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Improvement, Extension and Maintenance of Finite Element Nonlinear
Structural Analysis System “FINAS” for fiscal 1995

Takahisa Chiba™, Mutsuro Ueno™, Shinkichi Sakai™

Kazuteru Garatani™®, Yutaka Hasegawa™, Arata Tsuzuki™

Abstract

A general purpose finite element nonlinear structural analysis system
FINAS has been developed since 1976 for fast breeder reactor components.
Improvement, extension and maintenance of this system has been continued
hitherto. This report describes the results of the work which was carried out
during October 1995 to March 1996.

The items of improvement, extension and maintenance are as follows.

+ Treatment of anisotropic materials

» Application of advanced constitutive equations

+ Improvement of calculation efficiency of the matrix reduction procedure
and FASTENING function

- Revision of a finite element

- Arrangement of FINAS (V. 13.0) and preparation for release

Work performed by CRC Research Institute, Inc. under contract with Power Reactor
and Nuclear Fuel Development Corporation.
PNC Liaison : Kazuyuki Tsukimori

(Structure and Material Research Section, O-arai Engineering Center) '
% ;. CRC Research Institute, Inc.
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T awnd, o2 —F—H 7 —F 2 ERE L TERAFE LD, YE—&OF
HAEICIIFERRALET %,

(1) #7705 5.4 XREAD D/NF A —4
SUBROUTINE XREAD (LU5)
IMPLICIT  REAL'8 (A-H, 0-2)

‘L EREFT-F1 27

RETURN
END
AT A—%
LUS : #ERTA—9EHARALLOONEEERNTF

FINAS @ AN 7 — % %3 L. XREAD DN HEFIZIZEND FINAS
A= FDROHI—-FIZT7 7 A VPRETTORATVE,
s 2 —%
B E LTHFELLZWDY, B LEE7Oy 7B EEETHILENTE S,
X7y JHRORHMO—XFRY THHI L,
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(2) 7739 S 4 XREAD O{ERE|
XMATL, XMAT2TREATAHE/NT A —F L LTY 7= (E=21000) & HE7 V>
Mt (POI=0.3) % END FINAS BMNED AN F— ¥ & LTHEALFITH 2, + 7704

T AXREAD XD & 1B T 5,

SUBROUTINE  XREAD ( LUS )
IMPLICIT  REAL"8 (A-H, 0-2)
COMMON /YMAT/ E, POI
READ(LUS,'(2F10.0)} E, POI
RETURN

END

FINAS D AN 7— # IZILEND FINAS RIBRIZR D X 5 2 # NS5 A —4 3 BRLT
B,
FINAS
i FINAS A7 — %

END FINAS
21000.0 0.3

SUBROUTINE  XMAT1 { IEXN, IECOD, ...
IMPLICIT  REAL*B (A-H, 0-2)
DIMENSION GEOM (¥}, .......

COMMON /YMAT/ E, POI

ERENI-F1 vy

RETURN
END
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1.3.3.2 AHE-TET LSS XREAD

| HIETEMELOICS hXREAD D& EFAFIZR LAY, SEORF-EET NI,
BREQFENCTEOEIL L NEERERE BTV, 28, SHEEE LZRLUT
DEN TH b,
CABF-FIIBWT, BEEORETIMET - IDERERTEATELT
USER MATERIAL #2022 &,
EREOEHETAHET -5 3 TE DI MATERIAL #— FERGROEXETHD &
FABOEETAIMEF - IFARTF—FELTCTY Y PEAEhE T L,

o7, FREOEZTHHEF— ¥12 END FINAS LU0 USER MATERIALY — F

MRCEZESND, TRLOF— Y EHRT - SRIFET LA T R HL, BY
FIEEFITET AT — 77— T AERITOWT, MATERIAL 7'— ¥ EEHRDER EFHF 2,
%7+, USER MATERIAL 7 — FLEDF— % LAOFINAS AN F— % LE#ERIZ7) b
W (ma—HH) PhEhd, Thb, USER MATERIAL 7 & OFMZ AERN
KRENTETA, T I T3 XREAD, XMATL XMAT2 TEHDR TV ERBT O ¥ 7
[YBXMAT/ DWW T, N5 XA— I LTEHSNTVIERTE 4110, BEE K .42
2, HEEBEOBEE LHBREROTIGE £43 LR T,

TALDEICRLAL ) CAS-EEFNORRMEN/T A -5 BE4REOREL
LT3EB 7Oy & [YBMAT/ IZEEE S hTWwa, COFERMBOEEESIILLoT—
BALSNTVD 0, BOHRIZOVTSEBTETH I, HEF—s0F=v 7, B
B L TE R S E L & B, $7o. USER MATERIAL /1 — N CHERT 5H#
F— A B OROBRAPEBECET 27— F— TV OBAERLEET 2104

XREAD, XMATI, XMAT2 lo B35 35 A - XEZEETRIE LV,
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=A4.1 | YBXMAT/ DT

THE |(BEOE B R
NTBLPA 21 BECHT 27—y F—TLOEARE
NMATPA 27 MESEOERENREAME
NMIDPA 4 USER MATERIAL 7"~/ CEET ST #7 - 1#IESOEL
NKEYPA 10 AT s rEF—0K
4.2 | YBXMAT/ DEH
THE ® 173
MID( K)| KEFEBIADERIHETF—FRBIES
KEY( NK) | KBEEOMET— Y ICBIANEHDF TV a vi—nfE
| NTBL( JK) | KEHOHHT -5 ILBIT2IEEMHOT— T LOH (=1 ER)
TIBLEJK) | KEBOHEF— 7 BT EBMBE0O 1 ETDBER
VIBLIJK) | KEHOHE T - BT RIEEHE0 1EHOHE I S A—%
4.3 /YBXMAT/ IZE 113 J EHFEESEMOIS
J | R T K J | ARsREE 2 &
1 E YV EE 15 | ZETAO08 EFLEE (s
2 NU BTV Y 16 | ZETAQ EFNEE b
3 ALPHA ERRERER o 17 ZETA10 EBFNVER Lo
4 SIGO EHERE TORRIET o (To) 18 RO1 EFNEE
5 M EFNER m(=mi) 19 RO2 ETNER
6 PHAIA o BBOFEH 1 X 20 RO3 EFNEE
7 PHAIB oBEDER2 X 21 RO4 EFNVER
8 ZETADI EFILEE O 22 RO5 ETWVEE rs
9 ZETAQ2 TFNVER & 23 RO6 FREE re
10 | ZETAO03 EFNEE O 24 RO7 EFLVER
11 | ZETA04 EFNEE 25 RO EFVER s
12 | ZETAD5 TFNER & 26 RO EFVEE ro
13 | ZETA06 ETFNEE G 27 R10 ETFNEE ro
14 | ZETAO7 EFNER O
¥ §(T)=PHAIA * exp { PHAIB (T+273)
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1.3.4. FHAZE

1341 ADF—2%

2—F =TT N=F VL BEFEVERET VL DHRAANKEF-FE TV T EIFIC
BAT B DI, AN F—F O MATERIAL #1— FCRAEE & A REEMEEE L.
S HIZHENT A — ¥ #END FINAS LLBEIZE D17z USER MATERIAL 77— # 2t v b
THLENFS B,

- MATERIAL 7—#%

10 20 30 40 50 60 70 80

A |MATERIAL

B3 | imar USER MODEL | nver | mser | nflg

FEOBRETTFVHAALBRETER LT FARE ) FESEAHESE 432 IRLAENT
Hbo FINAS DEF LT —F DAN— FIIMATERIAL 7— ¥ DiazE h #3/RL. B H—FT
HAALEKE-FEFVOFERATEE TS0 212 nver, nser, nflg 384 EFLCHERETERY
B, ABT—B 75y FRKBEROEEZEET 5. RE-EE7T NV Cldnser 122, nflg
PUIIEZESH T EDY, nvet DRIBTTET np+l (IEFILNDE TS D USER MATERIAL 7
— 3D TRE) 25X 5. 70, LEEN L THEDEFVEREZHVAHERELIIB A
— F2&IT2, 72720, USER MATERIAL 7— 7 23 MIE T 2B ERBNET e H>7— 5
BHEELZTNERG 2V,

HOEE | h5LA Y47 B 2! = ESDAES
A 1~8 & F — MATERIAL ¥ EZA *
B3 1~5 % 8 ima |#HETF—IRNES *
11—-20 3 £ -~ | USER MODEL &iCA *
21~25 EEH nva | X7 PARASRETHROE (rve=nb+l) *
26~30 IEEET ascr A7 T —RINERETE O (wscr=2) *
31~35 IFEH afig | 75 v FRRHBEEEEOE (ofig=1) *
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+ USER MATERIAL ¥— %

10 20 30 40 50 60 70 80
A |USER MATERIAL

B |imat ki k2 k32 k4 ks ko k7 k& ko | kio

USER MATERIAL 7— % {3, XREAD CEZLAF-TEFALOMET— 52 A HT 2,
DT — T IIFINAS RIED AN T~ 7 8B 5 2 %2\ 72H(ZEND FINAS # — FO&ZIZEH
Nbo USER MATERIAL 7= % &, 29 A #— FICX WHREOEET 2B F— y0E S
)0 CORIHET— S RIUBZT LA TS a0 ¥ EHTIBI— FEl, 20H —
FTRET 2#E 7 — 7 #3E T IIMATERIAL 7— % OB # — FCHE L ABAEE AL T
&Hh&&%&woit,#7&5>#¥mow1mﬁmﬁ%%mmnmmL?—9@mﬁ—
FEBRZD, UTIORT &) CHAAZBREF VICBE R EOFICE D 2 LIS LE
THoBo ki BN DELKEEL, MATERIAL ¥~ ¥ OB /1 — FCIE LT aver- | TH 5 2
o E72, k23 AT v THELENOEFRIRELZ I LCLEFTAFy TERBEBLTAT v 7
FEEAT) DEDPOBRTHEH, —RICFIEFEHIRAT Yy THIERALEVEY . TEL
LRTERERILDIYTAT v TELBRTRETH D, b ERF-FEFAMIBIT 248
N7 A RERTFEZERTL0EPORRCTH D, =1 LT85 LFICREREDE 0 (T) =1
FRET b, 2L, TOBBILY IR, K7V Uk, $MEGRHOBERELIIERS
Nbo ka ZEFTVOBRT, ka=0lTBLEFNT (FIEHORBEN I Heaviside B % B 2
BE N9  ke=l TREFA-N (FEHORBERIC<EFEEAVIHE: % 10) Ths,
ETNIZFR LB EIESEI T A — & L LT m, PHAIA, PHAIB S B L 2 B 3 72ks b
B DWTIRERATH H, BHCEERZ SR RVADEATIY, ThAbT TS 32 %—0
77N MER, AT a b EMORAL RV ESIIHENT A — 5 OBRERESE R LI
KF-EEFANI LD EIICEESNRTVS,

RBEDMET — & DANITOWTIL, FINAS @ MATERIAL 7 — ¥ &R 1 (FH) &5t
6 (BEIRTZT—97F—7N) PEHATED, o T BN LERErEET 2HE7—
OB TOL S Izh 3,

FLSTIT T FINAS OAN 7 — § ISk A ¥ MTE LTHEAT2 2 L FTE 5,



JNC TJ9270 98-003

A, B, C, seeee Gy, G, woeres, B, G, Gy, =veves
HOREE | #5447 £ B ™ = ESOATES
A 1~13 3 % — | USER MATERIALLEEA *
B 1~5 B ¥ ima | HEF—7#BIES (MATERIALF — ¥ IZ3FHE) *
: 21~25 TF#EE & FIEHOEE (ab T3 M, 1S £10) 10
26~30 EEH & HTATF v TEOER _ 0
(k2 =0: 7R F v TEHEEHI k2 =1: fFibiwv)
31~35 EEE & REREEOER 0
(k3 =0: BREIE 2 EBT 5, =1: EEL 2 W)
36~40 I1EEE ke EFLOER 0
: (ka=0: BF N, ks =1: TFN-11)
41~45 IEBHE ks HRAE A 0
46~50 IEBH s G 0
51~55 EEH W FEH 0
56~60 IEBEL ks FEH 0
61~65 IEBE ko FEH 0
66~70 EBE ko FHEH 0
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g1

(EE

10 20

30

80

kind v

EFRX 1 @A RE, BRUTASLEEL2VWERDSESIZHAV2, Z0h — FTid
Yr7E RT7 VU, BERREEEAT-FEFANOLETOMBNT A -5 4 ANTD o E4°
T&h, FATTNER G, i 3VEREEI T AITAZLL, TFA-1 Tl m % m

L ER L 241212 o PHAIA, PHAIB # BT X 3,

HOBE| 454 4T L ¥ = = FECATEZE
C 11~20 EETF kind | HEENOES (43 28) *
E sy E
NU RT VN v
ALPHA : EEEEEGRY o
SIGO  BEBRETORBRKIET o)
M 1 ETFILER m (=mi)
PHAIA : ¢ BEOEHK]
PHABB :¢ BI%ozEH1
&(T)=PHAIA * exp { PHAIB/ (T+273) ]
ZETAQl : EFNMEXK ¢
ZETAD2 : E=7FLEH {2
ZETA03 : EFNMEHK 3
ZETA04 : EFLVEHK &+
ZETADS : EFUVER _ s
ZETADS : EFLEH s
ZETAO7 : EFNEE {7
ZETA08 : EF NEH e
ZETADS : EFLE Lo
ZETAI0 :EFLEE Lio
RO1 cEFAER r
RO2 P TFNER rn
RO3 T ETIER r
RO4 T ETFTAER re
ROS CEFLVER rs
RO6 c EFLEK 6
RO7 BT VER r7
‘RO8 CEFNER rs
RO9 BT LER ro
RI0 T EFIIES rio
21~30 £ £ v HESEEOE *
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B85 (BEICHATST-427—7 )

10 20 30 40 50 60 30
G kind F3 m
G2 Ti vi T2 v2 T3 v
T4 T N R LA A R B R —_— Tm vm

EX 5 IMEEE L EECETIF— ¥ T TATER BG4 CHERL, ERELFOBE
TOMEBEEZBENAEVRICEATANT 2, StETELRIHHBFREIIOT—F 77—
TUHhOERIIAEF RN ESRD, COBXTEY Y 7E, R7 VR, $BREEES
ABILDTEDL, LPL, KE-ETFNMIBITIHOHENT X~ 5 DBREKFMEE ¢ MK

ENEBESA TR, IROOANIERS 2HI I LRTELW

[+]

HOBE | AL 4T T B A = HECATIES
Gi 11~20 HHMF knd | HEEEEOEE (843 88) *
E AV
NU KTV v
ALPHA :EEREERER o
21~25 ¥ F£ — |F5EEA *
26~30 EEH m | BESHESEEOBRE (1=ms21) *
""" G | 11~ £ % 7 | Bwor-sod@osE | o0
21~30 B B ow | BEOT— 7 OAOHBAFHEE 0.0
51-60 & B T 3IZFBOF— 5 OHEDORE 0.0
61~70 £ #H v 3HFEBOF— ¥ OHEOBEMSHEE 0.0

I DEFATILAT %,

mAP4L DL EIROI— PR A T LR
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1.342 UNIX 7T— 2 2XF—2a Lo L3 EAAE

CITH, BEDHEEREEL L TREN R UNIX V-2 R F -3 VIIBITAERF
BERTo XL, AKF-EEFNVEEZETIL—F—F 7N —F 2 & LT OWMDLS &

FINAS DANI 7= % & LT DATA.fns DT Fo 7 7 A LAHEF IR TVE LT3,

HEDEE

POTORETH., KF-FEFNEEHT 22— F—F T h—F ¥ 2 EALLENS
Do BTRY TN —F > 2 kA LHEOETET I BETT, 25, COZFLho
— FEVz—0E LT @DATAexe BEL N B, |

finas -dat DATA.fns -usub OWMDL.

LIBROFE

-
[

BN EF VPR A TN O— FEY 2 - VAEET L EEIE. TAE*FHBETS
ENTEL, UTILO— FEYV 2 - L3 EELAZETHFERZTT,

finas -dat DATA.fns -load @DATA.exe
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FEEOBEETNVIZLD FINAS IZHRAARKE-TTFNOBEFRIT 70, K
HoERUBTZITVEBEOEFEONZ I L F#HE L, ZDBRIIZFINAS ICAS-F
EFNEEET 5 XMATL, XMAT? 2 EEMARAALB S L, Thonz—HF—H 7L —
FUDOFIANR—TOSFZATHDH ADMODEL IHRAABEOMEIZ DV TITo 7,
BETEHEICERBETRC., REE, 20V T30S HMETNRE L,
72720, ESEETEEEL DRHROEFBONRDI I EFHIL T3,

1.4.1 FINASIZ & 225IFIE

FINAS 12 & 2 AFF-EEFADREE, XBICES(HE T A5 0EEHEL
ZRBLZVEFAMBICEFTLI (VP209) &, XEO DL 28BS 2 — ¥ BEHK
FHEFEBLAETFTN (VP210) O&ZLIIOWTHEHEEEYHEOEFSTo, oo

TIRUTO220B8BIz oW T FORTIEER T,

VP-209 KEF-ZTE=FN %A EB5[55 R

VP-210 #ENT A- S BEREETZEL-KF-FTEFVIC L2 B3 EYEE
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S VP-209 AEF-FZEFINF BV BEEEE ) RS

(1) B&Y
EEOBREFVERAAEEIZL ) 2—F— %7V —F >~ CFINAS HRAFh A AS-Tx+
W A{EFNMLEETMIL) 2HCTEEEEYRNEORITETS, COERETRFCIILoTE
SNIRENET 2 LI DAEF VRIS ORTF L+ 5,
ZBERBBICBY L AF-TEFLIETEIOERLI, PHES BRI TN - 1,

(2) BEDE
a) BT ETIL

-EEET N
¥rEfE1.0mm, & 2 10mm DS

¥4 NN
B 209-1 #EE TN
- EREE

ROD2: 3 hTHEEZE

D}
i
i
bl
it
~i
S

10mm

¥ 209-2 HRREFETFIL
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b)FFFIE R

S HEIIE B 9 C-IMo B (5500 e L, XEPEL DB HOEEE M =8 &M =4,

EFANIEEFNI SHABEOUTAHREILL ) AFHEEOBINTIT .

R
(2}
Oy = 260.916 [MPa]
oy =241.153 [MPa]

ov = 185.633 [MPa]
oy = 142.896 [MPa]

( £=0.1 [%fsec] )

( £=0.05 [%/sec] )
( £=0.005 [%/sec] )
(€

£ =0.0005 [%/sec] )

= 209-1 ﬁﬁ#ﬁt;ﬁﬁuf:ﬁﬁiﬁ

M=4 M=2

E 1.65X10° [MPa] E 1.65X10° [MPa]

v 0.33 v 0.33

mi 7 (FBF M OH) mi 7 (FFNIOK)

& 1t o] 2500

& 370 & 1111

& 200 & 556

] 125 ] 370

¥ 115.0 [MPa] & 263

r 574 [MPa] g6 199

B 24.3 (MPa] & 159

ra 133 [MPa] & 125
r 40.0 [MPa]
n 50.0 [MPa]
3 44.0 [MPa]
r4 27.0 [MPa)
fal 19.0 [MPa]
rs 13.5 {MPa]
7 7.0 [MPa]
e 9.4 [MPa]

EHIZDWT
E7o. WERRE
HEITEIOI RIEBVT, BEOTEZ 0L LAUTORL hoh, 4 =543X10%, =88
INPTFOLIREE D, BTCAOCLHBERER 2091 7T
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CEREEF
HOIZBWT U= ty= =0
HAIZBWT wm=u=0
XAMIZEVTRI2%II %2 &) EEEM 420027y 7TEL 3,

(3)BEMER
EFNVLETVHEXAILDOVT M=8tM=4 DESOEVFHEEITL LETEET., KT
b DEFEEFHIZH 209-3,4,5,6 12T,

(4) #55
FINASLAFF S IZ L BRETERIZL ( —RLTHY ., FINASIZHA AT KE-T = FEE
BT A ERERLL,

(BEXHR)

) AEFEE, TEZ  SMWEROERKELZE L-85ELE (515, Exnftsru
TR HEBREAHTE (AF) 585 5475, 488~ (1992-3)

2) KERE. TEX  WEEOERKES ZH L-BHTELE (55235, EBRERCES
CHEE) BERERFSHTE (AR) 58% 5478, 496 (1992-3)
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VP-210 DANIT— =

b
USER HATERIAL

b
§ .. MATERIAL DATA FOR OHHO-WANG HOOEL (MODEL-1}
3

3 ..
H

20.0

150.0
300.¢
450.0
600.0

HU

ALPHA

5169
PHALA
PHALB
IETAD]L
IETADZ
IETAQA
IETAO4
ZETAQS
TETAQE
IETAQZ
IETA08
1ETAQY
IETALQ
RQ1

RO3
/04
ROS5
ROE
RO7

RD9
R10

E, HU, ALPHA BY 5US31§

FS 14

1.9404E5
1.a7148£5
1.7440E5
1.B364E5
1.4895E5

FS 14

0,286
0.275
0.2387
0.298
0.3t0

FS 14

15, 15E-6
17,22E-§
18.79E-6
19.93€-6
20.37€-8
115.0
0.581
307.0
2.0054
1.00E4
5.00£]
2.50E)
1.11E3
5.26E2
2.56E2
1.00%2
4.00E1
2.,0061
5.50
1.81
2.40
3,44
5.00
5.19
9.61
15.9
0.2
63.8

—_ 5 4 —

20 1EPS] 300
1

FIxAS
TITLE
SUIT[TLE
NOPRINT  DES
STATIC TE
MODEL
NODE
3
11 C.0 0.0
12 10.0 0.0
21 0.0 0.0
a2 16.0 0.0
31 .0 0.0
32 10.0 0.0
ELEMENT TYPE
1 RQOZ
. CONNECTION
20 1 1 11 12
300 1 1 1 21 22
&50 1 1 1 31 32
GEOMETRY
3 i.0
HMATERLAL
1 USER MODEL 11 K 1
REFERENCE TEMP
11 12 1 0.0
21 a2 1 00,0
31 e 1 650.0
BOUHGARY
i
11 12 1 2 3
21 22 1 2 3
31 3z 1 2 3
11 1
21 1
31 1
12 1
22 1
EH 1
HISTORY
INTERVAL 1
BOUH 1 0.0
THTEAVAL 150
. A0UN 1 0.01§
EHD HODEL
ouTPUT
PRENT SELECT
ELH ALL
DIsp KOKE
REAL NOHE
ireLoT
CHET 0
FRAKE 210.0 210.0
PTITLE STRESS VERSUS STRAIN RELATION OF 3JIGFR
ITITLE STRALR
YTITLE STRESS (MPA]
YRAHGE .o 350.0
TOIVISTON H
XRANGE 0.0 0.015
IREYISIOR 3 0
CURYE 1 1 0 %.T,
CLURVE 2 1 ] T=300
CURVE 2 1 [v] T=650
PLOTS EfS1 20 157351
Ers1 650 15151 850
END DUTPUT
END FINAS

1.9208%5
1.8424E5
1.7248€5
1.58T6£5
1.440655

0.246B

15.65E-6
17.85E-~6
19.19€-6
20.28E-§
21.09E-4

15TRS]

.. USER HMATERIAL OATA FOR OHNO-WANG HODEL

SUS3I6FR (TEMP,
(FLIHAS USER'S MARUAL 4-82)

(FIG,1 3Y FINAS)

300 1

DEP,)

1.5012E5
1.8032E5
1.6856ES
1.5186E5

6.272
0.283
0.285
0.3086

15.48E-8
18.36E-&
19.57E-§
20,.60E-6
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€ %)
*85 5 (o L BEEiRERY

FINAS STRTIC ANALYSIS

R.T.
=i (20C) T=300
X 102
3.0 T=550
& ]
= 20 ;#ﬂ_d;_dfﬂi_——
o) / -
B §50°C
L
R4
& | /
4] /
1.0
0.0
0.0 0.5 1.0 1.5 X 102

STRAIN
STRESS VERSUS STRAIN RELATION OF 316FR  (FIG.i BY FINAS)

E 210-3 FINAS (- & 24§82



JNC TJS270 98-003

1.4.2 ADMODELIZ & 3#ET

KE-FEFNIETFF2y MEEO V2 I V-2 a VEEIIERD ZLITREREMY
BHhe o T, TITHEFTFzy PHEILOWTEN T\, FINAS ICHA T RAKE-
TEFNVOBRERIEE T5, 7720, EIF =y FEBICFNAS AW I L id/ERE
iz, FEEMEGHNF Y- BT OS5 5 4 ADMODEL % #F L7:, ADMODEL
FINASOEEDER T T VERALBEICAVAXMATL, XMAT2 D F I (/5= 707 7 4
LT, ZhoDHFTLV—FLIZENBRETVEEHE L, N Fv— BN ETH T
ENTE B, T7. ADMODEL i UFATRRIEN*ERHAE T 270, HE LM
BORRETITENTES, TITid, ADMODELEAWVWTT o7 &8I F = v M &

L. ERPIAHHEL LTTHFHRUTAERIIH T LN EOBTER LR T,

&

CBESFIoy b

B T—FF BN EDTEE LR UV EHPER LS8 T F = v MEROE
FafTol, SNOHREFA (M=8) EXTFNI (M=4,M=8) DIEFOEFTIIC
DT, FIRVIEAEERLUOTAEEZR S O L) I 4 EHIIELsE, §H1295— &
DOEEAF 24051 7 METIT o7z, LBEHBEBERORP CEREG TS EILE
W bo HEHILER 9 Cr-1Mo 88 (550T)& L. MHRRLITIEEPD1) RicBWn T,
BHUTAT 0L LALTORLINEON, A=543X10%, b=88 LHUTOLHIIED
7o BEATICRWIHEERTER 6 IR T,

o}

oy =241.153 {MPa] { £=0.05 [%/sec) }

ADMODELIZ X DB OLNATFFxzv FOTHREZ H3435 IR T T7ETNO (M=8)
KDOWTEARUT A LSRNV U TADERERTHE 6 IZFRT, HPICEREFLIZLLE

SRLERLTWAN, LC—KTBLTHN. SM5F 2y PEEEBUT bET
FANEECEIET 3 S EBEID LR,



JNC TJ9270

98-003

=5 ARREF

iRV o

BUNUTHER Ay/sqr(3)

100 [MPa] 08  [%]
50 [MPa) 1.0 [%]
50 [MPa] 08 [%]
50 [MPa] 06  [%]

= 6 FBTICAVHEESY

M=4 M=8

E 1.65X10° [MPa] E 1.65X10° [MPa)

v 0.33 1% 0.33
mi 7 (FF NI DAR)

4] 1111 4] 2500

& 370 & 1111

& 200 & 556

e 125 s 370

r 115.0 [MPa) & 263

n 57.4 [MPa) s 169

r 24.3 (MPa] & 159

r 133 [MPa] {8 125
ri 40.0 [MPa)
n 50.0 [MPa]
3 44.0 [MPa]
re 27.0 [MPa]
] 1.0 [MPa]
s 135 [MPa]
r 7.0 [MPa]
8 0.4 [MPa]
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FINAS STATIC ANALYSIS
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TENSILE STRAIN

FINAS STATIC ANALYSIS

X 10-2
3.0
3.0 —
> Model & (MaB), y/V1=3x10"%1/s
e otMpa)  ar//3(9)
- —_ 100 0.8
< 2.0F 50 1.0 o
a — 50 0.8 P
— 5 F——- 50 0.6
1 -
P - -
= e
€
g
1
2.0 —— 0 10 20 30 49
Mumber of cycles,N
KIF 540 & B WEAR S IRD ot
FAkAeaeﬁea
1.0 ?’*’*’*d4€4
,8/JFJ?/gfxfxwérﬂk‘*’*ﬂ%’éﬁé
R Y
qr/:,;x/)(’;t—’x/r WWB a—{ -1
b a—a—a—o—(
0.0

MULTI-AXIAL RATCHET DEFORMATION OF MOD.SCR-1MO

MOOEL-2 M=8

2.0

NUMBER OF CYCLE

4 ADMODELIZ L2 BT F x v FEIREDMREE (EF0I, M=8)
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TENSILE STRAIN

FINAS STATIC ANALYSIS

X 10-2
3.0
1.0 .
= Model T (M=4}, //3a5x10"2¢/s
> T slMPatl  ay//3(s}
. — 100 0.8 .
c 2.0F wuie 50 1.0 i
a —_— 50 0.8 -
5 heme—- 50 0.6 7
] o~
gt
‘a
[~
()
2.0 ; ; L
* 0 10 20 o 40
Number of cycles, N |
B e B R /&/r.w/“”
Lo R/g/}yx,x/(?/‘ | M
r’x,ér’ efxfae’*’*_Akﬂx—aeﬂx—Aef
B/E/R/J _’N—’;M
::z:;?—x—AFJ:::::::;—{%Hw—e»4}-e-{yAy—G«*&—e-{%-m—wr—u
0.0 ;

0.0

MULT[-AXIAL RATCHET DOEFORMATION OF MOD.SCR-1MO

MODEL-2 M=4

1.0

5 ADMODEL IC &3 $#5 F = v MRSOBITER (EFMI, M=4)

NUMBER

2.0
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SOMPA, 1.07
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R Y
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INC TJ9270 98-003

2.0
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1
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0.0
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JNC TJ9270 98-003
- FERBIZER (HFHOTHER)

TEVCHEVADMODEL 12X W 7 12T &£ ) T ER U T AERIC L S ELFART
TOIEHIELEFPHE LT, TROIZEFLI (M=8) &TFNI (M=8) D2EEDT
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INE] —1 €
7 L
X7 +FH U7 HER

ADMODEL i X DB o N/ 8ITHECAMEHOBREXR 89 ILRT . BPIZITKE
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BY . EHAEFEECSNT L RF-EEFVAFESCHET 52 LARIDH R,



INC TJg270 98-003
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SUBROUTINE XMATY ( IEXN, IECOD, NGOMP, IDMAYT, [P,  ISTEP, ¢ IMPLEMENTATION FOR MODEL-T , AND MODEL-2 ..

TIME. DTIME, TEMP, DTEMP, GEOM, CORD, G N.OHNO, J.WANG : A KINEMATIC HARDENING RULE WITH CRITICAL
DISP. EPS,  §i@,  USTY, USTS, G STATE OF DYNAMIC RECOVERY (1ST REPORT, FORMULATION AND BASIC
EMAT, 6G, IFLG ) G FEATURES) JSME-A VOL.58-547 (1992-2)

¢ ¢

C * FUNCTION OF THIS SUBROUTINE C .. IMPLEMENTATION FOR TEMPERATURE DEPENDENCY . .

¢ TQ CALCURATE CONSTITUTIVE EQUATION AMD UPDATE FLAGS G M KOBAYASHI, N.OHNO : ANALYSIS OF THERMAL RATCHETTING OF A CYLINDER

¢ FOR FENAS USER DEFINED CONSTITUTIVE MODEL. G SUBJECTED TO AXIALLY MOVING TEMPERATURE FRONT

¢ ¢ (COMPARION WITH EXPERIMENT) JSME 95.7/7 NO.953-2

¢ (DS1G) = {EMAT) (DEPS) + (GG) ¢

c C * MODEL STATUS VARIABLES

c PROGRAMED BY K.GARATANI (GRC) ON DEC. 1989 (VER 1.0) c ustv(l, » .. VECTOR VARIABLES

c ARG. NNOR REMOVED ON JUL. 1993 (VER 1. 1) c J= 1: EPSP(§) ; PLASTIC STRAIN

¢ ¢ J= 2: ALl (6, 1) : T1-5T BACK STRESS TERM AT TQ

C * INPUT VARIABLES ¢ = 3: ALL (6, 2) ; 2-ND BACK STRESS TERM AT TO

c IEXN B. ARG (INT) : ELEMENT EXTERMAL ID. c J=4: ALl (6. 3) : 3~TH BACK STRESS TERM AT TO

c IECOD  D.ARG (INT) : ELEMENT TYPE CODE. (REF. TABLE C.1-1) ¢ = 5: ALl {6, 4) ; 4-TH BACK STRESS TERM AT 10

c NCOMP  D.ARG (INT} ~ : COMPONENTS NO. OF STRESS OR SRAIN C = 6: ALl (B, 5) : 5-TH BACK STRESS TERM AT TO

¢ IDMAT  D.ARG (INT) : MATERIAL 1D, c J=7: ALl (6, B} : 6-TH BACK STRESS TERW AT T0

C IP D. ARG (INT) : ELEMENT INTEGRATION POINT iD. . ¢ = B: ALE (B, 7) : 7-TH BACK STRESS TERM AT TO

¢ ISTEP  D.ARG (INT) : STEP COUNT [+ = 9: ALl {6, 8 : 8-TH BACK STRESS TERM AT TO

¢ TIME  D.ARG (INT) : TIME c J=10:  ALI {6, 9) ; 9-TH BACK STRESS TERM AT TO

¢ DTIME  D.ARG (REAL*B) : TIME I[NCREMENT c J=11: ALL (6, 10) ; 10-TH BACK STRESS TERM AT TO

¢ TEMP  D.ARG (REAL*8) : TEMPERATURE c USTS (O .. SCALAR YARIABLES

¢ DTEMP  D. ARG (REAL+8) : TEMPERATURE |NCREMENT ¢ J=1: EPB : ACCUMHLATED EQUIVALENT PLASTIC STRAIN

¢ GEOM(1) D.ARG (REAL*B} : GEOMETROY DATA ¢ J=2;  PHAL : VALUE OF TEMPERATURE FUMCITION PHAI(T)

¢ CORD{I} D.ARG (REAL#8) : NODAL COORDINATES OF THE ELEMENT c FFLG{J) .. FLAGS

¢ DISP(1) D ARG (REAL*8) : NODAL DISPLACEMENT OF THE ELEMENT ¢ J=1;  JELPL i EL.—PL. FLAG (0:ELASTIC, 1:PLASTIC)

¢ EPS (1) D.ARG (REAL*B) : TOTAL STRAIN COMPONENTS ¢

¢ SIG (1) D.ARG (REAL*8) : STRESS COMPONENTS C * LOCAL VARIABLES

C USTV(), J)D. ARG (REAL%8) : USER DEFINED ST. VARIABLES (VEC. FORM} ¢ NBPA PARK. (INT) : MAX. COUNT FOR BACK STRESS TERM

¢ USTS(J) D.ARG (REAL*B) : USER DEFINED ST. VARIABLES (SCR. FORM) ¢ AL (8} LOCAL (REAL*B) : SUM OF BACK STRESS AT 10

¢ *IFLE{J) D.ARG (INT) : USER DEFINED FLAGS c ALS (6) LOCAL (REAL#B) : SUM OF BACK STRESS AT T

¢ ¢ EPSE(6) LOCAL (REAL*B) : ELASTIC STRAIN

€ * QUTPUT VARIABLES ¢ DFDS(8) LOCAL (REAL#8) : FLOW VECTOR (DF/DS)

c EMAT (|, J)D. ARG (REAL#8) : INCREMENTAL STRESS-STRAIN MATRIX c DALSDT (6)LOGAL {REAL+B) : TEMP. DIFF. OF BACK STRESS AT T

¢ G6 (1} D.ARG (REAL*8) : PSEUDO STRESS INCREMENT VECTOR ¢

C *IFLG(J) D.ARG (INT) : USER DEFINED FLAGS c

c IMPLICIT REAL*8 (A~H, 0-2)

Crmmmmemmm e CUSER GOMMENT BELLOWY —smcm————momee DIMENSION GEGM{*}, CORD(¥), DISP(*), EPS{+}, SIG(+),

¢ . USTV (6, *}, USTS (+),

C====={¢ FOR OHMO-WANG MODEL > . EMAT (NCOMP, NCOMP}, GG (%} , IFLG(x)

c PROGRAMED BY K. GARATAN| ON DEC. 1995 C

c [ ( USER PROGRAM BELOW )......................... ...

C OHNO-HANG MODEL IMPLEMENTED BY FOLLOWING PAPER {IN JAPANESE) [

¢ PARAMETER (NBPA=10}

€00-86 0.g6rL ONI



DIMENSION AL| {6, NBPA), AL (6), ALS (B),
EPSE(6) . DFDS(B), DALSDT (6},
ZETA( NBPAY, R (NBPA)
4
C #kxxx SET STRESS FIELD KEY BY ELEMENT CODE
G
GALL YFIELD( FEXN , IECOD , KF1ELD, NCOMPX , NNOR )
¢
IF (NCOMP. NE. NCOMPX) GOTO 8010
c
C wsolk SET MATERIAL CONSTATS FOR OHNO-WANG MODEL
c
CALL YOWMAT( LEXN , IDMAT , TEMP DTEMP .
HB .KS KT , KM )
3 LPOIT , SIGOT ,PHAINT |
E2 ,POI2 51602 ,PHAIZ |
AP A JIETA LR )
c
IF (NB, GT. NBPA) GOTO 9020
[H
C ##wkx SET STATUS VARIABLES AND REAL BACK STRESS AL
c
IELPL = IFLG(D)

c
D0 100 1=1, NCOMP
AL ) =00
100 CONTINUE
¢
DO 120 1B=1, N8

BO 110 =1, NCOMP
ALI(L, 1B) = USTV(l, 1+1B)

AL )=a )+ ALICL IR
110 CONTINUE
120 CONTHNUE
c N
DO 130 1=1, NCOMP
ALS(L ) =aAL ) = PHAIN
130 CONTINUE
4
C #*vkk GET ELASTIC STRAIN
c
CALL YFEPSE ( MCOMP . NNOR , El . POIT |, s18
EPSE
¢

C #x++x SET TEMPERATURE DIFFERENCE OF STATUS VARJABLES
4

4

CALL YOWDAT ( NCOMP , PHAIT ,

DALSDT

IF (DTEMP. EQ. 0.0) THEN
DKAPDT = 0.0
ELSE

DKAPDT = ($1G02-51601)} / DTEMP

ENDIF

G #ekik SET "EMAT' AND ° GG

(-

4
¢

¢

¢

IF (IELPL. EQ.0) THEN

CALL YFDE ( KFIELD

CALL YFGE ( KF{ELD
E2
GG

ELSE

CALL YFLOW2{ NcompP

CALL  YOWHD ( NCOMP
ZETA

HD = HD * PHAI2

CALL YFDEP ( KFIELD
HD

AKAPZ = §IG0O2

CALL  YFDKDT( NCOMP
BTENP

CALL YFGEP ( KFIELD
E2
DKAPDT

ENDIF

RETURN

G *k<er ERROR

[

DEPENDS OM STATUS

*

. POI2

NCOMP ,

NCOMP ,

NNOR

NNOR

NCOMP ,

, DFDS

NNOR
DKAFDT

NGOMP ,
POiI2
DALSBT,

PHALZ , DTEWP ,

AL

EMAT

P01
EPSE

DFPS

At
HO

. POI2

. ELASTIC
E2 POi2
NNOR . EI
. ALP | DIEMP .
. PLASTIG
S16 , ALS
. NB )
DFDS , ALI
NCOMP , E2
EMAT
$16  , ALS
NNOR |, EI
ALP, HD
DFDS . EPSE

AKAPZ |

POIt
DTEMP .

)

£00-86 0LZBIL INF



9010 WRITE(G, %) ' bk ERROR ON SUB. XMAT) : ILLEGAL NCOMP *,
NCOMP, EEXN

5020 WRITE(6, %) * *#eix ERROR ON SUB. XMAT! : B, STRESS COUNT EXCEED ',

CALL PEXIT

STOP

NBPA, NB

CALL PEX1T

sigp
END

SUBROUTINE XMAT2 ( 1EXN,
TIME, DTiME, TEMP, DTEMP, GEOM, CORD,
pIse, EPS,  Si@,  USTY, USTS,

DDISP, DEPS, DSIG, DUSTY, DUSTS, IFLG )

IECOD, NCOMP, IDMAT, P,  1ISTEP,

* FUNCTION OF THIS SUBROUTINE
CALCULATE INCREMENT OF STATUS VARIABLES AND UPDATE FLAGS
FOR FINAS USER DEFINED CONST!TUT{VE MODEL.

PROGRAMED

BY K. GARATANI (CRC) ON DEC. 1989 (VER 1.0)
ARG. NNOR REMOVED ON JUL. 1993 (VER 1.1)

* |NPUT VARIABLES

1EXN D. ARG (INT) . ELEMENT EXTERNAL ID.

1ECOD D. ARG (INT) : ELEMENT TYPE CODE. (REF. TABLE C.1-1)
NCOMP D. ARG (INT) : COMPONENTS NO. OF STRESS OR SRAIN
|DMAT D. ARG (INT) 1 MATERTAL 1D

IP D. ARG (INT} : ELEMENT [INTEGRATION POINT {D.

ISTEP D. ARG (iNT) : STEP CQUNT

TINE D. ARG (INT) : TIME

DTINE D. ARG (REAL*8) : TIME INCREMENT

TENP D. ARG (REAL*B) : TEMPERATURE

DTEMP D. ARG (REAL*8) : TEMPERATURE |NCREMENT

GEOM{1} D.ARG (REAL*8) : GEOMETROY DATA

CORD(l) D.ARG (REAL#8) : NODAL CCORDINATES OF THE ELEMENT
DISP(1) D.ARG (REAL¥B) : NODAL DISPLACEMENT OF THE ELEMENT
DDISP{1) D.ARG (REAL*B) : NODAL DISPLACEMENT INCREMENT

EPS (1) D.ARG (REAL¥B) : TOVTAL STRAIN COMPONENTS
DEPS (1} D.ARG (REAL*8) : TOTAL STRAIN COMPONENTS INCREMENT
SIG (1} D.ARG (REAL#8) : STRESS COMPONENTS

USTV(1, J)D. ARG (REAL*8) : USER DEFINED ST. VARIABLES (VEC. FORM)
USTS(J) D.ARG (REAL*8) : USER DEFINED ST. VARIABLES (SCR. FORM)
*IFLG(J) D. ARG (INT) : USER DEFINED FLAGS

* QUTPUT VAR!IABLES

DSIG (1) D.ARG (REAL#8) : STRESS COMPONENTS INCREMENT
DUSTY(), JID. ARG (REAL*8) : USER DEFINED ST. YARIABLES INCREMENT

¢ DUSTS(J) D.ARG (REAL#8) : USER DEFINED ST. VARIABLES [NCREMENT
C #IFLG(J) D.ARG (INT) : USER DEFINED FLAGS

C

[ {USER COMMENT BELLOW>>
c

C======¢< FCOR OHNO-WANG MODEL >>

PROGRAMED BY K.GARATAN! ON DEC. 1995

OHNO-WANG MODEL MPLEMENTED BY FOLLOWING PAPER (IN JAPANESE}

IMPLEMENTATION FOR MODEL-1 ., AMD MODEL-2 ..
N.OHNO, J.WANG : A KINEMATIC HARDENING RULE WITH CRITICAL
STATE OF DYNAMIC RECOYERY (1ST REPORT, FORMULATION AND BASIC
FEATURES} JSME-A VOL.58-547 (1992-3)

.. IMPLEMENTATION FOR TEMPERATURE EPENDENCY ..
#, KOBAYASHI, N.OHNO : ANALYSIS OF THERMAL RATCHETTING OF A CYLINDER
SUBJECTED TO AXIALLY MOVING TEMPERATURE FRONT
(COMPARION ¥ITH EXPERIMENT) JSME 95.7/7 NO. 953-2

* MODEL STATUS YARIABLES

¥

usTv{i, N
J= 1: EPSP(6)
J=2: ALl {6, 1)
J= 3: ALl (6, 2)
J= 4: ALl (6, 3)
J=5: ALl (6, 4) :
J= 6: ALl (B, 5)
J= 7: ALl (6, 6)
J=8: ALL (6, T}
J=9: ALl (6, B)
J=10: ALl (6, 9)
J=11; AL (6, 10)

USTS{J}
J=1:  EPB
J=2: PHAI

IFLG (J)
J=1: 1ELPL

.. VECTOR VARIABLES

PLASTIC STRAIN

1-8T BACK STRESS TERM AT TO
2-HD BACK STRESS TERM AT TO
3-TH BACK STRESS TERM AT TO
4-TH BACK STRESS TERM AT 10
5-TH BACK STRESS TERM AT TO
6-TH BACK STRESS TERM AT TO
7-TH BACK STRESS TERM AT 70
8-TH BACK STRESS TERM AT TO
9-TH BACK STRESS TERM AT TO

; 10-TH BACK STRESS TERM AT 10

. SCALAR YAR{ABLES

. ACCUMULATED EQUIVALENT PLASTIC STRAIN
; VALUE OF TEMPERATURE FUNGITION PHAL(T)

.. FLAGS
EL.-PL. FLAG (0:ELASTIC, 1:PLASTIC)

OO0 O000 0000000000000 00000000C00000CO00

* LOGAL VARIABLES

NBPA PARM.  (INT)

: MAX. COUNT FOR BACK STRESS TERM

AL {B) LOCAL (REAL*8) : SUM OF BACK STRESS AT T0

ALS (6} LOCAL (REAL#8) . SUM OF BACK STRESS AT T

EPSE(B) LOCAL (REAL*B) : ELASTIC STRAIN

DFDS(6) LOCAL (REAL#8) : FLOW VECTOR (DF/DS)
DALSDT(6)LOCAL {REAL#8} : TEMP. DIFF. OF BACK STRESS AT T
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c

IMPLICIT REAL*B (A-H, 0-2)
DIMENSION GEOM(+), CORD(¥), IFLE (%),
DISP{x), EPS(e}. SIG(R), USTV(6. %), USTS(x),
DDISP (¥}, DEPS (%), DSIG (%), DUSTY (G, *), DUSTS ()

PARAMETER (NBPA=10)
DIMENSION ZETA(NBPA), R(NBPA)

DINENSION EPSE {6) , AL (6) . ALS(B) ., ALI(6,NBPA) ,
DALY (6, NBPA) |

5162(6) , ALS2 (6}
EPSEX(6) , SIGK(6) ,
DSIGX (6)
DSIGY (6)

DIMENSION DEPSP (6} ., DFDS (6) ., DALSDT(8) ,

. DFDSX{6) , DALSDY (6)
DIMENSION DEPSY (8)

C ///////7 PHASE 1: PRE PROCESS

¢

C ek SET STRESS FIELD KEY BY ELEMENT CODE

¢

¢

CALL YFIELD{ IEXN , IECOD , KF|ELD, NCOMPX , NNOR }

IF (NCOMP. NE. NCOMPX) GOTC 5010

G #orik SET MATERIAL CONSTATS FOR QHNO-WANG MODEL

[H

G

¢

CALL YOWMAT( YEXN ., IDMAT , TEMP , DTEMP ,
NB ,KS KT KM .
Et .PGIT [ SEGOT ,PHAIL |

E2 LPOI2 51602 ,PHAIZ |
ALP | AM ,ZETA R )
{F (NB. GT. NBPA) GOTO 9020

G #%kx¥ SET STATUS VARIABLES AND REAL BACK STRESS AL#

¢

G

100

IELPL = IFLG{1)

DO 100 1=1, NCOMP
A0 )=00
CONT ENUE

) + ALY, IB)

G
b0 120 1B=1,NKB
00 110 I=1, NCOXP
ALLCL, 1BY = USTY(), 1+IB)
AL ) =A0 0O
110 CONT INUE
120 CONTIRUE
C

DO 130 =1, NCOMP
AS( )= AL (I
130 CONTINUE
C
C #ickek GET ELASTIC STRAIN
¢ ‘

} % PHAEY

CALL YFEPSE ( NCOMP , NNOR , El . POIT | 816,
EPSE H
4
€ dkrk SET TEMPERATURE DIFFERENCE OF STATUS VARIABLES
c
CALL YOWDAT ¢ NCOMP , PHAIT1 , PHAIZ , DTENP , AL .
DALSDT )
5
IF (DTEMP, £Q.0.0) THEN
DKAPDT = 0.0
ELSE
DKAPDT = (S1G02-§1G01) / DTEMP
ENDIF
c
C /7777477 PHASE 2: GET STATUS VARIABLES INCREMENT
4
IF (FELPL.EQ.0) THEN
G . PREV. STEP WAS ELASTIC
c . GET STRESS INC.
[H
CALL YFDSE ( KFIELD , NCOMP , NNOR , E1 . POI1
E2 . POIZ , ALP ., DTEMP , EPSE
DEPS |, DSIG
Y . GET PLASTIC STRAIN [NC.
DO 200 I=1, NCOMP
DEPSP(l) = 0.0
200 GONTINUE
DEPB =0.0
c . GET STATUS VARIABLES [NC.
00 220 |B=1,NB

DO 210 1=1, NCOMP
DALI(L, IB) = 0.0
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210
220

230

[ B+ I o ]

240

©

250

260

CONTINUE
CONT INVE

DO 230 I=t, NCOMP
8162(1) = SIG(1) + DSIG(I)
ALSZ(1) = AL {1) * PHAEZ2
CONT I NUE

AKAP2 = 51602
CALL YFSB2 (NCOMP, NNOR, 5162, ALS2, AKAPX)

IF (AKAPX#1,001. GT. AKAP2)} THEN

. ELASTIC TO PLASTIC
(ASSUME BACK STRESS CHENGE)

CALL YFGAM ( NCOMP , NNOR , SIG . DSIE& , ALS?
AKAP2 . GAM )
. ELASTIC PART -X
DO 240 1=1, NCOMP
DSIGX{1) = DSIG{I) * GAN
SIGA(L)Y = 816 (i) + DSIEX()

CONTINUE

EX = El  + (E2 -El )+GAM

POI% = POIT + (PDI2 -POL1 )+GAN

PHAIX = PHAIZ

CALL YFEPSE{ NCOMP , NNOR . EX . POIX , SIGX |,
EPSEX )

CALL YFLOW2( NCOMP , NNOR , SIGX , ALS2Z , DFDSX )
. PLASTIC PART -Y

DO 250 =1, NCOMP

DEPSY (1) = DEPS{!)* (1. 0-GAM)
CONT INUE

DTY = DTEMP % (1. 0-GAM)

(B. STRESS CHANGE AT ELASTIC)

‘DO 260 |=1, NCOMP

DALSDY (1) = 0.0
CONTINUE

GET STRESS INC

CALL YOWEPV( KFIELD , NCOMP , NNOR , NB , KM ,

300

EX . POIX
ALP . AM .
DKAPDT |, DALSDY
DEPSY , DslgY

IF (KS.ME.0) THEN

CALL YOWBPX ( NCOMP , NNOR
DAL1 , KBP

IF (KBP.NE. D) THEN

E2 . POIZ | PHAI2
ZETA | R . DTY
DFDSX , ALl , EPSEX .,

. DALl . DEPSP , DEPB

CHECK BREAK POINT

. NB . R . ALI
. BP

SUBSTEP ON BREAK POINT

CALL YOWBPI( KFIELD , NCOMP , NNOR . NB . KM
. EX . POIX |, PHAIX , E2 ., POI2
PHAIZ , ALP | AM . ZETA , R
DTY . DKAPDT , DALSDY , BP , SIGX
ALl , EPSEX ., DEPSY . DSIGY . DALJ
DEPSP , DEPB

ENDIF
ENDIF
. SUM UP STATUS VARIABLES

DO 300 1=1, NCOMP
DSIG(I) = DSIGX(1) + DSIGY (1)

CONT INUE
. SET
IELPL =1
ENDHF
ELSE
. PREY. §
AKAP2 = §1602

CALL YFDKDT{ NCOMP , NNOR , SIG
DTEMP ., DKAPDT

FLAG TO PLASTIC

TEP WAS PLASTIC

. ALS | AKAP2

. CHECK UNLOADING

CALL  YFLOWZ{ NCOMP , NNOR , SIG

., ALS . DFDS )

CALL  YFXLAM( KFIELD , NCOMP , NNOR , EIl , POI1

E2 , POI2 |, ALP

. DIEMP , DKAPDT

.

)
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[+]

[+

450

DALSDT , DFDS

IF (XLAM.GE.0.0) THEN

. EPSE

. PLASTIC STATUS CONTINUE

GET

CALL YOWEPY( KFIELD , NCOMP , NNOR

Ei . PO

ALP . AM .
DKAPDY , DALSDY , DFDS

DEPS . bsia

IF (KS.NE. 0} THEN
CALL YOWBPX ( NCOMP
DAL

IF {KBP.NE.0) THEN

CALL YOWBP! ( KFIELD

E1
PHAI2Z
DTEMP
ALY
DEPSP
ENDIF
ENDIF
ELSE

. E2
ZETA

. DALI

. DEPS

EACH S. V. INC.

. he , KM

, POI2 | PHAIZ
. R ., DTEHWP
. AL1 | EPSE
. DEPSP ., DEPB

. XLAM

CHECK BREAK POINT

NNOR , NB

. KBP ., BP

. ALI

)

a
.

)

SUBSTEP ON BREAK POINT

NCOMP , NNOR
POIT |, PHAN
ALP , AM
DKAPDT | DALSDT
EPSE , DEPS
DEPB

NB
E2
ZETA
BP

. DSIE

K
POL2

816
BALI

. PLASTIC TO ELASTIC (UNLOAD)
GET STRESS INC.

CALL YFDSE ¢ KFIELD . NCOMP , WNOR

E2 , POI2
DEPS . DslG

DO 450 =1, NCOMP

DEPSP(1) = 0.0
CONT INUE

DEPB =0.0
DO 470 18<1, KB

DO 460 =1, NCOMP
DALI({,1B) = 0.0

. ALP

. El

. DTENP ,

. PO
EPSE

}

GET PLASTIC STRAIN INC.

GET STATUS VARIABLES INC

460 CONTINUE
470  CONTINUE

c .. SET FLAGS
IELPL =0
c
ENDIF
c
ENDIF
c

G /7777777 PHASE 3: POST PROCESS (STORE ST. VARIABLES)

C
DO 500 1=1, NCOMP
DUSTV(L, 1 ) = DEPSP(I)
500 CONTINUE
DO 520 IB=1,NB
DO 510 I=1, NCOMP
DUSTY(I, i+1B) = DALI{i, IB)
510  CONTINUE
520 CONTINUE

c
DUSTS{l ) = DEPB
DUSTS{2 ) = PHAIZ - USTS(2)
4
IFLG (1 ) = IELPL
c
RETURN
c
G skkx ERROR
¢ .
9010 WRITE(G, %) * #bkkx ERROR ON SUB. XMATZ :
CALL PEXIT
sTOP
9020 WRETE(6, %) ' *werck¢ ERROR ON SUB. XMAT2
. NBPA, NB
CALL PEXIT
STOP
END

SUBROUT{NE XREAD(LUS}

ILLEGAL NCOMP *, NCOMP

: B. STRESS COUNT EXCEED '

* FUNCTION OF THIS SUBRQUTINE

READ INPUT DATA AFTER “END FIMAS' (FINAS USER SUBROUTINE)
PROGRAMED BY K. GARATAN! (CRC) ON OCT. 1995 {VER 1.0)

* [NPUT VARIABLES
LUS D. ARG (INT)

OO0 OO0

: FILE CODE YO READ
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G OUTPUT VARIABLES 18 RO1 BACK STRESS CONSTANTS FOR TERM-01
c NONE 19 RO2 BACK STRESS CONSTANTS FOR TERM-02
[ 20 RO3 BACK STRESS CONSTANTS FOR TERM-03
C—-—-—<USER COMMENT BELLDOWD>————ee——— 21 RO4 BACK STRESS CONSTANTS FOR TERM-04
[ 22 ROS BACK STRESS COMSTANTS FOR TERM-05
C======({ FOR OHNO-WANG MODEL > 23 RO6 BACK STRESS COMSTANTS FOR TERM-06
C BY K. GARATANI (CRC) ON DEC. 1995 (VER 1.0) 24 RO7 BACK STRESS CONSTANTS FOR TERM-O7
C * USER MATEREAL DATA |NPUT ROUTINE 25 RO8 BACK STRESS CONSTANTS FOR TERM-08
4 FORMAT 18 SAME AS MATERIAL DATA SECTION. 26 ROS BACK STRESS CONSTANTS FOR TERM-09

CONSTANT OR TEMEPERATURE TABLE (F5) TYPE ALLOWED 27 R10 BACK STRESS CONSTANTS FOR TERM-10

£00-86 0LZ6[L ONF

* OPTION KEYS
KEY (1,K) /YBXMAT/(INT) : BACK STRESS COUNT (DEF.=10)
KEY {(2,K) /YBXMAT/{(INT) : SUBSTEP METHOD (0: YES, 1:N0)
KEY (3.K) /YBXMAT/(EINT} : TEMP. DEPENDENCY (0:YES. | :NO)
KEY (4,K} /YBXMAT/(INT} : =0:MODEL-1,=1:MODEL-2 (M)

* DATA BLOCK /YBAMAT/ FOR MATERIAL DATA DEFINITION
NTBLPA PARM.  (INT) : MAX. COUNT OF MATERIAL TABLE
NTBLPA MUSUT BE MULTIPLE OF 3
NMATPA PARM.  (INT) : MAX. COUNT OF MATERIAL KINDS
NM1DPA PARM.  {INT) : MAX. COUNT OF MATERIAL 1D.

NKEYPA PARM.  (INT) 1 MAX. COUNT OF GPTION KEY
* CALLED SUBROUTINES
YXRHED : PRINT (NPUT DATA ECHO HEADER
YXREAD : READ/WRITE INPUT DATA
YXINTS : READ 5 COLUMNED INTEGER DATA

MID | K) /YBXMAT/ (INT) : K-TH MATERIAL 1D,
KEY ( 10,K) /YBXMAT/{INT) : K-TH OPTION KEY DATA
NTBL{ J.K) /YBXMAT/(INT) DATA LENGTH OF K-TH MAT. [D.

AND J-TH KIND  (=0:NONE DATA)
TIBL(I, J. K} /YBXMAT/(REAL*B) : I1-TH TEMPERATURE TABLE OF

K-TH MAT. [D. AND J-TH KIND IMPLICIT REAL*8 (A-H, 0-Z)
VTBL (I, J. K) /YBXMAYT/ (REAL*B) : |-TH MATERIAL VALUE TABLE OF CHARACTER LINE*BD , BLKIO0*10
K-TH MAT. ID. AND J-TH KIND c

OO OO0 O0O0C0000O00000000

[H
c

C

c

C

4

¢

c

¢

¢

¢

4

¢

G

G

c

c

G PARAMETER { NTHLPA = 21 , NMATPA = 27 , NMIDPA = 4,

C * MATERIAL KIND KEY AS BELOW . NKEYPA = 10 ) )
¢ KIND (&) MNEMONIC PHISICAL MEANING [

4 E YOUNG' § MODULAS COMMON  /YBXMAT/

c NU POISSON' S RATIO . Mp { NMIDPA} | KEY (NKEYPA, NMIDPA)
c ALPHA INSTANTANEOUS THERMAL EXPANTION RATIO . NTBL{ NMATPA, NMIDPA) |

[ SI160 INITIAL YIELD STRESS . TTBL (NTELPA, NMATPA, NMIDPA)

¢ M CONSTATNT FOR MODEL-2 . VTBL (NTBLPA, NMATPA, NHIDPA)

c PHATA TEMPERATURE FUNC, CONSTANTS-1 C .. MAT. MNEMONIC
¢ PHAIB TEMPERATURE FUNC. CONSTANTS-2 DIMENSION MK INDL {NMATPA)

c ZETAD! BACK STRESS CONSTANTS FOR TERM-OI CHARACTER*10 MKIND (NMATPA)

C ZETADZ BACK STRESS CONSTANTS FOR TERM-02 C

c ZETAD3 BACK STRESS CONSTANTS FOR TERM-03 c // UPPER CASE //

c 1t ZETAO4 BACK STRESS CONSTANTS FOR TERM-04 DATA MKIND

c 12 ZETAOS BACK STRESS CONSTANTS FOR TERM-05 L 'E "L,HU * . "ALPHA

C 13 ZETAOB BACK STRESS CONSTANTS FOR TERM-06 . "S1G0 B | ‘. PHALA .
¢ 14 ZETAQT BACK STRESS CONSTANTS FCR TERM-07 . "PHAIB ', ' ZETAOD1 Y, TZETAQ2 b
Y 15 ZETAOB BACK STRESS CONSTANTS FOR TERM-08 . tZETADZ ', TZETAD4 ‘. "ZETAQS "
c 16 ZETADS BACK STRESS CONSTANTS FOR TERM-0S . ' ZETADG *, TZETAOZ t. " ZETAQB "
4 17 ZETA10 BACK STRESS CONSTANTS FOR TERM-10 . ' ZETAQ9 b TZETAI0 ' . 'ROI "

—
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*RO2 ', "RO2 ', "RO4 b C selbokk MATERIAL |D LOOP
"RO5 ', "ROB ', 'RO7 t, C
. 'ROB ', "RO9 ', "RID v/ KMID = 0
DATA  MKINDL H
s 2 . 2 , 5 C ek READ MATERIAL 1D, AND OPTION KEY
4 , 1 , 8 . c
5 , 6 , & . CALL YXREAD ( LU5, LC, KEND, LINE )
6 . 6 , 6 . c
B . 6 , B . 1000 CONT INUE
6 , B ., 3 . c
3 . 3 ., 3 ' IF { KEND . EQ. 1) GOTO 5000
3 3 , 3 . c
. 3 .3 ., 3 / KMID = KMID + 1
4 IF { KMID . GT. NMIDPA ) BOTO 9015
DATA LUS / 6 / c .. MAT. ID.
DATA BLKIOD /' S CALL YXINTS ( LINE(1:5), MIDCKMID) )
i IF { MID(KMID). LE. 0) GOTO 9030
C #fkkk CLEAR TABLE G
c DO 100 1M = 1, KMID-1
PO 120 K=1, NMIDPA FF( MIDCKMID), EQ.MIDCIM) ) 80T0 9020
D0 100 J=1, NMATPA 1100  CONTINUE
NTBL(J. K} = € 4
100 CONTINUE [ .. OPTION KEY
DO 110 J=1, NKEYPA KPOS = 21
KEY (J.K) =0 D0 1200 IK = 1, NKEYPA
110 CONTINUE CALL YXINTS ( LINE(KPOS:KPOS+4), KEY{IK, KMID) )
MID { K) =0 KPOS = KPDS + 5
120 CONY INUE . 1200  CONTINUE
4
G #%+x¢ PRINT HEADER READ (LINE, 501) ( KEY(I,KMID}, 1=, 10 )
4 [H
CALL YXRHED C ek MATERIAL CONSTANT LOOP
C [
C *kekk FIND "USER MATERIAL' CARD 2000  CONTINUE
[H c
LC =0 CALL YXREAD { LUS, LC, KEND, LINE }
4 c
200 CONTINUE IF { KEND LEQ ) GOTO 5000
[ IF ( LINE(1:10).NE.BLK1Q ) GOTO 1000
CALL YXREAD ( LU5, LC, KEND, LINE ) c
IF ( KEND .EQ. 1) GOTO 9010 DG 4000 JMAT=1, NMATPA
C c . SEARCH MAT. MNEMONIC
[ // UPPER CASE // IFLG = INDEX( LINE{11:20), MKIND (JMAT) (1:MKINDL (JMAT)) }
C c .
IF { INDEX{LINE(1:13),"USER MATERIAL') .EQ. O } GOTO 200 IF { IFLG .NE. O ) THEN
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IF ( KEY(1,KMID} .EQ. O ) KEY(I,KMID) = 10
IF C KEY(1, KMID} _GT.10 ) GOTO 9610

¢

G stk CHECK MATER!IAL DATA

4 .. E NU,PLPHA (CONST. OR F5)

¢
IF ( NTBLC( 1,KMID}.EQ.0 ) GOTC 9620
IF ( NTBL( 2,KMID}.EG.0 } GOTO 9620

IF ( NTBL {JMAT,KMID) .ME. 0) GOTO 9035
o
c // UPPER CASE //
IF { INDEX( LINE{21:25},'F5§' ) ,EQG. O ) THEN
C . CONSTANT FORM
READ {LINE(21:30),502) VTBL (1, JMAT, KMID)
NTBL{ JMAT, KMID} = {
¢
ELSE
¢ . F5 FORM
CALL YXINTS { LINE(26:30), NTBL(JMAT, KMID) )
IF { MOD(NTALPA, 3) ] GOTO 9040
FF ( NTBL (UMAT, KMID). GT. NTBLPA ) GOTO 9050
IF ( NTBL (JMAT, KMID). LE. } GOYO 9060
¢
DO 3000 IDAT = 3, NTBL (JMAT, KMID) +2, 3
¢
CALL YXREAD ( LUS. LC, KEND, LINE )
IF { KEND .EQ. 1| } GOTO 9010
READ (LINE, 503}
( TYBLCI, JWAT, KMID), VIBL (1, JMAT, KMID}
i , I=IDAT-2, I1DAT)
3000 CONT INUE
C
ENDIF
¢ . NEXT MAT
GOTO 2000
c
ENDIF
C
4000  CONTINUE
¢
GOTO 9070
c
5000 CONTINUE
¥
€ ————— FOR OHNO-WANG MODEL
¢
D0 7000 KMID=1, NMIDPA
¢
MATID = MID{KNID)
c
IF (MATID.EQ.0) GOTO 8000
¢

C *exxx SET DEFAULT VALUES
¢

. BACK STRESS COUNT (DEF. =10)

IF ( (NTBL{ 3,KMID}.EQ.0 } .AND. (KEY(3,KMID).FQ.0) ) GOTO 9620
[H . SIG0 (BLOW ONLY CONST.)

IF { NTBL{ 4,KMID).NE.1 ) GOTO 9620
c M

IF ( (NTBL( 5 KMID).NE.1 ) .AND. (KEY(4, KMID).EQ. 1} ) GOTD 9620
4 . PHAIA, PHAIB

IF ( (NTBL( & KMID).ME. 1 ) .AND. (KEY(3,KMID).EQ.0) ) GDT0 9620

IF ( (NTBL{ 7,KMID).NE.1 } .AND. (KEY(3,KMID).EQ.0) ) GOTO 9620
c .. R.ZETA

DO 6100 JMAT=8, 7+KEY (1, KMID}
IF { NTBL(JMAT ,KMID).NE.1 } GOTO 9620
IF  NTBL (JMAT+10,KMID) . NE. 1 ) GOTO 9620
6100 CONTINUE
c
C wexdx WRITE OPTHON INFORMATION
c
CALL  PAGE(S, IDUNHY)
c
IF { KEY(4,KMID).EQ.t } THEN
WRITE(G, 6001) MATID
ELSE
WRITE (6, 6002) MATID
ENDLF
WRITE {6, 6003) KEY (1, KKID)
IF ( KEY(2, KMID).EQ. 0 ) THEN
WRITE {6, 6004)
ELSE
WR | TE (6, 6005)
ENDIF
IF ( KEY{3,KMID).EQ.0 ) THEN
WR| TE (6, 6006}
ELSE
WR!TE (8, 6007)
ENDIF
¢
7000 CONTINUE
¢
8000 CONTINUE
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[H

c

RETURN

C kitr FORMAT

C

G

c
H
c

c

H

G

501 FORMAT (20X, 1015}
502 FORMAT(F10.0)
503 FORMAT (10X, 6F10. ()

6001 FORMAT (1HO, 7X, '+ OHNO-WANG MODEL (MODEL-2) MAT. ID =", 15)
6002 FORMAT(THO, 7X. "= OHNO-WANG MODEL (MODEL-1) MAT, ID =" 15)
6003 FORMAT (1H , 17X, " BACK STRESS COUNT 213

6004 FORMAT (1H , 17X, " SUBSTEP INTEGRATION : YES °)

6005 FORMAT (1H , 17X, " SUBSTEP INTEGRATION : NG )

6006 FORMAT (1H , 17X, ' TEMPERATURE DEPENDENCY : YES ")
6007 FORMAT{1H , 17X.' TEMPERATURE DEPENDENCY : NO ')

*#44k ERROR

9010 CONTINUE
WRITE (LUS, 9011)
CALL PEXIT

9011  FORMAT(' #t#++ ERROR ON SUB. XREAD :

"FILE")

9015 CONTINUE
WRITE (LUG, 9016) NMIDPA
CALL PEXIT

9016  FORMAT(' #wxkx ERROR ON SUB. XREAD :

9020 CONTINUE
WRITE {LUB, 8021)
CALL PEXIT

9021  FORMAT (' #sekkx ERROR ON SUB. XREAD

9030 CONTINUE

9031 FORMAT( #tmr ERROR ON SUB. XREAD :

¢

¢

WRITE (LUG, 9031) MID(KMID)
CALL PEXIT

"1D ', 15}
9035 CONTINUE

KRITE (LUG, 9026}
CALL PEXIT

9036 FORMAT (" #xt¥x ERROR ON SUB.XREAD :

UNEXPECTED END OF °

MAT. 1D EXCEED ', I5)

MAT. 1D DUPLICATED ')

ILLEGAL MATERIAL *

MAT. DATA DUPLICATED ')}

9040 CONTINUE
WRITE (LUG, 9041) NTBLPA
CALL PEX{T

9041  FORMAT{' s¥¥kx ERROR ON SUB. XREAD :

' MUST BE MULTIPLE OF 3 ')
G
9050 CONTINUE
WRITE (LUG, 5051) WTBLPA
CALL PEX|T

9051  FORMAT(* #kkik ERROR ON SUB. XREAD :

C
9060 CONTINUE
WRITE (LUG, 9061 NTBL (JMAT, KMID)
CALL PEXIT

9061  FORMAT (" bk ERROR ON SUB. XREAD :

8070 CONTINUE
WRITE (LUG, 9071) LINE(11:20)
CALL PEXIT

9071  FORMAT(' sobkkk ERROR OM SUB. XREAD :

9610 CONTINUE
WRITE {LUG, 961} KEY {1, KMID}
CALL PEXIT

89611  FORMAT(' acckior ERROR ON SUB. XREAD :

c
9620 CONT INUE
WRITE {LUG, 9621} MATID

ILLEGAL NTBLPA ", I5,

TABLE DATA EXCEED *, |5}

ILLEGAL TABLE COUNT *, 15)

ILLEGAL MATERIAL ', A10}

B. STRESS COUNT EXCEED ', 15)

CALL PEXIT
9621  FORMAT{' aok+k ERROR OM SUB. XREAD : ILLEGAL MATERIAL DATA ', 15)

4

END

SUBROMTINE  YFDE (KF IELD, LDE, E, FOI, DE)
G
C * FUNCTION OF THIS SUBROUTINE
c SET ISOTROPIC ELASTIC STRESS-STRAIN MATRIX 'DE
C PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0}
¢
C * INPUT VAREABLES
C KFIELD D. ARG {INT) : FINAS STRESS FIELD COOE
c LDE D. ARG (INT) . FIRST ARRAY RENGTH OF 'DE
c E D. ARG {(REAL+#8) : ELASTIC (YOUNG'S) MODULAS
C POI D. ARG {(REAL#8} : POISSON' S RATID
C
C * GUTPUT VARIABLES
c DE{I.J) D.ARG {REAL*8) : ELASTIC STRESS-STRAIN MATRIX
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C
c

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION DE(LDE, %)
¢
C *kd++ BRANCH BY STRESS FIELD
c

GOTO ( 100, 200 , 300, 400, 500

600 . 700 ., 800, 900 , 1G00, 1100 ) , KFIELD
c
¢ . UNDEFINED STRESS FIELD ..
[
WRITE(B, #) ' sk ERROR ON SUB. YFDE: ILLEGAL STRESS FIELD
’ .KFLELD
CALL PEXIT
ST0P
¢ . UNTAXIAL ..
100 CONTINUE
DE(1. 1} = E
GOTO 5000

¢ . PLANE STRESS .

200 CONTINUE
Al = E/(). O-PO1#%2}

A2 = A1xPOI
A3 = E/ (2, 0%(}. 0+PO1))
DE(L, 1} = Al
DE(2, 1) = A2
DE(3,1} = 0.0
DE(1,2) = A2
DE(2,2) = Al
DE(3,2) = 0.0
DE(1,3) = 0.0
DE(2,3) = 0.0
DE(3,3) = A3
GOTO 5000

c
300 CONTINUE

. 3-DIMENSIONAL ..

A1 = E%(1. 0-POL) /{1, Q+PO1) / (1, 0-2. OPOI)
A2 = Ex PO| Z{1.0+PO1) /(1. 0-2. 0xPO|)

A3 = E/ (2. 0x(1. 0+PO1))

DE(1, 1) = Al
DE(2, 1) = A2
DE(3. 1) = A2
DE{4,1} = 0.0
BE(S, 1) = 0.0

BE(6, 1} = 0.0

C

DE(1,2) = A2

DE(2,2) = Al

DE(3,2) = A2

DE(4,2) = 0.0
DE(5,2) = 0.0
DE(6,2) = 0.0
DE(1,3) = A2

DE(2.3) = A2

DE(3.3) = Al

DE(4.3) = 0.0
DE{5, 3} = 0.0
DE(6,3) = 0.0
DE(1,4) = 0.0
DE(2.4) = 0.0
DE(3.4) = 0.0
DE(4,4) = A3

DE{5,4) = 0.0
DE{(6.4) = 0.0
DEQ1,5) = 0.0
DE(2,5) = 0.0
DE(3,5) = 0.0
DE(4.5) = 0.0
DE(5,5) = A3

DE(6.5) = 0.0
DE(1,6) = 0.0
DE(2,6) = 0.0
DE(3.6) = 0.0
DE(4,6) = 0.0
DE(5,6) = 0.0
DE(6,8) = A3

GOTG 5000

400 CONTINUE

. AXIS SYMMETRICAL ..

Al = Ex(1.0-POD) /{1.0+POI)} /(1. 0-2. 0#PO|)

A2 = Ex POl
A3 = E/(2.0%(1. 0+PO1))
DE(1,1) = Al

DE(2,1) = A2

DE{3,1) = A2

DE{4.1) = 0.0

DE{F,2) = A2

DE(2,2) = Al

DE(3,2) = A2
DE{4,2) = 0.0

DE(1.3) = A2

DE(2,3) = A2

/(1. 0+PQ1) /7 (1.0-2. 0+POI)}
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DE(3.3) = Al DE(3.4) = 0.0
DE{4,3) = 0.0 DE{4,4) = A4
DE(1,4} = 0.0 DE(5.4) = 0.0
DE(2,4) = 0.0 DE{1,5) = 0.0
DE{3,4) = 0.0 DE{2,5) = 0.0
DE(4,4) = A3 DE{3.5) = 0.0
GOTO 5000 DE(4,5) = 0.0
c .. PLANE STRAIN .. DE(5,5) = M
500 CONTINUE GOTO 5000
GOTO 400 c .. THIN AXIS SYM. SHELL ..
c .. BEAM .. 8OO CONTINUE
600 CONTINUE Al = E/(1, 0-PO|*+2)
A3 = E/(2.0{1.0+POI}) A2 = A1#PO]
DE{1,1) = E DE{1,1) = Al
DE(2,1) = 0.0 DE{2.1) = A2
DE(3.1) = 0.0 DE{I1,2) = A2
DE(1,2) = 0.0 DE{2,2) = Al
DE(2.2) = A3 GOTO 5000
DE(3,2) = 0.0 c .. ELBOW ..
DEC1.3) = 0.0 90D CONTINUE
DE(2,3) = 0.0 GOTO 200
DE{3,3) = A3 . ¢ .. CONTAGT (NOT SUPPORTED) ..
60TO SC00 ) 1000 CONTINUE
¢ .. SHELL .. GOTO 9000
700 CONTENUE ¢ .. AXIS SYMMETRICAL SHELL .
Al = E/(1. 0-PO1%%2) © 1100 CONTINUE
A2 = AI*POI Al = B/ (1. 0-PO14%2)
A3 = E/(2. 0% (1. 0+PO 1)) A2 = At*P0|
Ad = A5, ODO/6. 0DO A4 = E/{2. 0% (1. 0+P0I)) #5. 0DO/6. 0DO
DE(t, 1) = Al DE(1, 1) = Al
DE(2,1) = A2 DE(2,1) = A2
DE(3.1) = 0.0 DE(3,1) = 0.0
DE(4,1) = 0.0 DE(1,2) = A2
DE(5,1} = 0.0 DE{(2,2) = Al
DE(1.2) = A2 DE(3,2) = 0.0
DE(2,2) = Al DE{1,3) = 0.0
DE(3.2) = 0.0 PE(2,3) = 0.0
DE(4,2) = 0.0 DE(3,3) = A4
DE(5,2} = 0.0 GOTO 5000
DE(1,3}) = 0.0 ’ c BRANCH END .. ...
DE(2,3} = 0.0 5000 CONTINUE
DE(3,3} = A3 v
DE{4.3}) = 0.0 RETURN
DE(5.3) = 0.0 [ .. ERROR ..
DE(1,4) = 0.0 9000 CONT INUE

DE(2.4) = 0.0 WRITE(B, #) ' %+ ERROR ON SUB. YFDE : ILLEGAL KFIELD *
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L]
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KF1ELD GOTO 500
CALL PEXIT ¢ .. 2-NORMAL
STOP 200 CONTINUE
END DEICI, 1) = 1.0/ E
SUBROUTINE YFDEI (NCOMP, NNOR, LDEI, E, PO], DEI) DEI(2,2) = DEI{1, 1)
DEI(Y, 2) = ~POIXDEICI, 1)
* FUNCTION OF YHIS SUBROUTINE DENI(2,1) = DEI(1,2)
SET ISOTROPIC ELASTIC STRESS-STRAIN INVERSE MATRIX ' DE' —INV ' GOTO 500
PROGRANMED BY K.GARATANI ON NOV. 1995 (VER 1.0) G .. 3-NORMAL
300 CONTINUE
* INPUT VARIABLES DEI{1,1) = 1.0 / E
NCONP D. ARG (INT) : STRESS OR STRAIN COMPONENTS GOUNT DEI(2,2) = BEE(1, 1D
NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT DEI(2,3) = DEICI. 1)
LDEI D. ARG (INT) : FIRST ARRAY RENGTH OF *DE'-INV DEI(1,2) = -POI#DEI(L, 1}
E - D. ARG (REAL*B)} : ELASTIC (YOUNG'S) MODULAS DEI(1,3) = DEI (£, 2}
FOI D. ARG (REAL*8) : POISSON'S RATIO DEI(2,1) = DEI {1, 2}
DEI(2,3) = DEI{1, 2}
* OUTPUT VARIABLES DEI(3, 1) = DEI(1,2)
DEI(l,J) D.ARG (REAL#8) : INV. OF ELAST!IC STRESS-STRAIN MATRIX DEI(3,2) = DEJ(1,2)
GOTO 500
c
IMPLICIT REAL*8 (A-H, 0-Z) 500 CONT INUE
DIMENSION DEI (LDEI, %) ¢
C sk SHEAR COMPONENTS
worsdk 0 DIV. TRAP ¢
DO 600 1=HNOR+1, NCONP
IF { E.EQ.0.0 ) GOTO 9010 DEICI, 1) = 2.0%(1.0+POI) /E
600 CONTINUE
*rwek CLEAR MATRIX ¢
RETURN
DO 11 J=1, NCOMP ¢ .. ERROR ..
DO 10 I1=1, NCONP 9010 CONTINUE
DEICL, ) = 0.0 WRITE(B, #} ' ##wkx ERROR ON SUB. YFDE| : O ELASTIC MODU. '.E
10 CONTINUE CALL PEXIT
11 CONTINUE STOP
END
#4aokk NORMAL COMPONENTS ~ SUBROUTIME YFDEP { KFIELD , NCOMP ., LDEP , E . POI
HD ., DFDS , DEP )
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GOTO ( 100 , 200, 300 } NNOR ¢
C % FUNCTION OF THIS SUBROUTINE
WRITE(B, #) * ##+k% ERROR ON SUB. YFDE| : ILLEGAL NNOR ', NNOR ¢ SET ISDTROPIC ELASTOPLASTIC STRESS-STRAIN MATRIX ' DEP'
CALL PEXIT c PROGRAMED BY K. GARATANI ON NOV. 1985 (VER 1.0)
sTOP C
. 1~NORMAL C + INPUT VARIABLES
100 GONT I NUE c KFIELD  D.ARG {INT)  : FINAS STRESS FIELD CODE
DEIQILT) = 1.0/ E c NCOMP  D.ARG (INT)  : STRESS OR STRAIN COMPONENTS COUNT



QOO0 OO0 00an

LDE D, ARG (INT) : FIRST ARRAY RENGTH OF 'DEP
E D. ARG (REAL#8) : ELASTIC (YOUNG'S) MODULAS
POl D. ARG (REAL*8) : POISSON'S RATIO
HD D. ARG (REAL¥8) : PLASTIC HARDENING COEFFICIENT
DFDS(1) D. ARG (REAL*8) : FLOW VECTOR (DF/0S)
* QUTPUT VARIABLES
DEP (t,J) D. ARG (REAL*8) : ELASTOPLASTIC STRESS-STRAIN MATRIX
# CALLED SUBROUTINES
YFDE : BET ELASTIC STRESS-STRAIN MATRIX 'DE
YHAB : MATRIX MULTIPLY ROUTINE ( A *B)
YNEB : YECOR MULTIPLY ROUTINE ( (B)T * B)
IMPLICIT REAL#8 (A-H, 0-2)
DIMENSION DFDS (*), DEP{LDEP, %)
DIMENSION DE(8, 6), DF (6)
¢
C #kk+x GET ' DE'
¢
CML YFDE (KFIELD , 6, £, POl , DE)
¢
C ##dak "DF" = 'DE' * 'DFDS
c .
CALL  YMAB (NCOMP, NCONMP, 6, DE, DFDS, DF)
c
C #¥¥xx CAL. DENOMINATOR
H
CALL  YMBB (NCOMP, DF, DFDS, FDF)
¢
DENOM = HD + FDF
c
C kex CAL. ELASTOPLASTIC [ °DEP
C

DG 110 =1, NCOMP
DD 100 J=1, NCOXP
DEP(I, J) = DE(I, J} — DF (1)#0F (J} /DENOM
100 CONYINUE
110 CONTINUE

4
RETURN
END
SUBROUTINE YFDKDT (NCOMP, NNOR, S16, AL, AKAP, DT, DKAPDT)
¢

C * FUNCTION OF THIS SUBROUTINE

CALCURATE TEMPERETURE DIFFERENTIAL OF YIELD SURFACE
(INCLUDE OVER Y1ELD SURFACE CORRECTION)
PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0)

* |NPUT VARIABLES

NCOMP D. ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT
NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. GOUNT
s1a (1) D. ARG (REAL*B) ; STRESS VECTOR

AL (D D. ARG (REAL*B) : BACK SYRESS VECTOR

AKAP D. ARG (REAL#8) : YIELD STRESS AT NEXT STEP

BT D. ARG (REAL*8) : TEMPERATURE INCREMENT

* QUTPUT YARIABLES

DKAPDT D. ARG (REAL%8) : TEMPERATURE DIFF. OF YIELD STRESS

OO0 CoOOO00C0nConno0

[ I =]

IMPLICIT REAL*8 (A-H, 0-2)
DIMENSION SIG(¥), AL (¥)

*#pkk NO TEMPERATURE ENC. TRAP

IF {DT.EQ. 0.0} THEN
DKAPDT = 0.0
RETURN

ENDIF

swkkk GET YIELD STRESS AT PREVIOUS STEP (INCLUDE OVER YALUE}

CALL YFSB2 {NGOMP, NNOR, S1G, AL, AKAP1)

skerx DKAP/DT INCLUDE MODIFICATION OF QVER YIELD SURFAGE

DKAPDT = ( AKAP - AKAP1 } / DT

RETURN
END
SUBROUTINE YFDSE ( KFIELD, NCOMP , NNOR , Ef TR
E2 , POIZ , ALP ., DT ., EPSE
DEPS , DSIG }

FUNCTION OF THIS SUBROUTINE
GET STRESS INCREMENYT ON ELASTIC
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0)

oo

# INPUT VARIABLES

KF IELD D. ARG (INT) : FINAS STRESS FIELD CODE
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¢ NCONP D, AR& (INT) : STRESS CR STRAIN COMPONENTS COUNT
¢ NHOR D. ARG (INT) : MORMAL STRESS OR STRAIN COMP. COUNT
c El D. ARG (REAL¥8) : ELASTIC MODULAS BEFORE |NCREMENT
c POIT D. ARG (REAL*8} : POISSON'S RATIO BEFORE |NCREMENT
¢ E2 D. ARG (REAL¥8) : ELASTIC MODULAS AFTER {NCREMENT
c POI2 D. ARG (REAL*B) : POISSON'S RATIO AFTER INCREMENT
¢ ~ALP D. ARG (REAL¥8) : THERMAL EXPANSION RATIO
c D1 D. ARG (REAL*8) : TEMPERATURE INCREMENT
c EPSE(1)  D.ARG (REAL*8) : ELASTIC STRAIN
i DEPS{1)  D.ARG {(REAL*8) : STRA| INCREMENT
C
C * OUTPUT VARIABLES
¢ DSIG(I) D.ARG (REAL#8) ; STRESS INCREMENT
c
c -
INPLECIT REAL*8 (A-H, 0-Z)
DIMENSION EPSE (), DEPS (*), DSIG (#)
DIMENS|ON DE(6, 6), DGE(6)
¢
€ *xebk GET ELASTIC STRESS-STRAIN MATRIX 'DE
c
CALL YFDE ( KFIELD, & . E2 ., PDI2, DE )
[
€ #reek SET ELASTIC PSEUDO STRESS INCREMENT VECTOR ' DGE
¢
CALL YFGE ( KFIELD, NCOMP . NNOR , El . POIT
E? , PO1Z , ALP , DT | EPSE ,
DGE )
c
C sebkk CONSTITUTIVE EQUATION ( DSIG = DE#DEPS + DGE )
c
0O 110 1=1, NCOMP
DSIG(I) = 0.0
0O 100 J=1, NCOMP
DSIG(I) = DSIG()) + DECI, J)*DEPS ()
100 CONTINUE
DsiG{) = pSI6()) + DGE(I)
110 CONT |NUE
¢
RETURN
END
SUBROUTINE YFDSEP( KFIELD , NCOMP , NNOR ., EI . PON

E2

. POI2 | ALP | HD L oT ,

DKAPDT , DALDT . OFDS , EPSE , DEPS .,

Ds1G

* FUNCTION OF THIS SUBROUTINE
GET STRESS [NCREMENT ON PLASTIC
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0}

* INPUT VARIABLES

KFIELD D. ARG
NCOMP D. ARG
NNOR D. ARG
El D. ARG
POIE D. ARG
E2 D. ARG
POI2 D. ARG
ALP D. ARG
HD D. ARG
DT D. ARG

DKAPDT D. ARG
DALDT (1} D. ARG
DFDS (i) D.ARG
EPSE {1} D.ARG
DEPS (1) D.ARG

{INT)

{ENT)

(INT)

(REAL*8)
(REAL#8)
(REAL*8)
(REAL*8)
(REAL*B}
{REAL*8)
(REAL*8)
(REAL#B)
(REAL*8)
(REAL#8)
(REAL#8)
(REAL#*8)

: FINAS STRESS FIELD CODE

: STRESS OR STRAIN COMPONENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT
: ELASTIC MODULAS BEFORE INCREMENT

: POISSON'S RATIO BEFORE |NCREMENT

1 ELASTIC MODULAS AFTER  INCREMENT

: POISSON'S RATIO AFTER INCREMENT

: THERMAL EXPANSION RATIO

: PLASTIC HARDENING COEFF

: TEMPERATURE [NCREMENT

: TEMP. PIFF. OF DRAG STRESS D(KAPPA) /DT
: TEMP. DIFF, OF BACK STRESS D(AL}/DBT
: FLOW VECTOR (DF/DS)

. ELASTIC STRAIN

¢ STRAI INCREMENT

* OUTPUT VARIABLES
DSIG(1)  D. ARG

(REAL*8)

: STRESS |NCREMENT

C
¢
¢
¢
c
c
c
4
C
¢
c
¢
G
c
c
4
c
c
G
G
C
c
4
G
4

¢

iMPLICIT REAL#8 (A-H, 0-Z)
DIMENSION DALDT (*}, DFDS (%), EPSE (), DEPS (*), DS1G (%)
DIMENSION DEP (6, 6}, DGEP (6)

#%krk GET ELASTOPLASTIC STRESS-STRAIN MATRIX ' DEP'

CALL YFDEP { KFIELD , HCOMP , 6 . B2, pPOIZ |
. DFDS , DEP ]

HD

C #+xk# SET ELASTOPLASTIC PSEUDO STRESS INCREMENT VECTOR ' DGEP'

[

¥

CALL YFGEP ( KFIELD , NCOMP , 6 . EI ., PO
. POI2 , ALP . HD , DT .
DKAPDT , DALDT , DFDS , EPSE , DGEP )

£2

G kxere CONSTITUTIVE EQUATION

c

00 110 1=1, NCOMP

D51G(1) = 0.0
DO 100 J=1, NCOMP
DSIG{1) = DSIG{(1)} + DEP(I, J)*DEPS(J)

( DSIG = DE*DEPS + DGE )
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¢

100 CONTINUE

DSIG(I) = DSI1G(I) + DGEP(I)

110 CONTINUE

RETURN
END

SUBROUTINE YFEPSE (NCOMP, NNOR, E, POS, S1G, EPSE)

# FUNCTION OF THIS SUBROUTINE

SET ELASTIC STRAIN

PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0}

* INPUT VARIABLES
NCOMP D. ARG (iNT)

NNOR D. ARG (INT)
E D. ARG (REAL*B)
] D. ARG (REAL*8)

S1G (1)  D.ARG (REAL#*8)

: STRESS OR STRAIN GOMPCNENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT
: ELASTIC {YOUNG'S) MODULAS

: POISSON'S RATIO

: STRESS COMPONENTS

* QUTPUT VARIABLES
EPSE(1)  D.ARG (REAL*B)

: ELASTIC STRAIN BY S16(1)

OOOO0000OaoO 000000

IMPLICIT REAL*B (A=H, (-7}

DIMENSION $16G (%), EPSE (%)
DIMENSION DEINY (6, 6)

*xkkk GET " DE' ~INV MATRIX

CALL. YFDEI (NCOMP, NNOR, 6, E, POI, DEINV}

*xkx ‘EPSE' = 'DE'-INV * 'S1G

CALL YMAB (NCOMP, NCOMP, 6, DEINV, 516, EPSE)

RETURN
END

SUBROUTINE  YFEPSP (NCOMP, NNOR, E, POI, ALP, DT, DEPS, 051G, DEPSP)

* FUNCTION OF THIS SUBROUTINE

CALCURATE PLASTIC STRAIN-INCREMENT BY STRAIN DEF [NITION
D'EPS" = D'EPS-E’ + D'EPS-T' + D'EPS-P
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0}

[+ 3N =2 > B B+ B -+ B I

* INPUT VARIABLES
NCOMP B. ARG (INT)

: STRESS OR STRAIN COMPONENTS COUNT

¢ NNOR D. ARG {INT) : NORMAL STRESS OR STRAIN COMP. COUNT
C E D. ARG (REAL*8) : ELASTIC (YCUNG'S) MODULAS
C POI D. ARG (REAL*8) : POISSON'S RATIO
c ALP D. ARG (REAL*8) : THERMAL EXPANSION RATIO
C DT D. ARG (REAL*8) : TEMPERATURE INCREMENT
c DEPS (1) D.ARG (REAL#8) : (TOTAL) STRAIN INCREMENT
¢ DSEG (1) D. ARG (REAL*8) : STRESS INCRMENT
¢
C * QUTPUT VARIABLES
¢ DEPSP (1) D. ARG (REAL*8) : PLASTIC STRAIN INCREMENT
¢
c
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION DS1G(*), DEPS (¥}, DEPSP (%)
DIMENSION DEPST (6), DEPSE (6}
C
C wkskd GET THERMAL STRAIN
¢
b0 100 1=1, NCOMP
IF (I.LE.NNOR) THEN
DEPST{1) = ALP¥DT
ELSE :
DEPST(I} = 0.0
ENDIF
100 CONTINUE
c
C %kwekr BET ELASTIC STRAIN
C
CALL YFEPSE (NCOMP, NNOR, E, POI, DSIG, DEPSE)
c
C wwrek CAL. PLASTIC STRAIN |NCREMENT
[

DO 200 i=1, NCOMP
DEPSP (1) = DEPS(I) - DEPST{I) - DEPSE(I)
200 CONTINUE
¢
RETURN
END
SUBROUTINE YFGAM (NCOMP, NNOR, $1G, DS1G, AL, S1GY, GAM)

* FUNGTION OF THIS SUBROUTINE
CALCURATE BREAX POINT RATIO 'GAM' AT ELASTIC TO PLASTIC

PROGRAMED BY K.GARATAMI ON NOV. 1995 (VER 1.0)

G
c
c
c (FOR MISES TYPE YIELD FUNGTION)
¢
G
c

% INPUT VAR|ABLES
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NCOMP D. ARG (INT}
NNOR D. ARG (INT)

516 (1)  D.ARG (REAL*8)

: STRESS OR STRAIN COMPONENTS COUNT
: NORMAL STRESS OR STRAIN COMP, COUNT

DSIG {1} D.ARG (REAL*B) :

AL {1} D.ARG (REAL*8)

SieY D. ARG (REAL*8) :

: STRESS YECTOR

STRESS INCREMENT VECTOR

1 BACK STESS VECTOR

YIELD STRESS

* QUTPUT VARIABLES

GAM D. ARG (REAL*8)

: RATICG OF BREAK POINT

* LOCAL VARIABLES

S53 (1) D.ARG (REAL*8)

DSS3 (1) D ARG (REAL*E) :
AL3 (1) D ARG (REAL*8) :

: DEVIATORIC STRESS AT 3-D SPACE

DEVIATORIC STRESS INC. AT 3-0 SPACE
BACK STRESS AT 3-D SPACE

c
c
¢

c

IMPLECIT REAL*8 (A-H, 0-2)
DIMENSION SIG(*),DSIG (%}, AL (%)
DIMENSION 883 (), DSS3 (6), AL3 (6)

stk EXTEND EACH STRESS TO 3D-FIELD

SSM = 0.0
DSSM = 0.0
DO 100 =1, RNOR
S5M = SSM + SIG(1)

DSSM = DSSM + DSI1G(1)
100 CONTINUE
§SM = 85M / 3.0D0
DSSM = DSsk / 3. 000

‘00 200 1=1,3
IF {1.LE.NNOR) THEN
SS3(N = SIG(D

D533{1) = DSIG{) -

ALI(H) = AL(D)
ELSE

883(1) = -

pss3(1) = -
ENDIF

200 CONTINUE

IF (NNOR.EQ. 1) THEN

AL3(2) = -AL(1)/2.
-AL{1)/2.

AL3(3)
ENDIF

SSM
DSsM

SSM

DSsM

0
0

.. GET MEAN STRESS

. NORMAL COMPONENTS

¢

IF (NNOR. EQ. 2} THEN
AL = -AL(D)-AL()

. SHEAR COMPONENTS

ENDIF
J = NNOR+]
DO 300 I=4.6

IF (J.LE. NCOMP) THEN
883(1) = sia{y
DSSI(I) = DSIG(S)
AL3C) = ALQD)

ELSE
883(1) = 0.0
Dssatiy = 0.0
AL3(1) = 0.0

ENDIF

J=Jd o+

300 CONTINUE

C #wpobr SET CONSTANTS BY TENSOR MULTIPLY

¢

c

o

A = 0.0

Bl = 0.0

B2 =0.0

Cl =0.0

£2 =00

C3 =00

pO 400 1=1,3
AA = AA + DSS3(1) * DSS3(D)
Bl = Bl + 8S3(1) = DSS3{)
B2 = B2 + DSS3(1) * AL3{I}
C1 =¢1 + 883(1) * S§S3(1)
€2 = €2+ 8S3(1) * AL3I(I)
C3 =C3+ ALI(1) * AL3(D)

400 CONTINUE

D0 410 1=4,6
AA = AR+ ((DSS3({) * DSS3{1) )*2.0
BT = B1 + { 833(1) * DSS3(1) )*2.0
B2 = B2 + { DSS3(1) * AL3(1) }*2.0
Gl = ¢ + ( 8S3(1) * S$83(I) }*2.0
€2 =02+ ( S53(1) = ALI(1) }*2.0
C3 =03+ ( AL3(I) *+ AL3({) )*2.0

410 CONTINUE
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C #dokkx  GET 'GAM' PROCEDURE BY DGASAWARA ¢ PROGRAMED BY K.GARATANI ON MOV, 1995 (VER 1.0}
c . [
COF = 1.500 G % INPUT VARIABLES
¢ e KFIELD  D.ARG (INT) : FINAS STRESS FIELD GODE
BB = 81 - B2 ¢ NCOMP D.ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT
CC = Gl — 2.04C2 + 3 - 1. 0/00F*5| GY+*2 ¢ NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT
c H £l D. ARG (REAL*8) : ELASTIC MODULAS BEFORE iNCREMENT
IF (AA. EQ. O) G0 TO 10 ¢ PO D. ARG (REAL#*8) : POISSON'S RATI0 BEFORE INCREMENT
DD = BB#x2 - AAXCC c £2 D. ARG (REAL#*8) : ELASTIC MODULAS AFTER INCREMENT
¢ ¢ P2 D, ARG (REAL*8) : POISSON'S RATIO AFTER INCREMENT
ADD = ABS(DD) ¢ ALP D. ARG (REAL#B) : THERMAL EXPANSION RATIO
IF (ADD, LY. 1, 0D-50) 0D = 0.0 ¢ DT D. ARG (REAL*B) : TEMPERATURE INCREMENT
IF{DD.LT.0.0) G0.TO 30 c EPSE(I) D, ARG (REAL*B) : ELASTIC STRAIN
DD = SQRT (D} ¢
GAMI- = (~BB+DD}/AA C * QYTPUT VARIABLES
GAMZ = {-BB-DD}/AA c DGE (1) D.ARG (REAL*8) : PSEUDO STRESS INCREMENT VECTOR
¢ . C
IF ({GAM1. GT. 1. 0}, AND. (GAM1,LT.1,000100)) GAM1 = 1.0 c
IF((GAM1.GT. 1.0}.0R. (GAMI.LT.0.0 }> GO TO 20 INPLICIT REAL#8 (A-H, 0-2)
GAM = GAMI DIMENSION EPSE (*), DGE (%)
GO TO 999 DIMENSION DEDT (6. 6). DE2 (6, 6), ALPY (6)
c ¢
20 CONTINUE CALL YFDE ({KFIELD , &, E2 , POI2 , DE2 )
IF {{GAM2. GT. 1. 0). AND. (GAM1.LY.1.0001D0)} GAMI = 1.0 ¢
IF ({GAM2. GT. 1.0).0R. (GAM2.LT.0.0 )} GO TO 30 C #r*x¥+ TEMPERATURE DIFFERENE OF "DE' MATRIX 'DE/DT'
GAM = GAM2 ¢ '
GO TO 999 {F ( { DT.EQ.0.O ) .OR.
c . ¢ (E1,EQ,E2 ), AND. (POL1.EQ.POI2) ) ) THEN
10 CONTINUE ¢
IF (8B. £0. 0, Q) G0 TO 30 D0 110 J=1, NCOMP
GAMI = -GG/ (2. 0+BB) DO 100 1=1, NCOMP
IF{(GAM1.6T. 1. 0). OR. {GAMI.LT.0.0)) GO TO 30 DEDT(I, ) = 0.0
GAM = GAMI 100 CONTINUE
G0 70 999 110 CONTINUE
[ : C
30 CONTINUE ELSE
GAM = 0.0 [
999 CONT INUE CALL YFDE (KFIELD , 6, E1 , POI1 , DEDT )
RETURN ¢
END DO 210 J=t, NCOMP
SUBROUTINE YFGE ( KFIELD, NCOMP , NNOR . El . POIT D0 200 |=1, NCOMP ]
E2 . POIZ , ALP , DT , EPSE , DEDT(!,J) = { DE2(I, J)-DEDT(i. ) ) / OT
. DGE ) 200 CONTINUE
c 210 CONTINUE
¢ * FUNCTION OF THIS SUBROUTINE c

C SET PSEUDD STRESS INCREMENT VECTOR ‘DGE" ON ELASTIC ENDIF



C

C kkkak THERMAL EXPANSION VECTOR

4

c

G wbrvk PSEUDO STRESS INCREMENT

c

c

¢

400

DO 300 I=1, NCOMP
IF ( I.LE.NNOR ) THEN

ALPY(1) = ALP
£LSE

ALPV(l) = 0.0
ENDIF

300 CONTINUE

DO 410 1=1, NCONMP

DGE{1) = 0.0
DO 400 J=1, NCOMP
DGE(I) = DGE(I) + DEDT{I, JY*EPSE{J) - DE2(I, JY+ALPV ()

CONTINUE

DGE(1) = DGE(1}*DT

410 CONTINUE

RETURN
END

SUBROUTINE  YFGEP (

E2

KFIELD, NCOMP , NNOR , E1 . POIL

POI2 , ALP |, HD , b7

DKAPDT, DALDT , DFDS , EPSE , DGEP )

* FUNGTION OF THIS SUBROUTINE

SET PSEUDO STRESS INCREMENT VECTOR 'DGE' ON PLASTIC
PROGRAMED BY K. GARATAN! ON NOV. 1995 (VER 1.0)

OO0 OO0QaDOO0DOoO0OOoO000

* INPUT VARIABLES

KFIELD
NCONP
NNOR

El

POl

E2

POI2

ALP

HD

DT
DKAPDT
DALDT (1)
DFDS (1)

D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D, ARG

(INT)
(INT)
{INT)

(REAL*8) :

(REAL*8)
{REAL#8)
(REAL*8)
(REAL#8)
(REAL*8)
(REAL*8)
(REAL*8)

(REAL*8)

: FINAS STRESS FIELD CODE
: STRESS OR STRAIN COMPONENTS COUNT
: NORMAL STRESS OR STRAIN COMP. COUNT

ELASTIC MODULAS BEFORE |NCREMENT

: POESSON'S RATIO BEFORE INCREMENT

: ELASTIC MODULAS AFTER INCREMENT

: POISSON'S RATIO AFTER [NCREMENT

: THERMAL EXPANSION RATID

: PLASTIC HARDENING COEFF

: TEMPERATURE [INCREMENT

: TEMP. DIFF. OF DRAG STRESS D(KAPPA)/DT
{REAL%8) :
: FLOW VECTOR ({DF/DS}

TEMP. DIFF. OF BACK STRESS D(AL}/DY

EPSE {1} D.ARG (REAL#8) : ELASTIC STRAIN

* QUTPUT VARIABLES

DEEP (1) D.ARG (REAL*8) : PSEUDO STRESS INCREMENT VECTOR

YFDE 1 GET ELASTIC STRESS-STRAIN MATRIX 'DE
YMAB : MATRIX MULTIPLY ROUTINE ( A * B}
YHBEB : VEGOR MULTIPLY ROUTINE ( (B)T * B )

¢
G
¢
G
C
G * CALLED SUBROUTINES
G
C
¢
c
[

IMPLIGIT REAL*B (A-H,0-2)
DIMENSTON DALDT (%), DFDS (*), EPSE (), DGEP (*)

DiMENSION DEDT (8, 6), DE2(6, 6, ALPY (6), DF (6), DEPX (6, 6}, DEPE (6) ,

TERM1 (6}, TERM2 (6), TERM3 (6)

} THEN

)

¢
CALL YFDE (KFIELD , 6 , E2 , POI2 , DEZ )
c
C ekt TEMPERATURE DIFFERENE OF 'DE' MATRIX ° DE/DT
4
IF { { DT.EQ.O.0 y . OR
( (Et.EQ.E2 ). AND. (PG|1.EQ.P0I2) }
¢
DO 110 J=1, NCOMP
DO 100 1=1, NCOMP
DEDT(H, J} = 0.0
100 CONT [NUE
110 CONTINUE
G
ELSE
c
CALL YFDE (KFIELD , 6 ., Et . POI1 , DEDT
¢

DO 210 1=1, NCOMP
DO 200G J=1, NCOMP
DEDT(I, J} = ( DE2(I, J)-DEDT{1.4) ) / DT
200 CONT INUE
210 CONTINUE

c
ENDIF
[
C #xxek "DF* = "DE" & 'DFDS'
C
CALL  YMAB (NCOMP, NCOMP, 6, DE2, DFDS, DF)
c

C bkrke GAL. DENOMINATOR
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c

CALL  YMBB {(NCOMP, OF, DFDS, FDF)
C

DENOM = HD + FDF
c
C ##kxx CAL, ELASTOPLASTIC D 'DEP
[

DD 1100 =1, NCOMP
DO 1000 J=1, NCOMP
DEPX{1, J) = DE2(1, J) - OF (1)*DF (J) /DENOM
1000 CONTINUE
1100 CONTINUE

C
G #kkdx TERM-1 .. THERMAL EXPANSION
[ .
C %k THERMAL EXPANSION VECTOR
C
B0 1200 1=1, NCOMP
[F { 1.LE.NNOR ) THEN
ALPV{l) = ALP
ELSE
ALPV(I} = 0.0
ENDIF
1200 CONTINUE
¢
C %%k GET TERM-1
c
CALL  YMAB (NCOMP, NCOMP, G, DEPX, ALPY, TERMI)
¢
G #ackx TERM-2 .. CHANGE OF ELASTIC MODU
¢
¢ 4+ 'DEPE' = D(DE}/DT * EPSE
c ‘
CALL YMAB(NCOMP, NCOMP, 6, DEDT, EPSE, DEPE)
¢
C #+ FDE = (DF/DS)T * D{DE)/DT * EPSE
¢
CALL YMBB (NCOMP, DFDS, DEPE, FDE)
4
¢ kex GET TERM-2
C

D0 2000 1=1, NCOWP
TERMZ (1} = DEPE()} - DF (1) #FDE/DENOM
2000 CONTINUE
H
C kkxex TERM-3 .. CHANGE OF ST, VARI|

c
€ s FADT = (DF/DS)T * D(AL)/DT
¢
CALL YMBB (NCOMP, DFDS, DALDT, FADT)
C
C  #*xx GET TERM-3
C

DO 3000 |=1, NCOMP
TERM3 (1) = { DF{1}4FADT + DF (I)*DKAPDT ) / DENOM
3000 CONTINUE 7
c
G *%dkk PSEUDD STRESS [NCREMENT
c
PO 5000 |=1, NCOMP
DGEP (1) = { TERM3(J) + TERM2{1} - TERMI1(1) ) * DT
5000 CONTINUE
c
RETURN
END
SUBROUTINE  YFIELD (LEXN, |ECOD, KF IELD, NCOMP, NNOR)

* FUNCTION OF THLS SUBROUTINE
SET STRESS FIELD KEY "KFIELD' (FINAS INTERNAL CODE)
AND STRESS COMPONENTS COUNT ' NCOMP', NORMAL COUNT *NNOR
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0)

* |NPUT  VARIABLES
IEXN D. ARG (INT} ; ELEMENT EXTERNAL (D. RO
1ECOD D. ARG (INT) : ELEMENT 1DENTIFICATION CODE BY FINAS

* OUTPUT VARIABLES

KFIELD D. ARG {INT) : STRESS FIELD CODE

NCOMP D. ARG {INT) : STRESS OR STRAIN COMPONENTS COUNT

NNOR D. ARG (INT) . NORMAL STRESS OR STRAIN COMP. COUNT
* GOMMENT

KFEED CODE AS BELOW

KFILD NCOMP NHOR -~ STRESS FIELD -
1 1 1 UNIAXIAL STRESS

PLANE STRESS
3-DIMENSIHONAL
AXIS SYMMETRICAL
PLANE STRAIN
BEAM

SHELL

COOOOOOCOOO000COO0O00O0O0C0O000O00n0nS

- O Ch B RS
h & O ooy
hy — L3 G5 3 R
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) 8 2 2 THIN AXIS SYMMETRICAL SHELL GOTO 1000
c g 3 2 ELBOW OR NAXSHEL c .. PLANE STRAIN ..
¢ 10 8 0 CONTACT 50 CONTINUE
C 1 3 2 AX1S SYMHETRICAL SHELL KFIELD = 5
C NCOMP = 4
¢ : NNOR =3
IMPLICIT REAL¥8 (A-H, 0-2) GOTO 1000
c ¢ . BEAM ..
C *xeex BRANCH BY ELEMENT CODE (V13,0 EDOI) 60 CONTINUE
¢ KFIELD = B
G0TO (40, 10, 60, 40, 20, 20, 30, 20, 70, 20 , NCOWP = 3
70, 90, 80, 60, 60, 30, 70. 20, 40, 20, NNOR = 1
20, 40, 80, 50, 50, 60, 40, 20,100, 30. GOTO 1000
20,30, 90,30, 30,60, 70, 9, 2. 70, ¢ .. SHELL ..
70,20, 2,2, 9, 9, 9, 9, 89,90, 70 CONTINUE
. 9,9 . 9,60, 20, 20, 50 Y [ECOD KFIELD = 7
c NCOMP = 5
¢ .. UNDEFINED CODE .. NNOR =2
9 CONTINUE GOTD 1000
WRITE (6, %) * *weax ERROR ON SUB, YFIELD : ILLEGAL ELEMENT CODE ' C .. THIN AXIS SYM. SHELL ..
LIECOD |, 1EXN 80 CONTINUE
CALL PEXIT KFIELD = 8
sToP NeoMP =2
¢ .. UNIAXIAL STRESS .. ) NMOR =2
10 CONTINUE GOTO §000
KF1ELD = 1 ¢ .. ELBOW ..
NCOMP = 1 90 CONTINUE
NNOR =1 KFIELD = §
GOTG 1000 NCONP = 3
c .. PLANE STRESS .. NNOR =2
20 CONTINUE GOTO 1000 _
KFIELD = 2 ¢ .. CONTACT ..
NCOMP = 3§ 100  CONTINUE
NNOR = 2 KFIELD = 10
GOTO 1000 NCOMP = 8
¢ .. 3-DIMENSIONAL .. NNOR =0
30 CONTINUE GOTO 1000
KFIELD = 3 c .. AXIS SYMMETRICAL SHELL ..
NCOMP = 6 . 110 CONTINUE
NNOR =3 KFIELD = 11
GOTO 1000 NCOMP = 3
¢ .. AXIS SYMMETRICAL .. : NNOR =2
40 GONTINUE GOTO 1000
KFIELD = 4 c BRANCH END .. ...
NCONP = 4 1000 CONT INUE
NNOR =3 C
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RETURN

END
SUBROUT INE  YFLOW2 (NCOMP, NNOR, S, AL, FLOW)

* FUNCTION OF THIS SUBROUTINE
SET FLOW VECTOR (MISES TYPE WITH BACK STRESS)
PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0}

# |NPUT YARIABLES
NCOMP D, ARG (INT) : STRESS OR STRAIN COMPOMENTS COUNT
NNOR D. ARG (INT) : NORMAL SYRESS OR STRAIN COMP. COUNT
816 (1) D.ARG (REAL*B) : STRESS VECTOR
AL (1) D.ARG (REAL*8) : BACK STRESS VECTOR

* QUTPUT YARIABLES
FLOW(I)  D.ARG (REAL*8) : FLOW YECTOR (DF/DS, VEGTOR TYPE)

* LOCAL VARIABLES
§ (i} D ARG (REAL*8) : DEVIATORIC STRESS AT 3-D SPACE

AL3 (1)  D.ARG (REAL+*8) : BACK STRESS AT 3-D SPACE
FLW3{1) D, ARG (REAL*8) : FLOW VECTOR AT 3-D SPACE
SBAR D. ARG (REAL*8) : EQUIVALENT STRESS (MISES TYPE)

* FLOW VECTOR WHEN F=SIGB (MISES TYPE)
3/2 / s16B * s(I) : NORMAL COMPONENTS
3/2 / SIGB * S(1) * 2 1 SHEAR COMPONENTS

DO AQAO0D OO0 000000000C0RO0

IMPLICIT REAL*B (A-H, 0-2)

DIMENSION SIG(}, AL (%), FLOW(¥)

DIMENSION 5 (6),AL3(6}, FLW3(6)
c
C #++xx GET ECUIVALENT STRESS BY EXTEND 3-D STRESS FIELD
¢

D0 100 130-1.6
s (1) =0.0
AL3(130} = 0.0
100 CONT INGE
4 .. NORMAL COMPONENTS

DO 200 IFLD=1, HNOR
$ (IFLD) = SIG{IFLD)
AL3(IFLD) = AL (IFLD)

200 CONTINUE
c . GET DEVIATORIC STRESS

S = ( S(1)+5(2)+5(3) )/3.000

DO 300 13D=1, 3
5 (130) = S(I130) - sM
300 CONT INUE

c . GET OTHER BACK STRESS
IF (NNOR.EQ. 1) THEN
AL3( 2) = -AL3{1)/2.0D0
AL3{ 2) = -AL3(1)/2.000
ENDIF
4
IF (NNOR.EQ.2) THEN
AL3( 3 = —(AL3()+ALI(2Y)
ENDIF
[ .. SHEAR COMPONENTS
130 =4
PO 400 IFLB=NNOR+1, NCOMP
§ (13D} = SIG(IFLD)
AL3(13D) = AL (IFLD)
30 =13 + 1
400 CONT INVE
C .. BACK STRESS EFFECT.
PO 500 13D=1,6

S§ (130} = S(I13D) - AL3(I3D)
500 CONTINUE

[ .. MISES STRESS
A
SBAR = SQRT( 3.000/2. 0DO *{ S(1) *k2+5 (2} #2+5 (3) #42 +
2. 0DO* (S (4) *#2+5 (5} #2458 (6) #+2) ) )
c
C #kxex 0 STRESS TRAP
[
IF (SBAR. EQ.0.0) THEN
4
DO 600 [FLD=1, NCOMP
FLOW(IFLD) = 0.0
600  CONTINUE
C
RETURN
c
ENDIF
G .. GET FLOW VECTOR (VECTOR TYPE)
COF = 3.000/2.0D0 / SBAR
¢ . NORMAL COMPONENTS
DO 700 13D=1,3

FLW3(13D} = COF * S (i3D)
700 CONT1NUE
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c

SHEAR  COMPONENTS

D0 710 13D=4.6
FLW3(130) = COF % § (13D} * 2,0D0

710 CONTINUE

C #eksk SET FLOW YECTOR FOR EACH STRESS FIELD

¢

C

DO 800 [FLD=1, NNOR
FLOWCIFLD) = FLW3(IFLD)

800 CONTINUE

130 =4

DO 810 IFLD=NNOR+1, NCOMP
FLOW(IFLD) = FLW3(13D)
130 =130 +1

810 CONTINUE

RETURN
END

SUBROUTINE  YFNRMY (.KEY , NCOMP , NNOR , VECT , TSRN )

* FUNCTION OF THIS SUBROUTINE
NORMAL | ZE VECTOR AND EXPAND 3-D SPACE TENSOR
(STRESS FIELD VECTOR [NPUT AND 3-D TENSCR OUTPUT)

PROGRAMED BY K.GARATANI ON DEC. 1995 (VER 1.0)

* INPUT  YARIABLES

KEY

NCOMP
NHOR
VECT (¥

D. ARG (INT) : DOUBLED SHEAR TERM KEY

=0;NO  (STRESS) . =1:YES (STRAIN)
D. ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT
D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT

D. ARG (REAL¥8) : INPUT STRESS OR STRAIN VECTOR
(INCOMPRESSIBILITY ASSUMED)

* DUTPUT VARIABLES
TSRN(6) D.ARG (REAL¥B) : NORMALIZED TENSOR {(3-D TYPE)

OO0 OO0O0CO00O00O00000

c

IMPLICIT REAL#B (A-H, 0~2)
DIMENSION VECT (%}, TSRN (%)

C #%irk CLEAR TENSCR

c

Do 100 I1=1,6
TSRNCI) = 0.0

130 CONTINUE

c
C ®kvlr EXTEND TO 3-D STRESS SPACE
c
IF {NNOR. EG. 1} THEN
TSRN(E) = VECT{(1)
TSRN(2) = VECT{1} * ( -0.5D0 }
TSRN(3) = TSRN{(2)
ELSE IF (NNOR.EQ. 2} THEN
TSRN{1) = VECT{1}
TSRN(2) = VECT(2)
TSRN(3) =—( VECT (1)+VECT(2) )
ELSE IF (NNOR.EQ.3) THEN
TSRN(1) = YECT(1)

TSRN(2) = VECT(2)
TSRN(3) = VEGT(3)
ENDIF
c .. SHEAR COMPONENTS (DEP. KEY)
13D = 4

DO 200 1=NNOR+1, NCOMP
IF (KEY.EQ.0) THEN
TSRN(13D) = YECT(l)

( TSRN{4)}#+2 + TSRN{5}#+2 + TSRN(6)**2

ELSE
TSRN(I3D) = VECT(l) * ( 0,500 )
ENDIF
130 = 13D + 1
200 GONTINUE
¢
G #krrr GET TENSOR LENGTH
G
TLEN = SQRT{  TSRN(1)#+2 + TSRN{2)*+2 + TSRN(3)**2 +
[H
C krsk NORMAL I ZE
c
IF (TLEN.EG.0.0) THEN
TSRN(I) = 0.0
TSRN(2) = 0.0
TSRN(3) = 0.0
TSRN(4) = 0.0
TSRN(S) = 0.0
TSRK(B) = 0.0
ELSE
TSRN (1) = TSRN{1) /TLEN
TSRN(2) = TSRN(2) /TLEN
TSRN(3) = TSRN(3) /TLEN
TSRN(4) = TSRN(4) /TLEN
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TSRN(5) = TSRN{(S5)/TLEN
TSRN(6) = TSRN(6)/TLEN

ENDIF
¢

RETURN

END

SUBROUTINE  YFPBAR (XFIELD, DEPS, DEPBAR)
G
€ * FUNCTION OF THIS SUBROUTIRE
4 SET EQUIVALENT PLASTIC STRAIN (MISES TYPE)
c PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0V
G
G * INPUT VARIABLES
[H KFIELD D. ARG (INT) : STRESS FIELD GORE
C DEPS(x)  D. ARG (REAL#8) : PLASTIC STRAIN INCREMENT VECTOR
G
€ * QUTPUT VARIABLES
c DEPBAR D. ARG (REAL*8) : EQUIVALENT PLASTIC STRAIN
G
c

INPLICIT REAL*8 (A-H, 0-Z)
DIMENSION DEPS ()

4
C #kek BRANCH BY STRESS FIELD
C
GOTO { 100, 200, 300 , 400, 300
600 , 700 , 800 , 500 , 1000, 1100 ) , KFLELD

C
c . UNDEF INED STRESS FIELD ..
C

WRITE(, %) * *wrik ERROR ON SUB. YFPBAR : ILLEGAL STRESS FIELD

, KFIELD

CALL PEXIT

STOP
c .. UNIAXIAL ..

100 CONTINUE

DEPBAR = ABS (DEPS (1))

GUTO 5000
¢ .. PLANE STRESS ..

200 CONTINUE )
DEPS3 = - (DEPS{1)+DEPS(2))
DEPBAR = SORT ( 200/3B0 #
{ DEPS{1)*+2+DEPS (2) #+2+DEPS3  *%2
+ (DEPS(3)4#2 )/200 )
)
60TO 5000

C

G

4

4

c

¢

c

¢

c
c

300 GONTINUE

DEPBAR = SORT{ 200/3D0 *
{ DEPS (1)#+24DEPS (2} #+2+DEPS (3) #42
+ (DEPS (4) 4 24DEPS (5) 42 +DEPS (6) #+2) /200 )

GOTG S000

400 CONTINUE

)

DEPBAR = SGRT( 200/3D0 *
( DEPS (1) ##2+DEPS {2} #42+DEPS (3) #42
+ (DEPS (4) %2

GOTQ 5000

500 CONTINUE

GOTO 400

600 CONTINUE
DEPS2
DEPS3

)

-DEPS(1)/2.0
DEPS2

DEPBAR = SQRT( 2D0/3D0 *

{ DEPS (1)##240EPS2  4+2+DEPSI**2

+ (DEPS (2)%x2+DEPS (3) %2

G0TO 5000

700 CONTINUE
DEPS3

)

~(BEPS{1)+DEPS (2))

DEPBAR = SQRT{ 2D0/3D0 *
( BEPS{1)##2+DEPS (2) #+2+4DEPS3  #x2
+ (DEPS (3)++2+DEPS (4) ++2+DEPS (5) ++2) /200 )

GOTO 5000

800 CONTINUE
DEPS3
DEPBAR

)

~{DEPS (1) +DEPS(2))
SORT( 200/3D0 *

. 3-DIMENSIONAL ..

. AX1S SYMMETRICAL -..

}/200 )

. PLANE STRAIN .

. BEAM

)/200 )

. SHELL ..

. THIN AXIS SYM. SHELL ..

{ DEPS(1)#%24DEPS (2) #x2+DEPS3 #*2 }

GOTO 5000

S00 CONTINUE

}

. ELBOW .
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GOTO 200 00 200 IFLD=1, NNOR
4 .. CONTACT (NOT SUPPORTED) .. S (IFLD} = SIG{IFLD)
1000 GONTINUE AL3CIFLD} = AL (IFLB)
GOTO 9000 200 CONTINUE
[H .. AXIS SYMMETRICAL SHELL .. 4 . GET DEVIATORIC STRESS
1100 CONTINUE SM = ( 5(1)+5(2)+5(3) )/3.000
GOTO0 200 C
c BRANCH END . .. .. DO 300 13D=1,3
5000 CONTINUE S (138 = SCI3D) - sSM
o 300 CONTINUE
RETURN c . GET OTHER BACK STRESS
c . . IF (NNOR.EQ.1) THEN
9000 CONTINUE AL3I( 2) = ~AL3(1)/2.0D0
WRITE(G, #) ' s*kxx ERRGR ON SUB. YFPBAR : ILLEGAL KFIELD ', AL3( 3} = -AL3(1)/2.0D0
. KF [ELD ENDIF
CALL PEXIT 4
STOP IF (NNOR.EQ. 2) THEN
4 AL3( 3 = -(AL3{1)+AL3(2))
END ENDIF
SUBROUTINE YFSB2 (NCOMP, NNOR. 516, AL, SBAR) c .. SHEAR COMPONENTS
G 130 = 4
C * FUNCTION OF THIS SUBROUTINE DO 400 |FLD=NNOR+1, NCOMP
c SET EQUIVALENT STRESS (MISES TYPE WITH BACK STRESS) S (13D) = SIG{IFLD)
4 PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0) AL3(I13D) = AL (IFLD)
G 13D =13 + 1
C * INPUT VARIABLES 400 CONTINUE
c NCOMP D. ARG {INT) : STRESS OR STRAIN COMPONENTS COUNT 4 .. BACK STRESS EFFECT.
C NNOR D. ARG (INT) : NORMAL STYRESS OR STRAIN COMP. COUNT DO 500 13D=1,6 .
c S D. ARG (REAL*B) : STRESS VECTCR S5 (I3D) = S{t3D} - AL3{13D)
c AL (1) D. ARG (REAL*8) : BACK STRESS VECTOR 500 CONTINUE
[ [
C = OUTPUT VARIABLES G #%#+  GET EQUIBARENT STRESS (MISES TYPE)
C SBAR D. ARG (REAL*B) : EQUIVALENT STRESS (MISES TYPE) ¢
C SBAR = SGRT{ 3.0D0/2. 0DO *{ S(1) #4248 (2 #4245 (D) +42 +
c : 2. 0D0* (S (4) #*24S (5} +x2+5 (6) +22) ) )
IMPLICIT REAL*8 (A-H, 0-Z) 4
DIMENSION SI1G(*), AL (%) RETURN
DIMENSION S  (6), AL3(6) END
C v SUBROUTINE YFVEXP{(X, XTBL, YTEL, NL, Y)
C *%skx  EXTEND 3-D STRESS FIELD

* FUNGTION OF THIS SUBROUTINE
DO 100 13D=1, 6 EXTERPOLATE OR INTERPOLATE THE Y-VALUE,

AL3(130} = 0.0 PROGRAMED BY K. GARATANI ON MAR. 1991 (VER }. Q)

100 CONTINUE

G
H
C
$ (1) =00 C GIVEN BY X-VALUE TABLE FORMAT
C
G
¢ .. NORMAL COMPONENTS G

* [NPUT VARIABLES



¢ X D. ARG (REAL#8) : X-VALUE TO GET THE Y-VALUE
¢ XTBL(1)  D.ARG (REAL*8) : X~VALUE TABLE
c YTBL{I}  D.ARG (REAL*8) : Y-VALUE TABLE
¢ NL 0. ARG (INT) . LENGTH OF X AND Y-VALUE
c
G * OUTPUT VARIABLES
¢ Y D. ARG (REAL*B) : GETTED Y-VALUE AT X
c
¢ * COMMENT
[ X-VALUE TABLE XTBL{1) MUST BE INCREMENTAL OR DECREMENTAL ORDER
¢
¢
INPLICIT  REAL¥8 (A-H,0-2)
DIMENSION XTBE (%), YTBL (%)
c .
€ *etex NON-TABLE FORM TRAP
¢
IF { NL.LT.2 ) THEN
WRITE(G, %) ‘s ERROR ON SUB, YFVEXP : ILLEGAL NL ' NL
CALL PEXIT
sTOP
ENDIF
¢
C *xdwk BRANCH BY {NGC. OR DEC. TYPE
¢
IF { XTBL(1).LE XTBL.(NL) ) THEN
¢ INCREMENT TYPE
G ek EXTERPGLATION
¢ . X < XTBL(D
IF {X.LE.XTBL{ 1}) THEN
Y o= YTBL 1) + (YTBLC 2)-¥TBL( 1)) * ( X ~X18L{ 1))
/ (XTBL( 2)-XTBL{ 1))
GOTO 900
ENDIF
¢ . X > XTBL(NLEN)
IF {X. GE, XTBL(NL)) THEN
¥ = YTBL(NL) + (YTBL(NL)-YTBL(NL-1)) * ( X —XTBL (ML ))
/7 (XTBLNL)-XTBL (NL-1))
GOTO 900
ENDIF
¢
€ e [NTERPOLATION
c . TT(H) LTSTT(NR)

Do 100 1=2, NL
IF (X.LE, XTBL{1)} THEN
¥ = YIBL(I-1) + (YTBL{I}-YTBL(I-1)} * (X ~X18L{1~1))

A

L]

o

¢

C

/ (XTBL(1)-XTBL(I-1)}
GOTO 900
ENDIF
100 CONTINUE

WRITE(B, #) ' swexxx ERROR ON SUB. YFVEXP : ILLEGAL X-VALUE °, X
CALL PEXIT
sToP

ELSE
. DECREMENT TYPE
wokx EXTERPOLATION
. X > XTBL(I)
IF (X.GE.XTBL( 1)) THEN
Y= ¥TALC 1) + (YTBL( 2)-YTBE( 1)) * ( X ~XTBL{ 1))
/O (XTBL 23-XTBLC 1))
GOTO 900
ENDIF
. X < XTBL (NLEN)
If (X LE.XTBL{NL)) THEN .
Y = YTBL(NL) + (YTALCHLY-YTBL(NL-1)) * ( X ~XTBL(NL })
/ (XTBL(NL)-XTBL (NL-1))
GOTO 900
ENDIF

#k INTERPOLATION
. TT{STOTENP

D0 200 1=2, NL
IF (X.GE.XTBL.(J}) THEN
Y = YTAL(I-1) + (YTBL(I)-YTBL{I-1)) % ( X =XTBL{1-1))
/ (XTBL (1)-XTBL(E-1))
GOTO 900
ENDIF

200  CONTYENUE

WRITE (G, %) ° ik ERROR ON SUB. YFVEXP : ILLEGAL X-VALUE ' X
CALL PEXIT
§T0P

ENDIF

900 CONT INUE
RETURN
END
SUBROUTINE YFXLAM{ KFIELD, NCOMP , NNOR , Ei . POIt
E2 . POI2 |, ALP |, DT . DKAPDT,
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DALDY , DFDS , EPSE , DEPS ., XLAM )

* FUNCTION OF THIS SUBROUTINE

CALCURATE NUMERATOR OF ‘LAMDA' (TO JUDGE UNLDADING)
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0)

* |NPUT VARIABLES

KF IELD
NCOMP
NNOR

El

PO{1

E2

POI2
ALR

DT
DKAPDT
DALDT (1)
DFDS (I}
EPSE (1)
DEPS (I}

D. ARG
0. ARG
D. ARG
D. ARG
D. ARG
D. ARG
. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG

(INT)
(INT)
(INT)
{REAL#8)

(REAL#8) :
: ELASTIC MODULAS AFTER INCREMENT

{REAL*B)

(REAL*8) :
(REAL*8) :
: TEMPERATURE INGREMENT

(REAL*B)

(REAL*8} :
: TEMP. DIFF. OF BACK STRESS D(AL)/DT
: FLOW VECTOR (DF/DS)

: ELASTIC STRAIN

(REAL*8)
(REAL*8)
(REAL#8)

{REAL*8) :

: FINAS STRESS FIELD CODE

: STRESS OR STRAIN COMPONENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT
: ELASTIC MODULAS BEFORE NCREMENT

POYSSON'S RATIO BEFORE |NCREMENT

POISSON'S RATIO AFTER INCREMENT
THERMAL EXPANS|ON RATIO

TEMP. DIFF. OF DRAG STRESS D(KAPPA) /DT

STRAIN INCRMENT

* OUTPUT VARIABLES

XLAM

D. ARG

(REAL*8)

: NUMERATOR OF ' LAMDA

* CALLED SUBROUTINES
1 GET ELASTIC STRESS-STRAIN MATRIX 'DE
: MATRIX MULTIPLY ROUTINE ( A *x B )

: VEGOR MULTIPLY ROMTINE { (B)T # B )

YFDE
YMAB
YMBB

QOO0 0000000000000 0000

oo

IMPLICIT REAL#8 (A-H,0-2)

DIMENSION DALDT (%), DFDS {¥), EPSE (*) , DEPS (%)
DIMENSION DEDT{6. 6}, DE2 (6. 6), ALPV (6}, DF (6),

CALL YFDE

DEDTEE (6), DAL (6)

(KFIELD , 6

. POIZ, DEZ2 )

wiopkk TEMPERATURE DIFFERENE OF 'DE' MATRIX 'DE/DT'

IF { ( DT.EQ.0.0
{ (E1.EQ.E2 ). AND. (POI11.EQ.P0OI2) ) ) THEM

DO 110 J=1, NCOMP
DO 100 =1, NCOMP
DEOT(I. ¥ = 0.0

) JOR.

[

c
¢
c
C

c

Lo I > I - T o ]

oo

100 CONT [NUE
110 CONTINUE

ELSE

CALL YFDE (KFIELD , 6

DO 210 |=1, NCOMP
DO 200 J=1, NCOMP

€1, POIT ,

DEDT }

DEDT(I, J) = { DE2(L, J}-DEDT(I,d) ) / DT

200 CONT INUE
250 CONTINUE

ENDIF

*4krk GET TERM~1

. 'DF* = 'DE

CALL  YMAB {NCOMP, NCOMP, 6, DE2, DFDS, DF)

CALL  YMBB (NCOMP, DF, DEPS, TERM1)

kdrx GET TERM-2

* 'DFDS'

. TERM1 = "DFDS' * 'DE

CALL  YMAB (NCOMP, NCOMP, 6, DEDT, EPSE, DEDTEE)

DO 300 1=1, NCOMP
IF (1. LE.NNOR ) THEN

ALPV(I) = ALP
ELSE

ALPY(D) = 0.0
ENDIF

300 CONTNUE

. "DAL’ = 'DE

CALL  YMAB (NCOMP, NCOMP, 6, DE2, ALPY, DAL)

. GET TERM-2

TERMZ2 = 0.0

* T ALPY

* ' DEPS’

. "DEDTEE' = 'DEDT' * 'EPSE

. THERMAL EXPANSION ' ALPV
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QOGO O OO O00000

DO 400 =1, NCOMP
TERM2 = TERM2 + DFDS (1)*{ DEDTEE(1)-DAL (1} -DALDT(I) )
400 CONT INUE

¢
TERM2 = { TERM2 - DKAPDT } * DT
4
C #wikx HUMERATOR OF LAMDA
¢
XLAM = TERM1 + TERM2
C
RETURN
END
SUBROUTINE YMAB(EAL, 1AC, LAL, A, B, R)
* FUNCFION OF THIS SUBRGUTINE
PERFORM MATRIX AND VECTOR MULTIPLY R = A * B
PROGRAMED BY K. GARATAN{ ON NOV, 1995 (VER 1.0)
# INPUT  YARIABLES
1AL D. ARG (INT) : LOW SAIZE OF "A' MATRIX
1AC D. ARG (INT} : COLUMN SATZE OF "A" MATRIX
LAL D. ARG (INT) : §-ST ARRAY SIZE OF 'A" MATIRX
A (1,4} D.ARG (REAL#8) : INPUT MATRIX 'A
B (1} D. ARG (REAL#8) : INPUT VECTOR 'B
* QUTPUT VAR|ABLES
R (1) D. ARG (REAL*8) : RESULT VECTOR R = A*B

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION A(LAL, #}, B(¥), R(%)

c
G #kkrk PERFORM MULTIPLY
[
DO 110 [=1, IAL
R(1) = 0.0
DO 100 J=1, 1AC
R(1) = R(I} + A(l, J*e(J}
100 CONTINUE
110 CONTINUE
H
RETURN
END
SUBROUTINE  YMBB(IB, B1, B2, VAL}
G

¢ * FUNCTION OF THIS SUBROUTINE

OO0OOOOO0COOOo0O000O0Ccon

PERFORM VECTOR TO VECTOR MULTIPLY VAL = (B)T * B2
PROGRAMED BY K, GARATAN] ON NOV. 1995 (VER 1.0)

c
G
G
¢
C
c
c
G
H
C
¢
C

* |NPUT VARIABLES
18 D. ARG (INT) : SAIZE OF 'Bt', 'B2' VECTOR
Bt (1) D. ARG (REAL*8) : INPUT VECTOR 'BI"
B2 (I} D. ARG (REAL*B) : INPUT VECTOR 'B{"

* QUTPUT VARIABLES
VAL D. ARG {REAL*8) : RESULT MATRIX R = (BI)T * B2

IMPLICIT REAL*B (A-H, 0-2)
DIMENSION BI (%) . B2(%)

VAL = 0.0
Do 100 1=1, 1B
VAL = VAL + B1(1)+B2(I)
100 CONTINUE

RETURN

END

SUBROUTINE YOMWBP1( KF1ELD , NCOMP ., NNOR |, NB . KM .
E1 . POIY , PHAI1 | E2 . POI2
PHAIZ , ALP . AM ., IETA | R s
DT , DKAPDT ., DALSDT , BPX , SIG
AL1 ., EPSE , DEPS ., DSIG , DALI
DEPSP , DEPB )

* FUNCTION OF THIS SUBROUT!NE
GET EACH INMER VARIABLES INCREMENYS BY GIVEN STRAIN ON PLASTIC
WITH ONE BREAK POINT SUBSTEP INTEGRAT{OM MEHGD FOR OHNO-WANG MODEL
PROGRAMED BY K.GARATANI ON DEC. 1995 (VER 1.0}

# |NPUT  VARIABLES

KFIELD D. ARG (INT) : FINAS STRESS FIELD CODE

NCOMP D ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT

NNOR D. ARG (INT} . NORMAL STRESS OR STRAIN COMP, COUNT

NB D. ARG (INT) 1 TOTAL BACK STRESS COUNT

K D. ARG (INT) : KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)
(MODEL-2 USES M-VALUE)

El 0. ARG (REAL*8) : ELASTIC MODULAS BEFORE INCREMENT

POIt D. ARG (REAL+8) : POISSON"S RATIO BEFORE INCREMENT

PHAI'E D.ARG (REAL#8) : TEMP. DEP. FUC PHAI(T) BEFORE INC
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OO COOOO0O0000000000000000C0CC

PHAI2 D. ARG (REAL*B)
ALP D. ARG (REAL*8)

DALSDT (1} D. ARG (REAL#*B)

SI6 (1) D.ARG (REAL*8)
AL1 (6. J) D.ARG (REAL*8)

DEPS (1) D.ARG (REAL*8)

E2 D. ARG (REAL#B} :
PolI2 D. ARG (REAL*B) :
: TEMP. DEP. FUG PHAJ(T) AFTER INGC.
: THERMAL EXPANSION RATIO

AM D. ARG (REAL*8) :
ZETA(I)  D.ARG (REAL%8) :
R (1) D ARG (REAL#8B) :
bT D. ARG (REAL*8) :
DKAPDT D. ARG (REAL*8} :
: TEMP. DIFF. OF BACK STRESS D{AL*}/DT
gp D. ARG (REAL*8) :
: STRESS AT PREVIOUS STEP
: J-TH BACK STRESS ON TO
EPSE {1} D.ARG (REAL#B) :
. STRAL INCREMENT

ELASTIC MODULAS AFTER |NCREMENT
POISSON' S RATIO AFTER INCREMENT

MODEL PARAMETER M (FOR MODEL-2 ONLY)
I-TH B. STRESS PARAMETER ZETA{1}

|-TH B. STRESS PARAMETER R (I}
TEMPERATURE INCREMENT

TEMP. DIFF. OF DRAG STRESS D(KAPPA) /DT

BREAK POINT YALUES (0<BP<1)

ELASTIC STRAIN

* QUTPUT YAR|ABLES
DSIG (i) D.ARG (REAL%8)
DAL! (B, J)D. ARG (REAL%*8)

DEPSP(!) D.ARG (REAL*B) :
DEPB D. ARG (REAL*8} :

.- STRESS INCREMENT
© J-TH BACK STRESS INCREMENT ON TO

PLASTIC STRAIN [NCREMENT
EQUIVALENT PLASTIC STRAIN INCREMENT

* LOCAL VARIABLES

X-SUFF{XED YARIABLES ARE INTER SUBSTEPPING VALUES

INPLICIT REAL*8 {A-H,0-2)

DIMENSION ZETA (%), R (%)
§i6 (%), ALL (6,
DSIG (%), DALI (6,

PARAMETER (NBPA=10)

¥}, EPSE (%), DALSDT (%),
*), DEPS (), DEPSP (%), BP(3)

DIMENSION  SIGX(B}, ALIX(B, NBPA}, EPSEX{6),
DS1GX (6), DAL1X (B, NBPA), DEPSX (B}, DEPSPX(6),

DFDSX (6), ALX (6)

c

IF (NB. GT. NBPA) GOTO 9010
c
C w+kk SET BREAK POINT VALUE
c

BP{1} = ODO

BP(2) = BPX

BP{3} = 100
c

C #+kck INITIALIZE QUTPUT VALUES
c
PO 11¢ 1=1, NCOMP

. ALSX (B}

0sIg (1) = 0.0
OEPSP(1) = 0.0
DO 100 IB=), NB

DALIC(I, 1B} = 0.0
100 CONTINUE

110 CONTINUE
[H
DEPB = 0.0
c
C ##okt SET INITIAL VALUES
[
DO 210 1=1, NCOMP
siex (1) = 8ig (1)
EPSEX (1) = EPSE())
DO 200 1B=1,NB

ALIX(L, IB) = ALI (), 1B}
200  CONTINUE
210 CONTINUE

C
C #ext+ SUBSTEPPING ITERATION BY BREAK POINT
4
De 1000 18=2,3
¢ .. SET INCREMENT
DBp = BP(IS} - 8P{IS8-1)
4
bBTX = DT * DBP
¢

00 300 i=1, NCOMP
DEPSX{{} = DEPS(I) * DBP
300 CONTINUE
¢ .. SET INTER VALUES

EX! =Ei + (B2 -El  )=*BP(IS-1}
EX2 = Fl + (E2  -El )+BP(1S)
POIXT = POI1 + (POI2 -POEY }+BP(I1S~1)
POIXZ = POI1 + (POI2 ~POIT )4BP(iS)
PHX1 = PHAIT + (PHAI2-PHAI1)+BP (I1S-1)

c .. SUM BACK STRESS TO GET DF/DS
DO 400 1=1, NCOMP

ALX (1} = QDO
400  CONTINUE

[

DO 420 IB=1,N8

DO 410 1=1, NCOMP
ALX(1) = ALX(I} + ALIX(I, 1B}
410 CONTINUE
420 CONTINUE
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©

430

500
510

c
DO 430 =1, NCOXP DO 610 1=1, NCOMP
ALSX(I) = PHX1 * ALX(1) SIGX(1) = SIGX(1)  + DSIGx (1)
CONT1NUE PO 600 1B=1, NB
INTERNAL VARIABLES INC. ALIX(1,1B) = ALIX(I, IB} + DALIX {1, 1B
600 CONTINUE
CALL YFLOW2{ NCOMP , NNOR , SIGX , ALSX . DFDSX ) 610 CONT ENUE
C
CALL YOWEPV( KFIELD , NCOMP , NNOR . NB ., KM CALL YFEPSE{ NCOMP . NNOR , EX2 . FOIX2 , SIGX
EX1 . POIXI , EX2 , POI%2 , PHAIZ , EPSEX )
AP AM , ZETA . R ) ¢ ¢
DKAPDT , DALSDT , DFDSX , ALIX , EPSEX , ENDIF
DEPSX , DSIGX , DALIX ., DEPSPX, DEPBX } c
1000 CONT |NUE
- . CHECK NEXT BREAK POINT c
IF (15.EQ.3) THEN RETURN
9010 WRITE(6,%) ' sbwbk ERROR ON SUB. YOWEPB : B.STRESS GOUNT EXGEED ',
CALL YOWBPX ( NCOMP , NNOR , NB , R . ALIX ) NBPA, NB
DALIX , KEP , BP2 _ ) CALL PEXIT
. TO NEXT BREAK POINT CAL. ST0P
IF (KBP.NE.O) THEN END
v SUBROUTINE YOWBP2( KFIELD , NCOMP , NNOR , NB , KM
CALL YOWBP2( KFIELD , NCOMP ., NNOR , NB . KM El . POIl , PHAIl , E2 , POIZ
EXI ., POIXT , PHXI , E2 , POI2 PHAIZ , ALP  , MM . ZETA , R ,
PHAIZ , ALP |, AM , ZETA , R , DT . DKAPDT , DALSDT , BPX ., SIG
DTX . DKAPDT . DALSDT ., BP2 ., SI&X . ALl ., EPSE , DEPS , PSIG , DALl ,
ALIX . EPSEX , DEPSX ., DSIGX , DALIX . DEPSP ., DEPB )

DEPSPX . DEPBX

ENDIF

ENDIF

. SUM UP VARIAB

D0 510 1={, NCOMP

psiIG (1) = DpsiG (1) + DSIGX (1)
DEPSP (1) = DEPSP (1) + DEPSPX (1)
00 500 18=1,NB
DALY (1, §B} = DAL (I, 1B) + DALIX (I, 1B}
CONTINUE
CONT INUE

DEPB = DEPB + DEPBX
. SET NEXT vatu

If (IS.EQ.2) THEN

)

* FUNCTION OF THIS SUBROUTINE

GET EACH INNER VARIABLES INCREMENTS BY GIVEN STRAIN ON PLASTIC
WiTH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL

PROGRAMED BY K.GARATANI ON DEC. 1995 (VER i.0)

LES

E

OO0 0O000O0000C0O0C0O0n0n o

* |NPUT VARIABLES
KFIELD D ARG (INT)
NCOMP D. ARG (INT)

: FINAS STRESS FIELD CODE
: STRESS OR STRAIN COMPONENTS COUNT

NNOR D. ARG (INT) . NORMAL STRESS OR STRAIN COMP. COUNT
N8 D. ARG (INT) : TOTAL BACK STRESS COUNT
KM D. ARG (INT) : KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)

El

poN D. ARG (REAL*8)
PHAI1 D. ARG {REAL*8)

E2

POI2 D. ARG {REAL*8)
PHA12 D. ARG {REALx*8)

(MODEL-2 USES M-VALUE)
: ELASTIC MODULAS BEFORE ENCREMENT
; POISSON'S RATIO BEFORE INCREMENT
: TEMP. DEP, FUC PHAI(T) BEFORE INC.
: ELASTIC MODULAS AFTER INCREMENT
: PDISSON'S RATIO AFTER | NCREMENT
: TEMP. DEP. FUC PHAL{T) AFTER INC.

D. ARG (REAL*8)

D. ARG {REAL*B)
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H ALP D. ARG (REAL#8) : THERMAL EXPANSIGN RATIO DALI(I, 1B) = 0.0
[ AN D. ARG (REAL#B) : MODEL PARAMETER M {FOR MODEL-2 ONLY) 100 CONTINUE
c ZETA(!)  D.ARG {REAL#8) : [-TH B. STRESS PARAMETER ZETA(}) 110 CONTINUE
¢ R (1) ©D.ARG (REAL#B) : |-TH B. STRESS PARAMETER R (1) c
[ o1 D. ARG (REAL¥8) : TEMPERATURE INCREMENY DEPB = 0.0
c DKAPDT D. ARG (REAL*B) : TEMP. DIFF. OF DRAG STRESS D(KAPPA}/DT ¢
c DALSDT () D.ARG (REAL*B) : TEMP. DIFF. OF BACK STRESS D(AL%)/DT C ik SET INITIAL VALUES
c BP D. ARG (REAL*B} : BREAK POINT VALUES (0<BP<I) C
C $16 (1) D ARG (REAL=*B) : STRESS AT PREVIOUS STEP DO 210 1=1, NCOMP
c ALl (6.J) D.ARG (REAL*B) : J-TH BACK STRESS ON 1O slax (1 = sia ()
c EPSE (1) D.ARG (REAL#8) : ELASTIC STRAIN EPSEX (1) = EPSE(})}
C DEPS (1) D.ARG (REAL*8) : STRAI INCREMENT B0 200 I1B=t, NB
C ALIX(, 18) = AL (1,1B)
G+ OUTPUT VARIABLES 200  CONTINUE
C Dska (1) D.ARG (REAL*B) : STRESS INCREMENT 210 GONTINUE
¢ DALY (6, J)D. ARG (REAL#*B) : J-TH BACK STRESS INCREMENT ON TO C
4 DEPSP(1) D.ARG (REAL*B) : PLAST!C STRAIN INCREMENT C A%k SUBSTEPPING ITERATION BY BREAK POINT
4 DEPB D. ARG (REAL*B) : EQUIVALENT PLASTIC STRAIN |NCREMENT ¢ :
G DO 1000 15=2,3
G * LOCAL VARIABLES 4 .. SET [INCREMENT
C X-SUFFIXED VARIABLES ARE INTER SUBSTEPPING VALUES CBP = BP{I18) - BP{IS-1)
G 4
G DX = DT * DBP
IMPLIGIT REAL*8 {(A-H, 0-2) 4
DIMENSION ZETA (%), R (%) DO 300 1=1, NCOMP
S1E (%), ALl (6, ¥, EPSE (), DALSDT (¥}, DEPSX (1) = DEPS(1) * DBP
. DS1G (+),DALI (B, *), DEPS (¥), DEPSP (+),BP(3) 300 CONTINUE
PARAMETER (NBPA=10) 4 ' .. SET INTER VALUES
DIMENSION  SIGX(6), ALIX(6, NBPA), EPSEX(6), EX1 = El + {E2  -E1  )#BP(IS-1)
DSIGX (6}, DAL 1X{8, NBPA), DEPSX (6}, DEPSPX(6). EX2 =El + (E2  -E1  )*BP(18)
. DFDSX(6), ALX (6} ., ALSX (&) FOIXI = POIT + (POI2 -POIT J*BP(1S-1)
c POIX2 = POIT + (POI2 ~POI1 }#BP (IS}
{F (NB. GT. NBPA) GOTO 9010 PHX1 = PHAIT + (PHAI2-PHAI1)4BP{IS-1)
c 4 .. SUM BACK STRESS TO GET DF/DS
C #akkkx SET BREAK POINT VALUE DO 400 =1, HCOWP
c ALX (1) = gD
BP(1) = 0DO 400  CONYINUE
BP(2) = BPX c
BP(3) = I1DO DO 420 iB=1,HB
¢ 00 41¢ I=t, NCOMP
C ks [NITIALIZE OUTPUT VALUES ALX (1) = ALX(1) + ALIX(I, 1B)
G 410 CONTINUE
DO 110 =1, NCONP 420 CONTINUE
DsiG (12 = 0.0 C
DEPSP(1} = 0.0 DO 430 =1, NCOMP

DG 100 1B=1,NB ALSXCI) = PHX1 # ALX{1)
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c
C

o

430

500
510

" CONTINUE
INYERNAL VARIABLES INC.
600
CALL YFLOW2( NCOMP , NNOR , SIGX , ALSX , DFDSX ) ] 610
C
CALL YOWEPY( KFIELD , NCOMP , NNOR , NB , KM .
EX1 . POIX1 . EX2 . POIX2 , PHAIZ , )
ALP , AW . 2ETA | R A1 b S c
DKAPDT , DALSDT , DFDSX , ALIX . EPSEX ,
DEPSX , DSIGX ., DALIX , DEPSPX, DEPBX ) c
1000
. CHECK NEXT BREAK POINT ¢
IF (1S.EQ. 3} THEN
9010
CALL  YOWBPX ( NCOMP ., NNOR . NB . R . ALIX
DALIX , KBP , BP2 )
. TG NEXT BREAK POINT CAL.
IF (KBP.NE.0) THEN
~
CALL YOWBP3( KFIELD , NCOMP , NNOR , NB . KM .
EX1 . POIXt | PHX1 , E2 . POI2
PHAI2 | ALP . AM , ZETA |, R ,
DTX , DKAPDT , DALSDY , BP2 , SiGX
ALIX ., EPSEX |, DEPSX , DSIGX , DALIX ,

DEPSPX , DEFBX
ENDIF
ENDIF
. SUM UP VARIABLES

00 510 1=1, NCOMP

psig (1) = psIG (H) + DSIGY (1)
DEPSP (I} = DEPSP(I) + DEPSPX(I)
DO 500 IB=1,NB

DALY (1, 1B) = DALL (I, 1B) + DALIX (1, 1B)
CONTINUE
CONTINUE

DEPB = DEFB + DEPBX
. SET NEXT VALUE

IF {13.EQ.2) THEN

DG 610 1=1, NCONP

s1ex (1) = SIGX (1) + DSIGK (1}

D0 600 IB=1,NB
ALIX (], IBY = ALIX(I, IB) + DALIX (I, 1B}
CONT INUE
CONT INUE
CALL YFEPSE( NCOMP , NNOR , EX2 , POIX2 , SIGK
EPSEX )
ENDIF

CONT INUE

RETURN

WRITE(B, #) * ek ERROR ON SUB. YOWEPB : B.STRESS COUNT EXCEED '

. HBPA, NB

CALL PEXIT

STOP

END

SUBROUTINE YOWBP3( KFIELD , NCOMP , NNOR , NB | KM
El , POI1 |, PHAIl , E2 ., POI2
PHAIZ , ALP ., AM , ZETA , R .
DT . DKAPDT , DALSDT , B8PX , SIG
AL1 , EPSE ., DEPS , DSIG . DALI
DEPSP ., DEPB }

)

* FUNCTION OF THIS SUBROUTINE

GET EACH INMER VARIABLES INCREMENTS BY GIVEMN STRAIN ON PLASTIC
WITH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL
PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0}

COOCOO00O0O0O000000000C00000C0

* NPUT VARLABLES

KFIELD D. ARG (INT)
NCOMP D. ARG (INT)

: FINAS STRESS FIELD CODE
: STRESS OR STRAIN COMPONENTS COUNT

NNOR D. ARG {INT} : NORMAL STRESS OR STRAIN COMP. COUNT
NB D. ARG (INT) : TOTAL BACK STRESS COUNT
KM D. ARG (INT) : KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)
{MODEL-2 USES M-VALUE}
El D. ARG (REAL#8) : ELASTIC MODULAS BEFORE INCREMENT
POl D. ARG (REAL#8) : POISSON'S RATIO BEFORE INCREMENT
PHALT D. ARG (REAL#8) : TEMP. DEP. FUC PHAI(T) BEFORE INC,
E2 0. ARG (REAL#8) : ELASTIC MODULAS AFTER INCREMENT
POI2 D. ARG (REAL#8) : POISSON'S RATIO AFTER INCREMENT
PHAL2 0. ARG (REAL*8) : TEMP. DEP. FUC PHAL(T) AFTER INC.
ALP D. ARG (REAL*B) : THERMAL EXPANSION RATIO
AN D. ARG (REAL*8) : MODEL PARAMETER ¥ (FOR MODEL-2 ONLY)

ZETA(I} D ARG (REAL*B) : I-TH B. STRESS PARAMETER ZETA(1)
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¢ R (1) D.ARG (REAL*8) : i~-TH B. SYRESS PARAMETER R (I) ¢
c DT D. ARG (REAL*B) : TEMPERATURE INCREMENT DEPB = 0.0
[ PKAPDT D, ARG (REAL*8) : TEMP, DIFF. OF DRAG STRESS D(KAPPA) /DT c
c DALSDT (1) D. ARG (REAL*B) : TEMP. DIFF. OF BACK STRESS D(AL*)/DT G wkwkr SET INITIAL VALUES
c BP D. ARG (REAL*8) : BREAK POINT VALUES (0<BP<I) c
¢ $IG (1) D.ARG (REAL¥B) : STRESS AT PREVIOUS STEP DO 210 =1, NCOMP
[ ALl (6.J) D.ARG (REAL*8) : J-TH BAGK STRESS ON TO siax (1) = si16 ()
¢ EPSE ()} D.ARG (REAL*8) : ELASTIC STRAIN EPSEX(t) = EPSE(I)
¢ DEPS (1) D.ARG (REAL*B) : STRAI INCREMENT DO 200 1B=1, B
¢ ALIXCE, 1B = ALL (I, IB)
C * OUTPUT VARIABLES 200 CONTIMUE
c DSIG (1) D.ARG (REAL¥8) : STRESS INCREMENT 210 CONTINUE
¢ DAL) (6. J)D. ARG (REAL#B) : J-TH BACK STRESS INCREMENT ON TO ¢
¢ DEPSP(I) D.ARG (REAL#B) : PLASTIC STRAIN INCREMENT C #%++x SUBSTEPPING |TERATION BY BREAK POINT
c DEPB D. ARG (REAL#8) : EQUIVALENT PLASTIC STRAIN INCREMENT ¢
¢ DO 1000 15=2,3
C * LOCAL VARIABLES i .. SET INCREMENT
¢ %-SUFF IXED VARIABLES ARE INTER SUBSTEPPING VALUES DBP = BP(I8) - BP{IS-1}
G c
[ DTX = DT * DBP
IMPLICIT REAL*E (A-H, 0-7) ¢
DIMENSION ZETA (*}, R (¥) , DO 300 =1, NCOMP
S1G (%), ALY (6, ), EPSE {*) DALSDT(#), DEPSX(I) = DEPS{I} * DBP
. DSIG (#),DALI (6, *), DEPS {*) DEPSP (+),BP({3) 300  CONTINUE
PARAMETER (NBPA=10) ¢ .. SET INTER VALUES
DIMENSION  SI1GX(6). ALIX({6.NBPA), EPSEX(6}, EX1 = El + (B2 -Et  }#BP{IS-1)
DSIGX (6) . DALIX (6, NBPA), DEPSX (6),DEPSPX(B), EX2 =El + (2. -E1  }+BP{IS)
. DFDSX (6), ALX (6) , ALSX (6) POIXt = POIT + (POI2 —POI1 }+BP(IS-1)
¢ POIX2 = POI1 + (POI2 -POIt )#BP(1S)
IF {NB. GT.NBPA) GCTO 9010 PHX1 = PHAIT + (PHAL2-PHAIF)#BP(15-1)
C c .. SUM BACK STRESS TC GET DF/D$
C wkdsk SET BREAK POINT VALUE DO 400 [=1, NCOWP
¢ ALXC1) = 000
BP(1) = 0DO 400 CONTINUE
BP(2) = BPX ¢
BP(3) = 1DO DO 420 1B=1,MB
¢ DO 410 1=1, NCOMP -
C ke |NITIALIZE OUTPUT YALUES ALX(1) = ALX{]) + ALIX{).18)
¢ 410 CONT INUE
DO 110 1=1, NCOMP 420 CONTINUE
DSt (1) = 0.0 c
DEPSP(1) = 0.0 DO 430 |=1, NCOMP
DO 100 1B=1,NB ALSX (1) = PHX1 * ALX{N)
DALI(I, B} = 0.0 430 CONTINUE
100 CONTINUE ¢ .. INTERNAL VARIABLES {NC.

110 CONTINUE c
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500
§10

600

CALL YFLOW2{ NCOMP , NNOR . SIGK , ALSX ., DFDSX } 610 CONTINUE
: c
CALL YOWEPV( KFIELD , NCOMP , NNOR , NB . KM CALL YFEPSE{ NCOMP , MNOR , EX2 , POIX2 , 5iGX
EX1 , PGIXT |, EX2 . POIX2 ., PHAIZ , . EPSEX )
AP, AM , ZETA | R , OIX c
DKAPDT , DALSDT , DFDSX , ALIX ., EPSEX , ENDIF
DEPSX . DSIGX , DALIX ., DEPSPX, DEPBX )} C
1000 CONT INUE
. CHECK NEXT BREAK POINT C
IF {15.EQ.3) THEN RETURN
9010 WRITE(E, #) ' #e+x ERROR ON SUB. YOWEPB : B.STRESS COUNT EXCEED ',
CALL YOWBPX ( NCOMP , NNOR , NB |, R . ALIX . NBPA, NB
DALIX , KBP , BP2 ) CALL PEXIT
. TO NEXT BREAK POINT CAL. STOP
-IF (KBP.NE.0) THEN END
- SUBROUTINE YOWBPA({ KFIELD , NCOMP , NNOR , NB , KM
CALL YOWBPA( KFIELD , NCOMP , NNOR ., NB , KM . El . POIT |, PHAIN , EZ |, POI2
EX1 . POIXI | PHX1 |, E2 | POIZ , . PHAIZ ., ALP . AM . ZETA | R .
PHAIZ , ALP . AM . ZEFA . R ) . DT . DKAPDT , DALSDT , BBX ., SIG
DTX . DKAPDT . DALSDT , BP2 ., SIGX . . ALL , EPSE |, DEPS , DSIG . DALI
ALIX . EPSEX , DEPSX , DSIGX ., DALIX , . DEPSP , DEPB )
DEPSPX , DEPBX ) C
C * FUNCTION OF THIS SUBROUTINE
ENDIF c GET EACH INNER VARIABLES INCREMENTS BY GIVEN STRAIN ON PLASTIC
¢ WITH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHND-WANG MODEL
ENDIF ¢ PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0)
C
. SUM UP VARIABLES € *x INPUT VARIABLES
¢ KFIELD  D.ARG (INT) : FINAS STRESS FIELD CODE
DO 510 i=1, NCOMP ¢ NCOMP D. ARG (INT} : STRESS OR STRAIN COMPOMENTS COUNT
DSIG (1) = DsiG (1) + Dsiex () ¢ NNOR D, ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT
DEPSP (1) = DEPSP(1} + DEPSPX () ¢ NB D. ARG (INT) : TOTAL BACK STRESS COUNT
DO 500 IB=1,NB c KM B, ARG (INT) : KEY OF MODEL (=1:MODEL-{, =2:MODEL-2)
BALI (I, 1B) = DALI (I, [B) + DALIX (I, 1B} ¢ (MODEL-2 USES M-VALUE)
CONTINUE [ 3 D. ARG (REAL*8) : ELASTIC MODULAS BEFORE INCREMENT
CONTINUE [ POI1 D. ARG (REAL*B) : POISSON'S RATIO BEFORE [NCREMENT
c PHA I D. ARG (REAL#8) : TEMP. DEP. FUC PHAI{T) BEFORE INC
DEPB = DEPB + DEPBX C E2 D. ARG {(REAL*8) : ELASTIC MODULAS AFTER |NCREMENT
. SET NEXT VALUE c PQI2 D, ARG (REAL#8) : POISSON'S RATIO AFTER  INCREMENT
IF {IS.EQG.2) THEN ¢ PHAI2 D. ARG (REAL*8} : TEMP. DEP. FUC PHAL{T) AFTER INC
¢ ALP D. ARG (REAL*8) : THERMAL EXPANSION RATIO
D0 610 1=1, NCOMP ¢ AM D. ARG (REAL#8) : MODEL PARAMETER M (FOR MODEL-2 ONLY)
siex(n = $18X() + DSIGX (1) c ZETA(1) D, ARG (REAL#B) : I-TH B. STRESS PARAMETER ZETA{l)
DO GOO 18=1,NB G R (1} ©0.ARG (REAL#B) : I-TH B. STRESS PARAMETER R (1)
ALIXC(1, 18) = ALIXCI, §B) + DALIX (1, i8) ¢ DT D. ARG (REAL#B) : TEMPERATURE INCREMENT
CONT INUE C DKAPDT D, ARG (REAL#8) : TEMP. DIFF. GF DRAG STRESS D(KAPPA}/0T
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DALSDT(I) D.ARG (REAL*8) : TEMP. DIFF. OF BACK STRESS D{AL+)/DT
BP D. ARG (REAL*8) : BREAK POINT VALUES (O<BP<1)

51@ (1) D.ARG (REAL*8) : STRESS AT PREVIOUS STEP

ALl (6, D.ARG (REAL#8) : J-TH BACK STRESS ON TO

EPSE (1) D. ARG (REAL*8) : ELASTIC STRAIN

DEPS (i)} D. ARG (REAL#8) : STRAI INCREMENT

+ QUTPUT VARIABLES
DSIG (1) D.ARG (REAL*B) : STRESS INCREMENT
DALI (6, JID. ARG (REAL*B8) : J-TH BACK STRESS INCREMENT ON TO
DEPSP(1) D.ARG (REAL*B) : PLASTIC STRAIN INCREMENT
DEPB D. ARG (REAL*8) : EQUIVALENT PLASTIC STRAIN INCREMENT

* LOCAL YARIABLES
X-SUFF IXED VARIABLES ARE INTER SUBSTEPPING VALUES

(- B I - o B B o B T - B S - T o B o T o B I o I -

L+]

L=+

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION ZETA (¥), R (%) ,
S1G (¥}, ALl (8, %), EPSE (%), DALSDT (%),
. DSIG (%), DALI (6. %), DEPS (%),DEPSP (*), BP(3)
PARAKETER (NBPA=10}
DIMENSION  SI1GX(6), ALIX(B, NBPA}, EPSEX(6),
DS1GX (6) . DAL1X (6, NBPA), DEPSX {6}, DEPSPX(86),
DFDSX(6). ALX (B) . ALSX (6)

IF {NB. GT. NBPA) GOTO 9010

#xdkx SET BREAK POINT VALUE

BP(1) = 000
BP(2) = BPX
BP(3) = 100

drekk INITIALIZE QUTPUT VALUES

DO 110 1=1, NCOMP

psIG (1) = 0.0
DEPSP(I1} = 0.0
BG 100 1B=1,NB

DALI(I,iB) = 0.0
100 CONTINUE
110 CONTINUE

DEPB = 0.0

C wkprk SET INITIAL VALUES
c
Do 2310 1=1, NCOWP
sigx (1) =816 (1)
EPSEX (1} = EPSE(I)

-El
-E1

. SET INCREMENT

. SET INTER VALUES
J*BP (15-1)
18P (18)

~POIT }+BP(15-1)
-POI1 }*BP{18)

{PHAT2-PHALT) *BP (15-1)
. SUM BACK STRESS TO GET DF/DS

DO 200 1B=1,NB
ALIXCL 1B) = ALl (1,1B)
200  CONTINUE
210 CONTINUE
(
C bk SUBSTEPPING ITERATION BY BREAK POINY
c
DO 1000 18=2.3
c
DBP = BP(IS) -~ BP(I15-1)
¢
DTX = DT * 0BP
¢
DO 300 =1, NCOWP
DEPSX{1} = DEPS(l) * DBP
300  CONTINUE
[
EXT = El + (E2
EX2 = El + (2
POIX1 = POIT + (POI2
POIX2 = POI1 + (PO)2
PHX1 = PHAIN1 +
c
DO 400 =1, NCOMP
ALX()) = ODO
400  CONTINUE
¢
D0 420 1B=1,NB

B0 410 =1, NCONP

ALXCI} = ALX(1) + ALIX(1, 1B)

410 CONTINUE
420 CONTINUE

DO 430 =1, NCOMP

ALSX (1) = PHX1 * ALX(I)

430  CONTINUE

CALL YFLOW2( NCOMP

CALL YOWEPY( KFIELD , NCOMP

NNOR

INTERNAL VARIABLES INC.

SIGX , ALSX , DFDSX )

NNOR . NB . Km
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L]

500
510

600
610

EX1 , POIX1 . EX2 . POIX2 , PHAIZ ,

ALP . AM

. IETA , R . DTX

DKAPDT , DALSDT , DFDSX , ALIX , EPSEX ,
DEPSX , DSIGX , DALIX , DEPSPX, DEPBX )

IF (15.EQ.3) THEN

CALL YOWBPX ( NCOMP
DAL 1X

IF (KBP. NE.0) THEN

CALL YOWBPS( KFIELD

. CHECK NEXT BREAK POINT

MR . N8B . R . ALIX
KBP ., BP2 H

. TO NEXT BREAK POQINT CAL.

. NCOMP , NNOR ., NB ., KM
EX{ . POIX1 , PHXI , E2 . POI2
PHAIZ , ALP |, AM , ZETA , R
BTX . DKAPDT , DALSDT , BP2 , SIGX
ALIX ., EPSEX , DEPSX , DSIGX , DALIX
DEPSPX , DEPBX
ENDIF
ENDIF
. SUM UP VARIABLES
D0 510 =1, NOOMP
DSIG (1) =DSIG (1)  + DSIGX (1)
DEPSP (1) = DEPSP{1) + DEPSPX(1)
DO 500 {B=1,NB
DALI (1,18) = DALI (i, 1B) + DALIX (I, 1B}
CONT INUE -
CONT | NUE

DEPB = DEPB + DEPBX
IF (15.EQ.2) THEN

00 610 I=1, NCOMP

siex{n = §16X (1)

DO 600 IB=1,NB

. SET NEXT VALUE

+ Dslex (N

ALIX(1, 1B} = ALIX(L, 1B) + DALIX (I, 1B)

CONT INUE
CONTINUE

CALL YFEPSE ( NCOMP

. NNOR , EX2 , POIX2, SIGX

+

EPSEX
C
ENDIF
G
1000 CONTINUE
C
RETURN
9010 WRITE (6, %) ' #krkk ERROR ON
. NBPA, NB
CALL PEXIT
§TOP
END
SUBROUTINE  YOWBPS ( KFIELD ,
El .
PHAI2
b7
ALI .
DEPSP |

SUB. YOWEPB : B.STRESS COUNT EXCEED °

NCOMP , NNOR . NB . KM
POIT , PHAIL | E2 , POI2
ALP . AM ZETA . R .

. DKAPDT , DALSDT , BPX , Sl6

EPSE , DEPS |, DSIG , DALI
0EPB )

* FUNCTION OF THIS SUBROUTINE

GET EACH INNER VARIABLES {NCREMENTS BY GIVEN STRAIN ON PLASTIC
WITH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL
PROGRAMED BY K.GARATANI ON DEC. 1995 (VER 1.0}

* [NPUT VARIABLES
KFIEED  D.ARG (INT)
NCOMP D. ARG (INT)
NNOR D. ARG (INT)

NB D. ARG (INT)

KM DL ARG (INT)

El D. ARG {(REAL*B)
POIY D. ARG (REAL*8})
PHALT D. ARG (REAL»*8)
E2 D, ARG (REAL*8)
POI2 D, ARG (REAL*8)
PHAIZ D. ARG (REAL*8) :
ALP D. ARG (REAL*8)
M D. ARG (REAL*E)

ZETA{I})  D.ARG (REAL*B) :
R {1} D.ARG (REAL*8) :
oT D. ARG (REAL*8)
DKAPDT  D.ARG (REAL*8) :
DALSDT{i) D.ARG (REAL*8)
BP D. ARG (REAL#8)
516 (1) D.ARG (REAL=*8)

ODOOO0OCOOOOO0000C0O00O000O000000C00nG0

: FINAS STRESS FIELD CODE

: STRESS OR STRAIN COMPONENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT

: TOTAL BACK STRESS COUNT

: KEY OF MODEL (=1:MODEL~1, =2:MODEL-2)

(MODEL-2 USES M-YALUE)

. ELASTIC MODULAS BEFORE |NCREMENT
: POISSON'S RATIO BEFORE INCREMENT
: TEMP. DEP. FUC PHAI{T) BEFORE INC
1 ELASTIC MODULAS AFTER  INCREMENT
: POISSON'S RATIO AFTER  INCREMENT

TEMP. DEP. FUC PHAI{T) AFTER INC

: THERMAL EXPANSION RAYI[O
: MODEL PARAMETER M (FOR MODEL-2 ONLY)

|-TH B. STRESS PARAMETER ZETA(I)
I-TH B. STRESS PARAMETER R (I}

: TEMPERATURE |INCREMENT

TEMP. DIFF. OF DRAG STRESS D(KAPPA) /DT

: TEMP. DIFF. OF BACK STRESS 0 (AL*)/DT
: BREAK POINT VALUES (0<8P<1)
. STRESS AT PREVIOUS STEP
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c ALl (B.4) D.ARG (REAL*B) : J-TH BACK STRESS ON TO sIeX (1) = 816 (D)
C EPSE (1) D. ARG (REAL#8) : ELASTIC STRAIN EPSEX (1) = EPSE(l)
c DEPS (1) D.ARG (REAL*8) : STRAI INCREMENT DD 200 18<1, NB
G ALIXCL, 1B} = ALI (1, 1B)
C * QUTPUT VARIABLES 200 CONTINVE
¢ DS1G {1} D.ARG (REAL*8) : STRESS INCREMENT 210 CONT INUE
¢ DALI (G, JID. ARG (REAL*8) : J-TH BACK STRESS INCREMENT ON TO G
c DEPSP(1) D. ARG {REAL¥8) : PLASTIC STRAIN INCREMENT C #+wkk SUBSTEPPING {TERATION BY BREAK POINT
c DEPB D. ARG (REAL*8) : EQUIVALENT PLASTIC STRAIN INCREMENT C
G DO 1000 15=2,3
C * LOCAL VARIABLES [ .. SET INCREMENT
c X~SUFFIXED VARIABLES ARE INTER SUBSTEPPING VALUES 0B = BP(IS) - BR{IS-1)
c 4
C DTX = DT * DBP
IMPLICIT REAL*8 (A-H, 0-Z} , c
DIMENSION ZETA (¥), R (%) DO 300 1=1, NCOMP
516 (), ALl (6. *), EPSE (%), DALSDT(%}, DEPSX (1) = DEPS(1) * DBP
. D516 (%), DALI (6, #*), DEPS (%) DEPSP (*}, BP{(3} 300  CONTIMUE
PARAMETER (NBPA=10} . [ .. SET INTER VALUES
DIMENSION  S1GX(6), ALIXA(6, NBPA), EPSEX{6). EX1 = El + (E2  -El  )*BP(IS-1}
DS1GX (6), DALIX (B, NBPA), DEPSX (G),DEPSPX(6), EX2 = El + (B2 -El  )#BP(IS)
. DFDSX(6), ALX (B) , ALSX (8) POIX1 = POIT + (POI2Z -POI! )*BP{I5-1)
c POIX2 = POIT + (POI2 -POLI }+BP{IS)
IF (NB. GT. NBPA) GOTO 9010 PHK1 = PHAIT + (PHAI2-PHARI}*BP{15-1)
[ C .. SUM BACK STRESS TO GET DF/DS
C ###4x SET BREAK POINT VALUE D0 400 1=1, NCOMP
¢ ALX(1) = GDO
BP(1) = 0DO 400  CONTINUE
BP(2) = BPX ¢
BP{3) = 1DO DO 420 1B=1.NB
¢ DO 410 |=1, NCOMP
C xkkex INITIALIZE OUTPUT VALUES ALXCD) = ALXC1) + ALIX(I, 1B)
c 410 CONTINUE
DO 116 I=1, NCOMP 420  CONTINUE
Dsig (1) = 0.0 G
DEPSP(I) = 0.0 DG 430 1=1, NCOMP
DO 100 1B=1,NB ALSX(H) = PHX1 * ALX (D)
DALICI, 1B) = 0.0 430 CONTINUE
100 CONTINUE i .. INTERNAL VARIABLES INC.
110 GONTINUE c
Y CALL YFLOW2{ NCOMP , NNOR ., SIGX . ALSX , DFDSX )
DEPB = 0.0 ¢
[H CALL YOWEPV{ KFIELD , NCOMP , NNOR , N8B , KM .
C dkxiw SET INITIAL YALUES . EX1 . POEXT | EX2 | POIX2 , PHAIZ ,
c . ALP . AM 2ETA | R . DTX

DO 210 1=1, RCOMP . DKAPDT ., DALSDT , DFDSX , ALIX , EPSEX .,
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(]

500
510

600
610
c

DEPSX , DSIGX , DALIX . DEPSPX. DEPBX )

. CHECK NEXT BREAK POINT
i{F (15.EQ. 3) THEM

CALL YOWBPX ( WCOMP , NNOR , NB . R . ALIX
DALIX , KBP , BP2 )

. TO NEXT BREAK PGINT CAL.

IF (KBP.NE. Q) THEN

CALL YOWBPG( KFI1ELD , NCOMP , MNOR , NB . KM
EX1 , POIX1 , PHX1 -, E2 . POI2
PHAIZ . ALP AN ZETA . R

bTX , DKAPDT , DALSDT , BPZ ., SIGX
ALIX , EPSEX , DEPSX , DSIGKX , PALIX
DEPSPX , DEPBX
ENDIF
ENDIF
. SUM UP VARJABLES

D0 510 1=1, NCOMP

DsIG (1) = psIG {1} + DSIGX (1)
DEPSP{)) = DEPSP{I) + DEPSPX(1)
DO 500 18=1, NB
DAL (E, IB) = BAL1 (F, IB) + DALIX (1, IB)
CONTINUE
CONTINUE

DEPB = DEPB + DEPBX
. SET NEXT VALUE

iF (15.EQ.2) THEN

DO 610 1=1, NCCMP

siax{l) = 51GX{1) + Dstex (1)
DO 60O IB=1,NB
ALIXC(I, 1BY = ALIX(1, IB) + DALIX (I, IB)
CONTINUE
CONT INUE
CALL YFEPSE( NCOMP . NNOR . EX2 , POIX2 , SIGX
EPSEX )

ENDIF

¢

c

1000 CONT IKUE

9010 WRITE(G, ¥} ' o+« ERROR ON SUB. YOWEPB ; B. STRESS COUNT EXCEED *

RETURN

. NBPA, NB

GALL PEXIT

§TOP

END

SUBROUTENE  YOWBP6 ( KF IELD
£l
PHAIZ
DT
AL
DEPSP

NGOMP , NNOR , NB . KM
POIT ., PHAI1 | E2 . POI12
ALP , AM . LETA | R

DKAPDT , DALSDT , BPX , SiG

. EPSE ., DEPS , DSIG , DAL

DEPB )

* FUNGTION OF THIS SUBROUTINE

GET EACH INNER VARIABLES INCREMENTS BY GIVEN STRAIN ON PLASTIC
WITH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL
PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0)

QOO0 O0O00000000000000000C0000

* INPUY VARIAELES
KFIELD B, ARG (INT)
NCOMP D. ARG (INT)

NHOR D. ARG (INT)
KB D. ARG {INT)
KM D. ARG {INT)
Ef D. ARG (REAL*B)
POIY D. ARG (REAL*8)

PHAIL D. ARG (REAL*8) :
1 ELASTIC MODULAS AFTER 1NCREMENT

: POISSON'S RATIO AFTER  iNCREMENT

: TEMP. DEP. FUGC PHA{(T) AFTER INC

. THERMAL EXPANSION RATIO

: MODEL PARAMETER M {FOR MODEL-2 ONLY)
: I-TH B. STRESS PARAMETER ZETA(I)

E2 D. ARG (REAL*8)
PoI2 0. ARG (REAL*8)
PHAl2 D. ARG (REAL*8)
ALP D. ARG (REAL*8)
AN D. ARG (REAL*8)
ZETACI)  B.ARG (REAL#8)

R (1) D.ARG (REAL*8) :
: TEMPERATURE |NCREMENT
: TEMP. DIFF. OF DRAG STRESS D(KAPPA) /DT

DT D. ARG (REAL*8)
DKAPDT D. ARG "(REAL*8)

DALSOT () D. ARG (REAL#8) :
: BREAK POINT VALUES {(0<BP<1)
: STRESS AT PREVIOUS STEP

1 J-TH BACK STRESS ON T0

: ELASTIC STRAIN

1 STRAL INCREMENT

BP D. ARG {(REAL*8)
SIG (1) D ARG {(REAL#*8)
AL1 (6,J) D.ARG (REAL*B)
EPSE (1) D.ARG (REAL*8)
DEPS (1) D.ARG (REAL*8)

. FINAS STRESS FIELD CODE

: STRESS OR STRAIN COMPONENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT

- TOTAL BACK STRESS COUNT

: KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)

(MODEL-2 USES M-VALUE)

. ELASTIC MODULAS BEFORE INCREMENT
: POISSON'S RATIO BEFORE [NCREMENT

TEMP. DEP, FUG PHAI(T) BEFORE INC

I-TH B. STRESS PARAMETER R (1)

TEMP, DIFF. OF BACK STRESS D(AL*}/DT
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G
€ # OUTPUT VARIABLES
c DSIG (1) D.ARG (REAL*B) : STRESS INCREMENT
¢ DAL1 (6, J)D. ARG (REAL#B) : J-TH BACK STRESS INCREMENT ON TO
c DEPSP(I) D.ARG (REAL#8) : PLASTIC STRAIN INCREMENT
¢ DEPB D. ARG (REAL#*8) : EQUIVALENT PLASTIC STRAIN INCREMENT
¢
C * LOCAL VARIABLES
¢ X-SUFF IXED VARIABLES ARE INTER SUBSTEPPING VALUES
C
¢
INPLIGIT REAL*8 (A-H, 0-2)
DIMENSION ZETA (), R (%
SIG (x), ALl (6, ). EPSE (¥), DALSDT{%),
. DSIG (+),DALI {6, ), DEPS (x},DEPSP (+),BP(3)
PARAMETER (NBPA=10)
DIMENSION  SiGX(6), ALIX(B NBPA), EPSEX(6),
DS1GX (8), DALIX (6, NBPA), DEPSX (6}, DEPSPX {6)
DFDSX(6), ALX (6) . ALSX (8)
¢ .
IF (NB. GT. NBPA) GOTO 9010
¢
C #+rex SET BREAK POINT VALUE
¢
BP(1) = ODO
BP(2) = BPX
BP(3) = 1DO
¢
€ #eek NITIALIZE OUTPUT VALUES
¢
DO 110 I=1, NCOMP
DSIG (1) = 0.0
DEPSP{I} = 0.0
D0 100 1B=1,NB
DALICH 1B = 0.0
100 CONTINUE
110 CONTINUE
¢
DEPB = 0.0
¢
C *xkxx SET INITIAL VALUES

DO 210 I1=1, NCOMP
SIGX (1) = 816 (1)
EPSEX (1} = EPSE(I)
DO 200 18=1, NB

¢

200
210

ALIX(I, 18 = ALI (1, 1B}

CONT INYE
CONTINUE

G ®kkxk SUBSTEPPING [TERATION BY BREAK POINT

4

¢

c

c

300

400

410
420

430

DD 1000 15=2,3

DBP = BP(I8) - BP{IS-1)

DTX = DT * DBP

DO 300 1=1, NCOMP

DEPSX (1) = DEPS(}) * DBP

CONT INUE

EX1  =El + (E2
EX2 =El + (E2
POIX1 = POIT +
POIX2 = PO+
PHX1 = PHAIl +

D3 400 1=t, NCOMP

ALX (B = oDO
CONTINUE
DO 420 1B=1,NB

DO 410 1=1, NCOMP

ALXC1) = ALX{]) + ALIX(I, 1B)

CONTINUE
CONTINUE

00 430 =1, NCOMP

. SET INCREMENT

. SET INTER VALUES

~El  )*BP(IS~1)
-El )*BP{(18)

ALSX {1} = PHX1 * ALX(I)

CONTINUE

CALL  YFLOW2 ( NCOMP

CALL YOWEPV{ KFIELD
EX1
ALP
DKAPDT
DEPSX

. NNOR

NCOMP
POIX1
AM
DALSDY

. DSI6X

(PO12 ~POIT }4BP{15-1)
(POI2 ~POIT )+BP (IS}
{PHA12-PHA11) %BP (1S-1)

. SUM BACK STRESS TO GET DF/DS

INTERNAL VARIABLES INC.
SIGX , ALSX ., DFDSX )

NNOR . NB . KM,
EX2 . POIXZ . PHAIZ

. ZETA |, R . DTX

DFDSX , ALIX , EPSEX
DALIX . DEPSPX, DEPBX )

. CHECK NEXT BREAK POINT

€00-86 0Lg6rL INI
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¢
CALL YOWBPX ( NCOMP . NNOR , NB . R . ALIX
DALIX , KBF , BP2 )
¢ . TO NEXT BREAK POINT CAL.
IF (KBP.NE.Q) THEN
G
CALL YOWBP?( KFIELD . NCOMP . NNOR . NB , KM
EX1 , POIX1 ., PHX1 | E2 . PO12
PHAIZ , ALP . MM . ZETA . R
DTX . DKAPDT , DALSDT , BPZ , SIGX
ALIX , EPSEX ., DEPSX ., DSIGX , DALIX
DEPSPX , DEPBX .
4
ENDIF
c
ENDIF
c
G . SUM UP YARIABLES
[
DO 510 1=1, NCOHP
Dsig () = bsi1a (1) + DSIGX (1)
DEPSP (1) = DEPSP(I) + DEPSPX (L)

IF (18.EQ. 3} THEN

00 500 (B=1,NB

DALI (1, 1B) = DALY ([, IB) + DALIX (t, IB)

500 CONTINUE

510  CONTINUE
c
DEPB = DEPB + DEPBX
¢ . SET NEXT VALUE
IF {15.EQ.2) THEN
¢
DO 610 I=1, NCOMP
SIGX(!) = SIGX(I)  + DSIGX (1)
DO 600 1B=1,NB
ALIX(1, 1B) = ALIX(I, £B) + DALIX (I, IB)
600 CONT INUE
610 CONT INUE
¢
CALL YFEPSE( NCOMP , MNOR , EX2 . POIX2 , SlGX
EPSEX )
¢
ENDIF
c

C

1000 CONTINUE

RETURN
9010 WRITE(G,*) ° sk ERROR ON SUB. YOWEPB : B. STRESS COUNT EXCEED °,
. NBPA, NB
CALL PEXIT
STOP
END
SUBROUTINE YOWBP7( KFIELD , NCOMP . NNOR , NB . KM .
El , PO, PHAIT | E2 . PoI2
PHAI2 | ALP . AM . ZETA | R .
bt . DKAPDT , DALSDT , BPX | SIG
ALt , EPSE , BEPS |, DSIG , DALI ,
DEPSP , DEPB )
¢
G FUNCTION OF THIS SUBROUTINE
¢ GET EACH INNER VARJABLES INCREMENTS BY GIVEN STRAIN ON PLASTIC
c WITH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL
¢ PROGRAMED BY K. GARATANI| ON DEC. 1995 (VER 1.0)
G
G * INPUT VARIABLES
c KFIELD 0. ARG (INT) : FINAS STRESS FIELD CODE
4 NCOMP D, ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT
c NNOR D.ARG (INT} : NORMAL STRESS OR STRAIN COMP. COUNT
4 NB D. ARG (INT) : TOTAL BACK STRESS COUNT
G KM D. ARG (INT) : KEY OF MODEL (=1:MGDEL-1, =2:MODEL-2)
c (HODEL-2 USES M-VALUE}
G El D. ARG (REAL#*8) : ELASTIC MODULAS BEFORE |INCREMENT
[ POIt D. ARG (REAL#8) : POISSON'S RATIO BEFORE {NCREMENT
c PHAIT D. ARG (REAL#8) : TEMP. DEP. FUC PHAI(T) BEFORE INC.
[ E2 D. ARG (REAL#8) : ELASYIC MODULAS AFTER {NCREMENT
c POI12 B. ARG (REAL#8) : POISSON'S RATIO AFTER INCREMENT
c PHAI2 D. ARG (REAL=8) : TEMP. DEP. FUC PHAI(T) AFTER INC.
C ALP D.ARG (REAL#8) : THERMAL EXPANSION RATIO
c Al D. ARG (REAL#8) : MODEL PARAMETER M (FOR MODEL-2 ONLY)
4 ZETA(1)  D.ARG (REAL#8) : I-TH B. STRESS PARAMETER ZETA(l)
C R (1) D ARG (REAL*B) : I-TH B, STRESS PARAMETER R (1)
4 Br D. ARG (REAL#8) : TEMPERATURE INCREMENT
c DKAPDT D. ARG (REAL#B) : TEMP. DIFF. OF DRAG STRESS D(KAPPA}/DT
c DALSDT{}) D.ARG (REAL#¥8) : TEMP. DIFF. OF BACK STRESS D{(AL¥)/DT
c BP D. ARG (REAL*8B) : BREAK POINT VALUES (0<BP<1)
c S1G (B D.ARG (REAL*8} : STRESS AT PREVIOUS STEP
c ALl (6,J) D.ARG (REAL#8) : J-TH BACK STRESS ON TO
¢ EPSE (I) D.ARG (REAL*8) : ELASTIC STRAIN
C DEPS (1) D.ARG (REAL*B) : STRAI NCREMENT
G
G * OUTPUT VAR|ABLES
G DSIG (1) D.ARG (REAL*B) : STRESS INCREMENT
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c DALI (6, J)D. ARG (REAL*B) : J-TH BACK STRESS INCREMENT ON TO c
¢ DEPSP(I) D.ARG (REAL*B) : PLASTIC STRAIN INCREMENT C w+err SUBSTEPPING ITERATION BY BREAK POINT
¢ BEPB D. ARG (REAL*B) : EQUIVALENT PLASTIC STRAIN INCREMENT ¢
¢ DO 1000 18=2,3
€ * LOCAL YARIABLES c .. BET INCREMENT
¢ X-SUFFIXED VARIABLES ARE INTER SUBSTEPPING VALYES DBP = BP{IS} - BP(15-1}
G [
¢ DTX = DT * DBP
IMPLICIT REAL#8 (A-H, 0-Z) c
DIMENSION ZETA (¥}, R (¥} DO 300 1=1, NCOMP
SI6 (¥}, ALl (6, %), EPSE (¥) DALSDT (%}, DEPSX (1) = DEPS(1} * DBP
. DSIG (%), DALI (B, *), DEPS (¥} DEPSP (+),BP{2) 300  CONTINUE
PARAMETER (NBPA=10) ¢ .. SET INTER VALUES
DIMENSION  S1GX(6), ALIX(6, NBPA), EPSEX(B}, EX1 = El + (2 -E1 )+BP(IS-1)
DSIGX (6), DALIX (6, NBPA), DEPSX (B), DEPSPX(6). EX2 =El + (E2  ~El  )*BP{iIS)
. DFDSX(6), ALX (8) ., ALSX (6} POIX1 = POI1 + (POIZ -POIT )BP{IS~1)
c POIX2 = POI1 + (POI2 -POIT )*BP(IS)
IF (NB. GT. NBPA) GOTO 9010 PHX1 = PHAI1 + {PHAI2-PHAI1)*BP(IS-1)
¢ ¢ .. SUM BACK STRESS TO GET DF/DS
C krke SET BREAK POINT VALUE GO 400 1=1, NCOMP
¢ ALX(1}) = 0DD
BP(1} = QDO 400  CONTINUE
BP(2} = BPX ¢
BP{3) = 100 DO 420 IB=1,NB
¢ DO 410 1=1, NCOMP
€ wrerk [NITIALIZE OUTPUT VALUES ALX(H) = ALX{)) + ALIX(I, 1B)
[ 410 CONTINUE
DO 110 i=1, NCOMP i 420 CONTINUE
psie (i) = 0.0 c
DEPSP(I} = 0.0 DO 430 I=1, NCOMP
DO 100 18=1,NB ALSX {1} = PHXT # ALX(I)
DALI{). IB) = 0.0 430 CONTINUE
100 CONTINUE c .. INTERNAL VARIABLES INGC.
110 CONTINUE C
¢ CALL YFLOW2( NCOMP , NNOR . SIGX . ALSX . DFDSX )
DEPB = 0.0 _ ¢
¢ CALL YOWEPY( KFIELD , NGOMP , NNOR ., NB ., KM .
C ®f3k SET INITIAL VALUES . EX1 . POIXY |, EX2 , POIX2 ., PHAIZ ,
¢ . ALP AN , ZETA | R ) b S
LO 210 (=1, NCOMP . DKAPBT , DALSDT , OFDSX , ALIX , EPSEX ,
S16X (1) = §1g () . DEPSX , DSIGX . DALJX , DEPSPX, DEPBX }
EPSEX{l) = EPSE(I) ¢
DO 200 iB=1,NB ¢ .. CHECK NEXT BREAK PCINT
ALIX(H 18) = ALL {1, 18) IF (1S.EQ.3) THEN
200  CONTINUE ¢

210 CONTINUE CALL YOWBPX ( NCOMP , NNCR , NB . R . ALIX
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DEPSP(1) D.ARG {REAL*8) : PLASTIC STRAIN INCREMENT
DEPB D. ARG {REAL#B)} : EQUIVALENT PLASTIC STRAIN INCREMENT

5010 WRITE(G, %) ' soeksx ERROR ON SUB. YOWEPR : B. STRESS COUNT EXCEED
NBPA, N8B

. DALIX , KBP , BP2 ) CALL PEXIT
c .. TO NEXT BREAK POINT CAL. sTOP
IF (KBP.NE.0) THEN END
¢ v SUBROUTINE  YOWBPB{ KFIELD . NCOMP , NNOR . NB . KM
CALL YOWBPS{ KFIELD ., NCOMP , NNOR . NB ., KM . . E1 . POIL | PHAIT | E2 | POI2
EX! , POIXi , PHX1 , E2 |, POIZ . . PHAIZ . ALP . AM . ZETA . R
PHAIZ , ALP |, AM . ZETA , R . . o7 . DKAPDT , DALSDT , BPX . SIG
DTX ., DKAPDT , DALSDT , 8P2 , SIGX ] ALl , EPSE , DEPS , DSiG , DAL
ALIX , EPSEX , DEPSX . DSIGX , DALIX , . DEPSP , DEPB )
DEPSPX , DEPBX ) ¢
c € * FUNCTION OF THIS SUBROUT INE
ENDIF ¢ GET EACH INNER VARIABLES EMCREMENTS BY GIVEN STRAIN ON PLASTIC
c ¢ WiTH ONE BREAK POINT SUBSTEP INTEGRATION MEHOD FOR OHNO-WANG MODEL
ENDIF ¢ PROGRAMEE BY K.GARATAN! ON DEC. 1995 (VER 1.0)
¢ . C
c . SUM UP VARIABLES C & [NPUT VARIABLES
¢ ¢ KFIELD [ ARG (INT) : FINAS STRESS FIELD CODE
00 510 =1, NCOMP ¢ NCONP D. ARG {INT) : STRESS OR STRAIN COMPONENTS COUNT
psig (1} =Ds1a (N + DSIGX (1) ¢ NNOR D.ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT
DEPSP (1) = DEPSP(I)  + DEPSPX(F) c NB D. ARG (INT) : TOTAL BACK STRESS COUNT
DO 500 IB=1, NB ¢ KM D. ARG {INT} : KEY OF MODEL {=1:MODEL-1, =2:MODEL-2)
] _ BALI (1, 18) = DALI (I, 1B) + DALIX (I, B) ¢ {MODEL-2 USES M-VALUE)
o 500 CONTINUE c El D. ARG (REAL*8) : ELASTIC MODULAS BEFORE |NCREMENT
> 510  CONTINUE ¢ POl D. ARG (REAL#*8) : POISSON'S RATIO BEFORE |NCREMENT
| c ¢ PHALI D, ARG (REAL#8) : TEMP, DEP. FUC PHAI(T) BEFORE INC.
DEPB = DEPB + DEPBX H E2 D. ARG (REAL#8) : ELASTIC MODULAS AFTER (INCREMENT
c .. SET NEXT VALUE c POI2 D. ARG (REAL#8) : POISSON'S RATIO AFTER  INCREMENT
IF (15, EQ.2) THEN ¢ PHAI2 D. ARG (REAL#8) : TEMP. DEP. FUG PHAI(T) AFTER INC.
c c ALP D. ARG (REAL#B) : THERMAL EXPANS|CN RATIO
DO 610 1=1, NCOMP c AN D, ARG (REAL#B) : MODEL PARAMETER M {FOR MODEL-2 ONLY)
siex(1y = sieX{}  + Dsiex (1) ¢ ZETA(1)  D.ARG (REAL*B) : I~-TH B. STRESS PARAMETER ZETA(l)
DO 600 [B=1, NB e R (1) D.ARG (REAL*8) : [-TH B, STRESS PARAMETER R (D)
ALIXCE, 1B) = ALIX(L, 1B} + DALIX (I, IB) c bY D. ARG (REAL*8) : TEMPERATURE INCREMENT
500 CONT INUE ¢ DKAPDT  D.ARG (REAL*B) : TEMP. DIFF. OF DRAG STRESS D(KAPPA) /DT
610 CONTINUE c DALSDT (1) D.ARG (REAL#B) : TEMP, DIFF. OF BACK STRESS D(AL¥) /DT
C ¢ BP D. ARG (REAL#*8) : BREAK POINT VALUES (0<BP<I)
CALL YFEPSE({ NCOMP ., NNOR , EXZ , POIX2 . SIGX ¢ SIG (1) D.ARG (REAL*8) : STRESS AT PREVIOUS STEP
EPSEX ) ¢ ALl €B,J) D, ARG (REAL*8) : J-TH BACK STRESS ON 10
¢ c EPSE (1} D.ARG (REAL#8) : ELASTIC STRAIN
ENDIF ¢ DEPS (1) D.ARG (REAL#8) : STRAI INCREMENT
¢ c
1000 CONT INUE C * OUTRUT VARIABLES
¢ ¢ DSIG (1) D.ARG (REAL#B) : STRESS INCREMENT
RETURN ¢ BALI (6, J)D. ARG (REAL¥8) : J-TH BACK STRESS |NCREMENT ON TO
¢
c
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¢
C % LOCAL VARIABLES
c X-SUFFIXED VARIABLES ARE INTER SUBSTEPPING VALUES
¢
¢
IMPLICIT REAL¥8 (A-H,D-2)
DIMENSION ZETA (), R (¥
516 (%), ALl (8, EPSE (%), DALSDT (%)
. DSIG (+), DAL} (6, %), DEPS (), DEPSP (¥),BP(3)
PARAMETER (NBPA=10)
DIMENSION  SIGX(6). ALIX(8.NBPA), EPSEX(8).
DSIGX (8, DALIX (6, NBPA), DEPSX (), DEPSPX (6),
DFDSX (6, ALX {8) (6}
c
tF (NB. GT.NBPA) GOTO 9010
C

C wskwx GET BREAK POINT VALUE
4

BP(1) = ODO
BP(2) = BPX
BP(3) = 100

c
C kkk |NITIALIZE QUTPUT VALUES
4

DO 110 =1, NCOMP

DSIG (1) = 0.0
DEPSP (1} = 0.0
00 100 IB=f,NB
DALIC(1, 1B) = 0.0
160 CONTINUE
110 CONTINUE
4
DEPB = 0.0
c

C #k+x SET INITIAL VALUES
c
D0 210 1=1, NCOMP
s18X (i) = s18 (1)
EPSEX (1) = EPSE(t}
00 200 IB=1,NB
ALIX(1,18) = ALI (1, 1B}
200  CONTINUE
210 CONTINUE
4

C #wk SUBSTEPPING 1TERATION BY BREAK POINT

¢

300

400

410
420

430

DO 1000 18=2,3

DBP = BP{IS} - BP(IS-1)

DTX

DT * DBP

DO 300 I=1, NCOMP
DEPSX (1) = DEPS(1) * DBP
CONTINUE

. SET INCREMENT

. SET INTER VALUES

. SUM BACK STRESS TO GET OF/DS

EX1 = El + (E2  -Et  }*BP(I5-1)
EX2 = El + (2 -E1  )xBP(IS)
FOIXI = POI1 + (POI2 -POI1 )+#BP(I5-1)
POIX2 = POI1 + (POI2 -POI1 )4BP(I5)
PHX1 = PHAI1 + {PHAIZ-PHAI1)}+BP (i5-1)
DO 400 1=1, NCOMP

ALX(1) = 000
CONTINUE
00 420 iB=1,NB

BO 410 1=1, NCONP
ALX{1} = ALXCI) + ALIX(I, 1B}
CONTINUE
CONTINUE

DO 430 I=1, NCOMP
ALSX (1) = PHX1 * ALX(D)
CONTINUE

CALL YFLOWZ{ NCOMP , NNOR

CALL YOWEPY( KFIELD , NCOMP

EX1 . POIX1
ALP , AM ,
DKAPDT , DALSDT ,
DEPSX . DSIGX

IF (15.EQ.3) THEN

CALL YOWBPX ( NCOMP ., MMOR
DALIX , KBP

IF (KBP.NE. 0} THEN

INTERNAL VARIABLES INC.

. SIGX , ALSX , DFDSX )

, NNOR , NB , KM .
. EX2 | POIXZ , PHAIZ ,

IETA | R . bIx
DFDSX , ALIX , EPSEX ,

. DALIX , DEPSPX, DEPBX )

. CHEGK NEXT BREAK POINT

B . R . ALIX

. BP2 )

. TO NEXT BREAK POINT CAL.

£00-86 0Lg6rL INI
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4 c GHECK BREAK POIT OF FI=0 FUNCTION FOR OHNO-WANG MODEL
WRITE(G, *) ' selokick WARNING ON SUB. YOWBPB : ' C PROGRAMED BY K, GARATAN| ON DEC. 1995 (VER 1.0)
WRITE(G, *). " SUB STEP COUNT EXCEED 8 ', G
' CAUSES LESS OF PRECISION' C * INPUT VAR|ABLES
c H NCOMP D. ARG (INT) : STRESS OR STRAIN COMPONENTS COUNT
ENDIF c NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT
4 [H ALCI) D. ARG (REAL*8) : ONE OF BACK STRESS ON TO
ENDIF H DAL (1) D. ARG (REAL¥B) : ONE OF BACK STRESS ON TO IMCREMENT
C [ R D. ARG (REAL#B) : OME OF STRESS PARAMETER R
c . SUM UP VARIABLES c
c C % QUTPUT VARIABLES
D0 510 1=1, NCONP c KBP D. ARG (INT) : KEY OF BREAK POENT (=0:NONE, =1, EXIST)
Dsia (1) = DSIG (1) + DS1eX (D) ¢ BRY D. ARG (REAL*8) : BREAK PQINT VALUE (0.0 < BPV < 1.0
DEPSP(I) = DEPSP(I) + DEPSPX (1) &
DO 500 IB=1, KB c
DALI (1, 1B) = DALI €1, IB} + DALIX {I,1B) IMPLICIT REAL*8 (A-H,0-2)
500 CONT INUE DIMENSION AL (%), DAL (%)
510  CONTINUE DIMENSION AX{(6), DAX (6)
[H [H
DEFB = DEPB + DEPBX C kst EPS2 MEANS ADVANCE OF FI SURFACE
4 .. SET MEXT VALUE c
. IF (15.EQ.2) THEN DATA EPS2 / 0,00tD0 /
4 [H
00 610 I=1, NCOMP C #ekkx EXTEND BACK STRESS TO 3-D STRESS FI1ELD
SIGxX (1) = SiaX{l1) + DSiGX (1) c
00 600 IB=1,NB . DO 100 1=1,86
ALIX{3, 1B) = ALIX(), 1B} + DALIX {1, IB) AX() = 0.0
600 GONT INUE DAX(1) = 0.0
610 CONTINUE 100 CONTINUE
4 c . . NORMAL COMPONENTS
CALL YFEPSE( NCOMP , NNOR , EX2 , POIX2 , SIGX , IF (NNOR. EQ. 1) THEN
. EPSEX ) AX{1) = AL(D)
[ AX(2) = -aL(1)/200
ENDIF AX(3) = a2
C DAX(1) = BAL{1)
1000 CONTINUE DAX(2) = -DAL{1}/200
[ ’ DAX(3) = DAX(2)
RETURN ELSE IF (NNOR.EQ.2) THEN
8010 WRITE(G, *) ' #xik ERROR ON SUB. YOWEPB : B. STRESS COUNT EXCEED ', AX(1) = ALQ1)
. NBPA, NB AX(2) = AL(D)
CALL PEXIT AX{(3) = - AL(1)- AL(2)
STOP DAX{1} = DaL(1)
END DAX(2) = DAL{2)
w SUBROUTINE YOWBPY ( NCOMP , NNOR , AL , DAL , R , KBP , BPV) DAX(3) = -DAL(1}-DAL ()
C ELSE IF {NNOR.EQ.3) THEN

G % FUNCTION OF THIS SUBROUTINE AXQ) = AL
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AX(2) = AL(D) IF (BRY.GE. 1.0} GOTO 900
AX(3) = AL(D) IF (BPY.LE.0.0) 40TO 900
DAX(1) = DAL(1) G
DAX(2) = DAL(2) KBP = 1
DAX{3) = DAL(3) . ELSE -
ENDIF KBP = O
c .. SHEAR COMPONENTS (DOUBLED}) ENDIF
J=4 c
DO 110 1=NNOR+1, NGOMP RETURN
AKX = AL ¢
DAX(J) = DAL(D) 900 CONT | NUE
S KBP = 0
110 CONTINUE RETURN
c END
G #kkes CAL. INNER PROCUCT — SUBROUTINE YOWBPX ( NCOMP , NNOR , NB , R L ALL
¢ ) DALI , KBP . BP )
M = AX (1) %2 + AX(2) 42 + AR(3) A2 + c
{ AX(4)#x2 + A% (5) w2 + AX(B)#42 ) % 200 ¢ * FUNCTION OF THIS SUBROUTINE
I C CHECK AND SET BREAX POINT VALUE OF F1=0 FOR OHNO-WANG MODEL
ADA = ARCIVADAX (1) +  AX(2)#DAX(2) + AX(I)#DAX(D) + ¢ PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0)
{ AX({A}#DAX(4) + AX(5)#DAX(5) + AX(6)*DAX(B) } * 200 G
[ C * INPUT VARIABLES
DADA = DAX (1) +#2 + DAX(2)4%2 + DAX (3) %2 + C NCOMP D. ARG (INT) ; STRESS OR STRAIN GOMPOMENTS COUNT
{ DAX (4) #x2 + DAX{5)#+2 + DAX(8)%+2 ) * 200 ¢ NNOR D.ARG (INT)  : NORMAL STRESS OR STRAIN COMP. COUNT
C : C NB D.ARG (INT} . TOTAL BACK STRESS COUNT
C wwrrk SET Fi FUNCTION BEFORE AND AFTER INCREMENT c R (I} D.ARG (REAL¥8) : |-TH B. STRESS PARAMETER R(I)
G c ALl €6, J} D.ARG (REAL*8) : J-TH BACK STRESS ON TO
RX2 = (R (1DO-EPS2) )4*2 ¢ DALI (6, J} D.ARG (REAL#8) : J-TH BACK STRESS [NCREMENT ON TO
F1 =1.5D0 * AA - RX2 ¢
F2 = 1.5D0 % (AA+2D0O+ADATDADA) -~ RX2 C * OUTPUT VARIABLES
c C Kep D.ARG {INT)  : BREAK POINT KEY  (0:NONE. 1:EXIST)
C ##++k FIND BREAK POINT VALUES ¢ P D.ARG (REAL*B) : BREAK POINT VALUES (D<BP<I)
c C
IF { (F1.LT.0.C).AND. (F2,GT. 0.0} ) THEN C * LOCAL VARIABLES
¢ .. B.P. EXIST c EPS1 LOCAL (REAL*8) : OMIT BREAK POINT INTERVAL
A = DADA c —
BD = ADA ¢
€ = AA - (2D0/3D0) * R#+2 IMPLICIT REALE (A-H, 0-2)
D = BD#E2 - ASC DIMENSION R(%), AL) (6, %), DALI (B, %)
C ¢
IF (A EQ.0.0) GOTO 900 DATA EPS1 / 0.01D0 /
IF (D.LT.0.0} GOT0 900 c
IF (ABS(D).LT.1D-50) G6OTO 900 C %+ SEARCH ONE BREAK POINT AND SET VALUE FCR EACH TERM
G c
BEY = (-BD+SGRT (D})/A DO 100 1B = 1, KB

£00-86 0Lg6CL ONT
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CALL YOWBPY ( NCOMP , NNOR , ALI(1,1B)} , DALI{1,18) ., R{IB} , C .. NORMAL COMPONENYS
. kP, BP ) DO 110 IFLD=1, NNGR
c DEPICIFLD) = DEPSP(IFLD)
IF (KBP.EG. 1} THEN 110 CONTINUE
C ¢
IF ( {BP.GY.EPS1) ,AND, (BP.LT.1DO-EPSI} } RETURN IF (NHOR. EQ. 1) THEN
€ DEP3{ 2) = -DEP3(1)/2D0
ENDIF DEP3( 3) = -DEP3(2)
G ELSE IF {MNOR. EQ.2) THEN
100 CONTINUE DEP3( 3) = -(DEP3(1)+DEP3(2)}
¢ ENDIF
KBP = 0 C .. SHEAR COMPONENTS
RETURN 130 =4
END DO 120 IFLD=NKOR+{, NCOMP
SUBROUTINE YOWDA ( HCOMP , NNOR , NB , KM , AM . DEP3( 13D) = DEPSP(IFLD) / 200
ZETA . R . ALl ., DEPSP , DALI ) 130 = 13D + 1
G 120 GONTINUE
C * FUNCT!ON OF THIS SUBROUTINE ¢
¢ GET BACK STRESS INCREMNT EXCLUDE TEMPERERATURE CHANGE C #eekx GET EACH BACK STRESS |NCREMENT
c PROGRAMED BY K. GARATANI ON DEC. 1995 (VER 1.0 4
G DO 1000 IB=1, NB
C * INPUT VARIABLES 4 .. GET FI ARD H{F1}
c NCOMP D. ARG (INT} : STRESS OR STRAIN COMPONENTS COUNT C
c NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT CALL YOWFI ( NCOMP , NNOR , ALI(1, 1B} , R{1B) , ALIB, FI )
C NB D. ARG (INT) : TOTAL BACK STRESS COUNT c
4 KM D. ARG (INT) : KEY OF MODEL (=1:MODEL-1, =2:MODEL~2} IF (FI.GE.0.0) THEN
¢ (MODEL-2 USES M-VALUE) HF! = 1D0
c AN D. ARG (REAL+8) : MODEL PARAMETER M (FOR MODEL-2 ONLY) ELSE
¢ ZETA (1) D.ARG (REAL#8) : |-TH B. STRESS PARAMETER ZETA() HF1 = 0DO
¢ R (1) D.ARG (REAL*8) : |-TH B. STRESS PARAMETER R (1) ENDIF
¢ ALl (6, J)D, ARG (REAL¥B) : J-TH BACK STRESS ON TO ¢ .. GET K
4 DEPSP{I} D.ARG {REAL+#B) : PLASTIC STRAIN INCREMENT DO 200 1=1.6
¢ AX(1) = 0DO
G+ OUTPUT VARIABLES 200  CONTINUE
¢ DAL!(6,J) D.ARG (REAL#8) : J-TH BACK STRESS INCREMENT ON TO c
¢ IF (ALIB.NE.Q, 0} THEN
c c .. NORMAL COMPONENTS
IMPLIGIT REAL*8 {A-H, 0-2) DO 210 IFLD=1, NNOR
DIMENSION ZETA(*), R {x)}, AL} (6, ¥}, DEPSP (+}, DALI (6, ¥) AK(IFLD) = ALI(IFLD, IB) / ALIB
DIMENSION DEP3 (8}, AK (6) 210 CONTINUE
c c
G #*pk EXTEND PLASTIC STRAIN INCREMENT TO 3-D SPACE {TENSOR TYPE) IF (NNOR. EQ. 1) THEN
H AKC  2) =- ALE( 1,iB) / 200 / ALIB
DO 100 120=1,6 AKC 3) = AK(2)
DEP3{ 130} = 00O ELSE {F (NNOR.EQ.2) THEN

100 GONTIKUE AKC 3 = —(ALIC 1 IB)+ALEC  2,1B)) / ALIB
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220

300

400

ENDIF
SHEAR COMPONENTS
130 =4
DO 220 |FLO=NNOR+1, NCOMP
AK( 130} = ALI(LFLD, IB) / ALIB
130 = 130 + 1
CONTINUE

ENDIF
. <DEP:K>
DEPK = DEP3(1)*AK (1} + DEP3{2}*AK(2) + DEP3{3)}+AK(3} +
( DEP3(4)*AK (4} + DEP3{5)*AX (§) + DEP3{G)}+AK{6) )} * 200

IF (DEPK.GE.0.0) THEN

-DEPK = DEPK
ELSE

DEPK = QDO
ENDIF

IF {KM.EQ.1) THEN
. MODEL~1
DO 300 1=1, NCOMP
{F (1. LE.NNOR} THEN
DALI (), 1By = ZETA(!B) * ( 2D0/3D0+R (1B} *DEPSP (I} -

HF 1*DEPK*AL L (1, 1B) )
ELSE
DALL{I, IB) = ZETA{IB) * ( 200/3D0+R (iB)*DEPSP (1)/200 ~
HF 1*DEPK=AL| (1, IB) )
ENDIF
CONT INUE
ELSE

. MODEL-2 (USE M)

XDEPK = ( (ALIB/R(IB))+AM ) # DEPK
DO 400 =1, NCOMP
IF (I.LE. NNCR) THEN
DALI (1, iB) = ZETA(IB) * ( 200/3D0+R{IB)+DEPSP(I) -

XDEPK*AL 1 (1, 1B) }
ELSE
DALE{I, IBY = ZETA(IB) * ( 2D0/3DO0+R (IB)*DEPSP (1) /200 -
XDEPK+AL | (1, 1B} )
ENDIF
CONT |NUE
ENDIF

A\

1000 GONTINUE

RETURN

END

SUBROUTINE  YOWDAT ( NCOMP , PHAI1 , PHAlIZ |, DT
DALSBT

AL .

* FUNCTION OF THIS SUBROUTINE

SET TEMPERATURE DIFFEREMCE OF BACK STRESS FOR CHNO-WANG MODEL

PROGRAMED BY K. GARATANI ON DEC. 1895 (VER 1.

* INPUT VARIABLES
HCOMP D. ARG (INT)
PHAIT D. ARG (INT)
PHAIZ D. ARG (INT}
) D. ARG (INT)
AL (1) D.ARG {INT)

: TEMPEARTURE [NCREMENT
: BACK STRESS (ON TO)

. STRESS OR STRAIN COMPONENTS COUNT
: VEMPEARTURE DEP. FUNC. BEFORE INC
: TEMPEARTURE DEP. FUNG. AFTER INC

QOO0 OaOO0OO0000000

oo

* QUTPUT VAR|ABLES
DALSDT (1) D.ARG (REAL#8) : D(AL®}/DT  (ON T}

IMPLICIT REAL#8 (A-H,0-7)
DIMENSION AL {*}, DALSDT (*)

wkwkx SET VALUE { CAREFUL TO AL(TO) AND AL*(T} )

{F (DT .EQ. 0.0 ) THEN
GPOT = 0.0
ELSE
DPDT = (PHAL2-PHALL) / DT
ENDIF

DO 100 E=1, NCOMP
DALSDT(F} = DPDT # AL(i}
100 CONT INUE

RETURN

END

SUBROUTINE - YOWEPV{ KFIELD . NCOMP ., NNOR , NB
El . POIL | E2 . POI2
ALP . AM , ZETA | R

DKAPDT , DALSDT , DFDS , ALl

. Kk .
. PHAIZ |
. DI

. EPSE
DEPS , DSIG ., DALI , DEPSP

DEPB )

G
c

* FUNCTION OF THIS SUBROUTINE
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GET EACH INNER VARIABLES INCREMENTS BY GIVEN STRAIN ON PLASTIC
FOR QHNO-WANG MODEL
PROGRAMED BY K. GARATANI ON NOV. 1995 (VER 1.0}

* INPUT  VARIABLES

KFIELD D. ARG (INT) : FINAS STRESS FIELD CODE

NCOMP D. ARG (INT) . STRESS OR STRAIN COMPONENTS COUNT

NNOR D. ARG (INT) : NORMAL STRESS OR STRAIN COMP. COUNT

NB D. ARG (INT) . TOTAL BACK STRESS COUNT

KM D. ARG (INT) : KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)
(MODEL-2 USES M-VALUE)

El D. ARG (REAL*8)} : ELASTIC MODULAS BEFORE [INCREMENT

Fol1 D. ARG (REAL*8) : POISSON'S RATIO BEFORE INCREMENT

E2 D. ARG (REAL#*B) : ELASTIC MODULAS AFTER INCREMENT

POI2 0. ARG (REAL#8) : POISSON'S RATIO AFTER INCREMENT

PHAI2 D. ARG (REAL*8) : TEMP. DEP. FUC PHAI(T) AFTER INC.

ALP D. ARG (REAL#8) : THERMAL EXPANSION RATIO

AM D. ARG (REAL¥B) : MODEL PARAMETER M {FOR MODEL-2 ONLY)

ZETA(1)  D.ARG (REAL*B) : 1-TH B. STRESS PARAMETER ZETA(I)
R (1) D.ARG (REAL*B} : I-TH B. STRESS PARAMETER R (I}
DT D. ARG (REAL#8)} : TEMPERATURE INCREMENT

DKAPDT D. ARG (REAL#E) : TEMP. DIFF. OF DRAG STRESS D(KAPPA}/BT

DALSDT(1) D.ARG (REAL*8) : TEMP. DIFF. OF BACK STRESS D(AL*)/DT
DFDS (1) D. ARG (REAL#8) : FLOW VECTOR (DF/DS)

ALl {6,J) D.ARG (REAL#B) : J-TH BACK STRESS ON TO

EPSE (1) D. ARG (REAL*8) : ELASTIC STRAIN

DEPS (1) D. ARG (REAL*8) : STRA! (NCREMENT

* QUTPUT VARIABLES
DSIG (1) D, ARG (REAL#8) : STRESS |NCREMENT
DALI {6, J)D. ARG (REAL*B) : J-TH BACK STRESS INCREMENT ON TO
DEPSP(I} D.ARG (REAL#B) : PLASTIC STRAIN INGCREMENT
DEPB D. ARG (REAL*B) : EQUIVALENT PLASTIC STRAIN INCREMENT

oo OoOo

INPLICIT REAL*8 (A-H, 0-Z)

DIMENSION ZETA (X}, R (¥), DALSDT (¥), DFDS (+), EPSE (%), ALI (6, %)
. DEPS(*}, DSIG (*), DAL (6, *), DEPSP (*)
DIMENS{ON DEP (8, 6}, DGEP (6), DEPSE (6), DEPST (6)

#pkik GET STRESS INCREMENT
. 8-S MATRIX "DEP’

CALL YOWHD { NCOMP . NNOR , NB . KM, AM .
ETA R . DFDS , ALl , HD )

c
HD = HD * PHAI2
G
CALL YFDEP { KFIELD , NCOMP , 6 . E2 ., POIZ |
HD . DFDS , DEP }
[
¢ . PSEUBO STRESS YECOR ' DGEP'
c
CALL YFGEP ( KFIELD . NCOMP , 6 . Bl PO,
E2 ., POI2 , ALP , HD , DT .
DKAPDT ., DALSDT, DFDS , EPSE , DGEP )
[H
c .. DS1G = DE*DEPS + DGEP
DO 110 1=1, NCOMP
DSIG(1) = 0.0

DO 100 J=1, NCOMP
DSIG(I) = DSIG(I) + DEP(I, JY+DEPS (J}
100 CONTINUE
DSIG(I) = DSIG(I) + DEEP(1)}
110 CONTINUE

¢
C #rekx GET THERMAL STRALN INCREMENT
c
DO 200 1=1, NCONP
IF (. LE.NNOR} THEN
DEPST (1) = ALP*DT
ELSE
DEPST(1) = 0.0
ENDIF
200 CONTINUE
c
G Awwokt GET PLASTIC STRAIN [NCREMENT
G .. ELASTIC STRAIN INCREMENT
C
CALL YFEPSE{ NCOMP , NNOR , E2 . PQI2 |, DsSIG
. DEPSE )
G .. PLASTIC STRAIN INCREMENT

DO 300 1=1, NCOMP
DEPSP(1} = DEPS(l) - DEPST{I} - DEPSE(I}
300 CONTINUE :

¢
G dewdotok GET EQUEVALENT PLASTIC STRAIN INCREMENT
C
CALL YFPBAR( KFIELD , DEPSP , DEPB )
c

G #k¥wk GET EACH BACK STRESS INCREMENTS
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CALL YOWDA ( NCOMP , NNOR
ZETA |, R

RETURN
END
SUBROUTINE YOWFI { NCOMP

. WB . KM . AW .
. ALl , DEPSP, DALI }

, NNOR , AL , R ., ALBAR [FI )

* FUNCTION OF THIS SUBROUTINE
CALCURATE DYNAMIC RECOVER
PROGRAMED B

TERM FUNGTION FI FOR OHNO-WANG MODEL
Y K. GARATANI ON DEC. 1995 (VER 1.0}

* INPUT  VARIABLES
NCOMP D. ARG (INT)
NNOR D.ARG (INT)
ALCI) D. ARG (REAL*B}
R D. ARG (REAL*B)

: STRESS OR STRAIN COMPONENTS COUNT

: NORMAL STRESS OR STRAIN COMP. COUNT
: ONE OF BACK STRESS ON TO

: ONE OF STRESS PARAMETER R

* OUTPUT VARIABLES
ALBAR D. ARG (REAL*8)
Fl D. ARG (REAL*8)

: EQ. B. STRESS ( 3/2 * AL:AL (EQ.5) )
1 FI = ALBAR#%2 — R*fz

OO0 000000000

o0

c
4

C
¢

¢

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION AL (%)

#kkrk EPS2 FOR ALLOWANCE OF Fi

DATA EPS2 / 0.01D0 /

. NORMAL COMPONENTS

ddakex GET ALPHA-BAR#+2 TERM
IF (NNOR. £0. 0) THEN
ALB2 = 0.0

ELSE IF (NNOR.EG. 1) THEN
ALB2 = 1.5D0 * AL (1) **2
ELSE IF (NNOR. EQ.2) THEN
ALB2 = AL{1)%%2 + AL (2)*x
ELSE IF (MNOR.EQ.3) THEN
ALB2 = AL{1)%*2 + AL (2)*¥
ENDIF

2 + (AL (1)+AL (2)) %42

2 + AL (3)*%2

. SHEAR COMPONENTS (DOUBLED}

D0 100 1=NNOR+1, NCOMP
ALB2 = ALB2 + 2D0 = AL(I)
100 CONTINUE

*%2

4
4
[H

o

ALB2 = 1.5D0 * ALB2

wkkrk EQUIVALENT BACK STRESS
ALBAR = SQRT (ALBZ)
#xbre GET DYNAMIC RECOVER TERM FUNCTION
Fl = ALBZ - (R+(1D0-EPS2))#%2
RETURN
END
SUBROUTINE YOWHD ( NCOMP , NNOR . NB , KM , AM

ZETA

. R . DFDS | ALY, HO )

* FUNCTION OF THIS SUBROUTINE

SET PLASTIC HARDENING COEFF. FOR OHNO-WANG MODEL
PROGRAMED BY K.GARATANI ON DEC. 1995 (VER 1.0)

# INPUT VARIABLES
NCOMP D. ARG (INT)

NNOR D. ARG (iNT)
NB D. ARG (INT)
KM D. ARG (INT)
AW D. ARG (REAL#*8)

ZETA(I}  D.ARG (REAL*8) :
R (1) D.ARG (REAL*8) :
: FLOW VECTOR (DF/DS)

DFDS(I)  D. ARG (REAL#*B)

ALl (6, J) D.ARG (REAL#8) :

: STRESS OR STRAIN COMPONENTS COUNT

. NORMAL STRESS OR STRAIN COMP. COUNT

: TOTAL BACK STRESS COUNT

: KEY OF MODEL (=1:MODEL-1, =2:MODEL-2)

(MODEL-2 USES M-VALUE)

: MODEL PARAMETER M (FOR MODEL-2 ONLY)

I-TH B. STRESS PARAMETER ZETA(Q)
I-TH B. STRESS PARAMETER R (1)

J-TH BACK STRESS ON 10

* QUTPUT VAR|ABLES
HD D. ARG (REAL*8)

: PLASTIC HARDEMING COEFF ICIENT

COOCOOO0O00000000000C000

IMPLICIT REAL#8 (A-H, 0-2)

DIMENSION ZETA (¥), R (%}, DFDS(+), AL[ (8, ¥}

DIMENSION DFDSN(6B), AL IN{B}

wkkx INITIALIZE

HD = 0.0

CALL YFNRWY (1

. NORMALIZE DF/DS

. NCOMP , NNOR . DFDS . DFDSN }
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C w4k SUM UP EAHC BACK STRESS HARDENING TERM FOR MODEL-1,2

c

¢
c

[>]

o

00 100 1B=1, NB
. BET FI FUNCTION
CALL YOWFI ( NCOMP , NNOR . ALIC(i,1B) ., R(iB) , ALIB
Fi )
. NORMALIZE ALICE)
CALL YFNRWY ( 0 , NCOMP , MNOR , ALI(1,1B} , ALIN )

. GET LAMDA

RAMDA = DFDSN{1)*ALEN(1)+ DFDSN(2)*ALIN{(2)+ DFDSN (3} +ALIN(3)+
{ DFOSN(4)*ALEN (4)+ DFDSN (5) *AL IN(S)+ DFDSN(6)*AL IN(G)
) * 200
. SET HD

IF (KM.EQ.1) THEN
. MODEL-1

IF ( (FI.GE. 0.0). AND. (RAMDA. GE.0.0) ) THEN
HD = HD + ZETA(IB)#R(IB) * (100-~RAMDA*%2)
ELSE
HD = HD + ZETA{IB)*R{IB)
ENDIF

ELSE
. MODEL-2 (USE M)

IF { RAMDA.GE.0Q.0 } THEN

ALIBRM = (AL1B/R(IB)) ** (AM+1D0)
IF (ALIBRM. GT. 100} ALIBRM = 1D0

HD = HD +
ZETA(IBY+R{IB) * { 1DO- ALIBRM * RAMDAA#2 )
ZETAQIBY*R{IBY * { 1D0-(ALIB/RCIB))*+ (AM+100) * RAMDA##2 )
ELSE
HD = HD + ZETA(IB)*R(IB)}
ENDIF

ENDIF

100 CONTINUE

OO0 OO00O000000000000000000O00000000OC0000n

RETURN
END

SUBROUTINE YOWMAT{ IEXN

NB
Ei
E2
ALP

. |DMAT [ TEMP , DTEMP ,

JKS KT KM .

PO SIGO1 | PHAILL

LPOI2 | SIGO2 , PHAIZ

AN JZETA R )

* FUNCTION OF THIS SUBROUTINE

SET MATERIAL CONSTATNTS FOR OHNO-WANG MODEL (MODEL-T,2)

PROGRAMED

BY K. GARATANI ON DEC. 1995 (VER 1.0)

* INPUT VARIABLES
D. ARG (INT)

1EXN.
IDMAT
TEMP
DTEMP
*

D. ARG
D. ARG
D. ARG
/YBXM

(INT}
(REAL#8)

(REAL#8) :

AT/

: ELEMENT EXTERNAL ID.

: MATERIAL 1D

: TEMPERATURE AT PREVIOUS STEP
TEMPERATURE [INCREMENT

: MATERIAL DATA TABLE (SEE BLOW)

* QUTPUT VARIABLES

N8
KS
KT
KM

E 1.2
POI 1,2
SIG0T, 2
PHAIT, 2
ALP

AW

ZETA(L)
R (D

D. ARG
D. ARG
0. ARG
D. ARG

D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG
D. ARG

(INT)
(INT)
(INT)
(INT}

{REAL#8)
(REAL*8)

(REAL*8} :
(REAL*B) :
(REAL*8} :

{REAL*8)

(REAL#8) :

(REAL*B) :

: TOTAL BACK STRESS COUNT

. KEY OF SUBSTEP (=0:MO0, =I:YES)

: KEY OF YEMP.DEP. (=0:NO, =1:YES)

: KEY OF MODEL {=1:MODEL-1, =2:MODEL-2)
(MODEL-2 USES M-VALUE)

: YOUNG' S MODULAS

: POISSON'S RATIO

INITIAL YIELD STRESS

TEMPERATURE DEP. FUC PHAI (T)

THERMAL EXPANSION RATIO (BY S{MPSON)

: MODEL PARAMETER M (FOR MODEL-2 ONLY)

I-TH B. STRESS PARAMETER ZETA(i)

I-TH B. STRESS PARAMETER R (1)

(SUFF1X 1.2 MEANS BEFORE OR AFTER |NCREMENT)

# CALLED SUBROUTINES
: EXTERPOLATE OR INTERPOLATE TABLE FORM VALUE

YFVEXP

* DATA BLOCK /YBXMAT/ FOR MATERIAL DATA DEFINITION SETTED BY XREAD

NTELPA

NMATPA
NMIDPA
NKEYPA

PA

PA
PA
PA

RM.  {INT)
RM.  {INT)
AM.  (INT)
RM.  (INT)

: MAX. COUNT OF MATERIAL TABLE
NTBLPA MUSUT BE MULTIPLE OF 3

: MAX. COUNT OF MATERIAL KINDS

: MAX. COUNT OF MATERIAL 1D,

: MAX. COUNT OF OPTION KEY
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MID ( K) ZYBXMAT/{INT) : K-TH MATERIAL ID
KEY ( 10,K) /YBXMAT/{INT) : K-TH OPTION KEY DATA
NTBL( J,K) /YBXMAT/{INT) 1 DATA LENGTH OF K~TH MAT. ID

AND J-TH KIND (=0:MONE DATA)
TTBLCI, J, K} /YBXMAT/(REAL#8} : I-TH YEMPERATURE TABLE OF

K-TH MAT. [D. AND J-TH KIND
VIBL (I, J, K} /YBXMAT/(REAL*B) : I-TH MATERFIAL VALUE TABLE OF

K-TH MAT. . 1D, AND J-TH KIND

* MATERIAL KIND KEY AS BELOW
KIND (J)  MNEMONIC PHISICAL MEANING

1 E YOUNG' $ MODULAS

2 NU POISSON" S RATIO

3 ALPHA INSTANTANEQUS THERMAL EXPANTICN RATIO
4 Steo INITIAL YIELD STRESS

5 M CONSTATNT FOR MODEL-2

6 PHAIA TEMPERATURE FUNC. CONSTANTS-{

7 PHAIB TEMPERATURE FUNC. CONSTANTS-2

8 ZETAOI BACK STRESS CONSTANTS FOR TERM-O1
9 ZETAD2 BACK STRESS CONSTANTS FOR TERM-02
10 ZETAO3 BACK STRESS CONSTANTS FOR TERM-03
11 ZETAO4 BACK STRESS CONSTANTS FOR TERM-04
12 ZETADS BACK STRESS CONSTANTS FOR TERM-05
12 ZETAOG BAGCK STRESS GONSTANTS FCR TERM-06
14 ZETAQ? BACK STRESS CONSTANTS FOR TERM-07
16 ZETAD8 BACK STRESS CONSTANTS FOR TERM-08
6 ZETAO9 BACK STRESS CONSTANTS FOR TERM-08
17 ZETAIO BACK STRESS CONSTANTS FOR TERM-10
18 RO1 BACK STRESS CONSTANTS FOR TERM-01
19 ROZ BACK STRESS CONSTANTS FOR TERM-02
20 RO3 BAGK STRESS CONSTANTS FOR TERM-03
21 RO4 BACK STRESS CONSTANTS FOR TERM-04
22 ROS BACK STRESS CONSTANTS FOR TERM~0%
23 ROG BACK STRESS CONSTANTS FOR TERM-06
24 RO7 BACK STRESS CONSTANTS FOR TERM-07
25 ROB BACK STRESS CONSTANTS FOR TERM-08
26 RO9 BACK STRESS CONSTANTS FOR TERM-09
27 R10 BACK STRESS CONSTANTS FOR TERM~-10

* OPTION KEYS

KEY (1,K) /YBXMAT/(INT} : BAGK STRESS COUNT (DEF.=10)
KEY (2,X) /YBXMAT/(INT) : SUBSTEP METHOD (D:YES, 1:NO)
KEY {3,K) /YBXMAT/(INT) : TEMP. DEPENDENCY (0:YES, t:NO)
KEY (4.K) /YBXMAT/{INT) : =0:MODEL-1,=1:MODEL-2 (M)

ﬂ(‘:ﬂOOOOOC'JﬁQQDOOr.‘:OI’.‘JDOL‘JCJGOQOOGOOQOOOODGCJGODOOOOO

IMPLICIT REAL#8 (A-H,0-2)

G
DIMENSION ZETA(*}, R{¥)
PARAMETER ( NTBLPA = 21 , NMATPA = 27 , NMIDPA = 4
NKEYPA = 10 )
4
COMMON  /YBXMAL/
MiD ( NMIDPAY . KEY(NKEYPA, NMIDPA)
NTBL{ NMATPA, NM1DPA)

TTBL (NTBLPA, NMATPA, NMIDPA)
. YTBL (NTBLPA, NMATPA, NMIDPA)
c .. LOCAL ARRAY
DIMENSION VAL (2, NMATPA)
c
C sk FIND AMD SET MATERIAL IO
c
DO 100 KMID = 1, NMIDPA
IF { 1DMAT. EQ. MID(KMID) } 6OTO 110
100 CONTINUE

[
WRITE(G, #) ' *rk+ ERROR ON SUB. YOWMAT : NON-EXISTENT MAT ID. ',
| DHAT, LEXN
CALL PEXIT
STOP
C
110 CONTINUE
c
G ®kkdkk SET KEYS
c .. BACK STRESS COUNT
NB = KEY(1, KiiD}
c .. SUBSTEP
IF ( KEY(2,KMID).EQ.0 } THEN
KS = 1
ELSE
Ks =0
ENDIF
C .. TEMP. DEP
IF { KEY{3,KMID).FQ.0 ) THEN
KT =1
ELSE
KT =0
ENDIF
C .. KGDEL-1,2
IF ( KEY{4,KMID).EQ.0 ) THEN
KM =1
ELSE
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KM = 2 , C #4wet SET MATERIAL CONSTANTS TO EACH DUMMY ARGUMENT (EXCLUDE ALP)
ENDIF ‘ c
C El = VAL(ILD)
€ #doerk SET MATERIAL VALUE AT BEFORE:1 AND AFTER:2 INCREMENT TO ' VAL’ B2 = VAL, D)
c POIT = VAL(1,2)
¢ ... TEMP. DEP. PARAMETER (EXCLUDE ALP) FOI2 = VAL(2,2)
DO 300 INC = 1,2 ¢ .. WHEN NO TEMP. DEP. PHAI=|
c .. SET TEMPERATURE IF (KT.€Q.0) THEN
IF {INC.EQ. 1) THEN PHAI1 = IDO
T = TENP PHAI2 = 100
ELSE ELSE
T = TENP + DTEMP £1996, 10, 7 PHAIT = VAL{1,6) * EXP(VAL{1,7)/ (TEMP +273.0D0) )
ENDIF C1996, 10, 7 PHAI2 = VAL(1,6) * EXP(VAL(I, 1)/ (TEMP+DTEMP+273.0D0) )
c PHAIT = VAL{I,8) + VAL(1,7) * (TEMP ~B50. ODO) #42
c DO 200 JMAT=1, NMATPA PHAIZ = VAL{1,6) + VAL(1,7) * (TEMP+DTEMP-650. OO} #+2
DO 200 JHAT=1, 2 ENDIF
¢ .. GET TABLE COUNT c
LTBL = NTBL (JHAT, KMID) SIG01 = VAL(1,4) * PHAII
IF (LTBL.EQ.0) GOTO 9100 SIG02 = VAL(1,4) * PHAL2
¢ .. SET VALUE c
IF (LTBL.EQ.1) THEN AM = VAL(LS)
VAL{INC, JMAT) = VTBL (1, JMAT, KMID) c :
ELSE DG 500 1B=1, NB
CALL YFVEXP{ T, TTBL(I, JMAT, KMID), VTBL{1, JMAT, KNID}, ZETA(IB) = VAL(1, 7+IB)
LTBL, VAL (INC. JMAT) ) R (18) = VAL(1, 1741B)
ENDIF 500 CONTINUE
C ' c
206 CONTINUE € #k%wr SET THERMAL EXPANSION BY SIMPSON'S INTEGRATION RULE
C ¢
300 CONT INUE JUAT = 3
c ... TEMP. NOT DEP. PARAMETER G
DO 400 JHAT=4, NHATPA LTBL = NTBL (JHAT, KHID)
¢ .. GET TABLE COUNT . c
LTBL = NTBL (JWAT, KM1D) IF (LTBL.EQ.G) THEN
c {F (LTBL.NE.0) GOTO 9100 [
IF (LTBL.EQ.0) VAL{ 1,JMAT) = 0.0 ALP = 0.0
C . . SET VALUE C
IF (LTBL.EQ.1) THEN ELSE IF (LTBL.EG.1) THEN
VAL( 1. JMAT) = VIBL(1, JMAT. KMID) ALP = VTBL {1, JMAT, KK D)
ELSE ELSE
VAL 1, JMAT) = 0.0 T = TENP
C GOTO 9110 ) GALL YFVEXP( T, TTBL(I, JMAT,KMID), VTBL{I, JHAT, KMIDY,
ENDIF , . LTBL, ALPOO )
C _ T = TEMP + DTEMP/2.0
400  CONTINUE CALL YFVEXP( T, TTBL(1, JMAT,KMID), VTBL(I, JMAT, KMID},

4 . LTBL, ALPOS )
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C

4

T = TEMP + DTEMP
CALL YFVEXP( T, TTBL{i, JMAT KMID), VTBL(F, JMAT, KMID)

LTBL, ALPIO Y
ALP = ( ALPOO + 4.0%ALPO5 + ALP10 ) / 6.0
ENDIF
RETURN
. ERROR ..

5100 CONTINUE

4

WRITE{G, *) ' s+ ERROR ON SUB. YONMAT : NON-EXISTENT MATERIAL',
* CONSTANTS ‘., IEXN, IDMAT, JMAT

CALL PEXIT

TGP

C9110 CONF¥INUE

c
¢
¢

S

WRITE(B, %) ' #wskk ERROR ON SUB. YOWMAT : ILLEGAL MATERIAL DATA
CALL PEXIT
STOP

END

SUBROUTINE  YXINTS (CHRS, INT}

* FUNCTION OF THIS SUBROUTINE
READ 5 GOLUMNED INTEGER DATA {CALLED BY XREAD}
PROGRAMED BY K.GARATANI {(CRC) ON NOV. 1995 (VER 1.0)

* INPUT VARIABLES
CHR5 D.ARG (CHR*5) : 5 CLUMNED INTEGER CHARACTER

* QUTPUT VARIABLES
INT D. ARG (INT} 1 INTEGER VALUE

SO0 O0O0O000 0000

(o= I ]

CHARACTER CHR3*5
#¥ikk READ INTEGER DATA EXCEPT BLUNK
DO 100 KC=5,1,-1
IF ( CHRG(IC: IC).NE. 1H ) THEN
READ{CHR5(1:1C). " (15)}*) INT
GOTO 8Q0
ENDIF
160 CONTINUE

INT = 0

c
900 CONT INUE
4
RETURN
END
SUBROUTINE  YAREAD (LUS, LG, KEND, L INE)
G
C * FUNCTION OF THIS SUBROUTINE
¢ READ 1 LINE DATA AND PRINT {CALLED BY XREAD)
c BY SKIPPING "§' OR 40 BLUNK HEADED LINE
C PROGRAMED BY K.GARATANI {(CRC) ON NOV. 1995 (VER 1.0)
G
C * INPUT VARIABLES
4 LUS D. ARG (INT) : FILE CODE TO READ
c *LG D. ARG (INT) : GURRENT LINE COUNT
C
C * DUTPUT VARIABLES
G *LG D. ARG (INT) : CURRENT LINE COUNT (ADDED)
G KEND D. ARG {CHR*BO) : KEY OF END OF FILE (Q:NOT, 1:YES)
G LINE D. ARG {CHR+80) : READING DATA
G
C = METHOD
¢
C
CHARACTER LENE+*80, BLUNK*40
c
DATA  BLUNK 7~ s
G
G #erkx READ AND PRINT LINE
c
10 CONTINUE
c
READ (LUS, 501, END=9000} LINE
LC=LC + 1
CALL PAGE (1, IDUMMY}
WRITE( 6 , 601 ) LG, LINE
C . SKIP WHEN ¥ OR BLUNK
IF  (LINE(1: 1) EQ.1H§ ) .OR
(LINE(1: 40}, EQ. BLUNK) ) GOTO 10
G . NOMAL. RETURN
KEND = Q
RETURN
c . END OF FILE

H

9000 CONTINUE

KEND = 1
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RETURN COMMON /XF INAS/ DG(8) DBMATNI?

C COMMON /IFPX2 / CBDICT(3.1) DBMATH3B
501 FORMAT (ABQ) COMMON /1FPCM1/ INP1 , RDMODE , CRDSEQ, CRUGRP (6) ZIFPCHI2
601 FORMAT (10X, 15, =", 4X, ABD) COMMON /IFPCM3/ NZ. IBUF1, IBUF2, IBUF3 . WKTOP, ZPNTRS(2.4) /7 IFPC#32
END COMMON /TBXTBL/ NUMTAB, BTBL (21), XTBL (20}, [TBL (20}, TBBOTM /TEXTBL2

N SUBROUTINE  YXRHED COMMON /KBIT32/ KBiT(32) DEMATN42
¢ COMMON /WKOCOM/ 18{40), INDEX (40} DBMATNA3
C * FUNCTION OF THIS SUBROUTINE COMMON /2Z22Z22/ Z(1} DEMATNG4
c PRINT HEADER FOR USER MATERIAL SECTION (CALLED BY XREAD) EQUIVALENCE ( 18(1}, ee(n ) DBMATN4G
c PROGRAMED BY K. GARATANI (CRC) ON NOV. 1995 (VER 1.0) EQUIVALENCE  { BC(1}, RC(1)} ) DBMATN4T
¥ COMMON  /MANUM/ JMXNUM/2
€ * INPUT YARIABLES * MXNDOF  , MXNX JMXENOD | MXEDOF MXEGED MXEIP /MXHUM/Z
¢ NONE * (MXSCH MXECM  ,MXNRD MXMDAT . MXEPD . MXCOML /MXNUM/4
¢ * JMXEPS! MXSIGI  ,MXIMPE  MXPROP ,MXLPRO . MXBDAT /MXHUM/S
¢ * QUTPUT VARIABLES * JMXSDF| MXMDFG  , MXMRAT  ,MXLDAT . MXED (MXEFP  /MYNUM/G
¢ NONE * , MXFCH /NXNUB/ T
¢ DATA NIND / 30 / M3? 3
C * UTILETY SUBROUTINES DATA NINDWD / 6 / DBMATNS?
¢ PAGE(11, 12) : PAGE CONTROLER (CALL BEFORE PRINT) DATA LINDEX / 30 / DBMATNSB
¢ WHERE [1: LENE COUNT, IF |1=<0 EJECT PAGE DATA NMAT / o/ DBMATNGO
¢ 12: DUMMY DATA MLMATN / o / DBMATNG1
¢ DATA MLHARD / o / DBMATNG2
c DATA MLHRDG / 0/ DBMATHG3
C #xirx EJECT PAGE AND PRINT HEADER LINE DATA KTDPT / o/ DBMATNG4
G DATA KXMATI / o/ MU4BA |
CALL  PAGE (0, 1DUMMY) DATA BLANKS / 4H / DBMATNGG

CALL  PAGE (4, 1DUMMY) DATA LHMATN / 4HMATN / DBMATHGET

WRITE (6, 6001) DATA LHUSER / 4HUSER / MU4BA 2

c DATA LHKTDP / 4HKTOP, 4HT 7/ DBMATNTO
RETURN DATA LHKSWE / 4HKSWE, 4HLL / DBMATH?I

¢ DATA LHKYIS / 4HKVIS, 4HCO  / DBNATNT2
6001 FORMAT(IH ,37X,'USER MATER!AL GCONSTANTS/ DATA KISOPT / 1, 2, 3, 4, 5, 6, 9,12, 14 / DBMATNS
1HO, 28X, ' 1 2 3 4 " DATA LNMOPT / 6 / DBWATNTS

‘5 6 7 g / DATA  NMOPT / 4HEPLA, 4HST L, 10,3, d4HCREE,4HP L1, 11,2 DBMATNT

TH L 19% "1 .00, [ T O....:.... ', - , 4HINTE, 4HRACT, 7.1, 4HCC R, 4HULE , 8,1 DBMATNBO

. 1 T : AU S 0....:.... 0....:.... 0 ) - . AHMU R, 4HULE . 13,3, 4HR CR, 4HEEP , 13,3 DEMATNE!

END - / DBMATNB2
SUBROUTINE DBMATN DBMATN 2 DATA LNMPRO / 32 / M7 4
IMPLICIT INTEGER (A-Z) DRMATN25 DATA  NMPRO / 4HE ,4H | 4HNU ,4H . 4HALPH. 4HA DBMATNGSG
INTEGER LBNAME (2), KIND(2) , KI9OPT (9}, FMTCHK (30) W3 - , 4HRHO ,4H | 4HSIGY.4H . 4HSIGY,4HIC DBMATNET
INTEGER NDM2CR(5) , NDMSHE (5) DEMATNZS - , AHHDAS, 4HH |, 4HC ,4H ., 4HCI10 ,4H DBMATHES
INTEGER NMFMT (2) , NMFMTS(T1) DBMATN29 - . 4HCREE, 4HP . AHSWEL, AHLENG, 4HMU | 4H DBMATNBY
INTEGER LHKTDP (2), LHKSWE (2), LHKVIS(2) DEMATN30 - . AHK LdH , 4HAT 4H ., 4HA? . 4H DBMATNGO
INTEGER NMOPT{4,8) ., NMPRO(2, 22) W37 2 - , AHA3 L4H . 4HA4 4, 4HAS |, 4H DBMATNI1

REAL BB(40) ,RG(8)  ,SCALE  ,VALUE  , TEWP DBMATN33 - , AHAG L 4H ., 4HBI L4H ., 4HB2 ,4H DEMATHG2
LOGICAL ALTER  ,CDALPH , CONULL DEMATN3S - , 4HB3 4H ., 4HB4 ,4H ., 4HBS ,4H DBMATNO3
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d . 4HB . 4H . AHVISC, 4HO
- . 4HA8 ,4H . dHA% L 4H .
- . 4HHDAS, 4HHG , 4HHDAS, 4HH10 /
DATA FMTCHK / 108, 108, 108, 108, 0, 108

- .0, 108, D,3982, 3882, 3982, 3982, 3982, 3982

MU37 5
MU3?7 6
DBMATNG5
DBMAT103
Mu3? 7

- .0, 0. 0, 0 0 03982 3982 3982, 3982 / MU3T &

DATA NMFMTS / 4HF§ ,4HF2 | 4HF3 | 4HF4 | 4HF35

- , 4HF8 [ 4HFQ [ 4HF10 ,4HFIT  /
DATA NDM2CR / 3, 3, 5, 4, 5/

DATA  NDMSHL 6,11, 810, 6/

DATA  IDSTBL 1

DATA  MATTBL
DATA OPTTBL
DATA  ADRTBL
DATA DATTBL 5
IF( CBDICT(2, 7).LE. 1 ) GO TO 8000
A3T777 = SHIFTR (COMPLF {0}, 1)
A40000 = COMPLF (A37777)

NUMTAB = &

2
3
4

e . T
T

XTBL(IDSTBL) = 20
ITBLCIDSTBLY = 20
XTBL(MATTBL} = 20+NINDWD
ITEL (MATTBL) = ©
XTBL (OPTTBL) = 100
I1TBL (OPTYBL) = 100
XTBL (ADRTBL) 20

ITBL (ADRTBL) = 20

XTBL{DATTBL) = 200

|1 TBL (PATTBL) = 400

LW = |BUF2-WKTOP

CALL TBINIT( Z{HWKTOP), LW )

CALL LFNMBR( LHMATN, MATN )

IF( MATN.GE. 0 ) GO TO 9000

HATN = iABS (MATN)

CALL GPENS3( MATH, Z(IBUFZ), 4HWT )

CALL CDREDX( 7 )
40 CALL CDREAD( [EOR )

IF( IEOR.NE.O ) GO TO 7000
50 CALL CDTOI{ 1.5, MATID. Q. JSTAT)

IF{ MATID.GT.0 ) GO TO 80

IF{ JSTAT.GE. 0 )} CALL IFPMS1{ 2082, MATID,0 )
70 CALL CDREAD( {EOR }

IF( IEOR.NE. 0 ) GO TO 7000
IF( . NOT, CONULL{I,10) } GO TO 50

GO TO 70

80 IF{ NMAT.LE.0 ) 60 70 80

OBMAT104
DBMAT105
MU3IX 28
DBMATI11
DBMATI21
DBMATI22
DBMAT123
DBMAT124
DBMAT125
DBMAT129
MugBA 3
HU4BA 4
DBMAT131
DBMAT{32
DEMAT133
DBMATI134
DBMATI3S
DBMAT138
DBMAT137
DBMAT138
DBMAT139
DBMAT140
DBMAT141
DBMAT142
DBHATI43
DBMAT146
DBMAT147
DBEMAT148
DBMAT149
DBMAT150
MU4BA 6
DBMAT156
DBMAT159
DBMATIG0
DEMAT 162
DBMAT164
DBMAT165
DBMAT166
DBMAT167
DBMAT170

J = WKTOP
DO 88 =i, NMAT
IF( MATID .NE. ANDF{Z(J),A37777) ) GO T0 85
CALL IFPMSE{ 2081, MATID, O }
GO TO 70
85 J = JH
88 CONTINUE
90 NOPT =0
NPROP =0
KPHARD = 0
KMLIB =0
B0 95 |=1, LINDEX
INDEX (1) = 0
95 CONTINUE
CRDSG1 = CRDSEQ
CALL CDTOH{ 1%, 10, LBNAME(I) )
IF ( LBNAME (1). EQ. LHUSER } GO TO 440
IF ( LBNAME (1). EQ. BLANKS } €0 Y0 120
CALL CDYDI( 6, 5. KMLIB, O, DMY )
KML1B = MAXO(1, KML1B)
120 JCOL = 21
B0 155 11=1,9
CALL CDTOI{ JCOL, 5, KK, 0, JSTAT )
IF( JSTAT.NE.1 ) GO TO 50
NOPT = NOPT+1

GCODE = K190PT(I 1)
iB(1) = LSHIFT( CODE, 16 ) + 1
1B(2) = KK

CALL TBADW( OPTTBL, IB(1),2)
IFC 11.NE.3 ) 6O TO 133

KPHARD = KK
MLHARD = MAXO ( MLHARD, KPHARD )
133 IFC 11.NE.5 ) GO TO 150

MLHRDC = MAXO{ MLHRDG, KK )
150 JOOL = JCOL+5
155 CONTINUE
200 CALL GDREAD( IEOR }
IF{ IEOR. NE.O } GO TO 3000
IF{ CONULL(1,10) ) GO TO 210
FEOR = -3
G0 TO 3000
210 CALL CDTOH( 11,10, KIND(1) )
DO 215 11=1, LNMOPT
IF( KIND(1). EQ.NMOPY (1, 11) . AND
- KIND(2).EQ.NMOPT(2.11) } G0 TO 300
215 CONTINUE

DBMATIT
DBMAT172
MudgA 7
DBMATI75
DBMATIT6
DBMATHZT
DBMAT178
MU48A 10
MU4BA 11
MU4BA 12
MU48A 13
MU48A 14
HU48A 15
MU4BA 16
MU4BA 18
MU4BA 18
Mudga 20
Mu4BA 22
MU48A 23
MU48A 24
Mu4BA 25
DBMAT198
DBMAT199
DBMAT200
DBMAT201
DBMAT202
DBMAT203
DBMAT204
DBMAT205
DBMAT207
DBMAT208
DBMAT209
DBMAT211
DBMAT212
DBMAT213
DEMATZ14
DBMAT220
DBMAT221
HU48A 26
MU48A 27
Hu48A 28
DBMAT224
DBMAT225
DBMAT226
DBMAT227
DBMAT228
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00 220 11=1.LNMPRO
IF( KIND{1). EQ. NMPRO(1, 11) . AND

- KIND(2). EQ.NMPRG(2, 11) ) GO TQ 500

220 CONTINUE
CALL IFPMS1¢ 2104, 0. KIND(T) )
230 CALL CDREAD( 1EOR )
IF{ IECR.NE. 0 )} GO TO 3000
IF( CONULL (1, 10) ) GO TO 233
|EOR = -3
G0 TO 3000
233 |F( CRALPH(11,10) ) 60 TO 210
G0 10 230
300 CODE = NMOPT(3, 11}
LDAT = NMOPT(4, 11}
GO TO (310, 320, 330, 340, 360.360), {1
310 CALL CDTOR( 21, BB{2), 0.0, DMY )
CALL CDTOI{ 31,8, 1B{3), 10. DMY)
CALL CDTOR{ 41, BB(4), 1.0, DMY )
G0 TO 480
320 CALL CDTOR( 21, BB(2), 0.0, DMY )
CALL CDTOR( 41, BB(3), 1.0. DMY )
GO TO 480
330 CALL CDTOR( 21, BB(2), 0.3, DMY )
G0 70 480
340 CALL COTOR( 21, BB(2), 0.0, DMY )
GO TO 480
360 CALL CDTOR( 21, BB{2), 0.5, DMY)
CALL CDTOR( 31, BEB(3), 1.0, OMY )
CALL CDTOR( 41, BB(4), 0.0, DMY)
G0 TO 480

440 CODE =15
LDAT =3
KMLIB = -1
KXMATI = 1

CALL CDTOI( 21,5, IB{®), O, DMY )
CALL CDTOI( 26,5, 18(3), 0. DMY)
CALL CDTOI( 31,5, IB(4), 0. DMY)
18(2) = MAX0{0, IB(2))
1B{3)} = Max0(0, 1B(3})

1B(4) = MAXO(0, 1B(4))
JF( IB(2).GT. 9 )} THEN
WRITE (6, 450) 2871, IB(2)

450  FORMAT(1HO, **+x USER WARNING MESSAGE', 15/
10X, ' USER VECTOR STATUS VARIABLE COUNT', 15

' EXCEED 9.')

ENDIF

DEMAT229
DBMAT230
DBMAT231
DBMAT232
DBMAT234
DBMAT235
DBMAT236
Hu4BA 30
#MU4BA 31
HU4BA 32
#U4BA 33
DBMAT239
DBMAT243
DBWAT244
DBMAT245

DBMAT248

DBMAT249
DBMAT250
DBMAT251
DBMAT254
DBMAT255
DBMAT256
DBMAT259
DBMAT260
DBMAT263
DBMAT264
DBMAT268
DBMAT269
DBMAT270
Mu4gA 34
MU48A 37
My48A 38
Mu48A 39
WU4BA 40
MUMBA 41
MU4BA 42
MU4BA 43
MU4BA 44
HU4BA 45
HUM4BA 46
Ka1s
KG15
KGi5
KG15
KG15
Ka15

[= 22 I L L

480

500

51

L

516

525

530

55

L=

555

560

570

\F( IB(2).GT.19.0R. IB(3).61.9 .0R
CALL IFPMSI{ 2870,0,0 )
NOPT = NOPT+1
IB{1) = LSHIFT{ CODE, §6 ) + LDAT
CALL TBADW( OPTTBL, IB(1), I1+LDAT )
IF ( COPE.EQ. 15 ) GO TO 3000
GO TO 200
KPROP = 11
JDATO = XTBL(DATTBL)
IF ( KPROP.EQ. 10 } GO TO 800
IF( KPROP.EOQ. 11 )} GO TO S00
IF ( KPROP.EQ. 26 ) GO TO 1100
ALTER = . FALSE.
SCALE = 1.0 ]
IF ( KPHARD.LE.1 } GO TQ 550
IF( KPROP. NE. 31 } @0 TO 513
IF{ KPHARD. NE. 3 ) GO TO 530
KPROP = 8
G0 T0 525
IF{ XPROP.NE. 7 ) GO TO 516
IF{ KPHARD. EQ. 3 )} G0 TO 550
KPROP = 8
GO TO 525
IF{ KPROP. NE. 32 ) GO TO 550
KPROP = 9
ALTER = . TRUE
SCALE = 2.0/3.0
G0 TO 550
CALL FFPMSI( 2519, KPHARD, KIND{1) )
G0 TO 230
18{1) = NMPRO(1, KPROP)
18(2) = NMPRO (2, KPROP)
IF{ . NOT. CDALPH(21,5) ) GO TO 610
CALL CDTOH( 21,5, NMFMT{1} )
DO 555 KYFMT=2,7

18(4).67.9)

LF { NMFMT (1) EQ. NMFMTS (KYFWT) ) GO TO 560

CONT INUE
CALL IFPMST( 2104, 0, NMFMT(1) )
G0 TO 230

IF ( ANDF (FMTCHK (KPROP) , KBIT (KYFMT)).EQ.0 ) GO T0 570

CALL IFPMST ( 2522, NMFBT (1), KINDCT) )
CALL CDTOI( 26,5, M. 0, JSTAT)
IF{ KYFMT. GE.5 )} @0 TO 572

IF( M.GE.1 } GO TO §75

IF{ JSTAT.GE.0 ) CALL IFPMSI( 2523,M,0)

G0 70 230

KG1s 7
KGIs5 8
DBMAT273
DBMAT274
DBMAT275
MU4BA 50
DBMATZ276
DBMAT280
DBMATZ82
DEMAT284
DBMAT285
DBMAT286
DBMAT292
DBMAT293
DBMAT294
MU37 %
DBMAT296

DBMAT297

DBMAT298
DBMAT299
DBMAT300
DBMATI0N
DBMAT302
¥U37 10
0OBMATI04
DBMAT305
DBMAT306
DBMAT307
DBMAT309
OBMAT310
DBMAT314
DBMAT3IS
OBMAT316
DBMAT3I8
DEMAT31S
DBMAT320
DBMAT321]
UBMAT3Z23
DBMAT324
DBMAT327
DBMAT329
DHMAT332
DBMAT334
DBMAT325
DBMAT337
DEMAT338
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572 IF( M. GE. 2 } GO TO 575

IF{ JSTAT.GE. O ) CALL IFPMS1{ 2524, M,0 )
GO TO 230

575 IB(3) = KYFMT

G0 TO ( 610, 620, 630, 640, 650, 660, 670), KYFMT

610 IF ( ANDF (FMTCHK (KPROP), KBIT(1)).NE.O )

- CALL 1FPMS1( 2522, NMFMYS(1), KIND(1) }
CALL CDTOR( 21, VALUE, 0.0. DMY )

1B{3) =1
iB(4) =0
18(5) = 0

BB(6) = VALUE*SCALE
CALL TBADW( DATTEL, IB(1},6)
GO TO 1800

620 KTOPT = 1

630

63

61

(7]

IB(4) =M
CALL TBADW( DATTBL, IB(1).4 )
M1A = B+
CALL TBADW{ DATTBL, 0, ~M1A )
G0 1O 633
IB(4) = 0
1B(5) = M
CALL TBADW( DATTBL, [B(1),5)
HIA = M+1
CALL MATCDV{ DATTBL, 2, MIA, .TRUE., IEOR )}
IF( IEOR.NE.O ) 6O TO 1930
{F{ . NOT. ALTER ) GO TO 1800
K = XTBL{DATTBL) -MIA
DO 638 I=1, Mi1A

RC{K} = RC(K)*SCALE

K = K#1

8 CONTINUE

G0 T0 1800

640 KTDPT = 1

IB(4) = M
CALL TBADW( DATTBL, 1B(1),4)
WA = M1
CALL MATCDV{ DAFTBL, 1, MIA, .FALSE.. IEOR)
IF( |EOR.NE.O ) GO TO 1830
JIN = XTBL (DATTBL)-M1A
NKD = 0 :
DO 645 1=1,M1A
NIA = DC(JIN}+1
CALL MATCDV( DATYBL, 2, N1A, . TRUE., IEOR)
IF( IEOR.NE.O ) GO TO 1930
JN = JNHL

DBMAT339
DEMAT341
DEMAT342
DBMAT343
DEMAT344
DBMAT348
DBMAT349
DBMATIS0
DEMAT351
DBMAT352
DEMAT253
DBMAT354
DBMAT355
DBMAT356
DBMAT360
DBMAT36t
DBMAT362
DBMAT364
DBMAT365
DBMAT366
DBMAT370
DBMAT371
DEMAT372
DBMAT373
DBMAT375
DEMAT376
DBMAT378
DEMAT379
DBMAT 380
DBMAT381
DEMAT382
DBMAT283
DBMAT384
DBMAT388
DBMAT389
OEMAT390
DBMAT392
DBMAT393
DBMAT394
DEMAT396
DBMAT397
DEMAT398
DBMAT399
DEMAT400
DBKAT401
DBMAT402

NWD = KND+N1A
645 CONTINUE
IF¢{ .NOT.ALTER ) GO TO 1800
K = XTBL{DATTBL)-NHD
DO 648 1=1, NWD
RG(K) = RC(K)*SCALE
K = K+l
648 CONTINUE
60 10 1800
650 KTOPT = 1
660 IB{4) = M
CALL TBADW( DATTBL, IB(1),4 )
M2 = M
CALL MATCDV( DATTBL, 5, M2, .TRUE., IEOR )}
IF( IEOR.NE.O ) GO TO 1930
IF( .NOT.ALTER ) GO TO 1800
K = XTBL (DATTBL) -M2
DO 668 1=1.M
RG(K+1) = RC{K+i)*SCALE
K = K+2
668 CONTINUE
G0 TO 1800
670 KTDPT = 1
18(4) = M
CALL THADW{ DATTBL, IB(1},4 )
CALL MATCOV( DATTBL, 1, M, .FALSE., IEOR )
IF{ |EOR.HE.O ) &0 TQ 1930
JH = XTBLDAYTBL)-M

DO 678 J=1.M
N = DC(UN}
N2A = 24h+1

CALL MATCOV{ DATTBL, 7, N2A, .TRUE., IEOR )

IF( IEOR.NE.O ) GO TO 1930
JN = N+
IF( . NOT.ALTER } GO TO 678
K = XYBL(DATTBL)-N2A+1
DO 676 1=1,H
RC(X+1} = RC(K+1)#SCALE
K = K+2
676  CONTINUE
678 CONTINUE
60 TO 1800
800 CALL CDTOH( 21,5, NMFMT(1) )
CALL CDTOI( 26,5, KUSER, O, DMY )
CALL CDTOR( 51, TEMP, 0., DMY )

{F  NMFMT (1) . EQ. BLANKS . OR. NMFMT(1). EQ. NMFMTS(8) ) GO TO 805

DBMAT403
DBMATA04
DBMATAOGE
DBMAT407
DEMAT408
DENAT409
DBMAT410
DBEMATA14
DEMATA12
DBMAT416
DENAT417
DBHAT418
DBMATA20
DBMATAZ1
DBMAT422
DBMAT424
DBMAT425
DBMATA26
DBMAT427
DBMAT428
DBMATA29
DBHAT430
DBNAT434
DBMAT435
DEMAT436
DBMATA38
DBMAT439
DBMATA41
DBMAT442
DBMATA443
DBMATA44
DBMAT445
DBMAT445
DBMAT447
DEMAT449
DBMAT450
DBMAT451
DBMATAS2
DBMATA53
DEMAT454
DBMATA455
DBMATA456
DBMAT460
DBEMATAG
DBMAT462
DBMATA463
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CALL 1FPMSI{ 2522, NMFMT{1), KINDCI) )
805 1B(1) = KIND(1)
18(2) = KIND(2)
1B(3) 8
1B (4) 1
BB(5) = TEMP
1B{6) 0
1¥{ KUSER.EQ. 0 ) GO TO 810
1IB(4) =3
CALL TBADW{ DATYBL. I1B(1),6 )
G0 TO 1800
810 CALL CDTO{{ 31,56, IEQ1, O,DMY )
CALL CDTOI( 36,5, 1EQ2, 0,DMY )
1F{ IEQ1, GE.O . AND. IEQI.LE. 2 ) GO TO 813
CALL tFPMS1{ 2166, |EQ1,0 )
G0 T0 1930
813 IF( IEQ2.GE.0 . AND, IEQ2.LE.5) GO TO 816
CALL IFPMSI( 2166, IEQ2,0 )
G0 TO 1930
BI6 1B(B) =1
IF{ IEQ2.NE.O } 1B(6) = 2
CALL TBADW( DATTBL, IB(1},6 }
Nl =0
\F( IEQ1.EQ.0 )} GO TO 830
CALL CDREAD( IEOR )
1F( IECR.NE.O } 60 TO 1900
IF{ IEQ1.NE.2 ) €0 TO 828
CALL COTOR{ 11, VALUE, 0.0, DMY )
N1 = INT( VALUE+0.5 )
IF( N1.GE.1 .AND. N1.LE.4 ) GO TO 824
CALL [FPMSE{ 2167, YALUE, 0 )
G0 TO 1930
824 N1 = 531 + 1
G0 TO 830
826 N1 = 4
830 IB{1} = IEQI
iB(2) = N1
CALL TBAOW( DATVEL, 1B(1),2)
IF( NI.LE.O ) BO TO 840
CALL MATCDV({ DATTBL, 2, N1, .FALSE., IEOR )
IF{ IEOR.NE.O ) GO 7O 1930
840 IF( 1EQ2.€0.0 ) GO TO 1800
N2 = NDMZCR{1EQ2}
18(1) = IEQ2
1B(2) = N2
CALL TBADW{ DATTBL, IB{1),2 )

[EN E I T |
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DBMAT465
DEMAT4668
DBMAT4G7
DBMATA468
DBMAT469
DBMATA70
DBMAT4T
DBMAT473
DEMAT474
DBMATA75
DBMAT476
DBMAT479
DBKAT480
DBMAT481
DBMAT4B3
DBMAT464
DEMATA85
DBMAT487
DBMAT488
BBMAT489
DBMAT490
DBMAT481

DBMAT434

DBMAT485
DBMAT486
DBMAT497
DBMAT498
DBMATA99
DBMATSO0
DBMATS01
DBMATS03
DEMATS04
DBMATS05
DBMATS506
DEMATS07
DEMAT510
DBMATSH
DBMATS12
DBMATS14
DBMATS15
DBMATS16
DBMATS19
DBMATS20
DBMATS21
DBMATS22
DBWATS523

900

905

910

916

1100

1105

10

1800

CALL MATCDV( DATTBL, 2, N2, .TRUE., IEOR)
IF( {EOR,NE.O ) GO TO 1830

G0 TO 1800

CALL CDTOH( 21,5, NMFMT(1) }

CALL CBTOI( 26, 5, KUSER, 0, DMY )}

CALL CDTOR( 51, TEMP, 0., DMY )

IF { NMFMT{1). £Q. BLANKS .OR. NMFMT (1).EQ. NMFMTS{9} ) GO TO 905

CALL IFPMS1( 2522, NMFMT (1), KIND(1) )

1B(1) = KIND(1)
IB{2) = KIND(2)
1B} = 9
IB(4) =
BB(S) = TEMP

GALL PVTPUT{ LHKSHWE,1,1)
{F{ KUSER. EQ. 0 ) GO TO 910
18(4) =2
CALL TBADW{ DATTBL, iB(1),5 )}
G0 TO 1800
CALL COTQI( 31,5, IEQI, O,DHY )
IF( IEQ1.GE.Q .AND. [EQI.LE.5 )} €O TO 916
CALL IFPMS1{ 2169, 1EQ1,0 )

GO TC 1930
N1 = NOMSHL (1EQI)
IB(B) = IEQI
IB( = HI

CALL TBADW{ DATTSL, (B(1),7 }

CALL MATCDV( DATTBL, 2. N1, .TRUE., IEOR )
{F{ IEOR.NE.O ) GO TO 1920

G0 TO 1800

CALL CDTQH( 21,5, NWFMT(1) )

CALL CDTOI( 26,5, KUSER, 0, DMY )

CALL CDTOR( 51, TEMP, C., DMY )

IF ( NMFMT (1), EQ. BLANKS . OR. NNFMT{1).EQ. NMFMTS(11) ) GO TO t105

CALL IFPMS1{ 2522, NMFMT (1), KIND(1) )
tF( KUSER.NE.O ) @0 TO 1110

CALL LFPMS1( 2165,0,0 )
18(1) = KIND(1)
1B{2) = KIND(2)

IB(3) = 11
B4 = 3
BB(5) = TEMP

CALL TBADW( DATTBL, IB(1},5 )

GALL PYTPUT( LHKVIS, 1,1 )

GO TO 1800

IF ( INDEX (KPROP) .EQ.0 } GO T0 1810
CALL IFPMST( 2526, MAYID, KIND(1) )

DBMATS525
DBMAT526
DBMATS27
DBMATSIN
DBMATS32
DBMATS33
DBMATS34
DBMAT536
DBMATS3Y
DBMATS38
DBMAT539
DBMATS40
DBMATS41
DBHATH43
DBMATS45
DBMATS46
DBMATS47
DBMATS48
DBMATSS1
DBMATS52
DBMATSS4
DBMATS55
DBMATSS6
DBMAT557
DBMATSS8
DBMAT559
DBMATS61
DBMATS62
DBMATS63
DBMATSET
DBMATS68
DEMATSEY
DBMATS70
DBMATS72
DBMATST73
DBWAT575
DBMATS T
DBMATS78
DBMAT579
DBMATS80
DBMATS81
DBMATS82
DBMATS84
(BMATS85
DBMATS90
DBMATS592
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1810

1900
1930

3000

3025
3030

G0 TO 1930
NPROP = NPROP+1
INDEX (KPROP) = NPROP
JADD = JDATO-BTBL (DATTBL)
CALL TBADW( ADRTBL, JADD, 1 )
GO TO 200
CALL IFPMST( 2518,0,0 )
XTBL {DATTBL) = JDATOQ
IF( IEOR.EQ.0 ) GO TO 200
IF( (EOR.EQ.~1 ) GO T0 230
IF( {EOR.EQ.-2 ) GO T0 210
LOPT = XTBL (OPTTBL) - BTBL (OPTTBL)
LPROP = XTBL{DATTBL) — BTSL(DATTBL)
LMATN = 8 + {1+LOPT) + (3+NINDWD) + NPROP + LPROP
JOPT =10
JMATN = BTBL (MATTBL)
DC(JMATN ) = LMATN
DC(UMATN+1) = MATID
DC(JMATN+2) = LBMAME(1)
DC(JMATN+3) = LBNAME (2}
DC(JMATN+HY) = ¥MLIB

DC(JHATNHS) = JOPT
DC{JMATN+E} = 0
DC(JNATNY) = 0
DC{JMATN+B) = 0
DC(JMATN+9) = NOPT

JH = JMATN+10
IF{ LOPT.LE.O0 ) GO TO 3030
K = BTBL(OPTTBL)
DO 3025 I=1,LOPT
DC{UM) = DC(K)

JM = i
K =K+
CONT INUE

IF{ NPROP.LE.O } GO TO 3100
JPROP = JOPT + (1+L0PT)
JIND = JPROP+2

JADD = JPROP+{(3+NINDWD)
DG(JHMATN+E) = JPROP

DG ) = JIND

DG(JM+1) = JADD
DC(JH+2) = NIND
JK = JM+3

K =1

DO 3035 1=1, NINDWD
MSK = 0

DBMAT583
DBMATS94
DEMATSO5
OBMATS96
DBMATS97
DBMATS98
DBMATE02
DEMATG03
WU4BA 51
MU4BA 52
DBMATG06
DBMATE16
DBMATEI17
DBMATE18
DBMATEI1S
DBEATH20
DBMATG21
DBMATG22
DEMATE23
DBMATE24
DEMAT625
DBMAT626
DEMATG27
DBMATE28
DBWATE29
DBMATE31
DBMATG32
DBMATG33
DBMAT634
DEMATE36
DBMAT637
DBMATE38
DBMATG39
DBMATE40
DBMATGE43
DBK¥ATH45
DBMATG46
DBMAT647
DBMAT648
DBMATG49
DBMATE5Q
DBMATES51
DBWATE52
DBMATG53
DEMATES54
DEMATESS

SFT = 0
DO 3033 J=1,5
MSK = ORF { MSK, LSHIFT(INDEX{K),SFT} )
K = K+
SFT = SFT+6
3033 CONTINUE
DC(JM) = MSK
J = UM+
3035 CONTINUE
K = BYBL (ADRTBL)
DO 3045 =1, NPROP
DG(JM) = DC(K) + (JADD+NPROP)
o= I
K = K+
3045 CONTINUE
K = BTBL(DATTBL)
b0 3055 I=1, LPROP
DC{JW) = DC(K)
JH = Ul
K =K+l
3055 CONTINUE
3100 CSEQSY = CRDSEQ
CRDSEQ = CRDS
IF( XMLIB.LE.0O ) GO TO 3200
CALL MATLIB( DC(JMATN), {ER, KTDPT )
IF( 1ER.EQ.0 ) GO TO 3130
CALL IFPMSI{ 2143,0, LENANE(1) )
G0 TO 3200
3130 L = DG(JMATN) +1
IF( L. GT. (TBBOTM-JMATN) ) GO TO 9030
3200 NMAT = NMAT+1
LMATN = DC{JMATN)+1
MLMATN = MAXO( HLMATN, LMATN )
CALL WRITSQ( MATN, DC{JMATN), LMATN, 1 )
CALL PVTPUT( LHKTDP, KTDPT,1 }
IF( KMLIB.LT.Q } 60 TO 3270
CRDSEQ = MATID
CALL CKMATN{ DC{JMATN) )
3270 CRDSEQ = CSEQSV
XTBL (OPTTBL) = BTBL(OPTTBL)
XYBL (ADRTBL} = BTBL (ADRTEL)
XTBL(DATTBL) = BTBL (DATTBL)
IF( KMLIB,LT.0 ) MATID = ORF ( A40000, MATID )
CALL TBADW{ {DSTBL, MATID, 1)
IF( 1EOR.LT.C ) THEN
IEOR = O

OBMATE56
DEMATES7
DBMATE58
DBMATES9
DBMATGE0
DBMATEG!
DBMATEE2
DBMATG63
DBMATG64
DBMAT666
DBWATGES
DBWATB69
DBWATE70
DBWATET
DBMATG72
DBMATG 74
DBMATE76
DBMATG677
DBMATS78
DBMATE79
DBMATGB0
DBMATGBG
DBMATGB7
MU4BA 53
Mu7IU 1
DBMATES]
DBMATE93
DEXATE94
DBMATE95
DBMATE96
DEMATZ00
DBMATTOt
DBMATT02
BBMATTO3
MUq0X ¢
MU48A 54
DBMATT06
DBMATTO7
MU4BA 55
DBMATT12
DBMATZ213
DBMATT 14
MU48A 56
DBMAT6
Muges 22
Mu8es 23
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GO TO 50
ENDIF
IF( 1EOR.EQ.0 ) GO TO 40
7000 IF( NMAT.GT.0 )} GO TO 7020
CALL CLOSSQ( MATN, 4HUNLD )

GO TO 8000
7020 18{1) = NMAT
18{2) = MLMATN
IB(3) = WLHARD
18(4} = MLHRDG
IB(5} =0
IB(6} = KXMAT1

CALL WRTHDR( MATN, 1B(1) )
CALL CLOSSO( MATN, 4HR }
ZPNTRS{1,2) = WKTOP
ZPNTRS(2,2) = NMAT
WKTOP = WKTOP+NMAT
MXMDAT = MLMATN
8000 RETURN
9000 CALL MESAGE(-201, LHMATH, 0)
8030 CALL MESAGE (-4, LHMATN, NZ)
RETURN
END

Muges 24
MUBGS 25
Mi48A 58
DBMATT23
BBMAT724
DBMAT725
DBMATTZT
DEMAT728
DBMAT729
DBMAT 730
DBMAT731
MU48A 59
DEMAT733
DBMAT734
DBMAT735
BBMAT736
DEMAT737
DBMAT739
DBMAT743
DBMAT 748
DBMAT 752
DBMAT753
DBMAT 754
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1. HROFE

FINASTIL, BT EFVOHSEHEORELEBEERT 51575 L LT,

FASTENG7T — ¥ "HE 3N, 21—V —R3FSIHEEGOEM+EHT L 2 L5
BELLoTWh, —H, BNMETVOBHEEIREVEEICH L TIE, EBRICKEC
REHHERZMATHILICED, FHE IR M 2ERT 2 X 5 GBS R
PHlAATNT VA,

MR L HIZ, BIFETVORK, BREGSICI VEIERENEBRSNLE
EXHDID, MBRICL o TUEBEDFERGFTHLY M N—FEV 2 - VDOEE
PiThh, B - HERAEREOTEN % X B FBSQNV — F > (Foward-Backward
Substitution, Quick Method)A B3 & 1172,

AIHE T, AiE - BERAFEEOARD Y v 71200 T, EROFEL FORE
HBIUREENTH LVHEFBRNONRTWAS, X560, HAEEERMEE LU
HHMATEOIHRTIEA S, SrEYRoRESKRET s,

2. I - BEAARE

BiE - BBAAANERE L1, EL—RFEKX  [AIX]=[B] DHREATHIA

[Al= [LI[DIL]" (1

EVIHIBIZIATHMENTVE L E, RO 2200 FBEXNEIERFE T, TOFERD
BIX]2RKDELDTH A,

[LI[Y)=[B] (2)
[L]"[X] = [DI"[Y] 3)

S CIC, LIET 3A1THL DI AT TH %,
YL XIDFEGAXTHLN D,

1-1

yijzbij_z likykj' “4)
k=1
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=Yy - 2 Yg Xy (5)
k=i+1

3. EXRDAE

FERDFETIX, AE)—F, HLIZRENELHIZ, TEEHZTELDXIDT
Yoy 2 ENLFIOBIZE NS, T TIZiX, MEEE LTBIDE
FIRT 8y 280D, BT,

— K=1,2,3,...N-1 DI ;

|  [LI®%kFI% GETSTRICE YD, 1 EFTOMY BT, Y H LAY oED
| B iEThE, iRk=i=NO#HFEIH S,
| i=kThhL, FIHAETHLI26, D, & LT—BIHICRIELTE
| LF.

| —k+ 1= i SNOFEHEIIHBL 122V T
| | r—j=1,2,3,..p PIEIZ ;

|1 Xy=Xy -Ly* Xy

| | [

| S

| —j=1,2,3,...p DIEIZ;

|

|

|

| ij = ij /Dy
L

EWVHFIETEHERAZIT) . 7HL, pidAT) —IZEHFIT SR TWABXID
T TH b,
BEMRAZERZCEATIL, XIOERTZETEEELTWAS,
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—7. BBAAOFTIX

— i=N-1,N-2,...,1 DJFEIZ ;

|  [LID%E i5l% GETSTB 2LV, 1ERTOHMEIZ FINHS 1iZmdoT)
| WD ET. SHIIL OF i T2 EMEICE) B3 kotol M4 T 5,

| D HLAEYoEOTHNEYkETSE

| — N2k=2i+10#HBEIZHELIIONT;

| | —j=1,2,3,..p DIEIZ ;

l | I Xij=Xij“le*ij

I | |

| .

|

L) FIEIZE S, , _
[BIDFIEA% T, 1 HDOMRBTEE L 2WVIEEIZIE, LREOFHEEZHET,
BOELORBE (SRAOE) 1 cellNCX/p) & i b,
T,
NCX : [X1DF#
P D AEY —IZE D RS XIDOFE = inLW/NRB)
Lw fEER ) —HX (B X)0EWRY 1)
NRX @ [X1DF7T#
Thb,

4. EROAEORBREHFLVWAEDRS L

HERDFTHETIE, XIOFEE ((T1HONRXIT) 2 28 — Il fHir 370,
1EIDRATMETE BF|DOKRIE, LW/NRB &7 5,

L7zhSo T, X =% A4 XH —FTHNE, XIOTH, WEIBFIFL
Ty LIS T B NRNADEFEZ 5,

b EDELNEHBICHE R M) v 7 ATHH, TRITHT EH/32H7100& 520002 %
EAE, VOBWE L UVOIZEL A CPURRIE, EREHE®ATLE Y,
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FLWHETIR, LIS T 28202 Kb T 010, 9770y MED
T2y BB AINTNS m@?ﬁT??{fﬁﬁAﬁ%Mmmtf%o
WE, mqu/b#kﬁkﬂ v BEOFEICLERX]IDITIE, KUT
MaxACIT721 T, 50 DT ITLED Jﬁ_ﬁﬁﬁﬁfééo

L7cdo> T, #i LWHETIEXIOMaxACHT 2751 F % 2 €) — 128 b ffHi7, B0 1
kOBEIEEBIZT T AN LFEARL, FLtEORDLS-LDIZFOHET 7 4
MIZEERT LV HEHIPE LR TWE, TOHFEICLIAIE, 1RO THUET
& B[X]DFIEIE LW/MaxAC & %2 5,

—fxiZ MaxAC I3 NRX D 1 EIBETH 5 DT, FHLWHETIHX]IZHT 510058
MENBD, EHRDOINADEIITERD FEDIN0REIZL B,

5. #FLWHEOHR

FrLWHETIE, £7 1 HO/ X TUET X 5[B]|DF)EH MAXCOL (=LW/MaxAC)
BROOLNS, 1ED/NRII3I2DT 2 — X THEEEN, THAD 7 2 — X Tit, [B]
DOMAXCOLFIPBE SN, A7 F v F 774 MIZEDPNLE, ZHiE, [BIOMAXCOL
FlgDiEHz ., TRALIEARTLESE»LTH S,

B20DT7x—XTiE, EBEOFE - ZEBAAFEENTOR, BEEITHESOMIE
I, MEENLRET, A5 9F 774V EICBLRS,

BHENDT 2 —ATlE, A7 I 9F T 7 AN LOEEFBESEEXNT, B2 ML
A7 74 VIZEINS,

5.1 HRIERDERE

[BJ>MAXCOL%Y%%. GETSTRIZ ;hmALih ENTNOFLOREIE, 27—F
DFAZ T =% LT MERRERIEN E NG, 7R 2] 75— IZIZEEFTFIC
BIIAITTESLFFEEILENTVE, Thb0IEFIIEIZ, SORT2KIZE»TY —
FEND, TLTImESNIERIZ, BLDPKIZE D A7 T v F7 7 4 ViZEDPN B,

MAXCOLFI DX DA ERFEIRICINE b e VB, EEFEBICAS T
EYOEMMEREISh, V- PERT, E2DRAIF9vF T 7 A NII—DODOKEE LT
FErNb, O, IKEORMOLI—F7 FLAZEHLTE L,

—128-—



JNC TJ9270 98-003

[BIOMAXCOLFIZDIEX O HETEHARIICEE, E2DRIFvF 774 M
EmBEOXEF KRS, ZbDXEIL, FFCPD ¥ AL 7 b7 7t Ak (FFCPDA)
PHAWT, 720 bmED T 7 A VET—VT5h0LS CELRT N, [BIOER
THIPFERE NS,

52 Hif - BERARE

ZODT7x—XTHERTAHETICIE, ROL DA H A,

PIVOT CHEDOER Y MT. BI'HAVILXI'DEKITEFINET 5,
(NCOLB*IPREC' — F)

VECI CLINERFIDOIF LTI (MaxAC*IPREC'7 — F)

IACT CLIDTTERFRIZOWT, BAICRALEYuEORER
(NCOLL'7 — F)

1AP1 CHRED (JTTKICBITB) TI/F4 7RI v arRy b
(MaxAC'7 — F)

IAP2 L =D DT IFATRI Y a Ry M

AREMRATIZITk-10, BEEAATCEFTk+1OT7T 7547
R arRy ekl b, (MaxACT — F)

W CHERABICBHEOE Ry MIHSDESSERET S
720, HBRABIEBAY PUVERET L0000, 5
SEEI, ((MaxAC-1)*NCOLB*IPREC"7 — F)

NCOLB - SEONZTRIET 5 [BI'OYE (BFIIMAXCOL)

MaxAC - LI EF DI O HORAMEE

IPREC EHERBEQF 72132)

NCOLL - [LIDFI

FERAICBITIBSHEATF v FI3RDEN TH 5,

() [LI®—F5nI ¥ uE%, BIIVECII F A, REICIhs0IEYOIE
DITEET ZIAPLIZEHT 5,

QE1FETHNIT, IAPIOEEZRZAICLT, RWItBE b0 THL &
2 RRNT b, 2FIEUBETHNIE, IAPILIAP2FIE L, LV (IAP2IZE
SV IAPLCHID THNAL) BERBICT S, FERICILIOITEIZ. ROICHE
NAI X OEDF|EST FIACTIZRLFRT 5o
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3) [BI' D—475 #PIVOTIZ T > 78w 7§ 5,

@ b LEER 25 0% (R@ODHEEE 2H) PWIthiud, £h 6 #PIVOTIZHN
Z %o

G BREDE Ry MIhLBROTNOFEF#5HE L., EEEEWIIERT 5,

6 EXy MIOZERR[LIONAETRHRT,

NERHETZHREVWTERY MI2A2 59 F 774 LIZEE T (by BLDPK) o

(8) AT THITIIE, IAPIZIAP2IZ) 2 — A4 LT, AT v 7R S,

BBAAICBIAEEAT Yy TIIROBEY TH 5,

(D ATy TOONT Y TT 5, .

Q) MERADKROER Y MM7E, BV & LIEHIFEIC (A5 5) PIVOTIC
stdahtr (by GETSTB),

@) [LID—F5DIEETIEE | BFIVECHIZIFH AR (by GETSTB) . [l ::n
5 DIEEOHDITHE T ZIAPLIZLERT 5o - DEFIAPI LIAP2E 2 HEL .
YTV A IR NITYXOEBEAT S,

@ IAPINDITE ST ZIACTE 22X §h¥ 5, BEDLIDFES LIAPIAD &ZIT4
BT 774 _X— bENLFNFEFEN—BTEE, FOTIELITPBEDS
BIZEAEELRLDT, IAPIOEZRAIZT S,

GYWICELTHAERITLVECIE ZHAWTHAEDE Ry MTaEKk X¥ 5,

6) TR LI RITE R I 9 F 774 MIZEEXE,

(7 BEDKERITHVHROFTTEIILEL HIE (FRIIIAPIOE | EXOHETH
WEND) | BRETEWIIRET L, £/, WOBDERITON. BEDOHE
WL BERL o7 bDIERY R :

8) RADATTRITNIL, IAPIZIAP2IZY 2 — L LT, AF v TOIIRES,

53 TRERDEE

A - BREBRAAEETERLAER, RIIKOLNR. LA L. FROOBITITH
MiZ, LebfTHEFOHBIEISGEHINTVES, Lo T, R MV 774042
AT HENS, BOIEEBE LTOANEL (B 1ITHFRITIC. 2170855 ED 1 Off
%5 X9, BNTHER) 2479 LEXH 5,

CITOERER, ARV —ICABZTOT Ny 2 ShERTEF IRKEE L
XEEALIERE L TOANERR 2T, BRIIEIDRI 5 9F7 7 4 MIIERHET 5,
ZOF, EREORMIOLI—F7 FLAREHELTB,
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ETOERTEMB LKA RICIE, E30RA 7539 F 774 MIZIEmBEORKE A
HEE»RE, 2OmBOXB %, FECPO YA L 7 7 7+ Xt4EE (FFCPDA) %M
T, HPIMERD T 7 A N EOLZEGDELIMIIGFEAR L, B ML AR X
5,
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[L] [X]

\ )

X
Y

g\

DS ER-ICRES

_ / E
ﬁj{?;: ™ %////////////ﬁ %E@%iﬁ%ﬁﬁ

47 h3h

— X CF PORFLHEBE | W& E

H.2 #MULWAETOATY —ERAE

.1 #EROFEITOAEY—FERE

[L]
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6. TEBEFT/M
#r L < Bi% L 72:FBSQ(Forwad-Backward Substitution, Quick method) 3 & U"MPYA3T

(Multiply&Add, Method3, Transposed case) DPERE % 5FMi 35 7210, WA EERE
E AR FICIRYD ., CPUBROSHII 24T - 72,

- PR E R R
AR KA KA £ 7 0
2690 Hif &%
DN EX (  224%SQFAC4 )
( 1016*IQFAC4 )
(  1016*QFLA4S )
(  2016*LHEX8 )
7710 KRB BE
- YR AR

64x64 A v ¥ 2 DR OIREYFIE (VP72351L)
D) b4FE EI215x15, FER5HEIIHFNEETET S,
4225 Ei :
4096 E# ( 4096*QFLA4R )
24834 SKABEHIE
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8.1 HEABRET MYy IIHI X

- PEARFEEE R R 2R
| Mpp | Mpx |
Q< rY v 2 A54% (PARTNS) [Mff] = [——+—]
| — | Mxx |
_ | Kpp | Kpx |
@<y A5E (PARTNS) [Kff] > |——+—]
| Kxp | Kxx |
@ =A% (SDCOMP) [Kpp] = [Lpp]l [Lpp]l [Lppl "
- @ HEHERA (FBSQ) [Kpp] ' [Kpx] = [Kpx]
® FMHE (MPYA3T) [Kpx] " [Kpx] + [Mxx] = [Mxx]

[Mff] 771047 7710 %1, (null)

[Kff] :77104F 7710%), % 0.46%
[Kpp] :26894T 2689%]. HE 2%
[Kpx] :268917 5021%], %#WE 2%
[Kxx] :50214F 50215). %E 0.68%
[Kpx] :268947 502151, TR 52.68%
[Mxx] :50214F 5021%)., %I 27.75%
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- FAYHR SRR

D<= rY v 2 A5E (PARTNS)

@ =A% (SDCOMP)

@ AEEERA (FBSQ)

@~ P v 254 (PARTNS)

® FEFE (MPYA2)
® FHE (MPYA2)

@ FEFE (MPYA3T)

[Kxx] 2483447 24834 %1,
[Goal :234844T 1350 %,
[Kaal : 135047 1350 %,
[Mxx] 2483417 24834 %,
[scri] :238344F 1350 %,
[scr2] : 13504F 1350 %I,
[Maa] : 135047 1350 %1,

| Koo Koa |
[Kxx] = |——+—|
| Kao | Kaa |
[Koo] = [Lool [D] [Loo] T

[Koo] " [Koa] = [Goa]
[Kaa] + [Kao] [Goal = [Kaa]

| Moo | Moa |
[(Mxx] = | +— |
| Mao | Maa |
[Moo] [Goal + [Moa] = [serl]

[Mao] [Goal + [Maa] = [ser2]

[Goal " [sert] + [ser2] = [Maa]

WE 0.10%
FEE 71.98%
TR 72.22%
BE  0.02%
BE 69.13%
T 69.44%
T 69.44%
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6.2 CPUREIGHAIRER

TS E R RIRE L R ATIEIT L, FR P oEEBRBICBIT ACPUBRE %
.1, 2127,

R0 GRS E R E TOCPURR

CPURER] (HAL @ )
EEANE EEA EEFE
@ 0.160 0.140
@ 1.220 1.120
® 12570 13.880
@ 952.570 381.230
® 34.020 74.990
& Ft 1000.540 471.360

(3 FH#8FE : RS6000-580)

F.2 A ERIE COCPURH

CPUHFRE (HfI:#)

HENE EEE EHEk
€)) 2.440 2,230
) 280.190 278.160
® 1985.680 4309.180
42,250 38.420
@ 1.490 1.330
® 155.960 151.320
® 32.990 30.530
@ 9301,750 9037.699
& FF 11802.750 13848.869

(f£ 117 : RS6000-580)
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6.3 EE

L < B3% L 7-FBSQ(Forward-Backward Substitution, Quick method){Z. A& E K
MEICBWTIEIHRZREETVED, HHNEEHETIIEHRICLE Z L7,
MPYA3ZTIZOWTIL, NSRBI LTHRFR o7, LAL, K3
WWIRT LI, P 7 ADFy =22k oTid, 4D X 12, MPYAITHSHE
FHITDEELH D, 5%, MPYASTORER R F B2 IETLEYN D 5,

B, BOHAMECEEDTHO< M) v 7 213 [A] . [B] &£diciglzzu~
M) w7 Ao T0BIZDIZ, T )y 2 ADAN—AMEFIB L7-s3tE5HR0i
BIIHFTE LY,

£3 EHICHVER M) vy RNy —

J%% — > No. N [B] [C]

1ATHR 3000 3000 3000

@ FE 3000 3000 3000
(%) 5 5 10

T8 1000 3000 1000

2 FiE 3000 500 500
B (%) 3 10 10

TE 1000 3000 1000

® TR 3000 500 500
(%) 30 10 10

T8 3000 1000 3000

@ FlE 1000 500 500
THEE(%) 30 10 10
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F4 TMY) vy AR — CRERNEFEDLE

HEFE
78T = Noo T v AT MPYA2T MPYA3T
@O 1981.44 874.60 602.60
CPUFF @ $1.09 31.93 4384
(AL )
® 588.59 236.82 121.53
@ 546.11 237.40 123.31
@ 52545 24274 59662
- @ 2405 2056 4026
A D EE
@ 7699 6710 7225
@ 9673 11227 12760
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SUBROUTINE FBSQ( IZ,7,NZ,CNTRL )

------------------------------------------------------------------

Date Dec/23/94
Subroutine FBSQ Author M.Ueno
{Improved forward-backward substitution)

Purpose
Given the decomposition of a real symmetric matrix
[A] = [LI*[DI*[L]IT FBSQ will perform the forward-
backward pass necessary to solve the system of linear
equations [AJ*[X] = [B].

Calling sequence
CALL FBSQ( Z,Z,NZ,CNTRL }
COMMON /FBSX/ MCBL(7),MCBB{7),MCBX{7},SIGNX,ISCR{2)

Where..

MCBL - Matrix control block for the matrix [L].

MCBB - Matrix control block for the matrix [B].

MCBX - Matrix control block for the matrix [X].

SIGNX - If +1, solve [AJ*[X]1=[B]
If -1, solve [AM*{X]1=-[B] - Integer - Input.

ISCR - FFCP file numbers of two scratch files.

Z - An area of working storage,

NZ ~ The number of computer words available at Z.

CNTRL - Input-integer. -1 = execute FBS; 0 = execute FBS
‘or "quick" Togic depending on selection criteria
internal to FBSQ; +1 = execute "quick" logic unless
L or B is complex.

Method

1. General Comments

Two alternative methods of performing the forward/backward
substitution are available in FBSQ. In the first methed,
{described in subroutine FBS), fully unpacked columns of B
are held in the working storage and L is read forward and
backward to complete the solution. The number of passes
{i.e., the number of times L is read} is a function of the
number of unpacked columns of B which can be held in working
storage. In the second method, the number of passes is a
function of the maximum number of nonzero terms in any one
cotumn of L. If CNTRL = Q, the first method is executed
if the number of passes to execute is one or two or L is
complex or B is complex; otherwise, the second method is
executed,

The second method is initialized by computing the maximum
number of columns of B that can be processed in one pass.
Each pass is executed in three distinct phases.

In the first phase, MAXCOL columns of B are transposed and
written on a scratch file (Subroutine FBSQST).

In the second phase, a forward/backward substitution is made
and the resulting transposed solutions are written on a
scratch file (Subroutine FBSQFB). In the final phase,

the solution is retransposed and the solution vectors are
written on the output file {(Subroutine FBSQDT).

2. Initial Transpose
MAXCOL columns of B are read (by GETSTR}. Each nonzero
term js stored in the working space headed by a one-word

O OO0 0000000000000 0000000000000 0O00D00O00O00O0000 000
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OO0 0O0O00O000c0O0O00 0000000000000 0c0O000O0OC0O0OaO000O000O0000O000O00000O000O0meeeMtMODOO00000

descriptor which contains the packed column and row position
in the transposed matrix. The nonzero terms are sorted

(by SORTIC) and the transpesed result is written (by BLDPK)
on a scratch file. if the working space will not contain
all nonzero terms in MAXCOL columns, as many terms as tan be
held are stored, sorted and written on an intermediate
scratch file and the position {(FFCP address) of the first
column is noted. When all terms have been written, the
intermediate scratch file is read (by FFCPDA)} and the
transposed matrix is written as a result of an n-way merge
from each of the sorted partitions. Null columns of B are
sqweezed out of B_T. Each null column is noted in a bit
array which is reserved at the end of working space.

. Forward/Backward Substitution

Allocation of the working space is as follows:

JPIVOT | Current pivot row | NCOLB#*PREC
| == e 1

JVEC1 | Nonzero terms in current column of L | PMAX*PREC
| m o |

IACT | Row numbers for esach column of L | NCOLL
| at which the column is activated. |
| oo |

IAP1 | Current active position vector | PMAX
[ == o |

TIAP2 | Previous (forward pass) or next | PMAYX
| (back pass} active position vector |

JH | Working storage to hold contributions | (PMAX-1)
] (forward pass) or actual solution | *NCOLB
| vectors (back pass) |  *PREC
| : I
| I
fmmm e e |

IBUF3 | 3 FFCP buffers | 3*LBUFsZ

NCOLB - Number of columns in B_T (usually MAXCOL).

PMAX -~ Maximum number of nonzero terms in a column of L
(as defined in the 5-th word of the header).

PREC - Precision (1 or 2}.

NCOLL - Number of columns in L.

LBUFSZ - Number of words in a FFCP buffer.

The steps in the forward pass are as follows:

1. The nonzero terms in the current column of L are read
and stored in th area pointed to by JVECI. At the same
time, the row positions of these terms are stored in the
area pointed to by IAPL.

2. If first column, all terms in the active position vector
are set negative to indicate first appearance.
Otherwise, the current active position vector is compared
te the previous active position vector and terms which
are new (did not appear in the previous active position
vector) are set negative. At the same time, the row
positions for each column of L at which the column is
activated are stored in the area pointed to by IACT.

3. The current row of B_T is unapcked into the area pointed
to by JPIVOT.

4. If contributions exist in working storage, they are
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added to the pivot.

5. Contributions from current pivet row to subsequent rows
are accumulated in working storage (subr. FBSQF1).

6. Each term in the pivot row is divided by the diagonal
term in the current column of L.

7. For each row except the last, the pivot row is written
on a scratch file (by BLDPK).

8. If not the last row, pointers are adjusted for the next
row and the process returns to step 1.

The steps in the backward pass are as follows:

1. Control passes to step 6.

2. The current row of the results of forward pass are read
into the pivot row (by GETSTB).

3. The current column of L is read into the area pointed to
by JVEC1l. At the same time its positions are stored in
the area pointed to by IAPl. Passive terms are also
restored by compareing current vector {IAP1} and previous
{in the backward sense) vector (IAP2},

4, The terms in the current active positions are tested
against the positions where it was activated (IACT), and
terms in the current vector (IAP1l)} are set negative if
they no Tonger be needed for subsequent computations.

5. The current solution row is formed (subroutine FBSQB1).

6. The solution row is written on a scratch file.

7. 1f the solution row is needed for subsequent.computations
{as determined by the sign of the first term in the
active position vector), the row is saved in the working
storage,

8. If not the first row, pointers are adjusted for the next
row and the process returns te stpe 2.

Final Transpose

As a result of the forward/backward substitution, the
solution is now complete. However, the terms are
“scrambled", i.e., the solution is written by rows and the

- rows are in reverse order. It is reguired to transpose

the solution and then, prior to writing each column on the
solution file, interchange the terms in each column (so that
first is Tast, second is next to tast, etc.).

The method used is that which is used in method 3T of MPYAD
(see subroutine MPYA3T).
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1. EEOHEE

FINAS Tid. BHEAHRMIRO Y 2 VEEL LT, 48i8MI% Y = VB RYERSES
QFLA4R | 4E5E 9307 ¥ = W EFHQFLALS, 48 SIS = MERE S EEQFLAMRTAE A S 1
Twnad,

QFLAARIBEATOMEAMUTAGH+*—FL LAERIELRTH Y., BHACANUTALE
FEHRROLIFIEDFELZ LTWwE4D, AUV ERBICELTT 7~ 75 AE— NOLFL4 L 518
E0H 5B,

ZNER C72® QFLA4S Tid, T AU TAESIZOWT, U FA % FRNICEHESH % K
ETHHFETERMR TR TWS,

72, QFLA4RT IZBW T, BE-U ¥ ABBRR OTaylort BB & U QFLA4S & AR TS &
AT ATHRIREERN— A ZERITbA TS,

CHIEY, TTI—-TFRE-FORBEEF T EATE A, QFLA4S, QFLA4RT iZfIL T,
BEFERAFEABTEOHEINE, HITEENERICEMINI Z L dtbhot,

L7oH> T, 4EIE, QFLA4SE X U'QFLAART 23 L, EERRSRFETL WSS T HiFE
HABKIFEGIAZVEICERTREL., BE+To75,

2. BRoER

RIRD QFLA4STRE 1 D& J IZENCTAMU T A ELZEESZ (WHREER : X —)Y BEZR)
I22WT, Ve 2 Y HMEICHEESM, Y. %X AEICERESHGTEREL TV D,

v /]
12
e DIRFE
X
: j D
Y DEZE

E1 RKOENECAMOTASHEE

L L. ZOFMAOBRESFREIERL S NABHERR (& - n EER) TOVFHIRS
Yo, T lZOWTITIRETHS (H22H) .
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il /]
" y
7. DEE
4
" ﬁ :
Yo DRE

K2 ESEERRCOENTAMTTAIHREE

FLRD QFLAYS TIE, —ME0RIBIRT & — n MAMAEEATER L2 2388, Ye. Vo
B Ve, Yo OWMBEORAHEINL LD, Ty kv FORBER Y. fFBHEAEACFES R
Nl o s 3

3. EXDUAR

AT AWMOTAOTFHEELTOLHIITI LS IHB L,

—IRZFR Y 2 NVEFE

T DFFEHERER

X3 —EREZROEIEAROTAKE

K3iiBwT, HABIEDWTHADE -0’ -z BEATY, . AC,DIIDOWITHGD
E'— -z BERTY. 2FET 5. TNODEDOTHRIERE LABEHEES CBEOHETEK
Dohb, BENADEUEBIZEITE Y., Ve HRDILIIRET 2,

1 1
Ye=5(-myri+51+n)y. M
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Vo = 5(1= E)yf + S+ E)?

@

BOEIZBIEY Y #WELé - n#oREIRH40LI THLET 2L, WRBERTOENE

AMTOTABZREYHEEFETOVTA Y. Ve OEBRIZRDOLI 225,

Ve =7COSO + ¥, 8in &
Yo = Ye€Os B + 7, sin B

4 WORTOWEETER L IERILEERORER

I, Yoo Ve OBRIZROLSIFHENS,

= 1 { : _ .
Ve = Cos arsin B — sin e cos B (7.sin B — ¥, sin }3)
1 {

cos ¢ sin B8 — sin a cos B \

Ve = — ¥, cos B + 7, cos a)

ZE R

Klaus-Jurgen Bathe, " Finite Element Procedure” , 1996, PRENCE HAILL.
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TR LAE S ICANEAR O TAZERETLIIISRAL, k=YL I BELIZvET
L WS E 2175 7.

BITETVIEBEO02x 0.1 DRFABTRS 6D FFHLIZN T, BHEBIZEE, BRI, mokd
T, AU OBENHETMZL5I0TH B,

RIME 1 I EZ2REAMBORFTREZTHELZEFATH Y, MIERE 2 FESETHRS
B, BTUARE 2L L5508 LAEEFLTH B,

MHER., SWELHFOBHEOEMOBRBRIRA—JVDOR LT WS, EIET{EIZ FINAS (2
LLBNERLTEBHTEHS>ETH ), 1IEWEBRBZRIEWI L3R TWE,

BERIC (BE) 2020020 3. 0%EREFTo4200Thh, fvTunind o EIEO FIN
ASDEEZETH 5,

FEGERIZE 1 Tid, QFLAAR DR UN AR EL 2B USNIIBITF AR E o T B,

HEEERIRE 2 T3, EYMENTIC oW T, B QFLA4S, QFLAART OEEINES S hoTHEH. B
HOERIFFHE N TR E Z LR L TwE, T L, AEORBENA 2D BIFRRE 2o
Twh,

QFLA4S DEERFEFTAVORL DB L TCETRESELTWAEY, EAZMEBETEZVWEERD
na,
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HBIIME 1. EAHES (FINAS)
B3 60X 102X EX0.1
E=1E7 v=03
Avira 6X1

R , WG . FiEb
g\\ MELRM AN
' b, VAL 3.0E-5
M 2) @AY 0.1081
e 3) EAbERLT 0.4321
— gI Fs HEY 0.03208 [rad]
1.0

SEER GrERE/ERE

48R EAEER

Y B Al |mpudn T mataiT| $Eb
QFLA4R 0.995 | 0.904 | 0.980 |377.400
QFLA4RT 0.995 | 0.904 | 0.980 | 0.940
QFLA4RT () 0.995 | 0.904 | 0.980 | 0.940
QFLA4S 0.995 § 0.904 | 0.980 | 0.940
QFLA4S (#53F) 10995 | 0904 | 0980 | 0.940

REEMIFE 2. EALZEFRR (FINAS)
EE 60X 1§02 XEZ0.1

= E=1E7 v=0.3
" é\\ Awvira 6X1
\ ' . RSl A
N BB : B ARZEN
B2 1:] 1) B8R 3.0 E-5
M4 Fs 2) EA T 0.1081
o R 3) EAL T 0.4321
HEY 0.03208 [rad]
08 _ 02
L \38 YA A"
1.2 1.0 0.2

R (GHEME/ BER1E)

4 Bir LRE# FAELRESR

LI IVEFE glik |EPYeFIEAET| )Y 515k _|EPIsTImEmstdy) ®h
QFLA4R 1.000 | 0.057 | 0.996 |109.800] 1.000 | 0.080 | 0.992 |213.700
QFLA4RT 0.996 | 0.071 | 0.054 | 0.941 | 0.996 | 0.081 | 0.067 | 0.940
QFLA4RT (15IE) 0.996 | 0.071 | 0.965 | 0.942 ] 0.996 | 0.081 | 0.978 | 0.941
QFLA4S 1.000 | 0.057 | 0.042 | 0.941 | 1.000 | 0.080 j 0.060 | 0.816
QFLA4S (#£1F) 0906 1 0071 ) 0964 | 03883 | 0996 | 0081 [ 0978 | 0.848
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REEME 2. EAFEREWH (FINAS)

- EE60XE02XEEQI
> E=1.E7 v=023
Avia 6X]
- WHES b
Me WEEE . iP5 o (YA
N NEAE:S 3.0 E-5
P 2) EAET 0.1081
3) E&L VT 0.4321
HIEY 0.03208 [rad]
08 _ 02
/N3 L /3
1.2 - < 10 02
SERR GHEE /35w
4 B SGREE FATERER
¥ ILEE 5|3k | @ | Eab e ED 5lak  |@PIsT | mabeig] |D
QFLA4R 1.060 | 0.057 | 0.996 [109.800] 1.000 | 0.080 | 0.992 |213.700
QFLA4RT 0.996 | 0.071 | 0.054 | 0.941 | 0996 | 0.081 | 0.067 { 0.940
QFLA4RT (f51E) 0.996 | 0.071 | 0.965 | 0.942 § 0.996 | 0.081 | 0.978 | 0.941
QFLA4S 1.000 | 0.057 | 0.042 | 0.941 ] 1.000 | 0.080 | 0.060 | 0.816
[QFLA4S ({BTF) 0.996 1 0.071 | 0964 | 0883} 0996 | 0081 | 0978 | 0.848
8 B GREE M EE
> JVEE Bk {@mmsT|@mabgg) |0 Flak | EreT | mahel |0
8 HifR aEEE FAAMAREE
sy KEE gk |HAEIT|EAMT ED ok |EAV ESL T D
HEXA (657%]) 0.902 { 0.032 | 0.024 | 0.880 ] 0.980 | 0.064 | 0.048 | 0.909
HEXA (32474 0.966 | 0.017 | 0.045 | 0.870 | 0.995 | 0.293 | 0.399 | 0.928
20 A SRER AT R
1)y RRFE FliE  |EPIET | @S ET] RD 5lsk  |EmPIIT ) @b R Y
HEXA (65781 0.995 | 0.886 | 0.920 } 09506 J 0.995 | 0.967 | 0.941 | 0.906
HEXA (3257-80)
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1.F 1 N A S(V13.0)DEfi & AR

FLAFERTEERN T XA 7 4 F I N A S(Finite Nonlinear Structural Analysis System){

REN=Va Y ROFER SN, BIREERTD L LV EHO —F - ZiFR VS5
THHIR TS, |

FINASHPMONHFREERN I — FEBEENTE, BIZHE DL~ —%HEL,
FHINR TV 72Dilid, BEL—F-0BE~DORELWTIE., BRASHFOWT ., &
LWHEE, FEOBEAEEZTo TRt hid e 5w,

AEFIX, FINASHEN-a 1200513010 H3E s, EHGEE ) B
Nl TITR, N~V a3 Y 300KE, EEHABIZOWTHEZ B3,

B, R - REHOFEMIC OV TNEEREEERIT VA TAFINAS
Version 13.01CB 1T A HEREIER#HMEE] (ER7ESH) TaRLN T3,

2R - HRIER
2.1 BREYIS ) AT RS RE

- BRREZEDEM

Vv FREOBMEZZII2ZATERZOIICHESEYRIER * T T 23BHENE
EAHATEME N, o, FHOTAERL L TEREZOIEMC, KK
DA A ER M btz SEREME NS HBITEOEZLU T 0458

HThHb,
3ETR=AHE TR ER TSPRG3
AR AT IR R # QSPRG4
IRTCHPE R REESE LSPRG2
AFI I FE O AER QPLAN4

* BEAM2EFR A 7 v MEEEZ BN

IRTCRBEFZBEAM2ICA 7+ v MEEEISEME N, RBOZOEEFHESI L
753‘@"]53“% 2: 7:5: 2 f:o

BOHHEDNES

ROD2,QAX4,QAX8,QFLA4R,QFLA4S,QFLA4RT,HEXS, HEX20D £ B2 B
Ty BLNHEDERITREL % o 72
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- EEBIRRATIREE D TR .
HHEMB CRELEERESHEHE T EM A< N 7 v A0EHBEIK
BEEh, ZOBRTCOFERBITEH12~13120 ), EDEMETI SRS

iz,

2 2 EpRAT #EEE

- B EDERATRERE
AEDRBE T ZE L BTEFET 21T 72010, BBV L A —DREL

HABERVHAADITONI, BMIN DR UTOREZEBITHEZRTH

5o
2E LT E R HFLOW?2

- G707 7 LAFNSRAD D RIS
BEHBER /T 2R OEE L 2 EE WRRERT T 21T 72
DI, BPARERBOHELFINASOARNF~F %22 25V — T 55

B7ar 7 ahREEIN,

2 IEPRVAEATIEBE

« ARYT MVISEBITDE— FER AL EHFEDEM
ARY P NVIREBITIZBIT S E— FERELEIL, %K. SRSSH:(Square
Root of Sum of Square) @ Fiv> T 5 %%, #r7/212CQCHE(Complete Quadratic
Combination) & ABS#E(Abstract) A% B A1 S 1172,

« AT MVIGERT SIS EERE DB
AN P NVIBEBT TR, FBATICLRERIBEARY M & FEIIOET 518

ELTRERXTANLLT -5 2ol EMHT A HEFRVLNTVED, &
AT AR T A T bk TNz,
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« AN PV EBFICZAARICEZNYT MIVERITHEEED B

PERDF INASTRE—ANDRICER R FBITEBEOAVHESR
TWABY, I EATTDRIGEANRZ PV ETIRD & LT E BTSSR
EBMS 7z,

- EEESTEEEE

EHFEFTE TIX, fEk, HERP OB L UH2HEENOETOREEHED
RKOLENTWEN, EHIHLZEFEDEE TOMES L EEFEIRD L
NEIhol,

2.4\ H71HERE

< XYZ7 Ry MIXT—1U 2 THEEDEM
XY72y FMIZBWTHND IR AXE L YHIOEICE 4 HFEEEZE 252 808
ﬁfﬁgt &’Jf:o

- X7 bTay FRIICHADIBEE OB
N7 bPATay FEIIBWT, fEROEIEN., mAFARIEHIZINA, 5
ERaB & AR OH ISR E 2570,

« D VERIEMAOOEAEEEDEH
DO T) b RAMF—7THDEEEE, BN ERAD LV 2EaEE
EFEPIPE2)B L U3RTTHMEREZSBEAMY)IZERA SN TWAED, Hiliii =
VEFE(TFLA3,QFLA4R,QFLA4RT,QFLA4S) B W T L B T DM P ST L 7 o
72e 72721 ZORREEIIHIEE R OHEIZRE S NS,

* AT MIVIEEBRICRANICER DO HDHEEEDED

ARY P VIBEBTICBWTBERKGBERAIDO 7)) v FBLUER b7 —TH
jjf)§.ﬁTﬁE<E 7;: = 7’:0
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25%F D1tk

- UF L IN—REEEICSloanD AEDEN

FINASTREL—RABERNOBEL LTy -7 70 FMEMRRA SR,
FOREADI=DIZ) F =T RTVD, ZD)FrN—=F LT XL
(X RHotD FIEVRH W LN TV A D, &5 (ZSloan®D HFiEHBIIE N,

- BRI O HIRR & #2F0

HROFINASIZIT7~FR2y FIOEE#KLBWBES, BHERD
ERRIZ2"=327681ZHIR E T Wiz FINASORNEF— ¥ F— 7 VR HEET
B riZE ), HHERO LRID® =400 otz B L. ANIF—%
ELTHIAES, BEEZFDOAN 74 -V FISH L wizHiz, EBICIE
iR BREN999ETEVIFHIRE L2, T/, HWRTIIFINAS®D
HERK 7Dy FEEEE V25681038 R %5536 L T TR il h 52w,

CA—F—DEETIYITOT S LDOEM

7707 ALV EREOBRETVELIIEROERER Y ERTH S
EHTREE o,
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il

AREFITFHRTFLIOADPLFHEEI AT CIIERSN/NHESTBHEEY A7
LE INA SO, EHEOATIIOWTELOH-bDTH S, SEOBEIEL.
BN—UaVIIBNTUREN S E i, BRELEAD S OEEE L. (2 FbNI T,
72, BESN/N—T 3 UVBODARIZOWT HEMENTEEN TS,
FINASRSBLLESDL-—F-HAERTITLDIIE, 2—F—n==3X
IR A BIEP ) TR %L, BRESHOEAB X UH LW ERE, HiffoHT L 8mA
SRS ERRE~OWIE, AT VER 7oL v - L oS % BN I T T
CELEVSHL, SEOUR, HRICH7:D ., BIRFEHMOEME I SAREIS/ZE
MEHEERB L UHREER, RELEE Y ¥ — BERNERI/SMELE SR
K, #E - MHERBERZOARAZRIZIIVA VWA ETHE, i@ W1 E, &
TICHEEE R L T E T,
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