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CHAPTER VIIT

COMPUTER PROGRAMME FOR TRANSLATIONAL SHELLS

VITI.1. Preparation of data tapes

The sequence of symbols to be specified is presented
in the form of a flow diagram in figure 8.1. All symbols
enclosed in rectangular cages must be specifiled in the

order they occur in following the flow diagram.

Symbols used in the flow diagram

t = thickness of shell

La = plan length of shell in a direction
LB = plan length of shell in B direction’
a = 'rise' of shell at midpoint along edge 1

b = 'rise’' of shell at midpoint along edge 3
The measurements a and b are made in the vy direction
from the shell surface to the plane containing the four

corners of the shell (figure 8.2).

C2% defines the type of loading on the shell (Table
8.1).

XAlthough the plan lengths are read in as data the

computations are made using'the arc lengths 1a and 15.
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TABLE 8.1
r_CEB Type of loading
0 Uniform loading in the a, B and y direc-

tions acting over the total surface area
of the shell. Loading expressed as

double Fourier expansions (Appendix 1)

/U SV NI

1 Uniform patch loading in the o, P and y
directions., Loading expressed as double

Fourier expansions (Appendix 1)

2 Cylindrical shell - uniform patch loading
in a fixed direction in the (B-vy) plane.
Loading expressed as double Fourier

expansions (Appendix 1)

3 Band load in the y direction. Loading
expressed as a Fouriler expansion in the

a direction (Appendix ¢ )

4 Cylindrical shell - uniform loading in
a fixed direction in the (B-y) plane act-
ing over the total surface area of the

shell. Loading expressed as a Fourier

expansion in the o direction (Appendix 9)

e —— —

Loading conditions represented by €23 = 3 and C23 .= 4 can
be used only if edges 3 and 4 are simply supported.
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1
_a

A, B define the nature of the loading about axes a = 5

1g

and B = 5 respectively.
(+1/-1/0 denotes a symmetric/antimetric/general loading

1
about axis a = 59 or B = 59)

Gy:0p: G, = Intensity of loading on the shell in the a, B

and y directions respectively.

(ldii’ l§§i) = coordinates of the centre of the loaded

area (refer appendix 1 where Xy = la?i’ y; = lByi)‘

(ldﬁi, lBVi) = dimensions of the loaded area (refer

appendix 1 where u, = 1l u,, v; = léVi).

i = 1,2,3 correspond to the loading in the a,p and Yy
directions respectively

and la’lB are the arc lengths of the shell in the a and B
directions respectively.

P = intensity of loading when C23 = 2 or C23 = 4
—,)Lr

i

anticlockwise angle measured from the positive direc-
tion of loading (C23% = 2 or €23 = 4) to the positive
direction of shell axis y at the origin of coordinates

(a,B,y) (appendix 9).

T, = temperature on shell surface Y = -t/2

T2 = temperature on shell surface y = +t/2

N = coefficient of linear thermal expansion of the shell
material.

(When €23 > 2, T., T

1+ To» A must be specified as zero).
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C16° 017, c,g> c19 define the boundary conditions

along edges 1, 2, 3 and 4 respectively. The boundary
conditions are defined by the code numbers given in table
2.1.
¢l, ¢4 = anticlockwise angles measured from the plane
of the oblique gable to the positive direction of
shell axis y along edges 1 and 4 respectively.
¢2, ¢3 = clockwise angles measured from the plane of the
oblique gable to the positive direction of shell

axis y along edges 2 and 4 respectively.

A', B' define the nature of the loading and boundary
1 1
conditions about the axes B = §E and a = 59 respectively.
(+1 defines a system where the loading and boundary con-
1
B a

ditions are symmetric about the axis B = 5 Or a = 5.

-1 defines a system where the loading is antimetric and

the boundary conditions are symmetric about the axis

lB la

5=§*or‘a=§-—.

O defines a general system of loading and boundary con-

ditions.)

' = number of edge beams
k .
A" = area of a transverse section of the beam
k .
Il = second moment of area of a transverse section of

the beam about beam axis II
12 = second moment of area of a transverse section of the

beam about beam axis III
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IEK= 'twisting' moment of area of a transverse section
of the beam

ak, bk = distances measured from the centroid of the beam
to the junction of the shell and beam in the direc-
tion of beam axes II and IIX respectively (sign
convention»for aj, a4 is opposite that for a1 and ag)

ZBK, ng = uniform loading on the beam in the direction
of shell axes III and II respectively

‘&k = angle between beam axis III and shell axis y defined

in Chapfter III sections 3.1 and 3.2

k=1, 2, 3, 4 refer to the beams along shell edges
1, 2, 3 and 4 respectively. Fer details of edge
beam properties and sign conventions refer sections

IIT.3.1 and IITI.3.2

E = Young's modulus of shell material
E, = Young's modulus of edge beam material
v = Poisson's ratio of shell material
*

P=a, (bl) cq
Q = 3.2 (be) 02
P'= a b c

> ( 3) >

Q'= a4 (bq) 04

*The notation P = ay (bl) ¢, represents P taking the

¢.-b

17P1> €

sequence of wvalues a;, a +b a.+2b

1 171 et 1°



where P, Q are the complementary solution harmonics in
the o and B directions respectively

and P', Q' are the particular solution harmonics in the
¢ and B directions respectively.

The values to be specified for a; and b (i = 1,2,3,4)

are dependent on B', A', A, B and are listed in table 8.2,

TABLE 8.2
Bi=+1 al=l bl=2  A=+1 a3=l b3=2
B'=-1 ay= bl=2 A=-1 a3=0 b3=
B'= 0 al=l b1=1 A= 0 a3=0 b3=l
Al=+1 a,=1 b2=2 B=+1 ay=1 1),=2
Al=-1 a,=2 by= B=-1 a,=0 b,=2
A'=0 a2=l b2=1 B=0 au_O b4=l

The solution for the shell is printed over a rectan-
gular grid.
d

d d4 define the rectangular domain

13 dg) 33
and r, s define the grid over the rectangular domain

(figure 8.3).

B4S is a symbol defining the next step of computation.
The alternatives available are presented in table 8.3.
(Note that more than one problem can be analysed in a

single run.)
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Figure 8.3
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TABLE 8.3

B49

Notation

Print the shell solution, for the
same problem over a different

region of the shell

Compute the same shell, under the
same loading conditions, for a

different number of complementary
solution and particular solution

harmonics

Compute another problem

Break outputK and compute another

problem

\0O

End all computations

Note

(i)

specified even though some symbols may not have any

A1l symbols in the flow diagram are to be

effect on the solution of a particular problem.

*This facility is necessary after every 50,000 instruc-

tions or every 2000 lines computer output.
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(ii) All irrelevant data to be specified as zero.
s k k k k
(1ii) A7, % I, I3

when there is a beam along shell edge k.

must be specified as non zero

(iv) The edge beam solution (Nl, S1s 8o Ml’ M,

Mg, Uy, Uy, U3, Uu) is printed at 0, 1/8, 1/4, 3/8 and

3’
1/2 points along the beam.

(v) The shell solution consists of the following:-
du_ du
u(l’ uB) uY; a ’ B’ ma; maB; mB: na: naB’ nﬁ, qa; qB;
1 1
an qB.
(vi) Symbols used in the computer output and their

equivalent notation in the thesis are given in table 8.%4.

(vii) All angles to be specified in degrees.

VIII.2. Job description

Instructions

The total number of instructions required is the
sum of the instructions for compilation and execution
of the programme.

Instructions for compilation = 14200

The number of instructions reguired for the execution
of the programme is dependent on the type and number of
problems to be analysed in a single run. For a single
problem the number of instructions is mainly dependent
on the number of equations to be solved. This can be

calculated from the information given in table 8.5.
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TABLE 8.4
Symbol in computer
Symbol in thesis
output
A a
B B
c Y
(A) suffix a
(B) suffix B
(c) suffix y
4] Y
du
PSI(A) S5t
ou
P
SI(B) 5
Al aK
B' bl{
t
E Eb
NU v
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TABLE 8.5

Number of equations per complemen-
Edge Condition tary solution harmonic specified in

a direction parallel to the edge

Simply supported 0
Oblique gable 2
Hinged 1
Clamped 2
Free 2
Flexible beam 4

In calculating the total number of equations, edge
2 and edge Y4 need not be considered when A' = +1 and
B' = +1 respectively.

Table 8.6 gives an estimate of the number of instruc-
tions required per problem corresponding to the number
of equations to be solved. Figures in this table are
based on the assumption that the shell solution is printed
at 30 points and 10 non zero harmonics are considered
in both the a and P directions in computing the particular

solution,
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TABLE 8.6
Number of equations Number of
to be solved instructions
20 1000
40 1500
60 3000
80 6000
100 12000
120 15000

Output

For a typical problem where the shell solution is
printed at 30 points the number of lines of print-out
is approximately 300, Print-out at additional points
count at about 5 lines per point.

Blocks

Compilation = 134
2
Execution = 60 + =i

512
where y = maximum number of equations to be solved in a

single run,

Variables

Main 750

Auxiliary = 2000 + y@
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where y = maximum number of equations to be solved in a

single run.
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VITII.%. Computer programme for translational shells

The programme is written in Extended Mercury Auto-
code (EMA)(37) for the Atlas computer at the University

of London Institute of Computer Science.

JOB

DSC42FC1, GUNASEKERA G R16 RUN 15 15,3.67
COMPUTING 135000 INSTRUCTIQRS
OUTPUT

O LINE PRINTER 3500 LINES
STORE 113/135 BLOCKS
COMPILER EMA

MAIN >750

AUXILIARY(O,30000)

DUMPS O

DEPTH O

ROUTINE 6

>> LEVY SOLUTION (EDGES 3 AND 4 ON GABLES)
>>LOADING EXPANDED AS A DOUBLE F,.SERIES
1)NEWLINE 2
CAPTIMN
SOLUTION VECTORS
NEWLINE
CAPTION
EDGE 1
CAPTION
EDGE 2
NEWLINE
CAPTIN
p N'(ab) Q'(b) N(b) M(b)
CAPTION
N'(ab) Q'(b) N(b) M{b)
NEWLINE
JUMP 2,C23=3
JUMP 3,C23=4
P=P'(R")R
J'=(P=pP')/R'
JUMPDGWN (R4/1)
JUMPDGWN (R1/Q)
#6(A5)X2,2
p6(A7)X4,2



@#7(A5)X0,4
87(A7)X4,4
JUMP 37,A'#0
JUMPDOWN (R1/9)
p6(nb)X2,2
p6(A8)X4,2
#7(A6)X0, 4
#7(A8)X4, 4
37)JUMPDMN 11
REPEAT

JUMP 40

>> LOADING EXPANDED AS A F.SERIES IN ALPHA DIRECTION
2)P=P'(R')R
J'=(P~P')/R'
JUMPDOWN (R3)
X0=C20Y8
X1=C20YO
X2=C20Y9
X3=C20Y11

=Y
§g=Y§3-36Y6
x6=Y4
X7=Y7
312=X5
513=X5
@7(A5)X0,4
B7(A7)X4,4
JUMP 38,A'#0
AG=p15(A5,4)
A8=p15(A7,4)
38)JUMPDIWN 11
REPEAT
JUMP 40

>> CYLINDRICAL SHELL SUBJECTED TO A CONSTANT LOAD IN THE (B-C)PLANE
>> FOURIER EXPANSION IN ALPHA DIRECTION
3)P=P'(R')R

J'=(P-P')/R'

JUMPDOWN (R3)

3 1=pCOS (H32)

;2=pSIN(H32)

X0=C20Y8;1

X1=C20Y0;1

X2=C20YQ;2

X3=C20Y11;2

X4=Y3;2

X5=(Y13-H6Y6) ;2

x6=Y4;1

X7=Y7;1



512=X5
#7(A5)X0,4
87(A7)%4,4
JUMP 25,A'#0
;1=pCOS (H33)
32=@SIN(H33)
X0=C20Y8;1
X1=C20Y0;1
X2=C20YG;2
X3=C20Y11;2
X4=Y3;2
X5=(Y13~H6Y6) ;2
X6=Y4;1
X7=Y7;1
513=X5
$7(A6)X0, 4
#7(n8)X4,4
25)JUMPDGWN 11
REPEAT
JUMP 40

11);17=124

Wi=A"

;16=5

JUMPDOWN (RG/1)

JUMP 12,C16=1

JUMP 13,C16=2

JUMP 14,C16=3

JUMP 15,C16=4

JUMP 23,C16=5

JUMPDEWN (R2/1)
A25=p26(A1,13,4,4,4)
A25=p26(A25,/2,4,4,4)
A25=p26(A25,A0,4,4,4)
A23=p26(A25,A34,4,4,4)
A22=¢26(A0,A16,4,4,4)
A14=p14(A22,C20,A23,16)
A23=p26(A25,A35,4,4,4)
A22=026(A0,A17,4,4,4)
A15=p14(A22,€20,A23,16)
JUMPDOWN (R4/5)
B36=¢15(A0,4)

JUMP 16
23);10=¢SIN(;31)
311=pCGS(;31)
#6(A5)Y0,3

Xo=Yo

X1=Y1;11-Y2;10



#6(A74+2)Y0,2
X2=3;10;12+Y0;11
X3=Y1

37(B36)Xo0, 4
A14=p15(A10,4)
A15=p15(A17,4)
A14+12=p15(A34+12,4)
A15+12=015(A35+12,4)
@36(A34+4)X1,8
K=1(1)4
XK=XK ; 10+X (K+4) ; 11
REPEAT
B7(A14+8)X1,
PO(AL0+4)X1,
K=1(1)4
XK=XK;11-X(K+4) ;10
REPEAT
@7(A14+4)X1,4
#6(£35+4)X1,8
K=1(1)4
XK=XK ; 10+X(K+4) ;11
REPEAT
¢7(A15+8)X1,g
BE(AL7+4)X1,
K=1(1)4

XK=XK ;11-X(K+4); 10
REPEAT
@7(A15+4)X1,4

JUEP 16
12)B36=¢15(A5,2)
B30+2=p15(A7+2,2)
A14=p15(A16,8)
A14+8=615(A34+8,83)
A15=¢15(A17,8)
A15+8=p15(A35+5,8)
JULP 16
13)B36=p15(A5,4)
A14=915(A16,16)
A15=p15(A17,16)
JUMP 16
14)B36=p15(A7,4)
A14=p15(A34,16)
A15=p15(A35,16)
JUMP 16
15)B36=p15(4A5,3)
B30+3=p15(A7+3,1)
A14=p15(A16,12)
A14+12=015(A34+12,4)
A15=¢15(A17,12)
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A15+12=015(A35+12,4)

16)JUMP 21,A'#0
JUMP 17,C17=1
JUMP 18,C17=2
JUMP 1Q,C17=3
JUMP 20,C17=4
JUMP 24,C17=5
JUMPDOWN (R2/2)
A25=p26(A1,A3,4,4,4)
A25=p26(A25,A2%,4,4,4)
;*25=¢26(A25’A01 4!4!4)
A23=¢26(A25 034:4+4,4)
A22=026(00,A16,4,4,4)
A36=p13(A22,C20,A23,16)
A23=p26(A25,A35,4,4,4)
A22=p26(00,A17,4,4,4)
A37=p13(A22,C20,A23,16)
JUMPDOWN (R4/6)
B35+4=p15(A0,4)
JUMP 21
24) ;10=@gSIN(;32)
;11=pC0S (;32)
#6(n6)Y0,3
X0=YO
X1=Y13;11+Y2;10
p6(A8+2)Y0,2
X2=-; 13 5 10+4Y0 3 11
X3=Y1
#7(B36+4)X0,4
A36=¢15(A16,4)
A37=p15(117,4)
A36+12=¢15(A34+12,4)
A37+12=¢15(A35+12,4)
26(A34+4)X1,8
K=1(1)4

{=-XK ; 10+X(K+4) ;11
REPEAT
¢7(A36+8)X1 14
#6(A16+4)X1,5
K=1(1)4
XK=XK ; 11+X(K+4) ;10
REPEAT
¢7(A36+4)x1,g
BO6(A35+4)%1, ¢
K=1(1)4

=-XK ; 104X (K+4) ;11
REPEAT
¢7(A37+8)X1, 4
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PO(AL7+4)X1,8
K=1(1)4
XK=XK; 114X (K+4) ;10
REPEAT
#7(A37+4)X1,4
JUMP 21
18)B36+4=p15(A6,4)
A36=p15(A16,16)
A37=p15(A17,16)
JUMP 21
17)B36+4=015(A6,2)
B36+6=015(a8+2,2)
A36=015(A16,3)
A36+8=015(A34+8,8)
A37=815(A17,8)
A37+8=015(A35+8,8)
JUMP 21
19)B36+4=015(A3,4)
A36=p15(A34,16)
A37=p15(A35,16)
JUMP 21
20)B36+4=p15(A6,3)
B36+7=p15(A8+3,1)
A36=p15(A16,12)
A36+12=p15(A34+12,4)
A37=p15(A17,12)
A37+12=p15(A35+12,4)

21)B33=p20(~1,8)
B36=¢26(B33,B36,8,1,8)
Zo=Hz

JUMPDOVN (R10/3)

DJ '=p15(B34,4)

EJ '=p15(B35,4)
A22=p26(A34,DJ',4,1,4)
A23=p26(A21,EJ',4,1,4)
A23=026(A35,A23,4,1,4)
A23=p11 (A22,A23,4)
96(A23)X1,4
A22=p26(A35,EJ',4,1,4)
A23=p26(A21,D3',4,1,4)
£23=p26(A34,A23,4,1,4)
A23=p11(A22,A23,4)
$6(A23)X5,4

NEVLINE

PRINT(P)2,0

1=1(1)8

JUMP CG,I#5

- P2 -
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SPACE 8

90 )PRINT(X1)0,4
REPEAT

RETURN
40)JUMPDOVN (R14)
RETURN

X%

ROUTINE 15

*> EDGE BEAM SOLUTIONS PRINT--OUT
>> EDGE BEAM 1
1);17=124
N'=4

H20=0

H25=H1

H54=P*

H35=R"'

H56=R

JUMP 2,C16#0
Hi2=0

H24=1

NEWLINE 3
CAPTIN

EDGE BEAM 1
JUMPDOYN 70

>> EDGE BEAM 2
2)JuMpP 3,L'#4
Hi2=1

H24=2

NEWLINE 3
CAPTION

EDGE BEAM 2
JUMPDOWN 70

>>» EDGE BEAM 3
3)H25=H2
H54=0"
H55=S"'

H506=S

JUMP 4,C18#0
H12=0

H24=3
NEWLINE 3
CAPTIN

EDGE BEAM 3
JUMPDCWN 70
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>> EDGE BEAM 4
A)JUMP 5,H'#4
H12=1

H24=4

NEWLINE 3
CAPTICN

EDGE BEAM 4
JUMPDOVN 70
JUMP 5

>> SOLUTIMN
~0)H21=, 5H25
H22=(H21-120)/N’
NEWLINE 2
CAPTION
COCRDINATE I Ni M1
CAPTICN

S1 52
NEWLINE
CAPTION

U1 u3

JUMP 72,n2§>2.5
JUMPDOWN 1
JUMP 73
22)JUMPDOVN 58
73)JUMPDIWN (R1)
I=0(1)N'
$7(G'+101)X1,10
REPEAT
NEWLINE

1'=H54

J '=H55

K '=H56

P=I'(J")X'

316=5

Q=P

JUMP 74,H24=2
JUMP 75,H24=3
JUMP 76,H24=4
JUMPDOMN (R2/1)
JUMP 77
74)JUMPDOYN (R2/2)
JUMP 77

25 )JUMPDOWN  (R2/3)
JUMP 77
76)JUMPDOWN (R2/4)
77)3=(P=1')/J"
HO6=P; /H25

M3

U4



Y15=gPARITY(H12)
A25=p29(Y15,4)
U+43=26(N0,U+4J,4,1,4)
U+4J=¢26(A25’U+4J v4» 1, 4)
A25=026(A2,U+43,4,1,4)
A25=p11(A25,A4,4)
r26=026(A3,725,4,1,4)
p6(U+43) Y1, 1
BO(U+43+2)Y2, 1
p6(n25)X1,4
X5=HOX2+Y3Y1
X6=Y2/H5+Y11/HH
g6(A20)X7, 4

I=0(1)N'

H23=H20+1H22

3 1=@SIN (HO6H23)

;2=pC0S (H6H23 )

Yi=;1X1

Y2=;1X2

¥3=;1X3

Y4=;2X4

Y5=;2X5

Y6=3;2X6

Y7=32X7

Y8=3;1x8

Y9=;1X9

Y10=3;1X10
$7(A26)Y1,10
G'+101=p11(G'+101,A26,10)
REPEAT

REPEAT

>> PRINT-CUT
I=0(1)N'
H23=H20+IH22
MEWLINE 2
PRINT(H23)4,2
SPACE 10
#6(G*+101)Y1,10
K=1(1)10

JUMP 78,K#7
NEWLINE

SPACE 20

78) PRINT(YK)O, 4
REPEAT

REPEAT

RETURN
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>> RESULTANT SHELL ACTIONS ALONG EDGE 1 (OR 2)
18)P=P'(R')R

JUMP 23,023=3

JUMP 24,C23=4

JUMPDWN (R4/1)

X2=0

X3=0

JUMP 14,Hi2=1
#6(A7)X0,2

JUMP 15

14)95(A8)X0,2

JUMP 15

23)JUMPDIWN (R3)
X0=Y3-C27H3VY6
X1=Y13-HOY6

X2=Y4

X3=Y7

JUMP 15

24)JUMPDOMN  (R3)

JUMP 25,H12=1

; 1=3C0S (H32)
32=@SIN(H32)

JuMe 26

25) ;1=pC0S (H33)
32=@SIN(H33)
26)X0=(Y3-C2/H3Y0) ;2
X1=(Y13-H6Y6) ;2
X2=Y4;1

X3=Y7;1
15)3'=(P-P')/R'
K'=U+4J "

g7(K')X0,4

JUMPDOWN (RQ/1)

;18=Hz

JUMPDOWN (R8/5)

JUMP 16, Hi2=1
B40=p26(A21,E3",4,1,4)
B4o=p26(A35,B40,4,1,4)
B39=#26(A34,D3',4,1,4)
JUMP 17
16)B3G=p26(121,DJ"',4,1,4)
B39=p26(A34,B39,4,1,4)
B40=p26(A35,E7"',4,1,4)
17)B40=¢11(B39,B40,4)
K'=p11(K',B40,4)

JUMP 22 ,M+M'=0
Ub=P;/H1
X18=gPARITY(P)
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U5=H1

Q=Q'(5')s
J=(Q-Q')/s"*
B34=9415(FJ,4)
B35=015(GJ,4)
JUMPDOWN (RY/2)
JUMPDOWN (RQ/2%7)
JUMPDOWN (R11/4)
JUMP 10,H12=0
X18=pPARITY (Q)
JUMPDOWN (R11/8)
1)K '=¢g11(X',A7,4)
REPEAT

22 )REPEAT
RETURN

>> RESULTANT SHELL ACTIONS ALCONG EDGE 3 (OR 4)
58)0=Q'(s")s

JUMPDOWN (R4/3)

X2=0

X3=0

JUMP 54,Hi2=1
$6(A7)X0,2

JUMP 55

54)96(A8)X0,2
55)J3'=(Q=Q') /8"
K'=U+4J"'

37(K')X0,4

JUMPDOWN (RG/2)

;18=H1

JUMPDOYWN (R8/5)

JUMP 55,H12=1
B40o=p26(A21,GJ',4,1,4)
B40=026(A35,B40,4,1,4)
B39=p26(A34,FJ",4,1,4)
JUMP 57
56)B30=p26(A21,FJ"',4,1,4)
B39=¢206(A34,B39,4,1,4)
B‘4'0=52526(‘ﬂ*35:G'-T "14,1,4)
57)B40=$11(B39,B40,4)
K'=p11(K',B40,4)

JUMP 62,1+L'=0
Ub=Q;/H2
X18=gPARITY(Q)

U5=H2

P=P'(R')R

J=(P-P') /R’
B34=915(DJ,4)
B35=p15(EJ,4)
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JUMPDOVN (R7/1)
JUMPDOWN (ROQ/27)
JUMPDOWN (R11/4)
JUMP 5G,H12=0
X18=pPARITY(P)
JUMPDOWN (R11/8)
50)K'=p11(K"',A7,4)
REPEAT

62 )REPEAT
5)RETURN

*x
ROUTINE 9

>> C,F, MATRICES
1)JUMPDIWN (R7/1)
JUMP 3

2)JUMPDOWN (R7/2)

>> MATRICES PA,PB

3);3=-U3U4D

3 5=C27U2U0D(1~-C)

;6=DU4U2

Xo=;6C2-3;5C1

X1=;6C1+;5C2
x2=(;6C4~-;5C3)C32+C33;6U2
%3=(;6C3+;5C4)C32-C33; 502
X4=-D(-C1C1C1+1,5C7C2+U3C1(2-C))
X5=-D(-C2C2C2+1,5C7C1-U3C2(2-C))
X6=-DC32 (-C3C3C3+1.505C4+U3C3(2-C))
X7=-DC32 (~C4CA4C4+1.5C0C3-U3C4(2~C))-C33DU2U3(1~C)
X8=0

Xg9=;3

X10=C33;3

X11=;3C32

X12=-D(c8~-CU3)

X13=DC%

X14=-DC32(C10~CU3)
X15=DCQC32~C33DU3(1-C)
87(A34)X0,16

o0'=0(1)7

XQ'=-X0"

REPEAT

@7(A35)%0,16

>> MATRICES QC,QD
31=C20/U4
33==-3;1/02



- 329 -

Xo=;3(U4U0+C7)

X1=;3(cu3+c8)
X2=;3(U4U0+CG)C32+C33;3U3(1+C)
X3=;3(CU3+C10)C32+C33; 3U4U0
X4=C20

X5=0

X6=C20C32

X7=C20C33
X8=;1(-U4uiC1-U3C2+CC2C11) /C11
Xg=3;1(~U4UiC2+U3Ci+CCLCL1)/C1l
X10=;1C32 (-U4U1C3-U3C4+CC4C12)/C12+C33; 1U2 (1+C)
X11=;1C32(~U4U1C4+U3C3+CC3C12)/C12-C33 ;100U4 /U2
X12=-C1C20

X13=C2C20

X14=-C32C3C20
X15=C4C20C32~C33U2C20
$7(A16)X0,16

0'=3(1)15

X0 '=-X0"

REPEAT

87(A17)X0,16

JUMP 7, ;17=124

JUMP 21, ;19=0
JUMP 28, ;10=2
JUMP 32, ;10=3
JUMP 33, ;19=4
A(14+1')=p15(A16,4)
A(14+1 ") +12=015(A34+12,4)
A(15+1')=p15(A17,4)
A(15+1 ") +12=015(A35+12,4)
p6(A34+4)X%1,8
K=1(1)4
XK=XK@SIN ( ;54 )+X (K+4)8COS (;54)
REPEAT
B7(A(14+1")+8)X1, 4
#6(A16+4)X%1,8

=1(1)4
XK=XK@COS (;54) -X (K+4)8SIN(;54)
REPEAT
B7(A(14+1")+4)X1,4
@6(A35+4)X1,(
K=1(1)4
XK=XK@SIN (; 54)+X (K+4)BCOS(;54)
REPEAT
#7(A(15+1")+8)X1,4
go(AL17+4)%1,8
K=1(1)4
XK=XK@COS (;54) -X (K+4)@SIN(;54)
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REPEAT
@7CA(15+1 ' )+4)K1,4

JUMP 22
21)B42=p20(A23,A34,4:4:4)
A26=026(A22,716,4,4,4)
A(14+1")=p12(A26,B42,16)
A26=p26(A22,A17,4,4,4)
B42=p26(A23,A35,4,4,4)
A(15+1')=p12(A26,B42,16)
JUMP 22
28)A(14+1")=815(A16,16)
A(15+1')=pg15(A17,16)
JUMP 22
32)A(14+1')=p15(A34,16)
A(15+1")=p15(A35,16)

JUMP 22
33)A(14+1")=p15(A16, 12)
AC14+1")+12=p15(A34+12,4)
A(15+1")=p15(A17,12)
A(15+1')+12=p15(A35+12,4)
22)JUMP 26,W'#0

JUMP 23, ;20=1

JUMP 24, ;20=2

JUMP 30, ;20=3

JUMP 25, ;20=4

JUIMP 29, ;20=5
B42=026(A25,A34,4,4,4)
A26=026(A0,A16,4,4,4)
A(36-1")=p12(A25,B42,16)
B42=¢26(A25.A35:4.4»4)
A26=¢26(A0,A17,4,4,4)
A(37-1")=p$12(A26,B42,16)
JUMP 26
30)A(36-1"')=015(A34,16)
A(37-1')=p15(A35,10)
JuMp 26
23)A(36~1")=p15(A16,8)
A(36-1')+8=¢15(A3g+8,8)
A(37-1")=p15(A17,8)
A(37-1 ")+8=p15(A35+8,8)
JUMP 26
29)A(36-1")=p15(A16,4)
A(35-1")+12=¢15(A34+12,4)
A(37-1")=p15(A17,4)
A(37-1")+12=p15(A35+12,4)
36(A34+4)X1,3

K=1{(1)4

XK=XK@E IN ( ;30)+X (K+4)BCOS(;30)
REPEAT
@7(n(35-1")+8)X1,4
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p5(A16+4)X1,8

K=1(1)4
XK=XK@CGCS ( ;30)~X(K+4)BSIN(;30)
REPEAT

B7(A{306-1")+4)X1,4
@6(A35+4)X1,

K=1(1)4
XK=XK@SIN ( ; 30)+X(K+4)BCO5(;30)
REPEAT

B$7(A(37-1")+8)X1,4
p6(A17+4)X1,8

K=1(1)4
XK=XK@COS ( ;30)~-X(K+4)BSIN(;30)
REPEAT

B7(A(37-1")+4)X1,4

JUMP 26
24)A(36-1"')=p15(A16,16)
A(37-1")=p15(A17,16)

JUMP 26
25)A(36-1")=p15(A16,12)
A(30-1")+12=p15(A34+12,4)
A(37-1")=p15(A17,12)
A(37-1")+12=p15(A35+12,4)
28)JuMp 7, ;17=123

>> MATRICES TJ,TK
27) ;2=-DU2
;3==C20/ (U2U4)
35=C2701DU2(1~C)
;6=DUgU2
Xo=3;6C2-;5C1
X1=;6C1+;5C2
X2=(;6C4~;5C3)C32+C33;6U2
X3=(;6C3+;5C4)C32-C33 ;502
X4=3;2((2-C)C3-U3)
X5=-;2C%7(2~C)
X6=;2C32((2-C)C10-U3)
X7=-32C4C32(2~-C)+C33;2U3(1-C)
x8=;3(C7+U4u0)
X9=;3(C3+CU3)
X10=33C32 (CO+U4U0)+C33; 3U3(1+C)
X11=;3C32(C10+CU3)+C33;3U4U0
X12=U2C20
X13=0
X14=02C20C32
X15=U2C20C33
g7(A13)X0,16

'=0(1)3
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X0'=-X0"*
REPEAT
@7(A19)X0,16
JUMP 7

>> MATRICES FOR SOIN. (B37,B38)
4)JUMPDOWN (R7/1)

1'=0

JUMP 6

5)JUMPDI¥N (R7/2)

I'=4

>> MATRICES B37,B38

6)X0=1

X1=0

X2=C32

X3=C33

X(I'+4)=-D(cC8-U3)
X(1'+5)=DCC7
X(1'+6)=-DCc32(CCLl0-U3)

X (I'+7)=DCCYC32+C33DU3(1-C)
X(3~1")=-D(-cu3+c8)
X(g=1')=DCy
X(10-1I")=-DC32(~CU3+C10)
X(11-I"')=DCyC32-C33DU3(1~C)
;1=DU4

X(1'+12)=;1c7
X(1'+13)=;1C3
X(I'+14)=;1C0C32+C33;1U3
X(I'+15)=3;1C10C32
X(16-1")=C

X(17-1')=-U3;1
X(13-1')=-C33U3;1
X(19~-1')=-U3;1C32
X20=DU2C1(1-C)
X21=-DU2C2(1~C)
X22=DU2C3C32(1~C)
X23=-DU2C4C32(1~-C)+C33DU3(1-C)
X24=02C2;1

X25=U2C1;1
X26=U2C4;1C32+C33U3;1
X27=U2C3;1C32

32=-1/(U2U4)

X (28421 ')=;2(C7+04U0)
X(20+21')=3;2(C8+CU3)
X(30+21')=;2C32(CO+U4U0)+C33;2U3(1+C)
X (31421 ')=3;2C32(C10+CU3)+C33;2U4U0
X (32421 ')=U2

X(33+21')=0
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X(34+21')=U2C32
X(35+21')=U2C33
X(36-21"')=(-U4U1C1-U3C2+CC2C11)/(C11U4)
X(37-21')=(~-U4U1C2+U3C1+CC1C11)/(C11U4)

X(38-21")=(-U4U1C3-U3C4+CC4C12)C32/(C12U4)+C33U2 (1+C) /U4

X(39-2I ') =(-U4U1C4+U3C3+CC3C12)€32/(C12U4)~C33U1/U2
X(40-21')==C1

X(41-21')=C2

X(42-21')=-C3C32
X(43-21')=C4C32-C33U2

33=-DU2

X(44+1')=;3(C8-U3)

X(45+1')=-3;3C7
X{(46+1")=;3C32(C10-U3)
X(47+1')=~;3C9C32
X(48~1")=-DC1(-C1C1+3C2C2+U3)
X{(49-1')=-DC2(-C2C2+3C1C1-U3)
X(50~1")=-DC3C32 (~C3€3+3C4C4+U3)
X(51-1")==DC4C32 (~C4C4+3C3C3-U3)
X(52+1')=;3(C8(2~C)~U3)
X(53+1I')=-;3C7(2-C)
X(54+I')=33C32(C10(2-C)-U3)
X(55+I')=-;3C9C32(2~C)+C33;3U3(1-C)
X(56-1')==DC1(-C1C1+3C2C2+U3(2-C))
X(57-1')=-DC2(-C2C2+3C1C1~U3(2~C))
X(53-1')=-DC3C32(-C3C3+3C4C4+U3(2~C))
X(56-1 ' )=-DC4C32(-C4C4+3C3C3-U3(2-C))~-C33DU2U3(1~C)
$7(B37)X0, 60

0'=20(1)27

X0 '=-X0"'

REPEAT

JUMP 8,1'=4

0'=36(1)43

X0'=-X0'

REPEAT

0'=48(1)51

XQ'=-X3"

REPEAT

0'=56(1)59

X0'=-X0"

REPEAT

JUMP ©

8)0'=28(1)35

X0'=-X0'

REPEAT

0'=44(1)47

X0'=-X0"

REPEAT

0'=52(1)55
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X0'==X0"
REPEAT
0)87(B38)X0,60
7)RETURN

*%

ROUTINE 3

>> NAVIER SOLUTION COEFFICIENTS
1)H6=P;/H1

H7=Q;/H2

JUMP 2,C23=2

JUMP 3,C23=3

JUMP 4,C23=4

:10=16/ (H1H2)

X=0

JUMP 10,X'=0

JUMP 10,0=0

JUMP 6,P=0

JUMP §,A=1

X=pCOS (HOHA1)BSIN (. 5H6H43)/HO

JUMP 7

5)X=(@SIN (HOHA1)-¥S IN (HGH41~,5H5H43) ) /Hb
JUMP 7

6)JUMP 10,A=1

X=H43/4

7)JUMP 8,B=-1

X=3;10X 'X@SIN (H7H42 )BSIN (. 5H7H44) /HY
JUMP 10

8)X=; 10X 'X(~4COS (H7H42 ) +¥COS (H7H42~ . SH7HAA ) ) /HY
10)Y=0

JuMP 16,Y'=0

JUMP 16,P=0

JUMP 11,A=-1

Y=@SIN (HOH45)BSIN (, 5HOH47) /HO

JUMP 13
11)¥=(-pC0OS (H6H45 ) +3COS (HOH45~, SHOH47) ) /HD
13)JUMP 15,Q=0

JUMP 14,B#1

Y=3;10Y ' Y(BSIN (H7H46) -pS IN (H/H46~, 5H7H48) ) /HY
JUMP 16

14)Y=;10Y 'YBSIN(H7HA6)@SIN(,5H7H48) /HY
JUMP 16

15)Y=;10Y 'YH45/4

JUMP 16,B#1

Y=0

16)zZ=0

JUMP 50,Z'=0
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JUMP 50,P=0

JUMP 50,Q=0

JUMP 17,A=-~1

Z=pSIN(HOH4G)PSIN(, 5HOH51) /HO

JuMP 18

17)2Z=(-pCes (H6H4Q)+BCOS (H6H4Q~, 5HOH51) ) /HO
18)JuMP 19,B=-1

Z=;10Z 'ZASIN (H7H50)BSIN(, 5H7H52) /H7

JUMP 50 ’
19)Z=310Z'Z(-¢COS (H7H50)+¥CAS (H7H50~, SHYH52) ) /H7
JUMP 50

2)X=0

Y=0

Z=0

JUMP 51,P=0

Z=87 '@SIN (H6HAQ)BSIN (, SHOH51) / (HOH1H2 )

s 1=H50+,5H52

32=H50=, 5H52

JUMP 23,Q=0

JUMP 20,#MOD(C30~180)<,000001

JUMP 20, #MOD(C30-350)<,000001

33=(-gCOS ((H7-H4) ; 1+H32 ) +BCOS ((H7-H4 ) ;2+H32) ) / (2H7-2H4)
34=(~pCOS ((H7+H4 ) ; 1~H32 ) +8COS ((H7+H4) ;2~H32) )/ (2H7+2H4)
JUMP 22

20)JUMP 21,H4<0

33=.5(;1=;2)ASIN(H32)

34725 (-9COS (2H7 ; 1 -H32)+#COS (2H7 ;2~H32) ) /H7
JUMP 22
21);3=,25(~@¢COS (2H7; 1 +H32 ) +HCOS (2H7 ;2+H32 ) ) /H7
34=.5(;2-; 1IPSIN(H32)

22)Z2=(;3+;4)2

¥=(;3-;4)Y

JUMP 50

23)2=0

Y=, 5H2Y (#COS (H32-H4 ; 1 )~@COS (H32-H4 ;2) ) /HY
JUMP 52

3)X=0

Y=0

Z=0

JuMp 60,P=0

Z=4Z'@SIN (HOH4Q) @S IN (, 5HOH51 )/ (HOH1)
JuMP 61

4)2=0

JUMP 70,P=0
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Z=4Z'@SIN(.5P;)PSIN(.5P; ) /(HOHL)
JUP 71

50)JUMP 51,P=0

JUMP 52,0=0

31=4(1~3COS(P;)) (1-4COS(Q;))/(PQ; ;)
B73=B70;1

B74=B71;1

3 1=HO6HO+H/H7

;1=51;1

;2=H4HOHO+H3HTHY

$3=EH;2;2+D;1;1 :

;4==; 1H3X/HO~; 1THAY/H7+; 12+ ;2H7H7X/H

; 4=32HOHOY /Hy=;2CHOX - ; 2CHYY+;4

;4= 3 4+EB72HH ;1 (B74-B73 ) (HOHO6+H7H7)/ (12-12C) -, 5EB72H ;2 (HOHO+H7H7)(B73+B74)
Y0=;4/;3

;3=EHYO ;2-H7H7X/H6+CHOX-HOHOY/ H/+CH7Y
;3=;3+. 5EB72H(B73+B74 ) (HOHO+H/HY)

Yi1=33/;1

Y2=-H7H7Y1-X/HO

Y3=-HOH7Y1

Y4=-HOHOY1-Y/H7

Y5=DY0{ HOHO+CH7H7) -=EB72HH(B74~B73)/ (12-12C)
Y6=-DHOH/Y0 (1-C)

Y7=DYO (H7H7+CHOH6) -EB72HH(B74~B73)/ (12-12C)
¥8=(~Y2+CY4~EHH3Y0)/ (HO6EH)-, 5872 (B73+B74 ) /HO
YO=(~Y4+CY2~EHH4YO0)/ (H7EH) -. 5B72 (B73+B74)/H7
Y10=H6YO

Y11=H7YO

Y12=H6Y5-HY6

Y13=H7Y7-H6YO

JUMP Q9

51)G'=0(1)13

YD '=0

REPEAT

JUMP Q99,0=0
Y3=X/H7

Y3=2 (1+C)X/ (EHH7H7)
JUMP GG

52)0'=0(1)13

YO'=0

REPEAT

Y3=Y/H6

Y9=2 (1+C) Y/ (EHOHOH)
JUMP Q9
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60)HO=1
61)Y0=(H6Z-X (H3+CH4) )/ (DHOHOHOHOHO-+EHHOHAH, )
Y1=(HOEHH4YO+CX )/ (HOHOHO)
Y2=-X/H6

Y3=0

Y4=-HOHOY1

Y5=DHOHE6YO

¥6=0

Y7=CY5
Y38=(~-Y2+CYA~EHH3Y0 )/ (HOEH)
YQ=0

Yio=H6YO

Y11=0

Y12=H6Y5

Y13=0

JUMP Qg

70)H6=1

71) ; 1=(HOHO+H4H4 ) (HOHO+HAHY)
33=HOHO
YO=Z(2;1-;3;3+C;3H4H4)/ (D;1; 1+4EHHAN4 ;3;3)
Y1=(;3EHH4YO+Z (;3/H4~CH4))/ ;1
Y2=-Y1H4H4

Y3=~Y1HOH4

YA=-;3Y1+Z/H4
Y5=DYO(;3+CH4H4)
Y6=-DYO(1-C)HOHY4
Y7=YOD(H4H4+C;3)
Y8=(-Y2+CY4)/ (HOEH)
Y9=(~Y4+CY2~EHH4Y0)/ (HAEH)
Y10=H6YO

Y11=H4YO

Y12=HOY5-H4Y6

Y13=H4Y7-HOY6

9G )RETURN

s %

ROUTINE 1

1)0'=0(1)15
X0'=0
REPEAT
JUMP 3



4)0'=0(1)3
X(0'+)=Y0’
REPEAT
O'=4(1)7
X(O'+K+4)=YO"’
REPEAT
0'=3(1)11
X(0'+K+8)=Y0"
REPEAT
0'=12(1)15
X(0'+K+12)=Y0D"'
REPEAT

JUMP 3

G)0'=0(1)7
X0'=0
REPEAT
JUMP 3

10)0'=0(1)3
XD'=0
REPEAT
3)RETURN

ok ok

ROUTINE 2

>>EDGE 1
1)¥Y10=P;/H1
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YO=(~2B25@3C0S (P; )+2B25)/(P;}

Y1=B20
Y2=H3
Y3=B21
Y4=B17%
Y5=Y10Y10
v6=B1
Y/=B4
Y8=Bg
YQ=B13

Y11=(-2B618C0S (P;)+2B61)/(P;)

JUMP §

>>EDGE 2
2)Y10=P;/H1

Yo=(-2B258C0S (P;)+2B25) /(P};)

Y1==B30
¥2=H3
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Y3=B22

Y4=B18

Y5=Y10Y10

Y6=B2

Y7=R5

v8=B10

Y9=Bi4

Y11=(~-2B62¢C0S(P; )+2B62)/(P;)
JUMP 5

>>EDGE 3

3)Y10=Q;/H2
YO=(-2B276C0S (Q; )+2B27)/(Q;)
Y1=B31

Y2=Hq

Y3=B23

Y4=B1g

Y5=Y1ioY10

Y6=B3

Y7=B7

v8=B11

YO=B15
Y11=(-2B634C0s(Q;)+2B63)/(Q;)
JUMP 5

$$EDGE 4

4)Y10=0;/H2
Y0=(~-2B23@C0s (Q; )+2B28)/(Q;)
Y1=-B32

Y2=Hy4

Y3=B24

Y4=B20

Y5=Y10Y10

Y6=
vy-nt
Y8=B12
YQ=B16

Y11=(-2B646C0S (Q;)+2B64)/(Q;)

»>>MATRIX O
5)JUMPDCAN (R1)
Xo=1

X5=pCOS (Y1)
X6=-gSIN(Y1)
XQ=-X6

X10=X5

X15=1
$7(~0)X0,16
JUMP 6, ;16=1



>>MATRIX D
JUMPDGWN (R1)
X0=-Y2Y3+1
X1=-Y3Y10
X2==Y4Y10
X5=1

X7=Y4

X10=1
X11=-Y3
X15=1
$7(A1)X0,16
JUMP 6, ;16=2

>>MATRIX C
JUMPDOWN (R1)
Xo=-Y10

X1=Y2
X4=Y3(Y2Y2/Y10-Y10)-Y2/Y10
X5=1

Xx8=y10v4
Xg==Y2Y4
X10=Y2Y3~1
X11=Y2
X12=-Y2Y4
X13=Y10Y4
X14=Y2/Y10-Y10Y3
X15=-Y10
X16=1/(Y5-Y2Y2)
0'=0(1)15
X0'=X0'X16
REPEAT
@47(A2)Xo0,16
JUMP 6, ;16=3

>>EDGE BEAM FLEX, MATRIX
JUMPDOYN (R1)
X0=-Y10Y6
X1=-Y6Y2-Y7Y2(Y2Y2-Y5)
X5=Y5Y7=Y/Y2Y2
X10=-Y5Y3

X11=-y2Y8
X14=.5YGY10Y2
X15=.5Y10Y9
#7(A4)X0,16
A3=029(1/E',4)
A3=928(A4,4,4)

JUMP 6, ;16=4
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>>EDGE BEAM P,S, MATRIX
JUMPDOWN (R1/10)
X4=1/(Y5-Y2Y2)
X0=Y2Y0X4
X1=Y0X4

=-Y11X4
X3=Y2Y11X4/Y10
87(A4)X0, 4
G)RETURN

%

ROUTINE 4

>> SHELL P,SOLUTION
>> EDGES 1 AND 2
1)JUMPDOWN (R1/9)
J=H20

1'=H30

T=H31

Q=J(1')T

JUMPDGVN (R3)
X0=C20YQ+X0
X1=C20Y114+X1
X2=Y3-C27H3YO+X2
X3=Y13-HOYH+X3
JUMP 2,A'#0
X3=gPARITY(Q)
X4=C20Y0X83+X4
X5=C20Y11X8+X5
X6=(Y3-C27H3YH)X3+X6
X7=(¥13-H6Y6)X3+XY
#7(76)X4,2
#7(A8)X6,2
2)p7(A5)X0,2
#7(A7)X2,2

REPEAT

;12=X3

313=X7

JUMP 7

>> EDGES 3 AND 4
3)JUMPDIMN (R1/9)
J=H26

I'=H27

T=H28
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P=J(I')T

JUMPDO¥N (R3)
X0=C20Y&+X0
X1=C20Y10+X1
X2=Y3-C2 7H4Y6+X2
X3=Y12-H7Y6+X3
JUMP 4,B'#0
X8=pPARITY (P)
X4=C20Y8X3+xX4
X5=C20Y10X8+X5
X6=(Y3-C27H4Y6)X8+X6
X7=(Y12-H7Y6)X8+X7
$7(A0)X4,2
@#7(A8)X06,2
4)87(A5)X0,2
p7(A7)X2,2

REPEAT

312=X3

513=X7

JUMP 7

>> P,SOLUTION EDGE BEAMS
>> EDGES 1 AND 3
5)A22=p26(A0,A5,4,1,4)
A0=p26(A2,70,4,4,4)
7n0=p26(A0,A7,4,1,4)
A0=p11(A4,4A0,4)
A0=p26(A3,A0,4,1,4)
A0=p26(A1,80,4,1,4)
A0=¢14(A22,C20,40,4)
JUMP %7

>> EDGES 2 AND 4
5)A23=p26(A0,A6,4,1,4)
A0=p26(A2,A0,4,4,4)
A0=¢26(A0,A8,4,1,4)
A0=p12(A4,A0,4)
ro=p26(A3,A0,4,1,4)
A0=p26(£1,00,4,1,4)
A0=p14(A23,C20,70,4)
Z7)RETURN

Kk

ROUTINE 5

»> P,SOLUTION GAPS
>> EDGES 1 AND 2
1);16=5
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JUMP 31,L+L'=0
P=P'(R')R
JUMPDOWN (R4/1)
J'=(P-P')/R'
JUMP 5,C16=1
K=U+LJ"'

JUMP 2,C16=2
JuMP 3,C16=3
JUMP 4,C16=4
JUMP 51,C16=5
JUMPDXOWN (R2/1)
JUMPDOWN (R1/9G)
B6(A5)X2,2
@6(A7)X4,2
#7(A5)X0,4
87(A7)%4,4
JUMPDCWN (R4/5)
K=p15(A0,4)
JUMP §
51)96(A5) ;10,1
310=-;108SIN(;31)
311=;12@SIN(;31)
p7(K) ;10,2

JUMP 5§
2)K=p15(A5,2)
JUMP §
3)K=¢15(A7,2)
JUMP §
4)K=p15(A5,1)
5)JUMP 9,A'#0
JUMP g,C17=1
K=U+LHO+L'J"
JUMP 6,C17=2
JUMP 7,C17=3
JUMP 3,C17=4
JUMP §2,C17=5
JUMPDOWN (R2/2)
JUMPDOWN (R1/9)
26(A6)X2,2
36(A8)X4,2
B37(A6)X0,4
27(A8)X4,4
JUMPDOWN (R4/6)
K=$15(A0,4)
JUMP ¢
52)86(A6)310,1
310=;100SIN(;32)
511==3;13¢SIN(;32)
g¢47(K) ;10,2
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JUMP g
6)K=015(A6,2)
JUMP g
7IK=p15(A8,2)
JUMP ©
8)K=@15(A6,1)
O)REPEAT

>> EDGES 3 AND 4
31)JUMP 61,M+M'=0
Q=0'(s')s
JUMPDOWN (R4/3)
J'=(Q-Q')/s’
JUMP 35,C18=1
K=U+(L+L' )HB+MT '
JUMP 32,C18=2
JuMP 33,C18=3
JUMP 34,C18=4
JUMP 53,C18=5
JUMPDOWN (R2/3)
JUMPDOYWN (R1/9)
B6(A5)X2,2
86(A7)X4,2
$7(A5)X0,4
B87(A7)X4,4
JUMPDOWN (R4/5)
K=pg15(A0,4)

JUMP 35
53)96(A5);10,1
310=-;1085IN(;33)
;11=;1208IN(;33)
#7(K) ;10,2

JUMP 35
32)K=p15(A5,2)
JUMP 35
33)K=p15(A7,2)
JUMP 35
34)K=p15(A5,1)
35)JuMP 39,B'#0
JUMP 39,C19=1
K=U+(L+L" Y HS+MHO+M 'S
JuMP 36,C16=2
JUMP 37,C1G=3
Jump 38,C10=4
JUMP 54,C19=5
JUMPDOWN (R2/4)
JUMPDO¥N (R1/9)
#6(A6)X2,2
#6(A8)X4,2

~ 34 .
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B7(A6)X0,4
87(A8)%4,4
JUMPDOWN (R4/6)
K=p15(A0,4)
JUMP 30
54)86(A06) ;10,1
310=;1085IN(;34)
;11=-3;13@SIN(;34)
#7(X);10,2

JUMP 39
36)k=p15(A6,2)
JUMP 3G
37)K=p15(A8,2)
JUMP 30
38)K=p15(46,1)
3Q9)REPEAT
61)RETURN

ek

ROUTINE 7

>> EXPANSION IN ALPHA DIRECTIOM
1)Uo=H3 '

Ul=Hy

U2=P; /H1

JUMP 3

>> EXPANSION IN BETA DIRECTIQNM
2)Uo=H4

U1=H3

U2=0;/H2

3)U3=02U2

C5=U4U0

c6=U4U1U3

JUMP 4,C31=2 .

30=PSORT (C5C5C5C5/ 16+U4U4U3U3(U1-U0) (U1-U0))
3 1=@SQRT(~C5C5/8+;0/2)

32=U4U3 (U1-U0)/(2;1)

;0=pSORT ((U3+;1) (U3+;1)+(;2-.5C5) (;2=,5C5))
C1=¢gSQRT(,5U3+.5;1+.5;0)

c2=(.5;2-.,25C5)/C1

30=PBSQRT ((U3~31) (U3-;1)+(;2+.5C5) (;2+.5C5))
C3=PSQRT(.5U3=.5;1+.5;0)
C4=(~,5;2-.25C5)/C3

C7=2C1C2

C8=C1¢1-C2C2
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C9=2C3C4
C10=C3C3~C4C4
C11=C1C1+C2C2

C12=C3C3+C4C4
JUMP 5

4) ;0=pSQRT (U3U3+C5C5)
C1=pSQRT (. 5U3+.530)
€2=-,5C5/C1
C7=2C1C2 _
c8=cic1-c2c2
C11=C1C1+C2C2

c3=1

cq=1

c9=1

c1o=1

c12=1

5)RETURN

ek

ROUTINE 8

>> POSITION MATRICES 11,12
3);'=0
4)JUMPDOWN (R1)
;8=@S 1M (C2Z0)
;9=pCos(C220)

3 10=pEXP(~C1Z0)
X0=;10;9
X1=310;8
X4=-X1

X5=X0

JUMP 7,C31=2

; 8=pSIN(C4Z0)
;9=pCAS (C4Z0)

; LO=¢EXP (~C3Z0)
X10=3;10;6G
X11=;10;8
X14=-X11
X15=X10

JuMp 8
7)X10=pEXP (-U2Z0)
X15=X10

8H)gume 6, ;'#0
?7(A20)X0,16
5);'=1

Z0=;18
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JUMP 4
6)p7(A21)X0,16
RETURN

* %

RAQUTINE 10

>>LEVY SOIN, (ARB, CONSTANTS)
1)JUMPDOWN (RQ/1)

Zo=H2

JUMP 3

2)JUMPDOYN (RG/2)

Zo=H1

3);'=1

JUMPDOVN (R8/4)
A22=p26(A15,A21,4,4,4)
JUMP 4,V'=0
A23=p13(A14,%"',A22,10)
B41=¢29(4)
B41=p28(A23,4,4)

JUMP 5, ;17=0

Jump 6

4)A23=926(A36,521,4,4,4)
?6(A14)Y0,16
K=0

JUMPDOWN (R1/4)
#5(A22)Y0,16

K=

JUMPDOWN (R1/4)
p6(A23)Y0,16
K=32

JUMPDGN (R1/4)
p5(A37)Y0,16
K=36

JUMPDOWN (R1/4)
$7(B33)X0,64
B41=p20(8)
B41=p28(B33,8,8)
JUMP 5, ;17=0
Jump 7

8ysump 7,W'=0
6)B34=p26(B41,B36,4,1,4)
A23=p29(W", 4)
B35=026(A23,B34,4,1,4)



- 348 -

JUMP 5

7)B33=p26(B41,B35,8,1,8)
B34=p15(B33,4)
B35=p15(B33+4,4)
5)RETURN

ik

ROUTINE 11

0)A6=p26(A0,A5,4,1,4)
A0=p26(A0,A7,4,1,4)
A0=¢26(A2,70,4,1,4)
A0=p26(A3,40,4,1,4)
A0=¢26(A1,A0,4,1,4)
A0=p14(A6,026,00,4)
35(A0)X0,4

JUMP 20

3)K=0(1)0C'
V! =V+J '+NK
B7(V*'IXK,1
REPEAT
JUMP 20

4)JUMPDCWN (R1)

X10=@SIN(C2U5)

X20=pCos (C2U5)

X21=gEXP(-C1U5)

X22=U5(C11+2C2U6+U6U6G)

X23=U5(C11-2C2U6+U6UG)

X0=(X18%21 (-C1X19+~C2X20~U6X20)+C2+U6) /X22

X0=X0-(X13%X21 (~C1X19~C2X20+U6X20)+C2-U6) /X23

X1=(X18X21 (~C1X20+C2X19-UGKX1G)+C1)/X23

X1=X1-(X18X21 (-C1X20+C2X1G9+U6X14)+CL) /X22
==X1

X5=X0

JUMP 11,C31#2

X10=2U6(1-X184EXP(-U2U5) )/ (U5U3+U5U6U6)

X15=X10

JUMP 12

11)X19=gSIN(C4U5)

X20=4C0S (C4U5)

X21=pEXP(-C3U5)

X22=U5(C12+2C4U6G+UOUD)

X23=U5(C12 -2C4Ub+U6U6)

X10=(X18X21 (-C3X19~C4X20-U6X20)+C4-+UG) /X22
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X10=X10~(X18X21 (-C3X19-C4X20+U6X20)+C4-U6) /X23
X11=(X18X21(~C3X20+C4X19-U6X1G)+C3)/X23
X11=X11~(X13X21(~C3X20+C4X10+U6X1G)+C3)/X22
X14=-X11

X15=X10

12)p7(h22)X0,16

K=0(1)15

XK=-X18XK

REPEAT

@7(A23)X0,16

A25=p26(A22,B34,4,1,4)
A26=p26(A23,B35,4,1,4)
A22=p26(A18+4,A25,3,1,4)
A23=926(A1G+4,426,3,1,4)
A24+1=p11(A22,A23,3)

X1Q9=@SIN (C2U5)

X20=@Ca0s (C2U5)

X21=gEXP(-C1U5)

X22=U5(C11+2C2U6+U6U6)
X23=U5(C11-2c2U6+U6U6)

X0=(X18X21 (~C1X20+C2X19+U6X1G)+C1)/X22
X0=X0+(X18X21 (~C1X20+C2X19-U6X19)+C1) /X23
X1=(X13X21 (~C1X19~C2X20-U6X20)+C2+Ub) /X22
X1=X1-(X18%X21 (C1X1Q+C2X20-U6X20)-C2+U6)/X23
X4=-X1

X5=X0

JUMP 13,C31#2

X10=2U2 (1-X 18pEXP(~U2U5) ) / (U5U3+U5U6U6G)
X15=X10

JUMP 14

13)X19=pSIN(C4U5)

X20=4C0S (C4U5)

X21=gEXP (~C3U5)

X22=U5(C12+2C4U6+U6UO)
X23=U5(C12-2C4U6+U6U6)

X10=(X18%21 (-C3¥20+C4X10+U6X19)+C3) /X22
X10=X10+(X18X21 (-C3X20+C4X19-U6X19)+C3) /X23
X11=(X18X21 (-C3X19~C4X20-UEX20)+C4+U6)/ X22
X11=X11=-(X18X21 (C3X10+C4X20-UOX20) ~C4+U6) /X23
X14=-X11

X15=X10

14)97(A22)%0,16

K=0(1)15

XK=X18XK

REPEAT

$7(A23)X0,16

A25=p26(A22,B34,4,1,4)
A26=p26(A23,B35,4,1,4)
A25=¢26(A13,A25,1,1,4)



A26=p26(A19,A26,1,1,4)
A24=p11(A25,A26,1)
JUMPDOWN (R1/9)
@#6(A24)Y0,4

X0=YO

Xi=y1

X6=Y2

X7=Y3

87(A5)X4,4
B7(A7)X0,4

JUMP 20

8)p6(A5)X0,4
P6(A7)X4,4
K=0(1)7
XK=X18XK
REPEAT
@#7(A5)X0,4

87(A7)%4,4
20)RETURN

%k

ROUTINE 12

1)JUMP 51,M+M'=0
316=4

U5=H2

Q=0"'(s8"')s
0=(Q-0')/s"
U6=Q;/U5
X18=gPARITY(Q)
JUMPDOWN (R11/4)
JuMp 6,C18=1
0'=M~-1

J '=T+MNO

JuMp 2,C18=2
JumMp 3,C18=3
JUMP 4,C13=4
JUMP 52,C18=5
JUMPDCWN (R2/3)
c26=C20
JUMPDOWN (R11/9)
0'=3

JUMP 5
2)86(A5+2)X0,2
JUMP §
3)86(A7)X0,2
JUMP 5
52)36(A5+2)X0, 1
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g6(A7+1)C24,1
X0o=-X0@SIN(;33)
X1=C24@8SIN(;33)
JUMP §
4)96(A5+2)X0,1
5)JUMPDOWN (R11/3)
6)JUMP 11,B'#0
JUMP 11,C10=1

X1 8=gPARITY(P)
JUMPDOWN (R11/8)
0'=M"-1

J ' =T+MNHG+M 'NO
JUMP 7,C10=2
JumMp 8,C19=3
JUMP 9,C1G=4
JUMP 53,C19=5
JUMPDOWN (R2/4)
Cc26=-C20 .
JUMPDOWN (R11/9)
oi=3

JUMP 10
7)P6(A5+2)X0,2
JUMP 10
53)86(A5+2)X0,1
g6(A7+1)C24,1
Xo=X0gSIN(;34)
X1=~C248SIN(;34)
JUMP 10
8)pb(a7)X0,2
JUMP 10
9)p6(A5+2)X0,1
10)JUMPDOWN (R11/3)
11)REPEAT

JUMP 51

31)JUMP 51,I+L'=0
316=4

U5=H1

P=P'(R')R
0=(P-P')/R’
U6=pP;/U5
X18=gPARITY(P)
JUMPDOWN (R11/4)
JUuMP 36,C16=1
0'=L~1

J '=T+INO

JUMP 32,C16=2
JUMP 33,C16=3
JUIP 34,C16=4
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JUMP 54,C16=5
JUMPDOWN (R2/1)
C26=C20

JUMPDOWN (R11/9)
0'=3

JUMP 35
32)96(A5+42)X0,2
JUMP 35
54)96(A5+2)X0,1
#6(A7+1)C24,1
X0=~X0gSIN(;31)
X1=C24#SIN(;31)
JUMP 35
33)86(A7)X0,2
JUMP 35
34)96(A5+2)X0,1
35)JUMPDOWN (R11/3)
36)JUMP 41,A'#0
JUMP 41,C17=1
X18=gPARITY (0)
JUMPDOWN (R11/8)
0'=L'-1

J '=T+INHS+L'NO
JUMP 37,C17=2
JuMP 33,C17=3
JUMP 3Q,C17=4
JUMP 55,C17=5
JUMPDOYN (R2/2)
C26=-C20
JUMPDOWN (R11/9)
0'=3

JUMP 40
37)96(A5+2)X0,2
JUMP 40
55)96(A542)X0,1
P6(A7+1)C24,1
X0=X0pSIN(;32)
X1=-=C24@SIN(;32)
JUMP 40
38)86(A7)X0,2
JUMP 40
39)86(A5+2)X0,1
40)JUMPDOVN (R11/3)
41)REPEAT

51 )RETURN

L 2]
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ROUTINE 13

>> ACTI(NS ALONG EDGE 1
DIN=(I+L" YHE+(M+M ' YHG
v=p29(1,N)

317=0

wi=A'

JUMP 11,C16=1

319=C16

;20=C1%7

JUMPDOWN (R1/10)
#7(B36+4)X0, 4
P=P'(R')R
J=(pP~P')/R"

316=4

JuMp 113,C16#0
JUMPDOVN (R2/1)
A23=p26(A1,A3,4,4,4)
A23=p26(A23 »A2,4,4,4)
A23=p26(A23,A0,4,4,4)
A26=p29(C20,4)
A23=p26(126,A23,4,4,4)
A22=p$15(A0,16)
113)JUMP 105,L'#4
JUMPDOWN (R2/2)
A25=¢26(A1:A3 14:4, 4)
A25=026(A25,A2,4,4,4)
A25=p26(A25,A0,4,4,4)
A26=429(~C20,4)
A25=026(A26,A25,4,4,4)
105)JUMPD(WN (R10/1)
JUMP 2,C16=2

JumMP 3,C16=3

JUMP 6,C16=4

JuMP 7,C16=5

1=0(1)3

JUMPDOYN (R1/10)
XI=1

@¢7(B36)X0,4

JUMPDOVWN (R10/8)

T=N (L+L' YH8+LJ+I
JUMPDOWN (R12/1)
REPEAT

JUMP 4

7)1=0(1)1

JUMPDOWN (R1/10)
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X(I+1)=1
#7(B36)X0, 4
JUMPDOWN (R10/8)
T=N(L+L' J)HS+LI+I
JUMPDOWN (R12/1)
REPEAT

JUMP 4
6)JUMPDOYN (R1/10)
X2=1
$7(B36)X0,4
JUMPDOWN (R10/8)
T=N (L+L’ YHS+LJ
JUMPDOWN (R12/1)
JUMP 4
2)I=0(1)1
JUMPDOWN (R1/10)
X(I+2)=1
@7(B36)X0,4

JUMPDOWN (R10/8)
T=N (L+L" JHB+LJI+I
JUMPDOWN (R12/1)
REPEAT

JUMP 4

3)1=0(1)1
JUMPDOWN (R1/10)
XI=1
$7(B36)X0,4
JUMPDOWN (R10/8)
T=N(I+L "' JHS+LJ+I
JUMPDOWN (R12/1)
REPEAT

4)REPEAT
NEVLINE 2
CAPTION

EDGE 1 COMPLETE

>> ACTIONS ALONG EDGE 2
11)JuMP 21,C17=1
JUMP 21,A'#0
;19=C17

320=C16

330=;31

354==332

1'=22

JUMPDOWN (R1/10)
@7(B36)X0,4
P=P'(R')R
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J=(P~P')/R"*

316=4

JUMP 114,C17#0
JUMPDOWN (R2/2)
A23=026(A1,A3,4,4,4)
A23=¢26(A23’A2:4:404)
A23=026(A23,40,4,4,4)
A26=¢29(~C20,4)
A23=026(A26,A23,4,4,4)
A22=¢15(A0,16)
114)JUMP 106, C16#0
JUMPDOWN (R2/1)
A25=026(A1,A3,444,4)
A25=926(A25,A2,4,4,4)
A25=p26(A25,A0,4,4,4)
A26=029(C20,4)
A25=p26(A26,A25,4,4,4)
106)JUMPDOWN (R10/1)
JUMP 12,C17=2

JUMP 13,C17=3

JUNP 16,C17=4

JUMP 1%,C17=5
I=0(1)3

JUMPDOWN (R1/10)
XI=1

#7(B36+4)X0,4
JUMPDOWN (R10/8)
T=N(L+L" YHS+LHE+L ' J+1
JUMPDOWN (R12/1)
REPEAT

JUMP 14

17)1=0(1)1

JUMPDOWN (R1/10)
X(I+1)=1
@7(B36+4)X0, 4
JUMPDOWN (R10/8)

T=N (L+L' YH8+LHE+L ' J+1
JUMPDOWN (R12/1)
REPEAT

JUMP 14

16) JUMPDOWN (R1/10)
X2=1

37(B36+4)X0,4
JUMPDOWN (R10/8)
T=N(L+L' YHS+LHB+L'J
JUMPDOWN (R12/1)
JUMP 14

12)I=0(1)1

JUMPDOWN (R1/10)
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X(I+2)=1
#7(B36+4)X0,4
JUMPDOWN (R10/8)
T=N(I+L' JHS+LHE+L ' J+1
JUMPDOWN (R12/1)
REPEAT

JUMP 14

13)I=0(1)1

JUMPDOWN (R1/10)
XI=1 )
#7(B36+4)X0,4
JUMPDCWN  (R10/8)

T=N (L+L" JHB+IHB+L ' J+I
JUMPDOWN (R12/1)
REPEAT

14 )REPEAT

NEWLINE

CAPTION

EDGE 2 COMPLETE

>> ACTIONS ALONG EDGE 3
21)W'=B"

JUMP 31,C18=1

;16=c18

320=C19

354333

330=~334

I'=0

JUMPDOWN (R1/10)
37(B36+4)X0,4
6=Q'(s")s

J=(Q-Q')/s’

316=4

JUNP 115,C18#0
JUMPDOWN (R2/3)
M3=¢26(A1vA394s414)
A23=026(A23,A2,4,4,4)
A23=926(123,A0,4,4,4)
A26=p29(C20,4)
A23=p26(A20,A23,4,4,4)
A22=915(A0,16)
115)JUMP 107,M'#4
JUMPDOWN (R2/4)
A25=p26(A1,A3,4,4.4)
A25=26(A25,A2,4,4,4)
A25=p26(A25,A0,4,4,4)
A26=p29(-C20,4)
A25=p26(A26,A25,4,4,4)
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107)JUMPDXWN (R10/2)
JUMP 22,C18=2
JUMP 23,C18=3
JUMP 26,C18=4
JUMP 27,C18=5
I=0(1)3

JUMPDOWN (R1/10)
XI=1

$7(B36)X0,4
JUMPDOWN (R10/8)
T=(L+L' YHS+MT+I
JUMPDOVN (R12/31)
REPEAT

JUMP 24
27)1=0(1)1
JUMPDOWN (R1/10)
X(1+1)=1
@7(B36)X0,4
JUMPDOWN (R10/8)
T=(1+L' YHS+MI+1
JUMPDOWN (R12/31)
REPEAT

JUMP 24
26)JUMPDOWN (R1/10)
X2=1

¢7(B36)X0,4
JUMPDOWN (R10/8)
T=(I+L" YHS+MT
JUMPDOWN (R12/31)
JUMP 24
22)1=0(1)1
JUMPDOWN (R1/10)
X(142)=1
@7(B36)X0,4
JUMPDOVN (R10/8)
T=(L+L' JHHMI+I
JUMPDOWN (R12/31)
REPEAT

JUMP 24
23)I=0(1)1
JUMPDOWN (R1/10)
XI=1

#7(B36)X0,4
JUMPDOWN (R10/8)
T=(1+L" YHE+MI+I
JUMPDOWN (R12/31)
REPEAT

24 )REPEAT
NEWLINE

CAPTION

EDGE 3 COMPLETE
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>> ACTIGNS ALONG EDGE 4
31)JUMP 41,C10=1"
JUMP 41,B'#0

;19=C19

;20=C18

330=;33

334=-334

I'=22

JUMPDOWN (R1/10)
g7(B36)X0,4
Q=0"'(s')s
J=(0Q')/s"*

;1624

JUMP 116,C1970
JUMPDOWN (R2/4)
A23=026(A1,A3,4,4,4)
723=926(723,A2,4,4,4)
A23=p26(A23,40,4,4,4)
A26=929(~C20,4)
A23=926(A26,A23,4,4,4)
A22=p15(A0,16)
116)JuMP 108,c1870
JUMPDOYN (R2/3)
A25=026(A1,A3,4,4,4)
A25=026(A25,A2,4,4,4)
A25=¢26(A25’A014:4u4)
726=p29(C20,4)
A25=926(A26,A25,4,4,4)
108)JUMPDOWN (R10/2)
JUMP 32,C19=2

JUMP 33,C19=3

JUMP 36,C10=4

JUMP 37,C19=5

1=0(1)3

JUMPDOWN (R1/10)
X1=1

p7(B36+4)X0,4
JUMPDOWN (R10/8)
T=(L+L' JHE+MHO+M ' J+I
JUMPDOWN (R12/31)
REPEAT

JUMP 34

37)1=0(1)1

JUMPDOWN (R1/10)
X(I+1)=1
@7(B36+4)X0,4
JUMPDOWN (R10/8)
T=(1+L" YH4+MHO+M " J+1
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JUMPDOWN (R12/31)
REPEAT

JUMP

36)JUMPDOWN (R1/10)
X2=1

$7(B36+4)X0,4
JUMPDOWN (R10/8)
T=(L+L" YHBHMHO+M'T
JUMPDOWN (R12/31)
JUMP 34

32)1=0(1)1
JUMPDOWN (R1/10)
X(1+2)=1
$7(B36+4)X0,4
JUMPDCWN (R10/8)
T=(L+L"' YHO+MHG+M * J+1
JUMPDOWN (R12/31)
REPFAT

JUMP

33)I=0(1)1
JUMPDOYN (R1/10)
XI=1

$7(B36+4)X0,4
JUMPDOYWN (R10/8)
T=(1+L' JHEMHO+M ' T+1
JUMPDOWN (R12/31)
REPEAT

34 JREPEAT

41)JUMP 62,N=0
NEWLINE

CAPTIGN

MATRIX V FOORMED
NEWLINE 2
JUMPDOYN (R5)
CAPTION

P,SOLN, GAPS (DISPLACEMENTS MULTIPLIED BY C20)
JUMP 42,L=0
NEWLINE
CAPTIN

EDGE 1

K=LH8-L
1=0(1L)K
@6(U+I)X1,1L
NEWLINE
0'=1(1)L
PRINT(X0')0,4



REPEAT

REPEAT
42)JUMP 43,L'=0
NEWLINE
CAPTION

EDGE 2

K=LH8
J=K+L'H8-L"'
I=K(L')J
g6(U+1)X1,L’
NEWLINE
0'=1(1)L’
PRINT(XG')0,4
REPEAT

REPEAT
43)JUMP 44,M=0
NEWLINE
CAPTION

EDGE 3
K=(L+L')H8
J=K-+MHQ-M
I=K(M)J
Fo(U+I)X1,M
NEWLINE
O'=1(1)M
PRINT (X0')0,4
REPEAT

REPEAT
44)JUMP 45,M'=0
NEWLINE
CAPTION

EDGE 4
K=(L+L" )H8+MHY
J=K+M"HQ-M"'
I=K(M')J
Po(U+I)X1 ,M"
NEWLINE
o'=1(1)n’
PRINT(XO')0,4
REPEAT

REPEAT

45)JUMP 62,N=0
U=p28(V,N, 1)
NEWLINE 2
CAPTION

MATRIX V INVERTED
NEWLINE 3
CAPTION

SOLUTION VECTORS
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NEWLINE 2

>% ARBITRARY CONSTANTS
46)JUMPDGAN (R1/10)
@7(A6)X0,4
P=P'(R")R
J'=(P-P')/R'

DJ '=p15(A6,4)

EJ '=p15(A6,4
REPEAT .
0=0'(s')s
J'=(Q=Q')/s"
FJ'=p15(A6,4)
GJ'=p15(46,4)
REPEAT

>> ACTIONS ALONG EDGE 1
;17=123
W'=A"
JUMP 50,C16=1
CAPTION
EDGE 1
NEWLINE
CAPTION

P
310=C16
320=C17
354=331
;30==332
I'=0
P=P'(R')R
316=4
JUMP 117, C16#0
JUMPDOWN (R2/1)
A23=p26(A1,A3,4,4,4)
A23=p26(A23,A2,4,4,4)
A23=¢26(A23,A0,4,4,4)
A26=p29(C20,4)
A23=p26(A26,A23,4,4,4)
A22=p15(A0,16)
117)JUMP 109, L'#4
JUMPDOMN (R2/2)
A25=026(A1,A3,4,4,4)
A25=p26(A25,A2,4,4,4)
A25=026(A25,A0,4,4,4)
A26=02G(-C20, 4)
A25=026(726,425,4,4,4)
109)J '=(P-P')/R’



K=U+LJ'
JUMPDOWN (R1/9)
JUMP 47,C16=2
8,C16=3
JUMP 3,C16=4
JUMP 70,016_5
#6(K)X0, 4
JUMP 49
70)p6(K)X1,2
JUMP 49
63)96(K)x2,1
JUMP 49
47)96(K)X2,2
JUMP 49
48)86(x)X0,2
49)NEWLINE
PRINT(P)2,0
I1=0(1)3
XI=-X1
PRINT(XI)O,4
REPEAT
¢7(B36)x0,8
JUMPDOWN (R10/1)
DJ '=$15(B34,4)
EJ '=¢15(B35,4)
REPEAT
JUMP 54,W'#0

>> ACTIONS ALNG EDGE 2
50)JUMP 54,C17=1
;19=C17
320=C16
354=-332
330=331
I'=22
NEVLINE 2
CAPTION
EDGE 2
NEWLINE
CAPTION

P
P=P'(R')R
316=4
JuMP 118,C17#0
JUMPDOWN (R2/2)
A23=p26(A1,A3,4,4,4)
A23=p26(A23,A2,4,4,4)
A23=026(A23,/0,4,4,4)
A26=029(~C20,4)
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A23=p26(A26,A23,4,4,4)
A22=p15(A0,16)
118)JuMP 110,C1670
JUMPDOWN (R2/1)
A25=p26(A1,A3,4,4,4)
A25=926(A25,A2,4,4,4)
A25=026(A25,A0,4,4,4)
A26=029(C20,4)
A25=¢26(A26,A25,4,4,4)
110)J3'=(P-P')/R"
K=U+LH8+L'J’

JUMPDOWN (R1/Q)

JUMP 51,C17=2

JUMP 52,C17=3

JUMP 64,C17=4

JUMP 71,C17=5
#6(X)X4,4

JUMP 53

71)86(K)X5,2

JUMP 53

64)86(K)X6,1

JUMP 53

51)36(K)X6,2

JUMP 53

52)86(K)X4,2

53 )NEWLINE
PRINT(P)2,0

1=4(1)7

XI=-XI

PRINT(X1)0,4

REPEAT

@47(B36)X0, 8

JUMPDOWN (R10/1)
DJ'=p11(DJ*,B34,4)
EJ '=p¢11(EJ',B35,4)
REPEAT

>> ACTIONS ALING EDGE 3
54)w ] =B L}

Jump 53,C18=1
;10=C18
320=C19
354=333
;30==3;34
I'=0

NEWLINE 2
CAPTION

EDGE 3
NEWLINE
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CAPTION

Q
Q=Q'(s')S
316=4
JUMP 11g,C18#0
JUMPDOWN (R2/3)
A23=p26(A1,A3,4,4,4)
A23=026(A23,A2,4,4,4)
A23=026(A23,A0,4,4,4)
A26=p29(C20,4)
A23=p26(A26,A23,4,4,4)
A22=¢15(A0,16)
119)JUMP 111,M'#4
JUMPDOWN (R2/4)
A25=p26(A1,A3,4,4,4)
A25=926(A25,A2,4,4,4)
A25=p26(A25,A0,4,4,4)
A26=p29(-C20,4)
A25=¢26(A26,A25,4,4,4)
111)J7'=(Q-Q')/Ss"
K=U+(L+L')HS+MJI '
JUMPDOWN (R1/9)
JuMP 55,C18=2
JUMP 56,C18=3
JUMP 65,C18=4
JuMp 72,€18=5
86 (K)X0,4
JUMP 57
72)86(K)X1,2
JUMP 57
65)86(K)Xx2,1
JUMP 57
55)86(K)X2,2
JUMP 57
56)86(K)X0,2
5%)NEVLINE
PRINT(Q)2,0
1=0(1)3
XI=-XI
PRINT(XI)O,4
REPEAT
g7(B36)%0,8
JUMPDOWN (R10/2)
FJ '=p15(B34,4)
GJ '=p15(B35,4)
REPEAT
JUMP 62,W'#0
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>> ACTIONS ALONG EDGE 4
53)aump 62,C19=1
319=C19
320=C18
334=-;34
530=333
I'=22
NEWLINE 2
CAPTION
EDGE 4
NEWLINE
CAPTICN

Q
Q=Q'(5")s
316=4
JUMP 104,C10#0
JUMPDOWN (R2/4)
A23=p26(A1,A3,4,4,4)
A23=p26(123,A2,4,4,4)
A23=026(A23,40,4,4,4)
A26=p2G(-C20,4)
A23=¢26(A263A2314s414)
A22=¢15(A0,16)
104)JUMP 112,C18#0
JUMPDOWN (R2/3)
225=¢26(A1,A3,4,4,4)
A25=p26(A25,A2,4,4,4)
A25=026(A25,R0,4,4,4)
A26=p2G(C20,4)
A25=¢26(A26,A25,4,4,4)
112)J'=(qQ-0"')/s’
K=U+(L+L' YHB+MHQ+M' T’
JUMDPDOWN (R1/G)
JUMP 59,C19=2
JuMpP 60,C10=3
JuMP 66,C19=4
JUMP #3,C1G=5
p6(K)X4,4
JuMp 61
73)86(K)X5,2
JuMP 61
66)36(K)X6, 1
JUMP 61
50)86(K)X6,2
JuMP 61
60)p6(K)X4,2
61 )NEVLINE
PRINT(0)2,0
I1=4(1)7
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XI=-XI
PRINT(XI)0,4
REPEAT
¢7(B36)X0, 8
JUMPDOWN (R10/2)
FJ'=p11(FJ',B34,4)
GJ'=911(GJ',B35,4)
REPEAT

62 )JUMPDOWN  (R14)
RETURN

ok

ROUTINE 14

-~ 336 -

>> TOTAL SOLUTION PRINT INSTRUCTIONS

>>0QUTPUT DOMAIN
1)READ(H20)
READ(H21)
READ(H22)
READ(H23)
H20=H20H1
H21=H21H1
H22=H22H2
H23=H23H2
READ(N)
READ(N')
I=1(1)15
X1=0
REPEAT
K=NN'-1
I=0(1)K
#7(G'+151)X1,15
REPEAT
N=N-1
N'=N'-1
JUMP 4,N=0
H24=(H21-H20)/N
4)JUMP 5,N'=0
H25=(H23-H22)/N'
5)NEWLINE 4
CAPTION
POINT(A,B)

CAPTIN

N(A)
NEWLINE
CAPTION

u(c) M(A)

N(B) M(AB)

uda) PSI(A)

N(AB)

M(B)

u(B)



CAPTION
PSI(B) Q(A) Q(B) Q'(a)
NEWLINE
CAPTION
Q'(B)

>> C,FUNCTION SOLN, ACTIONS ALONG EDGES 1 AND 2
JUMP 101,C23>2.5

JUMP 6,1+L'=0
101)P=P'(R')R
K'=(P-P')/R'

JUMPDOWN (RQ/4)
J'=0(1)N'

H12=H22+J 'H25

Zo=H1i2

318=H2-Z0

JUMPDOWN (R8/3)
A20=p26(A20,DK",4,1,4)
A21=p26(A21,EK',4,1,4)
B39=p26(B37,A20,15,1,4)
B40=p26(B383,A21,15,1,4)
B40=p11(B39,B40,15)
$o(B40)Y1,15

I1'=0(1)N
H11=H20+1'H24

;0=U2H11

31=pSIN(;0)
32=¢C0S(;0)

I1=1(1)5

XI=;1YI

REPEAT

1=6(1)9

XI=;2YI

REPEAT

X10=;1Y10

X11=;1y11

X12=;2Y12

X13=;1Y13

X14=;2714

X15=;1Y15
#7(B40)X1, 15
K=15N'I'+15I'+15J '+G'
K=p11(K,B40,15)
REPEAT

REPEAT

REPEAT
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>> C,FUNCTION SOLN. ACTIONS ALONG EDGES 3 AND 4
6)JUMP 7,M+M'=0
Q=Q'(s8')s

K'=(QQ')/s’

JUMPDGWN (RO/5)
I'=0(1)N

H11=H20+I 'H24

Zo=H11

318=H1-Z0

JUMPDOWN (R8/3)
A20=926(AZ0,FK',4,1,4)
A21=026(A21,6K',4,1,4)
B39=¢26(B37,A20,15,1,4)
B40=p26(B38,A21,15,1,4)
B40=p11(B39,B40,15)
#6(B40)Y1,15
J'=0(1)N"

H12=H22-+J "H25

;0=U2H12

;1=gSIN(;0)

32=pC0s (;0)

I1=1(1)5

XI=;1VI

REPEAT

X6=;2Y6

X7=;2Y7

XB=;1Y8

X9=;1YG

X10=;2Y10

X11=;2Y11

X12=;1Y12

X13=;2Y13

X14=;1Y14

X15=;2Y15
$7(B40)X1,15
K=15N"'I'+151'+157 '4+G'
K=p11(K,B40,15)
REPEAT

REPEAT

REPEAT

>> P.SOIN, (NAVIER SOIN,)
7)K '=H40

I'=H26

K=H2%

T'=H28



J'=H2Q
J=H30

=H31
P=I"'(K)T'
I=(P-I')H39/K
Q=J3'(I)T
JUMPDOWN  (R3)
D=1+(Q=-J')/J
g7(r'+0)Y0,1
B7(F '+04+K')Y5,1
@7(F'+0+2K"')Y7,1
@7(F ' '+0+3K')Y2,1
@7(F '+0+4K ')Y4,1
@7(F '+C+5K ')Y6, 1
@7(F '+0+6K')Y3,1
P7(F ' +O+7K Y8, 1
@7(F'+0+8K ')Y10,1
@7(F '+0+0K ' )YQ, 1
@7(F'+0+10K ' )Y11,1
@7(F'+0+11K')Y12,1
@7(F'+0+12K')Y13,1
X1=y12-H7Y6
@7(F '+0+13K ' )X1,1
X1=Y13-HOY6
@7(F '+0+14K ' )X1,1
REPEAT
REPEAT

I'=0(1)N
NEWLINE
H11=H20+I'H24
J'=0(1)N’
H12=H22+J 'H25
NEWLINE 2
PRINT(H11)4,2
CAPTICN

?
PRINT{H12)4,2
SPACE 2

Xo=1
@7(A11)X0,1
@7(A12)X0, 1

>> POSITION MATRICES
T=H26
0O=H27
0'=H28
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P=T(0)0"'
Hb6=P;H11/H1
I=(P-T)/0
XI=pSIN(HO)
YI=pCOS (HO)
REPEAT
@7(Ag)X0, H38
@7(A10)Y0,H38
Jump 8,C23=4
JUMP §,C23=3
T=H29

O=H30

0'=H31
Q=T(0)0"'
H7=Q;H12/H2
I=(Q-T)/0
XI=@gSIN (H7)
YI=pCOS(H7)
REPEAT
@#7(A11)X0,H39
@$7(A12)Y0,H39
JUMP 9
8)Xo=pCOS (H32~H4H12)
YO=@SIN(H32~-H4H12)
g7(A11)X0,1
$7(A12)Y0,1

>>PRINT OUT
Q)K=15N"I'+151'+15J "+G "
1=0(1)4

J=1H40
A13=p26(A9,F '+J, 1,H30,H38)
A13=926(A13,A11,1,1,H39)
#6(A13)X1,1

REPEAT

I1=5(1)6

J=IH40

A13=p26(.10,F '+J,1,H39,H38)
A13=¢26(A13,A12,1,1,H30)
#6(A13)XI,1

REPEAT

1=7(1)8

J=IH40

A13=¢26(A10,F '+J,1,H39,H3B8)
A13=p26(A13,A11,1,1,H30)
#6(A13)X1,1

REPEAT

1=0(1)10
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J=IH40
A13=p26(A9,F '+J,1,H39,H38)
A13=g26(A13,A12,1,1,H39)
#6(A13)XI, 1

REPEAT

I1=11(2)13

J=IH40

A13=@26(A10,F '+3,1,H39,H38)
A13=p26(A13,A11,1,1,H39)
$6(A13)X1,1

REPEAT

I=12(2)14

J=IH40

A13=926(A9,F '+J,1,H39,H38)
A13=p26(A13,A12,1,1,H39)
$p6(A13)XI, 1

REPEAT

@¢6(K)X20,15

1=0(1)14

3 1=X1+X(I420)

JuMP 98,1=14

JUMP 9g, 1#7

98)SPACE 22
OQ)PRINT(;1)0,4

REPEAT

REPEAT

REPEAT

RETURN

* ¥

CHAPTER O

A»50
B»30
C»40
D»50
E»50
F»50
G»50
H»60
Us»10
v»1
Vsl
X»100
Y»60
Z»1

;*55
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c27=1
c28=1

»> SHELI, DIMENSIONS
1)NEWLINE 2
CAPTION

SHALLCY TRANSIATIONAL SHELL (K(ab)=0) ON RECTANGUIAR PIAN AREA,

NEWLINE 2
CAPTION
T IA(plan)

NEWLINE
READ(H)
PRINT(H)0,4
I=1(1)4
READ(HI)
SPACE 2
PRINT(HI)O,4
REPEAT
31=H3
3UM§460,H3=0
H3=1/(.125H1i1/H3+.5H3)
60)JuMP 61 ,H4=0
H4=1/ (. 125H2H2/H4+.5H4)
61 )NEWLINE 2
CAPTION

K(a) K(b)
NEWLINE
PRINT(H3)0,6
SPACE 2
PRINT(H4)0,6
C29=300PARCS IN ($MOD (. SH1H3) )/ ;
€30=360BARCS IN (8MOD( . 5H2H4) )/ ;
NEWLINE 2
CAPTION

8(a) 8(b) I1A(arc)

NEWLINE
JUMP 62,H3=0
JUMP 62,8M0D(;1)-pMOD(1/H3)<0
€26=360-029
62)JUMP 63,H4=0
JUMP 63,MOD(;2)-gMOD(1/H4)<0
€30=360-C30
63)PRINT(C29)3,3
SPACE 2
PRINT(C30)3,3
JUMP 64,H3=0
H1=pMOD( ;C20/ (180H3))
64)JUMP 653H4=0

1B(plan)

1B(arc)

RISE A

RISE B



H2=¢MOD( ;C30/ (180H4))
65)SPACE 2
PRINT(H1)0,4

SPACE 2

PRINT(HZ2)0,4

C31=0

C32=1

€33=0

JUMP 66, 3MOD (H3)+8MOD(H4 )#0
NEWLINE 2

CAPTION

FLAT PIATE -~ K(a) = 0, MODIFIED K(b) =
H4=@EXP(~20)/(H1+H2)

PRINT (H4)0,4

JUMP 2

66)JUMP 2,H4=0 .
JUMP 2,8MOD( (H3-H4)/H4)> . 02BMOD(C28)
H4=H3

NEWLINE 2

CAPTION

MCDIFIED K(A) = K(B) =

PRINT (H3)0,6

c31=2

C32=0

€33=1

>> LOADING ON SHELL

2)READ(C23)

READ(A)

READ(B)

NEWLINE 2

JUMP 70,A=0

JUMP 71,A=-1

CAPTION

IOADING SYMMETRIC ABOUT AXIS A=L(a)/2,
JUMP 70

71) CAPTION

IOADING ANTIMETRIC ABOUT AXIS A=L(a)/2.
20 JNEVLINE

JUMP 772 ,B=0

JUMP 73,B=-1

CAPTION

LOADING SYMMETRIC ABOUT AXIS B=L(b)/2.
JUIP 72

73 )CAPTICN

LOADING ANTIMETRIC ABOUT AXIS B=L(b)/2.
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72)NEWLINE 2
JUMP 74,C23=1
JUMP 76,C23=3
JUMP 77,C23=4
JUMP 75,C23=2
CAPTION
UNIFORM LOADING ON TOTAL SURFACE AREA {OF SHELL, (DOUBLE FOURIER
EXPANSION)
NEWLINE
CAPTION
INTENSITY OF LOADING G(a) G(b)
CAPTION
G(c)

NEWLINE
READ(X')
READ(Y')
READ(Z')
SPACE 26
PRINT(X')0,6
SPACE 12
PRINT(Y')0,6
SPACE 8
PRINT(Z')0,6
H41=,5H1
H4z=, 5H2
H43=H1

H44=H2
H45=.5H1
Hq6=, 5H2
H47=H1
H43=H2
H4AQ=,5H1
H50=,5H2
H51=H1
H52=H2

Jump 8o

74)CAPTICN
UNIFORM PATCH LOADING., (DGUBLE FOURIER EXPANSION),
NEWLINE
CAPTICN
INTENSITY OF LOADING CO-ORDINATES OF CENTRE OF PATCH
CAPTION
DIMENSIONS OF PATCH
READ(X')
READ(Y')
READ(Z')
JUMP 73,X'=0
1=41(1)44



READ(HI)
REPEAT
NEWLINE
CAPTICN

G(a)=
PRINT(X')0,6
SPACE 18
H41=H41H1
H{2=HA2H2
HA3=H43H1
HA4=H44H2
PRINT(H41)0,4
PRINT(H42)0,4
SPACE 18
PRINT(H43)0,4
PRINT(H44)0,4
28)JuMP 79,Y'=0
I=45(1)438
READ(HI)
REPEAT
NEVLINE
CAPTION

G(b)=
PRINT(Y')0,06
SPACE 18
H45=H45H1
H46=H46H2
H47=H47H1
H48=H40H2
PRINT (H45)0,4
pRINT(H%6)0,4
SPACE 1
PRINT(H47)0,4
PRINT (H48)0,4
79)JuMP 80,Z'=0
1=40(1)52
READ(HI)
REPEAT
NEWLINE
CAPTION
G(c)=
PRINT(Z')0,6
SPACE 18
H49=H49QH1
H50=H50H2
H51=H51H1
H52=H52H2
PRINT(H49)0,4
PRINT(H50)0,4
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SPACE 18
PRINT(H51)0,4
PRINT(H52)0,4
Jurr 8o

75)CAPTICN
CYLINDRICAL SHELL - LOADING APPLIED IN A FIXED DIRECTIN IN (B-C) PLANE,
CAPTION

DOUBLE FOURIER EXPANSION,
NEWLINE
CAPT ICN
g =
READ(Z')
READ(H32)
1=49(1)52
READ(HI)
REPEAT
PRINT(H32)3,3
H32=;H32/180
NEWLINE
CAPTION
INTENSITY OF LOADING COORDINATES OF CENTRE OF PATCH
CAPTION

DIMENSIONS OF PATCH

NEWLINE
PRINT(Z')0,6
SPACE 22
HAQ=H4QH1
H50=H50H2
H51=H51H1
H52=H52H2
PRINT(H49)0,4
PRINT (H50)0,4
SPACE 20
PRINT(H51)0,4
PRINT (H52)0,4
Jurme 8o

76) CAPT ICN
UNIFORM PATCH LOADING IN C DIRECTIN, (SINGLE FOURIER EXPANSION)
NEWLINE
CAPTION
INTENSITY (F LOADING CO-ORDINATES OF CENTRE OF PATCH
CAPTION
DIMENSICNS OF PATCH
NEWLINE
READ(Z')
READ(H49)



READ(H51)
HAO=H49H1
H51=H51H1
H50=, 5H2
H52=H2
PRINT(Z')0,6
SPACE 18
PRINT (H49)0,4
PRINT(H50)0,4
SPACE 18
PRINT(H51)0,4
PRINT (H52)0,4
Jump 8o

27)CAPTICN

CYLINDRICAL SHELL - SELF WEIGHT,
NEWLINE

CAPTION

INTENSITY OF LOADING =
READ(Z ')

READ(H32)

PRINT(Z')0,6

NEWLINE

CAPTICN

a =

PRINT (H32)3,3
H32=;H32/180
H33=H32-H4H2

>> TEMPERATURE LOADING
80)READ(B70)
READ(B71)
READ(B72)
NEVLINE 2
CAPTIN
TEMPERATURE T1
PRINT(B70)0,4
NEWLINE
CAPTION
TEMPERATURE T2
PRINT(B71)0,4
NEVWLINE
CAPTION

(SINGLE FOURIER EXPANSION)

COEFFICIENT OF LINEAR THERMAL EXPANSION =

PRINT(B72)0,4



>> BOUNDARY CONDITICNS
I=16(1)19
READ(CI)
REPEAT
€20=100000
NEWLINE 2
CAPTION
€20=1,0000, 5
NEWLINE 2
CAPTION

EDGE 1 -
K)=15)

L=4

JUMP 10,C16=0
L=0

JUMP 11,C16=1
I=2

JUMP 12,C16=2
JuMP 13,C16=3
0'=1

JUMP 43,C16=5
I=1

JUMP 14,C16=4
15)NEWLINE
CAPTION

EDGE 2 -
K)=16)

L'=4

JUMP 10,C17=0
L'=0

JUMP 11,C1%7=1
L'=2

JUMP 12,C17=2
JUMP 13,C17=3
0'=2

JUMP 43,C17=5
L'=1

JUMP 14,C1l7=4
16)NEWLINE
CAPTION

EDGE 3 =
K)=1%7)

M=4

JUMP 10,C18=0
M=0

JUMP 11,€18=1
M=2

JUMP 12,C18=2
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I
Y
=2
O

I

JuMP 13,C18=3
0'=3

JUMP 43,C18=5
M=1

JUMP 14,C18=4
17)NEWLINE
CAPTICN

EIGE 4 -
K)=138)

M'=4

JUMP 10,C19=0
M'=0

JUMP 11,C19=1
M'=2

JUMP 12,C10=2
JUMP 13,C10=3
0'=4

JUMP 43,C19=5
M'=1

JUMP 14,C109=4

10)CAPTICN
FLEXIBLE EDGE BEAM,
JUuMP (K)

11)CAPTION

DEEP THIN INEXTENSIBLE NORMAL GABLE (SIMPLY SUPPORTED),
JUMP (K)

12)CAPTIN

CLAMPED,

Jue (K)

13)CAPTION

FREE,

Jume (K)

14)CAPTION

HINGED,

JUMP (X)

43)READ(; (0'+30))

CAPTIN

DEEP THIN INEXTENSIDLE OBLIQUE GABLE @=
PRINT(;(0'+30))3,3

; (0'4+30)=;(0'+30);/130

JUMP (K)

13)READ(A ")
JUMP 19,A'=0
L'=0

NEWLINE 2
JUMP 41,A'=-1
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CAPTION
BOUNDARY CUNDITIGNS AND IOADING SYMMETRIC ABOUT AXIS B=L(B)/2
JUMP 19
41)CAPTION
BOUNDARY CIONDITIONS SYMMETRIC AND LOADING ANTIMETRIC ABOUT AXIS B=L(B)/2
19)READ(B ')
JuMP 23,B'=0
M'=0
NEWLINE
JUMP 42,B'=-1
CAPTION
BOUNDARY CONDITIONS AND LOADING SYMMETRIC ABOUT AXIS A=L(A)/2
JUMP 23
42)CAPTION
BOUNDARY CONDITIONS SYMMETRIC AND LOADING ANTIMETRIC ABOUT AXIS A=L(A)/2.

>>EDGE BEAMS (A,I11,I12,13,a,b,23,Z2,psi)
23)READ(;1)

JUMP 4, ;1=0

I=1(1)28

READ(BI)

REPEAT

I=61(1)64

READ(BI)

REPEAT

1=20(1)32

READ(BI)

REPEAT

NEWLINE 2

CAPTIGN

EDGE BEAMS 1 2 3

NEWLINE
CAPTION

A =
1=1(1)4
PRINT(BI)O,6
REPEAT
NEWLINE
CAPTION

11 =
1=5(1)8
PRINT(BI)0,6
REPEAT
NEWLINE
CAPTIDN

12 =
1=9(1)12
PRINT(BI)O,6
REPEAT
NEWLINE
CAPTICN

13 =
1=13 (1)16
PRINT(BI)0O, 06
REPEAT



NEWLINE
CAPTICN
Al =
=17(1)20
PRINT(BI)O,b
REPEAT
NEWLINE
CAPTION
B =
I=21(1)24
PRINT(BI)0,6
REPEAT
NEWLINE
CAPTION
U-D.L.Z3=
1=25(1)28
PRINT(BI)O,6
REPEAT
NEWLINE
CAPTICN
U,D,L.22=
I=61(1)64
PRINT(BI)0,6
REPEAT
NEWLINE
CAPTION
PSI =
1=29(1)32
PRINT(BI)0,6
BI=;BI/180
REPEAT

>>EIASTIC CONSTANTS
4)READ(E)
READ(E'")
READ(C)
D=EHHH/ (12-12CC)
NEWLINE 2
CAPTION

E E'
NEWLINE
PRINT(E)O,4
PRINT(E')0,4
PRINT(C)O,3
PRINT (D)0, 4
U4=2¢SQRT (3-3CC)/H
JUMP 5,E'#0
E'=1
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>> F.SERIES SPECIFICATIONS
S)READ(P')

READ(R')

READ(R)

READ(O')

READ(S!

READ(S)

NEWLINE 2

CAPTION

C.SOIN, HARMONICS IN (A) DIRECTIMN P
PRINT(P')1,0

SPACE 2

PRINT(R')1,0

SPACE 2

PRINT(R)2,0

NEWLINE

CAPTION

C.SCLN, HARMONICS IN (B) DIRECTIGN Q
PRINT(Q')1,0

SPACE 2

PRINT(S')1,0

SPACE 2

PRINT(S)2,0

H
JUMP 45,5'#0

§'=1

45)1=(5-Q')/5"+1

Ho=T

H10=H8HQ

I=26(1)31

READ(HI)

REPEAT

NEWLINE

CAPTION

P.SCIN, HARMONICS IN (A) DIRECTION P'=
PRINT(H26)1,0

SPACE 2

PRINT(H27)1,0

SPACE 2

PRINT (#28)2,0

NEWLINE

CAPTION

P.SOLN, HARMONICS IN (B) DIRECTION Q's=
PRINT(H29)1,0

SPACE 2

PRINT(H30)1,0

SPACE 2



PRINT(H31)2,0

JUMP 46,H27#£0

H2%=1

46) I=(H28-H26) /H27+1
H38=1

JUMP 47,H30#0

H30=1

47)I1=(H31-H20) /H30+1
H39=1

H40=H38H39

>> MATRIX STARTING LCCATIONS
21)1=0(1)4
AI=161
REPEAT
1=0(1)3
A(1+5)=80+41
REPEAT
I=0(1)9
A(I+14)=G6+161
REPEAT
A24=256
B33=260
B41=324
B35=380
B36=396
B37-404
B38=464
B39=524
B40=539
A25=554
A26=570
B34=536
B42=390
B43=622
A35=702
A36=718
A37=734
A9=750
A10=%750+H38
A11=A10+H33
A12=A11+H39
A13=A12+H30
U=A13+H40
v=U+(L+L" YHO+(M+ ' YHO
J=HO~-1



1=0(1)J
DI=v+31
EI=DI+4
REPEAT
K=Hg~1
I=0(1)X
FI=EJ+31+4
GI=FI+4
REPEAT

F '=v+8H8+8Hg
G'=F '+15H40

JUMP 54, L+L'+i+M'=0
JUMP 506,M+M'=0
JUMPDOWN (R13)
JUMPDOWN (R15)
JUMP 55

54 )JUMPDOWN (R14)
JUMP 55

56) JUMPDO¥N (R6)
JUMPDOWN (R15)
55)READ(B40)
JUMP 1,B49=1
JUMP 5,B49=5
JUMP 52,B40=6
JUMP 53,B49=9
JUMPDOVN (R14)
JUMP 55
52)NEWLINE
1071,0,0,0

Juvp 1

53)END

CLOSE

kT
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CHAPTER IX

COMPUTER PROGRAMME FOR RULED SURFACES

IX.1. Preparation of data tapes

The sequence of symbols to be specified is presented
in the form of a flow diagram in figure 9.1. All symbols
enclosed in rectangular cages must be specified in the

order they occur in following the flow diagram.

Symbols used in the flow diagram

k = 'twist' of the surface, defined in figure 9.2

ap

n ng, nj, n, = constant edge forces naB applied along

13
edges 1, 2, 3 and 4 respetively (when boundary con-
dition is represented by code number 6).

All other symbols are as defined for translational shells

in section VIITI.1.

Note

(i) Computations are made using the plan lengths

La and L translational shells are computed using the

g
arc lengths 1, and 15).

(ii) Only loading conditions represented by C23 = O
and C23 = 1 are applicable.

(iii) The code numbers defining the boundary condi-

tions (016’ 175 Cig 019) are listed in table 2.2.
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Start of flow diagram

s
£, Ly LB’ kaB,
c23, A, B
y
, G., G
G, CGg .
+ 23 = 0
>
{
G,=0 Xys Y30 Ups Yy
y
GB:O Xps Yps Ugs Vg
]
G=O _-:_3—:_
Y Xzs I35 Uz V3
 J
B4O=

f

Figure 9.1



B4g=
B49o=

1

6
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C16’ 017’ C18’ Cl9
Y
C16 = 6 .
> ]
Dy
}
Y Cl7 = 6
1
Y n,
V
c18 = 6
-
|
I "
* C19 = 6
1
Dy

A', B', E, v

Figure 9.1 (continued)




' . 2
4
al, bl’ cl, 85 b2, c?
a3, b3, c3, aq, bq, c4
et}
¢
dl’ d2 d3, d4
r, S
v
| Bu9
—
BL4o=] Bz9=2
Y
—t— >—
B49=6 B49=5
(Break output) I B49=9
®KXZ End of flow diagram

Figure 9.1 (continued)
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z2

The middle surface of the shell is represented by
the equation (section IT.1):-

z = ax® + by® + exy + dx + ey + f

Then kaB = C
. _ te
In the above diagram ¢ = IEEE

Figure 9.2




IX,2. Job description

Instructions

The comments made in section VII.2 for translational
shells are applicable where tables 8.5 and 8.6 are re-
placed by tables 9.1 and 9.2 respectively and,

Instruction for compilation = 7800

TABLE 0.1

Number of equations per comple-
Edge Condition mentary solution harmonic speci-

fied in a direction parallel to

the edge
Free--guided 0
Hinged 1
Clamped
Free

Simply supported

G I O B I AV

Code number 6

Output

For a typical problem where the shell solution is
printed at 30 points the number of lines of print-out
is approximately 250 lines. Print-out at additional

points countsat about 5 lines per point.
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TABLE 9.2
Number of equations
Number of instructions
to be solved
30 1000
40 1500
60 3000 (
80 5000
100 9000
120 12000
Blocks

Compilation = 100
X vy

Execution = 40 + 15

where y = maximum number of equations to be solved in
a single run.,

Variables

Main = 750
Auxiliary = 2000 + y*
where y = maximum number of equations to be solved in

a single run.
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IX.%, Computer programme for ruled surfaces

The programme is written in Extended Mercury Auto-
code (EMA)(37) for the Atlas computer at the University

of London Institute of Computer Science.

JOB

DSC42FC1, GUNASEKERA G R6 RUN 30 1.3.6%
COMPUTING 60000 INSTRUCTIONS
oUTPUT

O LINE PRINTER 2500 LINES
STORE 80/104 BLOCKS
COMPILER EMA

MAIN »750 A
AUXILIARY(0,20000)

DUMPS O

DEPTH O

ROUTINE 3

>> NAVIER SOLUTION COEFFICIENTS
1)H6=P;/H1

H7=C;/H2

Jup 3,Cz23=3

310=16/ (H1H2)

X=0

JUMP 10,X'=0

JUMP 10,P=0

JUMP 5,A=-1

X=@SIN (HOH41)Y@SIN( . SHOH43)/HO

JUMP 6

5)X=(~¢C0S (HOH41)-+pCOS (HOH41-, SHOH43 ) ) /HO
6)Jump 7,B=1

JuMp 8,0=0

X=;10X 'X@CUS (H7H42 )PSIN( . SH7H44 ) /H7
JUMP 10

8)X=; 10X 'XH44/4

JUMP 10

7)JUMP 9,0=0

X=; 10X 'X (¥S IN(H7H42) ~6S IN(H7H42~. SH7HA4) ) /H7
JUMP 10

G)X=0



10)Y=0
Jurp 16,Y'=0
JUMDP 16,Q=0
JUMP 11,A=1
JuMP 12,P=0
=C0S (HOH45) @S IN(, SHOHAY) /HO
JuMp 13
12)Y=H47/4
JUIP 13
11)JUuMP 16,P=0
Y=(gSIN (HOH45 ) ~pS IN (HOH45~, SHOH47) ) /16
13)JUMP 14,B=-1
Y=;10Y 'Y@SIN (H7H46)8SIN (, SH7HAB) /H7
Jore 16
14)Y=;10Y 'Y (~3COS (H7HAG)+BCOS (H7H46~, SH7H48) ) /HY
16)Z=0
JUMP 50,Z'=0
JuMP 50,P=0
JUMP 50,0=0
JUMP 17,A=~1
Z=@SIN (HOH4Q)BSIN (. 5HOH51) /HO
Jumr 18
17)Z=(~gC0s (HOH49 )-+4 COS (HOHAQ~, SHOH51) )/HO
18)ysuwe 1g,B=-1
Z=3;107'Z@SIN (H7H50)PSIN(, SH7H52) /HY
JUMD 50
19)Z=; 10Z 'Z(~4COS (H7H50)+4COS (H7H50~, SH7H52) ) /HY
JUMP 50

3)X=0

Y=0

Z=0

JumMp 60,P=0

Z=4Z '@S IN (HOH4Q )$S IN (. SHOH51 ) / (HOH1 )
JUMP 61

50)JUMP 51,P=0

JUMP 52,0=0

;1=HOHO

32=H7H7

53=31+52

345353

357D34 ; 4+4BHHSHS ;152
Y0=(;4Z-2H5H6H7 ( (;2/H6-CHO)X+(; 1/H7=CH7)Y) )/ ;5
Y1=(2EHH5HOH,YO0+( ; 2/ HO-CHO) X+ (; 1/H7~CH7)Y)/ ;4
Y2=DYO(;1+C;2)

Y3=-DHOH7Y0(1-C)

Y4=DbY0(;2+C;1)



Y5=~;2Y1+X/HO
Y6=~HOH7Y1
Y7==;1Y1+Y/H7
¥8=(¥5-CY?7)/ (HOEH)
YOo=(Y7~CY5)/ (H7EH)
Y10=H6YO

Y1i=H7YO
Y12=H6Y2~H7Y3
Y13=H7Y4~H6Y3
JUMP 99

51)0'=0(1)13
Y0'=0

REPEAT

JUMP 09,Q=0
Y7=Y/H7

Y5=CY7
Y5=(1-CC)Y7/ (H7EH)
JUMP GG

52)0'=0(1)13
YO'=0

REPEAT

Y5=X/H6

Y7=CY5
y8=(1-CC)Y5/ (HGEH)
JUMP 99

60)1H6=1
61)0'=0(1)13
YO'=0

REPEAT

YO=Z/ (DHOHOHOHO)
Y2=Z/ (HOGH6)
Y4=CV2
YQ==2H5Y0/H6
Y10=H6YO
Y12=H6Y2

99 )RETURN

¥R

ROUTINE 6

>> LEVY SOLUTION (EDGES 3 AND 4 FREE-GUIDED,)
1)NEWLINE 2

CAPTIN

SOLUTION VECTORS

NEWLINE
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CAPTIN
EDGE 1
EDGE 2
NEWLINE
CAPTICN
N(b) Q'(b) N{ab) M(b) N(b)
CAPTION
Q*(b) N(ab) M(b)
NEWLINE
JUMP 2,C23=3

>> LOADING EXPANDED AS A DOUBLE FOURIER SERIES,
P=P'(R')R
JUMPDOWN (R4/1)
J'=(P-P')/R'
JUMPDOWN (R1/9)
B6¢A5)X2,2
@6¢A7)X4,2
@7(A5)X0,4
87(A7)X4,4
JUMP 3,A'#0
JUMPDOWN (R1/9)
@#6¢A6)x2,2
?#6¢A8)x4,2
g7(A6)X0, 4
3)JUMPDOWN 5
REPEAT

JUMP 40

>> LOADING EXPANDED AS A FOURIER SERIES IN ALPHA DIRECTION.
2)P=P*'(R")R
JUMPDOWN (R3)
J'=(P-P')/R'
JUMPDOWN (R1/Q)
X0=C20YQ

X7=Y4

X1=C20YO
#7(A5)X0,4
97(A7)X4,4
JUMP 4,A'#0
#7(A6)X0, 4
97(18)X4,4
4)JUMPDOVN 5
REPEAT

JuMP 40

5);17=124
w'=A'
JUMPDOWN (RQ/1)



JuMP 6,C16=10

JUMP 7,C16=2

Jump 8,c16=3

JUMP g,C16=4
B36=p15(A7,1)
B36+1=p15(A5+1,2)
B36+3=015(A7+3,1)
A14=¢15(A34,2i
A14+4=p15(A16+4,8)
AL4+12=p15(A34+12,4)
A15=915(A35,4)
A15+4=p15(A17+4,8)
A15+12=p15(A35+12,4)
JUMP 10
6)B36=p15(A5,2)
B36+2=015(A7+2,2)
A14=015(A16,3)
A14+8=p15(A34+8,8)
A15=p15(A17,8)
A15+8=¢15(A35+8, 8)
JUMP 10
7)B36=p15(A5,4)
A14=p15(A16,16)
A15=p15(A17,16)
JUMP 10
8)B36=015(A7,4)
A14=015(A34,10)
A15=p15(A35,16)
JUMP 10
9)B36=p15(A5,3)
B36+3=p15(A7+3,1)
A14=p15(A16,12)
A14+12=015(A34+12,4)
A15=p15(A17,12)
A15+12=015(A35+12,4)

10)JUMP 15,A'#0
JUMP 11,C17=10
JUMP 12,C17=2
JuMP 13,C17=3
JUMP 14,C17=4
B36+4=p15(A8,1)
B36+5=p15(A6+1,2)
B36+7=p15(A8+3,1)
A36=p15(534,4)
A36+4=015(A16+4,8)
A36+12=p15(A34+12,4)
A37=015(A35,4)
A37+4=915(A17+4,8)



A37+12=915(A35+12,4)
JUMP 15
11)B36+4=p15(A6,2)
B36+6=p15(A8+2,2)
A36=¢15(A16,8)
A36+8=p15(A34+8,8)
A37=p15(A17,3)
A37+3=p15(A35+3,8)
JuMP 15
12)B36+4=p15(A6,4)
A36=p15(A16,16)
A37=p15(A17,16)
JUMP 15
13)B36+4=015(A3,4)
A36=p15(A34,16)
A37=p15(A35,16)
T35 (A6
14)B36+4=p15(A6,3)
B36+7=015(A8+3,1)
A36=p15(A16,12)
A36+12=¢15(A34+12,4)
A37=915(A17,12)
A37+12=p15(A35+12,4)

15)B33=029(-1,8)
B36=p26(833,8B36,8,1,3)
Zo=H2

JUMPDOWN (R10/3)

DJ '=915(B34,4)

EJ '=p15(B35,4)
A22=p26(A34,D3',4,1,4)
A23=¢26(A21 »EJ 'a4r 1.4)
A23=$26(A35,A23,4,1,4)
A23=911(A22,/23,4)
g6(A23)X1,4
A22=p26(A35,E7',4,1,4)
A23=926(A21,DJ',4,1,4)
A23=926(A34,A23,4,1,4)
A23=p11(A22,/23,4)
$6(A23)X5,4

NEWLINE

I1=1(1)8

JUMP 16, I#5

SPACE 3
16)PRINT(XI)0,4
REPEAT

RETURN

40)JUMPD(WN (R14)
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ROUTINE 1

1)0'=0(1)15
Xa'=0
REPEAT
JUMP 3

2)NEWLINE 2
0'=0(1)7
PRINT (X0')0,4
REPEAT
NEWLINE 2
0'=8(1)15
PRINT(X0')0,4
REPEAT
NEWLINE 2
JUMP 3

4)0'=0(1)3
X(0'4K)=Y0"'
REPEAT
0'=4(1)7
X(O'+K+4)=YO"'
REPEAT
0'=8(¢1)11

X (0'+k+3)=Y0’
REPEAT
C'=12(1)15
X(0'+X+12)=Y0'
REPEAT

JUMP 3

9)0'=0(1)7
X0'=0
REPEAT
JUMP 3

10)0'=0(1)3
X0'=0
REPEAT
3)RETURN

*k
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ROUTINE 4

>> SHEILL P,SOLUTION
>>» EDGES 1 AND 2
1)JUMPDOIWN (R1/9)
=}{29
1'=H30
T=H31
Q=J(1")T
JUMPDOWN (R3)
X0=C20Y8+X0
X1=C20Y11+X1
X2=Y7+X2
X3=Y13-HOY3+X3
JUMP 2,A'#0
X8=pPARITY(Q)
X4=C20Y8XB+X4
X5=C20Y11X8+X5
X6=y7x8+x6
X7=(Y13-H6Y3)X8+x7
@7(A0)X4,2
97(18)x6,2
2)97(A5)X0,2
@7(A7)X2,2
REPEAT
JUMP 5

>> EDGES 3 AND 4
3)JUMPDOWN (R1/9)
J=H26
1'=H27
T=H238
P=J(1I")T
JUMPDOWN (R3)
X0=C20YQ+X0
X1=C20Y10+X1
X2=Y5+X2
X3=Y12-H7Y3+X3
JUMP 4,B'#0
X8=pgPARITY(P)
=C20YQX8+X4
X5=C20Y10X8+X5
X6=Y5x8+X6
X7=(Y12-H7Y3)X8+X7
¢7(A6)xg,z
g7(A8)X6,2
4)87(A5)X0,2
@7(A7)X2,2
REPEAT
5)RETURN

* K
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ROUTINE 5

>> P,SOLUTION GAPS
>> EDGES 1 AND 2
1)JUMP 31,I+L'=0
P=P'(R')R
JUMPDOWN (R4/1)
J'=(P-P')/R’
JUMP 4,Ci16=10
K=U+LJ"'

JUMP 2,C16=2
JUMP 3,C16=3
Jumr 8,C16=4
JUMP 9,C16=1
K=p15(A7,1)
310==4;21/(P;)
#7(K+1) ;10,1
JUMP 4
9)K=p15(A7,1)
K+1=p15(A5,1)
JUMP 4
8)K=p15(A5,1)
JUMP 4
2)K=¢15(A5,2)
JUMP 4
3)K=p15(A7,2)
4)JUMP 7,A'#0
JuMP 7,C17=10
K=U+LH8+L'J"'
JUMP 5,C197=2
JuMP 6,C1%7=3
JUMP 10,C17=4
JUMP 11,C17=1
K=p15(A8,1)
310=-43;22/(P;)
@g7(K+1) ;10,1
JUMP 4
11)K=015(A8,1)
K+1=015(A6,1)
JUMP 7
10)K=015(A6, 1)
JUMP 7
5)K=015(A6,2)
JUMP 7
0)K=015(A8,2)
7)REPEAT
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>> EDGES 3 AND 4
31)JUMP 61,M+M'=0
Q=Q'(s')s
JUMPDOWN (R4/3)
J'=(QQ")/8'
JUMP 34,C18=10
K=U+(I+L" YHO+MT
JUMP 32,C18=2
JUuMP 33,C18=3
JumMp 38,c18=4
JUMP 3g¢,C13=1
K=p15(A7,1)
310=-4:23/(Q;)
@7(K+1);10,1
JUMP
39)K=p15(A7,1)
K+1=515(A5,1)
JUMP 34
38)x=p15(A5,1)
JuMp
32)K=p15(A5,2)
JUMP 34
33)K=p15(A7,2)
34)JUMP 37,B'#0
JUMP 37,C1ig=10
K=U+(I+L' YHO+MHO+M ' T *
JUMP 35,C19=2
JuMp 36,C19=3
JUMP 40,C19=4
JuMP 41,C10=1
K=$15(A8,1)
310==4524/(Q;)
#7(K+1);10,1
JUMP 37
41)K=p15(A8,1)
K+1=p15(A6,1)
JUMP 37
40)K=915(A6,1)
JUMP 37
35)K=p15(A6,2)
JUMP 37
36)k=p15(A8,2)
37 )JREPEAT

61 )RETURN

*%k
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ROUTINE 7

>> ROOTS (OF AUXILIARY EON,
1)Ui=P;/H1

JUMP 3

2)U1=Q;/H2

3)U2=U1U1 ,
U3=C5U2+128u202U2/27

3 0O=PSQRT (C5U2U2 (. 25C5+64U2U2/27) )
C3=. 585QRT (4U2/3-+HBEXP(BLOG (, 5U3+;0) /3 ) +BEXP(ALOG(, 5U3-;0)/3))
3 1=pSQRT(U2+.25U1C6/C3~-C3C3)
C4=@SQRT (-U2+,25U1C6/C3+C3C3)
Ci=C3+;1

C2=gMOD(C3~;1)

C7=2C3C4

€8=c3c3~C4C4

€9=C3C3+C4C4

RETURN

¥k

ROUTINE 8

>> POSN, MATRICES 11,12
1)JUMPDOWN (R7/1)
;18=H2-Z0

JUMP 3

2)JUMPDOWN (R7/2)
318=H1-Z0

>> L1

3);'=0
4)JUMPDOWN (R1)
s S=pEXP(~C3Z0)
XO=gEXP(-C1Z0)
X5=gEXP(~C220)
X10=; 8408 (C4Z0)
X11=;8a5IN(C4Z0)
X14=-X11
X15=X10

JUMP 6, ;'#0
#7(A20)X0,16

»> 12
5);'=1
Z0=;138
JUMP 4
6)g7(A21)X0,16
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RETURN

e

ROUTINE Q

>>C.F, MATRICES
1)JUMPDOWN (R7/1)
JUMP 3

2)JUMPDOWN (R7/2)

>> MATRICES PA,PB

3);1=U4U2

;3=-U4u1

Xo=;1

X1=31

X2=-31

X3=0
=~DC1(~C1C1+(2~C)U2)

X5=~DC2 (~C2C2+(2~C)U2)

X6=-DC3(~C3C3+3C4C4+(2~C)U2)

X4==DC4 (~C4C4+3C3C3~(2=C)U2)

XB=-;3C1

X0=-3;3C2

X10=;3C3

X11=-;3C4

X12=~D(C1C1=-CU2)

X13=~D(C2C2~CU2)

X14=-D(C8~Cu2)

X15=DC7

$7(A34)X0,16

c'=0(1)7

X0'=~X0"

REPEAT

@7(A35)%0,16

>> MATRICES QC,QD
; 1=~=C20U4/(EH)
;3=;1/01
X0=3;1(~U2/C1-CC1)
X1=;1(-U2/C2~CC2)
X2=3;1C3(C+U2/C9)
X3=;1C4(=-C+U2/CQ)
X4=C20

X5=C20

x6=C20

X7=0
x8=;3(c1C1~CU2)
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X9=;3(C2C2~CU2)
X10=;3(Cu2~C3)
X11=;3C7
X12=-C1C20
X13=~C2C20
X14=~C3C20
X15=C4C20
#7(A16)X0,16
0'=8(1)15
m':_xov
REPEAT
@$7(A17)X0, 16
JUMP 7,;17=124

JuMP 21,;19=1

JUMP 28, ;19=2

JUMP 32, 319=3
A(14+1')=p15(A16,12)
A(14+1")+12=p15(A34+12,4)
A(15+1')=p15(A17,12)
A(15+1")+12=915(A35+12,4)
JUMP 22
21)A(14+1")=p15(A34,4)
A(14+1 " )+4=p15(A16+4,4)
A(14+1 ')+12=p15(A34+12,4)
A(15+1")=p15(A35,4)
A(15+1 ") +4=015(A17+4,4)
A(15+1 ' )+12=p15(A35+12,4)
JUMP 33, ;19=6

A(14+1 ")+8=815(A16+8,4)
A(15+1 *)+8=p15(A17+8,4)
JUMP 22

33)A(14+1 )+8=p15(A34+8,4)
A (15+1")+8=p15(A35+8,4)
JUMP 22
28)A(14+1')=p15(A16, 16)
A(15+I')=015(A17,16)
JUMP 22

32)A(14+1 ')=p15(A34,16)
A{15+1')=p15(A35,16)
22)JUMP 26,W'#0

JUMP 23, ;20=10

JUMP 24, ;20=2

JUMP 25, ;20=3

JUMP 29, ;20=1

JUMP 29, ;20=0
A(36-1')=p15(A16,12)
A(36-1")+12=p15(A34+12,4)

5
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A(37-1")=p15(A17,12)
A(37-1")+12=p15(A35+12,4)
JuMpP 26
23)A(36-1")=p15(A16,8)
A(36-1"')+8=p15(A34+8,83)
A(37-1')=p15(A17,8)
A(37~1")+8=p15(A35+8,8)
JUMP 26
24)A(36-1 ')=p15(A16,16)
A(37~1')=0815(A17,16)
JUMP 26
25)A(36-~I ')=p15(A34,16)
A(37-1')=p15(A35,10)
JuMP 26
29)A(36-1')=015(A34,4)
A(36-1I")+4=p15(A16+4,4)
A(36-1")+12=p15(A34+12,4)
A(37-1')=p15(A35,4)
A(37-I")+4=p15(A17+4,4)
A(37-1")+12=p15(A35+12,4)
JuMP 30, ;20=6
A(36~I")+3=p15(A16+8,4)
A(37-1")+8=p15(A17+8,4)
JuMr 26
30)A(36-I’)+8=¢15(A%4
A(37-1')+8=p15(A35+
26)JUMP 7, ;17=123

+8,4)
14)

>> MATRICES TJ,TK
27) ;2==-DU1
;3=C20U4/ (EH)
Xo=~U4C1C1
X1=-U4C2C2

X2=U4C8

X3=-U4C7
X4=;2(~U2+(2~C)C1C1)
X5=;2 (~U2+(2-C)C2C2)
X6=;2 (~U2+(2-C)C8)
X7==32C7(2=-C)
X8=;3(U2/C1+CC1)
X0=3;3(U2/C2+CC2)
X10=-;3C3(C+U2/C9)
X11=~;3C4(~C+U2/C9)
X12=U1C20

X13=X12

X14=X12

X15=0

@7(A18)X0,16
0'=0(1)3



X0'=-X0"'
REPEAT
97(A19)X0,16
JUMP 7

>> MATRICES B37,B38
4)JUMPDOWN (R7/1)
1'=0

JuMP 6

5)JUMPDOWN (R7/2)

I'=4

6)x0=1

X1=1

X2=1

X3=0
X(1'+4)=-D(-U2+CC1C1)
X(I'+5)==D(~U2+CC2C2)
X (I'+6)==-D(~U2+CC8)
X(1'+7)=DCC7
X(3-1')=-D(C1C1~CU2)
x(9-I*")=-n(C2C2~CU2)
X(10-1')=-D(C8~-CU2)
X(11-1')=DCy
X(I1'+12)=-~U4C1C1
X(I'+13)=-U4C2C2
X(I'+14)=U4C8
X(1'+15)=-U4Cy

X (16-I')=U4U2
X(17-1"')=Uqu2
X(18-1")=-U4qu2
X(19-1')=0

32=~DU1 (1~C)
X20=-;2C1

X21=~;2C2

X22=-;2C3

X23=;2¢4

X24=U4U1C1
X25=U4U1C2
X26=~U4U1C3
X27=U4U1C4
33=-U4/(EHU1)
X(28+21')=;3(C1C1-CU2)
X(20+21 ')=;3(C2C2-CU2)
X(30+21')=;3(cu2-C8)
X{(31+21')=;3C7
X(32+21')==C1
X(33+21')=-C2
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X(34+21')=-C3

X(35+21')=C4

34=-U4/ (EH)
X(36-21')=;4(~U2~CC1C1)/CL
X(37-21')=;4(-U2-CC2C2)/C2
X(38~21')=;4(CC3C9+U2C3) /CG
X(39-21')=;4(~CC4CO+U2C4)/CQ
X(40-21')=U1

X(41-21')=U1

X(42~21')=U1

X(43~21"')=0

35=-DU1
X(44+1')=;5(=U2+C1C1)
X(45+1')=;5(-U2+C2C2)

X(46+1 ')=;5(-U2+C8)
X(47+1')==;5C7

X(48~1 ')==DC1(~C1C1+U2)
X(49~1")=-DC2(~C2C2+U2)
X(50-1"')=-DC3 (~C3C3+3C4C4+U2)
X(51-1")=-DC4(-C4C4+3C3C3~U2)
X (56-1 ' )=-DC1(~C1C1+U2(2~C))
X(57-1')==DC2(~-C2C2+U2(2~C))
. X(58-1'")==DC3(~C3C3+3C4C4+U2(2~C))
X(590~I"')==DC4 (-C4C4+3C3C3~U2(2~C))
X(52+1')=;5(~U2+C1C1(2=C))
X(53+I ')=;5(=~02+C2C2(2~C))
X(54+1 ')=;5(=U2+C8(2~C))
X(55+1')==;5C7(2~C)
#7(B37)X0, 60

0'=12(1)23

X0'=-X0'

REPEAT

Jump 8,1'=4

0'=28(1)35

X0'=-X0"

REPEAT

0'=48(1)51

XO'=-X0"'

REPEAT

0'=56(1)50

X0'=-X0"'

REPEAT

JUMP O

8)0'=36(1)47

X0'=-X0'

REPEAT

0'=52(1)55

X0'=-X0'

REPEAT

9)87(B38)X0, 60
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7)RETURN

ne %

ROUTINE 10

>> LEVY SOLUTION - ARBITRARY CONSTANTS
1)JUMPDOEN (RQ/1)

Zo=H2

JUMP 3

2)JUMPDG¥N (RQ/2)

Zo=H1

3);'=1

JUMPDOWN (R8/4)
A22=p26(A15,A21,4,4,4)
JUMP 4,W'=0
A23=p13(A14,VW',A22,16)
B41=029(4)
B41=p28(123,4,4)

JUMP 5, ;17=0

JuMp 6

4)A23=p26(A30,121,4,4,4)
¢6(a14)Y0,16

K=0

JUMPDOWN (R1/4)
#6(A22)Y0,16
K=4

JUMPDOWN (R1/4)
$6(r23)Y0,16
K=32

JUMPDOVN (R1/4)
@#6(A37)Y0,16
K=36

JUMPDOWN (R1/4)
¢7(B33)Xo0, 64
B41=¢29(8)
B41=p28(B33,8,8)
JUMP 5, ;17=0
JUMP 7

8)Jump 7,W'=0
6)B34=026(B41,B36,4,1,4)
A23=¢29(VW"',4)
B35=026(A23,B34,4,1,4)
JUMP 5
2)B33=p26(B41,B36,8,1,8)
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B34=$15(B33,4)
B35=¢15(B33+4,4)
5)RETURN

ok

ROUTINE 11

3)K=0(1)0"'
V'=V4J "4+NK
@7(V')XK,1
REPEAT
JUMP 20

4)JUMPDOWN (R1)

X19=gSIN(C4U5)

X20=pC0S (C4U5)

X21=pEXP(~C3U5)

X22=U5(C0+2C4U6+U6UG)

X23=U5(Co-2C4U6+U6Ub)

X0=2U6 (1~X184EXP(~C1U5) )/ (U5C1C1+U5U6UG)
X5=2U6(1-X18¢EXP (-C2U5) )/ (U5C2C2+U5U6U6)
X10=(X18%21 (-C3X19~C4X20~UOX20 ) +C4+U6)/X22
X10=X10-(X18%21 (~C3X19-C4X20+U6X20)+C4~Ub6)/X23
X11=(X18%21 (~C3X20+C4X19-U6X19)+C3 ) /X23
X11=X11~(X18X21(~C3X20+C4X19+U6X19)+C3)/X22
X14=-X11

X15=X10

@7(A22)%0,16

Xo0=-X18x0

X5=-X18X5

X10=-X18X10

X11=-X13X11

X14=-X11

X15=X10

$7(423)X0,16

A25=026(A22,DB34,4,1,4)
A26=p26(A23,B35,4,1,4)
A25=p26(A13+4,A25,3,1,4)
A26=p26(A10+4,A26,3,1,4)
A24+1=p11(A25,A26,3)

X0=2C1 (1-X183EXP (~C1U5) )/ (U5C1C1+U5U6U6)
X5=202 (1-X18gEXP(~C2U5) )/ (U5C2C2+U5U6UD)
X10=(X18%21 (~C3X20+C4X10+U6X19)+C3)/X22
X10=X10+(X18X21 (-C3X20+C4X19-U6X1.9)+C3)/X23
X11=(X18%21 (-C3X19-C4X20~U6X20)+C4+U6)/X22
X11=X11-(X18%21(C3X10+C4X20-U0X20) -C4+U6) /X23



X14=-X11

X15=X10

#7(A22)X0,16

X0=x18Xo

X5=X18x5

X10=x18%10

X11=x18x11

X14=-X11

X15=X10

¢7(A23)X0,16
A25=p26(A22,B34,4,1,4)
A26=p26(A23,B35,4,1,4)
A25=p26(A18,A25,1,1,4)
A26=026(A19,A26,1,1,4)
A24=p11(A25,A26,1)
JUMP 20

8)86(A24)X0,4
K=0(1)3
XK=X18XK
REPEAT

@g7(A24)X0,4
20 )RETURN

L2

ROUTINE 12

1)JUIP 51,M4M'=0
U5=H2

Q=Q"'(s')S
o=(q-q")/s"’
U6=Q; /U5
X18=gPARITY(Q)
JUMPDOWN (R11/4)
JUMP 9,C18=10
0'=M=-1

J '=T+MNO

JuMP 3,C18=2
JUMP 4,C18=
JUuMP 11,C18=4
JUMP 12,C18=1
96(h24)%0, 1
X1=0

JUMP 5
12)p6(A24)X%0, 1
#6(A24+2)X1,1
JUMP 5
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11)96(A24+2)%0,1
JUMP §
3)086(A24+2)X0,2
JUMP 5§
4)96(A24)X0,2
5)JUMPDOWN (R11/3)
9)JUMP 8,B'#0
JuomP 8,C16=10
X18=gPARITY(P)
JUMPDOWN (R11/8)
0'=M'~1

J '=T+MNHQ+M 'NO
JUMP 6,C10=2
JuMP 7,C1G=3
JUMP 13,C10=4
JUMP 14,C10=1
p6(A24)%0,1
X1=0

JUMP 10
1%)¢6(A24)X0,1
p6(A24+42)X1,1
JUMP 10
13)96(A24+2)X0, 1
JUMP 10
6)p6(A24+2)X0,2
JUMP 10
7)86(A24)X0,2
10)JUMPDOWN (R11/3)
8)REPEAT

JUMP 51

31)JUMP 51,14L'=0
U5=H1

P=P'(R')R
o=(P-P')/R'
ub=pP;/U5
X18=gPARITY(P)
JUMPDOWN (R11/4)
JUMP 39,C16=10
0'=L~1

J '=T+INO

JUMP 33,C16=2
JUMP 34,C16=3
JUMP 41,C16=4
JUMP 42,C16=1
#6(A24)X0,1
X1=0

JUMP 35
42)96(A24)X0,1
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$6(A24+2)X1,1
JUMP 35
41)96(A24+2)X0,1
JUMP 35
33)96(A24+2)X0,2
JUMP 35
34)96(A24)X0,2
35)JUMPDOYN (R11/3)
39)JUMP 33,A'#0
JuMP 38,C1%7=10
X18=gPARITY(Q)
JUMPDOWN (R11/8)
0'=L'~1
J '=T+INHB+L'NO
JUMP 36,C17=2
JUMP 37,C17=3
JUMP 43,C17=4
JUMP 44,C17=1
$6(A24)X0, 1
X1=0
JUMP 40
4%)¢6(A24)X0 1
po(A24+2)X1,1
JUMP 40
43)06(n24+2)X0,1
JUMP 40
36)96(A24+2)X0,2
JUMP 40
37)96(A24)X0,2
40)JUMPDOWN (R11/3)
35)REPEAT
51 )RETURN

*x

ROUTINE 13

>> ACTIONS ALONG EDGE 1
1IN=(L+L" )HE+(M+M ' JHG

v=p29(1,N)

s17=0

W'=A"

JUMP 11,C16=10
310=C16

320=C17

1'=0

JUMPDOWN (R1/10)
#7(B36+4)%0,4

S R



PsP'(R')R
J=(P=~P')/R"
JUMPDOWN (R10/1)
JUMP 2,C16=2
JUMP 3,C16=3
JUMP 9,C16=4
I=0(1)1

JUMPDOWN (R1/10)
JuMp 5,I=0

X2=1

JUMP 6

5)X0=1
6)87(B36)X0,4
JUMPDIMN (R10/8)
T=N (L+L' YHE+LJ+I
JUMPDOYN (R12/1)
REPEAT

JUMP 4
0)JUMPDOWN (R1/10)
X2=1
@7(B36)X0,4
JUMPDOWN (R10/8)
T=N(I+L' JHB+LJ
JUMPDOWN (R12/1)
JUMP 4
2)I=0(1)1
JUMPDOWN (R1/10)
X(I4+2)=1
@#7(B36)X0,4
JUMPDOWN (R10/8)
T=N(L+L' YJHE+LI+I
JUMPDOWN (R12/1)
REPEAT

JUMP 4
3)1=0(1)1
JUMPDOWN (R1/10)
XI1=1
@¢7(B36)X0,4
JUMPDOWN (R10/8)
T=N(L+L" YHB+LI+I
JUMPDOWN (R12/1)
REPEAT

4)REPEAT
NEWLINE 2
CAPTIMN

EDGE 1 COMPLETE
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>> ACTIONS ALONG EDGE 2
11)JUMP 21,Ci7=10
JUMP 21,A'#0
319=C17

320=C16

1'=22

JUMPDCWN (R1/10)
$7(B36)%0,4
P=P'(R')R
J=(P-P')/R'
JUMPDCWN (R10/1)
JUMP 12,C17=2

JUMP 13,C17=3

JUMP 1G,C17=4
I=0(1)1

JUMPDOWN (R1/10)
JUMP 15,1=0

X2=1

JUMP 16

15)Xo=1
16)97(B36+4)X0, 4
JUMPDOWN (R10/8)
T=N(L+L" YHB+IHE8+L ' J+1
JUMPDOWN (R12/1)
REPEAT

JUMP 14
19)JUMPDIMN (R1/10)
X2=1

@7(B36+4)X0,4
JUMPDOWN (R10/8)
T=N(I+L' YHO+IHE+L'J
JUMPDOWN (R12/1)
JUMP 14

12)1=0(1)1
JUMPDOWN (R1/10)
X(142)=1
#7(B36+4)%0,4
JUMPDOWN (R10/8)
T=N(I+L' JH8+LH8+L' J+1
JUMPDOWN (R12/1)
REPEAT

JUMP 14

13)1=0(1)1

JUMPDOWN (R1/10)
X1=1

@#7(B36+4)X0,4
JUMPDOWN (R10/8)
T=N(I+L" YHB+IH8+L ' J+1
JUMPDOWN (R12/1)
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REPEAT
14)REPEAT
NEVLINE

CAPTION

EDGE 2 COMPLETE

»>» ACTIONS ALONG EDGE 3
21)w'=p"

JUMP 31,C18=10
310=C18

320=C19

I'=0

JUMPDOWN (R1/10)
#7(B36+4)X0,4
Q=Q'(s')s
J=(Q-0"')/s’
JUMPDOWN (R10/2)
JUMP 22,C18=2
JumMp 23,018=3
JuMP 2G,C18=4
I=0{1)1

JUMPDOWN (R1/10)
JUMP 25, I=0

X2=1

JuMp 26

25)X0=1
26)p7(B36)X0,4
JUMPDCWN (R10/8)
T=(I+L' JHE+MT+1
JUMPDOWN (R12/31)
REPEAT

JuMp

29)JUMPDOWN (R1/10)
X2=1

#7(B36)X0,4
JUMPDOWN (R10/8)
T=(1+L')HE+MT
JUMPDOWN (R12/31)
JUMP

22)1=0(1)1
JUMPDOWN (R1/10)
X(I+2)=1
@7(B36)%0,4
JUMPDOWN (R10/8)
T=(L+L' JH3+MJI+I
JUMPDOWN (R12/31)
REPEAT

JUMP 24
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23)I=0(1)1
JUMPDOWN (R1/10)
X1=1
#7(B36)X0,4
JUMPDOWN (R10/8)
T=(L+L* YHE+MI+1
JUMPDOWN (R12/31)
REPEAT
24)REPEAT
NEWLINE

CAPTICN

EDGE 3 COMPLETE

>> ACTIONS ALONG EDGE 4
31)JUMP 41,Cig=10
JUMP 41,B'#0
519=C19

320=C13

I'=22

JUMPDOWN (R1/10)
#7(B36)X0,4
Q=0'(s"')Ss
J=(Q=Q')/S"
JUMPDOWN (R10/2)
JumMP 32,C19=2
JUMP 33,C19=3
JUMP 3G,C19=4
I=0(1)1

JUMPDOWN (R1/10)
JUMP 35,I=0

X2=1

JuP 36

35)X0=1
36)87(B36+4)%0,4
JUMPDOWN (R10/8)
T=(I+L "' YHO+MHO+M ' J+1
JUMPDOWN (R12/31)
REPEAT

JUMP 34
30)JUMPDWN (R1/10)
X2=1
#7(B36+4)X0,4
JUMPDOWN (R10/8)
T=(L+L" YH3+MHG+HM ' J
JUMPDOWN (R12/31)
JUMP 34
32)1=0(1)1
JUMPDOWN (R1/10)
X(1+2)=1



- 419 -

37(B36+4)X0,4
JUMPDOWN (R10/8)
T=(L4L"' YHOHMHO+M ' T+1
JUMPDWN (R12/31)
REPEAT

JUVMP 34

33)1=0(1)1

JUMPDOWN (R1/10)
X1=1

87(B36+4)%0,4
JUMPDOWN (R10/8)
T=(L+L"' YHSHHMHO+M ' T+I
JUMPDOIWN (R12/31)
REPEAT

34 )REPEAT

41)JUMP 62,N=0
NEWLINE
CAPTICGN
MATRIX V FORMED
NEWLINE 2
JUMPDOYN (R3)
CAPTION
P.SOIN, GAPS (DISPIACEMENTS MULTIPLIED BY C20)
JUMP 42,L=0
NEWLINE
CAPTION

EDGE 1
K=ILH3-L
1=0(L)X
B6(U+1)X1, L
NEWLINE
0'=1(1)L
PRINT(XD')0,4
REPEAT

REPEAT
42)JUNMP 43,L'=0
NEWLINE
CAPTICN

EDGE 2

K=LH{8
J=K+L'H8-L'
I=K(L')J
g6(U+I)X1, L’
NEWLINE
0'=1{1)L'
PRINT(X')0,4
REPEAT



REPEAT
43)JUMP 44,M=0
NEWLINE
CAPTICN

EDGE 3
K=(L+L')H8
J=K-+MHO~M
I=K(M)J
#6(U+I)X1,M
NEWLINE
O'=1(1)M
PRINT(XC')0, 4
REPEAT

REPEAT
44)IUMP 45,M'=0
NEWLINE
CAPTIMN

EDGE 4

K=(1+L' YH+MHQ
J=K+M"HO~M '
I=K(M')J
g6(U+I)IX1, M’
NEWLINE
0'=1(1)u"
PRINT(X0')0,4
REPEAT

REPELT

45)U=p28(V,N,1)
NEWLINE 2

CAPTION

MATRIX V INVERTED
NEVLINE 3
CAPTICN

SOLUTION VECTCRS
NEVWLINE 2

>> ARBITRARY CONSTANTE

46)JUMPDOWN  (R1/10)

37(A6)X0,4
=P'(R')R
J'=(P-P')/R’

DJ '=g15(A6,4)

EJ '=p15(A6,4)
REPEAT

Q=Q'(s5')8

J'=(Q@-q"')/s’

FJ'=015(A6,4)

GJ '=p15(A0,4>

REPEAT
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>> ACTIONS ALONG EDGE 1
317=123
W'=A"
JUMP 50,C16=10
CAPTION
EDGE 1
NEWLINE
CAPTION

P
;16=C16
320=C17
1'=0
P=P'(R")R
J'=(P-P')/R"
K=U+LJ'!
JUMPDOWN (R1/Q)
JUMP 47,C16=2
JUMP 435,€C16=3
JUMP 63,C16=4
p6(K)X0,1
B6(K+1)X2,1
JUMP 49
63)86(K)X2,1
JUMP 49
47)06(K)X2,2
JUMP 49
48)86(x)X0,2
AQINEWLINE
PRINT(P)2,0
I=0(1)3
XI=-XI
PRINT(X1)0,4
REPEAT
¢47(B36)X0,8
JUMPDCWN (R10/1)
DJ '=p15(834,4)
EJ'=p15(B35,4)
REPEAT
JUMP 54,%'#0

>> ACTIGNS ALONG EDGE 2
50)JUMP 54,C17=10
319=C17

320=C16

I'=22

NEWLINE 2

CAPTION

EDGE 2
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NEWLINE
CAPTICN

P
P=P'(R")R
J'=(P-P')/R"
K=t+1H3+L'J"
JUMPDWN (R1/Q)
JUMP 51,C17=2
JUMP 52,C17=3
JUMP 04,C17=4
P6(K)X4,1
#6(K+1)X6,1
JUMP 53
64)86(K)X6,1
JUMP 53
51)g6(K)X6,2
JUMP 53
52)06(K)X4,2
53 INEWLINE
PRINT(P)2,0
1=4(1)7
XI=-XI
PRINT(XI)0,4
REPEAT
¢7(836)X0, 3
JUMPDOYN (R10/1)
DJ '=p11(DJ',B34,4)
BEJ'=p11(EJ',B35,4)
REPEAT

>> ACTIONS ALONG EDGE 3
54 '=B"
JuMP 58,c18=10
$10=C183
320=C1Q
1'=0
NEWLINE 2
CAPTIN
EDGE 3
NEWLINE
CAPTION

Q
0=Q'(s')s
J'=(Q-0"')/8"
K=U+(L+L* YHE+MT *
JUMPDOWN (R1/9)
JUMP 5§,C13=2
JUMP 56,C18=3
JUMP 65,C18=4



po(K)X0, 1
35(K+1)X2, 1
JUMP 57
65)p6(K)%x2,1
JUMP 57
55)86(K)X2,2
JUMP 57
56)86(K)X0,2
547)NEWLINE
PRINT(Q)2,0
1=0(1)3
XI=-XI
PRINT(XI1)0,4
REFEAT
¢47(B36)X0,8
JUMPDOWN (R10/2)
FJ'=615(B34,4)
GJ '=¢15(B35,4)
REPEAT

JUMP 62,W'#0

>> ACTIONS ALONG EDGE 4
53)JUMP 62,C19=10
319=C19
320=C18
1'=22
NEWLINE 2
CAPTION
EDGE 4
NEWLINE
CAPTION

>
Q=n'(s")s
J'=(Q-q')/s’
K=U+(L+L" YHB+HMHG+M ' J '
JUMPDOWN  (R1/G)
JUMP 59, C10=2
JuMp 00,C10=3
JUMP 66,C19=4
96(K)X4,1
#6(K+1)X6,1
JuMp 61
66)36(K)X6, 1
JUMP 61
59)86(K)X6,2
JuMp 61
60)96(K)%4,2
61 )NEWLINE
PRINT(Q)2,0
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I=4(1)7

XI=-XI
PRINT(X1)0,4
REPEAT

37(B36)x0,8
JUMPDOWN (R10/2)
FJ'=g11(FJ',B34,4)
GJ'=p11(GJ’',B35,4)
REPEAT

62)JUMPDIWN (R14)
RETURN

bt

ROUTINE 14

>> TOTAL SOLUTIQN PRINT INSTRUCTIONS
>>CUTPUT DCMAIN
1)READ(H20)
READ(H21)
READ(H22 )
READ(H23)
H20=H20H1
H21=H21H1
H22=R22H2
H23=H23H2
READ(N)
READ(N')

I1=1(1)15
XI=0
REPEAT
K=NN'-1
I=0(1)X
$7(G'+15I)X1,15
REPEAT
N=N-1
N'=N'-1
JUMP 4,N=0
H24=(H21-H20) /N
4)JUMP 5,N'=0
H25=(H23-H22) /N’
5INEVLINE 4
CAPTION
POINT(A,B) u(c)

CAPTION

N(A) N(B) M(AB)
NEWLINE
CAPTION

M(A)

N(AB)

M(B)
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B(A) PSI(B) u(B)
CAPTICN
PSI(A) Q(A) QB) Q' (4)
NEWLINE
CAPTION
Q'(B)

>> C,FUNCTIN SOLN, ACTICNS ALONG EDGES 1 AND 2
JUMP 101,C23>2.5
JUMP 6,L+L'=0
101)P=P'(R')R
K'=(P-P')/R"'
JUMPDOWN (RO/4)
J'=0(1)N'
Hi2=H22+J 'H2S
Z0=H12

;18=H2~Z0
JUMPDOWN  (R3/3)
A20=¢26(420,DK',4,1,4)
A21=p26(A21,EX',4,1,4)
B39=026(B37,A20,15,1,4)
B40=¢26(B33,A21,15,1,4)
B40=¢11(B30,B40,15)
#6(B40)Y1,15

I'=0(1)N
H11=H20+1 "H24

s0=U1H11

3 1=gSIN(;0)

32=0C0S (;0)

I1=1(1)3
XI=;1YX
REPEAT

=4(1)6
XI=;2YI
REPEAT
1=7(1)0
XI=;1YI
REPEAT
X10=3;2Y10
X11=;2Y11
X12=;2Y12
X13=3;1Y13
X14=3;2Y14
X15=;1Y15
97(B40)X1,15
K=15N'I'+15I"+15J '4G'
K=p11(K,B40, 15)
REPEAT
REPEAT
REPEAT



>> C,FUNCTION SOLN, ACTIINS ALING EDGES 3 AND 4
6)JUMP 7,M+M'=0
Q=R'(5')8

K'=(Q-Q')/S'

JUMPDOWN (RQ/5)
1'=0(1)N

H11=H20+I 'H24

Zo=H11

318=H1-Z0

JUMPDOWN (R8/3)
A20=026(A20,FK"',4,1,4)
A21=p26(A21,C6K",4,1,4)
B39=¢26(B37,A20,15, 1 14)
B40=¢26(B38,A21,15,1,4)
Bgo=¢11(339,n4o,15)
p6(B40)Y1,15

J'=0(1)N'

Hi2=H22+J 'H25

;0=U1H12

31=gSIN(;0)

32=¢C05 (;0)

I=1(1)3

XI=;1VI

REPEAT

I=4(1)6

XI=;2YI

REPEAT

X7=3;1¥7

x8=;2¥8

X0=;2Y9

X10=3;1Y10

X11=;1v11

X12=3;1Y12

X13=;2Y13

X14=3;1Y14

X15=;2Y15
37(B40)X1,15
K=15N'1'+15I '+15J'+G'
K=¢11(K,B40,15)
REPEAT

REPEAT

REPEAT
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»> P,SOLUTICN (NAVIER SOGIN,)
7K '=H40
1'=H26
K=H2%
T'=H28
J'=H20
J=H30

::H31
P=I'(K)T"'
I=(P-I')H39/K
Q=J'(J)T
JUMPDOWN (R3)
C=1+(Q~J')/J
@7(F '+0)Y0,1
@7(F '4+0+K ')Y2,1
@7(F '+042K ' )¥4,1
#7(F'+043K ')Y5,1
#7(F '+0+4K ' )Y7,1
@7(F '+0+5K')Y3,1
B7(F '+0+6K ' )Y6,1
@7(F '+0+7K ' )¥8, 1
B7(F'+0+3K ' )Y11,1
@7(F '+0+0K ' )YQ, 1
P7(F '+0+10K')Y10,1
#7(F '+0+11K ' )Y12,1
@7(F '+0+12K')¥13,1
X1=Y12-H7Y3
B7(F '+0+13K ' )X1,1
X1=Y13~-H6Y3
@7(F '+0+14K ' )X1,1
REPEAT
REPEAT
Xo=1
#7(A11)X0,1
@7(A12)X0,1
I'=0(1)N
NEWLINE
H11=H20+1 "H24
J'=0(1)N’
H12=H22+J 'H25
NEWLINE 2
PRINT (H11)4,2
CAPTIN

’
PRINT (H12)4,2
SPACE 2
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>> POSITIN MATRICES
T=H26

O=H27

O'=H28
P=T(0)0"
H6=P;H11/H1
I=(pP~T)/0
XI=gSIN(HO)
YI=gCCS(HO)
REPEAT
#7(Ag)X0,H38
@7¢(A10)Y0,H38
JUMP 9,C23=3
T=H29

0=H30

O'=H31
o=T(0)D’
Hy=0;H12/H2
1=(Q~-T)/0
XI=pSIN(H7)
YI=¢COS (H7)
REPEAT
@7(A11)X0,H39
#7(A12)Y0,H39

>>PRINT OUT
9)K=15N "1 '+151'+15J '+&'
1=0(1)2

J=IH40

A13=g26(AQ,F '+J,1,H39,H33)
A13=¢26(A13,A11,1,1,H3Q)
#6(A13)X1,1

REPEAT

I=3(1)5

J=TH40

A13=p26(A10,F '+J,1,H39, H33)
A13=¢26(A13,A12,1,1,H30)
#o(A13)XI,1

REPEAT

J=6H40

A13=p26(A9,F '+J,1,H39,H38)
A13=p26(A13,A11,1,1,H30)
g6(A13)X6,1

1=7(1)8

J=IH40
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A13=p26(A9,F '+J, 1,H30, H38)
A13=026(A13,A12,1,1,H39)
96(A13)X1,1

REPEAT

I=0(1)11

J=TH40

A13=p26(A10,F '+J,1,H39,H33)
A13=p26(A13,A11,1,1,H39)
g6(A13)XI,1

REPEAT

I=12(2)14

J=TH40

A13=p26(AQ,F '+J,1,H39,H38)
A13=p26(A13,A12,1,1,H30)
@6(A13)XI1,1

REPEAT

J=13H40

A13=p26(A10,F '+7J,1,H30,H38)
A13=p26(A13,A11,1,1,H39)
#6(A13)X13,1

@6(K)X20,15

I=0(1)14

JUMP 09, I=14

JUNP 93,I#7

9Q)SPACE 22

98) ;1=XI+X(1+20)
PRINT(;1)0,4

REPEAT

REPEAT

REPEAT

RETURN

sk

CHAPTER O

A»50
B»50
C»30
D»50
E»50
F»50
G»50
H»60
Usl0
Vel
Wel
X»100
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Y»50
Z»1

S

>>SHELL
>>t,La,Lb,Ra,Rb
1)NEWLINE 2
CAPTION
HYPERBOLIC PARABOLCIDAL SHELL (K(a)=0,K(b)=0)
NEWLINE 2
CAPTIMN
T La(plan) Lb(plan) K(ab)
NEWLINE
READ(H)
READ(H1)
READ(H2)
READ(H5)
PRINT (H)0,4
PRINT(H1)0,4
PRINT (H2)0,4
PRINT(H5)0,4

>> LOADING (N SHELL

2)READ(CZ3)

READ(A)

READ(B)

NEWLINE 2

JUMP %0,A=0

JUMP 71,A==1

CAPTION

IOADING SYMMETRIC ABOUT AXIS A=L(a)/2.
JUMP 70

71 )CAPTION

LOADING ANTIMETRIC ABOUT AXIS A=L{a)/2,
40)NEWLINE

JUMP 72,B=0

JUMP 73,B=-1

CAPTION

LOADING SYMMETRIC ABCUT AXIS B=L(b)/2.
JUMP 72

73 )CAPTION

IOADING ANTIMETRIC ABOUT AXIS B=L(b)/2.
472 )NEWLINE 2

JUMP 74,C23=1

JUMP 70,C23=3

CAPTION

UNIFORM LOADING ON TOTAL SURFACE AREA (O SHELL, (DODBLE FOURIER
EXPANSION)
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NEWLINE
CAPTION
INTENSITY OF LOADING G(a) G(b)
G(ec)
NEWLINE
READ(X')
READ(Y').
READ(Z')
SPACE 26
PRINT(X')0,6
SPACE 12
PRINT(Y')0,6
SPACE 8
PRINT(Z')0,6
H41=,5HL
H42=,5H2
H43=H1
H44=H2
HA45=,5H1
H46=, 542
Hq7=H1
H48=H2
H4Q=, 5H1
H50=, 5H2
H51=H1
H52=H2
JuMp 8o

74 )CAPTION
UNIFORM PATCH LOADING (DOUBLE FOURIER EXPANSION),
NEWLINE
CAPTICN
INTENSITY (F LOADING CO-ORDINATES OF CENTRE OF PATCH
CAPTION
DIMENSIONS OF PATCH
READ(X')
READ(Y ')
READ(Z'")
JUMP 78,X'=0
I=41(1)44
READ(HI)
REPEAT
NEWLINE
CAPTIN
Gla)=
PRINT(X')0,6
SPACE 18
H41=H4q1H1
H42=HA2H2
H43=H43H1
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HA4=H44H2
PRINT(H41)0,4
PRINT(H42)0,4
SPACE 1
PRINT(H43)0,4
PRINT(H44)0,4
728)JuMP 79,Y'=0
I=45(1)48
READ(HI)
REPEAT
NEWLINE
CAPTION
G(b)=
PRINT(Y')O,6
SPACE 18
H45=H45H1
H40=H46H2
H47=H47H1
HAG=H48H2
PRINT (H45)0,4
PRINT(146)0,4
SPACE 1
PRINT(H47)0,4
PRINT (H48)0,4
70)JUMP 80,%'=0
1=46(1)52
READ(HI)
REPEAT
NEWLINE
CAPTIN
G(c)=
PRINT(Z')0,6
SPACE 18
HAG=HAOQH1
H50=H50H2
H51=H51H1
H52=H52H2
PRINT(H49)0,4
PRINT(H50)0,4
SPACE 138
PRINT(H51)0,4
PRINT(H52)0,4
Jump 8o

76 )CAPTIN

UNIFORM PATCH LOADING IN C DIRECTION (SINGLE FGURIER EXPANSION)
NEWLINE

CAPTION

INTENSITY (F LUGADING CO-CRDINATES CF CENTRE OF PATCH



CAPTIN

NEWLINE
READ(Z')
READ(H49)
READ(H51)
HA9=H4GH1
H51=H51H1
H50=.5H2
H52=H2
PRINT(Z')0,6
SPACE 18
PRINT (H49)0,4
PRINT(H50)0,4
SPACE 18
PRINT(H51)0,4
PRINT (H52)0,4

>> BOUNDARY CONDITICNS
80)1=16(1)1g
READ(CI)
REPEAT
€20=100000
NEWLINE 2
CAPTION
C20=1,0000, 5
NEWLINE 2
CAPTION

EDGE 1 -
K)=15)

L=0

JUMP 11,C16=10
1=2

JUMP 12,C16=2
JUMP 13,C16=3
JuMp 28,C16=1
JUMP 29,C16=6
=1

JUMP 14,C16=4
15)NEVWLINE
CAPTION

EDGE 2 =
K)=16)

L'=0

JUMP 11, C17=10
L'=2

JUMP 12,C17=2
JUMP 13,C17=3
JuMp 28,C17=1
JuMP 30,C17=0
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L'=1

JUMP 14,C17=4
16)NEWLINE
CAPTION

EDGE 3 -
K)=17)

M=0

JUMP 11,C18=10
M=2

JUMP 12,C18=2
JuP 13,€18=3
JUMP 28,C18=1
JUMP 31,C18=6
M=1

JUMP 14,C18=4
17)NEVLINE
CAPTICN

ELGE 4 =
K)=3)

M'=0

JUMP 11,C10=10
M'=2

JUMP 12,C19=2
JUMP 13,C1G=3
JUMP 28,C10=1
JUMP 32,C10=0
M'=1

JUMP 14,C19=4

11)CAPTIN

FREE GUIDED=-EDGE
JUMP (K)
1Z)CAPTION
CLAMPED

JUMP (K)
13)CAPTION

FREE

JUMP (X)
14)CAPTIN
HINGED

JUMP (K)
28)CAPTION

DEEP THIN INEXTENSIBLE NORMAL GABLE (SIMPLY SUPPORTED)
JUMP (K)
29)READ(;21)
CAPTIN
N(b)=0,U(c)=0,M(b)=0,N(ab)=
PRINT(;21)0,4
JUMP (K)
30)READ(;22)
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CAPTION
N(b)=0,U{ec)=0,M(b)=0,N(ab)=
PRINT(;22)0,4

JUMP (K)

31)READ(;23)

CAPTICN
N(a)=0,U(c)=0,M(a)=0,N(ab)=
PRINT(;23)0,4

JunpP (K)

32)READ(;24)

CAPTIN
N(a)=0,U(c)=0,H(a)=0,N(ab)=
PRINT(;24)0,4

JUMP (K)

3)READ(A')

NEWLINE 2

JuMpP 18,A'=0

L'=0

JUMP 33,A'=-1

CAPTICN

BOUNDARY CONDITIGNS AND IOADING SYMMETRIC ABOUT AXIS B=L(b)/2.

JuMp 18

33)CAPTIN

BOUNDARY CONDITICGNS SYMMETRIC AND LOADING ANTIMETRIC ABOUT AXIS B=L(b)/2.
18)READ(B ')

JUMP 4,B'=0

M'=0

NEWLINE

JUMP 34,B'=-1

CAPTICN

BOUNDARY CONDITIMNS AND LOADING SYMMETRIC ABOUT AXIS A=L(a)/2.

JUMP 4

34)CAPTIN

BOUNDARY CONDITIGNS SYMMETRIC AND LOADING ANTIMETRIC ABOUT AXIS A=L(a)/2.

>> ELASTIC CONSTANTS
4)NEWLINE 2
READ(E)
READ(C)
D=EHHH/ (12-12CC)
CAPTION

E NU D
NEWLINE
PRINT(E)O,4
PRINT(C)0,3
PRINT(D)0,4
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>> F.SERIES SPECIFICATIONS
5)READ(P')

READ(R')

READ(R)

READ(Q')

READ(S')

READ(S)

I=26(1)31

READ(HI)

REPEAT

NEWLINE 2

CAPTIN

C.SCIN, HARMDNICS IN (A) DIRECTION
PRINT(P')1,0

SPACE 2

PRINT{(R')1,0

SPACE 2

PRINT(R)2,0

NEWLINE

CAPTION

C.SOIN, HARMONICS IN (B) DIRECTION
PRINT(G')1,0

SPACE 2

PRINT(S ')1,0

SPACE 2

PRINT(S)2,0

JUMP 44,R'#0

R'=1
4.§ZI=(R—P ")/R'+1
Ho=1

JUMP 45,5'#0

§'=1

45)I=(S-Q')/S'+1

HO=1

H10=H8HO

C5=4EHH5H5/D

CO=2¢MOD (H5) (BSQRT (EH/D))
U4=pS IGN (H5) (#SQRT (EHD) )
NEWLINE

CAPTION

P,SOIN, HARMONICS IN (A) DIRECTIN =
PRINT(126)1,0

SPACE 2

PRINT(I27)1,0

SPACE 2

PRINT (#28)2,0

NEWLINE

CAPTION
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P.SOLN, HARMONICS IN (B) DIRECTION =
PRINT(H29)1,0

SPACE 2
PRINT(H30)1,0

SPACE 2
PRINT(H31)2,0

JUMP 46,H27#0

H27=1

46)1=(H28-126) /H27+1
H38=I

JUMP 47,H30#0

H30=1
47)1=(H31~H2G)/H30+1
H36=1

HA0=H38H39.

>> MATRIX STARTING LOCATICNS
21)I=0(1)4
AI=161

REPEAT

1=0(1)3
A(I+5)=80+41
REPEAT

1=0(1)g
A(1+14)=06+161
REPEAT
A24=256
B33=260

1=
35300

B36=396
B37=4C4
B38=464
B39=524
B40=539
A25=554
A26=570
B34=586
B42=590
B43=622
Eﬁlﬁgg
A35=702
A36=718
A37=734
AG=750
A10=750+H33
A11=A10+H38
A12=A11+H3Q



A13=A12+H39
U=A13+H40
V=U+(L+L " YHB+(M+M' JHO
K=H3-1
I=0(1)X
D1=v+31
E1=DI+4
REPEAT
J=HQ-1
I=0(1)J
FI=EK+81+4
GI=FI+4
REPEAT

F '=V+8H3+3Ho
G'=F '+15H40

JUMP 54, L+L'+:H+M'=0
JUMP 50,M+M'=0
JUMPDOWN (R13)
JUMP 55
54)JUMPDOMN (R14)
JUMP 55
56)JUMPDOWN (RO)
55)READ(B4G)
JUMP 1,B40=1
JUMP 5,B49=5
JUMP 52,B40=5
JUMP 53,B4S=G
JUMPDTWN (R14)
JUMP 55

52 )NEYWLINE
10%%,0,0,0

JUMP 1

53)END

CLOSE

K&

25 50 50 =,008
o 1 1 0 0 50
10 10 10 10 1 1
4-5’8 -15

1 1 &£ 1 1

2 1.1 2 19
05 0 05

5

U0 R
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25 30 50 =,008
0 11 0 0 50
4 4 4 4 11
4.5,8 .15

1 2 16 1 2 19
1 2 19 1 2 19
0 5 0 .5

5 5

1

.25 50 50 =,008
0o 1 1 o 0o 50
2 2 2 2 1 1
4.5,8 .15

1 2 10 1 2 19
1 2 19 1 2 1g
0 .5 0 .5

5 5

1

25 50 60 =-,008
0O 0 0 =10 -10 50
4 2 4 2 0 o0

4¢5,8 .15

11 19 1 1 19
0 1 19 0 1 19
o 1 0 1

5 5

1

.25 50 60 =-,008
0 0 0 -10 -10 50
12 1 2 0 0
4.5,8 .15

11 7 117
o1 %7 01 7%
0 1 0 1

55

5

11 11 1 1 11
o1 7 0 1 7
o1 0 1

55

9

*kKZ,
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