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Abstract

This study focuses on structural strength charities of cement-CPA blended concrete. Cement wataced
partially by CPA between 5 and 25% by weight of eatrat 5% interval. Water binder ratios (w/b) d&&,0.55, 0.6,
0.65 and 0.7 were used to produce the blended etnof mix 1:2:4. The results of the investigatindicated that
as the replacement of CPA increases, more wateregasred to make the blended concrete workablegédwew/b of
0.7 was found to be optimum to produce workablenddel concrete.The compressive strength of the blended
concrete increases with age and reduces with isereaCPA content but at 5, 10 and 15% CPA theagtreactivity
indices (SAls) are 83, 82 and 79% at 28-day whil&2®-day strength SAls are 99, 95 and 87% showiag CPA
contributes to later strength development thanyestrength development, a property that is pecuitignozzolanic
materials. Also, these values were greater than sfdéified by ASTM C311-98 showing that up to 15%dequate.
Similar trend was observed for flexural strengtkedepment as flexural crack was independent ofGRA content

in the blended concrete. The results further st €PA does not have appreciable influence omémsity of the
blended concrete. Regression analysis was condumtethe data and models showing relationship betwee
compressive strength and curing ages for up to C&%are proposed

Keywords: Cassava peel ash, cement, pozzolan, workabilitppecessive strength and flexural strength

1. Introduction

The use of pozzolanic materials is found in mangient civilizations. Pozzolans were used to imprakie

properties of lime, and many structures are stidlt as a testament to the durability of lime—zmdan mortars and
concrete (Caijun, 2001). More recently, in Eurgpel the USA, there have been numerous high risdibgs,

highways, dams, bridges, harbours, canals, agueduat sewer systems built with the use of pozzotanent
mixtures (Wilson and Ding, 2007).

Frias et al (2007), Cizer et al.( 2006) and Ketkukad Ndububa (2006) are some of the notable r&sear who
have demostrated the use of ashes of rice huskr sage straw and groundnut husk as pozzolan icretn They
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have shown that compressive strength of concreterporating these ashes increases while the wdityaks
enhanced. In the works of Chindaprasirt et al0@0and Coutinho (2002), the use of rice husk asluces the
effects of alkali-silica reactivity as well as dngi shrinkage. Nehdi et. al (2003) and Mehta and ti¥iom (2004)
reported that the performance of these materialpoazolans, depends on the type and amount ofpédumios silica
content they contain which further depend on damatind calcination temperature. Ramezanianpout. ¢2@09)
suggested burning temperature of 56or 60 minutes in the case of rice husk ash wheveen 80 and 10068C
was used for sugar cane straw ash (Moisés et0@r,)2

Cassava peel (CP) is a by-product of cassava mioggseither for domestic consumption or industuagkes.
Adesanya et al (2008) reported that cassava pestitutes between 20-35% of the weight of tubgreemlly in the
case of hand peeling. Based on 20% estimate, &®unillion tonnes of cassava peel is generatediahnand 12
million tonnes is expected to be produced in thar y020. Indiscriminate disposal of cassava pee¢std gross
under utilization as well as lack of appropriatehtgology to recycle them is a major challenge, Whiesults in
environmental problem. Thus, there is need to sefarcalternative methods to recycle them (casgaeds).

Salau and Olonade (2011) studied the pozzolanientiat of cassava peel ash (CPA) and their resthitsved that
cassava peel ash possesses pozzolanic reactivity itlis calcined at 78 for 90 minutes. At these conditions,
CPA contained more than 70 per cent of combinéchsihlumina and ferric oxide.

This work studies workability, compressive and fled strengths of concrete with cassava peel astl as partial
substitute for cement.

2. Materialsand M ethodology

2.1. Materials

Cassava peels were collected from cassava peelp ditenat differenfufu processing centres in llaro, Ogun State,
Nigeria. The ash was produced by calcination fomfifutes at 70C. It was sieved, using 150 sieve size to
produce fine ash. The chemical composition and ipaygharacteristics of the ash are presented bieTa. The
cement used in this study was Ordinary Portland €@gmwith brand nam&urham. Its chemical composition was
determined using X-ray florescence technique aatge/WAPCO Cement Company. The properties of tinecoé
are presented in Table 1. Fine aggregate usediveassand while crushed granite of maximum nompaticle size
of 19 mm was used as coarse aggregate. The griaditige aggregates was done according to BS 13it% Pand 2.
The uniformity coefficient Cu) for the sand and granite were 5.4 and 5 respégtivbile their coefficients of
curvature Cc) were 1.36 and 1.0 respectively. Potable waterwsas in producing the concrete mixture.

2.2 Mix Proportion and Sample Preparation

The concrete investigated was of mix ratio 1:2:énfent and cassava peel ash: sand: granite) witiedvar
water/binder ratios of 0.55, 0.60, 0.65 and 0.7 Tement was replaced with cassava peel ash ab%%610%,
15%, 20% and 25% by weight of cement as binderraixéd with sand and granite as fine and coarseecgages
respectively. Batching of the concrete mix was lgyglhit.

2.3 Testing Procedures

In order to determine optimum water binder ratiattlcould produce workable blended concrete, slumg a
compacting factor (CF) tests were conducted in @tzowe with BS 1881(102) and BS 1881(103) whiedhnsity
was determined by following the procedures spetifieBS1881 (107).

Concrete cubes of sizes 150x150x150 mm were prépsiag predetermined constant optimum water binalgo

(w/b) of 0.70 with different percentages of casspeal ash as substitute of cement. 3 No cubesaftit eoncrete
mix were cast and cured for 7, 28, 56, 90 and 1&@s.dPrior to crushing, the specimens were rematesghch
curing age, weighed and were later tested usingpoession machine. Average of three readings wasmeted and
noted.

Concrete beams of sizes 150x150x760 mm were cadstwed for 7, 28, 56, 90 and 120 days. At testiag the
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beams were marked indicating the supports andiggubsitions. The experimental set-up is showniguife 1.

The procedures described in ASTM C78 were adogfekural strengths for each of the beam specimesre w
determined using relationship recommended by ASTA8.T his is expressed in terms of Modulus of Rup(MR).
Average of three readings was recorded. The preigre®f flexural cracking as the bending momentaaroncrete
beam is increased was monitored.

3. Results and Discussion

3.1 Effect of Water-Binder Ratio on Workability of CCPA Blended Concrete

3.11  Sump Test

The results of the slump carried out on concreth warying percentage of cassava peel ash (CPAg@acement
for cement at different water-binder ratio are prgsd in Table 2. The results show that for allesjxhe slump type
was ‘true slump’ except for mixes containing mdrart 15% CPA at 0.55 and 0.60 water-binder (w/bpsatvhere
the mixtures were very viscous and stiff due taleguacy of water. As the w/b ratio increases frofb@o 0.70 at
an interval of 0.05, the slump increases accorgifgl equal percentage of CPA in the mix. For exemat 5% CPA
the slump increases from 24 mm to 70 mm. Howewer,stump decreases with increase in amount of ©P£hE
same water-binder ratio. This indicates that moatewis required to maintain the same consistesctha CPA
content increases (Figure 2). At water binder rafif.55 with 0%, 5% and 10% CPA content, the slwalpes were
31, 24 and 15 mm respectively and the slumps vtene’: But at 15%, the mix became harsh with zéuongs at
0.55 and 0.60 of w/b. No workable mix could be aehd with CPA content above 15%. It is due to et the
water was inadequate to achieve homogeneous cenorigt This shows that cassava peel ash has pateati
absorb more water than ordinary Portland cemetitérmix. Nevertheless, water-binder ratio of 0.68 8.70 were
adequate to produce workable mix with true slumafbthe percentages of CPA used for the mixes.

The recent European standard states that the stestps sensitive to changes in consistency cooretipg to
slumps between 10 and 200 mm and the test is msidered suitable beyond these extremes (Domorg) 28850,

mix having slump between 60-130 mm is considereihgoglastic and required either mechanical or hand
compaction. This suggests that 0.65 and 0.70 vieteler ratios (w/b) could be considered. In oradeavoid being

on the lower extreme of 10 mm (slump value for 26®A at 0.65 water-binder ratio), water binder ratfc0.70
should be considered suitable.

3.1.2 Compacting Factor Test

The results of the compacting factor test conductedamples of cement-CPA blended concrete atusniater-

binder ratios are also shown in Table 2. It is ol that compacting factor (CF) of mixes contagn2®% and 25%
CPA at 0.55 and 0.6 water-binder ratios could rtlbtermined because the mixes were too stiff dueadequate
water to achieve workable mix. The same stiff mitained is responsible for non-availability of campng factor

value for 15% CPA replacement level at 0.55 rati@r ratios 0.65 and 0.7, the CF increases wittegse in water
content but decreases as the content of CPA ireseasept for 0.70 where CF (0.915) was constar€RA content
between 0 to 10 % CPA. This then increases upd®@0at 25%. This indicates that mix with 0.65 and\W/b ratio

can easily compact on placement under gravity. Aling to BS 1881 103, the compacting factor liesveen 0.8
and 0.92 for normal range of concrete.

Compacting Factor measures the effect of a staralalint of work (height of fall) on compaction, henrequires
adequate water content to achieve relatively fathpaction. This is true in the case of water-bindgios of 0.65
and 0.70 for all the mixes. But, the CFs for w/tDof0 for all values of CPA was higher (Table 2)u$, 0.70 water-
binder ratio can be considered as optimum.

3.2 Density of Cement-CPA Blended Concrete

Table 3 summarizes the densities of concrete méttheOvto 25% at interval of 5% replacement of cetneith CPA.

The results show that the densities range betwéén and 2473 Kg/findicating that they can be categorized as

normal concrete with density of 2400 Kdinit is observed that the percentage replacememet & cement with

CPA did not have any appreciable influence on #wsiies of the test specimens of the blended etaicFhis may
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be attributed to the lower specific gravity of t8®A which was much lower than that of cement (TahleThis
further shows that the concrete density does nletysdepends on the binder content but is mainiyethels on the
amount and density of the aggregate, how mucls &nfrapped or purposely entrained, and the aggregze.

3.3 Compressive Srength

The compressive strength of cement-CPA blended retacirrespective of the amount of CPA in the onigt
increases as the age of curing increases. Howtheecompressive strength decreases as CPA conteatises. This
is more pronounced at the early age especiallygat & days (Figure 3). For normal concrete, 0% Cip&,
compressive strength at 28-day is 18.7 Nfmwhile that of 5, 10, and 15% are 15.6, 15.3 and’ Id/mn?
respectively representing decrease of 16.5, 1&122am% respectively. For the same day, 12.8 arfsl N&nnf are
strength for concrete containing 20 and 25% CPAeetvely. But at later age, 90 days and 120 didnes strength
development is observed to be on the increase auititrete containing CPA compared to the normal &tac At
120-day, normal concrete has strength of 22.3 N/mwvhich is about 16.1% higher than 28-day strength.
Nevertheless, concrete with 5, 10 and 15% havegtiieof 22.2 N/mrh(29.7% increase), 21.2 N/mirt27.8%) and
19.4 N/mnf (24.2%) respectively while 20 and 25% CPA concietee strength of 26.6 N/nfnand 16.2 N/mrh
respectively with the same strength increase @%2ach (Table 3).

With the exception of 20 and 25% CPA replacementesfient, it can be observed that the differencstriength
between the normal concrete and CPA blended canceeluces progressively with age with 5, 10 and 1594
replacement levels at 120-day (Table 3 and Figlwré&@ds also indicates that CPA has potential toticbute to late
strength development when not more than 15% by Wed§ cement is used. This behaviour suggests G
possesses pozzolanic characteristics.

34 Srength Activity Index (SAl)

The strength activity index (SAI) is a measuret® pozzolanicity of supplementary cementitious ngit€SCM)
and is measured as the strength relative to th&apin percent. For a SCM to be classified aszotem, the
strength of the blended cement at 7-day and/ora38rdust not be less than 75% of strength of nowcoatrete
(ASTM C 618-08). The SAls of the cement-CPA blendedcrete are also presented in Table 3. It is shinat, at
7-day, only concrete with 5% CPA met the minimumngissible limit (75%) but thereafter, i.e. at 28ydand
beyond, the minimum SAls for 5%, 10% and 15% is 7%%hkich is greater than the minimum recommended;
suggesting pozzolanic activity occurring duringstperiod. This signifies that up to 15% CPA couddaujudged as
optimum replacement levels of cement with CPA flended concrete production. As the developmentatifiem-
silicate-hydrate (C-S-H) gel is a phase respondiiietrength gaining, it is likely that with optirm substitution of
cement with CPA, formation of this phase is inlfiahhibited and then allowed to develop at a latge, resulting in
strength increase with age. Conversely, for 20 28% CPA, the SAls for all the ages were below 75%s
observed that there was no appreciable increasieeitsAls for this replacement with increase in ageus, CPA
above 15% is not recommended for use where strésgtleriterion.

35 Srength Models for Cement-CPA Blended Concrete

A 2" degree polynomial regression, using curves in féid involving the compressive strength) (#ind curing
ages C,) for the optimum CPA content (0-15%) proposesdhaations for predicting the compressive strendth o
cement-CPA blended concrete. These equations anelat@n coefficients (R) are as follows:

For 0% CPA

£ = 0.0004%,2 + 0.104, + 15.93 (R =0.999) Q)
For 5% CPA
f=0.0006€.2 + 0.176C, + 10.89 (R =0.999) (2)
For 10% CPA
= 0.0006&,2 + 0.16%, + 10.50 (R =0.999) 3)
For 15% CPA
£ =0.0008€.2 + 0.18L, + 9.71 (R =0.999) 4)

Since the correlation coefficients are close tatlshows that the formulas can best describe thetioaship,
71



Civil and Environmental Research www.iiste.org
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) pLLy
Vol 2, No.10, 2012 ISTE

statistically, between compressive strength anthguages for different levels of CPA replacemertie equations
show that the coefficient of the curing age foro516% CPA are each greater than that of the corittos further
suggests that CPA, like any other pozzolanic maitercontributes to later strength of concrete.

Experimental data and the predicted values on #sed of these equations were compared by subjettamy to
analysis of variance (ANOVA). The results show ttiare is no statistical significant differencevibetn the two
values p > 0) at 95% confidence level. This suggests thatformulae can be used to predict the compressive
strength at any given age of CPA concrete.

3.6 Flexural Srength of CCPA Blended Concrete Beam

Flexural strength of a concrete is its ability ésist failure due to bending. It is expressed asridulus of rupture
(MR) in N/mn?. At the point of loading the concrete beam spenintee top half of the beam is subjected to
compression and the bottom half is subjected tsid@nwith the critical (failure) section at the mid third of the
span, where maximum flexural moment occurs. Durmtial loading, no noticeable crack was obseridvas
suspected that the maximum tensile stress in therete was less than the modulus of rupture. Tthesentire
sectionof the concrete beam acts to resist the bendingenariivhen the maximum tensile stress in the unkehc
beam reaches the modulus of rupture, the concratés which extends from the tension face to théraesurface
then moves further toward the compressive facetlamadoncrete beam failed. It was observed thatithek occurs
within the middle third portion of the beam for #le mixes and that the failure mode was independethe
amount of CPA in the concrete beam. Concrete bairgittle material, the failure was rapid sincenis not
reinforced.

As crack occurred within the middle third of theabe span, MR was computed on the basis of Equafiprof(
ASTM C78. Figure 4 shows the variation of flexusttength with cassava peel ash replacement pegeerta
different curing ages. Similar pattern is obserfed flexural strength as for compressive strengthe flexural
strength increases with curing age for all the sid¢owever, it decreases with increase in CPA cdrdempared to
the normal concrete (control with 0% CPA). Figdriurther shows that flexural strengths of concweité 5, 10 and
15% CPA tend to meet up with that of normal coremt later ages of 90 and 120 days. On computingeptage
differences with respect to control at 120 day® tklues of the average difference at 5%, 10%, Hofkb
replacement levels are obtained as 4.1%, 6.8% a4l respectively. In reinforced concrete membétite
dependence is placed on the flexural strength eémete since steel reinforcing bars are incorpdradeesist tensile
stress.

3.7 Relationship between Compressive and Flexural Srength of CCPA Blended Concrete
Once a satisfactory relationship between flexural aompressive strength is established, flexurehgth can be
predicted on the basis of compressive strengtlérete especially in pavement design (Shetty, 2006

The flexural strengths and strength ratios, SRio(icf flexural to compressive strength) for akkthixes at different
curing ages were computed and presented in Taliteistobserved that SR for normal concrete wasvéen 0.09
and 0.10 for all the ages, showing that flexuredrggth is just about 9-10% of the compressive gtrerT his value
falls within the range of 0.08 to 0.11 (Shetty, @DMut for all other mixes with different replacent levels of CPA,
the SR ranges between 0.09 and 0.12.

4, Conclusions and Recommendations
Flexural and compressive strength characterisficement-cassava peel ash blended concrete waliedtand the
effect of replacement levels of cement with CPAwmrkability of CPA concrete was equally assessédguslump
and compacting factor tests. The study concludésliasvs:
1. As CPA content increases, water-binder ratio (wdbgchieve workable blended concrete also increalses
is suggested that an optimum w/b of 0.7 may beapiate.
2. Compressive and flexural strengths increase withtag reduce with increase in CPA content in the mi
especially when more than 15% CPA is used.
3. CPA appears to contribute to late strength devetoyraf concrete when up to 15% by weight of cengent
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used as indicated by the Strength Activity IndeRljSvhich is above minimum recommended of 75% at
28 days and above.

4. Models showing quadratic relationship between casgive strength and curing age for up to 15% CPA
using regression analysis are suggested.

5. A maximum of 15% CPA with water binder ratio of 0.i8 recommended to produce cement-CPA blended
concrete of appropriate strength.
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Figure 1: Experimental set-up for flexural strength test.
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Figure 3: Compressive strength of concrete at various curing ages for different contents of CPA.
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Figure 4: Flexural strength of concrete at various curing agesfor different contents of CPA.

Table 1: Properties of CPA and Cement

Material Chemical composition (%) Physical properties
SO, Al,O; Fe,0; CaO MgO SO; K,O Na,O LOI Sp. gravity Fineness (m?/K g)

CPA?® 58.02 12.80 1.41 8.53 5.02 2.18 7.67 (4038 0.32 330

OPC 18.33 5.00 2.75 60.11 1.15 3.21 0.08 0O/Qfp 3.09 355

a: Salau and Olonade (2011)
b: It was not included in the Source but was freslatermined.

Table 2: Effect of water-binder ratio (w/b) on slump and compacting factor of the Blended Concrete

Slump (mm) Compacting Factor
% CPA Water-binder ratio (w/b) Water-binder ratio (w/b)
0.55 0.60 0.65 0.70 0.55 0.60 0.65 0.70
0 31 35 51 100 0.89¢ 0.88¢ 0.90: 0.91¢
5 24 30 42 70 0.89¢ 0.89: 0.90¢ 0.91¢
10 15 21 30 65 0.891 0.898 0.907 0.915
15 0 0 26 63 * 0.897 0.905 0.916
20 * * 20 58 * * 0.901 0.92:
25 * * 1C 51 * * 0.89¢ 0.92¢

* Mix was not pdsigl.
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Table 3: Density, Compressive Srength (CS) (N/mm?) and Strength Activity I ndex (SAI)
% Density (Kg/n®) Curing Ages (Day:
CPA Curing Ages (Days) 7 28 56 90 120
7 28 56 90 120 | CS | sAl CS | SAl CS | SAl CS | SAl CS | sA
I
0 2414 | 2414 | 2427 | 2483 | 2469| 16.6 | 100 | 18.7 | 100 | 20.3| 100 | 21.9 | 100 | 22.3 | 100
5 245€ | 240F | 242- | 2421 | 2468 | 11.¢ | 72 | 15€ | 83 | 18€ | 91 | 21.C| 96 | 22.z | 99
10 | 2427 | 2452 | 247- | 2417 | 2427 114 | 68 | 152 | 82 | 17¢| 88 | 19.6 | 90 | 21.2 | 95
15 | 242( | 245¢€ | 2441 | 2441 | 243¢| 10.€ | 64 | 145 | 79 | 17.z| 85 | 18.7| 8 | 19.4 | 87
20 | 2425| 2437 | 2431 | 2439 | 2431] 9.6 58 12.8| 68 143 70 | 16.3| 74 | 16.6 | 74
25 | 2438 | 2428| 2421 | 2466 | 2425| 9.2 56 12.5| 67 139| 69 | 156 | 71 16.2| 72
Table4: Flexural Srength (FS) and Corresponding Strength Ratio (SR)
Curing Age (Days)
%/PO? 7 28 56 90 120
FS SR FS SR FS SR FS SR FS SR
0 1.5¢€ 0.0¢ 1.82 0.1C 2.0C 0.1C 2.14 0.1C 2.2 0.1(
5 1.2¢ 0.11 1.5¢ 0.1C 1.7¢ 0.1C 2.0C 0.1C 2.11 0.0¢
10 1.24 0.11 1.52 0.1C 1.7 0.1C 1.87 0.0¢ 1.97 0.0¢
15 1.21 0.11 1.47 0.10 1.62 0.09 1.77 0.09 1.8 0.09
20 1.16 0.12 1.41 0.11 1.53 0.11 1.63 0.1@ 1.6 0.10
25 1.1 0.12 1.3¢ 0.11 1.4¢ 0.11 1.5¢ 0.1C 1.5¢ 0.1C
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