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Abstract

Agriculture wastes are generated in large quantities as well as Industrial wastes, disposing these waste
materials are gradually becoming major challenge globally. This study examined the impacts of locally
available additives, which doubles as wastes material like Sawdust as well as Palm kernel Shell as means
of stabilizing the soil of Ido Osi Local Government, Ekiti, Southwestern part of Nigeria. Soil samples were
obtained from six different locations from the study area. The two additives were mixed with the soil
samples at 2 — 8% proportion and laboratory tests like Compaction as well as California Bearing Ratio
(CBR) tests were conducted on them. It can be deduced from the results that CBR and Optimum Moisture
Content (OMC) worth decline as the additive contents rise in most of the soil samples, While the Maximum
Dry density (MDD) worth decline as the additive contents rise for most of the samples. Generally, it can
be concluded that the two additives have effects on the strength properties of the soil samples from the
study area. Though, it requires profound research works on the additives.
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1.0 Introduction

Construction industries depend on deeply on conventional resources like sand, cement, and granite, during
construction processes of either building or road projects. Owing to the increasing cost of many of these construction
materials, there had been serious setbacks in the infrastructural development in developing countries[1]. The need for
considering the use of cheap, locally available resources: Palm Kernel Shell denoted as PKSA in this study, Sawdust
Ashes (SDA), was equally considered as a replacement for the conventional aggregates. This innovative idea
drastically reduces the construction cost especially in road and building projects[2].

Several scholars have made attempts to reduce construction cost by exploring the effectiveness of local available
resources (additives) which can be grouped as both agricultural and industrial wastes[2-8]. These wastes comprise
sawdust, palm kernel shells, Cocoa leave ash, pulverized fuel ash, Grand nut shell ash, Snail shell ash, Eggshell, slag,
fly ash which are formed from thermal power station, oil production waste treatment plants and milling stations.

The usage of PKSA, SDA, and other local additives as stabilizers in road or building construction is gaining more
popularity. Fernandez[9], quantified the fly ash formed in India from power plants to be approximately 105m tonnes
yearly[9]. The current study seek to investigate the appropriateness in the use of sawdust as well as Palm Kernel Shells
Ashes as stabilizers on the strength properties of Ekiti State Soil using Ido-Osi LGA as a case study. This assessment
will embrace “Waste to Wealth” strategy, most of the additives which are waste products no economic value and there
is always a problem in disposing them. Thus, this study assessment not only resolve the issues encountered in
disposing them but will equally reduce environmental pollution.

2.0 Literature Review

Soil can be simply defined as a thin layer occupying land area on the surface of the earth. It encompasses various sizes
of particles, which are of great importance to the living creatures. Soil is considered as a natural property found on the
surface of the earth, formed by mineral particles with three significant properties; water, air, and organic material. Soil
is the oldest and the most complex of the construction materials used by Engineers[10]. Also, soil is a three-phase
structure endowed with various mixtures of locally-derived solids, including fine to coarse-grained rock as well as
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minerals organic matter, weathered rock and precipitates, liquid primarily water solutions and gases. From time
immemorial, lateritic soil is well known throughout the World as a construction material. Lateritic soil is usually
caused by concentrated chemical decomposition of rock as a general practice in tropical regions due to weathering
agents[11].

In Civil Engineering, soils with geotechnical problems can’t both be used as either safely or economically for
construction projects of Civil Engineering constructions without stabilizing it. Problematic soil is not suitable for
construction work as well as those soils that exhibit little strength as well as high compressibility. Stabilization of soil
is a technology aimed at refining soil strength as well as enhancing resistance to become softer by water by
waterproofing the particles and bonding the soil particles together. The technology provides an alternative provision
structural solution to a practical problem.

The simplest stabilization processes are compaction and use of drainage system (if water drains out of wet soil it
becomes stronger). The other process is by improving gradation of particle size and further to improvement can be
achieved by adding binders to the weak soils. The soil is removed and replaced by a good quality material or treated
using mechanical or chemical stabilization. Different methods can be used to improve and treat the geotechnical
properties of the soils (such as strength and the stiffness) by treating it in situ. These methods include densifying
treatments (such as compaction or preloading), pore water pressure reduction techniques (such as dewatering i.e.
removal of water) the bonding of soil particles by ground freezing, grouting, and chemical stabilization.

2. Methodology

The figure 1 below shows a detailed procedure of the laboratory tests conducted to achieve the aims of the study.

[ PRE - FIELDWORK ]
h 4
FIELDWORK ]
\ 4
[ DATA ANALYSES ]
\ 4 \ 4
[ RESULTS ANALYSES AND DISCUSSION ]
A 4
[ CONCLUSION AND RECOMMENDATION ]

Figurel: Methodological procedure chart
3.1 FIELD WORK STAGE

Six trial pits were dug to the depth of 1.00m, soil samples were collected below that depth to obtain the true
representative soil samples. Soil samples and other necessary information were retrieved from Ido-OSi Local
government area using the method of disturbed sampling, for sample collection. The samples were taken to the
laboratory where they were air dried and necessary tests will be carried out on them, compaction tests, California
Bearing Ratio test.

SAMPLE CODE LOCATION CHAINAGE COORDINATES

ROUTE Al IDO — OSI ROAD 2+000mN LAT.751273°N, LONG.51034.9°E

© IEOM Society International 1900



Proceedings of the International Conference on Industrial Engineering and Operations Management
Pilsen, Czech Republic, July 23-26, 2019

ROUTE A2 IDO - OSTIROAD 6+000mN LAT .75127.5°N, LONG.51034.8°E
ROUTE B1 IDO —IJERO ROAD 4+000mN LAT.7128.0°N, LONG. 5955.5°E
ROUTE B2 IDO -1IJERO ROAD 2+000mSE LAT.7128.2°N, LONG. 5955.6°E
ROUTE C1 IDO - IFAKI ROAD 6+000mSE LAT. 750.127°N, LONG. 512.2444°E
ROUTE C2 IDO - IFAKI ROAD 2+000mNE LAT. 750.129°N, LONG.512.253°E

3.2 Data Analysis.

Table 3.1: Details of the Soil Samples

Material Characteristics: This is the state and nature of the soil sample and additives. The data to be collected are
particle and grain sizes of soils and additives names. Field assessments were also conducted through visual inspection
and use of some tools like GPS. (to determine the coordinate of the study area)
General Information: This comprises of geological information, method of excavation, types of soil, bedrock type
and other useful additional information.

33 Laboratory Works

Both Compaction test and California bearing ratio were carried out on the samples taken from location. All
experiments procedures are in accordance with Standard Specifications ASTM-C618-92a (1994), ASTM-C311-11a
(1994) and BS 1377 (1991).

4. Results and Discussion

The result of the analysis of all experimental work that were performed on the untreated and treated soils obtained
from the study area are discussed below.
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4.1 Compaction Test Result Analysis

Table 4.1: Summary of Compaction Tests Results of Treated and Untreated Soil Samples

LOCATION ADDITIVE , PESA SDA
CONTENT (*%) |nDD (Eg ,-fm:sjl OMC (%) MDD (ngmznl OMC (%:)
0 1552 000) 72000  1552.000] 7.200
2 1470000] 13.100] 1047000 12400
a A 4 14300000 14.800] 1400000 10200
3 6 1396.000] 15.000] 2100000 10420
- 8 1375.000] 17.000] 1290000 £.000
& 0 1528.000f  12.000 1528.000} 15.570
g' 2 1525000 13.600] 1175.000]  16.000
= B 4 14920000 19.300] 1240000 12600
6 1460000] 16800] 1460000 16800
8 1388.000f 150000 1380000 15.200
0 1660.000] 14.000] 1660.000] 14000
2 1730000 18200 1720000  15.200
= C 4 1590000 17.000] 2000000] 15800
S 6 1570.000] 20000 1480000  1s.000
S 8 1600.000] 12.000] 1600000 12.000
= 0 1580.000] 14.000] 1580000  14.000
= 2 1618.000] 16000l 1780000 15600
a D 4 1640.000] 16000l 1726000 18400
6 1625.000] 13.200] 1260.000]  13.600
8 1535.000] 10600l 1540000 10800
0 1805.000] 14.400] 1805000  14.400
2 1930.000] 15.000] 2100000 17.000
= E 4 1760.000] 16.400] 2100000  17.000
S 6 1760.000] 13200l 2010000  13.800
= 8 1860.000] 15.600] 1810000  14.000
= 0 1805.000] 14.400] 18050000  14.400
& 2 1820.000] 12.600] 1990.000]  13.200
= F 4 1445000 12400l 1740000  1s.000
G 1370.000]  15.300 772.000]  14.800
8 1220000] 12.600] 2040.000] 14800

From Table 4.1, Maximum dry density (MDD) vary between 1375.00kg/m> and 1470.00kg/m> and Optimum
Moisture Content (OMC) vary between 13.10% and 17.0% for PKSA treated soil of sample A. While MDD vary
between 1043.00kg/m> and 2100.kg/m* and OMC vary between 8.00.% and 12.40% for SDA treated soil of sample
A. For the treated soil sample B, MDD vary between .138800kg/m? and 1528.00kg/m* and OMC vary between 13.60%
and 16.8% for PKSA. While the MDD vary between 1175.00kg/m* and 1460.00kg/m?* and OMC vary between 12.60%
and 16.80% for SDA. For the treated soil sample C, MDD vary between 1570.00kg/m? and 1730.00kg/m* and OMC
vary between 12.00% and 20.00% for PKSA. While MDD vary between 1480.00kg/m? and 2000.00kg/m? and OMC
vary between 12.00% and 18.00% for SDA.
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For the treated soil sample D, MDD vary between 1535.00kg/m? and 1640.00kg/m? and OMC vary between 10.60%
and 16.0% for PKSA. While the MDD vary between 1260.00kg/m* and 1780.00kg/m?* and OMC vary between 10.80%
and18.40 percent for SDA. For the treated soil sample E, MDD vary between 1760.00kg/m> and 1930.00kg/m?* and
OMC vary between 13.20% and 16.40% for PKSA. While MDD vary between 1810.00kg/m? and 2100.00kg/m? and
OMC vary between 13.8% and 17.0% for SDA. For the treated soil sample F, MDD vary between 1220.00kg/m> and
1820.00kg/m* and OMC vary between 12.60% and 15.30% for PKSA. While the MDD vary between 1740.00kg/m?

and 2040.00kg/m* and OMC vary between 13.20% and 16.0% for SDA.

Figure 4.1.1 shows a plotted graph for MDD and OMC against Additive Contents. From Fig.4.1, the first graph, it is
observed that MDD values decline as PKSA as well as SDA rise for samples B, C,D and E. The decrements were as
a result of the replacements of samples. Fine particles by the additives fine particles having lower Specific Gravities
could bring about hindrance in closer soil grain package and ineffective compaction, thus reduction in MDD.
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Figure 4.1.1: Graphical representation of Maximum Dry Density (MDD)for Treated Soil Samples
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While MDD worth rise as the additive’s contents rise for sample A as well as F for SDA. The increments were as a
result of coatings of the samples particles via the additives contents particles; thus, making them denser. These show
that the additives were able to stabilize the soil to some extent (i.e. B, C, D, and E). There is possibility of high content
of clayey in the soil sample A and F which make them unable to be stabilized.
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Figure 4.1.2: Graphs of the Optimum Moisture Contents for the Treated Soil Sample

From Figure 4.1.2, OMC- AC. (PKSA AND SDA) relationships showed that OMC values decline as PKSA as well
as SDA increase for the samples C and D, for sample A and E, OMC increase as the AC increase for PKSA. But for
SDA OMC decrease as the AC increase, while for soil sample B, OMC increase as the AC increase for(PKSA and
SDA). For soil sample F OMC decrease as the AC increase for PKSA, while for SDA OMC increase as the AC
increase. Generally, this buttressed the above view about MDD because OMC values increase as MDD values increase
to enhance workability of the soil compaction. It portrayed that there would be need for more water during soil
stabilization, soil moisture contents of Ido Osi local government are relatively high.
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4.2. California Bearing Ratio (CBR) Tests

Table 4.2: Summary of CBR Tests Results of Treated and Untreated Soil Samples

ADDITIVE PESA SDA
LOCATION CONTENT (*:)| CBR-2.5(% CBR—E.{l("e’-:-‘quBR—Z.E(“X.:-}ICBR—E.D{“A:-‘]
0 13973 13.965 13973 13.965
2 22,373 15.036 10.008 12400
o A 4 3.955' 3.507 5193 5.762
5 6 12.415]  12055] 7.081 8.517
E fa} 11.046 0 B95 0 347 11.085
% 0 6 514 7.390 6514 7.390
E 2 5.759 0.269 10.102 12.275
—_ B 4 3776 4979 5570 6012
G 12.840) 14.592 7.458 8.550
a3 4 S]il 6.325 10.008 12588
0 4. 154 5.323 4154 5.323
- 2 10005 11.0845 9158 11.648
- C 4 96304 10897 88754 9.8B32
E G 10.857 6.075 15.767 15844
‘.:?. fa} 23635 16.095 0 347 0269
= 0 6. 795 7.390 6. 798 T.953
E 2 5.759 9269 9535 11.648
E D 4 3776 4979 8874 9.770
B G 12.840) 14.592 9.535 10.458
a3 4.815' 5.325 9347 0394
0 4. 245 5.135 4.248 5.135
- 2 0016 9.081 13 406 13,715
- E 4 72708 5.951 G 609 7452
g G 3.585 5.010 2.455 2.881
v ol T.ATH 7578 2455 2881
E 0 4.343 G.450 4.343 6.012
5 2 9016 83.92 13406 13778
E F 4 5951 5.951 G 609 7.390
G 3.585 5.010 2.644 2.943
fal 4. 626 7.578 2.644 2.943
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From Table 4.2, CBR vary between 3.97% and 18.04% for PKSA treated soil of sample A. While CBR vary between
5.19% and 12.40% for SDA treated soil of sample A. For the treated soil sample B, CBR vary between 3.78% and
14.59% for PKSA. While the CBR vary between 5.57% and 12.59% for SDA. For the treated soil sample C, CBR
vary between 9.63% and 16.10% for PKSA. While the CBR vary between 8.88% and 15.84% for SDA.

For the treated soil sample D, CBR vary between 3.78% and 14.59% for PKSA. While the CBR vary between 9.35%
and 11.65% for SDA. For the treated soil sample E, CBR vary between 3.59% and 9.08% for PKSA While the CBR
vary between 2.46% and 13.72% for SDA. For the treated soil sample F, CBR vary between 3.59% and 8.92% for
PKSA. While the CBR vary between 2.64% and 13.78% for SDA.
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Figure 4.3: Graphs of CBR Test for the Treated Soil Sample at 5.0

From Table 4.2, Graphs were also plotted for CBR values as against the PKSA and SDA Contents as shown in Figure
4.3. From the graph, it is observed that CBR values increase as the PKSA and SDA contents increase for samples B,
C and D. For soil sample A and F CBR value decrease as the AC increase. The decrease in the CBR values is due to
the reduction in silt and clay content of the soil which reduced its cohesion. For soil sample E CBR value increase as
the AC increase for PKSA, while for SDA CBR value decrease as the AC increase.
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It could also be due to excessive Additives Contents that were not mobilized in the reaction, which consequently
occupied spaces within the soil samples. Thus, reducing bonding in the Soil — Additives mixtures. While the CBR
values increase as the Additives Contents increase in the other soil samples (i.e. B, C, and D).
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Figure 4.4: Graphs of CBR Test for the Treated Soil Sample at 2.5

For soil sample, A and F CBR value decrease as the AC increase, the decrease in the CBR values is due to the
reduction in silt and clay content of the soil which reduced its cohesion. Also, CBR value increase as the AC increase
for soil sample B, C, and D For soil sample E, CBR value decrease as the AC increase for PKSA, while for SDA CBR
value increase as the AC increase. The increment in the CBR values could be attributed to gradual formation of
cementitious compound between the Additives and Calcium Hydroxide (Ca(OH).) present in the soil.

Generally, the above results showed that the additives were able to stabilize the soil to some extent. This is due to the
facts that there were increments in the CBR and MDD values of the majority of the soil samples.

5. CONCLUSION

In view of high cost of construction materials for stabilization of soil, the use of locally available industrial and
agricultural products (e.g. palm kernel shell and sawdust), to reduce environmental stresses and hazards, has
necessitated this piece of research work. The general aim of this project is to assess the effects of PKSA and SDA on
the strength properties of Ekiti State soil (Ido-Osi LGA as a case study) From the research, it can be concluded that:
The additives have effects on strength as well as stability of soil sample in the study area. There were increase in OMC
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and MDD as the additives Contents increase. However, where there were decrease as Additive Contents increase, it
could be due to excessive Additive Content that were not mobilized in the reaction, which consequently occupied
spaces within the samples. Thus, reducing bonding in the Soil — Additive mixtures. It could be also be due to
replacements of the soil samples fine particles by the additives fine particles which are of lower Specific Gravities.
The outcomes of the compaction assessment showed that addition of both the PKSA as well as SDA improve the
mechanical assets of soil. Coarse particles rise immediately soil samples were preserved with both PKSA and SDA.
It is suitable for Ekiti State soil stabilization because most of the soil samples in the study area were positively affected
(i.e. soil samples B, C, D, and E).

This research work has revealed that it is possible to use locally available materials i.e. (PKSA and SDA) as stabilizing
agents. This will really help in achieving aim of converting “Waste to Wealth policies” of agricultural and industrial
wastes disposal and management. Thus, reduces or eliminates environmental problems that may arise as a result of
these wastes, by constituting nuisance where they may be dumped. Nevertheless, there is need for further studies on
this project work in other to ascertain any other suitable hidden properties of the additives that can enhance the
Engineering performance of the soil samples.
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