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Abstract - Sub grade materials are expected to have basic desirable characteristics related to strength, stiffness and permeability. If 

these properties are not fulfilled, engineers are expected to come up with ground improvement methods. Due to growing cost of 

traditional stabilizing agents like lime and cement, the need for the economical utilization of industrial and agricultural wastes for 

beneficial engineering purposes have prompted an investigation into the stabilizing potential of marble dust in highly expansive clay 

soil. Marble dust is an industrial waste which can be incorporated with road construction materials if it has possesses the desired 

physical, chemical and mechanical properties. This research work is aimed to evaluate the effect of marble dust for stabilization of 

expansive clay soil. The laboratory work involved index properties to classify the soil samples. The preliminary investigation of the 

soil samples showed that it belongs to A-7-5 class of soil in the AASHTO soil classification system. Soils under this class are generally 

poor for sub grade material. Atterberg limits, Grain size analysis, Specific Gravity, free swell test, compaction, and CBR tests were 

used to evaluate the geotechnical properties of stabilized soil and to compare with standards. The soil stabilized with marble dust in 

stepped concentration of 5%, 10%, 15%, 20%, 25% and 30% by dry weight of the soil. Analysis of the results showed that marble 

dust has a potential to improve the engineering characteristics of expansive soil. Marble dust reduces plasticity index, swelling and 

OMC with increase in MDD and CBR at higher marble dust contents. From this study it was found out that marble dust stabilized 

soil for samples 1 and 2 it meets the minimum requirement of ERA pavement manual. However, it has fair to poor as pavement 

manual specification for use as a sub-grade material in road construction. Soil with 25-30% marble dust combination is found to 

become the best soil-marble dust combination for both sample 1 and sample 2. 

 

Keywords - Expansive Soil, Soil Stabilization, Waste Marble Dust, Atterber limit, Compaction and CBR value. 

I. INTRODUCTION 

Expansive soils are generally found in the highlands and low lands of the Ethiopia. These soils undergo volumetric changes 

upon wetting and drying, thereby causing ground heave and settlement problems. This characteristic causes considerable 

construction defects if not adequately taken care off. Expansive soils are a worldwide problem that has several challenges for 

civil engineers. Such soils swell when given an access to water and shrink when they dry out. The presence of montmorillonite 

clay mineral in expansive soils imparts them high swell–shrink potentials. Low rainfall has hindered the weathering of the 

active montmorillonite mineral into low active clay types such as illite and kaolinite. Further, the rainfall  has  not  been  

sufficient  to  leach  the  clay  particles  far  enough  so  that  the overburden pressure can control the swell (Amer Ali-Rawas 

and matteus,2006). 

     Jimma is located in south-western of Ethiopia, west of main Ethiopian rift. Most of Jimma area is covered by volcanic rocks. 

The mean annual rainfall of the area is between 1800 mm to 2300 mm with maximum rainfall between months of June and 

September. The annual mean temperature of the area is between 15 
0
C and 25 

0
C. Due to the temperature change and its rainfall, 

most of the natural soils that are found around Jimma town are predominantly loose (GSE, 2012). As a result of cyclic wetting 

and drying processes due to seasonal climatic changes, vertical movements take place in the expansive soil mass. All these 

movements lead to failure of pavements, in the form of settlement, heavy depression, cracking and unevenness. The expansive 

sub-grade soil when wet has a tendency to up heave in to the upper layers of the pavement. Gradual intrusion of wet soil in 

variably leads to failure of the road. The physical properties of expansive soils vary from place to place. In general, these soils 

have very low load bearing capacity and high swelling and shrinkage characteristics. Roads laid on such sub-grade soils develop 

undulations at the road surface due to loss of strength of the sub-grade through softening during rainy seasons (Seehra,2008). 

      The three most commonly used stabilizers for expansive soils are bitumen, lime and cement. According to (Tesfaye, A., 

2001; Nebro, D., 2002; Nigussie, E., 2011; Christopher, M., 2005) have reported that the stabilization of expansive soil with 

lime or cement is effective. Unfortunately, these stabilizers are so expensive and making them economically unattractive as 

stabilizing agents. Recent trend in research works in the field of geotechnical engineering and construction materials such as 

(Demirel B., 2010; Başer, O., 2009; Sabat et.al, 2011) focuses more on the search for cheap and locally available materials such 

as waste marble dust, waste lime stone dust, rise husk ash etc. as stabilizing improving agents for expansive soil. 

     Thus, the possible use of industrial waste, such as marble dust, will considerably reduce the cost of construction and as well 

as reduce or eliminate the environmental hazards caused by such waste. Large pieces of marble waste can be used as 

embankment or pavement material, and waste marble dust can be used as additives in some industries (paper, cement, ceramic 
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etc.). But, only small portion of the waste marble products is utilized economically, most of them are stored on lands. Increasing 

of usage fields of waste marble products will eliminate the potentially harmful effects of them on environment and minimize the 

cost due to storage. 

     Therefore, this study will be geared towards evaluating some of the engineering properties of marble dust stabilized 

expansive soil. If the study leads to positive outputs, marble dust can be used as soil stabilizing agent replacing the rather costly 

chemicals employed such as cement and lime. 

II. RESEARCH QUESTIONS 

 What is the existing index properties of soils found at selected areas in Jimma Town? 

 How much change in the basic engineering properties of expansive soil with corresponding percent component of marble 

dust to give optimum mix proportion? 

 How many deviations of engineering properties for treated and untreated specimens with the standard specifications?  

III. STUDY AREA 

The Jimma map lies in the south-western Ethiopian plateau, and located south west of Addis Ababa city. Geographically it 

is bounded between North latitude of 7°00‟ to 8°00‟ and 36°00‟ to 37°30‟ East longitude. The map sheet falls within Oromia 

Regional State and the Southern nations, nationalities and peoples Regional State (SNNPRS).It is located at about 350 km from 

Addis Ababa, capital city of Ethiopia (GSE, 2014). 

      The study area is located at Jimma town. The town covers a total area of 18,412.54 square kilometres. In this study samples 

from Jimma town were extracted from two places by site observation at 7º 41‟ 13.3‟‟N and 36º 51‟ 01.58‟‟E at kochi site 

(sample 1) and7º 39‟ 38.33‟‟N and 36º 50‟ 33.35‟‟E at shenen gibe site (sample 2). 

 
                                         (B) Jimma Town 

  

                                                              (C) Study area 

 

 

 
Fig. 1 Location of the study area 

IV. RESEARCH DESIGN 

A. Sampling technique 

Purposive sampling technique was used by selecting particular parameters to make it sure that the parameters have certain 

characteristics as applied for this study. It is projected to be normally targets at particular geotechnical parameters. 

B. Test pits 

The Expansive soil sample used for this research work is collected from Jimma town around Kochi and shenen gibe area at 

7º 41‟ 13.3‟‟N and 36º 51‟ 01.58‟‟E and 7º 39‟ 38.33‟‟N and 36º 50‟ 33.35‟‟E respectively from two test pits. The soil from 

(A) Map of Ethiopia 
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sample 1 and 2 are grayish and black in color respectively. A disturbed sample is collected from test pit at a depth below 1.5m 

in order to avoid the inclusion of organic matter. 

C. Marble Dust 

For this research Waste marble dust was obtained from Sophomer marble factory which is located in Addis Ababa-Mojo road 

around Gelanarea. Then, it is properly packed in sacks and transported to the laboratory. The test results are also shown in Table 

1. 
TABLE I 

CHEMICAL COMPOSITION OF MARBLE DUST 

Chemical Composition % Composition of marble dust 

SiO₂ 0.27 

Al₂O₃ 0.10 

Fe₂O₃ 0.24 

CaO 52.68 

MgO 2.81 

LoI 43.86 

D. Sample Preparation 

Prior to treatment and testing, the sample was prepared in accordance with the method described in ASTM D421. This 

method involves: Breaking up the soil aggregates by rubber covered mallet.  Then, sieve analysis is performed to separate the 

dried soils into two groups. The first group involves preparing uniform samples for Atterberg limits, free swell test and the other 

for compaction and California bearing ratio tests. Then, soil and marble dust is mixed manually to get uniform mix ratio for 

each test. Here the laboratory data„s for the collected samples are elaborated and analyzed for the natural sub grade soil and the 

marble treated soil which can help in visualizing and concluding the results.  For the performed tests, the discussion of test 

results are organized in a meaningful way and each data„s are interpreted. 

V. RESULTS AND DISCUSSION  

A. Identification of expansiveness of soil and its properties  

The results of the tests conducted for identification and determination of the engineering properties of the natural soil before 

mixing marble dust are presented below. 

 
Fig. 2 Sample 1, Grain size distribution of the soil 

 

As shown in Figure 2 of sample 1 on the particle size distribution curve almost 90.05% of the soil is passing through No. 200 

sieve. Based on unified soil classification system: Percentage of Gravel (Particle Size 75 mm→4.75 mm) = 100% - 99.43% = 

0.57%, Percentage of Sand (Particle size 4.75 mm→0.075 mm) = 99.43% - 90.05% = 9.38% and Percentage of fine particles = 

100% - (0.57 +9.38) % = 90.05% And also in Figure3: showing particle size distribution curve of sample2, in which of 88.74% 

of the soil is passing through No. 200 sieve.  

 
Fig. 3 Grain size distribution of sample 2 soil 
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Therefore, based on unified soil classification system we can classify the sample2 soil as: Percentage of Gravel (Particle Size 

75 mm→4.75 mm) = 100% - 99.24% = 0.76%, Percentage of Sand (Particle size 4.75 mm→0.075 mm) = 99.24% - 88.74% = 

10.5% and Percentage of fine particles = 100% - (0.76+10.5) % = 88.74% 

The above two figures and result shows that the combined result of wet sieve analysis and hydrometer analysis of the two 

samples. From these result we can conclude that more than 50% of the soil is pass the No. 200 sieve therefore by unified soil 

classification system both samples are under Fine grained soil. And by using AASHTO soil classification system more than 

35% of the soil passes the 0.075mm (No. 200) sieve so both soil samples are under Silt-Clay materials. Soils under this class are 

generally classified as a material of poor engineering property to be used as a sub-grade material. 

1) Atterberg Limit Test 

The summaries of Atterberg limits are determined for liquid limit, plastic limit, and plasticity index of Soils. Results of the 

test are presented the following. 

TABLE III 
LABORATORY RESULTS FOR ATTERBERG LIMITS FOR BOTH SAMPLES 

SAMPLE NAME 
LIQUID LIMIT (LL) (%) PLASTIC LIMIT (PL) (%) PLASTICITY INDEX (PI) (%) SHRINKAGE LIMIT(SL) GI(GROUP INDEX) 

SAMPLE 1 90.2 41.2 48.8 5.4 53.9 

SAMPLE 2 70.7 35.1 35.6 6.8 37.8 

GI = (F-35) (0.2+ 0.005(LL-40)) + 0.01(F-15) (PI-10)…………………………………… (1) 

Where; „F‟ is the percentage passing 0.075mm (No. 200) sieve expressed as a whole number.  

As shown on the above table 2, the group index of the sub grade soil of both samples 1 and 2 are 53.9 and 37.8 respectively 

which indicates both samples have higher group index value. The higher the value of the group index, the poorer is the quality 

of the material within its own group. Expansiveness is calculated from ERA site investigation manual-2002by following 

formula: 

Єex = 2.4Wp – 3.9Ws + 32.5 ……………………………………………………………… (2) 

Wp=PI * (% passing 425μm)/100, Ws = Shrinkage limit * (% passing 425μm)/100  

TABLE IIIII 

EXPANSIVE SOILS CLASSIFICATION BASED ON ERA‟S SITE INVESTIGATION MANUAL  

EXPANSIVENESS ЄEX CLASSIFICATION 

<20 LOW 

20-50 MEDIUM 

>50 HIGH 

 

The expansiveness of the sub-grade soil samples 1 and 2 tested are 122.6 and 81.03 respectively and according to the ERA 

Site Investigation Manual it lies under the high expansiveness class. And the estimated swelling potential according to Seed‟s 

model (Seed et al, 1962) both samples 1 and 2 are 39.1 and 16.3 and the expansiveness is very high and high respectively. 

Hence, in general the sub-grade soil of both samples has high expansiveness, suggest that both samples 1 and 2 soil is 

Expansive soil. 

2) Free swell Test 

TABLE IVV 

FREE SWELL TEST RESULT 

Sample Name Initial After 24 hrs. Free swell 

Sample 1 10ml 21ml 110% 

Sample 2 10ml 18ml 80% 

Results that are related to swelling characteristics of the soil are also indicate that both the soil samples have problematic on 

structures built on sub grade soil with a free swell of sample 1 110% and sample 2, 80%. And also according to swell 

classification based on free swell, both soil samples are considered as almost always problematic.  
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3) Specific Gravity Test 

It is the ratio of the mass of unit volume of soil at a stated temperature to the mass of the same volume of gas-free distilled 

water at a stated temperature. The specific gravity test results of sample 1 and sample 2 indicates 2.62 and 2.65respectively. 

4) Compaction test 

 
Fig. 4 Compaction test of the untreated soil of samples 

This test is especially useful to prepare the remolded test sample for strength tests and swelling pressure determination using 

odometer test. The optimum moisture content and maximum dry density of both soil samples are 33%, 1.308g/cm³ and 33.4%, 

1.41g/cm³for sample 1 and sample 2 respectively.  

5) California Bearing Ratio 

The CBR value of both samples 1 and 2 are shown in the figure 5 below. 

 
Fig. 5 CBR test of both samples 1 and 2 

From the above figure at 95% Maximum dry density, (MDD) the soil has sample 1 CBR value of 1.61% and sample 2 CBR 

value of 1.85% Strength of the sub-grade soil along the trial road section has also been determined. A three point CBR test at 10, 

30 and 65 blows were conducted according to ASTM D1883 and the CBR values at 95% MDD was determined. The test result 

showed that the sub grade soil has low CBR value of 1.61% and 1.85% respectively. This does not satisfy the minimum 

requirements as sub-grade material. According to ERA standard specification a CBR value of less than 3% special treatment is 

required. 

6) Potential Swell Based on Activity 

Seed et al (1962) proposed empirical relation that could enable to identify the swelling potential of soils and proposed a 

classification chart. The activity of clays is defined using the equation shown below 

Ac = ……………………………………………………………………. (3) 

Where; PI is plasticity index and Cis percentage of clay content finer than 0.002mm by weight. 

Activity of the clay samples collected from the trial road section was calculated and plotted on clay content against activity 

chart as shown on Fig. 4 and 5. Almost all the samples are plotted to have very high swelling potential which is above 25%. 
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Fig. 6 Classification chart for swelling potential 

       According to skempton‟s category of relation between clay activity and potential of expansion of sample 1 soil is 1.53 and 

sample2 is 1.32 which is Active and high swelling potential.  

7) Classification of the soil 

 
Fig.7 Plot of Samples on USCS chart 

TABLE V 

SUMMARY OF LABORATORY TEST RESULTS OF SUB GRADE SOIL IN COMPARISON WITH ERA (2002) REQUIREMENTS 

PARAMETER 

LABORATORY RESULTS ERA (2002) 

REQUIREMENT SAMPLE1 SAMPLE2 

PI 48.8 35.6 30 MAXIMUM 

LL 90.2 70.4 60 MAXIMUM 

CBR 1.61 1.85 3   MINIMUM 

CBR% SWELL 4.12 3.13 2   MINIMUM 

 

The test results and analysis in general shows that the sub-grade soil of both samples can be classified as A-7-5 according 

to AASHTO classification system. The star indicates where the relation between soil‟s plasticity index and liquid limit lies on 

the graph. Both samples are lies below the A-line and has USC system‟s label of MH. The test result of the natural soil samples 

based on liquid limit, plasticity index, activity of clays and percent swell shows that the sub-grade is highly expansive. 

Furthermore, the CBR test result of the soil samples indicates that the sub-grade has very low load bearing capacity. Thus, such 

sub-grade soil is unsuitable to be used in road construction and proper remedial measure has to be taken before constructing 

pavements.  
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B. Marble dust-soil mix Properties 

       A series of tests were performed on soil specimens in Marble dust were added in the varying percentages, in order to 

analyse the changes in engineering properties of the soil. 

1) Potential Swell Based on Activity 

The effect of marble dust on the plasticity index of the soil is shown in Table 6 of both samples one and two. As shown in 

the table plasticity index generally decreased with increment in marble dust content. The decrease is observed to be more with 

the increase in the quantities of marble dust up to 30% and then the trend of decrease is nominal with further increase in the 

percentages of marble dust.  
TABLE VI 

SUMMARY OF LABORATORY TEST RESULTS OF SUB GRADE SOIL IN COMPARISON WITH ERA (2002) REQUIREMENTS 

 

The liquid limit of samples has decreased with the addition of marble dust percentage. The decrease of the liquid limit was 

in the order of 2.66% and 3.7 % by the addition of 5 percent marble dust for samples at kochi site (Sample1) and shenen gibe 

site (sample2) respectively. The maximum reduction in liquid limit was 19.63% and 23.9 % with the addition of 30% marble 

dust for samples at kochi site and shenen gibe site samples respectively. In general, the plasticity of the soil is decreased by the 

addition of marble dust content. This is clearly shown by the fact that plasticity index of treated soil decreased with increasing 

additive quantity. These effects are due to the partial replacement of plastic soil particles with marble dust which is non plastic 

material and flocculation and agglomeration of clay particles caused by cat ion exchange may be the other cause. 

2) Effect of Marble Dust on Free Swell Characteristics 

 The effects of marble dust on the free swell of the expansive soil are the reduction in free swell is directly proportional to 

the quantity of marble dust. The highest reduction in free swell is attained when the expansive soil is treated with 30% marble 

dust which is 28% for sample 1 and 18% for sample 2 reduction compared to untreated soil samples. The summaries of free 

swell for both samples are also shown below in figure 8. 

 
Fig. 8 Changes in the free swell with varying percentage of marble dust. 

       From the above free swelling characteristics the decrease in swelling are mainly due to: Marble dust decreases swell 

potential of expansive soils by replacing some of the volume that is previously held by expansive clay minerals and by 

cementing the soil particles together.  

      In figure 8 above the free swell of both samples has improved through stabilization. The untreated free swell values 

determined in laboratory were 110% and 80% for Samples 1and 2 respectively. Both samples have free swell values >50% 

which is categorized as problematic or the damage of expectation is very high. With 30% marble dust treatment, the free swell 

values become 37% and 19% for sample1 and for sample 2 respectively. Here it can be seen that the addition of 30% marble 

No. Soil type 
For Sample 1 For Sample 2 

Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) 

1 Natural Soil 90.2 41.4 48.8 70.7 35.1 35.6 

2 Soil + 5% MD 87.8 40.7 47.0 68.1 34.9 33.2 

3 Soil + 10% MD 83.8 40.5 43.4 65.2 34.3 30.8 

4 Soil + 15% MD 80.8 40.2 40.7 61.8 34.0 27.83 

5 Soil + 20% MD 76.6 39.7 36.9 56.7 33.8 22.9 

6 Soil + 25% MD 73.6 39.6 34.1 54.3 33.3 21 

7 Soil + 30% MD 72.5 39.1 33.3 53.7 33.1 20.61 
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dust for both samples has improved the swelling potential of the problematic soils from a class of problematic soils to non-

problematic soils which is a satisfactory and required range. 

3) Effect on Specific gravity 

       Specific gravity of marble dust treated soil samples increased with higher marble dust content. Specific gravity of 

sample1and 2 decreased from 2.62 and 2.65 to 2.69 and 2.72 respectively with increase in marble dust content up to 30%. The 

graph below illustrates the trend of specific gravity decrease with increase in marble dust content. 

4) Effect of Marble Dust on Compaction Characteristics 

     The effect of marble dust on the maximum dry density of the expansive soil is shown in Figure 10 for sample 1 and Sample 

2 soil samples. As shown in the figure 10, maximum dry density increase from 1.308g/cm³ to 1.424 g/cm³ for Sample 1 and 
from 1.41 to 1.51 g/cm³ for sample 2 soil samples with increased marble dust content from 0% to 30%. 

 
Fig. 10 Variation of MDD with application of different marble dust contents for both samples 

The increase in the maximum dry density is mainly due to: the partial replacement of comparatively light soils with the 

heavy weight marble dust, Comparatively high specific gravity value (2.79) of marble dust powder than that of replaced soil 

samples (2.68 and 2.7) and it may also be attributed to coating of the soil by the marble dust which results to heavy particles 

with small voids and hence high density. 

       The addition of chemical stabilizers results in a slight change in the optimum moisture content and maximum dry density of 

the sub-grade soils. As observed from Figure in both soil samples the MDD has increased. The curves show the physical 

changes that occur during marble dust treatment. 

5)  Optimum Moisture Content 

         The effect of marble dust on the optimum moisture content for the soil marble dust mixtures are shown in Figure 11. The 

optimum moisture content decreases from 33% to 26.1 % for sample 1 and 33.4% to 28.2 % for sample 2 soils samples with 

increased marble dust content from 0% to 30%. 

 

 
Fig. 11 Variation of OMC with application of different marble dust contents for both samples 
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        The decrease in the optimum moisture content was mainly due to:  The decrease of water content may also be attributed by 

the pozzolanic reaction of marble dust with the soil and the decrease in OMC due to addition of marble dust caused by the 

absorption of water by the natural soil is larger than marble dust. This implies that more water is needed in order to compact the 

natural soil than with soil-marble dust mixture. The treating soil with marble dust give the bell shaped curves for both samples. 

These curves shifted to the left with respect to untreated soil sample, which also means addition of marble dust increase the 

maximum dry density and decrease the optimum moisture content. The increase in maximum dry density and decrease 

corresponding optimum moisture content of all treated soil samples are related to the additive quantities. Increasing the soil 

density improves its strength, lowers its permeability and avoids future settlement (Atkins, 2003).  

6) Effect of Marble Dust on CBR and CBR-Swell 

The CBR value increases with the increase of marble dust with the opposite effect on the CBR Swell. The effect of marble 

dust on CBR and CBR-Swell are opposite but with positive outcome after stabilization. The effect of marble dust on the CBR 

values of the soils Marble dust mixtures are shown in Figure 12.When treating the expansive soil at 30% marble dust content 

the Kochi site soil marble dust sample gives a peak CBR value of 4.1% while that Shenen Gibe site CBR value is 5.35% from a 

value of 1.61 and 1.85% respectively for the natural soil. The CBR of the expansive soil increased with all higher marble dust 

contents and the increment is significant. This shows that the load bearing capacity of the sample increased significantly with 

marble dust treatment. 

 
Fig. 12 Marble dust Vs CBR 

The effect of marble dust on the CBR-swell for the soil marble dust mixtures are shown in Fig. 13 for both samples one and 

two. When treating the expansive soil at 30% marble dust content the Kochi site and Shenen Gibe site soil-marble dust samples 

gives CBR-swell of 1.72% and 1.48% from values of 4.12% and 3.13% for the natural soil samples. The CBR swell of the 

expansive soil decreased with all higher marble dust contents. This shows that the swelling potential of the sample decreased 

with marble dust stabilization. 

 
Fig.13 Marble dust Vs. CBR-Swell 

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 1, January 2019

ISSN NO: 0975-6876

http://cikitusi.com/54



On both samples, marble dust decreases CBR-swell of expansive soil. This is due to cation exchange and flocculation and 

agglomeration of the soil particles. This is also due to replacement of some of the volume that is previously occupied by 

expansive clay minerals by marble dust. Therefore, Marble dust treated expansive soil satisfy the minimum criteria as specified 

by Ethiopian Road Authority pavement design manual (2002) specification for materials suitable for use as sub grade material 

of not less than 3% CBR determined at MDD and OMC. And according to (Bowles, J., 1992) the quality of CBR sub grade 

increased from very poor sub grade to poor to fair sub grade. 

TABLE VII 

TOTAL SUMMARY OF RESULTS 

SAMPLE 
LABORATORY 

TESTS 

EXPANSIVE SOIL WITHOUT 

TREATMENT 

EXPANSIVE SOIL WITH TREATMENT ERA STANDARD 

SPECIFICATION 5 10 15 20 25 30 

S
A

M
P

L
E

 1
 

(K
O

C
H

I)
 

LL 90.2 87.8 3.8 0.8 6.6 3.6 2.5  

PL 41.4 0.7 0.5 0.2 9.7 9.6 39.1  

PI 48.8 7.0 3.4 0.7 6.9 4.1 33.3 30 MAX 

CBR 1.61 0.95 0.35 0.0 0.4 0.8 4.1 3% MIN 

S
A

M
P

L
E

 2
, 

(S
H

E
N

E
N

 

G
IB

E
) 

LL 70.7 8.1 5.2 1.8 6.7 4.3 3.7  

PL 35.1 4.9 4.3 34.0 33.8 33.3 33.1  

PI 35.6 3.2 0.8 7.8 22.9 21.0 20.6 30 MAX 

CBR 1.85 0.4 0.9 0.9 0.6 0.1 0.3 3% MIN 

 

7) Comparison of Chemical Stabilization with Previous Works 

          Chemical stabilization of sub-grade soil with marble dust is still in conceiving stage in Ethiopia and not much research 

experiences on the same area available. Some research work experiences in other country that can be referred include sub-grade 

soil stabilization with waste marble dust and more recently a laboratory test conducted on expansive sub-grade soil samples 

taken from Onur Baser,(2009) and Parte Shyam Singh and Yadav R.K, (2014).  

TABLE VIII 
TOTAL SUMMARY OF RESULTS FOR STABILIZATION 

 
TABLE IX 

LABORATORY TEST RESULT OF EXPANSIVE SOIL (SOURCE: PARTE SHYAM SINGH, YADAV R.K, 2014) 

 

The test results of Onur Baser indicates based on PI, swelling potential 30% marble dust stabilize the sub grade soil 

effectively and according to parte shyam laboratory result percents well and CBR shows that 40%marble dust stabilizes the sub-

grade soil effectively where as in the case of the present study at 30% marble dust remarkable change was observed. This might 

be due to a difference in mineralogy of the soil samples. However, for proportions of 25%-30%marble dust comparable results 

are obtained in the present study. 
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VI. CONCLUSIONS AND RECOMMENDATIONS  

A) Conclusions 

 The sub-grade soil of both samples is highly expansive and has very low load bearing capacity and its classifiedasA-7-

5 in the AASHTO and CH in the USCS systems. The sub-grade is very poor to be used as sub-grade and hence 

requires avoiding or treating before construction of pavements. 

 Due to the addition of marble dust into expansive soil the liquid limit has decreased. This shows improvement in 

reduction of plasticity. Both samples have shown a reduction in plasticity index with the addition of marble dust. And 

the plasticity index of both samples has improved from its high swelling potentials to low swelling potentials with the 

addition of 30% marble dust by weight. 

 The optimum moisture content decreased while the maximum dry density values increased with increment of marble 

dust content. 

 The addition of marble dust has resulted in a reduction of the free swell of the soil. As the percentage of stabilizer 

increased, free swell ratio decreased. 

 Both samples have CBR values also increased significantly with the addition of marble dust content. The addition of 

30% marble dust into the expansive soils, sample1 increase the CBR values from 1.61% to 4.1% and sample2 increase 

the CBR value from 1.85% to 5.35%. 

 Soil stabilization method by applying waste product marble dust successfully improves swell and strength of expansive 

sub grade soil. Marble dust is of low cost and available locally, so it also proves to be economical.  

 From this investigation it can be concluded that marble dust as a standalone stabilizer generally gave a promising 

result. And also both samples bring significant change for use it as a sub-grade material (from very poor sub grade to, 

poor to fair sub grade according to Bowles, J., 1992 ) and fulfill the minimum criteria as specified by Ethiopian Road 

Authority pavement design manual (2002)So, the material can be used as an expansive sub grade soils stabilizer. 

B) Recommendation 

 For the full scale characterization of the soil behavior, the micro fabric and mineralogical characteristics of untreated 

and treated soil should be determined by scanning electron microscope(SEP) and X-Ray diffraction studies. 

 Waste marble dust as investigated in this research work can be used as a soil stabilizing material with economical and 

environmental benefits. Therefore concerned bodies like marble factories and government entities should be made 

aware about this potential soil stabilizing material and promote its standardized production and usage 

 This research indicates marble dust used as a soil stabilizing material, the marble factories in collaboration with higher 

education organizations in the country should work together and establish a research team to further study the use of 

marble dust as a soil stabilizing material on different types of soils, partial replacement of cement and others. 

 The researcher believes use of marble dust in combination with an admixture of other cementitious stabilizer, such as 

bagasse ash, rice husk ash could gives in better results. So, the researcher recommends a study on such applications.  
 For future studies, the stabilizing potential of marble dust from different sources like Saba marble, National Mining 

Corporation and the coming new marble factories in Ethiopia should be studied. 
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