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INTRODUCTION

This manual presents a general description of the STARS-2P digital
computer program. FORTRAN IV is used exclusively in writing the various
subroutines. The execution of this program requires the use of thirteen
temporary storage units. ' :

The program was initially written and debugged on the IBM 370-165 computer
and then converted to the UNIVAC 1108 computer, where it utilizes
approximately'G0,000 words of core. Only basic FORTRAN Library routines
are required by the program these being: sine, cosine, absolute value,
and square root.

For ease and speed in usage, the Table of Contents on the following page
has also been 1laid out to presenﬁ the call sequence of the program.
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SUBROUTINE MAIN

MAIN is the control link for the entire program. Sizing values are read
into the program, as well as Information for potential load cycling or
changes and the materiasl property tables. Calls are made to subroutines
RIEMAN and SEGMAT onee for each segment in a region; then subroutine
REGMAT is called. This procedure is executed once for every region in the
structure., Finally calls to subroutines STRMAT, INITAL and LEBEGE are made.

Subroutine SHPLAS (which is actually called from LEBEGE) updates all the
information per load step, and allows the program to loop back to MAIN for
the next load increment. If the loading is cycling or progressively
changing, the updates for. the next load pattern are made before proceeding
with the program loops.

There are also several counters in this control link. These are defined
as follows:

NSC - Counts the calls to subroutines RIEMAN and SEGMAT, from
1 to the number of segments within a region.
~NRC - Counts the calls to subroutine REGMAT, from 1 to the

number of regions in the structure.

P - Counts the load steps in the analysis.

The block data and overlay listings are included in this section.



READ: ) : READ:

NREG, NSMAX, MATERIAL
NMPT, NLDS, CYC1, P! PROPERTY
CYCP, NLR, RCYC, TABLES
PRES, IWORD, OMEGA,
AWORD, NX3, LDEF,
CYCG
CALL
REGMAT
- . READ
SET: : -1 NST{NRC): NO.
nsc= [ NSC=0 REGION SEGMENTS PER
NSC + 1 NSEG = 4——J TOPOLOGY REGION. NKL (NRC):
- NST (NRC) CARD NO. LINKS PER
, : REGION
e .
: . YES
CALL CALL o
RIEMAN SEGMAT
y
| caLL
—- »  ETrAP > sToP
CALL NO CALL NO CALL
LEBEGE " INITAL STRMAT ﬂ
YES CALL
: EXIT
NO
CALL
SHPLAS
¢




RUN//T STARSSy1HNTSV440063,KEYIOHBIN214,05+500
ASG+T PURsT,SAVEOS
FREE TPFS.
ASGsT TPF$,F/1/P0S/10
FOR,1IS BLDATA,BLDATA
8LOCK DATA
COMMON /NAM1/ FACE(4),STRGO(T7),THERM(4) ,MATER(3),SEGTAB(12)
COMMON /GINT/ AA(By4) HNWIBy4)
DIMENSION A(32),W{32) )
EQUIVALENCE (A(1)4AA(Ls1))o(W(1)WW(L,1))
DATA ‘STRGO /11.0913.0521.0¢31.0912.0914.0515.0/
DATA THERM /4HTHST4HNOTH4HTHCN, 4HTHIN/
DATA MATER /4HISOT,4HORTH,4HSTIF/
DATA SEGTAB/4HST10,4HTHIC  4HRWAF ;4HRWAL  4HRWA2 y 4HRWA3,4H1SGL,
1 4HISG2,4HISG3y4HST11,4HST12,4HST13/
DATA FACE /4HSINGy4HEQUA»4HUNEQ.4HBLAN/
DATA A/0.09.577350279.77459667+.86113631,.90617984,.93246951,
D +94910791+.9602898690.0¢0.0+0.04.339981044.53846931,,66120939,
A .T74153118,.7966664850.090.090.090.040.0,.23861919,,40584515,
T «5255324140.0+0.09G.0+0+0+0.0+0.0+.40584515,.18343464/

DATA W/0.051.09.55555556+.34785484%4,.236926889.17132449, 12948497,
D .1012285440.090.0,.888888899.652164515,.478628674.36076157,
A .27970539,.2223810050.090.090.0+0.09.56888889,.46791393,"
T .3818300,.3137066490.090.090.090.0,0.0,0.0,-41795918,.36268378/
END

100010
100020
100030
100040
100050
100060
100070
100080
100090
100100
100110
100120
100130
100140
100150
100160
100170
100180
100190
100200
100210



FOR, IS MAIN,MAIN

- ROUTINE *%MAINPROG** ABACUS UPDATED 01/11/74 .....
INTEGER SAVJTC,SAVSTP,SEGTABy Q »THICK,TYPE

INTEGER XN1,XN

c \...

111
1726

1000

100

c

c

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON
COMMON
COMMON
COMMON

STORY (16)  XMAT(270,10),STD(10),SADUS(30) ,RADUS(30)

TADUS (30) ,UADUS(30), SAVTIC(900)

XNy TEFREE»TICoPHI,STOP,RESTOP,RTICK,G1sXNL(3) yNH

NST(30),NKL(30),NXMAT(20),SAVITC (30),SAVSTP(30) ,JRTIC (30)

JRSTOP{30) yNREGsNMPT ,NRC ,NSC +NIX, IERROR ,KGECM , IGEOM, ISTTAB

KELVINs IBEGIN,NPROB s NSEG,NERROR s Q» THICK , NOJSy NLINKS y NLCASE

NTSKLyNZNBCT,LINPUT,NTRKL 4NPASS ,XN1,KBC ,NRINGS

LODE, ICYCLE,LDISTL

/NAM1/ FACE(4),STRGO(7),THERM(4) MATER(3),SEGTAB(12)

/LYCORR/ YCORR(80)

7ARING/ NRING(28),AMAT{30,8),RSIG(12),REPS({12)},RALPH(12),
: RBAPH(12) -~

/PLS/ OMEGA, IWORD s XMERD s XPRES s XMONT

/PLSTIC/ 10,J0,I0R,JOR,KORI,NED

/CDISP/ PyIMAX,DELP,DELP1,YEPS,ZEPS

/GRAFIX/ X(100)sY{100,9)sNGRAPH,LDEF(9))NGR+JCYCyNFLAG,JAM,

JNSC

DIMENSION WORDI(3)
DATA WORO/'PLAS®y*NLIN®, 'NLPL'/

REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
YEPS =
ZEPS =

" NCUPLE

1

NPRCB
NGP =
NLCASE
JOSRN
KDSRN
NFLAG

—

ot

= NPROB
28
23

0.
WRITE(6,1726)
FORMAT{1H1)
READ(5,1000,END=555) STOnY
FORMAT (16A4)

XNL(J)

5
=1,3
0.0

[ S ]

READ(5,1001) NREGsNSMAXyNMPT,LINPUT4NLDS+CYCLl+CYCPyNLRoRCYCyPRES,

IWORD,OMEGA, AWORD,NX3,LDEF,CYCG

1001 FORMAT(12.I3,3[2,F6.0.F4.0,12,4X.2F6.0o17XvlZyE14.7lAk'16110X'9lly

200000 -

200010
200020
200030
200040
200050

200060

200070
200080

200100
200110
200120

. 200130

200140
200150
200160
200170
200180
200190

~

© 200090 .

200200 -

200210
200240
200250
200260
200270
200280
200290
200300
200310
200320
200330
200340
200350
200360
200370
200380
200390
200400
200410
200420
200430
200440

200450 °

200460
200470
200480
200490
200500
200510

200520.

200530
200540
200550
200560
200570
200580
200590
200600



1 2XsF4.0)

WRITE(6+602) NSMAX,NREG,NMPT,CY(Cl
602 FORMAT(////19%,93HUNSYMMETRIC, ORTHOTRQOPIC,
1SIS WITH COUPLING OF AT MOST 29 SHELL REGIONS¢//62Xe *STARS=2P*,//

262X,

115
106
615
6l8

616
619

617
620
621

" 625

605.

700

3*AS OF JULY 1,

DO 115 J=1,3

IF (WORD(J).EQ.AWORD) GO TO 106
sTopP

JPLS = J

G0 TO (615'616'611)9JPLS
WRITE(6+618)

FORMAT(7//55X+ "ELASTIC~PLASTIC PROBLEM*}

G0 1O 621
WRITE(64619)

FORMAT(///50Xs*LARGE DEFLECTION ELASTIC PROBLEM®)

GO TO 621
WRITE(6+620)

FORMAY(///50Xs *LARGE DEFLECTION PLASTIC PROBLEM®)
-CONTINUE

WRITE(6+625)
FORMAT(///7)
WRITE(6+605) (STORY{I),I=1416)

FORMAT(11(/) +8Xs16A4,18(/)9BOX,35HFOR INFORMATION CALL
INAS/117Xy 14H(516) 575-7701/103X'10HP. OGILVIE//103X, 9HH.

NGRAPH = O
D0 700 J=1,9

IF (LDEF(J).NE.O) NGRAPH = NGRAPH#}

NGR = O
NEOQ = O

"IF (PRES.NE.0.0) NEO = 1

IF (NEOD.EQ.0) GO TO 300

IF (JPLS.GT.1) XNL(1) = 1.0

IF (JPLS.NE.2)} XNL(2) = 1.0
1.0

—~TF (NX3.EQ.l) XNL(3) = =~

300

121

10 = 13

JO = JOSRN-10

IOR = 11

P = PRES

DELP = 1.0/CYC1
DELP1 = DELP

OMEGA = OMEGA*0QMEGA
NMAT = 1

IF (CYCP. EQ 0.0) CYCP = 1.0
IF (NLR.LE.1) GO TO 121
LODE = 16

REWIND LCDE

CONTINUE

NROW = O

ICT = ICT+1

ICYCLE = O

IF (ICT.EQ.1) ICYCLE = RCYC
ICYC1 = ABSI(CYC1)

IMAX = ICYC1

IF (NMAT.EQ.0) GO TO 1
KK=-T

NSAVE=0

00 13 I=1,NMPTY

KK=KK+2

REINFORCED SHELL ANALY

1973%//77/8X+21HNUMBER OF SEGMENTS. = 4, 13,21H NUMBER
40F REGIONS = ,12,43H NUMBER OF MATERTAL PROPERTY TABLES USED = ,12
S s17H NO. OF CYCLES = ,F6.0)

200610

200630
200640
200650
200660
200670

200690
200700
200710
200720
200730
200740
200750
200760
200770 .
200780
200790
200800
200810
200820
200830
200840
200850

1200860

200870
200880
200890
200900
200910
200920
200930
200940
200950
200960
200970
200980
200990
201000
201010
201020
201030
201040
201050
201060
201070
201080
201090
201100
201110
201120
201130
201140
201150
201160
201170
201180
201190
201200
201210



NXMAT (KK ) =NROW+1 201220

TI=NROW+1 201230
READ(5,1004) STD(I),TYPE 201240
1004 FORMAT (A4,6XyA4%446X) ’ 201250
NROW = 27 " 201260
DO 11 L=1,3 - 201270
11 IF(TYPE.EQ.MATER(L)) GOTO 12 ' 201280
GD TO 8000 ) 201290
12 CONTINUE 201300
IF (L.EQ.1) NROW = 7 201310
IF (L.EQe2) NROW =-17 . 201320
LLL=NSAVE+NRONW 201330
READ (5,1005) ((XMAT{MyJ)eJ=1410)¢M=1I,LLL } 201340
1005 FORMAT (S5El14.7) 201350
NROW=NSAVE+NROW . 201360,
NXMAT (KK+1)=LLL 201370
13 NSAVE=NROW 201380
READ(5,2000) 201390
2000 FORMAT(1X) ) 201400
1 CONTINUE 201410
P = P+1.0 : 201420
ICYCLE = ICYCLE+) 201430
NGR = 0 ‘ _ 201440
IF (P.NE.CYCG*NGP) GO TO 10 201450
“ NGR = 1 201460
NGP = NGP+1 201470
10 CONTINUE 201480
C = ICYCLE 201490
IBEGIN = O 201500
N = C/CYCe : : 201510
PP = N%¥CYCP - 201520
IF ((C.EQe1.0.0R.C.EQ.PP.OR.ICYCLE.EQ.ICYC1l.OR<NH.EQ.0)<AND. 1201530
.1 LINPUT.EQ.1) IBEGIN = 1 201540
JOR = KDSRN-IOR . 201550
DO 99 NRC=1,NREG ’ 201560
IF (NH.EQ.0.O0R.IBEGIN.EQ.1) WRITE(6,1726) 201570
IF (Q.EQ.5) READ(5,1003) NST(NRC),NKL{NRC),NRING(NRC ),STORY 201580
1003 FORMAT{312,16A%) 201590
IF (NH.NE.O) GO TO 613 201600
WRITE(6+606)NRCyNST{NRC) 4NKL{NRC) 201610

606 FORMAY(////77771171777177177/77/7758X413HREGION NUMBER ,13//35X410HTH 201620
1ERE ARE levléH SEGMENTS AND 912+35H KINEMATIC LINKS WITHIN THIS R 201630

2EGION) 201640

GO TO 610 201650

613 IF (IBEGIN.EQ.0) GO TO 610 201660
WRITE(65,612) NRCyNSTINRC)+NKL (NRC]} 201670

" 612 FORMAT(///58X413HREGION NUMBER,I3//35Xs10HTHERE ARE +12914H SEGMEN 201680
1TS AND ,12,35H KINEMATIC LINKS WITHIN THIS REGION) 201690

610 CONTINUE 201700
IF (Q.EQ.5) READ{(5,1006) JRTIC(NRC),JRSTOP(NRCf STRY 201710
1006 FORMAT(5X4215416A4) 201720°
. NSEG = NST(NRC) 201730
201 NSC=0 : 201740
101 NSC=NSC+1 201750
IF (NH.EQ.0.OR.IBEGIN.EQ.1) WRITE(6,1726) 201760

CALL RIEMAN ' 201770

IF (NIX.NE.O) GOTO 8888 201780

CALL SEGMAT ’ 201790

IF (NIX.NE.O) GOTO 8888 ) 201800
IF(NSC.LT.NSEG) GO TO 101 : 201810

NSC= 0 201820



102

- 99

103

105

2500

112

556
1010

555
8000

CALL REGMAT
IF(NIX.LT.0) GO TO 8888
NIX = 0

REWIND 2

REWIND 3
CONTINUE

IF (C.EQ.1.0.0R.C.EQ.PP.OR.ICYCLE.EQ.ICYC1.0R.NH.EQ.O) IBEGIN

CALL STRMAT

IF (NIX.NE.O) GOTO 8888
REWIND 1

CALL INITAL

REWIND 10

REWIND JO

REWIND LODE

CALL" LEBEGE

REWIND IOR

REWIND JOR

10 = JOSRN-IO

JO = JDSRN-10

REWIND I0

REWIND JO

10R = KDSRN-IOR

Q=1
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND
REWIND 10
REWIND 11
REWIND 12
REWIND 13
REWIND 14
REWIND 15
REWIND LODE

O WHWN -~

JCYC = P

WRITE(642500) JCYC, ICYCLE
FORMAT(/5Xs'CYCLE 9 I5+%s*+15¢° IS COMPLETE."*)
IF (ICYCLE.NE.1.AND.NH.NE.O) GO TO 112

NH = 1

DELP1 = DELP

LDISTL =1

CONTINUE

IF (JPLS.GT.1) XNL(1)

= 1.0
"IF (JPLS.NE.2) XNL(2) = 1.0
-1.0

IF (NX3.EQ.1) XNL{3) =

IF (NIX.NE.O) GO TO 8888

IF (ICYCLE.EQ.ICYCl) GO TO 556

GO 10 1

IF (NLDS.LE.ICT) GO 70 111

READ(5,1010) LINPUT,CYC1+CYCPoLOISTL 4NMAT,0MEGA
FORMAT(TX91292X0F6.09F5.092X9212431X4EL14.7)
DELP = 1.0/CYC1

IF (LDISTL.EQ.O0) LDISTL =1

OMEGA = OMEGA*®OMEGA

GO 710 121

IF (NGRAPH.NE.O) CALL ENDJOB

sTop

IERROR=8000

NERROR= 1

201830
201840
201850
201860
201870
201880
201890
201900
201910
201920
201930
201940
201950
201960
201970
201980
201990
202000
202010
202020
202030
202040
202050
202060
202070
202080
202090
202100
202110
202120
202130
202140
202150
202160
202170
202180
202190 -
202200
202210
202220
202230
202240
202250
202260
202270
202280
202290
202300
202310
202320
202330
202340
202350
202360
202370 -
202380
202390
202400
202410
202420
202430
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MAP,IS SYM,STARSS
LIB SYSSEMSFCS.
SEG ROQT
IN NBF24$
IN MAIN,BLDATA
SEG RIE#,(ROCT)
IN RIEMAN,SETUP,ROBOT,GEOMET,PLINE,PLICO
SEG DF1#%, (RIE)
IN DIF1
SEG DF2%,(RIE)
IN OIFF2
SEG SGMAT*, {ROOT)
IN SEGMAT,SREVN2
SEG RING#*, (ROOT)
IN RINGER,RISULT,RITEPS,RGSRSE¢SYMSOC,BANDIT,LLTRAN, TRISLV ,HOTDOT
SEG REG#*, (RING) - _ ' ‘
IN REGMAT
SEG STR#,(RING)
IN STRMAT
SEG INT*, (ROOT)
IN INITAL
SEG LEB#*,(ROOT)
IN LEBEGE,FIXEM, TOBAR, TEMOEG,PLYNE,PLYCO
SEG 0D1#%,{LEB)
IN ODEl
SEG OD2%,{LEB)
IN ODE2
SEG TRAP#*, (ROOT)
IN ETRAP
COPOUT TPF$.,PUR.
XQT STARSS



SUBROUTINE RIEMAN

This subroutine link assemﬁles the data tables for use in the integration
procedure. The subprogram link, RIEMAN, utilizes the subroﬁtines SETUP,
ROBOT, DIF1 or DIFF2, to integrate the differential equations of each
segment independently, under arbitrary load conditions. The results of
the integrations of each segment are stored in the YCORR array in RIEMAN,

and represent the stiffness and déflection coefficients of each segment.

10



FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)
XFTHLD : £
XFPHLD £4
XFZELD £,
XMTHLD m
XMPHLD ' | m,
ETHET Eq
EPHI | E,
XGPT Cyg
XNUTP _ Vg 0
.XNUP'I‘ v 8
ALPHTH | 0’6
ALPHPH o
~ XNTTH | ' Npg
XNTPH N’T¢
0T Mg
XMTPH My,
XK11 Kiy
XK22 Koo
XD11 : D,y
Xp22 Dy,
s “33
xp33 , Dyq

11



READ:.
MAGIC CONTROL,

GEOMETRY OR

.CLUE CARDS, AND |

| SPLINE DATA

: READ:
ST TABLE

s

INITIALIZE

.YICS®
. ARRAY

RIEMAN

GEOMETRY

12

MATERIAL TYPE OF
PROPERTY IDENTIFICATION MATERIAL
IDENTIFICATION SEARCH PROPERTY
SET: MAT SET: KGEOM SET: ITYPE
TEMPERATURE FACE SHEET. - . SEGMENT
LOAD IDENTIFICATION IDENTIFICATION
| IDENTIFICATION SEARCH SEARCH -
SET: KELVIN SET: THICK SET: ISTTAB
IF '
MAGOUT \ YES CALL
ROBOT
CALL
RETURN TO DIF 1
MAIN OR
DIFF 2
NO
SET: CALL
MAGIN =0 MAGIC




FOR, IS RIEMAN,RIEMAN

C LR

1726

1001

504

- 505

1002

<« ROUTI
SUBROUT

NE ** RIEMAN #*% ABACUS UPDATED 01/11/74 ecce.
INE RIEMAN

INTEGER SAVJTC,SAVSTP,SEGTABy Q o THICK,TYPE

INTEGER
DOUBLE
COMMON
_COMMON
COMMON
COMMON
COMMON
COMMON
. COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

>POXONOWVSWN-

COMMON
1
COMMON
c
COMMON
COMMON
COMMON

c
0
M

COMMON

XN
PRECISION YNEW,YPRED
STORY(16).XHAT(270'10)'STD(10)15ADUS(30).RADUS(3O)
TADUS(30),UADUS(30)+SAVTIC (900}
XNy TEFREE,TICyPHI ,STOP,RESTOP, RTICK.Gl.xulta).NH
NST(30)yNKL(30)sNXMAT({20)4SAVITC(30),SAVSTP(30)4JRTIC(30)
JRSTOP{30)yNREGsNMPTyNRC4NSC yNIXs IERROR s KGEOM  IGEOM, 1 STTAB
KELVIN, IBEGINyNPROB+NSEGyNERROR yQ+ THICK yNOJS, NLINKS yNLCASE
NTSKL+NZ,NBCT,LINPUT/NTRKL yNPASS, N1,KBC,NRINGS |
LODE, ICYCLE,LDISTL ’
/NAM1/ FACE(4).STRGD(7).THERH(4)oNATER(3),SEaTAB(12)
J/LYCORR/ YCORR{T2) G
/MAGIK/ KKNT : o : -
/EQUAZN/ YPRED(TZl.YDOT(TZ).YASAVE(?Z)' T
YANTHy YAMTH, YAMPT,YAJPH,
SySNeCSy SNSQ,CSSQsTANS SECsCNyXICSe XL SN,TN,
X1RO¢X1ROSQsX1SNROs X1CSRO,CN1RO,SNIRO,CS 1RO,
X1R19X1R2,CS1R14CSIR2,SNIR14XLR1SQsR25QyRO+BESQ,

ROSQsXNSQ,BETAyR1,R2,S1,R1DOT,

XNTTH,XNTPHyXHTTH'XHTPH.XFTHLD.XFPHLD'XFZELD'

XHTHLD,XMPHLD.ETHET.EPH[OXGPIQALPHTH ALPHPH,,

XNUTP o XNUPT ¢ XC1l1yXC22+sXC154XD339XD22 ¢XD21 X012,

XK113XK129XK219XK224XK334XD11, ¢

XNPHI, M, I ,BETTA,ZETTA,XC1l6 = ™

/SPLINS/ ANG.PSI(100),RAD(100),CUR1(100),CUR2(100),

DR1DP(100)4Z1(14)sRI{14)4NRZIN

/ARING/ NRING(28),AHAT(3078)'RSIG(12)'REPS(IZ) RALPH(IZ,'
RBAPH(12)

/PLS/ OMEGA, IWORDy XMERD » XPRES s XMONT

/PLSTIC/ 10,J0,10RyJOR,KORI,NEO

/W00D/ SAVY{53)4NPLEV,NLPO,NPLA(21),STR{6),SIGMA(3,21),
SEPS(35321), SALPH(3'21)QSBAPH(3.21)-STEFS(3'21)9
EFF(21),STSRNI(3), NPLAST(3)’STSIG(3)'STREPS(3)v
STALPH(3),STBAPH(3),EFFST(3),NPLEVS{(3)

/CMAIN/ ZETAL(21), ZETAZ(ZI)9NODEvALF(4)'CE(6)1NLRS’HI'HD,T

DIMENSION LST(13),YDEV{72),YICS(72),YNEW(T2)
OIMENSION TBDEL(T72),FWDEL(T2)

DIMENSION ST(30,31),XLAYER{26),HARD(3)

DATA HARD/'ISOT*y*KINE®, 'PERF*/

DATA APEX1/*APEX*/

FORMAT (

1H1)

IF(Q.EQ.1) 60 TO 191

READ(5,
FORMAT{

1001) RGO,ANGyNLRS,STORY = .
F2.0,Al,12,16A%) “ S

GECMETRY IDENTIFICATION SEARCH T

DO 504

I=1,47

IF (RGD-STRGO(I)) 5041505 504
CONTINUE
GOTO 8086

KGEOM=1

IGEOM = 0

IF (KGEOM.EQ.l1.0R.KGEOM.EQ.2. OR.KGEOM.EQ.5.0R.KGEOM. EQ.6) IGEOM =1

IF (KGEOM.EQ.3) IGEOM=2

IF(KGEOM.EQ.4) IGEOM=3 .

IF ( KGEOM.EQ.7 ) IGEQOM.= 1

WRITE(1l) KGEOM, IGEOMyRGO,ANGyNLRS,STORY

READ(S,
‘FORMAT (

1002) OTAU,DIFF,STEP,APEX
3E14.1,3X,A4)

113

300000
300010
300020
300030
300040
300050
300060
300070
300080
300090
300100
300110
300120
300130

" 300140

300150
300160
300170
300180
300190
300200
300210
300220.

300230
300240
300250
300260
300270
300280
300290

300300

300310
300320
300330
300340

300350

300360
300370
300380
300390
300400 -
300410
300420
300430
300440
300450
300460
300470
300480
300490
300500
300510
300520
300530
300540
300550
300560
300570
300580
300590
300600



1006
180
198
481

1003

502
501
503
506
507

510
511

508

NAPEX = 0 ,

1F (APEX.EQ.APEX1) NAPEX =1

DELTA =.0.0°

WRITE(1) DTAU/DIFF,STEP,DELTA,NAPEX -

IF (RGO.EQ.14.0) GO TO 180

READ(5,1006) G1,62,63

FORMAT (3E14.1)

WRITE(1) 61,62,63

GO 7O 481

READ{S+198) NRZINs (ZI(J},RI{JI),JI=1,NRZINY
FORMAT(12,7F10.0/7F10.0)

WRITE(L) NRZINs (Z1(J),RI(J),J=1,NRZIN)
CONTINUE

READ(5,1003) TYPE+HLAYR¢SHEETINTERP RANKINHARDEN NP
FORMAT (6 (446X} 410X, 12) :
IF(NP.LT.2.0R.NP.GT.30) GO TO 8787
MATERIAL PROPERTY IDENTIFICATION

00 S01 I=1,NMPT

IF_(HLAYR-STD(1)) 501,502,501

MAT=1

6070 503

CONTINUE

GOTO 8036

DO 506 1=1,3

IF (TYPE-MATER(1))506,507,506

CONT INUE

GOTO 8087

ITYPE=1

DO 510 I=1,12

"IFUINTERP-SEGTAB(1))510,511,510

CONTINUE

GO TO 8088

ISTYAB=1

DD 508 I=1+4

IF (SHEET.EQ. FACE(!)) GOT0 509
CONTINUE

© GOTO 8089

509

420

425
430

401

402

THICK=1

KLUE2=1

GO TO (4309430+420,42094209420+4259425+425, 63005309‘30’.]577"
KLUE2=2

GO 10 430

KLUE2=3

KLUE1=THICK

TEMPERATURE LOAD IDENTIFICATION

DO 401 I=l,4 ,

IF(RANKIN.EQ.THERM(I))GOTO 402

CONTINUE

GOTO 8090

KELVIN=I

LINEAR ANALYSIS IDENTIFICATION

TIANLYZ = 1

IND = 1-1WORD .

NROW = 3~1IWD

IF (THICK.GT.1) NROW = THICK+3-2%]IWD

IF (ISTTAB.EQ.1) NROW = l4~3%1WD
IF (ISTTAB.EQ.3) NROW = 16-3%1WD
IF (ISTTAB.EQ.4) NROW = 10-2%IWD
IF (ISTTAB.EQ.5) NROW = 12-3%IWD
IF (ISTTAB.EQ.6) NROW = 13-3%IWD
IF (ISTTAB.EQ.7) NROW = 9-2%IWD

14,

300610
300620
300630

. 300640

300650 :
300660
300670
300680
300690
300700
300710
300720
300730
300740
300750

300760
300770
300780
300790 -

300800

300810 -
300820
300830

300840 -

300850 -
300860 -
300870
300880
300890
300900
300910
300920
300930

300940 .

300950
300960

300970

300980
300990
301000
301010
301020
301030
301040
301050
301060

' 301070

301080
301090

" 301100

301110 -
301120
301130
301140
301150 -
301160 -
301170
301180
301190 -
301200
301210



IF (ISTTAB.EQ.B8) NROW = 11-3%IwWD 301220

IF (ISTTAB.EQ.9) NROW = 12-3*%[WD 301230
IF (ISTTAB.EQ.10) NROW = 15-3%IwWD 301240
IF (ISTTAB.EQ.11) 'NROW = 17-4*IWD 301250
IF (ISTTAB.EQ.12) NROW = 18-4*IWD 301260
IF (KELVIN.EQ.2.0R.KELVIN.EQ.4) GO TO 580 : 301270
IF (ISTTAB.GE.10) GO TO 581 301280
IF (ISTTAB.GE.4) NROW = NROW+l 301290
, GO TO 580 301300
581 NROW = NROW+2 . 301310
. ©.580 CONTINUE 301320
TEFREE = 0.0 301330
. DO 540 1=1,3 301340
~ IF (HARDEN-HARD(I)) 540,541,540 301350
541 KOR = I 301360
GO TO 542 301370
540 CONTINUE , 301380
-~ NERROR = 8013 301390
. 6O TO 8888 301400 .
542 IF (ITYPE.EQ.1) GO TO 550 301410
: IF (KOR.GT.1) GO TO 551 301420
NERROR -= 8008 301430
i GO TO 8888 301440
"551 KORI = 1 301450
. GO TO 553 ‘ 301460
550 KORI = —-1 : 301470
~ . IF (KOR.EG.1) KORI = & 301480
.. 553 CONTINUE 301490
WRITE(1) ITYPE,MAT,THICK,ISTTAB,KELVIN,KORT ,TEFREE (NP,KLUE]1,KLUE2, 301500
1 IANLYZ , NROW 301510
GO TO 192 301520
191 READ(1) KGEOM,IGEOM,RGO,ANG,NLRS,STORY 301530
* READ(1) DTAU+DIFF,STEP,DELTA,NAPEX 301540
IF (RGO.EQ.14.0) GO TO 182 301550
READ (1 ) 6G1,G2,G3 301560
GO TO 183 , 301570
182 READ(1) NRZINy(ZI(J)sRI(J)sJ=14NRZIN) 301580
183 CONTINUE 301590
READ(1) ITYPE,MAT,THICK,ISTTAB,KELVIN,KORI,TEFREE,NP ,KLUEL,KLUE2, 301600
1 TANLYZ, NROW N 301610
192 EPSIL =1.0E-05 301620
DIFF =1.0E-04 301630
ERR = 1.0 E-07 301640
IF (NH.NE.O)} GO TO 920 : 301650
I = RGO 301660
- WRITE(69651) NSCo1,STORY,DTAU,DIFF,STEP,DELTA 301670
651 FORMAT(//13X,15HSEGMENT NUMBER ,12,5X,13HSEGMENT CODE ,12,5X, 301680
: 1 16A4//22X44HDTAU, 15X, 4HDIFF 301690
2+15X,4HSTEP y 10X SHDELTA/716Xe5(E14e795X) 92X ¢F2.0) 301700
IF (RGO.EQ.14.0) GO TO 185 301710
WRITE(6,652) G1,G2,63 301720
652 FORMAT(//54X,24HGEOMETRY INPUT VARIABLES,//38X,3{E1%.7+5X)) 301730
i GO TO 645 301740
185 WRITE(64186) (ZI{I),RI{T1),1=1,NRZIN) 301750
186 FORMAT(//STX,24HGEOMETRY INPUT VARIABLES//42X,16HAXI AL COORDINATE, 301760
1 9X 3 6HRADIUS/50Xs 1HZ s 20Xy LHR/ (43X, 1PLE15.8,5Xs 1P1E15.8)) 301770
645 WRITE(6,653) TYPE,HLAYR,SHEET s INTERP ,RANKIN,HARDEN NP 301780
653 FORMAT(//12X,5(A4,6X)y L6HHARDENING LAW = ,A4,12X, 301790
1 26HNUMBER OF. TABLE COLUMNS = ,12) 301800
920- CONTINUE : 301810
L= 2%(MAT-1)+1 301820
II=NXMAT (L) 301830

15



654

" 655
921

1005
194
600

© 193
901

750

290

1004

195
- 196

20

19.

23
- 21
22

197
© 72

TT1I=NXMAT(L+1)
IF (NH.NE.O) GO TO 921

WRITE(6,654) ((XMAT(1,J)yJ=1,10),1=1I,111)
FORMAT{//51X+28HMATERIAL PRUPERTY TABLE USED,//(IO(IH

WRITE(6,655)

FORMAT(//42Xy 4THTABLE ORDER PHI OR S VS. CROSSECTIDN PROPERTIES-)

CONTINUE .

D0 901 I=1,NROW <" - «»
IF(Q.EQ.1) GO TO 193
READ (5,1005) (ST(I.J)yJ=loNP)
FORMAT (5£14.7)
WRITE(1) (ST(I43)yJ=1,NP)
IF (NHJNE.O) GO TO 9Q1
WRITE(6,600) (ST(IsJ)sJ=14NP).
FORMAT{1H ,8(E1l4. 7|2X)I(3X'8l514 7'2X)))
GO TO 901

READ (1} ) (ST(I'J)'J lyNP)

CONTINYE Lo e

DO 750 JJ=1,12
LST(JJ) = 0
NLCS = NLCASE
NLPO = NLRS+1
KBC = NLPO

IF (THICK.NE.1) KBC = 2.0%NLPO

TAP1l = NLRS/2

DO 290 I=1,NLPO

TAP2 = 1I-1 )

ZETAL(I) = 1.0-TAP2/TAP1

ZETA2(1) = 1.0-FLOAT{.I-1)/FLOAT{NLRS)

K=NROW+1

Jd=1

JJIJ=6

- MM=1

DO 17 NLC=1,NLCS

JT = 49 R
JTT= JyJ

L=0

IF (LDISTL.EQ.1) GO TO 195
READ15,1004) (LST(J)ed=ddydJd)
FORMAT(6I1)

WRITE(LODE) (LST(J)yJ=dJ,d3J)
GO TO 196

READ(LODE) (LST{J)yJd=ddsddd)
CONTINUE
IF(LST(JJ))8031,19,20

L = LSY(J4J)

Ji=ade1

IF(LST{JJ))18031,22,21

L=L+1

IF(JJ2EQ.JJJ) GOTO 24

dJ=4J+1

6OTO 23

IF(L.£Q.0) 6O TO 71

KK = K + L - 1

00 72 M=K,KK

IF (LDISTL.EQ.1) GO TO 197 -
READ 5,1005) ({ST{MsJ)sd=1,NP)
WRITE(LODE) (ST(MyJ)sJ=1,NP)
G0 TO 72 .

READ(LODE) (ST(MyJd),J=1,NP)
CONTINUE

16

301840
301850
301860
301870
301880
301890
301900
301910
301920
301930
301940
301950
301960
301970
301980
301990
302000
302010
302020
302030
302040
302050

302060

302070
302080
302090
302100
302110
302120
302130
302140
302150
302160
302170
302180
302190
302200
302210
302220
302230
302240
302250
302260
302270
302280
302290
302300
302310
302320
302330
302340
302350
302360
302370
302380
302390
302400
302410
302420
302430
302440



IF (LSTLJT). EQ 0’ GO T0 660 . . ' 302450

LY = K _ ' 302460
KY = K 302470

KZ = K+LST(1)-1 ‘ 302480

K = KZ+1 ' ~ 302490

IF (ICYCLE.NE.1.AND.NH.NE.O) GO TO 665 : 302500
WRITE(64656) 302510

656 FORMAT(//45X,42HTABLE ORDER PHI OR S VS. TEMPERATURE LOADS,) 302520
DO 657 N=KY,KZ 302530

: WRITE(6,600) (ST(NyJ)yJ=1,NP) : 302540
657 CONTINUE . - 302550
660 IF((L-LST(JT)).EQ.0) GO TO 665 302560
IF (NH.NE.O) GO TO 665 302570
WRITE(6,661) NLC ‘ 302580

661 FORMAT(//16X+BHPROBLEM o 12,5X,84HTABLE ORDER PHI OR S VS..DISTRIB 302590
1UTED LOADS (F THETA, F PHI, F ZETA, M THETA, M PHI,) 302600
WRITE(641968) (LST{J)4J=dToITT) 302610

1968 FORMAT(27H LOAD IDENTIFICATION CLUES ,611/) '302620 -
' DO 662 N = K, KK —_— 302630
WRITE(65600) (STINyJ)sJ=1,NP) = : ' © 302640

662 CONTINUE o 302650
665 CONTINUE. _ , 302660
7L K = K + L = LST(J4T) : o 302670
JI=4dJ+1 , : . 302680
JJJ=Jd+s : . 302690

17 MM=MM+1 : » o 302700 -
590 CONTINUE S : 302710
" 1F (Q.EQ.1) GO TO 2004 302720
READ (5,591) ISsSAVJTCUIS),SAVSTP(IS),(STORY(T),1=1,16) . 302730

591 FORMAT (315,16A4) 302740
READ(S,2000) , , B A ' 302750

2000 FORMAT(1X) I 302760
WRITE(1) 1S,SAVITCIIS),SAVSTP(IS),STORY _ 302770

60 TO 2005 : o 302780

2004 READ(1) IS,SAVJTC(IS),SAVSTP(IS),STORY = . : 302790
2005 CONTINUE 302800
ITIC = SAVJTC(IS) , 302810
ISTOP = SAVSTP(IS) : © 302820

JTIC = JRTICINRC) - 302830
JSTOP = JRSTOP(NRC) - 302840

TIC = ST(1,1) ‘ _ 302850

STOP = ST(1,NP) 302860
NEQNS=64+8*NPROB , _ 302870

DO 73 I=1,NEQNS : _ ' 302880

73 YICS(I)=0.0 302890
YICS(5) =1.0 : R 302900
YICS(14)=1.0 : , 302910
YICS(23)=1.0 , 302920
YICS(32)=1.0 302930
YICS(33)=1.0 302940
YICS(42)=1.0 . 302950
YICS(51)=1.0 : 302960
YICS{60)=1.0 : 302970
NCYC=0 : : 302980

KKNT = 0 " 302990
NSAVE=NROW : : _ - 303000
1END=0 L ' - 303010 °
PRINT=TIC ‘ _ 303020
DTA=DTAU _ 303030

DTAU = 0.DO : 303040

IF (NH.NE.O.OR.NEO.NE.O) 303050

1READ(I0) SAVY 303060

i 17



2001

59 CALL SETUP (NAGIN.HAGOUT.T!C.STEP,NEQNS.DTAU.EPS!L.JELTA.ERR.TIHEg

60 CALL MAGIC (MAGINMAGOUTTICoSTEP+NEQNS,DTAULEPSIL DELTALERRTIME,

61
64
62
63
67
66
65
75

25

15

296.

52
51

54

ST STUIKsLL)I=STUIKsI=1)+(STUIKoI)=-ST{IK, I~ 1))‘(ARG-ST(1-I L)I/LSTHLL, I

55
58
80

FORMAT(1X,1P1E16.7,15, 1P6E16 7

lDTIHE'YICS'YPRED.YCORR.YDOT,YNEH'YDEV.FHDELoTBDELD
GOT0 61

1DTIHE,YICS'YPRED.YCORR'YDOT.YNEN'YDEV'FHDEL.TBDEL’
IF(MAGOUT.LE.O) GOTO 25
IF(TIME.GT.STOP) GOTO 62
IF(TIME.LT.STOP) GOTO 63
TEND=~1

GOTO 67

IF(TIME.LE. (STOP+DIFF)) GOTO 64
GOT0 8001

IF((STOP-DIFF).LE. TIME) GOTO 64
IF((TIME+DTIME) .GT.STOP) GOTO 65
IF(PRINT.GT.TIME) GOTO 66
PRINT=TIME+DTA

CONTINUE

IF(IEND.GT.0) GOTO 8002
IF(IEND.LT.O0) GOTO 150
CONTINUE

MAGIN = 0

GOTO 60

DTIME=STOP~-TIME

DELTA = 0.DO

GOTO 67

NCYC=NCYC+1l

MAGIN=-1

GOT0 60

LT=0

IF ((NH.NE.O.OR.NEO.NE.O).AND.KKNT.EQ.3)
1READ(10) SAvVY

JJ = NLCASE*6

D0 15 J=1,JJ

LT=LT+LST{J)

NTOTAL = LT+NSAVE

PHI=TIME

ARG=PHI

LL=NP+1

DO 51 I=1,NP

IF(ARG=ST(1s1)) 52,455,51
IF{I-1) 55,55,54 .
CONTINUE

I=NP
GO TO 55

DO 57 IK=2,NTOTAL

1)=ST{1,1I-1))

GOTO 80

00 58 IK=2,NTOTAL
ST(IK.LL)=ST(IK'I)
CONTINUE

THE UPDATED XNTERPOLATED VALUES OF THE HATERIAL PROPERTY COEFFIC
IENTS ARE FOUND IN THE XMAT TABLE AND STORED IN THE XLAYER ARRAY
L = (MAT-1)%2+]1

TI=NXMAT (L)

II1 = NXMAT(L+1)

LL=NP+1

L=NROW + 1

M=1 -
GOTO (91992,93,93),KELVIN -

18

303070
303080 -
303090
303100

303120
303130
303140
303150
303160
303170
303180
303190
303200
303210
303220
303230
303240
303250
303260
303270
303280
303290 -
303300 -
303310

303320 -

303330
303340
303350 -
303360
303370
303380
303390
303400
303410
303420
303430
303440 -
303450
303460
303470
303480
303490
303500
303510
303520
303530
303540
303550
303560
303570
303580
303590
303600
303610
303620
303630
303640
303650
303660



91
93
94

121
104

" 123
.122
124
125

92

922
111
115
101

102

103

105

ARG = (ST(L.LL)*ST(L#[.LL)*ST(L’Z'LL)0ST(L*3’LL))/6.
GOTO 94

CONTINUE

ARG = ST(NROW+1l,LL)

DO 104 1 = 2,10

IF (ARG-XMAT(II,I)) 121,123,104
IF (I-2) 8007.8007,124
"CONTINUE

GOTO 8067

L=T1+1

bo 122 J=L'Ill
"XLAYER(M)=XMAT(Js1)

M=M+1

GOTO 111

L=11+1

DO 125 J=L,I11

XLAVER{M)=XMAT(Jy [-1)+(XMAT{J, I )-XMAT(JsI1=1) )*(ARG-XMAT(I1,1-1})/

1 (XMAT(I1,1)=-XMAT(II,1~-1))
M=M+1

GOTO0 111

L =11 +1

D0 922 J=L,111
XLAYER{M)= XMAT(J.I)
M=M+]

CONTINUE

GO TO(101,102,103), ITYPE
ETHET = XLAYER{(1)

XNUTP = XLAYER{2)
ALPHTH = XLAYER({3)

EPH]I = ETHET

XNUPT= XNUTP

ALPHPH = ALPHTH )
XGPT = ETHET/(2.0%(1.0+XNUPT))
N = 4 .

GO TO 105

ETHET = XLAYER(1)

EPHI = XLAYER(2)

XNUTP = XLAYER({3)

ALPHTH = XLAYER(4)
ALPHPH = XLAYER(S)

XGPT = XLAYER(6)

XNUPT = ETHET*XNUTP/EPHI
N=7 :

GO TO 105

ETHET = XLAYER(1)

EPHI = XLAYER(2)

XNUTP= XLAYER(3)

ALPHTH = XLAYER(4)
ALPHPH = XLAYER(S)

XGPT = XLAYER(6)

ER = XLAYER(17)

ES = XLAYER(18)

ALPHR = XLAYER(19)

ALPHS = XLAYER(20)
SIGOXR=XLAYER(23)
SIGOXS=XLAYER(26)

XNUPT = ETHET®XNUTP/EPHI
N =7 )
CONTINUE

SIGOX = XLAYER(N+2)

CALL ROBOT (ST.KLUEZ,NRUH-LL-ER-ES:GZ.G3.TIHE.lTleJTICoNCYCv

1 SIGOX,ALPHR,ALPHS,SIGOXRsSIGOXS)

19

303670
303680
303690
303700
303710
303720
303730
303740

" 303750

303760
303770
303780
303790
303800
303810
303820
303830
303840
303850
303860
303870
303880
303890
303900
303910

303920

303930

303940 -

303950
303960
303970
303980
303990
304000
304010
304020
304030
304040
304050 -
304060
304070
304080
304090
304100
304110
304120
304130
304140
304150
304160
304170
304180
304190
304200

304210
304220
304230
304240
304250



IF (NIX.NE.O) GO TO 9999 )
COMPUTATION OF X AND O FOR K AND D INPUT
LL=NP+1 ’
IF(XK11.EQ.0.0) GOTO 8101
IF(ITYPE.EQ.3.,AND.XK12.EQ.0.) GO TO 8102
IF(ITYPE.EQ.3.AND.XK21.EQ.0.) GO TO 8103
IF(XK22.EQ.0.0) GOTO 8104
IF(XK33.EQ.0.0) GOTO 8105
IF(XD11.EQ.0.0) .GOTO 8106
IF(ITYPE.EQ.3,AND.XD12.EQ.0.) GO TO 8107
IF(ITYPE.EQ.3.AND.XD21.EQ.0.) GO TO 8108
IF{XD22.EQ.0.0) GOTO 8109
IF(XD33.€Q.0.0) GOTO 8110

NL=0
XSAVE1
XSAVE2
XSAVE3
XSAVE4
XSAVES XNL(2)
XSAVE6 XNL(3)
XNTTH = 0.0
XNTPH = 0.0
XMTTH = 0.0
XMTPH = 0.0

XNTTH
XNTPH
XMTTH
XMTPH

HHonN NN

XFTHLD=0.0

XFPHLD=0.0
XFZELD=0.0
XMTHLD=0.0
XMPHLD=0.0
XNL(2) = 0.0

"XNL(3) = 0.0
‘JF=8+NPROB

K = NROW
D0 77 M=1, JF

I = (M-1)%8 + 1

IF (M.LT.9) GOTO 49
XNTTH = XSAVEL

XNTPH = XSAVE2

XMTTH = XSAVE3

XMTPH = XSAVE
XNL{2) = XSAVES
XNL(3) = XSAVE®

NL=NL+1
* XFTHLD = 0.0
- XFPHLD = 0.0
"XFZELD = 0.0
XMTHLD = 0.0
XMPHLD = 0.0
IR=NL*6-5

44

45 .

46

IF{LSTUIR)JNE.O) K=K+LST{IR)
IF (LST{IR+1).EQ.0) GOTO 44
i

-K=K+1
. XFTHLD=STIK,LL)

IF(LST{IR+2).EQ.0) GOTO 45

| K=K+1

XFPHLD = ST{K¢LL)+XMERD*INORD
IFILSTIIR+3).EQ.0) GOTO 46
K=K+l

XFZELD = ST(K,LL)+XPRES*INORD
IF(LSTIIR+4).EQ.0) GOTO 47

. KaKel :
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304270

304280
304290
304300
304310
304320
304330
304340
304350
304360
304370
304380
304390
304400
304410
304420
304430
304440
304450
304460
304470
304480
304490
304500
304510
304520
304530
304540
304550
304560
304570
304580
304590
304600
304610
304620
304630
304640
304650
304660
304670
304680
304690
304700
304710
304720
304730
304740
304750
304760

1304770

304780 °
304790 -
304800
304810
304820
304830
304840
304850
304860
304870



XMTHLD = ST(K,LL)+XMONT*IWORD - 304880

47 IF(LST(IR+5).EQ.0) GOTO 48 e - 304890
K=K+1 304900
XMPHLD=ST (K,LL) S . . 304910

48 CONTINUE : oL, S o 304920

49 CONTINUE co R 304930

50 IF (ISTTAB.GE.3.AND.ISTTAB.LE.9) GD TO 4002 -, _ 304940
CALL DIF1 S . 304950

. GO0 TO 77 - : . .. 304960
4002 CALL DIFF2 . L ) 304970
77 CONTINUE e 304980
v GOTO 75 _ . _ ; 304990
8001 IERROR=8001 . : o 305000
: NERROR=11 305010
GOTO 8888 o - 305020
8002 IERROR=8002 . . 305030
NERROR=12 . , 305040 °
GOTO 8888 . 305050 .
8007 IERROR=8007 305060
NERROR=15 _ . . 305070
GOTO 8888 ' .. 305080
8031 IERROR=8031 , 305090
NERROR= 9 o 305100
GOTO 8888 . 305110
8036 IERROR=8036 : 305120
NERROR= 2 305130
. GOTO 8888 305140
8086 IERRDR=8086 : - 305150
: NERROR= 3 305160
6070 8888 . 305170
8087 IERROR=8087 _ 305180
NERROR= 4 305190
‘ GOTO 8888 y 305200
8088 1ERROR=8088 . 305210
NERROR=27 L 305220
. 6070 8888 S . 305230
8089 IERROR=8089 B 305240
NERROR= 5 - 305250
GOTO 8888 S , 305260
8090 IERROR=8090 .o - 305270
NERROR= 6 R 305280
GOTO 8888 o 305290
8067 IERROR= 8067 : - 305300
NERROR=16 . : 305310
GOTO 8888 : 305320
8101 I1ERROR = 8101 S 305330
NERROR=17 o 305340
) .GOTO 8888 , 305350
‘8102 IERROR = 8102 305360
NERROR=18 L s e 305370
GOTO 8888 o 305380
8103 IERROR = 8103 305390
NERROR=19 L 305400
. GOTO 8888 T . 305410
8104 IERROR = 8104 305420
 NERROR=20 I R 305430
GOTO 8888 e . 305440
8105 IERROR = 8105 ‘ 305450
NERROR=21 , oo e .~ 305460
. GOTO 8888 oL 305470
8106 IERROR = 8106 . 305480
NERROR=22 305490

21



8107

8108

8109

8110

8787
8888

150

670

672

925

221

222

223

224

9999

GOTO 8888
{ERROR = 8107

NERROR=23

GOTO 8888

IERROR = 8108

NERROR=24

GOTO 8888

IERROR = 8109

NERROR=25

GOTO 8888

1ERROR = 8110

NERROR=26

GOTO 8888

IERROR = 8787

NERROR=34

NIX=1

RETURN

CONTINUE

IF (NH.NE.O) GO TO 925.

WRITE(6,670) r
FORMAT(//46X,41HMATRIX X AND Y (TRANSPOSED) MAGIC OUTPUT)
WRITE(64,672) (YCORR(I), I=1,NEQNS)

FORMAT(B(2X,E14.7))

CONTINUE

RESTOP=RO

RADUS{ISTOP) = RO

TADUS(ISTOP)=RO

GO TD (221,222,223),1GE0M

SN = SIN(PHI)

CS = COS(PHI)

GO TO 224

SN = COS{1.570796-G1)

€S = SIN(1.570796-G1)

IF (G1.NE.0.0) GO TO 224

SN = 0.0

CS = 1.0

GO TO 224

SN = 1.0

€S = 0.0

CONT INUE
AMAT(ISTOP,1)
AMAT(ISTOP,2)
AMAT(ISTOP,3) = SAVY(S)

AMAT(ISTOP,4) = SAVY(1)*CS-SAVY{3)%SN
IF{NSC.LT.NSEG) GO TO 9999
SADUS(JSTOP) = RO

UADUS (JSTOP) =RO

SAVY(22)
SAVY(23)

AMAT(JSTOP,5) = SAVY(22)
AMAT(JSTOP,6) = SAVY(23)
AMAT(JSTOP,.T7) = SAVY(5)

AMAT(JSTOP,8) SAVY(1)#CS-SAVY{3)%SN
IF(ITIC.LE.ISTOP) GO TO 9999

SADUS (JSTQOP) =RADUSIITIC)
UADUS(JSTOP)=RADUS(ITIC)

RETURN

ENOD
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305500
305510
305520
305530
305540
305550
305560
305570
305580
305590
305600
305610 -
305620
305630
305640

305650

305660
305670
305680
305690
305700
305710
305720
305730
305740
305750
305760
30577¢
305780
305790
305800
305810
305820
305830
305840
305850

305860 -

305870
305880
305890
305900
305910
305920
305930
305940
305950
305960
305970
305980
305990
306000
306010
306020
306030
306040
306050



SUBROUTINE SETUP

SETUP is a double entry subroutine called from RIEMAN. It is a mixed precision,
numerical integration routine, with automatic selection of a variable integration
step size, which utilizes fifth order Runge-Kutta equations to obtain the solution

for first order differential equations.

SUBROUTINE MAGIC

MAGIC is an alternate entry point to subroutine SETUP.

23



s . R

IR ENTRY SETUP

- * " 7 TINITIALIZE MAGIC
o CALL SETUP'(K = 0)
2o CALCULATE DERIVATIVES
: (SOLVE EQUATIONS)
L T ENTRY MAGIC

FIRST CYCLE

SHIFT STORAGE IS AUTOMATIC : NO
N K=1 STEP SIZE USED?

CALCULATE EXTRAPOLATED
VALUE AND YDEV

b IS YDEV

YES TOO LARGE"
HALVE At
K=1

OUTPUT
SETK=1

e ‘CALCULATE Kth N\

RUNGE-KUTTA FORMULA J~

24.



VFOR,IS SETUP, SETUP
SUBROUTINE SETUP (MAGIN,MAGOUT,TIC,SYEP,NEQNS,DTAU,

1 EPSILyDELTAGERRyTIME,DTIME,YICS,YPRED,
-2 _ YCORR+YDOT,YNEW, YDEVFWOEL » TBDEL)
‘OLMENSION YICS{1)+»YPRED{1),YCORR(1),YDOT(1),YNEW(L),y
1 YDEV(1)yFWOEL(1),TBDEL(1)

DIMENSION C(3),D(3)
COMMON /MAGIK/ KKNT
DOUBLE PRECISION YNEW,YPRED
DATA C¢D 7/ «59¢5¢1e09059.09.57/
TINE = TIC -
TAU = TIC
If (DELTA)200,201,200
200 DTIME = 0.0078125
G0 TO 225
201 DTIME = STEP
225 DO 102 I = 1.NEQNS
YDEV(I) = 0.0
.YPREDI(I) = YICSII)
YCORR(I) = YICS(I)
102 YNEW(I) = YICS{I)
MAGOUT ==2
GO TO 264
5555 CONTINUE
: ENTRY MAGIC (HAGIN.HAGOUT.TIC.STEP.NEQNS.DTAU'
1 EPSIL+DELTASJERRyTIMEsDTIME,YICSsYPRED,
2 YCORRYDOT y YNEW, YDEV, FWDEL s TBDEL }
5556 CONTINUE ' ‘
MSET = 2
IF {MAGOUT) 305,101,101
101 IF{MAGIN) 21, 27, 14

2T K =0 :
. DO 202 1 = 1,NEQNS .
202 YNEW(I) = YPRED(I)
21 K = K +1 . -
KKNT = K
210 DO -2 T = 1,NEQNS

GO TO (9969T754911),K
9 FWDEL(I) = YDOT(I)
GO TO 105
6 TBDEL(I) = YDOT(I)
GO TO 105
T TBDEL(I) = TBOEL(I) YDOT(1)
105 YPRED(1I) = YNEW(I) + C(K)‘DT["E'YDUT‘!)
. GO TO (2925400)9+K
400 YCORR(I) = YPRED(I)
2 CONTINUE
TIME = TIME ¢+ D(K)*DTIME
99 MAGOUT - = 0.0
264 RETURN
4 DO 8. 1 = 1,NEQNS
YPRED{ 1)
8 YDEV(I) = YCORRUI) -~ YPRED(I)
GO TO 99
11 IF (DELTA)80, 5480
AN DO 13 I = 1,NEQNS

IF (EPSIL* ABS(YCORR(I)) + ERR - ABSI(YDEV(I)}) L&, 13. 13

13 CONTINUE
1F (SIGB)15,15,205
205 51GB = 0.0
GO 70 5
15 SIGB = 0.0

25

YNEW(I) + DTIME®(FWDEL(I) + 2,%TBDEL(I) ¢ YDOT(1))/6.

‘400030
‘400040

400050
400060
400070
400080
400090
400100
400110

400120

400130
400140
400150
400160
400170
400180
400190
400200
400210

400220

400230

400250
400260
400270
400280
400290 -
400300

- 400310

400320
400330 -
400340
400350
400360
400370
400380
400390
400400
400410
400420
400430
400440
400450
400460
400470
400480
400490
400500
400510
400520
400530
400540
400550
400560
400570
400580

400590



207

208
305
19
20
30

14
26

48
47

“209
212

00 207 1 = 19NEQNS

IF (ERR. /100.+ DELTA® ABS(YCORR(I)) = ABS(YDEV(I))) 5.207c267

CONTINUE

DT IME 2 2.%DTIME

DO 208 1 = 1,NEQNS
YCORR(1) = YPRED(1)

IF (DTAU) 19,30,19

IF (TAU - TIME)20,20,27
TAU = TAU + DTAU

MAGOUT = 2 .

GO TO 264

DTIME = OTIME/2.0

IF (K-3)48,26526

TIME = TIME - DOTIME -~ D‘IHE

‘GO YO 47

TIME = TIME - DTIME
SI1GB = +2. _
DO 209 1 = 1,NEQNS

“YDOT(I) = FWODEL(1)

K = 0
GO TO0 21
" END

400600
400610
400620

- 400630

400640
400650
400660
400670
400680
400690
400700
400710
400720
400730

' 400740

400750
400760
400770
400780
400790
400800
400010 -



SUBROUTINE ROBOT

'This subroutine is used by RIEMAN to calculate geometric and load co-
effiéients for use in the differential equations. With reference to
éebmétry, all the necessary radii are calculated, as well as the stiff-
Hnegslcoefficients of the various shell wall cdnstructions. Thermal

'load moments and direct forces are calculated from direct temperature in-
put. Inertia ldads due to shell spin are also calculated.

All the above values are passed back via the label common area EQUAZN.

In the case of a special point input geometry the ROBOT routine calls
GEOMET.

Subroutines GEOMET, PLICO, PLINE

Starting from a set of z,r points these subroutines calculate the necessary
radii of the shell curves using spline fits.

27



FORTRAN CODE .| ENGINEERING SYMBOLS.(REF, 1)

RO ry
R1 rl
R1DOT T
cs cos ¢.
SN sin ¢

-
C c
XN n .
F2 £,
F3 | | f3 .
TAN; TN tan ¢
SEC : . sec ¢
TIT - o Ty
TIK S
TOK T
T00 LTy
TEFREE R
m oy
HO L ho'
T
TI s
TO . t,
SNSQ s'in2¢
CSSQ cos2¢
CN cos ¢ sin ¢
X1CS 1/cos ¢
X1SN 1/sin ¢
R2 , T
BETA ' _ 8

28



FORTRAN CODE =~ - ENGINEERING SYMBOLS (REF, 1)

X1ROSN . l/ro sin ¢
X1ROCS - 1/r, éos ¢
CSX1RO cos ¢/r,
CSX1R1 cos ¢/ry
CSX1R2 cos ¢/r,
SNX1RO > sin ¢/r,
SNX1IR1 ‘ | ' sin q>/rl
X1R1 4 1/ry

X1R2 ' 1/r,
X1R15Q E 1/r,2
X1ROSQ ol 1/ry"

29



ROBOT
ENTRY

|

IDENTIFY
KGEOM

A

CALCULATE
GEOMETRIC VARIABLES

IDENTIFY
ISTTAB

CALCULATE
WALL STIFFNESSES

KELVIN=2OR 4

CALCULATE THERMAL
LOADS

RETURN

30



FOR,

171

IS ROBOT,ROBOT
SUBROUTINE ROBOT (STyKLUE2yNROW,LL sER,ES+G2,G3, TINE, ITIC 2 JTIC,
1 NCYCy SIGOXs ALPHR yALPHS s SIGOXR 9 SIGOXS)
INTEGER SAVJTC,SAVSTP,Q, THICK
INTEGER XN1,XN2sXN
REAL*4 12
DOUBLE PRECISION YPRED
COMMON STORY (16) ¢ XMAT{270,10)+STD(10),SADUS(30),RADUS{30)
COMMON TADUS (30 ),UADUS{30),SAVTIC(900)
COMMON XNy TEFREE» TICoPHI»STOP,RESTOP 4RTICK,G1 ¢ XNL{3) yNH
COMMON NST(30),NKL(30),NXMAT{20),SAVITC(30)ySAVSTP (30} 4JRTIC(30)
COMMON JRSTOP(30 ) yNREG,NMPT NRC,NSC,NIX, IERROR yKGEOM ¢ IGEOM,ISTTAB
COMMON KELVIN, IBEGIN,NPROB,NSEG,NERROR Qo THICK,NOJS, NLINKS ,NLCASE
COMMON NTSKLyNZsNBCTyLINPUT,NTRKL yNPASS 9 XN1,KBC ,NRINGS
COMMON LODE, ICYCLE,LDISTL
COMMON /EQUAZN/ YPRED(T2),Y00V(72), YASAVE(?Z),YANTH.YAMTHv
YAMPT o YAJPH,S9SNsCSySNSQyCSSQe TANgSEC,CNoX1C S9 X1SNy TN,
X1RO¢XIROSQyX1SNROyX1CSRO,CNIRO, SNLIRO,C SIRO, X1R1 4 X1R2,
CS1IR1,CSIR2,SNIR1,X1R15Q,R2SQ,RO4BESQ,ROSQsXNSQyBETA LRI,
R29S1sR1DOT o XNTTHo XNTPH, XMTTHy XMTPH¢ XFTHLD § X FPHLD » XFZELD,y
XMTHLO ¢ XMPHLD s ETHET, EPHI s XGP T, ALPHTH AL PHPH, XNUTP 4 XNUP T ,
XC11eXC22,XC15,XD33,XD22,XD219XD124XK11 ¢XK12 yXK214XK22
XK33 ,XDL1,XNPHE yMsT,BETTA,ZETTA,XC16
COMMON /SPLINS/ ANG,PSI(100),RAD(100),CUR1{100),CUR2(100),
1 DR1DP(1001,Z1(14),RI(14),NRZIN
COMMON /ARING/ NRING(28)+AMAT(30,8),RSIG(12)+REPS(12),RALPH(12),
c . RBAPH( 12) :
COMMON /PLS/ OMEGA, INORD,XMERD ¢ XPRES, XMONT
COMMON /MAGIK/ KKNT
COMMON /PLSTIC/ 10,J0,10R,JOR,KORI ,NED
COMMON /WOOD/ SAYY(53),NPLEV,NLPO,NPLA{21),STR{6),SIGMA(3,21),
c SEPS{3,21),SALPH(3,21),SBAPH(3,21),STEPS(3,21),
0 EFF(21),STSRN{3),NPLAST{3),STSIG(3),STREPS(3),
M STALPH{3),STBAPH(3),EFFST{3),NPLEVS(3)
COMMON /CMAIN/ ZETAL(21)4ZETA2(21) 4NODEALF (%) 4CE(4) yNLRSyHI yHO, T
DIMENSION ST(30,31)
EQUIVALENCE (SlNB,SNB’.(COSB cs8)
DATA AZ°A V7

~NOWVHWN -

NCONT = NROW
GOTO (771,772,773,774,775,7765,7077),KGEOM
GEGMETRY FOR ELIPSE(G3=OFFSET DISTANCE )
A=Gl
BE=G62.
BETA = BE
BESQ=BE*#+2
ASQ=A%%2
SN = SIN(PHI)
CS = COS(PHI)
SNSQ = SN*#2
CSSQ = CS¥*2
R2 = A®SQRT(1.0/{SNSQ+BESQ#CSSQ))
R2SQ = R2%%2
RO=R2#SN
R1=R2%R2SQ*BESQ/ASQ
BESQ=BE*%2
R100T=0.0
IF (KGEOM<EQ. 1.AND.BETA.NE.1.0+AND. SN.NE.0.0)R100T=3. 0% (R2+BETA/
1A) *%2%(CS/SNSQ)*(R1*SN-RO)
IF(SN.EQ. 0.0)G0 TO 779
R2 = R2-G3/SN
R2SQ = R2#%2
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700010
700020
700030
700040
700050
700060
700070
700080
700090
700100
700110
700120
700130
700140
700150
700160
700170
700180
700190
700200
700210
700220
700230
700240
700250 .
700260
700270
700280
700290
700300
700310
700320
700330

700340
700350
700360
700370
700380
700390
700400
700410
700420
700430
700440
700450
700460
700470
700480
700490
700500
700510
700520
700530
700540
700550
700560
700570
700580
700590
700600
700610



179

772

A
778

173

774

RQ = RO-G3

GO TO0 7775

IF(G3 .EQ. 0.0)GO TO 7775
R100T = 3.0%G3

RO = -G3

GO TD 7775
GEOMETRY FOR OGIVE
R1=6G1

C=62

SN = SIN(PHI)

CS = COS(PHI)

IF {SN.EQ.0.0) GOTO 777
R2=R1-C/SN

GOTO 778

RZ2 = 1.0

RO = R1#*SN-C
R1D0OT=0.0

GOTO 7775

GEOMETRY FOR CONE
CS = COS(G1)
SN=SIN(G1)

S=PHI

$1=1.0/8
R2=CS#*SN*PHI
RO=PHI*CS
R1D0OT=0.0

6070 7775

GEOMETRY FOR CYL INDER
RO = 61

R1D0T=0.0

SN = 1.0

CS = 1.0

GOTO 7775

MOOIFIED ELLIPSE

775

XNEXP
A

XN1
XN2
XN3
XN4
XN5

= 61

G2

1.0 + XNEXP

1.0/XN1

XNl + 1.0

XN3 + 1.0

XN4/XN1

SN SIN{(PHI)

cs COS(PHI)

R2 A%(2.,0/(1L.0+SN*EXN1) )*%xXN2
Rl = (A/2.0)*%(R2/A)*%XN3 ;
RO=R2*SN

ounonnnon

R1DOT = =XN3*A*(SN**XNEXP%CS/4.0)%(2.0/(1.0+SN*%xXN1) )} *xXN5

- 6OTO 7775

776

- 221
204

GENERAL GEOMETRY
SN = SIN(PHI)
€S = COS(PHI)

TAN= SN/CS

SEC= 1.0/CS

IF (TIME.EQ.TIC) CALL GEOMET
ARG = PHI

00 204 J4=1,100"

PHO = PSI(J)

IF (ANG.EQ.A) IF (ARG-PHO) 221,223,204
IF (PHO-ARG) 221,223,204

"IF (J-1) 8502,8502,224

CONTINUE
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700620
700630
700640
700650
700660

- 700670

700680
700690
700700
700710
700720
700730
700740
700750
100760
700770
700780
700790
700800
700810
700820
700830
700840
700850
700860
700870
700880
700890
700500
700910
700920
700930
700940
700950
700960
700970
700980
700990
701000
701010
701020
701030
701040
701050
701060
701070
701080
701090
701100
701110
701120
701130
T01140
701150
701160
701170
701180
701190
701200
701210
101220

AN



223

8502

8503
8888

224

7077

1775

480

491

GO TO 8503

RO RAD(J)

R1 CUR1(J)

R2 CUR2(J)
R1DOT = DR1DP(J)
GO TO 7775
NERROR = 41

GO TO 8888
NERROR = 42

NIX = 1

GO TO 8889

SUBl1 = ARG-PSI{J-1)

wonan

-SUB2 = PSI(J)-PSI(J-1)

RO = RAD(J-1)+(RAD(J}-RAD{J~1))%=SUBL/SUB2
R1 = CUR1{J-1)+(CURL1(J)I-CURLIJ-1))%xSUBL/SUB2
R2 = CUR2(J-1)+{CUR2(JII-CUR2{ J-1) }*SUB1/SUB2

R1DOT = DR1DP{J-1)+(DR1DP(J}-DR1IDP(J-1))*SUBL/SUB2
GOT0 7775
ISOTENSOID GEOMETRY

CONTINUE

SN = SIN(PHI)

CS = COS(PHI)

A = Gl .

R2 = A/SQRT{SN}

Rl = 0.5 * R2

RO = R2 * SN

R1D0T = - ((A*%2)%0,5)*%(R1*CS)/RO%**2
TAN=SN/CS

IF(TIME.EQ.TIC) RTICK=RO

IF (NCYC.GT.1) GO TGO 491

IF (TIME.NE.TIC) GO TO 491
IF(NH.EQ:0.AND.NEO.EQ.O) GO TO 480

AMAT(ITIC,1) = SAVY(22)
AMAT{ITIC,2) = SAVY(23)
AMAT(ITIC,3) = SAVY(S)

AMATUITIC,4) SAVY(1)*CS-SAVY(3)*SN
RADUSIITIC) = RO

IF (NSC.NE.1) GO TO 491

SADUS{JTIC) = RO
IF{NH.EQ.0.AND.NEO.EQ.0) GO TO 491

AMATILJTIC,5) = SAVY(22)
AMAT(JTIC,6) = SAVY(23)
AMAT(JTIC,7) = SAVY1S)
AMAT(JTIC,8) = SAVY(1)*(S~SAVY{3)*SN
CONTINUE
ROSQ = RO#*%2
XNSQ=XN*32
- CN=CS*SN

X1€$=1.0/CS"
TN=SN/CS

X1RO=1.0/R0

X1R0SQ=1.0/R0O**2

X1CSRO=1.0/( CS*RO)

CN1RO=CN/RO

SN1RO=SN/RO

CS1R0=CS/RO

SNSQ=SN%#2

CSSQ=CS**2

IF (KGEOM.EQ. 4.0R .KGEOM.EQ.3) GOTO 79
R1SQ = R1%%2

R2SQ = R2#**2

X1SN=1.0/SN
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701230
701240
701250
701260
701270
701280
701290
701300

701310

701320
701330
701340
701350
701360
701370
701380
101390
701400
701410
701420
701430
701440
701450
701460
101470
701480
701490
701500
701510
701520
701530
701540
701550
701560
701570
701580
701590
701600
701610
701620
701630
701640
701650
701660
701670
701680
701690
701700
701710
701720
701730
701740
701750
701760
701770
701780
701790
701800
701810
701820
701830
701840



79

[gXalyl

600
701
702

703

30
29

28

X1SNRO=1.0/(SN*RO)
X1Rl1=1.0/R1 :
X1R2=1.0/R2
CS1R1=CS/R1
CS1R2=CS/R2
SN1R1=SN/R1
X1R1SQ=1.0/R1%*%2
XNTTH=0.0
XNTPH=0.0
XMTTH=0.0

XMTPH = 0.

COMPU?ATXON OF K AND D FOR MATERIAL PROPETY INPUT

RHOS

RHOI

RHOC

CTH =
CPH =
YBARIL 0
YBARC 0
YBARO 0.0

GO TO (71146000 711932933,34935,36+37+28,29+30)+15TTASB
THICK

GO TO (703,702,701+4701) s THICK

HO= ST(4,LL)}

T = ST{3,LL)

RHOC = ST(NCONT-1,LL)

HI= STi2,yLL)

RHOI = ST{NCONT,LL)

GO To 40

$T11,ST12,8T13

HO= ST{l4yLL)

T = STU13,4LL) .

RHOC = ST(NCONT-3,LL)

HI= ST(12,LL)

¢t OOO0O0OCOO
.
CO0O0

QOO0 ¢« &
)

HnNiIoo

RHOI = STINCONT-2,LL)
RHOS = ST(NCONT~-1,LL)}
RHOR = ST(NCONT,.LL)}

GJPH= ST(2,LL)

. GJTH= ST{3,L0L)

APH = ST{4,LL}

ATH = ST(5,LL) .
CPH = STi64LL)
CTH = ST(T7,LL)

XIPH = ST{8,4LL)

XITH= ST(9,LL)

SPH = ST(10,LL)

STH = ST(11,LL)

IF (KELVIN.EQ.2. OR.KELVIN £Q.4) GO TO 40
ISTAB = ISTTAB-9

TS = STHISTAB+12,LL)

TR = STUISTAB+13,LL)

GO TO 40

701850
701860
701870
701880
701890
701900
701910
701920
701930
701940
701950
701960
701970
701980
701990
702000
702010
702020
702030
702030
702040
702050
702060
702070
702080
702090
702100 -
702110
702120

' 702130

702140
702150
702160
702170
702180
702190
102200
102210
102220
102230
702240
702250
702260
102270
702280 -
702290
702300
702310

1702320

702330
702340
702350
702360
702370
702380
702390
702400
702410
702420
702430
702440



(2N e RaNaNaNalNel

33

32

37

35

711

- RWAF1+RWAF2,RWAF3
34.

HO = ST{10,LL)

T = ST(9,LL)

RHOC = ST{NCONT-2,LL)
HI = ST{8,LL)

RHOI = ST(NCONT-1,LL)

RHOS = ST(NCONT,LL)
APH = ST({2,LL)

CPH = ST(3,LL)

XIPH= ST{4,LL)

SPH = ST({S,LL)
BETTA=ST(64LL)

ZETTA = ST(T.LL)

ATH = APH

CTH = CPH

XI1TH= XIPH

STH = SPH

RHOR = RHOS*IWORD

IF (KELVIN.EQ.2.0R.KELVIN.EQ.4) GO YO 40
ISTAB = ISTTAB-3

TS = STUISTAB+8,LL)
TR = TS

GO TO 40

ISGl,15G2, 1563

HO = ST(9,LL}

T = ST(8,LL)

RHOC = STINCONT-2,LL)
HI = ST(7,LL)}

RHOI = ST(NCONT-1,LL)
RHOS = ST(NCONT,LL)
APH = ST(2,LL)

CPH = ST(3,LL)

XIPH = ST(4,LL)

SPH = ST(5,LL)

BETTA = ST(6.LL)

ATH = APH
CTH = CPH
XITH = XIPH
STH = SPH

RHOR = RHOS*IWORD :
IF (KELVIN.EQ.2.0R.KELVIN.EQ.4) GO TO 40
ISTAB. = ISTTAB-6

TS = STUISTAB+T,LL)

TR = TS '

GO TO 40

ST10,RWAF

RANKIN=THSTND MEANS INVERPOLATE,COMPUTE NTEMP,MTEMP
RANKIN=NOTHRM MEANS 00 NOT INTERPOLATE,DO NOT COMPUTE NTEMP,NTEMP
RANKIN=THCNST MEANS DO NOT AVERAGE, BUT INTERPOLATE,COMPUTE

' NTEMP, MTEMP
RANKIN=THINHO MEANS INTERPOLATE,BUT DO NOT COMPUTE NTEMP MTEMP

CONTINUE
XKI1=ST(2,LL)
XK12=ST(3,LL)}
XK22 = ST(4,LL)

XK33 = ST(5,LL)
X011 = ST(6,LL)
XD12 = ST{(T,LL)
XD22 = STUB,LL)
XD33 = ST(9,LL)

= ST(10,4LL)

XC11

'35

702450
702460
702470
702480
702490
702500
702510
702520
702530
702540
702550
702560
702570
702580
702590
702600
702610
702620
702630
702640
702650
702660
702670
702680
702690
702700
702710
702720
702730
702760
702750
702760,
702770

. 702780

702790
702800
702810

.702820

702830
702840
702850 °
702860
702870
702880
702890

-702900

702910

- 702920

702930,
702940
702950
702960
702970
702980
702990
703000
703010
703020
703030
703040
703050
703060



OO0

[aNaNel

aMmoO

40

140

. 41

42

47

49

XC22 = ST(11,LL)

XC15 = ST(12,LL)

XC16 = ST(13,LL)
XMERD ‘= STINCONT-2,LL)
XPRES = STUINCONT-1,LL)
XMONT = STUNCONT,LL)
XK21 = XK12

XD21 = XD12

GO 70 103

CONTINUE I

IF (IWORD.EQ.1) GO TO 140
RHOR = 0.0

RHOS = 0.0

RHOI = 0.0

RHOC ="0.0

XMERD = 0.0

XPRES = 0.0

XMONT = 0.0

-CONTINUE

TEMP3= (1.0-XNUPT # XNUTP)
GO TO (42,47,49,41),THICK

GO TO (1034429103,4204T549¢42+6T948994294T949),ISTTAB

SINGLE SHEET

TEMP1 = ETHET#HI

TEMP2= TEMP1l * HI#*s2
XK1li= TEMP1/TEMP3

XD1l= TEMP2/{12.0% TEMP3)
TEMP1 = EPHI*H]

-TEMP2= TEMP1*HI*%2

XK22= TEMP1/TEMP3

XD22= TEMP2/(12.0% TEMP3)
XK33 = XGPT*HI

XD33= XK33#%HI#%%2/12.0
YBARI = 0.0

YBARC = 0.0

YBARO = 0.0

GO TO S5

EQUAL SHEETS

CONTINUE

XK1l 2.0%ETHET*HI/TEMP3
XK22 2.0%EPHI*HI/TEMP3
XK33 2.0%XGPT .
ZBR HI+T/2.0

0w

"IBH = (ZBR-HI/2.0)%%2

XD33 = XGPT*HI*({HI*%2)/6.0+2.0%ZBH)

XD11 = HI*(XK11%HI/12.0+2.0%ETHET*ZBH/TEMP3)
XD22 = HI#{XK22%HI/12.0+2.0%EPHI*IBH/TENP3)
YBARI = ZBR-HI/2.0 :

YBARC =. ZBR~-HI-T/2.0

YBARO = HI/2.0-2BR

60 TO 55.

UNEQUAL FACE SHEETS

CONTINUE . :
ZBR = (HISHI+HO®HO+2,0%(HO*(HI+T))})/{2.0%(HI+HO))

36

703070
703080
703090
703100
703110
703120
703130
703140
703150
703160
703170
103180
703190
703200

- 703210

703220
703230
703240
703250
703260
703270
703280
703290
703300
703310
703320
703330
703340
703350
703360
703370
703380
703390
703400
703410
703420 -
703430
703440
703450
703460

“T03470

703480
703490
703500
703510
703520
703530
703540
703550
703560
703570
703580
703590 °
703600 -
703610
703620
703630
703640
703650
703660
703670
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[s X e N el

55

58

‘D1

ZBHIN = (ZBR-H1/2.0)%#%2 ’
ZBHOUT = (IBR-H0/2.0)%*%2 -

XK1l = ETHET*(HI+HO)/TEMP3

XK22 = EPHI*(HI+HO)/TEMP3

XK33 = XGPT*(HI+HO)

HIO03 = HI®**34HO*%3 : :
XD33 = HIO3*XGPT/12. 00XGPT*(Hl*ZBHIN*HO*ZBHOUT)

D11 = ETHET*HIO3/12.0
XD11l = (DI11+4ETHET#({HI®ZBHIN+HO*ZBHOUT))/TEMP3
D22 = EPHI*HIO3/12.0
XD22 = (D22+EPHI*(HI*ZBHIN+HO*ZBHOUT)I/TEMP3

YBARI = 2BR-H1/2.0
YBARC = ZBR-HI-T/2.0
YBARO = HI/2.0-18BR

DETERMINE COMPLETE CONSTANTS DEPENDENT ON REINFORCEMENT CLUE

CONTINUE

ROI = RO-YBARI=*SN

ROU RO-YBARO*SN

ROC = RO-YBARC*SN

IF {THICK.EQ.2) HO = HI

IF (ISTTAB.EQ.5.0R.ISTTAB. EQ 8.0R.ISTTAB.EQ.11) HO = HI

[T

D3 = RHOI*ROI*H]
D4 = RHOC#*ROC*T

DS = RHOI*ROU*HO
DD = D3+4D4+DS

XMERD = DD®OMEGA*CS

XPRES = -DD*OMEGA*SN
XMONT = -(D3*YBARI*DQ*YBARC+DS*YBARO)*DHEGA*CS
IF(ISTTAB .EQ.2)G0 TO 103
TBARR = ATH/STH

TBARS = APH/SPH

ROR = RO-CTH#*SN

ROS = RO-CPH#SN
EASTH=ER*ATH/STH
EASPH=ES*APH/SPH

EISPH= ES* XIPH/SPH
EISTH= ER%* XITH/STH
RHOR#ROR*TBARR

D2 RHOS*ROS*TBARS

DD = D1+D2+D3+4D4+05

GO TO (58,60,100),KLUE2

ST CLUE (11,12413)

CONTINUE

XK12= XK11%XNUTPp

XK1l= XK11+ EASTH

XK22= XK22+ EASPH

XCll= EASTH*CTH

XC22= EASPH4CPH

XD22= -~ XD22 - ELISPH ) )
XD33= XD33 4+ GJPH/(4.0%SPH)+ GJTH/(4.0%STH)
XD12= ~XD11*XNUTP

XDll= -XDl1- EISTH

XK21 = XK12
XD21 = XD12
XMERD DD*OMEGA®CS

XPRES = -DD#*OMEGA#SN )
XMONT = =-(D1#CTH+D2*CPH+D3%YBARI+D4*YBARC+D5%YBARD)$OMEGASCS
GO TO 103

37

T03680

703690
703700
703710
703720
703730
703740
703750
T03760
703770
703780 -
703790

703800

703810
703820
703830
703840
703850
703860
703870
703880
703890
703900
703910
703920
703930
703940
703950

703960

703970 |
703980
703990
704000
704010
704020

704030

704040
704050
704060
704070
704080
704090
704100
704110
704120
704130
704140
704150
704160
704170

704180

704190 -
704200
704210 -
704220
704230
704240
704250
704260
704270
704280
704290



RWA CLUE (1,2,3) . ' .

60 CONTINUE
SINB =SINIBETTA)

€0sB =
" SN2TO04

COS{BETTA)
= 2%(SINB*%*4, )

D= STH*(COSB4+SINB) ¢
ED = ER*ATH/D

SINB2=

HL = 2.

12=(AT

95 XC22 =

(g X e Ng]

c
o

XC15 =
XCl6 =
GRI=

XC11 =
EDI =
SN4TO2
XD22 =
TB= 2
XD33 =

1%2%GRI)/ COSB) + (2.0%COSB*SINB2*EDI)

XD12 =
1*S INB2

XK12= XK11*XNUTP + (2.0*COSB*SINB2*ED)

XK22=X
XK33=X
XK11l=X
XD1ll =
1 SN4TO
XK21 =
.XD21 =
GO TO

1S6 CL

SINB**2,
O*(ABS(ZETTA)}-ABS(CTH))
H#%3 ,1/(3% HL%%2)
2.0%CTH*COSB**3%ED
2.0%CTH*COSB*S INB2#ED -
XC15

ER* 12/(2.0*(1.0 + XNUTP)*D}
CTH*SN2T04/C0SB*ED
ER*XITH/D

= 4,%SINB2

—-XD22-2.0%C0SB**3*EDI - SN#TOZ*COSB*GRI
«0% BETTA -

XD334((4.0%COS(TB )=

~XD11*XNUTP-(2.0%C0SB
*EDI)-(SN4TO2%COSB*GRI )

K22+(2*COSB**3*%ED) °
K33+(2*COSB*SINB2*ED)
K11+ (SN2TO4*ED/COSB) .
~XD11-SN2T04%ED1/COSB-{
2*COSB*GRI)

XK12

X012

108

UE (1,2,3)

100 CONTINUE

SNB =§

IN(BETTA)

CSB =COS{(BETTA)
TBETTA= 2.0%BETTA

csz28=

COS({(TBETTA)

ONEC2B=(1.0+ CS28)/2.

sC82
- SN28B

XK12=XK11*XNUTP + (EASTH‘SNB*ONECZB/CSB)

XK1ll=X
‘XK22=X
XK33=X
XCll=
XC15=E
XClé6=E
xc22=

XD12=-XD11*XNUTP~ EISTH*(SNB*ONECZBICSB)

=(SNB-CS2B*SNB + 2.)/{2.0%CSB)
=SIN(TBETTA) /2.

K1lle EASTH%SCB2
K22+ EASTH¥*(CSB/SNB¥ONEC2B)
K33+ EASTH* SN2B

(EASTH*CTH* SCB2 )
ASTH#CTH*( SNB* ONEC28B/CSB )
ASTH*CTH*®SN2B
EASTH#CTH* (CSB/SNB * ONEC28)

XD11=-XD11l- EISTH*SCB2

Xp22 =
X033=
XK21 =
XD21 =

108 XMERD

-XDZZ-E]STH*(CSB/SNB*ONECZB)
X033+ EISTH®SN2B

XK12

Xb12

= (DD-D2)*0OMEGA*CS

38

704300
704310
704320
704330
704340
704350
704360
704370
704380

‘704390

704400
704410
704420
704430
704440
704450
704460
704470
704480 -
704490
704500
704510
704520
704530
704540
704550
704560
704570
704580
704590
704600
704610

704620

704630
7064640
704650
704660
704670
704680
704690
704700
704710
704720
704730
704740
704750
704760
704770
704780
704790
704800
704810
704820
704830
704840
704850
704860
704870
704880
704890
704900



103

105

T16

715

nr

XPRES = -(DD~-D2)*OMEGA*SN.
XMONT = —(D1%CTH4D3+YBAR I +D4*YBARC+DS*YBARD ) *OMEGASC §

CONTINUE

IF (KGEOM.NE.4) GO TO 105
XMERD = 0.0

XMONT = 0.0

CONTINUE

GO TO (T164714+715+714)4KELVIN
TII = STINROW+1,4LL)

TIK = STINROW+2,LL)

TOK = ST(NROW+3,LL)

T0OO0 = STINROW+4,LL)

GOT0 717

TII STINROW+1,LL)

TIK TII

TIX

T1I

0onowN

= ALPHTH+XNUTP*ALPHPH

= ALPHPH+XNUPT#*ALPHTH
TEMP3 = 1-XNUPT*XNUTP

= HI/4.0

= ETHET*TEMP1/TEMP3

= HI**2/24.0
FEMP61= TII+ TIK-2% TEFREE
TEMP62= TOO+ TOK-2% TEFREE
TEMPT1l= 2.0%* TII +TIK-3*TEFREE

- TEMPT2= 2.0*%* TOO +TOK-3*TEFREE

814

811

812

813

816

817

EPHK]1 = EPHISTEMP2/TEMNP3
GO 1O (811,812,813,814),THICK

G0 7O (815,811,815,811,812,813,811,812,813,811,812,813),ISTTAB
XNTTH= ETHK] * TEMP4 * (TEMP61+ TEMP62)

XNTPH= EPHK1 * TEMP4 * (TEMPS1 + TEMP62)

XMTTH= ETHK1 * TEMPS5 * (TEMPT1- TEMPT2)

XMTPH= EPHK] * TEMPS5 * (TEMP71 - TEMPT2)

GO TO 816

Tl = T/72.0

TEMPB= H1/2.0

XNTTH = ETHKI*TEMPB*(TEMP61+TENP62)

XNTPH = EPHK1*TEMPB*(TEMP614TEMP62)

XMTTH = ETHK1STEMPB*(HI®(TEMPT1-TEMPT2)/3.0+TI*(TEMP61-TEMP62))

XMTPH = EPHK1®TEMPB*(HI®*(TEMPT1-TEMPT72)/3.0+TI*(TEMPO61-TEMP62))

GO TO 816

TI = (HO*#2-HI*#%242.0%H0*T}/(2.0%(HI+HO))

TO = (HI*#2-HO*%242.0%HI*T)/(2.0%(HI+HO))

XNTTH = ETHK1/2.0¢(HI*TEMP61+HO*TEMP62)

XNTPH = EPHK1/2.0%*(HI*TEMP61+HO*TEMPG62)

XMTTH = ETHKL/2.0%(HI**2%TEMPT71/3.0-HO**2%TEMPT2/3.0+TI*HI*TEMP61~
TO*HO*TEMP62)

~ XMTPH = EPHK1/2.0%(HI**24TEMPT1/3.0-HO**2%TEMPT2/3 .04 TI*HI*TEMP6]1-

TO*HO*TEMP62)
CONTINUE .
IF (ISTTAB.EQ.2) GO TO 714
GO TO (817,818,819),KLUE2

XNTPH = XNTPH+ES*®APH/SPH®ALPHS*TS
XNTTH = XNTTH+ER*ATH/STH#ALPHR*TR
XMTPH = XMTPH4CPH*ES*APH/SPH®ALPHS*TS
XMTTH = XMTTHeCTH®ER®ATH/STH®ALPHR*TR

39

704910
704920
704930
704940
704950
704960
704970

© 704980

704990
705000
705010
705020
705030
705040
705050
T05060
705070
705080
705090
705100
705110
705120
705130
705140
705150
705160
705170
705180
705190
705200
705210
705220
705230
705240
705250
705260
705270
705280
705290
705300
705310
705320
705330
705340
705350
705360
705370
705380
705390
705400
705410
705420
705430
705440
-705450
705460
705470
705480
705490
705500
705510
705520



818

815

-T14

1235

1234

1238

1237

111
110

115

116

GO TO 714
TEM = ES*APH/SPH*ALPHS*TS
XNTPH = XNTPH4TEM

XNTTH = XNTTH+TEM oL

XMTPH = XMYPH+CPH*TEM
XMTTH = XMTTHeCPH*TEM

GO YO 714 o

) TEM = ES*APH/SPH*ALPHS*TS o
XNTPH = XNTPH¢TEM#CSB/SNB T
XNTTH = XNTTH+TEM*(1.0+SNB)/CSB SR
XMTPH = XMTPH4CPH#TEM&CSB/SNB e
XMTTH = XMTTH+CPH*TEM#(1.0+SNB)/CSB
GO TO 714

TEMP10 = ({-XK11#XD11)#*,5)/(48.0%%,.5)

TEMLL ={(-XK22#XD22)%*%.5)/(48.0%%.5) e
XNTTH = XK1174.0%TEMP1*( TEMPSI+TEMPE2) =~~~ 70 »*
XNTPH = XK22/4.0%TEMP2*(TEMPB1+TEMPE2) ™ ¥
XMTTH = TEMPL1O*TEMP1*(TEMP71~-TEMP72)

XMTPH = TEM11%TEMP2*(TEMPT1-TENPT2)

CONTINUE

IF (NH.NE.O.OR. {NCYC.NE. 0.AND.KKNT.NE.4)) GO TO 8889
IF (NEO.NE.O) GO TO 8889
DO 1234 K=1,K8C

DO 1235 J=1,3

SIGMA({J,K) = 0.0
SEPS(JsK) = 0.0
SALPH{JK) 0.0
SBAPH(JyK) 0.0

EFF(K) = SIGOX

NPLA(K) = 0

DO 1238 J=1,3

STSRN(J) = 0.0

NPLAST(J) = O

STSIG(J) = 0.0

STREPS(J) = 0.0

"STALPH{J) = 0.0
STBAPH(J) = 0.0
NPLEVS(J) = O

EFFST(J) = SIGOXS

IF (KLUE2.EQ.1) EFFST(2) = SIGOXR
DO 1237 J=1,6

STR(J) = 0.0

NPLEV = 0

IF (KELVIN.EQ.1.OR.KELVIN.EQ.3) GO TO 110
DO 111 K=1,KBC

DO 111 J=1,3

STEPS{JyK) = 0.0

60 TO 112

IF (THICK.NE.1) GO TO 113

NLH = NLRS/2+1

00 115 LR=1,NLH

T = TOK+2.0%ZETAL(LR)*(TII-TOK)

STEPS{1,LR) = ALPHPH*T
STEPS{2yLR) = ALPHTH*T
STEPS(3,LR) = 0.0

NLH = NLH+1

DO 116 LR=NLHyNLPO

T = TOK+2.0*ZETAL(LR)*{TOK~-T0OO)
STEPS(1,4LR) = ALPHPH=*T
STEPS(2,LR) ALPHTH®T
STEPS(3,LR) 0.0

" 40

705530
705540

705550
. 705560

705570 -

" 705580

705590
705600
705610
705620

" 105630
T 705640
. 705650

705660

", 705670
705680
705690

705700 -

7 705710

705720
705730
705740
705750
705760
705770
705780
705790
705800
709810
705820
705830
703840
705850
705860
705870
705880
705890

" 705900

705910
705920
709930
705940

705950

705960 .
705970
705980
705990
706000
706010
706020
706030
706040

‘706050

706060
706070
706080
706090
706100
706110
706120

706130



“113

300

-400
. 500

" 200
YT
L2t
1236

60 Yo 112

00 200 Ks=1,2

DO 200 LR=1,NLPO

LRT = LR¢(K=-1)&NLPO

GO YO (300,400),.K

T = TIKSZETA2(LR)*(TII-TIK)
GO YO 500

T = TOK+ZETA2(LR)*(TO0-TOK}

STEPS(14LRT) = ALPHPHST
"STEPS{2,LRT) = ALPHTNHeY
‘STEPS(34LRT) = 0.0

21

" .8889 RETURN

CONTINVE
DO 1236 K=1,53
SAVY(K) = 0.0

WRITE(IO) SAVV.NPLEV:NPLA-SIGNA.SALPNoSBA?NoSYEPS.STRoEFF.STSRN'
NPLAST s STS1Gy STREPS o STALPHSTBAPH¢NPLEVSEFF ST, SEPS

END

41

706140
706150
706160
706170
706180
706190
706200
706210
706220
706230
706240
706250
706260
706270
706280
706290
706300

706310



OO0

FOR,IS GEOMET,GEOMET

1

SUBROUTINE GEQMET
THIS SUBROUTINE CALCULATES THE GEOHETRY ‘FOR A SHELL SEGMENT.
THE INPUT VARIABLES ARE « .« »

RI(I) - ~ DISTANCE FROM AXIS OF REV. TO POINTS
ON SHELL MERIDIAN.
ZI(1) - - DISTANCE ALONG AXIS OF REV. TO THE

" INTERSECTION OF THE CORRESPONDING RI(I) AND
THE AXIS OF REV.
NRZIN - - NUMBER OF (RI,ZI) PAIRS READ AS INPUT.

COMMON /SPLINS/ ANG.PSI(IOO),RAD(lOO)yCURl(lOO),CURZ(100)-
DR1DP(100),Z1(14)4sRI(14)4NRZIN
DIMENSION CI(4,13),0RDZ{14),50UT(14),5(101),RADD(100)

FUN(ARG) = SQRT(1.0 + ARG#*%2)
RADS = 3.16159267180.0

DATA B/*8B v/
AMULTY = 1.0

. IFf (ANG.EQ.B) AMULY = -1.0

coon

[N sNaNaNal

AOOOOOO

60’

1

PASS SPLINE CURVE THROUGH INPUT POINTS ON SHELL MERIDIAN, AND
COMPUTE DR/DI AT THESE POINTS.

CALL PLICO (ZIoRI.NRlleCl)

NDELZ = NRZIN - 1

DO 60 [=1+NRZIN

CALL PLINE (ZloRI'NRllN’CI'Zl(l) FAKEI.DRDZI!).FAKEZ)
CONTINUE

COMPUTE HER!DIONAL ARC LENGTH TO INTERPOLATED PQOINTS BY

NUMERICAL INTEGRATION (SIMPSONS RULE). SINCE SIMPSONS RULE
REQUIRES AN EVEN NUMBER OF PARTITIONS, INTERPOLATE A POINT
MIDWAY BETWEEN EACH PAIR OF POINTS USING SUBROUTINE SPLINE.

SouT(1) = 0.

00 70 I=1,NDELZ

DZ2={Z1(1+1)-21(1))/2.0

DZ6=D22/3.0

CALL PLINE {(ZI+RIsNRZINyCI,Z1{1)+D22,FAKELl,DRDZM, FAKEZ)

SOUT(I+1) = SOUT(1) + DZ6*(FUN(DRDZ(I)) + 4.0*FUN(DRDZIM) +
FUN(DRDZ(I*I)')

70 CONTINUE

USE SPLICO TO REPRESENT RI(I) AS A FUNCTION OF SOUT(I). THEN USE
SPLINE TO INTERPOLATE RAOD AND CORRESPONDING DERIVATIVES. FROM

THESE, COMPUTE THE TWO PRINCIPAL RADII OF CURVATURE'
CURl = 1/R1
CUR2 = 1/R2

OLDH1 = SOQUT(NRZIN}/99.0
CALL PLICO (SOUTRIWNRZIN.CI)
DO 110 1=1,100

S(I) = FLOAT(I-1)*0LDH1

CALL PLINE (SOUT,RIJNRZIN,CIsS{I)4RAD(I),RADD(I)4RADD2)}

IF (ABS(RADD(I)).GT7.1.0) RADD(1)=1.0
FACTOR = SQRT(1.0-RADD(I)**2)
CURL(I) = -RADD2/FACTOR

CUR2(I) = FACTOR/RAD(I)

‘42

2300010 -
2300020 -
2300030
2300040
2300050
2300060
2300070
2300080
2300090
2300100 -
2300110
2300120
2300130
2300140
2300150
2300160
2300170 -
2300180
2300190
2300200
2300210
2300220
2300230
2300240
2300250 -
2300260
2300270
2300280
2300290
2300300
2300310
2300320
2300330
2300340
2300350

2300360 -

2300370
2300380
2300390
2300400 :
2300410
2300420
2300430
2300440
2300450
2300460
2300470
2300480
2300490
2300500
2300510
2300520 -
2300530 -

" 2300540

2300550 -
2300560
2300570
2300580
2300590



110

179

181

190
180

42

CONTINUE .

00 180 J=1,100

COSPSI = AMULT*RADD(J)

PSILJ) = ARCOS(COSPSI)

SINPSI = -AMULT*RAD(J)*CUR2(J)
IF (ANG.EQ.B) GO TO 179
PSI(Y) = 2.0%3,1415326~-PSI(J)
CONTINUE

CURL(J) = -~AMULT/CURL(YS)
CUR2(J) = -AMULT/CUR2(J)

IF (J.EQ.1) GO TO 180

I =1

IF (J.EQ.2) GO 7O 181

I =2

IF (ANG.EQ.B) GO TO 190

DR1DP(J-1) = ICURIIJ)’CURICJ-I))/(PSI(J)-PSI(J-I))

GO T0 180

DR1IOP{J-1) = (CURL(J-I)-CURL{JINN/(PSI(J-1)-PSIJI))

CONTINUE

DR1DP(100) = DR1DP(99)
DO 42 J=1,100

DR1OP(J4) = DRIOP(J)*0.1
CONTINUE

RETURN

ENO

1 43

2300600

2300610
2300620 -
2300630
2300640

2300650
2300660

2300670
2300680
2300690
2300700
2300710

2300720
2300730
2300740
2300750
2300760
2300770
2300780
2300790
2300800
2300810
2300820
2300830
2300840



FOR.IS PLICG,PLICO i
SUBROUTINE PLICO (XeYoMsC) . 2500010

c SUBROUTINE TO DETERMINE C{1,K),C{2yK),C(3,K) AND Clé,K). 2500020
DIMENSION X(14),Y(14),A014,3),B(14),2(14) : 2500030
DIMENSION D(13),P(13),E(13),C(4,13) : 2500040
MM = M-1 . 2500050
DO 10 K=1,MM ‘ : 2500060
D(K) = X(K+1) - X(K) 2500070
P(K) = D(K)/6.0 . 2500080
10 E(K) = (Y(Ke1}=Y(K))/D(K) . _ 2500090
DO 20 K=2,MM _ - 2500100
20 B(K) = E(K) = E(K-1) _ 2500110
A(1,2) = -1.0-D(1)/0(2) _ : 2500120
A(1,3) = D(1)/D(2). 2500130
A(2,3) = P(2)-P(1)#*A(1,3) 2500140
AL2,2) = 2.0%(P(1)+P(2)) - P{1)*Al1,2) 2500150
AL2,3) = A(2,3)7A(2,2) . 2500160 -
B(2) = B(2)/A(2,2) : 2500170 -
D0 30 K=3,MM 2500180
AlK,2) = 2. O%(P(K=114P(K))=P(K-1)*A(K-1,3) v - 2500190
B(K) = B(K)-P(K-1)%B(K-1) : 2500200
AlKy3) = PIK)/ALKy2) L 2500210
30 B(K) = BIK)/A(K,2): ' _ 2500220
'Q = D(M-2)/D{M-1) 2500230
A(My1) = 1.04Q¢A(M-2,3) 2500240
A(My2) = -Q-A(M,1)#A(H=1,3) ' ' 2500250
B(M) = B(M=-2)-A(M,1)*B(M~1) 2500260
Z(M) = BIMI/A(M,2) _ 2500270
MN = M-2 2500280
DO 40 I=1,MN - 2500290 -
K = M-1 2500300
40 2(K) = B(K)-A(K,3)$Z(K+1) : 2500310 -
©ZU1) = -Al1,2)%Z(2)-A11,3)1%2(3) 2500320 -
" DO 50 K=1,MM : 2500330
Q = 1.0/(6.0%0(K)) 2500340
ClL,K) = Z(KI®Q 2500350
Cl2,K) = Z(K+1)%Q : 2500360
CU3,K) = Y(K}/DIK)-Z(KI*P(K) 2500370
50 Cl&sK) = Y(K+1)/D(K)=Z(K+1)%P(K) 2500380
RETURN 2500390
“END v 2500400 -



'+ XaXaXz Xz

FOR,IS PLINE,PLINE

SUBROUTINE PLINE (X,YsM;CyXINT,YINT, DYDX.DZYDXZ)
SUBROUTINE FOR SPLINE FIT INTERPOLATION IN THE TABLE OF VALUES
(X1,Y1) TO (XMyYM), WHERE M MAY BE AS LARGE AS 100, WHERE THE
. CONSTANTS C(vi)oC(ZvK)oC(3pK) AND C{4yK) ARE ALREADY COMPUTED
AND STORED.
SUBROUTINE ALSO COMPUTES DY/DX AND D2Y/DX2 AT XINT.
. DIMENSION X(14),Y(14),4Cl4,413)
SIF (XINT=X(1)) 80'10'20
10 YINT = Y(1)
- K=1
. GO TO0 70
20 K = 1

‘30 IF (XINT-X(K+1)) 60,40,50
40 YINT = Y{(K+l)

GO YO 70
50 K'=K + 1

IF (M-K) 80,80,30
60 YINT = (X(K+1} =~ XINTI®(Cll,K)*(X{K+1l)~ XINT)**2+C(30K))
"7 YINT = YINT + (XINT=X{K)})®(C(2,K)}*{XINT- X(K))**Z*C(ﬁyK))

"TO DYDX==3.,0%(C(1yK)*(X(K+1)=-XINT }*%2-C(2, K)‘(XINT-X(K))“Z)

1 ~Ci{3,K)+C{4,K)
D2YDX2=6.0%(C {1 +K)%(X{K+1)=XINTI+C(2,K)*{XINT-X(K)))
RETURN
80 WRITE (6490)
90 FORMAT (31H OUT OF RANGE FOR INTERPOLATION)
* RETURN
" END

45

2400010
2400020

- 2400030

2400040
2400050
2400060
2400070
2400080
2400090
2400100
2400110

- 2400120

2400130
2400140
2400150
2400160
2400170
2400180
2400190
2400200
2400210
2400220

- 2400230

2400240
2400250
2400260

2400270 .



P

SUBROUTINE DIF1l AND DIFF2

These subroutines are called in RIEMAN as necessary. DIFl contains

the differential equations for the THIC and ST clues, while DIFF2 contains
the differential equations for the RWA and ISG clues. Geometry clues,
trigonometric values, and predicted values of the differentiai equation
variables are passed via label common area, EQUAZN, to subroutines DIF1l
or DIFF2. The coefficients for nonlinear and load terms, X1, X2, X3 and

K, are identified depending upon the input clues and pass number.

The specific derivative equations and auxiliary equations are contained
in these subroutines. The values of each derivative equation, YDOT, and
each auxiliary equation, YA---~, are returned to RIEMAN via label common
EQUAZN. '

A special equation counter, I, is used in these subroutines, which counts
in increments of eight. The first eight values of I, 1 through 57 (in
increments of eight), correspond to the eight sets of initial conditions
required to compute the segment stiffness matrices in subroutine SEGMAT.
The subsequent value of I, 65 (again an increment of eight) corresponds

to the computation of a set of eight equations for the loading condition.

46



47

FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)
XN n
dT¢
YDOT (I) T¢e,¢ s
: aN
_9
YDOT (I + 1) No .o s
dJ¢
YDOT (I + 2) T4, ds
(1 +3) s
YDOT. (I + 3 M —
$49 s
' ' au
YDOT (I + k4) Usy Y
av
YpOT (I +5) Vay =
aw
YDOT (I + 6) sy I
: an,
YDOT (I + 7) QG,¢ re
YPRED (I) T¢e
YPRED (I + 1) N¢
YPRED (I + 2) 7,
YPRED (I + 3) M¢
YPRED (I + L) U
YPRED (I + 5) v
" YPRED (I + 6) W
YPRED (I + T7) 2y
YAMPT M¢e
YANTH Ny
YAMTH M




FORTRAN CODE

mcxmmc SYMBOLS- (REF. 1)
R2SQ r22
ROSQ T
X1RO 1/ Ty
S s
XK12 LS
K21 Koy
D12 D,
XD21 Dyy
X1 Cyy |
Xce2 Con
XNSQ n2
Ngn-Lineai» Redefinitions (Ref. 2)

YDOT (I+é) | | My Wy

- 1 . ds .
YPRED '( I+2) .*J 4
YAJPH . J 1)
SAVY () appropriate nonlinear or plastic

48

load terms updated from previous
load increment.



DIF 1
ENTRY

IDENTIFY K, X1,
X2 FOR EACH
ANALYSIS PASS

y

IF KGEOM=1,2,5,6,0R7
IGEOM =1

2

IF KGEOM =

3;IGEOM =2

IF KGEOM = 4;1GEOM =3

¢ COOR CONE ¢ COOR CONE
EQUATIONS EQUATIONS | [EQUATIONS EQUATIONS |
CYLINDER EQUATIONS CYLINDER EQUATIONS
v
4 y

RETURN

49




FOR,1

S OIF1,DIF1

C eccee ROUTINE **  DIF1 #*% ABACUS UPDATED 01/11/74 eecese.

c
c

ZOO _POPNOVSWNM

EQ
151

W N - W N -

NS WN =

1

WN -~

1

SUBROUTINE DIF1

INTEGER SAVJITC,SAVSTP,Q, THICK -

INTEGER XN1,XN

REAL K

DOUBLE PRECISION YPRED

COMMON STORY(16).XHAT(Z70110)'STD(IO)vSADUS(30)|RQDUS(3O)

COMMON TADUS (30) ,UADUS(30),SAVTIC(900)

COMMON XNy TEFREEZyTIC,PHISTOP,RESTOPSRTICKyG1 s XNL(3) yNH

COMMON NST(30),NKL(30),NXMAT{20),SAVJITC(30),SAVSTP(30),JRTIC(30)

COMMON ‘JRSTOP(30) yNREGNMPT ,NRC,NSC,NIX, IERROR,KGECQH , IGEOM, ISTTAB

COMMON KELVIN, IBEGIN/NPROB,NSEGyNERROR,Qs THICK,NOJSy NLINKS ysNLCASE

COHHDN'NTSKLoNZyNBCTpLINPUT'NTRKL1NPASSQXN19K8CpNRINGS

COMMON LODE, ICYCLE,LDISTL

COMMON /EQUAZN/ YPRED(72),YDOT(72),YASAVE(T2),

YANTH, YAMTH, YAMPT, YAJPH,
SeSNyCS¢SNSQyCSSQeTAN9SEC,CNyX1CSy X1 SNy TNy

X1R0e X1ROSQ s X1SNROy» X1CSRO,CNI1RO,SNIRO,CS1RO,
X1R1yX1R2,CS1R1,CS1R2,SN1R1,X1R1SQ,R25Q,R0O,BESQ, .

ROSQ¢XNSQs,BETA,RL,R2,S1,R1D0T,

XNTTHe XNTPH o XMTTHy XMTPH ¢ XFTHLD g XFPHL Dy XF ZELD,y -
XMYHLD ¢ XMPHLD yETHET,EPHI o XGP ToALPHTH yALPHPH,
XNUTP o XNUPT s XC11¢XC229XC159XD33yXD22 yXD21,XD12,
XK11l9XK129XK219XK229XK334XD11,

] XNPHI oM, I1,BETTA,ZETTA,XC16

COMMON /W00D/ SAVY(53),NPLEV,NLPONPLA(21),STR(6),SIGMA(3,21),

SEPS13,21),SALPH(3,21)9SBAPH(3,21),STEPS(3,21),

EFF{21)oSTSRN(3),NPLAST(3),STSIG(3),STREPS(3),

STALPHU3), STBAPH{3) EFFST(3) 4 NPLEVS(3)

COMMON /PLS/ OMEGA, INORD,XMERD s XPRES » XMONT

COMMON /CDISP/ P,PMAX,DELP,DELP1,YEPS,ZEPS

EQUIVALENCE (XNL{1),XL)4(XNL(2}), XZ):(XNL(3).X3)-(K005LP’

IF (ISTTAB.NE.2) GO TO 7786

THE FOLLOWING EQUATIONS ARE THE °*THICK' SET

GO TO (151,152,153),1GEOM

UATIONS FOR SHELLS OF REVOLUTION ( PHI COORDINATE )}

CONTINUE

YAGPH = XN®YPRED( I+6)*X1R0O-YPRED(I+4)%SNIRO

YANTH = XNUPT*YPRED( I+1)#{XK11=-XNUPT#k2%XK22)%({ XN*YPRED(1+4)+
YPRED(I1+5)%CS~YPRED(I+6)%SNI*XLRO+X1*YADPH*SAVY(9) ) +K*
(XNUPTEXNTPH=XNTTH) +X2* { XNUPT®SAVY(11}-SAVY(10))
+X3%SAVY(48)

YAMTH = XNUPT*YPRED{I+3)-{(XDl1l- XNUPT""‘Z"XDZZ)“XlRO‘(X].I"(Q"‘(XN"l
YPRED( I +4 3 *SN-XNSQ*YPRED(I+6))+YPRED{I+7 )2CS)+K#*
(XNUPTEXMTPH=-XMTTH) +X2* ( XNUPT*SAVY(14)-SAVY(13)])
+X3#SAVY(49) '

YAMPT = (~1.0/({RO/XD33)+(SNSQ*X1R0O/XK33)))*(—-2. 0% XN*
YPRED(I+7)+YPRED(I+4)* (CS1IR1-CNLRO)+XN*YPRED(I+5)%*
(SN1RO#X1R1)+2.0%XN*YPRED{I+6)*CS1RO+YPRED(I ) 2SN/
XK334X2#{SAVY{12)*SN/XK33-SAVY(15)32R0O/XD33)+SN*X1*

'(YAOPH*SAVY(5)*SAVY(9)*YPRED(I+7)))
+X3%SAVY(50)

YANPT YPRED(I }+YAMPT*SN1RO

YAJPH = YPRED(l*Z)le*(SAVY(8)*YAOPH+YANPT*SAVY(9)-YPRED(I+1)

*SAVY(5)-YPRED(I+7)%SAVY{6))

R1*{YPRED(I+4)*CSLRO+XN*YPRED{I+5)*X1RO+YPRED(I)/XK33+

X2%SAVY(12)/XK33+YAMPT#SNIRO/XK33)+R1*X1 *{ YAQOPH*

SAVY(S5)+YPRED(I1+7)*SAVY{(9))

+X3%SAVY(S51)

R1*(YPRED(I+6)%X1R1+(1.0/{XK22-XNUTP*#2% XK]11))*

(YPRED(I+1)-XNUTP*YANTH+K% ( XNTPH~-XNUTP*XNTTH) +X2%

n

YDOT{I+4)

YDOOT(1+5)

50

500000
500010
500020
500030
500040
500050
500060

- 500070
© 500080 -

500090
500100
500110

.500120

500130
500140
500150
500160
500170
500180
500190
500200
500210 .
500220
500230
500240 :
500250
500260
500270 -
500280 -
500290
500300
500310
500320
500330
500340
500350
500360
500370
500380
500390
500400
500410
500420

‘500430

500440
500450
500460 -
500470 -
500480
500490
500500
500510
500520
500530
500540
500550

500560
500570
500580
500590
500600



A =
1 -
8 =
1

YDOT (1)

Wt N e

YDOV{I+1)

PN -

YDOT(1+2)

Vi W

YDOT (1+43)

N -

YDOT(1+6)
YDOT(I+7)

1
2
3
GOTO 9005
c EQUATIONS
152 CONTINUE

YAOPH
YANTH =

Ry E

o

(SAVY(11)-XNUTP%SAVY(10))))-R1*YPRED (147 )#X1#SAVY(S)
+X3%SAVY(52)
YPRED(145)%CS1R0O-YPRED (1461 *SN1RO+SAVY (9 )£YAOPH+
YDOT (145} /R1-YPRED( 1+6) /R1+SAVY(5)*YPRED (1+7)
SAVY(1)#CSIRO-SAVY(3)*SN1RO+.5%( SAVY(9)* SAVY(9)
+SAVY(S)*SAVY(5))+(SAVY(2)-SAVY(3))/R1
R1%(-2.0¢YPRED(I)#CSIRO+XN® YANTHEX1LRO-XN*YAMTHOSN#
X1ROSQ-YAMPT#CS1RO#* { X1R1-SN1RO) ) ~R1*K* (X FTHLD+XMPHLD*
SNIRO)-RLZX1#{SAVY(24)*A+K*XFTHLD*B+SAVY (25) *YDOT (1+4)
/R1+SAVY (4 ) #K€XFPHLD/R1+SAVY (26 ) *YAGPH+S AVY (9) *K*
XFZELD+SN/RO*(YANTH*SAVY(9) +YAOPH&SAVY (7 )-YPRED(I+7)#
SAVY(8)-YANPT#SAVY(5)))-X3%SAVY(33)
R1#(CS1RO®(YANTH-YPRED(I+1) )=~XN*XLRO*( YPRED( 1)+
YAMPT*{ SN*X1RO+X1R1) ) +YPRED ( [+2) #X1R1) -R 1$K*XFPHLD
~R1#X1*(SAVY (25)*A+K*XFPHLD*B

~SAVY (26 ) *YPRED(147)-SAVY(5) K= XFZELD)

-X3#SAVY(34)
R1#(-YPRED(I+2)*CS1RO-YANTH#SN1RO-YPRED( 1+1) #X1R1
+XNSQ&Y AMTHEX 1R0SQ-2. O*¥XN*Y AMP T#C S* X1IROS Q) #R 1 #K#
(XNEXMPHLD#*X 1RO-XFZELD)-R1*#X1# (SAVY (26 )% A+ K& XF ZELD#*
B=SAVY{24)%*YAOPH-SAVY (9) *K*

XFTHLD+SAVY (25)&YPRED( I+7)+SAVY (5)*K*XFP HLD)
~X3%SAVY{35) _
R1%(YAMTH®CS 1RO-YPRED ( [+3)*CS1R0-2.0%XN® YAMPT*X 1RO+
YAJPH+K*XMTHLD)

+X3%SAVY(36)

R1*(YPRED(I+7)-YPRED(I+5)%X1R1)
R1#(1.0/(XD22-XNUTP*$2#XD11 ) )% (~YPRED( I+ 3) +XNUTP#
YAMTH-K#( XMTPH-XNUTP*XMTTH)—X2% ( SAVY (14) ~XNUTP%
SAVY(13)))

+X3%SAVY(53)

FOR CONE

XN*YPRED(I+6)*X1CS/S-YPRED(I+4)%TAN/S
XNUPT#YPRED{ I+1)+(XK11-XNUP T##2%XK22)*{( X1CS/S) *(XN*
YPRED(I+4)+YPRED(I+5)%CS-YPRED(TI+6)*SN}+ X1*YAQPH*

 SAVY(9) ) +K*{ XNUPT*XNTPH-XNTTH)}+X2% ( XNUPT*5AVY(11)~

SAVY(10))
+X32SAVY(48)

YAMTH=XNUPT*YPRED{I+3)-{1.0/S)&X1CS*(XDL1-XNUPT#*2#XD22)%((1.0/S)*

WM

X1CS*{ XN*YPRED{ I +4 )*SN-XNSQ*YPRED(I46) ) +YPRED(I+7)*CS)~

KE(XMTTH-XNUPT®XMTPH) .
+X2%{ XNUPT®SAVY(14)-SAVY(13))
+X3%SAVY(49)

YAMPT={=1.,0/((S*CS/XD33)+(SN*TN/(XK33%5}))))*(-2.0%XN*YPRED(1+7)-

VI8N -~

YANPT
YAJPH =
1

YPRED(I+4)*SN/S+XN*YPRED(I45)%TN/S+2.0%XN*YPRED{I+6)/S+YPRED

. (L) *SN/XK33+X2*%(SAVY(12)*SN/XK33—-SAVY(15)*S*CS/XD33)

+SN*X1%( YAQOPH*

SAVY(5)+SAVY(9)*YPRED(I+7)))

+X3%SAVY(50)

YPRED{I)+YAMPT%#TAN/S
YPRED(102)*Xl*(SAVY(8)*YAOPH+YANPT*SAVY(9)-YPRED(I’1)*
SAVY(S5)-YPRED(I1+7)*SAVY(6))

YDOT{I1+44)=(1.0/S)*(YPRED(I+4)+XN*YPRED(I+5)%X1CS+YAMPTATN/XK33)

1

2

3
YDOT(1+5])

1
2

*YPRED(I)/XK33+X2‘SAVY(lZ)/XKBB*Xl#(YAOPH*SAVY(5)
+YPREDU I+7)%SAVY{(9))

+X3#SAVY(51) )
(1.0/({XK22-XNUTP*#25XK11) ) *{YPRED({I+1)~XNUTP*YANTH+
K*(XNTPH-XNUTPE®XNTTH)+X2%{ SAVY{11)-XNUTP*SAVY(10)))
~YPRED(I+7)%X1%SAVY(S5)

51

500610
500620
500630
500640
500650
500660
500670

500680

500690
500700
500710
500720
500730
500740
500750
500760
500770
500780
500790

500800
500810
500820
500830
500840
500850
500860
500870
500880
500890
500500
500910
500920
500930
500940
500950
500960
500970
500980
500990
501000
501010
501020
501030
501040
501050
501060
501070
501080
501090
501100 -
501110
501120
501130
501140

501150
501160
501170
501180
501190
501200
501210



3 : #XB'SAVV(SZ’ 501220

A= YPRED(l#S)/S-YPRED(l*b)‘TN/S’SAVY(9)‘YADPH’VDOT(l*5| 501230
1 " +SAVY(5)*YPRED(1+47) 501240
8 = SAVY(1)/S-SAVY(3)*TN/S+0. 5*(SAVY(9)*SAVY(9)+SAVY(5)* 501250
1 SAVY(5))+SAVY(2) 501260

Yyoov(i) =-2. O‘YPREO(l)/S+XN¢YANTH‘XICS/S*XN‘YAHTH‘SN*XlCS**ZIS‘#Z 501270

1 +YAMPT®TAN/S*#2-K#*# { XFTHLD+XMPHLD$TAN/S)-X1*{SAVY(24)% 501280
2 A+KEXFTHLO*B+SAVY(25)1%YDOT(144)4SAVY (4 )% KEXFPHLD+ 501290
3 SAVY {26 )*YAOPH#SAVY(9) *K*XFZELD+TAN/S*({YANTH*SAVY{(9)+ -501300
4 YAOPHESAVY (T I-YPRED(I+7)*SAVY(B)-YANPT#SAVY(5)))-X3% 501310
5 SAVY(33) 501320
YDOT{I+1)= ~YPRED(I+1)/S+YANTH/S-XN*YPRED{1)/{S*CS)-XNSYAMPT*SN/ 501330
1 (S*S*CS¥CS)-KEXFPHLD-X1*(SAVY(25)%A+K*XFPHLD*B~ 501340
2 SAVY (26 )*YPREDII+7)-SAVY(5)*K*XFZELD) 501350
3 =X3%SAVY(34) 501360
YOOT(I42) = ~YPRED(I+2)}/S-YANTH*TAN/S+XNSQ*YAMTH/(S*#2%( S*22) 501370
1 ~2.0%XNSYAMPT/{ S*#2%(CS) +K* ( XN*XMPHLD*X1C S/ S-XFZELD) 501380
2 =X1*(SAVY (26 )%A+K*XFZELD*B~SAVY({24) *YAOPH-SAVY (9 ) *K* - 501390
3 XFTHLD+SAVY{ 25)*YPRED(I+7)+SAVY{5)*K&XFPHLD) 501400
4 ~X3%SAVY(35) 501410
YOOT(I+3)= YAMTH/S-YPRED(1+43)/S-2. O*XN*YAHPI/(S‘CSIOYAJPHOXHTHLD 501420
1 *K 501430
2 +X3%SAVY(36) 501440
YOOT (146 )=YPRED(I+7) 501450
VDOTI1#7)=(1.0I(XDZZ-XNUTP**Z#XDII))*(-YPRED(l+3)#XNUTP*YAHTH- 501460
1 KE{ XMTPH-XNUTP*XMTTH)=X2%{ SAVY(14)-XNUTP*SAVY(13))) S$01470
2 +X3%SAVY(S53) 501480
GO TO 9005 : 501490
c EQUATIONS FOR CYLINDER 501500
153 CONTINUE 501510
YAOQOPH = XLRO*(XN*YPRED( I+6)-YPRED(I+4)) 501520
YANTH = XNUPT*YPRED{I+1)+(XK11~XNUPT#%2%XK22)* (({ X1RO*( XN* 501530
1 YPRED{I+4)-YPRED(I+6)))+X1®YADPHESAVY(9) ) +K* (XNUPT* 501540
2 XNTPH=XNTTH) +X2%( XNUPT*SAVY{11)-SAVY(10)) 501550
3. +X3%SAVY(48) 501560
YAMTH=XNUPT*YPRED(I+3)~ (XIRO*(XDll-XNUPT'*Z*XDZZ))*(XlRO*(XN‘YPRED 501570
1 (144)=XNSQ*YPREDU{I+6) ) )+K* { XNUPT*XMTPH-XMTTH) 501580
2 +X2% (XNUPT*SAVY(14)~-SAVY(13)} 501590
3 +X3%SAVY(49) 501600

YAMPT=(-1.0/({RO/X0D33)+(X1RO/XK33} ) )#(-2.0#XN*YPRED( I+7)+XN*X1R(O*. 501610

1 YPRED(I+5)+YPRED(I)/XK33+X2%(SAVY(12)/XK33-SAVY{15)=% 501620
2 RO/ XD33)+X1*(YAOPH®SAVY(S)+SAVY({9)*YPRED ([ +7))) 501630
3 +X3%SAVY(50) 501640
YANPT - = YPRED(1)+YAMPT®X1RO 501650
- YAJPH = YPRED{I+42)+X1*(SAVY{B8)*YAQOPH+YANPT*SAVY( 9)-YPRED(I+1) 501660
1 *SAVY(S5)-YPRED(I+47)%SAVY(6)) -501670
-YDOT(I+4) = XN*YPREO(I+5)*X1RO+YPRED(I)/XK33+X2%SAVY (12}/XK33+ 501680
1 YAMPT*X1R0/XK33+X1%({ YAOPH*SAVY(5) +YPRED( I+7)*SAVY(9)) 501690
2 : +X3*SAVY(51) 501700
YDOT(I+5) = (1.0/(XK22~ XNUTP**Z*XKII))*(YPRED(l*l)-XNUTP*YANTH# 501710
1 KE(XNTPH=-XNUTP*XNTTH)}+X2%{ SAVY(11)-XNUTP #SAVY(10})) )~ 501720
2 YPRED(I+7)%X1*SAVY(5) - 501730
3 * +X3%SAVY(52) . 501740
A = -YPRED(l+6)/RO§SAVY(9)*YAOPH4YDOT(I*S)*SAVY(S)‘ 501750
1 YPRED(1+T) 501760
8 = ~SAVY{(3)/R0+0. 5*(SAVY(9P*SAVY(9)+SAVYI5)*SAVY(5))* 501770
1 SAVY(2) 501780
"YDOT(I) = XN®YANTHEXIRO-XN*YAMTH*X1R0OSQ-K* ( XF THLD+ XMPHLD#*X1R0O) 501790
1 =X1*#{SAVY {24 )%A+K*XFTHLD*B+SAVY (25) *YDOT {1 +4)+SAVY(4)* 501800
2 KEXFPHLD+SAVY(26)*YAOPH+SAVY (9 ) *K*XFZELD +{ YANTH#* 501810
3 SAVY (9) +YAOPH*SAVY{ 7)-YPRED(I+7)%SAVY(8) -YANPT* 501820
4

SAVY(5))/R0O)=-X3%SAVY(33) 501830

52



YDaT (1+1)

WN -

YDOT(1+2)

WN -

*YDOT (1+3)
1

=XN*X1RO*YPRED( I ) -XN*YAMPT*X1ROSQ-K*XFPHLD~X1%*
(SAVY{25)%A+K*XFPHLD*B-SAVY(26)*YPRED(I+7)-SAVY(5)*
K*XFZELD)

=-X3*SAVY(34)
=YANTH®X1RO+XNSQ*YAMTHE®X1ROSQ+K* ( XN*XMPHLD#*X 1RO~
XFZELD)-X1*{SAVY{26)*A+K*XFZELD*B-SAVY(24)*YAOPH~
SAVY{(9) *K*XFTHLD+SAVY{25)%YPRED I I+T)+SAVY(5)*K*XFPHLD)
~X3%#SAVY(35)

=2.0¢XNSYAMPT*X1RO+YAJPH+K*XMTHLD

+X3%SAVY(36)

YDOT{I+6)=YPRED(1+7)

YDAT(I+47)
1
2

GO TO 9005 .

(1.0/(XD22~-XNUTP*#2#XD11) )% (=YPRED ( 1+3 )+ XNUT P*YAMTH+
K& { XNUTP#XMTTH~XMTPH)~-X2*(SAVY{14)~ XNUTP*SAVY(IB)))
+X3*SAVY(53)

7786 GO TO (4771+4772,4773),IGEOM
c THE FOLLOWING EQUATIONS ARE THE *ST10°* SET
c EQUATIONS FOR

4771 CONTINUE
YAOPH
YANTH

CULWWN -~

YAMTH =

TONEOWUWNN -

YAMPT

VIPWN -

YANPT
YAJPH =

1
YDOT(1+4)

WN -

YDOT(1+5)

WP W NN e

SHELLS OF REVOLUTION ( PHI COORDINATE ).

XN*YPRED( I+6)*X1RO~-YPRED(I+4)*SNI1RO
XK12%(1.0/(XK22+XC22%%2/XD22) )% (YPRED(I+1) +KXXNTPH+
X2#SAVY(11)+({XC22/XD22)*{YPRED(I+3) +K*XMTPH+X2%
SAVY(14)) )-K*XNTTH=X2#*#SAVY{10)+( X1RO*XKL 1~
XK12%XK21%X1RO*(1.0/

(XK224XC22%%2/XD22) ) )% ( XN*YPRED(I+4)+YPRED(I+5)*CS-YPRED(I+

6)*SN+X1*RO*YAOPH*SAVY(9) )-(XCL11+XK12%XC 22#XD21/XD22*
(1.0/7{XK22+¢X(22%*%2/XD22)))*

{XLRO**2% ( XN*YPRED (I +4 ) *SN-XN**2*xYPRED(1+46) )+ YPRED(I+T7)#CS*
X1R0)

4+X3%SAVY(48)
=XD12*(XC22/(XC22#%*2+4XK22*%XD22) ) * (YPRED( I+1) +K*XNTPH+
X2%SAVY{11))-KEXMTTH-X2*%SAVY(13)+XD12%({XK22/(XC22%%2+
XK22%XD22))* (YPRED(I+3)+K*XMTPH+X2*%SAVY(14))+(XC1l#*

X1RO#XD12*XK21*X IRO*(XC22/(XC22#%%2+XK22%XD22 )) ) * (XN*YPRED(

144)¢YPRED(T45)*CS-YPRED (146 )*SN+X1*¥RO*YAQOPH*SAVY(9) )+
{XD11-XD12%XK22*XD21/1(

XCZZ**Z*XKZZ*XDZZ!)*(XlRDSQ*(XN*YPREO(l#‘)*SN-XNSQ*YPRED
(I+46))+YPRED(I+47)%CS*X1RO)

+X3*SAVY(49) : )
(-1.0/({RO/XD33)+(SNSQ¥X1R0/XK33)) )# (~2. 0K XN+ '
YPRED{I+7)4YPRED(I+4)% (CSIR1~CNIRO) ¢ XN#Y PRED(1+5)#
(SN1RO+X1R1)+2,0*XN*YPRED(146)#CS1RO+YPRED (1) #SN/
XK334X2%(SAVY(12)#SN/XK33-SAVY(15)#R0/XD33 )+ SN*X1¥
(YAOPH®SAVY(5)4SAVY(9)*YPRED(1+7)))

+X3%SAVY(50)

YPRED(1)+YAMPT#SN1RO
YPRED(I42)+X1#(SAVY(8)*YAOPH+YANPT*SAVY(9)~YPRED(I+1)
#SAVY(5)-YPRED(I+T)%SAVY(6)) '
R1#%(YPRED( 144 )*CS1RO+XN*YPRED(T+5)*X1R0+ YPRED (1) /XK33+
X2%SAVY (12)/XK334YAMPT#SNIR0O/XK33)+R1*X1 *( YADPH#
SAVY(5)+YPRED(I+7)%SAVY(9))

+X3%SAVY(51)

RL% (YPRED( I+6)#X1R1-XI€YPRED (1+7)$SAVY (5 1 +(1.0/ (XK22+
XC22%#2/XD22) ) *(YPRED (T+1)+K*XNTPH+X2¥SAVY (11)+(XC22/
XD22) #(YPRED( 43 ) +K*XMTPH+X2#SAVY{14) )=XK21*XLRO*( XN#
YPRED(I+4)+YPRED(145)#CS-YPRED(1+6)%SN)-X1*XK12%YAOPH*
SAVY(9)-(XC22#XD21/XD22 _
}#{X1ROSQ* (XN*YPRED( 144 ) #SN-XNSQ*YPRED( I+6) )4 YPRED(I+7)
*CS*X1RO)))

+X3+SAVY(52)
YPRED(I+5)#CSIRO-YPRED( 146 ) *SNIRO+SAVY (9 ) #YAOPH+

53

501840
501850
501860
501870
501880
501890
501900
501910
501920
501930
501940
501950
501960
501970
501980
501990
502000
502010
502020
502030
502040
502050
502060
502070
502080
502090
502100
502110

.502120

502130 .
502140

502150
502160
502170
502180
502190
502200
502210
502220
502230
502240
502250
502260
502270
502280
502290
502300
502310
502320
502330
502340
502350
502360
502370
502380
502390
502400
502410
502420
502430
502440



c

1
1

SWN - NHWN

N - VS WN e

NP WN o

CNP WWN =

OV HUWWN -

NP WN e

B =

YDOT(1)

YDOT(1+45)/R1-YPREDUI+6)}/RL+SAVY(5)*YPRED ([+7)
© SAVY(1)3CSIRO~SAVY({3)*SNIRO+.5%(SAVY{9)*SAVY (9}
+SAVY{S)*SAVY(5) )+ (SAVY{2)-SAVY(3))/R1
R1%{-2.0%*YPRED(I}*CSIRO+XN*YANTH®X1RO-XN*YAMTH®SN®*
X1ROSQ-YAMPT*CSIRO*{ X1R1-SN1RO) )~R1%K* [X FTHLD+XMPHLD*
SNIROI=RI*X1#(SAVY{24)2A+K*XFTHLD*B+SAVY (25)5YDOT(1+4)
JRI+SAVY (4 )1 2KEXFPHLD/R1+SAVY (26) *YADPH4S AVY(9) *K*
XFZELD+SN/RD*(YANTH®SAVY{9)+YAOPH®SAVY (7 }-YPRED(I+7)*
SAVY{B)-YANPT#SAVY(5)))-X3%SAVY(33)

YDOT(I+1) = R1*(CS1RO*({YANTH-YPRED(I+1))-XN*X1RO*(YPRED(I)+

YAMPT#{ SN*X1RO+X1R1) )+YPRED(I1+2)*X1R1)-R 1$K*XFPHLD
“R1*X1*(SAVY (25 )%A+K*XFPHLD*B
=SAVY(26)*YPRED{I+7)-SAVY(5)*K*XFZELD)
=X3%SAVY(34)

YDOT{1+2) = R1*#(-YPRED{I+2)*CS1RO-YANTH*SNLRO-YPRED(I+1)*X1R1

+XNSQ*YAMTH® X1ROSQ~2. 0% XN&YAMPT*#CS*X1R0OS Q) +R1 *K*
{XN®*XMPHLD*X1RO-XFZELD)~R1*X1#(SAVY (26 )% A+K&XFZELD*
B-SAVY {24 )*YAQOPH-SAVY{9)*K=
XFTHLD+SAVY(25)%YPRED(TI+7)+SAVY{5)*K*XFPHLD)
"=X3%SAVY(35)

YDOT(I+3) = R1%*(YAMTH*CS 1RO- YPRED(I+3)‘CSIRD-2 0+ XN& YANP T*X1 RO+

YDOT(1+6)

YAJPHEKAXMTHLD)
+X3%SAVY{36)
R1*(YPRED(I+7)-YPRED({I+5)=X1R1)

YDOT(I+7) = RI*®((-XC22/(XC22%%24XK22%XD22) ) *{YPRED (I +1 )+ K*XNTPH+

Ga T0

X2*¥SAVY(11)-(XK21/RO)* ( XN*YPRED (1+4)+YPRED(1+45)*CS~
YPRED(I+6)*SN)=X1¥XK12*%YAOPH#SAVY(9) 1+(XK22/ {XC22%%2+
XK22%XD22) )*(YPRED{T+3)+K*XMTPH+X2%SAVY(14))~(XK22%*
XD21/(XC22*%2+XK22%XD22) )* (XLROSQ* (XN*YPRED({I+4) *SN-XNSQ
*YPRED{1+6) )+YPRED{I+7)%CS*X1RD))
+X3%SAVY(53)
9005

EQUATIONS FOR CONE
4772 CONTINUE

YAQOPH
YANTH

YAMTH

YAMPT=

YANPT
YA JPH

XN*YPRED(I+6)*X1CS/S~-YPRED(I+4)*TAN/S
XK12%(1.0/7(XK22+XC22%%2/%XD22))*(YPRED(I+1)+K*xXNTPH+
X2*SAVY(L1)+(XC22/XD22)*(YPRED(I+3 )} +K*XMTPH+ X2#
SAVY(14) ) )=K*XNTTH-X2*SAVY{10)+(1.0/(CS*S))
*(XK11-XK12%XK21*(

1.0/ (XK22+¢XC22%%2/XD22)) ) *{ XN*YPRED( 144} +YPRED(I+5)*C S~
YPRED( I+6)%SN+X1%SECS*YAQPH*SAVY (9) )-(XC 11+ (XK12*XD21#*
XC22/XD22)*(1.0/{XK22+XC22*

#2/XD22) ) )*{(1.0/(S*¥#2%CS%x%2) )% ( XN*YPRED ( I +4) *SN-XNSQ*YPRED

(1+6))I4YPRED(I+T}Y/S)
+X3%SAVY(48)
= =XD12*(XC22/ (XC22%%24+XK22%XD22) ) *(YPRED{ I+1) +K&XNTPH+
X2#SAVY{11))-K*XMTTH-X2*SAVY(13)+XD12* (XK22/ (XC22%%2+
XK22%XD22))*(YPRED(I+3)+K*XMTPH+X2#SAVY(14))+(XC11/
(SECS)+XD12¥XK21/tS*CS) IS IXC22/7(XC22%*2+XK22%XD22) ) * [ XN*
YPRED( 1+4 )+YPRED( I+5)%CS~YPRED(I46)*SN+X1%SxCS*YAOPH*
SAVY{9) }+(XD11-XD12%XK22*
XD21/({XC22%*24XK22%XD22) ) #{(1.0/{S*CS)*#2) *( XN*YPRED (I +4)*
SN=-XNSQ#YPRED(I+6))+YPRED(I+71}/S)
+X3%SAVY(49)
{~1.0/((S*CS/XD33)+(SN*TN/(XK33%S5))) )% (-2.0%XN*YPRED(1+7)-
YPRED(1+4)%*SN/S+XN*YPRED(T+5)%TN/S+2.0%XN*YPRED(I+6) /S+YPRED
(L) *SN/XK334+X2%{SAVY(12)*SN/XK33—-SAVY(15)*5%CS/XD33)
+SNEX1*(YAOPH=*
SAVY(5)+SAVY(9)*YPRED(I+7)))
: +X3*SAVY(50)
= YPRED(I)+YAMPT*TAN/S
= YPRED(I+2)+X1#(SAVY(8)*YAOPH+YANPT*SAVY( 9)-YPRED(1+1)%

54

502450
502460
502470
502480
502490
$02500
502510
502520
502530
502540
502550
502560
502570
502580
502590

- 502600

502610
502620
502630
502640
502650
502660
502670
502680
502690
502700
502710
502720
502730
502740 .
502750
502760
502770
502780
502790
502800
502810
502820
502830

502840

502850
502860
502870

502880
502890
502900
502910
502920
502930
502940
502950
502960
502970
502980
502990
503000
503010
503020
503030
503040

503050
503060



1 SAVY(5)-YPRED(I+47)*SAVY(6)) 503070

YOOT(I44)=(1.0/S)*{YPRED(1+4)+XN*YPRED{I+5)%X1CS+YAMPT#TN/XK33) 503080

1 4YPRED(I)/XKI3+X2%SAVY(12)/XK33+X1*{(VAQOPH#SAVY(S) 503090
2 +YPRED( [+7)*SAVY{(9)) ) 503100
3 +X3%SAVY{(51) 503110
YOOT(I+5) = =XL*YPRED(I+7)%SAVY(5)+(1.0/(XK22+XC22%¢2/XD22))* 503120
1 ({YPRED(I+1)+K*XNTPH+X2*SAVY(11)+{XC22/XD22)* 503130
2 (YPRED(I43)+K*XMTPH+X2%SAVY(14))~-{XK2L/( S%CS)) % ( XN* 503140
2 YPRED{I4+4)+YPRED( I+5)*CS~YPRED({I+6)*SN)- X1 *XK12*YAQOPH* 503150
3 SAVY(9)-{XC22%XD21/XD221*%{(1.0/{S*%2%( Sk = 503160
3 2) )% ( XN*YPRED( I+4)*SN-XNSQ*YPRED{I+6) )+YPRED(I+7)/S)) 503170
4 ‘+X3%SAVY(52) 503180

. A= YPRED(I+5)}/S-YPRED(I+6)*%TN/S+SAVY(9)2YADPH+YDOT(1+45) 503190
. SR +SAVY(S)*YPRED(1+7) 503200
- B = SAVY{1)/S-SAVY{3)*TN/S+0.5%{SAVY(9)*SAVY (9)+SAVY(S)* 503210
D T SAVY(5) )+SAVY(2) 503220

YDOT{(I} =-2, O*YPRED(I)/S+XN*YANTH*X1CS/S—XN*YAHTH*SN‘XICS‘*ZIS*‘Z 503230

1 +YAMPT*TAN/S*#2-K*( XFTHLD+XMPHLD*TAN/S)-X1%( SAVY (24)* 503240
2 . A+K®XFTHLD*B+SAVY{25)%YDOT( I+4) +SAVY (4 )% K& XFPHLD+ 503250
3 SAVY (26 )*YAOPH+SAVY(9)*KxXFZELD+TAN/S*(YANTH*SAVY(9) + 503260
4 YAOPH*SAVY(T7)-YPRED(I+T)*SAVY(8)-YANPT#SAVY(5)))-X3* 503270
5 SAVY{33) 503280
<+ YDOT(I+1)= -YPRED(I+1)/S+YANTH/S-XN*YPRED(I)/(S*CS)-XN*YAMPT*SN/ 503290
1 - (SHSHCS*CS)—KEXFPHLD-X1*(SAVY(25)*A+K&XF PHLO*B~ 503300
-z SAVY (26 )*YPRED(I+7)-SAVY(5)*K*XFZELD) 503310
3 =X3%SAVY(34) ) 503320
YDOT(I+2) = —YPRED(I+2)/S-YANTH®TAN/S+XNSQ*YAMTH/(S*%2*CS**2) 503330 .
1 =2, 0*XN*YAMPT/{ S*#2%(CS ) +K* ( XN XMPHLD*X1( S/S-XFZELD) 503340
2 +X1*(SAVY (26 ) *A+K*XFZELD*B-SAVY (24) *YAQP H~SAVY {9 ) *K* 503350
3 XFTHLD+SAVY(25)%YPRED{ 1+7) +SAVY (5)*K*¥XFPHLD) 503360
T4 -~X3%SAVY(35) 503370
YDOT(I+3)= YAMTH/S-YPRED(I+3)/S-2. O*XN*YAMPT/(S#CS)GYAJPH¥XHTHLD 503380
1 *K 503390
2 +X3%SAVY(36) 503400
YDOT(I+6)=YPRED(I+7) ’ 503410
YOOT(I+7) = ~({XC22/(XC22%%2+XK22%XD22) }* (YPRED (I+1)+ KXXNTPH+X2%* 503420
1 SAVY(11)=-XK21*(XN*YPRED(I+4)+YPRED( I+5)*CS~YPRED(I+6)* 503430
-1 SN)/Z[S*CS)I-X1%XK12%¥YAOPH*SAVY(9))+{ XK22/ (XC22%%2+XK22* 503440
2 XD22) )= (YPRED(I+3)+K&XMTPH+X2%SAVY (14} )~ (XK22*XD21 503450
3 7(XC22%%#24XK22%XD22) ) *((1.0/(S*CS)#%2 ) (XN*YPRED(I+4)®SN 503460
4 -XN*%2%YPRED{ [+6) )+YPRED(I+7)/S) 503470
5 +X3%SAVY{(53) . ; 503480
- GO TO 9005 503490
C EQUATIONS FOR CYLINDER 503500
4773 CONTINUE 503510
YAOPH = XIRO*{XN*YPRED(1+6)-YPRED(I+4)}) 503520
- YANTH = XK12%(1.0/(XK22+XC22%%2/XD22))* (YPRED(I+1)+K*XNTPH+ 503530
1 X2%*SAVY(11)+ 503540
1 {(XC22/XD22)#{YPRED(I+3)+KxXMTPH+X2%SAVY{14) ) )-K*xXNTTH- 503550
1 X2*#SAVY(10)+ (X1RO*(XK11-XK12*XK21%(1.0/7(XK22+XC22*%2/ 503560
2 XD22))) )#(XN*YPRED(I+4)-YPRED{I+6)+X1*RO*YAQPH=* 503570 -
2 SAVY(9) }-(XC11l+¢ 503580
3 XK12%XC22%XD21/XD22)*(1. 0/(XK22+XC22**2/XDZZ)))*(XIRO**Z*( 503590
4 XN*YPRED( I+4)=-XNSQ2*YPRED(I+6))) 503600
5 +X3*SAVY(48) 503610
YAMTH = =XD12%(XC22/ (XC22%#2+XK22%XD22) ) * (YPRED( I+1) +K*XNTPH+ 503620
1 X2%SAVY(11))-K*XMTTH=-X2%SAVY(13)+XD12*(XK22/(XC22%%2+ 503630
2 XK22%XD22) ) *{YPREDI 1+3) +K*XMTPH+X2*SAVY{14))+(XC11% 503640
2 X1RO+XD12*XK21*#X1RO*{ XC22/{ XC22%%24+ XK22%XD22 ) ) ) * { XN*YPRED 503650
3 (I+4)~YPRED{ I+6)+X1*RO*YAOPH*SAVY(9))+(XD11-XD12*XK22*% 503660
3 X021/ (XC22%#%2+XK22%*XD22) 503670
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4 Y *{XIROSQ*(XN*YPRED{ I +4)~XNSQ*YPRED(1+6)))
5

+X3%SAVY(49)°

YAMPT=1{-1.0/U{RO/XD33}+{X1R0O/XK33)) ) *{-2.0%XN*YPRED{ I+7) +XN*X1RO*

1

2

3

YANPT
YAJPH =

p—

YOOT (I1+44)

N e

YOOT({I+5)

WhWN

A =
1
8 =

—

YDOTHLI)

HWN -

YDOT{(I+1)

WA -

YDOT(142)

WA

YDOT(1+3)
1

YPRED(I+45)+YPRED(1)/XK33+¢X2#(SAVY(12)/XK33-SAVY(15)%*
RO/XD33)+X1% (YAGPH#SAVY(5)+SAVY(9)*YPRED (1+7)))
+X3%SAVY(50)

YPRED(1)+YAMPT#X1RO
YPRED(I+2)+X1%(SAVY(8)*YADOPH+YANPT#SAVY( 9)~YPRED(I+1)
#SAVY (5)-YPRED(I+7)*SAVY(6))

XN*YPRED( [+5)#X IRO+YPRED (1) /XK334X28SAVY (12) /XK33+
YAMPT *X1R0O/XK33+X1#( YAOPH#SAVY (5)+YPRED( I+7) *SAVY(9))
+X3%SAVY(51)
~X1*YPRED(I+T)*SAVY(5)4( 1.0/ (XK224XC22%%2/XD22))*
(YPRED( 1+1)+KEXNTPH+X2#SAVY (11)+(XC22/XD22)*
(YPRED([43) +K#XMTPH+X24SAVY (14 ) )~ (XK21#%X LRO) *( XN#
YPRED(I1+4)-YPRED(I+6) )~X1$XK12#YAOPH#SAVY(9)~(XC22*
XD21/XD22)*( X1ROSQ#* [ XN*( YPRED(I1+4)~XN*YPRED(1+6)))))
+X3%SAVY(52) .
~YPRED(I+6)/RO+SAVY (91 #YAQPH+YDOT(I+5)+SAVY(5)#
YPRED(1+7)
~SAVY(3)/R0+0.5%(SAVY(9)%SAVY(9) +SAVY(5) #SAVY(5) )+
SAVY(2)

XN#Y ANTH#X 1RO=XN*YAMTH# X 1RO SQ-K # { XF THLD+ XMPHLD#X1R0)
~X1#(SAVY(24)*A+K#XFTHLD*B+SAVY(25) #YDOT (144 )+SAVY (4)#*
K¥XFPHLD+SAVY (26 ) $YADPH+SAVY (9} #K*XFZELD + [ YANTH*
SAVY(9) +YAOPH®SAVY(7)-YPRED (147 )%SAVY(8) ~YANPT#

SAVY (5))/R0)-X3%SAVY(33)

-XN#X1RO*YPRED (1)-XN*YAMPT#X1ROSQ-K*XFPHLD-X 1%

(SAVY (25) *A+K#XFPHLD*B~-SAVY (26 ) #YPRED( I+ 7)=SAVY(5)*
K*XFZELD)

-X3%SAVY(34)
~YANTH®X1RO+XNSQ#YAMTH¥X1ROSQ+K* (XN*XMPH LO*X 1RO~
XFZELD)-X1#( SAVY(26)%A+K=XF ZELD*B-SAVY (24) #Y AQOPH~-
SAVY (9) #KEXFTHLO+SAVY (25) $YPRED( 1471 4SAVY (5) #K#XFPHLO)
-X38SAVY(35)

~2.0%XN*YAMPT#X1RO+YAJPH+K# XMTHLD

+X3%SAVY(36)

YOOT(I+46)=YPRED(1+7)

YDOT(I+7)

S WON -

9005 CONTINUE
RETURN
END

={XC22/(XC22*%24XK22%XD22) ) * {YPRED (T+1 )+ K*¥XNTPH+X2*

SAVY (11 )-XK21%X1RO*({ XN*YPRED(I+4)-YPRED( I+6))-X1*XK12*%
YAOQPH®SAVY {9} )+(XK22/(XC22%%24XK22%XD22) Y*(YPRED([+3)+
KEXMTPH+X2%SAVY(14))-(XK22%XD21/(XC22%%*2+XK22%XD22) ) *{

X1ROSQ* (XN*XYPRED( [+4)~ XNSQ*YPRED(1+6)))

+x3*SAVY(53)

)

503680
503690
503700
503710
503720
503730
503740
503750
503760
503770
503780
503790

503800

503810
503820
503830
503840
503850
503860
503870
503880

-503890

503900
503910
503920
503930
503940
503950
503960
503970
503980
503990
504000
504010
504020
504030
504040
504050
504060
504070
504080
504090
504100
504110
504120

504130

504140



IDENTIFY K, X1,
X2 FOR EACH
ANALYSIS PASS

IF KGEOM =
IGEOM =11

1,2,5,6,0R7

IF KGEOM = 3, IGEOM =2

IF KGEOM =

4,IGEOM =3

RWAF OR

ISGR SET

¢ COOR. CONE
EQUATIONS EQUATIONS
CYLINDER
EQUATIONS
RETURN

57




FOR,
c LE N

7447

7341

OVO~NOCOWNPEWN -

IS DIFF2,01FF2

»+ ROUTINE ** DIFF2 ** ABACUS UPDATED 01/11/74 .....

SUBROUTINE DIFF2

INTEGER SAVJTC'SAVSTP’QcTHlCK
INTEGER XN1ly XN

REAL K

DOUBLE PRECISION YPRED

COMMON STORY(16),XMAT(270,10),STD{10),SADUS(30) 4RADUS(30)

~COMMON TADUS(30),UADUS(30),SAVTIC(900)

COMMON XNoTEFREEyTICoPHI+STOPyRESTOPJRTICKyGlyXNL(3) yNH :

COMMON NST(30)yNKL(30)yNXMAT(20),SAVJTC{30) ySAVSTP(30),JRTIC.(30)

COMMON JRSTOP(30)yNREGyNMPT4NRCyNSCoyNIXy IERROR» KGEOM » IGEOM, ISTTAB

COMMON KELVINs IBEGINyNPROByNSEGyNERRORyQyTHICK ¢ NOJSy NLINKS, NLCASE

COMMON NTSKL ¢NZ sNBCT4L INPUT,NTRKL ¢NPASS, XNL KBC yNRINGS

COMMON LODE, ICYCLE,LDISTL .

COMMON /EQUAZN/ YPRED(72),YDOT(72)sYASAVE(T2),

YANTHy YAMTH, YAMPT, YAJPH,

SeSNsCSySNSQsCSSQy TAN,SEC,CNyX1CSe XL SN,TN,y

X1R0O9 X1ROSQyX1SNRO¢ X1ICSROyCN1IRO s SNIRO,CS1RO,

X1R1,X1R2,CSIR1,CS1R2,SN1R1,XIR1SQsR2SQyROVBESQ,
ROSQ.XNSQ.BETA,RI,RZ.SlgRlDDT,

XNTTH.XNTPH'XHTTH'XHTPHgXFTHLDyXFPHLD,XFZELDv

XMTHLDy XMPHLOD yETHET EPHI 4 XGPToALPHTH yALPHPH,

XNUTP s XNUPT,XC114XC229XC154XD334XD22 +XD219XD12,

XK1l¢XK129XK21,XK22,XK33,XD11,

XNPHI,M, 1,BETTA,ZETTA,XC16

COMMON /PLS/ OMEGA, IWORD ) XMERD ¢+ XPRE Sy XMONT ]

COMMON /W00D/ SAVY(53),NPLEV.NLPOyNPLA(21),STR(6),SIGMA(3,21),
SEPS{3,21)3SALPH{3,21),SBAPH(3,21),STEPS(3,21),
EFF(21),STSRN(3)}yNPLAST(3),STSIG(3),STREPS(3),
STALPH(3)'STBAPH(3)'EFFST(B).NPLEVS(3)

COMMON /7COISP/ P+PMAXyDELP,DELPLyYEPS,ZEPS -

EQUIVALENCE (XNL(L1)oX1)o{XNL(2)yX2)s{XNL(3), XB),(KvDELP)

GO TO (7341,7342,7343),1GEOM

THE FOLLOWING EQUATIONS ARE THE °*RWAF* SET

EQUATIONS FOR SHELLS OF REVOLUTION ( PHI COORDINATE )

CONTINUE :

YAQPH = XN*YPREOD(I+6)*X1RO-YPRED{144)*SNIRO

" YANTH = (YPRED{I+1) +K&*XNTPH+X2%*SAVY (11} )*(XC15%XC22+XD22#XK12)

7{XK22%XD22+XC22¢#2)-K*XNTTH-X2*SAVY(10) + (XK12#XC22-
XK22#XC15)*{ YPRED ( I+3 ) +K*XMTPH+X2%SAVY{(14})/{XC22*
XC224XK22*XD22 ) +{ XLRO*( XN*YPRED( I+4 ) +YPRED (I +5)*CS~
YPRED(I+6)*SN)+X1#YAQPH*SAVY(9) )*(XK11+(XC15%(XC15%
XK22-2.0%XK12%XC22)-XK12%XK]12*

XD22)/(XK22*XD22+XC22%XC22) ) +(XIROSQ* { XN*YPRED (I +4) *SN-XNSQ

SYPREDUI+6) )+X1RO®YPRED(I+7)*CS)*(-XC11+{XC15%XC15%XC22+ :

XC15%(XK12%XD22+XK22*XD12)-XK12*%XD12*XC22)/ (XK22*XD22+XC22#XC22))

+X3%5AVY(48)

YAMTH= (YPRED( I+3)+K*XMTPH+X2%SAVY(14) ) *(XC15%XC22+XK22*XD12)

7{XK22#XD224XC22%XC22 )+ (YPRED(I+1) +K&XNTPH+X2%SAVY(11)
)% {XD22#XC15-XD12%XC22) /(XD22*XK22+XC22% %2 )—K*XMTTH~
X2*SAVY(13)+(X1ROSQ* ( XN*YPRED(I+4)*SN~-XNSQ*YPRED(I+6)]
+X1RO*YPRED(I+7)%CS)*(XD11-(XD12*XD12%XK224+XC15%(2.0%
XC22#*XD12-XC15%XD22))/(XC22*XC22+XK22%XD22) ) +(X1RO*
(XN*YPRED{ I+4)+YPRED(T+5)%CS~-YPRED( I+6)%SN)+ XL *YAQPH*
SAVY{9) )*(XCLl1+(XD12%XC22%XK12=-XC15*(XC15%XC22+X012%
XK22+4XD22%XK12))/{XC22*XC22+XK22*XD22})
+X3$SAVY(49)
YAMPT = (1.0/(XCL16*SN*X1R0-XK33-SN*X1RO*(XD33%SN/( RO)~-XC16) )}
1 2((XK339XD33-XCL6%%2)#X1RO*(-2.0%XN*YPRED(I+7)+YPRED(I+4)*

POONOVNSUN-

X000

NN UWNN -
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600000
600010
600020
600030
600040
600050
600060
600070
600080
600090
600100
600110
600120
600130
600140
600150
600160
600170
600180
600190
600200
600210
600220
600230
600240
600250
600260
600270
600280 -
600290
600300
600310
600320
600330
600340
600350
600360
600370
600380
600390
600400
600410
600420
600430 -
600440
600450
600460
600470
600480
600490
600500
600510
600520
600530 -
600540
600550

' 600560

600570
600580



(CS*X1R1-CN1RO) +XN*YPREO( I+5)% { XIR1+SN1RO) +2 . 0%XN*YPRED
(I1+6)*CSEX1R0O)+X1#SN*{ YAOPH*SAVY(S5)+YPRED(I+T)*SAVY(9)
J+(YPRED( I+ X2%SAVY(12) )% (XD33%SN*X1RO-XC16) +X2*
SAVY(15)8(XK33=-XC16*SN/RO})
+X3%SAVY(50) _

YANPT = YPRED(I)¢YAMPT*SNI1RD '

YAJPH = YPRED(142)+X1#(SAVY(8)*YAOPH+YANPTSSAVY{9)~-YPRED(I+]1)
SSAVY(S5)-YPRED(I+7)%SAVY(6))

YOOT(I+4) = Rl‘(YPRED(l+6)*CS*le04X1*(YAOPH*SAVY(S)+YPRED(107)*

. SAVY{9))

+XN*YPRED(145)*XIRO+|1.0/(XK33-

XCLl6**2/XD33 ) )*{YPRED( 1) +YAMPT*({ SN XIRO-XC16/XD33)+X2%*

{SAVY(12)- xc1etsnvv(15)/x033)))

+X3%SAVY(51)

YPRED(Ifb)—Rl*XltYPRED(I+7)*SAVY(5)*R1$(XDZZ*(YPRED(IG

L) eKEXNTPH+X2¥SAVY{11))+XC22* (YPRED (1+43) + K& XMTPH#+X2*

SAVY(114) )= {X1RO*( XN*YPRED( I+4)+YPRED(I1+5)%CS~-YPRED(I+6

JESN)+X1*YADPH®SAVY(9))* -

(XK12*%XD22+XC15%XC22)-(X1ROSQ*( XN*YPRED( I+4)~XNSQ*

YPRED(I+6))+X1RO*YPRED(I+T)*CS)*(XC22*XD12~- XClS*xDZZ))

/UXK22%XD22+XC22%%2)

+X3#SAVY(52)

= YPRED(IfS)*CSlRD—YPRED(l+6)*SNIRO#SAVY(9)*YAOPH+

YDOT(I+45)/R1-YPRED(I+6)/R1+SAVY(5)*YPRED(1+7)

B = : SAVY(1)*CS1RO~-SAVY(3)*SNIRO+.S%(SAVY(9)%*SAVY(9)

1 +SAVY (S )%SAVY(5) )+ (SAVY(2)-SAVY{3))/R]}

YooTtiI) = R1¥({-2.0%*YPRED(I)*CSIRO+XN*YANTH®X1RO~XN®YAMTH®SN*
X1ROSQ-YAMPT#CS1RO*(X1R1-SNIRO) )=R1*K* (XFTHLD+XMPHLD*
SN1RO)-R1=X1#%{ SAVY(24)*A+KEeXFTHLO*B+SAVY (25) *YDOT(14+44)
JR1+SAVY (4 ) *K&XFPHLD/R1+SAVY (26) *YAOPH+SAVY (9) %K*
XFZELD+SN/RO*( YANTH*SAVY(9)+YAOPH®SAVY (T )-YPRED(I+T7)*
SAVY(8)-YANPT#SAVY(5)}))=-X3%SAVY{33)

YDOT{I+1) = RI*R(CSIRO*(YANTH-YPRED(I+1))-XN*XLRO*(YPREO{!)+

YAMPT*({ SN*X1RO+X1IR1})+YPRED(I+2)%X1R1) =R 1%K*XFPHLD

~R1*X1*(SAVY(25)%A+K*XFPHLD*B

=SAVY(26)%YPREDII+T)-SAVY{5)*K*XFZELD)

~-X32SAVY(34)

Rl‘(-YPRED(!02)*CSlRO-YANTH*SNlRO-YPRED(I*l)*lel

+XNSQ*YAMTH*X1ROSQ~2. 0% XN YAMPT#CS*X1ROS Q) +R1#K*

(XN*XMPHLD#*X1RO-XFZELD)-R1*X1*(SAVY(26)*% A+KxXFZELD*

B-SAVY{ 24 )*YAOPH-SAVY(9)*K*

XFTHLD+SAVY(25)*YPRED(l#?)fSAVY(S)#K'XFPHLD)

-X3%S5AVY(35)

YDOT(I+3) = R1I*(YAMTH%CS IRO-YPRED(I+3)%CS1R0-2.0%XN* YAMP T®X1RO+
YAJPH+KEXMTHLD)

. +X3%SAVY(36)

YDOT(I+6) = R1*{YPRED(I+7)-YPRED{[+5)%X1R1)

YDOT(I+7) = R1*(XK22*%(YPRED{I43)+K®XMTPH+X2%SAVY(14) )~ xczzt(vpaeoi
T+1 ) +KEXNTPH#X2%SAVY(11) )+ (X1IRO* (XN*YPRED(I+4)+
YPRED(I+5)*CS-YPRED{ I+6)*SN)+X1*YAOPHESAVY(9))*(XK12*
XC22-XK22*XC15)

2-{X1ROSQ*{ XN*YPRED( [+4)% SN-XNSQ*YPRED(1+6) )+ XLRO*YPRED(I+7)%CS)*

3{XC15#%XC22+4XK22%*XD12))/(XC22%%24+XK22*XD22)

- oL wuN

D WN

YDOOT(I+5)

CVMPWNNM-
]

[
b-4

NPWN =

S WN -

]

YDOT(1+42)

N » VS WN

N re

3 . #X3%SAVY(53)
60 TO 9005
c EQUATIONS FOR CONE
7342 CONTINUE
YAOPH = XNSYPRED([+6)%X1CS/S-YPRED(1+4)*TAN/S
YANTH = (YPRED( I4+1) +K#XNTPH+X2%SAVY(11) ) *{XC158XC22+X0D22#XK12)
1 /{XK22%XD22+XC22%%2) K XNTTH=-X2*SAVY (10) + (XK12#XC22-
1 XK22#XC 15 )% (YPRED (143 ) +K#XMTPH+X2#SAVY (1 4) )/ (XC22%

59

600590
600600
600610
600620
600630
600640
600650
600660
600670
600680
600690
600700
600710
600720
600730
600740
600750
600760
600770
600780
600790
600800
600810
600820
600830
600840
600850
600860
600870
600880
600890
600900
600910
600920
600930
600940
600950
600960
600970
600980
600990
601000
601010
601020
601030
601040
601050
601060
601070
601080
601090
601100
601110
601120
601130
601140
601150
601160
601170
601180
601190



XC22+XK22#XD22)+( ( XN*YPRED( I+4)+YPRED(I1+5)#CS-
YPRED(I+6)#SN)/(S*CS)+X1*YAOPH®SAVY {9) )* (XK1 1+ (XC15#*

_ (XC15%XK22~2,0%XK12*XC22)-XK12*XK12*.

4 XD22)/(XK22%XD22+4XC22#XC22) ) +{ ( XN*YPRED {1 +4 ) *SN-XNS Q#

S YPRED(1+46))/(S*S*CSSQ)+YPRED{I+7)/S)*{-XC11+{XC15¢XC15%XC22+

6 XCLl5%(XK12¢XD22+XK22*%XD12}~XK12*XD12%XC22)/{XK22#%XD 22+XC22#*XC22))
7 +X3%SAVY(48)

YAMTH = {YPRED(I+3)+K&XMTPH+X2*SAVY (14 ))*{XC15*XC22+XK22%XD12)
/{XK22%XD224XC22%%2)+ [ YPRED(I+1 ) +K*XNTPH +X2#SAVY(11) )=
({XD22#*XC15~XD12%XC22)/ (XD22%XK22+XC 22%#2 } - K& XMTTH-X2*
SAVY(13)4(1.0/(S*S*CSSQ)* (~XNSQ*YPRED(I+6) +XN*.
YPRED(1+4)#*

SNI+YPRED(I+T)/S)*(XD11-(XD125XD12*XK22+XC15%(2.0#XC22*XD12-XC15%
XD22))/7(XC22%XC224XK22%XD22) )+ (1.0/ (S*CS ) *(XN*
YPRED{I+4)+YPRED( 145)%CS=YPRED{ I +6)#SN )+ X1*YAQPH*
SAVY(9) )*{XC11+(XD12%XC22%XK12=-XC15% (XC1 5%XC22+XD12*
XK224XD22%XK12) )/ (XC22%XC22+XK22¥XD22) )
+X3%SAVY(49)

YAMPT =((XC16*TAN/S-XK33~(TAN/S)*(XD33%TAN/S~XCL6} )1*8(-1))*((XK33%

wwNn

BN NDUWNN--~

VD WN M-

XD33-XC16%%2)#%(1.0/(S*CS)I*(-2.0*XN*YPRED (I1+7.)-YPRED(I+4) %
SN/ S+XNSYPRED(I+S)®TAN/S4+2. 0¥ XN*YPRED(I+6)/S)+X1*SN*
(YAOPH®SAVY(5)+YPRED( 147 )*SAVY(9) )+ {YPRED(I) +x2%
SAVY(12))*(X033*TANIS-XC16)+X2*SAVY(15)‘(XK33 XCl6*
TN/S))
+X3%SAVY{(50)
YANPT = YPRED(I)+YAMPT*TAN/S
YAJPH = YPRED(l*Z)+Xl*(SAVY(8)*YAOPH+YANPT*SAVY(9)-YPRED(I*1)¢
1 : SAVY(5)-YPRED(I+7)*SAVY(6))
YDOT(1+44) = YPRED{I+44)/S+X1*(YAQPH*SAVY(5)+YPRED(I+7.}%SAVY(9))+XN=*
1 YPRED(I+5)/(S*CS)+(1.0/(XK33-XC16*%2/
2 XD33) )« (YPRED(T)+YAMPT*(TAN/S-XC16/XD33) +X2% (SAVY(12)-
3 XC16*SAVY(15)/XD33))
4 +X3%SAVY(51)

YDOT(I45) = ~X1#YPRED(I+7)#SAVY(5)+(XD22%(YPRED (1+1) +K*XNTPH+X2#
SAVY(11))4XC22%(YPRED(I+3)+K*xXMTPHX2%SA VY (14) )~ {XK12%
XD224XC15%XC22)#({1.0/(S*CS)* (XN*YPRED (I 44 )+ YPRED(I+5)
#CS—YPRED(I+6)#SN) )+ X1#YAOPH¥SAVY(9))-(XC22#XD12-XC15%
XD22)*( (-XNSQ*

YPRED(I+6)¢XN*YPRED (I+4)%SN)/(S#S&CSSQ)+YPRED(I+7)/5))
/UXK22%XD22+XC 22#XC22)
+X3%SAVY(52) _

A = YPRED(I+5)/S~YPRED( I+6)*TN/S+SAVY(9)%YADPH+YDOT(1+5)
+SAVY (S)%YPRED(I+7)

8 = . SAVY(1)/S=SAVY(3)*TN/S+0.5%(SAVY (S)SSAVY (9)+SAVY(5)*
SAVY(5) ) +SAVY(2)

YDOT(I) =-2.0%YPRED(I)/S+XNXYANTHEX1CS/S~XNE*YAMTH#SNEX1CS#%2/S##2

' +YAMPT#TAN/ S#%2-K* ( XFTHLD+XMPHLD*TAN/S )= X1 #{ SAVY (24) %
A+K*XFTHLD*B +SAVY (25)#YDOT (144) 4 SAVY (4 )« K#XFPHLD+
SAVY (26 ) #YADPH+SAVY( 9)#K#XF ZELD+ TAN/S# (YANTH#SAVY(9)+
YAOPH*SAVY{7)~-YPRED(I+7)%SAVY(8)-YANPT#SAVY(5)))-X3#
SAVY(33)

YDOT(I+41)= —YPRED(I+1)/S+YANTH/S=XN$YPRED(I)/(S#CS)-XNsYAMPT#SN/
(S*SECSHCS) -K#XFPHLD-X1#(SAVY (25 )*A+K*XF PHLD#B~
SAVY (26 ) #YPRED( 147 )-SAVY (5)#K*XFZELD)
~X3%SAVY(34)

YDOT(I42) = -YPRED(I+42)/S-YANTHXTAN/S+XNSQ*YAMTH/ (S #2#CS#+2)
~2.0%XN*YAMPT/ (S##2%CS ) +K*{ XN*XMPHLD#X1C S/S-XFZELD)
+X1%(SAVY (26 ) *A+K*XFZELD#*B~SAVY(24) *YAQP H-SAVY (9 ) #K=*
XFTHLD+SAVY(25)#YPRED(1+7)+SAVY (5) *K*XFPHLD)

© =X3%SAVY(35)
YDOT(143)= YAMTH/S~YPRED([43)/S-2.0%XN*YAMPT/(S*CS)+ YA JPH+XMTHLD

VI WNN -

—_

W N WP ON -

S WUN -

80

601200 -
601210
601220
601230
601240 -
601250
601260
601270
601280
601290
601300
601310
601320
601330
601340
601350
601360
601370
601380
601390
601400
601410
601420
601430
601440
601450
601460
601470
601480
601490
601500
601510
601520
601530
601540
601550
601560
601570
601580
601590
601600
601610
601620
601630
601640
601650
601660
601670
601680
601690
601700
601710

601720

601730
601740
601750
601760
601770 .
601780
601790
601800



1
2

*X
+X3%SAVY(36)

YDOT(I+6)=YPRED(I+7)
YOOT{I+T) = (XK22*{YPRED(I+3)+K*xXMTPH+X2*SAVY{14)}-XC22%*

NP WNN -

GO TO 9005

(YPRED{ I+1)+K=XNTPH+X2*SAVY(11) )+ {XK12*XC22-XK22#*XC15)
*({1.0/(S*CS)*{XN*YPRED{I+4)+YPRED{[+5)*CS-YPRED(I+6)*
SN) ) +X1*YAQPH*SAVY(9) )=(XC15%XC22+XK22*XD12)*

({-XNSQ*YPRED({ I+6)+XN*YPRED(I+4)%SN)/(S*S¢CSSQ)+
YPRED(I+7)/5))/(XK22%XD22+XC22*XC22)

+X3*SAVY{53)

C EQUATIONS FOR CYL INDER

7343 CONTINUE
T YAOPH
YANTH =

~NOWVMPLPWUNN-~

YAMTH =

NOVMWV A WRN -

X1RO*(XN*YPRED( I+6)-YPRED( 1+4))
(YPREDUI+1)+K*XNTPH+X2%SAVY(11))*(XC15%XC22+XD22*XK12)
7{XK22%XD22+XC22%%2) - K*XNTTH-X2*SAVY{10) +{XK12%XC22-
XK22#XC15)*{ YPRED( 143 ) +K*XMTPH+X2*SAVY{14))/(XC22%*
XC22+XK22%XD22 )+ X1RO*{ XN®*YPRED( I+4)-YPRED(I+6) ) +X1*
YAOPH*SAVY (9} )% {XK11+{XCLIS*{XC15%XK22~2. O*XK12%XC22)~
XK12%XK12%

XD22) /7 (XK22*XD22+XC22%XC22) )+ { X1ROSQ* (XN*YPRED (1+4) -XNSQ
SYPRED(I+6)))*{-XC11+(XCL15%XC15%XC22+ ’
XC15%(XK12%XD22+XK22#%XD12)-XK12*¥XD12%XC22) /(XK22%XD22+XC22%XC22})

+X3%S5AVY(48)
(YPRED(103)+K*XMTPHOX2*SAVY(I4))*(XCIS‘XC22+XK22*XDIZ)
7{XK22%X0D22+XC22%%2)+{YPRED(I+]1)+K*XNTPH+X2*SAVY(1l))=*
(XD22*XC15-XD12*XC22)/{ XD22*XK22+XC22%%2 } -K# XMTTH~-X2 *
SAVY(13)+X1IROSQ* {XN*YPRED(I+4)~XNSQ*YPRED(I+6))

*(XD11-{XD12*XD12%XK22+XC15%(2.0*%XC22*XD12-XC15%

XD22))/(XC22%XC22+4XK22*¥XD22) }+{ XIRO* (XN* YPRED(1+4)-
YPRED(I*b))le*YAOPH*SAVY(9l)*(XCII*(XDIZ*XCZZ*XKIZ—
XC15*({XC15%XC22+XD12%XK22+

- XD22#%XK12) )/(XC22%XC22+XK22*XD22))

+X3%SAVY{49)

TYAMPT=(1/(XC1l6%¥X1RO-XK33-X1RO*{XD33*X1R0-XC16)))*((XK33%XD33-XC16

J-;u)Nv-

YANPT
YAJPH =
1

SN -

YDOT(I+5)

WNN - -

YOOT(I+4)

*%2 ) X 1RO* (-2, 0*XN*YPRED(T+7)+XN&X1RO*YPRED(I+45) )+X1%
(YAOPH®*SAVY (S)+YPRED(I+T)I*SAVY{9) )+ (YPREDII) +X2%
SAVY(12))*(X033*X1RO-XC16)*'2*SAVY(15)*(XK33 XC16/R01))
+X3%SAVY{50)

YPRED(I )+YAMPT*X1R0O
YPRED(l*Z)le#(SAVY(8)*YAOPH+YANPT*SAVY(9)—YPRED(I*1)
*SAVY(S)-YPRED( I+7)*SAVY(6))
X1%(YAOPH*SAVY(5)+YPRED(I+7}*SAVY-{9))+XN*YPRED(I+5}/R0
+

(1.0/{XK33-XC16%22/XD33) }*{YPRED(1)+

YAMPT*{ X1RO- XC16/X033)0X2*(SAVY(12) XC16*SAVY(15)/
XD33))

+X3*SAVY(S1)
-XI*YPRED(I+7)*SAVY(S)O(XDZZ*(YPRED(I*I)0K¢XNTPH#X2*
SAVY(11))4XC22*(YPRED(I+3) +K*XMTPH+X22SAVY (14) )~ {(X1RO*
(XN*YPRED(T144)-YPRED{T146))¢X1*YAQPH*SAVY{9)) *(XK12¥*
XD22+XC15%XC22)-X1ROSQ*( XN*YPRED

(144)-XNSQ*YPRED{I+46))*(XC22%XD12-XC15%XD22) )/ ( XK22%XD22+XC22*#2)

+X3%SAVY(52) .

~YPRED( 146)/RO+SAVY(9)*YAOPH+YDOT(I+45)+SAVY(5)*
YPRED(I+7)
~SAVY{3)/RO+0.5%(SAVY(9)*SAVY{9)+SAVY(5) *SAVY(5) )+
SAVY(2)
XN*YANTH#*X1RO-XN*YAMTH*X1R0OSQ-K* (XFTHLD+ XMPHLD*X1RO)
~X1#(SAVY (24 )*A+KEXFTHLD*B+SAVY(25)*YDOT (1 +4 )+SAVY(4)*
KEXFPHLO+SAVY (26 ) *YAOPH+SAVY (9)#K*xXFZELD+{ YANTH*

61

601810
601820
601830
601840
601850
601860
601870
601880
601890
601900
601910
601920
601930
601940
601950.
601960 -
601970
601980
601990
602000
602010
602020
602030
602040
602050
602060
602070

. 602080

602090
602100
602110
602120
602130
602140
602150
602160
602170
602180
602190
602200
602210
602220
602230
602240

602250

602260
602270

- 602280

602290
602300
602310
602320
602330
602340

. 602350

602360
602370
602380
602390
602400

'602410



SAVY (9)+YAOPH*SAVY(7)-YPRED{ 147 )*SAVY(8) =YANPTY* 602420

3
4 SAVY{5))/R0O)~X3#%SAVY(33) 602430
YDOT ({141} = —XN*X1RO*YPRED(I)=-XN*YAMPT*X1ROSQ-K*XFPHLD-X1% 602440
1 {SAVY(25)%A+K*XFPHLD*B=~SAVY{26) *YPRED(I+ 7)-SAVY(5)» 602450
2 K*XFZELD) 602460
. 3 ~X3%SAVY({34) 602470
YDOT{I+42) = —YANTH®XLRO+XNSQ®YAMTH*X1ROSQ+K* (XN*XMPHLD*X1RO~ 602480
1 XFZELD)-X1%({ SAVY(26)%A+K*XFZELD*B-SAVY (24)*YAOPH- 602490
2 SAVY (9) *K*XFTHLD+SAVY (25)*YPRED(I+T7)+SAVY(5) KsXFPHLD) 602500
3 -X3%SAVY{35) _ 602510
YDOT(I43) = ~2.0*XN*YAMPT#*XIRO4+YAJPH+KE*XMTHLD 602520
1 +X3%SAVY(36) 602530
YDOT(146)=YPRED(I+7) 602540
YDOT(I+47) = (XK22#%(YPRED(I+3)+K*XMTPH+X2*SAVY(14))-XC22% 602550
1 (YPRED{ [#1 ) +K*XNTPH+X2*#SAVY{11) )+ {X1RO*({ XN*YPRED (I+4)- 602560
1 YPRED(I146) )+ X1%YAOPH*SAVY{9) )% { XK12%XC22 -XK22*XC15)~ 602570
2 . X1ROSQ#*{XN*YPRED 602580
2(14+4)~XNSQ*YPRED{I+6) )*(XC15%4XC22+XK22%XD12) )/ (XC22%%2+XK22%XD22) 602590
3 “+X3%SAVY(53) 602600
9005 CONTINUE 602610
RETURN 602620
END 602630



SUBROUTINE SEGMAT

The results of the subroutine link, RIEMAN, are passed through the label
common area, LYCORR, to thils subroutine. SEGMAT places the elements of
the Y_CORR array into several double-subscripted arrays, forms some

coordinate transformation arrays, and calls subroutine SREVN2 for double

precision matrix inversion.

As a result of appropriate matrix operations this subroutine produces a
. segment stiffness matrix, the XKS array, and a segment load matrix, the
XIS array, for each segment. SEGMAT also orients each segment into the
global corrdinate system of the structure as a result of the matrix

operations.

Subroutine SREVN2

SREVN2 is a subroutine called by SEGMAT to invert a real, double-precision,
in-core matrix utilizing Gauss-Jordan elimination with partial pilvoting.

63



FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)
SNI si
SNJ : sJ
csI ci
csJ cd
A MATRIX o - frrr | o
o lburr )|
B MATRIX o0 I, ‘ o ]
: _— A
1 |
- X%, | x3_
C MATRIX I, 1o { 0
S N
0o | Y | 0
LA R
o ! o !'1
s ! I "p]
D MATRIX : I, : 0 : 0
e
-Y JDT™ |-Y
R
o ! o 11
| ! } P
E MATRIX ' [ T I ]
IDT |, 0 | O
o ! 1, !
I R A
o I o I'1
| I p
XKT MATRIX k{.ﬁ]
XMAX MATRIX ‘2nr0g;) l
. _'.____.>.I_\ ______
i | 211r0@\)
XKS MATRIX _ [x] (n)
SCA
(21
XLS MATRIX s
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FORM
CC ARRAY

CALL

SREVN2
(RESULT IS

IN CC ARRAY)

SEGMAT

FORM
B ARRAY

FORM
X2=X1=sE

FORM
X3=B«X2

Xtt
TAPE
NO. 9

SYM = XKS

FORM XKS =
XKT = XMAX

FORM
XLS MATRIX

XLS

TAPE
NO. 3

RETURN TO MAIN

65

FORM FORM
C ARRAY D ARRAY
FORM " FORM
E ARRAY Xi=CsD
FORM
A ARRAY

FORM FORM

XMAX MATRIX XKT=A » X3




FOR, IS SEGMAT,SEGMAT

- COMMON KELVIN, IBEGIN;NPROByNSEGyNERROR +Q o THICK ,NOJSy NLINKSyNLCASE

1726

601

- 602

604

603

SUBROUTINE SEGMAT

INTEGER SAVJTC,SAVSTP,Q,THICK

INTEGER XN1,XN )

DOUBLE PRECISION CC,ALABEL . ]

COMMON STORY(16)9XMAT(270410),STD(10),SADUS{30),RADUS(30)

COMMON TADUS(30),UADUS(30),SAVTIC{900)

COMMON XNy TEFREE) TICyPHI o STOP yRESTOP yRVICKG1 y XNL{3) oNH

COMMON NST(30)4NKL{30)sNXMAT(20)+SAVITC(30),SAVSTP(30),JRTIC(30)
COMMON JRSTOP{30)sNREGyNMPT¢NRCyNSCoyNIXy IERROR ¢yKGEQGM 9 IGEOMISTTAB

COMMON NTSKL'NlqNBCT.LINPUT.NTRKL.NPASS.XNI'KBCoNR!NGS

COMMON LODE, ICYCLE,LODISTL

COMMON /LYCORR/ YCORRI(T2) )

DIMENSION C(999)9CCl4¢4)4D(999)+E(9+9),B(8,9),A(8,8).

DIMENSION X1(9+9)+X2(9¢9)9X3(8+9)9sXKT(899)¢XMAX(8,9)

DIMENS ION XKS(8,3)9XLS(B841),SYM(8,9)

DIMENSION DEAD(4)

DIMENS ION ALABEL(8)

EQUIVALENCE (C{1)sE(L1)eXI(1)sXMAX(L1)sXLS(1)}) :

EQUIVALENCE (X2(1),0(1)oAl2)sXKSE{L))o(XL{1)eB(L) XKT(L),SYN(2)})

DATA ALABEL/BHFORCE T1,8HFORCE Z1,8HFORCE R1,8HMOMENT 1,
BHFORCE T2,B8HFORCE Z2y8HFORCE R2,8HMOMENT 2/

IF (NH.EQ.O) HRITE(601726)

FORMAT(1H1)

. Al=Gl1 -

GOTO (601,602,603), IGEOM
SNI SINI(TIC)

SNJ SIN(STOP)

() § COS(TIC)

csJd cos{stor)

GOT0 1

SNI = COS{1.570796~A1)
CSI = SIN(1.570796-A1)
IF (Al1.NE.0.O0) GO TO 604

wonn N

SNI = 0.0
CSI = 1.0
SNJ = SNI
- €SJ = CSI
GOTC 1
SNI = 1.0
SNJ = 1.0
CSI = 0.0
CSJ = 0.0

111

T 112

JJ = 8+NPROB
00 111 J=1,JJ

‘D0 111 I=14J4

Clly4)=0.0

K=28 .

DO 112 J=1,4

K=K+8

L=K

00 112 I=1,4

L=l+1

CCUI4,J)=YCORRI(LY)

CALL SREVN2 (CCe4yDEADy4NIX)
IF . (NIX.NE.O) GOTO 8120

J1=0

00 113 J=5,8
Jl=J1+1

800010
800020
800030
800040
800050
800060
800070
800080
800090
800100
800110
800120
800130
800140
800150
800160
800170
800180

' 800190

800200
800210
800220
800230
800240
800250
800260
800270 -
800280
800290
800300
800310
800320
800330
800340
800350
800360
800370
800380
800390
800400
800410
800420
800430
800440
800450
800460
800470
800480
800490
800500
800510
800520
800530
800540
800550
800560
800570
800580
800590



113
114

115

116
117

218

118

119

120

121

11=0

DO 113 1=5,8
11=11+1
Cl1,4)=CCLIT,4J1)
DO 114 1J=1,4
ClI1J,14)=1.0

DO 115 1J=9,J4J
C(1J,1J)=1.0

DO 116 J=1,4J
DO 116 I=1,44
D(1,4)=0.0

00 117 1J=1,4
D(1J,1)21.0
1=5

D(I,1)=1.0
DUI41,1+1)==SNJ
DII42,142)==SNJ
DU143,143)=1.0
D(I1+1,142)= CSJ
D(142,141)==CSY
00 218 1J=9,J4J

D(1J,14)=1.0
K=-4

DO 118 J=1,4
K=K+8

L=K :

0O 118 1=5,

L=L+1

D(I,d)= -YCORR(L)
K=60

DO 119 J=9,JJ
K=K+8

L=K

DO 119 I=5,8
L=L+1

DI I4yd)==YCORR(L)

D0 120 J=1,JJ

DO 120 I=1444J
X1{I,J)=0.0

DO 120 M=1,J44
X1{1,3)=X1{1sd)4CUI,M)*D(MeJ)
00 121 J=1,JdJ ’
00 121 [=14J44
E(1,3)=0.0

I=1

E{l,1)=1.0
E(I+1,1+1)==SNI
E(142,142)=-5NI
E(I+43,143)=1.0
E(1+1,142)=CSI

. Et1420141)=-CS1

122

123

124

D0 122 J=5,4J
E(JsJ)=1.0

00 123 J=1,J44

DO 123 I=1,44

X211,J1=040 -

DO 123 M=1,4J
X2(19J)=X2( T4 J)+X1( 1, MISE(M,J)
D0 124 J=1,4J

DO 124 1=1,8

B(1,4)20.0

800600
800610
800620
800630
800640
800650
800660
800670
800680
800690
800700
800710
800720
800730
800740
800750
800760
800770
800780
800790
800800
800810
800320
800830
800840
800850
800860
800870
800880
800890
800960
800910
800920
800930
800940
800950
800960
800970
800980
800990
801000
801010
801020
801030
801040
801050
801060
801070
801080
801090
801100
801110
801120
801130
801140
801150
801160
801170
801180
801190
801200



125

126

J=4 .
DO 125 I=1,4
J = J+l

B{IyJ) = 1.0
K = -8

DO 126 J=1.4
K = K+8B
L =K
DO 126 I=5,8
L=L+l
B{I+J)=YCORR(L)
K = 24

© DO 127 J=5.8

127

128

129

130

" ALI+1,142)=-CSY -

131

132

K=K+8

L=K

DO 127 1=5,8
L=1+1
B(I,JI=YCORR(L)
K=56

DO 128 J=9,JJ
K=K+8

L=K

DO 128 1=5,8
L=L+1
B(1,J)=YCORR(L)
DO 129 J=1,J4J
DO 129 I=1,8
X3(I1,J)=0.0

DO 129 M=1,4J

X3(Ted}=X3(ToJ)+BI{IoMIZX2({M,sJ)

DO 130 J=1,8
DO 130 I=1,8

A(1,J)=0.0
I=1
A(I,1)=-1.0

AlI+l,I1+41)=SNI
AlI+2,1+42)=5NI
A(I+1,142)=CSI
AlI+241+1)=-CS1
A(I+3,143)=1.0
I=5 :
AlIy1)=1.0

A{I41,1+1)==SNJ "

AlI42,142)=-5NJ
A(I+43,143)=-1.0

Al{1+42,141)=CSJ
DO 131 J=1,J4J
D0 131 I=1,8

AKT(T9J1=0.0

DO 131 M=1,8

XKT (Lo J)=XKT (1o J)4A(T,M)®X3(HyJ)

P1=3.1415927
RI=RTICK

X2PIRI=2.0%P [#R1

RJ=RESTOP

X2PIRJ=2.0%P1*RJ

DO 132 J=1,8
DO 132 I=1,8
XMAX(194)=0.0
DO 133 I=1,4

)

801210
801220

801290

801300

' 801310

801320
801330
801340
801350
801360
801370
801380
801390
801400
801410
801420
801430

801440 .

801450
801460
801470
801480
801490
801500
801510
801520
801530
801540
801550
801560
801570
801580
801590
801600
801610
801620
801630
801640
801650
801660

801670
801680
801690
801700
801710
801720
801730
801740
801750

" 801760

801770
801780
801790
801800
801810



133
134

135

181

23

20.

9968
25

244
143

137

XMAX(141)=X2PIRI

DO 134 J=5,8

XMAX (JsJ)=X2PIRJ

D0 135 J=1,44

00 135 I=1,8

XKS(1,J)=0.0

00 135 M=1,8
XKSTIpd)=XKS(Tod ) +XMAX (T, MI$XKT(MsJ)
WRITE(9) ((XKT(I;J)sJ=1,8),1=1,4),IGEOM,G1
WRITE(9) ((XKT(I4J)¢J=993J)¢121,4)

IF (NH.NE.O.AND.IBEGIN.NE.1) GO TO 25
WRITE(6,781) ‘

FORMAT (//55X 4 22HSTIFFNESS COEFFICIENTS/ /14Xy BHDELTA T1,7Xs

1 8HDELTA 21,7Xs8HDELTA R1,7X, THTHETA 1,8X,8HDELTA T2 ,7X+BHDELTA Z2

+ TX0 BHDELTA R2,7X, THTHETA 2)
111=0
DO 20 M=1,8
WRITE{6423) ALABEL(M),(XKS{MeJ},J=1,8)
FORMAT(/1XsA8,1X48(EL4.741X))
CONTINUE
FORMAT(IH sB8(EL4.7,2X)/(5Xs8(EL4.T42X)))
CONT INUE
J1=8
1SEG=0
NRC1=NRC-1
IF(NRC1.EQ.0)GOTO 143
DO 244 I=14NRC1
ISEG=ISEG+NST(I)
ISEG=ISEG+NSC
SAVTIC(ISEG)=TIC
WRITE(2) ((XKS(I,d),4=1,8),1=1,8)
DO 137 J=1,8
D0 137 1=1,8
SYM(I,J)=0.0
INDEC=0

- 00 138 I=1,8

138

152
151

47

48

DO 138 J=1,8

IFtJ.NE.T1)GD TO 138 .

IFI(XKS{1,J).GE.0.Q0)GO TO 138

INDEC=1

SYM({I,J)=XKS(I,4J)

IF(INDEC.EQ.0)GO TO 151

WRITE(64152) : -

FORMAT (/777" S22 22200 h R R e AR ERERERE WARNING - NEGATI

1VES APPEAR ON MAIN DIAGONAL. REVISE SIZING REEEERERRIERR RNV /)

Jy=2

‘N =8

4 =1

00 42 11=1,7

Moo= a A

D0 43 I=MyN

ALPH = ABS(SYM{1,J)) ~ ABS(SYM(J, 1))

IF(ALPH) 47,71,48

IF(SYM(1,J).EQ.0.0) GOTO 71

SYMIIJ) = SYMUJ,1) / SYM{I4J) e
GOTO 43 :

IF(SYM(J,1).EQ.0.0) GOTO T1

CSYM(I4d) = SYM(I,J) /7 SYM(J,1)

71
43

GOTO 43
SYM(I,J) = 1.0
SYM{J,1) = 0.0

169

801820
801830
801840
801850
801860
801870
801880
801890
801900
801910
801920
801930
801940
801950
801960
801970
801980
801990

.802000

802010
802020
802030
802040
802050
802060
802070
802080
802090
802100
802110
802120
802130
802140
802150
802160

' 802170

802180
802190
802200
802210
802220
802230
802240
802250
802260
802270
802280
802290
802300
802310
802320

802330

802340
802350
802360
802370
802380

- 802390

802400
802410
802420



42

785

144
145

136

782
840
8120

8888
9999

- 795

JJ = JJ 4l

J = J+l

CONTINUE

IF (NH.NE.O.AND.IBEGIN.NE.1) GO TO 145
WRITE(64785)

FORMAT (//55X » 22HSEGMENT SYMMETRY CHECK,)
DO 144 I=1,8 ,

WRITE(6,9968) {SYM(1,J),4=1,8)

IF (NPROB.EQ.0) GO TO 9999

DO 136 J=1,NPROB

Ji=yg1+1

D0 136 I=1,8

XLS{T9J)=XKS{ -I,J1)
"HRITE(3)L(XLS{IyJ)9J=14NPROB),1=1,8)

IF (NH.NE.O.AND.IBEGIN.NE.1) GO TO 9999
WRITE (6,782)
FORMAT(//55Xy22HSEGMENT LOAD MATRICES o)
DO 840 I=1,8
WRITE(659968 ) (XLS(I4J)sJ=14NPROB)
GOTO 9999
IERROR=8120
NERROR=29
NIX=1
CONTINUE
IF (NH.EQ.0.OR.IBEGIN.EQ.1l) WRITE(6,795) RTICK,RESTOP
FORMAT{ /' RZERO(I) =%41PE15.6,10Xs*RZERC(J) =*,1PE15.6)
RETURN
END

'70

802430
802440
802450
802460
802470
802480
802490
802500
802510
802520
802530
802540
8025500
802560
802570
802580
802590

- 802600

802610
802620
802630
802640
802650
802660
802670
802680
802690
802700



FORsIS SREVN2,SREVN2

100

110
120
130

140
150
160
170

180
190

200"

210

SUBROUT INE SREVN2(AyMyLOC,MIDyNIX)
OOUBLE PRECISION A(MIO,1),PIVOT,TEMPL
INTEGER LOC(1)

N =M

DO 190 K = 1,N

PIvoT.= 0.D0

DO 120 I = K¢N

IF (PIVOT - DABS(A(T.K))) 110,110,120

PIVOT = DABS(A{I+K))

Lt =1

CONTINUE

IF (PIVOT) 140,130,140
NIX = -1

GO 10 210

LOCIK) = L

00 150 J = 14N

TEMPL1 = A(K4J)

AlKyJ) = AlLoJ)
AlLy,J) = TEMP]

TEMPL = AlKyK)

A(K,K) = 1.00

D0 160 J = 1,N
AlKy,J) = A(KyJ)/TEMPL
DO 190 I = 1N

IF (I - K) 170,190,170
TEMPL = -A(l4K)
AlI.K) = 0.DO

DO 180 J = 14N
AlILJ) = AlLI+J) + TEMPL*A(K,J)
CONT INUE

DO 200 K = 14N

NK = N - K

L = LOCINK+1)

DO 200 I = 1,N

TEMPL1 = A(I.NK+1)
AlI,NK+1) = A(I,L)}
AlI,L) = TEMP1

NIX = 0 )
RETURN

END

71

900010
900020
900030
900040
900050
900060
900070
900980
900090
900100
900110
900120
900130
900140
900150
900160
900170
900180
900190
900200

. 900210

900220
900230
900240
900250
900260

‘900270

900280
900290
900300
900310
900320
300330
900340
900350
900360
900370
900380
900390
900400



SUBROUTINE REGMAT

The segment stiffness matrices, XKS, and the segment load matrices, XLS,
are passed from SEGMAT to REGMAT via Tapes #2 and #3, and are placed in
the XKRTOT array and the XLRTOT array, respectively. If kinematic links
occur between segments in the region, the XKRTOT array and the XLRTOT

array are modified to represent the situation. In the case of discrete

rings the routine RINGER is called and provides the necessary matrices.

A horizontal and vertical partitioning of the XKRTOT array occurs while
the XLRTOT array is subjected to a horizontal partitioning only.
Appropriate matrix operations are performed upon the partitions of each
array, thus reducing the size of the region stiffness and load matrices
and resulting in increased program capacity. The results of these mani-
pulations are the region stiffness matrix, XKR, and the region load
matrix, XLR,

Subroutines Called from REGMAT

Subroutine SYMSOC: Is the controlling routine for the solution of sparse,

band-like, positive-definite, symmetric coefficient matrices.

Subroutine BANDIT: 1Is a routine called from SYMSOC which compacts a matrix

into the special vector form required.

Subroutine LLTRAN: Is a routine called by SYMSOC for Cholesky factorization

of sparse, band-like coefficient matrices.

Subroutine HOTDOT: (Alternate entry points PREFCE and FOREWD.) Is a small

subroutine used repeatedly for efficiency in computing inner products.

Subroutine TRISLV: (Alternate entry point TRISOL.) Is a routine called
by SYMSOC to carry out the solutions of sparse, benk-like, triangular

coefficient matrices.

72



FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)
SKL MATRIX [?K%]
SKLTR MATRIX skn]T
/\
XKRTOT MATRIX e
K P Koo
S e
Koy } Koo
—A-
XLRTOT MATRIX L',
iRl
]
Lm
-
- J
SKL22 MATRIX ' FSKLQZ-
.. -
GTO RIX i '
REGTOT MAT Ky K
oo
Ko1 } Koo
F'/\
STORE MATRIX L,
iRl
Lim
L
[ A -
XK11 PARTITION LKll
A _
XK12 PARTITION [k
12
— J
A—
XK22 PARTITION [K22
-
. A
XK21 PARTITION K ]
21|

73



FORTRAN CODE ENGINEERING SYMBOLS (REF, 1)

, A

XL1 PARTITION FLRl]
XL2 PARTITION pL]
A

XKR MATRIX KR]
A

XLR MATRIX LR]

74



READ
(2)
XKR

WRITE
(4)
XKR

READ
(3)
XLR

WRITE
(8)
XLR

REGMAT

ENTRY
NO CALL NO ;C()E(M
RINGER
MATRIX
YES
NO FORM
XKRTOT MATRIX [€— )
PARTITION
vES XLRTOT
AND
NO WRITE ON 12
FORM
RTEMP = p| FORM
T XLRTOT MATRIX
[SKL] ' [XKRTOT]
YES FORM
STORE =
(skL1TIXLRTOT]
PARTITION
REGTOT INTO FORM PARTITION
XK11, XK12 N REGTOTt=. M— STORE AND
XK21, XK22 [ROW] [SKLI WRITE ON 12
A 4
WRITE FORM
CALL
(10} XK1221 =
SYMSoc NEW [XK12} [XK21}
XK21
FORM WRITE FORM
XK12L2 = CALL 1q 1 W) XKR =
[XK12] [XL2] Symsoc XKR IXK11] - 1XK1221]
FORM WRITE
XLR = ‘S)R RETURN TO MAIN
(XL1] - [XK12L2] XL

75

tNOTE: RTEMP = [ROW]




FORy IS REGMAT,REGMAT

SUBROUTINE REGMAT

INTEGER SAVJTC’SAVSIP'QnTHlCK
INTEGER XNl+XN

DOUBLE.
COMMON
COMMON
COMMON
CONMON
COMMON
COMMON
COMMON
COMMON
“COMMON
COMMON

COMMON

- DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENS ION
DINENS ION
DIMENSION
- DIMENSION
DIMENS ION

EQUIVALENCE
-EQUIVALENCE
EQUIVALENCE

1

" NOJS

1726

681 FORMAT(////51X31HINPUT DATA FOR SEGMENT COUPLING///25X14HREGION NU
+12+5X25HNUMBER OF SEGHENT JOINTS ,1I3,5X;,26HNUMBER OF KINEMAT

EQUIVALENCE
EQUIVALENCE
DATA ALABEL/BHFORCE Tl,B8HFORCE 21,B8HFORCE R1l,BHMOMENT 1,

1
REWIND 2
REWIND 3
D = 0.0
PRINT = 0.
NOQJ =

"o

NS KL
NH4=4

PRECISION ALABEL
STORY(Ib).XHAT(Z?O.10).STD(lO’vSADUS(30)’RADUS(30)

TADUS (30) ,UADUS(30),SAVTIC(900)

XNy TEFREE»TICoPHI»STOP,RESTOP,RTICK:61,5XNL(3) 4NH
NST(30),NKL(30),NXMAT(20),SAVITC(30),SAVSTP(30) ,JRTIC(30)
JRSTOP(30)yNREGyNMPT sNRCoNSC yNIX, IERROR ¢ KGEOM » IGEOM, ISTTAB
KELVIN, IBEGIN,NPROByNSEGyNERROR Q¢ THICK y NOJ Sy NL INKS4NLCASE
NTSKLoNZ'NBCT-LlNPUT,NTRKLoNPASS.XNl KBC +NRINGS

LODE, ICYCLE,LDISTL

/0PT2/ PRINT

/ARING/ NRING{28),AMAT(30,8), RSlG(lZ).REPS(lZ).RALPH(lZ)o

RBAPHI(12)

-/PLSTIC/ lOoJO’IORvJORvKORI'NEO

OPEN(4,4)

XTEHP(8.8).SKL(120.120).SKLTR(lZO)

SYM{8,8) .
XKRTOT(1205120),RTEMP(120)XLRTOT(120,2) 4XKEEP {842}
STORE(120,2),ROW(120),REGTOT(120) yHOLD(4,120)
XK22(1129112)+XK11(8+8)9sXK12(8+112)yXK21(112,8)
XK1221(8,8) s XKR(8,8)yLEAD(8)
XL1(8,y1)9XL2(11241)9XK120L2(8B41)+XLR(B,1)
JDEP(112)+JIND(15),ANGLE(1S)
RNGTOT(4.6)nRNGLDD(ﬁoZB’vJTNO(28!

ALABEL(8)

(SYM{1),XK12L211)¢XK1221(1) ,HOLD(1),JDEP (1))
(SKL{1) o XKRTOT(1)yXK22(1)sXLRTOT(1))
(XKRUL)oXKLIL{2) o XTEMPUL) 9 XLRUL) 9 XL1 (1) yXKEEP (1),
RTEMP(1),RONW(1))
(SKLTR(l)vREGTOT(l)'OPEN(l):XKIZ(I))
(STORE(1),XL2(1)sXK21(1)}

8HFORCE T2,8HFORCE Z2.+8HFORCE RZ.BHHOHENT 2/

0

NST(NRC) + NKL(NRC) +1
NOJ*4
NKL {NRC)

NJTNH4=NH4*NOJ

NJINKSG =

NK1V. =

{NOJ-NSKL ) *4
M8=NJINK4-
NJINK4 - 8

8

IF (NST(NRC).EQ.1) GOTO 1

REWIND JO

IF '(NH.NEJ.O.AND. IBEGIN NE.1) GO TO 690
WRITEl6,1726)

FORMAT(1H1) -
"HWRITE(6+681) NRCyNOJ,NSKL-

1MBER

2IC LINKS ,1377)

: WRITE{6,682)

682 FORHAT(41X17HSEGHENT-IIXyBHJOXNT(l).llX’BHJDINT(J)//)
DO 683 I=1,NSEG

76 !

1000010
1000020
1000030
1000040
1000050
1000060
1000070
1000080
1000090

‘1000100

1000110
1000120
1000130
1000140
1000150
1000160
1000170

1000180

1000190
1000200
1000210 -
1000220

1000230

1000240
1000250
1000260
1000270

1000280
1000290
1000300
1000310 -
1000320
1000330
1000340

1000350
1000360
1000370

- 1000380

1000390
1000400
1000410
1000420
1000430
1000440
1000450
1000460
1000470
1000480
1000490
1000500
1000510
1000520
1000530
1000540
1000550
1000560
1000570
1000580
1000590



684
683
-690

350
591

910

950
951

" 961

952

962

953

963

954

- 964
955

957
956
260
701

KTIC = SAVJTC(I)

KSTOP= SAVSTP(I)
WRITE(6,684) [,KTIC,KSTOP
FURHAT(#3X-2(|3-16X).I3)
CONTINUE ’
CONTINUE

NNT = NST(NRC)

DO 350 I=1,NOJ4

DO 350 J=1,NOJ%

FORMAT (315,16A4)

DO 701 NS=1,NNT

READ(2) ((XTEMP{I4J)sJd=148),1= 1:8)

J1 = SAVJUTCINS)
J2 = SAVSTP(NS)
Il = 4%(J1-1)

L =11

1F (J1.6T7.J2) GOTO 950
D0 910 I = 1,8

JJ = L

1 =11 +1
DO 910 J = 1,8"
Jd = JJ + 1

XKRTOT(I14J4)= XKRTOT(II:JJ)*XTEHP(I-J)
G070 701

3 4%(J2-1)+1

I1 =11 +1 ,
DO 960 JK = 1,4 :
GOTO (951,952,953,954) » JK
IX = Il

IND = II

D0 961 I=1,4

DO 961 J=1,4

OPEN(I,J) = XTEHP(]:J)
60T0 955

X = 11

IND = JJ

DO 962 I=l,4

DO 962 J=1,4

OPEN(I,J) = XTEMP(I,J+4)
GOTO 955

X = 43

IND = 11

00 963 I=1,4

DO 963 J=1,4

OPEN(I,J) = XTEMP(I+44,J)
GOTO 955

IX = 44

IND = JJ

00 964 I=1,4

DO 964 Jzl,4

OPEN(I4J) = XTEMP(I+4,J+4)
DO 956 I=1,4

JX = IND

DO 957 J=1,4

XKRTOTUEXyJX) = XKRTOT{IX,dX) + BPEN(L,4)

JX = JX + 1

IX = IX ¢ 1
CONTINUE
CONTINUE

NRNG = NRING{NRC)

7

1000600
1000610
1000620
1000630
1000640
1000650
1000660
1000670
1000680 -
1000690
1000700
1000710
1000720
1000730
1000740
1000750
1000760
1000770
1000780
1000790
1000800
1000810
1000820
1000830
1000840
1000850
1000860
1000870
1000880
1000890
1000900 -
1000910
1000920

-1000930

1000940
1000950
1000960
1000970
1000980 -
1000990
1001000
1001010
1001020
1001030
1001040
1001050
1001060
1001070
1001080
1001090 .
1001100
1001110
1001120
1001130
1001140
1001150
1001160
1001170
1001180
1001190
1001200



300

220
211

IF (NRING(NRC).EQ.0) GO TO 210

IF (Q.EQ.5) WRITE(6,300)

FORMAT(///)

MFLG = 1

00 211 .J=1,NRNG

CALL RINGER (QrXN'RNGTOToRNGLUD.JoRADUS:TAOUS.SAVJTCoSAVSTP:JTNO-
1 KBC » XNL ¢ MFLGyNSEG, ICYCLE, IBEGIN,LOISTL) °
JT .= 4%(JTNO(I)I-1)

DO 220 I=1,4

DO 220 IK=1,4

XKRTOT(ITH+I,JT+IK) = KKRTOT(JT*I.JT*IK)ORNGTOT(lolK)A
CONTINUE

IF (Q.NE.5) GO 7O 210

" WRITE(6,300) .

210

5504

931

501
685

503
686
566

103
2000

READ(5,2000)

CONT INUE .

REWIND 2

IF(NSKL.NE.O) GO TO 931

DO 5504 -1=1,N0OJ4 : ,
WRITE(Z) (XKRTOT(I,J14J=1,N0J4) :
CONTINUE

"GO TO 101

CONTINUE

WRITE(JO) ((XKRTOT(I,J)sJ=1,NOJ4},1=1,N0JI4)
REWIND 4O

DO 501 J=1,NJTNH4

DO 501 I=1,NJTNH4

SKL{1,4)=0,0

IF (NH.EQ<O) WRITE(6,685)

FORMAT (/ /60X 13HS EGMENT L1NK$//43stJoxut(J)sxquoxur(1»sxzouANGLE
10F ORIENTATION//)

DO 103 NRIG = 1,NSKL

IF (Q.EQ.1) 6O TO S66 -

READ(5+503) JDEP(NRIG)yJINDINRIG)ANGLE (NRIG)
FORMAT (212,E14.741544)

WRITE(1) JDEP(NRIG),JIND(NRIG),ANGLE(NRIG)
WRITE{64686) JDEP(NRIG),JINDINRIG),ANGLE NRIG)
FORMAT(45X913410Xs13,11X4E14.7)

IF (JIND(NRIG).GE.JDEP(NRIG)) GO TO 8797

GO TO 103

READ(1) JDEP(NRIG)sJINDINRIG),ANGLE(NRIG)
CONTINUE

IF (Q.EQ.5) READ(5,2000)

FORMAT (1X)

J=-3

CN=1

11

1829

00 100 1J = 1,NOJ"°

1 = 4%1J-3

IF(1J.EQ.JDEPIN)) GOTO 11.

J=J 4+ 4 :

G070 12

JO = JDEPIN)

JI = JINDIN) . .

IF(N.LT.NRIG) N=N+1

IF (SINCANGLE(N)).NE.0.0) GO TO 1829
SKLUI+J) = 1.0

SKL(I+1l,J4¢3) = 0.0

SKL{I+24J+3) = 0.0 -

GO TO 13

CONT INUE

COTAN = COS(ANGLE(N))IS[N(ANGLE(N))

7&

1001210
1001220
1001230
1001240

. 1001250

1001260
1001270
1001280
1001290

. 1001300
~.1001310

1001320
1001330
1001340
1001350

© 1001360 -
1001370

1001380 -
1001390
1001400
1001410
1001420
1001430 -
1001440
1001450
1001460
1001470
1001480 -

1001490 -

1001500
1001510
1001520
1001530 -

. 1001540

1001550
1001560
1001570
1001580

1001590

1001600
1001610
1001620
1001630
1001640

1001650

1001660
1001670

. 1001680

1001690
1001700
1001710

11001720
1001730

1001740
1001750
1001760
1001770 -
1001780 -
1001790 -
1001800
1001810



12
13

100
5000

SKLE 1, . J) = RADUS(JD)/RADBUS(JIT)
SKL(I+1,J43) =-(RADUS(JD)-RADUS(JI)}
SKL(I+42,J43) =-SKL(I+1,J+3)%COTAN
GOTO 13 : :

SKL( Ig . J) = 1.0
SKL{I+1l,J4+1) = 1.0
SKL(I+2,J+2) = 1.0
SKL{I+3,J43) = 1.0
CONTINUE

FORMAT(1H ,8(El4. 7:2X)I(5Xn8(514 Te2X1) )
II = NOJ& - &

" JJ = NJINKS - 4

702
1000

741
T40
101

436

WRITE(10) ((SKLUI+d)9d35933)0125,11)

DO 702 J=1,NJINK&

WRITE(2) (SKL{I1,J)y1I=1,NOJ4)

WRITE(2) ((SKL(I1¢J)yJ=1oNJINKS),I=1,NOIS)
REWIND 2

READ(JO) ({XKRTOT(IsJ)eJ=14NOJ&),I=1,NOJI4)

REWIND JO

CONTINUE

DO 740 I=1,NJINK4

READ( 2) (SKLTR(J).J’I,NOJQ)

‘00 741 J=1,NOJ%

RTENP - (J)=0.0
DO 741 K=1,N0OJ& .

RTEMP  (J)=RTEMP ~ (J) ¢SKLTR(K)*XKRTOT(K,J)
WRITELJO) (RTENP(J),J=1,N0J4)

CONT INVE

REWIND JO

IF (NPROB.EQ.0) GO TO 1001

REWIND 2

DO 436 I=1,NOJ4

D0 436 J=1,NPROB

XLRTOT (15,J)=0.0

DO 971 NS = 1,NNT

JTIC = SAVJITCINS)

JSTOP= SAVSTPINS)

READ (3) ((XKEEP(I4J),J=1,NPROB},I=1,8)

DO 971 N =1,2

981

982

"983

971

226
227
225

230’

GOTO. (981,982} 4N

IT = (JTIC~1)%4 + 1-
r11= 11 + 3

GOTO 983

I1 = (JSTOP-1)%4 +1

I1I= 11 + 3

DO 971 J=1,NPROB

1 =0

IF (N.EQ.2) I=4

DO 971 IL = II,III
T=14¢1

XLRTOT(IL,J)= XLRTOT(IL,J)+ XKEEP(I,J)
IF (NRNG.EQ.0) GO TO 230

"00 225 J=1,4NRNG

JT = 4%(JTNO(J)-1)
D0 227 I=1,4 ‘
DO 226 IK=1,NPROB

XLRTOT(JT+I,IK) = XLRTOT{JT+I,IK)+RNGLOD(I,J)

CONTINUE
CONTINUE

‘CONTINUE

REWIND 3

79

1601820
1001830
1001840
1001850
1001860
1001870
1001880 -
1001890 -
1001900
1001910
1001920
1001930
1001940
1001950
1001960 -
1001970
1001980
1001990 -
1002000
1002010
1002020
1002030
1002040 -
1002050
1002060
1002070
1002080
1002090
1002100
1002110
1002120
1002130
1002140
1002150
1002160
1002170
1002180
1002190
1002200
1002210
1002220
1002230
1002240
1002250
1002260
1002270
1002280
1002290
1002300
1002310
1002320
1002330
1002340
1002350
1002360
1002370
1002380
1002390
1002400
1002410
1002420



. . 1F INSKL.NE.O) GOTO 147

119
- 118
17
147
748
747
919
918

o
1001

751
750

- 102

DO 119 I=1,4 .

WRITE(3) (XLRTOT(I,J),J=1,NPROB)
M3=NJINK4=3

DO 118 I=M3,NJINK4&

WRITE(3) (XLRTOT(1,J),4=1,NPROB)
M&=NJINK4—4

DO 117 1=5,M4

WRITE(3) (XLRTOT(1,J),J=1,NPROB)
REWIND 3

GOTO 102

D0 747  I=1,NJINKS

READ(2) (SKLTR{J),J=1,N0OJ4)

DO 748 J=1,NPROB
STORE(1+J)=0.0

DO 748  K=1,N0J4
STORE(T,J)=STORE( I, J)+SKLTR(K)#XLRTOT(K,J)
CONT-INUE

D0 919 I=1l,4

MRITE(3) (STORE(I,J),J=1,NPROB)
M3=NJINK4-3

D0 918 I=M3,NJINK4

WRITE(3) (STORE(T,J),J=1,NPROB)
M4=NJINK4=4

DO 917 T=5,M4 .

WRITE(3) {(STORE(I,J),J=1,NPROB)
REWIND 3

CONTINUE

IF (NSKL.EQ.0) GO TO 102

READ(2) ({SKL(I,J),J=1,NJINK&),I=1,NOJ4)

REWIND 2

DO 750 I=1,NJINK&

READ(JO), (ROW(J),J=1,NOJ4)

D0 751 J=1,NJINK4

REGTOT  (J)=0.0

00 751 K=1,N0J4

REGTOT (J)=REGTOT (J) + ROW(KI*SKL(KsJ)
WRITE(2) (REGTOT(J),J=1,NJINKG)

THE 780 LOOP REARRANGES AND PARTITIONS THE REGION STIFFNESS MATRIX

NJINK = NJINK&4/4

- REWIND 2

626

625

627

781

DO 625 INK=1,8

DO 626 JAK=1,8
XK11{INK,JAK)=0.0
D0 625 KIX=1,M8
XK12{ INK,KIX)=0.0
XK21(KIXy INK)=0.0
CONTINUE

DO 627 KIX=1,M8

.. DO 627 LAX=1,M8

XK22(KIXsLAX)=0.0

NREAD=0

KOUNT=-8

NJINK3=NJINK-1

DO 780 N=1,NJINK

NREAD=NREAD+1

KOUNT=KOUNT+4

00 781 I=1,4

READ(2) (HOLD{1yd)yJd=1yNJINK4S)

IF INREAD.LE.2.0R<.NREAD.GE.NJINK3)GO TO 790

" KK=KOUNT+1

| 80

1002430
1002440
1002450
1002460
1002470
1002480
1002490
1002500
1002510 -
1002520
1002530
1002540
1002550

1002560

1002570
1002580
1002590
1002600
1002610

- 1002620

1002630
1002640
1002650

1002660
1002670
1002680
1002690
1002700
1002710

1002720

1002730
1002740
1002750
1002760

1002770 .

1002780 -
1002790
1002800
1002810
1002820
1002830
1002840
1002850
1002860
1002870
1002880
1002890
1002900
1002910
1002920
1002930
1002940
1002950
1002960
1002970
1002980
1002990
1003000
1003010

- 1003020

1003030



785
790

191

796

792

195
797

793

KKK=KOUNT+12'

00 785 L=KK,KKK
IROW=4%(NREAD-2)

J=L-4

D0 785 K=1,4
IROW=TROW+1

XK22 (IROWs J)=HOLD (KoL)
G0 TO 780
IFINREAD.EQ.1)G0O TO 791
IFINREAD.EQ.2)G0O TO 792

IF (NREAD.EQ.NJINK3)GO TO 793

IFI(NREAD.EQ.NJINK)IGO TO 794
00 796 1=1,4
DO 796 J=l.4%
XK11{I,J)=HOLD(I,4)
JJd=J+4 .
XK12€T1oJ)}=HOLD(14JJ)
GO TO 780
DO 797 1=1,4%
DO 797 J=1,4
XK21(193)=HOLD(1,J)
JI=J+4
XK22(1+J)=HOLD(I,JJ)
JJI=J+8
IF(NNT.EQ.2) GO TO 795
XK22(1+JU)=HOLD( 1,044}
GO 70 797
XK21{1,JJ)=HOLOD(1,04J)
CONTINUE
G0 Y0 780
M11=NJINK4-11
M4=NJINK4G-4
MB=NJINKS4 -8

 KROW=M8-4

198

79¢

DO 798 I=1,4
KROW=KROW+1
KCOL=4

K8=M8-8

D0 798 J=M11,M8
K8=K8+1

XK22 (KROW,K8 )=HOLD(I+J) .
Ji=Jes :

KK=K8+4

XK22(KROW,KK) =HOLD(I,J4J)
JJJ=J+8

KCOL=KCOL+1

XK21 {KROW,KCOL )=HOLD(1,JJJ)
GO0 TO 780

KEND=NJINK4-8

KROW=4

M4=NJINK4-4

M7=NJINK&-T7

DO 799 I=1,4

KROW=KROW+1 -

K4=KEND-4

KCOL=4

DO 799 J=MT,M4

K4=K4+l

XK12{KROW,K4 )=HOLD(14J)
KCOL=KCOL+1 i
JJ=Je+4

g

1003040
1003050
1003060
1003070 -
1003080
1003090
1003100
1003110
1003120
1003130 .
1003140
1003150
1003160
1003170
1003180
1003190
1003200
1003210
1003220
1003230
1003240
1003250
1003260
1003270
1003280
1003290
1003300 °
1003310
1003320
1003330
1003340
1003350
1003360
1003370
1003380
1003390
1003400
1003410

1003420 .
. 1003430

1003440
1003450
1003460
1003470
1003480
1003490
1003500
1003510
1003520
1003530
1003540
1003550
1003560
1003570
1003580
1003590
1003600 -
1003610
1003620
1003630
1003640 -



799
780
7703

10

50

81

82

650

5011 FORMAT(////55%X23HREGION STIFFNESS MATRIX//14X8HDELTA T1TXS8HDELTA Z
11,7Xo8HDELTA R1,7Xs THTHETA 1,8X,BHDELTA T2, 7X,8HDELTA 22,7X,8HDELT

688
687
691

137

138

152
151

XK11(KROWsKCOL ) =HOLD( I, JJ)
CONT INUE

NS ING=NK IV*(NKIV+1)/2
N=NK1V

IK=1

DO 10 K=1,N

DO 10 I=K,N
XK22(1,K)={XK22(1,K)+ XK22(K,
CONT INUE

DO 50 K=1,4

LEAD(K) = 1

LEAD(K+4) = NJINK4-11

1172,

CALL SYNMSOC (XKZZ'XKZZoNvOcXKZIqB'LEADc11210 Oy NIX}

IF (NIX.LT.0) GOTO 8841
WRITE (10) ((XK21(1,J)9J=1,8)

HR!TEntIO)((«SAVJTC(I)s‘SAVSTP(I))-lﬂl'NNT)

00 81 J=1,8
D0 81 I=1,8
XK1221(1,41=0.0
D0 81 K=1,NKIV

XK1221(1+3)=XK1221 (T, J)+XK12( IsKI¥XK21(K,yJ)

DO 82 J=1,8
DO 82 I=1,.8

'l=1'H8 )

XKR{I¢J)=XK11(I,4J)=XK1221(14J)

D0 650 J=1,7

K = J#l

DO 650 I=K,8 ’

XKR(I,J) = (XKR{IyJ)+XKR{Js1)
XKR(JyI) = XKR(I,J)

¥72.0

WRITE (4) ((XKR(Isd)sJ=148)s1=1,8)
IF (NH.NE.0.AND.IBEGIN.NE.1) GO TO 691

WRITE(6,5011)

2A R2,TX, THTHETA 2)
I111=0
DO 687 M=1,8

WRITE(6+688) ALABEL{M)y (XKR(M9J)sJ=1,8)

FORMAT(/1XyAB5s1X98{E14.7+1X))
CONTINUE

.CONT INUE

DO 137 J=1,8

DO 137 1=1,8

SYM(I,+J)=0.0

INDEC=0

DO 138 I=1,8

00 138 J=1,8

IF{J.NE.I1)GO TO 138
IF(XKR{1,+J).6E.0.0)G0 TO 138
INDEC=1

SYM{I,J)=XKR(1,3}
IF(INDEC.EQ.0)GO TO 151
WRITE(6,152)

FORMAT (/777" SRR3R0 AR SRS SRS R EREERER SRR
REVISE SIZING

1VES APPEAR ON MAIN DIAGONAL.
JJ=2

N =8

J =1

DO 42 11=1,7

M o= Jd

DO 43 I=MyN

]2 .

EREESSERESEREERRT /] )

WARNING - NEGATI

1003650
1003660
1003670
1003680
1003690
1003700
1003710
1003720
1003730
1003740
1003750
1003760
1003770
1003780
1003790
1003800
1003810
1003820
1003830
1003840
1003850
1003860
1003870
1003880
1003890
1003900
1003910
1003920

1003930

1003940
1003950
1003960
1003970
1003980
1003990 -
1004000
1004010

1004020

1004030
1004040
1004050
1004060

1004070

1004080
1004090
1004100
1004110
1004120
1004130
1004140
1004150
1004160
1004170

-1004180 -

1004190
1004200
1004210
1004220 .
1004230
1004240
1004250



47

48

71
43

42

‘157

1730
692

819

818

817

205

206

5012

5512

8841

8797

8842

ALPH = ABS(SYM{I,4)) = ABS(SYM(J,I))
IF(ALPH) 47,71,48
IF(SYM(1,J).EQ.0.0) GOTO 71

SYM{I,J) = SYMUJ,1) /7 SYMLI,J)

GOTO 43 ’ i
IF(SYMtJ,1).EQ.0.0) GOTO 71

SYM(I.J) = SYM(I,J) 7 SYM(J,I)

GOTO 43

SYM(I,J) = 1.0

SYM(J.I) = 0.0

JI = JJ +1
J = J+l
CONTINUE

IF (NH.NE.O.AND.IBEGIN.NE.1) GO TO 692

WRITE(64157)

FORMAT(//56X+21HREGION SYMMETRY CHECK/)

DO 1730 I=1,8

WRITE(6+5000) (SYM{14d)yJ=1,8)
CONTINUE

CONTINUE

IF (NPROB.EQ.O) GO TO 150

. DD 819 I=19%

READ(3) (XL1{I,J)yJ=1,NPROB)
DO 818 1=5,8 .

READ(3} (XL1(I+J)eJ=1,NPROB)
D = 0.0

M8 = NJINK4-8

DO 817 I=1.,M8

READ{3) (XL2(I+J)eJ=1yNPROB)
LEAD(1) = 1

CALL SymMsSOC (XKZZ.XKZZ.NG:O»XLZ.-I.LEAD'llZvO 04NIX)

IF (NIX.LT.0) GOTO 8842

WRITE {10} ((XL2{14J)sJ=1,NPROB},1=1,M8

NL2=NPROB

DO 205 J=1,NPROB
D0 205 1I=1,8
XK1202(1,+J)=0.0
DO 205 K=14NKI1V

XK12L2(1+J)= XKlZLZ(I,J)+XK12(lpK)*XL2(K'J)

DO 206 J=1,NPROB
DO 206 1=1,8
XLR(I,J1=XL1(T4J)-XK12L2(T4J)

WRITE(8) ((XLR(I¢J)sJ=1yNPROB}yI=1,8)
IF (NH.NE.O. AND‘ISEGIN NE.1) GO TO 150

WRITE(6,5012)
FORHAT(//57X.18HREG!0N LOAD MATRIX/)
DO 5512 I=1,8

WRITE(64+5000). (XLR(I,J)eJ=1,NPROB)
GOTO 150

IERROR=8841

NERROR=30

GOTa 150

IERROR = 8797

NERROR=33

GO TO 150

IERROR=8842

NERROR=31

GOTO 150

READ (2) ((XKR{I4J)sJ=1,e8)eI=1,8)
DO 651 J=1,7

K = J+1

83

1004260
1004270
1004280
1004290
1004300
1004310
1004320
1004330
1004340
1004350

- 1004360

1004370
1004380
1004390
1004400
1004410
1004420
1004430
1004440
1004450
1004460
1004470
1004480
1004490
1004500
1004510
1004520
1004530
1004540
1004550
1004560
1004570
1004580
1004590
1004600
1004610
1004620
1004630
1004640
1004650
1004660
1004670
1004680
1004690
1004700
1004710
1004720
1004730
1004740
1004750 .
1004760
1004770
1004780
1004790
1004800
1004810
1004820
1004830
1004840
1004850
1004860 -



" 651

150

DO 651 I=K,8

XKR(I9d) = (XKR{IsJ)*XKR(Jy1)}/2.0
XKR{JoI) = XKR(I,J) .
WRITE(S) ((XKR(I¢J)eJ=1y8)y1I=1,8)

IF (NPROB.EQ.O) GO TO 150
READ(3) ((XLR(19J)sJ=14NPROB)yI=1,8)
WRITEI8) (IXLR{I,J)9J=14NPROB),1=1,8)
RETURN

END

1004870
1004880

"1004890

1004900
1004910
1004920
1004930
1004940
1004950



nnnnonnnnq

FQR.IS SYMSGC,SYMSOC

IN-CORE Y.
ACT SINGLE ARRAY (WITH MID=0).

SUBROUTINE SYMSOC (XHAT;A.H,BAND,Y.N,LEAD NlD.DET.NlX)

'SOLUTTON OF LINEAR EQUATIONS A%X = Y, WITH POSDEF SYH BANDLIKE Av
Y MAY BE A STANDARD DOUBLE ARRAY (ROW DIM MID) OR- A COMP~
IN EITHER CASE, LEAD(K) IS THE FIRST

NON-2ERO ELEMENT OF THE KTH Y-VECTOR. IF MID GT 0, THE SOLUTIONS ARE
" STACKED OVER THE RIGHT SIDES. IF MID = Oy THE ROUTINE IS PRINVT-ONLY.

SYMSOC CAN BE RE-ENTERED WITH NEW RIGHT SIDES BY SETTING N LT 0.

DIMENSION A(1)s¥Y{1)yX(128),XMAT(MID,1),NUMBER(128)
DIMENSION LEAD(1)

INTEGER BAND

NP = IABS{N)

" IF (N .LT. 0) GO TO 100

10
100

110
20

120

130

140

150

160
170

MM = M&(M+1)/72"
CALL BANDIT (XMAT,A,M,MID,NUMBER)
CALL LLTRAN{A,M,BAND,NUMBER,DET,NIX)
IF (MID .EQ. O) WRITE (6910) NIX,M,DET
FORMAT (' BERROR COOE ="1445Xs*M =914,5X, 'ODETERMINANT -'lPEl6.6l
IF (NIX .LT. O) RETURN
NIX = 0
ML = M+ 1
IF (MID .EQ. O) GO TO 110
INCl = MID + 1 - M
IM = M - MID
GO T0 120
WRITE (6,20} N
FORMAT (*8SOLUTIONS'9X,*N =']5)
INC1 = 1
IM =0
CALL TRISLV{A,M,BAND,NUMBERXyLEAP,1)
D0 170 K = 1loNP

LEAP = LEAD(K)

DO 130 J = 1,LEAP

X{J) = 0.

CONT INUE

IL = IM + INC1
IF {(MID.GT.0) IL = IL+LEAP~1

IM = MAXO(MID,M1-LEAP) + IM

J = LEAP

DO 140 1J = IL,IM
xX(J) = Y({1J)
Jd=J+1

CONT INUE

CALL TRISOL (X,LEAP)
IF (MID .EQ. 0) GO TO 160

J =M
13 = 1M
Y1) = X(J)
J=1J -1
J=9-1

IF (J). 170,170,150

WRITE (6+30) KyiX(J)e J = 1oM)
FORMAT(*0"I591P8E15.6/(6X¢BEL15.6))
CONTINUE
RETURN
END

85

-AND

1100010

1100020
1100030
1100040
1100050
1100060
1100070
1100080
1100090
1100100
1100110
1100120
1100130
1100140
1100150
1100160

" 1100170

1100180
1100190
1100200
1100210
1100220
1100230
1100240
1100250
1100260
1100270
1100280
1100290
1100300
1100310
1100320

1100330

1100340
1100350
1100360
1100370
1100380
1100390
1100400
1100410
1100420
1100430
1100440
1100450
1100460

1100480
1100490
1100500
1100510
1100520
1100530
1100540
1100550
1100560
1100570
1100580
1100590



FOR,1S BANDIT,BANDIT

20

30
10

SUBROUT INE BANDIT (XMAT,A,N,MID,NUMBER)

K =0 ’
D0 10 J=1,N - .

D0 30 1I=1,J .

IF (XMAT(I,J).EQ.0.0) GO TO 30
00 20 L=1,J

K = K+l .

A(K) = XMAT(L,J)

NUMBER(J) = J-1+1

GO T0 10

CONTINUE

NUMBER(J) = O -

CONTINUE

RETURN

END

DIMENSION XMAT{(MID,1),NUMBER(1),A(1)

i

- 86

1200010
1200020
1200030
1200040
1200050
1200060
1200070
1200080
1200090
1200100

© 1200110

1200120
1200130
1200140
1200150
1200160



- FORo IS LLTRAN.LLTRAN

SUBROUTINE LLTRAN(A,M;BAND, NUMBER,DET,NIX)

¢HOLESKY DECOMPOSITION OF A REAL IN-CORE POSITVIVE DEFINITE MATRIX A.

ROUT INE ASSUMES A IS STORED IN A . TRIANGULAR ARRAY BY ROWS. EACH ‘ROW
STARTS WITH ITS 1ST NON-ZERQ ELEMENT AND CONTINUES (WITH STORAGE OF
INTERIOR ZEROS) TO ITS DIAGONAL 'ELEMENT. FULL LOWER TRIANGLES AND .
DIAGONAL MATRICES.- GIVE ND SPECIAL TRDUBLE AND THE ROUTINE IS AIMED

- PARTICULARLY AT BAND MATRICES. THE PATTERN OF STORAGE IS SHOWN BY

THE 6X6 MATRIX BELOW.
X 1
X X : , 23
0 XX STORED IN THE ORDER * 4 S
0X0X *678
000 XX * % %94
0X0XO0X » *BCDEF

WHERE A THROUGH F DENOTE 10 THROUGH 15. .

TO KEEP TRACK OF ZEROS, THE ROUTINE NEEDS TO BE TOLD THE NUMBER OF
ELEMENTS STORED IN EACH ROW. THIS INFORMATION CAN BE GIVEN EXPLICIT-
LY IN THE ARRAY NUMBER (SETTING BAND = 0) OR IMPLICITLY BY SETTING
BAND TO THE NUMBER OF (COMPLETE) DIAGONALS. WITH THE 2ND CHOICE, THE

ING PRINCIPAL MINOR WILL HAVE A DETERMINANT LE O, AND NIX WILL BE
SET 70O -1 WHERE I IS THE FIRST SUCH MINOR. OTHERWISE L REPLACES A

IS MEANINGFUL UNLESS IT HAS BEEN WIPED OUT BY UNDERFLOW.
DIMENSION A(1)sNUMBER(1}),5(2)
EQUIVALENCE (SUHvSUN'S(I))y(SUHloS(Z))
INTEGER BAND
LEALEA = O
LEADL = 0
IK =0
00 260 I = 1.,M:
IF (BAND) 110,100,110

100 - KOUNT = NUMBER{I)
. . GO TO 120
110 KOUNT = MINO(1,BAND)
120 LEAD = I - KOUNT ¢ 1
IF (LEAD - LEAD1) 130,190,140
130 LAST = LEAD1

LEAD1 = LEAD + 1
LEALEA = -LEALEA

G0 10 150
140 - LAST = LEAD
’ LEADYl = LEADL + 1
150 CONT INUE

D0 180 J = LEADL,LAST
IF (BAND) 170,160,170

160 LEALEA = NUMBER(J) + LEALEA
- GO TO 180
170 LEALEA = ‘MINO(BAND,J) + LEALEA
180 CONT INVE
190 " LEALEA = IABS(LEALEA)
KK = LEALEA
LP = 0
Lo =1
CALL PREFCE (LP'LOOA(lK*l’vA(tEALEA)oSUNoLEAST'INC'INDEX'KEV’
K.= LEAD
200 IK = IK ¢ 1

87

ARRAY NUMBER IS NOT USED. IF A IS NOT POSITIVE DEFINITE, SOME LEAD-

NIX = 1 INOICATES SUCCESSFUL FACTORIZATION WITH DETERMINANT DOVERFLOW
NIX = O INDICATES SUCCESSFUL FACTORIZATION AND THE ODETERMINANT VALUE

1300010
1300020
1300030 -
1300040
1300050
1300060
1300070
1300080
1300090
1300100
1300110
1300120

1300130

1300140 -
1300150
1300160
1300170
1300180 -
1300190
1300200
1300210
1300220 -

1300230

1300240
1300250
1300260 -
1300270
1300280
1300290 -
1300310°
1300320
1300330
1300340
1300350
1300360
1300370
1300380
1300390
1300400
1300410
1300420
1300430
1300440
1300450
1300460 -
1300470
1300480
1300490
1300500
1300510
1300520
1300530
1300540
1300550 -
1300560
1300570 -

1300590
1300600



210
220

‘230
240
250
260

270
280

SUM = -ALIK)
SUMl = 0.
K=K=+1
LEAST = MAXO{14K-INC-LEAD)
IF - (BAND) 220,210,220
JAZZ = NUMBER(K)
GO TO 230
JAZZ = MINO(BAND,K)
INC = JAZZ -1
CALL HOTODOT (SUN,LEAST,INC)
IF (K - 1) 240,240,250

A(IK) = =SUM / A(KK)
KK = KK+ JAZZ
G0 TO 200
SUM = ~SUM
IF (SUM .LE. 0) GO TO 280
DET = DET * SUM
ACIK) = SQRT(SUM)
LEADL = LEAD

CONT INUE

NIX = O

RETURN

NIX = -1

G0 TO 270

- END

1300610
1300620
1300630
1300640
1300650
1300660
1300670
1300680
1300690
1300700
1300710
1300720
1300730
1300740
1300750 -
1300760

" 1300770
‘1300780

1300790
1300800
1300810
1300820
1300830
1300840
1300850



(3Xz2Xal

FOR,1IS HOTDOT,HOTODOT

250
50
100

110
120

.~ 200

210

99

SUBROUTINE HOTDOT (S,LON,JUMP)
GO TO 250

FORTRAN VERSION NEEDS JUMP POSITIVE FOR SAFETY.

ENTRY PREFCE (LAST,INC,FIX, VARY Sy LONy JUMP, INDEX,KEY)
DIMENSION FIX{1)4VARY{1)

INDEX = 1

KEY = 0

60 TO 99

CONT INUE

IF (LOW-LAST) 50,50,120-
IJ = INDEX+LOW-1

IF (KEY) 200+100,99

DO 110 J=LOW,LAST

S = SHVARYIIJI*FIX{J}

1J = 1J+1

INDEX = INDEX+JUMP

LAST = LAST+INC

GO TO 99

r=3S5

DO 210 J= LOH.LAST

FIX{J) = FIX(J)+VARY(IJ)*T

14 = 1J+1

GO TO 120
" ENTRY FOREWD (LAST, INCsFIXyeVARYSsLOWy JUMP o INDEX,KEY)
- INDEX = 1

KEY = -1

RETURN

END

v
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1500010
1500020
15000390
1500040 -
1500050

1500090
1500100
1500110
1500120
1500130
1500140
1500150
1500160
1500170 -
1500180
1500190
1500200

'1500210

1500220
1500230

1500250
1500260
1500270

1500290
1500300
1500310
1500320



FORyIS TRISLV,VRISLY

C SOLUTION OF LZ = Y, FOLLOWED BY SOLUTION OF LTX = Z. L IS A LOWER

C . TRIANGULAR MATRIX STORED BY (PARTIAL) ROWS IN THE ARRAY A. L IS AS-
SUMED BANDLIKE, BUT BAND = 0 MEANS THAT THE NUMBER ARRAY GIVES THE
NUMBER OF ELEMENTS STORED IN EACH ROW. FOR STORAGE ORDER SEE LLTRAN.

C
c

SUBROUTINE TRISLV(A,M,BANDyNUMBER,Y,LEAP,LOP)

DIMENSION A{1),Y(1),NUMBER(1},S(2)
EQUIVALENCE (SUM,SUN,S(1)),{SUM1,S(2))
INTEGER BAND

ML =M + 1

MM1 = M - ]

RETURN

ENTRY TRISOL (Y,LEAP)

LOW = LOP°

LEAD = LEAP

- LEAD1 = LEAD + 1

110

120

"130

140

150
160

170

180

190

200
210

I1 = 0
00 130 1 = 1,LEAD
IF (BAND) 120,110,120
JAZZ = NUMBER(I)
GO TO 130
JAZZ = MINOII,BAND)
II = II + JAZ2
160 = IT - LEAD + 1
LP = LEAD-1
CALL PREFCE (LPy1,Y,A(1GO)ySUN,LEAST,INC¢INDEX,KEY)
DO 170 I = LEAD1,M1
LEAST = MAXO(LEAD,I-JAZ2)
IF(BAND) 150,140,150
JAZZ = NUMBER(I)
GO TO 160
JAZZ = MINO(BAND.I)
INC = JAZZ - 1
SUM = -Y(I-1)
SUML = 0.
CALL HOTDOT {(SUN,LEAST,INC)
Y(I-1) = =SUM/A(TI)
11 = 11 + JA2Z
CONTINUE
II = 11 - JAZZ
1GO = I1 - MM1
CALL FOREWD (MM1,-1,Y,A(1G0),SUN,LEAST, INC,INDEX,KEY)
1=M :
SUM = =Y(I) / A(II)
Y(I) = -SUM
IF(BAND) 200,190,200
JAZZ = NUMBER(I)
G0 TO 210
JAZZ = MINO(I,BAND)
CINC = 1 - JAZZ
LEAST = MAXO(LOW,I+INC)
CALL HOTDOT (SUN,LEAST,INC)
TIn = 11 - JAZZ .

I1=1-+1
IF {I .GE. LOW) GO TO 180
RETURN .

END-

192_

1400020
1400030
1400040
1400050
1400060
1400080
1400090
1400100 -
1400110
1400120

1400140

1400150
1400160
1400170
1400180
1400190 -
1400200
1400210
1400220

1400230

1400240

1400260
1400270
1400280
1400290
1400300
1400310
1400320
1400330
1400340

- 1400350

1400360
1400370
1400380
1400390
1400400

1400420
1400430
1400440
1400450
1400460
1400470
1400480
1400490 -
1400500
1400510
1400520
1400530
1400540 -
1400550
1460560



SUBROUTINE RINGER

'This subroutine reads the discrete ring geometric data, and temperatures,
and forms the ring stiffness and thermal load matrices. These matrices
are passed back to either of subroutines REGMAT or STRMAT (see next) as
hécessary, for incorporation into the region or structure matrices,

_respectively. The ring plasticity effects are calculated and the stresses
and strains updated for each load increment.

The calculations in RINGER account for the eccentricity of the ring
centroid from the base shell wall, and the offset of the ring centroid

from the shear center.

Subroutines Called from RINGER

Subroutine RITEPS: Is a routine called by RINGER to calculate the thermal
strains throughout the ring.

Subroutine RISULT: Is a routine called by RINGER to calculate ring stress

resultaﬁts and moments.

Subroutine RGSRSE: Is a routine called by RINGER to calculate ring elastic
stresses. '
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FORTRAN CODE

ENGINEERING SYMBOLS (REF. 1)

RNGTOT MATRTX

TDEL MATRIX

RNGLOD MATRIX

YC

92
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RINGER

"ENTRY

READ RING
DATA

FORM RING PLASTIC
LOAD VECTOR

!

FORM RING
STIFFNESS MATRIX

FORM RING
THERMAL LOAD
MATRIX

FORM ECCENTRICITY
COORDINATE TRANSFORMATION
MATRIX

RETURN

93




FOR,

213

11
12

25

26

20

21

610

IS RINGER,RINGER
SUBROUTINE RINGER (QyXN,RNGTOT,RNGLOD,J,ADUS,BADUS,JTIC,JISTOP, 2900010
1 JTNO,KBCyXNL s MFLG,NSEG, ICYCLE,IBEGIN,LDISTL) 2900020
INTEGER Q,XN . 2900030
COMMON /ARING/ NRING(28),AMAT(30,8),RSIG(12),REPS(12),RALPH(12), 2900040
c RBAPH(12) 2900050
COMMON /PLS/ OMEGA, INORD+ XMERD » XPRES o XMONT 2900060 -
COMMON /PLSTIC/ 10,J0,I10R,JOR,KORI,NEO 2900070
COMMON /CDISP/ P,IMAX,DELP,DELP1,YEPS,ZEPS . 2900080
DIMENSION RNGTOT(%y4)yRNGLOD(4428) s TDEL(4,4) s XKTOT (4 44) XL (%) 2900090
DIMENSION ADUS(30),BADUS(30),JTIC{30),JSTOP(30),JTND(28),XNL(3) 2900100
DIMENSION RNGSRN{2),RGSRS(3),NPLA(12),0S1G(12),DEPS(12) 2900110
DIMENSION RTEPS(12),TEPS{12), TEPSIN(3),ENTH(3) ,RGECM(6) ,REPSIN(3) 2900120
DIMENSTION AWORD(9),JIPR(S),REFF(12),HARD (3),SAVR(6) 2900130
EQUIVALENCE (TEPSIN(1),AMN),(TEPSIN(2),BN) 2900140
DATA AWORD /'SREC','ZSEC*, *ISEC®, *HREC®, *HTRI*, *CRRC *5 'CHSC"®, 2900150
1 'TSECY, 'RASC*/ 2900160
DATA HARC/'TSOT®,'KINE®, 'PERF*/ ——__ 2900170
DATA JIPR/9+94901299+124946,6/ ' -2900180
X1 = XNL(1) 2900190
X3 = XNL{(3) 2900200
IF (Q.EQ.1) GO TO 212 2900210
READ(59213) JTNO(J)oEAEIV,EIXY,EIX,E,NORD,PHI ,SIGOX yRMOSS,RMOSN, 2900220
1 ALPRHRC ¢ XCsYCyXBARy YBAR, T1, TOyROJ+RHO, HARDEN  RGEOM 2900230
FORMAT{1295E14.7/A%,2Xo%EL14.7/6E12.5/4E14.744X,A4/6E12.5) - 2900240
DO 11 K=1,9 2900250
IF (AWORD(K).EQ.WORD) GO TO 12 2900260
CONTINUE 2900270
NTYP = K _ 2900280
NIPR = JIPRINTYP) 2900290
NPLEV = 0O 2900300
DO 25 K=1,3 2900310
IF (HARD(K).EQ.HARDEN) GO TO 26 2900320
CONT INUE 2900330
NERROR = 8013 2900340
60 TO 8888 2900350
KOR = K 2900360
KORIR = 0 2900370
IF (KOR.GT.1) KORIR = -1 2900380
IF (NEO.NE.O) GO TO 600 2900390
D0 20 Kzl,12 2900400
NPLA(K) = 0 : 2900410
RSIG(K) = 0.0 2900420
REPS(K) = 0.0 2900430
REFF(K) = SIGOX 2900440
RALPH(K) = 0.0 2900450
RBAPH(K) = 0.0 2900460
DO 21 K=1,2 2900470
RNGSRN(K) = 0.0 2900480
REPSIN(K) = 0.0 2900490 -
RGSRS(K) = 0.0 2900500
RGSRS(3) = 0.0 2900510
REPSIN(3) = 0.0 2900520
C = 0.0 2900530
IPRINT = 0 2900540
D = 0.0 , 2900550
DELR = 0.0 2900560
DO 610 K=1,6 2900570
“SAVR(K) = 0.0 2900580
DO 240 K=1,3 2900590
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240 ENTH{(K) = 0.0
CALL RITEPS (RTEPSyTIoTO,ALPRNTYP,RGEQM)
IND = O
CALL RISULT (TEPSINSRTEPS,ENTH(3),NTYP, IND,RGEOM,PHI )
600 CONTINUE
: WRITE(1) JUNO(J) oEA9EIYyEIXYsEIXJEsNTYP o NIPR,PHIJRCy XCoYC,
1 XBARyYBARyROJ9RHO ¢ RGEOM, ALPR
WRITE{(6+300) JTNO(J)sEAyEIYLEIXY,EIXyALPRJESRC ¢ XC s YC 9 XBAR,YBAR,
. 1 ROJ,TI,TO,RHO
300 FORMAT(/55Xs*RING AT JOINT NO. *912//' EA =",1PE12.5,6X,*EIY =1,
1 LPEL12.5¢5Xs?EIXY =03 1PEL2.544X, "EIX =9,1PEL2.5,5Xs?ALPR =1,
2 1PE12.5+4Xy'E =*91PEL12.5/°* RC =", 1PE12.5,6Xy*XC ="5 1PEL2.5,6Xs

3 'YC =9y 1PEL12.5¢6Xs "XBAR ="', 1PE12.5+4Xs 'YBAR =',1PEL 2.5¢4X,*R0O =",

& 1PE12.57° T1 =*,1PEL12.546X¢*TO =", 1PE12.5,6X, 'RHO =',1PE12.5)
G0 TO 211
212 READ(1) JTNO(J) yEAJEIY EIXYoEIXSEsNTYP,NIPRyPHIRCy XCsYCy
1 XB8AR,YBARyROJ,RHOyRGEOM, ALPR
211 CONTINUE
A = EA/E
ROM = RHO*OMEGA*DELP
RS = RC+XC '
RCS RC*RS
RC2 = RC*RC
YC2 = YC*YC
TWOPI = 2.0%3.1415927
RNGTOT (1,1} 1.0/RCS*(EA+EIY/RC2)
RNGYOT(2,1) 0.0
RNGTOT(3,1) :
RNGTOT (4,1)
RNGTOT(1,2)
RNGTOT(2,2)
RNGTOT{3,2)
RNGTOT (4,2)
RNGTOT (1,43}
RNGTOT(2,3)
RNGTOT(3,3)
RNGTOT (4,3}
RNGTOT(1,4)
RNGTOT (2+4)
RNGTOT{3,4) .0
RNGTOT(444) = 1.0/RCS*(YC2#EA+EIY*YC4+EIX+2, O*EIXY*YC /RC)
IF (NEO.NE.O) GO TO 50
IF (Q.NE.1l) GO TO 400
50 READ({JOR) NPLEV,RNGSRNyRGSRS,NPLA4RSIG4REPSRALPH,RBAPH,RTEPS,

JRCS*{-EA*YC~-EIY*YC/RC2-EIXY/RC)

TOT(4,1)

ONOO0ODOOOOLOO

* 2% ¢ & o 0 & 8 0 o @

COMOOOOOOOOO

1 SIGOX»RMOSS y RMOSN,REFF,KORIRy AMN,BN,OENTH3 ,0DELR,SAVR,
2 IPRINT
K = JTNO(J) .

IF (MFLG.EQ.2) GO TO 102 i
ENTH(1) = (AMAT(K,1)*ROJ-YBAR*(AMAT(K,3)-0ENTH3))/RS
ENTH{2)=({AMAT(K, 3)-0ENTH3} /RS
ENTH(3) = AMAT(K,3)
DELR = AMAT(K,4)
GO TO 101 .
102 ENTH(1) = (AMAT{(K,5)*ROJ-YBAR* (AMAT (K, 7)-0ENTH3) )} /RS
ENTH(2)={AMAT(K, 7)-0ENTH3) /RS
ENTH(3) = AMAT(K,7)
DELR = AMAT(K,8)
101 CONTINUE
IF (ICYCLE.NE.1) GO TO 180
If (LOISTL.EQ.1) GO TO 185
READ{5,215) SIGOX,RMOSSyRMOSNyTI,TO
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2900600
2900610

- 2900620

2900630
2900640
2900650
2900660
2900670
2900680 .
2900690
2900700
2900710
2900720
2900730
2900740
2900750
2900760 -
2900770 -
2900780
2900790
2900800
2900810
2900820
2900830
2900840
2900850
2900860
2900870
2900880
2900890
2900900

2900910

2900920
2900930
2900940
2900950
2900960
2900970
2900980
2900990
2901000
2901010
2901020
2901030
2901040
2901050
2901060
2901070
2901080

2901100
2901110
2901120
2901130

2901150
2901160
2901170
2901180
2901190
2901200



215

FORMAT (SE14.7) ‘
CALL RITEPS (RTEPS,TI,TO;ALPR,NTYP,RGEOM)
IND = 0

" CALL RISULT (TEPS!N.RTEPS:ENTH(3)oNTVP INDsRGEOM,PHI )

- 185

181
180

483

484

485

490

495
496

500

IF (DELP/ABS(DELP).EQ.DELP1/ABS(DELP1}) GO TO 180
DO 181 1=1,12

NPLA(I) = O

RBAPHI{I) = RSIGII)

CONTINULE

DDELR = DELR-ODELR

OOMEG = ENTH(3)-0ENTH3

Dl = DELR~YBAR*ENTH(3)

DD1 = DDELR-YBAR*DOMEG ° .
DF1 = RNGYOT(1,1)*DD1+RNGTOT{4,1)*DOMEG+SAVR(1)
DF2 = RNGTOT(1,4)*DD1+RNGTOT(4y4)*DOMEG+SAVR(2)

"SAVR{5) = SAVR(5)+DFl

SAVR(6) = SAVR(6)+DF2

C. = RNGTOT(1,1)*D1+RNGTOT {4y 1)*ENTH(3)~ SAVR(5)+SAVR(3)
O = RNGTOT{1,4)%D1+RNGTOT( 494 )*ENTH{3)~SAVR(6)+SAVR( 4}
DO 483 (=1,2

RNGSRN{L) = RNGSRN(L)+ENTH(L)

DO 484 I1=1,NIPR :

TEPS{Il) = DELP * RTEPS(II)

CALL RGSRSE (DSIG'ENTH'TEPS'E'NTYP.RGEO“'PH"

IFINPLEV .EQ.C) GO TO 540

DO 500 II=1,NIPR

IF(NPLA(II) .LE.O) GO TO 496 )
IF({RSIG(II)-RALPH(II))*DSIG(II) .LT. ZEPS) GO TO 495
IF (RMOSN.NE.O.0) GO TO 485 )
DEPS{I1) = DSIG(II)/E

REPS{ILl) = REPS(I1I) + DEPS(II)

DSIGUIT)Y = 0.0

GO T0 500

IF (RMOSS.EQ.0.0) GO TO 490

TOMP = Q. 42857143*RHO$N*(ABS(RSIG(IX)~RBAPH(!ll)IRHOSS)"(RHOSN-

1.0)
DSIG(IT)=DSIGIII)/(1.4TOMP)
RDSIG = DSIG(II)
DEPS{II) = TOMP/E*DSIG(II)
RSIG(II) = RSIG(IT) + DSIG(II)
REPS(II) = REPS(II) + DEPS(II)
IF (KORIR.EQ.0) RDSIG = 0.0
RALPH{II) = RALPH(IIJ+RDSIG
IF (KORIR.EQ.0) REFF{II) = RSIG(II)
GO0 T0 500
DSIG(II) = RMOSN#*DSIG(II)"
RDSIG = DSIGI(II)
RSIGUIL) = RSIG(II) + DSIGUII)
DEPS(Il) = DSIGIIL)/E*((1. O-RHOSN)IRHOSN)
REPS(IX) = REPS(II) + DEPS(II)
IF {KORIR.EQ.0) RDSIG = 0.0
RALPH(II) = RALPH(II)+RDSIG
IF (KORIR.EQ.0) REFF(II) = RSIG(II)
GO T0 500
NPLA(IY) = -1
RSIG(IX) = RSIG(II) + DSIG(II)

"DEPS(II) = 0.0

YCOND = YEPS
IF (KORIR.EQ.0) YCOND = YCOND*REFF([I)ISIGOX

IF - (ABS((RSIG(II)-RALPH{II))/SIGOX).GE.YCOND) NPLA(II) = 11

CONTINUE
926

2901210
2901220
2901230
2901240
2901250 -
2901260
2901270
2901280
2901290
2901300
2901310
2901320
2901330
2901340
2901350
2901360
2901370
2901380
2901390
2901400
2901410
2901420
2901430
2901440
2901450
2901460
2901470
2901480
2901490
2901500
2901510
2901520
2901530
2901540
2901550
2901560
2901570
2901580
2901590
2901600
2901610
2901620
2901630
2901640

2901650

2901660
2901670
2901680
2901690
2901700
2901710
2901720
2901730
2901740
2901750
2901760
2901770
2901780
2901790
2901800
2901810



507

540

. 545

550

620

301

320
302
321
303

304

305
322
400

TEM1

- TOEL(1,2)

IND = O

CALL RISULT ‘RE?S(N'DEPS'ENTH(3,9NTYP;‘N°9RGEOh'PHl'

60 T0 550

D0 545 11=1,NIPR
RSIG(II) = RSIG(II) + DSIG(II)
IF (ABS(RSIG(II)/S!GOX).LT.YEPS),GO'TO 545

NPLEV 1.

NPLA(II) = 11

CONTINUE

REPSIN(1) = 0.0

REPSINI(2)
IND = 1

0

.o

CALL RISULT (RGSRS,yRSIGyENTH(3)NTYP,IND,RGEOM,PHI)
IF AP.EQ.2.) GO TO 620 .
IF (IPRINT.EQ.O0) GO TO 322

PP P-1.0

IF (MFLG.EQ.2) GO TO 320
WRITE(65301) JTNO(J),PP
FORMAT (/34X, *RING AT REGION JOINT NO. *,12,24X'CYCLE = ',F5.0)

GO 70 321

WRITE(65302) JTNO(J),PP

FORMAY (/32X, *RING AT STRUCTURE JOINT NO.

Y912424Xe 'CYCLE '4F5.0)

WRITE(65303) RNGSRN,RGSRS
FORMAT (33X, *EPS THETA=*,1PE12.5+4Xs 'K THETA='31PE12.5 46Xy 'N THETA=*

1

v1PEL12.5,6X,"MR =7,1PE12.5+10X,'MZ =',1PE12.5)

IF (NPLEV.EQ.0) GO TO 322
WRITE(65304) (RSIG{I)yI=1sNIPR}

FORMAT(/ /"

SIGMA =¢,TX,1P9E13.5/15X,1P3E13.5)

WRITE(64305) (REPS(1)yI=1,NIPR) .
FORMAT(/* EPSILON PLAS =',1PSE13.5/15X,1P3E13.5)

CONTINUE
CONTINUE

RNGLOD(1,J)
RNGLOD(2,J)
RNGLOD{(3,J)
RNGLOD(4,J)

SAVRI{1)
SAVR(2)
SAVR(3)
SAVR({4)
IPRINT =

0

IF (IBEGIN.EQ.1.0R.{IMAX-1).EQ.ICYCLE) IPRINT

L I ]

E/RS*AMN

DELP*TEML+E/RS*REPSIN(11~-X3%*C

0.0

0.0
DELP*(-TEML*YC-E/RS*BN)-E/RS*(YC*REPSIN(1)+REPSIN(2))
-X3%D

RNGLOD{1,J)
RNGLOD (44 J)
SAVR(3)+SAVR(1)
SAVR(4)+SAVR(2)

=1

WRITE{IOR) NPLEV,RNGSRNyRGSRSyNPLAJRSIG,REPSRALPHRBAPHRTEPS,

N -

SIGOX,RMOSSsRMOSN,REFF,KORIR s AMN4BN,ENTH(3 1 ,DELR,SAVR,
IPRINT

XBRS = 1.0-XBAR/RS
0.0

TDEL(1,1)
TDEL(2,1)
TDEL(3,1)
TOEL(4s 1)

TDEL(2,2)
TDEL(342)
TDEL(492)
TDEL(1+3)
TDEL(2,3)
TDEL(3,3)
TDEL(4,3)
TDEL(1,4)

(U T (I 2 I T T

0

.0

-1.0/XBRS
0.0

0

.o
1.0

0.0

0

.o
1.0

0.0

0
0

.0
00'

-YBAR
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2901820
2901830
2901840
2901850
2901860
2901870
2901880
2901890
2901900
2901910
2901920
2901930
2901940
2901950
2901960
2901970
2901980
2901990
2902000
2902010
2902020
2902030
2902040
2902050
2902060
2902070
2902080
2902090
2902100
2902110
2902120
2902130
2902140
2902150
2902160
2902170
2902180
2902190
2902200
2902210
2902220
2902230
2902240
2902250
2902260
2902270
2902280
2902290
2902300
2902310
2902320
2902330
2902340
2902350
2902360
2902370
2902380 -
2902390
2902400
2902410
2902420



813

8lé4

- 815

816

1100

1105

1107

1101
1106

1111
820
821

402

asas

TDEL(2,4) = +XBAR
TDEL(3,4) .= 0.0
TOEL(4,4) = =1.0
DO 813 L=21,4

DO 813 Mal,4
XKTOT(L,M) = 0.0
00 813 N=1,4

XKTOT{LyM) = XKTOT{LsM)I+RNGTOTIL+N)*TOEL(N,N)

DO 814 L=1,4
DO 814 M=1,4
RNGTOT(L«M) = 0.0
00 814 N=1,4

RNGTOT(L.M) = RNGTOT(LvH)OTDEL(N'L)*XKTOT(N.H)

DO 815 L=1.4
XL({L) = 0.0

-DO 815 N=1l,4

XLIL) = XL(L)+TDEL(NyL)SRNGLOD(N )
D0 816 L=1,2

RNGLOD(L,J) = XLIL)

8 = ~ROMSRC*A

RNGLOD(3,J) = XL(3)+B

RNGLOD(4,J) = XL{4)+YBAR®B

00 1100 L=1,NSEG

IF (JTNG(J).EQ.JTIC(L)) GO TO 1105
CONTINUE

GO TO 1107

M= JTIC(L)

RMULT = ADUS (M) $TWOPI

GO YO 1111

DO 1101 L=1,NSEG

IF (JINO(J). EQ.JSTOP(L)) GO TO 1106
CONTINUE

M = JSTOP(L) ,

RMULT = BADUS(M)*TWOPI

CONTINUE

DD 820 L=1,4

DO 820 M=1,4"

RNGYOT (L, M) = RNGTOT(L.H)‘RHULT

DO 821 L=1,4

RNGLOD(L,J) = RNGLOD(LyJ )1SRMULT

RE TURN

NIX = 1
GO TO 402

_END

- 98.

2902430
2902440
2902450
2902460
2902470
2902480
2902490
2902500
2902510
2902520
2902530
2902540 -
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2902710
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FOR,

100

200

300 X1=RGEOM{1)*RGEOM(2)/2.*(RGEOM{5)~RGEOM(3) )}/ (RGEOM(1 ) *(RGEOM(3)

IS RITEPS.RITEPS

SUBROUTINE RITEPS (RTEPS'TI'TO|ALPR.NTYP'RGEOHD
COMMON /GINT/ AA(By4)sWH(Be4)

DIMENSION RTEPS(1),TEMP{4),RGEOM(1)

Pl = 3.14159265 .

TEMP(1) = (T]I-T0)/2.0

TEMP(2) = (T1+70})/2.0

G0 TO (lOO.ZOOoZOOv300.4001500.200.600'600)vNTVP

SOLID RECTANGULAR SECTION

RTEPS(1) = ALPR#(TENP(l)*AA(3.l)*TEHP(2))
RTEPS(2) = RTEPS(1)

RTEPS(3) = RTEPS(1)

RTEPS(4) = ALPR®(-TEMP(1)#AA(3,1)+TEMP(2)) .
RTEPS{5) = RTEPS(4) :
RTEPS(6) = RTEPS(4)

RTEPS(T) = ALPRSTEMP(2)

RTEPS(8) = RTEPS(T)

"RTEPS(9) = RTEPS(T)

60 TO 990

I-SECTION, I-SECTION OR CHANNEL SECTION’

DENO=RGEOM(1)*RGEOM(4)+RGEOM(2)*RGEOM{ S5 )+RGEOM(3)*RGEOM(6)
X1=RGEOM(2)/2.#(RGEOM({3)*RGEOM( 6 }~RGEOM (1 )*RGEOM(4)) /DENC

TEMP(3)=2.*TEMP(1)/RGEOM(2)
TEMP(4)=RGEOM(2)/2.-X1
RTEPS(7)=ALPR*T]
RTEPS(8)=RTEPSI(T)
RTEPS(9)=RTEPS(T)
XT=RGEOM(2)/2.%AA(3,1)-X1
TT=TEMP(3)*(XT-TEMP ({4} )+TL
RTEPS (4) =ALPR*TT
XT=~RGEQOM(2)/2.%AA(3,1)-X1
TV=TEMP(3)*(XT-TEMP(4))+TI
RTEPS(5)=ALPR*TT

XT==X1
TT=TEMP(3)*(XT-TEMP(4))+T]
RTEPS{6)=ALPR*TT
RTEPS (1) =ALPR*TO
RTEPS(2)=RTEPS(1)
RTEPS{3)=RTEPS(1)

60 TO 990

HOLLOW RECTANGULAR SECTION

1 +RGEOM(5))+2.*RGEOM{2)*RGEOM(4))
TEMP(3)=2.*%TEMP(1)/RGEOM(2)
TEMP(4)=RGEOM(2)/2.-X1
RTEPS(7)=ALPR2T]
RTEPS(8)=RTEPSI(7)
RTEPS(9)=RTEPSLT)}
XT=RGEOM(2)/72.%AA(3,1)-X1 -
TU=TEMP(3)*(XT-TEMP(4))+T]
RTEPS (4)=ALPR*TT
XT==RGEOM(2)/2.%AA(3,1)-X1
TT=TEMP(3)*{XT-TEMP (4} )+T1
RTYEPS(S)=ALPR*TTY
XT==X1
1T= TEHP(3)*(XT—TEHP(4))*TI

99

3000010
3000020
3000030
3000040
3000050
3000060
3000070
3000080
3000090
3000100
3000110
3000120

3000130

3000140
3000150
3000160
3000170
3000180
3000190
3000200
3000210.
3000220
3000230

3000330
3000340
3000350
3000360
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o0

400

500

RTEPS (6)=ALPR*TT
RTEPS(1)=ALPR*TO
RTEPS(2)=RTEPS(1)
RTEPS{3)=RTEPS(1)
RTEPS{10) = RTEPS(4)
RTEPS(11}) = RTEPS(5)
RTEPS(12) = RTEPS(6)
G0 TO 990

Y
TRIANGULAR SECTION (1SOSCELES)

RYEPS (4)
RTEPS(S) = RTEPS(4)

RTEPS(6) = RTEPS{4)

X1 RGEOH(I)*RGEUH(I)*RGEUN(3)

ST = RGEOM(2)/(2.0%RGEOM(1))

CT = SQRT(1.0-ST#ST)

X2 = 2.0%RGEOM(1)*RGEOM(3) +RGEOM{ 2) $RGEOM(4)
X1 = X1%CT/X2

X2 = <~RGEOM{1)*CT*(RGEOM(1)*RGEOM(3)+RGEOM(2)*RGEOM( &) )/ X2
TEMP(3) = (X1+X2)/2.0 '

TEMP(&4) = (X1-X2)/2.0

X = TEMP(3)%AA(3,1)4TEMP{4)

Q = TEMPI1)/TEMP(4) :

RTEPS{1) = (Q*(X-X1)+TI)*ALPR

RTEPSIT) = RTEPS(1)

X = -TEMP(3)*AA(3,1)+TEMP(4)

RTEPS(2) = (Q#({X-X1)+TI)*ALPR

RTEPS{B) = RTEPS(2)

X = TEMP(4)

RTEPS(3) = (Q#(X-X1)+TJI)*ALPR

RTEPS(9) = RTEPS(3)

60 TO 990

TI*ALPR

CRRC SECTION

RTEPS(1) = ALPRSTI

RTEPS(2) = RTEPS(1)

RTEPS(3) = RTEPS(1)

X1 2 (2.0%RGEOM(1)#RGEQM (1) +P1*RGEOM(2 )% (RGEOM( 1) +RGEOM(2) /PT) )%
RGEOM(3)/( (4 .0#RGEOM{1)+P I¥RGEOM{ 2) )*RGECM {3) +2 . O%RGEOM (2) *
RGEQM(4))

X = X1+RGEOM(2)/2.0%(AA(3,1)-1.0)

X2 = X1-{RGEOM{1)+RGEOM(2)/2.0)

TEMP(3) = (X14X2)/2.0

TEMP(4) = (X1-X2)/2.0

Q = TEMP(1)/TEMP(4)

RTEPS(4) = (Q%(X=-X1)+TI)#ALPR

RTEPS(T) = RTEPS(4)

X = X1-RGEOM(2)/2.0%(AA(3,1)41.0)

RTEPS(5) = (Q%(X=-X1)+TI)*ALPR

RTEPS(8) = RTEPS(S)

RTEPS(6) = (~Q#RGEOM(2)/2.0+TII%ALPR

RTEPS(9) = RTEPS{6)

THETA = PI/2.0%(1.0+AA(3,1))

X = X1-RGEOM(1)-RGEOM(2)/2.0*SIN(THETA)

RTEPS(10) = (Q#(X-X1)+TI)*ALPR

THETA = PI1/2.0%(1.0-AA(3,1))

X = XL-RGEOM(1)-RGEQM(2)/2.0%SIN(THETA)

RTEPS(11) = (Q#(X-X1)+T1)*ALPR

X = X1-RGEOM{1)-RGEOM(2)/2.0

A 100

3000460
3000470 -
3000480 -
3000490
3000500
3000510
3000520
3000530
3000540
3000550
3000560
3000570
3000580
3000590
3000600
3000610
3000620
3000630
3000640
3000650
3000660
3000670
3000680
3000690
3000700 -
3000710
3000720
3000730
3000740
3000750
3000760
3000770
3000780
3000790
3000800
3000810
3000820
3000830
3000840
3000850
3000860

3000870

3000880
3000890
3000900
3000910
3000920
3000930
3000940
3000950
3000960
3000970
3000980
3000990
3001000
3001010
3001020



(g NaNel

600 X1=RGEOM(2)/2.‘(RGEONIZ)‘RGEOH(4)02.*RGEOH(1)‘RGEOH(3))I(RGEOH(Z)

990

RTEPS(12) = {Q*(X-X1)+T.I)*ALPR
GO TO 990 .

T-SECTION OR RIGHT ANGULAR SECTION

1 *RGEOM(4)+RGEOM{ 1)*RGEOM(3))
TEMP(3)=2.*TEMP(1)/RGEOM(2)
RTEPS (1)=ALPR*TQ
RTEPS{2) = RTEPS(1)

RTEPS(3) = RTEPS(1)
XT=RGEOM(2)/2.%({AA{3,1)-1.)+X1
TT=TEMP(3) %(XT=X1)+T1
RTEPS(4)=ALPRSTT

- XT=-RGEOM(2)/2.%(AA{3,1)+1.)+X]
TTY=TEMP{3) ®(XT-X1)+Tl
RTEPS(S5)=ALPR*TT
XT==RGEOM(2)/2.+X1

TT=TEMP(3)%({XT-X1)+T]
RTEPS(6)= ALPR#TT
RETURN
END

101

3001030
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3001070

3001090

3001100 .
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3001150
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FORyIS RISULT,RISULT.

SUBROUTINE RISULT (RGSRS'SIGvENTH'NTYP'IND.RGEON.PHI)
COMMON /GINT/ AA(8,4)4WNW(B,4) °

DIMENSION RGSRS{1)sSIG(1),TEMP{2)},RGEOM(1)})

-ANG =

100
110
120

Il

1

Pl = 3.14159265

PHI+ENTH

TEMP{1) = COS{ANG)

TEMP(2) = SIN(ANG)

RGSRS{1) = 0.0 -

RGSRS(2) = 0.0

~ IF {IND .NE.O) RGSRS{3) = 0.0

GO TO (100,300,400,600,200,500+700+4800,900),NTYP

SOLID RECTANGULAR SECTION

DO 140 L=1,2

XT

RGEOM(1)/2.0%AA(3,L)

DO 130 LL=1,2

Yt

RGEQOM(2)/2. O*AA(3'LL)

RGSRS(1) = RGSRS{1l} + WHW(3,L) * WW(3,LL) * SIG(II)

RGSRS(2) = RGSRS(2) = WW(3,L) * WW(3,LL) * SIGUII) *(-XT*TEMP(1) +

1 YT * TEMP(2))

IF (IND.NE.O) RGSRS(3} = RGSRS{3) ~ WW{3,L)} * WW(3,LLI*SIG(II) *

1 (XT * TEMP(2) + YT * TEMP(L1))

130

11

IFLYT

A4

11+1
+LE.0.0) GO 7O 130
-Y7

60 TO 120
CONTINUE

IFIXT

XT

.LE. 0.0) GO TO 140
-XT

- 60 10 110
CONTINUE
FACT
RGSRS(1) = RGSRS(1) * FACT

RGSRS{2) = RGSRS(2) * FACT

IF(IND .NE.O) RGSRS{3) = RGSRS(3) * FACT
GO TO 990 :

140

200

210 RGSRS{1) = RGSRS(1)+HH(3'L)*((SIG(lI)+SIG(IIb6))‘RGEUH(I)*RGEOH(3)

1

1

1

= RGEOM{1)*RGEOM{2)/4.0

TRIANGULAR ‘SECTION (ISOSCELES)

CONTINUE

X1 = RGECM(1)*RGEOM(1)#RGEOM(3)

ST = RGECOM(2)/2.0/RGEOM(1)

CT = SQRT(1.0-ST#ST)

X2 = 2.0%RGECM{1)#RGEOM(3)+RGEOM(2)*RGEOM(4)

X1 = X1%CT/2.0

X2 = RGEOM{1)#CT*#(RGEQOM{ 1)%RGEOM{3)1+RGEOM(2)#RGEOM(4 1) /X2
DO 230 L=1,2

SI = AA(3,L)

YT

X7

"+SIG{ 143 )+RGECM(2)*RGEOK(4) ) /2.0

"—RGEOM(2)/2.0%SI.
RGSRS{2) = RGSRS(Z)-HH(3.L)*RGEOH(2)*RGEDH(4)*SIG(ll+3)/2 0%

(~X1*TEMP(L1)I+YT*TEMP(2)})
(X1-X2)/2.0-(X2+X1)/2.0%*51

YT = RGEOM(2)/2.0%(1.0-51)
RGSRS(2) = RGSRS(2)-WW{3,L)*RGEOM(1)}*RGEOM(3)*SIG(I1)/2.0%

(=XT*TEMP(1)+YT*TEMP(2))

102

3100010

3100020
3100030
3100040
3100650
3100060
3100070
3100080
3100090 -
3100100
3100110
3100120
3100130
3100140

.3100150

3100160
3100170
3100180
3100190
3100200 -
3100210
3100220
3100230
3100240
3100250
3100260
3100270
3100280
3100290
3100300
3100310
3100320
3100330
3100340
3100350
3100360

© 3100370

3100380
3100390
3100400
3100410
3100420
3100430
3100440
3100450
3100460
3100470
31004860
3100490
3100500
3100510
3100520
3100530
3100540
3100550
3100560
3100570
3100580
3100590
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(g N g Xy

220

230

300

310

320

330

YT = -vT
RGSRS{2) = RGSRS{2)-WW(3,L)*RGEOM{1)*RGECM(3)*SIG(II1+6)/2.0%
1 (=XT*TEMP( 1) +YT*TEMP(2))
IF (IND.EQ.0) GO TO 220
YT = -RGEOM(2)/2.0%S!1
RGSRS(3) = RGSRS(3)-WW(3,L)*RGEOM(2)*RGEOM(4)*SIG(II+3)/2.0%
1 C AX1*TEMP(2)+YTETEMP (1))
XT = (X1-X2)/2.0-(X2¢X1)/2.0%S1
YT = RGEOM(2)/2.0%(1.0-S1) i
RGSRS(3) = RGSRS{3)-WW{3,L)*RGEOM(1)*RGEOM(3)*SIG(]I1)/2.0%

L (XT®TEMP (2)+YT*TEMP(1) )
YT = -vT '
RGSRS(3) = RGSRS(3)-WW{3,L)*RGEOM(1)*RGEOM(3)*SIG(I1+6)/2.0%
1 - (XTHTEMP(2)+YT*TENP(1))
I1 = 1141
IF (SI.LE.0.0) GO TO 230
SI = =SI
60 TO 210
'CONTINUE
GO TO 990
Z-SECTION
DENO=RGEOM (1) *RGEOM (4 ) +RGEOM(2) *RGEOM(5) +RGEOM{ 3 ) *RGEOM(6)

X1=RGEOM(2)/2.*(RGEOM{3)*RGEOM(6)-RGEOM(1)*RGEOM(4)) /DENC
Y1=({RGEOM{ 1) **2*%RGEOM (4 )-RGEOM(3 ) **%2%RGEOM(6))/2./DENG
X2=-RGEOM(2)/2.-X1

X3=RGEOM(2)/2.-X1

DO 330 t=1,2

SI = AA(3,L)

RGSRS(1) = RGSRS{1) + WWi(3,L) & (SIG(I]) * RGEDH(I) * RGEOM(4)
1 + SIG(II+3) * RGEOM(2) * RGEOM(5)
2 + SIGUII+6) *» RGEOM(3) * RGEOM(6))/2.0

YT=RGEOM(1}/2.%(1.+S1)-Y1
RGSRS(2) = RGSRS(2)=WW(3,L) #* SIG(II) / 2.0%RGEQM(1) *
1 RGEOM(4)*(~X1*TEMP (1) +YT#TEMP(2))

YT=RGEOM(2)/2.%S1-X1

RGSRS(2) = RGSRS(2) + WW(3,L) * SIG(II+3) / 2.0 * RGEOM(2)
1 RGEOM(5)#(~YT*TEMP(1)~Y1*TEMP(2))
YT=-RGEOM(3)/2.%(1.~SI)-Y1

RGSRS(2) = RGSRS(2) — WW(3,L) * SIG(II+6) / 2.0 * RGEOM(3) *
1 RGEOM(6)%(=X3%TEMP (1)+YT#TEMP(2))

IF (IND .EQ.0) GO TO 320

YT=RGEOM(1)/2.%(1.+SI)=Y1

RGSRS(3) = RGSRS(3) - WW(3,L) * SIG(II) / 2.0 & RGEOM(1) *
1 RGEOM(4)*(X1$TEMP{2)+YT*TEMP (1))

YT=RGEOM(2)/2.%#SI-X1

RGSRS(3) = RGSRS(3) — WW(3,L) * SIG(II+3) / 2.0 * RGEOM(2) *
1 RGEOM(S)#(YT#TEMP(2)=-Y1*TEMP (1))

YT=-RGEOM(3)/2.%(1.~S1)~Y1

RGSRS(3) = RGSRS(3) — WW(3,L) & SIG(II+6) / 2.0 * RGEOM(3) *
1 RGEOM(6)#%(X3¥TEMP(2)+YT#*TEMP(1))

I1 = 11 + 1

IF (SI .LE.0.0) GO TO 330

St = =SI

G0 .TO 310

CONTINUE

GO TO 990

*

I- SECTION

103

3100600
3100610
3100620
3100630
3100640
3100650
3100660
3100670
3100680

3100690 -

3100700
3100710
3100720
3100730
3100740
3100750
3100760
3100770
3100780
3100790
3100800
3100810
3100820

3100840
3100850
3100860
3100870

3100890

3100920

3100950
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3101150



400 X1=RGEOM(2)/2.*(RGEOM{3)*RGEOM{6)-RGEOM(1)*RGEOM(4)) /{RGEOM(1)*
1 RGEOM(4)+RGEOM(2)*RGEOM{5)+RGEOM(3)*RGEOMI6))
- X2=RGEOM(2)/2.-X1
X3=-RGEOM(2)/2.-X1
DO 430 L=1,2
SI = AA(3,L)
410 RGSRS(1) = RGSRS{1l) + wWW{(3,L) * (SIG(II) * RGEOM(1) * RGEOM(4)
1 + SIG(II+3) * RGEOM{2) * RGEOM(S5)
2 . + SIGLII+6) * RGEOM(3) * RGEOM(6)) / 2.0
YT = RGEOM{1l) * SI /7 2.0 )
RGSRSt2) = RGSRS{2) - WWi3.L) * SIG(II) / 2.0 * RGEDM(]1) *
1 RGEOM{&4)*(-X3*TEMP(1)+YTHTEMP(2))
YT=RGEOM(2)*51/2.-X1
RGSRS{2) = RGSRS(2) + WW(3,L) * SIG(II+3) / 2.0 * RGEOM(2) =
1 RGEOM(5) * YT * TEMP{1)
YT = RGEOM(3) * SI / 2.0
RGSRS{2) = RGSRS(2) - WWil3,L) * SIG(II+6) / 2.0 * RGEOM(3) =*
1RGEOM(6 1 # (~X2*TEMP(L)+YTATEMP(2) ) :
IF (IND .EQ. O) GO TO 420
YT = RGEOM{1) * SI / 2.0
RGSRS{3} = RGSRS(3) -~ wWW(3,L) * SIG(II} / 2.0 * RGEOM(1) »
1 RGEOM(4)*(X35TEMP(2)+YT*TEMP( 1))
YT=RGEQOM(2)%SI/2.-X1 ~
RGSRSI3) = RGSRS(3) =~ WWI(3,L) * SIGIII+3) / 2.0 * RGEOM{2)
1 RGEOM{S5) * YT * TEMP(2)
YT = RGEQOM(3) * SI / 2.0
RGSRS{3) = RGSRS(3) - WW(3,L) #* SIG(II+6) / 2.0 * RGEOM{3) *
1 RGEOM(6)*(X2*TEMP(2)+YT*TEMP(1]})
420 I1 = I1+1 .
IF (SI .LE.0.0) GO TO 430
SI = ~S1
GO TO 410
430 CONTINUE
GO TO 990

*

CRRC SECTION

500 CONTINUE

X1 = (2.0%RGEOM(1)%RGEOM(1)+P I#RGEOM(2)#(RGEOM(1)+RGEOM(2)/PI))*

1 RGEOM(3)/((4.0%RGEOM{ 1) +P [*RGEOM(2) J¥RGEOM(3) 42 .O*RGEOM(2) *

2 RGEOM(4))

DO 530 L=1,2. , _

ST = AA(3,L) ,
S10 RGSRS(1) = RGSRS(L)+WN(3,L1/2.0%(SIG(IT)*RGEOM (2)#RGEOM(4)+

1 (STG(II+3)4SIG(II+6))%RGEOM (1) *RGEOM(3)+SIG(I1+9)*

2 RGEOM(2) *RGEOM(3)*P1/2.0)

XT = X1

YT = —RGEOM(2)/2.0%SI

RGSRS(2) = RGSRS(2)-WW(3,L}1#SIG(11)/2.0%RGEOM(2)*RGEOM (4)*

1 (-XTSTEMP{1)+YT*TEMP(2))

XT = RGEOM(1)/2.0%(SI~1.0)+X1

YT = RGEOM(2)/2.0

RGSRS{2) = RGSRS(2)-WN(3,L)*SIG(I1+3)/2.0*RGEOM({1)#RGEOM(3)*

1 (-XTE*TEMPLL)+YT*TEMP(2)})

YT = -¥y7

RGSRS{2) = RGSRS(2)-WW(3,L)*SIG(11+6)/2. O*RGEOM(1)*RGEOM(3) %’
1 (=XT*TEMP(1)+YT*TEMP(2))

THT = PI/2.0%{1.0+SI)

XT = X1-RGEOM(1)-RGEOM{2}/2.0%SIN(THT)

YT = RGEOM(2)/2.0%COS(THT)

RGSRS(2). = RGSRS{2)~-WW(3,L)*SIG(II+9)/4.0%RGEQM(2)*RGEOM(3)*PI*

104 |

3101170
3101180
3101190
3101200
3101210
3101220

3101250
3101260
3101270
3101280

3101300
3101310
3101320

3101350
3101360
3101370

. 3101380

3101400
3101410
3101420
3101430
3101440
3101450
3101460
3101470
3101480
3101490
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3101520
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3101540
3101550
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3101620
3101630
3101640
3101650
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"3101670
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c
c
c

OO

1

1

1

1

1

(=XT*TEMP(1)+YTHTEMP(2))
IF (IND.EQ.O) GO TO 520
XT = X1
YT = ~-RGEOM(2)/2.0%*S1
RGSRS(3) = RGSRS{3)-WW(3,L)*SIG(II)/2.0%*RGEOM{2)*RGEOM(4)*
(XTHTEMP(2)+YT*TEMP(1))
RGECOM(1)/2.0*{S1-1.0)+RGEOM(1)
RGEOMI2)/2.0

xT
YT

RGSRS(3) = RGSRS(3)-WW(3,L)*SIG(II+3)/2.0%*RGEOM(1)*RGEOM(3)*

(XT*TEMP(2)+YTETEMP(1))
YT = =-YT

RGSRS(3) = RGSRS(3)-WW(3,L)*SIG(II+6)/2.0*RGECM(1)*RGEOM(3)*

(XT*TEMP(2)+YTATEMP(1)) .
XT = X1-RGEOM(1)-RGEOMt2)/2.0%SIN(THT)
YT = RGEOM(2)/2.0%COS(THT)

RGSRS(3) = RGSRS(3)-WW(3,L)=*SIG(II+9)/4.0%*RGEOM(2)*RGEOM(3)*

PI*(XT*TEMP(2)+YT#TEMP(L))

520 I1 = I1+1

IF (SI.LE.0.0) GO TO 530
SI = -SI
GO TO 510

530 CONTINUE

600 X1=RGEOM(1)*RGEOM(2)/2.*(RGECM(S)~- RGEOH(B))I(RGEUH(I)*(RGEOH(B)

1

G0 TO 990

HOLLOW RECTANGULAR SECTION

+RGEOM(5) ) +2.*RGEOM{ 2) *RGEOM( 4))
X2=RGEOM(2)/2.-X1
X3==-RGEOM{2)/2.-X1
DO 630 L=1,2
ST = AA(3,L)

610 RGSRS(1)=RGSRS{1)+WK(3,L )*{RGEOM(1)*RGEOM(3)*SIG(II)

1
2

1

2

630

700

1 RGEOM(3)+SIG(II+6)%(X2*TEMP(2)+YTHTEMP (1) )*RGECM(5) ) *RGEOM(1)/2.

1

+RGEOM(ll*RGEOH(S)*SIG(II#6I+RGEOH(2)*RGEOM(4)*(SIG(II+3)
+SIGLIT+9)))/2.0
YT = RGECM{1) * SI /7 2.0

RGSRS(2)=RGSRS(2)-WW(3,L)*{(SIG(II)*(~X3*TEMP (1) +YT*TEMP(2))*RGEOM
1 (3)+SIGIIT+6)*(~X2*%TEMP (L) +YT*TEMP(2) )*RGEOM(5) ) *RGEOM(1)/2.

YT=RGEOM{2)*S1/2.-X1

RGSRS{2) = RGSRS(2) = WW(3,L) * (SIG(II+3) * (RGEOM(1) * TEMP(2) /
2.0 - YT * TEMP(1)) + SIG(II+9) * (-RGEOM(1l) * TEMP(2)
/ 2.0 - YT * TEMP(1))) & RGEOM(2) * RGEOM(4) / 2.0

IF (IND.EQ.C) GO TO 620
YT = RGECOM(1) * SI / 2.0
RGSRS (3 )=RGSRS{3 )=WW{3,L)*(SIGIITI)*(X3I*TEMP(2)+YT*TEMNP(1))*

YT=RGEOM(2)*S1/2.-X1

RGSRS(3) = RGSRS(3) -~ WW{3,L) .* (SIG(II+3) * (YT * TEMP(2) +

RGEOMI{1)/2.%TEMP(1))+SIG(ITI+9)*{YT*TEMP (2)~

2 RGEOM(1)/2.*TEMP (1)) )}*RGEOM(2)*RGEOM(4) /2.
. 620 11 = 11+1

IF (SI.LE.0.0) GO TO 630
SI = -S1

GO TO 610

CONTINUE

GO TO 990

CHANNEL SECTION

CONTINUE
DENO=RGEOM(1)*RGEOM(4 ) +RGEOM( 2)*RGEOM{ S ) +RGEOM( 3 )*RGEQM(6)

105

3101730
3101740
3101750
3101760
3101770
3101780
3101790
3101800
3101810
3101820
3101830
3101840
3101850
3101860
3101870
3101880
3101890
3101900
3101910
3101920
3101930
3101940
3101950
3101960
3101970
3101980

3102000

3102040

3102090
3102100
3102110
3102120
3102130

3102180

3102210
3102220
3102230
3102240
3102250
3102260
3102270
3102280
3102290
3102300



Y1=(RGEOM(1)*#2%RGEOM(4) +RGEOM( 3 ) **2%RGEOM(6))/2./DEND
X1=RGEOM(2)/2.*(RGEOM(3)*RGEOM{ 6)~RGEOM( 1) *RGEQOM(4)) /DENO
DO 730 L=1,2
S1 = AA(3,L) ’
710 RGSRS{l)= RGSRS(l)+HH(3.L)IZ.‘(SIG(II)*RGEOM(l)'RGEOﬂ(#)*QIG(ll*3)
1 *RGEOM{ 2} *RGEOM(S)+SIGIII+6)*RGEOM(3)*RGEOM(6))
XT==RGEOQM(2)/2.-X1
YT = RGEOM(1)/2.0%(SI-1.0)+v1
RGSRS{2)=RGSRS{2)-WW(3,L )*SIG(I1)/2.0%RGEOM(1)*RGEOM (4 )*
1 (=XT*TEMPI1)+YT*TENP(2))
XT=RGEOM(2)/2.-X1
YT=RGEOM(3)/2.%{SI-1.)¢Y1l .
RGSRS{2)=RGSRS(2)-WH{34L)*SIG(I1+6)/2.%RGEOM(3) *RGEOM(6)*
| S (~XT*TEMP(L)+YTSTEMP(2))
XT=RGECM(2)/2.*SI-Y1
RGSRS(2)=RGSRS(2)~ HH(3'L)*SIG(1103)12.*RGEDH(2)*RGEDN(5)*
1 {=XT*TEMP(1)+Y1*TEMP(2)) 7
IF (IND.EQ.O) GO TO 720 - P
XT=-RGEOM(2)/2.-X1
YY=RGEOM(1)/2.%{SI~1.)+Y1l
RGSRS(31)= RGSRS(3)-HH(3'Ll*SIG(II)/Z *RGEQM(1)*RGEQMI 4} *
1 (XT*TEMP(2)+YT°TEHP(1))
XT=RGEOGM(2)/2.-X1
YT=RGEOM(3)/2.%(SI-1. )+Yl
RGSRS(3)=RGSRS(3)-WNW{3,L)*SIG(II+6)/2.%RGEOM(3) *RGEDOM(6)*
1 (XT*TEMP(2)+YT*TEMP(1))
XT=RGEDM{2)/2.%S1-Y]
RGSRS{3)=RGSRS(3)~ HH(3,L)‘SIG(ll#3)/2.tRGEOH(2)*RGEDH(S)*
1 (XT*TENP(Z)+Y1*TEHP([))
T20 II = 1141
IF (S1.LE.0.0) GO TO 730
sI = -SI1
GO 70 710
T30 CONTINUE

C
c T-SECTION
c

8OO CONTINUE

X1 = RGEOM{2)/2.0*(RGEOM(2)*#RGEOM(4)+2.0%RGEOM(1)*RGEOM(3) )/

1 " (RGEQM(2)*RGEOM( 4 )+RGEQM (1) *RGEOM{3))

DO 830 L=1,2
: SI = AA(3,L)
810 RGSRS(1) = RGSRS(1)+WW(3,L)*(STG(II1)#RGEON(1)*RGEOM( 3)+SIG(IT+3)%*

1 RGEOM (2) sRGEOM{4)) /2.0

YT = RGEOM(1)/2.0%SI

XT = X1-RGEOM(2)

RGSRS({2) = RGSRS{2)-WW(3,L)*SIG(II)/2.0*RGECM{1)*RGEOM(3 )+

1 (~XTSTEMP{1)+YT*TEMP(2))

XT=RGEOM(2)/2.#(ST~1.0)+X1

RGSRS(2) = RGSRS(2)+WW(3,L)*SIG(I1+3)/2.0+RGEOM(2) *RGEOM 4 ) #XT*

1 "TEMP(1)

IF (IND.EQ.O) GO TO 820

XT = X1~RGEOM(2)

RGSRS(3) = RGSRS(3)~WW(3,L)#SIG(II)/2.0#RGEOM(]1)*RGEOM(3 )%

1 (XTETEMP(2)+YT*TEMP( 1))

XT = RGEOM(2)/2.0%(SI-1.0)+X1

RGSRS(3) = RGSRS(3)-WW(3,L)+SIG(II+3)/2.0*RGEOM(2) *#RGEOK (4 ) *XT*

1 ~ TENP(2)
820 I1 = II+1

IF (SI.LE.0.0) GO TO 830
SI = ~SI

1106 -

3102330
3102340

3102380
3102400

3102430

3102460
3102470

3102500
3102530

3102570
3102580
3102590
3102600
3102610

3102620

3102630
3102640
3102650 -
3102660
3102670
3102680
3102690
3102700
3102710
3102720
3102730
3102740
3102750

3102770
3102780
3102790
3102800
3102810
3102820
3102830
3102840
3102850
3102860
3102870
3102880



GD 70 810 . 3102890

830 CONTINUE : 3102900
60 TO 990 _ 3102910

c ‘ _ S 3102920
C  _ RIGHT ANGULAR SECTION ' 3102930
c 3102940
900 CONTINUE 3102950

X1=RGEOM(2)/2.*(RGEOM(2) *RGEOM(4)+2.*RGEOM( 1) SRGEOM( 3) )/ (RGEOM(2)
1 *RGEOM(4)+RGEOM( 1) *RGEOM(3))
Y1=RGEOM(1)**2*RGEOM(3)/2. I(RGEOH(l)‘RGEON(B)+RGEOH(2)*RGEOH(4))

DO 930 L=1,2 3102990

SI = AA(3,L)} 3103000

. 910 RGSRS{1) = RGSRS{1l}+wWW(3,L)/2. 0*(5[6([1)‘RGEOH(I'*RGEON(B)# : 3103010
1 SIGUIT+3)%RGEOM{2)+RGEOM( 4)) 3103020

XT = X1-RGEOM(2) - : : 3103030

YT = Y1+RGEOM(1)/2.0%(S1-1.0) 3103040
RGSRS(2) = RGSRS(2)-WW(3,L)I*SIG{II)*RGEQM(L)I*RGEON(3)/2.0% 3103050

1 ) (=XT*TEMP(1)+YT*TEMP(2)) ] ' 3103060

XT = X1+RGEOM(2)/2.0%(S1~1.0) 3103070

YT = Yl 3103080
RGSRS(2) = RGSRS(2)-WW{3,L)*SIG(II+3)*RGEOM(2}*RGEOM(4)/2.0% 3103090

1 (=XT*TEMP(1)+YT*TEMP(2)) 3103100

IF {IND.EQ.0) GO TO 920 3103110

XT = X1-RGEOM{2) 3103120

YT = Y14RGEOM(1)/2.0%(SI-1.0) 3103130
RGSRSt3) = RGSRS{3)-NW(3,L)*SIG(II)*RGEOM(1)*RGEOM(3)/2.0* 3103140

1 (XTHTEMP(2)+YTRTENP(1)) 3103150

XT = X14+RGEOM(2)/2.0%({SI-1.0} : : : 3103160

YT = Y1 3103170
RGSRS(3) = RGSRS(3)-HH(3nL)*SIG(Il+3l*RGEOH(2)‘RGEOH(4)IZ.O*' 3103180

1 (XTHTEMP(2)+YT*TENP(1)}) 3103190
920 II = II+1 - 3103200
IF (SI.LE.0.0) GO TQ 930 : 3103210

SI = ~SI 3103220

GO0 TO %910 3103230
“930 "TONTINUE 3103240
990 RETURN . ‘ 3103250
END 3103260

€ ceeee ROUTINE *% RGSRSE #* ABACUS UPDATED 10/01/73 scse. ~ - 3200000
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[z NaX3]

[ X2 X o)

oonn

. FOR,

11

100
110

120

IS RGSRSE,RGSRSE

SUBROUT INE RGSRSE (SlGoENTH.REPS.EoNTYP.RGEOHoPHI)
COMMON /GINT/ AA(Bs4)sWW(8,4)

DIMENS ION SIG(I)'TEHPIZ) ENTH(!),REPS(I).RGEOH(I)
1

Pl 3.14159265

ANG = PHI+ENTH(3)

TEMP(1) = COS(ANG)

_TEMP(2) = SIN{ANG)

"GO0 TO (100+30094004600¢200+500,700,800y900),NTYP

h oo

SOLID RECTANGULAR SECTION

D0 150 t=1,2

XT = RGEOM(1) / 2.0 * AA(3'L)

DO 140 LL=1,2

YT = RGECM(2) /7 2.0 * AA{3,LL)

SIG(II) = E * (ENTH(Ll) = (=XT *= TEMP(1l) + YT = TEHP(Z)! *

1 ) ENTH{2) - REPS(II))

140

150

200

210

220

300

IT = TI+1

IF(YT .LE.0.0) GO YO 140
YT = -vyT

GO TO 120

CONTINUE

IF(XT .LE.0.0) GO TO 150
XT = ~XT

GO T0 110

CONTINUE

GO TO 990

TRIANGULAR SECTION (ISOSCELES)

CONTINUE

X1 = RGEOM(1)*RGEOM(1)*RGEOM(3)

ST = RGEOM(2)/(2.0%RGEOM(1))

CT = SQRT(1.0-ST#*ST)

X2 = 2.0*RGEOM{1)*RGEOM(3)+RGECM(2)*RGEOM(4)

X1 = X1*CT/X2

X2 = 'RGEOH(l)*CT*(RGEON(l)*RGEOH(3)*RGEDH(Z)*RGEOH(4))/XZ

DO 220 L=1,2

SI = AA(3,L)

CONTINUE

YT = -RGEOM(2)/2.0%*SI]
SIGIIT+3)=E*(ENTH{1)=(-XT*TEMP(1)4+YTHTEMP(2))®ENTH(2 )-REPS(I1+3))
XT = (X1-X2)/2.0-(X24X1)/2.0%S1] '
YT = RGECM(2)/2.0%(1.0-51)

SIG(II)Y = E*®{ENTH{1)=(-XT*TEMP(L)+YTE*TEMNP(2))%ENTH(2 )=REPS{I]))
Y7 = ~-vyv -
SIGIIT+6)=E*{ENTH(1)=(=XT*TEMP{1)+YTSTENP(2) )*ENTH{2 )-REPS(I]+6)})
IT = II+1

IF {SI.LE.0.0) GO TO 220

SI = ~SI

G0 70 210

CONTINUE

GO TO 990

Z-SECTION . 4
DENO=RGEQM( 1) *RGEQM( 4 ) +RGEOM{ 2) #RGEOM(5) +RGEOM(3)#RGEOML6) -
X1=RGEQM(2)/2.%(RGEOM(3)}*RGEOM(6)~RGEOM (1) $RGEOM(4 )} /DEND

108

3200010
3200020
3200030
3200040
3200050
3200060
3200070
3200080
3200090

3200100

3200110
3200120
3200130°
3200140
3200150
3200160
3200170
3200180
3200190
3200200
3200210
3200220
3200230
3200240
3200250
3200260
3200270
3200280
3200290
3200300
3200310
3200320
3200330
3200340
3200350
3200360
3200370
3200380
3200390

© 3200400

3200410

3200420

3200440
3200450

- 3200460

3200470

3200490
3200500
3200510
3200520
3200530
3200540
3200550
3200560
3200570



C
c
o

oo

310

320

400

410

Y1=(RGEOM(1)**2*RGEOM( %) -RGEOM (3 ) %% 2¢RGEOM(6)) /2. /DEND
X2=-RGEOM(2) /2.-X1

X3=RGEOM(2)/2.-X1

00 320 L=1,2

SI = AA(3,L) S

YT=RGEOM(1)/2.%{1.0+SI)-Y1

SIGUII)=E*({ENTH(1)=(-X2*TEMP(1)+

1 YT & TEMP(2)) * ENTH(2) - REPS(II})
YT=RGEOM(2)#SI/2.-X1 .
SIG(TI+3)=E*(ENTH(1)=(-YT*TEMP(1)~Y1#TEMP(2) )*ENTH (2 )-REPS(II+3))
YT=-RGEOM(3)/2.%(1.0-SI)=Y1 .

CSIGUILI+6)=E*{ENTH{L)-(-X32*TEMP(1)

1 + YT = TEMP(2)) * ENTH(2) - REPS(I1+6))
I1 = I1+1 ’
IF(ST .LE.0.0) GO TO 320
S1 = -S1

"GO TO 310

_CONTINUE
GO TO 990

I-SECTION

X1=RGEOM(2)/2.%(RGEOM (3 ) *RGECM (6)-RGEOM( 1) *RGEOM(4)) / (RGEOM(1)*

1 RGEOM(4)+RGEOM(2)*RGEOM(5)+RGEOM (3 )*RGEOM(6))
X2=RGEOM(2)/2.-X1

X3=-RGEQM(2)/2.-X1
DO 430 L=1,2

SI = AA(3,L)

YT = RGEOM(1) * SI / 2.0
SIGIIT)=E*(ENTH(1)=-(=X3*TEMP(1)

1 + YT * TEMP(2)) * ENTH(2) - REPSI(II))

430

500

510

YT=RGEOM(2)*S1/2.-X1
SIGIII+3) = E * (ENTH(1) + YT # TEMP(1) * ENTH(2) - REPS(II+3))
YT = RGEOM(3) * SI / 2.0
SIG(II+6)=E*(ENTH(1)=(~X2%TEMP({1) o

1 + YT #% TEMP(2)) * ENTH(2) - REPS(II+6))

11 = 11+1 -
IF(SI .LE.0.0) GO TO 430
SI = -~SI
GO TO 410
CONT INUE
60 TO 990

CRRC SECTION

CONTINUE

X1 = (2.0%RGEOM(1)*RGEOM(1)+PI[*RGEOM(2)*(RGEOM(1)+RGEOM(2)/P1) )%
1 RGEOM(3)/((4.0+RGEOM(1)4PI¥RGEOM(2) )*RGEOM (3) +2 .0 #RGEOH (2) *
2 RGEOM{4))

DO 520 L=1,2

SI = AA(3,L)

XT = X1

vy -RGEQOM(2)/2.0%S1

SIGUII) = E*(ENTH(1)- I-XT*TEHP(1)+YT*TEMP(Z))*ENTH(Z) -REPS(II))
XT = RGEOM(1)/2.0%(SI-1.0)+X1

YT = RGEQOM(2)/2.0

SIGLII+3)= E*(ENTH(I) (- XT*TEHP(I)*VT*TEHP(Z))*ENTH(Z) REPS{I1+43))
YT = -¥T

SIG(IT+6)=E*(ENTH(1)-(- XT*TEHP(I)*YT#TEMP(Z))*ENTH(Z) REPS{I1+6))
THY = PI1/2.0%(1.0+S1) .

XT = X1-RGEOM(1)-RGEOM(2)/2.0%SIN{THT)

109 '

3200590

3200620

3200670
3200680
3200690
3200700
3200710
3200720
3200730
3200740
3200750
3200760

3200780,
3200790

3200810

3200830
3200840

3200860
3200870
3200880
3200890
3200900
3200910
3200920
3200930
3200940
3200950
3200960
3200970
3200980
3200990
3201000
3201010
3201020
3201030
3201040
3201050
3201060

3201080

3201100
3201110



QOO

(s X a3l

s N2X2)

520

600

610

620

100

710

720

800

~

YT = RGEOM(2)/2.0*COS(THT)

SIGIII+9)=E*{ENTH(]1)-(- XT‘TEHP(I)OYT*TEHP(Z))*ENTH(Z) REPS(11+49))
I = JI+1

IF (S1.LE.0.0) GO TO 520

SI = -SI

GO Y0 510

CONTINVE

GO T 990

HOLLOW RECTANGULAR SECTION

X1=RGEOM{1)*RGEOM{2)/2.*(RGEOM(5)-RGEOM{3))/ (RGEOM(1 )*(RGEOM(3)
1 +RGEOM{5))+2.%RGEOM{ 2)*RGEOM( 4))
X2=RGEOM(2)/2.-X1
X3=-RGEOM(2)/2.-X1
00 620-L=1,2
SI = AA(3,0L)
YT = RGEOM(1) * SI / 2.0
SIGU{IT)=E®{ENTH(L)-{=-X3*%TEMP(1)
1 + YT * TEMP(2)) #* ENTH(2) - REPSIII))
SIG(II+6)=E*(ENTH(1)=(-X2%TEMP (1)
1 +YTSTEMP(2) ) *ENTH(2)-REPSII1+6))
YT=RGEOM(2)%S1/2.-X1 .
SIG(II+3) = E * (ENTH{1) - (RGEOM(1l) * TEMP(2) / 2.D"
1 ~YTSTEMP (1)) $ENTH{2)-REPS(I1+3))
SIG(II+9) = E * (ENTH(1) - (~-RGEOM(1) & TEMPI2) / 2.0
1 ~YT*TEMP( 1) ) *ENTH(2)-REPS(II+9)) .
Il = 11+1
IF (S]I.LE.O0.0) GO YD 620
SI = =-S1
G0 TO 610
CONTINUE
GO YO 990

CHANNEL SECTIGON

CONTINUE

DENO=RGECM(1 ) *RGEOM(4 ) +RGEOM( 2)*RGEOM( S ) +RGEOM{ 3 ) *RGEOM(5)
Y1=(RGEOM( 1) *#2*RGEOM{4) +RGEOM{ 3 ) **%2*RGEOM(6)) /2. /DENO
X1=RGEOM(2)/2.*{RGEOM(3)*RGEOM(6)-RGEOM.(1)*RGEOM(4)) /DENO

DO 720 L=1,2

SI = AA(3,L)

YT = RGEOM(1)/2.0%(SI-1.0)+Y1

XT=-RGEOM(2)/2.-X1

SIGI(II) = E*(ENTH{Ll)=(=XT*TEMP(L)+YT*TEMP(2) )XENTH(2)=-REPS{II))
XT=RGEGM(2}/2.-X1

YT=RGEOM(3)/2.%(SI-1.)+Y1
SIGIIT+6)=E*(ENTH(1)=(-XT*TEMP(1)+YT*TEMP(2) ) SENTH(2 )-REPS{II+6]}))
XT=RGEOM(2)/2.%S1-Y1

SIG(II+3)= E*(ENTH(I)-( XT*TEHP(l)*Yl*TEMP(Z))*ENTH(Z)-REPS(II*3))
11 = 11+1

IF (S1.LE.0.0) GO 7O 720

SI = -SI

GO TD 710

CONT INUE

GO YO 990

T-SECTION

CONTINUE
X1 = RGECM(2)/2.0%({RGEOM(2)*RGEOM(4)+2.0%RGEOM(1)*RGEOM(3))/

110 -

"3201120

3201140

3201150

3201160
3201170
3201180
3201190
3201200

3201210

3201220

3201240
3201250

3201270

3201310
3201330

3201350 -
3201360
3201370
3201380
3201390
3201400
3201410
3201420
3201430
3201440

3201470
3201480
3201490

3201510

3201560
3201570
3201580
3201590
3201600
3201610
3201620
3201630
3201640
3201650
3201660



(s X N3]

1 (RGEOM(2)*RGEOML4 ) +RGEOM( 1 ) *RGEOM( 3)} 3201670

DO 820 L=1,2 KN 3201680
SI = AA(3,L) 3201690
" 810-XY = Xi-RGEOM(2) 3201700
YT = RGEOM{1)/2.0#%S1 3201710
SIGUII) = E®(ENTHI(1l)- (-XT*TEHP(I)#YT‘TEHP(Z))‘ENTH(Z)-REPS(II)) 3201720
XT = RGEOM(2)/2.0%(SI-1.0)+x1 3201730
SIGUII#3)=E*(ENTH{1)+XT*TEMP{L)*ENTH(2)-REPS(I1+3)) .
Il = J1I+1 . 3201750
IF {SI.LE.O. 0) GO TO 820 ’ 3201760
SI = -SI . 3201770
GO TO 810 . 3201780
--820 CONTINUE : 3201790
" 60 T0 990 3201800
' ’ 3201810
RIGHT ANGULAR SECTION . 3201820
3201830
900 CONTINUE 3201840
X1=RGEOM(2)/2.%(RGEOM(2) *RGEOM(4)+2. *RGEOH(I)*RGEOH(3))/(RGEOH(2’
1 *RGEOM{4)+RGEOM( 1)*RGEOM{ 3))
Y1=RGEOM( 1) **2%RGEOM(3)/2./ (RGEOM{1)*RGECM(3 ) +RGEODM( 2} *RGEQOM(4))
DO 920 L=1,2 3201880
SI = AA(3,L) ' . © 3201890
910 XT = X1-RGEOM(2) - ' ‘ 3201900 .
YT = RGEOM(2)/2.0%(SI-1. 0)¢Y1 3201910
SIGUII) = E*(ENTH(1l)- (-XT‘TEHP(I)#YT*TEHP(Z))*ENTH(Z)-REPS(II)) 3201920
XT = RGEOM(2)/2.0%(SI-1.0)+x1 3201930
Y7 = Y1 } 3201940
SIGIII+3)2ES(ENTH(1)=(=~XTHTEMP (1) +YTHTEMP(2) )*ENTH(2 )=REPS(11+3))
IT = 11+1 . ) 3201960
IF (SI.LE.0.0) GO TO 920 E : 3201970
SI = -SI : ) 3201980
GO 10 910 : 3201990
920 CONTINUE : . 3202000
GO Y0 990 . 3202010
990 RETURN . ’ : 3202020

- END 3202030

111



_ SUBROUTINE STRMAT

The region stiffhess matrices, XKR,‘ané the region load matricéé, XIR,
are passed from REGMAT to STRMAT via Tape #l4 and Tape #8, and are placed
in the XKSTOT array and the XLSTOT arréy, respectively. A matrix, BCD,
is formed to reppéégnt the boundary coﬁditions, and, if kinematic links
occur between reéioﬁs, the RKL matrix is developed to représent this
situation. The subroutine RINGER is aéain called for discrete ring

matrices.
As a result of aﬁprﬁpriate matrix operations, a reduced structure stiffness

matrix is formed. The solution of the:problem is obtained by again calling
the routine SYMSOC}i This produces the region end deflection array, DRE.
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FORTRAN CODE ENGINEERING SYMBOLS (REF, .1)- )
BCD MATRIX =]
" BCT MATRIX [rc)”
, AT
XST MATRIX | [K]T" .
XKF MATRIX ¥
A MATRIX [A]I", ,.
- Al
XSL MATRIX ),
A
XLS ARRAY (L)
LA
XFL -ARRAY - ke
DRE ARRAY



STRMAT

READ NOJ,
NORING,
NLINK
.FORM
XST MATRIX
CALL ’ YES FORM
RINGER BCD MATRIX
NO
BCT =
[RKL) (BCD]
NO FORM
_RKL MATRIX [P
YES
RENAME
8CD = BCT
A 4
FORM FORM FORM
xSLARRAY [ xkFmaTRIx M———1 gcT-(BCD)
RESET
FORM FORM 3 CALL
XLS ARRAY |——P XFLMATRIX [—— [XLSl= P SYMSOC
[XFL] — [XLS]
WRITE
RETURN TO NO.3
MAIN DRE

114




FOR, 1S STRMAT,STRMAT

1
101

1726

1700

1701

102

SUBROUTINE STRMAT

INTEGER SAVJTC,SAVSTP+QyTHICK

INTEGER XN1oXN

COMMON STORY(16)+XMAT(270,10),STD(10),SADUS(30),RADUS(30)

COMMON TADUS(30),UADUS(30),SAVYTIC(900) )

COMMON XNy TEFREE,TICyPHI,STOP,RESTOPRTICKsG1l4XNL(3) oNH

COMMON NST(30)+NKL(30)sNXMAT{20),SAVITC(30),SAVSTP(30),JRTIC(30)

COMMON JRSTOP(30) yNREGyNMPT ¢NRCyNSCoNIX+ IERROR ¢ KGEQM 4 IGEOM,ISTTAB

COMMON KELVIN, IBEGIN,NPROB,NSEG,NERROR yQ ¢ THICKyNOJSy NLINKSyNLCASE

COMMON NTSKLoNZyNBCTsL INPUT NTRKL yNPASS¢XN1 KBC 4NRINGS

COMMON ‘LODE, ICYCLE LDISTL

COMMON /ARING/ NRING(28),AMAT(30,8),RSIG(12),REPS(12},RALPH(12),
. RBAPH(12) ’

COMMON /PLS/ OMEGA, INORD ¢ XMERD ¢ XPRES o XMONT

COMMON /CDISP/ PoPMAX,DELP,DELP1l,YEPS,2EPS

OIMENSION SCLA(128},L0C(128)

DIMENSION ICOL{10)

DIMENSION RKL{120+120),0PEN{4.4)

DIMENSION DLP(4),8CD(124,124),TEMP(124),BCT(124),XKF (128),8C(128)

DIMENSION A(124,124)9XSL(124,1)sXFL{124,1).DRE(128,1),BCA(128)

DIMENSION XKR(8¢8),XSTR(128),XLS{124,1),XLR{8,1)}

DIMENSTON XST(124,124),XSTBC(124,124),TEMP1(124)

DIMENSION RNGTOT{(4,4) sRNGLODt4,28),JTNO(28)

DIMENSION COLTTL(2)

DIMENS ION LEAD(1)

EQUIVALENCE (XST(1),BCD(1),A(1)sXSTBC(1),RKL(1))

EQUIVALENCE (XSTR{L1)XKF{1) XFL{L1),XSL(1),DRE{1),SCLA(L1),

TEMP(1),0PEN(1))

EQUIVALENCE (XKR{1),XLR(1),8C(1),BCT(1),BCA(1),TEMPL(L1),LOC(1))

DATA COLTTL/4H CO,4HLUMN/

REWIND 2

REWIND 3

REWIND 4

REWIND 8

REWIND 9

REWIND 14

FORMAT(1H ,8(E14.7,2X)/(3X,8(E14.74,2X)))

FORMAT (315, 16A4) .

IF (NH.EQ.O.OR.IBEGIN.EQ.1) WRITE(6,1T726)

FORMAT(1H1) ’

IF (NH.NE.O) GO TO 1700

READ(5,101) NOJ,NORING,NLINK

NOJS = NOJ

NLINKS = NLINK

NRINGS = NORING

GO TO 1701

NOJ = NOJS

NLINK = NLINKS

NORING = NRINGS

CONTINUE

NH4=4

NH8=8

NJTNH4=NOJ *NH4

DO 192 J=1,NJTNHS

DO 102 1I=1,NJTNH4

XST(1+J)=0.0

DO 100 NR=1,NREG )

READ{4) ((XKR{I,J)sJ=1,8),1=1,8)

J1=JRTIC(NR}

J2=JRSTOP(NR}

[I1=4%(J1-1)
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1600010
1600020
1600030
1600040
1600050
1600060
1600070
1600080
1600090
1600100
1600110
1600120
1600130
1600160
1600150
1600160
1600170
1600180
1600190 -
1600200
1600210
1600220
1600230
1600240
1600250
1600260
1600270
1600280
1600290
1600300
1600310
1600320
1600330
1600340
1600350
1600360
1600370 -
1600380
1600390
1600400
1600410
1600420
1600430
1600440
1600450
1600460
1600470

1600480

1600490 -
1600500
1600510
1600520
1600530
1600540
1600550
1600560
1600570
1600580
1600590
1600600 -
1600610



4350 JJi=esiJi2- 1)01 ) . . 1600620

1I=11+1 -r"-; e P - : 1600630

00 460 JKel, & - R S S 1600640

G0 TO (451.#52.453.454..Jx' 1600650

451 IXsII t 1600660
IND=11 - . : : . 1600670 -

00 461 I=l,4 : - , 1600680

DO 461 J=ls4 4 1600690

. 461 OPEN(I,J)=XKR(IsJ) : ) - 1600700
' GO TO 4SS o 1600710
452 IX=11 _ ‘ : 1600720
IND=JJ - ' S 3 . 1600730

DO 462 I=1,4- - : . o 1600740

D0 462 Jsl.A U 1600750

462 OPEN(I.J)-XKR(loJOQD ' 1600760
GO TO 455 : _ 1600770

453 IX=J4J : 1600780
IND=T1 v : 1600790

DO 463 I=1,4 : 1600800
DD 463 Jsl.é ' " 1600810
463 OPEN(I¢J)=XKR(I44,J) : _ 1600820
. GO TO 458 s ~ , 1600830 -
454 1X=JJ : _ 1600840
IND=JS , . 1600850

. DO 464 Isl,& - - 1600860

DO 464 J=1,4 1600870

464 OPEN{T+J)=XKR{I+4,J04) 1600880
455 DO 456 I=1,4 1600890
JX=IND _ 1600900

DO 457 J=1,4 : 1600910

: XST(IX-JX)-XST(lx.Jx)oOPEN(l.J) . 1600920
457 JX=Jx+1 o 1600930
456 IX=IX+1 ' 1600940
460 CONTINUE , 1600950
100 CONTINUE . . 1600960
IF (NORING.EQ.0): ‘G0 10 1170 1600970

MFLG =" 2 : o v 1600980

DO 1211 J=1,NORING 1600990

CALL RINGER (QyXNyRNGTOTRNGLODyJo SADUS ,UADUS + JRTICy JRSTOP,JTNO, 1601000

1 KBC: XNL  HFL G+ NREGo ICYCLE) IBEGIN,LDISTL) 1601010

JT = 4%(JTNO(J)-1). _ , _ 1601020

DO 1220 I=1,4. - s : 1601030

DO 1220 IKsl,4 ' 1601040

1220 XST(IT+1,JTeIK) = xsr(Jtol.JtoluioancrOt(l.lu) 1601050
1211 CONTINUE , 1601060
IF (Q.NE.5) GO TO 1170 o . 1601070
WRITE(6,300) S 1601080

300 FORMAT(//7) . : : 1601090
READ(5y2000) . o o 1601100

2000 FORMATL LX) ‘ : . . - 1601110
1170 CONTINVE - S : 1601120
DO 107 I=1,NJTNH& : " 1601130

107 WRITE. (2)  (XST(1od)9JnlsNITNHG) _ 1601140
- REWIND 2 : , o 1601150
REWIND 4 : : 1601160

IF (NH.NE.O) GO TO 3200 1601170

C GENERATION OF BC BOUNDARY CONDITION SCRAHOLING MATRIX , 1601180
WRITE(6,347) NOJ,NL INK 1601190

347 FORMAT(////51X30HINPUT DATA FOR REGION COUPLING///31X24HNUMBER OF 1601200
1REGION JOINTS 13,14X26HNUMBER OF KINEMATIC LINKS oI3///44X6HREGIO 1601210
ZNIIXBHJOlNT(l)lllOHJDINI(JlII) . 1601220

118



. DO 348 I=1,NREG

‘349
348

756

T 157

 KTIC=JRTIC(I)
KSTOP=JRSTOP(1)
WRITE(6,349) I,KTIC,KSTOP
‘FORMAT(46X,12,2(16X,13))
‘CONTINUE
_IF(NLINK.EQ.0) GO TO 3108
* DO 756 I=1,NJTNH4
‘DO 756 J=1,NJTNH4
RKL(T,J)=0.0
DO 757 T = 1,NJTNH&
RKL{I,1) = 1.0

" DO 789 I=1,4

789

" 1824 FORMAT(//60X,12HREG ION L1~x51/43x.aHJ01NT(J).sx.aHJolnrcl).i'f
15X 20HANGLE OF ORIENTATION)

503

1828

DO 789 J=1,4
OPEN(E,J)=0.0
"OPEN(2,2) = 1.0
_OPEN(3,3) = 1.0
OPEN(4,4) = 1.0
WRITE(6,1824)

DO 502 NRIG=14NLINK
.READ(5+503) JDsJI,COTAN
FORMAT(212,E14.7)
"WRITE{6,1828) JD,JI,COTAN

‘FORMAT (46X912,11X,12511X5EL4.7)
IF (SIN(COTAN}.NE.O.0) GG TO

OPEN(1,+1) = 1.0

" OPEN(244) = 0.0
" OPEN(3,4) = 0.0

1829

1830

505

5064

502

" 781

" 60 TO 1830

CONTINUE

COTAN = COS({COTAN)/SIN(COTAN)
OPEN(1,1) = SADUS(JD) / SADUS{JI)

OPEN{2,4) = - (SADUS(JD)-SADUSIJI))
OPEN(344) = - OPEN(2,4)* COTAN
CONTINUE . ..

R

IXX= JD*4-3
00 504 I=1,4
IXX= JI%4-3
DO 505 J=1,4
RKLUIXXy JXX)=OPEN{T+d)
JXX=IXX+1

IXX=IXX+1

CONTINUE

"READ(5,2000)

DO 781 1=1,NJTNH4

WRITE(3) (RKL{I+J)yJ=1,NITNH4)

" REWIND 3

'3108
108

2372 FORHAT(IIIIIISTXXQHBOUNDARY CONDIT(ONSIIBOXSHJOINTSXTHDELTA To5X'7
1HDELTA Z,5X,THDELTA R,SX'7H THETA- ¢ 7X+ 1 1HANGLE. ALPHA)

110

CONTINUE

., DO 108 J=1,NJTNHS
DO 108 I=1,NJTNH4
8CD{(1,J)=0.0

ICR =1
"WRITE(6,2372)

DO 109 J=1, NOJ

READ 15,110) JN, DLP(l|vDLP(2)'DLP(B)'DLP(k)’ANGLE

FORMAT (12,4F2.0,El4.1)
Il = OLP{1)
12 = DLP(2)

117

1601230
1601240
1601250
. 1601260

1601270
1601280

. 1601290
1601300
1601310

1601320

- 1601330
.. 1601340
1601350

1601360
1601370

", 1601380
1601390

1601400
1601410

1601420

1601430
.. 1601440
© 1601450
. 1601460
1601470
11601480
11601490
1601500

1601510

" 1601520

1601530
1601540
1601550

", 1601560
1601570
1601580

1601590

" 1601600
. 1601610

1601620
1601630

1601640

1601650

" 1601660
1601670

1601680

.. 1601690

1601700
1601710
1601720

1601730
/1601740
. 1601750
1601760

1601770
1601780
1601790
1601800
1601810
1601820
1601830
1601840



2373

115
114

116

117
118
113

121
109

782
783

126
3124
124

125

3200
3300

3201

181
184

180

183

13 oLP(3)

14 DLP(4)

WRITE(692373) JUNyIl,y12413,144ANGLE
FORMAT(/31Xs1399X912410Xs12,10X,12,10X9124 7XyE1l4.T)
I1 = {(4%JN)-3

DO 121 I=1,4

IF(DLP{I)-1.0) 113,114,115
IF(DLP{I)-2.0) 116,116,117
BCDUII, ICR)=1.0

GOTO 118
BCD(IT,ICR)I=SIN(ANGLE)
BCD{II+1,ICR)= ~COS(ANGLE)
GOTO 118
BCD(II-1,ICR)=COS(ANGLE)
BCO(I1,ICRI=SIN(ANGLE)
ICR=ICR+1

Il=11+1

CONT INUE

CONTINUE

READ(5,2000)

ICR=ICR-1

NZ=ICR

IF(NLINK.EQ.O) GO TO 3124

DO 783 N=1,NJTNH4 .
READ(3) (TEMP(M)¢M=1,NJTNH4S)
DO 782 J=1,N2 '
BCT(J)=0.0

DO 782 1=1,NJTNH4
BCT(J)=BCT(JI)I+TEMP(I)*BCD(I,J)
WRITE (4) (BCT(L),L=1, NZ)
REWIND 3

REWIND 4

D0 126 M=1,NJTNHa

READ(4) (BCD(MyN),N=1,NZ)

AT THIS POINT THE BCD ARRAY IS THE PRODUCT OF RKL AND BCD ARRAYS
CONTINUE

DO 124 J=1,N2Z

WRITE(14) (BCD{(I4J)sI=1,NJTNHSG)
NO 125 1=1,NJTNHS

WRITE(14) (BCD(I,J)pd=14N2Z)
REWIND 14

REWIND 4

GO TO 3201

D0 3300 J=1,NZ

READ(14) (BCD{I,J)eI=1,NJTNH4)
REWIND 14

CONTINUE :

DD 180 L=1,NJTNH4

READ (2) (XSTR(J)yJ=1¢,NJTNH4G)
DO 184 M=]1,NZ

TEMPL (M) = 0.0

DO 181 N=1,NJTNH4

TEMPL1(M) = TEMPL(M)+XSTRIN)}*BCD(N,M)
CONTINUE .
WRITE(4) (TEMP1I(1),1=14N2)
CONT INUE

REWIND 4

DO 183 1I1=1,NJTNH4

READ (4) (XSTBCU(Ily4JJ)9J00=1,N2)
REWIND 4

00 182 N=1,NZ
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1601850
1601860
1601870
1601880
1601890
1601900
1601910
1601920 .
1601930
1601940
1601950
1601960
1601970
1601980
1601990
1602000
1602010

1602020

1602030
1602040
1602050
1602060
1602070
1602080 -
1602090
1602100
1602110
1602120
1602130
1602140
1602150
1602160
1602170
1602180
1602190
1602200
1602210
1602220
1602230
1602240
1602250
1602260
1602270
1602280
1602290
1602300 .
1602310
1602320
1602330
1602340
1602350
1602360
1602370
1602380 -
1602390
1602400
1602410
1602420
1602430

- 1602440

1602450



186
185

182

187

2365

1725

1721

1729

1728

1722

1750

991
1001

11

READ(14) (BCT(J)yJ=1,NITNHS)
DO 185 M=1,NZ

XKF{M)=0.0

DO 186 K=1yNJTNH4

XKF(M)= XKF(N)+BCT(K)*XSTBC(K,H)
CONTINUE

WRITE (4) (XKF(I)yI=1,NZ)
CONTINUE

REWIND 2

"REWIND 4

DO 187 1I=1,N2

READ(4) (ACI,J)yJ=1,N2)}

IF (IBEGIN.EQ.0.OR.LINPUT.EQ.C) GO TO 1750
WRITE(6,41726)

WRITE(6,2365)

FORMAT(50X,29H THE REDUCED STIFFNESS MATRIX/)
NUMBER = 2

JJ = 0

JJJ = 0

Jd = JJJ + 1

Jdd = JJJ + 8

MM = 8

IF (JJJ.GT.NZ) MM=8-(JJJ-NZ)

MMM = JJ

IF(JJI.GT.NZ) JJJI=N1

DO 1721 M=1,MM

ICOL{MI=MMM

MMM = MMM + ]

NUMBER = NUMBER + 3

WRITE(641729) ((COLTTL,ICOL(M))yM=1,MM)
FORMAT (/10H ROW »8{2A4,1X,13,3X})/)
DO 1722 I=1,NZ

NUMBER = NUMBER + 1
WRITE(6491728) 14 (A(14J)93=0J,JJJ)

"FORMAT(3Xy13,4X,8(EL14.T741X))

TF (NUMBER.LT.55) GO TO 1722

NUMBER = 3

WRITE(6,41726)

WRITE(6,1729) ((COLTTL,ICOL(M)),M=1,MM)
CONTINUE .

IF({JJI.NE.NZ) GO TO 1725

CONTINUE

REWIND 14

DO 991 J=1,NPROB

DO 991 1=1,NJTNH4

XSL{lyJ4) = 0.0

DO 777 NR=1,NREG

J1 = JRTICINR)

J2 = JRSTOP{NR)

READ{8) ((XLR{I+J)sJ=14NPROB),I= 19NH8)
DO 777 N2 = 1,2

- GOTO (11,12),N2

II = (J1-1)*NH4+1
I11= 11+#NH4-1
GOT0 3

11 = {J2-1)%4+]
III= II+4NHG-1

DO 777 J=1,NPROB
1=0

IFIN2.EQ.2) I=NH4
DO 777 IL=Il,111
I=1+1
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1602460
1602470
1602480
1602490
1602500
1602510
1602520
1602530
1602540
1602550
1602560 -
1602570
1602580
1602590
1602600
1602610
1602620
1602630
1602640
1602650
1602660
1602670
1602680
1602690
1602700
1602710
1602720
1602730
1602740
1602750 -
1602760
1602770
1602780
1602790 -
1602800
1602810
1602820
1602830 -
1602840
1602850
1602860
1602870
1602880
1602890
1602900
1602910 -
1602920
1602930
1602940
1602950 -
1602960
1602970
1602980
1602990
1603000
1603010
1603020
1603030
1603040
1603050
1603060
1603070



777

1226
1227
1225
1150

806

876

301
302

360
361

305

342
304

362
303

306

XSLUILsJ) = XSLUTLyJ)4XLR(I,J)
IF (NORING.EQ.O0) GO TO 1150
D0 1225 J=1,NORING

JT = 4*(JTNO(J)-1)

D0 1227 I=1+4

DO 1226 IK=1,NPROB

XSLUJT+T,IK) = XSLUJT+I, IK)+RNGLOD(1,J)

CONTINUE

CONTINUE

CONTINUE

DO 876 N=1,NZ

READ(14) (BCT(J)yJ=1yNJTNHE)
00 717 M=1,NPROB

XLS(NyM) = 0.0

DO 806 K=1,NJTNH4

XLS(NyM} = XLS(NsM) ¢ BCT{K)®XSL (KoM}
CONTINUE

CONTINUE

DO 301 J=1.NPROB

DO 301 I=1,NZ

XFL{T4J) = 0.0

IF (LDISTL.EQ.1) GO TO 360
READ{5,302) LINLOD,(STORY(I},1=1,16)
FORMAT(14,16A4)

WRITE(LODE) LINLOD

GO 7O 361

READ(LODE) LINLOD

CONTINUE )
IF(LINLOD.EQ.O) GO TO 303

IF (ICYCLE.EQ.1.OR.NH.EQ.O) WRITE(6,341)
341 FORMAT(1H1///5TXs19HEXTERNAL LINE LOADS///36X,14HPROBLEM NUMBER,7X
120HPOINT OF APPLICATION,7X,12HAPPLIED LOAD//)

IF (LDISTL.EQ.1) GO TO 362

JEXT2 = 1

DO 304 N=1,LINLOD

READ(5+305) JEXT1,XFL{JEXT1,JEXT2)
FORMAT(5XsI5+EL4.T)

IF (ICYCLE.EQ.1.0R.IBEGIN.EQ.1)

IHRITE(64342) JEXT2,JEXT1 +XFL{JEXT1,JEXT2)

FORMAT(41X913+422X913915X,E14.7)
CONTINUE

WRITE(LODE) ((XFL{I+J)»I=19NZ)yJ=14NPROB)

GO TO 303 :
REAOD(LODE) ((XFL(IyJ)yI=14N2),J=1,NPROB)
CONTINUE

IF (LDISTL.NE.1) READ(5,2000)

CONTINUE

DO 811 J=1.,NPROB

© 00 811 I=14NZ

811

530

540
520

XLS(I4d) = XFLUI4J)*DELP-XLS(I,J)
DO 520 J=1,NPROB

D0 530 I=1,NZ

IF (XLS(14J).NE.D0.0) GD TO 540

CONTINVE
LEAD(J) = NZ
G0 TO 520
LEAD(J) = 1
CONTINUE

CALL SYMSOC (AyAyNZ,0sXLSyNPROB,LEAD,124,0.0,NIX)

IF (NIX.NE.O) GO TO 8777
DO 812 J=1,NJTNH4

120

1603080
1603090
1603100
1603110
1603120
1603130
1603140
1603150
1603160
1603170
1603180
1603190
1603200
1603210
1603220
1603230
1603240
1603250
1603260
1603270
1603280
1603290
1603300
1603310
1603320

.1603330

1603340
1603350
1603360
1603370
1603380
1603390

1603400 -

1603410
1603420
1603430
1603440
1603450
1603460
1603470
1603480
1603490
1603500
1603510
1603520
1603530
1603540
1603550
1603560
1603570
1603580
1603590
1603600
1603610
1603620
1603630
1603640
1603650
1603660
1603670
1603680



813
812

2368 FORMAT (31X, 70HTHE EXPANDED REGION JOINT DISPLACEHENT MATRIX (REGIO
LN ENO DEFLECTIONS))

1770 FORMAT(//14X45HJOINT, 14Xy THPROBLEM 13Xy THDELTA T,13X,THDELTA Z,13X
1,7HDELTA Ry 11X, 11HOMEGA-THETA)

1745

1739

1765
1764
1735
1776

71

87717

READ(14) (BC(K)yK=1,NZ)

DO 813 M=1,NPROB

DRE(J,M)=0.0

DO 813 N=14NZ

DRE(JsM)} = DRE(JsM)I4BCIN)IEXLSIN,M)
CONTINUE

IF {(NH.NE.O.AND.(LINPUT.NE.1.OR.IBEGIN.NE.1)) GO TO 1776

HRITE(641726)
WRITE(6,2368)

WRITE(6,1770)

NUMBER = 4
KK=-3

DO 1735 J=1,NOJ

NUMBER = NUMBER + NPROB + 1
IF (NUMBER.LT.56) GO TO 1745
WRITE(6,1726)

WRITE(641770)
NUMBER=2+NPROB+3

KK=KK+4 :

KKK=KK+3

WRITE(6,1739)

FORMAT(1H )

DO 1764 L=1,NPROB
WRITE(641765) JoLy(DRE(K,L) yK=KK,KKK)
FORMAT (15X 125 18Xy 12, 9Xs 403X, E14.7,3X) )
CONT INUE

CONT INUE

CONTINUE

U0 71 NR=1,NREG

DO 71 K=1,2

11 =(JRTICINR) = 1) %4 +1
IF(K.EQ.2) II= JRSTOP(NR)#%4-3
I11= II + 3

DO 71 T = II,II1

WRITE(3) (DRE(I,J),J=1,NPROB)
REWIND 2

REWIND 3

REWIND 4

GoT0 7

IERROR =8777

NERROR=32

NIX=1

RETURN

END
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1603690
1603700
1603710
1603720
1603730
1603740
1603750
1603760
1603770
1603780
1603790
1603800
1603810
1603820
1603830
1603840
1603850
1603860
1603870
1603880
1603890

. 1603900

1603910
1603920
1603930
1603940
1603950
1603960
1603970
1603980
1603990
1604000
1604010
1604020
1604030
1604040
1604050
1604060
1604070
1604080
1604090
1604100 -
1604110
1604120
1604130
1604140
1604150
1604160



SUBROUTINE INITAL

As a result of the matrix operations performed in REGMAT, the SKI22, the
XK2221, and the XK22I2 arrays for each region are passed to INITAL. The
XK1112 and XLl arrays for each segment, resulting from the matrix procedures
in SEGMAT, are also passéd to INITAL. The region end deflection matrices,
DRE, which were formed in STRMAT are transmitted to INITAL.

Following appropriate matrix operations upon these arrays, the force initial
conditions, the FICS array, and the deflections initial conditions, the

DICS array, are produced. These arrays combine to form the YICS matrix,
which contains the true initial conditions for the structure to be

analyzed.
The pertinent counters in the subroutine are:

NS = segment counter

NR = region counter
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FORTRAN CODE

ENGINEERING SYMBOLS (REF, 1 ).

XK2221 MATRIX

XK22L2 MATRIX

DSE' ARRAY

XK11ll2 MATRIX

ROTD MATRIX
DICS ARRAY

XL1 ARRAY

ROT MATRIX

' FICS ARRAY

A (A
LK22 [KQl]

A, A
S (]

{2}
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INITAL

NR
NR +1

RETURN TO

MAIN

READ
. 10
XK2221

DETEMP = O f",
YES
RESET TEMP =
—(TEMP + XK22L2)
IF
ANS = NO 'NKL(NR)
SKL22 « TEMP =
0
dYES
WRITE
NO.2
TEMP
NS
=1
READ
VARIABLE
FORM ROTD NO. L TAPE |
DSE
—
READ
DICS = ‘ NO.9
ROTD « DSE XL1

TEMP =
XK2221 « DRE
NS= |
NS+1 [*
IF
NS < NO ol
NSEG
WRITE
NO.4
YES Yics
. M 4
:(h)f\;) F?_,RC_S_ yics = FICS =
XKi112 DICS ROT « TDSE
TDSE = RESET TDSE =
XK1112 « DSE TDSE + XL1 FORM ROT
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FORoIS INITAL,INITAL

415

SUBROUTINE INITAL
INTEGER SAVJYC.SAVSTP.Q-THICK
INTEGER XN1,XN
COMMON STORY(I6)1XHAT(270.lO)'STDl10).SADUS(30)'RADUS(30)
COMMON TADUS(30),UADUS(30),SAVTIC{900)
COMMON XNy TEFREE.TICoPHI,STOP,RESTOPRTICKsGlyXNL(3) sNH
COMMON NST(30)sNKL{30)sNXMAT(20)SAVITC(30),SAVSTP(30),JRTIC(30)
COMMON JRSTOP(30) NREGyNMPT,NRCyNSCyNIX,IERROR s KGEOM  IGEOM,ISTTAB
COMMON KELVIN, IBEGIN NPROB,NSEGyNERRORyQyTHICK s NOJSy NL. INKS yNLCASE
COMMON NTSKL.yNZyNBCT,LINPUT,NTRKL)NPASS¢XN1,KBC,NRINGS
COMMON LODE,ICYCLE,LDISTL
DIMENSION XK2221(112,8),0RE(By1),TEMP(11241),XK220L2(112,1)
DIMENSION XK1112(4,+8)+DSE(8+1),ROTD(4,4),0ICS(4,1)
DIMENSION TOSE(8,1),YICS(8,1)
DIMENSION XL1(491)3ROT{4,4),FICS(451),SKL22(112,112) yANS(112,+1)
EQUIVALENCE (ROT(1),ROTDO(1))4(TIC,TICK) -
EQUIVALENCE (DSE(1) DRE(1)),(XK2221(1),XK22L2(1)}
EQUIVALENCE (SKL22(1)y,XK1112{1))»{YICS(1),TDSE(L})
NH4 = &4
NH41=NH4+1
NH8 = 8
NHB81=NHB+1
REWIND 2
REWIND 3
REWIND 4
REWIND 8
REWIND 9
REWIND 10
DO 100 NR=1,NREG
NOJ = NSTINR) + NKLI(NR) + 1
ISKL22 = 4*(NOJ-2)
JSKL22 = 4%(NOJ-2-NKL(NR))
NJTNH4=NOJ*NH4
MB8=4%[NOJ-NKL(NR) )-8
NSEG=NST(NR)
IF (NSEG.EQ.1) GOTO 703
IFINKL(NR).EQ.0) GO YO 415
READ(10) ((SKL22{I4J)sJ=19JSKL22),I=1415KL22)
READ(10) ((XK2221(1sJ)9J=1+NHB),1=1,M8)

- READ(10) (SAVJITC(I),SAVSTP(I),I=1,NSEG)

703

91

101

102

D0 91 K = 1,2

11 =1

IF(K.EQ.2) 1I=5

IIT = 1143

00 91 I1=11,111

READI3) (DRE(1,J)4J=1,NPROB)

IF (NSEG.EQ.1) GOTO 999

DO 101 J=1,NPROB

DO 101 I=1,M8

TEMP(1,4)=0.0

DO 101 K=1,NH8
TEMP(I,J)=TEMP{1,J)+XK2221(I,K)*DRE(K,J)}
CONVINUE

READ(1G) ({(XK22L 2(14J) 4 J=1,NPROB)+I=1,M8)
DO 102 J=1,NPROB

DD 102 [=1,M8

TEMP(I,J)= -(TEHP(I.J)+XK22L2(IoJ))
IFINKL{NR).EQ.O0) GO TO 435

DO 445 1 = 1,1SKL22
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1700010

1700020
1700030
1700040
1700050
1700060
1700070
1700080
1700090
1700100
1700110
1700120
1700130
1700140
1700150
1700160
1700170
1700160
1700190
1700200
1700210
1700220
1700230
1700240
1700250
1700260
1700270
1700280
1700290
1700300
1700310
1700320
1700330
1700340
1700350
1700360
1700370
1700380
1700390
1700400
1700410
1700420
1700430
1700440
1700450
1700460
1700470
1700480
1700490
1700500
1700510
1700520
1700530
1700540
1700550
1700560
1700570
1700580
1700590



445
435

394

393

392
397

395
396
398

370

371
375
372
376
373
380

381

382
385
383
391

999

DO 445 J=1,NPROB

ANS{1I,J)=0.0

DO 445 K = 1,JSKL22 . .
ANS(T4J)=ANS(IsJ)4SKL22{T+K)*TEMP(K,J]
DO 391 N=1,NSEG

IF((N.EQ.I.QR.N.EQ.NSEG).AND.SAVJTC(N).GT.SAVSTP(N)) GO 70 370

DO 398 K=1,2
IF (N.NE.1.OR.K.NE.1) GOTO 393
DO 394 I= 1,4
WRITE (2) (DRE(I,J),J=1,NPROB)
GO TO 398 .
IFIN.EQ.NSEG.AND.K.EQ.2) GOTO 395
IF (K.EQ.l) II = SAVJTCIN)#*4=7
IF (K.EQ.2) II = SAVSTPI(N)*4-7
IIT = II + 3
DO 397.1=11,111 .
IF (NKL(NR).EQ.O) GOTD 392
WRITE (2) (ANS(1,J)sJ=1,NPROB)
GOTQ 397
WRITE (2) (TEMP(I,J),J=1,NPROB)
CONT INUE
GO TO 398
00 396 1=5,8 :
WRITE (2) (DRE(I,J)sJ=1,NPROB)
CONTINUE
GO TO 391
IF(N.EQ.NSEG) GO TO 380
IF(NKL{NR).EQ.07 GO TO 375
DO 371 I=1,4
WRITE(2) (ANS(I,J4),J=1,NPROB)
GG TO 376
DO 372 I=1.+4%
WRITE(2) (TEMP(I,J)sJ=1,NPR0OB}
DO 373 I=1,4
WRITE(2) (DRE(I,+J)sJ=1,NPROB)
60 TO 391
CONTINUE
DO 381 I=5,8 )
WRITE(2) (DRE(I+J)yJ=1,NPROB)
IF(NKL(NR).EQ.O0) GO TO 385
I1 = ISKL22-3 :
I11 = ISKL22 )
DO 382 I=11,111
WRITE(2) (ANS(I,J)sJ=1,NPROB)

GO 7O 391
IT = M8-3
IIl = M8

DO 383 I=11,I111
WRITE(2) (TEMP(I,J),4=1,NPROB)

CONTINUE

REWIND 2

DO 201 NS=1,NSEG

READ (9) ((XK1112(I,J)sJ=1,NH8);T=1,NH4),IGEOM,G1
ISEG=0

NR1=NR-1

TF(NR1.EQ.0)GOTO8

DO 7 I=1,NR1

ISEG=ISEG+NST(I)

ISEG=ISEG#+NS

TIC= SAVTIC(ISEG)

GO TO (21,22,23), IGEOM
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1700600
1700610 -
1700620
1700630
1700640
1700650
1700660
1700670
1700680
1700690 -
1700700
1700710
1700720
1700730 -
1700740
1700750
1700760
1700770
1700780
1700790
1700800 -
1700810
1700820
1700830
1700840 -
1700850
1700860
1700870
1700880
1700890
1700900
1700910 -
1700920
1700930
1700940
1700950
1700960
1700970
1700980
1700990
1701000
1701010
1701020
1701030
1701040
1701050
1701060
1701070
1701080
1701090
1701100
1701110
1701120
1701130
1701140

1701150 °

1701160
1701170
1701180
1701190
1701200



21

22

23
25

78
80

302

305

306

202

203

301

204

205

402

SN = SIN(TIC)

CS = COS(TIC)

GO 7O 25

SN = C0S(1.570796-G1)
CS = SIN(1.570796-G1)
IF (G1.NE.0.0) GO TO 25

SN = 0.0
CS = 1.0
‘G0 7O 25
SN = 1.0
CsS = 0.0
CONTINUE

IF (NSEG.EQ.1l) GO TO 80

DO 78 1 = 1,8

READ (2) (DSE(I,J)9J4=1,NPROB)
CONTINUE

D0 302 J=1,NH4

DO 302 I=14NH4

ROTD(I,J)=0.0

DO 305 J=1¢NH4,4
ROTD(J,J)=1.0
ROTD{J+1,J+2)=CS
ROTDUJ+2,J+1)=-CS
ROTD(J+1,J¢1)=-SN
ROTD(J+2,J+2)=-SN
ROTD(J+3,J+3)=1.0

00 306 J=1,NPROB

DO 306 1=1,NH4

DICS(1,J1=0.0

DO 306 K=1,NH4
DICS(I5J)=DICS(I,J)+ROTD(I+K)EDSE(K,J)
READ(9) ((XL1(I1,J)yJ=1,NPROB),1I=1,NH4)
DO 202 J=1,NPROB

DO 202 I=1,NH4

TDSE(1,J)=0.0

DO 202 K=1y4NH8

TDSE(I ¢+ J)=TDSE(I,J)+XK1112¢1,K}%*DSE(K,J)
DO 203 J=1,NPROB

00 203 I=14NH4
TOSEL(IJ)=TOSE(L,J)4XLY(I,4J)
DO 301 J=1.NH4

DO 301 I=1,NH4

ROTD(I,J)=0.0

DO 204 J=1,NH4, 4

"ROT(Jyd)=-1.0

ROT{J+1,J42)=-CS

ROT(J+2,J41)= CS

ROT(J+1,J+1)=SN

ROT(J+2,J+42)=5SN

ROT{J+3,443)=1.0

00 205 J=1,NPROB

00 205 [=1,NH4

FICS(I,J)=0.0

DO 205 K=1,NH4
FICS{I,J)=ROT(I+K)*TDSE(K,J)+FICS{I,J)
00 402 J=1,NPROB

DO 402 I=1,NH4

I1=1+NH4

YICS(1,J)=FICS(I,J)
YICS(I1,J)=DICS{I,J)

WRITE(4) ((YICS(I+J)yI=1+8)sJ=14NPROB)
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1701210
1701220
17012307
1701240
1701250
1701260
1701270
1701280 -
1701290
1701300
1701310
1701320
1701330
1701340
1701350

" 1701360

1701370 -
1701380
1701390

1701400

1701410
1701420
1701430
1701460
1701450
1701460 -
1701470
1701480
1701490
1701500
1701510
1701520
1701530
1701540
1701550
1701560
1701570
1701580
1701590 °
1701600
1701610
1701620
1701630
1701640
1701650
1701660
1701670
1701680
1701690
1701700
1701710
1701720
1701730
1701740
1701750
1701760 -
1701770
1701780
1701790
1701800
1701810



201 CONTINUE
REWIND 2

100 CONTINUE
REWIND 1
REWIND 4
REWIND 8
RETURN
END
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1701820 -
1701830
1701840
1701850
1701860
1701870
1701880
1701890



SUBROUTINE LEBEGE

.. The subroutine link LEBEGE receives the YICS array for each segment from
INITAL via Tape #4. The subroutine FIXEM is called to integrate the
differential equations of each segment, under true load - conditions. FIXEM
is identical to subroutine SETUP, while WAND corresponds to subroutine
MAGIC and only consideration of the OVERIAY structure dictates the change
in names. The subroutines TOBAR, TEMOEG, PIYCO, and PLYNE are similarly
‘equivalent to ROBOT, GEOMET, PLICO, and PLINE discussed previously.

The results of the final integration sequence are the forces and deflections
at the beginning, intermediate, and end points of each segment. These

are always the incremental values. The updating for current load step

is accomplished in subroutine SHPLAS,

Subroutine GRAPH: This subroutine controls the system graphical routines.

GRAPH prints the titles and passes the graphical display points to the

necessary system routines, which utilize a Stromberg-Carlson 4020 plotter.

129



READ:

MAGIC CONTROL,
CLUE CARDS, AND
GEOMETRY OR
SPLINE DATA

MATERIAL
PROPERTY
IDENTIFICATION
SET: MAT

LEBEGE

READ:

ST TABLE

INITIALIZE

TEMPERATURE
LOAD
IDENTIFICATION
SET: KELVIN

CALL

YICS ARRAY

CALL

FIXEM

SHPLAS

RETURN TO
MAIN

130

GEOMETRY TYPE OF
IDENTIFICATION MATERIAL
SEARCH PROPERTY
SET: KGEOM . SET: ITYPE
FACE SHEET SEGMENT
IDENTIFICATION IDENTIFICATION
SEARCH SEARCH
SET: THICK SET: ISTTAB
CALL
TOBAR
CALL
ODE 1
OR ODE 2
SET CALL
MAGIN =0 WAND




FOR, IS LEBEGE,LEBEGE

SUBROUT
INTEGER
INTEGER
DOUBLE
COMMON
COMMON

. COMMON

COMMON

- COMMON

600

451

902

COMMON
COMMON
COMMON
COMMON
c
COMMON
1
COMMON
COMMON

ROS

QOMPIIPOVORNOVDIWNN

COMMON
COMMON
COMMON

X000

COMMON
COMMON
COMMON
c
COMMON
c
DIMENSI
DIMENS I
DIMENSI
EQUIVAL
REWIND
FORMAT (
KSC = 0
JAM =1

INE LEBEGE
SAVJTC,SAVSTP,Q,s THICK
XN
PRECISION YNEMW,YPRED
STORY (16)4XMAT(270,10§,STD(10),SADUS(30)},RADUS(30)
TADUS (30),UADUS(30),SAVTIC(900)
XNy TEFREEsTICsPHISTOPoRESTOPSsRTICKyGLyXNL(3) oNH
NST(30) s NKL{30) o NXMAT(20) 4 SAVITCL30) 4, SAVSTP(30) 4JRTIC(30)
JRSTOP(30) yNREGsNMPT ¢NRCoNSCyNIX; IERROR y KGEOM » IGEOM, ISTTAB
KELVINy IBEGIN ¢NPROBoNSEGyNERROR y Qs THICK s NOJS¢ NL INKS ¢NLCASE
NTSKLsNZ,NBCT,LINPUT,NTRKL sNPASSXN1,KBC ¢NRINGS
LODEy ICYCLE,LDISTL
/ARING/ NRING(ZB).AHAT(BOvB)-RS!G(IZ).REPS(!Z'.RALPH(XZ):
RBAPH(12)
ISNILPS/ ANG-PSI(lOO).RAD(lOOI.CURl(lOOlcCURZ(lOOlc
DR1DP(100)+Z1(14)4RI(14),NRZIN
/MAGIQ/ KKNT,TII,TIK,TOK,TOO
JLASTEQ/ YPRED(B),YDOV(B8),YASAVE(8),
YANTHoYAHYH.YAHPT.YANPT'VAOPH.YAQPHpYAQTH.YAJPH.
S9SNsCS»SNSQeCSSQyTANySEC,CNyX1CSyXLSNo TN,
X1R0sX1R0OSQyX1SNRO¢ X1CSRO,CNIRO ¢ SNIROCS1ROy
X1R1¢X1R2oCSIR19CSIR29SNIR1¢X1IR1SQsR2SQsRO+BESQ,
Qs XNSQ+BETA4R14R2,S1,R100T,R1SQ, .
XNTTHoXNTPH o XMTTHy XMTPH ¢ XFTHLD ¢y XFPHLD ¢ XFZELD »
XMTHLDy XMPHLOy ETHETyEPHI ¢ XGPToALPHTH y ALPHPH,
XNUYP.XNUPTvXCllvXCZZ.XClSoX033oX022oXDZl-XDlZ'
XK119XK129XK219XK224XK33,X011,
My I, SITIN,SITOUY,SIPIN,SIPOUT,TPTIN,TPTOUT,
IBRINyZBROUTySCRIPAsSCRIPI+SIFINySIFOUT yTZEPH,TZETH
s XNPHI,BETTAL,ZETTA,XC16 :
+RMOSS ¢ RMOSN, YLDST,ROC, HP:FPLUH-GPLUHvTHON
.RHOSSVpRHOSNY'RHDSXYnRHONXY
.RHOSNS.RHOSSS'SXGOXS'RHOSNR,RHOSSRpSIGOXR
/PLSTIC/ 104J0,10R,JOR,KDRI,NEO
/7PLS/ OMEGA, IWORD , XMERD » XPRES » XMONT
/WO0OD/ SAVY{53),NPLEV,NLPO,NPLA(21),STR{6),SIGMAL3,21),
SEPS{3,21),SALPH(3,21),SBAPH(3,21),STEPS(3,21),
EFF(21) o STSRN(3) +NPLAST(3),STSIG(3),STREPS(3),
STALPH(3),STBAPH{3) ,EFFST(3},NPLEVS(3) '
/CMAIN/ ZETAL(21),ZETA2(21)yNODE,ALF(4),CE(4) ¢NLRSHI HO» T
/CDISP/ P : ,
/RWO/ ERJESyCPHoCTHoAPHsATHsSPHySTHALPHS»ALPHR ¢ TS+ TR¢SNB,
cs8
/GRAFIX/ X(100)+Y(100,9)sNGRAPH,LDEF (9) yNGR»JCYC o NFLAG ¢ JAM,
JNSC
ON LST(13),YDEV(8),YICS(8),YNEW(8)
ON XKF(128),TBOEL(8),FWDEL(8),YCORR(8)"
ON ST(30,31)¢XLAYER(26)
ENCE (YNEW({1).XKF(1)})
1
1H 98(EL14.T92X)/(3X¢BLELL.Ty2X)})

JNSC =0

DO 451

1=14NREG

KSC = KSC + NST(I)

LsCc =0
LSC = L
JCYC =

SC + 1
0
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1800010
1800020
1800030 -
1800040
1800050
1800060

© 1800070 -

1800080
1800090 -
1800100
1800110

‘1800120

1800130
1800140
1800150 -
1800160
1800170
1800180 -
1800190 -
1800200
1800210
1800220
1800230

. 1800240

1800250
1800260
1800270 -
1800280
1800290 :
1800300
1800310
1800320
1800330
1800340
1800350
1800360
1800370
1800380
1800390
1800400
1800410
1800420
1800430
1800440
1800450
1800460
1800470
1800480 -
1800490 :
1800500
1800510
1800520
1800530
1600540
1800550
1800560
1800570
1800580
1800590



1901
1900

1725

1724

1727

182
183

1726

651 FORMAT(//13X,15HSEGMENT NUMBER vIZvSX,lBHSEGHENT CODE +12,5X.

1776

655

901
750

XNTTH = 0.0
XNTPH = 0,0
XMTTH = 0.0
XMTPH = 0.0
NSC=LSC

JNSC=JNSC+1

IF (JNSC.LE.NST(JAM)) GO TO 1727
NRNG = NRING(JAM) -

IF (NRNG.EQ.0) GO TO 1900
DO 1901 I=1,NRNG

READ(1) DUMLNK

CONTINUE

NNSKL = NKL(JAM)

IF (NNSKL.EQ.0) GO TO 1724
DO 1725 I=1,NNSKL

READ(1) DUMLNK

CONT INUE

JAM=JAM+1

JNSC=1

CONT INUE

READ(1) KGEOM, IGEOM,RGOyANGyNLRS,STORY

READ{1) DTAU,DIFF,STEP,DELTA,NAPEX

IF (RGO.EQ.14.0) GO TO 182
READ(1) Gl,6G2,G3
GO TO 183

READ(1) NRZIN.(ZI(J!'RI(J)oJ 1,NRZIN)

CONTINUE

READ(1) ITYPE, HAToTHICK,ISTTAB'KELVIN.KORI,TEFREE.NPoKLUEloKlUEZv

1 TANLYZ,NROW
DIFF =1.0E-04
EPSIL =1.0E-05
ERR = 1.0 E-07

IF {NH.NE.O.AND.IBEGIN.NE.1l) GO TO 1776

WRITE(6,1726)
FORMAT{1H])

TF(INSC.EQ.1) WRITE(6+606) JAM,NST{JAM) ¢NKL(JAM)
606 FORMAT(//58X,13HREGION NUMBER,13//35X,10HTHERE ARE » 12414H SEGMENT
1S AND ,12,35H KINEMATIC LINKS WITHIN THIS REGION)

1 = RGO
WRITE(6+651) JUNSCsI,NLRS

1 14HNO. OF LAYERS ,12)
CONTINUE
NCONT = NROW

IF (NH.EQ.0.OR.IBEGIN.EQ.1) WRITE{6+655)
FORMAT(//42X,4THTABLE ORDER PHI OR § VS. CROSSECTION PROPERTIES)

DO 901 I=1,NROW
READ(1) (ST(I4J)eJ=14NP)}

IF (NH.NE.O.AND.IBEGIN.NE.1) GO 7O 901

WRITE(64600) (ST(I,J)9d=1,NP)
CONTINUE

po 750 JJ=1,12

LSTLII) = 0

NLCS = NLCASE

NLPO = NLRS+1

K8C = NLPQO

~ IF (THICK.NE.l) KBC = 2.0%NLPO

TAPL = NLRS/2

" DO 290 I=1,NLPO

TAP2 = I-1
ZETALLL) = l.O-TAPZITAPl
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1800600 -
1800610
1800620
1800630
1800640
1800650
1800660
1800670
1800680.
1800690
1800700
1800710
1800720
1800730 -
1800740
1800750 -
1800760
1800770
1800780
1800790
1800800
1800810
1800820 -
1800830 -
1800840
1800850
1800860 -
1800870 -
1800880
1800890
1800900
1800910
1800920
1800930
1800940
1800950
1800960
1800970
1800980 -
1800990 -
1801000
1801010
1801020 -

‘1801030

1801040
1801050
1801060
1801070
1801080
1801090 -
1801100
1801110
1801120
1801130
1801140
1801150
1801160

- 1801170
1801180
- 1801190

1801200 -



290 ZETA2(1) = 1.0-FLOAT(I-1)/FLOATINLRS) . . 1801210

K=NROW+1 1801220
Jd=1 1801230
JJJ=6 . 1801240 -
MM=1 1801250
DO 17 NLC=1,NLCS 1801260
JT = JJ 1801270
JIT= J34 . 1801280 -
L=0 . ) 1801290
READ(LODE) (LSTUJ)9d=ddydJdJ) ) 1801300
IF(LST{JJ))8031,19,20 1801310 :
20 L = LST(JJ) 1801320 -
19 JJ=JJ+1 . 1801330
.23 IF(LST(JJ))8031,22,21 . 1801340
21 L=+l ' ' . 1801350 -
22 1F(JJ.EQ.JJIJ) GOYO 24 1801360 -
JJ=JdJ+l ' . 1801370
GOT0 23 . 1801380
24 IF (L.EQ.0) 6O TO 668 ) 1801390 -
KK = K + L -1 1801400
D0 72 M=KyKK 1801410
READ{LODE) (ST(MsJ)eJ=1,NP) . 1801420
T2 CONTINUE . 1801430
IF (LST(JT).EQ.0) GO TO 660 o 1801440
KZ = K ¢+ LST{1) -1 ' 1801450
K =KZ +1 . : 1801460 -
- 660 CONTINUE . 1801470
. IF (NH.NE.O.AND.IBEGIN.NE.1) GO TO 665 - 1801480
WRITE(6,4661) 1801490
661 FORMAT(//31X,84HTABLE ORDER PHI OR S VS. DISTRIBUTED LOADS (F .THE 1801500
1TAy F PHIy F ZETAy M THETA, M PHI),) . 1801510
" WRITEC(6,1968) (LST(J)ed=dT,JTT) ) 1801520
1968 FORMAT(27H LOAD IOENTIFICATION CLUES ,611/) . 1801530
. DO 662 N=K,KK 1801540
662 WRITE(6,600) (STIN,J),Jd= loNP) . 1801550 -
668 IF (NH.NE.O.AND. lBEGlN.NE »1) GO 7O 665. . o ) 1801560
WRITE(6,7000) . . 1801570
7000 FORMAT(////3X+921HPHI (RAD. OR ‘IN.) »21HDEGRE S 1801580 -
1 21HR ZERO »21HBASE THICKNESS . 1801590
2 21HSTEP ) +21HEPSILON THETA IN / 1801600 -
3 3X9y21HEPSILON THETA . #»21HEPSILON PHI - 1801610
4 21HGAMMA PHI THETA »21HK PHI 1801620
5 21HK THETA ¢+ 21HEPSILON THETA OUT / 1801630
6 3Xs21HU +21HK PH] THETA 1801640
7 21HN THETA 921HN PHI . 1801650 -
8 21HN PHI THETA »21HEPSILON PHI -IN / 1801660
9 3X921HV ’ +21HJ PHI STAR ) 1801670
"A 21HM THETA +21HM PHI 1801680
8 21HM PHI THETA »21HEPSILON PHI OUT / 1801690
Cc 3Xs21HW »21HT PHI THETA . 1801700
0 21HSIGMA THETA 1IN »21HSIGMNA PHI 1IN © 1801710
E 21HTAU PHI THETA IN »21HGAMMA PHI THETA IN / 1801720
F 3X921HOMEGA THETA -9 21HOMEGA PHI . 1801730
G 21HSIGMA THETA OUT +21HSIGMA PHI OUT 1801740 -
H 21HTAU PHI THETA 0OUT +21HGAMMA PHI THETA OUT ) 1801750
WRITE(6,7001) P ’ ' 1801760
7001 FORMAT(///7/50Xy*CYCLE'»F8.0) 1801770
665 CONTINUE ’ 1801780
71 K = K + L - LSTULIT) 1801790
Jd=JdJd+l . ) 1801800
JJI=JJ+5 ) 1801810



17
590

15

1

1

60 CALL WAND(MAGIN,MAGOUT,TIC,STEP,NEQNS,DTAU,EPSIL,DEL TA,ERR,TINE,
DTIME,YICSyYPRED,YCORR YOOV, YNEW,YDEV,FWDEL,» TBDEL)

1
61

64
62
63
67
6450
66
65

75

175

25

MM=MM+1
CONTINUE 4
READ(1) lSsSAVJTC(IS)-SAVSTP(IS).STORY
NSAVE = NROW
JJ=NPROB*6

LT=0

D0 15 J=1.JJ
LT=LT+LST(Y)
NTOTAL=LT+NSAVE
NEQNS=8*NPROB
TIC = ST(1,1)
STOP = ST{1,NP)
READ(4) (YICS(I),I=1,NEQNS)
NCYC=0

KKNT = C

NS AVE=NROHW
1END=0

NPR = 1
PRINT=TIC
DTA=DTAU
DTAU=0.0

READ{I0) SAVY,NPLEV4NPLA,SIGMA,SALPH,SBAPH, STEPSySTR yEFF ¢ STSRN,
NPLAST¢STSIGy STREPSySTALPHySTBAPH,NPLEVSEFFST 4SEPS"

59 CALL FIXEM (MAGIN,MAGOUT,TIC,STEP,NEQNS,DTAULEPSIL,DELTALERR,TIME,

DYIME,YICS,YPRED,YCORR,YDOT,YNEW, YDEV,FWDEL » TBDEL )

GOT0 61

IF (MAGOUT.LE.O) GOTO 25
IF(TIME.GT.STOP) GOTO 62
IF(TIME.LT.STOP) GOTO 63

TEND=~1

GOTO 67

IF(TIME.LE.(STOP+DIFF)) GOTO 64
60TO 8001
IF((STOP-DIFF).LE.TIME) GOTO 64
IF ((TIME4DTIME) ,GT.STOP) GOTO 65
IF(PRINT.GT.TIME] GOTO 66
PRINT=TIME+DTA

CONTINUE

NPR = 1

IF (TIME.EQ.TIC) NPR = 0
IF(IEND.GT.0) GO TO 8002

IF (IEND.LT.0) GOTO 150

MAGIN = O

GO TO 60

MAGIN=0

NPR = 0

GOTO 60

DT IME=STOP-TINE

DELTA=0.0

GOTO 67

NCYC=NCYC+1

IF (NCYC.NE.L.AND.KKNT.NE.4) GO TO 175

IF ((TIME+STEP).GT.(STOP-DIFF)) NPR = 1

CALL SHPLAS (NCYCsNAPEX,NPR,STEP)
NPR = 0

MAGIN = -1

G0Y0 60

PHI=TIME

ARG=PHI

" 134

1801820 -
1801830
1801840 -
1801850 -
1801860
1801870
1801880
1801890
1801900
1801910
1801920
1801930
1801940 -
1801950 -
1801960 -
1801970
1801980
1801990
1802000
1802010
1802020
1802030
1802040
1802050
1802060
1802070
1802080
1802090
1802100
1802110
1802120
1802130
1802140 -
1802150
1802160
1802170
1802180 -
1802190 :
1802200
1802210
1802220
1802230 -
1802240
1802250
1802260 -
1802270
1802280
1802290
1802300
1802310
1802320
1802330
1802340
1802350
1802360
1802370
1802380
1802390
1802400
1802410
1802420



52
51

54
57

55
58
80

91
93
94
lél
104
123
122

124

125
92

922
111
115
101

IF (KKNT.EQ.3)
1READ(IO) SAVY»NPLEV.NPLA.SIGHA.SALPH.SBAPH.STEPS.STR.EFF.STSRN,
1 NPLASTsSTSIGy STREPS, STALPH, STBAPHNPLEVSEFFST,SEPS
LL=NP+]

DO 51 I=1,NP

IF(ARG-ST{1,1)) 52,55,51

IF(I-1) 55455,54

CONTINUE

I=NP

GO Ta 55

00 57 IK=2,NTOTAL

STUIKyLL)=ST(IKy I=1 )4 (ST(IK,yI)=STUIKsI=1)})*(ARG-ST(LI-1})/1ST(1,I

1)=-ST(l,1-1M)

GOT0 80

D0 58 IK=2,NTOTAL

STUIK,LL)=ST(IK, 1)

CONTINUE ’ .
THE UPDATED INTERPOLATED VALUES OF THE MATERIAL PROPERTY COEFFIC
IENTS ARE FOUND IN THE XMAT TABLE AND STORED IN THE XLAYER ARRAY
L=(MAT-1)*2+1

II=NXMAT(L)

T TI=NXMAT(L+1)

LL=NP+1

L=NROW + 1

M=1

GOTO (91+92+93,93),KELVIN

ARG = (ST(L.LL)+ST(L*loLL)*ST(L+2vLL)*ST(L03'LL))/4.
GOTO 94

CONTINUE :

ARG = STI(NROW+1,LL)

DO 104 I = 2,10

IF (ARG-XMAT(II,I)) 121,123,104

IF (1-2) 8007,8007,124

CONTINUE

GOYO 8067

L=11+1

DO 122 J=L,I1I

XLAYER{M)=XMAT(J,I)

M=Ms+1

G070 111

L=11+1

DO 125 J=L,111
XLAYER(M)=XMAT(Jy I-1)+{XMAT(J o I)-XMAT( Sy I=1) )% (ARG-XMAT(I]I,I-1))/
1 (XMAT(II,])=-XMAT({II,I-1))

M=M+1

GOTO 111

Lt =11 +1 .

DO 922 J=L,I111I

XLAYER{M)= XMAT(J,1)

M=M+]

CONTINUE

GO 70(101,102,103), ITYPE

ETHET = XLAYER(1)

XNUTP =XLAYER(2)

ALPHTH = XLAYER(3)

EPHI = ETHET

XNUPT= XNUTP

ALPHPH = ALPHTH

XGPT = ETHET/(2. 0‘(1 OOXNUPT’)

N = &

GO TO 105

!135

1802430
1802440
1802450 -
1802460
1802470
1802480
1802490
1802500
1802510
1802520
1802530
1802540
1802550
1802560

. 1802570

1802580
1802590
1802600
1802610
1802620
1802630
1802640
1802650
1802660
1802670
1802680
1802690
1802700
1802710
1802720
1802730
1802740
1802750
1802760
1802770
1802780
1802790
1802800
1802810
1802820
1802830
1802840
1802850
1802860
1802870
1802880
1802890
1802900
1802910
1802920
1802930
1802940
1802950
1802960
1802970
1802980
1802990
1803000
1803010
1803020
1803030



102

103

105

108

ALPHR = XLAYER(19)
ALPHS = XLAYER(20)
RMOSSR = XLAYER(21)
RMOSNR = XLAYER(22)
SIGOXR = XLAYER(23)
RMOSSS = XLAYER(24)
RMOSNS = XLAYER{25)
SIGOXS = XLAYER(26) :
XNUPT = ETHET#XNUTP/EPHI
N=7
CONT INUE
RMOSS = XLAYER(N)
RMOSN = XLAYER(N+1)
SIGOX = XLAYER(N+2)
IF (ITYPE.NE.1) GO TO 108
SIGOY = SIGOX
S1G0Z = SIGOX
SIGXY = SIGOX/SQRT(3.0)
GO TO 109
CONTINUE

- SIGOY = XLAYER(N+3)
SIGOZ = XLAYER(N+4)
SIGXY = XLAYER(N+5)
RMOSSY = XLAYER(N+6)
RMOSNY = XLAYER(N+7)
RMOSXY = XLAYER(N+8)
RMONXY = XLAYER(N+9)

109

224
225
227

ETHET = XLAYER(1)
EPHI = XLAYER(2)
XNUTP = XLAYER(3)
ALPHTH-= XLAYER{4)

"ALPHPH = XLAYER(5)

XGPT = XLAYER{6)
XNUPT = ETHET*XNUTP/EPHI
N =7 '
G0 TO 105

ETHET = XLAYER{1)
EPHI = XLAYER(2)
XNUTP= XLAYER(3)
ALPHTH = XLAYER(4)
ALPHPH = XLAYERI(S5)
XGPY = XLAYER(6)
ER = XLAYER(17)

ES = XLAYER(18)

IF (KORI1.GT.0) GO TO 227
CONTINUE

IF {(RMOSN.EQ.0.0) GO TO 225

YLDST = SIGOX*SIGOX

IF (RMOSS.NE.0.0) GO TO 224
ROC = YLDST*EPHI*RMOSN/(1.0~-RMOSN)

GO TO 227 -

ROC- = 2.333333%EPHI*YLDST/RMOSN

RMOSN = RMOSN-1.0

TEM1 = SIGOX*SIGOX

TEM2 = S1GOY*SIGODY

TEM3 = SIGOZ*S1GOZ

TEM4 = 0.5/TEM]

TEM5 = 0.5/TEM2

TEM6 = 0.5/TEM3

HP = TEM4+TEMS5-TEM6
TWON = 1.0/(SIGXY*SIGXY)

1803040
1803050
1803060
1803070
1803080
1803090
1803100
1803110
1803120
1803130

- 1803140

1803150
1803160
1803170
1803180
1803190
1803200
1803210 -
1803220
1803230
1803240
1803250
1803260
1803270
1803280
1803290
1803300
1803310
1803320 -

1803330

1803340
1803350
1803360
1803370
1803380
1803390 -

- 1803400

1803410
1803420
1803430
1803440
1803450
1803460
1803470
1803480
1803490
1803500
1803510 -
1803520

1803530

1803540
1803550 -
1803560
1803570
1803580

-1803590 -

1803600

1803610

1803620 -
1803630
1803640



1

FPLUH = 1.0/TEM2
GPLUH = 1.0/TENM1

CALL TOBAR (SToKLUE2¢NROMWsLL+ELl,E2,HI,HO, T.T!lvTOOoTXK|TOKo
DEGRES'GZcG3’TIHEaNCONT)

IF (NIX.NE.O) GO TO 9999
LL=NP+1
IFIXK11.EQ.0.0) GOTO 8101

IF(ITYPE.EQ.3.AND.XK12.EQ.0.) GO TO 8102
IF(ITYPE.EQ.3.AND.XK21.EQ.0.) GO TO 8103

IF(XK22.£Q.0.0) GOTO 8104
IF{XK33.€Q.0.0) GOTO 8105
IFIXD11.EQ.0.0) GOTO 8106

IF(ITYPE.EQ.3.AND.XD12.EQ.Q0.) GO TO 8107
IF{ITYPE.EQ.3.AND.XD21.€EQ.0.) GO TD 8108

IF(XD22.£Q.0.0) GOTD 8109
IF(XD33.£Q.0.0) GOTO 8110

NL=0
JF = NPROB
K = NROW

DO 7 M=1,JF
I = (M-1)%8 + 1

. NL=NL+1

44

45

46

47

48
50

4002

8001

8002

8007

XFTHLD=0.0

XFPHLD=0,0

XFZELD=0.0

XMTHLD=0.0

XMPHLD=0.0

IR=NL%6-5

IF(LSTUIR).NE.O)} K=K+LST(IR)
IF (LST(IR+1}.EQ. 0) GOTO 44
K=K+1

XFTHLO=ST(K,LL)
IF(LST(IR+2).EQ.0) GOTO 45
K=K+1

XFPHLD = ST(K,LL)+XMERD*IWORD
IF(LSTCIR+3).EQ.0) GOTO 46
K=K+1

XFZELD = ST(K,LL)}+XPRES*IWORD
IF(LST{IR+4).EQ.0) GOTO 47
K=K+1 ;

XMTHLD = ST(K,LL)+XMONT*IWORD
IF{LSTUIR+5).EQ.0) GOTO 48
K=K+1

XMPHLD=ST{(K,LL)

CONTINUE

IF (ISTTAB.GE.3.AND.ISTTAB.LE.9) GO TO 4002

CALL ODE1
GO 10 77
CALL ODE2
CONTINUE
CONTINUE
GOTO 75
IERROR=8001
NERROR = 11
GOTO 8888
TERROR=8002
NERROR = 12
GOTO 8888
IERROR=8007
NERROR = 15
GOTO 8888

137.

1803650 °
18035660
1803670
1803680
1803690 -
1803700
1803710
1803720
1803730
1803740
1803750
1803760
1803770
1803780
1803790
1803800
1803810
1803820
1803830.
1803840
1803850
1803860
180387¢
1803880
1803890
1803900
1803910
1803920
1803930
1803940
1803950
1803960
1803970
1803980
1803990
1804000
1804010
1804020
1804030
1804040
1804050
1804060
1804070
1804080
1804090
1804100
1804110
1804120
1804130
1806140
1804150
1804160
1804170
1804180
1804190
1804200
1804210
1804220 -
1804230
1804240
1804250



8031

8067
8101
8102

8103

8104

8105
8106
8107
8i08
8i09

8110
8888
150

9999

IERROR=8031
NERROR = 9
1ERROR= 8067
NERROR = 16
6070 8as8s8 .
IERROR = 8101
NERRGR = 17
GOTO 8888
IERROR = 8102

‘NERROR = 18

GOTO 8888

1ERROR = 8103

NERROR = 19
GOTO 8888
IERROR = 8104
NERROR = 20
GOTO 8888
1ERROR = 8105
NERROR = 21
GOTO 8888
IERROR = 8106
NERROR = 22
GOTO 8888

IERROR = 8107

NERROR = 23

GOTO 8888
IERROR = 8108
NERROR = 24
GOTO 8888
IERROR = 8109
NERROR = 25
6070 88838
IERROR = 8110
NERROR = 26
NIX=1

GO TO 9999

IF (NGR.EQ.1) CALL GRAPH (KGEQM)
“IF (LSC.LT.KSC) GO 7O 902

RETURN
END

138

1804260
1804270
1804280
1804290
1804300
1804310
1804320
1804330

1804340
1804350 -
1804360
1804370 -

1804380
1804390

-

1804400 .

1804410
1804420
1804430
1804440
1804450
1804460
1804470
1804480

1804490 -

1804500
1804510

1804520
1804530

1804540
1804550
1804560
1804570

1804580

1804590

1804600 -

1804610
1804620
1804630
1804640
1804650



FOR,

c

200

201
225

102

5555

5556
101
27

202
21

210
9
6

7
105

400

99
264

11
80

13

IS FIXEM,FIXEM ,

SUBROUTINE FIXEM (MAGIN,MAGOUT,TIC,STEP,NEQNS,0TAU,
1 EPSILyDELTA2ERRy TIME,DVIME,YICS,YPRED,
2 - . YCORR,YDOT4YNEW,YDEV,FWDEL o TBDEL)}

RUNGE KUTTA MAGIC (REVISED) SINGLE PRECISION FORTRAN 1V
DIMENSION YICS{ .1)+YPREO{ 1)oYCORR( .1), YDOT( 1)y YNEW(-1},
1 YDEV(1}, FHDEL(I).TBDEL(]) -
DIMENSION C(3),0(3)

COMMON /MAGIQ/ KKNT

DOUBLE PRECISION YNEW,YPRED

DATA C'O / 05'.5'1.0'.5'00..5’

MSET=1

TIME = TIC

TAU = TIC

IF (DELTA)200,201,200

DTIME = 0.0078125

GO 1O 225

DT IME = STEP

DO 102 I = 1,NEQNS

YDEV(I) = 0.0

YPRED(I) = YICS(I)

YCORR(I) = YICS(I)

YNEW(I) = YICS(I)

MAGOUT =-2

GO TO 264

CONTINUE

ENTRY WAND (MAGINyMAGOUT,TIC,STEP,NEQNS,0TAU,

1 EPSIL,OELTAJERRy TIME,DTIME,YICS,YPRED,
2 YCORR, YOOT+YNEWs YDEV, FWOEL » TBDEL)
CONTINUE

MSET=2

.IF (MAGOUT) 305,101,101
IF(MAGIN) 21, 27y 14

K =0 .

DO 202 1 = 1,NEQNS

YNEW(I) = YPRED(I)

K = K +1

KKNT = K

D0 2 1 = 1,NEQNS

GO TO (99647+4911),4K

FWDEL(I) = YOOT!(I)

GO TO 105

TBDEL(T) = YDOT(I)

GO0 TO 165

TBOEL(I) = TBDEL(I) + YDOT(I)
YPRED(I) = YNEW(L) ¢+ C(K)*DTIME*YDOT(I)
GO TO (2,2,400),K

YCORR{I} = YPRED(I)

CONTINUE : :

TIME = TIME + D(K)*DTIME

MAGOUT = 0.0

RETURN

DO 8 I = 1,NEQNS .

YPRED(I) = YNEW(I) + DTIME®IFWDEL(I) + 2.#TBDEL(I) + YDOT(L))/6.
YDEV(I) = YCORR(I) - YPRED(I)

GO TO 99

IF (DELTA)80, 5,80

00 13 I = 1,NEQNS

IF (EPSIL*ABS(YCORR(I)) ¢+ ERR - ABS(YDEV(I))) 14,13,13
CONTINUE

139 -

1900030
1900040
1900050 -

1900060

1900070 -
1900080
1900090 -
1900100
1900110
1900120
1900130
1900140
1900150
1900160
1900170
1900180
1900190
1900200
1900210

1900220

1900230
1900240
1900250

1900270
1900280~
1900290
1900300
1900310
1900320
1900330 -
1900340
1900350

© 1900360

1900370 -
1900380
1900390 -
1900400
1900410 -
1900420
1900430 °
1900440
1900450
1900460
1900470
1900480
1900490
1900500 -
1900510

‘1900520 -

1900530
1900540
1900550
1900560
1900570



205
15

207

5
208
305

19
20
30

14
25
26
48
47

IF (S16GB)15415+205

SIGB = 0.0
GO T0 5
SIGB = 0.0

D0 207 I = 1.NEQNS

IF (ERR  /100.+ DELTA®ABS(YCORR(I)) - ABS(YDEV(I)I) 5+207,207

CONTINUE

DT IME =" 2. %DTIME
DO 208 I = 1,NEQNS
YCORR(1) = YPRED(1)

IF (DTAU) 19,30,19

IF (TAU - TIME)20+20,27 .
TAU = TAU + DTAU

MAGOUT = 2

G0 TO 264

DTIME = DTIME/2.0

IF (K=3)48,26+26

TIME = TIRE - DTIME - DTIME

GO TO 47
TIME = TIME - DVTIME
SIGB =.42.

DO 209 I = 1,NEQNS

"209°YDOT(I) = FWDEL(I)

212

K
GO 7O 21
END

0

‘140 /

1900580
1900590 -
1900600
1900610
1900620
1900630
1900640
1900650
1900660
1900670
1900680
1900690
1900700
1900710 -
1900720
1900730
1900740
1900750 -
1900760
1900770
1900780 -
1900790
1900800
1900810
1900820
1900830 -



FORy

771

IS TOBARsTOBAR
SUBROUTINE TOBAR (STyKLUE2+NROW,LL,E1,E2,HI,HO,T,TII,TOO,
1 TIK,TOKs DEGRES1G2,G3,TIME,NCONT)
INTEGER SAVJTC,SAVSTP.Q,THICK )
INTEGER XNchNZoXN
REAL*4 12
DOUBLE PRECISION YPRED
COMMON STORY(I6).XMAT(270:10)nSTD(lO)-SADUS(BO)'RADUS(BO)
COMMON TADUS{30),UACUS(30)4+SAVTIC(900) .
COMMON XN, TEFREE,TICoPHI,STOP,RESTOP,RTICK,G1,XNL(3) sNH .
COMMON. NST(30) ,NKL(30),NXMAT(20),SAVITC(30),SAVSTP(30),JRTIC(30)
COMMON JRSTOP(30)4NREGyNMPT,NRCyNSC,NIX, IERRORsKGEOM o IGEOM, ISTTAB
COMMON KELVIN, IBEGINyNPROByNSEGyNERROR Q9 THICK sNOJSy NLINKS ¢NLCASE
COMMON NTSKLsNZ NBCT,LINPUT,NTRKL ¢NPASS,XN1 ,KBC 4NRINGS
COMMON LODE, ICYCLE,LDISTL
COMMON /LASTEQ/ YPRED(8),YDOT(8),YASAVE(8),
YANTH'YAHTH'YAMPT.YANPT.YADPHoYAQPH'YAQTH YAJPH,
S+SNsCSySNSQyCSSQsTANySEC,CNyX1CSyXISN+TNy
X1ROs X1ROSQ+»X1SNROy X1CSRO,CN1ROySNIROsCS1RO
X1R1yX1R2,CS1R1,CS1R2,SNIR1+X1R1SQ,R25Q,R0O,BESQ,
ROSQs XNSQsBETA,R1,R2,51,R1D0T,R15Q,
XNTVTHyXNTPHy XMTTHy XMTPH ¢ XFTHLD ¢ XFPHLD ¢ XF ZELD »
XMTHLDy XMPHLDy ETHET ¢EPHI 4 XGP T4ALPHTH s ALPHPH,
XNUTP s XNUP T3 XC11+XC229XC155XD33+XD22 4 XD21,XD12,
XK11eXK129XK21,XK22,XK33,XD11,
Mo I, SITIN,SITOUT,SIPIN,SIPCUTTPTIN,TPTQUT,
ZBRIN, ZBROUT,SCRIPAsSCRIPI,SIFIN,SIFOUT 4 TZEPH,TZETH
+ XNPHIsBETTA,ZETTA,XC16
sRMOSSy RMOSNs YLOST4ROCP ,HP o FPLUH »GPLUH » TWON
+RMOSSY s RMOSNY sRMOSXY s RMONXY
o » RMOSNS y RMOSSS y SIGOXS» RMOSNR y RMOSSRy SIGOXR
COMMON /SNILPS/ ANG.,PSI(100}),RAD(100},CURL{100),CUR2{100),
1 DR1DP{100),2ZI(14)4RI(14)4NRZIN
COMMON /RWD/ ERyESyCPHyCTH9APH9ATH,SPH, STH!ALPHS’ALPHRvTSyTRtSNB'
c css
COMMON /PLS/ OMEGA, lHORDyXMERD,XPRES.XHONT
COMMON /W0OD/ SAVY({53),NPLEV,NLPO,NPLA(21),STR(6),SIGMA(3,21),
SEPS{3421)¢SALPH{3,21),SBAPH(3,21),STEPS(3,21),
EFF(21)ySTSRN(3)yNPLAST(3)4STSIG{3),STREPS(3},
STALPH{3) 4 STBAPH(3),EFFST(3),NPLEVS{3)
DIMENSION ST(30,31)
EQUIVALENCE (SINB,SNB), (COSB,CSB)
DATA A/'A v/
GOTO (77147729773, 7T49775,4T7764+7077)+4KGEOM
GEOMEYRY FOR ELIPSE(63 OFFSET DISTANCE )
A=G1
BE=G2
BETA = BE
BESQ=BE**2
ASQ=A*#82 '
SN = SIN{PHI)
CS = COS(PHI)
SNSQ = SN#*%2
CSSQ = CS*#2
R2 = A*SQRT(1.0/7(SNSQ+BESQ*CSSQ))
R2SQ = R2%%2
RO=R2#SN
R1=R2*R2SQ*BESQ/ASQ
BESQ=BE*#%2
R1D0T=0.0

COODED>DPOONONSWN P

b JoNal
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2200010
2200020
2200030
2200040
2200050 °
2200060
2200070
2200080
2200090 -
2200100
2200110
2200120
2200130
2200140
2200150
2200160
2200170
2200180
2200190
2200200
2200210
2200220
2200230
2200240
2200250
2200260
2200270
2200280

2200290
2200300
2200310
2200320
2200330 -
2200340
2200350
2200360
2200370
2200380
2200390
2200400
2200410
2200420
2200430
2200440
2200450
2200460
2200470
2200480
2200490
2200500
2200510
2200520
2200530
2200540
2200550
2200560
2200570
2200580



IF (KGEOM.EQ.1.AND.BETA.NE.1.0.AND.SN. NE.O 0)R1DOT=3. 0% {R24BETA/ 2200590

1A) **2%(CS/SNSQ)*(R1*SN-R0O) 2200600
IF(SN.EQ. 0.0)G0O TO 779 2200610

R2 = R2-G3/SN : 2200620
R2SQ = R2*%2 _ 2200630

RO = RO-G3 2200640

GO T0 7775 . 2200650

779 IF(G3 .EQ. 0.0)GO TO 7775 2200660
R1DOT = 3.0%G3 ’ 2200670

RO = -G3 2200680
GO TO 7775 _ . 2200690
GEOMETRY FOR OGIVE : : 2200700

772 R1=6G1 2200710
C=62 2200720

SN = SIN(PHI) 2200730

CS = COS(PHI) ‘ 2200740

1F {SN.EQ.0.0) GOTO Lad 2200750
R2=R1-C/SN ’ 2200760
GOTO 778 2200770

777 R2 = 1.0 2200780
778 RO = R1#SN-C . - 2200790
R1007=0.0 2200800
GOTO 7775 2200810 -
GECOMETRY FOR CONE ' 2200820

773 CS = COS(G1) . 2200830
SN=SIN(G1) 2200840
S=PHI 2200850
S1=1.0/S 2200860 -
R2=CS*SN*PHI 2200870 :
RO=PHI*CS '2200880
R1D0T=0.0 ' 2200890
GOTO 7775 2200900

. - GEOMETRY FOR CYLINDER 2200910
774 RO = Gl , 2200920
SN=1.0 ' 2200930
cS=1.0 » T 2200940
R1D0T=0.0 2200950
GOTO 7775 o 2200960
MOOIFIED ELLIPSE 2200970
775 XNEXP=Gl . 2200980
A =G2 2200990 -
XN1=1.0+XNEXP 2201000
XN2=1.0/XN1 2201010
XN3=XN1+1.0 2201020
XN4=XN3+1.0 2201030 -
XN5=XN&/ XN1 2201040

SN = SIN(PHI) 12201050

CS = COS(PHI) . 2201060

R2= A¥(2.0/(1.0+SN**XN1))*%XN2 ‘ 2201070
R1=(A/2.0)%(R2/A)**XN3 : . 2201080
RO=R2*SN 2201090
R1DOT=-XN3sA*(SN®XXNEXP*CS/4.0)%(2.0/7(1.0+SN*=XN1) )**XN5 ' 2201100
GOTO 7775 2201110
GENERAL GEOMETRY ’ 2201120

776 SN = SIN(PHI) 2201130
CS = COS(PHI) ' 2201140

TAN = SN /7 CS ) 2201150

SEC = 1.0 7 CS 2201160

IF (TIME.EQ.TIC) CALL TEMOEG . 2201170

ARG = PHI .2201180

D0 204 J=1,100 : 2201190

142



221
204

223

8502

8503
8888

224

1077

1775

79

PHO = PSI(J)

IF {ANG.EQ.A) IF (ARG-PHO) 221,223,204

IF (PHO-ARG) 221,223,204

IF (J-1) 8502,8502,224

CONTINUE

GO TO 8503

RAD(J)

CUR1 ()

CUR2(J}

R100T = DR1DP(J)

GO TO 77715

NERROR = 41

GG TO 8888

NERROR = 42

NIX =1

GO TO 8889

SuBl1 = ARG-PSI{J-~1)

suB2 = PSI(J)-PSIC(J~-1)

RO = RAD(J=-1)+{RAD(J)-RAD(J-1))%*SUBL1/SUB2
Rl = CUR1{J-1)+#(CURL(J)-CURL(J~1))*SUBL/SUB2

r B
~ 0
[T ]

R2 = CUR2{J-1)+{CUR2(JI-CUR2(J=-1))*SUBLl/SUB2

R100T = DR1DP{J-1)+{DR1DP{J)-DR1IDP(J~-1))*SUBL1/SUB2
GOv0 7775

ISOTENSOID GEOMETRY

CONTINUE

SN = SIN{(PHI)

CS = COS(PHI)

A = Gl

R2 = A / SQRT(SN)

RL = 0.5 * R2

RO = R2 * SN

R1DOT = = ((A*%2)%0.5)%(R1*CS)/RO**2
TAN=SN/CS

DEGRES = 0.0

IF(IGEOM.EQ.1) DEGRES = PHI * 57.29578
ROSQ = RO*%2

XNSQ=XN#**2

CN=CS*SN

X1CS$=1.0/CS

TN=SN/CS

X1R0=1.0/R0O

X1R0SQ=1.0/R0%%2

X1CSRO=1.0/(CS*RO)

CN1RO=CN/RO

SN1RO=SN/RO

CS1R0=CS/RO

SNSQ=SN#*#2

CSSQ=CS**2
1F(KGEOM.EQ.4.0R.KGEOM.EQ.3) GOTO 79
R1SQ = R1%%2

R2SQ = R2%%2

X1SN=1.0/SN

X1SNRO=1.0/{SN*R0)

X1R1=1.0/R1

X1R2=1.0/R2

CS1R1=CS/R1

CS1R2=CS/R2

SN1R1=SN/R1

X1R1SQ=1.0/R1%%2

XNTTH=0.0

XNTPH=0.0
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2201200
2201210
2201220
2201230
2201240
2201250 -
2201260
2201270
2201280
2201290
2201300
2201310
2201320
2201330
2201340
2201350
2201360
2201370
2201380
2201390
2201400
2201410
2201420
2201430
2201440
2201450
2201460
2201470
2201480
2201490
2201500

-2201510.

2201520
2201530
2201540
2201550
2201560
2201570
2201580
2201590
2201600
2201610
2201620
2201630 -
2201640
2201650
2201660
2201670
2201680
2201690
2201700
2201710
2201720
2201730
2201740
2201750
2201760
2201770
2201780
2201790
2201800,



e XsXa)

© GO TO (711,600, 711,32433434,35,36,37,28+29,30),1$

600
702

703

30

<. 29

- 28

HO

.YBARC

"RHO1

RHOR

XMTTH=0.0
XMTPH=0.0

COMPUTATION OF K AND D FOR HATERXAL PROPETY INPUT

"

0.0
T = 0.0
HI =
TS =
TR =
RHOR
RHOS
RHOI1
RHOC
CTH
CPH
YBARI

nHorLooo
.
¢ » OOOOQOOQO

nnuwoo

.o
.o
YB ARO 0.0

THICK

GO TO (703,702,7014701),THICK

HO= STl4,LL)}

T = ST(3,LL)

RHOC = ST{NCONT-1,LL)
HI= ST(2,LL)

RHOTI = STINCONT,LL) .
GO YO 4G

$T11,ST12,ST13

HO= ST(l4,.LL)

T = STU13,LL)

RHOC = STUNCONT-3,LL)}
HI= ST(12,LL)
= STINCONT-2,LL)
RHOS = ST(NCONT-1,LL)
= STUNCONT,LL)
GJPH= ST(2,LL)
GJTH= ST({3,LL) e

. APH = ST{4,LL)"
‘ATH =:ST(5,LL)
- CPH = ST{6,4LL)
'CTH = ST{7,LL)

¢ XIPH = ST{8,LL)
. XITH= ST(9,LL)

- IF (KELVlN-EQ.Z-UR.KELVIﬂ.EQ-#) GO 10 40
"ISTAB = ISTTAB-9

34

° .33

‘32

SPH = ST(10,LL)
STH = ST(11,LL)

TS = STUISTAB+12,LL)
TR = STLISTAB+13,LL)

"GO0 TO 40

RWAF1,RWAF2,RWAF3

HO = ST(10,LL) '

T = ST(9,LL)

RHOC = ST(NCONT-2,LL)
HI = ST{8,LL)

RHOI = STUINCONT-1,LL) .

" RHOS = ST(NCONT,LL)

APH = ST(24LL)

CPH = ST(3,LL)

XIPH= ST(4,LL)

2201810
2201820
2201830 -

-2201840

2201850
2201860
2201870
2201880
2201890
2201900
2201910
2201920
2201930
2201940
2201950
2201960 -
2201970
2201980
2201990
2202000
2202010
2202020

- 2202030

2202040 -
2202050
2202060
2202070
2202080
2202090
2202100
2202110
2202120
2202130
2202140
2202150
2202160
2202170

- 2202180

2202190
2202200
2202210
2202220
2202230

2202240

2202250
2202260
2202270
2202280
2202290
2202300 -
2202310
2202320
2202330
2202340
2202350 -
2202360
2202370
2202380
2202390
2202400
2202410



OONOOO0O0O

37
36

35

T11

SPH = ST(5,LL)
BETTA=ST(6,LL)
ZETTA = ST{T,LL)

ATH = APH
CTH = CPH
-XITH= XIPH
STH = SPH

RHOR = RHOS*IWORD

IF (KELVIN.EQ.2.0R.KELVIN.EQ.4) GO TO 40
ISTAB = ISTTAB-3

TS = STUISTAB+8,LL)
TR = TS

GO TO 40
15G1,1562,15G3

HO = ST(9,LL)

T = ST(8,LL)

RHOC = ST(NCONT-2,LL)
HI = ST(T,LL)

RHOI = ST(NCONT-1,LL)
RHOS = STINCONT,LL)
APH = ST(2,LL)

CPH = ST(3,LL)

XIPH = ST(4,LL)

SPH = ST(S,LL)

BETTA = ST(6,LL)

ATH = APH
CTH = CPH
XITH = XIPH
STH = SPH

RHOR = RHOS*IWORD

IF (KELVIN.EQ.2.0R.KELVIN.EQ.4) GO TO 40

ISTAB = ISTTAB-6

TS = ST(ISTA8+7pLL)
TR = TS

GO TO 40

ST10,RWAF

RANKIN=THSTND MEANS lNTERPOLATEoCOHPUYE NTEMP,MTEMP
RANKIN=NOTHRM MEANS DO NOT INTERPOLATE,DO NOT COMPUTE NTEMP,NTEMP
RANKIN=THCNST MEANS DO NOT AVERAGE, BUT INTERPOLATE,COMPUTE .
NTEMP, MTEMP
RANKIN‘THXNHO MEANS INTERPOLATE,BUY DO NOT COMPUTE NTEMP,MTEMP

CONT INUE
XK11=ST{2,LL)
XK12=ST{(3,LL) -
XK22 = ST(4ytL)
XK33 = ST(S,LL)
XD1ll = ST(64LL)
XD12 = ST(T,LL)
XD22 = ST(8,LL)
XD33 = ST(9,yLL)
XC1ll = ST(10,LL)
XC22 = ST(11,LL)
XC15 = ST{12,LL)
XC16 = ST(13,LL)

XMERD = ST(NCONT=2,LL)
XPRES = STINCONT-1,LL)
XMONT = ST(NCONT,LL)
XK21 = XK1l2

XD21 = XD12

GO TO 103

145

2202420
2202430
2202440
2202450
2202460
2202470
2202480
2202490 -
2202500
2202510
2202520
2202530
2202540
2202550
2202560
2202570
2202580
2202590
2202600
2202610
2202620
2202630
2202640
2202650
2202660
2202670
2202680
2202690 .

© 2202700

2202710
2202720
2202730
2202740
2202750
2202760
2202770
2202780
2202790
2202800
2202810
2202820
2202830
2202840
2202850
2202860

2202870 -

2202880
2202890
2202900
2202910
2202920
2202930 -
2202940
2202950
2202960
2202970
2202980 -
2202990
2203000
2203010
2203020



[aNaXgl

(2 X2XKg]

[a X g X g

40

140

41

42

47

49

CONTINUE ,

IF (IWORD.EQ.1) GO TO 140
"RHOR = 0.0

RHAOS = 0.0

RHOI = 0.0

RHOC = 0.0

XMERD = 0.0

XPRES = 0.0

XMONT = 0.0

CONTINUE

TEMP3= (1.0-XNUPT * XNUTP)
GO TO (42+4T7+49+41)THICK
GO TO (103,429103,4294794994294T7949942+47,49),1STTAB

SINGLE SHEET

TEMP1l = ETHET#HI

TEMP2= TEMPL * HIss2
XK1l= TEMP1/TEMP3

XD11l=" TEMP2/(12.0%* TEHP3)
TEMPL = EPHI*HI

TEMP2= TEMPLl*H]I*%2

XK22= TEMP1/TEMP3

XD22= TEMP2/(12.0% TEMP3)
XK33 = XGPT*HI

XD33= XK33*H]*%2/12.0
YBARI = 0.0

YBARC = 0.0

YBARD = 0.0

GO0 TO 55

EQUAL SHEETS

CONTINUE

XK1l = 2.0%ETHET*HI/TEMP3

XK22 = 2.0%EPHI*HI/TEMP3

XK33 = 2.0%XGPT

IBR-= HI+T/2.0

2BH = (ZBR-H1/2.0)%*2

XD33 = XGPT#HI*({HI*%2)/6.0+2.0%71BH)

X011l = HI*(XK11*HI/12.0+2.0¥ETHET*ZBH/TEMP3)
XAD22 = HI*(XK22#%HI/12.0+2.0%EPHI*ZBH/TEMP3)
YBARI = ZBR-HI/2.0

YBARC = ZBR~HI-T/2.0

YBARO = HI/2.0-1BR

GO TO 55

UNEQUAL FACE SHEETS

CONTINUE

ZBR = (HI*HI+HO*HO+2. O‘(HO‘(HI*T)))I(Z 0*(HI+HO))
ZBHIN = (IBR-HI/2.0)%%2

2B8HOUT = (ZBR-HO/2.0)%#%2

XK1l = ETHET*(HI+HO)/TEMP3

XK22 = EPHI®*(HI+HO)/TEMP3

XK33 = XGPT*(HI+HO)

HIO3 = HI**34HD**%3

XD33 = HIO3*XGPT/12. ooxcptt(u1tzsnln+u0tzauour;

D11 = ETHET#*HIO3/12.0
XD11 = (DLL4+ETHET*(HI*ZBHIN+HO*ZBHOUT))/TEMP3

1146

2203030
2203040
2203050
2203060
2203070
2203080
2203090
2203100
2203110
2203120

. 2203130

2203140
2203150
2203160
2203170
2203180
2203190
2203200
2203210 -
2203220
2203230
2203240
2203250
2203260
2203270
2203280
2203290
2203300
2203310
2203320
2203330
2203340
2203350
2203360
2203370
2203380
2203390
2203400
2203410
2203420
2203430
2203440
2203450
2203460
2203470
2203480
2203490
2203500,
2203510
2203520
2203530
2203540
2203550
2203560
2203570
2203580
2203590
2203600

. 2203610

2203620
2203630



[z N2 ¥ sl

OO

55

58

60

022 =

EPHI®HID3/12.0

XD22 = (D22+EPHI*(HISZBHIN+HO*IBHOUT))/TEMP3

YBARL
YBARC
YBARQ

IBR-H1/2.0
I8R~-HI-T/2.0
H1/2.0-28R

OETERMINE COMPLETE CONSTANTS DEPENDENT ON REINFORCEMENY CLUE

CONT INUE

ROT =
ROU =
ROC =

RO-YBARI®SN
RO-YBARO*SN
RO-YBARC*SN

IF (THICK.EQ.2) HO = HI

IF (ISTTAB.EQ.5.0R.ISTTAB.EQ.8.0R.ISTTAB.EQ.11) HO = HI -

03 = RHOI*ROI*HI
D4 = RHOC*ROC*T

D5 = RHOI®ROU*HO
DD = D3+D4+D5

XMERD
XPRES
XMONT

= DD®OMEGA$CS
= —DD*OMEGA®SN
= -({D3%VBARI+DA*YBARC+D5*YBARO )*OMEGA®CS

IF(ISTTAB .EQ.2)G0 TQ 1903

TBARR
TBARS
ROR =
ROS =

EASTH=

= ATH/STH
= APH/SPH
RO-CTH*SN
RO-CPH*SN
ER*ATH/STH

EASPH=ES*APH/SPH

EISPH=

ES* XIPH/SPH

EISTH= ER* XITH/STH

Dy =

RHOR*ROR*TBARR

D2 = RHOS*ROS*TBARS
0D = D1+4D2+D3+4D4+D5

GO 710

(58,60,100)+sKLUE2

ST CLUE (11,12,13)

CONTINUE

XK12=
XK11=
XK22=
XCll=
xC22=

Xxp22 =

XD33=
X012=
XD11=

XK11#XNUTP

XK11+ EASTH

XK22+ EASPH

EASTH*CTH

EASPH$CPH

-XD22-EISPH

XD33 + GJPH/(4.0%SPH)+ GJITH/(4.0%STH)
~XD11#XNUTP

-X011- EISTH

XK21 = XK12
Xp21 = XD12

XMERD
XPRES
XMONT

G0 10

= DD*0OMEGA*CS

= ~-DD*0OMEGA*SN

= -(Dl*CTH+DZ*CPH*03*YBARl006*Y8ARC005*YBARD)‘OHEGA*CS
103 ~

RWA CLUE (1,2,3)

CONTINUE
SINB =SIN{BETTA)
COSB =COS(BETTA)

SN2T04

= 2¥%{SINB#*#4.)

D= STH*(COSB+SINB)

€D =

ER*ATH/D

147 1

2203640
2203650
2203660 -
2203670 -
2203680
2203690
2203700

‘2203710

2203720
2203730
2203740 :
2203750
2203760
2203770
2203780
2203790
2203800
2203810
2203820
2203830
2203840
2203850
2203860
2203870
2203880
2203890 -
2203900
2203910
2203920
‘2203930
2203940
2203950
2203960
2203970 -
2203980 -
2203990
2204000
2204010
2204020
2204030

" 2204040

2204050
2204060
2204070
2204080
2204090
2204100
2204110
2204120
2204130
2204140
2204150
2204160
2204170
2204180
2204190 -
2204200
2204210
2204220
2204230
2204240 -



(3 X aXg]

SINB2= S

INB*$2,

HL = 2-0'(ABS(ZEYTA‘-ABS(CTH')
12=(ATH*%3,) /(3% HL#*#2)
95 XC22 = 2.0%CTH*COSB#**3%ED

XC15 = 2.

O*CTH*COSB*S INB2#*ED

XCl6 = XC1S
GRI= ER® 12/(2.0%(1.0.+ XNUTP)*D)

XCl1 = C

TH®SN2T04/C0SB*ED

EDI = ER®XITH/D

SN4TO02 =

4.%SINB2

XD22 = -XD22-2. 0‘COSB‘*3‘EDI-SNQYOZ‘COSB‘GRl

TB= 2.0%
X033 = X
1#23*GRI)/

BETTA
D33¢( (4. O¢COS(TB)‘
COSB) + {(2.0%COSB*SINB2#EDI)

X012 = -X011*XNUTP-(2.0%C0SB
1#*S INB2#EDI)-{SN4TO2*COSB*GR]I )
XK12= XK11*XNUTP + (2.0%COSB#*SINB2#ED)

XK22=XK2
XK33=XK3
XK11=XK1
X011l = ~

2+ (2%C0OSB**3%ED)
3+4(2%COSB*SINB2#%ED)
1+(SN2T04*ED/COSB)
XD11-SN2T04*EDL/COSB-{

-1 SNeT02*COSB*GR1)

‘XK21 = X
xp21 = X
GO TO 10

1SG CLUE

100 CONTINUE
SNB =SIN
cs8 =C0S
TBEYTA=
cs28= CO
ONEC28={
scs2  =(

K12
D12
8

(142+3)

(BETTA)

(BETTA)

2.0%BETTA

S(TBETTAY)

1.0+ Cs2B)/2.

SNB-CS2B*SN8 + 2.)/(2.0%CSB)

SN2B =SINITBETTA) /2.

-XK12=XK1
XK1l=XK1
XK22=XK2
XK33=XK3
XCll=
XC15=EAS
XC16=EAS
XC22= EA

1*XNUTP + (EASTH*SNB*ONEC2B/CSB)
1+ EASTH*S(CB2
2+ EASTH‘(CSBISNB*ONECZB)
3+ EASTH* SN28B
(EASTH*CTH® SCB2 )
TH®CTH®( SNB* ONEC2B/CSB )
TH*C TH*SN2B
STH*CTH® (CSB/SNB. * ONEC28)

XD12==XD11*#XNUTP- EISTH®{SNB*ONEC2B8/CS8)

XD11l=-XD
Xp22 = -
XD33= XD
XK21 = X
Xp21 = X
108 XMERD =
XPRES =
XMONT =

103 CONTINUE
1F (KGEO
XMERD =
XMONT =

105 CONTINUE

11- EISTH#SCB2
XD22-EISTH*(CSB/SNB*ONEC2B)
33+ EISTH#®SN2B

K12

D12

(DD-D2) sOMEGA*CS
~(DD~D2 ) *OMEGA*SN
~{D1*CTH+D3*YBARI+D4*YBARC+D5*YBARO ) *OMEGA*CS

M.NE.4) GO TO 108
= 0.0
0.0

148

2204250
2204260

- 2204270

2204280
2204290
2204300
2204310
2204320
2204330
2204340
2204350 -
2204360
2204370
2204380
2204390
2204400
2204410
2204420
2204430
2204440
2204450
2204460
2204470
2204480
2204490 :
2204500
2204510
2204520
2204530
2204540
2204550
2204560

‘2204570

2204580
2204590 -
2204600
2204610 -
2204620
2204630
2204640
2204650
2204660
2204670
2204680 .
2204690 -
2204700

12204710
2204720

2204730
2204740
2204750
2204760
2204770
2204780
2204790
2204800
2204810
2204820
2204830
2204840 -
2204850



716

715

Tt

814

811

812

ela) 1] (716.7140715v714)1KELVIN
TIT = STUNROW+1l,LL)

TIK = ST{NROW+2,LL)

TOK = ST(NROW+3,LL)

TOO = STU(NROW+4,LL)

GOTOo 717

TI1 STINROW+1,LL)

TIK TII

TII

TII

ALPHTH+XNUTP*ALPHPH
ALPHPH+XNUP T#ALPHTH
1-XNUPT#XNUTP

2 HI/4.0
ETHET*TEMPL1/TEMP3
HI*%2/24.0

TEMP61= TII+ TIK-2% TEFREE
TEMP62= TOO+ TOK-2% TEFREE
TEMPTl= 2.0% TII +TIK-3*TEFREE
TEMPT2= 2.0%* TOO +TOK-3*TEFREE

-
m
x
]
w
W, N

EPHK1 = EPHI*TEMP2/TEMP3

GG TO (811,812,813,814),THICK

GO 7O (815,811,815,811,812,813,811,812,813,811,812,813),15TTAB

XNTTH= ETHK1 * TEMP4 * (TEMP61+ TEMPG62)
XNTPH= EPHK1 * TEMP4 * (TEMP61 + TEMP62)
XMTTH= ETHK1l  * TEMPS * (TEMP71~ TEMP72)
XMTPH= EPHK1 * TEMPS5 * (TEMP71 - TEMPT2)
GO TO 816 . : .
Tl = T/2.0

TEMP8= HI/2.0

- . XNTTH = ETHK1*TEMPB*(TEMP61+TEMP62)
“XNTPH = EPHK1*TEMPB*{TEMP6L+TEMP62)
XMTTH = ETHK1*TEMP8*(HI*(TEMPT1-TEMPT72) /3. 0+Tl*(TEHP61-TENP62))
XMTPH = EPHK1*TEMPB8*({HI*(TEMPT1- TEHP72)/3 0+TI*(TEH961 TEMP62))
GO TO 816

‘813

1

1

Tl = (HO*#%2-HI*%2+2.0%HO*T)/(2. 0*(HI*H0))
TO = (HIS$2-HO*3242 ,0%HI*T)/{2.0%(HI+HO))
XNTTH = ETHK1/2.0%(HI*TEMPO61+HO*TEMPO2) -
XNTPH = EPHK1/2.0%(HI*TEMP61+HO*TEMP62)

XMTTH = ETHK1/2.0%(HI**24%TEMPTL1/3. 0-H0“2*TEMP72/3 0*TI‘HI#TEH961-

TO*HO*TEMPO62)

XMTPH = EPHK1/2. 0‘(HI**2#TEHP71/3 0-H0‘*2¢TEHP72/3 O+TI*HI*TEMPS]1~

TO*HO*TEMP62)

816 CONTINUE

817

818

IF (ISTTAB.EQ.2) GO TO 714
GO TO (817,818,819) ,KLUE2

XNTPH = XNTPH+ES*APH/SPH*ALPHS*TS

XNTTH = XNTTH+ER*ATH/STH®*ALPHR*TR

XMTPH = XMTPH+CPH*ES*APH/SPH*ALPHS*TS

XMTTH = XHTTH#CTH*ER*ATH/STH‘ALPHR*TR

GO TO 714

TEM = ES*APHISPH*ALPHS'TS

XNTPH = XNTPH+TEM .
XNTTH = XNTTH4TEM . v '
XMTPH = XMTPH+CPH*TEM

XMTTH = XMTTH+CPH*TEM

GO TO 714

149

2204860
2204870
2204880
2204890
2204900
2204910
2204920
2204930
2204940
2204950
2204960
2204970
2204980
2204990
2205000
2205010
2205020
2205030
2205040
2205050
2245060
2205070
2205080
2205090 -
2205100
2205110
2205120
2205130
2205140
2205150
2205160
2205170

- 2205180

2205190
2205200
2205210 -
2205220
2205230
2205240
2205250 -
2205260
2205270
2205280
2205290 -
2205300
2205310
2205320
2205330
2205340
2205350
2205360
2205370
2205380
2205390
2205400
2205410
2205420
2205430
2205440
2205450
2205460



819

815

714
8889

TEM = ES®*APH/SPH#ALPHS*TS

XNTPH = XNTPH+TEM*(CSB/SNB

XNTTH = XNTTH+TEM*(1.0+5NB)/CS8B
XMTPH = XMTPH+CPH*TEM®CSB/SNB
XMTTH = XMTYTH+CPH*TEM*(1.0+SNB)/CSB
GO TO 714

TEMP10 = ((-XK11#XD11)*%,5)/(48.0%%,5)

TEM11 =((-XK22%XD22)#*%.5)/(48.0%%,5)

XNTTH = XK11/4.0%TEMPL*(TEMP61+TEMP62)
XNTPH = XK22/4.0%TEMP2%(TEMP61+TENP62)
XMTTH = TEMPLlO*TEMP1*(TEMPT1-TEMPT72)
XMTPH = TEM11*TEMP2*(TEMPT1-TEMPT2)
CONTINUE :

RETURN

END
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2205470
2205480
2205490 -
2205500
2205510
2205520
2205530
2205540
2205550
2205560
2205570
2205580
2205590
2205600
2205610



c
(¥
C
c
o
C
C
C
C

FOR

2 Xakaka

OOOOO

OO0 OOO

60

‘70

1S TEMOEG,TEMOEG

SUBROUTINE TEMOEG '

THIS SUBROUT INE CALCULATES THE GEOMETRY FOR A SHELL SEGMENT.
THE INPUT VARIABLES ARE . . .

RI(T) - - DISTANCE FROM AXIS OF REV. TO POINTS
ON SHELL MERIDIAN.
ZI{I) - - DISTANCE ALONG AXIS OF REV. TO THE -

INTERSECTION OF THE CORRESPOND!NG RICI) AND
THE AXIS OF REV.
NRZIN - - NUMBER OF (Rl.ll) PAIRS READ AS INPUT.

COMMON ISNILPSI ANG+PSI(100)4RAD(100),CURL(100)+sCUR2(200),
1 DR1OP(100),Z1(14),RI{14)4NRZIN
DIMENSION CIl4,13),DRD2(14),50UT(14),S(101),RADD(100)

FUN(ARG) = SQRT(1.0 + ARG##*2)

RADS = 3.1415926/180.0
DATA B/'B '/

AMULT = 1.0

IF (ANG.EQ.8) AMULT = =1.0

PASS SPLINE CURVE THROUGH INPUTVPUINTS ON SHELL MERIDIAN, AND
COMPUTE DR/DZ AT THESE POINTS.

CALL PLYCO (ZI,RI,NRZIN,CI)

NDELZ = NRZIN - 1

DO 60 I=1,NRZIN.

CALL PLYNE (ll'RlvNRllN'Cl.ll(l).FAKEl'DRDZ(I).FAKEZl
CONTINUE

COMPUTE MERIDIONAL ARC LENGTH TO INTERPOLATED PGINTS BY

NUMERICAL INTEGRATION (SIMPSONS RULE). SINCE SIMPSONS RULE
REQUIRES AN EVEN NUMBER OF PARTITIONS, INTERPOLATE A POINT
MIOWAY BETWEEN EACH PAIR OF POINTS USING SUBROUTINE PLINE.

SOUT(1) = 0.
DO 70 I=1,NDELZ
D212=(Z1{1+1)-21(1)})/2.0
DZ26=D22/3.0
CALL PLYNE (ZI.RI.NRZIN:CI.ZI(l)+DZZ:FAKE1.DRDZH.FAKEZ)
SOUT(I+1) = SOUT(I) + DZ6*(FUN{DRDZ(I)) + 4.0*FUN(DRDIM) +
1 FUN{DRDZ(I+1}))
CONTINUE

USE SPLICO TO REPRESENT RI{I) AS A FUNCTION OF SOQUT(I). THEN USE
SPLINE TO INTERPOLATE RADD AND CORRESPONDING DERIVATIVES. FROM
THESE, COMPUTE THE TWO PRINCIPAL RADII OF CURVATURE,

CUR1 1/R1 '

CUR2 1/R2

OLDH1 = SOUT(NRZIN)}/99.0

CALL PLYCO {SOUT,RI,NRZIN,CI)

00 110 1=1,100

St{I) = FLOAT(I-1)*0LDH1

CALL PLYNE (SOUT+RIsNRZIN,CI,S(I),RAD(I),RADD(I),+RADD2)
IF (ABS{RADD(I)).GT.1.0) RADD(I)=1.0

FACTOR = SQRT(1.0~-RADD(I)*%2)

CURL(I) -RADD2/FACTOR

CUR2( 1} FACTOR/RADI(I)

151

2600010
2600020 -
2600030
2600040
2600050
2600060
2600070
2600080
2600090
2600100
2600110
2600120
2600130 -
2600140
2600150 -
2600160
2600170
2600180
2600190

2600200

2600210
2600220
2600230
2600240
25600250
2600260
2600270

. 2600280

2600290
2600300
2600310
2600320
2600330
2600340
2600350
2600360
2600370
2600380
2600390
2600400
2600410
2600420
2600430
2600440
2600450
2600460
2600470
2600480
2600490
2600500
2600510 -
2600520
2600530
2600540
2600550
2600560
2600570
2600580
2600590



110

179

CONTINUE

00 180 J=1,100

COSPSI = AMULT*RADD(J)

PSI(J4) = ARCOS{COSPSI)

SINPSI = —AMULT*RAD(J)*CUR2(J)
IF (ANG.EQ.B) GO TO 179

PSI(I) = 2.0%3.1415926-PSI( )

CONTINUE

CURL(J)} .= —AMULT/CURL{J)
. CUR2(Y) = -AMULT/CUR2(J)

IF (J.EQ.1) GO TQ 180

I =1 '

IF (J.EQ.2) GO 70 181

I =2

181

190
180

42

IF (ANG.EQ.B) GO TO 190

DR1DP(J-1) = (CURI{J)-CURL(J-1)I/(PSI(J)=-PST{J=-1))
GO 70 180
DR1DP(J-1)
CONTINUE
DR1DP(100) = DR1DP(99)
DD 42 J=1,100

(CURL(J=T1)-CURL(JI)I/Z(PST(JI-1)=-PSI(J)})

(OR1DP(J) = DRIDP(J)*0.1

CONTINUE
RETURN
END
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2600600
2600610
2600620
2600630
2600640
2600650
2600660
2600670
2600680
2600690
2600700
2600710
2600720
2600730
2600740
2600750

2600760

2600770
2600780
2600790
2600800
2600810
2600820
2600830
2600840



c

FOR.IS PLYCO,PLYCO

10

20

30

40

50

SUBROUTINE PLYCO (X+YsM,C)
SUBROUTINE TO DETERMINE C(1,K),C{2,K)4C(3,K) AND C(4 K).

"DIMENSION X{(14),Y(14),A(14+3),B(14),2(14)

DIMENSION D(13),P(13)4E(13),C(4,13)
MM = M-]

DO 10 K=1,MM

D(K) = X{K+1l) - X(K)

P{K) = D(K)/6.0

E(K) = {Y{(K+1)=Y(K))/D(K)

DO 20 K=2,MM

B(K) = E(K) - E(K-1)

Alle2) = -1.0-D(1)/D(2)

A(1+3) = D(1)/D(2)

A{2+3) = P(2)~-P(1)%*A(]1,3)

A(242) = 2.0%(P(1)4P(2)) - P(1)%A(1,2)
A(2+3) = A(2+3)/A(2,2)

B(2) = B(2)/A(2,2)

DO 30 K=3,MM

AlKs2) = 2.0%(P(K=1)#P(K))=P(K=1)%A(K~1,3)
B(K) = B(K)-P{K=-1)%B(K~1)
AlKy3) = P(K)}/A(K,2)

BIK) = BIK)}/AIK,2)

Q = D(M-2)/D(M-1)

A(My1) = 1.04Q+A(M-2,3)

A(My2) = -Q-A(M;1)#A{M=1,3)
B(M) = B(M=2)-A(M,1)%B(M-1)
Z(M) = B(MI/A(M,2)

MN = N-2

DO 40 I=1,MN

K = M-I

Z(K) = B(K)-A(K,3)%Z(K+])

(1) = -A(1,2)%2(2)-AC1,3)%2(3)
DO 50 K=1,MM

Q = 1.0/(6.0%D(K))

CllesK) = Z{K)*Q

C(24K) = Z(K+1)%Q

Cl34K) = Y(KI/DIKI-ZIK)*P(K)
Cl4yK) = Y(K+1)/D(K)=-Z(K+1)*P(K)
RETURN

END

2800010
2800020
2800030
2800040
2800050
2800060
2800070
2800080
2800090
2800100
2800110
2800120
2800130
2800140
2800150
2800160

2800170

2800180
2800190 -
2800200
2800210
2800220
2800230
2800240
2800250
2800260
2800270
2800280 -
2800290
2800300
2800310
2800320
2800330
2800340
2800350 -
2800360
2800370
2800380 -
2800390
2800400



[aXsNaNalsl

FOR, IS PLYNE,PLYNE

i0

20
30
40

50,

- 60

70

80
90

SUBROUTINE PLYNE (X,YsMyCoXINT,YINT,DYDX,D02YDX2)

SUBROUTINE FOR SPLINE FIT INTERPOLATION IN THE TABLE OF VALUES
(X1,Y1l) TO (XMyYM)y WHERE M MAY BE AS LARGE AS 100, HERE THE
CONSTANTS C(1,K)9sC(2+4K)oC(3,K) AND C(44K) ARE ALREAD COMPUTED
ANO STOREC. ’

SUBROUTINE ALSO COMPUTES DY/DX.AND D2Y/DX2 AT XINT.

DIMENSION X{14),Y(14)+C(4,13)

IF (XINT-X{1)) 80,10,20

"YINT = ¥{1)

K=1

GO TO 70

K =1

IF (XINT-X(K+1)) 60440,50

YINT = Y{K+1)

GO 10 70

K=K+¢1

IF (M-K) 80480430

YINT = (X(K+1) - XINT)®(CU1,K)*{X(K+1)=-XINT)*%2+4C{3,K))

YINT = YINT # (XINT=X{K))®{C(2,K)I®{XINT=X{K))*%2+C(4,K))

DYDX==3,0%(C{leK)*{ X(K+1)=XINT)*%2-C(24K)*(XINT=-X(K) ) *#%2)
-C(33K)+C(4,K)

D2YDX2=6 0% {C{1yK)*(X(K+1)-XINT)I+C(2,K)}*(XINT-X(K))) ~

RETURN

WRITE (6,+90)

FORMAT (31H OUT OF RANGE FOR INTERPOLATION)

RETURN : .

END

2700010
2700020
2700030
2700040
2700050
2700060
2700070
2700080
2700090
2700100

. 2700110

2700120

-2700130

2700140
2700150
2700160 -
2700170
2700180
2700190
2700200
2700210
2700220
2700230
2700240
2700250
2700260
2700270



FOR, IS GRAPH,GRAPH
SUBROUTINE GRAPH (KGEQOM)
COMMON . /GRAF IX/ X(lOO)gY(lOO.9).NGRAPH.LDEF(9)-NGR.JCYC.NFLAG'JAN'

c JNSC
COMMON /CDISP/ P
DIMENSION IDARY{22),YTITLE(12),YTIT{4,9),XTITLE(12)
_DIMENSION TITLE(12),ALPHA(2)
DATA YTITLE/12%¢ v/
DATA TITLE/*REGION'y* NO.= *,2%6H 2 'SEGMEN*,°T NO.=*,
1 2%6H 2'CYCLE 'y 'ND.= *,2%6H /
DATA YTIT/'V Yy 380 b
"W 0'3.' l'
" I'B‘I !.
*SIGMA *, *THETA 'l v
*SIGMA *,'PHI IN®,* . v
"TAU PH®'»*I THET*,'A IN ’
*SIGMA *,*THETA "'OUT v
*SIGMA *,'PHI OU', 'y
6

D@~ WN
- »w ® o

- & » o e =

e 9w v e e

*TAU PH',*1 THETY, 'A ouT
DATA XTITLE/*DISTAN®,9CE ALO®, 'NG SE
DATA A/'PHI)'/,B/*S) %/
EXTERNAL TABL1V
IF .(NFLAG.NE.O) GO TO 1
CALL IDENT (9,IDARY)
NFLAG = 1
1 CONTINUE
CALL CHSIZV (2,2)
CALL RITSTV (13,19,TABL1V)
XMN = X(1)
XMX = X(1)
DO 20 J=1,4CYC
IF (X{J).LT.XMN) XMN = X(J)
IF (X(J).GT.XMX) XMX = X(J)
20 CONTINUE
CALL SCRND (XMX,XMN¢XMAX4XMIN)
INDEX = 0
DO 100 K=1,9
IF (LOEF(K).EQ.0) GO TO 100
INDEX = INDEX+1
YMN = Y(1, INDEX)
YMX = Y(1,INDEX)
DO 30 L=1,JCYC
IF (Y(LsINDEX).LT.YMN) YMN = Y{L,INDEX)
IF (YL, INDEX).GT.YMX) YMX = Y(L, INDEX)
30 CONTINUE
CALL SCRND {YMX,YMN,YMAX,YMIN)
IF (KGEOM.EQ.3.0R.KGEOM.EQ.4) GO TO 1234
XTITLE(S) = A
G0 TO 1235
1234 XTITLE(S) = 8
1235 CONTINUE
DO 45 M=1,4
45 YTITLE(M) = YTIT(M,K)
CALL QUIK3L (=1,XMINyXMAXsYMIN,YMAXs 1H® o XTITLE, YTITLE,=JCYC (X,
1 Y(1, INDEX))
ENCODE (801,ALPHA) JAM,JNSC
801 FORMAT(216)
TITLE(3) = ALPHA(1)
TITLE(T) = ALPHA(2)
KCYC = P

» *MENT (%/

155



ENCODE (802,ALPHA) KCYC
802 FORMAT(I6)
TITLE(11) = ALPHA(1)
CALL RITE2V (46,1005,1023,905157251, TITLE, [ERR)
IF (IERR.NE.O) WRITE(6,800) IERR
- 800 FORMAT(® IERR =4,13,' CHARACTER COUNT WHERE WRITING WAS STOPPED®)
100. CONTINUE
- RETURN
END



SUBROUTINES ODEl AND ODE2

Subroutine LEBEGE calls either ODEl or ODE2, as necessary, and various
geometric and trigonometric clues, as well as the predicted values of the
variables for the differential equations, are passed to this subprogram

via label common area LASTEQ.

The equations in ODEl and ODE2 are identical to those in subroutines DIF1

and DIFF2 respectively. Subroutines ODEl and ODE2 perform the final
integration for each segment in the structure utilizing the initial conditions
previously obtained, and return these values to LEBEGE via label common

area LASTEQ.

The ODEl, ODE2 flow charts are identical to the DIF1l, DIFF2 flow charts

respectively.
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FORTRAN CODE

| ENGINEERING SYMBOLS (REF, 1)

YANPT
YAQPH
YAQTH

YAOPH

158



c
c

FOR, IS ODE1l,0DEl

QOO POVO~NCVHWNF

SUBROUT
INTEGER
INTEGER
REAL K
DOUBLE
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

INE ODE1l
SAVJTC, SAVSTP,Q, THICK
XN1l, XN

PRECISION YPRED
STORY{16),XMAT(270,10),STD(10),SADUS(30),RADUS(30)
TADUS (30),UADUS(30),SAVTIC(900)
XNy TEFREE,TICyPHI,STOP,RESTOPRTICK,G1sXNL(3) ,NH
NST(30)yNKL{30),NXMAT(20)+SAVJITC(30),SAVSTP(30) JRTIC(30)
JRSTOP(30) ¢NREGyNMPT yNRCyNSCoNIX, IERROR s KGECM , IGEOM, I STTAB
KELVIN, IBEGINyNPROB,NSEGyNERROR ,Q, THICK ,NOJSy NLINKS 4 NLCASE
NTSKL sNZ ¢ NBCToL INPUT,NTRKL 4NPASS 4 XN1 ,KBC 4NRINGS
LODE, ICYCLE,LDISTL
/LASTEQ/ YPRED(8),YDOT(8),YASAVE(8),
YANTHo YAMTHs YAMP T, YANP Ty YAOPH, YAQPH, YAQTH, YAJPH,
SaSNaCS 4 SNSQCSSQ4TANGSEC, O XLCSH XL SN, TN,
X1ROsX1ROSQsX1SNROs X1CSRO,CN1RO,SNIRO,CS1RO,
X1R19X1R2,CSIR1,CSIR2,SNIR1,X1R15Q,R25Q4R0O,BESQ,

ROSQ+XNSQyBETA,R1,R2,S1»R1DOT,R1S5Q,

COMMON
COMMON

zon

COMMON
EQUIVAL
IF (1IST
THE FOL
60 TO (

XNTTHeXNTPHy XMTTHy XMTPH ¢ XFTHLD ¢ XFPHL Dy XF ZELD
XMTHLD ¢ XMPHLD yETHET,EPHI 4 XGP T ALPHTH y ALPHPH,
XNUTP ¢ XNUPT 9XC11+XC224XC15,XD33,XD22 yXD21,XD12,
XK119XK12,XK219XK229XK33,XD11, .
My Iy SITINy SITOUT, SIPIN,SIPOUT,TPTIN,TPTOUT,
IBRINyZBROUT, SCRIPAySCRIPISIFIN,SIFOUTyTZEPH,TZETH
o XNPHI,BETTA,ZETTA,XC16
»RMOSSyRMOSN, YLDST,ROC yHP,FPLUH ,GPLUH, TWON
+RMOSSY,RMOSNY yRMOSXY s RMONXY
» RMOSNS » RMDSSSyS16G0%S RMOSNR yRMDSSRy SIGOXR
/PLS/ OMEGA, IWORDy XMERD s XPRES s XMONT
/¥W00D/ SAVY(53),NPLEV,NLPO,NPLA(21),STR(6)+SIGMAI3,21),
SEPS(3421)+SALPH{3,421)4SBAPH(3,21),STEPS(3,21),
EFF(21)ySTSRN(3),NPLAST(3),STSIG(3),STREPS(3),
STALPH(3),STBAPH{3),EFFST{3),NPLEVS(3)
JCDISP/ P+PMAX+DELP,DELPL,yYEPS,ZEPS
ENCE (XNL{1VoX1)(XNL{2}yX2)4(XNL(3),X3),(K,DELP)
TAB.NE.2) GO TO 7786
LOWING EQUATIONS ARE THE *THICK® SET
1514152+153), IGEOM

EQUATIONS FOR SHELLS OF REVOLUTION ( PHI COORDINATE )

151 CONTINUE

WA W N =

NP WN -

1

YAOQPH -
YANTH #

YAMTH

YAMPT

YANPT
YAJPH =

YoOT(I+

= XN*YPRED{I+6)%X1RO~-YPRED(I+44)%SN1IRO
XNUPT*YPRED( I+1)+{XK11-XNUPT*%2%xXK22)#* ({ XN*YPRED (I+4)+
YPRED(I+5)%CS—YPRED(I+6)%SN)%X1RO+X1*YADPH*SAVY(9) )+K*
(XNUPTEXNTPH=XNTTH)+X2*( XNUPT*SAVY(11)~SAVY(10})
+X33SAVY(43)

= XNUPT*YPRED( I+3)~{XD11=-XNUPT»%2#XD22)*X1 RO*{ X1RO*{ XN*
YPRED(I+4)2SN-XNSQ*YPRED(I+6))+YPRED(I+T )*¥CS)+K*
(XNUPT*XHTPH-XMTTH)+X2*(XNUPT*SAVY(14)-SAVY(13))
+X3%#5AVY(49) .

= (-1. OI((RO/XD33)4(SNSQ*XIRD/XK33)))*( 2. 0*XN*

- YPRED{I4T7)+YPRED(I+4)*%(CS1R1-CNIRD)+XN*YPRED(1+5)%
(SNIRO+X1R1)+2.0%XN*YPRED(I1+6)*CS1RO+YPRED (I )*SN/
XK33+4X2%(SAVY(12)*SN/XK33-SAVY(15)%R0O/XD33 ) +SN*X1*
{YAOPH*SAVY{S)+SAVY{(9)*YPRED(I+7)))
+X3%SAVY{50)

= YPRED(I)+YAMPT#SNIRO

YPRED(I42)#X1*(SAVY(8)*YAOPH+YANPT*SAVY( 9)-YPRED(I+1)
*SAVY{(S5)-YPRED(I+7)%5AVY{(6))

4) = R1*(YPRED(I+4)*CS1RO+XN*YPRED(I+5)*X1R0O+ YPRED(I)/XK33+

159

2000010
2000020
2000030
2000040
2000050
2000060
2000070
2000080
2000090
2000100
2000110
2000120
2000130
2000140
2000150
200Q160
2000170

2000180 -

2000190
2000200
2000210
2000220
2000230
2000240
2000250
2000260
2000270

2000280 -

2000290
2000300
2000310
2000320
2000330
2000340
2000350
2000360
2000370
2000380
2000390
2000400
2000410
2000420
2000430
2000440
2000450
2000460
2000470
2000480
2000490
2000500
2000510
2000520
2000530
2000540
2000550
2000560

2000570

2000580
2000590
2000600



XZ*SAVY(12)IXK334YAHPT*SN1ROIXK33)tkltxli(VAUPH‘ 2000610

1
2 SAVY{S)+YPRED(I+7)*5AVY(9)) 2000620 -
3 +X3+%SAVY{5]1) 2000630 -
YOOT(I+45) = R1*(YPRED(I+6)®X1IR1+{1.0/(XK22-XNUTP#*22XK11))* 2000640 -
1 (YPREO( I+1)-XNUTPRYANTH+K* [ XNTPH=-XNUTP*XNTTH)+X2%* 2000650
2 (SAVY(11)-XNUTP*SAVY(10))))-R1*YPRED(I+7 )#X1#SAVY(S5) 2000660 :
3 +X3%SAVY(52) 2000670
A = YPRED(1+5)%CS1IRO-YPRED(I1+6)*SN1RO+SAVY (9 )$YAQPH+ 2000680
1 YDOT(I+5)/R1-YPRED(I+6)/R14SAVY(S)I*YPRED (1+7) ~ 2000690
B = SAVY{1)*CSLRO-SAVY(3)*SN1IRO+.5¢ (SAVY(9)*SAVY(9) 2000700 -
1 . +SAVY(5)#%SAVY(S))+(SAVY(2)-SAVY(3)) /Rl 2000710 -
YDOTI(I) = R1%(=2.0%YPRED(I)*CSIRD+XN*YANTH*X1RO-XN*YAMTH®SN* 2000720
1 X1ROSQ-YAMPT#CS1RO*(X1R1-SN1R0O) )=R1*K* (XFTHLD+XMPHLD* 2000730
2 SNIRO)-R1%*X1*{SAVY{24)*A+K*XFTHLD*B+SAVY (25) *YDOT(I+4) 2000740
3 /R1+4SAVY{4) *K*XFPHLD/R1 +SAVY (26 ) *YAOPH+SAVY(9) #K* 2000750
4 XFLZELD+SN/RO*{ YANTH*SAVY{9)+YADPH*SAVY(7)-YPRED(I+T7)* 2000760
5 : SAVY (8)-YANPT®SAVY(5)))~X3%SAVY(33) 2000770
YDOT(I+1) = R1I*(CSIRO*(YANTH-YPRED(I+1))-XN*XLRO*{YPRED(I}+ 2000780
1 YAMPT%{ SN*X1RO+X1R1) }+YPRED(I1+2)%*X1R1)-R 1*K*XFPHLD 2000790 -
2 =R1*X1%{SAVY (25)%A+K=XFPHLD*B ] 2000800 -
3 ~SAVY(26)*YPRED(I+T)-SAVY(S)*K*XFZELD) 2000810 -
4 ~X3%SAVY{34) ) 2000820
YDOT{I+2) = R1*(~YPRED(I+2)}*CSIRO-YANTH*SNIRO-YPRED(I+1})*X1R1 2000830
1 +XNSQ*YAMTH*X1R0SQ-2.0*XN*YAMPT*(CS*X1R0OSQ) +R1*K* 2000840
2 (XN*XMPHLD*X1RO-XFZELD)}-RI*X1%(SAVY(26)%A¢+K*XFZELD* 2000850
3 B-SAVY(24)%YAOPH-SAVY{9)*K* 2000860
4 XFTHLD+SAVY(25)*YPRED(l+7)+SAVY(5)*K*XFPHLD) 2000870
5 ~X3%*SAVY{35) 2000880
YDOT{I+3) = R1*(YAMTH®*CSIRO-YPRED(I+3)%CSIR0-2.0*XN&YAMPT*X1RO+ 2000890
1 YAJPH+K®XMTHLD) 2000900
2 +X3%SAVY(36) 2000910
YOOT(I+6) = R1*(YPRED(I+7)-YPRED{I+5)*XI1R1) 2000920
YDOT(I+7) = R1*(1.0/(XD22-XNUTP*%2%XD11) }*(-YPRED(I+3)+XNUTP* 2000930
1 YAMTH=-KZ{ XMTPH=-XNUTP*XMTTH) -X2%*(SAVY(14) -XNUTP* 2000940
2 SAVY(13))) 2000950
3 ' +X3*SAVY(53) 2000960
GOTO 9005 2000970
EQUATIONS FOR CONE 2000980
152 CONTINUE 2000990
YAOPH = XN*YPRED{I+6)%*X1CS/S-YPRED(I+4)*TAN/S 2001000
YANTH = XNUPT*YPRED(I+11+({XK11-XNUPT*#2%XK22)*#({ X1CS/S) * (XN* 2001010
1 YPRED(I+4)+YPRED(I+5)%CS—YPRED(146)*SN)+ X1%YAOQOPH* 2001020
2 SAVY(9) ) +K= ( XNUPT®XNTPH-XNTTH) +X2* ( XNUPT *SAVY(11)- 2001030
3 SAVY(10)) ] 2001040
4 +X3#SAVY(48) 2001050
YAMTH=XNUPT#YPRED(I+3)-{1.0/S)*X1CS*(XD11~- XNUPT**2%XD22)*((1.0/S)* 2001060
1 X1CS*( XN*YPRED( 144 ) *SN-XNSQ*YPRED( 1+46) )+YPRED( [+7)%CS)- 2001070
2 Kx{XMTTH-XNUPT#XMTPH) 2001080
3 +X2%(XNUPT#*SAVY(14)-SAVY{13)) 2001090
4 +X3%SAVY(49) -2001100

YAMPT={~1.0/({S*CS/XD33)+{SN#*TN/(XK33%S5))))*(-2.0«XN*YPRED (I +7}~ 2001110

1 YPRED( I+4)%SN/S+XN*YPRED({I+5)*TN/S+2.0*XN*YPRED(I+6)/S+YPRED 2001120
2 ll)*SN/XK33+X2*(SAVY(lZ)*SN/XK33-SAVY(15)‘S*CS/XD33) 2001130
3 +SN*X1*#(YAQOPH* 2001140
4. SAVY(5) +SAVY(9)=YPRED(I+7))) . 2001150
5 +X32SAVY(50) 2001160
YANPT = YPRED(UI)+YAMPT*TAN/S 2001170
YAJPH = YPRED(I+2)+X1*(SAVY(B)*YAQPH+YANPT#SAVY(9)-YPRED(I+1)* 2001180
1 SAVY(5)~-YPRED(I+7)%SAVY(6)) 2001190
YDOT(I+4) (1.0/7S)%(YPRED(I+4)4+XN*YPRED(I+5)%X1CS+YAMPT*TN/XK33) 2001200

1 +YPRED(I)/XK334X2%SAVY(12)/XK33+X1*(YAOPH*SAVY(3) 2001210
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WN

W N -

YDOT(1+5)

‘A =

1

—

S W e W N U'-bWNi-i

N =

1
2

GO TO 9005

c
153

W N - N - [ WA - W [V S

—

8 =

YDOT(I)

+YPRED( I+7)*SAVY(9))
+X38SAVY(51)

= (1.0/7(XK22-XNUTP*42%XK11) ) *{YPRED(I+1) =XNUTP*YANTH+
KE{XNTPH-XNUTP*XNTTH) +X2%(SAVY(11)=-XNUTP*SAVY(10)}})
~YPRED( [+7)*X1%SAVY(5)
+X3%SAVY(52)
YPRED(1+45)/S5~ YPRED(l+6)*TNIS*SAVY(9)*YADPH+YDDT(105)
+SAVY(S5)*YPRED(I+47)
SAVY{1)/S-SAVY{3)*TN/S+0.5%(SAVY(9)#SAVY (9)+SAVY(5)*
SAVY{5))+SAVY(2)

==2. O*YPRED(l)/S*XN*YANTH*XICSIS-XN‘YAHTH‘SN*XlCS**Z/S**Z
+YAMPT*TAN/ S#*%2-K* ( XFTHLD+XMPHLD*TAN/S )-X1%{SAVY(24)*

A+KBXFTHLD*B+SAVY{25)%YDOT(I+4)+SAVY (4 )& K&XFPHLD+

SAVY (26 )*YAOPH+SAVY(9)*KxXF ZELD+TAN/S*(YANTH*SAVY(9)}+

YAOPH*SAVY{(7)-YPRED(I+7)*SAVY(8)-YANPT#SAVY(5)))-xX3*
SAVY(33)

'YDOT(1+1)= —YPRED(I+1)/S+YANTH/S~ N*YPRED(I)/(S#CS) XN*YAMPT*SN/

YDAT(I+2)

(S*S*CS*CS)-K&XFPHLD-X1*(SAVY(25) *A+K*XF PHLD*B~
SAVY (26 ) *YPRED( 14T )-SAVY(5)*K*XFZELD)
-X3%5AVY(34)

= =YPRED(I+2)/S-YANTH®TAN/S+XNSQ*YAMTH/ (S*%2%(S%*2)
=2 . 0% XNSYAMPT/ (S*%2%CS ) +K¥{ XNEXMPHLD*X 1L S/S-XFZELD)
-Xl*(SAVY(26l‘A+K*XFlELD#8-SAVY(24)¢YAOPH-SAVY(9)*K*
XFTHLD+SAVY( 25)%YPRED( I+T7)+SAVY {5)*K=XFPHLD)
-X3*SAVY(35)

YOOT(I+3)= YAMTH/S-YPRED{I+3)/S~2.0%XN¥YAMPT/{S*CS}+ YAIPH+XHTHLD

YDOTL1+6)

*K
+X3%SAVY(36)

=YPRED{ 1+47)
YOOT ([+7)=

(1.07(XD22~XNUTP*%2%XD11) )*{(~YPRED(I+3)+XNUTP*YAMTH~-
K&®{ XMTPH=-XNUTP*XMTTH)-X2*({SAVY(14)-XNUTP%SAVY(13))}
+X3*SAVY{53)

EQUATIONS FOR CYLINDER

CONTINUE
YACGPH
YANTH =

YAMTH=XNUPT#YPRED(1+3)—(XLRO*{XD11-XNUPT**2%#XD22) ) *( X1RO*( XN*YPRED

YAMPT={-1,0/((RO/XD33)+(X1RO/XK33) )} )*{~2.0¢XN*YPRED( [+7)+XN*X1LRO*

YANPT
YAJPH =

YOOT{1+4)

YDQT(I+5)

= XLRO®(XN*YPRED(1+6)-YPRED(1I+4))
XNUPT*YPRED( I+1)+{XK11l- XNUPT#*Z*KKZZ)*((XIRO*(XN*
YPRED(I+4)-YPREO(I146)))+X13YAQGPHESAVY(9) ) +K= (XNUPT*
XNTPH-XNTTH) +X2*( XNUPT*SAVY(11)-SAVY{(10))
+X3%SAVY(48)

(1+4)-XNSQ*YPRED( I+6) ) ) +K*x { XNUP T*XMTPH-XMTTH)
+X2* { XNUPT®SAVY(14)-SAVY(13)}
+X3%SAVY(49)

YPRED(I+5)+YPRED(I)/XK334X2%(SAVY(12)/XK33~-SAVY(15)*
RO/XD33)+X1%{YAQOPH*SAVY(5)+SAVY(9)*YPRED(I+7)))
+X3%SAVY(50)

= YPRED(1)+YAMPT#X1RO

YPRED(TI42)+X1*%(SAVY(8)#YAOPH+YANPT#SAVY(9)-YPRED(I+1)

ASAVY(S5)-YPRED(I+7)%SAVY(6))
= XN*¥YPRED(I+5)%X1IRO+YPRED(I ) /XK3I3+X2%SAVY (12) /XK33+ .

YAMPT®X1RO/XK334X1%(YAOPH*SAVY (S5)+YPRED( 147 )*SAVY(9))

+X3%SAVY(51).
{1.0/{XK22-XNUTP#*2%XK11))*(YPRED(I+1)=XNUTP*YANTH+
K&( XNTPH=-XNUTP*XNTTH)+X2%(SAVY(11)-XNUTP *SAVY(10)) )~
YPRED(I+T)*X1%SAVY(5)

+X3¥SAVY(52)
~YPRED(1+6)/RO+SAVY{9)*«YADPH+YDOT(I+5)+SAVY(5)*
YPRED(I+7)
-SAVY(3)}/RO+40.5%(SAVY(9)*SAVY{9)+SAVY{5) 3SAVY(5) )+

"

161

2001220
2001230 -
2001240
2001250
2001260 -
2001270
2001280
2001290
2001300
2001310
2001320
2001330
2001340
2001350 -
2001360
2001370

2001380

2001390
2001400
2001410
2001420
2001430
2001440
2001450
2001460
2001470
2001480
2001490 -
2001500

2001510

2001520
2001530

2001540 -

2001550
2001560
2001570
20015380
2001590
2001600
2001610
2001620
2001630
2001640
2001650
2001660
2001670

2001680

2001690
2001700
2001710
2001720
2001730
2001740
2001750
2001760
2001770
2001780
2001790
2001800
2001810
2001820



1

SAVY(2) 2001830
YOOT(1) = XN*YANTH*X1RO-XN*YAMTH®XLIROSQ-K* ( XF THLD+ XMPHLD*X1RQ} 2001840
1 ~X1%{SAVY (24 )*A+KEeXFTHLD*B+SAVY(25)*YDQT (I1+4)+SAVY(4)s 2001850
2 KEXFPHLD+SAVY{26)*YAOPH+SAVY (9} *KeXFZELD + (YANTH® 2001860
3 SAVY{9) +YADPH*SAVY{ T)-YPRED{1+T7)*=SAVY(8) ~YANPT* 200187p
4 SAVY(5) }/R0O)-X3%SAVY(33) 2001880
‘YDOT(I+1) = -XN®X1RO*YPRED{I)-XN&YAMPT*X1ROSQ-K&#XFPHLD~X1%* 2001890
1 - (SAVY([25)%A+K*XFPHLD*B-SAVY (26} *YPRED(I+T7)~SAVY(S5)* 2001900
2 K#XFZELD)Y 2001910 -
3 ~X3%SAVY(34) : 2001920
YDOT(I+42) = -YANTH®X1RO+XNSQ*YAMTH®X1ROSQ+K* ( XNsXMPH LD*X1R0- 2001930
1 XFZELD)=X1%( SAVY(26)A+K*XFZELD®*B-SAVY(24) 5YAQPH~- 2001940
2 SAVY (9) K= XFTHLD+SAVY(25)*YPRED( T1+7)+SAVY(S) *sK*XFPHLD) 2001950
3 =X3%SAVY{35) 2001960 -
YDOT(143) = =2.0%XN*YAMPT*X1RO+YAJPH+K*XMTHLD 2001970
1 +X3#54VY(36) 2001980
YDOT(I+6)=YPRED(1+7) . 2001990
CYDOT(I+4T7).= (1.0/(XD22-XNUTP*#2%XD11)} )% (~-YPRED( 1431+ XNUTP*YAMTH+ 2002000
1 K& ( XNUTPEXMT TH-XMTPH }=X2%(SAVY(14)~XNUTP*SAVY(13))} 2002010
2 +X3%SAVY{53) 2002020
GO TO 9005 ) 2002030
1786 GO TO (4771,4772+4773)4 1GEQM 2002040
C.  THE FOLLOWING EQUATIONS ARE THE *ST10* SET 2002050
c EQUATIONS FOR SHELLS OF REVOLUTION ( PHI COORDINATE ) 2002060
4771 CONTINUE . 2002070
YAOQOPH = XN*YPRED(I+46)*X1RO~YPRED(I+4)*SNIRG . 2002080
YANTH = XK12%(1.0/(XK22+X(22%%2/XD22))*( YPRED{ I+ 1) +K*XNTPH+ 2002090
1 X2*SAVY(11)+(XC22/XD22)*(YPRED(I+3) +K&XMTPH+X2% 2002100
1 SAVY(14)) )-K*XNTTH-X2%SAVY(10)+{X1R0O*XK1l 1~ 2002110
1 XK12%XK21*%X1R0*(1.0/ 2002120
2 (XK22+XC22%%2/XD22) ) )% { XN*YPRED( 144 ) +YPRED I+ 5) *CS-YPRED(I+ 2002130
3 6)%=SN+X1*RO*YAOPH*SAVY{9))-({XC11+XK12%XC 22%XD21/XD22* 2002140
3 (1.0/(XK224XC22%%2/XD22)))* 2002150
4 (XLRO%%2% (XN*YPRED{ I+4 ) #SN-XN**2%YPRED(I+6) )+ YPRED(I+T7)®CS* 2002160
5 X1R0} 2002170
6 +X32SAVY(48) 2002180
YAMTH = =XD12*(XC22/{XC22%%2+4XK22*XD22) ) *(YPRED{ I+1) +K*XNTPH+ 2002190
1 X2*%SAVY (11))-K&XMTTH-X2*SAVY(13) +XD12*(XK22/(XC22*%2+ 2002200
2 XK22%XD22) ) *(YPRED{I+3)+K*XMTPH+X2%SAVY(14))+(XC1ll* 2002210
2. X1RO+XD12*XK21%X IRO*{ XC22/(XC22%*2+XK22*XD22 ) ) ) * {XN*YPRED( 2002220
3 1+44)+YPRED{I+5)3CS~-YPRED(T+6)%SN+X1*RO*YAOPH*SAVY(9) )+ 2002230
-3 (XD11-XD12#XK22*XD21/1{ 2002240
4 XC22#%%24XK22%XD22) ) > { X1ROSQ* (XN*YPRED (I +4)*SN-XNSQ#*YPRED 2002250
5 (1+46))+YPRED(I+T7)%CS*X1R0) 2002260
6 +X3%5AVY (49) . 2002270
YAMPT = (-1.0/C(RO/XD33)+(SNSQ*X1R0O/XK33)})*(~2. O*XN* 2002280
1 YPRED({TI+7)+YPREDtI+4)*(CSIR1I-CNLRO)+XN*YPRED([+5)* 2002290 -
2 (SNIRO+X1IR1)+2. 0% XN*YPRED(I+6)*CS1RO+YPRED (I }*SN/ 2002300
3 XK334X2%{SAVY(12)*SN/XK33-SAVY{15)1%R0/XD33)+SNeX1* 2002310
4 (YAOPH®SAVY(S)+SAVY{9)*YPRED(I+7))) 2002320
S +X32SAVY(50) . 2002330
YANPT = YPRED(TI)+YAMPT*SN1RO 2002340
YAJPH = YPRED(I+2)+X1%*{SAVY{B)*YAOPH+YANPT*SAVY(9)-YPRED(I+1) 2002350
1 *SAVY(S5)-YPRED(I+7)*SAVY(6)) 2002360
YDOTL1+44) = RI*(YPRED(I+4)%CSIRO+XN*YPRED(I+5)&X1R0+ YPRED(I)/XK33+ 2002370
1 X2%SAVY(12)/XK334YAMPT®SNIRO/XK33)+R1%X1 *{ YAOPH* 2002380
2 SAVY(S5)+YPRED{1+47)%5AVY(9)) 2002390
3 +X3%SAVY(51) 2002400
YOOT{I+45) = RIS(YPREOD(I+6)&XIRI-X1*YPREOD(I+T)I*SAVY(5)+(1.0/7(XK22+ 2002410
1 XC22%%2/XD22) )*(YPRED(I+1)+K*XNTPH+X2%SAVY(11)+(XC22/ 2002420
1

XD22)%{ YPRED( 143) +K*XMTPH+X2%SAVY{14))-XK21*XIRO*(XN$ 2002430
' 62 '



)

c

YPRED(I+4)+YPRED(I+5)*C S-YPRED(I+6)*SN)~X13XK12¢YAOPH*
SAVY(9)1-(XC22%XD21/XD22 .
YE(XIROSQ*{XN*YPRED(I+4)*SN~XNSQ*YPRED{I+6) )+ YPREDI(I+T)
*CS*X1R0)))
+X38SAVY(52)

A= YPRED(I+5}*CS1RO-YPRED{I1+6)*SNIRO+SAVY (9 ) *YACPH+
YOOT(I+5)/R1~YPRED(I+6)}/R1+SAVY(S5)SYPRED(1+47)

B = SAVY{1)*CS1RO-SAVY{3)*SNIRD+.5%( SAVY(9)*SAVY (9}
+SAVY{S)*SAVY(SI )4+ {SAVY(2)~-SAVY(3)})/R]1

YDOT (1} = RLI*(=2.0%¢YPRED{I)*CSLIRO+XN*YANTHEX1RO=XNEYAHTHESN*
X1ROSQ-YAMPT*CS1RO*(X1R1-SN1RQ) )-R1*K* (X FTHLD+XMPHLD*
SNIRO)=R1I*X1%{SAVY(24)*A+K*XFTHLD*B+SAVY {25)¢YDOT(I+4)
/R1+SAVY (4 ) *KEXFPHLD/R1+SAVY(26)3YAQOPH+SAVY(9) *K*
XFZELD+SN/ROS{YANTHESAVY (9) +YADPHESAVY(T }=YPRED(I47}*
SAVY(B)-YANPT#SAVY{5)))-X3%SAVY{33)

YOOT(I+1) = RLI*{CSIRO*(YANTH-YPRED(I+1))-XN*X1ROS(YPRED( )+

: YAMPT*{ SN*X1RO+X1R1) ) +YPRED(I+2)*X1R1)-R1*K$XFPHLD

=R1EX1&(SAVY (25)%A+KEXFPHLD*8

~SAVY(26)%YPRED(I47)~SAVY(5)*K*XFZELD)

-X3%SAVY(34)

YDOT(I+2) = R1*(-YPRED(I+2)*CSIRO-YANTH*SNIRO-YPRED(I®1)*X]IR1

VMiPpPWNN

-

V& WwWN -

SWN -

1 +XNSQ*YAHTH*XIR0OSQ=2. 0% XN*YAMP TECS*X1ROS Q) +R1 *K*
2 (XN*XMPHLD*X1RO-XFLELD)-R1#X1%{SAVY (26 )% A+K*XFZELD®
3 B-SAVY(24)%YAOPH-SAVY(9)*K*
4 . XFTHLD#SAVYIZS)*YPRED(I+7)*SAVY(S|*K#XFPHLD)
5 ) ~X3%SAVY(35)
YDOT{I+43) = RI*{YAMTH*CSIRO-YPRED{I43}*%CSIR0-2,0%XN*YAMPTxX1RO+
1 YAJPH+K*XMTHLD)
2 +X3#SAVY(36)

YDOT(I+6) = Rl*(VPRED(I+7)-YPRED(l*S)*XlRl)

YDOT(1+7} R1%( (=XC22/(XC22#*2+XK22%XD22) } % ( YPRED (I +1)+K¢XNTPH+
X2¥SAVY(11)-(XK21/RO)* (XN®*YPRED(1+6)+YPRED(1+5)%CS~
YPRED{I+6)*SN)-X1*XK12*YAOPH®SAVY(9))+(XK22/(XC22%%*2+
XK22%XD22) )% (YPRED( 143 ) ¢KEXMTPH+X2% SAVY( 14) )~ (XK22%

XDZI/(XCZZ**Z#XKZZ#XDZZ),*(XIROSQt(XN‘YPRED(l+k)*SN—XNSQ
*YPRED({1+46) )+YPRED( 147 ) #CS2X1RO))
+X3%SAVY(53)

]

VI WIN

GO TO 9005
EQUATIONS FOR CONE
4772 CONTINUE
YACPH
YANTH

XN*YPRED( 146 )%X1CS/S-YPRED (144 )% TAN/S
XK12#(1.0/(XK224XC22%%2/XD22) )% (YPRED( I+ 1) +K*XNTPH+
X2#SAVY{11)4+(XC22/XD22)%(YPRED{ [+3) +Ks XM TPH+X2%
SAVY(14)) )-K*XNTTH=-X2%SAVY(10)+(1.0/(CS*S))
#(XK11-XK12%XK21%(
1.0/ (XK22+XC22%%2/XD22)) ) # (XN*YPRED( [+4) +YPRED([+5)%CS—
YPRED! [ +6 )#SN+X 1% S#C S*YAOPH#SAVY (9) )= (XC 11+ (XK124XD21*
XC22/XD22)%( 1.0/ (XK22+XC22%#
#2/XD22) 1141 (1.0/ (S#424CS442) )% (XN#YPRED [ 1+4) $SN-XNSQeYPRED
{1+6))4YPRED(1+7)/5)
+X3%SAVY(48)
YAMTH = -XD12%(XC22/ (XC22%%2+4XK22%XD22 ) )% (YPRED( [+1) +K*XNTPH+
X2%SAVY (11))=K*XMTTH-X2%SAVY (13)+XD12% (XK22/ (XC22##2+
XK22#XD22) ) (YPRED (1 +3) +K&XMTPH+X2#SAVY(14) ) +{XC11/
(S*CS)+XD12%XK21/(S#CS) ) % (XC22/ (XC22#$24XK22#XD22) ) ¥ (XN#
YPRED( 144 ) +YPRED( I+5)%CS~YPRED( [ +6)%SN+X 1% SKCS*YAQOPH*
SAVY(9) ) +(XD11-XD12%XK22%
XD217(XC22%%24XK22%XD22) )% ((1.0/ (SECS)#%2) ${ XNSYPRED(1+4)%
SN~XNSQ*YPRED(I+6) ) +YPRED(I+T)/S)
+X3*SAVY (49) o
YAMPT=(-1.0/((S*CS/XD33)+(SN&TN/ (XK33%5))))#(-2.0%XN*YPRED(1+7)-

NP WWR e

VNP WWN -~
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2002440
2002450
2002460
2002470
2002480
2002490
2002500
2002510
2002520
2002530
2002540
2002550
2002560
2002570
2002580
2002590
2002600

2002610

2002620
2002630
2002640
2002650
2002660
2002670
2002680
2002690
2002700
2002710
2002720
2002730
2002740
2002750
2002760
2002770
2002780
2002790
2002800
2002810
2002820
2002830
2002840
2002850
2002860
2002870
2002880
2002890
2002900
2002910
2002920
2002930
2002940
2002950
2002960
2002970
2002980
2002990
2003000
2003010
‘2003020
2003030
2003040



1 YPRED( 144 ) #SN/S+XN*YPRED(T+5)8TN/S+2.0*XN*YPRED(1+6) /S+YPRED 2003050
2 CI)#SN/XK33+X2% (SAVY(12)*SN/XK33-SAVY (15 }#S¢CS/XD33) 2003060
3 +SNEX1%(YAOPHS - 2003070
4 SAVY(S)+SAVY(9)#YPRED(I+7))) 2003080
5 +X3%SAVY(50) 2003090
YANPT = YPRED(I)+YAMPT#TAN/S 2003100
YAJPH = YPRED(I+2)+X1#(SAVY(8)*YAOPH+YANPT#SAVY(9)-YPRED(I+1)% 2003110
1 SAVY(5)-YPRED(I+7}¥SAVY(6)) 2003120
YOOT(I+4)=(1.0/S)*(YPRED(I+4)+XN3YPRED(I+5)#X1CS+YAMPT#TN/XK33) 2003130
1 +YPRED( 1) /XK334X2#SAVY(12)/XK33+X1% (YAOPH®SAVY(5) 2003140
2 +YPRED(I+7) #SAVY(9)) 2003150 -
3 +X3%SAVY(51) 2003160
" YDOT(I+5) = —-X1®YPRED(I+7)#SAVY(5)+(1.0/(XK22+4XC22%%2/XD22))* 2003170
1 (YPRED( I+1)+K&XNTPH+X2*SAVY (11) +(XC22/XD22)# 2003180
2 (YPRED(I+3)+K&XMTPH+X2#SAVY (14))-(XK21/( S*CS))$(XN* 2003190
2 YPRED( I+44 ) +YPRED( I+5)%CS—YPRED(I+6) «SN)- X1 *XK12*YAOPH* 2003200 :
3 SAVY(9)~(XC224XD21/XD22)%(( 1.0/ (S**¥2#CSe* 2003210
3 2) )$(XN*YPRED( [+4)*SN-XNSQ*YPRED(I+6) ) +YPRED (I+7)/S)) 2003220
4 . +X3%SAVY(52) 2003230
A = YPRED(I+5)/S~YPRED (1+6)#TN/S+SAVY(9) #YADPH+YDOT(1+5) 2003240
1 +SAVY(S)*YPRED(I+7) 2003250
B = SAVY{1)/S-SAVY(3)#TN/S+0.5% (SAVY(9)#SAVY (S)+SAVY(S)% 2003260
1 SAVY(SY)+SAVY(2) 2003270
YOOT(I) =-2.0%YPRED(I}/S+XNSYANTHEXLCS/S-XN¥YAMTH®S N¥X1CS**2/S*22 2003280
1 +YAMPT#TAN/S*#2-K# ( XFTHLD+XMPHLD*TAN/S)- X1#(SAVY (24)* 2003290
2 A+K*XFTHLD#B+SAVY (25)#YDOT (144)+SAVY (4 )XK*XFPHLD+ 2003300
3 SAVY (26 ) #YADPH+SAVY () *K*XFZELD+TAN/S*(YANTH#SAVY(9)+ 2003310
4 YAOPH*SAVY (7 )=YPRED(I+7)%SAVY(8)-YANPT#SAVY(5)))-X3% 2003320
5 © SAVY(33) 2003330
YOOT(I+1)= ~YPRED(I+1)/S+YANTH/S-XN*YPRED(1)/(S*CS)-XN*YAMPT#SN/ 2003340
1 (S*SACSHCS)-K#XFPHLD-X1#(SAVY(25) %A+ K*XF PHLD*B~ 2003350
2 SAVY (26 J%YPRED( 147 )~SAVY (5) *K&XF ZELO) 2003360
3 ~X3%SAVY(34) 2003370
YDOT(142) = -YPRED(I1+42)/S-YANTH*TAN/S+XNSQEYAMTH/(S&#24C S*22) 2003280
1 ~2.0%XNSYAMPT/( S#%2%CS) +K* ( XN XMPHLD*X1C S/ S~XFZELD) 2003390 -
2 +X1%(SAVY (26 ) #A+K*XFZELD*B~SAVY (24) $YAOPH-SAVY(9)#Ks 2003400
3 XFTHLD+SAVY (25) #YPRED( 147 )+SAVY{ 5)$KEXFPHLD) 2003410
4 ~X3%SAVY(35) 2003420
YOOT{143)= YAMTH/S-YPREG(I4+3)/S-2.0%XN*YAMPT/(S%CS)+ YAJPH+XMTHLD 2003430
1 *K 2003440
2 +X3%SAVY(36) A 2003450
"YDOT(146)=YPRED(I+7) 2003460
YDOT(I+47) = =(XC22/(XC22%#24XK22#%XD22) ) # (YPRED( 141 )+K€XNTPH+X2# 2003470
1 SAVY(11)=XK21#(XN®YPRED( I+4)+YPRED(I1+5)%CS-YPRED ([+6)* 2003480
1 SN)/(S*CS)-X1%#XK12% YAOPH*SAVY(9) )+ ( XK22/ (XC22%%24XK22% 2003490
2 XD22))# (YPRED( 143 )+K#XMTPH+X2%SAVY (14} )- (XK22%XD21 2003500
3 7UXC22%%2+4XK22#XD22) )1 #((1.0/ (S¥CS) *%2 )2 (XN*YPRED (1+4)*SN 2003510
4 ~XN®*25YPRED( [ 46} 1 +YPRED( I+7) /S) 2003520 .
5 +X3%SAYY(53) 2003530
GO TO 9005 2003540
c EQUATIONS FOR CYL INDER 2003550
4773 CONTINUE _ 2003560
YAOPH = XIRO#(XN$YPRED(146)~YPRED(I+4)) . 2003570
YANTH = XK12%(1.0/(XK22+XC224%2/XD22) )% ( YPRED (16 1) +K+XNTPH+ 2003580
1 X2#SAVY(11)+ 2003590
1 (XC22/XD22) * (YPRED( I+3) ¢KEXHTPH+X2#SAVY( 14) ) ) ~K$XNTTH- 2003600
1 X2%SAVY (10 )+ (X1RO*{XK11-XK12¢XK212#(1.0/{ XK22+XC22%#2/ 2003610
2 XD22))) )9 (XN#YPRED (1+4)-YPRED(I+6)+X1*RO*YAQPH* © 2003620
2 SAVY(9))-(XC11+( 2003630
3 XK12%XC22#XD21/XD22)%( 1.0/ (XK224XC22%#2/XD22) 1 ) ¢ (XLRO#*#2%{ . 2003640
4

XN*YPRED( 1 +4)-XNSQ*YPRED(1+6))) 2003650
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+X3%SAVY(48) 2003660
YAMTH = ~XD12%(XC22/(XC22%%24XK22%XD22) ) *{ YPRED( I+1) +K*XNTPH+ 2003670

v

1 X2%SAVY{11))~K=XMTTH-X22SAVY(13)+XD12*(XK22/ (XC22**2+ 2003680
2 XK22%XD22) ) * (YPRED(T+3)+K&XMTPH+X2%SAVY(14))+(XCll* 2003690
2 KIRO4XDL2#XK21*#X1RO*(XC22/(XC22*%24XK22*XD22 }) )* (XN*YPRED 2003700
3 (I+4)-YPRED( J+6)+X1*RO*YAOPH*SAVY(9))+(XD11-XD12*XK22% 2003710
3 XD217{XC22%%2+XK22%XD22) 2003720
4 - 1E(X1RDOSQ*{ XN*YPRED(I+4)-XNSQ*YPRED(I+6})) 2003730
5 +X3*SAVY{49) 2003740

YAMPT=(~-1.0/((R0O/XD33)+(X1R0/XK33)) }*(-2.0%XN*YPRED( I+7) +XN®X1RO% 2003750 .

1 YPRED(I+5)+YPRED(I)/XK33+X2%{SAVY(12)/XK33-5AVY(15)% 2003760
2 RO/XD33)+X1%(YAQPH*SAVY(S5)+SAVY(9)*YPRED(I+T))) 2003770
3 +X3*%SAVY(50) 2003780
YANPT = YPRED(I)+YAMPT*X1RO 2003790
YAJPH = YPRED(I*Z)le*(SAVY(8)*YAOPHOYANPT*SAVY(9)-YPRED(I+1) 2003800
1 *SAVY(S5)-YPRED{ [+7)%SAVY(6)) 2003810
YDOT(1+4) = XN‘YPRED(I+5)*X1RO+YPRED(I)/XK33+X2#SAVY(12)/XK33# 2003820
1 YAMPT*X 1RO/ XK334X1%(YAOPHXSAVY(5)+YPRED( I+7)*SAVY{(9)) 2003830
2 +X3*SAVY(51) 2003840
YDOT(I+45) = =X1*YPRED(I+T7)*SAVY(5)+(1.0/(XK22+XC22%*2/XD22})* 2003850
1 (YPRED(I+1)+K*XNTPH+X2*SAVY(11)+(XC22/XD22)%* 2003860
2 (YPRED(I43)+K*XMTPH+X2%SAVY(14))-{XK21*X 1RO} *{ XN* 2003870
3 _YPRED(I+4)-YPRED(I+6))-X1%XK12* YAOPH®*SAVY{9)-(XC22* 2003880
4 XD21/X022)*{ XIROSQ*{ XN*(YPRED(I+4)-XN*YPRED(I+6))})) 2003890
5 +X3%SAVY(52) 2003900
A = —YPRED(l+6)/R0+SAVY(9)#YAOPH+YDUT(I+5)+SAVY(5)‘ 2003910
1 YPRED(I+7) 2003920
B = =SAVY(3)/RD+0.5%{SAVY(9)*#SAVY{9}+SAVY(5) *SAVY(5) )+ 2003930
1 SAVY(2) 2003940
YDOT(1) = N*YANTH#XIRO-XN*YAHTH*XIROSQ—K*(XFTHLD+XMPHLD‘X1RU) 2003950
1 " =X1%{SAVY (24 ) %A+K*XFTHLD*B+SAVY (25 )*YDOT (I+4)+SAVY{4)* 2003960 -
2 K*XFPHLD+SAVY{26)*YAOPH+SAVY(9)*K*XFZELD + | YANTH* 2003970
3 SAVY(9)+YAOPH*SAVY(T7)-YPRED (I+7)%SAVY(8) -YANPT* ‘2003980
4 SAVY(5))/R0)-X32SAVY(33) 2003990
YOOT{I+1) = =XN*X1RO*YPRED(I)-XN*YAMPT#*X1ROSQ-K*XFPHLD-X1%* 2004000
1 (SAVY(25)%A+K*XFPHLD*B-SAVY (26)*YPRED(I+T)-SAVY(5)* 2004010
2 K*XFZELD) 2004020
.3 =X3%*SAVY(34) 2004030
YDOT(I42) = =YANTH®XLIRO+XNSQ*YAMTH*XIROSQ+K* {XN*XMPHLD*X 1RO~ 2004040
-1 XFZELO)=X1%(SAVY(26)*%A+K*XFZELD*B~SAVY(24)*YAQPH- 2004050 -
2 SAVY{9) *K*XFTHLD+SAVY(25)*YPRED( I+T7)+SAVY(5) *K*XFPHLD) 2004060
3 : - =X3%SAVY{35) 2004070
YDOT(1+43) = =2.0%XN*YAMPT#*X1RO+YAJPH+K*XMTHLD 2004080
1 +X3*SAVY(36) 2004090
. YDOT(I+6)=YPRED{I+7) 2004100

YOOT(147) = —(XC22/(XC22%%2+XK22%XD22))* (YPRED(I+1 )+ K*XNTPH+X2% 2004110

1 SAVY(11)=-XK21*X1RO*{ XN*YPRED (I+4)-YPRED(I+6))-X1*XK12% 2004120

1 YAOPH*SAVY(9))+({XK22/(XC22%*2+XK22%XD22) )* (YPRED(I+3)+ 2004130

2 KEXMTPH4X2#%SAVY(14))-(XK22%XD21/(XC22+%2 +XK22%*XD22)) *{ 2004140

3 X1ROSQ*{ XN*YPRED(I+4)~ XNSQ*YPRED(I*é))) 2004150

4 +X3%SAVY(53) 2004160
9005 CONTINUE : 2004170
RETURN . 2004180

END ’ 2004190
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FOR,1S ODE2,0DE2

ODOTPIDPOVECNPNHWN M-

7341

SUBROUTINE ODEZ2,

INTEGER SAVJTC,SAVSTP,Q,THICK

2OO

NV P WNN -

;a@daw‘n«bwmr-

INTEGER XN1,XN

REAL K

DOUBLE PRECISION YPRED

COMMON STORY(16),XMAT(270+,10),STD{10),SADUS{30)+RADUSI(30)

COMMON TADUS(30),UADUS({30),SAVTIC(900)

COMMON XNy TEFREE,;TIC+PHIoSTOP,RESTOPRTICK,G1,XNL(3) 4NH

COMMON NST{30),NKL({30},NXMAT(20)+SAVITC(30),SAVSTP(30),JRTIC(30)

COMMON JRSTOP(30) 9 NREGyNMPT4NRCyNSCyNIXy IERROR,KGEOM ¢ IGEOM, ISTTAS

COMMON KELVIN, IBEGINyNPROByNSEGyNERROR,QsTHICK,NOJSy NLINKS,NLCASE

COMMON NTSKLsNZ,NBCT,LINPUT,NTRKL ¢+NPASS ¢ XNL +KBC 4 NRINGS

COMMON LODE,ICYCLELLDISTL

COMMON /LASTEQI YPRED(8),YDOT(8), YASAVE(8),

YANTHy YAMTH, YAMPT, YANPT s YAOPH s YAQPHy YAQTH s YAJPH,
SsSN9CSySNSQeCSSQe TANSSECsCNyX1CSe X1 SNyTN,y
X1R0yX1ROSQyX1SNRO,» X1CSRO,CNIRO,SNIRO,CS1RO,
X1R1,X1R2,CSIR1,CS1R24SN1IR1,X1R1SQ,R25Q,RO,BESQ,

ROSQyXNSQ,BETA,R1+R2+S1,R1DOT4R1SQy
XNTTHs XNTPH , XMTTH ¢y XMTPH ¢ XFTHLDy XFPHL D, XFZELD,
XMTHLD g XMPHLDyETHET EPHI 4 XGP ToALPHTH yALPHPH,

XNUTP 3 XNUPT4XC114XC22+XC154XD33,XD22 yXD21+XD12,
XK11l9XK12¢XK219XK22+4XK33,XD11,
My I, SITIN,SITOUT,SIPIN,SIPOUTTPTIN,TPTOUT,
ZBRINy ZBROUT, SCRIPA,SCRIPI4SIFINySIFOUT 4 TZEPH,TZETH
+ XNPHIBETTA,ZETTA,XC16
s RMOSSyRMOSN, YLDSTHROC yHP o FPLUH ,GPLUH , TWON
+RMOSSY; RHOSNY s RMOSXY+RMONXY
s RMOSNSyRMOSSS»SIGOXS,RMOSNR, RHOSSR.SIGOXR
COMMON /PLS/ OMEGA, IWORD ¢ XMERD ¢ XPRES s XMONT
COMMON /W0OD/ SAVY(53)4NPLEV,NLPO,NPLAL21),STR(6)},SIGMA(3,21},
SEPS(3+21) ¢SALPH(3,21),SBAPH(3,21),STEPS(3,21),
EFF(21) ¢STSRN{3),NPLAST(3),STSIG(3),STREPS(3},
STALPH(3),STBAPH(3),EFFST(3) 4NPLEVS(3}

COMMON /CDISP/ P+PMAXDELP,DELPL,+YEPS,ZEPS

EQUIVALENCE (XNLUL1)¢X1)y (XNL{2)9X2)y (XNL{3)sX3),(K,DELP)

GO TO (7341,7342,7343), 1GEOM

THE FOLLOWING EQUATIONS ARE THE °'RWAF* SET

EQUATIONS FOR SHELLS OF REVOLUTION { PHI COORDINATE )

CONTINUE

YAOPH = XN*YPRED(I+6)*X1RO-YPRED{I+4)*SN1RO

YANTH = (YPRED(I+L)+K*XNTPH#X2*SAVY(11) )% (XC15%XC22+XD22*XK12}
J{XK22#%XD224XC22%%2)-K*XNTTH-X2%SAVY{10) +{ XK12#¥XC22-
XK22%XC15)*{ YPRED( I+3 ) +KEXMTPH+X2%SAVY(14))/ (XC22%*
XC22+4XK22%XD22 )+ { X1RO*{XN*YPRED( [+4 ) +YPRED(I+5)*%(CS~
YPRED{T+6)*SN)+X1%YAOPH*SAVY(9) )% (XK11+{ XC15%(XC15%
XK22=2.0%XK12%XC22)-XK12%XK12#*

XD22)/(XK22*XD22+XC22*XC22) )+ (X1ROSQ* ( XN*YPRED(I+4)} *SN-XNSQ

*YPRED(I+6) )+X1RO*YPRED(I+7)#CS)I*(-XC11+{XC15*%XC15%XC22+

" XCLIS*(XK12%XD22+XK22%XD12)-XK12%XD12*XC22) /7 (XK22%XD22+XC22%XC22)}
- +X3%S5AVY(48) .

YAMTH= (YPRED(I+3)+K*kXMTPH+X2*SAVY (14} )%(XC15%XC22+XK22#%XD12)
7 (XK22%¥XD22+XC22%XC22) +(YPRED(I+1}+K*XNTPH+X2*SAVY(11)
1#(XD22*XC15-XD12%XC22) /(XD22#XK224 XC22% #2 ) - K*XMTTH~
X2*SAVY{13)+(X1ROSQ*(XN*YPRED(I+4)%SN-XNSQ*YPRED(I+6)})
+X1RO*YPRED( I+7)*CS)*(XD11-{XD12%XD12%XK22+XC15*(2.0%*
XC22%XD12~-XC15%XD22) ) /{XC22*XC22+XK22%XD22)) + (X1RO*
(XN*YPREDUI+4)+YPRED(I+5)%CS~YPRED([+46)%SN)+X1%YAQPH*
SAVY(9) )*({XClLl+(XD12*XC22*XK12-XC15*(XC15%XC22+XD12#
XK22+4XD22%XK12) )/ (XC22%XC22+XK22%XD22)}
+X3%SAVY(49)
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2100010
2100020
2100030
2100040
2100050
2100060
2100070 -
2100080
2100090
2100100
2100110
2100120
2100130
2100140
2100150
2100160
2100170
2100180
2100190
2100200 -
2100210
2100220
2100230
2100240
2100250
2100260
2100270 -
2100280
2100290
2100300
2100310
2100320 -
2100330
2100340
2100350
2100360
2100370
2100380
2100390
2100400
2100410
2100420
2100430
2100440
2100450
2100460 -
2100470
2100480
2100490 -
2100500
2100510
2100520
2100530 -
2100540
2100550
2100560

- 2100570 -

2100580
2100590

- 2100600

2100610



c

YAMPT

1
*{
(c

CONMPEWN -~

YANPT
YAJPH

[

YDOT(I+4)

S OUN -

YOOT(I+5)

CNMPWNN

-
® -4
n u

1
YDOT(1)

N S WN -

YOOT{I+1)

SWN -

YDOT(I+2)

Ut WN e

YDOT{I+3)

N »

YDOY(1+46)
YOOT{I+7)

N = g

2-(X1ROSQ*(
3(XC15%XC22
3
60 TO 9005
EQUATIONS
7342 CONTINUE
YAOPH
YANTH =

.0/(XC16*SN*X1R0O-XK33-SN4X1RO* (XD33#SN/( RO)=-XC16)))
(XK338XD33-XC16%%2)*X1RO* (=2 .0*#XN*YPRED(I+7) +YPRED ([ +4)*
SEXIR1~CN1RO)+XN*YPRED([+5)#(X1R1+SNLRO) +2 .0 *XN*YPRED
{146 )%CS*X1R0)+X1*xSN*( YAOPH#SAVY (5) +YPRED(I+7)*#SAVY(9)
)+ {YPRED( 1} +X2*SAVY(12) )% (XD33%SN*X1RO-XC16) +X2%
SAVY(15)#*(XK33-XC16%SN/RO))
+X3%SAVY(50)
= YPRED([)+YAMPT*SN1RO
YPRED([42)+X1%(SAVY(8)*YAGPH+YANPT#SAVY(9)-YPRED (1+1)
*SAVY(5)~YPRED{I+7T)#SAVY(6))
R1*(YPRED{ I+4)#CS*X1RO+X1#{ YADPH*SAVY(5) +YPRED(I+T)*
SAVY(9))
+XN*YPRED( I+5)%X1R0O+(1.0/(XK33~
XCl6%%2/XD33) ) *(YPRED(T)+YAMPT*{ SN&X1RO-XC16/XD33)+X2%
(SAVY(12)-XC16*SAVY(15)/XD33)))
+X3%SAVY(51)
= YPRED(I+6)-R1#X1*YPRED(I+T)*SAVY(5)+R1*(XD22%(YPRED( I+
L)+KEXNTPH#X 2*SAVY (11) ) +XC22%( YPRED { [+3) +K*XMTPH+X2%
SAVY(14))=(X LRO*( XN*YPRED (I +4)+YPRED (1+5 ) *CS—YPRED (I +6
JESN) +X1#YAGPH®SAVY(9) )%
(XK12#%XD0224XC15%XC22)-(XIROSQ* ( XN*YPRED( I +4)—XNSQ%*
YPRED(I+6) ) +X1ROXYPRED({ I+7)%CS)* (XC22%XD 12-XC15%XD22))
7(XK22%XD22+XC22%%2)
+X3%¥SAVY(52)
YPRED(I+5)%CS1RO~YPRED( 146 ) *SNIRO+SAVY (9 ) *YAOPH+
YOOT(I+45)/R1-YPRED(I+6) /R1+SAVY(5)*YPRED (1+7)
SAVY(1)#CS1RO-SAVY(3)*SNIRO+.5%( SAVY(9)#SAVY(9)
+SAVY (5 )%SAVY(5))+(SAVY(2)=SAVY(3))/R1
R1#(-2.0%YPRED(I1)*CS1RO+XN* YANTH®X1RO-XN *YAMTH#SN*
X1ROSQ-YAMPT*CSIRO*{ X1R1~SN1RD) }-R1*KA {XFTHLD+XMPHLD*
SNLIRO)-R1#X1%{SAVY (24 ) *A+K*XFTHLD*B+SAVY (25) *YDOT (1+4)
/R14SAVY(4)#KEXFPHLD/R1+SAVY (26) *YAQPH+S AVY (9) #K%
XFZELD+SN/RO*(YANTH®SAVY (9) +YAOPH*SAVY (7 )-YPRED(I+T)#
SAVY(8)-YANPT#SAVY{5)))~X3*SAVY(33)
R1*(CS1RO*{ YANTH-YPRED{I+1))=XN*X1RO*(YPRED{ 1)+
YAMPT#{ SN*X1RO+X1R1) )+YPRED{ [+2)} *X1R1)~R L*K¢XFPHLD
~R1#X1*(SAVY{25)%A+K*XFPHLD*8
~SAVY(26)*YPRED{I+T7)~SAVY(S5) %K« XFZELD)
~X3%SAVY(34)
RL*{~YPRED(I42)*CS1RO-YANTH*SNLRO-YPRED( [+1)*X1R1
+XNSQ*YAMTH®XIR05Q-2. O*XN*YAMP T#C S* X1IROS Q) +R 1*K#
(XN*XMPHL D*X1RO-XFZELD)~R1*#X1*(SAVY (26 ) * A+K*XFZELD*
B-SAVY(24)*YAOPH~-SAVY (9)2K*
XFTHLD+SAVY( 25)%YPRED(I+7)+SAVY(5)*K*XFPHLD)
~X3%SAVY(35)
R1%(YAMTH*CS1RO-YPRED( I+3)*CS1R0~2.0*XN* YAMPT#X1RO+
YAJPH+K#XMTHLD)
+X3%SAVY(36)
R1*(YPREG( [+7)-YPRED(I+5)%X1R1)
R1*{XK22*{YPRED (143 )+K*XMTPH+X2%SAVY (14) }=XC22* ( YPRED|
I+1 ) +K*XNTPH+X2%SAVY{11) )+ (X1RO* (XN$YPRED(T+4)+
YPRED(I+5)%CS-YPRED{I+6)*SN)+X1#YAOPH*SAVY (9] )% (XK12%
XC22-XK22#%XC15)
XNAYPRED( I+4)*SN-XNSQ*YPRED(I+6))+X1RO*YPRED (I+T)*CS) *
+XK22%XD12) )/ (XC22%#2+XK224XD22)
+X3%SAVY(53)

FOR CONE

= XN®YPRED({I+6)*X1CS/S-YPRED(I+4)*TAN/S
(YPRED( [+1)4KEXNTPH+X2¥SAVY(11) ) %(XC15%XC22+XD22*XK12)

!16—7

2100620
2100630
2100640
2100650
2100660
2100670
2100680
2100690
2100700
2100710
2100720
2100730
2100740
2100750
2100760
2100770
2100780
2100790
2100800
2100810
2100820
2100830
2100840
2100850
2100860
2100870
2100880
2100890
2100900
2100910
2100920
2100930
2100940
2100950
2100960
2100970
2100980
2100990
2101000
2101010
2101020
2101030
2101040
2101050
2101060
2101070
2101080
2101090
2101100
2101110
2101120 -
2101130
2101140
2101150
2101160
2101170
2101180
2101190
2101200
2101210
2101220



1 /IXK22#X0224XC22%%2 ) -K*XNTTH-X2*SAVY{(10) + (XK12%XC22- 2101230
1 XK22*XC1S)*{YPRED([+3)+KsXMTPH+X2*SAVY(14))/(XC22% 2101240
2 XC224XK22%XD22)+( { XN*YPRED(I+4)+YPRED(I+5)*CS- . 2101250
3 YPRED(I+6)%SN)/(S*CS)+X1*YAOPH&SAVY(9) )* (XK11+(XC15% 2101260
3 {XC15%XK22-2.0%XK12*X(C22)-XK12*XK12%* 2101270
4 XD22)/(XK22*XD22+XC22%XC22))+( (XN*YPRED(I+4)*SN-XNSQ* 2101280
5 YPRED(I+6))/(S*S*CSSQ)+YPRED(I+7)/S)*(-XC11+{XC15*XC15%XC22+ 2101290
6 XC1S5%(XK12¥XD22+XK22%XD12)-XK12%XD12%XC22)/(XK22%XD22+XxC22*XC22)) 2101300
7 +X3%*SAVY(48) 2101310

YAMTH = (YPRED(I+#3)+K*XMTPH+X2%SAVY(14))*(XC15#XC22+XK22*XD12) 2101320
1 J7{XK22%XD22+XC22*%2) + (YPRED (T+1 ) +K*XNTPH+X2#SAVY(11))* 2101330
1 (XD22*XC15-XD12*XC22)/(XD22*XK22+4XC22%*#%2 )-K*xXMTTH-X2* 2101340
2 SAVY{13)4(1.0/(S*S*CSSQ)I*{-XNSQ*YPRED(I+6)+XN* ’ 2101350
2 YPRED(I+4)* 2101360
3 SN)+YPRED(I+7)/S)®(XDL1-{XD12%XD12%XK22+XC15%(2.0%XC22%XD12~-XC15% 2101370 "
4 XD22¥)/(XC22%XC224XK22*X022) }+( 1.0/ (S2CS ) * { XN* 2101380
5 YPRED(I+4)+YPRED(I+5)*CS—YPRED(T+6)*SN)+ X1*YAOPH* 2101390
6 SAVY(9) ) #(XC11+(XD12%XC22%XK12-XC15%(XC15%XC22+XD12%* 2101400
7 XK224XD22*XK12))1/{XC22%XC22+XK22%XD22) ) 2101410
8 +X3%SAVY(49) 2101420

YAMPT =({(XCl6%TAN/S-XK33-(TAN/S)*(XD33#TAN/S~-XC16))*%(-1))*((XK33% 2101430

1 XD33-XC16*%2 )%(1.0/(S*CS) )1#{-2.0%XN*YPRED(I+7)-YPRED(I+4)* 2101440
2 SN/S+XN*YPRED(I+5)%TAN/S+2.0*XN*YPRED(I+6)/S)+X1#SN*. 2101450
3 (YAOPH®SAVY (5)+YPRED(I+T)*SAVY(9))+ (YPRED(I)+Xx2%* 2101460
4 SAVY{12))*(XD33*TAN/S-XC16)+X2%SAVY (15)* {XK33-XC16%* 2101470
5 TN/S)) 2101480
6 +X3*5AVY{50) 2101490
YANPT = YPRED(I)+YAMPTATAN/S 2101500
YAJPH = YPRED(l+2)+xl*(SAVY(8)‘YAOPH+YANPT‘SAVY(9)-YPRED(I*1)* 2101510
1 SAVY(S)-YPRED(I+7)*SAVY(6)) 2101520
YDOT(TI+4) = YPRED(I+4)/S4X1*(YAOPH®SAVY(5)+YPRED(I+7)%SAVY{9))+XN* 2101530
1 YPRED(I+5)/(S*CS)+(1.0/(XK33-XC16%**2/ 2101540
2 XD33))#(YPRED(I)+YAHPT#(TAN/S-XCI6IX033)+X2‘(SAVY(12)- 2101550
3 XC16*SAVY(15)/XD33)) 2101560
4 +X3%SAVY(51) 2101570
YOOT(I+5) = -XL*YPRED{I+7)%SAVY(5)+(XD22*({YPRED(I+1) ¢+K*XNTPH+X2%* 2101580
1 SAVY(11))+4XC22%(YPRED(I+3)+K*XMTPH+X22SAVY(14))-(XK12* 2101590
1 XD22+4XC15%XC22)*((1.0/(S*CS)*(XN*YPRED(I +4)+YPRED(I+5) 2101600
2 *CS-YPRED{I+6)%SN) )+ X1*YAOPH*SAVY(9))-(XC22%XD12-XC15% 2101610
2 XD22)*{ (-XNSQ* 2101620
3 YPRED(I+6)+XN*YPRED{ I+4)%SN)/ (S*S*CSSQI+YPRED(I+71/S5)) 2101630
4 /7 (XK22%XD22+XC22*XC22) - 2101640
5 +X3%SAVY(52) 2101650
A = YPRED(I+5)/S-YPRED(I+6)*TN/S+SAVY(9)*YAQPH+YDOT(1+5) 2101660
1 +SAVY(S)*YPRED(1+7) ' 2101670
B = SAVY{1)/S-SAVY(3)2TN/S+0.5% (SAVY{3) *#SAVY (9)+SAVY(5)* 2101680
SAVY(5) )+SAVY(2) 2101690

-YDOT(1) --Z.O*YPRED(I)ISOXN*YANTH‘XlCS/S—XN*YAHTH*SN*XICS*#ZIS“Z 2101700
1 +YAMPTSTAN/ S*%2-K# { XFTHLD+XMPHLD*TAN/S)-X1*(SAVY(24)* 2101710
2 A+K*XFTHLD*B4SAVY(25)%YDOT( 144)+SAVY {4 ) KeXFPHLD+ 2101720
3 SAVY {26 )*YAOPH+SAVY(9)*K*XFZELD+TAN/S* (YANTH*SAVY(9)+ 2101730
4 YAQPH*SAVY(7)-YPRED(I+T)*SAVY(B)-YANPT#*SAVY(5)))-X3* 2101740
5 SAVY(33) X 2101750
YDOT(I+1)= -YPRED(I+1}/S+YANTH/S-XN*YPRED(I)/{S*CS)-XN*YAMPT*SN/ 2101760
1 (S*S*CS*CS)-K*XFPHLD-X1*(SAVY{25)%A+K&XF PHLD*B~-- 2101770
2 SAVY(26)*YPRED(1+47)-SAVY(5) ¢K*XFZELD) 2101780
3 =X3%SAVY(34) . 2101790
YDOT(142) = -YPRED(I+2)/S~-YANTH*TAN/S+XNSQ*YAMTH/(S¢%2%CS**2) 2101800
1 ~2. 0*XNEYAMPT/ (S*#2%CS ) + K& ( XN*XMPHLD*X1C S/ S-XFZELD) 2101810
2 +X1*(SAVY (26 )*A+K*XFZELD*B~SAVY{24)*YAOPH-SAVY (9) #K* 2101820
3 XFTHLD+SAVY(25)*YPRED (I+7)+#SAVY{5) *K*XFPHLD) : 2101830
4 -X3%S5AVY(35) 2101840
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YDOT(!03)= YAHTHIS-YPRED(I#B)/S ~2.0*XN*YAMPT/(S*CS)+ YAJPH+XMTHLD 2101850 -

1 =X 2101860
2 +X38SAVY(36) 2101870
YDOT (146 )=YPRED(I+7) 2101880
YDOT(I+7) = (XK22%(YPRED(I+3)4K*XMTPH+X2#SAVY(14))-XC22* 2101890
1 (YPRED(I+1)+K*XNTPH+X2*SAVY(11))+(XK12%XC22~-XK22*XC15) 2101900
2. *((1.0/(S*CS)*{XNSYPRED(I+4)+YPRED([+5)*CS-YPRED(I+6)* 2101910
2 SN) ) +X1*YAOPH*SAVY(9) )-(XCL15%XC22+XK22%XD12) * 2101920
3 {(-XNSQ*YPRED( I+6 )+ XN*YPRED( 1+4)%SN) /7 (S*S*CSSQ)+ 2101930
4 YPRED(107)/5))I(XKZZ*X022+XC22‘XC22) 2101940
5 . +X3%SAVY(53) 2101950
- 60 TO 9005 2101960
C EQUATIONS FOR CYLINDER T 2101970 -
7343 CONTINUE 2101980
YAQOPH = X1IRO*{XN*YPRED(I+6)-YPRED(I+4)) ) 2101990
YANTH = (YPRED(1¢1) +K*XNTPH+X2¢SAVY(11))*(XC15%X(22+XD22%XK12) 2102000
1 JUXK22%XD22+XC22%%2)-K* XNTTH-X2*SAVY (10) + (XK12#¥XC22~ 2102010
2 XK22#XC15)*( YPRED (43 ) +K*XMTPH+X2%SAVY(14) )/ (XC22%* 2102020
2 XC22+XK22#*XD22} +{ X1RO*{ XN*YPRED(I+4)-=YPRED(1+6)) +X1% 2102030
3 YAOPH$SAVY(9))*(XK11+(XC15% {XC15%XK22~2. 0#XK12%XC22) ~ 2102040
3 XK12*XK12%* 2102050
4 022)/lXKZZ‘XDZZ+XC22*XC22))*(XIRDSQ*!XN*YPRED(!+h)-XNSQ 2102060
5 ®YPRED(I+46)) )% (-XC1l1+(XC15%XC15%XC22+ 2102070
6 XC15%(XK12*XD22+XK22%XD12)~ XKIZ*XDIZ*XCZZ)I(XKZZ*XDZZ*XCZZ*XCZZ)) 2102080
L4 +X3%SAVY(48) 2102090
YAMTH = (YPRED(I+3)+K*XMTPH+X2%SAVY(14) )% (XC15%XC22+XK22#XD12) 2102100
1 J7(XK22%XD22+XC22%*2) + (YPRED (I+1 ) +K*XNTPH+X2%SAVY(11))* 2102110
2 (XD22*XC15-XD12#XC22) 7 (XD22*XK22+XC22%#2 )-K*XMTTH-X2* 2102120
2 SAVY (13 )+X1ROSQ*( XN*YPRED( I +4)-XNSQ*YPRED(I+6)}) 2102130
3 *(XDll (XD12%XD12%XK22+XC15%({2.0%XC22*XD12-XC15% 2102140
4 XD22))/(XC22%XC22+XK22%XD22) ) + ( X1RO* {XN*YPRED({ I+4)~ 2102150
- YPRED(I+46) 1 +X1#YAOPH#SAVY(9) J*(XC1l1l+ (XDl 2%XC22%XK12~ 2102160
5 XC1S5%(XC15%XC22+XD12*XK22+ 2102170
6 XD22%¥XK12))/71XC22¥XC22+XK22¥XD22)) 2102180
7 +X3%SAVY(49) ) 2102190 -

YAMPT={1/(XC16*X1RO~-XK33~X1RO*(XD33*XLRO-XC16}) )*((XK33%XD33-XC1l6 2102200

1 %2 ) $X1RO* (-2, 0%XN*YPRED (I+7)+XN*X1RO*YPRED{I+5))+X1* 2102210
2 (YAOPH¥*SAVY(S5)+YPRED(I+7 )*SAVY(S})+{YPRED(I)+X2% - 2102220
3 SAVY{12))%(XD33%X1RD-XC16)+X2*SAVY(15)*(XK33~XC16/R0)) 2102230
4 +X3%SAVY(50) 2102240
- YANPT = YPRED(I)+YAMPT*X1RO 2102250

YAJPH.= YPREDUI+42)¢X1*(SAVY(8)*YAQOPH+YANPT*SAVY(9)-YPRED(I+1) 2102260
1 *SAVY(5)-YPRED(I+7)%SAVY(6)) 2102270

YDOT(I+4) = X1%({YAOPH®SAVY(5)+YPRED(I+7)%*SAVY(9))+XN*YPRED{I+5)/R0 2102280
I + 2102290
1 (1.0/(XK33-XC16%%2/XD33))*(YPRED(I)+ 2102300
2 YAMPT*({X1RO-XC16/XD33) +X2*(SAVY{12)-XC16*SAVY{(15)/ 2102310
3 XD33}) 2102320
4 +X3%SAVY(51) 2102330

YDOT(1I+45) = =X1*YPRED(I+T)*SAVY(S5)+(XD22*{YPRED(I+1) +K*XNTPH+X2%* 2102340
1 SAVY(11))+XC22%{YPREDII1+3)+K*XMTPH+X2%SAVY{14))-{X1RO0* 2102350
1 - (XN*YPRED{I+4)-YPRED(I+6))+X1*YAOPH*SAVY (9)) *(XK12%* 2102360
2 " XD224XC15%XC22)-X1ROSQ* (XN*YPRED - 2102370
2([+4)-XNSQ*YPRED(I*6')*(XCZZ*XDIZ—XC15#XDZZ))/(XKZZ‘XDZZ#XCZZ**Z) 2102380
3 +X3*%SAVY(52) 2102390

A= =YPRED(1+6)/RO+SAVY(9)*YAOPH+YDOT{I+5)4SAVY{5)* 2102400
1 YPRED(I+7) 2102410

B = -SAVY{(3)/RO+0. 5*(SAVY(9)‘SAVV(9)+SAV%(5D#SAVY(S))+ 2102420
1 SAVY(2) 2102430

Yoorvt(1) = XN&YANTH®X1RO-XN*YAMTH®*X1ROSQ-K* ( XF THLD+ XMPHLD#X1RO) 2102440

1 ~X1#(SAVY (24 )*A+K*XFTHLD*B+SAVY(25)*YDOT (I +4)+SAVY(4)& 2102450~
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K*XFPHLD+SAVY(26) *YAGPH+SAVY (9 ) $KEXFZELD+( YANTH® 2102460

2
3 SAVY{9)+YAOPHSSAVY (7)-YPRED (I+7)#SAVY(8) —-YANPTS 2102470
s SAVY(5))/RO)-X34SAVY(33) 2102480
YDOT(I+1) = =XN#X1RO®YPRED([)=-XN*YAMPT#X1ROSQ-K$XFPHLD-X1* 2102490
1 (SAVY (25)*A+K*XFPHLO*B-SAVY (26) *YPRED(I+ T) -SAVY(5)* 2102500
2 K$XFZELD) : 2102510
3 ~X3%SAVY(34) 2102520
YOOT(I+42) = -YANTH#X1RO+XNSQeYAMTHS X1ROSQ+K® ( XN#XMPHLD#X1RO0- 2102530
1 XFZELD)=X1%*(SAVY(26) *A+K*XFZELD#B-SAVY (24 ) $Y AOPH- 2102540
2 SAVY(9) SK#XFTHLD+SAVY (25 )YPRED( 1+7)+SAVY(5) #K€XFPHLD) 2102550
3 _ ~X3%SAVY(35). 2102560
YDOT(1+43) = =-2.08XNSYAMP T#X1R0+YAJPHKEXNTHLD 2102570 -
1 +X3#SAVY(36) ' 2102580
YDOT (146 )=YPRED(I+7) ‘ : 2102590
YOOT(I47) = (XK22%(YPRED(I+3)+K#XMTPH¢X24SAVY(14))-XC22# 2102600
1 (YPRED( I+1)+K#XNTPH+X2#SAVY (1) )+ {X1RO®{ XNSYPRED (1+4)~ 2102610 -~
1 " YPRED(146))+X1#YAOPH#SAVY(9))*(XK12#XC22 ~XK22#XC15)~ 2102620
2 X1ROSQ# ( XN®YPRED 2102630
ztloax-xnsotvpneo(1¢6»)t(xcxstxczz+xxzz-xolz))/(xczztcz¢xxzzax022) - 2102640
3 +X38SAVY(53) 2102650
" 9005 .CONTINUE _ 2102660
" RETURN g 2102670
END : 2102680

C cceeeo ROUTINE #%* TOBAR *# ABACUS UPDATED 01/11/74 .cce. 2200000
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SUBROUTLINE SHPLAS

Subroutine SHPIAS is called from LEBEGE and incremental stress re-
sultants, deformations and geometric data are passed to the subroutine
in the label common area LASTEQ., The routine SHPLIAS updates all values
to the current load increment and calls a series of routines to obtain
the plasticity history of the shell.

Subroutines Called from SHPLAS

Subroutine SHSRSE: Is a routine to calculate elastic stresses through-

out the shell wall cross-section.

Subroutine SEPSIS: Is a routine to calculate the plastic strain increments

and the shift in the yield surface. The total stresses and plastic strains
are also obtained. For this routine the material must be isotropic and

the hardening laws either kinematic or istropic.

Subroutine LINEQU: TIs a small simultaneous equation solver.

Subroutine ORTHKN: Performs the same function as SEPSIS, above, for

orthotropic (kinematic hardéning) plasticity.

Subroutine EPSIS: Performs the same function as SEPSIS, above, for per-

fectly plastic behavior.

Subroutine SMEAR: Is a routine to calculate the plasticity effects of

smeared reinforcement.

Subroutine SAVXES: Is a routine which obtains an equilibrium and strain

correction for each point in the shell, for a series of load steps.

Subroutine ARRAYS: If the clues are set for graphical display of results,

the necessary information is passed to this subroutine, which in turn

arranges the information to be plotted into proper arrays.
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FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)

EPSITH . €

6
(o}
EPSIPH €
¢0
GAPHTH Y0
(o]
XKTH kg
XKPH k
¢
XKPT K0
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CHECK
CALL HARDENING ga;;
SEPSIS LAW

CALL

ORTHKN

SHPLAS

CALCULATE
'STRAINS

CALL
SMEAR

!

1S
CROSS-SECTION
STIFFENED

UPDATE ALL VALUES TO CURRENT LOAD STEP.
OBTAIN EQUILIBRIUM AND STRAIN CORRECTIONS.
WRITE RESULTS ON TAPE X.

OUTPUT
NUMERICAL
VALUES

v

IS LOAD
YES
CYCLE EQUAL CALL
TO GRAPHICS ARRAYS
CYCLE
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FOR, IS SHPLAS,SHPLAS -

SUBROUTINE SHPLAS (NCYC,NAPEX,NPRsSTEP) - 3300010
INTEGER SAVJTC,SAVSTPQy THICK 3300020
INTEGER XN - 3300030
DOUBLE PRECISION YPRED © 3300040
DOUBLE PRECISION YCORR : 3300050

. _ 3300060
COMMON STORY(16),XMAT(270410),STD{10),SADUS(30) 4RADUS(30) 3300070
COMMON TADUS (30) yUADUS(30) 4 SAVTIC(900) : 3300080
COMMON XNy TEFREE,TICoPHI+STOP,RESTOP,RTICK¢G1sXNL{3) yNH 3300090 -

COMMON NST(30),NKL(30),NXMAT(20)+SAVJTC(30),SAVSTP(30),JRTIC{30) 3300100
COMMON JRSTOP({30),NREGoNMPT ,NRCyNSCoNIXy IERROR, KGEOM, IGEOM, ISTTAB 3300110
. COMMON KELVIN, IBEGINyNPROByNSEGyNERROR,QyTHICKsNOJSs NLINKS,NLCASE 3300120

COMMON NTSKLyNZ ¢yNBCToLINPUT,NTRKL oNPASSyXN1,KBC yNRINGS . -~ 3300130
COMMON LODE, ICYCLE,LDISTL 3300140
COMMON. /LASTEQ/ YPREDI(8),YDOT(8),YASAVE(8B), 3300150
1 YANTH, YAMTH, YAMP T, YANP T, YAOPH, YAQPH, YAQTH,YAJPH, - 3300160 -

2 SeSNsCS¢SNSQsCSSQy TANSSEC,CNoX1CSs X1 SN, TN, 3300170

3 - X1R0s X1ROSQyX1SNRD, X1CSRO,CN1RO, SNIRDL,CS1IROy -~ 3300180°
4 X1R19X1R2sCS1R1,CS1IR2,SN1R1yX1R1SQsR25Q, RO,BESQ, 3300190
S ROSQvXNSQ,BETA,RlURZ,Sl'RIDO7'RIS°v 3300200
6 XNTTHeXNTPHyXMTTHy XMTPH XFTHLL » XFPHL Dy XF 2ELD» . 3300210
7 XMTHLDy XMPHLODy ETHET,EPHI 4 XGPTH,ALPHTH JALPHPH, 3300220 -
‘8 XNUTP'XNUPT.XCIIgXCZZ'XC15'XD33oxozz'XDZIOXDIZ' + 3300230
9 XK119XK129XK219XK229XK334XD11, " 3300240
A My IoSITIN,SITOUT,SIPIN,SIPOUT,TPTIN,TPTOUT, 3300250
8 ZBR[N,ZBROUT.SCRIPA.SCRIPIgSIFINgSlFUU?.7ZEPH’TZETH 3300260
8 +XNPHI,BETTA,ZETTA,XC16 t 3300270
.C sRMOSSyRMOSNy YLDSToROCHP o FPLUH yGPLUH, TWON 3300280
0 - yRMOSSY y RMOSNY ,RMOSXY,RMONXY 3300290
D yRMOSNS y RMOSSS s SIGOXS s RMOSNR y RMOSSRy SIGOXR - 3300300
COMMON /W00D/ SAVY(53),NPLEV,NLPO,NPLA(21),STR{6),SIGMA(3,21), 3300310

C SEPS(3921)4SALPH(3421)¢SBAPH(3,21)4STEPS(3421)s - 3300320
[¢] EFF(21) s STSRN{3),NPLAST(3),STSIGt3),STREPS(3), 3300330
M STALPH(3),STBAPH(3),EFFST(3) NPLEVS(3) . 3300340
COMMON /CDISP/ P,PMAX,DELP,DELP),YEPS,2EPS 3300350
COMMON /CMAIN/ IETAI(ZI)'ZETAZIZI)QNODEQALF(4)'CE(Q).NLRS;HIQHO, 3300360
COMMON /PLST1IC/ 10,J0,1I0R,JOR,KORI,NEO 3300370 -
COMMON /MAGIQ/ KKNT,TII,TIK,YOK,TOOD 3300380
COMMON /RWO/ ER:ESvCPH.CtHoAPHvATH'SPH'STH'ALPHS:ALPHR.TS'TRQSNB. 3300390

(o cSB 3300400
COMMON /GRAFIX/ X(100), Y(100'9).NGRAPH'LDEF(9,oNGRoJCYC'NFLAG'JAHQ 3300410 -

Cc JINSC 3300420
DIMENSION SAVX{53),EPSTNT(3,2) 3300430
DIMENSION DSTR(6'QEPSINT(302"TEHP(7).DSlG(3).DEPS|3'.TEPS(3, 3300440
DIMENS ION YCORR(16) 3300450
DIMENSION SIGMI(3),SIGMO(3),EPSI(3),EPSC(3) : - 3300460
DIMENSION DVTOT(3),EE(2),0EN(3),DEM{3) © . 3300470
EQUIVALENCE (DSTR(1,'EPSIPH’,‘DSTR(Z)vEPSITH)'(DSTR(3)oGAPHTH) 3300480
EQUIVALENCE (DSTR(4)sXKPH) s {DSTR{5) ¢ XKTH) » (DSTR{6) +XKPT) 3300490
EQUIVALENCE (YPRED(1),YCORR{1)) . _ 3300500
EQUIVALENCE (NERR,NIX) 3300510
EQUIVALENCE (XNL(L)sX1)o (XNLC(2)sX2)9 {XNL(3)yX3) : 3300520
EQUIVALENCE (RMOSSX+RMOSS) s (RMOSNX,RMOSN) 3300530

13 FORMAT(1HO,40X,35HSTRAINS AND STRESSES SHELL ELEMENTS) *3300540
30 FORMAT{1HO,45Xy4HNODE,15,104 OF MEMBER,15,12H NOT ON DISK) 3300550
50 FORMAT(1HO,50X,35HERROR IN LINEQU IN EPSIS CYCLE = ,F6.0) 3300560 -
55 FORMAT{1HO,50X,35HERROR IN LINEQU IN SEPSIS CYCLE = ,F6.0) 3300570
60 FORMAT(1HO,50X,35HERROR IN LINEQU IN ORTHKN CYCLE = ,F6.0) 33005600

JDISK = 6 o . 3300590

174



SIMP=.3333333/(NLPO~1)

111

110

115

116
113

300

490
500

200
112
181

182
180

Iw=1

1A=1

IF (NH.EQ.0) GO TO 180

IF (LDISTL.EQ.1) GO TO 112

IF (KELVIN.EQ.1.0R.KELVIN.EQ.3) GO T0 110
DO 111 K=1,KBC

DO 111 J=1,3

STEPS(JsK) = 0.0

GO TO 112

IF (THICK.NE.1) GO TO 113

NLH = NLRS/2+1

D0 115 LR=1,NLH ‘

TT = TOK+2.0%ZETAL(LR)*(TII-TOK)
STEPS(L4LR) = ALPHPH®TT
STEPS(2,LR) = ALPHTH®TY
STEPS(3,LR) = 0.0

NLH = NLH#1 °

D0 116 LR=NLH,NLPO

TT = TOK+2.0%ZETAL(LR)*(TOK-TOO)
STEPS(14LR) = ALPHPH*TT
STEPS(24LR) = ALPHTH®TT
STEPS(3,LR) = 0.0

60 TO 112

00 200 K=1,2

DO 200 LR=1,NLPO

LRT = LR+(K-1)*NLPO

GO TO (300,400),K

TT = TIK+ZETAZ(LR)S(TII-TIK)

60 TO S00

TT = TOK+ZETA2(LR)*(T0O-TOK)
STEPS{14LRT) = ALPHPH®TT
STEPS(2,LRT) = ALPHTH®TT
'STEPS(3,LRT) = 0.0

CONTINUE

IF (DELP/ABS(DELP).EQ.DELP1/ABS(DELP1)) GO TO 180
00 181 K=1,KBC

NPLA(K) = O

D0 181 J4=1,3

SBAPH{J3K) = SIGMA(J4K)

DO 182 J=1,3

NPLAST(J) = O

STBAPH(J) = STSIGLJ)

CONT INUE

IF (NAPEX.EQ.0.OR.(NH.NE.O.AND. IBEGINSNE.1)) GO TO 49

- IF -{NPR.EQ.0) GO TO 49

42
49
356

c .
1781

IF (PHI.NE.TIC) GO TO 49

WRITE(6,442) :

FORMAT(//20X5*THIS IS AN APEX SEGMENT®)
.CONT INUE .

G0 TO (1781,1782,1783),IGEOM

PHI COORDINATE

EPSITH=X1RO*(YCORR( IL+5)8CS~YCORR(IL+6)*SN)
1 +X1*YAOPH*SAVY(9)
EPSIPH=X1R1*(YDOT{IL+5) - YCORR(IL+6))
1 +X1*YCORR(IL+7)%SAVY(5)

GAPHTH = YDOT(IL+4)*X1R1 ~ { YCORR{IL+4)*CS)*X1RO

1 *Xl*(YADPH*SAVY(S)*YCORR(IL+7)*SAVY(9))
-XKPH YDOT( IL+7)*X1R1

XKTH X1RO0* YCORR(UIL+T)*CS

.XKPT X1R0#%0.5%( 2. 0%YADOPH*CS+X1R1%(
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3300600
3300610
3300620
3300630 -
3300640
3300650
3300660
3300670
3300680
3300690
3300700
3300710
3300720
3300730
3300740
3300750
3300760
3300770
3300780
3300790
3300800
3300810
3300820
3300830
3300840 -
3300850
3300860
3300870
3300880
3300890
3300900
3300910
3300920
3300930
3300940
3300950
3300960
3300970
3300980
3300990
3301000
3301010
3301020
3301030
3301040
3301050
3301060
3301070
3301080
3301090
3301100
3301110
3301120
3301130
3301140,
3301150
3301160
3301170
3301180
3301190
3301200



c
.- 1782

c
1783

1785
280

285
290

2911

2901
2902

2903

2904
292
293

315

1 YDOV(IL+4) * SN + YCORR(IL+4) * CS 'y

GO T0O 1785

CONE - .

EPSITH = (1.0/(S*CS})) *» ( +YCORR(IL+5)%CS~-SN*YCORR{IL+6) ).
1 +X15YAQPHESAVY(9)

EPSIPH= YDOT(IL+5)
1 +X1*YCORR{ IL+T)#*SAVY(S)

GAPHTH = YDOT(IL+4) - 1.07(S*CS) * ( +CS * YCORR{IL+4))
1 -Xl‘(YAOPH‘SAVY(S)OYCORR(IL§7)‘SAVY(9))

XKPH “YOOT(IL+T)

XKTH = l.OI(S*CS) * YCORR(IL07) * CS

XKPT = 1.0/(2.0%S%CS)*(2.0%YAQPH*CS+
1 YDOT(IL+4) * SN)

GO TO 1785

CYLINDER

EPSITH= X1RO* ( = YCORR(IL+6))

1 . 4X1#YAOPH#*SAVY(9)

EPSIPH— YDOT (IL+5)

1 +X1*YCORR(IL+T)*SAVY(S)

GAPHTH= YDOT(IL+4}.

1 ‘Xl‘(YAOPH*SAVY(S)*YCORR(IL+7)‘SAVY(9))

XKPH = YDOV(IL+7)
XKPT = 0. S*XIRO‘YDOT(IL06)

XKTH = 0.0

CONTINUE

CONTINUE

CE(1) = EPHI/(1.0-XNUTP#*XNUPT)
CE(2) = ETHET/(1.0-XNUTP*XNUPT)
CE{3) = XGPT

CE(4) = XNUPT#EPHI/(1. O-XNUTP*XNUPT)
ALF(1) = 1.0/EPH!

ALF(2) = 1.0/ETHET

ALF(3) = 1.07/XGPT

ALF(4) = =-XNUPT/ETHET

INITIALIZE EPSINT ARRAY
D0 290 JJ = 1,3
DO 290 JT = 1,2
EPSINT{JS,JIT) = 040 -

LIM = 2

IF (THICK.EQ.l) LIM = 1

00 3800 IS=1,LIM

DO 2911 JJy=1,3

DO 2911 J4T=1,2

EPSTNT(JJ,JT) = 0.0

DO 380 LR = 1,NLPO

LRT = NLPO*(IS-1)+LR

GO TO (2901,2902),LIN

TEMP{%) = ZETAL(LR)*HI/2.0
.60 TO 292

GO TO (2903,2904),1IS

TEMP(4) = ZETA2(LR)*HI+(2.0%T#HO+HO*HO-HI*HI)/2.0/(H1+HD)
GO TO 292

TEMP(4) = ZETA2(LR)*HO-(2.0*HI*(HO+T)+HI*HI+HO*HO) /2.0/(HI+HO)
DD 293 I1=1,3

TEPS(IL) = DELP*STEPS(II,LRT)

CALL SHSRSE (DSIGsTEMP4DSTRy1,TEPS)
IF(NPLEV .EQ.0) "GO TO 395

TEMP(S5) = SIGMA(14LRT)-SALPH(1,+LRT}

I 178

3301210
3301220
3301230
3301240
3301250
3301260
3301270
3301280
3301290
3301300
3301310
3301320
3301330
3301340
3301350
3301360
3301370
3301380
3301390
3301400
3301410
3301420
3301430
3301440
3301450
3301460
3301470
3301480
3301490
3301500
3301510
3301520
3301530
3301540
3301550
3301560
3301570
3301580
3301590
3301600
3301610
3301620
3301630..
3301640
3301650
3301660
3301670
3301680
3301690
3301700
3301710
3301720
3301730
3301740
3301750
3301760
3301770
3301780
3301790
3301800 -
3301810 -



TEMP(6) = SIGMA(2:LRT )-SALPH{2,LRT)
TEMP{T) = SIGMA{3,LRT}-SALPH(3,LRT)

IF (NPLA(LRT).LE.O) GO TO 375

IF (GPLUH*TEMP(5)*DSIG(1)+FPLUH*TEMP(6)#DSIG(2)-HP*{ TEMP (5)*
1 DSIG(2)+TEMP(6)*DSIGIL))+THON*TEMP(T)*DSIG(3).LT.ZEPS) GO TO 370

00 318 JJ=1,3

318 TEMPLJIJI) = TEMP(JJ)-TEPS(JJ)
IF (KORI.GT.0) GO TO 319
IF {RMOSN.EQ.~1.0) GO TO 320

CALL SEPSIS (TEMP+DEPSySIGMA,DSIGySEPSySALPH »SBAPHsLRT 4NERR,
1 RMOSN, RMOSSyROC, YLDSTy EFF,KORI } :

IF(NERR .EQ.0) GO TO 335
WRITELJIDISK,55) P
GO 10 980

‘319 IF (RMOSNX.EQ.0.0) GO TO 320

CALL ORTHKN (TEMP,DEPS+DSIG,LRT,ALF,NERR)

IF (NERR.EQ.O0) GO TO 335
WRITE(JDISK,60) P
GO TO 980

320 CALL EPSIS (TEMPsDEPSySIGMA,DSIGsSEPS,LRT\NERRyGPLUH FPLUH,HP,

1 THON) )
IF(NERR .EQ.0) GO TO 335
WRITE(JDISK,50) -P
G0 TO 980

335 IF(LR .EQ.2*%(LR/2)) GO TO 360

IF(LR .EQ. 1 .OR. LR .EQ. NLPO) GO TO 350

00 340 JJ = 1,3

EPSTNT(JJy1) = EPSTNT(JJ+1)42.0%DEPS(JJ)
340 EPSTNT(JJs2) = EPSTNT(JJ,2)+2. O*TEMP (4)*DEPS{JJ)

G0 TO 380
350 DO 355 JJ = 1,3

EPSTNT(JJ,1) = EPSTNT(JJ,I)#DEPS(JJ)
355 EPSTNT(JJ92) = EPSTNT(JJp2)+TEHP(4l‘DEPS(JJ)

GO YO 380
360 DO 365 JJ = 1,3

EPSTNT(JJy1) = EPSTNT(JJ,y1)+4.0%DEPS(JJ) :
365 EPSTNT(JJy2) = EPSTNT{JJ,2)+4.0%TEMP(4)*DEPS(JJ)

GO TO 380
370 NPLA(LRT) = ~LRT
375 DO 378 JJ = 1,3

SIGMA(JJ+LRT) = SIGMA(JJI9LRT)I+DSIG(JIJ)

378 TEMP(JJ+4) = TEHP(JJfﬁ) + DSIG(JJ)

YCOND = YEPS

IF (KORI.EQ.O) YCOND = YCOND*EFF(LRT)*EFF(LRT)/YLDST
IF (GPLUH*TEMP(S)*TEMP(S)+FPLUHATEMP (6 I1*TEMP(6)-2.0¢HPE*TEMP(5)*
1 TEMP(6)+THWONSTEMP (7 )*TEMP( T7).GE.YCOND) NPLA(LRT) = LRT

GO 1O 380
395 CONTINUE
DO 398 JJ=1,3

398 SIGMA(JJGLRY) = SIGMA(JJIILRT)I+DSIG(IN)
TEMP(1) = GPLUH#SIGMA(1,LRT)*SIGMA{1,LRT)+FPLUH*SIGMA(2,LRT)*
1 SIGMA(2,LRT)~2.0%HP*SIGMA(1,LRT)*SIGMA(2,LRT)+TWON*SIGMA(3,LRT)*

2 SIGMA(3,LRT)
IF (TEMP(1).LT.YEPS) GO 10 380
NPLA(LRT) = LRT
NPLEV = 1
380 CONTINUE
GO TO (3801,3802),1$
3801 DO 385 JJ4=1,3
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3301820
3301830
3301840
3301850
3301860
3301870
3301880
3301890
3301900
3301910
3301920
3301930
3301940
3301950
3301960
3301970
3301980
3301990
3302000
3302010
3302020
3302030
3302040
3302050
3302060
3302070
3302080
3302090
3302100
3302110
3302120
3302130
3302140

- 3302150

3302160
3302170
3302180
3302190
3302200
3302210
3302220
3302230
3302240
3302250
3302260
3302270
3302280
3302290
3302300
3302310
3302320
3302330
3302340
3302350
3302360
3302370,
3302380
3302390
3302400
3302410
3302420



385
3802

386
3800

435

1

c

00 385 JT=1,2

EPSINT(JJ+JT) = EPSINTUJJIyIT)I4EPSTNT(JJ+JT)*SIMP2H]
GO YO 3800

DO 386 JJ=1,3

DO- 386 JT=1,2

EPSINT(JJJT) = EPSINT(IJyJITI+EPSTNT(II»JT)*SIMP*HO
CONTINUE

DO 435 JJ=1,6

STR(JJ) = STR{JIJ) + DSTR(JJ)

GO TO (5000,5000,5000,5250,5250,5250,5500,5500,5500, 5750,5750,
5750),ISTTAB
SMEARED- RINGS AND STRINGER PLASTICITY

5750 IF (APH.EQ.0.0) GO TO 5850

1
2

DTOT(1) = EPSITH-CPH*XKPH.

STSRN(1) = STSRN(1)+DTOT(1)

DTOT(1) = OTOT(1)-DELP*ALPHS*TS

CALL SMEAR (ES,NPLEVS{1),NPLAST{1),STSIG{1),STALPH({1l),RMOSNS,
STREPS(1}4RMOSSSySIGOXSsSTBAPH{ 1) +EFFST(1) »DENPH,
DEMPHySPHsCPHoDTOT( 1) 4APH)

5850 IF (ATH.EQ.0.0) GO TO 5000

5250

N

1
2

OTOT(2) = EPSITH-CTH*XKTH

STSRN{2) = STSRN(2)+DTOT(2)

DTOT{2) = DTOT(2)-DELP*ALPHR*TR

CALL SMEAR. (ER.NPLEVS(Z).NPLAST(Z)'STSIG(ZIpSTALPH(Z).RHOSNR,
: STREPS{2) +RMOSSRySIGOXRySTBAPH(2) 4EFFST(2) ¢DENTH,

DEMTH,STHeCTH,DTOT(2),ATH)

GO TO 5000

WAFFLE PLASTICITY

IF (ATH.EQ.0.0) GO TO 5000

DTOT{1) = EPSIPH-CPH*XKPH

DTOT(2) = EPSITH-CPH*XKTH

DTOT(3) = GAPHTH=-2.0%CPH#*XKPY

EE(1) = OTOT(1)-CSB*CSB+DTOT(2)*SNB*SNB+DTOT(3)*SNB#(CSB

STSRN(1) = STSRN{1)+EE(1)

EE(1) = EE(1)~DELP*ALPHS*TS

EE(2) = DTOT{(1)%*SNB*SNB+DTOT(2)*CSB*CSB-DTOT(3)*SNB*CSB

STSRN(2) = STSRN(2)+EE(2)

EE(2) = EE{(2)-~DELP*ALPHS*TS

DO 5300 1I=1,2

CALL SHMEAR (ES.NPLEVS(II).NPLAST(Il)’STSlG(lI),STALPH(Il),RNDSNSo
STREPS{II)RMOSSS,»SIGOXSySTBAPH(II) (EFFSTY(IL),DEN(II),

DEM{I1)¢SPHeCPH,EE(II)4APH)

5300 CONTINUE

5500

DENPH = (DEN(1)*CSB+DEN(2)*SNB)/(CSB+SNB)
DENTH = (DEN(1)*SNB+DEN(2)*CSB)/(CSB+SNB)
DEMPH = DENPH*CPH

DEMTH = DENTH*CPH

DENPT = (DEN(1)-DEN({2))/2.0

DEMPT = DENPTSCPH

GO TO 5000

ISOGRID PLASTICITY

IF (APH.EQ.0.0) 60 TO 5000

DTOT{1) = EPSIPH-CPH®*XKPH

DTOT(2) ‘= EPSITH-CPH*XKTH

DTOT(3) = GAPHTH-2.0%CPH*XKPT
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3302430
3302440
3302450
3302460
3302470
3302480
3302490
3302500
3302510
3302520
3302530
3302540
3302550
3302560
3302570
3302580
3302590
3302600
3302610
3302620
3302630
3302640
3302650
3302660
3302670
3302680
3302690
3302700
3302710
3302720
3302730
3302740
3302750
3302760
3302770
3302780
3302790
3302800

3302810 -

3302820
3302830
3302840

© 3302850

3302860
3302870
3302880
3302890

3302900

3302910
3302920 -
3302930
3302940
3302950
3302960
3302970
3302980
3302990

- 3303000

3303010

3303020

3303030



TEMP(1) = (DTOT(1)+0TOT(2))/2.0 3303040
TEMP(2) = (DOTOT(2)-DTOT{1)})/2.0 3303050
TEMP(3) = DTOT(2) 3303060
DTOT(1) = TEMP{1)-TEMP(2)*COS(2.0*BETTA}+DTOT(3)/2.0%SIN(2.0%* 3303070
1 BETTA) ~ 3303080
STSRN(1} = STSRN(1)+DTOT(1) 3303090
DTGT(1) = DTOT(1)-DELP*ALPHS*TS 3303100
DTOT(2) = TEMP{1)-TEMP(2)%COS{2.0*BETTA)-DTOT(3)/2.0¢SIN(2.0%* 3303110
1 BETTA) ) 3303120
STSRN(2) = STSRN(2)+0DTOT(2) 3303130
DTOT({2) = DTOT(2)-DELP*ALPHS*TS 3303140
DTAT(3) = TEMP(3) 3303150
STSRN(3) = STSRN{(3)+DTOT(3) 3303160
DTOT(3) = DTOT{3)-DELP®ALPHS*TS 3303170
00 5525 I11=1,3 ' 3303180
CALL SMEAR (ESyNPLEVS NPLAST(I1),STSIG(II)sSTALPH(II },RMOSNS, 3303190
1 STREPS(II)yRMOSSS,STGOXS,STBAPH(II) ,EFFST(II),DEN(II), 3303200
2 DEM{I1)}+SPHyCPH,DTOTULII)},APH) 3303210
5525 CONTINUE 3303220
DENPH = (DEN(1)#%CSB+DEN(2)%CSB)/2.0/SNB 3303230
DENTH = (DEN(1)*SNB+DEN( 2)*SNB+2.0%DEN(3))/2.0/CSB 3303240
DENPT = (DEN(1)-DEN(2))/2.0 3303250
DEMPH = DENPH*CPH 3303260
OEMTH = DENTH®CPH : 3303270
DEMPT = DENPT*CPH 3303280
GO TO 5000 3303290
5000 CONTINUE ' : 3303300
SAVX(1l) = SAVY(1)+YPRED(I+45) 3303310
SAVX{2) = SAVY{2)+YDOT(I+5) : 3303320
SAVX(3) = SAVY{3)+YPRED(I+6) 3303330
SAVX{4) = SAVY{4)+YDOT(I+4) 3303340
SAVX(5) = SAVY(S)+YPRED(I+7) ' 3303350
SAVX{6) = SAVY(6)+YPRED(1I+1) 3303360
SAVX(7) = SAVY{T)+YANTH 3303370
SAVX{8) = SAVY(B)+YANPT ' 3303380
SAVX{9) = SAVY(9)+YAOPH 3303390
SAVX(10) = CE(2)*(EPSINT(2,1)+XNUTP*EPSINT(1,1)) 3303400
1 +DENTH : 3303410
SAVX{11) = CE(L)*(EPSINT(1+1)+XNUPT*EPSINT(2,1))} 3303420
1 +DENPH ' ‘ 3303430
SAVX(12) = XGPT*EPSINT{3,1) 3303440
1 +DENPT ) 3303450
SAVX{(13) = CE(2)%(EPSINT(2,2)+XNUTP*EPSINT(1,2]}) 3303460
1 +0EMTH 3303470
SAVX{14) = CE(1)*{EPSINTU1,2)+XNUPT*EPSINT(2,2)) 3303480
1 +DEMPH 3303490
SAVYX(15) = XGPT*EPSINT(3,2) ) 3303500
1 +DEMPT 3303510
SAVX({16) = SAVY(16)+YPREDI(I) 3303520
SAVX{17) = SAVY{1T7)+YPRED(I+2) 3303530
SAVX(18) = SAVY(18)+YPRED(1+3) 3303540
SAVX{19) = SAVY{19)+YPRED(1+4) : 3303550
SAVX{20) = SAVY{20)+YAMTH : 3303560
SAVX(21) = SAVY(21)+¢YAMPY : ' 3303570
SAVX(22) = EPSITH 3303580
SAVX(23) = XKTH ’ 3303590
SAVX(24) = SAVY(24)+DELP*XFTHLD 3303600
SAVX(25) = SAVY{25)+DELP*XFPHLD 3303610
SAVX(26) = SAVY(26)+DELP*XFZELD C 3303620
SAYX(2T) = SAVY(2T7)+DELP*XMTHLD 3303630
SAVX(28) = SAVY{28)+4DELP*XMPHLD 3303640 -

179




SAVX{29) = SAVY(29)+YDBOT(I) 3303650

SAVX(30) = SAVY(30)+YDOT(I+1) 3303660
SAVX{31) = SAVY{31)+YDOT(1+2) : 3303670
SAVX{32) = SAVY(32)+YDOT(1+3) ’ 3303680
DO 120 J=6.8 ) 3303690
120 IF (ABS(SAVX(J)}.LT.1.E-5) SAVX(J) =.0.0 3303700
pbo 121 J=10,18 ) 3303710
121 IF (ABS{SAVX(J)).LT.1.E-5) SAVX(J) = 0.0 3303720
. D0 122 J=20,21 3303730
122 tF (ABS(SAVX{J)}).LT.1.E-5) SAVX(J) = 0.0 3303740
CALL SAVXES (SAVX) 3303750
WRITE(JO) SAVXyNPLEVyNPLA,SIGMA,SALPH, SBAPH, STEPS'STRgEFF'STSRNy 3303760
1 NPLASTSTSIGy STREPSy STALPH,STBAPH «NPLEVS EFFST,SEPS 3303770

IF(NH.NE.O.AND. IBEGIN.NE.1.AND.NGR.EQ.0) GO TO 980
IF (NPR.EQ.0.AND.NGR.EQ.C) GO TO 980 3303790
THK = 0.0 3303800
DO 540 J=1,3 3303810
SIGMI(J) = 0.0 3303820
SIGMO(J) = 0.0 . 3303830
EPSI(J) = 0.0 3303840
540 EPSO(J) = 0.0 3303850
GO TO (158+131,158915241534154,152,153,15451524153,154),ISTTAB 3303860
131 GO TO (152,153,154+158), THICK 3303870
152 THK = HI 3303880
DO 542 J=1.3 i 3303890
SIGMO(J) = SIGMA(J,NLPO)} 3303900
EPSI(J) = STRIJ)I+HI/2.0*STR(J+3) 3303910
542 EPSOU(J) = STRUJ)-HI/2.0%#STR(J+3) . 3303920
EPSI(3) = EPSI(3)+HI/2.0*STR(6) ) ) 3303930
EPSD(3) = EPSO(3)-HI/2.0%STR{6). 3303940
G0 Y0 157 3303950
153 THK = T+2.0%H1 3303960
G0 TO 155 ' 3303970
154 THK = T+HI+HO ' : 3303980
155 CONTINUE i ) i 3303990
ZETAI = (HI*HI+HO*HO42.0*HI*HO+2.0%*HO*T) /(2.0 (HI+HD)) 3304000
ZETAD = (HI*HI+HO*HO+2,0%HI*HO+2.0%HI*T)/(2.0%(HI+HD)) 3304010
DO 543 J4=1,3 3304020
SIGMO(J) = SIGMA(J,NLPD*2) . ) . 3304030
EPSI{J) = STRUJI+ZIETAI*STR(J+3) 3304040
543 EPSO(J) = STR{J)-IETAO*STR({J+3) 3304050
EPSI(3) = EPSI(3)+ZETAI*STRI(6) 3304060
EPSO(3) = EPSO(3)-ZETAD*STR{6) 3304070
157 DO 541 J=1,3 3304080
541 SIGMI(J) = SIGMA{J,1) : 3304090
158 CONTINUE 3304100
IF (NGR.EQ.1) CALL ARRAYS '(SAVX(19),SAVX(1),SAVX(3),SIGMI(2}), 3304110
1 ' SIGMI(1),SIGMI(3),SIGMO(2)+SIGMO(L1)oSIGMO(3)4PHI) 3304120

IF (NPR.EQ.0.OR.IBEGIN.NE.1) GO TO 980 .

DEGRES = 0.0 . 3304140
IF (IGEOM.EQ.Ll) DEGRES = PHI*57.29578 : 3304150
WRITE{6+7001) PHI,DEGRES RO, THK,STEP,EPSI{2), ) 3304160
1 STR(2)sSTR{1),{STR(I)y123,5),EPSO(2), 3304170
2 SAVX(19)sSTRUE),SAVX(T)sSAVXL6)»SAVX(8),EPSI(L), 3304180
3 SAVX{1) ¢ SAVX(LT),SAVX(20),SAVX(18),SAVX(21),EPSO(1), 3304190
4 SAVX(3)ySAVX(16)ySIGMI(2),SIGMI(1),SIGMI(3),EPSE(3), 3304200
5 SAVX(S5)ySAVXI9), SlGHD(Z!vSIGHO(l)cSIGHO(B)'EPSO(3) 3304210
TO01 FORMAT(////713Xs6(1PELL.T4TX})) 3304220
IF (NPLEV.EQ.0) GO TO 515 3304230
WRITE(6+519) (NPLA(NL),NL=1,KBC) 3304240

519 FORMAT(//® NPLA =',8X,2115) 3304250

180



517

518
515
980

WRITE(6,517) ((SIGMA{L3,NL),L3=1,3),NL=1,KBC)

FORMAT(/*

SIGMA =y TX¢1P9E13.5/(15X,1P9E13.5))

WRITE(6,4518) ((SEPS(L3,NL)sL3=1,3),NL=1,KBC)

FORMAT(/?
CONTINUE
RETURN
END

EPSILON PLAS =¢,1P9E13.5/(15X,1P9E13.5))

181

3304260
3304270
3304280
3304290
3304300
3304310
3304320



FORy IS SHSRSESHSRSE

SUBROUTINE SHSRSE (DSIG,TEMP,STReLL+EPS) 3500010
COMMON /CHAIN/ ZETA1(21),2ETA2(21)sNODE,ALF (4] ,CE (4] JNLRS,HI JHO,T 3500020
DIMENSION DSIG(3),TEMP(4),STR(1),EPS(1),ESR(3) © 3500030

c IF (ISTTAB.NE.2) GO TO 640 3500040 -
C 621 GO TO (61046500650,640), THICK 3500050
610 CONTINUE 3500060
650 CONTINUE 3500070
640 CONTINUE" 3500080
TEMP(1) = STRILL)-TEMP(4)*STRILL+3) 3500090
TEMP(2) = STRILL+1)-TEMP(4)*STRILL#4) 3500100
TEMP{3) = STR(LL42)=2.0%TEMP(4)#STR(LL*5) 3500110
ESR(1)=TEMP(1)-EPS(1) : 3500120
ESR(2)=TEMP(2)-EPS(2) = : 3500130
ESR(3)=TEMP(3)-EPS( 3) 3500140
DSIG(1) = CE(1)®ESR(1)+CE(4)*ESR(2) 3500150
DSIG(2) = CE(4)#ESR(1)+CE(2)4ESR(2) 3500160
DSIG(3) = CE(3)*ESR(3) . 3500170
RETURN , , 3500180

END _ 3500190

182



FOR,IS SEPSIS,SEPSIS

OO0

- C

c

c

c

SUBROUTINE SEPSIS (DVTOT,DEPS,SIGMA,DSIGSEPS,SALPH,SBAPH,LR,/NERR,
"1 RMOSN+RMOSS,ROC, YLDST+EFF KORT)

STRAIN HARDENING- SHELL ELEMENTS.

COMMON /CMAIN/ ZETA1{21),ZETA2{21)4NODE,ALF(4),CE(4) sNLRSsHI sHO»T
DIMENSION DTOT(3),DEPS{3),SIGMA{3+1),0SIG(3),SEPS(3+1),

D SALPH(3,1),SBAPH(3, II'TEHP(B)'SAG(B) R(353),CAPM(3)

DIMENSION EFF(1)

Do 100 I=]1,3

SAG(I)=SIGMALT,LR)~SALPH(I,LR)

100 TEMP(I)=SIGMA{I,LR)-SBAPH(I,LR)

CHECK FOR ISOTROPIC HARDENING
1F (KORI.EQ.O0) GO TO 301
CHECK FOR L INEAR STRAIN HARDENING
IF {RMOSS.NE.O.0) GO TO 252
DEN = ROC
GO 1O 254
NON LINEAR
252 DEN = ROC*(RMOSS/SQRT(TEMP{1)#{TEMP(1)-TEMP(2))+TEMP (2)*TEMP(2)+
1 3.0%*TEMP(3)*TEMP(3)))**RMOSN
G0 TO 254
301 IF (RMOSS.NE.0.O) GO TO 352
DEN = ~(RMOSN+1.0)/RMOSN/ALF(1)
60 TO 354
352 DEN = 2.333333/ALF(1)/({RMOSN+1.0)*{RMOSS/EFF (LR))%*R MOSN
354 DEN = OEN*EFF(LRISEFF(LR)

‘254 CAPM(1)=SAG({1)~0.5%SAG{2)

CAPM(2)=SAG(2)~0.5%SAG(1)
CAPM{3)=3,0%SAG(3)

FORM R MATRIX RELATING TOTAL STRAIN AND STRESS INCREMENT
TEMP(1)=CAPM{1)/DEN _

R(1s1) = ALF(1)4TEMP(1)*CAPM(1)

R(2+1) = ALF(4)+TEMP(L1)%#CAPM(2)

R(1,2)=R(2,1)

R(3,1)=TEMP(L)%CAPM(3)

R{1,3)=R(3,1)

TEMP{1)=CAPM{2)/DEN

R(292) = ALF(2)}+TEMP(1)*CAPM(2)

R(3,2)=TEMP(1)%CAPM(3)

R(2+3)=R(3,2)

R(343) = ALF(3)4+CAPM(3)%CAPM(3)/DEN

SOLVE SYSTEM FOR STRESS INCREMENT

CALL LINEQU(R,DTOT,3,1,3,NERR) -

IF(NERR.EQ.0) GO TO 260

G0 TO 990

260 DSIG(1)=DTOT(1)

DSIG(2)=DTOT(2)

DSIG(3)=DTOT(3)
PLASTIC STRAIN INCREMENTS

TEMP(1)= CAPH(1)*DTDT(1)+CAPM(2)*DTOT(2)¢CAPH(3l*DTOI(3)
TEMP(2) = TEMP(1)/YLDST

IF (KORI.EQ.0) TEMP(2) = 0.0

TEMP{1)=TEMP(1)/DEN

DO 270 I=1,3

DEPS{I)=CAPH(I)STEMP(1)

SALPH{ T, LR)=SALPH(I,LR1+SAGUI)$TEMP(2)
STGMA(I,LR)=SIGMA(I,LR}+DSIGII)

IF (KORI.EQ.0) EFF(LR) = SQRT(SIGMA[1,LR)**2+4SIGMA(2,LR)}*#2—
1 SIGMA{1,LR)*SIGMA{2,LR)+3.0%SIGMA{3,LR)*%2)

270 SEPS(I,LR)=SEPS(I,LR)+DEPS(I)
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8888 CONTVINUE 202440

CALL ETRAP 202450 -
STOP - 202460
END 202470



FOR,1S LINEQU,LINEQU"
c-

SUBROUTINE LINEQU{A,Y4M;N,NID.NIX)

DIMENSION A(MID,MID),Y{MID,1)
Ml =2 M-1

DO 150 K = 1,M1

KP = K + 1

X = 0,

DO 110 I = KM

“ IF(X - ABS(A(I,K))) 100,110,110

100
110
130

140
143
146
150

160
165

170
180

120

190

X = ABS(A(I,K))

L =1

CONTINUE

IF(X}) 120,1204130
DO 140 J = 1M

X = AlKyed)

A{KyJ) = AlLJ)

A(LyJd) = X -

DO 143 J = 1,N

X = Y(Kyd)

Y{Kyd) = YIL,J)

YileyJd) = X

DO 150 I.= KPyM

X = A(l4K) /7 AtK4K)

DO 146 J = 1,N )

Y{I:d) = Y(Isd) = Y{KyJ)®*X
DO 150 J = KPyM

A(I4J) = A{I4d) -~ AlKed) & X
T = ABS(A(M,M)) :

IF(T) 160,120,160

DO 165 J = 14N

Y(Myd) = Y{Med) /7 AlMeM)
K =M

DO 180 I = 1M1

X = O.

KP = K

K = K-1

DO 180 L=1,4N

DO 170 - J = KPyM

X = X + AlK,J) & Y{J,L)
YIKel) = (Y(KsL) = X ) /7 A(K¢K)
NIX =0

G0 YO 190

NIX = =(KP-1)

RETURN

END
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‘FORy IS ORTHKN,ORTHKN
SUBROUTINE ORTHKN (Dtor.DEPS.DSIG.LR.ALF.NGRR)
COMMON /LASTEQ/ DUM(124),RMOSSX,RMOSNX,YLDST,ROC sHP, FPLUH,GPLUH,
TWON,RMOSSY ,RMOSNY s RMOS XY, RHONXY
COMMON /WOOD/ SAVY(53),NPLEV,NLPO,NPLA(21),STR(6),SIGMA(3,21),
SEPS(3,21),SALPH(3,21),SBAPHI3,21),STEPS(3,21),
EFF(21),STSRN(3),NPLAST(3),STSIG(3),STREPS(3),
STALPH(3), STBAPH(3) ,EFFST{3),NPLEVS(3)
DIMENSION CAPM(4),TEMP(3),DEPS(1),DSIG(1),R(3,3),ALF (1),SAG(3)
DIMENSION DTOT(1)
00 100 1=1,3
SAG(I) = SIGMA(I,LR)-SALPH{I,LR)
100 TEMP(I) = SIGMA(I,LR)-SBAPH(I,LR)
SIGB = FPLUHSTEMP(2)%%2+GPLUHSTEMP( 1)#22-2,.0%HPSTEMP (1) STEMP (2)+
1 THONSTEMP (3 ) #%2
IF (RMOSSX.NE.0.0) GO TO 205
CX:ALF(I)t(I.O-RHOSNX)IRHOSNX‘(GPLUH"Z*HP“Z*(GPLUH-HP'**z)I
1 GPLUH®%2
G0 TQ 210
205 Cx=RMOSNX®ALF(1)/2.333333%(SQRT{SIGB/GPLUH) /RHOSSX)** (RNOSNX-1.0)
1 *(GPLUH®#2+HP$#2+ (GPLUH-HP ) $2) /GPLUH**2
210 IF ‘(RMOSSY.NE.0.0) GO TO 215
CY=ALF{2)#(1.0~RMOSNY ) /RMOSNY*( FPLUH®$24+HP#32+ (FPLUH-HP ) 582) /
1 FPLUH®%?
G0 TO 220 _
215 CY=RMOSNY#ALF(2)/2.333333%(SQRT{SIGB/FPLUH)/RMOSSY)#*(RMOSNY-1.0)
1 S(FPLUH*®2+HP#%2+( FPLUH=HP ) #$2) /FPLUH®*2
220 IF (RMOSXY.NE.0.0) GO TO 225
CXY=0,5%ALF(3)%(1.0-RMONXY ) /RMONXY -
‘60 TO 230 _
225 CXY=RMONXY*ALF(3)/4.6666667%(SQRT{SIGB/ THON) /RMOSXY) *% (RMONXY
1 -1.0)
230 ONDC=(GPLUH$SAG( 1)%%2~HP#SAG( 1)#SAG(2) ) *CX+ (FPLUH®SAG (2) 382
1 ~HP*SAG(1)#SAG(2))*CY+THON®SAG(3) #*2¢CXY
240 CAPM(1) =" 2.0%(GPLUH*SAG(1)-HP*SAG(2))

(o]

EOQ0O

CAPM(2) = 2.0%(FPLUH®*SAG(2)-HP*SAG(1))
CAPM{3) = 2.0*TWON®*SAG(3)
CAPM(4) = -2.0%((FPLUH-HP)*SAG(2) +{GPLUH~IP ) *SAG(1)}

DEN=(CAPM{1) %22 +CAPM{ 2)#%24CAPM(3)%%2/2,+CAPM(4)**2) /ONDC
TEMP(1) = CAPM(1)/DEN

Ri{1,1) = ALF{1)+TEMP(1)*CAPM(1)
R{241) = ALF(4)+TEMP(L)*CAPM(2)
R{1e2) = R(2+1)

R(3,1) = TEHP(I)*CAPH(B)

R(143) = R{(3,1)

TEMP(1) = CAPM(2)/DEN

R{2+2) = ALF(2)4TEMP(1)*CAPM(2)
R(3,2) = TEMP(1)*CAPM(3)

R{2¢3) = R(3,2)

R{343) = ALF(3)+CAPM{3)*CAPM{3)/DEN

SOLVE SYSTEM FOR STRESS INCREMENT
CALL LINEQU (R,0TOTs3,1,3,NERR)
IF (NERR.EQ.0) GO TO 260
GO TO 990
260 DSIG(1) = DTOT(1)
DSIG(2) = DTOT(2)
DSIG(3) = DTOT(3)
PLASTIC STRAIN INCREMENTS
TEMP{1) = CAPM(1)#DTOT{L)+CAPM(2)*DTOT(2)+CAPM(3)*DTOT(3)
TEMP(2) = TEMP(1)/DEN
DO 270 I=1,3
DEPS(I) = CAPM(I)*TEMP(2)
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SALPH{IsLR) = SALPHUI,LR)+SAGC{1)*TENP(1)/2.0 3800620

SIGMA(I,LR) = SIGMA(I,LR)+DSIG(I) ' 3800630
270 SEPS(I,LR) = SEPS(I,LR)+DEPS(I) 3800640
990 RETURN 3800650

END : 3800660
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[ X2

FOR,

“110
140

152

160
170

180

190

200

an

210
220

230

290

IS EPSIS+EPSIS
SUBROUTINE EPSIS (DTOToDEPS.SIGHA'DSIG'SEPS.LRoNERRv
1 GPLUH, FPLUH+HP, TWON)

PERFECT PLASTICITY~ SHELL ELEMENTS

COMMON /CMAIN/ ZETAL(21)+ZETA2(21)4NODEALF(4),CE{&) ,NLRS,HI HO,T

DIMENSION DTOT(1),DEPS(1)ySIGMA(3,1},DSIG(1),SEPS(3,1),EUP(3,3),
D SMAM(3),ESTAR(3,3),CAPM(3)
CAPM(1) = GPLUHSSIGMA(1,LR)-HP*SIGMA(2,LR)}

CAPM(2) = FPLUH*SIGMA(2,LR)-HP*SIGMA(1,LR)
CAPM(3) = TWON*SIGMA(3,LR)

THMAX = ABS(CAPM(1))

MMAX=1

IF{ABSICAPM(2)).LT.TMAX) GO TO 110

MMAX = 2

TMAX=ABS (CAPM{2))

IF(ABS(CAPM(3)) «LT. TMAX) GO TO 140
MMAX =
TEMP = CAPM(MHAX)

INITIALIZE EUP,E UPPER BAR
DO 170 I =1,3
DO 160 J=1,3
EuP{l,J) = 0.0
EUPI(I,I) = 1.0

SET SMAM AND COMPLETE EUP
DO 180 I = 1,3
SHAM(T) = CAPM(I)} / TEMP
EUP(MMAX,1) = EUP(MMAX,I) = SMAM(I)
CONT INUE

EUP (MMAX ,MMAX) = 0.0 -

ESTAR=ALF * EUP
DO 190 I =1,3 .

ESTAR{1y1) = ALF(1)*EUP(1lsI)+ALF(4)*EUP(2,1)
ESTAR(2.+1) ALF{4)*EUP{ 1, 1)+ALF(2)%EUP(2,1)
ESTAR(3,1) ALF{3)*EUP(3,1)

ESTAR=ESTAR,+ E LOWER BAR
DO 200 I =1,3
ESTAR(I¢sMMAX) = ESTARII,MMAX) + SMAMLI)

SOLVE LINEAR SYSTEM FOR DSIG(I.NE.MMAX) AND DEPS{MMAX)
CALL LINEQU(ESTAR,DTOT,3,51,3,NERR)

IF(NERR .EQ.0) GO TO 210

G680 TO 990

DO 220 I =1,3

DSIGII) = DYOT(D)

SET DSIG(MMAX) AND DEPS{I.NE.MMAX)}
DEPS{MMAX) = DSIG(MMAX)
DS IG{MMAX) = 0.0
00 230 1 =1,3
IF(I .EQ.MMAX) GO TO 230
DSIG(MMAX) = DSIG(MMAX) = SMAM(I) = DSIG(I)
OEPS(I) = SMAM(I) * DEPS(MMAX)
CONT INUE
DO 290 I =1,3
SIGMA{I+LR) = SIGMA(I+LR} + DSIGII)
SEPS(I,LR) = SEPS(I,LR) ¢+ DEPS(I)
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990 RETURN 3700620
c ' 3700630
END 3700640

189



FOR,

400

500

300
200

600

100

700

800

IS SMEAR,SMEAR
SUBROUTINE SMEAR (ESeNPLEVS,NPLAST,STSIGsSTALPH,RMOSNS,STREPS,
1 RMDSSS+SIGOXS, STBAPH,EFFST,DENPHI+ DEMPHI 4 SPH,

2 CPH,DTOT,AST)

COMMON /PLSTIC/ 10,J0,I0R,JOR,KORY .
COMMON /CD1ISP/ P+PMAX,DELP,DELP1,YEPS,ZEPS

DSIG = ES*DTOT

IF (NPLEVS.EQ.0) GO T¥O 100

IF (NPLAST.LE.O) GO TO 200

IF ((STSIG-STALPH)*DSIG.LT.ZEPS) GO TO 300

IF (RMOSNS.NE.0.0) GO TO 400

DEPS = DSIG/ES

STREPS = STREPS4DEPS

DSIG = 0.0

GO TO 600

IF (RMOSSS.EQ.0.0) GO TO 500

TOMP = .42857143*RNO$NS'(ABS(STSXG-STBAPH)/RHOSSS)**(RHOSNS 1.0)
DSIG = DSIG-(1.0+TOMP)

RDSIG = DS16G

DEPS = TOMP/ES*DSIG

STSI6 = STSIG+DSIG

STREPS = STREPS+DEPS

IF (KORI.EQ.0) RDSIG = 0.0

STALPH = STALPH+RDSIG

IF (KORI.EQ.0) EFFST = STSIG

GO TO 600

DSIGT = RMOSNS*DSIG

RDSIG = DSIG

STSIG = STSIG+DSIG

DEPS = DSIG/ES*((1.0-RMOSNS)/RMOSNS)

STREPS = STREPS+DEPS

IF (KORI.EQ.0) RDSIG = 0.0

STALPH = STALPH+RDSIG

IF (KORI.EQ.0Q) EFFST = STSIG

GO TO 600

NPLAST = =1

STSIG = STSIG+DSIG

DEPS = 0.0

YCOND = YEPS

IF (KORI.EQ.O0). YCOND = YCOND*EFFST/SIGOXS
. IF (ABS{(STSIG~STALPH)/SIGOXS)}.GE.YCOND) NPLAST = 1

CONTINUE

DENPHI = ES®*AST#DEPS/SPH

DEMPHI = DENPHI*CPH

GO TO 800

STSIG = STSIG+DSIG

IF (ABS(STSIG/SIGOXS).LT.YEPS) GO TO 700

NPLEVS
NPLAST
DENPHI
DEMPHI
RETURN
END

Wowowu

OO s
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FOR,IS SAVXES,SAVXES
SUBROUTY INE SAVXES (SAVX)
INTEGER SAVJTC,SAVSTP,Q,THICK
INTEGER XN

. DOUBLE

COMMON
COMMON
COMMON
- COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON

ZOO 00O IPODNCVNSWN

COMMON

PRECISION YPRED

STORY{16),XMAT{270,10)},STD{10), SADUS(30) ,RADUS(30)}
TADUS (30),UADUS{30),SAVTIC (900)
XN, TEFREE,TIC,PHI,STOP,RESTOPRTICKoG1l¢XNL(3) yNH
NST(30) s NKL(30)yNXMAT(20)sSAVJITC(30),SAVSTP(30) +JRTIC (30)
JRSTOP{30)¢NREGyNMPTNRC+NSC+NIX,IERROR ¢ KGEQM ,IGEOM,ISTTAB
KELVIN, IBEGIN,NPROByNSEGyNERRORQ,THICK ;NOJSy NL INKS,NLCASE
NTSKLsNZ ¢y NBCT o L INPUT¢NTRKL ¢y NPASS yXN1,KBC,NRINGS
LODE, ICYCLE,LDISTL
/LASTEQ/ YPRED(8),YDOT(8),YASAVE(8),
YANTH» YAMTH,YAMPT » YANPT, YAOPH, YAQPH, YAQTH, YAJPH,
SySNeCSySNSQyCSSQy TAN, SECsCNyX1C Sy XL SN TNy
X1R0, X1ROSQsX1SNROy X1CSRO,CN1ROy SNIRO,CS 1RO,
X1R19X1R24CS1R1+CS1R2,SNIRL, X1R1SQsR25Q+RO4BESQ,

ROSOvXNSQ'BETAoRl R2+S1,R1DOT,»R15Q,

XNTTHe XNTPHs XMTTH 9 XMTPH y XFTHLD 9 XFPHL Dy XFZELD»
XMTHLO s XMPHLD, ETHET, EPHI , XGPT,ALPHTH ,ALPHPH,
XNUTP 4 XNUPT,XC114XC22,XC159XD33,XD22 yXD21,XD12,
XKLllyXK129XK21,XK229XK33,XD11,
Mo I+SITINySITOUTSIPIN«SIPOUTTPTINLTPTOUT,
ZBRIN, ZBROUT, SCRIPA,SCRIPI,SIFIN,SIFOUT ,TZEPH,TZETH
¢ XNPHI+BETTA,ZETTA,XC16
+RMOSS+RMOSNs YLOSTHROCyHPy FPLUH,GPLUH, TWON
» RMOSSY » RMOSNY yRMOSXY» RMONXY
+»RMOSNS y RMOSSS, SIGOXS,RMOSNR RMOSSRy SIGOXR
/W00D/ SAVY{S53)yNPLEV,NLPO,NPLA(21),STR(6),SIGMA(3,21),
SEPS{3,21)sSALPH(34+21),SBAPH(3,21),STEPS(3,21),
EFF(21),STSRN(3),NPLAST(3), STSIG(3’.STREFS(3)'
STALPH{3), STBAPH{3) 4EFFST(3)4NPLEVS(I)
/CDISP/ P,PMAX,DELP,DELP1,YEPS,ZEPS

EQUIVALENCE (XNL{1)sX1)y (XNLI2)yX2)y(XNL(3)4X3)
DIMENSION SAVX(1)}
GO 1O (101,102,103),IGEOM
.101 CONTINUE
A = (SAVX(1)*CS-SAVX(3)*SN)/RO+0.5%SAVX(9)*SAVX(9)+(SAVX(2)~-
1 SAVX(3))/R1+0.5*SAVX(5)*SAVX(5)
SAVX(33) = —(SAVX(29)=R1*(CS/RO*(-2.0*SAVX(16)-SAVX(21)*(1.0/R1~

WN -

SN/RO) }=X1#( SAVX (24 }%A+SAVX(25)%SAVX{4) /R1+SAVX(26)%
SAVX(9))- SN/RO#(SAVX(ZB)#XI*(SAVX(?)*SAVX(9) SAvx(8)»
SAVX{5)))=-SAVX(241]))

SAVX(34) = ~(SAVX{30)=-R1*(CS/RO*{-SAVX{6)+SAVX(T))+SAVX{17}/R1l~

-

SAVX{35)

1
2

X1#{SAVX(25)*A-SAVX{26)}%SAVX(5))}-SAVX(25}))
={SAVX{31)+R1*({SAVX(1T)I*CS+SAVX{TI*SN) /RO+SAVX{6)/R1+
Xl*(SAVX(Zb)*A-SAVX(24)*SAVX(9)*SAVX(25)*SAVX(S)l+
SAVX{26)))

SAVX(36) = SAVX(32)-R1*((CS/RO*(SAVX{20)~-SAVX{18)))+S5AVX(17)+

1

X1#(SAVX(8)*SAVX(9)-SAVX{6)*SAVX(5))I+SAVX(2T))

GO 710 105
102 CONTINUE

A = (SAVX(1)~SAVX(3)*TN)/S+0.5%(SAVX{9)*SAVX(9)+SAVX (5)*
1 SAVX(5))+SAVX(2)

SAVX(33) = -2.0%SAVX{16)/S+SAVX(21)*TN/(S*S)1-X1*{SAVX{24)%*A+
1 SAVX(25)%SAVX(4)+SAVX(26)%SAVX(9))-SAVX(28)*TN/S~
1 TN/S*X1*(SAVX(T)*

2 SAVX(9)-SAVX{8)*SAVX(5))-SAVX(29)-SAVX(24)

191

3400010
3400020
3400030
3400040
3400050
3400060
3400070
3400080
3400090
3400100
3400110
3400120
3400130
3400140
3400150
3400160
3400170
3400180
3400190
3400200
3400210
3400220
3400230
3400240
3400250
3400260
3400270
3400280
3400290
3400300
3400310
3400320
3400330
3400340
3400350
3400360
3400370
3400380
3400390
3400400
3400410
3400420
3400430
3400440
3400450
3400460
3400470
3400480
3400490
3400500
3400510
3400520
3400530
3400540
3400550
3400560 -
3400570
3400580
3400590



SAVX(34) =
1.

1

1

103

1

2

1

1
105

~-SAVX(45)

“IF (ISTTAB.

151

‘Nr-“ N -

N -

1

1
2

SAVX{35) =
SAVX{36) =

GO TO 105
CONTINUE

-(SAVle)-SAVX(7))IS-XI‘(SAVX(ZS)‘A-SAVX(26)‘SAVX(5))-
SAVX(30)-SAVX(25)

~(SAVX(17)4SAVX(T)*TN)/S~ Xl*(SAVX(Zb)#A-SAVX(ZQ)‘
SAVX(9)+SAVX({25)%SAVX(5) }-SAVX(31)-SAVX(26)
-{(SAVX(20)- SAVX(l&))IS+SAVX(17)0Xl'(SAVX(8)*SAVX(9)-
SAVX(6)*SAVX(S5) }+SAVX(2T)-SAVX{32))

A = =SAVX(3)/RO+0.5%{ SAVX{9)*SAVX(9)+SAVX(S5)*SAVXI5) J+SAVX(2)

SAVX(33) =

SAVX(34) =
SAVX(35) =

© SAVX(36) =

CONTINUE
SAVX(37)
SAVX(38)
SAVX(39)
SAVX(40)
SAVX{41)
SAVX{42)
SAVX{43)
SAVX(44)

LI I A T Y [ '}

SAVX(46)
SAVX{4T) =

-X1%(SAVX(24)*A+SAVX{25)%SAVX{4)4+SAVXI(26) *SAVX(9))~-
SAVX(28)/RO-X1#*(SAVX(T)*SAVX(9)-SAVX(8)*SAVX(5)) /RO~
SAVX(29)-SAVX(24)

-X1%{SAVX(25) #A-SAVX{26)*SAVX(5))- SAVX(30) SAVX(ZS)
~SAVX(T)/RO-X1#{SAVX(26)*A-SAVX(24)*SAVX{ 9)+SAVX(25)%
SAVX{S5))-SAVX(31)-SAVX(26)
—(SAVX{LT7)+X1*{SAVX(B)*SAVX{9)-SAVX(6)*SAVX(5))+
SAVX{27))+#SAVX(32)

SAVY(3T)+SAVX(10)
SAVY(38)+SAVXI(11)
SAVY(39)+SAVX(12)
SAVY (40)+SAVX(13)
SAVY(41)+SAVX(14)
SAVY{42)+SAVX(1S5)
SAVY (43 ) +DELP*XNTPH
SAVY (44)+DELP*XNTTH
SAVY (45)4DELP*XMTPH
SAVY (46 ) +DELP*XMTTH
SAVY [4T)4YDOT(T+T)
NE.2) GO TO 7776

GO TO (151,41525153),IGEOM

CONTINUE
SAVX(48) =

SAVX(49)

SAVX{50)

SAVX(51) =

SAVX{(52)

"SAVX(53) =

N -

152

N » N

N e

GO TO 175
CONTINUE
SAVX{48)

"

SAVX(49) =

SAVX(50)

SAVX{(51)

SAVX(T)}=(XNUPT#SAVX(6)+(XK11-XNUPT#224XK22)*{ (SAVX(1)*
CS-SAVX{3)*SN)*X1RO+X1*SAVX(S)*%2%0,5)+XNUPT*SAVX(43)~
SAVX(44)+X2*( XNUPT#SAVX(38)-SAVX(37)}))
SAVX{20)=(XNUPT*SAVX(18)-(XD11-XNUPT#%22XD22)*X1R0O*
SAVX(5) *CS+(XNUPT*SAVX(45)-SAVX{46]))+X2*%( XNUPT*SAVX(41)
—-SAVX{40)})

SAVX(21)-((-1. 0/((R0/XD33)+(SNSQ‘XIRO/XK33)))*(SAVXI19D
*{CSLR1-CNIRO)+SAVX(16)*SN/XK33+X2*{ SAVX( 39)*SN/XK33~.
SAVX(42)*R0O/XD33)+SN*X1*SAVX{9)*SAVX(5) 1))
SAVX{4)=(RL*(SAVX(19)*CSIRO+SAVX{16)}/XK33+X2%SAVX(39)/
XK334SAVX(21)*SN1RO/XK33)4+R1*X1*SAVX(9)*SAVX(5))
SAVX{2)-(R1*=({SAVX{3)*X1R1+4(1.0/(XK22-XNUTP**2%XK11))*
(SAVX{6)-XNUTP*SAVX(T)+SAVX(43)=-XNUTP*SAVX(44)+X2*
{SAVX(38)-XNUTP*SAVX(37))})-R1*SAVX(5)**2%X1*0.5)
SAVX(4T)-(R1%{1.0/(XD22~-XNUTP**2%XD11))*(-SAVX(18)+
XNUTP*SAVX{20)-SAVX(45)+XNUTPESAVX(46)-X2*(SAVX{41)-
XNUTP#SAVX{40))1)

SAVX(7)—(XNUPT‘S&VX(6)+(XK11—XNUPT**Z*XK22)‘((XICSIS)*
(SAVX(1)*CS-SAVX(3)%®SN)+X1*SAVX{G)*#220.5 )+ XNUPT*

‘SAVX{43)-SAVX(46}+X2%( XNUPT®SAVX(38)-SAVX(3T7)))

SAVX{20)-{XNUPT*SAVX(18)~(1.0/S)*X1CS*{XD11-XNUPT**2%
XD22 ) #SAVX(5)$CS-SAVX{ 46} +XNUPT*SAVX (45)+ X2*( XNUPT#
SAVX{41)-SAVX{40)))
SAVX(21)=((=1.0/((S*CS/XD33)+(SN*TN/(XK33%5))))*(~
SAVX{19)*SN/S+SAVX(16)*SN/XK334X2%(SAVX{39)$SN/XK3I3~
SAVX{42)#S*CS/XD33)+SN=X12SAVX(9)*SAVX(S5)))
SAVX{4)-({1.0/SI*{SAVX{19)+SAVX(2L}*TN/XK33)+SAVXI16)/

192.

3400600
3400610
3400620
3400630
3400640
3400650
3400660
3400670
3400680
3400690
3400700
3400710
3400720
3400730
3400740
3400750
3400760
3400770
3400780
3400790
3400800
3400810
3400820
3400830
3400840
3400850
3400860
3400870
3400880
3400890
3400900
3400910
3400920
3400930
3400940
3400950
3400960
3400970 -
3400980
3400990
3401000
3401010
3401020
3401030
3401040
3401050
3401060
3401070
3401080
3401090
3401100

3401110

3401120
3401130
3401140
3401150
3401160
3401170
3401180
3401190
3401200



XK334X2%SAVX(39)/XK33+X1*SAVX(9)*SAVX(S])) 3401210

1

SAVX(52) = SAVX{2)-((1.0/(XK22-XNUTP*#2%XK11))*(SAVX{6)-XNUTP* 3401220
1 SAVX{7)+SAVX{43)-XNUTP*SAVX{44)+X2*(SAVX(38)-XNUTP* 3401230
2 SAVX(37)))=-X1#SAVX(5)*SAVX(5)*0.5} 3401240

SAV¥XI53) = SAVXL4T)-{{1.0/(XD22-XNUTP#%2*XD11))*(-SAVX{18)+XNUTP* 3401250

1 SAVX(20)-SAVX(45)+XNUTP*SAVX(46)-X2*¥(SAVX(41)-XNUTP* 3401260

2 SAVX{40)1))) 3401270
GO 70 175 . 3401280

153 CONTINUE . 3401290
SAVX(48) = SAVX{T)-UXNUPT*SAVX(6)+{XK11-XNUPT*#2%XK22)*{-X1RO* 3401300

1 SAVX(3)+X1%SAVX{9)*%2%Q,5)+XNUPT#SAVX(43)-SAVX{44)+ 3401310

2 X2*{ XNUPT#SAVX{38)-SAVX(37))) 3401320
SAVX{49) = SAVX(20)-(XNUPT%SAVX(18)+{XNUPT*SAVX(45)-SAVX(46))+ 3401330

1 X2%( XNUPT#SAVX{4l)-SAVX(40})) 3401340
SAVX(50) = SAVX{(21)=-((~1. 0/((RDIXD33)+(X1RO/XK33)))‘(SAVX(lb)/XK33 3401350

1 +X2*(SAVX(39)/XK33-SAVX(#2)*R0/XD33l+X1*SAVX(9l*SAVX(5) 3401360

2 4 3401370
SAVX{51) = SAVX(Q) (SAVX(16)/XK33+X2%SAVX{39)/XK33+4SAVX(21)*X1R0/ 3401380

1 XK334X1%SAVX{9)*SAVX(5)) 3401390
SAVX(52) = SAVX{2)=({1.0/0UXK22-XNUTP*#2%XK11))*{SAVX (6)-XNUTP* 3401400

1 SAVX(?)0(SAVX(43)‘XNUTP*SAVX(44))+X2*(SAVX(3B)~XNUTP* 3401410

2 SAVX(37) ) )-X12SAVX(S5)*SAVX{S51%0.5) 3401420
SAVX(53) = SAVX{4T)-((1.0/(XD22-XNUTP**2#XD11))*{(-SAVX(18)+XNUTP* 3401430

1 SAVX(20)+(XNUTP®SAVX(46)-SAVX(45))1-X2%(SAVX(41)-XNUTP* 3401440

2 SAVX{(40)1})) ' 3401450

GO T0 175 3401460 .
7716 IF (ISTTAB.GE.3.AND.ISTTAB.LE.9)} GO TO 7777 3401470
GO TO (161,1624163), I1GEOM 3401480

161 CONTINUE 3401490
SAVX(48) = SAVX{T)-(XK1l2*(1. O/(XKZZ*XCZZ**ZIXDZZ))‘(SAVX(6)+ 3401500

1 SAVX(43)+X2%SAVX(38)4XC22/XD22%( SAVX(18])+SAVX(45})+X2%* 3401510

2 SAVX{41)))-SAVX{44)=-X2¥SAVX(3IT)+( XIRO*XK] 1-XK12*%XK21* 3401520

3 X1RD*{1.0/(XK224XC22%%2/XD22)))* (SAVX(5)*CS-SAVX(3)*SN+ 3401530

4 X12RO*SAVX(9)#¥2%0,5)~(XC11+XK12#*XC22%XD21/XD22*(1.0/ 3401540

5 (XK22+XC22%%2/XD22) ) ) *SAVX(5)*CS*X1RQ) 3401550

SAVX(49) = SAVX{20)-(-XD12*{XC22/(XC22%*2+XK22%XD22) ) *(SAVX(6)+ 3401560
SAVX(43)+X2*%SAVX(38))1-SAVX(46)=-X2%SAVX(40 1+XD12%(XK22/ 3401570
(XC22#%24XK22*%XD22) )% (SAVX{18)+SAVX(45)+X2*SAVX(41))+ 3401580
(XCL1*#X1RO+XD12%XK21%X1RO*®(XC22/ (XC22%%2+XK22*XD22)))* 3401590
(SAVX{1)%CS~SAVX(3)*SN+X1*RO*SAVX(9)*22%0.5)}+(XD11l- 3401600
XD12#%¥XK22#XD21/(XC22%%24+XK22%XD22) ) * SAVX( 5)*C S*X1R0) 3401610

SAVXIS50) = SAVXI21)-({-1.0/11RD/XDI3)I+ I SNSQAALIRO/AKI ) )) *ISAVXI1I9) 3401620

VM HWN =

1 5(CSLRI-CNIRO)+SAVX(16)%¢SN/XK3I3+X2% ([ SAVX{39)*SN/XK33- 3401630
2 SAVX{42)*R0O/ X033 1+ SNEX1.SAVX(9)*SAVX(S5))) 3401640

SAVX(51) = SAVX(4)- (Rl*(SAVX(19)*CSIROOSAVX(lb)/XK33+X2*SAVX(39)/ 3401650
1 XK33+SAVX{21)*SNIRO/XK33)+R1%X1*SAVX(9)*SAVX(5)) 3401660

SAVX(52) = SAVX(2)-{(RI*[SAVX{3)*X1R1-X1*SAVX(5)**2%0.5+{1.0/1XK22 3401670

1 +XC22%#2/XD22) 1 * (SAVX{6)+SAVX(43)+X2%SAVX(38)+(XC22/ 3401680
2 XD22)*{SAVXI18)+SAVX{45)+X2%SAVX {41) )-XK21%X1 RO* 3401690
3 (SAVX({1)*CS-SAVX{3)%SN)=-X1%XK12*%SAVX(9)**2%0, 5-(XC22¥ 3401700
4 XD21/X022)*SAVX(5)*CS*X1IRO1)}) 3401710
SAVX(53) = SAVX{G7)-(R1IX((-XC22/(XC22%%2+4XK22%XD22)) *(SAVX(6)+ 3401720
1 SAVX(43)+X2*SAVX(38)-(XK21/ROI*(SAVX{1)*CS~-SAVX(3)*SN)- 3401730
2 X18XK12%SAVX(9)#%220.5)4(XK22/(XC22%%2+XK 22%XD22) )* 3401740
3 {SAVX(18)+SAVX{45)+X2*%SAVX(41))-(XK22*#XD21/(XC22%%2+ 3401750
4 XK22%XD22) ) *SAVX(S)*CS*X1R0O)) . 3401760
GO 10 175 3401770
"162 CONVINUE ] " 3401780.
SAVX(48) = SAVX(T)-(XK12*(1.0/(XK22+XC22%*2/XD22))*{ SAVX{6)+ 3401790 -
1 ’ SAVX{43) +X2*SAVX{38)+(XC22/XD22)*(SAVX(18)+SAVX(45)+ 3401800
2 X2%SAVX{41)) )-SAVX{44)=-X2#SAVX(3T7)+(1.0/(CS*S))*(XK11- 3401810

193~



new

VP WN -

SAVX(49)

SAVX(50)

NN

-1
SAVX(52)

SUN

SAVX{(51)

AVX{53)

SWN -

163

G0 70 175

CONTINUE
SAVX{48)

POUNM

SN -

N o

1

WA

WN -

SAVX(49)

SAVX(50)

SAVX{51)

SAVX(52)

SAVX(53)

GO TO 175

]

XK124XK21%*(1.0/(XK22+4XC22%%2/XD22)) ) *{SAVX(1}*( S~ -
SAVX(3)*SN+X1#S*CSeSAVX(9)##2%0.5)-(XCLl1+ (XK12%XD21*
XC22/XD22)2( 1.0/ (XK22+XC22%%2/XD22) ) )*SAVX(5)/S)
SAVX{20)-(-XD12*{XC22/(XC22%%2+XK22%XD22) )& {SAVYX(6)+
SAVX{43)+X2¢SAVX(38) )1-SAVX(46)-X2%SAVXI40)+XD12%(XK22/
(XC22%%2+XK22%XD22) )% (SAVX{18)+SAVX{45) +X2%SAVX(41) )+
(XCL1/(S*CS)+XD12*XK21/(S*CS)I*(XC22/{XC22%#2+XK22%*
XD22 ) }*{SAVX( 1) *CS-SAVX{3)¥SN+X1%S*( SXSAVX(9) %#2%0.5)
+(XD11-XD12*%XK22#*XD21/(XC22*#2+XK22%XD22) ) *SAVX(5}/S)
SAVX{(21)={{-1.0/7((S*CS/XD33I+{SN*TN/(XKI3%S))))*(~
SAVX{19)%SN/S+SAVX(16)®SN/XK33+X22{SAVX{39)*SN/XK33~
SAVX{(42)%5%CS/XD33)+SNEX1$SAVX(9) *SAVX(5)}))
SAVX(4)-((1.0/S)*{SAVXI19)+SAVX(21)*TN/XK33)+SAVX(1&)/
XK334X2%SAVX{39)/XK33+X1%SAVX(9)*SAVX(5))
SAVX(2)=(-X1%SAVX{S)=*2%0.,5+(1.0/(XK22+XL22%%2/XD22) }*
(SAVX(6)+SAVX{43) +X2%SAVX{38)+{XC22/XD22) *(SAVX(18)+
SAVX(45)+X2%SAVX(41)1-(XK21/{S*CS))* (SAVX(1)*CS-SAVX(3)
FSN)-X1*XK125SAVX(9)*%2%(0.5-(XC22*XD21/XD22) *SAVX(5)/
S))
SAVX{4T)~{~{XC22/{XC22%%24XK22%XD22) )* {SAVX{6)+SAVX{43)
+X2*SAVX(38)-XK21*#{SAVX{1)*#CS-SAVX(3)*SN) /(S*CS)-X1%*
XK12%SAVX(9)*#220,5)+(XK22/(XC22%¥2+XK22¢XD22))*
(SAVX{18)+SAVX(45)+X2*SAVX{41))-(XK22%XD21/(XC22%%2+
XK22%XD22) )#SAVXI5)/S)

SAVX{T7)=-(XK12%{1.0/(XK224XC22%%2/XD22) ) ®( SAVX(6)+
SAVX(43)+X25SAVX(38)+(XC22/XD22) *tSAVX(18)+SAVX(45)+X2%
SAVX(41)))-SAVX{44)-X2%SAVX(3T)+ {X1RO*{XK11-XK12*XK21 *
(1.0/7(XK224XC22%%2/XD22)) )} ) *#(-SAVX(3)+X1*RO*SAVX(9)*
SAVX{9)%0.5)) )

SAVX(20)-(-XD12%{XC22/ (XC22%*2+XK22%¥XD22) }* (SAVX(6)+
SAVX{43)+X25SAVX(38))-SAVX{46)-X2%SAVX(40)+XD12%(XK22/
(XC22%#2+XK224XD22) )2 { SAVX{18)+SAVX(45)+X2%SAVX{41))+
(XC11#=X1RO+XD12%XK21*X 1RO*(XC22/( XC22%% 2+ XK22%X022)) ) *
(=SAVX{3)+X1*RO*SAVX(9)*SAVX{3)*0.5))
SAVX(21)={{~1.0/((RO/XD33)+ (XIRO/XK33)) )% {SAVX(16}/XK33
+X2¥(SAVX{39)/XK33-SAVX(42)*R0O/XD3I3)+X1*¥SAVX{9)*SAVX(S)
1)
SAVX(4)-(SAVX{16)/XK334X2*SAVX(39}/XK334SAVX{21) *X1RO/
XK33+X1*SAVX(9)*SAVX(5S))
SAVX{2)=(=X1#SAVX{5)%%2%0.54(1.0/(XK22+XC 22+%2/XD22})*
(SAVX{6)¢SAVX(43)+X2%SAVX(38)+(XC22/XD22) *(SAVX(18)+
SAVX(45)+4X2%SAVX(41)1-(XK21*#X1RO)*(-SAVX{3))-X1%XK12%*
SAVX{9)*SAVX(9)%0.5))
SAVX(4T)=(-(XC22/(XC22%%24XK222XD22) ) *{SAVX(6)+SAVX(43)
+X2#SAVX{38)-XK21*XLRO*(-SAVX(3) )-X1*XK12*SAVX(9)*
SAVX(9)%C.5)+(XK22/{XC22%%2+XK22#XD22) ) *( SAVX(18)+
SAVX{45)4X2%5AVX{41)))

7777 GO TO (171,172,173), IGEOM

171 CONTINUE

SAVX(48)

NoUPwN -

SAVX(49)

SAVX(T)~-((SAVX{6)+SAVX(43)+X28SAVX(38) ) *#{ XC15*XC22+XD22
EXK12)/{XK22%XD224XC22%%2 }-SAVX(44)=-X2¢SAVX(3T)+{XK12*
XC22-XK22*XC15)*(SAVX(18)+SAVX{45)+X2%SAVX(41))/(XC22
*XC22+4XK22%XD22) 4+ (XIRO* { SAVX (1} *CS~-SAVX(3 )#SN) +X1*
SAVX(9)*#2%0,5)%(XK11+(XC15%(XC15%XK22-2, 0*XK12%XC22)~
XK12#*XK12%¥XD22)/(XK22*XD224XC22%XC22) ) +X1 RO*SAVX(5) *C S5*
(=XC11+(XC15%XC15*%XC22+4XC15%(XK12%XD22+XK22*XD12)-XK12

| #XD12%XC22)/ (XK22%XD22+XC22%XC22)))

SAVX(20)=((SAVX(18)+SAVX(45)+X2%SAVX(41}) *x(XC15%XC22+

194

3401820
3401830
3401840
3401850
3401860
3401870
3401880
3401890
3401900
3401910
3401920
3401930
3401940
3401950
3401960
3401970
3401980
3401990
3402000
3402010
3402020
3402030
3402040
3402050
3402060
3402070
3402080
3402090 -
3402100
3402110
3402120
3402130
3402140
3402150
3402160
3402170
3402180
3402190
3402200
3402210
3402220
3402230
3402240
3402250
3402260
3402270
3402280
3402290
3402300
3402310
3402320
3402330
3402340
3402350
3402360
3402370
3402380
3402390 .
3402400
3402410
3402420



~NOVNSWN~-

SAVX(50)

]

WA -

SAVX{51)

N -

SAVX(52) =

W

SAVX(53)

SN -

GO TO 175
172 CONTINUE
SAVX(48) =

N O SWN

SAVX(49) =

~ounpwnN e

SAVX(50) =

W N -

SAVX(51) =

N -

SAVX(52) =

S ON -

SAVX(53) =

S WN -

. GO 7O 175
173 CONTINUE

XK22#XD12}/7({XK22%XD22+XC22#XC22) +(SAVX{6) +SAVX(43}+X2*
SAVX(38) )1%(XD22#XC15-XD12%XC22) /{ XD22#XK2 2+ XC228X(C22) ~
SAVX(46)-X2*SAVX{40)+X1RO*SAVX(S) *CS*(XD11-(XD12#XD12*
XK224XC15%(2.0%XC22¢XD12-XC15%XD22) )/ (XC22*XC 22+XK22*
XD22) )+ {X1RO*(SAVX( 1) *CS-SAVX(3)ESN) +XL*SAVX{9) %
SAVX(9)%0.5)%(XC11+(XD12¢XC22*XK12-XC15%({ XC15+XC22+
XD12¥XK224XD22#%XK12))/IXC22%XC22+XK22%XD22}))
SAVX{21)1-({1.0/(XC16*SN*XIRO-XK33-SN*XIRO*({XD338SN/RO-
XC16) ) )% { XK33%XD33-XC16*XC16)*X1RO*SAVX{19)*(CSEX1R1-
CNIRO)+X1#SN*SAVX(G) *SAVX{S) ¢+ (SAVX(16)+X2+SAVX(39)}*
(XD33*SN*X1IRD-XCL1E6I+N28SAVI{42)*{ XK33-XC1 6*SN/RO) ))
SAVX(4)=(R1*{ SAVX(19)*CS*X1IRO+X1*SAVX(9)*SAVX(5)+(1.0/
(XK33-XC16*XC16/X033))‘(SAVX(16)+SAVX(21)*(SN*XIRO—XC16
7XD33)¢X2%(SAVX(39)-XC16*SAVX{42)/XD33)}))
SAVX{2)=(SAVX(3)-R1IsX1#SAVX(5)*SAVX(5)*0. S+R1*{XD22%
(SAVX{6)¢SAVX(43)+X2%SAVYX(38))+XC22% (SAVX (18} +SAVX(45)+
X2*SAVX{41 ) )-{X1RO*(SAVX{1}#CS-SAVX(3)1*SN I+ XL2SAVX(D) *
SAVX{9)*0.5)%(XK12#XD224XC15%XC22)-X1RO*SAVX(5) »CS*
(XC22*%XD12-XC15%XD22) 1 /7(XK22%XD22+XC22*XC22))
SAVX{4T)-(R1%(XK22*{SAVX(18)1+SAVX{45)+X2* SAVX(41))-XC22
*(SAVX(H)+SAVX{43)+X2*SAVX(38))+ (XIRO*(SAVX(1)*CS~
SAVX{3)%SNI+X1&SAVX{9)#82%0,5) *( XK12¥X(22-XK22%X(C15)~
XIRO'SAVX(S)*CS*(XCIS*XCZZ*XKZZ*XDlZ))/(XCZZ‘*Z*XKZZ‘
xp221)

SAVXI{TI=({SAVX{6)+SAVX{43)+X2%SAVX{38) )% XC15%XC22+XD22
*XK12)/7{XK22%XD22+XC22%#2)-SAVX{44)-X2%SAVX(3T7)+(XK12®
XC22-XK22%XC15)*({SAVX(18)4SAVX(45)+X2%SAVX(41))/7(XC22%*
XC224XK22%XD22)+{ { SAVX{ 1) *C S=SAVX{3)*SN)/ {S*CS) e X1*

SAVX{9)*%2%0,.5)®(XK11+(XC15%(XC15%XK22~2. 0*XK12%XC22) ~

XK12*XK12¥XD22)/(XK22#XD224¢X(C22%*XC22) )+SAVX(S5)/S#(-XC11

+{XCL5%XCL5*XC22+XCA5% (XK 12*XD224XK22¢XD]1 2)-XK12%XD12%*
XC22)/{XK22¢XD22+XC22%XC221}} .

SAVX{20)-( ({SAVX(18)+SAVX(45)+X2*SAVX(41)) *(XC15%XC22+
XK22#¥X012)/7{XK22*¥XD22+XC 225 XC22) + {SAVX (6} +SAVX(43)+X2%
SAVX(38) )*(XD22%XC15-XD12%XC22) /(XD22¢XK22+XC22%XC22)~
SAVX{46)-X2*SAVX{40)+SAVX{5} /S*(XD1)1-{XD1l2%XD12%XK22+
XC15%(2.0%XC22#XD12-XC15%XD22))/{XC22¢XC22+XK22*%XD22) )+
(1.0/70S*CS)I*(SAVX(1)5CS~-SAVX{3)%SN) ¢+ X1*SAVX(9)*8230,.5)
*{XC11+{XD12#XC22#XK12-XC15%{XC155XC22¢XD12+¥XK22+XD22*
XK12))/71XC22¥XC22+XK22%XD22)))

SAavx(2l)-(1. 0/(XC16*TN/S-XK33-(TN/S)*(XD33‘TN/S-XC16!)‘
(XX 33¥XD33-XC16%XC16)%{1.07(S*CS) I *(-SAVX(19)*SN/S)+
X1#SN*SAVX{9)#SAVX(S)+(SAVX{16)+X2%SAVX(39) )*(XD33*TN/S
-XC16) +X2%SAVX(42)%(XK33-XCL16*TN/S)))
SAVX{4)-({SAVX{19})/S+X1eSAVX(9)=SAVX(5)+(1.0/(XKI3~-XCL6%*
XC16/XD33) )% (SAVX(16)+SAVX(21)*(TN/S-XC16 /XD33}+X2%
(SAVX(39}1~XC16%SAVX(42)/X0331))
SAVX(2)-(~X1*SAVX{5)*%2%0. 5+(X022*(SAVX(6)+SAVX(43)0
X2%SAVX(38)1)14XC22%( SAVX(18) ¢SAVX(45)+X2*SAVX{41))~-(XK12
*XD224+XC15%*XC22)*({1.0/(S*¥CS)I*(SAVX{1)*CS~SAVX(3)*SN) )+
X1%SAVX(9)*82%0,5)-(XC22¢XD12-XC15%XD22 )% SAVX(5)/S)/
{XK223XD22+XC22%XC22)) .
SAVX(4T)=((XK22%(SAVX(18)+SAVX(45)+X2%SAVX(41))~XC22%
(SAVX(6)+SAVX{43)#X2%SAVX(38))+{XK12¥XC22-XK22#*XC15)*
((1l.0/{S*CS)*(SAVX{1)*CS-SAVX(3)*5N) )+X1%xSAVX{9)*
SAVX(9)%0,5)-(XC15%XC224XK22#%XD12)*SAVX{5)/S} /(XK22*
XD22+4xC22%xC22))

1195 Lo

3402430
3402440
3402450
3402460
3402470
3402480
3402490
3402500
3402510 -
3402520
3402530
3402540
3402550

3402560

3402570
3402580 -
3402590
3402600
3402610
3402620
3402630 -
3402640
3402650
3402660 -
3402670
3402680
3402690
3402700
3402710
3402720
3402730
3402740
3402750
3402760
3402770
3402780 -
3402790
3402800
3402810
3402820
3402830
3402840
3402850

"3402860

35402870
3402880
3402890

3402900

3402910
3402920
3402930
3402940
3402950
3402960
3402970

3402980
3402990
3403000 -
3403010

3403020
3403030



SAVX(48) = SAVX(7)-((SAVX{6)+SAVX(43)+X2%SAVX(38))*(XC15%XC224¢XD22 3403040
*XK12)/(XK22#XD22+¢XC22%XC22)-SAVX(44)-X2*SAVX {3T)+(XK12 3403050
*XC22-XK22*XC15) % {SAVXI18)+SAVX(45)+X2¢SAVX(41))/(XC22% 3403060
XC22+XK22#XD22)+IXIRO*(-SAVX(3))+X1%SAVX(9) $32%0.5) % 3403070
(XKL14(XC15%(XC15%XK22-2.0%XK12%XC22)-XKL 2% XK12#XD22)/ 3403080
(XK22%XD224XC22%XC22))) 3403090

SAVX(49) = SAVX(20)-((SAVX(18)+SAVX(45)+X2%SAVX(41)) *(XC15%XC22+ 3403100

NP WN -

1 XK22#XD12)/7(XK22*XD22+XC22%XC22)+ {SAVX(6) +SAVX(43)+X2* 3403110
T2 SAVX(38))*(XD22%XC15-XD12%XC22)/(XD22%XK22+XC22%XC22) - - 3403120
‘3 SAVX(46)~X25SAVX(40)+ (X1RO* (-SAVX(3) )+ X1%SAVX(9)* 3403130
4 SAVX(9)#%0.51%#(XC1l1+{XD12¢XC22*XK12-XC15%({ XC15%XC22+ 3403140
5 XD12#XK22+4XD22%XK12)) /(XC22%*XC22+XK22%XD22} )} 3403150

SAVX{50) = SAVX(21)-((1.0/7(XC16*X1R0O~-XK33-X1RO*(XD33 #X1R0-XC16))})s 3403160
(X1*SAVX(9)*SAVX(S)+(SAVX(16)+X2%SAVX(39) )*(XD33*X1RO- 3403170
XC16)+X2%SAVX{15)%(XK33-XCL6/RC))) 3403180

SAVXIS1) = SAVX{4)-(X1*SAVX(9)*SAVX(5)+(1.0/(XK33-XC 16%XC16/XD33)) 3403190

N -

SAVX{42)/XD33))) 3403210
SAVX(52) = SAVX(2)-1-X1*SAVX(S5)*$2%0.5+{XD22*(SAVX(6)+SAVX(43)+X2 3403220

N -

1 #SAVX(38))1+4XC22%(SAVX(18)+SAVX(45)+X2*SAVX{41))-(X1RO* 3403230

2 (=SAVX(3))+X14SAVX(9)*#2%0,.5)*(XK12%XD22+ XC15%XC22))/ 3403240

3 (XK22%XD22+X(C22%XC22)) 3403250
SAVX(53) = SAVX(47)-((XKZZ*(SAVX(18)+SAVX(45)+X2*SAVX(41))~XC22‘ 3403260

1 (SAVX(6)+SAVX{43)4X2%SAVX(38) )+ (X1IRO*(~SAVX{(3})+X1* 3403270 -

2 SAVX{9)**»2%0, 5)*(XK12*XC22—XK22*XC15))/(XCZZ‘XCZZOXKZZ 3403280

3. *XD22)) 3403290
175 CONTINUE 3403300
RETURN 3403310

END 3403320

1196

‘(SAVX(I6’*SAVX(2!)*(XIRO-XC161X033)4XZ*(SAVX(39l~XC16‘ 3403200 .



FOR,1S ARRAYS,ARRAYS :

SUBROUTINE ARRAYS (A¢ByC¢DyE¢FsGyH,0,PHI)

COMMON /GRAFIX/ X(100),Y(100,9),NGRAPH,LDEF{9) sNGR+JCYCHNFLAG,JAM,
JNSC

100

c

DIMENSION 2(9)
Z(1
212)
2(3)
1(4) ;
z(s)
Z(6)
oun
2(8)
1(9)
INDEX = 0

JCYC = JCYC+l

DO 100 J4=1,9

IF (LDEF(J).EQ.0) 60 TO 100
INDEX = INDEX+1

Y{JCYC, INDEX) = Z(J)

CONT INUE

X(JCYC) = PHI

RETURN

END

B onw o on s
CITOTMOO®DD®
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4200010
4200020
4200030
4200040
4200050
4200060
4200070
4200080
4200090
4200100
4200110
4200120
4200130
4200140
4200150
4200160
4200170
4200180
4200190
4200200
4200210
4200220
4200230




SUBROUTINE ETRAP

This is an error trap subroutine which can be called by the MAIN routine
at various stages of program execution. I the indicator NIX is not equal

to zero, MAIN will call ETRAP and indicate the proper error message to be
printed.

S 198




§

FOR, 1S ETRAP,ETRAP
SUBROUTINE ETRAP
INTEGER SAVJTC,SAVSTP,Q.THICK
INTEGER XN

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

STORY{16),XMAT(270,10),STD{ 10}, SADUS(30),RADUS(30)

TADUS (30),UADUS{30), SAVTIC(900)

XNy TEFREEoTICyPHISTOP,RESTOPyRTICKsG1l9XNL{3) 4NH
NST(30),NKL{30)+NXMAT(20),SAVITCI30),SAVSTP{30),JRTIC(30)}
JRSTOP(30)+NREGyNMPT4NRCoNSC,NIXy IERROR , KGEOM s IGEOM+ISTTAB
KELVIN, IBEGIN/NPROByNSEG,NERRORsQ+THICKyNOJSy NLINKS,NLCASE
NTSKL9NZyNBCYoLINPUTyNTRKLoNPASSyXN1,KBC4NRINGS

LODE, ICYCLE,LDISTL

WRITE(6+1726)
1726 FORMAT(1H1)
G0 10 (8000,8036,8086,8087,8089,8090,8013,8009,8031,8008,8001,

1
2
3

8002, 8003, 8006,8007,8067+8101,8102,8103,8104,8105,8106+
8107,8108,8109,8110,8088,110,8120,8841,8842,8777,8797,
8787) NERROR

8000 WRITE{(6+1)
1 FORMAT(/ 4X,'ONE OF THE MATERIAL PROPERTY TABLES CANNOT BE IDENTI
LFIED AS ISOT, ORTH, OR STIF.'/)
60O TO 505
8036 WRITE(6,2)
2 FORMAT(/ 4X,'A MATERIAL PROPERTY TABLE NAME FOR A SEGMENT CANNOT
1BE FOUND IN THE TABLE LIST.'/)
GO TO 505
8086 WRITE(64+3)
3 FORMAT(/ 4X,°THE TYPE OF GEOMETRY DOF A SEGMENT CANNOT BE IDENTIFI
1ED AS ONE HANDLED BY THE PRUOGRAM.'/)
GO TO 505
8087 WRITE(644)

4 FORMAT{/ 4X,°'THE TYPE OF MATERIAL PROPERTY TABLE FOR A SEGMENT CA

1INNOT BE IDENTIFIED AS ISOT, ORTH, OR STIF.'/)
GO TO 505
8089 WRITE(6+5)

5 FORMAT(/

11ED AS

SING, EQUA, UNEQ, OR BLAN.'/)

GO TO 505
8090 WRITE(64+6)

6 FORMAT(/

1E JOENTIFIED AS THST, NOTH, THCN, OR THIN.t/)
8013 WRITE(6,7)

T FORMATH/

1EING EITHER ISOT, KINE OR PERF.'/)
8009 GO TO 505
8031 WRITE(6+9)

9 FORMAT{(/ 4X,*'THE LOAD INDICATOR CLUES CAN ONLY BE ZEROy BLANK, ON

1€, OR FOUR.'/)
GO TO 505
8008 WRITE(6+10)
10 FORMAT(/ 4X,'THE COMBINATION OF AN ORTHOTROPIC MATERIAL AND THE I
1SOTROPIC HARDENING RULE IS NOT PRESENTLY ALLOWED.'/)
GO TO 505
8001 WRITE(6+11)
11 FORMAT(/ 4X,*THE MAGIC CYCLE HAS GONE PAST STOP BY MORE THAN THE
1PERMITTED VALUE. CHECK TO SEE IF FIXED STEP SIZE 1S TOO LARGE.'/)
GO TO 505
" 8002 WRITE(6+12)
"~ 12 FORMAT{/ 4X,°THE RIEMAN VARIABLE, IEND, WHICH SIGNALS THE END OF
1A SEGMENT SHOULD ONLY BE ZERO OR NEGATIVE ONE.'/)

199

4X, *THE WALL CONSTRUCTION OF A SEGMENT CANNOT BE IDENTIF

4Xo'THE TYPE OF TEMPERATURE INPUT FOR A SEGMENT CANNOT B

4Xo*THE PROGRAM CANNOT RECOGNIZE THE HARDENING CLUF AS B

4000010
4000020
4000030
4000040
4000050
4000060
4000070
4000080
4000090
4000100
4000110
4000120
4000130
4000140
4000150
4000160
4000170
4000180
4000190
4000200
4000210
4000220
4000230
4000240
4000250
4000260
4000270
4000280
4000290
4000300
4000310
4000320
4000330
4000340
4000350
4000360
4000370
4000380
4000390
4000400
4000410
4000420
4000430
4000440
4000450
4000460
4000470
4000480
4000490
4000500
4000510
4000520
4000530
4000540
4000550
4000560
4000570
4000580
4000590



8003 GO TO S05 4000600
8006 GO TO 505 4000610
8007 WRITE(6415}) - . . ’ 4000620
15 FORMAT(/ 4X,'THE INTERPOLATED VALUE OF TEMPERATURE FOR THE MATERI 4000630
1AL PROPERTY TABLE IS LESS THAN THE SECOND TEMPERATURE VALUE.'/} 4000640

GO TO 505 4000650

8067 WRITE(6+16) 4000660
16 FORMAT(/ 4X,'THE INTERPOLATED VALUE OF TEMPERATURE FOR THE MATERI 4000670
1AL PROPERTY TABLE IS GREATER THAN THE LAST VALUE OF TEMPERATURE.' 4000680

2/) 4000690

60 TO 505 . 4000700

8101 WRITE(6,417) 4000710
17 FORMAT(/ &4X,'THE K11 STIFFNESS PARAMETER 1S ZEROD.‘/) 4000720
GO TO 505 4000730

8102 WRITE(6,18) . 4000740
18 FORMAT(/ 4X,'THE K12 STIFFNESS PARAMETER 1S ZERO.'/}) 49000750

" GO TO 505 4000760
8103 WRITE(6,19) . 4000770
" 19 FORMAT(/ 4X.'THE K21 STIFFNESS PARAMETER IS ZERO.'/) 4000780
. GO YO 505 4000790
8104 WRITE(6420) - 4000800
20 FORMAT(/ 4X+'THE K22 STIFFNESS PARAMETER IS ZERO.'/) 4000810
GO TQ 505 4000820

8105 WRITE(6,21) 4000830
21 FORMAT(/ 4X+*THE K33 STIFFNESS PARAMETER IS ZERO.'/) 4000840
GO 7O 505 4000850

8106 WRITE(6,22) 4000860 -
22 FORMAT(/ 4X,*THE D1l STIFFNESS PARAMETER IS ZERO.'/) 4000870
GO T0 505 i 4000880

8107 WRITE(6423) 4000890
23 FORMAT{/ 4X,*THE D12 STIFFNESS PARAMETER IS ZERO.'/) 4000900
GO TO 505 4000910

8108 WRITE(6424) 4000920
24 FORMAT(/ 4X,'THE D21 STIFFNESS PARAMETER [S ZERO.'/} 4000930
GO TO 505 ' 4000940

8109 WRITE(6,25) 4000950
25 FORMAT(/ 4X,°THE D22 STIFFNESS PARAMETER IS ZERO.'/) 4000960
GO TO 505 4000970

8110 WRITE(6426) ' : 4000980
26 FORMAT(/ 4X,'THE D33 STIFFNESS PARAMETER IS ZERO.'/) 6000990
GO 70 505 ’ 4001000

8088 WRITE(6,27) 4001010

27 FORMAT(/ 4X1'THEAPRDGRA" CANNOT DETERMINE WHETHER THE PROBLEM INP 4001020
1UT IS THIC, RWAF, RWAl, RWA2, RWA3, ST10, ST1l, ST12, ST13, ISGl, 4001030

215G2s OR ISG3.'7/) 4001040

110 GO T0O 505 4001050
8120 WRITE(6+29) 4001060
© 29 FORMAT(/ 4X,°THE Y2 BLOCK IN THE SEGMENT MAGIC OUTPUT IS SINGULAR 4001070
1.*/7) ’ 4001080

GO TO 505 4001090

8841 WRITE(6,30) . 4001100
30 FORMAT(/ 4X,*'IN THE COMPUTATION OF THE REGION STIFFNESSES, THE K2 4001110
‘12 MATRIX WAS NOT POSITIVE DEFINITE.'/) 4001120

GO TQ 505 . : ’ 4001130

8842 WRITE(6,31) 4001140
31 FORMAT(/ 4X,'IN THE COMPUTATION OF THE REGION LOADS, THE K22 MATR 4001150
1IX WAS NOT POSITIVE DEFINITE.'/) 4001160

GO T0 505 4001170 -

8777 WRITE{6432) : S 4001180
32 FORMAT(/ 4X,'IN THE COMPUTATION OF THE REDUCED FLEXIBILITY MATRIX 4001190
1, THE REDUCED STIFFNESS MATRIX IS SINGULAR.'/} - 4001200 .

200




GO TO 505,
8797 WRITE(6,33)

33 FORMAT(/ 4X,°FOR KINEMATIC LINKS BETWEEN SEGMENTS, THE DEPENDENT
1JOINT NUMBER MUST BE GREATER THAN THE INDEPENDENT JOINT NUMBER.'/)

G0 TO 505
8787 WRITE(6434)

34 FORMAT(/. 4X,*THE NUMBER OF POINTS IN THE ST TABLE MUST BE BETWEEN

1 2 AND 30.'/)
505 RETURN
END

201

4001210
4001220 -
4001230
4001240
4001250
4001260
4001270
4001280
4001290
4001300
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technical information generated under a NASA
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Technology Surveys.
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