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To figure out the effect of moisture content on the shear behaviour of undisturbed completely decomposed granite (CDG) soil, a
series of in situ and laboratory direct shear tests were carried out, under different normal stress and moisture contents. -e test
results showed that the increasing moisture content could obviously weaken the shear strength, cohesion, and frictional angle.
Two linear equations were proposed for estimating the cohesion and the frictional angle at any moisture content in the field. -e
estimated strength parameters could be used for safety evaluation and/or engineering design of CDG cutting slope. -e rate of
reduction of the cohesion was much higher than that of the tangent value of frictional angle. Due to the disturbance of laboratory
sample and size effect, the strength parameters obtained from the in situ test were a little bit higher than those from the
laboratory test.

1. Introduction

Rainfall-induced landslide usually causes catastrophic di-
saster, for example, a slope in Shenzhen, China, failed after a
heavy rainstorm and killed 78 people in 2015 [1]. -e main
reason for this kind of failure is that the soil mechanical
properties decreased with the increasing water contents
resulting from rainfall infiltration. -e mechanical behav-
iour is seriously influenced by the moisture content both for
undisturbed soil (usually encountered in cutting slope) and
re-compacted soil (filled slope) [2, 3]. In situ tests can di-
rectly show the mechanical behaviour of the soil in con-
struction location. However, because of inconvenience and
high cost, in situ tests are seldom carried out. Instead,
laboratory tests, i.e., direct shear test and triaxial test, are
usually performed to obtain the mechanical parameters used
for the safety evaluation [4–6]. However, due to the dis-
turbance of soil specimen during sampling, transportation,
and installation, the mechanical parameters obtained from

the lab test are usually lower than those in the field, which
would result in the rise of the inaccuracy of numerical
simulation and the difficulty to do the safety evaluation
[7, 8].

Completely decomposed granite (CDG), as a main
component of weathered granitic crust, is widely distrib-
uted in Malaysia, Brazil, South Korea, and especially
Southeast China [9–11]. Due to the humid and warm
climate in these areas, the thickness of CDG layer is usually
in the range of 10m–30m. So, CDG is one of the most
common soils encountered and is usually used as filled geo-
material. In Hong Kong, lots of artificial slopes were filled
by re-compacted CDG soils in 1970s, and because of the
lack effort of compaction during construction, the com-
paction degrees of these slopes were very low (less than
80%) [12, 13]. When the loose soils encountered water, the
shear strength decreased dramatically, which resulted in
many failures during or soon after heavy rainstorm every
year. -e shear strength can be described by the
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Mohr–Coulomb criterion with two material parameters,
namely, the cohesion c and the internal frictional angle φ as
follows:

τf � c + σ tan φ, (1)

where τf is the shear strength and σ is the normal stress at
the failure plane. To find out the influence of water content
on the shear strength of loose compacted CDG, a series of
laboratory direct shear tests were carried out, and the
strength parameters c and φ were obtained by linear fitting,
which could be then adopted for engineering design [14, 15].

In Southeast China, undisturbed CDG was encountered
in many cutting slopes. -e mechanical behaviour of this
undisturbed soil has been studied at laboratory in recent
years [16–18], but seldom researched in the field. In this
study, to investigate the influence of moisture content on the
shear mechanical behaviour of undisturbed CDG, both in
situ direct shear tests and laboratory tests were performed
with various normal stresses and water contents. -e
strength parameters c and φwere obtained by linear fitting of
test data.

2. Test Material and Procedure

-e in situ direct shear tests of undisturbed CDG soil were
conducted on a cutting slope located at Huizhou city, China,
as illustrated in Figure 1. -e soil was weathered from the
Late Yanshanian granite according to the geological report.
From visual inspection, the parent rock has been completely
decomposed, but some of the original fabric and texture
could be observed clearly. -e soil could be easily crumbed
by hand, and it was mainly brown and gray in color with
some flesh red patches. According to the classification
system proposed by Geotechnical Engineering Office [19],
the soil could be classified as completely decomposed granite
(Grade V).

Basic property tests were performed in accordance with
BS1377 (British Standards Institution, 1990) [20], including
specific gravity tests, Atterberg limit tests, sieving, and hy-
drometer analysis. -e properties of the soil are shown in
Table 1, and the particle size distribution curve is illustrated
in Figure 2. -e soil can be classified as sandy clay (CL)
according to the Unified Soil Classification System (ASTM
2017) [21].

-e in situ direct shear tests comprised of three series, for
which the moisture contents were different. One series tests
were carried out right after the soil block samples had been
exposed to sunshine by half month, and so the moisture
contents were lower than the natural one (Table 2, si1 to si6).
-e other series was performed the next day after a heavy
rainstorm, as the samples reached moisture equilibrium, and
the water contents were higher than the natural one (Table 2,
si7 to si11). -e third series tests were performed immediately
after the block samples were created, and themoisture contents
were natural (Table 2, si12 to si16). -e soil taken from shear
band of each block sample was used to measure the moisture
content when the shearing was finished. -e procedure of the
in situ tests is described as follows:

(1) Preparation of block samples: three test pits were
excavated at the construction site, for which the
depths were about 1.5m. In each pit, several block
samples were formed by using pickaxe and saw to cut
the ground soil to the sizes of 60 cm length× 50 cm
width× 50 cm height, as shown in Figure 1. -e
samples in one pit were tested in dry condition and
those in another pit were sheared in moist condition,
and the soils in the third pit were tested in natural
condition, which correspond to the three series in
situ tests as mentioned previously.

(2) Installation of loading device: the reactive force
system was then set up, which included several
cuboid stone blocks, two shape steels, and two jacks,
as shown in Figure 3. -en, the shear box was as-
sembled, which consisted of four steel plates and
several bolts. -e steel plates had the thickness of
20mm to make sure enough stiffness so that the
deformation of the box itself would be very small
during the test. -en, four dial indicators were in-
stalled tomeasure the displacements of block sample,
two for vertical displacement and the others for
horizontal displacement. One jack was then placed
on the top of the sample for applying normal force,
and another jack was installed on the side to apply
shear force. In order to let the normal force could be
applied onto the block sample uniformly, a steel plate
was put between the upper jack and the sample. A
part of the test system is shown in Figure 4. As shown
in Figure 4, the block sample was higher than the
shear box. It was because that the sample was very
difficult to be cut in the field. -e high soil sample
would not change the normal stress on the shear
surface, so it would not affect the results of the tests.

(3) Loading procedure: the predetermined normal
force was then applied on the sample by the upper
jack. For each vertical load application, the vertical
deformation of the sample was treated to be steady
if the increment was less than 0.1mm in 5 minutes.
As the vertical displacement was stable, the shear
force was applied by several grades until failure
occurred. -e shear force in the field test was not
applied by constant rate of displacement, unlike
laboratory test, and it was applied by constant force
in each grade. In each grade, the horizontal and
vertical displacements of the sample were mea-
sured. -e shear force of each grade would not be
applied until the displacements of upper grade
remain steady. -e normal force was controlled to
be constant during shearing.

-e samples for the laboratory test were obtained by
pushing cutting ring into the ground soil at the bottom of pit,
immediately after the in situ tests were finished, to make sure
that the moisture contents of the ring samples were close to
that of the in situ samples as possible.-e size of ring sample
was 6.18 cm diameter× 2 cm height. -e moisture content of
each ring sample was measured after the lab test. -e details

2 Advances in Civil Engineering



of in situ and laboratory tests are listed in Table 2. -e in situ
test in humid condition with the normal stress of 300 kPa
was terminated at the beginning of shearing because of a
mechanical problem, so there were only five completed field
tests in humid condition.

3. Test Results and Discussion

3.1. In Situ Test Results. -e stress-strain curves of the un-
disturbed CDG under dry, humid, and natural conditions
obtained from the in situ test are shown in Figures 5–7,
respectively. -e void ratio e of each sample listed in the
figures was measured before the test.

It can be seen that all the block samples showed strain-
soften behaviour during shearing, despite different moisture
contents. At the initial stage, the shear stress increased with
the increasing shear displacements. -e soil structure
afforded the main resistance, until the peak shear stress was
reached. -en, with the collapse of soil structure, the shear

stress decreased rapidly with the shear displacement to a
steady value.-e residual shear stress was almost supplied by
the friction which was dominated by the frictional angle of
the soil and the normal stress (σ tan φ). In each condition,
higher normal stress resulted in higher peak shear stress,
except sample si4 (σ �150 kPa, Figure 5(a)), for which the
peak stress would be expected to be higher than that of
sample si3 (σ �100 kPa). It can be noted that the void ratio of
si4 was 0.584, obviously higher than that of the other
samples, which means the sample si4 had a lower density.
-at would result in a lower peak shear stress than si3,
although its normal stress is higher. In this case, the in-
fluence of density on the peak shear stress was greater than
the normal stress.

-e vertical displacements of the soil samples are also
shown in the figures. -e upward displacement, which
means dilatancy, is defined to be negative value. Under low
normal stress, the soil showed strong dilatancy during
shearing, and with the increase of the normal stress, the soil
behaved to be contractive at the beginning and turned to be
dilative at high strain. As expected, the soil tended to be
contractive during all the shear process under high normal
stress. In each moisture condition, the higher normal stress
resulted in greater shear compression, except sample si4
which was thought to be a scatter. As mentioned earlier, the
void ratio of si4 was higher than that of others, and the high e
resulted in an unexpected compression (Figure 5(b)). -e
curve of si4 was expected to lie between si3 and si5 if their
void ratio were similar. However, the high void ratio of si4
meant that there existed more void which could be com-
pressed during shearing than other samples. So, si4 showed a
high compression, even that the normal stress was lower
than si5. With the same normal stress, the vertical dis-
placement at the end of shearing in the dry condition was
always lower than that in the humid condition, showing
more dilatancy. -e increasing moisture content could in-
crease the shear compression.

Sample location:
N23°09′59.55″
E114°17′47.24″

A landslide happened

Figure 1: Sample location in Huizhou, China.

Table 1: Material properties of the CDG soil.

Soil type
Particle size

distribution (%) Gs Natural moisture content (%) Liquid limit (%) Plastic limit (%) Plastic index USCS
Sand Silt Clay

CDG 48.6 45.4 6 2.57 8.23 30 19 11 CL
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Figure 2: Particle size distribution curve of the CDG soil.
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-e test data of the peak and residual shear stress versus
the normal stress of each in situ sample are illustrated in
Figure 8. -e stress data of the samples in natural condition
are not illustrated for clarity. Linear fitting is used to obtain
the strength parameters, and the equations are also given in
the figure. From the fitted equations, the strength parameters
from the in situ test can be obtained, as shown in Table 3.

In the in situ test, the cohesion and friction angle
obtained in the dry condition were 88 kPa and 44.2°,
respectively. In the natural condition, for which the

moisture content was a little higher than that of the dry
condition, the cohesion and frictional angle were 70 kPa
and 41.9°. As the moisture content increased, in the
humid condition, the peak shear stress with the same
normal stress was obviously lower than that in the dry
and natural conditions (Figure 8), and the cohesion and
frictional angle were 36 kPa and 35.4°. -e strength pa-
rameters in different moisture contents are shown in
Figure 9. It can be seen that both the cohesion and
frictional angle decreased with the increasing moisture

Table 2: Details of the in situ and laboratory direct shear tests.

Sample identification Normal stress (kPa) Peak shear stress (kPa) Residual shear stress (kPa) Moisture content (%) Void ratio
si1a 0 60 12 3.23 0.563
si2 50 140 53 4.64 0.531
si3 100 230 121 3.79 0.511
si4 150 210 103 4.73 0.584
si5 200 309 216 3.95 0.562
si6 300 360 269 4.25 0.539
si7 0 35 18 19.62 0.529
si8 50 80 63 20.95 0.533
si9 100 95 60 21.29 0.505
si10 150 145 111 19.36 0.561
si11 200 180 150 20.84 0.554
si12 0 54 14 7.96 0.519
si13 50 125 55 8.14 0.531
si14 100 175 85 8.99 0.550
si15 150 206 141 9.62 0.586
si16 200 238 179 8.31 0.542
la12b 50 94 38 1.49 0.607
la13 100 189 91 1.54 0.513
la14 150 225 113 1.26 0.533
la15 200 234 144 1.39 0.600
la16 50 69 38 20.08 0.519
la17 100 87 65 22.03 0.552
la18 150 139 85 19.34 0.463
la19 200 122 114 22.99 0.590
la20 50 102.9 40.3 7.16 0.524
la21 100 174.5 66.3 8.21 0.596
la22 150 200.1 116.1 7.95 0.557
la23 200 226.7 143.8 7.33 0.549
asi means the in situ test; bla means the laboratory test.

Jack

Dial indicator

Shape steel

Jack

Stone block
(reactive force

 system)

Stone
block Ground

Stone block
(reactive force system)

Steel plate
Shear box

Soil block

Figure 3: Illustration of the in situ direct shear test.
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contents linearly. Besides, the rates of reduction of the
cohesion and tangent value of frictional angle were 59%
and 27% as the moisture content changed from 4.1% (dry
condition) to 20.4% (humid condition). -e equations of
the fitted lines for cohesion and frictional angle are listed
as follows:

c′ � −3.13w + 99, (2)

φ′ � −0.54w + 46, (3)

where c′ (kPa) and φ′ (°) are the cohesion and the frictional
angle at the moisture content of w. With the two equations,
the cohesion and the frictional angle at any moisture content
can be estimated for safety evaluation and/or engineering
design of cutting slope of CDG soil.

3.2. Laboratory Test Results. -e stress-strain curves of the
undisturbed CDG in the dry, humid, and natural moisture
conditions obtained from the laboratory test are shown in
Figures 10–12, respectively.

All the samples in the laboratory test showed the strain-
soften behaviour, same as the block samples in the field test.
In each humidity condition, the shear strength increased
with normal stress, except sample la18 (σ �150 kPa), for
which the peak shear stress was obviously higher than that of
sample la19 (σ � 200 kPa) because of its very low void ratio
(high density). With the similar void ratios, the peak stress in
dry condition was higher than that in humid condition
under the same normal stress, which means the increasing
moisture content can weaken the shear strength of the
undisturbed CDG. Both in the dry and natural conditions,
all the samples showed negative vertical displacements
(dilatancy) at the end of the test. In the humid condition,
with the increasing normal stress, the samples turned from
dilative to contractive. Sample la17 (σ �100 kPa) showed a
little dilatancy during all the shear process, and the sample
la19 (σ � 200 kPa) behaved to be contractive. It can be noted
that the sample la18 (σ �150 kPa) showed a strong dilatancy
at the initial stage and trended to a negative value at the shear
displacement of 7mm. -e displacement curve of la18 was
expected to lie between la17 and la19. However, the low void

Figure 4: Picture of a part of the in situ test system.
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Figure 5: Data of the in situ direct shear tests under dry condition. (a) Shear stress versus shear displacement. (b) Vertical displacement
versus shear displacement.
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ratio, which means a high density, of this sample would
result in a strongly dilative behaviour during shearing, and
this strong dilatancy would result in a dramatic peak shear
stress, as shown in Figure 11.

-e test data of the peak and residual shear stress versus
the normal stress of each laboratory test are illustrated in
Figure 13, and the strength parameters obtained are shown
in Table 4. -e strength parameters obtained from the lab
test in different moisture contents are shown in Figure 14.

-e cohesion and frictional angle obtained from the
laboratory tests were 85 kPa and 37.1° in the dry condition
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Figure 6: Data of the in situ direct shear tests under humid condition. (a) Shear stress versus shear displacement. (b) Vertical displacement
versus shear displacement.

Sh
ea

r s
tr

es
s, 

τ (
kP

a)

si12

si13

si14

si15

si16

si12
si13
si14
si15

σ (kPa) e
0

50
100
150
200

0.519
0.531
0.550
0.586

si16 0.542

20 40 1000
Shear displacement (mm)

8060
0

50

100

150

200

250

(a)

si12

si13

si14

si15

si16

20 40 10080600
Shear displacement (mm)

6

4

2

0

–2

–4

–6

–8

–10
V

er
tic

al
 d

isp
la

ce
m

en
t (

m
m

)

(b)

Figure 7: Data of the in situ direct shear tests under natural condition. (a) Shear stress versus shear displacement. (b) Vertical displacement
versus shear displacement.
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Figure 8: Test data and fitted lines of the in situ tests.

Table 3: Strength parameters obtained from the in situ tests.

Humidity condition Cohesion, c (kPa) Frictional angle, φ (°)
Dry 88 44.2
Natural 70 41.9
Humid 36 35.4
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and decreased to 30 kPa and 31.7° in the humid condition.
-e rates of reduction of the cohesion and tangent value of
frictional angle were 65% and 18%. As seen in Figure 14,
both the cohesion and the frictional angle decreased with
the increasing moisture content linearly, same as the field
tests.

By comparing the strength parameters obtained from the
in situ tests and the laboratory tests, it can be concluded that
the strength parameters obtained from the in situ test were

slightly higher than those from the laboratory test with
similar moisture content. -is was due to the reason that the
disturbance during sampling, transportation, and installa-
tion would weaken the soil structure of the laboratory
samples, and the size effect could also affect the shear
strength. In both the in situ and laboratory tests, the
moisture content could obviously influence the shear be-
haviour of the undisturbed CDG soil. Besides, the strength
parameters, cohesion, and frictional angle decreased with
the increasing moisture contents linearly. -e rate of re-
duction of the cohesion was much higher than that of the
tangent value of frictional angle, which meant that the bonds
of undisturbed CDG were much easily influenced by the
moisture content than the fabric. Further research is re-
quired to find out the mesoscopic mechanism for this
behaviour.
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Figure 12: Data of the laboratory tests in natural condition. (a) Shear stress versus shear displacement. (b) Vertical displacement versus
shear displacement.
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Table 4: Strength parameters obtained from the laboratory tests.

Humidity condition Cohesion, c (kPa) Frictional angle, φ (°)
Dry 85 37.1
Natural 81 35.8
Humid 30 31.7
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4. Conclusions

-is paper presents the test data and the interpretations on
the shear strength characteristics of undisturbed CDG soil
in its unsaturated state. Direct shear tests in field and
laboratory were carried out with different moisture con-
tents and normal stress. -e following conclusions are
drawn based on the study presented in the previous
sections:

(1) -e normal stress has a remarkable influence on the
shear strength of undisturbed CDG. With similar
void ratio, the higher normal stress would result in
higher shear strength and more shear compression.
However, sometimes a large difference in void ratio
(density) could result in an unexpected shear
behaviour.

(2) Moisture content plays an important role on the
shear strength characteristic of undisturbed CDG.
-e increasing moisture content could obviously
weaken the shear strength, the cohesion, and the
frictional angle. Two linear equations were proposed
for estimating the cohesion and the frictional angle at
any moisture content in the field. -e estimated
strength parameters could be used for safety eval-
uation and/or engineering design.

(3) With the increasing moisture content, the rate of
reduction of the cohesion is much higher than that of
the tangent value of frictional angle, indicating that
the bonds in the undisturbed CDG are much easily
influenced by the moisture content than the fabric.
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