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Abstract

In this research, crushed coconut shell was used to partially replace crushed
granite as coarse aggregate in the production of concrete. Tests were
conducted on the physical properties of crushed coconut shell and crushed
granite. Thirty one random mixes were generated using Mini Tab 14
statistical software package. A total of 108 cubes were cast and cured for 28
days and then crushed to determine their compressive strength. The results
were used to develop empirical models for the slump, compressive strength
and density of the concrete. The concrete developed in this work has slump
ranging from 0 — 135 mm, compressive strength ranging from 8.94 N/mm? —
27.11 N/mm’ and density ranging from 1757.04 kg/m’ to 2198.52 kg/m’
respectively. This implies that concrete made using coco
replacement for crushed granite can be used for structural application such as
in the construction of reinforced concrete slabs, beams, columns and
foundations. Polynomial model was developed with the capability of
explaining the under-laying relationship of 93.8%. 83.6% and 72.3% for
slump, compressive strength and density respectively.

nut shell as partial
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1. Introduction

. of application in Civil Engineering and building
Sv(’n‘fr et[e) hai ‘:lxll'(:;n?;;‘ion, ;:ecially in developing countries like Nigeria,
lhzrﬁ; c;l:crzte product has continued to be on its increase. This has led to
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increased depletion of natural resources and ther ,Zlycr . ials
ntage of sanitising the

bulance. 1his has necessitate researchers t0 “"'"a dva
dditiond’ © 1. 2014b, Mohamp,,,

production of concrete, since it has a p
envitonment (Mohammed et al, 2014a, Mohﬂ"e’d ot al. 2011b, Abdullahj ¢ .

et al 2013, Mohammed ct al 2011a, Mohamm® ullahi et a]. :
2010, Abdullahi 2016, Oyetola and Abdullah! Ooivgnﬁ?mal mat:ia%%?’
Abdullahi et al. 2008). Inclusion of such unco e S in
concrete does not easily give workable mix and redu e and ration lo Come
up with the desired mix compositions. A comprehens hich d al des;
of conerete mixes is influenced by numerous factors Wi epend upon th,
hod of preparation, Placemem.

sources of materials and their propertiecs, met : :
compaction, curing of concrete and the requirements of a construction job,

The optimum design of concrete mix involves selection of proportions of
ingredients that yield concrete of the desired workability, strength and
durability at minimum cost. The most important factors which influence such
a mix design are the water-cement ratio (w/c), aggregate-cement ratio ( TA/C
and coarse-total aggregate ratio (CA/TA) (Abbasi et al. 1987). Since the )
factors are inter-dependent, proper and analysis of experiments for stud),msgc

their influences on the mix proportions is necessary.

distorting the ecologic,,
ste materials jp the

Several rescarches have been conducted to develop new materials relyj

renewable resources. These include the-use of by-products andy ng o
product§ such as periwinkle shell, rice husk, palm kernel coconut sh ll“ P
to mention but a few. According to (Adewuyi and Adegc’)ke 2008) . JvUSt
these by-products are used as aggregate for the production of li,ghmt:vn? o
concrete. Due to the economic situation in developing countries |ik N'elg}']t
conventional concrete materials needs substitution with more ;uZtaiII:g;glla
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i Nutwul
Nipget i,
“‘ (““th(‘ COeR
ol Wi “N':::::‘ al\t::!\::“l(:\ﬁ‘:::‘:to r::in‘ vontee ngpregite The coconut shell
patticulat siee of about RN v M, Nigeriag deted and orimhied oo
i Owdinary. Portland cemont, belng tl
\ ; : ¢ eommo \
Minna, Nigetia, u nly used  cetent
( lvm‘\ \*fntpr: lho»wawr usod for mixing and curing was potable drinking
watet from tap which is suitable for conerete work (IS 3148, 1080)

U] .
G (e agpreginte) obtatned ram —iver Kpakuinga i Minong

iv.

2.2 Methods

2.2.1 Aggrogate Characterisation

The following tests were carried out on the aggrogates: Sieve analysis
moisture content, specific gravity and bulk densities in t\ccummw‘\: ‘o
(BS 812: part | 1975 and BS 812: part 109, 1990, BS 812: part 2, 1975),

2.2.2 Experimental Design
Central composite design was used to select 31 candidate points for the

experiment. These points include the centre point, factorial points, axial
points and repetitions to allow for pure errors arising from the experimental
process. The variable factors considered in the mix design are the water-
cement ratio (W/C), total aggregate-cement ratio (TA/C) and coarse-total
aggregate ratio (CA/TA). Absolute volume method was used for the mix
design. Three mixes were also developed for model validation. In this work
x, is the water-cement ratio (W/C), X; is the total aggregate-cement ratio
(TA/C), x; is the coarse-total aggregate ratio (CA/TA) and x4 is the
percentage replacement of coconut shell with crushed granite.

nd Testing of Concrete
three cubes (150mm X 150mm x 150mm) were cast.
rding to (BS 1881 Part 116, 1983). Slump

in accordance (BS 1881: Part 102, 1983).

2.2.3 Production a

For each of the mixes
cured and crushed at 28 days acco
test was conducted before casting
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2.2.4 Modelling gt and density of the concrete

The results of the slump, compressive stre “Mmitab chlror\'mcnt. Possible
| models 0 e, full quadratic and reduced
i

lop statisticn
interaction, pure (ua
red models.

were used to deve irn

models are linear,
version of all the aforementiol

ute the slump, compressive

comp i .
d with experimental daty

2.2.5 Validation
dels were used to e

The developed mo o
strength and density of concrete and ¢
reserved for model validation.

3. Results and Discussion

3.1 Aggregate Characterisation '

The specific gravity, moisture content, bulk density, fineness modulus, void

ratio and porosity of sand, crushed granite and coconut shell are shown in
hed granite are 2.61 and 2.74

Table 1. The specific gravity of sand and crus
for natural aggregate given as 2.5 and 3.0

which lies within the range
cific gravity of coconut shell obtained is 1.32,

(Neville, 2000). Also the spe
d with that of natural aggregate. This is an

This value is very low compare
indication that coconut shell is much lighter than most natural aggregate. The

uncompacted bglk density of coconut shell is 476.99Kg/m> which is close to
the result obtained by (Aguwa and Amadi, 2010), who reported that
coconut shell has a bulk density of 489 kg/m’ and can be used as a

lightweight aggregate in concrete production.

g:zt?:ec?}gﬁft:d _b;.l!k density was used in this research work because in
ce, aterial 1s no_t likely to be compacted before use in mixing. The
porosity of coconut shell is 19.58% as shown in Table 1. This value is very
high compared with most natural aggregate, which h . i e i
the range of 6 — 10%. H , which have their porosities n
ng o. Hence less strength is expected, b i
porosity of aggregate, the lower the st Je , because the higher the
value of porosity also indi rength and durability of concrete. The
e wate); 50 Indicates that the coconut shell may absorb higher
aggregates, Table 1 a]sge:;em Bioe dL.‘ring mixing compared to normal
aggregate to be 5%, This ind?(\?'c,lstetshteh :;(t)lzsture content for the coconut shell
same time will absorb some ¢ aggregate is not too dry but at the
, amount of water fy : .
water has to be adde : of water from co and @ al
the fins as ’rct'ac‘ldcd }o compqnsate for this absorptio “rcrrhe te and addngom
geregate having a moisture content of 4 l?) n. The same applied (@
1%. However, the moistur¢
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Figure 1 Sieve analysis of fine aggregate
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Table 2 - Slump, compressive strength and density of concrete cubeg

————

Compressive

, . Sump o ongth at 28 days P ensity
;‘:\ Xy X, Xs X (mm) ?N/mm’) " Gm )
T 0% 060 400 024 0 19,95 19793
2 040 0.65 3.00 0.36 20 17.2 1961 3
3 0sS0 067 400 024 5 15.91 2038 s
4 040 055 300 036 10 15.78 1997
S 040 065 500 0.I2 0 1129 2094 8
& 0S50 060 541 024 0 6.28 1970.4
7 060 065 500 0.12 20 12.65 2154.]
§ 060 055 500 036 10 9.33 198222
b 040 055 3.00 0.12 20 20.88 2198.52
10 0.60 0.65 3.00 0.36 120 8.95 1896.3
11 0S50 060 400 041 0 11.61 1917.04
12 050 060 400 024 10 19.7 2091.85
13 060 055 500 012 10 152 2106.07
14 050 060 400 024 0 17.17 1985 19
IS 060 065 500 036 0 10.8 1920
16 0.40 0.55 5.00 0.12 0 8.79 1982.19
17 050 060 400 024 10 16.71 1991.
I8 050 053 400 024 10 18.03 Al
19 040 065 500 036 0 351 i
20 060 055 300 012 125 15.35 e
21 050 060 400 Q24 5 13.75 oy
22 050 060 400 (24 15 12.74 s
23 040 065 300 012 20 271 ey
24 050 060 259 (24 70 o 2o
35 060 065 300 o2 135 s e
2% 050 060 400 g7 25 9. ieee
27 060 055 300 g3 90 e 219832
2% 050 060 400 (o4 20 oos i
3% 050 060 400 (a4 10 oA 2eas.19
30 040 055 500 g3 0 e 2005.19
064 060 400 (o4 60 11.54 Sehi
2. 05 0S5 350 g4 10 ‘ e
3045 060 450 30 0 i i
34 ’ . 04
06 0.65 5.00 0.18 10 11.47 2162.9

e

3.3.1 Slump model

uadratic model wag f
residual values w.

A reduced

full q
slump mode]. Its

$ generated for slump. The s

ump model generated is as follows:
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}J" = 7 .
946 — 71.87X, — 29.55X, + 1236.85X,* + 14.14X,
Z225.86X, Xy !

RsQ = 94.59%, R Q(AD)) = 93.5%

5..3‘.?' (‘ompn:essive strength model
.\:\‘ fu \qu‘mti}‘zl\t&c quel was found to be most adequate for explaining the
experimental data for compressive strength. The model is as follows:

2 = —17.75 + 201.8X, — 5.58X; — 0.21X; — 47.59X, — 248.56X,’
+ 124.82X,% — 1.71X,* + 69.79X,* — 151.63X, X,
+ 30\95X1X3 - 50.7X1X4 e 10-17X2X3 b= 82.81XAX
+ 2.71X:X, '

RsQ = 85.6%, RsQ(AD]) = 75%

3.3.3 Density model
A full quadratic model was also considered appropriate for the density model.

The model is as follows:

Y, = 4615.71 + 235.91X; — 6682.83X; — 283.89X; + 1857.5X, — 1683.64X,°
+ 6136.89X,% — 14.76X,* + 293.84X,* - 537.89X, X,
+ 519.29X1X3 + 1336.17X1X4 + 196-83X2X3 - 5536.19X2X4

- 4‘6.72X3X4
Rsq = 87.1%, Rsq(adj) = 77.6%

3.3.4 Response Surface Plot
The response surface plot for sl
models are shown in Figures 4,5, an

ump, compressive strength and density

d 6 respectively.
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