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Abstract 

In parallel with the increasing housing need in parallel with the population growth 

and the changing needs of the society depending on the continuous technological 

developments, the strength properties of the soils considered problematic such as 

high plasticity clay should be improved. In the last twenties when global climate 

changes started to be experienced, the improvement of the geotechnical properties of 

such soils that form the basis of engineering structures has become an important 

issue. Today, natural rocks are one step ahead of other additives in terms of being 

economical, sustainable and environmentally friendly. Based on this basic idea, in 

our study, Bayburt tuffite was added to the clay soil by powdering it at the rates of 

5%, 10%, and 15% and the strength change after freezing-thawing was examined. 

The clay soil (CS) + Bayburt tuffite powder (BTP) mixture samples obtained at three 

different rates were cured in the laboratory environment for 7, 14 and 28 days. At the 

end of the curing period, the samples were subjected to +20oC, -20oC, 12 hours and 

10 cycles in the freeze-thaw cabin and then the strength values were obtained with 

the Uniaxial pressure tester. The highest strength value after freezing-thawing was 

observed to increase by 29.55% in the CS + 5% BTP mixture cured for 28 days. As 

a result, in the light of the obtained data, it was concluded that this mixture ratio can 

be used as a foundation material in cold climate regions, shallow foundation depths 

and high plasticity clay soils. 

 

 

1. Introduction 

 

The strength properties of clayey soils that have not 

been sufficiently consolidated in the geological 

process and have weak geo-engineering properties 

can vary significantly under seasonal freeze-thaw 

cycles. Therefore, such clayey soils, which form the 

foundation or sub-base of engineering structures, 

have properties such as low bearing capacity, high 

plasticity, swelling, shrinkage, compressibility and 

low permeability due to the presence of the 

montmorillonite minera[1]. For this reason, the 

geotechnical properties of such high plasticity clay 

soils, which form the basis of engineering structures, 

need to be improved. In the last twenties, 

waste/residue materials, natural rocks and minerals, 

in addition to various chemicals and synthetic 

materials, have begun to be used significantly as  
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additives in the improvement or strengthening of 

such soils. 

In the modification of clay soils, 

waste/residue materials and natural rocks or minerals 

are widely used today as additives, both because they 

can reduce environmental pollution by reducing 

carbon dioxide emissions, which is a global problem, 

during production, and because they are economical 

and environmentally friendly [2-10]. 

In addition to natural, synthetic or various 

chemicals used within the scope of ground 

improvement, natural rocks and minerals are now 

frequently used in civil engineering because they are 

economical, sustainable, strength-increasing and 

environmentally friendly materials. 

For this purpose, Tekin et al. (2012) in their 

study titled The Use of Bayburt Stone as an 

Improvement Material in Road Infrastructures, 
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determined that Bayburt stone residue + Lime 

mixtures can be used as stabilization material in the 

sub-base layers of highways [11].  Yılmaz et al. 

(2015) used green Bayburt Stone mixtures to 

improve the usage properties of clay subbase layers 

[12], while Tekin (2016) created geopolymer 

composites using NaOH and marble, travertine, and 

volcanic tuff wastes as alkaline activators [13]. 

Additionally, Aykut (2017) used Bayburt Stone 

waste in the production of high-strength building 

bricks using the alkaline activator Sodium 

Hydroxide (NaOH) and geopolymerization method 

[14], while Taş et al. (2018) Bayburt tuffite obtained 

from fly ash and industrial wastes is used both as a 

material and to increase the strength of coarse or 

fine-grained materials with weak strength [15]. 

Tekin et al. (2018). In their study, it was determined 

that polynaphthalene sulfonate based 

superplasticizer can be used as a material in cements 

with white Bayburt stone addition [16]. 

The Bayburt Tuffite (Bayburt stone) powder 

used in this study is important in that it can be used 

to increase the strength of clayey soils, which are 

considered problematic soils, and to observe the 

change in strength values as a result of freezing and 

thawing. 

It is of particular importance due to its 

contributions to today's world, especially where 

global climate changes have begun to take effect. 

The positive effect of the freeze-thaw effect on the 

strength (strengthening) of soils will make it possible 

to use it as both a building material and a shallow 

foundation material for engineering structures, 

especially in cold climate regions. 

 

2. Material and Method 

 

2.1. Clayey soil (CS) 

CS materials were taken from the Oligocene aged 

unit of Oltu district of Erzurum province, 

northeastern Turkey. It is green in color and has the 

characteristics of a consolidated clayey rock [15].CS 

sample and granulometry graph in Figure 1, XRD 

and SEM images in Figure 2, and geotechnical 

properties are given in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CS sample and granulometry 

 

 

 

 

 

 

                                               

 

Figure 2. XRD graph and SEM image of CS 
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Tablo 1. Geotechnical properties of CS [17] 

Basic characteristics Data 

Specific weight 2,64 

Sand (%) 10,0 

Silt (%) 58,0 

Clay (%) 32,0 

WL (%) 68 

PL (%) 28 

PI (%) 40 
1Optimum water amount, (%) 25,8 

1Max. dry weight, (kN/m3) 14,1 
2Soil category CH 

1Obtained from Standard Proctor Test. 
2Soil class according to Unified Soil classification 

System (USCS) 

2.2. Bayburt tuffite powder (BTP) 

BTP is located as tuffite layers within the Yazyurdu 

Formation, which consists of Eocene-aged volcano-

sedimentaries and carbonate units unconformably 

located on Jurassic-aged units cropping out in 

Bayburt province and its surroundings. It can be seen 

in yellowish, green spotted, yellow and green wavy 

colors. Bayburt stone has low hardness (2-3 on the 

Mohs scale) and chemically contains high amounts 

of silica (Na2(SiO2)nO) [11].  

BTP sample and its granulometry are shown 

in Figure 3, XRD and SEM images are shown in 

Figure 4, and physico-chemical properties are shown 

in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The BTP sample and granulometry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. XRD and SEM images of BTP sample 
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Tablo 2. Physico-chemical properties of BTP [12] 

 

2.3. Testing Procedures 

 

The CS samples used in this study were obtained by 

excavating from the Oligocene-aged sedimentary 

unit in the west of the Oltu (Erzurum) district, from 

a depth of 0.75 m from the surface. The clay soil 

samples brought to the laboratory environment were 

dried in an oven at 105±5oC for 24 hours, and then 

the hardened grains were ground in the Los Angeles 

machine at 6000 rpm. 

Bayburt tuffite (Bayburt stone), which 

constitutes the second important element of this 

study, was obtained from rocks deposited in Eocene-

aged lacustrine basins that crop out in large areas in 

Bayburt province and its immediate surroundings. 

After the yellow-white colored (yellowish) BTP was 

broken and disintegrated, it was ground into powder 

at 6000 rpm in the abrasion device. 

CS and BTP mixture samples were obtained 

under dry environmental conditions by adding BTP 

at the rates of 5%, 10%, and 15% of the dry weight 

of the CS sample. Mixing proportions are shown in 

Table 3. The mixtures were mixed manually for at 

least 3 minutes with the necessary precision. Each 

mixture was compacted under standard proctor 

energy at the optimum water content determined by 

the compaction test. The compaction test results of 

the mixture samples are shown in Table 4. 

Table 3. Mixing and ratios 

Mixtures/Ratios CS (%) BTP (%) 

MIX0 (CS) 100 --- 

MIX1 (CS+5% BTP) 95 5 

MIX2 (CS+10% BTP) 90 10 

MIX3 (CS+15% BTP) 85 15 

 

Table 4. Compaction test results of mixtures 

Samples Max. dry weight 

(g/cm3) 

Opt. water 

amount (%) 

MIX1 1,330 35,7 

MIX2 1,294 34,2 

MIX3 1,328 35,0 

 

2.3.1. Compaction (Standard proctor) test 

 

Standard proctor testing was performed according to 

ASTM D 698-12 (2021) [18] standards. In this test, 

optimum moisture content and maximum dry 

volume weight values are determined from the graph 

obtained from the relationship between dry unit 

volume weight and moisture content. 

2.3.2. Uniaxial compressive strength (UCS) test 

 

UCS values of BTP-doped CS samples were 

obtained according to ASTM D 2166-06 (2010) [19] 

standards. Determination of strength values was 

carried out in a uniaxial compression device on 

cylindrical samples (35 mm-70 mm) compressed at 

optimum moisture content. 

 

2.3.3. Freezing and thawing (F-T) test 

F-T tests were performed with a programmable 

freeze-thaw cabinet according to ASTM D 559-03 

(2012) [20]. The samples were subjected to F-T tests 

at +20oC, -20oC, 12 hours, and 10 cycles. 

2.3.4. Image analyzes 

In order to see and evaluate the interaction between 

CS and BTP, XRD and SEM image analysis of 

natural CS and BTP reinforced mixture samples were 

performed using a scanning electron microscope D8 

AXS XRD Spectrometer and Sigma 300 Zeiss 

Gemini FE-SEM instruments. These analyzes were 

carried out in the DAYTAM Laboratory established 

at Atatürk University. 

 

2.3.5. Brunauer-Emmett-Teller (BET) analysis 

The surface area and micropore size distribution of 

CS+BTP mixture samples were determined by BET 

analysis. These analyzes were performed with 

Micromeriti CS 3-Flex version 5.00 device in 

Atatürk University DAYTAM Laboratory. 

 

Chemical properties Data (%) 

Total SiO2 69,96 

Al2O3 12,25 

Fe2O3 0,33 

CaO 2,52 

MgO 1,20 

SO3 0,05 

K2O 2,43 

Na2O 0,57 

Cl 0,0280 

Physical properties Data 

Specific weight (g/cm3) 2,31 

Surface area (cm2/g) 7193 

Activation 8,8 
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3. Results and Discussion 

3.1. Before-After F-T, UCS analysis 

As shown in Table 3, UCS values were obtained after 

CS soil mixtures reinforced with three different 

ratios of BTP were cured in a +20oC laboratory 

environment for 7, 14 and 28 days and with a 

uniaxial compressive device. When the UCS values 

were compared with the material (witness) MIX0, it 

was seen that the highest strength was reached in the 

MIX1 mixture with a strength increase of 34.38% at 

the end of 28 days of curing. This mixture was 

followed by the MIX2 mixture with an increase of 

18.75% and the MIX3 mixture with a 10.94% 

increase under the same conditions. The UCS graph 

of CS soil mixtures reinforced with BTP before 

freeze-thaw is shown in Figure 5 [21]. 

F-T tests were performed with a 

programmable freeze-thaw cabinet. CS soil mixtures 

reinforced with BTP at three different rates (5%, 

10%, and 15%) were cured for 7, 14, and 28 days and 

then subjected to F-T test for 12 hours and 10 cycles 

at +20oC, -20oC. At the end of this test, UCS values 

were obtained with a uniaxial free pressure device. It 

was observed that the highest UCS strength value of 

BTP added CS samples after F-T was in the MIX1 

mixture with an increase rate of 29.55%. This 

mixture is followed by the MIX2 mixture with 

13.18% and the MIX3 mixture with 2.73%. The UCS 

distribution of CS + BTP mixture samples after F-T 

is Show in figure 5. 

When the strength values before and after 

freeze-thaw were compared, it was seen that the 

lowest strength loss occurred in the MIX1 mixture 

with 4.83% after 28 days of curing. The other lowest 

strength losses following this mixture were 5.57% in 

the MIX2 mixture and 8.21% in the MIX3 mixture 

after 28 days of curing. In addition, the strength 

values obtained with a 28-day cure and 5% BTP 

mixture showed that the strength values both before 

and after F-T were the highest. It was seen in the data 

that increasing the BTP ratio (10%, 15%) in clayey 

soils caused a decrease in the strength of the 

mixtures. 

Increases were observed in the strength 

values of the CS+BTP mixture both before and after 

freezing-thawing. In the graphical representations in 

Figure 5, it is seen that adding 5% BTP to CS 

significantly increases the strength of the sample, 

and the strength values in CS mixtures with 10% and 

15% BTP addition decrease compared to CS. 

Mixture with 5% BTP addition. While the curing 

period had a positive effect on the development of 

this situation, the increase in the BTP rate caused 

strength decreases. However, when compared to the 

CS values, which is the main material, it is seen that 

the increase in strength values occurs at three 

different rates. As a result, the addition of 5% BTP 

material to CS material is the mixture in which the 

highest strength values are obtained before and after 

freezing-thawing. 

 

 

Figure 5. UCS distribution of samples before-after 

F-T 

4.2. XRD analyzes 

XRD plots of BTP-reinforced CS samples after F-T 

are shown in Figure 6. In the after F-T graphs of 

MIX0, MIX1, MIX2 and MIX3 samples, peaks are 

observed at the angles corresponding to 16o, 26o, 28o 

and 30o. It is thought that the changes in the intensity 

of these peaks are caused by the Si (silicon) mineral 

(approximately 70% SiO2), which is proportionally 
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more abundant in BTP. Because the effect of the 

silicon mineral is observed in the XRD graphs after 

F-T, which reduces the peak intensities of the 

minerals in the clayey soil. 

 

Figure 6. XRD graphs of samples after F-T 

4.3. SEM analyzes 

SEM images of BTP-enhanced CS mix samples 

(MIX0-2, MIX1-2, MIX2-2, MIX3-2) after FT are 

shown in Figure 7. In the SEM image of CS shown 

in MIX0-2 after FT, it is seen that the effect of F-T 

causes fractures and cracks in the internal structure 

of CS. BTP contribution to CS In parallel with the 

increase in BTP ratio, it was observed that fractures 

and cracks were more prominent in MIX2-2 and 

MIX3-2 mixtures after F-T, but this effect was much 

less in the MIX1-2 mixture. The reason why the 

highest strength values in unconfined compressive 

strength are obtained in MIX1-2 is also revealed in 

SEM images. 

4.5. Brunauer-Emmett-Teller (BET) analysis 

The surface area measurements, micropore size, and 

pore size distribution of pelleted mixture samples 

after F-T was determined by the BET analysis 

method. With this method, the surface area (m2/g) 

was calculated by determining the amount of 

nitrogen gas required to cover the sample surface 

with a single molecular layer. The surface area 

measurements of the mixtures after F-T are shown in 

Table 5 and the pore size distribution graph is shown 

in Figure 8. When the surface area data of the 

mixture samples in Table 5 are examined; It was 

observed that as the BTP ratio in the CS increased, 

the surface areas decreased. When the pore 

distribution graph shown in Figure 8 is examined; It 

has been observed that the pore distributions of the 

mixture samples have a concentrated micro and 

mesoporous structure in the range of 1-20 nm.  

 

Figure 7. SEM images of the samples after F-T 

Table 5. BET surface area measurement results of 

the mixtures after F-T 

 

 
Figure 8.The pore distributions of the mixtures 

after F-T 

5. Conclusion and Suggestions 

The effects of three different mixture samples of BTP 

reinforced CS on strength after F-T were determined 

with a UCS device. The structural properties of the 

samples under the influence of F-T were investigated 

by XRD and SEM analysis, and their surface areas 

and pore structure were examined by BET analysis. 

Mixtures BET Surface area (m2/g) 

MIX1 43.8546 

MIX2 40.5498 

MIX3 40.3348 
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The highest strength value of CS soil 

reinforced with BTP before F-T occurred in the 

MIX1 mixture with an increase rate of 34.38%. This 

mixture was followed by MIX2 with an increase rate 

of 18.75% and MIX3 with an increase rate of 

10.94%. After F-T, the highest strength increase 

occurred in the MIX1 mixture with 29.55%, 

followed by the MIX2 mixture with a 13.18% 

increase rate and the MIX3 mixture with a 2.73% 

increase rate. 

BTP added to CS affected the main structure 

of the clay. This effect is achieved by Si (Silicon), 

the dominant mineral of BTP. As a result of this 

effect, it has been observed that the structure of the 

clay soil becomes more compact as a result of the 

decrease in porosity. The compact structure is clearly 

seen in the reduction of the intensity of the peaks in 

both XRD graphs and SEM images.  

In addition, when the surface area and pore 

distributions of the mixture samples after F-T were 

examined by BET analysis, it was observed that as 

the BTP mixture ratio increased in CS, the surface 

areas decreased and the pore distributions had a 

concentrated micro and mesoporous structure in the 

range of 1-20 nm.  

As a result, it was concluded that BTP-added 

CS soils can be used as base or subbase material, 

especially in cold climate regions and engineering 

applications. It is evaluated that this study will 

contribute to future studies on the changes in the 

strength values of CS+BTP mixtures, especially 

under the freeze-thaw effect. 
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