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FOREWORD

This report was prepared jointly by the Air Force Institute of Technology
(AFIT) and the Air Force Flight Dynamics Laboratory (AFFDL), Wright~-
Patterson Air Force Base, Ohio, under AFIT Project No, 67-35, and DOL
Project No, 1467, Task No. 146701, “Stress-Strain Analysis Methods for
Structures Exposed to Creep Environments’, The theoretical part of this report
is based on a paper by Dr, J. S, Przemieniecki, AFIT, entitled, ‘‘Large Deflection
Analysis of Frame Structures’’ which was presented at the 7th International
Symposium on Space Technology and Science, 15-20 May 1967, Tokyo, Japan.

This report summarizes work performed during the period1 August 1967 to
20 October 1967 and it includes description of the computer program. Further
information regarding this program can be obtained by contacting AFFDL (Lt. D.
M, Purdy), Wright-Patterson Air Force Base, Chio 45433 (Tel: 513~-255-5689).

This technical report has been reviewed and is approved,

Q
Chief, Theoretivs

Structures Division
AT Flight Dynamics Laboratory
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ABSTRACT

Frame structures with either pinned or fixed joints are frequently used in
aerospace applications as the primary structure supporting light secondary
panels or other structural assemblies. In the analysis of such structural designs
it is very often necessary to consider loading conditions for which the deflections
are large enough to cause significant changes inthe geometry of the structure so
that the equations of equilibrium must be formulated for the deformed configu-
ration, In the present paper the general analysis for large deflections of frame
structures is presented using the concept of discrete element jdealization. The
solution for deflections and stresses is presented as a step-hy-step matrix
method based on load increments and is particulariy suifable for computer
programming, As a bi-product of the large deflection analysis the eigenvalue
equations for structural stability are also formulated. The theoretical results
of the nonlinear, large deflection matrix solution are compared with the exact
analytical results for a square frame, In addition, the results for deflections of
a six~bay truss and buckling of columns with either constant axial load or gravity
loading are also presented. The computer program listing and instructions for
the preparation of input data are included,
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SECTION I

INTRODUCTION

In the analysis of aerospace structures it is often necessary to consider
loading conditions for which the deflections are large enough to cause significant
changes in the geometry of the structure so that the equations of equilibrium must
be formulated for the deformed structure, The differential equations describing
the large deflections are nonlinear and therefore in order to determine deflections
of complex structures we must use numerical methods. The matrix displace-
ment method of analysis, which is a numerical method based on the concept of
discrete element idealization, can conveniently be used for such applications.,
In this method all computational steps are expressed in matrix algebra, from
the initial input information to the final output representing deflections and forces

or siresses,

The matrix displacement method of analysis has initially been developed as
a Hnear theory for small deflections; however, the basic method can also be
extended to large deflections using a step-by-step solution with loading incre-
mentation, Because of the presence of large deflections, the strain~displacement
equations contain nonlinear terms which must be included in the calculation of
stiffiness properties of individual discrete elements used to represent the actual
structure. This leads to the element stiffness matrix consisting of the sum of
elastic and geometrical stiffnesses. By contrast, in the small defiection analysis
only the elastic stiffness is present. The large deflection analysis is also used
to determine structural stability for a given set of externally applied loads,

The basic concept of geometrical stiffnesses was first used by Turner
{Reference 1) and his assoclates for the analysis of structures idealized into
pin~jointed bars and triangular plates carrying membrane stresses, The method
was essentially based on the strain energy formulation for large deflections,
Similar approaches were used by several authors for the analysis of structures
made up from bars and beam elements (References 2-10), triangular plates
(References 9, 10), rectangular plates (References 11, 12), and axisymmetrical
shell elements (Reference 13), In a different approach purely geometrical
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consideration was used to derive geometrical stiffnesses for bars, beams, tri-
angular plates with membrane stresses, and tetrahedron elements (Refer-
ences 14-16). An excellent review of papers in this field was given by Martin
(Reference 10) in a paper presented at the Conference on Matrix Methods in
Structural Mechanics held at the Air Force Institute of Technology in October
1965,

In this report the basic principles of the large deflection analysis by the
matrix displacement method are discussed and a general method of determining
geometrical stiffnesses for arbitrary structural elements is derived. The
proposed method is illustrated for the calculation of stiffnesses of typical frame
elements such as, pin-jointed bars, fixed-pinned beams, and heam elements;
however, for simplicity of presentation only two-dimensional elements are
considered, For general types of frame structures, three-dimensional structural
elements would have to be used. These elements could be used, for example,
for the analysis of a three-dimensional truss structure of a lifting reentry body
(Figure 1), This structure is made up from an assembly of pin-jointed bars and
beams with either pinned or rigid connections and is used to support secondary
panels and other structural assemblies such as nose cone and so forth,

The matrix displacement method of analysis is applied to a square frame loaded
by a diagonally opposite pair of loads, either in tension or in compression, and
the results are compared with experimentally obtained deflections, As a further
check on the accuracy of the matrix solution an exact nonlinear solution for
deflections in terms of elliptic integrals is also used. Both the theoretical and
experimental results indicated clearly the deficiencies of the small deflection
linear theories applied to highly flexible frame structures.
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SECTION 11

LARGE DEFLECTION MATRIX DISPLACEMENT ANALYSIS

In order to determine large deflections by the matrix displacement method,
we must consider the nonlinear strain-displacement equations for an elastic

continuum, These equations in Cartesian coordinates are:

e} Ou .2 du 2 du <2
st 3l (5 < (5]

du du_ 2 du » ou_ 2
ey =3yt 3l (F0) (50 ]
du du_ .2 du, .2 du, 2

(1)

o =By O Dok O Oy Juy Oy, v
xy ox dy dx dy Ox dy ox dy

ou du du. du du Odu Ou_ du
Yy .. X% y y + F4 Zz
yz  dy dz &y 0dz Ody 9z oy 9z

du du du, du du duy Buz t)uz

X z 3 X y

€2x = 0z ax 9z ox T 3z ox T ¥ I

where Wes uy, and u, are the displacements in the x, vy, and z directions, respec~.
tively. The above strains will be denoted collectively by a column matrix*

e = {e e e e e e } {2)
va- XX Yy 2ZZ Xy yz zx

which may be written as the sum of two matrices such that
e = ?_ + e {3)

where é represents the linear strains proportional to displacements, while _g,“'
represents the nonlinear strains proportional to the squares of displacements,

* Wavy underscore denotes matrix symbols,
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The displacements W, uy, and u, will be assumed to be expressible by the

equation

y ; i=x,9,2 (4

where
g8 = {ul "a"'“n} (5}

denotes a column matrix of the discrete displacements (including discrete
rotations), and 2y is a (Ixn) rectangular matrix whose coefficients are, in
general, functions of x, y, and z, For some structural elements &, may bhe
determined exactly while for others assumed displacement distributions must
be used to determine a,, Introducing a new matrix
b. . =a—p".i-; i, = x,y,12 (6}
~i,] 9j
it is clear that the nonlinear strain-displacement equations (Equation 1) can be
expressed in matrix form as fllustrated by Equation 7 where asterisks are
introdﬁced to indicate element-by~element matrix multiplication,

r' . - = — =7 ol - - “4 [ - - -
/ / ’ v
Ex,x —bn,: /2 LI V2 ‘!y,:’ﬁ Ey.x"fz_ 3:,:’ 2 Ez,:ﬁ
b b AZ b N2 |b /2 b /2l |b /2 b 1/2
--y‘y —.|! .“l' -,’y f- —y'y J_— ..1" f‘ "z" J—'
b A2 b A2 b As2 b /2 L2 Af
~2,Z =1,2 a ~x,2 vz ~y,Z ' ~y,2 g "az,z Ez.z ¢
e = |b__+b +| b "l b + * + *
- -¥r Ky y THR L ==X,y & '-b'y!x 4 H!I, w _Bz'z L 'EZJ L {7)
b +b b 2] b b b b
. B % 4 . ) LT et B ) =Y,z ~%,¥ ~2,2
be2th, by - L2 —Qy.: L2,z Lax
- e L I L - L- o~ - ._J - - . _

u; i %, y,2 (8)
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where ﬁ represents matrix of linear strains due to unit displacements u while
LR

in the asterisk multiplication productis of Equation 7., Hence from Equations 3

and 8 it follows that

and ~]9i2 are respectively the first and second column matrices appearing

A A
e =_I_:_u {9}
and
! = w* ] P =
2 ?Eilﬂﬂiag- ! Xy ¥, 2 (10}

The strains e are related to the stresses_@'_ through the Hooke's law

o= ke {(tn

LRy

where K is a matrix of elastic constants. The subsequent analysis requires
the determination of the strain energy v from the expression

u=—'é- 5_"3 dv (12)

v

Using Equations 3, 11, and 12 it may be shown that neglecting the nonlinear
strain product ﬁ‘)rﬁs e

v = —é— (§T5'e::_+ 2§'Te'l dv {13)

v

A . :
where a new stress matrix o denoting linear stress has been introduced. This

matrix is obtained from

: k& (14)

ig>

Subsequent substitution of Equations 9 and 10 into the strain energy expression

Equation 13 finally leads to

A A
v = Lf (Wb 'kbu+ 2Y  o'b. u*b._uldv (15)
2 Y] e || e ] 2

e vy A e .
12 %,Y,2
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From the Castigliano’s theorem which is applicable to large deflections
provided the strain energy is evaluated for the nonlinear strains, we obtain the

force-displacement relation of the form

9 =S (16)

ayh R Lt
where“li represents the stiffness matrix, while_ S is a column matrix of forces
corresponding with the displacements u, Performing matrix differentiation on
Equation 15 it can be shown that

T T
s - v, f’B D dvu +f Y (b "‘Db +bT 5%, yavu (7
2 du JHy= == Vojzxy,z 07 i2” i1 =

where &_D represents the column matrix of stressesﬁ'_ changed into a diagonal
matrix. In performing the differentiation with respect to u it has been assumed
that the linear stresses_%. remain constant. Rearranging terms in Equation 17

we obtain
Skt klu = ky s

where
_EE = b xb dV , elastic stiffness matrix {19)

v
k -f z ( T ADb. + bT é\rDb. ) dV, geometrical stiffness motrix  (20)
-0 bl TRt 4 2 -1

v o i=x,y,2
k =k_+ Kk total stiffness matrix {21}

-— ~E =G’

The geometrical stiffness matrix can be simplified if we introduce two new

matrices

o
1

2 {.Ex. 2y J?.z.} (22)

22 {_Exzab.yz .!:".zz} (23)

(=2
|

so that Equation 20 can be written as

k. = f(b 5% + o 4% b) dv (24)
! |

~G |+=3 2 -2.53
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where

D DADJ

- AlY A
o:-[8 5 & (25)

In most practical applications we normally include only one of the nonlinear
terms in the strain-displacement equations, the remaining two nonlinear terms
rejected as being of higher order of smallness, This is the case for plates and
shells where only the out of plane rotations are considered contributing to the
nonlinear terms significantly, This implies then that the matrices b1 and b2
consist of only one submatrix and ch becomes 6‘ For these cases the geo-
metrical stiffness matrix -EG is simply
ft T &P, + 5756 ) av

¥

f( T"‘Db Ty Db Y dv (26)

It has been demonstrated that the geometrical stiffness matrix can easily be
determined from an integral of simple matrix products evaluated over the
volume of the structural element. This new approach aveids the fime-consuming
determination of the strain energy in terms of displacements and its subsequent
differentiation with respect to the displacements, as used in previous methods
of determining geometrical stiffness matrices, Furthermore, the present
formulation of -EG allows one to investigate the effects of the other nonlinear
terms in the strain~displacement relations by including one, two, or three
submatrices in b1 and b2. It should also be noted that the present method can
be used for strains and displacements in other coordinate systems, e.g. in the
analysis of axisymmetrical shells.

The geometrical stiffness matrix EG derives its name from the fact that it
depends only on the geometry of the element and is independent of any elastic
properties of the material, Other names given to this matrix are: incremental
stiffness matrix and initial stress matrix; however, the name geometric stiffness

appears to be more suitable,
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The total stiffness,hlf_ is determined for each structural element, first in locai
coordinate system and then in the datum system, using a matrix transformation
invoiving the direction cosines, The assembled structure stiffness matrix

K = K_+ K {27}
is obtained from the summation of individual stiffnesses in the datum system.,
The equations of equilibriutn are then formulated as

(Ke*t KU = P (28)

E G

where U is a column matrix of node displacements (at the element joints)
corresponding to the external forces P, I the subsequent analysis it will be
assumed that the rows and columns in Equation 28 corresponding to zero dis-
placements have been eliminated so that the displacementsl{ can be calculated
from

U= (K+K.) P (29)

For large deflections the solution to Equation 29 is obtained by a step-by-
step linear approximation with loading incrementation, A typical nonlinear plot
of P versus U and its step-by-step approximation are shown in Figure 2. The
incremental displacements AH_ and internal {element) forces due to load incre-
ment A‘E are calculated in the conventional manner from

L

- -1
AU = (K * K. AP (30)

where both _}_(_E and _ISG

addition WISG depends also on the internal force distribution § of the previous

step. The total displacements for the final values of the applied loading are then

depend on the deformed geometry in a given step and in

obtained by summing the incremental values, The incremental siep procedure,
as used in this application, is presented symbolically in Table L
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TABLE 1

INCREMENTAL STEP PROCEDURE FOR
THE LARGE DEFLECTION ANALYSIS

Ihcremental Elexilent
Step No, Stiffness Displacements Forces
1 K5(0) + K.(0) AU 8
2 EglUy) + Kg(Uy) aY, >
n KeUp-1) * XglUst) A%, Zn
n
Total displacement U = > Ay,
=1

In the first step _ISG(O) = 0 since the geometrical stiffness matrix is proportional
to the internal forces which are zero at the start of step 1.

Introducing
where -EG is evaluated for some unit values of the external loading and A is a

multiplying factor we note that Aug —~® in Equation 30 when the determinant
K_+ K =
Ik + A Kl:=0 (32)

Equation 32 represents the stability criterion for the displacement method of
analysis and the lowest root A in this equation gives the buckling loading,
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SECTION III

ELASTIC AND GEOMETRICAL STIFFNESS MATRICES

1-

PIN-JOINTED BAR ELEMENTS

The approximate strain-displacement relationship for a bar element placed

in the xz ~ plane (Figure 3) may be taken as

XX

The displacements u and u,

duy
Jx

du,
ox

)2
| * |
JZ Ez,x}-{-ﬁ ..E'z,x LB

are expressed interms of the discrete displacements

+ <

A .
32_+ (33

by
Uy = 9,y (34)
u, * 9,8 {35)
where
g = [0-€10¢ 0] (36)
a, = [ou-flo_f] (37)
PR
and
€ = xsd (39)
From Equations 33, 34, and 35 it follows that
= L[-
8==2[-1010] (40)
and
2 e—— D — - I
.Pz,x ox d [O 10 '] (4n

10



AFFDL-TR-68-38

Hence

b o=b,= —b =——[o-1 0 1] (42)

Noting that
x = E (43)

it follows from Equations 19, 40, and 43 that the elastic stiffness matrix

I 0 -1 O
.I:,_IE;TE“V= A—f -? g ? g (44)
| c 0 O 0—
where A is the cross-sectional area of the bar, Similarly, noting that
ﬁ_o = F/A (45)

where F represents tensile force in the bar, it follows from Equations 26 and
42 that the geometric stiffness matrix is given by

kK = f( b/ 80b, + (b "‘Db )T}dv
-G
0 0 0 0]
- Flo 1 o0 - (46)
910 0 0 o
O -1 o0 1
n |

To transform the stiffnesses from the local system with displacements

u, into the datum system with displacements u u, as shown in

ulu-- 1...4

Figure 4 we use

T
k = = 47
- “"dotum *?" '-'-‘L 147

11
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where
( 2 m O 0
A = -m ¢4 0 © (48)
0 0 £ m
L 0O 0 ~-m 21|

where £ and m are the direction cosines for the direction pg with respect to
the datum system oX and oy. Hence using the congruent transformation relation-
ship (Equation 47) we obtain elastic and geometric stiffness matrices in the datum

gsyatem:
A Symmetric
2
E = AE md m (49)
£ d _ﬂz "ll'l’\ .‘.2
L—ml -m?  mt mz_J
and
o Symmetric |
— F ~fm -tz
k.= — 2 2 {50)
-G d {-m mé m
Lﬂm -8 -Am 2%

2. PINNED-RIGID BEAM ELEMENT

The pinned-rigid beam element is jllustrated in Figure 5, Neglecting the

effects of shear deformations and retaining only one nonlinear team in the strain-

displacement relations we can show that in this case

-1 1 32 32
4 %€ d g% d&

(50

- = ~1 g f2 _g2. 2
BiTbet Zxbn ¢ gwg [0 30-€10 3-Eh ie3gt] 52)

12
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Hence from Eguations 19 and 20 we obtain

c Symmetric h
o 3
- El ¢ o0 ¢ (53)
o -3 0 3
0 3d O -3d 3d°
where . - -
2
¢ = Ad'/1 (59
and
rO Symmetric a
0 6
k = — |o 0 (55)
0 -6 0O 6
0+d 0-d d°
where, as before, F represents the axial load (constant) in the element,
The transformation matrix A is given by
- -
L m o o] 0
-m & 0o o 0
Aslo o m O (56)
c o-m £ ©

b —

Using this matrix to derive stiffness properties in the datum system we obtain

c£2-3m2 Symmetric
(c-3tm  em*+342
™ - EI 2 2 2 2
k= 53 |et-3m —(c-38m  cf’+3m (57)
~(c-3¥m -cm>=3f°  (c-3Mm cmo+3l°
3dm +3dl ~3dm —3dQ +34d°

13
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em? B
-60m 68 Symmetric
¥ = =|-em® etm em? (58)
6dm 6l -6im el
gm dl -dm -df d°

3. BEAM ELEMENT

The beam element is illustrated in Figure 6. For this case we use six

element displacements and

b = [51-—-—(| 28) & (2 3€) —--—-(—l 2§) ——(I-BEI] (59)

J—-l_-;[ 0 -6(&-€2) (1-48+38%d 0 -8(é-¢D (-z§+352)d] (60)

wel a2 C

When matrices (Equations 59 and 60) are used in Equations 19 and 20 we obtain

Symmetric

. . EL|O e ad®
0O -12 -6d O 2

O 6d 2d° 0 -6d 4d°

and

0
o) 36 Symmetric
F |0 34 ad®
%°3d o o o o (62)
0O -3 -3 0 36
0 3d -d® o0 -3d ad®

14
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The transformation matrix A is simply

)
-m
0

o OO0

O 0 Om 3

- O

O O o
[

o 0 0]
O 0 O
g 0 O
2 m O
m ¢ O
c 0 IJ

= _ 4T = T .
Hence from k. = A koA and k. =Xk it follows that

I3

E

and

. EI
dS

B 36m°
-364m
-3dm

-36 m2

360m

~3dm
|

3642
3dd
36fm
- 360°
3de

[ cp® +12m?
(c-12)8m  cmi+12402
~ 6dm 6dl

—cF-12m2 —(c-12)m
~(c-12m -cmz—lzﬂ.2
6df

4d
3dm
-3dg

ad?l
6dm
-6dl

24%

36m
-364m
3dm

15

ci+ 12m?
(c-12)Em
6dm

3642
~-3df 4d

t:m2+I22z

{63)

(€4)

(65)
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SECTION IV

SAMPLE PROBLEMS

Numerical results are presented for sample problems selecied to demon-
strate the capabilities of the computer program and the accuracy of the technique.
The solutions obtained for the sample problems are presented in the form of
load~-deflection curves. |

Problems 1 and 2 introduce the basic capabilities of the program in the
analysis of frame structures which undergo large displacements (small strains),
while problems 3 and 4 demonstrate the use of the program in predicting the
initial buckling load of frame structures, Several of the problems chosen had been
solved previously using other techniques, Some of these previous solutions are
presented to demonstrate the accuracy of the technique, |

1. PROBLEM 1 (SQUARE FRAME)

The structure shown in Figure 7is a flexible welded square steel frame, The
cross~sectional dimensions of the members were 1,0 X 0,0625 inches and the
joints were rigid, Because of the double symmetry, only one quadrant of the
structure was réquired for the analysis, Several sets of solutions were obtained
using different loading increments and a different number of elements, These
golutions were then compared with an exact solution from Reference 17 and an
approximate 1 element solution given in Reference 18,

Figures 8 and 9 demonstrate the solutions obtained using one element and
loading increments of 10, 5, 2, and 1 pounds, The solutions were improved by
increasing the number of loading cycles, however the use of a loading inc1l'ement
smaller than one pound had only a small effect on the solutions.

The fact that the solutions do not coﬁverge on the exact solution is explained

by considering that the chosen deflection shapes may not be exact and that
certain higher order terms have been neglected.

16
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Solutions were also obtained using a loading increment of ten pounds and 1,
3, 5, and 10 elements. These solutions presented in Figures 10 and 11, show
that the solutions were improved by increasing the number of elements.,

2, PROBLEM 2 (SIX-BAY FRAME)

The program was designed to handle structures with up fo fifty elements,
An eighteen element six-bay steel frame, shown in Figure 12, was analyzed to
demonstrate the ability of the program to solve more complex structures. The
cross-sectional dimensions of the elements were again 1,0 X 0,0625 inches.,

Figure 13 shows the vertical and horizontal deflections obtained at the free
end of the frame when a vertical load was applied at the end, The deflections were
carried well info the nonlinear range which began to appear at a load of about

40 or 50 pounds.

3, PROBLEM 3 (COLUMN BUCKLING)

The column of Figure 14 was analyzed using the eigenvalue option of the
program, One element was used to represent the actual member, The program
predicted a buckling load of

N EI
Perit = 992 57

This compares with the theoretical solution of

EX
Prit = 9863

4. PROBLEM 4 (COLUMN BUCKLING UNDER GRAVITY LOADING)

The buckling of the column shown in Figure 15 was studied using the
eigenvalue option of the program, The column was subjected to a uniformly
distributed axial load. Solutions were obtained by using several elements to
represent the column and by applying the appropriate loads at the nodes. In this
way the uniform load was replaced with a set of point loads distributed along the

column.,

17
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When five elements were used the predicted buckling load was

EL
= 7.9 —
qcrit 23

The number of elements was increasedtoten and the predicted buckling load was

EI
= 7.56 —
qcrit £3

These sclutions compare quite favorably with the solution

EI
= 7.83 —
qcrir 43

obtained from Reference 19.

18
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APPENDIX I
INSTRUCTIONS FOR PREPARATION OF INPUT DATA

The preparation of the data cards is discussed in the following paragraphs.
There are four distinct types of cards required for the data deck. The first type
introduces the problem, the second and third type give the nodal and element
data, and the fourth type closes the problem,

a. CARD SET NO, 1: Problem Identification Cards (one card required)

I NS NR NOELE NLS IGN KFP TITLE
1 2 6 11 16 21 26 26 27 33 80

FORMAT (Ii, M, 315, 4X, 211, 6X, 8A6)

I Cardtype: Enter the integer 1,
NS Number of pinned nodes,
NR  Number of rigid nodes,
NOELE Number of elements,
NLS Number of loading steps.

IGN Buckling option: Enter the integer 1 if a buckling solution is desired
on the integer, 0 if it is not.

KFP  Stiffness matrix option: Enter the integer 1 if a printout of the total
stiffness matrix is desired or the integer 0 if it is not.

TITLE  Alphermic page heading,
b. CARD SET NO, 2: Nodal Data {one card required for each node).

I NN nn 2 B X Y XL YL ML
1 2 6 8 9 10 11 21 31 41 bl

22
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FORMAT (1, 14, 2X, 30, 5D10,0)

1

13

- Ao XL

YL

ML

C,

Card type: Enter the integer 2,
Neode number: The pinned nodes must be numbered first.

Nodel constraint: Enter the integer 1 if the node is to be restrained
from movement in the X, direction,

Nodal constraint: Enter the integer 1 if the node is to be restrained

from movement in the y, direction.

Nodal constraint: Enter the integer 1 if the node is to be restrained

from rotation,

Node location: x-coordinate,

Nodé location: y-coordinate,
Incremental load in the X, direction,
Incremental load in the Yo direction,

Incremental moment,

CARD SET NO. 3: Element Data (One card required for each element),

EN P Q ELET E A 1
2-5 1175 2130 3% 41" 517 61w
40D

FORMAT (0L, K4, 5X, 6D10,0)

Card type: Enter the integer 3.

Element number,

EOX B

Node number, { 3% ,3uf2~'¥u5\~! !

Node number: The node number P must be a smaller number than
the node number Q, { vint juiinh

Element type: Enter the integer 1 if both P and Q are pinned nodes;
enter the integer 2 if P is a pinned node and @ is a rigid node; or enter
the integer 3 if both P and Q are rigid nodes.
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I Moment of inertia,

d. CARD SET NO, 4:

FORMAT (I1)

I Cardtype: Enter

TS E  Modulus of elasticity.
©*" A Cross sectional area.

Problem Closing Card (one card required).

the integer 9,

24
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$IBFTC ‘
$IBFTC FRAME DECK FRAMDUO0D
C FRAMOOO1
C LARGE DEFLECTICN FRAME ANALYSLS FURTRAN [V COMPUTER PROGRAM FRAMODD2Z
c FRAMOOO3
DOUBLE PRECEISION KF, Kbi21)y KGU21), XY VECT(70)}, P VE(T, FRAMOOO4

1 E ARRAY{5C)s A ARRAY(9G)e 1 ARRAY(50), Ly L SGDy My M SQ0, FRAMOOOS

2 MUFENT, TS5, DELTA Uy ULT0)s XG» X'y YUy YPs E» Ay Dy Fu FRAMOUCO

3 D 5QDy, Cy DFy HF{S0), HLIB0), RM(50) FRAMOOGT
INTEGER Py P ARRAY(S50)y 4, & ARRAY(50), EL TYPE, TYP ARR(50}, FRAMOOOY

1 ON VECTITO)y SIG U16 FRAMOOOY
CUMMGN  KFL1248%), P VECT(140), DELTA U(Ll40)s NO RUWS, EVENL, FRAMOO L

1 T5(10}, Py Q) XGy XP, Y&, YP, E, Ay MCVENT, NS, EL TYPE FRAMOOLL
BIMENSICN TITLE(E), RUOUTE(3}y STD wTC3)s EGNV KT(3) FRAMOULZ

DATA STD RI{L)/LBHISTANCARD RGUTEY /s EGNV RT(L)/LBH(EIGENVALUE FRAMOGL3
LROUTE}/ FRAMUOG 14

10 FORMAT (I1l, 14y 315, 4X, 2114y 66Xy BAOG) FRAMOCLS

20 FORMAT  ([ly 14,y 2Xy 3]ly 6010.0C) FRAMOOLG

30 FURMAT (1HB/ LHB/ 31X66HDECKS CULT OF CRCER - THIS SHOULD HAVE dEEFRAMOULT

IN A TYPE 1 DECK. ({1¥YPE =, 12y 1H)/ 1HB/ 1lHB) FRAMOOLS

40 FURMAT (1HB/ 1HB/ 145, 39H ROWS REGUESTED. (MAX NUFBER OF ROWS =FRAMCCLY

1, [4, LK)/ LEB/ 1hB) FRAMOO20

50 FURMAT {1HB/ 1HB/ 151, 28H ELEMCNTS REWUESTED. (MAX =, FRAMOO21L

1 I3, 18}/ 1HG/ 1HB) FRAMOCZ22Z

60 FCRMAT (1H3/ lHB/ >34A25RTYPE 1 CARL CUT OF ORDER.) FRAMQOZ23

70 FORMAT  (1HO/ LHBZ 57X14KILLEGAL CARD TYPE.) FAAMOG24

BO FORMAT (LhAy 23X120HBAD CARU = { 11, T4, 2X, 311, 1P6DL0.3, FRAMDUZS

1 1H)/ 1lHE/ LH8) FRAMOCZ26

90 FURMAT  (1Hu/ 1HB/ 151, 27H IS5 AN ILLEGAL NULDE NUMBER.) FRAMOUZT
1C0 FORMAT  (lHd/ LHBS 150, 30H IS AN TLLEGAL ELEMENT NUMBER.) FRAMOOZE

[aRaNel

110 FGRMAT {1HB/ 1HE/ 4TXITHILLEGAL NODE NUMBER UN A TYPE 3 CAnD.) FRAMOO2Z9
120 FCRMAT {1kB/ LHB/ 1HE/ 35X3THIDELTA U 1S ACCURATE TC APPROXIMATEL FRAMOG3O

1Y, I3, 20H SIGNIFICANT DIGITS)} FRAMOO31
130 FURMAT  {1HL1/ L5X33LSTRUCTURE DEFINITION — INPUT DATA, 20X, FrAMOG32
1 BAe///7 I3, 18H0 PIN-JUINTED NCCESs I7. 12K RIGID NODESy I7, FRAMOO33
2 9t ELEMENISs [7s l4H LUADRING STEPSy 10X3A6/// FRAMOO34
3 52H ELEMEnT TYPt AUDE AUMLER YOUNGS MUDULUS, 11X FRAMOO3S
4 S4HAREA, L4X9HMOMENT TF/ Th KNUMBER, 16XSH({P) (QYy LIX3H(L), FRAMOU3S
5 36X/HINERIILIA//) FRAMOO3T
140 FORMAT (15, 11lly 19y ley LiP30G20.5) FRAMCI3S
150 FORMAT (1HL/ 13X33HSTRUCTURE DEFINITION — INPUT DAVA, 20X, FRAMOU 39
1 Ba&S/// 6R NUUE, 13X1HA 16XL1HY, 14X4HPUX)e 13IX4HPIY)}, 15X1HM, FRAMGO4C
2 10XLIHCONSTRAINTS/ TH NUMBER, 92X9HX Y 1/7) FRAMOO4]
160 FORMAT (IS5, 3X, 1P40D17.5s 20X, 2034, I11}) FRAMOOGZ
170 FURMAT  (1X. 14, 3X, LPSD17.5%, 3%, 313X, 11)) FrAmQG43

180 FORMAT (1HLl/ L8X32H{KF MATRIX - BEFCORE CONSTRAINTIS), 20X, BAS////FRAMOCA4
1 7 600 1), SXIPDL15.5/ &HOU 2}, 5X2D015.57 6R0O{ 3}, 5X3015.5/ FRAMOC &S

2 6HOL 4), 5X4D15.5/7 6HO{ . 5}y S5X5D15.5/ 6HO( &)y 5X6D15.0n7 FRAMO U4 6

3 6HOL T}y 5XTD15.5) FRAMOG&4T
19C FORMAT  {2HULy I3y 1H}s bXe LPBD1S.5) FRAMOOGS
2C0 FORMAT  (1HL/ L1SX12HLUADING STeF. 13, 3H OF, 13, 7TH STEPS., FRAMOUAS
1 20X, wA&6/// 6H NUDE, LOXIHXy laX1HY, 13XTHDELTA U, 8XTHDELTA U, FRAMOOSC

2 BXTHDELTA U, 12X4HULL1), 1L1X4HUIL2}, 11X4HU{3)/ TH NUMBFR, 4CX FRAMODSL

3 3HI1), 12X3H{2), 12X31(3)}//) FRAMOOSZ
210 FORMAT (15, 2X, LP2DL%,4s 2Xs 2L15.4y LTXs 2015.4) FRAMOUSS
220 FORMAT [I45, 2Xy 1PE015.4y 2Ky 3015.4s 2Xy 3D15.4) FRAMOUSS
230 FORMAT (lKEb/ 1HEZ/ 4l1X4GH%*k%AN CVERFLOW HAS CCCURRLD DURING THIS FHAMOQSS
LCASE*#%%) FRAMQOS56
FRAMOUST

FIRST EXECUTARLE STATEMENT. FRAMOUSS
FRAMOOS9

MAX ELE = 5C FRAMOOGO

MX RGWS = 70 FRAMOUSGL

240 READ (5,10} I TYPF, NSy NHy NOD ELEy NLSy LGN INDy KFP INDy TITLEFKAMDOUBZ
. LF 0 {1 TYPE WE4. L) GC TO 260 FRAMOOG3
FRAMOUGY%
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c

el e Nl [aRaNel [alalel SO0

[aNuXal

[N lel [maNa s R el el

OO0

NOT A TYPE 1 DECK.

WRITE (&,y,3u) I TYPE
250 CALL EXtM
260 NG KUWS = Z¥NS + 3#NR
IF  UINC ROWS) 280.280,270
270 IF (NG ROWS .Lt. MX ROWS) 6O TL 290

TCO MANY RCWS IN MATRIX.
250 WRITE (€440} NC RUWSy MX ROWS
6C TC 250
290 LF IKC ELE)Y 31C,31C,3C0
360 IF (NG ELE JLE. MAX ELL) GO TU 32u
TOO MANY ELEMENTS.

310 WRITEL [&£45C) WO ELC, MAX ELE
GO TG 25¢

CLEAR THE U VECTUR.

320 NO CELS = (nC ROWS*INO RLUWS+L))}/ 2
DL 330 1I=1,60 ROWS

330 ulr) = C.0

CLEAR THE NCDAL DATa.

D0 34C I=1,N0 RLWS

XY VECTI{I) = Q.0

P OVECTLL} = C.C
340 CAhN vECT(I) = O

CLEAR THE ELEMENT UATA.

CC 35¢C
HLt 1)
HMIL)
FF(1)
P ARRAY(
G ARKAYL
TYP ARRA{
CoARAAYH
A AKRAY(
350 | ARRAYI

=1y NG ELL
-0

%)

I
C
G
g 3
I
I
I
1
I
I

)
1
)
)
)
)

LI I T TR [}
OO0 0CoO
P
oo

READ THE DATA.
360 REAL  (9+2C) I TYPEy Ile 12y 134 T4y (TSUI)s I=1ls6)

LC TG (3709400045C,380,380,3504380+38B0,570), 1 TYPE
TYPE 1 CARD CQUT OF UKRDER.

370 wRITE {64601}
oL L 39¢C
ILLEGAL CARD TYPE.
380 WRITE (&+70)
PRINT IhE CFFENCING CARD.

390 WRITE  {&.80) 1 TYPEs Lls [2y 13, L4y (TSUL), [=lsb)
Ll FC 25C

TYPe 2 CARG (NGDAL DATA).
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FRAMOOGT
FRAMDO S
FRAMOO69
FRAMOOGTO
FRAMOOT1
FRAMOQT2
FRAMOOT?
FRAMOOT4
FRAMOOTS
FRAMOOT6
FRAMOOTY
FRAMOOT738
FRAMOO 7?9
FRAMOOBO
FRAMOOBL
FRAMOOB2
FRAMODSB3
FRAMCOBS
FRAMODSBYS
FRAMOO86
FRAMOOBT
FRAMQOBB
FRAMDODBY
FRAMOOS0
FRAMOQO91
FRAMOO92
FRAMOOS3
FRAMOO94
FRAMDOSS
FRAMOO96
FRAMOO9T
FRAMDO98B
FRAMOO9Y
FRAMO100
FRAMDILIO]L
FRAMQLOZ
FRAMOL03
FRAMO10O4
FRANMDLOS
FRAMOL06
FRAMOLOT
FRAMOL1GB
FRAMO1039
FRAMOLLO
FRAMOLLL
FRAMOLLZ
FRAMOLL3
FRAMO11l4
FRAMOLLS
FRAMOL16
FRAMOLLT
FRAMOL18
FRAMOLL1G
FRAMO120
FRAMOL121
FRAMOL22
FRAMOL23
FRAMOLZ4
FRAMO125
FrRAMOL126
FRAMOL2T
FRAMO128
FRAMOL 29
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c

[N akel

laNala

C
C
C

OO0 [aNeNwl

OO0

oG

[a N e X a)

400 RO NLS = NS + MR
IF (1} 420,420,410
410 IF (Il «LEe NO KBS} GC TC 430

ILLEGAL NCODE NUMBEK.
420 WHITE (6,90) 11

GO TL 339G
430 IF (11 .GT. NS} GU TL 440

PIN-JOINTED NGOES.
INDZ2 = 2#11
INDL = INDZ2 - 1
XY VECTUINC1) = 15(11}
XY VECT(INDZ2) = TS(2}
P VECTILINC1} T5(3)

P VECTLIRDZ) = 15104}
CN VECT{INDL) = 12
CN VECT(LINBZ)Y = [3
GO TG 3¢0

RIGI( NODES.
440 11 = 2%NS « 3%(11 - N3)

INDYT = I} - 2
INDZ2 = 1 - 1

XY VECT{INCL} = TS(1}
XY VECTULINDZ2) = 1S(2)
P VECTUINDL) = 15(3)
P VECT(INDZ) = TS(4)
P VECT(EL) = TS(5)
CN VECTHINDL) = 12
CN VECTUINDGZ) = 13
CN VECTILILY = 4

GL TU 36C
TYPL 3 CARG {LLEMENT CATA}.

450 IF  (1l1) 47G,470,400
460 IF {11 JLE. NO ELE} GG TO 480

ILLEGAL ELEMENT NUMLER.

470 WwRITE (&,1CC) 11
6L TC 39C
TESY P AND Q.
480 P = TS5(1)
IF (¢ .it. C) oG TL 49C
IF (P .GT. NC NDSY GU TG 490
L= T512)

IF {4 «Lks G} GG TO 490G
{F 4 «LE. NO NDS)} GO TO 500

ILLEGAL NCDE NUMBER UN A TYPE 3 CARC.
490 WRITE {64110)
GC TC 39C
500 IF (P = G} 520,490,51C

RE-GRDER NULCE WEFERENCES (P MUST BE LESS THAN Q).
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FRAMO 142
FRAMOL43
FRAMO L44
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FRAMO14&
FRAMO147
FRAMO148
FRAMO149
FRAMO 150
FRAMOLSE
FRAMOL52
FRAMOL53
FRAMO154
FRAMO155
FRAMOL56
FRAMOL5T
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FRAMDLS9
FRAMD160
FRAMU161
FRAMOL62
FRAMO163
FRAMO164
FRAMO165
FRAMOL66
FRAMOL6T
FRAMO168
FRAMOL69
FRAMOL70
FRAMOL71
FRAMO172
FRAMOL73
FRAMO174
FRAMOLTS
FRAMO176
FRAMOLTTY
FRAMO1T8
FRAMO179
FRAMO180
FRAMO1&1
FRAMO182
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FRAMOLB84
FRAMO1BS
FRAMOL86
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FRAMO189
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FRAMO191
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510 P = TS(2)
q = T75(1) .
520 EL TYPE = T5{3)
C
L TEST FOR LEGAL NGDE REFERENCES.
C
GO TU 153094045500, EL TYPE
c . ..
C TYPE 1} ELEMENT.
C
530 IF (P .6T. NS) GG D 490
IF (¢ .GT. NS) GU TG 490
60 TG 560
c . .
C TYPE 2 .ELEMENT.
C
540 IF {P .GT. NS} GO TU 490
IF & .LE. KS) GL TC 490
GG TC S60
| P . o
C TYPE 3 ELEMENT.
C
550 IF (P .LE. NS) GG TO 490
IF  {Q +LE. NS) LU TO 4490
560 P ARRAY(I1l) = P
& ARRAY(IL) = @
TYP ARR(I1) = EL TYPE
£ ARRAY(IL) = TS{4)
A ARRAY{I1l) = TS{5)
I ARRAY{Il) = TS(6!
GG TG 360
C. .
C BEGIN CCMPUTAFICN.
C
570 IF (IGN IND .EC. 0) GG TG 590
C
C SET TG PRINT EIGENVALUE RUUTE.
DO 580 1=1,3
$60 ROUTEII) = EGNV RT{I)
NLS = 2
50 To 61¢C
C
€ SET TO_PRINT STANLCARD KCUTE.
C
590 DO 6CO  [=1,3
600 KOUTE(I} = STD RI(I)
C
€ PRINT INITIAL CCNDITICNS.
C
610 WRITE (64130) TIYLE, WSy NR, NLU FLE, NLS, RUUTE
WKITE (6,14C) (s TYP ARR{I), P ARRAY(I), G ARRAY(I),
1 E ARRAY(1), A ARRAY(l), I ARRAY(I)y I=1,NU ELE)
WRITE (6,15C) T1TLE
C
C PRINT THE PIN-JOINTED NCOES.
¢ . . .
IFINS) 640,640,620
620 DO 630 I=1,NS
INDZ = 2%1
INDL = IND2 - 1
630 WRITE {6,160) I, XY VECT(INDL), XY VECTCIND2), P VECT{IND1},
e L P_VECTLINEZ2Y, CN VECT(INDL), CN VECTUINDZ2)
C
€ PRINT THE RIGID NODES.
C
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FRAMOZ11
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FRAMOZ213
FRAMOZ14
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FRAMO228
FrAMQ229
FRAMOZ230
FRAMOZ31
FRAMOZ232
FRAMOZ33
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FRAMOZ4Y
FRAMO250
FRAMOZS1
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IFINS JEL. G) GO TOL 660
WRITE (6,17C)
640 DO £50 I=14nNR
It = NS + ]
12 = 2%NS + 3%]
IND1 = 12 - 2
INDZ = 12 - 1
650 WRITE (6417C) 1ls XY VECTUINUGL),

1 P VECTUIND2),

2 Civ VeCT (12}
660 CONTINUE

MAIN LUGP.

[aRakKe]

LU 1030

[aNaXe]

DO e7C

670 KF{i} = C.0

e Nalel

[
ARRAYL(T)
ALRAY (I}

D
P
G
i P WGT.

ui
= p
= &
{

F

[N o o]

INDZ = 2¥P
GG TC &9C

OO0

680 i1 =
INDZ =
690 IND1 =
xp =
YpP
iF

i1 -1
INnD2 -

il

(& .CGT.

[l i

INDZ = 2x§
L TC 710

IzNalel

7CC 11 =
INDZ =
INDL =
Xg =
Yo =
tl. TYPE =
E = E ARRAY{I)
A = A ARRAYII)
MUOMENT =
L=XP-XG
M=YP~-YQ
C

I1 -1

710 iNg2 -

L L/ D
M M/ D
L SQC
M
T

wonoh

L¥*2
M* %2
LM

SQO
s{1)

H 0o

C I=leNi

NS}

P SPECIFIES A PIN=JCINIED

P SPECIFIES A RIGID

Q SPECIFIES A PIN-JUINTED

P vECTUIZ2)}y CN VEC

MAIN LP=1,44LS
CLEAR THE KF MATRIX.

I=1,NO CELS

'PROCESS THE ELENENTS.

eLt

GU TU oBO

NODE.

fIODE .

2%NS 4 3x(P - NS)

L

XY VECT(INDL)
XY VECT(INDZ)
NS)

GC T4 700

NnODE .

¢ SPECIFIES A RIGID NCUE.

2¥NS ¥ 3¥(G — NS)

1

XY VECI{INDL)
XY VECTUINDZ)
TYP ARK(IL)

1 AHRAY(1)

OSGURTIL®*2 + Mxx2)

30

XY VECTUINDZ2),
TOINOL),

P VECT(INDL),

CN VECT{INDZ21,

FRAMO262
FRAMOZ63
FRAMOZ 64
FRAMO265
FRAMOZ66
FRAMO26T
FRAMOZ6B
FRAM0269
FRAMO270
FRAMO2TL
FRAMOZT2
FRAMOZT3
FRAMOZT4
FRAMDZTS
FKAMOZ 76
FRAMO2TT
FRAMOZTS
FRAMO279
FRANMOZ2BC
FRAMOZE]
FRAMOZBZ
FRAMOZAS
FRAMOZ B4
FRAMOZHY
FRAMOZ86
FRAMOZB Y
FRAMOZ88
FRAMO269
FRAMOZ90
FRAMO291
FRAMO292
FRAMO293
FRAMO2G4
FRAMDZ95
FRAMO296
FRAMO29T
FRAMD298
FRAMD299
FRAMO 30U
FRAMO3OL
FRAMO3DZ
FRAMO303
FRAMO304
FRAMO3(S
FRAMO306
FRAMO30T
FRAMO3OR
FRAMO309
FRAMO310
FRAMO311
FRAMO312
FRAMO3L3S
FRAMO3]4
FRAMO31b
FHLAMO31S
FRAMO3LT
FRAMO31B
FRAMD319
FRAMO320
FRAM0O321
FRAM0322
FRAMO323
FRAM0324
FRAMO325
FRAMO326
FRAMO327
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1512}y =
GO TCU (7
T2C INDL = 2
INDZ2 = 2
GU TL 7%
730 IND1 = 3
IND2 = 2
GO TC 75
740 INDL = 3
INDZ = 3

150 OF=T5(2)*(HL(])*{DELTA UlINLZ=-1)-DELTA UCINDL=-1})+HM{T )% (

IGELTA Ul
HF (1) =HF
F=HF{I)
HL{TI)=L
HM{ [ )=M
IF (EL

C TYPt 1 ELEM

KE{Ll}
KELZ)
KE(3)
KEL4)
KE(5}
KE(&]
KELT)
KE(S)
KE{9)
Ke(1C)
iF (F .
TS(3)
KG(1)
KG{2)
KG{3)
KGi4)
KGUS)
KGls)
KGET)
Kbiu)
KGL9)
KGIl0) =
GO TC 81
760 0 Sub =
C = AxD
TS(4} =
is(b) =
11 = EL
oL 1L L7

H # B 0 ity w

1t

LI | B T I B T O T |

C
C TYPL 2 ELEM
c
170 KE(L)
KE(2)
Kk(3}
KE{41
KE(H)
KE(6H)
KELT)
KE(&)
KE{3)
KE(LC)
KE(L1L)
KE(L12)
KELL3)
KE(L4)

W it v B 0o

FLI I T T I

AXES D

20,730,740, EL TYPE
#Q

£p

s)

*C - NS - 1

%p

¢

*$G - NS - 1

*P - NS - 1

IND2)}-DELTA U{INCL)))
{I)+CF

TYPE WNE. 1) GU TG 760
ENT.

TS(Z2}¥%L 5SQD
TS(2)%T5(1)
TSs{2)%M¥ SQU
- Kbtl}
- Kr{2)
KE{1)
KE(s)
- KE{3)
KE(2)

KE{3)
EC. 0.0) GU TOQ 790
F/ D
IFSE3)yxM S0
- TSU3)%TS(1)
TSOar*L SuD
- Kitl)
- KG(2)
KGOL)

Kolh)
- K3}
KGlZ}

KGL3)

v
C#*x2

SuD/ MOMENT
3.0%0
1st217 C
TYPE - 1
TOsTHO), 11

ENT.,

TS{L )& (CeL*%2 + 3,0%M SGD)
TS{9)#(C = 3.0)%TS(1}
FS{5%(CxM SCD + 3.0%L SLD)
- KE(L)
- Ke(2)
KE{1l)

KE(S)
- KiEt3)

Ke{z}

KE{3)

~T5(5)*TSl4) %M

TS5{5) %7504 )%l

- KELLL)

- KE(12)
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FRAMO328
FRAMO329
FRAMO330
FRKAMO331
FRAMQ332
FRAMO333
FRAMO334
FRAMO 335
FRAMD336
FRAMO33T
FRAMG338
FRAMO339
FRAMO 340
FRAMO341
FRAMO 342
FRAMO 343
FRAMO344
FRAMO345
FRAMO346
FRAMO34T
FRAMO348
FRAMD349
FRAMO3S5u
FRAMO351
FrRAMO352
FRAMO353
FRAMDI54
FRAMO355
FRAMO356
FRAMO3ST
FRAMO258
FRAMO359
FRAMO 360
FRAMO361
FRAMO362
FRAMO363
FRAMO 364
FRAMO365
FRAMO366
FRAMO367
FRAMO368
FRAMO 369
FRAMO3T70O
FRAMO3TI]
FRAMDSTZ2
FRAMO3TS
FRAMO3T4
FRAMO3ZTS
FRAMO3TE
FRAMOZTT
FRAMO3T78
FRAMO379
FRAMO380
FRAMO3BL
FRAMO382
FRAMO383
FRAMO3B4
FRAMO38S
FRAMO38B6
FRAMO38B7
FRAMO388
FRAMO389
FRAMO390
FRAMO391
FRAMD392
FRAMD393
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KELLS) = TS(5)*3,.0*0 S0

If {(F «EG. C.J)

GG 1C 790

1St6) = F/ (10.0%0)
TS{7) = 2.0

KG{L} = TS[6}%12.0%M SGO
KGi2) = -~ TS{6)*12.0%TS5i1)
KGL3) = TS{al*l2.0*L S4C
KGEa) = - KLitl)

KG{5) = - Kul2}

KG(E)Y = KGI1)

KG(T) = KGL5)

Kolg) = - KbL{3)

KGI9} = KG{2)

KGIl1C) = KG(3)

KGI11) = TS{e)*TS(T)*M
KG{1l2) = = TS{6)%TS{T)*L
KGIEL3)Y = ~ KG{1l}

KGll4t = - KG(12)

KGI15) = FS(6)*2.0%0 5Q0
GU T B1C

c
C TYPL 3 ELEMENT.
C

180 T5(8) = 6.,0%C
T5(9) = 4.0*0 540
KEIL) = TSU(SI*{C*L SCU + 12.0%M 5uD)
KEI2) = TS(5)%(C - L2.0)%151(1)
KE(3) = TS(5)%(C*M SGD + L2.0%L 50D}
KE(4)} = - TSLI5)*T516)*Mm
KE(S) = TSIS)*TS(E)%L
KE(6) = TS{5)*T5(9)
KELT) = - KELL)
KE{e}l = - K2}
KE(9) = = Kci4)
KEt1o} = KE{1)
KELL1Ll} = KE{E)
KE(LZ} = - KE(3)
KE(13) = - KE{D)
KE{la) = KE(2}
KELLIS) = KE(3)
KE{le) = KE(4)
KELL{) = REL(S)
KeElls) = T3{5)*2.0%C 540
Ke{l9) = KE(9)
KE(2C)l = Kelld)
KE(2Z21)} = KE(¢&)
IF {F EG. C.Q) GUL TC 790

15(1G6) = Ff (3C.CxD}

KG(1) =

kKiul2)l =

KG(3}) =

KGla) =

KG(5) =

KGIE) =

KGET) = - KG(L)
KG{8) = = Kul2)
KGl9) = - KG{a)
KG{1G) = KGI1).
KGL1L) = KG(8)
KGLLZ) = = KEL3)
KGt13) = = KGIS)
KGll4a) = KG{2)
KGL1%) = KG(3)
kKslla) = KGU4)
KGIL1TY = KG{9])
KGlia) =

TS110)*3€,0%M 56D
- T5010)%36.0%15(1)
TS{1C}*36.0%L 5D
- TSOIQI#TS{4)%m
TSULO)*T5{4) %L
TS{L0)*T5(3)

- T5(10)1%D S&D
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FRAMO394
FRAMO 345
FRAMO396
FRAMO39T
FRAMO398
FRAMQ3GS
FRAMO4QU
FRAMO4OL
FRAMO402
FRAMOA4D D
FRAMO4 Q4
FRAMO40S
FRAMO406
FRAMOSGOT
FRAMG408
FRAMO409
FRAMQ41D
FRAMO411
FRAMOS412
FRAMQ4L3
FRAMO414
FitAMO415
FRAMO416
FRAMO417
FRAMO418
FRAMO419
FRAMO420
FRAMO4Z]
FRAMOQ422
FRAMO423
FRAMO424
FRAMOS25
FRAMO4Z26
FRAMO&42T
FRAMO428
FRAMO&Z9
FRAMO430
FRAMOG3]
FRAMO432
FRAMO433
FRAMO434
FRAMO435
FRAMO4 36
FRAMD43T
FRAMO433
FRAMO439
FRAMO440
FRAMO44 ]
FRAMO442
FRAMO44 3
FRAMO444
FRAMO445
FRAMO446
FRAMO44T
FRANMO44E
FRAMO4 49
FRAMO450
FRAMO4S]
FRAMO4S2
FRAMO453
FRAMO454
FRAMO455
FRAMO456
FRAMO&ST
FRAMD45B
FRAMO459
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KG{1S)
K (20)
KGl21}
0 TG 810

KG19)
KG(13)
KGia}

F= 0.

(aEal el

790 BO BGD Il=1,21
BOO KG(IL) = 0.0
810 CONTINUE
BUILD Kt BAR. _
CALL BUILDIKE)

KG = 0 FOR THE FIRST

OO0 OOO

IF (MAIN LP? .EC.
IF  (I1GN IND .EC.

Izl aNel

LGADING STEP.

L GO TC 870
V) GO TO B&D

EIGENVALLE ROUTE - SAVE KG UK 15,

G0 TU (8204830,84C), EL TYPE

. 820 INDL1 = 1G
e TC B5C
830 INDL = 15
GO TC 850
840 IND1 = 21

850 WRITE (15) (KG{INDZ)s IND2=1,INDI1)

s IC 87C

STANDARC RCUTE — ALD

gRalel

860 CALL BUILDIXG)

END OF ELEMENT LCCP.

;oo

870 CONTINUE
[E (IGN IND .NE.

STANDAKLC RGUTE.

g R el ol

840 IF __ (KFP INC ,EQ.

OPTIONAL PRINT OF KF

ﬁﬁﬁi

12 = 28

IN THE KG MATRIX.

0) Gu TO 1040

0) _ 60 YO 960 _

MATRIX {BAND).

WRITE (6418C) TITLE, (KF{I3), 13=1,12)

[4 = RCw NUMBER

[z NNyl

DO 860 I4=t+NC RCWS

[2 =12 + 14
It =12 -7

830 WRITE (€419C) _I4y (KF(I3), [3211,12}

IsXalal

INSERT THE CCNSTRAINTS.

900 U0 910 1=1,N0 RGWS
fF (CN VECT(I} .EQ. O} GO TO 910

o GALL SETCLIY
910 CONTINUL

CALL MTXEG(SIG DIG)
D0 920 1=1,NC RGWS
920 U(I} = UIL} + DELTA LD
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FRAMO4GU
FRAMO461L
FRAMO462
FRAMO4&]
FRAMOG &S
FRAMDA4ES
FRAMO46G
FRAMO4GT
FrRAMO468
FRAMO469
FRAMO4TO
FRAMOSTL
FRAMOA4T2
FRAMDAT3
FRAMO4 T4
FRAMO4TS
FRAMOD4T6
FRAMO&GTT
FRAMOATB
FRAMO4 TS
FRAMG4B0
FRAMO4B1L
FRAMO4EB2
FRAMO483]
FRAMO484
FRAMO48BS

FRAMO486
FRAMO4BT
FRAMD488
FRAMO489
FRAMD490
FRAMO491
FRAM0492
FRAMD493
FRAMO494
FRAMD495
FRAMO496
FRAMO49T
FRAM0O498
FRAMO4GY
FRAMOS00
FRAMOS01
FRAMO502
FRAMOS03
FRAMOS04
FRAMOS05
FRAMO506
FRAMOS07
FRAMO508
FRAMO509
FRANOSID
FRAMOS1L
FRAMOS12
FRAMOS L3
FRAMOS14
FRAMOS15
FRAMOS 16
FRAMOS17
FRAMD518
FRAMDS19
FRAMO520
FRAMO521
FRAMO522
FRAMD523
FRAMO524
FRAMOS525
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C UPDATE THE XY VECTOR. FRAMGS26
C FRAMDSZ7
Il = 2%NS FRAMOS2ZH
IF(hS) 650,9504530 FRAMOS29

930 DC 94C I=l.i1 FiLAMO530
940 XY VECT{I) = XY VECT(I) + QELTA o) FRAMOS 31
950 J1=11-1 FRAMDY 32
[FINK .EC. O) GL TO 970 FRAMD533

DO 960 I=1,MR FRAMOS534

I3 = I1 + 3%] FRAMDS35

12 = 13 - 1 FRAMDS 36

XY VECT(I2) = XY VECT(12) + DELYA uU(12} FrRamos3T

960 XY VECTII3) = XY VECT{I3) + DELTA L{13) FRAMOS 38
970 CONI IaUE . FHRAMO539

C FRAMOS40
C PRINT X, Y, DELTA U ANL U, FRAMOS4 L
c FRAMDH42
WRITE (65200) MAIN LP,y NLS, TITLE FRAMO543
[F{NSY 1CC0s10C0y980 FRAMOS 44

980 DG 990 E=1,MS FRAMOS45
IND2 = 2%] FRAMOS4E

INGL = IND2 - L FRAMOSG T

Y90 WRITE (&,21C) Le XY VECTUINDL), XY VECT(INDZ2)y DELTA UCINULY, FRAMOS4 B

1 DELTA U{ING2)y WIINDL), WLIND2) FRAMO549
WRITE (6,170C) FRAROS50

1000 11=2%n5 FRAMO551
IF(NKk +EGC, 0) GG TC 1020 FRAMDYS52

DG 1010 1=1,NR FRAMOS53

i3 = NS + FRAMOS54

12 = I1 + 3% FHAMO559

INGL = 12 - 2 FRAMOSYE

INDZ = I2 - 1 FRAMOS5T

1010 WRITE (6422C) 13, XY VECT{INDL)Y, XY VLCI{INDCZ2), DELTA ULINCL), FRAMOS58
1 UELTA ULLND2}y DELTA ULIZY, ULINULYy ULIND2), Ull2) FRAMG559

1020 CONTINUE FRAMOS 6D
WRITE {6,12C) SIG DIG FRAMOGLE]

C FRAMOS562
C END GF MAIN LCGP. FRAMOS563
C FRAMOGEG
1030 CONTINUE FRAMOYDED
6L TG 1220 FRAMOG &6

c FRAMOSGT
€ EIGENVALUE RGUTE. FRAMOS6E
C FRAMOS569
1040 €ND FILE 15 FRAMODTO
REWIND 15 FRAMOYT]

[ FrAMODTZ
C SAVE KE BAR ON 16. FRAMOST3
C FRAMOST4
WRITE {16} (KF{1), [=14NC CELS) FRAMO5TS

END FILE 16 FRAMDSTH
REWLAD 16 FRAMOSTT

GC TC (LCT0,1090), MAIN LP FRAMDS TS

c FRAMOST9
C COMPRESS THE MATRIX (KE BAR OF K& BAR). FRAMDS80
C FRAMOSE]
1050 HW = NGO ROWS FRAMO2H2
ICTR = O FRAMOS83

DO 1C6D 1=1+NG ROWS FRAMDOY 84

IF  (CN VECTII)} +EQ. 0) GG TG 106D FRAMDS85

JR = I - [CIK FRAMOS86

CCALL COMPRS{JR, Nu) FRAMOSET

C FRAMDS88
C CCUNT THE RCWS CELETED. FRAMOSB9
C FRAMOS90
ICTR = ICTR + 1 FRAMOS591

34
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1660 CONT INUE FRAMOSS 2
c FRAMOS93
C WRITE THE MATRIX ON 17 FUR THE EIGENVALUE PRUGRAM, FRAMOS594
c FRAMDS95

il = (NWE{Nw+l}}/2 - FRAM(O59&

WRITE (L7) tNwa[Lla{KF{L}sI=1,1I1) FRAMOS9T

GG TC L1CED,1L60), INDL FRAMOSGHY

c FRAMO599
C COMPRESS AND WRITE KE PAK. FRAMOGDQ
C FRAMO&DL
LCT0 INDL = 1 FRAMOL0Z
WwRITE (17) TITLE : FRAMOG603

GO TL 1650 FRAMOG6O4

C FRAMOGOS
C RESET KE BAR. FRAMOOOS
o FRAMOGLODT
1CB0 wEAD {16) (KF{I)s [=1,K0 CELS) FRAMQGCS
REWIND 1é& FRAMDG(9D

GG TL 8aC FRAMO&10

C FRAMOG1L
€ CUMPUTE KG PAR. FRAMOGL2
C FRAMDGLD
L1090 DG 11CC I=1480 CELS FRAMDAGL G
1100 KF{I) = C.0 FRAMOGLS
DU 1190 [I=1.N0 ELE FRAMOGLLE

P = P ARRAY(I1) FRAMOGLT

C = & ARRAY(I[) FRAMOG1S

EL TYPE = TYP ARRI(I) FRAMOGLO

GG TG (1112,1120,1130), EL TYPE FRAMOG20

1110 IND1 = 10 FRAMOB21
G0 (G 1140 FRAMOG22

1120 INDL = 15 FRAMDE2D
GG TG 1140 FRAMOG24

4130 INDL = 21 FRAMOG625S
c FRAMOG26
C READ KG AND BUILD KG BAR. FRAMDG2T
(o FRAMDG628

L140 READ 11%5) ({KGUINDZ2)y IND2=1,INCL) FRAMDGZ2T

CALL BUILDUIKSG) FRAMOG3D

1150 CCNTINUE FRAMOG631

REWIND 15 FRAMDS32

C FRAMOGI3
C COMPRESS ANL WRITE KO bpAH. FRAMOG34
c FRAMO&3S
INDL = 2 FRAMOG3E

6O T 1cs0o FRAMOG37

c FRAMOGIS
C RESET KE BaAR. FRAMOB3G
o : FRAMOO4SD
1160 “EAD (1l€) (KFLL)y I=1,NC CELS) FRAMOGSL
REWIND 16 FRAMOO42

o FRAMOO43
C COMPUTE KF = XE BAR + KG BAK FRAMOGA4S
C FRAMOG&E4S
DC 12EC  [=1,K0 ELF FRAMOG46

P = P ARRAY{[) FRAMDGAT

G = & ARRAYLI) FRAMOG648

tL TYPE = TYP ARp{I) FRAMOG49

GO TC (1170,118G,119C)y EL TYPE FRAMOGSU

1170 (NDL = (O FRAMOG&S T
GO Tu 12C0 FRAMOGS2

1183 IND1 = 15 FRAMO653
G0 TL 1200 FRAMOG54

1190 INDL = 21 FRAMOGSS
c FRAMOGS5S
C  ADD KG BAR, FRAMOBLS57

35
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1200

i210

1220

1230

AN
1240

SET

sl alal YOO

1250

$TUFTC

1

1

OO0 OO

TYP

InEnle

1Q

Tye

lpNeNel

20

TYP

aNelal

30

READ (15) (KGLIND2), IND2=1,INDL)
CALL BUILDIKG]

CCNT INUE

REWIND 15

GC TU 8O

IFUIGN IAC LEG. O) LC TU 1230

CALL EIG

CALL GVERFL(T1)

6C TC 11240412500, 11

OVERFLOW HAS QOCCURRED DUMING THIS CASE.
WRITE {&,23C)

~UP THE NEXT CASE.

IFtl +Eu. 1) GO TG 240

STGe

END

BILD DECK (05 JUL 6T}
SUBRUUTINE SUILUIMT}

CGMMCN  KF(248BS5)y P VECT{14C), DELTA Ullal)s
T5010)y Py 9 XQy XPs YUy YPy Lk Ay MOMENT,

INTEGER Py &y cL TYPE

DCUBLE PRECISION Kby, MT{21}, P VECT, DELTA U,

Yie YPy Es Ay MOMENT

(PARAMETER USAGE)

MI - THE MAIRIX TUO Bt ALCDED.

GE TC (10,204,300, EL TYPE

E 1 (4X4).

Nl = 2%(P - 1}
L1 = 2

N3 = 2%(¢ - 1}
I1 =5

Il DEL = 2

L2 = 2

iz =3

K1 = 2

GG Tu 4C

E 2 (5X5).

NI = 2%(P - 1)

Ll = 2

N3 = 2%NS + 3%(d - S - 1)
IL =25

Il OEL = 2

L2 = 3

2 =3

ML = 2

ul TC 40

E 3 (6X6)

Bl = 2%NS + 3%(P - N§ - I)
Ll = 3

N3 = 2#NS + 3#lC — nNS — 1}
L =9
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FRAMOE58
FRAMOGS9
FRAMOGBO
FRAMOGGE]
FRAMOBSGZ
FRAMOG63
FRAMOGGS
FRAMOGED
FRAMOLGSE
FRAMOGGT
FRAMOGEE
FRAMOGLEY
FRAMOGTO
FHAMO&TL
FRAMOGTZ
FRAMOGT3
FRAMO&LTS
FRAMOBTY
FRAMOGTG
FRAMOGTT
BILGOCOO
giLDCGOol
BILDOCCZ
BILDCOO3
s8lLL0004
BILDOGCS
8ILNOGO6
BILDOOCT
BILDCOCSE
BILDOOGY
8I1L0O010
BILDOOLL
BILDOCL2
BILDOG13
BILD00L14
BILDOYLS
BILDOGLG
BILDOUL?
BILDOOLS
BILDOGL9
BILLOCZO
BILDOUZL
BiLOOD22Z
BiLDOOZ23
BILDOOZ4
BILDOO25
BILDOOZ6
BILDGGZ27
BILDOOZ8
BILDO02Z9
BILDOO30
BILDOO31
BILDOO3Z
BILDOG33
BILDQO2s
BiLOOO35
BILDOO3S
BILDOO3V
BILDOO348
BILDQO29
BILDOO4O
BILDOO4L
BILDOO42
BILDOO43
8ILDOO 44
BILDOD45
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Il DEL = 3 BILDOO4S
L2 = 3 BILRCGO4T

12 = & BILDO04S

ML = 3 BlLDOO4Y

c BILDOOSO
C STORE THE UPPER TRIANGULAR (P). BILDOUS1
C BlLDGOSZ
40 N2 = (NL#{NI+3))/ 2 BILDOOS3

I =0 BILDOGS4

00 60 L=ls4L] B1L.DOG55

DO 50 M=1,lL BILDOGS6

I = [+1 BILDOGST

N2 = N2+1 B{LDOUS58

50 KF(NZ) = KF{NZ) + MTLI) BILDODS9

60 N2 = N2+R1 RILDOO6D

C BILDO0OGL
€ STURE ThE LOWER IRLANGULAR {G). BILDOCE2
C BiLDOO6 3
NZ = (N3*%(N3+3))/ 2 BILDODGS

I = i1 B1LD0U6S

DG 80 L=1,L2 BILOOG6E

DO 70 M=l,L RILLDOOGT

I = 1+1 BEILDDOGS

NZ = N2+l BILDOU69

70 KF(N2) = KFINZ) + MT{1) B1LDOOTO

1 =1 + 11 DEL ' B1LDGOT1

BO N2 = N2+N3 BILDOOT2

C B1LDOOT3
€ STORE THE LOWER LEFT MATRIX BILDOGT74
C B81LDOOTS
I = 12 BILDGOT76

DG 100 L=1,L2 BILDOGT7

NZ = (N3*(NK3+1}}/7 2 + N1 BILDOOT7S

OU 9C M=1,M1 B1LDOOT79

i L= B4l o BELDOGAO
NZ = N2+l BILOOOSL

90 KF(NZ) = KF{N2} + MTLE) BILDOGSE2

1 = I+ BILDOOUB3

LOO N3 = N3+1 BILOOO84
RETURN BILDOOSS

) END ) N BILDOOSS
$1BFTC SET DECK 105 JUL &7) SET 0000
SUBRGUTINE SET (JR) SEl 0001
COMMCN  KF(2485), P VECT{140), DELTA U{140}, NG ROWS SET 0002
DUOUBLE PRECISIGN KF, P VECT, SET 0GO3

10 FORMAT (1HB/ 1HB/ 45X42HRCk NUMBER IN SUBRGUTINE SET 15 TCG LARGESET Q004

B 1a// 1HO, S3IXSHUJR =4 14y 9H, 1H}/ 1HB) SET 0005
C SET 0006
€ JR = RCW NUNMBER SET QUOT
C SET 0008
IF  (JR — ND ROWS) 30,3020 SEF 0009

C SET 0010
C JR IS ILLEGAL. SEY 0011
C SET 0012
20 WRITE {6510} JRy NO RUWS SET 0013
CALL FXEM SET 00l4

c SET 0015
C SET P VECTOR CONSTRAINT. SET 0016
c o SET 0017
30 P VECTIJR) = O SET 0018

JL = 4R - 1 SET 0019

J2 = (JR¥J1)/ 2 SET 0020

c , SET 0021
€ TEST FOR ROW NUMBER 1. SET 0022
t SET 0023
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IF  (J1) 4G460,40 SET 0024

40 DD SC  1=1,J1 SET 00625

J2 = Jjz2 + 1 SET 0026

50 KF{J2) = 0 SET Qouer

60 J2 = 42 + 1 Sei 0028
KE{J2) = 1.0 ST 0629

C ST 0030
C TEST FUR LAST RCKW. SET 0u3l
C SEY 0L32
IF  {JR - NO RCWS) {0,90470 Sl 0033

70 J3 = NO RUWS - 1 SET 0034

00 60 I=JR,J3 SEl Qu3s

J2 = J2 + | SET DC3é6

80 KFtJ2) = 0 SET 0037

90 CONTINKUE SEl ou3e
RETURN SET Q039

END SET G40
$IS5FTC CMPRS DECK (05 JUL oT) CHPROGEO
SUBRGUTINE COMPRSUJR, NR) CHPROUDL
CCOMMON  KF (2485} CVPRGUG2Z
DCUBLE PRECISICN KF CMPRO00O3

c CMPRCU04
c CMPROGCS
C (PARAMETER USAGE) CMPROOOG
c CMPROOCT
C JR - ROw ANC COLUMN TO BE CELETEC. CHMPROODE
C NR - CURRENT MATRIX DIMENSION., CMPHOOODT
C CMPROOLG
C CMPROGLL
10 FORMAT {1HB/ LHB/ 2TX73IHYQU HAVE RELQUESTED SUBRCUTINE CUMPRS Tu OCMPKCOLZ
CLELEFE A NON EXESTANT REw. (JR =, I3, 1H)}/ 1hB) CMPROUGL3

IF (JR} 20,20,30 CMPROOL4

C CHMPROULS
C JR IS ILLEGAL. C¥PROULE
C CHPPROOLT
20 WRITE (6+410) JH CMPROOLB
CALL FXEM CMPROULY

c CMPHOO20
C TEST FUR LAST RCwW. CrvPROOZIL
c CMPROVZZ
30 IF  (JR =~ NR) 40,806,420 CMPROUZ3

c CMPROODZ4
C DELETE THE COLLMN. CMPROG2S
C CMPROGZ2S
40 N1 = NR - JR CHPROOZT

NZ = (JR¥{JR+3})1/7 2 - 1 CMPROGZ2E

DG 6C L=1l,nN1 CMPROG29

DU 5C Ll=1,L CMPROGAT

NZ = N2+l CMPROG31

50 KFI{NZ2) = KFiN2+1) CMPROO3Z

60 w2 = N2 + JR CMPROQ33

c CHMPROC34
C DELETE THE RQOw. CMPROO3S
C CMPROO3b
Nl = NR-1 CMPROO3T

NZ = (JR*LJR-1))/ 2 CMPEROO38

DC 7C L=JRyil CMPROG39

DG 7C Li=l,L CMPROU4C

N2 = N2+1 CMPROUCAL

N3 = N2+L CMPROO4Z

... 10 KF{N2) = KF{N3) CHKPROO43
C CePROGAHS
C REDUCE THE MATRIX DIMENSICN. CMPROU4AS
C C¥PROD% O
80 NR = NR-1 CMPROG4 T
RETURN CMPROO4 8

END CMPROQ4D

38
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$1EBFTC MTXEQ DECK (05 JuL 67

izEsEelalzlaNalalnlnlalalaclaNaNelaNa NN el ole N el el

[aNaNe]
.

YO [ NaNa]

e Neiel

SUBKCUTINE MTXEGQ(ISD)
DLURLE PRECISICN CU{T70.72), PIVITZ), ATPEs HM, A, B,y X
COMMEN  A{2485), BIT0e2)y X{T042)s N

DATA NMAXy NKMAX/S TGy 7272 K7 2/

MATRLX EQUATIOGN SGLVEK (7094 FORTRAN IV)
USAGE. ..

TG SOLvE THe LINEAR SYSTEM AX=p

CALL MTXEG(LISU]
wHERE 1S A SYMMETRIC MATRIX.

#LST BE CIMENSIONED N X K

MLST Bt DIMENSICNED N X K

IS THE NG. CF EQUATIGNS (RLUWS IN A,X+B)

_-XRE TN

SU REPRESENTS THE ACCURACY OF THE SOLUTION
IN SIGNIFICANY DIGITS.

NOTE ... TG CHANGE DIMENSIONS OF ARRAYS C AND ¥IVy ALSUL
CHANGE VALUES OF NMAX AND NKiAX IN DATA STATEVMENT.

TEST N AND K FCr CGRRECT RANGE

IF { N JiEs O JUR. K +GT. NMAX } GE TG 220
IF { K JLE. 0 LCR. (K+K)} GTo NEMAX } GO TG 22¢C

GET ARGUNMENTL N AND K

NP =i
KP=K

MOVE ARRAYS AllyJ) AND bll,Jd) INIO C(Ied)

J1 = 0
GG 2C I=1,yiiP
B 1C J=1.1
J& = J1 + J
Cll,Jd) = AlJ2)
IF (I +EQ. J} GLTC 10
Clay ) = Cliyd)
10 CONTINUE
20 J1 = J1 + [

GENERATE RGwh SUM FCR SIGNIFICANT DICGIT CHECK.

cuy 30 l=l|i‘l
8lls2)Y = 0.0
OC 30 J=1.:4
30 B8l1e2) = BUIL2) + CllsJ)
DO 40 J=1.KP
NPJ=NP+J

00 4C I=1l4NP
40 CUI+NPJI=BIL4J}

SET TU PERFURM N ELIMINATICN SWEEPS (I=1,N)
NP1=NP+1
NPK=NP+KP

0 140 I=1,4P
IP1l=1+1

39

IS THE NU. GF SULUTIGN VECTORS (COLS. IN X,B)

MTX£0000
MTXEOCOL
MTXEQQD2Z
MTXEQ003
MIXEQGO4
MTAEOOOS
MTXEQOO6
MTXEDOOT
MTAEQODE
MTXc00409
MTXEOOLC
MTXEOUL1L
MTXtLo0ol2
MTXEQULS
MTXEQGL4
MTXEQQLS
MIXEOOLE
MTXEOQOOQLT
MTXEQOLB
MTXEDOL19
MTXE0020
MTXEQG2]
MTX:0022
MTXEQQZ23
MIXEDO24
MTXEQDZS
MTXEQDO26
MTXEQV2T
RTXEQDZ8
MTXEQU293
HTXEOG30
MTXEQO3L
MTXEO032
MTXEDO33
MIXEQU34
MTXEQO3S5
MTXEOO36
MTXEQGST
MTXEOO38
MTXEQQG39
MTXEDUL4O
MTXEOQOCAH1
MTXEOC42
MTXEQO43
MTXEOG44
MTXEDO45
MTXEOCO46
MTXEQQAT
MTXEDJI48
MTXEQO49
MTXEQO0L0
MTXEQOS1
MTXEO052
MTXEDDQS53
MIXEQO54
MTXEQU55
M1XEQUS56
MTXEOCST
MTXEQOS8
MTXEOUSS
MTXEQUGO
MTXEOQQ6L
MTXEQCB2
MTXEQD63
MTXEQDS4
MTXEDUES
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[aNelel

(e Nalal

[N alal

50

60

70
80

90
100

110

120

130

149

150

i60

170

180

190

200
210

220

230

240
250

MTXEOD66

SEARCH FOR NEXT PIVLT RUW (I-TH PIVGT ES IN CGL. 1) MTXEDODGT
MTXEDOGS

ATPE=J. MTXEQD&9
DG 6C J=I1,NP MTXEOUTO
[F {OABS(CUJsI))-ATPE) 650450 . MTXEDO71
ATPE=DABS(ClJd,1)) MTXEQ0T2
iPIv=J MTXEOQDT3
CONT INUE MTXEQOT4
MTXECOTS

UPERATE CN THL PIVOT KOw MTXEQO 76
MTXEQOTT

IF (ATPE) 230,230,710 MTXEODTS
DG 8C J=IP14NPK MTXEQGTY
PIVIJI=CLIPIV,J)/CLIPIV,I) MTXEGOS0
MIXEQDB1

PERFORM ELIMINATIONS HELCwW VTHE DIAGONAL ICOL. 1) MTXEDO82
MTXEDDB3

[FRCM=NP MTXEODB4
ITC=nP MTXE0085
if {IFRCM—IPIV} 160,120,100 MTXEQGORG
RM==C (IFROM, 1) MTXEOGHT
GO 110 J=LIPL1,NPK MTXEDUAS
CLITCydY=ClIFROM, SV +RM¥PIV L) MTXLOOBY
1TO=1Ti-1 MIXEQO90
LFRCM=TFRCM-1 MTXE0091
IF C(LFRGM-1)} 130,90,90 MTXECGOG2
MTXEQGY3

PUT {HE I-TH PIVCT RCW iN THE VACATED RUw 1 MTXECO94
MTXECOG5

B0 14C J=IPL4NPK MTXEGO96
CliIydI=PIVIN) MIXECQ9T
MTXEQU9E

NCW B0 THE LACK SCLUTICH MTXEQQ99
, MTXEOL00
I=NP MTAEO101
iPl=1 MTXEOLO2
I=1-1 MTX£0103
IF {[) 180,180,160 MTXEQ104
DC 170 J=NPL,NPK MTXEQLGS
DC 175 L=IPLyNP MTXEQ1D6
Cl14d)=CUT+d)-ClEsLI%C(LaJ) MTXEOQLOT
GO TC 150 MTXEOL08
MTXE0109

MOVE THE SOLLTICN TU ARRAY X(I,J) MTXEQL10
MTXEDLLL

GO 190 J=14kKP MTXEOLL2
NPJ=NP+d MTXEOL13
DG 190 I=1,5P MTXEOLl4
X{L,d)=CUI,8NPJ) MTXECLLY
ISB = 20 MTXEDLLG
DG 210 E=l,N MTXEOLLT
AB = ABSIl.u — X(1.2)) MTXEOLLS
If [AB .NE. 0.0) GC To 20u MTAEOLL9
AB = 1.0FE-16 MIXEQL120
ISCh = —ALGGLO(AE) MTXEOL21
[SD = MINOD(ISD, 1SCt) MTXEQL22
RETUHHN MIXEOL23
MTXEQL24

ARITE (&9240) NP,KP MTXEOL25
CALL FXiM MTXEOL126
WRITE (69250} MTXEOL27T
CALL FXEM MTXEOi28
RETURN MTXEOL129
FURMAT{3HON=412,5H K=i12,35H ARE INCGRREC] FOR SUBROUTINE MTXEQ)MTXLEO130
FURMAT {3THODET{AY=G IN CALL TO SUBRCUTINE MTXEG) MYXECL 3]
END MTXEQ132
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$IBFTC EIGVA DECK

70

80

90

Y HY

110

120
130

140
1590

. 160

SUBKGUTINE £ 16

DIMENSIUN ALS0,5GC)+Z(50,501,5150,501,0(50)

DIMENSIUN TLTLEIB)
BCOUPLE PRFCLISICHN A

EIGVO0OO
ETGV0001
EIGVOOO2
EIGVQ003
ELGVO004

FORMAT(1HL 420X y42HEIGENVALUE SOLLTION FOR DET(KE+LAMBDA*KG)=0////)EILGVOQ0S

FORMATI 1X, 1 3HTHE MATRIEX KG///77)
FORMAT(1Xy1CEL13.6//)
FGRMATU1X, 27 7)

FORMAT{LIX,13HETHE MATRIX KE/S/7)
FOGRMAT(L1Xs15HTHE EIGENVALUES////)
WRITE (&4,10)

REWIND 17

READ {17) TITLE

READ (L7) NeIlyll{ATLsd)sd=1s1)s]=1sN})
LG 70 [=1.N

00 70 J=1.,1

Aldyi)=a01,44)

WRITELG,5C)

DO 80 I=14N

WRITE (6+3C) (A{IpJ)aJ=1L,N}
WRITE (6,40}

CALL JACCB(N,A,S5,D)

DG 90 J=1,N
DEN=L.Q/DSQRT(A(J I} 1}

DO 9C 1=14N .
Z1143)=501,J)%DEN

READ (17} NeIleyltACLed)gd=tel)sI=leN)
DG 100 1I=1,N

DO 1CO J=l.1{

AldyI)=A01,54)

WRITE {6,20)

DO LLO 1=1.N

WRITE 16+3C) (A(lsJ)sd=14N}
HWRITE (6440)

HRITE (6,460}

D0 130 Jd=l4N

DO 130 I=1+N

SUM=C.C

DO 120 K=1,N

SUM=SUM+A(T K)*Z(K,J)
S{LsJ}=5UM

00 150 I=1+N

DO 15C J=1,N

SUM=0.0

DO 140 K=1,N
SUM=SUM+ZIK, 1) *5{K,J)}
All,Jd)=5um

CALL JACCB(N,A,S,D)

BU 160 [=14N

D(I)=1./C¢1) .

WRITE 16+3C) {D{T),I=1,4N])
REWIND 17

RETURN

END

$1BFTC JACCBI DECK

e D A= N — e

10

20

. SUBRCUTINE JACOEB(N:AxS,0D) .

DIMENSION AL50+5C),5(5055G1,D(50)
DCUBLE PRECISICN A

CFF=.1E-10

INDIC=C

DO 1O I=1,N

501,4)=0.0
PC 20 I=1,N
Sti.1)=1.0

41

EIGV0OQ6
EIGVOLOT
EIGVOGO8
EIGVO009
EIGVOCL10
ElvCOoll
EIGVOD12
EfGVOCL3
EIGVOC14
EIGVOULS
EIGVOQLé
EIGVO017
EfGvools
EIGVOC19
EIGV0020
EiIGv0021
E1GVOuw22
EILVO0O23
E1Gv0024
EIGVDG2S
E1GV0G26
El1Gv0027
EIGVO028
EIGVDD29
EIGVO030
EIGVOG31
EIGVOO32
EIGV0033
EIGVO034
EIGV0035
EIGV0O036
EIGVOO37
EIGVO038
EIGV0O039
E1GVO040
EIGV0041
EIGVO042
EIGVO043
EIGY0044
EIGV0045
EIGVO046
EIGvOua?
EIGY0048
EIGV0049
EIGVOO50
EIGVO021
EIGVDO52
E16VOO053
EIGVOO54
JACOO000
JACQQOC1
JACG00O2
JACDOOQO3
JACUO0DOS
JACOQQOS
JACGQO0G6
JACGOOOT
JACUOOOS
JACO0Q09
JACDOOL10O
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¢

40
50
60

80

90
180

110

120

130

140

150

160
170

180
190
200

210
220

230
240

250
260
270
280

SUM=0.0

NLES1=N-1

GG 30 I=sleNLLSL

k=TI+1

DG 30 J=K4N
SUM=SUMHA (T, J) %A, J)
VF=S5GRTISUMFZ.0)

tBix=1.0

Ki=2

JP=1

IF{VF-DABSTA(JP,,KU)) ) BO,T70,70
L0 TC 180

INDIC=1

Y==A{JP,KQ)

21=C.5%A(JIP JP)-A{KG,KL))
WY/ USCRTIYSY+LI%7]))
IFCZIY 9Cy10C, 100

W=—W
SHN=W/{SURT (o 0% (L U+SQRT{LsU-W*KN 1)) )
CS=5CRTIL.0-SN¥5N)
IF(ECX-.5) 120,120,110
SUJP.JP}=CS

S{KLy JP)==5SN

S{JPyKGI=5SN

SIKGLKC)=CS

HOLD1=A(JP,JP)SCS¥CS+AIKGKQIRSN¥SN-2.0%A{JPKQ)I*SN*CS

HOLDZ=A(JP, JP Y *SNESN+ATKQ  KQI*CS*CS+ 2. 0%A{JP 4 KL ) ¥SN%CS
DC 130 I=1.N
CUI)=AL]+JPI*CS~ALT4KQ}*5N
AL KQ)I=ALTJP)#SN+ALT,KQ)*CS
AlT,JP)=DIL1)

IF(BCX~-C.5) 1504150,140
BUX=0.C

Ll TC 17C

BC 160 I=lsn

ClTI =S, JP)*CS-S5{I,KQ)%5N
SULeKQ)I=SIT4JPIXSNFS{T4KQYIRCS
S{I[,JP}¥=D{1)

AlJP 4P )=HOLDL

A(KG KQI=HGLO?Z2

AlJP+KCI=0.0 R R o
oU ldOIL=l.'NM et
AlJP,I)=AL{1,UP)

ALKC II=A0T+KQ)

[F{JP-KL+1) 200,210,210
JP=JP+]

GU TU 60

IF(Ka=N) 220,23C,250

KG=Ka+1

LE TL B0

TEST=INDIC

LE(TEST-Ca5) 2504240424C
INDIC=C

LG IC 40

LFICFE=VF) 260,270,270
VF=VF/1C.0

GO TC 4¢

BU 280 I=1,N

DLII=A(1,1)

RETURN

END
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JACGOOLL
JACGOOLZ
JACUOOL3
JACCOUL4
JACOOOLS
JACUCOO16
JACDOGLY
JACUDO18
JACUOO19
JACDOODZ20
JACULOOD21
JACGoo22
JACLOGZ3
JACUOU24
JACOOU25
JACGOO2Z26
JACOOO27
JACDDO28
JACLQDZ29
JACUODC3O
JACDOO31
JACUQOAZ
JACCOO033
JACOOO34
JACUQO3S
JACOGO3s
JACLOO37
JACUOC 38
JACUOO39
JACUO040
JACU0041
JACQOOC42
JACGOO43
JACDOOD44
JACBQO45
JACGQO4O
JACUOOAT
JACUOOV4ASE
JACUDG4Y
JACOOO50
JACULGD51
JACDO052

JACOOOL3
JACG0054
JACOOOSS
JACDOUS6
JACGOOUST
JACO0O58
JACCO0O59
JACGOO6U
JACLOOG1
JALU0O062
JACGOU63
JACGOO64
JACGOOBS
JACOOL6E
JACOOUGET
JACOODoS
JACDOGES
JACDOOTO
JACOGOT1



AFFDL-TR-68-38

APPENDIX III

SAMPLE INPUT DATA
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_—5¢0
29.0006
29.0D06
29.0006
29.0006
29.0D06
29.000&
29.000&
29,0006
29.0006
29.0006
29.0006
29.0006
29.0D06
29.0D06

29,0006

29.0D06
29.0D06
29.0D06

<0625
«0625
=0625
0625
«0625
0625
0625
+0625
«0625
«0625
= 0625
0625
«0625
« 0625
« 0625
«0625
0625
«0625

- 000020345
«000020345
- 000020345
- 000020345
«000020345
«000020345
«000020345
« 300020345
- 000020345
-C00020345
« 000020345
« 000020345
- 000020345
< 000020345
«GQ0020345
« 000020345
-000020345
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Figure 1, Three-Dimensional Truss Structure
(Lifting reentry body)

P‘ ,
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Figure 2, Nonlinear Force-Displacement Relationship
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Figure 3. Pin-Jointed Bar Element in Local Coordinate System
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Figure 4, Pin-Jointed Bar Element in Datum Coordinate System
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Figure 5, Pinned-Rigid Beam Element

Figure 6, Beam Element

47

Uy — —



AFFDL~TR-68-38

Figure 7, Square Frame lLoading and Geometry
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e

Figure 14, Simply-Supported Column

Figure 15, Built-in Column Under Gravity Loading
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be unclassified. Each paragraph of the abstract shall end with

“ar. indication of the military security classification of the in-

formation in the paragraph, represented as (T5), (5) (C), or ().

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 t9 225 words. .

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
inlex entries for cataloging the report. Key words must be
selected so that no security classification is required. ldenti-
fiers, such as equipment model designation, trade name; military
project code name, geographic location, may be used as key
werds but will be followed by an indication of technical con-
text. The agsignment of links, rules, and weights is optional.
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