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THREE-DIMENSIONAL ELASTIC-PLASTIC FINITE-ELEMENT
AMALYSIS OF FATIGUE CRACK PROPAGATION

BY
R. G. Chermahinil and 6. L. Goglia?

INTROOUCT TON
Fatigue cracks have beesn a major problem in designing structures sub-
jected to cyclic loading. Cracks freguently occur in structures such as
aircraft and spacecraft, The inspection intervals of many aircraft struc-
tures are based on crack-propagation lives. Therefore, improved prediction
of propagation lives under flight-load conditions {variable-amplitude load-
ing) are needed to provide more realistic design criteria for these struc-

tures.

The main thrust of this study was to develop a three-dimensional, non-
lingar, elastic-plastic, finite element program capable of extending a
crack and changing boundary conditions for the model under consideration.
The finite-element model is :mnﬁnﬁed of B-noded (linear-strain) isopara-
metric elanents. In the analysis, the material is assumed to be elastic-
perfectly plastic. The cycle stress-strain curve for the material is shown
in Fig. 1. ZTienkiewicz's "initial-stress" method, von Mises's yield criter-
ion, and [rucker's normality condition under small-strain assumptions are
used to accoumt for plasticity. The three-dimensional analysis is capable
qf extending the c¢rack and changing boundary conditions under cyclic

Toading., Initially, the crack is assumed to grow as a straight-through

crack.

lResearch Associate, Department of Mechanical Engineering & Mechanics, 014
Dominion University, Norfolk, YA 23508,

2Eminent Professor, Department of Mechanical Engineering & Mechanics, 01d
Dominion University, Norfolk, VA 23508.



Using a three-dimensional nonlinear computer program on a cyber-nos
system was impossible due to its limited storage capacity. To avoid this
problem, the next alternative was to utilize a VP5-32 machine with unlimited
storage capacity. Using the scalar version of the program on the VP5-32 was
costly due to the plasticity part of the program. Therefore, in order to
reduce the cost of the computations, the three=dimensignal computer pragran
was vectorized.

The finite-element formulation of the program using an B-noded Vinear
isoparametric cubic element is listed in Appendix A. The description of the
nonlinear progran is attached in Appendix B. A list of the program 15 shown

.

in Appendix C.
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Figure 1. CYCLIC STRESS-STRAIN CURVE FOR AN ELASTIC-PERFECTLY
PLASTIC MATERIAL



APPENDIX A

FINITE-ELEMENT FORMULATION

‘.3"- v

-.-Jhl.i

B

Figure 2. Arbitrary hexahedron.

(a) Elastic Analysis

The basic concept of the finite-element method is that any continuous
guantity can be approximated by a discrete model composed of a set of
piecewise continuous functions defined aver a finite number of subdomains
i I

An isoparametric 8-noded cubic element (Fig. 2.) was utilized in the
formul ation of the elastic-plastic structure into the nonlinear computer

program. The following section describes cubic elemant.

Displacement Functions. The displacement function (2) for any point in the

cubie element is defined as:



u(x,y,z) = By + 8pk 4+ Bgy * AT * AgKY * Bg¥Z + AgAZ + AgAYZ
Vixa¥eZ) = by + box + byy + byz + bg xy + Ky + Dgyz + byxz *+ byxyz

W{X,¥,2) = C; + €3 % Ca¥ + C,2 + CgXY + Cg¥Z + CoXZ + CgXyZ AlL)

where u, v and w are displacement in the x, y and 2z directions,
respectively. The constant coefficients are determined by imposing the
nodal coordinates of each cubic element into equations A (1)}, The above
displacement function can be applied to the cubic element as long as the
sides of the cubic element are defined by planes parallel to the coordinate
pianes. Howeyer, for the elements whose sides are skewed, the above dis-
placement function no longer is applicable., Therefore, in order to avoid
this restriction, an 8-noded linear isoparametric cubic element is anployed
(Fig. 2.].

Tne original cube can be mapped on to a cube of 2x2x3 unit (Z) in the

T, ny, £ space by the transformation

-
I

= a; + 25 + Azn + A,E + ascn + agnE + wLE + apink

b
!

= by + byg + byn * byg * bggn * bgng + bygE + bagng Al2)

P
n

€y + Cof + Can *+ Cuf + Cgkn *+ CgnE + CpgE + Cginé

The values of the coefficients in equation A{2) depend on the nodal coordin-
ates of each cubic element and are different for different elements., The
transformation is defined by polynomials in £, n and £ which is contin-
uous within the element, the continuum confined within an element in =, ¥
and z coordinates is mapped on to a continuum within the 2x2x2 cube in g, n

and & coordinates. It remains to be shown that Ehe transformation is

continuous across two adjoined elements, that a common surface between



two adjoined elements in the x, y, z space will transform into a common
surface of two adjoined cubes in £, n, £ space.
I[f we assign the following values of the parameters gz, n, £ t0

the faces of distorted elements shown in (Fig. 3.) one yields:

n
[ |
2

i

|

|

I G

m ' rff Lo
Ij p
}_-‘ ‘__-_'—-._.
Fa = e
- = 4k
h
£
0

Face Coordinate value
pok1 £ =1
mnj i g =1
impl n=1
Jnok n= =l
mnop E =1
ikl E =]

Fig. 3. Linear izoparametric cubic element.

Therefore, the nodal points i, j, k, 1 and m, n, o, p will have the

following coordinates in the %, n, £



nodal point cuﬁrdinates
i Gy ==l n, =1 g = -1
\ £y = -1 my ==l £y = -1
k ;k=1 ﬂk=-l Ek--l
1 £ =1 ¥, 1 £y = -1
m By = =1 T 1 Eq ® 1
n ™ Al My, ek g il
0 £, =1 n, = -1 By *1
P = 1 "o~ 1 EF' =1

Mow the displacements (u, v, w) in the x, y, z directions can be written

a5t

U= a; +at +agn + L+ agln + agnk + asff + aging
v = By + 8ok + Ban + ByE + Bsgn * BgnE * B7CE + Bggn A(3)

W =yy ¥l + ygn + yE + yel + ygnk + yoLE + ygaink

which are continuous (2] within the elements as well as across the surfaces
common to any two adjoined elements. Consider the term o  in equations
A(3), denote by {a} and {U} the vectors for the a's and u, nodal
displacements of all the nodal points of the element. Inserting the values
of Uy Bya My and £, for the various nodal points, we obtain eight
equations corresponding to the first equation of A{3) which can be written

a5

[U} = [Aq] {al A(4)



let's define [a;] = [A;], and thus have [3} = Lay) [u}. Now the

displacement functions for the distorted element can be written as:

u= 5] [e1] ful
ve |5) [ay] [v] A(5)
we 15] [ma] lwl
where [5] is defined as:
[5] = liEnEcgnntgE gnkE] AlG)

The shape functions for the isoparametric B-noded element can be determined

(1) from the product of [5] and [ap] matrices.
Ny = = (L#gg) (L4my) (19gy) A7)
B

where Ty Mis E1 =*1and 1 =1, 2, «..s 8.
The x, ¥, and z coordinates at any point in the element, can be

expressed in terms of shape functions Hi:

g
¥ = a=1 N, 11
8
y=1 Ny ¥, A(8)
i=]
g
z=1 N, 2
=g 11



ar

r
where {1"f

= [3{1 o suw

[w]
(o]
[0]

and {zn}T= [Zy 25 wew Zals

01 [o]
(8] (o]
[0l [n]

g s fF"}T =[¥ Y2 +os Yal

{x]
{y.}
[z}

Element Strain: The elastic strain at any point within the element is given

by

[3]
-~ b ~
x
?
"y
E
Fd
(e} = ¢ > ﬁ
f:.;‘l.r = 3_u+
ay
a
T_'F'z _i +
az
le J aw
ax

L .

LN
il

*

where the matrix [B] is defined as:

- (1302 teae 8 1) = 81 () )



al. 0 0
et
ax
] Ej[[ 0
3y
Q i} an,
=
3y
[B,] =| an, N 0 A{10)
ay ox
0 EH1 ﬂ
iz ay
aN, 4] N
i & -
3 Bx

The transformation relationship between local and global coordinates is

given by:

- -~ Sy
oty 2
ax oz
EL al.

1 5-1 b= [ E-l i A(11)
¥ &

LBI J - Hﬁ y

where [J] is the Jacobian matrix and it is defined as:

alm’
g€

[31 = | 3N (x.} {y,) {gn} A(12)

10



Element Stress. For linear-elastic and isotropic materials, the element

stresses are calculated using Hook's law
(o} = (0] {e} + {4} A(13)
The strain vector is {e} = [B] {u}; therefore, the stresses are
{e} = (0] [&] {u} + {4} A{14)

B oo ,
where [o | 1is initial stress which may exist in the element. The material

property matrix [D], is defined as:

l-+ w w o0 o0 o
l+ » o o o
E
= l-« o o o
(14} (1-2v) Symmatrical 1-2v o o A(15)
2
1-2v
0
2
1=2v
2

where E is Young's modulus and v s poisson's ratio for the material.

11



Element Equations. The potential energy np {u, v, w) which is composed of
strain energy Uy {u, v, w) and v, {u, v, w) the work done by the applied

loads during displacement changes is given by [3].

to "3 [0, 1) TI00 (edv - [ff F1(8) v+ Jf (1@} 85 AGS)
w ¥ F n k3 & & &

where [F ] =[x yz ], [T]=(T, T& T,1.

and [5] = [u,v,w].
The eguilibrium equations for the element are obtained by taking partial

derfvatives of 'p with respect to wuy, v, Wy, 2tc., and eguating to

Zerad,

aw

o , A(17)
#{u]

which leads to the 24 element equilibrium equations as

k1 {u = (¢} = [;m} + {@! A(18)
24x24 24zl 24x1 2dxl 24xl

where [K] is the element stiffness matrix,

(k] = fff, (81" [D] [B] dv + [K,] A(19)

and {Q} is the element nodal load vector,

12



(0 = (&) « (@) = fff, 0T (F} av o g (74T} s A(20)

The diagonal matrix [X_] in Eq. A(L18) is the eleastic stiffness of the

springs, which are connected to the boundary nodes.

(b) Elastic-plastic analysis

Finite-element techniques applied to linear elastic materials have been
solved successfully. However, for an elastic-plastic material, the coeffi-
cient in the stiffness matrix varies as a function of material loading. Two
computational methods have beem used successfully im the solution of
elastic-plastic problems. In the first, the change at each step of lcad
increase in plastic strain is calculated and treated as anm imitial strain
for which the elastic stress distribution is adjusted {1}). This method
fails if ideal plastic is postulated or if the degres of hardening is small.
In the second method, the "“incremental stress method," the stress=strain
relationship for every load increment is adjusted to account for plastic
deformations. The work of Pope (4), Swedlow (5), Marcal and King (6), Reyes
and Deere (7) and Popov and others (B) falls into this category.

The "incremental elasticity" method has one serious disadvantage. At

each step of the computation the stiffness matrix of the structure is up-
dated and iterative schemes of solution are necessary to avoid excessive
computational costs. To minimize computational costs, the "initial stress"
approach is used (1). In the incremental stress method, the basic elasti-
city matrix remains unchanged. This technigue converges more rapidly than
the initial strain method.

Yield Criterion., In any elastic-plastic analysis, it is necessary to intro-

duce a yield criterion to determine the state of stress at which yielding

13



F

accurs. The von Mises yield criterion or maximum distortion energy theory
of faiturE: which finds considerable experimental support in ductile matar-
fals, s wused to determine whether the material at any point in the
structure has yielded. This c¢riterion assumes that yielding begins when the
distortion energy equals the disiortion energy at yield in simple tension

{1). The von Mises yield criterion for a three dimensional state of stress

15 given by

s ek 1 PR |
F=F (o) = PE Enxqu}i +.E [nymuzji +.E {o,-0, )%
1

¥ .
+ 31'&-;,1- AR, T -0 A(21)

where 7 =7 (K} 1is the uniarial stress at yield. If F (o) <0, the
material is in elastic range. If F (o) » 0, the material has experienced
plastic deformation and one of the flow theories of plasticity must be used
for determining the components of plastic strains and stresses due to the
applied load.

During an infinitesimal increment of stress, changes of strain are

assumed to be divisible into elastic and plastic pariﬁ {(1}. Thus, the

strain increment can be written as:
(de} = [de } + fde } A(22)

where the elastic strain increments are related to the stress increments by

the symmetric material matrix 0. The plastic strain increments are related

14



to the yield criterion through Drucker's normality principle

Qr |ar
ﬂl"'l'l

{dsp} o A{23)
Therefore; Eg. A(22) can be rewritten as:
jde} = [0 17 fdo} + 2 3} A24)

aaq

At the point of incipient plasticity, the stresses are on the yield surface

and the yield function is given by:

Fla,k) = 0 Al25)

where K 15 a hardening parameter,

Di fferentiating A(25) results im:

de = 5oy +¥F gyt .+ F k=0 A(26)
8oy Boe akK
aF
or [—f Tdo - A =0 . AL2T)
da

Solving for A gives

P L T A(28)
ak A

15



Equations A{24) and A{27) can be written in matriz form as

=1
de (1] . i do
aa
a = {_EI_ =4 l A } H{E g}
a0

The constant 1 can be eliminated from Eg. A(23). The fipnal expression

which relates the stress changes in terms of imposed strain changes can be

wWritten as: de = D:p de
A(30)
or
* aF, (3F, T YL,
De_ = D-D[Z} (Z) DA «=} 0{<] A(31)
P J¢ 4o g 3
aF, ¥
where {_EI:} " EF:.; F;:,r Fz F:l‘.:.-' F;.I'E F:l:I]
Sn' HUJ 3uﬂ
and B ity e il
¥
2T 2T 2T
My T I,
Py T Fp P00 Fgp W= A(32)
o J o

in which the dashes stand for deviatoric stresses i.e.

16



< (U1+U +g )"
ﬂ1=u:):,_. 3 Etl:. ¥

*

The elastic-plastic matrix D ep replaces the elastic matrix D in

incremental elastic-plastic analysis. The plastic load vector for the

elements which deform plastically is given by:

[dq} = [[f [8]" (a5} dv, A(33)

where [del is defined as:

{do}= [do } - {do} + [[De] - [Dep]) {de} A(34)

17



APPENDIY B

Description of the Finite-Element Computer Program
The computer program presenfed here was based on the three-dimensional
B-noded 1inear isgparametric cubic element. The optlimum goal of this study
was to develop a three-dimensional nonlinear computer program capable of
extending a crack and changing the boundary conditions for the mode) under
consideration, This program in its present form is not a general analysis
program for nonlinear cracked structures. The restrictions are listed as
follows: {1) the crack must 1ie on the x-axis and propagate in the positive
x-direction, (2} the configuration and loading must be synmmetric about the
k-axis,
The input to the program is iilustrated by using one eighth of a

center-crack panal shown in Fig, 4. }
1. CRACK, WIDTH, THICK, HEIGHT, DAX:, SCALE (6E10.4)

The format for each input is shown in parenthesis. Crack specifies the

crack length in the y=0 plame. Width, thick, height represent width,

thickness and height of the structure,, DAX is defined as the smallest

element size in the region and s used for the crack-extension in the

progran., 3cale, scales the width, thickness and height of the specimen

to the desired dimension.
2. LPRIT, LMAX, KMAX, NLAYER, MEP (ls15)

LPRIT = 0 indicates that no intermediate output is printed. LPRIT =1

results in intermediate output. LMAX is the number of nodes in Is0

plane. KMAX is the number not elements in Z=0 plane. MNLAYER indicates

the number of layers inm the structure, HEP specifies elastic or

18
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B,

8.

10,

plastic anaslysis if MEP=Qd, elastic anmalysis istperfnrmad. If NEP

» 0, the plastic analysis is performed.

K, KR(I), YR(I), ZR({1), (15, 4X , 3 E15.7)

K refers to the node number, and ¥R{I), YR(I), ZR(I) are the
coordinates of node K in x,y and z direction, respectively.

IN, (MODE(J, IN), J = 1,8) {1615)

IN describes the element number, and node gives the nodal
connective of each cubic element in the structure.

NSYMPL (1615)

W3YMPL specifies the number of symmetric planes

(ISYMPLY(I), I = 1, NYSMPL) (1615)

[SYMPL describes the corresponding numbers designated for each
plane in the structure. |

NFIX, NLDAD, SNPD [1615)

WFIX, NLOAD NSPD describe the number of fixed loaded, and specified
displacements for nodes, respectively.

WODF , MU, MV, MW (1615)

NODF describes the number of fixed nodes, and MU, MV and Mw
represents the u, v and w displacements fixzed for each node.

Nodlod (IL}, Pys PF1 P, {1615)

Nodlod specifies the number of loaded nodes, and Pys py and p
represent the components of loading in %, ¥, and z direction,
respactively.

NODS, K, DISP(N} [1615)

NODS is the node number, K 15 the c¢ode for u, v and w

¥

20



11.

12.

displacements, and Disp s the specified displacement for the
corresponding node.

NTYP, NLM, SCRIT, RP, ACURCY (215, 4E10.4)

NTYP stands for the crack growth criterion. NLM is the number of
incraments to release the crack tip force. SCRIT 15 usad for the
CTOD criterion. RP is the relaxation parameter and ACURCY is used
for the crack opening displacement accuracy.

P, WORD (E103, 1X, A,)

P designates the maximum applied stress for each cycle. The ward
specifies stationary or growing crack Tor each cycle. If word is
set equal to grow, the crack will extend one 2lement size. If word

is equal to halt, the crack will be stationary for that cycle.

21



APPENDIX C

FORTRAN LISTING



ORIGINAL PAGE IS
OF POOR QUALITY

PROGRAR CRACKL(ERIUT, DUTFUT, TAPET=01 , TAPES=INEUT,
LT APELmOUTEUT)

CORE0N MATH A 2000000) ,BBC 2600, 1), B(5,5) DNV, 6],
LDISP(80) ,EFS{ 124007 ,EFEST({1550) ,FORCE(10) ,LINECLOO) ,
JLOCAT( L0} , LAFOR{ 03 HB{9600)  MEMAL 6000 , HETAB{ 9007 ,
IMPLAS( 12400) ,MOBE(B ,1550) ,MPLE(1550) ,H0DXa(T00) ,
AHODYO(TO0) ,SODEO(T0O)  HODRC, TO0) , NODYC{ TO0) , KADECL T00) ,
SHODELX(B0) ,HODLOD(AO) , HDISE (BA) ,R($600),

SSIGBARL L2400) , SE(Z6,24) , TL(9600) , T2(9600) , T4 (2000} ,

TTI{ 94007 U 3200) ,U0LD{3200) , V{32000 , VALD( IZ00) ,V2{3200) ,
SH(3200) HOLDC 3200} , X(T4500) ,XR(I200) (T L4003 ,

SYR(I200) ,2(9600) ,ZR(I200)

COMMOR/ CRET/EPAT, SE2, LHAX, KMAX, DAX,

LPYLE, SCRLT, YOUNG, POLS, CRACK, PT, WIDTH , PHAX HP

258AR, LPRIT  HGAUS , HLAYER , NRADE,

IINODEC, INODYO, INODEO, INODXE , INGD TG, INODEG , LESTIF 20000,
HINEL, HECALS , ICUT, LTOTE , ITHODE, KLU, NTER, KLM,

SHDOF ,ENEW , HEP , ERIT , HELM, AN, ROM

COMMDN/ MLTHMAT/ YSTRE(20) , YSTRN( 20 , PLHODR( 20) , NSEGHT

CORREON/ DIE2 /NPE , NIDF , D, HETR HLD2 , HHPEZ  BGDINEE  BOD2SR, MG 2S

COMMDN/VECT/ STRV(S,5),3TRSV(E,5) , BT{64 31 WDUM(E) XE(B, 3],
¢ HOUBE{8) ,DL5(B,3)

DIMEMEION ITHAR(IZ00) MEAMELIZ00,20) H3(3)
DIMENSION JNEW(I200) ,TITLE(20) ,I3YMPL(6) ,HEEGIN(S) KEKD(E)

DIMENSION STR(E)

0 A v R o P A e

* ¥R(1,J),YR(1,J} COORDIMATES OF RECTANGULAR ELEMENTS*
“WHICH ARE LOCATED IH TIEE i=0 PLANE.

* fR(1),YR(ID,ZR(I) COORDINATES OF WODES IN THE STR®

*PCTURE - "
*HODEG(L) HODE MUMBERS FOR PLAKE L=d "
AHODYO[ L) Yai) .
RODZO(L) I "
NODEEC( 1) A=KCOR "
*EOOYC] L) ) Y=YCOR .
*MODEC[ 1) ZmZO0R .

wO{I),W{1),W{I) DISPACEMENT COMPONENTS R0 EACH HODE L' THR SPF.IIMEN
WOIOLADCE0) MAX OF &0 HDDES LOADET
*

EPSL 15 ACCURACY CHECE VALUE

5¥2 STIFFNESS OF SPRINCS COMMECTED TO BOODNDARY HDDES
LMAX B0 OF HODES IN Zw=d PLAME

EREAK B0 OF ELEHENTS LN T=0 FLANE

DaX  SMALLEST ELEHENT SIZZ IN THE STRUCTURE

FILlP  LOAD AT INLTLIAL YLELD

SCRIT USED FOR CTOD CRITERIOW

TOUNC YRGS HODULUS OF THE MATERIAL

POIS FOLSSDH RATIO OF THE HATERIAL

CRACE CEACE LENGIH

FT  VaRIABLE USED FOR LOADIKG

WLDTH WIDTH OF THE SPECLHEH

SIGYS YLELD STHESS OF THE DATERIAL

LFRIT LPRIT GEEATER THaN O HO INTERHAL CUTPUT ,LPAIT=Q
INTERH&L OUIPUT{USED FOR SMALL PROSLEHE]

HGALS HD GAUSE POINTE IN EACH DIRECTIOHN

HLAYER w0 OF LAYERS PUT IN THE ETRUCTURE

HRODE TOTAL HO OF BODES IN THE STRUCTURE

IRODYNG  TOTAL M3 OF RODES IN X=0 PLAME
LBOOYO TOTAL KO OF HODES IN ¥=0 PLAKE
Ik0O20 TOTAL KO OF KODES TH Z=0 FLANE
IRODYC TOTAL ®Wo OF HODEE IN IsC PLAME
IRODYC TOTAL RO OF IWJDES IH Y=C PLANE :
LHOGZC TOTAL HO OF NODES I[N Z=C PLANE

LESTIF MAXIMIDS DIBENSION FOR AA HATRIX

MEMOD  MAXIHUH HODES FUT INTIO THE PHOGHAM

BROO0G0 000000008 08 0 Ge o o 0 0T B D6 O 800 00D o

HREEL

HARIERL ELEVERTS TUT IRTO THE EROGRALL

T c—— e —
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FOZIDD ABD IOONEL ARE FOR UDERSIONAL FURFISES

MEGAUS HAXTINM B3 OF ELEMENTS HULTIPLY THE 4O OF QAUSS
POLETE IM EACE DIRECTIOH(E,Y,Z L[F HGAUS=1 ,THE mp L[5 dez#z)
ICUE VYaRIABLE USEDT IN BREAN SUBPROGRAM FOR RELEASING FORCES
LTOTE TOTAl MO WODES IN THE THICHESS ALOHG THE CRALE TIO
ITHODE TOTAL 80 OF WODES ALOHG THE CHACK LINE

ELL VARLABLE USED FOB CRACE EXTEHSION

NTYF VARTABLE USED FO8 TYPFE OF CRACE EXTEMSION

HLH  HO OF INCHEMENTIS 10 RELEASE THE HOPal FORCES

HLOAD HO OF LDADED HODES IN TIIE STRUCTIURE

HGFD 3 OF SFECIFIED DISPLACEHENTS

HAXIT HAX HO OF IIERATION OSED FOR COKVERGEHRCE PURBLSES
HIOF TOTAL KO OF DECGRSS OF FREEDDY IH THE HODEL

HEF IF HEF =0 ELASTIC AMALYSES,IF MEP GREATER O PLASTIC ASAL
ERIT ACCURACY CHECE VALUE FOB CUMNVERGENCE UPSED IN SUB PLAS
HELM TOTAL WO OF ELEMENTS IN THE SYSTEH

AM BOM LINEAR OB NHOMLINEAR STRAIN HARDENING COEFFLCIENTS

IF aM=0 HATERIAL L5 BLASTIC-PERFECILY .

EEEW WARIASLE USED IN COHTACT SUBFROGREAM TO CHECE WHETHER
THE HODE CLOSED OR OFEHED.

OO OOOaO0a 000 0000y

DATA NHEE,HOF,BQD N3TR/S,3,2,6/
C "%% OFER HAF AND ZERD THE AA VECTOR OF LENGTH LENTOT
LENTOTw 20000 MH-I60043+1 5500 L 30T 000 {6 Joni Oridoi L O3
L+l 0% I 20 I T 00= 1 0+5Th
J=LEHECT/ 65536
JI=LERTOT~( LERTOT/ 65536 "a5536
LE(JI.HE. O} Jmisl
LOFH=IWL 2§
CALL OPEH{LOBN)
C #WW ZERODIKG THE VECTORS
J=LENTOT/ 65536
DO 223 el ,J
Lil={I-1)*65535+1
AR[LL; 65353 5)=0.0
223 COMTIHUE
Ju R 55 L
JI=LENTOT-J+1
AR LT =D
c
oo W
c
LHSTIF=2 000000
HANEL=1 550
HNOD=3 200
HEALG=Z
HODI=HOALEH=]
HRPE2={ AHEES{ NHPE+1) /1
HODENPE=HODZ*NHFE
HODZER=]OI*HSTR
NG 25aHENEL*HQDISR
MEGAUS=HO I HANEL
LL=%Ae0H 0D
KFTAB(L; LL}=0
I L;LL)=0.0
ROL;LL)=0.0
BECL, 1;LL)=J.0
ZRCLEMOD)=0.0
CALL Q2CLOCKI (I HaLl)
41 . FORHAT(IS,3F10.3)

C %se  READ GEOMETRIC DATA
READ {3,222) (TITLE(I},I=1,20)

r22 FORMAT{Z0A4)
WRITE(G L3} (TITLE(L),I=1,20)
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L5  EORMAT(LHL// /S, 20443
READ{5,18) CRAGK,WIDTH,TILICK ,MEIGHT,DAX,5CALE
. WRITE(S,17) CRACK,WIDTH,THICK,HEICHT,DAX,SCALE
L6 . FORMAT(GELD.4)
17 PORMAT(SK, CRACR=",F10.4,2X, "WIDTU=" P10 4 2K, “THICK=",FLD.4,
o ] /5%, “UELGHT=" , P10, 4 ,2X, "DAX="  F10.6,2X, " SCALE="  FL0.5)
19 FORMAT(16IS5)
ACOR=WITTH
YCOR=HETOHT
ZCOR=THICK
EPST=L.E-10
READ{5,39) LPALT,LMAX,MHAX,HLAYER NEF
WRITE(#,28) LPRIT,LMAX,KHAX,NLAYER,HEF
2*  FORMAT(SX, LERw” 12,3, LHAX=", I3, 32X, “KMAX=" ,13,2X,
€ "HLAYER=",I2,2X,"NEP=",I2)
HHODE={ KLAYER+1 ) *LHAX
HDOF=HHODE]
HEL#=EHAX*HLATER
L === COHSTANIIZ IN POLYMODMIAL AND T—HATRIX
CALL ACAL
BEAD (5,39} WHAT HIEGHT
B0 3 D=l ,EHAT
READ(S, 163 YOUNG,POLS,SIGYS ,AH, ROM
WRITE(G,4) YOUNG,POLS,SICYS,Ad, R0H
READ(S,19) (MBEGIN(IG),NEND(IC},I¢=L,6)
WRITE(G,39) (MBEGIN{IG) ,HEND( 1), 161, B}
D0 5 TG=l,8
IF{NBEGIN(IC) .EQ.D) COTO 3
Li=NBEGIN( 1G] *&~T
T2NEND{ 10} *B-T1+L
5 STGRAR(TIL;LI)=$IGYS
3 CORTIRUE
4 FORMAT( / /10K, "MODULUS, NUE, YIELD STRESS, 4K, @ WiM:",5E12.4)
CALL DCOM{EOUNG, POTS,D,DINT)

G & BEAD COOBDEHATES AMD COMBECTINITY

B0 30 =l ,NKIDE
JHEW( L)1
0 READ(T,20) K,XR{I},¥R(L},ZR(1)
20 FOSMAT(IS &K, 3E15.7)
WRITE(S,333)
WRITE(G, B61){1, XRCI} , YRLI) ZRCTY , J=1 , HHODE)
B6L  FORMAT(2(3X,I5,3(EL}.6,1%)))
333 PORMAT(1dl//10%,” HODAL CODRDINATES,HODER, X,Y¥,AND,2-//)
DO 31 LE=L,NELH
31 READCT,39) EN,{MODE(J,IN),J=1,8)
WRITE(6,334)
334 FORMAT(1H1//5X, HODAL COMMECTIVITY IE, I,J,K,L, T1,J1,K1,LL/f)
WRITE(6,B44) (IE,{MODE(J,IE),J=L,3},IE=L,NELH)
B4 FORMAT(Z(SX,914))

(s RE vl ]

IZIPLl=3

Gall QEICLOCKS (CEU , HALL)

HRITE(6,9999) LZIP1,CPU,WALL
9999 FORMAT(SX,"STEPF",13,1%,"TIME IM SECS: CPU=",F10.4,.2X,
CTMALL="  FLZ.3)
Y WRITECG, L60T) HELM
LBOT PORMAAT (X, "TOTAL 10 OF HENAHEEDRAHe" ,I5)
C %k TDENTIFY NHODES OM COMSTANTS PLANES

c IDEHTIFY =0 FLAME STORE HODXO AREAY
Q IDERTIFY f=D FLAHL ,5T0KE MHODYO ARRAY
G [DENTLFY =0 FLANE ,STORE RODIO ARBAY
ks IDEMTIFY i=C PLANE ,5TORE I'ODED ARRAY

25
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[
L e g e

IDENTIFY Zwl FLANE ,STORE HODZC ARRAY

J IGDEO=D . |
ERGE o=
© . -“IROOEided |
IHODEC=0 |
[RODEC =]
IHODEC=] !
D0 1100 t=L,KNODE il
IF{ABS{¥R(1)}.LE.EFSL} GO T0 L3IOL
DEL=ARS( KL T )=XC0R)
IF{DKL.GT.EFST) G0 TO LI0Z
LI BEa=THBERE+L ;
HODEC] IHODKCp=T
GO0 T0 LI02
130L  IHODED=IRODKGHL
KOOHO{ INODXD =l
1302 IF{ABS(Y¥R(I)).LE.EPSI) GO TO 1303
DYL=ARS{ YR T }=-¥O0R)
TF{DY1.GT.EFSI} GO TO 1304
LHODYC =~ EHEDEC+L
RABYC] THODYC) =T .
G TH LI04 t
1143 LHODY D= I RI0YosL
HODYO( THODYO )=
1304 IP{ME[EEI:_I}].LE.EZEEI] cDh TO L30%
DEL=ARS( ZH( [}=2CORY
IF{DZ1.CT.EFSL) GO TO 1300
CHODECwTHMDDZ CH1
RODZE] IHODEC )=
G0 T 1300
1305 [HODE 0= RGDE0+]
HOTZO( IHODEO =1
1140 CONTIMUE
WRALIE( 6, 1002}
LOGZ  FORMAT(SX,” INODKD,SE, IHODYO, 5%, [INO0Z0, 53, IN0DRS , 5K, THOOYE
L,5K, IHODEC™)
WRITE(6,1122) INODXD, INODYQ, [MOBZ0, IHODXE, INODYC , INODZC
LLfz FORMAT(SE, STH)
IF{LPRIT.EQ.0) WRITE(S,39) (HODXD(I),I=l,IN00XD)
IF{LPRIT.EQ.0) WAITECS,3%) (HODYM{I) L=l ,INCO¥0)
LF{LEALIT.EQ.0) WRITE(S,39) (HODZO(I},I=l,INGDRO)
IF{LPHIT.EQ.0) WAITE(G 39} (MODXC(I),IwL,IRODNC)
IF{LEHIT.EQ.0Y WRITE(S,39) (HODYC(T},I=L,INODEC)
IF{LPRIT.E.0) WRITE(S,39) (HDDLCLI),I=l,IRODES)
1000 CONTIRUE
IZIFL=10
GALL {ICLOCKS (CPU, HALL)
WRITE(G,9999) IZIPL,CPU,WALL

I
LDENTLFY Yo FLAMNE .:.E-TD.EE HEDES AREAY |
|

ETH &0 7]

HORLEY M SO P i T T T

+

R m e e Rl

o
£ AEEw
- )
CALL HSAHC{HIDE, RSAME, [THAX 4B HEODE  FELM, & FIHOD, MXNEL , HOOF} i
< uSIR L) e0 !
HSRI2 =1 :
BO 352 I=3 MBOE g
Li=I=1 |
352 HSIHL D) =St La) HIBCLE) i
LOGOF=HE VR NDOE J+HB NDOE ) "
WRITE(G ,504) LOGF |4
B0 FORIAT(/ FLOK, "STORAGE REQUIREMENT FOR STIFFRESS WATAIN CS="ILO) o]
' LEIPl=L& [ -1
¢ CALL QECLOCKS{CPU,WALL} &
WRITE(S,9999) [2IP1,CPU, WALl li
[+ L
:
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oEm=n

Ok &

932

G435

SEI=YOURG*] L ORI
ASSEHBLE THE STIFFHESS MATRIX B

B0 943 T=1,HELH
"HCUBEY L; B)=HODE(L,1:8)
HE(L;d)=HCUSECL;8)
CALL CORDLNRCUBE, MANOD, MR, Y8, IR, XE)
BALL SMALLE(ZK,XE,b,IERR)
Do %43 J=1,B

O 943 Lel &

TE(HS(L) .LT.HE(J)) GO TO 943
TU=3%301)=2

IV=LIHL

Thmivel

TUmiwies(L)=2

JVmIidel

Tumpyel
LG T ) = T U 1 1
H2mN1+L

Hi=H2+L

B mME I V)= T VI TV ) 410
LTS

fEmES+L
HT*EEI.I'H.{.'IH}—J'H‘I‘H.EI: JHIIL
EAmNT4L

[ mHE+L

HELm 3 f=2

HEZ=MEL+L

HOJ=HCZ+1

MRL=3%L=1

MHZwHRL+1

MRdmlATH1
AALKL)=AALH1)+ER(HEL, HCL)
AALKE AR NG M BRCHED  MCLY
AALKS ) =AA(HS F+ER(HRT  HOZ)
AACHT YA L HT M ER{HRT, MCL)
AALBE =AML HB )+ SK(HRD  HEZ)
AL hmaAlHI HEN{HRT HET)
IF(J.EQ.L) GO TO 343
AACRZ)=AAL M2 403 (AL HED)
AALED )=AA{ HD)+EK(MEL HE3)
AACHE)=AALHA SR {HET HET)
CONTINGE

IZIP1=18
CALL QACLOCES(CPU WALL)
WAITECS,%999) 1ITPL,CPU,WALL

C ®=ed THPOSE SYMHETRIC BOUNDAERY CONDITIORS

ila

READ (5,79) HSYHEL

WRITE(6,315} REYMPL

E'DRI-:I.ﬁ.'.l'I:fEI.," # OF SYHMHETRIC BOUNWDARY COMDITIOHS I',II:I

TF{HSTMPL.EQ.0) GOTO 214

READ(S,39) (TSYMPL{1),I=1,HEMMPL)

WHITE(6,316) (ISTMEL(I),I=1,HSYHPL)

PORMAT(10%,” SYMMETRIC PLAME WUMBERS ARE :7,613)

0 3L7 IS=1,HstHPL

E5Y=ISTMPL{ I5)

TF{I5T.5G. 1) CALL SYNIPLE(AA,IESUM,HB (ETAR  HODYO, INODKD, SK2, 1,
[HDOF ,LNSTIF)

TF(ISY.EQ-2) CALL SYMPLH{AA,MSUM,MW,HETAR,KODYO, INODYO,5K2, 2,
" CHDOF , LASTLF)

IF(I5Y.EQ.3) CALL SYSPLN(AA,MSUH,MB,HPTAR,HODZO, INODZD, 5K2, 3,
CHDOT ,LHSTIF)

IF(15Y.EQ.4) CALL SYILPLA( A, IESUM, MR, ISPTAR  HODXC , INODKG, 5K2, 1,

27
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CHDOF , LHSTLE)
LF(I5Y.Ef.5) CALL SYMPLN(AA,MSIR,HE,MPTAS RODYC, INODYC 5K2,2,
. CHENMF , LEISTTIF)
IF(IS¥.Ef.6) CALL SYHMPLN(AA,HSI, MB,|IPTAE NODEC, INODEC , 5H2,10,
CHDOF , LASTLED
17 - CONTLHAE
L4 CONTINUE
2
C vl SYMMETRIC 2OUNTDARY COHDITEONE OH THE CRACK FLANE
[+
o0 318 I=1,IHO0W]
LedOEYO(T)
SAP=KR(L)
IF{SAP.LT.CHACK} GO TO I8
Hy=38T-]1
FVHEY=H S EY )==HB BV )
MPTABHY )=k
AAL WVEY bk BTNV )5E2
318 CONTIHUE
[
IZ1Fl=27
CALL GACLOCKS(CPU, HALL)
WRLITE(S 9999 1zZIPl, CPU,UALL
C dwdins  EEAD BOUNDRAY CONDITIONE AND LOADING
[
C %%& FIUED HODES AND LOADEHC
L+
READY S ,39) MFIX,NLOAD HSFD
WRITE(B,40) HPLE, HLDRD, MEFD
40  FORMAT(//SX,"F OF NODES: FINEDe” 13 X “LOADED=" 13.2%,
¢ “5P. DisE=",I3/8)
IF{NFLIN.E0.0) COTD 417
0o LLG IFEN=L HFIX
READCS , 390 150DF , EOD, BV 400
WRITE{G,39) IDDF , MU ,200 P
HODFIX( IFIX)=INEW] HODF}
W= IHEW{ HODF ) 4 3-2
WU A5RE] K )-8 BT
HTH V=S IR AL B HEHL )
HEE = SR B2 LR HEHRZ )
Ak HUBL) =8 B U ) =bpgll = 53T =
Al FVHV 1= AL HEHY =502
A NN ) = FENE ) HW SR
MPTABL KU b=bL
HETAB] HUEL =Y
S1é METAB] HIHT i =HE
417 CONTIHUE
IF(HLOAD.LE.O} GOTOQ 739
M &1 IE=1,HLOAD
BEAD(S 42y HopLoofIL) , 0%, PY,P2
IZ=HODLODE LY
WRLTE({6,43) HODLOD(IL) ,PX,FY, P2
HODLOD{ 1L} =JHEW[ LE)
LEl={ JHEW{IZ ) =1} ®3+]
BE{IZEL 1=K
BB{LZ1+1 ,L}=PY
BR(LZL+2,1)=FE
4L CONTIHUE
&3 EQREAT (38, I3, M F1Z-3,3%)}
73% - TF(NSPD.LE.DQ) GOTOD 739
DO 735 E=l MEPD
READ{S,736) HODS, K, DISPCH) :
WRITE(A,T37) MODS,K,DISP{R}
- HU={ JHEW( BDS =1 )*3+K
ADLSPECY J=Hl
LR b S R WU M 1R



Tas
114

far =’
738

415
ko
LH
9004
415

4la

351

Pk
420

& dkh

itk

M

160

AA[NUNIT ) =5K2
BECHU, L)=8RI*DIER{ 1) ‘
FORMAT( 213 ,E14.5)

FORMAT(5X,15,2%,11,3%,E12.5)

CONTINUE

Ri1;HO0F} =3B 1, 1;NDOF)

IZIPL=1f

CALL Q3CLOCKS{CPY,HALL)
WRITE(6,9999) IZIPL,CPU,WALL

IFAC=0

ALB=()

IZIPL=21

CALL SYMBAH(LWSTIF ,NDOF ,MB,MSUM,AA,L, BB, IFAC, T1, TERR

L,ALF,Z,T2,7d,T4,L}

EZIPA=22
Gall QICLOCKE{CPU, Wall}
WRITE(6,9999) C[ZIPL,CBU,WALL

IF{IERR.EQ.Ll) WRITE(G,415) LERB

FORMATY / FLOX"TERS="12, 10X HOKPOSITIVE DEFINEIE MATRIX)
LF(IERE.HE.Q) STOP

BHRINT OUT UWLIT LDAD DISPLACEMENTS AMND STRESHES.

CONTINUE
BRITE{ A, 423}
FORMAT 1H1 /) LOK, "UNiT LOAD DISPLASEMENTS AND STRESSES//)
WRITE( G, %18}
FORMAT 61, SHNODE , 6%, 1HX , 15K, 14, 13X, 1, LIX, LUV, 13X,

1 LHV,13C, 1HW/)

bo 551 Hel, WHODE

IIH.!.I.{:H':IEI: ﬂ—l:l L 3k
{1 ;HNODE)= UBVGATHR(BE(L,1; NDOF) , IIMAXCL ; HHODED ; (L ; HHODE) )
IIMaX(L; NRODE)=I THAX( 1} NHODE j+1
¥{1;HHODE )= QEVGATHR{BE(1,1;HDOF) , TIRAXE L HHODE)Y ;W L ;NNODEY )
CIMAN( L MRIDE ) =TTHAK [ 1; HHODE Y +1
Wi 1 HHORE = GaVGATIR{BEC L . 1;H0OF)  ITEIMALCL jBNODE) 2 W( L [NEOLDE) ]
B 964 TM=l  HHODE

WRITE(S 4203 IN,XR(IN),YR{IN) ZR{IND,UCIN) V(LK) , WOIH)
FORHAT (3K, 15 2K, (2K, ELL-5) , 3 (2K, ELZ.&3})

FYLD=0.D
WRITE(6,306)

FORMAT(11//10K ,"ELASTIC STRESSES: SX, S5Y, 52, AND SYZ, SZX, 5K¥°)
FORMAT(5X,16,2X, 6ELT.4)

LGAUZD=)

B0 300 IE=1,HELH

HCUBE(L ; B)=HODE(1,IE;B)

b0 301 I=1,B

L1=HEUBE(L) S
DIS(I,L)=U({11)

BIS(L,2)={11)

BIS{E,2)=l( 1)

CALL CORDIN{NCUBE,IDN00,XR,TR,ZR,1E)

CALL STHESS{LIS,XE,D,STRV,STRSV,BMT,WDER)

fLoc=( LE~1 )1 *NODESA+L

A ILOC; HOD2SR)=STRSV L, 1 NOD25R )
FCILOGHOPZAR =S TRV 1, 1 ; RQDIER]
[O 350 Te=L HoD2

L 360 J=l 6

STRLJ)=STREVI LG, '
IGAUSPsTEAUSP+HL

- CALL SEQUISTRE,JEFF)

SEFF=SLFF/ SIGBAR( DGALISE)
IF(FYLD.GT. SEFF} GOTO 3530



350

0o -

FYLD=SEFF

IEY=[E

IGADS =16

CONTIHUE

HEITE{S,307) LE,(STR{J},J=1,5}

CONTIKIE

FYLD=1./2YLD

WRITE{G6,305) IEY, IGAUSY,PYLD
FORMATLHLS F10K, "ELEMBNTI 7 15 0, "GAUSE PT=",12 3% “LOAD FACTOR AT

€, TIELD=", E11.6)

412

READ(5,450) MTYP,BLM,SCRIT,RP,ACURCY
WRITE{&,612) KITP,SCRIT,HNLM,AP,ACURCY
FORHAT( /9K, "CRACE GROWTH CRETERLON WTYP=",IZ," AND CIODR =" EL0.&,

/L0, "NIMEBER OF IHCREMENTS TO RELEASE CRACK TIP FORCE=",IZ,
G/ LOE, "RELARATION PARAMETER=" ,F5.2," (MORMAL)",
L0, T CRACK DPENIHG DISPLACEMENT ACCURCY=" E12.4)

4350

b

[yR NN+l K]

LoD
z
1

PORRAT( 215, 4ELD.4)
IF{MEP.EQ}.0) HTDP
CALL Flh3
LZIPi=is

JTOP

E3D
SUHRCUTIHE OFPEM(LDPH)

COMMDN HATHY Abf 2000000% BBL960U, 1) D6 &)  DIEV{E &) ,
LDLSECaD) EPS(11600) (EFEST{L550) FORCE( LO) ,LENE{ 100} ,
2LOCAT(10) ,LEFOR{LOY ,MB 9600  HEee 9600 ) , MPTAR( %600 |
JMPLas (12400) MO0DE{SE , 1550 MFLC(L550]) , KODXD{Taday ,
SHODEDC P00 (HODEO(TA0) (RS T 00y HODECL 700 ) WODEC{ 7003,

5
[

KODF L 40) ,HODLOD(S0) ,KOISP (80}, R(9600),
BIGBAR{ 12400) ,5K(24,24) , TL(3600) ,T2($600) , T4(2000)

TIS{F600) {3200 (POLDC 32007 V{12003 NOLD] 3200} ,WE({J200} ,

BRLIT0ON Y FOLDCIEGD ) (KL 7000 G II000 LT

YR( 3200} , 2(0600) , ZR(I200)

COMHDH/ CHST! EFSL, 5KE , LHAR , KHAK DAY,

LBYLD, SCRIT , YOUNG, FOLE  CHACK ,PT,WIDTH, FRAL HP,

LSBAR, LFRIT , HGAUS , KLAYER , HHADE,

JINpDXO, INDDYQ , ZHODED , IEGD NG , IHADYC , IRODEC, LUSTIF , Haon,
GMNKEL, HXGAUS , [SUT, LTOTS , ITHODE KLY  HTEF , KL,

SNDOF EKEM ,KEP ERLT, HELM, A4, B0

THIS SUS-PROGRAM OPEMS ALL THE (30PHHAP FILES
HAKTVUH LENGTH OF ANY FLLE I3 5376 SHALL PaGED {DECIMAL)

T CHANGE THE [AKIMON LENGTH CHAROE THE DATA CARD
OATa LHak f !

CHARACTER®E FILE, WORD{H)
DATA WORDS “ASTIFOOL™, "ASTIROOZ",

& “ASTIRI03", "ASTIFOO4”,
4

A

“ARETIEFODS" . “ASTIFOOE” .
“ASTIFOO?, “ASTIFOO8"
DATA LMAX f 53a7sf
IF{LOPM.LE. LMAXY GO TO 10
L3PHE= LMAK
LDUH= LOPKSLIEAX -
LOPKAE® LOPH=LOIRNLMAY
DG LD I=1, LD
FLLE= WORD{E)
ISTART= LHAX*SL2%{T=1)+1
CALL QIOFPIREAT (IEBR, FILE, A&(ISTART), LOFHA, L)
PRINT 100, IERS, FILE, LOPMA
WRITE(G, 100) LERR, FILE, LOPKA
12 IERA.NE.0) STOP
FOEMAT (LOX,” IERR FROM DPHHAP=",Z16,5%, " PILE - ,AB,
I%,” I8 OF LEWGTH *,Il10,2%,” SMALL PAGES (DECIMAL)" ./}
CONTTINUE

30
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IF{ LOPHB.EQ.0) RETUBRK

ISTART= LAARSLDUL*S1I+L

FILE= WORDY LOLREL)

CALL ﬂjﬂ?ﬂ]-ll? I:I:EEFI.:| FILE, AA[TSTART) , LOPHE, L)
FPRINT 100, LERBE, FILE, LOPHB

WRITE(&, 100) IERR, FILE, LOFHE

IF(LERE.MNE.OQ) STOF

RETURH
20 COMTINUE
FILE= WoRD(L)
GALL q30PIMAP { TERR, FILE, AML1), LOPR, 1) .
PRINT 100, IERR, FILE, LOPH
URITE(G, L0O) IERR, FILE, LOPW
1F(LERR.NE.0) STOP
RETURHN
END
FUNCTION FHMAT(SBAR,CE,EDS,H)
COMMON/ MLTHHAT/ YSTRS(10) ,YSTRH(20) , PLECDR{Z0) , RSEGHT
&
C === EF5T= TOTAL STRAIR )
& —= EPg = PLASTIC STRalH
c
EFST=EPS+5BAR[CE
DO L0 Tsl,HSEGHT
Lo IF(EPST.LI.YSTRB(I}) 6OTO 1L
L1 FRMAT=PLHADR{1)*CE
RETURN
END
SUBRDUTINE IMPLI{AA, SN, I, MPTAS  HODP , TROD, SK2, LD, HDOF , LYSTIF)
=
C %% [HPOSING SYHMETRIC BOUNDARY COMDITIONS
i
DIMENSION AACLHSTLE) ,:SULNDOE) MB({HDOF) HPTAB(NDOE) ,NOBP( Li0D)
b0 100 el XD
L=HODP{ T} .
filfm{ L-1) #3+T 0
MU =HS ML HE MR L)
METAB{HU =4l
LO0  Ad( HUNL jmAl NUKU I 45KL
HETURE
END
SUBROUTINE HSAMCYMSAME ,WSALE, TIHAX, HB , LILAX, KRLAX  KODPEL , MEHOD,
1HENEL , KDOF)
BIHENSTON MSAME(MNODPEL,HIWEL) M3AHE(IONOD, 203 , TTHAX( HXROD) ,
€ HE{NDOE)
& dnirhk LE BT o i v L P e ]
& MEMEL = MAKTMUM HUMBER OF ELEMENTS
- HXNOD = HAXTHUM WUMEBER OF 4ODE3
& HODPEL = # OF KOED PER ELEMENTS
& LMAZ = # OF WOEDS IN THE PROBLEM
& WMAL =  OF ELEMENTS TN THUE PROBLEM
€  MSAME{WODPEL,TEL) = HODEL COSMECTIVITY EF IEL ELEHENT
a HDOF = LMaX® ¢ OF [OF PER HODE
& HECHDOE) = BAND WIDTHS OF ALL ¥DOF DECREE-0F- FREEDOM
e
|: AEFARTARFAEGAEAARAEAR A AEA R R AR AR R Lef o] ]

00 10 IE=L ,KHAX
[0 20 J=1 ,RODFEL
[E=t{SAHE(J, IE}

. ITHMAR{TR)=TIHAK] [K)+L

0

clg -

HEBAHE(LE, [IMAK(IX) )=1E
GOETIRUE
FORMAT(LGI5}

. =RACAOILATE B VECTOR

LBRAR DW=
00 130 HODE=L,LHAK
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354

25,

<

G

MANKTI Fud)

TH=LTH AN RIDED

oo 351 M=1,IH
HTHI=HIAHE(HODE 4}

po 351 L=l MODPEL
HiM=HEsAHE] L, HTRI}
HDILEEs1h | HIRL=1000E )

IF{HDIFF .LT.HAXDIF] HANDLIE=HOLFF
CORTTHUE

IF{ IEAMDE . LT TARS{ HAXDIF) ) L[HANDW=TABS{HAKDIF)
MU= 3% HOTE-L J+L

HysRIHL

H =1

B HU =L ARS] HAXTIIF I+l
IE{MB{HI) . CT. WU BB HD =80

MB{ WV ) mHE{ HIF]+1

MBS A mE Y 1L

CONTINUE

IHAHDW=THANDLH]

HWRETE{G ,25) IEANDM
FOBMAT( 5, "HaX BANHD WEDTH=" ,I&6)
RETIRH

EHD

BUBRQUTINE DCON{YDUKG,POLS,D,DIRV)

J=0 D&, 6) & DIGV MATRLCES FO& ISOTROPLC (EATERIAL

DIMENSIUH D(&,6) ,DIAVIE,6)
DEL=YOIHG L=POIS} ([ L+POIS)®{ L=2wpQLE)} ¥
DEL2=POTE/ ( L~FOIS)
BELI=(1=2*POTS)/ (2*(1-POTS))
BlL,L;36)=0.0

DINV(L,1;36)=0.0
B{l,1)=DEL
I 'L,].]-I[I-S'L"I}ELE
DL, 3=DiL,2)

D(2,2}=DCL,1]

D2, 3)=0(L,3)

D3, 3p=0(L,1) -
B4 , &)= BELADEL]

D5, Sy=D{&, b}

b6, 6)=0(5,5)

ESVERSE OF D=RATEIX

DINV(1,1)=h. /YaieE

DLEY( 1, ) ==2015, YOUKS

DIV, 3 =DIHVEL,2)

DIKV(2,2)=DINVL,1)

DIV, })=DINVEL, 2}

DINV(3,3}=DIHVIL, L)

DINV(G , &)= 1.4 LHPOLS )/ TOURG

IRV (3, 5)mDIRVS , &)

DINVLE, B} =DIHVES &)

oo & I[=L,3
00 5 Je1,3
I, 1y=D{L,J])
DIAV(J, I)=DINVEL, 5}
CONTTHUE
TURH
EMD
SUBROUTINE SHAPE(X,Y,Z.R}

SHAPE FUNCTIORS
DIMEHSION R(E)

B{L}=L.
R{Z)mX
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Ri3p=Y
flh4)=2
RS ey
" OR(E}aYEL
. RETI=T*E
CREE}=iRYED
AETURH
END
SUBROUTINE CORDIH{NCUBE ,MENOD, ¥R, ¥R, 2R, A}
c
C wRd EVALUATE ACS,3) CARTESIAN COORDINATE MATRIX
c
DIMEMEIOH AR, 33, BCUBELS) , XR{HKHOD) , YR(HROD) , ER(EHOD)
0y 1 Is=L.8
Kl=HEUBE( L)
ALL, 1y=ER{H1)
ACT, 2)=¥R{H1}
L Al T, dy=ZR{HL)
RETURH
END
SUBRDUTIHE AGAL
COBmoa/ ATEV AL (BB )
COMMON/CENALSGERE , 3]
DIMEGSTON BL{B} DUM(B, 1), IPIVOT(E)  INK(14) Ad(8 &)
A2E1, 1364 )=l
oo L i=1,8
El=GORET, L)
YisGCR{I,2)
Z1=GCR{I,3)
CALL SHAPE(XL,Y1,ZLl,B1)
oo 1 J=1,8
L AZ(T,JsRL{TY
GALL MATIHVCAZ,B 8, DUM,L,0,DET)
AL{1, Ly )=mal(]l, 1554)
RETURH
ENT
SUBROUTINE DERIVE {X,Y.Z2.R)
COMHDNS ANV ALCH,2)
ROWWLSE DHE3,8)
DrMENSEON B(3,8)
p{ 1, L;2a)=0.0
[ ol DT EIOW
DH(L1,23=1.0
DHL L, Sh=t
DH(L, Ti=2
BHL L, 31=TT
i D/ IETA HOW
OHCZ, =L .0
B2, 5)=L
GH{ 2, 6)=2
OH(2 ,8)= X%z
Ll DH/DEETA =W
OHES, 401 .0
OHE 3, 6)=Y
B3, 7) =X
OB, B)=K*Y
DO L0 Jmi 3
po 14 I=1,8
RiJS,Ii= QESDOT ¢ 08I, 1380 . AL{1,1;3) )
L0 ., GONTIHUE
BRETURM
© EHD
+ JUBROUTIME SHALLE{ SHE, ¥E, D, IERR)
g,
0 TILS MODULE GEHERATES AN ELEMENTAL STIFRNESS MATRIX FOR THE GIVEH
C ELEMEKT. VECTOR VEHSLOH
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DIHERSIOH SHE(ZG,246), XE{8,1) ,D{6 &)
. COMMOH/S 9382/ HHEE,IDF , B0, HSTR, HUDL HNFEZ , AODZNPE HUD2SE Mg 25
. BEAL EE

OIHERGIOH HE(324)

LHPOT: 6,5} = HOMLOS HATRIX
KE(@,3) = 8 WODES X,Y, I COORDIHATES
QUIPUT ¢ SEE{24,24) = STIFFHESS MATRIX

KE = ELEMENWTAL STIFFNESE MATRICES FOH ALL DISTINCT ELEMENIS, IR
HOWLSE HODAL BLOCK LOWER TRIAKGULAR FORH
PE = ELEMENTAL LOAD WECIORS FOH ALL ELEMENTS IN RODAL BLOCK FOHM

DATA MDFA, wSTRM, WEPEX J 3, 6, 8 /

= NUMBER OF DISFL. DECREEE OF FHEEDOM PER WIDE
HIMBER OF STHESS BESULTANTS PSA HODE

HIMBER OF QUADRATURE POLIHTS IM EaCH DIRECTIIOR
HEMBER GF HOGES PER ELEMEHT

B
5

58

ETH= THERMAL STRAING IN TIE CRRTESLAN SYSTEM.

Ceame  FTHERMe THERMAL LOAD VECTOR.
[
C
C [P] - STRESS STRATN HATRIX
C
DIMEASTON LBSFP(6,3), B(&4,3), BI{I28,3),0K(288,3),
z WTDETER(G4 ), SU{Z6A8)
DIMENSION WUTDET(R)
DIMENSION CTHCGGY, TPET(B)
DATA IBSE/ 1, 2%3, », O, 3,
z T T S TR B
] 2%, 3,4, 2, L f
[
C [TBSF| - SPARSITY PATTERN AND POTNTER MATRIX FOR [B] AND [BJ)
[ [H] - BTEAIN DISPLACEMENT MATEIX
Q [:I.J] = ANOTHEER STRAIHN DILSPLACEMENT MATRLX
o o[ce] - A BOW FOB EACH STIFFWESS HATRIX NODAL PARTITION
& [(WIDETEX) = HEPLICATIED WEIGHTED DETERMINANIS
O (sUN) = TEMPORARY STORAGE
c
DIMEWSION TREPL(3I6) ,DFOSH(2L00
DESCRIPTOR IREPLD, SORCD, DESTD
[
¢ IREFL = VECTOR OF LEWGTH “HNPFEZ" COWTAINING IERQS DSED IN THE
Q REPLICATION PROCESSH
C IPOEH = ARRAANT OF LENCTH "MHPEZ™ USED TO CORRECTLY FOSITLOH
5 THE RODAL FARATITIDNS IH [EE]
 IREFLD - VECTOR UESCRIFTODR FOR {IREPL}
C SOREE = VECTODR DESCRIPTOR POR THE REPLICATION SOURCE
C DESTD - VECTOR DESCRIFTOR FOR THE REPLICATION DESTINATION
%
DATA LENI, LENE, LEWBJ, LERC, LEMM, LEMNWT
z / 18, 192, 864, 8B4, 188, &4
Q
¢ THESE ARE THE DIMENMSICHED LEWGTHS OF [IBSF], (8}, [BI], [CX],

=
L+

[WTDETEX), AND {SiM) FOR ZERDIRG OUT PURPOSES.
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L3 = HQDEWPE = Wgb2 + 1
[d 140 BE = 1, HHEE
ASSIGH IREPLD, TREPL{L; WX)
ASSTGH HORCD, B(L3,LT: HUDZ) .
ASSIGH DESTD, BJ{LL,IT; L)
s " CALL QBVETOV(¥"02*, 0, IREPLD, O, SORCD, 0, DESTD}
L2 = L2 + HQDZ
il = L1 - L2
LI = 13 = BED2Z
Ly CONTIHVE
150 LONTINUE
g
oo 155 I7=1,3
B{L, LT HOO2HEPE) = B{1,IT;SQD2YPE )W TDETEX] L ;HGDINFE)
155 CONTIHIE
L+
C EORM {[B|**T #® (D)) * [BJ] & ROW AT A TIME.
C

L=l
Lo 400 L1 = 1, HDF
CK(1,li LEWDF) = 0. . '
Df 230 EE = L, HSTR
SEM{1; MUDINPE} = O.
DO ZL0 1T = L, HSTR
IT = IBSP{JJ,11)
IF (1T .EQ. 0} GOTa 210
IF {D(JT,EX) .EQ. 0.3 GOTO 2LO
SM(1; HGDINPE) = SUM(Ll; HGDMEE) + B(1,IT; HODEWFE)
. * DI, EK)
1o CONTIRUE
¢
¢ FILL UF THE REST OF [SIM)
g
IF (9UH{1lY .Bg. 0.3 GOTOD 223
Ll = BE = HODZ + 1
LI = BGDl
L3 = WOMINFE - KOD2 + 1
B0 215 JT = 2, WHPE
SIM(LL; LE) = sim{Ldy L)
LE = L2 + LGDZ
Ll =Ll - L
L3 = L1 = HGDZ
15 CONTIHUE
DO 220 JJ = 1, HODF
IT = I85P(KK,01}
[F (T .EQ. O} COTY 220
{1,373 LE} = C®{1,0T; LE)} + 5MM(1l; LE) ® BJ(1,IT; LE}
220 QOHTIHUE
FEL CAOHTIHUE
230  CONTIMUE

UE BOM HAVE THE IL-TH RDW (BEFORE SUMHING) FO& ALL
"NHPEZ" HODAL PARTLTIONES OF THE ELEMENTAL STIFEFNEIS MATRIX.

oo

M 30 17 = L, HOF
Ll =1
00 0D ¥K = 1, HHEEZ
L2 = L9 + IPOSH{KR)
KE(L2) = 8930 CR(LL, AT} wQD2))
. Ll = L1 + HynZ2
00 COKTLRUE
L9 = L3 + 1
JL0 " CONTINUE
40 . CONTIHUE
o
L=l

a5




v CB{H&0L) ,DATIICED D
, CB{TGBL) ,DAIILCLY)
¢ CB{ESEL) ,DAI32LY ) .
v [B{LD2AL)  DATIZL1))
JOBLLL521) ,ad1E L 32 :
SOBCLLEES) ATLZ (L 3D
JABCL1840) ,Ar13 (L })
LAB(L1TLAY  AF2L (L 3D
SABCILITR ) X2 (1 3)
GAE(L1IAGLY AT23 {1 })
LCBCLLOG3) &S] {1 3}
WL B{1L969), A032 (1 })
SABCLI033D AJ3E (1))
LJOBLLX0ATY  AJTLLI(L) )
EQUIVALENCE (B{LI161) ,ATILZ(L))
LOB(1IE2EEY AJILI(L))
LJOB{1ZIRY ATIZL(L))
LCB(1X1530, AJTIZ (1))
GUB{1241T7) AJIZI(1))
JhBILZAEEY ATTII(LY)
LEB{125630 ATIZA(LY)
L BILZ600)  ATIII(LY)
AB(L2ETA) DETLLLLY}
S B(1ZTIT),DETE2CLY] [
LA B{L2ZAOL) DETLI(L) )
oL B(L2863) ,DETEL{L)}
2L BCR2YZ29) DET22(1))
SLB{12993) ,DET2I{(1))
JLBCLIOSTY BETIL{L )Y
LBCLILZLY DETIZ(L1))
LU B{LALA%) DETII(1])
c DINERSLON BJ{216,1} =
caddek TIEE AROVE DIMENSIONS ALLOW UPIO 4 PDINT CAUSSIAN IM EaCH DIRECTIOH
LEM=11520
LEHI=L3248
CALL ZEROLV{ZH,LEH)
CALL ZERSLV(E,LENT)
HG= HeR&H
frRx HE ARE THE TOTAL B0 OF INTEGRATION BOLIKTS
]
[ HE= WO OF SHAFE FUNCTIOHS
HETR=8
HEORD=3
HFREE=3
[ L KHSTR= MO OF STRAIMNS. HOORD= HO OF COORDINATES HFREE= HD OF DOF B
HAX=SHGHHSTR
oD L0 Tel B
Im COED(I. N}
LTm( X+ ) 2.
WI=WEIGHT{I,K]
oo 10 JsL .M
Ym ORI WY
ETa=(¥sl. 1/ /2.
U= WELGHT{J,H)
o 10 K =LK
Im QORD{K,K}
ZIm(I+L.0) /2.0
WE=\EIGIIT( K, 1)
GALL DERLVE( KI,ETA, LI, R}
+ [Xmpiepimy [= | j+H*{J=L}+E
_ HELL=HTARIAR SO
[ 30 LJ=1,HS
| INmpEE[ TI=L L]
- DHECIR)Y=R{L,IT)
DHE{ IR)=&(2,1J)
oHz{IH) =A(3 LI}

P2 O[d B ped b B B B BSDS RO EILD RS

.
i
B0 0d pbopd B B B9 B BE B B3 B3 09 B D
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L] CONTIHIEE
10 CONTINUE
QewAdn  EOW GENERATE THE HASTER VECTIOR OF THE COORDINATES
, DO J0 Jel NG
WE=HE®{ J=1}+1
- KN(KNTpRS)=XE(L,L;HE)
YY(NT; R )=KE(1L,2;H9)
ZZ(NTzHE} = XE{L 3;HS5)
3a CDOHTIHUE
LH=HG*HT
DAT11{ 1 ; L) =D8K] 1 LV EXC L p Lo
DATLZLL; LM wORL L LY YE (L ;L1
DASLICL:LE) = DMKCL;LE)® 2201 LK)
DAF2L( L Lavh wDRE | 15 Lag ) WK (L 5 Lid)
wl.'!{l:l.]{]I'ﬂH'EIfI:LrI]'ﬂtl;LHj
DATZ3(1 ;LY = ORE(L;LuI% ZZ(LLM)
DATILCL:LH) = DHELL;LE}* EX(1;LN)
DAJIZ{L:LA) = DRE(L;LH)* TW(l;LH)
DATIZCL;LH) = DHE{LiLE}® Z2(L1 L)
D3 40 I=1 Hc
HTmHESH[ =0 )+L
AFLL(I)= QBSEUM{DATLLLHT;H5))
AFL2EL)= QBSSU DATIZ{HT HE})
AFLI(I) =qBS5UMIOASLI(NT; ES))
AJZL(LY= QESSIRM{DATILINT NS
AT2Z(T)= (BISMRICDATIZCNT; HE))
ASZA(T) =QESSWNECDATZI(RT:HG) )
AJIL(I) =0BSSUMCDAIILLHT: KS))
AJIZCIY  =0385TMIDAIIZCHT:HE))
AJIICE}  =qBGSIR{DAIIICHT; HE) )
G0 CORTLEUE
DETL1(1;HG) =AJZ2{L HGY*AIII LIRGI=ATI2( 1 NGIATIS] 1 HG)
DETL2CL MG} =ATZL L HGI*A033L ;e =ATIL L ; B AT23(L ;86
DETLICL;HEY =AT2L{1;HGI%ATIZ] L RGI=ASS1{ L] G ASZE] 1 ;HG)
DETZLELNED =AT 301 HE I AL L ;e =Al3 20 L; O ATLI( 1 H8)
DETZ2CLiMGE) =AJ1LCL; HG)*ASIRC L ;NG)I=ATIL( L ; RGI*AJLI( 1 HG)
DETZA(L;HG) wATLL{1; N2 AIIZ(L ;R0)=ATI1(L REY AL 1 HE)
DETIL(L:NGY wAT13{]: RG)WAT2A( LG —AJ22( Ly HEY ™Al 13 1 1 BG)
CETIZ{ LG =AT1L{1: RO I AT2N{ 1 HE)=AS2L10 L BEI™ATL I 1;HG)
DETIZCLINGY =AJLLLL; RGI™ATIZ(L ;MG =ATILEL; NG RAIL2( L ; EG)
DET(LghG) =aTlLiE{MEI*BETILLL ;MG =ARL2CL ;NG *DETLEL 1 4G+
TAT13(1;HG)™ DETL3CL;HG)
AELLCL; BE) = BETLLLL:HG)/DEEF(1;HG)
ATI12(4; HE) == DETELLL;NG)/DETI1;HG)
ATELACL; WGY = BETILLL;HG)DETLL;HG)
AJIZ1(1: BG) ==DETLZ (1:8G)/DET{1:KG}
AJT22(1; HG) = NBT22(1;MG)/DET(L;HG)
AJI23(1: BG) = DET3IZ(L1:HG)/DET(1:HG)
ATEALCLG WA = DETLICL;EG) /DET(1:85)
AJTIZ(L; HG) == DETZI(L MG}/ DET(1;HG)
ANTII(1; KG) = DETI3I(1;NG)/DET{1;NG)
cREk  [ICOBIAMS AND THEIR INVERSES ARE AEADY
00 50 J=1,4G

= HompEw J=1 )+l

DSU(NTHE) =DHN(HT;HE)*ATTLL{THINECHT; NS )*ATILZ(J} +DNE[RT; NG
z AITIRD)
DSY(HT;HS) =DHK(NT; KSI%ATIZL(J) +DNE(NT;NS)*AJT22(J) +DHZ{NT;N5)=
I AJI23D
DSZ(WT;NE) =DWNX(NT; R3I*AJIIL(J} +OHE(HT;HS)%ATIZ2(J) +DHE(NT;NS)*
'3 RTINS
50 CONTIRUE
Comlr  OACTESTAN DERIVATIVES ARE READY
" IF(LCODE.EQ.2} GO TO 320
Timl
T2=H3
CALL QBINTVAL (60,1140, 12 0, INVAL L35G) )
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L= HSHG
DO E0 I=1,H5
W= HG*{I=1}+1
DRl [ NT 3 G ) =QEVGATHR L DEX( T LAY , ENVAL L 9D DT HG) }
DSE [ HT; 5G) =]8VGATUR( DEY{ L LI} , LEVA( L ;5G] ; DEE(NT;NG) )
DMZ(NTiHG) =QBVGATUR(DSZ(I;LK) , INVA(L:NG) ; DNZ(NT;NG) )

CORTINHUE

CARTESTAN DERIVATIVES ARE AEORDEBED SO THAT THE DERIVATIVES AT A
GAUSSIAN POINTS ARE GRDUFED
LEH=HE*ES
BJCL,1;LEN)= DHK(1;LEH)
BI(L,2;LER)= DME(L;LEN)
BJ{1,3;LEN)= DHZ(L}LEH)
COMPUTE THE FRODUCT OF WELGHT AND DETAMINENTS

WDIRI{ L ;)= DET(L:HG)*H( 1:HG)
RETURH

CONTTHUE
LEH=HE*HG
BF{1,1;LEN)= DSA(L;LEN)
BF{1,2;LEN)= DSY(L;LEH)
BJ(1,3;LEN)= DEZ(L;LEN)
WOLRL( 1y Ha)= DETY Ly N )% ;HE)
RETURK

END
SUBRAIUTINE STRESE(DLS,XE,D,5TR,S5TRS B, WD)

COMOM/ DIBE/ MHPE iDF QD , NETE , 5002 , BNFEZ  RODINFE , NMD23E  MEQ2E
DIMERSLOH STRS(H,6) ,8TR{S,6)

DIMENSION UDUM( B), SEM(G4}, B{ 64,3}, DISP(E4,3)

DIHEHSION IREFLEZO),3TRD(G,8)

DESCREPTOR" LREFLD, SORCDH ,DESTD

DIMENSION IBSP(&,])

DATA IBSE / 1,220, 2, O, 1,
By 3, 9, Ly 3, 0y
2k, 3, 0, 2, L [

DATA M5, HSTR, W§H, WPREE / &, &, 3, 3 /
i HS= HIMBER QF SHAFE FUNCTIONE OR WODES O THE ELEHENT

b bl Ll HSTR= HUHBER OF STRALHE

o ik

e K5H= HUHMBER OF IHDEPENDENT DERLVATIVEES IN THE B HATRIXK

Lok e WFREE= HUMBER OF DECBEES OF FREEDOM PEA HODE

G
c

LEH= HSTR*HyDI
LOTIP=HOIIRFEAHER
TREPL{ L :HQ02 J=d

STRE(L, LiLEW =00

CALL ZERDLY(DISPE,LDISE)

PICK UP THE U,¥,W DISPLACEMENTES SEFPARATELY
REFLICATE THE DESPLACEMENTS HODI TIMES
ASSLGH IREPLD, IREPL{1;HQO2)

b0 2% Ko=1,HMFREE
ASSTON SORCD, DEIS(L,RC;RE}

_ ABSIGH DESTD , GISP(L,RC;HODINEE}

5
e Ll
=

e ]

CALL QBVYTOV {X“02”, 4, IREPLD, O, SO8CD, O, DESTO)
COHTIHUE
THE HASTER DISP VECTOR READY

GET THE CARTESIAN DERIVATIVES ATl THE RODES

i g iE s o el

— e o

=P B N

i

AL

T
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220
b

ConE o

Lib
LF

20

o

W= J=L}*Hqna+l
FORCH T} =QASaEHE SUHI T 18002} )
CORTIHUE

BETURN
EKD

SUBROUTINE MATIEV{A AL, N, B, MK H, DETERM)
DIMERSTON A(FRAN, HEAX) , B HHAX, HAX)
DEMENSION IPLVOT{1000 , INDEX{LO0, 33  FIVET(LO0)

IF ¥ IT CALCULATES THE INVERLE OHLY.
IF M=l [T CALCULATES THE 501, I0 AXe=R IN B
IRITIALIZATTON

CDETERHsL .0
B 20 J=1 K
IFIWOT{J =0
[0 550 I=1.H

&
& SEARCH FOR THE PIVOT ELEMENT
[+

4
45
30
&g
1o
ag
83
90

95
LOd
Lus
L1

c

AMAX=D .0
DO 105 Jel,K
IF(TEINOT{)=1)60,108 60
B 100 Kel ¥
IF({ IETVOT(E)=1)80, 100, 740
IF{ ABS(AHAX)- ABSCA(J,K)))&3,100,100
THOW= J
ICOL =K
AMAX= AT K}
CONTINUE
CORTINUE
IPIW‘I{ IGI:ILA.E{:ICIPI'I‘DTI'.'E‘EI'.'IH]H]+1

G INTERCHAHGE BOHG TO PUT ELELMERG OH DIAGIHAL

:
130
Lag
LEh
L&D
]
200
05
w10
220
114
250
{1
270
ERTE
14

&5 Ch

Ex 1]
140
130
155
364
T4

% £

Jaa
399
440
420

IE[ [BOw=TC0LUE D L&, 260 , 160
DETERMH= —-DETEFRH

Iy 200 L=l .H

SWhP= ALEROH,LY
ALTROW , L)=5{ ICOLIRL, L}
ALLOILIH L)= SHAPF
IF(H)Z260,260, 300

D 250 L=1,H

SHAR= E( TR L)

8{IR0Y,L)= B(ICOLLL,L)

B TCOLARL L= SHAP
INDEX( I, L= IROW
INDEX({I,2)= ILOLUM
BLYOT(L}= Al LCOLUM ,ICOLEH)
DIETEHM= DETERM®SFIVOT(L)

DIVIDE PINDT BY PIVOT ELEMENT

A LCOLIM , TCOLIH =1 .

£0 330 Lel N

A TOOLUM,LY= A(TCOLUM,L)/PIVOTIL)
IF{M) 380,380,560

Do 3TD Le=i.1

B{TCOLIM  L)= B{ICOLYM LY/ PINOT(T)

RENDIE WOR-PIWOT RUMS

Do 350LL=L,H
IF{LL-TCoLIRt 00 550 400
T= A{LL,ICOLR}
A{LL ,ICOLRL)=a.0



; ORIGINAL pagE s
DF POOR craimyy

Lh= HERRG w
o 60 Iel NE
HI= KO {I-1)4]
DHE(NT; RE}=QUWEATHRDSN( T EM)  THUAL L ;MO ; DHE{NT  HG) )
DHE( KT 36 )=BVGATLIRLDST{ T LYY  IHVACL (MG ; HE(HT ; BG) }
DML BT G =08VGATINR DT L;LE} , INVAL L1 RG] ; DEE{ NT; NG} )
&l CONTIHLE
cuwime  CARTESIAN DERIVATIVES ARE AEORDERED 50 THAT THE DERIVATIVES AT A
Crmm GAUSSLAN POINTS ARE GROUFPED
LEN=HS*HG
BJ{1,1;LEK)= DHE{L;LER}
BI(1,3; LEN)= DHE{L1;LER}
BI(1,3;LEKY= DHI{L;LERD)
ChEA iy COMPUTE THE PRODUCT OF WEZGHT AND DETRMINENTS
WO L HGY= DETLL;HEI =R L RG]
RETUBH
3320 CORTLHUE
LEM=EE®HD
BJ(L, LiLERY= DEX{1zLEN)
BICY, 2 LER}= DE¥(1zLEND
BJ{L 3 LEN)™ DEZ(L1:1LEN)
VR LG = DET(1 HG=W{ L HG])
RETURH
END
SUBROUTIME STRESS(DIS,XE,D,5TR, STRE, 5, WD)

COMORS D302/ WHEE , HDF ,HQD,HETR, HODE , HHEEL , HODIHPE , BGDISE , HRGEE
DIMEXSION DIS(B,3), ME(R,3),D{& &

DEFIERS TN STRS(H,6),5TR(6 67

DIMEHSION WDUM( 8), SRE(64), B 4,3}, DISP{6S,3;

DIMENSLON IREPLCXG),STRDC6.B)1 -

DESCRIPTOR IREFLO,SODRCOD,DESID

DIHEHSTON IBSP{&,1)

DATA IBSF  1,2*0, 2, O, 3,
z 0, ¥, 0, 1, 3, B,
z i, 3, 0, 2, 1

=
r

L i

DATA H5, WSTR, HSH, WFHEE / &, &, 3, 3 /
kA HS= WUMBER OF SHAFE FUWCTIONS DR HODES ON TIE ELEMENT
CRRmaEn HSTH= IMRBER OF STRAIMS
Crawasis HEH= HUHBER OF IMDEPENDENT DERIVATIVES IN THE B MATRLX
Cadsaane HEREE= WUMBER OF DEGRESS OF FREEDOM PER HODE

c
[=
LEM= HETRAMHODE
LDISPwRODZKPENHEN
IREPL( 1} HGQOE w0
IRG(1,1;LER)=d.0
Gall IERSLV(DISF,LDLEFR)
G
LRk FICK UP THE U,V ,¥ RISFLACEMENTS SEFARATELY
-
el L EEPLICATE TUE DISPLACCHMENTS RJDZE TIMES
C

ASSIGE IRESLD, IREPLOLHODZ)

Da 25 Koml,HFREE

ASSIGE SORCD, DIS(L,KECIHS)

ASSIGN DESTD , DIEP(L,XC;HQDINEE)

CALL CEVETOV {}'.'1]2‘, l:lr IREPLD, 'ﬂ_, SORCEH, 0, DESTID)
25°  CONTLGUE :
ciieak T WASTER DISF VECTOR REALY

G

gaiks SET THE CARTESIAR DERIVATIVES AT THE HODES



c

CALL COER( XE,MyD, B, uUDIDMI, 2)

[t BoL D0 THE PRODUCT D % F* DISPLACEMERTS

110

120
Loa

L&D
Lio

30

Lan

13h
155

205

13

Zla

IO 100 I=l,HSTR
BUH l;HIH:IEHF'E}-U.{I

B 110" Je=l N5l

IT= IBSP(I,J)
IF{IT.EQ.0) GO T¢ 110

SUHE LiHODERPE )= SUMCL i HCDIHPE)+E] L, IT; NODANFE )™ DASPLL, I ;HGQL PE)

CORTIRIE
O L20 J=i Rqbe
Li={J=1)*HE+L
ETR{J,I)= QUSSUM{SUMH{ILIHE))
5TRD( I, )=5TR(J,1]

CONTIHUE

COHTLRUE

D0 130 I=1,H002
D0 140 J=1,HSTH
STRS(L,J)= QBSDOT (D{L,J;HSTR) ,STROCL, 1 HETR))
CONTIMIE
CONTIHUE
RETURH
END
SUBROUTINE FORCEP(BY,WTDET,STRE, FOAC)
CUBHON/ 0382/ HNPE, KDF , QD , NETR , BQD2 , NRFEZ , NQUZHPE , HODZSR, MG 2
DIHERS1OE LBSE(&, 37 ,8(64,3), WIDET(E) ,STRS(Y, &)
DIMENSION WTDETEX(54) ,SOM(64) ,S1G(64,6) , IREPL{20)
DIHENSION FORC(Z4),B3(64,3) , INDK(8) ,58(8)
DATA IBSP f 1,2%0, 2, 0, 3,
- gt e
240, 3, 0, 2, 1/

QD 2= RO BIDAHOD
RODINFE=HODI*HEPE
DESCRIFTOR IREFLD, SORCD, DESTD
DESCRIPTOE BDESC

JIEEFLLL; HMPE =D

ASEIGH IREPLD, IREPL{l; WWPE)
ASSIGH S0BCD, WTDET(L; !-IQIII]-
ASSI0H DESTD, WTDEIEX(1; HQI!III'E‘E}
CALL QBVXTOV(X"02", ¢, IAEPLD, O, SORCD, 0, DESTD)
DO 155 IT=l,HKDF
DO 156 J=1,HKPE
Do L50 II=L,NQD2
IHDX{ IT )= I1=1 }*HKIE+]
SH{ 1 ;gD )=GAVOATHRY BB( 1, IT; FQD2WFE) , IHDXK( L NOD2) ; SH{ L ;¥G02)
Thm{ J=L}* KD+l
B(TL,IT;B002)=5H(1;RBZ)
CONT LHUE
BB(L,IT;HQDZRPE) = B(1,IT;NQDZNPE}*WIDETEX( L ; HQDZHEE)
CONTLHOE

0o M5 15=1 HSTE

Bo 205 LI=1,KNPE

M= 11=1)%Hgn2+1

SLG(HY, L8; HOB2) =S TRE(1, 18; QD2 )

DO 400 II=1,MDF

SUM{1 ; HQDZHPE ) =0.

DO 210 JJ=1,HSTR

IT=IBSF{JJ,I1}

IF (IT.EQ.0) GO To 210

ASSIGN BIESC ,BB(1,IT;MODINPE)

SIRI( L MODZHEE J=510( | { HGDZNEE )+BDTECYS 1G] L, 1T HODINPE)
SORTTRUE :

oD 3Z0 J=1  AWNFE

15m{J=1)A3+11
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20
400

Bz z]

10
15
i
30
G

W= 31 ) hafg b el
FORC] LY ) =BYS [ SUMI K ; ROD2) )
COHTIRUE

RETUEHR

END

SUBROUTINE HATTHVLA,MHAK, N, B, HAK, M, DETERH)
BIMERSTON &AL BELAXD , WAL, FIAX)

DINENSTON TRIVOT(100),INDEX(L00,2) ,PIVOT{100}

IF M=D IT CALCULATES THE INVERSE ORILY.
LF b=l LT {ALCULATES THE 0L TG AXe=B IN B
IHITIALIZATION

DETEBM=1.0
DG 30 J=L.H
IPIVOT( y=ik
oo 550 I=l.R

1+ SEARECH FOR THE FIWIT ELEHENT

c
b
43
S0
Gl
10
8
a3
B
45
1
105
1L

A0, 0
oo 108 Je=i.y

IF{ LETVOT(S}-1)60, 105,60

DO 100 K=l ,H

IF{IPIVOT{K}-1)&0, L0 .Tﬁ-{l'

IP{ ABS(AMAX)- AT~ A{J1,K}))83,100,100
IROH= J

1COLIH=E

AMAZ= A(T, KD

CONTIRUE

CONTIKUE

TPIVOT( 1COL M) =1 PIVOT{ ICOLI )1

i
C INTERCHANGE ROMS T0 FUT ELELMNEHC OF DIAGONAL
C

Lo
1440
150
1Ed
17
204
L35
Zld
il
M
50
240
70
ang
i

c

c

c
330
3e0
350
335
260
3ra

B0
a0
&0
il

IF{ TROJ-TCOLIH) 140, 260,140
DETERM= =DETERM

Do 200 Lel,¥

SHAF= A{TROW,L)

A{LROW, Ly=A[ ZCOLIRL, L)

A{ICOLIDE L)= SHAP .
IF{H)260 260,210

DO 250 Lal M

SWaAP= B{IROM L}

B(IROV,L}= B{ICOLUM,L)

B{ ICOLUM,L)= SWAF

Iiﬂ]EI{]'.,l:II IBDH

INDEX(L, D)= TCOLIR

FIVDT{I)=™ A{ICDOLAIM, ICOLAMY}

DETEHM= DETEHMCPIVOT(1)

DIVIDE PEVOT BY PIVOT ELEMENT

&0 TCOLEH , TCOLUM}=1.0

Do 350 Le=l,H

A TCOLOM  Ly= A IOOL L} FPTVOT(L)
LF(BY 380,380,360

Do 370 L=1,H

BOICOLEH L)y= B{ LCOLRL, L) FEIVOT(L)

RETUCE WOR=FIVDT RUWES

[y S50L1=L,H
LF{L1-1CoLAGipa00, 350, 400
T= A{Ll,ICELIED

Akl TCELAGE ) =0. 0

az



=30
450
40
460
EHY
R
G

0O 450 L1,
ACLL,L)= ACLL,L)-&( ICOLUM,L)*T

LF(M) 550,550,460

DO 504 L=l M
BULL,L}= B{LL,L)=B( IGOLLM,L)*T
EONTIRUE

L LHTERCHAMNCE COLUMNS

kH
Ga0
6l
6il
H30
40
650
B4k
a0
Tod
T
o
Tag

L
&
o
L

oo Tid o=l i

Le=1-1

IFCIRDERL, L)=IHBEX(L, 213630, 710,630
JROM= TNDEX(L,1)
JCOLUH= IWDEX(L,2)
o0 705 Xel R

SUAP= A(K,JROWY
A{E, JROW)= AR, JCOLLR)
ALK, JCOLUN}= SHAF
CONTIHUE

CORTIHUE

BETURH
END

BLOCK DATA
CEeEON/CAUSES CORD(B &) LMEIGHT(B B)
COMMON/GENRL/ GCR(E 30
OATE CORDS H*(,0,
={), 57735302691 89626 0. 5T7 350209189626, 6*0 .0,
=), TTLE6R6F 26 LAET 0.0 D TT40R00R 26683 SM). 0,
=0, 361136310 596053 = 33998 106G 3504056 0, 33998 L0535848560
B.E6L136311596053  4=0.0,

D=0, 90617 5H4 5938664 0. 35046031 0105683 , 0.0, 0. 5586603 LOL0SEED

L
E

0. 30617984 5930664 ,3%0.0,
~a FILAE0514205L52 —0. 6612 93E6466265, 0. 2586 9LEE608519Y

4

L 0. 23061 %186083197 ,0.661209386656265, 0. 9246051420315, i*0.0,
Fo=0-949007F12342759, =0.741531LB5599394 =0, 405885151377 287 0.0,
L 0.405845L50377397, 0.74L53L185599394,0.949107912342759,0.0,
G =0 960EAIBT64 07 536 =0, TH6O66ETTAL I62T =0, S2553EA0PTLEILT,
1 =D.13343&542495650 0. 163481566 2695650, 0, 52553250001 63209,
2 0.796666477413627,0. 960289856497 336/
DATA HEIGHT JH=D.0,
A 1.0, 0.0, B*0.0,
B 0.553555555555556, 0. 3808203 H8R8809%,0.555355355553556,540.0,
C0.J4TE54365137054 0. 652L05154062546, 0, 6521551 50882506,
L B 3LTB5LEL5L3TH5N LH0.0,
B 0.136916BH5050L0%, 0.478G266T0L0566, 0. J0866050-0808807 ,
L 0.4TBE2E6TOG09366, 0.1360268E5050000 3=0.0,
E 0. L7L32640237 9170 0. 36076157 I0ER15Y , 0. 4 6TILI0BL 572691 ,
1 0. G&TF13934572651,0. 360761 5T304B03Y 0, 1713248523790 70  2+0.0 ,
F 0.1296B6900L EERT0 0. 27970539 4089277, 0. JBLEIO0SRE05110,
1 0.4LT95%18367 3460 0. SELBA0050505119, 0. a79T053914089277
2 0. lIGALTGEL6EET0 0.0,
G 0.10122855362903 76, 0. 2223800344 53874, 0, 3130664 587 788T
1 0.3e2eddTEISTE3E2, 0. 362083TEI3VA362,0.3L2TDEGLSRTTHET
2 0.22230103546533T4,0. 1012285362 9037 6/
DATA GCE/O.0, 0.0, 1.0, L.0,0.0, 0., 1.0 0.0,
1.0,0.0,0.0,L.0,00,0.0,0.0,1.0,
SEL0, 400 -

[

EdD
SUBROUTINC WOH{STR,SBAR,FFI}

C ".." COHPUTE FLOW VECTOR

C

DINERSION PFS(6],5TRIE}
l=En5HAR
FFS(1)={I*STR(1I-5TRIZ)-5TR 3D 1/51

]

—————

P —



e

10

Lo

PES(2)m{ 2OETR(2)-5I1R{ 1 =8TR(II IS5

PFE(T)=( %5 TR I }-5TR{ 1 p=ETH({2]]/ 51

PFS(4)= (G*5TRIAG) )/ 5L

PEFE(S)=(G=ETR(3) )F 51

PFE{5)=(E=FTRIE) )51

RETUBA

END

SUBROUTINE DEPL{STE,SBAR,D, kP, DL

DIMEMELOH GIR{G6) ,5Ta(6) 006,63 ,00(6) ,DFLiE,6}

DEF = ELASTIGC=PLASTIC HATRIX

CALL VON({STR,SBAR,S5TA)

Bl=O(L, 1)

B2=D(4 4]

B3=2(1,2}

DDC L y=BLAS AL L)+ [ TR 2 1 +STA(3) D
BD(2)=Bl*STAL2)+83%( STAL L +5TA{D) )
B3 )=BI*STALI)FBI(STA{ 1 1+5TA(2) )
BD{4}=B2*STALG )}

DD 5)=BI*STALS)

DO{& ) =mB2oSTA{E)

SDmBlo{STA[L AW ReSTA( 2 Rw 245 TA( IR 2 2B STAL LIS 2 )+

C STA{Z}RSTA{I}+ETA(I)*ETA(L))HEI*ETA L) WHI+STA( S} Rzs
& STA{G)w*2)
E0=1.0/ | SD+IE)
1O 10 I=1,6
10 10 Jel 6
DPL{L,Fy=D(L, J)=0D(L )00 T Y*S0
RETURK

ERD
SUBRDUTINE SEQU(XT, L)
VOK MISES YIELD CRITERION.
DIMERSTON XI(&)
1w, SACAT{1)-KI(2)un]
52m0. SH{RT{2)-wT(I} )l
S3e0, SH{AT(I)=RT(1) ) 4w2
Gl=In (XT(4 )% 2]
S5m3N{ KT 5)w2 ]
She=3(XT(6)%*7)
STmEl+EI+EIHEIFE5+IE
KiZ=S0RT{ST)
RETURA
EHD _
SUBRDUTIKE MULTYS(A,B,H,H,C)
DEMERSTON AW, MY, B{¥) , CIR)
Do 10 I=l,K
E(I)=0.0
Bo 10 J=1,14
C{T}=C{T)+AL T, J}*BII)
RETURH
END
SUBROUTINE PLAS
COeA0R HATHY Aal 2000000 ) (BE(I600,1)  DIG,6) ,DEEV(E 6] ,
LDTSE(RA) , EPS(12500) ,EFEST{ 1550} , FORCE(L0) ,LIKE(100),
ZLOCAT{L0} ,LBPOR{L10} ,HB{3600) HEUH( 9600} , HFTAB{ 9600 ,
IMPLAS{L2400) , HADE(E , 15500 , MPLOC L550) ,MODKDE 7a0) ,
4HODTO{T00) ,BODZO(T00) , SODRG] 700} , HODYC( 700} , HODZCL T 0L ,
SHODFIXCAQ) , RODLOD(BO) , NDISF (80, R(S6OD) ,
SIICEAR( L2400, 3K( 24, 24) , TL{$6A0) , TL(9600) , T4{ 20003 ,
FTACH600) U 3200) V0L 32003 , ¥ (12000  VoLD{3200) ,¥2{3I200},
B A200) , ROLD( 12000 , X( 744007 XR(IZ00) , ¥{T4400) ,
SYR({3200) , Z(9600) IR 3200)
CEBMDHIGHBT.I'EPBI,EH,M,M.M.
LPYLD, SCKIT, ¥OUNG, PO1S , RACE BT, WIDTH, BLAX 1P,
25HAR, LPRLT, HGAUS HLAYER , lIHDLE, 5

44
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N ]

3INODKQ, IHOD: 0, THODZO, IHODXE, THODYE, INODZE ,LHSTIF  HXKOD,
YHXNEL, MEGALS , ICUT, LTOTS, TTHODX, KLU, KTIF, LK,
. 5HDOF, KNEW, HEE , LRLT MELM, KK, ROK
[ =J :
COMHOH M MLTHMAT TRTREL 20} , TR TRE( 20} , FLHDDR] 20}  HSEGHT
+ CIEMOR(EIBES HHPE, HEF H0R, RETR, D2 KHFEL  MODEHPE RUD2ASE, HMAGZE
COMMONVECT) STEV(E ,6),3TREVE,6) ,BMT(6&,3) WDWA(RY XE(B, 3],
C HCOBE({8),D15(%,3)
DIMENEION DFL(G . 6) , ALATIR 30, 8TGAS(ED
DTHENSTON QF{9&00) STGASY(8,.6) FEIR{40}
DIHENSION STR(&) UZ(I200) , INDR{ 32000
BIMENSION YIF{&)  STL(6) .DPETEN(G) ,ETREF(S}
DINERSION FLV{24)
DATA HALT , GROW/GEHALT, bRGROW/
1000 FORMAT{SX,” STERI™ 12, 2%, "TIMECFU="  F11.4, 2K,
1 “WALL=",FLZ.3}
L¥
[ %% INCHEWENT DISPLACEMENTS, FDRCES, STRESS & STRAINS T0 18T YIELD LODAD
G
FOLDE L EHODE =1 { 1 ; HHODE ) *#YLD
WALD L ; REODE ) =3 [ 1; EHODE y*PELD
WOLEE L HHODE )=y 1 ; FHODE ) * 5 LD
R{1}NpOFY=R{1; HEOF }*PYLD
XL pRLGRs Y= L ; BQ2S ) *PELD
Y(1{HEQIS =Tl  HAQZE )9 PYLD
G owmxr ERROIRG
GP(1;FDOFY=0.0
EFS{ L HECAUS ) =0. 0
MPLAS] L jBOOOALS ) =0

G ekl READ DRTA

READ(S, L1} POT,ERIT HAKLIT ,HODEL , HODEZ \HELEL HELEZ PLAS
11 FORMAT(ZELD. 3, 515} FLAS
READ{5,312) F,MRD
Jal FORMAT(E1D.3,1X,AL)
WEITE(6,313) P,PCT,ERIT, HAXIT,HODEL , HODE2 ,KELEL  NELE2
113 FORMATC /S FLOK, “TOTAL LOAD FASTOR=",FLD.4
17008, “INCREMENTAL LOAD FACTOR=" F10.4,)10%, " ALLOWABLE ERBOB QM STRE
255=" FLO.GF10K, "MARTHIM HEMEEF, OF TTERATION=" ,I4
3/10K,"PRINT DISFLACEMENTS AT WODES",I5.,” T07,I5
4f L0, “FRIKRT STRESSES IN ELEMEMTS 13,7 T0°,I5)
CALL GICLOCES{CFU,UALL}
LZLP imi
WRITE(E 1004 IZIPL, CPU, WALL
PT=PYLE
CALL PLOUT{NODEL ,HODEZ,WELEL ,NELEZ)
CALL QICLOCKS(CFIF, WALL)
1ZIPls=t
WRITE{&,10040) IZIPL,CPU,WALL
IF{EEF.Eq.0) STob
DELP=PCT*FYLD
KPL=0
0 PHAN=FT
PI=FI+IELF
HPLOT=0
IF{FT.GE.F.AND.DELP.GT. 0,03 Go To 2
IF{FT-LE.P:ANDDELP.LT.0.0) 0 TD X
o TO 36
5 - FI=p
_ HPLLT=L
ik . DELFO=FT-FHAK "
HAFL=RFL+1
EL=0
ICOk=
V({1 ;HRIDE}=YOLD{ 1 ; HHODE)

5
5
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HOLDIMG APPLIED LOAD COMETAMT =ITERAIE UNTIL SO0LUTION COMVEERGE

PFIOT=PT LD
HBRE AR={
- B3 TO 43

as Hi=—1
16 HL=HL+1

HFLOT=0

IF(HL-GT.HLY) GO TO 9t

AHL=HL

Do L33 JIg=l ICUT

FETR{ JIS )=FORCE( TS )% { 1. =AHL/HLY)
L1} WRITE(S , LET)FFIR(IIS) ML
167 FORMAT( LOX, "CRACK-TIF FORCE=" ,El6.7,"AT STEPF,12}
&5 D0 50 ITER=1,HaAXIT

185=0
&5 BH( L, 1;HD0F)=0P{ 1 HDOFI+3{ 1 RDOF) *FIOY

IF(FLU.ERQ-1} SO TD B0

o T3 =231
B3O DO L34 JIT=1,ICUT

Boe=LOCAT(JITS

HFL=3%pok-1
134 BB{HFL, 1)=BB{KFL, LY)+FFIR(JIT)
B3l CORTINUE

IFAC=]1

HC=l
CALL 9YUBAN(LNSTIF NDOF,hB, MSUH A8 1 BE, IFAC,T1,LERR,
1 ALP,E,T2,73,T4%,HC}

oo 70 Wel  NEIOE
o IR R} F=1}*3+1
OZ(1;HEQDE}= QBVGATHR({EBL, 1 NDOF) LRIE(L; HHODE ) ; UZ( § ;HIBIDE) )
U{1; HRODE =112 [ 13 HHADE }=U0LD( L; HHODE}
OGO L ;HHODEY=I2{ 1 ; HRODE])
IR L ',]'DID'I}E]--TH'I:I.H.I: L MRICDE J*L
UZ(1:MKODE}= QEVCATHR(BE{1,1:NDOF) ,IKDA(L;NBODE} 1 F2{ 1 :NRODE) )
V1 HEDEE =02 (1 ; HEGOE }-VOLD{ & ; HEODE )
VOLO(L ; KHODE )=/ 2{ 1 ; HRODE)
IKDECL ; HHODE p=18DK (L HEIDE ) +1
r2fe JHEDDE )= JEVCATHR( BE{1 5 1:KDOE) HIHDX( L HRODE ) ; B2{ 1 :HHODE) }
Wi 1;HHODE ) =02 ( L; MRODE =WOLD{ L HRODE )
WaLoi L ;WDDE:I-L'F!{ 1;HRODE)

5 £ O

COMFUTE TOTAL STRALH IHCEEMEHTS FROM DISPLACEMENT IMCEMESTS.
COHPUTE ELASTIC STRESS IHCEEHEWTS AMD ADD TO CURRENT STHESSES.
CHECK YIELD COHDITION FOR PLASTIC ELEMENWTH.

LR I B

LGAUSEmD
DO B0 I=1,HELM
[0 75 J=1,8
HCUBE( J)=RIBDE( S, 1)
Ki=HCUBE(T)
DIS{J,1)=0(N1}
DIS(J,2)=V(K1}
75 DISLS, Aymi(H1)
& i
CALL CORDIN(KCUBE,MNOD, TR, Y0, IR, XE)
CALL ‘STRESS({DIE ,XE D, STRY, STREY , BT , WDUH)
STGASV(L, L:NODZ5R)=0.0
TLOCs{ I-1 ) *8C02SE
DO 76 IG=1,RQDZ
1GAUSP=TCATSEH]L
SBAN=SIGRAR] IGAUSE)
o 77 Js=l,b
STR(J5)=STREV(IG,J5)
YTR{J5)=STRV( I, J5)

15



7

JSL=1LOCHEGHHODI%{ IE8=1)
STL(JE) =R(J51)

CALL SEQU{ST1,SL)
ALL=STR{1) :
AZI=ETRL2)

" A3ImSTR(S)

AbE=STR{4)
ASSmSTR(S)
AGE=STRLS )
SLIm§TL{1)
522=8TL(2)
E33=5TL(3)
SLS=STL{4)
E55=ETL(5)
ShEmSTLE)
STL{L; 6)=ETL(1;6)+ETR(1;6)
CALL SEQU{STL,52)

C =& TF 50L COEVERGED TIEHW GOT& 801

LA
4l

211

i1

C4dd
Tk

IF{IC0N.EQ.1) GO TO BOL
TF(52.1T.51) MPLAS[LGAUSF)=0
TF{52.17.51} Go T0 &0L
LF{HPLAG( LOAUSP) . HE . 0. AND. ITER .GT.1) GO TO 74
IF({32.1E.SBAR) GO To B0l
MPLAS] IOAFSP)=LCALSE
HP=1
CHECY. FUR CONVERGENCE.
LF{ABS{52=3BAR) -GT.ERIT} M=l
AL RE DD DR DT TN I G R I ATSHRT 3N ABERNT )
L ={ALL%AZ2)={AZZ*AI3)=(AIINALL)
BLimEL 1IN INALL=p2Twad B +ETI%( INATT=A1 L=AT 2 )+ 300 20 ADN-AT2=R11)
1 +E%340*ALA+HERSE5® AN FHESEHENAGE
EmElRe=SIARNY]
1F{A.LT.EPSI} GO 0 &
IF(ITER.EQ.2) GO TO 200
DELTA=HZI2®=2-4%a8C
1F( DELTA} 200,40, 40
Pi=(3BAR=31)/(52-51)
g0 T 231
PONE={=B22+#30RT(DELTA) ) /(2.%4)
PTWO=(=B22=50RT(DELTAD) {294}
FA=PORE
TP ABS(PrsE) -GT. ARS{PTVO) ) PX=FTHO
COKRTIHOE
EXli=l , -BX
¥TR(L; 6) =ETR(1;5)*PXD
STR(L;6)=5TR L ;AI*FXD
IF(B0H.LE.O. .AND. HSEGIT.EQ.0) HP=AHN"TOUNG
IF(ROM.LE.0. .AKD. HSEGHT.OT.0) HP=FRRAT(SBAR, YOUNG,EPS{IGAUSE),
CIGASF)
IF(ROM-OT. 0.} ﬁi‘-ﬂ.ﬂﬂ-ﬂ'ﬂ&i"mu“il.‘ﬂﬂ-fﬂh
GALL DEFL(ST1,5RAR,D,HE,DFL)
CALL MULTYS(BPL,YTR,6,65,5TREF)
CALL MULTYS{DIKV,STREP,&,&,DPSTRN)
DPETANCL; 6)=YTR(L; &3=DPSTRHCL ;&)
STCAS( L} B)=STR{1; 6)1~5TREP( 116}
GALL ERTA(DPSTRN, SELA}
EPS{ IGALEP ) =EPE( IGAUSP ) +5kA
Howl. 0
SIGEAR{ ICAUSE p=GEAR CRE PRSI
oo 12 1P=L,h
STGASY( 16, IP}=STGAS(IT)
CONTINIE
IF(1.EQ. L) WRITE(6,400) SBAR,EPS(1GAUSE),STCBAR(IGAUSE) HE, 51,52
PORMAT(5X, "CONSTAKIS: ~,6F12.3)
CONTTHUE
STREV(L, 1;HODISEI=STREV(L , 1 ;NQD2ER)=STAASY (L , 1 ; HyD2SR)
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453
8l

51

a3
LT

L%

o
F0

Bl

Bon

e
Loz

121

499

CALL FORLEP{ 2T, YDA, 5TGASY, PLY}
DY 455 IT=l .3
IK=3arT=2
Hi=sHCURE{IT} z
HileGAy =2
UP{HDY  =0@(HUI=ELV{ IX}
QP(HUL)  sQP{HEHL)+PLV [ IXkL) "
QP HLR B P HIME LV T4 )
ILOCL=ELO0+L
-In;m:u:l;mzsa]-:{nnﬂ-.uqnlﬂﬁsns'.ru,l:msa}
T{ILOCL; HODISEY =¥ TLOCL; BGDISEI+ITAV] 1, 1; RGDESR)
CONTINUE
LE(LCOM.EQ. L} 40 TO 90
TP{HP-EG.0) GO TO 90
LE{HC.BG.1Y &0 TO 44
WRITE{S,52)ITER
FORMAT(LOK, " SOLUTION CONVERGED IHT,I4," LTEBATIONS )
1coE=]
GO TO 49
WRITE(E,S54)}ITER
FORMAT{ 10X, KO CQOHVERGEHCE I *, T4,  ITERATIONT )
CALL FLOUT(BIDEL ,H0DEZ KELEL NELEZ)
oo T 999
IF{ITER.EQ.MAXIT) GO TO 53
IF{KLO.EQa L. AHD-HL.EQ. 0} GO0 TO 30
CENTINUE
CONTIINUE
MPw(}
1CoN=0
IF{XLU.EQ.1) G0 TO 36
CONTINUE
CALL CONTACT
IF(KNEH.EQ.LY B3 TO &5
IF(HFLOT-EG.1) CALL PLOUT{BODED HODEZ, RELEL  NELE2)
IF(HPL.EC.NEF) CALL PLOUT(MIDEL.MODED, WELEQ ,NELE2}
LF[HPL.EQ.HEP) HPLaD
IF(WEYF.EQ.L) CALL BEEAR
IF(HTYP.EQ. L) 60 T0 104 -
IF(ELU.EQ.L) oo To 102
IF{HPLOT.EG. 1. AND. RORD. BY. GROM) CALL BREAR
CONTINUE
IF{KLD.EQ.2Z) co To §94
IF{FLU.E(.3) ©a To 599
IF{¥LU-BEQ- 1} G0 70 35
IF{HFLOT-EG-1} GO TO 9%
40 1o 29
COMTINUE
DELP==hELE
BEAD(S,120 )P, W40
FORMAT(E1D.3, 1K, A4)
IF{WURILEQ.IALT) GO0 To 999
HPL=0
MPLAS( L HEGALS j=0
&0 TD 29
RETURN
END
SUBROUTINE ZATALA, B)
DIMERSIOE A{&}
A=pfly
Ysa(2)
Z=A()
A¥mal Ly )2,
YEwASHf 2,
ZXma(E) /2.
Slu{)=Y)#n3
EE-{E-:JHI

e



Sim{ g-X)m2
ShmEh { ) w3
; G5B { Y] #*2
: ShmE® [ T2
STOT=51+80+53+I4+55+54
' SPOSYRT(STOT)
SO=BORT(2. )/,
B=S0* 5P
RETURM
EKD
SUBROSTIRE PLDUT(HDDII,M!]E,HIIIL,HLLE.E]

COMMOH MATHS AALE000000) , BE{9400,1) D6 &) ,DIHNV{E,6),
1DISP(O) ,EPS(12400) ,EFEST(1550) , FORCE(10) , LINE(100)
ZLOCAT{10) ,LEFOR(10) ,HB{9600) ,M5une( 96007 , HETAR{ DE00) ,
IMFLAG] 124007 MODECE 15507 MFLC( L3507  HODXD(TO0) ,
4NDDYOL 700} ,RIDZD(TO0) , KODNC Toa) RIS, T00) ,HODEC, Taa)
SHODFIN(SN) , NODLOD(EO) HDLSPCRO} , R(DEOD) ,

BSTORAR( 124007, SK(24 263, TL(0&00) , T2CD60D) , Ta 2000} ,
TT3(9600) ,0({3200) ,UOLD(3200) ,¥(I200) ,VOLO( 3200 ,¥2( 3200},
BW( 32003, WOLD({ 3200 , X F4400) , XR( 3200 , ¥{ 74400 ,

9YR(3200) ,Z(F600) , ZR{ I200)

COMHIE/ CHET/ EPST, SKZ , LHAK , IMAK , DAX,,

LPELD, SCRIT, YOURG, FOLS, CRACK, PT, WLDTH, FHAX, HP,

25BAR , LPRIT ,NGAUS , NLAYER, , NKODE,

ITHODWD , TNOBYO , IROBZ0, INODAC , INODYC , IHODZC, LRSTIF , MANOD,
SHEMEL , MXGAUS , 1CUT ,LTOTE, ITHODK, KLD, FTYP HLH,

SHDOF , KHEW , KEP , ERTT , NELH, AM , BOH

COMMOM S DIE2 f BHEE  HDF  HOD, KSTR, RQD2 , HHPEL MODINPE  HODISH, MEGISE
COEHONSVECTY STRV(E, &), 5TRIV(E b) BHT{64 3] WO (B) XE{E,2),
C HCABE{H) ,DLE(E,3)

DIMENSION STRS(E),FRC{24) ,FORCEX(I200) ,FORCEY(I200) ,EORCEZ( 3200}

¢ W LUTET ROUTINE
a
WRITE(6 , 10}FT, CRALCE . WIDTH
L FORMAT(/ , 10X, "APPLIED LOAD=" ,ELZ.% 58X, CRACE=",
L F10.5,10%,"dIOTH=" , F10.5/)
IF{CRACK.LT.ERSL) GO T0 10
WRITECH, 13}
Ly EORMAT( 12X, “WODE~" 5K, "X, 10, "¥™ , 10K, " Z" , 10K,
R =1
CRACKI=CRACKFHERSL
CRACEZ=CRACT-LD*DAX
D0 16 I=L,INODYO
LmKODEDE 1)
IPCERCLY LT CRACKDY GO TO 16
IF{YR(L}-GT.EPSI) 43 TO 1k
IFCER(LY -ST.CRACELY GO TO 15
WRITE(S, 25 L, XR(L) ,XRILY ,ZR{L) ,VOLD(L)

25 FOBAT( 2%, 16 ,4E14 .6}
16 CORTINUE
20 CONTINUE

HWEITE(&,39)

30 FORMAT{ // , 30T, “ DISPLACEMENTS" [ /12X, “NODE® , 18X, * D",
1 18X,"V" ,1BX,"¥W")

DO 17 W=HODEL ,NODEZ
iz HRITE(E,22) N, UCLDCM]) VOLDIRY, HOLDIK]
11 FORMAT( 10X, 15, 5X,3(E13.4, 3K))

WRITE(E,35)
35 FORMAT(/ /20X, STRESSES AND STRAINS”,10K,Li* 3%,
“DENOTES PLASTIC ELEMENTS®,30%, EFFECTIVE"//,SX,
“ELEMEIST” , 5%, " 516", 8X, 5167 ,BX,” SIGZ” 8K, “TAUKE",
B, "TAUYZ® B, “TAUZL",BX, EFYC-ETRESE"/[)

= e

G
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a5



332

351

43

42
o5

154
33
Iob

7a
371
372

[

o
[

180

gl
a7

WHITE(S,25) HGADS

ROAUS=2

FORCEX( L ; HRODE)=0.0

FORCEY( L jHHDDE) =0 .0

FORCEZ(L ;HHODE )=0.0

Esl

EGAUSP=0

D0 00 TE=E MELH

HOUBE(L ; By=MODE{ L ,IE; §)

CALL CORDIR(HCUBE,MXROD, MR, TH
ILOCL={ IE=L )" HOD2SE+L

STRSV{1, L jHOD25R )= ¥{ ILOCL ML

CALYL CODER{XE ,NGADS,BMT WD, 2

CALL FORCEPY BHT, WDERY, STRAY FR
My 352 I=L,B
[1=HCOBE{I)

LTimI®3=3

FORCEX(EL )=PRRCEX(LL JHFREL IX]

FORCEY (L1 )}=F0RCEY{ LL )=FFRC] IX+
PORCEEZ( L1 }=FCuCER{ L1 )+FRC{ TH+

D0 340 Io=l HyD2

TCAUSP=TCADS P+L

O] 38L I=R.6

SIS L)=5TREV{1G, L]}

SIR0={ L=ERITIMEIGEAR] IGAISE )
CALL SEQU{ITRS,3TF)
IF(STP.GE.SI6D) GO TO 41
WEITE(G , 43 )IE,IG, (STRE{L) L=
FORMAT(5%,I6, LZ,5K,7ElZ.5)
co To 354
HRITE(S 451 IE, I, ¢ STRS(L) L=
FOBMAT( &%, 1H* 16, IZ,5K,7ELI

ECAUSP=EOAUSEHL

CONTIHUE
1F{ KGAUSF.LE. D) SOTg 30
H=li+1
HMPLC{H =18
CONTINUE
BOPL=Y

HRITE(&,371)

0o 370 INH=KODEL ,RODEZ
WRITE(G,372) IM, PORCEX{IN)},FL
FORMAT( 1M1/ /10X, “HODE &7, 5%,
FORHATC 10X, L5, 2K, (ELT &, ZX] D

WRITE( 4, 380}

FﬂH.HII.T-[.I'.fl.I:'I,'LIE'[' JF FLASTI
WATTE{6,3BL) (MPLO(L),I=1,H}
FORMAT(SX, 2015}

AETURN

END

SUBROUTINE COWTACT .
COMHO®,/ WATH/ AL 2000000} , BB{9&
1DI3F{E0) ,EPS{12400) ,EFEST({15]
TLOCAT( 10} , LBFOR( 10}, MB{I600} ,

" IMPLAS(12400) ,uDDE(S ,1550) ,MPL

SKODYDL 7000 HODZoL TO0) oD T
SRODFIX(AD) (HODLOD(EO) HDLSE(E
EELGRAR[L2G00]) (SE( 24, X6) TR
PII(9E00, A 3T00) D00 (3200 A\

2, MED

iR

a)  5TF

&) ,5IF

EY[IN), PORCEZ(IN]
UDRCEX" 8K, "FORCEY™ , TR, "FORCEZ™ )

ELEMENTE™/ /)

1), D06, 6], DENV{6, 6],

,FORCE(10)  LINE{ 100)

AM(9600) , METAB(D600) ,

190) ,HoDXo(Tan)

), HODEC( 700 , HODZACT 00 , .
JRLSERDY ,

1), T2(I600) , T6{ 20003,

200} ,VOLD(IZ00) ,V2{3200} ,

20



B3

il

&0

kg

BW{ 3Z00) ,WOLD(I200) , K{T4500) ,XR(I200) ,¥(T5400) ,
SYR(I200) , Z(9600) ,ZR{3200)
CUMHON/ CHET/EPS T, 532, LMAY, KHAX, DAX,
LPYLD, SCRIT, YOUNG  POTS, CRACK, °T, WIDTH, FHAX,E,
28BAR, LFRIT, KOALS , KLAYER  NHODE,
ITROLLG , INCDYD, INDDE0, INODXC, INODYC , INODEC, LAETIF  HXROD,
SIUNEL, MXGARS, TCUT, LTOTE , ITHODK, KLY, KTTR, NLX,
SHDOF , KHEW , BER, ERIT ,HELM, &, ROX

CHANGES SPRENG STIFNESS IF CRACE CLOSES OR OPEKS,

CONT FORGET TO PUT THE SOMNDE HERE.

HWRITE( G, 95}

FOBMAT(SX, "CALLING FROM TUE CONTACT™)

oo Lo Is=], IRCTEG

L=RaDYo{I)

KHEW=0

CH=HR[L)=CHACK

IF{CK.LT.-EP5L) GO TO §

Gh To &0

Hy=3n]=1

HFIX=HFTABCHY)

IF{YOLO{L) LLE. 0.0 MPTAS{NT]}=]

TF{YOLOLY 6T 0. 0) HEFTAB RV =i

IF(HPTE.HE.HFTABLHV)) KNEW=1

IE{EKEW.EQ.O0} GO TO 40

EH=ET—{ ( PT-PHAX) S{VOLDCL)=W2{L) ) ) *WOLD{L)

Z(HY)=1.0

HOmw

ALF=IH2

IF{ MPTAB{ NV} .EY.0) ALPm=gE2

IFAC=3

CALL SYMEAM{LWSTLF,KNDOF ME, HSUH,AA, L, BB, IFAC,TL,1ERE

ALF,Z,TZ,T3,74,HC)

IF(MFEABCNYY S EQ.0) . WRITE(E ,20)L . PH

EONMAT(/ , 2K, "WODE" , I3, “OPENED AT" ,FB.3)

IF{MPTABCHY) .EQ.1) WRITE(E,3DIL,FN

FORMAT( /S , 2%, "HODE” , I3, "CLOSED AT" ,FH.3)

COHTIHUE

GOHTINUE

RETUHN

END

SUBRAUTINE BREAE
COMHDH MATRS &AL 2000000}  BE{9600,1) (6, 8) ,DINV(E,6),
1DISF({BO) ,EPS{12500) EFEST(1550) (FORCE(LO)  LINE( 10O} ,
ZLOCAT(1d) LEBFOR( 1G] 3000 F600) , HSRI{FE600 )  PTABL 9600) ,
IHPLAS({12400) ,MODE {8, L5500 , MPLE( 1550)  BODEA(TOD) ,
ARODYC{ TO0) , BIDEOLTON) (HODEL, 700} , KODYC] 7007 , HODZCL TO0) ,
SKODFIX(E0) , FODLOD(Ba) HLTSP(AOY , BR{IE00T ,
SETCBAR( L2400) ,SK{2&,24) , TLP6O0) , T2(9600) T 2000 ,
TTI( 96000 ,U(3200) UOLD{IZ00),V(I200) ,voLD{ 32000 ,vE( 3200 ,
BH{IZ00} , ROLD(I200) K T4400) ,ZR( IT00) , (744007,
FER{IZ00) 2 060U)  ZRS20D)

COIHRORF CHST/ EPSL,; SE2, LAY KHAR  DAX,

1P¥LD, SCRIT, YOG POLS , CRACK BT WibTH, mane HE,

I5EAR, LPRIT, HGAUS , HLAYER  NNODE,
IINODX0, THODYO, IRODZ0, INODXE , INDDYE , INDDEC , LNSTLF, HXNOD,
SHKMEL , MKGAUS , TCUT , LTOTE , TTHODX KLU, NTTE , KL,

SHDOF KHEW MEP ZRIT HELSL, AM,ROH

=

COMMON OOES MERE.
00 B Isl,INODED
Le=RODTR[ L)

CImARS( ZR(L)=£C0R)
LF(C2.LT.EPSI) GO IO 10
0o TO B
CHmABS{XE(L)-CRAGK)

¥



L3O
0

3L

A
L]

Sl

133

13

IF{CX-LT.EPS3T) oo TO 9
CORTIHUE

'IFI:EI'IP‘.E!I..D] g0 1o 12
JEUE=

O 90 I0=L, IHODYD
HE=HOLYOL L0
Cl=ABS(ZR{HE=LCDR]
II'I:EI-L'E..EFH-'.I.':I GO TO 130
G0 TO 90

J5 =I5 L

LINE( FEMi)=R5

COMTINUE

ITHODE=T 51

DEST=T3UNG

0o 91 IP=l, ITHODY
LH=LINE(LE)

CHDmXR{ L)-XE{LH}
IF{C50.LE.O.0) &0 TO 91
IF(C5D.GT . EPST. afiD. G50, LT. DIST) DIST=CED
CONTINDE

ICAk=d
HODF=LH

B0 92 Li=1, 1KODYO
CLO=aARS( R LU J=3EC MODF 3 )
IF(G10.LE.EPEI) GO TC 0
oo T3 81

ICAH=ECAMH-1

LEFOR( ToAM) Ll
LIGTE=ICAK

La 94 Jd=1,LTOT0
LA=LEFORLIG )
STR=VOLDY LA)

HRETE(E,15) 14,87k, PT
FOSMAT( 2%, "CRACK~-TIF HODE™ L&, HAD™ ,E1l.4,°CTOD AT
WBLlad4)

ELU=Q
IF(3TR.GE.{0.98*SCRIT) JELU=L
LE(KLU.EG. L) HBREAK=HBREAKFL
IF( KL, EG. O GO TO 997
CONTIHUE

II=0

b 13 Ji=i , THODYG
Li=#0nTa{Jr )

CI=ER[LL}

CL=FR(L]

CE=TR{LY

CE=YR(LL)

CTep25{ Ch—Ch)
Ch=pB5{CI=CL)
IFE'N-.LT.EP‘EI.M.E?.LT.HHE} o0 To 155
g0 7o 13

LI=IT+

LOCAT{II)=LL

CORTIHDE

ICUT=[L

B9 16 JI=1,ICUT
Lo=LOCAT{JIT)
Hy=ld1C=]

METAB( KV =
¥LlU=1

I'PI:,H'.HB,EHI..EEI-.E:I ELl=3
ALP=—5E2

ZiEY)=L,

RC=4Y

LEaAC=]

CALL SYHBAM({LHSTLF ,HIHF , 4B H5UH  hi, L BB, IFAC, TL , IERK,

52

Erra

e L

s ——— e

5. AT



1a4a
Li

is

a0

947

OO aoaonaoDOoaanfOanoaOoconoGaf D non o

1 ALF,Z,T2,T3,T4,HC)
WRITE(G,1DO)LC,PT
. FORMAT(S,2X, NODE- T4, BROKE AT",FB.3/)
. CONTINUE
' CHMINwl.OE+L10
. D0 36 J5=1,1CUT
LO=LOGAT( J5)
FORCE( J§)==5¥2*¥0LD{ LD}
DO 60 LJ=1,INODED
LI=HODY0D{ L) L]
C5 iR LT)=MR(L}
IF{C5.0T.EPSL. AND.C5,. LT CHIN) CHMIR=CS
CRAOKm=CRACKHCLIR
HETURN
EMD
SUSROUTINE SYMBANCMAXN, B, 5, HEUM, A, NRILS, B, TFAC, P, TERR, ALP, 2, M,D, T4,
€ HC)

SHLVE BATRIX EYUATION AX=H WHERE & 15 SYMHETRIC POSITIVE DEFIRITE
AHD B IS A MATRIX OF CONSTANI VECTUHS.

STODETRY AND DAND WIDTH OF MATRIX A LS ACCOUNIED FOR BY STORING A(L
IH LOWER TRIARCULAR MATRIX {IHCLUDIKC DIAGOHAL) BY ROME

HadE = MAXLIHU DIMEHSTION OF MATRIX &
H = HIMBER OF ROWS OF MATRIE &

H{T) = BAND WIDTHS (LARGEST MUMEER OF HOR=IRKO COLUMES TO THE LEFT
AHD IRCLUDIRG THE DLIAGIHAL OF ROM T IH HATRIK A
H(L} WUST BE OREATER THAH OR EQUAL TO 2 WITH 3(1)=1

HERICLY = AN ABEAY COHPUTED LW SYMBEAN

TH{XEND) LOREING STUDSAGE OF LENGH HAK BAND WIDTH.
[EBND = HAX BAND MIDTH. T4 L5 DIMERSIONED DKLY IH HAIH.
MRES = HUMEER OF RIGHT=-yaND SIDES OF COLN VECTOH B

TFAC = THPUT INIEGER SEECIFYING WHETHER OR H0T A CHOLESKY

DECOMPOSITION OF HATHIX & 15 T0 BE COMPUTED
WHERE & = LEQ¥|=xT

= { CHOLESEY DECOnSOSITION IS COMPOTED. IFAC SET T 1.

=] THE CHOLESKY DECTRIPOSED FORM DF MATRIX & IS INPUT.
SOLUTION L3 RETURHED IM B.

= I TUE CHOLESKY DECOMFPOSLITION OF HATHIK 4 L5 MODIFIED.
HODIFICATION IS OF THE FURLl & = 4 + ALBWZAZERT,
WG 15 THE FIRST BOMEERT ROW IN COLUME VECTOR .
IFAC IS SET T0 1 AdD Z SET Io O UPOH RETURH.
SOLUTION L5 RETUBHED LN B.

m 3 OHLY THE CHOLESKY DECOMPOSITION OF HATRIX A IS5 HODIFIED
EFAC IS5 SET T0 1 AMD = SET To O UPON BETIRK.

DIHERSTON ACIEARRY  BOH , HRHSY  POHD MHOREDORY 200 HCRY HEDH (R, T=(1)
IF (TFAC.GT-0) G TH LT
LL=L
0o 1 Twl M
HEUHCT =LA
 LL=LL*H{T)
LD CONTIHEE
11 CORTIHAE
LERR=]

STMHAK

Stebak
SYHRAR
BT BAN
SAHBAN
SYHBAN
SmAN
SMBAN
SYMBAKN
EYMBAN
SYHBAH
STHEBAN
S{HEAN
SYHBEAN
5 THEBAR
BieBAN
S THEAH

SYHBAK
FTHBAR
BYHBAL
STHBAN
SYHBAK
SYHBAN
HiHBAN
STHBAN
SYHHAL
STHBAR
SYHBAN
SYHEAN
ST HAK
FTHBAN
EYHBAN
HTHBAR
SYHBAN
SHEAN
SYHEANR
G THBAR
SYHBAN
HEH

STRLHAN
SYNMDAR

STHBAN
SYebrH
WEM

[ ]

,_
B LD ED =d LR R oea

1L
L2
13
L&
15
18
17
18

14

1
FF ]
3
14
23
16
27
I8
29
30
n

i
-

33
ELY
a5
-
37
3%
ig
180
4l
L
Ll
£
43
&2



1 £

L1d

Lol
Lad

200

00

CALL QSOLY (A, 50,2, B, Py 0, IFAG D, 0, 2, T4 , ALP, HC, TERR)

RETUBH
END

SUBRDUTIME QBOLV{AR,IB,IL,E,DI,H, NFACT. DM, 2, T, AL, HC, LEBA)
DEMERSLON ARCL) (EB{L) (IL{RD BEL) , BICLY,B01) ,W1),2(1)

DIMENSION T(1)
DESCRIPTOR AV,BV

IF(NPACT .GE.2) GO TO 300
IF {WFACT.ME.O} G0 TO 160
FACTOR

Do Log =L K
1CTmI-TLLI)+

T{L;ILCT) p=AR(IBCID; TLCEY)
Hl=IB{1)+I=1C1

AR(H1 =1

Do 100 J=261,1
ICI=S=TL{0+L
ES=HANO{ 16T, 1C0)
Hl=k5-1CT#1

Ham J=KE+1

ASSIGH AV,T(H1;H2)
H1=IB{J)HE=1CT

ASSIGH BV, AR(KL;¥2)
C=GBELAT] AV, BV)
Himi=ICI+1

T(H1)==

IF {J.EQ.I} 60 T& 110
H2w18({1)+J-1CI
AR(H2)®T{HLYMDT(.T)

GO Ta 100

CONTINUE
IF(T(H1).LE.0.0) GOTD 999
DL(T}=1/T(HL)

D{1I=T{HL)

COKTINUE

FORWARD SUBSTLTUTICH
CONTINUE

oo 200 I=1.3
ICI=I-IL{I)4+L

ASSION AV ARCEB(I}ILCE))
ASEIGH BV, B(ICI:IL{II)
C=OBSEATLAY, BY)

B 1)=m=C

CONTIRUE

DIAGOHAL

B{L;H}mB(L; H)MDLL;H)
BACEMARD SUBSTITUTION
Hell=ai=1

DO 400 TIml, EREl

I=R=-LI+1

ICI=I-IL(E +1

IF (IG1.GE.1) GO TO 40O

B ICT i I=ECT =By ICT I=2CI)-AR(IB{ L} ; I-ICL}*B{1}

CORTTIHUE

SOLUTION IS BOW IN B
D1 H)=1.0/DT(1;H)
RETURM

Ty T

S

CONTINUE

D3 JLD JeHC,H

DS imblT HALPA I % ELD)
BETA=ALP®Z{ 13/D{J)
ALP=ALE/ (D{JI*DLLIY )
DI{Ii®l.0/ DTS

LR ST HFACT = 3 QR 3 ovddbddkda®irA@mdddnm bfmd s b e dsns

iRl
SYHBEAN Ll
STMBAN 44

KEW
HEM
4oLy

HEW

fEoLy
ULy
QELY
QEoLY
GE0LY
s0LY
0L
QEoLY
GE0LY
ysoLy
QE0LY
qsoLy
QEOLY
qsoLy
qaoLy
QEoLy
asoaLy
JEDLY
Q5oL
E5OLY
5oLy
GECLY
REOLY

GSOLY
QSOLY
GE0LY
QEOLY

QEOLY

1&3
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3
3

3

9%

Ll
1o

b

0

10

IF(J.EQ.H) GO To 310
JH=3+1

D3 311 I=JH,H
FFLI=J.GT-IL{I}-1) GO 10 311
=B I)+IL{1])=1+S=]
ECEjme{ry=Z( S EAR(L)
ARCK)mpR( E)+IETARI( L)
CONTIRUE

COKTIRUE

Z{i;E)=0.0
IF(RFACT.EQ.3) GO TO 320
HFACT=1

un T4 1ed

CONTLIHUE

HFACT=L1

RETURS

LIEBR=L

RETURK

END

SUBADUTIHE EEROLV{ALL)
DIMENEZON A{L)

DATA LPAGES3515/1
IF{L.LE.LPAGE) GO ToO 10
H=L/LEPAGE
LEFTwL~{L{/LPAGE }*LPAGE
oo 20 I=1,8
LFIRET=LPACE®{ I-1)+1
ALLFIRET; LPAGE ) =0. D
CONTIRUE
LFIASIwLPAGE® 41
A{LFIEST;LEFT)=0.0
RETURE

AUL L )mD.d

RETURH

EHD

LLEELDRLLREELLL

EoLy
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