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Abstract-Before  any  unconventional
construction material could be fully integrated as
an alternative to the conventional one, it is
required that such should meet the minimum
standards set for the industry. This facilitates
provision of economical structures without
compromising safety, functionality, aesthetics
and constructability requirements. One of such
unconventional materials is concrete containing
periwinkle shell ash as part replacement for
cement. Previous works on this material have
recommended it for use as an alternative to the
conventional material i.e. normal concrete,
without ascertaining its performance under harsh
environmental conditions they would normally be
subjected to in service. To this end, an
investigation was initiated to fill this identified
gap in knowledge. Periwinkle shells were
sourced from Igbokoda, Ondo State, cleaned and
calcined in a kiln furnace at 1000°C and sieved
through BS sieve (75 microns) to fine ash.
Preliminary tests comprising sieve analysis,
setting time and fineness were conducted on the
Periwinkle Shell Ash (PSA) and Ordinary Portland
Cement (OPC) used in the study. Slump test was
carried out on the fresh concrete produced. The
study also examined the compressive strength of
concrete containing PSA as part replacement for
cement. The concrete was immersed in
magnesium sulphate (with concentrations of
1000 ppm and 2000 ppm) and hydrochloric acid
(with concentrations of 1000 ppm and 2000 ppm)
solutions in order to examine the performance of
the concrete under harsh environmental
conditions. The cement replacement with the
PSA was done at 0%, 10% and 20%. A total of 108
cubes were cast and 36 cubes were cured in
water while others were immersed in magnesium
sulphate and hydrochloric acid solutions. The
crushing of the concrete cubes was carried out at
7 days, 14 days, 28 days and 56 days. The results
showed that the slump decreased with increasing
PSA content. The initial and final setting times
increased with increasing proportion of PSA.
The compressive strength of concrete specimens

Awolusi T. F.
Department of Civil Engineering,
Landmark University
Omu- Aran, Kwara-State, Nigeria
temitopeawolusiO6@gmail.com

decreased as the percentage of PSA increased
while the crushing strength increases as the age
of curing increases for each of the percentage
replacements. However, concrete with 10%
replacement of cement with PSA compared well
with concrete with 0% replacement of cement
with PSA i.e. the control mix. Under acid attack,
concrete containing PSA performed better than
the control mix, while under magnesium sulphate
attack, the control mix performed better than
mixes containing PSA.
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| INTRODUCTION

Increase in the world’s population has placed a great
demand on existing facilities such as housing,
transportation, waste disposal etc which either
reqguires maintenance or construction of new ones to
cater for this growth. The increasing construction cost
for the provision of facilities for the comfort of the
human race in both developed and developing
countries has placed a constraint on the government
of various countries as to which project to embark on
per time. This has increased the interest of
researchers all over the world at bringing down the
cost of construction. One of these ways is the
utilization of agro-waste in construction. It is
observed that billions of tons of agricultural wastes
are generated yearly across the globe with its
majority being unutilized in the developing countries.
A vivid example is the periwinkle shell. Periwinkle
shell can be regarded as left over from consumption
of the small greenish proteinous marine snail. The
material has also been described by Badmus et al.[1]
as a small marine snail with spiral cone, shaped shell
having round opening and dual interior. It has been
reported by Powell etal. [2]; Job [3]; Jamabo and
Chinda [4]; Mmom and Arokoya [5] that periwinkle is
massively harvested within communities in Rivers,
Cross River, Lagos and Delta States, of Nigeria.
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The full integration of this material into the
construction industry either in its unrefined form as
coarse aggregate or refined in form of ash to be used
as part replacement for cement is still being studied
by various researchers. The material in its ash form
is referred to as a pozolana and is essentially
silicious or aluminous in nature. This material
possesses no cementitious properties in its finely
divided form and in the presence of water, reacts with
calcium hydroxide, liberated in the hydration process
of cement to form compound having cementitious
properties. Other pozzolanic materials of agricultural
origin that have been investigated by researchers like
Sumaila and Job [6]; Zhang and Malhotra [7];
Adesanya [8]; etc include sawdust ash, rice husk
ash, corn cob ash, palm oil fuel ash with
recommendation in favor of these materials. Olutoge
et al. [9] investigated periwinkle shell ash (PSA) as
part replacement for Ordinary Portland Cement
(OPC), with the percentage of replacement varied
from 0% to 25% and concluded that the material
contains all the main chemical constituents of cement
though in lower percentage compared with that of
OPC which means it will serve as a suitable
replacement if the right percentage is used. The use
of PSA will not only produce an economical concrete
as the quantity of cement required for construction is
reduced, it will also provide a platform in which heap
of accumulated periwinkle shell can be reused
thereby reducing environmental pollution.

Concrete can be exposed to harsh environmental
conditions in form of acid attack on purpose or
accidentally. These acids include sulphate,
hydrochloric acid, etc. Sulphate attack is the most
common occurrence in natural or industrial
situation. Solid sulphates do not attack the concrete
severely but when in solution, they find entry into
porous concrete and react with the hydrated cement
products. Of all the sulphates, magnesium sulphate
causes maximum damage to concrete. A
characteristic whitish appearance is an indication of
sulphate attack. Shetty [10] has reported that the
incorporation of or replacing a part of cement by a
pozzolanic material reduces the sulphate attacks. It
will be worthwhile therefore to investigate the
performance of PSA in concrete subjected to
magnesium sulphate and hydrochloric acid at 28 and
56 days as it will further provide acceptability of PSA
in construction. The research is designed to
investigate the compressive strength of concrete
produced using PSA as part replacement for cement
under harsh environmental conditions.

I MATERIALS AND METHODOLOGY

A. Materials

The Dangote brand of Ordinary Portland Cement
obtained from a cement shop in Ado-Ekiti was used.
The cement conformed to BS 12: 1978 for Portland
cement. The periwinkle shell used to produce PSA

was obtained from Igbokoda, Ondo State. Remnants
and dirt were washed away from periwinkle shell and
sun dried before ashing in a kiln furnace at a
temperature of 1000°C, to produce ash powder
passing through BS sieve 600um. This was done at
the Glass and Ceramics laboratory of the Federal
Polytechnic Ado-Ekiti, Nigeria. The specific gravity of
the ash produced was determined as well as the
fineness using Blaine air-permeability method. The
fine aggregate used was sharp sand passing through
sieve size 4.75mm; while the coarse aggregate used
was crushed granite of maximum size 20mm
collected from a construction site within the EKiti
State University. Water used for mixing and curing
was potable water suitable for domestic purpose as
available in the laboratory. Also, the chemicals i.e.
magnesium sulphate and hydrochloric acid used for
curing was obtained from a chemical shop in Ado-
Ekiti.

B Proportioning, Mixing of Constituents

and Specimen Preparation

The batching of the concrete was done by weight for
mix 1: 2: 4; 1 part by weight of cementitous material
(cement and periwinkle shell ash) 2 parts by weight
of fine aggregate (sharp sand) and 4 parts by weight
of coarse aggregate (granite) for concrete with a
design strength of 20N/mm? and a constant water
cement ratio of 0.45. The percentage of cement
replaced with PSA was varied at 0%, 10% and 20%
respectively. The mixing process was carried out
manually. The materials were laid in uniform layers,
one on the other in the order—coarse aggregate, fine
aggregate and cementitious material. Dry mixing was
done manually to obtain a uniform colour by using
shovel as presented in Figure 1. The required
quantity of water was added gradually until a
thorough mix was obtained. The slump, initial and
final setting times for the freshly mixed concrete were
determined. The concrete was filled into already
clean and oiled 150mm by 150mm by 150mm steel
moulds in approximately 50mm layers with each
layer given 30 strokes of the tamping rod. The
concrete specimen was stored under damp sacks for
24hours in the laboratory before de-moulding. All
specimens were prepared in triplicate and a total of
108 cubes were cast.
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Fig. 1. A mixture of the constituent of the concrete

C Curing and crushing

The de-moulded cubes were transferred into the
three curing media considered in the study namely;
water, magnesium sulphate (with concentrations of
1000 ppm and 2000 ppm) and hydrochloric acid (with
concentrations of 1000 ppm and 2000 ppm)
solutions. The cubes remained in their curing media
for 7 days, 14 days, 28 days and 56 days as
applicable until the crushing loads were determined.
The values obtained were used to calculate the
compressive strength.

I RESULTS AND DISCUSSION

A. Chemical and Physical Properties of
Materials

The specific gravity of the material was determined to
be 2.12. This agrees with Olusola and Umoh [11]
who reported a specific gravity of 2.13. The result
has shown that cement is weightier than PSA and as
such more quantity of PSA will be required when
used to replace cement. The result for the sieve
analysis of PSA (Figure 2) shows the percentage
passing through the various sieve sizes. Both results
are similar to what was obtained by Olutoge et al. [9].
From the fineness test it was observed that over
ninety percent (90%) of the PSA passed through BS
sieve size 75 microns, and would thus provide a
greater surface area for hydration. Habeeb and
Mahmud ([12] in their study on rice husk ash (RHA)
as pozzolanic material observed that reactivity is
increased with increase in fineness.
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Fig. 2. Sieve Analysis for Periwinkle shell ash

B Determination of Initial and Final
Setting Time

The initial and final setting time for PSA was
observed to be more when compared with cement as
shown in Table 3. This implies that PSA takes more
time in setting, which has the advantage of
eliminating false setting when used in concrete. The
result agrees with Olutoge et al. [9] who observed
that the initial and final setting time decreased with
increase in PSA content.

TABLE 3. INITIAL AND FINAL SETTING TIMES OF
PSA AND CEMENT

Mas Water/c Depth Depth Initial Final

s ement of of settin  setting

(400 ratio of penetr penetr g time(mi

g) standar  ation ation time  nutes)
d of of final (minu

consiste initial setting tes)
ncy (%) setting time
time attach
attach ment
ment (mm)

(mm)
PSA 30 45 43 97 206
Cem 28 44 41 100 209
ent
C Slump Test

The slump values obtained for the various levels of
cement replacement with PSA i.e.0%, 10% and 20%,
were 26.5cm, 25.0 cm and 15.0cm respectively.
From this result, it was observed that the slump
decreased with increase in PSA content although the
difference between 0% and 10% was just 1.5cm.
This is in line with the report of Olusola and Umoh
[11] slump values who recorded values ranging
between 29 and 25 cm for PSA content varied from
0% - 40%.
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D Compressive Strength Test

The concrete specimens cured in water were tested
for compressive strength (BS EN 12390-3:2009) at
ages 7, 14, 28days, while those immersed in
magnesium sulphate (with concentrations of 1000
ppm and 2000 ppm) and hydrochloric acid (with
concentrations of 1000 ppm and 2000 ppm) solutions
were tested at ages 28 and 56 days. Three
replicates of 150mm cubes were tested at each age
for compressive strength and the mean values
computed as shown in Tables 4, 5 and 6.

TABLE 4. COMPRESSIVE STRENGTH FOR
CUBES CURED IN WATER

60-75% of the design strength stipulated by lliston
[14]. At 28 days, none of the cubes met the design
strength of 20 N/mm.? However a strength of
19.78N/mm? was obtained at 0% replacement level.
This may be attributed to inadequate compaction
resulting from the number of blows received (30
blows per layer). This is however contrary to the
finding of Olutoge et al. LQ] who reported compressive
strength of 24.11N/mm“at 0% replacement with 36
blows per layer.

The statistical analysis using ANOVA at 5%
significant level shows that PSA had no significant
effects on the compressive strength of the concrete,
while curing age had significant effects on the
compressive strength of the concrete. When
considered collectively i.e. PSA content and curing
age, they both had no significant effects on the
strength of the concrete judging by the p-values
obtained from ANOVA. Tables 4a-4c show the
statistical analysis.

TABLE 4A. ANOVA 1

%/%L:irgﬁocr)]f SS of | MS F V¢':|13|L-Je F crit
Sample 1,2,3 14%57 8 1729347 0.4‘1382 O.%%BG z.eéiso
%PSA 97.;57 3 32.f19 0.?35878 0.5587 3.%(;87
Error 10289-8 24 423%10
Total 12;2'9 35

TABLE 4B. ANOVA 2

_ Compressive strength [Att@inmen
Curin| PS (N/mmz) t of
g Agel A design
(days)|(%)|Sampl [Sampl [Sampl | Mean + | strength

el | e2 | e3 SD (%)

0 | 1667 | 16.22 | 1556 16'1210'4 80.75

7 |10 | 1467 | 14.18 | 13.69 14'1810'4 70.90
20 | 11.96 | 11.56 | 10.89 11'4110'4 57.35

o |18.00 | 17.78 | 16.89 17'521'0'4 87.80

14 |10 |17.78 | 17.56 | 16.89 17'4;10'3 87.05
20 | 1333 | 1267 | 12 12'6?0'5 63.35

0 [2067| 20 |1887 19'7210'7 98.90

28 |10 | 2022 | 19.11 | 19.78 19.7210.4 98.50
20 | 15.11 | 14.22 | 12.58 13'9211'0 69.85

It was observed from Table 4 that the compressive
strength generally increased with curing age and
decreased with increase in the content of periwinkle
shell ash. The result at 7 days showed that in all the
replacement levels, the attainment of the design
strength ranged between 57.35%.and 80.75%
These values satisfied the requirement of normal

%/%ur{gﬁo?,f SS I? MS F  |P-value| F crit
Sample 1,2,3 51;‘.193 8 6467841 4.(‘)5160 0.3%37 2.%?50
Days 7.14.28 8.4;2184 2 2.8;)94 0.117147 0.95%24 3.%(;87

Error 3875é93 [21 16%(;80
Total 91§i29 g

TABLE 4c. ANOVA 3

concrete strength development which is stipulated to %,%l:{;t? OC:]f SS |dff MS F |P-value| F crit
be between 50-66% [13],[14]. camplel 23 |38114|g|47.642|108130.43352.2443

pieL.s 23 78 1 73 | 96
The compressive strength at 14 and 28days followed %PSA and |110.97],|27.743]0.6005 |0.6649 |2.6684
similar trend as the design strength was observed to ages 25 |4 13 48 51 37
have varied between 63.35% and 87.80% and 69.85 Error 1478.2|3|46.196
and 98.90% respectively. Meanwhile it is noteworthy 84 2| 37
that the design strengths attained at 0% and 10%
replacement levels for both test ages were very close 197034
with a difference of 0.75% and 0.4% respectively. Total 99 |4
The strength development at 14 days satisfied the
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From Table 5, it was observed that at 28 days the 20| 8.16 | 8.84 | 7.72 |8.241+0.46
compressive strength for 0% and 20% PSA content 2000 0| 264|212 | 4.33 |3.03+0.94
reduced with increase in the concentration of 10| 6.6 | 4.03 | 4.86 [5.16+1.07
magnesium  sulphate (1000ppm-2000ppm) and for 20| 8.04 [10.26] 8.09 [8.80+1.03

10% PSA content a slight increase in strength was
noticed. At 56 days the compressive strength for 0%
and 10% PSA content reduced with increase in the
concentration of magnesium sulphate (1000ppm-

TABLE 5a. ANOVA 4

2000ppm) and for 20% PSA content a slight increase Source of Variationl SS ij MS | E FI) F crit
in strength was observed. valueé
Sample 1,2,3 49117(1144652/0.977|0.477|1.967
The statistical analysis of compressive strength using _ " 6 |1] .36 | 562 | 478 | 547
analysis of variance (ANOVA) (P<0.05) presented in Age, A’PSA' 22060 544120 96.59\5.77E|2.382
- . . Concentration 021 04 | 079 | -26 | 823
Table 5a indicated that the independent factors (i.e. 551221545677
PSA content, concentration of sulphate and curing Error 50 |5/ 28
age), when collectively considered had no significant
effects on the strength of the concrete judging by the Total 25063(7
p-values obtained. From Table 6, the results showed 447 |1
that at 28 days the compressive strength for 0% and
10% PSA content reduced with increase in the TABLE 6. COMPRESSIVE STRENGTH FOR
concentration of hydrochloric acid (1000ppm- CUBES IMMERSED IN HYDROCHLORIC ACID
2000ppm) and for 20% PSA content a slight increase
in strength was noticed. At 56 days, the compressive Acid _
strength for 0% PSA content reduced with increase in Day c%nﬁ]enggilo ;/% Sampl|Sampl|Sampl|
the concentration of hydrochloric acid (1000ppm- S per n?illion A el e2 e3
2000ppm) while for 10% and 20% PSA content an (ppm)
increase in strength was observed. 7.62+1.5
The results at 28 and 56 days have shown that 28 0970|689 | 627 0
cohcrete contalnl_ng pozzolanic materials have. better 1000 10!1058| 963 | 9.08 9.7610.6
resistance to acid attack when compared with the 2
conventional concrete. This could be attributed to the 201 572 | 7.80 | 451 6-016i1 3
presence of the pozzolanic materials (PSA) which 49913
contains mainly silicious aggregates. They provide 0392|420 | 6.84 |~ 2‘ '
better resistances to acid attack than calcareous 8.19+1.0
aggregate [10]. However, the ANOVA results in 2000 10| 9.33 | 8.38 | 6.86 2
Table 6a showed that PSA content, concentration of 201! 795 | 6.93 | 5.98 6.95+0.8
acid and curing age, when collectively considered ) ' ) 0
had no _signi_ficant effects on the _strength of the 56 0ol a6a 118411035 8-940i3-1
concrete judging by the p-values obtained.
1000 |10 7.13 | 9.15 | 9.88 |%72¥1
TABLE 5. COMPRESSIVE STRENGTH FOR 792407
CUBES IMMERSED IN MAGNESIUM SULPHATE 20 731 | 894 | 752 | 2‘ )
3.73+0.5
Sulphate 0| 441 | 3.69 | 3.10 4
concentratio| %
Dayl™ in parts | ps|Sampl|SamplSampl -, 2000 [10/10.03| 8.68 | 8.06 8'92;1'1
s il Al ® 1| e2 | e3
per mition 9.49+0.9
(ppm) 20|10.26 | 8.11 [10.09 8

28| 1000 | O |11.16]| 855 | 6.84 [8.85¢1.78
10| 952 | 8.54 | 7.40 [8.49+1.73
20(12.12| 9.00 | 7.02 [9.38£2.10
2000 | 0 | 4.28 | 5.11 | 3.27 |4.22:0.75
10| 7.91 | 7.62 |10.448.66+1,27
201812 | 86 | 632 [7.01£1.19
56| 1000 |0 | 955 |1456| 12.9 12'3;‘*2'0
101 8.76 | 11.8 | 7.24 [9.27+1.90

Www.jmest.org
JMESTN42351656 5146


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 3 Issue 7, July - 2016

TABLE 6a. ANOVA

Source of d P- .
Variation SS f MS F value Fcrit
Sample 1,23 49733(1/45212/0.992|0.464|1.967
T 9.1 (1| .65 | 301 | 902 | 547
Age, %PSA, (22064 544128 96.85|5.4E-(2.382
Concentration 377 75 12 26 | 823
Error 25059|5/45563
90 |5| .46
25067|7
Total 706 |1

v CONCLUSIONS

From the results of the various tests performed, the
following conclusions were drawn:

1. The values of slump decreased as the PSA
content increased. This implies that concrete
containing PSA will require more water for
mixing.

2. The compressive strength of 10% PSA
replacement compared well with 0%
replacement at 28days for concrete cured in
water.

3. Curing age is a significant factor that affects
the compressive strengths of concrete
containing PSA.

4. Concrete containing pozzolanic materials
have better resistance to acid attack when
compared with the conventional concrete.
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