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1 Introduction

We propose a method to 1dentify the parameters of a con-
stitutive law based on the free volume model as proposed
by Spaepen [Spa77] and taking into account the variation
of the concentration of free volume with deformation, fol-

lowing the lines drawn by de Hey et al. [DHSVdBO98].

2 Experiments

2.1 Elaboration and characterization

BMGs of composition Zrs; 5AljiCusTissN1j3 (G1) and
/15 5Al1oCus; T sNig (G2) were produced. Characteristic
temperatures of both glasses are:

glass T,(K) Tx(K) AT (K)
Gl 659 761 102
G2 663 745 82

2.2 Compression tests

Compression tests at 683 K (strain-rate jumps and

deformation-relaxation experiments).
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Figure 1: Strain-rate jump test at 683 K (from 2.5x 107 3.s 7! to
S5x 10_5.5_1) on G2.
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Figure 2: Deformation relaxation experiments at 683 K (¢ =
2.5x107 3571 15¢ relaxation: 57 S, 2nd. 1110 S, on glass G2. Ao

and A< are the overshoots amplitudes.

3 Modeling the steady state

For uniaxial tests plastic strain-rate 1s (cf. [Spa77]):

aV
£, = CrEp.Sinh 1
P <2\/§kT> 2

cr: tlow defect concentration, € .: ditfusion-like thermally-

activated process, V': activation volume. Variation of cy 1s
(ct. [DHSVdB98]):

: : 2
Cr = azepcrIn ey — kecp(cy — Creqg) (2)
a.:. free volume creation coefficient, £, structural relaxation

coetficient, cy ., equilibrium flow defect concentration. At
constant strain-rate, it comes [DHSVdB98]:

Ch = Creq+ ey’ ¢} 3)
Combining equations (1) and (3) we get:
Ay & Sinh(af//Q\/ng) Cfieq (4)
kr o ¢ In? ( : )
p Eo.csinh(aV/2v/3kT)

0. and a,/k, can be determined from compression tests,
using experimental (¢, o) couples from two plateaus (figure
1) forming a system of (slightly nonlinear) equations (eq.
4). It 1s impossible to determine V' and/or cr., with this

procedure (see [BGBS06],[BBG™]), but the dependency of
o and a, /k, with them can be calculated (fig. 3).
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Figure 3: Dependence of a, /%, and £ . with c f.eq for a glass of
composition G1 obtained from two experimental (<, o) couples at
683 K (see [BGBS06]): all these values of ¢ ., a; /kr and £ . lead

to the same rheology.

4 Modeling transient phenomena

4.1 Model

Most simple model to describe a whole stress strain curve:

bp = &+ opfyesinh (S9)
| ¢r = apgperInep — Bucp(cp = peg)

er: total strain rate, 6/ F: elastic contribution. How can

(5)

we determine the various parameters (i.e. a,, k., V' and
Creq) 7 Steady state analysis => how to get a,/k, and €
with two plateaus. Then : parametric study of (5) with &
known and constraint over a,/k,, .

4.2 Parametric study

Young modulus £ It 1s necessary to use £ ~ 10 GPa (mea-
sured value at this temperature: ~ 77 GPa), probably be-
cause of anelastic phenomena.

Kinetic parameters - a, and k, Fig. 4 shows that a, and k,
control the overshoots amplitude: increasing a, (and k,-:
their ratio is set) => faster variation of ¢y, => smaller over-
shoots and undershoots.
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Figure 4: Parametric study of Kinetic coefficients a, and £,.,

modeling the experiment presented figure 1.

For V' and ¢y, given, it 1s possible to optimize a, and £,.

Activation volume - V' To determine V' the procedure 1s:

e various activation volumes V': steady state analysis

=> value of a,/k, and £
e varying a, and k, => good value of Ao

e good activation volume = the one with the good Ae

Figure 5 shows an application of this procedure.
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Figure 5: Parametric study of the activation volume (dots:
experience of fig. 1). Each modeled curve uses the values of a, and

k, that fits Ao. Parameters of the black curve are given in the

table below.
creq  B(GPa) V(A% &, a, k. (s™h
10712 10 160 2.8 x10° 0.02 2.3 x10%

Equilibrium flow defect concentration - ¢, ., It 1s impossible to
determine cy.,, but the dependency of a, and k, with ¢y,
that fits the same o(e) curve is shown in figure 6. V' does
not vary with cy ..

0.05 1E+11

~
L1

0.045
1E+10

0.04 = T

1E+09

0.035

dx
[

k(s ™)

qi2 1E+08

[

0.025
1E+07

0.02

&l

0.015 | 1E+06

1E-13 1E12 1E-11 1E10 1E-08 1E-08 1E-O07

Ct eq

Figure 6: Dependency of a, and k, with cf ., to get the same o(¢)

curve.

4.3 Deformation relaxation test

Model predicts rather accurately the dependency of Ao

with relaxation time:
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Figure 7: Comparison between model and experiment
(deformation/relaxation test). c;;, = 2 X ¢y ., and predicted

variation of the relative flow defect concentration (c¢/c¢ )
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