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APPENDIX I

CONSTITUTIVE EQUATIONS FOR LINEAR ELASTIC MATERIALS

213
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1. THREE-DIMENSIONAL EQUATIONS

The material is assumed to be compressible and linesrly hyper-elastic.

,X.) the thermoelastic

With respect to a rectangular cartesian system (Xl’ 3

*g

constitutive law for infinitesimal deformstions may be written

€ = Sk Ter + Xy 0 (A1-18)

Ty = Cijat (€= o 8) (A1-1D)

where S%jkl : elastic compliances
Cijkl v elastic modulil
ey : dilatation coefficients
4] :  temperature variation over a reference level,.

To express Equations (Al-la) and (Al-1k)} in matrix form we arrange the
components of the stress, strain and dilatation tensors as (6x1) vectors, and

the fourth-order tensors of materizl constants as (8x6) matrices:

fen ) Si Sz S5 Sy S5 Sig | [Ty tyy
€22 S22 Ses Sa4 825 Sy Ta %22
l &3 | _ S33 St Sas S3q | T . o) #33 |
2¢n S4u Sus Sag Tia AN
2¢ symm Sg5 Sgg Ty 2oty3
L 263y L S¢el L fé\/ k2&3‘,
Ty Cu Gz Gz Gy G5 Cig ) €y —oly, B
T2 L2 C23 2 Cos Cag €30 7% ©
g, T3 L Cay Csa Cizg Gag . €33 - g3 D
Tz Cag Cas Cag Teg —Lotp &
Tza symm. Css Gog Zepm —2obs B
LTy _ Ceg LZéal”Z%\e
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or
€ = 35T +x9 (Al-22)
T = Cle-o8)= Ce ~to (A1-2D)
with €S =1 t = ( x
The coefficients affecting sheazr strains allow us to express the
internal work M& per unit of volume in the following forms
T T T T T
Wie= TE=€T=¢€C€—~0teg = TST+0'T (AL~3)
Consider now a new cartesian frame (§1,§2,§5), If the transformation
laws for stresses and strains are
€ = T, € T=T_1 (A1-4)

then from the invariance of the internal work as given by the last two forms

in Equation (A1-3), we get the following transformation lasws for the material

constants
— T
€ - T.CT,
S = TLST,
& = Tro (81-5)
t = T,

It should be noted that 12{ and T} are similar but not egual because

of the factors affecting shear strains.




2. TWO DIMENSIONAL EQUATIONS
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For two-dimensionzal problems we assume that (x ,xz) is a plane of

i

elastic symmetry. Therefore Cip =S = C = 8 = 0 for i = 1,2,3,4 and

K ij ki ki

k = 4,5,6;, shear strains snd shear stresses in the X5 direction decouple.

We consider only four components

T, € Ciz Cis G | | €, ty, )
Taa Czz €23 G4 €22 . a to
T33 €33 C3q €33 t3
Tip symm: Ch 2, ty

(Al~6a)

The inverse law may be written in terms of the so-called technical

constants as

i Vi Yy Pu f
€4 _— = 2 L2 T el
E’} Ef E1 ET g #i 11
721 1 Yz Mza
€22 e TR T S Tz
> = EZ "EZ E.z f:z >{_ 9 O‘Z? ?
c T Va2 1 Pae -
— A i
33 ES hs E3 f‘_'3 33 9(33
) 1
Ze, e po L
L ' ) . Gz 6___;-2 Gz Gy y 2 LZ0d o
where
E;; : Young's moduli in the x, direction;
612 : shear modulus assoclated with the (x ,x,) axes;
1772
Vgp ¢ Poisson’'s ratios sssociated with (2 ;%)
PKI : Coefficients of influence between extensional and

shear strains and stresgses,

{(Al-6Db)
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Since the matrix 8§ is symmetric, there are 6 relstions between the

16 technical constants ;
Ejvji o= E% vi} Ej PJ" = 612 IU“} (no S{HT'!)

3. TWO~-DIMENSIONAL TRANSFORMATION MATRICES

With respect to the system (%1,§2,§3) obtained by a rotaticn Y of

x1 and x2 about Koy Ve have the following transformstion matrices for strsins

and stresses

of o . P oap . 2up |
T, = | %P P #p T, = |op p° --2of
. . . . L . (A1-7)

2

o —of -of—@ op —op ,o?_PQ
where O = cosY @ = sinip and @ is positive in the counter-clockwise

sense. Transformed material constants follow from {A1-5).

4, ORTHOTROPIC MATERIAL

If we take (xl’XZ) along the principal elastic directions the stress-—
Strain matrix has the form

P P .
Cio Cp Gy

P P .
CP — Coz €5 {A1-8)
P -
C33
SYmmt. P
K Cas

In terms of technical constants let

X = 141%Vuvefﬂz%3ﬁl“%3%2_ﬂ2%fﬂéV

(SR




then

is full like in Equation (A1-6),

For axes (x

Cho= E, (1=wyv) /%

Ch = B, (h-va¥y) /X

ch o= E3(-Y2%) /K

C:Ar = G,

ch = EiUen¥)/X = E, (W—gla) /X
€ = E,(m—Yya) /% = Es (Y- Y271 [ %
C:-{:s = BE3(s - n) /X = E, (Mz-Ya%s)/ %

of the elements of

then

Let

¥

[t

17

Cp

angle (§”fxﬁ) measured from X, ;

cos F:sinkp ;

B
Ca

f

o *(Zcuz*%ﬂ“@ + <k pf

= C“j’b +(Zc,2~]~c44)m§ +cf o4
P
C

x2) not oriented in the elsstic directions

= Cup +(cliach ~2Zef —4ach)op”

C@ + (9a+c ZCD 4cﬁ) ﬁ
= Ll p—cfof 4 (chrack) o)
. [ aumcﬁﬁﬁ—(ﬁtz +2C4¢)<°‘ )

= C5  (i1=1,2,3)

Jop
J=p

218

(A1-9)

;, the matrix C
Their elements may be evaluated in terms

by using the Equations {(A1~3) and {A1-7).

(A1-10)
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The following combinaztions are invariant

. - P P
Cot Cptic, = chirch y2¢
P ¢
Caa™ Sz = Cas—Ciz

5, ISOTROPIC MATERIAL

Here B, = E, ¥, =V . X=(1-v) (1-2¥)  and

fay v v
. t l VA T Y .
. !
( Z’ﬂ('ﬂ)i» YooV oy (A1-11)
. . o Ly
2 J
1f the material is also thermally isotropic uiszxgéjd. and
4
E o 4
t = . (A1-12)
1 —2v 1
Q
6. PLANE STRESS
We set T,, = 0 and condense the stress-strain matrix to
‘i(‘_ - - —_—
{"C.; Cy Cp Cia {e., t,
= - = - B s
1‘% Cas Coaa €22 fz (A1-13)
Ti2 Symm . E.% Zey £y
plus
EU
€3 = {3 Bz BaVie, 1.5{39
where 12€q

\63;‘ _ “C3&/C33 623 - {5/C33 {0 = C%‘ -
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For orthotropic material referred to the elastic axes
C14, k—3 “524_ - O X S !i“*"\}a")%z

3 E_Hm E\/X 3 E-2?:‘":*%22/}(
644*_'“ Oz

C!‘Z:’: E-O’iz/?( = Ezvz_gfx

{A1-14}
and we see that these coefficients do not depend on the properties in the x
direction,

For elastically and thermzlly isotropic solid

Ty €
T = _mgiww y oo eil E o !
- 2 - -
22 —y? 1y 2 o (A1-15)
Tz ’ 2 e
7 PLANE STRAIN

Since

€33 = 0 we may delete directly the 3rd column in Equation (Al-6a);
for orthotropic materizl we may use Equations (A1-8),

(A1-9) and (A1-10); the
coefficients depend on the material properties in the x

3 direction. Finally
for isotropic material we may delete the 3rd row of

C

in Eguation {A1-11).
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APPENDIX II
COMPARISON BETWEEN DIFFERENT TYPES OF QUADRILATERALS

ASSEMBLED WITH TRIANGULAR ELEMENTS
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1. MOTIVATION

Quadrilaterais formed by combinstions of several trisngles are often
used as basic blocks for the finite element discretization of two-dimensional

structures. Their main advantages for a production program are:

(a) simplification of mesh description;

(b} reduction of degrees of freedom and connectivity by
the previocus condensztion cof internal nodes;

(c) improved internal stress values, when obtained by

averaging over subtriangles,

In order fto establish a direct comparison between guadrilaterals formed
with different combinations of linear and constant strain triangles, eight
types were selected to assemble a square of side unity in plane stress
(Fig. AZ2,1).

Stiffness matrices for 4 and 5 nodal point trienglies, needed for Types
No. 3 and 4, were computed from the expression (I1I-28) valid for the 6 nodal
point element, but where the corner strain-nodal displacement submstrices U
and ¥ must be condensed to {3x4) and (3x5), respectively. This is accomplished
by combining appropriated columns when a midpoint is eliminated. For instance,
if we impose a linear displacement constraint on side 3 to form a 5 nodal

point triangie, u, = (ul+u2)/2 and similarly for Vg therefore, we must add

4
one-half of ceolumn 5 to columns 1 and 2 in the expressions (III-15).
All internal degrees of freedom were eliminated by condensation.

Invariant properties of the external stiffness matrices are presented in

Table 6.
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Type 2 Type 3

quadrilsierals with & External Nodal Points

Guedrileterais with 8 External Nodal Points.

Fig. 42.1 - Comparison of Beveral Quadrilaiersl Types.
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Lower bounds for the stiffness coefficlents for 4 nodal point rec-
tangles were obtained by Pian [38] by assumed stress distribution, i.e.,
constructing equilibrium models. Their properties sre also reproduced in

Table 8,

2. CONCLUSIONS

(a) The little practical value of the proposed 'improvement” of stiffness
matrices by introduction of a large number of additional modes (discussed in
11.1.3) is illustrated here by the properties of the 4 nodel point guadrilaterals.
The inclusion of a single quadratic deformation mode for type No., 3 produces
slready a stiffness matrix not very far from the exsct solution as demonstrated
by the lower bounds. The constraint imposed by the linesr restraint on the
external sides is seen to dominate immediately. On the other hand,  for the 8
nodal peint quadrilaterals, the improvement obtained by selecting a more refined
fundamental mode pattern is such that no convergence of the stiffness invariants
can be observed between types 7 and 8,

(b) Of all 4 nodal point quadrilaterals, type No., 3, asssmbled with two
4 nodal point triangles, seems to provide the best balsnce between accuracy and
assembly time; an interesting feature is thst its 8 diagonal elements asre egual
(for a square). Of all 8 nodsal point quadrilaterals, type No. 8 is by far the
best one.

(c) Quadrilaterals constructed with CST's offer no advantages con-
cerning either stiffness properties or formation time; their stress pattern is
even worse and especially detrimentsl for problems invelving plastic or in-

compressible distortions. Therefore its use is not recommended.
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Table 6. Propertieg of Stiffness Matrices of a Sguare of
Side = 1., E= 1., Y= 1/3, h = 1., formed by
Different Combinations of Triangular Elements.

8 Fundamental Degrees of Freedon
(Linear Edge Displacements)

| Total
Nodes No. of Addit. | Smailest Time to
Type No, of per Nodal Nodal Nonzero form, sec,
No. Trian. Trisn. Pnts. Pnts. Eigenwvalue Trace IBM 7094
1 2 3 4 - 0. 7500 &.0000 0.033
2 4 3 5 1 0.5625 4.1250 0.066
3 2 4 5 1 0.4167 3.8667 0.045
4 4 5 9 5 0,4018 3.8036 0.155
Lower Bounds (Bguilibrium Models):
Linear stress expansiocn 0.3333 3.6667
Quadratic stress expansion 0.3750 3.7500
Cubic stress expansion 0.3892 3.7783

16 Fundamental Degrees of Freedom

o 8 3 9 1 0.4755 15.7500 0,120
6 8 3 9 1 0.3750 16.1250 0.120
T 2 <] 9 1 0.2980 19.0666 0.099
8 4 <] 13 o 0.1929 12.79321 0.282
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APPENDIX 111

COMPUTER PROGRAM FOR ELASTIC PLANE STRESS AND
PLANE STRAIN ANALYSIS
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1. IDENTIFICATION

PSE-LST - Plane Stress Elastic Analysis Using Linear Strain Triangles.

Programmed: Carlos A. Felippa, March 1965 (this version June 1966).

2. PURPOSE

The purpose of this program is the solution of general plane stress or
plane strein static, linear elastic problems using linear strain triangles
combined to form an efficient mesh-generating unit. Surface loads, body forces

and thermal effects may be considered.

3. PROGRAMMING INFORMATION

The program is written in FORTRAN 1V {(version 13) for the IRM 7004
computer, It is subdivided into 6 links and makes use of the Overlay feature

of the IBSYS Loader.

4. TAPE AND DISK USAGE

FORTRAN logical units 1,2,8 and 9 and the scratch area of a 1301 disk
are used for temporary storage. SHARE routine 19 BC DISK is used for direct

random access to the disk., Logical unit 3 is Overlay Link residence,

5. BABIC MESH UNITS

The basic mesh element is a guadrilateral composed of four 6 nodal
point linear strain triangles (Fig. A3.1), the center point being the
centreid. Internzl points 9 to 13 are eliminsted by condenssztion hereby
reducing the number of degrees of freedom from 26 1o 186.

Single 6 nodal point triangles may also be specified to facilitate

fitting of certasin shapes.
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6. CAPACITY

The mesh input is subjected to the following limitations for a computer

with 32 K core storage:

e
Max. number of elements 350
ok
Max. number of external nodal points 1050
ek ok
Max. number of restrained componenis 2560

Max. difference of nodzl point numbers
for the same element 79

*  The work "elements” refers to basic mesh units;
%  Internal guadrilateral points excluded;

*** One for roller, two for fixed point.

These limits gre dictated by the stress computation and not by the
eguation solver. The maximum number of degrees of freedom is then 2100+350x10

=5600.

7. PROGRAM STRUCTURE

The link structure is shown in Fig. A3.2, where each rectangle

represents a subroutine. Their functions are:

MAIN remains in core during execution and controls calling segquence;
SETUP inputs, prints and checks mesh data and evesluates element
stiffnesses;

STQUAD agsembles and condenses guadrilatersl stiffness;
STLST6 computes stiffness of a six nodal point ftriangle;

FORMK assembles the complete stiffness matrix;

LDINPT inputs load case and reduces surface, body and thermal loads to
equivalent forces on external nodal points;
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>
L >
6
2
4
1
Quadrilateral Single Triangle
(9 : centreid)
Fig. 43.1 -~ 3Besic Mesh Elements.
MAIN Link O
Liak 1 Link 2 Link 3 Link 4 Link 5 Link 6
SETUP FORMX LDINPT SOLVE STRESS CNTPLT
STAUAD : THERLD BIGSOL TRISTR

STLST6

Fig. A%.2 - Link Structure.
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R it St e i e e et o o e v e G e i o e e s S T A S i T T e e e

begin
Y
? ,/Ak’/4?// i
e B o o 8R3IUP %
! \
! STLST6
FORMK
{
i
{
v
1
e LDIN -—wg—B—  THERLD
| ' i
i Y
!
I
: SOLVE —-#—fp»——  BIGSOL
I I
l !
| |
I
| !
i STRESS  —<@—#=— TRISTR
!
I ; A
| plot | Y mo plot
| N\
| N
i CNTFLT i A1l transfers indicated
; ; i DY e — e
I | ? are controlled by MAIN
i | ! and requirs losding-
b hew losd cmse !1? | unloading of link
L_W_WQE_HWN%AM g i segments.
\\O‘mqmmm.—i
new prodlem ot :
mmmmmmmm _@mm/’— ;
]
L
end

Fig. A%.% - Subroutine Flow Chart.
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THERLD computes initial thermasl forces for a single trisngle;
SOLVE obtains nodal point displacements from BIGSOL;

BIGSOL large capacity band solver subroutine;

STRESS evalustes and prints element and nodal stresses;
TRISTR combputes stresses for az single itriangle;

CNTPLT produces printer plots of stress contour lines;

The subroutine flow chart is presented in Fig. A3,3.

8. SEQUENCE OF OPERATIONS

In the ensuing description, only operations related with the generation
and assembly of individual stiffness matrices are described in some detail.
Notation:
n = number of eguations = 2 x (No. of external nocdes) ;

m half band width, including diagonal = 2 x (maximum element

1l

nodal difference) + 2.

(a) Description of Structure: Numerical desta defining geometric

and physical charscteristics of the structure are read in, printed and

organized by SETUP. Possible mesh errors sre checked and the band width computed.

(b) Computation of Element Stiffnesses,

(I} Quadrilateral: the position of the centroid is evaluated
by the program and the complete stiffness }<Q(26x26) asgsembled after 4 c¢ells

to STLSTE, P(Q may be imasgined to be partitioned as follows:

|

: Kiz 16 rows
| (A3-1)
K, | K 10 rows
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This matrix is reduced by symmetric backward Gsuss eldimination:

¥k
k =k -=%£.9 _ 4 _ X
ij i " 1j kiq 4 (no sum on q) (A3-2)
Gq
for q = 26, 25,....17; i,3 = 1,2,... {(g-1).
The multiplier ®iq is overwritten on Kiq . At the end of this process
we have
!
i
K ; kﬂ?
x. o (A3-3)
[ -
Xzt L, 02
where

22 = i-22 Dz Lzz {A3~4)

represents the backward Gauss decomposition of K { L = unit lower triangle
22 22 !

Da = diagonal),

X, = D, L22 l<21 (A3-5)
and -1
K= Kn“KiaLza x21 (A3-8)

is the condensed (16x16) stiffness matrix which is written on a disk track,

X21 and the decomposed K22 are stored on the next track,

(11) Single triangle: its (12x12) stiffness matrix is obtained by =

single call to STLSTE.

(c) Assembly of the Complete Stiffness Matrix: This operation

" T

ig carried out in FORMK. The complete stiffness is subdivided into "k

blocks of "r" equations (i.e., r/2 nodal points) each, where

{k-1) ¥ « n < kX r and ¥ = 17600/m
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The last block contains only n- (k-1)r eguations. Previously, k" arrays
specifying the numbers of the elements which contribute to each bloeck are
computed and stored. The formation of the first bleck involves the following

steps:

(I) Stiffness matrices of contributing elements are read
from disk tracks and added by the direct stiffness procedure into a one-

dimensional array S{17600), where the first v~ columns of the upper band

stiffness are stored in compsct form, i.e.,

.
1st block = < € €, . ...Cp?)
where T
¢, = { K, 0 o - - 0
T
€ = (K Ky 0O -0
s o
€. = { Kep Kemtre - - Ke—met,r )

(II) Displacement boundary conditions constraining r, = 0
are imposed by setting the off-diagonszl eniries of the i-th row and column
to zero and the diagonal element to 1. If a2 point is constrained to move
along a2 line x’ not parallel to any of the global axes (X,Y), a tensor
transformation is previously applied to select x' as local X-axis,

(III) The entire block is written on tape, esch column .

constituting a single physicszl record of length "m".

The second block comprises columns c to ¢

il 207 etc; this process

continues uniil all columns have been assembled.
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{d} Load Input: Any number of load cases may be processed

seguentially. GSubroutine LDINPT accepts the following leading conditions:

1} concentrated nodal forces;

2} distributed forces {(parabolic vsriation over a side};

3} gravity loading;

43} thermsl increments {linear variation over subtrisngles).
In cases {(3) and {(4), szguivalent nodal forces arise at internal

quadrilateral points, i.e,, 5?25£ G in:

S {A3-7)

In this case, X;ﬂ and the decomposed §<22 are read from disk and the
lower portion of {(A3-3) asseambled. A backward reduction from rows 26 to 17

is performed od the load vecior, after which we have

—

en Ry R = R,~-L, X, R, (A3-8)
' —t T3

om R, : X,= D0, L, R, {A3-9)

The condensed ioad vector ¥ is added to the external force vector
and XZ is stored on the same track of le and Lzz . After the complete

external force vector is formed, B.C.,'s are imposed.

(2) Displacement Sclution: nodal point displascements are obtained

by BIGSOL, a lsrge capacity linear squation solver for symmetric band matrices,

with optional double-precision residual improvement.
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(f) Stress Computation: to recover displacements of internal

gquadrilateral points, we set up again

f
| "
‘_._.___.r:-\..--i - _.._),(.__, (A3-10)
. X : \\\ r 10 rows
i 21 | s J e 2

and perform forward-substitution on the displacement vector from rows 17 to

26 to obtasin
) —1
r,o= L, (X=X, 1) (A3-11)

The coordinate siress components Gg, O} and Txy are computed by
utilizing Equations (II1-14) and {III-15) at the four subtriangles, and
averaged st centrold and corners. These values are considered "element
stresses’ and may be printed if desired.

"Nodal point stresses’ at external nodes sre obtained as arithmetic
means oﬁer contributing elements {these values have significance only if
their material properties are the same.) Principzal stresses and directions

are alsoc evaluated and printed.

{g) Stress Plots: if stress graphs are specified, convenient

spacings are computed by STRESS; then CNTPLT procesds to generate and
print stress contour lines. For this purpose, guadrilaterals are again
subdivided into 4 subtrisngles and the stress values at their vertices

{quadrilsteral centroid and corners) linearly interpclated.
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9. TIMING
Some representative execution times (IBM 7094} for nxn guadrilateral

meshes (no residual iteration, 6 stress graphs), are given for illustration

purposes:
Mesh 4x4 8x8 i6x16
External degress of fresedom 130 450 1666

{(No. of equations to solve)

Half band width 34 58 166
Total No. of degrees of freedom 290 1099 4226
Time for one load case {(complete) 0,6 min. 2.4 min, 14 min.
Each extra load case C.2 min. 0.8 min, 2 min.
Notes:

(1) The overhead execution time (load-unload 6 links) is approximately
(.25 min;
(2) Each extra load case requires only the substitution of the load

vector, since the complete stiffness was decomposed in the first pass.

10. AUXILIARY PROGRAMS

(a)} Mesh generator: generates and punches element and nodsl arrays
for four-sided shapes;

{b) Mesh plot routine: produces a CALCOMP mesh plot to check input;

(¢) Stress plot routine: produces graphs of stress contours and

principal directions for the X~Y CALCOMP Plotter using s punched stress deck.
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11, INPUT DATA INSTRUCTIONS

The following sequence of cards define numerically the structure:
A - STRUCTURE DATA
(a) Start Card (A6): with the word START punched in cols. 1-5%. This
card must precede the input data deck of any problen.
(b) Titie Card (1346): Alphsmeric information in cols. 1-78 to
identify output.

(c) Contrel Card (81I4,5L2)

Variable

Columns Name Meaning

1- 4 NUMEL Number of elements { < 350} ;

5--8 NUMCP Number of corner points;

9-12 NUMNP Number of external nodal points (= 1050} ;
13-16 NUMBC Number of restrained points;

17-20 ’ NUMPB Number of defining boundary points, see (&) ;
21-24 NLOAD Number of load cases, set = 1 if left blank,
25-28 NMAT Number of different msterials (= 6}, set to

1 if left bilank;

29-32 MAXIT Maximum number of residual iterations in the
' displacement sclution; punch a 1 or 2 for large,
iil-conditioned problems (see note 1).

The next five fields are for logical flags; if a T is punched, the
indicated option takes place:

33-34 T1 All guadrilatersls have the same stiffness
matrix (see note 2);

35-36 T2 Punching of external nodal point coordinates
and displacements {I4,2F8.3,2E14.5);
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37-38 T3 Punching of averaged O , ¢ and T at
X ¥y Xy

external nodes and quadrilateral centroids
(I4,3E18.6);

39-40 T4 Print of element stresses {(see note 3);
41-42 T5 Another problem follows.
Notes:

1) An ill-conditioned problem is one for which the complete stiffness
matrix (with B.C,'s) is nearly singular, i.e., straining displacement mode
amplitudes are small in comparison with the total displacements. Exsmples:

(i) slender structures; {(ii) two or more materials with very different elastic
modull,

2) All gquadrilaterals have the same stiffness if they can be superimposed
by a translation; nodal peint numbering must correspond,

3) Element stresses should be printed in problems involving several
material types, since average stresses and their plots do not display actual

interface discontinuities.

(d) Material Property Tsble (I4,4F10.3). One card per material

type (total NMAT cards):

Cols. 1- 4 Materiasl type number;
5-14 Elastic modulus;
15~24 Poisson's ratio;
25-34 Specific weight;

35-44 Coefficient of thermal expansion.
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For plsne strain, reduced values must be used:
E'= E/(l—vz) L V= v/ /(=) o{lmo{(1+v>.

{e) Defining Boundasry Array (20I4). For stress graph plotting,

NUMPB corner points which define the boundary of the region to be plotted as
a series of stréight lines must be punched in cyclic order, 20 per card. The
initial point and the sense may be arbitrary. Holes in multiple connected

bodies cannot be plotted separately.

(f) Element Array (1014,F10.3). One card per element.

Cols. 1 - 4 Element number;
5 -36 Nodal point numbers:
(I} for guadrilaterals: external nodal points in counter-
ciockwise order I-J~KE-L-M-N-O-P (Fig. A3.4). The
Starting corner is arbitrary, except when equal
stififnesses are implied (Tl = .TRUE. in contrel card);
(II) for single triangles: punch nodes I-J-K-L-M~-N (Fig.
A3.4), leave cols. 29-36 blank.
37-40 Elewment material type, set to 1 if left blank.
41-50 Element thickness, set to 1.00 if left blank.
Note: if a gquadrilasteral is not convex (not recommended), the entrant
corner nust be either J or X.

(g) Coordinate Array (I4,2F8.3). One card per corner point

(total NUMCP cards).
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Pig. A3.4 - Nodsl Point Numbering.

Py c
a b ‘\\<Tpc
side ——>
Parabolic
Variation.

/W—ﬂg——“‘w—v
EEEERERE
Positive Sense Indicated.

(For single triangles, J-K is
side no. 3).

Fig. A43.5 - Conventions for Element Side loading.
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Cols., 1 -4 Corner point number;
5 -14 X-coordinate ;

15-24 Y~-cpordinate.,

(k) Boundary Condition Array (214,F10.3). One card per re-

strazined point.

Cols. 1 -« 4 Nodal peint number;

5 - 8 Tag = 0 if point is fixed in both directions;

1 if point is fixed in the X-direction;

il

2 if point is free to move along a line forming angle %

with the X axis;

9 -18 Angle in degrees, positive counterclockwise (for type 2 of
boundary condition only)

Note: tag 2 with %3 = 90° and tag 1 are equivalent, but it is

recommended to use the second one to avoid an extra transformsation.

B - LOADING DATA
Each losd case must be specified by a data deck initiated by a LOADNG
card; this package follows the structure data deck. A load deck consists of

the following cards;

(i) TLoading Card (A6): with the word LOADNG punched in cols. 1-6.
(j) Title Card (13A6): alphameric information in cols. 1-78 +to
identify load case.

(k) Control Card (314,L2)
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Variable
Columns Name Meaning
i~ 4 NPLD Number of nodal points loaded with concentrated forces;
5- 8 NELD Number of element sides loaded with distributed
forces;
9-12 NTLD Number of elements undergoing thermal increments
i3-14 DENS Logical flag for gravity loading: if a T is punched,

gravity forces acting along the (~Y) direction are

considered.

(1) Graph Indicator Card (714)

The first six fields specify, by a positive integer punch, that the

corresponding stress graph will be printed:

Columns Graph
1- 4 Sigma xx
5- 8 Sigma yy
9-12 Tau xy
13-16 Sigma max
17-20 Sigma min
21-24 Max shear

The last field (cols. 24-28) indicates the number NSK <= 50 of elements
to be skipped from the plots. If NSK > 0, additional cards must follow,
specifying skipped element numbers (20I4)., Element skipping may be usad for
two different purposes:

1) to eliminate small regions of high stress gradients which cannot

be accurately described by a printer plot;
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2) to plot 2 portion of the Structure, which is then amplified; in this
case the array of boundary points {(e) must specify the boundary of the subregion.

(m) Nodal Point Forces (14,2F8.3). One card per node losded with

a concentrated force (no cards if NPLD = 0):

Cols, 1- 4 Nodal point number;
5-12 X-load;

13-20 Y~load.

(n) Element Side Loads (I14,6F8.3). One card per element side under

surface tractions (no cards if NELD = Q). The convention for positive pressure
and shear is indicated in Fig. A3.5. The side variation is gssumed %o be
parabolic and specified by the values at points a, b and ¢ (in counterclockwise
sense}. For instance, for side 2 of a quadrilateral: a = corner .J ; b=
midpoint N, ¢ = corner K.

Cols, 1- 4 Element number

5- 8 Side number (see Fig. A3.5);

9-18 Normal pressure at a;
17-24 Normal pressure at b;
25-32 Normal pressure at c¢;
33-40 Surface shear at a;
41-48 Surface shesr at b;
49-56 Surface shear at c.

These values must be specified per unit of length of the boundary and

per unit of thickness,
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(n) Thermal Increments (I4,4F10.3). One card per element under-~

going temperature changes {noc cards if NTLD = 0):

Cols. 1~ 4 Element number:
5-14 Temperature variation at corner i
15-24 Temperature variation at corner j;
25-34 Temperature variation at corner k;
35-44 Temperature variation st corner 1 (leave blank for single
trisngle).
Note: the thermal increment at the centroid is assumed to be the mean

of the corner values, and a linear variation sssumed over each subtriangle.

12, NEW PROBLEM
The input of a new problem must follow the last load deck for the
previous one. For safety, any number of blank cards may be inserted bhefore
the START card.
13. OUTPUT
The printed output consists of
Echo check of structure data;
Echo check ¢f load input and final load vector;
Nodal point displacements;
Element stresses (optionsl);
Averaged nodal point stresses {plus maxima over contributing

elements for 4]

, O and ¢__);
X v Xy
Stress graphs {optionalj}.

Other: values of interest wmight be output by the user by inserting

appropriate PRINT statements.
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p = 0.1 ksf
] 4 $
SREREESEEEEERE
B
E 5,10 kef
Maphragm -  _Dlaphragm
- h o= 17t
50t ag AV =0) c (v=0)
Symmetry
Line
- {u=0)
! .
f
1001
Mesh of sguarae
elements for 2x?2 4 x 4 8 x8
cne-hslf of plats
Degrees of Fresdom:
unceonstrained 42 290 1090
ofter B,.C.s 3z 272 1056
Deflection v, x 107 4.,8297 4.8487 4.8515
Normel Stress Sy g 0.3180 0.3207 0.%3214
Sheer Stress ‘txyg 0.1550 0,1380 0.1333%
Run time, min. 0.3 0.5 2.1

Fig.

43,6 - Exemple: Folded Plate Member.




14. ERROR EXITS

Several error conditions caused by either wrong input data or exceeded
array cspacity are checked by SETUP; error messages are self-explanziory and
may be complemented by examination of the input data printout. The program
does not stop until all error conditions have besn tested. IfT ancther problem
foilows and an error detected in SETUP, the program searches for the next

START card at which point execution is continued.

15, EXAMPLE

To illustrate the speed and accuracy of this version, a 2:1 folded plate
member under uniform in-plane load on top (Fig. A3.6) wss analyzed by sub-
dividing one-half into meshes of nxn guadrilaterals (squares in this case) .
This example was trested in [54] by using several iypes of rectangulary elements
with 3 degrees of freedom at each corner {(u, v and ¢y }; very fine meshes were
needed in order to achieve 2-3 significant places for the displacements;
moreovex, the element selected as giving best results was not completsly
compatible.

A comparison of the typical values reproduced in Fig., A3.6 with their
Aitken's extrapolations (vc = 4,85186 10_5, ¢ = 0.3215, TxyA = 0,132)
shows that the 8x8 mesh provided 5 decimal places for the dizplgcemants,

4 for GX and 3 for t%y’ Actually, the program has capacity for sn 18x18
mesh (5500 degrees of freedom) if necessary. The consistency of the stress
values is reflected by the fact that the meximum discrspasnecy over contributing

elements did not exceed 0.004 for UX.and Gy, angd 0,006 for ’txy in the

case of the BxB mesh.
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{: LE A ER-EEEEEENE S R EEEEETEEEE EEE R R R - - 30 R R g e i R R R SR R g R R I
C PSE-LST =  Lisead £0ASTIO ANALYSIS OF PLANE STRLSS (02 PLANE

C STRAIN PRUBLI#S USING LINEAR STRAIN TRIANGLES (LST}

¢ THE HASIC MeSk INPLT UNIT IS A SUALDRILATSRAL F(VMED Wl TH

g FOU< LST, FAVIN, 1o EXTE2NAL {FUNDAMENTAL) UEGRE .S OF FREELONM

C AND LD INTERNAL [ADCITICNAL) DEGRVEY (F ERECDOM

C LA B EEEEEEEEEREEEEEEEEEIEEEEEEELEEEREEEEEER I B O R A A R R R g S A I -
C CARLLS &, FeL iP248, Juab 1404

C

MmO

NUMEL,y RUMLE, DMUMnN2, N30, NLCAD, HAXIT, 1B,
ITRAND W, WEGHD,y SYuny NIRIA, NSKIZWR, L‘“-’Q{C}y‘i}f

Fly T2, T3y T&,y, T2y Thaokib

LOGICAaL »2GRAVH, Tl, 172, T3; T4, T5

COMMOR fLMATRR/ ¥Ye{u)y, PR{&T, 2HI(LE, ALFA(R)
COMMUN SCOLMAR/S  NPUABT, )y FEBCLZSGY, 2ANZLE(250)
CUMMOEN JUNTRARG/S  NURPH, NSKy PGRAPH, I6RTAG(S), SwalnNGla),
CAIREAD{Z48)y 20050, ~ZLSKP(53)

CALL SETUR

CALL F{LRYK

CALL LDIAPT

CALL SULwE

CALL STHESS

[F (PERABR) CALL LATRLT

NRUN = oyRUN O+ ]

TR ANRUSLELANLGATD) GOoTa 200

IF {T79) GO OTL 100

STCP

=D
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R IGT N A8 NS ST
SIUFTL SEFY Lros s D=7
SURKCLT g S0TLs
C
C FE AL R RO FAIN LR BREHEEERSEEL RN R R TE LSS SN RN R NN RN ER R
C SETLE 1aPUTS Do oy BEvALUATSS rLadi™T STED Aoz SSES
C L R R R R R R R R R R R R R R R R N X s E s s R S EEETEEY
C
COmw O
1 O NUMEL, NUMUOP, LN, aL&0, NLEOAU, FAXTIT, Fa,
4O EPANLws NTLUROy A2UANs NIS, SKeownm, LAG1a,4),
3TLy T2, T3, T4y To, ThoRb
COMMON JINMATPAT Y3 {hhy P05, s, AlLrA{od
COmMM{IN JCELMARY/ WP ALC . E Yy NEHCEZS0 )y BANGLL{Z5G)
LOMMEN JCSETLP/
1 XOKACLIG20, YOrOULIDG), AC=SNTL0 i), YOLGT{400),
2 MAT(35G)Y, TH{35.)
CORMIN /oUACRGY 51101618, S2L{10,700, Eiobe Yi0ds e XUy TRI(H
COMMUN JSTRACGY STHLELEYy 803y a2,y AREa, ©T, NU, THIK
COMMEON JUNTARG/ B, NGKy PGRAPH, TG TAGIcy, SPACNCISY,
2 OGRECADIZ,60, RBUR{2 I, NOLSKP{BI)
CIMEASIOn  PEACIL3), CSATITLIZ2,0), IPEAwi sy, JPERAM4a(4]),
T Quluidr, Trhufisr, LU™LLY)
ELUIVALERCE fCLm, ST
Ri-AL NU
LCGICAL Tiy T2, T3, T4, TH, 00
DATA IPERM 24331/ [PE=RMGSZ,334,1/
DATA FLAT /6HSTARY / TRST /GYT7TI17170001/
DATA QUECA{LY /F12# SLADTLTeRALS/, TRNG{1) /124 THIANGLE /
DATA GRTITLUl,1) /149 SIGHA XX /oy
1 ORTITLLL,2) /1o ST6MA YY )
Z CRTIFLO1,3) /l08 Tau oy /oy
3 GRTIITLOLy4a) /low STSMA MAX /s
4 GRTITLLL,S) /Lo 510Fa MIN £y
) CRTITUAL«6) FloH MAX SHEAR /
C
C EEF T HFLRERAR SRS DD DR LRI I EBREESREIAEE SRR FEEEENTEEEE RS R R RS Y
C NMITIALTZATICON
C ERE-E R EREEEEEEEEELSEREEEEEEEEENRRERJERSEEESEEESEIEREREENEEEEEEEREEEN NIRRT
C
1C0 NRUN =
IFLAG = €
MAXEL = 2150
MAXNP = 145C

MAXPD = 82C
MAXEL = 250

DO 1tw 1 = Lls4
J o= IPerrval(l)
LNQOL. D) =
LNGIZ.F) =
LNG{3,1) = 4
LNGIS,1) T+ 4
ENQES,13 = 0 + 3
11C LNQlE,TY = 1 + 4

DC 12¢ L = 1+2
oC 12¢ y i
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GRHEALTT,4) = GRATITL(I,4)

EFEEEREREEEEEEESEE RS SN EESEEEE RS EEEEE L ERE SR EEE N E R EEEENEREEEEESESE IS

READC AAD PRINT OF [xPUT LATA

I E X EE R R E R RN RS EEESEEEEREEES EEEEREREEEER SRR RN R AR E-ERE R RS EREEEEEREJRSX.]

REAL 10, CHECK

IF {CHECK.NE.FLAGY GO TC 149
READ 10y HEAD

PRINT 11, READ

FORMAT {1346}

FORMAT (1H1,13A6]

CCNTREL PARAMETERS

READ 15, NUMEL, NUMCP, NUMNP, NUMBC, NiUUMPB, NLOAD, NMAT,
MAXIT) Tl’ TZ, 131 T4l ¥5
PRINT l6, NUMEL, NUMCP, NUMNP, NUMBC, NUMPH, NLCAD, NMAT,
MAXIT, Til, T2,y T3, T4, T5

15 FORMAT (&4, 5L2}
16 FORMAT (//

LU S~ 2B B SR R UV S B T

35H NUMBER UF ELEMENTS o 4 o & o o« = e /
35H NUMBER (UF CURANER PCINTS o & « » o 18 f
35H NUMEBER LF NCDAL PCINTS o & & « & ig /
35H NUMBER UF BOUNDARY CONDITIONS o . I8 /
354 AUMBER OF DEF. BCUNCARY POINTS . g /
3584 NUMBER OF OF LOAD CASES » o & & 18 /
35H NUMHER OF DIFFERENT MATERTALS . . Ia 7
35H MAX NC OF RESTCUAL TTERATICGNS . . 8 7/
35H FLAG EQUAL TYPE QUACRILATERALS. . Le /
35H FLAC PUNCH DISPLACEMENTS. o o o« Lg /
35k FLAG PUNCH STRESSES ¢ o o & &+ » & L8 /
A5+ FLAG PRINT ELEMENT STRESSES o . . Leg 7
35H FLAG NEw J0B FOLLCWS o o o o« & L8 1}

MATERIAL PRCPERTIES

REAE 20, (I, YM{I), PR({I}, RHO(I}, ALFA{I}, L=1,NMAT}
PRINT 22, (I, YM{I}y PR{T}, RHO{I}, ALFA{I), I=1,NMAT)

22 FORMAT (ZOH~-MATERIAL PRUPERTIES // 9H MAT. MNO.» 5%,

i
2

ISHELASTIC MOCULUS, 5%y I5HPOISSUNTS RATEO, LlXy THOENSITY,
6Xy LTHDILATATICN CCGEFF.  //{I5,E20.5,2F19.5,822.5))

20 FGRMAT (I4,4F10.3)

24
26

READ 24, (NPBUI}, I
PRINT 26, (NPB(I), |
FORMAT {2014}

FORMAT {25H-DEFINING BCUNDARY POINTS //(20151))

T+ hNUMPBY
Le ALMPRY

ELEMENT 4RRAY

READ 30y (N INPIN,I)sI=1,8)y MAT(NY, TH{N}, L=1,NUMEL)
PRINT 31

DO 15C N = 1,NUMEL

IF {MATIN}LLELO) MATIN} = 1

If {THAND}LLELOL)  THIN) = 1.

Q0 = NPINs7).GT.O
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CUDR Ny ANPIN Ty Il 8y MATING, TH{N)
FRNG Ny INPANS T Y Iz, 61 s MATINY,, THIN)

37y
33,

IF {GE) BRINT
190 IF TLNCT.WD) PRINT
30 FORMAT {1C14,F1J.3)
31 FORMAT {LAHLIELEMENT ARARAY J/4X, THELEMENT, 10X,
i 5X, lPKg 9Ky lHLg fx, lHMy bX, 1HN, SX' EHUQ

24X, BRMAT.TYPE, S5X,9HTRICKNESS /1X)

32 FURMATYT {2A64,14,61651114F14,4)
23 FORMAT {4605 4y 1X+618+12XT111sF14.4)

IHI, X, 1FJ,

2X .,y 1HP,

aNel

[

98 Oy

2C0

35

220
36
38

240

43

242

246

250
50
52

NOCAL PCINT COORDIN
Vo= Ly NUMNP
TEST
TEST

L 2C0¢
XCROAN)
YORD(N)
PRINT 23u
FORMAT
1 7X, =F¥-CREC 71X)
DG 226 wom L aNUNMCP
REAL 36, Ny XCRGTIA
PRINT 38, N, XCRD{A
FERMAT {14, JFB.4}
FORMAT (&, 2FiZ.4)

Ho

i

BOUNCARY CONDITIOGNS

00 240 N
CANGLE{N)
4= L
NSKEWR =
PRINT 435
FURMAT ({2CH-BUOUNGAK
1 6H PCINTy 33X, 3HTA
DC 25C W = 1,AUMBC
READ 5Cy, My Ly ANG
PRIKT 52, M, L,
K2 = Zap

Kl = K2 - 1

IF (L=11 24&24244,7
J =3+ 2
NEBC(J) = KZ
NEBC{U-i]) =
60 70 25C
Jo=od o+ ]
NEBCIJ) =
GC IC 250
Josod o+
NEBC{J) = K2

IF (ANGLE.NELU.F B
BANGLE{J} = ANGLE/S
CONTINUE

FORMAT (214,F10.31}
FORMAT {216,F12.5}
NEQBC = J

NEG = 2Z=NUMNP

IF {NUMEL.GT.MAXEL)
IF (MUMNP.GT.MAXNP)

LeMAXBC

iow

ik

K1

Ki

.

ANG

ATES

{5HICURNER PCINT CCORDINATES // 6H POINT,

Js YCRDINYG
by ¥YORD{N)

Y CONEITIONS
sy &Ry

LE
LE

4h

SKEwR = 1
7.29578

GC TC 14460
GC T 1010

TXy SHX-CR{,

I

HGHBANSLE /1X)
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IF O INEQHCLGT  ®Aa 450 0 T 1320

LE R ERAEREREEREEEEEEEERESEEREEEEREEEEYEEXESZSEEEEEEEEEEEXEEYFEEEENEEEEEEEEX ¥ 2N

DETEAMINATION OF 2aND wIDTH

BRAEAREHUAFEHRTF R ERIFN TR AR RS AU LSBT T LA AR AR RS RTREEET SR

K = C

00 320 N = l,NUMEL
CGO2206 0 1 = 1,7

Kl = NPIR, )

IF {KlabeaO G To 420
IT = 1 + 1

B0 3CG J = Fh.H

K2 = NP~y Jd}

IF (KZ.lz.0G) GU TC 3C<

o= TABS(KZ-£K1)

IF (M., GT. .k} K = #

IF (M. LE.MAXPD) ;0 TR 300
PRINT €0y MAXPD, N

CONTINUE

CONTINUE

[BANCW = 28K + 2

PRINT £24 InaNCw

FORMAT {3IHOMAX. NOOAL PCINT DIFFERENCE OF 5,
1 210 ExCzECeD, clLEvENT = I5)
FORMAT (13HUBAND WwllTH = I5)

ERRREERXR IR L F AR E AR R LR AN BRI R RN XN A BN B R R AR E R S H R R RN U TR B A RN BN EEE R K
COMPLTATION OF CONTRUID CCCHROINATES FOR QUADRILATERALS
AND CHECK F{R IHNPUT MESE BRRORS

LR R RS E R EEEREEREEEEEEEEEEEEEEEEEEEREEEEEEEEE R L B R RN Y s s E E E E R SR R ]

g0 400 » = 1,NUMEL

IF (APEn, )b 0) 58 TD 464

BC 340 1 = 1,4

J = [PEAM4([)

K1 NPIng 1)

94 NELA,d)

X{1) = XCRDUKL)

Y{I) = YCRO(KL}

I XTI EQTESTLORWYUTDTLEQLTESTY GO TO 1049
Moo= AMP{n,I+4)

XORD (MY = Q.92 {XORCU{KLI+XCRO{KZ))

0ot

YORD(M) = C.o#{YORUG{K1II+YORDIKZ))
X1 = x{1)

Yi = ¥{1i

X3 = X{3)

Y3 = ¥Y{3}

X24 {21 + X{4}

Y24 = Y(2) + ¥Y{4}

X124 = {X1+X24}/3.
X234 = (X3+X241/73.
Y124 = (Y1+YZ24)/3.
Y234 = {(Y3+Y24}/3.
A124 = (X(21-Xi3=(¥(4)-¥Y1) — {X{4)-XP)s{¥{(2)-Y1}

(X{a)}-X3y={¥{2)-Y3) - (X{2)-X3)i={¥{4}-Y3)

AZ34




POV

Y Y

380

4Q0

420

450

220

252

AREN = Al24 + AZ34
IF (A1Z24.LT. 0. 0RGAZ34.LTLC.) Gy Ta 1650
Ri = A1Z24/ARCA
H7 = AZ3LJAREA
XCeEmTINY = KlZawnsl + XZ348R2
YOEMTAING = Yle4eR1 + Y2248R7
S0TC 4CC
DG 3HEC I = 143
o= IPERM{T]}
Kl = NPin, 1)
= :\‘p(l\yJ}
P o= XCRE KDY
YT = yCRE{KL)
T (X IY oG TraT 0oy ()t FESTY GU IO 1040
T AL TER Y
XCRE(#) = CLao#s{AURUAKII+XOREC{KZY) )
YCRC (M) = Quas(YURC{EL1Y+YCRDIKZ))

AZ = X{3)-X{1)
A3 = X{Zi~X11}
g = Y{3)I-Y (1}

B3 = yi{21~Y (1)

AREA = A3spo-D3sdl

IF {AREALLT.C.) GooTE 1050

CUNTIAGE

IF IFLACWNELDY STuP

IF {IFLAGLEC,.O) GE TG 4720

IF {(.NDT.THY  STLP

GC YL ICC

REWINDG

WRITE {#) CAGRGINY o= Ly htmve d, [XCENTINY pN=1 s NUMEL ),
1 EYURUINY s A= o MNUMRP Yy (YCERTEINI yN=1 s NUMEL)
WRITE (21 {MATINY sA=1yNLNEL)

WRITE (#) {TH(NY, ANzl nLNMEL)

R R R R R R R R R R R Y R R W e g g gy g
COMPUTATICEN OF wLENM-NT STIFFNESSES

LEE R AR R AEREEREEEEREEEEREEREEEEEEEEEEREEEEEEEEEESEEEEREEEEEREEEEEEE EEEEEE]

~

[
HNIRACK = 0

UL 450 I = 1,25%&

guM{IY = O,

Bo 7C0 Now 1 NUMEL

Moo= MAT{N)

TF (hNP{N,y7)abized) L0 TC 46400

QUALGRILATERAL

IF (fletnfob o570 GC IO 220
L= L + 1

D 524 I = 144

NPEN,T)

HCRD KD

YERGIK)

ACENTIND

YOuENT (nd

Hod B oH




oM

T YO YOS

233

THICK = THIiwN]
KU = PHRIV)
o= iV}
CALL STauLAD
550 CALL WREISK {NTRACK,S114+75610
MTRACK = ATRACKR +
CALL wRLISK {NTRACK,521,260)
NTRACK = AT2ACK + 1

GOTC T10a

TRIANGLE
20 DO &20 1 = 1,3

Jo= BPEAam{ )

L o= [PerRrid)

K1 = NP{h,I1}

Kéd = NPI{N,J}

A{LY = XCREOHKZ)-X02D(K1)
620 #{L} = YUREIXKI)-YORO(KZ)

AREA = A{3)=a{2)-a{2)1=3(1)

“F o= y¥(#)
NU s PR(M)
TRIK = J+ (A}
CALL STLITe
CALL WRUISK (NTRACK,ST,256)
ATRACK = ANTHACK + 2
TLU LONTINLE
J o= ANTRACK+2HY/40
NTRA = 40= 4
BCO RETURKN

FRRRE AR SR RR AR T A R E H R R R A A IR R AR R AR DI AU A BB SRR RN B R R PR B E RN RN R ZUHAABH B
ERROR £XITS

LA SRR EREEEAEEE AR EREEEEEEREEEEEEIESEEEEEEESEEEEEESEEEEEEEER R N XN N

LOoG PRINT 1CCI

1001 FORMAY {3CHGRAX. NLa. OF ELEMENTS eXCEeDHG)
IFLAG = 1
GU TC 260

LOLO PRINT 1G11

F011 FORMAT (34HOMAX. NC. OF NCDAL POINTS BACEEDED)
IFLAG = 1
GO TC 274

1G20 PRIMNT 1CZ21

1021 FORMATY (33MOMAX. NU. OF CONSTRAINTS EXCEEDED)
IFLAC = 1
LGOOTC 280

1040 PRINT 1041, Ki

1041 FORMAT (24HCHISSING CCOORDINATE, POINT = 15}
IFLAC = 1
GO TC 4C6

1050 PRINT 1C=1,s N

1051 FORMAT {(34HONEGATIV: TLAIANGLE AREA, ELEMENT = 15}
iFLag = 1
GEOTC 4C]
=NE




254

SIETO LUAL LhEuh

e NeReRNelaNel

Gy O

[ B T ol

160

Ly

]

SUBRCUFInE sTaUAL

B R B ERE R AR B E BRI NN B AN EE K IERE ARG A BB R AR R RN EFEANR BTN AN AR RN A AR A H R R R S
THIS SLEACUTINE ASSerFRLES AND COMIRNSES THe STIFFACSS MATHRIX OF
A GLACHRILATRAL FORSED Y FCUR LST LnEmeEnTh

EE T EEEEEREEXERNE-EEEE-EEEEEEEEEESEREEEJRJEEENR-EIEEIEREEREEEEEEREREEEEEEEEEEERE N

LhveOn JuLalan/ o
CUMB LN /TR ELG/
SEAL NL
IVOASTL Y Sy o)y LUC{Ld,)y [PE2ab4), DLMELG
chRLIvALLACE {UU 95 )

DATA IPREMa/s2, 8, 4,1/

IR R SAFL LU #0)y A05Yy Yin)y £y XLy TRHICH
T1he it Yy 3031, 403, 2%ci, Ty NUy THIK

DATA LOC / 1y £a Fa 2417 ,1%4, TN B - TR B S YU
: Sy Gy vy Ealiald, 1L,12,23,24,21,0¢,
g 17sb%y 1331679, 20,73,74,

1

é Sy f 1 s

T oy 1y valtsi¥y 1531031320480 ,y70 /

=1 = ¢

ThHik =

s XL

(RS U R [ = is8/70
npLMii) = .

T

ASSEM-LY OF PUL< ST 20aNGL: STIFFAGSSLS

sl 16 Eo=m 1,4

L S R

L1 = alLy-X{¥)

2) = AINYI-A{L)

4033 = f{¥i-dXIN)

A1) o= yYiEr-Y(9)

L2 0 o YAS)-Y AN

H{3) o= oviNI-Y )

SdrS = A{3YsadZ)-A{2=2()
CALL S5TLSTE

Ot I = 1,17

{ £
£o= LUCTTaN)

DEoled Jo= 1,17
L= LLC{d,yN)
S{K LY = S{x,L) + 21T, 5)

CONEERSATION CF I Fowandt NOSAL 2CINTS

T 200 no= 1,10
Ko o= & - N

L= K 4+ 1

PIVET = S{t,L)
oL 20¢ J o= 14K
L = S(i‘v\j)/{’IV’Cf
StLsdi = C

Ll 24¢¢ { J
S{l.Jd} =

3
S(J,I) = S
ug 72 1




ot 220
S1141,4)
o 250
LC 25¢
S2i{lsJ}
RETURN
END

J

i
J

i,16
Sy

1410

is26
Sti+ioydd

255
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PIBFTC STiLs DECK

[ I i s B e B un T g B

150

200

280

SUBRCUTINE STLSTe

R Nt i I T I I Y
ELEMENT STEFFNESS SUBRCLTINE

LINEARLY VARYING STRAIN TRIANGLE WwWITH STX NUGDAL POINTS

LINZAR ZLASTIC 1SOT<K0PIC MATERIAL

LA E R ER IR EEEREAAEEEEEEEEREEEEE S EELEEEREEEERRER R R EEREE SRR EEE EEENEE N ES)

COMMON /STFALGS S5TLH16410), BE3), A[3)}, AREA, ET, NU, THIK
REAL NU, NUH

DIMENSTUN CX31U03), Cx2{3), CX3{3, CY1(3), CYZ(3), C¥3{3),
T ul3:6%y vU3,6)y UVid,642)y BA03,2), IPERM{Y)

FQUIVALENCE {(BA83) (U, (W19} ,V)

GATA IPERM /2,3,1/

NUH = 0,5=(1.-NU}

ER = ET/{1.-NU=NU}

COMM = CR*THIK/{24.#AREA)
DO 150 L = [+3

LT = IPERMI{L])

LZ = IPerM{LlL]}

L3 = L + 3

GO 156 N = 142

00 = 8A{L,N)

D1 = BA{LL.«N?

BVIL 4LyN} = 3.#D0
UVEEL LN = -Dg
UviL2,L,N) = -00

UVEL oL3,NY = 4,x[D1
UVILL,L34N} 4.2D0
UVILZ+L3 4N} Q.
B0 380 1 = 1.6
DU 200 L o= 1,3

i

CXLE(L) = (U1, 1)+Ul2,1)+003,10+UlL, 1)) +C0OMM
CYZLLY = (VUL PIV {2301+ VI3, I0+VIL, 1)Y= 0MM
CXZ2ie) = CXLiLy=nNU

CYi(L) = Cy2{L)+nU

CX3(L) = CYZiLi+NUH

CY3{L) = CXL{L}=RUH

K2 = 2=]

Kl = K2 - 1
DO 3C0 4 = 1,6

L2 = 2+

LI = L2 - 1

Xl = 0.

X2 = 0.

X3 = 0.

X4 = (.

DC 280 K = 1,3

X = UK,

¥ = V{K,J}

X1 = X1 + CX1{K}=X + CX3{K}=Y
X2 = X2 + CAXZ2{K}I=Y + UX3{K}=#X
X3 = X3 + CYL{K)=X + CY3{K}=Y
X4 = X4 + LYZ2IRY=y + CY3I{K)=X

STIKL,LL) = X1




3060

ST{L1.K1)
ST{KL, L2}
STHLZ2 K1)
STI{KZ,yL1}
STILL,K2)
STIKZ2,L2})
STUL2,K2)
RETURN
END

It

W oh

X1
Xe
X2
X3
X3
X4
X4

257
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tURIGIN ALPHALSYSUTS

$IBETC FRMK DECK,,LTST

[ EaEakal

OO OOO,

OO

120

130

150

166G

SUBRCUTINE FURMK

IS EEEEEE-EEEEREEEEEEFEEESEEEEEEEREESEEREREEEEEESEREEESEEEEERERERE ERERENRRESR]EJRJ

FORMK ASSEMBLES THe COMPLETE STIFFNESS MATRIX

L R R AR R ERERERESESEE SRS ESERRE SRS SRR ESEERESERERERERERESERSEREESERSEREESESEE]

COMMON .

ONUMEL, HUMCP, NUMNP, NUMBC, NLOAD, MAXIT, NN, MM, NEWBC
COoMMON /CELMARY NP{350,8), NEBC{Z250), BANGLEL(Z50)
COMMUN /OFORMK/  S5T{LI6.16), NEL(150), S{17600)

DIMENSTUN NELLISG,200, NEB{20)},y IND(20)

EQUEIVALENCE {NE,NEL)

AR R AR A A NS R AR E AR E LS R R B A R A R A R N R R R AR A AN R B R RS A A AR R RSB RO RSB BN R NN
FIND ALL ELEMENTS CONTRIBUTING TO EACH BLOCK OF *NPBLY
NODAL POINTS

(R A RS EEEREEE R EERE RS EESEEERELEEEEREREE AR R RS XSS R SESREEREEEEREREEER S

NDIMS L76C0

NEQAL NDIMS /MM

NPBL = nNEQRBL/Z

MM My 4+ ]

MM 2 MM &+ Mw

NE = 1 o+ {NUMNP-1]/NPBL
GU 120 I = L4NB

NER(IY = O
DO 120 N
NF.‘N,E) =
GO 140 N
DG 130 H
INDIIY = O
DO 140 T = 1,8

K = NP{n,1}

IF {X.LE.QY 60 TO 140

M= 1 + (K-~1)/NPBL

IF {IND(MY.NELO)  Gu TC 148G
NEBIM) = NEB{M) + |

L o= NEB(M)}

NE{L+M} = N

IND(M) = 1

CONTINUE

IF {n.Le.1) 50 TG 160

REWIND 9

ol 150 Moo= Z,iE

L = NEB{M)

WRITE {9} Ly (NE(TI M}, I=1,L1}
REWING 9

i

Ho#H

1+150

O

by NUMEL
HER!

(A2 R R R ELEREEEEEEEEEEESEEREEE R RS EERRR LRSSl EREREEREERERERESSE.]

GENERATIUN OF CUMPLETE STIFFNESS MATRIX

IR R R A EREREESEEEEEESIEESESERESESEREEEEREEEEEEEEERESEEREREEREEEERERERSZESSESE.Z

LL = NEBIL])




[aNeRel

e NaNel

180

200
220G

260

259

REWIND 1
DO 400 M = 1,NB

ASSEMBLE *M-TH' RBLUCK

PP (MLGT.1) READ (9) LbLs {NEL{I),l=1,LL)
NI = } + [M=-1}*NPBL

NZ = MIND (NI+NPBL-L,NUMNP)

NPTE = NZ — N1 + 1

NEQU = 2&NPTHR

NEL = 2#N1 -~ 1
Npd = Z2aNZ

No= MM#yEQB

DG 180 1 = 14N
Sty = 0.

DO 220 Nv = lFsLlL
o= NEL{NY)

NTRACK = 2#{N-1)

CALL RCDISK {NTRACK:SF.256])

HG 220 J = 1,8

L= NPIiNgJD

IF {(LLLT.NTLORLL.GTWNZ2Y GO TO 220
NC = MMZ={{~N1} + 1

Jd o= J + 4 -1

DO 200 I = 1,8

IF (KibLeoG.0RWKLGTLL)Y GO TO 200

"

LI = NO 4+ 2#{L-K)

L2 = L1 + MM

It =1 + 1 -1

StL1) = S(L1} + ST{ID LJ4 1}
S{Le? = S{t 2} + ST{II+1,Jd+1}
S{L2+1}Y = S{L2+1} + ST(17] 1 JJ+1}

[Pk, ew. Ly GO TO 200

S{Li-1}) = S{LLI-1} + STUII+1,44 )
CONTINUE

CONTINUE

[MPUSE HUUNDARY CONDITIONS

g 360 1 = Ll.NEQBC

Moo= NEBCIUI)

NC = N - NED + 1

IF (NCJLELDWLIR.NC.GT.NEGB) GO TO 300
L= MMa{NC-1) + 1

PHI = BANGLE(])

IF (PHI.EQ.G.) 6O 7O 270

CN = COSH{PHI}
SN o= SIN{PHI)
L1 = L ~ MM

SILLY = STLE)#CnN#CN + 2.5S{L+1 T#SN=CN + ST{LI=SN#*SN
Le = £ + |

oo 2690 J = 34MM

L = L1 + 1

L2 = L2 + 1

SILI} = S(L1}#CN + S(LZ2)#SN




O YO

270

2846
300

330
340

350
360

380
400

S{Ly = 1,
D0 2B0 J = Z2,MM
L =1 +1
S{LY = G.

NCMIN = MAXD INC+1,1)
NCMAX = MINO (NC+MM-1,NE
ITF {NCMAX.LT.NCMINY GO

LL = MMI=NCMIN — MMZ - N
TF {PHI.EQ.U.)Y GG TO 34
L= LL o+ 1

K o= NCMAX - 1

IF {NCMAX,EQ.NEQB) K =
CU 330 J = NOMINGK

L = L + MM]

SILY = S{LY=CN + S{p~lis
L o= tb

DO 350 4 = WLMIN,NOMAX
L= L + ¥M1

SLYy = 0.

CONTINUE

WRITE RLOCK OF EGQUATIONS

Li ]

L2 e

00 3BC N = 1,NEGSB

WRITE ({1} {(5(1)s I=L1l,L
Ll = L1 + MM

LZ = L2 + MM

CONTINUE

RETURN

END

it

GR)

TO 360
C

G

NCMAX

SN

GNTO TAPE

2)

260




261

$URTIGTN ALPRA,SYSLIZ
$IRFTC LCAC CECK,LIST
SURBRLCLTING LDINST
C
C IR R EEEEEREERESEEEEEEEEEEEREEEEEEEEEEEEEESEREE R RN F-I I R W IR T N0 0 I
C LCINPT IAPUTS LUAD CASE &NG REDULES THEAMAL, GRAVITY AND
C In-PLANE DISTATAUTLG LCADS TO KINs¥ATICALLY ELQUIVALENT
C HEDAL PCINTY FURCES
C *%*ﬂ#-ﬂﬁ§*§§“k*§§§§*‘!*ﬂ§ﬁ§ﬂﬁ***iﬂ*ﬁ*i"ﬂﬂ%ﬁﬁ'&?*ﬂ#ﬁﬁﬁ***ﬂ'***i'ﬁﬁﬂﬂ*!*{ﬁ
C
COMMON
ToAUVMIL, NUMUP, MUMNE, AUNBRO, NLOCAD, HMAXIT, NEG,
2 IBANDW, ANELEC: NRUn, NTIRA, NSKEWB, LNQ(@?"’}?
3 TLly T2y T3, Tay, To, ThERL
COMMON JOMATPR/  YMiG), PRIG)y RHUIS), ALFALG]
COMMON /CelMar/ NPL25C,2), NEBL{25C0), BANGLE{(Z50)
COMMON JONT ARG/ NUMPH, ASK, PGRAPE, IGRTAGIGY, SPACNGIE},
P GREFEADIZ46), WEB(2LU), NELSKP{S5O)
common JCLOAG /0 XLUADLIC50), YLUADI{1050), ELCATZI350,261),
PORORCLICH0 ), YURDUIL=20Y, ACENTI353Y, YOONT{350)y NEI{350),
ZOFAT(35C)Y,y Feidnld), DTE250,5), S21010:106), S224104510), R{26)
COMMON JLTReAM/S BU3, 03}, DLTO3), COMM, FX{&6), FY{&]
DEIMENSTION HEALBTL3d, TF{3:3) s P{3,2)y PCL342), PNL3)Y, PTL3),
1 NOCU3Y, CELT{A), IPERMSE{4),y [PERNFIZ)
EQUIVALENCE (PN4PCYy {(PT,PC{4)}
LCGICAL THERL, DENS
DATS EFLAG JEHSTART /, FLAG /J6HLUADNG/
CATA ipcam /2,3,1/7, IPESNG /2,3:4,1/
GATA CF /a3 Zas—das ZarlfarZan —lesZeshat
C
106 READ 10, CHECK
IF (CRECKLECLERFLAGY  CGE T 15049
IF (CHECK.NELFLAGY SO TO 100
10 FURMAT {13Aci
c
C InItiali/e
C

11

120

130

140

RERIND =
REwIND G
READ (&) EXORDIN) =1 g NUMNP ) o TXCENTINY y =1 s NUMEL 1,
1 (YURDUNY su= L o NUMNP ) {YCENTIN) o N= 1, AUMEL )

READ (83 (aTi~N),y N=1, MUMEL)
READ (&) {(TH{NT, NEL L NUMEL S
THERL = LFALSE,

GO 118 N o= LS5y

NELSKP(NE = (

oG 124G No= 1y RNLIMNE

XLCACINGE =
YLCACDIN) = (.
GO 140 N o= },NUMEL

»

NETiRY = C
DCOT3AC T T 149
UTin,1) = 0.

DL 140 I = 1424
ELCAC(N. I} = L.




Y Y CY Sy

[N el

50

20

35¢

3706
380

262

NCDE3) = K2

PRINT 50, Ny Ty (NCDCJY P00 1,P{d32),d5143)
FORMAT (IR0, 217,18,/F14.47 (15X, 18,2F14.41)

X = XCORDIKLI-XACREIKZ)

Y = YORCHKZI-YOROU(KL}

g0 25¢ K = 1,2

0C £35€ [ = 143

POCUEWRY = Co

BG 240 4 = 1,3

PCLTK) = PCULsKY + CRUL,J)=P{J,K)
PLUT LK) = PULIK)=THIN)/30.

DO 27¢ 1 = 1,3

K o= KNCDHT

}
XLCAE(K} = XLOAB(K) + PALI =Y - PT{I)=X
YLCACEKY = YLOAD(KY + FPa{l)l=x + PT(I}sY
CONTINUE

AR AR SRS AR R EEEEREEEEEEENEEERARELEEEEREEEEEEREEEEEEEEREEEREEEEREREENNEYEF NN

GRAVITY LCADS

R R R AR EEEE A EEREEEEEEEEEEEEEEEEEEEEEESEEEREEEEREEEEEEEREE N EEEEER X ¥

IF (.ANCT.0ENS) SO IC 400
UL 380 N = 1 ,NUMFL
Moo= MAT{NG
IF (AP{NyTYLLELG) S0 TC 360
NETINY = 1
UL 350 [ = 1,4
J o= 1PERM4T T}
KL = NPIA,T}
K2z = NP{n,J}
£3 = ACRGIKZ)I—-XAORO{R L)
= YCOROIKLI)I-YORDIKZ)
52 = XCREIKIP)I-XOCENTiAN}
= YOonTINYI-YORD{K])
AREA = A3=RZ2-—-AZ2#113
COMM = REO{#)I*ARBA/E,
GG 356 L o= 4,6
o= ZeinNC{L, 1
FLCATIN,K) = FLUADIN,K} - LCMm
GO 7€ 3&8C
Kl = &Pins1

KZ = NPIN,Z2]}
K2 = NPIN,3)
A2 = AQRU{KZI-XORDIKL)
53 = YUORCHU{KLII~-YORCIKZ)
AZ = XORUARII-XORD(OK 3)
B2 = YORU{K3)-YURDIKL}

ARES = 43=82 - A2xH3

COMM = JHGIM}=AREA/E,

LL 370 L = 4,6

K o= AP{n,L)

YICGAD{KY = YLUADEK) - CCOFM
CONT INUE

LR R R SRR AR R EELAE R EEEEERREREEESEREREEREREFEEEEEEEREREEEERERESEESESESSESERE®]

THERMAL L0ALDS




[N e I o I W

YT YO

L5

20

25

28

i~

. W)

3l

I

k.

N

1
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CONTROL UARY Anid GAAPH SPCCIFICATIONS

REAL L, CAL

READ 20, NPLD, NELLD, NTLE, DONS

FORMAT (214,L4)

PRINT 29, NAUN, FZ&I, NPLE, NZLD, ®TLE, OENS
FORMAT {lakiLCaC Casc nC. Lo /7 bxy 1346 7/

35F AC. UF ACDAL RPUINT LCAD CA2DS . . I 7/
350 AL OF uibMind LOAD CARDS o . . e 7
35k L. UF TrEMALLY L{ADES BLEMENTS g /

39k FLAG Fiwr GrAVITY LOADING « s e = LH}

Ro Al 282, TGRTAG, Nk

FORMAT (2014)

PRINT 3C, {ORHTACTLyn )2 0RHeAM 2,M), IBRTAGIN), N=21,6)

FURMAT {7~ ORAPH, L2X, 2RTAL/ 13, 18 {l=PLCTC=NC PLOTY /
{1X,2A,19))

I[F iINSK.LELD LU 1ac

JAEAL 28, {hNzLSEPLI),y1=1,05K)

PRINT 21, {5ELSKPLI),i=1,n58%)

FCRM¥AT {Z20F2SKIFPEE BELEMENTS = 2514 /F(20X,2514))

LR R E R R R R R T Y L L L L L L L s
COMNCERTRATED NCUAL PLINT FORCES

§ﬂ¥ﬁ§*#§ﬂﬁ§§*%ﬂ*§§ﬂﬂ*%ﬂﬁﬂ%*ﬂ****ﬁ***ﬁ%ﬂ&%ﬁ*ﬁﬁ*%**ﬁ%**ii{i*ﬁi*****i

IF tnRPLELLELG) ST Tu 202
PRIMT 34

33 FCORMAT {26r~CUONCENTAATED NODAL FORCES //

LEC
35
318

a8}

IS
(Y]

o

4

3

(4]

5

1

1

H PUINT, 22X, aHX-{JAD, B8X, AHY-LOAL /F1X)
O 18 L = lenPLD
READ 35, Ny XLUADH{AY: YLUALEN)
PRINT 38, Ny ALDADIwN), YLUADIN)
FORMAT {14, 2F8.,3}
FORNMAT (16, 2F14.5)

BB R AR A AL R H A ERE R IR F R EAF B R AN R AN R B R A R W U BB N DB R B L R A E B R AN A B U N ERNE R R T
ELEMENT SIDE LCALING (NCANMAL PRESSURE AND SURFACE SHEAR)
AR R EEEE RS E R TR R R R R R R R R g g A S Y S NP r I

IF {aBLlaLE.DY  3E T 302

PRINT 40

FORMBY (2Ch-cledBENT SICF PURCES /7 8H ELEMENT, 3X, 4HSIOE,
4Xy 4RRCLE, 33X, 1iHAN, FRESSURE: 3X, L1ASURF. S=FEAR}

Lo 280 L = 1,ANELD

AEAD 45, Ny [, P

FOR“AT (214, 6FHR.3)

K1 = RPN, T}

IF (APIN, T aLEaT) SCOTE 220

J o= IPEA*4( 1)

Moo= RP{N,[+4)

S0 T0C 2L

J = IPERN{T])

o= NPUN,T+2)

Bd = NP{n, )

HCD(1)Y = K1

NOO(2) = M
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C **&%##-ﬁs‘-i‘!i&i&ﬂi&ﬁ#&ﬂ-ﬁ*#t&ﬁ*-ﬁﬂﬂ%ﬂiii&!ﬂ'ﬂ-iﬂﬁ*&&**ﬁﬁﬂ**iii-}#*ﬁﬁ-ﬂ-!!***
C
4CC [F (NTLLCWLELG) S0 10 =4C
FRIMNT &0

60 FORMAT (19k—-TREIMAL INCRENENTS /7 Bb EL-MLENT, 84, SHCORNFR I,
I &Xy, BECURNER Jy 6X, BFCCRNLR K, 60X, BRCOORNER L /1%)
DU 480 L = 1,NTLD
THERL = L TRLLE.
REAL &%, N, OELT
PRINT a8, Ny oBLT

65 FORMAT {J4,4F1d,.3)

68 FORMAT (IR;4rla.4)
Moz MATI(N)
COMB = AL A{E)aYMEY ) eTh{NI/ {68 —Bx{m) ]}
RE 420 I

420 LT{n, 1) = CeiLdli
IF AR Ny 7). LEaT) s TC 45
NEITf{NY = 1
AVODT = (DELVTILF+OELTIZ2) 400 LT UMY 4DELTLA) ) 4,
CTiNsS Y = AVDT
CLT{3) = aved

D0 440 P o= 1.4

J = IPER~4 (]}

Ki = ‘\:P(f\:l’

Ke = NP{n,J]

ALY = xCeNT{ni—X0OR0{K7)
A{2) = ACRCHUKEPI=-xCanT{ing
A{3) = RKURLIRZ}=-XCro{k1}
BLlY = YORC(KZI=-YZenTIND
B{2} = YOeNTIRI-YORO(K]])

E{3F = YLROD(KL)=-¥O=i K2}
CLT{LY = [CELTEL)
GLTEZ) = UELT(43
CALL TrH:oRLLE
GC 440 ] = 14¢
o= el ld,1)
SLCADIN,K=-1) = L 0ADIN,K-1) + FXR(J)
44C ELOADIA,K} = mLOAT(N,K) + Fy(Jd)
SO TC 48
450 LE 48U I = 143
J o= IFER¥{T1)
’(:.l ‘-wp{il\yl}
K2 NP N, U
Moo= TPEHM{J)
AtTM} = XORCH{KZ)-ACREIKLY
UMY o= YORDI®T)I=-YOREARZ)
60 GLTCLY = CELTOL)
CoaLy TErRrLD
DC 470 J = §,8
¥o=m KNP (N, J)
FLOACU(K) = xLCaL{rR) + Fx{3)
470 YLOADIKY = vyeoallk) + Fy(dy
480 CLONTINLE
WRITE (5} (LOT{N, P12 I=145) 0= o NUMEL)

H

C iié*l%ﬁﬂﬂ'ﬁ*#*#*%ﬂﬁ*'ﬁ{***%ﬁ!ﬁ'E*'E*ﬂ**&***ﬁ*ﬁ*iﬁﬁﬂ#***-*i****ﬁ**iﬂﬁﬁ!ﬁi**
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CONDeRSATION £F INT-RNAL QUADRILATE=AL LLAQS

LA R EEEZEEE R R EEEEEEEEEEEEEEESEEEEEEEESEEEEREEFESFEEEEEENEEEEEEEEE RN E.E X E X 1

LC T3 No= e NUMEL

1F (he{ N L) S0 TC A
HRIRACK = Zany - |

CALL RTUDISK (INTRACKyS714280)
CC 31¢ I = LyZ0

)
]

RUEY = cLCalni{n, it}
oo o »3g [1 = 1,13
K o= o = 11

L= K + |
Moo= oL - 16

LU 520 1 = 1,x

RETY) = <0y = S2bir,Tr=<(L}
RALY = Rl /520y

CALL wROISK (RT2ALK,S521,7861

TRANSFER 70 £xTeodNAL NLOET FORCE WEETUOR

.

= Zx]

= ANP{L,I}

LCACHIK) = ALCAD{K) + »{}J-11
YLCAD (K} = YLCADI{K) + (.}
CONTERL D

WRITE (5) (AnTIAN]sa=LsNUNMEL)

Ko

:

AR R R R R R R R L R R RS R S S I L
PRINT CUMPLCTE FORCD YECTOR, IMPUSE H.0. ANL STORE On TAPE

LA R R R AR EEREEEEEAEEEEEEEEERREREESESEEEEEEREEEEREEEXEREEREEETEREESEREREJEFFEZWE

RowlInd 2

PRINT 80y (nZLUADINY$YLCAGINYy N=i,AUMNP)

FORMAT (19rIn{EAL FORCE yoLTOR /7 206H POINT, 8%,
I EHA-L0AL,y GXy AHY-LDAD, 12X} /7 (1542F14.5,118s2F14.5))
COTCG M o= L ,ACL0L
= hefBC{M)
= {A+1)/2
I = BaNGLZ{)

(PRIWAELDLY  XLOACEL) = ALOAD(L)Y=COS{PHI) + YLCADUILI«SIN{PFT)
Koz sl - Ny

IF (KoEG.1) ALDACTHLLY = O,

IF [K.EGLLCH YLCAD{L) = &2,
wRITo (2} [ALTADINY s YLDAD{NY y H=1,NUMNPY
HETURN

rRRER EXIT

PRINT 1201

FORMAT {46KUSTAarT CarD FCUND WHEAN LOOKIANG FOR OLCADNG CARDH
5T0¥F

END
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SIBFTC THLC DECK,LIST

(o B T o T A B B

SUBRGCUTINE THERLD

LR S R R E R R R Ry R R R .2 R R IR P i e g
THIS SUBROUTINE COMPUTES RESTRAINT THERMAL FORCES FOR
A SEX NGUAL PCINT TRIANGLF

LA A RS SRR EEEEEEEEERESEEEXEREEEEE LYY R EE SRR N N I LI

CUMMON /CTHERM/ 8031, A3}, DLT{3); LOMM, FX(6), FY(6&)
DIMENSICN IPERMY{ 3)

DATA IPEXRM /2,3,1/

DG 120 I = Ly12

FX{11y = Q.

o 150 1 = 1,3

J o= IPERM(I]

ko= IPERM{J}

D73 = LLT(K}
OFT5 = BLV(I} + 2.#DLTUJY + DT3
076 = DLT(J) + Z.=De¥{I) + DT3

X o= B{K}alUMM
Y = A{K}=C0OMMm
FX{K) = X=DT73
FY(K) = v¥aDT3

FX{J+3) = FX{J+3}) + X=#[0T5
FY(J+3) = FY{J+3) + Y=*DT5
FX{K+3) = FX{K+3} + X=0Ta
FY{K+3) = FY{K+3) + Y*DI6
RETURN

BN
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SURIGIN ALPHA,SYSUT S
$IRFTC SOLv LIST,0eCK

[ B B o T 2 ou I

[zEalsl

[aNeNal

200

SUBRCUTIMNE SCLvVE

***iiﬁ*ﬁﬂ*ﬂﬂiﬂi*i**ﬂ%#ii'!*‘!!**{-**i*ﬂﬂﬁi******ﬁl‘!‘*!**lﬁ*i{***iﬁ*{**
SOLVE CHTAINS NODAL POIAT DISPLACEMENTS FROM THE LARGE
CAPACITY BANL SOLVER BICSCL

***l*i!&ﬂi#ﬁ*#*!##iﬂi#{ﬁliﬂli{*-ﬂ*ﬁ**ﬁ#*i*-**i*-}***ﬁﬁ*!**llﬂiﬁﬂﬂiﬁ*ﬁ

COMMON

1 NUMEL, NUMCP, NUMAP, NLMBL, NLOAD, MAXIT, NFg,
2 [BANCW, NESBC, NAUMy ATRA, NSKEWE

COMMON /JCELMAR/  NE{35C,8), NERC{25C), BANGLE(Z2S0)
COMMON FHANARG/ NN, MM, #AXIR, TOLER, NTR, NITER, WS{15%00)
BIMEANSICN RIZECOY

EQUIVALENCE {WSsR}

MM = IBANDW

NN = NEY

MAXER = MAXET

TOLER = $.C01

NTR = NTx2A

KKK = C

IF (NRUNLGTLL) KKK = 2

CALL BIZSOL (KKK}

TRANSFORM SkibW DISPLACEMENTS, IF ANY, T3 THE X Y GLOBAL SYSTEM

IF (ASKOWR.LELOY G0 10 200
OC 180 ¥ = 1,NEGRC

N o= NERCIM)

PEI = BANGLc (M)

IF {PRILEG.C.)  GC TG 150

L = A - ] '

RINY = 2(L)=SIN{PHL)

R{L) = R{LI=CCS(PRI)
CONTINLE

PUT DISPLACEMENTS UN TAPE
REWIND 2

WRITE (2) (R 0E)yI=1 00
RETURN

END
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$IBFTC BGSL DECK,LISY

aEsEsNalalsNeNalsl el eNa e aeNoleNaNeNeRa el ol ol ol el el ol e T el ol I T N R N e e R R s

1

SUBRCUTINE BIGSOL KKK}

EH B E AR A R R AR B AR R AR AR AR AR AR R AR R R SR R R AN N A B AN B H S A RS R BB AR IR AN HTR D
LINEAR EGUATEION SCOLVER FCR LARGE SYMMETRIC BAND MATRICES
FERBHLEF AL B AR RN R R R NN R RN AR R R R R R AN R AR R R E S O R AR RS R R P R B R R RN N R AR EE RN

CARLES 4, FELIPPA, JULY 1966.

INBULT

NI = AUMHER JF BCLATIONS.

fp = FALF DANL witibk.

MAXIT = #aX, NCo CF JVYoRATIONS CN RESIQDUALS.

FOLCR = ACCURACY TEST {vALID ONLY IF MAXIT 61 0.

NTR = MNukpBs OGF BISK TRACK STARTING AT WHICHF THE REDULCED MATRIX

IS STOREG - TRACKS UNIRY TC 'NTR+NRECY, WHERE NREC =
(NNANC-L ) #NBUFF/NC, NO = 400=NBUFF/MM AND NBUFF = 5 IN
THIS VERSTICN, ARE uSel FOR SuCH PURPLSE ~ WHEN RFSICUAL
ITERATICONS A PEHFCRMED, Tt NEXT CYULINDER [S USEC
T STURE SulleSIvik ITERATES OF THE SCLUTICN VECTOR.
UPPER FALF RAND GF INPUT MATRIX IS5 RLAD COLUMN-—WISE FROM
LOGICAL unNIT 1y ONC CULUMN PER RECORD.,
INPLT VECYCOR IS HEAT FRCO¥ LOGICAL UnIT 2.

STCRAGE

WS = WURKING SPACE CF LENGTH *NKST {SEF WRITE-UP) - WS CONTAINS
A= STERAGE OF AN LFPER TRIARGLE OF BAND DURING REDUCTICON.
C = Q[CCULBRLE PRECISICA VECTOR FCOR ITERATIOCN CN RESIDUALS.

Rl = SINGLE PRECISICHN VELCTOR, £QUIVALENT TO bD.

Foo=  STORaGe OF FIHRST ROW DURING REDUCTION.

NE = INDEXING AdxAY FOR THE UPPERL TRIANGLE IA AL

X = BUFFER STORAGE FC?Y DISK I/C.
CLTPLTY
R = SCLUTICON VedTd2, STORED IN THE FIRST AN LOCATICNS £F WS,
NITER = RETURKNS NUMBER CF RISIDUAL ITERATIONS PERFORMED,

ARGUMENT KKK SPzCIFIES THE FOLLIwING OPTIUNS
KKK G HMATRIX ReCLOTION AND SUBSTITUTION OF INPUT VELTCR,
KKK i MATRIX REDULCTION OINLY.
KKK 2 SUSSTITUTICN €F ENPUT VECTOR OnNLY,

LT . 1)

THE LENGTE COF WS HERE CLRRESPONGS TC A MAX. BAND WIDTH MM = 1£0

COMMON /JURANARGS NNy MM, MAXIT, TCLER, NTR, MITEX, WSI15500)

DIMENSICA AlLYy FOL)y NOLEYy RLO1}, RL0L) . XE23C0)

ODCURLE BReCISICHY LCildy Clsy 02y D3

FQUIVALERNCE (wS+84R8)y (nS{4401)Y,D,R81), {(wSEL12881),F),
(WSHEL3Callemtl), {ws(13201),X)

LUGICAL T1

NR = AN - 1

MMz RN - MM

A1 Ny o+

LR MEo+ o}

[
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NITER = ¢

T1 = .FALSE.

NHLFFE = 3

NC = L4EOsNHEURF) /N F
N = NCamw

NRECT = (NN#RE=2)/AC

[ (kK .2 Lo Te 210
EREER T A Y FAE N D E AR E IR ERE R AR B R R AR AR e S RO H D AN RN HH A A H BN B E N B R RERD

SECUMPOSITION UF BASL MATRIX

LA R L A R R R EEEEESAEREEEEEEEE R R AREREREREERREREREEREEEEEERNEREREEEEEREEREEREEERXE)

BC 1ic 4 = 1,¥¢
NEEJ) = {d={J+1l})/¢

SET LUP FIRST TRIANGULAR HLOCK In A

SEWING )
GE 130 A = 1,¥¢

LTI = NUERY -~ N 4+ |
LCZ2 = L2171 + »#» - 1
READ (1) (a{l),i=LCL,LC2)

X =
NMTRACK = ATR
D0 200 K o= 1,82

TRIANGLE IS5 SEMULTALECULSLY REDUCED AND SHIFTED
PIVCTS ANO MULTIPLIERS ARs TRANSFERREDR TO X

PR = MIND EFpennl-n}
JJ o= NxsdM o+ ]

NX = NX + 1}

PIVOT = A{1}

AlJJ)y = FIyrT

CC 115G do= daMx

L = AND(J)

F{Jd) = AL}

DG 160 0 = Z4¥n

C = FUJ)/PIVOT

Jdb o= 4J + 1

Xx{ddY = C

L = NE{J)

Ll o= ANODUJ-1) + 1}

GCC 160 = 244

L = L - 1

Ll = L1 - 1

AfLLY = a{L)Y - wsr {1}
IF (hN.CTLNM) SOOTC 128

STCRE AexT CLLUmMs

READ (1) {(AET)sI=LCL,LC2)
IF (nX.LT.NCY GG TO 2CC

PMOY REDUCED RUAS ARE wRITTEN ON NBUFFY CISK TRACKS
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CALL wWRIDISK {INFTRACK,;X,Nu)
NTRACK = NTRACK + NSLFF
NX = 0

200 CONTINGE
JJd o= NXzdp o+
xi{ddy = a{i1
CALL wWRUISK (NTHACK, X, Jd4}
IF KKK.EQLL) RETULAN

LA AR SR A EREREREEEEEREEEEEEENEEEEEESEEEEE R EREE Y R s EE s R E E R R R EEE R Y

SUBSTITUTICN OF INPUT VECTOR

LA R A R A E R R E SRR S SRR EEEREERREREEEEEEEREEEEEEREEREESERE RS ENEEE Y I LR

218 RbEwlIAC 2
REal {23 {R{1), I=1y5N]

FORWARD <tCLOTION

2720 NTRACK = NTR
WX = &
LG 24060 N o= 1aAR
MRz FIAC (MY NANL-A
IF (NXLLET.NC) S0 T 23C
CALL RCDISK [NTRACK,XyNwl
NTRACK = NTRAUK + ABUFF

MNX =

£3C Jd = NXuwpM + ]
NX o= AX O+ ]
L = R{N)
R{N) = C/X{JJ}
I1 = & + 1}
e = {1 + MR - 2
6C 24¢( P = 11,12
Jd o= Jd + 1

24C RETY = R{IY) - Cxx{4d)
JJd = AxedM o+ ]

ALASYT = Xx{JJ}

IF (nXxCEGNG) CALL RUCESK {NTRACK,ALAST, L)
RINKY = RANKI/ZALAST

NTRES { (INTRACK+3S /401840

it

BACK SURSTITULTION

NTRACK = ATRAUK - NEUFF
CALL ROCISK (NTRACK, XyNn)
MX = AN - NreReClsNE - 1

O 260 L= 24NN

N o= ANI - L

MR o= MING (Mr,L)

WX = KX - 1

IF {nXaDELCH S TL 25C
NTRACK = NTRALK ~ ANHUFF
LALL RECISK {INTHACK  X3NR)

NX = NC - 1
250 JJ = NXsbE o+ ]
1=K + 1
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[t + MR - 2
oL 2el Po= 11,12
Jd J4 o+ 1
ZE0 RINY = RAN) - X{JJ)y=R{I}
IF {11} GC TC 4CO
[P (MAXITLLE.CY RiETURN

Iz

HoegoH

C
C L s e e I T
C ITERATICN ON RESTOUALS ’
C AR RN R R E A H A B IR A E R A H U R A R AR AR R R RN R R SRR YL S N A DR A AR SRR RS R B EN K ADE AR
C

280 NITen = NITER + 1

CALL wROISK {NTAES,2,NN)
2EWING L

HEAD (1) (XL e I=hyM3

Cl {1

D3 R{1}

DALY = LC1=03

RC 330 N = ZyfNi

MR MINCIN,MNMY

READ (11} (LY 1= ,MM)

i

Hoolw o~ ]

01 x{1)
L2 R{N)
PH{n) = 103
Ko o= !
UC 35C ) = Z2,.¥a
K= K - 1
D1 {4
U ()
DK} CiKY + $i#D3

350 LINYD CUN) 4+ CisD?
REWIND 7 .
REAL (2) (R{EL)y I=148N)
DE 360 M o= 1NN
21 = R{AN)

360 RENY = L1 = 2{a)
Tl = JTRUE.
O T1C 228

400 CALL RELTISK (NTUES RIZANMND

e

[E T
i X

CHECK ACCURALY OF SOLUTICHN

MOy

KKRCRY = C.,
DELR = (.
DT 450 ~ = 1 4hn
RNGRF = RNCGRM + 21in)nsz
DELR = CELx  + K In)Ymagz
450 HEN)Y = RIINT + A{N)
EPS = SGERT {DZLA/RNUGAM)
TF {EFSLLELTELER)Y =2CTURA
IF INITERLLT.AXIT)Y G TC 280
PRINT GG, NITER, EPS
59 FORNAT (45HOSPECIFILD ACCURACY NCT ATTAINED IN IS, 74H ITERATIONS,
I LAST EPS = Fi4.4)
RETURRN
END
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$ORIGIN ALPRA,SYSUTH
SIBETC STRS ODECKSLIST
SUBRCUTINE STRESS
C
C A SRR EREREREEEEEEEAEEEEEEREEEEEEEFEESEEEEEESEEEEEEREEE NI EE R IR N I I I
C STRESS CCKMPLIGS ANE PRINTS ELEMENT AND NUDAL ROINT STRESSES
C LE AR EEEREEEEEEEEEEEEENEEREESEEEEEEEEEEREEE S E F s E XS EE S S E s R R s EEEEES ]
C
COMMON
1 NUMEL s AUMOP, NUMNPE, NLM3C, NLCAD, MAXIT, NEG,
2 IBANUw,s NEQIC, NRUN, NIRA, NSKEWB; LNG{6,41,
3 ?}.y T?y 1“3, Tl,’ e THERL
CUMMON JCELMARY  NP1350,3), NEBC(250U) s BANGLE{25O)
COMMCN JOMATER/  YMIE), PR{&), RHOl&Y, ALFALG)
COMMON /fOSTHES/
1 SIGOIC2C, 7)),y SIGC{353,7)y SIGM{L105C,3), CUUNTI{I050),
2 XORE{IC5U),y YERGUICS0) s XCENTE350), YCENT(350),
3 S2H{1C,260, R{26)
COMMON /CTRIST/ ERy Gy NUy CODIL, DELT{3), 8431y A(3},
I RAXtéedy 2Y{6), ESIGLGL,2}
COMMON JONTARGY  NUMPB, NSK, PGRAPH, IGRTAG{A), SPACNGIA&),
2 GRREACLZ,6), NPH{HD), NELSKP{S50)
CEMENSTIGON DOSX(103C), DSY(L1GSG), ANGLEL1050), ANGLECI350),
I MAT(35C), NzI(350), BTI3504,3)y DU26), SIGQ{9,3), CCEF{4),
d OFMAX(1IZ)Y, IPERM{3), IPERMA{4)
EQUIVALEANCE (CSXySIGL3L0LY),y (DSY,0SX{1051) ), (LF.05Y(10511)11),
T {MAT,SICCLICHEI )y {NELL¥AT{351)1}, (AVGLE;SIG(&3)I}):
2 {ANGLEC,SECC(21C1))
REAL MY
LOGICAL TL, T2y T3y T4y TH, THERL, PGRAPH
UDATA IPERM f2,3,1/, IPERM4 /2:3,4,1/
BATA CCEF /C.5040.90.0,25%,1.00/
{',AT!\ PN'AX fl‘jsi].li- l(ijniztsul.a{_)-!QCwle»!ﬁUo’éJ‘O-'ECGQ/
C
{: AE A E R EEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEREEESEESEEEEEEREEEEEE R E RN EE IR 2
£ PRINTOLT OF CISPLACEMENTS
C LA E RS R EERERREEEEEEEEEESEEREEEEEEEEEEXEEEEFEEEEEFEEEEFEES S E EEE R EE R EEREE KR S
C
ReWIND 2
READ (23 (ESXUL,09Y (1), I=1,NUMNP)
PRIANT 13
To FORMATY {zeHINULAL PLINT CESPLACEMENTS /7 2(6k POINT, 7X.
I SHX-D1S, S9Xy SHY-DIS,y 14X} /71x}
PRINT 1é€, (e DSX{a)s £5YINFy N=1,KUMNP)
14 FURMAT ([642Fla.8,118,2F14.81)
-
L
C PUNCEF CF DISPLACEMENTS
C
IF (T2 PUNCH 3, (8N XURDIN) s YORDIN) SOSX(N)sDSYINY, N=1,NUMAP)
3 OFCRMAT {Ja4,2fR.4,2814.5)
G
C LE R R EE R E EEEEEEEEEEEEREEEEEREEEEEEEEEEEE E ST EREEEE R EE R E R Y Y Y X EEE R
C INETIALIZE FUR STReSS COMPUTATION
C ta A R EREEEEEEEEEEREESEEEEEEEEEEEEEEEE RS E R Y X EEE RS R EE RS EFEEE EEE BB
c

DPEWIND #




[ NaNeNe Nl

[aNeNeleNel

2 EaNe

126

13

20

15¢C

i6U

180

273

REWINC @

BU 120 A = [ ,NUMNP

COUNTIND = .

CC 120 1T = 1,3

SIG {ny 1) = T

SIGHMING T = 4.

LC 130 N = lyNuMEdl

B 1295 1 = 1,3

C¥{n, i) = C.

BG 1306 1 = 1,43

SIGC (neI) = w.

READ (8) CXOROINY yA=1  AUMNP ) o LXCENTIND s N=1 4 NUNMEL )},
i EYURDINY 2 A=y MNUMNP ) G (YCENTINYyN=1, NUMEL )

REALD {8) (AT EEY g E= 19 NUYELD
IF {THERL]) KAl [ 9] (LTINS T s I=1s5) oN=1 yNUMELY
READ (5 (NI yh=1 N0 NMEL)

LE A AR EEREEEEEEEENE EREEREEEEEEEEEEEEREREEEEESEEEREERSEEEREEENEREREXESESEEREENEEE]

LOMPLTATICON OF cresinT STRESSES

A AR RS R EEEEEEEEEEEEEEEEAEREREEREEEEEESEEEEEREEEEREEEEEREEREEEEEEE-EEEEEEFEN]

IF 8143 PRINT 20

FORMAT {17H1LEMENT STHRESSES // LOH ELEMENT, 13X,

I 8HNY PCINT, SXy SHH51G-%X, 88X, OHSIL-YY, 8X, &HTAU-XY)
CC 3C0 N = lyNumbL

Moz MATIND
NU = PRIN)
ER = YM{MI/{Ll.a-nUsex/2}

G = C.hngRa(l.-)

CODIL = ALFA(M)

IF INPINyTaboau)  GC 1O 250
GUADRILATERAL ELEMENT

RECUVER LISPLACEMENTS CF INTZRNAL PLINTS

g 156 | F7+20
={I} = C.
BU 160 1 = 1,2

K = P\P{P‘x’I}

Lo= 2=l
BlL~1) = DSA(K)
G(L) = LSY(K)
NTRACK = 2#%N - 1
NE o= 26D

IF (ABELIN)GTL.O kpw = 286
CALL RULISK (aTxACK,SZ21,8wW)
nDe 180 I = 1,10

L = I + l&

K =1 -1

DILY = ROL}

DC 180 J = 1,

DILY = CILY - S52104,J)=0(J)

STR=SSES ARr NOw EVALUATEL AT £ACH SUBTRIANGLE
AEND AVERAGED FOR THE QUADRILATERAL
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[
<5
[}

220

25

2740

GC 2C0 1
SIGLIT 1) Do

g 220 1 1.4

J = [PERM4(T)

KL = NPingd)

Ké NPk, )

LR XCEATINI-XDAC{K?)

1,27

0 b

i

A2 = HORCIKLI-XCoenTA)
AL3) = XORDIKZ2)-XORU{K1}
ALY = yOROUKRZ)-YLERTING
H02) = YOLNTAN)-YOREUIKL)
Gi3) = YORODAKLI-YORDIKZ)

CC 21c L o= 1.8
Ko= Zabn({Ll,13
RXILY = L{K~1)
RY[LY = L{K)
Cebi(i) B1inNy L)
CELTIZ} CTiN, I}
DELTL3) = DT{nN,5)
Cabt TRISTR

H

H

BE 2206 = 144

Moo= ENGiRk, 1)

DC 226 J = 1,3
SIGGIM,JY = SIGGI#, ) +
IF (T4) PRINT 259, N,

[SIZQ{S,J),d=1,3)

X = SI¢ggil. )

IF {Aa8SIX).0T.4S{ 316K
SIGIK ¢ d) = SIS{K,J) + X

0T 240 J = 1+3

SIGCINSJy = SIG{94J)

GC TC 3C¢0

SINCLE TRIANOLE

D8 Z50 0 1 =
IPERNM{])
TPERNMIL U}

T{I)Y = CTin, 1)

L,g

AP{RheT?

NPINyJY

S{M) = XORCH{KZ)I-XCRUIKLD)
2UMY = YURDIKLI)I-YUORD(KZ)
BL 270 1 = 1,6

K o= NPiN,T}

BRI = DSX{x)

RY{I) = CSY{K}

CALL TRISTR

B ZEQ I = 1,6

CCEFIKI#ESIG (K, )

RPN, I (STIGQIT ) pd=ls3)a1=1,4),

FORMAT (14HCUUANHTLATERAL T4, 4%, GHCORNER [4, 3F14.4 /

3 3122%, eHCUANER T4y 3F14.4/7), 224y 10HCENTROID 13F 14,41
e 73¢ I = 1s8

Ko= NP{N,T}

COUNTI{K) = CLUNTIK} + 1.

DO 236 0 = 143

yd 33} SIGMIK, U = X
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230

26

3GC

32C

4CG

420

444
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K = ANP{NsI]

COUNTIRTY = CCUNTIKY + 1.

BeC PEC 5 = 1,3

X o= ESICH{T, )

IF (aBS{A).GT ARS{SIGHMIK, )Y SIGMIK,4) = X

SIGIK,J} = SIS{R,J) + X

IF (T4 PRINT 26, iy (APUNy I {ESTSIE S d=21,30,0=1,3)
FORMAT ({9HOTRIANGLY 14, 99X, SHCCRNER 14, 3Ft4a.n /

P (22X, 6rCOZNER T4, 3F14.21}) '

CUNTINLE

LR R R EEEERELESESEEREEELEREEEREEEREELEEERERERESEEEEFEXEEFENEEEEEEEEEREREEEREE

NCCAL PUINT AVERAGE STRESSES

LEE R REEEEREEEELEREIESEEREEE R EEE R R IR R R R X REIE SR B N-E 5 XX EEEE RN

04 A LahMNE

eC 32C 1 La3

SIGEN. LY = SIG{N, EH7CuUnT N
X o= SIG{A,s1)

Y = SIGIns2})

X¥= SIG{N+3)

C = CabulX+y}

DIF = GL.o#{X-Y}

Ro= SERT{LIF=s#Z+XYuus])
SIGIN,4) = C + R
SIGIN,5) = € - R
SIGIN,e) = 4

ANGLE {N) = 45,

FF {DIFLNELCL) ANGLEIN) = ZB.64T78S0sATARIXY/LIF)
CONTINUE

0L 420 howm 1,NUMEL

IF {APINyTYalLau) SLOTL 440
SIGC{N, LY}

STGCEN, 2}

Y = SIGCiN, 3}

= CL.5%{X+Y}

GIF = C,.or{X-Y)

R o= SQRT{DIFe=2+X Y2n2)

SICCInh,a) = C + R

[ S 14

SIGCIN,S) = & - &
SIGLINyE) = 2
ANGLEC{N]) = 43,

IF (CIF.AEL0.)  ANGLECIANY = 28.6448908ATAN{AY/DIF)
CONTIALE

FEE R R AR R RN AR AR R B A RS HN R AN R XD X BN AP R E RN RN R AR RSN AEL NG AR HFARE R AT
PRINT CF AVESAGED NUDAL POINT STRUESSES

AHEEARAANAAZITAARLAFT R BN A AERARLIALAERAABAA BN AR SR B ER B HAE IR B SR IEEIRR RS ER

PRINT 3G

OC 440 N = L,0NUMNP

PRINT 32, Ny XURD{SIaYOHCINY ySIGIN 1 SIOMINS 1) ,STIGIN,2)
I OSTGMINZY ySIG Ny 3 SECMING3T L {SIGIN,TY,124,7)

PRINT 3&, NUMNP

OC 430 ~ = L,NUMEL

IF (APIN7Y LELOD CCOTE 450




laNeNe

laNeRaNeNel

4590
3C

iz
36

38

448C

500

920

550
&C0

6240
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L = N + NUMAY

PRINT 38, L,y XLaNTInN), YOENTINY p{SIGUINL,I)Y,I1=1,7)

CONTIAUE

FORMAT (3CRIAVERAGCD NUECDAL POINT STRFSSES 7/ 6H POINT.3X,

1 1IHCCORUINATES, 99X, BHSIGMA-XX, 13X, BHSIGMA-YY, 13X, 8H TAU-XY ,
2 10X, THSIGC-mAX, 44X, THSIG-MIN, 2X, 9IHMAX,.SHEAR, 5%, 5SHANGLE /
310X, 1bX,y TXy 1HY, 2Ky 3{4X, THAVERAGE 33X, THMAXIMUM]), 358X,
4 LIM{SIC-MAX,. X} /1iX)

FORMAT ([5y 2F8.3, JUFLl1.4,4F10.4), 1%, 4F11.4)

FORMAT [49H-S5TRESSES AT CUADRILATERAL CENTRQILS (POINT NGC. = 15,
1 15K + ELEMENT NCLG}/71XD

FCQ”A? {[53 éFB.S, 3(Flé-@g b X ,1 iXy QFII'QI

PUNCE CF STRESSES

PR LLNCT.T3) GO TE 500

PUNCE Sy (N, {SIGIN, T sI=1433), N=l,NUMNP)
GC 480 N = 1,RUMEL

L o= AUMNE +

PUNCE S5y Le(SEGCIN,sI)yi21,3)

FORMAT {I14,3c18.6)

LA AR EEEEREEREERAREEEEEEEEEEEEEEEEEEEEEE EEEEE RS R R R R EEEEEE R EE IR 3 S

COMPLTATIUN UF 3RAPF SPACINGS

LA AR ERERERSEEERSEEEEEEEEEEEESEEEEEEEEEEEEEEES RS EEEEEEY S EEEZE SRR R RS

REWING 9
PGRAPE = JFALSE,

OC 528 1 = 1.6

SPACNGII) = C.

IF (IGRTAC(I).LE.0) € TQ 529

WRITE (9} (STIGIN, DY N=1,NUMNPY,y (STIGCUN, Tl N=1,NUMEL)
PGRAPH = JTRUE.

CONTINUE

I# {LNCTLPGRAPHY GO0 TO BCC

IF (NSK.LELC) GG TL &CC

DG 556 [ = 1,NSK

Mo NELSKP{ID

NER = B
IF (NPIA,TILLELD) NEP = 6
DC 350 J = 1,NEP

K = NPIN,J}

GC 25C L = 146

SIGIXK,sL) = C.

DC T7CC 1T = 146

IF CIGRTAG{EIY.LELOY GC TC 700
SGMAX = (.

L0 620 & = 1 ,NUMNP

C = ARSH{SIG{N,I))

IF {C.GT.S5GHMAX) SGMAX = C
NF o= ALCGIC{SGMAX)

N = 2

FF (SGMAX.GF.1.) No= 1

F = 10.=5{N-NF)

C = F2SOMAX

DC 20 L = 1,10




IF {(FMaAX{LI.5TL0) i T Bod

CONTINUE
SPACNG L)
CUNTInLE

RETURN
LN

Uel#FFAX{LY/F
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SINFTL TAST CECK,,LISY

SURRLCUTINE IRISTR
C
C ER R EEUE AR R ERE B R E R R SR E A FE RN E RS B R R E RS RN DR SR U R AU R EE R R RE R R B RN R BN
c TRISTH COMPUTES STReSSES FUR A 6 NODAL PUINT TRIANGLE
I P I B L L L L L L L T I T A R g g e S P )
C

COMMGn JOIRIST/ BRy Gy NUy CODIL, DELT(3), B3}, A{3},

1 R¥{6),; w¥{ely, cS5IG16,3) :

DIMUNSECN BAU3,2), UVI3y6420y U{346), VI3,4), EPSY{3), EPSY {3},
I GMxy (3], IPErM{3)

CeUIVALINGE (84,80, (UV,Ul, (UVILIF),V)

ACAL NU

DATA IPERM Jf2,3,1/

AREA = A{3)=l{J)-A{2)=R(1})

Du 120 L o= 1,3

L1 = IPERMIL}
L2z = IPERMILL)
L3 = L + 3

DU 120 wN = 1,2
DO = BA[L,N} /AREA
D1 = 0A(LI,.~)}/AAEA

Uil 4L anNY = 3.%D0
UV {Ll,L sN) = -0y
LV{szL PN = -
Uvil SL3vNY = 4.=D1
UVILYL L3 yNY = 4,.=D0
120 UVIL24L 340 = G

DO 193 I = 1,3
THERM = CODIL*BELTIL}

FRSxi{Ily = 0.
LESY{I} = 0.
GeXY(D) = O.
DU 140 4 = lsa
X = 2X4{J}
Y = RY{J}
C = Ultl,Jd}
B o= yilq+dd
EPSX{IY = EPSX{I} + C=X
cPSYHI)Y = EPSY(I) + D=Y
140 GMXYLT)Y = GMXY(L)Y + (=Y + =X
ESTullsl) = cR#{ePSX{I)+NU=ePSY{I[})) - THERM
ESIG{I,2) = FR&E{EPSY(I)+NUSFEPSX{I1)) — THERM

Ga SMAYL]Y
by3

190 £SIG11,43}
DO 1RO H
J = IPERM(I)
ol 180 K o= 1,43

180 BESIG(I+3.K) = Cuo5etcSIGII KI+ESTIG{ K}
RETURN
oD
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SORTGIN ALPHA,SYSUT3
S$IDFTC CNPL LIST,DECK
SUBRUGUTINE CNTPLT

LA LA REEEEREERELENELELEEEEEELEEEREREREELEEREEEERESEERESFELEREEERERERSEXFNEEFEE

CNTPLT PRINTS STRESS CONTOUR GRAPHS

LA AR R EREREREEEERLEEEEESEREREESEEEEEEEEREIEEEERE SRS ESEEEEEREEREEEFEREEEEXEREXE]

laNaEaielal

COMMON NUMEL, NUMCP, NUMNP

COMMON /CELMAR/ NP{350,8)

COMMON /LINTARG/ NUMPH, NSK, PGRAPH, IGRTAGI(G6), SPACNGI(E),
GRHEAL{Zy86), NPB{BLYy NELSKP({5(}

COMMON /CGRAPH/ P{101,1C1), XORDE1400), YDRD{14720), F{l40D0})
OIMENSTON XLAB{11)y S{3}s NR(2y3), NPT{(3}, IPCRIMN4(4)

LOGIC AL TOy, Tly T2, T3

DATA ASTRK /ok= f+ BLANK /&H 7y

T oxpas{l) /é&6HO 1 Z 3 4 o 6 7 8

39 D /

CATA IPERMSG /243,441 /

UATA NR /24,3, 1,3, 1.2/

REWIND 8

REWINE 9

NTOTP = nUMNP + NUNFEL

READ {8) [RORCANT S N=1 4 NTOTP)y (YORDIN)N=1,NTOTP)

PREPARE GRAPH PARAMETERS

YoM

Bil)
XCRD(1}
YURE (1)

I = i

AMIN

YMIN

YMAY YMIN

AMAX XMIN

OCG 120 N = Z2,NUMPE

i NPB(N)

Y YORC(T)

X XCRE{ L)

IF {XMINLGT.XY XMIN

IF {YMIN.GT.Y) YMIN

PR {X#AXLLT. XY AMAX
160 IF {(YMAX.LT.Y} YMAX

X0 XMAX ~ XMEYN

Y3 EYMAX~YMIN)=,.6

KM xE

IF YDLOTLXE) XM = ¥

CX = XM/1CQO.

X2 XMin — DX

Y X/7.6

¥R YMIN - QY

xS Xk - Dx/z.

¥YS = YR - BY/Z.

NCOL = {yMAX —- YS)Y/DY + 1.

BRP 101

NCP NCOLi-1

NG = O

[T LI R v

g8 4 K
=< W

H

[ T T N I £

It i
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CHECK IF GRAPH IS TU BE PLOTTED

105 NG = NG + 1
IF {NGC.GT.6) GO TO 600
IF {IGRTAGINGILLELO) GO TO 105
READ (9} LE{N) 4 N=1,NTCTP}
SPACE = SPACNGING)
FMAX = lO.=S5PACE

P T10 1 = L,NRP
DG 110§ = 1,4NCP
Tiv PLI,J) = BLANK

PLOT BOUNDARY

DEC 160 N = LyNUMPH

K o= NPB(N)

L = NPB{N+]}

IF N, EQ.NUMPBY) L o= NPB(1)
X1 = XUGRO(K}

X2 = XCRO(L}

Y1 = YOR0{K)

Y2 = YORQIL}

XKL = X2 - X1

YC = Y2 - ¥l

TG = ABS(XD).GELABS{YD)
Tl = .NGT.YU

T2 = Xi.LT.XZ

T3 = Y1l.LT.¥2

IF (TO.AND.TZ2.0R.T1.ANDLT3) GO 1O 120
TEMP = X1

XL = X2

XZ = TgEmMp

TeEMP = Y1

Yi = v¥2

Y2 = TEMP

120 IF (71} GC TC 14D
NI = {X1-X5)}/DX
NZ o= [ X2-XS) /DX
DO 130 WX= NIyNZ

K = FLOAT(NX]}=BX + XR
Y = Y1 + YD®{X-X1}/XD
NY = {Y-YS5}/DY
NY = NCOLLD - nNY

130 PINX.NY]) = ASTRK
GO TO 160G

14C N1 = (¥Y1-Y¥YS}/DY
N2 o= lYZ2-YS)/DY
B 150 NY = NLI4NZ
Y FLOATINY ) DY + ¥R
X X1 + XOD={Y-Y1)}/¥YD
NX = {X-XS5}/0X%
NMYY = NCOLL - NY

150 PINKyNYY) = ASTRK

160 CONTINUE

INTERNAL CONTOUR LINES




281

NSC 1
NS NELSKP{L)
50 470 No= | ,NUMEL
IF {N.NEL.NESY GU TU 17C
NSC = NSC +
NES = NELSKP{NSC)
GG TO 420
P76 ITF {NPINsT)abE )Y GU TG 1890
NUMT = 4
NPT{3) = NUMNP + N
GUOTC 19T
1

H

it

1340 yUMT =
NPT {3} NP [y 3)
13C 80 4G0 [T = 1,ynumMT
JJ = [PERM4{TI]}
NPTLL) = §P{N,11)
NPT{2) NP{NygJJd}

"

SORT FUNCTION VALULS

f i s N

DO 220 1 = 1.3
Jo= o NPTUT )
200 SEIY = F{J}
NPl = NPTHEL)
L =1
51 = 5(1)
Gey 220 1 o= 2
IFIS5{1).GELSE
NPT = NPT
S1 0= S{T1)
L=
220 CONTFINUE
L1 NRI1,L)
L2 NR{ZsL}
IF {S{L1).GT.5tL2)Y GG TG 240
NP2 NRETILLY
NP3 NET{LZ)
G{ 250
240 NP2 NPT{LZ)
NP3 MPT{LL}
250 §2 = FinpP2)
53 = F{NP3)
IF {S1.GT.FMAXZUORLS3.LT.—FMAX) GO TO 400
I o= {S1+FMAXI/SPACE
M= 1 - g
VALUE FLOAT{MI#SPACE
OIF13 $3 - 51
IF {CIFL3.EG.Ua) S TC 400
260 IF {(VALUE.GT.S3) GG TC 400
NE o= TABS{M) + i
[F {NF.GTL.11) GU 10 &4GG

,3
o0 1O 220

[E

FI I}

-t
-
o

nod

FING END COOROINATES OF CONTOUR LINE SEGMENT

Oy Y Y

XF = {valUeE-~-SL)/DIFL3




Cr OOy

216

280

360

326G
350

400
420

X = XURD{NPL)

¥ = YCORD{NPL)

X1 = X + XE={XORDINP3}-X)
Yi = Y + XFa{YORDINP3)=Y)
NTT = NP}

TF (VALUELGT.S52) NTT = NP3
ST = F{NTT}

CIFTZ2 = ST - §2

IF {ABSIDIFTZ .LT.1l.E-8)
XF = {VALUE-S21/DIFT2

X = XORC{NPZ)

Y = YURDINPZ)

X2 = X + XF#[XORDINTTY=X)
Y2 = ¥ + XFe#{YORO(NTT}~Y}
XUo= X2 — X1

YO = Y2 - vi

TG = ABS{XUY.GELARSIYD)
1 = JNETLTC

T2 = X1.LT.X2

3 = vl.ov7.vy?

IF {TOLAND.T2.0R.T1.AND.T3)
TeMPp = X1

X1 = A7

X2 = Tr#Mp

TEMP = Y1

Yl = ¥2

Y2 = TiMP

STORE SIGNAL INTU P ARRAY

IF
IF
Nl
N2

{T1) GL Ty 300
(XC.EQ.Q.) oG YU 350
= {Xi-X5)/0DX%

= {X2-XS}/DX

DO 280 NX = Nl.NZ

X = FLOAT{NX}=DX + XR
Y = Y1 4+ YD (X~-X1}/X0O
NY = (¥Y-¥5)/0y

NY = NCOLYI - wY
PINXyNY) = XLAB{NF)
GO TG 350

N1 = {Yl-¥531/0y¥

NZ = 1¥2-¥Y51/0¥

D 320 oY = Nl.NZ

Y
X
NX
NY

Y

FLOATI{NY}=DY + YR

X1 + XDs(Y=-Y1}/YD
= {X=XS}/DX

= NCULl - NY

PINX,NYY) = XLAR({NF}

54

A S |

VALUZ = VALUE + SPACE

Lo

TG 2860

CONTINUE

CONTINUE

PRINT GRAPH

GO TO 350

GO 1O 270
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PRAINT 10, GREEAD{TsNGY GRHEAD{2,NG)
10 FORMAT {(1HLI,50X,2480)0
NULL = G
PRINT 12, NULL, |
12 FURMAT (IR0 17,410
DU 45C J = lynCP
L = J - 1
450 PRINT 14y Ly (PUIsJ}y T=51,NRP}, L
L4 FURMAT IHZ 3 144,2X5LCEAL T4
PRINT 12, NULL, {1, I=1C,100,10)
PRINT 1¢&
lo FUORMAT {1IH-QEFFRENCES // 11H CCNT. LINE, 14X, ©HVALUES/LIX)
GG 50U Po= 1sll
w = FLOAT{[-1})=SPACL
W= W :
SO0 PRINT 14, XLADUIYy wye Wh
18 FURMAT (9K, Al,y 2F1l4,5)
PRINT 20, ASTRK
20 FORMAT {1HO,A%X,41, EX, 15HBOUNDARY POINTS}
GG TC 109
600 RETURN
tnD

y 1=1C,100,10)

i
Tiud /1X)
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APPENDIX IV

COMPUTER PROGRAM FOR ELASTOPLASTIC PLANE STRESS ANALYSIS
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1. IDENTIFICATION
PSP-L.8T: Plane Stress Plastic Analysis using Linear Strain Triangles
Programmed: Carlos A. Felippa, Dec. 1965,
2. PURPOSE
Step-by~step displacement analysis of elastoplastic plane stress problems
using linear strain triangles as finite elements. Infinitesimal or finite
displacements may be considered.
3. USAGE
The program was written in FORTRAN 1V (version 13} for the IBM 7094
computer; it is subdivided into 3 links and must run under the supervisiocn of
the IBSYS Overlay Loader.
4, CAPACITY
The mesh input is subjected to the following limitations for a computer
with 32 K storasge:
Max. number of elements 8G
Max. number of nodal points 160

Max. difference of nodal point
numbers for the same element 21

These limits could be easily increased for a production program by =a
more extensive use of tape or disk storage and a larger capacity eguation
solver.

3. TAPE UNITS
Logical units 1 and 2 are used for temporary storage. Logical unit

3 is Overlay Link residence.
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6. PROGRAM STRUCTURE

The link structure is shown in Fig. A4.1, where each subroutine deck

is represented by a2 rectazngle. Their functions are:

MAIN controls the cglling sequence;
PRINBL outputs displacements, forces, strzins and stresses;
CNTPLT produces contour line printer plots;:
The three previous decks remain in core at all times.
SETUP inputs and organizes input daté describing the problem and
prepares for elastic solution;
SETIC evaluates strains and stresses from elastic displacements,
scales solution to the first yield and prepares first nonlinear step;
NLSTEP evaluates elastic and plastic strains, stresses, plastic
work, etc., from the last incremental step and arranges the next one;
STEPSL assembles complete instantsneous stiffness and solves
for incremental displacements;
STFNS computes element stiffness matrix.
The flow chart of the execution is presented in Fig. A4.2.
7. MATERIAL ASSUMPTIONS
In order to simplify coding and input, the following specific assumptions
were made:
(a) ‘The material is homogenesous, isotropic, temperature and strsin-rate
independent for both elastic and plastic stages;

() Von Mises vield criterion

62 —_ SJZ s 3 Kz (AL}_}_)

(in terms of actual stresses in case of finite displacements),
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PRINSL MATH CHTPLT Link ©
BETUP SETIC NLSTEP
STFNS
Link 3
Pig. A%.1 - Link Structure.
!
v
new problem
e — — SETUP
i !
f ¥
E STEPSL @& 3TFNS
! i
| '
413 subroutine & : &% PRINSL
transfers indicated
, | SETIC
°F e e — | ; e onreLy
are® contronlled by i
MATN. ! v
f
| [ STEPSL |=—8=- 3TFNS
| 1 i
| 4 g
I
E I  &®] PRINSL
e e — NLSTEP
CNTPLT

Fig. 4.2 - Subroutine Flow Chart.
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(c) Isotropic Linear hardening, functicn of the total plastic work

from the annealed state. The simple tension test (Fig. A4.4) gives

el _ ltg—_ (0=Y)  where X = Ep/E (A4-27
~F

Since the total plastic work from vield is

g .
. 1 X 2
Wfa :J o def = W(D’E*Y ) LA4-33
2
Y r
and O = { , the invariant work-hardening law, valid for two or thrse
dimensional problems, is
— z 2 2 E .2 \
2= 385 = Y 4 1 ;WPM._.. 3F (W) = 3 H(wp) (Ad—a2)
therefore
oo dH e 2Ep 0 2XE o
dWp 3(1~-X) 3(1=%) {Ad-4p)

These assumptions permit a very simple characterization of the material:
in addition to the elastic constants E and ¥ , only Y and }( must be supplied.
Arbitrary yield and hardening criteria, anisotropic plasticity,
dependence of elastic and plastic parameters on temperature, strain-rate
(viscoplasticity) or stress rates could be incorporated without basic difficultiesw:
Dyramic (inertial) effects might also be naturally included in the incremental

procedure.

8. INTEGRATION PROCEDURE
The midpeoint rule mentioned in IV.1.5 is used for the step-by-step
integration. The sequence of operations for one step is detailed in Fig. A4.5.

Twe solutions are required per step:
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b

Fir. 44.3 - Basic Inpuit Element.

o o
A i
gp h
{j’f ‘:.:.Y T ! Yc - ’
: / 5 - /P2
= 1-X PP
/
o
i
E k-—
. . X =& /8
S
- = =
SRS ¢ B Ee}_, g
< | Pl. Work WP EI ’tug de’up
peth
Tension Test Invariant Hardening Lew

Fig. A4.4 - pssumed Work-Hardening Lew.




(1) <from peint A of previous step to B using stiffoess KA at A;
(2) from point A to C using the "averasged stiffness at the midpoint
M = (A+B)/2.
It may be noticed that applied displscement increments (whenever
possible) should be preferred., For elastic logding or unlcading, only one

step is needed. The sequence (1}-{2) is governed by the logical variable IFLAG:

IFLAG = .TRUE. for the first solution £A to B);
IFLAG = .FALSE. for the second solution {4 to C).
By elimination of the cards setting IFLAG = ,TRUFE. in the subrcutines

SETIC and NLSTEP and of the early RETURN in NLSTEF, the program will perform

a direct incremental sclution (Euler's method), i.e., pcint B is taken as the
incremented solution. However, this procedurs is not recommended since it
generally gives a load-displacement curve well above the actusl cne unless very
small increments are used. It has been found that the larger volume of
operations per step is more than compensated by the possibility of using large

intervals without appreciable effect on the sclution,

9. LOADING PROGRAM

Initially specified loads or displacemsnts are of arbitrary magnitude.

R
[
T
—
jod
o
o
]

i
o+
o
i
4
o]
D
0
jad
iy
P
D
|#3

The elastic solution is automastically scaled to first
parameters are incremented proportiocnszlly in the plastic range by a dimensionless

factor § . Load increments may be halved or displacemsnt incremesnts doubled

f

1

at specified step numbers. When a reference displscement component excesds 3
certain ratlo with respect to the yield value, or a maximum number of steps is
exceeded, the loading process is interrupted and 2 very small negative increment

is applied, thus reverting the entire structure to the slastic condition.
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¢

wdwii:‘;;:z>sclution {(Ar - Q)

for the discretized
structure.

Displecement r

=

(1) T(n+d) T(ne1) T(n+l)

{a) Por Load Increment.

slope Ky

true solution {(Ar—-0)
for the discretized

R o e
E(n+1) A ,z”jlc glope KM structure.
(n) p———

Displacement r

=

F(n) F(n+3) T(ns1)

{t) For Displacement Increment.

Fig, A4.5 - Midpoint Rule of Integration.




The next and finsl step is a cowplete unloading.

Non-proportional post-yield loading is alsc aveilable as an coption.

Any other arbitrary load program could be easily built~in or coded so gs
to be specified from input data., It must be noted, however, that the assumption

of isctropic hardening is not realistic if load reversals are considered,

10. FINITE DISPLACEMENT ANALYSIS

If finite displacement analysis specified, the following extrs cperations
are carried out:

(a) Actualization of coordinates and thicknesses sfter each step.
The element LST-P3, described in 1IV.2.4.4, which accounts for a parabolic
thickness variation, is used for the conventionai stiffness matrix.

{(b) Geometric stiffness is added to ths conventional incremental
stiffness. The existing stress variation inside the element is assumsd to
be parabolic and determined by the averaged unocdal point values st cornsrs and

midpoints (see IV.4.3); average thickness is used.

il

(c) Incremented or Kirchoff stresses are transformed to actual stres:

i
£}

after each step. This is done element by element using the linearized

transformation equation (IV-11) before averaging for nodal point stresses,

i

Transformation on the nodsl loads ig not performed, i.s,, they are referred to
initial area and rotated axes.

According to the governing variational principle, incremented strvains
and stresses are referred to and must be evaluated in the geometry of the

configuration at which the instantanecus stiffness was computed; i.e., geomeiry

of A for strains at B and M, and geometry of ¥ for strains at € (Fig. A4.5),
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i1. SEQUENCE OF OPERATIONS

{a) Input dats describing the problem is read, printed and organized by
SETUP, which prepares for the elastic sclution.

(b) The complete elastic stiffness K iz assembled in STEPSL by the
direct stiffness procedure, using the element stiffnesses produced by STENS,
The upper porition of the band is stored as 2z rectangulsy array row-wiss, i.e.
element kij goes to A(I,F-I+1). The complete unaltered I is stored on
logical unit 2. Boundary conditions are imposed by setting to zero the nodsl
force and all off~diagonal elements of the corresponding row and column

diagonal element is set to 1. A skew roller is handled by rotating ths non-

constrained row and column and projecting the nodal force components, If
nonzero displacements lé are prescribed, the lcoad vector musi be modified

as follows:

The band structure is then preserved. The resulting set of squztions
iz solved by symmetric¢ Gauss elimination. Finally the unszltered matrix
is read back from unit 2 snd multiplied by the displacements to vield applied
loads plus reactions.

{c) SETIC evaluates glement strains and stiresses asnd the nodal point

averages. The maximum equivalent stress g is found and the solution
max

scaled so that Unmx = Y., All nodal points for which G > 0.999 YV are

considered to be in the plasstic region.




295

If load increments are specified, the first incrementzl load vector
isg AR = g [?Y . If displacements are prescribsd, the incremental pre-
scribed displacement in Equation (A4-5) is Ar, = & o and A§?1== 0
Element strains and stresses, loads and displacements sre stored on logical
unit 1.

(d) Control is transferred asgain to STEPSL, which computes and sssembles
the instantanecus stiffness and scives for incremental displacements as
explained in (b). After the first solution of the midpoint rule, incremental
displacements are divided by 2.

(e) NLSTEP computes elastic, plastic and total incremental strains and
stresses; they ave added to the previous values read from logical wunit 1.

The incremental plastic work per unit of veolume is evaluated Ffrom
A \f\/P = (tu@ + -%- /_\7505(3) Aé_o({; (4163

Nodal point strains and stresses are obtesined by averaging over the

contributing elements. The following plasticity test iz applied at sach nodal

point:
if Awp > 0 . plastic

-
= 0 2 0.999 F (W, . tic
if A\A/p w0 \/50 = ( Pj plasti

f%5-4( 0.999570N?) : elastic

if AWP < 0 i eiastic




where F(Wp) is computed from Equation {(Ad4-4a). If the peint is in the plastic

region, all stress components are divided by a3 coeffigcient T so

i.e., the point lies exactly on the yield surface. These scaling
are printed and their depariure from 1 serves as a messure of the accuracy of
the integration procedure.

To perform the second solution of the midpcint rule, the same incrsment
is used. For z new step, incremental losads or displacements ave selected as

described in (¢); element strains and

n

tregses, load and displascements and total
plastic work are again stored on tape 1. The progrsm now returns to STERSL
and proceeds as described in {(d).

(f) Finszl unloading is performed as indicated in LOADING PROGRAM,

{g) Total loads and displacements are printed after each step: the
nodal forces have been obtained by sccumulation of the products W Ar and
include reactions. The satisfaction of eguilibrium gives an ides of the
accuracy of the direct solution. Strains and stresses, and ccntour graphs
thereof, are printed at specified intervals.

12. NUMERICAL LIMITATIONS

Since elsstic strains are cbtained as difference of total and plastic
strains, numerical instability may occur for very large plsstic distorsions
because of cancellation error. It is not recommended to go bsyond 50-80
times the elastic deformations when using an eight-digit machine 1like the
IBM 7094 for a finite displacement snalysis (for small displacements, such

problem has not been observed). To treat procs

1imit might be raised by:
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(a) Using & computer which carries more significant figures;

(b) Improving the accuracy of the displacement sclution by residusl
correction and performing the computation of total and plastic strains snd
their difference in double precision.

13. TIMING

For the coarse idealizstions that may be trested with this program,
the displacement solution time is a small proportion of the total step time;
computation of strains and stresses, printouts, plets, I/0, etec., is dominant.
Therefore the step time is roughly proportional to the number of nodal points.
For the maximum-sized system (160 nodal points) and swall displscements, the
total step time (2 solutions) is approximately 1 minute in the IBM 7004,
Finite displacement analysis is about 15% slower.

14, INPUT DATA INSTRUCTIONS

The following sequence of cards describes the problem:

{s) Start Card (AB): with the word START punched on columns 1-5,
This card must precede the data deck of any problem.

(b) Title Card {1346): alphemeric informstion in columns 1-78
to identify output.

{¢) Control Card (1114,2¥8.3,314,3L2) :




Columns

29-32

33-36

3740

4144

45-52

53-60

61-64

65-68

69-72

Variable
Name

NUMEL

NUMCP

NUMNP

NUMBC

NUMBP

NLOAD

NID

NSPIN

NGPIN

NEQRED

NEQREF

ALFA

X1

MAXST

NDUPI

NBuPp2
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Meaning
Number of elesments { < B0);
Number of corner points;
Number of nodal points { £ 160);
Number of restrained points;
Number of defining boundary points (see () }:
Number of losded points (must ke 0 if NID > 0):
Number of specified displacement compenents
(must be O if NLOAD > 0},
Strain~stress print interval;
Graph print interval;
Number of eguation for reference dispiacement;
Number of equation for reference force;
Bound for reference displacement {(with respect
to first yield value);
Initial parameter increment;
Maximum number of steps (set to 20 if blank)
Step number for first interval change: XI is halved
if load are imposed, doubled 1f displacements ave
imposed. Not performed if left blank;
Step number for second interval change; not

performed if left blank.




The following three fields are for logical flags: if 2 T is puncheg,

the indicated options will be carried out:

73-74 IPINZ Print of element strains and stresses;
75-76 SMALD Finite displacement analysis is performed,
77-78 INPL Non proportional post-yisld loading {see {1} ).

[

Note: the equation number for the X-zomponent of nodal point ™" is
nx = 2n-1; for the Y~component, ny = Zn. The reference force is used cnly to
compute and print an indicative ratio with respect to its first yvield value.

(d) Material and Geometric Properties (5F10.4). These values heold for

all elements:

Variable
Columns Name Meaning
1-10 EM Elastic medulus;
11-20 XU Poisscn's ratio;
21-30 TH Initial thickness;
31~40 X3 Plastic/elastic modulus ratio;
4150 ¥P initial yvield peint.

(e) Defining Boundary Points (20I4). For contour line graphs, NUMEP

nodal points which define the boundsry of the region to be ploited as a series
of straight lines must be punched in cyclic order, 20 per card. The initial
point and the sense is arbitrary. If no graphs will be plotted, a blank card

mey be inserted., For finite displacement snalysis, 21l boundary points should

be included since the actusl deformed shape is plotted,
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(f) Graph Spacings and Skipped Elements (7F5.1,135I3). The first seven

fields (7F5.1) specify the spacing between czontour lines for the following

graphs:
Columns Graph
-5 Sigma xx
5-10 Sigma vy
11-15 Tau =y
16-20 Sigma max.
21-25 Sigma min.
26-30 Equivalent stress.
31-35 Plastic work

If a spacing field is left blank, the corresponding graph is skipped.
1f the nonzero spacing is ''s”, the graph range is + 10s, therefore 10s should
exceed the maximum value expected. The lazt two graphs ( G and WD) are useful
to establish the extension of theg plastic region.

The following fields (15I3) may be used to spscify number of elements
to be skipped from the plots (must be numbered in increasing order).

Note: the plcts are generasted by dividing each element into four
subtriangles by joining the midpoints; the valueg st their vertices are inter—

polated linearly over them.

{g) Element Array (7I14). One card per element.

Cols. 1- 4 Element number;
5-28 Nodal point numbers in the counterclockwise cyclic

order I-J-K-L-M-N (Fig. A4.3}.
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(h) Coordinrate Array (I4,2F8.3), One card per corner point.

Cols. i- 4 Corner point number;
5~12 X-coordinate;

13-20 Y-coordinate,

(i) Boundary Condition Array (214,F10.3). One card per restrained

Cols. 1- 4 Nodal point number;
5- 8 Tag = 0 if point 1s fixed in both directions;
1 if point is fixed in X-direction;
2 1f point is free to move zlong a line
forming angle qD with the X~axis,.
9-18 Angle %3 in degrees, positive counterclockwise
{(for type 2 of boundary condition only).

(j)> Nodal Point Loads (I4,2F8.3). One card per loaded point

(no cards if NLOAD = 07},

Cols. 1- 4 Nodal point number;
5-12 X-load;
13-20 Y-lead.

Note: the magnitude of the loads may be arbitrary, since they are
scaled to first yield,

(k) Specified Displacements (2I4,¥10.3). One card per specified

displacement component (no cards if NID = Q).
Cols. 1~ 4 Nodal point number;
5- 8 Component number = 1 for X-component;
= 2 for Y-component;

9-18 Displacement value,
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The magnifude of the displacements is arbitrary.

(1) Non proportional Post-yield Loading: optional, only wvalid if

flag INPL of control card was set .TRUE.:

Control Card: (2I4): specifies NLOAD, NID; these values asre read after
the elastic solution is completed and supersede the previous ones. Again
only one of them may be =~ 0.

If NLOAD > O, NLOAD load cards must follow with the formai specified
in (§)s

If NID = 0, NID specified displacement cards must follow conforming
to (k).

The increments in the plastic range are now based on these loads or
displacements as yield values. Actual values must be specified, since they

are not scaled,

15. RUN OF SEVERAL PROBLEMS
Any number of Jjobs may be run consecutively; each problem deck must

be preceded by a START caerd. The program stops when an $EOF card is read.
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4696 FELIPPA

R  E T R O TR T Y
ELASTOPLASTIC ANALYSIS CF PLANE STRESS PROBLEMS

USING LST=P3 ELEMENT (SEX NODAL POINT TRIANGLE)D

SMALL CR FINITE DISPLACEMENT ANALYSIS

AR AR KRR EAE T EERNF R E R IR H Y R AN AR IR AR AN RN AR RN E AN IR RN IR N R R R R RN AR

C A FeLIPPA, NOVEMBLZR 1665

COMMEN
NUMEL, NUMCP, NUMNP, NUMBC, NEG, NEGBC, NLOAD, NID, NEGRED,
NELREF,y MAXST, NOUP1, NOUP2, NSTEP, NSPIN, NPRINT, NGPIN,
NGRAPH, 1BANUDWs MAXRW, NSKEWD, MFLAG, [PINL, IPINZ, INPL,
IFLAG, SMALD, ALFA, ERCIS, ERFOR, COMM, COMF, CHI, PSI,
EM, XU, TH, YP, YPZ, X1y ERy Gy FAC, Aly AZ, A3, A4,
EXTRAS(®), NPIBUs6)y XCROUL160), YORD{160), RT({160)

COMMUON /SOLARG/
BETA[LOU) s SIGPLLIAGL3Y,y DRA320), DF{3203, NEBC(501},
BANGLE{HBOY, NO(LIO), DSEL10), SDYPIL1O}

COMMUN /NLARG / CLENGTI(13440)

COMMCN /CNPARG/ NUMBP, XR, YRy XSy ¥S, NCOL1, DX, DY,
SPACNGL 7)), GRHEAD(Z2,7)s NPB{15}s NELSKP{15)

100 MAXBEW = 42

i2

CALL SETUP

CALL STEPSL

CaLl SeTIC

CALL STEPSL

CALL NLSTEP

IF {(MFLAG.LT.3)}Y GO TO 126
GO TG 10G

END
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SUBRCUTINE PRINSL

I ZZZEEESEEEEET R SRR EREEEEREFESELEEEEERE SRR EEEEEEEE LR NEEERERERKEERS3

THIS SUBRUOUTENE QUTPUTS DISPLACEMENTS, STRAINS AND STRESSES

I EF T EEEIIEIEEEEEEEE R EEEEEEEEEEEEEEEEELEEEEEESEEREEREEREESESESRERS3.;

COMMON
NUMEL y, NUMCP, NUMNP, NUMBC, NEQ., NEQBC, NLUAD, NID, NEQREC,
NEQREF, MAXST, NDUPL, NOUPZ, NSTEP, NSPIN, NPRINT, NGPIN,
NGRAPH,y IBANDW, MAXDW, NSKEwD, MFLAG, [PINL, IPINZ, INPL,
1FLAG, SMALUD, ALFA, ERCIS, ERFOR, COMM, {0OMF, CHI, PSI,
EM, XU, TH, YP, YPZ, XI, ER, G, FAC, Al, AZ, A3, A4,
EXTRASES )y wNP{AUs0) s XCRD{L160) s YORD{16C),y RT(160}

COMMON /NLARG /
SIGIL160.6), wP(1603, YEQSG(L60), SCALI160), CWPI160C),
TSTL160,4)y PSTLL6Ds4)y EST(160,43, COUNTILLIED),
ETST(EC 6,49y EPSTI80,654+4)y EEST(8U46:4)y ESIGIBU,643),
EWP{AGso)y FORI320C),y FYP{320}), DIS(320), DYP{320}),
BA{3,2)y UVI(By 3,2}, DUMMY(G58])
DIMENSIUON F{320), ®(320)
EGUIVALENCE (F,FUR), {R,DISH
LOGICAL IPINLl, IPINZ

PRINT 10, NSTEV

FCRMAT {49HIDISPLACEMENT, STRAIN AND STRESS PRINTOQUT, STEP = I5])
IF IMNLCADLGTLO) PRINT 124 PSI

It INID .GT7.03 PRINT 13, P51

FORMAT [ 1L7HOLOAD PARAMETER = F10.4)

FORMAT (25HOUISPLACEMENT PARAMETER = F1l1.5)

PRINT 14, COMM, COMF

FORMAT (Z25HOREF. DISPLAC. INCREASE = Fil.5 /
22H REF. FORCE INCREASE = Fl4.5 )

PRINT 1>

FORMAT (ATHUNODAL PCINT FORCES AND DISPLACEMENTS // 11X, Z2(5HPUINT,
X, SFXA-DIS, 8X, SHY-DIS, T7TX, 6HX-LOAD, 77X, 6HY-LOAG, 8X)} /1X)

PRINT 16, (N R{ZEN=1),R{2#N} F{2eN-1),F{22N]), N=1,NUMNP)

FORMAT {lé&, 2F13.6, 2F13.4, TX,s 16, 2Fl3.6, 2F13.4}

IF (IPINLE)  RETURN

IF {IPINZ) GG TG 200

PRINT 20

FORMAT (28BHIELEMENT STRAIN AND STRESSES// 35X.15HELASTIC STRAINS,
42%y 1BSHPLASTIC STRAINS //8H ELEMENT, 2X, SHPUINT, 218X, SHEPS-X,
88X SHEPS-Y, TX, 6HEPS-XY, 8X,y 5S5HEPS~1, 5XI}}

D0 140 N = LyNUMEL

140 PRINT 22, M, (NP(NyI}s {EESTIN, I J)sd=1,4),y {EPSTINsIsd)sd=1s41,

[=1+6}
FORMAT {1HO, Z217,2{4F13.06,5X)} / {8X:+17,2(4F13.6,5X)))
PRINT 25
FURMAT {ixi~,34Xy 15H TOTAL STRAINS , 56X.8HSTRESSES //

84 ELEMENT 2%, SHPUINT, BX, 5HcPS—X, 8Xs S5HEPS-Y, TX, 6HEPS-XY,
8Xy HHEPS-Z1, 66X, BHPL. WORK, 11X,5H5IG-X,9X,5H5IG-Y,8X,6HTAU~XY)
DO 150 N o= 1,NUMEL

150 PRINT 27, Ny [NP{nNsI}y (ETSTIN;IsJd)sd=1,43y EWP(N,1),

{ESIGINyIyd)ed=1s 3}y I=1+6)

27 FORMAT (IHO,2F7,4F13.6,F14.5,2X,3F14.4 / (8X,17+4F13.6,F14.5,
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I 2Xe3F14.41)
200 PRINT 30

10 FURMAT (14H-PUINT STRAINS // 20X, 15HELASTIC STRAINS, 27X,
1 15HPLASTIC STRAINS, 27X, 15H TOTAL STRAINS /f/&6H POINT,
2 315X, 9HEPS-Xy 55Xy S5HEPS-Y, 4X, GHEPS=XY,; SXy SHEPS=7.,2X)}/1X)
PRINT 32y (Ny {(ESTINGT)yT=0+4)y (PSTIN,I}4I=lybdy (TST{NyI),
1 I=1,4), N=1,yNUMNP])

32 FORMAT (1644F10.642X34F10.6,4,2X,4F10.6}
PRINT 395 -

35 FORMAT (32H-PCINT STRESSES AND PLASTIC WORK /7 &6H POINT, 55X,
I SHX-0ORDy 5%, SHY-ORD, 3%, THR.THILK, 5X, SHSIG-X, 55X, SHSIG-Y,
24X, &HTAU-XY, 3x, THSIG-MAX, 3X, THSIG-MIN, 22X, 9HEL.STRESS,
4 3%, THSCALINGs 3Xy THPL.WORK, 7Xy 3HDWP /1X}
PrRENT 38, (N, XORDIN}, YORD(N), RT{N}; {SIG{(N,I},1=1,6), SCAL{N},
I WP{NYy DWPINY, N=1yNUMNP}

38 FURMAT {(J6,8F10.4,1%,4F10.4)
RETURN
END
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SUBRCUTINE CNTPLT

A N Y Y s s e R R T R
THIS SURRCUTINE PRIANTS STRESS CONTOURS FOR A 6 NP TRIANGULAR MESH

PP P E P P R L E s s SRS EEEEEEEE RS SRR RS EEREEE R EE R EENEEEEERREES LRESESSE)

COMMON
NUMEL, NUMCP, NUMNP, NUMBL, NEG, NEQBLC, NLOAD, NID, NEGREU,
NEGREF, MAXST, NDUPL, NDUPZ, NSTEP, NSPIN, NPRINT, NGPIN,
NGRAPH, IRANDH, MAXHW, NSKEwD, MFLAG, IPIND, IPINZ, INPL,
[FLAG, SMALD, ALFA, ERDIS, ERFOR, COMM, COMF, OHI, P35I,
EM, XUs TH, YP,; YP2Z2, XIs ERy Gy FAC, Al, A2, A3, A4,
EXTRASES)y NP{HOsS6)y XCROEL60Y, YOROE1S0), RTI160)

COMMON /NLARGY  S5I60160,47), P{101,101), F{160}, DUMMY(1959})
COMMON /ONPARG/ NUMBP, XRs YR, XSy ¥S, NCOLL, DX, DY,
SPACNGL T, GREEAD{2,7), NPB({1D), NELSKP{I1S)

LOGICAL  TO, Tl T4, T3, SMALD
GIMENSION  XLAB{L11), S(3): NR{Z2,3), NSUB(3,4), NPT(3)}

DATA ASTRK /obHe /s BLANK /J&H !y
XLaR{L) J&6HU 13 2 3 4 5 &) 7 #
E] 0 /

DATA NR /243, 1:3, 1.2/
DATA NSUB /1lad+03 295940 39645s 445,6/

IF {smaLp) G 70 1iD

XMIn = C.

XMAX = (.

YMIN = U.

YMAX »= 0.

DO 105 N = 1,NUMBP

I = NPBiN)

Y = YOR{(I)

X = XORO({ID)

PF O (XMINLGGTLXG XMIN = X
IF {(YMINLGT.Y) YMIN = ¥
IF (XMAX.LT.X) AMAX = X
1F (¥YMAX.LT.Y} YMAX = Y
XD = XMAX — XMIN

Y = C.o®{YMAX~-YMIN}

XM = Xp

IF (YD.0GT.XE) M = YD
DX = XM/1CC.

DY = DX/C.6

XR o= XMIN - DX

YR = YMIN - DY

XS = AR - DX/2.

¥YS = YR - DY/2.

NCOLLT = (¥YMAX - ¥YS53)/DY + 1.
NRP = 101

NEP = NCOLL - 1

NG o= ]

IF {SPACNGINGY.LELO.) GO TG 600

SPACE = SPACNGING)
DO L1 I = 1,NRP
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DC 11l J = 14NCP
bio PUI.Jd) = BLANK
FMAX = 10.®SPALE

GCUNDARY
DU 160 N~ = 1,NUMBP
K = NPB{n)
L = NPB({N+1)
IF INLEQ.NUMBPY L = NPB{1l)
X1 = X[ORDI{K)
X2 = XOrRD{L)
Y1 = YORO{K}
Y = YORDI{L)
AU = X2 = X1
Yo = Y2 - Y1
TO = ABS{XD).GELABSIYD)
T1 = LNOT.TO
T2 = X1.tTeX2
T3 = YL.LT.¥2
IF (TOLAND.TZ.GR.TL.ANCLT3)Y GO TO 120
TeMp = X1
Xi = X2
X2 = TEMP
TEMP = Y1
Yi = Y2
Y2 = TEMP

120 IF (T1} GO TU L40C
N1 = (X1-XS}H/DX
NZ = (XZ2~X5} /70X
DO 130 ANX= Nlgn2
X = FLOAT{NX)=®DX + X8
Y = Y1 + YD={X~X1)/XD
NY = {Y-YS)/70Y
NY = NCOL1 - wY

130 PINX,NY) = ASTRK
GG TC 160

140 NI = {Yi-Y¥5)/0Y
N2 = {Y2-YS5) /DY
0O 150 NY = WNlsnég
Y = FLOAT(NYI#DY + YR
X = X1 + XD=(y=-YL}/YD
NX = {X-XS)/DX
NYY = NCOLL - NY

150 PINX,NYY) = ASTRK

160 CONTINUE

INTERNAL CONTUOUR LINES

00 170 N = 14NUMNP
170 FINY = SIGINSNG)
NSK = ]
NELS = NELSKPINSK)
00 420 N = 1,NUMEL
IF (N.NELNELSY GO TG 180
NSK = NSK + 1
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OO,

180

20U

220

240

250

260

NELS = NELSKRPINSK]
GG TC 420
OC 400 NS = 144

SURT FUNCTICH VALUES

oC 2¢¢ I = 1,3

L = NSUB{TI,NSI

J o= NP{N.,L}

NPT(IY = J

S{I1y = KL

NPL = NPT{1)

L= 1

5t = S{l}

U 220 L = 243
IF{STI).6E.SEY GO To 220
HPL = NPTI(T]

S1 = stli

L =1

CUNT INUE

LI = NR{L,L}

Lz = NR{Z,L)

1P {SILLLGT.S5EL2)) GC TO 240
NPZ = NFTI{LL)

NP3 = nNPTLLZ)

GO TG 250

NP2 = NPEILLZ)

NP3 = NPTI(LL

52 = F{npP2)

S3 = F{nNP3)

IF (51,067 .FMAXLUORWS3LLT.-FMAX)
I = [SL+FMAX)/SPALCE

Moo= [ - 3

VALUE = FLOAT{#M)=SPACE
DEF13 = 53 - 51

FF ICIFI3.EGLOD.Y GO TG 4CO
PF (VALUEL.GT.S3) GO TC 4C0
NFE o= TABSIMY + 1

IF INF,OGTAL11) GG TU 400

FIND END CCORDINATES

F o= (VALUE-SLI/BIFL2

X

X = XORDINPLI)
¥ = YORD{NPL}
X

Y

NPT = NP

IF (VALUE.GT.S5Z2) NPT
5T = FEuPT}

DIFTZ = ST - 52

IF (ABS{DIFTZ2).LT.1.E
XF = (VALUE-S21/DIFTZ
X = XORCINPZ)

¥ = YURDINPZ)

X2 = X + XF#{XCRO{NPT

-8

OF CONTOUR LINE SEGMERNT

= X 4+ XP={XORDINP3}-X)
= Y + XF2{YORD{NP3}-Y]}

= NP3

1-x)

50 FTO 400

GO TO 350
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270

280

300

320
350

400

420

1o

12

450
4

16

Y2 = ¥ + XFe{YURDINPT}-V)
XL = X2 - Xt

Yo = ¥2 - vl

TC = ABS{XD).GE.ABRS({YD}
TL = .NGT.TO

T2 = X1L.LT.X2

T3 = YL.LT.YZ
IF [FTCLANDJTZ2.8R.T1.AND.T3) GO 10 270
TEMP = X1 -

X1 = X2
X2 = TEMP
TEMP = Y1
Yi = ¥2
Y2 = TeMpP

STORE SIGNAL INTO P ARRAY

I (TL) GO TG 300
IF {(XD.EQ.0.) S0 FO 35C
N1 = {XI-XS)/DX

NEg = [ XZ2-XS)H/DX

DO 280 NX = NL,N2

X = FLOATINXI#DX + XR
Y = Y1 + YO#{X-X11/XD
NY = {(Y-YS} /DY

NY = NCOLI - NY
PINX,NY) = XLABINF}
GC TG 350

N1 = {Yl-YS)/0Y

N2 = LYZ2-YS)Y/DY

20 320 NY = N1.N2
FLOAT{NY}*DY + YR
X1 + XD=ilY-Y1}/YD
X = {X-X5)1/DX

NYY = NCCOL1 — NY
PINXyNYY) = XLABINF]
M= M + [

vatLue = vallir + SPACE
GO TO 268

CONTINUE

CONTINUE

# oo

Y
X
N

PRINT GRAPH

PRINT LOsGRHEADUL+NG) s GRHEAG{Z2,NG)
FORMAT {1H1,45X,246)

NULL = O

PRINT 12, NULL, (I, I=1C,100,10)
FURMAT (1H~-,I7,1011G /1X}

DO 450 J = 1.,NCP

L= 4 -1

PRINT 14y Ly {P0I4J3y I=1,NRP}, L
FORMAT (1X,T4+2Xy101A1+14)

PRINT 12, NULL, {I, {=1C,100,10)
PRINT leé

FORMAT [ LIH-REFERENCES // 11H CONT. LINE,

14X,

SHVALUES/LIX)

509




20
&G0

BG 580 I = 1,11

W o= FLOAT{I-11+5PA{E

WN = -~ W
PRINT 18, XLAB(I),

Wy, WN

FORMAT (9%, A&l, Z2Fla.3)

PRINT 20, ASTRK
FORMAT (1HO,8XyA1,
NG = NG + 1

AXy 15HBOUNDARY POINTS)

IF ING.GY.7)  RETURN

GO TC 1tz
ENG

310
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$CRIGIN LOC1,SYSUT3
$IBFTC SETP DECKLIST

MMy O

xNely

120

10

11

[0 SIS L Y R N

1
2

1

~ O AT L e

i
2

SURROUTINE SETUP

LA AR RS R EREEREEEEREEREEEEEREESEEEEEERSEEESEFEEEEEESEESEEEE R R ESEER

SETUP READS, PRINTS AND ORGANIZES INPUT DATA

A2 2R EREEEEEEEESSEEERESEEEEEE RIS EEREREERERSEREE RS RERRRERREEEREREE R

COMMON ’
NUMEL, NUMCP, NUMNP, NUMBLC, NEQ, NEWQSC, NLOAD, NID, NEQRED,
NEGREF, MAXST, NDUPLl, NDUPZ, NSTEP, NSPIN, NPRINT,s NGPIN,
NGRAPH, IBANDW, MAXBwW, NSKEWD, MFLAG, IPIN1, IPINZ2, INPL,
IFLAG, SMALD, ALFA, EBRLIS, ERFOR, L{(OMM, COMF, CHI, PSI,
M, XU, THy YPy YPZ, XI, ER, G, FAC, Aly A2y A3, A4,
EXTRASIS), WP{80.6), XCRD({160}, YORD{16C}, KT{1560}

COMMON /SCLARG/
BETA(160), SIGP{16U,+3), DR{320), DF{320}), NEBLI50),
BANGLE(S0), NGI1O3, BSOU10), 50YPL10}

COMMON /CNPARG/ NUMBP, XRy YR, XS, Y5, NCOLI, DX, DY,
SPACNG(T), GRHEADI(Z,7), NPB{15), NELSKP(15)

DIMENSTION R{3203), FU320), TITLEL13), IPERMI{3), GRTITLI(2,7)

EQUIVALENCE ({R,DR}, (F,CF)

LOGICAL IPINL,IPINZ, INPL, SMALD, IFLAG

DATA FLAG /6HSTARTY /

DATA IPERM /2,3,1/

DATA GRTITLIL,1} /12H SIGMA XX 7
GRTITLIL,2) /12H SIGMA YY /s
GRTITLI1,3} /L12H ¥aAaUu XY I
GRTITL{Ll.4) /12H SIGMA MAX /.,
GRTITLLL,5) /12H SIGMA MIN /,
GRTITL{l.6) /712H EQ. STRESS /.,
GRTITL(1,7) /12HPLASTIC WORK/

NSTEP = |
NSKEWD = U
DC 110

I = 1;
e 110 J = 1,
14} =

[ IR S AW

GRHEADI(I,J RTITLII, )

READ ANE PRINT OF INPUT DATA

READ 1C, CHECK

If {CHECK.NELFLAG) GO TC L20

READ 10, TITLE

FORMAT {13A6)

PRINT 11, TITLE

FORMAT (iH1,1346)

READ 15, NUMEL, NUMCP, NUMNP, NUMBC, NUMBP, NLOAD, NID,
NSPIMNy NGPIN, NEQRED, NEWQREF, ALFA, CHI, MAXS3T, NDUP1,
NOUP2, IPINZ, SMALD, INPL
[F (MAXST.LELG) MAXSY = 20

IFINDUPL.LELG) NDUPL = MAXST + 5

TFENQUP2.LE.0)Y NDUPZ = NDUPL

PRINT 16, NUMEL, NUMCP, NUMNP, NUMBC, NUMBP, NLOAD, NID,
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1 NSPIN, NGPIN, NEQREL, NEGREF, ALFA, CHEy MAXST, NDUPL,
2 NDUPZ, IPINZ, SMALD, INPL
15 FORIMAT {11i4s 2F8.3, 314,312}
16 FCRMAT (/7
I 354 NC. OF FLEMENTS 4 v o » & o o o o 1% 7
2 35H NO. OF CORNER PUINTS 4 o o o » « [5 /
3 354 NG, OF RODAL PUINTS & 4 o o « » = 15/
4 35K NG, OF BOUND. CONDITIONS. « & « o 15 7
5 35H ND. CF DEFINING HOUND. POINTS . . 15 7
6 35H NO. OF POINTS LOADED o 4 o = « = I5 /7
7 3%H NO. OF IMPOSED DISPLACEMENTS. . o 15 //
§ 353 STRESS PRINT INTERVAL . . « 4+ « « 15 7/
9 35H GRAPH PRINT INTFRVAL + o « s » =« 15 /7
1 35H REFERENCE DISPLACEMENT EQUATION . |5 /
? 35H REFERENCE FORCE EQUATION. o » « « 15 /
3 35H REF, DISPLACEMENT BOUND o o » o« o F8.2/7
4 35K LUAD OR LIS. PARAM. INCREMENT . . FB.4//
5 35H MAX. N0« OF STEPS & & ¢ o = = =« « 15 /
& 3%k STEP FOR LST INTERVAL CHANGE . .« IS5 /
7 35K STLP FiR 257 IKTERVAL CHANGE . . I5 /7
8 3%H FLAG FOR ELEMENT PRINTING o o o . LB /
9 35H FLAG FOR FINITE DISPL. ANALYSIS o L5 /
1 35H FLAG FUOR 2 PALAMETEHR LOADING o o L5 )}
IPIN2 = NOTLIPIN?Z
SMALD = JNOTLSMALD
READ 18, EMy XUs THy X1 YP
PRINT 19, EM, XU, TH, XI, YP
18 FORMAT (S5F10U.4)
19 FORMAT (30H-MATERTAL AND GEOM. PROPERTIES //
1 344 ELASTIC MODULUS 2 o « o o = o « o« F9.2 7/
2 35K POISSON RATID o &4 4 o o o « o o « FB.3 /
3 35H INITIAL THILKNESS o + o o o o o « FB.3 /
4 34H PLASTIC/ELASTIC MODULUS RAFIO . . 1PE9.2/
§ 35H INITIAL YIELD POINT + & + « 2 = = OPFB.2)
NEQ = Z2sNUMNP
CoMM = Z,2XT/{3.2{1.-%X11)
Al = Z.%{l.-XUzz2)al0MM/3,
A2 = [(B.=4.%5XU) /9.
A3 = 2.(5,8XU~4,)/9,
Ag = 2.8ll.—XU}
FAC = 3,sEM2COMM
¥YP2 = YP##2
READ 20, INPRl]),y 1=1,.NUMBP)
PRINT 21, (NPB(I}, I=1,NUMBP)
20 FORMAT (2014}
21 FORMAT (25H-DEFINING BCUNDARY POINTS // (1X,2015%1)
READ 22, SPACNG, NELSKP
22 FORMAT {7F5.1s 1513}
PRINT 23, ({GRTITLII,NYy 1=1,2}, SPACNG{N)}, N=1,7}
23 FORMAT (7H- GRAPH, 11X, THSPACING // {(1X,246, F12.31)
IF INELSKP{1).6T.0) PRINT 24, NELSKP
24 FORMAT (29HOSKIPPED ELEMENTS IN GRAPHS = 1514)
READ 2%, (N, (NPIN,I),I1=1,6)s L=1,NUMEL)
PRINT 28, {Ny (NPINsIYsI=1,6}, N=1,NUMEL}
25 FORMAT {(714)
26 FORMAT (15HIELEMENT ARRAY // BH ELEMENT, 5X, 1HI, 5X, 1HJ,
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bR

31

35

44

Tl s 5%, 1HM, 9%,

Taynu
H L]
i FRIAaEN]

FURMAT
Po10x,
e 1Al i =

(19P=-LEINeR
Shy=[i F1LXA)
LenituMCe

POINT

ARRAY /fF 6H

TN/ /

17X,

PIIINT

313
T1ed)

10X, SHX-0ORD,

SE AL AU, N, XRGIN) e YORDAING
S TAT YT,y XU MY, YORZ{NY
FOR44T 14, F8.3)

FURHAT d oy FFlu.5)

il iab Nz byNUmEL

O 16w o= 1.3

Jo= (¥ciwi]}

Hoo= AR (a, 1]

L= NP{N, U

Moo= AP, I+3)

YR
{ AL

= Oaox (XORD{IKY+XORDILLY)
= DL {YURDIKRI+YLURD{L Y
SRR R S TL 160

20 B

FURMAT
I 9Ky
Lloien
wo AL A0
PRINT 2
J =
F{d-11
Fi4)

J o=

Pt

FUEMAT
1T akeANG
i 2 G0

Aty 47
R N

FORMAT
FORBMAT

ETE

JY = 2
JXoo= Jy
[ L
o= 4 0+

EHY - LA

N 4 ¥

G, Py

Cled-~Nuoal PUOINT LOADS 7/ 6H POINT, SEHX~LUAD
A1}

PaNLGALC

Aa Y

s Xy Y

FR e

H 7 iy

EH
-

i

{Z0k-aiiuslaxy CONDITIONS // 6H PLINT, 2Xs 4GHNFIX, &Xs

NS A

i =

Py umal
’ Ny A

PR
1K,
(214,104
{KIﬁgi"l?-'))

-1
A=1) 174,179,180
2

1) = Jx

= Jy

SNERL ) JK

G T 2

Jo= 4 o+ 1

NEBCEdY = JY

{F o 0anG Eala} WoKEWE = NOKEWD + |

CUMNT INUE

W

NEQBL =

n
@i

ANGLE/DT.295T78

J
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34

210

67
24U

70
280

300

iF (NIDaLka 0} GO TR 220

PENT 60

FURMAT ([ 22H—1#P0500 UISPLACEMENTS /7 &M DPOINT, 22X, 4HIOMP,
TXy HBEVALUF /1x)

Og 21y I = L+NID

AEAL 42, Ny Uy Ui

PRINT a6, PNy Jy DTS

L= Z2={n=-11) + J

NBlhy o= L

pspely o= pils

CHECK Pl To=t ux NeGATIVE BELEMENT AREAS
AND CCwPUTE FAND WIDTH

NPy = O
[TERROR =
DU 250 o= Ly NUNMEL

I = NP (4,1
J o= PN, 2}
o o NPIN, 3D
A o= XURDUTG

Y o= YRS}

AREA = {(AURT{I)-Xi#{YORD(KI =YY — (XORD{KI-X)I=s{YORDEJI=-Y)
[F (AREACT. 0. GO TO 240

TERRIIK = 1

PRINT 64, N

FORMAT {33HOeGATIVE UR Z7ERG AREA, HEEMENT = I5}

Do 290 P = 149

Ko= I o+ 1

e 290 d T Kab

Moo= NP (N,I) - NPIiN,J]

L o= TAZ5({M)

I {LLOT.NPRY wNPD = L

CONT InUE

IBANDA = ZadPh + 2

RRINT &9, THANDW

FORMAT {L3HGHANDG WILTH = 15}

IF (ImMANDR.LT %AXBn) GG TO 280
TEnwgr = 1

BRINT 70y MAXHEK

FORMAT {]18HOMAX dAND wlDTH OF I3, 90 CXCeeDED)
IF (TERRUR L0} STOP

PrEPARE FUR CLASTIC SCLLTION

TrFLas LFALSE.
FFLAG = |

D300 T = Ly MNP
RTEI) = 1.

BeETalill = 0.
D300 J s 1,3
SIGR{T.dyr = 0,

SET LP GrRAPH PARAMETERS

314




515

1

) S LN 1a
XM AX
y¥Es
YMAX = .,

it 35 o= 1y NUMBP
1 NPHIA)

Y o= YURDIL)

it
PR
.

ki
I
LY

H

o= XCRE(I)

TE {ZMIN.GT. %} AMIN = %
IF (YMEin GTLY) Yl =¥
IF XM AX LT, X)) AMax = X
TP {ymaZ, LY, Y} YMAx = Y

Kb = XMAX = x¥[y

YO = Lo (YMAX-YMING

X e XL

PR (YD .oTLRD X = YD
3X = ¥M/71C0.

Y = DX/ .6

X = XM - X

¥ o= ¥YMIN - LY

AS = XH® o~ Dx/7.

¥YS = YR ~ {jY/Z.

NOOED = {yMAX - YSI/LY + 1.
ETL RN

P
END

13
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SR IGIN LECLS5Y5UTH
$IRFTC STIC JECK,LIST
SUBRCUTINE SETIC
-
C FHERFEHF R AR XL EERA RS AETRAER AR ERNPFRRTEA R AR EXIA A TRAA AR ERR
L SETIC BVALUATLS STRAINS AND STRESSES FauM ELASTIC SOLUTICON
" PREPARES FIRST NON LINEAR STEP
C B HE ST TE RN SRS S YN NS E S NN RS NEHEEFHESEERE RSN E N
c
CEMMON
IONUMEL , NUMOP, #UMNP, NUMBL, NEQs NEWRC, NLGAD, NID, NEWQRED,
2 NEGREF, MAXST, NDURPL, NDUPZ2, NSTEP, NSPIN, NPRINT, NGPIN,
3 NGRAPH, IBANDwW, MAXBW, NSKEWD, MFLAG, IPIN1, IPINZ, INPL,
4 [FL A, SMALDy ALFA, ERDIS, ERFUR, COMM, CuMFE, CHI, £5S51,
5 OEM, XUs TH, Y2, ¥YPZ2, X1y ER, Gy FAC, Al, A2, A3, A4,
6 EXTRASEL ), NPLAG:6), ACRDILAD), YORD{1&60), RT{1&60)}
CUMMIN ZSCOLARG/
1 BETALLIGCY, SIuPilseus3), DR{320), DF{320),; NMEBC{S0),
J RANGLE(SQ), ND{LIO), 0SE{i0), SDYPL10}
CUMMON /NLARG /
1 SICE160:6 sy wP{160)y YUESGILA0Y, SCALTLEOY, DwP{16D1},
A TSTL1a0Gsb), PSTILOG4)y ESFLI60,4), COURNTILAEO),
3 OETSTISN,6,4), EPSTIRO:644), EESTI8G:644),y ESIGIBO,64,3),
4 EWPLH0.8Yy FU4i{3201, FYPUL3201, DIS(320), DYPI3Z01),
B gAl3,27, Uvidee,2), DUMMYL{TH8)
DIMENSTUN B{3), A13), Ul3,6), V13,61, IPERMII}y ROT(6),
1 EGSGLLledly R{320)Y, FL1320}
FGUIVALENCE {rasitds {8a{a)yAy [UVUFy TUVLIES)y Vs
T UEGSG.SIGE 8011y (R,CES),y (F,T0OR)
LOGICAL IPING, IPINZy, INKPL, SMALD, [FLASG
GATA [PeRM /2,3,1/
L
G INITTIALTZATION
-
PST = 1.00
mFLALG = G
NERINT = NSPIH
NGRAPH = NGPIN
120 DG 136 o= 1, NUMNPE
125 COUNTIND? = (.
o0 130 J = 1,4
TSFINLJ) = C.
130 SIEGIN, 3} = 0.
C
C FLEMENT cLASTID STRAINS AND STRESSES
C

140

ER = EM/(L.-AlU=zl)

G o= CoS#iM/(1.+XU)

D0 250 RV o= l,auUMel

LC 1ac I = 1,3

J = IPERM{IL}

M o= IPERM{L)

K1 = NP{NV,@}

KZ = NPINVyJ)

XCRD{KZY — XCRDIKLY)
YORDIKLEY — YORDIK2}

=
z X
ino#




g’

el ale]

150

170

180

Fr—

W

D

AREA = AM{31=R{2}) ~ a{2)#r(3)
LE 130 L = 1,3

Li = lPERMiL)

Leg = TPurMILL}

L3 = Lo+ 3

B0 120 N = 142
GOo= BA(L, NY/AHEA
Cl = BA{LLl,N)/AREA
LUViLl, L N} = 3,00
UVEL L,y NY = -0
UVIELZ L s N) = -1
UVEL 2L 2en) = 4401
UVILL,L34NY = 4,500
Vit ZyL 34N} = (s
UL 180 I = 1,3
ETSTinNV,T+1) = u.
{'TST(’VV,IyZ) = (},
FTSTENY I 3) = 0.

RCTELY = G,
L2170 4 o= Las

Koz Z2aNPINV, )
o= DRE{K-1)
Y = GiR{K)

ETSTINVsIsl) = CTSTINV,IS1) + Ul pdieX
CTSTINVT,21} ETSTINV,142) + VIi1,0)»Y
STSTINV Ly 30 ETSTFINV,T+3) + VIT,00%X + Ul diey
HUTLTY = ROTLD)Y + V{l,d)#X — UllyJd)l=Y
cISTIiNY D0
ESIGENV I, 1)
SS5I0ENV.T .2
ESTG{NY,Iy3)

HE

o=

ER={CTSTINV,T,1) + XURETSTIRV,1,2))
Re (o TSTINV,[,23 + XUsETSTINV,I1,110)
GrETSTINVSE,3)

o

-

CLe 143

A
A

PERv T}
+
RETIL)Y = (RUTHEIY+RCTLILY /2.

e 190 K = 143

cTSTUNVL, KD (ETSTINV.TK) + ETSTINVIIKI)/2,
ESTGINV L K} [ESIG{NVE4K) + ESIGINV,SKY1 /2,
CTSTINV,L 4t = (ETSTI{NV.I 4} + £TSTINV,dsa) )/ 2,
BE 230 1 = Lye

o

[ER]

™
[y
(o8

it

ACTUAL STIESSES FUR FINITE DISPLACEMENT ANALYSIS

IF {5MALD) S TO 210

1l = ETSTinNy,.I,10

B22 = ETSTINV,I,2)

12 = GLH#ETSTEHAV14.3)
£33 = ETST{NV,:I,4)
OMEGA = ROTUT}

C1 = E12 + (IMEGA
L2 = €12 - (McGA

511 = ESIGINV,I,1)
522 = ESIGINV,I,2)
S12 = ESIGINVI, 3}

ESIGInV,I+l)Y = [la—-c22-£2312511 + C1=512

AU {ETSTINVY [+ 1) + ETSTINV,I 203/ (XU~1.)




G ;O

[ I g W

e O

300

3t0

320

325

330
340

i0

13
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ESESINY,L,7)
ESIGINV,1,9)
K = AP{NyV,1}
COUNTIKRY = COUNTIXKY + 1.

DU 220 Jd = ls4

TSTIKJY = T5T{K,J)Y + ETST{NV,],t])
DU 250 4 = 1.3

SIGIRdY = SIGIKJY + FSIGINV,Id)

{l.-E11-FE333=2522 + (C2#512

ioH

POINT STRESSES

FUSMAXY = (0.

DO 30 A = b MNUMNE

CHT = CCUNT M)

BC 280 4 = 1,4

TSTinegJ) = TST(MN.JF/0NT

0O 32GO J = 1.3

SIGINdY = S5IG{n,J1/0NT

X = SIGiN,g1}

Y = SIG{nN,2Z21}

XY = SIGIN,3)

FQSGINY = [X~-Yix22 + X#Y + 3.2 Y®==%2
IF {EQSSINT.GT.EUSHAK) EQSMAX = EQSGIN
CONTINUE

EQSMAX = SERI(EDSMAX]

LOMM = YP/EGSMAK

SCALE SQULUTICN Ta INITIAL YIELD POINT

DU 320 F = 1 .MNEW

FORETY DFUD ) =00mp
FyP{l1 = FORI{I}
CFELY = Q.

GISEI) = DRI }=LOME
OYP(I) = DIS(L)

ZROIS = UIS{NEQRED)

IF (ABSIERDISY.LT.1.E-15)  ERDIS = 1.
ERFUR = FUR(NLUGHREF)

IF (ABSHTERFORT.LETbaE-5) ERFQR = 1.
IF INID.LE.GY G0 T 340

i 330 1 = 1,NID

SBDYP(I} = CS5C{I =CaMM

IF (LNOTLINPLY 50 TO 35S0

TWd PARAMETER LUADIRG (RON PROPORTIONAL

READ 10, NLOAD, NID

FORMAT {214

PRINT 15, NLLAD, NID

FLURMAT (36HINUN PRUPCRTICHAL POSYT YIELD

1 35H NC, OF PUINTS LEARET o 4 5 & & 4
2 35H Ni. OF IMPOSED DISPLACEMENTS. . .

I (NLGACLLELO)Y GU TO 360
DO 345 I = 1,NEQ

FYPLLY = G,

PRINT 25

)

POST YIELD LCADING)

LOARING
15 /

I5

}

s

318

Uabal02#511+01#522) + (1.-0.50({E1L+E22)1-E33)25]12




O el 8

219

25 FURMAT (1BH-NUODAL PCINT LUOADS // &H POINT, 9X,y 6HX-LOAD,
1 9%, 6+Y-L0AD /1X)
00 350 1 = 1,NLOAD
READ 30, Ny X, Y
PRINT 31, Ny Xy Y

J o= 2N
FyP{J-1) X
3G FYPI ) Y

30 EFCORMAT ({4, 2FB8.3)
31 FORMAT (I8, 2F15.5)
360 IF {NID.LE.U) GO T 349G
PRINT &0
U FORMAT (22H~IMPUSED DISPLACEMENTS // 6H POINY, 2X, 4HCCMP,
1 7X, S5kVALUE /LX)
D0 370 1 = 1,NID
HEAD 42y Ny Jy X
PRINT 444 Ny Jdy X
L= 2a{N=-1) + J
ND{TY = L
370 sSCYP({I} = X
42 FORMAT (214,+10C.4)
G4 FORMAT {/l6,riZ.5]

SCALING COF STRAINS AND STRESSES

3130 LU 4CC NV = 1,NUMEeL
DO 400 I = 1,6
EWP{nV, 1) = —0.000C11
L0 345 4 = 1,4

ETST(NV,I,)
EESTINV,I,J)
335 EPSTINV, [0}
CC 40 J = 1,3
400 LSIGINV,I,J) = E510{nY,;I,JisC0OMM
YPHR = 0.599#YP
DU 500w = LaNUMNP

ETSTINV, I, d)=0UMM
ETSTINV.1, 43

U

I

PwP{N) = 0.
WPINY =  D.
SCALINY = O,
EQSCGIN) = SERTLELSGIN) Y =C UMM
g A20 I = 54
TSTINSIY = TSTUN, 1) =COmrwm
ESTING,I) = TSTinN,11
420G PST{N,IV = O

G 430 I = 1,3

SIGUN,T) = SIGIN, I =COMY
430 SIGP{N,I} = SIGIN, 1)

BT{&Y = 1o + TST{N,4)

X = SIGiNs 1)

¥ = SICG{N,Z)

XY = S5IG{iw:3)

C = J.%={Xx+Y)

DIF = (.58(X=-Y}

RAD = SLAT{DIF=22%Xy#=2}

SIGIN,4F = £+ RAD

SIGINsSY = L - RAD
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[aRalel
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PREPARE +0R FIRST NUON LINEAR STE#

IF {EQSCINY.LT.YPR)Y 30 1O 5C0
DENM = Al=FLuSG{Njexl ¢ AZr({XaaZ+¥2x2) + AZxX#*Y + A4nXY=a?
BETAINY = 1l./0gNM

5y CONTINUL
XCHT = CF1
Ir {(NLOAG.LE.Q) GO FO 530
DO 520 1 = 1ynNegg

920 DF{T} = XCHI=FYP{I)

30 1IF (nNID.LE.DO) 50 16 960

00 540 I = 1,810

540G DS04L) = XCHI=SODYP{I]

2600 CONTINUC
IF (Stne )y GG TU TG0

MODIFICATION uF COGRODINATES FOR FINITE OISPLACEMENT ANALYSIS

DO 600 N = 1,NUMNP

L2 = 2=N

XORDGIN)
600 YORDINY

XUy + LOMMsDR{LZ2-1)
YORU{NY + COMM=RRILZ)

i H

STOKE INFORMATION N TAPE

T00 REWIkt 1
WRITE [1) $(UwWPIN, Iy {ESTOINST ¥y d=143) 121436, N=1,NUMEL]),
1 0 COUNTIN) sH=1,NUMNP)
WRITE (1) (H{ETSTING Lo di+EPSTINSI ) sEEST{H,Tsd)},d=1,:43,1I21061),
PONST,NUMERY F LI, RET YRy D=1y NEDD
IF {.NOTFLSMALD)Y WRITE (1} AURD s YURBWRT
789 [FLAG = LTRUE,

PRINT ELASTIL SULUTION

COMM La

COMF = 1.

[PINL = FALSE.
CALL PRINSL

It

PLOT ELASTIC SOLUTIUN
CALL CNTPLT
PSI = P5I + XCHI

RETURN
£enND
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$URIGIN LOC1+5Y50UT3
$IBETC

YO YOO

aNakal

G o o

1
2

[ I S VI R

1

1

1

NLST DECK,LIST
SUBRCUTINE NLST+P

R e R T T R L A S  E s S R )
NLSYeP COMPUTES STHRAINS AND STRESSES FROM LAST NON LINEAR
STEP ANG PREPARES INPUT FOR THE NEXT ONE

LR A EREEEREAEEEEREESZESEEEESESEREEEREEREERERELEEEEEEESREEREEREEEEREEEREEREREERE]

COMMON
NUMEL s KUMCP, NUMKP, NUMBC, NEGQ, NEGBRBC, NLOAD, NIDy,2 NEQRED,
NEGREF, MAXST,y NDUPL, NGUPZ, NSTEP, NSPIN, NPRINT, NGPIN,
NGRAPE, [RANDW, MAXBW, NSKEWD, MFLAG, IPINIy IPINZy [NPL,
IFLAG, SMALD, ALFA, ERCIS, ERFOR, CUMM, COMF, CHI, PSI,
EMy XUy TH, YP, ¥YP/, X1, ER, G, FAL, Al, AZ; A3, A4,
EXTRAS{S)y nPLBUO,8)y XCRO(160): YORDULEDY, RTE160)

COMMON /SOLARG/
BETA{LAC), SIGP{16&60,3)s DBR{3IZ20Y, DF(320), NEBC{501},
BANGLE(SC ), NE{I0Y, DSCLIO), SDYPLIO}

COMMON /NLARG /
SIG{E60,68)y WPLLOU),y YERSGLI60), SCALI{LG60)y DWP{1601),
TSTL1EU4)y PSTIL1OU4)y ESTI160s4), COUNTIL1H0),
ETSTIBC,64+4)y EPSTIB80:6,4)y EEST{BO,6,4)y ESIGIBO:6,53),
EwPl80,8), FURE3Z20), FYP([320), DIS{32¢), DYP(320),
BAL{3,2), UVIi3ebs2)y DETST{Hs4)y DRT{1560}s DUMMY({574)

OIMENSICGN BU3)Y, A{3), Ul336)y VI3,86), IPERM{3), Si3), RQTI8),
DEPST(4), DLESTI{4), DESIGI3), EQSGELA0Y, R{320), FL320}
eGUIVALENCE  (8,8A), (A,BA{4)Y)s {U,UVY, (V,UVILT)),
{EQSG, 5150 BOLlEi, {(R,0IS)s (F,FOR}

REAL NUT, NUH

LOGIOAL T1, T2, IPINL, [PINZ, SMALD, LARGD, IFLAG

DATA [PERM J2,3,1/

INTTIALTZATION

NUT = 1. — Xu

NUH = NUT/2.

LARGE = JNOT.S5MALD

Tl = LARGD.AND. .NOT.IFLAG
TZ2 = SMALD.ANDJ.IFLAG
RewIng 1

2EAD (1} {{EWP N, [ {ESIGIN, Iy dYsd=1s3)4021,6),N=1sNUMEL ),
DU 120 N = 1¢NUMNP

WwPINY = 0.

DWPIN)Y = C.

ORTINY = (.

X = SIGPIN, 1)

Y = SICGP{N,2}

CUMM = {X+Y) /3.

SIGPIN,1) = K = L0OmM
SIGP{N,2ZY = ¥ - LO¥#

STGP N, 3} Z-%51GP (N, 3}

[

DG 120 J = ls4
SIGIN,JY = O
TSTINGJY = 0.




[REeNe!

YO
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PSTIN, J) = G,
120 £5TINy ) = (.
IF LIFLAGY GO TU 135

TUTaL FORCES AND DISPLACEMERNTS
READ (1) (UAETST NG T, 3) 4 EPSTINS I, J)EESTIN, T, 40 sd=134),1=21,6),
I N=L o NUMEL ) s IR} s R DY FYPLT) g I=1 4 NEG)
00 130 N = l.NEY ‘
DISIN) = GISINY + DR(N}
FINT = Fin) + DFiN}
130 DF{NY = 0.
LU 306 . . IS THE LCOP WHICH PROCESSES ELEMENT BY ELEMENT
135 D3 3CC NV = 1,NUMEL

INCREMENTAL SLEMERNT STRAINS

S0 150 1 = 1,3
GETSTII.1Y = G.
CETSTHIL2) = U,
BeETSY{T,.2) = O,

HOT(IY = 0.

Kl = NPI&V,I)

Jo= IPERMLULD)

K2 = NPIRKV.Jd)

Moo= JPERM(J)

AlM} XCREIKZY — XCOROD(KLY
120 B{M) YOREI{KL)Y - YURD{K2)

AREA = A(3}=B(2) - A{2)=*13(3}

CO 160 L = 143

[E3T]

L1 = IPERMIL]

L2 = IPERMiLL)

L3 = L + 3

DU 1&0 N = 142

UG = RBA{L, NI/JAREA

Ul = BALLLSN)YFARCA

UV!L) Lv Ny = 3.=00

UviLl,L, N} = -

UV(L2,L, N) = -0

uvilL sL3,N} = 4,20}

UVIL 1, L3,N) = 4.2DQ
160 UV(LZ;L3:N} = Ga

DO 180 ) = 1.6

K= 2#NP{NV,d)
X = DR{K-13)

¥ = DOR{K]}

Bd 13¢ I = 1,3
C = Utlsdd

D = vil,d}

DETSTII 1}
DETST(I,2)
DETST(I.2) =
180 ROTI(I) = ROTI
B0 10 1 = 1

SETSTLL, 13 + C=X
DETSTIL,2) + D=y
GETST{E,3) + D= + (=Y
I}y + DX - (wyY

+ 3

[{IE




Rl

O MO

Yy

[N ale

194

224

230

270

275

325

I1 = IPeud()

L= 1+ 3

ROTALY = {ROVOTI+ROTLILI)/ 2.

CC 13C¢ J = 1,3

DETSTIL,J) = (OeTSTLi,JI+DETSTIIL 401 /2.

FLASTIC STRAIN INCREMENT

Gu o3¢0 I = 1y6
No= NPUNY,T)

X = AETA{N)

Uil 420 J = 1,3
DEPSTO4) = 0.
DEEST{JY = RETST{L,d)
IF {X.EG.C.) GO Tu 250
SIL = SICPUN,L)

522 = SIGP{IN,21}

51 = 311 + XyeS22
S(2) = 522 + xXu=sSll
S5{3) = NUH=SIGP (N, 3}

DO 240 J = 143

Y = S5IGP{n,J)

00 230 K = 1,3

GEPSTOJY = LEPSTIJ)Y + BETST{L,KY=2S{K)sXnY

FLASTIC STRAIN AND STRESS INCREMENTS

DEESTOJY = UeeSTLJ) - OEPSTJ)
DEEST(4) = AU={DcESTUL)+BEEST(2)}}/(XU-1.1}
UEPST(4) = —QEPSTLL)I-DEPSTI(2}

DETST{I,4) = DEEST{4)+CEPSY(4)
LESIG{LY ERETUEEST{ L) +XusDEEST{2))
BESIG{2} ER={DEESTL{2)+XU#DEESTI 1))
DESEGH 3} G#DEEST(3)

nono#

INCREMENTAL PLASTIC WORK AND ELEMENT STRESSES

DEwWPp = 0.

o 270 J o= 1.3

X = gSIGINY,1,4)

DX = DESIG({.)

DEWP = CeEwP + (X+.5%DX)=DEPST(Jd}
ESTGINV.Esd) = X + OX

IF {DEWP.GT.0.) EWP{NV, I} = EWP{nV,I}) + DEWP
WPINE = WPIN) + CWPINV,I}

UDwPINY = [DWPIN) + DEWP

IF {729 GO T 275

ORTINY = LRTI{wn) + DETST(I,4)

TOTAL ELEMENT STRAINS

IF LIFLAG) GO0 YO 290
DU 280 4 = 1.4

ETST{NY, 1,41}
EPSTINV,I4J)
EESTINV,I,J)

ETST{NV,1,J) + DETSTI{I,J)
EPSTINV,E,d) + DEPSTLJ)
CESTINV, 1,4} + DEEST(J)

HonoH




e Nel

Crem ity OO

OO

280

240

295

300

310
315
320

204

TSTEN,J) = TSTIN,JY + ETSTINV,1..0)
PSTING,JSY = PST{d,.JY + EPSTINV,1,Jd)
tSTt!\éy\}) = ESF%M,J) + ECST{NV,I,J)

COMPUTE aCTUAL STRESSES FUR FINITE DISPLACEMENT ANALYSIS

Ig i5maLBly w0 TO 299
Eli = DETST{1,1)

£E22 = DBETSTUI.4)

E12 = 0.5%=DET5TI,3)
£33 = DETSY{Isa)
OMEGA = ROT(1)

Cl = E12 + [MEGA

2 P2 o~ {IMEGA

S11 = €SIGINV T 1}
§22 = ESIGINV,1,23
512 = BSIGINY I3}

ERIGINV, 1)
“CIn NV, .2}
FSIGINY 1,3}
UG 300 J =1
SIGIN.J) = SI
CONTINUE

IF (71} READ {1} KURDG 2 YORD,RT

{(1.-E22-£33}3=511 + C1#512
{1.-c11-533)2522 + C2%517
D,5#(C28511+C12S22) + (1,.-C.2={E11+E22}~-E33)1%5]2

o0 #

$e0) + ESIGINV,I.J)

DU 4G0 . . . iS5 THE LOCP PROCESSING NODAL POINTS
AVERAGE NODE VALUES

DG 400 W o= 1,NUMNP

CNT = COUNT W)

WP{NY = WP{N)/ONT

DwP NG = DWP{N)/CHT
RTIN) = RTUIN) + DRT{N)/CNT
[F {IFLAG) ail T 41%
00 319 J o= L.4

TSTIN, L] TSTHN,d3 /0NT
PSTiN, J} PRTEN, I /ONT
ESTIN, ) ESFins J}/ONT
ot 320 Jo= 143
SIG{N.Jd} = ST6{N.JY/0ONT

f#oH

X = S5IGHEN, L

Y = SIGINsZ)

AYZ = SIGiN,3)j#a2
XY = XuY¥Y

DIFZ2 = [(X-Y}=s=2

L 0= Gabu{X+Y]}

RAD = SGRT{C.ZH#0IFZ#XY2)
SiGIN,4) = ¢ + RAD

SIGIN,S = L — RAD

ECSIG = SWRT{DIF2+AY+3.=2XY2)
EQSGINY = EGSIG

CHECK AND ENFURCE PUCINT YIELD CONDITION

YEGSGINY = SURT{YPZ+FACHWPINI)




[N el

[ EeNw

34U
350

360

380

3305
440

410

4720

430

440

450

SGU
510
520
546G
55¢
564
380
6500

&40
650

325

SCALIN) = U.
CUMM = ECSIG/YEWSS (M)

HETAIN) = 0.

[F (DWPIAN})Y  380C,340,35C

IF (COMMLLE.C.999) 60 10 380

SCALINY = COMwm

00 360 T = 146

SIGIN,I) = SEG{N,T}/COMN

DENM = Al#EQSIGa®72 + AZ2#{Xax2+Y%#2) + A3#XY + A4%XY2
BETAIN) = CUMMa®2/0ENM

DO 393 1 = 1,32

SIGPINST) = SIGtN,1)

CONTINUE

IF (SMALD) 54 TO 420

MODIFICATIUN OF COURDINATES FOR LARGE OISPLACEMENT ANALYSIS

DU oAlo Noo= 1 NUMND

K = 2=k

KORDUINDY = XUROo{n) + DR{KRZ-1)
YORDINY = YURDi{~) + DR{KZ2)

PREPARE NEXT 57:2P

IF (NOTLIFLAGY 60 TQ 430

fFLAG = .FALSE.

RETHRN

NSTEP = NSTEP + 1

iFLAG = JTRUc.

TR OAINSTEP N JNCUPZLANDJASTEPJNE NDUP L) GO T 440

[F INLOADLGTL0)  CHL = CHE/2.
ifr (NID LGT.u) CHI = Z.sCHI

ROTS = CIS{ANCORED)

CoMM = ABSIRDIS/EREIS)

IF {MFLAGLGT . GuU TO 450

IF {COMM L GE LAl FALORLNSTERPLGELMAXST)Y MFLAG = 1
GU T 450

MELAS = MELAG + 1

L= MFLAG + |

GG TG [500,510+60C,7000, L

xCHL = CHI
5C TG 529
ACHI = -CHI/Z100,

IF INLCAL.LE.GY GO TC 550
B0 540 N = 1,Nbg

DFIN} = ACHI=FYP{N}

IF {NIDJLELD) GO0 TGO 580
B3 560 N = l,nNID

GSOINY = XCEI=SDYP{n]

0 TG 680

RCHI = - PSI

DU 840 N = 1,NEW

GFINY = -Fin)

IF INIDWLE.D G0 1O 68C
MEQAD = NID

MID = 0O




e e Nl

¢ Y

680 AEWIND |
WRITE (1)} ((EWPUNG, I {ESIGINGT+JlsJd=14+3)a171,6)sN=1,NUMEL),

160

HOO

S00

1

{ CCUNTINYsN=LyNUNNP)

326

WRITE (1) (((ETST{thtJ)!EPST{N7§13)!EEST(N!I'J}Sle!Q)#I=1’é’!
1 Nl ,NUMEL )Y, (F{ IR FYPLT)yI=14NEW)

[F [LARGD) WAITE (1 XCRD, YOREG, RY
RFOR = FORINEWREFR)
CUME RFUR/EAFOR

PRINT OF STRAINS AND STRESSES

PPINT = JTRuE,

IFINSTEP LT APRINT ANDLMFLAGLNEL L AND.MFLAGWNE. 3)
iPINl = .FALSE.

NPRINT = NPRINT + NsPiN

CALL PRINSL

STRESS CUATOUUR PLOT

IFINSTEP . LT .NGRAPH.AND MFLAGWNEL 1. ANDL.MFLAGLNEL 3}
NGRAPH = NGRAPH + RGPIN
CAlLL CNTPLTY

PST = PSE + ACHI

IF (MFLAG.GD .1 IFLAG = LFALSE.
HETURN

END

GO 71O

6GC T4

75C

30C
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$INFTC STsL LIST,LECK

Gy Oy Oy

laNe

LY O

120

SUBRUOUTINE STEPSL

[ R AR Y ZEEEZ EE 2SS RS EREE SR FE SRR R RS SRR EREEER R EEE REEEERERE KEEE ]
THIS SUBRCUTINE ASSEMHLES THE COMPLETE INSTANTANEOUS STIFFRESS
MATRI'X AN SULVES Ful INCREMENTAL DISPLACEMENTS

IZEEEEEE SIS EEE R RS R EEEEEEESEEE SRS EREE SRR EEE EREREREREERERESEEESEILERESE:SXE.]

COMMUN .

1 NUMEL, NUMCP, NUMKP, NUMBC, NEQ, NEGWBC, NLOAD, NID, NEQRED,
? NEQREF, MAXST, NDUPL, NCUPZ2, NSTEP, NSPIN, NPRINT, NGPIN,
2 NGRAPH, I8ANDW, MAXOW, NSKEWD, MFLAG, 1PINL, TPINZ, INPL,
4 TFLAG, SMALU, ALFA, ERCIS, ERFOK, LOMM, COMF, LHI, PSI,

5 EMv XU’ TH, Ypy Y;‘}Zl )(Iy ER, G; f:AC} Alv AZV 531 A“*v
& EXTHAS{Y)y wNP{BO,e), XCRU(1I60), YORD(L&G)E, RTLU164)

COMFON /SOLARG/

1 BETA(L6T), SIGP{Lle0s3)y DR{320)y DF(320%, NEBCI(50},

7 BANGLEISBC)Y, NDE10Y, DSC{10) s SDYPL{LG)

CUMMON /STFARL / STHLL1Z2,12)1, YU3)}y, X{3)y ET, NUy THICK,

1 niTAa(&), SGPLO,3), SIGMAL(G,3), RTIH{&), EFLAG, SMLBIS
COMMON SNLARGS A{32U442)

DIMENSICN RU328), F(320), IPERM(3]

EQUIVALENCE {F,DF), (R,LCR)

CATA [20aM /2,3,1/

LUGICAL IFLAG, EFLAG, SMALD, SMLDIS

HEAL NU

INTTEALIZE FOR BELeMenT STIFFNESS

NN = NEG

feM = IRANDW
ET = EM

NP o= XU

SMLDIS = SHMALD

ISIN AN Y I = 148N
R{I} = #(1)}

ud 110 0 = LM
AlT,J) = G

GG 195 iV = 1 anUMEL
e 120 I = 143

J o= IPERM{I}

K = ANP{NV4E)

K = NPINVed)

Moo= IPEaMILG}

Xx{M} = XCRDI{KL1}) - XORD{K)

Y{M} = YCRDIK) = YURD{X1}
THICK = TH
EFLAG = LTRUE,

DC 120 I = 146

K o= NP{NV,IE)

ATH{T[}) = RT{K]

BITALTY = BeTA{K)

TF {8ITA{]}.GT.0.) EFLAG = LFALSE.
511 SIGP{K,1}

522 SIGPIK,,2})

HYD#R = [511+4522)/3.

HoN




oM,

[}

Cr Oy

Oy e 5y

OO

130

170

180
190

SGPLI+1)
SGPEL2)
SGP {13
0 o130 4 o=
SI5¥a{1,J1

o

H

5
3

11 - HYOR
22 — HYLR

2225 IGP{K, 3}

143
SIGP LK, J}

COMPUTE FrbMeNnT STIFRNESS

CALL STFENS

ALD TO TETAL

Lo 15¢C I =
K

i = 2] -
L = NP{\JV,I
N = 2%L -

GC 10 4 =

JEo= Zed -

1
i
1

i

Moo= NP{NVed)

IF {(LaGTaM1

NC = 2#(M-i

AN g NCY
AINRZNC+])
A{NK+1,NC}
If {NC.EQ.L
AINR+L,nNC~1

G CONTINUE

CONT Iinue
Ir [IFLAG)
REWIAD 2
WRITE (2)

MODIFICATIC

)

5

0o

}
)

{

N

STIFFNESS MATRIX

1v0

ls&

GO0 150
+ 1

Alh= D)
A{NR,,NC+1)
A{AR+LyNCH

G Tu 192G

+ ST{IK,JdK)
+ ST{IK, KE+1)
+ ST{IK+14dK+1)

= ALNR+LLNC-1Y + STUIK+L,JK)

Gu TU 165

(a{lsd}, J=1l,MM), T=1,NN)

FOR IMPOSED DISPLACEMENTS

IF (NI LE.CH GO TO 2¢O

o} 130
WRo= NO(IL)
AlNR,1Y = 1

I=1,H18

GO 180 J=2 .MM

L= R+

IF {AnGLT.L

R{LY = RLY
AINR,J) = O

-

Gy Ty 170

- ALNR,J)}#OSDUD)

Ko= NR - J + 1

[F {®K.LE.T)
REK) = 2K}
AlK,d) = 0.
CUNTINLE

GO TU 180

RI{NED) = DSD{T)}

BCUNDARY CONDITIONS

DO 24GC ¥ =

Wro= NERL (M)
PHTI = BRANGLE{M}

IF (PHI.EY.U.]

1 s NEGRL

ALK, J)=DSCHLT)

GO TQ 226

308




e

Y Y

[aNeRe

RSN
5O

Py e
[

230
240

302G

400

€ COSIPRT
S SINIPHI)
tl o= NR O~

i

A{NRE, 1) = A{NAL,1 2020 + 2.2A{NRLs2)+5#0C + A{NR,11 %525

HANREY = RINRLIYI®C + RINHR)®S

L= N3l

G 210 J o= 3, MM

AINRLIyd) = A{NRLsd)I=0 + A{NR,}~1)=S
L = L - 1 '
IF {L.Le.0} Gl TD 210

A{Lyd=1) = At ,3-1}1=C + Al{L,J}=*5S
CUNTINUE

A{NR,1) = 1.
RNz} = O,

oo 230 J = 2 aME
A{NR,J} = G,

L = NKR ~ J + |}

IF {L.LZ.0) $O0 1O 230
AL, ) = 0.

CONTIAUE

CONTInUE

REDLCTICKN CF #ATRIX A AND VELTOR R

MROo= RN - ]

D320 N = 14NR
Moo= N - ]

PIVET = A(N,1)

MR = MINDO (FMM,NN=M}
20 320 L= z4MK

L = AN, L}/PIEVYOT

I = ¥ + L

4 = 0

Do 3CG0 K= LyfMK

Jd = J + i

AlI,3) = A{l,J) - C=a(N,K)
K{E) = R({T)} -~ C#Rin}
a{N,L)} = (

RIN) = R{MN)/PIVOT

DU 4CQ 1 = ZeAN

Moo= ANy — 1

No= M4+ ]

MR o= MIKEG (MM7I}

L aco K o= 2yMR

L = M + K

RIN) = RIN) ~ A{N,®K)=R{L)
IF (NSKZwlU.LE.Q1 GE TG 580

TRAWNSFORM SKEW DISPLACEMENTS TO X ¥ GLOBAL SYSTEM

0O 550 ™ = [ ,NEQBC
MR = NERL(M)

329




YO

30
SRG

7130

F1V

500

230

PHE = BANGLC{M])

Ik (PHILEG.D. GO TU 530

NRYL = NR - |

RANRY = R{NRLI=#SIN(PHI)

R{NRLY = Al{MNAl}=C0S{PRHT}
CONTINUE

IF (MFLAGLGL, ) IFLAG = LFALSE.
IF (IFLAGY  GE TO HGO

RECOVER FURLCE VeECTUR

AEAD {21 E(ALT«d)y J=1sWM),y T=1,0N)

DO 750 N o= 1 aNy

FINY = AIN,LI=rR{N)}

D i ¥ d o= g MM

L= oy o+ d -1

IF {L.GT NN} S Ty T3¢
FiNY = FIN)Y + A{N,Jr=R{L)
K = N = 4 + 1

IF (KLLELOY S0 TO 750
FinNd = Fing + alK,J1=R1{K)
CUNTINUE

RETUARAN

0 850 sbo= ] Ny
fENY = Uabherin)
RETUSIN

END

330
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BESFTO STHRN LEST,OECK

VY

[}

i
1
2
j

4

Towd T T B e N e

N

[N ¥

T e S~ B o SRS ) I PR W R

-

Sus=CuTliae STENS

ERE AR EE T AR AR R ER LR N E L RN AN AR R R E AR A BN SRR AN BN R LR IR R AR AR E R
sLEMeNT STIFENESS SUBROUTING FOR LST-PR3
SMALL U LARGE DISPLACEMENTS (COMSTANT  GR VARIABLE THICKNESS)

I EEEEEEEEEEEEEEEEEEEEEEEREEEEEESKEEEELELERESEESEESEEEEEERSE L EES LS

COMEIN F5TRARG / ST{12,12) B{3)y A(37s ETy NUy THICK,
BETALOYy SGPloy3dy HIGMAD,3)y RTHI{G)y, EFLAC, SMLUITS

biv',\51§,‘\f U(j!())j V(5y6)1 U“J(j"f)fz}f CX(%.B); CY(},B}Q

rPU3, 3y B33y, FL3435343, TPERM{3), BA[3,2), S5(3),
FELE393, HelARGLer343)y HPLTIGs 3431, HPLARGISE A 3,3) DUMILY
JRRC 293 JYY(3,3), JXY{343), HGU3,3906)y AX{3}), AYL13},
SToxxloly SIGYY(A), STGXY{6)

FUUIVALENCE (BA,B)y (Es5T0), (EP,5(5%) ), {(FalusMly {UsUVIis (VL UVILIH)}
EQUIVALEANDE (SIGXX, 5I00A{ 1)), {SIGYY,SIGMALTI) J{STIGXYSIGMALLE))

ATR IPCAM S24441/

REAL O JXX, OYY, JXY, NUs NUT, NUH

LOGTCAL BFLAS, SMLOGIS

LATA Hil / 30a.y 19.y 1549 1S+ 304y 15., 192 19.4+ 30. /
TDATA HeL A0 /

ﬁ-?y ;-Qy '3401 12-U1 Q-O, 12-01
Celly Jedy  —1.0, H.0, 4.0, 4.0y
L ells —1aily Gaells 4,11 G o)y Baily
C.0y Caily =1 el By 400y 4aldy

=20y Eebly 2 g 12.0, 12.0, 4.0,

-1.3, Caidy Caolly 4.0, B.0y 4.0,
Calls -1l.uy Caildy L aldy 4.0 Halls

-1ty Ty Celle 4 o0y Baly 4410,

-7y -7 i}y failly 4.y 12.0, 12.0 7

AT A HEL /

G0 ally devis Zells 50,0, 10.Gy 50 « Uy
7.0 f.0 Palle ES PR 19.0% 19,0
7Teliy 1+, felg 15.0, 15.0, 35.0,
e, 7.0 1.0y 35.0, 15.C, 15.0G,
el GE .Uy 2oy 5G.0, S(i.Uy 13.09

1.0,y 1.0 7«0y 1%.0, 25.0, 15.0,
7.0, 1e0y Fally i5.0, 15.0, 35,0,
1.0, 740y Teildy 15.09 35.0; 15.094
2l 2elis 4elUy 10.0, 50.05 50.0
CATA [EIEPLARGIL K, T40)3b=146)4K=1,61,1=1,3) /

490 .0y —47.0y —67T.0, 30640, 38.0, 306.0,
4.5, 15.305 —Za5 27.0, .0y 3.0
— 4 43 —7 45, 1.0 3400 9.0 ZTa0s
126,00y —73.5, —-80.5, 6£30.0, 154.0, 254.0,
~Jle0s =10aby, ~13.5, B4.0, B4 .0y 84.0,
1726.8, =80.5, ~T3.5, 294,03, 1%4.0, 630,00,
Y.Ly —14.5), —H.9y 765.0 3.0, 32,0,
~l4%.5, 48,0, 3.5, THa.0y 38.0, 3.0,
_E-Cy ‘2-@, 5-0; 2-09 9a0| g.Og
-3.5,y  =3d.h, ~5&6.0, 430.0, 154,0, 154.0,
~ 3.5y ey 2100y 126.0s 1954,0, Biholdy
345, =314y —21.0, 12640, B4.0, 154,.0,
48-0; —f;.57 "‘1435g 38.0, 9«01 76--0,
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LF

-2 0y Bty —Zeity
- lh,ny -t ey Gl il
Fahy —F1WUy ~31l.by
-3l ehy ""’:73.-031 }‘53
3.0y =nb.0, - ta g
TATA (LR LARG L oKy 1y
Giially —1%40, S I
“14. % Ak Wy -3y
7.0 -2.0, Teide
-2, %,y =hiraily
“i-ﬁv %-:11 A R
Tetry —3laBy =210y
10,0y -4y —c ety
T 0y L50,0, —5T.0G,
‘2.51 —"*-"._}1 1L.Gy
"'"Vfﬂo'rjy ]:"Wc\_iy T B
—F Sy 170 Gy =T340,
""iC. >y “?L.Gy —l{). 3e
5aiiy -2 iy - aiis
-G ok, Giiaily ~léa b,
—S.hy —LlAaLo, 437,10,
—-21.0 Sy =31,
~SfE .y -3, -3,y
—Flaly =31, 14,
DATA {lirRPLARGIL,ys, Ty
4560 R T T
—Z,C. (D-Ug '";f.G-;
—1a.5, =TTy 48,0,
1.5, =71y =315,

- i,y =d1.Uy Bay
— 3.0y "5”_’3»5\-}1 __il-i')‘y
Sely  —ZaUy il
""}."‘)g ‘{f:”-\,\-‘p -15'-'.),
—Fa0e =lhany, G4E LUy
R S I TP B R
—3E Wy il oy — eIy
"”?lo“\-31 "Blnnj; 4-5,
L2afly -7 .3 — 4.y
—Z249 1J3es I Y
'_\”Z?-P)r —c?.O, ‘!SJ-'\;,
—12.5y 1045, 21,0,
—1 3.9y 7300y 120.0,
~FT 3.8y —HoWabhy 12600

> "
1.ATA [T 4 ey Q'T

_2-7 ‘f-i
—Cey~1lany
17244 B
Gayg a9
lé.g -’f.;
NLT = 1. = Ny
AUH = oaLT/ 2,
gio= LT/l .-wUne/g)
o0 O1C0 1 = 1481
DUMiLY = .
I+ (EFLAGY GUTo

_i.,
Jay
G oag
4oy

174

3.0 Fa 0y dathy
3,0, 19,0y Tirey
Po4g.0y 4.0 17260.35,
Be.0, 134,10, 126.0,
154.0, 15%4,.0, 493.7 /
Z}g{.zlgf))gKrlvf'))ylrly;?)
Tthely F.0y R0,
Tha, 3.y Falls
2.')) L-‘J‘."’,}i :')-Q?
AS0.0, 194,00, 154.0,
12640y 195440, G4,y
12640, L .0, 194.0,
PT.0, 3.0, 1.0
2CH.0, 30640, 2.0,
3ay 2740, 3.0,
3G . 0y 29440y 15400,
FHh .0y B30.0, 1954 .0,
Be , 7, S4,0, B4 oy
EP 2aiy a0,
38400y 15.0, Failds
Faily PaHody 3HL Ty
19440, 126.0, 84470,
156.0s 430.,0y 124.0,
EgoeOy 126440, 154.0 /
B)QL:l,é)gKilgil)ylzll?ﬂ)
3.0, 3.0, Ta.0,
GO, T.0 7.0
Faliy 3.0, {6.,0,
194,00, 4.0y 12640,
R0, 194,70, 1726.0,
154.0y 1954.0; 490.0,
Feidy 2 aly Fedy
38.0, Térels 4.y
Felly Tty 38,0,
194.0y 126440, L
154.0, 490.0, 15440,
R%.Oy 125-:\‘1 li)‘{’-ov
93,0, 3.0, 2700
3oy 2T.0, 340y
39,0, BUbHL0s 304600
Ha .0y Ha o0y B4,
124,00, 630,00, 294.0,
194.0, 234.0y 5390.0 /
Gep=daymlay Uay—lar—7.
l:.y f)-, !}- )'_l-’ 0.1""‘2.
—lo$u2n‘ G.y D.y O'-, .
FaslZar Gas “ay Gay 4.
GaylZey Bay 4ay Heals.
Gy %Hay a1 ey 4.417.

/

/

332




[ A T

353

PLASTIC UR PARTIALLY PLASTIC ELEMENT

UL 140 K o= 148

SEL) = SGP{IK,LY + NUsSGPIK,2)

S5E21 = SOP{EL2) + ANU=SGPIK, 1

SEFY = NLH#SGRIK,3)

o 120 I = 143

Ut iau Jd = 1,3 -

ey O

e e N

120 &P {I,4) = —BETA{K)=5GP(K,T11=5(J})
130 ePlI.1) = 1. + EP{T,1}

UG 46 J o= 113

ElLydaKE = are(2P{1yJ) + NUSEPI{244))

ELZ2, K} = rAs{EPLZ2,3) + NU=EP{1,J))
1ol v (3,Jd,4) = cRENUH=EP (3, 0]

SC = 1920,

FRE o (5MLals) GO TO 159

S5C = &03720.

ol 145 K = 146

bl las I = 1,3

30 145 0 = I43

HPL(KrI;J) = e

UG 4% L= 146
Lo HPLIR T4 d) = HPLIKsT 41 + HPLARGUL,K, T4 J}#RTH{L}
150 N3 sy L o= 143

ID T N 2§ o= 1,3

il leg I = 1,3

2 iﬁﬂ J o= 173

0155 K= 1,6
Iob FllaJdeleM) = FUIgdaL M) + HPLIKyE,Jddi®bE (b ,8,K)}
1643 P‘Jrlrty“) = F[ivJ,L,M)

S TC 2t

CLALDTIC sLEspnT
P70 50 = 3860,

TR (5L 2TS) GO TOo1as

B 1HD I = 1,3

DIV T J o= T1+3

Hel I, d) = .

G 17- L o= 1,4
175 HEL(I,d) = Febilsd) + HELARG{L I, J1#RTHILY
LBG Heb (51 = mestlldd
185 DL 130 i = 1,3

30 136 J o= 143

190

n
(w3
[

Filsdeial)
FlLede247)
FlTsds14210
FL{T,4:241)
F{EsJd0343)

STRAINS FRO
pld 216 L =

Ll = JPoaMm{
L2z IPoRMi

ER=HELI{I,.J}
FElsdy i1
Fil,Jd,1,1)eny
Filyd,142)
g‘{:ngyl]*NUH

H

¥ DISPLALEMENTS

1,3
L}
Lil
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Ly = L + 3

00 21y N

GO o= oAl eN)

1 o= BALLL )

UL g, = F.wl0
UVl lsLyn) = = (0
UvilZ,b.n) = - 23
Uy il sL3,0) = 40501

UwiLl,L3,%) = 4.%00
ZIC UVILA,L3yn) = O,
AREA = A 3)=a(2) - alZ)=(3(3)

Clmy = THILK/{S2®Ama)
.
{ NCDAL #17«CtS Fead STRAIANS
C
[ TR T I = 1.6
{0 240 L= 143
L 240 v o= Lyl
Xi = .
X? = .
a2 K= 143
X o= LXK, 1)
Y = viK,y |}
XL o= X1 + XxF{K,Lsl,an) + YoF{K,L,3,)
£330 K2 = K o+ YREAK L2y N) + Xepr{H,Le3eN)
CX{LyN) = X1=QUmp
a0 CYLL M) = XZor(L0MW
{
G ELE¥eoNT STIFF 4SS
[
g o= dw]
Kl = K72 - 1
(13 R SOX PR B
Ld = 2wl
bl = 2 - 1
Xl = O.
XZ = [
X3 o= .
X4 = .
O 28u o= 1,3

X o= LIKJd)

Y = VI{K,J)

AL o= oxl ¢ Cxl{g,1)#X + CX(X,3)nY

X7 = K2 + CX(KyZ)*Y + CX(K:B)*X

K3 = X3 + CylK,1)1#x + CY(K,3}=Y
LED X4 o= x4 % CY(KeZ2)sY + CY(K,3)1aX

STERIyLIY = %1

STiLE,r1} = X1
ST(l,Le) = X2
ST{LZ,x1} = X2
STIKZ, LY = X3
STILLy4x2)Y = X3
ST{RZ L) = X4
300 STHLZ,K2) = X4
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350

360

380

4U0
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PR OOSMLGIS Y HRETURMK

GEOMETRIC STIFFNESS FOR FINITE DISPLACEMENT ANALYSIS

Ul 258 = 1,3

g 3Aso J o= 1.3

JXXULed) = 0.,

JYY(L,J)Y = (.

JXY(I,d) = U,

DO 350 K = 1,6

COMM = FG{]45J,%)

JXRUT,J) = JAX{Dd) + COMMaSIGXX(K)
JYYLTLody = JYyil,d) + CUMM2SIGYY LK)
JXYLE,3) = JXY(1,J0) + COMM#SIGXYLIK)
AVIH = {RTHIL}+ATH{ZI+HTHIZA Y +RTHELL I +RTH{SI+RTHIS )Y /6. aTHICK
COMM = AVTH /J{360.%ARCAD

DC 400 d = 1445

L2 = 2+#J

Li = L2 - 1

0o 380 i = 1,3

AXLE) = C.

AY{IY = . -

DU 360 K = 1,3

X = b(KyJJ

Y o= V{K,J)

AXETY = AX{1) + JXA(I:K}eX + JXY{I.K}#y
AY(D) = AY(E) + JXY{K P ®X + JYYUI,K)#y
DC aCy I = 1,5

Ke = 2=]

Kt = K2 - 1

X = 0.

o0 38¢ K o= 143

Xo= X+ LIK, T #aX{KY + viK,[1®AY{K)
X = x#{ MM

ST{KLI,LI)} = STIEL,L1Y + X

STIR2Z2,L2) = STUIK2,L2)Y + x

RETURYN

END






