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ABSTRACT

(Distribution Limitation Statement No. 2)

This report describes in some detail the addition of a fracture routine to
FJFr 66, a one~-dimensional Lagrangian hydrodynamics computer program. The
report concerns itself mainly with the logic required in creating, following,
and deleting free surfaces using a simple tension criterion for fracture plane

location.
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SECTION I

INTRODUCTION

This report describes a method of handling material fracture in PUFF 66,
a one-dimensional Lagrangian hydrodynamics computer program. (The reader is
referred to AFWL-TR-66-48 for a detailed description of the basic code.) The
changes made to PUFF 66 are discussed and a listing of the revised program is
provided, with a sample problem demonstrating the use of the modified program.

The fracture routine creates right- and left-hand free surfaces or boundaries
at a location where the fracture criterion has been exceeded and then follows
these surfaces as the program progresses. If the two surfaces should come in
contact at some later time, they are combined, the free surfaces are deleted,
and the resulting zone boundary is given a new fracture strength. This report
is concerned with the code mechanics required in creating, following, and
deleting the free surfaces; no attempt is made to address the question of
fracture criteria. Tension is used as the fracture criterion although another

criterion could be substituted with little change to the rest of the routine.

Although this report is concerned only with PUFF 66, a radiation deposition
code, the same approach with minor modifications can be adopted to P PUFF 66,
the flyer plate version of PUFF.
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SECTION II

COMPUTER CODE TMPLEMENTATION

The insertion of a fracture or spall capability into PUFF can be separated

into two segments: (1) the criterion to be used in defining when a material

should fracture, and (2) the code mechanics used to create and follow the

L frec surfaces resulting from a fracture. As stated in the introduction, the
criterion used with this routine is simple tension. Once the magnitude of the
tension in an area is greater than the strength assigned to the material, the

ﬂ material is considered to have spalled and the appropriate action is taken to
create and follow the resulting free surfaces. This criterion was chosen

because of its simplicity. The mechanics of handling the fracture are relatively
independent of the criterion and a more realistic criterion can be incorporated

with only minor changes to the rest of the routine.

The routine identifies fracture by comparing the zone-mass-weighted average
tension of two adjacent zones to the strength of the material attributed to the
zone boundary between the zones. If the average tension exceeds the strength
of the zone boundary, the routine creates right- and left-hand free surfaces
at the boundary. The existing zore boundary is used as the left-hand free
surface, while a new boundary is introduced to act as the right-hand free
surface. This boundary is essentially imaginary in that it does not change the
zone number of the following zones. Both surfaces are given the position and
velocity of the original zone boundary; the velocity in subsequent cycles is
calculated using the same equation used to calculate front and rear surface
velocity in PUFF 66, The resulting free surface motion is followed cycle by
cycle by a special spall path in the HYDRO subroutine and, if the two surfaces
come in contact, they are combined, the imaginary zone boundary is deleted, and

the resulting zone boundary is given a strength of gzero.

The majority of the additions and changes required to incorporate the
fracture scheme into PUFF are found in the HYDRO subroutine with minor changes
in the GENRAT, REZONE, EQUATION OF STATE, and FDIT subroutines. No new sub-

routines were needed. These changes are discussed in some detail in the follow-

ing paragraphs. Four new dimensioned variables were added to PUFF 66. Two of
these, TSPALL (801) and US (100) are located in the common declaration while
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XS (100) and SM (100) are dimensioned in HYDRO. The variable, TSPALL, is the
zone boundary spall strength in dynes per square centimeter and is used in
several subroutines. US 1s the velocity of the right-hand free surface of a
fracture and is used in HYDRO and in the momentun calculation of the EDIT sub-
routine. The variable XS is the position of the right-hand free surfaces and
SM 1is the storage for the momentum edit of the spalled sections calculated in
HYDRO.

1. GENRAT

The material strength for the fracture criteria is read into the program
in the GENRAT subroutine as part of the material data. The existing material
variable PMIN 18 used for this purpose. It possesses the units of dynes per
square centimeter and is negative in keeping with the sign convention used in
PUFF. The material strength is converted to the zonal parameter TSPALL(J) at
the same point in the program that GENRAT initializes the other zone variables.
If PMIN is given a value of zero for a material, TSPALL(J) for the zones in
that material i8 set to an arbitrarily large negative number which effectively
locks out the spall routine in the material. An option allows the user to read
in the spall strength for an individual zone boundary such as a material inter-
face. The flag for this option is NSPAL which is set to the number of specific
inputs desired. Each input consists of a separate card following the JEDIT
input card in sequence and contains the index number of the material involved,
the fractional thickness of that material at which the input is to be located,
and the material strength desired at that location. The spall strength is
gilven to the rzone boundary nearest the indicated location after zoning is
completed. This specific input overrides the general material input PMIN.

2. HYDRO

Subroutine HYDRO containe the majority of the changes required in incor-
portating the spall routine. These are grouped for the most part into four
sections: (1) the check against the fracture criterion which creates the free
surfaces when fracture occurs, (2) the spall path which updates the velocity
and position of the free surfaces created by fracture, (J) the combine routine
which checks to see 1f the free surfaces have come in contact and {f so deletes

them, and (4) a momentum edit of the spalled regions.

As the atress of each zone is updated, the stress in that zone and the
stress in the zone immediately preceding it are checked. If both zones are in
tension, the zone mass weighted average of the tension in the two zones 1s

3
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calculated and thi¢ result checked against the material strength attributed

to the zone boundary b: veen the two zones. If the tension exceeds the

boundary strength, the .terial is considerad to have fractured at that point

and the strength of the boundary is set equal to 1.234 as a flag to mark the .
fracture during the rest of the program. These zone boundaries are then

treated as left-hand free surfaces by the spall path in HYDRO when their .
position and velocity are updated. The right-hand free surface is also

created at this time. Given the same initial position and velocity as the

left-hand free surface (the position and velocity for the original zone

boundar—), this boundary is treated as a right-hand free surface in the spall

loop. The spall locations are indexed consecutively from left to right for

identification purposes and a check is made to update the index numbers for

spail locations to the right of the new fracture. Upon establishing a spall

location, the program provides an edit print giving the spall location, time

of spall, the zone mass weighted average of the stress of the ivo zor=zs

involved, the strength at the zone boundary, and the total number of spalls

existing at that time. A flag is also set which calls for a momentum eldit at

the completion of the HYDRO cycle. ’

The spall path in HYDRO keeps track of the free surfaces created by
fracture, calculating the velocity and position of the two free surfaces at
zones flagged by TSPALL(J)=1.234. As discussed above, the expression used to
calculate boundary velccity as a function of stress and time is the same as

that used to calculate the free surface velocity of the front and rear surfaces
in PUFT 66.

When HYDRO updates the positions of the two free surfaces of a fracture in
the spall . op, it checks to see if the surfaces have come together. If the
free surfaces have come in contact during the time step, the program ''combines" !
them. After combination t.i: imaginary right-hand free surface is deleted and
the spall strength of the boundary reset. Given a strength of zero, the inter-
face may freely separate at a future time. Upon combination, the velocity of
the zcne boundary replacing the two free surfacer is calculated in such a way
as to conserve momentum, and the initial position of the boundary is calculated
as a ratio of the zone masses considering the relative positions of the free
surfaces prior to combination. As with the creation of the free surfaces, '
any spall locations to the right of the one being combined must be re-indexed.
An edit print provides icne number, position, and problem time at combination,
and a flag is set so that the zone is not checked for spall during that cycle.

4
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Before HYDRO is exited after completion of a cycle, a flag is checked to
see if a fracture occurred during the cycle. If so, an edit primt routine

provides the momenium of all of the spalled regions. The momentum calculation

uses the mass of the zone and the average velocity of the two corresponding
zone boundaries.

3. REZONE

Some changes to the REZONE subroutine are necessary to keep track of

TSPALL(J}, both as a variable and as a flag wmarking fructured zones, during
the combine and divide operations of the subroutine.

Tha divide section of REZONE includes these changes necessary to re-index

TSPALL(J) to the right of the divided zone. The left half of the newly divided

zone takes on the same value of TSPALL(J) as the zone to the left of it unless
that zone 1s a spalled zone, in which case it assumes the value that the divided

zone held originally. The right half of the divided zone keeps the value of

TSPALL(J) held by the original zone. This is done to keep individual zone

strength inputs from multiplying or spreading from their intended location

during divide (i.e., a zero zone strength input at a material interface will
remain as a value for only one zone).

In the combine loop of REZONE a check is made tc see if either of the two
zones to be combined, or if the zone immediately on the left and on the right
of these two, is flagged as fractured zones.

If so, that zone is bypassed and
the next zone 1is checked.

This is necessary to conserve momentum in the
problem. The equations used to adjust the zonal parameters when combining two
zones will not conserve momentum in the region of a free surface. The spall
strength of the REZONE combined zone is the lesser of the two zones combined.

Provision is also made to re-index the TSPALL(J) variable to the right of the
combined zone.

4. EQUATION OF STATE

The only change required in the EQUATION OF STATE subroutine is the deletion
of PMIN from the equation where it was previously used to 1limit the
which a material could achieve. The equation

tension

Pl = AMAX 1 (PMIN(M), (E1-TS1)*TS2*RHO(M))

was replaced by

Pl = (E1-TS)1)*TS2*RHO(M))
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5. EDIT

The changes to the EDIT subroutine involve the momentum calculation which
sums all of the positive and all of the negative momentum in the problem.

These calculations must be corrected in the case of fractured zones to account
for the free surface velocities.
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SECTION III

USE OF THE MODIFIED CODE

The fracture routine has many applications such as studying the effect on
shock pulse profile and momentum transfer during fracture in materiale and at
material interfaces. It can be combined with a routine that calculates the
temperature of materials caused by energy deposition to remove front surface
vapor and melt, thereby significantly improving momentum calculations. Added
to the plate slap version of PUFF, the fracture routine can be used to allow

the flyer plate to rebound from the target giving a more realistic treatment of
flyer plate experiments.

Use of the routine is quite straightforward, requiring only a strength
parameter for each material in addition to the data already required by PUFF 66.
Its function can be suppressed in any material by simply setting PMIN to zero
for that material. Unless a large number of fractures occur, the execution

time in HYDRO and the total problem execution time are not significantly
affected by the routine.

Some problems with the REZONE subroutine can be encountered when using the
fracture routine. When REZONE is used to adjust the zone mesh in the vicinity
of a pressure pulse, the smaller zones in the problem will normally be found in
the pressure pulse. These, then, are the zones that will constrain or control
the size of the time step because the time step cannot exceed the shortest
shock transit time found in any zone in the problem. As the pulse progresses
an d attenuates, REZONE allows the zone size under the pulse to increase, there-
by letting the time step increase. This in turn allows the problem to reach
completion in fewer cycles. If two zones that are adjacent or in close prox-
imity should fracture, REZONE may not be able to adequately combine the zones
between them, and will produce small zones that may control the time step for
the rest of the problem, significantly increasing the number of cycles and thus
the computer time required to complete the problem. This is especially true
for front surface fracture where the initial zoning is normally quite fine. A
similar problem can be encoumtered for a single fracture near the front surface,
since, as discussed in Section II, REZONE is not allowed to combine zones in
the immediate vicinity of a fracture to conserve momentum. If the zone size in

the area of a fracture is small, these zones may then control the time step.
7
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One possible approach to correcting the first problem is to artificially
force the code to allow a certain number of zones or a certain distance between
fracture locations. This, of course, will produce a corresponding loss in
accuracy in fracture location. In the second case, the best solution is to
modify the combine section of REZONE to allow momentum conservation while
combining zones in the area of the fracture. Neither of these corrections has

been incorporated into the present program.

A potential problem that should be kept in mind when using the fracture
routine again concerns the REZONE subroutine. While REZONE provides a fine
mesh, with correspondingly good resolution, for pressure pulses, it does not
do this for tensile pulses. A tensile pulse in PUFF 66 often travels in an
area where the zones are quite large, resulting in a loss of pulse resolution.
Short of major reprogramming or replacement of REZONE, one correction for cases
where this could be a problem is the use of uniform zoning throughout the
problem. This is not satisfactorvy in many cases because of the increase in

problem time.

The sample problem provided in Appendix II demonstrates the use of the
fracture routine with its various options. The problem is a two-material
problem similar to the sample problem used in the PUFF 66 technical report, run
with the fracture modification. Material 1 was assigned a strength of 5 x 10°
dynes/cm?. This value is somewhat smaller in magnitude than the trailing
tensile pulse at the front surface, thus providing an example of front surface
fracture. The boundary between the two materials was given a strength of zero
to demonstrate the option of assigning strength to individual zones, while for
the second material PMIN was set to zero suppressing the fracture routine in
that material. The normal PUFF output is listed with graphs of pressure versus
distance at several problem times. The solid vertical straight lines in these
plots indicate free surfaces while the dashed vertical line indicates a material
interface. Only one free surfice is marked for each fracture location. Start-
ing with the second plot, the deviation of the sample problem run without spall

is marked by a dashed line. Note that the material interface fractured before
the 1.31-microsecond plot.
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APPENDIX I
FORTRAN LISTING OF PUFF 66 WITH

FRACTURE CAPABILITY
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15

PROGRAM PUFF 66 (INPUTQUTPUTsTAPES TAPES)
PUFF &6

COMMON CS(B01)'NI(BNL)sE(BOL)+P(801)90(B80))S(801)98D(B0]))sV(BE1) 1 YPAS,

107(801) 9yZM(RO1) 4 TSPALL (BO))4uS(100)

P66
P66

Pés

COMMON AMU(g) +CUSPY (@) 1CUSPA(g) »CUSPL (6) sCUSPD(g) 1 CUSPG (@) 1 CUSPS (6P86
1) +DISCPTI12) +EQSTC(6) sEQSTD(6) 1EQSTE(6) 1£QSTE(6) ygQSTH(6) sEQSTN (6) P66
2,EQ5TS(6) ,JBND (6) o JEDLT (101 ,JORG(10) ,PMIN(6) ;AHO(6) ,SSTOP (5) ,SS (80P6S

3145) e START(S) 4 TEDIT(2%5) o X (801) 2 YADD (6) o YMU(6) 9 YO (6)

pbé
P66

COMMON CKS9COsCL1oDTNIDTNMeIToJCYCSoJPINoUSMAX 9o JSMAXT o JRZL 0 JSTARS JTPge
15,J7PUL LINE,LOZHI7,N,NJEDIT NNTRLS ,NPRIN ,NREZ0N,NR7 ,NSPEC ,NTAPE ,NP66

2TEOT+PDOTNEGIPDTPOS s SOURM SK2My SMAX 9 SSTOPMo TIME s TSy WTAPE

ZEROES COMMON
D0 1 Jul,y13037
cS(J)=0,
CALL GENRAT
N=s]
CALL HYDRO
STOP PARAMETERS
IF (SMAX) 11911,3
IF (TIME=TS) 4¢g8e8
IF (NeJCYCS) 5,8,8
IF (X(JSMAX)=CKS) 6s8¢8
IF (SENSE SWITCH 2) 7,12
PRINT 39, N
WTAPEm],
caLL EDIT
IF (NJEDIT) 9,10,9
END FILE 4
PEWIND o
END FILE &
REWIND 6
STOP
PRINT 38, N
$TOP
EDIT CONTROLS
IF (NJEDIT) 1301Re13
JRSJEDITI(])
IF (S(JBe])) 14,18,14
0n 15 1sl4NJEDIY
JRSJEDITI(D)
WRITE (4) JORG(T)1JEDLT(1)eS{JBed)oTINE NN
JasJBe)
IF (S(JB)eQ(JR)) 169108017
PNTNEGaPDTNEGe (S(JUR) «Q(JB) ) ®DTNN

) ;o 18
POTPOSRPDTPOSe (SLJUR) ¢Q(JB) ) ODTNH
I (MOD (NeNTARE)) 20419,20
UTA’E'L.
caLL EOp7Y
60 T0 22
tF (MOD(NWNPRIN}) 22421922
wrAogal,
caLL Ep1Y

REZONE CONTROLS
IF (JZPUL) 26426423
IF (MOD(MoNREZON)) 26424026
IF (JSMAYaJZPULeJSHAX]) R6426,28

11

Pos
pbe
Pos
(113
Pes
Poe
Poe
P66
Pe6
(113
(1)
Pés
)
P6s
P66
Pos
Pse
I
Pos
Pee
Pés
Pee
Pes
(I
Pe6
Pes
(173
(T
Pee
peo
Pes
poe
Pos
(119
Pss
pht
({1
pee
Pee
pée
Pes
Pos
o
Pee
Pes
pos
7YY
poe

10
20
30

50
60
70
80
90
100
110
129
130
140
180
160
170
180
120
200
210
220
230
240
2%0
260
270
280
290
300
No
320
330
k1Y ]
380
360
370
380
3%
400
410
420
430
440
450
460
47
H;
499
800
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360
S$70
Sa0
$90
600
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26

27
28

29

30

31
32
3
k '3

35

36

a7
] ]
39

CaLL RE20ME

TIME STEP CALCULATION
SK2MBAMIN] (4 9/SK2Me 1, 29D TNH)
1F (SSTOPM=TIME) £R¢28,27
SK2MmAMIN] (,0]12SDURM,SK2M)
DTN=DTNH
DTYNHESK2M

TIME EPIT
IF (NTEDT) 232,32429
VT‘PE'IO
caLlL EDIT
1TalTs)
IF (IT=26) 31.3n,3)
{r=l
TEDIT(1) w0,
NTENTwqn
IF (TEDIT(IT)) 35435,33
IF (TIME+DTNHaTENIT(IT)) 35,34,34
OTNHETEDIT(IT)=TIME
MTENTS]
TIMESTIME«DTNH
DTN=DTN+NTNH
N'Ntl
IF (DTNH) 3643642
PRINT 374 N
sSTOP

FORMAT (//42X¢)1SHOTNMNBQ AT CYCLEWIS)
FORMAT (//42X¢1SHSMAX®O AT CYCLE1S)

FNRMAT (31H SENSE SWITCH 2 1S ON AT CYCLE 1100

[Ad]}

12

P66
Po&
P&6
P66
P66
Pé&6
P66
Pe6
.1
P66
Pé6
P&6&
Pés
P66
P66
P&6
P66
P&6
P&6
P66
P66
P66
L1}
Pé6
P66
P66
P66
P66
Po6
4.1
P86

610
620
630
640
650
660
670
680
690
700
710
T20
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
88p
a90
900
910a
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SUPROUTINF HYDRD HYD

HYD
COMMON CS(BNT)on(BA1)sE(AR0L1) op(801)9n(801)0g(B01)98D(801)sU(B01)eYHYD
102(RN1)eZM(RQL) « TSPALL(RN]) sUS(100)

HYD
COMMON AMU(6) 9CUSP] (8) +CUSPA (6) «CUSPC (6) 2CUSPD16) +CUSPG(6) ¢ CUSPS (6HYD
1) ¢DISCPT(12)4EQSTC(6) +EQSTD(6) +EQSTE (6) yEQSTA (8 +EQSTH(6) +EQASTN(6)IHYD
PeFASTS(6) v JBND(6) 9 JEDTIT(10) ¢ JORG(10) sPMINIG) ¢RMO(6) 9 SSTOP (5) ¢SS (BOMYD
31051 ¢START(S) s TENIT(25) o X (A01) s YADD (6) 0 YMU(6) 9 YO (6) HYD

HYD
COMMON CKSoCNyC1oDINGDTNKy 1T JCYCSyJFINGISMAR s JSMAXT o JRZL s JSTAR JTHYD
1S¢J2PULGLINELOZHIZyNoyNJEDTTNMTRLS NPRIN¢NREZONSNRZ ¢yNSPEC ¢NTAPE yNHYD

2TFOT+PNTNEGsPDTPOS s SOURMSK2My SMAX s SSTOPMo TIME s TSy WTAPE MYD
DIMENSION XS(100)s SM(100)
HYD
SNURM®SSTOPM HYD
sx2Me0, HYD
SMAXS(Q, HYD
Ml HYD
Lis] HYD
L1
LEFT ROUNNDARY CONDITIONS HYD
HElIBUL)=DTN®(S(2)0Q(2))/72M(2) HYD
Xtl)mX(1)+DTNHe(]) YD
HYDRN 20NE LOOP HYD
00 38 Juw2,JFIN YD
AOLD®D (J) YD
eoLh=Q () HYD
POLNEP () WHYD
CHANGE MATERTIAL INDEX AND ADD NEw ACTIVE 20NE MYD
IF (J=JRNNI(M)) 24142 WYD
LLsLblel HYD
IF (JmlaJSTAR) As343 HYD
NWHATa) HYD
CALL SSCAL (NwMATEADDoJe)) MYD
E(J+1)mEADD HYD
IF (EtJel)) 5,68,8 MYD
P(Jel)ao, - WYD
GO TN A MYD
IF (D{Jel)) 696, MYD
ptJsliel, YD
StJellimg, HYD
80 T0 A HYD
call EAST (E(Jel)oDiJel)oPJel) oLl NYD
StJel)aP{Jel)la8ntJel) WYD

CHECK FOR SPALLED 20NE
1F (TSPALLIJ)FO,1,234)00 YO 9

VELACITY CALCULATION
HIJIBU( ) eDTHO(S{ el ) 0@ o108 ()@ S )7 (TN )o2N(ge)))
114 (H\S(H(J)).LT.l.E.J)U(J)-O.O
nisytY)eutJe])

COORNINATE CaALCULATION
R(JIOX{ ) sDTNN®I ()

NENSTITY CALCULATION
nieTut i/ (xt))ekiJal))
60 YU 10

SPALL PaTH

VELOCITY CALCULATION
14PALLE)
HEJIBUTII=DINS (R ({Je])eQ(Je) ) /241 Je))
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20
30

50
60
70
80
90
100
110
120
130

140
1%0
1¢0
170
180
190

200
210
220
230
240
250
200
270
280
290
300
310
320
330
30
3%0
360
k)] ]
380
30
400
410
420
430
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| LY

17
1n

19

20
21

2?

US{MS) =US(MS) sDTN® IS (J)eN(J))/ZML )
IF (ABS (1)(U)) L Tel sE«3)U(J) 0,0
IF (AHS(US(MS)) (LT,]1,E=3)US(MS)=p,0
Mg (M) eljt yol)

COORPINATE CALCULATION
X(JYaX () eDTNH®II(J)
XS (MS)mxS (MS) ¢DTNHOUS (MS)

DENSITY CALCULATION
NEJISZMI Y)Y/ (XS (MS)eX(g=]))

CHECK FOR COMRINE
IF (XS(MS) (L TeXx(J)) g0 TO 10
UGN BLULD)I ®ZM(Je]1) sUSIMSI®ZM ) ) Z(ZMCIs]) ¢ZM ) )
XAJIBX()) @ (XSG IMS) =X (Y) I ¥ZM( Jol) Z(2M(J) eZMiJel))
NUsIH{JYaij{Ju])
DI eZM ) /(X (J)=x({Jol))
1M [SMa)
1F (MS«]l,EQ.154) GO TO 140
PO 130 11sMS.ISH
Xs{ThhexgstIlel)
US(TI) mUS(]]e])
TSPALL (J)=0,0
ISPALL e}
XS{1SMel)m0,0
MG (1SMe1)80,0
PRINT ABy JoeX(J)sNeTIME
LINFBLINFe2
IF (LINEJLELSN) 50 Te 1o
PRINT 49
LINE=Q
IF (DUD)al.YeNeP) PRINT 689 JeMSoNo XS (MS) o X () g X (J=1)
NAVGE (P (J) eDNLD) 22,
NyaDTINHENI/2M (J)
IF (DUely) 11012412

ARTIFICIAL VISCASITY CALCULATION
QUJIu(PUeCOeCN=C19CS(J))SDUSDAVG
IF (QCUI=1,ES) 12413,13
N(J)eo,
Nnel,
CS{Jlsn,

ENERGY ADNITION FROM NEPNSITION
IF (TIME=NTNHSSTOPMY) 14as]l4s1S
ydHA Ta}
CALL SSCaL (*IWHATFADD J)
Et E()) oEAND

STRESS « STRA'N CALCULAYION
VELSeNVeNnavg
SNEJ1aSh 1) et 73, 0AMU (M) oVELS
vucE 3 /72,9801 )1 08Dt Y)
ewiel ) /RN () =1,
1F (VNCa2,./73,%Yq2(U)0YQ2(J)) ;n.xa.&o
Y2t evBZ2(J)evADD (M) oABg (DY) *D (J) ®DOLO/RMHO (M) 7 (, RaydyiM) )
IF (VMC22,/3.07n20000Y02(J)) 18+)80}7
SNEJIegN(1evO7 () SSQRTI24/713,%Vue))
CONT INUIE
IF (ENY) 199270
{4 qf(J).éOS‘é(E}) 21421,20
SniJleg,
NISTEsSN 1 evVELS/0AVE
EtJiesE 1)) eDISTYF

P« € INTERPALATION SCHENE
IF (P10 22423422
CALL EAST (E(J)anly)oP2am)

HYD
HYD
HYD
HYD
HYD
HYD
HYD
HYD
NYD
®YD
HyYp
“Yd
YD
HYD
HYD
nYD
MyD
nYD
nYD
NYD
HyD
nYD
YD
RYN
MYD
Nvo
NYD
HYp
nyp
MYD
HYD
“Yp

530
540
550
560
510
Sao
590
600
610
620
830
640
(1.1
660
670
6a80
690
To0
110
120
41
Ts0
%0
Y60
770
O
190
800
8j0
820
830
LY




E1SE(J)=P{J) OOV HYD 850

CALL ENST (F1,D )Pl M) HYD 860

E(JISE(J)={P24P (1) ¢Q(J) ¢AOLN) ®DV/ (24={P1=P2) /P(J)) HYD 870
23 CALL EQST (F(J)oD(J)P(Jd) oM HYD 880

S(JIsP(J)1eSn!y) MYD 890
¢ CHECK FOR FRACTURE

Jsau=]

IF (S{J) 4GEe0aoN S(JUS)cGE0,)00 TO 61

IF (TSPALL(J)eENe14230.0,TSPALL (J)eEQe0,0100 TO &)
IF (ISPALLeNE«O,DeTSPALL(JS),EQ.1.234)00 TO 4}
SUR({S(J)aTM( ) eS(JIS)TM(JUS)) /(ZM(I)e2M(JS))

IF (TSPALL (JUS)*8U.0E,0,0100 TO 4}

IF (MS,LE.99) GO To 380

PRINT 70
srTop
3An IsMalSMe]
1In]SM
PRINT 685,USeX(JS) sNyTIME,SJ PSPALL (JS) o ISM
TSPALL(JS)=],234
1Sm)
LINESLINE+]
IF (LINE,LT.5n) G0 TO 40
PRINT 69
LINE®Q
GO T0 40
390 XS(Il)exS(lle})
Ustiltousiitel)
IIIII-]
40 IF (11,8T.,MS) Gn Tn 390
xS (MS)axtys)
Us(MS) sV (US)
1SPALLe2
c SHAX CALCULATION
91 IF (S(J)=SMAX) 23,28,2¢
26 SuAXeS () NYD 920
JSHAXey NYD 930
c SOUND SPEED CALCULATION HYD 940
2 IF (DV) 27426426 HYD 980
26 DFUNGa) 00100 (J) HYD 940
00 10 28 HYD 970
k34 NFUNGe, 99990 (J) HYD 980
L] cAllL EQST (E(J) +DFUDSPFUDB N} NYD 990
OPDRMOe (PFUDO=P (J) ) 7 (DFUDB=D(J)) WYD1 000
IF (DPORMN) 29,290,350 HYDl 0} 0
9 CSiJimg, HYD10%S
a0 Y0 31 HYD103¢
0 CR(J)eSORT (DPOANO) NYD1060
31 sx2nle(CstJ)o2,oCloCg i) et 0C00CODYI /iR (J)aRJal)) "yp1080
IF (TSPALLIY) ,EQ.1.2%0) SRRNISICS(J) eR,08CIOCE(J)»4,9C00CR%0U) 7 (RS
Inglekiyel))
17 (SKPMSKRM)) 32,32,)3 MyD1060
» SKpMegK M) MYD10TO
JT188Y HYplioge
» nell MYD1 00
IF 1I1SPALL.OE,2) nSengel
tSPALLe=p
C END OF CYCLE CMECKS HYpll00
15 (UJ)y) 30,34,30 MYD1110
A 1Y I (N=1) 38038038 nvol‘ii
38 JsMipleJsmAx,)t uyoll30
Ie (LOTHIT) 38037030 MYDj140
c JSTAR CALCULATIDN wYD1180




36 If (JuJSTAR) 3B,38,37 HyD]l160
k) JSTARm ;=) HYD1170
G0 T0 39 HyD1180
k1) CONTINUE HYD1190
JSTARgJFINe] HYD}1200
39 IF (1S.LE.0) RETURN
C SPALL MOMENTUM CALCULATION
1$=0
{=0
M3s]
SMM= 0
D0 63 Ju2,JFIN
IF (TSPALL (J) 4EQe1,234) GO T0 o0
SMMaSMMoZM (J) 8 (U (J)eU(Jal) ) s2
IF (JJEQ.JFIN) GO TO 62
66 YO0 63
60 SMMESMMeZM ( J} @ (US(MS) eU(Yal) )72
MSaMSe]
62 falel
SM (1) aSMM
SMNIO . o
63 CONTINUE
PRINT &7y (SM(J)eJalyl)
1=1/8
LINESLINFe]+]
IF (LINE,LE,50) GO TO 64
PRINT 69
LINEsQ
66 RFETURN

OO0

5 FORMAT (/e sms SPALL QCCURED AT ZONE®I4® LOCATION®E]2,4® CM AT CY
1CLE®I4® TIMESOEL]1,48 SEC SJ WeF[1,40 TSPALL(J)M®EL],49/49XTOTAL
2 MO OF FRACTURES lsel3)
66 FORMAY (/® $8S COMBINED 20NE®I4® LOCATION®E12,4® CM AY CYCLE®I4®
1 TIMEs®E]].4® SEC®)
67 FORMAT (/® MmOMENTUM AFTER FRACTURE®/(8E14,4))
oA FORMAT (® NEGATIVE OENSIT. ZONE®I4® MSs®Iye CYCLE NO®I4e/e® XS
L{MSIMOEL14,40 X (J)aOE14,48 X (J=])noElé, 4)
69 FNARMAT (1M1}
70 FARWAT (/®  PROOGRAM HAS REACHED THE NO OF spALLS DIMENSIONEDe)
END HYD1220=

16
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newmn

SUHBROUT INE GENRAT OIN

OEN

CAMMON CS(801)¢nD(B01)4E(801)oP(801)+0(801)08(801)8D(801) U801 +YOEN
102(801) ZM(80%) ,TSPALL (80]),4US(100) £

6EN

COMMON AMU () ,CUSPY (6) s CUSPA (6) ¢ CUSPC (6) 4CUSPD (6) 4CUSPO (6) s CUSPS (48EN
11+01SCPT(12) s€ASTC(6) sEQSTD (4) +EQSTE () 1EQASTA(4) 9EQSTHs) +EQSTNIG) OEN

z.EQSTS(b).JBND(Q),JEOXT(lo).JORO(lo),PNlN(ﬁ),RNO(O).SSYOP(S).SS(OOO[N
1151 9START(S) s TEDIT(28) »X(80)) 0 YADD (6} o YMU(8) o YO (0) GEN

i ot
COMMON CKS,C04C]yDTNJDTNH, IT,JCYCS,JFIN,JSMAX , USMAX]T  JRIL o JSTAR, JTOEN
1s.JzPuLoLIN;oLoru12oNoNJtOl?oNnTRLsounnxucng;zog.nnl.usvzc-Nvgﬂzonotu

2TFDT POTNEG PDOTPOS  SDURM  SK2M, SHAX ,SSTOPM, TIME TS ,WTAPE GEN

. GEN

NIMENSION MATL(6), NOE(6), NZ(20), RZ(20)y T(10), TOL(109) 8EN

. OEN

DIMENSION AA(6,20), AC(10,109,6), B(6,20), EDSE(6,20)y EE(10), ET(OEN

11n0,109) QEN

DIMENSION MSPALL (6) (RSPALL (8) » TTSPAL (6)

: GEN

EAUIVALENCE (CS,AA), (CS(121),AC}, (£S(6661),8), {CSI6T81),EDGE), OEN

1(cS(69011+EE) s (CS(6IL1)oED) GEN

OEN

READ ALL NON=ENERGY SOURCE DFPENDENTY DATa BEN

READ 67+ (DISCPT(D)olmlsl) OEN
READ 6K, MSPEC NTEDT,NJEDIT,LOZHIZ,NSPAL

IF (NTEDT) 34392 QEN

RFEAD 69, (TEDIT(1),1=1,4NTEDT) OEN

IF (NJEDIT) 5,54 GEN

READ 689 (JENIT(I)o1ssNJEDLIT) GEN

IF (NSPAL,BT,0)READ 680s (MSPALL (1) oRSPALL(T) o TTSPAL (1) o1l NSPAL)
READ 68+ NRZCyNMTRLS»JRZL + JZPULINPRINSNTAPE ;NREZON JCYCS

READN 696 CKSTS.ANGLE GEN
NMTSNMTRL S=1 GEN
READ &8¢ (NOE (M) ¢sMu]l gNMTRLS) GEN
IF (NMT) 74746 GEN
READ 689 (JBND (M) oM sNMT) OEN
REAN 68y JFINy (NZ(L)eL®]1¢NRZC) OEN
READ 699 DXeTIME. (RZ (M) eMu]¢NRIC) OEN
OxeDX/RZ2(1) OEN
DO R Mm]+NMTRLS OEN
READ 674 MAT (M) OEN
READ 69, RHO(M) [EOSTC (M) ,EQSTD (M) EQSTE (M) (EQSTOIM) EQSTH (M) ,EQSTSSEN
1(M) o PMIN(M) OEN
READ 69¢ CUSPL (M) 2CUSPA (M) s CUSPC (H) ¢ CUSPD (M) y CUSPS (M) s CUSPS (M) OEN
RFAD 68, YO (M) AMU (M) YADD (M), YMU (M, OEN
FSTN (M) mgQSTe (u) 7£aSHa (M) / (EQSTE (M) ®RHO (M) ) OEN
NOENSNOE (M) OEN
READ 6&9¢ (AA(MeT) op(Me]) 9EDAE (Mo 1) 2181 2NOED) GEN
CALCULATE 20NINSG GEN
L7sl GEN
NN 11 Je2.JFIN OEN
1F (J=NZI(LZ)) 1041049 OEN
L7sl2e) GEN
PXSNXORZ(L2) GEN
X(JisX(Jul)eDX OEN
PRINT ALL NONeENERGY SOURCE DEPENDENT DATA OEN
PRINT me OEN
PRINT 67+ (NISCPT(K)ekulel2) OEN
PRINT 7} OEN
n

190

210
220
23¢
2490

260
270
280
290

30
320
o
30
350
360
370
380
390
400
410
420
430
440
+580
880
470
400
490
S00
S10
820
$30
3540
580
Se0
570
Sao0

PR

s W

ST

17

i e




PRINT 73, NRZC,NMTRLS,JRIL  JZPUL (NPRIN,NTAPE LOZNIZ, JFIN,JCYCS,NREGEN 599

1201 GEN 600
PRINT 78, ANGLE,TIME ,CKS,TS GEN 610
PRINT T4 GEN 620
PRINT T8, (RZ2(1)N2(]1)¢In]NR2C) GEN 6390
IF (NJEDIT) 13513012 GEN 0640
12 PRINT AR, (JEDIT (1),181,NJEDIT) GEN 680
WRITE (4) (DISCPT(I)olmlel2) eNJEDIT GEN 660
13 IF (NTENT) 14,1516 GEN 670
14 PRINT B7, (TEDIT(1)sIm)leNTEDT) GEN 680
1% JRlwl GEN 690
DO 19 Mm]NMTRLS GEN 700
1F (JRND(M)) 17,16,17 GEN T10
16 JA2uJF IN GEN 720
50 TO 18 GEN T30
17 JR2RJBNI} (M) GEN 740
18 THKNSEX (JB2) =X (JR]) GEN 750
PRINT 79, MATL (M) sRHO(M) ¢ JB]4+J82, THKNS GEN Ten
JRlsJR2 GEN 770
PRINT RO, EQSTC (M) JEQSTD (M) ¢EQSTE (M) ¢EQSTO (M) 4EQSTH (M) +EQSTS (M) «EQGEN 780
1STN(M) o PMIN (M) GEN 790
PRINT A, CUSPL (M) oCUSPA (M) sCUSPC (M) ¢ CUSPD (M) yCUSPG (M) ¢ CIISPS (M) GEN 800
PRINT A2y YO (M) o AMUIM) o YADD (M) o YMU (W) GEN 8]0
NOENENOE (M) GEN 820
PRINT 83y NOEN (AA(My]) +B(Me]) +EDGE(Ms1)o1m]14NOED) GEN 830
19 CONTINUE GFN 840
PRINT &% GEN B850
c GEN 840
C GEN 870
c MULTI«ENERGY SOURCE CALCULATIONS GEN 880
C GEN A90
¢ GEN 900
ANGLE=COS (ANGLE/ST,2957798) GEN 90
NN 49 NSe] ¢NSPEC GEN 920
c READ ENERGY SOURCE DATA GEN 930
RFAD 6B, NMNUyNBR GEN 940
READ 69, START(NS) ¢SSTOP(NS) 4 (T(KK) (EE (KK} sKKu] 4NBB) GEN 950
SSTOPMaAMAX] (SSTOPMySSTOP (NS) ) GEN 940
¢ GEN 970
¢ CALCULATE ABSNRPTION COEFFICIENTS GEN 980
c GEN 9990
IF (NHNU) 20926,20 GEN1000
c FOR ARBITRARY SPECTRUM GEN1010
20 READ Tooe (TBL(I1)EItYe1) e1m]loNKHNY) GEN1O020
NN 24 Mm)] NMTRLS GEN1030
Kul GEN1040
NN 24 Im) o¢NHNI) GEN]0S0
21 IF (EPGE(MeK)=TAL (1)) 22:23+23 GEN] 060
22 KaKel GEN10T70
6 TO 21 GEN10A9
23 AC()'IvN)l-RHO(N).AA(“oK).(YHL(!)..B(NOK))/ANOL! GEN1090
24 CONTINUE GEN1lo0
EITOTan, GEN111Y0
: NN 25 11a19NHNY GENL1120
' FI(1oIN)=EI (10112 ®ANGLE GEN1130
\ 2% E1ToTeEITOT«EI(1411) GEN1140
GO TO 34 GEN]1S0O
c FOR RLACK RODY SPECTRUM GEN11lg0
26 READ 69, (TAL(I),1e1,109) GENY1TO
E110T=q, GEN1180
" 30 Me] sNMTRLS GENL190
nA 30 La) o NRA GEN1200

18




27
28

29
30

3

32
33

3s

35
36

37

k1)

39

a1
.2
43
[ 1]

45
(1,)

7
AR

Ksl

00 30 Im=1e1909

IF (EDGE (MyK)wTAL(T)eT(L1) 28,29,29
NaKe]

60 T0 27

AC(LoToM)a=RHO (M) SAA (MK )@ (TBL (1)eT (L))eaB (M,K)/ANGLE

CONTINUE

09 33 Lsl.NBH
EE(LISEE (L) ®AMNGLE
00 33 l-l.loq

IF (1=99) 31+31432
EltLel)mEF(L)®,01]
G0 Y0 33
EI(LeyDISEF (L) ®4001]
CONTINUE :

CALCULATE ENERGY DEPOSITION

Mgl
D0 4¢ Jm2yJFIN
ESUME0,
IF (J=1=JBND (M)} 36935,36
MagMas ]
IF (NHNU) 37040,37

FOR ARRITRARY SPECTRUM
NN 39 =) eNMNU
1IF (El (1.!)-1.5-20) 39’38.33
EIZREL(lo 1) (1, =EXP(ACI ol oM)®IX{J) =X (J=]))))
EIMle)sEl(1e])=EI2
ESUHMSESUMeETZ
CONTINUE
GO T0 &)

FOR BLACK RODY SPECTRUM
DO 42 L=]+NRR
DO 42 Isl.l09
IF (EI(LeD)=1,E=20) 4204]04])
EIZREL(Le 1) ® (1 =EXP(ACILeJoMI® (X () eX(J=1))))
El(Lel)mETI(LoI)=EY2
FsummESymeEr2
CONTINUE

SG(JONS)IESUM'Q-lG&E?/RHO(N)I(I(J)-XlJtl))/(SSTO’(NS)-START(NS))

1F (SS(JeNS) =l E12/RHO(M)) 45,484,446
CANTINUE

ENERGY INPUT EDIT
IF (NHNL) 47006047

PRINT
GO TO

PRINT
pPaInT

PRINT

priIny
PRINT

PRINT

12,
48
720
90
A9,
76
17
90

CONTINUE

(TBL (1) 9 1819109)

(TBL (1) 9 7®) o NHNU)
EITOTINBReSTART (NS) ¢ SSTOP (NS)
(T(I)EE(T) 9y 1m) oNRD)

CLEAR STORAGE FOR HYDRO

DA 50 Is}eB010

Cs(l)m0,

INITIALIZE COUNTERS AND CONSTANTS
NOZag(
Cosl .8

19

GEN]210
GEN12290
GEN1230
GEN])240
GEN12S0
GEN1260
GEN1270
GEN1280
GEN1290
GEN1300
OEN1310
GEN1320
6EN1330
GEN1340
GEN1I50
BEN1360
GEN1370
GEN} 380
GEN1390
GEN1400
GEN]410
GEN1420
GEN1430
GEN1440
GEN14SO
GEN1460
GEN]4TO
GEN] 480
GEN1490
GEN1500
GEN1S510
GEN1520
GEN1S30
GEN1540
GEN15S0
GEN1S60
GEN1STO
GEN]1S580
GEN1IS90
GEN1600
GEN]610
GENIG20
GEN1630
GEN1 640
GEN1650
oEN1660
BEN1679
GEN1680
GEN1690
GEN1T00
OEN1T10
GEN} 720
OGEN1T30
GEN1T40
GEN1T750
GEN} 760
GEN1TTO
OEN) T80
OENL1TS0
GEN1 800
GEN1810
GEN1820

v

o ek A b A A s BB e

I

BT e
PR Dl




Y . e

S1
52
53

S4
£ 1]

850
8A0

870

880
890
900

910

56

57
Sa
$9
60
61

Cle,25
IT™)
NTEDT=Y
LINEwo
PNTPOSHg,
PDTNEG=O,
OTNaTIME
NDTNHeTIME
IF (NJEDIT) 53,5381
NN 52 ls1,NJEDIT
JORG(1)=JEDIT(])
CONTINUE

INITIALIZE 20NE VARIABLES
M=l
D0 55 Jm2,JFIN
YNZ(J)myn (M)
D (J) BRHO (M)
(N el (J)ax(Jal) ) 8D (J)}
TSPALL (J)maPMIN(M)
IF (PMIN(M) sEQe040) TSPALL(JI®],Ee]S
IF (J=UBND(M)) 55+54,85
MaMe )
CONTINUE

TSPALL (J) INPUT

IF (NSPAL,.LE.0) 6O TO 910

DD 900 ImloNSPA(

MgMSPALL (1)

K2mJBND (M)

IF (K2,EQ,0)K2aJFIN

IF (M.6T.1) G0 TO AS0

Kal

GN TO As0

KaJAND (Me] )

THKSaX (K) ¢ (X (K2) =X (K} )ORSPALL(])
IF (RSPALL(I),6T,0,) G0 TO 870
JaKe}

60 TO a90

NN ABD JsK,JFIN

IF (X(J).GE.THKS) 4N TO 890
CONTINUE

MSPALL () ey

TSPALL (J)meaTTSPAL(T)

PRINT 164, (ToMSPALL(T) o TTSPAL(I) s]n)
CONTINUE

NEPOSITION EDIT

PRINT 84, (DISCPT(2)olm]012)
Ml

S'IMCALmo,

NO A4 Je2,JFIN

EPGsQ,

0n 56 1a] oNSPEC
EPG-SS(Jo!)O(SSTOP(!)-S?AQT(!))OEPO
IF (J=(JRND(M)e])) 88,87,88
MaMe |

IF (EPGeLaSTO (M) =1 ,E7) 59,89,6]
IF (JSTAR)Y Ansan0)

JSTARmY

NXEX(J)=x (Jeo])

GEN1J30
GEN) 840
GEN18SO
GEN1 860
GEN}879
GEN18AR0
GEN189p
GEN1990
GEN1910
OEN1920
GEN1930
GEN1940
GEN19&9
GEN19s0
GEN1970
GEN1980
GEN1990
GEN2000

GEN2010
GEN2020
GEN2030

WyNSPALL)

GEN2040
GEN20S0
GEN2060
GEN2070
GEN2080
GEN2090
0EN2100
GEN2110
GEn2120
GEN2130
GEN2140
GEN215%0
GEN2160
GEN2170
GENZ180
GEN2190




e

i

[y

-

62
63
64

65
66

67
68
69
T0
11
72
73

Te
75
76
17
78
79

89
81
82
8a
as
86
a7

8R
a9

9n
6RO
166

ERGPASEPGSRHO (M) *DX GEN2200

CALPARERGPAS] E7/4,186 GEn2210

SUMCALaSUMCAL+CALPA GEN2220

PRINT A8, JeNXex{J)1EROPACCALPA SUMCALsEPGoY0Z () oZM(J) 9y 8En2230

IF (MOD(JeS0)) 64962464 GEN2240

IF (JoJFIN) 6364464 GEN22S0

PRINT 84y (DISCAT(I)o1m]y]12) GEN2260

COMTINUE 8EN22T0

1IF (JSTAR) 65168+66 GEN2280

JSTARmJFIN GEN2290

PAINT A GEN2300

RETURN GEN2310

QEN2220

FORMAT (12A6) OEN2330

ForvAT (8110) GEn2340

FORMAT (AE1043) OEN23S9

FORMAT (2€15,7) BEN2360

FNRMAT (48H #e0ee THIS PROBLEM WAS RUN WITH PUPF 66 ®eeea, /) GEN2370

FORMAT (13H TARLE VALUES/(10E10,34/)) GEN2380

FORMAT (/96X 94HNRZCo4XoOHNMTRLSs8X s 4HJRZL 95X o SHIZPUL ¢+ 5X 9 SHNPRINSX s OEN2390

1SHNTAPE ¢4 X s GHLOZHIZ 96X s SHJIFINSX o SHICYCS 4 X SHNREZON /910110 GEN2400
FORMAT (/12H ZONING USED/) GEN2410

FORMAT (3Xe6H RATIOE10,398M TO 20NEIS) GEN2420

FORMAT (/17H BLACK BODY INPUT/) GEN2430

FORMAT (12H TEMPERATURESXTH ENEROY/410(2E12,34/)) 0EN2440

FORMAT (/eSXsSHANGLE 96X o aHTIME s 7X 9 INCKS 18Xe 2HTS9/4E1023) BEN2480

FORMAT (2SHOMATERIAL PROPERTIES FOR ABsSXo4RNOREL0.3+5XeTHFROM JUSGEN2460

1140 1Xe%HTO JulaySX9] IHTHICKNESS 8E10.3) GEN24TO
FARMAT (/910X SHEQSTCLOXsSHEQSTD10X,SHEQSTELOXsSHEQSTGLOX¢SHEQSTHIGEN2480

10X eSHEQSTSIOX s SHEQSTN]IIX +4MPMIN/RE]5,8) GEN2490
FORMAT (/910X 9SHCUSP110XoSHCUSPALOX SHCUSPCIOX 9SHCUSPDIOXoSHCUSPGIOEN2500

10X9sSHCUSPS/BELS,S) . GEN2S)0
FORMAT (/913X )2HYO012X0IMAMyo11XoOMHYADD 12X INYMUy/04ELS,S) QEN2%20

FORMAT (//+6H NOE =130)9X02HAALAXoIHBL1Xo4MEDOE/920(15X3E]15,57)) BEN253Q
FORMAT (1H1912AK¢/SHO0 J 6Xo2HDXIIX o 1HK11XeANERBSIOX s INCALIOX ¢ THSUGEN2S40

1M CALTXyTHERGS/GMIX 9 SHYOZ2+BX s QHZONE MASSAX01HJ//) GEN28S0
FORMAT (1M 13.8gl14,5914) BENZ560
FORMAT (1M}) GEN2570
FORMAT (/15H THE TEDITS ARE/(10E10,3/)) GEN2580
FORMAT (/18K THE JEDITS ARE/}0110/) , GEN259)
FORMAT (RXySAEITOToTXoINNEB ¢ SX o SHSTART 15X eSHESTOP¢/9E10,34110,2F100€1:2600
1.3} GEN26)0
FORMAT (//) OEN2620

FORMAT (110,2€10.,3) . , .

FORMAT (o SPALL STRENGTH OF INDIVIOUAL 20ONES®// (S (6%, TSPALL (813
1%)8%€10,3)))

END GEN2630.
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QOO0 O
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10
11

12
13

16

SIURROUTIME REZONE

REZ
REZ

COMMON CSI(R01)9n(BOY)+E(GOL) 9P (801)4Q(A01)sS(801)+SD(801)0sU(ROL)WYREZ

107(¢401) 47%(B01) , TSPALL (801),US(100)

REZ

COMMON AMU (Aj ,CLISPY (6) ¢CUSPA (6) CUSPC(6) yCUSPD (8) 4CUSPB (6) yCUSPS (8REZ
1)sDISCPT(12) sEOSTC(6) +EQSTD(6) +sEQSTE (8) +EQSTO () 2EQSTH(6) sEQSTN(8)REZ
20E0STS(6) ¢ JBND (A} o JEDIT (10) 4 JORG (10) ¢PMIN(6) ¢RHO (&) +SSTOP (5) oSS (BOREZ

31+5) oSTART(S) + TEDIT(28) o X (80119 YADD(6) 9 YMU(E) 9 YO (8)

RE2
RE2

COMMON CXSeCOsCloDTNGOTNHe IToUCYCSyUFINoISMAX ) JSMAXT JRZL ¢ JSTAR UTREZ
184 JZPUL (LINEJLOZHIZ NyNJEDEI T NMTRLS yNPRINGNREZON9NRZ ¢NSPEC NTAPE (NREZ

2TEDTIPDTNFGoPDTPOS s SDURM SK2MoSMAX 9 SSTOPMs TIME» TSsWTAPE

NIMENSION SSL(S)s SSR(S)
RE2ONE AHEAD NF MAX STRESS

DETERMINATION OF PULSE TO BE USED IN DIVIDE ROUTINE

SSMAXaSMAX
SUSMAXS JEMAX
IF (X (JSMAX)=XOSM) 1,7,7
DO 2 JUmJSMAX.JSTAR
IF (S(J)=e50SMAX) 3,2,2
CONTINUE
6o 10 7
RSMAX=O,
DO 5 JJsJyJSTAR
IF (RSMAX=S(JJ}) 6445
RSMAXRS (JJ)
JRSMAXa
CONTINUE
IF (RSMAX=,S#SMAX) 79696
SMAXBRSMAX
JSMAXEJRSMAX
XOSMeX { JSMAX)

VOMENTUM CALCULATION
JSMAX 1m0
N201VDs0
N7COMBe0
EMVPPRO,
JuJSMAX
JuJel
IF (ULJ)) 100909
EMVPPREMVPPeU(J) #oS2(2M( ol eZM(Y))
IF (J=1) 10,108
JuJSMAYe]
JuJel
1P (UL 13013412
EMVPPSEMVPPeU(J) #,80 (2M(Je)) e2M(J))
IF (J=JSTAR) 11411413
OTPPeEMYVPP/SMAX
IF (OTPP) 14414,18
SMAXESSMAX
JSMAXE S JSMAX
an 10 120
CONTINIIE

CALCULATE nPTIMuM ZONE SI1ZE FOR DIVIDE

R7DX82,90TPPOCS (USMAX) /FLOAT (JZPUL)
JeJSMAX
NIVINE ENTRY CHECKS

REZ
REZ
REZ
RE2
REZ
REZ
REZ
REZ
REZ
RE2
REZ
REZ
REZ
REZ
REZ
REZ
REZ
RE2
REZ
RE?
RE2
REZ
RE2
REZ
RE2
RE2
RE2
REZ
REZ
REZ
RE?
RE2
REZ
RE2
REZ
REZ
RE2
RE2
REZ
RE2
REZ
RE2
RE2
REZ
RE2
"2
REZ
RE2
REz

10
20
30

50

60

70

a0

90
100
110
120
130
ie0
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
o
320
330
340
k1.1
3s0
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
S40
880
560
570
580
890
600
610




16
17
18
19

20
21

22
23

24
2s

26
27

2R
29

3o
K}

32
kh}

IF (JSMAX+50=JAHEAD) 16917417
JNIveSg
60 T0 18
JNivaeTs
JAHEAD= jSMAXe TS
JuJel
IF (Js1=JFIN) 19+5A258
IF (X(J)eX(Jul)=RZINK) 20420421
IF (J=JSMAX=JDIV) 18+58:88
JFINOmYFIN
JANNCKmp
DO 23 M=) NMTRLS
IF (J=1=JBND(M)) 24922:2)
JANDCK=aM
CONTINUE
MeNMTRLS

LIVIDE LONP
IF (JBNDCK) 25025027
RZR= (50 (X {Jul)eX () )uX(ya2) )} /(X (J) =K (J=R))
ELSE(Jel) ¢RZR®(E(J)=E(J=)))
SDLeSD(J=]) sRZR®(SD(J)=8D(J»]1))
YOZLSYNZ(J=]1}oRZR®(Y02(J)=Y02(J=]))
NLeN({J=]l) ¢RZR®(D(J)=D(J=}1))
Nn 26 1=s1yNSPEC
SSL{I)mSS(J=111)4RZR®(SS(Je2) eSS (Jele]))
IF (J=JBND(M)) 27129927
RZRB(X(Je]) = S® (X (J)oX(Jel))) /(X (Jo])aX(U=1))
FREE (Jo]1) ¢RZR® (E1JYoE(Je1))
SDRESD(Je 1) eRZRO (SN (J) =8P (Jel) )
YOZRRY(QZ (Jo1)+RIR®(YOZ(J)=YO0Z (Je)))
NREN(Je]l) +RZR® (N {J}eD(Je]))
NN 28 1a)NSPEC
SSR(1)8SS(Jelr1)*R7R®(SS(Jel) =SS (Jelr]))
IF (JRNDCK) 33933,13)
RZRm ((S® (X (J)mX{J=]1}) )/ (X(J)=X{Jm2]})
ERSE(J)sPZR®(E(J)=E(J=]))
SNDRaSD (J) +R2Re (SD (J) =80 (J=1))
YOZHEYO2 (J) SRZRO(YOZ(JY)=Y02{J=l))
NReN(J)eRZRO (D {J) =D (J=1))
00 30 [w)+NSPEC
SSR(1)mSS(Js]) *RZIR®(SS(Je]) =88 ymlr]))
6n 10 13
RZRe (SO (X{( HeX(J=1)) )/ (X{Jel)eX(Jo)))
ELaf (J)eRZRO(E(J)aF (Jol))
SDLESD(J) +RZROLSN{ ) =8D(Jo}))
YNZLEBYOZ(J) oRZRE(YN2(J)my02(yel))
DLaD(J)+PTRe (D (J)=D(Jel))
nn 32 1el'NSPEC
SSL(T)1aSS(Jel)eR7Re (83 (Jel) 88 (VelsI))
XAmX(J)
XL® SO (X ) exYml))
IMRa (XRXL) DR
ML (XR=)XL )} DL
HReU (J)

ULB (22U ) =ML ) Sl gmp ) o (2M () = TMRI®UL Y)Y ) / (T o THR)

CallL EGST (ELsDLPLIM)
CALL EQST (ER,DR,PR M)
SL=PL=SDL

SRePRaSNRA

eyl
orRsniJ)
CSLeCS ()

REZ
RE2
REZ
RE2
REZ
REZ
REZ
REZ
REZ
REZ
REZ
RE2
REZ
REZ
RE2
REZ
RE2
RE2
RE2
REZ
RE2
REZ
REZ
RE2
REZ
REZ
RE2
REZ
RE2
RE2
RE2
REZ
RE2
REZ
RE2
REZ
RE2
RE2

620
630
640
650
660
670
680
690
T00
710
720
730
T40
750
T60
770
740
790
800
810
820
830
840
8%0
860
870
11]
890
900
910
920
930
940
950
960
970
980
990

RE21000
REZ1010
RE21020
REZ1030
RE21040
REZ1080
RE21060
RE21070
REZ1080
RE21090
REz1100
REZI110
REZ21120
REZ1130
RE21140
REZ1180

rReZ
RE2

{193

REZ} 100
RE21 100
REZ1200
nEZ12)0
REZ1220

RE7I1230

FYIRIE

A e RN

IR SV PN

A S
Ve




34
s
36

»

3a

39

40
L2

42
43
.
(3
'Y

CsRalS (W)
NMTaINMTR Se]

IF (NMTeM) 3A,34,434
NN 35 MIgM NMT

JRND (MT )2 IRND (MT) o]
JCKaJ

JeJF IN

XtJel)mx(y)
Utdel)mii¢d)
ZM(JelrazM ()
DiJel)sD(J)
S{Jel)as(Jd)
E(Jel)=mE ()
Sh(Jel)aSN ()}
Y0Z(iJel)my02¢(J)
P(Jel)eP ()
ALJ+1)=Q ()
csi{Jel)amcS(Y)
TSPALL (Je1)aTSPALL ()
DO 3R I=]«NSPEC
SS(Jelo1)eSS(J])
Juy=1

IF (J=JCK) 39,139,137
X(Jel)sXR

X(Jrsxy

U(Jel)auRr

UtJ) =UL
ZM(Je]l)mPMR
IM(.J)m2ZM|

NiJel)enr

D{Jr=0L

StJel)usSp

StJ)=SL

EtJel)sEn

E(J)=EL
SniJel)m§nR

LLINIE TN
YO0Z(Je)l)avOZR
voZtJimsvo2i
PtJel)uPr

P(J)sPL

0(Jel)unp

Q(Jd) QL
CSlJel)mCSR
CS(J)aCSL

TSPALL (Jel)mYSPALL(J)

REZ1240
REZ1250
REZ1260
RE21270
REZ1280
REz1290
REZ1300
REZ1I10
REZ1320
REZ1330
REZ1340
REZ2135¢0
REZ1360
REZ1370
REZ1380
REZ1390
REZ14q0
REZ1410

REZ1420
REZ21430
REZ1640
REZ1459
REZ1460
RE21470
REZ1480
REZ1490
REZ1800
REZ1S510
REZ21520
RE21530
REZ1%40
REZ21550
REZ1560
REZ21570
REZ15a0
REZ189¢
REZ1600
REZ21610
REZ1620
REZ1630
REZ1640
REZI680
REZ21660
REZ1670

IF (TSPALL (Jel) ,OT, TSPALL(J) (A TSPALL (Jol) (NE,1,234) TSPALL(J)BTSP

1ALl J=1)
NN 40 lal {NSPEC
SStJslelIeSSR(])
8$S(Jel)asSL ()

IF (NJEDIT) 44,544,441
DN 43 IlaloeNJED]T

IF (JoJEDITIIT)) 42e4204)
JEDIT{11)aJEDIT (110}

ONTINUE

F (JaJSTAR) 45,48,48
JSTARE ;ST4Re}

JFiaJRING]

JAMF ADs JAMEAD ]

NIVIDE LOOP EXRIT CMECKS

IF (UFIN=709) 47457487

24

REZ1600
RE21690
RE21700
REZITLO
REZLITR0
REZ1T7I0
REZ]1 740
RE217%0
Iizl7zo
REZLITIO
REZ17080
RE21T790
RE21000
REZ2InNl0




y %4 IF (X(J)ex(J=])=RZDX) 48¢24124 REZ1820

48 IF (JaJdSMAXLUNIV) 8],49,49 REZ1830

49 IF (JNIV=?5) §7,50,50 REZ1840

50 JAHFADRJSMAX 4 JOTV REZ18%0

G0 Y0 57 REZ1860

51 JuJde2 REZ1870

IF (J=JFIN) §2+57¢87 REZ1880

82 IF (E(Je)1)) 53,83,54 REZ1890

$3 NwHATE2 REZ21900

CALL SSCAL (NWHAT,EADDyJel) REZ19}10

E(Jel)mEADD REZ1920

Ss IF (Je1=JBND(M)) 55,854,858 REZ1930

85 JANDCK =0 RE21940

680 T0 25 REZ19%0

L1 MaMe ]l RE21960

JANNCK=] REZ1970

6n 10 27 REZ1980

C END DIVIDE REZ1990

57 NZOIVDeIABS (JFIMNO=UFIN) RE22000

c REZ2010

c REZONE BEHWIND MAX STRESS REZ2020

c REZ2030

58 SUAX®ESSMAX RE22040

JSMA XS JSMAY RE22050

IF (JRZL) 116,116+80 RE22040

59 IF (LOZNIZ) 6081460 RE22070

60 IF (N=NR?«100) 116,062,062 REZ2080

6] [F (NeNRZ7=25) 116982962 RE22090

c DETERMINE FInST 20NE wITH ENEROY LESS THAN SURLIMATION ENERGY REZ2100

62 Ma) REZ22110

DN &5 JUs2.JSTAP REZ22]120

IF (Jel=JRNN(M)) 64063064 REZ2130

[ %] MaMe ] REZ22140

6e IF (E())=EQSTE(M)) 6696585 REZ2150

(1) CONTINUE rEz2160

_ JVeJSTAR REZ2170
Gn TO &7 REZ22180

: 66 Jveye] REZ2]190
i 67 JFINORYFIN REZ22200
H? JRJSMAX RE22210
¢ OETERMINE LAST PONE TO THE LEFT OF JSMAX wlTH 8§ EQUAL TO OR nE22220

¢ GREATER THAN ,208MAK REZ2230

; (1} Jedel nEz22e0
: 17 (S(J)/SMaAXes2) ADsaBIQA "E22250
69 JpLCeyed nE22200

c COMRINE ENTRY CHECKS "EZ2270

IF (JPLCoyV=JRIL) 70+47047s /E22290

T0 IF (JSUAR.UPLC.J2PUL) 118,118,N RE2229%0

. ¢ CONRINE FROM JPLC TO 9®°SMaX Re2py00
. T JaJdPLC "Ez2N0
' D0 72 Nm)NNTALS RE22320
IF (JeUNNDI(M)) 73,72,72 ®RE22330

‘ L4 CANTInuE RE22340
b MeNuTRLS RE223%0
: 1) CANTINUE nE22300
0N 74 MMe) NNTRLS RE22370

! IF (USHAN AND taM)) 78,78,7 nt22300
\ Ts CONTINUE "E223%0
: MuaNMTR § nE22400
14 NRePz0xe ,S/N (JSHAY ) ORNO (M) fE224)0

NREGR®Y RE22420

K0 TN Ap nC22630

i iy




c

76
7
78

79

800

82
LK)

84
as

86

( 3
| L]

(34
o

.’

[ 24
"

COMRINF FROM JV TO JPLC RE22440
NREGE] RE22450
NO 78 Msy NMTRLS REZ22460
IF (JVelaJBND(M)) 79479078 RE22470
CONTINUE REZ22480
MaN4TRLS REZ2490
CONTINUF RE22500
RZR= (X (JPLC)I=X(UV) ) /FLOAT(JRZL) RE22510
JaJv REZ2520

COMAINE LNHOP REZ2530

IF (TSPALL(Je1) ,EN,1,234) GO TO 104

IF (JsLT.7) GO TN AQO

IF (TSPALL(JU) ,EQ.1.234) GO TO 104

IF (TSPALL (J*2) ,EQ.1,230,0,TSPALL (Je3),EQ.l,234) GO YO 104
IF (X{Jell=X(J)=RZR) Bl0e104,104

IF (JelayBND(4)) 62,106082 RE22550
IF (NJEDIT) B854R5,A) REZ22560
00 R4 1lm]NJEDIT RE22570
1IF (Je1=JEDIT(I1)) 84,104,84 RE22580
CONTINUE REZ225%90
TMINVE] (/7 (ZM(Je])e2M(Je2)) RE22600
Do 86 =) NSPEC RE22610
S8 (U1 e1)m(SS(Je] o) O2M(J0]1)e8S(Jo2sY)0ZN(Je2))STIMINY RE22620
URS{{U(Je2)oU(JeI))/72,92ZM(JeB) o (U] )10U(J*2))/72:0TM(Je2))/(IM{Je2RE22610
1)eZM™(Je3)) REZ2640

ULBIUE ) O (ZMIJ) eZMIJed} ) oUlgel) S (ZM(Jol) oZM (o) ) oyl Jo2) ® (M y¢2) +RE22680
174 (Je3)y=bRe(ZM( o)) oM (Je2) e ZM(Je3)) )/ {TM(J) oM (Je])oTIN(J*2)) RE22660
EtDBEC e tulgel) sl g ) ®tulgel) eyl ) ) /B e (U{ jal) eyl ) ®(Ulg=l) ey ) /AREZ2670
1 REZ2680
ElJel)m(E( o)) ®2M (e ) 0B (Je2)O0TM{De2) e ((ULJ)oULIe1) ) RLUIIISU(Je]1))IREZ2690
197M (Jel) e (U(Jel)eU(Je2) )8 (U{Jel)eUtJo2) ) OTM(Je))/78,4)/(2M(Jal)eZM(REZ2T00

2J02) )= (ULOUR) S LUL*UR) /8, RE22710
EU2RE{JeN) o (UlJe2) eU(JeN IO (UL Je2) eUlJoD)) /08, =alURCULJ*I))I®(UReU( JeREZ2T20
1311/8, REZ2730
UtJd)suL RE22740
UtJeliavm REZ2750
SNLJs1ImISDIJel)O2M{Je)) oSDIJo2) M Je2) ) CTININY REZ27T60
YOZ(JeY)im(YO2(Jel)e2M(Jol)ev02(Je2)02M(Jed) ) @ZNINY RE22770
Nyl mPM{ ol ) e2M( Je2) REZ2780
Q(Jellm{Q(Jel)eQtJe2)) /2,0 RE2790
CSlel)m(CStel)eCSI o) )/2,0 REZ2800
AtJellex(Je) RE22810
plJsllaZmigel) Zin{gel) ek (Y)) REZ2820

IF (TSPALL(Je2) LT TSPALL (Jol) o0, TSPALL (Je2),EQ414238) TSPALL (Jo))
1eTSPALL (Jed)

IF (Ma]l) 89,8947 RE22830
If (J=JAND(de])) 89:08+89 RE22040
CALL FAST (E( 1 DLU)1oP(J) gMe}) 2F220%0
6N 1D 99 RE22060
CALL EOST (E(J1eDUU) 4P (J) M) RE22870
CALL FOST (E(Jyol)eDigel)oPigel)om) Rg22080
IF (Je2u RANDIM) ] 93,9)992 REZ2080¢
CALL EOST (EJ2+01JeY) o PIR4Me]) RE22900
an 10 9) RE22910
CALL E08T (EJ2¢D(Jed)oP 2eM) RE22920
S(JISP () eSNL ) REZ2930
stjsliepi el)eSNiyol) REZ29%40
Jrajed REY2989
NN 9% JleuR JFIN REZ2940
XtJltaxtJle]) RE22970
vidirentateld nE2900
Il aZuigle)) RET2990

26




9
95

96

97
98
99

[ d
20
Lo~ 4

102
103

106
105

106
107

108

109

s P
Yt et ot g
W~ D

11e

DiJIrsD(Jle))
S(JI)1m8§(ylel)
E(JIImE(UTe})
SD(Jl)eSD(JLe))
YoZ(JI)eypZ(JIe])
P(JIsP(JIe])
QLJL)IsQ(JIe})
Cs(ul)mCs(Ule])
TSPALL (JTISTSPALL(JTe])
Dn 94 laly¢NSPEC
$S(Ulel)mSS(Jlel o)
CONTINUE
E(Je2)mE)2
P(Je2)npy2
S(J*2)mP(Je2)=SD(Je2)
IF (NJEDIT) 99199496
DO 98 Ils]eNJEDITY
IF (JeJEDIT(I1)) 97,98,98
JEDIT(I11mUEDIT (1) =)
CONTINUE
JSMAX=E JSMAK=]
JSTAR= STARA)
JAMEAD= JANEAD=]
JFINSIF INe)
IF (Jsl=ypLC) 10041014101
JPLCEUPLCe)
DN 103 mumloNMTALS
IF (JeJBND(MM)) 10241034103
JAND (MM) & JBND (MM) =]
CANTINUE

COMRINE LOOP EXIT CHECKS
G0 TO (105,106,107), NREG
IF (S{Jel)1~,208uAX) 1069110,110
IF (Je1=JPLC) 108,70,70
IF (St elr= RoSuax) 108,115,118
JsJe)
1F (J=JRND(M)) g0+109eg0
"."0)
680 TO 8o
IF (Je1eJPLC) 111470,70
JaJpLC=2
IF (StU)laepeSMAR) 1]13,116,])0
JuJel
IFtJ=Jv) 70s700]]2
Jvey
NREGE
80 10 7Y

END COMBINE
NICOmA® 1 ARS { JF IMO= P IN)
NR2eN

IF (NZDIVOONICOMR) 12041204117
IF (LINE=SS) 1]19+1184])08

palnt 122

LINFeQ

LINER INFe2

PRINT 1210 NINIDIVHINICONR . STAR
of ruay

FORMAT (/47X 1GHBETONE AT CYCLE180pR4SHADDED
1ETER G TY AR 20NER, 21, ) 2MNEV JSTAR 18,14

FARYAT (In])
[ A}

a

REZ3000
REZ3010
REZ23020
RE23030
REZ3040
REZ230%0
REZ23060
REZ3070

REZ3080
REZ3090
RE23100
REZ3110
REZ23120
REZ3130
REZI1A0
REZ3180
REZ23160
REZ3170
REZI180
RE23190
REZ3200
REZ23210
RE23220
REZ3230
REZ3240
REZ32%0
REZ3260
RE23270
RE23280
REZ3290
REZ3300
REZ3IN O
REZII20
REZ3INIO
REZ3340
REZIISO
REZI360
,REZIITO
REZII00
REZ¥Io0
REZ300
REZILO
RE23e20
REZ3e30
REZ IO
REZINSO
REZING0
Agp23ar0
RETINQ0
RELINNY
REZ3%00
Li® 21 3]
REZIS20
nC23%30
RETI%40
nE€238%0
REZI%0

TyesaM TONES. 2Ry THDELPE2 3870

RE2I%N0
*E23%¢0
REZ3000~




[y ]

60
61

O~NO

10
12
11

14

SURROUTINE ENIT EDY

EOY

COMMON CS(801)+N(801),E(801)4P(B01),0(801)+5(801),50(8011,U#p]),YEDT
107(A01) o ZMIANL) y TSPALL (801) +uS(100)

EoT

COMMON AMLI(6) o« CHISPL (8) s CUSPA (8) 2CUSPC (6) o CUSPN(6) o CUSPG(6) 9 CUSPS(8EDT

1),07SCPT(32) ,EQSTC(6) ,EQSTD(6) ,EOSTE(6) ,EASTG(6) JEQSTHI8) (EQSTN(GIENT

20FQSTS(6) . JRND (61 + JEDIT(10) ¢+ JORCII0) oPKIN(O) yAHO(6) sSSTOP(S) 1SS (B80EDT

3151 9STARY(S) «TENIT(25) o X(80])) s YADD(6) 1 YMUIg) 4V l6) EOY

(0} 4

COMMON CKSoCOeC) oDTNIDTNNIIToJCYCSoJFINs JSMAX ¢ JSMAXT ¢ JRZL s JSTARy JTEDT

1S0JZPUL L INEoLO2ZHIZININJEDI ToNMTRLSINPRININREZONSNRZINSPECINTAPEWNEDT

2TFOToPDTNEG«PDTRPOS s SDURM ) SK2My SMAX ¢ SSTOPMy TIME ¢ TS WTAPE EDY
EDY

TAPE STORAGE FOR FUTURE EDIT EDT
JSTARD®STAR] £0T
IF (WTAPE) 14201 EOT

WRITE (6) NyTIMF,(DISCPRT(1).,1a1912),JSTARVJFIN,JSMAX,JSTARD, (JBND
111)ellm)et)
WRITE (6) (JeX{J)oTSPALLIS) P (D) oAU 9ELU)oni{ ) oSDUJ) oS (Ui cSI) 0y
1#%]1,4.JSTARD)

TOTaL MOMENTIIM CALCULATION (3124
EYVNEG»O, EDY
EMVPOS=0, E0TY
ESUMgh | EOT
ExXSUManH, EDT
QMAXg0, EDY
MSs]
nn R Js2,JSTARD EDT
IF (RU ) =ONAX] 4944 EoT
QVAX=) (J) EDY
JAMAXa EbOT

IF (TSPALL(J).NE.I.ZSNOO TO &0
EMVaZM(J) @ (US(MS) eti(Jml) ) /2,
MSuMSe)

GO TO &1

EMVaZM ()@ (U(J) et){Jel) ) /20

IF (EMV) 59646

EMVNEGgEMVYNEGsEMY EDT
GH 10 7 €E0T
EMVPOSSEMVPOSSEMY EOT
CONTINUE EDT

TOTAL ENERGY CALCULATION (IN CALORIES) EDTY
ESUMBESUMCE () ®ZM{ J) 74,1 86E7 EDTY
ENSUMSEKSUMeZM(J) o (U(J) sUlJ=1) ) 0(U(J)eU(JU=]1)) s44108ET7 /8, EOT
CONTINYE EDY
FTOTALSESUMSEXSU4 EDTY
JMBJSMAK+) EDT

CALCULATE MOMENTUM OF MAIN PULSE EDY
EMVPLao, EOY
EMVPLEEMVPLeU(JM) ® g8 (ZM (Mo L) eZM( M) EDT
IF (JMaJSMAX) 10411011 EOY
IF (U(JM=1)) 13413411} EOY
IF (JMal) 13,1312 EDTY
JME M« ] EOT
8h TO o EDY
JUBJSMAX ¢4 €oY

CALCULATE MOMENTUM OF PRECURSOR EoOT
EMVPRRY, EOT
EMVPRaEMVPRGU (M) /2, ® (ZM(JM) ¢ TM (JMe 1)) EDTY
IF (UM=aJSTAR) 16415.16 EoT

16
20
30

50
60
70
a0
90
100
110
120
130
140
150
160
170

210
220
230
250
250
260

270
280
290
o0

330
340
3590
kFY)
370
g0
3%0
400
410
420
430
440
450
460
470
480
490
S00
510
520
530
540
550
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16

22
23

2%

Jum Mo} EDTY
gn TH 14 EDY
EUVPPREHYEL e FUVOR 0T
NTPPREMVIP/ SMAX €or
NIPYLSeEVVYPL /SMaX ENTY

CALCULATE MAXTIMUM POTENTIAL MOMENTUM OF VAPOR EOT
Ma) EDTY
Fuvhiasn, 0y
nn 20 Jm2,JSTAR DY
16 (J=JRND(M)) jRy18,417 EDT
MaMe ] EDT
DE=E(J)=EQSTE (%) EoT
IF (DE) 21921419 EorT
VAVGE (SQRT (U(J=1)81){Je]) e2,8DE) «SART(U(JI®U()) ¢2.,8DE) ) /2, EDY
EMVRMaEMYyPMeJAVGEZM () EDT
CANTINUE EoY

PRINT OUTPUT VARIABLES EoY
JAND1mJRND(]) EDTY
JRND2mRKD (21} EOTY
JAND 3= JRMD (3) EOT
IF (LINE-SO) 23,22.22 EDTY
PRINT 25 EOT
LINF=g EDY
LINESLINFe7 EOT

PRINT 24, N,TIME,DTNM,JTS,ETOTAL ,JPIN,JSTAR, JSMAK,SMAX X (JSMAX) (DTEDT

1PPsDTRIL SeEuVNEG«EMYPOS1EMVP s EMVPREMVPPIEMYBMyPOTPOSIPDTNEG X (1) EDT
29X (JHND1) o X {JRND2) ¢ X (JBND3J) ¢ X{JFIN) ¢ JOMAX 9 GMAX ¢ X { JGMAKX) €oY
RETURN £0Y

EDTY

FARMAT (/4 TXoSHCYCLE ¢BXoaHTIME 48X 4HDTNM 49X IHJITS 96X 9 OMETOTAL 18X 9 4EDT
THUFINe TX SHISTAR g TNy SHJISMAX o BX s SHSHAX ¢ SX 9 BMX ( JSMAX) 9 /9 112¢2E12444 1EDT
212,612.4,3112,2F12.4,7,8X,4HDTPP ,6X ,6HOTPULS (6K , SHEMVNEG ,6X ,6HEMVPEDT
3OSo7Xg5HFMVPL.7xoSNEMVPP.’X.SHCNVPP.7IOSHENV MoBX , 6HPDTPOS s 6X o SHPDEDT
AT IEGH/ 910512069/ eBXe0MX 1) 14X BHX(JBND]Y) ¢4X o BMX (JBND2) s & Xy BHX ( JBNDEDT

53) gSXg THX (JFIN) g TX e SHIGMAX ¢ BX o 6 HAMAX s 4 X9 BRX { JGMAX) o7 9SEL12,4,11242EEDT

612,6) £0T

FNRUAT (1#]) EoT

F-D EDY
29

1Y)
570
580
S90
600
610
629
630
640
650
660
670
680
692
T00
710
720
730
T40
156
760
770
786
790
809
810
820
830
840
859
860
870
eAao
299
900
910
920
930~
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SUBROUTINE EQST (ElsDlePlem) EOS

EOS
COMMON CS(ROL)oD(BO1)sEIBQL) oP{BO)) +0(801) eS(801)¢SD(80]))sUIBNL) o YEODS
10Z(R01) o Zm (801} ¢ TSPALL (80)1)0ys(100)

EOS

COMMON AMU L) «CUSP) (8) s CUSPA (6) tCUSPC 18) sCUSPD Lo} 2 CUSPG (8) ¢+ CUSPS (6EOS
1)001SCPT(12) ¢EQSTC(6) oEQASTD(O) oEOSTE(6) y2QASTA(8) +gQSTHIB) ¢ EQSTN(S) FOS
2,CQSTS(6) ¢ JBND(&] y JEDIT(10) o JORB(10) yPMINIG) JRMO(S) +SSTOP(8) ,8S(80ECS
31v5)oSTART(S) o TEDLIT(28) o X (8012 YADD(6) s YMULB) 4 YO () £0S$
E0S

COMMON CXS9COsCIoDYNJOTNHs TP JEYES s JFINJIMAX , JSMART 9 JRZL s JSTAR, UTEOS
150 JZPUL o LINE+LOZHI2¢NaNJEDIT o NMTRLS yNPRININREZONINRZ o NSPECINTAPE 4 NEOS

2TEDTPDTNEG,PNTPOS s SOURM, SK2M SMAX y SSTOPM TIME , TSy WTAPE (]
ECS
IF (D1) 20142 EOS
P1s0, £0S
RETURN EOS
V1sRHO (M) /D) €0S
ENUED] /RKO (M) EOS
EMUaENUe) €0S
1F (EMUL 3¢7,7 EO0S
EQST FOR EXPANDEC IONES EOS
ENU2BEQSTN(M)®# (] sv])ev] EOS
IF (ENU2410,) 5,54 EOS
TSIREQSTE (M) ® (] ,~EXP(ENU2)) €0s
60 Y0 & €0S
TS1sEQSTE (M) EOS
TS2RENUS (EQS TR ' o (EQOSTG (M) =EQSTH (M) ) ®SQRT (gNU) } EOS
P1o(El«TS]1)8TS20RN0 (M)
RETUSRN EoS
EQSTY FOR CN™PRESSED ZONES EOS
IF (CUSPA(M)) 10elned E£0S
ARGSEMUCLUSPA (M) EOS
IF (ARG) 10010+9 E0S
TWO=WAVE SOLID EQUATION €Eos
TS2= (CUSPL (M) o ( (CUSPS (M) ®ARGeCUSPO (M) ) ®ARGCUSPC (M) ) ®ARG) ®{] ,= (CUSEODS
1PA (M) OEMU) /2,) EOS
80 TO 11 r£os
ONE=WAVE SOLID EQUATION EOS
TS2e ((EQSTS (M) ®EMUGEQSTD (M) ) ®EMUCEQSTC (M) ) PEMU (] ,« (EQSTB (M) OEMU) /EOS
12,) EOS
P1uTS2E)SEQOSTG (M) @D} €0S
RFTURN EOS
END EOS
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SUBROUTINE SSCAL (VWHAT,EADD,J)
CAMUON CS{RN1) +N(BNY) 4E(AOL) 4P {RO1) +Q(B01)4S(R01}sSD(BOL)sU(RO]L)YSSC
IN7(AN]) «7M(RN]L) ¢ TSPALL(B01)9US(100)

S$SC

SSC
CNMMON AMU (6] o CUSPY (6) yCUSPA (6) 4 CUSPC (6) 4 CUSPD (8) yCUSPG (6) 9 CUSPS (65SC
1)-OISCFT(la)-EQSTC(ﬁ)oEGSTD(e)oEOSTE(o)cEOSYG(b)oEoSTﬂ(e)oEOSTN(Q)SSC
?pEQSTS(6)onNo(6)vJEDIT(lO)oJORo(IO)oPMlN(bloRHO(O)oSSTOP(S)oSS(OOSSc

3145)9START(S) 4 TEDIT(25) 4X(B0]) o YADD(6) s YMU(6),Y0(6)

SSC

$SC
COMMON CKS¢C0pCloNTNGDTNH,IT,JCYCSyJFINgJSMAY, JSMAX] o JRZL y JSTAR, JTSSC
156 J2PUL ¢ LINE¢LOZHIZ? sNeNJEDIToNMTRLS o NPRININREZONINRZ yNSPEC +NTAPE 9NSSC

>TgofoPpTNEGcPoTPoscsoURn.sx?noSMAXnSSYOPuoT)MEoTSoHTAPE

E£ADD=O,
G0 TO (1ellelb)e NWHAT

ENERGY ADDITION ROUTINE FOR ACTIVE ZONES
Do 10 1=14NSPEC
IF (TIMESSTART (1)) 1041042
IF (TIME=DTNH=SSTOP(])) 3110¢]0
IF (J=2) S5¢4,5
SNHURMaAMIN] (SDURM,SSTOP (1) =START(I))
IF (TIME=DTNH=START(1)) 81647
EADDSEADDSSS(Jy 1) @ (TIMESSTART (1))
60 T0 10
IF (TIME=SSTOP(])) 8489
EADNSEADNSSS(Je 1) ®NTNN
67 10 10
EADDREADD ¢SS {Js ]} #(SSTOP{I)=TIMESDTNH)
CNNTINUE .
RETURN

ENFRGY ADDITION ROUTINE FOR ADDING ZONES IN REZONE
DO 15 1=:1.NSPEC
IF (TIMELSSTOP(T}) 12916414
IF (TIME=STARTI(I)) 1%5915¢13
FADDEEADD+SS{JoT) *(TIME=START (1))
60 T0 15
EADDEEADNGSS(Jo 1) ®(SSTOP (1} =START(]))
CANTINUE
RETURN

ENERGY ADDITION ROUTINE FOR ADDING ZONES IN MYDRO
NO 20 l=1.NSPEC
1F (TIMEZDTNH<SSTOP(I)) 17419419
IF (TIME=DYNH=STARY(I)) 20020418
FADDREADN¢SS{Je 1) ®(TIME=DTNH=START(]))
60 T0 20
EADD®EADD+SS(Je 1)@ (SSTOP (1) «STARY(I))
CONTINUE
RETURN
END

31
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APPENDIX II

PUFF 66 TEST PROBLEM WITH FRACTURE
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