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In recent years, many cases of collapse and damage of soil structures have been reported due to the increase of
sudden heavy rains (guerrilla heavy rains, typhoons, etc. )due to climate change, and they are suffering from
sediment disasters every year. To date, the analysis of the causes of collapse of soil structures and their
mechanisms have not been fully elucidated. However, in geotechnical engineering, long-term prediction of
soil structures using numerical analysis has been conducted, and research on optimal design focusing on
performance has been advanced. In this laboratory, we have clarified the behavior of the embankment and
river embankment in consideration of rainfall and rising water level using the air-dissolved unsaturated soil /
water / air coupled finite analysis code (DACSAR-MP). However, since the incremental balancing equation
is defined as ¢ (ji, j)=0, it is impossible to take into account the state change due to external factors, that
is, the effect of the unsaturated density change. In this study, we propose an incremental balancing equation
applied to unsaturated soil and reflect it in the analysis code to compare the density change of unsaturated soil
due to external factors.
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Fig.1 Finite element mesh diagram
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Fig.2 Moisture characteristic curve
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Table.1 Material parameters

A K M m n ng
0.180 | 0.037 1.33 0.80 1.0 1.3
€y v ky[m/day] | ky[m/day] | Spq Gs
1.2 0.33 0.10 0.10 0.15 2.7
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Step 10000 | Step 30000 | Step 50000 | Step 70000 | Step S0000

15| 65.2460694313 | 75.3195524216 | £3.8526494122 | 90.5719876289 | 923953115940

%ﬁ- 65.2473270893 | 75.3235518932 | 83.8094622231 | 50.5805170536 | 92.4052417278

= 0.00128 0.00340 0.00681 0.00852 0.00893
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Fig.3 Difference in saturation
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Step 10000 | Step 30000 | Step 50000 | Step 70000 | Step 20000
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|E 0.0875399977 | 0.2461099997 | 0.2989500083 | 0.2517298959 | 0.1078399946

%ﬁ 0.1018600057 | 0.2605289931 | 0.3263199935 | 0.2947200050 | 0.1686400035

= 0.00412 001442 002737 004299 0.05080
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Fig.4 Difference in volume strain
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