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Non-Local Analysis of Forming Limits of Ductile Material Considering
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Abstract

In this paper, the strain localization of voided ductile material has been analyzed by nonlocal plasticity
formulation in which the yield strength not only depends on an equivalent plastic strain measure (hardening
parameter), but also on the Laplacian thereof. The gradient terms in yield criterion show an important role on .
modeling strain-softening phenomena of material. The influence of the mesh size on the elastic-plastic
deformation behavior and the effect of the characteristic length parameter for localization prediction are also
investigated. The proposed nonlocal plasticity shows that the load-strain curves converge to one curve.
Results using nonlocal plasticity also exhibit the dependence of mesh size is much less sensitivity than that for

a corresponding local plasticity formulation.

1. A B

—

BAY #A 2ol T e FE AYAE

(ductile material) ¥ T FA A E(quasi-brittle
material)7} #otd FEE 24WY)E pod

rlo

3 % (deformation localization) @74o] LAg}, o
2 Q3 Aae sl 343 AstHo g
o} FHo o2 Hrt ojA wF FFo s
Ak "“‘:7]’ BASA Hed, A5 EAHI 3
A 23, /2 84 MY a2 A7) T wet
=] uuu 21w 9l Zo] AA AL, THEAoZ o]H
HEE As Wi A ¥ Z2A "f“} ‘3]
A TFx Agd] jQEte Aeg g U

A4 WYs B A5 <kd AYyd :1".71‘_%

Age) Aol dwee} B FRAA Wy
)

|

ol

TAYAR, A9, ARAAL AATEY
E-mail : cackim@knu.ac.kr
TEL: (053)950-5580 FAX :(053)956-9914
* AEdistw sk Z)AE S

BOX
ri
_g
-u

4ol Ao
2l(local constitutive
A2el A%

°,
£
W
A
£
ot J
=
o
> H 4
03'..

relation)ol] 712 & Fi 847
IS 7Hgsta

o

ol

o
r9-‘
FO

>.

-

i
05

Jz o

Awe v 4
2 ® ohet £ W7t 2k B3

o W wHe D Utk oldF dHS
WgE 7o) oz ZAE T
e uFA THAS EQE AT A2 T
L ER!
24 A2s wael srhsd 2380l sk
At A £ol dol Alas oA 237
27k WE He) £ oA mol=sk 44, 4%

o Kol



Bole A4S 1@ Mao AF@AN E ¥ i AY 915

sto] WAl AFe] sty A &0l AP

2y AFo] uj FUEA B MPE &
g7t AL o, & SANY =AY A8 H
d2A9 54 Zol(characteristic length)2.th =}

g At 2 4 ook ou ARE % W
g80) 2A7te) WERe 2E VXA BFY £
EASA

Atk Wby B TYLL 2E K 2
2

4o WY PFoz A AW WS FAH
A7AT Fen 2 5 9ok
W AR FRAL AN ul FAYO

2 s Wl AFHW B4 Wy 2AY
29 B4 ol Ae :

o] 9= & WY Full(deformation gradient)”}
g AT 0= diA Az AAe 9P S Ast
A HY g9 AEL vl L(nonlocal)’t BT}

ol o8 s A=y & FA
d B4 ZHolg g B8 Wy HF
Az ol 48 @AE dF57)
Fefo] vlsAa Zdo] FkEo] Ut
4Ege v=4 29 Fel 2 pijaudier-Cabot 3
Bazant= &4 WA vT4 P AE AR
gt &4 ZAHE AAMEAT Leblond®e A4
Bol= AZo| thahA Gurson o FEH =&
o] &7 HFA RHE ARt R EA Holst
& 7|(bifurcatiom)ol} WX EAE HESNCL
Tvergaard 9} Needleman® & Rol= QA g
A Ad e o3 vy H1F AN 54 A
oje] J&F#L A+l

A, Mindlin?& =34 oFE g9
olE2g HEozm My Ay
Aifantis®= M9l $F& 7R
Hdo] iz n8g 53 24

9 2

L lo o

e ol g
22 o 2
S gy

b

Lo

[¢]
MHE ® ohlel vaEs 2 4 mes @ =
dgr 2 AL = e %
uj

xﬂ

4 e .
Zbib 9} Aifantis”'= WP EF) hd =g 2y
ol Wy E £5d) g =3 ]
of tha) ¥y 43 A4S 814359 ok Muhlhaus
o Aifantis'V= R W
A ERFE £
HE geE =8
o2 Wy ojAe Fup olF 44 mdo)
g Fotask N dangEs dyaart

olgl ¥ F4F TANY =g o8 IFAE
9 AT oEA AT ZF T dE MEMS,

4
]

X
B
oX.
2
il

Nanomechanics, Thin film 5 2] Zofofi A A& 7]
A EAde 7] aRE A&HoE UE ¢ A
T ydez AAsm Ut

2 AT A= j=34 74 2(nonlocal
constitutive relation)™ HF0|E& o] &35l Holz=
g i A4 Az Wy AF: d4S st
7] 9% ¢ 84 gngEFE st EHAR
A e w9y A FA HEs AR
WY F48 AFol dsia FEsiH

2 BB A4

2.1 7|&20l2

HFa Bde A% Foin He) oW 2 o
Ao 2z} A WFETD WA B O H9
o]% & HE ddMY FHF Hd(spatial
averaging) 2.2 Bz} "Ho} &, vFax EEFE v,
2 7% §4(weighting function) a(s) & ©}43}4
2% v & Gagsd 0gst 2o) Boluet.
Y, (x)= ! fY(x+s)a(s)dV(s)‘ @)

G(x)Jv

G(x) = fv a(s)dV(s)

q7NA, 7+E FF als) e FZoln FHHom

[
PRk v(x) 7 €3 "WE v, =Y 7t HES

e

st Atst =& gtoith of @#& EHEA x %
2w @ A x'Abolg 7i3]>s=lx—x" of o9&
t}, 2 dFo A= Bazant 9 Chang™ o] =3 o
g 7HA 7ME @ oA dEFH o de AlE
Hi AE 715 FFEA Gauss o ATEE &5
g o]ttt

a(s)=expl—(bs/l)2j » )]

G71M, b e 1,2,3 448 BAel e 247}
V7,2, (ol ) ol

of gt B4 x2VE Ad suF Wold
2 gwsl gasts 532 2tk 9 Ao
NS4z B Qx4 [ L wFL g4

X
2450 A9 o4z
#3449 Ad 279 2L
Age) 2§ S4olch



916 EA!

22 5 o E 24 0|2

E dAy3odME pzid de
Borst 2} Muhlhaus'? 7} #¢tet thgo @8 =zA
A& ol gstth

f(0,k,Vk) = $(0) -0, (k,V?k) =0,
0, (k,V2k) =0y (k) - gV

$7t ¢

Aq714 ¢(o) & g 5. L6 0, k
2 yy

F( =" )9 HEo|G,

oL, g Y9 Hde

2 A

AF At (Laplace operator)o]™ g2 . Eizz_ 2 Aoy
ax!

I 1
FLEIA
HY

I Fik(diffusion)s] g E ztw
My g
o

AT Ty 24
MEQA HFL NFFFE o) L8
4 32 A MY Yx+s)FBE s=0 E%oﬂ*i
Haz F5 AMste Reg 428 5 Ao} 4
MllA ZF2P3 Y% WP E(=¢")olgtzm &

H e L. s’

CRigR:Eis

a4

f XP(~
7} 5]1 VeP(x) ol 49

)e”(x +5)ds = £7(x)
+ —[iVZs”(x)+ I—V‘E"(x) + e
4 16

1z Fe FASE L -s”(x)+1—2-VZE”(X) -

ot MY AstAgd Hgad, e 23 x
NN o=0,+hef 28 YIHBE og=0,+
hs”(x)+%hvze”(x) =0y +%hV2£”(x)=ay —gV2eP(x)

02 37% 4 3

RAEgold. Bay =34 94z 2a, 4 3)
MEa 2, 4 1),e 72 4238 ¢ Aok

2
., g=—17h°]31 he 7ME

3. HO|=& =gst

[== ey

elMxfzel &

—o

AL

A4 A7t A 5L LS o Az WR
AN EdRol=)e BAH AP tBEE YR
A A2 Gurson'9] #EF£IE @i AlEH
i1 9doh Needleman & Tvergaard’® & Z2& 43
i=i

LAAA Hol=o) 28-4%-A¢e Ywraleld

<
T F Utk

QYT NN L Aely) A 728 3
vole AR gGEYgs f
Noz gy,

=
L

A

fu

o; = Rol&
o] AAAA o, oy
Ztzt Bol= AMEY AAFH g v o
49 Bl (matrix)] AF %QO}‘:}. q1-92-9;
AgAadEs F Y= Needleman 3}
Tvergaard™® o 93 =8 43 selvg=,
9, =15, g3 =1, g3=¢; =225 °|t}. €& g, =
=g;=1% A$E Guson 9 22 g

B0l ¢, % Bol=g ¥y

A gE€E

f'_.
o e o

BAe) 4% 24 WIEL 2, 2A9 2
g718 E,(-: )a}
Eym

he
5 29 A4 A Holt g AAM ¢
Fol dAPYE 7HAo) 93 g o] dojA)

®

olo

2.7 WaE HEe Aoy

Kl

=

‘7,';*«:,'}"J =(1-C,)oyé}

EE,
E-E, (1-C,)oy

:p
O;Ef

©®

£ =(i)d,,,,d,., -
E,

A71M oy =o(ef) 22 BA9 717 Ag =

doy,

o

4g Jepin, mAe Fng H'(:

dey,

1 1
L.l 1z ga9n
H E, E

LW Fe] mE Bol= g9
(evolution equation) 2 2 A] T}-& 2]4®)

C, = (Cv ) growth t (Cv )nuclcation

2d 334
o
=

047} )\1 (Cv)nudcarion% t\ﬂ;ﬁé% 2“0'] E‘él_g] 7&,’*?—

. R 0
ol (Cv)nuclealion =Ady + B—;L o=z Heodr

, B=0

2
11y 1(ef - ey
A L)Y exp|- [ Em =N
(E, E)s,/znc,(p[ 2( s



Hol= 43¢ nad Ao YA g ¥l 2 @Y 917

4714 A, BE %7 WHE 5, BEFAA 59
ARLE y & 7HAE Rolsit A7 PE @
B BAHES 44" gold. AAY AE

03<ey <07, 001<85<0.1 g3
t} 08

w =0.04 °]

26 gt A4 BYEE x| PAgol A
data st AN A4 ¥YE Sxol
HAadE AEdgan & F A7 "Ee Rol=
A2 24 WHE SE L 4 @ fE &
4 EARR BFake] e 2ol YeyAn

. af
14 =4 8
v oo ®

&)
2 ()l ol
(10)
of
ac

4714 H & AXNHQA AzEoltt 4] (10)9]
d@Ae 758 ey 2L 28 £%d gi@

T4 4ol Poj e

_ : _mye o tagkasG
0; =Dyéy, Dijkl =Dy, ~u M; M /H

G _ e G Fo_ Fpe

Mj =Dgmg, My=m_ D,
_ - e G

H=H+mlD! m

an

'u' =0 ?‘a]uﬂ‘—:? T\i_]-/‘ézﬂﬁ‘}-, /I. =1 OE’IHHE ﬁ:’%‘—‘?—ﬁ]-

. ¢ - 1
Dy, =(My) = ZG{-(JH(J// + 51k5u ) + Pa——

Haa 2o A$ T 7P1 AE 54
2 3oz ®E g, =0'(£M)—gV'.9M o2 Jehd
F Qo HFAez Wol= Agd g wIFi
TA4L 83 go] 52 4+ ot

. . MI Mk/ g
o =[D,.J”.k, - u T HV g\,mk,)

A71M, g=0% AfdE 4 (13)s T4 =24
of gt FAgalo] A B AFdME & gol
3 Fa QU HE)Z Mikkelsen®o] Q1AL W=
Bo] ¥z M e 2w 94y Eobd 4

of o1 &% g=1’cy & ol 45U}

4.1 L Xt E2H

Td4le] vlma Heo M E g =g
geo mqjo] 8o A4WY AFol vAE HFE
gazozr FESFPYG. oAM= Holn
L=20mm) ¢l AMEZF @F AF FlolA & Ho
2 A¥E e 24 By Eo] Jd(w=2.0mm)d
Fol dovka sHpREd. o, A dol [ & w/2x
=3
el = 0.333{1 +cos(ij], x| <1.0

! (14)

g” =0. [x|>1.0

AEE o=o,+he? o 74T AF 54 w2
i h=-294kN/mm? | oy =294N/mm®

E =206kN /mm* 28 7}A &3},
Ax T AA HEE =g 2 2 3

T¥re 27 Ogg Zol FF AR 24
(central difference approximation)ol] 2j&ll A€o},
Ax
[dé‘ J_glﬁx Ei[i]
» (15)
NN d’e? _ Fo-2el &l
42 27 2H
2 29 HE FACdAE A5 WY Fisdd
g 4y Aol vAE v IFA FAAe 4TS
AES7] sl FE st AM A ¥P S T
Bol= AEel i F3 ad H4e FYsAt
Glelg dE A ASE A4 ) A



)
of
i

918

Fig. 1 FEM modeling of the plane strain tension test

with the width w, = 4mm and the length

L, =8mm
AR og A& AL HA AW 14 HE WY
o2 39t AAzHAeEE A %00A 9 OB)ol
A A AAzASL 2R BH@AOANAY A
AA 21¢ =Ysin =S AHo FH@Boyd
W9 AAzALEZE dAST HMAE /et &l
e Holme HAn LHdS ndd=s Jigd
Tomita 9+ ZGA1V9] EPLAN =& W T4 5
o] 2AT g4 gy Feax o] 7t
SEg FAHsA FPsUATH }%d +& 8

=49 hg2 Hede 2

Hd giolt

rtr
o[ﬁ

o)) 4 3

Hy AF AT vAE vFE 7Y 9%
3} fPare] A7) EAHL AES) Al 4 T

F9 9ABT. 8X32, 1664, 24X 96, 32128 -0

gais fed A8 22 FR8 A o
Ao F WA x2xe 274 o x, BEFY 22
o % Folth,

Fig. 1 o] 2 29 #M & AT /rdadr 228
depdch 2ale 9% $E-RYE 54 o
& Aoz veixle Roz ol

Oy
£y = —, Oy <0,
E (16)
N
€M=EY(0M) s Oy 20y
OY

A714 o, BAY 27 FE §Hol4,

=oy/E°lt. EAY &A2H 54
oy /E=1/300,v=033,N=1022 7}F3 At

£@ 4 (olA MYE Aol Bl ofF wol=
WAL p=01,6y =04,5=01% 31 27] B
olE §& C.=005% Ak FA = oA

444

0.08

a=(241)" g0

(]
[N]

X(mm)
(a) strain

O(N/mm?)
300

250

X{(mm)
(b) stress

Fig. 2 (a) strain distribution and (b) stress distribution
for I =0.318nm with 5 meshes
g vy JFE LA
Az z7] ATGOZA
(initial imperfection) o= & #X9 B7L€E 7}
245}31‘4 Z z7] BolE BL A9 FUoA
2 &g AT ol Wa(x,)e Wt theH 2
o2 A BrHen pASAT DO TE
FUs Lk ARsHAT

2
c, =C,,11-0.03[ 22
L,/2

Aol Wy Fo Adx
7171 Hsid By A

17

5.1 1A 2|

Fig. 2(a)&t byl 24
TE 5 M2 8o a4 W3
Ax=04mm = P& w9



Bole A%g nd Age AFdAd i vl F2 HY 919

24 X 96

8X32 16 X 64 32X128

Fig. 3 Local analysis of deformed meshes(left) and
equivalent strain contours(right) for the four
different meshes(! = 0)

s
7
(a=v241> =16mm)el| Wl&A] ANEAD, FT
AL g, =0, +he? =0y +he? +hPVe? 2 2E 7
At

agezre @5 gol @ Adel 5@/&
o9& g8 zANe e WMol YZFHo ¢l

$EE dehigich WY PFdeld x

E e v 4 OF¥YH IR =

0L,

ol
Mo
ootk

rx o

pas
4

F4 49 2 A EFF =12V )0l &
o gto] Hof FEZEE HSAA HF JAF
& odlae AR WYE R ARES

itk Wz 44 Wgel Ad g va
A Rao) a4l NE o SFF gol ¢
3

o BL o ~¥ of
g ofh 10 ox e g

52 2xHH 2

521 =4 814y

Fig. 32 EA4o7l 1=0% A ¢ F42RDe
olgate v FHY 84 BT A3 A HY

B0l £, =In(1+U,/L,)=014717] HEH 3 &
& @B 24 HYgE BXQER) 44
vebdn, 2t 501 A4 WEE B g
A2 HAE 005 7 Hoigk 0.5 74X 005 o 3
2 el AT SR ¢gkgl &3t do)
aka1 91% 8x3298 [{4RY HF&E A9
2 Bgo] Frste a4 377t FopA

£ o

0.20
0.16
0.12
008 g

004

0.00
00 02 04 06 08 10 12

XZ/LO

Fig. 4 Local analysis of void volume fraction for four

different meshes at tensile strain &, =0.14 along
AC(=0)
A5 Ag @ 3

< Ak 32x128 9 & E@
Agols Wa FZFol dojui W$ F wev)
55.0°71&o1A dedH o U=
o 71¢71 W mol= Azl WA Hilol
AAE s47°weh ok B¢ ¢ 5 Aok oe B
o= AzolNY WA WF Aol A% W

o) Ade FAREREY molSst 4P
M4 HEA Rol= go| Zrbste) wls =i
e AHgo 4o e ZHAE ANHA AT
ABEL go| YRM WY ARt Yy BE
oz wuEd.

.

Fig. 4 = 4l 7tA9 & $& 84 4o o
A AF AW o & o WIE
N

£,=0140) Ay Bol= E(C,) BEEE YEN
t}. Fig. 3 9 Lﬁé% gMM M}z} T Y%l

Bod w9l glo) ¢iural é}* Li«l E0] 23
AAHoe g Bol= F9 HIE B
I3 247 32x128 7R ARSFE BolE 9
BEXIE IFRFOR x, /L, =025 A FZA

A750) o PN WYPo) AFYL A 2
F 9tk 28 82 F7} 37185 o= g
WY BF 4 velHE 2 g AAn 1 9y
sgel At we @e e ¢ & Aok ol

L4 2ol HEFE g WYl FRIHL
Z o F& = FFEnE Juges We
sl z7)d @4 Askrt 2Asted g 9
F HYE F4Y vYe F4Ey] wEol o
B AH2RY To 74 2del A9t WY
238l o} F(post-localization) A F-E Q& of&EA
ol Atte A& & F Urh



920 294

20
16
o 12 “{3
~
~ 8X 32
08 - 16 X 64
------ 24X 96
04 | i 32X 128
0.0 i i 1 i 1 | n
000 004 008 012  O0I6

)

Fig. 5 Local analysis of non-dimensional tensile load-
strain curves for four different meshes(/=0)

6 X 64

24 X986 32X128

8X32

Fig. 6 Nonlocal analysis of deformed meshes(left) and
equivalent strain contours(right) for the four
different meshes(/ = 0.12L,)

Fig. 5 & & 84 &% sy Fards @&
NG &F(TIT, =0,4/0,4, yRBE FHE
9o, A% 35-dPE FHoERE H4 stF
o]Fe] MY AFL 89i B ma Z o)
€ 2ol 5S¢ 7 A a4 FFo] 8x32
A Aol AEE Hd 3F olFd= AFe
3 Ay EA 59 F4T 83 Qlol ¥wyol
A= de€ ¢ 7 do 2HY 24 £
745 A 81F olFd s Fol FASA #
A8 57t AF AL FF T FHE 27
o AAsty USE ¢ F Uk ol 84 £F
o] A&4E AEE FARAA FY WIYAEA
g4k Qo o7 7tF Ao s A WY S F
F3ln QEud wely 24 Edo] FHESEE Al
8 AR IRAHQA WY} P HolE & F
72 Ag &40 e AF WY F 5ol &
AstA AstE e R 71U Aoz AE.

Y

L I
o
)
004 [
0.00 1 | i I N St | 1 i L
00 02 04 06 08 10 12
X,/L,
Fig. 7 Nonlocal analysis of void volume fraction for
four different meshes at tensile strain

&, =0.14along AC(/ =0.12L,)

522 H|Z4 84y

Fig. 6 & 4] $7/9 92 E8d s E44Z0)
7F 0.12L, 9 A9 vFA 2dEE o] gt
ZF WY Bol £ =014 74A UFP FY 84 §
AT 24 BYE EE(LER) AHE g
W},

F& 293 9 a4 $Uo) FAAMGE 3
HolAel gzd Wgoze WY Fage T
=R vehia g3 A¥e AAHes ax
2ol PuaA AR o g Ug P4
suA Ao FUe Yoz WHND 9 ¢

T At
Fig. 7 & 034 Zdo Heo HWHE
£, =0.14014 ] 712 & Fg 2t P4
sl Arde] 4 & wek Fg Bol= E(C,)
FEE Jetio 8x329 848 H e
T4 Bdn Ao UG Hol=g X E Holn
A F Aok 8, 2271 F71gol whet
B o Hoigtol 28 Frtstm oy 2
atole A g3 AMAe=z g4 BY o 2
U A FYT £EEXE Jehdn
d F A, Bol= 89 Hdgol
C,=0.11~0.16 %] Fig. 4 & 4 543 v]wsd
Hl T4 2Y L HolZ §9Y
C,=010~0119 *& ¥ A5& ¢ & A
toole T4 249 e, Wy E P E G
E YFE AL vFa BddAe Myo
i e 49 FAdA HEE =
A7 A5 5 §YE FSAA F
dAste W, &4 Wo] A e

it

o,
O
o]

]
]

fr i we
mu e



Bol= AFL neld A8 AFAAN qE v T2 4 921

20
1.6
[ 1.2 Z/—\
~
B~ 8X32
081 16 X 64
—————— 24X 96
04 it 32X 128
0.0 L ! L I L | L
0.00 0.04 0.08 0.12 0.16
&

Fig. 8 Nonlocal analysis of non-dimensional tensile
load-strain curves for four different meshes

(1=0.12L,)

AR gAGddMEs 238 WYE =gF
o EAE A Nao FEZHo] At A
4 Rgol A3 7] wEelo

Fig. 8 & H]54& 29X 54 Zol7t 0.12L,
QA Ago 7 g4 Bl sy Fadsist 2
F aF-RYE FHUE vEdoh

A 299 Z9E v 7HXY b2 f#¢ 2
A B ois] AY FF-HYE M=ol YoiA
A Yol Frlslo = HET olF AE Uy
o] &0 B oprlHE 81FY FAF Favt LA
&2 28 ¢ F Atk B 84 8To] §x32
d ALE Adslne RE 84 B g ¢
Z F-¥YPE MEE e FHez FHsn
BEE ¢ F U F dAFer vma2 Y9
=4 AMae Fatede] ot YoM Fig 5
o T4 2de Ao g 24 B &
g dasted 7d8tn 5S¢ F Aok

£ AYdME §4 o7t oa2r, & A5l
82 $Fo] 16x64 o]dolH A8 WY AHFo|
AojA 84 B89 &AM i Hu ASS
& F Aok 2y o= HEL a4 ETA
A Ao 24 gEAO) MaHEAE Yo
2 ste A EA Asel SAAld webA
gehach

(]

53 §42ole HE

Fig. 9 & v]32 2o 9ol 24x96 84 &
g AWM AR FF-HYPYE Mz "AE
£ dolo I et

20
16+

&o 12

~

&~ — =0.02L,
08 1=0.08L,

------ 1=0.121
04 r S 1=0.14L,
00 " 1 " ! 1 i
0.00 0.04 0.08 0.12 0.16
&

Fig. 9 Non-dimensional tensile load-strain curves for
different characteristic lengths with 24x96
mesh (/ =0.02L,, 0.08L,,0.12L,,0.14L,)

24%X96 8.4 P& H{ol 249 T W 3
e % 0.16mm A, &4 Helsk  0.02L,
0.08L,, 0.12L, 9} 0.14L, 9 73 EA Age
0.16mm, 0.64mm, 0.96mm <} 1.12mm 7} B},

54 Aozt 0.02L, 3 0.08L, & Zo] 849
g Wel o] v Ayez 2 HPoe E
A dolel =gl tigt A FAHR] ] W&
o H=A siao A ¥ WA F(post-necking)?] A
e T4 ANFTge A A Aok wEpA 9
Z 3F-HYEE ARAM & F UKol A &%
£ AYA A Ry &4z A% 35y #
A% A AE7 AR WYL F4E sHS A
A& "ol

ubdo] B4 Zolsb 0121, & 0.14L, 9 Zo]
AAE Afoe HYE e AR Qs A
g7 9159 A Aol ZAAGA wkeEHEA W
3 AF9 AANE £33 7] WE QF 8F-
HYE Axryl gA5 A3ty &5 24 glo)

1
(<}

s1%9) $atol weh Adol FYsA WHs 9
¢ ¢ % Utk WM 2 ATolM Hyoz
$n Qe 299 F9ol WY Fas £ 8
&AM B4t A% 8l ol no
o 6 ¥l o4 Aok 22 Arle &AL Al
¥ 4 Qov B¢ AF HFYE A7} s
o9 Fdoz +Yshl BE ¢ 4 ATk

6. & &

g ATME Fde F& AN =l



294

o
)
ik (%

il
ox
INA

TrULB-*V]

26x (84 7o), o] 5101
@ fretas sdd digh a4 51714 &4
& AT F A2 =T 9F 3F-HYE A=}
e Moz FEES Y vixd R4S
ol 4% Ay 24 YL oj&d A B ¥y
Z23 AFS AMstE YoM &4 F7] &
Aol & Qsln 2 54 ZAoE E=AFLRH
22 A7 YEHL AAZ F AAd.

% 7|

2 dFe IEAEAGY #He #d 1ie
(KRF-2000-013-EA0012) d71] Aol ol& s

Rnow old BAA ANAA FA =T
gnes

(1) Needleman, A., 1988, “Material Rate Dependence
and Mesh Sensitivity on Localization Problems,”
Comp. Meth. Appl. Mech. Engng., Vol. 67, pp. 69~86.

(2) Tomita, Y., 1995, “Computational Simulation of
Flow Localization Behavior,” JSME Int. J., Vol. 38, pp.
145~154.

(3) Hong, S.I, Hwang, D.S,, and Lee, B.S,, 2000, “A
Study of Localization with Material Properties using
Numerical Method,” Trans. Mat. Proc., Vol. 9, No. 4,
pp- 395~403.

(4) Pijaudier-Cabot, G, and Bazant, ZP., 1987,
“Nonlocal Damage Theory,” J. Engng. Mech. ASCE,
Vol. 113, pp. 1512~1533.

(5) Leblond, J.B., Perrin, G, and Devaux, J., 1994,
“Bifurcation Effects in Ductile Metals with Nonlocal
Damage,” J. Appl. Mech. ASME, Vol. 61, pp. 236~242.

444

(6) Tvergaard, V. and Needleman, A., 1995, “Effects of
Nonlocal Damage in Porous Plastic Solids,” Int. J.
Solids Struct., Vol. 32, pp. 1063~1077.

(7) Mindlin,R.D., 1963, “Influence of Couple-Stresses
on Stress Concentrations,” Exp. Mech., Vol. 3, pp. 1~7.

(8) Aifantis,E.C. , 1984, “On the Microstructural Origin
of Certain Inelastic Models,” Trans. ASME, J. Eng.
Mater. Technol., Vol. 106, pp. 326~330.

(9) ZbibH, and Aifantis,E.C., 1989, “On the
Localization and Postiocalization Behavior of Plastic
Deformation. Part I. On the Initiation of Shear-Bands ;
Part II. On the Evolution and Thickness of Shear
Bands. Part [{l. On the Structure and Velocity of

Protevin-Le Chatelier Bands,” Res. Mech., pp.
261~277, 279~292, and 293~305.
(10) Muhlhaus,H.B.,, and Aifantis,E.C., 1991, “A

Variational Principle for Gradient Plasticity,” Int. J.
Solids Struct., Vol. 28(7), pp. 845~857.

(11) de Borst,R., and Muhlhaus,H.B., 1992, “Gradient-
Dependent Plasticity : Formulation and Algorithm
Aspects,” Int. J. Num. Methods Eng., Vol. 35, pp.
521~539.

(12) Hutchinson, J.W., 2000, “Plasticity at the Micron
Scale,” Int. J. Solids and Structures, Vol. 37, pp.
225~238.

(13) Bazant,Z.P, and Chang,T.P., 1984, “Instability of
Nonlocal Continum and Strain Averaging,” J. Engng.
Mech., Vol. 110, pp. 1441~1450.

(14) Gurson, A.L., 1977, “Continuum Theory of Ductile
Rupture by Void Nucleation and Growth ; Part I -
Yield Criterion and Flow Rules for Porous Ductile
Materials,” J. Engng. Mat. Tech., Vol. 99, pp. 2~15.

(15) Needleman, A. and Tvergaard, V., 1978, “Void
Growth and Local Necking in Biaxially Stretched
Sheets,” J. Eng. Mat. Tech., Vol. 100, pp. 164~169.

(16) Hutchinson, J.W., and Tvergaard, V., 1981, “Shear
Band Formation in Plane Strain,” Int. J. Solids Struct.,
Vol. 17, pp. 451~470.

(17) Kim, YS. 2001, “Theory of Engineering
Plasticity,” Sigma Press, Seoul, Korea.

(18) Mikkelsen, L.P., 1997, “Post Necking Behavior
Modeled by a Gradient Dependent Plasticity Theory,”
Int. J. Solids Strut., Vol. 34, pp. 4531~4546.

(19) Tomita, Y., and Kim, Y.S., 1984, “Development of
FEM Code for Elastic - Plastic Large Strain Analysis
(EPLAN), ” Kobe university, Kobe, Japan.

(20) Hill, R.,, 1950, “The Mathematical Theory of
Plasticity,” Oxford University Press, Oxford, UK.



