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Introduction:  Most of icy satellites having the radi-

us smaller than 200 km have irregular shape. On the other 
hand, icy satellites have spherical shape in the radius 
larger than 200 km. This could show a close relationship 
of the satellite shape with the ratio of the stress by self-
gravity and the material strength, that is, it has spherical 
shape when the internal stress is beyond the material 
strength. The strength of the material constituting icy 
satellites is supposed to change during their accretion and 
their thermal evolution processes: it could be increased by 
compaction, which can reduce the porosity in a long time 
[1]. And the icy satellites are mainly composed of ice and 
silicate, and have various silicate contents. Thus, it is 
interesting how the material strength changes by the com-
paction and the silica mass content. So, we should study 
the mechanical strength of the ice-silica mixtures and the 
dependence on the residual porosity. In this study, we 
carried out deformation experiments of the compacted 
mixtures with various silica mass contents and residual  
porosities to examine the flow law. 

Experimental methods:  We made our samples by 
means of the method used in compaction experiments of 
our previous works [2]. We prepared the samples by mix-
ing ice grains and silica beads having the diameter of 1 
µm, and compacted them by the piston. For small poros-
ity samples, we evacuated the cylinder using a vacuum 
pump to remove the air in the mixtures, and the load was 
applied beyond the pressure of 30 MPa. The silica mass 
content f was changed to be 0, 30, and 50 wt.%, and the  
residual porosity φ was changed from 0 to 25 %.  

Uniaxial compression tests were conducted under 
constant strain rate at the constant temperature from -10 
to -20 oC and the strain rate was from 2.0 x 10-6 to 8.4 x 
10-4 s-1. 

Results:  We obtained the flow law from the relation-
ship between the maximum stress on the stress-strain 
curve,  σm a x ,  and the strain rate 

€ 

˙ ε ,  wri t ten as 

€ 

˙ ε = A0 exp(−Q /RT ) ⋅σmax
n , where Q is the activation 

energy, R is the gas constant, T is the absolute tempera- 
ture, A0 is the enhancement factor, . 

Effect of porosity.  Fig.1 shows the porosity de-
pendence of flow law obtained at the silica mass content 
of 30 wt.% and the temperature of -15 oC. This figure 
shows that the mixture becomes softer as the porosity 
increases at the constant silica mass content, that is, the 
maximum stress becomes smaller. Particularly, the 
maximum stress without porosity is about four times 

larger than that with the porosity of 15 %. However, the 
slopes of the lines are almost similar to each other at the 
constant silica mass content.  

Effect of silica mass content.  Fig.2 shows the de-
pendence of silica mass content on the flow law and the 
results were obtained at the constant porosity of 20 % and 
the temperature of -20 oC. As a result, the maximum 
stress and the slope of the line become smaller with the 
increase of silica mass content. We found that the similar 
behavior was observed for other porosities and tempera- 
tures.  
 

1

10

10-6 10-5 10-4 10-3

φ=3%
φ=5%
φ=15%

M
ax

im
um

 S
tr

es
s,

 M
Pa

Strain Rate, s-1

φ=0% (Yasui and Arakawa, 2008)

 
Figure 1: Maximum stress vs. strain rate of ice-silica 
mixtures at the porosity of 3, 5, and 15 % and the silica 
mass content was constant of  30wt.% at -15oC. Open 
triangle symbols mean the result of mixture without po-
rosity [3]. 
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Figure 2: Maximum stress vs. strain rate of ice-silica 
mixtures at the silica mass content of 0, 30, and 50 wt.% 
and the constant porosity of 20 % at -20 oC.  
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Flow parameter n.  Fig. 3 shows the relationship be-
tween silica mass content and power law index n of ice-
silica mixtures at -15oC. This figure shows that the n in-
creased with the increase of silica mass content: the n of 
pure ice was about 3-4, that of 30 wt.% was about 4-6, 
and that of 50 wt.% was 5-8. The same relationship was 
obtained at -10 and -20 oC, and furthermore, previous 
work [3]. We speculate in the discussion of [3] that the 
micro-cracks generation causes the high power law index 
n of ice-silica mixture. Furthermore, the n does not de-
pend on the porosity and temperature. However, in the 
case of ice-silica mixture with the silica mass content of 
50wt.%, the n for large porosity becomes larger than that 
with small porosity. Some deformation mechanisms such 
as sliding of silica beads and compaction might  
caused higher n at large porosity region.  

Enhancement factor A0.  To calculate the enhance-
ment factor A0, we must know the activation energy Q of 
ice-silica mixture for each silica mass content having 
various porosity. So, we examined the activation energy 
Q. As a result, the Q increased with the silica mass con-
tent, and furthermore, the Q was found to be independent 
of the porosity. We calculated the A0 by using the calcula-
tion results of Q. Fig. 4 shows the calculated result of A0. 
This figure shows that the A0 increases with silica mass 
content and porosity. Thus these data could be fitted by 
using the exponential equation, 

€ 

A0 = B exp(α ⋅φ) , where φ 
is the porosity, and B and α are constant parameters. Each 
parameter is listed in Table 1. And, we found that these 
parameters B and α only depended on silica mass content,  
and increased with the increase of silica mass content. 
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Figure 3: Power law index n vs. silica mass content at 
-15 oC. Cross symbols mean the result of our previous 
work [3]. 
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Figure 4: Enhancement factor A0 vs. porosity. 
 
 
 
Table 1: Parameters B and α  
 

Silica mass content 
[wt.%] 

B 
[s-1(MPa)-n] 

α 

0 3.9 x 1011 10.5 
30 3.9 x 1019 38.9 
50 9.6 x 1020 47.2 

 

1618.pdf41st Lunar and Planetary Science Conference (2010)


