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Abstract :  Eggshell is an agricultural waste which has been found to possess pozolanic property and has been used as partial 
replacement of cement in other materials. It is against this background that it is been used as a stabilizing agent on problematic 
lateritic soil. The laterite soil was obtained from a borrow pit at Ajegunle along Ilaro-Papalanto road, Yewa South Local 
Government Area in Ogun State, Nigeria. The borrow pit site lies within the coordinates 6°53 ’ 11.81 ” N and 3°7 ’ 44.88 ” E.The 
eggshells were obtained from Obasanjo Farms Nigeria Limited, Ota, Ogun State, Nigeria and grounded to powder. In line with 
BS 1377 (1990) and other relevant codes of practice, consolidation tests on 1hour and 24hours soaked samples were conducted 
to determine the relevant consolidation parameters and settlement indices. Eggshell powder was substituted in the lateritic soil 
(sedimentary formation) in range of 0% to 50% with 0% serving as control experiment for both the 1-hour soaked and 24-hour 
soaked samples. The results indicated that for the 1hour soaked sample, the value of the coefficient of consolidation is within the 
range of 1.22 at 50% substitution to 1.68 at 10% substitution, while the range is 0.63 at 50% substitution to 1.60 at 20% 
substitution. Finally, from the results, coefficient of consolidation reduces as the percentage eggshell powder substitution 
increases. 
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Introduction
The role of the engineering properties of soils in civil engineering construction works is very significant.  According to 
Akintayo et al. 2021, the stability and serviceability potential of the intending civil engineering structure can be affected 
substantially by the deficiencies in the properties of soil.  Omotoso et al. (2012) further stated that  the stability, serviceability and 
durability of such construction works such as buildings,  road, embankments ,  dams  etc. is greatly influenced by the characteristics of the soils upon which they 
are founded. It is therefore imperative that the properties of soils should be carried out before embarking on such construction works so as  to determine whether 
it is geotechnically suitable as a construction material Ikeagwuani and Nwonu (2019) attested to the use of various kinds of 
soil for civil engineering construction. It was further noted that while some soils are suitable for use in their natural states, 
others needed to be treated or modified before they can be suitable for use. The persistent search by geotechnic engineers to 
provide means of militating against this unpleasant development was equally highlighted. The means of modification posited 
includes  excavation and replacement of the materials or modifying their properties by the addition of additives so that they can 
support the  applied loads by the structures. Such soils which are termed problematic soils if not treated have the tendency to 
cause collapse of structures as a result of its susceptibility to high rate of volume changes.  According to NBRRI (1983), the 
strength and stability of lateritic soils under service load may be unpredictable and undependable due to the presence of 
considerable quantity of clay minerals that possesses traces of Kaolinite, Illite and traces of Montmorrrilonite. Amadi 
(2010) posited that such lateritic soils possessing such minerals tend to swell thereby posing a lot of problems in the 
engineering properties of soil resulting in failure of highway and other engineering structures.  According to Aizebeokhai 
et al. 2016 and Adeola and Olaleye (2018), Ilaro fall within the range of the Benin/Dahomey basin which is a sedimentary 
formation. This basin lies along the continental gulf of Guinnea, stretching through Southern Ghana, Togo, the Republic of Benin 
and extending to South Western Nigeria. This formation includes Abeokuta formation, Ewekoro formation, and Ilaro formation all 
in South Western Nigeria among others.

Background Study
Consolidation is the process of drainage of pore water from a soil of low permeability that is fully saturated so as to cause gradual 
reduction in volume. It is a continuous process of dissipating the total stress set up as a result of the excess pore water pressure 
(Bolarinwa et al. 2017). Bolarinwa et al. (2017) opined that the in  –  situ geotechnical properties of most lateritic soils are not 
suitable for civil engineering constructions. The option of burrowing or replacement is uneconomical, hence the need to modify the 
soil properties through the process of soil stabilization In the opinions of Bolarinwa et al. (2017) consolidation has to do with the 
way a saturated soil in compression will respond when steady static pressure is imposed on it with respect to predicting the stresses 
and displacement of the loaded soil as a function of space and time. The process involves setting up a model test in which soil 
sample is loaded systematically so as to predict the type of deformation that will take place in a soil stratum under similar loading  
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on ground (Crawford,1986). The result obtained coud then be used in predicting the settlement of soil subjected to static loading. 
The result of consolidation model test is of immense benefit in the design and construction of civil engineering infrastructures 
(Schiffman et al. 1984). Shiva and Darga (2016) stressed the importance of consolidation in forecasting the possible future 
settlement that can emanate from imposed load of a structure on the soil through its foundation. It was further stated that there are 
induced changes in consolidation coefficient as a result of permeability and compressibility of soils. Even though the macro- 
structure characteristics of soil stratum, its thickness as well as the drainage condition may result in exaggerated in-situ settlement, 
the discrepancies in the observed behavior and the actual behavior can still be anticipated. 

IRC:SP:89 (2010) and Latifi (2014) defined soil stabilization as the process of blending and mixing soil with some other 
materials for the purpose of obtaining a soil with considerable improvement in some of its physical and engineering properties. 
This process results in the alteration of such properties as gradation, texture, and plasticity, workability, tendency to swell or 
change in volume, compressibility strength and consolidation parameters. The aim of soil stabilization is to obtain a soil with an 
improved gradation, increased durability, increased strength, reduced plasticity index and reduced tendency to swell. When these 
are achieved, the properties of soil as construction materials are improved.  According to Buhler and Cerato (2007) and Hussey 
et al. (2010), modifying the characteristic of the soil in situ is a preferred method of soil stabilization because of the high 
cost of the traditional method of soil replacement.  The process of soil stabilization is an ancient practice whereby lime was 
used as stabilizer for earth road construction in Egypt,  Mesopotamia, Greece and Rome. This according to McDowell (1959) 
has been in existence for about 5,000 years ago. According to  Firoozi et al. (2017) the b enefit of soil stabilization is the 
improvement of the  performance of insitu subsoils. These benefits include reduction in volume change tendencies,  soil 
plasticity and swelling/shrinkage capabilities. Other befits are  increase of the dry unit weight,  soil strength, durability, and 
stiffness. There are several methods of soil stabilization adopted to improve the geotechnical properties of such soils so that 
the stability and serviceability requirements can be  met.  Some of these methods are mechanical,  Chemical, Thermal ,  
Electrical  and use of additives ( Habiba, 2017). The additives reportedly used for soil stabilization includes  Cement, Bitumen, 
Geo-textile and Fabrics, Recycled and Waste Products Fly ash, Rice Husk ash etc. 

According to Muntohar (2009) coefficient of consolidation (Cv) is the primary parameter controlling the settlement rate of soils. It 
is computed from test data obtained from the laboratory or on the basis of in situ measurements. It is very essential to ensure that it 
is properly determined so as to make the right prediction of true time rate of the settlement. There are several curve fitting methods 
that can be used to evaluate the coefficient of consolidation (Cv) from the laboratory oedometer test based on Terzaghi ’ s one- 
dimensional consolidation theory (Shiva and Darga, 2016). There are several methods that have been used by many researchers in 
computing the coefficient of consolidation. The followings are some methods highlighted by Shuklar et al. (2009) C asagrande 
logarithm of  time  method and Taylor square root of time method, i nflection point method,  analytical method,  velocity method, 
r ectangular hyperbola fitting  method, r evised logarithm of time  fitting  method , Naylor and Doran method of successive approximations. 
However,  Robinson  and Soundara   ( 2008)  stated that although there are several methods for evaluating Cv from time –  
deformation (t – d) data, not many literatures are available.  

Eggshell is an agricultural waste that is scattered around the environment. They are waste products of poultry farms, restaurants, 
food industry and bakeries. Its disposal poses an enviromental challenge due to its potential to cause environmental pollution 
( Shah et al. 2013; BashirandManusamy2015;Raji and Samuel2015) . Afolayan et al. (2007) described eggshell as a widely 
accepted agricultural waste pozollan.  According to Mohamad ( 2016),  they consist of  a  t hinoutermostcoating, the outer shell, 
inner shell and the inner membrane.  The outer most coating is made up of the cuticle, while the outer and inner shell 
membranes are made up of keratin. The major chemical composition of egg shell is calcium carbonate accounting for about 
93.70% (Winton, 2003; Mohammed, 2016; Okonkwo et al. 2012).  Similarly, calcium compounds the major component of 
Ordinary Portland Cement is composed of dicalcium silicates, (C2S), tricalciumsilicate, (C3S), tricalcium aluminate, 
(C3A),and tetra-calcium aluminoferite, (C4AF) (Shirley, 1980). It is therefore, indicated that cement and eggshells have the 
same primary composition in calcium compounds. The calcium trioxocarbonate (IV) which has been established to be 
common to eggshell and cement is a naturally abundantly available mineral. On the basis of the common compositional 
characteristics of cement and eggshells, with respect to the high percentage of calcium carbonate eggshell has been 
recommended as a prospective alternative to cement in view of the rising cost of cement (Asman et al. 2017).

Methodology
The laterite soil was obtained from a borrow pit at Ajegunle along Ilaro-Papalanto road, Yewa South Local Government Area in 
Ogun State, Nigeria. The borrow site lies within the coordinates 6°53 ’ 11.81 ” N and 3°7 ’ 44.88 ” E.The eggshells (Figure 1a) were 
obtained from Obasanjo Farms Nigeria Limited, Ota, Ogun State, Nigeria and grounded to powder as shown in Figure 1b. In line 
with BS 1377 (1990) and other relevant codes of practice, consolidation tests on 1 hour and 24 hours soaked samples were 
conducted to determine the relevant consolidation parameters and settlement indices. Eggshell powder was substituted in the  
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lateritic soil (sedimentary formation) in range of 0% to 50% with 0% serving as control experiment for both the 1-hour soaked and 
24-hour soaked samples.

c
Figure 1: (a) Eggshell; (b) Eggshell Powder; (c) Sedimentary Formation (Lateritic Soil)

Results and Discussion
The results of coefficient of consolidation of eggshell powder stabilized sedimentary formation for composite materials for 1hour 
soaked and 24hour soaked samples for percentage substitution ranging from 0% to 50% with 0% serving as control experiment are 
graphically presented in Figures 2 to 3 respectively. The results of representative of pressure (log) against void ratio of eggshell 
powder (20%) stabilized sedimentary formation for 1hour soaked samples as well as the results of pressure (log) against dial gauge 
reading of eggshell powder (20%) stabilized sedimentary formation are graphically presented in Figures 4 and 5 respectively.

Figure 2: Results of coefficient of consolidation of eggshell powder stabilized sedimentary formation for 1hour soaked samples

Test results on the coefficient of consolidation of eggshell powder stabilized sedimentary formation for 1hoursoaked samples as 
presented in Figure 2 indicates a steady increase in value from 1.49 at 0% substitution level to 1.64 at 10% substitution level. From 
15 % substitution of ESP, the value of the coefficient of consolidation begins to decrease steadily from 1.54 to 1.22 at 50% 
substitution. It can thus be inferred that the optimum level of the substitution of ESP for a 1hoursoaked sample occurs at 10% with 
a coefficient of consolidation (Cv) of 1.64 

http://perfectengineeringassociates.com


International Journal of Advanced Geotechnic and Impact Engineering (IJAGIE), ISSN (Online): 2545-5559
A. J. OLAREWAJU & S. S. OMOPARIOLA

Open Access                                               Accepted: May. 2022                            Vol. 2, Issue 1, July. 2022  , Pp 1-6

                                                                                                                                                              ~ 4 ~

http://perfectengineeringassociates.com               In Partnership with    https://www.ebsco.com               
http://ijari.org.ng

Figure 3: Results of coefficient of consolidation of eggshell powder stabilized sedimentary formation for 24hoursoaked samples

From the result of the coefficient of consolidation of eggshell powder stabilized sedimentary formation for 24hour soaked samples 
presented in Figure 3, there was a decrease in value of the coefficient of consolidation (Cv) from 1.48 at 0% substitution of ESP to 
1.42 and 1.41 at 5% and 10% substitution respectively. From 15% substitution, the value increases to 1.53 and 1.6 at 20% 
substitution. Thereafter, there was a steady decrease from 1.6 at 20% substitution to 0.63 at 50% substitution of ESP. This implies 
that the optimum coefficient of consolidation for the 24hour soaked sample is 1.6 at 20% substitution level. 

Figure 4: Results of pressure (log) against void ratio of eggshell powder (20%) stabilized sedimentary formation for 1-hour-soaked
samples

The graph of pressure (log) against void ratio of ESP substitution at 20% stabilized sedimentary formation as presented in Figure 4 
decreases steadily from 0.4 to 0.25, while the graph of pressure (log) against dial gauge reading of ESP substitution at 20% 
stabilized sedimentary formation as presented in Figure 5 increases steadily from 78 to 90.

Figure 5: Results of pressure (log) against dial gauge reading of eggshell powder (20%) stabilized sedimentary formation
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Conclusion
In this study, the impact of underground accidental explosions occurring below the ground surface and directly above buried pipes  
This study has presented the results of various coefficient of consolidation of eggshell powder stabilized sedimentary formation 
from oedometer test. Eggshell powder was substituted in the lateritic soil (sedimentary formation) in range of 0% to 50% with 0% 
serving as control experiment for both the 1-hour soaked and 24-hour-soaked samples .  The result implies that the optimum 
substitution level of eggshell powder is at 10% for the one hour soaked and 20% for the 24hour soaked sample. Finally, from the 
results, coefficient of consolidation reduces as the percentage eggshell powder substitution increases.
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