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Microscopic Analysis of the Suction and Water Retention Volume in Unsaturated
Granular Material Conposed of Various Particles by Using the Spheres Model
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Mutsuhiro FUJITA  Hokkaido University Faculty and Graduate School of Engineering

It is well known that the movement of water in a soil can be described by unsaturated flow equations. The relationship be-
tween suction and water content is needed to solve these equations, and this relation can be obtained through indoor experi-
ments. The water retained in pores among particles with radii in the range of 1073mm to lmm can be regarded as comprising
most of the free water. The free water forms a pendular ring between two particles under unsaturated conditions due to sur-
face tension acting on the free water. The pendular ring depends on the geometrical configuration of two particles. In this pa-
per, a conceptual model for evaluation of the suction and water retention volume among spheres with different radii is proposed
from a microscopic viewpoint. The results of quantitative analysis using this model are presented. In order to calculate the suc-
tion and water retention volume in natural soil, the coordination number of a particle must be determined. Assuming that the
particle size distribution and porosity are known, the average coordination number can be estimated.

The results of the proposed model agree well with the experimental results in the case of relatively low water content. How-
ever, as the proposed method focuses on only isolated pendular rings between two particles, it is impossible to extend our
method to the higher water content region.

Key words : Soil moisture, Coordination number, Suction, Soil fabric, Random packing
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Table 3 Calculated coordination number for
every particle diameter (sieving sample)
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Fig. 12 Water retention volume in contact with
a particle with a diameter of 250 um
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Fig. 13 Comparison of the calculation value and
an experiment value of 6—@
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Fig. 14 Particle diameter distribution (No. 7 sil-
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Table 4 Calculated coordination number for every particle diameter (No. 7 silica sand from Yamagata)
HFOESE ®B BHEIZHT HEHR
D(gm) Bl 3.5 10 14 8 54 75 106 149 250
3.5 3.7 0.0 0.0 0.1 0.0 0.1 0.4 0.9 2.0 0.2
10 4.0 0.0 0.0 0.1 0.0 0.1 0.4 1.0 2.2 0.2
14 4.3 0.0 0.0 0.1 0.1 0.1 0.5 1.0 2.3 0.2
38 57 0.0 0.0 0.1 0.1 0.1 0.6 1.4 3.1 0.3
54 6.9 0.0 0.1 0.1 0.1 0.2 0.7 1.6 3.8 0.3
75 8.5 0.0 0.1 0.1 0.1 0.2 0.9 2.0 4.7 0.4
106 11.4 0.1 0.1 0.2 0.1 0.2 1.2 2.7 6.3 0.5
149 16.1 0.1 0.2 0.2 0.1 0.4 1.8 3.8 8.8 0.7
250 30.5 0.2 0.3 0.3 0.3 0.7 3.3 7.2 16.8 1.4
4 ﬁ J: Z)S i’t(lﬁ), (17>75‘ 6 , Rmax:250/2 pin, Rumin= §p= (@N>/\ (18)
=
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Table 5 Parameter value
BLS RN B TLELERE
B, ) 6,0 o, (m A 8, 8, g¢,(m A
EEE 0.00 38.90 14.30 1.80 0.00 37.90 20.70 2.30
i‘l‘ﬁfg 0.00 37.60 4.88 1.31 0.00 39.55 35.68 472
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Fig. 16 Relationship between 8 and
@ (sieving sample)
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