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Abstract: This paper evaluates the use of waste material mixtures including marble dust and scrap tire rubber the stabilization of fine-

grained soils in order to remove the effects of freeze-thaw cycles. In this study, a fine-grained soil material was stabilized by using 

waste material mixtures. Natural and stabilized fine-grained soil samples were subjected to freeze-thaw cycles under different curing 

periods. After the freeze-thaw cycles, compressive strength tests were performed to investigate effects of waste material mixtures on 

the freeze-thaw resistance of fine-grained soil samples. The experimental results showed that the samples of fine-grained soil stabilized 

with waste material mixtures have high freeze-thaw durability as compared to unstabilized fine-grained soil samples. Consequently, 

we conclude that waste material mixtures including marble dust and scrap tire rubber, can be successfully used as an additive material 

to enhance the freeze-thaw durability of fine-grained soils for soil stabilization in the geotechnical applications. 
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1. INTRODUCTION 
Fine-grained soil (FGS) is generally classified as expansive 

soil. This means that some clays will tend to expand as they 

absorb water and will shrink as water is drawn away. These 

FGSs contain clay minerals that have the potential for 

swelling and shrinkage under changing moisture contents. 

Clay minerals could originate from the weathering of shale, 

slate, sandstone, and limestone. Another source is the 

diversification of volcanic ash deposited under marine 

conditions during geologic times, settled alone or mixed with 

shale or limestone (Grim 1968; Kalkan and Bayraktutan, 

2008). Expansive soils are known to cause severe damage to 

structures resting on them. However, these soils are very 

important in geology, construction, and for environmental 

applications, due to their wide usage as impermeable and 

containment barriers in landfill areas and other 

environmentally related applications (Erguler and Ulusay, 

2003; Harvey and Murray, 1997; Kayabali, 1997; Keith and 

Murray 1994; Murray, 2000; Sabtan, 2005). Safe and 

economic designs of foundations on FGSs and performance of 

compacted clayey soils for geotechnical purposes require the 

knowledge of swelling characteristics such as swelling 

pressure, swelling potential and swelling index. Cyclic drying 

and wetting phenomena can cause progressive deformation of 

expansive clayey soils, which may affect building 

foundations, drainage channels, buffers in radioactive waste 

disposals, etc. (Guney et al., 2007; Nowamooz and Masrouri, 

2008; Rao et al., 2001). 

Construction of buildings and other civil engineering 

structures on weak or soft soil is highly risky because such 

soil is susceptible to differential settlements due to its poor 

shear strength and high compressibility. Expansive clays are 

dominated by clay minerals with the potential for crystalline 

swelling, such as minerals of the smectite group. These are 

recognized as having very small particles, even among the 

clay minerals (Meunier, 2006; Fityus and Buzzi, 2009). 

Expansive soils are highly plastic that typically contain clay 

minerals such as montmorillonite that attract and absorb 

water. If clayey soils contain montmorillonite or a certain type 

illite, they will have significant swelling potential when 

wetted and tend to influence their engineering behavior (Shi et 

al. 2002; Sabtan 2005). Reaction of an expansive soil to 

changed environmental conditions is to swell or exert large 

pressures against non-yielding structures; but it may also 

exhibit a high degree of shrink-swell reversibility with 

changes in moisture content, leading to deformation and 

damage to buildings (Popescu 1979; Mohan et al. 1973; 

Mitchell 1993; Bell and Maud 1995; Du et al. 1999; Abdullah 

and Al-Abadi, 2010; Kalkan, 2012; Kalkan and Yarbaşı, 

2013; Mohamedgread et al., 2019; Yarbaşı and Kalkan, 2020). 

In cold regions, soils in areas with seasonal frost are exposed 

to at least one freeze-thaw cycle every year. In the freezing 

period, subsoil moisture moves towards the frozen layer 

because of a temperature gradient. Void spaces of soil 

gradually increase due to frost heave and moisture moves to 

the interstices of the soil and then freezes. In the thawing 

period, thawing of the frozen layer begins from the top and 

the bottom at the same time. The maximum soil moisture 

content appears above frozen layer and becomes temporarily-

perched water. Additionally, the soil moisture content under 

frozen layer is more than it was during the prefrozen period 

(Zhang and Shijie, 2001; Yarbaşı et al., 2007). 

Nowadays there are various alternatives available to increase 

the strength and stiffness of the weak soil and to improve the 

behavior of soil under various loading and environmental 

conditions (Parihar et al., 2015). Many earth structures such as 

liners of waste landfills, levees and dams are constructed of 

FGSs. Also, excavated FGSs might be reused as fill material 

in some earth structures. In these kinds of applications, there 

could be a tendency for characteristics of the soils (e.g. 

strength, volume change and mechanical characteristics) to 

vary over time. One possible solution to these problems is the 

use of randomly distributed tensile reinforcement elements in 

the soil. Such elements are available as polypropylene fibers 

(Yetimoğlu et al., 2005; Akbulut et al., 2007; Zaimoğlu, 2010; 

Zaimoğlu and Yetimoğlu, 2012; Yarbaşı and Kalkan, 2020). 

Several stabilization methods are available for stabilizing 

expansive soils. These methods include stabilization with 

chemical additives, rewetting, soil replacement, compaction 
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control, moisture control, surcharge loading, and thermal 

methods (Chen, 1988; Nelson and Miller, 1992). All these 

methods may have the disadvantages of being ineffective and 

expensive. Therefore, new methods are still being researched 

to increase the strength properties and to reduce the swell 

behaviors of expansive soils (Puppala and Musenda, 2002). 

Many investigators have experienced on natural, fabricated, 

and by-product materials to use them as stabilizers for the 

modification of clayey soils (Aitcin et al., 1984; Sandra and 

Jeffrey, 1992; Kayabali, 1997; Asavasipit et al., 2001; 

Prabakar et al., 2003; Kalkan and Akbulut, 2004; Cetin et al., 

2006; Kalkan, 2006; Akbulut et al., 2007; Kalkan, 2020; 

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

The waste of marble dust (MD) can cause environmental 

problem and economic loss if the waste is not used. Leaving 

the waste material to the environment directly can cause 

environmental problems. Therefore, many countries have still 

been working on how to reuse the waste material so that they 

give fewer hazards to the environment. The MD is settled by 

sedimentation and then dumped away which results in 

environmental pollution, in addition to forming dust in 

summer and threatening both agriculture and public health.  

Therefore, utilization of the MD in various industrial sectors 

especially the construction, agriculture, glass and paper 

industries would help to protect the environment (Karasahin 

and Terzi, 2007). Wastes can be used to produce new products 

or can be used as admixtures so that natural sources are used 

more efficiently and the environment is protected from waste 

deposits. The MD is generally used as reinforcement material 

or raw material in various areas and applications (Davini, 

2000; Arslan et al., 2005; Acchar et al., 2006; Akbulut and 

Gurer, 2007; Karasahin ve Terzi, 2007; Saboya et al., 2007; 

Hwang et al., 2008; Pereira et al., 2008; Aruntas et al., 2010; 

Celik and Sabah, 2008; Demirel, 2010). 

The concept of soil reinforcement with natural fiber materials 

originated in ancient times. Randomly distributed fiber-

reinforced soils have recently attracted increasing attention in 

geotechnical engineering (Yetimoglu and Salbas, 2003). The 

concept and principle of soil reinforcement was first 

developed by Vidal (1969). He demonstrated that the 

introduction of reinforcement elements in a soil mass 

increases the shear resistance of the medium. The primary 

purpose of reinforcing soil mass is to improve its stability, 

increase its bearing capacity, and reduce settlements and 

lateral deformation. There are several researches investigating 

the utilizability of scrap tire rubber as low-cost additive 

material for the soil stabilization (Hausmann, 1990; Prabakar 

and Sridhar, 2002; Yarbaşı et al., 2007; Akbulut et al., 2007; 

Zaimoğlu, 2010; Zaimoğlu and Yetimoğlu, 2012; Kalkan, 

2013; Yarbaşı and Kalkan, 2020). 

The main objectives of this research are to investigate the 

utilizability of waste material mixtures including MD and 

scrap tire rubber (STR) for stabilization of FGSs in 

geotechnical applications. Also, to test the strength 

performance of FGSs stabilized with waste material mixtures. 

To accomplish these objectives, natural FGS samples were 

stabilized by using different contents of waste material 

mixtures. The stabilized FGSs obtained by the compaction 

process were subjected the unconfined compression tests after 

exposing the freeze-thaw cycles and the results obtained were 

compared with that of natural FGSs.  

 

2. EXPERIMENTAL MATERIALS 

2.1. FGS 
The FGS used in this experimental study was supplied from 

the clay deposits of Oltu Oligocene sedimentary basin, 

Erzurum, NE Turkey. This soil with green color and high 

plasticity is over-consolidated and it has clayey-rock 

characteristics in natural conditions. It is defined as a high 

plasticity soil (CH) according to the Unified Soil 

Classification System (Kalkan, 2003; Kalkan and Akbulut, 

2004; Kalkan and Bayraktutan 2008). The chemical 

composition and engineering properties of the FGS are 

summarized Tables 1, and 2, respectively.  

Table 1. Chemical properties of FGS and MD 

Components FGS MD 

SiO2 46.83 0.36 

Al2O3 15.35 0.28 

Fe2O3 6.81 0.04 

CaO 11.02 54.98 

MgO 4.52 0.62 

Na2O3 0.92 0.03 

K2O 1.23 0.07 

TiO2 0.81 - 

SO3 - 0.06 

CaO2 - 43.56 

 

Table 2. Some properties of FGS and MD 

Properties FGS MD 

Density, g cm-3 2.63 2.75 

Sand (%) 2 - 

Silty (%) 66 - 

Clay (%) 32 - 

Liquid limit (LL, %) 73 - 

Plastic limit (PL, %) 35 - 

Unit volume weight (g/cm3) 37 - 

Porosity (%) - 0.2 

 

2.2. MD  
The waste MD was obtained in wet form as an industrial by- 

product directly from the deposits of marble factories, which 

forms during the sawing, shaping and polishing processes of 

marble in Afyon (Turkey) region. The wet marble sludge was 

dried up prior to the preparation of the samples. The dried 

material was sieved through a 0.25 mm sieve to remove the 

coarse particle (Kalkan and Yarbaşı, 2013). Ths generally 

used as reinforcement material or raw material in various 

areas and applications. The chemical composition and 

physical properties of MD are given in Tables 1 and 2, 

respectively. 

2.3. STR 
The STR fibers were supplied by local recapping truck tires 

producer in Erzurum, Northeast Turkey. When the tread on 

truck tires down, it is more economical to stave off the old 

tread and replace it than to purchase brand new tires. The tire 

is shaved off into 150 mm and smaller strips using a sharp 

rotating disc. These strips are then ground into scrap rubber 

(Pierce and Blackwell, 2003; Akbulut et al., 2007). The STR 

fibers used in this study has length of 1.18 mm. The 

engineering properties of the STR fiber were given in the 

Table 3. 
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3. EXPERIMENTAL PROSEDURE  

3.1. Preparation of sample mixtures 
The FGS used in this study was dried in an oven at 

approximately 65 °C and then ground before the preparation 

of mixtures. The required amounts of FGS, MD and STR 

were prepared and then blended together under dry 

conditions. As the waste STR fibers tended to lump together, 

considerable care and time were spent to get a homogeneous 

distribution of the waste STR fibers in the mixtures. The 

weights of the mixtures were determined according to the 

formula below; 
 

WMIX = WFGS + WMD + WSTR        (1) 
 

where WMIX, WFGS, WMD, WSTR are the total dry weights of 

sample mixtures, FGS, MD and STR, respectively. The 

component of the samples used in the experimental studies is 

summarized in Table 4. 

Table 3. Some properties of FGS and MD 

Parameters Value 

Density (mg/cm3) 1.153-1.189 

Elastic modulus (MPa) 1.97-22.96 

Tensile strength (MPa) 28.1 
Extent at failure (%) 44-55 

Softening temperature (oC) 175 

 

Table 4. Some properties of FGS and MD 

No Sample 
Materials (%) Total 

(%) CS MD STR 

1 MIX1 100.00 - - 100 
2 MIX2 94.5 5 0.5 100 

 

3.2. Compaction tests 
To prepare the samples for unconfined compression tests, 

Standard Proctor tests were performed in accordance with 

ASTM D 698. Each material was evaluated at six different 

water concentrations in three steps. To ensure uniform 

compaction, the required quantities of FGS-waste material 

mixtures were placed inside mold-collars assemblies and 

compressed alternately in three steps from the two ends until 

the samples reached the dimensions of the mold. 

3.3. Unconfined compression tests  

The unconfined compressive strength (UCS) values of natural 

FGS and stabilized FGS samples were determined from the 

unconfined compressive tests in accordance with ASTMD 

2166. This test is widely used as a quick and economical 

method of obtaining the approximate compressive strength of 

the cohesive soils. In this study, three cylindrical samples 

were prepared and tested for each combination of mixtures. 

The unconfined compressive tests were performed at a 

deformation rate of 0.16 mm/min.  

3.4. Freeze-thaw tests  

The freeze-thaw tests were performed by a programmable 

freezing apparatus. The natural and stabilized FGS samples 

were subjected to freeze-thaw tests in accordance with ASTM 

C 666. All samples were placed in the freezing apparatus and 

conditioned at −18 °C for 2.30 h. During the freezing process, 

the cylindrical samples were insulated by 50 mm polystyrene 

to obtain one-dimensional freezing. After the freezing was 

completed, the samples were transferred from the freezing 

apparatus into a test room at +20 °C for 2.30 h. This freeze-

thaw cycle was repeated 20 times and then these samples were 

subjected to the unconfined compression tests.  

4. RESULTS AND DISCUSSION  

4.1. Effect of mixtures on the UCS  
The effect of waste material mixtures on the UCS values of 

the FGS was obtained by performing the unconfined 

compression tests under laboratory condition. The natural and 

waste material mixture-stabilized FGS samples were cured for 

1, 7 and 28 days and then all samples were subjected to the 

tests at the end of curing periods. The test results showed that 

the waste material mixtures improved the UCS values of FGS 

samples. The increase in the UCS value of stabilized FGS 

with waste material mixtures was obtained at each different 

combination (Figure 1). However, the maximum values of the 

UCS was observed at the stabilized samples with waste 

material mixtures including 5% MD and 0.5% STR wastes. 

Less and more from optimum content of MD and STR caused 

the decrease in the UCS values of stabilized FGS. 

 

 

Figure 1. The effects of waste material mixtures on the UCS 

The curing time played an important role on the increase of 

UCS values for stabilized FGS samples when compared that 

of fresh stabilized FGS samples. It was seen that with the 

increase in the curing time, UCS values of stabilized FGS 

samples also increased and maximum UCS values obtained at 

the 28-day curing time (Fig. 1). The same results were 

obtained from some experimental studies carried out in the 

past (Ranjan et. al., 1996; Prabakar and Sridhar, 2002; 

Akbulut et al., 2007; Zaimoglu, 2010; Hejazi et al., 2012; 

Kalkan, 2013; Muntohar et al., 2013; Lv  and Zhou, 2019; 

Benziane et al., 2019).  

Both the MD and STR contents play an important role in the 

development of UCS of stabilized FGS. The results indicate 

that MD-STR mixtures have more effect on the UCS than that 

of the MD or the STR. The improve in the UCS values of 

stabilized FGS samples was attributed to the changes in the 

composition of material mass. The addition of waste material 

mixtures including MD and STR wastes caused the change in 

the composition of stabilized FGS. It was noted in literature 

that the addition of additive changed the composition, 

mineralogy and particle size distribution of clayey soil (Gillot, 

1968; Ola, 1978; Kalkan and Akbulut, 2004).  

Similarly, the STR fiber played an important role in the 

increase in the UCS values of stabilized FGS. The increase in 

the UCS might be due to the bridge effect of fiber which can 

efficiently impede the further development of failure planes 
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and deformations of the soil (Maher and Ho, 1994; Tang et 

al., 2007; Zaimoğlu and Yetimoğlu, 2012). 

4.2. Effect of mixtures on the freeze-thaw 

resistance  
The effects of waste material mixtures on the freeze-thaw 

resistance of FGS samples were investigated under laboratory 

conditions. The results obtained from the experimental studies 

showed that the waste material mixtures including MD and 

STR wastes increased the UCS values of stabilized FGS. As 

compared to the unstabilized FGS samples before freeze-thaw 

cycles, the UCS value of the stabilized FGS sample contents 

of 5% MD and 0.5% STR wastes and at 28-day curing period 

was the maximum level. It can also be seen that the stabilized 

FGS with the MD and STR wastes exhibit more ductile 

behavior than the unstabilized FGS samples. Similar results 

were also obtained for granular soils modified with waste 

additives (Akbulut et al., 2007; Yarbasi et al., 2007; 

Zaimoğlu, 2010; Kalkan, 2013).  

The UCS values of all samples were decreased after freeze-

thaw cycles (Figure 2). It may be attributed to the fact that 

pore water freezes and forms ice lenses in the pore space 

between the soil particles; then these ice lenses expand in 

volume and push particles of the soil and act like springs, 

increasing gaps among soil particles (Tunç, 2002; Isik et al., 

2020). However, the decrease in the UCS values of stabilized 

FGS samples were lower level than that of unstabilized FGS 

samples after freeze-thaw cycles (Figure 3). The more UCS 

values of stabilized samples brought the more freeze-thaw 

resistance against to the freeze-thaw cycles (Yarbaşı and 

Kalkan, 2019). 

 

Figure 2. The effects of waste material mixtures on the freeze-

thaw cycles  

 

 

Figure 3. Effects of waste material mixtures on the freeze-

thaw cycles 

5. CONCLUSIONS 
In this study, the effect of waste material mixtures including 

MD and STR wastes on the strength behavior of stabilized 

FGS samples was investigated and some conclusions were 

drawn. It was seen from experimental results that the addition 

of waste material mixtures increases in the UCS values of 

stabilized FGS samples. Meanwhile, the stabilized FGS 

samples were had more freeze-thaw resistance when 

compared with that of unstabilized FGS samples. It was 

concluded that waste material mixtures including MD and 

STR wastes can be used to improve the strength properties of 

FGS. In addition, this mixture can potentially reduce 

stabilization costs by utilizing wastes in a cost-effective 

manner.   
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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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Abstract: This research is focused on utilizing cotton simulation model (GOSSYM) to investigate the impact of different dependent 

variables such as different amount of Carbone Dioxide, rainfall, different Nitrogen Level, UV-B  with or without irrigation, or 

different soil type in a MID-season cultivar for predicting and finding the influence of environmental factors on cotton yield, plant 

height, main stem nodes, and major phenological events such as squaring, flowering and boll opening during 30 years from 1964 to 

1993 in Razan, Hamedan, Iran.   

Keywords: Carbone Dioxide; phenological events; RegCM climate model ; Nitrogen level; MID-season 

1. INTRODUCTION 
Different variety of factors either climatic or inputs affect 

cotton productivity. There are various factors that influence 

cotton yield [1-2]. The actual daily solar radiation, maximum 

and minimum air temperatures, rainfall, and wind speed for 

30 years (1964 to 1993) were used as current or ambient 

weather input scenarios for the model[3-6].  Changes in 

climate were calculated from results of a regional climate 

model (RegCM) nested within a General Circulation Model 

(GCM) from National Center for Atmospheric Research 

(NCAR) at Boulder, Colorado.   The quantified changes in the 

future climate (i.e., maximum/minimum temperatures, solar 

radiation, precipitation, wind speed) were predicted using the 

RegCM climate model [7].  
 The weather input required to run GOSSYM is on a daily 

basis. Therefore, the projected monthly means for future 

weather parameters were used to create daily future weather 

files by modifying the daily current weather based on the 

assumption that changes in daily weather parameters will be 

constant for each month.[8-11] The monthly mean maximum 

and minimum temperature changes were added to and the 

ratios for the other three parameters (precipitation, solar 

radiation, and wind speed) were multiplied with the 

corresponding values of the daily 30-year current weather 

parameters to generate the daily future weather files for 30 

years (future climate scenario). This methodology[12], 

however, retains the existing natural variability in the historic 

weather for the 30 years. 

2. METHODOLOGY 
In this research by applying the cotton simulation model, 

GOSSYM, all measurements was carried out. Data was 

recorded for 30 years and the model was written in Fortran to 

run the model and get the results. There were different 

scenarios, from MID- season cotton cultivar in rainfed or 

irrigated conditions, two different soil types (clay and loamy 

soil) and different planting dates and different Nitrogen level 

[12-14]. After running the model, data were collected in an 

excel file to do some statistics and plotting some graphs in 

order to investigate in more details. The results in the format 

of table and results is provided below. 

3. RESULTS AND DISCUSSION 
As it can be seen in Fig.1, Fig.2 and Fig.3 the slop for both 

graph is so small so, increasing co2 don’t affect corn height 

and maximum leaf area index and number of nodes in both 

irrigated or rainfed areas significantly, even fertilizer or water 

was supplied. There is a slightly decreasing, increasing for 

corn height and Maximum Leaf Area Index respectively but 

there is not a constant trend for number of nodes. 

. 

 

Figure 1. Response corn height to different amount of CO2 

with and without irrigation over 30 years simulation period 

 

 

 

Figure 2. Response Corn Maximum Leaf Area Index to 

different amount of CO2 with and without irrigation over 30 

years simulation period. 
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Figure 3. Response corn nodes to different amount of CO2 

with and without irrigation over 30 years simulation period. 

As it can be seen in Fig.1, Fig.2 and Fig.3 the slop for both 

graph is so small so, increasing co2 don’t affect corn height 

and maximum leaf area index and number of nodes in both 

irrigated or rainfed areas significantly, even fertilizer or water 

was supplied. There is a slightly decreasing, increasing for 

corn height and Maximum Leaf Area Index respectively but 

there is not a constant trend for number of nodes 

 

Figure 4. Response corn yield to different amount of CO2 

with and without irrigation over 30 years simulation period. 

As it can be seen in Fig.4, corn yield will be increased by 

increasing the amount of co2 and the yield in irrigated 

situation is more than rainfed and the importance of irrigation 

in increasing the yield was shown clearly. 

 

Table 1. the impact of rainfall on different corn parameters 

under constant CO2 simulated over 30 years (1964 to 1993). 

Rainfall 

Factor 

Height MXLAI Node Yield DAE 

FSQ 

0.25 22.17 4.83 27 1336 27 

0.5 27.64 5.77 26 1665 27 

0.75 32.9 6.45 25 1812 27 

1 36.17 6.94 25 1886 27 

1.25 38.58 7.3 25 1943 27 

 

Table 2. the impact of different amount of CO2 on different 

corn parameters over 30 years (1964 to 1993 

Different amounts of co2 do not have any effects on days to 

first square, first flower blossom and first open boll. They 

remained at 27, 49 and 89 respectively. It means 27 days after 

emergence to appear first square, 49 days after emergence for 

first blossom and 89 days after emergence to first open boll is 

needed. 

4. INFLUENCE OF RAINFALL ON 

CROP GROWTH AND YIELD: 
 

Rainfall in one of the important factor for researchers and 

farmer. It is not necessary to arrange irrigation by having the 

good amount precipitation on time.  

As it can be seen in table.2, increasing rainfall does not have 

any effect on corn phenology processes which are be constant 

in 27, 49 and 89 days after emergence respectively for first 

square, first flower blossom and first open boll.  there is not a 

constant trend for number of nodes also (Fig. 7). 

Rainfall in one of the important factor for researchers and 

farmer. It is not necessary to arrange irrigation by having the 

good amount precipitation on time.  

As it can be seen in table.2, increasing rainfall does not have 

any effect on corn phenology processes which are be constant 

in 27, 49 and 89 days after emergence respectively for first 

CO2 

PPM 

Rainfall 

Factor 

Height MXLAI Node Yield 

200 1 43.8 4.83 27 1336 

300 1 42.21 5.77 26 1665 

400 1 41.1 6.45 25 1812 

500 1 40.65 6.94 25 1886 

600 1 40.26 7.3 25 1943 

700 1 40.04 7.58 25 1984 

800 1 39.8 7.81 24 1995 

200 1 37.52 4.15 27 1020 

300 1 36.88 4.91 27 1325 

400 1 36.17 5.48 26 1505 

500 1 35.81 5.93 26 1617 

600 1 35.48 6.24 26 1683 

700 1 35.26 6.51 25 1729 
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square, first flower blossom and first open boll.  there is not a 

constant trend for number of nodes also (Fig. 7). 

 

Figure 5. The effect of different amount of rainfall on corn 

height for 30 years.. 

 

 

 

Figure 6. The effect of different amount of rainfall on corn 

MXLAI for 30 years. 

 

 

Figure 7. The effect of different amount of rainfall on yield 

for 30 years. 

As it is shown in Fig. 5, Fig.6 and 7, by increasing rainfall, 

there is a increasing trend in corn height and max leaf area 

index. The increasing rainfall from 0.25 to 0.5 and 0.5 to 0.75 

have more effect on yield rather than 1 to 1.25 and 1.25 to 0.5. 

 

 

Figure 8. The effect of different amount of rainfall on number 

of corn node. 

5. INFLUENCE OF NITROGEN ON 

CROP GROWTH AND YIELD UNDER 

TWO DIFFERENT SOIL TYPES 

Nitrogen is a critical factor for plants. And different soil types 

have different ability to keep fertilizers in themselves. 

Moreover, irrigation or rainfall have an important impact on 

keeping Nitrogen fertilizer in soil. 

 

Table 3. Influence of nitrogen on crop growth and yield under 

two different soil types over a simulation period of 30 years 

CO2 

(ppm) 

Soil type Nitrogen 

Level 

Height MXLAI 

400 1 1 35.27 5.78 

400 1 2 37.62 6.18 

400 1 3 39.48 6.37 

400 1 4 41.1 6.45 

400 1 1 32.12 5.12 

400 1 2 33.61 5.39 

400 1 3 34.95 5.47 

400 1 4 36.17 5.48 

400 2 1 34.73 5.56 

400 2 2 37.44 6.01 



International Journal of Science and Engineering Applications  

Volume 10 Issue 01, 11-16, 2021, ISSN-2319-7560 (Online) 

www.ijsea.com  14 

400 2 3 39.51 6.2 

 

This simulation investigates the influence of nitrogen in 4 

different amount of nitrogen fertilizer (50, 100,150 and 

200lbs) under 2 different soil types (1 for clay and 2 for loam) 

with and without irrigation. 

 

Figure 9 .The effect of different Nitrogen levels on Height 

(400 ppm CO2) over 30 years 

 

 

 

As it can be seen in Fig. 9, increasing Nitrogen fertilizer cause 

to increase corn height but the impact in irrigated condition is 

more than rainfed condition. The irrigation condition has 

more effect than type of soil ( clay or loam) 

 

 

Figure 10 . - The effect of different Nitrogen levels on 

MXLAI (400 ppm CO2) over 30 years 

As it can be seen in Fig. 10, increasing Nitrogen fertilizer 

cause to increase corn max leaf area index but the impact in 

irrigated condition is more than rainfed condition. The 

irrigation condition has more effect than type of soil (clay or 

loam) but the max leaf area index in clay soil is more than 

loamy soil. On both soil types maximum LAI remained at 

stable growth under irrigated conditions but reduced slightly 

under non- irrigated conditions for all amount of fertilizer (N) 

applied. 

 

Figure 11 . - The effect of different Nitrogen levels on 

MXLAI (400 ppm CO2) over 30 years 

 

 

 

The number of nodes does not have any difference in clay soil 

with or without irrigation conditions. But by increasing the 

amount of nitrogen, the number of nodes increased in clay soil 

too. The difference is just when the type of soil change to 

loam. 

6. FUTURE WEATHER SCENARIOS 

WITH MITIGATION OPTIONS 

Plant growth and production can be affected by weather 

patterns together with other external factors. It can effect on 

plant phonological processes as well. Under current carbon 

dioxide conditions, cotton cultivar tends to be in high 

production, but it will be greatly affected by the future climate 

condition. In order to increase cotton production in a changing 

climate condition, one option probably is changing the 

planting dates. 
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Base on the simulations, changing planting dates, -21, -14 and 

-7 days earlier than standard planting date, shows that plant 

growth remains constant under present CO2 level (400 PPM). 

But under future CO2 concentration, 700PPM, cotton plants 

are taller when planted at earlier planting dates but remains 

constant in height after planting at zero days and later. In 

addition, based on simulations, cotton cultivar had more LAI 

at future climate condition than plants grown at the current 

conditions. In future condition, in comparison to current 

condition, plants had more nodes when planted at earlier days.  

Based on model predictions for cotton yield, over a 30 year on 

700 ppm CO2 level, and adjusted planting date, yield will 

decrease as compare to the current condition, (700ppm CO2 

concentration). Maximum decreased occurred at -21 earlier 

planting days at 37% and the least decreased at 21 days later 

plant date at 25%. Changing scenarios and planting dates also 

have huge effects on cotton plant phenology, where first 

squaring, first flower bloom and first open boll will take place 

much earlier under future 700ppm CO2 concentration. 

By increasing the planting date from -21 to 0, days to first 

square, first flower blossom and first open boll will appear 

earlier. But it does not have any effect on 0 to +21 for to first 

square and first open boll. 

 

 

7. CONCLUSION 

Cotton simulation model (GOSSYM), is a very important tool 

for researchers and farmers, especially during cotton growth 

which it can be easily affected by various factors. It is 

important to have proper management practices such as 

irrigation and fertilization program for cotton in order to gain 

maximum yields. By having some models like GOSSYM, 

farmers can notify that by every condition what they can do to 

avoid reduction in yield and growth or sometimes they know 

which factors effect on phenological processes. 
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