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Value Unit Parameter No
34.9 MPa Uniaxial compressive 1
strength
193 L Densit 2
. o ensity
0.22 - Poisson's ratio 3
14.41 MPa Young modulus 4

Table 2. Mortar parameters
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Fig. 2. Soil aggregation curve according to standard
ASTM D-422
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Firoozkooh Sand Grain Soil Parameters No 161

Value Unit Parameter No
0.265 - (Gs) Specific special weight 1
1.7 % Specific dry weight max 2
9 % Optimal moisture content 3
26.7 MPa Young modulus 4
38 Degree Internal friction angle 5
7.25 kPa cohesion 6
0.938 - Maximum porosity ratio 7
0.523 - Minimum porosity ratio 8
0.38 - Poisson's ratio 9

Table 1. Soil consumption parameters
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Fig. 4. View of upgraded direct shear box
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Fig. 5. Cmpresse soil in direct shear box
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Fig. 3. i)i;c shear machine (100 mm)
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Fig. 7. Injection of cement slurry to create grouted
soil interface
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(kPa) Grout pressure (bar) Test No
100 1
200 - Soil-Soil 2
300 3
100 4
200 0 Soil-Slurry 5
300 6
100 7
200 1 Soil-Slurry 8
300 9
100 10
200 2 Soil-Slurry 11
300 12
Table 3. Lab tests program
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displacement in various normal stresses in soil-soil tests
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Abstract

With increasing urban population, the need for underground spaces increases and deep excavation is an
inevitable affair in civil projects. deep tunnels and large buildings require deep excavations, which is a must
use some techniques for stabilize it. grouted soil nail is a popular reinforcement to stabilize slopes, excavations
and retaining walls. This method has been introduced to Hong Kong in the mid-1980s and has become an
alternative solution to the conventional slope stabilizing methods such as compaction, earth retaining structure,
or reduced inclination of the slope, etc. this method is based on sewing the potential failure wedge of soil on
the stable soil using some inactive (un-prestressed) elements. the shear strength-displacement behavior at the
interface between the grouted nail and surrounding soil is an important parameter in design of various
geotechnical engineering projects, for example, soil nails, retaining walls, shallow foundations, pile
foundations, etc. in soil nail system, the most common method to measure the interface shear strength is pullout
test. It is also possible to determine the interface strength based on the development of resistance between soil
and grout in direct shear tests. However, accurate perception of the shear behavior in the connection area of
the soil and grout is essential to reach an optimum design. In other words, the interaction between soil and
grouted nail is necessary to design an optimum soil nail system. the most common method for determination
grouted soil interface resistance is pullout test but there is another experiment that can yield acceptable results.
The current study investigates the interface shear behavior between cement-grout and granular soil in direct
shear test with different grout pressures (0 up to 2 bar) and different overburden pressures (10O up to 300
kPa). For this purpose, a number of direct shear tests are performed by modifying of the standard shear box
for injection of grout. “Firozkooh” sand is used in this study. The soil is compacted to the relative density of
90 94 and the slurry is sprayed with pressure on its surface. Furthermore, results of two pullout tests were used
for verification. These pullout test have already been presented in another study with different normal stress
and grout pressure. it is shown that the results of direct shear test and pullout test at interface are similar. this
may indicate the proper function of direct shear test as a suitable choice alongside pullout test. It was observed
that shear stress—displacement curves of the soil-grout interface in direct shear tests are similar to the soil-soil
tests; which are classified under different grouting pressures. In addition, increasing grout pressure increases
shear strength by increasing the angle of friction and bonding of soil and slurry. The effect of adhesion is
dominant. it is shown that The interface shear stress under different grouting pressures is greater than the shear
stress of soil under the same normal stresses. it is shown that grouting pressure and normal stress have influence
on the behavior of soil-cement interface. Therefore, interface shear strength increases with increase in
overburden and injection pressure. The variation of the interface shear strength is approximately linear versus
grouting pressure. Finally, a formula is proposed for interface shear strength considering grouting pressure.

Keywords: Cement grout, Grouting pressure, Direct shear test, Shear strength of interfac
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