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ABSTRACT:  Deltaic lateritic soil obtained from Emohua in Rivers State, Nigeria was studied to ascertain its suitability 

as a substitute to sand in concrete for producing controlled low-strength material (CLSM). Cement, coarse aggregate, 

as well as lateritic soil which replaced sand was combined in ratio 1:5:11 to produce lateritic concrete using varying 

water-cement (w/c) ratios at varying curing durations. Variation in the w/c ratios ranging from 0.2 to 0.5 at 0.1 intervals 

and the curing periods which varied between 7, 14 and 28 days were examined. As with the case with conventional 

concrete, strength development, as well as cement hydration took place after casting over the curing periods. Recent 

applications using CLSM recommends that a compressive strength of 8.3 N/mm2 or less is required for materials used 

as conventional compacted backfill soil or structural fillings. In a situation where future excavation is envisioned, it is 

recommended that the maximum long-term compressive strength of CLSM should generally have an upper limit of 

2.1 N/mm2 for compacted backfill material hence, the lateritic concrete produced in this study using the 1:5:11 mix 

design at 0.2 w/c ratio, cured for 28 days which gave strength of 5.3 N/mm2 can be used as CLSM which primarily, 

can be utilized as a substitute for compacted backfill to sub-base and/or subgrade of flexible pavements. Where 

necessary, super plasticizer can be introduced to increase flowability of the lateritic concrete. 

KEYWORDS: Lateritic soil, controlled low-strength material, compressive strength, water-cement ratio, curing periods, cement 

hydration. 
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I. INTRODUCTION 

     Research on the construction of cheaper and more durable 

roads using indigenous construction materials is beginning to 

receive more attention in recent times (Oke et al, 2020). In 

addition, sand has traditionally been the conventionally used 

fine aggregate in the production of concrete however, it is 

dredged and transported from relatively distant places at high 

costs, which contributes to an increase in the overall cost of 

producing concrete (Brahmaji et al, 2017).  

A major challenge experienced in the building sector in 

underdeveloped and developing countries is the premium 

placed on road construction because of high costs experienced 

during stabilization using conventional road construction 

additives like lime, cement etc. (Bello et al, 2015; Oke and 

Olowoyo, 2019). The frequent increase in prices of road 

construction materials across Nigeria has been much 

aggravated by the depreciating value of the Naira against other 

currencies thereby resulting in the need to research into the 

production and use of local materials as cheaper and readily 

affordable alternatives. One of such local material that is 
receiving attention is the lateritic group of weathered soil 

materials.  

For ages in Nigeria, soils classified as lateritic has 

continued to be a significant construction material for the 

construction of pavements and buildings (Onyelowe et al, 

2019; Etim et al, 2020; Obianyo et al, 2020). For pavement 

construction, it is usually utilized as a compacted fill material 

and/or a subbase construction material while for low-cost 

residential buildings in rural areas, it is used to produce lateritic 

blocks. In some other cases, it is used to produce face-brick 

used to beautify houses in urban areas. The main reason for its 

versatile use in construction is because it is readily available in 

Nigeria and tropical Africa (Oke et al, 2020).   

This research is a contribution to the study of deltaic 

lateritic soil properties with the view to relating its properties 

such as moisture content, grading, consistency limits, and 

shrinkage to the performance characteristics and compressive 

strength of the lateritic concrete produced using 1:5:11 mix 

ratio with variations in w/c ratio and curing periods for 

producing CLSM for use as pavement backfill. 

 

A. Lateritic Soil 

Various definitions have been proposed for lateritic soils 

based on its chemical composition, hardening properties and 

morphological characteristics. They have been described as 

ferruginous vesicular, unstratified and porous material with 

yellow ochres due to high iron contents (Gidigasu, 1976; 

Mahalinga-Iyer and Williams, 1991; Ko, 2014; Nnochiri and 

Aderinlewo, 2016).  However, a simplified yet precise 

description of its genesis was provided which elucidates that 

as a result of rainfall in excess of evaporation which occur in 
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tropical humid climatic conditions, a steady infiltration of 

rainwater as well as storm runoff downward into the earth-

surface occurs as such, a process that effects a constant and 

uninterrupted elimination of dissolved salts from the 

weathered soil through a process known as leaching takes 

place (Giorgis et al, 2014; Ko, 2014;  Debbarma and Debnat, 

2021). This explanation further showed that complex 

aluminium silicates were broken down rapidly in comparison 

to other compounds at locations where organic contents were 

low in the soil hence; there were tendencies of removal of 

silicates leaving behind iron oxides and clay elements which 

are termed lateritic soils. In general, lateritic soils are seen as 

highly weathered materials having superabundant secondary 

oxides of Aluminium and/or Iron of which these oxides are 

formed in hot and wet tropical areas (Gidigasu, 1976; Ko, 

2014; Giorgis et al, 2014; Debbarma and Debnat, 2021). They 

usually vary in shades such as pink, red or brown due to the 

iron oxides in various states of hydration however, they are 

generally bright coloured.  

 

B. Controlled Low-Strength Material (CLSM) 

CLSM is described as a material that is cementitious, which 

levels and compacts itself and can essentially be used for 

backfilling in the place of conventional compacted backfill soil 

and/or structural fillings (Howard and Hitch, 1998; Lee et al, 

2013; Ling et al, 2018; Kaliyavaradhan et al, 2019). CLSM 

usually have crushing strengths values of 8.3 N/mm2 or lower 

at 28 days (ACI 229R-94:1994; Howard and Hitch, 1998; ACI 

PRC-229-13:2013; Lee et al, 2013; Do and Kim, 2016; Ling et 

al, 2018; Kaliyavaradhan et al, 2019). Recent applications of 

CLSM require that compressive strengths with upper limit of 

2.1 N/mm2 is recommended to allow for future excavation of 

the put-in-place CLSM using mechanized excavating 

equipment however, using conventional hand-digging 

equipment for future excavations, CLSM having compressive 

strengths of 0.34 – 0.70 N/mm2 are advised (ACI 229R-

94:1994; ACI PRC-229-13:2013; Do and Kim, 2016).  Diverse 

intrinsic benefits of utilizing CLSM in lieu of compacted fill 

include savings on equipment and labour cost as a result in its 

self-levelling properties, speedy construction, and the ease of 

placing them in constricted spaces (ACI 229R-99:1999; ACI 

PRC-229-13:2013; Do and Kim, 2016). Some main 

applications of CLSM include backfills to pavement bases 

(subbase and subgrade), structural fills to road bases, trench 

backfilling, backfill to bridge abutments, backfill to building 

excavations, slope stabilization, etc. (ACI 229R-94:1994; ACI 

PRC-229-13:2013) (see Figure 1.). 

Researchers have carried out tests on the production of 

CLSM using recycled materials such as fly ash, scrap tire 

rubber, recycled glass, acid mine drainage (AMD) sludge etc. 

as well as using industrial by-products with a view to reduce 

the amount of cement used to produce the concrete thereby 

leading to a reduction in its cost of production (Gabr and 

Bowders, 2002; Do and Kim, 2016; Ling et al, 2018; 

Kaliyavaradhan et al, 2019). Depending on project 

requirements, soil or recycle/waste materials that are either 

locally available, non-standard, more economical or by-

products can be used in the production of CLSM (ACI 229R-

94:1994; ACI PRC-229-13:2013; Kaliyavaradhan et al, 2019). 

 

 

 

 

 

 

 

 

 

 

Figure 1: Some main applications of CLSM (Source: Ling et al, 2018). 

It should however be noted that the type, amount of 

materials and method used in the production of CLSM should 

be designed such that the required characteristics for its desired 

application is achieved (Halmen, 2005; Qian et al, 2015; 

Kaliyavaradhan et al, 2019) hence, this study considered using 

the 1:5:11 mix design as a means of producing lateritic CLSM 

by volume batching using lateritic soil instead of the 

conventional sand since lateritic soil is abundant in the Deltaic 

part of Nigeria and also cheaper when compared to sand 

thereby resulting in the production of cheaper lateritic 

concrete. 

II. MATERIALS AND METHODS 

A. Materials 

Lateritic fine aggregate utilized in this research was 

secured from an active borrow-pit located at Emohua in Rivers 

State, Nigeria having locations of 4o 53’ 2’’ North and 6o 51’ 

39’’ East (Figure 2). The Emohua area is located under a 

climatic province of tropical rain forest and falls within the 

zone underlain by coastal plain sand and alluvium sedimentary 

deposits. The lateritic soil was obtained through disturbed 

sampling at depths between 1.5 m and 2.5 m beneath the 

ground surface in order to avoid organic topsoil. A visual 

examination of the lateritic soil sample revealed that it is 

reddish brown when wet and light brown in the dry state with 

patches of yellowish inclusions. Air-drying of the lateritic soil 

was carried out for approximately 14 days in order to gain on 

its potentials to aggregate when exposed (BS 1377:1990-Part 

2; Omotosho and Akinmusuru, 1992). 

        Coarse aggregate used in this study was obtained from a 

quarry along Aba-Port Harcourt expressway having sizes that 

were retained on 3/16 BS sieve (ACI 301-20: 2020). The 

coarse aggregate was washed to remove impurities and organic 

material thereafter, it was air dried. Portland Limestone cement 

used in the study was obtained from the open market. Physical 

checks carried out on the cement included checks on the 

sealing of the bags, the fineness of the cement to ascertain if 

the cement powder had caked as well as where and how the 

bags of cement were stored. Portable water from the University 
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of Port Harcourt Soil & Geotechnical Engineering Laboratory 

was used for the experiments. 

 

B. Methods 

Moisture content, sieve analysis, consistency limit, linear 

shrinkage, specific gravity and classification tests were carried 

out to ascertain the physical properties of the lateritic soil 

sample.  

1.) Determination of moisture content  

The soil sample obtained from the borrow pit was 

immediately tied in a polythene bag in order to prevent any 

moisture loss and taken to the laboratory for moisture content 

determination. The moisture content determination was carried 

out by the oven-drying method which is regarded as a standard 

laboratory practice specified by BS Code 1377:1990-Part 2.  

Three different moisture containers with their lids were 

cleaned properly and then weighed (W1) approximately to 0.1g. 

The samples in their fresh state were crumbled into smaller 

pieces and deposited in the moisture containers then weighed 

(W2) with the lids. These were placed in the oven for 24 hours 

at temperatures ranging between 105 - 110 oC to a constant 

weight after which they were brought out and allowed to cool 

before weighing with their lids as W3. The natural moisture 

content (w) was calculated as the average of the three oven 

dried samples using Eq. (1). 

 
𝑊2− 𝑊3

𝑊3− 𝑊1
  x 100 % = w (%)                (1) 

 

Accordingly, 

W1 = the weight of the empty moisture container with lid 

W2 = the weight of the moisture container with lid + fresh soil  

W3 = the weight of the moisture container with lid + oven-

dried soil  

w = natural moisture content 

 

2.) Gradation test 

The gradation test was conducted in line with codes (BS 

1377:1990-Part 2; BS 1924: 1990) and research (Neville and 

Brooks, 2002) using the dry sieve method. 500g of air-dried 

lateritic soil sample was weighed and sieved through 8 

different sieve sizes (2.360, 1.180, 0.600, 0.425, 0.300, 0.212, 

0.150 and 0.075mm) using the mechanical sieve shaker.  

Hydrometer test was carried out on the portion of the sample 

that passed through the 0.075mm aperture sieve to establish the 

silt and clay composition.  

The percentage of soil that passed through the sieves as 

well as the cumulative percentage of that which was retained 

on each sieve in grams was calculated using Eq. 2. (BS 

1377:1990-Part 2). 

 

W4 = 
𝑊2− 𝑊1

𝑊3
  x 100 (%)                 (2) 

Accordingly, 

W1 = the weight of the sieve  

W2 = the weight of sieve and the soil 

W3 = the total weight of the soil 

W4 = amount retained on each sieve 

Percentage passing through = 100 – cumulative percentage of 

the soil to be retained 

 

Figure 2: Map showing Emuoha, the location of sample borrow-pit. 



Oke: DELTAIC LATERITIC SOIL IN 1:5:11 MIX DESIGN FOR PRODUCING LOW-STRENGTH MATERIAL                                              247 

 

3.) Consistency limits 
 

The consistency limit tests were performed in accordance 

to BS 1377:1990-Part 2 to ascertain their liquid limit (LL), 

plastic limit (PL) as well as plasticity index (PI).  

For LL determination, 100g of air-dried sample already 

passed through 0.425mm aperture sieve was mixed thoroughly 

with water on a flat glass plate to obtain a homogenous 

mixture. A portion of this homogenous mixture was put in a 

standard Casagrande apparatus, smoothened off parallel to the 

bottom of the cup and split into two by creating a channel using 

the grooving tool through the middle of the hinge. The cup was 

then lifted and dropped intermittently by turning the crank until 

the channel that was created came together at the base. A 

record of the number of blows which caused the closure was 

taken thereafter, a part of soil paste was used for moisture 

content determination.  

A part of the homogenous paste that was used in 

determining the LL test was retained and used to determine the 

PL. The mixture was rolled with the palms into balls to a point 

that they were sufficiently dehydrated. The balls were then 

split into 4 equal parts. Every part was rolled into a strand using 

the fore finger and thumb. The strand was further rolled this 

time on the surface of a glass using the tip of the fingers in a 

forward and backward movement until the strand at 

approximately 3mm crumbled. The first crumble point was the 

PL thereafter, the crumbled soil sample was placed in moisture 

containers for moisture content determination. PI was 

determined using LL-PL. 

4.) Preparation of 150 mm by 150 mm by 150 mm lateritic 

concrete cubes 

In this experiment, the cement, coarse as well as fine 

aggregate were batched by volume using the 1:5:11 mix 

design. For the production of CLSM, the type and amount of 

materials as well as the method I used was designed such that 

the required characteristics for its desired application would be 

achieved (Halmen, 2005; Qian et al, 2015; Kaliyavaradhan et 

al, 2019).  In addition, the Engineer gives the specifications for 

the mixture with the required characteristics for the desired 

application to be obtained (ACI 229R-94:1994; Howard and 

Hitch, 1998). In this case, batching by volume was carried out 

to ascertain if a minimum strength of 2.8 N/mm2 for lateritic 

CLSM for the purpose of backfill to pavements would be 

achieved. The proportions were measured using a gauge box 

of known volume. 

The combined volumes of cement, coarse and fine 

aggregate were mixed thoroughly and then divided into four 

equal parts. To the first part of the mix, 0.2 w/c ratio was added 

and mixed then filled into formwork measuring 150mm x 

150mm x 150mm which had earlier been lubricated to enable 

the cube come out easily without cracks. The prepared concrete 

was used to fill the mould in 2 layers, each of the layers 

measuring approximately 75mm thick. Each layer was 

rammed 25 strokes with a steel bar of 16mm diameter and 

375mm in length. Lastly, levelling off of the compacted 

concrete was carried out and was allowed to sit for 24 hours 

prior to de-moulding. They were weighed and thereafter stored 

in a tank filled with water.  

To the second, third and fourth parts of the mix, 0.3, 0.4 

and 0.5 w/c ratios were added and the process of compacting, 

levelling-off, de-moulding and weighing was repeated. The 

different w/c ratios were shown on the top of each cube. A total 

of 36 lateritic concrete cubes were produced i.e., each w/c ratio 

content had three samples and the average was taken for each 

sample.  

5.) Determination of compressive strength 

The compressive strength which refers to the peak stress 

any sample can withstand when tested was conducted on the 

cube specimens for every water cement ratio considered (0.2, 

0.3, 0.4 and 0.5) which corresponded to their curing periods of 

7, 14 as well as 28 days respectively. Tests on the cured cubes 

were then carried out on days 7, 14 and 28 respectively using 

the compression test machine.   

The testing procedures were carried out in line with codes 

(BS 1881-116: 1983; ACI 301-20:2020). The cured samples 

were wiped-off from grits and placed at the centre with the 

required load applied constantly till the sample was crushed 

and the maximum load attained was recorded. This was then 

used to calculate the compressive strength that is, the ratio of 

the maximum load to the cross-sectional area of the tested 

sample which is expressed in N/mm2. Three samples each were 
utilized for each test and then, the average results were picked 

to be the compressive strength. 

The formula for determining the compressive strength is: 

 

Compressive Strength (N/mm2) = 
𝐿𝑜𝑎𝑑 (𝑁)

𝐴𝑟𝑒𝑎 (𝑚𝑚2)
              (3) 

Accordingly,  

Load = load documented from the testing machine (N) 

Area = L2 = total surface area of the cube (mm2) 

L = length of the cube (mm) 

III. RESULTS AND DISCUSSION 
 

Table 1 shows a summary of natural properties of the 

lateritic soil. The sieve analysis result plotted on Figure 3 

shows that the soil sample has a coefficient of curvature (Cc) 

value of 1.1 and coefficient of uniformity (Cu) value of 17.3.  

This implies that the soil used in this study is well graded (BS 

1377: 1990-Part 2).  

Results of the compressive stresses plotted against their 

respective w/c ratios are presented in Figures 4-6. It should be 

noted that the overall quality of the concrete is determined by 

its compressive strength hence, it is a very important factor to 

be determined in concrete production. It could be deduced 

from the plots that compressive strength decreased with an 

increase in the w/c ratio which results from the fact that, when 

a concrete mix is over hydrated, it could lead to easy separation 

of particles at low density which implies low strength (ACI 

301-20: 2020). 0.2 w/c ratio in this study was the most 

effective for the 1:5:11 lateritic concrete mix which is 

recommended for producing controlled low-strength material 

(CLSM) as a suitable replacement for compacted backfill to 

pavements (Howard and Hitch 1998; ACI 229R-94:1994; Ling 

et al., 2018). 
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Table 1 Natural properties of the lateritic soil. 

Property Quantity 

Natural Moisture Content, % 25.1 

Percentage Passing No. 200 sieve 
(75 μm aperture) 

35.0 

Liquid Limit, % 36.0 

Plastic Limit, % 25.0 

Plasticity Index, % 11.0 

Linear Shrinkage, % 8.6 

Specific Gravity 
AASHTO Classification 

USCS 

2.51 
A-2-6 (4) 

CL 

Colour 

Coefficient of curvature (Cc) 

Coefficient of uniformity (Cu) 
Material 

Reddish brown 

1.1 

17.3 
Lateritic clayey  

sand 

Grain Distribution % Sand 65 

Silt 14 

Clay 21 

 

 

Figure 3: Gradation curve of lateritic soil. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effects of water cement ratio on the compressive strength – 7 

days. 

 
Figure 5: Effects of water cement ratio on the compressive strength – 14 

days 

 
Figure 6: Effects of w/c ratio on the compressive strength – 28 days. 

 

 

The general increase in strength recorded in this study was 

as a result of cement hydration which mainly was a result of 

the formations of dissimilar compounds like calcium aluminate 

hydrates (CAH) as well as calcium silicates hydrates (CSH) 

contained in the cement in addition to the micro fabric 

modifications, which accounts for strength gain (Negi et al, 

2013; Oke and Osinubi, 2019; Oke and Osinubi, 2020).   

As with conventional concrete, over 80% of compressive 

strength at 28 days are usually developed by the 14th day, while 

over 60% strength are developed by the 7th day (BS 1881-

116:1983; ACI 301-20:2020). Results of 3.6, 4.4 and 5.3 

N/mm2 were obtained in this study as the compressive 

strengths developed by the 7th, 14th and 28th day considering 

0.2 w/c ratio respectively; this is in agreement with the rate of 

strength development in concrete (BS 1881-116:1983; ACI 

301-20:2020).  

IV. CONCLUSION 

Lateritic soil from Emohua classified as CL and A-2-6 (4) 

using the USCS and AASHTO classifications respectively was 

subjected to tests to determine its natural properties, ascertain 

its suitability as a substitute to sand in concrete and determine 

its compressive strength for producing CLSM. CLSM concrete 
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which is characterised by its low strength usually has crushing 

strengths values of 8.3 N/mm2 or lower hence, is considered 

unsuitable for supporting bridges, buildings, or other 

engineering structures however, it can be used as a backfill 

material (Ling et al, 2018). In a situation where future 

excavation is envisioned, it is recommended that the maximum 

long-term compressive strength of CLSM should generally 

have an upper limit of 2.1 N/mm2 for compacted backfill 

material (ACI 229R-94:1994; ACI PRC-229-13:2013; Do and 

Kim, 2016; Ling et al, 2018; Kaliyavaradhan et al, 2019) 

hence, the following conclusions can be made: 

a) The lateritic soil in this study is well graded hence it is 

suitable as a fine aggregate for producing concrete. 

b) The lateritic concrete produced using the 1:5:11 mix 

design at 0.2 and 0.3 w/c ratios, cured for 28 days which 

gave strengths of 5.3 and 3.5 N/mm2 respectively can 

be used as CLSM which primarily, can be utilized as a 

substitute for compacted backfill soil to sub-base and/or 

subgrade of flexible pavements. This is in line with 

recommended 28-day compressive strengths which 

should be within 2.8–8.3 N/mm2 (Ling et al, 2018). 

Where necessary, super plasticizer can be introduced to 

increase flowability of the lateritic concrete. 

c) The lateritic concrete produced having lower 

compressive strengths of 2.2 and 1.4 N/mm2 obtained 

at 28 days curing using 0.4 and 0.5 w/c ratios 

respectively can be used as CLSM for backfill to 

roadway trenches, storm-drainage pipelines and 

conduit beddings. This is in line with recommended 28-

day compressive strengths being ≤ 2.1 N/mm2 (Ling et 

al, 2018).  

In order to produce lateritic concrete with improved 

strength as a structural concrete, it is recommended that further 

studies should be carried out using a different mix design and 

the results compared to that which has already been obtained 

in this study. 
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