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MEMORANDUM REPORT RSI-0039 

TO: Dr. W.illiam C. McClain 
Holifield National Laboratory 
p. o. BOX y 
Oak Ridge, TN 37830 

FROM: Gary D. Callahan 
RE/SPEC Inc. 
P. 0. Box 725 
Rapid City, SD 57701 

SUBJECT: Documentation of the Thermo/Viscoelastic Computer Code TEVCO 
(Union Carbide Corporation, Nuclear Division, Subcontract No. 
4269, RSI/001000/FY76) 

1. INTRODUCTORY REMARKS AND OBJECTIVE 

The major objective of this report is to provide a brief description 

and documentation of the thermo/viscoelastic finite element computer code 

TEVCO. The formulation and theory of the finite element method is beyond 

the scope of this report, but has been covered in numerous books and 

periodicals (see for example References 1 and 2). In addition, a general 

description of the finite element method has been reported previously (3) . 

2. CODE DESCRIPTION AND CAPABILITIES 

Two versions of TEVCO currently exist. One version is adapted to the 

HNL IBM 360/91 computer system and the other version is adapted to a CDC 3400 

computer system. The major differences between the two versions of the 

code exist in the fact that the CDC version uses peripheral storage devices 

due to the machine core limitations. 

TEVCO may solve any of the following types of problems in either two 

dimensional X-Y or axially-symmetrie R- 8-Z geometry utilizing constant 

strain triangular elements with stress or displacement boundary conditions 

specified: 
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, (1) Elastic 

(2) Thermoelastic 

(3) Viscoelastic 

(4) Thermo/viscoelastic 

In addition, the above problems may involve geometric nonlinearities (4). 

Although material nonlinearities are not currently included, they may be 

provided for with minor program modifications. 

The two dimensional X-Y geometry uses the plane strain assumption. Plane 

stress may be considered by merely replacing Poisson's Ratio (v) by v / ( l + \>) 

in the material property matrix. 

A basic flow chart of the computer code is shown in Figure 2.1. The 

flow chart illustrates the direct solution technique utilized for the most 

complex case (e.g. thermo/viscoelastic with geometric nonlinearities). 

Presently, linear strain triangles (LST) and isoparametric quadrilaterals 

are being incorporated into the code. 
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Figure. 2.1. Basic Flow Chart of the thermovisco- Elastic Finite- Element Code. 
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APPENDIX A 

FORTRAN LISTING OF COMPUTER CODE TEVCO 
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FORi^T ) . 
FMHMAT (F3;,.,TII'.?I5) 
F Q?_\\ATJ 1 H_ . //.31>X«* T I->E = *»Flg»fi«2X,*YH 
F -ipi 

WITH nELTg*»Pl2.6»/> 

•J 

•A f: 
I,' 

' tv 

•i 

< ft* 

•1 

% 

Si 
i'; 

a 
•JS 

• 

... ...Jt 



FTn 0\TF_ no/;»ft/75 A j _ 1 P.^17 . 1 
ciiqcOIITTMc- O A T A I . \ * " 

r 
S'JH^OUT TNF I J A T A I U C O N T R O L S T H E RTP/IR> 

r 7. ----------- OF _I.HE_I1ATE±<-IA.L P R O P E R T I E S * T HF 
C - - - — - - - N O D A L C O O R D I N A T E S , "THE E L E M E N T A L -
C----J- — - - - N O D A L C O N M E C J I Q N A R R A Y * THE. B O U N D A D Y — — -
C - - - - - - - - - - - - - - - - - - ' — - - " C O N D I T I O N S * A N U PRINT'S THESE" V A L U F C 
C * " , I F N E S L R E O * I N A N N I T I O N T H F C O N T O O I 
C - - - - P A R A M E T E R S TN C O M M O N /CNTRL./ A R E -

_ C'""4»'OM/iiiJ'••if Lt)T,UlQ»JLUiO _ 
COMMON/GCMM/ Ml) I S~» NSTRE * NHH « NQ ( 25) »NHT < 2S) 
CO"MON/r/ 'TR| / NHNOpE t NQF <> N'\<F.L » NLC AS t NtQSYS t LC ̂  NRg s ̂ r O P 

CI^MON/ITFI rri"/OEL T^TM, JTtMAHE (lb) 
_ C'V^nN/tjSn TSP/P'^ (150) *T1)FLT ( ?»7ft) ̂  ELD 15 (2*75) ,RCRP (1 SO) , 
fiTpnnCr\>BV',i'C^MV»TKNT#LUPr),-J6"TTfTfrCRP(l5o) " 
OnxvOM/TrgT/ r TFST^L I THO»MCHK* iRRnT, IKZ . _____„ 
rr:s«..OK 1/RM^'v/ i'ik. INOTC*I°P» ITHER^ 
r-^iL'<2l;'Ws/ se-i.As (loo«<o *sm(\no) * volim tino) 

TX / I 5fl *25> • M L O (I bn> »NHANW , Pr*0f (4 « ft) • N B N c T X ( 30) » 
S i'iltT" LlO-i «gr"TX(]2«lg) ,0(4.6) , SB 5(4*6) ,3FQpY(4) ̂ F ^ O X M Q ) f yppO 
$.*! n ( o)"" 
. C T_<, P_/ ( 1 n Q •» A » 6) ? SHSTEL {1 Qft * 6 * 4 ) »ELAS(100*6«4).FPI(100» 4 ) __ 
Ci IMO/ NF XC ( 3 0 ) * SGX (A 5 * StiY (4 ) 
rn 'JJJ 0>.j/TVrS/ <~QRi)S (75.2) * MELCON (1 no ,») , lELMflTnOO) 
rr,,4wf)'r.|'/f Mc / r-'r | pf,« NELM A T » MNOl)F S 

C, 
„- — — ANO PRINT LAflEL AND CONTROL PAOA'«£TERS 

r 
RF ao (ft j .^a/Ti ''AME 
A..LLXE-L/iL4.^Tn) J±M£ 
IF f tP^^T,rn.n w ° I T E * y 3 l ) 

w^i Fi"fAT(1H'.//t-j » AXTALLY SYMMETRIC PROBLEM 
r 
_ (f,;-, mMQQES . NE.i * N^NOQE V IMLCAS t upF , NEL^AT•> I PPM »T MOQ t L. I l£»0... 

1 , !CPr> 
'•> r T at MNQMES »M£LEM •NJHMOQE «MLC.;S *NQF .NFLMAT . tppm « TPOQ 

} IthEW ' • iNl-j? » ••IĈ P 

- - - . . » — P E A H A N O WW IT£ '.IATE^IAL P R O P E R T I E C 
r_ __ __ _ __ _ ; 

(- - * N ( 6-">, > " F C * ( 3 R 0 P ( F J • I ) • I - ) » 5 ) • R F O H X ( N ) » ^ F O P Y ( N ) . M = ] , N E L M A T ) 
C_ ; 
(•• — — — - — Q I V Y [)!-: QI)Y F O W C E S M Y U J C R F M E N T A L L 

__ r • _ ..... .. 
^ * S"av> rtO^Y FORCF: TE«HS -----------

... r . . . . .. ., 
R" "1 TO 1 = 1 ,MC|. : A T " 
S ^ R - L U ^ E F ^ P J O J J 

1 " S^v ; I) =«->F-iDV ( r ) 
_ ... -::TTEF 

- •'T.TF ( ̂ i « )_.(N » (PROP ('J* I) • T = 1 •S) •mFORX (N) yPFO^Y M= 1 «NELMAT) 



FTN nnTt; 75 AT . .. PA^r NO. 2 
- "OH" GENti/A fE AT FOI1AL INTE^VAL'S 

r _ ____________ 

M -•< £ ̂  0 ( ̂  J. 15 2 0 ) . !.;» (C • JiiL?-.4 ®.IjlJ?J 
r> jnn='i« 1 

... IF.fK'-KC) 9..i .PI'.71. — ... 
71 "C.rK'C-l 

n<- (C.Q2I!S.(.M« -COm)S (MC« 11 ) /H'-'pn 
nyr'( c o u r t s - C O ^ O S ( M C » 2 ) ) /du'OO 

75. "CsKC-J. 
<~.'*>Rn* (KC« V j sC-POS ( MC f 1.) +0* 
ronns (K.C..PH-S.QIC9.2) »Dv, 

ol 
TPtm =Kr) ny\qV.76 

o] 1 e li'l»10l»6] 
::1. C'2MTl!ilLE 

. n.o . ] 6_„L=]J» 

jA..C^2nSJLL*. M -ro'-ns (T O ) 
r 
C. .. 

$ r 
_c — ------------... An ELFMENT NODal connection ARRAV 

! - r 

} L£M~n 

r • 

T ~ U>-FT 
J1 El - = ' - - —• -
^ ') 1 75 -'= i . MFl FM 
. 15 T D = * 

i r . . ( V J l ljLu_'-13il 
"EL, (^ELCOiJ { M, J) »J = 1 • 1ELMAT (N1 

. _ .. . .. IE (.T.HiH. LO L1_S 
.•••» 7TE (M I HH 

6/>D_£ "n"tT|]H f/f-* l)ATA OUT OP IHnER AT ELEMENT*, 

\ ML.JSAl 'EL-i-"> l70«l^>OtliO 

j 

ni 

l 

lift T-n_FM . r.'rL) fiO To 15 0 | 
_ ,r.'j .A J 

1 15 VEI r'iM(;>ri T )-IMELCON ( M» I) | 
T \7 1 v r | ) = T ~ L ̂  A T ( M) _ 
-1 J ] -A 

e l . c f r , o) go ro 159 1 
•v Ci pf)M ( A, gn ____ I 
TSins-a 

a 

I 

i aT. t c t o_ _ _ I 
l'SO I T~> I) VI" 

L F ~ A T ~TC{ AT ( ') 
!«=• f "El.f7 -'-f-T ) 1 l»n. 17ft ' 

1 .. i'J 0 ) T E L " A T (") = I EL. M A T (NJ- ] ) 
175 C-1"TIN'IP ' " 
inn cj'-'T.T,(r _ J 

r ' ~~ ' 
HEfrH ^DiiNnAPY CO^nl f IONS -.Jf 

• I 



rv.Tr n r . A T l?343l PARC 3 
C 

V-AIA (fill t ^ Q ) , '!(•• I X ( r) •NqCTYP ( I) . T = ] • Na^ODF.) _ . 

c — «. — SAVf HO,INJnuY CQM D.LL I uNS FOR FUTUr>r IKE 
c • 

no <»0.. 
30 \ F v r ( r ) =|vrCTY<-> ( I ) 

r — — — - IF DESIRED v > w i I N P U T DATA 
c 

V<3 j'F t T P ,V 'F . ' /,"}' >,()' T P 100 " ~ 
c . ... . .... 

•J"TTE ( 
.'Li'".LIS.!M ( I * I COPQS (I.J) , Jgj . 1 = 1 tMNQOES) 

"i T T E ( M . s Q M 
.IfrMTF ( P > l . l * ( ̂ 'ELcONU , .)) r J=1 ./») » 1 .E.L.M.AT (IX'J.rU.VELE.'i'L 
•«-JTTE<M •Aon] 
i-i'ttE {N>>')Fix (I) »Mfjcrvp< i) ,1 = 1 ,'MRMnoF) 

C * - - - - - - -----
1 0 tr 'Vie A T ( 1 "> r e;\ 
? t)' ff] , e; * . 2 F 1 ~ _ 

3_[> F 1 H>M A T I ±12) „ 
O' V'-'jV-M A'TV? T 

55SC F nr»jJ*T (J 
F'iVoMAT f IS.qpl 

U,7H F ujm AT ( 1 H I". 1 fi » q ) 
""(3 3 0 F l O M A r ( / / . 3 X ^ N^i) i L POI NT «;* , S X , * COO»D I M A TE St /) 

"310 F i //-> cI. CMENTS* , hX « *>.JQ.-)AL Co_NFc ! I pNS* • 2X ,* I £L'< A T*« /) 
hr\r) no'.ifj OONDT TTtVJS) ~ ~ 
•ilO P )<•>'•'AT ( , Af»y*"ATERl AL Pf?UPF.;<T I ESaty ) __ 
53O r :)<•>>.* A T <"tH J N'LOIJTLSS*', 14/,* 'JELEMT^ Tl Ty~9NODF = ̂  Vu"/*» ̂  Nt_OCAS*=*'» 

/ . * F ̂ j O j / NELMATrit, IPWNas^t, Ift/, TRODs^, Tfi/^ 
MKITHWSA-. TC , • 'OIT=^» I f , 1 / t IThfpms* » 14 • Nq2 = * « r? , M c p e = " ? « 

... .. l._I5'../) 
biO F:,n»ATf//'.Tv-* MATr ,3X,^Y0UNOs MQD* « 3**POl SSONS RAT 1 o^-»P^CPEEP CQM 

1 ^Xa^OlaHT CREEP* •2**H£TA*P T l M E * . < » P P X x . . . „ 
fo'OV//', ~ " 

n3 0„F'.-I J'/ AT ( T 5 t 7F i /. 

io« ; 
îfTII.̂ J 



(RSI-0039) • l. , 1 . A-534 

• xN T . n A -P" jn/PC 6T 123431 P .A G £_ N J 

.. .. _.c 
SU^'OUTTNE KORC1N HEftUS I N I T I A L Nr>nA|. 
LOAM I An/n COMPUTES THE ELEMEVTAI - • 

---""".IOO'Y^FOTICFS". "RUE: SUM" OF THE'SE FOPC'EY'"----
COMSTITIITFS THE Iff I T IAL LOAO 
THF PKO<U.FM IS K I VEW 

r 
r-VMOM/L"1 ' TT^ / L'j M L U q t L U j 0 

/ MQI ( g 5 ) .UQT (?5 ) 
r ' I M M O N / C N r qj / MR'J«VO"E , ST ) F , M N F L ,NLC AS, NE'oSy S , LC , , 4R oo 
C I ' O ' O M / M F I R 0 M / N E L T * T M . J T , MA <E_(JL_F»> _ 
CO"M'.)M/l.r,", f c P / F Ud'(~l ̂ Fn » TDFL T"( 2 , 7S) . £LU I S ( 2 ,"75) , RC~RP M So") 

* ' IPECjL"! llL-1 C ^ M V . T KIMT . L L I P N « - L O T T , P ' r . R P < 1 B O ) 
"r: ).<"»« i) M /~T F <j T / TTEST ,LITM0,'ICMK, I P P R T , I MZ 
C ̂ MMO'i/r.A^py/ t 1 ft . INQTCt I ̂ R , 11 HER M 

O-'J/RMr/ Sc-LAS ( 1 on ,4) ( 100) , WOL^M (100) 
C'.) • J M 0 . FO,,^ TV f j 5 X_1 L0 ( 1 50) , IM'UMW, PKOP (4,6 , N3NFT X < > 

'111-. •irTyo <?F"TX ( 1 2 , 1 ? ) ,L><4,6) , S B S ( 4 , 6 ) ,8*FORYC&) »<3pn»X(10) , T«00 
.5»XLn(n.) 

C iT'i'iV I /''! T .. o / n.Q ( 1 "0 , « , t3) , «;»<; TEL ( 1 0 0 « ^ * 4 ) » E L A S ( 1 0 0 , 4 . 4 ) P I ( 1 0 0 » 4) 
C •>•«i> •• J o i j > j n / _ M F x c j 3 n ) ,Sf jv ( 4 ) «SGY ( 4 ) 
C^M»«ON/T»'r<?/ ^ORt)S ( 75 , 2) » "'ELCON ( 1 00 • 4 ) » I ELMAT ( i 00 ) 
r >y_ * U P * | / .Ty- / _ \I R J_F , MNOOES ; 

r 
D l i i F / V S l O L L - X 0 (1 <! t ) t iJi'lHU (1 01. 

r 
. C - ----- - S- - "CORRECT IMOOAL. COOROI N A T F S ArrORniMft T O "A 

I • c 

C - — TMF INCREMENTAL DISPLACEMENTS FRO-4 STDESS % 

I F M T F ^ T .cri> } ) <'iO Tn 17 
JLiLL.lT Ti) 17 ; ^ 

• 

i ? iv, TS ,I=1>IMO^FS 
r ̂ nns < j. i) =ro--ns(.i,D • xiLn(?»j-n 

& , S r'>or\«S / f I.?) • Xil i)l?#.M 4 H 1 5 ( S C O R N S ( 1 , 2 ) • X ] L ' H 2 » J ) 
| _ __ 1? , COf'T IM''F | 
f: ' C , 4 
I r * — H E I I T 1 A L T 7 F. B Q I ' M Q A R Y c O M O T T T Q ^ T Y P P S — - I 

C 
. . D J . _ 5 . _ I = J U . ! . B FJ 0 ^ E_ 

I ' ' . C 

5 VI>TYP{ T )-IMFX^ ( T ) 

r 
REIMIT1ALT7E riOl>.Y FORCE TEHMS -I 

i 
00 T =) .mc|_ >AT 

.._»FnRX.(.Il=ray.(.t_i 
urr^oy ( T ) ( T ) 

r„ 
LO/iO !>TSPLACFMEMT APWAY 

X 
. ) = I . MC'.>"YS 

. I 0 _ <11 H (J)- ̂ !! . n .... . .. 
c 

. . C R R - R — - — _ R . E A D _ ( \ f s , r ! ^ ' - J I . T E . . . . L O A D E D - - W < J D E - . D A T A F O " U ' ^ L N A D C U 
— — - - S Y S T E M , I ' ^ C L U O E . M I S X J M ' J M M O O E W Y T N R P P O L O A O S 

r 



(RSI-0039) . . . . A-11 A 1 • ' ' 
i -< H 

X \ t>, rr : 123431 . . pAr*c NO, ? 
fi'i TO ll'\ ; 1 TK ( M. t^fp... mAM£ ,LC '• 

1 I TTfC ( M . ^ i ) 

TFt.lf .ST. f) ~r,(f 76~~33 
.I.TrvC^'j ... _ 

OP T RR? A.C= T TR<' R + X 
MQDI (JTpaC) • fYi Q(TThiAf,n «] = 1 ,NDf) » Ml fl'iy 

»T T E • I N N ) M O O L < I T ^ A C ) , { Y L O ( I T ' 3 A C « I « 1 = 1 » N U F ) * N L O O N 

R — - - - - - - - - - — - - H A MSFE I T U > A O S" F R O M 'TEMPTWAHY" "A"R»TY" "XLD T O " - - — -
C — R." - 1 R R - - - - - - P E R M A N E N T ' S T O HANF IN X 1L D_ A R 3 A_Y._--- - - - •- - •rr. R.r 
c 

Ur_"3n i=i ,finr : 
JJsrHinL ( TTPA^)-1 ) #iMOF*J 

\n r.UQ.JJJ)av,»,n(TTHAr»J) •XlLnt J.J> . : ?_ 
c ' 
r - — — - -: • — ——. - - -" - CONTINUE to REAP UNT^L '\10nF I ^ R F A.C.HEO. ~ 
r 

T F FMONI. ( T T R? A FT S , L T T N N O O E S ) ?Q • ; 
T " Vi"":'"' Vl f=V.Mj_fj'>N 

. nnF 
JJ=Mn''i"L('n-l >»Nije*J 
X U < M J 0 = V I N ( I , J ) 4 . X 1 L O ( J J ) 

y r v>offE7?i:'«c;nn')~ NOOu (I) • (YL')( T • J) ) " ~ 
r. ; 
"R- IF qOoY FAUCES ARE INCLUDED CONT I M'IF •„• 
r- - — - - — - -- —- — - OTHERWISE RETURN* TO MAIN 
r . _ • 

A 9 T f j » r / " * . „ : " • ) T o ii_o ' 
C ' - - - • — - - - — ; 

CALCULATE MOpY FORCES ASSUMING O N F - T H T P Q 
'c — AT EACH VERTEX AMD AO!) TO LOAD VECTORS — — 
r 

rr it) I I MF| pM 
;„_ 

J-3 = tEL'i'" T f T T) 
il:i_£IL J =_L» 3 
J J - M E L C ' I M F T T . M 
C-'i.VffCfi X tjJ , 
XE (r « n sc-^n" i J J»"i) 

< T ' ? ) = C ^ I .J 'A? 

r 
— WOLU'I Is The ACTUAL VOLUME IN THIS CASE — — 

r _ 
r •' = ).'?> " 
j e V y P ^ M 1) TPs2.,<>3.l4lS9»Ctt_* __ _ 
o 11 'is 1*) * ( i F. (3.2) M *?.) ) • (1 « 1) #( - X F < 3 . ? H v 
• ̂  l 3 ) )/^).0»TP 

r ~ ~ ~ 
..r y-\/0l„' IMAOCO ? V ( J* *) __ 

Yr V O I Y ( J M 
C . 

f "! c.n Tsi'. T 
j JS'.ie in'w. n i t.I) 



(RSI-DO 39). 

cTiv i • n/>TF rio/->6/7S NO. 
M I n'(?«.J.J-V'\ svlLiJ (/>«J.I-1 ) • HFX 
v 11 n ( ?/>.l.)\ =v 11 n ( 2<>JJ) + HF Y 

7 f) . _ 

h _ 
IP V.lT.^T . ' ') t!vslH"ihhE 
r. • i n n _L= i m y 
j . ; i . < a i \ i t 1 M P T < ' { T ) 

I F ( f r i C l i p ( I f ) G O T O 9 Q im^CTYP \ .FO. Ul) GO TO AO jj 
s 11 r\ ( T!">|'.'- i ) =o . n v f| 

J'5 ^ 1. I.LJJ.' j i l " 1+ CL 
an'"r6"ioo 

i 

on x ii n ( T r> =0 . 0 
1 'jO—CCo'T IM'JJE. : 
110 C'̂ '.'TTM'iF , 

..!'..... iFi t- ioi5tNr. . , 'TJu?. .a_T:LJJLL 
c 'M I 

333. Cr,',TTNlir. ... : 
| 54J)..f '"XI.< lb!. . il'-'F LOADS AT MOO£*»I5,?X«2E]?.»} • ^ ; .j 
j ~ 5 ! > ( i " r r ^ i i i T (11 * j,3'F • 15) , J 
f 1 5in_E£T.!«ATj L0.MlAl— — : ; 

j ; 5?\i Ft'.r^AT {1 Ht ', i A * e ; . 5 < * L O M J CASE*.15} j 
" __ 53(1 FnixflT .; /./7.x.',, < NQoE* f g< » *LOAOS^/) i ' _..'] 

| " " Pf.Tnqvi • ... , 

1. 
¥ # 

t 
I 

1 • ' 'I I ^ 
I • j 

1 ' J 
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n'*"!"'" no/->6/7S „Ar_. l_?343l_ „. .. _ _ p*r,F MO, 1 
'•5'IIDO1 )T T "r nlctPM' 

Si'uTurTlTffTr TANIJLES MISPLACEMENT BOUNDARY CONDTTTOMS 

C ON/LM-:TTS/-LU7 0 
' " . " ' • ' M O M / ^ R J - J H X . Mi) I < , M S T R E ».MHO »MFL ( ? C O ,N.T.J.T ( . 2 5 ) . 
rr.MMON/^'-iTRi / NHNOOE t \iDF » *JNEl. * NLC AS« NEQSYS , LC » N«2 » MCPP 

. C H RN>' ,/QEL f , Tn , JT »-|A--<E (16) 
CO-FNN/T.HNXCP/FTLII"(15RN , T 0 F L T ( 2 » 7 5 ) . E L O L S ( 2 , 7 5 ) ,«CflPnso) * 

M r odC (1 ,i yi K N T L U P O f M p T T » T^CRP U 5 Q ) 
r " i m m O M / T £ c T / t T E S T , ~ L I T H O , m C H K » 1 H Z rO""OM/r,ni;r.Y/ 11K,INpTC»I^R , ITHE^I „ 
fry^MON/r,HV7"scL AS ( fob > » SM"(1 00 ) • VOLU* (1*0 0~> "" ~ " : 
C'V-^T'l _Ffl,-,HT.Y ri5fi»?5i . XjLn(]sn) t NmanW . PKQH (/, , MqMp y x ( ) t ' 

Siv^CTYp (J)oT ,cF.<TX ( ] 2f 12) »0 (4,6) , SHS .^FoPV (4 ) (1 05 ! 
*?xi.n<fl) - I 
COM»«ON/NT "IV. a R < 10 0,4,6) ,SHCTEL < 1 0 0 , 6 , 4 >, EL AS ( 1 0 0 , 4 , 4 ) , FP I ( 1 fi 0 » 4 ) j 
CO'^QM/f^n, iKirS/* NFXQ ( 30 ) , SGv ( 4 ) , SfiY ( 4 ) s 
rn..ru<n.j/TWrS/ pORDS ( 7 5 , 2 " ) »~MELCON 5" 1 P o » 4 > , I E L ^ A T (} 00) * \ r-><MOM/T^r'/ r'ffl_Ew,NF.LMAT»MNOQFS ' . ; 

~ n f.'FfJST^M R '( 3 ̂  ) 

^fTT^o^'joT"MT M U - M E K ~ O F M O O E S W H E R E D I S P L A C E M E N T " is T P T C T F T F . D 

" I'F7.ITTVFTTT^O T O L B : ' ' 
PC AD ( f>0 , 1 1) • . 
CnvflMUE 
'•''̂ ttE ( M ,V.r.p) "SH 1 "TF7vHO«fo7O) «0. TO • . ~ 

c _ _ _ : . 
c ' " A'̂ 'i' ^^f rr HOU\'0A(j"Y '.NODES WME'^E D T S P L A C E M E ^ V T C SPFCIFTFJ) 
c ; 

'"~V.>TTE(*1 Ti ' . I 
Li^LJLP Ji;l=.ij i 

' """ T K ~ • " " *" ~ ~~ • \ 
IF I JT.NE.7S BP TO ^ 7 : 1 

. (60,1 t.K,\ M^ (KK) (KK ) ( TK) ,R ( I K v ] ) | 
1" 5 F.-IDMAT (?T S.4) ^ - ; 
7 7 C0k,TIM')F 

. . . - '•'' > T T F (61 ,Vo4)>iO(KK) ,NOT(KK) « R < I K) t O ( 1 ) .... . j 
f ' ; 
C accjGM nTcoj'AoFf1Er-'1'S TO PROPER STATION IN MATRjX _ j 
C V. " • ~ ' ! 

lc,= f.̂ o (_XK, : ; 
x 11 n ( K ) sijiK) »] , •!E*2° 

\\ n (TC>1 . 
\ r r •>»17* TrjiiF ' 

H . o ] / - ' 5 ' ' T J ' r I F __ ; j r 
C _ j 

3.1 ( J] -) _ • j 
1 *>2 c V»«AT (1H-. .^NIIM^E ' OF NOilFS J^E^E 0TS^L«CEDENT'-HOUMoA77FS Ac?F P^Es 3 

1C •T»E.nii, J _ ' 
"1,4 f <! P m 5 T (1 w , 1 ": y", ! 3.5 X f J 3 • 6y , P . b y , E]\ . 6) ! 
1 - 3 F .-•)P».<AT ( 1 H_-» , IO.y , ̂ FGXIOE^ j, , ̂ R - 0 1 S P L A C E ' ^ E MT ^ , 2 X , * ? - 0 I S P I A C F M E M T O 





(RSI-0039) • l. , 1 . A-15 

FTr, i I1ATF h 
gjwoO" ] T T k,c r O T * 

PAof MO. i 

r 
C 

C 
r - - - • 
r - — • 
r 

SU^POUT TIMp EOKMTX CREATES THE RA-gnrn 
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__ _ 0 " :' î llAT (1 H •'. ̂  E2.R <*>>l IN ELEMENT*. I4» ] Xt*NQOAL CONNECT I QMSrf /) 

f\>n 

I 



(RSI-0039.) . „A-2.4 

FTN \ DATE n l / ^ A T S AT 1?3*3l PAftF MD, i 
""cqrioOMT T'If sOi WE ( JP.NIHEU) 

r 
" r s'fTvf "SOLVES THE STTFFNESS MATRIX FOR NODAL 0 T S D • 
rt ... 

common FO^'S M n ' r i V M V I B A N O 

» a • » . 

c 
c 

V • » b r ... «JL. Sri rc^ SOLUTION TypF, DESIRED «.» 
"c 

I F ) j p .j-o.f?.D_J.D_?«n 
r. 
C . PtrOi'iCF F(JMMTX THE EQUATION MATRIX ........... . A . ... 
C 

r/1 AO T = 1 Ml IKr0 

C 
00 30 Js2.TPAMO 

Hi_n=F.0NS ( T . J) /F»NS< 1*1 ) 
I ]=TtJr! 
IF (MljMFO „ t 1 i 30,10,10 

1.0 Jl=n 

! -

r.O ?0 KsJ.foA^O 
' J l r j u i 

?0 F"M?(T 1 .. 1")= FINS{U.>J1)-HLD»EONS(I,K) 
30 EOMC ( I . .J> sHi.O 

. 4 0 . . C . O N T L N ' J.E 

GO TO 1.?n 
,_C. 
C ........... MnntpO VECTORS FOR gACH E'JMATIQN 

50 DO 70 T = ] « MliMrO 
DO ,|g?l THA'-'D 
T 1=T*J-1 
I..Fj.f 

*0 FUMC (II ) scr'iMP.'nl 5 -EDM? (11 j) «FIJNC ( I) 
70„Fii'.ir,(.r) =F• iMp < T i /EONS (I»1) 

c 
CONSTITUTION »•»•..« alrn'm *.a J f .» 

.... . \ Y = . \ ' ! J M E R > 

T F • IR ) Q n 1 ? (\, Q 0_ _. 
00 DO" Tin T 1 jl-s". T AND 

JJsmR* T T-V 
TF ij) 110,100,100 

„ 1 'IP... F! J M C 1 ' ! g F U M C f»B) -EQNS (Nb. ir >*FU"Cf JJ} 
lie comtINME 

GO TO 3 a 

IPO RFTilRN 
END 

- :S 

4 

•n 

% 
:i 
vi 

- v.'sS 



(KSI-W39): ; — 1 — — a-25 .. ... 

DA TF 0 9 / ^ / 7 5 ^ ' J L . it. 123*3.1 _._.&AQF N0„ 1 
cnnoOilTlMu- sTI-JFSS 

C — - — - — - — STRESS CALCULATES AMP PRINTS THE N 
"r—V-.'.".^^--- — I — S T R E S S E S * INCREMENTAL ANO TOTAL* OUTPUTS -I--*—-

- THE DISPLACEMENTS. CALCULATES THE CREEP -
— S T R A I N * AMD THE MAXTMUM AND MINIMUM STRESSES ---

C __ . 
e n M M O N / U N f fs / LU7»LU9»LU}6 
C O'JmQH /ftQ' lUy Mi) IS*NSTR£*rlMO* NO < ?s.) • NUT ( ?S) 
COMMON/r.MTRi./ N*NODE,MOE.MNFL.NLCaS,NEQSY5,LC*N82,MCRP 
CQvm0N/D.Ei.'C0M.i:DEL.L».XJX*MAIE.( 1 b). _ 
COMMON/L^hTsO/FU:* < 150) «TDFLT(?.7S) «£LUI 5 (g«7S) ,RCRP(1S0> * 

•STFnoC ( 0 ) ',i_<".c>NV» T KNT.L^PnoKH.T* TRCS.P CJ_5JL> _ __ 
COVMOM'/TFCT/ iTFSf •LITH'O»MCHK. IPWflT* IKZ 
ro'-MQM/P/\'?Rv/ i IK. iNnrC* I PR* I THERM 

C OMM OKI FDt I MlVj.l 3 iU 251 ?,. ill I n(l5fl) *«rtAN* PflQP 14,6) *N3NFT .X (3 0 )..j 
"" «\-^rfYp <30) sE*«T>. ( 1 2 1 1 9 ) *D (4.6) »Sbs(4*b) ? BFQRY ( A. ) ,RFnr>X <10), TPO n 

c V U H / M T ^ O / »R(l(*0»4.6)fSbSlEL(lOO*6»4)*ELAS(]00*4.4),FPI(100» 4) 
f;.)•.«»/0-Jrv iMri/ MFXC(30)*SGv(4).SGY(4) 
C:i'l-fOi)7r\/rs'/ r>0R0S(7S.2) • MEL CON (100*M ,IELMAT(100) 
C " ' O M / T V r \ ' C - L M « N E L M A T » M N O O E S 
HT"PNSTON R » T ( ? , •TOIS® <?*75> * ELFOR {100 »4) ,XCS(4) 

C 

c 
E-5UT VALENCP f i T S P d ) •X1LD<1) ) 

- - - - - — - „ - — FOR THE ELASTIC CASE < JT = L) ZERO 
C TOT i\L_ 0 Tlpl A CE 'dENL J TO I SP)_• _THF 
R - — — - — — E L A S T I C S T R E S S F S E L A S ) A N O T H E 
C - - - - - - - - — — - S T R A I C H A ' J ^ F ( E P D 

c 

c... 
c 

IF>J_T_ .NR, T) no TO 3N 
JC^T=-1 

;.}P ?o MSI . MC-I.TM 
0(< ?0 Isl', f©7 
F°? frills' to 
SEI. A S T i s n . " 
IF.jI .I THQ....MP .) 2 7 

r 
c TF I . T T U O = 1 A D D FFET O F O V E R B U R D E N C A R D A T E M P O R DAlA. 
r 

C_UJ__ l r iS l r : 
•>7 CO'TLN'JF 

r . 
r 

c — — — i f i v e .THE__ELASTIC_nij;PEMENTJELOT.S^ — - — - -
C " " " " 

no "56 . 1=1 '.MMOSFS 
EL"<TS(1 . J>=OT^P( 1»J5 > 

3^.EL0T..Sf snT_cP(2i_J) j 
TO T(•' 1. if 1 o) hO T0 "4 " " * I 

rJ. Jii.._LrJ.jMMO_->FS 1 
110 10 Jsl.MOF " """ "" "• 

IF) T 0 R C P (. I. I > - . • ; | 
I • - " M 



(RSI-0039). 

rTN 1 HATE 0O/-A/75 AT 1P3431 

r 
PAftF MO. ? 

_'•» I JLH.1 . A ' I I ' I ' 
[ • > L 0 lr 1 . MfiT 

4 0 Thtcs ( I, T ! aTn TSP.( JI) * D TSJM,J_»JJ_ 

jrMTsjr'-'T* T _ 
I F M T . m j ' ) To 422 
T r V . iCMK ' 1 - , f C n ) r>o Tn 4?3 

SfT THE DISPLACEMENT WHICH J^S SUBTD^CTEO 
' F RO.-t" T'HF NO HA L C O OR 0 ATE5~ EQUAL ----- - - -
TO THE INCREMENTAL DISPLACEMENT 

c 
c — — — 
c — - — - — 

_ __ _ 
C. 
<- — - IV 0 "j f )TS 'USED FOR i) i_SP LA CEDENT tm OLACF 

- - of" <"ild v * f c H i s t h a n s f e r e d f r o m s o l m t x 
— - _ - A N r > BY UTILIZING THE EQUIVALENCE 

C 
_c. _ . 
( 
r 
" 4 ? ? "A:: T FE"V^ 1 , N > T'' 
_5M0 FO»MA T (///'./txv hippE*. I2X*TNC«EM£NTAL DISPLACEMENTS*. 1 7X*J0T Aj DI So 

* I . " O P F M C - J T i A T TIME . . . *«F9.4,2X*TR**/) 
IF_F T.P«?Njr. A'RITF (61 , 5 n I) 

5 n ] • 2') * • *7.* • 2ft* » 20 X • » / j 

"PRJMT ImchEMENTAL* ANQ TOTAL DISPLATEMENTS 

••)! k. i n mm^OES 
5 1 ' l . -•••> T Tc ( M„« V H« ( ( H l S » ( J«'Q , J=1 tNI1F)> ( T 0 I S p ( J«M>« Jgi 
bib ?-u«MAT{Ti'i;?c=xfEi5.6,5XfeiS.») ) 

r-w-iT I iJ'IF 
r 
r-
r 

C 
r-
r-

f:. 
c 

c a l c u l a t e e l e m e n t f o r c e s 

PO .1 f) _ M = i ,_M r I_ E '1 

CHOOSE r O ^ F C T NODAL DISPLACEMENT 
VECTOR j N n CALC'L AT£ CREEP STRAIN 
AND T i e ELEMENTAL FORCE VECTORS 

7P, 'v. nil T e l . MM£I 

IS-' (M. FO»__nS To 9p 
Ks'f T - n »Mr>F 

no on i = i tMnF 
I J r . i *K : 

>">D / I.n =HT so { I,M) 
-J0 r,jMT jr)iir 

i 

OP. .INN. T=T T TP-R 

D.O„.1P.O..J.3U.,A. 

m 

>CS f I ) . = XC<5CTJ J ) * x t _0< 
.10.0 ..COMTINUE. 

f"! 1 in Isi" p Th<7 
M O xrc f'T> =XCcf T).FPI (N* II 

M 



(RSI-0039).., 

cpv 1 

- A-27 

DA TF aq/?6/7_5 :£1_AX 1*3*31. 
c 

0m T?0 T = i t.P.2! 
f-'l. rpR (r" • T \ , •' 

t?o i=.r..T'b'. . ... _ 
1 ? 0 C I . R N I M - U T' I S F L C O P ( in T } • E L . A S C I » 1 * J ) « * C S ( . J ) 

C 
PRiyT C'*EKP STRATN(XCS).FOR PHOSFM F| FMENTS 

C 
1" fc.F'-JO /•• ? * Oft. M. F 0«1 63 • OP « M«ED . 1 *>f\« OH. N, EO .\bQ) 12A.,. 22. 
'--TTE c-̂ 1 M, ( \CS ( J> , J=1 »3) , TM 

Si 7 F Ay f TS . at Qr.FEp STRAIN (XCS'I . . . * » 3 ( 5X » E 1 5 . R ) « 3 v -t A J T J MF „ . . 
^.rn./j.'il'voi) 

r ' ___ 
COcr>UTE ELASTIC STRESS ( 5ELAS) AND M^AM S T R E S S " — 

C-------. ----_- - <SM) Afjn RE QM TApE DM ITS LOft Ayn J_5... .-.— 
c 

22 Qn__T.Ro -I = 3 T "7. 
l»G AS ( -i• T i =<;Fi AS ( )«I) • E|Fnw~<N«n 

_ J H f ST = TF| »MT'/N) T^>TPR^T.trn.i\ GO TO ,4 10 
c '('•') = ( SF l A S f' i»1 ) • SFLAS(M«2) ) / 2 « f) 
'"•I TO 411 

_AlP. .SJJ M_L=.< 5E LA S . f 1 W S F L A S (N.2) *SELAS <N«3) ) / 3 . 
4 1 1 C'^'TIM"F 
iqf» C'lVTlN'ir 

r 
C 
r 

F N N O F L O O P O N NUMBER O F E L E M E N T S 

r — — PROCEED TO CALCULATE MAXIMUM & NO ^TNI'-MIM — 
— - - STwFSSF.g T'-iF c L'lQKWl SE ANGLE FRO-M UFRT t CAI 

— - ANF> W R I T E TOTA1. AND DE^'IATORTC STCJJRSSES - 1 -

IF(TPR"*T .FA, LI hO To 261 
J c j J.I. Eil.l).. Tt) 424 
I- f.iCKir.M'rt TDr,) r}o TO 623 
TF GO TO A 2 5 

4?4 >TTE ("il 
" M . T E <•'•)! • a 75.) 

F 'I ?4FL M F | P M 
??i> P-s f cEL *5 (••'. J) _ S F L A S <N* 2) ) t.O 

( ( f'IC-J IFTR - S E L ^ S 1 ) ) / ? . 0 ) + S E L A S ( N . 3 ) « * 2 ) 

•'TJ-'S0-^ 

T .- (<^EL .FU. SMJN) <?o"fV23n 

A H "C s . Q 57 A"T~A N TS FLA S (~N, 3 ) >"( SEL A S ( N , 2 T - S M T NM ~ 
"0 TO PRO 

230 A-ir,t E-'̂ Ci . -
P.̂ /I '2 H E ( H 1 NL ^'LF Q.F> (N» T.)....• 1=1 9 3) » ( S E L AS (N I I M H O I 

$•<;'»* X , S"TM » AM^.LE 
2<i0 Cn.*iTlLtiiE._ 

r.r\ TO 4?S ~ . .... 
„_. Tc >,lT.f^, fi-\ TO 426 



(RSI-0039) 

1P343) 

4?6 

O A T E At 
I P 'MCM r."r. fo;>li ftiJ in"iblsF 
T!--_/MST''F.-T. 7\ <V) TO 
t J1 TE ( , 
•'•iTTF ( nl ? r,J\) __ 

?.'->2 -'s-, ,MF, fM 
< • -: i TF ( M % * * i) MLF0_P_(Ji» T)_«I? • (SEL^S T = ! « M 

_ 

P A ^ P M O , A 

J r "T = n 
<> f 1 F A T . ?P I.'.., 2 > 

' I ̂  fV'ST' -P NSTsl 
Tt-" fmST 'E»m,Sv. I^ir? 
I " M MSTs? 
rr/MST .r-rj.fM iiO 
T<OmST .•n.lS no TO 
I' '"IT * 0 , I P . TP 

"7F7*'ST iiU TO ~2f>6 
2/>4 c l.L 1.1 y.lSt {.ELFJI?L._ 

r:n TO 
p/sS c '. L 't 15 T': "(e i»£.o!1L 

r; T 0 ? ̂  
?«,f> c'ti L. /pj r->a) 

C,mj "'•»•'«'«! T ••r I. ».-nf') 
2 0 . R I T T • I.JP; 

JC'-'TSO 
2 3C-'.)--LT. I U j ! 

r 
r 
r 

f 1 H Ft pm* ..1.0X_at I.MC'?EM£mTAi, STRE5SES*»?7X*TQTA[ SIHESSES*. 
S.'^y.i" T-.pTl> i E • S ̂  f7 S SES i /") 

myU F -:7v A T (l m , c,Y * X-s T.\FS_SES*.4<*Y-STRPSSES* t 3X*XY-STRESSFS^. ..«>̂  , -STu v 
~" + - s V S * ,'«. vVy ̂  <f TQ E S S E S 3 X » * X Y - S T R £ S SES £ " 
J? . ; y '. /. T •! |My '. 7X » M'.IM* « MX . t ANftl , //) 

c T r>c S s f.5* .A y.^7.sr~EsSFS*« *JHET-STpFSSES^ »2*A 

P ^ T (l/j ,ori / .2) 
r 

"c " - E T ̂  f< IN r; 31 lr>RijL)T fNE IWSTPN 
r 

.1 

J 

?ERQ OISPLACEME'IT (XlLU^ REFOnE ^ 

no I=1,MErtSYS 
i T.n-U ) .5 
T F < M0{ T . F "> . 1 ) nil TO 
J T•= lT+1 

-I 

"1 

1 C*.'"IT I NJ• Icr 

.SETiî rj 
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r > i"" Of -/r M r r>i / mm r MI'E',"*!) F~, t fL, . NL C A s • N t Ob Y S«I. H • mm ?, Mr on 
c.n.L.n't/nr', rn"/Dp(. T» Tm , jT«MAMf;. (} t.i) _ . . 
<:<• '.M'VI/I.R.HF^P/CIIM(J SM»'TI.)FLR{?«7S) »FL'UTS(2»7S> » N C P P ( M ' O I » 

c I'M'OM/ IFET / r T F S T • L I T H O • M C ^ * • I P - * M T , I M Z 

(-,i_.H(_.)M/r;r,".rJv/ f Tj\ r'< • TC » 1 "M 
"* V",.r.TiOM/fuV7™£rI;As i1 no", V'f*m~( 1 * vrtl.lM (10 0) 

r -'Mnnrj F a , mtx (1 . J , XlLo (1^0) » AMw • PWOP <4 »N*nfix ( ) , 
^ r y o n ( i | .SC-'-TX {'l 2 13 ?)% . fi) fMF0RY(4) , rVp n n x ( 1 0 . T ^ O O 

i, «' i n ( d > 
c; • •'! -mm /m T p / ,1H ( 1 .< 6 i'A'V&T TFLl 1 0 0 , is'i 4 ) . E L A S ( \ 0 0 , A , A ) , F P 1 n 0 » * ) 
r L ^ ^ X i A ' _ — _ 
' r ̂ ".mhh/TWIM;/ r O S*( 75V2*) «"i El.CoTT "fl o QTaTTiELM~A T (i 00 f* 

C'V>/llM/ (Mc/ KP^Ei'h NEL;IA/»'.<NOIIFH _ 
i v'f'jst'S i sii<4) • f• l f o V f i o o % * < " " " ' 
I .•TFftF,> A . a r .. . 

r r 

• ttE (f>l , i <]?)„_ 
C 
c 
r 

. !: :. ,i...i-L,'xn.r.s 
• • - ^ 

^ isr . 0 
. ._S.Y.ari..O 

i- '-r . r> 
•••>'> , _ 

-JVr'l, i 
r 

r 

PV -J K-4' =1 , •IC|_'-M ... 
T r I T ''''I ('KK . 1) ."fiR, I ,E"7C|,jELCOM7KKV2)".OW. I . EO * MFI. C0M ( KK t ) .iM, 

) T . rn.fjfLrfn'f KV, 6.) ) 30 • 40 _ 

' • rLr'W(v/, 

... 
Ic 11. . 'i i r.o rn a. i 
1'.-=.' T<S ' - N C C)» 1 ) *C'V»r»s ( C , ] ) F. .CO?. 'LS ( A • 1 ) ) . 
y ir'wq (TO- n<i (r, ,2) •Cnu^S ( C ,2) «C'">:}l)S ( A»?) ) 
I'"1 T!) 4 ? 



ill i 
J; rTK ^ rF- nv-ft/y^ at. ' .V« 31. PA^F ? 

. /,! iriT.i'f'.hr.o rO 
r /. - „ < r; I r,r,:.q ( r , 1 ) • £.0RS ( fi, - ;>, '''C^OS ( 1 ) ) 

A MS (rn' -pi^rV?")"* coons<A .!? ' " « o'lROS (rftg ) f 
. , . Jil. Tl) A? , 

A * 43 I R T . M P / ^ I I r^ 
A \ ~ M S fCO'?nc ( A , i ) *COROS ((•", 1) - ^OnuOS ( C • 1 ) ) 

t>s (CO ̂ nc; t » ,?) iCO^n'S 2)-"P. <>CnonS (C". 2) ) 
A 2 ("'""'TTUMF 

c. 

c 
r. 

^Y-cY*['^/(fl.'URrt)1 

1 (.: A s [ + } ̂ rLFO-MKKf g) ) 

r 
r 

I: / =• V v ( < q / T A • • Sm")")~<~>p LF6 KK. 1) ) 
is.jog.xj-n ( (AA/./..AA + '>«jj • SEL?s (KKt?) > 

r-f>o/* ( ,nn/ / ) OSELAS (KK« l") V 

'"y. 
-S «s»»• - (K) -SII /{K'l (N'-<«K> 

fV) O K ^ , 4 ~ 
^ .S'-;!'̂  CK) =S!t!l»< (11J+_S£LAS tK<_l!<)_ 

4 0 C'ViTlrMc 
3_ 3 :.'.t tm...I r 

v . . 7 K = 3 , -
7 'i ]•• ( K) s«!'l • /m 

( 1) - ( 1 „ 
« J" (?) - (1 . 
!:.'ii34 /^"V./. 

(f<1 5<! |MU f K } /N 

S'l-MJ ( P) S ( f . /C« ) 

••> '"TE ( * 1 0 f ) r , ( SUM <K> »K=1 <&) • (SIJMM (K) f Ks 1 »4 ) 
1 C.'j'.'-T I 

r 
r 
r 

1-1 r ( TA , QF1 /. ,4) _ _ . _ __ 
1 .-.2 F•"**"/* T M ^ V io"i; "i"i v^x**'MOi>AU""S'TVFSS£S1 OxT?' r.Vt'wAr,E<) 
1 •; 3 F .vyA T (J , X. ̂  S SSES^* A X , STRESSKS* •» 3X f i.T HE T-STRF SSF S '4_< 

l " o " ? SSr > 
r 
I' 

•H 
i ; | 

la 



(FSX?0039)"~ .""""""TT"'! ~ r , " ~~ ' " ; A-33, [ 

fTn 1./; n a TP " at 123431 _ _p*r,r mo. i i 
ctin^OHTt'w'p fNsT l*\ fftNSW ~ " " ~~~ " 

'r. I 
f - - - - .. - - - - _ 7 (Nrs T W > AI .CI IOTF. s THE RES ffiHTNG"FO'JCFS -I 
f - - A NO SETS THE HOUNQAKY CONDITIONS F<">R THE % 

• c ; "THE'TI 'sotf-KLA'srfc prouiemV' 'OT I L T?. T M n - - — " $ 
- EPI^S TO IJETFHHIM THE INCREMENTAL ST^AT^S ,j 

_ C O m m O ' . I / I . i 1 • I t T S y Li_l7»l.liQ»LLll O 
'.' "r, i\"^i.)>f/h,'c -ii"/ NO I S'^rsTrtKT'JHT) • NO (2S) • NNT'( } 

f W O M / r f T R j / NRNOOE • '-iDFt NNEl. • "<LC A 5 • YS» |.C * MR? « M r 0 0 

C 0 ' ' A ' f / o F i r 0 * E t L T «TH * . I f •"1 A' :Vh(T"M~' 
c ; " " i ) i j / ! . r v rs i J / F»JH ( 1 3 0 ) « T 0 f L n ? » / 5 ) , E L u iS ( 2 , 7 S ) • R c R P j I s n ) * 

M ^ n n C (1 *-Vr.Tc ^W* r^Nr;LXjpn;;J1VTTrT^CRPlTSO)' "" ' 
CO"!MOM/T_Pr-T/_TjEST « L I T HQ t_MCHK . IPH>3T » I HZ 
p , A -oy /" fT K\TNi5TC Vi <•>'T.'p HE RM 
O'^MON/nur/. Sri.AS f 1 00.» 4>_* S«1_< 1 00 LiV/lLi'lii 1 00 > _ 
O,"m0M~ Fn.",MtV> ( S u T ^ ) ."X1 L'M 1 > • NM'tirffDrtfjP (4 , 6") » N̂ '"|F*T*X r»0"j , 

TY d I yn ) . .^JXJJ. ?.*J »0(4tM ,^FORY U > iUFQPXM nj>_« f nOj) ' " """ ' " "" 
c -> H o m / IT a /_ n R f 1 4 . 6 ) rSRSTFL < 1 A 0 » 6 » 4 > 1 El. A S (1 0 0 < 4.« 4 ) .pP I_ (J_P 0 » M 
^, ..,' M ̂  ,̂ o j '-Tj r, / " X C ( , S(->x C O , S"iiY ( 4) 
r - n . ' . i M / H / t i ; / .^oRo.S ( 7 5 , 2 ) tME|.cQN< 1 np«4) , IEL.MAT (1 OQ) 

( 
n ' r T 0 ! . ? " rpoTA)",F£TY<4"),EL rEMP (100f 
? > ./.Tr.T.1 

T Tb' ( ) JH 
T i- f T THP"»•' .Mc.i ) no TO _3 1_3 _ 

•tsunele.M) " ' 
" 'T T E. ( M ? A9.1). _ Tji 
'r ':'AT(|H ,:<T• -=^»F10."f;) 

4 HS 1"-c:A\/r_ ' 
' Vl 3 "it-'fT ̂ V p^'V^.^I "i-.)t0 314 

* n ( FL TEmp ( I ) i T s l « NELEM ) 
i-Mf-iT (p. (-v^F' n.3) ) 

r 
r — - CrtKCK IF I~> IT Ta'C" S T R A I N P'<0rtl.£M — ------- — 
r 

314 i F / r - . ! s " r n 0) u) t o ^ n 
c . 
( C A L C U L A T E "JEW L O A O V E C T O R S ( X 1 L D L t " F M F F^HER I N G — 

r — --_.-« REPRESENTED. r)I.5PLACE"jf:NT TN STRESS which ~~ 
— W A S 2 E H 0 E I 1 O U T R F F O R E E N T E R I C IAJ Q T : ? N > F R O M 

R , R . R R . " R R r _ - 5 T R A I - . J C H A N S F C A L C U L A T K Q T M £ ? T S , - • — - - - - -
r no ° ,MPl_£M 

TP F RTH6"'5'-1 .I F . FI) R;0 TO 7 ° 
r ' 

7- -«n = Pi. TP -off, , 
1 . ^ • • ' J S R ^ P N R T » » I , T E > IP) 

""79~C''i r pi'Ts" TNfE^lT) 
r 

2ERO N T L ~ ^ E S T U R I wT'FORC'E ( FVP ) 
r 

4 0 T •'=•". A 
iK L-E.'L'i ( 1 .'.D ~ 0 



(RSI-0039) • l. , 1 . A-39 

FT'v n A T F 5 9 / 7 -s AT. 1 ? 3A?1. no,, p 
c 

_1r. ~ --- - — -jr r - - CAi.r'JLArE >>FS fQRTNG FORCES 
r 

110 e;/> f..?-, .. .... ' ...... 
on T^P-i", T;?7 

V ! Ff-:nj I'1) ~F r-n'ij-;)_ • S. KL ( T M yl E PI (N , IM C) 
r 

n. i AO T' '= 1 . /s, 

C 
.Sii f f / 3 =F."D ( T'O ̂ V/Olj-M (rj> 

ri'1* 70 T!' = v ~ » " " " 
. J-Js^ELC/V:' Ci'. T-'i> 

T <-1 
t) \ n i.JE") -Ivi l.n ( JE'») 1-J) 

.7.0 A i i . n < \ - x y i - 0 < J E H * i 
•'•II) C'V-IT TMI IT 
no r ;>• »T lrr lr 

r 
r 
c 

«CT NJ. _.Iri. PUT boU>tO:iKV CONOI rrpNS 

T '."<2•I. E . 6 - : 0 T .) 2Aq 
I " f Mi)t T , E . T ,« Mf>. /T • E!"J• I ) fio TO 205 
T? (MOTT.Mrt^.'.MD..)T,rO,?) GO TO gpq 

to 0 
2.1?.. L'l-.M'JEL-idG.2*J 

t YrMHMODE 
!' ! •?')! .JrY'.wnuflne 

?• 7 \ i n y o ( I) :.r.|p><H (J) 
''.f-l'TilO .LUX. 
'••-• 17) f fE-NMTAt I» J} • Ial , "»F!}SY<;) • J=l •WBAN'W) 
V'.':... _M=_i v ', 7 v ; 
- -1 — > 

T :;.r»liiMFT 
T )iii] - ( > <wiOF 

iwowlsT.^') -T + 1 
J 'j r i^=MN rrvftyj /f-j 

b'a-il.'JiW.IW:.'''! ,_j). =i/.t 
WJ-r I O .")'•' 1 .(. T -. I 
_£jLv£0_L_Lia.»3 i.Q12°0 

i^O (•>>'-> 7, |) ~'o , {} 
.Cjj!TliJL!F 

21" V">=L"3/..IJQ 
C,"!"T INI'F 
Cii. I —SOLVilt J j—EiiSXSJ 
C V'T IN' Is-" 

C 
r • 
r 
r 

ENf) OF l.cn^ ON F|.F,Mt\IS 

— SET H Q U ^ O ^ Y COMp T T I QMS — ^ 



(RSI-00 39) ., 

F T \ T OftTfr n 0 / ^ / T - 5 

A-35 
PftOF MO. 3 

1 T = t 'OOE 
ikt v ( r ) 

I'- CiFXC <T) . F^. id) GO TO W O 
. .1 F j\'F_XCXI.)... .F-%. Q i ) jjo_ |Ti_ 

_ !..L')J.I.'V-1".TJ.-I1«.Q 
1 h 0 v 1 I f> ( T *'"') -rO.il 

F: ' T{) J A N 
17H •' I1. n.< T =C . 0. . 
Ivil r--.,.TT MW-

IF .'['JC-TJ .T )__R,O .R_O 'L'U! 

•sF> -€.<•>fUl^i.lOd.) 
747 .1= V'.MF iSY.S 

747 f'vn.M n=Tr5r'JM (j) +^cWJ) 
t FV.tT.-gC"",r V TO" V 
'V J=1 '. mmo^FS 
coin's ( j, i Y ^ n ^TsTi. i') • ED". ts n JV 

1 ] C o < ; (.i.?j jrouns ( ' • F L D T S {?-* J) 
' V ' " F - C T T I T + T 

0 0 737 .)=I*,MF^SYS 
..J.'lLJ.V.V .(.J1.-C.. i 
"h'.'i n o 1 I 

F -.in 

L'- — 
il 

1 
•3S 



(RSI-0039) ' ' " " " _ ~ ~ ~ - . Z T . l _ " — ' ' 1 " 

FT.\ T TO/-6/7S 'AT 1?343) „ PA^c ',in„..J 
; !.?•>• VI f T •!'.- R'V T ST (<V T T",'T,"7 C-^P) 
r > ....',M/J j • T T <3 , I..J v, Li)Q,LP i 0 
' c>i• • • f'l' i/>,c' IU " ">'i0 I "tRe 1")*• iT, l«:Q <'?. S ) N U f T? 5 ) 

Vi/rfli^i / M'V-J 
** f-/>.)M/|IF, rrt'\ /OELT, T^'TJTV"TA -IE (1M 

« TDftLT (?,75) , FLL> I_S<2 , 7R) ,_RCPP <1 , 
MFnpCnS-'M ,i -JOTTTT-TCRPVISOJ 
Pj"OM/TF<;T/ TTESNLI M O , >iC<K, I ^ T t IRE _ I 
COMM.vj/r;A ^py/ Tl.<, I N[iTC, I(>!*<. 1 THEKM ' h 
r VMvV.i/r,Hr/ ( I Op , 4) , 'S* ( 1 0 0) » VOLUri (100) _ | 
ro'.nOM F.ViMry>"l5ur/5)VxiL"nTl5'«) • N;»ANw, P&6P*<4 , 6 ) • NR-YCTX ("30") , 
l̂.'-rT VP ( 30) 5F-T* (J?»12)_»(1 (4,6) , , 8 F C H V U ) • R F ^ x () n) » T'<Ql) 
*. i \ O (o) ' " 
_r.;"..(VJ / M T R> / 2.3 (.1 >±0J 4 ._O) J ^ M S TP. L (J. 0 Q , 6 • 4 ) « EL A S ( 1 0 0 » 4 . /») . FP T N 0 0_T M 

Ysfrv (V) (4) 
Cill'."" I ' J / T J ' J : n r h j S j 7b_, 2) ».^t.C«»N(l 00,4) , IgLHAT QQ) 
rO^rO'l/TV:: / h'r | . NFL •<'.AT t • iMOiiff S 
T ''FNSt O'J Aj.'P )A(4) » EH T T ( 4 ̂  , rOLO(lOQ) 

M. PM A ( n = -J 3 . ?*> F- o '"> 
i fj.M \ ( v) ̂ ?? . ->?£•» f 6 

'M_'5t-lA H ) 
L A (4 ). sj) . a.Fj.,0 0_ 

•' „•' I>' = T F|. '• T ( N) I 
.IF 'JT ?) fljQ TO ) 

T-TFM^-T-./n (m) 
..IF (7 »i > po r<"> 1 q 
p.j TTU) a M , - • -N<0P (i-INlU 1,2) ) »ALPMA (M.NUM) OOT 
F. ->.T T ( ?).SE^' T T.(.1 ) 
P'!iT(3)=" j 
<•<• T \) IP 

!G F,J it ( I ) sA| PMA >MNU ') #0 T 
t: F-ltj .(z is je-JJj izo .-.EiillUJ 1 
j c JTT (4) .rt j j ? r j J I'.J'.iF. 

rci n (M ) sTr'to 
r-^rnRM _ 

1 r ; . n n (;n o 
ij j_.ru. 

-h 
3 



' ^ ^ • • ^ g e t s m . DlTrr n o T ^ A M ^ f ^ V K f . . 
> n n Oi IT TMr trptsf.-l. FPI T ) 

A-37 

P4r,r wo. i 

f — I <5 C A l . C M U ' f e S T H E sTtfAl''* f N C « £ f ""I - - ™ - ! 
r. ixmiih/I^I ijT«3/ Lii ̂ Li'Otl.UU) 
Cvwvj/fiCuM/ MHT S, MST^E f NH'S*M'V< ) • NuT ( ?5) 
C'V'f-W/rv;rtj / go/)S «N.DF f uNFt, •.'jLC.A.SjNE.OS.YS • I.CJLN.112.* 
c-.r'^OM/iiEi nn'-' /oELrt'r^Vjt'f OAMK fibV < 

„ "•v'H>Wl..rinTqt3 /Fll'i (JSOj , f L)FLr r?*7gj .ELOIs(2*7S) ,aCpp ( l sn > . . 

C O ! '."CM / J £ S T/...r.TE f>X « L .1 T_Hp_*. ,-J C H * l i J W J . 
Tlx* INniC* I ••art* I THERM 

r <fr|. A S (1.0 0 .4.). • SMJ..1.0 0J *_Y.QL!:L':1< 1.0 0 ) 
C !>'<>'ON F Q• >M T * 'N S ('1, 25 ) X"L I,>V<"{ SO )" . „;H A N J T P H 0 P ( 4 , 6 ) » SJMT.|̂  T X ( 3 0 > • 

'FR; CT-XIL.L?.G.VS.F: 'J X J. *1?) *0(4«") I S N S ( 4 * B ) » R F 0 H Y (4) *HFP->< (I • T FL t? .. rs. I \ ~ «. rv (C?) 
C. /.. .'J.lj.1 , 6) ,SH'STKLM A J L » J i L A5.( LP-0 »„4 »A 
R )"T.<OM/NO.INN/ MFX.C (30) »SGX'(M »*5«Y (4) 
C I ' . u u w / T \ / c ( ) H u I E U A l U 00) 
r . > v 0 M / T >/ r / r • r L E M • N E L M A T * m N 0 f.1E S 

-TOO 

LQFPT {,1.00 . 

NP-C-'ISTRR.' SF {?• ) *E L ,IT(4) 
_C 
c-
r 
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APPENDIX B 

AN EXAMPLE VISCOELASTIC PROBLEM 

B.l. Problem Description 

To illustrate the finite element code TEVCO, consider a laboratory 

core specimen with a radius and height of one inch, as illustrated in 

Figure B.l. 

1230 psi 

R 
Figure B.l. Viscoelastic Example Problem of a Laboratory Test 

The laboratory core is subjected to a confining pressure of 500 psi and 

loaded to attain a vertical stress of 1,230 psi. The finite element 

two-dimensional r-z discretization of the core is illustrated in Figure D.2. 

Note that the center of the core i s taken as a line of symmetry. 
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Figure B.2. .Finite Element Discretization of the Laboratory 
Core (Note: Element Numbers aie Circled) . 
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B.2. Results of Finite Element Example 

A listing of the computed results of the viscoelastic example problem 

i s provided in pages B~4 through B-16. The input data, elemental stresses, 

nodal displacements, nodal stresses, and incremental creep strain in elements 

19, 20, and 21 are displayed in the output. The results at every time step 
are not provided in this report due to the large amount of computer output 

for this example run. However, results are illustrated for several early 

time steps and several late time steps. 

A comparison of the finite element computed creep strain and the 

creep strain computed from the experimentally determined creep law (4) is 

illustrated in Figure B.3. 

vo 
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Experimental 
Creep Law—^ 

Finite 
Element Results 
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Figure B.3. Comparison of Laboratory Strain and Finite 
Element Strain as a Function of Time. 
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"5,06*002 
>5,08*002 
•5,12*002 

n;f)0022H Y3 WITH OELfa 0.000057 

H I - i o ' o , 
UJ - ' vo 

« 

.1,83*000 
•1.22*000 
.7.40*000 

.1.63*000 
•1.22*000 
•7.2^*000 

•1.83*000 
•1»23*000 
.7.21*000 

= 1 -B3*00fi 
.j»23»000 
r7.15*000 

TMa r>.'J0r?3 

.. -» 

to I 

2• 1p I -0 06 2.133-006 -3.23&~nnB -7,48+0f»2 -1.24*ni3 -5.01*002 -5,n6*002 -1.93*C-00 



"Hfp'W&szMfTj.* 

20 FD$ 
21 rec 1 .tS7<J.(J06 2.1Q1«006 

l.qftT-OO* 

ri«E» 0.1002B5 VH 
•Ms> f>,V0n2<? 

21 FPS « 3.441-P:J« 

THs n.OOO?^ 
10 ri'S • 
20 fm; -3.^34-nn; 
21 rue -3.vU-.-io*. 

tm3 n.yo^u 
19 en? 
20 r;>5! -3.69J>-1«lfc 
21 -?.o!.(3-Tr.'i 

TMa ->.L'0')46 
19 *•=>«; -3.51S-10*-
2n Pre __ s'Jp.niU 
2l 

TMS R.UO'.SL 
19 fcf -3.r.H0-'l0«. 
2n n-S -3.\23-in* 
2 | Fl'S 

L.99J.006 
2.043-006 
I. '17-006 

TIMEr 0.00034? Vfi 

1 .843-006 
1 .X9j_006 
1.590-006 

TIMEe 0.000400 YR 

1.7?4.006 
1. '69-0U6 
1.4do-oo6 

T1ME= 0,000457 VR 

1.62S-006 
1,663_ocfr 
1 .4()4-O0b 

TI'iEs 0.000514 yH 

1.542-006 
1.592_00<> 
t.333-00* 

WITH OELTb 0.000057 

l.»47-006 
1.7?4-006 

l.,«03-0d6 
1.843-006 
1.597-006 

M T H DEL-TS 0.000057 

1,686-006 
1.7?3-OO6 
1.495-006 

WITH DELT: 0.000057 

l.b«9-00& l.h?4-006 
1*410-006 

WITH DELTS 0.000057 

1.5Q8-006 
I.b41-U06 
1 ,338-(?fl6 

TIMEz: n,000571 YR WITH. DELTB .. 0,000057 

•jnrF 1 Mropi'fMTAU OIS^LAOEUEMT5 

•2.225-nofr ' -7,50*002 
-l.147.0ftT -?,*6*002 

.1,24*003 
•I,21•013 

-6.01*002 
-b,lJ*00<i 

-2.952.0QR -7,43*002 
•2.036.00S -7,b0*00Z 
-1,041-ftoT -7.46*002 

WITH DELTa 0.000057 

-5,732-008 • -T".48*6o2 
-I,e90-n0" -7.51*0n2 
-9.587-00* -7,46*002 

•1,24*003 .5,01*002 
'1,24*003 _-5»01*002 
•1,21*003" -5,14*002. 

»5.OR*0O2 
-5.13*002 

.5,07*002 
'5,0**002 
•5,13*002 

-1.24*003"-5.0" 1 *002T"' -5.07*002 
•1.24*003 -a,01+002 -*.0«*002 
•1.21*0(13 -5.14*002 -5.13*002 

-?.554-oo8 -7.48*0(,2 -1,771-noR -7.5l*or,2 
-8.922-r»o« -7,46*002 

»1.24*oi3 
"1,24*on3 
• 1 . 2 1 * 0 1 3 

-5.01*002 
-S.O<T*0O2 
-5.1**002 

-5.07*002 
•5.05*002 
-5.13*002 

-2.407-008 -7.48*00? 
-l.b73_no8 -7,51*oo2. 
-8.37g-nn8 -7946*002 

-2,2«2-008 -7.48*002 
-1.590-008 -7,51*002 
-7.906-008 -7.47*oo2 

•1^4*003 -5,01*002 -S.07*002 
"l,24*nn3 -b,0i*002_, -S,oR*002 
*1*21*0'«3 -5,14*002 -5,13*002 

»l,24*oo3 *-&i01*002 ~ -S.07*002 
•1.24*0n3 -b.02*002 -5.08*002 
•1.2l*no3. -b.14*oo2 -5.13*002 

TOfvL DISPLACEMENT 
D 

aT TIME 0.0006 Y" 

1 n . OO-̂ O.-lPO.̂ QO 0 .01000000*000 0, 00000000*00" 0 .00000000*000 
i. 1 0 .OQDOOOOCtOOO 5. 749636] ĉ .OO6 0 •0n000000*000 
J 7 0 • 000."i0000*000 1. 14567124-005 0 • OoOOOOOC »000 
4 1 0 . OnOKiOOO >000 1. 74RTSo2i-iot5 0 .00000000*000 
s' » it? 0 ,f-"»opoono*ofto 2. 3°SS*3»7-005 0 .00000000*000 
? ft „ > 0. 00000000*000 -1 .150J°im-'lfl5 
( \ juct^fcc.-- n ? -7 .3ft5l! *̂ 20-Pn7 2. R»4?.887<i-006 -1 , lc;9c;tji4B-no5 
i t /•i^W'.^.-.T -7 .P-bS^af-ftn? 5. ftsflsias-i-oo* -1 • ltJ'./'Hftl-nns 

-1,24.000 -
•7.10*000 

•1.83*000 
•1,24*000 
.7,05*000 

-1.33*000' 
»1,2**000 
-7,01*000 

-1.83*000 
-1,25*000 
-6.9T*ooO 

•1.83*000 
•1.2b*000 
-6.94*000 

•1,82*000 
-1.25*000 
-6.9o*000 

I l o' 
v3 

to 1 



• r -• " ':' • — « — -
V e n 0 7 ?}87*>Jl9-M>7 

1C \ 7 nn7 35632293-00? l»145B8«So-ooS. 
1 1 o . nfl 
}£ 1 j . n ^ i i s i . -l.l<»e«?lS0-005 

1 -fih - f . 2.05«)4837?-005 -1.2P47<»I3B-005 
1*> 1 -7. 157-107 2.37334Q44-O0S «1.2)503326-005 
is A -1. 0.00000000*000 -2.2«M>42&-005 
16 AO7 -1. 5.4242930^-006 -2.266lb657-0o5 
1 > 7 -n? _ -1. 472S4nlJ-106 1.1*3311*0-005 . -2.33771717-005 

' l l ' 1 a Q6 -1. i>l374403-rfl<S ' " .75530343-001? ~-2.40391665-005" 
1* t ̂rJ 'JI if .o. - n6 -1. 53b?O30O-nn6 2.3°6?3437-0l)c» -2.43971026-005 
?'. n . (j'j iill.-.nn* ••.nO -2. 0*l000000n*000 -3.220^129-005 
71 l -.n? -2. 0̂ 5<if>392-006> 0371*157-006 -3.30902200-005 
?£ rfi7 -2. lA6l7ni4.no''i 5.42o2203o-006 -3,437?S555-ooS 

5 -2. 1 n 7.71 S6b-nn<> 8.5 9 78601 1—00<i -3.4712?>734-005 
?<» 7 <\f)7 -2. 1 »l7.359o9i -005 " '"-3*53480046-005 
2b q •in 7 -2. 2^7 <b981-0O5. 1 .4^36943*1-005 -3.«5S8?7065-005 
2*> .\r.f> -2. 27744>bl-006 1.79462184-005 -3.6;64^311-005 
?t i 1(1'' -2. 3oln<»«7V-nofi 2.1035S66-?-i)05 -3.6544S968-00S 

i op*) -2. 33251910-006 2.4382463O-005 -3.704T7H66-005 
^ r̂irv * ̂^ o ^ . -•00 -2. 0.00000000*000 061**806-005 

•5'J T ,64 i'O-.Tt-- f t ? -2. 5*79613480-006 -4.65840275-005 
31 7 rl 1 1 1 E •. nq. -3. 0004H119-00?. 1. 2408116S-001? -4.76349868-005 

, I flinrjAA. -3. 05331b39-006 1.87332330-005 -4.84847893-005 
33 1 -3. 14671I36-PQ6 2*5247023^-005 -4,99858135-005 

TOtav. _5TRr SSES principle STRESSES 

? 2 
- 3 A 
6 

t 

I 
5 6 
7 a q o 

v ?•» 

o-tjTBFCsF.S TH£T-STPF.SSES RZ-STRCSSES R-STRESSES THEJ-STRESSE; 

-P • 01 -0.01 0.00 _ -1217.44_ -S05.45 -506.35 
- 1. -o,0l -o.eo -0.01 -1220.6? ~ -S03.78 -505,64 
0 . "r- n.oi -0.02 -0.00 -1229,94 -S0O.81 -505,99-
T.n? -0.02 0.00 -123.5.80 -S00.05 -S0S.U 

- i.l-j n.Oi: 0.00 0.00 -12\4.0? -S08.43 -508,43 
-; 1. P 7 -0.03 -n.oi . 0o02 -1218.55 -305.49 -51)6.̂ 9 

-0.02 0.00. . . -121K.64 -506,(1.. 
1.(1? -0.01 . '0*01 -1225.40 "-SO 0 . 2 8 " -505.98 
0 . 0 1 -0.01 -0.01 -1225.29 -S00.93 -505.05 

1*. <*t> • 0.01 -0,01 -0.01 -1233.18 -49S.99 -505.89 
0.01 -0.01 -0.00 -1233.12 -499.5^ -505.13 
1.01 -0,01 -0.01 -1236.6^ -*9?.B3 -504.32 

<3.T* _ 0.04 0,00 .. . —I196,92 -496.34 _ _ -496,34 
f̂ iOl 0.01 0.02 -1213.34 -S03.17 " -SoS.^S 

-1 . 0.02 "0.00 -1212.03 -S02.30 -504.t-5 
. 1* 1 -n.'l" -0.02• -0.02 -12?6.?0 -S<3I,2« 

-0.01 -0.01 -1??6«54 -Sol.88 -506.U 
- 0 . r> fl - c . ' n -0,03 -0.01 -1235.44 -S00.57 -507.45 
-1, -C.H -0.03 0»0fl -12-15.39 -SOI.18 . -506,71' 

-n .a ' —0,04 -0.00 -1242.02 -SOI.5^ -508,08 

- ;. 1 * • -0.04 0.03 -1213.26 -SJ3.84 -S12.14 
j. 1 n. 0.02 -0.02 -121*.9R -492,83 -501.04 

-0,00 -0.02., -I2'9vn5 -498,72 -504.V4 

0.0 ? -0.01 -0.00 
r . 11 O.tVJ 0.02 -1170,6? -^Vl.fcb -S03.12 

rj l.'i! -0.02 -0.01 -1225.03 -507.75 

- ' . " 1 p.'il -0.01 -0 . 0 1 -458.Bfi 
- ', r 1 ~ ,1, i ? -0,04 0.00 -1243.16 -S02.31 -b.T3.BS 

-0.03 -11=4,0? -378.30 -578.JO 

RZ-STRESSES 

—(>•63 
-1.0* 
-0.46 
-o.os 
-4.29 
-1.23 
-3.21 
-4.73 
-3.39 
-3.05 
-1.6b 
-1.43 
-4.29 
-2.99 
-4.97 
-5.1* 
-3.79 
-3.22 
-1.82 
-1.25 
-6.87 
-9.80 
-6,48 
-3.59 

- I t .90 
-R.09 
-4.03 
-1.85 



3 0 / . - r e n . U 0 . 0 3 - 0 . 0 * - l l * ? * . * ! - 4 - 5 9 . 7 1 - 4 9 8 . 4 f - 4 0 . 8 7 
3 1 i t o " ' ' n . l t 0 . 0 6 0*90 - l ? n 0 » 3 9 ' . . - * T l . i 1 - 4 9 0 = 3 4 - t 4 , 4 0 

. 3 2 _ _ 0 , ' } - . 0 . 0 1 _ - 0 . 0 3 - 1 2 2 1 . . • « 8 , 3 h - 4 9 3 . - 1 0 . 9 6 . . . 
133 «.-»? " " O.'ii 0.02 ""-0.01 ' ' -1223.24 -491.73 -498./V -5.55 

3 4 . r - . » n O. -JV - 0 . 0 1 - 0 . 0 2 - 1 2 3 2 . 4 5 - 4 9 6 . 0 2 - 5 0 3 . H 2 - 6 . 3 6 
35 o«oi -o.oi -o.oo -1234..or -soo.e* -504.33 -6.28 
3 6 1 . " = : n . 0 ' » -0.02 -0.01 - 1 2 4 s > , 4 ? -494 .06 - 5 0 5 . 1 7 -6.09 
3 ? fl.l'i 0 . 1 0 - 0 . 0 4 - 1 0 * 5 . 7 5 -46B .43 -468 .43 -19 . 70 
38 -'i.ip __ -0.0? _ _ -0.11 -0.04 _ -1234-.20 .. .. -*8ls86 -515.7b -32.96 ^ 
3 9 " - I . A B - n . ( i T ~ " - 0 . 1 0 0 . 0 0 " - 1 2 ? 8 . 6 B - 4 9 6 . U - 5 1 1 . 6 4 - 6 . 5 5 ^ 
6 0 - O . n i - 0 . 0 3 - 0 . 0 2 - 1 2 3 0 . 2 2 - 4 9 2 . 0 3 - 4 9 8 . 9 0 - 5 . 3 7 ^ 
< [ - r . o i - n . i l ? - 0 . 0 * 0 . 0 0 - 1 2 3 2 . 7 5 - * 9 6 . 6 1 - 5 0 0 . 0 . 0 3 ^ 
4 2 - 0 . 0 1 - 0 . 0 2 - 0 . 0 1 - 1 2 3 1 . 4 8 - 4 9 5 . 7 1 - 4 9 6 . 1 « - 0 * 7 8 O 
1 3 - 0 . 0 1 - 0 . 0 2 0 . 0 0 - 1 2 3 3 . 7 6 - 4 9 9 . 1 5 - 5 0 0 . 1 6 - 0 . 7 0 Jg 
4 4 _ . ! . « » _ - 0 . 1 3 _ - 0 . 0 1 - 1 2 5 9 . 2 5 _ _ _ . . • < W 8 Z - - - > - -
4 5 " " " " " ,1 . I>9 ~ < ) , ? ' . 0 . 2 3 - 0 . 0 7 " ~ ~ - 1 0 T 4 . 0 I - ^ O O . ^ l - 4 1 6 . t > 8 - 9 4 . 6 3 
4 6 n . o > 0 . 0 3 - 0 » 0 2 - 1 2 2 1 . 3 6 - 4 7 9 . 3 o - 4 3 8 , 6 2 
4 7 O . f ? 0 . 0 2 - 0 . 0 1 - 1 2 2 6 . 5 5 - 4 8 8 . 7 3 - 0 . 4 3 
4 8 n . n ? 0 - 0 / ? - 0 . 0 2 - Q . O l . - 1 2 4 1 . 9 ( j . - 4 9 5 . 4 0 - 4 9 9 , 4 1 - 7 . 3 2 

...8-5TRC?SFS„ THET-SPF.SSES _RZ-5TRESSE$_ .._. - — - -.-

NOor '0031. <;Td=-«:«;FS WElGMTpn AVERAGE 
1 " - r " 0 0 3 * - 0 . 0 0 0 « 0 , 0 0 0 2 — l ? l 5 . 1 9 3 2 - S n 6 . 1 9 6 4 . S 0 7 . 3 9 3 S - ? . 4 8 I 4 
2 -O.n^T, -»Iol3o -0.0n90 0.0041 -l*lR.7499 -5o*.s951 -b06.42).J -1,5*09 
3 -O.ri'"ro -o.roi* -0.00®5 -0.0077 -1?25.3314 -5f)i.8692 -505.6658 *2**<>6? 
4 " 0 0 4 P - 0 . 0 1 5 ? - 0 . 0 0 2 6 - 1 ? 3 3 . 0 5 7 7 - 5 0 0 . 1 4 4 4 - 5 0 5 . 6 8 2 4 - 1 . 2 9 9 6 . . 
5 " 0 . " 0 . 0 0 J - * - 0 . 0 1 7 3 - 0 . 0 0 1 7 - 1 ? 3 6 . 3 6 6 0 - 4 9 9 , 4 9 4 4 - 5 0 5 . 1 2 0 2 - 0 . 7 3 9 8 
6 -O.l̂ 'ifc . « n2*» 0,02l,0 0.0002 -lPflS.4964 .502,3866 -bQP.3866 -A.2876 
7 * ) I o o 7 2 0 . 0 0 0 0 O . O l l S - 1 * 1 3 . 0 3 * 1 - 5 f ) 3 , 3 5 7 4 - : » 0 6 . 3 1 ' 4 
6 -0.!)«•>•» - 0 007? 0.000% 0.0037 - i ? l 5 . 6 4 0 8 - 5 0 4 . 2 3 5 6 - : > Q 6 . 3 2 < ! 6 - 3 * 1 0 2 0 
9 - 0 . o 2 o 7 - 0 . 0 0 0 f > - 0 . 0 0 1 0 - 0 . 0 0 C ) 7 - l ? l 9 . 2 5 8 B - 5 ( | 2 . 4 5 9 2 - S 0 5 . 1 9 1 1 - 4 . 8 1 5 9 

1 0 _ - O . f i i o - 1 n 0 " 2 7 - < t . 0 U 4 - 0 . 0 1 2 0 - i 3 ? 5 . 9 B 0 7 - 5 0 1 . 0 9 0 0 . - 5 0 6 . 0 7 2 b - 4 . 2 6 1 7 . . . . . _ 
1 1 " t O « 3 7 " " - 0 . 5 1 4 2 - 0 . 0 0 9 B ' " - l ? 2 9 . B 0 3 2 - 5 0 0 . 5 9 4 2 - ^ o 5 . 9 0 & 4 - 3 . 3 9 7 0 
1 2 0 . n . 1 7 4 . -> .p t )4? - 0 . 0 2 1 2 - 0 . 0 0 4 B - - 1 P 3 4 . 2 R 0 3 - 5 o O . O B 4 3 - 5 0 6 . 2 9 < £ t > - 2 . 4 3 * 5 
1 3 0 . 0 J O 3 r . o 0 2 ? • 0 . 0 1 ^ ' - 0 . 0 0 1 6 — 1 > 3 6 . 3 4 5 9 - 5 a 0 . 0 3 4 0 - t i 0 5 . 7 9 B b - 1 . 6 3 1 8 
1 4 J . n n i ' i - 0 . 0 2 5 0 - 0 . 0 0 3 9 - 1 ? 3 9 . 3 3 3 4 - 4 9 9 . 6 B 3 2 - 5 0 6 . 2 9 B 6 - 1 ' 3 * 3 5 
1 5 -O.JJM'SO _ n p0311 - 0 . 1 4 1 8 0 . 0 0 5 1 - 1 1 9 4 , 3 1 6 7 - 5 1 1 . 3 1 5 1 - > 2 2 , 6 4 9 5 - 1 6 . 3 7 9 7 
1 6 _ _ - 0 . n : > n 0 . 0 2 0 6 - 0 . 0 0 1 4 - ) ? 0 6 . 0 8 9 i - 4 9 5 . 6 2 3 ^ . „ . . - ^ 0 3 . 1 0 6 B - 1 2 . 8 6 2 1 . . _ 
V ' 0.1-..1OH "" 0 n2U -0.0013-' -0.0150 -1P?4.6395 -*»)7.loo7 -&03.61«b -6.7294 
1 0 O . . i o i o f ) ! n 0 7 - - ) - O . O i r v - 0 . 0 0 ^ 1 - l ? 3 4 . 3 9 5 o - 4 9 9 . 5 4 9 3 - > 0 5 . 5 4 1 4 - » . 2 0 * 2 
1 9 0 . - > ; ? i o !».ri(i5-* -0.0?«>5 - 0 . 0 0 3 6 - | ? 4 2 . 3 3 9 ? - 4 9 9 . 4 0 2 0 - 5 0 6 . 6 8 0 0 - 3 . 1 9 7 6 
2 0 - 0 . = f < 4 - 1 f ) 7 4 ^ - 0 . 0 7 4 2 - 0 . 0 3 4 3 - H > 4 . 9 0 6 1 » 5 ? 3 „ 3 6 2 0 - i > 2 3 . 3 6 c T O - 3 9 . 5 ^ 0 6 

. 2 1 - 0 . l ' > a < 5 0 . 0 1 3 7 - 0 . 0 3 3 7 - 1 1 4 4 . 0 2 1 5 - 4 9 7 . 0 7 3 5 - 4 9 6 . 7 7 2 6 - 4 3 . 7 5 3 1 
2 2 0 . f , i M i ? n ^ ^ l - 0 . 0 2 9 9 - 0 . 0 1 8 9 - 1 P I B . 0 1 8 9 . - 4 7 7 . 2 1 3 6 _ - S 0 3 . 9 7 J b - 2 3 , 6 9 5 0 . . . 

" 2 3 " ' 0 . » . „ « : > " 0 . * n 2 R 4 - 0 . 0 0 7 3 ' - 0 . 0 1 3 1 - l ? 2 2 . 9 ' 3 7 o - 4 P b , 9 l 7 7 - 4 9 9 . 3 2 1 0 - 8 . S 2 4 1 
- 0 , . 1 . I I T 0 ( l l - i * - 0 . O O V 2 - 0 . 0 1 4 9 - ) ? 2 7 . 0 4 0 7 - • 9 2 S 1 « H - 4 9 9 » 2 9 2 B - 5 . 4 6 4 7 

2 5 - 0 . . 1 - i t * . f l r . 0 9 1 - 0 . 0 0 6 1 • - 0 . 0 9 B 1 - 1 ? ? 9 . 0 9 5 7 - 4 9 b . 5 1 7 6 - 4 9 V . 3 1 4 a . ^ - 2 . 8 5 4 2 
? 6 - O . n i P " 0 0&4 -1 - 0 . 0 1 3 3 - 0 , 0 0 6 7 - 7 3 ^ 2 . 9 3 7 4 - 4 Q B , 4 3 0 3 - b 0 1 . 4 7 | j 7 - 3 , 5 2 9 5 
2 7 O . ^ - t c i n ' o f > ? , - 0 . 0 3 0 4 - 0 . 0 0 4 3 - 1 > 4 2 . « 2 5 3 - 4 9 ^ . 1 5 7 6 - S O ^ O b i * - 3 . 8 4 5 2 
2 8 0 . ' • ? t 7 0 o P 3 » - 0 . 0 4 6 0 - 0 . 0 0 9 9 - l ? 5 2 . 3 ? 6 7 - 4 Q « , 3 2 1 1 - 5 0 H . 3 2 7 8 - 3 . 4 5 7 3 . 

" ? 9 " - " f t 0 . 1 6 4 9 " - 0 . 0 5 5 5 ' - 1 0 4 8 . 4 9 9 4 - 4 j 7 , 7 8 5 2 - 4 4 2 . 5 Q 0 ! > -67.1672 
3 0 - O . » ' . o « 0 . 0 1 2 3 - 0 . 0 3 0 B - 1 ? O 6 . 8 5 3 3 « 4 « i 2 . 3 3 2 2 - 4 s 3 , 1 4 f c d - 3 4 . 9 7 7 4 
3 1 r * r i 4 » 1 - 0 . 0 0 4 V - 0 . 0 1 2 1 - 1 ? 2 « . 9 9 0 3 : - 4 « 6 . 5 9 2 2 - 4 9 4 . 7 5 S 4 - 2 . 8 8 b 6 
3 2 - 0 . 0 1 1 1 r ' r l H ) - o . n o ' > ' * - 0 . 0 0 6 0 - 1 3 9 3 . 1 4 9 c - 4 9 i . 4 o 7 6 - 4 9 7 . 1 9 0 9 - 2 . 3 0 7 6 
3 3 G , - 0 . 0 4 S 4 - 0 . 0 0 9 7 - 1 ? 5 3 . 4 6 7 7 - 4 9 f . l 9 7 9 - & 0 5 . 4 4 b 0 - 4 , 0 6 9 1 

r^ 's * to 
13 r - c ; -5 i.47/»„gof, 1 .437-006 - ? . \ 7 5-on" -7.4B*o«2 -1.24^ni3 -5,01*002 -5.n7«002 -1.32*000 ' 

2-i Cv* . |.<n«-00A 1 . 4 A 9 - 0 0 & - 1 . 5 l 9 . n f t R -7.51 + 002 - 1 . 2 4 f r n i 3 -t>.0̂ »002 - 5 . 0 8 . 0 0 2 -t.23»OO0 ^ 
2, CT.C . , ' S I R . I W I . ? 7 i _ 0 0 & l . ? 7 7 - 0 0 6 - 7 . 5 o 6 - c o A - 7 . ^ 7 * 0 0 2 - 1 . 2 l * 0 A 3 - 5 , 1 3 * 0 0 2 - 6 . < H » 0 f i 0 



rM. ••, 0 J 71 
lu Fi><; '.t^vn-i'T. 3.544-007 3.448-007 
?o FIX; -?,i37--nT 3.&21-007 3.SO6-00? 
21 rrs .3,138-007 3.1S8-U07 

•4.932-no9 -7i49*0r>2' -1.24*003 -b,0i*002 -5.08*002 -1.72*000 
• 4«032..A09 -7.51*002 -1.24*0M -S,02*00£ -5,10*002 -1.40*0c0 
• 1.373-008 -7.52*002 -1.22*001 -b,W*002 -5,16*002 -5el3«000 

f M* r„C 1.-79 
19 Ft'S -f.o73-nn7 
SO -7. i o9-n<57 
21 PCS -b,?H0-i)oi 

TfMEs 0.0107B» YR 

3 . 5 3 4 - 0 0 7 
3 . 6 J 2 - 0 0 7 
J . 1 3 0 - 0 0 7 

3.439-007 
3.497-007 
3.150-007 

WITH OELTa 0.000057 

-4.9l7.oo9 -7.49*002 
-4,073-/J09 -7,51 *00Z 
-1,360.008 -7,52*002 

•l»24*oi3 
•1,24*003 
•1,22*003 

-b.02*002 
•5,02*002 
•b,ir*002 

I 
.5,08*002 
•5,10*002 
-5.16*002 

»l.72*000 § 
• 1,40*000 Jg 
•5.12*000 v. 

I fM£s 0.010845 Vfi WITH OELTe 0.000057 

.•ofl'-F . ' r̂ or-jr̂ Tfi. OISPUACEMENTS _ TOT*L OISPL«CEMEUT AT . , . 0.^108 Vfi 
o Z o Z 

1 n.oo'iinooot̂ oO 0.00000000*000 0.00000000*000 0.00000000*000 
E. O.OROOVIOOOVOOO 3,0032^470-005 0.00000000 + 000 

.... . J l,6<.l<.377<,-:-n r_ 0.00000000*000 5.»7ft47<J4?.oo5 0,00000000*000 
* .̂ŝ -isj ;97-r.fi7 o.ooonoooo+noo 9«li?6iso?-oo5 ~o.nooooobo*ooo 
b ->.41 4-V.-'66->O7 0.00000000*000 1.23170954-004 0.00000000*000 . _ 
t> n.Qi"r,3'<nS*<»CO -1.6«il 7 5^33-007 0.00000000*000 -b,y89oOB'*3-oo5 
I 4,l34r.l-i7-in8 -I.b78^97b3-ri07 1,46550685-005 -6.0434^454-0 05 _ 
8 -1.6s63«fj43-007 ?.95469539-00=; -S.9^186106-005 
V . 1 _ . -1.6Sfl:W420-0o7_ 4,4259fe737-00E>_ -5.97100691-005 
1U "" l.t)*?;><174-»-io7 "-1.6qy?30b'>-007 '5.97808874-005 "" -6,084ol 714-005 
II -1,7o77bHV9-00.7 7,52131250-00=1 -6.1534*554-005 
U -1.730S9S07-007 9,129944?eis,oOt? -6.239309B7-005 
U -1.7 37 7 74 74-0 07 l,07?9098l -004 -b.2*>7 fib 102-0 05 _ 
14 -1.75486933-00? ' 1.2359911?-004 -6»3?75b&87-005 
lb «,00,>r,rv.in<i.-'00 -J.3l375433-007 0.00000000*000 __ -l.194o46S3-.004_ 
1® ~ '.9)3^1 4e;-nn8 " -3.2n69:>997-no7 2.83758817-005"" "-1.18217447-004 
1/ I .(S=:))P"9-I-AO7 -3.39231H91-007 5.96(<,9441 O-0OS -1.21799507-004 
10 ?.54?49o74-';07 -J.4*932711-007 9.15060724-005 -!.2509b060»004 
IV -3.5l94054b-oo7 1.2428880^-004 -1.2*931110-004 - _ __ 

P.00nnoroo*',n0 -4,b?29db2U-0 07 0.00000000*000 -1.68041863-004 
-i.OTSin̂ ô -̂ oW . -4.«n6')<>3o9-007 1.08331994-005 -1. 7?7&4750-004 i 

?i 7,9l43K->i T-^08 -4,=)f)l234l4-007 2,83*3435o~ooS ~ -1.794r,4l3Q»004" 
i.?4'il3'J4i-̂ o7 -5.02997406-007 4,48843560-005 «=1.80994490-004 _ 
1 .70.>*4<.9P~i0? -b.11604719-007 6.11955 U^-OC'5 -1.84201362-004 
9.H «">ci<,-Xn7 -5.15685630-007 T.7330909<\..005 ®1»8W2912-004 
9.59b73sST-«07 -3,2?1S4303-007 9.35089727-005 -1.88235993-004 

- . . . . -3t2706*3&3-007 l. 0959757*.»oP4 .. -1.9011M20-00* - - -
-T>.3«,0bl402-007 1 .?694400o-004 -1.9?6*TI/23-094 

O#00"in')00*i00 -5,,i37')lb̂ d-007 0,00000000*000 -2.12&61622-004 . 
<t.3«;i7u»ii-»~-.o8 -6,7s4aj374-(J07 3.01'41566̂ -00'i »2.4297b004"004 

31 \ .7t*-.>-l«7T-if)7 -t>.8A97770b-007 6,44943671 -005 -2.4filS3rt47-004 . 
-'.0il0?01 74-007 9,7402873A-005 -2.5?363514»004 ' 

3J 34A3S"»S^4a_nQ7 -7. 1O6*8783»007 .1.31245317-004. -2.598?3697-0fi4_ . ... .. ^ 
ElP- 'MC'^^Tj! ST̂ ITSSE'; TOTftL 5T9g:SSES PHINClPtE STRESSES 

»-«:rt)FCtirS 7r|£ 1-ST BESSES RZ-STRESSFS Z-«?TSPSSrs R-STPESSF.S THET-ST«ESS£S RZ-STRESSES 



1 -0 0-1 -0.00 -0.00 
2 - < • . 0 7 -o.oo -0.00 
3 <*- , n ft A ! ) • ' -0.00 -0.00 
* . " ft n 1) > -0.00 0.00 
5 -S.-l" 0 0 ! • 0.00 -O.ftO 
6 -0 o> - 0 , 0 0 0.00 
r .«i -0 n:. - ' 5 . 00 0 . 0 9 
8 0 0--> - 0 . 0 0 - 0 . 0 0 4 n (l.> -o.oo -0.00 

10 0 n-i -0.00 -O.OO 
11 0 on -0.00 o.on 
12 i , on n 0 *> - 0 . 0 0 -o.oo 
13 0 01 0 . 0 1 - 0 . 0 0 
14 -r.M 0 0.00 0.00 
15 .An 0 0 1 0 . 0 0 -0.90 
16 - u . i f t - 0 (i :> -o.oo -0.00 
17 - i . i r . . - 0 -0.00 -0.00 
1« -0 O'i - O . O l -0.00 
19 -•j.on -n 01 -0.00 0.00 
20 .0 ()•) -0.01 -0.00 
21 -0 0) -0.01 0.00 
22 0 . 0 * 0 at 0.01 -o.oo 
23 n . n « _ 0 ufi 0.00 -0.00 

' 24 i . .̂n fl 01 -0.00 -0.00 
25 -••v.Ai 0 0.02 o.oo 
26 - j i . n n 0 0'. -0.00 -0.00 
2? n 0> -0.00 "0»00 

.A D": -0.01 0.00 
29 .. . —* OS -n.o5 -0*00 
'30 "5 . ->1 ff ti>> 0 . 0 1 -o.ol 
31 r' • ?! f> 0.01 o.oo 
32 O.nn 0 01 o.oo -0.00 
33 r. .on r. 01 4.00 n.oo 
34 0 Ol -0.00 -0.00 
35 r\,r>ri 0 -0.00 0.00 
36 t< rit -0.00 "•O.OO 37 - i . - i n c nl u.ol -0.01 38 -0 01 -0.02 -0.01 
39 .0 -0.02 0<00 
40 -n -'1.01 -0.00 
41 -0 01 -n.oi 0.00 
42 -i*.« ft - 0 Of. -11.00 - 0 . 0 0 43 -n il:i -n.oo 0.00 
44 -0 U! -0,01 -0.00 
45 0 I).04 -0.01 46 ' . ' » i 0 02 0 . 0 1 -0.00 
47 0 01 0.00 -o.oo 

"4iT n ft 0 01 -0.00 -0*00 
•^-BTPFSCRC O-C FORCES TWET-«;T(?E«;SES PZ-STRESSES 

NONS- T'OTYM. CTPR^SFS ^ETGHT^ AV^A^E 
1 "0 ..11'."» - o / - 0 . 0 0 0 1 - 0 * 0 0 0 2 
2 - 0 . ( in" } . 0 0 2 1 -o.onib 0 . 0 0 0 8 
3 - O . n ^ l f t - 0 . 0 0 'J 8 - 0 . 0 0 1 2 4 0 . o .noui ' - 0 . 0 0 0 3 
5 0 . - 0 . 0 0 2 f t -»0 • 0003 
6 -n.r . t -sQ 0. 00s* 1 0 , u , ">3 - 0 . 0 0 0 5 
7 o.o on -0.0002 0 . 0 0 1 8 
8 ' -O.L.I. ' 0 -n.noi* 0 . 0 0 0 2 0 . 0 0 1 8 
9 - I t . "••o-» -O.OOii^ 0 . 0 0 0 3 - 0 . 0 0 1 4 

... 10 . . . -O.tMT n.oo ' jv - 0 . 'J 016 -0.0018 
tkiiahi,* -V — MCA t*-''. ,J n̂ nAtvi — A - nn 14. 

\»l???a4<3 - 5 P 6 . / J - 0 , 6 7 
- l ? ? 2 . 1 8 - 3 0 4 . 4 1 - 5 0 5 . 7 / - 1 . 3 5 
- 1 ? ? 9 . A ? - ^ 0 0 . 7 0 - 5 0 6 . rt) - 0 . 5 5 
- 1 2 3 4 . 8 4 - > 0 0 . 0 3 0 . 0 9 

- i > 0 8 . 1 » - 5 0 B . 1 5 _ _ - 4 . 3 5 
—1 ? ? 2 . 1 7 - t>06.9f t ' . " " . ' - 5 u 7 . b 2 - 0 . 0 * 
- 1 ? ? 2 . 5 1 -=>07,58 - 5 0 7 . 7 4 - 3 . 1 0 
- 1 2 2 5 . 6 S . - 4 9 9 , 79 - 5 . 5 9 
- 1 ? ? 5 . 5 3 - i > 0 0 . 5 b " - S o S . i i b - 3 . 8 3 
- 1 2 3 ? . ? ? - 4 9 8 . 1 2 - 5 f > 6 . b / - 3 . 6 3 
- 1 2 3 2 . 1 7 -498 . fJV - 5 0 5 . 6 / . _ _ - 1 . 6 1 
- 1 2 3 5 . 1 0 - 4 9 7 . 0 ^ - 5 0 5 . < i / - 1 . 7 & 
- l ? n ? . 7 5 - - 4 9 3 , 8 0 - 4 ^ 3 . 8 0 - 4 . 3 6 
- 1 2 1 5 . 6 * - 5 0 2 . 8 1 - 5 0 6 . 2 7 - 2 . 0 0 
- 1 2 1 3 . 7 5 . 3 2 - 5 0 3 . 5 / - 5 . 0 7 
- 1 ? ? 7 . 5 7 - S O I . 3 8 - 5 0 8 . 0 8 - * , 0 l 

• -1227.39 - 5 0 2 . 0 9 rSflA.VA -4 . 25 
- 1 2 3 5 . 6 S " - S 0 0 . 8 3 ~~ - S 0 9 . 1 9 - 3 . 7 3 
- 1 2 3 5 , 6 ? - S 0 1 . 6 2 - 5 0 8 . 3 2 - 1 . 7 2 
- 1 P 4 1 . 4 1 - 5 0 2 . 1 2 - 5 1 0 , 0 6 - 1 . 4 0 
- 1 2 2 1 . 9 4 - 3 1 7 . 1 1 - 5 1 5 , 5 8 - 5 , 1 2 
- 1 2 1 4 , 3 5 - 4 8 9 . 9 0 - 4 9 9 . S 1 - 1 0 . 8 9 
-1228.47 _ -497.49 -505,08 -7.48 
- 1 2 3 4 . 3 8 " -496 . 1 2 : - 5 0 4 * V 5 " - 3 . 0 2 
- 1 1 7 5 . n o - 4 8 4 . 6 9 - 4 9 7 . » • ' - 1 3 . 9 4 
- 1 2 2 6 . 3 7 - 4 9 9 . 5 0 - 5 0 8 . 6 8 - 8 . 6 3 
- T 2 3 D . ? 7 - 4 9 8 . 4 5 - 5 0 4 . 9 3 - 4 . 4 3 
- 1 2 4 3 . f.7 - b 0 3 . 3 8 - 5 1 1 . 4 2 - 1 . 5 6 
- 1 2 2 9 . 2 2 —594,11 _ - 5 9 4 . 1 1 _ - 4 ! . 0 5 

" - 1 1 9 6 . 0 7 " - 4 5 3 . 0 * - 4 9 6 . 7 5 - * 3 » 2 9 
- 1 1 9 8 . 5 3 - 4 6 5 . 2 1 - 4 8 6 , 7 4 -13 . 9 6 
-1220.80 -485,81 - 4 9 8 . 2 2 - 1 ? , 6 3 
- 1 2 2 2 * 2 6 - 4 8 9 . > 6 - 4 9 7 . 7 3 - 5 . 7 3 
- 1 2 3 2 . 1 4 —496,9"! - 5 0 3 . 3 2 - 7 . 3 1 

- 4 9 9 . 9 6 - 5 0 4 . 6 1 _ - 6 . 3 5 
" - 1 2 4 2 . 7 7 —491.95 " " * 5 0 5 . 9 8 - 6 . 7 9 

- 1 0 * 2 . 9 l - 4 6 3 . 0 5 - 4 6 3 . 0 5 - 4 2 . 0 ' 
- 1 2 3 5 , 8 8 - 4 8 3 . 7 8 - 5 2 2 . 2 5 - 3 5 . 3 7 
- 1 2 4 2 . 0 1 - 4 9 9 , 6 6 - ! > l 7 . b 2 - 6 . 2 6 
- 1 2 . 3 1 . 5 1 - 4 9 2 . 8 8 - 5 0 0 . 8 9 - 5 . 7 8 
- 1 2 3 4 . 7 B - 4 9 8 , 0 7 - 5 0 2 . 8 2 _ _ 0 . 1 0 
- l ? 3 2 . 7 o - 4 9 6 . 1 0 """ ' - 4 9 9 . J 4 " - 1 . 4 0 
- 1 2 3 5 . 5 0 - 4 9 9 , 9 5 - 5 0 1 . 6 6 , - 0 . 4 4 
- 1 2 5 9 . n 5 - 5 n 4 . 3 9 - 5 1 5 . - 1 . 3 5 
- 1 0 7 1 . 6 3 - 3 A 6 . 2 9 - 4 0 3 . 5 7 - 9 7 . 9 7 
- 1 2 1 8 . 3 8 - 4 7 4 . 1 4 - 4 H 6 . 9 1 - 6 . 7 5 
-1225.27 _ -486.53 -4B9.97 -0.B2 
- 1 2 4 P . 9 \ " - 4 9 ^ . 5 2 "«500. '30 ~ - 7 . 9 3 

-T?20«92fl? 
3299 

-1??5.72S>? 
-1»3?.?3R3 
-1*35.0134 
-I'll.4625 
-1218.6847 
-l?ia,5)7? 
-1'26.5339 »i»0 AftOi 

-5fl6.4j 22 
-Sob.6625 
-501.96ir -499.9oo7 
«>4Q9.28O2 
-500.9729 
-5n2.935l 
-So".6735 
,.1»02.514S> 
„5n0.95l3 
-SnO.3974 

-b07.4386 " -506.942'j 
-^06.0424 
-506.4468 
-SOfe.0260 
-bOn.9729 
-506.27/4 
-505.1713 
-boh. 66(̂ 9 

„ . 5 0 6 . 6 3 6 2 

-2.5115 
-1.2921 
-2.8311 
-1.4248 
-0.8380 
-4.3562 
•>2.7574 
-2.5528 
-S.3372 
-4.9199 
-3.91 ID 



» 

12 O . n i i n n . o o a * - 0 , 0 0 3 1 - 0 , 0 0 0 b - 1 * 3 3 . 9 1 5 4 - 4 9 9 . 8 6 5 4 - 5 0 7 , 4 3 6 6 - 2 . 6 7 1 4 
13 r . J r> , n 0 0 * - 0 . I 1 P 2 * - 0 . 0 0 0 1 - 1 * 3 5 . 3 4 4 1 - 4 9 9 . 9 1 9 4 - b 0 6 , 8 4 | 8 - 1 . 7 0 4 2 
14 i i . I . O ' V . » - 0 . 0 0 3 " - 0 . 0 0 0 8 - 1 * 3 8 . ? 6 f > 4 - 4 9 9 . S 7 9 b - i > 0 7 . 6 6 3 b - 1 . 5 8 3 0 
15 - P . l i t o - - . . o o \ v > - 0 . 0 0 1 9 0 >0004 - 1 * 1 0 . 1 4 6 5 - b 2 5 , 3 4 i b - 1 6 » l l 8 5 
16 P . 0 5 M 0 . 0 0 3 H 0 . 0 0 0 2 - 1 ? 0 7 . 1 3 6 ? - 4 9 3 . 5 0 2 2 - b o i . 8 7 2 9 - 1 2 , 8 6 2 0 
17 - o . t f - " ! * ft r>.o034 O.t 'OOl - 0 . 0 0 2 0 - 1 ? 2 4 . 6 ? 5 4 - 4 9 b . 9 0 9 7 - b 0 3 , 6 4 b 0 - 7 . 5 0 7 2 
t s P .COt .V - 0 . 0 0 2 6 - 0 • 0 0 0 8 - i ? 3 4 , 2 9 9 l - 4 9 * . 1 0 6 5 — b 0 6 , 5 0 0 9 - 4 . 5 5 1 7 
19 0 . y ,-.-»& O.Ofl lO - 0 . 0 0 3 B ' - 0 * 0 0 0 & - 1 ' 4 1 , 0 7 5 4 - 4 9 9 , 0 7 1 4 ' - b 0 B , 1 0 1 7 - 3 . 3 9 3 2 
20 - 0 . '<590 - ' i . n l H ! - 0 . 0 1 8 8 - 0 . 0 0 6 0 - 1 1 4 6 , 0 7 3 0 - 5 ? 8 . 5 7 8 9 - 5 2 8 . 5 7 8 9 - 4 1 . 5 7 3 4 
21 - U . 0 . 0 0 0 * - 0 , 0 0 5 3 • 1 1 5 2 . 1 6 9 5 . 4 9 ^ . 4 9 4 4 . - 4 9 ^ , 2 6 / 9 ~ - 4 5 . 6 1 8 4 
22 - O . C O I ^ P.nn3'J -O.OOb-J - 0 . 0 0 2 B - I ? ! * . 1 2 0 7 - 4 7 5 . 4 2 4 0 - b 0 5 , 8 1 V f l — 2 4 . 7 1 8 4 
23 0 . .1 o m 0 . 0 0 ? 1 - 0 . 0 0 1 8 - 0 • 0 0 1 6 - 1 ? ? 2 . 7 9 3 6 - 4 8 5 , 8 9 1 4 — 4 9 9 , 8 2 8 0 - 9 , 1 6 8 9 
?4 - 0 . r t - i \ •> P . 0 0 ) 4 - 0 . 0 0 2 1 - 0 . 0 0 2 2 - 1 ^ 2 7 . 3 3 7 5 - 4 9 l . 5 o 5 l - 4 9 9 , 9 1 5 1 - 6 . 2 6 1 3 
?5 P . O U O ^ — 0 . 0 0 1 3 - 0 . 0 0 1 1 - 1 ^ 2 9 . 1 1 8 4 - 4 9 5 . 1 0 7 2 - 4 9 9 . 7 1 7 6 . - 3 . 2 6 7 1 
26 - O . i l t i i a O.POOJ - 0 . 0 0 2 b - 0 . 0 0 0 9 . . . - l ' 3 3 , 5 8 l i ; - 4 9 « . 2 5 1 2 - 3 . 6 7 6 I 

0 . . 1 - 0 . 0 0 4 9 - 0 . 0 0 0 6 — 1 > 4 2 . 5 5 7 3 - 4 9 * . 0 6 2 6 - 5 0 6 , 6 0 7 0 U . I J T 0 2 
28 O . n i . i o 0 . 0 0 0 3 - 0 . 0 0 O 9 - 0 . 0 0 1 9 - 1 * 5 0 . 9 0 8 9 - 4 9 » . 1 7 2 1 . - b i o , 8 3 0 7 - 4 . 0 6 8 6 
?9 - 0 . 0 c -11 0 . nab'* 0 . 0 ? b l - 0 . 0 0 7 4 - 1 0 6 5 . 8 2 7 6 . 4 p S , 4 7 7 d - 4 3 3 . 3 0 b b - 7 0 . 0 3 3 3 
30 — 0 . <10 ' 1 0 , 0 1 ^ 3 0 . A 0 1 3 - 0 . 0 0 4 3 - 1 * 0 7 . 6 2 9 5 - 4 4 5 . 5 9 1 3 - 4 8 2 , 5 6 4 4 - 3 6 . 5 3 7 7 
31 - o . n- i u 0 . P 0 7 1 - 0 . 0 0 1 b - 0 . 0 0 2 0 - I ? ? 9 . 3 7 1 7 — 4 p 4 . 1 2 1 4 - 4 9 5 . 1 4 8 3 . - 3 . 5 6 4 6 
32 - 0 . (Ill 1*7 0 . 0 0 2-J - 0 . 0 0 2 1 - 0 . 0 0 1 0 - 1 * 1 3 . 7 6 1 1 - 4 9 2 , 4 0 2 1 - 4 9 7 , 8 1 6 0 - 2 . 6 4 7 7 

" 33 o . 0 » i f i . o o o s - 0 . 0 0 ' 3 - 0 . 0 0 1 7 - 1 2 5 2 . 9 9 9 1 - 4 9 6 . 9 9 0 1 - b 0 7 . 9 8 f t » - 4 . 6 3 9 7 
TM« V I 084 

- 1 2 5 2 . 9 9 9 1 

19 - < > , 0 5 5 - ft07 3 . S 2 5 - 0 0 7 3 . 4 " 3 o - 0 0 7 - 4 . 9 0 3 - 0 0 9 - 7 . 4 9 * 0 0 2 - 1 . 2 4 * 0 0 3 - b , 0 2 * 0 0 2 - 5 , o 8 * o 0 2 ~ 
2.1 f 0.'} 3 . J 0 2 - 0 0 7 3 , 4 8 7 — 007 - 4 . 0 6 4 - 0 0 9 - 7 . 5 1 * 0 0 2 - 1 . 2 4 * 0 0 3 - 5 , 0 2 * 0 0 2 - 5 , 1 0 * 0 0 2 
21 F . ' S '10 7 3 . 1 2 2 - 0 0 7 3 . 1 4 2 - 007 - 1 • 3 6 3 - O Q 8 - 7 , 5 2 * 0 0 2 - 1 . 2 2 * 0 0 3 - b , I 7 * 0 0 2 - 5 . 1 6 * 0 0 2 

T i m E = 0 . 0 1 0 9 0 2 YH WITH OELTa 0 , 0 0 0 0 5 7 

TMa r.' !> 1 f! 9 0 
19 - n . 0 3 7 ~ ( in 7 3 . 5 1 6 . -0(>7 3 . 4 2 1 - 0 0 7 - 4 . 8 8 9 - 0 0 9 - 7 . 4 9 * 0 0 2 - 1 . 2 4 * o n 3 - 5 . 0 2 * 0 0 2 - 5 . 0 B * 0 0 2 
2o rr -s - 7 . r 7 J - 3 . 5 * 3 - 0 0 7 3 . 4 7 f t - OoT - 4 • 0 5 4 - 0 0 9 - 7 . 5 1 » o n 2 - 1 . 2 4 * 0 1 3 - S , 0 2 * 0 0 2 - 5 , 1 0 * 0 0 2 
2 i fi-1 » 3 . 1 1 4 - 0 0 7 3.134-0 0 7 " . 3 5 9 - 0 0 8 . 7 , 52*002* - 1 . 2 ? * 0 0 3 - S i 1 7 * 0 0 2 " " - 5 . 1 6 * 3 0 2 

T1ME= 0 . 0 1 C 9 5 9 Y« WITH OELTa ... 0.000057 

T. 
c» o xr vo 

-1,72*000' 
-1.40*000 
-5.12*000 

-1*72*000 
-1.41*000 
-5.11*000 

TMa r:«fc _ 
1 3 c - e - r , . o p - n / < 7 " 3 . S o 7 - 0 0 1 ' ' " 3 . ' M 2 - 0 O 7 

20 -7.nS.3- iot 3.5l4«0ftV 3.4fi9-0fl7 21 ro«j ..,.i3?-<in» 3.106-00/ 3,I?6-007 
-4.B75-,io<> '-7.49*on2 
-4o045.«009 -7.51*002 
-l.354.0flR -7,52*0(12 

•I •24*r*,n3 
"I.24+003 
"1.22*003 

-b.02*002 
-b.02*002 
-5.17*002 

-5.08*002 
-5.10*002 
-5.16*002 

-1 •72*000" 
'1 «41*000 
•5.11*000 

TMa r.VUO? 
11 RI>« -*.ON J-M7 
2o -
2 J C- 5 7- !«!"> 

. T I M E = I ) . 1 1 1 0 1 6 YR W I T H . ° . ? L T « . . . 0 . 0 0 0 0 5 7 

3.49f._uo7 3.403-U07 -4.86o„oo9 =7.49*002 -1.24*013 
3,a74~oor 3.4AO-007 -4.03'>-rt09 -7«5l*oo2 -1,24*OP3 
3« o9h-oo' 3-118-007 -1,349-OQR -7.52*002 -1««2*013 

.5,02*002 
-b.02*002 
•>5.17*002 

.5,08*002 
•5.10*002 
-5.16*002 

.1.72*000 
•1»M»000 -5»10*000 

rva -.V»107 
10 frc d̂HT-nr)-. 
2t r-jc " 

R TME:= n.nl 1073 Yt? 

3.56b-007 
3.iW0-00f 

3.394^007 
3.451-007 
3.111-U07 

WITH DELTA: 0 . 0 0 0 0 5 7 

-4.847„OO9 -7.49*002 -l.S4*0n3 »b,02>002 =5a08c002 -1.7i*6oO 
-4.027-nD<5 -7.51*002 .-1*?4*0!)3 02*002 -5,10*002 -1.41*000 
-1.344-fiOR -7.52*002 il. 22*003 -b,lf<-002 -5,16*002 -5.10«000 

to t-K. Ul 

U T T U f l F l T . . 0.onnft57 



-..-in 3 
20 fTLS 
21 F.iS 

TMa r.01119 
19 FO<; -f;. 04*1.(117 
20 <5*0-10 7 
21 fro5 „f 7<?./}/>? 

THa ••',01124 
19 Foe -6.03fl--ift'r 
20 Po*; -4.oCiO.o07 

— 21 . 5 5 - 0 0 7 . 

TH» '.01130 
2r> Fu<? .O45-;)07 
2i 

T«» o.Ul|36 
19 FOS . ' i .TJ 'S -on? 
2„ FOR -A,*??-*/)?' 
2J FjS ?«>-'>{>7 

3.tbi.007 
3 . 5 5 6 - 0 U 7 
3 . 0 8 3 - 3 0 T 

3 . 3 » 5 - 0 0 7 
1 . 4 4 2 - 0 0 ? 
3 . 1 0 3 - 0 0 7 

-4 .R33- f l< )9 - 7 , 4 9 + 002 
« 4 . 0 l 8 . . n 0 9 - 7 . 5 1 •ooS 
- i . 3 4 0 - 0 0 8 » 7 . 5 2 * 0 0 2 ' 

TIMEs 0.O1U87 YR WITH DEtTs 0 . 0 0 0 0 5 7 

3 . 4 / 1 - 0 0 7 
3 . 5 4 7 . 0 0 7 
3.075.00 I 

3 . 3 7 7 - 0 0 7 

3 . 4 3 3 - 0 0 ^ 
3 . 0 9 5 - 0 0 7 

- 4 i 8 l 9 - 0 ( > 9 - 7 . 4 9 * 0 0 2 
- 4 . 0 1 0 - A 0 9 - 7 . 5 1 * 0 0 2 
- 1 , 3 3 5 - 0 0 8 - 7 . 5 2 * 0 0 2 

T!ME= 0 . 0 1 1 2 4 4 Y« WITH DELTa 0 . 0 0 0 0 5 7 

3 , 4 6 2 . 0 0 7 
3.538.007 
J . 0 6 7 - 0 0 ? 

3 , 3 6 8 - 0 0 7 
3 . 4 2 5 - 0 0 7 
,3.0«8-007 

- 4 . 8 0 5 . 0 0 9 . . 7 . 4 9 * 0 0 2 
- 4 . 0 0 1 - 0 0 9 -7» *& i *002 
-l«330-O0B--r7.52*002 

0 . 0 1 1 3 0 2 YR WITH OELTS 0 . 0 0 0 0 5 7 

3 , 4 5 4 . 0 0 7 
3.b29-007 
3.U6O-007 

3 . 3 6 0 - 0 0 7 ._. 
3 . 4 1 6 - 0 0 7 
3.fl8o™007 

- 4 . 7 9 2 . o o 9 , - 7 . 4 9 + 0 0 2 . 
- 3 « 9 9 2 - 0 f i 9 - 7 . 5 1 * 0 0 2 
-l*326-nos -7.52*on2 

T jmE= 1 . 0 1 1 3 5 9 YR WITH OELTa 0 C000057 

3 . 4 4 5 - 0 0 7 
3.520-007 
3 . 0 5 2 - 0 0 7 

3 . 3 5 1 - 0 0 7 
3»4o7-Q07 
3 . 0 7 2 - 0 0 7 

»4 ,77B„no9 - 7 . 4 9 * 0 0 2 
- 3 . 9 8 3 - 0 0 9 - 7 . 5 1 * 0 0 2 
- 1 , 3 2 1 - 0 0 8 - 7 . 5 2 * 0 0 2 

•1.24*003 
•1 .24 + 00.3 
> 1 . 2 2 * 0 0 3 

' l » 2 4 * o i 3 
• 1 . 2 4 * 0 0 3 
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