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ABSTRACT: In the arid and semi-arid zones, where about eighty percent of Algeria is covered, the earthworks are more
difficult because of the rarity of water sources and their transportation which is commonly expensive. Increasing
compaction energy was suggested in previous research as the best solution to compensate for the lack of water. This paper
is an experimental study carried out in the laboratory on fine-grain soil. It consists of compacting soil with optimal water
content and low water content. To improve the maximum dry densities and the California bearing ratio values at low water
content, this work also shows that it’s necessary to add coarse materials, such as gravel, to the fine-grained soil, in order to
improve the values of compaction characteristics at low water content. The obtained results showed that it's possible to
reach the maximum normal and modified dry densities at low water content. And, the existence of optimal gravel content
refers to optimal compaction behavior.

RESUME : Dans les zones arides et semi-arides, qui couvrent environ quatre-vingts pour cent du territoire algérien, les
travaux de terrassement sont plus difficiles en raison de la rareté des sources d'eau et de leur transport généralement
couteux. L’augmentation de 1’énergie de compactage a été suggérée dans des recherches antérieures comme la meilleure
solution pour compenser le manque d’eau. Cet article est une étude expérimentale réalisée en laboratoire sur les sols fins.
Il consiste a mesurer la compacité d’un sol avec une teneur en eau optimale et faible teneur en eau. Pour améliorer les
densités séches maximales et I’indice portant californien a faible teneur en eau. Ce travail montre également qu'il est
nécessaire d'ajouter des matériaux grossiers, tels que le gravier, au sol fin, afin d'améliorer la compacité a faible teneur en
eau. Les résultats obtenus ont montré qu'il est possible d'atteindre les densités séches maximales normales et modifiées a
faible teneur en eau. Ils montrent aussi I’existence d’une teneur en gravier optimale qui fait référence a un compactage
optimal.
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1 INTRODUCTION the dry side of the compaction curves. In general,
compaction at the dry side of the optimum, exhibit
higher CBR values than those of soil compacted on
the wet side of optimum.

In order to improve the geotechnical
characteristics of lateritic fine soil different

percentages of crushed granite were added. It appears

mazitef[rlals, arr‘:dt.the ,}lﬁp-avaﬂabﬁlty Oft wa ter sourcei that the optimal water content decreased. The soaked
and transportation. 1Ai1s TEscarch aims to Iprove Sot CBR values increased from 14 to 37% with the

compacity by addition granular material on arid soils addition of 20 to 30% (Mbengue et al. 2022)
at their low natural water content. This solution is & ) :

considered widely economic and environmental,
owing to the fact of preserving water sources and

avoiding high water transportation costs. improved by the addition of gravel from 15% to 20%;

According to hteratures:, various mgterlals have and for crushed stones from 12% to 15%. (Zumrawi
been added to different soils such as lime; cement, 2012)

fly ash (Kolias, et al 2005) , (Ige and Ajamu 2015) ;
stone dust (Suresh et al, 2009.) (Mishra.S et al 2019) ,
etc...(Al-naje et Al-Taie 2020).

However not so many researchers investigated the
improvement of the soil’s geotechnical properties at

The development of southern regions in Algeria
requires the construction of numerous road
infrastructures to develop its economy. However, this
latter is very expensive given the extremely severe
climatic conditions, the difficulty of reusing local

Marginal base soil was stabilized mechanically by
the addition of gravels with sand or crushed stones
with sand. It appears that The CBR values were

1L.Goual et al 2012, tested compaction and bearing
capacity of tuff and quarry dust mixture showed that
OMC decreases and MDD increase. The bearing
capacity indexes showed the existence of an optimal

2978 Proceedings of the XVIIl ECSMGE 2024



Improving soil dry compaction by adding granular material

mixture formulation, equivalent to 30% to 40%,
respectively for the immediate indices and after 4
days of soaking.

The present work aims to improve soil
compaction at low water content through a series of
laboratory tests (proctor and CBR tests). At first, the
influence of the low water content is studied on silty-
sand soil, the effect of the addition of grained
material on the silty sands in terms of the impact of
compaction at low water content, maximum dry
density (MDD), and CBR test are also studied in the
second part of this work.

2  MATERIALS AND METHODS

2.1 Methods

The studied soil went through several laboratory tests
like sieve analysis (NF P094-056 and NF P094-057),
Atterberg’s limits (NF P094-051), specific gravity
(G). The compaction parameters are also determined
according the French standards for both standard and
modified proctor test (NF P94-AFNOR).

The soil specimens were compacted using a
proctor and CBR mold with the modified compaction
energy. Each specimen was compacted in five
layers ; 56 blows per layer, with a hammer of4,5 kg.
The CBR test was also determined immediately after
the compaction process to evaluate the immediate
Californian bearing index. The classification of the
used soil is done according to the Unified Soil
Classification System (USCS).

2.2  Materials

The chosen soil is similar to that of the Algerian
desert in the aim to better evaluate the behavior of
dry compaction at lower water content. This soil was
extracted from Jijel by SOALKA Company in the
northern east of Algeria.

The gravel material was chosen from a local
supplier according to its granular classes (0/3) and
(3/8) and its angular shape. The sieve analysis for
both natural soil and gravel are presented in Figure 1.

The soil physical parameters and the gravel
properties are presented in the Table 1.

The process of adding the different amounts of
gravel in order to study the effect of its addition on
the dry density and the CBR Index was done by a
path of 5% to the natural soil by dry weight.
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Figure 1. Sieve analysis curve of the studied soil and
gravel.

Cumulative seive percentage (%)

3 RESULS AND DISCUSSIONS
3.1 Soil characterization

The results of soil physical properties are shown in
Table 1. The used soil contained 38,2% of silts and
43,3% of sand with small amounts of clay and gravel
(Figure 1). A plasticity index of 11,25 % and 39,80%
for the liquid limit. The soil was classified according
to the USCS standards as fine well-graded silty sand.
Whereas the crushed gravel used in this study was
classified as well graded clean gravel.

Tablel. Soil and gravel physical properties.

Parameter soil Gravel
Specific gravity 2,65 2,7
Gravel (%) 154 78
Sand (%) 433 15,2
Silt (%) 38,2 6.8
Clay (%) 3,1 -
Uniformity coefficient (Cu) 15,38 5
Coefficient gradation (Cc) 0,34 1,8
BMV 0,53 -
Natural moisture content (%) 7,83% -
Liquid Limit LL (%) 39,80% -
Plasticity Limit PL (%) 28,55% -
Plasticity Index PI (%) 11,25% -

3.2 Effect of water content on dry density
and CBR index

The results of Figure 2 present the soil’s dry density
versus moisture content for standard and modified
proctor test. The lower dry density is obtained for the
standard proctor energy at low and optimum water
content, whereas; the maximum dry density is
obtained for the modified proctor energy at the
optimum water content.

The maximum dry density increases from 16.7 to
18.80 KN/m”3 respectively with a decrease of water
content from 15.85% to 11.50% in standard and
modified compaction energy test.
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The growth of the maximum dry density is
negligible (12%) and relative to the decrease of the
optimal moisture content of about15 %. The
compaction process helps the soil particles to
rearrange closely resulting in a reduction in air voids
existing in the soil.

The complete compaction curves shape of studied
fine soil is irregular and similar to those studied by
(Ellis,1980) and (Faure et Fies, 1972), and it’s
particularly for the dry compaction side. The figure
also shows that it is possible to achieve a dry
compaction test with high values of maximum dry
density (>15%) for low water content at 2% and 4%
of water.
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Figure 2. Soil compaction curve for standard and modified
proctor test.
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The compacted soil samples are submitted
immediately to the CBR test, the CBR values are
shown in Figure 3.

The maximum value of CBR index was noticed
for the optimal water content and it is about 35.

At 4% of water content an acceptable value of
CBR (24,40) was also noticed. This value is
approximately near to that of optimum water content
about 30% but relative to a reduction of 65% in water
content.

At 2 % the CBR value is lower than the recorded
values at OMC and W= 4%. This decrease is due to
the low hydration of studied soil as observed.

2.0% 4.0% 11.50% W%
Figure 3. CBR index evolution as function as water
content.
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3.3 Effect of gravel addition on soil
compaction parameters

Since the tested theory of the dry compaction process
had satisfactory results on dry density and CBR
values, another compaction tests are examined at 4%
of water content by adding various amount of gravel
to the natural soil by dry weight (5%, 15%, 20%, and
25%). The effect of gravel addition on the soil’s dry
density is shown in Figure 4.

It was noticed that even though the low moisture
content (4%), the MDD values of 18.38 KN/m?® and
18.6 KN/m?; respectively for 20% and 25% of gravel
addition were closely higher or the same of that
obtained at the optimum water content with no
additives (18.47 kN/m?). Owing to the gravel angular
shape and its large particles that interlocks the soil
fine particles increasing its compactness and density
( Mustafa 2018).
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o
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Figure 4. The evolution of maximum dry density at 4% of
water content as function as gravel content.

These results are confirmed by the results of the
bearing capacity tests represented in Figure 5.
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Figure 5. The evolution of CBR index at 4% of water
content as function as gravel content.
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The Figure 5 shows interesting results considering
the low water content. It can be seen that a slight
difference in the CBR values was measured between
the optimal moisture content and low moisture
content at 4% with no addition. In contrast, the gravel
addition to the soil allowed obtaining high CBR
values when adding 20% and 25% of gravel reaching
a peak value of 30.12 And 30,70 respectively.
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According to figures 4 and 5, it can be considered
that the amount of 25% of gravel addition as an
optimal gravel content. This optimal amount
strengthens the soil structure by providing a more
rigid and stable structure, that contributes to improve
the soil’s bearing capacity. This may be due to the
gravel high density.

4 CONCLUSIONS

The present study shows that soil compaction at low
water content reduce its bearing capacity and dry
density. To overcome this, reduce, the soil is treated
with gravel. The results showed a significant increase
of the CBR Index and of the maximum dry density
more than the one obtained at Optimum moisture
content.

However, the present compaction results need a
complementary study as the Unconfined Compressive
Strength UCS to confirm the satisfactory results of
the CBR values of the studied soil at 4%of water
content.
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