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IMPLEMENTATION OF
ELASTIC-PLASTIC STRUCTURAL ANALYSIS
INTO NASTRAV ¢

Alvin Levy, A. B, Pifko and P, L. Ogilvie

Grumman Aerospace Corporation, Bethpage N.Y

SUMMARY

[lastic-plastic analytic capavilities have been incorporated into the
NASTRAN program. The present implementation includes a general rigid format
and additional bulk data cards as well as two new modules. The modules are
specialized to include only perfect plasticity of the CTRMEM and CROD elements
but can easily be expanded to include other plasticity theories and
elements. The practical problem of an elastic-plastic analysis of a ship's
hracket connection is demonstrated and compared to an equivalent analysis
using Grumman's PLANS program. The present work demonstrates the feasibility
of incorporating general elastic-plastic capabilities into NASTRAN,

INTRODUCTION

A feasibility study on incorporating state-of-the-art nonlinear
capabilities into NASTRAN has been conducted and reported on in ref. 1. It
was pointed out that each class of nonlinear hehavior has a "best" solution
strateqy. For an elastic-plastic analysis, the "initial-strain" approach is
the most efficient finite element analytic method. In this approach, an
incremental pseudo-load vector is formulated assuming an initial strain equal
to the sum of the estimated plastic strain for the current increment and an
equilibrium correction term which corrects for the difference between the
resulting plastic strain and assumed plastic strain of the previous
incremental step. This method, characterized by the plastic behavior being
incorporated into an incremental pseudo-load vector, leaves the stiffness
matrix unaltered from step to step. Thus, the stiffness matrix need only be
decomposed once, Consistent with the initial-strain approach, ref. 2 provides
the pseudo-load vector formulation due to plastic behavior for a number of
elements in the NASTRAN library. The general approach is to transfer the
integral form of the pseudo -load vector into a numerical representation by
utilizing various integration schemes. For many of the finite elements the
choice of the number and type of integration points is left to the user. The
choice of integration points for the integration of the pseudo-load vector
determines the allowable variation of the plastic strain within each
element. This allowable variation can be changed by choosing a different set
of integration points. This may eliminate the costly process of changing the
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finite element idealization if the plastic strain variation was more complex
than originally modeled for. One may only have to change the choice of

integration points. A more complete discussion of these mechods is given in
ref. 3.

The initial-strair approach, as outlined above, has been incorporated
into the NASTRAN program. This has been done by writing a new rigid format
along with vwo new nicdules. Also included are three new hulk data cards.
Although the methcus are general, only perfectly-plastic behavior of a
membrane and a rod element have been initially considered. Th’s first step is
sufficient to examine the feasibility and efficiency of the implemenied
techniques within the NASTRAN framework.

The practical problem of an elastic-plastic structural analysis of a
ship's bracket connection has been carried out using the implemented NASTRAN
program and the results have been compared to those ob*..ned from the PLANS
finite element computer program (ref. 4). The resultc are in exact agreement
and the cpu time and associataed costs are approximately the same.

ELASTIC-PLASTIC FORMULATION
The initial-strain method is chosen tc solve small disrlacement

plasticity problems. The governina equation, d. ived from energy principles,
is written in incremental form as follows:

(K] {AUL-{AP g ‘AQL +'R}i (1)
where
IK}] = elastic =* ffness matrix
{Au [ = incremental displacement of ith step
apl! = incremental external load of jth step

increment21 pseudo load hased on
i predicted inelastic strain of ithstep

R} =equilibrium correction torm representing any balancing
force due to drift from equilibrium during the incremental
application of the load

The elestic stiffness matrix is found to be
(<= f 18" (€} (8 av (2
where [B] is obtained from the strain-displacement relation

o],
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and [E] is obtained from the stress-strain relation ORIGINAL PAGE 1§
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Aa}_=[E] (‘Ae}— lA5P>) (9
1 i i
with
Aa}, = incremental stress
i
A?}i = incremental total strain
Aep}i = incremental plastic strain

Plasticity enters the analysis through the increment in plastic
strain, Ae? . These as well as other path dependent quantities depend on
the implemented plasticity theory.

The nredicted »seudo-load vector for the (i+1)St step is found to be

5i+1

‘Ao;m ""Ss_f [BIT[E]‘AeP}idV (5)

where %1 and & correspond to the (i+1)5t and ith step sizes
respectively. We can expect the successive linearization procedure to drift
from a true equilibrium position for the rnonlinear response. This drifting is
2 combined result of truncation, the successive linearization procedure and
the fact that information not yet availab’e is reauired for a true sc ution
(in Eq ’5) the predicted pseudo-load vectyr is based on the incremental
plastic strains of the preceding step rather than on the current step). The
simplest corrective procedure involves the introduction of an equilibrium
correction term that may be added as a load vector in the incremental
procedure. The equilibrium correztion term is defined as

o) oo - [ Jov (6)

This is a simpler method than a complete iterative scheme and in effect the
eauilicrium correction term represents a one step iteration.

The pseudo-load vector is computed by various integration schemes (e.g.,
trapezoiual and Gaussian) in which Eqs (5) ana (6) are combined and +ritten as

’AG +
Ji+

R}iﬂ = i\ A; (8 (Ti)]T[E(ri)](t+§-:‘—1) |A€P|i —‘AGP}H) (7

where n represents tte nember of integration points, 'j represents the
spatial location of the . th integration point and Aj corresponds to an
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integration weight factor for the jth integration point. The derivation of
the pseudo-load vector for many of the NASTRAN elements is presented in ref.
2, The present study utilizes only the triangular membrane element (CTRMEM)
and the extensional rod element (CRC).

IMPLEMENTATION OF ELASTIC-PLASTIC ANALYSIS INTO NASTRAN

Elastic-plastic capabilities have been incorporated into the NASTRFN
program, A flow diagram, representing the intital-strain method, is shown in
Appendix A. The function of each step in the flow diagram is explained. A
corresponding rigid format was written as a modification to rigid format 1
(Level 17.0). The ALTER package and resulting new rigid format are shown in
Appendices Bl and B2, respectively.

Some of the important features of the new rigid format will be
mentioned., rirstly, two new modules have been written, PLANS1 and PLANSZ2,
PLANS] determines the critical load, i.e., the lowest lcad amplitude for which
at least one element stress point has become plastic. Tn addition a new
table, PLI, is initialized. This table contains the last known field
quantities siuch as stress, strain and plastic strain. PLANS2 implements the
elastic-plastic constitutive equations for incremental stress, strain and
plastic strain. Initially only perfect plastic behavior of the CTRMEM and
CROD elements have bheen included. In addition PLANSZ updates the PLI table
and forms the pseudo-load vector the the next plastic increment. The
calculations needed to perform an elastic-plastic analysis are divided into
those that are performed one time and those that are performed in each
incremental step. Among those that are performed once are all the usual
functions necessary in an elastic finite element analysis, i.e., reading
input, all global functions such as setting up data tables, and solving for
the elastic displacement field. These functions are performed by the
operatioral sequence currently in rigid format 1 and are represented by the
first block of the flow diagram. In addition, the critical load calcilation
and some preliminary plastic analysis definitions are carried cut as shown in
the flow diagram above LOOPA, which is the start of the plasticity loop. The
calculations performed during each incremental step are contained in the
plasticity loop as shown in the flow diagram. During eiach pass through the
plasticity Toop the SSG3 module solves for the incremental displacements due
to the plastic pseudo-load only. The incremental displacement due to the
external load or prescribed displacements are known and are added to the
incremental displacements due to the pseudo-load vector. The plasticity
constitutive equations are implemented and the new pseudo-load vector, to be
used -~ the next incremental step, is formed (PLANS2). The plasticity loop is
repeated for each incremental step.

Three new bulk data cards have been added for later use in a general
elastic-plastic analytic capability program. These are described in Appendix
C. The MATSZ bulk data card defines the plastic material properties; the
PLFAC2 bulk data card defines tne load history and step size information; and
the TABLEY1 bulk data card defines the yield stress as a function of
accumulated plastic strain.
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SAMPLE PROBLEM

In order to validate the implemented NASTRAN capability an elastic-
plastic analysis of a typical structural detail of a ship, namely a bracket
connection, was performed using NASTRAN and the Grumman PLANS program. Figqure
1 shows the intersection of a horizontal girder with a transverse bulkhead.
The shaded area represents the structural component that was analyzed. Loads
and boundary displacements on this section were provided from a finite element
model of the entire structure. The finite element model consisted of 657
membrane triangles for the webs, 103 rod elements for the flanges (shown as
dotted lines in Fig. 3) resulting in 704 degrees of freedom with a semi-band
width of 40, Figures 2 and 3 show the details of the finite element model.
Figure 4 shows the resultina yrowth of the plastic region of the highest
stressed section,

The NASTRAN analysis was performed on a CDC cyber 172 computer and
required 20 cpu seconds for each incremental step. The PLANS program,run on
an IBM 370/3033 computer, used 5 cpu seconds for each incremental step. The
results from each program were identical. Taking into account the difference
between computational speed of each computer (about 5:1), the running time for
the NASTRAN program is competitive with the PLANS proc -am.

CONCLUSIONS

The present work demonstrates the feasibility of incorporating elastic-
plastic capabilities into NASTRAN. The present implementation included a
general new rigid format and bulk data cards as well as two new modules. The

modules are specialized to include only perfect plasticity of the CTRMEM and
CROD elements.

An extension of these capabilities to include general plastic behavior of
the complete NASTRAN element library should present no new pitfalls and will
be briefly outlined. Firstly, ar extension to the flow chart and ALTER
package would include one new module, PLAS, used to accumulate the total
displacements (Table UGVPAC) as well as stress, strain and plastic strain
(Table PLIAC) at the end of each increment. It would apear as

PLAS  UGVP, PLI/UGVPAC,PLIAC/V,N,PLACOUNT/V,N,P

In addition, new tables would bz set up in PLANS1 and would contain element
integration point information. To form these tables, use. specified

information wouid be supplied on bulk data cards through riew element property
cards.

Module PLANS2 must be generaiized to build a pseudo-load vector, Eq (7),
from the new tables set up in PLANS1, In addition, the plasticity theory
contained in PLANS? should be expanded to include, in addition to perfect
plasticity, linear strain-hardening, nonlinear strain-hardening using either a
Ramberg-Osgood function or a stress-strain table, or any other theory

consistant with the initial strain approach that the developer wants to
incorporate.
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Fig. 1 Structural Detail of Bracket Connection
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Fig. 2 Finite Element Model of Bracket i
- CTRMEM Elements ) Dewi
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Fig. 3 Finite Element Model of Bracket Detail
- CROD Element for Flanges
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APPENDIX A

FLOW DIAGRAM OF MAIN FEATURES OF ELASTO-PLASTIC ANALYSIS
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Determine load critical value
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(PCRIT)’ Initialize PLI table
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D
LOOPA ) Top of loop

+ {Aug}: (First

:Ug}=lUCRIT
ADD incremenial step is elastic)
—

Calculate lAePI . AO} .
Form pseudo-load vector (DELTAP);

Update PLI1 table

Ae};

Interchange PLI1 and PLI tables

IAY8;= 0, Set incremental displacements

to zero at degrees of freedom where
D single point constraints are

prescribed
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Apply constraints to incremental
pseudo-load vector (DELTAP
={apg}).
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Solve for independent degree of
‘ SS8G3 ’freedom displacements due to
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incremental pseudo-load,
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‘BAPI} = {AP"’ LM {AU,}
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Recover dependent incremental

{ SDR1 displacements due to incremental

pseudo-load,

891 ) fa,
au, ap

bt v [ [

ol 100 (2

( ADD Form total incremental load,
AP

2= o+ [l < ol

Update total displacement,

= [G,] !Aua} + taug

| p

J

unit

e

Calculate {Aep;,[Ao",lAe,;
Form pseudo-load vector (DELTAP);
Update PLI1 Table

Interchange PLI1 and PLI tables

Bottom of loop; PLAST <1 ? If YES
then last step and end, if NO then
not last step and continue
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"ALTERS" TO RIGID FORMAT 1 FOR ELASTO-PLASTIC ANALYSIS

ALTER 1+3

EEGIN ¥ ELASTIC-PLASTIC ANALYSIS - - DEVELOFED BY GAC FOR NSRDC
ALTER 2335
ALTER 7. Z2&
ALTER 41441
ALTER &SeE6
RLIER 12841373
ALTEF 137s 1410
FHEAM A0 s ADDY s My PLACOUNT #CaNs 1/CsNs 0 ¢
FLANMZ1 ESTsMPTsDITsUGY - FPLIAVaYsPPCT/VsNsPCRIT $
IAYE FFCT-FCRIT b3
CHEFHMT FLI 1
MATFFT R4 %
FRFAMF Sy Ha MEY Y s N DELFP AV Y PPCT-YsNs PCRIT $
FARRAMF SEDaNeADD A N FPLLAYyNMsPCRIT Ve N DELFP $
FRFARMF o CaNs TOMPLEX - ~%aNeF11--YeNsP11C $
FRFAME e PO COMPLER 7Y s N PCRIT- VN PCRITC $
FRFAMF <+ Ms COMPLEX - -%s Ns DELF~~VYs Ny DELPC b
FRRAME e My RDDANYsNaPoVa Ny FCRIT A7 3
AOD LGV s ~TIELTAUGF-%s Ns DELFPC ¥
AL LGS "UGYF-YaMsF11C $
CHEFHT DELTRUGF s LIRYF ]
FAFAM SCCe N AN Vs N PLACOUNT ~#V e Ns PLACOUNT#Cs Ns 1 g
ECITY FLIsFLI1-NEVER b )
FLAMEE FLISMPTSEST~DELTAUGFsDIT-PLILs JELTAP-YsNs PLACOUNT/VsNs PLAST

MaMs FRINTINC - %YsNaFP-Ys Ny DELP/Vs Yy PMAX $
HYE FLHET«FRINTINCSF k3
SRR AN FLI1sFPLI-ALWAYS §
CHEFNT FLIsDELTAF b 3
CanD Mces FPINTINC B 3
FRTFARM <o CaMNs DA CaMs P ¥
MATFRT LIGYP .~ ¥
LAEREL MHee %
RO % ADELTAYS - CoMs €0, Os 0. 02 $
CHEFHT LeLTAYS %
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APPENDIX B2

"ALTERED" RiGID FORMAT FOR ELASTO-PLASTIC ANALYSIS
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ﬁd.wmﬂ«mmmmWQ%wi::)
w ’ ‘. ’/

~a

r
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79 ERUTV KGG,XNN/MPCFY1 &
80 CHKPANT PENT &
81 COnD LB L2, 1P(LF2 §
52 MCEN USET,RG/6G §
8% CHKPOANT 6™ %
84 mMCE2? USET, Gy kGGy0y) /NN, ,,
B85 CHXKPNT  MAN S
86 LABFL LBLe ¥
- 87 ERUTY KN, KFF/8INGLE §
: 8R (CWKPNT  MFF &
a9 (Chwe Lul 3,STIVGLE &
. 90 Ste! USFTeRNY o /XKFF ,KFS, K884, &
. 91 CHXPAT KEQ,KSS,KFF §
g 92 LAAEL  LBL3 3
9% EUTY KEE ,kan/nNul ¢
, QU CHKPNT  Kaa §
- 95  CONP LoLS,0m]T 8
: 96  SMPY USET o KEF ¢y p 7610 kAR, KNI, LNUsgsss ©
97 CHRPNTY GU,KAA KL
QR LABF LBLS &
99 EQUTYV KAA,KLL/REACT &
. 100 CHxPNT  KkLL &
: 101 CNND LBLo,RFACT %
102 RAMGY USFT,RAb, 7XLL ,KLR, KRRy, , &
103 CHKPNT KLL,¥LR, KRR §



yr

104
198
106
107
108
190
1e
111

112
1%
110
118
116
117
118
119

120
121
1e?
123
124
128
126

127

ORIGINAL PAGE 19
OF POOR QUALITY

LEVFL 2,0 wASTaAN paP CUMPTLER o SNURCE LISTING

LABEL LtoLe 3
RRmpp MEL/sLLL ¢
CHRPNT LLL &

¢CNND LBLT,RFACT ¢

RRMG3 LLLyKLD,uRR/D- §

CHRPAT Fv »

LAbFL Lut 7

$86G1 fb;g?jsfl;ﬁgz;asiL'ﬁs'v”"'“”"'ED""GG'C‘SECC'°"’P°"'“'
CHUPANT PG 3

EPuTY PG,PL/MUSET &

CHRPNT PL b

conp LbLte, uSET §

$86° VOFT,6M)Y5)%FS,GliyNrPG/OK, PN, Py, PL

CHRPNT Gh,Pr,05,PL ¢

LAAEL Lot te &

§8G1 b&h::gti:b&%z?fzg?':n/“Lv'uunv'R“Lv'“UOv/v'N'UMIY/v'v'tata..‘,
SAVF FPsl ¢

LHKPNT ULV LNV, kL V RUNY

CNaD LBLY,]1088 §

MATRPR  GPL,USFT,STL RILY//ZCon,L &
MATRPR GPLIMSF T 5T LartUV/ICoN U §
LaBFL Lale &

SHRY DSET, PR, ULV, I'DNV, YR, GU,GM,P £S,K R Ve PG VN NBK
C;”;ﬁTA?Tts'SD YR, GU,GM)PE,RFS)KSS)UR/UGYIPLG)QG/YaNyNSXIP/

CHRPNT HEV,PLAe, N, §
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134
13S

136
140
140
1a0
f40
140
140
140
140
140
140
149
140
140
140
140
149
140

tah
140

140

149

ORIGINAL PAGE IS
OF POOR QUALITY

LFVEL 2,0 MASTRAN D™AP COMPTYLER = SNURCE LISTING

CHIPNT ) L
GPENR rAﬂErc urv§KELN JKDTICT,FCT,EQEXTIN,GPECT,PGG,AR/ONRGY L, JGPPBY/

Caotip! STaTiC
QFP CeRGYY Z,UGPFBY 00077 8
PARAM J/C N ADN/V N, PLACRUNT/CoNyt/CoNs0 ¥
PLANSY ESY,MPT,0IT,UGV/PLT/V, Y PPCT/V, 1, PERIT S
SsvF PP:T,PPRIY 3
CHKPNT PLT [
MATPRT  UGv// $
PARAMR /7€, %, wPY vV N, DELP/V,Y,PPCT/V,N,PCR]T s
PaRAMR /0 N a0V N, PLI/V N, PCRIT/V, N, DELP $
PARAME  Z/C N PUMPLEX//VNyP11/7/V Ny PLIC $
PARAMR  //€,N,CUMPLEX//V,N,PCRIT//V,N,PCRITC )
PARIMR J7/C, N, COMPLEX//2V Ny DELP// VN DELPC 3
PARAMR //r,N,ADU/V,N,P/V,N,Pc91T/I $
ADD UGV, ZUFLTAUGP/V,N,DELPE L]
ADD UGv, 7UsVvPyV, N, P11C $
CHKPNT  DELTAUGP,UGVP L]
PARAM 2/7€,M ) aD0/V N, PLACAUNT/V, Ny PLACUUNT/C Myt $
EQUIV . PLISPLILI/ZNEVER $
LNz L RO LT RBIAR oI AR
8AVE PLAST,PRINTINC,P $
EQutv PLI1¢PLIZALWAYS $
CHKPNT  PLI,NELTAP $
COND N22,PRINTINC S
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140
146
140
140
140
140
140

140
140

140
140
140
140
140
140
140

140
140
140
140
140
140

oen etrter

ORIGINAL PAGE 18
OF POOR QUALITY

LEVEL 2,0 NASTRAN DMAP CUMPILER » SOURCE LISTING

PRTIPARM  //0,N,p/C N, P s
MATPRY Ugveyy $
Lagey N2 $
ADD YS,/DELTAYS/C,N, (0, 0,0,0) s
CHKPNTY DELTAYS S

LABEL LOOPA $

8862 gEtT-GM "ELYAYS.KFS.GD OM,NELTAP/DELTAGR,DELTAPU,DELTAPS,
CHKPNT DELTAGR,NELTAPO,DEL TAPS,NELTAPL $

BBk NG BRIy ST AR/ S LAgy v OFL LAWY, ORULY ORUOY/
SAVE EPS] [}

CHKPNT  DELTAUL v, DELTAUUOV,DRULY,DRUNY 5

cnan L22,IRFS )

MATGPR  BPL,USET,STL,DRULV//C,N,L s

MATGPR Gpr'JSETISILuDRUOV//CoN,U [ ]

LageL Le2 ®

SPR1 22{};355;;{;25&5“3 t::gg?x:?gé:zr $534RIUELTAPS, KFO, KBS,
CHKPNT  DEI TAUGY,0ELTAPLG s

ADD UGV, NELTAUGY/DELTAUGT/V, N, DELPE s

AND PELTAUGT,UGVPLUGVPYT/ $

Eoyty HGVRT, 1GVP/ZALWAYS s

CHKPNT ugve $

PARAM  //C4NyaDP/V N, PLACOUNT Vo No PLACUUNT/C Ny 1 $
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ORIGINAL PAGE (3
OF POOR QUALITY

LEVEL 2,0 NaSTRAW DMAP COMPILER e SOURCF LISTING

140 ENYTYV PLI,PLTI/NEVER S
140 PLaNS2 R R NSNS T RIS EEELL s RELTAR /NN BLACOUNT IV, N, LART
140 Save PLAST,PRINTINC,P $

140 EQUTY PLTI,PL1ZALNAYS ]

140 CHXPNT PLI,NEL TaP $

140 COnNd N2Y,PRINTING 3

140 PRTPARM  //C,N,n/C,N,P s

140 MATPRY ugveyy 3

140 Lagry N2y $

140 COND LUNPED,PLAST $

140 REPY LunPa,>; %

140 LaBfEL LONPED s

168 Jump FINIS &

168 LABEL ERRURZ §

169 PRTPARM //CyN,w2/C)N)STATICS
170 LaBEL ERROR3 3

171 PRTYPARM 7/C)N,w3/CyNsSTATICS §
172 LABEL ERRURY 3

173 PRTPARM CAIC )My md/CoN 3TATICS §
176 LABEL FINIS s

177 END $
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ORIGINAL PAGE 1S
OF POOR QUALITY

NEW BULK DATA CARDS

MATS2: Material Properties - defines stress-strain function
for either Ramberg-Osgood representation, linear
strain hardening or perfect plasticity.

1 2 3 4 5 6 7 8
TABLEY1 [ TABLES1 | n [0, )
Ramberg-Osgood MATSZ2 | 17 12 [ 0.6+5 }
Linear Hardening | MATS2} 17 0.25
Perfect Plasticity MATS2 | 17 0.0
Tabular MATS2 17 100
Field Contents
MID - Material identification number which matches the identification number
on some basic MAT1 card (Integer > 0)
n ~ shape parameter used in Ramberg-Osgood stress~strain function (Integer)

a - ET/E for linear strain hardening (Real)

B 00 7 = Ramberg-0sgood parameter (Real)

TABLES1- Table number for Stress-strain function - TABLES1 Table (Integer)

TABLEYl- Table number for yield stress vs. accumulated plastic strain, for

near linear strain hardening (Integer)

Remarks: 1. Ramberg-Osgood representation: ¢ =

30

* IE

g
E

o n-1
=)
%.7

2. TABLEYl may be used with any of the options listed.
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i
. PLFAC2: Load history and step size informution g?'gg‘oA;' gﬁ:ﬁl‘rz

, 1 2 3 " 5 6 7 8 9 10
P FPLFACZ SID P1 | N1 | NLD1 P2 | N2 | NLD2 +abc
g ' LFAC2 5 1.0} 5 1 2.0 | 10 1 ABC
Y .abc P3 -ete-
. /’17 N3 [ﬁNLD3 etc
H-BC 4] 3.0 5 ;J 2
‘L
;A
E Field Contents
:;.‘
. SID - Set identification number (Integer > 0)
; Pi - Load magnitude (Real)
? Ni - Number of increments for current load (Integer > 0)
N NLDi - Load set reference (Integer)
- Remarks: 1. Load history is contained with PLFAC2. Each Pi
: corresponds to total ioad for that set (NLDi).
r ) 2, One or Two sets of data may be included on each card.
x Fields 3, 4, and 5 must be used on each card, but
N fields 6, 7, and 8 may be omitted from any card even
g though continuation cards follow.
3. If Nif = 0, incrementation steps will be chosen automatically, :
3
; i
4
¢
oy
»
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ORIGINAL PAGE 13
OF POOR QUALITY

i TABLEYl: Yield stress vs. accumulated plastic strain
P
1 2 3 4 5 6 1 8 10

TABLEY1 | SID {0 o 1eP | o o £eP +abc
) yt| ys yt | ys
: TABLEY1 10 ABC
{ Habe o o Ie” | -etct
. yt! ys
; H-BC
k
? Field Contents
i
: SID set identification number (Integer > 0)
’ oyt yield stress in tension (Real)
R %s yield stress in shear (Real)
: ref accumulated plastic strain (Real)
a Remarks: 1. If accumulated plastic strain is less than first value in
’ table then first values of ¢ _ and o s are chosen, 1f
‘. accumulated plastic strain 1% greate¥ than last value in
. table than last values of ¢, and 0  are chosen, otherwise

a linear interpolation is ufed. s
2. One or two sets of data may be included on each card.

Fields 3, 4, and 5 must be used on each card, but fields
6, 7, and 8 may be omitted from any card even though continuation
cards follow.
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