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Abstract

The prediction of the inelastic behavior of the structure is an essential part of reliability assessment
procedure, because most of the failures are induced by the inelastic deformation, such as creep and plastic
deformation. During decades, there has been much progress in understanding of the inelastic behavior of the
materials and a lot of inelastic constitutive equations have been developed. The complexity of these
constitutive equations generally requires a stable and accurate numerical method. The radial return mapping is
one of the most robust integration scheme currently used. Nonlinear Kinematic hardening model of
Armstrong-Fredrick type has recovery term and the direction of kinematic hardening increment is not parallel
to that of plastic strain increment. In this case, the conventional radial return mapping method cannot be
applied directly. In this investigation, we expanded the radial return mapping method to consider the nonlinear
kinematic hardening model and implemented this integration scheme into ABAQUS by means of UMAT
subroutine. The solution of the non-linear system of algebraic equations arising from time discretization with
the generalized midpoint rule is determined using Newton method and bisection method. Using dynamic yield
condition derived from linearization of flow rule, the integration scheme for elastoplastic and viscoplastic
constitutive model was unified, Several numerical examples are considered to demonstrate the efficiency and
applicability of the present method.
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Table 1 Matenal Parameter of Chaboche Model

Material TC™ n K k C r Q B A E
316L stainless steel 20 24 151 $2 162400 2800 60 8 { 196000
316L stainless steel 600 12 130 6 24800 300 ] 10 ] 149760
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3. Numerical Application

sk g el

2 } = ;}: ﬂ(g)w" 13
. 1sec, ()’?‘sec, 0.5sec 2 *
vharotabaef Aol vl A

Phab ek ol o

i
“y

E el Al AL 4 alsle]

) AT el o ee




u] 41
300
b S e
250 . E
on > L
S e
ﬁ L
x ;
= ;
IR R
R o
S04 - AI=0.005 sec |
i o =091 800 i
I ; . . ,
2.8 04 5.8 1.2 15 20
STRAIN (%)
Fig. 3 Tension curve (0 =0)
300
250 - s
;\Qu Mecisiinnin e EP e et

Stress (MPa)

defp=i 0™
—gre gt 10

g yi
8.0 05 1.0
Strain (%)

yield

condition  vs.  static

yield

Fig. 4 Dynamic
condition

AeF 217
Boli gl
7 ol = A7)
gz e.xbo) REIF A
el Haoale A9 o

gt} .:‘5} &

a4 2ol Uiy AHE 1567

1004
...»1.1"’ R
,,,,,, = -
= 8 o
[+ Pt
% e
o B0 S
bl
9 (s'J
L
o4 o at=0.2860 §
’,.»" & sl=05sec |
04 . : :
9.0 22 a4 08 0.8 10
Shear Strain {%)
Fig.5 Shear curve calculated from fully implicit
integration

1404 o at=0.2sec (midpoint}
A Al=0 Ssec {midpoint)
120 o .
@ 100+ ¢ ood
b3 .},__,,..a-w"*“"”""*
g % ¥
g s ®
in B0~ =
S ;b I
b4 494 F & e TR0
& / oAl isec |
204 7 o 2sec
/ o Ssec
0k . .
o.0 0.2 0.4 0.6 08 1.0

Shear Strain (%)

Fig. 6 Shear curve caleulated from  semi-implicit
mleam(mn(e ...... 03)

dol gaelaiy Fael 112 %
shAl o Sakar alvh lﬂwﬁn‘?-n?

i AlA) 28 Zal o

hud ,..ai 5ol v._l x»! n}/g» PaRARe: 2
ol At A ulE "I semi-implicit

integration X.€} fully implicit integration ©} ©] 4%

C;} m} M O

i =N

drk alHvh ghad-Aad HolFzholv) £ e E
Kol g#rt & P2lME semi-implicit

integration ©] U &) ulio)
olo} ¥t mwls }
integration %
AR
2 e

. semi-nmplicit
el 3y
i A R R
Al

»)
43 -

oAl

urnl 0. N,'Lq} A ol

AMzy gl ¥R

D

SExd A ®lo] A A AT
‘ 7y 50 qioh
| A




\phut integration 4
CARE “»UI Oomm 0

Table 2 Error estimation in linearization of Back stress
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