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It is appropriate to conclude that the use of Ordinary Portland cement will improve significantly the 

strength and durability properties of compressed earth bricks. The use of Ordinary Portland cement 

alone should be used sparingly especially lower percentages and in poor soils. In other to obtain 

optimum compressive strength of earth bricks, Ordinary Portland cement should be used as admixture.

4.2 Recommendations 

 From the outcome of this current study the following recommendations are made: 

a. Block press be used in molding the bricks rather than using the proctor hammer in an improvised 

mould. 

b. Ordinary Portland cement should at an appropriate percentage should be used as a stabilizing 

agent in that it will improve significantly the strength and durability properties of compressed 

earth bricks

c. In selecting suitable soil for compressed bricks production, earth from different locations should 

be collected and investigated for their suitability rather than selection based on availability and 

social acceptance. 

d. In reality, rain storm is the commonest wearing agent of wall surfaces. This implies that in 

subsequent studies wind driven rain simulation test be used to test for abrasion resistance test. 

e. Again other test such as chemical test and tension should be carried out to determine the 

resistance of the earth bricks to other weaknesses of earth bricks.
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exposure; total area of glazing elements; solar heat gain; orientation of glazed elements; climatic zone; 

total floor area; projections and shades. In terms of the fenestration/ ventilation features, all the 

combinations had a satisfactory performance, especially that of Night Purge/ Wind Capture Façade/ 

Clerestory Window and Vented Skylights with a performance rating of 873.7 watt/sec. However, a 

satisfactory natural fenestration/ ventilation may not be achieved despite correct orientation, cross-

ventilation, overhanging eaves and perforated walls in the absence and/or of the knowledge of the pattern 

of air flow for the district where the building is located.

4.2 Recommendations 

 The following criteria should be considered while designing fenestration features in building 

envelopes:

i.    Net floor area of each storey of the proposed building measured within the enclosing walls;

ii. The total area of the glazing elements of each storey. This should not be greater than  15% of the net 

 floor area;

iii. The Climatic Zone applicable to the location of the building envelope;

iv. The relevant constants for conductance and SHGC applicable to the identified climatic zone;

v. The maximum conductance and solar heat gain (SHGC) values that the glazing in each storey shall not 

 exceed. Maximum conductance is given by = (net floor area of storey) x (constant, CU) and  

maximum Solar heat gain = (net floor area of storey) x (constant, CSHGC);

vi. The aggregate conductance value for the glazing in each storey should be obtained by adding together 

the conductance of each glazing element, where the conductance of a single glazing element is  

calculated as follows: 

 Conductance = (area of glazing element) x (U-value of glazing element). 

 That is, the aggregate conductance value of glazing elements should be obtained from (A1xU1)  

+ (A2xU2) +  (A3xU3) + (A4xU4) + (A5xU5) +...

vii. Size of openings should be between 20% and 35% of wall area and openings should be on the North 

and South walls and at body height, on windward side. Direct sunlight should be excluded from  

openings;

viii. Walls and floors should be heavy and have over 8 hours time lag;

ix.  Roofs should be heavy and have over 8 hours time lag;

x.  When there is a conflict between orientation for wind penetration and orientation for sun exclusion, 

the  former should take precedence because the latter could be achieved by the use of shading devices 

 over windows;

xi. Combinations of natural fenestration/ ventilation features such as Night Purge (NP); Operable 

 Windows (OW); Clerestory Windows and Vented Skylights (CWVS); Wind Capture Facades 

(WCF); Night Purge/ Wind Capture Facades (NP/WCF); Night Purge/ Clerestory Windows and 

Vented Skylights (NP/CWVS); 
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Appendices.1-3: Convectional distribution of natural air in available fenestration in 

building envelopes employing different fenestration features (Source: Edokpolo, 2020)
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3
1. MDD values initially increased for the natural soil to a peak value of 1.76 Mg/m  at 5% geo-

polymer content and thereafter decreased with higher geo-polymer content. MDD values of 
3

1.64, 1.76, 1.75, 1.69, 1.62 Mg/m  were recorded at 0, 5, 10, 15 and 20% geo-polymer 
content respectively while OMC initially decreased and thereafter increased with higher 
geo-polymer content. 

2. The UCS values increased with increase in geo-polymer content. Values of 785, 891, 
2 1353, 1824 and 2105kN/m were recorded at 0, 5, 10, 15 and 20% geo-polymer content 

respectively.

3. Based on the study carried out, an optimal blend of 20%geoplymer content improved the 
geotechnical properties of the soil and is recommended for geotechnical engineering 
application such as sub-base material for rural roads.
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2Specific Gravity   have R  value of 0.27, 0.24, 0.16, 0.16, 0.14, 0.13, 0.11 and 0.08 respectively 

which are considered to have weak or no correlations according to Taylor 1990. It is therefore 

recommended that correlation of inverted electrical resistivity be made with cohesion that gave 

mild correlation of 0.40. 
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Abstract

This study presents the outcomes of laboratory assessment on the effect of Lime: Bitumen emulsion 

admixture on the plasticity and compaction properties of lateritic soil. The sourced soil material 

was air-dried and treated with up to 10% lime and bitumen emulsion by weight of the dry samples 

and compacted using British Standard Light compaction energy. The experimental assessment of 

the Atterberg limit (liquid limit and plasticity index) revealed a reducing trend with increasing 

lime-bitumen blend and this is an indicator of soil improvement. For the compaction response, the 

addition of lime-bitumen facilitated a decreased maximum dry density (MDD) and optimum 

moisture content (OMC). Based on the plasticity indices of the soil-additives, the blend of 4% lime 

- 10% bitumen enriched the plasticity tendency of the soil and this could be advantageous as 

surrogate materials to the conventional binding materials and it is recommended for use as sub-

base material for pedestrian work ways or rural roads. Statistical package such as two-way 

analysis of variance (ANOVA) embedded in Microsoft excel software was employed for the testing 

of significant level of additives on the tested property.

Keywords: Atterberg limits; Compaction; Lime; Bitumen emulsion; Lateritic soil. 

1.0 INTRODUCTION

 Lateritic soils are highly weathered soils formed from materials with lower concentrations of 

oxides or hydroxides of iron and aluminium (Amu et al., 2011). Lateritic soil contributes to the 

general economy of the regions where they are found. Civil engineering studies on the usage of 

these materials have been in practises for ages and they have vast areas of applications in our 

society which includes: its use as foundation materials in civil infrastructural developments such 

as dams, retaining walls, air fields, pavements and waste containment applications (Lemougna et 

al., 2011; Sani et al., 2018; Osinubi et al, 2019, 2020). The use of indurated lateritic soil as a 

building material has been, and is still very common in Africa (Lemougna et al., 2011). 

Interestingly, a good amount of this soil material exists in our various communities but in most 

cases, it fails to match the minimum benchmark for use as construction material. This makes this 

deficient soil a good candidate for either soil replacement or improvement. Soil improvement can 

be justified when employed by its ability to overcome a deficiency and meet up with the 

engineering requirements for the construction purpose. Soil improvement has been regarded as a 

last resort for upgrading substandard materials where no economic alternative is available.  
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