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SECTION I 

INTRODUCTION 

This volume presents t est routines and results that can be used 

to validate the use of the SRI PUFF 1 computer c ode on c omputers other 

than those at SRI. The code was developed on a CDC 3200 and modified 

to run on the CDC 6400 at SRI. 

Any difficulties encountered in using the c ode on ot her machines 

will probably arise f rom differences in interpre tation of some FORTRAN 

statements. Usually these dif ferences will trigger machine diagnostic 

statements or they will result in catastrophic errors. I n the case of 

diagnostics, the e r ror is located by the machine, and it can then be 

corrected. For catastrophic errors, the programmer needs some assistance 

in locating the source of the error. We have tried to provlde this 

assistance in two ways: inclusion of data for test runs that will 

exercise all major portions of the code, and insertion of prints from 

each subroutine. The test runs include impact and radiation deposition 

problems and rezoning problems for solid and porous materials. The 

prints in each subroutine indicate the route taken through the sub­

routine (i.e., which branch of each IF statement is used) and list the 

main input and output quantities of the subroutine. These prints are 

triggered by presetting the constant MAXPa in each subroutine (excF✓pt 

the subroutines GENRAT, EDIT, FMELT, and REZONE) to the number of prints 

desired from the subroutine. 

Five test problems are described in t he f ollowing pages. The first 

problem has been run in three versions: a short test with triggering of 

prints from each subroutine, a short test with slightly altered data, and 

a full run with normal printout only. Some output from all three of these 

runs are given. F~r the other four test problems, only the full run was 

made, For all of the runs the major part of the output is given in the 

form of plots. 

1 



This volume is intended to accompany and supplement Volume 1 and is 

therefore not complete in jtself. The results of s me computer runs and 

comparisons of computed res ults with experimental results are presented 

in Volume 1. 
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SECTION II 

DISCUSSION OF TEST PROBLEMS 

1. Radiation Deposition in Porous Aluminum 

fl sample problem in which porous alumirum is heated by radiation 
is run in three vers i ons labeled 101, 102, and 103, In the first two, 
the computation is continued for only five time increments with printouts 
from each subroutine. The subprograms GENRAT, EDIT, HYDRO, SSCAL, JSTRESS, 
HAFSTEP, POREQST, EQS'f , and FMELT are exercised in tests 101 and 102. Run 
number 103 is a full run and therefore exercisPs all of these subprograms 
plus REZONE. 

The stress histories at points deep int o the porous material are 
fairly smooth. The histories could be related to gage records at comparable 
depths. The stresses in the vapor region are very large initially and then 
go to zero as the material expands. 

2. Porous Aluminum Impact 

The second test problem, IDENT 200, corresponds to an experiment 
conducted at SRI in which a solid aluminum flyer impacted a porous 
aluminum target. A stress history was recorded by a quartz gage behind 
the porous target. Hence the result of chief interest is stress history 
(listed by the subroutine SCRIBE) for the second interface (titled S23 in the 
printout). The run exercises all subprograms except SSCAL and the deposition 
portion of GENRAT. 

3. REZONE Test 

Test problem number 300 is purely an exercise of the capabilitifs of 
the subroutines REZONE and GENRAT. It is a deposition problem in which 
six materials with arbitrary properties are used. REZONE is called 
following deposition of radiation in the materials. As usual, REZONE 
prints out all of its operations so if anything goes wrong, the error 
can be traced quickly. 

3 
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4. PUFF 66 Test Run 

It was intended that the new version ,Jf PUFF should retain the 
• full capabilities of PUFF 66 on which it was based. Therefore the 

• radiation deposition problem accompanying tne PUFF 66 manual was 

repeated. In the problem, (Test 400), radiation is deposited on 

0.3 cm of a low-density composite material backed by 4 cm of aluminum. 

The problem exercises GENRAT, SSCAL, HY'lRO, JSTRESS, HAFSTEP, EQST, 

REZONE, and EDIT. 

The problem was calculated using two different sets of conditions. 

The first set corresponded with those in PUFF 66: no spalling was 

allowed and the material had a large yield strength even while molten 

or vaporized. The results fron, this first computation (not listed here) 

showed marked stress oscillations in the vaporized material and near the 

interface between materials, and, in particular, large tensile st1·esses 

in the vaporized and molten material. These computed stresses compared 

well with the results computed by PUFF 66, but they do not appear to 

adequately represent physical behavior. 

In the second computation spalling was permitted and r ealistic spall 

strengths were used fu~ both materials. The yield strength of the aluminum 

varied with energy and wa~ zero above the melting energy. Molten or 

vaporized material was not allowed to sustain a tensile stress; instead the 

stress was set to zero. The second computation showed that melting occurred 

in the front surfaces of ~oth materials. Spalls occurred at the interface 

between materials and in the nearly-molten al~~inum adjacent to the molten 

zone. The situation long after deposition shows a stress wave traveling 

back and forth in the unmelted surface material and a compressive stress 

wave traveling back into the aluminum. This second wave has the same shape 

and magnitude as the wave computed by PUFF 66 . 

• Brodie, R, N., and Hormuth, J.E., The PUFF 66 and P PUFF 66 Computer 
Pl'ograms, Tech. Rept. No. AFWL-TR-66-48, Air Forc e Weapons Laboratory, 
Kirtland Air Force Base, New Mexico, May 1966. 
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5. P PUFF 66 Test Run 

The P PUFF 66 pr oblem (Test 500) is an impact of a thin (0.l cm 

thick) aluminum flyer onto a 2.5-cm-thick aluminum plate. Behind the 

target plate is a quartz gage. The problem exercises HYDRO, JSTRESS, 

HAFSTEP, EQST, REZONE, EDIT, and a portion of GENRAT. 

The results are given as a series of plots. The shapes and 
* magnitudes are similar to those from the PUFF 66 manual. The present 

results are somewhat different from those obtajned w~ ; h ~ PUFF 66, mainly 

because fewer cells were employed in the present rur.. 

* I~id. 

5 



SECTION III 

INPUT AND OUTPUT OF TEST PROBLEMS 

1. Test No. 101 

Problem 101 is a short test run of radiation deposition in porous 

aluminum. The listings which follow include the input data (which is 

listed essentially as it appears on the data cards), and the initial 

layout of the coordinate grid, test prints, the final EDIT , and the 

stress histories. 
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2. Test No. 102 

Problem 102 is a short test run of radiation deposi ti on in porou s 

aluminum. The data is altered by 0.1% from that of Test No. 101. As 

for Test No. 101, test prints are triggered from most subroutin s. The 

following listing includes the input data , the initial layout of coordi­

nates, the test prints, the final EDIT, and the stress histories printed 

by SCRIBE. 
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3. Test No. 103 

ProblP;,1 103 is a complete computation wi t h t he same data as t he 

trial run, Test No. 101. The listing included in the following pages 

contains the input data, the initial layout, and two pages of the s t res s 

histories. In addition, graphs of the EDI Ts (stress as a function of 

coordinate location) and of the stress histor ·es at one coordinate point 

near the radiated surface are given. 
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160 ...----r----r----,-------,---~-----,-----

/VAPOR PHASE 
/i LIQUID PHASE 

.,..,._....1:.__. _ ____ S0LID PHASE-------- ~ 

140 i--....,.....~- - - - - --POROUS--------~ 

120 

100 

i .. 
I 
~ 80 
"' ct: 
I­
v, 

60 

40 

20 

0 L..11.-1--...... _ ..... ________ ....., ___ ..., _____ -.J 

0 0.01 0.02 0 .03 0.04 0.05 
DISTANCE- cm 

u - 6~16 - 59 

TEST No. 103, EDIT AT CYCLE 118, TIME 5 x ,o-9 sec. 
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LIOUIO - ~f-------SOLIO PHASE--------..i 

CONTINUOus-- - -----POROUS-------- -

0 L,.s;. ____ .u..,..._ _________ ~----------...i.--.J 

-0.01 0 0.01 0.02 0.03 0.04 o.os 
DISTANCE - cm 

TEST No. 103, EDIT AT CYCLE 158, TIME = 1 x 10·8 sec. 
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14 
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j .. 
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2 

----LIQUID-----___. ______ SOLID PHASE------- ~ 

.,__ _ _ CONTINUOUS-------------POROUS--------.i 

-0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05 
DISTANCE- cm 

GB - 6 5 8 6 • 61 

TEST No. 103, EDIT AT CYCLE 212, TIME = 2 x 10·8 sec. 
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4 

2 

i-----UOUIO SOLID PHASE ---1 I CONTINUOUS-------!---- POROUS--, 

-0.06 -0.04 -0.02 0 0.02 0.04 
DISTANCE- cm 

0.06 

GA - 6596 - 62 

TEST No. 103, EDIT AT CYCLE 292. TIME 5 x ,o-8 sec. 
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?.5 r-----------,,----------,------------, I LIQUID - CONTINUOUS I 

POROUS SOLID 

2.0 - -

- 1.5 
.8 - -... 
I 

Cl) 
Cl) 
l&I 
a:: 
I-
Cl) 1.0 -

o .__ ______ __,_I _______ ......,\ ______ --J 

-2.0 -1.0 0 1.0 

DISTANCE- c111 

TEST No. 103, EDIT AT CYCLE 1535, TIME = 1 x rn·6 sec. 
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100 r-----------.--1--------..... 

80 

• J 60 .... -.. 
I .,, .,, 
"' CIC 

40 ... ~ -.,, 

20 ,_ -

0 L._.:::::===----J.' _______ _J 
0 0.05 0.10 

TIME-1&HC 

TEST No. 103, STRESS HISTORY AT COORDINATE 5 



4. Tes t No. 200 

Problem 200 is a tes t run of an impact of a solid aluminum flyer 
plate against a porous aluminum target. The listing g iven below Inc ludes 
the inpu t data, the initial coordinate layout, and a sampling of t he 
stress histories written by SCRIBE. Graphs of several EDITs and of 
stress histories at interfaces are included. 
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30 -------------.-------------, 

25 

20 

.8 .,. 

I 15 
Ill 
Ill 
w 
ca: 
~ 
Ill 

10 

~S:,.::O:.,:L:,=IO~ -+---- POROUS TARGET ___ _.J 

FLYER 

0.1 

DISTANCE-cm 

0.2 

TEST No. 200, EDIT AT CYCLE 43, TIME = 1 x 10·7 sec. 
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12 ~----------------------

10 
S 10 -~FL~Y'""E~R----- POROUS TARGET __ __,, 

8 

~ 

.8 6 

--
1 
l/) 
l/) 
L£J 

~ 4 
l/) 

2 

- 2~--------_ ....... _________ __. 

0 .1 
DISTANCE-cm 

0.2 
0 

GA - 6516 - H 

TEST .~o. 200, EDIT AT CYCLE 76, TIME .. 2 x 10-
1 

sec. 
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10 ,------------,,--------------. 

8 

j 6 
II 

I 
~ 
w 
Cl: 
t; 4 

2 

_ _ so_L_l_o ____ POROUS TARGET 
FLYER 

0 L.....-......i11;.__ _____ ___J...._ __ ___.; ______ __,J 

0 0.1 

DISTANCE- cm 

0.2 

IA - 6~16 - 6 7 

TEST No. 200, EDIT AT CYCLE 157, TIME = 5 x 10-7 sec. 
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25 ,----~----,-----.-----.-----------------, 

--- POROUS TARGET - ----ouARTZ GAGE-----1\,­

20 SOLIO FLYER 

1.5 

.. 
0 
&, .. 
Vl 1.0 
Vl 
w 
a: 
~ 
Vl 

0 .5 

-0.5 L.._ ___ ...,__ ___ ...,_ ___ ......_ ___ ,_,1,. ___ __,_ ___ ---,1 ___ ---,1 

0 0 .1 0.2 0.3 0.4 0.6 0.7 
DISTANCE -cm 

IA · l~H-11 

TEST No. 200, EDIT AT CYCLE 472, TIME • 2 x 10·6 HC. 
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6 ,------,---~----,----"T"""'---.-------.--

4 

2 

- POROUS TARGET·- -..----OUA'"Z GAGE-/'y­

SOl.10 'LY(fl 

0 ..___.&..__. ___ ......._ ___ ....._ ___ ..._ ___ ..__ __ __. _ __, 

0 0.1 0.2 0.5 0.4 0.5 0.1 
DISTANCE - c111 

TEST No. 200, EDIT AT CYCLE 662, TIME • 3 x 10-6 sec. 

52 

• 



I ~----,---~---~---"T'"""---~-----.---. 

2 

i--.,..,_-POROuS TMGlT--,■ .. 1••---0UARTZ GAGE----./\,,,-­
SOLID 'LY[" 

0------------------------_.., ___ 0 0.1 0.2 0.S 0.4 0.1 
DISTANCE-cm 

IA-1511 - 70 

TEST No. 200, EDIT AT CYCLE 828, TIME = 4 x 10-8 sec. 
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20 

j 
I I& I 

! 
IO 

0 ___ __, _____ ....., ___ ......, ___ ...__ ___ .__ __ ....... 

0 0.1 0 ,2 0.3 
TIME-,..tec: 

0.4 o.a o., 

U - l~H - 71 

TEST No. 200, STRESS HISTORY AT IMPACT INTERFACE 
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4 

J • 
I s 

tit 
tit r ... 
tit 

2 

0 ...._ __ ~ __ ..._ _____________________ ~ 
0 2 s 

TIME-,aHC 
4 5 

TEST No. 200, STRESS HISTORY AT TARGET-QUARTZ INTERFACE 

... 



5. Teat No. 300 

Problem 300 is a test of REZONE for solid materials. The listing 

given in the following pages incl\.ldea the input data, initial coordinate 

layout, the listing of the rezon ing operation, and the final EDIT after 

rezoning and several more cycles of c0111putation. 
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6. Test No. 400 

Problem 400 is a radiation deposition test in solid materials. The 

problem is similar bu not identical to t ht test problem for Pl FF Ff. 

The differences lie in the s~ ification of EMELT (meltin) variables 

for both materials, setting NSEPRAT to -1, and inserting reasonable 

values for TENS (spall strength). With NSEPRAT at -1 , Lhe molten or 

vaporized material stretches a t zero stress r athe r than spalling or 

sustaining a tensile stress. The listing given below includes the input 

data, the initial layout, and graphs of several EDIT's. The times of 

these edits are the same as those provided with the Pl FF~ test run . 
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25 ..--,-----------------------"""T"--. 

20 

15 

10 

5 

-5 '---"----------...1...----------.....1.--' 
0 0.5 

DISTANCE- cm 
1.0 

TEST No. 400, EDIT AT CYCLE 360, TIME • 1.979 x 10-1 NC. 
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25 r--r----------,-------------, 

MAT'L 1- - - ---MAT' 2 ----- r--.-, 
20 

LOCATION OF SPALL 

15 

j .. 
I ,o 

lj:! 
"' ~ 
Ill 

-5 ._____.._ ________ ..._ _________ ___..___, 
0 0.5 

DISTANCE-cm 
1.0 

TEST No. 400, EDIT AT CYCLE 391, TIME • 3.64 x ,0·7 sec. 
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10 --------------------------------------

8 

6 -

j 4 .. 
I 
u, 
u, 
w 
I! 2 u, 

-2 

MAT'L 1----o..+---------MAT'L 2--------_,, __ _ 

LOCATIONS OF SPALLS 

-4L--.L-----------L...-----------"----------'----....1 0 0 .5 1.0 1.5 
DISTANCE-cm 

.. -HH · 7S 

TEST No. 400, EDIT AT CYCLE 572, TIME • 1.312 x 10-e IIC. 
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8 

MAT
1
L 1-+------MAT'L 2~ 

LOCATIONS OF SPALLS 
6 

-2'-....i----------------------i-.---' 0 1.0 
DISTANCE-cm 

2.0 

IA ·· UH - 71 

TEST No. 400, EDIT AT CYCLE 740, TIME • 2.41 x 10·6 sec. 
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j .. 
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ILi 
a: 
~ 
Cl) 

8,--------,,------------,-----------,.-----------.... 
MAT 'L t--+------------MAT'L 2--------~,,--► 

6 LOCATIONS OF SPALLS 

4 

-2._ ___ ._ _________ ,__ ________ ___. ____________ _ 

0 1.0 2.0 3.0 
DISTANCE-cm 

TEST No. 400, EDIT AT CYCLE 800, TIME • 3.468 x 10·8 sec. 
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4,------.-------...-----------

3 

LOCATIONS OF SPALLS 

-I 

-2 

-3 ____________ .._ _________ ....... __ __, 
0 2 

DISTANCE-cm 
3 4 

TEST No. 400, EDIT AT CYCLE 1214, TIME • 6.62 x 10-8 sec:. 
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7. Test No. 500 

Problem 500 concerns an impact of an aluminum flyer on an aluminum 

target. The input data are the same as for the P PUFF 66 test problem. 

The listing included in the following pages contains the input data and 

the coordina t e layout. Several EDIT's and the stress history at the 

quartz interface are graphed. These graphs are comparable to those 

provided with the P PUFF 66 test run. 
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10 

I 
I 40 
~ 

! 
10 

20 

10 

0 .__ __________ .,._ ___ ___.,_....;:a __ ....._ ___ --J 

0 0,0& OJO 0.20 0.2& 

DISTANCE-cm 
H - UH-71 

TEST No. 500, EDIT AT CYCLE 67, TIME • 6.234 x 10-8 sec. 
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10,------,-----,-----~----r------,----~-----, 

70 

10 

J .. 
I 40 

= 
~ 

·30 

20 

10 

0.10 0.15 0.20 0.2& 0.30 0.35 
DISTANCE- cm 

TEST No. 600, EDIT AT CYCLE 210, TIME • 2.568 x 10·7 sec. 
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60 i--~--- ----TARGET--------' 
FLYER 

50 

40 

i 
A 

I 30 

I ... 
en 

20 

10------i~--__._ ___ ....._ ___ ...,_ ___ ..._ __ ___. 
0 0 .2 0.4 o., 

OISTANCE-cffl 
0 .8 1.0 

TEST No. 600, EDIT AT CYCLE 408, TIME • 9.893 x 10·7 sec. 

92 

1.2 

• 



60.------.------,-----~----~-----, 

FLYER 

TARGET 

40 

~ 

J .-
I 30 en en .., 

C ... 
en 

20 

10 

0 L----..J......:=-.....i'-----.J....~----'----__J 
0 O.& 1.0 2.0 

DISTANCE - cm 

TEST No. 500, EDIT AT CYCLE 688, TIME • 2.163 x 10·8 sec. 
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10------,,------------------

40 

j 
• 
I 
en JO 
en w 

! 
20 

10 

0 L....----....1.-----'---...&..--'-----'-~--......J 

0 LO LS 2.0 2.5 

DISTANCE - cm 
IA ··HH·U 

TEST No. 600, EDIT AT CYCLE 813, TIME • 2.821 x 10·8 sec. 
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18 r----'-'T-----r----~--"-""T-----r--------, 

16 

12 

6 

2 

0'-----
0 

....,. __ ___., ___ _..., __ ,c_._ __ _l_ __ __,,_J 

2 3 
TIME-#'HC 

5 6 

IA · e5H·l4 

TEST No. 500, STRESS HISTORY AT TARGET-QUARTZ INTERFACE 
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SECTION IV 

SRI PUFF 1 PROGRAM ELEMENTS 

In subeequent page• the SRI PUFF 1 program elements for wave 
propagation calculation■ are Uated. The program requires 49,000 words 
of atorage for loading onto a CDC 6400 and 44,000 words for execution. 
The program and the lietinga are divided natura.lly into two segments, the 
firet for computation■ and the second for plot ting. If the plotting 
cannot be implemented on the ueer' s computer, then the plotting sub­
routine• ehould be omitted and the call to PUFPLOT should be removed 
from EDIT. (There ia no other link to the plotting routine■.) The 
program element• are included in the following order: 

Main program: SRI PUFF 1 

Computational Subprogram•: EDIT 

EQST 

FMELT 

GENRAT 

HAFSTEP 

HYDRO 

JSTRESS 

POREQST 

SSCAI, 

Plotting Subroutine•: PUFPLOT 

HISTORY 

HUGONIO 

TPLOT8 
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PRCrPAl'I SPI PUFF I INPUT,OUTPUT,U!'ElC•INPll,UPEtA•f1UTPIIT,TAPE6, 
l TAPEl,TAPE8,TAPE9,TAFEll,TIPE19,FILflFL•IOCCOI 

C 
C "'Al~ PRCGPlfl • • • 
C • CALLS GEh~AT TC RElr CITA •~c INITt,LIZE IAAIVS 
C • CALLS HYORC FCR EACH CYCLE CF CALCULATTCNS 
C • SETS TIME STEP 
C • CALLS EDIT, EOTflC~, PEZOhE AS PECUIPEC 
C • CALLS SCAIRE TO STORE RES LTS ANO FC~ TEAIIIINAL PRINTOUT 
C 

C 

C 

C 

(' 

C 

C 

C 

C 

C 

C 

C 

C 

REAL flATL, .. u.,u ..... F,~E .. ,NET 
INTE(ER .. ,POROUS,RINTER,SOLIO,SPALL 

fllSCELLANEOUS 
COl'lflON CEF,CKS,OIVG,OELTllll,CCLC,CR ► C,DTMIN,OTN,CTN~,OU,DX,ECLO,F, 

I FIRST,J,JCYCS,JINIT,JFIN,JSMAX,JSTAR,JTS,LSU~llll,MAXPP1111,N, 
2 ~CYCS,NPERN,PCLC,PLIST,SLAST,SMAX,TF,TlflE,TJ,TS,ULAST,UOLO, 
3 XLAST,X~CW,XCLD 

EQUATION OF STATE - SOLID 
cc,,c~ COSCC6,tl,ClC6,tl,C21fl,EflELTCt,51,EQSTAl61,EOSTf.(61, 

l EQSTDC61,ECSTF.C61,ECSTCl61,EQST ► l61,EQSTNltl,EOSTSl61,MATL17,61, 
2 MUl61,A~ltl,R .. 0Sltl,TF.NSl6,31,YADDC61,YOl61,JRNOl61,NPOAl6,21, 
3 ,.,.,Ufl,NIIITRLS 

EQUATION OF STATE - POROUS 
COMMON AKl61,MUPl61,PORAC4,31,PORBC4,31,POACC4,31,P~Pl6,31, 

l Y At CPI 4, ]I, DR e ,: , R .. OPV ,MP ,NC 
AADIATlrN DEPOSITION 

COMMON SSC!OO,,t,S STCPC51,STIPTC51,SCURM,SSTOPM,NSPFC,SSJ,JSS 
COORDINATE ARRAYS 

CCl'IMON XC3001,CC300l,Ctlll!OOl,DC30Ql,DHlC3COl,EHLC3001,HC300,,I, 
I NEMC1001,NETC!OCl,PC3001,PHLCJOOl,RCJOOl,Sl3001,SK(3001,TC,oo,. 
2 uc1eot,UHlC]OOl,Y~lf1001,ZHll3001 

.. jlLFSTEP ·IILUES 
COl'IM~N OH,DHLAST,DUH,EH,PH,RH,RHLIST,SH,S ►LIST,UH,UKAST,XH,XHLAST 

IDENTIFIEF:S 
co,MCN DISCPTIIOl,IDENT,JEDIT(201,JAEZCNl151,N,ATEC,1,NEOIT,NFOTl'I, 

l NJEOIT,NR,~REZCN,NSEPRAT,NSPjllL,~TEDT,NTEX,NTACl~l,TEOITC501 
CONDITION INDICATORS 

COflflCN INF,LINTER,MIRROR,NORfllL,POROLS,RINTER,SOLIO,SPALL 
SPALL ANO RELAXATICN 

CCMl'ION NSRC61,TSRC6,61,tSPC501,XSPC5Cl,LRlX,NICK 

COMMCN /PLCT/ IPLCT,IFPLCTC61,LlhES,ITFLOT,NTPLOT,IFLAGT,IHISTC91, 
IFL AGJ 

COMflON 1125001 

100 CALL SECONOCFIR5TI S XIN•FIRST 
CALL GENUT 
KNOCK•NICK 
CN-NCYCS•NPERN S IT•NINOC O,NTEDT-11 S NT•O S SF•O.fl 
N•NR•NAEZC~•l 

C 
C C•LCUL•TE IND STORE HYDRODYNAMIC OITA 
200 CALL HYDIIC 

XINL•XIN S CALL 5ECONDCXINI S DELTlfl•XIN-XINL 
C PEAICtlC ftlT5, PRINTS 

IF C,OOCN, Z'i .EC. Cl 205,210 
205 CALTIM•XIN-FIRST 

1jAITECl8,891N,JSTIR,TIME,CALTIM,JTS,OTNH,S,AX,JSMAX 
210 1,1,oocN,NEDTfll.EC.ct CALL ECTMOM 

IFll'IODCN,NEOITI.E0.01 CALL EDIT 
C 
C STrRE DATA IN eUFFER 

CALL SCR IPE 
C 
C STOP PARAMETERS 
300 IF CTINF .LT. TSI 304,4CO 
304 IF IN .Eo. JCYCSI 40C,!o, 
305 IF UCJS,ut .LT. CKSI 306,400 
!Ot C•LL SS~TC ► C2,IS1jfCHI 

c;o Tn 1400,'iOOI 1s-.TCH 
f. 
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4C C ~~flE (IA,411 

C 

WRJT~ (!R,401 N,JC~C S,TIMF,T 5,X(JS,AXl,CICS,ISWTr.H,OTNH 
CALL EOT MCfll I CALL EOIT I LSUB(ll • l I CALL SCRJAE 
IF lllNrCIC .Fe. 5HAGllll.1 GC' TC 100 
STOP 

C TlfllE ~TEP CALCULATICN 
500 CTN ... AMINICSF•DTMIN,AMAXlll.2•DTNH,.035•SF•OTflllNII 

IF ISCUllfll.EQ. 1.01 '5'!0,'506 
C 
C COMPUTATION OF SOURM 
5C6 SOUllfll • l.O 

lFITlfllE.LT.SSTc,,15t5,53ft 
515 00 '525 NS • l,NSPtt 

IF IITIME .LT. SSTOPCN!II .AND. CTIME .GT. START(NSIII 520,525 
,20 SOUllfll•AfllfNICSOURll,SSTOPCNSI-START(NSII 
52'5 CONTINUE 

DTN ... AflllNl(OTNH,o.01•souRMI 
'530 CN• NCYCS•J,PEIIN 
C 
C TIME EDIT 

IF IITI '560,550,535 
'53'5 CALL EDIT SNT • NT•l 

IF CNT .EC. NTIIINREZONII 537,531 
531 CALL IIEZCNE I NIIEZCN•NREZCN+l 
5~8 CONHNUE 

IF CNT .EC. NTEDTI 540,'545 
'540 IT•-l I GC TC 56C 
545 IT•O 
550 IF ITIIIE ♦ CN•OTN~ .LT. TEDIT(NT ♦ lll ,eo,555 
555 NCYCS•CTEOITCNT+ll-TIMEI/OTNH+l S CN•NCYCS 

CTN ... CTEOITINT•II-TIIIEI/CN I IT•l 
~~O N•N+l S Nll•NR+l 

IF IDTNH .GT. Cl ZC0,565 
11\f,C N•N-l I GO TO 400 

40 FORfllAT I/ 5H N •,14,9H, JCYCS •el4, IH, TIME x,Et0.1,6", TS • • 
El0.3,l2H, XCJSIIAXI •,El0.3, lN, CKS •,ElO.!,lOH, ISWTCH •I!, 

2 8 ►, OTNH •El0.31 
41 FCRIIAT l/4X,21H•••• CRITERION FOR STOP ••••I 
89 FOttNAT 15H N•1'5,!H, JSTAll•l4,7H, TINE•El0.!,12H, CALC TIME•FlO.! 

1,11H SECS, JTS•,14,lH OTNH•,El0.3,lH SNAX•,El0.1,8H JSIIAX•,14/1 
~u 
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SLPAOUl INf EC tT 
C 
C IINCLUUES ENTRIES FrTMnM, FOOUMP, AND SCRIRFI 
C l'AJCP PATll.lC Ul I<; ~ANOLEr. PY THIS P(UTINF 
C • EOll LISTS COOROINATF O 'ANll ll ES FCII Tll'E rf TFr.TT 
C • EOTl'[r,, CCl'PUTF <; ANr l l~TS fi'Ol'Ell.lllil 1:UANTtll ES 
C • EOOUl'F r.1ve s " "'( Pr r. r"'PLETE ECIT f (~ rFPu ~r JNr. ~UR Pn src; 
C • SCAIBf ~1011£5 ~fL FrTrn PESLLlS DLIIIII.~ C.Cfi'FUT"TICII. ANC r,,j\l(f<; 
C A FIii.AL LISllN(; nF SlRE~S ~l ! TCRIES 
C 

REAL MAll,l'U,MUl',fl'LP,11.Fl',NfT 
INTEEEII ~,POACUS,IIINTED,SOLID,SPAL L 

C l'ISCELLAII.Frts 
COMIIIION crF,CKS,OAVC,nrt ,, .. ,nrLO,ORHC, Hilll., DTll., r. TNf',l"l J,r'l(,frLr,,=, 

l FIAST,J,JCVCS,JIII.IT,JFIN,J S"A),JSlAR,JT~,t< l~ III 1,,.AXPP(lll,11., 
2 NC VC S, fl PE II II., PC l r , II l ~ 1, ~ I ~ST, S 11' AX , TF , T '" f , T J , TS , Ill Ac; T , lJf"II n , 
~ XLASl,,NC~,,OLO 

C ECUATICN CF STITF - ~OLID 
COllilfi'CN OSCC6,61,Cll6,61,C2161,Ell'ELTl6,51,EC <;T Al61,FOSlr.C~I, 

l ECS10161,EOSlEC~l,E0Slr.(~1,fQSTHC61,ECSTII.C61,EC<;Tc;C~l,l'ATL17,~1, 
2 ll'Ul61,ll~Cl61,R~CSl~l,TF ~S ff,'1,YAOCl~l,Yrt~l,JPNOl~l,NPrPf~,71, 
3 I' ,l'l!fl,11.ll'llll ! 

C EQUATION '1F 511111 - PCRCl S 
COflfl[II. AK(61,IIIIUFl61,PnPAI A, >1,POABC4, l,PCP~f4,ll,Pf'f"IPf~,~1, 

I YADOPC4,3),0IIEF,P~rFv,l'P,11.r 
C AACIATICN OFPCS JTlr.N 

CCfllllCN SSl300,51,SSTOPll\), STAIITl!I, 1· ,P •,~ c; Tr: P111,N<;PFC,Sc;J,JC,S 
C CCCADIII.ATE APP"v c; 

cr.MMON ,13cr.1,ccJcc1,r.~LflOOl,01 3001,0~Ll3r.r.1,F~Ll'OCl,Hl~nn,31, 
I II.Eflll300),II.ETl~OOl,Pl~Col,P~Ll~CCl,RC~COl,<;llCr),SHLll001,T('\OOI, 
2 Ul3CC),UHLl3001,V~tnrc,.z .. , 13CCI 

C ~ALFSTEP ~AL UFS 
cc,fllCN DM,DMLAST,CU ► ,f ► ,P~,11 ► ,R ► LAST,SH,S~L~<;T,UH,UHLAST,XH,XHL~~T 

C IOFII.TIFIFPS 
(011111110N DI SCPTI 10), I DENT, Jl"O JT 120 I, JIIEZCNI l 'l I ,NOA TF I 31 ,N Fn J T, NFl"'I TM, 

l ~JECIT,II.P,11.IIF7CN,N5fPPAT,N~PALL,NTED1,NTFX,NTAlt~l,TFnJTl'lOI 
C CCII.OITJCII. Jll.r.lCITrP' 

COIIIIIIION INF,LINTEA,IIIIIADrA, NO ll~AL,PCPCUS,PINTEA,SnLrO,SPALL 
C SPALL ANC RELAXATlnN 

C 

co, .. CN HSlll6),TSlll6,6l,Uc;P150l,,SPl~Ol,LRLW,NICK 
CONNON /PLOT/ IPLOT,IFPtrTl6),LINES,ITFLOT,HTPLnT,IFLAGT,IHISTlq), 
CC,,CN Af2500) 

CIMENSION IAVl11) 1 AAl61,XJEOl~),XJAl61,~JEl61 
EQUIVALENCE IJfllNOlll,JPtl, 1JllNOl2),JA21, IJI\N0131,JA'\I 

C 
C 
r. PPINTOUT F~A [AC ► ECll 

NTE••NTFll+l 
CALL SECONDICHANGEI I DUP•rHANGE-Fl ~'l 
JSUB•JINIT I JSTAACsMJNf'IJ 5 TAA+I, HI N- I I t NPB s J!-TOn-Jc;1 1P+I 
.,RITE 111!, 1026) II.TEX ,N,T I "E, J<iT H, CUil 
TSCALE•TIME•l.E~ 
IF flFPLOTCII .NE, 01 WAITE 171 NTE),N,lSCALF,NPlS 
111•1 
CO c; J•JSUB,J!lAAr. 
SJ•Sf Jt•l .f-q 
AJ•RIJ)tl.F.-q 
IF IIFPLOTIU ,NE, 0) .,AJTF 171 •IJl,' J ,RJ 
NSAfll•NSlllllll) ♦ l f (C TO 11,1,2,2,1,1, ~I N~R ~l 

l PARl•VHLIJ) I FAA73 S~llJI-F ► LIJI I c;o Tn 4 
2 PAlll•NEMIJI I PAR?•NEllJI I r.r Tr. 4 
3 PAlll•II.Efl'IJI I PAA2•S ►LCJI-P~LIJI 
4 ~RITE llB,102~1 J,lllJl,UIJl,IIIJl,PIJl,SIJl,E ►LIJ),OIJl,r.lJl,J, 

l ~CJ,l),~IJ,21,~IJ,~l,~ATLll,flll,l'A1l12,ll'),FaPt,PAA? 
IF IJ .EC, JPII.CIIII) ) P,G 

I! ....... 
WAITE I 11!, 1C2«; I 

q CCNTINUE 
IF IIFPLClll I ,EC. r.l PFTIIP~ 
1111 • 1111- l 

... 
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IF 1.,1 .L F. 0 1 Gr T~ I 
0 l l" flz I , I" I 
JPl":J PN CIM P. I 

10 XJPll"Pl =X(JPl"I 
15 loRllE 17) 1"1,IX JB lll,l z l,bl 

PET URN 
1026 FCPl"ATl// 5 X, 1 3 ► TIMF EDIT N0.1 ~,7~ AT N • 15,eH, TIMF =ElZ.~,l4H (j fC 

IS, JSTAR =15 ,14H, CALC TIME IS Ft0.3,5 ► SEC S 
2 //4X,l~J, f )(,1.,X, 6X,lHU,l 0X,lHR,lOX,1HP,lOX,lHS,qx,3H f HL,6)(,tHn, 

3 1n x,1H,O,lHJ,2X,4t'C0N0,lGX,20t-lY, "'"'· MU sn OR NT/ 

4 5H CELL ,"iX ,ZHCM, t X ,6HC"I/SEC, 111 H i 0YN/Clil2 l, 1X,4HERr. S,? X, 

~ f.t-l(:,.. / CM 3,5X, 6HCl"/S EC,1X,4Hf.Fll,26JC,l'it-ll 0YN/ C"l2 OR 1/CMll 

102 R FC PIOTI 15 , F 7. 4, Fl. C, 4 F 1 1 . 4 ,F P. 4 ,E 11 .4, I 5, l X , 3 IR 1 , t X l , 2 A 8 , ?E 1 1. 31 

102G FOPl"AT I l 
c••••••••••••••••••••••••••••• 
C 

HTPY EO 0LIIIP 
C 

401 

402 

WRIT F 118, 200 1) N,J,JSTAR,NSPALL,ltl"E 
DC 401 IC s t ,l\l"TIIL S 
loRITF ll 8 ,2C 02ll"ATlll,1Cl,,..ATL12,Kl, IC0S0CK,ll,l • l,fl, 

1 ICICK,tl,l s l,U,C21Kl 
WRITE 118,2003) ECSTCIKl,fQSTDCKt,EQS , EIKt,EOSTGIKl,EQSTH(K1, 

1 EOSTN(Kl, ECSTS(K1,"1.IIKl,.HO(Kl,at-i cscKt,YACDIK1,YOIK1 

loRITE 118, 20041 IEflELTCIC,lt,1•1,5t,CTENSIK,ll,1 • 1,3l,AICIKt, .. UPIKl 
CONTINUE 
.. RI TF I 1 8 , 2 C 05 I 
00 402 K• JINIT,JFIN 
CX•ICCK+ll-X(KI 
loRITF l18,2006t K,XIKl,DX,CHLIKt,C ► L(~l,E ► L(Kl,PHLIKl,SHLIKl,PIKI, 

1 T(Kl,UCK1,YHL(Kt,ZHLIKl,CHIK,lt,1•1,3l 
IF CHCK,2) .EQ. LINTERt WRIT E 118,20(J7t 
C0NTlt.UE 
IIETURN 

2001 FCRl"AT lll ► lE0DU .. P, N•l4,4H, J • 13,S H, JSTAR • l3,9H, NSPALL • I,, 

l 7H, lll"E• El0.3) 
FOR .. AT 11HC,2A@,4~, C• l3F6.~l 
FCRl"AT(6., ECST•l2El0.31 
FORl"All6H "'ISC • l0El0.Jt 

2002 
2003 
2004 
2005 FORMAT l4HC J4X,1HX,9X,2HDX,RX,3HCHL,7X,3H0HL,7X,3HEHL,7X,3.,P~L, 

1 lX,3HSHL,8X,l ► fl,9X,1HT,,x,1 ►u,ex,3HYHL,lX,3HZHL, 6X,lHH/1 

2006 FOll"'n 115,12ElC.3,2X,3111-t 
2007 FOII .. AT I I 
c••••••••••••••••••••••••••••• 
C 

C 

ENTRY E0TMO"' 
POT FC'S• POTt. EG• O. 
JSTH0•JSTU+l 

C TCTAL MOMENTUM CALCULATI0t. 
EMVNEG•E"'VP0S•ESUM•EKSUM•RMAX•0. 
CO 208 J•l,JSTARD 
IF IRIJI .n. IIMAXt 20'.!,204 

203 RMU•II I JI 
JRMAX•J 

204 EMV•.5•ZHLIJJtlUCJl+UIJ+lll 
IF IE"'V .LT. o., 205,206 

205 EMVNEG•EMV~EG•E"'V 
GO TO 201 

206 EMVPCS•EMVPOS•F•V 
107 CONTINUE 
C 
C TCTAL ENEIIGY CALCULATION (IN CALORIES) 

Esu,-Esu,+EMLIJl•ZHL1Jt/4.l86E7 
EKSUM-EKSUM+ZHlfJl•IUCJ1••2+UIJttU(J+ll+UIJ+lt••2t/6.l4.l86E7 

2C8 COTINUE 

C 

ElOlAL•ESU, ♦FKSUI" 

JM• J5"'All+ 3 

r. CALCULATE ,c .. ENTUI" CF "'Al~ PULSE 
EMVPL • C. 

209 e,vFL• E,VPL+UIJ•1•.5•ctJMl•r,1JM+lt-X(JM-111 

100 

ENTRY 

F.NTfl Y 



IF (JI' .Llo J~l'AXI 210,211 
210 IF IUIJM-11 .(:1. C.I ill 12B 
211 ir- IJI' .r-T. II 21;,2p 
212 JhJ l'-1 

GO TO 2Ct; 
?lJ Jl'• JSIIU+4 
C 
C CILCUUTE "01'4FNTlJM CF PAECLASOA 

EMVPll•0. 
214 EMVPll • EIIVPR+.5•UIJl'ltC(Jl'ltfX(Jll+ll-XIJII-III 

IF IJM .Cl. J 5TAAI 216,215 
215 JI'• JI'+ I 

GO TO 214 
216 EMVPP•EMVPL+EMVPA 

CTPP•EflVPP/S111O 
OTP ULS • FIIIVPL/Sl'iX 

C 
C CILCUL ~TE MAXIIIUM POTENTIAL MOMENTUM CF VAPrR 

111 • 1 
EMVP!M• 0. 
00 220 J•l,JSTAII 
IF IJ .GT. JRNO(Mll M• M+l 
CE• E~lfJt-EQSTEl"'t 
IFICE .CT. O.t 21t;,221 

21,; UAYG•ISQRTIUIJ-lt•UIJ-lt+2.•0El+SQRTIUIJl•UIJl+2.•oe,1,2. 
Ef1Velll•El'V81'+UAVG•ZHLIJI 

220 CONTINUE 
221 COIHINUE 
C 
C PRINT OUTPUT VARIA8LFS 

WAITE 118,1035) 
WRITE flB,10341 N,TlflE 10TNH,JTS,ETCTAL,JFIN,JSTAll,JSMAX1SMAX 1XfJSM 

l1Xt,OTPP,OTPULS,EM~NFG,EIIIVP05 1Elll~PL,Ell~PR 1EIIVPP1Fl'VPll,PCTPrS,PCTNE 
2G,Xlll,X(J!ll,X(J!21,XIJ831,•IJFINl,JRMAX 11111AX 1X(JRIIAXI 

AE TlJIH, 
1035 FOIIMATl15HI IIIOIIIENTUM EDIT/t 
1034 FOIIIIAT 1/,7X 15HCYCLE,BX,4~TIME 18J 14HDTNH 1 t;X,3HJTS,6X,6HFTOTAL, 8X,4 

lHJFIN,7X,5HJ5TAll,7X,5HJ~IIIAX,8X,4~SIIIAX,4X 1 8HXIJSMAXl 1 /,112,2f12 ■ 4,I 
212,El2.4,3112,2El2 ■ 41/,BJ,4HOTPP 16X 1 6HDTPCLS 1 6X 1 6HEIIVNFG,6X 1 6HFl'VP 
3CS,7X 15HEIIVPL,7X,5HEIIIVPA,lX,5HEM~PP,lX 1 5HE11~811 16X,6HPOTPOS,6X 16HPC 
4TNEG,/,lOEl2 ■ 41/,8X 1 4HXllt,4X,8HX(J!~Dll,4X,8HXfJBN021 1 4X 1 8HXIJRNO 
,3t,5X,7HJIJFINt,7X,,HJIIIIIAX,flX,4HRIIIAX,4X,8HX(JIIIIAXt,/,~Fl2.4, 112,?F 
6l2.4t 

c••••••••••••••••••••••••••••• 
C 

ENTPY SCllll!E 
C 

250 

22fl 

2]0 

223 
224 

IF IN .EQ. 11 250,251 
IBUF-0. I MODLUS•2! 
DO 286 1• 1,NJEOIT 
00 284 IM•l,NMTRL! 
IF IJEDJTII) ■ LE. JIINOIIMII 2!6,214 
CONTINUE 
"'JE 111• IM 
IF ILSU81711 2t;0,2!5,2t;O . 

STCIIE DATA IN BUFFER 
18•50•18UF+l I AflBl•N I ACIB+lt•TIME•t.E6 I 
ACl!+lBl•OTN~•l.Et; I Afle+tt;l • OELTIM I IR • IR+I 
NINTEII • IIIINOINIIITIILS-1,11 
IF ININTER .eo. 01 GO TO 230 
CC 228 1•1,NINTEII 
JB•JB~D111 I IB•l!+l 
AIIBl•ISIJBl+SIJ!+ttl/2 ■•1.E-• 
IF ININTER .EQ. 11 224,210 
NLEFT • 3-NINTEII 
00 223 1~• 1,NLEFT 
18•18+1 I JE•JEDITIINI 
AIIBl•ISIJEI-PIJEtt•l ■ E-1 
00 22, 1•1,f: 

Al 1R+111•JT c; 

JE•JEDITI II S 18•18+1 
lf1!+15l•IIIJEt•t.E-t; I 

I AflBl•SIJEt•l ■ F-t; I AIIP!+61•HIJF,31 
All!+271•All8+3t;J•l ~IJEI-PIJEll•t.E-q ----
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2241 
2242 
2243 
225 

2B 
235 

240 
242 
245 

270 
C 
290 

351 
352 

355 
360 
362 
36'5 
400 
C 

301 
C 

C 
r 

302 

307 

308 
309 
C 
C 
JlO 

311 
312 

311 
314 

C 

315 

C 

C 

HC 

322 

IF IDIJEI .Gl. O.I Alle+211 • 1./0IJEI 
l'J• "JEI II I NSA"Jl•NSAfllilJl+l 
~C TC 17.2 5 ,224~,2241,2241,2243,224!,22421 NSAIIJt 
All8+ 331 • ~El'IJEI t •11e+3q1-~ETIJEI I cc Tn 22~ 
•CIR+3 : l•NE"IJEI I GC TO 225 
•IIP+331 • V~LIJEl•1.e-q 
CONTINUF 
18UF• ll!UF+ I 
IF lll!UF .EQ. l'rcOLUSI 2~3 ,240 
IF IUNll,61 233,235,500,'501 
euFFEA OUT 16,11 IAlll,1150•l'COLUSII 
HTC 270 
IF lt8UF .EQ. 2•1'COLUSI 242,270 
IF IUNIT,61 242,t45,50C,5Cl 
PUFFER CUT 16,11 (Al50•"0DLUS+ll,A(l00•MOOLUSJJ 
18UF•C 
AETUAN 

euFFEA CUT AEl'AINDEA OF AN INCOMPLETE BLOCK 
IF I 118UF .Gl. 01 .aNo. (l!UF .LT. l'ODLUS) I ~51,355 
IF (UNIT,61 351,352,500,501 
PUFFER CUT 16,ll 1Alll,A15C•IBUFII 
GO Tn 165 
IF lll!UF .CT. MOOLUS) 3f0,36'5 
IF IUNIT,61 !60,3f2,5CC,501 
BUFFER CUl 16,11 IAl50•l'COLUS+ll,Al5C•l8Ufll 
IF IUNIT,61 !65,400,500,501 
IIEWINO 6 

Z~IIC CClll'n 
00 301 l•l,2500 .,,,-o. 
CALL SECONOIXSTAATI 
IF I IPLOT .EQ. 01 GO TO 307 

PREPAIIE TAPE l FOIi PLOTTING 
00 !02 I• 1,6 
JE•JEDITI It 
IIJEClll•IIIJEI 
WRITE Ill N,NJEDIT,IJEDITIIJ,1•1,61,IXJEOlll,l•t,61 
INDX•O I IBUF•"OOLUS I N8UF•IN-ll/MODLUS+I I LENGTH•IICOLU~ 
euFFfll IN 16,11 1Allt,Al50•l'CCLUSII 
00 325 NR•l,"18UF 
IF IUNIT,6t 301!,309,500,501 
IF IN8 .EC:. lli8UF I 310,111 

RESET LENGTM FOIi INCDN,LETE ~tOCK 
IF 11100 IN,IIODLUSI .fQ. 01 CO t~ 314 
LENGTH•-ODIN,IIODLUSI t GD TO 114 
IF 118Uf .eo. 01 312,313 
BUFFER IN 16,ll 1Allt,Al50•IICDLUSII 
CO TO !14 
8UFFEII IN 16,ll IAl50•~0DLUS+ll,AllOO•MOOLUSII 
DO 320 K•l,LENGTH / 
INDX•MOOl18UF+NOOLUS,2•MOOLUSl•50 

PAINTCUT OF STRESS ~l~l~RI S IFIAST SCAl~EI 
IF IINDX .EQ. 01 IIIIITE 118,1041: fCIIIJEl,JE•l,61 
NO•AIINDX+ll I JTS•All"IDll+l81 
CC 315 10•12,ll 
JAYIIQ-6l•AIJNDX ♦ JCI 
WIIITE 111,10401 ND,IAIINDX+ll,1•2,51,IAI INDX+lt,IAYlll,1•6,111, 

l JTS,IAIINDX+ll,1•19,201 
PIIEPAIIE IAPE 19 FOR SECCNC SCllllc 

IF lllllll .CT. 11 WRITE (19,10921 N~,AIINDX+21,IAIJNOX+ll,1•3q,501 
FIIEPAIIE TAPES FOR PLOTT ING • 

IF IIFPLO Tl21+JFPLCTl31 .NE. 01 Wllllf Ill IA(JNOX+ll,1•2,111 
IF( JFPLOTl31+1FPLCTl41+JFPLOTl51.NE.OI NIIITEIIIIAIINOX+ll,1•27,321 
IF IIFPLOTl41 .NE. 01 WIIITE 1q1 IAIINOX+ll,1•21,261 
IF IIFPLOTC51 .Ne. Cl NIIJTE 1111 IUINDX♦ ll,1 ,. 3l 1!1 
ll!UF• 18UF+ I 
IF 118UF .EQ. 2•MDCLUSI !22,325 
18UF•O 
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32": CONTJNUE 
IIEW ll'C lq 

C PAJNTCUT OF STAFS S ~ISTORIE5 (SECnNn SCRIPfl 
IF ILRUI .F.C. 11 6C0,33C 

330 NP•IN-lt/~O•l S N0•5C 
OC 345 IP•l,NP 
PRINT IC91, IJfOITIJEt,JE•l,fl 
IF I IP .EO. NP t 333, 34C 

333 IF lflCOIN,501 .EQ. 01 340,31f 
336 NO•l'On1N,5Ct 
340 CO 345 K•l,NO 

11EIOll9,1092t NrJ,TIME,IAlll,l•l,61,IAAlll,l"l,61 
PRINT I C92, NC, T H1E, 1111 I, U I 11, I• 1, 61 

~45 CONTINUE 

C 
600 

C 

670 

C 
C 
500 

501 

4 1H! 
1040 
1041 

1061 
1062 
1070 
lC80 
1090 
10 411 

104-2 
'5012 

IIEW l"C 1q 

CALL SECnNCl•ENOI 
IIEWINC 6 S AEWINC 7 S PEWIND 8 S RE~INO 9 S REWIND 11 

CALL TC PLCTTING PACGAII' 
IF I IPLOT .Ell. CI GO TO f2C 
PA lt.l 498 
CALL PUFPLCT ll'TEX,IOEl'TI 
REWINC 7 S RFWIND e S RF~INO 9 S IIE~l"O 11 
Clll SECCNC lflNALI S OUA4•FINAL-FIRST 
OUR••FN0-,5TIAT I CUA2••E"C-FIIIST S CUA3•FINAL-XENr 
WRITF 118,~Cl21 DlA,0~112,0lR3,0UA4 
IIETUP,_ 

STATUS C .. ECK PAINTS 
IF INP .EC. NBUFI LFNCT ... ~OOIN,MODL~SI 
WRITE 118,106lt Nl,lENGTH I CC TC 6CO 
IF IN8 .EQ. lilBUf I LENGT .. •l'COO;, l'CDLUSI 
WIIITE 118,1062t N8,LENGT~ S GO TC 60C 
FORl'AT 115H PUFPLCT ClllEC /It 
FORMAT 11,,4F10.3,f(r9.3,All,15,F7.3,F9.3t 
FCllflAT 181 ► 1 SCRIPE OUTPUT, TIME II\ l'ICRCSECS, S IN KIIARS, OTNH IN 

l NANOSECS, OELTII' IN SECS // 
2 51~ N Tll'f Sl2/S0Jl S23/SOJ2 S'4/SOJ3 Sl13, 
3 7 ► 1 Sl13,7 .. 1 Sl13,7~t Sl13,7HI Sl13,7HI 5113, 
4 22HI JTS Dl"H OELTIMI 

FORl'ITl27 .. EDF 01\ UNIT 6 IN Sr.RIBE. 5 ► N8•12, qH lFNr.TH•l31 
FOAl'AT 138 .. PIRITV ERROii nN UNIT 6 11' SCRIBE, NB•17,8HlFNGTH•l3I 
FORflATl1215t 
FOAMATl21,,Fl0.3,15I 
FQHIT( 3Fl0. 31 
FORMAT llt3HISECONO SCRIBE OUTPLT FOR All IIElAXATICN "OOFLS- N 

11',NTll/Cl'I, GAfllUNITlESSI, v,SO,flUIKILC!AASI, TIMEIMICRnSECSI '' 
215X,617•,3 .. J •,14,fXl,//5H N,6X,4HTlflE,613X,7HV rA Nl',3X,7 .. Sn, 
3NT,l/l5X,615X,5 .. CR MU,4X,6HOA GAl'II 

FOR,AT 115,FIC.3,12El0.31 
FORMAT 117HOTl~F. IN ~CAl~F sFI0.3/llH CC,FUTJNr, Tll'F sFt0.3/ 

l llH PlCTTING Tt,E •FI0.3/llH TOTAL TIME sft0.3t 
t.NU 
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!lBROUTl~E ECSTIEJ,DJ,PJ,,J,CJI 
C 
t co,FUTES PRESSURE •Ne SOUND SPEED FOR SOLIOS C • •IE-GAUNEISE~ FCR cc,PRESSICh 
C • EXPAN SION EQUATION OF STATE FC DENSITIES LESS T~A~ R~CS C 

Ae•t •ATt,,u,•u•,•uP 
C MISCELLANEOUS 

cc,,cN CEF,CKS,CAVG,DELTIM,DOLD,DAHO,DTMIN,DTN,nTNH,DU,DX, ECLO,F, I FIAST,J,JCYCS,JlhlT,JFlh,JS•AX,JST•A,JTS,LSUBllll,MAXPACtll,N, 2 NCYCS,NPEAN,POLD,ALAST,!LA!T,SPAX,1F,TIPE,TJ,TS,ULAST,UCLC, 3 xt•ST,XNCW,XCLD 
C ECUATICh OF ST.TE - SCLID 

COMMON COSQC6,61,Cll6,ft,C21fl,EPEL116,51,ECSTAl6t,EQSTCl6t, l ECSTOl6t,EQSTEl61,EQSTGl6t,EQS1Hltl,EQSTNC6t,EQSTSl6t,,ATL17,6t, 2 WUl6t,AHOl6t,AHCSl6t,TENSl6,31,Y•ttl61,YOC6t,J~NDl6t,NPnAlf,?.t, ! ,,,UN,NNTALS 
C ECU•TION OF ST•TE - POROUS 

C 

co,,oN AKl6t,PUPl61,POAAC4,31,POA!l4,31,PCACl4,!l,AHnPl6,31, t Y•CDPl4,31,DAEF,AHOPV,MP,NC 

VJ•RHOSIMJI/DJ I ENU•l./VJ I EPU-ENU-t. 
IF IEMU .GE. 0.1 10,3 

C ECST FOR EXPANDED ZONES 
3 ENU2•EQSTNC•Jt•Cl.-VJt•VJ I TSl•ECSTEINJt 

IF lfNU2 .GT. -101 4,8 
4 TSl•TS1•Ct.-EXPlfNU2tt e EN•IENU♦ l.1/2. I E~Z•fNU+EN•EN 

GHNU•IEQSTGINJI-EQSTHIMJll•CENU•EN/ENZ+.25•EN2/ENt 
TSZ•EQST~IPJl+GHNU I PJ•IEJ-TStl•DJ•TS2 
IF ICJ .NE. 0.1 •~20 

~ CSQ•IEJ-TS11•1Ts2+.5-«;HNUltTSZ•IEQSTEIMJI-TS1t•EOSTNCMJt•c2.•vJ-l. 1 l•VJ ♦ PJ•TS2/DJ t 2.•NUN/CDJ+DClDI 
IF ICSQ .LT. 0.t GO TO 30 
CC•CSQ+CJ•CJ I CJ•CSQ-CJ/CC+.z5•CO/CJ I GO TO 20 12/11 C EQST FDA COMPRESSED ZONES 

10 PH•IIEQSTSIMJl•ENU+EQSTDCMJtt•ENU♦EQSTCCNJlt•E•U 
G•EQSTGIMJl•AHOSIPJI/DJ I PJ•PH•Cl.-.5•E•u•Gt•G•DJ•EJ IF ICJ .NE. O.t 11,20 

11 CSQ•ff3.•EOSTSINJt•ENU+2.•EOSTOCNJll•ENU+EQSTCIMJlt•ct.-.~•G•E•u• t /AHOSIPJt-.5•GIDJ•PH t PJ•G/DJ + 2.•MUM/IDJ+DDLDt o IF ICSQ .LT. O.I GO TO 30 
CC•CSQ+CJ•CJ I CJ•CSQ•CJ/CQ+.25•CQ/CJ 12/17 20 IF llSUftl4) .GE. ••xPAC411 CC TO 30 
lSUll41•lSUftl41+1 

25 WAITE 118,110) J,N,CSQ,fJ,DJ,PJ 
30 RETCAN 
110 FORMAT llCH EQST, J•13,4H, N•l4,6H, CSC•Et0.3,5H, EJ• El0.3, l 5H, OJ•Et0.3,5H, PJ•ElO.!t 

ENU 
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C 
C CC,.PUTES VjRJjTICN OF STRfNGT~ OR MOCUL S ~JlH INTERNAL ENEPGV 
C 

Rfjl MATl,,.U,MUM 
c "ISCEtt•Neru~ 

CO,.,.ON CEF,t"s,o•~G,CELTl~,r. C LL, C ~ ► C, C T,.,~,CTN, r. TN ~ ,ou,ow,Fnto,F, 
1 FIPST,J,JCVCS,JINfl,JFIN,J~,.Al,J~l•A,JTS.ISUAl!ll,~~IPPllll,N, 
2 HYCS,~PEP~,PClC,llljST, SLA ~l,S,.AX,lF,Tl,.E,TJ,T~, UlAH,llnLn, 
3 llAST,l~C~,XClO 

C EQUATION OF Sljlf - SO LID 

C 

r 

C 
10 

C 
20 

C 
30 

CCftftC~ cnSCl6,fl,Cllf,fl,C2(fl,E,.Ell!f,51,EQSTAl61,EQSTCl61, 
1 EOSTOl61,ECSTEl61,ECSTGl61,ECS1 ► 161,ECSlNlfl,fOST~l61,,.ATll?, t l, 2 MU(61,R~Ol~l,R~O~(fl,TENSlf,3l,YjC0161,VCl61,J~ND(61,NPnAC~,21, 
3 ft,ftUM,N,.TIILS 

IF IEJ .ce. EMElll"'J,111 r.o TO 30 
IF IFJ .CT. E"'ElTl,.J,211 en Tn 2C 
IF IE J .r.T. O. I GC H t C 

FOP NEGATIVE FNFPtV 
F"Ell • I. 
llfTUR~ 

FOR EN ERGY I~ FI RST AEGIC~ 
IIR•EJ/E,-ELTl•t•il 
F•EtT • I.-AP•I .-E•ELTl,.J,41 ♦ 4.•E,.ElllMJ,31•1RP-1.ll 
IIE Tl!RN 

FOIi ENERC,V IN SF.rONO IIEGIC~ 
RR•IE,.ELT(NJ,ll-EJI/IEMElllNJ,ll- EMElllMJ, 211 
FNElt--••lf"ElTl,J,41-4.•E,.ElTl,.J,5t•IPP-1.II 
IIETUIIN 

FMflT•O. 
llfTUU 
Er ru 
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SU~RnUTI NE C.ENP AT 
C 
C READS l~P Ul nATA A~O INTTTALIZES ARR.VS 
C • REA s INP UT ("AAn s 
C • cr~FUTES COORCINATE LAYnUT 
C cr~PUTES RAOTATTON OEPCSITICN FOR A A•CIATION PR"ALFM 
C INITIALIZ ES nENSllY, E~EAGV, YIELD, SCUNO SPEFO, TENSTLF ~TAFNr.T~, 
C CCNO ITI CN INCICATOAS, PARTICLE VELOCITY 
C • PRHlS l~lllllL LAYOUT 
C 

REAL ~ATL,~u.~u~.~UP,NfM,NET 
INTEGER H,P CRCUS,Pl~TER,S OLID,SPALL 
INTHEA H~ 

C ~ISC ELLANE CUS 
co~•oN CEF,CKS,DAVC,DELTl~,DOLO,CAHC,OTMIN,CTN,OTNH,OU,OX,EOLO,F, 

I FIAST,J,JCVCS,JINIT,JFIN,JS,AX,JSTAR,JTS,LSUAllll,MAXPRflll,N, 
2 ~CYCS,~FEPN,PCLC,RLAST,SLAST,SMAX,TF,TIME,TJ,TS,ULAST,UOLO, 
3 XLA ST,X~cw,xrLD 

C EQUATION OF STATE - SOLID 
CC~~C~ COSQl6,tl,Cl16,61,C2161 , EMELT(t•51,EOSTAl6l•EOSTCl61, 

l EQSTDl61,EOSTEl61,ECSTGl61,EQSTH(61•EOSlN(61,F.QSTSl61,•ATLl2•61, 
2 MUI 6 I ,RMOl 61,AHOSI 61.TENSI 6,11.YADDU I .YOl6 I ,JANOl61 ,NPOA 16, 21, 
3 ~,,u~,N•TALS ' 

C EQUATION OF SUH - f 'OROUS 
COMMON AKl61,Mu,,,,,,0ttA(4, ~i ,PORl(4.3),,oRCl4,31,RHOPl6,,1, 

I YACCPl4,31,0PEF,R~OPY,MP,Nr 
r. RADIATION DEPOSITION 

COMMON SSl300,51,SSTOPl51,STARTl51,SDUAM,SSTOPM,NSPEC,SSJ,JSS 
C COORDINATE ARRAYS 

co,MON Xl300),Cl300l,CHLl300),0 l 300).DHL(3001,EHLl3001,Hl~OO,,,. 
I NEMl3001,NETl3001,Pl3001,PHL(3001,Pl3001,S(3001,SHll3001,Tl3001, 
2 Ul3001,U~ll3001,YHLl 3001,ZHLl30CI 

C HALFSTEP VALUES 
COMMON OH,DHLAST,OUH.EH.PH,AH,RHLAST,SH,S~LAST,UH,UHLAST,XH,XHLA ST 

C IDENTIFIERS 
cc~~CN OISCPTIIOl,IOENT,JEDIT(201,JREZON(l5),NOATE131,NFOIT,NFOT~, 

I NJEOIT,NA,~AEZC~,NSEPAAT,NSPALL,NTEOT,NTEX,NTAll51,TEOITl501 
r CONDITION INDICATORS 

cc~~ON INf,LINTER,MIAACA.NOAMAL,POAOUS.RINTEA,SOLID,SPALL 
C ~PALL A~O AELAXATIC~ 

C 

C 

C 

C 

COMMON NSA(61,TSAl6,61,USP1501,XSPl501,LRLX,NI CK 

COM•ON IPLCTI IPLCT,lfPL OTl61,LINES,ITPLOT,NTPLOT,IFLAGT,IHISTlq), 
lflAGJ 

COMMON A 1141 
DIMENSION ACl1091•AA16,6•l'l,8(6•6,l51,EDGEl6,6,l5J,Elll0ql, 

I P~OCf6,61,TBlllOq),NCONl61,NOE •,61 
OIMENSICN DELFl~l6,51,0ELXl6,51• TMC6,51,NCELLS16,51,NZONESf61, 

I IEOUIVIICl,RLXlf,81 

EQUIVALENCE IAC,Cl.fAA,CfllCll.1!,C(5011.(ECGE,DHlf2q0)), 
I IEl,E ►Ll23011.IA ►OC,Hl3q)).ITBL,H(l511.c~ccN,Hll84)1, 

2 INCE,M(lqO)J,ICELFIN, ► 122tlt,(OELX,M(25611,ITH•~l28611, 

3 INCELLS,Hl31611,l~ZC~FS,Ml34611,1CfF,IE,UIYI 

l!EG IN•F IR'iT 
100 oo 101 1• 1,q11c 
tn3 IEQUIYlll •O 

FIR'iT•l!H IN 
LINTEA•IAL t ~CP~AL•lPN I POROUS•lAP I ~JAR A• 1A~ 
AINTEA• lAR I SOLTOzlRS I SPAll•lPS I NOA"•5H f ND• 
LAl.ll•l 

C READ •~o pnJNT CATA 
WAITE (IA,311 
REA[ 44,Al,A2.NOATFlll,A 3 ,NDATEl21,A4,NOATEl3) 

l ,A5,10Eh ,A6,A1,A8,Aq,AIO,All,Al2 
WAITE 118,441Al,A2,NDATElll,A3,NDATE(21,A4,NOATEl 31 

1 ,A5,IOENT,A~,Al,A@,A~,AlC,All,Al2 
OC 110 KK•l ,6 
AEAC 60,IAlll,J zl,101 

110 WRITF IIA,60IIAlll,l ~t,1 0 1 
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RFA C 60, IO!';CPTlrltf = l,1 0 1 
aRITf 11e,1c1 
WR I Tf I 1 A, 60 I CO I SCP TC 11, I "' I, IO I 
REA C 74,Al,A2,NTEOT,A 1 ,A4 1 NJEOIT,A5,At,NRF ZnN ,Al,AA, NSFPPAT 
aAITFl18,741Al ,A2,t.T EDT,A ~,A4,NJECIT,A5,A6,NAF1.0N,A7,AA,NSFPPAT IF INTEDT . EQ. 0 I GO Tr 120 
t.T • fillt.017,NT EDTI 
REA O 76,Al,A2,ITFrlTlll,1• 1,JiTI 
WAITE 111!,HIAl,A2,llFOITlll,T • l,t.ll 
IF INlEOT .LF. 71 (0 TO 120 
READ 7q,llEDlllll,l • 8,NlFDTI 
WRllF 118,l9lllEDlllll,l • P,NTFDTI 

120 IF INJEOIT .EQ. 01 GO Tn 125 
NJ• fillNOl14,"JEOlll 
REAC 78,Al,A2,IJF.Olllll,1 • 1,t.JI 
WRITE l18,781A1,A2,IJEOITI 11,1 • 1,NJI 
IF INJEOIT .LE. 141 CC H ' 125 
AEAC 80,IJF.Olllll,1 • 15,NJEOITI 
WIIITE 1111,IICltlJECITlll,l• t,,NJEOJTI 

12 '5 IF lt.AF.Zr.t, .EC. 01 CC TC 130 
REAC 78,Al,A2,1NlRlll,l z t,NREZCt,I 
WRITFIIB,781 At,A2,INTAlll,l z 1,NREZONI 
AEAC 78,Al,A2,IJAE7CM 11,l • l,MIEZCNI 
WAIT~ll8,l@I Al,A2,IJREZ CNIIJ,1 • 1,t.REZGNI 

t3n AEAC 74,Al,A2,NECTM,A3,A4,NEOIT,A!,A6,t.PFRN,Al,All,fllAJPRN 
~RITE11 8 ,74J Al,A2,NE0Tfll,A3,A4,NE[IT,A~,A~,NPFAN,A7,AA,fllAXPR~ 
IF IMUPflN .EQ. 01 GO TO 13 '5 
llfAC l11,Al,A2,IMAXPAlll,l • l,1ll 
~RITE ltA,lllJA1,A2,IJIIAXPRlll,1 • 1,1ll 

1~'5 AEAC l2,Al,A2,A3,JCYCS,A4,CKS,A5,TS 
WIIITE I 18,721 A 1, A2,A3,JCVr S,A4,CkS ,A'5 ,TS 

C 
r 
C 

C 
C 
C 

r 
C 
C 

r. 
C 
C 

READ 73,Al,NJIITALS,A2,MATFL,A3,lZERO,A4,IPLOT 
WRITF ll@,l11Al,NfllTRLS,A7,fllATFL,A3,UZERO,A4,IPLOT 
JIIP•O 

•u• fil-LCCP 

00 290 "' • l,NJIITRL~ 
WA IT F I 1 fl , 6 «; I 

•••• 

AEAC 90,MATLll,MJ,JIIAlLl2,flll,Al,AHCSl,.1,l2,N~AIJlll,A',"YA,., 
l A4,NPCP1fll,11,A'5,NCO NIMI 
wRllEll!,901,.ATlll,,.l,fllATLl 2 ,flll ,Al,R~CSIMl,A2,N SR(NJ,A,,NvAN, 

I A4,NPORIM,ll,A5,NCONIJIII 
A~CIJIIJ • R~CSl"'I 

•••• READ IN EQSl VARIABLES •••• 
READ 92, Al,A2,FCSTCl,.l,A3,A4,ECSTOIJlll,A~,A6,F0STFIMl,Al,~P, 

1EQSTGIMl,A9,A1C,EQST~IJlll,All,Al2,EC51Sl,.1,Al1,At4,FCSTNl,.1,Al5,ftl 6 
ECSTAIJIIJ • ECSTGl,.J•P~OSlflll/EO ~TCIJIII 
EOSINIJlll •ECSTClflllllFCST G l"'l•ECSTEl,.l•P ► CSlfllll 
WRITE 118,921 A1,A2, E05TCC,J,A3,A4,ECS101flll,A5,A6,EC~TFlfllJ,Al,AA, 
lECST G IJIIJ,Aq,AIO,ECST ► IJlll,All,Al2,EQSTSIMl,Al3,Al4,F0STt.lfllJ,Al5, 
2AU,EOSTAIIIII 

•••• REA[ IN vrs cnsrrv ANO TENSILE VARIAAL F. S 

AEAC 92,Al,A2,C CSOl,.,61,A3,A4,Cll,.,61,A5,A~, C21JIII 
WPITE ll8,921Al,A2,COSOIM,61,A3,A4,CllJll,61,A5,A6,C71MI 

•••• 

AEAO 92,Al,12,TENSIJll,ll, A3,A4,TEt.Sl,.,Ll,A~,A6,T ENSIJll,31 
WRITEl18,q21 Al,A2,TfNSIM,11, A3,A4,1E~SIM,7J,A5,4~,TENSIJll,11 

•••• •••• 
t.SIU'l•NSAI •I +I 
GO 10 1220,210,212,212,21C,2l 0,2l01 NSRMl 

210 AFAC 94,IAlll,RLXl~,Tl,l • l,~I 
WA IT E I 18, q 4 J I Al T J , ltL X 01, I J • I• I , 4 I 
RLXl,.,51 • ALXl,.,61 • C. S CO Tn 214 

212 IIEAC 94, IAlll,RLXl,.,11,l • l,81 
WltlTE 118,q4J Ulll,RLXl~,IJ,1• 1,1!1 

?14 lltU•2 

107 



r:r 2H IA -= 1,6 
216 f<;Alfll,fAJ : PLlllM,IAI 
220 F"FLTlll,1 l •E JIIFLTIM,2J : J. E70 I EMELTU4,41•1. 

C: 
C 
C 

r 
C 
f 
no 

C 
f 
C 
2'90 

TF INYAJII .EQ. CJ r.c TO 740 
TF INYAfll .EQ. 21 r.o TO 230 

•••• JlfAO 1~ YTFL O VAPJABLES • ••• 
JIEA C 9?,At,A2,YOS, A ,A4,MU(MJ,A5,A6,YAOOIMJ 
"AllE llB 1 92!Al,A2,YOS, A1,A4,MU(Ml,A5,A6,YAOD(flll 
YOP•l z YOS 
YADC(flll =.666667•YACOIMI/CA~OSIMJ•(.2-.5•YCSlfllUC"JII 
r,ou(llll•l.33 J1J•IIIUIIIII 
IF INYAM .E0. 11 GO Tn 21oC 

•••• JIEAO l~ IIIELT VARTABLES •••• 
Rf AC 76,Al,A2,CEIIFLT(ll,TJ,T =l,~J 
"qf TF 11 A,76JAI ,A2 1 IEIIIELTf .. , It, l • l, 5J 

•••• REAC IN POJIOUS VARIABLES • •• 
IF CNPOPIM,11 .Eo. CJ r.n TO 250 
~r=~PCAl .. ,11 I IIIP • fllP ♦ l I NPORIM,21•fllP 
MEAO 76,Al,A2,(A~CP(l,IIIPJ,l•l,61 
WAITE ll!,761Al,A2,IA~OP(l,JIIPJ,l•l,61 
RnC,-J • A~fP( t, .. PI 
READ 77,Al,A2,(CC SC(Jll,IJ,l•l,~I 
WRITF 118,11JAl,A2,ICOS01Jll,IJ,l•l 1 51 
PEAC 77,Al,A2,(Clfll,TJ,T=l,~I 
'°RITE IIA,771Al,A2,1Clll0,ll,T s \,'51 
P2•C. 
CC 24~ ~• 1,NP 
POAAll\,IIIPJ•Pl•P2 
AEAC 92,Al,A2,P2,AJ,A4,DELP,A5,A6,YACOPCN,fllPI 
WRITE I 18,92JA1,A2,P2,AJ,A4,0ELP 1 A~ 1 A6 1 YAOOPIN 1 MPI 
POR~l~,111Pl•IP2-Pll•RHOPIN+t,MPl/(A ►OP(N+l 1 NPJ-AHOPIN 1 JIIPIJ 

POACIN,MPl•4.•DELP•AHOP(N+t, .. Pl•RHCP(N 1 MPJ/(RHOP(N♦ l 1 MPJ 

C 
r 
r 

l -A~fP(N 1 fllPJ J .. 2 
CrJNTI NUf 
POA!l4, .. l•P2 I PCRC(NP,IIIPJ•DELP 
AEAC 92,Al,A2,AKIMJ,A3 1 A4 1 JIIUPl"l,A5,A6 1 YO(JIII 
WAITE (lli,Zlll,A2,AK(MJ,A3,A4, MUP(Nl,A5,A6,YO(MI 
111u,,~1-1.~n,1,._,,,.J 

•••• READ IN EDGE VARIABLES 

;,..,o IF (NCON(MJ .Eo. CJ c;o TO 21!0 
HnST•NCCN(JIIJ 
DO 260 NC•t ,NCCNST 
AEAC 54 1 Al 1 NOEIM 1 NCJ,A2 1 A3 1 RHOC(Jll 1 hCJ 
WRITE (l8 1 54JA1 1 NOEIM,NCJ,A2,A3,RHOCIM,NCI 
NCED•NOE( .. ,NCJ t ~CflzNCED•l 
NOO•MINC(7 1 NOEOJ I NOt • MINOl1 1 NOEll 
PEAC 7b,Al,A2,IEO GE CM,NC,NOl 1 ND•l 1 NDDJ 
"RITF ll8 1 761Al,A2,(EOGE(",NC,~01 1 hC•t,NOCJ 
TF INOEC .LE. 71 GO TO 2~3 

AEAC 79,(EC~EIM,Nf.,NOl,NC•8,NOEDI 
"AJTE lll!,79J(EOGE( .. ,~c.~OJ,N0•8,~CECI 

253 RfAC 76,Al,A2,IAAffll,NC,NOl,ND•l,NDll 
WAITF (18,761Al,A2,IAAffll,NC,NDl,NO•l,NDll 
IF (NOEi .LE. 71 CC TC 256 
REAC 79,IAA(fll,NC,NOJ,NO•l!,NOEll 
WAITE 118,lqJ(AAIJll,NC,NOJ,ND•!,NOEll 

?!6 AEAO 76,Al,A2,(!(,,Nc,~c,.~c-1,hOll 
WAITF (1!,16JAl,A2,18( .. ,NC:,NDl,ND•l,hDll 
IF l~CEl .LE. 71 <:C Tn 260 
PEAO Jq,(8(111,hC,~Ol,NC•8,NOEII 
WRITF llA,l~IIA(fll,NC,~01,ND•l!,NOEll 

260 CCH JNUE 
C 
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r. •••• RFA n TN Z0NJNr. VARIABLES • ••• r. 
280 RFA0 ,,2,Al,t.ZCNFSIMl,A?,NCELLSIM, ll,A l ,A4,TH1"9,l l,l\"i,A6,0FUI l IM,11,A7,A8,0ELFJNl~,1 I 

WAITE I 111,621 Al ,NZONFSIM 1,,A2,NCELLS I,,, 1 I ,A1 ,A4, TH 1111, l 1,1\"i, At,,('[l ,r 
1 l,,,ll,A7,A8,0ELFJNIM,tl 

?P'5 

7qo 
C 
r. 
C 
r. 
C 

IF INZONFSIM I .EQ. 11 Gr Tr 2cio 
PIZCPl• NZONESOO 
00 ?A'5 tu? ,NZON 
REAC ~4,Al,A2,NCFLLSIM,Nl,A3,A4,T~IM,Nl,A ,Ab,0FLXIM,NI, 

1 A7,A8,0ELFINIM,NI 
WAITE 118,64IA1,A2,NCELLSIM,Nl,A3,A4,THIM,Nl,A'5,A6,DFLXllll,NI, 

l Al,A8,0FLFIPll,,,NI 
CONTINUE 

•••• 
XI 11•0. 
J = l 

CALCULATE znNJNr; 4ND INITIALIZF r ELL C00AnJNATFc; 

00 3CI0 " • l,N,,TRLS 
NZON•NZONF51MI 
0C 380 NZ • l,NZ0N 

FN•~CELLSO1,NZI t RATf(z l, t Fl•0. t CX:0fl Wt"l,~Jl l 
IF I0Jr•DflFINl .. ,Nlt ,EQ. r..1 GC lC 34'5 

C PRE,IRE FOR CF.ONETAIC PROGRESSION ~F CFLL~ 
RAT lr• 0ELF INC .. ,Nlt S GO TO 36C 

C PRE,ARE Fo• ••rTHMETIC PRCCRESSI0N OF (FLLc; 
345 IF (OX ,NE, 0,1 G~ Tn 3'5'5 

IF I0ELFlllll,,,PIZI ,NE. O, I GO TC :! 5C 
0X•THIM,NZI/FN t CO TO 160 

150 0X•2,•THIM,NZI/FN-0ELFINIM,NZI 
355 Fl•?.•ITHIM,NZI/FPI-CXI/IFPl-1,I 
360 JN•J+NCELLSIM,NZI t Jl•J+l 

DC 36'5 l•Jl,JN 
Jiil l s Xll-1 l+DX 

36~ 0Jl•RATIO•DX+FI 
180 J•JPI S JBNCINl • J t J•J+l 
3qo XIJl•XIJ-11 

C 

C 

JINIT•l S JFIN•J 
IF l"ATFL ,NE, 01 GO Tn '50r. 

RACIATI0N 0EPOSITICN 

READ 54,Al,NSPFC,A2,A3,ANGLE 
WAITE ll8,'541Al,t.SPEC,A2,A3,1NGLE 
AhCLE•COSIANGLE/'57,2~'577q '5 1 
DO 465 NS•t,NSPEC 
AEIC 60,IAlll,l•l,101 
WAITE ll8,60IIAlll,l•l,lCI 
•eao 10,Al,NHNU,A2,N8R,A3,NARB,A4,SlAAl(NSl,A5,SSTOP(NSI 
~RITE rte, lCIAt,hHNU,A2,Nee,11,hARe,A4,START(NSl,A~,SSTnP(NSI 
SST0PM•AMAJlllSST0P",!SlnPlNSI I 
IF IPIUe ,NE. 01 (0 TO 41C 
IF INtiNU ,F.0, 0 I GC TO 420 
NAAD•l I TEMP•l, 

C ARBllRAAV SPECTRU" INPUT 
REAC 76, At,A2,FLUJr 
WRITEl18,761 Al,12,FLUJr 
DO 415 NH•t,~HNU 
REAC tl,Al,A2,l8LINHl,A3,A4,EICPIHl,A5,A,, 
WRITEl18, lllAl,A2,TPl1Ntil,A,,A4,EIIN~l,A5,A6 

41 '5 EIINHt•EIIPIHl•AhGLE•FLUX 
NR•I I GO TO 4~C 

C 
C 8LACM RC0V INPUT 
420 NAAC•N8P I NHNU• I0~ 

IF 1is ,Nf, 11 GC TO 424 
READ 60,IAlll,l•l,101 
WAITF ll8,6011Alll,1•1,ICI 
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4;,e 
C 
C 
430 

438 

440 

445 
r 
C 

450 
4 ,; 

460 

C 
ltf:'5 
C 
C 
410 

415 
4PO 
(" 

C 
r. 
'500 
507. 

503 

n f! f 12,ITPLINH,Nl-l= l,lOCll 
,R ITF IIA, 1211llllCP.t-l,"-H=l,l(lql 
11:R : '1 

PEAC qz,At,A2,T EMP,A 1,A4,ECAL 
~RITF ll8,q21At,A2,TEIIP,A3,A4,ECAL 
fCAL=ECALUNtlF 
er 42A 11:1-4='. · lOCl 
El l,_Hl :FC A' .ot•lt.-.q•!hH/ICOlt 

ro ~PUTATION OF A8SOAPTICN COEFFICIFNT - ar 
JIH C:s I 
DO 460 fl•t,N,TALS 
DC 4B NH= t,1 0Cl 
ACl,.Hl•O. 
NCOP.ST=Nr.ONIMI 
OC 44'5 NC• l,NCONST 
NEnG • l 
00 44'5 11:t'• l ,P.HNU 
IF INECC: .C:T. NOEIM,"ICII GO TO 440 
IF EDGFlll,NC,NEOGI .GT. TeLINHt•TEMPI GO TO 440 
NECC:•NEOC:•t S GC TC 438 
ACINHlaA(INHl•PHOCIM,"ICl•AAIM,NC,NEDGl•lT8LINHl•TE~Pl••P.1~,ll:C,NEnr: 

I I/ANGLE 
CONTINUF 

0 ~ r,. ' "UTE ENEAC:V INTO CELLS 
JBNOl'•JA,_ nl 
00 4'55 J=JAF ,JANO~ 
F Ul'•n. 
JlC•)lJ•I 1-XIJI 
00 4'50 NI-I• l ,NHN lJ 
1 F IE II NH I • l T • l • E- 20 I r.n TO 4 5 C 
EIZ•FllNHl•lt.-ElCPl-1.•ACl"t't•CXII 
£11N ► l•EICN ► I-EIZ 
ES Uh E fl ♦ fSU~ 
CON 1 I ,..UE 
SSIJ,NSl•ESUM•4.186El/AHOIMl/0)/ISSTCPCNSl•STAPTCNSll+SSIJ,"-SI 
J eE C:• J A,_ 0 I II I + l 
NA -s P.P+l 
IF INR .LE. NIUOI GO TO 424 

ENC OF NSPEC LOOP 
CCll:11 M.! f t GC H 500 

APPTTPARY CEPOSTTION 
READ 5A,IACTl,t=l,ll,Ellll 
WA IT E I l P, '5 P. II AC I I, I• I , ll ,EI 11 I 
AfAC l6,Al,A2,CJrCMl,M•l,NMTALSI 
~RITE 118,l61Al,A2,lACCl'l,,•1,h~TPLSI 
J8Ef.• l 
CC 480 11•1,N!ITALS 
J811:0fl•JAP.0Cfll-l 
DO 41'5 J=JPFC:,JANOII 
DlC•lCC J+l 1-ICIJI 
El7•Flltl•Ct.-flCPI-ACIMl•ClCII 
fllll•Elllt-Ell 
SSIJ,tt•EIZ•4.tPflEl/A ►OIMt/0)/ISSTCPIN5t-5TARTINStl 
JBEG•JBNOllll+l 

•••• 
co ~02 ' "' 1,fl 
lFPLOTI Tt•O 
PAI U 6Cj 

RFA O TN PLOTT 1G CONlRCLS 

IF !IPLCTtl PLCT-1 I '580,50J,'50q 

•••• 

ITPLOTs lFPLOTI ll s ffPLOTC21•1 I lfPLCTl3)zlfPLOTl41•1FPUJTl'Sl•6 
NTPLOT•l'5 S IFLAGT•~•IPLOT I IFLAGJ•6•1PLOT 
DO '5<14 I =I ,q 
IHISTlll•l 
GC Tr 5AO 
AEAD 20,Al,IIFFLrTCll ,T: t,61,A2,Ll~ES 
PRINT 2C,Al,llfPLOTlll , 1.,l,61,A2,LlhES 

llO 
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I 

IF IIFFL CTIII . FC. 0 1 r n Tn c 1r 
RF.A O 21,Al,A?,ITHfT,ll'\ 1 1\1 P lf"l,A4,lfLA(;l 
PR I Ill T 2 I , A I , A 2 , I 1 P U'l , A ~ , ~.TI' I r l , l\lo , I F LA r. I 

"ilO IF (IHlrTl21 . Fe . 0 1 r:r Tn Cff 
PE II r. 2 2 , A I , II 7 , I I H I S T I I I , I = I , '• I , A 3 , I I ~ I S I I I I , I - 1 , q I , A 4 • I r 1 I\ r. J 
PP I I\ T 2 2, A I, 11 7, I 11-1 ~ l I I I , I z 1 , 1, l , A 3, ! 11' ! '.: J 11 I , ! ~ 7, ' ' I , ~ 4 , Ir I ~ r .1 

C 
r. r.HF CIC FrP T .. F Fl\ [ r F Ct TA [lfK 
"iAO RFAf tl,IAlll,l • l,71,Nl f tc 1 1\Al, 

WP IT E II '1, 6 l II Al II , I• I , 11 , Ill If K , NA CK 
IF (NACK .Fe. l\(Pl'I r,r Tr H r 
WRITF IH! ,G51 

'i fl5 IIFAC 61,IAlll,t z l,11,NICK, ~. ACK 

C 

"RITF IIR 1 61IIAITl,t : J,11,Pllftc,I\HK 
IF (NACK .1',F. ~mo I GC TO '5 8 '5 
IF INICK .Fe. ~I-A (; Al'-1 (0 tn IOC 
5lQP 

C •••• INITIALIZE r.nNCITION,OENSITY,TFN SI LF 11 111 n VIF Ln VAPII\Al ~~ 
C 
600 

601 

602 

605 
60b 
6C1 
610 

C 

J •O 
CC 630 1'= 1,Nl'TIIL ~ 
EJ 2 0. t CJ ='5.F5 
IF INPORllll.l I .NE. 01 r-r. Tr f OI 
1-H•SrLtC I IIIUM•IIIUIIIII I nrLO zllHOll'I 
CALL FCSTI EJ,RHrCMl,PJ,M,CJI 
GO TC' 602 
..... pn11ous I t:OLO• OREF • IIHO(IIII S PIC•l I J' = I . I PJ="· 
CALL PCIIECSTIFJ,IIHQfllll,PJ,M,NPORIM, 21,CJI 
JIii • JP"O (11'1 
Jl ,. J+I 
DC 610 J • JI ,JN 
CHLI J l • CfJl•CJ 
DHLIJl • OIJl•RHOIIIII 
HfJ,ll•HH 
HJ,21 • NCll,.AL 
t'IJ,31 • 2 
TfJl•TENSllll,11 
YHLfJl • .666661•YOfl'I 
Z HL f JI •0 I JI• I ll f J + 1 I- )If J I I 
PISllllll•NSllf 1111+ I 
Gn TO l61C 1 610,605,606,610 1 610,6011 
NElllfJl • RLllflll,11 S NFTIJl•lllllflll,81 
PIE"IJl•RLXll',51 I NETIJl • r.. 
PIEl'IJl • ll'U(IIIJ 
CONTINUE 
.,IJl,21 • PIPITEII 
T f JPI l•TE!li5Clll,3 I 
t'CJN,21•L HtTFII 
CONTINUE 
HC1,21•H(JFIN,21•SPALL 
CTNl-•t.E-12 
IF flllATFLI Al5,lOO,PCO 

PISRlll l 
S GC Tr 61 0 
S GC Tr. 610 

c••••••••• 
C 

OEPns I 11 ON FD IT 

lCC "RITE flA, !Jt l IDISCFTITl.f =l,1 
su111rAL • C. ' JAF G• I 
CC 11o0 111= 1,Pll'TIIL S 
JAIIIO,.•JAl\011'1 
CO 130 J•JP,EG,J8NOIII 
CX• llC J+ 11-lll JI 
EPC • O. 
CO 120 NS c l,N SPEC 

720 FP G•SSIJ,NSl•I SS TOP(N 51- 5ltRTIN Sll+ EPG 
C 
C TEST FCR SFTTtNr. JST8R 

IF IEPG• EOSTG(MI .LF. 1.£ 71 GO TC 12 5 
JSTAll•J 

125 CP(•FP(/lo.l RfFl t SUl'CAL =fP f, •ZHL(Jl+SuMrAL 
WRITE ( 18, 151 J,Dll,ll(Jl,FPr.. su11cAL,YHLIJl, CIJl,f'IIJl,TI J I, 11-'l( J I, 

l l"ATlll,llll 1 111ATL12,1111,HJ,ll,1-'IJ,21,1-'IJ, 31,J 

111 

17/P 

1 7 / 17 

••• 



IF l"'f101J, ": CI .H. 0 1 r, c Tr no 
WRITE 1111, l41101 5rPTITl,1•1,ICI 

l 3C CC~TINUE t JPFr- =JIINDllll+l 
IIR I Tf I 111, f: c; I 

140 CONT INUF. 
GC Tr qoo 

C 
C INITIALIZf VElOflTV 
800 JFl~?•JP.~CIMATFLI 

DO 1'10 J• l ,JFl~Z 
1110 UIJl • UHLIJl • UZFRO 

JSTAA•JFIN2+ 3 I SCURM• I. I GO TO 818 
1115 Hll,2l • "'IARCR t JSTAR• 3 t SDURfll• l. 

UI I l•.5•UZERO 
C 
r. ••••••••• 
C 

VELCCITV ECIT 

IHA WRITE 118, 161 IDISCPT(Tl,l • l,101 
JIIEG • l 
CO !'30 M• l,NMTRLS 
JP.~C~JB~OIIII 
DO 1'20 J•J8EG,J8~Dfll 
C X• ll CJ• 11- ll CJ I 
WRITE 1111, 171J,Oll,llCJl,UIJl,YHLIJl,CIJl,DIJl,TCJl,ZHLIJI, 

1120 

C 
10 
11 
12 
14 

15 
I 6 

17 
111 
20 
21 
22 
·n 
"1 
44 
54 
58 
60 
61 
62 
6'i 
l,q 

10 
72 
73 
74 
H 
11 
78 
H 
80 
CJO 
q 2 
q4 
95 

l "'ATlll,flll,fllATLCZ,flll,HIJ,11,HIJ,21,HIJ,31,J 
IF IMOOIJ,501 .EQ. 01 WRITE 118,161 IDISCPTlll.1•1,101 
CC~TINUE I Jl'E~•JPNOIMltl 
ljAJlE ll8,6CJI 
CONTINUE 
C•LL SfCONOITWIXI I CUA • TWlll-FIAST 
IIAITE 118,111 DUii 
WR IT E C 111, 41 I 
RETURN 

FORMAT IAl,13,ll,13,ll,13,A8,2X,EI0.3,Al,2X,El0.31 
FCIIMATl31Al,Al,El0.311 
FORf'lT IIEIO . :U 
FOA,.ATllHl,lOAI'// 

I J DX XCJI EPG SUl'CAL VHLIJI CIJI 
2 OIJI TIJI ZHLCJI MATERIAL CONO J 
3 /102H C"' C"' ERGS/GM 
4EC GM/CM3 OYN/CM2 GM/CM2 

CALS 

' 
p OYN/CMZ 

FORfllAT 114, CJEt0.3,2X,2A8,3C)l,All,151 
FOAfllA T( IHI, I OU// 

I J OX lllJI UIJI YHLIJI CCJI OIJI 
2 TIJI ZHLIJI MATERIAL COND J 
3 /1 C2h C"' CM CM/SEC DYN/CM2 CM/SEC 
4M3 OYN/CMZ G"/CM2 I 

FCRflllT 114, 8Et0.3,2X,2l8,~1)1,Rtl,151 
FOR,.lTl29H ''"ETC cc,PLETE GENRAT IS Fl0.3,9H SECONDS.I 
FORMAT CAtC,6ll'J,121,A~,lll 
FCRfllAT IA10,31Al,1211 
FOA,AT 12Al0,615,l5,315,A8,121 
FOAM TllHl,2!5X,35H•••• SRI PUFF l C6'i00 VEASICNI •••• /I 
FCRflllT I IHI I 
FORflllT C2A'i,12,21At,121,'iX,A6,14,6A8,A21 
FOAMlTIA8,12,2A5,ElC.31 
F0Rfll,Tl7A5,El0.31 
FOAfi'lT llOAII 
FORMAT 17A10,2A51 
FCllfllATIAI!, 12,A5, 15,312A5,F.1C.31 I 
FORflllTIAl!,A7,15,312A5,Et0.3tl 
FOIIMATI I 
FCllfllAT I IHOI 
FORfllAT 13Al0,110,21AIC,EI0.311 
FORMAT C21AlO,llOl,A10,El0.3,AlO,llOI 
FCRfllAT C412A5,11CII 
FORflllll2A5,7El0.3) 
F~RMAT 12A5,5Fl0.41 
FOllfllATl2A5,l'il51 
FOR,.ATCIOX,7EI0.31 
FOA,.ATIIOX,14151 
FCllfi'AT llX,2A8,5X,A8,Et0.3,41Al',1211 
FORfllAT1412l5,EI0.311 
FORIIAT 141Al,2X,El0.311 
FCR,ATl38HOUAOft ENCOUNTERED READl~G J~PUT DATA.I 

131H 

' CM/5 

111H 
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0 

SUBACUTINE HbFSTEP 
C 
C CINCLUCES ENlA, 1-'~lAFS S l 
C • CALLEO l'!Y HVCAO TO COMPUTE ll, l, O, F, R, S, P FrR THF r • t'ALFSTEP PCl~T PFTWEE~ J A~C J ♦ l 
C: 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

AFIL •ITt,•u.•u•.•uP,NEM,NEl 
INlE(ER 1-',POACCS,Al~TEP,SCLlr.,SPlll 

Ml CElLANEnUC 
cr••oN CEF,CKS,CIV(,CELTIM,OOLD.ORHO,Dl•IN,OlN,OTNH,ou,ni,Frtn,F, I FIAST,J,Jf.YCS,Jl~IT,JFl~,Js•ax,JSTIR,JTS,LSUP(lll,Mftl!PA(lll,N, 2 NCYCS,NPEAN,POLO,AlA51,5LA51,S•All,1F,ll•F,lJ,TS,ULAST,tlrtr, 3 XLAST,XNCw,xrLC 

FCLAllCN Cf STITE - SCLIC 
COMMON COSOC6,tl,Cl(6,fl,r.2ct,,E.El1(6,51,EC51A(~l,F CSTrc~,. l ECSTOC6l,ECSlEl6l,ECSTGl6l,EOST ► ltl,EOS1Nl61, E 051 S l~l,•ATLl7,~1, 2 Mll61,RHCC6t,PHCS(61,TENSl6,3l,YICCl61,YOl61,J8Nr.161,NPnAlt,71, 3 •••u•,NMlALS 

FCUITION OF STATE - POACLS 
cn••cN AKl61,.UFl6l,PCP1(4,3l,PCPel~,3t,PCPC14, ~l,At'nPl6,,,. I YACCPl4,3l,OAEF,AHOPV,MP,NC 

RICIATICN DEPOSITION 
co••cN SS(300,51,SSTCP(~l,STIATl5l,SCUA•.ssTnPM,NSPE(, SSJ,JSS r.onAO NATF ARRAYS 
cc••cN Xl~OOl,CIJOOl,C ►Ll~COl,0130Cl,O ►ll3CCl,EHL(3001,Hl30n, ~ ,. l ~E•IJOOl,~ETl3001,Pl30nl,P► L(3COl,~(~OO), I JOO l,S ►LC ~nn1,r,,~~,. ~ Ul ~r. Ol,U ►L(3CCl,Yt'L(3001,ZHLl3001 

► ILFSTEP \IILUES 
co••cN OH ,OHL Allil, CUH, F ►• Pt', Pt', AHL AS 1, Sh S ►La ST, UH, IJl-l A q, l!H, lt'l II q ICENl IF IFRS 
cc••cN CISCPT( lOl,IOENT,JFOl1(2Cl,JREZCN(l5l,l>mHEl'l,NFOTT,NFOH', l NJEOIT,~A,~PfZC~,NSEPAAT,~5PILL,~TEC1,N1Ell,NTDl(51,lFOITl~rl CONDITION INOICATOAS 
cc••cN INF,LINTEA,MIAACA,NOR•AL,POAC US,AINTF.R,SOLtn, s P11Lt SFALL INC RF.lAWITlf~ 
CCM•ON NSA(tl,TSACt,61,USPl50l,XSP(501,LRLW,NtCK 

n1•ns1n u101 
CO I l•l,10 
Utl•O 
CC•O.O 
CX•lllJ ♦ ll-ll(Jl S ECLO•FHLIJl S U ► H•.5•1UIJl+IJCJ•lll CCLC•CHLCJt I G2•C!. 
IF (CIJ ♦ l)•CIJ)•UCJ+lt•UCJ)•C2(Mt .eo. o., l,6 6 (2• c21•1••~SIC(J ♦ ll-CIJl)•AHOC,)/(C(J ♦ ll•CCJl•OnLnt 1 IF 1Cl.5*CTN-DTNHJ•Ct.5•DTNH-OlNII 15,10,10 10 UH•UHLCJl-.5•CCOTNH+CTNI/OX+G21•CR(J ♦ l)-RIJ)I/OnLn 
!:O TC 1 I! 

15 U .. •Ut'H-,5•1DTNH/Oll ♦G21•CA(J ♦ ll-AIJII/DCLO 
11! OHL I J l•DH•ZHLC J)/( OX+. 5•DTN .. •C UI J ♦ 1)-UCJ 111-notn•G?• I U( J ♦ J 1-U I J 11 l .. LIJl•UH 

XH•.5•1XCJ+ll+lllJl) ♦ ,25*0TNHtl~HH•LHl 
EHLIJl•EH•EOLD-.5•CA(J ♦ l)+AIJ)t•ct./OH-l,/DOLOl•S~r•LH(J) C H51AES5 E~TRY IND STRESS cc•PUTAlf QN ENTAl HS1RE~5 F~TPV F•FMELTIE ► .MI 
IF IOHI 20,20,?5 

20 PAINT 110,N,J,OH,Tl•E 
CALL EODU•P I LSUe(ll • l S N• N-1 I CALL SC RtRF I STrP C cc•PUlE rLO \IILUE Cf so 

25 SOH•SHL(JI-PHLIJ) S TF•t.+EH•EtSlAl~I S DR EF2QHtTF C ESTAl!LIS ► ACUTE 
IF (H(J,l) .r,e. FCRC USI Gr TC 50 
IF IF .GT. 0.1 GO TO 'iC 

C UNCCNSOLICJTEC 
,u• •o . f CALL E(ST(EH,C .. ,PHL(Jl,.,cc, 
LI~ 1•32 
SO ► .. At'.s Q, 
IF IPHl(JI ,ll, 0,1 31,39 

31 Pt'LIJl•SHL(Jl•C. S r.r Tr qo 
,q 1-'IJ,ll •SC LIO t ll41 • , ~ S GO 10 ., 
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r. ElECl r, c~cus ,E(I C~ 
40 ,MCPV• F•CR~OPI , ,~PI-RHOSC~ll+RHCSC,t/TF 

LCJl•40 
IF COH .Gl.RHCFVI 49,4] 

4 ] NC• C 
Ll41•4J 

45 NC•~C•l 
IF IOREF .GT. RHOPCNC+t.,PII 45,60 

r SCLIO 
49 HCJ,ll • SOLID 
50 ~UN•NUCNltF t CALL ECSTCEH,OH,PHLIJl,M,CHLIJII 

Ll5l =50 
5] YAOO~• YAOOINI I NC•5 

IF INPORl~,111 '5 9 55,54 
54 CREF•AMAXIICREF 9 RMOPl5 9 MPII 

IFIOREF-RHOPl6 9 NPll67,55 9 55 
, , COT•COSOl~,~l I ClT•Ctl,,fl 

Ll61•55 
GC TO 70 

C PCRCUS 
60 CALL POREOST IEH,OH 9 PHLIJl,N,NP•CHLIJII 

Ll51•60 
YAODN•YAOOPINC 9 Nf) 

67 COT•COSOIN,NCl+IC0501N.NC+ll-(OSOIM 9 ~ClltlDREF-RHOPINC,NPll 
1 /IRHOPINC+1 9 MPI-RMOPINC,,Pll 
ClT•CllM.NCl ♦ IC.IN.NC♦ l)-c.,,.Nclt•ICREF-RHOP.NC.NPI) 

l /•RMOPINC+l,MPl-RHOPINr..,Pll 
Ll61•67 

C VELCCITY GRADIENT ANO TINE STEP PARAMETERS 
70 CUM•-2.•IOM-OOLOl•IXIJ+ll-XIJlt/l.DH+DCLDltDTNHl 

cu► ,•ANINllDU► .o.t I CS•CMllJI-DCHl2. 
CF•ClT-COltOUHN/CS I CEF•CS••t.•CF••••••5•CFtt 

C CEVIATOR STRESS 
SCH•SCH+2.•MUN•ICt'-CClCt/lCH+DOLCI 
Llll•70 
IF IABS.SCMt .tl. YHLIJt•FI GO 10 80 
YHL.Jl•A,JNl.AISISCHI.Y~L•Jt+YADDM•ABS•DH-OOLOl) 
SOH•SIGNCYHLIJJeti.SDHI 
L•Bl•75 

C REStLTl~1 STRfSS 
eo SHLIJl•PHLIJt•SDH I .... SK..Jl-.5•CF•CS•DUHM•IOH ♦OOLO) 

qo IF •NSEPRAl .GE. 01 GO TO 100 
IF IIRH .LT. o.t .AND. If .EQ. 0.11 95,.0C 

9 , AH•PHLIJl•5HL.Jt•SOH•O. 
100 If •LSUBl31 .GE. NAXPR13tl GO TO 120 

LSU!l3l•LSUB.3l•l 
~RITE 111,50001 J,~.EH.CH.PHLIJI.SC ► ,ILlll,1•1,81 

120 RETURN 
110 FORNAT 120H STOP IN HAFSTEP• N•l4.4H, J•l4.4H, O• El0.3• 

1 7H• TINE•El0.31 
5000 FORMAT ll~H HAFSTEP• J • 13.4H• N•l4.4H EH • Et0.3.4H OH•E t0.3, 

1 4 ► PM-Et0.3,5 ► SCH• ElC. 3,~~ l•Bl]I 
ENO 
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!l!BACUTINE Hvn,c 
C 
C sue,cuTl~E CCNTACLS THE ••tN CALCULATICN CYCLF 
C • CO~TAl~S 4 PATHS -
C t. NO•fllAL - COOADIN•TES WITHIN MATEAl•L 
C 2. INTE•F•CF. - INTE•FACE BET~EE~ ,ATfAIILS 
C 1. INTERFACE SPALL - SEPARATED INTERFACE BETWEEN NATF.AIALS 
C 4. SPALL - corAOJNITE AT WHIC~ SEPAA•TION HIS OCClJIREn 
C • c•LLS ~AFSTEP FOR ~ALF!TEP CALCULATIC~S AT E•CH r. crROINATf 
C • CALCULATES •• u, c, E, AND CALLS JSTAE~S TO cetAIN STAFSSFS 
C • C~ECKS Fe• SPALLl~C INC AEcc,11NATICN 
C • COMPUTES 'INl,tfll PEANITTED 11,e STEP FCA NEXT CYCLF 
C 
C • SET DCLD,ECLD,DU,PIJl,SIJI IN PAF P•AaTtON FOA JSTAESS. 

AEAL MATL,PU,MUM,,UP,~EP,NET 
INTEGE" H,PCACUS,AINTEA, SOLID,SPALL 
INTEGER HJ 

C NJSCELLINEOU~ 
cc,,cN CEF,CKS,CAVC,CELTl~,DOLD,DRHO,DTNIN,OTN,nTNH,DU,OX,ECLO,F, 

I FJAST,J,JCvr~,Jl~IT,JFl~,JS,AX,JSTAA,JTS,LSU!llll,NAXPRCtlt,N, 
2 NCYCS,NPEAN,POLD,ALA!l,!LA!T,S,AX,TF,Tl,E,lJ,TS,ULAST,UCLD, 
3 Xl•ST,INCW,ICLC 

C FCl!ATIC~ CF STalE - SCLIO 
cm••oN COSQI 6, 61 ,Cl U,t I ,C2 U t ,ENEL 11,, ., t ,ECSU 161, FC:STCl6t, 

I ECSTOl61,EQSTEl61,EQSTCl6t,EQS1Hl61,EQSTNl6t,EQSTSl61,,ATLl2,61, 
2 PUl61,AHCl61,AHCSl61,TfNSl6,31,YACCl61,YOl61,J8NDl61,NPOP16,11, 
~ ,,fllUP,NfllTAU 

C ECUATICN OF STATE - PDRO~S 
co,,oN AKl61,PUFl61,POR•l4,3t,POA!l4,!l,PCAC14, 11,AHnPC6,31, 

I YACCPC4,~t,DAEF,AHOPV,,P,NC 
C "ACIATICN CEPOSITION 

co,PON SSl300,51,SSTCPf5t,STAATl51,SCUR,,SslCP•,NSPEC,SSJ,J~S 
C coo•01NATE AAA•vs 

cc,,cN Xl3001,Cl3001,CH.13001,Dl!OCl,D~Ll3CCl,EHLl~OOl,Hl300,31, 
I NE,13001,NETl3001,P13001,P~ll3001,Pl!OOl, Sl3001,SKl 3001,Tf10nJ, 
2 Uf!OCl,U~Ll30Cl,Y~Lf300t,lHll3001 

C ► ALF.STEP VALUES 
co,,oN DH,DHlAST,DUH,EH,PH,A~,AHlASl,S ►,S~L•ST,UH,U~L•Sl,XH,l~LAST 

C IDENTIFIFAS 
COPPCN DISCPTf tOl,10fNT,JEDlll201,JREZONl151,NOATEl31,NFOtT,NFnT,, 

1 NJfOIT,NA,~REZC~,NSEPAIT,NSPALL,N1ECT,NTf•,NlAll5t,1FOtTl,cl 
C CONDITIO .. INDICATORS 

co,,cN tNF,Ll~TEA,MIAAOA,NOR,Al. ,PORO~S,AINTEA,SOLJD,SPALL 
C SPILL t~D AfL•XATIC~ 

COfllfllON NS.161,TS•C6,6t,USPl50t, XSPl501,LRLX,NICK 
C 

DIPUSIO,_ lflOI 
C 
C 

C 
C 

10 
I 
2 
C 
3 

. -\.- • 

CALL SECO~DIXNCWI S CUA• •NOW-FIRSl S OT• DT~tN• t. 
SMO•O. 

r.UTEA HYOAC LOOP 
CO 1000 N~• t,NCYCS 
llME•TIM F ♦ OTN~ 
JSPILL •C 
••PP•O 
CO 900 JaJINIT,JFtN 
IF ILSUl!l l > .GE. MUPAI 111 GO lO 3 
~RITE 119,500CI N,J,MIJ,21 
DD 2 l•l,10 
ll 11•0 

CHECK FCA THE AFPAOPAIATE PIT ► 
S UDLD• UIJI I AOlD•AIJI IOL D•XI JI 

IF 11-H J,21 
IF IMIJ,21 
IF l~fJ,21 
IF UHJ,2t 
IF IHIJ,21 

.EQ ... OAM•LI CO TO 100 

.EC. Ll~TEAI CC TC 900 

.FQ. AINTEAI GO 10 20C 
• EQ. SPALL I en TO 300 
.EQ. ~tAACAI 500,400 
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J 

C 

C ••••••••• 
C 
100 

lCl 

102 

C 

C 

C 

C 

IF C CUCJt .eo. U(J+lll . ANO. CRHU!l .EQ. 0.1 .IND. l~SPEC .EQ. 01 t 101,102 
LH•UIJI I AH•ACJI t Xt'•.5t(XCJ+ll+X(Jl+CTN ►•UCJII llll•lOl 
CH-Ct'LIJI I E ►•E ►LIJI 
t;NE li•UI JI 
XIJl•XIJt+OTNt'•UCJI I !SJ•SSCALIJI I GC TC 800 C Ill t'IFS TEP 
LI l l•Hl2 
OOLD•.5•10t'+0HLA!TI I EOL0•.5tCEH+EHLASTI 
PIJ••.5•tP .. L(Jt+Pt'LIJ-ltl I YJ•.~•CYHLIJl ♦YHLIJ-111 !1Jt•.5t(!HLIJl+SHLIJ-lll 

VELOCllY CALCULATION 
UIJl•UCLD-2.tDTN ►t(Rt'-RK.ASTt/lZ►L(J-ll+Z .. LIJII 

CCORDINITE CILCULITID~ 
XIJl••IJl+.5tOTN .. t(U(Jl+UOLDI 

DENSITY CALCULATION 
OIJl•DCLD/(1.+.5tOTN..-1UCJ•lt-ULISll/lXCJ+ll-XLASTlt 

ENERGY CALCULATION 
SSJl•SSCILCJI 
EJ•EOL0-.5tlRH•A .. LISTl•ll./OIJl-l./DOLDl+SSJ+SSJl !SJ•!SJl 

C STRESS CALCULATION! 

C 

OU•UH-UHLIST I ~J•SOLIO 
If llt'CJ-1,11 .EC. PORCUSI .OR. IHIJ,11 .EQ. POROUSII HJ•POROUS CALL JSTRfSSCN,NP,J,EJ,HJ,YJI 
UHLIJ-ll•.25tCUIJl+UNEW+UOLO♦ULASTI 
UNfW■ UC J t 
CT•C•CJ+ll+UCJ♦ ll•DTNH-XIJtl/CEF 
IFIOT.Ll.0.01 OT•l.O 

C CHECK 51RES! ANO SET INDICATORS FCR SPILL lCII If IRIJt .GT. TJt GO TO 1100 • 
IF ICNSEPRll .GE• 0 t .OR. IF .GT• O. II 60 TO 110 
RIJt•SCJt•PIJl•O. I GO TO !CO 

110 JFl~,l•JFIM-1 
ll21•110 
If INSPILL .Eo. 01 11,,111 

111 00 113 l•l,NSPALL 
00 112 JJ•l,JFIN'l 
IF IHIJJ,2t .Eo. ,, 113,112 

112 CONTINUE I NSP• .. CJ,21•1 I GO TO 115 
11! CDffTINUE 
11, NSP•NSPILL•HIJ,2t•NSPILL ♦ l 
115 XSPINSPt•XIJI I USPINSPl•UIJI 

If ILSUBl~I .GE. ,uPRllflt GC TO 120 
CESC•lO► SPILLED 
WRITE 118,51151 OESC,N,NN,J,NSPALL,NSP,RCJl,TJ,TINE 120 JSPlll •J 
RIJl•SCJl•lCJl•O. 
(i(l Tr 800 

C 
c••••••••• INTERFACE 
C 
C 
200 

C 
205 

LEFT VALUES IRE IN IJ-11 CELLS l~O RIG► l VALUES ARE IN CJI CELLS ,LAST•N I ,PLISl•NP I N•~•l I ,P■ NPDRIN,21 
ll lt•200 
CALL HAFSlEP 
5 SJ• SSC IL C J I 

FIRST fSTINITf OF UN, HALF STEP VELOCITY IT INTERFACE 
u,■ .5tlUIJl+UIJ-lll-OTNHtCRIJ♦ ll-RLIS1+4.tlRH-RHLASTlt/ 1 IZKIJl+ZHLIJ-211/t. 
J l • J-1 I SSJl 2 SSCILIJll 
IF ILSU8Cl0t .GE. NUPAIIOII GD 10 209 

•••••••••• 

•••••••••• 

20, 
210 

WRITE 1111,50021 UIJl,UH,UHLIST,RH,RHLAST,RLIST,RIJ-lt,RIJl 1 RIJ+11 ITEA•O 
ITER•ITE- ♦ l 
TF ILSUf!llOI .GE. IIUPPllOII GO TO 211 
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WRITE I Ul,5003) 1HR,Ulll,UM1,l:1112,U1113,IIIJl,RIJ-11,RJl,RJI 1,PJ2,PJ12, 
l SIJl,SIJ-11 

211 CONTINUE 
SIJl•SHLIJI I PIJl•PHLIJI I SIJ-ll•SHLIJ-?I t PCJ-l)•PHllJ-21 

C 
C RIGt'T SIDE ENERGY A~D STRESS CALCULATIONS 

C 
C 

C 

213 

215 
216 
211 
C 
2HI 

C 
219 

C 
220 

222 

225 
C 

226 
C 

C 

C 

Cl1•2.•IUH-UIIIII 
DOLD•CH I EOLC•E~ 
CIJ)•DH/11.+DTNH•IUH-UPI/IXIJ+ll-XIJ)II 
EJ•FOLO+RH•ll.lDOLD-1.IDIJ)1+2.•SSJ 
CALL JSTPESSIM,IIIP,J,EJ,t'IJ,tl,YHLIJII 

LEFT SIDE ENERGY AND STRESS CALCULATJCN~ 
CU•2.•IUIII-UHLASTI 
OCLD•DHLAST I FCLO•EHLAST 
DIJ-ll•OHLAST/ll.+DTNH•ICP-UHLASTI/IXCJ-11-VLASTII 
EJ•ECLD+ltHLAST•Cl.lDOLC-l./DIJ-111+2.•SSJl 
J l• J-1 
CALL JSTRESSINLAST,NPLAST,Jl,EJ,HIJ-2,ll,YHLIJ-211 

ITERATION TO COMPUTE INTERFACE VELOCITY ANO STRESS 
IF IITER .GT. 101 225,ZlJ 
RS•A!SIRIJll+AISCltlJ-11) 
IF IRS .LT. I.HI ZH,215 
IF IHSIU,U-AIJ-111/H .CT •• 011 216,225 
IF CITEA-21 Zf0f2f'..J.Zll 
IF IIAJZ-AJU • I .n-llJ-111.LT. 0.1 218,219 

IIIUlTltlll ITIAATJON ROUTE 
UM3•UM2+1UM-UM21•CAJlZ-AJ21/IRIJl-ltJ2-RIJ-ll+RJ121 
UPl•UIII I UM-UM3 I AJl•ltlJI I ltJll•RIJ-11 I GO TO ?10 

2ND AND PULTIPLE ITERATIC~ PCUTE 
Ulll!•UMl+IUM-UMll•IAJll-ltJll/CltCJI-IIJl-RIJ-ll+RJll) 
ltJ2•111JI I IIJIZ-IIIJ-11 I Ul• 2•UM I UP•UN3 I GO TO 210 

FIIIS ITEPATICN RCUTE 
Ullll•UM 
IF IIUM-Ut'l•IUHLAST-UMI .EQ. O.I 22,,222 
UP•l:M-IRIJ)-IIIJ-lll/llPIJl-ltCLCI/IUN-U► l+IRIJ-11-ltOLO)/ 

I IUHUST-UIO I 
UP•APIHtlUP,ANAXIIUt',U~LASTII I UP•APAXllUlll,AIIIINIIUH,UHLA~T)I 
AJll•ltlJ-11 I ltJl•ltlJ) I UN2•UN 
GD TO 210 
CCNT IHUE 

EHO OF INTERFACE ITERATION 
IF ILSU!ClOI .CE. flUPllllOU r:o TO 226 
WIIITE 118,50031 ITElt,UN,UM1,UN2,UN3,RIJl,AIJ-1),ltJ1,RJ11,AJ2,RJ12, PRINT 

1 SIJt,SIJ-1) PPl~T 
LSU!llOl•LSUBllOl+l 
CONTINUE -------

COORDINATE CALCULATION 
XN-XIJl+.25•0TNH•IUN+UIJI) 
UIJl•UIJ-ll•UOL0-2.•0TNH•IAH-RHLASTI/IZHLIJ-21+ZHLIJII 
IF t~•N~ .EQ. l) UIJl•UIJ-l)•UM 
XIJl•XIJ-ll•XIJl+.5•DTNH•IUIJl+UCLCI 
DT•IXIJ+ll+UIJ+lt•DTNH-XIJII/CEF 
IFICT.LT.O.OI OT•l.O 

e,uALfZE THE STRESSES 
RIJ-ll•AIJt•.5•11tlJ-ll+ltlJII 
UHLIJ-21•.25•1UIJ-ll+UNEW+UOLD+ULASTI 
l'NE "•UC JI 

C CHECK STRESS AND SET INCICAIOltS FDA SPALL 
IF IIIIJ-11 .LT. TIJ-111 230,800 

230 ~IJ,21•SPALL 
ll 21•230 
IF ILSUlll91 .GE ... u,111911 cc ro 235 
OESC•lOH INT SPALL 
WAITE 1111,52301 OESC,N,NN,MLAST,111,RIJ-11,TCJ-11,TIPE 
CALL EDOUPII 

235 AIJJ•ltlJ-ll•SIJl•SIJ-ll•llJl•TCJ-ll•C. 
<;C TC 800 
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C 

c••••••••• HHERFICE SPILL 
C 
300 
310 

IF CJ .EO. JIJIITI 33C,3l0 
MLISTn~ I "PLl~T•MP 
LC 11•310 

C LEFT SIDE 
Jl • J-l I ~~Jl•SSCALIJll 
XLCLO-ICCJ-11 I ULOLO-UCJ-ll 

•••••••••• 

UIJ-ll•ULCLD•Z.•OTIIM••MLAST/ZK.CJ-21 
CCJ-ll•rHLAST/(l~•DTNH•Ct5•1UCJ-ll ♦ULOLDI-UHLASTI/IXCJ-ll-XLASTII 
ICCJ-ll•ICLCLD•.,tuTNM•tur.,..11•ULCLDI 
DT•t. 
UHLCJ-21•.Z5•CUCJ-lltUNEM•ULCLD•ULASTI 
IF CJ .EC. JFINI ctOC,330 

C •IGHT SIDE 
:no ....... 

,P.JIFQRCIIII, 21 
LC 2 l•H0 
IF C CUCJI .EQ. UCJ ♦ III .AND. ("SPEC .EQ. 01 I 331,332 

331 UH-UCJI I RH•RIJI I XH•.5•1XCJ•ll•XCJl ♦DTNH•UIJII 
XCJl•XCJl ♦DTNH•UCJI I DT•t. I SSJ•SSCALCJI 
If CJ .EQ. JINITI 800,335 

332 CALL HAFSTEP 
SSJ•SSCALCJI I UOLO-UCJI I XOLD•XCJJ 
UCJl•UCLD-2.•DTNH•RH/ZHLCJI 
DCJl•DH/Ct.+DTNH•CUH-.5•CUCJl+UDLDJI/CXCJ+II-XCJIII 
XCJl•XCLD•.5•DTNH•CUCJl ♦UOLOI 
OT•CXIJ ♦ll+UIJ•tl•DTNH-CIJII/CEF 
IF IDT .LT. 0.1 DT•t. 
UNIEW•UIJI 

C CHECK FC• RIECOM!IJIATIDN 
IF IJ .EO. JINlll GO 10 !00 

335 IF CXIJI .LIE. XIJ-111 361,fOC 
361 IF ILSU8Cctl .GE. ,nPJlctll GC TCl 365 

DESC•IOHINl RIEC0"8 
WRITE 118,52301 OESC,N,NN,"L ~~T,",RCJ-11,TIJ-tl,TIMIE 

C RESET ··••v VA•IA!LES AJID GC TO INTIERFICE ROUTE 
365 HCJ,21•RINTER I XIJl•ICCLO t ICC~-ll•XLCLD t UCJl•UCL O 

UIJ-ll•ULCLD I GC TO 205 
C 
c••••••••• SPALL WITHIN A "ATIEIIIAL 
C 
C LEFT VALUES A•IE IJI J-CELLS AND RIGHT VALUES ARE IN ICSP AND USP 
C 
400 NSP•HC J, 21 

ULOLD•UCJI 
LI I 1•4CC 

• t 
XCLO-XSPCNSPI I UOLD•USPCNSPJ 
TCJl•O. I RCJJ•C. I DX•XCJ♦ t1-1nLD 

C LHS CALCULATIONS 
UIJl•ULCLD•2.•D1JIH•RHLAST/ZHLCJ-ll 
DIJl•DHt.A S l/11. ♦DTNH•c.,.,ucJl•ULOLOt-UHLASTI/IX(JI-XLASTII 
XIJl•XIJl•.5•DlNH•CUIJl ♦UlOLDI 

C •HS CALCULATIONS 
DDLO-DHLIJI I IEOLD•IEHLIJI 
x .... ,.,x,J•ll ♦ XDLCl+.25•0TNH•IUCJ ♦ ll ♦UOLDI 

UH•.5•1UIJ ♦ ll ♦UCLDl-.5•DTNH•IICJ♦ ll/CCOLD•D•I 
OHLIJl•DH•ZHLCJI/COX•.5•DTNH•CUCJ ♦ ll-UOLDII 
EHLCJl•fH•EOL0-.5•CRIJ•ll•RCJll•Ct./DH-l./DDLDl+SSCILHIJI 

C PREPARATION FOR HSTRESS IN SPALL 
CALL .,STRESS 
USl'CNSPJ =UCLD-2.•CTN .. lt.,/ZHL CJ I 
XSPINSPl•XCLD♦ .5•DTNH•CUSPINSPl•UOLDI 
CCJl•.5•CDH+OHLASTI 
OT•CXCJ ♦ ll+UIJ♦ ll•DTNH-ICSPCNSPII/CEF 
IF CDT .LT. O. I D1•1• 
UHLCJ-ll•.25•1UIJl ♦UNfW•UOLD♦ULASTI 
UNE W-USP C NSPI 

C CHECK FDR •1co~1,NATION AND RESET QUANTITIES AT J 
,F CXSPINSPI .LE.XCJII 410,800 

410 DIJl•CZHLIJl ♦ZHLCJ-III/IXCJ ♦ ll-XLAST•z.•DTNHtlUH-UHLASTII 

LCZ 1•410 
X(Jl•.5•CXCJl+JC5PCJISPII 
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t4CJ.21•NOIIIIAL 
UCJl•.5•1UIJl+USPCNSPII 
IF INSP .EQ. NS PALL I NSPAll•fl'SPALL-1 
If CLSUC!CC.I .CE. IIOPACt;II GC TO 420 
CESC•lO .. IIECOll!INEC 
~RITE CtB.51151 DESC.N.N~.J.~SP•LL.~SP.R.JI.TJ.TIME C STRES! CALCULATIONS 

420 CU•Ut4-UHL•ST I PIJl•SIJl•O. I EOLD•.5•1EH+EHLASTI DOL0•.5•1DH+OHLASTI 

C 

YJ■ .,•CYHLIJl+YHLIJ-111 I HJ•SCLID I SSJl•SSCALIJI EJ•ECL0-.5tCIIH+RHLASTl•ll./DIJl-l./DOLOl+SSJ+SSJl !SJ•SSJI 
IF .,"cJ-1.11 .EQ. POROUSI .OR. IHIJ.11 .EO. POIIOUSII HJ•POIIOUS CALL JSTIIESSIII.IIP.J.EJ ... J.YJI 
OTNH•O.ltOTNH 
CO TO ICC! 

C ••••••••• 
C 
500 11•11+1 I IIF•NPCll111•21 

Lll1•500 
CALL HAFSTEP 
COLC-OH I EOLD•EH I ou-2.••u .. -U.JII 
D•Jl•DDLD/•1.+DT~H••UH-UIJII/CXIJ+ll-~IJIII SSJ•SSULCJI 
E J• ECLD+ll.-•C 1. /CCL D-1. /0 CJ 11 + 2. •SSJ 
SCJl•SH I PCJl•PHLCJI 
CALL JSTAESS•"•MP.J.EJ.HIJ.11.YHLIJII ... Jl•2.• .. IJI-SIJI 
X•Jl•XCJl+DT~H•UIJI 
CT•CXCJ+ll+DlNH•UIJ ♦ ll-XIJII/CEF 
UNEW•UCJl

0 

IF CR.JI .CT. TIJII CO TO BOO 
.. CJ.21•SPlll 
ll21•530 
DESC •lOH MIR SPALL 
WRITE •1e.52301 DESc.N.NN .......... J-ll.T(J-11.TIME PIJl•RCJl•SCJl•TCJl•O. 

C 
c••••••••• 
C 
C!OO COfilTlfilUE 

ll41• l!OO 
c• .. ••• ENO OF CYCLE RESET 

C 
C 

120 
C 
C 
822 
824 
826 

XLAST•XOLD I ULAST•UOLD I RLAST•ROLD 
JHLAST•XH I UHLAST•UH I IIHLAST•IIH I EHLAST•Et4 I St4LAST•SH 

s"!.x ULCUUTIOII 
IF IS.JI .CT. SlllXI e20.122 
SM•X•S•JI I JSMAX•J 

Tl"E STEP CALCULATION 
IF •nT .LT. DTMINI C!24.C!26 
OTMIN-OT t JTS•J 
CONTINUE 
IF CLSUC!lll .GE. IIAXPRClll GO TO 850 

DHLAST•DH 

WRITE 118.50501 DT ... IJI.SCJl,CCJJ,CCJl,TCJl,UIJI.UH,OH,EH,PHLIJI, 1 R ► ,XH,ILCll,1•1,,1 
LSU!lll•LSU!Cll+l 

C 
C JSTAR CALCULATION 
850 IF IAC!SIUIJII .LT. l.E-31 !5l,9CC 
C!51 IF CJ .GT. JSTAIII 852,900 
852 JSUll•J-1 

<:C TO 9'10 
C ENO OF HYOIIC INNER LCCP 
900 CONTINUE 

JSTall•JFl► l 
990 DTN•OTNH 

IF CJSPALL•NSEPRAT .LE. 01 GO TO 1000 
Jl~IT•JSPALL I .. CJINIT,~l•~PALL 
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C 
1000 

1001 

1002 
,coo 
5002 

~003 
5006 

5CIO 

5ll'5 

52!0 

5050 

E~D CF HVORf (UT EP LOOP 
COlllT INUF 
IF ClSU!l81 .LT. ••xPAC@II ICCl,IOC2 
CAll SEC O~OCTWtKI S OUA•TWtX-XNOW -------
~•ttE 118,50101 ~,OUR -------
LSU!l81•l SU!C81+1 -------
anuui 
FOa"•TI l~l"Ol"VDRC !f.GIN. N•l4,3H J•l4,8H ► CJ,21•Rll -------
FOaM,T Clql" •••tNT FtAST UIJl•ElC.3,4H UH•2El0.3,4H RH• ZF.to.,, 

l 4H, lt • 4FI0.3 /1Z8H 
2 IT£• u, u,1 u,2 UM3 AIJI AIJ-11 
3 R J I R J ll R J Z R J 12 S I JI S C J- ti I 

FCR,AT tl4,l2F.I0.31 
FOR,AT 118H ---INT SPAll U•• 2El0.3,4H DU•2El0.3,4H DM•2El0.3, -------

1 4 ► RH■ 2EI0.3,/l4X,3H X•2ElC.3,3H ~•2El0.3,3H E•2fl0.31 -------
FOR,ATC22H HYDRO COMPlfTE-----N•l4,22H, CALCUllllON Tl•E TS FI0.3,-------

l 11" SECC~0!.//1 -------
FORMAT llH ,AlC,lH N, NN•214,4H, J•l4,6H, NSP•Z13,lH, R, T•ZF.10.3, 

1 l ►, Tt•f•El0.31 
FOR,AT llH ,Al0,1H N, NN•214,4H, '9213,lH, R, T•2El0.3,ll", Tl•E•, 

l fl0.31 
FCR,AT ClOH HVCR O CT•F.I0.3,31" R•EI0.3,!H S•El0.3,,H C•fl0.3, ------

1 3H O•fl0.3,3H l•F.l0.3,3H U•fl0.3/ lX,4H UH•El0.3,41" Dl"•FI0.3, -------
2 41" Et-F.IC.3,4H PH•fl(l.3,4H IIH•El0.3,4H XH•fl0.3,4H, l•5141 

f'lllll 
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SU8ROUTINE J~TRF!5CMJ,MPJ,JJ,FJ,HJ,YJt 
C CALL ED B~ HYDPC Tr rr,PUTE P, s, P, AND ,c SFT T C • CALL5 FQ5T, PnRFO~T, AND f~ELT 
C • TFPMINATES T~F PROGRAM FOR A NEGATIVE OENSITY 
C 

AEAL MATL,MU,MUM,MLP,~FM,NFT 
INTEGEP ~,POPCUS,PINTFR,SOLID,SPALL 
INTEGER HJ 

C MISCELLANEOUS 
cc,,c~ CEF,CKS,OAV(,CELTIM,OOLO,OR~O,DTMIN,DTN,OTNH,nu,nx,EOLO,F, I FIPST,J,JCYCS,Jl~IT,JFtN,JS,AX,JSTAR,JTS,LSUeCtll,MAXPR(lll,N, 2 NCVCS,NPERN,PCLO,RLAST,SLAST,S,AX,JF,Tl,E,TJ,TS,ULAST,unLO, 3 XLAST,XNCW,XCLC 

C ECUATIC~ CF STATE - SCLIO 

C 

C 

C 

C 

C 

C 

C 

C 

1 

20 

2! 

C 

30 
C 

31 
C 
40 

43 
45 

C 
50 

51 

56 

57 

CCMMON COSQl6,tl,C1Ct,6t,C2C6t,E,ELTC6,51,EQSTaC61,FOSTCC61, 1 ECSTOC61,ECSTECtt,EOSTGCtl,EQSJMCtt,EQSTNC61,EQSTSlht,MATLC1,61, 2 MUC6t,RHCC61,RHCSC61,TENSl6,3t,YACCC61,YOC6t,J8NO(tt,NPnR«6,2t, 3 M,MUM,NMTRLS 
ECUATtCN OF STATE - POROUS co,,o~ AKC6t,MUPC61,POPAC4,3t,PORBC4,3J,PORCC4,31,RHOPC6,31, I YAOCPC4,3t,OPEF,RHOPV,MP,NC 
PAOIATION DEPOSITION 

COMMON SSC300,5t,SSTOPC5J,STARTC51,SDURM,SSTOPM,NSPEC,SSJ,JSS COORDINATE ARRAYS 
CCMMON XC3001,CC3COt,CMLC300),DC30Cl,DHLC3001,EHLl300t,HC3ft0,3t, 1 NEMC300J,NETC300t,Pl300t,PHLC300t,Rl3001,SC3COJ,SHLC300t,TC3001, 2 UC?OOl,1 !~LC300J,YMLC3001,ZHLC30 I 

~ALF STEP ULUE S 
COMMCN DH,DHLAST,OUH,E~,PH,RH,RHLAST,SH,SHLAST,UH,UHLAST,XH,XHLAST IDENTIFIERS 
COMMON OISCPTllOl,IOENT,JFOITC20J,JREZCNC151,NOATf.C11,NFOtT,NfOT,, 1 NJEDIT,NR,~REZCN,NSFPRAT,NSPALL,NlE~T,NTE),NTRll51,TEDtTC501 CCNDITIC~ l~CtCATCRS 
COMMON INF,LINTER,MIRROR,NOR,AL,PORClS,Rl~TER,SOLtO,SPALL 

SPALL ANC RELAXATION 
co,,cN NSRC61,TSPl6,6),USPC50),XSPC50),LPLX,NICK 

c1,os1cN LC 101 
00 1 I• I, 10 
LC 11•0 
cc ■ o.o 
IF CDCJJI J 20,20,25 
PRINT 110,N,JJ,DCJJJ,TIMF 
CALL EDDUMP S LSUBl7J•l S N•N-1 S CALL SCRlftE S SD J • S I J J J - PC J J J 
f•FMELTCEJ,MJI S Tf•l.+EJ•EOSTACMJI I OPEF•DCJJl•TF ESTA BL IS~ ROUTE 
IF CHJ .Ee. SCLIO) 50,30 
If IF .CT. O.I CO TO 40 

,u,■ o. 

LC 21•32 

UNCCNSCLICATEC REGION 
I CALL ECSTCEJ,DCJJJ,PCJJl,,J,CCJ 

IF CPCJJ) .LT. O.) 37,,1 
PCJJJ•SCJJJ•RIJJl•G. I GC TC 85 

SELECT ,oaous REGION 
RHOPV•F•CRHO~C! ,,PJt-PHCSCMJI 
ll1J•40 
IF COCJJI .GT. RHOPVt ,o,43 
~c-o 
NC•NC+l 
IF IOREF .GT. R~OPCNC+l,MPJI) 45,60 

STOP 

PRESSURE, SOUN[ SPEED, TENSILE SlRF.NGTH IN SOLID ,u,-,uc,Jt•F • CALL EQSTIEJ,DCJJl,PCJJl,MJ,C!JJII 
LO 1•50 
YAOC"•VAOOC~JI S NC ■, S TJ• TCJJl•F 
If CNPORCMJ,111 57,57,56 
OREF•AMAX1COREF,R~OPC5,MPJ)I 
LC41•56 
IFCOAEF-RHOPl6,MPJJl67,57,57 
COT•CCSQC,J,61 S ClT•ClCMJ,61 
LI 51•57 
GC: TC 70 
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r PRESSURF •~o TEN~ILF STRE~GT~ IN PCAnus 
60 f.ALL PnPFQ STIFJ,DIJJl,PIJJl,~J,~PJ,rlJJII 

ll61 • 60 
YAnO~• YAOOPl~C,~PJI 
TJ•O. 
IF ITIJJI .NE. O.I ~, f.l 

f 5 lJ• fTENSl~J, , 1+1TE~SCttJ,ll-TE~s,~J,2ll•tc~EF-A~n,MJIII 
I IR~OPt,,,PJI-AHOl~JI ll•F 
Llll • 65 

61 C~l• COSQC~J,~f.l+ICOSCt,J,~C+ll-COSCt,J,NCll•tOR EF -AHOPINr,MPJII 
I IIR~OPINC+l,,PJI-RHOPINC,,PJII 
ClT• Clt,J,NCl+fClt,J,NC+II-ClfMJ,NCll•tDREF -RHOPINC,,PJII 

l IIPHOPl~C•l,~PJI-PHCFINC,,FJII 
l l!l•~l 

C 6P~JFJCl6l VISCOSITY 
1c cu- a, ~,,o~,0.1 

ll~l•1 0 
CJ• ICU•COT-ClT•CIJJll•CU•ICIJJl+COLDl/2. 

C OEVJATCP 5TPESS C6LCUL6TIC~ 
5CJ•SDJ•2-•Mu,e1ocJJI-DOL D IIIOIJJl ♦ OCLOI 
IF IA!SISCJI .GT. YJ•FI 15,ec 

15 ~OJ•SIG~c,,JNllA!5fSCJl,tYJ♦V6CC~••es,c,JJI-COLCll•Fl,~nJI 
r 5TRE55 cc,PUTATJON 
80 SfJJl•PfJJl+SCJ I RIJJl•SIJJl+QJ 

P5 JfflSU~c21.Ge.,,,,,,2 , 1 GC TC 99 
WRJTEl18,50001NC,,J,,PJ,QJ,SDJ,F,TJ,flf lt,J•l,101 
l~UP.121•LSU!l21•1 

qq PFTUPN 
5000 FORMAT!• JSTRESS NC••,tl,• 'J••,11,• MPJ~•,11,• OJ••,Eln.,, 

l • SCJ••,El0.3,• f c• ,ElC.l,•TJ•t,EI0.3,• l••,101,1 
110 FOR,AT 120H STCP IN JSTRESS, N•14,4~, J•l4,4H, 0••·10.l, 

l l~, TIMF•FI0.31 
E~J 
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C 
C COMPUJES PRESSURE, euLK ANC SHEAR IIICCULI, •No SOUND SPEED FOIi 
C POROUS MATERIAL 
C 

REAL IIIATL,,u,,u,,,uP 
C MISCELLANEOUS 

co111,0N CEF,CKS,DAVG,CELTllll,OOLO,DllHO,OTMIN,DTN,DTNH,nU,O•,EOLD,F, 
l FIRST,J,JCYCS,JJ~JT,JF!~,JSIIIAX,JSTAR,JTS,LSUeltll,MA•PRllll,N, 
2 NCYCS,NPERN,POLD,R l AST,!LAST,SIIIA•,lF.Tl,E.TJ.TS.ULAST,UOLO. 
3 XLAST •• Ncw,•CLD 

C ECUATICN CF STATE - SOLIC 
COMMON coso1,.,,.c.1,.,1.c2161.EIIIEL116.51.F.CSTAl61,EOSTCl61, 

• ECSTDl61.ECSTEl61.ECISTGl61•EQS1Hl61•EQSTNl61•EOSTSl61.IIIATLl?,~I. 
2 Iii U I 6 I • It H C I 6 1 • II~ CS I 6 I , TENS I 6 • 31 , ·o CC 16 J , YO I f:I , J BN O I 6 I • NP nR I 6 , ?I • 
! 111.MUM.NMTRU 

C ECUATJCN OF ST•TE - POROUS 

C 

2 

12 

C 
20 
C 

COIIIIIION AKl61,IIIU•l61••01tAl4.31.POll814,31,POIICl4•31,IIHOPl6•31• 
1 YADOPl4.!I.DREF.RHOPV.MP,NC 

OIIIIOSJOt; LflOI 
DO 2 1•1•3 
llll•O 
CC•O.O 12117 
IF INC-NPORIMJ.111 12.20.65 
P2• F•I POUi NC• MPJ I ♦ I 1 .-IIHOP I NC •MPJ 1/0REF I• 

1 IPCR81~.IIIFJl+POIICINC.MPJl•fRt"()PfNC+l.MPJI/DltEF-1.III 
Pl•POUl2.MPJI 
ll 11•12 
GO TO 30 

IDENSITY LIES IN THE LAST •o~ous REGION BEFORE S~LIDI 
CALL ECISTC EJ.Rt'OP'J,PJOINT.MJ.CC I 121 ll 

ISIMPLIFY EXPRESSIONS ANO COMPUTE PRESSURE ALONG THE CUIIVEI 
P•F•POR•INC.IIIPJl•F I DN•IIHCPCNC,IIIFJI/TF 
PCF•4.•PORCINC,MPJl•F•ON/IAHCPV-Ohl•IRHOP~/OJ-1.I 
PZ•PAF+IIHOPV/IIIHOPV-DNl•ll.-ON/OJl•IPJOINT-P•F•PCFI 
NCl•IIIINOINC.21 I Pl•PCll•CNC.IIIPJI 
LC 11•20 

C COMPUTE BULK PltESSUIIE ANO SELECT IIIINIMUM 
30 AATIO-AIIIIN111 •• • .. •••rr•z-Pll/lPOR!l4•111FJI-Pll•O•II 

IIIUM•IMUPIMJl ♦ IMUIIIIJI-MUPIMJll•RATICl•F 
BULK•IAKIMJl+IECISTCIMJI-AKIIIIJll•R•tJOl•F 
PIULK•PJ+8ULK•IIOJ-DCLDI/C.5•1DJ+CCltll+ECSTAIMJl•IEJ-fOLOII 
IF IP!VLK .GT. P21 GO TO 45 
IF INC .ECI. NPCRIIIIJ.111 P8ULK•AMAX11PJOJNT•ll.-lAHOPV-OJI/IAHCPV­

• IIHOSIIIIJl/1Fll,P8ULKI 
LC 21•40 
PJ•PBULK I GO TC 50 

4':! PJ•P2 
LC 11•45 

C SCUND SPEED CALCUL•TJON 
5C CSCl•IRULK ♦ ,u,,,c.5•1DJ+CCLCII 

If ICSO .GT. 0.1 57.65 
57 CC•CSCl+CJ•CJ I CJeCSO•CJ/CQ+.2':!•co,cJ 

l 13 l•H 
60 IFILSU8151.GE.IIIAXPll1511 GD TO 95 
65 WRITE 111.1•01 J,N,NJ,MPJ,NC.EJ.DJ,CJ.PJ.P2.P8ULK,RULK.MUM~DIIEF, 

1 RHOPV.DClD.TF,EOLD.csc.1L11,.1-1,11 
LSU!l51•LSURl51 • 1 

1'5 ::ONT JNUE 
RE TUAN 

1\0 FORMAT tl•H POIIEOST J•l3,~H N•l~.3H '•212.~H NC•J?.~H fJ•Et0.3, 
l 4~ DJeEl0.3.4H CJ•El0.3,3~ P•lElC.3,5H ~nO•?El0.3l5•,2H0•3£10.3, 
Z 4H TF•El0.3.6H ECLD•Eto.3.5H CSC•Etc.3.l ► L•3J3t 

ENO 
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SUPAOUTINF AElONE 
C 
C INCPEASES CELL 51ZES TC GfVE ,cAE U~IFCAN CISTRl8UTION 
C • STARTS RFZONJNG Al JRE7CN A~O -CRKS TCWARO JINIT 
C • OC ES NCT OtSTURe LOCATION OF INTERFACES, JEOITS, CR SPAll 
C 

RE•t NATL,"U,"lM,,tP,~E,,NET 
RE•L ,Ass.,c,,,,stAST,NONLAST 
INTFGER H,PCAC US,AINTEA,SCltO,SFAll 
lNlftf, ~t 

C ,1sCELLANf.OUS 
co,~ON CEf,CKS,OA~G,DELTl,,DcLC,CR~C,CTNIN,DTN,OTNH,DU,DX,FOLO,F, 

I FIRST,J,JCYCS,JtNll,JFJN,JSNAX,J!TAR,JTS,LSU~llll,N•XPRlllt,N, 
2 ~CYCS,~Pf.RN,PCLC,RLAST,SLAST , SMAX,Tf,Tl,E,TJ,TS,ULAST,UOLO, 
3 XlAST,•~c-,xcLD 

C f.QCATION Of STATF - SOLID 
cc,,ch COSC16,61,Cll b,6t,C2(6t,E,ELTC6,51,EQSTAl61,EQSTCl6t, 

l f OSTDl61,ECSTE161,ECSTGl61,EOST ► l6t,EQSTNl6t,EQSTSl61,NATL12,~t, 

2 NUC61,R~OC6t,RHOSl61,TENSC6,31,YAODl6t,YOC61,J8NDC6t,NPORC6,21, 
! ~,,u,,~,TRLS 

C ECUATICN Cf ST,Tf. - POROUS 
CONNON AKl61,NUPC6t,PORAC4,31,P0~814,3t,PORCl4,31,RHOPl6,31, 

l YACDPC4,3t,OAEF,AHOPV,NP,NC 
C AAOIATICN DEPOSITION 

CONNON SSC!Oo,,t,SSTOPC51,STARTC51,SCURM,SSTOPN,NSPEC,SSJ,JSS 
C COORDINATE ARRAYS 

co,,oN X(300),C(3001,CHl.(3001,DC3001,DHLC3001,EHL(300t,Hl300, 31, 
l Nf.Nl3001,NETl!COt,PC3DOl,PHLC3001,Rl3001,Sl3001,SHll!nOl,Tl ! COt, 
2 Ul!OOl,UKC3001,YHLC3CCl,ZHLC30CI 

C HALFSTEP VALUES 
co,,oN o~,OHLAST,DUH,EH,PH,RH,RHLAST,SH,S~LAST,UH,UK.AST,XH,XHLAST 

C IDENTIFIERS 
cc,,cN DISCPTl101,IDENT,JEDITl2Ct,JREZON(l51,NOATF.(31,NEOIT,NFOT,, 

I NJEDI ,NA,~REZCN,NSEPRAT,NSPALL,NTEOT,NTEX,NTRC151,TEOITC,ot 
C CONDllfON INDICATORS , 

cc,,cN INF,LINTEA,,IRROR,NOR,AL,POROlS,RINTER,SOllD,SPAlL 
C !FALL A~O Af.LAXATIC~ 

CONNON NSAl6t,T!RC6,61,CSPC5Cl,XSPC50t,LRLX,NfCK 
C 

C 

01,e~SICN cc120,,Dxxc,1,Ec1201,HCl20,31,NASSC2lt,NON(21t, 
I PCC20t,RSl211,!Cl201,XCl201,YCC2CI 

CALL SECO~DIXNO~I 
JREZONCNREZONl•NINOCJREZONINREZONl,JFINI 
JF IJREZCNCNAEZONI .LE. JINITI GO TO ,oo 
IF ITINE+OTNH .LT. SSTCPNI GC TO 900 
IF ITINE-.5•0TNH .GT. SSTOP~I GO TO 2 
Tl~f. •TINE+DTNH I SDURN•O. 
00 I J•Jl~IT,JFIN 

I fHllJt•E ►LIJJ+SSCALHCJJ 

Tl,f.•Tl,E-DTN~ I SDURN•l. 
2 JLAST•JREZCNINPEZCNJ-1 I N■ O I NJ•I 
C 
l SECTION l - LOCATI JREZON WITH RESPICT TO ,ATERIAL ANO JEOlTS 
( 
3 ,.,.1 

If fJREZONCNREZONl•JINOCN)-2t6,5,3 
5 JLAST•JLAST-1 
6 NJ•NJEOIT 

,ASLAST•Z~LIJLAST) I ~ONLAST•.5•NASLAST•CU(JLASTl+UIJLAST+l)I 
RSLAST•.5•,ASLAST•IPIJLASTl+PIJLAST+l11 I TLAST•TCJlASTt 
DO JO 1•1,NJfDIT 
ff CJLAST-JECITC Ill ,,t0,10 

q NJ•l-1 I CC TC 11 
tO CONTINUE 
C •• SET JCLO, T~E OLC COOROINATE VALUE, ANO JNEW, THE NF.W VALUE 
C •• REZCNING CCCURS FOR CELLS If.TWEEN JOlD AND JLAST. ~IOCELl 
C •• QUANTITIES ARE SET FOR JLAST-1 W~ILE CCOAOINATf QUANTITIES APF 
C •• SET FOR JLAST. 
11 JOLO•JNEW•JLAST-1 I NCEL•NPART•O 

lOC• II -------
WAITE 118,,noo, LnC,JOLO,JNFW,JLAST,~,~J.~EL,NPART PAINT 
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C •• SFT ox ccrLL CIIIIE~SION) IND )N ICOORD TO LEFT OF ~FW CELLI FCR 
C •• FIRST r. RCUP CF CELLS TC PE RfZC~fC 

XN•X IJLI ST-ll S DX• XIJLA5TI-XN 
"t • ,-l I OXXl"l•CX 
IF I" .E0 • l I GC TC 13 
00 l2 I• 1,1111 

12 OXXlll•OXXCllll•SQRTIECSTCII •RKJSIMIIIEQSTClllll•RHOSIIII ) 
I! ~RITE lt@,50151 11,DXXfll,l•t,,t -------
C 
C SECTICN 2 - FINO REZONA8LE SEl OF CELLS 
C 
C TERMINATION CF RE l ONAftLE SET OF CELLS IT AN INTERFlfE IPIRT 11 5C IF 1111-11 lfJ0,130,52 
52 IF IJOLO-J8~Dlfl-l 1-1 I lCJ0,60, 130 
60 NPIRT•l S GO TO 5CO 
100 JLIST•JCL0-1 
C •• RF.TUR~ ~ITH J~EW SET TC J!NDC,._11 
C C~ECK W~ETHER JEDllS COINCIDE ~llH JBNOC,-lt OR J@~D111'-ll•l 

IF l~JI ltJ0,12~,10! 
1C3 IF IJOLO-JEDllllilJII n0,105,1011 
105 JEOITINJl•JNEW•l I NJ•NJ-1 
1011 IF l~JI lfJ0,125,11! 
Ill IF IJOLD-1-JEDlllNJII '1fl0,12C,125 
120 JEOITINJl•JNEW I NJ•NJ-1 
125 ~IJ~EW♦ l,21•~1JOLC,21 I XIJNEWl•XIJNEW•ll 

C 
C 
l!O 
132 

C 

C 

111•111-1 S JB~or,t•JNEW I TLIST•TCJCLC-11 I JNEW•JNFW- 1 
JOLO•JOLD-2 I XN•XIJOLDI 
LCC•l25 -------~RITE 1111,50001 LCC,JCLO,JNEW,JLIST,N,NJ,NCEL,NPART PRINT 
GO TO 50 

TER"INATICN IT I SPILL WIT ► JN MATERIAL IPART 51 
IF IIHIJOLD,21 .EQ. SPALll .OR. IHCJOLD,21 .eo. NORMAlll 1"5'5, n2 

~PIRT•5 I NSP•~IJOLC,21 I XSAVE•XIJOLDI I USAVEsUIJOLDI 
XIJCLDl•XSPINSPI I UIJOLCl•USPCNSPI I GO TO 500 
JLAST•JOLO I USPINSPl•UIJNEW♦ ll 
XSPINSPl•XIJNEW•II I XIJOLDl•ISAVf I UIJCLOl•USAVE 
•• RETURN WITH JNEW •COORD TO LEFT Of SPALL, JOLO•COORD AT SPALL 
~I JNfW ♦ l ,21•NSP 
IF INJI 1qC,145,l4l 
IF IJCLD-JEDITINJII '190,142tl45 
JfOITINJl•JNEW I NJ•~J-1 
JOL C•JOL 0-1 
LCC•l45 
WRITE 1111,50001 LCC,JOLD,JNEW,JLAST,,,NJ,NCEL,NPART PRINT 
G TO 50 

C TERIIIJ ATJON AT INITIAL BOU~OARY IPIRT 21 
155 IFIJOLD-JINITI 7qo,J60,255 12/11 

160 NPART•2 I GO TO 500 
200 IF INJI nc,100,205 
C •• RETURN WITH JOL O AT INITIAL BOUNDARY, J~EW TO THE LEFT OF INITIIL 
C •• 8CUNOIRY 
205 IF IJOLO-JEDITINJlll10,210,lCJO 
210 JEOITINJl•JNEW•t I GO TO eoc 
C 
C TER,INATICN CF REZONl!LE SET CF CELLS IT A JEOIT (PART 31 
255 IF INJI 7q0,3!5,2t0 
260 IF CJOLO-JEOITINJlllfJ0,2f5,355 
2f5 NPART•3 I GC TC 500 
300 JOLO•JOLD-1 I JEOITINJl•JNEW•l I ~J•NJ-1 
C •• RETURN WIT~ JOLO AT THE Jf.OIT, JNE~ TO THE LEFT OF JEOIT. MIDCELL 
C •• CUANTITIES Hl~E !EfN RE SET UP TC JNEW ♦ I, COORDINATE OUANTITlfS 
C •• UP O JNEW•2 

LCC•300 --- ----~RITE llll,"50001 LCC,JCLC,JNEW,JLIST,,,~J,NCEL,NPART PRINT 
GO TO 5C 

C 
C TER,IHATfCN ~HEN NU•PEP CF AEZCNl!LE OLD CELLS IS 2n fPAAT 41 
355 IF tl•IJLASTI-XIJOLDII/OXXl•l-111.J 420,360,360 
360 NPIPT•4 I tC TO 50 C 
4CO JOLD•JCL0-1 
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C 
r. 
C 

LOC•400 
•• PETUPN WIT~ JrLC A PRE~IOUS LCCATION, JNEW SfT AT ccrPOtNATf Tn T~F 

•• LEFT. ~IDCELL CUAN ITIE5 MA~E eEEN RESET UP TO J~fW+t, crrRDfNATF 

•• tUANTITtfS UP TO JNE +2 
WPITE 111,,onol LOf,JOLO,JNF•,JLASl,~,hJ,hCEL,NPART PPf~T 

420 
C 
C 
C 
~no 

510 

C 
601 

,02 
6C3 

604 

605 
6CI 

GO TO 50 
JOLC•JOlO-l I CC TC 5C 

SECTION 3 - COMPUTF NtW CEll COOROINAlFS ANO PROPERTfES 

Nt•O 
LCC•500 
•RITE lll,50001 LCC,JOLO,JNFW,JLAST,,,hJ,NCEL,NPART 

NCEL•NAJlllllJLASll-JlJOLOII/OJXlMl+.65,1.I 

If llNCEL-ll•CN0-11 .FQ. 01 (0 TO 61C 
C~ECK WHfTHEP REf.lCN CF LARGE CELLS LIES TO LffT 

CXMIN•OJJC•t I JLA!TP•JLASl-1 

LCC•60l 
•RITE Cll,50001 LCC,JCLO,JNEW,JlAST,M,hJ,hCEL,NPART 

on 603 JJ•JOLO,JLA!1P 
OELX•XCJX ♦ ll-XlJXI 

If lOElX-OXMINJ 602,603,601 

CXNIN•OEL• I JlMIN•JX 
COhTIMJE 
If cox,1N-a.1•01xc,11 ,04,150,1,0 

JX•JlNIN+l 
CC 605 l•JOLD,JXNIN 
JX•JX-l I OELX•XIJX+ll-XlJXI 
If IDEll-DlJIMII 6C5,6C5,601 

CChTINUE I GO TC 610 
JCLD•Jl+l I NPAPT•4 
LCC•601 
WRITE 118,50001 LCC,JOLD,JNEW,JLAS1,M,NJ,NCEL,NPART 

NQ•l I GC TC 510 

C C eEGIN coN,uTATIONS FOR NEW COORDINATES 

610 NCEL••INOCJLAS1-JCLO,NCELI 
Cl•IJIJLASTl-llJCLOII/NCEl 
ISTAPT•XIJLASTI I XN•XSTART-DX 

C •• lN IS hE• CCCPDINATE LCCATICh 

PRINT 

P~fNl 

PRINT 

ASIIJ•R!LAST I MCMlll•MO,LAST I ,asSlll•MASLAST 

lOC•610 
-------

•RITE lll,5002J LCC,hCEl,XSTAAT,tX,lN PRl~T 

,P•NPORIN,21 
CC 650 1•1,NCEL 
RSll+ll•,ASSll+ll•,CNll+lJ•ENGY•CS•PS•SX•YS•O •• HCll,ll•SOLIO 

615 IF IJLAST .LT. 11 GO TO 625 
XEht•A•AXllXIJLASTl,JNI 
IF IXSTAPT-XENOI 621,621,61• 

61• CMaSS•ZK.IJLASTl•IXSTART-XENOI/IXIJLAST+ll-XIJLASTII 

,,ss11+1l•MASSll+ll+DNASS 
,c,tl+ll•MO•ll+ll+OMASS•IUCJLASTl+ILIJLAS1+ll-UIJLASTll•IIWSTAAT+ 

1 lENOl/2.-llJLASTII/IXIJLAST+ll-XCJLASTIII 

ENGY.ENGY+ONASS•EHllJlASTI 
RSll+ll•RSll+ll+CMASS•IRIJlASTl+CRIJLAST+ll-RIJlASTll•IIWSTAPT+ 

1 lfNDl/2.-lCJLASTJI/IXIJLAST+ll-XIJLASTJII 

PS•PS+OMAS!•PHllJlASTI 
SX•SX+DMASS•SHllJLASTI 
YS•YS+o,,ss•YHLCJLASTI 
CS•CS+ONASS•CHllJlASTI 
XSTAPT•XEND 
IF IHIJLAST,11 .EC. ,c,rusl MCll,ll•PtPOUS 

621 IF llENC .LE. lNI f.0 TO 12, 
JLAST•JLAST-l I (0 TO 615 

625 JClll•JN I oc■ ,ASSCl•ll/CX I EClll•ENGVIMASSll+II 

YClll•YS/NASSll•ll I sc111-s,,,,ss11+11 t PCIIJ•PSl'A~~Cl+t) 

cc11, ■cs,,ass11+1J 

If CHCll,lJ .ec. SCLIOt GO TC 643 

~Cll,lJ•POROUS 
If IECIIJ .GT. E,ELTIM,llt GO TO 64C 
RHOP~•F•EL1CEClll,,, •• ,HCPC5,,P)-~~cs,,11•P~OSCMllll.+fCltl• 

l EQSTAIMII 
If ICC .LT. P~OPVI GO TO 643 
HCll,ll•SCLIO I GC TC 643 
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f4 " 1r I P( III . ri . r . 1 r e 1r 14J 
~( lll • ~(lll • P 11•11 r . 

~ 41 ~r J•r ... , _ , 
v •r - ~41 
lo RITf ll ~ , '1nn4 1 trr , ,vr111, rr, Mll•l l, EC lll, Q~ ll•l l,D( II I, 

1 •r 111. ,r 111, ► A < lf•ll, f-( !1,11 
t-•c ll\ • Al'A)II H/-r) , >IJ'"I n1 I 

11 J~f Wt 1 l • TL AST 
n r 6 7(' 1 • 1 ,H FL 
J • J11.rwt1-1 (1-'LIJl •( CIII I OHL I J l • " A~ 11•11/1' ) 
FH IJ1 • frl11 \ P ► LIJl • "CIII t ~Hl l J l • V lll 
•HLIJl • YCIII I 1 1-'LIJ l • 'USSlltll t f-lJ,ll • HCll,11 
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e 1 J t1l • IP S lll +P 11'111/l"A q11 ,,.A 55 11•1 11 
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r 1r lf FO , t-~n .1nr ,1 rr . ~ P~I "PAR! 

.,p,, P I J 1• RSINCFI • II l"A 5< CN(F I •II 
ff ~ lJ CJl • l' ( "f'-C:rL •l l / "A~ ~HIC FI •11 II J l • lC Jn 1 n1 

" r "L' 5T • l'A HA 5 T• P51 AS T•r . 
7M r NT ,~mr 

lff • lCC 
1,DlH CI P , !CCrl LCr ,JCLr ,J!I.Flo, J LA ST,l',,. J ,,. Cfl,NPAQT DP l• ' T 

r H T JNFW ANr J lA ! T ' " PP PAP~TIC" FCR lt· E ~Fll 7N, r r,, r 11 1 Hin ~ 
J"f • •J- 1 I JLA ~ T• J Clr 

r Rr HH Tr AHDnP1 llE l'UT rr RflC H FO I 11\Al Pf~fll I r 
e r 1r 11 rin , 1on, 1 r c ,4cr,14r1 "PARI 

r 
r RHL"PFP rrll S lo1 1H UT HlC,.IH 
7,;1 Tl .Ill.FIi+ 11 : TL A <T 

trf • l'I O 
1lA5hT C Jrtn I ► a qasT•H lC JCLC I 
,. " "L A<; T • • ~.,.A 51 A~ T • C l CJ rLn I• L C JC l O • I I I 
PSLAST•.~•••SLI l•CPCJrLCl+RIJOLC+l11 

1 ~2 JtA•l • JlA ~ l-1 t Cf-LIJ'-EWl•Cf-LIJLl~TI 
fH IJ NfW l • FHIJlA<TI t P'-'1 IJ!I.Elol •FH llJLA ~TI 
~f-L IJ,.FWl • ~f-LIJLJ<ll i Yf-LIJNl•t • , HL IJLl< T I 
(HllJ!l.fld•CHLIJLA!ll t 1HI J HWl • ZHCJLA~TI 
► IJN FW , 1 l •t'IJL l<l,11 I H I J '- F •,21 • ►-IJL A S l,ll 

UIJHW+11 •U IJU Sltll S RIJNF••ll • AIJLA Sl+ll 
11J"f~l•11JlA~11 t XIJH•l•JIJL,Sll 
l • JIIFW t JNF~ • J'-f~-l 
loRITF 1111.~ n1n 1 LCC ,1,Jlll, '1 ►-Llll,Lll•ll,EHLlll,Rll•ll,"HIIII, 

1 t'llll,V ►<llll,llll,11-'Llll,Hl,II 

rr IJLA ~T-JOLO I 1cf,1•5,7•7 
C •• JHW ,~ Tr LEf l CF LI I AF!I.U"BEREO Ul t. JLASl • Jrtn, THF LA~T 
c •• ru:i rcr ~onaH onunEPH, 
1•• (Cll< l!NU F 

lo Pl ff 11P, ~nor , Lrc,Jnl C,JN f lo,JLASl ,11,11.J,'-CH , 11 Pa111 pp" ' ' 

trr • l ~'i 
ro Tr 11, o ,1~ n ,•nr,4no ,1 ,,• 1 It.PART 

7f,n OIJHW+ll•PIJll,11 
H'i L IJHlo+ll •U IJLlS TI S TIJN E••ll • IIJLA <ll 

wrwLA Sl • ~J5LAST•RSLAST•O. 
I rr- lf,O 
loPlTF 11P, 5C( r) l ( (,JOLn,JNf~,JLAST,~.,.J,"' r H,fli,AIIT PPJN• 
r,r, rr II OO, ?no ,,no ,4 0 0,14 0 1 IIPARI 

C 
r fPRrP WfS ~•~r 
( 

7qn WIii Tr I 10, 1nrn1 NPAR 1,J rtn,Jl',fl, . JL AS T ,'-J, Jr n , 'l"IJI .-. JP'-rl WI f>QJ'' 

fAI l fDOll l'P I l~UPlll • I t All 5CP. 11\ f t qro 
r 
r FN JNr Ofll.1 INF - 1 .. ;;co rA r E 00 B(L f, OAPV ~rJ q~fU~ 
r 
PfO J l"ll • JH~tl t HIJIIIIT,?l • HJCLC, 2 1 

1F 11-' I J I 11,11 . FO . 5PALtl R I J l111ll • 51J l 11 lll • r l Jl~ fTl • n . 
r r P I O J • J l!I.IT , Jr 111. 

P l f r l J l • (H ll J I 
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815 
816 

820 

ICOO 

5002 

5003 
5004 
,c10 
5015 

r.O R20 ~• 1,N~TPL~ 
J8 • JP~Cl~I S ► 1Je,21 •LINTER 
IF (HIJR+l, 2 1 .EC. ~FALLI 815,816 AIJP•ll • AIJRl•C. t r.o Tr P2f 
A(JP+ll • PIJPl • .~•IA(J8+ll+RIJ811 lfJ8+ll flU IJ81 • .5•1UfJP•ll+UfJell CONTINUF 
CJLt EODU~P 
CONll~UF 
CJLL SEfONDflWIXI t OUA•l~l•-•~c~ WAITE 118,50101 JINIT,OUA AElLAN 
FOP.AT 124 ► EAAOA IN OEZCNE, ~PAAl•13,6H JCLD•IJ , 6H JNEW•l3, l 7 ► JLJST • l?,4 ► NJ• 13,11~ JECIT(NJl•13,3H ••ll, H JRNO(Ml•IJI FOA~Al 113H PFZC~F, LCC•13,7 ►, JCLC•J!,lH, JNFW• 13,e~, JLA~T • ll, I 4 ►, M•13,5~, NJ•l!,7H, NCEL • 13,8H, ~PAAT•l11 FCP~JT 11? ► AEZCNE, LCC• l ? ,l ►, NCEL•13,~H, XSTART•Etc.,,5~, 01 • , I EIC.3.5~, •~•EI0.31 
FOA•JT1 ~15,ICFIC.3,3X,AII -------FCA~JT 121~,9EJO.!,!X,All 
FO•~ATll9HOENO PEZC~E, JINJT • 13,17 ►, TIME IN PE70NF•E lC.l,5H SFr.~1 FOAMATl2l~ REZONE, OXX VALUES ,6118,F9.611 -------1:., ,1, 
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FUNr.TTOI'. SSCALI JS 1-
C 
C !INCLUDES ENTRY SSCAL~) 
C COMPUTES AADIAhT ENF.AGY FCA CEPGSITIGN IN E•CH CELL DURING THF C ~YOAnDYNAMIC ·--CnMPlTATIONS 
C • SSCAL COll'PUTFS FOR COOAOINATE POINTS 
C • SStALH CCIIIPUTES FCA HALFSTEP FCINTS ANC INITIALllES ENFAGY IN C NEW ZONES 
C 

REAL flAlL,flU,fl Ul",l"UP,~El",NET 
INTEGER H 

C ll'ISCELlANEOUS 
COMl"ON CEF,C~S,DA~G,OF.lTlfl,COLO,CAHC,CTMJN,r.TN,CTNH,OU, OW,FOlO,F, l FIAST,J,JCYCS,JINIT,JFIN,JSMAX,JSTAA,JTS,LSUP-1111,IIIAXPAlttl, , 2 hCYCS,~PEPN,PCLC,ALAST,SLAST,SMAX,TF,TIME,TJ,TS,ULAST,UOLD, 3 ~LAST,X~CW,XCLD 

C EQUATION OF STATf - SOLID 
CCl"flCN COSCl6,6J,Ctl6,6),C216J,EMElllf,51,EQSTAl6),fOSTCl61, 

l EQSTOl61,ECSTEl61,ECSTGl61,ECSt~l61,EQSTNl6),E0STSl61 . IIIATLl?,61, 2 MUl61,A~Of61,AH S161,TENSl6,31,YADOl61,YCl61,JAN~l6),NPOAl6,21, 3 1",l"Ufl,NIIITPLS 
C EQUATICN CF STATf - POROUS 

COMMON AKl61,MUP f 61,PnRAl4,31,POABl4,31,POACl4,31,AHOPl6,3), l YACOPl4,31,DPE ,RHOPV,MP,NC 
C RADIATION DEPOSITION 

COMMON SSl300,!l,SSTCPl51,STAATl51,SOUAM,SSTOPM,NSPEC,SSJ,JSS C COORDINATE ARRAYS 

C 

C 
C 

CCMIIION Xl3001,Cl3001,C~f300),Df3001,DHLl300),EHLl3001,Hf300,31, l NEMl3001,NFll30Cl,Pl3001,PHLl3001,Al3001,Sl3001,SHL(3001,Tf3COI, 2 Ul3001,U~ll3001,YHLl30Cl,ZHLl3001 

CIIIIENSIOIII LIIOI 

SSCAL•O. 
IF INSPEC•f SDUAM-t. I .EO. O. I RETURN 
IF ITIIIIE-.5•DTNH .GT. SSTOPMI RETURN 
00 l I• l, I 0 
LI I 1•0 
Lt l 1•5 

C EIIIEAGY ADDITION AT CCOACINATE POINTS 10 00 20 l•l,NSPEC 
IF IITIME-STAATl111•1TIME-.5•DTNH-SSTOPC1111 ll,20,?0 12 S5CAL•SSCAL+.5tSSIJS,ll•AfllhlfAMINll.~•tTNH,TIME-STARTCIII, 1 SSTOPI II-TIME+.5•0TNHI 

10 CCH INUE 
GO TO 70 

C ENTRY FOR HALFSTEP CALCULATIChS c••••••••••••••••••••••••••••• C 

C 

ENTRY SSCALH 
DC 39 I• 1, 10 
L fl I•~ 
SSCAL•O. 
IF CJS .GT. JSSI CO TO 50 
IF INSPrC•ISDIJl~-1.1 .EO. O.I RETURN 
IF ITIME-DTNH-.5•DTN .GT. SSTOPMI GC TO 70 
LI 11•40 

ENERGY ADDITION IN aCTIVE ZONES - HALF STFP LI 21•44 
DO 48 l•l,NSPEC 
IF IITIIIIE-.5•DTNH-STARTllll•CTIME-DTNH-.5•DlN-SSTOPII Ill 46,4R,4R 46 SSCAL•SSCAL+SSCJS,1 l•Ull'INllSSTOPCI t,TIME-.'5•0TNHl-

t AflAXlC5TARTltl,TIME-DTN~-.5•DTNII 
41! CONTINUE 

(0 TO 70 
C ENERGY ADDITION FOR NE• ZCNES 
'50 JSS•JS 

ll21•50 
00 60 1•1,NSPEC 
IF ITIME-.5•0TNH .LT. STARTIIII GO TO 60 
5SCAL•SSCAL+SSCJS,ll•IAll'IN1CSSTCPlll,TIME-.5•CTNHI-STARTIIII 60 CONTINUE 

7C tF ll5UBl61 .GE. IIIAXPRl611 GO TO 7! 
~RITE 118,50001 SSCAL,llll,ll21 
LSUIC6l•LSUAl6)+1 

15 IIETUllN 
'5000 FORMATl5X,6H~SCAL•El0.3,JH l • 2131 

~ ,.u 

129 

FNTPY 



SU~AOUTINE PUFPLOTINTFWP,fOF.~TPI 
r. THIS SU8ArUTINE CIAECTS T ► E PLOTTING PROCEDUAF. 

CO!OION,..1W NT ,N ,NJEO IT, JEO YT U I, X JED 111 
co1111cy /JLCT/ IPL1'1T, IFPLOTf6ltlOU,i(l4) 
CALL SECOND IBFGI 
NTEW•NTEXP IIDENT•IOENTP 

) 

O,OE•lO ► l. SEAION I C .. ARGE•1CH6136-2 I XTEN•6 ... l(-,'i81 

CAll XEIIC1C 
CALL ... EADER IAI\IA,E,C~Allr.F,XTFNI 
IF IIFPLOTltl.E0.01 GO TO 1 
CALL TPLfTSINTEXI 
PAINT 2C 

1 AUC 111 N,NJEDIT,IJEOITllhf•l,61,lllJEDlll,1•1,61 
~•,INOl~~?.,10001 
IF IIFPLOTC21.EC.CI CC TO 2 
CALL ..-tSTORV tPAJNT 21 

, IF IIFPLCTf31+1FPL OTl41+1FPLOTl51.EO.OI CC 10 5 
CALL Hur.c~ro I PIIINT 22 

5 CALL SFCONO fENOI t OUA•FNO-REG I PAJ~T 25, OUR 
IIETUIIN 

20 FOA,A1114H lPLCTS CALLECI 
21 FOA~A1115.,. HISTOAV ~ALLEOI 
22 FCA,A1C15.,. ►UCCNIC CALLECI 
2~ FOA,AT 131H 11,e TC co,PLETE PLCTTI~~ IS , Flo.,.~ ... SEf.ONn~, 

ENC 
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SUBROUTINE ~ISTCRY 
C THIS ROUTINE PRonures STRESS VE~SUS ,r,e HISTCR I ES FCP JEOITS ANO fNTFRF~[F~ CCl',ON IDfNT,N,NJEOJT,JE OITl61,,JEOl61,S11000,61,SIFflOOO,,I, llLABEL(Jl,SLAAf L(Jl,TITLEl31 

COMMON /PLOT/ IPL01,IFPLOl(~l,LINES,IDLl'(31,ING(91,IFLAG Oll'ENSICN TllOOOl,SEQVIJOOC,91 
EQUIVALENCE 1S,SECVI 
SMAW• SMIN• 0. S IFSs O Jl• O f CRiG•O. 
IF flFLAG.LT.01 IFS r 1 t IFLAG•IA~!IIFLAGI 
00 2 I • 1, Iii 
REAC Ill llll,ISIFll,Jl,J•l,31,1511,Jl,J• l,61 
CC 2 J•l,9 
IF UNGIJI.EC.01 GC TC 2 
SMAW•AMA,llSMA,,SEQVll,JII ' s,1N• ~~INllSl'IN,SEQV(l,Jl l 2 en, INUE 
Tlllh HNI STl'H• T 111 tl'A RIC•0 SI HOK•0 

C INCIVIOUAL HISTORIES PLOTTED 
ENCCOE 130,212,lLABELI 
00 30 J•l,9 IJ~•J-6 
IF IINGIJI . EQ.01 CO 10 30 
IFIJ.LE.61 GC TO 8 
ENCCOE 130,211,SLABELI 
ENCODE 13C,210 , TllLEIJN,IOENl 
GO TC 9 

8 ENCCDE 130,213,TITlEIXJEO(Jl,IOF.NT 
ENCODE 13C,214,SLABELJJEOIT(JI 
JT•JT+l S J•C•J-JT 

9 PRINT 240,(l l TLE("'•"-1•31,Tl'IN,T"Ax,s,iN,SM•• 
CALL LINSEllTM•• . TMIN,S,lX,Sl'IN,TlABEl,S L~ BEL,TITLE,LINESI IPH•O 
00 10 1•1,N 
IF(A@SISE0Vll,JII.GT.1E-3•SMAXI IPEN•l 
CALL llNPll(Tlll r SEQVll,Jl,MARK,IPENI 

10 CONHNUE 
CAll PEIIIENO 

30 CCH INUE 
IF IIFLAG.LE.11 GC TO «JO 

C SEVERAL JEDllS PLOTTED CN ONF GR•PH 
ENCCDE 130,211,SlA~ELI 
F.NCCDE 130,215,TJYLEIIOENT 
PRINT 240,ITITLfcMt,,•1,31,T,IN,TMAX,S"IN,SMAX 
CALL LINSET IT~•·•™IN,SMA•,s,rN,TLABEL,SlA~~L,TITLF,LINESI CALL LINPLT lrRIG,0RIG,MARK,IBLANKI 
L•l I K•O lfFLAG r ,INOIIFlAG,NJEDITl+JAD 
CO 60 J•l, ffl AG 
IF IING(JI.E J.01 GO TO 60 
IF (J.£0.lfl ~r,1 GO TC lt2 co 35 10• . , . 
rr IIPoiCIJ,fDI.NE.01 GO l'D 42 

35 CONTINUE I PRINT 250,J I RETURN 42 fll•L 
CC 55 l•,,N 
IF(K.EQ.O.AND.S11,JI.LT.1E-3•SMAXIGC TO 55 
K•l I IFIJ.EQ.IFLAGI GO TO 51t 
IF IL.NE."I GC TO 44 
IF ISll,J+IOI.GT.1E-3•SMUIL•I 

ltlt IF IIFS.EQ.l 148,46 
46 IF ISll,JI.LT. 1.05•S11,J+IDlt GO TO 56 
48 IF II .EC.NI CC TC 56 
54 CALL LINPLT (Tlll,511,Jl,MARK,IPENI 
55 CCNTl~UE S GOT~ 60 
56 CALL LINPll ITILl,SIL,J+IDl,l'ARK,l!lANKI 60 CONTINUE 

CALL PEM~O 
410 RETURN 
210 FORMAT lllHl~TERFACE !TRESS 11,IH, IDENT•l41 211 FORl'ATl30~ STRESS IKILOBARSI 
212 FORl'ATl30H Tl,E 1•1c~CSfCChDSI I 213 FOR~AT lll~HISTORY, X•Fl.4,8H c,, 10•141 
2llt FCRl'ATl15~STRESS IN CELL ,13,12H IKIL0BARSI 215 FOR,ATl26H HISTCRIES AT JECITS IC •1141 240 FORMAT ll~ PLOT--,3Al0,4H T• ,F8.lt 1 1tH TO 1 F8.4,4H S•,F9.4 1 4H TO, lf41. 41 
2,~ F0Rl'AT 124H cr,P.l~EO FLCT FRIIOR, J•,111 

fNO 
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5LRRCUTl~E HUGC~IC 
C T ► IS RCUTINF PROOUCFS GRAPHS OF STRESS, RESULTANT STRESS, AND OEVIATnPfr 
C STRESS VERSUS SPECIFIC VOLU,.E 

r.o,-,-ON IOE~T,N,NJEOIT,JF.OITf61,•JECf61,SII000,61,Vfl000,31, 
ISLAPELf 31,VLA8ELf31,TITLEf31,VMAX13),Y,-INl31,YPMAXf31,VPMINf 3 1 
CC,-HN IPLCT/ IPL OT,IFPLOTf61,LINE5,IDUMllll 
01,-f~SIC N VPflOCC, 3 1 
en 1 1- 1,111 
RhC 181 IYll,Jl,J • l,31,fYPIJ,Jl,J • l,31 
,.ARll•O I L11l 
ENCOOE f~0,210,VLA! t LI 
CO 5 J • l ,3 
VMAXIJl • VMINIJl•Vll,JI I VP,-IXIJl•VP,-l~IJl • VPfl,JI 
DO 5 I • ?, fl 
VMAXIJl•AMAXIIVMAXIJl,Vfl,JII IVP,-AXIJl•A,-AXllVPMAXIJl,VPll,JII 
VMl~fJl•A,-INIIVMINfJl,Vll,JII IVPMINIJl•A,.INllVPMINfJl,VPll,JII 

5 rONT INUE 
IFIIFPLOTf]I.E0.01 CO TO 30 
I Ff IFPLCT! 21.NE.OI <:C TO 10 

C READ ~TRESS FRC,- TAPE 
00 II 1•1,N 

ft REAC 171 Tl,f5f 1,Jl,J• l,61,Fl,F2,F3 
10 NP•,.INOfNJEOJT,IFPLCTIL+211 

SfllA •• SM IN• C 
CC 12 J,.l,NP 
no 12 l•l ,N 
SMA••AMAXllSMAX,511,JI) I SflllN•A,-l~llSMIN,Sll,JII 

12 COTIM,E 
C PLOT HUGCNICTS 

CO 20 J • l ,NP 
CC TC 121,22,2,1 L 

21 ENCCOE 130,211,SUl!Ell JEOITIJI I GO TO 2, 
22 ENCODE 130,212,SLARELI JEOITCJI I GC TO 25 
23 ENCCDE 130,213,SLA!fLI JEDITCJI 
2, ENCCOE 130,215,TITLEIXJECIJl,tOEflT 

IFIJ.GT.JI GO TO 11 
PRINT 240,ITITLEIMl,fll•l,31,VflllNIJl,VMAXIJl,SMIN,SMAX 
CALL LINSETIYMAXIJl,VMINIJl,S,-AX,SMIN,YLA!EL,SLl!EL,TITLE,LINESI 
00 15 1•1,N I IPFN•flllNOlt-1,11 

15 CALL Ll~PLTCVll,Jl,Sll,Jl,MA,K,IPENI IGO TO 20 
11 IC•J-3 

PRINT 240,ITITLEIMl,,-•1,31,VPMINIKl,VPMIXIKl,SMIN,SMAX 
CALL Ll~SETCVPMIXIKl,VPMINIKl,SMAX,SMIN,VLA8EL,SLARFL,TITLE,LINF~I 
DO 111 1• 1,N I IPE~•,-INOll-1,11 

IP CALL LINPLTIVPll,Kl,S11,Jl,,-ARK,IPENI 
20 CALL FENEND 

GO TO 130,40,501 L 
30 IF IIFPLOTl41.FO.OI CC TO 40 
C REAt RESULTANT STRESS FROM TAPE 

L•2 I 00 32 l•t,N 
32 REAC 111 ISll,Jl,J•t,61 

CO TO 10 
40 IFIIFPLCTl51.EQ.O) GO TO ,o 
C REIC DEVIATCRIC STRESS FRC,- TAPE 

L•3 I 00 42 1•1,N 
42 READ Ill I ISfl,Jl,J•l,61 

co Tn 10 
50 RETURN 
210 FCR,AT 130~ SPECIFIC VOLUME fCM3/GRAM3) I 
211 FOR,.AT ll5HSTRESS IN CELL ,13,12~ flllLCBARSI 
212 FORMAT ftq~RESULTANT STRESS J• ,13,!H IIIBARSII 
213 FCR,-AT (lqHSTRESS CEVIATOR, J•,13,!H IKBAR 5 1t 
215 FOR~AT 18HHUG., X•Fl.4,llH C~, ICE~T•l4) 
240 FORMAT llH PLOT--,3llC,4H V•,F8.5,4H TC ,F 8.5,4H S•,Fq.4,4~ fr, 

lfq.4) 
ENO 
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SUPRCUTl"f TfLClSINTflll 
C TMIS RCUTINE PPrOUCES SfPE<;S VERSUS CISlANCE r.RAPH~ FR OFSIPf O TEOfTS CCl'l'ON f0fNT,Xl 300,1 ~1, S llC0,151,XLAeELl31,YLAeFLl11,TJTLFl ?I, IP.PTl151,11Jel61 

co,.,.c,. /PLCT/ JPLCT,JFP~OTl61,LINE5,11,NT,IFLAG,rnu"IIOI 
Nl • ,.JNOINT,151 tll • "'l"O(,-TFX,JT ♦ NT-11 I IG•O 
IURl<•0 I !PEN• I I ll'LANK • O I If S• C I Sl'hc;l'J .. n. 
IF IIFUG.LT.01 IF S• I SI LAC• UB511FLAGI 

C INCIVICUIL TfOITS PLCTTF O 
F.NCOOE I ~0,211,IILA8Ell 
DC 100 1• 1,NTEII 
REAC Ill NTED,P.C,Tl,.F,NPTS 1,-PTSl • ,.PTS•I 
IFI IT.LE.NTEO.ANO.NTEO.LE.LTIIO,'iG 

10 IG • IG•I I NPTI IGl • NPT<; 
00 13 IP• I , NPTS 
REIC Ill llllP.tGI, IIP,IGl,R 
IF IIP.EQ.11 11,12 

II ll"' I l'fw ll II P, I G I t Ii' IX ., S"' IN• S II P, I GI 
lfl IG.E0.11 IIIIIIJNl a llMIN t GO TC 13 

12 llfllU•XIIP,IGI 
S"'All•AfllA)III S"'U,SIIP,IGtl l S,.l,.• 01,.IISJIIIN, IIP.IGII 

I~ CONTINUE 
ENCCDE 130,210,TITLEI IG,TIMF.IOENT 
ENCCOE 130,212, StaeELl"C 
SMl•IMAXll5MA,SMAlll I SMl•AflllNIIS,l,S,.IP.I 
PAl,-T 240,ITITLEl"l,M•!,ll,IIMIN,llMA)l,SMl,SfllA 
CALL ll,.SEl IXJIIIX,X"IN, ,.1,Sflll,XLAIIL,SLAl!El,TITLE,LINF<;I 
Oll llNPLll )I 1,IGl,511,IGl,fllARll,leLOIII 
CC 15 IP• 2,NPT 

15 CALL ll,.Pll IXltP,IGl,SIIP,1(1,flllRK,IPENt 
REIC Ill NM,IXJ81"'t , ,. • t,61 
IF '""'•Lf.01 GC TCl l!O 
DO lC ,. ..... ,. t xe•XJPl"'I 
(Ill LINPlllX8,S,.t,fllARK,IPLANKt 
SINCR•ISfll.,_SMll/l~. I SP• Ml 
00 70 INel,15 I INK•MOOIIN,21 I SB • S!'I ♦ INCA 

lO CALL llNPlT IXB,58,JIIAAK,INl<I 
eo CALL PENEND • GO TO ICC 
qo 00 ~l IP•l,NPTSI 
fll REAC Ill 
I 00 CC!H INUE 

IFIIFLAC.LE.11 CC TC 150 
C SEVERAL lFOITS PLOTTFO ON f1"F GRAPH 

IF I IC:• LT• 21 GO TO I ti 5 
IGPLOT•"'l"OIIFLAG,IGI 
IPH•I 

105 ENfCOE 110,220,llTlfllBEr.,tGPLOT,iOENT 
ENCODE 110,221,SLABELI 
PRINT 240,ITITLEl"'l,,.•1,ll,XJIIIN,X,.AX,S"'l,S,.I 
CALL llNSETIIIMA)l,lfMIN\,S,.A,SMt,XLABEL,SLABFL,T TLE,LINf<;t 
CALL LINPLTI 1111,11,SI 1, U ,MARK, IBUNKI 
LP• l"P•l 
00 110 L•IBEG,IGPLCT 
NP•,.PTILI 
CO 120 IP•,P,NP 
IF IIFS.EQ.11 120,115 

115 IF (LP.NE.fllF.CP.L.EO.tr-lC:O Tn 12C 
IF IStlP,U.ll •• CJ•S"'•••NC.SIIP,L+U.GT.SI IP,ll•t.O'SI LP•IP 120 CALL LINPLT IIIIIP,Ll,511P,Ll,l"AAk,IPE~I 
IFlt.EC.ltl GOT l!O 
CALL Ll~PLT llltP,l+ll,SILP,l•ll,.,IAK,leLANKI 
"'•LP 

BO CCP.Tl,.UE 
CALL PE,.HO 
IF I IGPLOT .GE. IG-11 GO TO 150 
l!EG•IGPLCT+l I IGPLOT•IC:PLOT•"INCIIFLAG,lr.-tr.PLCTI 
CO TC 105 

lti5 PAINT 14t 
150 IIETUA,-
146 F0Rl'AT 123H CP.LY CP.F TEDIT GA•P~ECI 
210 FOR,.11 l'5~lEOIT,12,lM,F7.4,1IH "L5ECS ID•ltil 
211 FCRl"IT 110~ POSITION IC£NTIMETERSI I 
212 FCR"'AT 11'5MHIIE55 IT CVCLE.14.llt- lklLCBAII II 
220 FCAMIT le~ 1FOll5 12,6~ lMAU t2,8M, IOE,-T•l41 
221 FCP,_T I Ot- 5Tll£5S IK llOPARS I l 
1ti0 FOAl"Al llH PLCT--,3•10,4H •• ,F8.4,4t- TC ,Fe.4,4H S• ,fq.4,4H Tn , IFfl. le I 

Hr. 
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