundarys o i

> To 111ustrate.this;'1et us consider a gridpoint such as -
point O in figure (1) which is located near the boundary of
a simply supported plate. The numbers in parenthesis in
figure (1) are the molecule for point 0 obtained using the
standard finite difference approach,

In order to evaluate thg accuracy of the standard finite
difference molecule Vv w at point 0 can be expressed as a
linear combination of.the surrounding points lying within the
plate, (The déflection at point 11 is dependent on that of the -
interior gridpoints and therefore doés not have to be considéred)3

Thié is expressed mathematically as follows:

3

| ) |
(1) Aolo + 5:. Alw; = Vi,
R 1)) '



where the A'é ai'e arbltrary constants. Each of the above
displacements can now be 'expanded in a Taylor Serles about
point, In this example, these expanslons will be up to the .

sixth derivative of the displacement at 0, and are as followss
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Now, 1f the standard finite difference molecule were
accurate up to the sixth derivative of the serles expahsions;

the solution of equation (3) would yield:s

Ao = 19 A6 ... 2
A =8 A =2 .
) 7
A ==8 A =2
(s) 2 | 8
A ==§ A =3
3 7 9
A ==8 A =]
i 10
A =2 A =]

which corresponds to the molecule given in Fig, (1)."
The constants given in (4) can be shown to 1dentically .
satlsfy the first 10 equatiotxs in (3). However, upon substitution

into the equation for W, xxxx s We haves

x(Ai=-8) + lX(A;t-b) + 1X(As*2) +1%x(Ae32) +|x(A1=z.)
+ht(Aa=z) +|6x(A.,= |) = |0 # gxt:.'l .

' ¢

Therefore; the standard finite difference molecule leads
to a contradlction in the fourth deiivative of the serles
expansion for the displacement at point O, Since the quantity
being sclved for 1s also afurth derivative term) (V'w, ); 1t
is seen that the standard finite ‘difference method gives molecules

%




for gridpoints in the vicinity of the boundary that are inherently

inscourate,

In view of the above falacles, the need for a modifioation
of the standard finites difference méthod 1s read.ily apparent.
Therefore, in what follows, a rew iype of finite diftereﬁc'e
technique for the enalysis of plates 1s proposed, This new
techm.que considers only polnts within the plate domain and,

' as will be shom, is well within the accuracy required. for a
_ satisfactory solution or the plate problem,
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'B. ASSUMPTIONS AND LINITATIONS
1, Snape of Platg
Thls analysis will be vallid for plates with up to 100
straight sides, but is not valid for curved plates.

2. Interior Conds.;' jons |
Any holes that exist in the interior of the plate are

made up of straight sides. Also, the theory i1s valid fo: ényi'
transverse loading distribution. | ’

3. Boundary Conditions = N
The'folloying boundaryﬂconditiohé can beAhandled'by»this.
analysiss ‘ |
a)_ Fixed edges
b) Simply supported edges |
c) Free edgea ' ) o N
d) Edges elastically restralned against retatlon .
e) Edges elastically restralned ageinst vertical
displacement | I
f) Edges elastically restrained against both rotation
and displacement
g) Edge of plate connected to free edsebeam
h) Edge of plate connected to simply supported edgebeam
In boundary conditions (g) end (h);}the centrold of the

edge beams is assumed to colncide with the center ofAflexuré
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4., Assumptions in Smell Deflection Plate TheorY |
a) Effect of deflections on bending of plate is negligitle .
b) 03, (normal stress in transverse direction), is

. negllsible?-" |
¢) The plate thickness 1s negliglible compared to any
representative length or width of the p1ate. g

d) The thickness of the plate i1s constant.' |
e) An infinite transverse shear rigldity is assumed.-
) St. Vennant beam theory 1s assumed vslid.

| 53 _:Lsnzssiss_sz_zls_s (see figure (z)) .( - e,
a) The plate will be in the x-y plane and all displaog.

ments, W, will be in the z direotlon. _
b) The positive direction along the tangent to each
edge of the plate will be such that the interior =
of the plate uill be on the left (+s direction)
¢) The positive dirsction of the normal to each edge ,
" of the plate will be pointing away from the interior '
of the plate.s (+n direction) |

6. Direction of Stress Resultents end aendigg‘mdmgntg |
| The positive directions of all stress resultants and

bending moments is glven by figure (3).

O 5 ¥ 04 A S APy A TEL TR s 105 N N il 5 N A A 0 0
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CHAPTER I
INPU

An example problem will be used to ‘explain the input.
It is seen that, although the exterior boundary and interior
contours can each have an unlimited number of sides, each side -
must be straight, and not ourved. This particular example haa

one exterior, and two interlorboundaries, and is shown in

Tigure (4)
1 Title Cards’

- The rirst card to be read in as input will contain the
name of" the deck, "Plate Analysis", and will be in the form

shown in figure (5a)
The next card will be a title card and will contaln the 5

name of the particular problem being considered. This name 1is

completely arbitrary; for example, the name of thls example
problem was éhosen to be "Ezample_Thesis Probiem, Superplate®.
The form by which the problem namelis to be punched on the
data card‘is shown in figure (5b). |
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2, pPlate Data And Connectivity Data _
The user will next read in the followlng constants for

the plates .
- a) DP = . flexural rigldity of plate (1ba'1n2/1n)
b) P OIS = polssons ratio |
¢) NS = total number of sides (= cornerpoints) (up
to 100 sides) _
d) NC=  total number of contours (no 1imit to this
~ number) | ” |

This will all be on one card, ag gshown in figure (6)..
~ The user then numbers all cornerpoints and sides arbltrarily
and, for each side, reads in the side nnmber, initial and
terminal points, and boundary conditlions of the sidg. There
will be one such carﬁ for each side in the plate, and the form
" of these cards is shown in figure (7). '
| Internaliy; this set of side data cards will be stored
as a connectlvity matrix MCONS (I)J) , I ; 1, -- by J =1 === N3,
in which the first row contains the side numbers, the seooﬁd
row contalns the initial cornerpoints—- for each sidé; ﬁhe third
row contains the terminal cornerpoints, and the fourth row
~contains the boundary conditions for eéoh side., Note that only
the first three rows are actually concerned with the oonnectlvity
~ of the various contqursf | |
' The method of boundary condition input and internal
storage are indicated in detail in Table'(l); (2), and (3).



Table ]
-Boundary Condition Input

BOUNDARY CONDITION o EEAD_IN

1) Fixed ended . X FIXED
2) Simply supported . . = A - SIMPLE SUPPORT
| 3) f;ee edges : o , FREE
4) Elsstically restrained IR
against displacement qnd rotation -~ ELASTIC

]

5) Edge of plate cqnnadted
to free edgebeam | ' FEEE_EDGEB
6) Edge of plate connected to

simply.supported edgebeam S SIMPLY SUPPOQEEQT _
| ' EDGEBEAM
Table 2
Internal Storage of Boundary Conditions . .. ‘
BOUNDARY CONDITION INPUT STORED IN COMPUTER ASs
FIXED : , g 1
. SIMPLE SUPfORT | |
FREE
ELASTIC | o

FREE EDGEBEAM
SIMPLY SUPPORTED EDGEBEAM

0N WM & W N




Formation of Connectivity Matrlx for Supérplate

R_INPUT: “ -

Side10  From4 t0o 10 FEEE

side3 ~ From8 toh | SIMPLE SUPPORT

Side 8 From 10 to 9 : FIXED

side 6  From § to 11 ELASTIC

Side & From 1 to 3 | FEEE

S1de s ~ From 2 tol - PIXED

side2 = From2te6 ELASTIC

Side 5 -~ From13 to 11 SIMPLE SUPPORT

81de 9 Prom9 to 8 FEEE EDGEBEAN

Side 14 From 3 to é, PIXED

Side 7 | From 5 to 13 - SIMPLY SUPPORTED EDGEBEAM
INTERVAL STORAGE IN COMPUTER: CONNECTIVITY MA

Side No. 10 3 8 6 & 1 2z 5 9 1 7
FROM CORNER PT » 8 110 5§ 1 2 2 139 3 5
7O CORNER PT 1o & 9 11 3 1 6 11 8 6 13
Bs €& 3 2 1 & 3 1 4 2 5 1 6

B .
e R
: 3 T S Ny .




3. Initiai Rearrangement of Connectivity Matrix

The computer will now determine successive cornerpolnta»'v
and sides using MCONS(4,NS) for each contour, check the
numbers of contours with NC, and will check that all sldes
and cornerpoint numbers have been used,

In the rearranged connectivity matrix, neighboring columns
(of'the ‘same contour) correspond to consecutlve sides; The

second and third rows arc rearranged so that the direction of

travel about each contour is consistent; the second row contains»

all negative adJointvcorners, and the third Trow containc all

positive'adjolnt-corners. The acfual direction of travelzfor“

an interior or exterilor contour (ie,whether clockwise or counter-.

clookwlse) 1s arbitrary. This initial rearrangement of the
connectivity matrix for this example broblem 1a.shownv1n
Table(Ba). ] | |

After rearranging MCONS(4,NS), the computer will form the

vector NSC(NC) (= number of sides per contour). For this

examples -
 NSC(1) = b
. Nsc(2) =3
0 msc(d) = | ;
4, Corner Point Input and Final Hear;gngemgnt of Connectivity

| ’The user will now input thé cornerpoint numbers MC(I),
I=1,----NS, along with thelr absolute coordlnates 1n 1nches,v
'CPC(K,I), k=1, 2, I—l,---NS. The order in which these corner-

points and their coordinates is read 1n is completely arbltrary.

A e . : : ) ’ ——— e
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A typical cornerpoint data card 1g shown in figure (8):

The manner in whidh this matrlx of cormerpoints and
ther coordlnates i1s stored internmally 1s as indicated in
Table (I)s |

The connectivity matrix will now be rearranged once
again, in order to coinclde with a coﬁsistent direction of
travel along exterlor contours and interior contours. These
assumed directions of travel and the corresponding rearrangement
of the comnectivity matrix will now be examined in detall.

: 'b] .!! ' o .
'

. Intermal Storage of Cornexr Point Data for Suge;glaﬁg

wet) 1 2 6 3 & 8 9 0 5 1 13
CPC(1,I) 4.8 18, 8.7 59 6.8 3152 30, M8 60. 605 W7e
opc(2;T) 240 bi 180 75 34,8 394 2k 2h2 55.7 bbb 5156
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a) The positive direction of a boundary is such that the
interior lies on the leit as one traverses the boundary.
This corresponds to the counterclockwise dlrection'for
ar. exterior contour and clockwise for an interlor boundary.'
Using this es a'guide; the computer will rearrange the
columns of the connectivity matrix such thats | _
(1) The exterior boundary occupies the first few columns
of MCONS(4;NS). |
(2) The second and thlrd rows will be rearrangeds 1if
necessary, so that the direction or travel about each
contour will be positive, Thls will correspond to a
counterclockwise arrangement of cornerpoints for the )

exterior boundary, and a clockwise arrangenent of cormer-

points for the 1nterior boundaries.

The criteria used in exemining the direction consists of -

determining the vlign of the area inslde a contour, as

described below, . | - ;

b) Positive Direction of Travel about Contours.

(1) Detetmine area under each cantour (An) '

A= TEXN (xp-xn)

where

P = cornerpoint positive adjoint (row 3 in MCONS)
N = cornerpoint negative adjoint (row 2 in MCONS)
(2) Determine total area of contours Ar(I)y, %= 1,-=NC

AC ZAn

- - —— - — - -
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£3) We now éxamine the sign of the areas  ,_ .
If AC(-), direction of travel 1s counterclockwlise
If AC(+), direction of travel.is clockwise
(4) We now examine the relative magnitudes of the ereas
of the contours, The coﬁtour with the largest
‘absolute,magnitude wlll correspond to the external
boundersys This contour will be moved to the left
go that 1t occuples the first few columns of MCONS(4;NS).
Examples o - o | a
AC(1) = +20
| ~ AC(2) = +15
AC(3) = +100 . ,‘
Since AC(3)  1s largest; it is the exterior boundary. The
dlrection of travel about this externsl boundary is clockwise
since AC(3) is positive., However, since the positive direction
of'trayel about an exterlor contour 1is eounterclockﬁise; oS
2 and 3 of contour 3 will have to be interchanged.
' AC(2) and AC(1) are also clockwlse since the sign of thelr
area is positive, However, since they are interior points:
the clockwlse sence 1# positive. Therefore, rows 2 and 3 of
contours 1 and 2 do not have to be 1nterchanged3.
See table (8b) for the rearranged matrix MCONS(4)NS) for |
the plate of figure (1) |
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- Table $a A -
Initial Rearrangement of" Connectivity Matrix .

Side Nos' 10 8 9 3 6 § 7 & 1+ 2 1

From Cormer '
Pt, 4 10 9 8 5 11 13 1 3 6 2
To Corner Pty 10 9 8 4 11 13 § 3 6 2 1
8.C4 3 1 5 2 &% 2 6 3 1 &k 1
First contour Second Third contour
contour .

'Side No.' y 1 2 14 16 8 9 3 6 5 7

From Corner ‘ : : '
Pt. 3 1 2 6 L 10 9 8 5 11 13

TQEbQOmer el 10 9 8 & 11 13 5§
B.C. 3 3 1 5 2 & 2 6

external internal , internal
contour contour contaur

- N
&£ O
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(¢) After rearranging the rows and columns as éhown
in Table (8b), the computer will now compute the

direction cosine and sine for each side in each

contour

For Side Is’
\ I
XP-XN .
[(XP-xN)® + (YP-YN)']*

~

cos oL = COSS(T)

YP-YN
[(XP-XN)? +(YP-YN}'T™

sinai = SINS(I)

where XN; YN are the second and third Tows in CPC(2;NS)
for the cornerpoint corresponding to the second row |
in the rearranged matrix, MCONS (4,NS), of Table (8b)s
XP, YP, are the second and third rows ln cPC(2,N8) .

PUEE FE . Lt e S O
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18«
for the cornerpolnt corresponding to the third
row of the rearranged connectivity matrixe |

Additional Information Data for Boundary Conditions
If an edge of the plate is elther elastically restrained,

connected to a free edgebeam, or connected to a simply supported

edgcbeam, additlonal structural constants must be read ing This

is done as followss

a) On the first ce:d in this sequence, the total number
of sides that are elther elastically restralned, connected
te a free edgebeam, Or connected to a simply suppotted
edgebeam are read in. This total number of sgldes for
addltional 1nformation is needed, (NSAI), 1is read 1n as
shown in figure (10a). | |
b) Two cards must now be read 1in for each side. The
first card will have the side number on it, and the
second card will have whatever additlonal information
is needed for: that side. 4
¢) The additionsl informstion for each type boundary
condition is read into the computer in thedfollouins
mermers |

1) If the sides 18 fixed, slmply suppofted; oxr free,

no additional information 1s needed.

2) For an elastically restrained edge, the quantities

SCR and SCD must be read in on the second card, where:

Lo ..t “‘.—_‘-’ ‘ . o e mmimam



-I9- _ |
SCR = rotational spring chStant’- (1%%;3)
SCD = translational spring constant - (1b/in?)
3) If the side 1s connected to a free edgebean, .
El, GJ, and HOR must be read in on the second Qardé
wheres | | | | |
EI = flexural rigldity of edgebeam about n axis (1b-1n2) N
GJ = torsional rigldity of edgebeanm (1b-1n2)
HOR = horizontal distance from shear cente r of edgebeam
to Junction of plate end beam (inches).
b) For a slde connected to a simply supported edgebeam
the quantlties GJ and HOR, defined as for a.free:
edgebeam, are read in. . |
See rigures (10b)=-(104) for the format of these data
cards.

oo : : ) -

6., Interior Grid Information

1nput

The interlor grid informatlon will now be read in; This
will be senerated in the following manners .

a) On the first card, the grid size in 1nches, ‘Hy the

totel number of intemal points; NP; and the total number
of loading conditlons, NL, are puncheds Thlstprogram has
a capaoclty of 1000 gridpoints and 3 1oad1ng conditions,

b) There will be one subsequent card for each 1nternal
gridpoint, The first item on a given card will be thq
absolute number of the glven gridpoint, wherevthe absolute
number is a four digit co-ordinate expressed as a multiple

of the grid size, H, The first two digits in the absolute
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number correspond to the ¥y coordinate, and the
second two digits correspond to the x coordinate of
the gridpoint, (Examples An absolute number or |
0203 means that the gridpoint has a ¥y coordinato of
oxH and end x coordinate of 3xH))
¢) The next 3 items on the gridpoint card will be
vertical load at the point per unit area (1b/in2)
ccrresponding to each loading condition. _
See figure (11) for typical interlor grid information
cardss . . | ' |

7+ Bea ement Gridpoint L1

| The computer now rearranges the gridpoints so that they
are nDW'listed parallel to the cmallest side of the rectangle
enclosing the plafef This will find to minimize the nidth.of
the band matrix 1n the final system.of equations,'

Now, let us defino MDIM as the maximum number of points

spaoed‘a distance H apart that can be placed along the shortest

slde of the enclosing rectangle aby Since this shortest slde

correspongs to the maximum possible width of the actual platey
it'foliows that MDIM is the maximum number of gridpoints that

can be spaced along thewldth of tne'actual plate. Sinco MDIM

will bc,important when solving the final system of equations,

i1t is now\computed and stored. o

8., Computation of Boundary Points »
" The computer now determines the points along the boundary



i

, -2]-
(thelr coordinates) at whlch the reactions wlll later bo
calculafed; | .
a) Determinatioh of numbexr of cornerpoints for a givon
side. |
1) The computer first determines the distance
between the 2 oornerpoints of the side, by using
thelr coordinates which have been previously read 1n. A
2) This distance is then divided by the gridpoint
spacing Hy and the result is truncated. | |
' 3) The mumber of equally spaced boundary points =
truncated result - 15 il
4) This process 18 repeated for each side)
Exemplet length of side = 9,0 ft; grid spacing =
7.0 in/
a) Divide by H: 9;Ox%gb = 15.4
AR

b) Truncatednresult =15
c) Number of equally spaoed boundary points on the
side = 15-1 =14 _ ,
b) Each interlor boundary point (except cornerpoints) 18
assigned the number zero. As an example, We consider

the plate of flgure (12).
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' ¢) The computer first 1lists the boundary points as
followss
LBPE = (a,o 0,0, 5,5,0 0,0,05050,14,1L,0, o,----etc.)
where |
LBPE = list of boundary points expanded
Note that each corner polnt 1s 11sted twlce-~ once for
each side that frames into 1t (see Flg. 13) .

"d) The ocomputer then 1ists the silde number corresponding
to each sucoessive point number ’ '
LBPSE = (11,11,11, 11,11 12,12,12 12,12,12, 12,12,19,19,19.eto.)'
where _ A '
LBPSE = 1ist of boundary points with respeot to a side
expanded | -
e) The'computef~then 1ists the x end ¥ coordinates of
each boundary pointé
‘XBPE-= (m=p=my==y==9==3 etc,) = x coordinates

CYBPE = (-mjmmj=ms=mj==s ete) =T coordinates
The successive numbers in XBPE and YBPE are the X,y
coordinates respectively of each successive boundary

point‘gi?en in LBPE

9, Problem Specified Card | _
The final input card in the data reads WPROBLEM SPECIFIED",

as shown in figure (13). This tells the computer that the complete

-set.of data‘haS'been read 1n and that the computations can now .

béglnr »




CHAPTER II

BOUNDARY CONDITIONS
The various boundary conditions discussed in Chapter I '

will now be formulated.

1) Fixed ended case ‘
The boundary conditions for a fixed edge ares

(2;1)' ws= %’ﬁ *0

where, from Fig. (14a), we obtalns

dw . dwgx d . . -
- dx.%?l + * 8 Ly SINK = WhyCOS

In Cartesian coorﬁinates; the boundary condltions corresponding
to a fixed edge ares ’
(2-2) weo0

(2-3) Wy SN = WhyCOSof, = 0

2) Simply supported case
The boundary conditions corresponding to a simply

supported edge aret

(2-4) Cwso

(25) Ma = S 4 08W =g



serpeests B

‘ -2l

§ ~ where -

?%i je identically zero at the boundary.
Now

fu. 2+ JAH = (e - g (YR

an* ox‘dn‘/an

SRS s e s R ol o

Performing differentiation

%}‘L}_ 3 Wy SINTL -zw,,ssme_t;.cosu;, +w.,g€»°5‘°ti.

Utilizing figure (14b) to evaluate ¥,

we gets

duw, duwdx ,_“Ad.! 00('4"01 .
ds' dxds"' 34 85 Why COS Ky hy SI ds:

dw dul)dx )

a5 g‘ (55)% &j( %) H

or,upon substituting for 63‘% :
é:‘.'.u 2. Ceray
35 3 Wx COSTA, + Zul,;.,'smoc.;cos«; ¥ WyysSindi

:0:

o9
Sle

Now, since

c2 Wiy SINWiCosKi T Wik Costeli +WiyySIntei

2.
Substituting into the expresslon for % "

dW = W + Uy
d“l .

[
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Therefore, the boundary conditions in Cartesian coordinates

ares
(2a6) o u.\ o |
(2_—7) Wy + Wyyy =0

' 3) Free Edges

The boundary conditions for a free edge ares

(2-8)  Mn = DP[%“n + \,6‘ ;]
(229)  Qu = DP[ o """’onas*] =0

It has been shown thats

a2 } o
%—-"‘::, Wyre SIN'L = 2UWlyxy SINL COS i + Wyy COS ki,

2 : :
3—;“,. W,xx COSKL + '?.u.l,ig SINKLCOSKy + u“"i'i sinto(

Therefore, the boundary condition in Cartesian coordinates

corresponding to Mn=0 takes the form:

(2-10) | w,ufsin«i + veostai] + wyyyfcostui +sinei) -

- 2Wyxy S1N % €OS oi (1=V)

In the boundary condition for Qpe sy We evaluate %—n'ﬂ-;



ass
M 3 Qwydx 4 4 (Swyd
o (SR T HERR
where
6_1_._ LK H éi s =050l

Substituting for 3

.
du W, s SN i -3w.;;:,sm’a-,cos«.-.+3m,;.,9s|ne<¢cos".:.;—w,mcos‘.(.'.

and -~ )

Now, evaluating anost
S (Fwy = & (Puw)dx :
on(5st) %585 + %,(‘3,9 ;’,n

Substituting for oW , dx , and 44 :
A | on

g‘r\%s 2 Wyky SIN o COS KL + Ld)xig[ZSII'I"c{{,COSe(L-COS’KL].
. /
2 wyuyy [ SINPeli - 25INALCOSIKL] - Ubyyy SINTALCOSLE

The effective shear now becomes:

Qne = DP[ Winkx SIN &L (SINL + (2-0)<08™i)
+W,xuy COSKi (351000 4 (2-0) (25107 - C05*))
+ W, vyy S\ L (3eos i + (R-V)(S\eLi —1cos‘,<L))

+ lWyyyy COSL (- cos*«i - (2.-\))<,.|n‘°(,_)]

- e ————
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wheres Sinol; + 2005t = 1+ coS™oi

~3SintR + ASINTdL - 2008°Ki = - 3cos’e
oot oy + 2SINTKL ~4-costhiL = Jsinteti =\
_costay, - 2sintely T 1= SNt

Therefore, the boundary condition in Cartesian Cooxdinates

corresponding to Qne = O becomes?$

(2 1i) Whver SN ol (14 COSH < (1 ~0)) + Whnay COSok(1-3CO8™L - 0(35In*di-1))

+ m,;g-,sme(c(‘wn‘di. -1=v(i- 3cos‘.¢d) * w.-,-,gcos«w\- sin -u(l-m

. - o

4) Elastic Support |
. The boundary conditions corresponding to an elastically

restralned edge ares

(2-12) - (scR a“‘
(2-13) Qne s - (sco)w

Substituting for Mn 5, %“‘._-‘-‘ and dividing thréugh by DP, the



first boundary condition becomes

Wy [SIN*AE +VCOST ) + Wyyy[costei + vEIntei]
(2-14)  ~*WiySA «iCosai (1-9) + sg-.g (W SN~ Wiycos i)

=0

Jubstituting for Qne and dividing through by =~ ©P ', the
second boundary oondition becomess |
W) g SIN a.,(n cos*-uu-u)) + Wy cosdti (1 3co5‘-<u-°(35m‘ i-1))

(2-15)
-»u:,u,-,sm«..(ssm ol =1~ o(l -3c05*di)) + w.-,,-,cosu..(-l SN (1-VY)

+(5g)w -

5) Edge of Plate Connected to Free Edgebeam
The boundary conditlons corz?e’spoxiding to this oase

ares

1) Twist of Beam = Mn + Qng(I-IO_R)

2) Distributed Load on Beam = Qre.
» We will work with the positive face of the beam when formulatlns
these B.C'S. Now, 1t was previously stated that S 1is
positive when the interior of the plate 1s on thelleft; and
‘n  1s positive when pointing outward from the plate interior.
‘Therefore, the positive face of the edge beam 1s as shown in

Figure (16a)

& b e o = * - m-enh eme e




a) Equilibrium Equations (See figure(16b) )

$Fe=0""
é.f.'.' +bs = (o]
2%
or A
(2-16) %%" -Qne ®0
£Ma= 0"
(2—17) 9.‘1'-‘-‘-’ -F =
35 : =0
$§T320:"

where t = Mnp + Qne(HOR)
{2-18) : ‘l;i‘.s':-“ 4+ Mnp + Qne(HOR) = O

Differentiate (2-17) and substitute (2-16)s

- a:_M.D." - , = 0
(2 19) el Qne

b) TFoxce dis lacement Relations

where, for compatibility to be

w satisfied, W) (beam) = Li( plate) at

(2-20) Mpg =-EIn d—;‘ thelr line of intersectlon



From eq'ns (2) and (5)3

-ET 63u.)

Torsional moment

(2—22) Msp = GJ'A_,&
0% where N = angle of twist of
beam

and

for compatibility to be satisfied

N(veam) = ° %U?‘-' (plate) at boundary
(2-23) 2 Jw
’ Mp = 67 Res

where ‘
GJ = torsional rigldity of beam

¢) Formulation of Boundary Conditions
Differentiate (2-20) twice and substitute (2-19)s

(2-24) ETn %%’. 4+ Qne = O
where . P
_ Jwyd
05(3?») - 3‘(69) ij 63)3%

= €05 ofj { uhenx cc:s‘o(-J x 2y SN COSj + Wyryysinj]

+51Nn d;[tumjcos off + 2W,x 35m dJ COSeofy + w.gggsm o(J]
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or ’
B = Wi COS’j + 3W,unyCOS'elj SINK) + 3 Ulxgy SIN“kj COS oy

* Wyugy SIN%ej -

Pw)- . (& )4
B(3) ¢ AR - A

Substituting for &% 4 and &
| 3s ’ B%’ 3'5@3

M = cos o | Wynuax Cosdelj + 3Wyxxxy COS'Yj SINKG + 3yx SIN*ofj COS oj
+Lﬂu~3\53 sin3« i]
450N dJ[ Wy xxy coS 0() +3 Wrxuyy C.OS o(J SI\'\JJ + Julxyyy Sin® o(J COSJJ
+, 444y sind d‘\]

- or a ' :
%52: = W,yuax COS‘e(j + 4\1.\;:1.1\3 C.OS’djsm olj: '*ew)n.ﬁajcostd‘,‘SIn‘dj
+4 Wryyy SINP) COSoy + Lhyyyy sinfd;

Substituting for Qne  and dividing through by DP; the
boundary condition corresponding to (2-24) becomess

Wy g SNl L1+ COS (1-9)] 4 Wiynycoskjf1- 308 - 0 (3sin'j 1))
(2-25) +w,1335\no(3[35ln“o(j-l-\)(l-3COS‘o(j)] + Wyyycosdj (~1-SIn'dj (1-0)) |
+EL/pp | Whrssr COS%; 4 w\m‘,(t}coqusnn«J) * Wivvyy (c,sm 4 CO8™d})

+UJ,1\13~5(4C050(J5‘H o(J) + LIJ,H“S\H JJ] =20




Differentiate (2-23) and substitute (2-18)s

o S S .
(2-26) GY S\'TSS" + Mnp + Qne(HOR) = O

vaere %‘%9 e Uyex SINe(j COS] + Wyny €05 o) (2-3c05™))
|  dulugy Sindj (3sintd; -2) - Wiyyy SINNj coselj

" gubstitute for :k:s’- and divide through by DP to obtain
boundary condition in Cartesian Coordinates corresponding to

(2-26)s
wyw [SIn* o + VCOS] + Whyy[cosij + osinty ] - Zu).tgsde COSdJ(\ -0)
: » '
(2-27) +b.\,m[GJ/DP SINj COS'dj + HORSINGj (1 + cos™j (1-0))]
coselj (2 3C08%(}) + (HOR) COSofj (1 - 3€08"(j - V(351N -1))]

+Lu)‘“3 {G:’/Dp
sindj (350 *j-2) + (HOR)SINelj (31 = =V (1= 5cos‘.g))] |

& w) ‘3‘1 [GJ/DP
-I-Lu.cﬂ';( G:I/Dpsm‘djc.oseg + (HOR)COS JJ( |-s\n’-.(J(| u))]

. ___0
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6) Edge of Plate Connected to Simply Supported Edgebeam.

The boundary conditions for this case ares

(2-28) S w=0 |

(2-29) Mn(pote) = Twist (beam) |

‘where, since %1--;‘.’_ =0 along boundary of plate :
" Mne = -DPlw ..'Q : (see B.C's for simply
e [ " "ﬂ ~ supported edge conditions)

From free edgebeam formulatlions

6T g-‘%sz + Mpp *Qne(HOR) = O

Second B:‘c'.'fbecomes (after dividing tprough by DP - )

Wyxex SIN} 15%p cost * (HOR)(H cos*«j (1- o))]
(2-30)  +wymy Cos oy [ GT/pp (27 3C0S ) + (HOR)(1-3C08™d] ~y(3sidj-1))
*Ulyryy SINd] [GT/DP(3S|n‘clj -2) + (HOR)(3sIn%(j -1 -o(1- 3cos’~.(3))]

*wij“?“(\[‘e’/ops\ﬂ‘o(j +(HOR)(-\-snnuj(\-o)")] |

- ‘_\O);ll + U.);Tj-) = 0
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, CHAPTER III
. AUTOMATIC ASSEMBLAGE OF

——___-_-*

. DIFFERENCE EQUATIONS AT THE GRIDPOINTS

The assemblage of the ‘molecules for the gridpoints on
the plate can be thought of as being generated bys
a) The boundary conditions (for those points in the
ioinity.of the boundary.) | -
b) The surrounding points in the 1nterior of the plate.
The manner in ihich the boundary conditions and ;nternal
gridpoints combine to form the molecule will now.be'describéd' .
in detally | |

1. Internal Points and Boundary Points
Each gridpoint in the plate 18 assumed to be affeoted |
by 36 other gridpolnts with relative numbers shown in figure (17)4
The absolute number of each of these surroundlng gridpoints
relative to that of the central gridpoint 1s glven 1ﬂ‘Table‘5.
The computer will first classify each gridpoint in the |
‘plate as to whether 1t is en interior point or a boundary point.
A boundary point is defined as a central gridpoint with one or
more of 1ts relative points shown in figure (17) 1lying off the
surface of the plate. Analogously, an interior point is a
central gridpoint that has all 36 of.1t54relatlve points 1ying

on the surface of the plates



If a point is classified as 1nter16r;vthe standard 6pe:ators
‘chown in figure (18) will be used, The remainder of this chapter
willkbe devoted to obtaining the finife difference mblecule

for a boundary point,

A S AN R B T o Oy S0 APk s I RN 530 A0 620 NS T 0
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. :

ABSOLUTE COORDINATES OF POINTS RELATIVE TO CENTRAL GRIDPOINT
Relative Absolute Relative | Absolute
Point Coordinate Point Cooxrdinate
1 LP(I) 19 LP(I)-201
2 LP(1)+1 20 LP(I)-98
3 LP(I)-1 | A . LP(I)+98
4  LP(I)+100 22 . LP(I)+202
5 LP(I)-100 | 23 - Lp(I)-202
6 LP(I)+101 24 LR(1)4198
7 LP(I)-101 25 - LP(I)-198
8 LP(I)+99 26 CLP(I)43
9 LP(I)-99 27 LP(I)-3
10 | LP(I)+2 4 28 LP(I)+300
11 - LP(I)=-2 29 LP(I)-300
12 LP(I)+200 30 LP(I)4103
13 LP(I)-200 3 LP(I)-103
1 LP(I)+102 32 LP(I)+299
15 1P(1)-98 33  LP(1)-299
16 LP(I)+199 34 LP(I)+301
17 | LP(I)-199 35 _ LP(I)=-301
18  LP(I)+201 36 LP(I)+97

37 LP(1)-97
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2. Boundary COnditiogs
| The method in which the boundary conditlions are taken
into account will now be explained,

Since the baslc plate equation( V'ws: %P ) is a 4th
order differenclial equation, 2 boundary condifions are needed
for each side. These boundary conditions (for a given side),
are classifled as followss

1) Simple Boundary Condition - Boundary Conditlion with

_-lower derivative C ,
2) Complicated Boundary Condition --Boundafy Condition
| wWlth highef derifative ‘ -
It 15 seen that each.side will have one simple boundary condition
and one complicated boundary condition: | |
The governing orlteria as to how many boundary conditions
will used ;n formulating the operator for a given central point,
1s the perpendicular distance from that point to the side of
| any contour. (see figure (19a))s '
Since the coordinates of the comer points .of each side,
.~ and the coordinates of the céntral point are given, di can
bé easlly computed,' . ‘ R
The magnitude of governs just how much influence thé
boundary conditions ﬁill have on the operator for thé centralA
gridpoint. Four cases are consldered:

(1) di > 2H: , .
No bdundary condition is formulated here.
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(2) J2H < di <
The simple boundary condition is formnlated at the
closest boundary point only, There 1s & maximum of 1
boundary condition for thls case (figure (19b)).

(3) H( di < VZH"

The simple boundary condition 1s formulated at the closest
.polnt and at points on either side of the closest point#»
a distance H away. There 4s a maximum of 3 boundary |
conditions for this case. (see flgure (19¢) )¢

() di<H: k ' ‘

P

The simple and complicated boundary conditions aro
formulated at the closest point, and the simple boundary
condition is formnlated at points on either side of tho
closest point, & distance H avay. There 18 & maximnm of
L boundary conditions for thls case. (see figure (194)).

Note that in cases (2); (3)) and (&), the boundary conditions

are formulated at points a, by end c only 1if these points 1lie
on the side. To illustrate, consider the central point shown |
1n figure (20)¢ , | |
Now; point Ci does not fall on side 1. Therefore, in
assembling the operator for central point x, we would consider ,‘
the simple B.C of slde 1 at poilnts al and bi, Also, for side J,
e would consider the simple B.C.'s at polnts aj, b), and cl)
and the oomplioated B.C. at bJ. 'This results in a total of 6
B.Cg s to be considered in the formulation of the operator at

point x.
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¢, Method of Formulgtion of M01gcu1es for Boundary Points,’

The method of determining the molecule for a boundary
point ocan best be illustrated by the example shown in figure -
(21);‘ In thls the boundary conditions and distances to the
sldea are given below: |

" a) BOUNDARY CONDITIONS:
Side 1: Fixed o
Side 231 Simply supported
b) DISTANCES TO SIDES
diz 0.62H - |
dz = 0.40H . o |
From the criteria of the previous section, the boundary conditions
to be conslidered in the formulation of the vy operator
at point 1 ares
ﬁé&lf b : W= 0 _
| . WySIf -Wwycosf, =0

C|: wao

by: ' Ww=0
Wk + Uhyy = O

Ca w=o
Slnce points Q) and Q; do not fall on sides 1 and 2

respectlvely, no boundary conditions are considered at these

points, Therefore, 6 boundary conditions to be inéorporated

N TS
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1nto the operator for point 1.

¢y, will be expressed as a linear combinatlon
of the boundary conditions: the displacements, W, at adjacent
poiﬁts; and if necessary, the values of Juw at adjacent points
(calied multi-point operators)s Each of these quantities will
be expanded in a Taylor Series about central point 1, The number '

of these gquantitles that are to be considered depends on Lo

desired accuracy, that isy on the order of the ™ aone=
vanishins derivative contalred in +* _a0n :
For the plate proble: _«xacy up to the. sixth derivative

1s desired, Therefore;, the first 21 terms in the Teylor Serles
expansion for Wi about the central gridpoint 1 must be 1dent10a;1:
catisfied. In order to setisfy these 21 conditions} Vi must
be expressed as a linear combination of a total of 21 boundary‘
condltions, displacements, and multi-point operators. -
| In general, there will be N boundary conditions in the
formulation of the operator for point 1. Therefore, we need
- 21-N interior condltions# in general. HoweveTy éhe‘oase nay
arise in which there are less than 21-N points lying in the
interior of the plated For thls case, the computer w111 procede
in the following manners .

1) Determine the expansion for the displaoement at

all points-adjacent to central‘point 1 iying in the

interior of the plate. : L | |

2) Multi-Point Operatorss: Determine the expansion for

:sﬁu. at as many“points adjacent to point 1 as are needed
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L

f,o bring the total number of 1ntérlor condltions to
21-N, The computer first expends v at the adjacent
point closest to 1, then at successively further points '
until enough interior points are considered, (We lmow
from the plate equatlion thet at any polnt m in the
interior of the plate; Vimz 32  where qm 1s the load
per unit at point m Yo ' o
‘Now this example has e total of 6 boundary condltionss
Therefore, an addltional 15 interior conditlons are needed in
oﬁe:‘that the error be in the s!.xth derivative of ‘the- expanslqﬁ:
" However, froin Fig'.' 21y it 1s seen that there are only 9 points
adjacent to point 1 1lying on the plate surface. Therefores '
| expensions for V'w at the 6 adJa.cent points nearest to point
1 will also have to be made. In equation (1) below, the coef-
ficients of Aw-An are the multi-point operators. |
The equation for V"m. can be wrltten ass

A (SMPLE B.C. AT Bl) + A2 (SIMPLE B.C. AT ) 'l"Ag(COMPL. B.C.AT BY)
'\'Aq(SIHPL.F. 8.C. AT B2) + As(SIMPLE B.c.AT cz).+ A;(éonPL. B.C. AT 51)
' (B-i) +A1Ld£ + AgWs + Aquy + AWz + Auwin *+ Anlly * A“S‘-‘-‘l‘)‘
Auwulyy + Atz *+ Au(3/pp) ¥ An(170P) + An(93/0¢)
*An(9/pp) + Aw(In/pp) * Au(% re)

= ¢*uh ., d'w Fun
T - ks N



=i}

where A;---Q ----- -Aay are constants, Note that since the
bound.arycoﬁd.itions are homogeneous, the coefficlents of;
A A Ae  1n equation (3-1) above, are Zexro.s

The left side of equation (1) 1s now expanded in a serles
about point 1 and the coefficlents of like derivatives of uk
on each side of the equation are equated., This results in
the required 21 equations necessary for the operator to be
accurate up to the sixth derivativé of the serlies expansion,'

Expanding the left side, we get
ey AT Al Ve e

o) 2 w2 S S
HAul: ] rrCE Ty R 7

which can be written in matrix form as

R

B ]
(3-3) ¢

(CO-EFFICIENT MATRIX)

W

cm—————- ?
—
~

—
o
e
c=OPO—0-"="00"
v~

-

ﬁ
>
kL

L !

Note that the first 6 columns of the coefflcient matrix




A_u3_

are the Taylor Seriés expansions for the boundary condltions;
the next 9 columns are the expansions for the displacements

at the interior points, and the final 6 columns are the expansions'
for V*w at thé 6 adjacent points nearest to w. ’

In addition to deflectlons, it 1s also dasirableuto

determine the bending moments, Mxx and Mgy, -and the
twisting moment, Mxy, at each gridpoint, This is .done in the
game way as previously described for deflections, We determlne
Mxx, Myy s and Mry .~ at point 1 as a llnear combination of

the boundary conditions, the displacements at ad jacent grid-
points, and, '{f necessary, the values of ¥lu et adjacent srid-
‘points, From this it 1s seen that the equations for the A'S

for these 3 cases will be of the same form as for the determinatlon
of deflections, In fact the coefficlent matrix for the A'S

wlll be exactly the same as in equation (3=3); only the right
hend sides of the equatlons wil; be different,

- In summary, we See that'for each interlor gridpoint, we

have 4 different sets of eq'ns for the constents = AL y 1
each for Vi DP R .E‘?q and 'ﬂol‘a . However the left
side of all 4 of these sets of equations jgs the same, only the

right side 1s changeds

T - h..a_f...
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In matrix form we have:
@ B « @
0 [s 88 8]
1 \ 9 0
- i 3 ? ==
(3-4) [C]{A} = {5 o P
o o) e i b
- o i it
it H i
o + ¢ i
O 6 & 0

where |

(a) 1s the right hand side corresponding to.‘fﬁh.
(b) is the right hand side corresponding to M“/DP.'
(¢) is the right hand side corresponding to Mﬂlpp.
(d) is the right-hand silde corresponding to Msy/pp.

D. Method of Obtaining Displacements and Bending ﬂomgnts ,
at Gridpoints,

1) For‘ boundary points, solve equation (4) for the constants
A, This corresponds to the molecule for these boundary
points., As previously discussed, the standard 13 point
operator of figure {18a) will correspond to the molecule
for the interior gridpoints. |

2) Since the molecules are now known for all -gridpoints,'j a
difference_ equatibn for Y= %% can be written at each
point, This will result in a system of NP equations in
NP unknown displacements, which can be solved using the

methods of Chapter IV,




3)

k)

b5~

Now, for boundary points, equation (3-4) must be solved

for a set of A'S corresponding te each of MuyMyys and Muye
The standard operators for these moments at interior points
are glven in figures (18b)-(184). |

One of the molecules for the moments are known. The actualu
values of Mxxe Myyo end My  at each gridpoint can
be obtalned by back substituting the displacements.

_szsziéss;xsis

‘ " It has been stated previously that the plate analysis _
described herein will be accurate up to the sixth derivative.

This accuracy will be satisfied except for the following

1imitations of the method.

a)

It is possible that, for a central point 1ocated very -
close to a corner of the plate, the 37 points given in
figure (17) will not give a sufficlent number of interior
conditions. For example, consider central point 1 as
pictures in figure (22). |

Assuming that the perpendicular distance from point 1 to

sides 1 and 2 1is less than H in each case, we have 6 boundary

'conditions.' Then, 15 additlional interior conditions are needed.

However, we see that only 6 points ad jacent to point 1 1lie in ’

.the interior of the. plate. Thus even if we consider both the

displacement expansion and meny Pint operator at each of these

“interior points, we get a total of 17 conditions - uhile 21
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are actually needed. Therefore, for the case of figure

(22), the error ln the analysis will occur in the fifth

derivative.

NOTE:

The case in figure (22)) is qulte extreme and 'probably'will
not occur often in praotloe"." . '

b) It is possible that one or more of the columns of the
coefficlent matrix § (in the determination of the A'S )
is lineaTrly dependent on the other oolu.mns. If this ocours,
it 1s possible that a solution for the A'S will rxot be
able to be found.- To sa.feguard agalnst thls, the computer
will determine 30 columns in G & and will consider the
first 21 linearly 1ndependent columns when solv!.ns for ¢
Since each column in 03 oorresponds to a Taylor Serl.es
expansion for elther the boundary condltions, displacements
at interlor points, or mul ti-point operators at the interior
points, thls means that the computer is making 30=-N expa.nsions
at interior points, instead of 21-N (Where N = number oF
boundary conditions)d
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CHAPTER IV

DETERMINATION OF FINITE DIFFERENCE EQUATIONS FOR REACTIONS

- AND/OR DISPLACEMENTS AT POINTS ALONG THE BOUNDARY OF THE PLATE

A, Quantities to be Computed at Boundary
The reactions and/or displacements at the boundary will

be coniputed at points listed in LBPE, whose coordinates are
given in XBPE and YBFE. The slde on wh_lch each point is

located is given by LBPSE.-

The actual qugntlties to be computed at each boundary point
depends on the boundery conditlon of the side on which the
boundary point is located. The boundary ondition for each
slde of the plate is given as input in MCONS(4,NS). For each
bouridary condition, the quantities to be computed at- each point
. along the boundary are as follows: | '

1) Fixed Edge
a) Bending Moment, Mn

w *uw
Mg = -DP[ -d-ﬁ.‘ + V —d—s"
duw

where, along the fixed edge, gg» 20-

Final expression for Ma  becomes:

(4=1) Mn = -DP[w,u * Uhyy)

- b G e e - -
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b) Transverse sheal,

—#

one = 0P [ 38 +2-0dY)

Again setting 5%%{ =0 along the boundary and substltuting

3
for 332’, o the expression for transverse shear
becomess

(Lj.-z) Qm = DP[III,;;,Sll'I‘dL: 5%::35"\‘&&605 «i *JQ,ﬂgS\ﬂdiCOS‘d&
-u..,“cos‘ut] _ . ' |

») Simply Supported Ed ’
The transverse sheaTs Qne wlll be the only guantity’computed
for this boundary condition. The express:.o_n js exactly the same

as that in the fixed edge.

3) F‘i'ee Edge _
The vertlical displacement, W will be the only quantity

computed for this boundary ~oond1tion.
L) Elastlcall Restralned Edge
(free edge with rotational spring and translational spring)

a) Restrained Against Rotation
The vertical displacement W and bending moment Mn

will be computed, wheres

(4=3)  Mn= SCR[WmSIN " Ly COS i)

. ‘ ~ _
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b) Res ti'ained 'Against Translation

The transverse shear,‘ Qne 18 to be computed end

is given by:
(k) Qe = - (5CO)W

5) Edge of Plate. Attached to Free Edgebgam
_a) Torsional Moment of Bea.m : '

Sw -
Msh 2 (’Ianos e:'[“(dn _g 359 3&]

or. upon substituting for 4. -9y
s UD ting m’ %g and 3

(4=-5) Msp = c,:r[u.\, x SINALCOS AL + Lhyyy (25IN'Ki=1) = UhyySIN ¥ COS “ ]

- b) Bending Moment of Beams B
’w
Mnb = -Elp as

or upon substitution:

(4-6) Mno = -Eln [w,,,'cos‘«;_ * 2W,xy SN COSel + Whyy S\n‘da]

¢) Shear of Beam: : : =
—_—— . : Adw
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(4=7) W= -EIn [m,m COPHi + IWuny oS i SINedi + 3Wayy SIN‘LL COSoLL

+ Uyyyy SNYelc)

d) compute transverse deflection, w.

6) Edge of Plate Connected to Simglx-Supported Edgebeam

a) Torsional moment of beams

(4-8) Mgy = GT [WhuuSINKiCOSHL + Wy (251N~ 1) - Whyy $INuico5 ki)

b) Shear/unit width of plate = Qnp -
(Distributed load transmitted from plate to edge beam)

(4-9) Qne= op[m,m SIddy - 3W,xxySIN*o( COSSAL + 3, vyy SN COS oli

|~ yyy €OS o]

B, Metshod of Computation of Boundary Quantities

This can best be jllustrated by an example. Consldef
point I in Figure 23, which lles along & fixed side J.

Slncenslde J. is fixed, fhe bénding moment, Mn o @nd the

transverse shear, Qpes Will be computed at point I. This is

% done in a manner simllar that employed in analyzing thelinterior'
gridpoints 1in Chapter III. - o o
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First, the force displacement relations are utilized
to express the moment and shear at polnt I as a function

of derivatives of the displacement at I

| a) Mp = 'Dp[uﬂt + m;'ﬂ']
b) Qn = DP[m.m SINeki - 3Wuay SINPALCOS (L +3 LhyuyySindi cos ol
~Whyyy cos‘«g,] |

Qo .end  Mp at point I will be determined as &
linear combination of the boundary conditlons, the displace-
ments, W , at the neighboring interlor gridpoints, and,
1f necessary, the multi-point operators, ( 9%w ), at
as many interior gridpoints as are needed to give thé desired .
aceuracy. The boundary conditions, displacements, and multi-
point operators are then expanded in a Taylor Series about ;goi.nt
I, and coefflclents of like derivatives of Wz on each side
of thé ‘equations for Qna 3 Mn ere equated.“’-

'I‘ovbe consistent with the formulation of Chapter III,
final accuracy is required up to the sixthderivative of the
Taylor Series expansions. |

a) Bbundary Conditlonss

For a fixed edge, the boundary conditions are:

Simple boundary condltion: w=0




-52-
Complicated boundary cbndition: Wy N o}, = U,y COSel, =20

Now, for all polnts on all sldes, the following

B.Ce's will be considereds .
| 1) Simpie toundary condition at point I.
2) Simple boundary condition at point A, a distance
above point I on side J

3) Simple boundary condition at point C, a distance

| below point I on side J. |

4) Complicated boundary condition at point I.
However, lnasmuch as point A lies off of side J, as shown
in figure (23), we cannot‘use the boundary conditlion at
this point. Therefore, we have 3 boundarv conditlons, and
need 18 additional interior tonditions to result in the
totel of 21 required for the desired accuracy.
b) Interlor Conditions |

The numbering of the polnts shown in figure (2§)
is determined by choosing the central gridpoint (relative
number = 1) as that 1ntéric: gridpoint closest to the |
‘boundary point I, The othef‘gridpoints to be considered
are those with the relative numbering given in flgure (17)
which 1lie in the interior of the plate.

From figure (23), it is seen that a total of 9 of
the gridpointé of figure (17) lie in the plate. Therefore»
expansions are needed for both w and v“us at all 9

of thesevpoints in order to result in the required 18
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interlor conditions. These expensions will be in terms

of the displacement at point I and all derivatlives of the
displacement at I up to the sixfh derivative, It oan be
seen that, in general, the difference in X end Y
coordinates between point I and the various internsal
gridpoints (A% ond. AY ) will not be integral multiples

of the grid size H , as was the case in Chapter III,

. The expansion for the moment at point I can be written

as follows:

AwarI) + AufwarC] + Aj[(Wnsine - Wiy COS o) ATT )

{

+Auuhﬁ{ﬁguk + AWy + Ajllis + AWz + Agly + Aoz
(4=10) = +Anwsy +Anugs + Aa(9/pp) + Aw(5/pp) +A«s(‘|'/o§)
+ An(@n/pp) + An (919/pp) + Aw(q33/pp) + An(935/pp)

= "DP[ Wr, ey + mz,gt’]

where, since the boundary conditions are homogeneous, the
coefficients of A,, A, and Ay are zero. Also note
that the coefficlents éf Aa-Azy are multi-point operators.
A similar expression can be written for the tiransverse shear
forces | |

As 1n Chapter III, the left side of equation (4=10)
is expandéd in a Taylor Serles and coefficients of iike |
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derivatives of the displacement at I 6n the left and right
sides are équated; From thig it 18 seen that the left
slde of the matrix equation will have exactly the same
coefficlent matrix for both the moment and the shear - and
only the rightASide of the equation will be different.

| In matrix form, the serles of equations cofrespondé :

1n.g‘ to equating coefficlients of like displacement derivatives .
can be written in the following form:

CEL Y ‘
_ o o
(4=11) lo o
. o o
[<1fe} -2
o
iy g , r
o wn;
0 -3sni«jCOS¢)
(o] 35in ofj COSN;
0 - CO83dL4
0O ©°
i
0O o -
- | /

in which column (a) is the right hand side corresponding

to Mn , and column (b) 1s the right hand side .
corresponding to an. .

- The coefficient matrix ¢ 1in equation (441) can

now be inverted in order to determine the A's for each

right hend side. Once the A's are known; the bending -

moment and effective shear at point I can be written




ass
disph-
Mn ATI = %ALNL + C
i I a ,
(4=-12) Qm al = 2:.A3mj +c,,

where C, and C, are the effects of the multl-p‘olnt

operators, and, once the A's are dete™ined, are lkmown

constants.
NUSES | : Aﬂlq‘/DP] *‘AHIQS/DP]'\' A [‘h/pp] + Aw‘_‘]nlpp]
+Ar| [‘ln/pp] + Au [q'./DP] + An[‘h.o/»] + A;o[qu/bp]
+ Au(935/0P] | | ’

The A's in equation (4-13) correspond to the first
hand side in equation (4-11). The e:presslon'for Cx
will be of the same form as (h~13), except that the Als
will correspond to the second right hand side in (4-11).
It is obvious that as soon as the deflectlons at the
interior gridpolnts are determined, the moment and shear at point
- I can be oomputed directly. This will be demonstrated in
'Chapter Ive -
As in Chapter III, 1t is desirable to have more than 21
columns in Q 1n.case eny of the columns are linearly dependent,
In faot, thc vomputer will calculate a maximum of 30 columns :

for  C » and will oonsider the first 21 linearly 1ndependent

~
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columns in computing the A's (as was done in Chapter II).
For this particular excmple, there is a maximum of 21 columns
in C . Therefore, if any of these columns are linearly
dependent, the error will result in the fifth derivative, rather
~ than the slxth, |

Finaliy; it 1s 1ﬁterest1ng to note that as the boundary
point approaches a corner, this plate analysis will glve |
results that are somewhat inconsistent with experimental
- pesults. Thls 1s because of the fact that the standard plate
theory predicts a;oqncent;ated corner force, whilé a. more
, graiual increase in reaotion 1nten81ty with decreasing

‘distance to the corner actually ocours:



CHAPTER V.

SOLUTION, BACKSUBSTITUTION AND OUTPUT FOR PLATE ANALYSIS

A, Solution of System of Pinite Difference Equations
The large system of equations involving the displacements

at each gridpoint as the unknowns will Be solved using a Gauss
elimination technique on the partitioned band-matrix. This
large system of equations is given by RDE(I) in the flowchart
for Link II. A detailed deseription of this method of

solutlon now followss

1) Band Matrix Character of System of Equations.
 In part I, 1t was stated that, in the solutlon of the

large system of equations, the gridpoints would be rearranged
parallel to the smellest side of the rectangle enclosing the
plate (upward & to the left). The reason for this will now
be explained.

Consider the plate shown in figure (24), and assume we °
"are wrliting the operator for point I in the interior of the
plate. -

It is seen that the shaded portion of figure.(zb)
corresponds to the maximum zone of influence of pelnt I; that
is, the gfidpoints conteined in this shaded-region could be
1nc1uded in the difference operator for point I, but all gfidi
polnts outside of %the shaded reglion will definitely not be
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included in the operatcs for point I.
Now, let us consider the form of the difference operator
for point‘Ié It was shown in Part I, that a maximum of MDIM
gridpoints can be placed along the plate parallel to the’
smaller sides of the enclbsing rectangle. Therefore, in
figure (24), a maximum of MDIM gridpoints can be placed along
the distances IA+BC, DE+FG, and HJ+KL, and 2 additional |
gridpoints can be placed along LN, Since the gridpointé are
to Be listediin the final system of equations from IA-BC-DE-~-
FG-HJ-KL-LN, we see that there will be a maximum number of
3MDIM+2 gridpointé to the right of point I in the final dif-
fefence eq'ns, Due to the symmetry of the shaded area of
figure (13); there will also be a maximum total of 3MDIM+2
gridpoints to the left of point I, resulting in a total of
6MDIM+4 terms in the diffefenée equation for point I. Thereforey
| we see that the final set for equations willl be in the form
of & band matrix, with the maximum width of the band = 6MDIMH,
‘See figure (25) for an illustration of the band matrix character
-of the difference equations.
. Now, 1t 1s seen that by listing the gridpoints parallel
ﬁo the shortest side of the enclosing rectangle; wevhave made
the final system of equations into a band matrix, and have
mininized the Width of the band., This will greatly‘diﬁinish
the complexity of solving thls large sjstem of simultaneous

equations.
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Observe that within the above band there will originally
be 3 corridors of zeros (corresponding to regions AA'+BB';
DE'=FG', and H'J+KL in figure (24)), However, since ‘these
corridors fill up once the Gauss Elimination procedure begins,
they cannot be utilized to shorten the amount of computation
required in solving the equations.

2) Gauss Elimination Procedure in Solving a Partitlongd
Band Matrix

Due to the extremely large size of the system, 1t 18
necessary to partition the resulting band matrix. A detalled
discussion of the mathematics invblved is glven in referenoe :
(4) & | |
B. Output for Interior Gridpoints for each loading condition

As previously described, the computer will first solve
the large system of equations for the displacements at the
‘ 1nterior points. | |

After determining the displacements, the moments Mxx’
Myy and Mxy at each gridpblnt can be computed by back sub-
stitution into the-appropriate difference equations, These_
moments will enable the englneer to determine the state of
sﬁress at any point in the plate. |
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Finally, the principal moments M, and M, and the angle
the maximum principal moment makes with the positive X axis,

¢, can be determined at any point oﬁ»the surface of the
plate. At any point on the plate, the stresses are glven bys

= 2 . s 6Myy Tewr d 6Myy
R L -

Since t (plate thickness) is constant, the bendins.aﬁd,»
twisting moments at'any‘p01nt on the plate are constant multiples
of the normal and shear stresses'respectively at that point,dn
the plate surfaceé |
From this, the'Mohr Circle Theory for combined stresses

“at a point on an elasfic body can be readlly extended to a
consider a point of "combined moment® at a point on a plate,
and can be utilized to determine the principal moments at
that point oﬁ the plate. |

It is now desirable to determine a sign conventlon for the
.Mbhr Circle for moments. The positive direction for moments
that has been used in the plate analysis i1s shown in flgure
(3). These moments will be assumed to be represented by the
| MohrJ01rcle of figure (26a); and byvthe moment veotoré of
figure (26b): | | -

~ The ﬁositive moment vector sign convention of Fig. (26b)
.cdrresponds to the dire#tions of the stresses on the bOttomv

fiber of the plate, caused by the moments shown in Fig, (30%5J
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From Fig: (26b), the following equations for principal

noments are obtalneds

" :. Mxx; M'j: _|_ {( Hi;;: M:,)‘L + M:.‘j]llz,

et () e )"

. a8 the angle

Now, from Flg. (260), we define the angle ¢
¢ 1s computed

that M, mekeswWth the positive x exis.

.:":rom’s _
- . | | . - 2 My
Max > Mg @ ¢"{MN[WVM“‘
' L A 2Myy
Myy > Mrx: ¢= LTAN ‘[ M“_WA

where ¢ 1s posltive if clockwise; .
For interior gridpoints the output will have the followlng
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forms ,
LOADING CONDITION 1 1
M

COORDINATE ?IS§L. %xx ? (MYY ) (MXI' ) ¥1 | ) (2 - ?gin)
: _ In l1b=-1n 1b=in) (1lb=in) (lb=in) (lk=in
in ;n in in n

0103 XX XXX xx XXX XXX XX = XXX

xXIXX xxx xxx xx . xxx xXX xxXx XXX

LOADING CONDITION 2
COORDINATE DISP, MXX MYY my M. M2 PHI
- (IN)  (1b-in/in)(1b=in) (lb=in) (1lb=-in) (lb-in)(RAD)
| ™m in in in
0103 b oo d powd XXX I = xxx XX XXX

xxx ... bood XX pood XX XX Ixxx

b) Boundary Pointé (for each loading'coﬁdition) |

Having determined the displacements at each interlor
gridpoint, the required reactions and/or displacgments at
each boundary point can be detefminéd by back Substitution _
“into BBPl(I); RBPé(I)g ﬁBPB(I); RBP4(I). Since the output
for each point depends on the boundary condition of the side
- where the point 1sv16¢atedi the output will bé of the follbwing'
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. _i‘orms

SIDE 15 FIXED EDGE

COORDINATE MN
(1b/4in) ~ (1n=-in/in)

= -
XX

pood XX
<X . XXX

SIDE 16 ~ FEREE EDGE BEAM

COORDINATE MSB  MNB FZ
(1b=in) (1b=-1in) (1b)
XXX po o pood xxx
XX XX pood xxx

DISPL
(in)

XXX
xxx
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D, Computer Programming of the Plate Analysis

In addition to the formulatlon of the plate analysis,
it was also-attempted to program the Input Phase and
Assembiage of Molecules Phase of the problem on an I.B.M,
7040 computer. The results of this programming effort will
now be described in detall,

PART I - INPUT, SORTING, AND PRELIMINARY CALCULATIONS

This phase of the programming effort is as described in
Chapter I. The flowchart for this link is given in figure (27-1)
and the source prﬁgram for fhis link is‘given in Section TEX-A.

It is 1mportant to note that this 1link, termed LINK1, makes
use of subroutine MATCH, a prevlouSly developed program, in
converting the boundary condition input (1n MCONS) to numeridal
data, Therefore, it 1s important to 1nc1ude a binary deck of
MATCH when loading LINKL on the odmﬁﬁter;

A feafure of LINKI is that it prints out all data.
pfeviously fgd in as input. Thls enables the user to cheok

his data fbr numerical mistakes,
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'PART 2 - AUTOMATIC ASSEMBLAGE OF DIFFERENCE EQUATIONS
Originally, 1t was intended to have thie portion of the

program assembled as one 1ink, the flowchart for which is
given in figure (27-2). However, early programming attempts
revealed that this original link far exceeded the storage
capacity of the computer. Therefofe, it was declded to breék
the 1ink given in figure (27-2) into two separate links. |

The first of these new links, termed LINK2,, wlll perform
the followlng calculations: : |

a) The computer first olassifies each gridpolnt on the

plate as to whether it 18 a boundary point or an interior

point, As described 1n Chapter II, the standard operators‘

can be used for interior points, while new moleeules will

have to be formulated for the boundary points, .

b) The perpendicular distance from the gridpoint to each

side in the plate is then computed. , .

¢) The computer then assembles that portion of the.

matrix corresponding to the series'expanslons for the

. boundary conditions of sides less than 2H away from the

gridpoint. It is assuméd that each gridpoint has up to

8 boundary condition expansions, :The total number of

these boundary condltion expansions, NBC, 1s also

computed. | ‘

d) Finally, that portion of the AW matrix corresponding

to the boundary conditions end the number of boundary

conditions, NBC, 1s stored on tape.
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e) In this link, 1f sense switch 5 is down, the compnter’
will print out the distance from the gridpoint to each
side, the number of boundary conditions, NBC, and the
first 8 columns of the matrix (containing the

~ boundary conditlon expansions.) If sense swltch 5 1s
left up, this printout wlll be deleted. ' |
The other portion of Part 2, termed LINK3® in the computer,

performs the remaining calculatlions involved in assembling

the gridpoint molecules as followss

" a) The computer assembles the standard molecules for all
interlor grldpoints. ' : : v .

' b) For boundary points, the portion of the AW matrix
corresponding to the boundary conditions is read in from
the tape on which it was stored. The remaining displace-
ment and multi-point operator expansions necessary to fill
30 columns in the AwW  matrix are‘then carried out.
¢) The right hand sides corresponding to W'W, Max, Myys

- end My are then filled in.

8 d) The Aw matrix is inverted to obtain the molecules for
Vi, Muxs Myy, ‘and May . These molecules are _fhen
stored on tape.

e) Steps (b) - (d) are xcpeated for each boundary point,
) Finally, the band matrix corresponding to the oalculatlon;

}'of the gridpoint deflections 1s assembled and stored. Due
to the 1arge size of this matrix, 1t 1s necessary to store

it on 2 separate tapes.
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g) In LINK3, if sense switch 6 1s down, the computer
will print the complete Aw métrix prior to 1its inversion,
If sense switch 6 is leftup; this printout will not h
- oocour, | |

The output for Part 2 consists of a'listing of the molecules

- for V) Muy Myy, and Mxy . for each gridpoint in the plate.

This program also computes and prints but the effective load for
each loading condition to which the plate is subjected, The
effective load at point I is computed ass |

. ‘bef{(l) i L anmé"(vqu-ﬂj

point
~ operators

The source programs {or LINK2 and LINK3 ai-e given in Section
»ix:-D".;‘ci.'.?"-‘-“. . | . . .

Ii:' réﬁains to program the portion of the plate analysis -
corresi)dnding to the computation cﬁ‘ reactions and displacemehts
along the boundary, and that portion of the analirsis that

inverts the band matrix and back substitutes to obtain the

moments at each gridpoint, However, the flowcharts corresponding

to these prhases of the analysls have been worked out and are
given in flgures (27-3) and (27-4),
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E. Conclugions
The followlng conclusions and suggestions for future

work can now be stated as follbwés

1) The finite difference plate analysis presents a far more
accurate method of obtaining molecules for gridpoints in

the vicinity of the boundary than does the standard method;
The actual criteria for distance from the gridpoint to each |
side.used'in this particular analysis 1s someﬁhat érbltrary;
however the method 1tself is systematic and theoreticallyA
sound, . : - '

2) The generality of plate shapes; loadings, and boundary
conditions that can be handled by this method of analysis
should render it invaluable as a research and analjsls tool.
Therefore, it 1s stroﬁgly recommended that the programming
of this plate analysis, begun as a part of this thesis, be

- continued to completlon.
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Peate JuwstraTing Banp.

Matrix _CHARACTERISTICS
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Fioure (25)
Coerricient Matrix, G, N
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Posimve Moments
Vector RepresenTATION
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INPUT. PROGRAM NAME, TITLE,
DP, POIS, NS, NC, MCONS (4, N9)

CHECK AND REARRANGEMENT OF
CONNECTIVITY MATRIX. CHECK NC.
FORM NSC(NC).

INPUT: CORNER POINT NUMBERS &
COORDINATES. CHECK CORNERPOINT
NUMBERS WITH CONNECTIVITY MATRIX.

SECOND REARRANGEMENT OF CONNECTIVITY
MATRIX. CALCULATE €OSS(1), SINS(D)

INPUT: ADDITIONAL INFORMATION.
DEPENDS ON BOUNDARY CONDITIONS.|

INPUT: GRID SIZE,H; NUMBER OF POINTS, NP|
INPUT: NL, LP(NP), Q(NP NL)

REARRANGE LIST OF POINTS VECTOR.
COMPUTE MDIM.

COMPUTE NUMBER OF BOUNDARY POINTS- MFIN
FORM LBPE(MFIN), LBPSE (MFIN), XBPE (MFIN).
YBPE(MFIN). |

{NPUT : PROBLEM 'SPECIFIED CARD

| Link 3 | |
Tneut, SorTiNG, PRELIMINARY CALCULATIONS

Fioure 21




DETERMINE RELATIVE GRIDPOINT
CLOSEST TO POINT I USE RELATIVE
NUMBERING SCHEME WITH THIS CL03!
GRIDPOINT AS_POINT

E KD+

ASSEMBLE COLURN K
OF Aw(21,K)

MI:0

NBC =K-||

CONVERT RELATIVE GRIDPOINT NO.
TO ABSOLUTE NO. (LPRA)

OF GRIDPOINT

KSTAR(K)2 ABSOLUTE NO.

OF GRIDPOINT

MOVE RIGHTHANG SIOE INTO
AW (21) 31+-38), (DEFENDING Ot
BOUNDARY CONDITION OF SIDE.

CALL JUDY OMN Aw(21,34). CALCULATE
Aus FOR EXTERNAL REACTIONS AND/OR
FOR DISPLACEMENT AT POINT I.

TOT(LD)= ;n, v'w,
TOTI(LD)r § Ax¥wi
TOT2(0) 1 § An T
TOT3(LD)= § An Pl

]

WRITE FINITE DIFFERENCE
EQUATIONS FOR ALL BC'S
WPTD 4"

RBPH(I) * £ Ajuly +TOT(LD)
RBP2(I) *  §Auuy +TOTI(LD)
RBPI(X) 2 § Amlin+TOT2(LD)
RBPY(L) * & An Wy + TOTI(LD)

INK

Dirrerence Equations For

TAYLOR SERIES, V9w

KSTAR(K!* -(ABSOLUTE Na.

CLASSIFICATION OF 6RIDPOINTS
Wcdls | INTERIOR POINT
LAQ)=2 BOUNDARY POINT

[CONVERT RELATIVE NO.TO
ABSOLUTE NUMBER- LPRA

[raveon serues, T5w]

TAYLOR SERIES, V4 |

WO. OF GRIDPOINT

]:sun (K)e usuwfl I KSTAR(K) - (ABSOLUTE.

NO. OF GRIDPOINT)

KNOWN.

USE STANDARD OPERATORS
FOR 0%, M, Myy, Pny
AT POINT I. . AJ'S ARE

SUR(LD)3 0.
SUMI(LD)10-
SUM2(LO)vo.
SUN3(L0)r 0

MOVE RIGHT HAND SIDES
FOR O'W, Mu, Myy, May
INTO  Aw(21, 3~ 34)

[CALL JUDY ON AW

;NW; = SUM{LD) - P*W CASE
LAVl 1 SUMICLD)- My cASE
FAa TWn = SUMZ(LO) - Myy CASE
§ Ao Ty 2 5UMI(LD) - Mey case

MOOIFY LOAD:! Q) v Q(I)~SuM(LD)

—y
OIFFERENCE EQN AT FOINT T
Z AW, *QQ)
POMENT € NS
RPOK(I) = § Amlin +3UMI(LD)
RNY(I) 2 LAsuwn ¢ SUM(LD)

RMIY(T) » £ Aplup +SUM3 (L)

Auromaric Assemaiace or DiFperance Esuations




SOLVE LARGE SYSTEM OF EQUATIONS

BY GAUSS-ELIMINATION ON PARTITIONED
BAND MATRIX. (AUGMENTED MATRIX 15
OF ORDER NPx(NP+NL).

SOLVE FOR DISPLACEMENTS AT
INTERIOR GRID POINTS '« W(NR NL)

Is=l

K]
[ ouTPuT: DisPLACEMENT, w ]

MAKING USE OF KSTAR(K), BACK-
SUBSTITUTE DISPLACEMENTS INTO:

RMX¥(I) TO GET Mu AT I
RMYY(1) TO GET MyyATT
RMXY(I) TO GET Mpy ATI

A
[ouTPUT: Brax), BMyy@), BMy)]

OUTPUT: PRINCIPAL MOMENTS:
- BMII), BM2(T)
ANGLE OF ORIENTATION :
PHI(I)

I:I+1 e

BACK SUBSTITUTION:
DETERMINE RBPI(I), RBP2(I).
RBP3(T), RBP4(I1)

OUTPUT: UP TO 4 REACTIONS,
MOMENTS, DISPLACEMENTS
(DEPENDS ON BOUNDARY CONDI-
TIONS FOR EACH SIDE)

|:-17'r

END OF JOB

Link 4
oruTion, Back-SuastituTion
ano_Ourpur
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A. Definitions of Symbols

}AC(I) = Total area enclosed by contour I,

Ay = Value of molecule at point 1 for a grldpoint.

AN | = Area enclosed by one side of a contour and the
x axis, . | |

A* - o= Augﬁented matrix of order 21x34 used when solving
for gridpoint molecules, S

- C = Coefficlent matrix to be inverted when obtalnlng
gridpoiht moleculés. | '
COSS(I) =  Cosine of angle between positive direction of
| | side I and the positive x axiss

CPC =  Corner point coordinates (in.).
dy = Perpendicular distance from the gridpoint to side
| | 1. .
‘DP =  Flexural rigldity of plate (1b-in?/in):
EI, =  Flexural rigldity of edgebesm about n axis (1b-1n?),
Fz =‘ Transverse shear force on poslitive face of edgebean
(1v). |
GJ = Torsional rigldity of edgebeam (1b-1n2) .
H = Gridp&int spacing (in). |
HOR = .Horlzontal distance from shear center of edgebeam
to fuhction of plate and beam (inches).
LBPE = List of boundary points (at which reaction, moment,
| end/or displacement will be computed.)

LBPSE Iist of sides on which each boundary point in

LBPE is located.
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Lp

= List of gridpoints.
ILPRA =. Absolute number of gridpolnt as obtained from
relative number ofvcentral gridpoint.
MC = List of oornerpoint numbers |
_MCONS = Connectivity matrix of plates; contains each side,
its inlitial and terminal cornerpoint, and 1ts
boundary conditlion, ‘
MDIM = Maximum number of points spacéd a distance H
apart'that cen be plaoed along the shortest side
of the rectangle enclosing the plate. }‘ .
M = ~ Bending moment acting on positive face of edgebeam.
Mnp = Bending moment of plate at Junotion of plate
| and edgebeam, _
Msb = Twisting moment acting on positive'faoe of
' | edgebeanm, |
Mxx,M&y =  Bending moment actling on the side of a plate
) element that is perpendicular to the x; y axis
respectively. | -
Mxy = Twisting moment acting on above plate element,
Mi’Mz = Principal moments acting on plate element.
- NC = Total number of contours in plate.
NL = | Total number of loading conditlons to be
| considered by the analysis (up to 3)
NP = Total nﬁmber of gridpoints on the plate (up to
1000,
N = Total mumber of sides of the plate (up to 1oo)
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NSAI = Number of sides for which additional informetlon
about boundary condltions is to be»read in.

NSC(1) = Number of sides in contour 1.

POIS, U = Poissons ratio of plates

Q,Ppe = Transverse shear stress resultant of plates

Qp = Distfibuted force per unit area acting on grid-

' point r, (1b/1n2).

SCD = Translational spring constant (1b/in/in).

SCR = Rotational spring constant {(1o-in/in).

SINS(1)=  Sine of angle between positive direction of
side 1 and positive x axis,

t = Thickness of plate (inches).

w = : Veftlcql d;splacemenbof plate.

XBPE,YBPE = Cartesian Coordinates of polnts along boundary at
which reactions,, moments, and/or displacements

willl be computed.

Cartesian coordinates of negative cornerpoint of

XN, YN =
a side of the plate.
XP,YP = Cartesian coordinafties of positive cdrnerpoint of
' a side of the plates . |
ol = Angle of inclination at negative end of slde 1
between side 1 and positive x axls,
¢ = Angle that principal moment M; makes wlth positive
x axls.
qu = Streségboint in plate in the 1 direction.,

n = Angle of twilst of positiveface of edgebean
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LINKI...-..-I-INPUTQ SORTING9

AND PRELIMINARY CALCULATIONS.

DIMENSION

"DIMENSTION

TITLE(12)
MCONS (45100

DIMENSION
DIMENSION

MC(100)
CPC1100,2)

DIMENSION
DIMENSION

LRPE(1000)
LBPSF(1000)

DIMENSION
DIMENSICN

XBPE({1000)
YBPE(10QN)

DIMENSTION
DIMENSION

COSsS(1nM)
SINS(100)

DIMENSTON

DIMFNSION

LP{1Nn00)
LPC(1000y

DIMENSION

QE100043)

COMMON TITLEsMCONSsMCsCPCsLBPEsLBPSEsXBPEsYBPESCOSSsSINSsLPSLPC,
1Qs INTSWs TFXQs INEXT 4NSsNCsNPsNLsMDIMsHsMFIN
DIMENSION AREA(33)

DIMENSION NSC(33)

DIMENSION SCR(100)

DIMENSION SCD(1G0)

DIMENSION EI(100)

DIMENSION GJ(1C0)

DIMEFNSION HOR(100)

DIMENSION JSIDF(100)

EXTERNAL LISTHLIST]

INEXT=1

GO TO (901,1001) s INEXT

C INPUT OF PROGRAM NAME AND TITLE OF PROBLEM.

901 I=MATCHILISTsKs1)
TF(I=5) 901,902,901
902 IF(K=3) 1001510014901
“1001 1EXQ=0 - 4
INEXT=1 ) i
TERR=0C
READ 254 (TTITLF(I)sT=1+12)
35 FORMAT (12A6)
PRINT 36 i o
36 FORMAT(1H1915Xs12HPROBLEM NAME//)

PRINT 37s(TITLE(I)s1=1+12)
37 FORMAT (20Xs12A6//)

C INPUT OF PLATE DATA.

1002 READ 1+ DPsPOISsNSLNC

1 FORMAT (6H DP = F15.2+3Xs7HPOIS =

1003 PRINT 1s DPsPOISsNSsNC -
C USE SUBROUTINE MATCH TO READ IN MCONS{IsJ)s AND TO CHANGE
C MCONS(4sJ) FROM ALPHABETIC TO NUMERICAL DATA
DO 600 J=1sNS
T=MATCH(LIST1sKs1)
IF(1-5) 4014601401
TFTK=7) 402,602,407
DO 603 L=1,3
T=MATCH(LISTIsK»2)
MCOMS (L o)) =K
T=MATCH(LISTLsKs0)

F54333Xs5HNS = [443Xs5HNC = 14)

601
602

6073




2y

- IOL"-

IF(K=3) 606+6054+606
605 I=MATCH(LIST1,Ks+0) ,
GO TO (6074015401 +4601960R401) 61
607 K=3
GO TO 6086
608 ,IF(K=5) 401+6064,40]
606 MCONS(44¢J)=K
GO TO 600
401 PRINT 63, J i
63 FORMAT(25H SIDE DATA ON CARD NUMBER, 15 s 19HIS IN WRONG FORMAT.)
STOP
402 PRINT 64
64 FORMAT(62H CARDS FOR SIDE DATA ARRANGED IMPROPERLY. EXECUTION DE
1LETED.)
_ STOP
600 CONTINUF
PRINT 56
56 FORMAT(////15Xs19HCONNFECTIVITY MATRIX//)
IF(NS=15) 1005,1005,41006
1005 PRINT 1009s (MCONS(1sI)s I=1,NS)
1009 FORMAT(/11Xs11HSIDF NUMBFR8Xs1516)
PRINT 1007s (MCONS(2sI)s I=1sNS)
1007 FORMAT({/5Xs25HFROM CORNER POINT NUMBER 1516)
PRINT 1008s (MCONS(341)s I=1sNS)
1C08 FCORMATI(/6Xs22HTO CORNER POINT NUMBERs2Xs1516)
PRINT 2001, (MCONS(4s1)s I=15NS)
2001 FORMAT(/7Xs18HBOUNDARY CONDITION$5X41516)
PRINT 21 :
21 FORMAT (1Xs///7/)
G0 TO 1011
1006 PRINT 1012 .
1012 FORMAT(10X»11HSIDE NUMBERs15Xs19HCORNER POINT NUMBERs15Xs
1 8HROINDARY) .
PRINT 2002
2002 FORMAT(36Xs4HFROM»13Xs2HTOs15XsSHCONDITION//)
DO 1013 T=1sNS
1013 PRINT 1014, (MCONS(Jsl)s J=1s4)
1014 FORMAT(16Xs13s13Xs13418Xs13//)
C FIRST REARRANGFMENT OF CONNECTIVITY MATRIX
1011 NCCHEC=0
NSIDFC=1
DO 1010 JSORT=1sNS o
IF(JSORT=NS) 10204103151020
1020 ISEFRCH=JSORT+1
DO 1030 ISORT=ISFRCHsNS
IF(MCONS(35JSORT)-MCONS(2,1SORT)) 10355104051035
1035 IF (MCONS(3,JSORT)~MCONS(34ISORT)) 103051036,1030
1030 CONTINUE
1031 NCCHEC=NCCHEC+1
NSC(NCCHEC)=NSIDEC
IF(NSIDEC=-2) 1900+1900s1050
1050 NSIDFEC=1 -
GO TO 1010 T
1036 ITEMP=MCONS(25sISORT)
MCONG (24 I1SORT)=MCOMS (34 ISCRT)
MCONS(3sISORT)=1TFMP
1040 DO 1060 ISWICH=1+4
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ITEMP=MCONS(ISWICH, ISERCH)

MCONS( ISWICH, ISERCHI=MCONS(ISWICHs1SORT)
1060 MCONS{ISWICHy ISORT)=ITEMP

NSIDEC=NSIDEC+1

1010 CONTINUE
DO 1802 I=1sNC

1802 PRINT 31s IsNSC(I)
31 FORMAT(/9H CONTOUR 14,3Xs17H NUMBER OF SIDES=14)
TF(NCCHFC-NC) 1910,107051910
1070 DO 1100 ITWICE=1,3

PO 1101 JTWICE=1sNS
DO 1102 KTWICE=1sNS
IF(KTWICE=JTWICE) 1110110241110
1110 IF(MCONS(ITWICEsJTWICE)Y—MCONS(ITWICESKTWICE)) 110251115,1102
1115 TF(ITWICE~1) 194041930+1940
1102 CONTINUE
1101 CONTINUE
1100 CONTINUE
LCLOSE=0
KCLOSE=1
PO 1120 JCLOSE=1sNC
LCLOSE=NSC(JCLOSE)+LCLOSF
IF (MCONS{3sLCLOSE)-MCONS(2+KCLOSE))19505112051950
1120 KCLOSE=LCLOSE+1
DO 1130 ICPRED=1sNS
C INPUT OF CORNER POINT NUMBERS AND COORDINATES
1140 READ &sMC(ICPRED) s (CPC(ICPRED,JCPRED) s JCPRED=1,2)
4 FORMAT(G6HPOINT 1693Xes2HX=F12e433X92HY=F1244)
JMCHEK=0
DO 1150 IMCHEK=14NS
IF(MC(ICPRED)—-MCONS (3, IMCHEK)) 1150,1160+1150C
1160 JUMCHEC=1 '
1150 CONTINUE
TF(JUMCHFC)19604196051130
1130 CONTINUE -
PRINT 57sNS
57 FORMAT(////15Xs21HLIST OF CORNER POINTS,//5Xs23HNUMBER OF CORNER P
10INTSs14/)
PRINT 59
59 FORMAT(10Xs12HCORNER POINT s13Xs1HXs18X9s1HYs18Xs/13Xs6HNUMBERS11X>
I11HCCORDINATESs8X s 11HCOORDINATES// /)
PRINT 58 {MCII)s(CPC(IsJ)aJ=192)sI=14N5)
58 FORMAT(14Xs13310XsF1l2e4s7XsFl2e4//)
C FINAL REARRANGEMENT OF CONNECTIVITY MATRIX
AMAX=0.0
JAREA2=0
DO 1170 TAREA=14NC
AREA(IARFA)=0.0
JAREA=NSC(IARFEA)
DO 1185 KAREA=1sJARFA
JAREA?2=JAREA2+]
DO 1181 TFIND=1sNS
IF(MC({IFIND)-MCONS(3yJARFA2))1182,1183,1182
1183 MAREA=IFIND
1182 IF(MC(IFIND)-MCONS{2+sJARFA2))11R1s118451181
1184 NAREA=IFIND
1181 CONTINUE
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1185 AREA(TAREA)=ARFA(TARFAIF¥(CPC(MARFAs1)~CPC(NAREAs 1) I ¥ (CPC(MAREAs2)+

1CPCINAREAS2)) /240 - '

IF(ARS (AREA(TIAREA)Y)}~AMAX) 117051170,1190Q
1190 IMAX=TAREA

AMAX=ARS (ARFA(TARFA)) ’
1170.CONTINUE

IF(IMAX=1) 11804+41180+1195"
1196 1s5UM=0

JSUM=NSC{ IMAX)

DO 1200 1=1sIMAX
1200 ISUM=TSUM+NSCI(T)

LSUM=ISUM-1

DO 1210 TI=1.4

DO 1220 J=1sJSUM

I TEMP=MCONS(TI+1SUM)

DO 1230 K=194LSUM

KSUM=1SUM-K
1230 MCONS(IsKSUM+1)=MCONS(TsKSUM)
1220 MCONS(Is1)=ITEMP
1210 CONTINUE

ISUM=IMAX-1

DO 1250 I1=1,1SUM

LSUM=IMAX-1
1250 NSC({LSUM+1)=NSC(LSIIM)

NSC(1)=JSUM
1180 DO 1260 TIFINAL=1sNC

IF(IFINAL-1) 1270,128051270
1280 IF(AREA(1)) 126045126051290
1270 IF(AREA(IFINAL)) 1290,1290,1260
1290 JFINAL=NSC(IFINAL)

IFTOT=0
DO 1300 KFINAL=1,T1FINAL

1300 IFTOT=IFTOT+NSC(KFINAL)
MFINAL=TFTOT-NSC({TFINAL)+1
JREEP=MFINAL
KREEP=IFTOT

1310 ITEMP=MCONS(1+JBEFP)
JTEMP=MCONS (4 s JBEEP )

MCONS (15 JBEFP)=MCONS(1sKBEEP)
MCONS (49 JBEEP ) =MCONS (4 »KREEP)
MCONS(1sKBEEP)=TTEMP

MCONS (4 4sKBEEP)=JTFMP
JBEEP=JBEEP+1

KBEEP=KBEEP-1

IF(KREEP-JUREEP) 1320+1320,1310

1320 KRFFP=T1FTOT
DO 1330 I=MFINAL,IFTOT
ITEMP=MCONS(3,KREEP)

MCONS (3 4KBFEFP)=MCONS(2,1)
MCONS(2sT1)=1TEMP

1230 KBEEP=KBEEP-1

1260 CONTINUE
DO 1350 IANGLE=1sNS
PO 1351 T1=1sNS
IF(MC(I)-MCONS(3sIANGLE)) 1352135341352

1352 [F(MC(I)-MCONS(2,TANGLE)) 1351s1254,1351

1353 JANGLE=I
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/

GO TO 1351
1254 KANGLF=T1

1351 CONTINUE
COSS(IANGLE)Y=(CPC(JANGLE»1)-CPC(KANGLE 1))/ (SQRT ((CPC(JANGLEs1)~=C

1PC(KANGLE 91) ) #¥%¥2+(CPC(JANGLE 2 ) -CPC(KANGLFE$2) ) %%2]))
1350 SINS(IANGLE)=(CPC(JANGLE s2)=CPC(KANGLEs2))/(SQRT ((CPC(JANGLE 1)-

1CPC(KANGLE91))**2+(CPC1JANGLE92)—CPC(KANGLE;Z))**2))
ADDITIONAL INFORMATION

READ 2020, NSAI
2020 FORMAT(8H NSAI = 13)

PRINT 2020, NSAT .
DO 2050 T=1sNSAI

READ 2021y JSIDFE(T)
2021 FORMAT(EHSIDFE 413)

PRINT 2021y JSIDE(T)
K=1

2022 IF(MCONS(1sK)=JSIDFE(I)) 20235202452023
2024 IF(MCONS(4sK)=4) 20284+202692025

2026 READ 2027, SCR{K)s SCDI(K)
2027 FORMAT(7H SCR = sF10e395X96HSCD = sF1043)

PRINT 2027s SCR(K), SCD(K)
GO TO 2050

2028 PRINT 2029, 1

2029 FORMAT(37H ADDITIONAL INFORMATION DATA IN CARD ,13,13HIS INCORRECT
193X 18HEXECUTTION NELFTED,) ‘
CALL CHNXTT

2025 IF(MCONS(44K)=5) 2Nn31,203152033
2031 READ 2032, FI(K),GJ(K)sHORI(K)

2032 FORMATI(6H EI = F1542s5Xs6H GJ = F154235X3s6HHOR = F8.2)
PRINT 2U324 ET(KJ)sGJ(K)sHOR(K)

GO TO 2050
2033 READ 2034, GJ(K),s HOR(K)

2034 FORMAT (6H GJ = F15.2+5Xs6HHOR = F842)
PRINT 20345 GJ(K)s HOR(K)

60 TO 2Nn50
2023 IF(K=NS) 2040,42(,28,2028

2040 K=K+1
GO To 2022

2050 CONTINUF
INPUT OF GRIDPOINT DATA

READ 55 NPsNLsH
5 FORMATI(3HNP=T453X,3HNL=1233Xs2HH=FB8a4)

PRINT 60
60 FORMAT (1H1515X923HLIST OF INTERNAL POINTS,//)

PRINT 414NPsNL _
41 FORMAT (5X»s25HNUMBFR OF INTERNAL POINTS;14,10X»28HNUMBER OF LOADIN

1G CONDITIONS,13//) -YALLi
PRINT 424H B

42 FORMAT (5Xs13HGRID SPACINGsF843//)
PO 1360 LSTRED=1,sNP

1360 READ 69 LP(LSTRED)» (Q(LSTREDsMSTRED)sMSTRED=1sNL)
6 FORMATI(I643F1244)

REARRANGEMENT OF GRTIDPOINT LISTING TO MINTMIZE WIDTH OF BAND
IN FINAL BAND MATRIX

1729 MINLP1=9999
MINLP2=9999

MAXLP1=0000
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MAXLP2=0000
IDIR3=1

DO 1730 1=1sNP
IF(MAXLP1=LP(I)) 1731173251732

1731 MAXLP1=LP(I)
1732, IF(MINLP1-LP(1)) 1733,1733,1734

1734 MINLP1=LP (1)
1733 KTEMP=LP(1)/100

JTEMP=LP{I)-KTEMP%*100
LTEMP=JTEMP*100+KTEMP

IF(MAXLP2-LTEMP) 1735,173641736
1735 MAXLP2=LTFEMP

1736 IF(MINLP2~LTEMP)1730451730s1737
1737 MINLP2=LTFMP

1730 CONTINUF
MIN3=MAX| P1-MINLP1

MIN2=MAXLP2-MINLP?
TF(MIN3~-MIN2) 1738,173991739

1739 IDIR3=2
MDIM=( (MAXLP1/100-MINLP1/100)+1)%3+2

GO TO 1362
1738 DO 1740 TI=1,sNP

MDIM=t( (MAXLP2/100-MINLP2/100)+1) %3+2
KTEMP=LP(1)/100C

1740 LP(I)=(LP(I)-KTEMP%100)*100+KTEMP
1262 DO 1720 JSORT=14NP

DO 1720 I=1,ITEMP
IF(LP(I)=LP{I+1)) 1720,1720,1701

1701 KTEMP=LP(T)
' DO 1703 IFT=1,4NL

1703 QTEMP(IFT)=Q(I,IFT)
LP{T)=LP(1+1)

DO 1704 TFT=14sNL
1704 QUILIFT)=Q(I+1,IFT)

LP(I+1)=KTEMP
DO 1706 IFT=1,sNL

1706 Q(1+1s1FT)= OTEMP(TFT)
1720 CONTINUE

GO TO (1749+1751)41DIR3
1749 DO 1750 I=14NP

KTEMP=LP({T11}/100
1750 LP(I)=(LP(I)~KTEMP*100)*%100+KTEMP

1751 DO 1702 J=1sNP
1702 PRINT 64 LP(J)s{Q(JsyMSTRD) sMSTRD=1sNL)

C DETERMINATION OF NUMBER OF EQUALLY SPACED POINTS ALONG THE
C BOUNDARYs THEIR SIDENUMBERSs AND THEIR COORDINATES
M=1

DO 2500 J=14NS

DO 2499 1J=1sNS
IF(MCONS(25J)=MC(1J)) 2499249842499

2499 CONTINUE
2498 X1=CPC(1Js1)"

Y1=CPC(IJs2)
DO 2497 IK=1,NS

IF(MCONS(35J)-MC(IK)) 2497+249642497
2497 CONTINUE

© 2496 X2=CPC{IK,s1)
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JION OF LENGTH OF SIDE J IN FEET

QRT((XI=X2)%*%2 + (Y1-Y2)#*%2)
MINATION OF NUMBER .OF EQUALLY SPACED POINTS ALONG SIDE J

DISTJ*#12.0/H
ENUM

'NMﬁTJ =NUM=1
| 2407;240792408

2607 ‘
2408 KTERM NMP T J+2

BNM=NMPTJ
DPTJ=DISTJ/(BNM+1.0)

DETERMINATION OF LRPE, LBPSEs XBPEs YBPE
DO 2400 K=1+KTERM

o IF{K=1) 239842398,2397
2398 LBPE (M)=MCONS(24J)

LRPSE(M)=MCONS(1sJ)
XBPE (M) =X1

YBPE (M)=Y1
GO TO 2390

2397 IF(K-KTERM) 2396,239552395
2396 LBPE(M)=0

LBPSE(M)=MCONS(1sJ)
XBPE(M)=XBPE(M=1)+DPTJ¥COSS(J)

YBPE (M)=YBPE (M=1)+DPPTJXSINS(J)
GO TO 2390

2395 LBPE (M)=MCONS(3sJ)
LRPSF(M)=MCONS(1sJ)

XBPE (M)=X2
_YBPE(M)=Y2

2290 M=M+1
2400 CONTINUE

2500 CONTINUE
MFIN=M=1

1699 I=MATCH(LISTsKs1)
IF(I=-5) 165141652,1651

1652 TF(K-3) 16543165341653
1654 PRINT 1656

1656 FORMAT (/13Xs88HTHE FINAL CARD,WHICH SHOULD BE A PROBLEM SPECIFIED
1 CARDsI1S MISSING OR WRONGLY FORMULATED//15Xs27HHOWEVER EXECUTION C

20NTINUES//)
INEXT=2

GO TO 1653
1651 TEXQ=1

PRINT 1657
1657 FORMAT (/10X436HMORE DATA IS SUPPLIED THAN REQUIRED.//)

PRINT 12
12 FORMAT(10Xs54HERRORS4AS LISTEDsHAVE BEEN FOUND IN THE SUPPLIED DAT

1A.//34H PLEASE CORRECT THESE AND RESUBMIT//57H EXECUTION PHASE DEL
2ETED IN ANTICIPATION OF YOUR NEXT RUN//11H THANK YOUe//////7/1H1)

1658 T=MATCH(LISTsKs1)
IF(I-5) 16584165951658

1659 IF(K=3) 16614165841658
1661 GO TO 1001

1653 IF(IEXQ) 170041700,1710
1700 PRINT 21

PRINT 11
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ATTIHL»10X+50HNC CONTRADICTIONS ENCOUNTERED IN THE SUPPLTED DA
5X,31HEXECUTION PHASE WILL NOW BEGINe////////7/10Xs8HRESULTS,. /)

CHNXTT -

PRINT 13 -
13 FGRMAT(5X959HTHE FOLLOWING BOUNDARY HAS AN INSUFFICIENT NUMBER OF

1STPES//)
DO 1901 I=1sNSIDEC

ICR=JSORT-1+1
1901 PRINT 184MCONS(1s1CR)

GO TO 1050
1910 TEXQ=1

PRINT 14 .
14 FORMAT(5Xs67HTHE NC GIVEN IS INCONSISTENT WITH THE SUPPLIED CONNEC

ITIVITY MATRIXW///77/7)
GO 70 1070

1930 1EXQ=1
PRINT 155MCONS(ITWICE,JTWICE)

15 FORMAT(5Xs21HTHE SAME SIDE NUMBERsI2s24HsI1S USED MORE THAN ONCE.//
1///7)

GO TO 1100
1940 TEXQ=1

PRINT 16sMCONS(ITWICESJTWICE)
16 FORMAT(5Xs29HTHE SAME CORNER POINT NUMBER,12,24HsI1S USED MORE THAN

1 ONCEL////7)
GO TO 1100 - -

1950 1EXQ=1
~__PRINT 17

17 FORMAT(5Xs39HTHE FOLLOWING BOUNDARY IS DISCONTINUOUS//5Xs43HTHIS B
JOUNDARY IS COMPRISFD OF SIDF NUMBERS-//)

1E=NSC(JCLOSE)
IBCE=0

DO 1951 '1=1s1FE
1951 IBCE=IBCE+NSCI(T)

IBCS=IBCE-NSC(IE)+1
DO 1952 J=IBCS,IBCF

1952 PRINT 18¢MCONS(TIsJ)
18 FORMAT(30X,16/)

GO TO 1120
1960 TEXQ=1

PRINT 19sMC(ICPRED)
19 FORMAT(5Xs17HTHE SIDE NUMBEREDsI4s84H MENTIONED IN THE LIST OF BOL

INDARY POINTSsDOES NOT APPEAR IN THE CONNECTIVITY TABLE.//)
GO TO 1130

END

LISTS FOR SUBROUTINE MATCHesessLINKL

$IBMAP LISTS REFsLIST
ENTRY LIST

ENTRY LISTI]

LIST1 DEC 7
BCT 1sOFIXFD
BC1I 1,SIMPLE

BC1 1,00FREE
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_(No Pa. \\{7

LINKZ.........EXPANSIONSFOF BOUNDARY'CONDITIONSo

—

DIMENSTON
DIMENSION

MCONS(44+100)
€0s5(100)

" BIMFNSTON SINS(100)

DIMENSION

AW(21+12)

DIMENSION
DIMENSION

GJ(100)
SCR(100)

DIMENSION

DIMENSION

SCD(100)
EI1(100)

DIMENSION
DIMENSION

HOR(100)
TITLF(12)

DIMENSION
DIMENSION

MC(100)
CPC(10042)

DIMENSION
DIMENSION

LBPE(1000)
LBPSE(1000)

DIMENSION
DIMENSION

XBPE(1000)
YBPF(1000)

DIMENSION
DIMENSION

LP(1000)
LPC(1000)

DIMENSION
DIMENSION

Q11000+ 3)
KSTAR(30)

DIMENSION

MJ(100)

COMMON TITLE;MCONS9MCyCPCoLBPEsLBPSEyXBPEyYBPEyCOSS’SINS§LPoLPCQQ'
lINTSWaIEXQiINEXT’NS,NC9NPQNL9MDIM’H9MFlN95CR9SCDoDP9POIS;EI,GJ9HOR

REWIND 1
CALL CLGRDI(LPsNP,LLPC)
DO 3089 I=1sNP
NOBC=U
‘DO 3044 1T=1,21
DO 3044 JT=198
3044 AW(ITsJT)=0,
[FICPCIT)I=2) 4445545014445
4501 K=1
DO 3090 JSIDE=1,NS
CALL DIST(CPC.H,LP,I-MCONSoJSIDEsD,XDoYDoXI.XZaYloYZoX3oY3¢NSoMC)
CALL SGWTCH(59KK) - :
IF(KK=2) 55095539563 :
550 PRINT 551 LP(1)sMCONS(1+sJSID:) D
551 FORMAT(//20H DISTANCE FROM POINT»I15+8H TO SIDE»I3,2H =9F12e4/7/)
PRINT 5529 XDsYDsX19X29Y1sY2
552 FORMAT(19H XDsYDsX1sX2sY15Y2=6F12e4//)
553 [F(D=-2e0%H) 450893091,3091
C SINCE D LESS THAN 2H,»BOUNDARY CONDITIONS FOR SIDE
4508 KD=1 , e _
3110 IF(KD=2) 3120,4509,4510
4509 XD=XP+H*COSS(JSIDF)
YD=YD+H*SINS(JSIDE)
GO 10 3120
4510 1F(KD=4) 4511945094509
CTTAEE11 XD=XD=-2.0%¥H#¥COSS(JSIDE)
 YD=YD-2eV#H¥SINS(JSIDE) ~
CTTUUCHECK TO SEE TF XDeYD ARE ON SIDE
3120 IF(ABS(SINS(JSIDE))-0,707) 3180,5318053150
3180 IF(XD=X11 3200321093210

JSIDE ARE NEEDED




A3

2033230,%2305

) 3230 ,3220,3220
YD ARE ON SIDEs

EXPAND BeCe AT THIS POINT

INTO AW MATRIX

c= cosécJSIDéd

S=SINS(JSIDF)

SADEY

= (KD< 4 46005 4700+4700
GO TO\(4601946u1,4603,460494605,4601), LYNN

SIMPLE BC. FOR FIXED EDGESs SIMPLY SUPPORTED EDGESs AND
FOR: SIMPLY SUPPORTFD EDGEBEAM : T

AWl 9K)=10"
AW(29K) =ALFA

TAW(3sK)SBETA
AW (4 sK)=ALFAXALFA/ 2,

CAWAL5sK)=ALFAXBETA
AW(63K)=RETA¥BETA/ 24"

CAWL TsK)2(ALFA®¥3)/65% .
AW(BsK)=ALFA*ALFAXRETA/2.

"AW(9s LFA¥BETA%RETA/2.
~ AW(10sK)=(RETA%%3) /6.4

AW(11sK)=(ALFA%*4) /24,
AW(12sK)=(ALFA%**¥3)#BETA76.

AWLT3.K)=(ALFA**2y%(BETA*¥2) /4,
AW(14,K)'ALFA*(BETA**3)/6.»

AW({15sK)=(BETA*¥4) /244
AW(16 9Ky =(ALFA*%5) /120,

AW(L7sK)r=(ALFA¥*4 ) %*BETA/ 24
AW(18sK)=(ALFA**3 )% (BETA%¥%2)/12

AW(19sK)=(ALFA#*2)% (RETA¥*%3) /12,
AW(209K)=ALFAX (BETAX%4) /24

AW(21sK)y=(BETA%%¥5) /120,
GO ‘TO 4710

SIMPLE BC FOR FREF ENGE
AW (4 sK)y=(SH%2 Y+POTSH* (CH*2)

AW(5 9K)==240%S*(C*(160~-POIS)
AW (69K )= (C*%*2 ) +POISX (S*¥%2)

CAWET 9K ZALFA*RAW (49K )
AW(8 oK) =BETA*AW (4 yK)+ALFA¥AW (54K

AW (G oK)=BETA¥AW (5 yK ) +ALFAXAW(64K)
AW(TOsK)=RBETA¥AW(64K)

AW(11 oK) (CALFAX®2 ) %AW 49K) /2
AWL12 9K ) =ALFA*BETA*AW (49K) + (ALFA%X2)¥AW(5sK) /24

AW(13sK)=(BETAR®2)KAW(4sK)/2e + (ALFAX¥2I¥AW(65K) /2
1+ALFA%BETA*AW (59K )

AW(1&4sK)=(BETA¥¥2)¥AW(5sK1/2e + ALFA*BETA¥AW(6,K)
AWLLS5 oK)= (BETA%X%2 ) %¥AW(6sK) /2

AW(16sK)I=(ALFA%X%3 ) %AW (4 sK) /6
AW(17sK)=(ALFA*%2) ¥BETA%XAW (4 9K) /2e + (ALFA*%3)%¥AW(D5sK) /6

AW(IBsKI=ALFA# (BETA¥¥2I¥AW(45K)/ 2+ + (ALFAXX3IX¥AW(65K)/Cs




.-uq?

1+(ALFA**?)*BFTA*AW(59K)/2.

AW(19sK)Y=(RETA¥%3 ) *¥AW(49K) /6o + (ALFAX*¥2)*¥BETA*AW(64K)

c

1+ALFAX (RFTA®*2 ) *AW(59K) /2 :
W(?OsK)—(BETA**ﬁ)*AW(59K)/6. + ALFA¥(BETA¥#2)¥AW(6sK) /2

4604

AW(Zl9K)-(BFTA**3)¥AW(6’K)/6o
GO TO 4710

T SIMPLE BC FOR EDGE WITH ELASTIC RESTRAINT
SPR=SCR(JSIDE)/DP

TM1=5*#S+POIS*C*C
TM2==2,0%S*C*(1-POIS)

TM3=C*#C+POIS*S*S
AW(24K)=SPR#S

AW (3 9K)==SPR*C
AW (4 9K)=TM1+ALFA¥*¥SPR*S

AW(E,K)=TMo+BETA%SPR¥S—ALFA¥SPR¥C
AW (6 oK) =TM3=BFTA%SPR*C

AW(79KY=ALFA*TMI1+ (ALFA*%2) ¥SPR¥*S/2,
AU(89K)’BETA*TMI+ALFA*TM2+ALFA*BETA*SPR*S—(ALFA**Z)*SPR*C/Z.

AWI( G, ‘)_ALFA*TM3+BETA*TM2+(BETA**Z)*SPR*S/Zo‘ALFA*BETA*SPR*C
AW(10sK)=BETA*¥TM3~ (BETA%%2)¥SPR¥C/2.

AW(11sK)I=(ALFA¥#2)%#TM1/2 e+ (ALFA%¥3)¥SPR¥5/6.
AW(129K)-ALFA*BETA*TM1+(ALFA**Z)*TNZ/Z +(ALFA®*%2 ) #BETA*SPR¥S5/2

1-(ALFA®%3)%SPR%C/6,
AW(13sK)=(BETA*¥%¥2)#TM1/2, +(ALFA*%2)%TM3/2,+ALFA¥BETA*TM2

T1+ALFA¥ (BFTA#¥2 ) #¥SPR*5/2 4= (ALFA¥%2) *BETA%SPR¥*C/ 24
AW(14;K)-ALFA*BFTA*TM3+(PFTA**Z)*TM2/2.+(BFTA**3)*SPR*S/6.

1-ALFA¥BETAXBETA*SPR*C/2e
AW(159K)=(BETA#¥2)%#TM3/2,~ (BETA%#3)%SPR¥C/6e

AW(16sK)=(ALFA¥%#3)%TM1/6 o+ (ALFA%*%4) XSPR*S5/ 24
AW(1T7sK)=(ALFA%#2 ) ¥BETA%XTM1/2 e+ (ALFA*%3)%TM2/64

1+ (ALFA®¥3)*BETA¥SPR¥5/6e~(ALFAX®4 ) *xCXSPR/24.
AW(18sK)=ALFA* (BETA*%2)#TM1/2e+(ALFA¥%3)¥TM3/64 +(ALFA**2)*BETA*TM2'

1/2« + ((ALFA*BFTA)**2)*SPR*5/4.—(ALFA*¥3)*BETA*SPR*C/b.
AW(19sK)=(BETA*¥%3)%TM1/6 e+ (ALFA¥¥2 ) ¥BETAXTM3/2, +ALFA% (BETA%*%2) %*TM2

1/2.+ALFA*(BETA**3)*SPR*S/6.-((ALFA*BETA)**Z)*SPR*C/é.
AW (20sK)=ALFA¥ (BETA*%2)¥TM3/2, +(BETA**3)*TN?/6 +(BETA**4)*SPR*S/24

1o—ALFA¥ (RFTA%¥%3)%SPR*C/6,
A“(21sK)-(BETA**B)*TM3/6.-(BETA**A)*SPR*C/24.

GO TO 4710

SUPPORTED FDGEBEAM
Tl==(S*S+POIS¥*C*C)

SIMPLE BC FOR FREE EDGEBEAM AND COMPLICATED BC FOR SIMPLY

T2=2,0¥S5%#C%(1,=-POIS)
T3=—(C*C+POIS*5%5)

T4=GJ(JSIDE) ¥S*C*C/DP +HOR(JSIDE)I*S* (1. +C*C*(1.—POIS))
T5= GJ(JSIDE)*C*(Z.-3 0%#C#C)/DP +HOR(JSIDE)#C*(1e=3e0*CH*C

1 ~POIS*(340%5%5=10)).
T6= GJ(JSIDE)*S*(B A%S%S=24 ) /DP +HOR (JSIDE)*S5*(340%5%S-140

1-POTSH*(1e=340%C*C))

T7--GJ(J§IDE)*S*S*C/DP +HOR(J51DF)*C*(—1.-S*S*(1.-POIS))

AW(44K)=T1
AW (5 4K)=T2

TAW(6,K)=T3
AW(74K)=ALFA%XT1+T4

TAW(8y K)‘RFTA*T1+ALFA*T2+T5
AW(O oK) =BETA¥T2+ALFAXT3+T6

AW(10sK)=BETA*T3+T7
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AN(119K)-ALFA*ALFA*T1/20+ALFA*T4
AW(12sK)=ALFA*BETA#T1+ (ALFA*¥2)%T2/24 +RETA*¥T4+ALFA%TS

AW(13sK)=(BETA¥%2)%¥T1/2 e +ALFA*BETAX T2+ (ALFA"-%#2)%T3/24+BETA¥TS
1+ALFA#*T6 S

AW(14oK)-(BFTA**?)*T2/2.+ALFA*BFTA*T3+BFTA*T6+ALFA*T7
AW(15sK) = (BETA%%2)%T3/2e+BETA*TY

AW(169K)'(ALFA**B)*T1/6.+(ALFA**2)*T4/2.
AW(17sK)=ALFA*ALFAXBFTA*T1/2e+(ALFA¥#3)%T2/64 +ALFA*BETA*T4

1+ALFAXALFA®TS5 /2,
AW(189K)-ALFA*BETA*BETA*TI/2.+ALFA*ALFA*BETA*T2/2o+(ALFA**3)*T3/6.

1+BETAXBETA*T4 /2 « +ALFA#BETA*TS+ALFA*XALFA*T6/ 20
AW(19sK) = (BETA*%3)%T1/6¢+ALFA%BETA*BETA*T2/2¢+ALFA*ALFA*BETA*T3/2,

1+BETAXBETA¥T5/2 e +ALFAXBETA*T6+ALFA¥ALFA®TT7/2e
AW (20+K) = (BETA**3)*T2/6.+ALFA*BETA*BETA*T3/2.+BETA*BETA*T6/2.

" 1+ALFA*BETAX*T7

AW(219K)=(BETA%%3)%¥T3/6.+BETA*BETA*T7/2,

4700

GO TO 4710 ‘
GO TO (4701547025470454705,4707,4605)s LYNN

4701

COMPLICATFD RC FOR FIXED EDGF
AW(24K)=S

AW(3sK)==C
AW (49K)=ALFA*S

AW (5 ¢K)=BETA*S=ALFA%C
AW(69K)==RETA*C

AW(T9sK)=(ALFA¥%¥2)%5/24
AW(B8yK)=ALFA¥RETA*S—=(ALFA**¥2)%C/2.

AW(9sK)=(BETA¥%2)%5/2 -ALFA*BETA*C
AW(10sK)= —(BETA*%¥2)%#C/24°

AW(11sK)= (ALFA¥XX3)1%5/6,
AW (12 sK)=(ALFA%¥%¥D ) ¥RFTA¥S/2,~(ALFAX%3)¥C/6,

AWT13sK) = (RETA*#2 ) ¥ALFA¥S/2e—-(ALFAXX*2 ) *¥BETA*C/ 2
AW(14sK)=(BETA*%¥3)%S5/6e=(BETA%¥2)¥ALFA¥C/2.

AW(15sK)==(RFTA*¥3)%C/6oe
AW (169sK)=(ALFA*#4)%5/24e

TAW(17sKI=(ALFA*%3)*BETA¥S/6e= (ALFAX¥4)%C/24

AW(189K)=( (ALFA*BFTA)%#¥2)%5/44=(ALFA¥*3)*¥BETA*C/6e

AW(19sKI=ALFA¥ (RFTA¥%3)%5/6e—( (ALFA¥RETA)I*¥2)%C/ 4,
AW(ZJ;K)-(BFTA**&)*S/ZQ.-ALFA*(BETA**B)*C/60

AW(219sK)=—(RFTA¥X4)¥%C/ 24,

GO TO 4710

COMPLICATED BC FOR SIMPLY SUPPORTED EDGE
4702 AW(49K)=1,

AW(69K)I=10

AW 74K)=ALFA

AW (BsK)=RFTA
AW(94K)=ALFA

AW (10sK)=BETA
AW(119K)=(ALFA%%2)/2,

AW(12sK)=ALFA*BETA

AW(13sK)=(ALFA¥3#2)/2 +(BrTA**?)/?.
AW(14sK)=ALFA*¥BETA
AV (15sK)=(BFETA*%2) /2,

 AW(175K)=(ALFA®*2)¥RETA/ 2.

AW(16sK) = (ALFA%%3) /6.4

W(lBsK)'O.S*ALFA*(BETA**2)+(ALFA**3)/6.
AWN(19sK)=(RETAX*3) /6. +(ALFA**2)*RFTA/?.

AW(ZO,K)-ALFA*(RFTA*¥2)/20




e

AW(21sK)=(BFTA%#*3) /6.,
GO TO 4710

COMPLICATED BC FOR FREE EDGE
G704 AW(T9K)=S#(1eT+(Cx%2)%(1,-POIS))

AW(B 3K =CH(1eC=3e 0% (C¥%2)=POTS* (3e0%(S5¥%%#2)=10))
AW(9 9K ) =S5%# (34 0¥ (S%%#2)=160~POIS*(1eN=3e0%(C*%2)))

AWT10,KI=C* (1 4= (S%¥*2) % (1.=POTS))
AW(115sK)=ALFA*AW(7,K)

AW(12sK)=RETA¥AW(T74K)+ALFA*AW(84K)
AW(13sK)=RETA*AW (B 4K)+ALFA*AW(94K)

AW(14sK)=RETA¥AW(94K)+ALFA¥AW(104K)
AW(15sK)=RBETA¥AW (1N K)

AW(16sK) = (ALFA*¥2)*¥AW(TsK) /2
AW(17sK)=ALFA*RETA*AW( T oK) +(ALFAX%¥2 )%¥AW(84K) /2,

: AW(18,K)-(BETA**Z)*AW(79K)/2.+ALFA*BETA*AW(89K)+(ALFA**2)*AW(9,K)/
12.

W(19;K)-(RFTA**Z)*AN(B;K)/2.+ALFA*RFTA*AW(0;K)+(ALFA**2)*AW(IO’K)
1/2

AW(ZOvK)-(BETA**Z)*AW(Q;K)/2.+ALFA*BETA*AW(100K)
AV (21sK)= (BETA**2)%AW(10,K) /2,

GO TO 4710
COMPLICATED BC FOR FLASTICALLY RESTRAINED FDGE

4705 SPD=SCD(JSIDE)/DP
TM1=S*(1e+C*¥C¥(1-POIS))

TMZ=CH(To =3+ 0% CXC=POTSF(Fs0FSHFS=ToT]
TM3=5%(360#S5%¥S-1e~POIS*(1le=30 o#C*C) )

TM4=C*¥(~14-S*S*(1e~POIS))
AW(1sK)=SPD

AW(2,K)=ALFA%SPD
AW (34K)=RETA*SPD

AW(4 oK)= (ALFA¥XD)%SPD/2e
AW (B 4K)=ALFAXRFTAXSPN

AW(6sK)=(RETA*%2)%#SPD/ 2
AW(T9sK)=(ALFA*%#3)%SPD/6¢+TM1

AW(BsK)=(ALFA¥%#2 ) ¥RETA*SPD/2e+TM2
AW(9 sK)=ALFA* (BETA#%2)%¥SPD/2e+TM3

AW(10sK)=(BETA#*%3)%SPD/6+ +TM4
AW(119sK)=(ALFA*%#4)%SPD/244+ALFAXTM]

AW(12sK)=(ALFAX%3)*RETA¥SPD/6, +RETA*TMI+ALFA*4W2
AW(13sK)=((ALFA%BFTA)¥¥2)%SPD/4e +RETA¥TM2+ALFAXTM3

AW(14sK)=ALFA¥ (RETA%%3)%SPD/6e +RETA*XTM3 +ALFA*TM4
AW (155K)=(BETA%*4)%SPD/24e +BFTA¥TM4

__FfETKS:kitﬁﬂ*%%iisph7fbﬁi“¥1ALFK*%?)*TM1/7.-
AW(17sK)=(ALFA%*%4 ) ¥RFTA¥SPD/24e+ALFAXRETAXTM 1+(ALFA**2)*TM2/2.

AW(18sK)=(ALFA*%3 ) ¥ (RETA%%2)¥SPD/12 o+ (BETA¥¥2)%TM1/2e

1+ALFA*BFTA*TM2+(ALFA**Z)*TMa/z.
- mt19,K)-(ALFA**?)*(PFTA**?)*oPn7f—“_TFET1**2)*TM2/2.
1+ALFA%BETA#*TM3+ (ALFA*%#2)%TM4 /2

- Ah(2(,K)-ALFA*(RETA**4)*SPD/?4.+(BFTA¥¥?T*TM3_KCFK¥BETA*TME
AW (219K)= (BETA*%5)#SPD/120e +(BETA%%2)#TM4/2e

GO TO 4710.
C COMPLICATED BC FOR FREE EDGEDEAM

BITT T1=5%(14+CHC*(1,-POISY)’
T2=CH(1e=3eN¥CHC-POIS* (3,0%5%¥S5=14))

T3=5%(3eC*#S5%#5-1e=POIS*(1e=3e0%C*C))
TH=CH*(—14-S%#5%(1e=-POTS))

TS=FT(JSINF)* (C**4)/DP

5WW§
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T7=64 *F1(JSIPE) *¥S*S*C*C/DP

T8=4,0¥ET (JSIDE)*C* (S*%3) /DP
TO=ET(JSIDE)* (S#¥*4)/DP

AW(74K)=T1
AW(ByK)=T2

AW(94K)=T3
AW(10sK)=T4

AW(119sK)=ALFA*T1+T5
AW(12sK)=RETA*T1+ALFA%T2+T6

AW(149K)=RETA#TA+ALFA*T4+TE

AW(15+sK)=RFTA%T4+T9 .
AV (169K =(ALFA*%2)%T1/24 +ALFA%TS

AWL179K)=ALFA*BETAXT1+(ALFA*#2)%T2/2.+BETA¥T5+ALFA¥T6
AW(18sK)=(BETA#%¥2)%T1/2e+ALFA*BETA*T2+(ALFA*%2)%T3/2++BETA¥T6

1+ALFA%TYT .
AW(199K)=(BETA**2)#T2/2e+ALFA¥BFTAX T3+ (ALFA®%2)%T4/2 . +BETA*TY

1+ALFA*TS . _
AW(20sK)=(BETA¥%#2)%T3/2 e +ALFA¥BETA%XT4+BETAXTB+ALFAX*TO

4710

AW(219K)=(BETA%%2)#T4/2+BETA¥TO
KSTAR(K) =0.

3220

K=K+1
KD=KD+1

4550

IF(D-1e414%H) 4550+455053090
IF(KD=4) 3110+455143090

4551
3991

IF(D=H) 3110311093090
NOBC=NOBC+1

309C

CONTINUE ,
1F (NOBC=NS) 4444y444554445

5445
17

PRINT 17 LP(I)

4444

FORMAT(/28H NO RCS FORMULATED FOR POINT, 16//)

GO TO 3n89
NBC=K-1

CALL SSWTCHI(5,LL) .
IF(LL=2) 4450444604,4460

4450
1CO

PRINT 10Cy LP(T)sNBC
FORMAT(////29H EXPANSIONS FOR BCS FOR POINTsI743Xs4HNBC=915//)

101

PRINT 1C1s ((AW(IS$JS)sJS=198)915=1,21)
FORMAT(8F1043)

4460
3089

WRITE (1) ((AW(IPsJP),sJP=148)91P=1,21)4sNBC
CONTINUF _

CALL CHNXIT
END

$1RSYS

$SIBFTC DIST

SUBROUTINE DIST (CPCsHsLP s I sMCONSIIDIST9DsXDsYDsX19X2sY19YZsX39Y3

INSsMC) ]
DIMENSION CPC(100,2)
DIMFNSION LP(1000)

DIMENSTON MCONS(4,5100)
DIMENSION MC(100)

ISINDF=MCONS(1,IDIST)
JSIN2=MCONS(2sIDIST)
KSID2=MCONS(3,IDIST)
PO 231C 1S=1sNS

IF(MC(TS)=JSIN2)23202330,2320
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2320 IF(MC(IS)-KSIN2)23109234092310
2330 JSIDE=IS

: GO TO 2310
2340 KSIDF=IS

2310 CONTINUE
X1=CPC(JSTDFys1)

Y1=CPC(JSIDE»s2)
X2=CPC(KSIDFs1)

Y2=CPC(KSIDEs2)
CONX=LP(I)

ICONX=LP(1)/100
CON2=TCONX

CONX=(CONX-CON2*1004)
CONY=CON2

X3=CONX#*H
Y3=CONY#*H

XD=(X3% ((X1=-X2)¥%¥2)+X1*¥ ((Y1I=Y2) % %2)=(X1=-X2)*¥(Y1-Y2)}*(Y1=-Y3))/(( (X1
1=X2)¥%2)+ ((Y1-Y2)%%2))

YD=( (Y3¥ (Y2=Y1)*¥2 )+ (Y 1% (X2-X1)#¥2)+(X3*(Y2-Y1)* (X2~ Xl))-(Xl*(XZ =X
11 I¥(Y2=Y1)))/((LYD2=Y1)¥#¥2)+((X2=X1)¥%2))

D=SQRT( (X3=XD)**¥2+(Y3=YD)#*#%*2)
RETURN

END .
$1RFTC CLGRD

SUBROUTINE CLGRD(LPsNPsLPC)
DIMENSION LP(1000)

DIMENSION Q(1C00)
DIMENSION LPC(1000)

DO 4000 I=1,NP
DO-4001 M=1,37

CALL RELABS(MsIsLP4LPRA}
DO 4003 J=1,NP

IF(LP(J)-LPRA) 4003,4001,4003
4003 CONTINUE ‘

LPC(Tj=2
PRINT 4008, LP(I)’LP((I)

GO TO 4000
4001 CONTINUE

LPC(I)=1
PRINT 4C08s LP(I)sLPC(I)

T 4008 FORMAT(TH POINT=»17+3Xs4HLPC=14)
4000 CONTINUE

RETURN
END

$IRFTC RELABS '
_SUBROUTINF RFLARS(MsTsLPsLPRA) °

DIMENSION LP(1000)
GO TO (80581582383 ,84485,859879588589590+914992593 94495996997 +98499

1s1C091V1» 102$10?s104910591069107910891090110’111911291139114 11591
216) M

80 LPRA=LPI(I)
GO TO 120

~ 81 LPRA=LP(I)+1

y GO TO 120
82 LPRA=LP(T)-1
GO _TO 120

83 LPRA=LP(I)+10V
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GO0 TO 1320

84 LPRA=LP(1)-100
GO TO 120
85 LPRA=LP(1)+101
GO TO 120
‘86 LPRA=LP(1)-101
GO TO 120
87 LPRA=LP(T1})+99
GO TO 120
88 LPRA=LP(1)=99
GO TO 120
89 LPRA=LP(I)42
GO TO 120
90 LPRA=LP(I1)=2
" GO TO 120
91 LPRA=LP(1)+200
GO T0 120
92 LPRA=LP{I1)=-200
GO TO 120
93 LPRA=LP(1)+102
GO TO 120
94 LPRA=LP(1)=1N2
GO TO 120
95 LPRA=LP(1)+199
© 6O TO 120
96 LPRA=LP(1)-199
6O TO 120
97 LPRA=LP(1)+201
GO TO 120
98 LPRA=LP(1)-201
, "GO TO 120
Q9 LPRA=LP(1)-98
GO TO 120
100 LPRA=LP(1)+98
-~ GO TO 120
o 1M1 LPRA=LP(1)+20?
GO TO 120 .
102 LPRA=LP(1)-292
GO TO 120 ,
103 LPRA=LP(1)+198
B GO TO 120
N 104 LPRA=LP(1)-198
, GO TO 120 '
8 105 LPRA=LP(1)+3
GO TO 120
106 LPRA=LP(1)-3
, GO TO 120 '
107 LPRA=LP(1)+300
- GO0 TO 120
- 108 LPRA=LP(1)=-30C
~ GO 1O 120
o 109 LPRA=LP(1)+1013
. GO TO 120
. 110 LPRA=LP(1)-103
TGO TO 120
111 LPRA=LP(1)+299

GO TO 120
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T112 LPRA=LP(1)-299

GO TO 120

113 LPRA=LP(11+301
GO 70 120

114 LPRA=LP(T)-301

GO TO 120

715 LPRASLP (1497

GO TO 120

116 LPRA=LP(1)-97

. 120 RFETURN

END
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LINK3eeooeses s ASSEMBLAGE OF DIFFERENCE MOLECULES.

SIRFTC LTNK3

DIMENSION

MCONS (44100)

DIMENSION
DIMFNSION

C0Ss(100)
SINS(100)

DIMENSION
DIMENSION

AW(214934)
GJ(100)

DIMENSION
DIMENSION

SCR(100)
SCD(100)

DIMENSION
DIMENSION

E1(1C0)
HOR(100)

DIMENSION
DIMENSION

SUMI(3)
SUM1(3)

NPTMENSTON
DIMENSION

SUM2(3)
SuM3 (1)

NDIMFNSION
DIMFNSION

TITLF(12)
MC(100)

DIMENSION
DIMFENSION

CPC(10042)
LRPF(100n)

DIMENSION
DIMFNSION

LBPSE(1000)

XBPF(1000)

DIMENSION
DIMENSION

YBPE(1000)

LP(1000)

DIMENSION

- DIMFNSION

LPC(1000)
Q(1000+3)

DIMENSION
NDIMFNSTON

KSTAR(30)
RDFL(21)

DIMENSTON
DIMENSION

RMXX(21)
RMYY (100)

DIMENSION

RMXY (100)

DIMENSION A1(63963)9A2(63+60)

COMMON TITLEYMCONS 3 MCsCPCsLBPEYLBPSEsXBPE» YBPE’COSS’SINS’LP’LPC’Q’
1INTSWsIEXQsINEXTsNGSsNCsNPsNLaMDIMsH osMFIN9s JSIDESKDsDPsPOISHET +sGJUSHO

2R94SCRsSCD
REWIND 1

REWIND 2
REWIND 13

REMIND &4

C CALCULATF NUMBFRS OF ROWS OF SURMATRICES
‘ NOM=NP /MD TM+1
C CLFAR RANNM MATRIX

DO 8200 MAT=1sNOM
DO 8000 I=1sMDIM

ne 8000 J=1sMDIM
Al(14J)=0,

8000 A2(15J)=0s
PO 8170 MROW=1sMDIM

—

C CLFAR RIGHT HAND STDF OF Juny
NO 3010 J=1,21

RAFL(J)=0,
_RMXX (J)y=n

RMYY(J,-OO
3010 RMXY(J)=0,

IN LARGE BAND MATRIX

C DETFRMINF ROW AT WHICH WE ARF NOW WORKING
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T TWO=MD IM% (MAT~1)+MROW
IF(1TWO-NP) 8005,8005,8210

C CLFAR LFFT HAND SINE OF JUDY
8005 DO 3040 [8=1,30

3040 KSTAR(1S)=0
NO 3031 IR=1,21

DO 3031 JR=1934
3031 AW(IR,JR) =0, :

C TS GRIDPOINT AN INTERIOR POINT OR A BOUNDARY POINT
IF(LPC(ITWO)=2) 4800479994799

C DETERMINATION OF STANDARD OPERATORS

C STANDARD OPERATOR FOR RDEL (J)

4800 I1=1TWO
DO 4850 M=1,13

CALL RELABRS(MsI,4LP,LPRA)
DO 4851 J=14NP

IF(LPRA-LP(J)) 485194872+4851
4851 CONTINUF

4872 1F(M=2) 4852948534854
4852 AL=20,

GO TO 4860
4853 AlL==8,

GO TO 4860

4854 1F(M=6) 485344855494856
4855 AL=2, ’
GO TO 4860

4856 [F(M=10) 4855,4857,4857
4857 AL=1, ' :

C DETERMINF WHETHFR TO READ OPERATOR INTO Al1sA2s OR A3 SUBMATRICES
4860 IF(J=-MDIM#*#(MAT=-1)) 4861486194862

4861 K=J=MDIM*(MAT=2)
A1 (MROWsK)=AL

GO TO 4R50 : _
4862 IF(J=MDIMXMAT) 48672+4863+4864

4863 K=J=-MDIM*(MAT-1)
A2 {MROWsK)=AL

GO TO 4850
4864 K=J=MDIM*MAT

A1(MROWsK)=AL
4850 CONTINUE

DO 4869 LYNN=1,NL
SUM1(LYNN)=0,

SUM2 (LYNN) =0,
SUM3 (LYNN)=0s

4869 SUM(LYNN)=0,

GO TO 9000 .
C DETERMINATION OF OPERATORS FOR BOUNDARY POINTS
4799 READ (1) ((AW(IsJ)sJ=158)31=1,21)5NBC
C DETERMINE COORDINATES OF RELATIVE POINT M
1=1Tw0
M1=0
M=1
: K=NRC+1
4900 CALL RELABS(MsIsLP,L PRAY
C DOES RELATIVE POINT M LIE ON PLATE SURFACE

DO 4001 J=1sNP

IF(LPRA=-LP{J)) 4903+4902,4503
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4903 1F(J=-NP) 4901,4908,4908
4901 CONTINUFE

C BOINT LIFS ON PLATFs  GET SERIES EXPANSION FOR POINT
4902 CALL ALBETA(MsALFA,BETA) ’

IF(MTI) 4906+4905+4906
4905 CALL TSW(ALFASBETA,KsAW)

KSTAR(K)=LPRA
GO TO 4907

4906 CALL_TSMPO(ALFAoBFTAoAWoK)
KSTAR(K)=-LPRA

4907 K=K+1 :
IF(K=31) 4908,4910,4908

4908 IF(M=37) 4904,4909,4909

4904 M=M+1
T G0 TO 4900
4909 TF(MI) 49115491154910
4911 Mr1=1 : '
‘ M=2
GO TO 4900 | »
C MOVE RIGHT HAND SIDES INTO AW MATRIX

G910 IF(K-32) 4914,4915,4916
4914 AW(11sK)=1.

AW(13,K)1 =20
AW (154KI=10

GO TO 4920
4915 AW(49K)==1e

AW(6,sK)==POIS
GO TO 4920 :

4916 IF(K=34) 4918491744917
4918 AW(4,K)==POIS

AW(6sK)==1,
4920 K=K+1

GO TQ 4910
4917 AW(5,K)==(1+0-POIS)

CALL SSWTCHI(6sMM)
IF(MM=2) 4777547784778

4777 PRINT 553, LP(ITWO)

5§53 FORMAT(//9H AT PGINT+1592Xs11HBEFORE JUDY//)
DO 554 JT=1+30 .
554 PRINT 5555 (AW(ITsJT)sIT=1421)

5§65 FORMAT(1Xs21F5.1)
4778 CALL JUDY (AWs21530sKSTARSNRCsLPsITWOSTEXQe4)

" PRINT 5565 LP(ITWO) _
556 FORMAT(//20H AFTER JUDY AT POINTsI5///)

PRINT 599 ' ' -
599 FORMAT(ZX,GHDISPL.96X,3HMXX97X93HMYY97Xo3HMXY912X95HPOINT///)

DO 557 J=1,21
557 PRINT 558s (AW(JsI1)3I1=31534)sKSTAR(J)

558 FORMAT(1Xs4F1042+8X916//)
DO 4919 1=1,21

RDOFL(TI)=AW(Ts31)
RMXX(T)=AW(I932)

TTURMYY(T)=AW(T933)
RMXY (1) =AW(1434)

4919 CONTINUF
DO 3711 LYNN=1,NL

SUM1 (LYNN)=0e
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SUM2 (LYNNY=0,

SUM3 (LYNN)=0,
3711 SUM(LYNN)=0,
C READ RDEL(I) INTO BAND MATRIX
DO 5000 1=1s21
IF(KSTAR(1)) 5008.5000,5011
5008 LYNN==KSTAR(I)
GO TO 5009
5011 LYNN=KSTAR(I)
5009 DO 5001 K=1sNP
TF(LYNN=LP(K)) 50014+5012,5001
5001 CONTINUE
C ELEMENT GOFS INTO COLUMN K OF BAND MATRIX
C DETERMINE WHETHER TO READ ELEMENT INTO AlsA2s OR A3 SUBMATRICES
5012 IF(K=MDIM#(MAT-1)) 5002+5002+5003
5002 L=K=MDIM¥ (MAT-2)
A1 (MROWsL)=RDCL(I)
: GO _TO 5010
5003 [F(K=MAT*MDIM) 5004500455005
5004 L=K=MDIM* (MAT-1)
A2 (MROWsL)=RDEL(T)
GO TO 5010
5005 L=K=-MAT*MDIM
Al (MROWsL)=RDEL(TI) ‘ ‘
d " DETERMINE EFFECTIVF LOAD AT GRIDPOINT(RHS OF BAND MATRIX)

5010 [F(KSTAR(I)) 5006+500095000
C ONLY MULTI-POINT OPERATOR AFFECTS LOAD AT GRIDPOINT

5CN6& DO 5007 LYNN=1,NL

SUM1 (LYNN)=SUMI (LYNN)+RMXX(I)*Q(KsLYNN)

SUMZ(LYNN)-SUM%LEINN)+RMYY(I)*Q(K’LYNN)
SUM3 (LYNN)=SUM3 (LYNN)+RMXY (1) *#Q(KsLYNN)

5007 SUM(LYNN)‘SUM(LYNN)+RDEL([)*Q(K’LYNN)

5000 CONTINUE

9000 DO 3712 KM=1,sNL
Q(TITWOsKM) = Q(ITWO.KM)-SUM(KM)
PRIleﬁqpo KM,LP(TTWO)

560 FORMAT(18H LCADING CONDITTON’I3’5X95HPOINT 15)

2712 PRINT 5614 Q(ITWO,kM)

561 FORMAT(15Xs15HEFFECTIVE LOAD=F7.,2//)

CWRITE (3) (KSTAR(I)sRMXX(I)sRMYY(I)sRMXY(I),l= 1,21)9(SUM1(L)oSUM2(
© 1L) eSUM3(L)sL=1sNL)
8170 CONTINUE _
GO TO 8175
C IF LAST SUBMATRIX NOT OF ORDER MDIMs ADJUST BAND MATRIX
8210 MBI1G=NOM*MDIM
NP1=NP+1
DO 8211 1=NP1, MBIC
K=1=-MDIM¥* (NOM- 1)
8211 A2(K4K)=1,0
. DO 8071 I1=1ROW, MRIG
PO 8071 K=1sNL - L - , _ . , - »
8071 Q(14K)=0,0 - - S o
8175 WRITF (4) ((A2(1sJ)9Jd= l,MDIM)ol-l,MDIM) ' '
DO 8176 I1=1sMDIM :
DO 8176 J=1sMDIM
8176 A2(15J)=0,0
DO 8177 1=1sMDIM’
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=1
50 8177 K=1sJ

A2 (T 4K)I=A1(T1,K)
8177 A1(14K)=0e0

WRTTE (21 (TA1(T5J)sJ=1sMDIM) sT=15sMDIM) -
8200 WRITE (2) ((A2 jjaql_gﬂlfMDIM)’I'IQMDIM)
| RFWIND 2

REWIND &

CALL CHNXIT

END
STRFTC JUDY CIsT

SUBROUTINE JUDY(AoJIMl9JIM#0KVECT;NBC9LP’ITWO,IEXQ;NRHS)

~—— 7 DIMENSION TAU21942) sKVECT(37)sLP(1000)
IF (NRHS=3) 2560925702570

2570 NCHEC=3
GO TO 2580

T 2660 NCHEC=NRHS
5580 JIM2=JIM4+NRHS

DO 2529 1=1sJIM1
DO 2529 K=1sNRHS

“JIM3=JIM4+K
2529 A(IOJIMB)--A(IoJIMB)

IF(NBC) 2524925244+2525
- 2525 NPS=NBC

GO TO 2527
2524 NPS=JIM4

2527 J=1
2515 PIVOT= 0.0

DO 2500 1P=JsNPS
DO 2500 JP=JsJIM]

IF(ABS(PIVOT)—ABS(A(JPoIP))) 2501925002500
2501 PIVOT=A(JP,IP) ‘

TPIV=JP
JPIV=1P

7500 CONTINUE
IF(ABS(PIVOT)-.00100)25419254192502

“58602 DO 2504 TEXC=1,JIM1
ATEMP=A(I1FXCsJPIVY

A{TEXCsJPIVI=A(TEXCsJ)
2506 A(IFXC.J)‘ATFMP

TTPO 25085 JEXC=19J1IM2
ATEMP=A(IPIV,JEXC)

TTA(TPIVsJEXC)I=A(JIJEXC)
2505 A(Js JEXC)=ATEMP

TTEMP=KVECT(J)
KVECT(J)=KVECT(JPIV) .

KVECT(JPIV)-ITEMP
DO 25U6 IKELR=1,JIM2

T 2506 A(J,IKELR)-A(J'IKELR)/(-l.*PIVOT)
T K=J+1 .

DO 2507 TFLSE=1sJIM1
IF(IFLSE=- J)250892507.2508

2508 DO 2509 JFLSF= KedIM2 . '
2509 A(ITELSE> JFLSF)-A(IFLSE;JFLSF)+(A(IELSF,J)*A(JoJELSE))

""2507 CONTINUF
: DO 2510 1COL=1sJIM1

2510 A(TCOL,J)=AL1COLsJ)/PIVOT
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—ATI3II=030
A(JoJ) +140/P1VOT

=J+1
IF(J JIM1- 1\2511;2512,2512

2511 IF(J-NPS~— 1)25135251492514
2514 NPS=NPS+1

T 772513 IF(NPS=1-J1M4) 2515.2503.2503
2503 DO 2516 l=JsJIM]

DO 2516 K=1sNCHEC
JIM3=JIM4+K

IF(ABS(A(I'JIM3))—.000100) 251692516+2521
2516 CONTINUE

2520 DO 2522 I=JsJIM4
2522 KVECT(13=0

DO 2517 1=JeJIMI]
DO 2517 _K=1sNRHS

JIM3I=JIM4+K
2517 A(I’JIM3)=Q.O

2512 RETURN
2541 DO 2543 1=1sJIM1

DO 2542 K=1sNCHEC
JIM3=JTM4+K

IF(ABS(A(I'JIMB))-.OOOI) 2542;2542’2514
2542 CONTINUE .

2543 CONTINUE
GO TO 2520

2521 PRINT 2550,LP(ITWO)
-~ PRINT 389sJsIPIVyJPIV

DO 289 I=1»JIM]1
289 PRINT 2905 (A(I M) yM=1,JIM2)

PRINT 400, (KVECT(1)9s1=1937)
RETURN

290 FORMAT(/20F642)
389 FORMAT (1H1s2HJ=s14s//6H 1P1V= 2 14+5HIPIV=14/7)

400 FORMAT (/72016)
2550 FORMAT (5XsS9HTHERE ARE INSUFFICIENT POINTS IN THE NE IGHBOURHOOD O

1F POINT,15s46H TO ASSEMBLE THE REQUIRED DIFFERENCE EQUATION ,/50X1
23HAT THAT POINT//9X931HHOWEVER EXECUTION WILL CONTINUE/////)

END
$IRFTC ALBFTA LIST

SUBROUTINF ALBETA(MyALFALBETA)
GO TO (260142602, 2603,26049260592606,2607,2608,2609,261092611.2612

19261392614,2615926]602617,2618’2619,2620’?621;26229262392624,26259
2262692627+2628+26299263092631+263292633+263492635+2636»2637,2638+2

36399264609260612642426439260445266592646526475264842649)9M
2601 ALFA=0,0

BETA= 0,0
RETURN

72602 ALFA=1.0
BETA= 0.0

RETURN
. 2603 ALFA==-1,

BETA=0,0
CRFTURN
2604 ALFA=0,0
RFTA= 1,0

RETURN




-121-

2605 ALFA=0,0

BETA=-1.0

RETURN
2606 ALFA=1,0

"BETA= 1,0

RETURN

2607 ALFA=-1,0
BFTA=-100

RFTURN
2608 ALFA==1,0

BETA= 1,0
RETURN

R BB S R

T

2609 ALFA=1,0
BETA==-1,0

RETURN
2610 ALFA=2,0

BETA= 0,0
RETURN

2611 ALFA=-2,0
BETA= 0,0

RETURN
2612 ALFA=0,0"

BETA= 2,0
RETURN

2613 ALFA=U.0
BETA=-2,0

- RETURN
2614 ALFA=2,0

BETA= 1.0
RETURN

2615 ALFA==2,0
BETA==1,0

RETURN
2616 ALFA=-1,0

BETA= 2,0
RETURN

2617 ALFA=1.0

BETA= -2,0
: RETURN
2618 ALFA=1,0
BETA=,2.0
RETURN
2619 ALFA=-=1,0
BETA==2,0
RETURN
- 2620 ALFA=240
BETA=-1.0
. RETURN
2621 ALFA==2,C
’ BETA= 1.0
RETURN
2622 ALFA= 240
‘ BETA= 2,0
________RETURN
2623 ALFA==2,0
BETA==24,0

RETURN
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2624

ALFA==240

BETA= 2,0

2625

RETURN
ALFA=+2.,0

BETA==2,0
RETURN

2626

ALFA=+3,0
BETA=+0,60

2627

RETURN
‘ALFA=~3,0

BFETA=+0,0
RETURN

2628

ALFA=40,0
BETA=+3,0

RETURN
ALFA=-0,0

2629

BETA==3,0

RETURN

2630

ALFA=+3,0
BETA=+1,0

2631

RETURN
ALFA==3,0

BETA==1,0.

RETURN _

2632

ALFA=‘100
BETA=+3,0

RETURN

"ALFA=+1,0

2633

BETA=-3,0
RETURN

2634

ALFA=+1,0

BETA=+3,0

2635

RETURN
ALFA=-100

BETA==3,0
RETURN

2636

ALFA=-3,0

BETA=+140

RETURN
ALFA=+3.0

2637

BETA=-1.0
RETURN

2638

ALFA=+3,0

BETA=+2,40

RFETURN
ALFA=-300

BETA==2,0
RETURN

ALFA==240
BETA=+3.0

RETURN
ALFA=+2,40

BETA==3,0
RETURN

ALFA=+2,0
BFTA=+3,0

RETURN
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2643 ALFA==2+0
BETA==3,0

RETURN
2644 ALFA=-3,0

BETA=+240
RETURN

2645 ALFA=+340
BETA==240

RETURN
2646 ALFA=+4,0

BETA=+0,0
RFTURN

§ 2647 ALFA==4,0
i BETA=+0,0

RETURN
2648 ALFA=-0.0

BETA=+4,0
RETURN

2649 ALFA=+0+0
BETA=—440

RETURN
END

$1IBFTC TSMPO LIST
SUBROUTINF TSMPO(ALFASsBETAsAWsK)

DIMENSION AW(21+34)
NO 3269 1=1,21

3269 AW(I+K)=0, "
- AW(11sK)=1le

- AW(139K)=2e
AW(15+,K)=1,

AW(169+K)=ALFA
AW(17sK)=BETA

AW(189K)=2e0%ALFA
AW(199K)=2,0%BETA

AW(209K)=ALFA
AW(215K)=BETA

RETURN
END

$IBFTC TSW LTST
SUBROUTINE TSW (ALFAWBETAsKsAW)

DIMENSION AW(21,34)
AW(19K)=1,40

AW(2sK)=ALFA -
AW (3 4sK)=BFTA

AW(43K)=ALFA¥ALFA/2,.0
AW (5 ¢K)=ALFA*RFTA

TTAW(6 9K)=RETA¥BFTA/2.0
AW(79K)=(ALFA*%3)/6¢0 =~ =~ -~

AW(8sK)Y=ALFA*ALFA*RETA/240
AW(9 sK)=ALFA¥BETA*RETA/240

AW(10+K)=(BETA¥¥3)/640
AW(114K)= (ALFA*%4) /2440

CUAW(129K)=(ALFA%%3 ) ¥BETA/640
AW(13,K)-(ALFA**Z)*(BETA**Z)/4,0

CAW(149K)=ALFAX(BETA%%3)/640
AW(15.K)—(BETA**4)/24.

AW(165K )-(ALFA**S)/IZP 0
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AWT175K1 = {ALFA*¥54)¥BETA72440
AW(18sK)=(ALFA**3) % (BETA%%2) /1240

AW{19sK) = (ALFA%%2)% (BETA%¥3) /1240
AW(20sK)=ALFA* (BETA*¥4)/2440

AW(21sK)=(BETA%%#5)/120,40

T T

RETURN
END
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