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ABSTRACT 

This project work is to eV81uate the suit8bility of using Groundnut 

Shell Ash (GHA) as a partial replacement for Ordinary Portl8nd Cement 

(OPC) in concrete production. The main aim is to reduce the exorbitant 

cost of ordinary portland cement. 

In summary out of the 5 different ratio used , it is observed that 

the 70:30 cement + Ash ratio seems to have a closed value with tl e 

control, the 100% cement because the strength test at both 7, 14, 21 at d 

28 days for the 70:30 cement + Ash given 12.00MN/m2
, 13.50, 14.00 

and 16.00MN/m2 and against OPC 16.40, 12.30,22.00 and 24 .30MN/rn2 

respectively. Though this result may seems to be low when compared 

with the strength of OPC concrete. 

Statistically the average strength of the various comb, nation are 

less than that of the control (100:00) cement. The OPC plus G RA ash 

. can be used in area of mass concrete work, light load bearing elements 

and purely compressive members. Chemical analysis also show that the 

groundnut shell ash contains elements like Silicon, Aluminum Iron 

oxide Calcium, Magnessium and other trace elements. The concrete mix 

design used was 1 :2:4. 
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CI-IAPTER ON I~ 

1.1.0: INTRODUCTION 

Groundnut Arachis hypogea IS a maJor cash crop in the \Vest 

Africa Savanna regions , and el sevvhere ; being an important source or oi I, 

it can be used for a val'i ety of products, magarine, salmI oil ,-lt1d cookin g 

oil (Gibbon and Pain). There is a small but important export market ill 

high quality nuts for the Western conJectionery trnde. The crop is ,-ti st) 

an important component of the local diet and call be eaten ra\\ , roasted 

or in stews. Groundnut cake, a by-product or oil crushill g alld grollnd -

nut haulms are useful animal feeds. 

Though in some areas, the shell are Ll sed ror rillin g used pits, as 

till on some local road during rainfall. Thererore it is wi se to note that, 

because of the local usc of groundllut shell, ill the rur:d ;lrl' ;IS I'()r sCllli 
II 

technical works, it rai ses somc interest to carry out <1Il ill vcs ti g,-ltion 011 

the suitability of the shell (burnt to ashes) <l S a 11;.lrtial replacelll ellt for 

cement in concrete production. Since vcry Little or nothin g is kn own 

about the behaviour of this groundnut shell as a material i"or engill ee ring 



CIIAPTEI{ ONE 

1.1.0: " INTRODUCT!~)N 

Grollndnut Arachis 1l.ypogea IS a 111;llur clsh crop ill lhe \Ves( 

Africa Sa\,;1I11l<1 regiolls. ;ll1d else\Vherc: heil1!:!- ;111 i11l1 1ml;1II1 source ur oiL 

oil (Gibbol1 ,Iml Pain). There is (\ small hu( iI11porlt1ll1 export l11:1rkel in ! 

high quality nli(S lor the Western confectiol1ery tr;l(.ic. I"he nop is.('1lso 

an import'1I1t component or the local diet <111<.1 em hc C;IICI1 1';1\\". r();lstcd 

01' in slews. (irollndl1L,t clke, .1 hy-product (li' oil Cl"ushill!!. ;lIH.I !..!.rolilld-
~ ~ 

nut h;llIll11s (Ire lIsel'ul ,II1ill1ll1 !'ceds. 

Though in son'"c <1l'cas, the shcll llrc lIsed i'or lilling lIsed pils, as 

fill on some local road during l'l1inl'all. Therel'orc it is wise to notc (hat., 

"because or the loc,d lise or gmul1t1l1u( shell. ill the rur,d :1J'(:~;IS I()I' sellli 

/I 
technical works, it raises sOl11e in"terest to C;lITY out an ill\'estig;lliol1 01 

the suitability of the shell (bumt to ;lshes) ;IS a partial replaccmcnt rol' 

cement in concrete production. Since very !!tt!c or l10lhing is knuwn 

,-": ".- -" about the behaviour or (his grolll1t111111 shell ;IS ;Ull;ltcrial 1'(.)1' el1gillef.d "ng 



structure, taking concrete (]s example, it is in good step (0 di sc uss ~I little 

of concrete. 

Concrete IS a man-made stone made by mI xIn g sand , broken 

stones and cement in pre-determined proportions, with sul'licicnt \\,~Itcr 

to enable the setting action of the cement content to t;lkc pbcc. 

Concrete is presently one of the most popular m(]te ri ~l l s for the s (ructur~11 

parts of buildings and civil engineering works. When reinforced witl 

steel , it has an almost limitless capacity for ca rryin g loads. 

Concrete being such heterogenou s material s, the quality or the 

constituent and proportions in which they are mi xed will dctcI"I11incd its 

strength and properties. 

Therefore the understanding and beha viour or an type or co ncretc 

is found on the adequate knowledge of the engineerin g propertics 01' tile 

aggregates. The properties of the aggregatc actu~llly iltllucllccd the 

properties of the concrete sllch 
(I 

characteristics . 

as work<lbility s( rength 

The main reason of introducing thi s Ilwterial is lWCllI SC it is 

economical. IL is cheaper thall por(l~lIld CCIlICI.1 t. It so metimcs c:\is(s ( I ~, 

natural deposits requiring no or little process in g, al so because it is a 

waste or by product rl~ OIl1 industrial process (eg [3I;,ISl i'lIl'1l ,ICC S LI t'" or 



Silica fum es). A furth er urge to the addition or thi s supplementary 

materials in concrete mi x was given by the sharp in the cost 01" energy in 

Europe and America in the 70s and the cost of energy represe l1t s ,\ major 

proportion of the cost of cement product ion (Nevi li e 1(96). 

The cement uni ve rs811y l1 ccepted ror most purpose is the POI·tlnnd 

Composite Cement, Blended Portlnnd Ce ment (Nevi li e 1(96). The 

European approach of ENV 197- 11992 is to use the term CErvi ce ment 

which not thought to be clea rly expressed. The CUITent Al11 erican 

approach is given III ASTMC 11 57-194a which co ve rs hi ended 

hydraulic cements 1"01' both general and special applicatioll. 

1.1.1 : AIMS AND OI3JECTIVES 

The main aims of thi s project is to know the SlIit8bi lity (. 1' 
(I 

replacing cement partially with gro llndnllt ash, what r<ltio \\'l)uld l c 

satisfactorily enough and also to find out the c lTcet (lr sLiciI I'eplaccmcnt 

on the strength of the concrete. The objecti ves is bnsccl on the enormous 

quantity of the groundnut shell being wnstecl mvay in ou r me,lS nnd 

taking into consideration the loca l Li se or it ,IS Ilwtcri ,ll , (Il so to hring 

down the exorbitant cost or ope. It was ve ry nccessary to determine 

and ascertain the strength. The strength depends on types or mixes, 

, 
.' 



compaction , wate r ratio, curing period (7,14,:21.28 days) and CFusilin g 

strength test if thi s objective is ac hi eved <111<.1 ruund to be ecunumical 

value, it will enhance th e use of grouncinut nsh (GHA) ,1S a pmtial 

rep lacement for cement as concrete material. 

1.1.2 : CEMENT 

Cement is the binding Illnlcrinl in concrete. When wa tcr is added 

to cement, a che mical action takes place resulting in the cement sctt ing 

hard ailer wards (Obande 198 1). Good concrete therefore depends 

large ly on the quality of the cement being used. 

The type or celllent used' in most laboratory test is the ordinary 
II 

portland cement (OPC) or the Rapid Hardening Cement (RHC) <wd they 

must comply with Briti sh Standard Speci licat ion BSS 12. There are 

other types of cements such as - sulphate res istnnce cement, Ili gh 

Alumina Cement nnd BI8st rurn8ce slag cement used for di ITerent jobs 

depending on their strength and setting time. 

In this work Ordinary Portland Cement (OPC) wo uld be used. 
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1.1.3: WATER 

Chemically, water C,IIl bc dclincd tiS ,\ combillation or Il ydrogen 

and Oxygen Molecules i.e. 112 + O2 = 1110 

It is an essential " in gredient in Ii fc, for both l\()lI sc huld ,1\1<.1 

industries. It' s main use in concrete construction is to Ct1USC the 

chemical action which results in setting t1nd hardening 01' cement. It is 

Llsed for block moulding, concrete mixing and cube curing. It also 

enables the concrete to be sufliciently pl,lstic ror easy placing and 

compaction. 

1.1.4: JUSTIFICATION OF THE PROJECT 

If the result from this experiment is sllcccss ful ,I nd ~\ 1 ~lct IS 

established that if a portion of Ordinary Portland Cement (Ope) I S 

replaced by a certain proportion of Groundnut ash (GRA) without the 

concrete loosing some or its Engineering properties ,IS well ,IS st rtlctlll',l1 

properties such as workability strength and permeability, then this 

project will be meaningfully justified. In thi s case many adval1tag's 

will be benefited from this project work, such as: 



l. More income generation 1'01' hlrlners: F ~lrIn er's wi II lends to 

produce more of groundnut farm s and se ll s the she ll s to the 

I ndustri es as by product instead or thro \Vn them aW;IY. 

2. In stead of thrown away thi s groulldnut shell a\Vay ;\11 )' how <Ind 

allow for indi sc riminate burning whi ch leads to air pollution. it 

can be transported to a particular p"lce 1'01' onw<l rd process therehy 

preventing contermination of air and environmen tal . 

3. Production of less quantity or cement: Thi s will S<lVe both money 

and energy because chemical importati on \V iii be less <Ind energy 

'. 

will be saved in the Industri es because the production or 
II 

GroLlnclnLlt ash lllay not need hea t trea tment like celllellt <1I1 d (11:-0 

less cement wi II be produced. 

4. Chea p Ra w Material s: l3eca use this . grolllllll1L11 is prodllced 

locall y, it would be eas ier to come by in large qU tl1ltity e s peci~lll y 

in the Southern part of the country nnd ill the middle helt during 

harvesting period. 

1.1.5: LIMITATIONS OF TI-IE PRO.JECT 

This proj ect work is limited on the suitability o r using a certain 

percentage of Groundnut Ash as a p ~lrti < t1 replm:c lll cllt III l'(lllC'I'clc 



production. Concrete, as a complcx material is <IITcctcd by Illtlny ractors 

such as the quality of cement, the aggregate to be used, compaction and 

the quali ty of water to be used as well as the curing period . Most or 

these factors would have being considered as it afrects the strengt h or 

the concrete but for the timc which wilillot he Cllou!2.h. 
~ 

Another limitation is the I-inance. Most or the tcsts carried out Oil 

concrete would not allowed for repeatation except another cube is 

moulded and this requires a lot of linancial implication. Therefore more 

research is highly necessary to covet; other aspects or this rcport. 

If the justilication or thi s project is success rul , I hope l110 s l Civil 

Servants wi II be a owner or their own house soonest. 

The cement type L1 sed lor thi s ,project work would be urtiill<lrv 

portland cement and grounclnut ash at di fferellt ratio of 70:JO, ()0:40., 

50:50, 40:60, 30:70 and 100% cement as control to test ror the strength 

at 7, 14, 21, and 28 days curing period. 

7 



CHAPTER TWO 

2.1.0: LITERATURE REVIEW 

2.1.1 : CONCRETE 

Concrete is an ·mtilicial SUt(sttlnce formed by Illi xing cc ment , 

water and aggregate together in such a fa shion that when the Illi xture is 

allowed to set it form s a stone-like mnterial (Patrick, I (J7 7). The 

foundation of the compound is the cement, whi ch whcn Illi ;\cd with 

water forms a paste that bonds the aggrega te together. Although many 

materials have the abi lity to act as cementing agents, for constructiona l 

purposes the term s "Cement" is used to re le r to a lilll e-btlsccl C() lllpound . 

The type most commonly used in Britain is portland ce ment, which is 

formed by mi xi ng naturall y occuring substanccs cunt tlinin g (tli ci UIll 

carbonates (chalk and limestone) with substances containing tdumin <.l. 

silica and iron oxide. There. are many di ITerent form s ur Portland 

cement as well as alternative cement type material s, cUlllprehcnsive 

coverage, together with details of Portland cement manufac ture, is given 

by (Nevi li e 1968 



2.1 .2: CONCRETE CONST ITUENTS 

2.1.3: CEMENT 

The vast majority of the cement used in co nstructi on work is 

described as being a Portl and cement and it is with thi s gen e r ~11 type th ;l t 

most of thi s boo k is conce rned. (:rhe oth er type di sc Ll sscd ~l rc hi gh 

alumina cement and super-sulplwted cement (B . W Slwcklock, 1(74) 

All Portlnnd cements hnve the same chemi cnl constituents allli it is 

the variation in the relati ve proportions or· these chcllli ca l whi ch 

determines the indi vidual type o r cement. Most Pnrtlc.llld CC lll cnt lI scd is 

ordinary Portl and cement. 

Portland cement are manufactured by mi xing ca lc ~\r(:o u s or other 

lime - containing materi al with argillaceous or other materi al co ntainin g 

Silica, alumina or iron oxide, burning them at a hi gh tcmper;lturc to 

produce a clinker, and grinding the clin ke r to a lille powder with ;1 s l11 ;111 

proportion of ghpsum. The p6n~ipal chemi ca l constituents rorl11 ed nre 

tricalcium silicate, di ca lcium sili cate, tricalciulll alumillate and tetra 

~alciul11 aluminoferrite; o rten abbrev iated to C 1S, ( '2S,C / \ :11 1<.1 C I ~\I ' 



respecti ve ly; or these the first tvlO ,lre particularl y importtillt becLiusc 

they provide the cementing action - the hi gher th e proportioll or CiS 

relati ve to the C2S, the more quickl y strellgth is g(l illcd aller Illi .'\ ing. 

2.1.4: SAND AND STONE 
II 

This, known as fin e and coarse aggregates respec ti ve ly, should be 

clean when they arri ve on the site lor concrete work. They mu st be free 

from lumps of clay, animal and vegetable remains. Where good qu ality 

natural sand can be round, it should be used as it is cheaper. 

British standards, B. 5882: 1965 or Nigeria Illdu s tri~ll Sl~llldtlrd s , 

N.I.5 13 or N. 1.5 16 gives more li ght on thi s. 

2.1.5: WATER/CEMENT RATIO 

Water is an essentia l ingredi ent of concrete. It C<'lll SCS the 

chemical action which results in the setting and hardenin g or cement to 

take place and also enable the cOilcrete to be sunici entl y plastic 1"01' e~, sy 

-placing and compacting. 

The degree of workab ility is large ly inlluenced by the Llmount. or 

water that is added to the mi x in its illiti ttl stages. The <lIlHHlllt or \\'; Iter 

10 



to be added to a given mix is speci lied in term of the water: cement ratio 

i.e. the weight of water in the concrete divided by the weight or cement. 

A typical value of the water: cement ratio for a I :2:4 mix might be ill the 

order of 0.6. Fig. 1.1. shows the variation in strength that occurs with 

increasing water: cement ratio for a fully compacted concrete. 

U.J 
> ...... 
V) 
VI 
U.J 
~ 
Q. 

:E: 
o 
U 

\ 
\ 

\ 

\ THEORETICAL , 

(\ 

Water/cement ratio 

Fig. 1.1. Influence of water: cement ratio on the compressive strength of 

concrete. 

The theoretical line show a continuing gam 111 strength with 

falling water: cement ratios, even at very low ratios (provided that 

minimum amount of water for the chemical reaction has been added). In 

practice; however, it is found that full compaction is impossible at very 

II 
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· ig. 1.2 Rate of gain in compressive strength of concrete (Neville and Brook 1987) 
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.. .... 
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.......................... .................... 

3 days ................... . .............. ...... . ....... ...... 
.' .... . .. ~ ............................. . 

•••••• ••••••••••••••••••••• Continuous year . . ... . .' . .' . .' .. ' .' 

90 180 
Fig. 1.3: Curing as a factor influencing concrete strength. (Neville and 
Brook 1987). 
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low water: cement rntios, so th <'lt 1'01' practical purposes the strength 

curve falls away as shown. Figure 1.1 <1lso shows th <'lt the 1 ~t11 u r 

strength with increasing W<'1ter: ce ment r,ltio is quite prolluull ced; it is 

therefore necessary , whn calculating the amount or tree W<'lter th,lt Illust 

be added to the mix , to allow for the water that may be C(.lllt'lined \Vithin 

the aggregate. 

A statement by Uulkey (1074) that " ror a gIven cenlelll 'IIH.I 

acceptable aggregate, the strength that may be developed by (\ workable, 

properly placed mixture of cement aggregate and water (under the sa me 

mixing, curing and testing condition) is intluenced hy 

(a) Ratio of cement to water in the mix 

(b) Ratio of cement to aggregate 

(c) Grading, surface texture, shape, strength and St irlil CSS of 

aggregate particles. 

(d) Maximum size of the aggregates. 

2.1.6: STRENGTH OF CONCRETE 

Discussion of the strength of concrete introduces the primary 

deficiency of the material of which every engI neer is' ~lwarc; ulthough 

having great compressive strength, concrete is very \\lea k ill tension it is 

13 



thi s bek or (cnsile strcngth lh~lt !c:\d to thc lll:ccssil\' (II' reilll(lrCClllelll 

whieh ct1l'rics <lny tellsilc rmces 111'Csent ill the structure, I"he :~lrel1glh or 

<m y concrete prescnts the over~lIl picture or thL' qu:tiit)' or the C{lllCl"clc. 

because strength directly relates to the structurc or the hydr~ltcd cemcnt 

p<1ste, Fig, 1,2 illustr;1tcs ;1 typicll r;lte or g<1in or strcl1gth or;1I1 O)"(.1ill;lry 

Po rtlalld cement concrete, I\s n1;1), he seen, the r'ltc or g;lil1 or strcllgth is 

r<1 pid in the c<lrly Ii l'c ur thc conl'l'ete. hut dCl'I'C;JSCS ;lS thl' COlll'1'ClL' ;lgCS, 

<1lthough SOllle celllcilts continuc to g;lin in strcllgth i"or Ill;1I1Y YC;lrs, 

2.1.7: 
A 

POZZOLANS 
iC 

I\s defined by I\STM () l8-94, it IS ~l siliccous :1I1d ;lIUl1lill<HIS 

matcl"ial which ill itselr posscs lit~\1c or 110 celllclltoliS \':dllc hu( ill ;1 

finely dividcd form and In the presence 01' moisturc, chemic;dly rcact 

with c81cium hydroxide [It ordint1l'y tcmpcr;ltmc to rmlll l'OnlpouIH.1s 

possessing cemenlolls properly, 
;( , "' ; 

~~ 1;[ According to I3rook/ ItJ87) ;lIH.\ Ncville,( I ()9(» it \ViII he \\Tong to 

in fer 1'1'0111 thc previolls historic<ll <lCCOllllt til;lt this sllpplcmen <ul,y 

'~iiaterials were introduced into cOllcrelc solclv hv the IC:l<lil" '.1\ a"illlhilic,, ' . .. . ..- -

I 



of this material. This material also bestows various desirable prorerties 

on concrete . 

According to ASTMC 618-94a, any pozzolana that wi II be llsed as 

a cement blender in concrete requires 70% siiica, alumina and ferric 

oxide and a maximum of SOl of 5% also BS 3892 part I specifies an 

SO) contents of 2.5%. 

(Neville 1984) described Rice Husk Ash (RHA) as pozzolana, 

also a study carried out by (Okpalla, 1987) shows that at 40% partial 

. replacement of cement with RHA in concrete production, the concrete 

will have the same strength as plain OPC concrete. 

In the light of this, if RHA have produce such a reasonable results, 

it is necessary to extend the research to other ashes of agric wastes to 

check its effects on the strength of the concrete so produced from this 

material, hence the use of Groundnut shell ash (GRA) 

2.1.8: GROUNDNUT SHELL ASH (GRA) 

Groundnut shell is a waste from groundnut that is usually tl rown 

away after removing the groundnut from the pod. After collecting the 

shell and Ashed, the chemical analysis shows that if is also a pozzolana 

because it contain a certain percentage or Silica oxide Si02, Alumina 
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oxide Ah03. Iron oxide Fe]o" calcium oxide eaO and Magncssium 

oxide MgO in 15.92,6.73, 1.93, 8.66 and 6.12 :·espectively. Therefore, 

using di fferent percentage of the ash in partial replacement with 

Ordinary Port·land Cement (OPC), and testing the strength compared to 

the standard strength, a good result could be obtained. 

'2.1.9: CURING CONCRETE 

This is a vel' important operation if the concrete is to attains its 

optimum strength and should be taken senously. Curing, according to 

(Obande, 1981) means keeping the newly laid concrete under uniform 

conditions of temperature and moisture during the hydration of the 

cement compounds. Curing makes concrete stron;er, more durable, 

denser and more resistant to abrasion. 

The curing procedure being the control of the temperature and 

moisture movement from and into the concrete. The later not only 

affects the strength of concrete but also the durability. The intluen e of 

most curing on strength can be guagged from fig . 1.3 which was 

established by price (1951) in his research on factors influencing 

concrete strength . The graphs a plotted for a concrete of 0.50 moisture 

_._ -- content 
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most cUring on strength can be guagged from fig. 1.3 which was 

established by pnce (1951) in his resea rch on factors intluencing 

concrete strength . The graphs a plotted fo r a concrete of 0.50 moisture 

content. 

Tensile and compressive strength are affected in a similar manner. 

The future to gain strength in consequence of adequate curing that is 

through loss of water by evaporation is more pronounced in thinner 

elements and in richer mixes but less for light weight aggrega~e 

concrete. "If curing is efficient, the strength of the concrete increases 

with age . This incre.ase is rapid at the early age and then continues more 

slowly for an indefinite period" cement and concrete Association 1979. 

17 
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CHAPTER THREE 

3.0: EXPERIMENT AND METHOD 

3.1.0: In carrying out the laboratory ill ves ti g<'lti on O il the pa rti nl 

replacement or ordinnry Portlllnd kClllellt with groundllllt shell As h tll 

determine the strength and suitability or it ill concrete producti on, the 

major materi als used in the labo ratory were. 

Groundnut Shell Ash (GRA) 

Ordinary Portland Cement 

Sand (fine aggregate) 

Chipping (3 /4 aggregate) 

Water 

Mould (s ize 150 x 150111111) 

Shovels, hand trowels, head pain etc. 

When these materi als were taken to the l:'lboratury, th e v;moll s tests. 

which had to be done started. Most or the 11l <'lle ri ,li s we re bo ught ~ IIH..I 

taken to the laboratory except the groundllut shell s which was get from 

the farm and water ii'olll the school envi l"Ollll1 e nl. 

IX 



3.1.1 : ASH PRODUCTION 

Getting the grolllldnut shell burnt to ashes seems to be a very 

tedious work which may be a great set back if the strength test to be 

carried out is successful. The ash was got by burning the grollndnut 

shell on an iron sheet in an open air with a normal burning temperature. 

It is important to use ordinary burning method so as to be of benefit to 

the people at the grass root. The burning in the furnace would not be 

financially economical and it will consume a lot of time. The burnt ash 

was sieve through a British standard sieve (75 microns). The portion 

passing through the sieve will have the required degree of fineness of 

O.063mm and below (Okpalla 1987) while the residue was thrown away. 

he chemical analysis or'this ash was carried out at the Nigerian 

Mining Corporation, Jos, to determine their silicious, aliminous and 

other chemical contents of the ash as compare to the ordinary Portland 

cement and other agricultural wastes to know whether they poccesses a 

pozzolana characteristics. 
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3.1 .2: CONCRETE PREPATION 

The different ratio of concrete mix were prepared using the 1 :2:4 

mix design which is one part cement, two part line sand and four part 

course aggregate. The ratio used for the one part cement and ash were 

100% cement as control. 

70:30 cement/Ash 

60:40 cement! Ash 

50:50 cement!Ash 

40 :60 cement! Ash 

30:70 cement/Ash . 

The partial replacement of cement with these different ratios 

groundnut ash was done by volume. For each of the ratio three cubes of 

concrete were casted to be cured in clean water for the period of 28 days 

and to be tested at 7, 14, 21, and 28 days respectively. Therefore the 

total of 72 cubes were produced and tested. 

3.1.3 : CONCRETE AGGREGATE 

According to Barry, (1984), concrete comprises particles of hard 

__ materials, the aggregate, bound with cement past~ at least three quart~xs 
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of the volume or the concrete being occupy the aggregate . The wet Illix 

is spread inside the mould and compacted with dense 111<ISS. The 1l,lturc 

of the aggregate plays a considerable rol e in the etlsc with which it GIll 

be compacted. 

The measure of the ease with which a concrete call be compacted 

is described as the WORKABILITY of the mix. 

3.1.4: WATER CEMENT RATIO 

The il1aterial used in concrete me l11ixed \Vith \V<1tcr I(.)r two 

reasons: 

(a) To enable chemical reaction with cel11ent \Vhich caLiscs se llillg ,lnd 

hardening to take place 

(b) To act as a lubricant to render the IllIX suftici ently plast ic I"or 

placing and cOl11paction. 

About a half by weight of water to olle part by weight o/" ccmcnt IS 

required to l11ake a concrete mix workable. 

It was establishecl that the greater the proportion or \\,~lter to 

cel11ent used in a concrete mix the weaker will be the ultimate st rcm!,th 
'­

\. 

of the concrete (Barry, 1984). ~ 
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The major reason is that " the \\,~lter in excess or tlwt required to 

complete the hardening or the cement, evaporates and leaves voi ds in the 

concrete which reduces its strength . 

W /c = W 

Wc 

Where, W Ie = water cement rutio 

W = weight of water, g 

We = weight of cement, g. 

3.1.5: BULK DENSITY 

Bulk density is the weight or aggregate that would Ii II cO llt <'l iller or 

unit volume when the aggregate is hatc hed by vo lullle. The bulk 

density depends on how densely the aggregate is packed. For thi s 

experiment, the weight of cured cubes were taken and the vo lume or the 

mould determined. 

Density = mass 1\ 

Volume 

The size of the mould use was (ISO x ISO\1l\1l) or t 0.15111 x 0. 15\1l) 

therefore the volume Lxbxh = (O.IS x O.IS 'x O.l S)1ll 

.\ 
= 0.0034111 . 



3.1.6: CONCRETING 

This is deJ-ined as a mass' formed by parts grO\vlng or slicking 

together (Chambers 1983): a mixture of sand, gravel, etc ami cement. 

used for building. It can also be delined as an <lrtiliciul ·subst <.lIlCc made 

from cement, water and aggregate, which when mi xed toget her <.Illd 

allowed to set under normal condition forms a stone like IlllItcrial. 

The process or making concrete is concreting. The steps in vo lves 

are; batching, mixing, compaction and moulding, stripping 811<.1 curing. 

3.1.7: I3ATCHING 

This is the weighing of the materials to be used /"or concreting. 

The batching of the concrete materials was done by vo lume. After 

weighing the required proportioll of cement, Ash, Aggregate, and sand it 

was properly mixed together and r~vnter is ,ldded to ,1I10\V for proper 

chemical reaction. The mix ratio used It)!' thi s resenrch \Vork \V,IS 1:2 :4. 

This implies cement plus Ash has one part, sand 11(Is t\Vn p,lrts ane! 

aggregate has four parts by volume. 
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3.1.8: MIXING 

It is the process of bringing together the batched ll1 ateri als and 

mixing them thoroughl y together by stirrin g, to rorm t1 uni rorm Illll SS ('I I' 

the components. In thi s process W<1ter is necessmy in order to l ~lCilit ate 

the bonding together ot' the cement whi ch blends the sand , aggrega te and 

cement/Ash together. 

Note: After every Illl xlng, the concrete should illll1lcdi tltcly hc 

placed in the mould to avoid setting and hardening. Al so the tool s used 

should be thoroughl y washed immedi ately. 

3.1.9: COMPACTION ANr1l MOULDING 

The moulds were cleaned with engine oil (to allow lo r easy 

stripping). Moulds n1.ade with wood were used. The freshl y mi xed 

concrete was scoped into the mould ; i. e w'ood illoulds with intern al area 

of 150mm x 150mm internal surface area and vo lul1le or I SO x 150 x 

150mm3 . Atter placing the concrete, then CO Illj)<lcti oll ro ll o\\ls. 

"Compaction is the process of dri ving out or remov ing air voids that are 

trapped in the freshly mixed concrete" . Thi s process is tIl:hicved by 

ramming the surface of the concrete so as to di slodge the air and force 



the particles into a closer configuration. In casting the cubes, the mi x 

was tilled in the mould in three layers, each layer rammed 25 tim es with 

a tamping rod. Alter preparing the cubes they were kept in the open <.\ 'Ir 

for 24 hours. AI-tel' the 24 hours, they stripped and pl tlCe ill H li sh pond 

for water curing lor 28 days . 

The ramming i.e vibration was done uniforml y to Hvoid 

segregation in some parts wh il e some parts might be under compacted 

and some over compacted. 

3.1.10: STRIPPING AND CURING OF CONCRETE 

Stripping is the removal of mould after the concrete is se t and 

strong enough to support its own w~ight. ,Thi s was done aner tlbout 24 

hours of setting under air. It involves careful rcmo vt1 1 or n<lils to 

exposed the set concrete cube. 

Curing means keeping the newly laid concrete under UI i rorm 

conditions of temperature and moisture durin!.!, the hydration o r the 
'- . 

cement compound. The method or curing used 1'01' thi s project is wnter 

cUl'lng. 
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A clean I-ish pond of about I.sm x I.sm wus I-died with Lap water 

and the concrete cubes were placed in it. They were kept for twenty-· 

eight days . After which the ratio were tested for strength at 7, 14, 21, 

and 28 days respectively. It mLl st be ensured that water L'l)\'crs the 

cubes. 

3.1.11 : COMPRESSIVE STRENGTII TEST 

Compressive strength test is the c,ammon and most important 

because all the needed properties or characteristics of concretes arc 

qualitatively related to its strength. The strength test also determined the 

quantity and quality ol'binding material which is ccmcnt. 

The cubes prepared in moulds of 150 x IsOlll111 \\,(l~ crushed ill a 

compression machine alter the specil-ic curing period ill the water. 

Before crushing, the cubes were brought out or the water ~Ind kept fur 

sometimes to drip off most of ~he water in it. They were then weighed 

on a weighing balance and then taken to the crushing machine . The 

cubes experienced cracks due to failure in its strength ::I S ::I result of the 

load applied by the compression machine. The readings were taken and 

recorded as shown in the table. 



From the result, the compressive strength was calculated by the 

relationship. 

(I 
Compressive strength = load (KN/Ill) 

Area 
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CHAPTER FOUR 

4.0 RESULT AND DISCUSSION 

4.1. CHEMICAL ANALYSIS 

The chemical analysis of the Groundnut Shell Ash (GRA) carried out at the 

Nigerian Mining Corporation los shows that, the ground nut Shell Ash contains the 

following elements chemically combined together in their various percentage as shown 

in table 4.1 below. 

Table 4.1 Elements contain in the Groundnut ash in various 

15.92% 6.73 1.93 8.66 6.12 

This result shows that, Groundnut shell Ash contains some elements that are 

equally found in the ordinary port land cement as shown in table 4.2 below. 

Table 4.2 Nl S standard of elements contains in the cement in various percentage . 

%LSF 

>90% <3.5% 1.8-2.5% <40% >40.0% >6.0% 

Table 4.2 shows the Nl S standard of elements contains in the cement in various 

percentage. 

1\ 
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COMPRESSIVE STRENGHT TEST RESULT 

The result of the compressive strength test is as shown in table 4.3 below 

Table " ~ Result of compressive strength tests 

CEMIASH 7 DAYS 14 DAYS 21 DAYS 28 DAYS 
RATIO 
100.00 16.40 MN/mL 21.30MN/mL 22.00MN/mL 24.30MN/mL 

70.30 12.00 
" 

13.50 
" 

14.00 
" 

16.00 
" 

60.40 9.33 
" 

1 LOO' 
" 

11 .20 
" 

12.00 
" 

-
50.50 7.00 

" 
8.30 

" 
9.00 

" 
9.00 

" 

40.60 4.22 
" 

5-.00 
" 

5.00 
" 

5.00 
" 

30.70 3.00 
" 

3.30 
" 

3.40 
" 

4.00 
" 

DISCUSSION OF THE RESULTS 

The research carried out on this project work and the findings have shown that, 

Agric. Wastes can be used in a lot of ways instead of throwing them away into 

the dustbin which later decomposed to form compost manure which is not given 

require attention of usage by farmers, instead they go for fertilizer. 

The only requirement is the technical know-how of how to convert those 

agric wastes to useful materials. Some of the result got from this finding may not 

be enough an evidence to prove the suitability of the groundnut ash as a 

replacement for cement partially, bu1 with continue research improvement, one 

will surely arrived at a logical conclusion. 
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Table 4: Crushing Strength of concrete mixed at different ratio at 7 days 

RATIO ASH/C AGE (7 DAYS) A VE. DENSITY CRUSHING 

M (Kg/m3) LOAD (MN) 

100.00 7 2471.00 369.3016.40 

70.30 7 2439.00 263.30 12.00 

60 .40 7 2400.00 210.00 9.33 

50.50 7 2370.00 157.53 7.00 

40.60 7 2252 .00 95 .00 4.22 

30.70 7 2202.00 64 .00 3.00 

Table 5: Crushing Strength of concrete mixed at different ratio at 14 days 

RATIO AGE (14) DAYS A VE. DENSITY AVE. 
ASHICEM (Kg.m3) CRUSHING 

LOAD MN 
100:00 14 2418.00 479.33 
70:3 0 14 2409.00 303 .00 
60:40 14 2430.00 240.00 
50:50 14 2353 .00 187.00 
40: 60 14 2302.00 103 .00 
30:70 14 2219.00 73 .00 

Table 6: Crushing Strength of concrete mixed at different ratio at 21 days 

RATIO 
ASHICEM 

100:00 
70:30 
60:40 
50:50 

30:70 

AGE (21) DAYS AVE. DENSITY 
(Kg.m3

) 

21 2465.00 
21 2359.00 
21 2359.00 
21 2338.00 
21 2222.00 
21 2133 .00 

AVE. 
CRUSHING 
LOAD 
493 .00 
311.00 
252 .00 
195 .00 
111.00 
76.00 



Table 7: crushing strength of concrete mixed at different ratio at 28 days 

RATIO 
ASHJCEM 

100.00 
70:30 
60:40 
50:50 
40:60 
28 

AGE (28) DAYS AVE. DENSITY 
(Kg.m3

) 

28 2353.00 
28 2341.00 
28 2299.00 
28 2225.00 
28 2172.00 
2142.00 83.00 

Table 8: Strength of concrete at 7 days 

REPLICA TION TREATRMENT 
1 2 3 

1 8.40 7.90 8.40 
2 8.32 8.46 7.52 
3 8.30 8.30 8.48 
MEAN 
TREATMENT 8.340 8.230 8.133 

AVE. 
CRUSHING 
LOAD MN 
546.00 
358.00 
261.00 
198.00 
114.00 
4.00 

4 5 
8.00 7.72 
8.10 7.48 
8.00 7.70 

8.030 7.633 

6 
7.00 
7.60 
7.50 

7.430 

The data table shows that, for the control, the average strength measured 

8.340. Variant average strength were observed for the v<:trious ratio run gives fi om 

7.36 to 8.230 for T6 and T2 respectively. The average strengths of the various 

combinations are less than that of the control (100:00). 

Table 9: Analysis of Variance CANOVA) 

SOURCE OF DEGREE SUM OF MEAN FRATIOS FPROB. 
VARIATION OF SQUARES SQUARE 

FREEEDOM 
Between 5 2.1397 .4279 5.328 0.0083 

12 0.9637 0.803 

TOTAL 17 3.1034 

--- --. 
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From the Anova table (9) shows that the difference between the control and 

the other combination were statistically significant (P<O.OS). On close observation 

(separation of means) size difference were observed between control TJ and group 

6 and S. Group 4,3 and 2 didn't show significant difference with the control 

(Appendix A). 

Table 10: Strength of concrete at 14 days curing 

REPLICATION TREATMENT 
1 2 3 4 5 6 

1 8.10 8.30 8.22 8.30 8.06 
2 8.18 8.10 8.20 8.04 8.22 7.S8 
3 8.22 7.98 8.14 7.S0 7.09 7.S4 
MEAN 7.35 
TREATMENT 8.16 8.126 8.186 7.946 7.790 7.490 

The table shows that the control is higher but no significant difference 

observed between the group P>O.OS. The separation of means show that size 

difference were observed between the control T J and groups 6. 

Table 11: analysis of variance (ANOVA) 

SOURCE OF DEGREE SUM OF MEAN F RATIOS FPROB. 

VARIATION OF SQUARES SQUARE 
FREEEDOM 

Between S 1.1141 0.2228 2.2771 0.1128 
group 
Within Group 12 1.1743 0.0979 
TOTAL 17 2.2884 

From the ANOV A, Table 11 shows that the difference between the control 

and the other combinations were not statistically different (P>O.OS) Appendix B 
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Table 12: Strength of concrete at 21 days curing 

REPLICA TION TREATMENT 
1 2 3 4 5 6 

1 8.20 8.06 7.78 8.23 8.40 7.48 
2 8.45 7.98 8.12 7.96 7.02 7.06 
3 8.30 7.84 7.97 7.50 7.20 7.06 
MEAN 
TREATMENT 8.3167 7.9600 7.9507 7.8967 7.4800 7.200 

. Table 12 show that the strength average for the control (T1) is higher than 

that of other combination. It is also observed that there is size difference between 

the control and groups 6 and 5. 

Table 13: Analysis of Variance (ANOV A) 

SOURCE OF DEGREE SUM OF MEAN FRATIOS FPROB. 
VARIATION OF SQUARES SQUARE 

FREEEDOM 
Between 5 2.3665 0.4733 3.2011 0.0458 
gsoup 
Within Group 12 1.7742 0.1479 
TOTAL 17 4.1407 

The Anova table shows that there is significant difference between the 

control and the groups (p<0.05).Appendix C. 

Table 14: Strength of concrete at 28 day curing 

REPLICA TION TREATMENT 
1 2 3 4 5 6 

1 8.00 7.98 7.80 8.15 7.90 7.02 
2 7.96 7.90 7.78 7.39 7.00 7.70 
3 7.86 7.84 7.70 7.00 7.10 7.00 
MEAN 
TREATMENT 7.9400 7.9067 7.7600 7.5133 7.333 7.2400 
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The table shows that control is higher and no significant different observe 

among the group. The pair comparison show significant different between c ntrol 

and group 6. 

Table 15: Analysis of Variance (ANOVA) 

SOURCE OF DEGREE SUM OF MEAN F RATIOS FPROB. 
VARIATION OF SQUARES SQUARE 

FREEEDOM 
Between 5 1.3260 0.2652 2. I 018 .1354 
group 
Within Group 12 1.5142 0.1262 
TOTAL 17 2.8402 

The ANOYA Table shows that there is no significant different between the 

control and other combination P>0.05 Appendix D 
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.3.1 CHEMICAL ANALYS IS 

From the chemical ~lI1alysis (table 4.1), it shows that groundnut Ash 

contain some chemical compound as it is found in ordinary Portland cement table 

4. 2, but in less or more of the recommended quality. lfthe groundnut Ash can be 

blended with other compound that possess cementous property, it will go along 

way in reducing the cost of buying purely ordinary Port Land Cement. Such 

compound like fly Ash, especially .the one from bituminous coal which is mainly 

si liceous and is known as fly ash. This blend well with cement to produce the 

best of ash plus cement concrete. 

4.3.2 STRENGTH TEST RESULT 

! . . 

Being the most important test in concrete prodl ction. The research study 

was carried out so as to see that this important property (strength) is enhanced in 

the OPC + ASH Concrete. 

Looking at table 4.3, the 100% cement concrete increases in strength with 

age, the likewise other ratios used. But of all the experiments carried out, the 7'h 

and 21 st day wet curing shows that there is a closed relationship between the two 

compares to 14th and 28 th days. 
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Also from the table 4.3, it could also be noted that at 70:30 Cement/Ash ratio, the 

t of 16.00MN/m2 at 28 days curing period, which is less than the value got from 

00% cement at the same 28 days wet curing. Therefore it would be necessary to blend 

groundnut ash with some cementous material. 

From the graph fig. 4.1 the 70.30 and 60:40 Cement/Ash ratio follows the same 

pattern or similar pattern of increment as compared to the 100% cement while 50:50, 

40:60 Cement! Ash ratio seems not to have much changes in the value got from the 

strength test as they seems to assumed the same value or uniform value after 7 days 

It should be cleared in our mind that by partially replacing cement in concrete by 

this groundnut ash, we are not and cannot do away with cement but trying to reduce its 

cost in the total construction cost and to reduce the adverse effect caused to the entire 

environment by the production of this cement. Also to reduce the environmental 

pollution of these agric wastes by converting it to useful materials for building houses 

and other construction works. 

Though the 16.00.MN/m2 highest obtained for the 70:30 Cement -I- Ash ratio is 

less compared to the 24.30 MN/m2 of the 100% cement. If this mix ratio cannot 

withstand flexural loading, it can be used in mass concrete work, light load bearing 

elements and purely compressive member work thereby bring about high saving in 

terms of cost of construction. 
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To make the usefulness of the OPC + GRA Ash concrete a reality, further studies 

ust be carried out in relation to bonding between this concrete and any re,inforcement, 

adequate check must be carried out to see if this is the case with ope + ORA Ash 

Also from the statistical analysis carried out, it would be required that blending 

this groundnut ash is very necessary so as to improve the strength and other needed 

h .. r,..,.o,rl· es of the concrete. 

Another important check to be carried out is the durability of this OPC + ASH 

crete. This may involve test for resistance to wearing off or scrapping and how 

ong it takes for the concrete to start disintegrating. This will enable the structural 

ineers to be precise in predicting the life span of any constructed structure using 

PC + GRA Ash concrete. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

1 CONCLUSION 

The result obtained from th"e ·compressive strength test at 70:30 cement + 

ORA Ash shows that groundnut ash at low percentage can replace cement 

partially and if the research is improved upon, more ofthe"Ash percentage can be 

used. 

The chemical analysis also show that ground nut Ash also contains some elements 

as it is present in ordinary Portland Cement though some in traces, but if 

improved upon or blended can measure up to or near the standard range. 

RECOMMENDATION 

Looking at the utmost importance of this research work and the little effort 

made to arrived at this result, I am therefore recommending that: 

(l) This research work should be given adequate attention and should be further as 

II 
quickly as possible so that production of blended cement with thi.s ash (ORA) 

will be a reality. 

(2) For this research to be very successful, there should be standard equipment to 

be used, such as the standard mould, curing tank instead of using wood mould 
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etc. 

(3) Because of the enormous gain that would be got from this research , like 

slump test, porosity and workability of cement, concrete should be, test for 

.. 
which may not be in this write up to ascertain the usefulness of OPC + ORA 

Ash in concreting. 

(4) This finding should be send to research institute so that they can carried out the 

same experiment and then compares the findings and arriyed at a logical 

conclusion. 

(5) A prototype building should be put in place using this OPC + Ash as building 

materials. 

(6) The Nigeria Institute of Agric Engineers must be ready to establish a national 

standard code guiding the use of Agricultural Wastes Ash as blended cement in 

Construction Industry. 
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Variable 1'7 
By Variable TREAT 

Source 

Between GrouRs 
Within Groups 
Total 

Variable T7 
By Variable TREAT 

APPENDIX A 

ONE WAY 

7 Days 

Anal~is of Variance 
Sum of Mean 

D.F. Squares Squares 

5 2.1397 . 4279 
12 . 9637 . 0803 
17 3.1034 

ONE WAY 
7 Da,ys 

Multiple Range Tests: Duncan test with significance level .05 

Th e difference between two means is significant if 
MEAN(J) - MEAN(I) >= . 2004 * RANGE * SQRT(l/N(I) + l/N(J)), 
with the following value(s) for RANGE : 

Step 
RANGE 

2 
3.08 

3 
3.22 

4 
3.32 

5 
3 . 37 

6 
3.41 

~. 

F F 
Ratio Prob. 

5 . 3284 . 0083 

(*) Indicates significant differences which are shown in the lower triangle 

Mean TREAT 
7 . 3667 Grp 6 
7 . 6333 Grp 5 
8 . 0333 Grp ~ 

8.1333 Grp J 
8 . 2333 Grp '2 
8 . 3400 Grp 1 

Homogeneous Subsets 

Subset 1 

Gr6up Grp 6 

Mean 7 . 36'67 
- - - - -

Subset 2 

Group Grp 5 

Mean 7 . 6333 
- - - -

Subset 3 

Group Grp 4 

[Vlean 8.0333 
- - - -

G G G G G G 
r r r r r r 
p p p p p p 

65432 1 

* 
* 
* * 
* * 

(highest and lowest means are not significantly different) 

Grp 5 

7.6333 

Grp 4 Grp 3 

8 . 0333 8 . 1333 

Grp 3 Grp 2 Grp 1 

8.1333 8.2333 8 . 3400 



Variable T14 
By Variable TREAT 

Source 

Between Groups 
Within Groups 
Total 

Variable T14 
By Variable TREAT 

APPENDIX B 

ONE WAY 
14 Days 

Analysis of Variance 

Sum of Mean 

D.F. Squares Squares 

5 1.1141 . 2228 

12 1.1743 .0979 

17 2.2884 

ONE WAY 
14 Days 

Multiple Range Tests: Duncan test with significance level . 05 

The difference between two means is significant if 
MEAN (J) -MEAN (I) >= . 2212 * RANGE * SQRT (liN (I) + liN (J) )­

with the following value(s) for RANGE : 

S t e p 
RANGE 

2 
3 . 08 

3 
3.22 

4 
3 . 32 

5 
3 . 37 

6 
3 . 41 

F F 
Ratio Prob. 

2.2771 . 1128 

(*) Indicates significant differences which are shown in the lower triangle 

G G G G G G 
r r r r r r 
p p p p p p 

654 2 1 3 
Mean TREAT 

7.4900 Grp 6 
7 . 7900 Grp 5 
7 . 9467 Grp 4 
8 . 1267 Grp 2 * 
8 . 1667 Grp 1 * 
8 . 1867 Grp 3 * 

Homogeneous Subsets (highest and lowest means are not significantly different) 

Subset 1 

Group Grp 6 Grp 5 Grp 4 

Mean 7 . 4900 7 . 7900 7.9467 
- - - -

Subset 2 

Group Grp 5 Grp 4 Grp 2 Grp 1 Grp 3 

Mean 7 . 7900 7 . 9467 8 . 1267 8 . 1667 8.1867 
- - - -



Variable T21 
By Variable TREAT 

Source 

Between Groups 
Within Groups 
Total 

Variable T21 
By Variabl~ TREAT 

APPENDIX C 

0 N E W A Y 

21 Days 

Analysis of 

Sum of 
D. F. Squares 

5 2 . 3665 
12 1.7742 
17 4.1407 

ONE WAY 
21 Days 

- - - - -

Variance 

Mean 
Squares 

. 4733 

.1479 

Multiple Range Tests: Duncan test with significance level .05 

The difference between two means is significant if 
MEAN(J)-MEAN(I) >= . 27 1 9 * RANGE * SQRT(l/N(I) + l/N(J)) ' 
with the following value(s) for RANGE: 

Step 
RANGE 

2 
3 . 08 

3 
3 . 22 

4 
3 . 32 

5 
3 . 37 

6 
3 .41 

F F 
Ratio Prob. 

3 . 2011 .0458 

(*) Indicates significant differences which are shown in the lower triangle 
G G G G G G 
r r r r r r 
p p p p p p 

65432 1 
Mean TREAT 
7.2000 Grp 6 
7 .4800 Grp 5 
7.8967 Grp 4 
7.9567 Grp 3 * 
7 . 9600 Grp 2 * 
8 . 3167 Grp 1 * * 

Homogeneous Subsets (highest and lowest means are not significantly different) 

Subset 1 
Group Grp 6 Grp 5 Grp 4 

Mean 7.2000 7 . 4800 7 . 8967 
- - - - - - - - - - - - -

Subset 2 
Group Grp 5 Grp 4 Grp 3 Grp 2 

Mean 7 .4800 7 . 8967 7.9567 7.9600 
- - - - - - - - - - - - - - - -

Subset 3 
Group Grp 4 Grp 3 Grp 2 Grp 1 

Mean 7.8967 7.9567 7.9600 8 . 3167 
- - - - - - - - - - - - - - - -



. \ 

Variable T28 
By Variable TREAT 

Source 

Be twee n Groups 
Within Groups 
To tal 

Variable T28 
By Variable TREAT 

APPENDIX 0 

0 NEW A Y 
28 Days 

Analysis of 

Sum of 
D. F . Squares 

S 1 . 3260 
12 1.5142 
17 2 . 8402 

ONE WAY 
28 Days 

- - - - -

Variance 

Mean 
Squares 

.2652 

. 1262 

Mul Liple Range Tests: Duncan test with significance level .05 

Th e difference between two means is significant if 
MEAN (J)-MEAN(I) >= . 2512 * RANGE * SQRT(1/N(I) + 1/N(J)) 
wit h the following value(s) for RANGE: 

Step 
RANGE 

. 2 
3 . 08 

3 
3.22 

4 
3.32 

5 
3 . 37 

6 
3.41 

F F 
Ratio Prob. 

2.1018 . 1354 

(*) Indicates significant differences which are shown in the lower triangle 

G G G G G G 
r r r r r r 

P P. P P P P 

65432 1 
Mean TREAT 
7 . 2400 Grp 6 
7.3333 Grp S 
7.5133 Grp 4 
7.7600 Grp 3 
7 . 9067 Grp 2 
7 . 9400 Grp 1 * 

Homogeneous Subsets (highest and lowest means are not significantly different) 

Subse t 1 
Gro up Grp 6 Grp 5 Grp 4 Grp 3 Grp 2 

Mean 7.2400 7.3333 7.5133 7.7600 7.9067 
- - - - - - - - - - - - - - - - - - - - -

Subs et 2 
Gro up Grp 5 Grp 4 Grp 3 Grp 2 Grp 1 

Mea n 7.3333 7.5133 7.7600 7 . 9067 7.9400 
- - - - - - - - - - - - - - - - - - - -


