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Table 1 Material properties

Modulus of Poi , Rate of Initial Universal gas Absolute
elasticity E/ Ols_son ° diffusion D/ concentration constant R/ temperature
ratio v
MPa (m2.s71) co/(kmol-m~3)  (J-mol™!. K1) T/K
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(a) Boundary condition
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(b) Concentration loading versus time
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Fig.2 Boundary condition and concentration

loading condition
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Fig.3 Swelling deformation under concentration load
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Fig.4 Variation of z-displacement along the z direction
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Fig.5 Variation of y-displacement along the = direction
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Fig.6 Boundary condition
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Fig.7 Swelling deformation under concentration load
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Fig.8 Contour for y-displacement
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Table 2 Load data

Uniform load line density ~Concentrated force
¢/ (N-mm=) F/ X
3.37 74.10




428 ) £

2010 £ F 42 %

TTTTTTTTRRT NN NNRNRNNNNYY
B9 &b B BOa R

Fig.9 Concentrated force and boundary condition

L
NEACACR N

AT TATTTTRATRRRNNARNNNNNNNNARN

B 10 By S8 Baa S
Fig.10 Distributed force and boundary condition

<

AT BRI AR S - TR RS
BREAR, B 11 fE 12 B8R T & Ef R T,
I B BRAE SR R E T 45 20 A T A LR RO 40 A AR
FAG UL, A& HARRR S RN Bt -
FRERRE, WA P NGEERLS R E AR A
Wl X, P& 13 AHE 14 p 8 IR 5 5 A Ik 11k
T A AR TR A DL

HIFE 13 FIE 14 AT, L2 9RBh K 2 LA BiAF
EW B - e aEm, ABRAENIERE
BrWwEEM M, BRBEE, mEIANEESL
=7 I MK i X0 E AR

1T

B 11 e e T AE AR

Fig.11 Deformation of solid model under concentrated force
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Fig.12 Deformation of solid model under distributed force
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Fig.13 Deformation of coupling model under concentrated
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Fig.14 Deformation of coupling model under distributed force

(t =20005s)
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Fig.16 Concentration variation of several sampling points

with time under distributed load
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Fig.17 Boundary condition for concentration loading
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A CONTINUUM THEORY AND NUMERICAL PROCEDURE FOR
CHEMO-MECHANICAL COUPLING BEHAVIOR

Yang Qingsheng? Ma Lianhua Liu Baosheng
(Numerical Simulation Center for Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract Many continuum media, often described as multifunctional materials, exhibit multi-field coupling
behavior and are sensitive to external environmental stimuli. Chemo-mechanical coupling behavior for contin-
uum media was investigated in this paper. From the point view of the thermodynamics and chemical potential,
we have obtained the constitutive equations and governing equations of chemo-mechanical coupling problem.
Energy functional of chemo-mechanical coupling equations has been established by variational principle, and
then the equivalent integration forms and finite element formulation of the coupled governing equations are
derived. The chemo-mechanical coupling behaviors of continuum media are analyzed by numerical examples.
The numerical results show that the mechanical and chemical fields interact with each other in a medium. The
deformation of media is caused by the concentration variation. Similarly, the external mechanical force can
also induce concentration redistribution. The basic theory and simulation method can be applied to analy-
sis of chemo-mechanical coupling behavior of continuum media. The chemo-mechanical coupling behavior of

continuum media can be reflected clearly in the present model.

Key words continuum medium, chemo-mechanical coupling, constitutive law, variational principle, finite

element method
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