W49 % W 3 W) o % R Vol. 49, No. 3
20174 5 H Chinese Journal of Theoretical and Applied Mechanics M2g17

&k 71 =

E TR EFWRIENN T HEBL 57
| —4ERRATRR

Rz 2 HmEH R
*(VU R ASIH K2 TR TR G R &R, AR 610031)
(AT REE TR M E A9 %, 4T 610031)

E LT A A BRI, Yt T — R UL IR 7. RBP4
R SUT JRAIE R BT RRA A0, R AR AL P RO B8 S B R0, e JE
AL AERTA AL R R HLARA S (IR TE AT AN, LB AL YA R R 22
PPN IR PRS2 W IR BT R EHCR 453, 1950 T RS RH LT 1 5 SR R A X
B (SRR A FTIA J S t T — 02 R BT BT, R R < e R
SU BRI A JUEA 560 X T RTRAR I ML B, LI R0 J KL S JUER) 6 fi. — RSB,
R SR M 72530 LB A - R M (SRR S BRI JLAT R4, AT R AL IR 06 R i
FRDELP R RGN A TR0 PE R AE B2 B4 FUSE A ARSI 4 ) R RAIE T80,
A7 VS0 5 T 5100 PO 01 1 S A

SR RARAL, ARSI, PR, IRHIGHE, R

PESES: 0344.3, TUS01  CEkFRIZES: A doi: 10.60520459-1879-16-328

ANALYSIS OF STRAIN LOCALIZATION BY ENERGY EQUIVALENCE: I.
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Abstract Based on the first law of thermodynamics and the nonlocal plasticity theories, a nhew approach is proposed
to solve the strain localization problems induced by strain softening. For each material point, two state spaces, loca
and nonlocal state spaces, are defined such that the local internal variable can be mapped, from the local state space
integral transformation with the nonlocal weighting function, into the nonlocal internal variable in the nonlocal state space.

During strain softening, the plastic deformation follows the normal flow rule in the local state space and the softening law
is introduced in the nonlocal state space. It is assumed that the strain softening is a global material behavior and th
plastic energy dissipation within the entire material body is always positive. However, the balance of momentum is still

satisfied locally. By equating the rates of the plastic energy dissipation in the two state spaces during strain softening

2016-11-12(Fi, 2017-03-205% ], 2017-03—-214 45 it K .
1) BUHH R 2 N DURMIE A 2) 554 (2012503001 74 R A2 1 K2 A TR e BT 2 Q8 VRl k4 B Bh Tt H .
2) PR, A, B, R r e R LGB BR e T AT AR 95 R . E-mail: swu@home.swijtu.edu.cn
SIS sUSE, B o, M AT R, 5 T Re S50 B AR SR Ak 3 e | — RN, J2% %4, 2017, 49(3): 667-676
Wu Shouxin, Wei Jirui, Yang Shuwei. Analysis of strain localization by energy equivalence: |. One-dimensional analytical salution.
Chinese Journal of Theoretical and Applied MechanBl7, 49(3): 667-676




668 Vi 2 2 £ 2017 4 55 49 &

the localization zone and the plastic strain distribution become well-defined. Analytical solution for the one-dimensional

strain localization is developed, and it is well shown that the plastic strain distribution and load-displacement curves are
well-defined by the material properties, such as the softening modulus and internal length scale, as well as the geometry ¢
the material body. For the Gaussian-type weighting functions the width of the localization zone is approximately six times
the internal length scale. Numerical example demonstrates that the size of the localization zone decreases as the interr
length scale is reduced, and the distribution of the plastic strain in the localization zone becomes more concentrated whe
the internal length scale becomes smaller. As the internal length scale approaches to zero, the solution reduces to the o

predicted by the conventional local plasticity theory.

Key words strain localization, nonlocal plasticity, internal length scale, mesh-dependence, finite element
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