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ABSTRACT 

As a way of ensuring environmental sustainability and efficient use of 

resources, there has been the promotion of building materials which are 

natural and renewable and can be found locally. This study examined the use 

of palm kernel shell, as partial replacement for terrazzo chippings in terrazzo 

production. Terrazzo specimens with 0%,  15%, 30% and 45% palm kernel 

shells (by volume) as replacement of terrazzo chippings were cast, cured at 

28-day curing age and  tested for mechanical and physical properties. The 

result indicated that, the densities of specimens decreased as the palm kernel 

content increased. The ccompressive strengths of the specimens exhibited the 

same trend as the densities. All the  compressive strength of the specimens fell 

within the recommended range of 20 – 34.5MPa, by ASTM C 109/C 109M. 

The rate of water absorption and wearing was higher with higher palm kernel 

replacement. However, the water absorption and abrasion resistance for all the 

specimen, fell below the Jordanian standard maximum values of 0 - 8% and 0 

- 6.7 g/cm. In view of the above findings, palm kernel shells, up to 45% 

replacement, can be recommended as a partial replacement of terrazzo 

chippings in terrazzo floor finish. 
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1.0 INTRODUCTION  

There are various types of floor finish such as cement screed, vinyl sheet flooring, 

carpet, vinyl tile flooring, porcelain tile, ceramic mosaic tile, quarry tile and terrazzo 

tile or terrazzo flooring but terrazzo is superior durable. According to [1] terrazzo is a 
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high quality, durable product which is hygienic, easy to keep clean and can be used in 

most heavy duty internal areas. Terrazzo is extremely hard wearing, easy to keep 

clean and maintain, attractive in appearance, flexible, in that can be designed to be in 

keeping with other architectural buildings and , colour schemes, hygienic- suitable for 

some areas of food preparation, manufactured to a stringent quality and safety 

standards and cost effective.  Another advantage of using terrazzo tiles is that these 

tiles are extremely sturdy and strong. They are one of the most resilient tiles available 

in the market and are far stronger than stone and ceramic styles. After a terrazzo tile 

has been fixed properly it is resistant to any stain or water damage, it is not prone to 

chipping and it can withstand heavy footfall for years and years. 

Despite the many advantages of terrazzo many people are not using it these days. The 

main drawback of using terrazzo as a floor finish in Ghana is high cost of materials and 

installation. In Ghana, there is a ban on the exploitation of terrazzo chippings obtained 

from the beach. This means the use of terrazzo chippings obtained from the beach is 

criminal. This has contributed to the rise in cost of terrazzo chippings making it very 

expensive to install terrazzo as a floor finish.  

As a way of ensuring environmental sustainability and efficient use of resources, there 

has been the promotion of building materials which are natural and renewable and can 

be found locally [2]. One of such building materials is palm kernel shells (PKS). The 

construction industry of today has well embraced the use of supplementary 

cementitious materials (SCMs) either in blended cement formation or added 

separately to concrete mix as a mineral admixture [3]. Using SCMs in concrete 

formulation is widely known to improve cement based products performance through 

the filler and pozzolanic effect. The filler effect leads to the generation of portlandite 

(CH) at the early hydration of cement whereas pozzolanic effect is the reaction that 

occurs between portlandite generated from cement and the silicate and aluminate 

phases in SCMs leading to the formation of secondary products such as calcium 

silicate, calcium aluminate and calcium alumino silicate hydrates.  Using SCMs in 

concrete formulation is widely known to improve cement based products performance 

through the filler and pozzolanic effect.  

Palm kernel shells (PKS) which are agriculture waste and available in all palm 

growing areas in Ghana and very cheap and hard needed to be considered as a partial 

replacement of terrazzo chippings and researched into its possibility. Historically,  

agricultural  and  industrial  wastes have  created  waste  management  and  pollution  

problems. However, the use of agricultural and industrial wastes to complement other 

traditional materials in construction provides both practical and economic advantages. 

The wastes generally have no commercial value and being locally available, 

transportation cost is minimal [4]. The use of waste materials in construction 

contributes to conservation of natural resources and the protection of the environment 

[5]. In Ghana, palm kernel shells are obtained from palm oil producers. Until recently, 

palm kernel shells were perceived as waste material having problems with their 

disposal especially in palm oil producing areas. Currently, palm kernel shells are used 

as a source of fuel for many companies in various industrial productions. The waste 

products have now been identified as a useful energy source; however the waste 
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generation from oil producers far outweighs its consumption by industries. There are 

huge tonnages of these palm kernel shell wastes dumped on sites around many of the 

palm oil producing areas in the country. There is the need for some form of attention 

on the disposal problems regarding the shells in palm oil producing areas of Ghana.   

[6] showed that by increasing PKS, the compressive strength of concrete or decreased. 

They attributed to the lower specific gravity (1.17–1.62) and a much higher water 

absorption ratio (14–33%) of PKS in comparison to those of natural aggregates. 

Furthermore, [7] reported that the angular and rough edges of PKS were responsible 

for lower workability, while higher water absorption of PKS was a result of the 

existence of many pores in the shells. However, [8] stated that PKS could be replaced 

as a lightweight natural aggregate to produce high strength lightweight concrete with 

a compressive strength of up to 48 MPa at 28 days.  

The need for sustainable low cost buildings built from environmentally friendly 

materials used as floor finish and lack of knowledge in this area justify the need for 

more research to be conducted on the strength and durability properties of palm kernel 

shells as a partial replacement of chippings in terrazzo floor finish. 

However, to the author’s best knowledge, there are currently no reports of the use of 

PKS as the partial chipping replacement in   terrazzo finishing. In this paper, the 

effects of PKS as a partial replacement of conventional chipping on the properties of 

terrazzo finishes were investigated. The production of this terrazzo finishes is a 

unique and successful strategy to help both the environmental issues and sustainable 

development. Based on the literature search carried out, there are currently no studies 

investigating the effects of PKS on the properties of terrazzo finish.   

On a related note, the aim of this study was to replace PKS (0, 15, 30 and 45%) as 

terrazzo chippings in terrazzo finish. The effects of replacing terrazzo chippings with 

PKS on hardened properties of terrazzo finishes such as density, permeability, 

abrasion resistance  as well as compressive strength were investigated and compared 

against and the conventional terrazzo chippings. In addition, the relationship between 

properties of PKS terrazzo finish was also analyzed.  

 

2.0 SPECIMEN AND PREPARATION 

2.1 Materials  

The materials used in this study were palm kernel shells (PKS), conventional terrazzo 

chippings (CTC), white cement and water. PKS wastes were obtained from small 

scale palm oil milling processes.The PKS were washed, dried and employed as 

terrazzo   chipping for production terrazzo finish.  The CTC include:  granite, 

Dehradun white, Chittoor black, Jaisalmer yellow, grey Gadu (Surat) of Standard size 

between 10mm and 12mm. CTC were put in basket in batches and thoroughly flushed 

with water to remove impurities that could affect the terrazzo. 

The abrasive resistance of both the CTC and PKS is presented in Figure 2,while the 

particle size gradation envelope is displayed in Figure 3.  The abrasion resistance test 
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was conducted using Los Angeles Machine in accordance with [9], ASTM C131, 

(Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate 

by Abrasion and Impact)  

 

2.2 Mixture proportions 

Nominal terrazzo mix of 1:2 (cement: chippings) and W/C of 0.5 were used to 

produce terrazzo finishes.  The CTC were partially replaced with 15%, 30% and 45% 

of PKS (by volume CTC). The specimens were labeled TPKSX, denoting Terrazzo 

finish specimens with X% PKS placement. A total number of 80 terrazzo cubes of 

side 150 mm were batched, polished, cured and tested for compressive strength at 28 

days according to the standard Destructive Test (DT) and Nondestructive Test (NDT) 

procedures. But prior to the DT crushing, the PKS terrazzo cubes were subjected to 

NDT to determine respective water absorption, abrasion resistance and density.  The 

curing was done firstly,by covering the specimens with polystyrene for 6 days after 

demouding (Figure 1). The specimens were polished and immersed in water for 22 

days, making a total of 28 days of curing. 

 

Figure 1. Curing of specimens 

 

2.3 Experimental details 

2.3.1 Density 

The density of the hardened samples were tested based on [10] ASTM C1754 using 

the volumetric method. 

 

2.3.2 Compressive strength 

The compressive strength test was determined using Electrical digital compression 

tester. An electrical digital compression tester can provide a consistent testing on a 

wide range of specimens through a hydraulic pump and a digital readout system. 
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2.3.3 Water absorption 

Water absorption tests were conducted on the terrazzo specimens. The test was 

carried out in accordance to [11], ASTM C (642-1997). In the test procedure, the 

specimens were dried in an oven at (100-110°C) for 24 hours, and then their masses 

were measured. Next, the specimens were fully immersed in a water tank for 24 

hours, and then they were taken out. Their surfaces were dried with a cloth and finally 

their weights were measured again. The percentage of water absorption was 

calculated from the following equation: 

Water absorption (%) = (W2-W1)/W1 × 100            (2) 

 

3.0 RESULTS AND DISCUSSION 

3.1 Abrasion Resistance Test CTC and PKS 

As the sizes of particles of material after abrasion have an effect on the abrasion 

resistance properties, a grading test of the materials were conducted after abrasion of 

conversional terrazzo chippings (CTC) and (PKS) and the results are presented in 

Figure 2.  

 

Figure 2. Abrasion of CTC and PKS 

 

Figure 2 shows that after abrasion the CTC were generally finer than the PKS used in 

the production of the terrazzo specimen. The amount of CTC and PKS that pass 



40 Yalley, P. P. 

through the sieve 1.7mm were 20.95% and 4.16% respectively. The percentage loss of 

the particles of both CTC and PKS after abrasion was 21% and 4.16% respectively, 

indicating a better performance of PKS over the CTC.The findings indicate that both 

CTC and PKS meet the requirement of [9] and therefore would not easily wear off, 

hence promising an appreciable durability. It is therefore evident that PKS can be 

used in the production of terrazzo intended for floor finish where human traffic is 

expected to be heavy. This confirms the research conducted on abrasion of PKS by 

[12], where they concluded that PKS is good in abrasion resistance. 

 

3.2 Particle Size Distribution CTC and  PKS 

As the size of the particles of the material used in making the terrazzo specimen has 

an effect on strength, absorption capabilities and the abrasion resistance properties, a 

grading of the materials was conducted and result of the analysis is presented in 

Figure 3. The grading of both CTC and PKS type is observed to be within the upper 

and lower limit requirements of marble chips. From the particle size distribution the 

CTC and PKS are well graded particles which couldcontribute to the overall quality 

of concrete or terrazzo than gap-graded mixtures[13]. 

 

Figure 3: Particles Size Distribution of CTC and PKS 

 

3.3 Density of Terrazzo Specimens  

It can be seen from Table 1 that the terrazzo specimen made without PKS as 

constituents were denser than those made with 15%, 30% and 45% palm kernel shell 

by about 7 %, 14% and 19% respectively.  It was found out that there was a very 



Use of Palm Kernel Shells as a Partial Replacement of Chippings in Terrazzo Floor Finish 41 

strong negative relationship (with r = - 0.993 and p = 0.00) between the percentage of 

PKS replacements and the corresponding densities of the specimens.The lower 

specific gravity of (PKS) contributed to lower density of the terrazzo containing the 

PKS. 

 

Table 1: ANOVA Summary of Density of Terrazzo Specimens 

Specimens N Mean Density 

(kg/m3) 

SD F-value P-value 

TPKS0 5 2,704.7 0.70 989,957.44 .000 

TPKS15 5 2,509.8 0.70   

TPKS30 5 2,326.2 0.02   

TPKS45 5 2,193.4 0.02   

Total 20 2,433.6 1.97   

    PKS Density 

PKS Pearson Correlation 1 -.933 

 Sig. (2-tailed)  .000 

 N 4 4 

DENSITY Pearson Correlation -.933  

kN/m3 Sig. (2-tailed) .000  

 N 4 4 

*Mean values with the letter * attached indicate significance Density coefficients at 

0.05 levels. 
 

The results in Table 1 also indicated a high variability between the individual groups 

than within groups showing that the significant differences found in the results were 

as a result of the effects of the PKS with F = 989,957.448 and a p = 0.00. This result 

confirmed that the inclusion of the PKS significantly influenced the densities of the 

terrazzo specimen. 

 

3.4 Compressive Strength 

The effects of replacement of CTC with PKS on compressive strengths of the 

specimens are presented in Table 2.The average compressive strength of the terrazzo 

specimen decreased from 29.82 N/mm2for specimens without PKS to 26.07 N/mm2, 

23.88 N/mm2 and 23.70 N/mm2respectively when 15%, 30% and 45%  ofCTC was 

replaced with PKS. There is a general decreasing trend in the compressive strength of 

the terrazzo specimen as the PKS content increased. However, the compressive 
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strength values are within the recommended ASTM C 109/C 109M’s [14]minimum 

values of 20N/mm2 for terrazzo finish. 

The reduction in compressive strength of terrazzo withPKS could be attributed to the 

flaky and elongated nature of PKS and the smooth convex surfaces of the PKS which 

results in a weak bond between the PKS and the cement matrix. The mode of reduced 

strength of the terrazzo with PKS suggests that the strength of PKS depends on the 

strength of the mortar and the interfacial bond between the PKS and the cement 

matrix. The reduction in the compressive strength could also be due to low 

compressive strength of PKS, which acted as weak points in the mix. 

The compressive strengths obtained were analysed using a One-factor ANOVA test at 

95% confidence interval as shown in the Table 2. There was a very low level of 

variability in the compressive strength of the terrazzo specimens between the various 

degrees of PKS used than within each degree of percentage of PKS replacement. This 

indicates that the PKS quantity in the terrazzo specimen does not affect their strength 

significantly (F-value = 1.55, p = 0.25 > 0.05).  

 

Table 2: ANOVA Summary of the Compressive Strength of Terrazzo specimens 

Specimens N Mean (N/mm2) SD F-value P-value 

TPKS0 5 29.82 8.59 1.551 0.252 

TPKS15 5 26.07 2.78   

TPKS30 5 23.88 1.05   

TPKS45 5 23.69 0.91   

Total 20 25.86 4.81   

  PKS CS(N/mm2) 

PKS Pearson Correlation 1 -.932 

Sig. (2-tailed)  .068 

N 4 4 

Stress (N/mm2) Pearson Correlation -.932 1 

Sig. (2-tailed) .068  

N 4 4 

*Mean values with letter * attached indicate significance compressive strengths at 5% level 

 

There was a very strong negative correlation (r = - 0.932, p = 0.068 > 0.05) existed 

between the compressive strength of the terrazzo specimens and the PKS, however, 

such relationship was insignificant at 95% confidence interval.  
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3.5 Density/Compressive Strength Relationship  

The dry density of the terrazzo specimens positively correlated with the compressive 

strengths of the terrazzo specimens as a Pearson correlation of r = 0.953 with a p = 

0.047 was obtained indicated in Table 3. In other words, as the quantity of the palm 

kernel shells increased there were corresponding decreased in both the compressive 

strength and the density of the terrazzo specimens. This means that the higher the 

density of terrazzo specimen the higher the compressive strength. 

 

Table 3. Density/ Compressive Strength Relationship 

  

Stress (N/mm2) 

Density 

(kg/m3) 

Stress 

(N/mm2) 

Pearson Correlation 1 .953* 

Sig. (2-tailed)  .047 

N 4 4 

Density 

(kg/m3) 

Pearson Correlation .953* 1 

Sig. (2-tailed) .047  

N 4 4 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

3.5 Water Absorption  

According to Table 4 it can further be seen that after 24 hours of immersion of the 

specimens in water the terrazzo specimens withoutPKS absorbed the least water with 

an absorption coefficient of 170.10 g/cm2representing 6.29% water absorption. The 

specimens with 45% PKS absorbed the most water with an absorption coefficient of 

177.33 g/cm2 representing 8.00%.. This might be due to the porous nature of PKS, 

hence water absorption increased as the PKS increased. 

Study conducted by [15] on pre-cast terrazzo tile, recommended that water absorption 

of floor finish should not exceed 8%. This assertion is confirmed by Jordanian [16] 

water absorption limit of 8%, hence PKS is a good material to be use as a partial 

replacement of conventional terrazzo chippings. 

 

 

 



44 Yalley, P. P. 

Table 4: ANOVA Summary of the Water Absorption Coefficients of Terrazzo  

Specimen 

Specimens N Mean (g/cm2) SD F-value P-value 

TPKS0 5 170.10 1.41 84.25 0.000 

TPKS15 5 170.91 .692   

TPKS30 5 172.20 .000   

TPKS45 5 177.33 .142   

Total 20 172.63 2.97   

  

PKS 

H20 absorption 

(g/cm2) 

PKS Pearson Correlation 1 -.865 

Sig. (2-tailed)  .000 

N 4 4 

H20 absorption 

(g/cm2) 

Pearson Correlation -.865 1 

Sig. (2-tailed) .000  

N 4 4 

*Mean values with letter * attached indicate significance water absorption 

coefficients at 0.05 levels. 

 

Table 4 revealed a highly significant positively strong association (r = 0.865; p = 

0.000) existed between the water capillarity coefficients of the terrazzo specimens and 

PKS content.  

The One-factor ANOVA statistical test at a significance level of 0.05 was used to 

analyse the data and the results (Table 4)indicate high variability between the 

individual groups than within groups showing that the significant differences found in 

the results were as a result of the effects of the palm kernel shell with F = 84.250 and 

a p = 0.000 

 

3.6 Abrasion Resistance of Terrazzo Specimen 

The study revealed that the abrasion coefficient of the terrazzo specimen without PKS 

has the least abrasion coefficient of 5.8g and the specimen with 45% replacement had 

the highest value of 6.37g. PKS in the specimen wears more than the conventional 

terrazzo chippings because of the flaky and porous nature of the PKS. This accounted 

for higher value of abrasion coefficients of specimens with PKS replacement.  Based 



Use of Palm Kernel Shells as a Partial Replacement of Chippings in Terrazzo Floor Finish 45 

on the study conducted by [17] on pre-cast terrazzo tile, abrasion loss should not 

exceed 6.7g. The abrasion loss is between 5.8g and 6.37g;henceterrazzo made with up 

to 45% PKS content has good abrasion resistance and therefore will not wear easily.  

The One-factor ANOVA statistical test at a significance level of 0.05 also deduced 

that, there were more variations within the individual batches as compared to those 

variations between the different batches indicating the lack of significant effect of the 

kernel shell on the terrazzo specimens (F = 2.96; p = 0.098).  

A bivariate correlation analysis Table 5 showed a strong positive correlation of 0..891 

(p = 0.109) existed between the abrasion resistance of the terrazzo specimens and 

PKS content, indicating that  as the PKS content  increases, a corresponding increase 

in the abrasion value of the specimens occur. However, the relationship is not 

significant 

 

Table 5: ANOVA Summary of the Abrasion Coefficients of Terrazzo Specimen 

Specimens   N Mean  

(cm2/g) 

SD F- 

value 

P-value 

TPKS0 5 5.80 1.11 2.95 0.09 

TPKS15 5 6.10 0.79   

TPKS30 5 6.16 0.15   

TPKS45 5 6.36 0.20   

Total 20 6.11 0.86   

    PKS % Abras-ion (g/cm3) 

PKS % Pearson Correlation 1 .891 

Sig. (2-tailed)  .109 

N 4 4 

Abrasion (g/cm3) Pearson Correlation .891 1 

Sig. (2-tailed) .109  

N 4 4 

*Mean values with the same letters attached indicate significance Abrasion 

coefficient at 0.05level 

 

4.0  CONCLUSION AND RECOMMENDATION 

From the results of the study this paper concludes that the inclusion of the PKS  

significantly influenced the densities and the compressive strength of the terrazzo 

specimen.Terrazzo made with up to 45% palm kernel shells content has good abrasion 

resistance and therefore will not wear easily. PKS can be used as partial replacement 

for terrazzo chippings up to 45% for making terrazzo on walls and floors as a finish. 
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It is therefore recommended that PKS up to 45% by volume,can be used as partial 

replacement for terrazzo chippings for making terrazzo on walls and floors as a finish. 
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