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Abstract: This paper discussed the effect of moisture content on shear strength of loess during different
confining pressure firstly. The variation law of deformation parameters, i.e. shear strength and secant
modulus is analysed in detail. The results show that moisture content is the dominant factor of shear strength
of Loess, with the increase of water content, the strength parameters levelled down, and there is a linear
relationship between them to a certain extent. Compared with confining pressure, the effect of water content
on shear strength is more obvious. In addition, triaxial test under different drainage conditions were carried
out, namely, consolidated drained(CD) test and consolidated undrained(CU) test. Results indicate that the
shear damage characteristics are similar during the two test methods.

1 Introduction
Loess is widely distributed in arid and semi-arid areas of
the world, especially in the Loess Plateau of China, which
covers several provinces, i.e. Sinkiang, Qinghai, Gansu,
Ningxia, Shanxi and Shaanxi [1-5]. Loess is widely used as
subgrade of railways and highways in these regions.
However, loess is characterised by strong water
sensitivity, this property is also defined as water
collapsibility [6-8]. The collapsibility of loess is mainly
manifested in the decrease of shear strength and macrodeformation with the increase of moisture content [9-12].
This property can also cause some problems, such as
differential settlement of foundation, landslides and slope
instability, resulting in series of damages of
infrastructures and loss of human lives to some degree
[1,13-14]
. Additionally, in some engineering problems, such
as design of foundation and slope protection, the shear
strength of loess has a great influence on the quality of
engineering.
According to previous research, the cohesion (c) and
friction angle(φ) of loess are affected by moisture and dry
density [15]. Moisture is the dominant factor of loess
deformation or failure, the strength and resilient modulus
of loess decrease significantly under rainfall conditions,
surface water infiltration or groundwater rising [16-17].
There is no linear relationship between moisture content
and shear strength of loess, with the change of water
content, the strength parameters increase first and then
decrease [18-23].
It is worth noting that the shear strength parameters of
loess are different with different test methods. For the
same group of soil samples, different test conditions,
especially when the drainage conditions are different, the
results are different [24-25]. Therefore, it is very important
*

to study the shear strength of loess under different test
methods to get a better understanding of its physical
significance, and to correctly select the shear strength
index in engineering practice.
This paper characterised the variation of shear strength
parameters of loess during triaxial test under different
confining pressure. In this study, four groups of remolded
loess samples with different moisture content were
prepared, the influence of water content on shear strength
of loess in triaxial tests under different confining
pressures is analysed. Compared the shear strength
characteristics of loess in triaxial tests under different
drainage conditions, namely consolidation drained(CD)
test and consolidation undrained(CU) test. All the results
are employed to develop a better understanding the effect
of moisture content and test methods on shear strength of
loess.

2 Material and methodology
2.1 Sample preparation
Soil samples were taken from a typical section of loess in
Yuci County, which is located in Northwest China. In the
field, a suitable excavation site was selected, and a 5meter deep exploration well was used to extract soil
samples 5-meter below the ground. The soil samples were
cut into cylindrical shape with a diameter of 10 cm and a
height of 20 cm, and then wrapped in a moisture-retaining
film and transported to the laboratory. The basic physical
and mechanical properties of samples are presented in
Table 1.
In order to investigate the effect of moisture content
on shear deformation of loess, four groups of soil samples
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with different water content were set up, which were 15%,
18%, 20% and saturated soil respectively. Considering
that the loess in engineering construction is mostly
disturbed soil, all the soil sample was crushed and
screened by 5mm. Then the water content was determined
according to the test plan. The sample was prepared into

a cylindrical sample with a diameter of 61.8 mm and a
height of 120 mm by means of a mould. The difference in
moisture content of the same group of samples shall not
exceed 1%, and the difference in density shall not exceed
0.01%; otherwise, the soil sample should be made anew,
as shown in Table 2.

Table 1. Basic physical and mechanical properties of loess
Dry
density

Natural
density

Moisture
content

void
ratio

Plasticity
limit

Liquid
limit

Plasticity
index

Saturation

1.36g/cm3

1.58 g/cm3

13.4%

1.08

16.9%

27.5%

10.6

28%

Table 2. Basic physical of loess samples
Sample type
Remolded
loess

𝝎𝝎 
15
18
20
Saturated(32)

Gs (g/cm3)
2.70
2.70
2.70
2.70

ρG(g/cm3)
1.34
1.36
1.36
1.35

Two types of drainage conditions, namely consolidated
drained(CD) shear and consolidated undrained(CU) shear,
were adopted to explore the influence of test conditions on
the shear characteristics of loess. At the same time, four
confining pressure grades were set, which were
respectively 50kPa, 100kPa, 200kPa, and 300kPa (Table
3).
The test was composed of two stages: consolidation
and drainage. The consolidation time was set to 4 hours.
When the pore water pressure dissipated more than 95%,
the consolidation was considered stability and the next
shear test can be carried out. The shear rate was set to
0.08mm/min. When the deviation stress peaked, it was
considered that the sample has been destroyed. If there
was no peak value, the shear can stop when the axial strain
reached 18% [26].
After consolidated undrained shear test, about 15
grams of soil were selected from the upper and lower parts
of the sample to determine its moisture content. If the
difference was less than 0.5%, the test data were
considered valid, otherwise the test should be reconducted.

15%
Loess

18%
20%
saturated

ωL(%)
27.2
27.5
27.5
26.8

3.1 Effect of moisture content on shear strength
As show in Table 1, the plastic limit of the sample is
16.9%, and the water content of the three groups set in the
test is greater than the plastic limit, while in one group is
less than it, this is to investigate the shear strength of the
loess under the condition of different water content. To
ensure that the water content of the soil sample remains
unchanged in the test process, the method of consolidated
undrained (CU) is adopted.
As shown in Fig.1, the deformation characteristics of
loess are mainly dominated by confining pressure and
moisture content. The stress-strain curve of soil samples
with different moisture content present the characteristics
of strain softening behaviour under different confining
pressure, this trend is obvious under low confining
pressure, while the curve eventually levelled off under
high confining pressure. It is obvious that when the strain
increases to 15%, the deviation failure stress gradually
decreases with the increase of water content. For the case
of moisture content of 15%, 18% and 20%, the strain
softening characteristics of stress-strain curves are
similar, and the reduction of deviation stress is not very
large. For the case of the soil sample is saturated, the
softening characteristic of stress-strain curve is obvious,
and the deviation stress of failure decreases sharply.
Fig. 2 shows the shear strength parameters of loess
specimens under CU test. It is indicated that when the
moisture content is lower than the plastic limit, the
cohesion of loess changes slightly with the water content
increases from 15% to 18%. However, when the moisture
content is higher than the plastic limit, the cohesion
decreases sharply. Test results show that moisture content
seems to have little effect on internal friction angle, which
decreases by about 5 degrees with the water content
increases from 15% to saturated condition.

Table 3. Triaxial test program
Moisture
content

ωP(%)
16.8
16.9
16.9
16.7

3 Results and discussion

2.2 Methodology

Specimen
type

e
1.01
0.99
0.99
1.00

Test
condition
CD
CU
CD
CU
CD
CU
CD
CU

Confining
pressure(kPa)
50,100,200,300
50,100,200,300
50,100,200,300
50,100,200,300
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point is also defined as the yield point, which decreases
significantly with moisture content ranges from 15% to
saturation. For the case of σ3=50kPa and σ3=100kPa, the
stress-strain curve shows strain softening. While the
stress-strain curve shows strain hardening under the
condition of σ3=200kPa and σ3=300kPa during both the
CU and CD test method. The cohesion of loess is very
large when the water content is lower than the plastic limit
no matter which method is adopted, while

3.2 Effect of triaxial test methods on shear
strength
Fig. 3 presents the results of CD test and CU test on loess
samples. It indicates that shear strength is highly depended
on moisture content and confining pressure, when the
strain reaches about 5%, the stress-strain curve appears
inflection point, and then changes slightly. This inflection

(a)

(b)

(c)

(d)

Fig. 1. Deviatoric stress versus axial strain for the loess samples with the moisture content of (a) 15%, (b)18%, (c)20% and (d)
saturated.

the value decreases significantly when the water content
exceeds the plastic limit, as illustrated in Fig. 4. The
friction angle shows relative stable during the course of
changing of moisture content. The inflection point of
stress-strain curve of CU method is always higher than
that of CD method (Fig. 3), and the shear strength
parameters of loess obtained by CU method are always
larger than that of CD method (Fig. 4). It is suggested that
the measured strength parameters are equivalent to the
total stress strength under the condition of consolidation
and undrained (CU), because the moisture content is not
excluded during shearing, there will be a certain excess
pore water pressure in the specimens. However, there is
no excess pore water pressure in the samples under
consolidation drainage (CD) test, and the measured
strength can be regarded as an effective shear strength
index.

Fig.2. Shear strength with different moisture content conditions
of loess specimens.
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According to some previous research, secant
modulus E50 is a parameter that can well characterize the
stress-strain characteristics of loess [27]. Therefore, the
secant modulus E50 of loess specimens can be derived
from triaxial test, including CD test and CU test, so that
the value can be employed to investigate the influence of

moisture content and confining pressure on shear strength
of loess.
Fig. 5 shows the relationship between modulus and
confining pressure of triaxial test. It is noteworthy that
moisture content has significant effect on the E50, for the
specimens with moisture content of 15% and 18%, the

(a)

(b)

(c)

(d)

Fig. 3. Deviatoric stress versus axial strain for the loess samples with the moisture content of (a) 15%, (b)18%, (c)20% and (d)
saturated.

secant modulus increased obviously under both CU test
and CD test, while the secant modulus changed slightly
with moisture content of 20% and saturated condition. The
variation of Esec for samples with moisture content of 20%
shows a constant increase as the rising of confining
pressure during the CD test, while the value of firstly
decreased and then keep a rising trend.
The plot in Fig. 5 indicate that for the specimens at
moisture content ＜ 20%, the modulus and confining
pressure show an approximate linear relationship, when
the moisture content of the sample increases. For saturated
samples, the modulus hardly changes with the increase of
confining pressure, shows a relatively stable trend.

Fig. 4. Shear strength of loess specimens under CU test and CD
test.
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