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Abstract— This work investigated the effect of laterite soil 

and waste glass aggregates on the compressive strength of 

roller compacted concrete. Mixes were produced by partial 

substitution of control concrete sand by laterite soil and waste 

glass aggregates up to 80%. Laterite soil ratio were kept at 

50% for all mixes while waste glass aggregates substitution 

ratio varies from 0% to 30%. The 28-day compression tests 

show that partially replacing sand by laterite has lowered the 

compressive strength. However, strength is enhanced with the 

substitution rate of sand by waste glass aggregate and attained 

its maximum at 30% glass aggregates, strength which is even 

greater than that of the control concrete. 
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I. INTRODUCTION 

Roller compacted concrete (RCC) is a stiff, zero slump 

concrete mixture [1], with more aggregates than ordinary 

concrete. It has the same constituents as conventional 

concrete (cement, water, coarse and fine aggregates) but is 

much drier. RCC is used in the construction of dam, concrete 

pavement, heavy-duty parking and as a base for conventional 

pavement. 

 River sand is generally used as fine aggregate in the 

construction of pavements and other structures. The 

considerable amount of sand used in conventional concrete 

and roller compacted concrete makes their manufacturing 

expensive. Due to the rapid growth of the infrastructural 

development in the world, the demand for river sand is 

increasing drastically. Since sand supply location are 

becoming far from construction sites because of the shortage 

in the initial sites, the cost of sand is increasing. Therefore, a 

replacement material to river sand is necessary and laterite 

sand or finer materials from crushing operations are more 

suitable as substitute materials because of their local 

availability. Since the supply of river sand is limited and its 

continuous supply is not guaranteed [2], use of laterite as an 

alternative to river sand has become inevitable. 

 Several studies have been carried out on ordinary 

concrete by partially or wholly replacing sand by laterite, 

waste, industrial by-products, etc. in order to reduce 

construction cost. 

 Sand substitution by laterite in conventional 

concrete has been extensively investigated. Even though 

results are sometimes contradicting from one author to 

another, the vast majority of researchers have found that 

compressive strength of concrete with laterite decrease as the 

replacement ratio increases. 

 Nowadays, great amount of waste glass is produced 

due to an increase in industrialization and the rapid 

improvement in the standard of living. Unfortunately, the 

majority of waste glass is not being recycled but rather 

abandoned, and is therefore the cause of certain serious 

problems such as the waste of natural resources and 

environmental pollution [3]. Recycled glass aggregates may 

be used in the construction industry, thereby helping to 

reduce the extraction of primary resources and meet nations' 

goals in terms of waste recycling [4]. Utilization of waste 

glass in concrete production not only provides significant 

environmental benefits but also enhances performances of the 

concrete (both mechanical and durability performance) when 

used at optimum quantity [5]. 

 Since, waste glass can enhance compressive strength 

of conventional concrete, it may also improve strength of 

concrete containing laterite. However, no study has been 

undertaken on the effect of waste glass on concrete containing 

laterite. 

 The purpose of this study was to determine the 

combined effect of laterite and glass powder on the 

compressive strength of roller compacted concrete. 

II. EXPERIMENTAL DESIGN 

A. Materials 

In this work, materials used to manufacture test samples 

were: sand, laterite, cement, gravels, glass powder and water. 

 CEM II / B-LL 42.5 R cement manufactured by 

NOCIBE, a Cement Company in Republic of Benin, was 

used. 

 The sand used comes from the quarry of Dèkoungbé 

at Abomey-Calavi. Its apparent and absolute densities are 

respectively 1.60 and 2.61. Its density at the saturated surface 

dry (SSD) is 2.62 and its absorption value is 0.54. Grading 

curve of this sand is shown in Fig. 1. 

 Gravel used were from Kpoba quarry, in Mono 

department at the Republic of Benin. The gravel was sieved 

and grains with diameter less than 10 mm were used in the 

manufacturing of the samples. Fig. 2 shows the grading curve 

of the gravel after sieving. The absolute and apparent 

densities of the gravel were respectively 2.60 and 1.63. Its 

density at SSD is 2.61 and its absorption value is 0. 46. 

 Laterite soil used throughout this study were 

collected from Ouenlinda neighbourhood at Porto-Novo. Its 

grading curve is presented in Fig.3. 

 Empty glass bottles were collected from different 

hospitals in Republic of Benin. These bottles were first 

cleaned and then crushed to obtain waste glass powder. Grain 

size with diameter lower than 0.6 mm were used in the 

confection of samples. 
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Fig. 1: Grading Curve of Sand 

 
Fig. 2: Grading Curve of Gravel 

 
Fig. 3: Grading Curve of Laterite Soil 

B. Mixture Proportion 

The main purpose of this work was to investigate the 

influence of laterite soil and waste glass powder on the 

compressive strength of roller compacted concrete. Eight 

concrete mixes were produced: the control concrete 

(containing only gravel, sand, cement and water), specimens 

with sand replaced by waste glass powder at 10%, 20% and 

30% ratio and finally specimens with sand replaced at 50% 

ratio by laterite and the remaining sand replaced at 0%, 10%, 

20% and 30% by waste glass powder. The mixes produced 

were thus: B00-00 (reference concrete); B00-10, B00-20, 

B00-30 (sand replaced by glass powder at ratios of 10%, 20% 

and 30% respectively); B50-00 (sand replaced at 50% ratio 

by laterite soil) and B50-10, B50-20, B50-30 (sand 

replacement ratios by glass powder ratios are respectively 

10%, 20% and 30%). Water/cement ratio were kept at 0.7 for 

all mixes. 

 Table 1 presents the composition of each mix and 

the mass of each constituent per m3. Potable tap water 

supplied by SONEB in Republic of Benin for domestic 

consumption was used in all mixes. 

 Material quantities per (kg/m3) 

Mix 

type 
Sand 

Waste 

glass 
Cement Water Gravel 

Concrete with no laterite 

B00-00 1047.1 0 (0%) 207.3 145.5 1047.1 

B00-10 942.7 
104.7 

(10%) 
207.3 145.5 1047.1 

B00-20 837.6 
209.4 

(20%) 
207.3 145.5 1047.1 

B00-30 733.1 
314.1 

(30%) 
207.3 145.5 1047.1 

Concrete with sand replaced at 50% by laterite 

B50-00 523.7 0 (0%) 207.3 145.5 1047.1 

B50-10 418.9 
104.7 

(10%) 
207.3 145.5 1047.1 

B50-20 314.1 
209.4 

(20%) 
207.3 145.5 1047.1 

B50-30 209.4 
314.1 

(30%) 
207.3 145.5 1047.1 

Table 1: Mixture Proportion 

 The batching of concrete was done by weighting 

cement, fine and coarse aggregate according to table 1. The 

materials were then mixed thoroughly before adding the 

required water and finally mixed further to produce fresh 

concrete. No admixtures were used. The freshly mixed 

concrete was then filled into a cylindrical mould of 50mm 

diameter and 100mm height in three layers of approximately 

30mm height. Each layer was manually compacted with 25 

strokes using a tamping rod of 20mm. 

 After manufacture, specimens were demoulded and 

then air cured for 24 hours (temperature 26 ° ± 3 ° C). After 

that samples were cured in water until they reach the required 

age. Compressive test was carried out on each specimen at 

the age of 28 days. The compressive strength of a specimen 

is the attained compressive stress when the specimen fails 

completely. A set of three samples were tested for each mix 

and the average value was taken as the compressive strength. 

III. RESULTS & DISCUSSION 

Compressive strength testing of no laterite concretes with 

sand replaced at different ratio by waste glass aged 28 days 

are shown in Fig. 4. This concrete compressive strength 

increase with the replacing ratio of sand by waste glass and 

the maximum compressive strength, attained at 30% 

replacement, is 27.87% higher than that of the plain concrete. 

 The 28 days results from compressive strength 

testing of concrete containing laterite with sand replaced at 

different ratio by waste glass are shown in Fig. 5. Its 

compressive strength variation is similar to concrete with no 

laterite and the maximum compressive strength, which is 

26.63% higher than that of laterite concrete with no waste 

glass, is also attained at 30% replacement. From Fig 4 and Fig 

5, it can be seen that waste glass incorporation improves 

concrete compressive strength. 

 Fig. 6. Compares the two types of concrete. It can be 

observed that, with the same ratio of waste glass replacement, 

compressive strength of concrete with no laterite is higher 

than that of concrete containing laterite. However, the 

maximum strength of concrete with laterite is higher than that 
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of plain roller compacted concrete (concrete containing only 

sand, gravel cement and water). 

 
Fig. 4: Compressive Strength of Concrete without Laterite 

 
Fig. 5: Compressive Strength of Concrete without Laterite 

 This means that plain concrete strength can be 

attained by concrete with laterite by adding more than 20% 

waste glass. With 30% replacement of sand by waste glass in 

concrete containing laterite, only 20% of sand needed for 

 
Fig. 6: Comparison Between Concretes With Same Waste 

Glass Content 

 Plain concrete were used. So, with 80% of the sand 

replaced by laterite and waste glass, compressive strength 

obtained were higher than that of plain concrete. Since laterite 

is available freely anywhere and waste glass could be 

collected and crushed at low cost, the manufacturing of this 

new type of roller compacted concrete will be cheaper than 

that of plain roller compacted concrete. 

IV. CONCLUSION 

The compressive strength behavior of roller-compacted 

concrete in which sand has been replaced at different ratio by 

waste glass aggregate. Two type of concrete have been made: 

the first type containing only sand and the second containing 

laterite and sand. Based on the results of the study, the 

following conclusions may be drawn: 

 The compressive strength of concretes containing waste 

glass aggregates demonstrated an increasing tendency 

along with an increase in the mixing ratio of the waste 

glass aggregates. 

 The concrete containing 30% waste glass aggregates 

ratio, whether it contains laterite or not, exhibited the 

highest compressive strength. 

 For the same proportion of waste glass replacement, 

concrete with sand and laterite combined showed a lower 

compressive strength compare to concrete with sand 

only. 

 Sand and laterite combined concrete could attain 

ordinary roller compacted concrete when sand in the 

latter is replaced at least at 20% ratio by waste glass 

aggregates. 
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