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Partial Replacement for Cement 
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Abstract: The increase in the population density of the world today requires man to find a suitable 

substitute to cement as a major material used in construction in order to find an economical, safe and 

eco-friendly structure for habitation. Palm Kernel shells contribute to the ever-growing volume of 

solid waste in the environment and its conversion to a viable construction material cannot be 

overemphasized.   This research is therefore focused on the use of Palm Kernel Shell Powder (PKSP) 

as a partial replacement for cement. Experimental tests were carried out on the PKSP at replacement 

levels of 0,10, 15, 25, 50 and 75%. Renolith, a chemical polymer was added at 0, 12.5 and 25% by 

volume to the concrete mix. Slump and compressive strength tests were carried out in line with 

relevant specifications. The results revealed that PKSP can adequately replace cement at an optimum 

value of 15%. The addition of Renolith at 12.5% to the mix also improved the strength and workability 

properties of the mix. It was concluded that the use of PKSP as partial replacement for cement will 

provide an economy of 15% by volume for cement and an eco-friendly environment through the 

conversion of PKS wastes to construction material.  
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I. Introduction 

Concrete is a man-made material produced from 

a mixture of fine and coarse aggregates, cement, 

and water used for construction purposes [1], [2] 

and [3]. Other materials known as admixtures are 

sometimes included in the production of 

concrete, so as to improve one or more of its 

properties either at its fresh state or hardened 

state or both fresh/hardened states [4]. Concrete 

is a heterogeneous construction material widely 

used in the construction industry and forms the 

main ingredients for infrastructural development 

of any nation [5]. Concrete is among the earliest 

and most commonly used material in the world 

for construction purposes, mainly due to its 

advantages; economy, ease of usage, abundance, 

long-lastingness, and its potential to withstand 

severe weather conditions [6-7]. It is on record 

that concrete is the second most commonly 

utilized materials after water in the globe [8]. 

Approximately 25 billion tonnes of concrete are 

processed around the globe annually [9]. The 

advantage which concrete possesses has made it 

useful in the construction of buildings and 

structures used for different applications like; 

agricultural, industrial, commercial and 

residential purposes in many countries of the 

world. Concrete is good in compression and 

poor in tension; however, the inclusion of steel 

reinforcement takes care of concrete’s poor 

tension property that it can resist different 

degrees of tensile loading [10-11]. 

The high rate of population growth and 

industrialization in many countries of the world 

has led to high demand for construction 

materials (concrete) due to increased need for 
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infrastructures. This has led to the shortage and 

high cost of concrete constituents – especially 

cement and aggregates. The release of carbon (iv) 

oxide (CO2) and other greenhouse gases during 

the manufacturing of ordinary Portland cement 

(OPC) have adversely affected the environment 

[4].  

This study is aimed at investigating the effects of 

palm kernel shell powder (PKSP) strengthened 

with Renolith as a partial replacement for cement 

in concrete production. 

PKSP is obtained from the Palm kernel shell 

(PKS). PKS is extracted from the oil palm tree 

(elaeis guinensis) – a tree indigenous to West 

Africa and commonly found in the tropics [12]. 

The palm kernel shell (PKS) is the hard endocarp 

of palm kernel fruit that protects the palm seed, 

and it is obtained after taking out the palm oil 

from the mesocarp of the fruit [13]. PKS is one 

of the commonly seen agricultural wastes that are 

not optimally used [14].  The waste that is 

normally generated from the oil palm industries 

are enormous and often discarded in the open, 

causing harms of different degree to the 

environment [15]. In Nigeria, about 1.5 million 

tons of PKS are produced annually; most of 

which are often dumped as waste products [16]. 

The use of palm kernel shell (PKS) as an 

alternative construction material is gaining more 

relevance in Nigeria due to its enormous waste 

generated to the environs. Also, the high cost of 

materials (cement, fine and coarse aggregate) 

used in making concrete has brought about the 

need to find other materials that can be used as 

partial/complete substitutes for these 

conventional materials for the production of 

concrete [17]. 

Renolith is an advanced cementitious, water-

soluble, non-flammable, non-toxic and 

environmentally friendly additive [18-19] and it is 

among the many chemicals found in commercial 

centres, formulated from the combination of 

locally manufactured chemical products in 

Germany by Renolith International [20]. It is 

considered a secondary binder due to the fact 

that it is only effective as a good stabilizer for soil 

in combination with cement. Renolith is easy to 

use in combination with other materials as it 

increases the modulus of elasticity and flexibility 

of the materials. It is commonly used to modify 

loose soil on site to save construction time and 

cost. 

[4] investigated the strength of concrete 

produced with environmental waste glass 

powder (EWG) strengthened with Renolith as 

partial replacement for cement. Results revealed 

improvement in workability and compressive 

strength. 

[21] examined the workability of fresh concrete 

and mechanical properties (compressive 

strength, flexural tensile strength and splitting 

tensile strength) of hardened concrete made with 

palm PKSA as partial replacement for cement. It 

was observed that the addition of PKSA in 

concrete production leads to the reduction of 

cost of concrete production, and also helps to 

solve environmental waste disposal problem 

posed by PKS. 

[22] studied the effect of ground palm kernel 

(GPK) shells as part substitute for cement in 

concrete. The study revealed an optimum value 

of GPK shells substitution as 20% for shells 

without fuel and 10% for shell with fuel. It also 

found an improvement on the flexural strength 

property. 

[23] examined the impact of PKS as a partial 

replacement for coarse aggregate in concrete. 

PKS was used to partially replace coarse 

aggregate at different levels (0% -20% at 5% 

intervals). The study concluded that the 
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optimum percentage of PKS replacement in 

concrete is 10% by weight of the conventional 

material. 

[19] examined the effectiveness of cement and 

Renolith as stabilizers for black cotton soil 

suitable for subgrade pavements. The research 

concluded that cement and Renolith are good 

stabilizers for clayey soils due to their 

improvement on strength of the soil. 

II.  Materials and Methods 

A. Materials  

i. Palm kernel shell powder (PKSP): Palm 

kernel shell was obtained in Ado-Ekiti 

metropolis. The shells collected were plastered 

with dried clay and other unwanted materials. 

They were thoroughly washed with clean water 

and air dried. The PKS was turned into powder 

(PKSP) using a pulverising machine. The PKS 

and the PKSP are shown in Figures 1 and 2 

respectively. 

ii. Fine and Coarse Aggregates: The fine 

and coarse aggregates used for this study are 

shown in Figure 3 and Figure 4 respectively. 

These materials were sourced from Ado-Ekiti 

metropolis. 

iii. Water: The water used for this study was 

portable water obtained from the tap in the 

laboratory. The water was tested to ensure that it 

is potable and conformed to the requirements of 

[24]. 

iv. Cement: Ordinary Portland Cement 

(OPC), of grade 42.5, Dangote Brand was used 

in this research and was obtained from Ado – 

Ekiti Metropolis, in Ekiti State as shown in 

Figure 5. It conforms to the standards specified 

by [25]. 

v. Renolith: Renolith, a white liquid chemical 

polymer admixture used for this study (Figure 6) 

was obtained from Akure-Ondo, Ondo State. 

 

Figure 1: Palm kernel shells 

 

Figure 2: Palm kernel shell powder 

 

Figure 3: Fine aggregate 

 

Figure 4: Coarse Aggregates 

 

Figure 5: OPC, Dangote Brand 



82 
 

Print ISSN 2714-2469: E- ISSN 2782-8425 UNIOSUN Journal of Engineering and Environmental Sciences (UJEES) 

B.  Methods 

i. Specific Gravity Determination: Specific 

gravity is the ratio of the weight of given volume 

of aggregates to the weight of equal volume of 

water at a specific temperature. The Specific 

Gravity (Gs) was determined with Standard 

Reference to [26-27]. The specific gravity was 

computed from equation 1. 

Gs = 
W2−W1

(W4− W1)−(W3− W2)
                     (1)

  

ii. Sieve Analysis: The sieve analysis was 

carried out by shaking the fine and coarse 

aggregates through a stack of screen with 

openings of known sizesThe procedure was 

carried out in accordance with [28] by weighing 

out the sample of the sand and oven dried for 

twenty-four hours at 110 oC. The coefficient of 

curvature (Cc) and coefficient of uniformity (Cu) 

were obtained using equations 2 and 3 

respectively. 

Cc = 
(D30)2

D60D10
                                  (2) 

Cu = 
D60

D10
                                     (3) 

iii. Mix Ratio of Constituent materials: The 

mix ratio of the constituent materials used was 

1:2:4. The substitution of PKSP by cement is in 

the order: 0%, 25%, 50% and 75% as displayed 

in Table 1. While the dilution of the Renolith 

with water were: 12.5%, 25%, 50% and 75% 

respectively as shown in Table 2. 

iv. Slump Test: A Slump test was used to 

ascertain the workability of the different concrete 

mixtures. A slump cone apparatus (with a height 

of 300 mm, bottom diameter 200 mm, and top 

diameter of 100 mm), standard tamping rod, 

non-porous base plate, and measuring scale was 

used and the test was carried out following the 

specification of [29]. For all the different 

concrete mixes, the associated slump was 

measured and recorded. Figure 7 showed the 

slump type and measurement. 

Table 1: Concrete Mix Ratio 

Replace
ment 
(%) 

Cement 
(g) 

PKS
P 
(g) 

Fine 
(g) 

Coars
e 
(g) 

0 
10 
15 

1333 
1200 
1133 

0 
133 
200 

2667 
2667 
2667 

5333 
5333 
5333 

25 1000 333 2667 5333 

50 667 667 2667 5333 

75 333 1000 2667 5333 

 
 

 

Figure 6: A 5-litre Renolith sample 

 
Figure 7: Slump Measurement  

 

 
Figure 8: Concrete cube test 
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Table 2: Dilution of Renolith 

Dilution 
(%) 

Renolith 
(g) 

Water 
(g) 

Total  
 (g) 

12.5 250 1750 2000 
25.0 500 1500 2000 
50.0 1000 1000 2000 
75.0 1500 500 2000 
100.0 2000 - 2000 

v.  Compressive Strength Test: A Compressive 

strength test was used to ascertain the degree to 

which a sample can withstand compressive loads. 

A total of 44 concrete cube samples (150 x 150 x 

150 mm) were cast and tested at 7, 14, 21 and 28 

days curing days using a 2000kN Compression 

Testing Machine as shown in Figure 8. The 

compressive strength test was carried out in line 

with [30]. The compressive strength (C.S) for the 

concrete cube sample was computed with 

equation 4. 

C.S = 
Failure Load

 Area  of Sample
                    (4) 

III.  Results and Discussion 

i. Specific Gravity and Sieve Analysis: The 

specific gravities of the fine and coarse 

aggregates were 2.66 and 2.77 respectively and 

within the specification of [27] and thus having a 

high strength and producing a durable concrete 

for the research work.  The coefficient of 

curvature and coefficient of uniformity are 2.18 

and 1.14 for the fine aggregates and 1.57 and 1.05 

for the coarse aggregates respectively. All these 

values are within the specification of [28]. 

ii. Slump Tests Result: The slump test 

determines the consistency of the concrete mixes 

prepared in the laboratory or the construction 

site. The slump obtained at different percentages 

of replacements of PKSP with cement is 

presented in Figure 9. The slump of each design 

mix generally increases with increase in the 

percentage of PKSP replacement in the concrete 

mix. A true slump of value 28-38mm was 

observed between 0-15% PKSP replacement 

with cement while a collapse slump of values 40-

90mm was recorded for 25-75% PKSP. The 

addition of Renolith tends to cause a reduction 

in the slump values by 7.1-13.3%. This reduction 

may be due to strong particle bonding caused by 

the use of Renolith in the design mix. The true 

slump observed here was in the range of 30-

38mm while the collapse slump values recorded 

were in the range of 59-78mm. 

iii. Compressive Strength Results: The 

compressive strength of PKSP at different 

percentages of replacement (0-75%) with and 

without the addition of Renolith are presented in 

Figures 10, 11 and 12 respectively. The 

compressive strength decreases with an increase 

in the percentages of PKSP. Following the grade 

C30 design, the compressive strengths at 28 days 

of curing (0%, 10% and 15% PKSP) were 42, 35 

and 30.3 N/mm2 respectively. These values are 

within specified design grade of C30. 

 

 
Figure 9: Slump values at different percentages of 

PKSP 
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Figure 10: Compressive Strength at different 

percentages of PKSP (0% Renolith) 

Figure 11: Compressive Strength at different 

percentages of PKSP (12.5% Renolith) 

 
Figure 12: Compressive Strength at different 

percentages of PKSP (25% Renolith) 

 
Figure 13: Compressive Strength at different (0-

15%) percentages of PKSP (0-25% Renolith) 

This represents an optimum replacement of 

PKSP with cement at 15%. On the other hand, 

the compressive strengths recorded upon the 

addition of 12.5% of Renolith revealed an 

improvement in strengths in the range of 6.4-

12.3%. The strengths at 28 days (0%, 10% and 

15% PKSP + 12.5% Renolith) was 44.7, 35.3 and 

31.8N/mm2 respectively. The increase in 

strength may be a result of the formation of 

“micro-rubber-bands” between the constituent 

materials and forming a stronger bond within the 

concrete mix than would have been for the mix 

without Renolith. These findings are in line with 

the research of [4], [18-19] and [23]. 

Furthermore, the addition of a higher dosage of 

Renolith (0%, 10% and 15% PKSP + 25% 

Renolith) causes a slight decrease in the 

compressive strengths and within the range of 

5.7-10.5% compared to concrete without 

Renolith. Generally, Renolith has shown positive 

improvement in strength and workability when 

used carefully in the concrete mix.  Figure 13 also 

shows the comparison of compressive strength 

with the addition of 0-25% Renolith to different 

percentages of PKSP in the concrete mix. The 

results revealed an improvement in the 

compressive strengths using an optimum dosage 
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of Renolith to be 12.5% at the different PKSP 

replacement. However, there is a decrease in the 

compressive strength with higher dosage of 

Renolith. 

IV. Conclusion 

The following conclusions were drawn from this 

research: 

1. The specific gravity, coefficient of uniformity 

and coefficient of curvature of the fine and 

coarse aggregates are within the relevant 

specifications and adjudged to be good materials 

for the research. 

2. The compressive strength for concrete 

produced with PKSP at different levels of 

replacements (0%, 10%,15%, 25%, 50% and 

75%) with cement decreases with an increase in 

PKSP. 

3. The addition of the chemical polymer, 

Renolith tends to improve the compressive 

strength of the concrete produced and also helps 

to improve the workability of the concrete. The 

improvement is within the range of 6.4-12.3%. 

This is also in consonance with the research of [ 

4,18,20]. 

4. Optimum replacement of PKSP was 

experimentally found to be 15% for dense-

weight reinforced concrete elements and greater 

than 15%-50% for light-weight concrete 

elements. Above 50% may not be feasible for 

either light-weight or dense-weight concrete. 

5. This research will help to reduce PKS as an 

environmental waste and the cost aof disposal of 

such waste and also provides an eco-friendly 

environment. 

The addition of Renolith to the concrete mix has 

in no doubt improve the strength properties of 

concrete. But greater care should be taken in the 

dosage administration. A 25% dosage was found 

to decrease the compressive strength by 

approximately 9.5% while a 12.5% dosage was 

found to improve strength properties. Further 

investigation can be carried out on lower dosages 

(2-10%) of Renolith on the strength properties 

of concrete. 
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