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Abstract: This paper presents a series of laboratory tests to determine the shear strength and interface
shear strength of cement-treated silty soil under consolidated and drained conditions. The test
variables include the effective normal stress, cement content, and curing period. Experimental
results indicated that the effective shear strength and interface shear strength of cement-treated soil
specimens increased significantly as the cement content increased. After 28 days, the average shear
strength ratio increased from 1.28 to 2.4, and the average interface efficiency factor improved from
1.15 to 1.55 as the cement content increased from 3% to 10%. It resulted from an increase in grain size
and the fraction of sand-sized particles in the treated soils, approximately in two-time increments
for the specimens treated with 10% cement content after 28 days of curing. In addition, the peak
and residual values of the shear strength and interface shear strength of the cement-treated soil
specimens were determined to assess their brittle behavior under high shear deformation. Last, two
new empirical models are introduced herein. The first power equation is to predict the shear strength
ratio of cement-treated soil at 28 days of curing using the soil-water/cement content ratio. The other
proposed model is useful for assessing the rate of shear strength and interface shear development of
cement-treated soil specimens within 56 days of curing.

Keywords: cement-treated soil; interface shear strength; cement content; curing period; consolidated
drained

1. Introduction

The deep mixing method (DMM) is an established grouting technique for improving
the mechanical properties (such as shear strength, deformation behavior, and permeability)
of soft clay. In the DMM procedure, cement is the most popular binder injected and mixed
with soil using a rotating shaft, paddles, or jet in constructing deep soil-mixed walls for
excavation and tunnel support [1]. Subsequently, the improvement approach was also
integrated with the sheet pile wall to enhance the stability of excavations, decrease the
horizontal displacement of walls, and minimize the impact of the deep excavation on
adjacent structures [2]. Moreover, in the Mekong Delta, sheet pile walls and cement-treated
soil were also utilized to maintain cofferdam structures and prevent water leakage between
sheet pile wall segments during riverbed excavation [3]. In addition, temporary H-piles
were installed in the excavation to support the shoring system vertically. In these instances,
the shear strength and interface shear strength parameters are crucial in quantifying either
the lateral earth pressure of the treated soil acting on sheet pile walls or the skin friction of
the H-piles.

The improvement in characteristics of cement-treated soil has been attributed to the
cement reactions, which include a primary hydration reaction followed by a secondary
pozzolanic reaction. The hydration reaction forms the primary cementitious materials [4,5].

2(3Ca0 - SiO,) + 6(H,0) — 3Ca0 - 2Si0;, - 3H,0 + 3Ca(OH), )
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2(2Ca0 - Si0,) + 4(H,0) — 3Ca0 - 25i0;, - 3H,0 + Ca(OH), @)

The secondary pozzolanic reaction between the hydrated lime, the silica, and the
alumina from the clay minerals would form calcium silicate hydrates (CSH) and aluminate
hydrates (CAH).

Ca(OH), + SiO; — CaO - SiO, - H,O 3)

Ca(OH)2 + AlbO3 — CaO - Al,O3 - H,O (4)

Hydration and pozzolanic reactions improved the strength of cement-treated soil,
in which hydration occurred in the early stages of hardening and pozzolanic reactions
occurred considerably later [6]. As a result, the cementitious materials gradually fill the
void spaces and enhance soil particle connections. Since the rate of strength development
with time is mainly determined by the hydration process [7], numerous studies have used
the strength of cement-stabilized soil at 28 days as a reference value [8,9]. In particular,
Horpibulsuk et al. [8] and Horpibulsuk et al. [9] investigated the influence of curing time
on the unconfined compressive strength of cement-treated coarse-grained soils and silty
clay. In most prior investigations, a correlation between unconfined compressive strength
and curing time was well established to assess the rate of strength development in cement-
treated soil. The rates of shear strength and the interface shear strength development of the
treated soils have yet to be determined in previous studies.

The shear strength of cement-treated soil has been studied using numerous experi-
mental techniques. To determine the shear strength of soil, standard triaxial compression
and unconfined compressive strength tests are the most typical laboratory techniques. In
these two test procedures, a cylindrical soil specimen with standard dimensions and a
length-to-diameter ratio of 2 is subjected to axisymmetric stress. According to the results
of laboratory experiments, the unconfined compressive strength of the treated soil rose
with the addition of cement [10-15]. The conclusions were based on the test results of
different types of soils, including Bangkok soft clay [10,11], marine clays [12,14], Wash-
ington State soils [13], and silica sand [15]. Some researchers have demonstrated that the
after-curing void ratio and water-cement ratio are enough to characterize the strength and
compressibility of cement-treated clay [11,12]. Several investigations performed the triaxial
compression test to examine the undrained shear strength of cement-treated soils. The test
results indicated that the undrained shear strength rises with increasing confining pressure
and curing time [16,17]. Under unconfined and triaxial compression, cement-treated soils
demonstrated much more brittle behavior than untreated soils [13]. For the plane strain test,
laboratory tests revealed that the behavior of the shear strength and excess pore pressure of
cement-treated soils were comparable to those of overconsolidated clays [14]. A few studies
have conducted various types of direct shear tests to investigate the shear behavior of the
modified soil. The findings indicated that the cohesion and friction angle of cement-treated
soil increased with increasing amounts of binder and curing time [18,19]. In direct shear
tests and unconfined compression tests, the experimental investigations illustrated that the
utilization of cemented specimens increased strength parameters, reduced displacement at
failure, and changed soil behavior to an observable brittle behavior [18]. In addition to the
conventional cement, rice husk ash was added to the soil and cement mixture to improve
the cohesion and friction angle of the treated soil [19]. Sukpunya et al. [20] designed a large,
simple shear test rig for determining the shear strength of stabilized soil columns in the
composite ground. Based on the test results, the study recommended a correction factor to
stabilize soil for slip circle analysis of stabilized soil columns. Although numerous studies
have evaluated the shear strength of cement-treated soils with varying cement contents,
the loss in shear strength and interface shear strength from their peak values due to their
brittle nature has yet to be thoroughly reported.

The shear strength of the soil-steel interface was evaluated using various modified
direct shear test apparatuses. The most commonly used shear test apparatus was a con-
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ventional direct shear box with the lower portions of the box replaced with an interface
plate [18,19,21-23]. Tsubakihara et al. [21] estimated the effective interface shear behav-
ior of clay and mild steel under consolidated, drained shear conditions using a simple
direct shear type of test apparatus. In addition, the ring shear box and conventional direct
shear box were utilized to determine the shear properties of the clay-steel interface [22].
However, previous research has rarely assessed the shear strength of the cement-treated
soil-steel interface. Hamid et al. [23] investigated the interface shear performance of a
bio-cemented soil-steel interface using a large-scale direct shear apparatus. The test results
revealed that bio-cementation significantly increased the shear strength parameters of the
soil-steel interface.

This study presents a series of laboratory experiments to determine the shear strength
and interface shear strength of cement-treated soil specimens under consolidated, drained
conditions. The objectives of the study are to examine the effects of cement content and
curing time on the shear strength behavior of the cement-treated clay and steel interface.
In addition, grain size analysis was conducted on the treated soil samples to reveal the
influence of cement treatment on enhancing the soil structure and increasing shear strength.
In addition, the brittleness of the treated soil was also evaluated through peak and resid-
ual strength values. Lastly, this research proposed two correlation equations to predict
the strength ratio and quantify the rate of shear strength and interface shear strength
development in cement-treated soil specimens with respect to curing time.

2. Experimental Program
2.1. Silty Soil

This study utilized the soft soil collected from the CaiLon River in southern Vietnam.
In its natural state, the soil had a high void ratio, e = 1.57, and a high water content,
w = 57.4%. The Atterberg limits of the soil include the liquid limit (LL), plastic limit (PL),
and plasticity index (PI), which are 91.5, 44.9, and 46.5, respectively. According to the
Unified Soil Classification System, this soil is high-plasticity inorganic silt (MH). Figure 1
depicts the grain size distribution, which was determined using ASTM D422 [24]. The
test results show that the sand content, fines content, and median particle size, D5, are
12.3%, 87.7%, and 0.006 mm, respectively. The ignition loss of the soil was 3.96% at about
900 °C, at which decarbonization would be completed [25]. Although the ignition loss
cannot definitively indicate the amount of organic matter, it shows minimal organic content
in the soil samples.

100

80 |

60 —O—Untreated
—1+3%

40 | —A—5%
—>—T7%

20 —-—10%

0.001 0.01 0.1 1 10

Grain size (mm)

Figure 1. The grain size distributions of the untreated soil and the cement-treated soil after 28 days
of curing.
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2.2. Ordinary Portland Cement

This investigation utilized ordinary Portland cement PC40 with a specified density
of3.0g/ cm® (ASTM C188 [26]). According to ASTM C595 [27], the specific surface area
(Blaine technique) was 2800 cm?/g, while 10% of the sieve size was retained. Using
ASTM C191 [28], the initial and final setting times were approximately 185 and 480 min,
respectively. In addition, the minimum required compressive strength at three days, 45 min,
and 28 days, 8 h, was 21 and 40 MPa, respectively. The result of the Le-Chatelier apparatus
test was 10 mm. Table 1 presents the oxide composition of PC40. Note that the ratio of CaO
to SiO; was higher than 2.0 and the MgO content was less than 2.0%, which conformed
to the European Cement Standard’s specifications (EN 197-1) [29]. By mixing the cement
with the soil with a high water content, the primary hydration reaction happens in the
cement-water mixture, as shown in Equations (1) and (2). The pozzolanic reaction would
then occur between the hydrated lime and clay minerals (Equations (3) and (4)). This
soil-cement reaction provides a clear basis by which to explain the improvement in the
strength of stabilized soil, as discussed previously.

Table 1. Oxide composition of ordinary Portland cement, PC40.

Type of Oxide Si0, AlL,O3 CaO Fe;O3 MgO SO; K,O Na,O
Content (%) 22.0 55 64.5 3.0 1.5 2.0 0.6 0.2

2.3. Modified Shear Box

The direct shear test was conducted using conventional direct shear equipment with a
shear box of 60 mm x 60 mm. In addition, a modified shear box was developed to evaluate
the interface shear strength between untreated or cement-treated soils and a stainless steel
surface. As shown in Figure 2, the upper shear box is filled with soil, while the original
lower shear box has been replaced with a stainless steel plate. A stainless steel plate was
used because it would be able to prevent chemical corrosion during the specimen soaking
process. The modified shear box mirrors that proposed by Tsubakihara et al. [21].

2.4. Specimen Preparation

The soil specimens in this study were remodeled from natural soil to ensure homo-
geneity. Firstly, the riverbed soil was excavated and dried in an oven at less than 60 °C.
With a rubber hammer, it was then pulverized into a powder (100% passing Sieve No. 40)
without crushing the soil particles. The remolding water content plays a crucial role in
influencing the strength of cement-treated soils [11]. In this investigation, the powdered
soil was mixed with tap water at 57.4% moisture content to simulate the soil condition in
the deep mixing wall. A quantity of dry cement, equivalent to the cement content, was
then put into the soft soil. The cement content is defined as the mass ratio of cement to dry
soil expressed as a percentage. After 15 min of mixing, the uniform was transferred to a
rectangular stainless steel mold 60 mm in width, 60 mm in length, and 20 mm in thickness.
Trapped air bubbles were removed from the samples by tapping gently on the walls of
each mold and employing the thumb-kneading technique [30,31]. It takes about 60 min to
complete a sample (mix and compact), less than the first setting time of Portland cement.
Two porous stone plates then covered the molds at the two ends to confine the specimens
and preserve their original volume. The prepared samples were then cured by soaking
them in water to simulate the saturated condition of the treated soil after mixing. This
curing procedure is consistent with the preparation approach provided by Chew et al. [6]
for cement-treated soil samples. It was also adapted to the curing state of the cement-treated
soil in the deep mixing wall using the dry mixing method under the groundwater level.
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(a)

—
Shear load

iNormal load Load cell
7
% 1: Upper direct shear box
! 1 2: Lower direct shear box
3: Steel
3 4 5 4: Stainless Steel
5: Soil specimen

O &G O O 0 O 0 & & & & 6: Porous inserts

7: Transfer steel

Figure 2. (a) Schematic diagram of the modified shear box for the soil-steel interface direct shear test
and (b) modified direct shear test apparatus.

After 7, 14, 28, and 56 days of curing, the samples were tested by direct shear and
interface direct shear tests under consolidated, drained conditions. At first, the prepared
samples were consolidated in saturated conditions for 24 h under normal consolidation
pressures, according to ASTM D3080 [32]. The tests were then performed with the shearing
rate fixed at 0.004 mm/min to prevent significant excess pore water pressure at failure [23].
It was evaluated based on the assumption that MH-type soil would fail at 10% shear strain
after 24 h of shearing, as recommended by ASTM D3080 [32]. As per ASTM D5321 [33],
the tests in this investigation would end when the shear displacement reaches 5 mm, the
threshold at which the applied shear force remains constant with increasing displacement.
The repeatability and consistency of the test results were evaluated by conducting several
tests on the samples under the same conditions.

The variations of the two tests include effective normal stresses, cement contents, and
curing periods. The four levels of effective normal stresses are 50, 100, 150, and 200 kPa, as
shown in Table 2, and they correspond to the overburden pressure of the soil at a depth
of roughly 3 m to 12 m (i.e., the unit weight of the soil was about 17 kN/m?). The cement
contents for cement-treated soil were set based on the soil-water/cement ratio, w/C,;, which
is defined as the ratio of soil water content to cement content. Previous studies identified
w/Cyy, as a crucial parameter for analyzing and assessing laboratory strength development
in cement-admixed clays [7,9,34]. The lower the w/C,,, the higher the cementation bond
strength, which leads to higher strength. Since the water content of the soil was 57.4%,
the cement contents were set from 3% to 10%, equivalent to the values w/C;, varying from
5.7 to 19.1. A similar range of w/C,;, (i.e., 4-14) was utilized to investigate the unconfined
compression strength of cement-admixed Bangkok clay [9]. Last, the admixed samples
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with 10% cement were tested at 3, 7, 14, 28, and 56 days under 200 kPa of normal stress
to determine the strength development in cement-treated soil with curing time. After
28 days of curing, the particle size of the cement-treated soil specimens was determined
following ASTM D422 [24]. In particular, the distribution of particle sizes larger than
75 mm (retained on the No. 200 sieve) in the treated specimens was obtained by the sieving
method. Meanwhile, the hydrometer test was performed to evaluate the distribution of
particle sizes smaller than 75 mm.

Table 2. Testing program.

Cement Content,

Material C,y (%) Effective Normal Stress (kPa) Curing Period (Days)
Type of test: Direct shear test under consolidated drained conditions, ASTM D3080 [32]

Untreated soil 0% 50, 100, 150, and 200 0

Cement-treated soil 10% 200 3,7,14,28, and 56
Cement-treated soil 3%, 5%, 7%, and 10% 50, 100, 150, and 200 28

Type of test: Interface shear test under consolidated drain conditions using a modified shear box

Untreated soil vs. stainless steel 0% 50, 100, 150, and 200 0

Cement-treated soil vs. stainless steel 10% 200 3,7,14,28, and 56
Cement-treated soil vs. stainless steel 3%, 5%, 7%, and 10% 50, 100, 150, and 200 28

Table 2 summarizes the testing conditions of the direct shear and interface direct shear
tests, in which the curing period was extended to 56 days. As discussed previously, the
strength development of the treated soil was due to the hydration and pozzolanic reactions
in cement [4,5]. In contrast, the strength would be reduced with the curing period due
to the organic matter (such as humic acid) and salt concentration [31]. The study of the
uniaxial compression strength of the cubic cement-treated organic soil samples found that
their maximum compressive strengths at 84 days would be lower than those at 56 days [31].
In this study, the organic matter in the soil was very small, as its ignition loss was less than
4%. In addition, the soil was retrieved from a freshwater region devoid of salt. Due to the
minimum presence of organic and salty matter, the strength of the cement-treated soil in
this study would not degrade within 56 days of curing, as indicated in the next section.

3. Results and Discussion
3.1. Grain Size Distribution of Cement-Treated Soil

The effects of cement treatment on the structure of the modified soil after 28 days
of curing were examined based on particle size analysis. As mentioned previously, the
sieve and hydrometer tests were performed on cement-treated soil samples, followed by
ASTM D422 [24].

As illustrated in Figure 1, the particle size of the treated soil was larger than that
of the untreated soil. The increase in cement content resulted in a greater fraction of
sand-size particles and a larger median particle size, D5y (Table 3). The mercury intrusion
porosimeter yielded similar findings when measuring the particle size distribution of
cement-treated clay [6]. It revealed a transition from predominantly clay-sized particles
to silt-sized particles. Due to hydration and pozzolanic processes in cement, the creation
of fabric and bonding in cement-treated soil induces an increase in particle size. In this
investigation, the latter effect predominated and caused the particle size to increase.

In contrast, the fabric and bonding did not entirely form due to the low cement content
(i.e., less than 10%) and the soaking procedure when curing the treated specimens. The
size improvement in fine particles was also observed in the cement-treated soft Singapore
marine clay. Chew et al. [6] concluded that there was a shift from predominantly clay-size
particles to silt-size particles. By examining the percentage of sand-sized particles and
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contents of fines shown in Table 3, it was possible to quantify the increase in the sand-size
fraction of cement-treated soil specimens.

Table 3. Percentage of sand and fines with median particle size of untreated and treated soil specimens
after 28 days of curing.

Cement Content, Median Particle Size,

% Sand (%) % Fines (%) Coefficient 3

Cyy (%) Ds5p (mm)
0% (untreated) 12.3 87.7 0.006 0
3% 13.9 86.1 0.010 0.018
5% 16.4 83.6 0.011 0.048
7% 19.0 81.0 0.014 0.077
10% 24.1 75.9 0.016 0.135

Considering the dry mass of sand-size particles and fines particles is M; and Mj,
respectively, the percentage of sand-size particles in the untreated soil should be:

M
YoSuntreated = WSMf % 100% ®)
S

When mixing soil with cement, the total dry weight of the cement-treated soil, Myested,
included the dry mass of the soil, the mass of cement, the mass of hydration, and cementi-
tious products, which were evaluated as follows:

Mireated = (Ms + Mg ) X [1+ (1+ &)cn] ©)

in which « was the dry mass ratio between hydration, cementitious products, and cement.
The value of & was reported differently depending on the composition of the cement and
the types of soils. At 28 days of curing, Zhu et al. [35] reported that the value of « was
about 0.16 for the mixture of cement with lake and marine sediments (high plasticity clay)
and 0.21 for that with river sediment (high plasticity silt). For hydration of Portland cement
and water, Chu et al. [36] stated that the mass of water related to complete hydration was
about 25.2% (i.e., « = 0.252), which was close to the value a = 0.23 reported by the Concrete
Society [37] at complete hydration.

The hydration and cementitious products increased particle size in cement-treated
soil specimens. By assuming a uniform condition in the mixture, the mass of sand-sized
particles in the treated sample was evaluated as follows:

Ms_treated = MS X [1 + (1 + “)CW] + ﬁMf X [1 + (1 + D‘)Cm} (7)

in which B is the coefficient that accounts for the effects of cement on integrating the fine
particles with the sand-sized particles. Meanwhile, the first term is the new dry mass of
sand-size particles mixed with cement with hydration and cementitious products. The
percentage of sand-sized particles in the treated soil should be:

%Streated = %Suntreated + ﬁ%Funtreated (8)

The percentage of sand-size particles in the untreated soil as the first term in Equation (4)
illustrates that the cement and its hydration and cementitious products do not contribute
to the increment in the value %S¢q105. However, it might increase the particle size and
form bonds between them. The increment in particle size due to cement treatment was also
reported in granular soil mixed with 2% cement content [38]. It also concluded that the
cement bonds were difficult to destroy by hand but might be destroyed under the confining
pressure and monotonic shearing.



Buildings 2023, 13, 1626 8 of 20

The values of B for the cement-treated soil at 28 days are given in Table 3, in which
it increased from 0.018 to 0.135 when increasing the cement content from 3% to 10%. In
other words, up to 13.5% of the fine contents in the soil were transferred to sand-size
particles when treated with 10% of the cement contents. The increase in particle size of the
cement-treated soil was used to explain the significant improvement in the effective friction
angle of the treated samples presented in the next section.

3.2. Shear Stress-Strain Behavior of Cement-Stabilized Soil

Figure 3 illustrates the stress-strain relationships of the soil and cement-treated soil
after 28 days of curing under various effective normal stresses. At the effective normal
stress range of 50-200 kPa, the peak shear strength of cement-treated soil specimens was
substantially higher than that of untreated soil. More cement content increases the shear
strength of treated soil samples [10-14].

() (b)

100 200
——10% ——10%
—2—=T% —2—T7%
~ 80 - —x—5% =160 ——5%
oo 3% 2 —-3%
< 60 lay) ©120 4 =-0% (untreated clay
/ 2 IO oo
@ 40 % 80 A
S S
] 0]
< <
20 A 40 A
0% 2% 4% 6% 8% 10% 0% 2% 4% 6% 8% 10%
Shear strain, € (%) Shear strain, € (%)
(c) (d)
300 ——10% 400 o 10%
—A—7% 350 A —=7%
= = 300 - ——3%
o ——-3% [ 0
% 200 0% (untreated clay e:j 250 0% (untreated clay)
2150 1 5200 1
g 100 | 5 190 1
7 ; % 100 -
. A/,(
50 50 -
Ro)
- 2 T T T T - <‘12 T T T T
0% 2% 4% 6% 8% 10% 0% 2% 4% 6% 8% 10%
Shear strain, € (%) Shear strain, € (%)

Figure 3. Shear stress vs. shear strain of the untreated silty soil and the soil treated with differ-
ent cement contents at 28 days of curing. The effective normal stress was set at (a) o’ = 50 kPa;
(b) o’ = 100 kPa; (c) o’ = 150 kPa; and (d) o’ = 200 kPa.
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In addition, cement treatment shifted the stress-strain behavior of the untreated and
treated soil specimens from ductile to brittle failure, respectively (Figure 3). The increase in
cement content led to more brittle sample failures. These results are consistent with the
brittle failure behavior of cement-treated soil observed in other tests, such as unconfined
compression tests [13,17-19], direct shear tests [18,19], and triaxial and plane strain tests [13].
As demonstrated in Figure 3, 10% of the shear strain was selected as the strain at failure
of the untreated soil [29]. In contrast, the shear strain at the maximum shear stress of soil
specimens treated with cement was much smaller and reduced as the cement content rose.
Increased effective normal stress also increased shear strain at failure (Figure 3).

3.3. Interface Shear Strength Behavior between Cement-Treated Silty Soil and Steel

Figure 4 presents the interface shear strength between the stainless steel surface and the
silty soil after 28 days of curing at different cement contents. According to the shear strength
behavior, the interface shear strength of cement-treated soil was greater but reached its
maximum value at a smaller shear displacement than that of untreated soil. Moreover, the
increase in cement content led to a rise in peak interface shear strength and a reduction in
peak shear displacement. Specifically, the interface shear stress of the untreated specimens
peaked at a shear displacement of 1.2 mm to 3.2 mm, corresponding to 2.0% to 5.3% of
shear strain. These shear strains were considerably less than those at the highest shear
strain of the soil (i.e., 10%), which were also observed in prior investigations [23]. For
soil treated with cement, the shear displacement at the highest interface shear strength
was much smaller, ranging from 0.2 mm to 1.6 mm (Figure 4). Under higher effective
normal stresses, the cement-treated soil specimens required greater shear displacement to
reach their maximum interface shear strength. Compared to untreated soil, the increased
interface shear strength between steel and cement-treated soil would be mobilized at a
smaller shear displacement. Su et al. [39] found a similar interface shear behavior on the
red clay concrete interface in a large-scale direct shear test, where all the curves exhibit a
stick-slip phenomenon after yielding. This failure mode was also observed in the interface
shear test between soil and smooth interfaces, such as polished stainless steel [23].

Furthermore, the greater the effective normal stress, the greater the shear displacement
at maximum interface shear stress. Moreover, as the effective normal stress increases, the
shear displacement at maximum interface shear stress also increases. These findings are
consistent with the shear behavior of the steel-soil contact, as reported in previous research.
Employing a modified interface direct shear test apparatus, Tsubakihara et al. [21] reported
that the maximal interface shear strength of a normally cemented Kawasaki clay and steel
surface occurred at around 1-3 mm of shear displacement. In addition, the peak interface
shear stress between the soil and stainless steel was less than the peak shear strength
of the soil. This observation is consistent with the interface shear strength between the
high-content clay and the smooth, polished surface [40].

3.4. Effects of Cement Content on Shear Strength and Interface Shear Strength of Cement-Treated Soil

The effects of cement content on enhancing the shear strength and interface shear
strength of treated soil specimens were further examined using peak and residual strength
values. As shown in Figures 3 and 4, after the shear and interface shear strengths of the
treated specimens reached their maximum values, they would be reduced dramatically at
the end of the tests. The residual shear strength of the treated specimens was calculated at
10% of the shear strain to quantify the brittle shear-strain behavior. On the other hand, the
interface shear stress at 5 mm of shear displacement was chosen as the residual value to
investigate the stick-slip phenomenon of the interface shear behavior of treated soil [23].
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Figure 4. Interface shear stress vs. shear displacement between corrosionless steel and silty soil
treated with different cement content(C,;) under various effective normal stresses: (a) ¢’= 50 kPa;
(b) ¢’ =100 kPa; (c) o’ = 150 kPa; and (d) o’ = 200 kPa.

Figures 5 and 6 depict the effective failure envelopes of the shear strength and interface
shear strength of the cohesive soil treated with changing cement content. The untreated soil
had almost minimal effective cohesion, which demonstrated that the soil was in a normally
consolidated condition. The shear strength of the cement-treated soil was manifested by
relatively small increases in effective cohesions and significant increases in effective friction
angles. In particular, the peak effective friction angle rose from 27.5° for the untreated soil
to 53.5° for specimens treated with 10% cement content (Figure 7).
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Figure 6. Peak and residual interface shear stress failure envelopes.

Figure 7 also illustrates the effects of cement content on the enhancement of the
interface shear strength of cement-treated soil. Like the shear strength, the peak and
residual effective interface friction angles, ¢'int max and ¢’int res, were higher when the
Cm value was increased. In particular, the ¢'in; max values increased from 15.4° for the
untreated soil specimens to 25.4° for the treated soil specimens with 10% cement content.
At that cement content, the residual effective interface friction angle was smaller, about
21.9°. That might be explained using the investigation of Horpibulsuk et al. [9] on the
microstructure of cement-stabilized silty soil. For cement contents less than 10%, as cement
content increased, more cementitious products were produced, which enhanced inter-
cluster bonding and filled pore space. As a result, it would result in the formation of larger
particles (i.e., a higher fraction of sand-size particles and a larger mean particle size, D5,
as shown in Table 3) and bonding between them. The first factor would considerably
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Figure 7. Shear strength and interface shear strength parameters of untreated and treated soil
specimens. The continuous and dashed lines exhibited the peak and residual values, respectively.

The increase in the percentage of sand-sized particles in cement-treated soil would
increase its shear strength and interface shear strength. The effects of sand size fraction
on the shear strength of sand-clay mixtures could demonstrate this. Previous research
reveals that shear strength depends on the relative concentrations of large particles and clay.
For a fine content greater than 60 percent, the shear strength of the mixtures is equivalent
to that of pure clay [41]. In these cases (i.e., fine content > 60%), the decrease in fine
content (i.e., the increase in sand-size particle fraction) results in an increase in the internal
friction angle [42,43]. Tsubakihara et al. [44] reported similar effects of particle size on the
shear strength of the soil-steel interface. The results of this study indicated that the shear
strength of the interface between a sand-clay mixture and steel increased significantly as the
percentage of granular soil particles increased. Compared to the interface shear strength of
the sand-clay mixture, the increase in the interface shear strength was more pronounced in
soil specimens stabilized by a higher cement content. The enhancement can be attributed
to cementitious materials, which increased particle size and decreased void space in the
treated soil [9].

Nonetheless, these observations on the shear strength values of the cement-treated
soil differed from those revealed in previous research. Issa and Reza [18] performed
a standard direct shear test to show that treating sand with cement increased its shear
strength. The increase in cohesion was more noticeable than the increase in friction angle.
In that investigation, specimens were made by compacting the soil-cement mixture to the
optimum moisture content and then shearing it at 0.12 mm/min. Hence, the test findings
demonstrated the total shear strength behavior of unsaturated specimens, which was
significantly different from those presented in this study (i.e., the effective shear strength
behavior of saturated samples). Azneb et al. [14] found that the effective cohesion increased
significantly with the addition of cement for the shear behavior of the cement-treated soil
under consolidated undrained triaxial compression. However, the effective friction angle
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was constant for all cement contents. The difference may be attributed to the high cement
content and water-to-cement ratio employed in the Azneb et al. [14] investigation. In
particular, the treated specimens were created by combining soil with a water content as
high as 1.2 times the liquid limit of base soil with 10-20% cement. In addition, the cement
was added as a slurry with a water-to-cement ratio of 0.6, increasing the water content of
the mixture. For such a high cement concentration and water-to-cement ratio, significant
hydration and cementitious products are believed to exist and produce strong intercluster
bonding in treated soil samples. The test findings demonstrated a significant improvement
in effective cohesiveness and effective friction angle [14].

In addition, there was a significant difference between the peak and residual shear
strengths of cement-treated soil samples (Figure 7). Although there was a little difference
(about 2 kPa) between the peak and residual effective cohesion of the cement-treated soil, a
significant difference between the peak and residual effective residual friction angles, ¢/ pax
and ¢'y.5, was observed. The difference would be greater as the cement content increased.
Specifically, ¢'r.s was 8.5 degrees less than ¢’y for specimens with 10% cement content,
equating to a 15% decrease in the highest effective friction angle. Similar results were found
for the peak and residual strength parameters of cement-stabilized soil during consolidated,
undrained triaxial compression [17]. Between the peak undrained shear strength and
the residual value of the treated soil samples, the results of the tests demonstrated a
significant drop. The difference rose as the effective consolidation pressure and curing
period increased [17].

Last, the shear strength and interface shear strength improvements of the cement-
treated soil were quantified using the shear strength ratio, Rs, and interface efficiency ratio,
IEF, respectively. The ratio Rs was defined as the ratio of the shear strength of treated soil
to that of untreated soil at a normal stress level, as follows:

Rs _ Ttreated (9)

Tuntreated

Similarly, the interface efficiency ratio, IEF, was defined as the ratio of the interface
shear strength of the treated soil to that of untreated soil, which was first presented by
Hamid et al. [23].

treated
IEF = W (10)

Figure 8 illustrates the average values of Rs and IEF obtained from cement-treated soil
samples at 28 days of curing subjected to different effective normal stresses with a relative
standard deviation of less than 5%. The peak shear strength ratio changed from 1.28 to
2.40 as the cement content increased from 3% to 10%. At 10% of the shear strain, however,
the residual shear strength ratio was significantly lower, ranging from 1.16 to 1.80 in that
cement content range (Figure 8a).

Similarly, the peak values of the average interface efficiency factor, IEFverage, also
increased from 1.15 to 1.55 when the cement content was raised from 3% to 10%. Under this
cement content range, the residual values of the IEFyeraqe Were smaller, ranging between
1.12 and 1.44.

A number of studies have reported that the soil-water/cement ratio is strongly
correlated with unconfined compressive strength [7,8,34,45-47] and undrained shear
strength [31]. For instance, a power function could present the unconfined compressive
strength of cement-treated soil at 28 days of curing, g,, as follows [46]:

A
= — 11
qu (w / Cm) B ( )

in which A and B are empirical constants.
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Based on the above correlation, the strength ratio of cement-treated soil could also be
evaluated using w/C;, values. Figure 9 shows the values of the shear strength ratio plotted
against soil-water/cement content. The relationship can be satisfactorily modeled by the
following power function (R? = 0.92), which is in a similar form to Equation (11):

R, = 15.19} - (12)
(w/Cm)"
40 13
OAhmed and Mohammed 2021
357 - X Boroumandzadeh and Pakbaz 2012
30 1 Alssa and Reza 2015
25 1 0O OKayvan and Mohammad 2016
20 - + Sarkar et al. 2012
15 A <& This study
10 1 R,=15.191(w/C,) 1019
5 - R2=0.9014
<>
0 T T —
0 10 15 20

Soil-water/cement ratio, w/C,,

Figure 9. Shear strength ratio of cement-treated soil at 28 days of curing versus soil-water/cement
ratio (after [18,48-51]).



Buildings 2023, 13, 1626

15 of 20

The points in Figure 9 represent the direct shear test results of different types of
soil treated with varying amounts of ordinary Portland cement. As indicated in Table 4,
test variations included normal stresses, cement contents, water contents, and drainage
conditions. Notably, the correlation equation was devised without considering normal
stress, which would result in a prediction error. Nevertheless, the error could be negligible
because the strength ratio changed insignificantly with the variation of the normal stresses
(i.e., the relative standard deviation was less than 5%). The proposed prediction for R
values was also restricted to the shear strength at 28 days of soils with low organic or
inorganic content treated with ordinary Portland cement, of which the value w/C, is in the
range of 0.6 to 19.1.

Table 4. Summary of direct shear test conditions on cement-treated soil in various studies at 28 curing days.

Type of Soil w, % gg::;ie’:ig:n lljl?;mal Stress, Ci, % w/Cyy References

Caspian Sea sand (SP) 12.3-144 Undrained 34-121 25-75 1.6-54  Issa and Reza [18]

Egypt's cleansiliceous g4 115 Undrained  50-105 3-15 0.6-38  Ahmed and Mohammed [48]
yellow sand (SP)

Bangladesh silty clayey 5 5 > Undrained  35-105 5125 22-47  Sarkaretal. [49]

soil (CL)

50% Aeolian and .

50% bentonite 24.8 Drained 55-416 3 8.3 Kayvan and Mohammad [50]
70% sand ar.1d 18 Drained 24-347 5 3.6 Boroumandzadeh and Pakbaz [51]
30% bentonite

Cai Lon riverbed . 5.7- .

soil (MH) 54.7 Drained 50-200 3-10 191 This study

3.5. Effect of the Curing Period on the Shear Strength and the Interface Shear Strength of
Cement-Treated Soil

Figure 10 shows the development of the shear and interface shear behavior of soil
treated with 10% cement during the 56 days of the curing period. In addition, the lengthen-
ing of the curing period caused the shear and interface shear failures of the treated soil to
become more brittle.

Similar to previous research, the 28-day-old strength of cement-stabilized soil was
used as a reference value to evaluate the rate of strength development [8,44,45]. As shown
in Figure 11, a strong correlation (R? = 0.98) was found between the curing period and the
strength development ratio, Rgp.

Tmax res Tintfmax Tintjes
Rsp = TmaxZ - Tresig - Tint_maxzDS - Tint_res; = 02108 1n<D) +0.2833 (13)
in which TMaXy /¢, pintmax, and intres ) are the peak shear stress, residual shear stress,

peak interface shear stress, and residual interface shear stress after D days of curing period,
respectively, T"%,g, T'%23, rintmax, . and 7int-7¢,q are the peak shear stress, residual shear
stress, peak interface shear stress, and residual interface shear stress after 28 days of curing
period, respectively.

Although this relationship is linked to the rate of shear strength and interface shear
strength development of cement-treated soil in the curing period range of 3 to 56 days, as
shown in Figure 11, the finding correlation is matched to the logarithmic relationship devel-
oped for the unconfined compressive strength with a curing period of cement-stabilized low
plasticity and coarse-grained soil [8]. In that study, the proposed model was valid for the
extended curing period (i.e., between 7 and 120 days). It accounted for the variations in soil
types, water contents, cement contents, and compaction energies. In addition, the relation-
ship in this study also agrees with the development of undrained shear strength of various
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clays cemented with Portland cement with curing time proposed by Sasanian et al. [31],
which was developed using more than 440 data points for 12 different clays with a wide
range of liquidity indices (LI ~ 0.4-3.0) and cement content (c ~ 1-100%). In short, the devel-
opment rate of the effective shear strength and interface shear strength of the cement-treated
soil within 56 days of curing is similar to that of the unconfined compressive strength and
undrained shear strength of the cement-treated soil suggested by previous studies.
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Figure 11. Shear strength and interface shear strength development with the curing period of the soil
treated with 10% cement content. The bold and empty nodes indicate the peak and residual strength
values, respectively (after [9,31]).
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4. Conclusions

A series of laboratory tests were conducted to examine the behavior of effective
shear strength and interface shear strength of cement-treated silty soil under consolidated,
drained conditions up to 56 days of curing. The test results illustrated that the shear
strength and interface shear strength of the treated soil specimens improved significantly.
The remaining findings were as follows:

- The addition of cement led to an increase in the particle size of the treated soil. Higher
cement content resulted in a higher percentage of sand and an increased average
particle size, Dsy. After 28 days of curing, the percentage of sand in soil treated
with 10% cement doubled, and its value of D5y was 2.7 times higher than that of the
untreated soil. In particular, about 1.8% and 13.5% of the fine content integrated into
sand-size particles in the soil treated with 3% and 10% cement content, respectively.

- The shear strength and interface shear strength of the cement-treated soil showed
brittle shear-strain and stick-slip phenomena, respectively, after reaching the yielding
stage. The improvement in the shear strength of the cement-treated soil was mostly
caused by the increase in the effective friction angle. For example, the peak effective
friction angle increased from 27.5° for the untreated soil to 53.5° for the soil treated
with 10% cement content. On the other hand, peak effective cohesion increased by
a negligible amount. The peak effective interface friction angle of treated soil at that
cement content was 25.4°, significantly higher than that of untreated soil (i.e., 15.4°).

- The higher the cement content, the greater the shear strength ratio R;. In particular, at
28 days, the peak and residual average shear strength ratios Rs of specimens treated
with 3-10% cement ranged from 1.28 to 2.40 and 1.16 to 1.80, respectively. Similarly, on
a smaller scale, the cement also enhanced the soil-steel interface’s strength parameters.
At its peak, the average interface efficiency factor (IEF) was approximately 1.55 when
10% cement content was added. The shear strength ratio of cement-treated soil can be
predicted using a proposed power function model, which was devised based on the
soil-water/cement ratio. The model is verified using data from previous studies and
the authors own.

- Anew logarithmic equation with a strong correlation (R? = 98) was proposed to predict
the rate of shear strength and interface shear strength development in cement-treated
silty soil within 56 days of curing. The developed equation also agrees with prediction
models provided in earlier research on the undrained shear strength and unconfined
compressive strength of soil treated with cement.

Adding cement to soils increased their shear and interface shear strengths, which had
various advantageous implications for construction. For instance, the increase in shear
strength would enhance the slope stability of embankments when employing soil treated
with cement as a backfill. Additionally, the active earth pressure could be reduced, and the
stability of the sheet piles could be increased due to the improvement in the shear strength
and interface shear strength of the soil behind the sheet pile when treated with cement. Last
but not least, retaining walls formed of cement-deep soil combined with H-piles would
provide significant support for excavation stabilization.

It should also be emphasized that the findings presented in this study pertain to
soil that has been remolded and treated with cement in a laboratory setting. Although
the mixing method, homogeneity, and curing conditions of treated soil specimens in the
laboratory are substantially different from those in the field, the tests were intended to
replicate the shear strength and interface shear strength of cement-treated soil in the field.
Those differences lead to significant differences in the shear strength and interface shear
strength behaviors of treated soils. Especially in the cement deep soil mixing method, the
improved engineering properties of the stabilized soil are governed by soil types, slurry
properties, mixing procedures, and curing conditions. Moreover, the presented laboratory
test results are applicable for low organic or inorganic soil treated with ordinary Portland
cement, and the soil-water/cement content varied from 5.7 to 19.1. The new models were
developed based on observations of the cement-treated soil’s strength development within
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56 days of curing, which may be less time than the duration of deep soil mixing construction
in reality. Despite these limitations and discrepancies, the results are expected to provide
useful information regarding the effects of cement content and curing period on enhancing
the effective shear strength and interface effective shear strength of the cement-treated soil.
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ABSTRACT: As a very soft and expansive clay, the riverbed clay excavated in Cailon river is difficult soil
for embankment application. After soaking, it becomes not only softer (i.e wetting effect) but also looser
(i.e. swelling effect). A possible solution is to reinforce the riverbed clay by the nonwoven geotextile layers.
A series of laboratory tests for California Bearing Ratio (CBR) was performed to investigate the bearing
capacity of the clay reinforced by various number of reinforcement layers under different soaking
conditions. The result reveals that the reinforcement improved significantly the CBR value of the reinforced

riverbed clay especially for the soaked specimens.

1. INTRODUCTION

With the development of economy and the demand
of transportation, more and more roads are required
to build in the rural areas in the Mekong Delta
region. One of a cheap solution is used soft clay
excavated from the Mekong as backfill soil. As a
green and sustainable developed solution, numerous
advantages are achieved: (1) avoid the
environmental effects of dredging the clay; (2)
reducing the use of natural sand and (3) reducing the
cost for construction. However, there are difficulties
including low shear strength, high void ratio, low
permeability and large strength reduction and
expansion when being saturated (after rainfall). To
ensure the effective performance of reinforced earth
structures, current design guidelines (AASHTO
2002; Berg et al., 2009; NCMA, 2010)
conventionally specify to use free-draining granular
materials as backfill materials within a reinforced
zone and preclude the use of fine-grained materials
(i.e. clayey soil).

To enhance strength as well as handling above
difficulties, there were many researches applying

© Springer Nature Singapore Pte Ltd. 2020
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https://doi.org/10.1007/978-981-15-2184-3_87

geosynthetics as the reinforcement. As a low
permeability material, the construction using soft
clay as the backfill required a proper drainage
system and construction technology to ensure its
performance (Sridharan et al., 1991; Chen and Yu,
2011; Taechakumthorn and Rowe, 2012; Yang et
al., 2015). The high permeability of reinforcement
significantly improved the bearing capacity and
stability of reinforced soil structure (Zornberg and
Mitchell, 1994). As results, the high permeability
nonwoven and woven geotextile were the potential
reinforcement material for the reinforced earth
structure using the marginal backfill soil.
Numerous researches investigated the bearing
capacity of reinforced soil using the laboratory and
in place tests for California Bearing Ratio (CBR).
Choudhary et al. (2010) evaluated the CBR value of
sand reinforced by high density polyethylene
(HDPE). The reinforcement improved 3 times the
bearing capacity of reinforced sand. Rajesh et al.
(2016) conducted laboratory and in place tests to
determine the CBR value of clay reinforced by
geogrid. It found that using geogrid, the CBR of clay
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Figure 1. The arrangement of reinforcement layers in reinforced and unreinforced specimens

in soaked condition can be improved by 1.9-2.6
times. For un-soaked specimens, the CBR of geogrid
reinforced clay were about 1.9—4.5 times that of
unreinforced clay. Carlo et al. (2016) performed the
CBR tests on the nonwoven with high tenacity
polyester yarns reinforced fine soil under soaking
condition. The results showed that the reinforced
samples had a maximum bearing capacity larger
than the unreinforced one. Adams et al. 2016
presented the CBR enhancement of lateritic soil
reinforced with one and two layers of geogrid. The
higher a number of reinforcement layers were; the
higher bearing capacity of reinforced specimens
was

Although the CBR behavior of reinforced clay
was studied by a number of researches, the shear
strength reduction of reinforced clay due to soaking
process was not fully determined. In this research, a
series of laboratory tests were performed to examine
the CBR value of riverbed clay reinforced by
nonwoven geotextile. After soaking, as an
expansive clay, the loss of shear strength of the
specimens was expected very severe. The result
would be wetting effect on the CBR reduction of
nonwoven geotextile reinforcement clay. The result
of research would be the fundamental theory to
improve the rural road design (i.e. low bearing
capacity requirement) using the reinforced clay as
the backfill replacing the expensive sandy soil for
the foundation of rural roads in Mekong Delta.

2. EXPERIMENTAL PROGRAM

A total of 10 laboratory tests was conducted to
determine CBR value of the riverbed clay reinforced
by nonwoven geotextile. The test variation included
number of reinforcement layers (i.e. unreinforced;
1; 2; 3; and 5 layers) and soaking conditions. The
reinforcement arrangement was shown in Fig. 1.

2.1 Test materials

2.1.1 Soft clay

Kien Giang soft clay was excavated from the Cai
Lon River, Kieng Giang province in the Mekong
Delta, Vietnam (Fig. 2). Fig. 3 shows the grain-size
distribution of the clay. Clay is classified as high
plastic inorganic silt (MH) by the Unified Soil
Classification System with specific gravity (Gs) of
2.75, liquid limit (LL) of 91.5, plastic limit (PL) of
44.9, and plasticity index (PI) of 46.6. As the LL >
70 and PI > 35, the clay was classified as the very
high swelling potential (Chen, 1983; Seed et al.,
1962; Daksanamurthy and Raman, 1973).

= Kien Giang Investi_gatton Cailon
Provine point River
Cailon o
River
e Hau Giang
Provine

Figure 2. Location of Calon river in Kien Giang province
(Google map)
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Figure 3. Grain-size distribution of riverbed clay

In order to investigate the swelling behavior of
Kien Giang riverbed clay, the test for free swell
index and expansion index, EI were performed
following IS: 2720 - 40. As 45.9% of the free well
index, the test results confirmed the very high
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expansive behavior of the soil during inundate
process.

The optimum water content and maximum dry
unit weight determined from standard Proctor
compaction are @opt = 31.5% and pamax = 13.21
kN/m?, respectively. The saturated hydraulic
conductivity estimated using Terzaghi’s 1D
consolidation theory is ksa= 1.18 x 1071° m/s, as
shown in Table 1.

Table 1. Soil properties

Property Value

Unified Soil Classification System MH
Plastic limit, PL (%) 44.9
Plastic index, PI (%) 46.6
Specific gravity, G 2.75

Moisture unit weight, 7 (kN/m?) 16.13
Void ratio, e 1.60
Water content, @ (%) 57.4
Degree of saturation, Sr (%) 96.6
Liquid limit, LL (%) 91.5

2.1.2 Geotextile

A commercially available
Polyethylene terephthalate
geotextile was used.

needle-punched
(PET) nonwoven

Table 2. The properties of nonwoven geotextile

Property Value
L Needle-punched PET nonwoven
Fabrication process .
geotextile

Mass (g/m?) 200
Thickness (mm) 2.78
Apparent opening

. 0.11
size (mm)
Permittivity (s™) 1.96
Cross-plane 35%10°

permeability (m/s)
Wide-width tensile test
Ultimate Failure Secant stiffness

Direction strength  strain  peak value
(kN/m) (%) (kN/m)

Longitudinal 9.28 84.1 11.03

Transverse 7.08 117.8 6.01

Table 2 summarizes the properties of the tested
nonwoven geotextile. Permittivity test results
showed that this geotextile has permittivity of
w= 196 s!' and corresponding cross-plane
permeability of k= 3.5 x 10 m/s, which is several
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orders of magnitude higher than the permeability of
the clay used in this study. The load-elongation
behavior of the reinforcement was tested by wide-
width) (Nguyen et al., 2013) in the longitudinal and
transverse directions. The test results revealed the
anisotropic tensile behavior of the geotextile (i.e.,
weaker and softer direction).

2.2 Specimen preparation

A natural clay sample excavated from the riverbed
in the form of wet bulk was placed in an oven
(temperature was set at less than 60°°) for a
minimum of 24 hours and then crushed and ground
into a dry powder in a mortar. Moisture soil
specimens were prepared by mixing different
quantities of powder and water corresponding to the
desired water content, placed in a plastic bag within
a temperature-controlled chamber, and sealed for a
minimum of 2 days to ensure a uniform distribution
of water in the soil mass.

The specimens were compacted by using a mold
with a 152.4 mm diameter and height of 116 mm. A
specimen was prepared by 5 compaction layers. The
level of compaction energy was 482 kJ/m* (10 blows
per layer).

The amount of soil for each compaction layer
was evaluated using several trial compaction tests.
The total amount of soil used should be such that the
last compacted layer slightly extends into the collar
but not more than ~6 mm above the top of the mold.
Before the collar was removed to trim the
compaction specimen, the soil adjacent to the collar
was trimmed to loosen itself from the collar and to
avoid disrupting the soil below the top of the mold.
A knife was used to trim the compacted specimen
even with the top of the mold. Any holes in the top
surface were filled with unused soil and pressed in
with fingers; then, a straight edge was scraped
across the top of the mold. After the specimens were
compacted, their moisture weight W and water
content @unre Were measured.

After each soil layer was compacted and leveled,
the soil surface was scarified before a 15.24 mm-
diameter dry geotextiles layer was placed
horizontally on the roughed surface. The amount of
soil required for the next layer was then poured and
compacted. The process for completing the surface
of reinforced specimens was similar to that for
unreinforced specimens.

For the soaked specimens, the compacted
specimens were soaked in 96 hours before
performing the CBR test. The surface of specimens
was loaded using a surcharge of 4.54 kg mass. A
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2.27 kg weight was placed to prevent the upheave of
soil into the hole of surcharge. During soaking
process, the swell of specimens was recorded
frequently after each 1-2 hours.

2.3 Testing program

The laboratory test for CBR value was following
ASTM D1883 in which the rate of penetration is
approximately 0.05 in. (1.27 mm)/min. The test was
stopped until the penetration reached 20 mm. The
stress in piston was recorded with time. It was also
corrected due to the surface irregularities or other
causes as recommended by ASTM D1883. The
value of CBR was determined as:

CBR; (%) == x 100 (1)

2

where CBR1and CBR: are CBR values at penetration
values at 2.54 mm and 5.09 mm, respectively; Pi
and Pz are values of corrected stress in piston (MPa)
at 2.54 mm and 5.09 mm, respectively

If CBR1 > CBR2, CBR of the material is CBR;. If

CBR; < CBR:, rerun the test and if the checked test
shows the similar result, use the CBR:.

CBR, (%) = 1% x 100

3. RESULTS AND DISCUSSION

3.1 Influence of nonwoven geotextile on the swell
behavior of riverbed clay

The swell of specimen during soaking is quantified
using the percent swell, S of which considering the
swell of soil only in the specimens:

s
H

soil

S =

3)

where s = vertical swell measured with time; Hoir =
height of soil only (exclude the thickness of
reinforcement layer if any) before soaking.

L]

R ppn- a0
= R I =2, L ==
o 3 o-QOpRmEo0E
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Figure 4. Percentage of swelling of unreinforced and
reinforced specimens during soaking

The variations of percent swell of unreinforced
and reinforced specimens, s with time are given in

D. N. Minh et al.

Fig. 4. It is defined as the ratio between swell and
the original height of specimen in percent.
Generally, it increased by time during soaked
process, but the swell process does not reach
equilibrium within 96 hours of soaking.

At the initial of time, the percent swell of
unreinforced specimens is smaller than that of
reinforced specimens. However, after a period of
time (about 40 hours), the more amount of swell is
found in the unreinforced specimens. After 96
hours, the final swell of reinforced specimens is
observed to be reduced with the number of
reinforcement layers.

Table 3. Percent swell and percent reduction of dry
unit weight of specimen after 96 hours of soaking

Cases Sosn (%) %Ay (%)
Unreinforced 4.40 4.21
1 layer 4.36 4.18
2 layers 4.15 3.98
3 layers 3.71 3.58
5 layers 3.55 3.43

The swelling velocity is used to illustrate the
influence of reinforcement on the swelling behavior
with time of reinforced specimens. It is defined as
the percent swell of specimens in an hour. The swell
velocity of reinforced specimen is observed to be
higher than that of unreinforced specimens in 10
hours of soaking. Especially, in the first 2.5 hours,
the swell velocity of reinforced specimen is about
0.25-0.3%/hour, which is approximately 2.5-3
times of that of unreinforced specimens (about
0.1%/hour). It is explained by the increment of
drainage paths in the reinforced clay from the
nonwoven geotextile layers (a permeable material),
enhancing the swell in reinforced specimens. The
influence of number of reinforcements is not clear
on the swell velocity of reinforced specimens after
20 hours (Fig. 5a). After 60 hours, the swell velocity
of specimens follows the same order with the
number of reinforcement layers. The higher number
of reinforcement layers is; the lower swell velocity
is (Fig. 5b). In other words, due to soaking, the swell
of specimen reinforced with higher number of
reinforcement layers come to equilibrium faster
than that with lower number of reinforcement
layers.

To conclude, nonwoven geotextile layers induce
the swell faster and lower final percentage of swell.
The later effect is due to the local lateral
confinement from soil-reinforcement interaction.
As explained by Choudhary et al. (2012), the
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expansion develops in all directions and mobilizes
the interfacial frictional force between soil and
reinforcement. This frictional force tends to
counteract the swelling pressure in a direction which
parallel the reinforcement, and consequently
reduces the heave. A similar observation was found
by Keerthi and Kori (2018).

(a) 0.40
- - = = Unreinforced
3 030 —a— 1layer
= —&B8— 2 layers
£ 020 —e— 3 layers
o —— 5 layers
(=]
2z 0.10
(4]
[=]
= 0.00 r , . |
s 0 5 10 15 20
Time of soaking. f (hour)
(b) 0.10 g

- =% - Unreinforced
0.08 —&— 1 layer

i —&— 2 layers
0.06 ——6— 3 layers

0.04 —&— 5 layers

Velocity of swell (%/h) &

20 40 60 80 100
Time of soaking, ¢ (hour)

Figure 5. Velocity of swell (a) in the first 20 hours and
(b) after 20 hours of soaking

It should be noted that during the soaking
process, there is not any changes of dry weight of
soil specimens but the increment of volume due to
the swell effect. As a result, dry density of soil
specimens is reduced after soaking. The percentage
of dry density reduction of soil due to 96 hours of
soaking, %Aya is defined as:

_ ydﬁunsoaked - ydﬁsoaked

%Ay, =

x100% @)

}/ d _unsoaked

in which, % unsoakea and ya soaked are the dry unit
weight of specimen before and after 96 hours of
soaking, respectively.

Without the consideration of thickness changes
of reinforcement layers due to soaking (seem to be
very small compared to that of soil), reduction of dry
unit weight of soil is evaluated using the percent
swell after 96 hours of soaking, Sosn.

1

%Ay, =1———
°3a Soen +1

)

As shown in Table 3, the reduction of dry unit
weight of clay specimens reinforced by nonwoven
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geotextile layer is smaller than that of unreinforced
soil. As a result, in case of being the same density
after compaction, after soaking, the clay in
reinforced specimens would be denser than that of
the unreinforced soil due to the strength of
nonwoven geotextile.

3.2 CBR behavior of unreinforced and reinforced
with geotextile in un-soaked & soaked condition

Figure 5 presents the corrected stress in piston with
the penetration of unreinforced and reinforced clay
specimens. For both unsoaked and soaked
specimens, the peak bearing capacity of clay is
significantly improved when reinforced by
nonwoven geotextile layers. The higher number of
reinforcements was; the higher bearing capacity of
reinforced specimens would be. This observation
corroborates earlier CBR results, on reinforced soil
obtained by Abduljauwad et al. (1994), Koerner et
al. (1994), Kamel et al. (2004), Choudhary et al.
(2012), Rajesh et al. (2016), Carlos et al. (2016),
Keethi and Kori (2018) and Singh et al. (2019).
They concluded that the reinforcement layers
improved the CBR value of reinforced soil.

The improvement of bearing capacity of
reinforced specimens is quantified using the
strength ratio which is defined as the ratio of CBR
of reinforced specimen and that of unreinforced
specimen.
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Figure 6. Corrected stress in piston of specimen (a)
without soaking and (b) with soaking

The changes of strength ratio with the
reinforcement spacing are shown in Fig. 7, in which
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the unreinforced specimen is equivalent to the
reinforcement spacing of 116.5 mm. Due to the
effect of reinforcement, the strength ratio of
unsoaked specimen is varied from 1.1-1.5 while it
of soaked specimen is 2.7-3.3. It means that the
nonwoven geotextile improved the bearing capacity
of soaked clay more effectively than that of
unsoaked clay specimens.
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Figure 7. The correlation of strength ratio and the
reinforcement spacing

Besides, for both soaked and unsoaked
specimens, when increasing the reinforcement
spacing, A (i.e. reduce the number of reinforcement
layers), the strength ratio initially increased, reached
the peak value at 2 = 40 mm (equivalent to the
specimen reinforced by 2 reinforcement layers),
then reduced until the unreinforced specimens. The
optimum ratio between reinforcement spacing and
the diameter of the load piston, D for the highest
strength ratio was about 0.8. This value was reported
in the earlier researches. Koerner et al. (1994) found
that thickness of soil required to cover geosynthetics
clay liner should be at least equal to the diameter of
the load piston (i.e. #/D = 1). A similar conclusion
was obtained in Choudhary et al. (2012) and Keethi
and Kori (2018) when performing CBR test on the
expansive soil subgrades with a single
reinforcement layer. Kamel et al. (2004) also
reported that geogrid layer was placed at a depth of
1.0-1.2 the diameter of plate load to attain the
highest bearing capacity of reinforced specimens. It
should be noted that the optimum position of
reinforcement was found above in the case of a
single reinforcement layer. The founded optimum
reinforcement spacing in the study, #/D =~ 0.8 is
closed to the finding ratio from previous researches.

The observation can be explained by the
mechanism of reinforced soil under the load of
piston. The bearing capacity improvement was
attributed by the soil-reinforcement interaction.
Reinforcements can restrain the lateral deformation
or the potential tensile strain of the soil
(confinement effect). In addition, deformed
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reinforcements can develop an upward force
(membrane effect). These effects will result in an
increase in the bearing capacity. At low penetration
of piston, the deformation of reinforcement is small,
the confinement effect would contribute to the
improvement of bearing capacity, which much
depended on the depth of punching failure surface
and this surface is limited by the depth of the top
reinforcement layer. The specimens with the top
reinforcement layer at the optimum depth would
have the highest bearing capacity than others (i.e.
the specimen reinforced by 2 reinforcement layers
in this study). When the penetration is large enough,
the tensile strength is mobilized from not only the
top reinforcement layer but also the lower ones. As
a result, more bearing capacity improvement could
be achieved with higher number of reinforcement
layers. The observation from the Fig. 6 agrees with
that adjustment. When the penetration was over 13
mm, the bearing capacity of specimen reinforced by
5 reinforcement layers was the highest.

3.3 The effect of soaking on the CBR behavior

The percent CBR reduction due to soaking is
evaluated as:

CBR

unsoaked

CBR

unsoaked

CBR

%ACBR = soaked. 5 100%

(6)

where CBRunsoaked and CBRsoakea are the CBR value
of unsoaked and soaked specimen, respectively.
For unreinforced specimens, after soaking, CBR
value dramatically plunged from 9.5 of unsoaked
specimen to 2.2 of soaked specimen, which is
equivalent to 76.9% reduction of CBR value.
Compared to the reinforced specimens, the
nonwoven geotextile reinforcement truncated the
bearing capacity reduction to less than 50%. After
soaking, the CBR of reinforced specimen was 6—
7.2% compared to 2.2% of unreinforced specimen.
The significant decrease of bearing capacity of
expansive clay is caused by the wetting effect and
the swelling effect during soaking. The wetting
effect would reduce the friction among soil particles
as well as the bond between soil-reinforcement. The
swelling effect reduces the density of soil, which
also causes the bearing capacity reduction of
specimens. The geotextile layer not only reduced the
percent of swelling but also improve the bearing
capacity due to the soil-reinforcement interaction
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and membrane force, which is from the tensile
strength mobilization in the reinforcement layers.

Table 4. CBR and percent CBR reduction due to
soaking of unreinforced and reinforced specimens

Cases CBR of CBR of  Percentage
unsoaked soaked of CBR
specimens specimens  reduction

(%) () (%)

Unreinforced 9.5 2.2 76.9
1 layer 12.3 6.6 46.1

2 layers 14.2 7.2 49.1

3 layers 11.7 6.7 43.1

5 layers 10.3 6.0 41.5

4, CONCLUSION

A series of CBR tests was performed to investigate
the capacity of expansive clay specimens reinforced
with geotextile. The results illustrate the role of non-
woven geotextile on improving the bearing capacity
of reinforced expansive clay in both soaked and
unsoaked conditions. The other conclusions are the
following:

e The permeable reinforcement induces swell
faster by adding more drainage path into the
reinforced specimens. It also reduces the percent
swell and soil density reduction after soaking.
The more increment of number reinforcement
layers in the reinforced specimens is, the less
percent swell was observed. The dry unit weight
reduction due to soaking decreases from 4.2%
(for unreinforced clay) to 3.4% (for 5 layers
reinforced specimen).

e The nonwoven geotextile significantly improves
the CBR behavior of expansive clay for both
soaked and unsoaked condition; however, the
effect of reinforcement is activated more
effectively when the soil is soaked. Compared to
the CBR value of unreinforced clay, the highest
strength ratio is 1.5 and 3.3 for the unsoaked and
soaked specimens reinforced by 2 reinforcement
layers, respectively.

e The CBR behavior of reinforced specimens is
deferent as the changes of piston penetration and
it requires a sufficient deformation to mobilize
the shear strength from soil-reinforcement
interaction and the membrane force from
reinforcement tension. When the penetration is
less than 2 mm, there is not any significant
bearing capacity improvement. Up to 5.08 mm of
penetration, the specimens reinforced with 2
reinforcement layers (i.e. #/D =~ 0.8) reaches the
highest bearing capacity. When the penetration is
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beyond 13 mm, the specimens reinforced with

higher number of reinforcement layers would

have higher bearing capacity due to the fully
activation of all the reinforcement layers.

e Both the unreinforced and reinforced specimens
significantly reduce their bearing capacity after
soaking. However, the nonwoven geotextile
remedies the CBR reduction of reinforced
specimens. While the unreinforced specimens
decrease 76.9% its CBR value, that value of the
reinforced specimens is only less than 50%. After
soaking, CBR of the reinforced specimen is up to
7.2%, the CBR value unreinforced specimens is
very low, only 2.2%.

The significant drop of the bearing capacity of
both unreinforced and reinforced expansive clay
suggests that a good function drainage system is
crucial for the unreinforced and reinforced clay
structure to maintain its bearing capacity and
stabilization.
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Abstract—Clay, which was excavated from the river, was
difficult to reuse because of the massive property changes when
changing its water content. When being saturated, the clay
becomes looser and softer, inducing a significant reduction in the
bearing capacity. To improve those disadvantages, the clay was
reinforced by the nonwoven geotextile with a sandwich sand
layer. Using the California Bearing Ratio (CBR) tests, the
reinforced clay’s bearing capacity behavior with a sand cushion
under soaking condition was investigated. The result reveals that
the sandwich sand layer significantly improved the CBR value
of the reinforced riverbed clay. After 96 hours of soaking, the
CBR value of reinforced specimens was as high as 1.5-2.8 times
that of the un-reinforced specimen. Regarding the bearing
capacity reduction after soaking, the CBR value of unreinforced
riverbed clay was less than 3%, which reduced up to 73.1% of
its bearing capacity before soaking. In contrast, the CBR
reductions of reinforced specimens were varied from 42.2-
60.8% depending on the thickness of the sand layer. When
increasing the sand height, the CBR value went up, especially for
soaking specimens. The optimal dry mass ratio between sand
and soil was 0.1 in other that the CBR got the highest value.

Keywords—soaking, soft clay, swelling, CBR
I. INTRODUCTION

Using riverbed clay instead of sand for backfill, especially
in transportation construction like roads has many benefits: (1)
not losing local cultivated land; (2) increasing the depth of
river; (3) ensuring the elevation of roads adapted to the
increases of water level due to global climate change and (4)
green and solution for sustainable development. Nevertheless,
there are some disadvantages: low shear strength, high void
ratio, impermeability, and the massive change of properties
when being soaked (after rainfall) [1-2]. Using soft clay as a
backfill required a drainage system and construction method
to ensure its strength [3-6]. Geotextile and sand cushion are
usually used to enhance the strength of soil as well as handle
weakness. The high permeability of geotextile significantly
increases the bearing capacity and stability of reinforced soil
structure [7]. Using geogrid-reinforced sand cushion increased
the capacity of soft soil, and the subgrade reaction coefficient
K30 was improved by 3000% as well as the deformation is
reduced by 44% [8]. Reference [9] introduced the construction
of a 3 m high embankment on the geocell foundation over the
soft settled red mud, a waste product from the Bayer process
of the Aluminum industry. In this case, the combination of
geocell and geogrid was recommended to stabilize the
embankment base. Reference [10] applied sand cushion
combining with geotextile under breakwater on soft ground to
constrain the lateral displacement of both the embankment and
the ground, and the reinforcement suppressed the range of
high-stress level in the system. In general, the weaker the
ground is, the higher the modulus of the geotextile is, the more
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effective the reinforcement would be. The geotextile and sand
cushion could improve the bearing capacity of the reinforced
soil by up to 7 times [11]. The important drainage role of
geotextile in enhancing the bearing capacity and stability of
soft soil in embankment constructions was also reported
previously [7]. Encapsulating geogrids in thin layers of sand to
enhance the strength of clay was investigated in the direct
shear test [12], pullout tests [3, 13, 14], and triaxial
compression test [15]. These results showed that a thin sand
cushion improves the interface friction between clay and
geotextile, increasing the strength of clay. This sand cushion
was also a drainage boundary, decreasing the pore pressure in
increasing loads. References [12, 13, 14, 15] showed the
optimum height of sand was 8-10 mm in the unconsolidated -
un drainage test (UU) and direct shear test, or even up to 8 cm
in the pullout test. Regarding the drainage boundary, geotextile
prevented the interlocking effect of fine particles of clay
penetrated into the sand cushion layer [16, 17]. Geotextile also
improved the bearing capacity of reinforced expansive clay up
to 1.5 times for unsoaked condition and 3.3 times for soaked
cases [18].

Many researchers performed the laboratory test to
investigate the California Bearing Ratio (CBR) of reinforced
soil. The CBR values of sand reinforced by high-density
polyethylene (HDPE) increased up to 3 times [19]. Similarly,
The CBR of clay reinforced with geogrid in soaked condition
could be improved by 1.9 — 2.6 times [20]. For un-soaked
specimens, the value of CBR was about 1.9-4.5 times that of
unreinforced clay. The CBR enhancement of lateritic soil
reinforced with one and two layers of geogrid was also
observed. The higher number of reinforcement layers, the high
the bearing capacity of reinforced specimens was [21].

Although there were many CBR tests to investigate the
behavior of reinforced clay, the shear strength reduction of
reinforced clay with sand cushion due to the soaking process
was not fully determined. In this paper, a series of laboratory
tests for CBR was performed to examine the bearing capacity
of the soft clay reinforced by two non-geotextile layers
covered a thin sand cushion layer. The CBR behavior of the
reinforced specimens under soaked and unsoaked conditions
was determined to quantify the bearing capacity reduction of
specimens due to the soaking process.

II. TEST MATERIALS

A. Soft clay

Fig. 1 highlighted the grain-size distribution of riverbed
clay based on reference [22]. The clay soil was the same as the
clay in the previous study [18]. It was excavated from the Cai
Lon River, Kien Giang province, with the water content, ® =
57.4%, and the void ratio, e =1.6. The plasticity index, plastic
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limit, and liquid limit are 46.6, 44.9, and 91.5, respectively.
Using the Proctor compaction test [23], the optimum water
content (Wopy) 1S 26.6% with its maximum dry unit weight
Yamax =14.56 KN/m®. The clay is classified as high plastic
inorganic silt (MH) according to the Unified Soil
Classification System. Using the hydraulic conductivity of the
clay, ke is = 1.18x10'° m/s from one-dimensional
consolidation test results.

100 =

40 + —— Kiengiang

Percent of finer (%)

4 sand
0 P11

riverbed clay \
20 4 —&— Uniform quartz

\

\

10

1

0,1

0,01

0,001

Grain size (mm)
Figure 1. Grain-size distribution of soft soil and sand

B. Geotextile

The geotextile used in the research is the same as the
reinforcement material in the previous research [18], which
was a commercially available needle-punched Polyethylene
terephthalate (PET) nonwoven geotextile. Its cross-plane
permeability (3.5x 1073 m/s) is suitable for the lab test with 1.96
s'! of the permittivity. The mass and thickness of PET are 200
g/m? and 2.78 mm, respectively. The apparent opening size is
0.11 mm. Regarding the wide-width tensile test in the
transverse direction, the PET gained 9.28 kN/m of ultimate
tensile strength at 84.1% failure strain. While in the
longitudinal direction, the ultimate tensile strength and the
failure strain are 7.08 kN/m and 117.8%, respectively.

C. Uniform quart sand

Table 1 presented the properties of used sand. Sand is
classified as clean sand, few fine particles, poor gradation. The
gain-size distribution of sand is shown in Fig 1.

TABLE 1. SAND PROPERTIES

Property Value
Unified Soil Classification System SP
Specific gravity, Gs 2.66
Dyp (mm) 0.121
D3y (mm) 0.169
Deo (mm) 0.242
Coefficient of curvature, C. 0.98
Coefficient of uniformity, C, 2.00
Minimum dry unit weight, Ya.min (KN/m3) 12.56
Maximum dry unit weight, Yqmax(kN/m3) 15.43

At relative density, D, = 0.9

Dry unit weight, ys (kN/m?) 15.09
Friction angle from direct shear test, ¢’ (deg) 35.1
Geotextile/sand interface friction angle, ¢'a (deg) 23.7
Efficiency factor, E = tan¢'a/tan¢’ 0.62
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III. EXPERIMENTAL PROGRAM

There were total 10 specimens with the variation of
soaking conditions, and the thickness of the sand cushion layer
, which changed from 0 cm (unreinforced) to 4 cm (Fig. 2).

- |Geotextile [

Clay

Geotextile| §
N

Unreinforced specimen Reinforced specimens

Figure 2. Geotextile and sand cushion arrangement in reinforced and
unreinforced specimens

A. Specimen preparation

To prepare soil specimens, a natural clay was excavated
from the riverbed in the form of wet bulk. It was placed in an
oven (temperature was set at less than 60 °C for a minimum of
24 hours and then crushed and grounded into a dry powder in
a mortar. After mixing different quantities of powder and water
corresponding to the desired water content, specimens were
placed in a plastic bag in a temperature-controlled chamber for
a minimum of 2 days to ensure a uniform distribution of water
in the soil mass.

For un-reinforcement specimens, a mold with 116 mm
height and a diameter of 152.4 mm was used to prepare the
specimens by 5 compaction layers. Each soil layer was
compacted by 10 blows/layer (equivalent to 482 kJ/m* of
compaction energy) at the optimum water content, which was
found by several trial compaction tests (Fig 3).
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15 40
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Figure 3. Compaction behavior of the clay under a modified compaction
energy, E = 482 kJ/m?

For specimens reinforced by geotextile and sand cushion,
after each soil layer was compacted and leveled, the soil
surface was scarified before two 15.24 (mm)-diameter dry
geotextiles layers were placed horizontally on the roughed
surface of soil and sand. The sand was compacted to reach
15.09 kN/m?, which equivalent to 90% of relative density
(Table 1).
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For the soaked specimens, the compacted specimens were
soaked in 96 hours before performing the CBR test. The
surface of specimens was loaded using a surcharge of 4.54 kg
mass. A 2.27 kg weight was placed to prevent the upheave of
soil into the hole of surcharge. During the soaking process, the
swell of specimens was recorded frequently after every 1-2
hours.

B. CBR testing

Based on the reference [24], the rate of penetration is
approximately 0.05 inches/min (1.27 mm/min) in the CBR
laboratory test. The stress in the piston was recorded with time
and corrected due to the surface irregularities or other causes,
as recommended by [24]. The value of CBR was determined
as follows:

CBR| (%) =P1/6.9x100 (1)

2)

in which CBR; and CBR;: the CBR value at 2.54 mm and 5.09
mm of penetration, respectively; Pi; P2: the value of corrected
stress in piston (MPa) at 2.54 mm and 5.09 mm, respectively.

If CBR1 = CBR2, the CBR is CBR;. Otherwise, CBR1 <
CBR2, do the test again and if the results are the same, use the
CBR; as the CBR value.

CBR; (%) =P»/103x100

IV. RESULTS AND DISCUSSION

A. Influence of nonwoven geotextile and sand cushion on
the swell behavior

The swell of the specimen (S) is considered the swell of
soil only. It is defined as the ratio between swell and the
original height of specimen in percent as follows.
S = s/Hsoil (3)
in which s is vertical swell measured with time; Hgoj is the

height of soil only (exclude the thickness of reinforcement
layers if any) before soaking.

The percent swell of unreinforced and reinforced
specimens (S) in time is given in Fig. 4. Generally, it increased
by the time during the soaking process. The swell of the
specimens reached the equilibrium after 96 h of soaking.

At the first of 30 hours, the percent swell of reinforced
specimens is higher than that of unreinforced specimens (Fig.
4a). However, at the end of the soaking process, the swells of
reinforced specimens were slightly smaller than that of the
unreinforced specimen (Table 2). The effect is due to the local
lateral confinement from soil-reinforcement interaction. It can
be explained that the expansion develops in all directions and
mobilizes the interfacial frictional force between soil and
reinforcement [19]. This frictional force tends to counteract the
swelling pressure in a direction that parallels the reinforcement
and consequently reduces the heave. A similar observation was
found by reference [25].
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Figure 4. Swell behavior with time of unreinforced and reinforced specimens
(a) percent swell and (b) velocity of swell.

TABLE IL PERCENT SWELL AND DRY UNIT WEIGHT REDUCTION AFTER
96H OF SOAKING
Thickness of Sand/Clay . Dry unit weight
. Final percent .

sand cushion dry mass swell Soqn (%) reduction %Ay
layer (mm) ratio (%)
0 0.00 4.64 443
10 0.10 4.63 441
15 0.16 4.60 4.40
20 0.23 449 4.30
40 0.58 4.51 4.32

To investigate the effect of reinforcement layers on the
development of swell in the reinforced specimens, the swelling
velocity was evaluated as the percent swell per hour of
soaking. In the first 10 hours of soaking, the reinforced
specimen's swell velocity was significantly higher than that of
unreinforced specimens (Fig. 4b). It could be explained by the
high permeability of nonwoven geotextile layers and sand
cushion, which enhancing the velocity of swell in reinforced
specimens. However, after 20 hours, the influence of the
reinforcement layers on the swell behavior of the reinforced
specimens was diminished. The swell velocity of unreinforced
and reinforced specimens reduced to less than 0.005%/h after
96h of soaking. To conclude, the geotextile- sand cushion layer
induced the faster swell at the initial of soaking, but the lower
final percentage of the swell.

On the other hand, during the soaking process, there are not
any changes in the dry weight of soil specimens but the
increment in the volume of the specimens, resulting in the
decrease of dry density of the clay layers. The percentage of
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dry density reduction of the clay due to 96 hours of soaking,
YAy, is defined as:
%A'Yd = ('Yd—unsoaked - 'Yd—soaked)/ Yd-unsoaked X 100% (4)

in which yg-unsoaked and y4-soaked are the dry unit weight of
clay layers before and after 96 hours of soaking, respectively

Without the consideration of thickness changes of
geotextile layers and the sand cushion layer due to soaking
(seem to be very small compared to that of the clay), the
reduction of dry unit weight of the clay soil is evaluated using
the percent swell after 96 hours of soaking, Sogh.

%Ayq = 1-1/(1+ Sosn) %)

As shown in Table 2, the reduction of dry unit weight of
the clay in the reinforced specimens was slightly smaller than
that of the unreinforced specimen. In other words, when
compacted by the same density at initial, after soaking, the clay
in the reinforced specimens would be higher than that in the
unreinforced specimen, which contributed to the higher
bearing capacity of the reinforced specimens than that of
unreinforced specimens after soaking.

B.  The CBR behavior of unreinforced and reinforced
specimens

Fig 5 shows the corrected stress of the piston and
penetration of un-soaked and soaked geotextile-sand cushion
specimens. Compared to the unreinforced specimens, the
bearing capacity of reinforced specimens was significantly
higher under both soaked and unsoaked conditions. The
penetrated stress increased with the increment of penetration
distance. The ultimate stress in the piston was not reached
within 20mm of the distance of penetration.

(a) Unsoaking condition
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(b) Soaking condition
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Figure 5 Corrected stress in the piston of specimen (a) without soaking and (b)
soaking condition
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Figure 6 showed the variation of the CBR value of
specimens with the thickness of the sand cushion layer under
both soak and un-soak conditions. Due to the reinforcement,
the CBR value of reinforced specimens was higher than that of
unreinforced specimens. Interestingly, the bearing capacity of
the specimens was the highest for the specimens reinforced by
2 layers of geotextile with 1.5 cm thickness of the sand
cushion, of which the ratio of the height of the topsoil layer, d;,
and the diameter of the penetrated piston, B was equal to 1.
The optimum value of d/B was in agreement with those in
previous studies. Reference [26] found that the thickness of
soil required to cover geosynthetics clay liner should be at least
equal to the diameter of the load piston. A similar conclusion
was presented in the references [27-28] when performing the
CBR test on the expansive soil subgrades reinforced with a
single reinforcement layer.

16
—— Unsoaked

12 —o— Soaked
) 4
% <
= 87
>
%
O 47

0,0 0,5 1,0 1,5 20 25 30 35 40

Thickness of sand cushion layer, / (cm)

Figure 6. The variation of CBR of the soaked and unsoaked specimens with
the thickness of sand cushion layer, /. The unreinforced cases are equivalent to
/=0.

2,2

—a— Soaked
2,0 1

—&— Unsoaked
1,8
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1,4

Bearing capacity ratio, BCR
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1,0
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Figure 7. The correlation of strength ratio and the dry mass ratio of sand and
clay

When increasing the ratio between sand and clay dry mass
(Table 4), the CBR also went up in both cases (Fig. 7). For the
case of un-soaking, the CBR value increased approximately
1.2 times and up to 1.4 times when the ratios were 0.1 and 0.16,
respectively, compared to the un-reinforced specimen.
However, the increase of the CBR value was not apparent
when continuing this ratio (about 1.3 to 1.4 times when the
ratio was 0.23 and 0.58). Similarly, with a larger scale for the
case of the soaking process, the CBR jumped up to 1.5 and
over 2 times when raising this ratio to 0.1 and 0.16 in the same
order. Interestingly, for both cases, the maximum increase
occurred when the ratio between sand and clay dry mass was
0.1. It can be concluded that using sand and geotextile can
improve the bearing capacity of soil significantly when the soil
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was wet, and the optimal dry mass ratio between sand and clay
was 0.1.

C. Influences of soaking on the
unreinforced and reinforced specimens

CBR behavior of

Compared to the unsoaked specimens, the CBR value of
soaked specimens was much smaller, which demonstrated the
extreme reduction of the strength of clay when saturated. Fig
7 shows the ratio of CBR of un-soaking and soaking
specimens, which exhibited the strength reduction of
specimens due to soaking. For the unreinforced specimens, the
ratio reached the highest (about 3.7) and decreased to less than
2.6 for the reinforced specimens. The lowest strength
reduction was 1.73 for the specimen reinforced by 1.5cm
thickness of the sand cushion layer. Reference [29] also had
similar observations about the significant CBR reduction when
performing CBR tests after soaking at two days.

4

CBRunsoaked/CBRsoaked

1 2 3 4
Thickness of Sand Cushion Layer (cm)

Figure 8 The influence of the thickness of sand cushion layer on the ratio of
CBR of specimens before and after soaking

In short, the geotextile layer and sand cushion not only
enhanced the bearing capacity of clay soil under both soaked
and unsoaked conditions and minimized the strength reduction
of the clayey soil after soaking.

V. CONCLUSION

A series of CBR tests were performed to investigate the
influence of geotextile and sand cushion on the bearing
capacity of the soft clay. The results illustrated the critical role
of the reinforcement inclusion in enhancing bearing capacity
in both soaked and un-soaked conditions. The other
conclusions are the following.

1)  The permeable geotextile and sand cushion forced the
swell to happen faster by allowing extra drainage paths into the
reinforced specimens. Additionally, the density reduction fell
slightly. Similarly, the percentage swell went down by over
4%.

2) It also slightly decreased the percent swell and soil
density reduction after soaking.

3) The geotextile-sand cushion significantly improved
the strength of soft clay for both un-soaked and soaked
conditions. Based on the results of the CBR value on the 10
tested cases, the optimum thickness of sand cushion was lcm
for the 10 testing cases, which equivalent to the ratio d;/B = 1.

4)  When increasing the dry mass sand, the CBR value
soared, particularly in the case of the soaking process.
Moreover, the optimal dry mass ratio between sand and soil
was 0.1 for the highest bearing capacity of the reinforced
specimen under both soaked and unsoaked conditions

5) After soaking, the bearing capacity of the clay decreased
significantly to 3.7 times for unreinforced specimen, while that
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of reinforced specimens was less than 2.6 times, depending on
the sand thickness.

Last, the significant drop of the bearing capacity when
being saturated suggests that a proper function drainage
system is crucial for the unreinforced and reinforced clay to
maintain its bearing capacity and stabilization. For further
research, the pore pressure could be measured for more detail
about the soil behavior under the CBR test.
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bém cat

KEYWORDS

DAt sét nao vét tit long séng khi dutge thay thé cat san 14p 1am nén dudng néng thén mang lai nhidu lgi ich va
ciing ton tai khé khiin. Phwong phap gia cudng dit bing vai dia ky thuét va dém cat duge 4p dung trong nghién
ctiu dé tang kha ning b két ciia dAt bim, tit d6 ting kha ning chiu lc cho dét. Két qua cho thdy qué trinh cb
két ctia dt duoc diy nhanh dén 3 14n khi gia cdng bing dém cat va 1,6 1an khi gia cuong bing vai dia ky
thuat trong diéu kién c6 két 3 truc khong no héng. Cac gid tri nay 1An lugt 14 4 1an va 1,7 1an khi thi nghiém cb
két 1 truc. Két qua con cho thiy thoi gian b két 3 truc khong né hong giam tir 10 % dén khoang 30 % so véi
thoi gian cb két 1 truc trong ciing didu kién do anh huéng ctia ma sat thanh khi chidu cao mAu 16n. Nghién cttu
ciing gi6i thiéu phitong phap xéc dinh hé sb 4p luc ngang K, trong thi nghiém ¢ két 3 truc khong né héng dé
xéc dinh @ing sudt ngang hitu hiéu theo Gng sut doc truc hitu hiéu.

ABSTRACT

One-dimension consolidation
Triaxis consolidation
Geotextile

Sand cushion

A clay excavated from a river bed was used to replace sand as backfill soil for rural roads, bringing many
benefits and drawbacks. Methods of using a geotextile and sand cushion were applied to improve the soil
consolidation process and increase its capacity. The results showed that the soil consolidation process
occurred faster up to 3 times when reinforced by the sand cushion and about 1,6 times with geotextile
reinforcement under triaxial compression test without side expansion. These numbers were 4 times and
1,7 times in one-dimensional consolidation, respectively. Additionally, the times of primary consolidation
in the triaxial compression test without side expansion were lower from 10 % to approximately 30 %
compared to those in one-dimensional consolidation in the same conditions. This situation happened due
to side friction between the soil and the ring when the soil height was high. The research also introduced
a new method to investigate the coefficient of earth pressure (K,) in the triaxial compression test without

side expansion to determine the effective horizontal stress from the effective vertical stress.

1. Gi6i thidu:

ciing dia dugce khing dinh trong [10] dé ting cuwdng kha ning chiu tai

va do on dinh ctia cong trinh.

Cac cong trinh giao théng néng thén viing ddng bang song Ciru
Long cAn khéi lwong cét rit 16n dé 1am nén dwéng. Do d6, viée tan dung
dAt nao vét tir 1ong séng dé thay thé cat san 14p sé 1am giam nhu ciu s
dung cat, tiét kiém chi phi, tai nguyén thién nhién va gia ting d6 sau
1ong song. Tuy nhién, d4t bin khai théc tit 1ong song c6 hé sé réng 16n,
sttc chéng cét thip gay mét én dinh, lin qua mtc cho céng trinh, dic
biét khi ngdm nuéc thi khong con kha néng chiu lyce [1,2]. Ham lvgng
dAt sét va hé s6 réng anh huong rat 16n dén tinh thim ctia dét sét. Khi
1am nén duwdng, dAt sét cin vai nim dé dat d6 ldan én dinh va cin c6
bién phap gia cudng dé ddy nhanh qua trinh cb két [3].

Stt dung vai dia ky thuét c6 thé giip ddy nhanh qué trinh b két
mot cach hiéu qua [4]. Viéc st dung dAt sét 1am nén cong trinh cin phai
¢6 hé théng thoat nuéc phit hop [5-9]. Vai trd thoat nuwée clia vai dia

“Tac gia lién hé: tunt@hcmute.edu.vn
Nhan ngay 11/03/2021, giai trinh ngay 6/06,/2021, chip nhan ding 21/07/2021

Ngoai ra, st dung dém cét ciing dugc giGi thiéu trong cic nghién
cttu trGe dé ddy nhanh qué trinh cb két. Pém céat két hop véi 1w6i vai
dia ky thuét Geogrid va tii dia kj thuat Geocell gitip ting hé s6 nén K,
thém 30 14n, d6 lin giam 44 % va lam giam ¢ng sudt tai bé mit 16p dat
yéu so v6i dAt yéu khi khéng duge gia ¢6 [11]. Ngoai ra khi st dung
Geocell 1am nén méng d& dap cao 3 m trén bin do - san phim thai ra
tit qua trinh tuyén quing nhém da dem lai hiéu qua 16n hon khi chi st
dung Geocell [12]. Bém cat két hop véi vai dia ky thuét 6 tic dung:
vai dia k§ thut ngin can bién dang ngang v ting tinh én dinh cho dé
va ngin can dich chuyén ngang ctia dit nén dudi dé [13]. DAt nén cang
yéu cang gay ra dich chuyén ngang 16n va cang 1am ting hiéu qua cila
vai dia ky thuét, dic biét khi 16p dém cat ndm dudi hoic kep gitta 16p
dat yéu. Pém cat két hop vi vai dia ky thuat da duoc 4p dung 1am nén
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méng cho dé chin trén nén d4t yéu. Vai dia ki thuat c6 mo dun dan hoi
va d6 rong cang 16n cang dem lai hiéu qua cao trong 6n dinh nén dé.
Geocell va dém cat con duge két hop véi coc vat liéu roi (d4 - soi) dé
gia cb nén dht yéu [14]. Coc vat liéu r&i c6 chidu dai va mat d6 dam
béo sé& 1am ting gp 3 14n kha ning chiu luc cho dAt yéu. Vai dia ky
thuat va dém cat sé ¢6 thé 1am ting kha ning chiu lyc ctia d4t nén 1én
7 1an. Kha ning chiu liic ¢6 thé ting 1én 10 14n néu sit dung dém cét,
vai dia ki thuat Geocell va coc vt liéu r&i. Nghién citu khac chi ra ring
néu stt dung 16p cbt liéu mong kep gitta vai dia ky thuat sé gia ting
cuong d6 nén dwong [15]. Trong truong nay, khi vét lin tao ra trén
nén dudng sé gay ra bién dang dai va lvc luc kéo trong vai dia ki thuat
va tao ra hiéu ting gia cudng cho d4t nén. Trong giai phép xit Iy nén va
tinh toan én dinh cta cong trinh dwong cip III trén nén ¢6 16p dht yéu
[16], dém cat két hop vai dia k§ thudt va cit tram ting én dinh ctia nén
d4t yéu dwdi nén dudng. Trong thi nghiém CBR dé danh gia cuong do
dat bin két hop vai dia k§ thuét va dém cat [17], két qua cho thiy 16p
gia crong cai thién gia tri CBR, dic biét 14 cic miu béo hoa.

Céc thi nghiém nén 3 truc v&i cac didu kién khac nhau duge thire
hién trong cdc nghién citu [18-26]. Vit liéu gia cuong c6 tinh tham
nuée cho cudng d6 chiu cét cao hon so véi gia cuong khong thim nwde
[271].

C6 nhidu nghién citu v& dt sét gia cuong va khong gia cudng
bang thi nghiém c6 két 1 truc nhung nghién ctu vé cb két ctia dit khong
gia cudng va gia cuong bing thi nghiém 3 truc khong nd héng van
chwa ddy di. Thi nghiém 6 két 1 truc nhanh, phé bién hon thi nghiém
3 truc nhung khi dit dugc gia cuwong bing vai dia kj thuat hay dém
cat, chiéu cao miu dit sé gia ting, tit d6 anh hudng clia ma sat thanh
giita dAt va dao vong sé déng ké. Do d6, nghién cifu tap trung thi nghiém
cb két 3 truc khong no hong v&i cac mau dat khong gia cudong, mau gia
cudng bang vai dia k¥ thut va gia cwdng bing dém cat. T d6, so sanh
v6i két qua thi nghiém 1 truc. Nghién cttu ciing gidi thiéu phwong phap
xé4c dinh hé sé 4p luc ngang tinh K, trong cb két 3 truc dé miu dét
khoéng né héng dé ¢6 thé so sanh duoce véi két qua khi v&i thi nghiém

¢b két 1 truc trong ciing diéu kién.

2. Vat liéu thi nghiém
2.1, Pdt bin nao vét long séng

Dit biin dugc nao vét & tinh Kién Giang v&i thanh phan hat dugc
thé hién trong Hinh 1. Pt ¢6 dung trong ty nhién 1a 16,13 kN/m? véi
d6 4m © = 55,4 % va hé s6 réng e, = 1,6, dung trong khé y, dat 10,4
kN/m?®. Thi nghiém trong phong c6 két qua ctia dung trong khé 16n nhat
Yiemax 12 15,11 kN/m3, d6 &m ti tu wgyc = 19,45 %, cic gidi han déo
(PL), gii han chay (LL) va chi s6 déo (PI) 14n luot 1a 44,9; 91,5; 46,6.

Ty trong hat G, 14 2,75. Vi céc tinh chit trén, theo phan phén loai loai
d4t USCS, dét thudc loai dat sét déo, c6 db trivong nd cao.
150

100
50

sang (%)

0

10 1 0.1 0.01
buong kinh (mm)

Phin trim lot

0.001 0.0001
Hinh 1. Kich c& d4t biin nao vét.

2.2. Vdi dia ky thudt

Vai dia ki thuat khong dét v&i cac tinh chit dugc trinh bay trong
Bang 1 dugc st dung trong nghién citu nay.

Bang 1.
Tinh chét vai dia kj thuat.
Tinh chit Gia tri

Loai vai Khong dét
Khéi lwgng riéng (g/m?) 200
Bé day (mm) 1,3
Kha ning chiu kéo (kN/m) - phuong doc vai 9,28
Kha néng chiu kéo (kN/m) — phvong ngang 7,08
vai
Bién dang dai khi phé hoai phwong doc (%) 84,1
Bién dang dai khi pha hoai phiong ngang 117,8
(%)
Kich thuéc 16 loc, Ogy (mm) 0,11
Luu lwong thAm & 100 mm cdt nuéec, 196
1/m?/gidy
Hé s6 tham, k (m/gidy) 3,6.1073

2.3. Cdt
Hinh 2 trinh bay kich ¢& thanh phan hat cta cat. Cat dugce si?
dung trong thi nghiém 1a cét it hat min, sach, cAp phdi kém theo tiéu
chuén phan loai Unified Soil Classification System (USCS) nhtt trinh bay
trong Bang 2.
150

100
50

0

Phin tram lot sang
(%)

5 0.5 0.05
buong kinh (mm)

Hinh 2. Kich ¢& thanh phin hat ctia cat.
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Bang 2.

Tinh chét co hoc ctia cat hat nhé.
Tinh chit Gia tri
Ty trong, Gs 2,66
Dung trong khé nhé nhét, pym, (8/cm?) 1,28
Hé s6 rdng nho nhit, e, 0,692
Dung trong khé nhoé nht, pym,y (g/cm?) 1,573
Hé s6 rdng 16n nhit, e, 1,078
Dung trong kho tai D70, p, (g/cm®) 1,472
Hé s6 rdng tai D70, e 0,808
Phan loai dit theo USCS SP

3. Chuong trinh thi nghiém

3.1. Chudn bi mdu

DAt sét sau khi ldy tit long song duwgc nghién nho va siy kho &
nhiét d6 100 °C trong 24 h, sau d6 trén nuwde dé dat 6 &m cin thiét.
Pé dat dugc d6 ddng nhét vé d6 &m, hén hop sé duge chia trong tii
kin va dit trong ti dudng Am t6i thidu 12 2 ngay.

Céac miu dit duoc ché tao & do chit K= 0,7 va dugc ngam, hait
chén khéng trong 24 git’ dé cho miu bio hoa.

C6 tbng coéng 7 mAu v&i dwong kinh 5 cm va chidu cao 4 cm,
trong d6 01 mAu dat khéng gia cwdng cho thi nghiém 3 truc dé xac dinh
hé sb 4p luc ngang tinh K,. Thi nghiém c¢b két 3 truc véi 03 miu gdm
01 miu dit khéng gia cudng, 01 miu gia cuong 1 16p vai dia k§ thuat
va 01 miu gia cwdng bang dém cét c6 chidu day 1 cm nhu Hinh 3. Thi

nghiém cb két 1 truc ciing gdm 03 mAiu nhu trong thi nghiém cb két 3

truc.
Vai dia £
£ : bat
bat

E Pt I'd — -
+ \ Cat
Il ‘
T D= 5cm Pét it

(a) Méau khéng (b) Méiu gia cudng bing vai () MAu gia cudng bing dém cat

gia cudng dia ky thuat day 1 em

Hinh 3. Kich thwéc cac miu thi nghiém.

Khi ¢6 céc 16p gia cuong, bién dang doc truc do dugc bao gdm
bién dang d4t va cac 16p gia cudng. Do d6, bién dang miu dit dugce xic
dinh:

Ahg = Ah - Ahg, 1)
trong d6 4h,, Ah, Ahy, 14n lwot 12 bién dang doc truc miu dét, bién
dang tbng, bién dang ctia 16p gia cudng.

Bién dang ctia 16p gia cuong Ah,, dugc thi nghiém riéng biét va
duwgc thé hién bing Hinh 4. Két qua chi ra bién dang ctia 16p gia cudng
chi bién dbi nhanh trong khoang 6 gidy diu tién va khong thay dbi.

0.1 10 1000 100000
0 Tho1i gian (gidy)

)

= —e—25kPa

X g o o O

S Eo05

o

g

/m

1 .
(a) Vai
Thoi gian (gidy)
0.1 10 0T8N IEEG00 100000
~ 0
:
E’; 0.2 —o— 25 kPa
< 100 kPa
© 0.4
g O O 0
& 06
m
0.8

(b) Vai va dém cat day 1 cm

Hinh 4. Bién dang vai dia ky thut, vai va dém cat day 1 cm.
3.2. Thi nghiém xdc dinh hé s6 dp lirc ngang tinh k,:

Trong thi nghiém 3 truc, khi bién dang ngang ctia miu bing
0 (¢, = g5 = 0) thi ti 1& 4p luc ngang hitu hiéu ¢’3= o¢’, va ap luc
doc truc hitu hiéu ¢’; dugc goi 1a ap luc ngang tinh K,

K, =d'3/d; (2)

Trong d6 ¢’;; o’5 1a &p lvc ngang hitu hiéu theo phuwong ngang va
phuong doc truc.

Quy trinh xac dinh K, nhu sau:

- Bio hoa mau bing ap Iic ngudce véi do gia ting ap luc 1a 10
kPa mdi gi® cho dén khi mAu dat hé s6 Skempton B t6i thiéu 0.95.

- Cb két ding huéng tai ap Ic 5 kPa (o, = o, = o,) dé dam
bao méiu khéng bi pha hoai do yéu t6 khach quan. Ap luc ngigc trong
mAu duoe giit khong dbi tai 300 kPa v&i viée thoat nitde xay ra tai dy
va dinh mau. Ap lvc nudce 16 rdng ciing duwoc do tai gitta miu.

- Xac dinh K, khi 4p Iyc ngang 1 25 kPa: ¢ két ding hwéng
mau tai 25 kPa (¢’ = o’s = o’,), do su thay dbi thé tich &, va bién dang
doc truc ¢, cho dén khi méu ¢6 két xong (ap luic nuée 16 rdng thing dy
vé 0), sau d6 gia tdng Gng suét doc truc o, cho dénkhie, = ¢,. Ti1é o5
va o’y la gia tri K,.

- Xa&c dinh K, khi ap luc ngang la 50 kPa: thuc hién tuwong tw
khi &p lvc ngang 25 kPa.

Hé sb K, dugc 4p dung dé thi nghiém cb két 3 truc khéng n&
hong.
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4. Két qua thi nghiém
4.1. Hé sb dp luic ngang tinh K,

Bang 3 thé hién hé s6 K, khi 4p lvc ngang 13n lwot 13 25 kPa va
50 kPa.
Bang 3.
Hé sb 4p lyc ngang tinh K,,.

Ap Iyc ngang hitu Ap lue doc truc hitu Hé s6 4p luc ngang
hiéu o’5 (kPa) hiéu ¢’; (kPa) tinh K,
25 47,7 0,524
50 94,3 0,530
Trung binh 0,527

Két qua cho thiy hé sé K, ctia dt khong thay d6i khi 4p luc ting
tir 25 kPa 1én 50 kPa. Gi4 tri trung binh K, = 0,527. Ap dung c6ng thitc
K, = 1 - sing’, trong d6 ¢’ 12 géc ma sét hitu hiéu ctia dat, K, = 0,561
khi ¢’= 26°. Su sai khac la khoang 6%.

4.2, Két qud cb két 3 truc khong né hong

Pudng kinh mu (D) tai thdi diém t bat ky dwoc xac dinh nhu sau:
D = [l @)
trong d6 AH, AV 1a bién dang doc truc va bién dang thé tich tai
thoi diém t.
H,, S, 1a chidu cao va dién tich ban diu ctia mau dét.
Su thay d6i dwong kinh miu AD so v6i dwdng kinh ban dau (D,)
duwogc tinh bing cong thitc:
AD, = 222 (5)
a) Két qua miu cb két 3 truc khéng né hong méu khéng gia cuiong
Két qua v&i o, = 100 kPa, 65 = K,o; = 52,7 kPa dugc thé hién
trong Hinh 5.

0 Thoi gian (phtt)
é 0 500 1000 1500
S
o réO
g &
2 1
5 .
9 ® 0000 o o
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4
~Q
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ggz 20000 0 0 0 o
=3
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s O
- 500 1,000 1,500 2,000
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(b) Bién dang thé tich
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o o0 o000 0 0
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Thoi gian (phdt)
(d) Thay ddi 4p Iizc nwdce 16 rbng
Hinh 5. Két qua c6 két 3 truc khéng né héng khong gia cudng.

Puwong kinh mAu dét thay dbi khong nhiéu (t6i da 4% dwong kinh
ban diu ctia mAu). Thei gian dé dp lue nudce tidu tan tiy 120-240 phit,
phit hop véi két qua tinh toan tit Iy thuyét.

b) Két qua miu cb két 3 truc khong né héng gia cudng bang vai
dia ky thuat

Két qua cb két khéng né hong gia cudng bang 1 16p vai dia véi
o, = 100 kPa, ; = K0, = 52,7 kPa duoc thé hién trong Hinh 6

Thoi gian (phit)
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(b) Bién dang thé tich
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(d) Thay dbi 4p luc nuée 16 réng

Hinh 6. Két qua ¢ két 3 truc khéng no héng gia cudng vai dia ki thuat.

¢) Két qua miu cb két 3 truc khong né héng gia cudng bang vai

va dém cat 1 cm

Két qua cb két khéng no hong gia cudng bing 16p vai dia véi
o; = 100 kPa, , 65 = K,0, = 52,7 kPa dugc thé hién trong Hinh 7.

2.5%

00000 O e o o
2.0%
1.5%

1.0%

Thay d6i dwong kinh
(%)

0.5%
0.0%
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Thoi gian (phit)
(d) Thay ddi 4p Iic nwdce 16 rbng
Hinh 7. Két qua cb két 3 truc khong nd hong gia cudng dém cat.
Két qua cho thy 4p lwc nuée gitta miu giam nhanh theo thoi
gian do tac dung cua 16p gia cwong cat va vai dia ky thuét.
d) Thoi gian cb két, hé sé cb két, hé sb thim
Két qua thoi gian ¢b két tai 90 % (T90), 100 % (T100), hé sb cb

Thoi %ian (phtit) két Cy, hé s6 thim K, duwoc trinh bai trong Bang 4.
0 500 000 1500 2000 ,
Bang 4.
2 0 Thoii gian cb két T90, T100, hé s6 cb két C,, hé s6 thim K,.
0.1 £ % £ 1z
\i . T90 T100 Hé so0 co Hé so tham K,
au ‘
:g 0.2 (phat)  (phat) ket C, (m/phit)
0.3 5
= .0 Khong
> 0.4 ,4@*.*_‘_‘_‘_.7 gia 845  136,9 3,721 2,275E-08
an N
S o5 cuwong
: Gi
(a) Chuyén vi ding 1a
cuong
1.5 . 46,1 84,3 6,238 3,722E-08
° ° ° vai dia
@ . S © ¢ o 0 0 k§ thuat
¢ 8 Gia
iz}
¥ E05 | cudng 23,4 46,1 6,760 4,480E-08
[ S
© ‘ dém cat
‘fc% 0 Mau khong gia cuong c6 thoi gian ¢b két 16n nhét, gip 3,6 1an
0 500 1000 1500  miu gia cwong bing dém cit va 1,8 14n miu gia cuwdng bing vai.

Thoi gian ( phat)

(b) Bién dang thé tich

Nguyén nhén la do vai dia ky thuit va dém cét déng vai tro nhu bién

thoat nudc, giam chidu cao ctia 16p dat ¢ két, gitip nitdc thoat ra nhanh
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hon. L&p vai dia ki thuat khéng lién két véi bién thoat nude bén ngoai
ma chi gitp thodt nudc tit tAm cta khéi dét ra 16p vai ky thuat, tuy
nhién, két qua nghién citu cho thdy qua trinh cb két dwgc diy nhanh
trong mau gia cudng. Ban chit cla vai dia ki thuit 14 gia ting 4p luc
nuée 16 rdng trong long khéi dat gia cwdng, tit d6, thic diy qua trinh
thoat nudc ra khéi miu qua bién thoét nuée.

Nguoc lai, hé sb ¢b két C, va hé sb thdm K, ctia mau gia cuong
bing dém cat 16n khoang 1,9 13n so v&i mau khong gia cuwdng. Pbi v6i
mAu gia cwong bing vai dia ky thuat, cac sb liéu nay 14n lvgt 14 1,6 1an.
Céc 16p gia cuong v&i tinh thAm 16n di cai thién kha nang thoat nuée
clia 16p dAt sét gia cudng, tir d6 gia ting hé s6 thAm va hé s6 nén lin
cia mAu gia cudng. Nhit vy, nhd cac 16p gia cuong nang cao kha ning
thoat nwéc ctia miu dAt sét, ddy nhanh qué trinh ¢6 két trong nén céng

trinh xay dung.
4.3, Kétqud cd két 1 truc

Thoi gian (phit)
500 1000 1500

o

Do ltn (mm)
=}
- w
‘ ¢ o
Y 0“““'

Khong gia cuong

’00000000000000000000

2

Hinh 8. D5 ltn ctia cic mAu khong gia cuwdng, gia ctdng 1 16p

vai dia ky thuat, gia cwong bing dém cat.

Két qua cho thdy miu gia cudng bing vai v miu gia cwdng bing
dém cét diy nhanh qué trinh ¢ két va nhanh dat trang théi can bing.
Thoi gian dé miu khéng gia cwdng dat d6 ltn 1 mm 16n gép 66 1dn va
khoang 20 14n so v&i miu gia cuong bing vai dia va mau gia cudng

bing vai dia va dém cat (Bang 5).

Bang 5.
Thoi gian dat d6 1tn 1 mm.

Mau Thoi gian dat d6 ltin 1 mm (gidy)
Khong gia cuong 3840
Gia cwong vai dia ky thuat 1418
Gia cuong dém cat 66

Bang 6 trinh bay két qua thoi gian dat 90 % , 100 % d6 cb két va

hé cb cb két C, cling hé sb thdm K,. Thoi gian ¢b két giam dan tit miu

cb két khong gia cuwong dén miu gia cudng bing vai dia ky thuat va
miu gia cwdng dém cat. Do d6 lin cac miu ciing giam nén hé sé thim

ciing ting din theo trinh ty gia cudng.

Bang 6.
Thoi gian ¢b két T90, T100, C,, K, ctia mAu cb két mét truc.
My T90 T100 Cv M, K
(phdat)  (phtt)  (mm?/phit) (m?/MN) (m/phit)
Khoéng 156,51 213,27 1,414 0,919 1,30E-08
gia
cuong
Gia 65,13 124,51 4,163 0,786 3,27E-08
cuong
vai dia
ky thuét
Gia 9,49 46,33 16,191 0,518 4,02E-08
cuong
dém cat

4.4. So sdnh két qud c6 két 1 truc va 3 truc

Céac miu dugc tao trong didu kién ban diu nhu nhau (d6 chiit,
hé s6 rdng), thoi gian cb két ctia miu thi nghiém 3 truc nhé hon 70 %

dén 88 % miu thi nghiém nén 1 truc.

Bang 7.
Ti 1& thoi gian ¢ két 90 % (T90) va 100 % (T100) ctia miu cb két 3

truc va miu cb két 1 truc.

e i Ti 1é thoi gian o ket
Ti 1é thoi gian co ket 90 %
. 100 % (T100)
(T90)

N . MAu 3 truc/mau 1
Mau 3 truc/mau 1 truc

truc

MAu gia

cuong dém 0,88 0,88

cat

MAu gia

cwdng bin,

vai diga Ky 8 0,71 0,68
thuat

M4u khong

gia cuong

0,85 0,88

Heé sb cb két va hé s6 thdm ctia mAu dAt gia cwong dém cat 16n
hon miu gia cwdng bing vai dia ky thuat va khong gia cuwdng. Trong
cling didu kién gia cudng va khong gia cdng, mau thi nghiém bing

budng nén 3 truc ddu cho két qua 16n hon so v&i mau thi nghiém bing
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budng nén 1 truc. i v6i hé sb cb két, ti 1& chénh léch giita miu nén
bing 3 truc va 1 truc khoang tit 15 % dén 65 %. Trong khi dé, dbi v6i
hé s thdm, khoang chénh léch khoang tit 9 % (cho miu khéng gia
cuwdng) dén 15 % (mAu gia cwdng bing vai dia ki thuat) (Bang 8).

So véi cb két mét truc, cb két 3 truc trong ciing didu kién dién ra
nhanh hon va két qua ctia hé s6 ¢ két va hé s thim ciing 16n hon.
Pidu nay c6 thé giai thich bing sy mit mat ap lwc cb két do ma sat
thanh ctia miu dit va thanh dao vong trong diéu kién c¢b két 1 truc. N6i
cach khéc, ma sat thanh 1am 4p Ivc cb két bi giam di khong con diing

gia tri tdc dong nhu ¢b két 3 truc.

Bang 8.

Ti 18 hé s6 cb két C, va hé sb thAm K, gitta mau cb két 3 truc va 1 truc.

VE Ti 1& hé s6 cb két C, Ti 1& hé s6 thdm K
au N ~ N B
Mau 3 truc/mau 1 truc | Mau 3 truc/mau 1 truc

MAu gia cwon

R g’ & 1,16 1,09
dém céat
MAu gia cudng
béng vai dia ky 1,50 1,14
thuét
MAu khong gia

. &8 1,64 1,11

cuong

5. Két luan

Céc thi nghiém xac dinh hé sé 4ap luc ngang tinh, ¢ két 3 truc
khéng no hoéng, ¢b két 1 truc duge thyc hién dé khao sat anh huwdng
16p gia cwdng va sy sai khéc giita cac thi nghiém cb két. Két qua chira
ring:

Hé s6 4p lvc ngang tinh K, cin dwoc x4c dinh tit thi nghiém dé
dam bao mau khong bi n& héng khi thi nghiém cb két khong né hong.

Cac 16p gia cudng thiic ddy nhanh qua trinh ¢b két trong ca 2
loai thi nghiém. Vai dia k§ thuét gitip diy nhanh qu trinh thoat nuée
khoang 60 %, trong khi dém cat va vai dia ky thuét tt 20 % dén 35 %
so v6i trudng hop khong gia cuwdong. Po d6, hé sb thim ctia mau dht
ciing sé ting lén. Qua trinh d4y nhanh cb két nay do 16p dém cét va vai
dia ky thuét tao thanh bién thoat nuwdc tdt dong thoi lam giam chiéu
cao cua 16p dit cb két.

Khi thi nghiém c6 két 3 truc, thoi gian c6 két giam khoang 90 %
cho miu khéng gia cuong, 70 % va 88 % cho miu gia cudng bing vai
dia ky thuat va miu gia cuong bing vai dia va dém cat so véi khi cb
két 1 truc trong cung diéu kién. Do d6, hé s6 thAm cua mau cb két 3
truc ciing s& 16n hon cidc mau cb két 1 truc tir 1,09 dén 1,14 lan.

Két qua chi ra ring viéc thoat nuéc 1a rit quan trong dé déy

nhanh qud trinh ¢6 két va thoi gian cb két mau dit giam khoang 38 %

khi gia cwong bing vai dia ky thuat va 66 % khi gia cwdng bing dém
cat. Do d6, dit bin nao vét 1ong song néu duge gia ¢b bing vai dia ky

thuat hodic dém cét va 16p vai dia c6 nhiéu l¢i ich khi dugc 4p dung.
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Anh huéng cta bao hoa dén stic khang cat
khéng thoat nudc caa dat bun set long song
gia cuong vai dia ky thuat trong diéu kién nén

3 truc

Effects of saturation on the undrained shear strength of geotextile reinforced clay under

triaxial compression
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TGM TAT

Dt b khai thac tir lang séng ca he sa réng lan, kha nang chiu lue kem,
doi hai bign phap gia ting cuang do trude khi tng dung lam déat dap
trong xay dung co ban. Bai bao nghién ciru anh hiréng da bao hoa khi
chiu cét khang thogt nude S, cia dat gia cuang vai dia ky thuat dudi
diéu kign nén ba truc trong diéu kign khang thoat nudc khong oo ket
(UU). Ket qué nghién ciru cho théy cac lap vai dia ky thuat [am tang
cumng da khang cét cia dat trong cé hai trueng hop mu khang bao
hoa va mau béo hoa. Qua trinh bao haa lam giam khoang 70-80% sirc
khang cét khang thoat nudc cia dat khang gia cudng. Khi gia cutng
béing vai 2 |op dia ky thuat sau khi bdo hoa, di giam tdi thiéu coa S, |3
tir 49-63%. Nghién ciru cho thay qué trinh béo hoa giam dang ké sic
khang cét khong thoat nudc cia dat sét gia cudng vai dia ki thuat.

Tir khod: Vai dia ky thuat; dat set; thi nghiém cd ket | truc; ma sat;
thi nghiem cét 3 truc.

1. GIGI THIEU:

Khi cat san lap khan hiém, dat nao vét tur long séng dugc sur
dung thay thé la phuong phép dugc danh gia bao vé tai nguyén.
Dat sét nay chiu tai t6t khi & trang théi kho. Khi do 8m tang Ién, dat
mat kha nang chiu luc (Huerta va Rodriguez, 1992). St dung vai dia
ky thuat va dém cét la phuong phap gia cudng phé bién dé cai thién
cudng do dat. Stoltz, Delmas va Barral, (2019) thuc hién véi nhiéu
loai vai dia khac nhau dé danh gia su phu hop khi dung véi cac loai
bun sét khac nhau. K&t qua cho thay vai khéng dét vai kich thudc
nho hon 60 um phi hgp cho cac loai dat bun sét.

Choudhary va céng su, (2012) cho thay rang viéc chén mét I6p
gia cudng ngang dugc dat bén trong mau thir ¢ dé sau xac dinh tur

| ISSN 2734-9888

ABSTRACT

The clay excavated from the riverbed had a high void ratio and a
low capacity, requiring a reinforced method to improve its capacity
before using it as backfill in construction. This paper researches
the effect of the saturation on the un-drained shear capacity of
clay by using a triaxial shear test under the unconsolidation-
undrained condition. The results illustrate that geotextile layers
increase the intensity of clay in both unsaturated and saturated
conditions. The saturated process decreased the undrained shear
capacity of unreinforced specimens by about 70-80%. With two
geotextile layers, the minimum decrease of Su was from 4a-65%.
The research showed that the undrained shear capacity of the clay
falls dramatically during saturated process.

Key word: Geotextiles; clay; one dimensional consolidation test;
friction; trial compression shear test.

dinh clia mau da nén chat khéng chi kiém soat dang ké kha nang
truong nd ma con cai thién dang k€ gia tri CBR.

Hufenus va cong su., (2006) khang dinh dat sét yéu dugc gia
cudng khi o 16p cot liéu tho & gilia. Vai dia ky thuat dong vai tro
bién thoat nudc lam cai thién suc chiu tai va 6n dinh nén méng
cong trinh (Zornberg, J.G., & Mitchell, 1994). Yu, Zhang va Zhang,
2005 cho thay I8p vai dia ngan can sy bién dang ngang cla dat.
Yang va cong sy, (2016) cho thady kha nang gia tang cudng do
chéng cat cha dat sét khi dugc gia cudng vai dia ky thuat. Pat
bun sét can thai gian vai ndm dé c6 thé 6n dinh va can cé nhiing
xU ly, gia cudng nham ddy nhanh qua trinh c6 két trong dat bun
sét loai nay. Phuong phap gia cudng st dung vai dia ky thuat



dem dén nhiéu hiéu qua vé mat cai thién cudng do cho dat bun
yéu.

Jotisankasa va Rurgchaisri, (2018) thuc hién cat dat gia cudng
vai dia ky thuat téng hop véi nhiéu loai dat khac nhau va phuang
phap ti€p xuc gilra vai va dat. Két qua cho thdy mudc do hu hong doi
vGi mat phan cach dat sét-vai dia ky thuat cao hon so véi chi loai dat
sét. Viéc cat dat khong bao hoa c6 cudng do dinh cao hon va cé xu
hudng gian ra nhiéu hon so véi dat bao hoa, trong khi l6p dat khong
bao hoa dudng nhu chat hon so véi cat I6p dat bao hoa.

Nhu vay, dat bun sét gia cudng sau khi dam chat bi giam cudng
d6 dang ké khi bi bao hoa. Cé nhiéu nghién ctu vé sic khang cit
trong diéu kién nén 3 truc clia dat sét gia cudng, tuy nhién, chua ¢
nhiéu nghién clru vé cudng dé clha dat sét gia cudng bi anh hudéng
do quaé trinh bao hoda. Do dé, nghién ctu vé d6 gidm cudng dé do
qua trinh bao hoa va bién phap cai thién cudng do la can thiét khi
st dung dat bun gia cudng trong céng trinh xay dung.

1. VAT LIEU THi NGHIEM

1.1 Datsétlong séng

Dat khai thac tir long rach Cai Lon, tinh Kién Giang, dugc phan
loai la dat phu sa déo theo (MH) theo Unified Soil Classification
System (USCS). Hinh 1 biéu dién thanh phan hat cia dit va Bang 1
trinh bay céc tinh chat cua dat sét.
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Hinh 1- Thanh phén hat cla dat sét.
Bang 1: Tinh chat clia dat sét

Tinh chat Gid tri
Dung trong ty nhién, y, kN/m? 16,13
D6 &m tu nhién, » % 554
Dung trong khd, yx, kN/m? 10,4
Hé 56 rong ban dau, eo 1,60
Dung trong kho 16n nhat, , Yi-max (kN/m?) 15,03
D6 dm t6i uu, OMC, % 24,5
Gidi han déo, PL 449
Gidi han chay, LL 91,5
Chi s6 déo, PI 46,6
Ty trong, Gs 2,75

1.1. Vai dia ky thuat

Vai dia khéng dét dugc st dung trong thi nghiém c6 khéi lugng
riéng 200 g/m? va bé day 1,3mm. Kha nang chiu kéo theo phuong
doc va ngang vai lan lugt 1a 9,28 kN/m va 7,08 kN/m vdi bién dang
dai khi pha hoai theo phuong doc va ngang vai la 84,1% va 117,8%.
Véi luu lugng tham & 100 mm cot nudc la 196 lit/m?/giay va hé sé
tham k la 3,6x10% m/gidy, vai dugc xem la cé tinh tham cao.

2. CHUGNG TRINH THi NGHIEM

2.1. Chuan biméu

Dat sét tir nao vét tir song dugc dem di phai kho, nghién nhé va
ray qua san 0,5 mm dé loai b6 cac thanh phan tap chat trong dat.

Sau khi sdy khé t6i thiéu 1 ngay & 100°C, dat dugc tron véi nudc dé
tao ra hén hop c6 d6 &m tai 24,5%. H6n hop nay dugc dudng hd
trong ta dudng 4m 2 ngay trudc khi dem di tao mau. Cac mau dat
sé dugc tao & @6 8m OMC va dung trong khé 16n nhat véi kich thuéc
duang kinh D 1a 50 mm va chiéu cao la 100 mm.
2.2. Thinghiém xac dinh stic khdng cat UU
C6 t8ng cong 20 mau dugc thi nghiém xac dinh stic khang cét
khéng c6 két- khong thoéat nudc theo ASTM-D2850-UU bao gém
mau khéng gia cudng, mau gia cudng 1 16p, 2 16p, 3 16p vai dia ky
thuat (Hinh 2) vai 2 diéu kién ban dau va &p luc buéng nén:
- Cac mau khéng bdo hoa: cac mau sé dugc nén véi ap luc
budng 50 kPa, 100 kPa, 150 kPa, 200 kPa.
- Cac mau bao hoa: cac mau sé dugc bao hoa tai ap luc budng
500 kPa va nén thi nghiém tai ap luc buéng 300 kPa.
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Hinh 2- Cac mau thi nghiém xac dinh siic khéng cat

3.KET QUA

2.3. Ung xi cat mau khéng bao hoa trong diéu kién UU

a) So sdnh mau khéng gia cudng va gia cudng bdng vai dia ky
thuadt

Hinh 3 thé hién quan hé gilta ing suat lénh (hiéu s6 (ng suat
doc truc o1 va Ung suat buéng o) theo su bién dang doc truc.
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Hinh 3- Quan hé ting sut léch va bién dang doc truc trong diéu kién UU

Nhan xét: Ap luc budng cang 16n thi tiing suat léch cang 16n véi
cuing bién dang doc truc.

S6 6p vai gia cudng cang nhiéu thi cudng dé cang cao.

Theo ASTM-D2850-UU, thai diém méau bi pha hoai khi bién dang
doc truc dat 15%. Hinh 4 thé hién gi4 tri ap luc thang ding khi mau
bi pha hoai cho mau khéng gia cudng va gia cudng bang vai tai cac
ap luc buéng khac nhau.
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= —#— Gia cudng 1 16p vai
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Hinh 4- Quan hé ting sudt doc truc va ting sudt khi mau bi pha hoai
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Gia tri luc dinh (c) va géc ma sét trong () dugc xac dinh:
oy = a3><Kp+2><c><\/K_P

Trong d6 Kp: ap luc déat bi dong dugc xac dinh bang K,, =
tan?(45° + %)

Bang 2 trinh bay két qua tinh lyc dinh (c) va goc ma sat trong (¢)
cho cac truong hgp khong gia cudng va gia cudng bang vai dia ky
thuat trong diéu kién UU. Do khong do dugc ap suat nudc 16 réng
nén gia tri nay thé hién suic khang cat téng cong clia mau. Két qua
cho thay, so véi mau khéng gia cudng thi mau gia cudng vdi vai dia
ky thuat c6 géc ma sat trong tuang tu nhu d6i véi mau khéng gia
cudng, tuy nhién lyc dinh 1én hon rat nhiéu, gap 2 lan déi véi mau
gia c6 bang 3 16p vai.

Bang 2: Két qua luc dinh (c) va goc ma sét trong () khi khong
gia cudng va gia cudng bang vai.

200
o160 11—ttt
0o
=
£120
@
3 80
2 e 3 lop vai
2 40 —— 7 lop vai
—t— 1 Ip vai
0 —&— Khing gia cuwdng
01 2 3 4 5 6 7 8 9 10111213 14 15

Bién dang (%)

Truong Hop 2ctan(45°+¢/2)  tan’(45°+@/2) @  c(kPa)
Khéng gia cutng 185,57 2,3186 11,7 609
Gia cuong 116p vai 220,08 2,1647 108 748
Gia cuong 2 I6p vai 241,62 2,1015 104 833
Gia cuong 3 I6p vai 336,95 2,3236 11,7 105
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b) Tuong quan d¢ gia tdng cudng do Rustrong diéu kién khéng béao
hoa

DO gia tang cudng dod Rur trong diéu kién khéng bao hoa dugc
xac dinh

Ruf _ Aagia cwdong
Ao_khﬁng gia cwong

Trong d6: Acyiq cumg: A0knong gia cwomg 1aN UGt la Ung sudt
chénh mau gia cudng va mau khéng gia cudng.

Hinh 5 cho thdy Ryt I6n hon 1 tai tat ca cac cap ap luc buéng,
diéu nay thé hién vai dia ky thuat c6 tac dung giup gia tdng cudng
d6. Khi ap luc budng tang Ién, gid tri Rut giam.

Khi sé I6p vai gia tang thi gia tri Ruf cang tang. Biéu nay phu hop
vGi két luan vé do gia tang cudng do khang cat khi thém sé 16p vai
dia ky thuat.

2 -
Gia cwong 3 16p vai

—_
[=-]
M

-Gia cudng 2 Iop vai

-Gia cudng 1 16p vai

_.
[=]
.

oL
[p%]
M

D6 gia tang cudng d6 Ruf
=N

anll
L
|

=
o

50 ) 100 150 200
Ap lwc budng o, (kPa)
Hinh 5- Tuong quan d0 gia tang cutng o Rur va ap luc budng

o

3.2 Ung xi cit mau bao hoa trong diéu kién UU

a)  Ungxt cdt méu béo hoa gia cudng béing vdi dia ky thudt

Két qua cho thay ting suat chénh gia tdng theo bién dang doc
truc mau. S8 1&p vai cang nhiéu, ap luc chénh cang cao (Hinh 6)
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Hinh 6- Tuong quan ting sudt I&ch va bién dang mau béo hoa
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Hinh 7- D gia tang ap luc nudc 16 rong mau bao hoa gia cudng véi

Bang 3 trinh bay Uing suat chénh léch, d6 gia tang ap luc nudc
16 rdng va stc khang cat khéng thoat (Su) nudc mau bao hoa
khéng gia cudng va gia cudng bang vai dia ky thuat. Stic chéng
cat khong thoat nudc mau bao hoa duge xac dinh bang phan
nita clia Ung suat léch. Pay la stic khang cat téng cong clia mau
bao bao hoa trong d6 cu = Su va @u = 0. Stic chéng cat tang lén
khi s6 16p vai tang 1én va ap luc nudc 16 réng cling gia tang (Hinh
7). Yang va céng su. (2016) khang dinh &p luc nudc 16 réng ting
Ién do vai dia ky thuat khéng ché dé n& héong cda mau thi
nghiém tir d6 lam gia tang ap luc nudc 16 réng so v6i mau khéng
gia cudng. Trong khoang bién dang 1% dén 3%, mau gia cudng
tao ra ap lyc nudc 16n hon so v8i mau khéng gia cudng, do vai
dia ky thuat ngan can qua trinh n& héng ctia mau, tur dé lam gia
tang dot bién ap luc nudc 16 réng. Khi bién dang tang 1én mau
thi nghiém c6 sy phat trién bién dang ngang (xay ra hién tugng
trugt gitta dat va vai dia ky thuat) (mau gia cudng 1 va 2 16p vai)
lam gidm ap luc nudc 16 rdng déng thai ap luc nudc 16 réng duoc
tiéu tan théng qua kha nang tham cao cla vai dia ky thuat.

Bang 3: K&t qua thi nghiém mau bao hoa khéng gia cudng va
gia cudng bang vai

. ) D0 gia tang dp Stic chdng
Ung sudt
Trudng Hop Iyc nudc 16 cit
chénh (kPa) )
rong (kPa) Su (kPa)

Khdng gia cudng 83,02 8,30 41,51
Gia cudng 116p vai 105,80 11,10 52,90
Gia cudng 2 16p vai 166,26 12,40 83,13
Gia cudng 3 16p vai 179,09 58,70 89,54
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b) D6 gia tdng cudng do Rf trong diéu kién bédo hoa
Do gia tdng cudng do Rr dugc xac dinh:
R, = Sugia cuong
f T
u khong gia cuwong

Trong do: Su gia cudng; Su khéng gia cuang la suic khéng cat khéng
thoat nudc cla mau gia cudng va khéng gia cusng.

K&t qua do tang cudng do Rr va su gia tang ap luc nudc dugc
thé hién trong Hinh 8. Khi s6 I6p vai tang 1én, chi s6 Rr mau gia
cudng vai tang.

3.3 D6 gidm cudng d6 mau khéng bao hoa va bao hoa
D6 gidm cudng d6 mau khéng bao hoa va mau bdo hoa T
dugc xac dinh:
_ Aakhéng bao hoa — A0 b0 noa

AGkhong bio hoa
Trong d6 AGknsng bio hoa ; AG bao hoa la ting sudt chénh mau
khong bao hoa va mau béo hoa.
K&t qua dugc thé hién trong Hinh 10
Sau khi bdo hoa cudng dé ctia mau giam so véi ban dau tu
46,04 % - 82,38%.

4. KET LUAN

- Cac thi nghiém stic khang cdt bang thiét bi nén 3 truc duoc
thuc hién dé danh gia anh hudng vai dia véi dat sét long séng.
Cac két luan khac bao gom:

-0 mau khoéng bao hoa, s6 16p vai cang 1én thi cudng d6 cang
cao. Khi gia cudng, luc dinh tang 1én 1,5 dén 2,5 1an, gbc ma sat
trong @ khong thay ddi khi gia cudng bang vai. Chi sé gia tang
cudng do6 Rur gidm khi &p luc budng téng.

- Cac mau béo hoa, trong khoang bién dang tur 1-3% thi mau
gia cudng vai tao ra ap luc nudc 1én hon so v6i mau khong gia
cudng do vai ngan can su nd héng cua dat. Khi bién dang tang
I&n xay ra hién tugng trugt gitta dat va vai dia ky thuat, lam giam
ap luc nuéc 16 réng déng thai ap luc nudc 16 réng dugc tiéu tan
théng qua kha nang tham cao cla vai dia ky thuat.

- Sau khi ngam bao hoa, cudng dé mau giam ti 46% - 82%.

- K&t qua cho thay rdng gia cudng dat sét long séng bang vai
dia ky thuat lam gia tang cudng d6 dat trong diéu kién bao hoa
va khong bdo hoa. Hé théng thoat nuéc ddng vai trd quan trong
trong viéc cai thién kha nang chiu tai ctia dat sét long séng.

LOI CAM ON
Cam on Trudng Pai hoc Su pham Ky thuat TP.HCM da tai trg
kinh phi dé thuc hién nghién cttu nay, ma dé tai T2021-118TD.
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