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Abstract — Understanding the behavior of expansive soil and adopting the appropriate control measures should
be great for civil engineers. Extensive research has been going on to find the solutions associated with problems of
expansive soils. There have been many methods available to control the expansiveness of these soils. The removal
of expansive soils and replacement with suitable material has been widely practiced worldwide. Reasonable
material is available within economic distances; however, suitable materials is not readily an available in urban
areas for borrowing, which has to be hauled from a long distance. Instead of borrowing suitable soil from a long
distance away, after stabilization with cost effective and readily available industrial and agricultural waste
materials, it is economical to use locally available plastic soil. Such wastage products are also used to minimize
environmental hazards such as CO; in the atmosphere to minimize the percentage of industrial products used for
stabilization, such as cement. Marble dust (MD), an industrial waste product, Rice husk ash (RHA), agricultural
waste products, and cement are industrial products in this present study. The general objective of study was to
examine the effects of poor subgrade soil stabilization using the mixture of MD, RHA and cement to enhance sub-
standard soil engineering properties to be used as subgrade materials. Moisture content, Atterberg limits, grain size
analysis, soil classification, free swell index, basic gravity, compaction
(maximum dry density, optimum moisture content) and CBR value test have been calculated in this analysis. The
design  of the analysis followed by the experimental method of study  were
adopted, which started with sample selection. A disturbed samples was collected from the pit at a depth of 1.5 m
to 2m from ground level in order to avoid the inclusion of organic matter by considering the free swell index value
and observation was considered. The chemical analysis of MD and RHA was conducted in laboratory and the main
oxides are (SiO2+Al,03+Fe;03) were 70.13% for RHA and 42.43% for MD. The RHA chemical properties satisfy
the requirement, while MD did not meet the requirement of ASTM C 618. The Gomata Teachers’ Condominium
(GTC) soil sample laboratory result have 42.72% plastic index (Pl), 85% free swell index and its CBR value of
2.265%. The Millennium Secondary school (MSS) soil sample has a 48.79% PI, 87% free swell index and 2.121%
CBR value. Therefore this soil samples are highly expansive were checked before any stabilizations process based
on their plasticity index and CBR value based on standard specification requirement , then stabilization was
achieved by stabilization by proposed (0,8MD,6MD+2C,4MD+4C,2MD+6C,8C,6MD+2RHA, 4MD+4RHA,
2MD+6RHA,8RHA ,6RHA+2C 4RHA+4C,2RHA+6C,2MD+2RHA+4C,AMD+2RHA+2C,  2MD+4RHA+2C)
proportion. Then LL, Pl, OMC, and CBR decreased as the cement ratio increased, while PL, MDD and CBR value
increases instead of MD and RHA increases, however, as MD and RHA increase, the quantity of cement decreases.
The laboratory outcome was compared with the requirement of Ethiopian road authority standard, ASTM and
AASHTO. Based on this study all mixing stabilizers (MD-cement, RHA-cement, MD-RHA, MD-RHA-cement)
and 8% of RHA and cement fulfill the ERA standard specification requirements for its CBR swell value. However,
8% of marble dust alone does not fulfill the Ethiopia road authority requirements for CBR swell. The MD and RHA
standalone does not improving some of the engineering properties of soil samples used for subgrade construction.
However, they mixed with different percentages of cement can effectively stabilizer for this expansive soil for road
sub-grade construction.
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1.0 INTRODUCTION

One of the major problems worldwide is the availability of natural construction material within reasonable hauling
distance from the project to be planned to build; this directly impacts the cost of a project[1]. However, in some
parts of the country, the natural resources construction materials do not satisfy the standard specification
requirements [2]. Specifically, the main problems associated with construction materials in the road industry was
failures of pavement before attain design period of pavement, and the engineering problems related to expansive
soils have been reported in many countries, but those mostly located in arid and semi-arid regions[3]. Expansive
soils, susceptible to detrimental volumetric changes, with the change in moisture. The cyclic wetting and drying
process causes vertical movements in expansive soils and movements to lead to the failure of pavements or
structures [4]. Such problems exist widely in Ethiopia. It’s estimated that the region covered by expansive soil in
Ethiopia is 23.7 million acres [5, 6].Roads constructed on expansive soil also have a problem on structural layers
on the embankment due to its unusual cyclic swell shrink behavior of expansive soil. This form of soil swells when
it comes into contact with water, and shrinks when the water evaporates. Due to this movement, loosely loaded
structures such as foundations, pavements, channels beds and linings and residential buildings constructed on then
are seriously damaged [7,8]. The annual damage to civil engineering structures on expansive soil has been predicted
to be $1000 million in the US, £150 millions in UK and several billions pounds worldwide [9-11]. Road pavements
typically consist of many layers of different layer materials during construction of embankments of road, and one
of them is sub-grade soil layer. The subbase layer can be either indigenous soil or imported material. Suppose the
native soil is found to be unacceptable as a sub-grade soil. In that case, it is typically adequately treated or stabilized
and is used to be prevent the high cost that may be incurred for the imported materials and to decide the types of
sub-grade soil materials that may be used, types of treatment that may be suitable and a series of soil investigations
must be carried out. Usually, subgrade soil stability is expressed in terms of bearing capacity, which is related to
the soil basic geotechnical properties [12]. Expansive soil composed of predominately of a specific types of clay
soil, is one of the types of foundation soil considered troublesome. This soil swells if its water content rises and
shrinks if the water table decreases due to seasonal condition, the fluctuation of moisture content occurs typically.
Either vertically or horizontally, the change in the soil volume associated with expansion or shrinkages results in
deformation of soil. This deformation will lead to significant distortion of the road surface in the case of pavement.
Therefore; stabilization is needed to mitigate these issues [13]. The pavement design assumes that the minimum
defined structural quality for each material layer in the paving system will be achieved. Each layer must resist
shearing, to avoid excessive deflections causing the layer or overlaying layers to crack fatigue, and to prevent
excessive permanent deformation. If the consistency of a soil layer increases, the capacity of that layer to spread
the load over a wider area increases, so that it is possible to reduce the necessary thickness of the soil and surface
layer [14]. Stabilization by compaction (mechanical) or stabilization by chemical additives are widely used methods
of stabilizing soils. Pozzolana is classified as a silica or alumino-siliceous material that chemically reacts at
normal room temperature with calcium with calcium hydroxide, released by the hydration of Portland cement, in
the finely divided form and moisture presence, to form compounds with Cementitious properties [12]. Materials
do not possess cementing properties of their own, but they contain silica and alumina in a reactive method. Forming
cementitious property compound, pozzolanic materials chemically react with calcium hydroxide in water [15].
Silica reactions in calcium hydroxide and water to produce calcium silicate hydrates are the pozzolanic reaction
(C-S-H). C-S-H provides a denser microstructure that increases resilience, decreases concrete permeability and
enhances its chemical attack resistance. By adding pozzolana, pore size and porosity are decreases, leading to
increases strength [16]. Road designer tends to reuse an industrial waste material for soil sub-grade stabilization to
minimize the cost of sub-grade stabilization and to reduce adverse environmental impact on surrounding. One of
them was a marble dust (MD) industrial wastes and rice husk ash (RHA) agricultural wastes material were to be
utilized as a stabilizer material for over-all ground improvement purposes. The rice husks are burn-in uncontrolled
condition. Marble dust (MD) and Rice husk ash (RHA) are commonly mixed with other stabilizing materials such
as cement or lime in stabilized road pavement layers. Because of the cost of high-quality materials required for
various geotechnical projects, engineers are trying to improve the physical property of local soils through various
method and techniques [17, 18].The research's main objective this research study is to increase the expansive soil's
strength of sub-grade soil by using the waste MD, RHA, and cement by mixing in appropriate proportion to prepare
sub-grade soil construction.
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2.0 MATERIALS AND METHOD
2.1 Materials

The ingredients utilized in this experiments were expansive soil, MD, RHA and cement. The weak sub-grade soil
samples used for this research investigation were collected; Woldia town, Gomata Teachers’ Condominium (GTC)
and Millennium Secondary School (MSS) as shown in Figure 1. The soil is black in color for both sites, and
purposive sampling, which is a nonprobability method, was used to collect the disturbed sample at a depth of 1.5m
to 2.0m in order to avoid organic maters on the top surface of the ground.

Figure 1 Photos of sample taking at GTC (left) and MSS (right).

Marble dust is obtained from a marble cutting and polishing industry that is locally accessible. The ADEWA mar
ble industry is the location of ETHIOPIA's marble industry as shown in Figure 2 during sample collection.

Figure 2 Photos of the process of MD preparation

Portland cement is obtained from a locally available trading market and production industry in MEKELLE.
Ordinary  Portland cement (OPC) with grade 43N was purchased for this research.
The uncontrilled burning of the rice husk produces Rice Husk Ash (RHA). Husk is a byproduct of the

Ambhara region of Ethiopia’s rice milling industry were taken for this study.
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2.2 Study design

An experimental comparative study design was employed in this study.

Figure 3 Photos of the process of RHA preparation
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2.3 Methods and standard testing procedure
The standards and specification for this study were adapted from AASHTO and ASTM.

Table 1 Standards and specifications for this study

Standards
No Laboratory tests AASHTO ASTM
1 Major and minor Oxides C-618
3 Moisture content T-265
4 Grain size analysis T88
5 Atterberg limits T089-96
6 Soil classification M-145 D2487-98
7 Specific gravity D854-83
8 | Standard proctor compaction T-99
9 CBR T193-93
10 Hydrometer analysis D-422

2.4 Expansive soil
2.4.1 Sample preparation

Before treating the samples, the soils were classified according to the AASHTO and ASTM soil classification
system, the samples air-dried adequately, and the stabilizer mixed with the prepared soil sample.

First step: The air-dried sample mixed with the MD, RHA and cement based on the percent required with the
required percent started from 0% to 8% within 2% difference for all additives. The additives were MD, RHA, and
cement.

Second step: This properly mixed soil used for Atterberg limit, free swell index, compaction, the Californian
bearing ratio by adding water to the properly mixed soil sample by trying blended thoroughly until becomes
homogeneous based on the required maximum effect on the desired moisture-density curve.

Figure 5 The sample containing mixing of MD, RHA and cement

3.0 RESULTS AND DISCUSSIONS
3.1 Laboratory result for chemical properties of RHA

The rate of pozzolana reaction depends on the basic characteristics of the pozzolana, such as its density, surface a
rea and chemical composition. External factors such as mix proportions, water quantity,reaction temperature, curi
ng condition and length can regulate the rate of pozzolanic reaction [16].
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Table 2 Chemical composition of RHA

Chemical composition Test result, (%) | ASTM (C618) Requirement in (%) Remark
Silica (Sioz) 68.2 35 Min. Satisfied
Aluminum (AL03) <0.01
Iron (Fe;0s) 1.92
Calcium (Ca0) <0.01
Magnesium (MgO) 0.16 5 Max. Satisfied
Sodium (Na»0) 0.88
Potassium (K20) 2.32
MnO 0.12
P20s 0.57
TiO2 <0.01
H20 4.45
LOI 23.65
SiO2 + Al203 + Fe203 70.13 70 Min. Satisfied
Table 3 Chemical composition of MD
Chemical composition | Test result, (%6) ASTM (C618) Requirement in (%) Remark
Silica (Sioy) 37.16 35 Min. Satisfied
Aluminum (AL2O3) 5.27
Iron (Fe203) 1.66
Calcium (Ca0) 26.40
Magnesium (MgO) 1.66 5 Max Satisfied
Sodium (Na.0) 2.22
Potassium (K20) 1.76
MnO 0.06
P20s 0.1
TiO, 0.12
H.O 0.82
LOI 21.84
SiO2 + Al203 + Fe203 42.43166 70 Min Un satisfied

Based on Table 2 and Table 3, all chemical properties of used for this study such as RHA and MD are with an
acceptable range of ASTM C618 except SiO; + Al,O3 + Fe,O3 for marble dust. As test result indicates, the
combined percent composition of main oxides (SiO,, Al.Os, Fe,03) was 70.13% for rice husk ash 42.43% for
marble dust (MD), and the mixture of rice husk ash and marble dust have 111.56% which is above the minimum
of 70% of specified by ASTM (C618) which is acceptable as a good Pozzolana properties by having a cementitious
nature properties in terms to its physical and chemical compositions that satisfied a minimum requirement stated

standard specification.

3.2 Geotechnical properties of soil sample

Table 4 Geotechnical properties of soil samples

Parameters Result

GTC MSS
Natural moisture content,% 25.265 25.195
Percentage passing through No 200 sieve 97.94 97.86
liguid limit (LL),% 73.4 79.70
Plastic limit (PL),% 30.68 30.91
Plasticity index (P1),% 42.72 48.79
AASHTO A-7-5 A-7-5
USCS CH CH
Specific gravity 2.71 2.87
Free swell index,% 85 87
Maximum dry density, g/cm?® 1.30 1.24
Optimum moisture content (OMC),% 38 38.89
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Soaked CBR value,% 2.265 2.121
CBR swell,% 4.29 4.90
Color Black Black

In general, low plasticity is in between 35% and 50%, intermediate plasticity is between 50% and 70 %,
while high Plasticity value between 70% and 90 % also its liquid limit a maximum value less than 35% [19].
Therefore based on above value soil samples property indicates that very high plasticity clay.

3.2.1 Particle size distribution of GTC and MSS

The soil sample GTC is dark, and almost 97.94% of the soil passes through No 200 sieve analysis as shown on
Grain size distribution curve.
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Figure 6 Grain size distribution curve of GTC soil sample

The soil for sample MSS is black, and almost 97.86% of the soil passing through sieve No 200 analysis as shown
on Grain size distribution curve.
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Figure 7 Grain size distribution curve of MSS soil sample
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Based on the unified soil classification system (USCS), the soils 50% minimum pass through sieve No 200 are
classified as fine-grained soil (i.e., silt and clay soil), and the minimum percentage pass through sieve No 200 for
the soil understudy is 97.94% and 97.86% and the soil categorized as fine-grained soil.

3.2.2 Atterberg test results

Atterberg limits (liquid limit and plastic limit) were determined according to AASHTO T-89 and AASHTO T-90,
respectively.

Table 5 Atterberg test results of GTC and MSS sample soil

100% natural soil
Sample name Liquid limit (%) Plastic limit (%) Plasticity index (PI)
GTC 73.40 30.68 42.72
MSS 79.70 30.93 48.79

3.2.3 Soil Classification

Laboratory test result indicates based on AASHTO and USCS Soil classification system for GTC and MSS soil
sample illustrated as in Table 6.

Table 6 Soil classification according to AASHTO and USCS for both soil sample
Liquid

Plastic Plastic Group

Sample | iicos | limit % index index | AASHTO | USCS
GTC 73.40 30.68 42.72 50 AT5 CH
MSS 79.70 30.01 48.79 57 AT5 CH

3.2.4 Specific gravity for subgrade soil

Specific gravity which is the measuring of the heaviness of soil particle is determined by the method of pycnometer
method using the soil sample passing sieve number 10 and oven dried at 105°c. The test includes the determination
the specific gravity for the natural soil. The test was conducted in accordance with ASTM-854 testing procedure.
Table 7 shows the Specific gravity of natural sub-grade soil.

Table 7 Specific gravity for natural sub-grade soil

Soil sample GTC MSS
Specific gravity 2.71 2.87

3.2.5 Free swell index

The free swell test value of for sample GTC and MSS indicates that 85% and 87% respectively. Soils having the
free swell value above 100% can cause damage whereas free swell as low as 100% can cause considerable damage
to light loaded structures and soils having a free swell value less than 50% seldom exhibits appreciable volume
change even under light loads. Hence the free swell value of the soil under study exceeds 50% such soils undergo
volumetric changes loading to pavement distortion, cracking and general unevenness due to seasonal wetting and
drying.

Table 8 Free swell index test results for natural subgrade soil sample

Sample Name

Free swell index (%)

GTC

85

MSS

87

3.2.6 Compaction test results of expansive sub-grade soil samples (AASHTO T-99)

The Standard proctor test was done to determine the maximum dry density (MDD) and optimum moisture content
(OMC) natural subgrade soil according to AASHTO T-99. Prepared a sufficient quantity of air dry soil were passing
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through sieve number 4 (4.75mm) and measured 3000gm of soil sample and compact in three layers for each
proctor compaction test. The GTC soil sample has optimum moisture content 38% and maximum dry density
1.30gm/cm®. Also, MSS soil sample has optimum moisture content 38.89% and maximum dry density
1.223gm/cm? as shown below Figure 8.
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Figure 8 Moisture density relation for natural sub-grade soil
3.2.7 CBR test results for natural sub-grade soil (AASHTO T-193)

Table 9 CBR test results of expansive soils

Number Load (KN) CBR (%) o
Sample of belows 2.5mm 5.0mm 2.5mm 5.0mm Swell in (%)
GTC 56 0.299 0.381 2.265 1.93 4.29
MSS 56 0.280 0.36 2.121 1.80 4.90

The GTC soil sample had 2.265% soaked CBR value with 4.29% CBR swells, and the MSS soil sample had
2.121% soaked CBR value with 4.90% its swell, according to the laboratory test result in Table 9. The socked CBR
test showed that, as compared to the Ethiopian Roads Authority Manual 2013 for both sub-grade soil has lower
CBR value and it does not meet the minimum requirements as sub-grade material. The CBR swell value are also
above the specified maximum value of 2%; therefore this soil must be stabilized before utilization.

3.3 Overall Characterization of the natural sub-grade soil

According to the laboratory test results of the natural sub-grade soil sample obtained during the present study, the
proportion of fines passing no 200 sieves are 97.94% and 97.86%, liquid limit 73.40% and 79.70%, and plasticity
index 42.72% and 48.79%, for GTC and MSS soil sample respectively, Both soils samples are classified into A-7-
5 as per the AASHTO and CH as per the USCS classification system. As
far as the engineering efficiency of soils of this class is concerned, such soils are expansive soils that  have high
volume changing properties with moisture content variation [20]. The liquid limit and plastic index values are far
higher ~ than the Ethiopian road authority standard requirement; i.e. less than 60%
liquid limit and less than 30% plasticity index. Therefore, soil ~ samples ~ show  anexpansive  property.
The 85% free swell index and 87% for GTCand MSS soil samples, respectively, have indicated that the soils are

expansive soil because their free swell index is greater than 50%. In addition, the CBR value and free swell index
test value shows that 2.265%, 2.121% and 4.29%, respectively, 4.90% for GTC and MSS soil samples. This shows
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that when compared to Ethiopian road authority requirements of the CBR value more than 5% and percent of swell
was less than 2%, so that this soils have a low load-bearing capacity and high swelling potential, which renders it
unsuitable for construction without any suitable treatment techniques. However, the above comparisons between
the design manual of Ethiopian road authority and the soil laboratory findings indicates that the soil samples does
not entirely meet the criteria as  sub-grade soil  andis considered  inadequate for sub-
grades in road construction. Therefore, prior to use as a road sub-grade soil; it should be treated with a suitable
improvement methods.

3.4 Laboratory test results of stabilization of expansive soil

3.4.1 Atterberg limits.

One of the important and the principal aims of presented this study was to evaluate the changes of liquid limits,
plastic limits and plasticity index with additions of marble dust, rice husk ash and cement to selected soil sample.
To achieve this objective, liquid limit and plastic limit tests were conducted on marble dust, rice husk ash and
cement-soil mixtures according to the consistency tests of AASHTO T-89 and AASHTO T-90 respectively.

Table 10 Atterberg limit test results of MD-RHA-cement to stabilize weak subgrade soils

Mix proportion of MD, RHA and Ethiopian  road
Cement authority manual
izmsle LL% | PL% |PlL% | (2013) Remark
MD,% | RHA,% | Cement,% Requirement of Pl
in %
0 0 0 73.40 30.68 | 42.72 Poor
8 0 0 63.38 42.76 | 20.62 Satisfied
6 0 2 62.38 46.97 | 1541 Satisfied
4 0 4 58.73 47.27 | 11.46 Satisfied
GTC 2 0 6 58.05 50.70 7.35 Satisfied
0 0 8 56.97 52.35 | 4.62 Satisfied
6 2 0 63.12 46.86 | 16.26 <30 Satisfied
4 4 0 65.15 48.13 | 17.02 Satisfied
2 6 0 68.71 51.26 | 17.45 Satisfied
0 8 0 73.09 51.58 | 21.51 Satisfied
0 6 2 65.50 49.19 | 16.31 Satisfied
0 4 4 64.73 50.50 | 14.23 Satisfied
0 2 6 64.17 51.77 | 12.40 Satisfied
0 0 8 56.97 5235 | 4.62 Satisfied
2 2 4 58.92 4951 | 941 Satisfied
4 2 2 65.94 53.26 | 12.68 Satisfied
2 4 2 66.00 4561 | 20.43 Satisfied
0 0 0 79.70 3091 | 48.79 Poor
8 0 0 65.11 4333 | 21.78 Satisfied
6 0 2 59.50 4582 | 13.68 Satisfied
4 0 4 58.33 48.07 | 10.26 Satisfied
2 0 6 57.56 49.08 | 848 Satisfied
MSS 0 0 8 56.51 50.36 6.15 Satisfied
6 2 0 66.45 51.63 14.82 <30 Satisfied
4 4 0 67.50 52.17 15.33 Satisfied
2 6 0 68.07 52.50 | 15.57 Satisfied
0 8 0 70.00 53.57 | 16.43 Satisfied
0 6 2 62.11 46.91 | 15.20 Satisfied
0 4 4 60.09 4735 | 12.74 Satisfied
0 2 6 58.27 4749 | 10.78 Satisfied
0 0 8 56.51 50.36 | 6.15 Satisfied
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2 2 4 59.34 47.37 11.95 Satisfied
4 2 2 60.00 46.76 14.10 Satisfied
2 4 2 65.96 51.19 14.77 Satisfied

According to the laboratory test results the behavior of the soil sample was changed from highly plasticity soil to
low plasticity soil. As the result when the percentage of cement increased plasticity index of the treated soil sample
are significantly decrease. Whereas it becomes increase when the percentage of MD and RHA increase, this is the
reason because of the content of calcium ions in the MD and RHA not enough for replacement of sodium ions in
the soil particle, therefore it is necessary to certain amount of calcium ion from cement till replace the sodium ion.

45
40
35
X
< 30
x
S
e 21.51
220 217.45
2
E 15
(2
10
5
0 _—ET== 2= == ==
Mix proportion of MD,RHA & cement(%b)
= NS =3MD = 6MD+2C E 4MD+4C
= 2MD+6C 8C E6MD+2RHA = 4MD+4RHA
=2MD+6RHA = 8RHA & 6RHA+2C & 4RHA+4C
= 2RHA+6C & 2MD+2RHA+4C = 4MD+2RHA+2C & 2MD+4RHA+2C
Figure 9 Plasticity index chart for stabilizing GTC soil sample
60
48.79
50
) 40 =
x | — |
5 =
'g | — |
E‘ 30 =
s
=
220 13.63 14.8215.3315.5716.43 15 14.114.77
o : 12.74 11.95
= 10265 40 = 10.78 -
10 == 615 = %E == 6.15

Mix proportion of MD,RHA & Cement

ENS =38MD = 6MD+2C = 4AMD+4C = 2MD+6C
= 8C E 6MD+2RHA E 4AMD+4RHA E 2MD+6RHA E 8RHA
= 6RHA+2C = 4RHA+4C = 2RHA+6C =8C 2MD+2RHA+4C

= AMD+2RHA+2C = 2MD+4RHA+2C

Figure 10 Plasticity index chart for stabilizing MSS soil sample
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3.4.2 Compaction characteristics of treated soil

The proctor compaction test was carried out according to AASTHO T-99. The moisture density relations are
determined based on AASTHTO T-99. Tests were conducted with different percentages of additives. The
percentages of additives shown below at Table 11. The Moisture content versus dry density graph is plotted in
Figure 11 and the optimum Moisture Content (OMC) and Maximum Dry Density (MDD) are determined from this
graph. The Summarized test results are tabulated in detail as shown Table 11 below.

Table 11 Moisture density relation test results of the mix-ratio of MD, RHA and Cement

Sample Mix proportion of MD, RHA and MDD % decrease/ | OMC % decrease/
Name Cement (g/cm?3) Increase (%) increase
MD,% | RHA,% Cement,%

0 0 0 1.296 38
8 0 0 1.403 8.26 32.5 -14.47
6 0 2 1.386 6.94 31.02 -18.37
4 0 4 1.336 3.09 30.51 -19.71

GTC 2 0 6 1.379 6.40 31.33 -17.55
0 0 8 1.390 7.25 30.86 -18.79
6 2 0 1.383 6.71 27.54 -27.53
4 4 0 1.307 0.85 32.32 -14.95
2 6 0 1.291 -0.39 34.05 -10.39
0 8 0 1.165 -10.11 45 18.42
0 6 2 1.310 1.08 36 -5.26
0 4 4 1.314 1.39 375 -1.32
0 2 6 1.236 -4.63 35.94 -5.42
0 0 8 1.390 7.25 30.86 -18.79
2 2 4 1.380 6.48 30 -21.05
4 2 2 1.403 8.26 29.63 -22.03
2 4 2 1.314 1.39 375 -1.32
0 0 0 1.223 38.89
8 0 0 1.367 11.77 33.33 -14.30
6 0 2 1.370 12.02 31.02 -20.24
4 0 4 1.319 7.85 32.28 -17.00
2 0 6 1.331 8.83 33.13 -14.81

MSS 0 0 8 1.353 10.63 31.51 -18.98
6 2 0 1.363 11.45 30.18 -22.40
4 4 0 1.313 7.36 33.58 -13.65
2 6 0 1.267 3.60 35.22 -9.44
0 8 0 1.307 6.87 32.46 -16.53
0 6 2 1.300 6.30 35 -10.00
0 4 4 1.330 8.75 35.8 -7.95
0 2 6 1.287 5.23 36.11 -7.15
0 0 8 1.353 10.63 31.51 -18.98
2 2 4 1.364 11.53 34.48 -11.34
4 2 2 1.313 7.36 32.56 -16.28
2 4 2 1.345 9.98 34.35 -11.67

As observed in Table 11 above, the MDD of untreated soil samples was observed to be 1.296g/cm?® and 1.223g/cm?

for GTC and MSS soil samples, respectively. Even though the compaction curve is normal, the curve shifted the

left upward in treating the soil with the mixture of MD, RHA, and cement, which also means MD-cement, MD-

RHA additions RHA-Cement slightly decrease the OMC and increase the MDD for both soil samples. However,

at (2%MD+6%RHA, 8%RHA and 2%RHA+6%Cement), the MDD of the soil unexpectedly decrease, and at

8%RHA, the OMC increases, which might be due to data registration problem or some technical problem during
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laboratory testing. Based on the below Figure 11 shown below, the MDD shows slight increases, and OMC
decreases the treatment of weak subgrade soil with MD-cement , MD-RHA, and RHA-Cement additive agents.
The MDD increases from 1.296g/cm? to 1.403g/cm® and OMC decreases from 38% to 27.54%.
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Figure 12 Summary of OMC and MDD for treated soil sample of MSS
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According to the above Figure 12, the MDD shows small increases, and OMC reduces poor subgrade
soil treatment with MD-cement, MD-RHA, RHA-Cement, MD-RHA-Cement additives. The MDD rises to
1.37g/cm? from 1.223g/cm?, and OMC falls from 38.89% to 30.18%.

3.4.3 CBR test results

CBR is a parameter which is used to measure the strength of sub-grade soil. The CBR tests were conducted with
the addition of the mixed of MD-Cement, MD-RHA, and RHA-Cement. The Specimens are molded at respective
optimum moisture content as determined in moisture density relationships. One-point CBR with 56 blows and 4
days (96 hours) socking is conducted and CBR value at 100% MDD is determined for all tests. The soaked CBR
test results for different percentage of MD-Cement, MD-RHA, RHA-cement, MD-RHA-cement are summarized
in the Tables 12 below.

Table 12 CBR test results of treated soil sample

Mix proportion of MD, RHA CBR value (%) Repeated CBR Ethiopian
and Cement (g9/cm?) below 56 road
SNa;nrs‘Iae below 56 a;t;::;y Remarks
MD,% | RHA,% | Cement,%
2.54mm | 5.0mm | 2.54mm | 5.0mm |  (2013)
Requirement

0 0 0 2.265 191 Poor

8 0 0 3.644 3.21 poor
6 0 2 8.515 6.26 Satisfied
4 0 4 5.220 6.55 6.46 8.98 Satisfied
GTC 2 0 6 7.106 | 10.97 7.58 10.26 Satisfied
0 0 8 6.985 12.56 2.33 4.81 Satisfied
6 2 0 5.220 3.81 Satisfied
4 4 0 8.318 5.29 Satisfied
2 6 0 8.485 5.95 Satisfied
0 8 0 5152 | 3.73 >5% satisfied
0 6 2 8.758 6.73 Satisfied
0 4 4 9.205 6.73 Satisfied
0 2 6 11.068 8.77 Satisfied
0 0 8 6.985 12.56 2.33 4.81 Satisfied
2 2 4 9.091 7.65 Satisfied
4 2 2 7.576 6.44 Satisfied
2 4 2 8.508 6.43 Satisfied

0 0 0 2121 1.80 poor

8 0 0 3.720 3.26 poor
6 0 2 7.750 6.28 Satisfied
4 0 4 9.864 7.22 Satisfied
2 0 6 10.273 9.12 Satisfied
MSS 0 0 8 11.538 | 9.01 Satisfied
6 2 0 5.303 3.88 >5% Satisfied
4 4 0 8.144 6.42 Satisfied
2 6 0 8.333 5.95 Satisfied
0 8 0 5.220 4.12 Satisfied
0 6 2 7.750 6.38 Satisfied
0 4 4 10.955 9.55 Satisfied
0 2 6 11.311 9.18 Satisfied
0 0 8 11.538 9.01 Satisfied
2 2 4 9.598 8.06 Satisfied
4 2 2 8.000 6.29 Satisfied
2 4 2 8.909 6.43 Satisfied
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As shown in Table 12, CBR result showed that the significant improvement in strength compared to untreated soil
sample. Results indicated that the CBR values of treated soils with MD-cement, RHA-cement, MD-RHA-cement,
MD-RHA mix increases as the quantity of cement increases rather than the MD and RHA. However, according to
ERA pavement design manual specification, the CBR values of treated soil with 8% RHA alone is full fill the
specification as a subgrade material but the 8% MD not fulfill the ERA specification. The significant increase in
CBR value may attributed to reactions between cement, MD, RHA, soil and water. Stabilization of weak subgrade
soil with MD, RHA and cement combination is a new concept that is the reaction of MD, RHA, cement, soil and
water is scanty in the literature. Therefore; one or more the following mechanisms cation exchange, hydration
reaction, pozzolanic reaction, adhesive property of MD and RHA may be responsible for significant increase in
CBR values.

3.4.4 CBR swell for stabilized soil samples

The swells of expansive soil samples mixed with MD-Cement, RHA-Cement, MD-RHA are measured and
determined from soils. The percentage combination of MD and cement, RHA and cement, MD are RHA was
performed on CBR tests, from which swell measurement are taken at the time of soaking and after four days of
soaking.

Table 13 Swell value from CBR test

Sample Mix proportion of MD, RHA and CBR Swell E_RA Remark
Name Cement % Requirement
MD,% RHA,% | Cement,%
0 0 0 4.29 Poor
8 0 0 2.49 Poor
6 0 2 1.80 Satisfied
4 0 4 1.72 Satisfied
2 0 6 1.46 Satisfied
0 0 8 1.12 Satisfied
6 2 0 1.89 Satisfied
4 4 0 1.85 Satisfied
2 6 0 1.72 Satisfied
0 8 0 1.72 Satisfied
GTC 0 6 2 172 Satisfied
0 4 4 1.55 <2% Satisfied
0 2 6 1.46 Satisfied
0 0 8 1.12 Satisfied
2 2 4 1.63 Satisfied
4 2 2 1.76 Satisfied
2 4 2 1.72 Satisfied
0 0 0 4.90 Poor
8 0 0 2.75 Satisfied
6 0 2 1.80 Satisfied
4 0 4 1.37 Satisfied
2 0 6 1.37 Satisfied
0 0 8 1.29 Satisfied
6 2 0 1.98 Satisfied
4 4 0 1.80 Satisfied
2 6 0 1.72 Satisfied
0 8 0 1.89 Satisfied
0 6 2 1.63 Satisfied
MSS 0 4 4 1.33 Satisfied
0 2 6 1.29 <2% Satisfied
0 0 8 1.29 Satisfied
2 2 4 1.20 Satisfied
4 2 2 1.63 Satisfied
2 4 2 1.55 Satisfied
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The above Table 13 show that the soil sample with the various percentage of MD-cement, RHA-cement, MD-RHA
mix ratio and 8% of MD, RHA and cement was conducted. As a result, all the above mix ratios and the MD, RHA
and cement alone for both soil samples have met the requirements specified by the Ethiopian road design manual
of pavement design.

4.5

CBR swell (%)
= N
[E n N n

©
w

| = ] = |
Mixed ratio (%)

= NS =38MD 6MD+2C = 4MD+4C =2MD+6C
8C E SRHA E 6RHA+2C E 4RHA+4C E 2RHA+6C
E8C E 6MD+2RHA = AMD+4RHA E 2MD+6RHA 2MD+2RHA+2C

= 2MD+4RHA+2C = 4MD+2RHA+2C

Figure 13 Summary of CBR swells for GTC soil sample.

The expansive soil treated with the mixed ratio of MD-cement, RHA-cement, MD-RHA, and 8% MD and RHA
alone showed the reduction of CBR swell compared to 4.29% and 4.90% of untreated soil for GTC and MSS soil
sample, respectively. The soil was treated with
(8MD,6MD+2C,4MD+4C,2MD+6C,8C,8RHA,6RHA+2C,4RHA+4C,2RHA+6C,6MD+2RHA ,4AMD+4RHA,2M
D+6RHA,2MD+2RHA+4C,2MD+4RHA+2C,4AMD+2RHA+2C)RHA-cement yielded a significant reduction in
CBR swelled when it compared to the mixed ratio of MD-cement, MD-RHA and from the 8% CBR swell of MD
and RHA alone.

The CBR swell decreases when increasing the percentage of cement in the mixture ratio for all mixed ratios for
both soil samples. Also, the CBR swell reduced with increasing the RHA rather than MD. The CBR swell for all
mixed ratio with its reduction are shown in Figure 13 and Figure 14. In general, these decreases swell characteristics
are due to a decrease preference for calcium saturated clay water and the development
of a cementitious matrix that prevents volumetric expansions.
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Figure 14 Summary of CBR swells for MSS soil sample.

4.0 CONCLUSIONS

The chemical composition of RHA and MD test result indicates the chemical composition of main oxides (SiO2
+ AlLOs + Fe;03) were 70.13% and 42.43%, respectively, which is above the minimum of (70%) specified by
ASTM (C618) standard specification to be satisfied as minimum requirement of Natural Pozzolanic materials
The general soil classification systems, AASHTO and USCS, show A-7-5 and CH, respectively. This indicates
that the soils are poor and unsuitable to use as the subgrade road construction material unless it is treated.

The additives mixed ratio (MD-cement, RHA-cement, MD-cement) and the 8% MD, RHA and cement alone
decreases the LL and PI for both untreated soil samples. The LL decreases with slight changes for both soil
samples from control value 73.4%-56.97% and 79.70%-56.51% for GTC and MSS soil samples, respectively.
The PL increases with stabilization of additives of the Mix-ratio from control value 30.68%-53.26% and
30.91%-53.51% for GTC and MSS soil sample respectively; however, PL of both soil samples radically
increase when the mix-ratio of cement increases rather than MD and RHA. The Pl decreased from 42.72% to
4.62% and from 48.79% to 6.15% GTC and MSS soil samples, respectively. Also, in the MD-RHA mixed
ratio, the liquid limit decreases when increasing the RHA and the plastic index decreases when increasing the
RHA for both soil samples. The stabilizers (MD, RHA and cement) significantly change the PI, not
significantly changing the LL. This means that all treated soil samples fulfill the ERA specification according
to PI.

The MDD increases slightly, and OMC decreases in the treatment of weak sub-grade soil samples with (RHA-
cement, MD-cement, MD-RHA-cement, MD-RHA) additive agents. For GTC treated soil sample, the MDD
increases from 1.296g/cm?® to 1.403g/cm® and OMC decreases from 38% to 27.54%. The MDD increases from
1.223g/cm?® to 1.37g/cm® and OMC decreases from 38.89% to 30.18% for MSS soil sample. Increasing the
percentage of cement in the mixed ratio leads to increasing the MDD and decreasing OMC for all mix-ratio
rather than other additives (MD and RHA).

Soil treated with rice husk ash showed substantial improvement. Soil treated with 8% rice husk ash gave CBR
value of 5.152% from a value of 2.265%, 5.220% from the value of 2.121% and the CBR swell of 1.72% from
4.29% and 1.89%from 4.90% for GTC and MSS the natural soil respectively showed that strength of the
expansive soil substantially improved and swelling potential decreased considerably. The soil treated with MD
alone not satisfied the ERA requirement, so that MD alone cannot be used as a stabilizer, but it could be treated
mixed with RHA and cement. Furthermore, as the CBR value (%) increases with increasing the cement
percentage in a mixed ratio (MD-cement, RHA-cement MA-RHA-cement), comparatively, the CBR value of
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RHA-Cement mixed ratio greater than the other mixed ratio. However, according to the ERA
specification, all proportions of mix ratios met the minimum specifications used as a road subgrade material.

o All mixing stabilizers (MD-cement, RHA-cement, MD-RHA, MD-RHA-cement) and 8% of RHA and cement
fulfill the ERA specification requirements for CBR swell value. However, 8% of marble dust alone does not
fulfill the Ethiopia road authority requirements for CBR swell. The MD and RHA standalone not improving
some of the engineering properties of soil samples used for subgrade construction. However, they mixed with
different percentages of cement can effectively stabilizer for this expansive soil.
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