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PREFACE

‘fhis répdrt consists of two p;rts. Part I 18 concerned with
the static:displacement and stfess fields. Part II describes the
dynamié¢ . wheel~soil interaction. These‘studies Qere conducted
during the period January 1, 1972'tﬁroggh Octpbér 31, 1972, under
NASA Research Contract NASS-25102 "Mathematical Characterization»
of MechanicalIBehavior of Porous Frictional Cranular Media,'" tech-
nically monitored by Dr. N. C. Costes, The Geotechnicai Laborafory

of the Marshall Space Flight Center;\NASA, Huntsville, Alabama.
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ABSTRACT

A new definition of loading and unloading along the yield sur=-

face of Roscoe and Burland is introduced. This is achieved by nbting

that the strain-hardening parameter in the plastic potential function
is deduced from the yield locus equation oflkoscoe and Burland, The
analytical results are compared with the-experimeﬁtal results for
plate-bearing and cone-penetrometer problems and close agreements
are demonstrated.

The second part of the reports deals with the wheel-soil inter-
action under dynaﬁic loading. The rate-dependent plasticity or

viscoelastoplastic behavior is considered. This 1s acé¢omplished by the

internal (hidden) variables associated with time-dependent viscous

properties directly superimposed with inelastic behavior governed
by the yield criteria of Roscoe and Burland. Effects of inertia:and'
energy dissipation are properly accounted for. Exhaustive example

problems are presented.

vi.
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PART I

STATIC DEFORMATION AND STRESS FIELDS
I-1. TINTRODUCTION

Recent achievements in the criticai gstate soil mechanics
advanced by Roscoe and others [1,2] have stimulated.many other
investigétors searching for practical applications. Initial
attempts have been made by Smith and Kay [3], Zienkiewicz [4],

Chung and Lee [5], and Chung, Costes, and Lee [6] in the context

‘of finite element techniques, The present study is an extension

of [5,6] with some significant modifications in reference to
interpretation of the yield criteria of Roscoe and Burland‘[l].

‘In the previous works [5,6], the authors éqnsideredvthe
strain-hardening pafameter to be controlled by the constant yield
stress, an independent matérial parameter, in addition to the ﬁasic

material properties M,\a8ndx proposed by Roscoe and Burland [1].

' However, in view of the fact that the equation of yileld surface

and subsequently the equation of yield locus as defined in [1] are

based on the normality requirements of the plastic strain vector

~with strain-hardening phenomena-incorporated—in-the-plastic -poten-——

tial functjon, additional imposition of strain-hardening through a

constant yield stress is unnecessary. Because the terms included

.in the plastic potential function [5,6] consists of deviatoric stress



.invariant andtthe basic éoil mechanics matériai;properties M, 55)
associated with thé mean pressure the later contributiong in thé
blastic potenfial function must provide strain-hardening behavior‘in
the sense of classical Incremental theory of plasticity., This argu-
ment leads to the standard manner of handling the blastic potential
function in_that the variation of the plastic potential function
simply depends on the. second deviatoric stress inVériant and the

- strain-hardening parameter. If such variation is equal fo zero we
have‘a neutralrloading, and the positive and negative values would
indicate loading and unloading, respectively. The positive change of this
potential function, therefore, shifts the yield locus in the devia-
toric-mean stress space whose projectipn back to the void ratio -
mean stress space lies entirely on the yield surface at all times.

- The cbnstitutive relationships and the finite element equations
are derived as demonstrated earlier [5,6]. The plastic tangent stiff-
ness matrix is updated for small increments of loadirng. The repeti-
tive 801utioﬁ of the equilibrium equations continues until the total
load is reached. Numerical examples for the plate-bearing and cone-
penetrometer are presented to evaluate correctness of the procedure.

Comparisons with test results indicate close agreements.

I-2. YIELD CRITERIA AND PLASTIC STIFFNESS

__ We record here the following basic assumptions of the criti-

cal state theory: (1) the soil material is continuously distri-
"buted over its whole volume with its behdvior described by a ma-

_ croscopic model; (2) the mechanical behavior of .cohesive and cohesion-



less solldepends only on effective stresses independent of the presence or
absence of pore pressures. The consequencés of these assumptions lead to a
complete description of soil behavior in a space of void ratio e, méan pres-
sure p, and deviatoric pressure q. The deviatoric and volumetric strains
corresponding to q and p aiong the ytéld locus are then related by means of
the normality principle of plasticity theory as shown in Figure 1.

The mathematical model of pre-yield behavior may be based on the simple
assumption of complete rigidity or elasticity; although some evidence exists
of irrecoverable plastic éhear distortioﬁ in this range [1]. For siﬁplicity
we may usé fhe_elasticity theory for the range of glasfic wali (Figure 1).

To deal wifh irrecoverable Qolumetric and deviatoric strains and.re-
coverable volumetric strains we turn to the equation of yield locus,

P M= ‘
Po MoyMe T 0 w
where 1 =q /p ; Po. is the mean pressure corresponding to q = 0; and M is
the slope 1l at the critical state line,
6 sin @
M= — (2)
3-8in ¢
in which ¢ is the . angle of internal friction.

The incremental plastic (irrecoverable) volumetric strain is

P
(r)  de'’’

v "= -1

3

The overall void ratio change along the isotropic compression curve is

.de = - r— (4)

whereas the incremental recoverable void ratio is given by
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Yield locus: A' x' F'
Yield surface: ACEF

Mp

Hal
i

Critical state line

eiastic wall

-==""¢ ' ’ :
'.:;Ei | ) -
Unloading or Reloading

Virgin isotropic consoli- ' Line
dation line

Figure 1: Yield Surface and Yield Locus (after Roscoe and Burland)



de(")=_,,: .g.Bn. v (5)
o

‘Here A and % are the compression index and swelling'index, respectively,

the incfemental.irrecoverable void ratio is then obtained from (4) and

 (5) as |

| det® oo (Aon) SR o (6)
. Po ‘ o

At this point we introduce the equation of yield surface in the form

1]
2+ - (w7 (1) | o

in which P, is the equivalent pressure cprrespénding fo that void on the virgin
isotropic consolidation line whose projection tp the p -~ q space is Py
Therefore, éetting P = Py in (7) leads to

a . (1-n/3)

po=b;(1+--;, ' - | (8)
M

Under triaxial compression, the second deviatoric stresg invariant becomes
-J =1/3 (o4 -0a3 )7 = 1/3 q° _ (9)v
which gives
q= 37 / (10)
Substituting (10) into (1) and rearranging yields |
33 +pM? (P- pg) =0 |
or ‘ | 37 - A% =0 o Ay
where - Az = @M3(P =P, ) ' (12)
It should be noted that (11) assumes the identical form as the plastic potential
function F(J, A) in the sense of classical incremental theory of plasticity,

F(J, A) =3J - A = 0 (13)
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The associated flow rule for the incremental plastic volumetric strain

2]

cdv " and the incfemental plas;ic deviatoric strain tensor.dnbén may be
written, respectively,‘
(p)_DF DA . | :
dv = BA bp dXx | ‘ an
(?)  DF DI . . c

(»)

in which dA is the positive constant. Here dv may also be expressed in

- an alternate form from (3) and (6),

(P _A=x dPo , o v _ f
‘<dV T Tre -50—. _ (19) .

Equating (17) and (19) and using (16) give
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s Qemw)dn  =(h-w) \BJ dadp P (20)
= F oA - F 3AOF nA
(1+e)p6-g1§3 (1+e) P, %K%Egi%p_y

The incremental total plastic strain tensor is given by

1

(p) o
avs = ar P 4 1/3 dv &l 6an (21)

on

in which 8an 1s the Kronecker delta. Using (17) through (20) in (21) yields

P (22)

o
av(’?) = BunRey § 40
where
y 1 dF DA
. (3 20on +3 >A Bp 5mn) (A- "-') .
Byp = - L DF dA OF DA (23)
Po (1+€) %% DA Bp, »
Ry pdo®Ps %g dJ +§£A°£- ap (24)
also,
DF _3bd o on :
by W =335 domn =8, do | (25a)
OF dA ‘ . -
%A by P = @M - pMY) a  (25b)
dDF dA > ‘
6—A ﬁo ==~-M p ’ (ZSC)
Substituting (25) into (23) gives
' San + ab :
_Son + a%zp .
B, = 1n = (26)
in which
2
a =5 -5 | @n
b = 3a(l+e)MP?p, /(A-x) (28)

Similarly, Ra,adcvc"B ih'(24) is given by
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'R dccyB P

B & (S

(29)

+ aéas) dca

aB
where

S11 = 2014 -Opp -Ua3

San = 205, -0y -Oaa
Sa = 2033 -0y -Opp

Sm = 6012, 823 B 6023 ’ 831 = 6031

The incremental total strain tensor d¥pn, 1s the sum of the incremental

, : ()
elastic strain tensor dY&? aund the incremental plastic strainm tensor dym:.;
Therefore,

P R
dvfn:) = d'an - dynfn) ’ (30)
‘ o
The incremental total stress tensor dVY 4 is then given by
a0 . D?'E)"'“ av " - (31)

in which D?S”“ is the standard elasticity matrix. Substituting (30) and

(22) into (31) yields
a”? n“a”(dv”'- By, Ryy do'd ) (32)

In view of (14b) and (24), and (32), we obtain

. rsmn N af DF DA
v - ox 04
Rr‘a [D(.) (dY 35 - By Raa do )] +b o dPg @ 0

or

| B of
R,q [D::'")" (dYyn - Bgn Raa dO—)] - R odo =0

from which

o  _Rpe DT dVpy
af T 14+ Ryg Bgp D' 000 (33

Substituting (33) into (32) gives

’ ch damn aﬁm'n |
P (0 5 e 34)
c ((o) + ¢ ) ) on ( )
. : a B '
where Daamn D Byi Ry D™ A (35)

(P) =T 1 + B!‘B R'“ Drﬁ



which is identical to the form obtained by the authors earlier [5,6].

Now, the yield criterion equation (14) is written as
. ] 2 .
dfF = R do¥P - Mp dp,
af
where dp, can be determined from (8),
‘dp, =g dp+h S do,

‘ in which

Ly A (-x/2)
3J : 6J (... 3J
s- (o) (b))

g . . (=%/2) |
1 K . 3J :
h=,w..(1"I)(“me) |

Substituting these in (36) yields

ar = [s +a g -M% Lo s  +ns )]ddas
‘ af aR 3 of afjj

which is then used for determining the status of loading, neutral

loading, and unloading as defined in (15 a, b, c).

(36)

(37)

(38a)

(38b)

(39
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I-3. APPLICATIONS

I.3,1 Plate Bearing

Based oﬁ-the définition of yielding giveﬁ by (15) the finite =~
element cdmputer program was writtén to solve boundary value prob-
lems. - The program listing and data input format are given in
Appendix 1. and Appendix 2, respectively.

Figure 2 shows the geometry of a plate bearing problem. The .
load-displacement curves for center of plate are éhqﬁn in Figuré:B
comparing the experimental results of Namiq [8]. It shouldvbe ﬁotéd
that the plane strain conditions of Namiq's experiments with a squ;re
box are approximated here in the anaiysis by anvequivalent axi-
symmetric c&liﬁdrical box. The material constants given‘by Naﬁiq
are angle of:internal friction @ = 35°, initial void ratio € = 0.875,
initial denéity Y = 0,0147 N/cc. ther constants needed in this
analysis are listed in Figure 3. It is seen that the load-displacement
curve for the CQmprésEion index ) = 0.05 follows very closely fhe ex-
perimental resulté whereas )\ = 0.13 gives slightly larger displace-
ments. It is intereétiﬁg to note that from the void ratio-pressure
curves given by Namiq the compression index can be estiﬁated iﬁdéed
to be approximately 0.05. Here the swelling index x = 0.003 is used
for both caéeg. For elastic behavior the soil modulus E, = 10 N/cmé‘

and Poisson's ratio v, = .45 are used.
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Figure 2: Plate Bearing Gebmetry
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Figure 3: Deformétion at Center of Plate



Deformed shapeé of the finite elements adjacent to the bearing
plate are shown in Figure 4 for the loading'iﬂcfements at F = 2.5 N/tmé-
and F = 5 N/em2 ., These results correspond to ) = 0.05 which gives
the same-displacement at the center of plate as Namiq. - Unfortunately, how-
ever, no further comparigson can be made as Namiquoes not show such’deforméd

shapes in his experimental,reéults.

1.3.2 Cone-Penetrometer

The‘geometry.for a cone-penetrometer probleh is shown in Figure
'.5; Experiments for the cone-penetrometer were undeftaken and the test
set-up-is shown -in Figure 6: Both smooth and rough aluminum cones
were used and loaded through the lunar soil simulants under thg strain-
c&ntrolled loading devices., These‘measurements ére'plotfed in Figure.
7 ‘and cémpared with analytiéal results. The axisymmetric interface
elements develobed by Chﬁng and Lee [5] are used to model contact
areas between the cone and soil. Because of the lunar soil simulants
.being extfemely soft‘cqmpéred with the metal cone the shear modulué
an& rotational modulﬁs‘for the interface elements were set equal to
zero. Experimentally determined matérial constants for the 1Qnar

soil simulants used in the tests are also given in Figure 7. The same
hateria} cdpé;ants were used in the analysis with the exceptions of
soil méduius.EB = 10 N/crﬁg and Poisson's ration Vg = .45, The anal-
ytical solution'gives results somewhere between the rough and smoofh
cones. |

The deformed geometry of goil‘is shown in Figdre 8. For exces-

sive alterétipns of finite elements in shape 1t.wquld appear that
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renumbering of nodes is necessary to update the stiffness matrix
based on new geometry. It is believed that such treatment would

improve the solution considerably.

I-4. CONCLUSIONS

A new definition of loading and unloading along thé yield sur-
face of Roscoe and Burland is introduced. This is done by nofing
the strain-hardening parametervin the plastic potentiai function.
With the differential of the plastic potential function with respeét_
to the second deviatoric‘stress invariant and the strain-hardening
paramenter being poéitive or negative the manner of loading and un- -
ldading is clearly determined. This is an improvement from ﬁhe.pre-
vious definition of yielding through é constant field stress.,

The forms of plastic stiffness matrix and the finite elemént
equations, however, are unchanged., Applications of the present anal-
ytical formulation fo a number of boﬁndary value problems are pre-
sented. The.aﬁalytical.resulta for the plate bearing and cone-
penetrometer problems indicate good agreemehﬁs with the.experimental
results.

Our ultimate goal is to characterize the material parameters pf
the lunar soil. Such a task depends on correct constitutive relatiormr
ships and a computational scheme ﬁhicﬁ provides the results.of load-

deformatipn. With this facility available exhaustive computer runs



for various combinations of material constants are to be compared
with the data brought back from the lunar exploration. To this end -
the present study has provided the basic analytical tool to prepare

for such an undertaking.
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APPENDIX 1

COMPUTER PROGRAM LISTING '

(Static Analysis - Axisymmetric)



BELTe 1L DECK»»SYSTUP
ELT 005=11/24=14:39

0ovo001
guuuue
ououo3
guuLoy
ouuo0s
vououve
uyuuo?
quuuosg
oovove
Uouolo0
uyuoll
uovulz
ouuul3
000014
uguols
uQulle
¢ou0ol17
0ouols
0puol19
0ou020
gauo2l
ouuL2e
gouo23
Quu024
0u002%
0ouoze
guuuz?

- .oouu28
0ovo2y.

[VINTETH
gouu3l
0ouo32
Uouu33
00U03u
0uu03s
000036
quu03?
0Quo3s
00VU03Y
QU040
ouLoul

uouou2

00uou3 -

00U04L
oguaus
oguoue
QQuo4?7
guuous
00uvo4e

Quuos0-

00u0S1
ovuos2
0pULS3
ouLOSY
VULOSS

uoo
uoo
uou
uuo
uou
oL
uou

‘uou
vou

uoov
uou
uou
uou
uov
uov
uoo
uou
uou
0ou
uoo
uQu
Qou
uou
uou
0Qu
0ou

vov
vou

vou
uou
uoo
uov
uou
ugo
0ou
voo
voo

© 0gu

Voo
uou
vov
uou
voo

000

0oo
00U
oou
uou

. 00o

uuL

T oo

uoy
Ly

Loy

uou

cocococo [N o

WELT+SIH NASA*TPFH.MAINY »» 132656133010

L-----——-—---------—----——-—----—--—---—-—---—----- - - 00000100
C ) 00000200
¢ THE FINITE ELEMENT ANALISYS OF AXISYMMETRIC SQIL MEDIUM 00000300
¢ RY A SOLL PLASTICITY THEORY 00000400
C ) ‘00000500
O i T T SRR R P e — e —m e —n e ———————— —— 00000600
C 00000700

PAKAMETER NODS=30urNELS=260¢NF=20000sMAXZ600 00000800

< 00000900
COMMOM /BLKN/ TITLE(20) ¢ INODE »NELEM s NAPC»NBCoNINCRINCYCL +EPSLON 00001000
COMMOM /BLK1/ W(6JeH(6) o ARL) »BR(U) »CR{L) AZ(L) ,BZ(4)9C2(u), 00001100

* BN(G) sCN(4) 1 DN(G I o TYPEA(L o4 )Y, TYPEB(404) y TYPEC(4o4) s TYPEE (40 t) 00001200

* TYPEF(4e4) s TYPEG(4+4) rAO»BOrCOIRTIRBIRAIRCrIC,JCIKCoLCPNEL 00001300
COMMON /BLK2/ ID(NUDSe2) s IUKL(NELS»8),DET,DE2 00001400
COMMON /BLK3/ XK (iwF) ¢ APF(MAX) s IMAX» IHR» IHBI s LTrLAST 00001500
COMMON /BLKU4/ STRSINELS»4) rDMAT(NELS» 4oy ) yDELNM] (MAX) » POP 0n001A00
COMMON /BLKS/ DE(KELS+4¢4) s SIGRA(NELS) 1DSIGBA(NELS) »DELL? YSTRS, 00001700

1 FINC/FNsULOADFEL #PMAX»ULMAX 00001800
COMMON /BLK6/ STEReSIGZrSIGTsTAUZReD (4 4)»STIFF (8, 8) 1KK(NELSeB) e 00001900

1 R(NUDS) ¢ ZINQDS) e IUTDIS (MAX) 00002000
COMMON /BLK7/ USTHS(NELS-u).ARN(NFLQvu)-AZM(NFLGrM)vRTT(NFLS)v - 00002100

1 AQJ(NELS) : . ~ 00002200
COMMON/BLKB/ INCR, PUFPTH(NELS)'VOIDI'ALAMDA ﬁEDTHvPP i 00002300
COMMUN /ULK9/ PI¢SMALLK»CK?BETAsPOrNFREE rNELST» ICASE»NRIGD © v 00002400
COMMEN /BLK1U/ FRLK (2008 8)'TR(20v8o8)'XXL(PO)vDZZ(ZO)'DRR(ZO)vj 00002500

"1 POR(20)yDELTS,ECs XNUC»DELD ! . . 00002600
COMMUN /BLK11/ VOLUD(NELS) rDGAMINELS 1 4) i 00002700
COMMON. ZisLk12/ SleX(NtLS)rDEP(NELS)oEP(NELG)oDFQSTZ(NELS)oES 00002800
COMMON /GMTRYZ RUUNODS) » 20 (NODS) 00002900
O -—— —————-. 00003000
- C ’ 00003100 "
NTAPE = 2 , , 00003200

¢ : : e : 00003300
o et e e e L - ~00003400
C . - 00003500
CALL SETUP ' 00003600

C 00003700
¢ JINITIALLIZES WECESSARY CCNSTANTS FOR INTEGRATION SCHEME. 00003800
e e T Lt DL T SRRt PR 00003900
C . . o 00004000
CALL INPUT(NTAFE) . ' 00004100
ISHEAR = 1 _ . - © 0n00u200-

. : ' 00004300

, , : : 00004400

FN = FEL : o . S E : 00004500

- : } 00004600

—————— ——- —————— —————— - - 00004700
: ’ o R . 00004800

START MAIN XTERATION--LOOP. . : e 00004900

. . - o S 00005000

: - 3 ——————- ————— -00005100

DO 990 N1 = 1eNINCR . : . - , : 00005200

¢ S S - ' ' - 00005300

FN = FN + FINC a S : o o . 00005400



Vouu%e
uouus?
00uUusSH
PIVITITELR]
[VIVEVIVICTY]
[VIVIVIVICR
[LIVIVIVI oY~
ouou63
gouoen
gouues
[VIVIVRVICYN
0ouue?
oguoel
[VIVAVIRTL°]
000070
0puo71
uouo72
000073
ouuo74
opuo7s
oovo7e
oouo??
ouuLTH
00u07Y9
[JOVIVIVTCTY)
oguo81
Oyuose
oouos3
oopuosy
00U0HS
06ou08e
oovos?
0goo8s
0ouosY
o0ou090
0vu09l
guuosz
000093
o0LL9Y
00U0SS
000096
o0uu9?
0ouoseE
0puo99
00UL00
00v101
ouui02
QQuUlU3
0uully
IR VPRI
guuvloe
npul1u?
0Uul04H
ouuluy
uoullo
uuulll
guvile

uou
uov
uoo
uug
uou
uou
you
uou
vuu
Voo

C
C

o

cocc o

938

400
837
agsg
a3e

quy
950

340

ITER = 0 : 00005500
00005600
IF(NI.EQ.1) GO TQ 950 00005700
ISHEAR = NI < . 00005800
CALL ZERO(XKsNFel) 00005900
REWIND NTAPE 0n0o06000
00006100
DO 940 NeL = 1eNELEM 00006200
IC = IJKL(NELe1) 00006300
JC = IJUKLANEL»2) 00006400
KC = ITJRL(NEL?3) : 00006500
LL = 1JKL(MNEL?4) 00006600
NF1 = NEL = NRIGU . 00006700
IF(NEL «LE.NRIGU) ©U TO 938 00006800
S162 = STRS(NEL»1) + DSTRSINEL.1) / 2. 00006900
SIGK = SIRSINELs2) + DSTRSINEL2) 7/ 2. 00007000
SI6GY = STRS(NELes) + DSTRSINELS3) / 2. 00007100
TAUZR= SIRSINEL»4) + DSTRSINELG) /7 2, 00007200
IF (INBCoNE .U ANUNFT LE.NGC) GO TO 899 00007300
————— ————— et P e memee e ——— e e reecen=e=00007400
00007500
CALL DMATRX(NI) 00007600
00007700
CALCULATE STKESS UEPENDENT MATERTIAL PROPERTY MATJRIX (D). . 00007800
------------------------ B T T L S e L R LT ]
00008000

GO TO 837 00008100
: 00008200
CO 400 1 = 14 00008300
DO 4uUD J = 14 00008400
DMAT(NEL»Ied) = CRANEL,IJ) 00008500
D{lsd) = DMATIREL»L1ed) 00008600
CALL STIFF2(NI/NTHFE) 00008700
60 T(¢ B38 00008800
00008900
CALL FRICTN(IC/KCrNEL +NFY» ISHEARIVOIDI) : . 00009000
0n009100
CALL ASSEMo (NELsNFT) v 0ng09200
CONTINUE 00009300
CONT IMUE 00009400
ITER = ITER + 1 00009500
IMNCR ‘= ITER 00009600
) 00009700
CALL DISPL{NFREEsisINODE,INCR) 00009800
. 00009900
00 340 1 = 1,INOLE 00010000
Ju = 1 % 2 : 00010100
I1 = JJd -1 . 00010200
2(1) = 20(1) + TOIUIS(LII) + XK{LAST+II) " 00010300
REL) = ROLL) + TOIDIS(UJ) + XKELAST+JJ) 00010400
.00010500
CALL STRAIN(NI(ITcK) ) ) ocofosoo
0n010700
SUMMING OF STRESSES AND DISPLACEMENTS FOR EACH INCREMENTAL STEPON010800
DO 310 ITT = LsNFhtE 00010900
TOTOLSCITT) = TOWWIS(ITT) + XK(ITT+LAST) 0n011000

310

DO 329 I = 1sNELEW 00011100



0uull3
0oully
0Uu11%
Qoulle
Qoul1y
0ou1ls
gouilg
ooul20
ooviz21k
0guilz22
00123
0ov124
ogu12s
000126
Qoul27
gouizs
000129
000130
000131
00v132
000133
000134
00U135
000136
00uU137
00uU138
00u139

000140,

000141
00V142
ouU143
000144
00V14%
000146
000147
000148
0VU149
000150
000151
000152
0pul1s3
000154
00015%
00U1S6
000157
000158
00U159
000160
000161
ouvle2
000163
oouviey
guu16%
ovules
000167

COU168.
L 00U169 .

uou
ogu
uou
000
000
uov
gou
000
uoo

"000

uoo
000
oou
0ou
0oo
000
uoo
oo
000
000
0060
000
000
goo
000
uoo
uou
000
000
000
000
000
000
oou
000
600
000
uoo
000
000

oou

oou
oou
000
000
000
000
000
000
000
000
000
uuo
oo
0oL
0oo

. 000,

DO 329 J = 14 00011200

329 STRSU(Ird) = STRS(Led) + DSTRS(INJ) 00011300

C 00011400

WRAITE (6+689) NINCKeNIFN 00011500

0O 320 I = 1+INODE 00011600

I1 = (I-1) * 2 + 1 ‘00011700

Ju = 11 + 1 . 00011800

320 WRITE(6+690) 1, (TOTDISILX)PLX = IIrdd) 00011900

WRITE(6:691) 00012000

D0 330 I = 1sNELEM 00012100

330 WRITE(6,692) I (STRS(IrJ) rd=1e4) 00012200

IF(FN.GT.PMAX) STOP LOADMX 00012300

990 CONTINUE 00012400

C 00012500

C 00012600

500 FORMAT(1015) ) : 00012700

600 FORMAT(//¢ ITER',1S5¢' DMAX'/E12.5+' DE2'+E12,5) 00012800

689 FORMAT(1H1,10Xe* TOTAL DISPLACEMENT NO. OF INCREMENTAL STEPS 00012900

*29,215//5Xs "NODEY 95X vZ = DISPL*»20X¢ 'R = DISPL*¢5Xs'FN =¢,E12,5/)00013000

690 FORMAT(4X»I5¢EL1S5.7¢10X¢eEL1S5.7) 00013100

691 FORMAT(///¢310Xs* TOTAL STRESSES*//5XetELEM®»5Xs *SIGMA - Z',T28, 00013200

1'SIGMA = RY',T42s "TANGENTIAL'rTS58,*TAU = ZR?Y) 00013300

692 FORMAT(I8,4F14.6) _ 00013400

693 FORMAT(//? TAaur SIG» RAT» DELTSe ISHEARe '94E12.501577) 00013500

694 FORMAT(//20X» *NEw GEOMETRY AT THE END OF LOAD INCR.',15//) 00013600

695 FORMAT(11002F15.6) 00013700

STOP 00013800

END 00013900
BELT+SIH NASA*TPFS.INPUI»» 9132661133010

SUBRCUTINE INPUT (NTAPE) 00000100

e LR L P - — 00000200

PARANETER NODS=3uu» NELS= aeu.NF=20000.MAx-eoo 00060300

C ———— - 00000400

COMMON /BLKD/ TITLt(ZO) INODEoNELFNvNAPC-NBC.NIRCR.NCYCL +EPSLON 00000500

COMMON /8LK1/ w(6)rH{6) s AR(4) »BR(4))CR(4),AZ(L),BZ(4)+C2(a), 00000600

* BNUL) oCNCL) »DINCl ) » TYPEA (L) » TYPEB (4 o84) y TYPEC U o44) e TYPEE (G2 4) 00000700

* TYPEF(4+8) s TYPEG(4+4) »AQ,BOrCOyRTIRBIRAWRCeICrJCIKC,LCPNEL 00000800

COMMCN /BLK2/ 1D(NORS»2) v IUKL(NELS»4) #DELIDE2 00000900

COMMCN /8LK3/ XK(NF)rAPF{MAX) ¢ IMAX»THR+» IHBI+LToLAST 00001000

COMMCN /BLKU/ STRSINELS»4) e OMAT(NELS e o4 ) »DELNML (MAX) » POP 00001100

COMMGN /BLKS/ DE(RELSe4e4)rSIGBA(NELS) ¢DSIGBA(NELS) »DELLYSTRS 00001200

1 FINC/FNsULOADFEL #PMAXIULMAX 00001300

COMMON /BLK6/ SIGR+SIGZrSIGTeTAUZReD(4¢4)sSTIFF(8+8) yKK(NELS#8)s» 00001400

"1 R(NODS) »Z(NODS) » 10TDIS (MAX) 00001500 -

COMMON/BLKS/ INCR» POEPTHINELS) ¢ VOIDI yALAMDA » DEPTH» XMS 00001600

COMMON /BLK9/ PTrSMALLKICKeBETA»POrNFREEYNELST» ICASE»NRIGD 00001700

COMMON /BLK10/ FRCK(20¢ 808)oTR(ZO'e'a)vXXL(20)'DZZ(20)oDRR(20)o 00001800

1 POR(20) +DELTS+EC e XNUCDELD 00001900

COMMON /BLK11/ VOLD(NELS) »DGAM(NELSs4) 00002000

COMMON /BLK12/ SIbe(NELS)vDEP(NELS)rEP(NELS)oDEGSTZ(NELS)uES 00002100.

) COMMON /GMTRY/ 'RO(NODS) »Z0(NODS) 00002200

C . - 00002300

REWIND NTAPE . 00002400

READ(5¢510) (TITLE(I),I= 1.20) 00002500

READ(5,500) INODE'NELEMoNAPCvNBCrNINCRoNCYCL-ICASE:NRIGD'NULOAD 00002600

00002700

READ(S5+530) YSTRS.DELLOZETA.PMA!.DIMAX
READ(5+511) DZ21,DRI1 :

00002800



Jouli7o
oou171
ooul72
00u173
buvl7y
o00V17S
0uul76
000177
0LUl7&
00u179
00ul180
oovulsl
gooul82
oouises
ovvileu
gooiss
ooul18e
oouis7
opuiss
ooul89
oo0ui90
oouisl
000192
0LL193
goulgy
00019%
000196
000197
0u019s
00U199
000200
0uu201
000202
oov203
oou20y
ogu205
000206

quu207

000208
0UL209
gou210
ouv211
00L212
009213
ouv214

fouz1s.

000216

00u21?

cob21e
000219
ouu220
0ou221
000222
0ou223
00v224
vou22s

ovu226:

upv
ouo
gou
uouo
oopu
uGu
uoo
000
0ou
oou
4gu
090
oou
0ou
gou
000
000
000
g0
000
000
000
0go
090
ugo
ugu
0go
ugu
uou
ugo
uqu
Gou
0ou
000
uoo
dou
vou
uou
Ouu
000
000
000
Quu
000
guo
0po
000
uou
Jou
Oou
uou
0gu
o0
uou
000
oo

duo

[aN oN o3

DZ1 = SHEAR MOD. FOR INTERFACE ELEMENTS.,

DRI = NORMAL FOR INTERFACE ELEMENTS. -
READ(5¢511) EC»XNUCES»XNUS

READ(5¢530) PI+SMALLKeXIeVOIDIPPOsDEPTH»ALAMDA»EPSLON
WRITE(6sD30)PIeSMALLK» X1 VOIDTI»PO/CEFTHsALAMDAPEPSLON
WRITE(60630) YSTRSeDELL

WRITE(6+631) Z2ETA,DZ1DR1

A31 FORMAT(//* ZETA» MODs FOR INTERFACE ELEM.s SHEAR»

101

100

700

1

3F15.6)
POP = EXP(1,=-SMALLK/ALAMUA)
11 = o
DO 101 I = 1.INODE
00 101 J = 12

II =11 + 1
ID(IPJ) = II
BETA=ZALAMDA-SMALLK
PI=PI*3,14159/180.
EPSLON = EPSLON * 3.14159 / 1R0.
DELTS = TAN(EPSLUON)
PI=SIN(PI)

Pl IS SINE(FI)

XM = €4*PI/(3.-Pi}
XMS = XM * Xm
WRITE(6,600) (TITLE(I),I=1020)
0O 100 I = 1.INOUE
READ(5¢520) Z(1)eR(I)}sIZ»IR
20(I) = ¢<(I)
RO(I) = R(I)
IF(IZ.NE.O) ID(I»1)
IF(IRNE«O) [C(TIvz)
WRITE(6,620) IvZ(L)vR(l) 1120 IR
WRITE(6+501) INOUE/NELEM)NAPC+NINCReNCYCL
NFREE = INODE * 2

U

"

WRITE (6,651)
READ(S¢540) ((IJKLANEL#J) rJd=1el) s NELZT e NELEM)
WRITE(6,050) (NELe (LTUKLINELsJ) »U=108) osNELZ1sNELEM)

FIND ‘HALF BAND WIUTH AND ACTUAL SIZF OF MATRIX (XK)

INAX.= O

0O ARLO NEL = 1.NELEM

O 780 1 = 14

IN = JUKL(NELs£)
KK(NELe# L) = LID(INs1)
KKANEL»I+4) = UID(IN»2) .

‘D 7999 1 = 12

I1 =1+ 1

. DO 7999 J = IIen

7969
800

IDIF = JUKL(NELeL) = TUKLINEL,J)’

IFC(IBIF.LTL0) iNLlF = «IDIF |~

IFLIUTF.GT.IMAX) LIMAX = IDIF

CONT IMUE .
IF(NBC.NE.U) READ(S5,500) ((ID(I:J):J-I'Z)-I lvNHC)
IMAX = MAX DIFFERENCE IN ADJACENT NODE NO.

IHB = (IMAX + 1) * 2°

IHBYI = IHB -~ 1

NORMAL »

00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
0ngo3700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
60004900
60005000
0noo5100
00005200
00005300
00005400
00005500
00005600
00005700
0n0o05800
00005900
0n006000
00006100
00006200

00006300

00006400
00006500
00006600
00006700
00006800
00006900
00007000
00007100
00007200
00007300
00007400
06007500
00007600
00007700
00007800
00007900
00008000 -
00008100
00608200
00008300
00008400, _
00008500



Dpu227
oouz2s
0oueey
oouuz3n
0Lu231
oyu232
000233
00v23y
00u23%
0ou23ée
0pv237
00u238
0uu239
oovzuo
0ou241
000242
oou243
000244
npuzus
00Vu2u4e
ouu247
oou2u48
Qou24y
-0ou2s0
00u251
Qouzse
000253
nYv2sSy
o0yu25%
ovu2se6
00u257
00U256
oouase
00V260
Qou261
000262
oouv263
00v264
000265
060V266
000267
gul268
000269

000270

000271
600272

000273,

000274
000279
000276
00u277
00027¢
000279
000280
gouzsl
oyuzae

ouu283

0o
uou
0ov
uov
000
oov
agu
uov
uQu
uou

000

000
Uoo
000
000
oou
0oV
oou
0o
uou
000
000
QQo
0oo
ogv
uoo
dov
oovL
gov
oo
000
000
000
uoo
Qou
060
000

Qou -

oov
000
000
uou
oo
oov
000
000

oo’
000 -

gou
oovu
oou
000
Voo
0ou
uoo
voo

- gou

LY = IHB * InBl / 2 00008600

LAST = LT + (NFREE -~ THRI) x IMB 00008700
WRITE(éonU) IMAX» AHE s LT LAST ~ 00008800
[SRe— e m———— 00008900
IF(NRIGD.Nt U) CALL ELASTC(D¢NRIGDECsXNUC) 00009000

O T - 00009100
NLST = NELEM - NRi6D - NeC ' 00009200

DO 9u0 NEL = 1eNELEM 00009300

IC = IJKLINELeL) 00009400

JC = IJKL(NELs2) 00009500

KC = IJKL(NEL»3) 0n009600

LC = TJKLINEL %) 00009700
IF(NEL.LENRIGD) 60 TO 898 00009800

NFT = NEL = NRIGD 00009900
IF(NFT+6T.NRC) GO TO 896 00010000
DZZ(NFT) = D21 00010100
DRK(NFT) = DRI 00010200

CALL FRICTN(IC+KCeNEL/NFT»0»vOIDI) 00010300

GO Tu 899 00010400

896 IF(ICASE. NE. U) GU TO 897 00010500

C 00010600
CALL AREAA(IC,»JCrKCrLCrAREA) 0n010700

VOIDK = volDl . 00010A00
VOIC(MEL) = VvOLDK ' : . 0n010900
DELNNI(NEL) = AREA : . 00011000

C _ . 00011100
897 NELST = NRIGD + wolC + 1 ‘ 00011200
IF AINEL EW.NELSTICALL ELASTC(D oNLSTPESeXNUS) . . . 00011300

c : ' , ) . 6n011400-
898 CO 111 I = 1.4 . , . . 00011500
DO 111 J = 1e4 _ ' : 00011600
DE(NEL»Ied) = U(Led) ' 00011700

111 DMAT(NELsIvd) = Dtied) ) . 00011800

C : 00011900
CaLL STIFF1(NTAPE) _ 0n012000

CALL STIFFZ(UINTAPE) . 00012100

899 CALL ASSEMB(NEL/NFT) 00012200

¢ C " 00012300
O e L T ————— ——————— - —_— 00012400
900 CONTINUE - 00012500
IF(NAPC.NE.G) CALL PTLOAD(NAPC)»ULOAD) 00012600

901 IF({NULOAD.NE.D) CALL EGLOAD(ULOAD) ' 00012700

c i 00012800
SCAL .= NINCR S 00012900

0O 200 I = 1+NFREE - . 00013000

200 APF(I) = APF(I) 7/ SCAL ' : 00013100
FEL = 0. . o 00013200

FINC = ULOAD / SCAL - . : - 00013300

C o o T 00013400
500 FORMAT(1UIS) o 00013500
501 FORMAT(//" NUMBER QOF NODES =',IS5/¢ NUMBER OF ELEMENTS ='+100013600
15/¢ NUMBER OF APLIED CONCENTRATED LOADS ='¢IS5/° NUMBER OF 00013700
2INCREMENTAL LOAD STEPS =',I5/¢ NUMBER OF ITERATIONS PER EACH 100013800
3NCREMENTAL LOADING ='¢I5/) L _ 00013900

510 FORMAT(2UA4) . B ' a : 00014000
511 FORMAT(4F20,5) . B . . 00014100

520 FORMAT(2F10.4,215) : : . 00034200

v



N0uz8y
ouue8sy
quuzse
ooves?
000288
guov2aee
oouz29n
000291
ouvagz
0ov293
no029y

00u295.

000296
000297
00U294
000299
0UU300
00U301
000302
000303
000304

000305

0vu3oe
00V307
00V3os
000309
000310
000311
0ov312
00u313
0ou3ly
000315

000316
000317

0ou31s
0gu31l9

oguaze -

000321
oou322

00v3d23’

000324
0LU325
000326
000327
_oouaze

000329
0UU330
000331
ouu332
00U333
000334
00U335
00U336
000337
000338

- 000339

auu3so

000
000
uou
unu
oov
aou
uov
000
0oL
000

uoo
000
uou
000

0ou

000
uoo
000
000
000

- 000
" 000

000
oav

‘000

oou
oov
000
ugo
d00
600
0Qo
000
000
000
000
000
0oo
000
000
0uo
000
oov
uou
0Qo
000

000
000
Qou-

0ou
000

_uoo

uoo
000
000

. 000

530 FORMAT(BF1U.4) 00014300
531 FORMAT(/? SINt PHI ='yF10,U4,? SMALLK ='yF1l0e4r? KI ='»00014400
*F1l0eb0? PORCUSITY =',F10.4/" BETA ='»F10e4e? OVERBURD0O0014500
*EN PRESSURE =teFluetsr? NESIRED ACCURACY =*,F10.4+' PERCENT.'/00014600
* 0 DePTH OF SOUIL MEDLIA =',F10.4/) 00014700
S40 FORMAT(4iS) 00014800

600 FORMAT{IN1,20Xr20A4///30X¢ *COORDINATE VALUES'//T11»'NODE*»T30,°2=-C00014900
*00RD '+ TSU» 'R=CUCRL "1 TE5+s 0 IF FREE TO Z2'+3Xs'0+sIF FREE TO RY//) 00015000

620 FORMAT(TL02I59T25¢/F10.4¢TUS5,F10.4¢T65,2(18,5X)) 00015100

630 FORMAT(//? Y1elD STRESS =19E12.50? DELL ='»E12.5//) 00015200

640 FORMAT(/7/? IvAX e LHE LT oLAST e 4110//) » 00015300

650 FORMAT(SIT) 00015400

651 FOKMAT(1HLr10Xe *CIWNECTIVITY /) © 00015500

RETURM . 00015600

ENU o _ : 00015700
WELTrSIH NASA*IPFSDMATRX s ¢+132671133010 L :

. SUbROUTINE UNATPX(NI) ' ) : . . 00000100

(ommm e et e e m——— - - - ~-=00008200

PAKAMETER NOUS= 3ou.NELs 260 NF= 2000nvMAX—600 . .00000300

Commmtnccncncnce—nmaa=n - - 00000400

COMMGN /QLKO/ TITLL(ZO)leODE NELEM, NAPC.NBC'NINCRoIPRINT'EPSLON 00000500

CONMMON /uBLK1/ w(ei-F(é)oAR(u)oBR(q)'CR(u)'AZ(u)-BZ(U)vCZ(u)o 00000600

Cx BN(H) o CNCU) eDNC4) o TYPEA(U4) » TYPEB(Uo4) o TYPEC (U ot) o TYPEE(404) " 00000700

* TYPEF(4ot) s TYPEG(4oU4) s AUsBOrCOrRTeRBIRAPRCrIC»JCoKCoLCHNEL ~ 00000800

COMMOPN /BLK4/ STRS(NELS»4) e DMATINELSe424) yDELNM] (MAX) ¢ POP 00000900

COMMON /BLKS/ CE(IKELS»4eu) rSIGRAINELS) »DSIGRA (NELS) rDELL2YSTRS» | 00001000

1 FAINC,FNoULOADIFEL»PMAX e DLMAX 1 00001100

COMMOM /BLK6/ SIvaSlGZrSIGTvTAUZRrD(uou)-STIFF(B B)oKK(NELSta) { 00001200

1 R(NODS) »Z(NUDS) ¢ TUTOIS (MAX) 4 00001300

COMMON /BLK7/ USTRS(NELS»4)s0UM(NELS10) . ; 06001400 "

COMNMON/BLKE/ INCRoFUEFTHINELS) +VOIDI, ALAMDA.DEPTH:XMS + 00001500

COMMOM /BLK9/ PI+SMALLKeCKsRETAsPOYNFREENELST» ICASE/NRIGD 00001600

COMMON /HBLK11/ VOIU(NELS) »DGAM(NELS4) 00001700

COMMON/BLK12/ SIGMX(NELS)-DEP(NELS)'EP(NtLS)pDEGSTZ(NELS)oES ' 00001800

DIMENSION KLR(4) »UR(4) yRD(Y) . . 00001900

Commmmcr e - - -— ————— 00002000

VOIDR = VOID(NEL) 00002100

P = (SIGz + SIGT + SIGR) / 3. 00002200

TJ = ((SIGZ-SIGP)**2*(bIGR-sIGT)*t2+(SIGT-SIGZ)t*2)/6.+TAUZRt*2 00002300

PSG': P*p ) 00002400

ETS 2 3.3TJ/PSE ' ’ ) : 00002500

POW = 1.=-SMALLK/ALAMDA ’ ] . 00002600

SIGMX(NEL) = P» ((XNSHETS) /XMS) *x° Pow ' ) 00002700

POP = SIGMX(NEL) ) ) - - 00002800

AA = XMS * (2.%P-pPOP) /. 3. i . : 00002900

BE = 3. % AA * XMS * P * POP % (1.+VOIDR) ./ BETA ’ .00003000

CO 1u0 .1 = 1l ) o 00003100

"DO 100 J = 1'u . ; o 00003200

100 D(1ed) = DE(NELoIvd) . o . 00003300

. S2¢ = 2.%S16Z2=-SIGR=SIGT o : . 00003400

SRR = 2.*S16R=SIGL-SIGT ; ] o ) AR . 00003500

ST = 2.tSIGT-SIGL-Sle B U - 00003600

SZR = 6.*TAUZR : ' R o : © 00003700

RLBC1) =:-SZZ + AA . T o - 00003800

RLB(2) = SRR + AA : . . . ‘00003900

RLEB(3) = STT + AA- ) : i - o 00004000

.Rtity) =

SZR . .. o o 00006100



000341
ouu342
000343
DITTTRLYTS
gouaus
000346
000347
0Q034k
000349
000350
00u3S1
00uU352
000353
000354
000355
00V3%56
00V357
000358
00U359
000360
000361
00V362
000363
cuu364
00V365
000366
0Qu367
N0036AR
0ov369
00U370
000371
000372
000373
060374
000375
000376
npou37r7
ouuara
060379
000380
000381
000382
000383
0ou3s8y
n0038s
000386
gou3s?
.0uu3ss
000389
0003906
000391
nou3ge
00U393
000394
00039%
g0V3%6
000397

000
000
000
000
Qov
000
000
gou
0ov
uov
gov
oou
Qo0
0gu
06U
000
0ou
ogou
uou
0ov
000
0ov
oov
aou
oou
000
goo
uoo
000
900
000
000
000
0gd
000
000
000
000
goo
000
000
oou
000
000
0oo
go0
g00
000
00
oou
000
oou
Q00

oqu -

000
000
000

200

620

CELP = (uSTRS(NFLvl)*DSTRS(NELv?)*DSTRS(NELOS)) / 3.
DR(1) = S22

" DE(2) = SRR
DB{(3) = STT
DB(4) = SZR
DF1 = 0.

DFK = 0.

00 200 I = 1,4

OF1 = DF]1 + RLB(l) *x DSTRS(NELI)
DFK = DFK + DB(I) * CSTRS(NEL(I)
BFy = DELP * PUP * XxMS

POw = =SMALLK 7/ ALAMCA

DEN = (1.,+ETS/XNS) ** FOwW

DFK .= CDEN * (DFK=b.*TJ/P*DELP)

CF = OFI = OFJ =~ UFK * (1,=GMALLK/ALAMDA)

ASu XMS * P * (FUP=P)

174 TJd x 3.

SIGBA(NEL) = ASE

EP(NEL) = UF

WRLITE (6+s02U) NEL»VUIDRYTTU»ASQePOPPDF 1 XMSWETS

FORMAT(I5e? VCIOKS'eFLl0e4e? 3IJStFLN.Ue? ASQ2'2F1l0.4e" PO=?,

IF10e4e? DF=',EL12,5¢" XMSZ'sE12.5,% ETS=v,E12.5)

110

120

130
764

111
600

IF(DF.LT«0.) GO TU 704

DO 110 I = 1.4
DB(T) U

RO(1) Ue

DO 110 J = 1.4

DRLI) = pB(l) + Dll,u) * RLAR(Y)

RD(I) = RD(I) + KLbB(J) * D(JrT)

DEN = 0.

DO 120°1 = 1s4,

DEN = DEN + RLB(1) x Du(l)

DEN = DEN + BB

DO 130 I = 1.4

‘DO 130 J = 1oy

Dtlyy) = D(Isd) =~ DRIT) * RD(J) / DEN
DO 111 I = 1.4

DO 111 J = 1r4

DMAT(NELsIrd) = D(Ied)

FORMAT (4E20.7)

RETURN. -

ENU

WELT+SIH NASA*TPF$.STIFFlere113762121110

%

SUBROUTINE STIFFL(NTAPE)

00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005700
00005800
40005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
00006900
an007000
00007100
00007200
00007300
00007400
00007500
00007600
00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00008500

00000100

PARANETER NODS=30UNELS=260+NF=200U0 ¢ MAXS600

(mmemme——— amm—a. ——

00000200
00000300

COMMUN /BLKO/ TITLE(20)» INODE ¢NELEM¢NAPCyNBCeNINCR)» IPRINT »EPSLON
COMMON /BLK1/ wW(6)rH(6) rAR(4) ¢BR(4) »CR(U) yAZ(4),BZ(4)9C2(4)y
* BNCE) pCN(4) oDNCY ) o TYPEA (Lo l4) » TYPEB (4o ts) y TYPEC (4 984) o TYPEE(404) »
* TYPEF(4ett) e TYPEG(494) rAQ,B02COrRTRBrRAPRC»ICIJCoKCoLCyNEL
COMMON /pLR6E/ blex.ﬁlez.SIGT-TAUZRoo(q.u).sTIFF(a.a).KK(NFLS.B)'
1 RANCDS) ¢ ZINUDS) » TOTBIS(MAX)

CONMMON /6LK7/ DSTRSINELSe4) ARN(NELs-u).AZM(NELs.u)-RTT(NELS).
1-AQJ(NELS)

00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200



000396
000399
00U400
000401
aou402
000403
00uUu0y
00040%
agu40e
00V407
00uu08
00U409
oovule
00U411
000412
oouul3
ouLsly
00Uyls
opguule
000417
oouuls
00v4l9
00V420
oouu21
000u22
opLu23
00u42y

000425

000426
oouu27
00u428
000429
000430
000431
00Uy32
00V433
00043y
00U43s
000436
00U437
000438
00U439
cou4u0
000443
00uUuL?
q0UYy3
00044y
00ULLS
000446
ouu4u7
0guU44A
000449
00U4S0
nouysl
00uus52
00U4S3
coUYSy

oou
aou
uoo
000
oou
000
0uo
0oo
[ei]¢]
0ov
0vo
uov
000
000
000
oou
000
000
goo0
000
000
uoo
000
000
oou
000
oouv
000
000
goo
000
000
000
000
000
000
000
gou
000
000
000
000
000
o0oov
000
000
oou
uou
000
000
goo
000
goo
000
000
oov
000

occocco

COMMON /BLKA/MeN

00001300

DIFFERENT TYPE OF INTEGRATIONS ARE PERFORMEN AND SAVED ON FILE

NO.2 FOR LATEK

AQ ==AR(3)=»AZ(2) +
BO =-BR(2)*BZ2(4) +

Co = CR(3)xC2(1) =

RT = R(IC) + R(JC}
RA ==R(KC) + R(IC)
RB = R(JC) - R(IC)
RC ==R(IC) + R(JC)
AOJ(NEL) = AOQ
RTT(NEL) = RT

DO 200:M = 1¢4
ARMINEL M) = AR(M)
AZM(NEL M) = AZ2(M)
DO 200 N = 1.4
CALL GAUSS(1:AA)
CALL GAUSS(2,8BB)
CALL GAUSS(3,CC)
CALL GAUSS(4(EE)
CALL GAUSS(SFF)
CALL GAUSS(6¢GG)

TYPEA(MeN) = AA
TYPEB(MIN) = BB
TYPEC{MsN) = CC.
TYPEE(MsN) = EE
TYPEF(MsN) = FF
TYPEG(M/N) = GG

USE.

AZ(1) = ZILC) = ZWJC)
AZ(2) = 2(IC) = ZIKC)
AZ2(3) = -AZ(1)
AZ(4)==RZ(2)

BZ(1) = 2{KC) = ZiLC)
B2(2) = -8Z(1)

B2(3) = Z2(JC) = ZUIC)
BZ(4) = -BZ(3)

€Z(1) = Z(KC) - Z2(JC)
€z(2) = Z(IC) = z4LC)
€2(3) = -Cz(2)

Cz(y) = -c2(1)

AR(1) = R(JC) =~ RILC)
AR{2) = RIKC) = RUIC)
AR(3) = =AR(1)

AR(4) = =AR(2)

BR(1) = R(LC) = RIKC)
BR(2) = =BR(1)

BR(3) = R(IC) = R{JC)
BR(4) = -BR(3)

CR(1) = R(JC) = RIKC)
CR(2) = RILC) = RUIC)
CR(3) = =CR(2)

CR(4) = =CR(1)

AR(4)%A2(1)
BR{3)*B2(1)
CR{4)%CZ(2)

+ R(KC)
- R(LC)
+ R(KC)
- R(KC)

R(LC)
R(JC)
R(LC)
RLC)

+ 1 4+ +

00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
0n003700
00003R00
000033800
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
oogou800
onoouso0
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005700
00005800
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
00006900



00u4ss
0QuUuSE
000457
00uysSk
gouusg
NOU460
[IUTTYR
novy62
000u63
000464
000465
00VL466
oouu67
oou468
000469
IS &)
000471
000472
00uUy?73
o00L474
000475
0oL476
000477
gouu78
000479
000480
000481
novu82
oouua3
00048y
000485
000486
aou487
00u488
0oLy 89
000490
oovu9l
000492

000493

00u49Y
000495
000496
00V497
noVY498
00U499
000500
00US01
00V502
000503
000504
00US505
00US0€
. 00US07
00US08
000509
000510
00uUS11

oou
009
oou
000
000
0ov
ugu
000
0go
000
000
oov
000
uoo
000
000
000
000
000
000
000
000
000
000
0ou
000
voo
ooo
vou
000
000
000

. 000

000
000
ugo
aou

iy

oo
000
000
000
000
000
000
000
oeo
vopo
ity
0p0

000"

oov
0oo

0oy

oou
¢oo
000

200 CONTINUE
WRITE (NTAPE) TYPEA+TYPEBrTYPEC, TYPEE,TYPEF + TYPEG
RE TURM :
. ENG
WELTeSIh NASA®TPFS.STIFF2e0»113771121110
SUBROUTINE STIFF2(NI/NTAPE)

00007000
00007100
00007200
00007300

00000100

(O L TR S S ——— -

PARANETER NODS=30UGsNELS=260¢NF=20000¢MAX=600

(rema=, ————

CeMMCMN /BLK0/ TITLE(20) » INODE ¢ NELEMeNAPCyNBCeNINCR» IPRINT,EPSLON
COMMGr: /-0LK1/ wi(6)rH(B) P AR(U) +BR(L) +CRIY) yAZ(4) ,B2(U)WCZ(y),

* BNGQ) eCN(9) oDIN(G) 2 TYPEA(L v 4) o TYPEB(494) » TYPEC(U»4) e TYPEE (U0 4) o
* TYPEF(4el4) y TYPEG(494) 1 AGsBOrCO/RTIRBIRAYRCrIC,JCoKCoLCoNEL
comMCM /ZBlKes SIGH'SIGZ!SIGTDTAUZR!D(“.“)oSTlFF(B'B)'KK(NELS'B)'
1 R(NGUS) rZ{NODS) ¢ YUTCIS {MAX)

Commana -

¢
c FURM STIFFNESS MATRIX.
c
IF (N1 NE.O) S

IREAD (NTAPE) TYPEAsTYPER, TYPEC, TYPEE» TYPEF TYPEG

DO 200°1 = 1e4 :

D0 200 J = 1e4
¢

STIFF(I,J) = TYPtA(IOJ)*D(1p1)/8.+TYPEB(Iod)‘D(“vl)/ B.+
1 TYPER(JeI)2D(1,4)/ B.+TYPEE(I1J)%D(4,4)/ 8.

STIFF(J+4,1) = TYPER(J»I)*D(2,1) /8, *TYPEC(JOI)#D(3 1)+TYPEA(JUY 1)
1 D(yel)/ 8-+1YPEt(J-I)#D(204)/ R.+TYPEF(J.I)tD(ﬂ!Q)t2+TYPEB(I'd)t
"2 D(4el)/ B,

STIFF(Lod+4) = STIFF(JG,])

STIFF(I+4ru+4) = TYPEE(I»J)*D(2+2)/8. 4(TYPEB(IOJ)+TYPEB(J IY)x
1 D(2¢8)/ Be+TYPEA(LeJ)%D(8424)/ Bo+2.x(TYPEF(IoJI+TYPEF(Jr 1))
2 DL2+3)+(TYPEC(I»U)+TYPEC(Jo1))2D(304) +TYPEG(EoJ)*D(303)

200 CONTINUE )
~ RETURM

END

WELTeSIH NAGA*TPF$-FRIC]N¢0'132675133010

SUBRCUTINE FRICTN(IC»KCeNEL»NFT» ISHEAR,VOIDI)

PARANETER NOOS=3U00/NELS=260,)NF=20000+MAX=600

COMMON /BLK2/ IDANODS»2) ¢ IJKL(NELSet) sDE1+DE2

COMMON /8LKG/ STRS(NELSe4) rOMATINELS»4+4) ¢ DELNML (MAX) » POP

CONMMOM ABLKS/ DE(NhLS'QOQ)'SIGBA(NELS)'DSIGBA(NFLS)vDELL'YSTRSo
1 F1NCvFNrULO“DvFEh!PMAXODLMAX

COMMON" /8LK6/ SlGRoSIGZoSIGT'TAUZRlD(QvQ)oSTlFF(BcB)vKK(NELSOB)v
1 RINODS) +»Z2(NODS) » TOTDIS (MAX)

COMMON /8LK9/ PTsSMALLK CK?*BETA/PO/NFREEINELST e ICASE/NRIGD

COMMON /7BLK1U/ FRCK(2008¢8)sTR(200898) ¢ XXL(20)+DZ2Z(20)DRR(20)»
1 POR(20)»DELTS/ECXNUCDELD

DIMENSEON TS(8:,8)-

DZ = DZZ{NFT)

DR = DRRINFT)

PPI = 3.14159

RB = (RUIC)+R(KC)) ~ 2.

PIR = PPl % HB / 3.

BASE = R(KC) = R(1C)

HIGH = 2(1¢) = 2(KC). . :

XL = (BASE*BASE + HIGH*HIGH)*#*.5

00000200
00000300
00000400
00000500
00000600
00000700
00000800
ano0o003%00
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100

00000100
00000200
00000300
00000400
00000500
00000600
00000700
0no00800
00000900
0/0n1000
00001100
00001200
000601300
00001400
00001500
00001600
00001700
0N001R06-
00001900
00002000



gu0s512
opus13
ouusSly
Q0us1S
0uusSle
0008517
0gusle
00uS19
nuousa2n
oous21

00us22

00US523
000524
000525
000526
000527

00US2H .

noos52¢9

0ous530°

00U531
0pV532
000533
000534~
000535
00536
BpUS37
000538
0uu%39
ouosu0
nous4l
oousSu2

oousS4a’

00uUS4y
000545
000S4e
000547
000544
000549
000580
000551
000552
00U5%53
00L55Hu
00u558
0005%6
- 000557
cvus5s58
00U559
00US60
00uS61
00u562
000563
00US6Y
0GusS65
000566
000567
00U568

000
00v
uou
000

000

000
000
0ov
000
gno
gov
voo
000
000
u6o
uoo
uou

000 .

uno
gou
gou
oov
uoo
oou
0no
vov
oou
uoo

000

ugu
000
000
000
Qoo
oou
oou
uou
0oo
g00
oou
oov
(1 1111]
000
oou
000
uao
000
uoo
vos
Jgou
uoo
lou
vuu
Juu
uou
oou
000

600

120

130

160

170

190

191

21U

XXLINFT) = XL

SINT = BASE / XL

COST = HIGH / &AL

WRLITE (6+,000) NEL» AL, SINT,COST
IF(ISHFEAR.NE.O0) Gy TO 160

FORMAT (¢ NEL e AL SINTsCOSTY» IS 3F12.4)
CO 120 I = 18

TRINFTrInI) = LOSIT

CO 130 1 = 1.4

J=1+4

TRINFTeIed) = =SINT

TR(MNFTrJeI) = SINI

CIi
33 0¥
DJu
GO TC 17v

COiTINUE

NAMELIST/NANMEL/ S162Z+SIGRRyTAURZ+SIGNsSHEAR» TAUFeDII«D2
IT = YO(NFTeLl)

JJ = JOUINFT«2)

imihn
[=3
)

Sle2z = (STRb(IIIL)+STN§¢Jd11)) / 2.
SIGRR = (STRS(11sc)4STRS(JJe2)) / 2.
TAURZ = (STRS(ITr4)+STRS(JUY4)) / 2.

SILN = SXGzZtCOST*L05T+s1GRR*SINT#SINT-TAURZ*COQT#SINT
SHEAR = AHS(STRS(nELr1))
TAUF = CK + SIONa*pELYS

DI1 = DZ * (1.,=SHELAR/TALF)
DZZI(NFT) = DII

clJ = 0.

WRITE (6sNAME'L)

CONTINMUE

DIIF D1I * PLIR / XXL (NET)
DIJF DiJ * PIR / XXL(NFT)
CJJUF = DJJ * PIR / XXL(NFT)
DO. 160 1 = 1,4

STIFF(Isl) = 2.xULIF
STIFF(I+49144) = 2ox0DJuF
STIFF(Iok+4) = 2,.%UIJF

STIFF(I+9-1) = D1uF

CO 161 I = 1,2
STIFF(Is142) = =BLLF
STIFF(Ie5=1) = D1iF
STIFF(1p2=1) = ~2.*DIJF
STIFF(I,I+b) = =DIlUF
STIFF(TI+4¢1+0) ~UJJF

STIFFLI+4,9-1) = UJJF
STIFE(I+42+144) =
STIFE(142,9=1) = =2,#D1UF~

STIFF(231-1,2%1) = -2.*DTIF
STLIFF(2%1+3.2%144) = =2.3DJJF

00 2101 = 1+8

0O 210 J. = 1+8

STIFE(Jrl) = STIFF(EeJ}

OMAT(MELe1e1) = DI

CMAT(NELS®1e2) = CiJ

DMAT(MEL»2¢2) = DJu

WRITE(6+630) NEL:bL»DR.DlIvnIJrOJJvXXLiNFT)

00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
60004000
00004100
00004200
an0ou300-
00004400
0nonu500
00004600
9000u700
0N004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005700
00005800
00005900
00006000
00006100
00006200
00006300
00006400
0n006500
60006600
00006700
ononeson
80006900
0n007000-
anao7100
00007200
00007300
anoo7600
angn7500
00007600
06007700



oLus6s
nuus7n
B0ub71
ouus72
nous?2
d0us74
npes7%
oVLS7e
00Us77
Q0U57¢
0087y

NDGLSRG

000581
0p0s862
npuss3
00US584
Quuses
nuusée
0npudH?
ouusee
0uusey
00V590
o0uUsS9l

nous92-

00u593
nouS9y
0pus9s
VIV TS
000597
oguvh9s
Qyus9e9
QuUeldo
noveol
nyve02
00U603
00U604
00U605
QuV6e086
0ou607
npve6os
cuueod9
0oUs10
Quuell
oguel2
00U613
ouvelYy
000615
0pvéle
ouuel7
novels
nou6l19
000620
000621
000622
noue23
00u624
000625

voo
000
oou
000
000
000
000
000
000
000
goo0
ooo
000
060
000
000
[11411]
000
000
oov
000
000
000
000
000
000
000
000
000
000
000
000
000
000
0oL

000 .

000
oov
000
Voo
000
000
oou
000
000
g0o
gou
000
000
000
000
000
000
000

000 -

000
000

C

[eN gl

63T FORMAT (Y NEL wZ DR DII DIJ DJJ | LENGTH'»I5»6E12.5) 00007800

WRITE(6,010) STIFF : 0n007900

€10 FCRMAT(BELS,6) 00008000

LG 140 I = 198 0noo0s100

DO 140 J = 108 00008200

Sl = Ge 0N008300

0O 140 K = 1.8 . 00008400

144 SUM = SUM + TRINFTeKeX) #» STIFF(Keu) 00008500

140 TS(I»J) = SUM 00008600

CO 150 1 = 1.8 0N008T700

CC 150 J = 1+8 0no088N0

Suw = O, 00008900

DO 155 K = 1+8 0n009000

155 SUM = SUM + TS(IsK) =* IR(NFToKoJ) 00009100

150 STIFF(Ied) = SUM 00009200

Cc 200 1 = 1.8 © 00009300

00 240 J = 1.8 00009400

200 FRCK(MFTeIed) = STAFF(IJ) . 00009500

WRLTE(6,610) STIFF 00009600

RETURN 00009700

ENU 00009860
WELT+SIH NAGSA*TPFS. ASSth.-.11q0061?1110

SUbRCUTlNE ASSEMBANEL o NFT) 00000100

- -——— - 00000200

PARANFTER NODS=30uU s NELS=260G,NF=20000¢+MAX=60N 00000300

Commmm - 00000400

COMMON /ZBLKO/ TITLE(20)»IMUDE »NFLEMsNAPC/NBCeNINCRs IPRINT,EPSLON 00000500

COMMON 7BLR2/ 1DGWONS»2) 1 TUKLANELSH6) yDELIDER 00000600

COMMON /BLK3/ XK (iNF) ¢ APF (MAX) s IMAXe IRB» IHBI #LTo LAST _ 00000700

COMMON /7BLK6/ SIGKeSIGZrSIGTeTAUZRID(4) u).SYIFF(B.B).KK(NFLS-B)- 00000800

1 R(NUDS) e Z(NODS) » TOTDIS (MAX) 0n000900

COMMON /BLK10G/ FRUK(20+898) ¢ TR(20+8¢8) o XXL(20)+022(20)+DRR(20) ¢ 0n001000

1 POR(20) +DELTS+EC»XNUCHIDELD 00001100

- 00001200

00001300

NFREE = INODE s g 00001400

IF(NFT.LT.1.0R.NF1.GT.NRC) GO TO 120 00001500

DO 130 I = 1.8 00001600

DO 130 J = 1.8 : 00001700

130 STIFF{Isu) = FRCKINFTrlry) 00001800

120 CONTINUE . 00001900

onon2000

0O 1101 = 1.8 0n062100

11 = KK(NEL,I) . 00002200

CO 110 J'= 1.8 - 0n0n2300

JJ- = KKINEL»J) ’ uno02400

IF(11.EQe0.0ReUJect.0) 6GU To 110 0nen2500

IF(IE.LT.Jdd) GO TO 110 - . 00002600

IF(11.6TIHRI) GG TO 104 '0n002700

L= Jd + (11=1) * 11 /7 2 0nOn2R00

GO . TQ 105 0non2900

106 L = GJ + LY + (I1=1HE) * FHRI ango3000

105 XK(L) =—XK(L)" + S11FF(I.J) 0non31oo0

110 CONTIMUE 60003300

RETURN anon3ioa

END 0n003400-

WELT»SIH NASA*FPPi.DISPL!-v114011121110



000626
000627
000628
060629
000630
000631
000632
000633
000634
000635
000636
000637
000638
000639
000640
000641
000642

000643 .

00064y
000645
go0646
000647
000648
000649
000650
0ou6s1
000652
000653

0QLeSYy -

000655
000656
000657
000658
000659
000660
000661
000662
000663
000664
000665
000666
000667
000668
000669
000670
o0u671
000672
000673
000674
000675
0Qu676
000677
000678
00U679
000680
0Quesl
000682

000
000
000
ggo
000
000
000
000
000
000
000
000
000
000
000

000 °

000
000
000
000
000
000
000
000
000
000
000

‘000

000
000

oou -

000

000

000
000
0ce
000
000

000

0o0¢
000
goo
1:11]
000
000
0ou

000"

000
u00
000
000
000
000

000
00Q
o00

goo

a0 o0 [2X o]

'SUBROUTINE DISPL (NFREENI»INODE»INCR)

00000100

PARAMETER Nst=300rNEL5=260oNF=20000'MAX=600

Comem= -

COMMON /8LK2/ 1D(NODS»2) ¢ IUKL (NELSe4) »DE1,DE2
COMMON /BLK3/ XK (NR) ¢ APF (MAX) » IMAX s IHBs» IHBI oL T¢LAST

COMMON /BLK6/ SIGROSIGZ!SIGTvTAUZRvD(ka)vSTIFF(avB)vKK(NELSDB)o

1 R(NODS) »Z(NODS) »TOTDIS €MAX)

Commmee

C
N = NFREE
2TEST = 0.000001

DO 100 J = 1+NFREE
IF(J.6T.IHBI) GO 10 108
L= (J¥1) =g/ 2
GO TO 109
108 | = LT + IHB * (J = IHBI)
109 XTEST = ABS(XK(L))
IF(XTEST.LT.ZTEST) XKL} = 1.
100. CONTINUE .

c : .
. DO 110 I = 1,NFREE
110 XK(LAST+1) = APF (L)
CALL FACTOR(NFREE)
" CALL SOLTN(NFREE)

WRITE(6,600) INCRsNI
NN = 10
Do 238t J = loNN
I1 = (U=1) = 2 + 1 + LAST
Ju = I1 + 1
280 WRITE(6+610) JrXK(LI) e XK(JJ)

600 FORMAT(/// 20X»*DISPLACEMENTS FOR CYCLE NO.*»TG//18Xs%2 = DISPLt,

‘® 15Xs'R - DISPL'olev'LOAD~INCREMENT ‘STEP =*»15/7/)
610 FORMAT(I7+2E2047)

RETURN -

END

HELT'SIH NASN#TPF$.FACT0Rr1911“013121110

SUBROUTINE FACTOR (NFREE)
Cc THIS SUBROUTINE- PELRFORMS FACTORING
PARAMETER NODS—BOU'NELS’260vNF-?OOOOoMAX-sOO
COMMON /BLK3/ XK(NF)vAPF(MAX)pIMAX!IHRtIHBIoLT.LAST
= NFREE-

IHBl1 = 1HB1
DO 8 I=1/N
IF(I.6T.1HB1) 60 10 2
K=1,
M=K+ (I=1)*1/2
GO 10 ¥

2 K=I-IHB1
M=K+ T+ (1=-IHB) *IHB1

00000200
60000300
acoooega
0nonosS00
00000600
00000700
00000800
00000900

00001000

00001100
00001200
00001300
00001400
00001500
00001600
00001700
0nc01800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
onon3000
an003100.
00003200
00003300
G0003400

- 00003500

00003600
00003700
00003800
nno03900
00004000
00004100
00004200
00004300

00000100

00000200
00000300
0nongacn
00060500
00000600
00000700
00000800
00000900
00001600
00001100
00001200
00001300



000683
000684
000685
00U686
000687
ooveas
000689
000690
000691
000692
000693
000694,
000695
000696
000697
000698
000699
000700-
- 000701
000702
000703
000704
000705
000706
000707
000708
000709
000710
00V711
000712
000713
00U714
000715
000716
000717
000718
000719
00072¢
000721
00uU722
oou723
00u72y
o0ou72s
000726
000727
oou728
000729
00V730
00u731
00V732
000733
00U73y
000738
000736
QQuT3?
000738
a00739

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
oo
000
000
000
000
000
000
000
000
000
000
000

3~J=I+1HB1
IF(J«GTeN) GO TO 4
JJ=1+1HB1
60 10 S
4 Ju=N
S B=0.0
LA=I-1
LB=I+1
IF(LAJEG.O0) GO TO ©
DO 7 L=KeLA
IF(L.GT.1IHB1)GO Tu S0
J = (L+1)*L/2
G0 To 51
50 J = LT + IHB*{L=-1HD1)
51 A = XK(M)
B = B+AxAxXK(J)
7 M=M+)
6 A=XK(M)
XK(M)=A=-B
IF(1.EQ.N) GO TO &
DO 9 JU=LieJd
SUM=0.0
IF(J«GT.fHB1) GO 10 10
K=1
MMZK+(JU=1)%J/2
GO 70 11
10 K=J=-IHB1 .
MMZK+LT+(J~IHB)xIhb1
11 IF(LA.EG.0) GO TO 9
IF(K.GT.LA) GO TO 9
DO 12 JAZK»LA
LapM=1+JA
IFLJA,GT.IHRL) GO TO 13
Li=(JA+1)%UA/2
GO TG 14
13 L1zLT+IHB*(JA=1HB1)
14 SUM=SUM+XK (MM) % XK (L) #XK(L1)
12 Mm=mMp+l
9 XK{MM)IZ (XK (MM)=SUM)} /XK (M)
8 CONTINUE
RETURN
END
BELTeSIH NASA*TPFS.,S50LTN?»»114016121110
SUBRCUTINE - SOLTNUFREE )
PARAMEFER NOUSZ30UrNELSZ260,NT=20000+MAXZ600 -
COMMOM /BLK3/ XK (iv1) o APF (MAX) p IMAX e THR» IHBI LT oLAST
c- THIS PORTION OF SUbROUTINE PERFORMS FORWARD=-SIIBSTITUTION

N = NFREE
IHbl = THAk
NF = LAST + 1

c .
14 DO 1L K =.2eN
C
FF(K 6T LlHEL) GO W 2
V=
MN=K=1

00001400
00001500
0M0N1600
00001700
00001800
00001900
0n0p2000
00002100
00002260
00002300
00002400
00002500
00002600
onoo2700
00002800
00002900
0n003000
00003100
00003200
00003300
onon3u00d
00003500
00003600
0n003700 -
00003800
00003900
00004000
000064100
00004200
00004300
00004400
00004500
0nCc0u600
00004700
00004800
00004900
0n0nS000
00005100
00005200
00005300
nNoOS400
00005500 -

0n000100
00000200
00000300
00000400
00000500
00000600
0n000700
0N000A00
00000900
0n001000
0N001100
00001200
0n001300
00001400



000740
000741
000742
000743
000744
000745
000746
000747
000748
G0G749
000750
000751
000752
000753
000754
000755
000756
000757
000758
000759
000760
000761
000762
000763
000764
000765
000766
aou767

oou7és -

0u0769
000770
000771
00u772

nov773 -

000774
000775
000776
000777
000776
000779
000780
ouu781
ov0782
000783
000784
000785
00078¢
000787
000788
000789
06uU790

000791

nou792
000793
000794
000795
000786

000
000
000
000
000
000
000
000
000
Gaos
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
go0
000
000
000
0oo
000
000

ooV

000
000
000
000
oou
00v
000
600
000
000
000
(H1]Y]
000
000
0600
000
000
ogo
000

- 000

000
000
000
000

M1z=MhMxK/2
60 T0 3
2 Vz=n=1HB
vr=IKHBL
M1=MaTHBL+LY
3 SuUm=0.0
CO 4 L=1,MM
LLZL+M
JusLL+M1
LL=LL$NF=1
4 SUMSSIHIM+AK (Ju) *XK(LL)
1 XK(LL+1)=XK(LL+1) =Sy~
J = NF+N=-1
c TH1S PORTION OF SUBRCUTINF PERFORMS BACK=-SUBSTITUTION
NF=NF+N=-1
XK (NF)I=XK (NF) /XK (LAST)
BC 5 K=2N
L=N=K+1
IF(L.GTL.IHB1) GO 10 6
I=L+(L-1)=L/2
60 TO 7
6 ISL+(L-IHB)*IHB1+LT
7 IR=N-IHB
IF(L.GT.IR) GO TO &
J=1HE1
G0 10 9
8 JzK=-=1
9 Sum=0.0
Lo 10 MZ1.vu
MM=L+M
IF(MNML.GT.IHB1) GO T0Q 11
NNZL+{MM=1) MM/ 2
G0 To 12
11 NNz=L+{(MM=THR)*1Hb4+LT
12 MMZNF=N+MM
10 SUM=SUM+XK (NN) XK {MM)
MMSNF =N+L
S XK (MM)IZXK (MM) /XK (1) =SUM
RETURM
END
WELT»SIH NASA*TPF3.STRALNy » 2132705133010
SUBRUUTINE STRAIN(NI»INCR)

PARANETER NODS=30UrNELST260,NFS20000¢MAXZ600

Cmmmama ; - -

COMMON /BLKO/ TITLE(28) s INODE ¢+ NELEMyNAPC ¢ NBE # NINCR» IPRINT yEPSLON
COMMON /BLK2/ ID(NUDSs2) s TUKL (NELS &) 4DELsDF2 .

COMMON /BLK3/ XK (iVF ) s APF (MAX) s IMAX s THR ¢ IHBI LT #LLAST

COMMON /BLKS/ STRS(NELSs4) (DMAT(NELS oG s4) ,DELNMI (MAX) » POP
COMMON /6LKS/ DE(NELSr4s4)-rSIGBA(NELS) +DSIGBA (NELS) rDELL» YSTRS
1 FINCsFNeULOADsFEL 1 PRAX 1 DLMAX

COMMOM /BLK7/ DSTKS(NELS et )-» ARV (NELS»8) ¢ AZMINELS 14 ) rRTT(NELS) »
1 AQUINELS) _

COMMGN /BLKB/ INCNsPDEPTHINELS) s VOTCT ¢+ ALAMDA »DEPTH ¢ XMS

COMMON /BLKS/ PI¢SMALLK+CK+RETA+PO/NEREE $NELST» TCASE rNRIGN
COMMUN /BLK11/ VOLD(NELS).»DGAMINELSs4)

COMMUN 78LK12/ SLGMX(NELS) sDEP (NELS) sEP(NELS) +DEGST2(NELS) +ES

00001500
00001600
00001700
000018300
0n0N1900
0n002000
00002100
00002200
00002300
gogoz4na
00002500
00002600
00002700
00002800
00002900
0r003000
00003100
a0003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
an004300
ononuuQo
anoous00
onoou600
00004700
00004800
0noou900
00005000
0nonsioo
anons200
00005300
onronsuon

oooo0100
00000200
0onoon3o0
00000400
anenns00
oncnes00.
onon0700
ononeRoon
00000900
0noNn1000

©aroorioo

0npn1200
0NON13ION
0nonNi400
aecoo1s00
oNONi600



000797
000798
000799
00UVB0D
000801
000802
000803
oous0u
000805
000806
ouus07
000808
govs09
000810
oovall
gouBlz
0ous813
guudly
ngusls
0Qu8le
ovos1?
guusls
gousle
ouuB2¢
oouszi
opos22
000823
G0UR2a
600825
oou82e
000827
oyoK28
000829
IV 10)
agoua3l
000832
000833
000834,
000835
ouua3le
OV )
oouB3s
ouuvase
00084
000841
ovoBu2
noo6u3
nNovauy
[LSTVEETIEN
ouuBue
000847
gou8us
oousue
opu8sso
000851
0ooves2
oovesy

000
ane
060
uru
900
nco
00o
060
0c0
Oov
aou
oco
000
coo
0uo
oou
000
voo
000
000

uoo

ago
oou
000
ugo
000
000
gou
0ov
000
000
000
[{i]1)
000
000
000
000
000
[ vV]Y]
000
000
¢ou
gou
000
000
000
oou
000
uno
000
000
goo
000
uuo
oau
000
000

ceeo

66€

160

200

210

890
s00

6U0

SLIMERSICK vie) sV (4) e EPS(4)+SIG(Y)
SLiA = D
SUME = 0.

IF(NECNE.U) CALL LRTFAC(DEIYNT)
WFITE(6,6AB) M1y lniR
FORMAT(//7/710%X» '"STKAINS ARD STRESSES FOR INCREMENT NOs =trTy4,

* ¢t pCe WUF CYCLES = 19 JUe//SXe'ELEN e T1Uy 0S1G6=2e T30 'SIG-R? ¢ TUS,

1'SIG~T ' rTEUe "TAU=cK "1 T7S» "AREA'»TOUL,*VOIL RATIO?)
0C S0C Nel = 1o NELEWV

NFT = NEL - nNRIGE

IF(NFTeGT .0 ANGAFTLLESNBC) GO TO S00

0OG 160 I = 1.4

IN = TUKLINELr})

11 (IN=1)%2 + LnST + 1

Ju 11 + 1

vi{l) = XK(I1)

U1} = XK{ud) .
. FIMNC STRALINS AnD SRLSSES AT THE CENTROID.
£EZ = 0.
Ex = 0.
Gwm = 0.
Syl = .

DO 111 I = 1.4
EZ = EZ + ARMINFLe1l) = V(1)
ER + AZMINEL1) * U(I)
GV GM + ARMINEL»&) x U(I) + AZN(NFL'I) * V(I)
SUri = Sum + ull)
CCNPRESSION PCSITIVE.
EPS(1) ~£2Z2 / AOQu(MEL)
EPSL2) ~ER / MOUINEL)
EPS(3) ~SUM 7/ RITINEL)
EPS(4) ~-GM / AUVINEL)
EPS(1) STRAIN IN & = DIRECTION,
EPS(2) STKALIN IN R = DIRECTION.
EPS(3) TANGENTTAL STRAIN,
EFSty) SHEAR STRAIN
CC 2un I = 1,4
CGAMIMELsI) = EPS(L)
sIG(1) = o,
LG 200 J = 1.4
SIGIL)Y = SIG(I) + UNMAT(NELeIrJ) * EPS(J)
COKT INUE
II11=NEL '
DO 210 I = 1,4
DSTRS(II1v1)2G81G(41)
CONT INUE
lF(htL.LE.NkIGU) oU TO 890
CALL ARFAA(IJKL(NcLul) IdKL(NFLoZ) TUKLINEL#»3) e TUKLINEL ¢ 4) » AREA)
RATE = AREA / UELINM1(NEL)
VOID(MEL) = RATE * (1.+VOIDE) - 1.
CONT INUE
WRITE(60600) NtvaLCvANEA-VOlP(NEL)
CONTINUE

FORNMAT (IS, 7F15+6)

0npo170n
00001R00
0nanN1900
0npn2000
onooz21non
0np02200
0nop2300
0NEa2400
anon2500
0npn2600
00002700
0ngn2R00
00002900
an003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
0npn3900
ononunon
ooonu100
00004200
0ng04300
00004400
00004500
00004600
00onu700
onoOnA0n
00004900
00005000
onons100
00005200
00005300
00005800
00005500
00005600
0rons700
0nONS800
anoas9nn
0nQa6000
0non6100
00006200
0n0N6300
00006400
0nonesS00
0noNe600
anoae70n
00006RON
0ngn6900
anen7600
0noo07100
00007200
00007300



ouuasy 00U 620 FORMAT(IL0r2F15,0) 00007400
ouusss 000 RE TURN ' ) 00007500
ouLEse 0oL END 00007600
opuaes? 000  RELT+SIH NASAXTPFS.INTFAC,» 132711133010
ovLESe oov SULRCUTINE INTFAC(GERWNT) ononn1on
o0ou8s9 000 PARANF TER NGDS=30UrMELS=260/NF=20000/MAX=H00 0n000200
0GU860G 004 COMMUN /BLKO/ TITLE(2G) ¢ INODE o NELEM» NAPCoNBCrNINCRINCYCL LEPSLON 0RGAG3GO
00V8E1 000 COMMGA. /LK2/ ID(WONSe2) o TUKL (NELSet) yOELsDE2 0nonouoo0
000862 000 COMMOM /BLK3/ XK (iNF) o APF (MAX) o IMAX» THP» THBT o LT 9 LAST 00000500
0QuB63 000 COMMCM ZUBLKG/ STRSUNELS»4) eDVATINELSs404) yDELNMY (MAX) s POP 0n0N0600
000864 00u COMMGM /BLRS/ DE(WELSe4o4) »SLGBAINELS) +DSTGBA(NELS) v DELLY YSTRS 000600700
000865 000 1 FINCoFNsULOAD'FELIFVAXIDLMAX 00000R00
000866 000 COMMON ZBLK7/ USTRSINELSs4) s ARMINELS8) ¢ AZMINFLS 4 ) +RTTINELS) » 0n000900
000867 000 1 AGJ(NELS) 0ncni000
000868 000 COMMUNM/BLKSE/ ANCRyFDEFTHINELS) ¢ VOIDI»ALAMDA »DEPTH PP 00001100
000869 000 CONMMON /bLKD/ PTsSMALLK+CKeRETA+POrNFREE ¢ NELST» TCASE/NRIGD onoo120n
000870 000 COMMGr: /BLK1U/ FRUR(Z200B¢R) e TR(2008+8) #XXL(20)eN22(20)»DRR(20) ¢ 00001300
000871 000 1 POR(20) rDELTS¢EC s ANUC»DELD _ 0n001400
000872 000 DIMENSION UG(8)sUL(R) 00001500
000873 oov DE1 = O, 0n001600
000874 000 DO 9GO0 NEL = 1eNBU : 0no01700
ooLe7s oov 111 = NEL + NRLGU 0noniR00
000876 000 DO 100 I = 1s4 , : 00001900
000877 600 IT = JUKL(ITIIs4) * 2 + LAST 0no002000
000878 000 UGLI) = XK(Il=1) 00002100
noLe79 000 100 UG(I+4) = XK(II) : 0n0n2200
000880 Vo0 0O 110 1 = 18 - 00002300
ouvossl 000 ULty = g, 000p24006
o6v882 . 000 0O 110 J = 1.8 00002500
00u88a3 000 110 UL(T) = ULCI) + TRINELeIed) » UGLJS) 00002600
00088y 000 WRiTE(6,620) U6 00002700
00U885 . 000 WRITE(6,620) UL Q0002800
00886 000 £z = (-UL(1)+UL(21+UL(3)—UL(4)) 7/ (2.%XXL(NEL)) 00002900
000887 000 ] ER = (=UL(9)+ULLEI+ULITI=UL(8)) / (2.%XXL(NEL)) 0o0p3anen
ov0s8s 0ov S162 = DMAT(IIL,1+1) * EZ + OMAT(III»1+2) % ER : . _ 00003100
000889 000 ) SIGR = DMAT((ILsle2) * EZ + DMAT(III»242) % ER o 00003200
000890 000 - 8162 = =SIuZ . . : 0N003300
00us91 000 DSTRS(I1is1) = SloZ » . 00003400
000892 ono " DSTRS(II1s2) = SIUK . 00003500
000893 0oL NAMELIST/NAME2/ [34+S162¢S1GR - : 0N003600
00V894Y 00U WRLTE (6sNANE2) . . 0n003700
60U895 oy 900 CONTINUE . "gnao3s800
HIDELT oov 620 FORMAT (BF15, 5) _ ' : 0non3900
000897 000 RETURM -~ ' . ) _ anoos000
00VA898 - 000 ENU - ‘ o . ononulno
00u899 000 . WELT»SIH NASA*TPFS. s:Tuw...11u055121110 o - ' .
000900 000 ©© SUSROUTINE SETUP ~ - ononolon
000901 . 000 . © CONMON /BLK1/ w(e)'w(b).AR(u).PR(u).cn(u).A7(u).az(u)-cz(u). -~ .7 00000200
00v902 000 C % BNGG) pCNGH) oDN(G) o TYPEA(U 4] » TYPEB(G %) » TYPEC(4+4) » TYPEE (Ge4)»  -0NDN0O300..
000903 .000 : * IYPEF(u'u),rvpsetu.u).Ao.eo.co.RT'RB.RA.Rc.1c.dc KCyLCeNEL anoonuao
000904 - - 000 . wil) = 1713244920 . » _ _ 1 -0n0n0sQo0
000905 goo _- Wlz2) = 3607615130 .- ' : A I . 0n0N0600
. NOU9Ge .. - 000 S - wl3) = L4RT91393u46 . . : B 00000700
000907, - .000 owtl4) = owid) I : e ) - - onoooSon
. 000908 - 00U . ... Wls) = wWt(2) . . il RS S o 00000900
000909 000 . . w(e) = -wll) . P i R o . . 0ron1000-

oov9lo - 000 LI Y .9324695142. . - . o ) T -0n001100



000911 000 h{2) = .6612093865 nNo01200
000912 000 H(3) = .2386191&61 00001300
000913 000 Hi4) = =H(3) 00001400
000914 000 H(5) = =H(2) X 00001500
000915 oou Hi6) = =H(1) i - 00001600
000916 oov BN(1) = =1, 00001700
000917 000 BN(2) = 1, 00001800
000918 000 BN(3) = 1, 00001900
000919 000 BN(4) = =1, 0n002000
000920 000 CN(1) = 1. ) ’ 00002100
000921° 000 CN(2) = 1. 00002200
000922 000 CN(3) = =1. ’ 00002300
000923 000 CN(4) = =1, 00002400
000924 000 DN(1) = =1. . 00002500
000925 000 DN(2) = 1. 60002600
000926 000 ON(3) = =1, ¢0002700
000927 000 ON(4) = 1. 00002800
000928 000 RETURN 00002900
000929 000 END - 00003000
000930 000 WELT+SIH NASA*TPFS.ELASTC,r 114060121110 -
000931 gou SUBRCUTINE ELASTC(UeNRIGOE » XNU) aaoootan
000932 000 DIMENSION D(4¢4) 60000200
000933 000 WRITE(6,600) NRIGU?E»XNU" 00000300
000934 000 CONST = E#XNU / ((1.+XNU}*{1.=XNU%2,)) 00000400
000935 000 SHEAR = £ / (2.%(1e+XNU)) 00000500
000936 600 D(1e1) = CUMST + SHEAR*2, 00000600
000937 000 D(2+2) = D(1s1) - 0n0006700
000938 000 D(3¢3) = D(1s1) 00000800
000939 000 D(4s4) = SHEAR 00000900
000940 000 0(1,2) = CONST 00001000
000941 gou D(1¢3) = CONST -00001100
000942 000 D(2+3) = CONST ' 00001200
000943 000 0O 1U0' I = 14 00001300
000944 000 CO 100 J = I8 00001400
00U94S 000 100 Dlurl) = DLIsY) 00001500
000946 000 600 FORMAT(//' FOR FIRST'+I4,' ELEMENTSs, THE FOLLOWING MATERIAL PRO nNN0n1600
000947 0ou * PERTIES ARE USED TO FURM ELASTIC MATRIX (p)'/' E 'F20.7 0n001700
000948 000 * XNU SteFlue3//) 00001800
00U949 000 RETURN 00001900
000950 000 END 000062000 °
000951 000 WELT+SIH NASA*TPFS. GAUSbrcrllu063121110
000952 000 SUBRCUTINE GAUSS(LT¢AA) 00000100
000953 000 COMMON /8LK1/ w(6)rH(6D rARCG) ¢BR(Y) +CRIL) yAZ(L) ,B2(4)¢C2La), 00000200
000954 ~ 000 * BN(4)sCNTL) sDN(G) e TYPEACL 1 4) ¢y TYPEB (4o4) o TYPEC(U4) o+ TYPEE (404)y 00000300
000955 000 : * TYPEF(4¢84) s TYPEG(4+4) ¢ AD eo.co.at.ne.nn.nc.1c.Jc.Kc.Lc.NrL 00000400
0600956 . 000 .- TWOPI = 6,28318531 _ 4 ) . 00000500
000957 . 000 S IPT 2 e R Lo : " 00000600
000958 . .000 o AR = 0. . . L S T e _ -7 060000700
000959 - 000 ° Y00 100°1 = 101IPT S A ~ . DOONORON

- 000960 - -000 - - 7 oxeE oR(D)S R S n U onono9on
R P /000961 . .000 - . DO 1060.J = 1.IPT SR S S 00001000 .
R S L. 000962 000 LY T AW R R : o ./ 00001100
R .- © 000963 - . 000 AR T AR 4 wil). * w(d) * r(x.v.IT) T T . o - oneni2o0 -
o . 000964 - 000 100 €ONTINUE . . e . . 00001300
A . 000965 - 000 . AR = AA » TWOPI : P _ . °0N001400
000966 000 _RETURN : s . ' - onsnison

000967 oo0 END . B ’ n o 00001600

-~



000968 goo LELTrSIH NASA*TPFS.Freelayl66121110

000969 000 FUNCTION FU{XeYrIT) 00000100
000970 0noo COMMOM /BLKL1/Z wlelrH(B6) s ARLL) oPR(4) +CRIU) 4AZ(L) ,HZ(U)C2lu), 00000200
00U971 0pu * ANCY) pCNCU) o DNCL) s TYPEA(L»U) 9y TYPEB(U»4) o TYPEC (L o4) e TYPEE(UIQ) 0onono300
000972 aggo * TYPEF(4eth) o TYFEG L494) v AU BOrCOIRTIREIRAIRCr LCrICI KCHLC P INFL 00000400
000973 goo COMMON. /BLKA/MeN . 0ogoo500
000974 000 C X STANDS FOR ZhAI IN ¢HAI = EITA COORL, ononoe60o0
00097% 000 C Y STANDS FOR £E2TA IN ZHAYI « EL1TA COORD, ) 0onooo700
00097¢ 000 C Fi = DET. OF JACOEIT. 0noNnNR0o
000977 000 C FC = (N) * (R) 00000900
000978 L1} FB = A0 + 0O * X + CC * Y 0noo1000
000979 0G0 FC = ( RT + RB * X + RA x Y + RC * X * Y) / y, onoo1100
00U%80 000 60O TG (10020030080 r50060) 01T 0ngo1200
000981 ogu 10 F = (AR{M)I+BRINM)*A+CR(M)I*Y) * (AR(N)I+RAR(N) xX+CR(N)*Y) /FB 00001300
000982 060 F =F % ¢C onoo1400
oous83 ono RE TUKN 0non1500
000984 ocov 20 F = (AZ(M)+BZ2(M)xA+CZ(MI%Y) » (AR(N)+RR(N)*X+CR(N)*Y) /FB 0noon1600
000985 goo F = F % FC 00001700
000986 000 . RETURM : 00001800
000987 MOl 30 F = (1e+oN(M)RX+CNIVM)RYHUN(M) XYY * (AR(N)+BR(N)%X+CR(N}%xY) / 32,00001900
00u98s 000 RE TUR?: 00002000
gouges 000 U0 F = (AZ(MIARZINM)I #x+CZ(MI%Y) » (AZINI+RZIN)2X+C2(N)xY) /FB 0n0n2100
000990 a00 F = F * FC ) onoo2200
00U991 g00 RETURN 0n0n2300
nov992 000 SU F = (1+BN(M)X+Cin M) 2Y+UMNIM) RX%2Y) % (AZ(N)+HZ (N} %xX+CZ(N)*Y) / 64.00002400
000993 000 RETURM 00002500
000994 000 60 F = (1.+pN(M)I®X+CNIM)RYHEN(M) &XRY) = 00002600
00U%99S 000 1 (1.+EN(N) =X+CNINI*YHDONIN) xX2Y) % FR / (128.%FC) 00002700
0009%6 voo RETUR: . onoo2800
000997 ogu ENU 00002900
000998 0go BELTeSIH NASA*TPFS.AKEARr» 110072121110

00VU999 000 SUBRCITINE AREAA(LIC,JCrKCoLCoAREA) ononolgn
001000 I} PARAMETER NOUS=3VLINELSTZ260/NFZ20000 ¢ MAXSAO0 00000200
001001 [4X411) COMMCN ZBLKA/ STGReSIGZrSIGTeTAUZR DI (UIL) ySTIFF(8/,»8) 1 KKINELS8) 00000300
nuivo2 0g0 1 RINGDS) 0 2 (NGDS) » FTOTUIS(MAX) anpoouoo
001003 0oo0 AT = (RGJC)I=R(1C)) * (Z(LC)I=2(IC)) =~ (RILC)=R(IC)) * (2(JC)=2(IC))000NCS00
001004 oo0 AJ = (RIKC)=R(JC)) x (Z2(LCI=Z2(JC)) = (RILC)I=R(JC)) * (2(KC)=2(UC))ONONOKON
00100% oov IF(AL.LT.0N) Al = =AY 000no700
001006 000 IF(AJ.LT0) AJ = =AJ 00006800
0010607 000 AREA = (AT + AJ) 7/ 2. . 00000900
0pluoe 000 RETURN onon1000
001009 000 END 00001100
001010 000 WELTrSIH NASA*TPFS.PTLCAURY v 114074121110

001011 000 SUBROUTINE PTLOAD{(NAPC.ULOAD) . 00000100
001012 000 PARAMEFTER NOUS=3UUNELSZTZ60/NFZ2000N»MAX=600 00000200
001013 000 CONMMGN /7BLK3/ XK (INF) o APF (MAX) » IMAX» IHR» IHBIoLT o LAST ononn300
001014 000 C ' 00600400
001015 opo C ) . ononosSe0
00101¢ 000 C GET CUNCENTRATLD LOAD IF THERE 1S ANY . 00000600
001017 000 WRITE(6¢677) 0nono700
001018 goo 0O 920 NC = 1.NAPC 0nonoB00
001019 oov - "REAU(S»540) NODE»P2/PR onpnN090n
001020 000 WRITF(60688)NCDEFZePR onnn10o0n
001021 000 I1 = (NOULE-1) =*» 2 ) ononilon
001022 oov APF(11+1) = pPZ ononi1200
001023 000 APF(1I42) = PR . 0ongni13o00

oulu2y Qo0 ULOAD = P2 : 0000x40N



J01u2s
Np1o2e
noio2?
uiven
onlou2zs
001030
001031
001032
noiu33s
uiu3y
0u103%

Nuv103e-

001037
001038
001039
oploun
001041
0vlo42
001043
G010k«
ouious
0010ue
001047
00104R
00104Q
001050
001051
001052
001053
0061054
001055
0V10SA
001057
00105&8
001059
no106n
001061
001062
0010632
001064
001065
001U66
0U1067
00106k
001069
001070
001071
001072
001073
001074
001075
001076
001077
0010786
001079
001080
noloel

vou
oou
00o
ucu
000
Jou
goo
uou
Unu
oou
0gu
gou
gnu
Uou
000
0ou
N00
[VIV]Y]
upu
2q0
000
uoo
000
000
000
000
uoo
oov
Jou
uoo
000
000
000
0noo
000
agu
ugu
000
aou
000
vou
ouo
000
00U
0G0
00U
000
0oL
000
000
000
gno
600
voe
oo
oGu
000

920 CONTIMUE
S4U FORNAT(ID+2F15.6A)

677 FORMAT(///10Xe "AFFLIED C. LOAD'//SXe *NODE*» 10X tFORCE TO Z2'9»SXs?

* FURCE Tu wr'//)
668 FORMAT (SR EiR12(SXrE12.4))
RETURN :
END
BELT»SIH NASA®IFFSEGLGALY »»114076121110
SUBROUTINFE EGLUAUVULOAL)

C
C THIS SUsROUTING 1S TO CALCULATE THFE EGUIVALENT NODAL L0ADS,
1%

FARAMETER NOUSZ3UULPMELSZZ6GNFZ20000¥AXZ600
COMMON ZBLLK2/ IDARNUNS ) 2 TUKL(RELS ) »DF1»DE2
COMMOH /BLKA/ XK ik ) » APF (MAY ) » IMAX s THR» IHBI /LT LAST

COMMON /BLKE/ STGeS1GLeSIGTrTAUZRID(U U4) ySTIFF(6+8) 9KKINFELS8)

1 RINCES) »Z(HODS) ¢ TUTOIS(MAX)
Pl = 2.1415926
XXi = O,
XXJd = 0.
READ(%»Su0) NLOFL»ULOAU
WRITE(6,600) NLNEL
CO 200 1 = 1eNLDEW
READ(S¢510) NOL o NLFT o NKHT
KC = NRHT
LC = NLFT
EQL = (R{KC)#x2=R{LC)**2)*FI*ULOADN/2.
I1 = (KC=-1) = 2 + 1
JJ = (LC=1) * 2 + )
APF(11) = APF(IT) + EQL
APF(GJ) = APF(UJ) + EOL
200 WRITE(6+620) NUL,LCHKCrFGLPULOAD
620 FORMAT(IG6»OXe21UrcFr20.7)
500 FORMAT(ISF2U,G)
51U FORMAT(315)

600 FORMATL///7? CALCULATION CF EQUIVALENT NOUAL LOAD'/

* ' NUMBER UF LOADED ELEMENTS = '»ly4/

* ¢ FLEM NO====LUAUEQD NOPE=====EQUIV LOAD=~~=~GIVEN U.LOAD?/)
610 FORMATI2510,2F15.7) .

RETURN N

ENU

WELTrSIH NASAXTPFS«ZEROP» 9114100121110
SUBRULTINE ZEROCArNeM)
CIMENSION -A(1) ;.
K=k ¥ M
DO 100 I = 1K
100 A(]) = Q.

REJURN
END
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uo108e
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Nulu9a
001084
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001097
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nploge
00110q
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no1Lng
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no110u
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V1106
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0011lon

001111
001112
001113
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0011le
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00111e
npille
op1120
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061127
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001129
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{411}
000
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<0001}
«00uo
«0Cu0
«Q0U0
«00uG
L00un
«Q0uN
+0GUU
« 0000
<0000
« 0000
1.80CuQ
1.8000
1.8000
l.80u0
l.eqavu0
1.80060
l1.80u0
1.8000
1.8000
l.8000
l.80060
2.6000
3.4000
3.6000
J.6000
3.6000
36000
36000
3.6000
3.6000
36000
J.6000
S5.3000

5.30600.

5.3000
S5.3000
5.3000
5.3000
5.3000
Se36L0
5.3000
7.4000
7.4000
7.4000

7.4000

7.4000
7.40u00
740040
7.uny0
10.0060
10,0000
10.0000
10.0000
10.000G
10.00p0

- 10.00u00

SU0u0
« 7050
1.4100
l.4100
11,9000
25000
3.3000
4,5000
60,3000
8.5000
10.0060
Luouo
<5000
$HH00
«SuL0
1.354u0
l.9400
2.7400
3.94u0
5.7400
7.9400
lu.0000
.0nuo
.2500
4700
L4700
8700
1.47u0
2.,27u0
3.4700
5.27430
7.47u0
10.0000
L00u0
L0000
J4N00
1.u000
l.8000
3.0000
4,8000
7.0000
1v.0000
L0000
L40un
41,0000
1.80u0
3.0000
4.,8000
7.0000
1u.0000
L00U0
L40uUn
1.0000
L.8000
J.0000
4.,8000
7.0000
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noli13¢
DIV R ERY
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00L14%
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0011up
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No11s0
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ou11s52
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N0115%¢
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14 15
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2?7 28
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17 18
28 £9
a7 3R
18 19
29 30
a8 39
13 et
30 31
39 Y]
20 21
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i.,u000
1.8000
3.0000
4,480U0
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10,0000
0000
40U0

1,0000
1.,8000
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7.U000
lu.0000
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1.0000
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Card 1:

Card 2:
(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)

Card 3:
(1)
(2)
(3)
(4)
(5)

Card 4:
(1)
(2)

APPENDIX 2

DATA INPUT FORMAT

FORMAT (20A4)

TITLE

Title of the problem

FORMAT (1015)

INOLCE

NELEM

NAPC

NBC

NINCR

NCYCL

ICASE

NRIGD

NULOAD

No. of nodes

No. of elements

No. of applied point load
No. of interface element
No. of load increment

a dummy

0 for plastic analysis
No. of rigid element

No. of uniformly loaded element

FORMAT (8F10.4)

YSTRS

DELL

ZETA

PMAX

DLMAX

FORMAT

DZI

DRI

- Shear modulus for interface element

- Rotational modulus for interface

a dummy

" \

Maximum load one wants to apply

a dummy

(4F20.5)

I-44



Card

Card

Card

Card

5:

(1)
(2)
(3)
(4)
6:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(1)

(2)

(3)

(4)

I-45

FORMAT (4F20.5)

EC
XNUC
ES
XNUS
FORMAT
PI

SMALLK

VO1IDI
PO
DEPTH
ALAMDA

EPSLON

- Modulus of elasticity for rigid element '
- Poisson's ratio for rigid element
- Modulus of elasticity for soil

- Poisson's ratio for soil

(8F10.4)

- Angle of friction in degree

Swelling index

- Adhesion (for interface element)

Initial void ratio

- Initial density

Maximum depth of soil

Compression index

Angle of friction for interface element

FORMAT (2F10.4, 2I5)

Z(1)
R(I)

17

IR

Z - Coordinate value (downward positive)

R - Coordinate wvalue

= 0 if free to Z-direction
= 1 1if note
= 0 if free to R-direction

= 1 if note

Repeat INODE times in the order of node number

8:

FORMAT (415)

4 node numbers of an element in counter-clockwise. Repeat

NELEM times in the order of element number. Ordering of

element should be:



I-46

(1) Rigid element (2) interface element
(3) soil element
*Card(s) 9: FORMAT (1015)
(1) ID(I,1) - Element number left to I-E}—1 interface element
(2) ID(I,2) - Element number right to IEE interface element
Repeat NBC/5 times with 5 -sets of data on one card
*Not required if NBC=0

Card(s) 10: FORMAT (15, 2F15.6)

(1) NODE - - Node number with point load
(2) Pz - Z-component
(3) PR - R-component

Repeat NAPC times

Not required if NAPC=0

Fede
“Card 11:  FORMAT (IS5, F¥20.9)

(1) NLDEL - No. of uniformly loaded elements

(2) ULOAD - Load intensity (compression is positive)

*
*card(s) 12: FORMAT (3I5)

(1) NOL - Loaded element number

(2) NLFT Node No. at left

(3) NRHT Node No. at right
Repeat NLDEL times

#% Not reguired if NULOAD=0
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FLOW CHART

Initialization

Read and write
input data

Form elastic matrix D(e)
LetD=D(°) ~

Form stiffness matrix for
rigid element if there is any

Form stiffness matrix for
interface element 1f there is any

Form stiffness matrix for
s0il elements

Assemble stiffness matrices
in global form applying
boundary conditions

Form incremental force vector
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= ' N
CDONI 1,NINCR ,

y = 1N\ Yes
< NI 1 >
No

DO NEL = 1,NELEM )

Form stiffness matrix

T for rigid element

[
AN
4<:' Rigid element? :>

No - Yes
<& Interface element? >
No
=g * d/2 X
— - o @
Yes | gg
I_L_<dp<ﬁ? eqn. (39) > B
@ o
Form D¢, y=Delor.Dc,y) by (35) “ &
—- &P
2= 2o F ey -
T B u
o 6 o
Form stiffness matrix P

hed

Assemble in global form
L

1
Solve for du

—_t

Update geometry and compute
new void ratio

Compute dg and write

[

= u, + du and write

-

= g + dg and write

Qe
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APPENDIX 4

SUBROUTINE ORGANIZATION CHART

F‘J SETUP

SN v |
e 1
STIFFl -
]
— xeor | STIFF2
T
AREAA
—
I s
|
L_ERQ.__J ELASTC
. [
1 ASSEMB
—
— DMATRX
L
PTLOAD
| ——
\ [
STIFF2 EoLom
—_
|
FRICTN
e
ASSEMB
——
A . FACTOR |
DISPL
—) S masar— |
SOLTN
N R —T
STRAIN | INTFAC
— ] | I
—""AREAA
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APPENDIX 5

DESCRIPTIONS OF SUBROUTINES

Subroutine
Name DESCRIPTIONS

SETUP Assigns nécessary constants for integrations

INPUT Reads and writes input data, and gets ready for the
first linear elastic solution,

ZERO Clear a given matrix.

’ DMATRX Computes D(p) and forms D = Dy + D(p)

if dFs 0 Tor a given element? -

STIFF 1 Forms submatrices of stiffness matrices

GAUSS Integrates by Gaussian quadrature

F Gives functions to be integrated

FRICTN Updates interface moduli and forms interface element
stiffness.

AREAA Computes cross sectional area of an element.

ELASTC Forms elastic matrix D(o)

ASSEMB Assembles stiffness matrices into global stiffness
matrix applying boundary conditions’

PTLOAD Reads and writes applied point load if there is any.

EQLOAD Reads and writes applied uniform load and computes
equivalent nodal forces.

DISPL Calls FACTOR and SOLTN, and writes du for first 10 nodes.

FACTOR Factors the given simultaneous eqns. in one dimensional

""array.
SOLTN Backward substituion is performed to give a set of

* solutions.

STRAIN Computes incremental strains and stresses. Also



INTFAC

STIFF2
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computes new void ratio.

Computes incremental stresses for interface element
if there is any.

Forms stiffness matrix using D.
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PART I1
DYNAMICS OF WHEEL-SOIL INTERACTION
IT -1. INTRODUCTION

Deformations and stresses of soil media under a moving wheel
are complex phenomena. A rate-dependent inelastic hehavior associated
with inertia effects must be considered. Som;what simplified analyses
have been reported by various authors. Earlier contributions to the
wheel-soil interaction by Bekker were followed by Micklethwaite [2],
Evans [3], Uffelmann [4], and Bekker [5]. Rigorous experimental and
theoretical studies on this subject have also been reported by
Onaffeko and Reece [6], Wong and Reece [7,8]. Yong and Webb [9] and
Schuring [10] studied energy dissipation in soil-wheel interaction
from the viewpoint of vis;oplasticity. Windisch and Yong (11] further
examined the strain-rate phenomena and presented a method of computing
soil displacements and strain rates from the experiment-based ''marker
position'". 1In contrast to these studies, Perumprai, Liljedahl and
Perloff [12] used the finite element inethod to calculate stresses and
deformations due to a rigid wheel interaction. They used variable
modulus of elasticity détermined from the stress-strain curve of the
triaxial tests but ignored the effects of inertia and rate-dependency.

Elsamny and Ghobarah [13] studied the stress field in the soil

mass under the loading of a rigid cylindrical wheel on the verge of
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spinning. However, the fact that the kinematic characteristics of the
wheel and the velocity boundary conditions on the wheel-soll interface
is ignored has been criticized by Wong [14]. .More recently, Kloc [15]
presented énalytical formulations on mechanical interaction of a driven
roller on soil slopes. 1In this study, a gravitating cohesive-frictional
soil was considered with Kotter's quasi-static equilibrium equations
applied to a plastic stress configuration (Mohr-Coulomb criteria) sat-
isfying Shield's velocity conditions along the characteristic lines.
Energy dissipation was not considered in this study.

In the present study we propose\a rational approach in which
the rate-dependent inelastic properties together with effects of inertia
are adequately taken into account. Equilibrium conditions for wheel-
soil interaction reported by Onaffeko and Reece [6] and Wong and Reece
[7] are used to obtain radial and tangential stresses at the interface.
Although the nonisothermal conditions may be considered without special
difficulties in the framework of continuum mechanics and irreversible
‘thermodynamic process, the present study 1s limited to an isothermal
condition. The Mohr-Coulomb failure criterion appears to dominate most
of the wheel-soil interaction studies. However, in view of the fact that
the soil behaves as a strain-hardening material, in general, rather than
perfectly plastic or rigid plastic material, we will overcome such defi-
ciency by using the conceﬁt of critical state soil mechanics.

In what follows we make use of the internal state variable

approaches of Coleman and Gurtin [16] and Perzyna and Wojno [17]
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However, a basic difference from their approach is introduced in the
present study such that the free energy functional containing inelastic
behavior is not considered smooth for its entire domain of histories.
Rather, we assume a form of discretized free energy as a function of
elastic strains, plastic strains and internal or hidden variables of
incremental quantity considered to be valid only for a small time
interval or a fraction of loading increments. Here the hidden varia-
bles may represent a viscous or physicochemical behavior, properties
other than what is commonly known as '"elastic" and ''plastic''. Once
the form of incremental free energy containing all nonlinear functions
is prescribed for a small time interval, then the superposition of
these nonlinear terms is permissible. Namely, the plastic material
kernel may be calculated from the independent viscoelastic responses
within this small time interval. Thus the histories can be carried
over from one time increment to another until desired histories are com
pleted. This will be accomplished by a suitable difference operator.

To represent inelastic behavior of soil we use the concept of
critical state [18]and yield -surface of Roscoe and Burland [19].
A derivation of the plastic tangent stiffness matrix based on this
theory in the context of incremental theory of plasticity and its fi-
nite element applications were presented in Part I of this report. It
should be noted that the particular internal state varilable approach
used here in conjunction with incremental free energy expression leads
to a valid coupling of the completely independent plasticity theory and
the rate dependent hidden variables.

Numerical examples are presented to demonstrate effectiveness of

the present method. The well-known finite element method [20,21j is



utilized in the computation.

IT - 2. BALANCE OF ENERGY AND LINEAR MOMENTUM

We record here the principle of conservation of energy which
states that the time rate of change of the kinetic energy k plus the

internal energy U 1s equal to R, the mechanical power on the system.
k+U=R (1)

Here the superposed dot indicates a time rate, and

k = % ov,v,dv (2)
\Y
U =f 0 edV (3)
v
R -f oF v, dv I's' v n, da (4a)
v A

in which . is the density, v, is the velocity component;  is the

{

i 1)
internal energy density; F 1is the body force; s is the surface

traction; and n, is the unit normal to the surface. Using the Green -
s

Gauss theorem, (4a) bhecomes

{ i) 1)
R = (pFV + o VJ,£+0,‘VJ)dV (4b)

Al

1
Now, inserting (2) and (4b) into (1) yields

1) 3 3 . 14
(Cosy + pF - pa)v, - pe to V,,]dV =0 (5)
\

For the principle of balance of linear momentum to hold and for

arbitrary volumes we must have

1 3 3
sy + pF - pal =0 (6)
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and
pe=()' vj’l = ag .Yt\’ (7)

1)
Here ¢ and YiJ are the stress tensor and strain tensor; the comma

denotes ordinary differentiation; and a’ is the acceleration. It
should be noted that equations (2) through (7) refer to rectangular

cartesian coordinates. We regard (7) as the balance of energy.

II - 3. INCREMENTAL FREE ENERGY FUNCTIONS

In view of the earlier discussion our objective is to propose
a form of free energy functions in incremental quantity such that
the non-smooth or inelastic strains may be included for a small time
interval At. For isothermal conditions, the incremental free energy
¢ (At) and stresses O‘J(At) are assumed to be functions of incremental
strains YlJ(At) = yij%mt) + yi:%At) and incremental internal state
variables (or hidden variables) qu(At) = (;ZEO%A t) + (&Zip%At)

where (e) and (») represent elastic and plastic components, respec-

tively. This statement may be given by

(o) ?) (rl(e) (r)(p)
$(hE) = Blvi (AE), Y, (), My, (A8), ey at)] (8)

1} arfe) (p) (r)(o) (e)(p)
o (AE) = LY.y (at), vy, (), oy, (at), oy, (AY) (9)

For isothermal conditions, the free energy is the same as the

internal energy so that
. . 1.
B T PeT 0o Yy

or for the small time interval At,

. 1y (o) .(p)
de(At) = o (at) (Vg (at) + v, (at)) (10)
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At this point we introduce here the incremental form of free

energy in a truncated Taylor series expansion,

kd (o) (o) tjkz (p) (p)

11 1 *
pe(At) =5E Y, Yy +TE Yy Vg

n
1 Pakd (r)Co) (e)(p)  (r)Ce) Crdlp)
+3 8oy Cogy Foagy o +agk

r=1
n
13kl (e)(e) (e)(p) (e) (p)
+ z Piey Cot g DY+ Y 1) (11)
r=

1sz *1jk£
where E and E represent tensors of elastic and plastic

/,

13k%

moduli, respectively; g, are stiffness constants associated with
the internal variables. Note that (11) has the form of truncated
Taylor series expansion only to include quadratic terms. However,

) (p) ‘
and Ylj is missing. This 18 because the

(
the product term of ij
coupling of elastic and plastic strains can be obtained using any
one of the failure theories and an explicit material kernel relating

(e) (p)
the product of Yiz and Y *7 is nonexisting.

L
Lastly, (;:g defined here as the iﬁternal variables represent
time dependent physicochemical properties or simply a viscous be-
havior which may be expressed as
t
((:':_, =‘I‘EXP[’_&‘_‘QJV”(T)C}T . (12)
’ 0

Tey
r
where 1 is the time variable and T(r7 is the relaxation time. In

order to facilitate an explicit integration we assume a linear vari-

ation of 9;3 within the time interval At given by

i,i s (8= \'/1;("1)'* l-—(L:AE)' (Y J(a'—'l)" .Yiﬁs)) (13)
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where s 18 the current time step. Substituting (13) in (12) and

performing integration we obtain

(r) (r)(r) (). - (r),
WiSS) = A (s 1) + B visa 1) + C YiJ(S) (14)
in which
(r) -At (") (e) (p)
A= exp(g—) . B =T ,(D- k)
(e
T r

(") (r) (r) (e) )

=T(P)(1-D )’ D =At (1 A)

The derivation of these parameters is given in Appendix 1.

Rewriting (10) for the current time step (s) as

d5(s) '(ee e s) (pz y ¥ s) (x;) y 08< s ) (‘)(pe )
p{——f—— °) + . T 'G:S‘ TGy @y }
? z 2 bzazz {o) RS
13 - ( .(P)
- <s>(y1:28> + 9 (?)) =0 (15)

and substituting (14) and (11) into (15) ylelds

n
£ ¢  HEITR¢ (£):Ce)
k "
' Yk229>+zp23 (A ‘;’m% 1) 4 By 5 ey Ty
r=1 n
1) .(e 1Jk£(!‘, (l)(p : (r)(p)s (o)
-g (a)}yuzs) +25( (,YU(B) &yl ()n) + ) ( )V“?g)
r=1
(r) . (r) ] (p)
szfd)vi§9+ Yig @0 o (S)V l=0

+Le)
Since all variations other than YiJ are not arbitrary we must have

the relationship

14 15xd ( 13ed (T)Y(e) , (£)2(o) (r)eCo)
(s) = E Y}ls) g(:) (A C:,kz(e-l) f}Yz(a )+rv°(s))

=1

g
’ (16)
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n
'e )
%1 3k¥,(p) 13 «(p) 13kl () (£)(p)
E Ylj (e)- o (s)le + % .y 013(" ) (s)
r=1
(r)(p) (p), (r) . (:) '
+ ") (3)913 (s) + (ka,(s)ylj(s) + Yl S;)akzu)]-zo (17)

Here (16) represents the relationship

1) o]
O =0 T
A

which states that the stresses are derivahle from the free energy
functions. It should be noted that, in our specific problem, this
stress is due to an elastic strain and a law governing the plastic
strain and stress 1is needed to obtain the stress due to a total
strain., The relationship (17) may be considered as the dissipation
which plays a significant role in heat conduction problems, However,
for the isothermal conditions as considered in the present study, the
entire terms of (17) need not be used in the analysis. Only the first

term will be recovered as we apply a yieldcriterion in (16).

II - 4. INELASTIC RESPONSE

Extensive research has been carried out at Cambridge University
by Roscoe and his colleagues [19 ] on the subject of the critical state
soil mechanics. The yield criteria adopted herewere originally pro-
posed by Roscoe and Burland E19]° A plastic tangent matrix in the context
of the incremental theory of plasticity was derived by the authors
[22,23,%4J.A new method of checking conditions of ylelding is elaborated

in Part I of this report. For the purpose of reference we repeat the

expression for the incremental stress associated with rate-independent
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elastoplastic behavior,

1) Ixd 2
&= @ +E ey, (18)

A close examination of (16) reveals that 013(5) is the total
stress due to the elastic component of strain and internal variable
for the current time step. On the other hand, (18) represents an
incremental stress for a fraction of loading increments with inelas-
tic strain coupled. It is then immediately clear that {f the visco-
elastic stress as given by (16) is used to calculate E?’kﬁ within
the time interval and if we proceed with (18) with iterative cycling
for further updating Eijkz without participation of the viscous part
of (16), then at the end of the time interval the total strain reached

simply reflects the coupling of viscoelastic and plastic properties,

Thus from (16) and (20), we obtain,

n
) L (e) ()
1 13k tJk r -
do' (8) = BTy, (o) +z ey (A dgygle™®
r=1
(¢) (r) *1 kL
+ BdY o710 4 ClaY )+ E O dY, ) (19)

Note that viscoelastic strain is now associated with the total strain

as coupling is established.

II - 5. FINITE ELEMENT EQUATIONS OF MOTION

The finite element method is widespread in engineering appli-
cations [11,12]. No elaboration on this method is attempted here.

In view af (7), (2) and (3) we rewrite (1) as
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.o tde ‘.,
pu.‘uidv + ol Yi JdV ’f r Umdv = 0 (20)
v vV v
Here the hody force me = F' alone is considered merely for sim-
plicity. The surface traction can easily be added later if needed.
In the present study we use the plane strain isoparametric

element with 4 corner nodes. This gives the linear variation of dis-

placements in the form

N
u, = yuu, (21)

N
where YN is the interpolation function and u, is the nodal values

1

of displacements u, ({ = 1,2) and v~ = 1,2,3,4.

1

The strain tensor is given by

1
V1J = E(ul,J + uJ,i) (22)
Inserting (25) in (26) yields
k N
YIJ = ANHuk (23)
where
Kk 1 " X
Ay = 708y + ¥ysy8y) (24)
In view of (21), (23) and (20) we have
M 1) k Kk o N
f pYuYydV uk-t’:y AN13dV - F \y"dV}uk = Q (25)

v \Y

.N
For all arbitrary values of u, we require the terms inside the bracket

to vanish, which yields

“M 1y k ’
Wodvu=TF

M, U Hlo Ay, Nk (26)
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where Myu and F,, are the mass matrix and the force vector, respectively,

My, f\yM dv (27)
\'4
: k '
Foo =1 F v,dv (28)

\Y
To obtain an incremental form of (26), we take a variation or

induce a perturbation such that

veM 14 k _ 2
Myydu, +fdo A dV = dF, (29)
v

Introducing the incremental stress (19) into (29) yields

(o) k )

Lx EAS M (v
M, du, (e M4y rdty (9T ( K ‘%, o )du, (8 = dF, (o) 4+ dF ()
(30)
Lx (o)fx (p) Ly
in which Cuns Kyy » and &MN are the viscosity matrix, elastic

stiffness matrix and plastic stiffness matrix, respectively,

iJmn(r) £ %
f F(r) C AMiJANmndv (31)
Vr—l
(o) 4k 1jmn L k
R,y =‘[E Byy By adV (32)
\Y
(PyLy *tjan £k
K, =fE Bt Ay o4V (33)
\'
)

(v
The pseudo viscous load vector dFNk is given by

n
(v) !jmn(r)(r)(a_ ) 3
dFNk = zg(r) A Xpn 1 ANX jdv

vV T

~ tian(s) £k M
+ Zg(r) B Ay yAug,dV [d0,C0m1)) (34)
r=
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The expression (30) is called the finite element equations of

motion.

IT - 6. SOLUTION PROCEDURE FOR INCREMENTAL

EQUATIONS OF MOTION

A solution of (30) can easily be ohtained by any scheme of direct
numerical integration {13]. 1In this study, a constant acceleration for
a small time increment is assumed, which gives a recurrence formula for

displacements, velocities and accelerations in the form,

At At?  (o)hx Ly _ oM (8) (v :
My, + 5 Cuy + 7 Ky + KMN)}du£<'> =dFy, - dFNkes)- Q')
(35)
where
M 2w o)l (p)li
QNf(s) = Cyy {duk(s'l) + duk(s 1)}+ ( f(MN + ﬁﬂN )
" oem1y 4 AE My
{du, (s + = dugle-d ] (36)
M oM At m At .m
ddy(s) = dugls™1) + T diig(e-1) + 5 du'z(s) (37)
Ae? t? oM
du2<s> = duz(ﬂ‘l) + = dﬁz(hl) + 9-4— diig(s) + Atduz("‘l) (38)

¢ . M
Initially all terms associated with ‘s8~i’/ are zero and dﬁg(') in (35)
can be solved from given initial and boundary conditions. Subsequently,
oM M
duy¢s) and duy(s) are calculated from (38). These responses or his-

tories are then carried to the next time increment and back to (35).

However, for the second increment it is necessary to check yield con-
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ditions and a standard incremental loading method of iteration [14]
can be applied to each time increment with the total dynamic load on

the structure.

IT - 7. EQUIVALENT DYNAMIC WHEEL LOADS

Theoretical and experimental studies for the prediction of rigid
and flexible wheel performance on soil have been reported by various
authors as mentioned in Introduction. Onaffeko and Reece [6]
presented practical procedures in determining radial and tangential
stresses along the wheel-soil interface. Wong and Reece [7,8] derived
expressions for sinkage, drawbar pull and torque input based on the
plate penetration test but with considerations of the important aspects
of the slip and the actual interaction between the wheels and spil.

In the present study the finite element equivalent nodal dynamic
loadings are determined from the expressions for radfal and tangential
stresses given by Onaffekoand Reece [ 6] and explicit forms of these stresses
" as elaborated by Wong and Reece may also be used (See Appendix'2).

In order to compare the dynamic rate-dependent elastoplastic re-.
sponses with the results of Perumpral, et al [12] who neglected the
effects of inertia and rate-dependency, we consider here the identical
geometry and material congtants. The discretized wheel-soil medium

is shown in Figure 1.
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Distributions of radial and tangential stresses on the rim of
a 49 in. x 6 in. wide wheel on compact sand with 3.1% slipland 41.47%
slip are shown in Figure 2 and Figure 3, respectively. Equivalent
nodal loadings as calculated from the tributary area method in Figures
2 and 3 are shown in Figure 4. It is seen that the area under the curve
corresponding to the wheel-soil contact area for each finite element
may be conveniently approximated by the equivalent rectangular block.
It should be noted that as the slippage increases the vertical down-
ward loads decrease whereas the horizontal loads inctease in the direction

opposite to the wheel movement.

IT - 8. DEFORMATION AND STRESS FIELDS

The equations of motion in assembled form for all finite elements
are solved as described in Section IT -~ 6. In order to compare the
results for all possible effects, the computer program (Append;xfB) was
written with many optional versions. Various cases studied include

static analyses for elastic and elastoplastic responses and dynamic

The material constants used are soll modulus E = 2000 pBL,Poisson's
ratio y, = 0.45, angle of internal friction ¢ = 36°,_depsity vy = 0,05787
pcil, relaxation time T(.)= 0.1 sec (r =1, 2, 3), compression index

r I— o T t

A = 0.05, and swelling index » = 0.0001. ihege‘poqstpnts Bre"qhoséq‘
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to correspond to the compact sand which is used in the equivalent load
representation as shown in Figures 2, 3, and 4. For dynamic analyses,
a time increment At = 0.0006 Sec. for viscoelastoplastic response and

At = 0.0003 Sec. for other responses are used.

Figure 5 shows these various responses at node No. 31. For
static analyses, the elastoplastic displacement in the vértical direc-
tion is slightly larger than the elastic behavior. For dynamic analyses,
the viscoelastic and viscoelastoplastic responses are considerably
smaller than elastic and elastoplastic behavior. Once again, effects
of plasticity result in larger deformations for both viscous and
nonviscous cases.

The vector representations of elastoplastic deformations:for the
static analysis are shown in Figures 6 and 7. Deformations for 41.47%
slip are larger than these for 3.1% slip. For the case of dynamic
analysis (41.4% slip) the curvilinear transient deformation vectors
for viscoelastoplastic response are shown in Figure 8. These vectors
represent the time history from t = 0 to t = 0,6 sec. No doubt that
the effects of inertia under dynamic loads caused larger deformations
than under static loads but energy dissipation through the viscous
behavior retarded the motion considerably in comparison with the non-

viscous cases as noted in Figure 5. Deformed shapes for dynamic visco-

elastoplastic responses at .t=0,3 sec. .are showm in Figure 9.
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{ 46
R I
36
— " ) 31
16 21 26
NODE NO, 3.1% SLIP 41.47 SLIP
FZ(#) FR (#) FZ(#) Fr (#)
21 16,17 6,01 -13.42 -9.5
26 -74.5 -14,99 -55.21 -26,67
31 ~119.62 -4,33 -98,27 ~-27.78
36 -88.88% -10,97 -89.1 -8.4
‘41 "'27.11 8.3 -32.1 2.85
Figure 4: Equivalent Nodal Forces as

determined from Figures 3 and 4,
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From the deformation fields various stress components are cal-
culated and the resuits shown in the form of isobars in Figures 10
through 21. 1In the region close to the wheel the major principal
stresses due to the elastoplastic deformations are smaller than those
of Ref, [12] as shown in Figures 10 and 11 for 3.1% slip and 41.47 slip,
regpectively, Slightly larger major principal stresses develop at the
mid-depth for the 3.1% slip. For the case of maximum shear stresses
(Figures 12 and 13) the present analysis gives larger values than
Ref, [12] for 3.1% slip, but this trend is reversed for 41.4% slip. In
general, the maximum shear stresses for the 3.17% slip are larger than
for the 41.4% slip, the same trend as ip the case of major principal
stresses. Dynamic elastoplastic major principal stresses and maximum
shear stresses for 3.1% slip at t=0,072 sec., 0.15 sec.,0.228 sec.,0.3 Ssec.,
0.6 sec. are shown in Figures 14 through 17, Variations of stresses
with time until maximum stresses are reached are clearly shown. The
effects of viscosity or rate-dependent plasticity for 3.1% slip at
t=0.3 sec. and t=0,6 sec. are shown in Figures 18 and 19, respectively,
The same information for 41.4% slip is given in Figures 20 and 21. It
is seen that as the slip increases the major principal and maximum shear

stresses tend to decrease,

ITI-9. CHARACTERIZATION OF SOIL MECHANICS PARAMETERS

Studies on deformation and stress fields as described in Section
II-7 indicate that constitutive relationships for the soil behavior sig-

nificantly influence the response patterns. The mechanics of wheel-soil
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interaction cannot be understood properly if incorrect judgement or
oversimplification in the theoretical formulation obscures the true
deformation and stress fields., For this reason, the present study
was devoted to a new approach in which rate-dependent inelastic be-
havior coupled with effects of inertla was considered,

The analysis presented in the previous sections becomés the step-
stone for characterizing the soil mechanics parameters more realistic-
ally. Of course, all the results obtained here are based on hypothetical
material constants, However, if the analytical formulations are cor-
rect, then the wheel-soil interaction data as observed qualitatively
and quantitatively may be used to correlate with material constants,.
Such characterization can be achieved by holding some of the material
parameters constant and comparing the load-deformation data between
the calculated and observed values,

Because the present study does not include the dust cloud motion
behind the lunar rover the observed rooster-tailing cannot be related
to the material characterization. However, the sinkage of the rover
wheel together with the vehicle performance data can be used for corre-

lation with deformation and stress fields as mentioned in the previous

paragraph.

|

11-1Q. CONCLUSIONS

The main objective of the present study was to introduce a feasible
constitutive relationship for soil deformation and stress fields under a

moving wheel, The load transmitted by the moving wheel is dynamic rather
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than static. The soil is dissipative media in which inelastic defor-
mation of the soil is governed by the rate-dependent plasticify or
viscveliastoplasticity. The yield surface ¢ Roscoe and
‘is utilized here for inelastic behavior. The internal variables are
then introduced to account for rate-dependent viscous behavior., Ef-
fects of soil inertia‘are included. Combinations of all of these pro-
perties result in dynamic analysis of viscoelastoplastic media.

The numerical results obtained here appear very reasonable. Com-
parisons with the results of other investigators are made and devia-
tions are believed to be due to more rigorous treaément of material
behavior considered in the present study. In order to verify the im-

pact of the theoretical formulations given here, however, additional

comparison study through experimental data is needed.
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APPENDIX 1

DERIVATION OF INTERNAL (HIDDEN) VARIABLES

(r)

Consider the internal variable o,
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where ; (1) may be considered to vary linearly within the small
13 y y

time interval At,
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APPENDIX 2

CONTACT STRESSES AT WHEEL-SOIL INTERFACE

The vertical and horizontal forces and torque of a wheel rotating on

horizontal ground with constant velocity are given by

91 0
W= rbf‘l'o(q)cosede +f v(6)8ingdg?
0, 92
e/l 81
D = rbf | r(p)cospdo - § o(p)singde]}
2 0
. 0,
T =r?b} 1(0)de
62

in which o(g) and t(g) are the average radial and tangential stress across
|
the wheel width of b(Fig. 2-1).
The location of the point of the maximum radisl stress may be expressed

as

6y = (C; + Cy )0,

where ! is the slip (%) defined by

v
e (1- 2100

and C,and C, are the constants [14-17] given in Table 1.
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Figure 3<k: Equilibrium of a Driven Rigid Wheel on Soil
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TABLE 1
Angle of Shear
Internal |Soil Deforma~
Friction|Cohe-{ Density C,b | Co | K| Kgf n tion Mod-
Soil (deg.) [sion [ (1b/in3) ulus (in)

Compact sand| 33.3 (0,10 | 0.0575 |0.413{0,32| 20 | 2,5 0.47] 1.5

Loose sand 31.1 |0.12 | 0,048 {0.18 {0.32| Of 2 1.15] 1.5
Sand 3¢.0 (0.10 | 0.0617 |0,285{0.32 - - - -
Dry sand 24,0 - - 0,38 [0,41 - - - -

In the region between g, and g, or the front region, the radial stress

is given by [18]

n ‘ n
o, (8) = (K1+K.,,b)(-g-) (cos g- cos g,)

where the constants K,, K,, and n are shown in Table 1. The radial stress

acting in the rear region is of the form

n
(o (n) = (KI‘H(Q]’))(%) [cos{gt_

The shear stress around the rim is given by [14,15],

(@) = (C+g(e)tan(p) (l-eB)

where C is the cohesion, and

= “%kf(el'e)'(l-x)(sin 6,-8in )}



In the above expressions g, is still not known but can be determined

from the expression of the vertical force W,

6, On
W =rb{kq (8)cos gdg + § o,(8)cos ado
0 0

M

el 9,4
+§ r,(6)sin gdg +§ 7,(6)sin gdo
0 0

where, m (8) = (c+g1 (0)tan ¢)(1-ef’)

T5(0) = (é+ og(8)tan @)'Cfeﬁ)

If the magnitude of W is given then the above integration may be carried
out by the Simpson's rule and g, is solved in terms of known values.

With the value of 9, known, we can then calculate the radial and

tangential stresses.

Finally, the wheel sinkage z, is determined from

z, = (1- cos §,)r

11-100



APPENDIX 3

COMPUTER PROGRAM LISTING

(Dynamic Wheel-Soil Interaction, Plane Strain)
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LAST = LI + (MFRte = IHRL) x IHR
WRITE (6rbll) IMAXesHB LT P LAST

Wh1TE(br077)
£O 920 NC = 1oivAPL
REAU (5950 U) NOGDErPZ PR
WITE (6r6BBINCDLE P Z P PK
11 = (NOUE-1) x &
rp(1I+1) = P2
Fl1I+2) = PR
CONT LNUE
IF(ISW(1).6Te0) CALL DIAGNL(XM »PoNFREE»IHBs IHRI LT 2LAST)
IF(ISW(1)eLFe0) ChuLL DIAGNL (XKL eP»NFREE»IHB» IHBI»LT o LAST)

CALL STIFF1{(DEnS)

WRiITE(6,093) D

IF(ISW(1).0T+0) WU TO 930U

CALL Z2ERU(QGBYNELS»3)
IF(ISW(1).LT«0) CALL PLASTC

CALL [1SPL(1)
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0NUNBROD
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(VA1)
Juu
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(181 V)
uuvL
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vuu
duy

10uYy
[
544
H1lu
Qe
55U
Say
85U
[2Y311]

YU
[oP=0))
AU
ALl
Ryl
[aJal V]
ced
efl/

[ala¥ e}
hoy

6L
hul

Ayl
643

CALL SIkaAIN(L)
STuP ELASTL

CONT LU

CALL STer

Stur

FORMAT(IUID)

FORMAT (20NN )
FORVATASAI2FL0elrcdv)
FOakvint (6erlo.o)
FOUMAT (1D gF 40, h)
FORMVAT(S5Aeu]D)

gnroloagn
gngloaqgan
orplingo
ang11100
uhyl11200
0Null13on
gnylilayo
0onoiison
00011A0N0
0Nyl 7o0
goul1t1RON
onvliann
ongi12non
oNulzinn
gnulz2un
onpiz™on
ono12400

FORMAT IR e 20X 2Unu /777002 *COOPDINATE VALUESY//T110 *RODE v 130, *72=-CuD012%0N

FOCORDY P 150 'e=CUNRLY » 1AL Y02 TH FREF TU 22 Xxe'NeTF FREF TU Rr'//7)
FORMATU/75X0 YEr allr DENSy AT XKy DELT*' ,6E15.7/7)
FORMaTLTLOrID 125010440 105 k1N UrTALS»2(1R)SX))
FORCATAZ79Ar Y Tin0OLE . Hiete™e NAPLYy  NRCotyyln)

FURMATI A 'RRIY  vUTCIe  CaPAYy  RAVMDAY ' s4F15.6A)
FORNANAZ/9XKp YTihx =0 oIl IRID Z¥efSer (T =t,I18s1  LAST =1, i5)

FORMAT (/7520 *COUMINCLTAVLT Y Y /)

ForiraT (S4R)

FORe AT(//7L0R0 "ARrLIED Co LOADT//5Xe '"MODET »1UX» tFORCE TO Z's5X0?

* FUkCE Tu K//7)

FORMAT A L9 r2{(0 4P 12.0))

FOCRMAT CIrt) v 1UXY? 10TAL UISPLACFMENT MO. OF INCREMENTAL STEPS
T 2LN//OXeNOLE Y Y et = DISPL ' 2UX 'K = NTISPLY//)

FCrhrT hxravr2E 15 /)

FORMAT (/7790 1UXe* (UTAL SIRESSESY//HX e 'ELENMY eHX e rSTOMA = L0, 10X,
F1G GME = RYGLOA Y IAMGERTLALY v 1GX e Y TAL = RV //)
FORMATAHA2LS23X 041 176F)

FOKMAT(SE15.0)

tib

Wb LTeSIH NASA*¥ P9« InT T rry1605521320410

SUpkuUTIwe INT

FRRKAVETER MR TSL850rivELSS150eMXZ SON0 I NFENF T2

COMMGH Zpliut/ UlSr3) 2 ATO(3¢3) 9 AD(303) yBD(3,2)»STIFF(Bsn)rCMlBr8)
* ve (o) r ALINELS)

COupgt: ZBLRS/Z GRIRELS 3 1 STRATRINELS?3) v ALPHAYRETA»GAMMA S NEL T e XK v
2 Ao xMUe o SMISVSevOILI W CRAPA Y KAMDIYRET

CImERSLON OD(3e3 )3 uVI(303)9ATA(3R,3)

CONST = p*alU /7 (Ll 4XHN)*(1e=XNU*2.))

ShEAr = & / (Pex(1e+XNU))
DE1rl) = COMST + SHFARaAZ,
Clze2) = U(1r]1)

CluieZ2) = COMST

Ct2s1) = CONST

D(3sr3) = SHEAR

TI = AT/aK

LSuM = 3

CALL ZERU(ATA303)
CoLl ZERV(LV» 3 3)
LG Su 1 = 1v3
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IV SR

)

= Ak ‘ T

ALFHRAZU U

bt in

V.U

GANMNMAZU LU .
IFtALS(1L)elisUabvunul) 00 TC 20
Y= =heL/Z37 .
ALhin= EARP ()

HETAZ

T

GAMKAZ
20 CONTAPUE
O A I=103
LBO 6 J=1+¢3
Atr(Ied)= 0.
(a1 TN XE >=1VIN
GD{led)Zu.
LO 7Thn=1sLSUN -
ALCEnJ)Z Aullerd) +V (Lo J)xALPHA
POy W)z BUGLeU)+uV (T2 J)%bETA
7 GDIrJ)ZEDCIrJ)I+LY (Leu) %GAMNA
0O 8 L=1e3
8 ATyl el)ZATA L L)Y LPL)
6 COnTLMUE
RFTUKE

END

I*('ALPHA-\l.'ALPHA)/UT)/
]1*('.+(10-NLPHA)/D1)

WELTPSIF NAGSA* IPFSeSTTRr Lyr e 165535132410
SUsRUUTINE STIFFLVUERS)

FARANETER NF FZ189U s ik LSZ1H0 0 MXZ SUOUNFENFT%2
COMMGN /pLRGy 1IILL(&O)v1N00toNFLEMoNAPQ-NHCvMAC1olSw(S)
/BLR1/ wlaseb(U)rARCU) oBRY) yLRIL) pAZ(B) y52(8)sCZ L),

COmMUN

* PBN(4) o Cly) e DNCH) OTYPt/‘(Q'u)oTYPFd(“v‘J) 'TYPl:.C(an) e TYPELU(404),

2 AUIBOrCUNLCPJLPKL LU eNEL

COMMON /olK?2/ 1D(nh92)v]dKL(NFLQIU)'R(NF])o?(NFT)vKK(NcL5 8)
COMMUN /BLK3/ XVFLMX) o PINF) o AIMAY o THR o THRL oL T LAST o NFREL
COMMUN ZoLK4/ U(Se3) e ATDLI»3) s AN(303) e HNU393) s STIFF (B8 v CM{p ey

* Vel(te8)rALINELS)
COMMON
COMMOM
COMiMUN
COMMOM

DO gquo

IC
JC
KC
LC

caLL

1J
TJ
Tu
1u

PR

AT (nNEL)

AZ(1)
AZ(2)
AZ(3)
AZ(y)
fZ{1)
bZ(2)

/pLk&/ nT(ntLbobcd)rARM(NtLSoh)vAZM(NtLSo“)qAOJ(NtlS)

s

/olng/ UP(nLLSvovB)'PRIKQ(NtLSvS)
/BLKQ/MN
/UYN/ CBARIMX) e XMIMX) e CC(MX)

Nel = 1eMELLNM

KLGNEL 1)
KL{nELee)
KL(NEL»3)
KL {NEL v 4)

EAAINEL P ARECA)
Z AREA

e {LC) = tu)
c(1C) = 2nC)
-AZ (1)
-AZ{(2)
LIKC) = ZLLC)
-HZ(1}
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vyL
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uuvu
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HGG
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[FIAY]
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1006

1yu

2ul)

RZu3)
hZ L)
ezl
Cet2)
C7(3)
Ceily)
Ak (1)
AL 2)
AR (A
Aty )
Fieel)
Fi(2)
Bt (5)
Fhoy)
Chil)
Chie)
CK3)
Choga)
Poo1un 1
RZ(T)
t-Z(1)
Ced
Fl(l)
Lhkitl)
Ak (L)
Arwmnk Loy
AZWUINE Ly
COT L LE

L I T T T T T T I T T E T I T T

AU T PRI RALL)
Pik(g) s g ty)
(k{4 lL)

G
co
AOu it L)

Lo 2ut M
¢ 1%t N

¢etuC)
=f12(a)
<« (JC)
c(LC)
=Cz(2)
=Cet1)
Kk (uC)
K (KC)
=AR(1)
=-AR ()
rRILC)
=-ir (L)
ic(LC)
=B t3)
KR (KC)
r(1C)
=Cin(e)
~Ci(l)
= el
-ags (1)
=2 (1)
=01
-l (1)
-Ck i)
-AK (1)

£44C)
2 {nC)
244C)

)
k1)
ARG )
euC)

" ()
ttLC)

1) = Ay
L) = Aztyy

= ab

T 1eb4
Z 1.8

- A{dYaAz(L)
- bR} aKs(1)
- Ck{u)xCsete)

Chill GAUSSTLenA)

YR,

) = A

A

Chatl GAUSS crnng

TYREL (e

N) = A

A

CALL GAUSH(4eAN)
N) = AA

TYREC v,

CALL GRUSS L AND

TYLU(M
CONTLLLE

CALL GAUSSISHAR)
1) = AP

[ER R T
ET tHEL oM

CALL GAUSS(erAA)

BT ONEL oM

W) = A

4 2)

+U492)

)

An / 2

An

VAL ofne3) = AR /7 Do

COnLTINUE
Vil (2)
.11 = L

Lo dun 1
e st J

TYHeAr TYPER e TYPEC» TYPED

1 1)
S 1les

= Je4
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unyoe6EANN
unghe7a0
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Uiy
Jpu
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INY
JIHL
JOU
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Uiu
Jiu
Juru
vy
JOu
yuu
Ju
uou
uuu
Buu
uau
Huu
Hyv
JOu
Hou
unu
Juu
ogu
uoo
Utu
v
uCcu
o
[FIHV)
oah
Hou
BINY
QITY]
oo
[FILIY)
Hyu
HGG
BRIV}
VTRV
Jou
[REVIY]
BRIt

RIUY

104
105

CTHY

666
60U
61U

STabk (Led) = DPORELo 1 L) *TYPEACT v J)4CPINEL » 2 e XA TYPEC([4u)
SVakFCLod+d) = DEUFLeLs ) 2TYPFR{T 2 JI+DPINEL e 2o 2}k TYPF 4 (Jy])
STuFr(J+4el) = SIarFUIeJ+u)

STiFrF(I+4o044) = LIFINEL 22 2)ATYPEC (T oJ)+UP(NEY v 29 3)*TYPEA(TI»J)

Chigrd) = UENS * I YHED(T )
Ch(I+bedty) = LWL ed)

VE(Lru) = ATULL e L)ATYPEALT»J) + ATL(3+3)%TYPLC(TrJ)
VELLeJd44) = ATUCSs ) *TYPER(UPI)

VE(T+Usu) = ATL(3»0)2TYPERIT»J)

VECI+Ureu+l) = ATutlc»2)2TYPEC(INJ) + ATLU(3)3)2TYPLA(TL»J)

CCihviarduE

[ 110 1 = 18

11 = kki{wkELel)

CC 1100 J = 1ok

JJd = Fh(ntL )
IF(Il.EQefleOKevdoGaU) GU 10 110
IF(IL.LTeJdu) GU v 110
IF(I1.0GTaTtin1) GO (0 lul

L= od + QL1=-)) % 41 / 2

GC T 1uy

I = ud + LT + (Tl=1hip) *» JHKL
YRL(L) = ¥l (L) + STIFF(1,)
XhMAL) = AMUL) + Cil10d)
CHARLL ) = UsAR(L) + VELT»J)
CONT LI UE

CONTLMUE

FORMLAT (8EL1D,.7)

FORNMATC /' SUU SiavF1'/)
FOKMAT( 4F1le.6)

kE TUKE:

Etib

RELTeSIH NASARXIPFF.DiIGFLr e 9 lo3DU5132410

f:eU

(Y]

SULKULVUTINE DLISPL GL)

FAKANME TER NFTZISU HFLSZ150eMXZ SUOU s NFENFT2

COMMON ZBLRO/ TITLe(20) v AINUDEoNELENM e NAPCoNRCIMACT»ISW(S)
COitrGN /uBlLK2/ 1IDGt o 2) p TUKLIRELS 84 s RINFT) » Z(NFT) o KK(MELS»8)
COmtUh  Zola3/ XKLAMY) rPINF) o IMAX» IHR THRI,LTo»LAST o NFREL

wK1Te (brb2U) MACTeNI

FORMAT (/70 FURLE VECIOR SIZF ='eiSe? NI =v9Iu/)
My = LAST + 1

M = LAST + NFRFLE

WhiTe (brob?) (XKL UL) 9o IZMMeNN)

FOR?RT (Y14 ,06)

CuaLl FACIOR(AKL e Ly IHDI LT +LAST NEREFR)

CALL SOULIN (AKLeltse IHET LT oLASTINFREF)
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gnoon9e0n
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0ongn9900
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0nplou00n
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nno1O700
grol1o0R00
o0y10900
onulingn
onglilan
onpli2on
gnul1300
orygliann
onulison
0null1A0n
unN011700
0onn11R0N0
gnrul11900
gngiznon
onpl12ton
00012200
onolz3o0n
pnoulzaon
onpl12s00
gnpl12600
00012700
0nn12800

gnuonlon
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aron1200n
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280 WRITE(6r010)
600 FOKMAT(/// 1UXe'GLUBAL DISPLACEMENT*//5X s *NOUF ',

610 FORMAT(SX»lu92c2U.7)

WRITE(6+,600)

DO 2&0 I

1+/NBC

J T (I=1)%2 + ] + LAST

JJd = J +

1

ToXku {J) p XKL (JJ)

110X *Z=DiSPL"» 10X 'F=DISPLY)

RETURN
END

ELT»SIH NASA¥IPFY aSTRALINI # 1226151130610
SUBRCUTINE SIRATIVANTY)

cc

21U

bR HY

341%}

PARANME TEIC

NF IZ1Q0pinFLSZ IS0 e MX=
COMMULPM /LLROZ TTHLE(20) » INUDE sNELEM e NAPCHNBC o MACT » ISWI(S)

COMMUN /BLK1/ wlaleB(4) e ARLL) yRR(Y4) yCRIG) yAZ (1) ,BZ(4)rC2(HL)

* R a) s Cn () eI o TYPEA (G ot) o TYPEB (4o 4) o TYPEC(U o) v TYRPEL (40 4) o

* AUPBOPCUPLCrJLIRLr LCHINFL

COmMUP ZuLR2/ ADGE 02) o TUKL INET Se ) ¢ RINFT) p 2 (NFT) o KK (NELS,8)
COMMUN ZULKA/Z AKLAMX) e P OnE ) o AIMAX s THR» THRI S L TeILASY o NFREE

COMMCN ZpLRU/DE(3r2) s AT L3 3) o AD(303) b BD(3,3) »STIFF(B88) rCM{Bo8) »
* VLfdr&)vAl(NFLQ) AN

COMMCN  ZBLARS/ GRINELS ) v STRATRINEFLS» ) v ALPHAPRFTA»GAMMAYNELT o XX

5000 ¢ NFENFT*2

* ATy ANUsE e S SMSyvUTUT»CAPAYKAMNYBET

COomMUN /BLRA/Z ©TUnelSrbrd) r ARMINELS»4) » AZM(NEL S, 4) » AOJ(NELS)

COMMUM ZulKE/Z LPANELS 3¢ 3) P PRINGINELS Y 3)
UDIMENSION Uta)eViu)eL(oe y)

wRlTelbeoOU) Ni

DO 900 NE
no 2on 1

L

= 1eNELEW

1oy

IN = TUKL(nELL)

I1 = (IN=1) *  + 4
Vil) = xwkL(IL)

UlL) = xKL(TIL1+])
FORMAT (4Elb,.b)

CO 210 |
DO 210 J
D(Lrd) =

DPNEL L)

103
103

COMmPUTE STRESSES w1

EZ = 0.
EF = 0.
GV = (e
O 1ub I
EZ =

tie =

G = (M =

Sloi'e = vlill)

Slovpr = ulcee)
Shienre T wloed)

104

FZ2 = ARGINFL L)
Fhkk = nZw (NFLP L)

+ LLAST

THE (TR,

* V(1) /7 AOUINEL)

*x 11(])

taARM(MELT) = LT

FCaT (Lo 1S6A)

Gt (el o 1)
GlGreel o2)

= STeve + GHB(lkeLe)
= SIerk Tt GRMeL D)

* e + ullee)
* L t Llgyl)
* vl

/ MOUINFL)
+ ALMAIMNELYT)
* FR
s F7

* VIT) ) /7 AuJ{NEL)
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noon1200
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onoo1s0n
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00gnN1700
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nnon200n
onun2100n
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onuOZANN
oruo7on
onupzann
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orunanan
00u03t0N
ooneizz2n0
0noanNx33IeNn
gnunsaon
vron3asan
onoNAANN
unpaa3zrnn
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urungonn
0Ny 100
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onongxon
nnpooyunn
oronysnn
aroouA0Nn
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nnYuyaan
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Druaeslnn
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arGHH3INN
uransean
DENESRSN0
OrgnsANN
grins7an
tHeynsann
anansan
nngpanen
uecune 1an

by, 20N
o0uneunp
ufipes0N
NNROEHNN

ureooeton
geutn?on
ynroonran
onynounon
VNOONEAN
neueeson
Nru7a0
gnyeoRrnn
GoaGaRaN
anpnynan
urueirloen
apunizan
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GH{MEL 03) - SHEAR + GBUI'ELeS)
Slraltettheler) = Saurg
STrnLFANELY?) = SaiUMK
SIhiP el e ™) = Srichie
.
¢ CUNMPUIF PRINCLFAL STRESS. U COMPe LS PCSITIVF HERE)
<
SO = (((Obh (kL el) = WolnFLeg)) / 2e¢) %2 + GRINELeR) *¥22)%%,5
St = (upstthele1) + oBUHELYZ) ) / ¢
FHRINSINELPL) = Sud ¢ Suk
FRINS(NEL I 2) = Suyi = Sub
PHIGSTREL»S) = San
aity COLTINUE
.
WHLTE(EBIGIU) (Lo tun (I ru) ed=123) s (PRINSUT oK) o h=108) o ISTpy NELEM)
U FORSATOIHL o JUXy Yo bAL STHFSS AY THL EMD (Feedtrry LOAD TWNCRFMERT /00006200
1 SAr'FLEMP P TUX2 15 IkESS AL LT »BUXP 'PRIMCIPAL STRESS'/)
EIU FORYATLCG R L3S r ok r3EL2eD)
FETUKH
(AN
b [ eSIH NASAXIPES dPLAS L r s 4HOD404 132410
SUIRCE T it PLASTC
FARANF TER LR 11500l b LSZIS0O» AT SUOUPNFIMET%2
COompul ZuURO/Z T T e (20) » sMUDL oM FLEN o NAPC o NEC e MAC T [Su ()
Copr Ut ZOLR2/Z 08 Gab o 2) s TUKLAINFE S o 8) o (HIF 1) 9 ZANFT ) o KK (MELD» &)
CORNGE /LK S/ XKL wx ) el CnE ) o AMAX p TH o THR L o LTl ACT o NFREE
COmP Gt Z0LKEZ UE3s o) e AITICAP2) s AD(30R) oBN{2,)2) 2 STIFF(Rets) o Cv et )y
* Vb (eeb)rAL(NFLS)
COmic M ZBLRT7/ UDEL UWF ) s UDLE(ME ) o FOVINE ) s LILD(NMED) o D URF) »u TSP (NF )
x Ouni Gurd
COorLUls ZuYiN/ CoARGMX ) e xM AMA) P AR (NMX)
9
CHLL 7ERUGKAG I ALY
NLUsb = =1I5v (1)
SCAL = NMLOAT
L0 10 1 = 1.vaC)
Fli) = PLl) 7/ SCAL
ToU XKLILAST+I ) = (1)
¢ .
LO 860 N = LN UAU
[
IF(ivleb@el) GO Tu wnu
CALL DIRGMNLGAVL ePennFREL 2 LHL o LHFT o LT o LAST)
%
LAt STIrFe
L
Jo0--Cacl (L ESpL L)
00 1en 1 = 1eNFREL
Arcl) = AACT) + XnLILAST+I)
12U LISP(Y)Y = Ap(l)
L
wWicgle (Benlu) NI
O 146 1T = 1eInnge
Jd = 1 » 2
I[1 = U - 1
1450 vbhale(erolu) TeAALLT ) KA (UY)
L

nNYLAAON



o
Iy
(e
v
ugu
Ut
Juu
Bou
Hou
(VIT]V]
Qv
you
uoo
00
(1)1}
000
(L1 V)
uou
ou
oo
vy
oo
g
uo

o
uou
vou
uou
Jou
vuou
[TIIV]
HGL

I
Pee

T
[V IT]
Lo,
[y
(VIN1T}
uou
0oou
oo
oy
0ou
[V V)
uooL
[VIT1Y)
upu
vuu
uuu
uou
(o
uou
oQu
oguv
Jou
vou

CCALL SIRALNGT)

19
Sub

L

60U

6hlu

b LY e

200

Cunliadue

FORMAT(IH1e58 a0 *TCI. UlSPL, A THE EMD OF*sI8s*  LOAD INCRFMEWT'//

1 SXetHUNE 28X ' Z=0ASELY s LhA s "R=DISEL /)

FORMATUILD 9 2EPULT)

STOP

ENU
SIH NASA*IPFS.STTRrZy s 0165551132410

SUBRCUTINE STIFFe

FARAME TER NFT1Z150sNELS=1509MX= S000 s NFENFT#2

COMMUN /uLR0/ 111CE(20) o INUDE o NFLEM s NAPCoNRCoMACT » ISW(S)
COMMOUN /BLRYZ wild)oHIL) s AR(U) sPRIY) yLRIU) yAZ (L) ,BZ(B)C2Z( 1),

* BIG4) o Civ () s DIN(U ) o TYPEA(Uo4) » TYPEBUU o L) o TYPEC(U18) ¢ TYPED (40 y4)

* AQeBOrCULLCrJCIRLPLCPNEL
COMMUN /BLK2/ LDUNF e2) r TUKL (NELSr4) pRINFT) 2 (NFT) s RK(NLLS8)
COMMON /ULK3/ XKL AMY) o INF) e AMAXy THRe THRI»L ToLAST yNFRFL

COMMGN ZbLRrie/ LB rS)Y e AT LRr3) o AN(303) 9BD(3s3) o STIFF(B898B) 1 CMIGeE)

* Ve (8rb) v ALINFLS)

COMMUL: ZBLKS/ LRINEL 5¢3) pSIRATRINELS»3) t ALPHAIRETA » GAMMAYDEL T XK »

* AT o XPUeE»Sh eSHE v v WTLT 1 CAPAZRAMDYBET
COMNUE: ZbLre/ ot v 0 v r3) o PRINGINELS e 3)

REwINI- 2

XNUS = XU » '
VA = Y + 3,
VB = 1.+abUS=r !
T 2e¥(XiNlIn=AT 1 =~ 1.

DO 9uUN NEL = leMbott

READ(2) TYPCA»TYrLH» TYPeCe TYPED
IF(NELoLELLISWI(D)) O TU BOU

DO 200 1 = 1.3

DO 200 J = 13

DP(NEL I»d) = LLry)

SILZ = OB(NELe1) + STRAIB(NFLe1)/2.

SIGR = QRE(NELesZ2) + STRAIG(NFL2)/2.

TAUZ = QU(NEL*3) + STRAIbINFEL3)/2.

DELP = VA * (SIRALBINEL 1) +STRATBINEL»2))/3,

PP = VA * (SIGZ+516R) / 4,

PSy = PP * PP
$Z/ = 2.%VB*SI67 + VC*STGR
SRK = 2.#VB*SIGR + V(5162
SZR = b.#TAUL

TJ = (VB*S1GZ#5T0+VB*STOR*SIGHHVOC*SIRZ*SIGR)Y /3, + TAUZ*TAUZ
CALL AREAALMEL »ARLA)

RATIU = AREA / ALAnFL)

VOIDR = KAT10 * (1.+4VOLIML) = 1,

VDK = VOlbLK + 4,

TTJ = 3.5TJ

ETm = 1.+4T1u/ (FSE+5MS)

POW = l1.=CaPa/ikAru

PO = PPrcTumrxPuVv

AR = SMS x (2 3Fp=pr) / 4,
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00001800
0onpp1s0n
onopo2noon
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0non2200
00002300
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00002500,
00002600
00002700
00002800
0n0o02900
0ngoanno
0n003100
00003200
0003300
00003400
00003500
00003A00
00003700
00003R00
0n003900
ongoungn
0onpou10n
gnoos20n
onpou 3NN
noonuunn
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220

62U

300

31u

320

80U

100

214
215
210
900

>

Bb = 3.%AA*VORASMS*PPPO / BET

AR(1) = SZZ + AA
ARL2) = SRR + AA
AR(3) = SZK
BR(1) = S22
HR(2) = SRK
BR(3) = SZK

DFL = 0

NHFK = 0.

DO 220 1 = 103

DFL = UFL + AR(I) * STRALB(NEL.T)

DFK = kR + BRIT) * STRALB(NEL»1) -
BFU = PO * GMS * UELP o
PUw = =CAPA/RANMD . . ’

DFR = ETM *+pP0Ow * (NFK=2.xTTJ/PP*DLLP)

OF = NFI = DFJ = ubK * (1.,«CAPA/RAMD)
AS@ = SMS * PP x (PO=PF) .

ETA = SQKT(TTJ) / PP .
WRITE(6r020) VUIDRITTJrASQrDFaNELY/SMPETA
FORMAT(SX» *VOILRZ*»F10e5e? 3JJS19EL2.50"

1 E12e5r LT70vr Nt pl2e50? ETAZ!,E12.5)

IF(DR.LT«0.) GO U 80U
BO 300 I = 13

BR (1)
CR(1)
D0 3000 J = 1.3 .

ER(I) = HR(1) + D(l,d)=AR(J)

CR(I) = CR(I) + AntJ)I*L(Yrl)

CEN = 0. .

N0 310 I = 1.3

CBiv = DEN + AR(T)2pR(I):

DEN = DEN + LR

DO 320 I = 1+3

DO 320 J = 13 o ' .
UP(NEL»IsJ) = D(Lsd) = BrR(I)*CR(J) /OEN.

Ue
U

COnTINUE
CO 1ud I = el . . .
Co 1u0 J = 1.4 L !

ASQT'HEL12.5¢" DF=?,

A

STIFF(1yd) = DP(NELs101)#TYPEA(TrJ)+DP(NEL»3¢3)#TYPEC (I,u)
STIFF(Isd+4) = DPCNEL¢1s2) #TYPEB(TsJ)+DP(NEL#»3+3) *TYPEB (Jy1)

STIFF(J+4rl) = STIFF(IrJ+y)

STIFF(I44sJ+4) = UP(NELs2+2)#TYPEC(T+J)+DP(NEL¢3¢3)*TYPEA(I )

DO.210 1 = 1.8

I1 = KK{NEL1)

DO 210 J = 1.8

JJ = KK(INEL»J)
IF(I1.EQe0+ORsJJEG.0) GO TO 210
IF(I1.LTsJJ) GO TO 210
IF(11.GT.IHRI) GO 10 214

L =uJd+ (1I=-1) » [T / 2

G0 TU 215

L = uJ + LT + (11-IHB) * IHBI
XKLA(L)Y = XKL(L) + STIFF(1,J)
CONTINUE

CONTINUE
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ccc

100

€997
101

102

SHpHel fler SIFP

FAtG et Trae ik ITISUrNFLSZ19500MX= S0002NFENF T2

Clir o Zolnt sz TTITLE(20) o INODEsNELEMeNAPCYNHC ' MACT s (Sw(YH)
Coregt Jolns/ AKLAMY) o PINF) o IMAXo IHBe THRISLT/LAST o NFRFL

COnYUN Zplnty bH(NtLS!3)OSTRAIB(NELS'S)rALPHAoRF]A'GAMMA'ﬂtL[oXKa
* AL, altUrer 51 SVSyvUIDI 1 CAPAYRAMDYBET

ComGt /uLn7/ UDBANF) 2 UDUB(NF) »FOVINF) »UDD(NF) o DBINF ) ¢ DISP(NF ),
* DUO (NF)

COMMUN _/8LKB/ UP(NELS?393)9SIGBI(NELS?3)
COMMON ZUYN/Z CBAR(MX) e XM{MX) 0 AA (MX)
NTIME=1

NDELT = 1Sw(1l)

N = VMACT

NPRNT = (Sw(ys)

IKOUNT = 250

KOUNT = IKOUNT

IPLT = 1

CALL .ZERO(SIGB!NELS3)

Do 2 1 = 1/,LAS]

AA(T) = XM(1) + CpAR(I) * DFLT / 2. + XKL(I) * DELT * DELT / 4.
DO 150 I = 1/NFReE

AA(TI+LAST) = P(I)

CALL FACTOR(AA»THU ¢ IHB1LT+LAST +NFREL)
CALL SOLTN (AA¢IHD»IHBL/LT»LAST #NFKEE)

DO 3 I=1eN

ubB(1)=0.

ubuB(I)=u.

FOV(1)=0D.

UbL(L) = AA(LAST+1)

DB(I)=0.

DO 4 JI=1N

DISP({TI)I= Dul(l) + peLT*uUDB(I) +(UDDB{I) +uDD(I))*DELT**2/4,
ODOUT(T)= ULR(I) + (UDDBI1) +UDN(I))=*DELT /2.

WKITe (6,100) NTINe

FORMAT (25X *DLISPLACEMENTS FOR TIME INCREMENT'»15¢S5Xs'LINEAR?)
WRITE (6¢6997) (0LSP(I)eL=1.N)

FORMAT(8EL1S.0)

FORVAT(BE15.0)

WhiITE(6,102)

FOWMAT (P VELOCTITY Y )

WHiTe (6s101) (LUNOI(I)»i=1sN)

INLTIALIZE QueSTRALR

CALL ZERU(STRALB»ieLSe S)
CALL ZERU{UNINELSS)

CALL STANINTIME)

MOw KEADY FOR NEw LNCREMENTS..

0No1os00
0nolokon
0ng10700

0neoe1nn
00000200
0nu00300
0onooos0n
nOONOS00
00000600
00000700
0N000A00
00000900
00001000
00001100
00001200
00001300
0n001400
0N001500
00001600
00001700
0n001A00
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
0n003200
00003300
0n003400
0r003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
0n004900
00005000
00005100
00005200
00005300
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CONTINUE

JuJ = IHHIL

DO 200 1 = 1/NFFEC
JU = JJ + 1

SUM =0 .

IF(1.6E.1HB)Y GO Tu 180

L = (I+1)*1 /7 2 =1

DO 170 J = 1lrdu

IF(JoLELL) L =L + 1
IF(JeGToloANUULESIHB) L = L + J = 1
IF(J.GT.1HB) L = L + IHBI

SUN = SUN + xM(L)*uB(J)

onuasu0n
00005800
00005600
0n0ns70n
ono0sSARNOD
00005900
ononenNon |
onoon6100
00006200
0no0e300
00006400
onpn6S00
0n006A0D
00006700
ono06800

170 SUM = SUM + CHAR(L)*(UDB(J)+UDDR(J)*DELT/2, ) + XKL(L)*(DB(J)+DELT*0n006900

180

1

UDts () +ULDB (J) *DELT*DELT/4 )
G0 TO 199

JI = ] -« IHR + 1

L = LT + (11I-1) * 1lHB
IF(Ju.GT«NFREE) JJ = NFREE
DO 180 J = II.ud

IF(Joelbk L) L =L + 1
IF(J.GT.1) L = L + IHBI

SUN = SUN + XM(L)=*uB(J)

0non7000
0noo7100
00007200
ono07300
onoo7400
00007500
00007600
00007700
00007800

190 SUM = SUM + CBAR(L)I*{UDP(J)+UNDR(J)I*DELT/2.) + XKL(L)*(DB(J)+DELT*00007900

1

VOB (W) +ULDB(J) *NELT*DELT /U W)

199 XM(LAST+1) = SUM

200

12

300

13

CHAR (LAST+14) = Sui
CONT LNUE

IF(NTIME.GT.NDELT) GO 10 113
DO 12 1 = 1/NFRELE
AA(I+LAST) = P(1) = FOV(I) =XM(LAST+Y) = CRAR(LAST+1)

CALL SOLTN (AA»IHbeIHBL/LT+LAST/NFKEL)

DO 13 I=1.N

FOv(I)=0.

UbL (1) = AA(LAST+1)

DISP(I)= DB(L) + vt TxuDB (1) +{ULDIs(L) +ubdp (1)) *DELT*%x2/4,
PDOT(I)= ULB(I) + (ULDbYL) +UDN(L))I*CELT /2

CALL STAN(NTIME)
IF(NTIME «NEJNPRNT) GO T0O 310

NPRNT = NPRNT + {5w(3)
WRITE(6,105) NTIME

105 FORMAT(10Xr tUISPLACEMENT AT NTIME =1+15/5X,*NODE NO 2=D1SPL

106
620

1

R=UISPL )
DO 106 I = 1.INOOE
JJ =1 %2
I1 = JJ =~ 1
WRITE(6,620) I+DISP(II) DISPIJIJ)
FOKMAT(I9+2E1546)
11 = LAST + 1
JJ = LAST + NFREE

00008000
onoo8100
onoos200
oc0008300
00008400
0ngnasoon
00008600
0nona7on
gnon#AR0N
00008900
0nr009000
00g0og100
0oopng2on
0npo93an
00009400
0onon9snon
J00nNgA00
00009700
0NnpOgARAN
00009900
onolonno
onglntloo
00010200
onoio0*0n
onolounn
gnolnsnn
0no10ANN
0no10700
00310800
0nu1090n
onpi1n0n



oy WR1ITE(6r60OV) onpliton

vou WRITE(Bedi01) (AACL) s I=iT0Jd) nru11200
Hyu wki1TE(6rblU) 0np11300
Do WRITE(6,L01) (CRAR(T) v2=ilrdy) 0nu111400
unu 600 FQicAT(/BXet [0OTFURCEY /) 0nn11500
vou 61U FOKMAT(/9Xe ' FPY/) 0NU11AN0
PITY 310 CONTILIMUE 0nn11700
vou GO TO 10 arg11A00
uGu C : oru11900
uou 113 wR1ITE(6¢,1906R) ong12000
uou 1968 FORMAT(//2Xs YEND UF ANALYSLS'///) 0onul12190
uGu RETURM: ' onp12200
0ou ENL 00012300
vuL WELT e SIH KASAXTIPFS.STANY ¢ 9163570132410
vou SUBROUTINE STAN(NI AME) oconn100
0no PARAMETER NF I=150¢NELS=150sMX= S000+NF=MFT*2 ornno2an
Hov COMMUN /uLKO/ TITLE(20) 2 INUDEsNFLEMsNAPCHNBCIMACT »ISWI(S) anppo=an
00U COMMON Z78BLK2/ LDGEF o2) e TUKLINFLS o4 ) ¢ RINFT) y ZINFT) o KK (NELS,8) gnooougn
Hgu COMMUN /uln3d/ XKL AMX) 9P INF) » AMAX s ITHR2 THRI LT e LAST » NFRFE gcoonnsno
ugu COMMUN /BLRU/ D{303)eATD(A¢3) o AD(303) yBN(3+3)+ySTIFF(8+8)rCM(GeE) e ONODNAKON
uou % Ve {ueB) s ALINELS) aoropQa700
upo COMMUN ZsLh&S/ WP (NELS»3) »STRAIRINFLS»3) s ALPHAPBFTA»GAMMAYNELT#XKe QCOODRON
voo * AT XMUPE 2 SMeSMSyvUILT 1 CARPAZRAVMDYBET onooa9ann
00U COMMUN ZBLKAE/Z BT (NELSroe3) r ARMINELS 14 ) 2 AUM(NELS, 4 ) » AQJ(NELS) ongpioon
vgu : COMMUN, ZoLK7/ UNBp (F) v UDURINE ) o FOVINF ) 2 UDD (NF ) o DBANF ) » DISP(NF) » ocon1100
uou * LHOT(NEF) onye120n
uouv COMMUL  ZbLRE/ LPINELS e 303) 1 SIGRINELSY3) 0noo1300
uou COUMMUN ZUYin/ CBARIMX) e XM{MX) 0 AA (MX) 0n0n1400
uou DIMENSLON V4) e lI(4) o VD (4) yUN L) pEPS(3)2FPSD(3) »SIGE(3) +SIGVI3) 0nOn1%00
vou * S1GF(3)r SIOT(3)rFVIR) onoonl1a0n
voo ¢ ongn170n
uou CALL ZERU(AMeNMXol) 0n0n1800
uou KEwIND 2 00001900
0G0 NN o= NMTIME /7 ISw(o) onon200n
uGU MM = NN % [Sw(3) 0onon2100
v(eu IKITE = U 0on002200
uoo IF(MMJEQWNTIME) 1ntTE = |4 00002300
HTHY IF (MM JEQ.NTTME) whniTE{oeoNU) NTIME 00002400
oL 0O QUi NEL = 1eMeckM onya2500
unu DO 1U0 T = 144 0non2600
vou IN = TJKL(NEL,1) onon2700
Gy I1 = (IN=1)%2 + 1 . ' 00002R0N
yuo vil) = visp(ll) ongp2900
unu ULl) = DISP(II+Y) - 0npon3ngn
vnu vD(I) = LDOT(IL) onuo3100
v UD(1) = UDOT(IL+1) 0ongn320n
ueo 100 CONTINUE 0ngo3300
Vuy CALL ZERO(EPS+30,1) 0noo3u0n
0Ho CALL ZERU(EPSDe3ri) 00003500
dou DO 110 I = 1+4 0non3600
" Uou EPS(1) = EPS(1) + ARMINEL,1)sV(I) / AOJ(NEL) ango37on
uou EPS(2) = EPS(2) + AZMINEL,»I)*U(I) / AOJINEL) . oNODN3IANN
uno EPS(3) = EPS(3)+(ARMINEL I)*U(TI)+AZM(NELsI)%V(])) /A0J (NEL) 0no0390n
[y EPSD(1) = EPSD(1) + ARMINEL,I1)*VD(1) / AQJ(NEL) onyoyneo
uyu EPSD(2) = EPSD(2) + AZMINEL I)»UD(I) / AQJU(NEL) onooy 100
Uy 110 EPSD(3) = EPSD(3)+(ARMINEL»T)*UD(I)+AZMINEL1)*yD(]1)) /AO0J(NEL) OPUNG200

gy 10 120 1 = 1.3 0npou300
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119
120

. SIGE(I) = U.
SIeviI) = U,
SILF(T) = U.
DO 119 J = 1,3
SIGE(I) = SIGE(T) + Liru)*FES(J)
SIGVI(I) = SIGVII) + ATU(LeJ)*EPSDI(Y)
SIGF(I) = STGF(I) + bD(IrJ)*STRAIBI(NEL»J) + AD(TeJ) *uB(NELNJ)
SIGT(I) = SIGE(T) + SIoVUII) + SIGF(I)

130

ccoe

[N o¥ o

137
134
139
14u

150

900

COMPUTE PRINCIPAL STKESSES
COMPRESSION 1S PUSITIVE HERE

SGR = (((SlGT(l)-sxGI(z))/d )%%2 4+ SIGT(S)**&) *¥,5

SGl ==(S1GT(1) + Si6T(2)) / 2,

EPS(1) = Sul + Suk
EPS(2) = SGI - Suhk
EPS(3) = SuR

IF(MM.EQeNTIME) WhiITE(6r010) NEL¢SIGEsSIGV,SIGT,EPS

IF(ISW(2) sEQe1l) CaALL PSTLIFF(NFELeSIGE»IPLSTIRTTF)
IF(ISW(2) 0.0} 60 TO 90U

COMPUTE ViSC. FORCE FUR EACH ELEMENT

DO 130 1 = 1.8
FV(I) = v,

‘DO 130 J = 13

FV(I) = FV(I) + bitNELeIrJ) * SIGF(J)
NOW ASSEMBLE 1iv GLOBAL FORM

DO 140 I = 1.8

II = KK(NELs1)

IF(I1.bG.0) 6O TG 14y

FOv(iI) = Fov(ll) + FV(I])

IF(ISW(2) eNEe1eOKIPLST.NEel) GO TU 140 .
CO 139 J = 1+8

JU = KK (kL 1 d)

,IF(du.t@.O) 00 YU 139

IF(I1.LTeJJ) GU Tv 139
IF(11.6T.IHRI) GO 10 137

L = JgJ+(LI=1)*1T/c

GO 10 138

L= od+ LT + (1L~ lHu)*IHHl
XMAL) = aM(L) + STAFF (L1, 0)
COnTINUE

CoOnT1NUE

UFGATE (eB) Anu (STRALB), (ATRALIN RATE)
{10 150 1T = 13
Slon(hebLrI) = =Slubk (1)
GH(NEL?I) = ALPHA*GR(NEL I)+BETA*STRAIBINEL » I)+GAMMAAKEFSD(])
STrRALBI(NELI) = EPSD(T)
CONT LIMUE

UFDATE UISPL.rvEL«r AND ACCELL.
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16U MTLIVE = nWTire + L
O 91t I = 1eMACT
DECI)Y = pIspLr)
Unp (i) = DueT (L)
alu Uib,istI) = ulLu(l)
AUU FORMAT(//Z/710X0 "NFLME St elS/72Xe "ELEMY» T10» *ELASTTIC STRESS' v TUO
1'VISLOUS SThESS' v 1700 10T .STRESS v TIUD» *PRINCIPAL STRESS'/)
61U FORMAT(ISe12010.3)

620 FORMAT(//10X» 'PRINCIPAL STRESS. NVINE =t,1%5/)
650 FORMAT(I10e3E13.5)

RE TURM
END

WELY»SIH NASA*TPFS.PSTIFF,»» 163602132410

(ol ol o

SUBROUTINE PSTIFFUNELeSIGT e IPLST»IRITE)

PARANETER WNFTS180rWELS=1509MX= SO00UsNFENFT#?

COMMON /BLKO/ TTTLE(20) ¢ INODE ¢ NELEMeNAPCYNHCrMACT» ISW(S)

COMMCM /BLR1/ wld4) o H(W) rAR(U) »BRIY) »CR(L) »AZ(U) yB82(4)eCZ(Y),

* BR(G) o Cin () o (G o TYPEACL o 4) o TYPEB(4o4) oy TYPEC (L 24) o TYPED (49 4)

* AU;QO!CU;llrdL-vaLCvMFL

COMMUE /by /7 LU r ) s ATD(30X) 9 AD(393) s BD(393)»STIFF(8+8) e CM(B,8)
*¥ VeE(oeb) e/ . IELS)

COrMMON /Bl 7 W GRS 3) v STRAIRINELSY3) 1 ALPHA/RFTA»GAMMAYNEL Tr XK
* AT o xMUsLeSH v SMSevUIDT»CAPAYRAMDYBET

CommON Zolnk/ LPINELSe3r ) v SIGBINELSY 3)

DIMENSION STGT(3)

COMPKESSLON £S PUSLITIVE

CALL ZERU(STIFFsl8r0)

READ(2) TYFEA»TYPcB TYPEC,TYPED
IPLST = =1

IF(NELSLEISW(S)) 60 TO 800
XNUS = XnU % XNU

VA = XNU + 1.
VB = 1.++XNUS=XNU
VC = 2. (XNUS=XNU) = 1.

DSIGZ = =SIGT(1)=51GBINEL,1)
DS1IGR = =SIGT(2)~SIGB(NEL2)

DTAUZ =SIGT(3)~SLGB(NEL ¢+ 3)
SIGZ2 = ~SIGT(1) + vUS1Gz/2.
SIGR = =SIGT(2) + USIGR/2.
TAUZ = =SIGT(3) + uTAUZ/¢.
DELP = VA*(DSIGZ+uSIGR) /7 3.
PP = VA x (SIGZ+SiGR) 7/ 3.
PSG = PP * PP

SZZ = 2.*VB*SI6Z + VC*SIGR
SRK = 2.%VBxSIGR + VvC*516Z
SZR = 6.xTAUZ

T = (VB*SIGZ%SIGL+VB*SIGR*SIGR4VC*SIGZ*SIGR)I /3. + TAUZ*TAUZ
T1Td = 3.xTd

Flim = 1+TTJ/ (PSQ*SMS)

PGw 1.=-CAPA/RANMU

FC = PP*ETMx2POW

CALL LREAA(NELAREA)
FATIO = AREA / ALUNFL)
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VOIDG = A0 * (ie+VOLIDL) - 1,
Viik = vOoiDK + 1.

Ah = SMS X (z2o4PE=FO) / 3.

By = Re*xpAA4VUR*SMOLAPP PO / RET

AK(1) = SZ4 + AP
A(Z2) = SRK + ap
AK(3) = HZr
FROL1) = SZ2/
bk(2) = SRK

B CA) = SZR

FL = U,

LFan = C.

[ 220 1 = 103

DF1 = UkL + ARLT) » STRALB(NELT)
2¢0 LFn = Db + BRAT) 2 STHALHINELT)
by = PO * <MS * Lel P
PGy = =CAPA/KAND
GFn = ETM #4000 % (DEK=Po# 1TU/PE2DELE)

PF = PFI = 'Fd = UFK * (1 .=CAPA/KAND)
AGU = SMS * PP * (FO=Pp)

ETA = SART(TTJ) 7/ kP

IF(FLTe0.) 6O U BOu

IPLSE = 1

IFUIKITEEQeLl) WKLIF(HrAR2D) VOINKPITU»ASWeNF P NFL »SimeETA
620 FORKMAT(SX» "WUIURZ " )F10.5rt SIS 1EL1250 ASG=*yE12.50 !

1 F12.50 179" M2t sblcebr' FTAZ'ELP2.5)
GO 300 I = 103
Rh(I) u
CR(1) u
DO 3u0 J = 103
BRI) = DR(I) + utl.d)xAK(Y)
300 CR(I) = LRU(Y) + AantU)*xulurl)
DEN = 0.
0O 310 1 = 1+¢3
310 DEN = DER + AR(T)=pRrR(I)
DEN = LEn + BR
DO 320 I = 13
0O 320 J = 103
320 DP(NEL»Ied) = =-RKi(l) * Ck(J) / DEN
HUU FORKMAT(IS.* AREAZ» VUOIURy POs UPUret»UELL.6)
610 FORMAT(3Elb,.0)

NF=*,

¢
DC 100 1 = 164
no 1un J = 104
STIFF(Isd) = DPUNEL el 1) 2TYPEA(T 2 J)+OP(NEL» 3¢ 3)%TYPEC(I»J)
STIFF(Led+4) = DPUNFLPLe2) XTYPER(I2J)+DP(NELe3»3) %1 YPFEB(J, 1)
STIFF(J+4ei) = STUFF(TrJ+u)
100 STIFF([449U44) = LPINEL22e2)*TYPEC(I»J)H+UP(NEL» 3¢ 3)*TYPEA(I»J)
¢
800 RFETUKRM

END
WELTeSIH NASAXTPETFACTUR» » ¢ 220224130610 .
SUnRCUTINE FACIOR (XK IHBe IHRI +LTeLAST »NFREE)
C TH1S SUBKOUTINE PerFORMS FACTORING
DIMENSION XK (1)
N = FKE®
IRl = IHBI1
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WELTeSIH NASA*TPF3H«SOLTivr 9 9226226130610
SUBROUTINE SULTNCAK, IHB» IHST e LT ¢ LAST #NFRLE)
TH1S PORTIUN OF SubPCUTINE PERFORMS FORWARD=SU/BRSTITUTION

C

C

bu
51

10

11

13
14
12

10 <« IZ1N
IF(I.CT.aH1) O U 2
k=1

MIR+(I=1)*l/2

GO TC 3

KZl=itBl

Mok +LT+(Ll=1HE) ®*THp)
JTi+1tibl .
IF(JaGTan) GU TO &
JuzI+THisl

Gu Tu 5

N

E=u.y

LA=1=1

Lt =I+1

IF(LA.LG.0) 00O TUu ©
DG 7 L=Kelh
IF(L.GTLAHB1)G6U U 8L
J = (L+p)xLs2

60 Tu 51

J = LT + IHB*(L-t1ipl)
A = Ak (M)

K = HtAsAxXK (L)
MZMm+1

ASxK (M)

XK (M)=A=B

IF(I.FQeN) GU TO ¢
DO 9 J=lLberJJ

SUmM=0.0

IF(JU.G6T.tHB1) GO v 10
k=1

MMZK+ (J=1)%J/2

GO 10 11

K=u=-1HB1
MMZK+l T+ (J=THR) *x {nts1
IF(LA.EQeD) GO TU &
IF(K.GTLLA) GO TU Y
DO 12z JASKsLA
Lom=i+JA

IF(JA.GT.IHR1) GU 10 13

L1=(oA+1)*JA/?
GO T0 14
LISLT+1IHb*(JA=1HI1)

SUMSSUM+XK (MM) 2 XA (L) xXn (L 1)

MM=MM+1

XK (MM = (XK (MM) =Sum) /XK (M)

CONT1HUE
RETURN
END

DIMENSION XK (1)

N = NFREE
IHbB1 = IHBI
NF = LAST + 1
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-

11
12
10

DO 1 K = 2N

IF(K.6GT1.1HB1) LO iV 2
M=y

MMZK=1

MizMM%K /2

60 TO 3

Mz=K=1HB

MMZIHAEL

M1zM*THB1+LT

SUM=U .0

DO 4 LZT1eMM

LL=1+M

JusLL+ML

LLZLL+NF=-1
SUMZSUM+ XK {JJ) XK ILL)
XK(LL+1)=XK(LL+1)~5UM
J = NFN=1

TH1S PORTION OF SUBROUTINE PERFORMS BACK=-SURSTITUTION

NFZNE+N=L

XK (NF I=XK (NF) /XK (LAST)
DO 5 k=2eN

Lan=-K+1

IF(L.GT.IHBI) GO 10 &
IZL+(L=1)*L/2

GO TO 7

ISL+(L-IHB) *IHB1+LT
IR=N=THB

IF(L.GT+1R) GO TO b
JT1iHB1

GO Tu 9

N T

SUm=u .0

DO 1u M=1.J

MM

IF(MM.GT«IHRL) GU T0 11
NN=L+ (MM=1) *MmM/ 2

GO TO 12

NN=L+ (MM=IHR) *IHGL+LT
MMINF =N+MM
SUMZSUM+ XK (NN ) # XA tmM)
MMENF =N+L

XK (MK )IZXK (MM) /XK (L) =SUM
RETUKN

END

WELT»SIH NASA*TPFS.SETUP» 9226231130610

SUbROUTINE SETUP

COMMON 7olily/ Wl oH(U) sARCU) 1BRUGU) oCR(U) o AZ(U) o BZ(4)2CZ{4)
* Bin(4) e CNIL) oDN(U) v TYPEA(G»4) o TYPEB(4o4) » TYPEC (4 ol4) s TYPEU (40 4)
* AQ)bBOrCUPICPJCoRCPLCPNEL

Wll) = 0.347854R
w(2) = 0.6521452
Wi3d) = w(2)
wiy) = w(l)
H(1) = 0.8611363
h(2) = 0.3399810
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BN
BM(2)
RNC3)
BN(Y)
CN(1)
CNL(2)
CN(3)
CN(4)
UNCL)
CN(2)
Div(3)
Dhity)
TwOP1

RE YUK

E ML

-Hleg)
-H(1)
-1.
i,
Lo
-1,
-1,
-1,
l.
le
Lo
-1,
Lo
-1,
l.

WELTeSIH NASA*IPFF.GAUSS 9 9226¢3213N610

10U

10

20

SUBROUTINE GAUSS
COMMUN /BLK1/ wld)oH(4) s AR(L) 2BR(4) sCRIU) yAZ(U) 42 () »C7 L),y
* HN(Q) o C{a) o DNCU ) o TYPEA (U 4) o TYPEB(424) » TYPEC (4 v 4) s TYPEU (40 4)

(noHA)

* AOsb0rCUPICrJCPKLPLCINFL

+ Wll) * wlJ) * F(KeXsY)

IPT = 4

AA:U.

DO 1un I = 1¢IPY
X = R(I)

DO 1uD J = 1IPT
Y = H(J)

AA = AA

CONTINUE

PE 1UKM

END

FUNCTION F(KsXrY)

COMMON /oulh1/ wldreH(4) rAR(LG) yHR(4) yCR{U) yAZ(U4) ,B8Z(U)2CZ (),
* PN (G) s CIN(4 ) 2 DNGG ) r TYPEAC(U v 4) » TYPEB U2 4) o TYPEC (U 24 ) s TYRPFU (U0 4)

* AUIEO0ICUPICrJLeKLPLCPNEL
COMMUN

FC = AO + pOxX + LUxY

/BLKY/ WMely

GO TO (L0r20030r40e5006U)r K

CONTIMUE

AMAN = Ax{m) 4AR ()
BMAN = Br{m)*AK(N) +
AMCHN = Ap{m)+CRIN) +
RMisM = BiR(M) sBR{n)
BMON = BR{(M)*CrR(n) +
Cvi = Cr(M)=Ck (I
G0 Tu 10U

CONTLINUE

AMAN = AR(M)4AZ(N)
BMAM = Be(nN) =AM +
AMLHN = Ax(m)xCc(N) +
BMBN = BR{M)2BZ (N}
EMUN = BR{Mm) * CZ(N)
CVMUN = CZn)*CR (M)
GG TC 10v

CONT IUE

BRIN)®xAR (M)
AKIN)ACR(M)

Ch (M) *RK(N)

Hr(wm)*AZ (N)
CRM)%®AZ(N)

+ Ckim) * RZ(N)
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Avan = Az(m)xAZ(IN)
Hiinte = BZ(M)*AZIN) + BelN)*AZ (V)
AMON = Az(M) #CZUN) + AZUN)*xCZ(M)
Bivbn = B liv) #RZUN)
BMCIN = B M) xCLIN) + CZ{m) xRz (M)
CMUN = CLM)2CA(N)
GO Tu luv

4y  CONTINUE
XY = X *x Y

FA = 1e + pNIM)xX + CN(M)I®Y + ON(M)*XY

FH 1o + BMNIN)%XX + CN(M)*Y + NN(N)*XY
F = rAxFpu*xFC/1cR.
RE FURRM

50 F = (RR(M) + Br(m)xx + Ck{mM)*Y) / FC
KETURE

FU F = (AZ(M) + BzlmixkX + Celm)*Y) /FC
FETURN

100 FA = AMAN + BMAN®xA + AMUNXY + BMpN*X%xX + BMCN*®X*Y + CMCN*YxY
F = FA/FU*4125
KETURM
(NI}
WELT2STH NASA*TPFSDIAGHNL e r 1220237130610
SULRUUTINE DIAGNL (XK r APF o MFREE» THR» THRI WL T»LAST)
DIMERSION xK (1) eArrH (1)

C
: DO 2un I = 1+LAST
200 XK(I) = u.
¢
PO 100 U = 1eNFREC
IF(J«GT,1HBI) 60 v 108
I = (U+1) x u / 2
GO T 109
108 L = LT + IHR x (g = IHBI)
109 XK(L) = 1.
1uU CONT LM UE
"
O 110 I = 3 +NrRcL
11U XK(LAST+L) = AFF(1)
C
RETURM
END

WELTrSTH NASA*TPESARFARI v 103614132430

SUBKULTINE ARKFAA (el » ARER)
FARAMETER NFTZ1S0eWFLS=150rMXS S00U s NF=NF T2
COMMUL: /olh2/ 1D e2) v TUKL INELS 8) sRINFT) o ZINFT) o KK(NELS»8)
COmMMGM Z8BLKT7/ UNBGUIF) »UDUBINF ) » FOVINF ) o JUD(NE) o DBEINF ) s DISP (NF) o
* DUGT (NF)
UDIMENSLION rRE(Y) vz (l)
DO 1ult 1 = 104
IN TJKL (nEL e L)
JJ 1+ 2
11 = JJ - 1
PR(I) = wr{iN} + pDISP(JU)

100 2Z(1) = ¢2UIN) 4+ pisP(IL)
Al = (RR(P)-KR(1))*(Z2Z(8)=£2(1))=(KR{U)=RR(1))*(22(2)=22(1))
Ad = (RR{3)=KR12)12(22(0)=2Z2(2))=(RP(L)=RR(2))*(22(3)=22(2))
IF(A1.LT.0) AI = =Al
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oou IF(AJLTW0) AJ = =AJ onoo1600

ugu ARELA = (Al + AU) /7 2. 0npo1700
0oov RE[URM 00001800
uyu ENU 0ngn1900
[VIVIV) WELT e SIH NASA*TPF3«ZERO» 91 9220242130610

ooy SUEKRUUTINE ZERG{(AsNsM) ongonlon
Qou DIMENSION A1) gnooo200
gou NM = M % M 00000300
uou DO 100 I = 1eNM 00000400
vou 100 A{]) = D. ongonson
uou RETURN - 00000600
000 END 00000700
vou WXQT R

000 MOVING WHEEL ON SOlL

000 65 48 5 65

U0y 1000 1 S

000 2000, 0.4 0.05787 29,25 2000. N.45

Uo0 200, 2000, 0.00U6

0oou 1 24,0000 «OUUU 0 o1

oou 2 19,5000 «00uu ¢ 1

000 3 14,0000 00UV 0 1

000 4 T+5000 XY 0 1

000 S « 0000 «00UV0 1 1

000 6 24.0000 Se5000L 0 0

000 7 19.500u 5.50u0 0 0

000 8 14,0000 5.5000 0 0

000 9 75000 5.5000 0 0

000 10 « 000UV S«5000 1 1

000 11 240000 10.50uu 0 [}

000 12 19,5000 10.,5000 0 0

uoo 13 14,0000 105000 4] 1]

000 14 7.5000 10,500V 0 0

000 15 «000V 10.5UuU 1 1

uou 16 24.0000 14.500U 0 0

400 17 19.5000 14,5000 g U

000 18 14,0000 14,5000 0 ¢}

uoo 19 7.5000 l4.50vu 0 0

000 20 «0000 14.500U 1 1

0p0 21 24.0000 18,500V 0 0

000 22 19,500u 18.5000 0 0

000 23 14,000V 18.5UuU 0 0

000 24 7.5000 18.50uu 0 0

gou 25 « 0000 18.50uU 1 1

000 26 244000 225000 0 0

oou 27 19.500uU 225000 0 [V}

uoo 28 14,0000 <2500V 0 0
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voo 30 « 0000V 22.500U 1 1

000 31 25.4500  26.5000 0 0

ugu 32 20,0000 265000 0 0

ugu 33 14.0000 26.500U 0 0

000 34 7.5000 26.5000 0 0

oou 35 « 000U 26.50uU 1 1

Qo 36 26.8000 30,0000 0 [V}

Nov 38 14.0000 30.00u0 0 0
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ugo 31 34 39 58 20

[{N]Y) 32 39 44 43 20
000 33 44 49 48 49
uou Ay 49 54 53 4o
000 3% 54 59 58 b
[V 36 59 64 03 Do
000 37 5 10 9 Y
uouv 38 10 15 14 9
vov 59 15 20 19 4
090 40 20 25 24 19
ogu 41 25 30 29 o4
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LEcJK ACCOUNT: UAH31736502¢ PROJECT: NASA



II-124

APPENDIX 4

DATA INPUT FORMAT

Card 1: TFORMAT (20 A4)
TITLE - Title of the problem

Card 2: FORMAT (1015)

(1) 1INODE - No. of nodes

(2) NELEM - No. of elements

(3) NAPC - No. of applied point load
(4) NBC - No. of free nodes

Card 3: TFORMAT (10I5)
(1) 1ISW(1) = 0, static analysis

= N, dynamic analysis for N steps

-N, static elasto-plastic analysis for
N load increments

(2) 1ISW(2) = 0, Elastic analysis

= -1, Viscoelastic analysis

= 1, Viscoelastoplastic analysis
(3) 1ISW(3) = M, Print for each M-EE time step
(4) 1Isw(4) =0
(5) 1ISwW(5) = No. of rigid elements

Card 4: FORMAT (6F13.6)

(1) E - Modulus of elasticity for rigid element
(2) XU - Poisson's ratio for rigid element
(3) DENS - Soil density

(4) DEPTH - Maximum soil depth
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(5) ES - Modulus of elasticity for soil
(6) XNUS - Poisson's ratio for soil
Card 5: FORMAT (6F13.6)

(1) AT =T,y x E, where T¢ y 18 the soil relaxation
time in seconds

(2) XX Modulus of elasticity for soil

(3) DELT Magnitude of time step in seconds

Card 6: FORMAT (6F13.6)

(1) PHI - Angle of internal friction
(2) VO1DI - Initial void ratio

(3) CAPA - Swelling index

(4) RAMD - Compregsion index

Cards 7: FORMAT (5x, 2F10.4, 2I5)

(1) z(1) - *Z - coordinate value of Node I
(2) R(@) - R - coordinate value of Node I
(3) 1z = 0 if free to z-direction

$ 1 if not
(4) 1IR = 0 1f free to R-direction

$ 1 1if not

Répeat INODE times in the order of node number
*Upward Z 1is positive

Cards 8: FORMAT (5x, 5I5)
4 corner nodes of an element in counter clockwise, Repeat NELEM
times in the order of element number. Note that rigid element
should be numbered first.

Card(s) 9: FORMAT (15,2F10.4)

(1) NODE - Node number with applied load
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(2) Pz - Z-component

(3) PR - R-éomponent

Note that the regular sign convention of theory of elasticity
is used for input quantity.

Repeat NAPC times,
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APPENDIX 5

FLOW CHART

Initialization

Read and write
input data

Form elastlc matrix
and viscous matrix

Form elastic stiffness matrix,
viscous matrix, and mass matrix

Cisuy = 0 > Yes

No
Yes ___(Gsw(1) =0 >

No

2

*
Incremental elasto-plastic
analysis

Linear elastic
analysis

STOP {A}

*
For incremental elasto-plastic analysis, see App. 3 of Part I.



Ejo) Yoy = dfko) = ng) =0
t =t + At
Compute U ey eqn (35)
Y eqn (38)
gg)  eqn (19)
v)
dE ., eqn (34)
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N=MN+1

No
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APPENDIX 6

SUBROUTINE ORGANIZATION CHART
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| ppe———
LSETUP | —'_Z_E,Ro,
L INIT o
—d
royyte
DIAGNL
 preowann |
r ! AREAA
|STIFF ih LE;U?J =
—
ZERO |
ZERO
| v
| PLASTC DIAGNL
| Eemmdnate) ——
| gy | Mooy 3
| — —— STIFF2 * AREAA |
- = ———
——— DISPL FACTOR
—— I Tl |
1 [ FsoLTN |
—— STRAIN — STRAIN e
I l ZERO
SIN —
F———
‘_SE;.I " FACTOR
[~ SOLTN
——  —zo|
—— STAN — ZERO
L__J —m‘ __‘
(BSTIFE ;] e




I11-130

APPENDIX ‘7

DESERIPTIONS OF SUBROUTINES

Subroutine

Name Descriptions

AREAA Computes the cross sectional area of an element

DIAGNL Clears one dimensional array and puts 1's on
diagonal.

DISPL Calls FACTOR and SOLTN, and prints displacement
vector. ’

F Functions to be integrated

FACTOR Factors (forward substitution) a given simultaneous
equations

GAUSS Integrates by the Gaussian quadrature

INIT Forms elastic matrix and viscous matrix

PSTIFF Checks for ylelding and forms plastic stiffness
matrices for yielded elements

SETUP Initializes integration constants

SOLTN Backward substitution is performed to give a set of
solutions to the given simultaneous equations,

STEP Integrates the equation of motion by step integration
scheme for dynamic analysis

STIFF 1 Forms elastic stiffness matrix, consistent mass
matrix, and viscous matrix. Also assembles in
global form applying the boundary conditions,

STIFF 2 Checks for ylelding and forms elasto-plastic stiff-
ness matrix, and assembles in global form applying
the boundary conditions,

STRAIN Computes strains, stresses, and principal stresses
(compression is positive).

ZERO Clears any given matrix



