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Abstract: Silty or slimy sand stabilized with cement is used as a base or foundation layer when good quality natural
materials are not available nearby. However, its mechanical characteristics are far from being mastered. In this paper,
mechanical characteristics at different ages of silty sand stabilized with cement at different rates are studied. For this, specimen
of silty sand stabilized with cement at rates of 2.5, 3.5 and 4.5% are subjected to the Modified Proctor test and to the
compressive and tensile strength tests at 7, 28, 60, 90 and 360 days of age. The results show that compressive and tensile
strengths increase with age and cement rate. The study of the different correlations between the resistances allowed the
theoretical estimation of the parameters of roadway dimensioning in particular the fatigue resistance under a million loading

cycles and the design fatigue resistance.
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1. Introduction

Road geotechnics uses soil stabilization with hydraulic
binders (lime, cement) at low levels (usually between 2
and 5% or even 6% [10-14]) to increase the physical and
mechanical performance of a layer of form or roadway

structure when there is presence of lower quality materials.

The silty or slimy sand stabilized with cement and used in
foundation layer generally allows, according to the level
of traffic and the class of the ground support, to guarantee
a rather durable road. Its use, although common in the
regions of the Togolese and Beninese littoral, is made
without real knowledge of the mechanical characteristics
in the medium and long term. Only the results at 7 days
and sometimes at 28 days are presented during the study
phase and project realization. This situation does not allow
the knowledge of the parameters to be used in roadway
design by the rational method [10] which require at least
the static characteristics at 360 days of the stabilized
material in the absence of cyclic loading tests for the

determination of o4 (the tensile stress under a million
loading cycles).

It is therefore necessary to look for mechanical
characteristics in the medium and long term. This paper
presents compression and tensile tests results at 7, 28, 60, 90
and 360 days of age performed on cylindrical specimens
(modified Proctor moulds) of silty sand stabilized with
cement at rates of 2.5; 3.5 and 4.5%.

2. Materials and Method

The silty sand used in this study comes from Agbélouve, a
locality located 60km north of Lomé, the capital of Togo.
The cement that served as a binder is supplied by CIMTOGO
of Togo and is of the CPJ35 type.

The results of the identification tests on the silty sand are
shown in Table 1 and Figure 1. Natural silty sand is a non-
plastic fine material. The fines content of the material is 13%
and its sand gleichwert is 28. It is therefore a good material
for road grading.
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Figure 1. Studied silty sand grading curve.
Table 1. Studied silty sand characteristics.
Sand Gleichwert . Proctor optimum Proctor optimum CBR at 4 days of

< 9 < 9
<80pm (%) <2mm (%) L piston HESIGIGE. o e it water content (%) _imbibition (95% OPM)
13 100 28 not measurable 2,00 58 26

To achieve our objective of determining tensile and
compressive strengths at different ages of silty sand
stabilized at different cement rates, we proceeded to a mass
variation of cement rate with respect to silty sand dry mass.
The variations made are 2.5%, 3.5% and 4.5%. On these
mixtures, we determine the optimal water content of
compaction of cement stabilized materials by Modified
Proctor test according to standard NF P 94-093. The results
of this test make it possible to make the respective test pieces
at each cement rate in order to submit them to the mechanical
tests (compressive and tensile strengths) at 7, 28, 60, 90 and
360 days of age. Note that the stabilized materials are kept
for 7 days in a plastic film and the rest of the time in room at
ambient temperature.

The simple compression tests are performed using a semi-
automatic CBR press at 1.27 mm/min speed (Figure 2). The
test piece is placed between the piston and the press moving
lower plate. The press piston being about 5 cm in diameter; a
rigid disk is placed on the test piece upper face to evenly
distribute the force over its entire surface. A torque ring with
a capacity of 100 kN is used to measure the compressive
force by means of the Ring Force-strain calibration curve.

e e Lima

Figure 2. Device of the compression test.

Figure 3. Device of the indirect tensile test.

The indirect tensile test (Brazilian test) is also performed
with the same press as that used for compression. Splitting is
done by means of a wooden box (figure 3). The tensile
strength is given by:

2 X Frypt

R =0,8 —d 1

where:
F . load at sample break,
h: sample height,
d: sample diameter

3. Results and Discussion

Table 2 presents the results of Modified Proctor tests
performed on stabilized silty sand. There is a slight increase
in water content and optimum density depending on cement
rate. Indeed, Proctor optimum density increases with cement
rate of 2.05g/cm’ for 2.5% cement, at 2.08g/cm’ for 3.5 and
4.5% cement, as well as in optimal water content (Table 2). It
is at these respective water contents that the specimens are
manufactured for the mechanical tests.
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Table 2. Results of the Proctor test on silty sand stabilized at different cement rates.

Cement rate (%)

Proctor optimum density (g/cm’)

Proctor optimum water content (%)

2.5 2.05
35 2.08
4.5 2.08

59
6.0
6.1

The results of mechanical tests (average compressive and
tensile strengths) are presented in Tables 3 and 4 as well as

the standard deviations obtained. Each value is the average of
three (03) identical specimens results.

Table 3. Compression tests results as a function of cement rate and age.

Compression strength + standard deviation (MPa)

Cement rate

7 days 28 days 60 days 90 days 360 days
2.5% 0.98+0.04 1.81+0.02 2.61+0.07 3.66+0.06 4.37+0.20
3.5% 2.08+0.05 4.10+0.03 5.61+0.09 7.41£0.07 7.71£0.06
4.5% 2.72+0.06 5.09+0.17 6.17+0.09 7.88+0.13 8.70+0.06

Table 4. Tensile tests results as a function of cement rate and age.

Cement rate Tensile strength + standard deviation (MPa)

7 days 28 days 60 days 90 days 360 days
2.5% 0.10+0.00 0.17+0.00 0.26+0.01 0.37+0.02 0.41+0.01
3.5% 0.19+0.02 0.36+0.00 0.53+0.00 0.68+0.01 0.75+0.02
4.5% 0.27+0.00 0.44+0.02 0.58+0.01 0.74+0.03 0.82+0.01

Variation coefficients of the different values are between 0
and 5% for compression tests and between 0 and 10% for
tensile tests. This shows a slight dispersion between the
results obtained.

From Tables 3 and 4 results, we draw Figure 4 curves
which show, for a given age, the resistances evolution as a
cement rate function. These curves are all increasing, which
reflects an increase in resistance with cement rate. In
compression and according to the age considered, specimens
stabilized at 3.5% increase in strength from 76 to 127%
compared to the specimens stabilized at 2.5% while for
specimens stabilized at 4.5%, we only note a resistance gain
of the order of 6 to 30% compared to specimens stabilized at
3.5%.

This tendency of resistance difference according to the rate

of cement is also observed in traction where the specimens
stabilized at 3.5% increase in strength by 83 to 110%
compared to the specimens stabilized at 2.5% while for
specimens stabilized at 4.5%, only a resistance gain of the
order of 8 to 44% is noted compared to the specimens
stabilized at 3.5%.

These results show us that at the same age, despite the
same rate of variation of cement (1%), the resistance gain
between the specimens stabilized at 3.5% compared to the
specimens stabilized at 2.5% is significantly higher than that
the resistance gain noted between the specimens stabilized at
4.5% compared to those stabilized at 3.5%. It should be
noted that dry densities of specimens stabilized at 3.5% and
4.5% are almost equal to and greater than that of specimens
stabilized at 2.5%.
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Figure 4. Compressive and tensile strengths evolution as a cement rate function.

From Tables 3 and 4, we also obtain Figure 5 curves which
reflect resistances evolution as an age function for a given
cement rate. The shape of mechanical characteristics
evolution curves as an age function depends little on cement
rate. These results show that compressive and tensile
strengths grow rapidly at a young age.

Indeed, between 7 and 28 days and according to the
dosage (2.5, 3.5 and 4.5%) this growth is of the order of 85 to

97% for compressive strengths and of 70 to 90% for tensile
strengths. Growth rate decreases beyond 28 days:

for compressive strengths, it is 21 to 44% between 28 and
60 days, 27 to 40% between 60 and 90 days and 4 a 19%
between 90 and 360 days;

and for tensile strengths, it is 32 to 47% between 28 and 60
days, 28 to 44% between 60 and 90 days and 10 a 11%
between 90 and 360 days.
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Figure 5. Compressive and tensile strengths evolution as an age function.

Table 5 gives the values of the ratio between compressive
and tensile strengths. This ratio varies between 9.80 and
11.57. These values confirm the ratio of 10 generally
supposed between compressive and tensile strength for
cement-treated materials including concrete.

Table 5. Ratio between compressive and tensile strength.

Cement rate

Ratio

2.5% 3.5% 4.5%
Re7/Ry 9.80 10.95 10.00
Res/Riog 10.60 11.39 11.57
Reso/Riso 10.03 10.58 10.64
Reoo/Rigo 9.89 10.90 10.65
Re360/Rize0 10.66 10.28 10.61

In Table 6, we present the ratios between tensile strength at
the different days and that at 360 days.

Table 6. Ratios between tensile strength at the different days and that at 360
days.

Ratio R(j/Rﬂﬁo

Cement rate

We note that the ratio between tensile strength at 7 days
and that at 360 days is of the order of 0.30 and therefore
different from the empirical value 0.60 [10] often used when
it is not possible to make 360-day trials. This difference may
be related to cement nature (class).

For road structures design, it is necessary to determine the
fatigue resistance under one million loading cycles (os) from
the fatigue tests and to deduce the design fatigue resistance
value. In the absence of fatigue tests, the SETRA pavement
design and dimensioning guide [10] proposes an empirical
relationship between the 360-day tensile strength (Rig0) and
the fatigue resistance under one million loading cycles (o)
for cement stabilized sands:

%6
R = 0,93 2)

From the fatigue resistance under one million loading
cycles, the material design fatigue resistance (c’) 1is
determined. This resistance is: [9; 12]

%6

7 days 28 days 60 days 90 days 360 days
2.50% 0.24 0.41 0.63 0.90 1
3.50% 0.25 0.48 0.71 091 1
4.50% 0.33 0.54 0.71 0.90 1

o's =075 (

) Ruseo 3)

Rtsz60

From equations (2) and (3), we obtain the values of 65 and
the material design fatigue resistance (Table 7).

Table 7. Fatigue resistance and design fatigue resistance.

Cement rate (%)

Tensile strength at 360 days (Rye) in MPa

Fatigue resistance (o) in MPa

Design fatigue resistance (¢’¢) in MPa

2.5 0.41
35 0.75
4.5 0.82

0.38 0.29
0.70 0.53
0.76 0.57

4. Conclusion

The study of the Agbelouve silty sand stabilized with
cement presented in this article consisted of the
determination of its compressive and tensile strength at
different ages up to 360 days. The objective is to check
correlations between breaking strengths at different ages with
current correlations but also to determine the fatigue
resistance to be used in the design of roadway by the rational
method, in particular via the software Alize. Compressive
and tensile strengths were determined on samples made in
CBR moulds and 0.84 of slenderness. The design fatigue
resistance was obtained by the correlation between the tensile

strength at 360 days and fatigue resistance under one million
loading cycles (o6) proposed in the dimensioning guide [10].
Investigations will have to be carried out on the same
category materials of the region and different categories
including lateritic for a probable generalization.
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