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Shear infiltration and constant water content tests on unsaturated soils
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Abstract. A series of element tests with different drainage conditions and strain rates were performed on compacted
unsaturated non-plastic silt in unconfined conditions. Soil samples were compacted at water contents from dry to wet of
optimum with the degree of saturation varying from 24 to 59.5% while maintaining the degree of compaction at 80%. The tests
performed were shear infiltration tests in which specimens had constant net confining pressure, pore air pressure was kept
drained and constant, just before the shear process pore water pressure was increased (and kept constant afterwards) to decrease
matric suction and to start water infiltration. In constant water content tests, specimens had constant net confining pressure, pore
air pressure was kept drained and constant whereas pore water pressure was kept undrained. As a result, the matric suction
varied with increase in axial strain throughout the shearing process. In both cases, maximum shear strength was obtained for
specimens prepared on dry side of optimum moisture content. Moreover, the gradient of stress path was not affected under
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different strain rates whereas the intercept of failure was changed due to the drainage conditions implied in this study.
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1. Introduction

Natural soils may be subjected to different strain rates in
numerous geotechnical engineering conditions. Loading
rate may be significantly higher than the strain rate
employed in standard laboratory element tests. Some
examples of rapid loading include blast loading, impact
loading, or earthquake loading (Mohamed et al. 2013, Mun
et al. 2016). The strain rate effects can be described as the
difference between the soil resistance under rapid and slow
strain rates. Strain controlled triaxial tests with pore water
pressure measurements are carried out in most of the
previous studies depicting the impact of axial strain rate on
mechanical behaviour of saturated soils (Richardson and
Whitman 1963, Zhu and Yin 2000). It has been reported
that the soil becomes stiffer which leads to a smaller axial
strain at failure with increase in the axial strain rate. In
research carried out by Svoboda et al. (2013), shear strength
behaviour of sand compacted at dry side of optimum water
content and tested at relatively low confining pressure was
explored. The results showed that the strain rate did not
affect the friction angle of soil and had negligible effects on
the soil behaviour. The behaviour of sand under triaxial
compression at dry conditions was investigated by Martin et
al. (2013) with different confining pressures, axial strain
rate, and initial density showing that the sand behaviour is
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independent of the strain rate but depends on the confining
pressure. Unsaturated soils are composed of two stress state
variables i.e., net stress and matric suction. Due to degree of
saturation effects on the stress state, matric suction,
development of excess pore water pressure and pore air
pressure, degree of compaction and hydraulic conductivity,
the effects of strain rate on mechanical behaviour of
unsaturated soils becomes difficult to study as compared to
saturated soils. A number of experimental studies have been
carried out to explore the unsaturated soil behaviour
(Rahardjo et al. 1995, Gasmo et al. 1999, Goual et al. 2011,
Estabragh and Javadi 2012). However, only few studies are
available focusing on drained or undrained shear strength of
unsaturated soils subjected to different strain rates (Peters et
al. 2011, Svoboda and McCartney 2014, Li and Zhang
2015). Although the change in strain rate may affect the
unsaturated soil behaviour, however, the effect is difficult to
estimate due to the compression of the air phase. The
apparatus used for testing of unsaturated soil should be able
to control and measure pore-air and pore-water pressures
separately. It has been reported as well that the unsaturated
soil behaviour is also affected by variations in the stress
state i.e. net stress and matric suction (Bolzon and Schrefler
1995, Lu et al. 2010).

Numerous studies have shown that the variation of shear
stress is nonlinear with matric suction (Saez and Escario
1986, Vilar 2006, Nam et al. 2011, Lin et al. 2018). The
unsaturated soil shear strength along with saturated shear
strength parameters can be predicted with soil-water
characteristic curve (SWCC). Hanasimbi and Nishimura
(2018) conducted SWCC tests on a silty soil in one-
dimensional stress conditions, and isotropic confining stress
conditions. They concluded that different stress conditions
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have an influence on SWCC. The unsaturated soil
behaviour is also affected by the compaction water content
due to variation in matric suction. Compacting the clayey
soil at different water contents changes its associated
behaviour from flocculated to dispersed structure. The
flocculated soil samples compacted at dry side of optimum
water content (OWC) has higher shear strength than for
dispersed specimen compacted at the wet of OWC. It was
also observed that the soil structure has significance effects
on the rate effect of unsaturated soils. Olson and Parola
(1967) performed unconsolidated undrained (UU) tests in
triaxial test apparatus on Goose lake clay prepared at
various initial water contents to study the influence of strain
rate on shear stress. The tests were performed by varying
rates from 0.2 to 4.0x10° %/min. It was observed that the
specimens prepared with less water content and sheared at
same strain rates showed more undrained shear strength at
failure and strength reduced with increase in water content.
The effects of grain size and the moisture content on the
dense Eglin sand under confining pressure at higher strain
rates was studied by Luo et al. (2014). It was found that the
breakage factor followed a linear relationship with moisture
content. Whereas, Barr er al. (2018) focused on high strain
rate compressibility due to the effect of water content and
particle fracture in loose sand and concluded that the full
saturation of specimens results in development of pore
water pressure and a major decrease in particle breakage.
Present research involves the evaluation of strain rate
effects on the compacted unsaturated silty soil behaviour
prepared at the same initial void ratio but with different
initial degree of saturation. The samples have been tested
under undrained and drained conditions for pore water in
unconfined conditions. The influence of strain rate has been
reported on volume change, shear strength and water
infiltration. Finally, the influence of strain rate on stress
paths has also been discussed.

2. Materials and methods
2.1 Physical properties of test soil

DL clay is commercial name of the soil used in this
study which is a fine material with no/low plasticity. The
appearance of freshly and freely deposited DL clay is
yellowish brown. Dried and powdered DL clay is composed
of Silica and Kaolinite. As per Unified Soil Classification
System USCS (ASTM D2487-11 2011), DL clay is
classified as silt with low plasticity (ML) comprising of
90% silt and 10% clay. Table 1 shows the physical
properties of the soil. The optimum water content of soil is
20% and the maximum dry density is 1.55 g/cm3. The
compaction curve of DL clay has been shown in Fig. 1.

2.2 Specimen properties

Homogenous specimens were prepared by compacting
soil in 5 layers, each layer being 2 cm thick, with a static
compaction machine with a hydraulic jack (Rasool and
Kuwano 2018). Before compaction, water was added to the
dry DL clay to prepare soil samples at water contents of 10,

Table 1 Physical properties of the tested soil

Properties Unit Value
Density of soil particle, ps g/em’ 2.635
Consistency - Non-Plastic
Maximum dry density, pdmax g/em’ 1.55
Optimum water content, OWC % 20
Maximum particle size, dmax mm 0.039

Saturated coefficient of water

-7
permeability, k m/s 6.68 x 10

Table 2 Properties of all specimens tested in this study

Properties Values
Water content, w (%) 10 15 20 25
Dry density, pd (g/cm?) 1.25 125 125 1.25
Degree of saturation, S: (%) 24.0 36.0 49.0 59.5
Void ratio, e 1.10 1.10 1.10 1.10
Degree of compaction, D¢ (%) 80 80 80 80
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Fig. 1 Compaction characteristics of DL clay
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Fig. 2 (a) Sample preparation under different compaction
pressures and (b) the prepared soil specimens
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Fig. 3 Soil water characteristic curve for the studied soil
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15, 20 and 25% i.e., from dry side to wet side of optimum
water content. The specimens had the constant void ratio of
1.10 and density of 1.25g/cm® at different degrees of
saturation (S;) of 24, 36, 49 and 59.5%. The physical
properties of the specimens are listed in Table 2.

Degree of compaction of all specimens was maintained
at 80%. The pressure applied to soil at the time of sample
preparation was higher than the applied stresses during the
test phase and hence the samples are considered to be over-
consolidated. According to Nishimura et al (1999),
unsaturated soils which exist nearby ground surface and
soils compressed manually are generally over-consolidated
due to environmental changes. The compaction pressure on
the soil samples during sample preparation has been
presented in Fig. 2. In the present paper, results obtained
from tests for soil samples prepared on the dry and wet side
of the optimum water content are expressed as “dry
specimen” and “wet specimen” respectively. The test results
obtained for the specimens prepared at optimum water
content are expressed as “optimum specimen”.

2.3 Soil water characteristic curve (SWCC)

The relationship between matric suction and water
content is generally termed as the soil-water characteristic
curve (SWCC). Such curves are usually measured in the
laboratory through pressure plate tests or pF tests, though
the current experimental setup was used to establish the
SWCC relation. Several soil specimens with varying water
content were prepared and placed on top of a membrane
filter and values of initial suction were measured, the same
technique to draw SWCC was also used by Farooq et al.
(2004). Fig. 3 shows the results i.e. the suction decreases as
the saturation ratio increases.

2.4 Test apparatus

The triaxial apparatus used in this study consists of a
double cell, pore air pressure transducer, pore water
pressure transducer and cell pressure transducers made by
Tokyo Instruments and an axial loading device as shown in
Fig. 4(a). The confining pressure was applied on the top of
double cell chamber filled with the water by controlling the
air pressure with a regulator. Supre precision regulator
(RS/RR series) made by Fujikura Inc. Japan has high
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— Porous Stone

Water
Fig. 4 (a) Schematic figure of the triaxial cell, (b)
external load cell, (c) top cap and (d) bottom pedestal

accuracy of keeping the air pressure and hence the cell
pressure constant throughout the shear process. The
apparatus has features of measuring pore air pressure and
pore water pressure independently. To give continuous
supply of air to the specimen during the test process, pore
air pressure is fitted in the top cap which is also attached to
an air regulator. The volume of soil samples was measured
by a Low Capacity Differential Pressure Transducer
(LCDPT) made by Fuji Electric. The LCDPT measures
specimen volume change as the variation in the water level
in the inner cell. The change in water level was recorded by
a computer, which was then calculated as total volume
change of specimen as per relations given in Japanese
Geotechnical Society standard JGS0527-2009. The vertical
deformation of specimen was measured by LVDT made by
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Tokyo Instruments. A thin membrane and a PTFE sheet
were used to separate the supply of pore water and pore air
for effective measurement and control of these pressures.
Fig. 4(c) shows the sheet of PTFE pasted to the surface of
top cap to resist the flow of water. Fig. 4(d) shows the thin
membrane type “Supor 450” from Pall Corporation. The
Membrane filter has pore size of 0.45 pm, member
thickness of 140 um and provided air entry value of 250
kPa. The same membrane has been used by Habasimbi &
Nishimura (2019) and Nishimura (2014). The membrane
was installed in the lower pedestal which permits the flow
of water and resists the air flow. In addition, a solenoid-
controlled valve to control the exhaust air was also installed
inside the top cap to minimize the air volume in drainage
line of pore air. The pore air pressure was kept atmospheric
throughout the test and water infiltration increased only the
water pressure (Farooq et al. 2004). The water in the soil
sample was injected from the bottom pedestal which was
connected to a beaker and the pore water pressure
transducer through the water line. Fig. 4(b) shows a beaker
placed on an external load cell and encased in a pressure
chamber. The infiltration rate was controlled by regulating
the pressure of air which was applied on top of the water
surface in the beaker (Farooq et al. 2004, Melinda et al.
2004).

2.5 Test procedure

The negative pore water pressure (also known as matric
suction) strongly influences unsaturated soil behaviour as it
attracts the soil particles together. In a rainfall event, the
infiltration of rainwater into the ground causes a reduction
in matric suction. The reduction in matric suction also
reduces the soil shear strength which may result in slope
failures. The unconfined compression is a type of triaxial
compression test under no confining pressure and in

constant water content condition. Because the stress states
in natural slopes or in a surface layer of the embankment
are under very low confining pressure conditions, the
unconfined compression (UC) test can simulate this type of
unsaturated condition. From a practical standpoint, the UC
test plays a significant role to understand the mechanism of
shallow failure problem in natural or engineered earth
slopes (Kim et al. 2016).

This research simulates two slope failure situations in
unconfined conditions that come across in the field: (i)
rapid failure, this type of failure occurs in constant water
content conditions i.e., pore-air pressure is assumed
atmospheric and remain constant throughout the whole
failure process; and (ii) slope failures induced by water
infiltration i.e., both pore air pressure and pore water
pressure are drained throughout the entire failure process.

Fig. 5 illustrates the schematic representation of
constant water content (CW) tests. In these tests, pore air u,
and cell pressures o3 were increased using axis translation
technique after measurement of the initial matric suction to
keep pore water pressure u, above atmospheric. After
wards, isotropic consolidation is performed by controlling
pore air pressure. The net confining pressure and matric
suction on soil samples at the end of consolidation were
recorded as (o3 — u,) and (ua — uw), respectively. In shear
process, the valve for pore air pressure is kept open while
the valve for pore water is closed. In other words,
specimens have constant net confining pressure (03 — ua)
whereas the matric suction (u. — uy) changes with increase
in axial strain during the shear process.

Unsaturated soil shear strength parameters in drained
conditions can be obtained by performing shear infiltration
(SI) tests. Fig. 6 shows the schematic illustration of shear
infiltration (SI) tests. The axis translation technique (ATT)
is applied after measurement of initial suction. Afterwards,
the specimens are first isotropically consolidated at a
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confining pressure of o3 with controlled pore water u,, and
controlled pore air pressures u,. The net confining pressure
and matric suction on soil samples at the end of
consolidation were recorded as (o3 — u,) and (ua — uw),
respectively. In shear process, the valve for pore air and
water pressure are kept open. In other words, specimens
have constant net confining pressure (o3 — u,) and matric
suction (ua — uw) whereas the deviator stress increases
during shearing until failure conditions are reached.

2.6 Strain rates during shearing

The shear strength tests in unsaturated conditions are
usually carried out at constant strain rate. The selection of a
suitable strain rate is very important prior to the
commencement of the test. The selection of strain rate in
the constant water content test which is also a type of
undrained test must guarantee equalization of induced pore
pressure in the specimen (Fredlund and Rahardjo 1993).
Test data presented by Gibson and Haenkel (1954) and
Bishop and Henkel (1962) show the variation in shear
strength with strain rate. The effect of variation of strain
rates was studied by Satija and Gulhati (1979) and
concluded that deviatoric stress is not sensitive to strain
rate. However, no research data is available to show the
effect of strain rate when the soil is tested in drained
conditions. The authors have performed a separate series of
constant water content tests and shear infiltration tests at a
strain rate of 0.025, 0.05, 0.08 and 0.11 mm/min to observe
the influence of strain rate on the mechanical behavior of
unsaturated DL clay. The selected strain rates were
corresponding to the motor speed of 100, 200, 300 and 400
rpm of strain-controlled loading system.

3. Results and discussions
3.1 Measurement of initial suction

The soil compacted at different moisture contents lead
to a difference in initial matric suction. The previous studies
also show that the behaviour of unsaturated soil is
influenced by initial suction (Olson and Langfelder 1965).
However, the distribution of pore water and degree of
saturation are factors affecting initial suction. Fig. 7
illustrates the change in initial suction of soil samples
compacted at w = 10, 15, 20 and 25%. It can also be
observed that the values of initial suction when the
specimens were set in triaxial apparatus and it can be seen
that initial suction varied with water content. Note that
when the water content is low matric suction is high and
more time is required to stabilized suction and vice versa.
The reduction in initial suction stabilizing time is because
of using a thin membrane.

3.2 Constant water content (CW) tests

The stress state of specimens during constant water
content (CW) test process is shown in Table 3. The cell
pressure was increased to 20kPa during isotropic
consolidation process. The pore air pressure equal to cell
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0 - . . . . . . . . . ,
T —w=10%
10 - w=15%
— 1w =20%
w=25%

L

[3%]
(=)
1

Pore water pressure (kPa)
o ]
(=]

]
=
(=]

Fig. 7 Variation of initial matric suction of specimens
prepared with different water content against time

Table 3 Stress state of specimen during CW tests

. . Pore air Pore water
Specimens with  Cell pressure, pressure, u pressure, u
0, s Ua 5 Uw
water content (%) o3 (kPa) (kPa) (kPa)
10
15 20 20 Varied during
20 shearing
25

pressure was applied during axis translation technique and
kept drained and constant afterwards. The pore water
pressure was undrained and measured during the shear
process.

Fig. 8 illustrates the relationship between the volumetric
strain and axial strain of specimens prepared at w = 10, 15,
20 and 25% and tested at strain rates of 0.025, 0.5 and 0.08
mm/min in unconfined conditions. Less volumetric strains
are developed in specimens because of unconfined
conditions. The volumetric strain is the ratio of total volume
change to original volume of the specimen. The negative
volumetric strain shows the dilatant behavior of the
specimen. It can be seen that the specimen volume is
increased with increase in axial strain. The increase in
volume is because of high pressure at preparation stage and
a high degree of compaction. The peak shear strength falls
within axial strain range of 0-2.75%. The volumetric strain
of soil samples prepared at w = 10% did not vary within this
range. However, some change was observed afterwards for
specimens prepared at 15, 20 and 25% water content due to
the post peak shear stress response.

Fig. 9 shows the relationship between deviatoric stress
and axial strain for compacted specimens sheared at
different strain rates. It can be seen that for all specimens
deviatoric stress increased with axial strain up to a peak
value and after that it decreases showing post peak
behavior. In the stress-strain curve, the peak and post peak
failure behavior is due to the effect of over-consolidation.
The measured initial suction of soil samples prepared at a
water content of 10, 15, 20 and 25% were 17, 24, 32 and 40
kPa, respectively. The curve showed that the sample
prepared with w = 10% presented more brittle behavior as
compared to other specimens. The trend appears to be
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affected by high matric suction, as the stiffness of soil
increased with matric suction. The same response was also
perceived by Chae et al. (2010) and Kim and Jeong (2017).
However, the brittleness also decreases due to decrease in
suction with increase in water content. The shear strength of

soil also varied with matric suction. The soil sample
prepared on the dry side of optimum water content i.e., at
15% water content showed maximum shear strength. The
peak stress value of all specimens falls within axial strain
range of 0-2.75%. The residual shear strength or post peak
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strength curves were merged except for the case of the
specimen with w = 10%. The peak shear strength of soil
prepared at water content e.g. of 10, 15, 20 and 20% is not
affected by the strain rate. This shows that the strain rate
practically has no influence on shear strength response of
the soil used in this study.

The pore-water pressure behavior of compacted
specimens during the shear process is plotted against axial
strain in Fig. 10. It can be observed that more pore water
pressure was developed in specimens prepared on the dry
side of OWC i.e. 10% water content, and maximum
pressure was developed when the specimen was sheared at
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Fig. 13 Strain rate influence on stress-strain behavior of specimens in SI tests

Table 4 Stress state of specimen during SI tests

. . Cell Pore air Pore water 0.025 mm/min. The trend shows a quick increase in pore
Specimens ngh WALl essure, G3 pressure, Ua  PrESSUIe, water pressure, whereas, the specimens prepared at 10%
content (%) (kPa) (kPa) (kPa) water content and sheared at a strain rate of 0.05 and 0.08

15 11 mm/min showed a gradual increase in pore water pressure.

20 20 20 10 The development of high pore-water pressure in case of

specimens prepared at w = 10% was due to the dissolution

25 9 of pore air into pore water, due to the presence of large air
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Fig. 15 Effect of strain rate on stress paths of specimens prepared with different water content in SI tests

voids in dry specimens. The specimen prepared at 15%
water content showed the same trend when tested at
different strain rates. The specimens prepared at optimum
water content (w = 20%) initially showed a decrease instead
of an increase in pore water pressure with shearing, the
specimens showed the same trend when tested at different
strain rates. The specimens prepared on the wet side of
OWC i.e., w = 25% showed a decrease in pore water
pressure only. It can be concluded that the strain rate affects
only the pore water pressure in specimens prepared at w =
10%.

3.3 Shear infiltration (Sl) tests

In shear infiltration tests, the cell pressure was increased
to 20kPa during isotropic consolidation process. The pore
air pressure was increased equal to cell pressure during axis
translation technique and kept drained and constant
afterwards. Just before starting the shear process,
infiltration pressure was applied to the infiltration chamber
to increase pore water pressure and decrease matric suction.
Measured initial matric suction for specimens prepared at
10, 15, 20 and 25% was 40, 34, 24 and 17 kPa, respectively.
In some trial tests, water was infiltrated into the specimens
without increasing pore water pressure i.e., by decreasing
matric suction. However, only a small volume of water
infiltrated into the specimens. The infiltrated volume of
water was not enough to change the soil behavior; therefore,
water was infiltrated by decreasing matric suction. An
increase in pore water pressure decreases matric suction.
The pore water pressure was increased by applying

infiltration pressure on the top of the chamber. The
infiltration chamber has been shown in Fig. 4b. The stress
state of specimens during Shear Infiltration (SI) test process
is explained in Table 4.

Fig. 11 shows that the specimens prepared on the dry
side of OWC require 10 kPa pore water pressure to start
water infiltration, whereas, specimens prepared at the
optimum and wet side of optimum water content required 5
kPa pore water pressure to start water infiltration process. It
was also observed that strain rate had no effect on the
decrease in matric suction.

The influence of strain rate on water infiltration due to
the decrease in matric suction is shown in Fig. 12. It can be
observed that as soon as matric suction was decreased,
water started infiltrating into the specimens and water
infiltration increased gradually with axial strain. For
specimens prepared at w = 15%, matric suction was
decreased from 34 kPa to 22 kPa in order to start water
infiltration. 9 cm?® of water were infiltrated when the same
specimen was sheared at a strain rate of 0.05 mm/min. For
specimens prepared at w = 20% and 25%, matric suction
was decreased from 24 to 17kPa and 17 to 12kPa,
respectively in order to start water infiltration process. The
soil samples were then sheared at a strain rate of 0.025, 0.05
and 0.1lmm/min. It was found that water infiltration
decreased with increase in strain rate. This illustrates that
the strain rate has significant influence on the water
infiltration process.

The influence of strain rate on deviatoric stress due to
water infiltration has been shown in Fig. 13. The specimens
prepared at w = 15% and sheared in drained conditions at a
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strain rate of 0.05 mm/min showed a peak shear strength of
45 kPa. In contrast, the specimens prepared at w = 15% and
sheared in constant water content conditions at a strain rate
of 0.05 mm/min showed a peak strength of 55 kPa. It was
also observed that peak shear strength of specimens
prepared at w = 20 % is not affected when sheared at strain
rates of 0.025, 0.05 and 0.11 mm/min in drained conditions.
However, the peak shear strength of specimens sheared in
drained conditions was less than the specimens sheared in
constant water content conditions. Similar behavior was
observed for specimens prepared at w = 25%. This shows
that strain rate does not affect deviatoric stress of soil when
sheared in drained or undrained conditions for pore water
pressure, however, the deviatoric stress decreases due to
water infiltration.

3.4 Comparison of CW and Sl test results

The influence of stain rate is equally important to study
the mechanical behavior of saturated as well as unsaturated
soils. However, only a few studies have been published on
the effects of strain rate on unsaturated soil behavior. This is
possibly due to the fact that it is quite difficult to perform
constant water content and fully drained tests to study the
time dependency separately from that due to the pore fluid
flow. The influence of strain rate on stress paths of constant
water content tests and shear infiltration tests has been
shown in Figs. 14 and 15. From the stress paths (deviatoric
stress versus mean effective stress plot) in Figure 14, the
peak stress envelopes of constant water content tests yield a
gradient of 1.7 with zero intercept which shows that the
gradient of the failure line is not affected by the strain rate.
Similarly, the peak stress envelopes of the shear infiltration
tests also yield a gradient of 1.7 with an intercept of 3kPa
(Fig. 15). It can be stated that drainage conditions affect the
mechanical behavior of unsaturated soils.

4. Conclusions

Constant water content (CW) and shear infiltration (SI)
triaxial tests were performed at increased loading rates to
investigate the effects of strain rate on the mechanical
behavior of a non-plastic silt at different initial compaction
water contents. The following conclusions are drawn from
this study:

» Specimens tested in constant water content conditions
exhibit higher shear strength as compared to shear
infiltration conditions. Peak deviatoric stress was obtained
for the specimens compacted at dry of optimum water
content.

* The soil compacted at dry of optimum experienced
positive excess pore water pressure generation during
shearing whereas the soil compacted at wet of optimum
experienced negative excess pore water pressures.

* The strain rate effects were observed to be similar
regardless of the compaction water content indicating the
same net effect on the effective stress.

 The ratio of deviatoric stress to mean effective stress
(stress ratio) is observed to be independent of confining
pressure and strain rate. The stress ratio for both cases is

1.7, however, the intercept varies. This demonstrates that
the strain rate has little effect on mechanical behavior of
unsaturated soils whereas the drainage conditions
considerably affect the shear strength of an unsaturated soil.

 Finally, the soil compacted on dry side of OWC
showed better performance as compared to wet soil under
same conditions. It showed high initial matric suction,
dilative behavior, high shear strength during shear and
require more decrease in suction to start water infiltration.
This suggested that soil should be compacted on the dry
side of optimum moisture content to get better performance
during the service life of slope or embankment.
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