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Abstract 

 

As the construction industry evolves the issue of sustainability and the use of 

environmentally friendly methods of construction has become one of the 

major concerns, past research has shown the effectiveness of using industrial 

by products such as rice husk ash as a stabilizing agent. Improvements in 

strength, durability, plasticity and other properties of soil have been reported 

to occur after the addition of industrial by-products. Stabilization of residual 

soil using rice husk ash and cement has been studied. Investigation includes 

the evaluation of properties of the soil such as compaction, shear strength, 

CBR. For this study various amounts of RHA were mixed with soil then after 

the optimum amount of RHA which gave the soil the highest shear strength, 

the soil was then mixed with the optimum amount of RHA with varying 

amounts of cement. Laboratory test results show that both cement and rice 

husk ash reduce the maximum dry density and increase the optimum moisture 

content from the view of both compaction and strength characteristics. 

Addition of 10–15% cement and 6–8% rice husk ash is recommended as an 

optimum amount. 
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Introduction 

Stabilization of soil plays a very important role during construction as it is a process 

used to improve the properties of soil such as strength, plasticity its maximum dry 
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density and other relevant properties. Lack of adequate stabilization can lead to 

settlement of the soil and failure of structure which in turn equals to a lot of money 

lost. Because of the high demand of roads and highways in both developing and 

developed countries many of the roads and highways will be built over unsuitable soil 

which will require stabilization techniques, as technology advances and economic 

conditions change many more chemical agents will be introduced into sub grades to 

improve their compatibility durability and strength. [2]. The use of industrial by 

products not only helps the construction industry, it also helps to keep the 

environment clean because most of the industrial by-products are non-biodegradable 

the use of industrial by products i. e. RHA, burned olive waste, fly ash etc are an 

encouraged option compared to using cementing products such as asphalt lime and 

cement [2]. RHA is used as a supplementary cementitious material in concrete [14, 

16]. Previous studies have indicated that up to 20% RHA may be advantageously 

blended into the mixture without adversely affecting the strength and durability of the 

resulting concrete [15]. 

The fact that silica is found in RHA makes it a suitable replacement for cement, rice 

husk ash is a highly preferred industrial by product as compared to slag silica or fly 

ash when it comes to soil stabilization because of its high pozzolanic activity which 

greatly improves the strength and durability of the soil, rice husk is also known for 

reducing plasticity, maximum dry density (MDD), when mixed with cement. The 

properties of the rice husk ash depend on its production methods used, influencing 

factors include temperature at which the rice husks were burnt at and also type of heat 

used [1]. Due to increase demand of rice in Asia more and more rice is grown every 

year which leads to rice mills producing more rice husk, rice husk as industrial waste 

is very difficult to dispose of due to the harmful effects that it has on the environment, 

these harmful effects come about because of its non-biodegradable (it cannot be 

decomposed by bacteria) properties. Because of the increase in construction of 

structures and highways in developed countries and developing countries most of 

these structures and highways will have to be located on an area that has soil with 

undesirable properties hence the need for stabilization of the soil so as to improve its 

properties will arise, many stabilization techniques require cementing agents such as 

cement and others require natural resources such as aggregate Both of these methods 

are unsustainable and uneconomical, unsustainable in the sense that aggregates are 

natural resources and if abused they will be exhausted and run out and uneconomical 

in the sense that cement is expensive and its production uses up a lot of energy hence 

it is expensive both in terms of cost and energy, not only is the production of cement 

uneconomical it also environmentally unfriendly because of the amount of Carbon 

dioxide that is released into the ozone during its manufacturing process. 

 

 

Methodology 

Preliminary test was done in this research including the determination of moisture 

content, maximum dry density (MDD), optimum moisture content (OMC), plastic 

limit, and liquid limit. Classification tests were also conducted in order to classify the 

residual soil. The soil sample was granitic residual soil was obtained in Sepang Negeri 



Stabilization of Tropical Residual Soil Using Rice Husk Ash and Cement 75 

Sembilan the area was identified from past literature it is labelled a one of the areas 

were granitic residual soil is found in abundance. Compaction test was performed in 

order to obtain the optimum water content and the maximum dry density for 

preparation of samples to be used unconfined compressive strength test and California 

bearing ratio. Both tests were performed before the addition of cement and RHA and 

after the addition of RHA. The granitic residual soil was then mixed with different 

proportion of cement and RHA and compacted according to the specifications given 

in BS8002 the RHA was bought from Sin Guan Hup Oil & Rice Mill Sdn Bh located 

in Penang Malaysia and the Portland cement was bought from a local hardware shop. 

The unconfined compressive strength test and the California bearing ratio where 

conducted on various mixtures residual soil cement and RHA and compared to the 

ones conducted on the Residual soil alone. All the results were plotted in excel and 

analyzed, Optimum mixture percentages of cement and RHA with granitic residual 

soil were obtained from the results based on the improvements of the soil in increase 

in unconfined compressive strength, the increase in the value of the California bearing 

Ratio, and in the reduction of Plasticity index. 

 

A. Materials & Soil Sampling 

About 50kgs of granitic residual soil was obtained from site brought to the 

geotechnical laboratory for identification and testing. Samples for each test were 

cleaned and prepared according to BS1377 

i) Soil-the sample that was used is granitic residual soil obtained from sepang 

ii) Rice Husk Ash-the rice husk ah was bought from Sin Guan Hup Oil & Rice 

Mill Sdn Bhn 

iii) Cement ordinary port-land cement was used 

 

B. Specific Gravity Test 

This lab is performed to determine the specific gravity of soil by using a pycnometer. 

Specific gravity 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 of a soil is used in the phase relationship of air, water, and solids in a 

given volume of the soil. 

 

C. Particle Size Distribution 

The particle distribution will be obtained using sieve analysis (dry sieving method) 

and will be conducted according to BS1377-1990: part 2 this enabled us to determine 

the type of soil that is being dealt with from this test we will be able to determine 

whether the soil predominantly consists of sand gravel clay or silt 

The hydrometer analysis is a widely used method to obtain the distribution of particle 

sizes in the silt range (63-2µm), and the percentage of clay minerals < 2µm. The test 

is usually not performed if less than 10% of the material passes the 63µm sieve. The 

hydrometer analysis utilises the relationship among the velocity of fall of spheres in a 

fluid, the diameter of the sphere, the specific weights of the sphere and of the fluid, 

and of the viscosity of the fluid as expressed by the Stokes’ law he hydrometer is a 

very fragile device; it should be handled with care. 
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D. Atterberg Limit’s Tests 

The residual soil will be sieved through 425 mm. Materials that were retained on that 

sieve were rejected for this test. The soils, were then oven-dried for at least 2 h before 

the test enough material was sieved so that from the total sample 150 to 200 g of 

material passing the No. 40 sieve (425μm). After the sieve analysis some distilled 

water was added to the soil sample until a thick paste formed, about 30 g of the 

sample was set aside for the plastic limit test. After the residual soils plastic index has 

been determined the same test was conducted on samples with different proportions of 

RHA and cement. 

The liquid limit test enables us to determine the moisture content at which the soil 

passes from liquid state to plastic state this helps in identifying and also in the 

classification of fine grained cohesive soils especially when the plastic limit is also 

known. This plastic limit test is used to estimate the lowest moisture content of the 

soil that will permit a sample to be rolled into threads breaking 

 

E. Compaction Test 

Proctor standard compaction test, according to BS1377–1990: Part 4 will be applied 

to determine the maximum dry density (MDD) and the optimum moisture content 

(OMC) of the soils. normal range of concrete the compacting factor should between 0. 

8 – 0. 92. 

 

F. California Bearing Ratio Test 

This test enables us to determine the strength of the soil if is to be used as a sub-base 

sub-grade or as base course material and these values are expressed as California 

bearing ratio values From the test results, an arbitrary coefficient CBR is calculated. 

This is done by expressing the forces on the plunger for a given penetration, 2. 5 and 

5 mm, as a percentage of the standard force, this procedure was done as described in 

BS 1377–1990: Part 7 

 

G. Unconfined Compressive Strength Test 

Unconfined Compression Test (UCT) is a simple laboratory testing method to assess 

the mechanical properties of rocks and fine-grained soils. It provides measures of the 

un-drained strength and the stress-strain characteristics of the rock or soil, the 

unconfined compressive strength test may be defined as the compressive strength at 

which an unconfined cylindrical specimen will fail in a simple compression test. The 

test was conducted according to BS 1924: Part Section4. 

 

 

Results & Discussion 

A. Soil Classification 

Visual identification showed that the residual soil was quite sandy in nature and the 

colour exhibited was reddish brown, and contained very little plant structures such as 

roots, it also contained a few disintegrated rocks. In-situ measurement of water 

content was not possible. Thus, sufficient care was taken during the sampling of the 

residual soil in order to maintain the natural water content. The preliminary 
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identification of the soil was made based on the index properties and classification 

tests. Index properties (plastic limits Liquid limit and plasticity index) include the 

determination of water content, specific gravity sieve analysis and hydrometer test for 

soil passing through sieve #200. The data collected after test showed that the soil 

sample was silty sand of low plasticity (11. 95%). 

 

 
 

Figure 1: Particle Size Distribution 

 

 

Table 1: Soil Properties 

 

Property Obtained result 

Natural Moisture content 23% 

Specific Gravity 2. 56 

Liquid limit 27% 

Plastic Limit 15. 05% 

Plasticity Index 11. 95 % 

Gravel(%) 5% 

Sand(%) 75 

Silt (%) 20 

Clay (%) 0% 

Soil classification Silty sand with low plasticity 

Maximum Dry Density 1626 kg/m
3 

Optimum Moisture Content 7. 46% 

Percentage Passing sieve number 200 2. 80% 

California Bearing Ratio 16. 8337% 



78 Khan M. M. H. et al 

 78 

B. Compaction Test 

The MDD and the Optimum Moisture content for the sample that was going to be 

used as the control sample were firstly obtained, compaction tests were then carried 

out to obtain the Maximum Dry Density and Optimum moisture content of different 

percentages of RHA in order to obtain a relationship between MDD OMC and RHA 

percentages the soil samples in this part the soil samples were not left to calibrate for 

24 hours as instructed in BS1377 for the simple reason that the soil sample would dry 

up after a couple of hours when mixed with cement and for consistency purposes the 

same was done for samples with just RHA. The Independent curves corresponding to 

each percentage of RHA by considering 0%, 5% and 10% of air void line have been 

illustrated in fig. 2 According to BS, the 0% air void line which is called saturated line 

should not cross the curve. 

 

 
 

Figure 2: Soil mixed with 0% RHA and 0% cement 

 

 

C. Optimum Moisture Content 

 

 
 

Figure 3: Optimum moisture content Vs RHA percentage 
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According to the graph of Optimum Moisture Content against percentage of RHA 

shown below It can be seen from the results obtained that as the percentage of RHA 

increases the Optimum moisture content also increases [3]. This increase was due to 

the addition of RHA, which decreased the quantity of free silt fraction and forming 

coarser materials with larger surface areas(these processes need water to take place) 

and also that more water was needed in order to compact the soil-RHA mixtures [4]. 

According to ref. [5], the increase in OMC was probably due to the fact that RHA 

particles are finer than the soil, and the finer the particles the larger the surface area, 

so more water is required to provide well lubrication exceeding water absorption by 

RHA and also as a result of its porous properties and increase of water content was 

also attributed to the pozzolanic reaction of RHA with the soil. The increase in 

optimum moisture content causes the soil to move into a humidity range to lubricate 

the soil particles, helping them to slide into the voids between larger particles and 

produce the greatest density that can be easily compacted with less compacting energy 

hence compaction can be done in a shorter period of time which will result in a 

shorter construction period. This effect is clearly advantageous when used on soils 

with a high water content, after compacting, the soil then has excellent load-bearing 

properties. 

 

D. Maximum Dry Density 

 

 
 

Figure 4: Maximum dry density Vs RHA percentage 

 

 

The figure below is a graph of Maximum dry density vs RHA percentage it can be 

seen that as the percentage of RHA increases the Values of Maximum Dry Densities 

decreases, and the reduction may be attributed to the replacement of soil by RHA in 

the mixture which has relatively lower specific gravity of 2. 25 compared to that of 

the residual soil which is 2. 564 [4]. The decrease in MDD may also be attributed to 

the coating of the soil by the RHA which results to larger particles with larger voids 

and hence less density [10]. Decrease in Maximum dry density indicates that low 

compactive energy is needed to attain its MDD. As a result, the cost of compaction 

becomes economical. 
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Figure 5: Graph of Maximum dry density vs cement 

 

E. 8% RHA And Cement 

After the UCS test was conducted it was established that the percentage of RHA with 

gave highest value of shear strength was 8% RHA. Various percentages of cement 

were then added to see if cement would improve the shear strength further. But before 

shear strength tests could be counducted compaction tests were then carried out in 

order to obtain the Maximum Dry Density and Optimum moisture content of 8% 

RHA mixed with varying percentage of cement i. e. 6% 10% 15% 20% and also in 

order to obtain a relationship between MDD OMC and 8% RHA with varying cement 

percentages, the soil samples in this part were not left to calibrate for 24 hours due to 

soil sample would dry up after a couple of hours when mixed with cement The 

variations of MDD and OMC with stabilizers contents are shown in Figure 5 and 6 

respectively. 

 

1) Optimum Moisture Content & Dry Density 

It can be seen from figure 5 that the addition of both cement and RHA caused a 

significant decrease in the values of MDD these results are consisted with those 

obtained in past [1]. The dry density decreased from 1600 kg/m
3 

to 1498 kg/m
3 

with 

addition of cement 6% to the 8% RHA-soil mixture and continued to decrease with 

further addition of cement, it should be noted however that the RHA-soil mixture had 

the lowest MDD (1112 kg/m
3
) overall according to [1], this is attributed to the relative 

higher specific gravity of cement (3. 15) as compared to of RHA which was reported 

to be (2. 16 ). The lower the maximum density is the lower the compacting force 

needed to achieve it therefore the addition of RHA and cement has the potential to 

save both time and money. 

The graph below (figure 6) shows the variation of OMC with addition of 8% RHA 

and varying percentages of cement it can be seen from the graph that the OMC 

increased significantly with the addition of both RHA and cement and this is in line 

with the results obtained [3], it can be seen that addition of 8% RHA and 6% cement 

increases the OMC from 7% to 17%, further addition of Cement to the 8%RHA-
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mixture caused the OMC to increase further all the way up to 25%. The increase in 

OMC is probably a consequence of two reasons: (1) the additional water held with the 

flocculant soil structure resulting from cement interaction, and (2) exceeding water 

absorption by RHA as a result of its porous properties cement contents cause greater 

consumption of water during hydration, thus increasing drying shrinkage [13]. 

 

 
 

Figure 6: Optimum moisture content vs cement 

 

F. California Bearing Capacity 

 

 
 

Figure 7: Graph of CBR values vs RHA percentage 

 

The CBR test was conducted on 5 samples which were prepared at OMC MDD. The 

figure 7 below shows the variation of CBR with addition of RHA to the soil it can be 

seen from the graph that addition of 5% RHA to the soil sample increases the value 

CBR from 16% to 25% further addition of RHA caused the value of CBR to from 

25% to 8%. According to [1], the reason for increment in CBR were due to the 

gradual formation of cementitious compounds in the soil by the reaction between the 

silica in the RHA and some amounts of Calcium Hydroxide (CaOH) present in the 

soil he goes on further to state the decrease in CBR was due to extra RHA that could 

not be mobilized for the reaction which consequently occupies spaces within the 
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sample hence the reduced the bond in the soil-RHA mixture which resulted in a lower 

CBR. Because the CBR obtained is 25% which according to research done in past 

results is a very good sub-grade with adequate strength, the use of just 5% RHA to 

stabilize residual soil could result in a reduction in the thickness of the sub-grade 

which would in turn reduce the costs. 

 

G. CBR of Soil, Cement & RHA Mixture 

The CBR test was conducted on a soil sample with 8% RHA and varying percentages 

of cement that were prepared at optimum moisture content and compacted with 

according to BS1377 part in the CBR mould. According to the figure 4. 9 below 

tremendous improvement in the CBR, the CBR value increases from 16% to 44% 

with the addition of 6% of cement of to the 8% RHA-soil mixture and this according 

to resulted from the secondary cementitious materials resulted from the reaction 

between the lime librated from the hydration reaction of cement and the pozzolanic 

RHA. This reaction also contributed to inter-particle bonding. As with the unconfined 

compressive strength, the CBR increases with addition of lime but, however, the 

RHA-treated residual soils decrease the CBR value. This again, alludes that RHA 

alone is not suitable as a stabilizer. Combination between RHA and cement yields a 

significant enhancing of strength as well as CBR. This result confirms that 10% 

cement 8% RHA mixture attain the maximum CBR value of 74%. Multiple 

enhancement of CBR value is reached when lesser cement content and RHA is mixed. 

The cementitious reaction between cement and the soil takes place as primary and 

secondary processes. Hydration of the cement is regarded as the primary reaction and 

forms the normal cement hydration products that bind particles together. In the 

secondary process, the fresh calcium hydroxide formed in the primary phase reacts 

with the silica and alumina in the soil and the silica in the RHA to form additional 

cementitious material. The results obtained show that RHA and 6% cement improves 

the CBR value that surpasses the required CBR for Sub-grades to a CBR value that 

makes for a good base which is reported to be in the range of 30%-45% thus 

stabilizing soil with 8% RHA and little cement can result in a thinner sub-grade which 

will in turn save both time and money. 

 

 
 

Figure 7: CBR values 8% RHA& CEMENT 
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H. Unconfined Compressive Strength 

Unconfined compression strength test was carried out on samples after 7 days curing 

period. A sample of the data collected and graphs obtained are shown below. 

 

1) With Only RHA And Soil 

Unconfined compressive strength (UCS) is the most common and adaptable method 

of evaluating the strength of stabilized soil. It is the main test recommended for the 

determination of the required amount of additive to be used in stabilization of soil 

[12]. From the figure 8 below of shows the variation of shear strength with RHA 

content. It can be seen that the shear strength increased from 95kPa to 209 kPa with 

increase in RHA content from 0% to 8% respectively and subsequently reduced with 

further addition of RHA. The reason for increment in shear strength may be because 

of the gradual formation of cementitious compounds in the soil by the reaction 

between the pozzolans (i. e silica) present in the RHA and some amounts of CaOH 

which has been reported to be present in some residual soils which results in 

agglomeration in large size particles and causes the increase in shear strength [1]. The 

reason behind the decrease in the shear strength values after the addition RHA 

according to be due to the excess RHA introduced to the soil and therefore forming 

weak bonds between the soil and the cementitious compounds formed. The highest 

value of shear strength obtained is 209 kPa which is does not meet the required design 

strength of subgrades and this shows that RHA cannot be used solely for stabilization 

of soil. 

 

 
 

Figure 8: Shear strength values RHA& soil 

 

 

2) With 8% RHA, Cement And Soil 

After the UCS test was it was established that the percentage of RHA with gave 

highest value of shear strength was 8% RHA. Various percentages of cement were 

then added to see if cement would improve the shear strength further conducted on a 

soil sample with 8% RHA and varying percentages of cement that were prepared at 

optimum moisture content and compacted with enough force so as to achieve 

maximum dry density. The samples were the left for 7 days of moist curing. The 
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results obtained are as shown below in figure 9 it can be seen that the addition of just 

6% of cement caused a significant increase in the UCS of the RHA-soil mixture from 

95kPa to 558 kPa there is a continuation of increase in strength all the up to 1817 Pa 

at 15 percent of cement which was the highest as compared to 209 kPa the soil 

mixture which only contained RHA further addition of cement resulted in a decrease 

in shear strength. The strength obtained after adding 15% of cement to the mixture 

meets the British unconfined compressive strength criterion of 1. 7 MN/m2 which 

according to [6], was adopted by Malaysia for lightly trafficked roads. 

 

 
 

Figure 9: Shear strength values RHA& soil 

 

 

The reason for the increase in strength was due to the fact that Portland cement is 

composed of calcium-silicates and calcium-aluminates, when combined with water, 

hydrate to form the cementing compounds of calcium-silicate hydrate and calcium-

aluminate-hydrate as well as excess calcium hydroxide which form stronger bonds 

with the soil than those with RHA[11]. In another study which considered the micro-

structural aspects of cement stabilisation stated that the cementitious products of the 

hydration reaction not only enhance the inter-cluster bonding strength but they also 

fill the pore space thus the volume of pores is significantly reduced with cement, 

which results in the reduction in total pore volume [17]. As a result, the strength 

significantly increases with cement. This investigation shows that RHA-stabilized 

soils can be intensified by adding between 10–15% of cement, and if a lesser amount 

of cement is required to achieve a given strength it results in lower construction cost. 

The decrease in strength after addition of 15% cement because RHA is a porous 

material, some of the water that was added to the mixture was absorbed by the RHA 

[2] and hence there was not enough water to cause a hydration reaction with the all 

the cement. 

 

I. Comparison of Results 

Tables 2 and 3 show results of CBR test and UCS test that were obtained in the past 

by different authors done on different soils found in Malaysia, the results include the 

value of the CBR tests and UCS tests before addition of cement, RHA and after 
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addition of the said, also the mix design that resulted in the highest values. All the 

results show that the highest values of CBR and UCS occurred at different mix 

proportions of RHA and cement, but they all show that the addition of RHA and 

cement improves CBR and UCS values tremendously, some of them up to 10 times 

the values obtained on the soil before stabilization. It obtained a CBR value of soil 

before addition of RHA and cement as 4% and after the addition of RHA and cement 

the CBR value was 53 [3]. In the same study [3], for the UCS test, it was found that 

the shear strength of the soil on its own was 80 and after the addition of RHA and 

cement the shear strength was found to be 1180. The differences in these results show 

that RHA reacts differently with different soils, some soils need more RHA and some 

need less. This may be due to different chemical compositions. 

 

Table 2: Comparison of UCS Values 

 

 E. A Basha et 

al. (2004) 

M. J. M. M. Noor 

et al. (1997) 

Results Obtained 

UCS values of soil without any 

additives 

80 200 95 

UCS (kPa) 1180 1650 1817 

Mixture proportion of were 

maximum UCS value occurs 

8% cement and 

15 % RHA 

10% cement and 

10% RHA 

15%cement and 

8% RHA 

 

 

Table 3: Comparison of CBR Values 

 

 E. A Basha et 

al. (2004) 

M. J. M. M. 

Noor et al. 

(1997) 

Results 

Obtained 

CBR value of soil without 

any additives 

4 N/A 16 

CBR value (%) 53 N/A 74 

Mixture proportion of were 

maximum CBR value occurs 

8% cement and 

15 % RHA 

N/A 10% cement 

and 8% RHA 

 

 

Conclusion 

In conclusion, results of this research are presented as follows: 

A. The MDD of cement-stabilized residual soil decreases with the increase in RHA 

content. Adding RHA to the soil caused increase in the OMC and addition of 

cement resulted in further increase of OMC 

B. The unconfined compressive strengths of RHA-stabilized soils increase with 

addition of RHA up to a certain percentage of RHA which in this case was 8%, 

however, further addition of RHA caused a decrease in shear strength. It was 

found that addition of cement to the RHA treated soil caused the value of shear 
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strength to increase tremendously a value of 1817kPa in shear strength which 

was found at proportions of 8% RHA and 15% cement, this shows us that RHA 

needs a lesser amount of cement to achieve a given strength as compared to 

cement-stabilized soils. 

C. It can also be seen from the results obtained that there is a decrease in CBR with 

increase in RHA percentage the RHA alone increases the value of the CBR to a 

value that qualifies the soil to be suitable for sub-grade purposes. The increase 

in CBR value corresponds to the increase in cement content. Adding cement into 

RHA-treated residual soil, the CBR value increase multiply. The maximum 

CBR, as much as 74% is found at combination of 8% RHA and 10% cement. 

 

All of the above mentioned show that RHA can potentially stabilize the residual soil, 

either solely or mixed with cement. Utilizing is an alternative, it is available to reduce 

construction cost, particularly in the rural area of developing countries the results 

show that 10-15% of cement mixed with 8% RHA can result in optimum results. 

When testing whether or material is suitable to be used as a stabilizer the methods of 

testing used and accuracy of the results play a big role, the apparatus used in this 

report to measure the strength properties of soil after addition of RHA or cement to 

the soil were manually operated which most likely introduced human errors into the 

reading, therefore for future study the apparatus used must be of high accuracy and 

whenever possible automated to eliminate human error. Secondly, rice husk ash reacts 

differently with different types of soils due to their difference in chemical 

compositions, hence if RHA is being considered as a soil stabilizer on a particular 

project tests should be conducted on all the soils that are present on that site so as to 

obtain their chemical properties, of course finding the chemical properties of residual 

soil was not in the scope of this project, even though RHA proves to be a more 

economical and environmentally friendly but on its on RHA does not significantly 

improve the shear strength of the soil, hence a strong binder such as cement or lime 

needs to added in order to achieve required shear strength. 
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