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Abstract The Soil Cement Mixing technology (SCM) has been widely applied for
several applications such as soft ground improvement for highway embankments and
earth levee embankments, seepage cutoff walls, and so on. The hydraulic conductivity
of soilcrete made from clays was primarily studied. The hydraulic conductivity of
soilcrete created from sand has limit research data, especially in Vietnam. This study
aims at better understanding of the permeability behavior of dredging sand taken
in Mekong delta mixing with some cement types at various cement contents of
200, 250, 300, 350 and 400 kg/m?, respectively. Three cement types of the ordinary
Portland cement (OPC), Portland cement blended (PCB) and Portland cement slag
(PCS) were utilized. All permeability tests followed the ASTM D5084 standard. The
results indicate that the hydraulic conductivity of sand soilcrete (k) was lower 1000
times than that of the compacted sand sample. The k; reduced with increasing in
cement contents and in curing time. k, of soilcrete made from the PCS cement was
lower than those made from the OPC and PCB cement. The k, varied from 8.07 x
1078 m/s to 2.3 x 10~ mys.
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1 Introduction

Nowadays, the soil-cement mixture (soilcrete) has been commonly applied for
various purposes such as soft soil reinforcement, impermeable cores for embank-
ments, dams, containment walls, and so on. The SCM can improve the in-situ soil
characteristics significantly after 28 curing days like strength, stiffness, and perme-
ability. The mechanical and physical properties of soilcrete including compression
strength, shear strength, and secant modulus were widely investigated [1-4]. The
improved mechanical properties of soilcrete were the result of the chemical reac-
tions occurring between minerals in soil, cement, and water which create cemen-
titious products to fill void pores in the soilcrete and to set the soilcrete [2, 5].
The hydraulic conductivity of soilcrete is an important property for impermeable
purposes [6]. The permeability of soilcrete made from clays was generally studied.
Several studies on the soilcrete permeability created from sand were conducted to
investigate various aspects such as cement content, curing time, water/cement ratio
(wlc), and type of cement [5, 7-10]. However, the sand soilcrete permeability was
partially examined. The hydraulic conductivity of cement stablilized sand decreased
to compare with unmixed sand and decreased with increasing in cement contents [5,
8, 9]. The hydraulic conductivity of soilcrete made from different sands was diver-
gent [8, 9]. Alkaya and Esener [8] found that the permeability of the sand-cement
mixture reached 3.5 x 1078 m/s at a cement content of 10%. Amhadi and Assaf [9]
concluded that the permeability of the soilcrete made from desert sand mixing with
cement was approximately 10~/ m/s. The effect of cement type and fine fraction
on the permeability of cement-mixed limestone sand was studied by Markou and
Droudakis [10]. The authors reported that the blended Portland cement can lead to
lower permeability of soilcrete created by the ordinary Portland cement and the soil-
crete permeability declined with increasing in the cement fine fractions. The soilcrete
permeability decreased with curing time [5, 11, 12], and increased with increasing
in w/c ratio [7]. The Southern Vietnam has commonly used dredging sands for rising
elevations of highway embankments and earth leeves. Earth levees have been often
failured during annual flood seasons. Lack of compaction is considered the cause of
earth levee failures which are typical failure in the Mekong delta. The sand particles
inside an earth levee body are washed by seepage flows enlarging void spaces grad-
ually and causing the collapse of the earth levee. Soilcrete walls expecting to be low
permeability that can protect earth levees against annual floods are highly potential
solutions. The literature review suggests that sand mixed with cement can reduce
the permeability of the mixture and can be considered as an impermeable material
to create seepage cutoff walls for earth levees. However, fine grain sizes and organic
contents in the dredging sand taken in the Mekong delta may cause unexpected high
soilcrete permeability. The soilcrete permeability database is still limit in Vietnam.
Therefore, this paper attempts to investigate the several impact factors such as cement
content, cement type, and curing time on the soilcrete permeability made from the
dredging sand mixing cement. Research results expect to be low the permeability of
the soilcrete to be used as an impermeable material.
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2 Implementation
2.1 Materials

The dredging sand samples were taken in Dong Thap province, Vietnam. The site was
the location of field Jet Grouting experiments to treat differential settlement of bridge
abutments. The key properties of sand were determined and presented in Table 1. The
results of the standard sand compaction and grain size distribution tests are shown in
Fig. 1. The three cement types of the OPC40, PCB40, and Portland cement with 50%
blast furnace slag (PCS) were used. The cement properties are displayed in Table 2.
Tap water was utilized for mixing soilcrete specimens and testing permeability. The
water properties meet the requirements printed in Table 3.

Table 1 The key parameters of the dredging sand samples

Optimum water content w,, (%) | Maximum dry unit weight ¥ g, | Organic content | pH
(kN/m?) OC (%)

15.15 15.55 6.76 6.7
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Fig. 1 The standard compaction and grain size distribution of the dredging sand
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Table 2 Properties of the cement types

Properties OPC40 PCB40 PCS
TCVN 2682:2009 | TCVN 6260:2009 | TCVN 4316:2007
Compressive strength
At 3 days + 45 min >21 >18 >22
At28 days £ 8 h >40 >40 >50
Setting time (min)
Initial >45 >45 >45
Final <375 <420 <600
Specific surface area (cm2/g) >2800 >2800 >3300
Fine fraction (%): percent fine <10 <10 <10
remaining on the seize > 0.09 mm
SO3 (%) <35 <35 <35
MgO (%) <5 - <6
NayOcq (%) <0.6 - -

Table 3 The maximum allowable contents (mg/L) in water used to mix with dry cement
Total dissolved salts Sulfate (SO4)%~ Chloride (CI)~ Non-dissolvable solids
10.000 2.700 3.500 300

2.2 Specimen Preparations

Unmixed sand specimen. The dredging sand was dried at a temperature of 105 °C £
5 °C. Tap water was added to rise a moisture content up to the optimum water content
of 15.15%. The sand was placed in the cylindrical plastic mold with dimensions of
D x H = (62 x 140) mm in 3 layers and compacted at the standard energy (ASTM
D698) [13]. The specimen was saturated under water at a vacuum pressure of —80
to —90 kPa for 24 h.

Soilcrete specimens. The dredging sand was mixed with the three cement types of the
OPC, PCB, and PCS at various cement contents, respectively, to form several soilcrete
specimens. The OPC cement was added with cement contents of 200, 250, 300, 350,
and 400 kg/m?, respectively. A content of 300 kg/m® was used for the PCB and PCS
cements. Table 4 presents parameters of the soilcrete specimens. The sand was mixed
with water to have a water content of 15.15% and asumpted to be a common natural
moisture sand. Appropriate cement contents calculated by the volume of moist sand
were added. Additional water amount was added to make the mixture more liquid.
The actual water content of the sand and the mixture after mixing was determined. The
moisture content of soilcrete mixture varied depending on cement contents (Table 4).
The wet mixture was placed and compacted in cylindrical plastic molds with 65 mm
height and 62 mm diameter in 3 layers. A mini vibrating compactor was employed
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Table 4 Material parameters form soilcrete specimens

Specimen |Cement |Cement |Massofdry |Massof Mass of Water Content

1D types content sand sample | cement (g) | water (g) |of mixture
(kg/m®) | (2) (%)

S - - 655 - 99.2 14.6

SCl1 OPC 200 304 39.3 73.6 214

SC2 OPC 250 304 49.1 80.5 22.6

SC3 OPC 300 304 58.9 87.3 24.5

SC4 OPC 350 304 68.7 94.2 24.8

SC5 OPC 400 304 78.6 101 26.5

SB PCB 300 304 58.9 87.3 23.9

SS PCS 300 304 58.9 87.3 24.3

to eliminate air bubbles as much as possible. The preparation duration of a specimen
was less than 30 min. The all specimens were covered by plastic wraps and immersed
in water for 2 days. The set soilcrete specimens were removed out of the molds and
saturated in water at a vacuum pressure of —80 to —90 kPa for at least 24 h before
permeability tests.

2.3 Permeability Tests

The hydraulic conductivity of the compacted sand specimen, ky,;, was measured
using the falling head-constant tailwater method on a rigid wall permeameter (ASTM
D5856) [14]. Low hydraulic gradients of 2-5 were applied to avoid the rigid-wall
leakage. For the soilcrete specimens, the permeability tests were conducted on the
flexible wall permeameters specifically designed basing on the ASTM D5084 [15]
(Fig. 2) following the falling head-constant tailwater method under hydraulic gradi-
ents of 30-45 or the falling head-rising tailwater method under hydraulic gradients
of 100-150. During a permeability test, a cell water pressure was applied and main-
tained higher than water head-in pressures about 10-20 kPa. A specimen was care-
fully installed in the permeameters to keep the specimen fully saturated. Data were
periodically obtained every day and carefully analyzed to investigate the hydraulic
conductivity variation with time.

The hydraulic conductivity at the laboratory temperature is calculated using
Egs. (1), or (2) depending on the tested method.

The falling head—constant tailwater method:

al /’l1
k =2.303—.log — 1
At °8 hy M

The falling head—rising tailwater method:
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Fig. 2 Flexible wall
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Hydraulic conductivity at the temperature of 20 °C, ko, converted by Eq. (3).

kz() = RT x k (3)

where k—hydraulic conductivity at aroom temperature (m/s), L—length of specimen
(m), A—cross sectional area of specimen (m?), a—cross sectional area of head-in
pipe (m?), (@in = Qo = a), t = t; — to—reading duration (seconds) at head-in of 4,
and hy, hj—head loss in at reading time ¢; (m), h,—head loss in at reading time 7,
(m), Ry——converting ratio (ASTM D5084).

3 Results and Discussions

3.1 Influence of Cement Content on Soilcrete Hydraulic
Conductivity

Figure 3 displays the hydraulic conductivity of the compacted sand specimen and the
all soilcrete specimens made from the dredging sand mixing with the OPC cement at
a curing time of 28 days. The hydraulic conductivity of the soilcrete specimens (k)
was from 10° to 10° times lower than that of the untreated sand. The k, decreased
markedly with increasing in cement contents. The similar reports can be found from
other researchers [5, 8, 9]. When the OPC cement was mixed with the moist sand,
the cement hydration took place immediately creating the primarily products in
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Fig. 3 The hydraulic 1.0E-04
conductivity of sand and
soilcrete specimens at an age
of 28 days
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gel forms of calcium-silicate-hydrate (CSH) and calcium-aluminate-hydrate (CAH).
These cementitious products reduced pore spaces in the soilcrete specimen leading a
reduction of k, [16]. Soilcrete specimen made with higher cement content produced
more gel products, resulting in lower hydraulic conductivity. The research results
suggest that the correlation between hydraulic conductivity of the soilcrete specimen
made from the dredging sand and cement content can be estimated by Eq. (4):

ke =3.107°. 70034 (4)

where k—hydraulic conductivity of sand soilcrete (m/s), A.—OPC40 cement
content (kg/m3).

3.2 Influence of Cement Types on Soilcrete Hydraulic
Conductivity

Effect of cement types on the hydraulic conductivity was evaluated by comparing
kg of the soilcrete specimens made from mixing the dredging sand with the three
cement types of OPC, PCB, and PCS, respectively, at the same cement content of
300 kg/m?. The results presented in Fig. 4 indicate that the k, made from the PCB
cement-mixed sand was higher than those created from the OPC and PCS cement-
mixed sand, respectively. k; of the OPC soilcrete was lower than that of the PCS
soilcrete for the first 35 days. However, after the first 35 days, k of the PCS soilcrete
declined significantly and became lower than &, of the OPC soilcrete. Markou and
Droudakis [10] found the comparable trend. The OPC is a pure cement containing
a larger proportion of clinker compared to the PCS cement. In the short term, the
OPC cement-mixed sand produced more gels (CSH and CAH) due to the hydration
reactions, resulting in lower hydraulic conductivity. In contrast, the PCS cement
contains more pozzolans (SiO;, Al,03). These pozzolans reacted with Ca?* ions
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released from the hydration reactions to continue to generate additional gel products.
In the long term, the PCS cement produced more gels in soilcrete specimens than the
OPC cement at the same cement content to lead to lower hydraulic conductivity [10].
Additionally, the PCS cement has a higher fineness than the OPC cement resulting
in an increment in filling pores in a soilcrete specimen to cause lower hydraulic
conductivity [10].

3.3 Soilcrete Hydraulic Conductivity Versus Curing Time

The hydraulic conductivity of the soilcrete specimens varying with curing time is
shown in Fig. 5. It can be seen that k; of the all soilcrete specimens diminished with
curing time. The identical trends were reported by the authors [5, 11, 12]. Figure 5
exhibits that k; of the soilcrete specimens at the lower cement contents of 200 and
250 kg/m? were almost stabilized after the first 15 days. However, for the soilcrete
specimens at the higher cement contents of 300, 350, and 400 kg/m?, k, dropped
sharply after the first 15 days. This result shows that the hydration process may need
longer time to complete inside a soilcrete specimen at the higher cement content
[17].

Fig. 5 k; of the soilcrete 1.0E-04
specimens versus curing time
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4 Conclusions

The several soilcrete specimens formed from the dredging sand taken in the Mekong
delta to mix with the three cement types of OPC, PCB, and PCS at various cement
contents, respectively were used for the hydraulic conductivity investigation. The
all soilcrete specimens were carried out the permeability tests on the flexible wall
permeameters by the falling head methods. For the compacted sand specimen, the
hydraulic conductivity was determined on the rigid wall permeameter implementing
the falling head-constant tailwater method. The permeability of the soilcrete was
profoundly influenced by curing time, the types and the contents of the cements. The
kg decreased with increasing in the cement contents and in curing time. The PCS
cement induced long-term reduction of soilcrete permeability to compare with the
OPC and PCB cement.
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