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ABSTRACT

This paper presents the results of experimentadstigation carried out to study the effect of acidhvironment on concrete
made with coconut shell (CS) as a partial aggregaf@acement, in which the natural coarse aggregatere replaced with
0%, 10%, 20% and 30% CSby volume. To study thenpeshce of CS concrete in acidic environment, cesgve strength
test at 28 days before immersion in acid, weigbs lassessment after immersion in acids at intexvaldays and compressive
strength loss assessment after immersion in 3%oleydioric acid (HCI) and sulfuric acid (3$Q;) mediums for 27 days were
carried out. The results indicated that Coconutlisheaybe viable for use as apartial replacemenaggregate in concrete.
But when subjected to strength tests after immerigsidooth HCI and HSQ, acidic environment they did not perform well, as

theircompressive strength and weight decreasedinittease in CS replacements. The losses are hightee HSQ, medium
than in HCI medium. The use of coconut shells imcoete should be avoided in aggressive environments
Keywords: Coconut shell;coarse aggregate; acid resistancaghteloss; partial replacement.

INTRODUCTION
Concrete is the leading civil engineering constorct

degradation whenexposed to environments that cause
deleterious effects on the concrete (Raetlial., 2013).

material, whose production involves a combinatioh o Therefore the aim of this research is to assesstithe

ingredients like cement, fine aggregates, coarsgeagte,
and water. Among all the ingredients, aggregates: fihe
largest part, unfortunately, anoperation associatéth
aggregate extraction and processing isamajor cafse
environmental concerns. The growingdemandfor Sueskdé
development has made researchers to
investigation on the use of waste or recycled naltens a
potential construction material (Alengaraet al., 2013).

centerthe@Cement:

durability of concrete containing coconut shell gextial
replacement for coarse aggregates in acidic medium.

MATERIALS AND METHODS

Materials

Ordinary Portland cement produced by
Dangotecement company was used in this study.

Therefore, there is a growing demand for altermativ Fine AggregatesRiver sand obtained locallyfrom Wudil,

materials that can be used as coarse aggregatemanete

Kano, Nigeria. The fine aggregate was clean and not

(Rajeevan and Shamijith, 2015).Various types of &astcontaminated by impurities.lt was air dried befdreing

materials and industrial bye products such asdly, &ottom
ash, recycled aggregate, foundry sand, china chnd,s
crumb rubber, glass, coconut shell, palm kennell $tave
been investigated for use as a replacement forralatu
aggregates (Dhiet al., 2004).Using alternative materials
asasubstitute for natural aggregates in concreidugtion
makes concrete a sustainable and environmentaéiydiy
construction material.

Various Investigations have been conducted ontlsgiples
use of coconut shell (CS) for partial aggregatdacpnent
in concrete (Prusty and Patro, 2015), (Shraddtta.,2014),
(Rajeevan and Shamijith, 2015), (Kaur and Kaur, 20IRe
investigations showed that a potential exists fer tise of
coconut shells assubtitutes for coarseaggregateboth
conventional reinforced concrete and plain cemencete
constructions. Coconuts being naturally availablenature
and its shells are non-biodegradable can be usadilye
inconcrete, which fulfills almost all the qualitiesf the
original form of concrete. However, further reséars
needed for better understanding of the behaviaroobnut
shell as aggregate in concreteespecially on duabirhe
durability of concrete may refer to its ability tesist quality
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used.

Coarse Aggregates. Locally available crushed granite
aggregates of nominal size 20 mm were used.

Coconut Shell: The coconut shells used for this research
were obtained locally. The coconut shellsweresueddfor
three weeks and crushed manually using a hammer.

Acids. Sulphuric acid (HSO,) and Hydrochloric acid (HCI)
used in this study were locally sourced and wetefurther
synthesized.

Mix proportion

In this study, the concrete to achieve a targetpressive
strength of 25 N/mfat 28 days was designed using the
absolute volume mix design method (Neville, 199Bhe
mix ratio used from the mix design was 1:2:4 fomeat,
fine and coarse aggregates respectively. The veaerent
ratio used was 0.5 and the Coarse aggregates \aeially
replaced with coconut shell by volume ( 0%, 10%62&nd
30% ) as shown in Table 1.
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Table 1: Quantities of materials
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Replacement % Cement Coarse aggregate Fine aggregate| Coconut Water (kg)
(kg) (kg) (kg) shell (kg)
0 10.93 43.69 21.74 0 5.465
10 10.93 39.32 21.74 1.68 5.465
20 10.93 32.77 21.74 3.36 5.465
30 10.93 21.84 21.74 5.40 5.465
Methods

To ascertain the effects of acids on the performasfcCS
concrete, the following tests were carried out:t3em the
constituent materials (fine aggregate, coarse agtee and
coconut shell),which include specific gravity; pele size
distribution tests; compressive strength test ail@®& before
immersion in acids (hydrochloric acid (HCI) and guric

three cubes from each mixture were immersed in
hydrochloric acid (HCI) and sulphuric acid f50)
mediums and another three corresponding cubes were
immersed in water. In order to minimize evaporatithese
specimens were kept covered throughout the tegianipd.
The weight of each specimen was taken at the iaterfv3

3%

acid (HSQy)); weight loss assessment after immersion indays for 27 days duration. At the end of 27 daysl ac
acids (HCI and EBOy) at interval of 3 days for 27 days and immersion, the specimens were tested for compressiv

compressive strength loss test after immersioncidsafor
27 days.

Specific gravity test

The specific gravity test was carried out on theoomt
shell, fine and coarse aggregates in accordan¢eB8t812
(BS812-2:, 1995).

Particle size distribution test

The particle size distribution testgwas carried ont the
coconut shell, fine and coarse aggregates in aanosdto
(BS.EN933-1:, 1997).

Compressive strength test

strength.

Acid resistance was then evaluated by determinimg t
weight loss (WL) and compressive strength loss (@&Lthe
specimens using Equation (1) and (2):

)

WL(%) = ——— x 100 €))
1

Where: w and w are the weights of the specimens (in
kilograms) before and after immersion

fcl _fcz

SL(%) = 22— x 100 )

cl
Where: {, represents 28 days compressive strength of
control specimens and,fis the compressive strength of the

Compressive strength tests were conducted on dencrespecimen after exposure to 3.5% (by volume) hydoith
containing 0%, 10%, 20% and 30% CS as replacenwent f acid (HCL) and sulphuric acid ¢80,) solutions for 27

coarse aggregates by volume. The tests were pextbon
concrete cube specimens of size 150 x 150 x 150 These
cubes were prepared and cured in water in accoedaitb
(BS1881-111:, 1983) and tested at 28 days in aeccel
with (BS1881-116:, 1983). Furthermore, densitysesere
also conducted atthe 28lay.

Weight loss assessment and compressive strengthttes
after immersion in acids
Weight loss assessment and compressive strengtivées

days.

RESULTS AND DISCUSSION

Material properties of coconut shell, fine and coase
aggregates

The specific gravity of coconut shell, fine and
aggregates were determined and shown in Figurehg&. T
specific gravity of coconut shell (1.39) is 50.2étver than
that of natural coarse aggregate (2.79) and 48.5MRer
than that of fine aggregates (2.70). The resultins

conducted on concrete containing CS aggregates¥gt O conformity with what was reported in some earlieorks
10%, 20% and 30% proportion by volume. The testeewe ((Kamal and Singh, 2015) and (Shraddéaal., 2014)).
performed on the concrete cube specimens. ThesescubFigure 2 shows a well distributed particle size doconut

were prepared and cured in water for 28 dafigr avhich

3

shell, fine and coarse aggregates.
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Figure 1: Specific gravity of coconut shell, finedacoarse aggregates
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Figure 2: Particle size distributions of coconwel§Hine and coarse aggregates

Comepsive strength at 28 days
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Figure 3: Coconut shell concrete compressive streaig28 days

Figure 3 shows the result of the compressive stheio§  This is in agreement with earlier studies ((Shradehal.,
concrete partially replaced with coconut shell ggragates 2014), (Kamal and Singh, 2015), (Kambli and Sandhya
at 28 days before immersion in acids. From theltethere  2014) and (Osei, 2013)) sand is attributed to treaker

was a 4.7% decrease in compressive strength bet@en bond between CS and cement mortar, The bond between
CS replacement (20.37 N/mjnand 10% CS replacements mortar and CS is weaker than that of natural aggesg

(19.41 N/mmi). The decrease continued, with 20% CS

replacement (16.3 N/mhhaving 19.9% decrease and 30% Figure 4 shows the variation of concrete cubes itlensth

CS replacements (9.78 N/Mmhaving 52% decrease. varying CS replacement. There isadecrease in gemsithe
Generally, the compressive strength decreasesimitkase CS replacementincreases; this can be attributéldetdower

in percentage replacement of coconut shell as ggtes.  specific gravity of the CS.
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The behavior of concrete whose aggregates werdgalpart to
replaced withcoconut shell in acids was investidateEhe
weight of the specimens when immersed in 3% HCl2#d

Density (kg/m3)

.
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compounds as well

Figure 4: Coconut shell concrete cube density ats3® weight loss

Vol. 25, No. 2, Dec. 2018

leaching of both hydrated and anhydrate cement
as calcareous soluble calcium
compounds. It was also observed that sulfuric heslmore

H,SO, acid for 27 days were determined and the resultsardeteriorating effect on all the cubes than hydrogblacid.
shown in Tables 2 and 3. Deteriorations were oleskdue

Table 2: Results of weights (kg) for concraibes immersed in HCI for 27 days

Average masses of concrete cubes (kg)
S/No. | Days 0% coconut shell 10% coconut shel 20%conut shell | 30% coconut shell
1 0 8.22 7.988 7.46 7.34
2 3 8.15¢ 7.7¢ 7.3¢ 7.31¢
3 6 8.0t 7.67 7.3 7.22¢
4 12 8.04: 7.5 7.24 7.14:
5 15 8 7.41 7.17 7.07¢
6 18 7.95 7.39 7.14 7.073
7 21 7.9 7.34 7.12 7.052
8 24 7.89 7.32 7.1 7.042
9 27 7.8¢ 7.31 7.081 7.031
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Table 3: Results of weights (kg) for concrabes immersed in 430, for 27 days

Average masses of concrete cukkg)
s/r Days 0% coconut she 10% coconut she | 20% coconut she | 30% coconut she
1 0 8.22 7.98¢ 7.4€ 7.34
2 3 8.12 7.83 7.41 7.19
3 6 7.77 7.6 7.21 7.12
4 12 7.517 7.4 6.9¢ 6.8¢
5 15 7.4t 7.28 6.7¢€ 6.€
6 18 7.2¢€ 7.1€ 6.5¢ 6.32
7 21 7.17 7 6.3¢ 6.28
8 24 7.11 6.87 6.34 6.2
9 27 7.09 6.85 6.21 6.19

Based on the result in Table 2 the rate of weighs ldue
to the immersion in acid is calculated using Ecprati(1)
and the result presented in Figure 5.

18
16 ——0% CS Replacement in HCI
14 :
—i—10% CS Replacementin
~ 12 HCl
< —#—20% CS Replacements in
z 10 HCI
=]
= —30% CS Replacements in
'fb 8 7] T HCI
2 / 0% C3 Repl 1
2 6 ( 0 eplacements in
4 \ H2504
4 p == 10% CSReplacements in
H2804
2 A ' ; =8—20% C3 Replacements in
H2504
0 ] —+—30% C3Replacements in
0 3 6 12 15 18 21 24 27 H2804

Time of Immersion (Days)

Figure 5: Rate of weight loss of CS concrete immiia HCI and HSO, over time

It can be observed from Figure 5 that the weiglsisles  sulphuric acid attacks on Ca(OH) and the formatain
higher in the HSO;medium than in HCl medium. It can also CaSQ which is leached out of concrete easily. The catci
be deduced that the higher the CS replacementghertthe  silicate hydrate reacts with,HO, to form a fragile silica gel
weight loss. The weight loss is an indication afiseance to  which is destroyed by external physical forces. Takium
acidic attack, the higher the percentage loss dleel the  sulphate formed bytheinitial reaction can proceeddact
resistance. with calcium aluminate phase in cement to form wihous
calcium sulphoaluminate (ettringite) which can @aus
The loss of weight of concrete cubes in th&s8, medium  expansion, cracking, loss of weight, loss of sttengnd
is due to ettringite formation (Chen and Lui, 2Q05) disintegration of concrete. The chemical reactiomlved in
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H,SO, attack on cement concrete can be represented &imilarly, deterioration of concrete due to hydrocie acid
follows (Allahverdi and SKVARA, 2000; Chaudhaey al., can be characterized by the following reactionsd{eet
2001; Ghernouti and Rabehi, 2012; Rao and Madhaviaal., 2012; Sivakumaet al.,2014):

2013):

2HCI + Ca(OH) — CaCh+2H,0 (5)
Ca(OH) + 2H,S0; — CaSQ.2H,0 ©)

CaCl + 3 Ca0.A}O; + 10H0 —
3CaSQ + 3Ca0 - AlO; - 6HO+ 25H0 — 3Ca0.Ab05.CaCh.10H; (6)
3Ca0 - AJO; - 3CaSQ@ 31HO (4)

Compressiveestgth after immersion in acids
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0 i SN
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Figure 6: CSConcrete compressive strength afterdraion in acids for 27 days

Figure 6 shows the result of the compressive stteln§ CONCLUSIONS
concrete  containingaggregatespartially replaced h wit Based on the test results and discussions, thewfoiy
coconut shellafter immersion in 3% HCI andS4y for 27 conclusion can be drawn:
days. It is evident that all specimens exposednt@@dic - Coconut shells maybe viable for use asapartihoement
environment, exhibit reduction in compressive githn for aggregates in concrete. The lower the percentag
having lower ability to resist load in contrast tbe replacement the better as there isareduction inpoessive
specimens before immersion in acids (as showngorBi3).  strength and density as the percentage replacement
After 27 days, a 0% CS replacement loses 30% dtreing increases.
HCI and 32% strength in480,. For 10% CS replacements - Weight loss was observed in all the specimensnvithey
the strength loss is 37% and 44% in HCl angS®, were exposed to 3% HCIl and$D, acids for 27 days. The
respectively. While for 20% CS replacementsthengite ~ weight loss is higher in the 80, medium than in HCI
loss is 40% and 44% in HCI and,$0, respectively. And  medium. It can also be deduced that the higher Qe
for 30% CS replacementsthe strength loss is 46%54861  replacement the higher the weight loss and gewerall
in HCI and HSO, respectively. The reduction in specimens containing 10% CS replacement show a@rbett
compressive strength can be attributed to the idesion of  performance than other replacement levels.The acbntr
the concrete due to acid attack on the matrix giracof the ~ specimen (0% replacement) has the highest compeessi
concrete as exhibited by Equations (3), (4) and (5) strength in both HCI and 430,. The compressive strength
decreases with increase in coconut shell percentage
The control specimen (0% replacement) has the htghe replacements. Similarly, compressive strength isdsgher
compressive strength in both HCI and,S@. The in H,SO, than in HCI. All specimens containing coconut
compressive strength decreases with increase ionooc shell did not perform well in the acidic medium and
shell percentage replacements. Similarly, compvessi therefore do not have good durability inanaggressiv
strength loss is higher in,BO, than in HCI. All specimens environment.
containing coconut shell did not perform well irethcidic - It is recommended that the use of coconut shiglls
medium and therefore do not have good durabilityconcrete should be avoided in aggressive envirotsnen
inanaggressive environment.
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