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Abstract: Soil In this study, granular soil material was stabilized by using injection method under laboratory conditions. As additive, 

the mixtures of silica fume and lime were used for this experimental study. The mixtures that are turned into slurries by adding water 

were injected to the granular soil media prepared in the cylindrical plastic mold. Then these samples were cured for 1, 7 and 28 days. 

The end of curing time, all samples were tested in accordance with unconfined compressive tests and obtained unconfined compressive 

strength values of injected granular soil samples were compared with that of the natural granular soil samples. As a result, it is 

concluded that the he mixtures of silica fume and lime can be successfully used for the improve of granular soils in the geotechnical 

applications. 
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1. INTRODUCTION 
World population growth of human is increasing day by day 

and the suitable soil to sustain loading from buildings or 

structure are becoming scarce. Due to the scarcity of land, the 

development of the swampy areas, mountainsides and landfill 

areas become the alternate places for the people to live. 

Hence, soil stabilization has become one of the useful 

solutions to treat the soil in such areas to achieve the required 

engineering properties and specification so that structures can 

be placed safely without undergoing large settlements 

(Kazemain and Barghchi, 2012). 

The soil is one of the most important and primary media for 

any construction work. The strength and durability of any 

structure depends on the strength properties of soil (Nath et 

al., 2017). Soil stabilization is defined as a technique to 

improve the engineering characteristics in order to improve 

the parameters such as shear strength, compressibility, 

density, hydraulic conductivity. The techniques of soil 

stabilization can be classified into a number of categories such 

as vibration, surcharge load, structural reinforcement 

improvement by structural fill, admixtures, and grouting and 

other methods. There are many techniques that can be used 

for different purposes by enhancing some aspects of soil 

behavior and improve the strength and properties of soil (Edil, 

2003; Kazemain and Barghchi, 2012).  

The improvement of soil properties is necessary to solve 

many engineering problems. Soil improvement techniques can 

be classified in various ways, for example, mechanical, 

chemical, and physical stabilization (Ingles and Metcalf, 

1977; Lambe and Whitman, 1979; Naeini and Mahdavi, 

2009). In the mechanical stabilization, the soil density is 

increased by the application of mechanical forces in the case 

of surface layer compaction. Chemical stabilization includes 

incorporation of additives such as natural soils, industrial by-

products or waste materials, and cementitious and other 

chemicals. Physical stabilization includes changing the 

physical conditions of a soil by means of heating or freezing 

(Naeini and Sadjadi, 2008; Arab, 2019; Yarbaşı and Kalkan, 

2019; Yarbaşı and Kalkan, 2020; Kalkan, 2019; Kalkan et al., 

2020). 

Improved performance of natural and crushed aggregate is 

often obtained by using additives such as cement, lime, 

zeolite, bentonite, bitumen, cement kiln dust, flue-gas 

desulphurization, pulverized fuel ash, granulated blast furnace 

slag, sodium silicates, sodium chloride or a combination of 

these materials (Mayers et al. 1976; Van Ree et al. 1992; 

Ahmed and Lovell 1993; Dawson et al. 1995; Baldwin et al. 

1997; Muroueh et al. 2001; Edil, et al. 2002; Senol et al. 2003; 

Petkovic et al. 2004; Hassan et al. 2005; Senol et al. 2006).  

Silica fume and fly ash are extensively used in geotechnical 

engineering applications. These materials have low unit 

weight, low compressibility and high pozzolanic reactivity 

(Cabrera and Gray 1973; Ravina 1980; Malhotra and Carette 

1982; Aitcin et al. 1984; Ozbayoglu 1993; Kalkan et al. 

2007). In particular, lime stabilisation has been used 

successfully in such geotechnical applications as foundations, 

capping, embankments, piles and other earthworks. (Locat et 

al. 1996; Cai et al. 2006; Kalkan, 2012; Kalkan, 2018; Aydin, 

2019; Kalkan, 2020); Ozer and Bayrak, 2020. 

The choice of technology and methods of the soil stabilization 

depends on the engineering challenges that determine the 

formulation of injection composition. A common method of 

soil stabilization is cementation using hydraulic fracturing of 

soil layers, where the use of compositions based on cement 

with various mineral and chemical additives is efficient. The 

dry mixture of injection composition depends on the types: of 

the used binder, chemical additives and mineral fillers. Highly 

effective binders in injection compositions are: aluminate, 

sulfo-aluminate, ferrite-containing, expansible lightweight, 

weighted, low hygroscopic and belite-diatomaceous earth oil-

well cements (Kroychuk, 2005; Krivoborodov et al., 2009; 

Bazhenov et al., 2011; Chumakov, 2011). The cost of such 

cements is high and not all regions of the country have them. 

Interest is attracted by slag, ash and sand cements, the raw 

materials for which are the existing waste of the fuel and 

metallurgical complex and natural sand (Sergeev, 1984; 

Krivenko and Pushkareva, 2012; Marčiulatis et al., 2015; 

Mackevicius et al., 2017). The results of researches show that 

injection compositions based on such cements have a lower 

cost (Zhilkina et al., 2018). 
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In this study the mixtures of silica fume and lime as 

alternative low-cost stabilizer material. The main objectives of 

this research are to investigate the utilizable of mixtures silica 

fume and lime as injection material for stabilization of 

granular soils in geotechnical applications. Also, to test 

mechanical performance of injected granular soils with 

mixtures silica fume and lime. The injected granular soils 

were subjected the unconfined compression tests and the 

results obtained were compared with that of natural granular 

soils.  

2. MATERIAL AND METHODS 

2.1. Materials 
The granular soil material produced by grinding were selected 

for tests. This material obtained from limestone and 

crystallized limestone primary rocks were supplied from the 

Stone Quarry Facility of Makimsan Company in Erzurum, 

Turkey. The grain size distribution of the granular soil 

material was given in Figure 1. The soils had a density of 2.75 

Mg/m3. 

 

 
 

Figure 1. Grain size distribution of granular soil and silica fume  

  

In this study, silica fume was used as waste material. The 

silica fume used in the tests was supplied from Ferro-

Chromate Factory in Antalya, Turkey. The density of silica 

fume is 2.0-2.5 Mg/m3, and the bulk density ranges from 0.3 

to 0.5 Mg/m3. The grain size distribution of silica fume was 

given in the Figure 1.    

The lime was used as manufactured additive material in this 

study. The lime used in tests was supplied from Kayseri Lime 

Factory in Kayseri, Turkey.  

2.2. Methods 

2.2.1. Preparation of samples 
To obtain the unconfined compressive strength values, the 

cylindrical divisible plastic mold with the 35 mm diameter 

and 70 mm height. The granular soil material was placed in to 

this cylindrical plastic mold at the 50% relative density. The 

slurry was prepared by adding water to the mixture. The 

mixture was including 80% silica fume and 20% lime. The 

slurry was taken to the hand injector and then it injected to the 

granular soil media in the cylindrical plastic mold by 

manually (Figure 2).  

The maximum care has been taken to ensure that the injection 

is fully spread into the granular soil media. After getting full 

injection, the injection process was finished and the injected 

samples were left for their curing process. The end of curing 

periods, the samples were subjected to the unconfined 

compressive tests.  

 

 
 

Figure 2. Injected granular soil samples   

 

2.2.2. Unconfined compression test 
The unconfined compressive strength values of natural and 

injected granular soil samples were determined from the 

unconfined compression test in accordance with ASTM D 

2166. The unconfined compression test was carried out on the 

cylindrical samples. All of the samples had 35 mm in 

diameter by 70 mm in length. In this study, three cylindrical 

samples were prepared and tested for each combination of 

mixtures. The unconfined compression test was performed at 

a deformation rate of 0,8 mm/min. The natural and injected 

granular soil sample subjected to the unconfined compressive 

test and tested sample was given in Figure 3. 

 

 
 

Figure 3. Injected granular soil samples; (a) under the unconfined 

compressive test and (b) after the unconfined compressive test    

 

3. RESULTS AND DISCUSSION  

3.1. Effects of injection on the unconfined 

compressive strength values of granular soil 

samples 
The unconfined compression tests were performed to 

investigate the effect of injection on the unconfined 

compressive strength values of the granular soil samples. The 

unconfined compression tests were carried for the different 

curing periods. The results obtained from these tests were 

illustrated on the Figure 4. The test results showed that the 

injection of mixture with 80% silica fume and 20% lime 

improved the unconfined compressive strength values of 

granular soil samples. In the stabilization of the granular soil 

with injection of mixture with 80% silica fume and 20% lime, 

mixture played a significant role. The increase in the 

compressive strength was attributed to the internal friction of 

silica fume particles and the chemical reaction between silica 

fume and lime particles. In addition to being a highly 

pozzolanic material, the extremely fine silica fume particles 

improved the packing of the granular soil media, resulting in a 

denser stabilised soil (Glasser 1997; Neville and Aitcin 1998; 

Hassan et al. 2005; Kalkan 2006), increasing the cohesion 
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(Kalkan and Akbulut 2004). The increase in the compressive 

strength is due to the hydration and hardening that occurred 

between the silica fume and lime particles, enhanced by the 

pozzolanic properties of the waste materials (Kohno et al. 

1993; Temimi et al. 1998; Sebastia et al. 2003; Kalkan 2006; 

Kalkan, 2012). 

 

 
 
Figure 4. Effects of injection on the unconfined compressive strength 

values of granular soil samples  

 

3.2. Effects of curing period on the 

unconfined compressive strength values of 

injected granular soil samples 
The injected samples were cured for 1, 7 and 28 days to 

investigate the effects of curing times on the unconfined 

compressive strength values. As seen in Fig. 4, curing period 

increases the compressive strength values. The same results 

were obtained by Thompson (1968), Okagbue and Onyeobi 

(1999), Yarbaşı et al., 2007 and Kalkan (2012). The increase 

in the unconfined compressive strength with curing time is 

due to the action of the cementing gel materials of mixture of 

silica fume and lime produced following pozzolanic, 

hydration and chemical reactions. 

4. CONCLUSIONS 
In this study, the effects of mixture including silica fume and 

lime on the unconfined compressive strength values of 

injected granular soil samples. According to the test results, 

injection of mixtures of silica fume and lime improved the 

unconfined compressive strength of granular soils. Also, the 

curing time play a significant role on the improvement of 

mechanical properties of stabilized granular soil samples by 

injection method. As a result, the mixtures of silica fume and 

lime can be used as an injection material for the stabilization 

of the granular soils in the geotechnical applications.  
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