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Abstract

This paper presents a nonlinear Moving Least Squares(MLS) difference method for material nonlinearity problem. The MLS
difference method, which employs strong formulation involving the fast derivative approximation, discretizes governing partial
differential equation based on a node model. However, the conventional MLS difference method cannot explicitly handle constitutive
equation since it solves solid mechanics problems by using the Navier's equation that unifies unknowns into one variable,
displacement. In this study, a double derivative approximation is devised to treat the constitutive equation of inelastic material in the
framework of strong formulation; in fact, it manipulates the first order derivative approximation two times. The equilibrium equation
described by the divergence of stress tensor is directly discretized and is linearized by the Newton method; as a result, an iterative
procedure is developed to find convergent solution. Stresses and internal variables are calculated and updated by the return mapping
algorithm. Effectiveness and stability of the iterative procedure is improved by using algorithmic tangent modulus. The consistency
of the double derivative approximation was shown by the reproducing property test. Also, accuracy and stability of the procedure
were verified by analyzing inelastic beam under incremental tensile loading.

Keywords @ material nonlinearity, MLS difference method, strong formulation, double derivative approximation,

Newton method

1.M B

MLS(moving least squares) 2HtH-2 77213k (strong
formulation) 719ke] #8241 (meshfree method) 2-2A]

Atfoly Tgl=e] fA§le] Taylor 7o A% ol
HAoAFHS AHEET MLS 2REHS 27 e dd
FA(Yoon et al., 2007), BZAS FA(Yoon and Lee,
2009), B&&A EAl(Yoon et al., 2012), $A I}
w4 (Yoon et al., 2014) & ©hgt Zofll 2-&=o] girt.
MLS 2HEHe] AR 848 ARSSHA] 7]
220 FAAE wet Az Akl de

Helstar, MABA (reproducing property) HEe

(consistency)o] ZARFFY AN Asoz s
7] wj el $4 A e AA 1A dRETHYoon and
Song, 2014a: 2014b). “Fg2lsE 3l 2FF24] (weak form)
T MEA tigh AEe] Bag] Wil AN EEAE
o}, @, kg 24l3k(weak formulation)E 7|¥keZ Fo 4
AREFE ol 8ste] AERAY EAE TE A
ATHGu et al., 2007; Pozo et al., 2009: Dai et al.,
2006). 2y 1 AFES EF WY fIes 'SH’“
ARpel A ZARFERE 7o 4 FAREER tiAlst] AgSke
WHoR NEEQ] wEdd # AT 7L°1 7}78”3_@}*
7o & e @AgS aelste dole &8c] o3
= d7dld e A rdd S Bl H%& MLS 22

Tl

Hir

EO =
ET:

' Corresponding author:
Tel: +82-2-300-1135; E-mail: ycyoon@mjc.ac.kr
Received March 14 2016; Revised April 28 2016;
Accepted April 29 2016
©2016 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

& M29®H M33(2016.6) 237

AT EBES| =27

e



t

4

2. 1&3 MEHIME ERIQ|

g

1 otk 221y Navier

9]

th. AF7F MLS AHEH-E Held A

}

o
pid

ZES AAZ

ol

ol
=

of

g4

1o oA es vehbA] @7] wZe]

s

n 2 A el

BN
o]

1

(3)
(4)
(5)
(6)
(7)
1o

=
A
4

1.

xel
=i

g

q

d

J|FEo R

& the} 2o el
?_

=

=

AAZ TV

]

q
e

A

3
1.

agE Aol

e ogst 2tk
AN A}

]

7

H

on I,
u(z)9 y HAAIAL] 1]
Navier

=
MLS 2HEHe] nEZAR] f22 98 y

[e]

5

(%
=
&

=
[e]

u
H
o
T
-

_]

Taylor 525 43 Taylor ©
A

73A
8l

A[uj
(1)
1¢

7l A el 71Nk v

L

.

pal

3k Newton

Ay
Lamé “&<r

st
-
3

L

4

A

o EpiAR 24

R

=)

9. el a4 glo]

A77k AR o 7ol
2

0
3.

SEIEEDLS
A

T

=

=

52
o}
o
EAZS] vl (mapping)°] 1H]

4%’5

s

A)
2]

MLS AEHE oldl ofelgol girt. i

o] ak(divergence) &=

H A S TR o uaksEA F1Ee 7
o} .9}

E]Fo] A= 2HEst

13}

Al
gl

g

Fol yehdtt of m, Aok u
oltt. Y 4 (2)9} 2ol SHEA (o)

L

L

Aol
!

1A)€]

O

[e)

[¢]

L
pud

3|

< AR o oAl 13 v
A

.o0=0

3}

AAEA AN AAHo] e A 2 (1)9 Navier #H3E4]

pVu+ A+ p)vV(V - u)

58 7
W A4S 9

F

ao] S o] Wit Fej= Fofzl Auf v

AH 2 (reference) F

7841 (update) &
Akt 4288

HEI-/\
A}
-
o)
=
s
] A

(B¥ )7}

-
7

!

}\74]

0

£
e

A

B dgelMe

e}
SAH oz et

1<)
ol

A gkt

[e]

2 (8)=

L
L

(2016.6)

=l

H29H A3

PN
=



T

FAHE] dis] =] A
#s,) WES % |
A (14)91M Bxel], 4 (9)e] HaWAAL 2 (10)9]
Ardg el ueist gdd oqvE Zet

@
—
7
Py
N
[
PLN
NS
=
\
S
&
7
P
8
N
@
<
8
=
I
o
@
=z
=

14
p‘L
L
0%
Mo =
)
Ne=
5
N
i
<
ook
o
Ko
b
=)

>,0

A= 4 ()2 vlasky 221 vl Akl thal, 12

vjge] W WEaA Gehts AL ¢ 5 Uk 5, 13
V]R2ALE W ARG R Qele] A ool thel thedt e

N0 (2 )o,= (Row™ ™" w1 Dl Ay (14)
I

o,
(2
o
N
e
N
-
olf
ol
-
A

Aoz 23 PE2AE AgekE Ao A
M) ARl AR AR s AL
2 (B ) Do ) g APe B WEAR gm, ANRE )
1

AAAE skt 149 BA9) B8 354 19 1,0

0e AAZAE AT BUT PR usE e e
Mol Awals WEAL A sl ARMIHEY 1z

A, Bfla ) 2ol U Ol£BE AW Al AR FHAA Ave TR e

PoFgrre) 12 nE2Aeln, (e, & 2 ukolt}, Fu)

o W A o5 fgesh A 22 WEALE S ANEidel dus

340 (2 ugel ASA 1 B FHsummation) el A A £ Sl S Fal s

KOl i fe B ew dehds 21T & ATANE g gunze) wedd 4 (15 A SRR

olsh 2ol 27 VEALE SIa) 13} HIREALE F o

] 2 Newton 32 A&3IA)Z] 2214 (residual equation) 2=,
3= AL An|EZAHdouble derivative approximation) & P+ 197 B (step) oA (k+ 1)) SHEA A (iteration) <

HE

g3, &ael7) 918 Aot

27F mE2ZAL Qo] B HAAFE aelshr] el
A R2ALE Abgslel YRgde] AYEd bl 4 (99 i) o o (oot
e e e B @) = B @)+ e | Al )
Y 4S Y (assemble)dtd o3t 22 AME4 ou"y
(system of equations)< ¥4+ {3Uz+l 5€z+1] Agk+1)

oe! +1 5U,+1 o
Af}zl(zqsﬁl ](xJ)a,): (@) Dol Ay, (10)
I

A7, AuliVe A WEALN Pt she W
Z=n A () = HHE A AL
A7IM, AT & J=1-Ne U 2HE oJviditt. PRI, Ronle) =aoilyo)fec® (A LA

= o7 18 3 > (k o J
(10)9] vehd 2t G5 bt go] golen, gelel el dig AAelth ool (2)/0e, & T
HAASFE 71719, gk BAe] A5 ARkl ae4d3t
Aery B2 o8 Adal= AA .
D= Diag( " Na,) B Tay) o EF ) (1) 484 el g ﬁlT(algorlt?mlc tangent
" o) modulus) & ARt 2] (15)eA well tigh mlE3} 2o
3 e P B _ o .
g,[l]_[ el N§<)w1)} Gy U viEel 94% mu A T8¢ b gn
& Nz,) - oN(z,) o) (z)2 return mapping ¢22]&(Simo and Taylor,
Au=(Duy -, Auy) " (13) 1985) o & Axte | 98k (kinematic) WHES backward
Euler o2 7BAEHSimo and Hughes, 1998).
e AEe BT A (global) HFEAGIN WECIHTHE BV (@) =02 7Hgetn, 4 (1009 AR w2
A& 752 et v FH-(local) HEAES ARESHA s,z oA A 4 (15)e o3 2t
7] mFel] 2o Iyl weesitt. wlle oo Bia
ol$ARES] 14 FIEIAREE AMEAd el guw RBY (2,) = (Row” ™" &) DY), #) AtV (16)

ShEMATAEEE =228 H29# HM35(2016.6) 239



£
)
=
3
g
T
2 e
)
)
o,
z,
)
il
N
N
Au)
Y
v}
o)
lo

= >
JAFon BT ARHAGHE 2 27 MBS
9

445 a9, wEse] Peds Aol Fu

=
Nt
>4
=)
e
)
r
=
=
o
.
ot
.,
=0
N,
=
H
=2
2
b
=
2
oftt
0
£
1o

F&A o] 7hsst Tkl A= o2 8% kst
3. CHAHR THEHINE 2R FASt
3.1 & v|&2A}

Taylor Z71E 7IWto& o] F2 A FH & AHSate] &7
s EEote MLS A9 nlE2AR] fe3b 2 ofv]
ofg] #Hel =EEA A9 8k 5k (Yoon and Lee, 2004;
2009 Yoon et al.,, 2007; 2012; 2014). ¥ HoME ot
A4 371% (multi-index notation)< AREsle] Wit &
A S b e z=(2y,2,) S nA) HAEE
Zbe WEo|a, g9 oA A AWELS A7 g=a]
wy -y Sk D=0y o) o) R RHET mAp ode]
IAEE FAISHE, u(z,y) o Wk m At Taylor T2 2

(18)2 2t}

_ a ok D:lu(y)
wlay) = YT (””a;'j) ; (18)
v - Du(y)

A, K= 0,4,0), ag=(0.

Po(z.20) & mA T 7IAME, c(y) e Diuly) el Z

)
N
o
@
A
[l
>
4
A
OH
Lo
Jo
i
Mo
1]
>
S
«©
[l
=
wW
fol
o
(@]
o
@

A7, u(=ulz)) e o Nl Aol ¢fz) e 23
1] g F3ere] azb mE2AE oudth 4 (18)9 4
(19)8 WP ¢S 22 A3kl HFHQ Taylor
tglo] dojlth. MLS AR c(z) o A a2t
A RE WEZARE @i ARLelr] ol A4
SErh =, 7AW 2 24 E vEAke] s
A= 4o

adE olrkglehd o] AN 13k ArlEAlE

(v o au= [ au= 22005y (gp)

JFe 34 g 4L o8 Aol ®F ofard
seous o3 TAGA fResgel B @99 448
CEERSISIEE
0794e 14 Ao o2,

4 (2009 WEPPAS WEANS 9ls) AFsep

e 2,

o 2
Mo
=
>
©
=
o
o3
o
1>
oy
jaics
=2
1
iGd
-
ol
Ol
=

~(k+1) ~ (k) d 30(11)1 ~(k+1)
R (z)=R (x) , | A, (21)
i +1 1+1 auz(.lzr)l ox i+1
(k) (k)
(k) o [ 007, 0y ~(k+1)
i+1 e 865'321 Buggl i+1
S 2o A aaﬁ@l/aeg‘ﬁl% ] HAAFE efn)gi

=, B (@9 AW 223 o e el Z(elastic
prediction) ¥} 2457 (plastic correction)= ©]-8%F return
mapping €¢1E]E2 2 ALFATH(Simo and Taylor, 1985).
gefet 9sby MEEL backward Eulerd o2 784180}

(Simo and Hughes, 1998).



(k+1)

oAl R, (z) =0% 7Fgsta 4] (21)& MLS 23]
njEA o2 ol ibekel vy 4lS deth

(k) (k)

(k) o [ 00, O€i (k+1)

o (z ) = —( ) . ]Aui (22)
o\ ael) o) )T

:—RowJ th (W[l])T_Z)(k w{l 1k++11

7|4 Rfkjl(z pe A WHEA LA return mapping
duglFor de g WAL Ak wWEoln, AulkhY
© BE 2] HSES X9 dA Wt
WEEA- A sl 2 (22)9] 2k Heta HSE
sl Felehd ot 22 AEAE A=t
dfi) [ 7280, 8] R 2

A7, RY = yrdd e Add vl R (z,) 35S
298 A4 wEoln, wad RY (x)E BV 9 Jus
35 wE s} 9, Xiiﬂ AN FEIFA 149 B H
7Ae o] ARPdo] Aegor} oA EAE o7}

tehtbe 2 Felg dest 9o oY DY (a).

B (2,) 8 t2H o= 2 4 (24)9 22 49
ol
~(k
EJr)l(wl)
DYoo= 0o . 0 (24)

ol TSA4¢2 719 v &

Des} FEEofok @t 221 BAIS s, 0 ti

l)il-%l—l,k(x[) Dz:liu(xj) Dqtliu-,(“’[)
= Dﬁm(%) D:',Q-%Q—l,k(wj) D?im(%) (25)

Diﬂl.k(m[) D% () Dﬁm(m])

theoz plle 0 JES oj2m Y= slle 24 (26)7
2] (27)l AA e},

ol - By
gll=| : - (26)
B By

iM(z) 0
o) =| 0o o(g) (27)
45[}0.1)](:1:[) 4,}(1,0)](:8[)

o714, Q[l]/] I, J oFEA} A (e 1)) o] 4|
xotd A4 J(_‘Eb g9 et dedde e

)

F23 a7} et 4 (26)9 AXPEL te3t 2t
[
(wl)* = s (28)
oy ol

b A (22)9] Row’ " (BT A (26)02BH
et Zo] x3dt.

) 30?1)1 851@1 ~(k+1)
o | A (k) W AU (30)
0\ 0€y duly

~(k) ~(k+1)
= (45[/1}) T1)71+1 (73/) Q[Il} A,y

A= H 2 (20)€] o/ox et oe/ourt o2kek Tl
A2k (o))"} &)= Vet 21e & 5 9l
AdRAZDR BFAARAE 71E} e B
olitel & ¢ glomz 4 (23)9] A
A AAEA} A wiAE RS ek A S
A EFATIR QA A Al e
A Aol dsH & el AAIE Newton el date]
whet e FE FHAE e Stk F o AR

g Simo<t Hughes(1998) & #xnd 4 Stk

>,O

o~

Z,

4. FX[0i|x

4.1 12 HulE24ke] A A5

ShEMATEEEE =22 H29W HM35(2016.6) 241



2 oAAE 14 R T8 ARgde] 27 vRe 2
S 13 Avieoae 4342 439 oz 9n
e ek 149 B BAE ned A9 weE
olgelel 7129) 23 HIETAS} 13 HE|E2AIE ALES]
Sl B R AYekn oA Fgelel e PAIE
Azan olsh g WAL AYY Aoz Pl an

(Lee and Yoon, 2004; Yoon and Song, 2014b).
Fig. 12 129 & 24l digd A48 Ad23s 2o
20, 129 24 W it o 1 A
e % = Yeha gl exte] 2=
A 9 2 e, GRS 14 AR 24
2 o e A5 nate Ae
=

geh] 12 guEeas A

ofmlgitt HAE #2419
e g AR st A8she AP I + vk
1.0E-001 —————rrrry
Rate=1.0
1.0E-002 |

Relative L* error norms

Reproducing of div. of stress
—&—— 2nd order deriv.(conv.)
—F—— 1st order double deriv. (new)
1.0E-003 ol -

0.01 O 10 1.00
Nodal spacing(h)

Fig. 1 Reproducing property of 1% order double
derivative approximation

4.2 12491 g Z2] AREA

o &
—_
N

oX,
R

HIE & A sistsint. aidel Abget
=1x10°psi, o, =1x10"psi, H=5x10%psi (A7
K=5x10"psi (23A15) eItk 6170¢] A3 23} o)
AT
Fig. 2h Hefeh wie] wACl HAgdst gl et
AT HAFH, Fig. 32 el Tl A
ol A g2 AFE DAY A2 FB o]
A3 A% AgeA Al o,
A9, AR FRolF 239elN ke g
v 53 vjge® yeh} udd MLS A LuelFd
y -

_‘

o = r o

o
1>

FEAol TS AAHAT WEANE Fol FUAE
2 Y gueFe PIPE AR 2] 8 )

242 stEfsTrEss =28 M29H H35(2016.6)

AFEAE

SRkl AR ARl OB 12 A oAE #
WAL Fig. 4] 2AH0. BE BoAdlx oabe] Aoghe
1.0<10™%]3te] =71= btes, A7} 293
Sol7ke 20087 olFolE 4YE AU oA AL
Mole Aew Mol WHY MLS Alel molHew
Agae AL ¢

12000

10000

8000

6000

Reaction (lhs)

4000

2000

1}

L L 1 1 . 1 I I
0 005 01 015 02 025 03 038 04 0.45
Displacement (in.)

Fig. 2 Displacement and reaction curve(1-D rod)

PHMR

M NLNNP NLNMR MLNNT NLMNY NLNO NLNOP NLMOR NLNOT NLNOV
s

Fig. 3 Stress and strain response at a center node
(1-D rod)
»off?

) ) il JL

N SN ONN OSN PNN  PSN QNN QSN RNN
=

Fig. 4 Relative L error norm according to loading
steps(1-D rod)

4.3 2241 mIbg Ee] AZEA

 AoME & HoM Bedd 12 mgd Fo
Fig. 53 Fig. 614 Hxo] 24 wd=



D=12

T I
E

L=24

Fig. 5 2-D inelastic beam problem under uniform
tension load

6 *— 88— 00— 00— 000
* e @ @0 0000000 OO 00
vy 0 @ @ @ @ & @ @ & ¢ ¢ 000 ¢ 0 0
* @ @ ¢ 0 0@ 000000000y
-6 2—0—0—0—0—0—0—0—0—0—0—0—0—0—%
0 12 24
X

wgslalo] sjAsisint. il A3 BAXE 13 B
A data, 153(=17<9)709] HH7 24 vardl s
AT 1A BAI9Y] BlmE flE EolgHIE O
Hegon Huey 2AS s
Fig. 7de 229 2da djagh 2ol ®igjel nh o]
AE 139 2d NAnet 3 =g 22k S
743} 73t gHol 1A
A5 s e dAst= A AT & Ut Fig.
8& 22k mEle] Fdo X AN ALk S
Wy E] TARIE, 9A 2

X
(o
:Oé
%
e
W
N
X
—
S
10,
:Oé
%
iin)
W
S

A QRS AS B 5 ek

2349 B BAY A 24GGelr] wEANY A5k
5~63 B2 Uehdth. 4nelF PAATE Aol AN
89S gusign, @AM 2H0E Yoz dex

ez M 5o Z7iglo] AR $RE uyih,
=] ‘ijr 1o}

BE XA A dHEA k] 10215

12000

10000 -

8000 -

6000 |- -

Reaction (Ibs)

4000 |- E

2000 -

G—6—=05 2D analysis
+—+—+ 1D analysis

0 I I I I
0 01 02 03 04 05

Displacement (in.)

Fig. 7 Displacement and reaction curve(2-D beam)

12000

10000 -

8000 -

6000 — -

Stress (psi)

4000 - -

2000 -

G—6—0 2D analysis
+——+—+ 1D analysis
I I I I

0 0.005 0.01 0015 0.02 0.025
Strain (psi)

Fig. 8 Stress and strain response at a center node

(2-D beam)
12} AulE2A) A 86)Ay EA419] gt 282 sk
sEAe AgEs AFde AL ebad A% 24
njito] ke Auig S Fgalel glol®= 1A+ RIEZAL
o P ANE 5 e Holz
5.4 =

N
-~
9] =9igle] F-a2W9l

%

A S WeIRte] 2Ql Navier W84 ow ®ghal

AgEoLt, B AP E uiY AR FHPPNS B
3] 919 SeAe] walo 2 HesE WIS 1)

ot
B
i
ZARS 37| Wizl g 2stel] fElatt. 71 MLS 2R &
o]
&
2
3

olatglslsitt, weh 2o WAgkE Alkehe 2y W
B =S Al FgdlA 13 rlEALte]
3t B Are AYu A8 MLS AHEHe
=dgle]l 12 w|EZAE
AU EZALE 2bete] 73g 28l 7)uke] A AL
Newton W Al WHEALlo] 7153 v]4E

(Z o i

sz 2 T

o o F

ok,

fe wo g
et
o
ol
L
i)
oxl,
o>
&

we o
i
)

finad
oo o> R
oy R

i)
tlo
Y
>
o
vl
A
oL
oo
L)
2y
1o
)
w
B
12
Lo
)
e &
B

oy 1o

R
T

o

rlo

return mapping €iEES ©]&3HA
£ g3t} wHEA ] P g
ALe] e HE5E Y8 ARG A

AL Ael 23 wlEEAS) B

K

)
>
ox

=
M
rd
e
o o
)

H
>
oY
=)
M

B
o
£

ol
)
i
finj
)
rlo
ox
ok
=
o
A

Ir
P
il
o
o
)
i)
=
)
’
=

do T offt
1 o ox oft off K

S
= 95 F dEe B3lvh 234 Bo| A EAleIM =

StEMATEEE S =228 H29#H HM32(2016.6) 243



°l
aRATARY ARG Wob 53
2014R1A1A1002000).

References

Dai, K.Y., Liu, G.R., Han, X., Li, Y. (2006)
Inelastic Analysis of 2D Solids using a Weak-form
RPIM based on Deformation Theory, Comput.
Methods Appl. Mech. & Eng., 195, pp.4179~4193.

Gu, Y.T., Wang, Q.X., Lam, K.Y., Dai, K.Y. (2007)
A Pseudo-elastic Meshless Method for
Analysis of Material Nonlinear Problems in Solids,
Eng. Anal. Bound. Elem., 31, pp.771~782.

Pozo, P.L., Perazzo, F., Angulo, A. (2009) A
Meshless FPM Model for Solving Nonlinear Material
Problems with Proportional Loading based on Defor-
mation Theory, Adv. Eng. Softw., 40, pp.1148~
1154.

Lee, S.H., Yoon, Y.C. (2004) Meshfree Point Colloca-

Local

tion Method for Elasticity and Crack Problems, Int.
J. Numer. Methods Eng., 61, pp.22~48.

Simo, J.C., Taylor, R.L. (1985) Consistent Tangent
Operators for Rate-independent Elastoplasticity,
Comput. Methods Appl. Mech. & Eng., 48, pp.101
~118.

Simo, J.C., Hughes, T.J.R. (1998) Computational
inelasticity, Springer-Verlag, New York.

Yoon, Y.C., Kim, D.J., Lee, S.H. (2007) A Gridless
Finite Difference Method for Elastic Crack Analysis,
J. Comput Struct. Eng., 20(3), pp.321~327.

Yoon, Y.C., Lee, S.H. (2009) Intrinsically Extended
Moving Least Squares Finite Difference Method for
Potential Problems with Interfacial Boundary, JJ.
Comput Struct. Eng., 22(5), pp.411~420.

Yoon, Y.C., Kim, K.H., Lee, S.H. (2012) Dynamic
Algorithm for Solid Problems using MLS Difference
Method, J. Comput. Struct. Eng., 25(2), pp.139~
148.

Yoon, Y.C., Kim, K.H., Lee, S.H. (2014) Analysis of
Dynamic Crack Propagation using MLS Difference
Method, J. Comput. Struct. Eng., 27(1), pp.17~
26.

Yoon, Y.C., Song, J.-H. (2014a) Extended Particle
Difference Method for Weak and Strong Discon-
tinuity Problems: Part I. Derivation of the Extended
Particle Derivative Approximation for the Represen-
tation of Weak and Strong Discontinuities, Comput.
Mech., 53(6), pp.1087~1103.

Yoon, Y.C., Song, J.-H. (2014b) Extended Particle
Difference Method for Weak and Strong Discontinuity
Problems: Part II. Formulations and Applications for
Various Interfacial Singularity Problems, Comput.
Mech., 53(6). pp.1105~1128.

2 X

B AFEe ey BAE dF7] 98 8jadyg MLS AEHe 4238 348 AAdt MLS A23e d45ds 7
Wro 2 & uE A S g8ste] Aul n| RS AR o)itg dtedl, WaE W2 dU3e Navier $AA S ALS
sto] AR EAE OE 7]€9 MLS AHEEe A5 FAEAAS H#ERE 18 F gl 2 dFelAe vdy A
o] FAWNAAS WIS = Qe AAAGE Y 13 v EIALE WE ALESE HuESALE 1okt S watew
A= FFELAAE IUE o]Aksslal Newton WS A-&35te] WMEALS Tl sHdllE e vy duEss A
Alget &8 ALt yFERse] Aale return mapping €XEEFS 438193, ¢18F A4 A5 (algorithmic tangent
modulus)®] A-8& Z3 wE 3 A ARl wkEA4be] Tt EE At AN AES B3l AulESAY AdS HE
P, aAF g et AFEAY HHS Faf A vAE MLS 2 daelEe] A3 tgde FAsT)
;A Lol ¢ ABHANG MLS A&, 2423} #Ar A Newton U

244

EERI e



