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Abstract 
Cassava peels are produced as a waste from cassava, which are disposed into landfills. 
These become an environmental problem; therefore the use of cassava peel ash 
(CPA) as a soil stabilizer must be encouraged. This study investigates the effects of 
CPA and quarry dust (QD) on the engineering properties of Akwadum soil behavior, 
using compaction test, Atterberg limit, and California bearing ratio (CBR). These 
properties were compared with those of unstabilized soil (original) and soil stabilized 
with CPA and QD. The natural soil was obtained from a borrowed pit at Akwadum 
near Koforidua at an average depth of 0.8 m which is meant for road works. This soil 
sample was stabilized with CPA and QD at 5%, 10% and 20% respectively. The com-
paction, California bearing ratio and Atterberg limit test were performed on the sta-
bilized soils to thoroughly evaluate them. The results indicate that increasing the 
percentage of CPA to the natural soil decreases the maximum dry density at increas-
ing optimum water content. The addition of QD at higher percentage increases the 
maximum dry density at decreasing optimum water content. The results reveal that 
both QD and CPA improve the engineering properties of the soil with QD providing 
better results. 
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1. Introduction 

It has always been a problem to undertake construction on soft soils such as silt; this 
has been a major concern in geotechnical engineering. Though the construction on soft 
soils has been on the increase as a result of economic reasons, its utilization in the de-
veloping regions is relatively low. The silt soils have a low undrained shear strength 
(less than 25 kPa), extremely high compressibility, poor workability and bearing capac-
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ity [1]. The rapid development and population growth have made it inevitable to have 
infrastructures in soft soil lands. This has resulted in the need to find solution by im-
proving or increasing the strength of these soft soils [2]. The methods for stabilizing 
soft soils include chemical and physical. The chemical method is mainly by treating the 
various soils with additives [1]. Stabilizing soils with different additives for different 
purposes has become increasingly popular in various literatures [3] [4] [5]. However, 
the use of cement as a stabilizer has being of great concern for not only their cost but 
also its negative environmental effect during manufacturing. Lots of researches have 
been conducted to improve upon the soft soils through modification and stabilization. 
The effective stabilization of these soils will help increase the strength and also decrease 
the excessive settlement that occurs when subjected to loads [2].   

The rapid increase in population, as well as expansion of industrial facilities has re-
sulted in commercial use of cassava [6]. Cassava peel ash (CPA), a waste from cassava 
production is one of the most commonly produced waste materials in Ghana. It has 
strong potential to treat physical and chemical characteristics of soft soils due to its 
amorphous nature and high silica content [1]. [7] established that CPA contains poz-
zolanic reactivity when it is calcined at 700˚C for 90 minutes. It contained more than 70 
per cent of combined silica, alumina and ferric oxide when subjected to the above con-
ditions. 

It is therefore important to investigate into suitable methods of consuming and using 
this waste in field of civil engineering (geotechnical), especially in countries like Ghana 
where agriculture is dominant and compare the results to QD which is widely used and 
accepted in Ghana. The era of CPA as a stabilizer in geotechnical application has at-
tracted much attention mainly because of its easy accessibility and cheap commercial 
value. There have been some literatures that investigated the use of CPA as an addi-
tional cementitious material to increase the strength of soil in the past year [8]. A re-
view of the literature shows that not much work has been done in Ghana in the past to 
access the effectiveness of CPA and QD-stabilized soils, particularly soft soils which 
require high quantities of stabilizer to reach satisfactory results.  

This present study investigates the possible use of CPA and QD in stabilizing soft 
soils under appropriate conditions especially in Ghana. An investigation was conducted 
on the influence of different percentages of CPA and QD mixtures on the index Atter-
berg limits, compaction, and California bearing ratio (CBR) of selected Akwadum soil 
for the above purpose. The Akwadum soil is mostly used as borrow material for road 
works in parts of the Eastern Region of Ghana. 

2. Materials and Methods 
2.1. Materials 

Soil: Soil sample was obtained from a borrowed pit at Akwadum in Koforidua meant 
for road works. The soil samples were obtained at average depths of 0.8 m to obtain the 
true representative sample of the soil used for road construction. The sample was 
spread on different metal pans to facilitate air drying. All the clods and lumps in the 
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sample was broken down and well pulverized before running classification test on it. 
Cassava Peel Ash: Cassava peel were obtained from restaurant waste dumps, domes-

tic wastes and dump sites of cassava processing locations around Koforidua. The peels 
were subsequently spread on matting and allowed to properly dry to facilitate proper 
combustion during burning. The cassava peels were burnt into ashes in a metal drum. 
The ashes formed were allowed to cool down before sieving through 2.36 mm BS sieve. 
The ashes were stored in airtight containers to prevent moisture loss and any form of 
contamination. Potable water available in the laboratory was used for the study. 

Quarry Dust: The quarry dust is the by-product which is formed in the processing of 
the granite stones which broken downs into the coarse aggregates of different sizes. The 
QD was obtained from the Kristo Asafo quarry site along the Winneba road.  

2.2. Method 

CBR: The CBR test was carried out on material passing the 2.00 mm test sieve. With 
soil particles larger than this, the fraction retained on the 2.00 mm test sieve was re-
moved and weighted before preparing the test sample. The moisture content of the soil 
was chosen to represent the design condition for which the test results are required. 
CBR tests were conducted in compliance with the ASTM D 1883. After preparation of 
samples, they were sealed by plastic sheets and left to cure in laboratory conditions (23 
± 3_C) for 7 days before testing. 

Atterberg Limits: The Atterberg limit was used to determine both the liquid limit and 
plastic limit. In other to determine the physical properties of the soft soil, Liquid limit 
(LL) and plastic limit (PL) tests were carried out to assess the effects of the CPA and 
quarry dust. The specimens were cured in a plastic cover for a day, air dried, pulverized, 
and passed through a 425 µm test sieve after mixing. The LL and PL tests were then 
conducted in line with British standard methods (BS 1377: Part 2) Standard, 1377. The 
LL and PL tests of the treated specimens were determined after a day as commonly 
performed in treated soil using chemical binders. 

Compaction: Compaction is the densification of soil material by removing air and 
water from its pore space. There exists a certain amount of moisture that a soil can have 
where a maximum unit weight is obtained. When the soil is compacted to this state it is 
referred to as the maximum moisture/unit weight. The Maximum Moisture/Unit 
Weight is use to determine the Degree of Compaction. Compaction tests were per-
formed according to the modified Proctor test (ASTM D 1557) to determine the max-
imum dry unit weights (cd(max)) and the optimum moisture contents (wopt) of the un-
treated and treated soils. Amount of CPA and QD used were 5%, 10% and 20%. 

3. Results and Discussion 
3.1. The Particle Size Distribution 

The results of the test performed on the natural soil, showed that it was silt or clayey 
gravel and sand using the AASHTO classification. The silty soil was classified as A-2-7 
according to the AASHTO (Table 1), which are mostly rated as subgrades. Figure 1 
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shows the particle size distribution curve and Table 1 shows the classification of the 
natural soil sample. 

3.2. Compaction Characteristics 

The compaction characteristics for the soil were determined. The Proctor standard test 
according to ASTM D698 (ASTM International, 1998b) was used to obtain the com-
paction characteristics for the soil. The optimum moisture content (OMC) and maxi-
mum dry density (MDD) of the natural soil, quarry dust mixed with natural soil and 
CPA mixed with natural soil were all determined. Different MDD and OMC values 
were obtained for Quarry dust mixed with natural soil and CPA mixed with natural soil 
(Figure 2 and Figure 3).  

The natural soil obtained MDD of 2336 kg/m3 and OMC of 5.4% (Figure 2 and Fig-
ure 3). When 5%, 10%, and 20% of quarry dust was added to the natural soil, the MDD 
values obtained were 2316, 2292 and 2274 kg/m3 with corresponding OMC of 5.6, 6.8 
and 7.1% respectively (Figure 2). When CPA was mixed with the natural soil in the 
same proportion (Figure 3), the MDD values were 2268, 2290 and 2318 kg/m3 with  

 
Table 1. Classification of soil sample. 

Description Classification and rating 

General classification A-2-7 

Usual type of significant  
constituent materials 

Silty or Clayey or gravel or sand 

General rating as subgrade Good 

 

 
Figure 1. Chart showing particle size distribution curve of the natural soft soil. 
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Figure 2. Compaction curve for soil + quarry dust at different variations. 

 

 

Figure 3. Compaction curve for soil + quarry dust at different variations. 

 
their corresponding values being 6.1%, 5.9% and 5.8% respectively. Results of the two 
figures clearly indicate that, the addition of QD to the soil increased the OMC and de-
creased the MDD while the addition of CPA to the soil caused a decrease in OMC and 
an increase in MDD. When the QD was replaced with CPA at similar dosages, it was 
observed that the OMC decreased which might due to the fact that QD has little higher 
affinity than CPA. The increase in MDD is sign of good improvement in the soil prop-
erty, while the decrease in OMC depicts an enhancement in the workability of good 
soil.  

The results are in conformity with other researches with works that used other ad-
mixtures as a stabilizer [5]. However, there is also slight variation in results which other 
researches which added cement to the natural soil together with the admixtures [1]. 
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3.3. Atterberg Limit 

The results of the Atterberg limit tests conducted on the natural soil mixed with QD 
and CPA are shown in Table 2. The addition of QD to the natural soil decreased the 
plasticity index (PI) of the soil which is similar to the addition of cement to the soil [9]. 
The PI continuously decreased by increasing the percentage of quarry dust 23.5%, 21.6% 
and 18.2% (Table 2). The addition of different proportions of CPA to the soil caused a 
decrease in both the liquid limit (LL) 47.26%, 41.81%, 36.90% and the plastic limit (PL) 
20.5%, 18.6% and 16.6% (Table 2). However, though both LL and PL have a decreasing 
trend, the values of LL are higher than PL which resulted in a positive PI but in de-
creasing order (i.e. increasing the percentage of CPA reduced the PI). This causes an 
improvement in the consistency of the natural soil. 

3.4. California Bearing Ration (CBR) 

The results of the CBR after 96hours of soaking are presented in Table 3. The soaked 
CBR values for different mixes of natural soil and CPA falls in the range of 17 and 174, 
with the maximum CBR value of the mix being 174 which was obtained by the mix of 
natural soil + 20% CPA. The minimum CBR value for the natural soil + CPA mix was  
 
Table 2. Atterberg limits of soil + various CPA and QD. 

SAMPLE ATTERBERG LIMITS 

 LL PL PI 

NORMAL 53.69 22.20 31.50 

Soil+ 0.5% of CPA 47.27 20.50 26.7 

Soil+ 1% of CPA 41.81 18.60 23.20 

Soil+ 2% of CPA 36.90 16.60 20.30 

Soil+ 0.5% of QD 41.73 18.20 23.50 

Soil+ 1% of QD 39.29 17.70 21.60 

Soil+ 2% Of QD 34.26 16.10 18.20 

 
Table 3. CBR test of soil + various CPA and quarry dust. 

SAMPLE CBR TEST AFTER 96 HOURS OF SOAKING 

 100% 98% 95% 93% 

NORMAL SOIL 57 49 36 28 

Soil + 0.5% of CPA 73 57 33 17 

Soil + 1% of CPA 152 93 52 24 

Soil + 2% of CPA 174 130 50 22 

Soil + 0.5% of QD 96 68 39 33 

Soil + 1% of QD 170 114 59 36 

Soil + 2% of QD 182 146 80 37 
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17 for natural soil + 5% CPA (Table 3). Agglomeration of the diverse material of the 
natural soil and CPA might be responsible for the changes in CBR [10] and the homo-
genous distribution of CPA in the mixture [11]. For the mixture of natural soil and 
quarry dust, the CBR values ranges from 33 to 182 (Table 3). The maximum CBR value 
obtained was 182, which was a mixture of natural soil + 20% quarry dust. The mini-
mum value was 33 for the mix of natural soil + 5% quarry dust. The peak value for each 
of the mix was obtained at the addition of 20% of the stabilizer to the natural soil, while 
the lowest value of CBR was obtained by the addition of 5% of the stabilizer to the nat-
ural soil. The addition of equal proportions of QD and CPA at each instance indicates 
that CBR values of QD + natural soil at all point is always greater than CBR values of 
CPA + natural soil. This clearly shows that the addition of CPA has little effects of the 
engineering properties of the mixture. 

4. Conclusions 

The usage of cassava peel ash (CPA) and quarry dust (QD) in the stabilization of natu-
ral soils was investigated. This was geared towards the achievement of green environ-
mental policy and clean technology. The CPA and QD were added to the natural soil at 
5%, 10% and 20% respectively.  

The results of the study proved that both QD and CPA are suitable chemical addi-
tions to treat the natural soil, but QD is more suitable than CPA. The utilization of CPA 
as chemical additions would reduce the environmental waste caused by the cassava 
peels as large amounts would be used in the production of the CPA. 
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