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 Construction of engineering structures on problematic soils such as clay is difficult 
and expensive, it sometimes requires hauling of good materials from other sources 
or the stabilization of in-situ soil to reduce cost. The aim of this paper is to evaluate 
some geotechnical characteristics of clay soil stabilized with Piliostigma Thonningii 
Pod Ash (PA] for road construction. The Piliostigma Thonningii used in this study 
was obtained from Gwaraje Village, Katsina state Nigeria. The pod was burned in 
the furnace under a controlled temperature to obtain pod ash (PTA). The 
percentages of PTA used were 2%, 4%, 6%, 8% and 10%, then Compaction, 
Atterberg limits, California bearing ratio (CBR) and direct shear tests were conducted 
on control clay (0% PTA) and PTA stabilized clay. The compaction test result shows 
an increase in maximum dry density with the increase of PTA percentage, while 
optimum moisture content remains constant at 4%, 6% and 8% PTA stabilized 
samples. Generally, CBR, shear strength and bearing capacity were improved with 
the increment of PTA percentage, the optimum improvement was obtained at 8% 
PTA stabilized samples. Liquid and plastic limits of the stabilized clay were increased 
which shows an improved clay strength under moisture, therefore 8% of PTA is the 
optimum content in stabilizing clay that could be used for effective road fillings. 
 

Keywords: Clay, Piliostigma Thonningii, bearing capacity, California bearing ratio, 
stabilization 

 

1. Introduction 
Soil stabilization refers to the process in which a cementing 

or other chemical material is introduced into a natural soil to 
enhance one or more of its properties. Soil stabilizing additives 
are used to improve the properties of less–desirable soils [1]. 
When a stabilizing agent is used, it improves and maintains soil 
moisture content, increases soil particle cohesion, and serves as 
cementing and waterproofing agent [2].  

Civil engineering works face difficulty when the subgrade is 
found to be clay or weak soil [3]. Soils having high clay content 
have to swell when their moisture content is increased [4]. Much 
research has been done on soil stabilization using various 
additives; the most common among these additives are cement 
and lime [5], but in recent years the use of rice husk ash was 
explored [6]. The high strengths developed by using cement and 
lime may sometimes not be required [7]. Therefore, there is a 
need for cheaper additives that can be used to improve the soil’s 
mechanical properties [8].  

In other developments, locally produced admixtures are 
being developed to reduce the use of expensive imported 
admixtures in concrete such as the effect of locust bean pod 
powder on the strength properties of concrete and Gum Arabic as 
an admixture in concrete. Also, the use of Piliostigma Thonningii 
pod powder as an admixture in concrete. Considering the above, 
it can be seen that most of the research conducted on local 
additives involved concrete strength improvement. Thus, this 
paper tends to evaluate some geotechnical characteristics of clay 
stabilized with Piliostigma Thonningi Pod Ash (PTA) for road 
filling. 

2. Materials and methods 
2.1 Piliostigma Thonningii Pod Ash (PTA) 

Piliostigma Thonningii tree is found in many places in West 
Africa, it is a leguminous plant belonging to the family of 
Caesalpiniaceous, a family that comprises trees, shrubs, or very 
rarely scramblers [9]. The tree is perennial in nature and its petals 
are white to pinkish color produced between November and April 
[10 – 12]. While the fruits, which is a hairy, hard, flattish pod that 
turns rusty brown, woody, and twisted which splits at ripening and 
usually persistent on the tree are produced between June and 
September [13]. It is found growing abundantly as a wild 
uncultivated tree in many parts of Nigeria such as Zaria, Bauchi, 
Ilorin, Plateau, Lagos, and Abeokuta [14]. The local builders use 
the pod powder as strength improving agent in mud for walling 
and rendering. The chemical composition of Piliostigma 
Thonningii pod ash is presented in Table 1. It cost about $0.06 
per kg which made it cheaper than any locally available material 
of its kind. 

The presence of SiO2, Al2SO3, Fe2O3 and CaO in 
Piliostigma Thonningii pod ash signifies its ability to stabilize soils. 
When the above compounds are blended with soil in the 
presence of water, a set of reactions occur resulting in the 
formation of cementitious and pozzolanic gels [calcium silicate 
hydrate gel (CSH) and calcium aluminate silicate hydrate gel 
(CASH). These reactions contribute to soil stabilization by binding 
the solid particles together, and this binding produces a stronger 
soil matrix [16]. 
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Table 1: Chemical Composition of PTA [13] 

Compound % 

SiO2 3.8 
Al2SO3 9.5 
Fe2O3 35.7 
CaO 1.5 
MgO 1.96 
K2O 25.03 

NaO2 1.75 
SO2 1.17 
LOI 3.8 

 

2.2 Clay 
The soil used in this research is classified as CL (lean clay) 

based on the Unified Soil Classification System (USCS) as 
described in ASTM D2487-17, it was obtained from Gwaraje 
village in Katsina, northern Nigeria. A disturbed sampling method 
was adopted, the soil sample was collected at a depth of 1m, and 
packed in plastic bags to avoid loss of moisture during 
transportation to the laboratory. After the determination of natural 
moisture content, the sample was air-dried. Table 2 shows some 
of the index properties of natural soil without the addition of PTA 
using the relevant tests in accordance with ASTM standards. 

From Table 2, the strength of the clay used for this study is 
very low considering the shear strength, bearing capacity, and 
California bearing ratio. 
 

2.3 Methodology 
To study the effect of Piliostigma Thonningii pod ash (PTA) 

on clay stabilization, the following tests were conducted on the 
natural clay as a control and a mixture of natural clay with 4%, 

6%, 8% and 10% PTA. Liquid limit, plastic limit, and Modified 
proctor compaction tests were first observed, followed by 
California bearing ratio (CBR) and shear box test at the 
determined optimum moisture content of each percentage of PTA 
added. The CBR test was conducted on un-soaked samples.   

 
Table 2: Properties of the clay used in this research. 

Test Observed Values Obtained 

Liquid Limit 29% 
Plastic Limit 17% 
Plasticity Index 12% 
Linear Shrinkage 5% 
Natural moisture content 23% 
Optimum Moisture Content (OMC) 12.50% 
Max. Dry Density (MDD) 1400kg/m3 
Unified Soil Classification System CL 
Color Grayish Black 
Specific Gravity 2.69 
Cohesion (c) 2.5 
Angle of Internal Friction (θ) 110 
Shear Strength 10 kN/m2 
Soil Bearing Capacity 49kN/m2 
California Bearing Ratio (Unsoaked) 15% 

 

3. Result and discussion 
3.1 Compaction test 

A modified compaction test was performed in accordance 
with ASTM D1557-12 on the natural clay sample and other four 
stabilized samples (i.e. 4%, 6%, 8% and 10% PTA samples). The 
result of optimum moisture content is summarized in Figure 1 and 
the result of maximum dry density is illustrated in Figure 2. 

 

 
Fig. 1: Variation of Optimum Moisture Content with % PTA. 

 

 
Fig. 2: Variation of Maximum Dry Density (MDD) with % PTA 
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From Figures 1 and 2, the maximum dry density (MDD) 
increases with the increment of PTA from 0% to 8% while the 
optimum moisture content remains constant at 4% to 8%. At 10% 
PTA maximum dry density decreased while optimum moisture 
content increased. The increment of clay-PTA mixture MDD at, 
4%, 6%, and 8% is due to the improved expansion behavior of 
the stabilized clay at the above range of PTA percentages. In 
regard to steady OMC from 4% to 8% PTA, this is due to the 
ability of the PTA to control the MDD of the clay at 13.5% 
moisture content as indicated by the compaction test. In the case 
of a 10% soil-PTA mixture, the decrease in the MDD is attributed 
to the replacement of soil by the PTA and acts as a filler in the 
mixture which has a relatively lower specific gravity of 2.52 
compared to that of the soil which is 2.69. 
 

3.2 Atterberg limits 
The liquid limit test was conducted using the Casagrande 

apparatus according to ASTM D4318-17. The plastic limit test 
was also conducted according to the ASTM D4318-17. These 
tests were carried out to investigate the effect of PTA on the 
consistency limits. Table 3 shows the summary of Atterberg limits. 
 

Table 3: Atterberg limits of natural and stabilized soil. 

Soil 
Sample 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

0% PTA 29 17 12 
4% PTA 32 19 13 
6% PTA 32 19 13 
8% PTA 31 19 12 
10% PTA 30 18 12 

From Table 3, the liquid limit of natural soil increased due 
to the addition of PTA of 4% and 6%, this means that the ability of 
the clay to act as liquid from 29% moisture content has improved 
to 32%. At 8% and 10%, there was a partial improvement in the 
consistency limits. The plastic limit of the natural and PTA 
stabilized soil shows a constant value of 19% at 4%, 6%, and 8% 
PTA. The plasticity index shows almost constant values 
throughout the samples which indicate the ability of the stabilizer 
to improve the soil quality without altering or increasing swelling 
the potential of the soil [17].  
 

3.3 California bearing ratio (CBR) Test 
The California bearing ratio (CBR) value is a tool used to 

indicate the soil strength, it also sheds more light on the bearing 
capacity of soil stratum. CBR value is also used in the design of 
base and sub-base of pavements. The test was conducted 
according to ASTM D1883-16. The CBR value of un-stabilized 
clay was found to be 15%, Figure 3 shows CBR values of natural 
and PTA stabilized soil at different percentages. Generally, CBR 
values increased with the increment of PTA content. A peak CBR 
value of 32% was recorded for 8% treatment, and dropped to 
24% at 10% PTA content. This shows that there is a formation of 
cementitious materials due to the reaction between the PTA 
constituents (Al2SO3, Fe2O3 and SiO2) and clay minerals [18]. At 
10%, the stiffness of the soil mixture has been affected by 
additional PTA which coats soil particles and tends to disintegrate 
the particles hence reducing the CBR value. Basically, the CBR 
value has been improved from 15% to 32%. 
 

 

 
Fig. 3 Variation of CBR value with % PTA content. 

 

3.4 Direct shear test 
The shear box test was conducted in accordance with 

ASTM D3080-11, although this method is widely used to test 
cohesion-less soils but it can be applied to test cohesive soils 
under the condition of drained loading to derive drained shear 
strength parameters [19]. Shear strength parameters were 
determined from the result of the shear box test, the test was 
conducted at the optimum moisture content of un-stabilized clay 
and at each percentage of PTA added to the clay. The result is 
summarized in Table 3 shown below. 

From Table 3, the constant cohesion of stabilized clay from 
4% to 8% is greater than that of the original soil, this is as a result 
of the binding ability of the stabilizing agent (i.e. PTA) to hold the 
soil particles together, but dropped at 10% which is due to the 
excess PTA that could not react with the clay minerals and 
remain as coatings on the clay particles. The increment of shear 
strength with the increment of PTA percentage shows a good 

characteristic of the PTA stabilizer which could improve clay 
shear strength by 30% [20]. 
 
Table 3 Shear strength parameters (Natural & PA stabilized soil) 

Soil Sample 
Cohesion 

value c 

Angle of 
Internal 
Friction 

Shear 
Strength 
(kN/m2) 

0% PTA 2.5 110 10 
4% PTA 3.75 110 11.66 
6% PTA 3.75 120 12.22 
8% PTA 3.75 140 12.78 
10% PTA 3.5 110 11.38 

 

3.5 Bearing capacity  
The bearing capacity of the natural and PTA-stabilized clay 

was determined using shear strength parameters. The result is 
described in Figure 4 below. 
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Fig. 4 Bearing capacity of natural and PTA stabilized soil. 

 
From Figure 4, the bearing capacity of the natural clay has 

been improved to 300%. This is the function of shear strength 
improvement by the PTA stabilizer. 
 

3.6 Unconfined compressive strength (UCS) 
An unconfined compressive strength test was conducted in 
accordance with ASTM D2166-16. The test was conducted on 
natural clay and PTA-treated clay. The test specimens were 

averagely 76 mm height and 38 mm diameter. Figure 5 is an 
illustration of result obtained from the UCS test. From Figure 5, 
the unconfined compressive strength of natural clay was 
improved due addition of 4%, 6% and 8% PTA. At 10% PTA, the 
clay compressive strength was decreased as shown in CBR and 
direct shear tests. The results indicate that the maximum 
compressive strength was found in the clay treated with 8% PTA. 

 

 
Fig. 5 Unconfined Compressive Strength of Natural and PA stabilized Clay 

 

4. Conclusions 
This research was conducted to evaluate some 

geotechnical characteristics of clay stabilized with Piliostigma 
Thonningi Pod Ash (PTA], the study was successful and the 
following conclusions are drawn: 

a) Maximum dry density was increased as the PTA content 
increases but optimum moisture content remains constant 
between 4% to 8% PTA stabilized soil. 

b) Liquid limit of the natural soil was increased with the 
increase of PTA content of 4% and 6% but dropped at 8% 
and 10%, while swelling potential remain almost constant 
throughout. 

c) CBR value was increased with the addition of PTA stabilizer 
to the peak of 100% improvement at 8% PTA.  

d) The shear strength of the soil was improved by 30% with 
the addition of 8% PTA. 

e) The bearing capacity of the soil was also improved by 300% 
with the addition of 8%. PTA  

f) In conclusion, 8% is the maximum dosage that can yield a 
better result, considering 10% PTA always gives lower 
desirable values. 
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