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Abstract: This investigation focused on the comparative evaluation of California Bearing Ratio values of natural offshore 

sand and cement stabilized offshore sand as subbase materials for road construction in swampy regions. CBR tests were carried 

out on the offshore sand sample to ascertain its suitability for road subbase filling. Based on the test results, the CBR of the 

natural offshore sand was found to be 4.05 percent. After 4% Cement stabilization, the value increased to 12 percent. At 6% 

cement stabilization, the CBR increased to 26 percent. At 8% cement content, the value obtained was 27 percent. At 10% 

cement content, the CBR results increased to 31.7 percent. After 12% cement content, the CBR values obtained became 61.4 

percent. For sand to be used as subbase material, the Federal Ministry of Works and Housing, Abuja (1997) recommends that 

the Minimum CBR for subbase should be 30 percent. It is seen that CBR values of natural offshore sand, and at 4% - 8% 

cement contents did not satisfy requirement for use as subbase material. However, at 10% and 12% cement contents, CBR 

values of 37.9 percent and 61.4 percent obtained respectively met CBR requirement for subbase. This investigation concludes 

that cement can be used to stabilize offshore sand to improve the performance of its engineering properties for use as subbase 

material for construction of road in swampy regions. 
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1. Background 

For many years, laterites have been used in road 

construction work in swampy region of Niger Delta. 

However, the rate of road failures in this region became 

alarming. As a result, sharp sand was adopted for road 

subbase in the swampy region. Presently, cement stabilized 

sand is being introduced as an economically viable 

alternative subbase material for road construction in the 

region. 

Sand stabilization is the process aimed at altering the 

properties of sand to improve its engineering performance in 

terms of strength, permeability and stiffness. Over the years, 

cement stabilization has been widely adopted in road 

construction compared to other methods, due to the 

significant improvements it brings to properties of 

construction materials. 

Large deposit of offshore sand from the Atlantic Ocean by 

Ikuru Town, Andoni Local Government Area of Rivers State 

was observed. In the last few decades, local builders are not 

using the offshore sand for building construction works 

stating it has high salt content in it. 

Thus, there was need to investigate engineering properties 

of the offshore sand with the aim of using cement as a 

stabilizing agent to enhance its suitability for filling as a road 

subbase material. 

The objectives of this research work include the following: 

To evaluate the CBR of the offshore sand; 

To use cement for the stabilization of the offshore sand; 

To evaluate the CBR of the stabilized offshore sand; and 

To compare the CBR values of natural and cement 

stabilized offshore sand for suitability as road subbase 
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material. 

Little et al. posited that it is usually unacceptable to use 

soils containing more than 2% of organic material for cement 

stabilization [1]. 

Arellano et al. suggested that resilient modulus of granular 

soils increases as the stress intensity increases whereas that 

of fine grained soils decreases with increase in stress 

intensity [2]. 

It is important to use appropriate test procedures to assess 

the properties of cement stabilized road materials [3]. 

Croney et al. found that the strength of a cement stabilized 

road will always increase for a period of many years from the 

time of construction [4]. 

Yang in his Pavement Analysis and Design asserted that 

the most critical tensile stress or strain will take place at the 

bottom of the stabilized layer in a road structure [5]. 

General Specifications for Roads and Bridges by Federal 

Ministry of Works, Abuja in 1997 gives specifications to be 

followed in road construction [6]. 

Tingle et al. researched on sample preparation and pointed 

out that water content and mixing procedure affect outcome 

of stabilization [7]. 

Edincliler and Cagatay stated that the use of tire buffing 

improves geotechnical engineering performance of subbase 

materials [8]. 

Some Authors have noted that adding tire buffing to 

cohesionless soils increases CBR values [9 -11]. 

Yuehuan et al. worked on foamed bitumen stabilization 

for Australian roads [12]. 

Choi et al. worked on the assessment of field compaction 

of aggregate base materials for permeable pavements based 

on plate load tests to encourage these hydrologic functions of 

permeable pavements, their structure should contain 

connected pores [13]. 

Umashankar et al. carried out investigation on the 

compaction quality control of pavement layers [14]. 

Walubita et al. established a comprehensive data storage 

system for better calibration of the mechanical-empirical 

design and rehabilitation of flexible pavements [15]. 

2. Materials and Method 

The sub base material used in this study was offshore sand 

from the Atlantic Ocean, Ikuru Town, Andoni Local 

Government Area of Rivers State, Nigeria. California 

Bearing Ratio tests were conducted on the offshore sand 

sample, and cement stabilization was carried out at 4%, 6%, 

8%, 10%, and 12%. 

California Bearing Ratio Test 

California Bearing Ratio test is used for evaluating how 

suitable sub-grade, sub-base and base course materials can 

get for road construction. The test result is correlated with the 

thickness of flexible pavement. This test was used to assess 

strength of natural offshore sand and cement-stabilized 

offshore sand. Detailed test procedure is fully described in 

BS 1377-4:1990 Part 9. 

3. Results 

The result of CBR test carried out on the offshore sand 

before stabilization is plotted in figure 1. 

 
Figure 1. CBR of offshore Sand Sample=4.05. 

The result of CBR test at 4% stabilization is plotted in 

figure 2. 

 
Figure 2. CBR of offshore sand + 4% Cement Stabilization=12. 

The result of CBR test at 6% stabilization is plotted in 

figure 3. 

 
Figure 3. CBR of offshore sand + 6% Cement Stabilization=26. 

The result of CBR test at 8% stabilization is plotted in 

figure 4. 
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Figure 4. CBR of offshore sand + 8% Cement Stabilization=27.0. 

The result of CBR test at 10% stabilization is plotted in 

figure 5. 

 

Figure 5. CBR of offshore sand + 10% Cement Stabilization=37.9. 

The result of CBR test at 12% stabilization is plotted in 

figure 6. 

 
Figure 6. CBR of offshore sand + 12% Cement Stabilization=61.4. 

 

Figure 7. Graph of CBR against Cement Content. 

4. Discussion 

The results of CBR against Cement Content is summarily 

presented in Figure 7. CBR values of natural offshore sand, 

and cement contents at 4%, 6%, 8%, 10% and 12% cement 

contents were 4.05, 12, 26, 27, 37.9 and 61.4 percent 

respectively. Thus, increasing cement contents resulted in 

increased CBR values. It is seen that CBR values of natural 

offshore sand, and at 4% - 8% cement contents did not satisfy 

requirement for use as subbase material. However, at 10% 

cement content, CBR value of 37.9 percent was obtained, 

which met CBR requirement for subbase; while increasing 

cement to 12% yielded a corresponding CBR value of 61.4 

percent. Hence, confirming that stabilized offshore sand is 

okay for road subbase filling according to Standard 

Specification for Construction and Maintenance of Road and 

Bridges, Road Development Authority. 

For sand to be used as subbase material, the Federal 

Ministry of Works and Housing, Abuja (1997) recommends 

that the Minimum CBR for subbase should be 30 percent. 

The results of offshore sand samples after being stabilized 

with cement at 10% and 12% satisfied this requirement, and 

hence recommended for road construction. 

5. Conclusion 

From this investigation, the following conclusions are 

drawn: 

Cement can be used to stabilize offshore sand to improve 

the performance of its engineering properties for use as a 

subbase material for the construction of roads in swampy 

regions; 

Increasing the cement contents resulted in increased 

CBR values. Minimum CBR specified for subbase course 

is 30%. It is seen that CBR values at 4% to 8% cement 

contents did not meet the standard. However, at 10% 

cement content, CBR value of 37.9% obtained satisfied 

the requirement for subbase while a further increment in 

cement content to 12% yielded a corresponding CBR of 

61.4%; hence, confirming that stabilized offshore sand 

sample okay as subbase material to be used in road 

construction in the swampy regions. 

6. Recommendations 

From the results of this investigation, the following 

recommendations are made: 

The use of cement to stabilize poor offshore sand subbase 

materials for road construction in the swampy region should 

be noted and adopted. 
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