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Abstract

Keywords:

Most of Arab countries areas are occupied with deserts that is covered with sandy soil. Thus, it is
necessary to make use of this huge volume of sand to be as construction materials. It is proven that, sand
is initially uneven and unstable. It requires pre-modifications of its primer properties in order to be used
as construction materials. One of the common techniques is injecting the sand with binders. Many
grouting techniques has been implanted to modify or rehabilitate the structure of soil but for sandy soil
the methods has not yet been introduced Therefore, this study aimed at developing simulation and
instrumental setup to be used for cement grouting. The simulation has been custom made and utilized to
form grouted samples for further investigation. The method of injecting sand is by applying pressure to
produce force flow in order to be injected into the sand. After the formation of injected sand samples, an
experimental investigation was carried out to determine the basic properties. Shear strength of the sand
was recorded before and after grouting. It was found that, the shear strength has increased after injecting
the sand with cement and the setup has produced accurate grouted samples with even distribution of the
cement mix. The results of the various investigations conclusively proved that grouting can be used as an
effective way to improve the strength characteristics significantly and can also contribute to the
stabilization of sand.
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1- Introduction
Grouting is widely-used technique for strengthening soil and rehabilitating cracks in concrete structures [1]. It is a
cost-effective method and environmental friendly because it requires minimum binders [2, 3]. Moreover, it requires
accurate tools and machinery to carry out an effective grouting that possibly improve the property of grouted soil [2].
Cement is one of the most common materials used to perform grouting either for soil or for concrete cracks
rehabilitation [3]. It has been used to inject several types of soil that has the characteristics of conformation of different
particles size distribution [4]. This technology is defined as the injection of specially formulated cement-based mixes
into the ground to improve its strength or reduce permeability [3-5]. Cement grouting is performed by drilling holes
into the foundation to intercept open cracks, joints, fissures or cavities, then pumping under pressure balanced and
stabilized grout mixes using a combination of cement, water, and additives. Work generally begins with a base mix
and is modified during the grouting process with subsequent mixes in order to achieve closure by reducing
permeability to a predetermined value [6]. This study introduced a new simulation for grouting sandy soil and the
grouted sand samples investigated experimentally in the laboratory to determine the effect of cement grouting to the
sand properties such as shear strength and unconfined compressive strength.
This study aims to develop grouting setup that is used in the laboratory to form grouted sand samples which finally
used to compare the results of the effects of injecting cement into sand. The second objective is to carry out laboratory
investigation of the unconfined compressive strength
For this study, there are several significances that would be obtained at the end of this study, firstly a grouting
testing machine to form grouted samples is fabricated and can be used for further studies and researches in grouting
study either for sand or other materials for the purpose of improving properties for the chosen study materials. This
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machine can form grouted samples with specified dimensions.in additions to that, this study mainly achieved and
studied the sand stabilization by cement grouting.

2- Literature Review
Grouting has been intensively studied by many researchers. It has been advance implemented in many applications
of the built environment for the purpose of crack rehabilitation or modification of soil properties. In addition to that, it
is used for slope stabilization in steep phenomenon and has been considered as an effective method to produce stable
slope that help to reduce environmental disasters [4, 5, 7].
Over the years, the method of performing grouting is changing with the advancement of technology and that has
significantly resulted in saving cost and time for the process. Hence, grouting has long played a significant remedial
role in ground improvement, soil stabilization and concrete rehabilitations [7-9].
A study by Nikbakhtan et al [3] has used jet grouting to rehabilitate the structure and avoid slope failure of Shahriar
dams in Iran. It was found that, the grouting has improved the state of the dam. Jet grouting can be also used in other
different applications. Therefore, it should be handled with expertise and skilled labors to avoid negative effect on the
structure [8].
Underground structures are the most difficult structure for rehabilitation and monitoring [9, 10] especially where
constructed on soft ground often requires the soil to be improved in order to ensure the safety and the stability of
surrounding buildings. Grout permeation is an efficient technique for reducing permeability and for increasing stiffness
and strength of coarse-to-medium grained soils with low initial mechanical properties [1, 9, 10].
Many techniques have been introduced in grouting technology. Mixing in place is one of the most common
technique and has shown to be very effective method for construction of soil-cement piles in place. Additive
stabilization of foundation soils for structures is used mainly in connection with grouting and electro-osmosis, with
additional application to the treatment of expansive soils to shallow depths [11]. Besides, the method of injecting the
soil by the mean of applying pressure into certain soil structure and that might be sometimes ineffective due to the
non-uniformity of soil particles beneath the surface [3, 12].
There are 5 types of grouting technique that has been introduced in construction. Firstly, Permeation Grouting
which is the core principle of permeation is to fill the voids naturally present in the soil with grout, without changing
the original soil structure and volumetric. This is probably the oldest grouting technique, the first documented
applications dating back to the early 1800’s, and also the most experimented and researched [2, 12]. Secondly, Jet
Grouting which is defined as the youngest grouting techniques, jet grouting overcomes the limitations related to the
soil grain size distribution, typical of the traditional grouting techniques. The soil structure is virtually obliterated by
high pressure - high velocity jets. Ultimately, the remaining soil is mixed in situ with cement based grouts [13].
Another advanced technique called Hydro fracturing: this typically French grouting application aims at injecting grout
in the ground at relatively high pressure, thus fracturing the ground itself and creating lenses of grout, mainly along
horizontal planes [2]. The third technique is compaction grouting which is used for high cohesion and rigidity grouts,
often containing diverse granulometries of aggregates, are injected to form bulbs around the injection pipe, inducing
densification in the surrounding soil. Compaction grouting is not typically used for excavation support; however,
compensation grouting, a variant of this grouting concept, is increasingly used for control of tunneling induced
settlement. Remarkable accomplishments have been recently achieved in major tunneling projects in Europe, Canada,
and USA [2]. Figure 1 presents the most common techniques of grouting which have been implemented in many
construction applications.

Figure 1. Types of grouting techniques for grouting engineering [2].

While performing grouting, there are basic considerations which includes the amount of pressure, flowability of the
mix, type of grouting materials and water quality [14]. Pressure is an important factor to be considered while executing
grouting. It is proven that, The greater the pumping pressure, the farther the distance for effective pressure dissipation
and the longer the time for establishment of steady-state flow conditions. During the time interval between pressure
application and steady-state flow, pumping pressure increases if the pumping rate is held constant. When pumping at
low pressures into more pervious materials such as coarse sand and fine gravel, new equilibrium conditions establish
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themselves quickly [14, 15]. Flowability of the fresh mixed cement grout (CG) has to be considered in order to provide
smooth path for the grout to flow. From previous studies, [16, 17]. Grouting material is very substantial element to
produce efficient grouting. Grout consists of two materials cement and water which are mixed together to specified
ratio in order to ease the flow of grout into the sand. Fluids with high internal friction are not optimal for injection, as
high pressures are required to pump them over significant distances [14]. Ordinary Portland Cement (OPC) is the most
common material that has been used in construction and soil stabilization. In term of water quality, it is suggested that,
water suitable for drinking may be regarded as suitable for use in grout. Ordinarily the presence of harmful impurities
(e. g., alkalis, organic and mineral acids, deleterious salts, or large quantities of silt) is known in local water sources
[18]. Hence, this study provided a complete set of instrument and experimental results.

3- Research Methodology
Figure 2 illustrates the sequential methods adopted to carry out this research. Firstly, the study introduces the
current practices and norms in grouting technology then defining the issue and lack of instruments that is specific to
suit the nature of sand soil. Then, simulating the equipment using certain aided software to be sent for design and
fabrication in the factory. The equipment then undergone certain calibrations and experiments to rectify its
functionality and efficiency. Then, the materials were prepared and designed to produce the hybrid of grouting. The
natural sand was placed into the specific molds then injected with the mix under certain and controlled pressure
vacuum.
Introduction, identification of the
problem and literature review

Simulation of grouting
instrument

Installation of the Instrument

Material characterization
Sieve analysis, direct shear,
UCS

Results analysis
Figure 2. Methodology flow chart.

4- Parameters of the Study
In this study, several important parameters were investigated which includes, water cement ratio is an important
parameter consider in the preparation of the grout mix since it contributes to the accessibility of the grout to pass into
the sand, Density of sand can vary depending on the grain size and moisture content and how tightly it is compacted
when sand is wet, the tests should be performed with medium sand corresponding to a dry unit weight of
approximately16 kN/m3,Shear strength of soils is an important aspect in many foundation engineering problems such
as the bearing capacity of shallow foundations and piles, the stability of the slopes of dams and embankments, and
lateral earth pressure on retaining walls [1], and Unconfined compressive strength Hence , To observe properties of the
grout in soil, a set-up should be made to hold molds where grout is injected into sand. A drill press is used to drill
holes for filter pieces to prevent sand from leaving the mold set-up and draining through the tubes. Once the grout is
injected into the soil, the grouted soil is then removed from the set-up and further tested via unconsolidated
compression test.
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5- Grouting Instrument Setup
Instruments have to be set according to the modeling and simulation proposed in this study. Proper setup of the
instruments can ease the procedures of experiments and collecting data.

Figure 3. Grouting apparatus early proposed simulation.

Figure 3 shows the instrument setup which is used to run the grouting technique:
1. Pressure gauge used to regulate the pressure in accordance to the easiness of the grout flow into the sand samples.
2. Valve to control the grout flow.
3. Grout container is used to maintain and keep the grout from any external effects
4. Pressure chamber used to supply pressure into the grout in order to push it toward the opening.
5. Mold which contains the sand sample which can be opened in order to easily take out the grouted samples.
6. Excess grout used to keep the excess grout from being ousted to mess up the apparatus.
7. Side Mold holder to easily and firmly hold the mold from moving or tending.
8. Top and bottom mold holder used to hold and easily open the mold to take out the samples.
9. Pipe system is used as grout flow route to the samples.

Figure 4. Top view of the mould (plate).
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Figure 5. Side view of the mould.

Figure 6. The grouting equipment.

Figure 6 shows the equipment which has been designed for the purpose of conducting this technique the equipment
is ordered from the supplier.

Figure 7. Mould for sand sample.

Figure 7 and 8 show the mould which were used to put the sand sample inside it this mould is openable and
confined in order to keep the grout from any leakage it has two openings bottom used for the flow of the grout and top
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opening used for the flow of excess grout. The figure below also shows the mould when they are installed and they can
be easily moved and opened.

Figure 8. Grouting mold.

6- Results and Analysis
There are several labs testing which have to be conducted to identify and study the grouting technique as well as to
determine the characteristics and behaviors of sand under grouting test. The total mass is 115 g.
6-1- Sieve Analysis of Sand
Sieve analysis is performed in this study in order to provide specific grain size distribution so that can contribute to
the easiness of discussing the engineered properties of sand and for classification purpose. Sieving can be performed
in either wet or dry conditions. However, in this study only dry sieve analysis was carried out. The total mass used was
115.5g the sieve analysis is calculated in the Table 1.
Table 1. Sieve analysis of Sand.
Sieve (mm)

Mass (gr)

% retained

% passing

10.0

0

0.0

100.0

6.3

5.5

4.8

95.2

2.0

25.7

22.3

73.0

1.00

23.1

20.0

53.0

0.60

22

19.0

33.9

0.30

17.3

15.0

19.0

0.150

12.7

11.0

8.0

0.063

6.9

6.0

2.0

pan

2.3

2.0

Table 1 shows the results of sieve analysis for sand soil. It is illustrated that the grades sizes range in less than
10mm and for the effective sieve size of 0.063 the percentage passing is less than 10%.

Figure 9. Gradation graph of sand.
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From Figure 9 the value of D10 = 0. 17mm.Uniformity coefficient (Cu): This parameter is defined as where D 60 is
diameter corresponding to 60% finer.
From the graph D60 = 1.5 mm, D10= 0.17 mm.

𝐶𝑢 =

𝐷60
1.5
= (
) = 8.82
𝐷10
0.17

(1)

Coefficient of gradation (Cc) [19]: This parameter is defined as
𝐶𝑐 =

𝐷302
𝐷60 ∗ 𝐷10

(2)

From Figure 9 the correspondent value of D30=0.51 hence, the value of Cc=1.01.
The results calculated form the graph and formula shown that: The effective 𝐷10 = 0.17 𝑚𝑚, the value of 𝐷60 =
1.5 𝑚𝑚, Coefficient of uniformity 𝐶𝑢 = 8.82, effective 𝐷30 =0.51 and the coefficient of gradation 𝐶𝑐 =1.01 the soil is
classified based on the several standards.
1. Unified soil classification system (USCS) it is shown that the 𝐶𝑢 =8.82 > 4 and the 𝐶𝑐 =1.01 is between 1 and 3 so
that the type of soil is a well-graded clean sand (SW).
2. Based on American Association of State Highway and Transportation Officials (AASHTO) it is found that this
soil is under the SubgroupA-1-b includes those materials consisting predominantly of coarse and with or without
a well-graded soil binder.
6-2- Direct Shear Test of Non-Grouted Sand
Direct shear test was conducted before grouting to provide reference for later comparison with after grouting
samples.

Figure 10. Direct shear test results

Figure 10 show the horizontal deformation vs. shear stress it is shown that the shear stress increases gradually for
the first test the highest value of shear is approximately 22 kPa and the horizontal displacement is 15 mm .and for the
second test the highest shear stress is about 54 kPa and the horizontal displacement is the same as test 1 and for the 3rd
test the highest shear stress is approximately 93 kPa and the displacement is about 15mm. Using the data in Figure 11
and using the Equation (3) to determine the normal stress [19]:
𝜏 = 𝑐 + 𝜎 tan Ø
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Figure 11. Shear stress vs. normal stress.

6-3- Installation of the Instrument
The instrument was installed in the Research Center for Soft Soil (RECESS-UTHM) nearby a pressure supplier so
that would be easier for using the pressure for grouting.

Figure 12. The installation of grouting apparatus.

6-4- Formation of Grouted Sand Sample
Figure 13 shows the process of cutting the grouted samples to the size of 𝐷 = 45 𝑚𝑚 and 𝐻 = 90 𝑚𝑚.

Figure 13. Grouted sand samples.

6-5- Unconfined Compression Test for the Samples
The tests were conducted for the samples using unconfined compression test apparatus in order to study and
investigate the development of compressive strength for the grouted samples.
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Figure 14. Grouted sand failure.

The samples were placed at room temperature and set for different curing time.
For the first day, the unconfined compression test was conducted using soil apparatus since the maximum load for
the equipment is only 5 KN so that it was only suitable for one day curing time the unconfined compression test was
conducted to determine the stress and strain for one day curing time as shown below
0.6
0.5

stress MPa

0.4
0.3
0.2
0.1
0
0

0.05

0.1
strain ɛ

0.15

0.2

Figure 15. Stress vs. strain for one day curing.

Figure 15 shows the stress vs. strain which explains the behaviour of the grouted sand under the application of
axial load till failure. The stress increased up to maximum then decreases gradually when the strain increases because
the crack failure also increased while conducting the test. The stress is not quite uniform throughout the specimen, and
there will always be some location.
The unconfined compression test UCT was conducted for 3 days curing time and the maximum strength for 0.85
and 0.75 water cement ratio. For w/c ratio 0.85 the compressive strength is 0.71 MP. And for 0.75 w/c ratio is 0.68
MP.

compressive strength Mpa

8
14days

7
6
5
4

7days

3

5 days

2
1

3 days

0
0.75

0.85
W/C ratio

Figure 16. Development of strength vs. w/c ratio in different curing time.
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Figure 16 demonstrates the development of strength in different curing days with respective to fixed water to
cement ratio. For 3 days curing time it can be analysed that when the water cement ratio is high the strength is higher
but there were difficulties to run the grouting under 0.85 water cement ratio because the viscosity is high and the flow
required higher pressure to inject the grout into the sand.
The samples also were tested in 7 days curing time the results is almost the same with 5 days but the strength is
developing. Figure 16 shows the result of compressive strength in seven days curing time and the analysis is similar
with 5 days curing time with 0.85 water cement ratio the strength developed to 3.76 MP. It also shows the result of
compressive strength in seven days curing time and the analysis is similar with 5 days curing time with 0.75 water
cement ratio the strength developed to 3.98 MP.
Figure 16 also shows the result of compressive strength in 14 days curing time with 0.85 water cement ratio the
strength developed to 7.121 MP.it also shows the compressive strength vs. water cement ratio and the results is similar
to 7 days but the strength increased by almost double of that values. The value of the strength with 0.75 w/c ratio is
7.615 MP.
To determine the relationship between strength and curing time for 0.85 and 0.75 w/c ratio. Figure 17 shows the
development of strength of grouted sand in different curing time .it is illustrated that the strength developed much
higher in 7 days to 14 days curing time.

compressive strength (MP)

8
7
6

5
4
3

2

0.85w/c ratio
0.75w/c ratio

1
0
3

5
7
Curing time (days)

14

Figure 17. The compressive strength vs. curing time with respect to w/c ratio

7- Conclusion
This study has introduced new instrumental setup to be used for grouting samples. The setup exhibit efficient
functionality and performed with homogenous distribution of the grouting mix into the sand. It is shown that, the
primary characteristics of sand has developed in comparison between before grouting and after grouting such that
shear strength and compressive strength. Several concluding remarks are learnt from this study includes the following
items:
 Grouting technique
This technique is very important to be explored for the purpose of stabilizing sand without excavating the site it is
only matter of injecting cement with some chemicals to provide very strong layers with less cost and damages to the
surrounding areas. This technique has contributed to the solutions of many geotechnical problems encountered with
soft soil and peat as well.
 Equipment setup
The equipment used for grouting technique has to be calibrated and monitored in order to provide smooth running
and prevent any shortcomings while injecting the grout. Controlling the pressure is a major concern in grouting
technique.
 Grout materials
Grout materials have to be selected appropriately to minimize the cost needed to precede this technique and
provide better results outcome.
 Grain size distribution
The grain size has to be tested to know the gradation of the sand which has to be grouted in Figure 9 shows the
gradation of sand samples in this study the size was taken from (1-1.18) mm so that it is medium course.
 Pre-grouting test
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The were some tests conducted in this study the sieve analysis and direct shear test in order to know the difference
between the strength before and after grouting in Figure 10 the shear stress results are shown and discussed
 Installation of grouting equipment
The installation of the equipment was in RECESS lab and it was located beside a pressure supplier so that it was
easy to use and run the test.
 Grouted samples
The first objective of this study is achieved and the grouted samples have been formed for further study.
 Testing the grouted samples
The samples were tested using unconfined compression test for different curing time it is shown in Figure15 the
stress vs. strain graph this figure provides a better comprehension of the behaviour of grouted sample for one day. In
Figure 16 shows the development of strength with respect to curing time and different water cement ratio
Water cement ratio play an important role in the improvement of the strength because the material was used is
composite cement.

8- Recommendations
There are still some developments have to be studied to improve the technique of grouting. And the grouting
materials have to be discovered and alternate with other materials like fly ash and biomass which are cheap and can
help to reduce the environmental pollutions. There are many researches done on stabilization of sand and there are
some misconceptions and discoveries have been extended because there is still not much research done on it in sand
soil.
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