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INTRODUCTION

This supplement describes a revised version of the computer program, now
designated as ARPY 5, which was developed to analyze stress-strain data.* The
revisions to AMMRC TR 76-12 are as follows.

1. Inclusion of a subroutine to arrange the input data in increasing order
of stress-strain magnitude. (In the original version the program was aborted if
the input data were not ordered.)

2. Inclusion of a data extrapolation routine for the case where the stress-
strain values of the last data point are just below those of the S; yield values.
(In the original version if the last data point was not equal to or larger than
S1, the Ramberg-Osgood secant yield stress, the calculations were aborted.)

3. Inclusion of a new method for tangent modulus calculations.
4. Inclusion of computations for the correlation coefficient.

5. Inclusion in the output of the stress-strain parameters expressed in
S-I metric units.

6. Elimination of all plastic strain component analyses.

7. Miscellaneous revisions: Elimination of optional Table 2 (tangent modu-
lus) and Table 3 (plastic strain parameters). Inclusion of S-I metric unit values
in optional Table 1 (comparison of input data with computed stress values). Compu-
tations of the elastic-plastic values of Poisson's ratio have also been eliminated.

Appropriate changes in the output formats have been made to accommodate the
various revisions. There have also been some small changes made in notation, in-
ternal computations, input, or output. A few revisions have been made in the
input data requirements but these are limited to data required on the header card.

Descriptions of the revisions are given in this report. Samples of the
printed output and listings of the revised main program and the subroutines are
given in appendixes.

DATA ORDERING

The routines for obtaining the Ramberg-Osgood S; and m parameters require
that the data be in increasing order of stress-strain magnitude. The program
contains a test for data order. If one or more data cards are not in the required
order, a subroutine, called ORDER, orders the data. The subroutine contains a
provision for aborting the ordering process if the number of iterations exceeds
the number of data points. When this occurs the calculations for the given data
set are aborted and a diagnostic message appears in the printout.

*PAPIRNO, R. Computer Analysis of Stress-Strain Data: Program Description and User Instructions. Army Materials and Mechanics
Research Center, AMMRC TR 76-12, April 1976.



DATA EXTRAPOLATION FOR RAMBERG-0SGOOD ANALYSES

In the original version of the program, the stress value of the last input
data point S(N) must equal or exceed the secant yield strength S;, or the Ramberg-
Osgood and subsecquent analyses are aborted. Let a test stress S(T) be defined by

S(T) = 0.7E/E(N) (1)

where E(N) is the strain value associated with S(N). Now let a test increment
be defined by

AS = S(N) - S(T). (2)
Data Test

If AS is negative or zero, the last data point will have a stress value
equal to or greater than S;. If AS is positive, the case shown in Figure 1, then
S(N) will always be less than S;. In the revised program an additional test is
done if the latter situation occurs. The ratio S(T)/S(N) is calculated. If the
value of the ratio is 0.95 or greater, an additional data point is extrapolated;
if the ratio value is less than 0.95, the R-O calculations are aborted. The value
0.95 was chosen arbitrarily to be the criterion of a last data point which was
close to the S; stress.

Extrapolation Procedure

last data  f A curve of the strain-hardening type,
paint
SIN) === ==
S = AeP, (3)
is fitted to the last four data points of the set
using a logarithmic least-squares procedure. The
stress-strain coordinates of the intersection of this
curve and the secant modulus line, 0.7E, are now cal-
culated. This point is designated S;, ej in Figure 2.
. The strain difference between e; and E(N), designated
A Ae in Figure 2, is determined.
&

H5=51N -5
|

Now 2Ae is added to E(N) for the extrapolated
value of strain. The extrapolated value of stress is
then calculated from Eq. 3, using the extrapolated
value of strain. This procedure assures that the
extrapolated data point will always be in excess of
the secant yield stress.

E(N)
STRAIN The program now treats the extrapolated point

: e as if it were the last data input point for R-O

Figure 1. Identification of stress and . . g

strain values used in the program for a §omputat10ns. ngever, a Q1§gnost1c message appears

test with the extrapolation criterion. in the output printout advising the user that the ex-
trapolation procedure has been employed. The message
also contains the stress and strain values of the
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v using e=E(N+1).
Figure 2. Extrapolation procedure outline. :
E(N)
STRAIN

extrapolated point. No entries are made for the extrapolated point in the op-
tional output table; a message is printed to this effect at the end of the table.

TANGENT MODULUS

If the Ramberg-Osgood expression is differentiated, the resulting tangent
modulus expression is given by

ds/de = E, = E/[1 + (3u/7)(s/s)™ 1. )
The corresponding expression for the strain hardening relation is
ds/de = E, = ApeP ™, (5)

Expressing Eq. 5 in terms of stress,

E, = Ap (51/M)7 (s/5))1 (6)

(p-1)/p.

where q

When the value of E; for stresses up to S; is found from Eq. 4 and for stresses
beyond S; from Eq. g, there is likely to be a discontinuity at the S; stress
value. This discontinuity can have two forms as shown in graphs in Figure 3.
Such a discontinuity leads to ambiguous results in calculations involving the
tangent modulus for stress values at S; (for example, in plastic buckling).
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Note, however, that it is possible for the two tangent modulus curves to
intersect, thereby eliminating the discontinuity. The stress value at the inter-
section has here been designated as the equitan stress S t+ This stress value
becomes one additional parameter to describe the stress-strain properties.

The equitan stress is found in the program by solving Eq. 4 and Eq. 6 simul-
taneously, using an iterative procedure. This is done by a subroutine called
ISOTAN. At the equitan stress,

-1

E/[1 + (3w/7)(5/51)" 1 = Ap(s1/M)(s/s ™. @

Rearranging Eq. 7 results in
+M—

(/s + Gu/7 (/s - E/[Ap(S/0 Y = 0. (8)
The S value in Eq. 8 is the desired equitan stress.

It is possible for there to be no real solution for Eq. 8 or for solutions
which are not useful for computation. The program contains tests which identify
these cases and diagnostic messages appear in the printout. The nonsolution and

nonuseful solutions for which tests are done are as follows.

1. No solution can be found in 100 iterations.



2. The computations diverge, resulting in numbers too large for the computer.
(A running size-check of key calculated quantities is made in a subroutine called
SIZECK.)

3. The equation has an imaginary solution.
4, The solution stress value is larger than the stress of the last data point.

5. The solution stress value is less than the proportional limit.

Shown in Figure 4 are the results of a computation for a titanium alloy. In
this case the equitan stress is less than the secant yield stress. The curve-
fitting parameters for the stress-strain data are as follows:

E = 15.2 x 10° psi (104.8 GPa)
S; = 165,57 ksi (1141 MPa)

m = 25.07

p = 0.1683

A = 333.6 ksi (2300 MPa)

The computed value of the equitan stress is 162.36 ksi (1119 MPa).

3.0

2.5

Eq.4
20 -

15 =

Figure 4. Computed tangent modulus values for a
titanium alloy using analytical expressions derived
from differentiating the Ramberg-Osgood and strain Titanium Alloy Ti-8-8-2-3
hardening equations. Tension test at room temperature
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Referring to Figure 4, note that there is a discontinuity in the tangent mod-
ulus if it is computed from Eq. 4 to S; and from Eq. 6 beyond S; at the values
designated B and C in the figure. The discontinuity disappears when Eq. 4 is used
for stress values to the equitan stress (A in the figure) and Eq. 6 thereafter.

It should be noted, however, that the stress-strain values associated with the
tangent modulus would be computed from the R-O curve to S; and from the S-H curve
beyond S;.

Applying the procedure results in a rough approximation of the tangent modu-
lus and is suggested only for economy of storage of parameters. If a better
approximation is required, then other more accurate methods should be used which
operate directly on the stress-strain data. For the latter case the stress-strain
data may also have to be stored.

MISCELLANEOUS REVISIONS
Metric Units

The output parameters are given in both Standard English units and S-I metric
units. For the S-I units, the modulus of elasticity is given in GPa and all other
stress values in MPa,

Header Card

An input Poisson's ratio is no longer required. The following changes from
the information given in Table 1 of the Supplement to AMMRC TR 76-12 (page 4) are
required

Columns 1-43 No change
Columns 44-50 Specimen Area, Format F7.4
Columns 51-62 Date of Test, Format 2A6
Columns 63-65 Output Option, Format I3; enter 1 in column 65
for optional table. Leave blank for standard output.

Optional Table

Calculations of point-for-point tangent modulus and elastic-plastic Poisson's
ratio have been eliminated as well as calculations of plastic components of strain.
These data were printed in optional Tables 2 and 3 of the original program and
these have been eliminated. In the single optional table in the revised program,
a point-by-point comparison is given of the actual input data stress values with
those calculated from the approximate analytic expressions. The values are ex-
pressed in both Standard English units and S-I metric units.

Additional Parameters

The maximum strain of the data is printed out. Computations of the correla-
tion coefficient are made for three separate data regions: elastic region; from
the proportional limit to the secant yield stress; the strain hardening region.
The values appear in the printout and serve, with the standard error of estimate,
as an indicator of the goodness-of-fit of the analytic values to the test data.



APPENDIX A. SAMPLES OF QUTPUT

1. Sample of printed output of stress-strain parameters and statistical
data for a specimen of ESR 4340 steel tested in tension.

2. Sample of tabular data for the same specimen in which the observed
stress values are compared with those computed from the Ramberg-Osgood and strain-
hardening analytic approximations. The columns labeled "Observed Strain" and
"Observed Stress' are the input test data values.

ANALYTIC APPROXIMATION 2F STRES3-STRAIN PRIPERTIES
RAMBERG-0SGOCO ANO STRAIN HAROENING PARAMETERS
D9TAINED FROM ANALYSES OF EXPERIMENTAL OATA

RAMS8ERG-0SEC00 EJUATION EPS=SIG/E+tI/TItS1I/ENLSIC/S1IesM
STRAIN HAROININC LAW SICZALEPSi*»P
SPEC NO ESR101 8340 STEEL TEMP= 20 C STRAIN RATE= 1.0-C5 PER SEC TEST OATE 12-GC-74 MAX STRAIN= .C193C

ssxses STANOARO INCLISH UNITS ssess

MOOULUS S~INTCPT E-INTCFT SPL S1 EXPNT .1-PCT SY .2-PCT SY COEFF-A TXPNT SEQT
MESA-PSI PSI MU-IN/IN KSI KSI v KSI KSI KSI P KST
29.52 =98, 3. 162.2C 178,92 1C3.90 173.35 174.52 «2181+03 «08623 178.06

esess ST INTERNATTIOINAL METRIC UNITS ssess

MOOULUS S-INTCPT E-INTCPT SPL Ss1 EXPNT  .1-PCT SY .2-PCT SY COEFF-A EXPNT SEQT
3PA MPA MU-M/M MPA MPA M MPA MPA MPA P MPA
203.51 ~«65 3. 1118.36 1208.C1 1C3.90 1195.2% 12C3.2% +1508 +0% 238622 12C0.14

STANDARO ERROR OF ESTIMATC ANO CORRZLATION COEFFICIENT

STANOAROD ENCLISH UNITS S~I METRIC UNITS CORR. COEFF.
ELAST SEE R-0 SEE S-H SEE SLAST SEE R-0 SEE S-H SEE ELASTIC R-0 S-H
KSI KSI KSI MPA MPA MPA R R R
+755 «259 +395 5.21 1.73 2.72 +9999 «9929 «98C2

COMPARISON OF COMPUTED 3TRESS VALUES WITH EXPIRIMENTALLY C9SERVEOD VALUES

FCR SPECIMEN NC. ESR101 JATE CF TEST 12-CC-7%
STANDARO ENCLISH UNITS S-I METRIC UNITS
C8SERVED ADJUSTEO C8SERVEOD GCOMPUTEC STRCSS CESFRVEO COMPUTED STRESS
S3TRAIN STRAIN STRESS STRESS DEVIATION STRESS STRESS OEVIATION
IN/IN OR M/M KSI KSI KSI MPA MPA MPA
.000000 -.000003 -03 -.03 .094 .08 -.65 «65
.000354 +C0C351 1C.54 1C.3% =185 72.67 71.39 1.28
+0C2740 .000737 21.C3 21.75 -.668 145.3% 189.95 -4.6C
-C01C66 +CC1063 31.61 31.37 ~28C 217.94% 216.29 1.65
.001818 .001%15 82.15 41.76 poat o} 230,61 287.92 2.69
.001768 .001765 €2.69 52.09 +60C 363.28 JEC2.15 §.13
.002122 .002113 63.23 52.58 «691 $35.96 431,19 8.76
.C02593 «CC2590 73.77 TE6.84 -2.671 5C8.63 527.0% -18.482
.0023843 -002885 84,30 83.97 .332 581.23 $73.94 «23
.0CZ208 +0032C5 958.84% 98,53 -286 653.90 652,25 1.73
.C03572 003569 105.33 105.38 042 726 .57 726.28 29
.003927 «CC2924 115.92 115.82 +1C04% 799.2% 798.52 .72
+00%231 .004278 126.4%5 126.26 .195 871.91 870.56 1.35
.004629 +C08E2E 136.99 136.58% 858 988,51 981.38 3.13
.005206 .025003 187.53 147.66 -e134 1C17.18 1018.11 -«92
005362 +C05359 158.07 158417 ~.1C2 1089.8%5 1C9C .55 -.73
.005301 .035733 168.61 163.01 ~«4C3 1162.52 11635.30 ~2.73
.006500 - 006897 17Z.C0 172.63 «367 1152.79 1190.26 2453
.007200 .006997 173.50 177.54% -.030 1196.2% 1196.52 -+ 28
.0075C0 .C07897 17%.00 174.14 ~128 1199.69 12CC.64 -«95
.008100 .008C97 17%.73 174.56 «130 1205.13 1208.2% .90
.009C00 - CC8397 17%.10 175.41 -.X10 12C7.27 1209.41 -2.13
.011200 .0111397 176.90 177.19 -.2927 1219.68 i221.7C ~2.02
+012860 .£12857 177.95 178.32 -e379 1226.22 1229.53 -2.61
.01%300 +014297 179.00 179.21 ~.+206 123%.16 1235.58 -1l.82
.0150080 .£18997 18C.06 172.6C LHET 1281.47 1228.322 3.15
.019300 .019297 181.11 131.71 -.593 1258.71 1252.82 -8,12



APPENDIX B. PROGRAM LISTING

The progran is written in FORTRAN IV and has been run on a UNIVAC 1106 com-
puter. The listing includes the main program and five subroutines. The number
of punch-cards for the program, including comment cards, is as follows:

Main program: 472 cards
Subroutine ORDER: 28 cards
Subroutine LSTSQ: 20 cards
Subroutine RJA75: 28 cards
Subroutine ISOTAN: 83 cards
Subroutine SIZECK: 13 cards

TOTAL: 644 cards

aF 0P oIS MAIN
COMMON S{1D0)eE(I0CI+SE(IODY oX(100) e Y{10C) e C3110C )
1SM(1001sCSM(1D0LeDVMIIND 1DV (100!}
OIMENSICON ARRAY(1)}
EQUIVALENCEIS(119ARRAY (11
SMC=6.894757
READ 70sN1
I1=0C
1 I1=T1+1
IF(I1.GT.N11GO Tn 939
DO 2 I=1,1000
ARRAYI(TI)=C
RCAY IN OF DATA AND CONVERSION TO PSI AND IN/IN UNITS
READ 71-SNOvXHTL-YHTLoTCMPvEDOTthN3vPPLvAREAvDATE3-DATE4vN?
IF(N3.EQ.21G0 TO &
IFIN3.EQ.3150 T0 &
TAW DATA IN KSI AND MICRO-IN/IN » N3=1 »
DO 3 I=1eN
READ T2eS(INeE(I
S(I)=5(I)+1000.
E(IIZE(I1/7(10e*2E .
3 EE(TIIZE(TIY
G0 7C 8
TAW DATA IN POUNDS LOAD AND TN/IN s N3=2 «
4 DS 5 I=z1eN
RZAD 73+5(I1eC(1)
S{IN=S(I1/AREA
EEATN=ELT)
S0 TC 8
RAX DATA IN KSI AND INZIN * NI=3 =
£ 00 7 Iz1leN
READ 74 ¢S{I1eE(I)
SEIN=S(I1+1000.
EECTII=ZE(TI)
CHECK THAYT DATA ARE CORDERED IN INCREASING STRESS/STIRAIN MACNITUDE
NQUT=
NL=N-1
D0 3 I=1eNL
IF(S(I1.LT.SIT+111CO0 TO &
IF(SETINaGTeSEIe1) ) NCUT=NCUT L
IF(E(T1.CTE(TI+11) NOUT=NOUT+1

OnN

(9]

(&}

(&}

(@]

OO~



9

c

10

13

c

14

15

16

17

CONT INUE
IFtNCUT.EGQ.CIGC TC 10

ONDERING OF DATA

MORDER=C

CALL DRDERINsSe+T+EEWMORDIR)
IF {MCRDER.EG.0O) GO TC 1C
ENZELN)

NEND =0

G0 T¢ 51

SFL=FPL#100C

MX =0

SEQJT=0

NRUNZD

NRPUN=NRUN+1

ELASTIC DATA ANALYSIS

=0

IzI+1

TFUStI)GT.SPLIGO 70 13
IFtI.CQeNIGO TO 13

GC 70 12

JPL=T

J=JfL-1

IFLJGTL21CO TC 14
EN=ZIN)

INSUFICIENT ELASTIC DATA

NIZND=1

GO TO0 51

02 15 I=1.J
X(IIZELT)

Y{I)=StI)

LI=1

LJ=J

CALL LSTSO(XeYeSLoCFeLIsLI
EMOD=SL

IF INRUN.EQ.2IGC TC 1C
S190F=0F

L10F=-S10F /EMC2O
PCOF-E1O0F+(10.2%C.)
PSOF =S10F

EQFF=E10F

52 70 17

S20F=CF
T20F=-S20F/EM2D
COFFz=E20F

PSOFZS10F +S2CF
E120F=ZZ10F+E2CF
PCOF-C120F={i0.%*C .}
DD 13 I=1eN



18 ECIIZE(I §-E0F 7

C -0 ANALYSIS
ENZEC(NS
SCT1=.7*2M0D
SCT2=.85+EM0OD
CHK1=Z{ N)esSCT?
IFICHKICELSINIIGO TC 19
CHK3I=CHK1/SI(N}
IF{CHKI.GZ..951G0 YC 400

C LAST DATA POINT STRESS VALUZ LESS THAN S1
NENDZ=2
G3 T2 33

C ECXTRAPCLATICN ROUTINE

400 I=N-3
LJ=N
MX=MXel
DO 401 I=LIeLd
XUII=ALOGULE(IY)

401 Y(IFZALCG(S(TISY
CALL LSTSQ{XeYoSLeOFeLIoL D)
XPNT=SL
COEFFZEXP(OF)
XTRPCZ2.#(SCT1/COEFF Yo (1./7(XPNT-1a))-C(N}
XTRPSZCOEFFsXTRPE*#XINT

N=N+1
E(NIZYTRPE
SUNI=XTRPS
1s I=J
20 I=1+1

DEL2=SCT2s+E(I
IF(DZL2-5(I1)20+22421

21 SLZ=ZUSUII-S(I-118/CELT1-E(I-11}
B2=StIV-SL2sE(T)
S2=S5CT2#8B2/tSCT2-SL2}
£2=32/75C72
JsS2=I-1
GC T2 24

22 S2=51(I}
E2=E£{(1)
JsSz2=I

23 I-I+1

24 DELIZSCT1=E(I
IFt(DZL1I-5(11523¢26425

25 SLIZ(SIII-SII-It)/CE(TI-EC(I-171
B1=S(Is-SL1sE(T)
S1=SCT1+B1/(SCT1-SL1}
£1=351/5¢cM1
JS1:=1-1
G0 T2 27

26 S1=S(I1
1=t I
Jsic=I

27 CHK2=JS1-JS?2
IF(CHK2.GE.21G0 TO 28
NEND=3

C INSUFFICIENT DATA IN KNCE RICION
GC Y0 33

10



JP=JUS1+1
XNUMZALOGt 7 o ¢ (EMODeE2-S2)/7(3.5S511})
XDENZALOG (S2/S11
XMZXNUM/XOEN
SPLZS13(7.%EMCD/(3.%S19(10axsE 1103 (1,/%M1
IF(NRUN.EJL.11CO0 TO 11
IF(MXoGTo0) ICHKZ100,sEIN-1)1/E1+.5
IFIMXeGT 0} XTRPE=ZXTRPE+E12CF
IF IMY «GTa0) ENTE(N-11
EPL=5PL/EMOD
SY=S1%(7.EMODs,002/7(2.+S1ilse(],/XM]
SY1=S18(7.,¢CM0Ds.001/7(3.2S1))es(1./7XM)
DO 29 Iz-JUPLsN
YOIP=ALOGIS(I)Y
NP=N-JP21
ISINP.GEL3IG0 TN 31
DC 30 I=JFN
S{I1=0
£(1I1=0
ES(T)=0
Y(II=C
N-JS1
INSUFFICENT S-H DATA
NEND =4
Go Tn 332
STRAIN HARDENING ANALYSIS
COMPLETE DATA SET FOR NEND=S
NENDZ=S
09 32 I=JdPsN
X(II=ALCCLE(I NI
LIzyr
LJ=N
CALL LSTSA{XeYsSLeCFelLIvL U}
p=SL
A=S1/(E1ssP}
JT1:=0
o0T2:=¢C
073=0
S3AR1=C
€BARZ =0
SBAR3J=C
DR1=0
OR2=D
DR3=0
CCR1=0
coRrz=0
COR3=0
JROZJS1-V
JSH=N-JS1
0C 34 Izl
CStIN=E(I)1+TMOD
DVIEINI=S(II-CS(I1
DT1=DT1¢0V(Idies2,
SBAR1=SBAR1+S(I/J
D0 75 I=1.Jd

11



35

36

37

33

33

40

41

DRI=DR1+(SBAR1I-S(Ili#s2,
DV1=SQRT(0T1/J})
COR=1.-DT1/DR1
IF(CORLLT.0) GO TO 25
COR1=<ART(COR]
IT(NEND.LT.H) G2 7O 42
00 37 IzJPLyJS1
Z2=C3tI-1y731
BE=ZE (I 1*EMCD/S1

CALL RJUATS(ZvXMy 33}
CotI1="sS1
CYCII=S¢I)-C31(I})
DT2=DT24DV(I1es2,
SBAR2=SBARZ2+5(I)/JR0
00 38 I=-JPLy»JSI
DR2=0P2+ (5BAR2-S (I} )=e2,
JVZ=SQART(DT2/JR0I
COR=1.-DT2/0P2
IF(CORLLT.CY GO TO 28
CCR2=SART(COR}
IFI(NEND.LT.51 GO TC 42
D2 40 I-JPeN
CSUIIzAsE(T12sP
OVEII=S(I)-CS(IY
DT3=DT2+DV(IIes2,
SBAR3=SBARI+S(I I/ JSH
3C 41 I=JPeN
DRI=DR3I+(SBARZ-S(I1)ss2,
OV3I=33RTIDTI/JUSHY
COR=1.,-DT3/DR3
IT(CCRLTO) CO T2 43
COR3I=SGRT(CCR}

GG ™7 43

EQUITAN STRESS COMPUTATION

C NO
42

42

C NO

&)
&

£ O

R-C JATA OR NO S-H DATA s NC Z3UITAN STRESS
Jreutzl

GO 70 438

JTCUTZO

SEQT=0.

SCGTM=0.

XHT:XH-I.

XNT=(FP=-1.1/P

CAZEMOD/(A*P*(S1/A)ssXNT}

KWw=D

Wzl

CALL ISCTAN(WsXMToXNTeCWIKW!
IF(KW.LE.1DO) GO TC 4&

IF(KWeLE.20C) GO TC 45

IT{KW.LE.300) 50 TC uy

SOLUTION CAN BE FCUND FCR ISCTAN EGUATION
JTouT=2

G3 TC 48

JTeur=2
GO T2 43

TMAGINARY SOLUTION FOR ISOTAN E2UATICN

JToUuTzy
GC 70 ug

12
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46

C

c
h7

43

51

SCAT=WeS1
IF(SEQT.LE.SPLY GO TO 47
IF(SE3T.LE.S1) GC TC 43
CEQTZ(SEQT/Als2(1./P}
IF(EEQT.LY.EN) CC TO 43

FQUITAN STRESS LARGER THAN STRESS OF

JTOUT =5
S2QT=0
GO To 43

EQUITAN STRESS LESS THAN SPL

JTCUT=6

SEQT=0

IF(N2.EQ.0) GO TO SO
IF(NEND.LTZ2) GC TO 51
IFCNENDLT.H) NPTS=JY
TE(NENDLEQe4 ) NPTSZJUSI
TF(NEND.GT. 4} NPTS=N
DO 43 I-1+NPTS
StI)=st1)s100n.
SMIII=S(I )eSMC
CS(I)=CStI)/1000.
CSMET I=CS (I 1sSNMC
DV(II=DV(I)/1000.
DVMII =DV (I ¥2SMC
CEMCD-EMCD/(10.%26,. 1
EMODMZEMODsSMC
PSOFM-PSOF+SMC/1000.
bvi=DV1/1000.
OVIMZ-DV1+SMC
TT(NEND.LT.4) GC T30 51
XTRPS=XTRPS/i000.
XTRPSMZXTRPS&SMC
si=s1/1000.

S1Mz=S1e«SMC
SseLz=SPL/1CO00.
SPLMZSPLs*SMC
Sy=sSys/1c04q.

SYM=SY+SMC
Syi=sSyiszionQo.
SYIMZSY1aSMC
ovz2=-Dv2rs1000.
DV2M=DV2sSMC
IFINENDLTS5)1 GO TO 52
AzA/i0DD.

AMZA2SMC

oviz=ov3iszioon,
DVIM=DV3IeSMC

IF (JTCUTS5T.0) G0 TC 51
SEQT=SEQT/1000.
SEQTMZSEAT*+SMC

FPINT 100

PRINT 101

LAST DATA POINT

PRINT 1029SNOeXMTL e YMTLs TCMPoEDOT+DATC3#DATEL N

IF(NIND.GT.1) GO TO §3
IFA{NEND.EQ.1) GC TO 52
PRINT 1C03+SNO

GO Y0 1

13



[Sa ]
)

(%]
wd

(L]
thn <&

57

%]

el

9389
70

-
Fy

-
4

i/
i

74
100

101

SR

GC

PIITNY 10
PRINT 1C8

PRINT 109+CMODsTMOOM4P52F s

i

IF(NZ.EG.0)

cle

73 519

PRINT 11
TFUMX.GT
PRINT 132
PRINT 113¢-MODePSCFeP IO e Le32eXMeSY1eSYsdV1eDV2eCCRLNCER2
FRINT 11
PRINT 1159EMOOMePSOFU P IO o SPLMSIMeXMeSYIMeSYMyOVINMeOV2MyCCRYy
iCOF2

IF(N2.EQ.0)

3C

TC ©8

0

5% PRINT 1119ICHKeXTRPSeXTRPSMeXTRPL

y

it

v

S %)
Y W

)
<«
4
3

GC 70 1

Go 10 1

I"(JToUT.27.0) GO T3
POINT 11
IF(JTOUT.EQ.21 PRINT
ITT(JTOUT.EQ.3) PRINT
JF(JTOUT.EQ. 41 FRINT
IT(JTOUT.C3.5) PRINT
IF(UTOUT.EQeB ) FRINT
PRINY 122
PRINT 123 +EMODsPSOFoFEOr 9SPL#S1 e XMeSY1eSYrAsP o SEQT
PRINY 124
PRINT 125eEMOUMelrSCFMaPC Ol o SPLMeSIMeXMeSYIMeSYMeAMyFPoSEGTH
PRTNT 126
PRINT 127+0V1ieDV2eDVIeDVIMWDVIMsDVIMeCORIWCORZ +CCR3
TCIN2.C3.0)
PRINT 128 ¢SNOeDATEZDATCR

Gc

60 I=

€

1.NP

53 YC 1

TS

53

117
118
118
120
123

CSOFMePIOFeV1IWCVIM CORY

PRINT 1299 ES(I 1 oECI) o ST oCSUIN oDV AT eSMITIoCIMIINDVMIT
IFIMXL.5T.0)
IF(MX GTL0)
TFUNCHND.Z3.4) PRINT
IF(NCNDL LT B PRINT

ce

T 1

STOF
FORMAT(TI3)

FORMATISAC 92T 29FT7.20F7492AE0 13

PRINT 2130

s¢C 70 1

FORMATIFT.29F7.0)
FOPMATI(FT7.CsF7.501
FIRMATIFT.20FTa%1
FORMATIIHI »TH2s "ANALYTIC

MAE

1 30

132

TUS+ "RAMIERC-05G0

Z'OBTAINED FROM ANALYEES

1/ 1My S/ T25 o "STRAIN
FOOMATITIN. *5°CC NC

i =

"2 AE "

FER

APre DX IMATICN GF

STRESS5-STRAIN FRCFTRTIES

30 AND STRAIN HARDENINZ FARAMCTERZ"+ /e TG
CF EXFERIMENTAL DATA": /)
FORMATI T30+ "RAMICIG-0S622D CIUATION ' «BXe"EPS=SIC/T+I3/THICYIZENLSIE
HARDINTING LAW"#SXe "SIC=AIEFSIeel e /]

e AE S X ZAG 2N T TTMP Y AG " C'eDX4"STRATIN RATE
SEC*« 2% "TEST DATE

14

A ZAERT X THAX

ETRAINC "4 TSe/}



103

104

103

106

107

103

11u

111

112

117

1138

FORMATU /o T25+3(S{1H®) 96XV e/ /9 T32¢%sssss NO ANALYSIS WAS MADE OF TH
1 DATA FOR SPCCeNO. "sAGo"sss2s%,//9sT259"THE DATA CARCI COULD NOT
237 ARRANGED IN INCRTASING CRDER OF STRESS MAGNITUNE . *e /79725981511
IH* ) eEX )

FORMATU /9 T2593C5C1H®9SX) 0/ /9 T27 e %sxsx+ INSUFFICITNT JATA IN THE E
ILASTIC RECION WERE INPUT TC THE PRCGRAM, »2833 %e/+T28¢%A VALID LEA
2ST SJUARES ANALYSIS COULD NOT BE MADE AND THE CALCULATIONS WCRC AB
ICRTED "¢ //9T2598(5(1Hs e EX T}

FORMAT(T10s *#»++»THERE WERE INSUFFICIENT TATA FOR A VALID R-C ANAL
1YSIS*)

FORMAT{1H#+T71+°*TOC FEW DATA POINTS IN THE KNEE O0F THE S-E CURVC.s
1xssxx%,/)

FORMATU1H¢ s T71+*STRESS VALUE OF LAST DATA POINT LESS THAN S1 STRES
1C.ss525%, /]

FORMMATI TS e " easse DNLY ZLASTIC DATA ANALYZILD wsswww®,//, 720y "ELASTT
IC MCOULUS *»TH 2+ *STRESS INTERCLFT "+ TLEZ»*STRAIN INTERCEFT®+T82¢'STND
2 CRROR OF ESTIMATE" o T103s *Z0RAEL "o/ T20+ " MENA=-DL I" e TIZ2,'GPAY e T4y ®
P S I e ToU e "MPAY s TEUw "MICRCETRAIN "o TBT o "HEI "9 TST e "MPAT+ 7103« COEFF*,
R7)

FORMATHUTZOoF 729 T2C0oF 729 T829F7e0eTS20F702¢7C59FT . 09T3HsFT7,39798,F
17.2¢7107+FG4)

FORMAT(T14+%sssss THERE WERE INSUFFICIENT INPUT DATA HIYCND THE S1
1 STRESS FOR A VALID STRAIM HARODENING ANALYSIS.s*2ss%,/)

FOPMAT(T14e*+sxe2s THE LAST INPUT CATA POINT HAD A STRAIN VALUE WHI
1CH WAS*y I3+°% PERCENT OF E1. AN ADDITIONAL FPDINT WAT®e/sT14+°EXTR
2APCLATED SC THAT AN R-0 AMALYSIS COULD BE MADE. THE STRESS AND S5TP
3AIN VALUES FOR THE EXTRAPCLATED DATA ARE® e /s T14HeFT7e29® KSI (*9F3.2
Ge®* MPA) AND®*oF3.6e% IN/IN (M/Mletssss¥,y/)

FCRMAT (TS O e ss2 2 STANDARDC ENCLISH UNITS sxs2s%,//,
1T12"MODULUS e T21e "S=INTCP T s T30 s *E-INTCPT* s TH29*SPLY» TS1s°S1%s 753
o EXPNT s TEE 1 o 1-PCT SY" 97 779°.2-PCT SY'" 47839y ELAST SEC*y7S89*R-D
JSEC'sT1D39*ELAST "9 T1184°R-C*¥¢/

QT11e*MECA-PSI Yoy T2U s " TSI® o TZ09 " MU-IN/IN o TH29*KET "o TS1 9 "KSI®sTELIe*M
S e TGS " KSTI* o T30 "SI T31 9 " KST s TI01o*KSTI®eT1119"R*91T113e"RY97)

FORMATU(T119F 7207220 F 7o TZ00F 7D o TUUF Ta20T839F 7207 5050F T o290 TETWF
17207739 FT7e29T88¢F7 30 T380F739T1IC39F049T116sFS.U)

FORPMAT (1HU ¢ THGy *#23ss S-1 TINTERNATICNAL METRIC UNITS #2%s%%y//y
AT11e*MODULUS e T2 1 S-INTC T s T30 " E-TNTCPT v TU24* T PL*eT519°51°9 759
Zo'EXPNT s 7669 % 1-PCT SY 9 T779*e2-PCT SY* 17889 "ELAST SEE®*9TS989*R-0
IS %eTi0 32 Sl AST *#T118+"R-C e/

T L 3w " ATy T U " MPA e T3l "MU-M /M s THZ e "MPA o TS1 s "MPA" s TC1 "My 76 *
GMPAT s T30 "MPAT 9T 9 "MPAY W TIN1+"MPAT y 71119 R4 T1139°P*s7)

FoRMATIT Ll eF 72T 21 aF Tal e T 30w F Tl o T2 aF 8uZ e TUE aF Bl o T 20F 742 eTGEWF
18420770 aF 3220783 el T u2eT28¢F 70l eTI0A+FLa40T1154F0 N1

FORMATITIUs"+e+22 TO COMPUTE THE TAMCEMT MCDULLS USE THE R-C CURVE
1 TO 51 ANJ YHE S-H CURVE JEYOMD 51« AN CGUITANM STRESS COULD*s /s T1D
2¢*NOT BE DETERMINLD BECAUSE")

FORMATUIH#y T369*NO SOLUTION COULD 3L FOUND FOR THT ISCTAN EQUATTON
2.80%8x%y /)

FAORMAT(1He 9y T369* THE COMPUTATICNS INVOLVED NUMAZR SI7TT3S TOC LARGE F
i0R THE COMPUTER.s*#sx%%,/ ]

FORMATC1 He 9y T35 THE ISOTAMN CZJUATICN HAD AN IMASINARY SOLUTION.ssss
it/

FORMAT(1H*» 7369 * THL VALUZ FOUND WAS LARGECR THAN TYE MAX-STRESS JAT
IA PCINTessxsx',y/]

FORMATULIHe, *THE VALUZ F2UND WAS LLCSS THAN THEZ PRCPOPTICOMNAL L MTT.»
1ss%2%4/)
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122

FORMAT(TSDs*sssss STANDARD ENGLISH UNTITS ssess?y//

IT11 e "MCOULUS*+T21 9 S-INTCP T o T30 'E-INTCPT "oT424°SPL"»T519°S1%752
2o 'EXPNT "9 TE6 01 -PCT SY' o T779°e2-PCT SY*'9TI3e*COEFF-A"9 T100+*EXPNT
T'9TI0S+*SEQT e/ »

G711 e "MEGA-PSTI e T 24 e P SI®e T30 e MU-IN/IN " oT42 ¢ " KSI"eTS19*KSI'e 7619 ' M
ST eTE3 s "KSI "o TBO e " KSI o TO0 e ' KSI®eT10Ze P eT1100 *KSTI e/ )

FORMATC( T110F 720 T220F 7 00T3CoF 709 TUCIFT 29T 39F7.29T530F7.20T670F
17e29TT780F7.29TBT70 349 TC80F7.5eT1I039F7.21

FORMATE1HC o TG o  ssnse S-T INTERNATIONAL METRIT UNITS ss2ss?,//,
ITI1 e *MCOOULUS Y oT21 9 *S-INTCFT Yo TZ00 " E-INTCFT "o T 2+ "SPL "9 TE19%'S1%975°
29 "EXPNT "9 T55 0 e1=PCT SY*oTT779"2-PCT SY"oT38s'C0CFF-A"yT100+"CXPNT
397108 s°'SEQRT e/

GT13e "GP A s T 240 "MPA o T31 9" MU-M/M* o T4 29" MPAYsTS51 9" MPAeT519 " M9 TGy ?
SMFAY o TSC e "MPATs TO0 s *MPA* o T1C2e*P*sT110e " MPA /)

FORMATE T110F7e20T210F7 a2 T300FTeNeT39¢F8420TLBoF8e29T539F7.20TGEWF
1L e29 7T T7oFBa2eTBT74EB.4sTSSeFT7.5¢T1I079FBL2C)

FORMAT(1HCy» T40 9 *STANDARD TRROR OF ESTIMATE AND ZCRRELATION COEFFIC
IICNT"e//9T20e *STANDARD ENCLISH UNITS*sTEH e *S-I METRIC UNITS',700,°*
2CORRs COLFFo®o/s T1Se*CLAST SEE"97279°2-0 SEE'T39e*S-H SEZ e ISEs
JELAST SEE*9TE84°R~0 SEL* o780 "'S-H SEC "+ TO4 ¢ 'ELASTIC e+ T104e'R-0"»T1
G120%S-H /0 T180 Ko I e 1239 " KSI e TU 1o " KST"sTG39 " MPA' o T70s " MPA® 9 782,
SMPA' +T37¢ R*sT105¢"'R*eT1139"R"9 /1

FORMATL T150F7e30T270F 703073505 703975700 7e2076830F7e¢29T200F 720 T34y F
16 4 oT1029FCe8eT1100FE 4

FORMAT(IH1sT279¢*CCMFPARICSCN CF COMFUTED STRESS VALUES WITH EXPFRIME
INTALLY OBSERVED VALUES®*s/9T35e*FO® SPICIMEN NCe "9A6+3Xe*DATE OF T
CEST "42A609//0
ITY4T7e*STANDARD ENCLISH UNITS'+T359°3-1 METRIC UNITS" e /e T24,*C3SERVE
GD o T34 "ADJUSTED o T4y "CBCERVED *9 TS89 *COMFUTED Y4 TES 9o " STRESSY 9 T78y Y
S03SERVED " eT83s "COMPUTED s T2 STRESS Y4/ 9 T25 9" 5TRAINY #7335, STRATN Y,
ETHS s 'STRESS o755 *STRESS "o TEU s *DEVIATION s T72 0 'STRESS 9782+ 5STRESS
Ty T3Ie"DEVIATION "o/ e T250* IN/IN DOR M/MY o THT ' K3T "o T 570 'KSTI' e TG7y 'K
BSI"eT81e " MFA s T21 9 "MPA'» TI019 "MPA' /)

FORMATI T2U e F3eb o T3 ol 3ebeTll o 7027580729 TGUeFT7e3977539F 32978307
18.29T869F7.2)

FORMAT(1HC s T2Ue? #29es NO CNTRTILS FOR THE CXTRAPOLATED DATA POINT A
1IRE INCEUCED IN THE TABLE s2s2s7 ]

FORMATU1HOs T2 *s2ss2 NO CNTRIES FOR DATA 3EYOND S1 ARE INCLUDED
1IN THE TABLE #sses*) :

FOPMATILIHOs T2 9% ssss« ND ENTRIES TOR DATA 3EYOND THT INPUT VALUE
iF SPL AREZ INCLUDED IN THE TABLE #sss9s°]

END

P4

(& ]

oFORYIS ORDER

ry

SUBROUTINE ORDER(Ne+S+TsCESMOROER)
JTMENSICN SI1T.Et11eERtT)

COUNT=C

M=N-1

Nout=C

00 4 Iz1.M

IFISCIN-SUTI¢111497932
IF(E(IT.LELE(I+11) GC TC 4

16



¥ NOUT=NOUT+1
SAZS(I
CAZE(TI)

SB=S(I+1)
EB=E(I+1)
StIi=ss8
E(IVzEB
S(I+1)1=SA
C(I+1)=EA

q CONTINUE

COUNTZCOUNT+1

IFtCOUNT.LT. N} GO TC 5

MOR3JER=1

RE TURN

IF(NSUT.GT.C) G2 TO 1

DC & IZ1N

6 EZ(IY=C( I
PZ TURN
ZND

@FCReIS LSTSQ
SUBROUTINE LSTSA(XeYeSLeZFelLIeld)
JIMENSICN Y(il1eY(1)
ET=C
SIT=r
EET=0
£sST=0
02 1 I=LI.LY
ETZET+X(I)

ST=STeY(I)
EETZELTeX (T892

1 EST-EST+X(I1aY(I}
ColJ-LI+1
DENZCECT-ETss2
TNUMZC+EST-ETaST
CNUMZCT#ECT-CTsEST
SL=ZINUM/DEN
OF Z=CNUM/DEN
RITURN
END

Ao,y IS NJATS
SUBRQUTINE RJATS(ZeXMsEB )
FUNC(Z)ZZ+(3./77.1%2%2([XM}-88
KK=0
RMz.CQ0C2
L=0

2=271CC.

1 RZ=FUNC(7}
TECASSIRZ)LELRMIGC TO 7
KK=-KK+1
I“(KK.GTL10M)C0 T1C 7
IF(RZLT.UL IGO0 T2 3

2 L=L+}

Z=7Z-1LDZ
GC T2 1

(8]
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2 V=ZeD7
RVZFUNC( V)
IF(ABS(RVI.LC.RMICC TC &
KKZKKe¢1l
IF(KK-10018¢497
] IT(RV.LT.0. 133 TO 5
DZ=D72/1C,
G2 T0 3
2=Z«DZ
G2 YO 3
€ Zzv
7 RETURN
END
270 IS ISOTAN
SUBRCOUTINE ISOTAN(WsXMTe XMTeCWeKW}
FUNCUWI oW XNTe (32 (XMT¢1,) /7)o Wea (XNT+XMT)I-CY
L=D
KW=
XCWZALCCLUL (2o XMT+1,1/7 .1
RMZW/{1C.*23,)
dwz=W/1CC.
3=W
RAIZFUNCI(3}
TFLASSIRIILLZ.RMIGC TO 14
IF(YNT+XMT 1191042
Iz1
G0 10 3
T=-1
IF(R3.CT.L)CC TO 7
RUZFUNCI W)
IF(ABSIRWI.LE.RMICC TO 14
KWZKW+l
IF{KW.CT.1001GD TG 14
IF(RW.CT.OICO TC 5
LoL+1
WoW-TeLeDW
WV=W
CALL SITECKIXNT oXMToXZWe LV eKX)
IC(KX.GT.01530 TO 12
3@ T2
VZW+T«DW
Wwvzv
CALL STZECKIXNTYs XMTeXCHWeidVe¥X)
IF (KX CT.01GC T0O 12
RVZFUNZTIV)
IFCABSIRVIJLC.RMISC TO 2112
KW=KW+1
IF(KW.CT.10CICC TO 14
I(PV.GT.IC0 79 &
owzbu/1c,.
Ge 79 5
£ W-W+I»DW
WV=W
CALL SITECKIXNT oXMTeXCWe WV KX
IFIKX.GT.01CC Tn 12

~ o~
50 7C 5

C "CUTINI WHCRT FUNC(W) I3 PLUS FCR W=1

(L,

-

£ N

A

18



7 RW=FUNC W]
IF(ASS{RWILLC.RMIGO TC 14
IF(KW.GT.1001G0 TO 14
KWZKWe+1
IFIRW.LT.UIGO TC 8
LoL+1
WoW+lelaDW
WVy=W
CALL SIZECKI{XNT eXMToXClWe WV KX}
IF(KX.CT.C150 TC 12
Go Y0 17
3 V=W-I+0W
Wv=v
CALL SIZECAIXNT«XMTeXCWeWVeKX)
IFIKX.GT.0ICO TC 12
RY=FUNZ(V)
IF(ABS(RVI,LE.RMICO 70O 11
KUZKW+1
JF (KW CT.1001G0 TO 14
IF{RV.LT.MIGO TO 9
pW=oOwW/10,
GC 10 8
W=W-I+DW
WVZW
CALL SIZECKE{XNT oXMTeXCWe RVIKX]
IF{KXGT.CIGO TO 12
GO0 TC 8
2CUTINE FCR (XMT+XNTI=C
0 CHECK=CH~-Z.2(XMT+1,.1/7,
TT{CHECK.LE 01580 7O 13
WZCHECKes»{1./XNT]
GO 1% 14
woV
SC TC 14
12 KW=200
3C TC 14
13 KW=3C0
14 PZTURN
tND
aF0ReIS SITECK
SUBRIOUTINE SIZECKIXNT o XMT o XCUWe WV e KX)
KX=0 .
STZESZXNT=ALOGIC (WV)
SIZEMZ(XMT+XNTIALOCID(WVI]
ST?ZLZXCW+STZEM
IFLABS(SITNS1.CT.20,.,1GC TC 2
IT(ATSESIZTMYLGT.20.,)C3 TD
IF(ADS(SIZELY.GT.20.1G0 TC 1
2 109 2
KX=1
RETURN

EN

[§-]

c
1

Pa
[y

[

INE
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