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1. Introduction  
Recycled materials are the most widely used and future stabilizers for many types of soils 

in the world. The majority of this material produced in Algeria is waste ceramic, which 

amounts to millions of tons each year produced by the renovation of old buildings or the 

construction of new buildings. Loose soils are substances that hold various undesirable 

attributes for novel roads, like low bearing capacity (Nilo et al. 2015). Its nasty 

practicality, weak shear strength, elevated compressibility, and low bearing (Opeyemi et 

al. 2018) mostly distinguish common soils in the world and Algeria. The requirement to 

improve soil properties for road and highway construction has resulted in the use of 

numerous stabilizers (Amu et al., 2011). In the current time, the advantage of additives to 

improve soil, particularly for roads, has augmented in many countries, and the tendency 
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is predictable to increase in the coming years (Sazzad et al. 2010). Soils are stabilized for 

the improvement of their properties to make them more suitable for construction. Any 

technique that can reduce project costs and increase the life cycle of roads will be helpful 

for effective road and highway maintenance. (Owamah et al. 2017). 

According to several studies, the entire loss of soil bulk is bound to a consistent frame 

that acts similar to an arid crust (Anderson et al., 2001; Jelisic and Leppanen, 2003). The 

soil becomes compressible or swells while touching water. Since this conduct of the soil 

has caused harm to various projects established on it (Sabat, 2012a), many types of 

research use the waste of diverse materials to stabilize problematic soils for road 

construction or other subjects. Some of them used quarry and marble dust (Palaniappan 

and Stalin, 2009). Also, they used barite powder, pyroclastic dust, and brick powder (Ene 

& Okagbue, 2009; Abd el Aziz & Abo Hashema, 2012). This work checks the influence 

of ceramic waste and lime on different samples on MDD, permeability, and consolidation. 

The important target of this research is to examine the CW and lime content of untreated 

and treated soils purposed for use in the sub-base layer of roads. 
 
2 Materials and Methods 
2.1Materials 
2.1.1Soil Natural 
 
In this work, the soil was collected from the road project at Tixtar, Bordj Bou Arreridj, 

which was under rehabilitation. Identification tests were conducted on natural soils for 

unconfined compressive strength (UCS), CBR, and permeability. The results obtained for 

wet CBR and soaked CBR were 51% and 5%, respectively, which give alertness to this 

soil when it contacts water by failing its bearing capacity. 

2.1.2 Ceramic Waste (CW): Most construction in the last decades used ceramic for 

floors and walls, which produced a huge waste of ceramic during realization and 

transportation. Furthermore, existing constructions need renovation, which produces 

massive tonnage every year. The CW can be used as a stabilizer for sub-base layer soil. 

2.1 Lime: The lime used is a hydrate lime, which contains more than 83% Cao. Table 1 

presents the chemical characteristics of lime. 

 

 

 

 



                     Table 1. Chemical composition of lime.                                         Table2: Mix Design 

Simples  Mix Design  
S0 Sol naturel 
S1 5 % DC 
S2 10 % DC 
S3 15 % DC 
S4 5 %  CW + 2 % CH 
S5 5 % CW + 4 % CH 
S6 10 % CW + 2 % CH 
S7 10 % CW + 4 % CH 
S8 15 % CW + 2 % CH 
S9 15 % CW + 4% CH 

 

2.2 Methods  
 
Once the basic characteristics of soil were identified, it was air-dried at 105 °C and passed 

through a 5 mm sieve. The soil was then mixed with CW only and CW lime. 5 to 15% of 

CW was chosen by weight, while the rations of lime chosen were 2, 4, and 6% by total 

weight of soil, as presented in Table 1. Every sample for different tests was mixed based 

on the optimum moisture content (OMC) and maximum dry density (MDD), which are 

determined from the modified proctor test. To attain the goal of this research, the 

compaction test was performed to determine the MDD and OMC of natural soil and 

stabilize soil according to ASTM D5126. 

In this study, the permeability test was executed on the specimens of original soil, soil-

CW, and soil-CW-lime. The specimens with lime have been compacted into three layers 

in a permeability mold with 25 blows for each layer, then saved in bags of plastic for 24 

h and cured for 28 days in water. Furthermore, the specimens without cement were 

compacted in a permeability mould  preserved in bags of plastic for 24 h and then 

transferred to a falling-head permeability test according to “ASTM 5084-10 (2010).”. 

To assess the impact of CW on the settlement behavior of soil, a series of consolidations 

was carried out in this work. In this experiment series, 0%, 5% +2% lime, 5% +4% lime, 

and 10% +2% lime were mixed with natural soil in dry conditions, and then OMC was 

compacted in mould at MDD. The standard method of measuring compressibility 

properties assumes incremental loading (200, 400, and 800 KPa). This test was performed 

according to “ASTM D2435 (2011)”. 

 

 

 

 



3. Results and discussion  

3.1 Influence of CW and lime on MDD  

 

Figure 1: Influence of CW and lime on MDD 

Figure 1 illustrates the influence of ceramic waste and lime on different mix designs, 

which makes it clear that the influence of ceramic waste and lime is not positive in this 

test because the hydration of lime takes longer, whereas the preparation of compaction 

samples takes less than 30 minutes. The results show that the MDD decreased by about 

13%. 

3.2 Influence of CW and lime on consolidation   

 
Figure 2: Influence of CW and lime on void ration  

Figure 2 shows that the void ration of treated soil decreased when the constraint was 

increased from 200 kPa to 800 kPa by about 10% and decreased by about 39% when the 

containment was increased from 200 kPa to 800 kPa when adding 5% CW and 2% lime 

to the soil. However, the void ration decreases by about 56% at 800 KPa when adding 



10% CW and 25 lime. These results confirm the positive stabilization achieved by 

reducing the voids by bonding between soil particles. 

 
Figure 3: Influence of CW and lime on Cc 

Figure 3 shows that the addition of CW and lime helps stabilize the soil by reducing the 

coefficient of consolidation. The decrease was about 77 when adding 5% CW with 2% 

and 4% lime and 55% when adding 10% CW with 2% lime. 

 
Figure 4 : Influence of CW and lime on vertical coefficient of consolidation  

Figure 4 illustrates that the CW and lime influenced positively the stabilized samples, 

resulting in a decrease in the vertical coefficient of consolidation between 70% and 75%. 

These important values of decrease in CV make new materials suitable for road sub-base 

layers, which protect our road from penetration of water, save our construction from 

damages, and increase its life. 

 

 

 

 



3.3 Influence of CW and lime on permeability 

 
Figure 5: Influence of CW and lime on permeability  

 

Figure 5 shows that the addition of CW and lime ranged the decrease in permeability 

between 70 and 75%. These decreases confirm that the new material is suitable to use for 

the sub-base layer of road construction by protecting the road layer from water 

penetration.  

Conclusion  
To the best of our knowledge, this is the first research attempt to use CW and lime in the 

sub-base layer of pavement construction in Algeria. The research pursued was to 

recognize suitable mixtures of CW-soil-lime by measuring the MDD, permeability, void 

ration, Cc, and Cv. Based on the examination of the consequences of the tests, we note 

that the MDD decreased by about 13% when we added CW with lime to the soil. 

Moreover, the permeability decreased by about 75%. Consolidation results also indicated 

that the addition of CW and lime decreased Cc by about 77% and CV by about 75%. 

However, the void ration decreases between 13% and 39% for different mix designs. This 

research presented that CW with a small amount of lime. could act as an alternative soil 

stabilizer for use in pavement sub-base layers. 
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