
ABSTRACT: Arid areas are characterized by low precipitation and high evaporation rates. Soil 
moisture content plays a crucial role in soil compaction. The present investigation aims at 
evaluating the soil compaction at low moisture content with the effect of adding marble powder 
on poorly graded soil. Then, modified proctor tests and California Bearing Ratio (CBR) tests were 
conducted. The results indicated that the addition of 20% increased the maximum dry density and 
the CBR value. 

1. INTRODUCTION 

 The development of transportation infrastructure in arid regions is growing, especially roads, to 
connect urban areas. The scarcity of water and road materials in this arid climate has prompted 
engineers and researchers to look at various possible solutions to this challenge. One of these 
solutions is to compact the soil at low water content and use naturally available local soils. To 
achieve the required performance and durability, it is necessary to mix the local soils with fine 
particles such as marble powder. Among the most affordable options for pavement structures is 
dry compaction. For instance, the road projects in Kenya built at low moisture content have 
performed similarly well for two years (O'connell 1987) and the experimental road embankment 
of a black silty clay from Sudan compacted at low moisture content has performed satisfactorily 
for one and a half years (Berkshire 1980)The effect of adding finer particles is just one of the 
many methods and solutions that many researchers have recently devised to improve soils at a 
reasonable cost.  Diverse granular soil samples with varying grain size diameters were studied in 
order to determine the relationship between the grain size distribution, MDD, and OMC (Wang, 
Cheng et al. 2015, Duque, Fuentes et al. 2020). When soils' grain size diameter D60 increases, 
the CBR values also rise (Wang, Cheng et al. 2015, Duque, Fuentes et al. 2020).In the case of 
sandy soils, the compaction curves indicated that increasing the hammer weight had a minimal 
effect (Duque, Fuentes et al. 2020). As the amount of waste marble powder increased, it also 
raised the CBR value(Yorulmaz, Sivrikaya et al. 2021). 25% marble dust has been proposed to 
increase the CBR value of sandy soil. (Jain, Jha et al. 2020) . The percentage of marble powder 
increases with a reduction in the optimal moisture content (OMC). But when the proportion of 
marble powder rises to 6%, the values of the maximum dry density (MDD) rise as well(Rouaiguia, 
El Aal et al. 2020).  
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As the  marble dust is added to the soil, the maximum dry density (MDD) and CBR values 
increase  (Deboucha, Aissa Mamoune et al. 2020).The objective of the work is to improve the 
tested soil's maximum dry density and bearing capacity by gradually adding marble powder at 
low water conditions. 

2. MATERIALS AND METHODS 

2.1 Materials 

The present soil is extracted from Jijel city site, located in the north-eastern part of Algeria. This 
soil is frequently used in civil engineering works. The purpose of using this soil is that it’s avibiliti 
and has a similar grain size to that of an arid area in south Algeria, like sahara sands. this soil has 
82% of sand ,14% of gravel, and 4% of silt,  (CU = 7.69 and Cc = 0.62). Based on these 
characteristics, this soil is classified as fine sand (A-3) according to AASHTO and poorly graded 
sand (SP) for USCS classification. The grain size distribution analysis of this soil is presented in 
Fig. 1, and its geotechnical properties are shown in Table 1.  

The marble powder was obtained from the cutting and polishing of marble stones, and it was 
extracted from Skikda city, north-east of Algeria. Its particle size is presented in Fig. 1. Table 2 
shows the physical and chemical properties of this marble powder. 

 

 
Fig. 1. Particle size distribution of Marble power and Jijel soil 

2.2 Methods 

The soil investigation is conducted by experimental tests such as sieve and laser 
diffraction analysis (ASTM E3340-22), specific gravity (Gs),by gas pycnometer (ASTM 
D5550-14), Atterberg’s limits (ASTM D4318), sand equivalent test (ASTM D2419), and 
Methylene Blue Index (MBI) (ASTM C837). Standard effort and modified Proctor effort 
compaction tests are conducted according to (ASTM D698) and (ASTM D1557), 
respectively, with the aim of obtaining the MDD and OMC of the soil. CBR tests 
according to (ASTM D1893), to obtain the strength of the soil, the water content is fixed 
at 2% (climate-arid condition), CBR tests are carried out on several samples of soil mixed 
with the amount of marble powder, which varies from 0 to 20% by weight. 
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Table 1. Basic properties of used soil 

Properties Jijel soil 
Specific gravity 2.66 

Gravel (%) 14 
Sand (%) 82 
Silt (%) 4 

Clay (%) 0 
 (Cu) 7.69  
 (Cc) 0.62 
MBV 0.057 

Liquid Limit NP 
IP 
ES 

NP 
65 

 

Table 2. Physical properties-chemical 
composition of the marble powder 

Properties  Marble 
Powder 

Gs 2.71 
SiO2 (%)  0.14 
AL2O3 (%)  0.25 
Fe2 O3 (%)  0.14 
CaO (%)  57.30 
MgO (%)  
(L.O.I) 
Loss on Ignition  

0.28 
45,38 

  

 

 

3. RESULTS AND DISCUSSION 

3.1 Compaction caracteristics  

It can be seen in Fig. 2 that the soil of Jijel, at the modified compaction effort, reaches a higher 
MDD of 18.5 kN/m3 with an OMC of 8%. However, under normal compaction effort, the soil 
achieves an MDD of 17.8 kN/m³ with an OMC of 9% moisture content. As a result, the increase 
in energy of compactio almost has no effect, and this behavior is due to the poorly graded nature 
of the soil and the high content of sand. The soil has almost a uniform grain size, and the reduction 
of the voids is very low. 

 

 

Fig 2. Proctor test curves for tested soil 
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3.2 Effect of Marble powder on grain size distributions of the soil  

As shown in Fig. 3, the progressive incorporation of marble powder modified the curve’s shape; 
an upward movement was noticed in the grain size distribution curve for the treated soil. This 
shift is consequently due to the marble powder's role in displacing and reducing sand particles, 
which leads to an increase in the content of fine particles in the mixture. The classification of used 
soil changed from poorly graded to well graded.  Table 3 summarizes the CU and Cc results of 
the progressive addition of marble powder obtained from the sieve analysis. The Jijel soil with no 
addition of marble powder has a uniform particle size distribution (CU = 7.69 and Cc = 0.62). 
The addition of 20% marble powder changes the particle size; the CU and CC rise respectively 
to 22.78 and 7.8, indicating that the particle size distribution has become less steep with a wide 
range of particle sizes.

 
Fig .3 Marble Powder effect on the particle size 
distribution of soils. 

 

Table 3. Cu and Cc values of tested soil with 
marble powder 

Marble Powder CU CC 

0% 7.69 0.62 
5% 9.5 0.65 
10% 11 0.675 
15% 42.11 2.35 
20% 50 2.30  

3.3 Effect of Marble powder on compaction characteristics (MDD) at the OMC 

 

Fig.4 Effect of Marble Powder Addition on the Maximum Dry Density and Optimal Water Content of Jijel 

Soil under Modified Proctor Effort. 

According to Fig.4, the Modified Proctor test indicates that incorporating 20% marble powder 

into Jijel soil significantly improves its compaction properties. The maximum dry density (MDD) 
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increases from 17.6 kN/m³ to 19.2 kN/m³, a 9 % enhancement. This suggests that marble powder's 

fine particles effectively fill the soil's voids, creating a denser and more compact structure. 

Additionally, the optimal water content (OWC) required for achieving maximum density slightly 

increases from 11% to 12%, likely due to the marble powder's fine texture influencing the soil’s 

water absorption characteristics. These findings highlight the potential of marble powder as a 

valuable additive for soil stabilization and compaction, improving the soil's load-bearing capacity 

3.4 Effect of Marble powder on compaction characteristics (MDD) at low water content 

The maximum dry density (MDD) of Jijel soil increased significantly by 6.25%, from 17.6 

kN/m³ to 18.7 kN/m³, with the addition of 20% marble powder, under a low water content 

condition of 2% which is the natural moisture content of arid soils, the compaction test has been 

carried out using the Modified Proctor test. This increase illustrates the role of marble powder's 

fine particles in filling the voids within the soil, leading to denser and more stable soil. The results, 

shown in Fig.5 , underscore the potential of marble powder as an effective additive for enhancing 

soil compaction and stability, making it a promising material for geotechnical applications such 

as foundation and pavement design. This finding highlights the practical benefits of utilizing 

industrial byproducts to improve soil properties, especially in terms of increasing load-bearing 

capacity and reducing settlement. 

 

Fig 5. Effect of Marble Powder on the MDD of the soils at w=2% 

 

 

 

3.5 Effect of Marble powder on the California bearing Ratio (CBR) tests. 
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 From the result of Fig. 6, the CBR value increases significantly and proportionally with the 
increase in marble powder. With the addition of 20% marble powder, the CBR values increased 
from 25% to 42%. However, after being improved with marble powder, the soil became more 
compacted and densified, resulting in improved berning capacity. The reduction in CBR values at 
30% marble powder content indicates that the soil's behavior transitions from a coarse-grained to 
a finer-grained nature. This transformation likely diminishes the soil's load-bearing capacity, as 
finer soils typically exhibit lower shear strength and higher compressibility compared to coarse-
grained soils. Thus, while adding marble powder up to 20% enhances the soil's compaction and 
load-bearing properties, further addition beyond this point may adversely affect these 
characteristics due to the shift in soil behavior. 

 

Fig 6. Effect of the marble powder contents on the CBR value of soil 

4. CONCLUSION  

 The present experimental work on soil compaction at low water content with the addition of 
marble powder. The main results obtained are as follows: 

 The increasing energy of compaction has almost no effect on the type of soil classified as 
sandy soils because of the uniformity of the grain size of these soils. 

 The amelioration of the density and bearing capacity of this type of soil can be well 
achieved with the addition of finer particles and mixing them together; this solution helps 
reduce the void ratio and increase the MDD. 

 The marble powder has been improved for the enhancement of the soil with an addition 
of 20% content because of its finer particles (<80um) that help fill the voids. 

 The MDD and the CBR values have shown an acceptable result with the addition of 20% 
marble powder to the sub-grade pavement structure at low water content. 
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