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Research on the development of simultaneous measurement method for water
retention, seepage, and evaporation properties in unsaturated soil

Name: JIKUYA Yuta

To assess slope stability after rainfall, it is necessary to quantify the moisture variability in the
soil. For this purpose, it is important to understand the evaporation characteristics of unsaturated
soil in addition to its water retention and infiltration. Therefore, the authors have proposed a
mathematical model to estimate the water retention, infiltration, and evaporation characteristics of
unsaturated soil from the basic physical quantities of soil. However, the parameters of the model for
estimating evaporation properties have not yet been clarified due to the lack of test data.

To elucidate the characteristics of these unsaturated soils, simultaneous measurements of water
retention, infiltration, and evaporation properties from the same specimen are necessary. However,
no method has been developed to simultaneously measure water retention, infiltration, and
evaporation properties from the same specimen.

In this study, the development of a method for simultaneous measurement of water retention,
infiltration, and evaporation characteristics of unsaturated soil by combining the bulk method-based
method of measuring evaporation characteristics and the simple evaporation method was developed.
The measurement method of evaporation characteristics based on the bulk method is one of the
methods for estimating evaporation, and the simple evaporation method is one of the methods for
measuring water retention and infiltration characteristics. By combining both methods, the water
retention, infiltration, and evaporation properties of wunsaturated soil can be measured
simultaneously from the same specimen.

Chapter 1 describes the background of the study and summarizes the contents and objectives of
the study.

Chapter 2 outlines the evaporation property model in a mathematical model for estimating the
water retention, infiltration, and evaporation properties of unsaturated soils from the basic physical
quantities of the soil. The evaporation property model is a model for bare surface soil, which can
evaluate the tendency of the evaporation property of unsaturated soil to change depending on soil
conditions. The main summary of this chapter is given below.

1) An equation for the moisture dependence of pore size distribution to evaporation efficiency
considering the pore structure in soil was proposed. If the characteristics of the functional form
of the number of water vapor paths, which is a parameter in the equation, for each soil type are
known, it is possible to estimate the evaporation characteristics of unsaturated soils from the
basic physical properties of the soll.



2)

The functional form of the number of water vapor paths is considered to be related to the
relationship between soil moisture content and soil pore structure. Thus, it could be evaluated
on the basis of a function of the moisture property curve and the unsaturated hydraulic
conductivity.

Chapter 3 deals with a laboratory test method based on the bulk method, which is a method for

measuring the evaporative properties of unsaturated soil. An improved test method for the
evaporative properties of unsaturated soils (moisture dependence of evaporative efficiency) is
proposed. As a result, the following results were obtained.

1)

2)

3)

4)

Regarding the test results of evaporation efficiency, it was clarified that it is necessary to
remove the data affected by unstable environmental conditions in the early stages of the test
based on quantitative criteria and to propose a method for calculating the exchange rate that
can account for differences in surface temperature and evaporation due to different types of
ground surfaces.

The effects of unstable environmental conditions in the early stages of the test were improved
by the use of criteria based on the surface temperatures of the water and soil tanks.

Two methods were proposed for calculating the exchange rate: one based on heat capacity and
the other based on sensible heat transport. The method based on sensible heat transport showed
a significant improvement in the test results.

Tests were conducted using the newly proposed test procedure. It was suggested that the
evaporative properties of unsaturated soils could be evaluated based on pore size distribution.

Chapter 4 outlines the method for simultaneous measurement of water retention, infiltration, and

evaporation characteristics of unsaturated soils and confirms its feasibility. The following is a
summary of the findings obtained.

1)

2)

3)

The influence of the simultaneous measurement system on the results of the measurement of
moisture characteristic curves and unsaturated hydraulic conductivity functions based on the
simple evaporation method was examined. The results showed that the heat supply had little
effect on the test results.

The moisture characteristic curves, unsaturated hydraulic conductivity, and moisture
dependence of evaporation efficiency obtained by the simultaneous measurement method were
almost equivalent to those obtained by the conventional test method.

The test results on the moisture dependence of evaporation efficiency were affected by the
dimensions of the specimen height and surface area.

In Chapter 5, the results obtained in the previous chapters are summarized, and the future

subjects to be solved are described.



