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FOREWORD 

I he work was performed by the Consiruction Engineering Research Laboratory 
(CERL) for the Directorate of Military Construction, Office of the Chief of Engineers, 
under Project 4A161102B52E, “Research in Military Engineering and Construc- 
tion." Task 09, “Analytical and Theoretical Studies of Complex Structural Systems,” 
Work Unit 002, "Energy Dissipation in Dynamically Loaded Structures." This work 
was performed under Purchase Order No. DACA88-72-M-1178, with Mr. Fred B. 
Plummer as contracting officer. The OCE Technical Monitor was Mr. William 
Heitmann. 

Mr. J. J. Healy is Chief of the Materials Systems and Science Division. Dr. L. R. 
Shaffer is Director of CERL. 
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CYCLIC MECHANICAL TESTS 
AND AN APPROPRIATE ANALYTICAL 
STRESS-STRAIN MODEL FOR A36 STEEL 

1 INTRODUCTION 

A total of 15 uniaxial specimens were tested to 
characterize the monotonie, cyclic steady-state and 
transient properties of A36 steel. Table 1 describes 
the test program. One beam specimen was tested in 
three-point bending. A total of six computer pro¬ 
grams are supplied with three of these programs 
based on a series rheological model and the other 
three based on a parallel model. A listing of the pro¬ 
grams can be found in Appendix B. 

2 TEST APPARATUS AND PROCEDURES 

All testing was performed on a closed-loop, servo- 
controlled testing machine. Definitions and termi¬ 
nology concur with the manual by Raske and 
Morrow .1 Smooth specimen configuration is shown 
in Figure la; the beam geometry and loading is 
described in Figure lb. 

3 MONOTONIC TENSION 

Similar to other mild steels. A36 steel exhibits 
pronounced upper and lower yield points followed by 
relatively flat top behavior. Strain hardening is seen 
only after an appreciable strain has been reached. 
Figure 2 is a reproduction of the original X-Y plot 
for monotonie tension. The difference between engi¬ 
neering stress-strain and true stress-strain can be 
seen in Figure 3. 

The stress-strain behavior of a metal may be 
expressed by: 

£p = (o/K)1/n. lEqll 

The constants for Eq 1 were determined by least 
square fits of the data shown in Figure 4. A single fit 
for these data would not be appropriate; therefore, 
the stress-strain curve was divided into two 

■D. T. Raske and JoDean Morrow, "Mechanics of 
Materials in Ix»w Cycie Fatigue Testing," Manual on Low 
Cycle Fatigue Testing. A STM STP 465 (American Society 
for Testing and Materials, 1969), pp 1-25. 

segments. Although the slope of the initial portion of 
the curve is negative, a line with a very small slope 
(n =0.001) would also be accurate. Figure 5 demon¬ 
strates the accuracy of Eq 2 to predict the actual 
stress-strain behavior: 

£ = o/E + (o/K)1/n. |Eq 2| 

Table 2 lists the properties obtained from this 
tension test. 

4 STEADY-STATE CYCLIC STRESS-STRAIN 

The steady-state cyclic behavior of a metal may 
be characterized by the cyclic stress-strain curve 
(Eq 2). which is defined as a curve passing through 
the locus of tips of a set of stable hysteresis loops. 
Similar to the monotonie tersion stress-strain curve, 
the cyclic curve may also be expressed by a powei 
function. Averaging the tension and compression 
tips for individual loops, Eq 1 and 2 become: 

Aep/2 = (Ao/2K),/n (Eq 31 

At/2 = Ao/2E + (Ao/2K)1/n. [Eq4) 

The cyclic stress-strain curve was determined by 
two methods: an incremental step test and mono¬ 
tonie tension after precycling. Figures 6 and 7 show 
the stable stress-strain response from an incremental 
step test. To determine constants for Eq 3 and 4, the 
data from Figures 6 and 7 were plotted (Figure 8) 
and a least squares fit made. Figure 9 shows the 
stress-strain curve for monotonie tension after pre¬ 
cycling. This curve was obtained immediately after 
the load sequence (Figure 7) and on the same 
specimen Although the curve in Figure 7 is for 
monotonie tension, it represents stable cyclic 
behavior. Figure 10 shows the data fit to Eq 1. Table 
2 lists the properties obtained from this test. 

A comparison of the cyclic stress-strain curves 
obtained by these two methods is shown in Figure 
II. Also included in Figure 11 is the monotonie 
curve. The abi'ity of Eq 4 to simulate actual data 
from the incremental step test is shown in Figure 12. 

Ideally, Eq 3 and 4 should be able to describe a 
stable hysteresis loop at any strain range. To check 
this assumption, a set of stable loops was recorded 



Specimen No. 

C2 

(’9. ('4. ('5 

C7, C6, C8. C12, CIO, Cl 

C3.C14 

Cll 

C13 

C15 

Table I 

Specimens in Test Program 

Purpose Remarks 

Monotonie tension 

Incremental step test follow«! by monotonie Spec. Cfl was the only specimen 
to fracture usixi in the analysis 

Constant strain controlled for cyclic harden- Spec. Cl was started in com¬ 

ing or softening pression 

Incremental step test followed by constant 
strain for cyclic relaxation of mean stress ; 

Frequency effect, return of the yield point 
after heating, elimination of the yield point 
for load control below the monotonie yield 
strength 

Transient and stable strass-strain response 
for computer model verification, common 
loop tips, frequency effect 

Block londing 

Table 2 

Monotonie Tensile Properties of Uncycled and Precyded Specimens 

Property Spec. C2 (Uncydedl_Spec. C9 (Precyded) 

Upper tensile yield point, ksi 
Lower tensile yield point, '.mí 
0.2% offset yield strength, ksi 
Ultimate tensile strength, Su, ksi 
Modulus of elasticity, E, X10* ksi 
True fracture strength, of, ksi* 
True fracture ductility, t( 

Percent reduction in area, % RA 
Strength coefficient, K, ksi 
Strain hardening exponent, n 

•The first value is the load just before it suddenly decreased prior to fracture divided by the final area of the 
fractured specimen. The second value is corrected for triaxiality. , . - 
••The first value represents the initial portion of the plastic strain-stress curve, i.e., for plastic strain 
ranging from 0.0001 to 0.017. The second value is for plastic strains from 0.017 to 0.22. 

52.9 

65.0 690 
29.9 280 
132/112 139/118 

1.04 106 
64.7 65 4 
40.0/85.!•• 1°3 
0.0001/0.158** 0.142 
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(Figure 13). Ihe zero of the X-Y recorder was 
changed for each loop to produce a common lower 
lip. Data were obtained for loops b. 10 and 14 and 
Iront the lips ol all loops, rítese data are shown in 

» f igure 14 with the cyclic curve obtained front the 
► incremental step lest. 

specimens were used for this part of the investiga¬ 
tion. Figures 21 through 23 demonstrate symmetry 
for the relaxation of both tensile and compressive 
mean stresses. Figure 23 also shows good agreement 
for companion specimens strained at the same range 
and mean strain. Figure 24 shows the cyclic relaxa¬ 
tion for a variety of different strain limits. 

' 

* 

:: 

5 CYCLIC HARDENING OR SOFTENING 

Cyclic hardening and softenir g were studied by 
constant strain data. An exam ole of one of the tests 
is shown in Figure 15. Although the metal may 
initially behave in an elastic manner, after cycling, 
plastic strain becomes evident. As a rule, cyclic 
hardening occurs at strains larger than where the 
cyclic and monotonie curves intersect (Figure 11). 
Cyclic softening occurs at strains smaller than the 
intersecting point. Six constant strain tests were 
performed; the data from these tests are shown in 
Figure lb. To simplify Figure 16. only the data after 
plastic strain became evident were plotted {Figure 
17). Because of the complicated behavior shown in 
Figures 16 and 17, several stress-strain curves for 
two tests were examined. The data from the second 
and third reversals of Specimen C9 are shown in 
Figure 18. Specimen C9 was under constant strain 
control for these first reversals. As seen, continuous 
hardening occurred. The strain limits for Specimen 
C6 w'ere small enough to produce only cyclic soften¬ 
ing. The data from reversals 10() and 20,000 for 
Specimen C6 are plotted in Figure 18. The least 
square lits for the individual loops produce quite 
different constants. However, for the small strain 
range data, deviation from the cyclic curve is not too 
great in the range of the actual data. Figure 19 com¬ 
pares the stress-strain curve for reversals 2 and 3 to 
steady-state curve, all were obtained from Specimen 
C9. For large strains where cyclic hardening occurs, 
a three-step hardening approach might be appropri¬ 
ate. For smaller strain ranges for which cyclic soften¬ 
ing occurs, the stable curve might be used. 

6 CYCLIC RELAXATION OF MEAN STRESS 

7 BEAM IN THREE-POINT BENDING 

Reversed loading was accomplished by rotating 
the beam 180°. The first three reversals of the load- 
deflection plot for the beam in three-point bending 
are show n in Figure 25. Subsequent reversals are in 
the original data. The strain-load plot is shown in 
Figure 26. 

8 COMPUTER SIMULATION 

Successful computer-based simulation of the 
cyclic stress-strain behavior of 2024-T4 aluminum 
was accomplished and reported in Materials 
Research and Standards.2 This same type of 
approach was attempted for A36 steel. Success on 
2024- F4 aluminum was mainly due to the relatively 
simple transient behavior of the material. This 
aluminum alloy, only cyclically hardened and 
hysteresis loops for any strain range, followed the 
cyclic stress-strain curve. The behavior of A36 steel 
was quite different. 

Both the series and the parallel rheological 
models were programmed. The basic mathematical 
form for the rheological models produces the 
memory effect necessary for complicated cyclic load- 
ing. Cyclic hardening and softening and cyclic 
relaxation are accomplished by fitting experimental 
data. Appendix A gives a brief description of both 
models without any transient characteristics. The 
procedure for including cyclic hardening and soften¬ 
ing and cyclic relaxation are described in Materials 
Research and Standards.2 In brief, hardening and 

Constant strain data were also used to character¬ 
ize cyclic relaxation which was separated from cyclic 
hardening or softening by initially prestraining the 
specimen to obtain a relatively stable state and then 
starting with new strain limits to induce an initial 
mean stress. An example is shown in Figure 20. Two 

'J. F. Martin, T. H. Topper, and G. M. Sinclair, “Com¬ 
puter Based Simulation of Cyclic Stress-Strain Behavior 
with Applications to Fatigue,” Material* Research and 
Standards, Vol II, No. 2 (February )971), p 23. 

*J. F. Martin, T. H. Topper, and G. M. Sinclair, “Com¬ 
puter Based Simulation of Cyclic Stress-Strain Behavior 
with Applications to Fatigue." 
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softening are accomplished by establishing a new 
stress-strain curve for each cycle and fitting to it 
parameters of the rheological model. Relaxation can 
be incorporated by multiplying each of the spring 
stiffnesses by a relaxation function dependent on 
stress. For each type of rheological model, three pro¬ 
grams are included in Appendix B. One set ol pro¬ 
grams does not include transient characteristics. The 
second set includes hardening of the same form as 
used in Materials Research and Standards, and the 
third set is written especially for A36 steel. 

9 DISCUSSION 

The A3b steel tested in this report demonstrates 
much the same characteristics as other mild steels. 
The first reversal beyond the elastic limit produces 
stress-strain behavior far different from any other 
subsequent reversals. Cyclic hardening or softening 
is possible depending on strain range. A truly stable 
state is never reached as shown from the data for 
Specimen CIS. For example, after a specimen has 
exhausted more than half its life, a change in strain 

range will produce hardening or softening. It a 
sample is cycled at a stress level below the upper or 
lower yield point for a sufficient number of cycles, 
cyclic softening will occur, i.e., the metal is no longer 
strictly elastic. All of these characteristics make it 
rather difficult to predict the response of a mild 
steel, such as A36, given a complicated load history. 

Because of the above-mentioned characteristic, 
modeling of the stress-strain behavior of this metal 
would be quite difficult if exact accuracy is neces¬ 
sary. However, various models could be developed 
depending on the application. Consequently, three 
sets of programs were written ranging from the most 
simple steady-state model to a model specifically for 
use in this program. Another program similar to the 
one used in Materials Research and Standards is 
also supplied, however, no appropriate empirical 
expressions are given. 

In summary, data were produced to show charac¬ 
teristics of A36 steel. These data were reduced to a 
form useful for constructing a computer-based 
model. Computer programs were written regarding 
their application. 



a. Uniaxial specimen. 

1/8" STRAIN GAGE, MM TYPE EA-06-125 AD-120 

Figure 1. Test specimens. 
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Figure 2. Monotonie tension test. 
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Figure 6. Incremental step test-decreasing increments (A). 

Figure 7. Incremental step test-decreasing incremenU (B). 
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Figwr« 9. Monotonie tension after preeycling (A). 
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Figure 11. Monotonie and cyclic true stress-true strain. 

Figure 12. Cyclic true stress-true strain actual and predicted. 
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1000 Lh LOAD 

Figure 25. First three reversals of beam in three-point bending. 

STRAIN 

Figure 26. Load vs strain for beam. 
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APPENDIX A: 
RHEOLOGICAL MODELS 

stress-strain curve. 

This .'ppendix describes utilization of both the 
series and the parallel rheological models to simulate 
cyclic stress-strain behavior. Determination of the 
parameters in the model is also described. Symbols 
are kept aselose as possible to those used in the pro¬ 
grams. Cyclic hardening or softening and cyclic 
relaxation are not included in the model. 

1 DETERMINATION OF PARAMETERS 
FOR THE SERIES MODEL 

Figure A1 shows the piece-wise approximation 
that can be obtained by the series rheological model 
(Figure A2) for the stress-strain Eq 4. The first yield 
stress, SB(3), is determined by the offset plastic 
strain, YPPS, where vielding occurs: 

SB(3) = AK*YPPS**(1/SHE) (Eq Al| 

All consecutive yield stresses, SB(I), are incremented 
by a set value of stress, DELS. 

The reciprocal of the slope of a line segment in 
Figure A1 is: 

1/ET(I) = l/E + l/E(3) +.+ I/EU) (Eq A2] 

or 

l/ETU) = l/E + EDRU). (Eq A3( 

The parameter EDRU) is determined by: 

EDRU) = DELEP/DELS-l/E. (Eq A4| 

The value of DELEP for any segment, except the 
third, is calculated by: 

DELEP = DELS/E + (STU)/AK)**(1/SHE) 

- (ST(I-1)/AK)**(1/SHE). [Eq A5) 

For the third segment: 

DELEP = DELS/E+(ST(J)/AK)**(l/SHE).(Eq A61 

With the values of SBU) and EDRU) determined, 
the model may be used to simulate the cyclic 
behavior of the metal which is characteristic of the 

2 DETERMINATION OF PARAMETERS 
OF THE PARALLEL MODEL 

Parameters for the parallel model. Figure A3, are 
determined in much the same manner as for the 
series model. As before, the stress ending the elastic 
range. ST(2), is determined from the yield plastic 
strain, YPPS: 

ST(2) = AK*YPPS**(1 /SHE) (Eq A7] 

and 

DELEP = ST(2)/E. [Eq A8] 

The slope of a line segment is: 

ETU) = E - E(3) - E(4) -.- EU-1 ) (Eq A9) 

or ETU) = E - ESUMU). [EqA10| 

The parameter ESUMU) is determined by: 

ESUMU) = E-DELS/DELEP. [Eq All] 

The parameter DELEP is calculated by: 

DELEP = DELS/E + (STU)/AK)**(1/SHE) 

- (STU-1)/AK)**(!/SHE) [EqAi2] 

or 

DELEP = DELS/E + (ST(3)/AK)**(1/SHE). 
[Eq A13| 

Instead of determining the yield stress of each 
element, only the strain at which the element yields. 
EPB(I), is calculated. The value of EPBU) is calcu¬ 
lated by continuously summing DELEP for each 
segment. 

EPBU) - EPBU-1) + DELEP [Eq AH] 

or 

EPBU) - EPTU). [Eq A15] 

35 
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Figure Al. Rheological model approximation of stress-strain curve. 
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Figure A2. Series rheological model. 

Figure A3. Parallel rheological model. 
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3 STRESS-STRAIN RELATION 
FROM THE SERIES MODEL 

From the previous reversals, the residual stresses. 
Ml), were ealeulateil. The final stress ami strain 
values Irom the last reversal heeome SKI) and 
EPKI). All subsequent stresses are: 

ST(1) = - SB(1 + 1) - S(1 + I). |Eq Alb] 

For segment two: 

EPK2) = (ST(1) - ST(l) )/E + EPT(l). |Eq A17J 

For all remaining segments: 

l/ETO) = l/E + EDRO) |EqA18] 

and 

EPTU) = (ST(i) - ST(I-l) )/ET(l) + EPT(I - 1). 
|Eq A19] 

This is continued until the desired strain range has 
been reached. Finally, all residual stresses tor the 
elements activated on this reversal are reset. 

4 STRESS-STRAIN RELATION 
FROM THE PARALLEL MODEL 

The parallel model is strain based. From previous 
reversals, the plastic strain. ElM’ll). is known. The 
strains are calculated Irom: 

EPKI) = EPBll) + EPPll). lEq A2I | 

If the strain limit is exceeded. EPT(I) is set equal to 
that limit. For segment two: 

SKI) = (EPK2) - EPT(l) )*E + ST(1). (Eq A22] 

For the remaining segments: 

ET(1) = E-ESUM(1) 

and 

SKI) = (EPT(l) - EPT (I - 1) )*ET(I) + EPKI - 1). 
[Eq A23] 

When the strain limit is reached, all plastic strains 
for the elements activated for this reversal are reset: 

EPP(l) = EPT(l) -EPB(I). [Eq A24| 

The sign of all EPBU) is changed. 
S(I) = - SKI) - SB(I) 

and the sign of all SB(I) is changed. 

[Eq A20| 



APPENDIX B: 
COMPUTER PROGRAM LISTINGS 

Six computer program listings with accompany¬ 
ing sample data cards are given in the following 
order: 

1. Series Model 

2. Parallel Model 

3. Series Model with Cyclic Hardening or Soften¬ 
ing and Relaxation 

4. Parallel Model with Cyclic Hardening or 
Softening and Relaxation 

5. Series Model Characteristic of A36 Steel 

6. Parallel Model Characteristic of A36 Steel 
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SERIES MODEL 

vjTHAlN CONTROL - SÇRItS MODEL U) 
M*«punf.n tNPtjT-puTPoT 

OEAL KS 
1 COE MAT ( • l ' » 
¿ FORMAT 

FURMfT 

H FORMAT 
iO format 
19 CCRMAT 

(//////» 
(RElt.R) 
(EÎ2.A) 

I2E12.4Í 

FORMAT »T55?* INPUT INFOR MATI CN* ///TÎ, • CONSTANTS FORMING STRESS-S 
1 TR A IN SELATION'//T24,'STRENGTH COEFFICIENT , 
1 FU.I.T8A,'STRAIN HARDENING eXPONFNT «'.FlA.A/ 
2 T23.'MODULUS OF ELASTICITY «'.Fll.l/I 

36 FORMAT (T30,'YIELD STRENGTH ., Fl 1.1.T89.•PLAST IC•. 

1 • STRAIN OFFSET *',F1T.7/» ctoccf TKiroFM 
3T FORMAT (T20 f' MAXIMUM STRESS REQUIRED *'. FI 1.1»T92. STRESS INCREM 

LENT *•,Fll.l/T25,' NUMBER OF ELE“ENTS 18////1 
FORMAT (////• PROGRAM HAS EXCEEDED THE ALLOTTED*•15,' ELEMENTS ON 

ITHE'iIS»' REVERSAL't 
«8 FORMAT |T5,'STRAIN PEAKSs */T05,'ORDER *,T20,•STR AIN•I 

60 FORMAT (I10.1PE16.6» .eraceci 
66 FORMAT (Til.'REV.*,T2S,'POINT',T39,'STRAIN',T55,'STRESS', 

1 th6,'DEL. D. STRAIN*,TBA,'P. STR AIN*,T09B, 

Z 'MEAN STRESS' I . 
07 FORMAT (III »T29,'l'«lPE16.4.2PEl6.4,lP2Ei6.4, 

ö9 FORMAT U29,iPE16.<,,2pE16.A,lPE16.*,lPEi6.6ll 
DIMENSION S R ( 300 ) , ST ( 3001 , S COO I. EPT1300». EOR ( 3 00 ! * 

I EPLL13001,DELPEP(3001 
COMMON EPT.ST.EI,YDS,DELS.KH,H,SHEI,SHEC,RC, 

1 Fpp,STM,EDR,tPPS ,AX,A1 ,SB,P**, 
2 N.NSKIP.MSKIP.NPEV, !,NSKlPl 

PRINT 1 

INPUT DATA ••* 
ra * ^ ^ 

: cata input 
100 READ 5, SULT,CELS,E,YPPS 

R FAO 10, SHES.KS 
RE AC !9, NREV 
READ 8, (EPLLIJI, J-1.NREV» 
YPSM . KS*YPPS*pSHES 
N * (SUET - YPSMI/OÉLS 
PRINT 31, KS.SHES.E 
PRINT 3b, YPSM.Y.PPS 
PRINT ?7, S'lLT.OElS.N 

PRINT 50 
PRINT 60, IJ,EPLLIJI, J-l.NREVi 

:*** initial values *** 

no «jo j * 7,n 
200 SIJI * 0.0 

AK < <S 
SHF I • 1.0/SHFS 
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Et = 1.0/E 
Al * YPPS**SHES 
! » 1 
PPINT 2 
PM • -1.0 
EPL * 0.0 
ST(1t * 0.0 

r $$$*********•••••••••*•* 
c*** C INSTRUCT STRESS-STRAIN CURVE *•• 

Q*«* SET SLIDER STRESSES S SPRING STIFFNESSES *** 
caLi fornss 

C*** START CYCLING *** 
00 500 N * l.NREV 
EPTIII * EPI 
EPL * 6PLUNI 

C*** FOR FIRST SEGMANT **• 
240 smi « STI II 

P»l « -PH 
I - 2 
STI 2 ) * -SOI - S B( 31 
cPT I 2 I • I STI 2 I - ST 1111 *11 ♦ EPTUI 
DIFF . PH*IEPTI21 - EPLI 
0ELPEP121 - 0.0 
1F IDIFFI 310,344,305 

305 OELEP * f PL - EPT Ill 
STI 2) * OELEP*E ♦ STI11 
E PT 12 I ■ EPL 
GO TO 344 

fOR REMAINING SEGMENTS *•* 
310 I » 1 ♦ l 

!F 11 .LE. NI GO TO 312 
PRINT 55, N.NREV 
PRINT 1 
GO TO 1000 

312 STI 11 * -SI 1*11 - SRI 1*11 
ETOS ■ El ♦ EOPII I 
EPTIII - I STI ! I - STI 1-111*ETDS ♦ EPTII-l» 
0IFF1 » STÍII - STII-ll 
0IFF2 ■ EPTIII - EPTII-ll 
DELPEPIII * DIFF2 - D!Ffl*EI 
OIFF . ph*IEPT( Il - EPLI 
IF IDIFFI 310,335,315 

315 OELEP ■ EPL - EPTII-ll 
STII1 ■ OELEP/ETOS ♦ STII- Il 
EPTII I ■ EPI. 
0IFF1 ■ STI ! 1 - STII-ll 
DIFF2 ■ EPTIII - EPTII-1I 
DELPEPI 11 » DIFF2 - DIFF1*EI 

C*** reset ALL residual STRESSES **• 
335 DO 3*0 J • 3,1 
340 SIJI ■ -STI1I - SBIJI 

C*** RESET FRICTIONAL STRESSES IF NECESSARY *** 
344 00 345 J * 3 *N 
345 SBIJI » -SBIJI 
400 CONTINUE 

C**»»*•••*•***»**•* 
c*** PRINTOUT *•* 
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PRINT 65 
STM = (STIll ♦ STtm/?.0 
PSSUM • 0.0 
0ELPEPI1) ■ 0.0 
PRINT 67, M, ePTm.STIll .OELPEPIU.PSSUH STM 
00 420 J - 2,1 
PSSUM « PSSUM » OELPEPIji 

4¿0 PRINT 69, J.EPTIJ»,STIJt.DELPEPIJ»,PSSUM 
500 PRINT 2 

PRINT I 
1000 CALL EXIT 

STOP 
END 
SUBROUTINE FORMSS 

••• CALC. FRICTIONAL STRESS K SPRING STIFFNESSES **• 

REAL KS 
C CALCULATION OF MODULI 

COMMON EPT,ST i El ,VPS,DELS,KH,H,SMEI,SMEC,RC, 
1 EPP,STN,EDR,EPPS,AK,A1,SB,PM, 
2 N.NSXIP.MSKIP.NREV, l.NSXIPl 

DIMENSION ST (3001 ,E PT 13001 • EORI 3C0I • SBOOOi 
AKI « 1.0/AK 

C*** StT FRICTIONAL STRESSES 
SRI « AR4AI 
sum » PN4SBI 
0ELS1 » PM*DELS 
DO 110 J « 4 ,N 

110 SB! J I ■ SB! >1 I ♦ HE LSI 
C*** SET SPRING STIFFNESSES *** 

DEIEP - DELS*EI ♦ MSBI*DELSI*AKl»**SHEI . . 
ET I » OELEP^OELS 
EOR I 3 ) « (ETI - Ell 
DO 100 J « 4,N 
SBI > SBI * DELS 
DEIEP • DELS*EI ♦ (ISBI»DELS1*AKII**SHEI - (S6I*AK¡!**SHEI 
ETI * CELEP/DEL S 

100 FDR I J) » (ETI - El) 
120 RETURN 

END 
»ENTRY 

2.0000E405 2.0000E+03 3.0000E*07 2.0000E-0* 
1.780QE-01 l,29aof405 .-. - - 

2 
2.0000E-02 

-2.0000E-02 
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PARALLEL MODEL 

STRAIN CONTROL - PARALLEL MODEL II» 
SIMPLIFIED input-output 

REAL KS 
1 FORMAT 1^11) 
2 format \trn/n 
5 FORMAT (4E12.4» 
R FORMAT IE12.AI 

it) FORMAT (2E12.4Í 

STRESS INCREM 

ELEMENTS ON 

1<J FORMAT 1110» „„ , 
31 cORMAT (T5S , • INPUT INFORMATI ON V//T3 *• CONSTANTS FORMING STRESS-S 

1TPAIN RELATI0N'//T2*,'STRENGTH COEFFICIENT , 
1 Fll.1.T8A.'STRAIN HARDENING EXPONENT *',F1*.A2 
2 T’B,'MODULUS OF ELASTICITY «'.Fll.l/I 

36 FORMAT (T30,'YIELD STRENGTH , FI1.1,T88.'PLASTIC'. 
1 • STRAIN OFFSET -',F17.7/» 

37 FORMAT IT20,' MAXIMUM STRESS RfCUIRED «'tFl1.1.T92,• 
IFNT «• tFll.l/T25, • NUMBER OF ELEMENTS «'.I1»////» 

65 FORMAT (////• PROGRAM HAS EXCEEDED THE ALLOTTED'.15.• 
ITHE'.IS.' REVERSAL'» 

SB FORMAT (T5.'STRAIN PEAKSs•/T05.'ORDER•.T20.'STRAIN'» 
60 FORMAT (I10.1PE16.6I 
65 FORMAT (Til,'REV.• .T25,'POINT*,T39,'STRAIN'.T55.'STRESS'. 

1 T66.'CEL. P. STRAIN',T8A,'P. STRAIN*,T098. 
2 'MEAN STRESS'» 

67 FORMAT (113,T29,•1',1PE16.4.2PE16.4,1P2E16.4, 
1 2PE16.4» 

0q FORMAT (I2«,lPElfc.4.2PE16.4,lPE16.4.1PE16.4» 
DIMENSION SR 1300».5T( 300 » »SI 300 ».EPTI300».EPB I 300». 

1 FPLLl300»,0ELPfcPnOO» ,ESUM(300 ». EPPL 1300 » 
COMMON EPT.ST.Ft.YPS.OFLS.KH.H.SHEI.SHEC.RC. 

1 EPP.STM.EPB.FPPS.AK.At.SB.PM.E.ESUM, 
2 N.NSKIP.MSKIP.NREV. I.NSX1P1 

PRINT I 
Ç • *•••***•**• •*•*«.• 
r«*« INPUT DATA •** 

C DATA INPUT 
100 READ 5. SULT.DELS.E.YPPS 

READ 10. SHES.KS 
READ 19, NREV 
GFAD 8. (EPLL(J », J-1.NREV» 
YPSM • KS*YPPS**SHES 
N « ISULT - YPSM»/DELS 
PRINT 31. KS.SHES.E 
PRINT 36, YPSM.YPPS 
FRI1T 37* SUIT,DELS,N 
PRINT 58 
PRINT 60, (J.EPLLIJt, J-1.NREV» 

(;*•«*«*«*«**••**•**••*» 
c*** initial values 

DO ^00 _J_ ■ 2.N 
200 EPPLUI ■ 0.0 

AK ■ KS 
SHE 1 • l.O/SHES 
El - 1.0/E 
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Al * rPPS**$HFS 
1 « 1 
PPINT 2 
PM . -1.0 

?pL * 0.0 
srm . o.o 

riNSTPucr strfss-strain curve **• 

C*** SET SLIDER STRESSES C SPRING STIFFNESSES *** 
CALL FORMSS 

C*R* START CYCLING 
DO 500 N * l.NREV 
EPTI15 * EPL 
E PL * EPLLINI 

C*** EOR FIRST SEGNANT 
240 STtlI • ST« II 

PN « -PH 
I * 2 
EPTI2I > EPPLI2I ♦ EPB(2I 
STI2I » ST 111 ♦ IEPTI2I - EPTI1))*F 
DIFF . PH*(EPT(21 - FPU 
DEL PPP(2 I « 0.0 
IF 10 IFF I 310,344,305 

305 tPTI21 « ERL 
STI2» « STI1I ♦ (EPTI2I EPT(1M*E 
GO TO 344 

C*** for REMAINING SEGMENTS *•* 
310 I « I ♦ 1 

IF (I .LE. N) GO TO 312 
PRINT 55, N.NREV 
PRINT I 
GO TO 1000 

312 EPTIII » EPPLII) ♦ EPBUI 
ET « E - ESUMI1-1 I 
ST(I) » ST( 1-11 » (EPTIII - EPTU-1II4FT 
0IFF1 » STM) - ST( 1-1 I 
0IFF2 - EPT( 11 - EPTIl-li 
DEL PF P( 11 • DIFF2 - 0IFF1«EI 
DIFF . PH*(EPT( 11 - FPL) 
IF (DIFF) 310,335,315 

315 EPTMl « EPL 
STH) * STII-1) ♦ (EPTMl - EPT ( l-i 11 *et 
0IFF1 ■ STMI - ST( I-l) 
DIFF2 * EPTIII - FPT(I-lI 
OELPEPIII « 0IFF2 - D IFF]*E I 

C*** RESET ALL PLASTIC STRAINS •** 
534 h » J - J 

on 340 j * 2,M 
340 EPPLUI » EPTMl - EPBUI 

C*** RESET VIFLO STRAINS 
344 DO 345 J a 2,N 
34« EPBUI a -EPBUI 
40Ü CONTINUE 

C*** PRINTOUT •** 

PRINT 65 
STM . ( ST (11 ♦ STUIJ/2.0 
PSSUH a 0.0 
DELPfPILl * 0.0 
PRINT 67, M, EPTIII,STMI.OELPEPdl,PSSUH,STM 
00 420 J • 2,1 
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PS$UM * PSSUM ♦ DELPtPíJI 
.,20 PP INT 69, J.EPTí J),ST( JÍ.DELPEPCJI.PSSUH 
500 PRINT 2 

PRINT 1 
1000 CALL EXIT 

STOP 
END 

SUBROUTINE FORMSS 
.... 
C*** CALC. FRICTIONAL STRESS C SPRING STIFFNESSES 
C«*«6 

REAL KS 
C CALCULATION OF MODUL I 

COMMON EPT,ST,FI,YPS.DELS,KH,H,SME I,SMEC,RC, 
1 EPP,STM,EPB,EPPS,AK,A1,SB,PM,F,E SUM, 
2 N,NSKIP,MSKIP,NREV, I.NSKIRl 

DIMENSION ST I?00iPT(300), FPBI3001, SB!3001,ESUM!3001 
AKI » I.O/AX 

C*** SET FRICTIONAL STRESSES **• 
SBI • ARMAI 
EpB(2• » SBI*EI 

CM** SET SPRING STIFFNESSES ••• 
OELEP * DEL S*FI ♦ ((SBI»DELS I»ARI I**SHEI 
EPB(3) ■ ERBI2» ♦ OELEP 
cT « OELS/DELEP 
ESUMI2I » E - ET 
DO 100 J « 3,N 
SRI * SBI ♦ DELS 
DELEP » OELS*EI ♦ ((SBI»DELSI*ARIIMMSHEl - (SB 1*ARI I**SHEI 
EPB(J*lI * EPB(JI ♦ OELEP 
ET » OELS/DELEP 

100 ESUMUI ■ E - ET 
120 RETURN 

END 
»ENTRY 

;.OOOOE*05 2.0000FM03 S.OOOOEmOT 2.0000E-05 
1.7800F-01 1.23B0EM05 

2 
2.0000E-02 

-2.0000F-02 
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SERIES MODEL WITH CYCLIC HARDENING OR SOFTENING AND RELAXATION 

C STRAIN CONTROL - SFRICS MODEL 12) 
: simplified input-output 
C CYCLIC HARDENING OR SOFTENING AND RELAXATION 

REAL KS.KC.KH 
1 FORMAT 1^11) 
2 FORMAT (//////) 
5 FORMAT (4E12.A) 
B FORMAT (EI2.4I 

10 FORMAT (2E12.4) 
17 FORMAT (5E12.4I 
IT FORMAT (110) 
31 FORMAT I T55 • • INPUT INFORMAT ION•///T31* CONSTANTS FORMING STRESS-S 

I TRAIN R ELAT ION'//Tl6 »' STATIC STRENGTH COEFFICIENT »•, F11.11T76,• 
2STATIC STRAIN HARDENING EXPONENT •',^14.4/716, • CYCLIC STRENGfM CO 
3€eFICIENT «',F11.|,T76,' CYCLIC STRAIN HARDENING EXPONENT >*tF14.4 
4/T22,• MODULUS OF ELASTICITY -«.Fll.!/) 

72 FORMAT (T3,• RELAXING FUNCTJCN CONSTANTS•//T26,• RELAXING CONSTANT 
1 *',fu.4///1 

34 FORMAT (T3,• MARDENING/SOFTENING CONSTANT S'//T31,• H/S EXPONENT 
1,F14.4,T93,' H/S COEFFICIENT «•,FU.1/T2T,• MAXIMUM HARDNESS"*,Fl 
24.4,T92,* MINIMUM HARDNESS >•,F18.8/T26,• HARDNESS EXPONENT >*,F14 
’.4////) 

36 FORMAT ( Tl 7, • MONOTTNIC YIELD STRENGTH , FU .1 ,T87, • CYCLIC YIELD 
1 STRENGTH « • ,F11.1/T22,* PLASTIC STRAIN OFFSET -*,F1Y.7/) 

J7 FORMAT (T20,' MAXIMUM STRESS REOUIRSD *•,F 11.1,T92,' STRESS INCREM 
UNT * •, FI 1.1 /T24, • NUMRFR OF ELEMENTS **,I,)////| 

ST FORMAT (////• PROGRAM HAS EXCEEDEO THE ALLOTTED *, I 5,' ELEMENTS ON 
ITHE*,15,* RCVf RSAL'I 

'd FORMAT (TS.'STPAIN PEAKSs*/T05*•OROc8*,T20,‘STRAIN') 
60 FORMAT I 110,) PR)6.6) 
>3 FORMAT (TU,»RFV.• ,T25,*PCINT',T39,‘STRAIN*,T55,‘STRESS'. 

1 T 66,'DEL . P. STRAIN',TB4,*P. S TRAIN*, T09R, 
2 'MEAN STRESS' I 

67 FORMAT (I13,T?9,'l• ,1PE16.4,2PE16.4,1P2E16.4, 
1 2P El 6.4 I 

67 FORMAT (129,1PElb.4,2PE16.4,1 PE 16.4,1 PE 16.4) 
DIMENSION SP( 3001 ,STI 3001,5(3001,EPT( 300),EOR(3001, 

1 CPLL(300).OELPEP(300) 
COMMCN EPT.ST.EI,YPS.DELS,KH,H,SHEI,SHEC.RC, 

1 FPP,STM,EDR,EPPS,AK,A1,S8,PM, 
2 N.NSKIP.mskIP.NREV, I,NSKIP1 

PRINT I 

;•** impuT DATA **• 

C DATA INPUT 
100 READ S, SULT.DELS.E.YPPS 

READ 10, SUES,SHEC 
READ 17, H,KH,HMAX,HM1N,SH 

120 «FAD 10, RC 
RRAD 14, NREV 
READ », (EPLL(J) , J«1,NREVI 
KS«KH*HM| n**h 

KC * RH*HMAX**H 
YPSM * KS*YPPS**SHFS 
ypsc * kc*ypps**shfc 



N * « suit - yps'*i /nets 
PB t M r 31. R5.SHFS.KC.SMEC•E 
PF IM ¿c, YPSM.YPSC .VPPS 
PO INT 37, SUIT.DELS,N 
PB 1 NT ’r. FC 
PP 1ST 3^, M.RH.HHIX.HHIN.SH 
PP1NY 58 
POINT tO, (J.EPLUJI, J*1,N«EV) 

^***ç****r************* 
INITIAL values *** 

¡ STFESS-STPAIN 
N SK I P? * 1 
00 :oo J * 7,N 

ÎOO SUI * O.J 
AK * K$ 
SHF I * l.O/SHES 
61 * 1.0/E 
Al « YPPS**SHES 
! - 1 
PRINT 2 
PM > -1.0 
c PL * 0.0 
STE 11 ■ 0.0 

C HAHOENINC, 
NSK1P « l 
MSKIP ■ 1 
si * -I.o/SH 
•PPS * l.jE-07 

C****CUNSTPUCT STRESS-STRAIN CURVE 

C****SET*SLIDfcR STRESSES C SPRING STIFFNESSES ••• 
CALL FORMSS 

C*** STABT CYCLING *** 
00 500 M « I,NPEV 
NSKIP3 « 1 
FPf I i I ■ EPL 
EPL * EPLLINI 

C*** FOR FIRST SFGMANT ••• 
2*0 STIll » STIM 

PM « -PM 
I * 2 
STI2I « -SOI - SBI3» 
j PT(? I * (STI2) - STIlll*EI ♦ FPTIl» 
OIFF « PM*(EPT(21 - EPLI 
U€LP=PI2» » 0.0 
IF (DIFFI 310,34*.305 

305 UELEP * EPL - EPTUI 
STI2I » OELfcPPE ♦ STIll 
rPT(?l » EPL 
GO TO 34* 

£**• FOR REMAINING SEGMENTS 
310 ! « I ♦ 1 

IF (I .LE. NI r>û TO 312 
PRINT 55» N,NREV 
PRINT \ 
GO TO 1000 

312 STUI ■ -SUM! - SRIlKll 
STB * A0SISTI1-1 11 
t TOS * El ♦ EDM 11/(1.0 - STA/RCI. 
cpTIIl ■ I STI I I - STI1-1 »IMETOS ♦ EPTII-.I 
CIFF1 « STIll - STI 1-1 I 
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DI^F? * E PT(n - EPT(I-l» 
jELPFIM II * 0IFf2 - 0IFF1*EI 

» PH» IE PT { I I - CPU 
JF 101F F I 310,^:-5.315 

il 5 jHE P * EPI - fPT ( I-l I 
ST (II * LELt P/f TOS ♦ ST ( I- II 
FPTII I * 6pt 
0IFF1 * STIII - STI I-l I 
01F F 2 * EPTIII - FPTI l-l I 
OELPEPI II * 01FF? - CIFF!*EI 

r.*«« otSET &U PtSiruAl STBi SSES *** 
335 00 3*0 J * 3,1 
340 SIJl * -STI 11 - S8IJl 

;•** HAP0EN1NG OS SOFTENING ••• 

3*4 GO TO (349,3471, NSKIP 
344 6 P P * t PT 11 I - (EPTIII ♦ ISTt ll-STUI l*EI I 

FPPA « ABS(EPP 1/2.0 
34F IF (EPPA.LT. l.uE-071 GO TC 347 
501 EPPA ^ EPPA**Sl 

EPPS « EPPS ♦ EPPA 
IF (EPPS .GT. HMAXI NSK IP * 2 
GO TO (510,5151, «SKIP 

510 IF (EPPS .LT. HMINI GO TO 520 
MSKIP « 2 
A1 * YPPS**SHEC 
SMEI « l.OOOFSHEC 

515 AK « KH*£PPS**m 
520 CALL FOPNSS 

C*** BESET FPICTIONAL STRESSES IF NECESSABY *** 
347 GO TO (343,4001, NSKJPI 
343 00 345 J - 3,N 
345 SBIJl « -SB(Jl 
400 CONTINUE 

rPRINTOUT 

PRINT 45 
STM •» (STI1 I ♦ ST( I 11/2.0 
PSSUM » 0.0 
OELPEPUI * 0.0 
PRINT 67, M, EPT(1 I,STUI,OELPEPUI.PSSUM,STM 

00 420 J • 2.1 
PSSUM * PSSUM 4 OELPEPUI 

420 PRINT 69, J,EPTIJI,STI Jl.OELPEPUI,PSSUM 
500 PRINT 2 

PRINT 1 
1000 CALI EXIT 

STOP 
END 
SUBROUTINE FOPMSS 

:**• CALC. frictionVl STRESS t SPRING STIFFNESSES **• 

real KS.KC.KH 
CALCULATION of MODULI 

COMMON CPT.ST.EI ,YPS,riELS,KH,H,SHEI,SMEC,RC, 
1”EPP,STM,EOR *EPPS,AK,Al,SB»PM, 
2 N.NSKIP.MSKIP.NBEV, I.NSKIPl 

DIMENSION ST 13001,EPT(3001,EDR(3001,SB( 3001 
AKI - l.O/AK 
NSK1P1 ■ 2 
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r. *** SíT F R I c TI ON Al STRtSSFS *** 
SRI s AK*Al 
SR(3) a PM*SBI 
DELS1 * PM*OfcLS 
00 MO J - 41N 

¡JO SRIJ1 = SBU-ll ♦ OtlSl 
•*** SET SPRING ST IrFNf SSF S *** 

ObltP * OtlS*tI ♦ t ISRl*OELS»*AKl í**S"tt l 
ET I a DEIEP/OELS 
ineni a (FT! - Ell*(l.O - SBl/RCI 
on »oo j * a,n 
SR! * SRI » OEIS 
OELEP * OELS*EI ♦ (lSRI»DEES I*AKI»**SHEI - (S Ri*AKI I**SHEI 

FT I * LEIEP/DELS 
1 JO EDRIJ) * (ETI - EI)*(i.O - SBI/RCI 

120 RETURN 
END 

»ENTRY 
2.OQOOE »CS 
b.6000F-02 
1.0230F-01 
2.0000E»?0 

2.OOOOE tu3 
S.6030F-0r 
l.5000ETOE 

1•1600F *07 2.0000E-05 

1.9S00E-J2 3 .OiOOF -0** -b.1480:-01 

€ 

2.OOOOF-ü 2 
-2.0000e-02 
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PARALLEL MODEL WITH CYCLIC HARDENING OR SOFTENING AND RELAXATION 

c 
£***«.*««»**••«**•«•**•*•**•*••**•***•***•*•***•**• 
C STPAIN CONTROL - PtKAllFL MUDtL (?) 
: SIMPLIFIED INPUT-OUTPUT 
C CYCLIC hapoeninc, op softening »no rflakation 

REAL KS.KCiKH 
1 FORMAT ('1*1 
4 FORMAT (//////) 
K FORMAT (4E12.4) 
R FORMAT (EÎ2.A) 

10 FORMAT (2EU.A) 
17 FORMAT (5EU.4) 

FORMAT (110) 
3* FORMAT (T 55 * ' INPUT INFORMATION•///T3,• CONSTANTS FORMING STRESS-S 

1T R AI N R EL AT I ON •/ / Tli> « • STATIC STRENGTH COEFFICIENT » • ,F H .1 .T 761 • 
2STATIT STRAIN HAROFNING EXPONENT «•, F I«,4/T16,• CYCLIC STRENGTH CO 
icFFlCIENT ••,FU.1,T76,* CYCLIC STRAIN HARDENING EXPONENT .',FU.4 
4/T22,* MODULUS OF ELASTICITY »'.FH.l/J 

32 FORMAT (T3,• RELAXING FUNCTION CONSTANTS*//T26,• RELAXING CONSTANT 
l **,FU.4///) 

34 format ITT,* HARDENING/SOFTENING CONSTANTS*//T31,• H/S EXPONENT «• 
I.FIA.m.TÍJ,• H/S COEFFICIENT »•»F11.1/T2T,• MAXIMUM HARDNESS ••,F1 
24.4,T92,' mimimum HARDNESS * * , F18 .8/T2b,• HARDNESS EXPONENT »*,Fl4 
3.4////) 

jo FORMAT ( T19 , • MONOTONIE VIELT STRENGTH «•, FU .1,T87,• CYCLIC YIELD 
l STRENGTH * • ,F11 . 1/T?2,• PLASTIC STRAIN OFFSET «*,F17.7/) 

* 7 fqrmaT IT?0,' maximum STRESS RrOUlRrD « *, FU.1,T92,• STRESS INCREM 
1 ' NT •* tFU.l/T>5, • MlMHFR OF ELEMENTS «*,19////) 

54 hOP“AT (////• PMGRA“ HAS LXCEEDEO THf ALLOTT ED •,15,• ELEMENTS ON 
1THF*,I6,* REVERSAL*) 

4h format (T5,«STRAIN PEAKS:*/T05,•ORDER*,T2U,‘STRAIN*) 
60 FORMAT ( ! 10.1PF « *..t ) 
65 FORMAT (Til ,*RFV .* ,T25,*POINT*,T39,»STRAIN*,T55,*STRESS*, 

1 T66,* DEL . P. STRAIN*,TR4,*P. STRAIN*,T09fl, 
2 * MF AN STRESS* ) 

67 FORMAT IIP,T29,*1*,lPf16.4,?PE16.4,1P2E16.4, 
1 2PE16.4) 

¢1 FORMAT U29,lPE16.4,?PE16.4,iPE16.4,iPEl6.4) 
DIMENSION SBOCO) ,sm00),S 1300), £PT 1300). EPBI300», 

I EPLLI300),DELPEPI300),ESUM(300),EPPL(300) 
COMMON EPT.ST.EI,V PS.PELS,KH,H, SHE I,SHEC,RC, 

1 EPP,STM,EP«,EPPS,AK.Al,SB,OM,E,ESUM, 
2 N,NSK!P,M$KIP,NREV, I.NSKIP1 

PRINT 1 * * 

C*** INPUT PATA 

C DATA INPUT 
100 READ 5, SUIT,DELS,E,VPPS 

READ 10, SHES,SHEC 
READ 17, H,RH,HMAX,HMIN,SH 

120 REAP 10, ®C 
READ 19, NREV 
READS, (EPLL(J), J-l.NREV) 
KS«RH*HMIN**H 
KC » KH*HMAX»*H 
YPSM * KS*YPPS**SHLS 
YPSC « KC*YPPS**SHEC 
N * ISULT - YPSM)/DELS 
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PB I NT 31, 
PBI NT 36, 
PRINT 37, 
°PINT 3?, 
PRINT }4, 
PR INT 58 
PRINT 60, 

KS.SHES.RC.SHeC.f 
VPSH.YPSC.YPPS 
SUIT,DEIS,N 

RC 
H,KH,HMA»,H*IN,SH 

U.EPLKJI, J*1 , NBE V ) 

**• INimi VALUES •** 

STRESS-STRAIN 
NS5 I P? » 1 
nn 200 j * 2,n 

¿00 EPPUJI * 0.0 
AK * KS 
SHE I = 1.0/SHES 
El * 1.0/E 
Al * YPPS** SHES 
I * 1 
PRINT ¿ 
PM . -1.0 
EPL « 0.0 
sTin » o.o 

HARDENING 
NSKIB . I 
NSKIP ï I 
SI »! -1.0/SH 
EPP$ !» 1.0E-07 

•** CONSTRUCT STRESS-STRAIN CURVE ••• 

SET SLIDER STRESSES G SPRING STIFFNESSES 
CALL FORNSS 

C*** START CYCLING *•* 
DO 500 * * l .NPEV 
NSK!P 3 * 1 
ÇPTIU . EPL 
r-PL * EPLLIM) 

;**• F JR FIRST SEGMANT 
2A0 ST 11 ) « STIII 

PH « -PM 

I * ? 
EPTI2» * EPPL(2 ) * EP9I2» 
STIJI « STIII ♦ IEPTI2I - FPT(U»*E 
DIFF . PM*|EPT(2) - EPU 
CELPEPI2I - 0.0 * 
IF (DIFF! 310,344,305 

305 EPTIÎI » EPL 
ST ( ? I a STIII ♦ (EPT(2»-EPT(1»»*E 
GO TO 34,4 

C*** FOR REMAINING SEGMENTS •** 
310 I * I ♦ 1 

if 11 .le. n) c.ii rn Mr 
PRINT ‘5, N.NPFV 
PRINT J 
GO TO 1000 

Jl¿ f PUI I » EPPL (I » ♦ FP«( I I 
STP . ABS I ST ( 1-1 I) 
cT . (E - ESUM(|-l||*n.0 - STK/RCI 
STIII » STII-ll ♦ IEPTIII - FPTU-!||*ET 
OIFFl « STI II - ST| l-l I 
DIFF2 a EPTII» - ÇPTII-1J 
DELPF.P( I I a DIFF2 - CIFFl*EI 
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UIFF * PH*(EPT(II - EPU 
IF (DI FF) 310,335,315 

315 FPTII» » EPl 
STUI * STU-ll ♦ (EPT(I) - FPTII-l»l*ET 
TIFF1 * STI I ) - ST( 1-1 I 
D IFF? « EP^U) - cPT(I-l) 
DFLPFPI I ) * DI FF? - DIFF 1*E I 

«-SET ALL PLASTIC STRAINS 
33511*1-1 

nn <au j * ?,I¿ 
3«.0 PPL <JI * FPTII I - EPP( J| 

C•***•*•**•*••*••••••»*«•*••••• 
c*** HA'JOFN INC OR SOFTENING 
c 

3AÍ. r,c TO (340, 347), NSKtP 
34Í EPP » t PT ( I I - lEPT(l) ♦ ISTI II-STIl»»*Et» 

FPPA * ABSIEPP)/?.0 
34b IF (FPPA.LT. 1.06-07) GO TO 347 
505 t PPA * EPPA**SI 

EPPS « EPPS ♦ EPPA 
IF (EPPS .GT. HNAX) NSKIP * 2 
GO TO (510,515), MSKIP 

510 IF (EPPS .LT. HNIN1 GO TO 5?0 
NS* IP * 2 
A1 * VPPS**SHEC 
SHE I • l.ODO/SHEC 

515 A* * KH*EPPS**H 
520 CALL FORNSS 

C*** RESET YIELD STRAINS *** 
347 GO TO (343,400). NSKIP! 
343 DO *45 J » 2,N 
345 SPBUI • -EPB(J) 
400 CONTINUE 

C************•••*•* 
c*** PRINTOUT 
e**«*•*•*«**»••**•• 

PRINT 65 
STn * (ST(1 I ♦ ST 11) I /2 .0 
PSSUN « 0.0 
DFLPFPdl » 0.0 
PRINT ¢7, N, EPT(1),ST(1 I,DELPEP(1)»PSSUN,STN 
DO 4?0 J »2,1 
°SSU“ * PSSU*» ♦ o'LPtPU) 

420 PRINT 65, J,cPT(JI,ST(J),0E LPEP(JI, PSSUM 
500 PRINT 2 

PRINT 1 
1000 CALL EXII 

STOP 
END 
SUBROUTINE FÜRMSS 

*•* CALC. FRICTIONAL STRESS t SPRING STIFFNESSES 

REAL KStKC.KH 
C CALCULATION OF MODULI 

COMMON EPT.ST.EI,YPS,OELS,KH,H,SHEI,SHEC,RC, 
: EPP,STM,EPB,EPPS,AK,A1,SB,PM,E,ESUP, 
2 N,NSKIP,MSKIP,NPEY, I,NSKIP1 

DIMENSION STOOD) ,EPT(300) ,EPI3( 300) .SBOOO) ,ESUM(300) 
AKI > 1 ,0/AK 
NSKI PI • 2 

C«*« SET FRICTIONAL STRESSES 
SBI * AK*A1 
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epp i¿ 1 * -PM*SHI * fcI 
Se T SPRING STI^PNESSES *** 

OELEP * DEIS*FI ♦ ((SHI♦DELS I•*K I l**SHP! 

EPPI* EPP<2I - PN*DfcLFP 
EX = DELS/DELEP 
;SUM|?I = E -ET/U.0 - SBI/RC) 
On loo J * 3.N 
SB! ' SB I ♦ DELS 
DElEP * DEL S*E1 ♦ I(SBI*DELSI*4KI I**SHE l 
EPP(J*1I * EPBUI - PN*DELED 

* DELS/DELEP 
¿00 ESUM(JÍ * E ” ET/(1.0 - S9I/RCI 

:.OOOOE»Oi 1.1600e»07 2.0000F-05 

6.6000E-02 
l.5000f*0e 1.P500F-02 *.0900E-0^ 

120 PETUHN 
END 

»ENTBV 
¿.OOUOF »05 
6.6000E-02 
1.02iOF-01 
2.OOOOF *2 0 

2 
2.00006-02 

-2.0000=-02 

( SB I*4KI )**SHEI 

-6.1680E-0Í 
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SERIES MODEL CHARACTERISTIC OF A36 STEEL 

c 
r**#**********************•****•*•<*************** 
^ sTBAiN rriNTooi - seRies mopíl ía'6í 
» S IMt»l ItO lNt»ljT-OUTPUT 
C CVCLIC HiBQEN ING bop lAP'.t STRAINS CHAR AC TEP I ST IC 
C Of- AI«) STtEL ANf CYCLIC PELAXATION 

REAL ««i.r,v.A2 
J E OP MAT (^11) 
¿ ro«MAT (//////» 
5 POPMAT ( 3E1 ? ) 
■» PO®MAT IET2.-I 

10 FORMAT <2612.A) 
1 ■> P OR mat < II 01 
3• F op M AT (T5Ï t • INPUT INPOPMAT I OK•///T3»• CONSTANTS FORMING STRESS-S 

1 TRAIN «FLAT ION*//t; «-, • STATIC STRENGTH COEFFICIENT » •, F 1 l.l ,T T6, • 
2STATIC STRAIN HArDcMNG EXPONENT ■ • , P IP /T 16 . • CYCLIC STRENGTH CT 
3EFFICIENT »•.Fll.ltTTEt* CYCLIC STRAIN HARDENING EXPONENT «'fFl*.* 

«*/T13.'INTERMEDIATE STRENGTH COEFFICIENT *',FlL.li 
5 T70.'INTERMEDIATE STRAIN HAPPENING EXPONENT ■'.FW.A 
6/T2?, ' MODULUS OP ELASTICITY *',Ftl.l/) 

3? PQRMAT (T 3 , ' RlLAXING PONCTION CONSTANT S'//T2ò.' RELAXING CONSTANT 
1 Fl*.4///1 

?*: --ORMAT ( T19; ' «ONlTlNIC YIELD STRENGTH *',611.3, 
1 TOFT,«PLASTIC STRAIN OFFSET *',P17.t/ 
2 T19,'CYCLIC YIELD STRENGTH *',Fl!.l/ 
3 T12,'INTERMEDIATE YIELD STRENGTH *',F11.]/I 

37 PQRMAT ( T12, ' STP ESS INCREMENT *',FU.l, 
1 T080,'MONO TONIC NO. OP ELEMENT S «',19/ 
? TORO,'CYCLIC NO. np ELEMENTS *',19/ 
3 TORO,'INTERMEDIATE NO. OF ELEMENTS *',I9/'///l 

«F fopmaT (////' PROGRAM HAS EXCEEDED THE ALLOTTED•, I 5, • ELEMENTS ON 

1 THE•,15,' REVEPSAL'I 
Sri PORMAT <T5,'STRAIN PE AKS s'/T05,'ORDER •, T20,'STRAIN • ) 

bO FORMAT (110,1 PE lb .4 I 
65 FORMAT <TH ,«RPV.',T25 ,'POINT* ,T39,•STRA IN',T55,•STRESS', 

1 T*)6,'DEL. P. STRAIN* ,TR4,'P. STRAIN',T09R, 
2 'M{AN STRESS'! 

«,7 FORMAT <U3,T29,'l' ,1PF16.4,?PEÍ6.4,ÍP2E16.4, 

1 2PS16.4) 
-,9 FORMAT ( 129 ,iPtlb.«,,2PE16.4,lPEl6.4,iPE16.4l 

DI MENSI ON SPI300),ST< 300), SI 3001,EPT< 300),EOR < 300)• 
1 EPLL<3OOI,0ELPEP(3OO) 

COMMON FPT,ST,EI,YPS,D£IS,KH,H,SHEI,SHEC,RC, 
1 EPP,STM,EDR,EPPS,AK,A1,SB,PM, 
2 N,NSKIP,MSKIP,NREV, I.NSRIPl 

PRINT i 

C***> INPUT DATA •** 
'**•••*•••••**•**** 

C DATA INPUT 
100 READ 5, DELS,E,YPPS 

READ 5, SHES.SHEC,SHE2 
READ 5, MS,KC,K2 

120 READ 10, PC 
READ 19, NREV 
0EAC A, lEPLUJ), J-l.NRFV) 
YPSM * KS*YPPS**SHES 
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YPH ’ KC*YPPS*»SMFC 
YPS2 * *2*YPPÇ**SHF? 
NS = (K S - VPS*)/D;IS ♦ 1 
NC * iKC - YPsci/oeis ♦ i 
N? * «K2 - YPS2)/otls ♦ r 
PHINT 31, KS.SHFStKC,SHEC|'2,SHE2,e 
nB! N T 36, YPSN,YPPS,YPSC,YPS2 
P»1NT 37, OilS.NS.NC,N2 
PB I NT 32, BC 
PB 1 NT 59 
PRINT 6Û, IJ.FPLKJIt J-’.NPEVI 

:•** INITIAI VALUES 
... 
: stress-strain 

NSKIP2 « i 
OO ?00 J * 3t300 

200 SU> » 0.0 
AK * KS 
SHÇI » l.O/SHFS 
El » l.0/E 
\\ * YPPS*^SHFS 
I * I 
"HINT ? 

PH « -1.0 
FPL * 0.0 
ST( I » » 0.0 

C HAKDtNINO 
NSKIP * 1 
HSKIP « 1 
NH * ! 
N ■* NS ♦ * 

C*** C INSTRUCT STRESS-STRAIN CURVF ••• 
c **••«•*•••••*•«••«•**«••••••••**•»«•• 
C*** SET SLICBR STRFSSFS 6 SPRING STIFFNESSES •** 

CALL FORHSS 
:**• start cycling ••• 

00 500 N * l.NPEV 
NSKIP3 ■ 1 
FPTU » « EPL 
fcPl * EPLLIH» 

C*** FOR FIRST SFGHANT *•* 
240 STI1» « STI I I 

PH * -PH 

I * » 
ST 12 I « -sm - SRI 31 
EPTI2I - I ST (21 - STIin*EI ♦ EPTIU 
01 FF . PH*IEPT(?Í - EPL) 
UELPFPI21 « 0.0 
IF IOIFFÍ 310,344,305 

305 0:LF P ■ EPL - EPTIU 
STI2) ■ l)ELEP*F ♦ STI1 ) 
EPTI2I ■ FPL 
GO TO 344 

<>*• FOR REHAININC SEGHENTS 
310 1 * I ♦ 1 

IF I I .LE. NI GU TO 212 
PRINT 55, N*H 
PRINT 1 
GU TO 1000 

312 STin ■ -SI !♦!» - SBI UI Í 
STR • ABSISTU-UI 
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f tos * F i ♦ çnom/u.o - stm/bc» 
FPTtn * «STtn - STU-l»l*fTOS ♦ ePT(I-l) 
OIFF1 ' ST» I) - ST( l-n 
OlFF» * PPTU » - EPTU-1 » 
üELPfP(I I « DIFF2 - DIFFJPfI 
OI FF » P**l£PT(n - tPl> 
JF (OIF F I 3TO,?35,3i5 

3i5 ÜELEP * 5PL - EPTH-l» 
$T( l> * OELtP/FTDS ♦ STI I- 1J 
=PT<II . EPL 
W-F’ * STI II - STI I-M 
'Ite? . FPT I II - FPTII-i» 
UEIPEPII» * CIFF2 - P|FF1*EI 

C*** KtSET 4LL 3ES 10041 STRESSES **• 
335 "O 340 J » SI 
340 SIJl « -STI I » - S«lJl 

«** MAROFNING ob softening ••• 

ií,4 r.n Tn |34<J, 347|, NSKIP 
MP * FPTIII - ICPTIl» * ISTI I >>smi mi I 
uPP4 » AHSIFPP»/?.0 

346 IF roPA.LT. 1.0r-07l Gil TU 347 
. IF INH .EO. 21 GC TO 505 

41 * VPP>**SHE2 
SHE I « 1.0/SHF2 
AK * K2 
N • N? ♦ 4 
NH « 2 
GO TO 520 

505 Al ■ VPPS**SHEC 
SHE I » 1.0/SHEC 
AK » KC 
N ■ NC 44 
NSKIP » 2 

520 CALL FORNSS 
C*** F-SET FRICTIONAL STRESSES IF NECESSARY •** 

347 GO TO 1343,4001. NSKJP1 
343 00 345 J « 3,N 
345 SRIJI ■ - SB IJ I 
400 continue 

£••* PRINTOUT •** 

PRINT 65 I 
STH * I ST 111 ♦ STIIM/2.0 
PSSUH ■ 0.0 
UFL°F PI 11 « 0.0 
PRINT 67, H, EPTI1 I, ST 11 I,DEL PE Pill,PSSUN,STM 
00 430 J * 2,1 
»SSUN « PSSUM ♦ DEL PE PI JI 

420 PRINT 69, J.EPTIJI.STIJI.OELPEPIJI.PSSUN 
500 "PINT 2 

PR IN*’ 1 
1000 CALL EXIT 

STOP 
ENO 
SUBROUTINE FORNSS 
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:**• CALC. FPICTIONAL STRFSS C SPRINr. STIFFNESSCS *** 
r 4**t***tt* « 444444 4444444444*444 

REAL KS.KC.K2 
C LCULATION OF MODULI 

COMMON EPT.ST.EI ,VPS,OtLS.KH,H,SHEI,SHECtRC, 
1 EPP,STM,EDR,EPPS,AK,A’,S0.PM, 
2 N.NSKIP.MSKIP,NREW, l.NSKIPl 

DIMENSION STOOOI.EPTnOOI.EORI 3001 ,S0< 300» 
AKI * 1.0/AK 
NSKIOÎ * ? 

:*** SCT FRICTIONAL STRESSES **• 
SOI * AK*A1 
SR I 3» = PM* SM I 
OELSI * PM*r»£ I S 
on i lu J * *,N 

iio SPIJ» * SB( J-l » ♦ Of LSI 
C••* SET SPRI NO STIFFNESSES •** 

OELEP « DEL S*E I ♦ ( IS RI «-DELS »*AK I »**SmE I 
ETI . DELEP/OELS 
EDRI3» « (ETI - E11 * 11.0 - SRI/RCI 
no Ioo j * a,n 
S«I * SHI ♦ DELS 
DELiP * DEL S*FI ♦ I ( S Pl»DEL S J*AKI»••SHE I - I SHI*AKI I««SHE I 
ETI * DELEP/DEI.S 

!00 EORU» » (ETI - EII*(I.O - SHI/RCI 
120 RETURN 

END 
»ENTRY 

1.0000t*0J 3 .OUOJE♦J7 2.J000E-0A 
1.0000E-03 l.7°00E-01 l.**300f-0! 
^.0000=^0^ ' .¿<.00F »OS R.7700E*04 
2.0000E+0* 

3 
2.0000F-0? 

-2.0000E-02 
¿.OOOOr-O"* 
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PARALLEL MODEL CHARACTERISTIC OF A36 STEEL 

c 
£*******•**•*♦•***•**»**»»*•***•••********•****••• 
' STWAl“! CONTROL - P*>Allcl MPTtl (Ai6i 

SIHPLIFItf' INPUT-TUTfUT 
CYCLIC HAPDtNING TQ“ lAtif.f STKÍINS CHAH ACTÇ® IST IC 

C f'P A-»«' STEEL AID CYCLIC RELAXATION 

r E AL KS.KC.K’ 
1 F ORNAT I»1 * 1 
i FORMAT (//////I 
5 FORMAT (>ei2.*I 
8 ‘•O0MAT (E12.AI 

10 FORMAT (?e;2.A> 
19 FORMAT (1101 
31 FORMAT ( T5S . • INPUT ! NF CIPMA T I Ch • ///U , • CCNSTANTS FORMING STRESS-S 

1T w A I N REL AT ION•//Tlfe »• STATIC STRENGTH COEFFICIENT *•,F11.1,T76,• 
7T A TI T STRAIN HAR D1 NI NG EXPONENT *• ,F'iA .4/Tiö, • CYCLIC STRENGTH CO 
ScEFjritNT ••.F’l.l.TTA,* CYCLIC STRAIN HARDENING EXPONENT .•»FU.* 
<*/Tl l.MNTEPMfcOIATF STRENGTH CPF FE IC IENT *',Fll.l, 
S ^70,•INTERMfcPIATE STRAIN HAROENING EXPONENT «•,?!*.A 
<,/Ti.?, ' MOOULUE OF ELASTICITY «',E11.1/» 

j¿ FORMAT (TJ,* RELAXING EUNCTICN C0NSTANTS*//T26,• RELAXING CONSTANT 

1 **,fia.a///I 
}t ri)PMAT ( TIO, ' m^mottNIC yiflc strength «•,eu.i, 

: T087,•PLASTIC STRAIN OFFSET m>,cjT.7/ 
2 Tl<3,'CYCLIC YIELD STRENGTH ■•»Fll.l/ 
} TI2,•INTERMtOIATE YIELD STRENGTH »'.Rll.l/I 

37 FORMAT IT12,'STRESS INCREMENT *',En.l, 
1 TORO, ' MONO TONIC N’1. DF ELEMENTS *',17/ 
2 TOFO,'CYCLIC NO. Of ELFMENTS *',IP/ 
3 TOBO,'INTERMEDIATE NO. OF ELEMENTS 

SS FORMAT (////• PROGRAM HAS rXCEEOEO THc ALL 3TTEP ', I 5,' 

1THE'.I5,' REVERSAL'I 
3F FORMAT (T5,'STRAIN PEAKS i'/TOS,'ORPcR',T20,'STRAIN'I 

60 CQRMAT (110,1PE\6.6 I 
6S FORMAT (Til,'REV.• ,T25,'POINT* .TJ*»,'STRAIN',T55,'STRESS', 

1 T66,•DEL• P. STRAIN',T8A,'P. STRAIN*,TOVP, 

2 »MEAN STRESS' I 4 —, . 
öT FORMAT 11 13 ,T2«> , ' 1 ' , ¡PE 16.A, ?PF 16.A,lPt c 

sR*FnRMAT ( I 29,IPE16.R«2PE16.4,1 Pf16.A,'Pc16.A I 
DI MF NS ICN sais001,ST(300»,S( 300 »,EPT(3 00»,EPB (ÎOOI. 

J EPLL(3 001, DE LPE P(300»,E SUM(300 »,EPPL(300 » 
*rOMM(N EPT.ST.Fl,V PS.PELS .KH,M, SHE I *SHEC. AC. 
1 epp.stm.epb.fpps.ak.ai ,sb.pm,e ,ESUM, 
2 N.NSKIP.MSKIP.NRFV, I.NSKlPl 

PRINT 1 

ELEMENTS ON 

*** INPUT DATA 

DATA INPUT 
100 REAP S, OELS,c,YPPS 

READ 5, SHES,SHEC,SHF2 
READ S, KS ,KC,K2 

120 READ 10, RC 
READ 19. NREV 
R FAO 8, (EPLL(J » , J*1,NREVI 
YPSm « KS*YPPS**SHES 
YPSC « KC*YPPS**SHEC 
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VPS? * K2*VPP$**SHfc2 
n<; * i K s - ypSHí/CFLS ♦ i 
W. * ÍKC - YPSO/DEIS ♦ ’ 
S2 * t*2 - Y°S2 I /OF L S ♦ ï 
PRINT 31t KS.SHES.KC.SHFC,K2i$HE2,E 
PRINT 36, YPSW,YPPS,VPSe,YPS2 
PRINT 37, DELS,NS»NC,N2 
PRINT 32, RC 
PRINT 58 
PRINT 60, IJ.EPULIJ), J*1,NPEVI 

*** INI TI Al VALUES *** 

STRESS-STRAIN 
nskip? « l 
00 200 J * :,300 

200 c PPL I JI « 0.0 
AK * KS 
SME I ■ 1.0/SMES 
El * 1.0/f 
A! * YPPS**SHES 
I * 1 
PRINT 2 
PN * -1.0 

ÇPL * 0.0 
ST(I » = 0.0 

C HARDENING 
NSKIP « 1 
NSKIP « 1 
NH * 1 
N * NS ♦ 4 

r******************•»•**•*••••••••••** 
;•»• CONSTRUCT stress-strain curve 

SET SLIDER STRESSES t SPRING STIFFNESSES ••• 
CALL FURHSS 

C*** START CVCL ING 
DO 500 N * l.NREV 
NSKIP3 * I 
EPTIU » EPL 
EPL « EPLLIN» 

c*** FO» first sfgnant **• 
240 STin « STI 11 

PN » -PN 
I * 2 
FPT(2 ) * EPPLI2» ♦ EPBI2I 
STI21 - STI11 ♦ IEPTI2I - EPT|1II*E 
niFF « PNPIEPTI2» - EPL) 
DELPEPI2) » 0.0 
IF I01 FF) 310,344,305 

305 FPT12 I * EPL 
STI2) ■ STIll ♦ IEPT(2»-SPTI1 l)*E 
GO TO 344 

C*** FOR PENAINING SEGNENTS *** 
310 I « I ♦ I 

IF I ! .LE. N) GO TO 312 
PRINT 35, N,NREV 
PRINT I 
GO TO 1000 

312 EPTII) - EPPLII) ♦ EPBI11 
STR « ABS ISTII-D) 
ET « IF - F.SUMI I-l) 1*11.0 - STP /RC I 
ST 11 ) « STII-ll ♦ IEPTII) - EPT11-11|*FT 
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31FF1 * ST( I I - ST< 1-11 
O 1 F F ? * F PT 1 I 1 - EPT(l-ll 
OEIPFPII» ■ OI FF2 - DIFFMFI 
01 F F < PM* I EPT I 1 I - FPU 
IF (OIFFJ 31Ot Î3 St 315 

31S F P T U ) « ÊPI 
ST ( I I « STU-1) ♦ (EPTUI - rPTM-ll»*FT 
OIFFI « STU) - SU 1-1 I 
Ü IF F ? * EPTUI - FPTU-ll 
OElPFfMIl * DIFF2 - 0IFFl*6l 

C*** RESET ALL PLASTIC STRAINS •** 
335 II * I - l 

00 340 J * 2,11 
3*0 t PPL ( JI * EPTU I - EPfl( J) 

;»*• HARDENING or softening ••* 

344 GO TO (349,347), NSKIP 
349 EPP * tPT(I) - (EPTUI ♦ ( ST ( I l-STI 1 11 *EI I 

EPPA « ABSIEPPI/2.0 
3*6 IF (EPPA.LT. 1.0E-07) GO TO 3*7 

IF INH .EQ. 2) GO TO 505 
A1 * YPPS**SHf2 
SH?I « 1.0/SHF2 
4K ■ K2 
N « N2 ♦ * 
NH * 2 
GO TO 520 

505 A1 * YPPS**SMEC 
SHEl « 1.0/SHEC 
AK = KC 
N * NC ♦ 4 

s^IP * 2 
520 CALL FORMSS 

C*** RESET YIELD STRAINS ••• 
3*7 GO TO (343,400), NSKIP1 
3*3 00 3*5 J » 2,N 
3*5 EPB(.11 ■ -EPft(JI 
*00 CONTINUE 

C••••••••••••*••••• 
••• PRINTOUT **• 

PRINT (SÇ 
STM » ( ST ( 11 ♦ STU 11/2.0 
PS SUM « 0.0 
DELPEPU) « 0.0 
PRINT 67, M, fptuI*$T(1I*ûELP5P(1I,PSSUM,STM 
DO *20 J * 2,1 
PSSUM ■ PSSUM ♦ OELPt»(JI 

*20 PRINT 69, J,EPTU),ST(J),0FLPEPUI,PSSUM 
500 PRINT 2 

PRINT I 
1000 CALL EXIT 

STOP 
=N0 
SUBROUTINE FORMSS 



CÄir. FPICTIONAl ST« ESS f. SFBINT, ST1FFNE SSFS •** 
(;****•****•••*•*•*••****•*•**••***••*••****•********* 

REM KS.KC.K2 
C*** CALCULATION OF MODULI •** 

COMMON EPT.ST «EI .VPS.DELS.kH.H.SMEIiSHEC.RCi 
1 FPi>tSTMtEPB«EPPS.AK, A1 ,SB,D“«E.ESUM, 
2 N.NSKIP.MSKIP.NRFV, ItNSMPl 

DIMENSION ST(3001,EPT(3001tEPB(300)iSR(3001,ESUM(300) 
AKI - 1.0/AK 
NSKIPT * ? 

SET FRICTIONAL STRESSFS ••• 
SRI * AK*A1 
EPRC ) * -PM«SRI*EI 

-*** scT SPRING STIFFNESSES *** 
OELEP * DEL S*El ♦ ((SB1»DELS I *AKl (••SHRI 
EPRI3) . EPBI2) - pmmDELEP 
ET * OELS/DELEP 
ESUM(2) » E “ET /11.0 - SBI/RO 
00 100 J « 3,N 

DELEP »Bdels2eiS* hsbi»dels)*aki i*pshfi - (sbi*aki»••shei 
EPB ( J*X I ■ EPBU) - PM*OELEP 
ET « OELS/OELFP 

iOO ESUMUI • E - ET/U.O - SBI/RC) 
120 RETURN 

END 
»ENTRY 

l.0000E*03 3.0000E*0T 2.0000E-0A 
1.00OOF-03 I.TROOF-Ol T.4 300e“0’ 
N.OOOOEaOA l.2400E»05 B.7700F*0A 
2.0000C*0B 

3 
1.5000E-02 

-1.5000F-02 
i.50006-02 

BOOOI210 7^.2 ••*•••**•*•••* JOMO 




