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Abstract

Abstract

Many smart materials, such as biclogy tissues and polymer gel, exhibit multi-field coupling
behavior, Chemo-mechanical coupling is a relatively new problem whose theory does not been
well established. Chemo-mechanical coupling behavior is investigated and modeled by using
software ABAQUS in this dissertation. The research contents are as follows,

1 A mass diffusion theory 1s reviewed, It is shown that concentration gradient, stress field and
temperature field can cause mass diffusion.

2 Swelling and deswelling behavior of ionic polymer subjected to an electrical field is
investigated. Ionic diffusion equation in electrical field is obtained. Electro-chemo-mechanical
coupling model is established for ionic polymer. It is shown that ions will be redistributed under
the load of electrical field, which induces the swelling and deswelling.

3 Full coupling behavior of chemo-mechanical problem is investigated. The equivalent
integral form for coupling system of equilibrium equations, ionic diffusion equations and
constitetive equations is obtained. User element subroutines are developed in ABAQUS for
calculation. It is shown that mechanical and chemical fields interacts each other, and the
deformation of solid skeleton is caused by the concentration variation; Both of the effective
behaviors of solid skeleton and mass diffusion are changed because of coupling effect; Actually,
the chemo-mechanical coupling behavior is a form of energy transformation between mechanical
energy and chemical energy. Finally, energy in polymer will be balanced and mass conservation is
also satisfied in this procedure.

The present chemo-mechanical theory and numerical method can be applied to model chemo-

mechanical coupling behavior of biology tissues, clays and so on.

Keywords chemo-mechanical coupling; mass diffusion; ion redistribution; effective behavior
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P ALY B R O, = 35.85(mM)x 1(mm? )= 35.85(mM mm? ), 1h RFAKIY FiER
% AQ = 10{mM mm b )xmm)x (h) = 10(mM mm?). GREFETE, KA
ME A+ RBR Q= 0, + A0 =45.85(mMmm? ). KBS BAFI FHELE KR

FREBREAE, We=0mMmm?®)/mm?)=4585mM) . BFHEHEBAR

MER, REARBT HEFSRETEN. NE2-11 TR UAR, EF e
FHEEE=MRETLES. B—RERE-HT M, mEP N sk, FEFE
F AB UMHEMXE. B_MERELATKR, BEEE/D, wES N2 #ig, B
FETHRH LS. F=FRKE—ETK, WHE N3. N4, N5 #i2, TEEZLET
B T8 X R R AR B R U R T LS Fick § - 2@ 58 2-12 REE,

o Fik Bz %25 o mnstrm, mug;—[f_;] > 0 ENVRFE 4145 o

K] 2 %%manmpﬁwmm, mu%%}wm%%zﬁw&,

A 212 TR, §EIH, BEORESMMENM ML LES = 1h #Lg, &R
IR RERS RN, BEHE O R, RAE A 12 A0 B4R 5 4R 69 _b 50 el B SR AT
T B 22 AR T ER R, BRI BE B (R N SRS T R ). TS A 2 Y b
TH—E2M i, KRB E—EMN. XERTFHREE 2-11 5.
BEAFANPIFHETEGNFERESETI RORETH, FHNEAERR
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2T FEYEARETE

EREBTTE, mEFHIBEE. ERTHIET, YHEKERMRT RS
WEMRMMT . L5 FEEY RN, TE2WiERLRRE, T BLELK
WEZMRD. BETFHANHERE, KRERETFSEEGPE T NKETE.

Z om0

E

O 800

= L

Sawm
45.00
40.00

S NP N r .
200 400 600 800 1000 0.00 0.40 0.50
tth) The distance along A-D{mm)

B 2-11 BORTRIRIRE 2 A0 B 2-12 ¥% A-D AR E S

232 MAOSIEMREYT

YEAFFEEENNGERIEYRBEENKE, JERET H. NEERE
Bl AR EERN S, MERMANRIERET &, CRENNERRSIRLE
ST R X EBEHAMET U A T LRE AL

#l 1 EREFTUNABEEERT, SaeBMHNBERTIT 8. LR
EE, AmAEH, K 100mm, & 0mm, & lmm, BEFTRALEFERR, BHE

R LE 2-13. EAMESH: BHEEEE=20x10"Pa, B#iLy=03, EH4L
% B F &, =10x10%p(mN"?) , # # R % D=36x10"m’s" , ¥ &

s=lppm-m-N"2, R LR FEMSERR, BRERES. BRENE x HH
HEE BOEEBREE y 7 RN TRE LBNSREH G LE 214, K
P =|P.|=33MPa. BAERAMYIKE S S0ppm , (ERBEL v FAEQRES
R 215 HEs, BRSWEHERE, EFEENT. BTFERENL x T

A%, TRBERREG x TEEAE, EEREE y TRAKRELI A LE 2-15 F
L. ARBEEBOTHA FRENEIESNZ0R A ER LS R E 2-16.

k4

[

A 2-13 HR R R R 2
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JEB DAl FC%E T 4780 -2 A7 10 30

1000 10.00 ;
- ol a
g i
€ £
o = e}
200 200 |-
opo Lot tel vl lo et tyl ooo bl 1 H o1t
500 200 -1.00 0.00 100 200 3.0 4850 40.00 45.50 50.00 50.50 81.00 1.50
Pressure(MPa) conc{PPM)
B 214 Gy HRMNEREN T4 B 2-15 ¥ y FR AR E S 10

ME 2-16 FATEIE, KATE 24x10%s, IENM HEHIES T FE. LB H 2-14

PARE 2-15 PR FHEA S, FEENSHENLY, RERD, TEERSHE
HETT, WEAEN. XHARELHIRER D, SRLEMRETR, HREZ
EAEFE SRt WE 2-15 EATLAE N, ZRACHMKREEERITFETRELIRE
BOE, RREUNNIENRET BRECEAARENYRRER LN, X4

&FETEER. e e ——
5200 ) 5 :
| [+—+t comciboctos I " |
5150 Fla-- o cor mdde /£ ey o Koo
| |7 come: wop £, e . —
__ s 3
QE_ L I !
g o it (e
g w0 . &
o N
O w0
w000 - . [HE ‘x.__r_ e
sl . L ‘ S |
000 4.00 B8.00 1200 18.00 20.00 24.00 28.00 it 3 3
t(10008) R SRl S
B 2-16 R ALBEATE)3E1Y B 2-17 HER

Bl 2 —AMGKA10mm, FEFEEr =2mm BAMHR, KEHEE, —/
B RETTR P HIEIRE ¢, = 45ppm, FRHRSHEH 1 A, FiRELBZ

HERTRNAAS p=60MPa M. BTN AMEMN, FHYFEEFRTES

. E2-18 3 HHIFHER, H—%&ERIF ABCDA F AR, B2-19 44
X FBBENESHN 446, B 2-20 hEEREEXLEBIKRES .
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£2E ARyRABEHE

000 -
80.00
=
A S50.00 —~ £ sooo
z £ |
g (3
3 O 4000
@ =
i g8 i
& 8.00 o 20.00
20.00
-g0.00 MR S RPN . L
0.00 £.00 10.00 15.00 w00 500 10.00 15.00
The path:ABCDA(mm) The path:ABCDA(mm)

2-19 JR3%2 ABCDA 9B HEHNDH 2-20 #5842 ABCDA Bk 9
BT HFRERAEAXMFRMEE, B 2-19 PHEREHRZ LT EHE AC 3HREY.
TEHERAREEREZERXT AC WK, BEEMEXTLIERESHN KGR~

ELFIRT X HIEH180° TR, ERMSUHTRIIREEN e BERN A5

B, BE%BNAU—EHLHRKET.

bR 2-14 58 2-15 740, 6 | PIREES A SERN 2 At 2 —E
Bk, TREFHREASEMNEET & §FaE3REN, KEXFSERNN
SR —E B SR . B R REEIERN S5, Ml T B4
WES, EFHMR- L ERYUBIE LGRS RESEE M.

233 BEIEMREY M

RESENEET RHEARLEARN, UARESHAFEEEST HSHAE.
EF USRS IERIREE S A6 . mE 2-21 Fis, £— MK 200mm, & 10mm
B A E B BFEAR LGSR EEAD Smm B#EME A, BR—MEE. EXREE
21.5h 4 81 727.5K $95TH 45008 298.15K (25.00°C), HREEE, ZBTEYFE

EBERTRRENH. LI RFAEMBENFESH S Fujii(1982)F748

s, =1288¢79%% pom mm N2 (2-32)

D, =9310e™ "’ mm*/h (2-33)

55 = 43002 ppm mm N2 (2-34)
2748—115715

D, = mm’/h (2-33)

1+{1.05x1072 7 |
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LS Tolk K% T4 18 3

A B

B 221 ¥BREMNEAER

i B

¥ {
1T
KRR
ppbvE

\M

JEpn

I I R P A T .
000 100 200 300 400 800 0.0 100,00 200.00

X along instance A(mm) X along instance B{mm)
2-22 BRI X F IR 475 2-33 BAEH X IR IS 2

BTFEANLET, BAREMSTS &M, TESASELERRENY HY
FRRER AT, B 2-22 AT HYREREE X FENKES M, B 233 hi#
VIRERATIE X FRMRES . ABRTR, ANEEF, EREFHRER
LR, MERGTHAE TR, RESAEFRAHENTRE LA EE, XL
BT HERUGERE AREER, FEREEXNERELN, THENEER
M, TREATREADMREFAIEE. FEWEHGHEIANBE-LERT, R
AR Fick EEHFTHE, WA Fick AXTLHHEGRES SN RET R E,
Fick AXABEERERR. ERHTHETHESEESERAEEX, BENEL
ST BUREERR K.

24 KENE

EENMETRETBAEAER, BFRRNRETERERITRAEY BN
BRI SO AR R Fick ARXFRAEE N ¥E-LENBIHH. TEx
HWETYREESUFRIXER, BESRENTINMESS, \TTHYREES
FUENRRER, BRTENEALENHEBENENXE. BB T, Fick

LRARARFEBT HRAMXRA— M ERER. BT EETE ¢ STHE, NS

TERIAE. NAZERTABRITUTEOREEEIIENRET & NA5IE
MREY SNEESIEREY 8. FRAERE, TLB:

(WEFHFERERE, NOG, BRZE, BULSETS#URNREES
ﬁa
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F2E MEYHREEHE

Q) HREBEIENFET RETREETVE. EXf 8dBd, YK
EmptrRmKERE Y . S554REEYRN, HAZRERALNKRE, T
I BT R ER . BEEY BANMAR, BERETFSEE&HEN
b 7 BDHR BE 4

() HERNAIIENTETH, 7 HEHRAN, KEMMSEUN NS4
BA—E th A R b

@) LR RERTHRERAFERTULERRNENEZRRENELT, FREHN
RTHETHERARDMEARGHLRE, FHRNERARHBREMLZEHR B
FREE. RN, HESFImERHRNTYE, AT UL FHBEmRat®
BHE, SHERSEFRNT AR TS,
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bR Tk K2 T2 2478 L

F3E BTRESURAHELE-HZEERE

31 5|8

AE-ZFFHRET HELT S, EHFMIZTUSIERSFHT #YRE
. TARFAEFER—HAZ-LENELEAR, NELEHMRETLIER
R RRENEER. RERHE-LEREERONROMERE, HUETER
BYIRE. EMARE. XN FNAEBY H—REBER™E, TRRAEEE
HERFEARY HHE. ZEURTRAVKREAFRITR, WETRLE-HE
RaBRE, FETTHERTIHE.

32 BTRESVEEE KRR

BETREMKAEEHRAZZHEBD T RE=LEE RN, BIKE0&KET
BEETUEERREFILE. ERBTREHKIMRE, BTRESYRGEEEE
REMEBE, NEBARANEREK. AEVANEENEHNRATESS. XM
KAZEEHRTREVEFHZANRANEASI AT, AVEENFETRSY
BRI, BHERTHETEMAMEKOIE-EEE.

321 BYREVREEN

BTReVRERFHARRNEN, TUEE DT H B EHEEENR, F
HEFEFHEMRTAR. B 3-1 I AEFRESVRENEMEE. WB3-19TR,
BTREVRAEROHETEACAETHEGSEAT I uBIE TN R@R AR
Ao BT LUERE S A —E A S, HPEELEM, BEbEE. BEh
N EBE T AEREAN R, XGRS SIS S HIR AL 2 (8] 1 e,
S ASI W PHAE. B, S5%EAT, SRTALCBETREETHEMRE
A%, ERAEFENN, ATFERERERETFHRES, BREFRENA
BRI ——E A T B R S
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IR BFRAYRANBAE-NEROEN

B 3-1 BFRavRAmEH

322 BIGERTHETESH

FEABE TR BT, T E KNG, ETRSVRERE
IR, SRBAEMIESEMEH, SREERNARZS (BRLHE
FHEEL, UREERRAAENERN) . ERMEEAZE, ARMEHELA, E
FEBHERHTREMNEFEREERTEABIERN. B 42 SELHER
T, BERTHETEHTRE. ZEBEAT, BTEERATES, HETFHESE
wEARBE, METRERNERBS). EHAEGERRETHERETRET
AT H, FTHRONFERREERATEHNRTHRE~ELRL, EREHAETR
B, fRAHEETFHKRES,

_________________________________________

B 3.2 BHERTHETE
323 EREE

WMRAKMHEAR DG TREED, AR FRERSRELHLERIEES T
FANEB, —BKA F M NaR KEH, 5H—48 NaClRREW, P F R,
NaCl ERALFIREHAEE. EHRRTFETFFEMIBNMTTETESRE
FEP A A A B SIS AR R B A RN B FF 4 (Donnan equilibrium) . & 2 #KE
B EET 911 ERAN L FEBHLIRE S MR DL £HS 0B EE,

.21 -



EHRIWRETHFL#AIEX

HREHEEEN.

AT = Py — Pou = RT((c5 + 1)~ (et +¢2)) @3-
HHRRRRER, T° =T-T REWEE, THEE 77 EFRERRRENS
SBE: chyepFch, oo FURTREREFEBRA. SIBRKE, ¢ =ct -c,,
EREFNETRENEE, a=+-.

33 BUFE-NFZIFBEEE

RALE-NESHREBRBER AN ERNETT B8R, hERNTENE, -
HEBE KRR

3.3.1 BFYHAE

ZEAAXAE-ETREY HNEABRH EETT HAE, EEE_EF
BHESHEHFBOY BEE, FESREFHABETTE. SEHEHESE

TV, BTRIENHE, EERHETFHREHLETEN. TR, XRe AE
TFHIRE, METT MM ERTESRE

%, 9 5 0 (3-2)

A&t ax
BRENAIANREF8AEFNF 8, BdEtFEAEERs A NEFIHKNA
HMXRP. BB EERESENETT ], « ANETEETETRS

___ Dy, 8y,

« " RT-T7) ax (3-3)

b, I, N HEFHYRER: R ATHER, D, ho MEFHFREL 4
HBEAMBLER: Ulg Fra METHRRAE X%

b, =c,ls, (3-4)
Kb, s, ho METHEE, o AETHBLER, 9%

o = o +R(T=T?)ing, +2,Fp (3-5)

-22.



EIE ETREVBEANELE-NEREHET

R Z, ha HETHRAEN, FAFESR o hEH. WRE AN EE, HX(G-5)
RAAG)TFBEE T HNER X R

J,==s5,D, —{%—Hca %} (3-6)
8X 8X
He
z, F
Kd —K‘a(C,T)=¢amz—) (3'7)
KBEBAFEF.
332 hEHE
B RE T LIFE
[ o:cedv =jst.5udS+ L f-Sudy (3-8)

RRoRIHR x BN AKE, be TENEKE, SuZ2EMBHE. M THESHE,
NEWFARANA XREEEAIRTAH

o, =Culey —2,) (3-9)

J‘iE.O'yEE\ZjJ! CUH%JEUE%&! EH%‘%F‘—‘L%’ Eﬂéﬁfmiﬁglﬁﬁ{]f‘j%n

333 LE-NERS

ENEETREVREKREESIETBELR S, MEEENEFENE. WK
B2 R A R

£y =gulc-c’) (3-10)
Hep o' AR RBRISIEFAREIRE, c AHABFHOERE. T NHYRREF
c—c’=Z(c,—c;) (3-11)

Ho g, HHESH,
gy = a0y (3-12)

a %J_./l\’f‘%’ﬁ;

-23-



TN RFT M2 83X

1 k=l
5, = (3-13)
0 k=!

WA MR d e, BB, REESR
Ac=c -¢, (3-14)
WA RS BRI BT o A, WA RENRETLS RN ETER S

AEy = gH(AEl —Aﬁo)=gkl{(cl _c’)_(co -c')}= gld(c] _co)=guAC (3-15)
N BURIREZ S RAIBNEE, N

£y =Afy = gyhc (3-16)
ER@1RAR@-9)F, BEABEDEYHEEULRTRTH
0, = Cpuley —£4) = Culey — 2uc) (3-17)

HREG-DEG-R MR UGN, TUARTEERHRBTREEN 4,
MR B AR 2 . B HR(G-8)5(3-17), H E vk 23R MR 17,
MTTRT LB BB R Bk SRR . AU SRR/ i S R T A B S i
1T,

3.4 HEHHEAZ
3.4.1 BHTEKRRBIAER TSN B FI 3

FAG-MRARCG )R BE RUEREHTHE T HHE

E-i.m.{%”ﬂ 3_4”}=o (3-18)
& ax oX "X
SEFY Rk RS
de, _
= =0 (3-19)
HRAG- DT B HE
2 [0, _zF op]_ -
ox {ax *e R(T-T?) 6X} =0 20

T p.g AREE, kAEHEMFE

-24 -



®IE BETRSUBRAMELE-HERLSEN

0 1o, p0al_ ]
X {ax+pkax}'0 G20
f1 Lin*'H 15 21§ ARt A

P =p° exp(-kg) (3-22)

o p® HHME. FIRERER(-20)FHT %
z,F
R(T~T%)

HBARG-2MARE20F, ERE200HE, TREAG-2)EARGC0)0ERRE
FCILHY .

4, = ¢, exp(~ ?) (3-23)

342 FRTEKRBEATRE

BRBEMNFERRERGC-IDRARG-8)F5EE

L&e .C-(e-gAckV = LSu -£dS + J'V Su- fAvV (3-24)
WEERE u i THE
u=N"u"
y
e=B"u"
He B ANEER, RARG20)PERBIERITHE
[ BYCcBYav -u¥ = [N"uds + | N* fav +[ B"Cgncdv (3-25)

3.5 BEEH

# 1 & 3-1 Frow, 4x10(mm)’ B RE E7E 50 50(mm)’ 9 NaCl BEF. &
W EETHREER ImM, BRENEEE T c; =5mM, BHREFIATHREER
Cppe =5.193mM , ¢ =0.193mM. HEHMMEL -100mV, Hi4+100mV B
B, BREAEHETRERD. HPSHF=96CmM, R=831x10"J}mM,
T-T?=293K, s=lmM-m-N7"?, Wx, =392,4,. B 3-2 % y=0.025m & X H

.25 -



ERT WK TEFEEERE

RERGI 6. Bl ARETENERARNAEEETEM . YETESH
EERRER, AR(3-23)7 53]

8. = ¢, exp(-39z,0) (3-26)
HFs=1, M
¢, = ¢, exp(~39z,0) (3-27)

B 3-3 251 Na™ 5 CI" 7 y = 0.025m A8 X F R KIRE 76, BERVRKE
AT, REARSRENG. WNE 33 TRLENEEE, EETRAKSES, MK
BT RIERBE), TRARTE N BFREEK, ERFEC BFRETK, X
5342 WFMRBERTHEFESARE —B. BIOKEEARLEM, R

D
0.05 L 0.10
}
0.04 I m
L gel . S 005
0.03 | — 2 |
- fcathode anode 4 + .§
0.02 | R a 000 -
I ] £
L , 8
0.01 F solutien - ¢ 005
x
a b b L . \ f \
0.00 0.01 0.02 0.03 0.4 0.05 o oo om  o% oo oms
x () xim)
Bl 3-1 NaCl##EPHsEFrRiE 3-2 B8EH4
8.00
[| = medrmaiee
L —~ 1.00
gin-o ial aemdit o E
?l‘“— FUACLOtMY solubion : 3
. 5 o
2 o
£ .0l £
m e
¢.00 ¥ [ 1 fl | 1 o i i i ] i 1 1 | " )
¢.00 a.01 0.02 0.03 0.04 0.05 0.00 9.0 0.02 003 0.04 0.08
x(m) x{m)

B 33 BFemEsH
WHREAE-NERSERAEETEK, Na=0mM™", BHEES
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F£3¥ ETREDNGEMHBEAE-TERaEH

E=2x10°p,, HitLv=03, HRXAFRITETE. HELRFER: BREES

(y=0.020m) & y FRBEE, TAERBEFE(y=0.020m,x =0.025m) 4 x 7 [t E
&, EENYRETRERIENOER, TERENNIAT., FRNEFERE
¢’ =cl . +cl,. =2mM = const (3-28)
& 3-3 AR AR AP RE
¢, =5.386mM (3-29)
wmEEE, EURRER

€= (czva* o )x=(mzs

=7.23mM (3-30)

HILFRER

c=lc . +c = 4.06mM (3-31)

Na™ cLr )x=0.027
EFRAEWK, MRG0T HH ek L3RI x 4 R IREA T

6%
4.06-723

£, =g;{c,~¢c)) =g, [7.23 + (x—xo)—5.386J (3-32)

&

K1, = 0.004m HEBAFIE, x, =0.023m AR H LR x 855, TLER
ZHRIE
£y =&y =0.184-793x (x-0.023) (3-33)

MEG-33)PTH, REMZORNERE, BEK mALFNES R, Bk,

B 5 1000 METT, RAFRITFEGE-25E. B 34 ZREFIHERE
MBRHR (EEARERRE, GEABREE) . NEPEE, Rk fREK,
ERINGE, FREERFEOTH, X5XG-33)0WERST—H, JREFATRME.
ERHEREHSTRPH B, TLETREVKREMLFEESSLE-HIENES
1, 3 EaT LN RH R ST R E AL
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L5 Tk K% T M 2 1 5

M 34 ZEAREHEE, ERATRK

#l 2 ZFE—IARHSx107m, SBH1x107n BTFRSUREER, Bk
NaCl P . FHPEEFHREESD 1mM, BEAAEETEFc; =5mM, HH
BTFHWERE e, . =52mM , c . =0.2mM, WAIHRBAEEIRAE N ¢, = 5.4mM .

IREERRUEH | —3, TEBFESRNBIBEER c, =c) exp(-39z,0) . 1
BOFA -10mV, ok +10mV BHHER, ERFTEAEFREEN 5. B 3-5 45
A Na™ 5 CUGERER r (HHFr =0 AWR)FEEREENF, HEBBINTFRE
c={ey. +co ), =7.82mM (3-34)
SRERIRFE
c=ley. +cg ) . =3.82mM (3-35)

A RAKTTE Na* B FIRERR, ERFRCIT BFREEX, EWREERTL
Bim, EEREED.

:E

§

The Na Conc{mM)

s§8586|

PR SN RNTUN N S R | ST SR RS |
0.00 0.1 0.20 030 040 0.50 0.00 0.10 020 0.30 0.40 0350

r{mm) rtmm)
H 3-5 BTHIRES A

Ba=01mM™, REKHIZLRESERr=025mm IERYPLHEE, KA
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FI3E BETFROVBANELE-HFREER

HRTELTE. B3-6 25 ARRESBGERGERNER. NERFTUEER,
WHIERETER, RHAFMTHNRERLEREK, FREFHNEE . S5
MHEH TR BN, WHAARHEHRARET BRI, HEEEDT. B
TARREMAR, SHRIMER, XTEKERENAREEK, ERESE X54 1
MERE—B. B 3-7 AGERER FRAMTEMENES. AE 3.7 TLIEBRE

FHROHLE (r = 0.25mm) ML AD, BEEHEANPLOIFHUE 1 5 FAE X ER K.
B 3-8 HEEF¥Er T EAKENN A3,

:

g
L ]

[
2000 -~

spatial displacement(mm)
FEES
8
\.

o
1

The mises stress (MPa)
]
*
a

Bt N

- 000 040 020 030 040 050 00 04 0.2 0.3 0.4 0.5 06
r{mm) r{mmy}

B 3.7 ZE{BHEE B 3-8 KRS
3.6 KE/NG

AXRBENE-NER U FEURRE FREVRGHNYELR, RES
EHRANEFNRET BB N ETELTE. #EERET, REAFEREH
TEEAET, ELHEAT, AHEBETFEERHRS, ERTHAERES, AR
BETEERBE. IRRFEREN EETREEARLSHETRLER, TRAET
REEGRECHEERL/D. MEFREMEGRFRFLANRENSHEER
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L3 Ty K2 THmME 2R

T, ZRERGHERT, EEANEAEFHRARSE. YETESYRGAE
ERTHHBETH, FEBANEETERAETS. EARCHMMIESFRE
ERTEERCEMAOAETRES, MEARCESOREFRENEHET KL
BOMEBT D, THEBHRERES RN, EERLHED, BRANKEE.
TRACEREENREWEK, WEERLCEE. XE—TRERETRE T,
BRY, BFREVRBALFEERLE-NEOBETH, FERNAETRTY
RETHENA. ERRESRNEEPWHELT, ETHESTREGNERY
SHFE-NENARERER, BEENFRGLRT BEFRORCBAREN,
AUBRARANEFFHANERER.
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BT RE-NEIREBUSHANE

FA4E UE-NFBESERSHERE

41 5|8

FE_FEIENBTUELZENTE EEANHGFIENRENE T #F
B, BERMREXNEFRARA, ME=ETELRBEMELEEATALE
HREMER N EEE. B TENSERATETHEL, MREE-EHERR, T
REMERREREET 12-METLBEER.

FERRTE ¥R TERWE BB EEL, MAGS H2AERE
KEAMBETTHERTR. 5hE-NEREXRANHHEFEF EMEAT 2
T—RIGENREML, EREAAERSNERRIER, RESBHSES#T
HRTHEAS. tETILMAENES, SRR\ANUETUSES, HFERE
B,

42 KF-NZEBSRBNERFE

421 hEEEHEHFERILAEY
HEPEFHE
Oy +f,=0 “-1)
paliopul S s
oyn, 1, =0 “2)
H¥ o, ®RmNA, f[RENER, (REMKEED, n FRRKSEENEAL
ARG

4.2.2 {WEIHMIEH S E

HEZENERTNRET B E
Lyl .r=0 @3
& ax

VR R &
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JEBU Tl K% TR 22 AT 18

g=-n-J 4-4)
Kb e RRE5SESAMKERE: JHRUNENETRCREANDRER, 205
B, BIRELMNYREE.

423 NE-UFRENNREFEAHRER

HEZEFAG1)THEEUE-NEEERXRNENLER

T =Cijk1(5u _EH)=CJH{£H-gH(c—C,)} (4-5)
T &AM, ZRMXETLUEY
oy =t g5+ L £ _(c-c')s, (4-6)

V=) T T e T )

424 NE-UERBEMLEFFEMXER

HEZETRET BNAAXRKXQ- 103 TRL. FEBEERE, URRE
EARtEEN, BRT ERESHABTEAER, BFF8NERXETES
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ABAQUS Rt T KERIA A FEAF (User Subroutine), A FRFAIFHFLE
RAFEERHENBATETEXFSECHENER. XEFAFTEFGAETE
BANEFHETM/LEENEY. AFTEFEFUTHNENSS: (1) IR
ABAQUS M—LREFESREIIGEER, AF FEFITLUES ABAQUS FixXikik
WEIThee: Q@R F FREFZH FORTRAN EEHABER: Q)BT LJUER
A FRBEAEEES: OBETENREFEMELE restart XHF, WRFEME, T
UEEFARETHENT: OERLEEATETLAM ABAQUS AFHCHRE
FF. #HT ABAQUS I—R AR EEBFLU T/ E:

() REFERHMTENRFFER, SHTEFTFTFEEHER. —BXH
FORTRAN & & #ufhill, FERK job.for LHF.

(2) #£ ABAQUS/CAE sl A&k 4thoF @ L fovH ERE RS (B job.inp SCHF) T E AR
KAMTFEF. filn, AFRLFEFREERBIZE jobinp B4

*USER ELEMENT, TYPE=Ux.

(3) 7E abaqus PITEF PN user EMIEHE & XL TFEFH FORTRAN EE
Frali HirI2RrM 42 3, AT LAZE ABAQUS Command % M%) A\ ABAQUS #iT#2
FFEBIET:

ABAQUS job=3 {44 .inp user=3 #-42 .for
THABERXFENEF 2 FrAZIR AP LT TFRERF R HER INP 34,
1) INP CH(fR R34 H velinp)

*Heading
YW EER
*Node,NSET=N1
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2, 2, 0.
3, 4., 0.
4, 0., 2.
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wEXAFALREAME S

*USER ELEMENT,NODES=8, TYPE=U1,PROP=6,COORDINATES=2,VARIABLE=1

1,2,11

*ELEMENT,TYPE=U] ELSET=UEL

1, 1, 2, 5, 4,10,11,12,13

2, 2, 3, 6, 5,14,15,16,11

3, 4, 5, 8, 7,12,17,18,19

4, 5 6, 9, 8,16,20,21,17

*UEL PROPERTY,ELSET=UEL

2.0e5,0.3,2E1,1.0,3.6e-3,1e-2

L= i

*INITIAL CONDITIONS, TYPE=TEMP

N1,250

** STEP: Step-1

*k TSR BB IR

*Step, INC=20000

*Coupled Temperature-Displacement, CREEP=NONE DELTMX={.5

50,10000,,,1E-2

**1f] 5

*Boundary

B1LENCASTRE

kBT

*dload

4,U2.-1e4

G HEK

*QUTPUT,FIELD

*ELEMENT OUTPUT

S,

*NODE PRINT,FREQ=1

NT,U

*NODE FILE FREQ=1

NT,U

*OUTPUT,FIELD,FREQ=1

*NODE OUTPUT

M
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NT,U

*END STEP
2) BILFREFIRERSE Huel.for)

C

o000 000000000000000A0O0

TEFEHEAKAGHEF FERFEY
SUBROUTINE UEL(RHS, AMATRX,SVARS ENERGY NDOFEL ,NRHS NSVARS,PROPS,
1 NPROPS,COORDS MCRDNNODE,U,DU,V A JTYPE, TIME,DTIME KSTEP KINC,
2 JELEM,PARAMSNDLOAD JDLTYP, ADLMAG,PREDEF.NPREDF,LFLAGS,
3 MLVARX DDI MAGMDLOAD PNEWDT,JPROPS NJPROP PERIOD)
BEABAQUSEEFHHIEE
INCLUDE 'aba_param.ing'
EXAF AT TERFLANER
DIMENSION RHS(MLVARX,*), AMATRX(NDOFEL NDOFEL),SVARS(NSVARS),
1 ENERGY(8),PROPS(*),COORDS(MCRD,NNCDE),
2 UNDOFEL),DUMLVARX,*),V(NDOFEL),A(NDOFEL),TIME(2),
3 PARAMS(3)JDLTYP(MDLOAD, "), ADLMAG(MDLOAD.,?*),
4 DDLMAG(MDLOAD,*),PREDEF(2,NPREDF,NNODE),LFLAGS(*),JPROPS(*)
B & M
DIMENSION GPX(9),GPY(%),GWEI(9),PHI(8) PHIX(8),PHTY (8),PHIC(8),
1 PHIE(8),IFACE(9),GWE(3),PHICC(R),PHICE(8).PHIEE(8),
2 PHIXX(8),PHIXY(8),PHIYY(8)
PARAMETER(ZERO=0.D0,THREE=3.D0,0NE=1.D0,TW0=2.D0)
DATA IFACEN,5,2,6,3,74.8,1/
FE A
8 NODE CONTINUUM UEL FOR chemo-mechanical coupling ANALYSIS;

VARIABLE DECLARATION

XE: PROPS(1) E

XV: PROPS(2) V

XA: PROPS(3) a

XS: PROPS(4) S

XD: PROPS(5) D

XKP: PROPS(6) KP
T: normalized concentration AT TIME T+ DELTA T
TOLD: normalized concentration AT TIME T
DTDX: DERIVATIVE OF concentration WRT X
DTDY : DERIVATIVE OF concentration WRT Y
DTDT: DERIVATIVE OF concentration WRT TO TIME
DUDXDUDY DUDXY: THE STRAINS
DTRDX: DERIVATIVE OF THE STRAIN WRT X

DTRDY: DERIVATIVE OF THE STRAIN WRTY

C : ISOPARAMETRIC COORDINATE, XI
E : ISOPARAMETRIC COORDINATE, ETA
WE : GAUSS WEIGHT MULTIPLIED BY JACOBIAN OF TRANSFORMATION

PHI : INTERPOLATION FUNCTIONS
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PHIX : DERIVATIVE OF PHI WRT X
PHIY : DERIVATIVE OF PHIWRT Y

PHIC : DERIVATIVE OF PHI WRT XI

PHIE : DERIVATIVE OF PHI WRT ETA

PHIXX: DERIVATIVE OF PHI WRT X*X

PHIXY: DERIVATIVE OF PHI WRT X*Y

PHIYY : DERIVATIVE OF PHI WRT Y*Y

PHICC: DERIVATIVE OF PHI WRT C*C

PHICE: DERIVATIVE OF PHI WRT C*E

PHIEE: DERIVATIVE OF PHI WRT E*E
HEBHEE X, HINPXHTHMEBELER FEXEHEHEE
MATERIAL PROPERTY DEFINITION

XE = PROPS(1)

XV = PROPS(2)

XA = PROPS(3)

XS = PROPS(4)

XD = PROPS(S)

XKP=PROPS(6)

INTTIALIZATION (NRHS=1)
DO6 Kl=1NDOFEL
RHS(K1,NRHS)=ZERO
DO4 K2=1NDOFEL
AMATRX(K2,K1}=ZERO

4 CONTINUE
6 CONTINUE

F g ki
IF (LFLAGS(3).EQ.1) then

IF (LFLAGS(1).EQ.72.0r. LFLAGS(1).EQ.73) THEN
B A E
DETERMINE GAUSS POINT LOCATIONS
CALL GSPT(GPX,GPY)
EATE
DETERMINE GAUSS WEIGHTS
CALL GSWT(GWELGWE)
THEEAHRIERE R RER
ASSEMBLE AMATRX AND RHS
DO 300 K=1,9
LOOP THROUGH GAUSS PTS
C=GPX(K)
E=GPY(K)

CALL DER(CE,GPX,GPY ,GWEI,PHIPHIX PHIY, ,PHIC,PHIE,
1 PHICC,PHICE,PHIEE, PHIXX, PHIXY ,PHIYY,DXDCC,DXDCE,
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2 DXDEE, DXDC,DXDE,DYDC,DYDE,DYDCC,DYDCE,DYDEE,
3 AJACOB,COORDS, MCRD,NNODE)
DTDX=ZERO
DTDY=ZERO
DUDX=ZERO
DUDY=ZERO
DUDXY=ZERO
DTRDX=ZERO
DTRDY=ZERO
T =ZERO
TOLD=ZERO
DT=ZERO
DO I=1,8
DTDX=UQG*D*PHIX(I)+DTDX
DTDY=UQG*T)*PHIY(I)}+DTDY
DUDX=U(3*1-2)*PHIX(I)+DUDX
DUDY=U(3*-1)*PHIY(I}+DUDY
DUDXY=U(3*I-2)*PHIY(I)+U(3%I-1)*PHIX(I)+DUDXY
DTRDX=U(3*1-2)*PHIXX(I}+U(3*1-1)*PHIXY (I-DTRDX
DTRDY=U(3*1-2*PHIXY (I)+U(3*1-1)*PHIYY (I}+DTRDY
T =U(3*I)*PHKIH+T
TOLD=(U(3*1)-DU(3*L,NRHS))*PHI(I}+ TOLD
DT=DU(3*LNRHS)*PHI(T)
END DO
DTDT=(T-TOLD)/DTIME
WE=GWEI(K)*AJACOB
DO KI=1,8
C TR E TR
c LOOP OVER NODES
RHS(3*KI-2,NRHS) = RHS(3*KI-2,NRHS) -
WE*XE*(ONE-XV)*(PHIX(KI)*DUDX + XV/{ONE-XV)
2 *PHIX(KI)*DUDY~+(ONE-TWO*XV)/(TWO-TWO*XV)*PHIY (KI)
3 *DUDXY)/((ONE+XV)*(ONE-TWO*XV))
RHS(3*KI-1,NRHS) = RHS(3*KI-1,NRHS) -
WE*XE*ONE-XV)*(PHIY (KI)*DUDY + XV/(ONE-XV)
*PHIY (KI)*DUDX+(ONE-TWO*XV)/(TWO-TWO*XV)*PHIX(KI)

3 *DUDXY )/((ONE+XV)*(ONE-TWO*XV))
RHS(3*KI,NRHS)=RHS(3*KI,NRHS )+ WE#(XS*XD*XKP*XE/THREE-THREE
1 *TWO*XV)*(PHIX(KIP*DTRDX+PHIY(KI)*DTRDY)-XS*PHI(KI)
2 *DTDT-XS*XD*(PHIX(KI)*DTDX+PHIY(KI)*DTDY))
DOKIJ=1,8
C RiEHE
AMATRX(3*KI-2,3#KJ-2)= AMATRX(3*K1-2,3*KJ-2)+ WE*XE*(ONE-XV)
1 K(ONE+XVY*(ONE-TWO*XV))*PHIX(KI)*PHIX(KT)
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2 +(ONE-TWO*XV)/(TWO-TWO*XV)*PHIY (KI)*PHIY (KJ))
AMATRX(3*KI-2,3%KJ-1)= AMATRX(3*KI-2,3¥KJ-1)+WE*XE*(ONE-XV)
H(ONE+XV)*(ONE-TWO*XV))*(XVAONE-XV)*PHIX(KI)
*PHIY (KJJHONE-TWO*XV)/(TWO-TWO*XV)*PHIY(KI)
*PHIX(KT)
AMATRX(3*KI-1,3*KJ-2)=AMATRX(3*KI-1,3*KJ-2)+ WE*XE*(ONE-XV)

K{ONE+XV)*(ONE-TWO*XV))*(XV/(ONE-XV)*PHIY (KI)
*PHIX(KJ)+ONE-TWO*XV)/(TWO-TWO*XV)*PHIX(KI)

3 *PHIY(KJ))

AMATRX(3*KI-1,3*KJ-1)= AMATRX(3*KI-1,3%KJ-1)}+WE*XE*(ONE-XV)
1 K(ONE+XVY*ONE-TWO*XV))*(PHIY (KI)*PHIY (KJ)
2 +(ONE-TWO*XV)/(TWO-TWO*XV)*PHIX(KI)*PHIX(KJ))

AMATRX(3*K1,3*KJ-2)= AMATRX(3*KI,3*KJ-2)-WE*XS*XD*XKP*XE/(THREE
-THREE*TWO*XV)*(PHEX(KI)*PHIXX(KJ)+PHIY (KI)
2 *PHIXY (KJ))
AMATRX(3*KI,3*KJ-1)= AMATRX(3*K1,3*KJ-1)-WE*XS*XD*XKP*XE/(THREE
-THREE*TWO*XV)*(PHIY (KI)*PHIYY(KJ}+PHIX(KI)

2 *PHIXY(KJ))
AMATRX(3*KL3*KJ)=~AMATRX(3*KI,3*KJ)+ WE*(XS*PHI(KI)*PHI(KJ)/DTIME+
1 XS*XD*(PHIX(KI*PHIX(KJ)+PHIY (KI)* PHIY (KJ}))
END DO
END DO
300 CONTINUE
C HEWEH

IF JELEM.EQ.4) THEN

c-1.
DOKI-=1.3
c LOOP THROUGH GAUSS PTS
E=GPY(KI)
CALL DER(C,E,GPX,GPY,GWE]PHLPHIX PHIY PHIC PHIE,
1 PHICC, PHICE,PHIEE,PHIXCX, PHIXY PHIYY,DXDCC,DXDCE,
2 DXDEE, DXDC DXDE,DYDC DYDE,DYDCC,DYDCE, DYDEE,
3 ATACOB,COORDS,MCRD,NNODE)

DS=SQRT(DXDE*DXDE + DYDE*DYDE)
DOKJ=3,5
C LOOP THROUGH NODES
RHS(3*IFACE(K])-2,NRHS) = RHS(3*IFACE(KJ)-2,NRHS+
1 GWE(KI)*DS*PHI(IFACE(KT))*ADLMAG(1,1)

END DO



9}
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END DO
END IF
HHRCLR R
IF (JELEM.EQ.1.or.JELEM.EQ.3) THEN
TSINK=250.00

C=1.
DOKi=1,3
100P THROUGH GAUSS PTS
E=GPY(XI)
CALL DER(C.E,GPX,GPY ,GWELPHILPHIX PHIY PHIC PHIE,
1 PHICC,PHICE ,PHIEE PHIXX PHIXY PHIYY,DXDCC,DXDCE,
2 DXDEE, DXDC,DXDE,DYDC,DYDE,DYDCC DYDCE, DYDEE,
3 AJACOB,COORDS MCRD,NNODE}
T=0.0
DO I=1,8
T=U@G*I)*PHI(I)+T
END DO
DS=SQRT(DXDE*DXDE + DYDE*DYDE)
DO KJ=79
LOOP THROUGH NODES
RHS(3*IFACE(KI)-2, NRHS) = RHS(3*IFACE(KJ)-2,NRHS)-
1 GWE(KI)*DS*PHI(IFACE(KD))* XA *(XS*T-TSINK)
DO KK=1.8
LOOP THROUGH NODES
AMATRX(3*IFACE(KT)-2,3*KK)= AMATRX(3*IFACE(KJ)-2,3*KK)+
1 GWEKID*DS*PHI(TFACE(K)))*XA*XS*PHI(KK)
END DO
END DO
END DO
END IF
END IF
END IF
RETURN
END
KRF = FREF
SUBROUTINE GSPT(GPX,GPY)
INCLUDE 'aba_param.inc'
DIMENSION AR({3),GPX(9),GPY(9)

PARAMETER(ZERO=0.D0,ONENEG=-1.D0,0ONE=1.D0,S[X=6.D0,TEN=10.D0)

GPX: X COORDINATE OF GAUSS PT
GPY: Y COORDINATE OF GAUSS PT
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R=SQRT{SI/TEN)
AR(1)=ONENEG
AR(2)=ZERO
AR(3)=ONE
DO 101=1,3
DO 10 =13
NUMGP=(I-1)*3+]
GPX(NUMGP)=AR(D*R
GPY(NUMGPE=AR(J)*R

10 CONTINUE
RETURN
END

c REHHEFRRF

SUBROUTINE GSWT(GWELGWE)
INCLUDE 'aba_param inc'
DIMENSION GWEI(9),GWE(3)

PARAMETER(FIVE=5.D0,EIGHT=8.D0,NINE=9.D0)

0O G

GWEI : GAUSS WEIGHT

GWE(1)=FIVE/NINE
GWE(2)=EIGHT/NINE
GWE(3)=FIVE/NINE
DO 101=1.3
DO 10J=1,3
NUMGP=(I-1)*3+J
GWEKNUMGP)=GWE(D)*GWE(])
10 CONTINUE
RETURN
END
C ZWEBERTEF
SUBROUTINE DER(C,E,GPX,GPY,GWELPHI,PHIX,PHIY PHIC,PHIE,
1 PHICC,PHICE, PHIEE PHIX X, PHIXY PHIYY,DXDCC,DXDCE,
2 DXDEE, DXDC,DXDE.DYDC,DYDE,DYDCC,.DYDCE,DYDEE,
3 AJACOB,COORDS MCRD,NNODE)
INCLUDE 'abz_param.in¢’
DIMENSICON PHI(8),PHIX(8),PHIY(8),PHIC(8),PHIE(S),
1 COORDS(MCRD,NNODE),PHICC(8),PHICE(8),PHIEE(S),
2 PHIXX(8),PHIXY{8),PHIYY(8)
REAL A1,A2,A3.B
PARAMETER(ZERO=0.D0,FOURTH=0.25D0,HALF=0.5D0,0NE=1.D0,TW0=2.D0)
C INTERPOLATION FUNCTIONS
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PHI(1) = FOURTH*(ONE-C)*(ONE-E)*(-C-E-ONE)
PHI(2) = FOURTH*(ONE+C)*(ONE-E)*(C-E-ONE)
PHI(3) = FOURTH*(ONE+C)*(ONE~E)*(C+E-ONE)
PHI(4) = FOURTH*(ONE-C)*(ONE+E)*(-C+E-ONE)}
PHI(S) = HALF*(ONE-C*C)*(ONE-E)
PHI(6) = HALF*(ONE+C)*(ONE-E*E)
PHI(7) = HALF*(ONE-C*C)*(ONE+E)
PHI(8) = HALF*(ONE-C)*( ONE-E*E)

C  DERIVATIVES WRTTOC
PHIC(1) = FOURTH*(ONE-E)*(TWOQ*C+E)
PHIC(2) = FOURTH*(ONE-E)*(TWO*C-E)
PHIC(3) = FOURTH*(ONE+E)*(TWO*C+E)
PHIC(4) = FOURTH*(ONE+E)*TWO*C-E)
PHIC(5) = -C*(ONE-E)
PHIC(6) = HALF*(ONE-E*E)
PHIC(7) = -C*(ONE+E)
PHIC(S) = -HALF*(ONE-E*E)

C  DERIVATIVES WRTTOE
PHIE(1) = FOURTH*(ONE-C)XTWO*E+C)
PHIE(2) = FOURTH*(ONE+C)*TWO*E-C)
PHIE(3) = FOURTH*(ONE+Cy* TWO*E+C)
PHIE(4) = FOURTH*(ONE-C)XTWO*E-C)
PHIE(5) = -HALF*(ONE-C*C)
PHIE(6) = -E*(ONE+C)
PHIE(7) = HALF*ONE-C*C)
PHIE(8) = -E*(ONE-C)

C  DERIVATIVES WRT TO CC
PHICC(1) = FOURTH* TWO* (ONE-E)
PHICC(2) = FOURTH* TWO* (ONE-E)
PHICC(3) = FOURTH* TWO* (ONE+E)
PHICC(4) = FOURTH* TWO* (ONE+E)
PHICC(5) = - (ONE-E)
PHICC(6) = ZERO
PHICC(7) = - (ONE~E)
PHICC(8) = ZERO

C  DERIVATIVES WRT TO CE
PHICE(1) = FOURTH*(ONE-TWO*C-TWO*E)
PHICE(2) = FOURTH¥-ONE-TWO*C+TWO*E)
PHICE(3) = FOURTH*(ONE+TWO*C+TWO*E)
PHICE(4) =FOURTH*(-ONE+TWO*C-TWO*E)
PHICE(5)=C
PHICE(6} =E
PHICE(7) =C
PHICE(8) =E
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C  DERIVATIVES WRT TO EE
PHIEE(1) = FOURTH*(ONE-C)*TWO
PHIEE(2) = FOURTH*(ONE+C)*TWO
PHIEE(3) = FOURTH*(ONE+C)*TWO
PHIEE(4) = FOURTH*ONE-C)*TWO
PHIEE(5) = ZERO
PHIEE(6) = (ONE+C)
PHIEE(7) = ZERO
PHIEE(8) = -(ONE-C)
DXDC=ZERO
DXDE=ZERO
DYDC=ZERO
DYDE=2ERO
DXDCC=ZERO
DXDCE=ZERO
DXDEE=ZERO
DYDCC=ZERO
DYDCE=ZERO
DYDEE=ZERO
DO 31=1,8
DXDC=DXDC+COORDS(1,1)*PHICKI)
DXDE~DXDE+COORDS(1,I)*PHIE(])
DYDC=DYDC+COORDS(2,])*PHIC(])
DYDE=DYDE+COORDS(2,1)*PHIE(I)
DXDCC=DXDCC+COORDS(1,I)*PHICC()
DXDCE=DXDCE+COORDS(1,Iy*PHICE(D)
DXDEE=DXDEE+COORDS(1,I)*PHIEE(])
DYDCC=DYDCC+COORDS(2,1)*PHICC(I)
DYDCE=DYDCE+COORDS(2,I)*PHICE(I)
DYDEE=DYDEE+COORDS(2,I)*PHIEE(T)
3 CONTINUE
C  CALCULATION OF JACOBIAN AND B
AJACOB=(DXDC*DYDE-DXDE*DYDC)
B={DXDC*DYDE-DXDE*DYDC)* (DXDC*DYDE-DXDE*DYDC)
C  DERIVATIVES WRTTOX AND Y
DO51=18
PHIX(I)=(PHIC(I)*DYDE-PHIE(I)*DYDC)/AJACOB
PHIY (I)=(PHIE(T)* DXDC-PHIC(I)*DXDE)/AJACOB
Al=PHICC(}-PHIX(I)*DXDCC-PHIY(1)*DYDCC
A2=PHICE(I)-PHIX{T)*DXDCE-PHIY (I)*DYDCE
A3=PHIEE(I)-PHIX(Iy*DXDEE-PHIY(T)*DYDEE
PHIXX(I)=(DYDE*DYDE*A1+DYDC*DYDC*A3-TWO*DYDC*DYDE*A2)/B
PHIXY(I)=(-DXDE*DYDE*A1-DXDC*DYDC*A3+(DXDE*DYDC
1 +DXDC*DYDE)*A2)/B
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PHIXX(D=DXDE*DXDE*A1+DXDC*DXDC*A3-TWO*DXDC*DXDE*A2)B
5 CONTINUE
RETURN
END

£ ABAQUS Command $H#IA INP X 2R FEFZMAHE, FXEHA
ABAQUS JOB=uel USER=uel
BIeT e ENEFE 2 AR, HPEILUA vel.dat XHFHKEHELER,
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