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flBS11UiCT 

Blending cement with aluminous and siliceous base-materials have bc(m going on 

in ,Europe for the past fifty years . The sole aim is the reduction in the cost of ordinary 

Portland Cement. 

This Project examines the effect of 40010 partial replacement of ordinary Portland 

Cement (Ope) with ashes of agri~ulturaJ wastes on: 

(1) the stren!,rth of the' concrete 

(2) the workability of the concrete 

(.3) the porosity of the concrete 

The experimental results showed that OPC + RHA has 3 slump of ] 30mm and 

compaction factor of 0.95, a compressive str-ength of5.5N/mm1 and a porosity of12% ; 

OPC +GTA has a slump of 105mm, compac60n factor of 0.949, Compressive strength 

of3 .5N/mm2 and a-porosity of 10.2% ~ OPC + MCA has a slump of80mm compaction 

factor of 0.9, Compressive strength of7.5N/mm2 and a slump of 8.0010 ~ ope + BTA has 

a compressive strengtfi of SN/mml and a porosity of 11 %. 

The analysis of variance carried out on the strength. test resUlts shuwed that the 

result are quite as the coefficient of variation is 18% and the treatment is highly 

significant. 

The test result showed an.improved workability and" porosity values when compare 

d to acceptable values for ope concrete. 

The strength of concrete is low when compared-to known strength vauesaUPC 

concrete stated in table 2.1. 

It is concluded that the ash treatment is responsible for the high workability and 
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porosity. It is also responsible for the low compressive strength which can be improved 

through proper blending. 



CHAPTER ONE 

1.0 INTRODUCTION 

.' 

Originally concrete was made using a mixture of only three materials; cement, 

aggregates and water. Later on, in order to improve some of the properties of concrete, 

either in the fresh or in the hardened state, velY small quantities of chemical products were 

added to the mix. These chemicals were called admixtures. 

Later still other materials in inorganic in nature were introduced into the cement 

mix. The original reason for using these materials were usually economic. They were 

cheaper than POltland cement, sometimes they exists as natural deposits (e.g Pozollonas) 

requiring no or little processing, some times because they were a byproduct or wastes 

from industrial processes (e.g fly Ash, blast furnace slag or silica fumes). A further spur 

to the incorporation of these supplementary material in concrete mix was given by the 

sharp in the cost of energy in Europe and America in the 1970s and "The cost of energy 

represent a major proportion of the cost of cement production" (Neville, 1996). 

Yet further encouragement for the use of some of the "Supplementary" material 

was provided by ecological concern about opening of pits and quarries for the raw 

materials required for the production of Portland cement on one hand and the other hand 

the means of disposal of industrial wastes such as blast furnace slag, fly Ash or silica 

fumes. More over the manufacture ofP0l1land cement itself is ecologically harmful in that 

the production of one tonne of cement results in about one tonne of CO2 being discharged 

into the atmosphere. 

': " ' ;-l(~"'iii" be : w;oilg to infer fron1 thehistodcal account that the supplementalY 

material were introduced into concrete solely by the 'push' of their availability. ' Most ' 
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materials also bestows various desirable properties on concre.te sdmetimes in fresh state 

but more often in hardened state. So because of these reasons in very many countries, a 

high proportion of concrete contain on·e or mo~e of these supplementary materials. It is 

therefore misappropriate to considenJlem as cement replacement materials or extenders . . 

In fact the appropriate nomenclature for these type of cement that can be 

universally accepted has been the problem. The names so far suggested are: Portland 

composite cement; Blended Portland cement (Ne\~l le 1996). The European approach of 

ENV 197-1 1992 is to use the tenn CEM cement \V-hich not thought to be explicit enough~ 

. The current American approach is gi en in ASTM C 1157-94a which covers blended 

hydraulic cements for both general and special application. The emphasis on tlle term 

hydraulic may conjure up a wrong image on tile eyes of general users of cement 

The preceding rather lengtll)' discussion explains the difticulty of classifYing and 

categorizing the different material involved. 

A given cementous material may be hydraulic that is, it can undergo hydra60n on 

its own or become hydraulic only in consequence of chemical reaction witll some other 

compounds_ Yet a third group of the cementous material may be largely chemically inert 

. but tQ ha. e a ca~alyti_c. eft~~t . on f!1e· hydrati~~l of other material, say, by fostering 

nucleation and classitylng the cement paste; or to have a physical effect on the propenjes 

of fresh concrete. Materials in this category are called fillers. 

1.2 Prl'scnt Situ:ltion ofCcrcmcnt Production 

Perhaps at m.1 t.ime in its history of over hundred years has tJlecement industry 

found itselftkcd so suddenly with so many problems o1'vital impol1ance stemming h om 

the oil crises of 1973. A m~ior objective of European industl)r naturally has been to save · 

by any possible means some of the energy used in the cement production. This airn 11as 
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been or .is b~ing ste~dily r~ach~d tJlro~gh two djft~rent courses, the effects of which are 

cwnuJative 

(a) by reducing energy costs in the burning of clinker 

(b) " by increasing the production of composite cement. 

. This second approach is important to the write up. This involv.es replacing a 

proportion of clinker- high calorie consuming - by ot.her products which are suitable and 

do'not require further heat treatment. Such products already have been submitted to high 

temperature naturally e.g Pozzolanas or blast fUrnace slag or fly Ash. 

The production of composite cement is not a new development and the concrete 

indusoy has had long e.xperience in tJle use of such cement. The industrialized production 

of cem~nt with slag and with fly Ash on European continent started more than fifty and 
. ..': :'. " '~""" _";::'.::..'.~~" ...... ... ,' ': .= ' .. ", .... : ... . .' '~. . I 

twenty five years ago respectively (Dutron 1986). The natural possolanas based binders 

are much older. An accelerated development of composite cement has been \\~tnessed 

over the past decades mainly for the three reasons:-

(1) To save energy 

(2) Availability of large quantities of such constituents in many countries. 

(3) Environmental protection through the realization of industrial by products 

combined with t.he preservation of land scape through reduced quarl)~ ng of the raw 

material used in the production of clinker. 

1.3 THE PROJECT 

In tJus project, tlle word 'Partial Replacement of' will be use.d instead of <blended', 

"mixed' or "composite' cement. The project seeks to replace a portion (.11' the Portland 

cement in concrete with t.he ashes of some selected agricultural wastes. The selected 

wastes are 
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(I) Rice Husk Ash (RHA) 

(2) Maize Cobs Ash (MCA) 

(3) Bean Thresh Ash (BTA) . ' 

(4) Guinea Com Thresh Ash (GRA) 

1.4 JlJSTIPlCATlO O:F THE ·PROJECT. 

The projecl is justified because if the experiment succeeds in establi.shing the fact 

that if a p0l1ion of ordinal), POJ.11alld cement is replaced with any of these material in 

CQncre.te.wlthout the'concrete loosing much ofitsstruc.turaJ properties SUCJl as stren&rth" 

impermeability and \o,:orkability, then a lot ofbenetlt will be derived from the result suc.h , 

benefits are:-

(\) Enerb~' will be sa\'ed:- The highest index in determining the c.ost of cement is the 

cost of energy used in the production. But if a material that requires no ftnther 

heat treatment replaces a pOllion of the cement in the constl1Jction industry, then . 

less cement is produced, hence less energy will be required int he production. 

(2) , Availability of these Agricultural \Vastes:- These material are available in large 

quantity especially during ban.'esting time. So instead of burning and wasting it 

amid be put into economic use by mixing the ash with cement in the constmction 

industl)1. 

(3) Environmental Cleanliness through utilization of these Wastes: - The problem of 

wastes generated from agricultural aCli i:ilieswill be minimized and ensuring a 

deaner environment. 

(4J Depletion of Vegetation through cement production: Opening of new sites for 

quarrying of lime stone and gypsum used for cement production will be reduced 

and as earlier stated. the production of one tonne of cement will lead to the 
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production of one tonne of COl' This gas is not environmentally friendJ )'. 

More Food will be Produced:-

This is a long teml expectation. ]f the farmers know that ule w'aste wiJl still be 

. 
useful and perhaps couJd still be sold to builders, tllere will be a tendency ~o produce more 

tOod and thereby generate more wastes which can be sold for ex1ra income. 1n a situation 

of this nature~ the ation wiU be· better for it. 

1..5 THE OBJECTIVES OFTHE PROJECT 

The objectives of ulis projeCt is to establish how 

(1) The strength of the concrete 

(2) Workability of the concrete and 

(3) Porosity of the Concrete 

are affected by the partial replacement of cement in concrete by the follo\\-ing individual 

materials: -

Rice Husk Ash (RHA) 

Maize Cobs Ash (1vlCA) 

Bean Thresh Ash (BTA) 

Guinea Corn Thresh Ash (GT A) 

1.6~ .. . ' £{i\;Tl-r.~ Trb"NS' UF THE PROJECf 

The scope of this research is limited b) time. We know that concrete is a complex. 

constmction material whose strength is at1ected by many factors . These includes rhe 

quality of the cement, tIlle and coarse aggregate and t.he quality of mixing water and 

ambient temperature. The eHeets of all these factor ideally should have been considered 

before cons.idering tlle eHeets of all these replacement materia.ls on the concrete strengul. 

Time will not be enough to just under take these checks . 

. Finance is another limitation to the scope of this research. Most of the tests 011 

concrete are destructive tests. Which means there is little or no allowance fo r repealed 

material utility. So any extension of the research to cover those other aspects ea rli er 
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mentioned will requjre more materials and by extension more tinancial involvement. ]n 

effect th~ v~rious ot~er a~{Ject~. are oP7n for turth~r investigation. 

Some of the replacing agricultural waste is now being used as animal folder and 

so it.s availability for burning ~s not always assured ~uc.h material is beans threshings. 

Unless production ofbec1llS is improved. the threshingswill certainly be in short supply . . 
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CHAPTER TWO 

LITERATURE REVIE\\' 

Blended Cement Concrete .' ,r 

Concrete in the broad sense is any product or mass made fron1 any cernentry 

medium. Concrete is made with several types of cement and also containing pozzalano 

(BROOK et al 1987). Fly ash, blast fumace slag, regulated set of additives, sulphl:1r, 

admixtures, po~ymers. fibres and so on have at one time or the other been used in blending 

cement. This have given rise to various types of cement which has gotten an enhanced 

property in one way or the other in concrete production . 

. 2.1:1' " po:fior~~ii~s~ Tlii5 J~aterial have been detined 'by AST M 6] 8-94 as a siliceous and 

aluminous material whjch in itself possess little or no cementous value but in a finely 

divided fonn and in the presence of moisture, chemically reacts with calcium hydroxide 

at ordinary temperature to fonn compounds possessing cementous propertY. 

According to Brook (1987) and Neville (1996) it ·\ ... ·iH be incorrect to infer from . 

the previous historical account that this supplementary materials were introduced into ' 

.concrete solely by the push of their availability. This materials also bestows variolls 

. deslrab'le properties on concrete. 

2.1.2 FJy Ash :- Fly ash known also as pulverized fuel Ash (the ash precipjtated 

electrostatically from the exhaust gases of a coal powered station) is the most common 

artil"lcial pozzolana. The American classitication of lly ash will depend on the types of . 

coal the ash origll1ates. The one from bituminous coal is mainly siliceous and is known 

as flass F fly ash. It blends well with cement alld produces the best of ash +cement 

concrete. 
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For any pozzolana to be used as a cement blender in concrete production ASTMC 

618-94a requires 70.% silica, alumna and ferric oxide taken all together and a ma:... .. imum 

of80.3• content of5% and BS 3892 Pal1 1 (1993) specifies an So.) content .of2.5%. 

• Rice Husk Ash (RHA)'have been described as a pozzolana (Neville 1984). A 

study carried Ollt by D.C. Okpa]a (Okpa]a 1987) shows that at 40.% partial replacement-

of cement in concrete by RHA and optimum strength comparable to the knov,iJ1 standard 

strength can be obtained. 

Mbachu and Kolawole (Mbachu et al 1998) also c.arried out a study on concrete 

made of 40.% RHA and ordinary Portland cement concerning the shrinkage and modulus 

of elasticity. It was discovered that the result was equally comparable to .he true accepted . 

values. AJI those goes to show that RHA is a silicious material and hence a pozzolana. 

If the RHA have produced these results, it was 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. 

2.2 Concrete Strength 

. Strength of concrete is commonly considered its most valuable property (Neville 

1996). In considering concrete strength there are other complement properties which are · 

equally important such as the durability and permeability which in some practical cases are 

considered more important. Nevertheless strength of the concrete presents the overall 

picture of the quality of the concrete, because strength directly relates to the structure of 

the hydrated cement paste. More over, the strength of concrete is almost invariably a vital 

element of stl1lctural design and it is specified for compliance purposes. 

2.2.1 'Vater/Cement Ratio 

In engineering, the strength of concrete at a given age and cured in water at a 
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prescribed temperature is assumed to be dependent on two factors only:-

, (1) the water/cement Ratio 

Oi) ' the degree ofcol11paction (NivilJe). 'When concrete is fully compacted, its strengul 

is taken to be inversely proportional to the water/cement ratio. This relation was preceded 

by a. mle established by (1919). He found (hat strength is equal to fc = -I.:. 
"uw I! 

where w/c represents the water cement ratio and K. and K. are empirical constants. AbranlS 

rule although established independently is simi,le.r to a general rule fornlUlated by Feret 

(1896) in that they botll relates the strength of concrete to the volumes of water and 

cement. Feret'$ mle was in the form 

ie = K( C )1 
(c+w+a) 

where C, W, a are absolute volumetric proportion of cement, \ ater and air respectively , 

and K is constant. 

The general foml of graphical representation of strength versus water/cement ratio 

is as shown below in figure 2. 1 

70 

60 

0.4 0.6 0.8 1.0 1.2 

~---
I 
i 
! 

104 

, FJG.2.1 - Compressive Strengul Versus Water/Cement Ratio 

From time to time~ tbe water/cement ratio mle has been criticized as not being sufficiently' 
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fimdamental. · Nevertheless in practice the water cement ratio is the largest single factot 

in the strength ofa fuBy compacted concrete. Perhaps the best statement of the situation 

is that by Gulkey (1974) which says "For a given cement and acceptable aggregate, the 

" strength that may be developed 'by a workable, properly placed mixture of cement, 

aggregates and water (under the same mixing. curing and testing condition) is influenced 

by 

(a) Ratio of cement to mixing water . 

(b) Ratio of cement to aggregate 

. (9 •. gr8dijlg~ ·sniface · rextllre, shape, strength ands(iffileSS of aggregate particles 

(d) Maximum. size of the aggregates. 

2.2.2 Curing 

The water cement ratio has been identified as the only single factor that has a lot 

of influence on the strenf,rth of concrete. Another factor is the curing method. "In order 

to obtain good quality concrete, the placing of appropriate mix must be followed by curing 

in a suitable environment during the early stages of hardening" (Neville & Brooks (1987). 

Curing is the name given to procedures lise for promoting the hydration of cement 

and thus, the development of shoength of concrete. The curing procedure being the 

control of the temperature and moisture movement from and into the concrete. The later 

not only affects strenf,rth of concrete but also the durability . . 

In the ca.se of site concrete active curing nearly aJways cea.se long before the 

maximum possible hydration has taken place. The iilfluence of moist curing on strength 

'can be guaged f)'om the figure below which was established by Price (1951) in his research 

on factors influencing concrete strength. The graphs are plotted for a concrete of 0.50 

moisture content. 
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Fig. 2.2 CuJ"ing as a factor innuencing concrete Strength 

Tensile and compressive strength are affected in a similar manner. The Future to gain 

streJlgth in consequence of adequate curing that is tJlrough loss of water by evaporation 

is more pronowlced in thinner element and in richer mixes but less so for light weight 

aggregates concrete. 

The necessity for curing arises from the fact that hydration of cement can take . 

place only in water filled capillaries. This is why loss of waler by evaporation from the 

capillaries must be prevented. Furthermore, water lost internally by self desiccatjon has 

to be replaced by water f)'om outside ie. lngress water into the concrete must take place. 

Self desiccation occurs in a sealed concrete when the water/cement ratio is less than about 

0.5 because the internal relative humidity in the capillaries decreases below the minimum ' 

value necessary for hydration to take place. 

"If curing is efficient, ule strength of the concrete increases willi age. This 

.. in~r~ase: is·tipl~fa{~fle · ~~~ly age and then contill~esmore slowly for an indefinite period" 

Cement und Concrete Association 1979. Concrete curing increases impenneability and 
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(3) Testing the Strength of a Concrete cure 

. (40 · Testing of torsional stress can equally be made. 

The compres~ion strength test is the most common test. Nevertheless, this test 

IUust 'be handled by an experience teclmologist. 

2.2.4 Compressive Strength Test Cubes 

Compressive strength test for concrete \vith a maximum size of aggregate of up 

to 40mm are usually conducted on 150mm cubes. For aggregate with a nominal 

maximum size of 2Smm or less 1200mm cubes may be used. Details of making, curing 

and testing are covered in part 3 and 4 of BS 1881 or in a similar publication by Cement 

and Concrete Association. 

It is essential that the concrete in the cubes should be fillly compacted. To assist 

in ensuring this, a lSOmm cube mould should be tilled in three layers and a 100nml mould 

In two layers using vibrator or ramming rod. The test specimen must be kept in a damp 

place and also it lllust be marked lor identification. It is removed from the mould within 

25 hours and care must be taken to avoid breaking the edges. Unless required for testing 

it should be submerged in a tank of clean water maintained at a temperature of20±2"C 

until they are transported to testing laboratory. Specimens should arrive the laboratory 

in a damp c,ondiiion not less than 24 hours before the test time, 

2.2.5 Summary of the Testing procedure 

I. The cubes should be stored in water and tested immediately on removal. 

2. The bearing surta'ce of"the testing machine-should be \viped clean and the cube 

placed in the machine in such a way that the load is applied to the faces other than 

the top and bottom of the cube as cast. 

3. The load should be applied without shock and increases continllollsly at a rate of 
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approximately 15N/mni per minute until no greater load can be ~ustained. 

4. The compressive strength should be recorded to the nearest O.5N/mm2
. 

2.3 'Vorkabilitv of Concrete 

2.3.1 " Definition:- "A concrete which can be readily compacted is said to be workable. 

But to say that workability detenuines the ease of placement and resistance to segregation 

is too loose a description of this vital property of concrete" (Neville, 1996). The desired 

workability in any particular case would depend on the means of compaction available, 

likewise a workability suitable for mass concrete is not . necessarily sufficient for thin 

inaccessitlle"o':r:-he'i\vily 'reinforced section. For these reasons workability-should be 

described as a physical property of concrete alone without reference to the circllmstances 

of a particular type of constmctioll. 

To obtain slich a definition it is necessary to know what happens when concrete 

is being compacted. Whether compaction is achieved by ramming or by vibration, the 

process consists essentially of the elimination of entrapped air from the concrete until it 

h~s achieved a close configuration as is possible for a given mi.'\.. GlanviUe et al defined 

workability as "the amount ofuseftJl intemal work necessal)' to produce fiJII compaction". 

The ASTM C 125-93 definition of workability is somewhat more qualitative - "property 

determining the eHort required to manipulate a freshly mixed quantity of concrete with 

minimum loss of homogeneity". The ACl definition of workability given in ACIR-90 is 

"That property of freshly mixed concrete or 1110rtar which detenllines the ease and 

homogeneity with which it can be mix, placed, consolidated and finished". Technical 

. literature abounds with variation of the definition of workability and consistency but they 

are all qualitative in nature and more refleCtion of a personal view point rather than of 

scientific precision. 
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2.3.2 The Need for Sufficient worlmbility 

Workability has o.far been discussed merely as a property of fresh concrete. It is 

howe~er also a vital property as far as the finished product is concerned because concrete 

must have workability such that compaction to i11aximum density is possible. 

"The need for cor;npaction becomes apparent from a study of the relation between 

the degree of compaction and the resulting strength" (Neville PP 185). It is convenient 

to refer t? w?rkability as ~ ?en~i.ty ratio,. that is the .. ratio of the actual density of a given 

concrete to the density of the same mix when fully compacted. Like wise, the ratio of the 

strength of the concrete if partially compacted to the strength of the concrete when fully 

compacted can be called strength ratio. 

There is a linier relationship between the strength ratio and density ratio as shown 

in the Graph below. 
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FIG. 2.3 Relation between Strcngth Ratio and Dcnsity Ratio 

The presence of voids in concrete greatly reduces its strength, 5% of void can reduce the 

strength to as much as 30%. Even 2% void can result to a strength drop by 10%. 

Void are in the form of bubbles of entrapped air or spaces left after excess water 

have been removed. The volume of the later depends primarily on the water cement ratio 

of the mix. 
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2.3.3 Factors Affecting \Vorkability 

The main lactor is the water content of the mix, expressed in kilograms (or litres) 

of water per cubic metre of concrete. It is convenient, though approx;mate to assume that 

tor a given type and grading of aggregate and workability of concrete, tlJe water content 

is independent of aggregate/cement ratio or of the cement content of the mix. Based on . 

this assumption, the mix proportion of concrete of diHerent richness can be estimated. 

lfwater content and the other mix proportion are tlxed, workability is govemed 

by maximum size of aggregate, its grading, shape and texture. However the grading and 

water/cement ratio have to be considered together as grading producing the ' most . . 

workable concrete for one particular value ofwater/cement ratio and this may not be the 

best for another value of the ratio. "In particular, the higher the water/cement ratio, the 

tlner the grading required for the highest workability" (Neville, 1996). In fact for a given 

value of water/cement ratio, there is one value of the coarse/fine aggregate ratio that gives 

the highest workability. 

2.3.4 Mcastlrclllcnt ofWorl<ability 

There is no acceptable test which will measure directly the workability as given by 

earJier state definition. Numerous attempts have been made however, to correlate 

workability with some easily determinable physical measurement, but none of these is fuJly 

·satisfactory. Among so many method adopted to try to measure workability are 

(a) Slump Test 

(b) . COIl1paction factor test - These two will be explained further. Others are 

© AST M flow Test 

(d) Remoulding Test 
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(e) Vebe Test 

(f) Flow Test 

(g) Ball Penetration test 

(h) Nasser's K-Test.er al1d 

(1) Two Point Test 

2.3.5 Slump Test 

This test is used extensively in site work aU over the world. The slump test does 

not measure the workability but useful in detecting variation in the uniformity of a mix of 

a given normal proportion. 

T~e te~t is pres~ribe? .by ~TMC ,143-90 and BS 1881 Part 102 1983. The mould 

for the slump test is a mlstllll of a lone 300ml11 high. It is placed on a smooth surface with 

the smaller opening at the top andfiHed with concrete in three layers. Each layer is 

tamped 25 times with a standard 16111m diameter steel rounded at the end . The top 

surface js struck oIl' and firmly held to the base during the entire operatjon. This is 

facilitated by a handle or foot rest brazed to the mould. Immediately after filling, the cone 

is slowly lifted and the unsupported concrete will now slump-hence the name of the test. 

The decrease in height of the slumped concrete is called slump and it is measured to the 

nearest Smm. 



Fig. 2.4 
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"If instead of slumping evenly all round in a true slump one half of the cone slides 

down an inclined plane, a shear slump is 'said to have taken place" (Obande1993 ) 

Mixes of stitT consistency have zero slump, so that in the rather dry range, no variation 

can:be detected between mixes of different workability. 
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Table 2.2 Description of workability and magilitude of slump (Neville 1996) 

Description of Workability Slump (mill) 

~. ., 
o No slump 

Very low 5-10 

Low 15-30 

Medium 35-75 

High 80-1 SS 

Very lligh 160-Collapse. 

2.3.6 Compaction Facto.· Test 

The degree of compaction called the compaction factor is measured by the density 

ratio that is the ratio of the density actually achieved in the test to the density of the same 

-
concrete fillly compacted (Neville 1991). The compaction factor test is prescribed in BS 

1881 Part 103 1993 and ACI 12113-75 1992 and it is appropriate for concrete with 

aggregate up to 40mm. 

The apparatus consists essentially of two hoppers each in the shape of a fru strul11 

of a cone and one cylinder, the three being above one another. They have hinged doors 

at the bottom. All inside surfaces are polished to reduce friction . 

To carry out the test, the upper hopper is tilled with concrete, this being placed 

gently so that at this stage no work is done on the concrete to produce compaction. The 

bottom door of the hopper is then released and the concrete FIG 2.5 falls into the lower 

. hopper. 

Thjs i.s smaller than the upper one and is therefore filled to over flowing. The bottom door 

of the lower hoper is then released and the concrete falls into the cylinder. Excess 
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concrete is cut by two floats slide across the top of the mould and the wet mass of the 

• r • 

Fig. 2.5 -.:; 

Compaction Factor Apparatus 

~" " ';/// ./ ?3l"// 

concrete in the known volume of the cylinder is determined. The density then calculates 

and this density is divided by the density of a fully compacted concrete is defined as the 

compaction factor. The later density is obtained by filling the cylinder with concrete in 

four layers, tamped or vibrated 

Table 2.3: Description of workability and compaction factor (Neville PP 192). 

Description of worl<ability Compaction Factor 

Very low 0.78 

Low 0.84 

Medium 0.93 

High 0.96 

Unlike slump test variation in the workability of dry l:oncrete are reflected in large change 
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in the compaction factor that is the test is more sensitive at low \vorkability end of the 

scale that at high workability. 

2.40 Porosity 

•. ' It has been shown from 'variolls research and discllssions that the strength of 

concrete is fundamentally a function of the volume of voids in it. The relation between 

strength and total volume of void was found to be a unique problem of most construction 

materials not only concrete. Brittle materials in which water leaves behind pores, for 

example plastic the strength is a direct function of its void content. The graph in Fig. 

2.6.1 shows how the strength of-various materials are affected by the percentage porosity 
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Ustrictly speaking strength of concrete is influenced by the volume of all voids in concrete, 

entrapped air, capillary pore, gel pores and entrained air if present" .(Neville) . 

On a linear-Log graph the influence of void on relative strength can be shown to 

. be lin~r..~~j~.~gf3:t .. b~low andfor a log-log graph, it is parabolic. 

There is no doubt that Fig. 2.6 relation between strength porosity of different 

materials (Neville PP 279) porosity which is defined as total volume of the overall volume 

of pores larger than gel pores expressed as a percentage of the overall volume of the 

hydrated cement paste is primarijy factor influencing the strength of the cement paste. 

Rossler and Odler (1984) in their research on porosity of concrete prescribed a 

linear relationship between strength and porosity within the range of porosity of 5% and 

] 8% . . They show in their studies that effects of pores smaller than some .in diameter was 

negligibJe. Consequently in addition to total porosity the efJect of pore size distribution 

on strength must be considered. Generally at a given porosity smaller pores lead to a 

higher strength of the cement paste. 

Neville (1996) is of the opinion that the dependence of strength of hydrated 

cement paste on its porosity and on pore size distribution is fundamental, research papers 

occasionally consider a relation between strength and the gypsum content of the cement. 

But this is the out come of the fact that the typsum content affects the progress of 

.'. • <-

hydration of cement and thus the pore distribution within the hydrated cement paste. The 

problem is however complicated by the factor that different method of determining 

porosity do not always yield the same value. The main reason for this is that the process 

'porosinetry measurement especially if it involves removal of addition of water affects the 

structure oftlle hydrated cement paste. 
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2.4.1 Total Voids In Concrete 

In this section Neville -and Brooks (1987) tried to state the formula for the 

determination of total porosity in concrete by considering a concrete having a mix 

propo;1ion of cement, fine aggregate and coarse aggregates of C, Af, Ac by mass, a water 

cement ratio by mass ofW /c and a volume of entrapped air a . . The total volume of voids 

in concrete V c is given by 

V = V gw + V cw + V cc + a ------------------------- (1) 

But the volume of gel water Vgw is given as 

V gw = O. 190 Ch -~------------------------------------------- (2) 

V cc + V cw = (~ - 0.3 6h) C ---------------------------- . (3) 

and by substituting (2) and (3) in (1) 

Vv = ffi -0.17h] c + a ----------------------------------- (4) 

Now the total volume of concrete 

V = ~ + Af . + AC . + W + a --------- (5) 
3.15 Pf Pc 

Where Pf and Pc are specific gravity of fine and 

and coarse aggregates. 

The concrete porosity P can be derived from equation (4) and (5) 

p = Vv . = Wlc - 0.1711+ alc 
V 0_317 + IAr_+ lAc + ~ +-1!.,.. 

c c 

Where W/c = Water/Cement ratio 

h = degree of hydration 

c = Mass of Cement 
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W = Mass of water 

Ac = Mass of Coarse aggregate 

Af Mass o~.fine aggregate 

Pc and Pr are the specific gravity of coarse and fine aggregates. 

Efforts will be made to detennine the porosity using this expression. 

';,;' .. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.10 Ash Production .. 
The ashes produced from the selected Agricultural wastes used for this research 

was by burning these wastes in a metal incinerator in open air with a normal burning 

temperature. Using ordinary burning method is necessary if the result of this research is 

going to be of benefit to the ordinaty people. The burnt ashes was sieved through · a 

British Standard sieve (75 micron). The portion passing the sieve is reported to have the 

required degree of fineness which is 0.063mm and below (Okpala 1987) while the residue 

was thrown away. 

_ ·Ch~micalanalysis of these ashes to determine their siliceous or albumin9us content 

level was not carried. But since Rice Husk Ash (RHA) have been described as pozzolana 

that is silicious material (Neville 1984). The other materials which are equally agricultural 

waste has some similarities to the RHA and they are equally available in abundance. 

3.20 Specimen Preparation 

Since the research is essentially a laboratory work concrete specimens were 

prepared. The partial replacement of cement by 40% of the ashes of these agricultural 

wastes was done by weight. The reason for the replacement by weight is obvious. The 

1 :2:4 mix design which is one part cement, two parts fine aggregate and four part coarse 

aggregate is a weight proportion. 

The quantity of concrete required for each replacement was considered from the 

point of view of the quantity required for the slump tests . . From the weight of this, the 

weight of the material separates is deterlnined . After the slump test, compaction factor 

test is performed using the same concrete mix, and finally this concrete is cast into cubes. 

On the whole 32 cubes (100mm x 100mm x 100m) were cast for the strergth test. These 

comprises eight cubes for each of the replacing materials. 
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3.30 TESTS 

3.3.1 Workability Tests 

For each of the mix the slump test were carried. The same concrete mix was used 

to carry out the compaction factor test and findings were recorded. 

3.3.2 Strength Test 

The . cubes were air dried for each test after. wet curing for the number of days 
... - .... : ;~ .~:.::::'.-..~ ~~" ; ' ... . :'! '-~ ........ . '. . ... 

required for the compression test. Crushing of the cubes took place on the 7th, 14th, 21 st 

and 28th day wet curing. This is necessary to establish the rate of hydration of the cement 

and the rate of strength gain . 

3.3.3 Porosity Calculation 

The most important factor in determining porosity is the specific gravity. This 

factor was determined for the fine and coarse aggregate. The specific gravity for Ordinary 

Portland Cement (OPC) is 3.15 but when partially replaced by the ashes of these 

agricultural wastes there was a drop in the specific gravity and the measured values are 

presented in table 3.4 below. 

3.4 Measurement 

Weight of concrete required for the slump test, compaction factor test and casting 

of cubes = 22.76kg 

For I :2:4 mix 1 part by weight (Cement + Ash) 

= 117 x 22 .76 = 3.25kg 

Wt of Ash = 40% x 3.25 = 1.3kg 

Cement = 60% x 3.25 = 1.95kg , 

Wtoffine aggregate = 217 x 22.76 = 6.5kg 

Wt of coarse aggregate = 417 x 22.76 = 13kg 
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Table 3.1: Table showing Weights of Material 

CEMENT 'Fine Aggl'egate Coarse Aggregate 

ASH CEMENT 
00 .. 00 .-

• 1.3kg 1.95kg 6.5kg 13kg 

These weights were used in all the mix proportion. These are constant weight for the 

experiment. The weight of water constitutes the major variation. Each mixture exhibited 

the capacity to absorb water at different levels. Hence, the variation in the effects on 

workability, strength and porosity. 

A different weight of 19.2kg was used to determine weight proportion in the case 

of Beams. Thresh Ash (BTA). The ash realised from burning the bean thresh available 

weighed only I. 10kg and so not enough to carry out the slump and compac~ion factor 

tests but it was enough to cast the eight cubes required for the strength test. 

Table 3.2: Weight of Water used for each concrete mix. 

OPC+ RHA OPC+GTA OPC+ MCA OPC+BTA 

3.3kg 2.8kg 2.20kg 1.10kg 

3.5 The specific gravity of the different materials used in the mix was determine using 

the ratio method; that the ratio of the density of the material to the density of water. The 

results were recorded in the table below. 

Table 3.3: Specific gravity of materials 

Coarse Fine OPC+RHA OJ)C+GTA OPC+MCA OPC+BTA 
Aggregate Aggregate 

2.70 2.60 2.80 2.85 2.92 2.96 

. As have been stated earlier, OPC + BTA has a total weight of 117 x 19.2 = 2.74kg 

Ash = 40% x 2.74 = 1.10kg 

Cement = 60% x 2.74 = 1.64kg 
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Fine A&..gregate = 217 x 19.2 = 5.43kg 

Coarse Aggregate = 417 x 19.2 = 1.0. 97kg 

Before carrying out the c.ompression strength eac.h c.ubewas weighed. This was 

necessary to see if there is anY 'change in weight due to water entrainment into the 

concrete. So the following weights as shown in the table below as recorded. 

Table 3.4: Weights or Concrete Cubes before Crushing. 

PERIOD \Veights (kg) 

OPC + RHA OPC+GTA OPC+MCA OPC+BTA 
Concrete . Concrete Concrete Concrete 

7 days 2.42 2.48 2.56 2.46 

14 <t 2.43 2.50 2.58 2.48 . . .. 
" 

21 « 2.44 2.50 2.58 2.50 

28 " 2.45 2.52 2.58 2.50 

For the strength tests hvo cubes were crushed tor each of the material 

combjnatjon and the average of the compression strength taken. ]n most case these 

two results are usually the same. 

3.6 Porosity Computation 

The degree of hydratjon (h) for 14 days average wet curing period is 70% 

(Powers J 959). According to the prescription of American Concrete Institute - ACI 

2] ] .] -84 tJle following table is presented to guide tJle determination of tJle percentage 

. of ~Irenfdp~~~ 1n; ~on·~r~t.e paste. 
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Table 3.5: percentage of air entrapped in a concrete Paste .. 

(ACI211 .1-84) 

Agwegate Size ]Omm ]2.5 20 25 40 ' 50 70 ]50 

% air 3 2.5 2 1.5 1.0 0.5 . 0.3 0.2 

.. . .. 
The average size of the aggregate used for casting the cubes is about 20nun 

sIZe. So the percentage of entrapped air is 2%. 

The volume of the air entrapped in the concrete paste is found using the 

expression 

v = ~ + Af + Ac + \V + a 
3.15 p( 

This expression was rearranged to give 

...JL. a 
V -L + Af + Ac + W + a 

3.] 5 PI' Pc C 

'Where C = \Veight of cement 

.' ' . .... . , 3.,1,5 =:= Specific gravity of Cement. 
~' .;.~ - . , .. :..-~.~- .. .. . ,; '- ' .. ". "'. .. .. . .... ". 

Af = Weight of fine Aggregate 

PF Specific gravity offine aggregate 

Ac = Weight Coarse Aggregate 

Pc = Specific gravity of coarse aggregate 

a = Volume of air entrapped. 

]n this research, the weight of cement means the \veight of cement + t.he w~ight 

Ash a~d instead of using 3.] 5 as the speciljc gravity, the values stated in table 3.3 will 

be used. 



30 

For a 1: 2 : 4 mix 

ope + RHA W/C = 1.15 - See table 3.6. below 

TabJe 3.6: ·Water/Cement Ratio as Calculated 

, 
]\1ateriaJ OPC+RHA OPC+GRA OPC+l\ICA OPC+BTA 

\VlC Ratio l.15 0.977 0.77 0.89 

The specific gravity stated in table 3.3 is used. 

a =~ 
_ 1_. + L 
2.80 2.60 

+ _4_ 
2.90 

+ ~ + 1. 15 + a 100 
2.70 

a =~. 
0.36 + 0.77 + 1.48 + 1.15 + a . 100 

100 a = 2a + 7.52 

98a = 7.52 :. A = 0.076nm13. 

TIus volume will be used throughout as the volume of air in the mix 

Porosity (OPC + RHA) 
Mass of Cement (Ope + RHA) = 3.25kg 

Specific gravity = 2.8 

Mass ofJine aggregate (At) = 6.5kg 

Specific gravily offine A&....gregale 2.60 

Mass of coarse Aggregate Ac = 13kg 

Specific gravity of coarse Aggregate = 2.70 

w 
C 

0.17h + ~ ... 
C 

p = 

0.3 17 + At + Ac 
PI" Pc 

+ \V + a. 
L L 
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Where h is the degree of hydration put at 70% 

P = 1,5 - 0.17 x 0.7 + (0.076/3 .25) 
0.317 + 6.5 + 13. + 1.15 + 0.076 

" 2.6 2.7 3.25 

= 1.054384615 = l.05 = 0.12 x 100 
0.3]7 +2.5 +4.81 + 1.15 +0.023 8.8 

= 12~Q 

ope + GTA 
W /C =0.977 

P = 0.977 - 0.17 x 0.7 + 0.076/3.25 
0.317 + 6.5 + B .01 + 0.977 + 0.076 

2.6 2.7 3.25 

= 0.977 - 0.119 + 0.023 
0.317 + 2.5 + 4.8 + 0.977 + 0.023 

OPC+MCA 
\\'/C = 0.77 

Porosity(P) = 0.71 - 0.17 x 0.1 + 0.023 
0.317 + 2.5 + 4.81 + 0.77 + 0.023 

= 

OPC + BTA W/C = 0.89 
Weight of Cement (OPC + BTA) = 2.74kg 

Weight offine aggreg~te = 5.43kg 

\Veight of coarse aggregate = 10. 79kg. 

p = 0.89 - O. J 7 x 0.7 + 0.076/2.74 
0.317 + 5.43 + 10.79 + 0.89 + 0.076 

··· -:·";'~··::" · " -·' ··· 1 . 60 2.70 2.74 

= 10.2% 
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= 0.89 -0.119+0.028 
0.3\7 + 2.088 + 3.996 + 0.89 + 0.028 

= 11% 

,to 
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4.4 Analvsis of Variance of the Strength Test Results 

The most critical test carried out is the strengtlt To check for the reliability of this 

result I decided to carry out the ranalysis ofvariance. The coefficient ofvari.ation and F-

test result will help draw areasonable conclusion as to the validity of the result. 

Table 4.4 : Data table 

Treatmcnt Rcplication Total Treatmcn 
Treatment tMean 

RHA 4 5 5.2 5.5 19.7 . 4 .93 

GTA 2.5 3.0 .... .... 3.5 l2.3 . 3.075 _l . _l 

MeA 5 7.5 7.5 7.5 27.5 6.875' 

BTA .... 4 4.5 5 16.5 4. 125 .) 

Grand Total (G) 76 

Grand mean (G.M) 

The research is purely a laboratory experiment and so Completely Randomised Design 

Method was used in the analysis of Variance. 

Correction Factor (C.F) = G2
. = 762. = 361 

H 16 

n 

TotaJ SW)) of Square = ,[ X l
2 - CF 

c-l 

= 

. , '. " ~ ~. 
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Trea tment Sum of Square = L T J 
2 

- CF 
~ 

T 

35 

= 19.72 + 12.32 + 27.52 + 16.52 
- 361 

4 

= 3097 

Error Sum of Square = Total Sum of Square - Treatment S.S 

= 39.64 - 30.97 
= 8.67 

Mean Square Values 

Treatment M.S = Treatment S.S = 39.64 = 13 .21 

Error M:S. = Error S.S 
1(r-1) 

Compute F Value 

t-1 3 

8:67 
4x3 

.. .Q,]225 

F = treatment M.S 
Error M.S 

= 13.21 
0.7225 

= 18.28 

TabUlar F Value = Treatment d.f 
Error d.f 

= .... 
~ 

]2 
fl = 3, f2 = 12 

At 5% level ofsi.gnifi.cance, F = 3.26 

At 1% level ofsignificallce F = 5.41 

The computed F Value is greater than the tabular 

::" ,. ~~.:,,,,,,:::,,:-,,""::-':' , • ,, - .• ~ ~ 10 .... ·< .. " ' . 
F Value even at 1 % level of significance. The treatnlent on the cement is highly 

Coefficient of Variation = fErro I' M. S x 100 
4.75 
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= 18% 

18% Coefficient of variation is low enough to make the research res1l lt more reliable. 

Table 4.5 - Analysis of variance (ANOVA) Table. 

Source of Degree of Sum of lVlean 
Variation Freedom Squares Square 

Treatment 3 30.97 13 .21 

Experiment 12 8.67 0.7225 
Enor 

Total 15 39.64 

Compm 
F 

18.28 

Cy 18% 

ed Tabular F 
5% 1% 

3.26 5.4 
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4.6 Discussion of the Results 

The results of the ex-periment has clearly show that no materi'al is actually useless. 

What .is required is the know how to convert it to usefuJ items. In fact some of the result 

were quite unpredictable. 

4.6.1 Slump and Compaction Factor Test Result 

The results of these experiments are quite comparable to the acceptable values 

stated in tables 2.2 and 2.3. The slump test values in table 2.2, lOS is sCii d to indicate high 

workability. All the slump values from the result only the one of OPC+MCA which is 

80mm is said to faU within the medium range. 

In table 2.3 a compaction factor of 0.96 is said to indicate hif:.h workability, the 

expell mental result in table 4.1, all compaction factor is up 0.90 and above. All these falls 

in the range of high workability. It can easily be deduce~ that blending cement with these 

ashes improves its workability. 

4.6.2 Strength Test Result 

As have been stated earlier, strength is the most importa nt of alJ concrete 

properties. This research efforts were made to see that this all important property is 

enhanced in the OPC + Ash concrete. From table 2.1, a grade 20 concrete of 1 :2:A mix 

design without any blending of the cement should have acquired a strel'gth of 13 .SN/mm2 

\vithiJ1 the first seven days of wet curing. So that within 28 days a strength of20N/mm2 

should have been attained . 

However by looking at table 4.2 it might seem discouragin2 to notice that the 

. highest strength of 7.SN/mm 2 attained by OPC + MCA after 28 wet curing is no where 
~ - . -

neaf1he 20N/mm1
. It must be borne in mind that by partially replacing ,:ement in concrete 

with these ashes, we are not trying to do away with cement but how to reduce its cost in 
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the total construction cost and to reduce the adverse environmental effects of cement 

production. Again we are trying to reduce the environmental nuisance of these agric 

wastes by converting to ·a useful material for construction of houses. So the "low" 

strength recorded should 110t be a deterrent. 

. TheqlJ.e~ti()p tha~ ,might agitate the minds of readers of this research will be Ills 
:-: ,_ . .' . .. , _. ,J.:": ~ . ~ ... .. -. : _ -. '" . ' .. - . " . . __ 

this strength of7.5 N/mm2 of any stmctllral value". In the area offJexllraJ Joading J wjJJ 

suggest that we must be careful in recommending this strength. But 'Ne have structures 

of mass concrete work, purely compressive member work and light load bearing elements. 

These strength can be recommended and this will mean a very high saving in terms of cost 

of construction. 

Never the less, a further research should be carried out with tbese ashes but this 

time theyercentage of the cement to be replaced by the ash may be recuced from 40% to 

say 20% or vary the percentage replacement from between 20% to 50% to determine the 

actual percentage replacement that will give the optimum strength: 1 do not agree with 

the research method where every ash must replace cement by 40%, it has to be varied . 

If the result of the research is anything to go by the ope + MeA concrete 

recorded the highest strength value of 7.5W/mm2
, Lowest pOf(ls ity 8% but low 

compaction factor 0.9 (Tables 4.2,4.1,4.3). By this result it will be notioed that blending 

of these ashes is necessary. All these will certainly improve the strength and other needed 

and equally ilnportant' propertie~r of the Concrete. .. 

To further actualise the usefulness of these ope + Ash Concre1 e, Studies must be 

carried out in the area of bonding between this concrete and any rei nforcement. OPC 

Concrete is known to have good bonding with reinforcement. So checks must be carried 

out to see if this is the case with OPC + Ash Concrete. 
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The '"l orig term ' check to be carried out is the durability of these OPC + Ash 

Concrete. This may involve test for resistance to abrasion and how long it takes for the 

concrete to start disintegrating. This check will enable the structural engineers to actually 

pred ict the Jive span of any structure constructed using OPC + Ash (:::oncrete. 

There are so many other checks and investigation to be canied out to really decie 

what will be the eh1ent of application of this material. ]n a paper pubJished by the faculty · 

ofEllviroJUnental Science, Mbachu and KoJawole carried a research OJ 1 the Slu-inkageand 

Elastic ,Modulus ofOPC + RHA Concrete (Mbachu et al 1998). In the paper the two 

scholars were able to establish the tact that v,1thin aggregate si zes and shape, the 

shrinkage and elastic modulus of OPC + RHA concrete is quite comparable to that of the 

nomlal OPC Concrete. 

4.6.3 Result of Porosity Calculation 

From table 4.3, the highest porosity is recorded in the case ofOPC + RHA. As 

earlier stated and indicated in the graph sketch in Fig.· 2.6 that the higl le; the P9rosity, the 

lower the strength of concrete. ]n this statement there is no upper ·or lower limit. In tact 

ifzero porosity can be achieved it will be good for tile strength of mdterials. Porosity is 

a basic problem of many materials not only concrete. In some constnlction jobs where 

the concrete is required to be highly impemleable, the calculated porosity might be ·treated 

as high. On the whoJe the porosity values recorded in this research is quite low as to be 

accepted for ordinary concrete works. 

Since porosity is an important factor that efTects concrete strength, further checks 

must be carried out on porosity of OPC + Ash concrete . 

. ' •. ,_ • t '"', 
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CtiAPTER FIVE 

5.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 SUlVIMARY: 'In summary, the slump and compaction test result from this 

research is quite comparable or even better than the existing value~ , ,If the result are 

examined properly, it will be noticed that the fineness of the ash have contributed to this 

good resul.t. ~he ash s~rve~ ~s a flU~r al19 so there ~_as better aggregation oftJle cement 

particles and so ease of placement is improved which slump and compaction factor tests 

sets to establish. 

The strength test result at a glance may seem low when compared with the 

recorded values of ope concrete. There is nothing to loose if 1 his results can be 

improved and our construction needs adjusted to meet with this values . We have 

everything to loose if we just discard the result and continue to import or produce cement 

the way we are curremly doing. Our main of objective in going into this research IS to 

reduce cost of construction and save the environment from pollution of cement 

production. These objective must be pursued to its logical conclusion. 

The ope + Ash concrete can be useful in area of mass concre te work, light load 
... . __ ~:: .. ::;...; ..... :-£ .... . .. ' :: ~ ;.r.<..... ' 

bearing elements and purely compressive members. 

There quite a number of areas which we have to investigate in order to make the 

resul t structuralJy usefuJ, for exampJe the bonding of the ope -+ Ash concrete to 

reinforcement, establish shear stress capability of this concrete and it ~ torsional strength 

values. 

The porosity calculation equally provides excellent result which are comparable 

t6 the existing values. But I suggest that conclusion can not now be dl-awn that. ope + 
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Ash concrete has low porosity until further investigation has been reached especially in 

the area of aggregates . 

5.2 Conclusion 

From the research result it can be concluded that the ash form a filler between the 

cement and aggregate particles thereby bringing the particles closer and this have 

improved the workability. 

The ash presence is the mix brought the cement particles closer to the water of 

hydration and so the rate of hydration increased rapidly. This is noticed in case ofOPC 

+ MCA where by before the 14th day wet curing, hydration was complete at 7. 5N/mm1 

strength. This strength never changes until the 28th day. In Ordinary Portland Cement 

(OPC) concrete, it is usually assumed that hydration is never complete until after one year 

(See Table 2.1). This rapid hardening capability without any reduction in gypsium content 

is an advantage especially in wet concreting. 

The result of the porosity calculation which we have noticed to be very 

encouraging may not be unconnected with the presence of the ashes in the concrete. The 

filling of inter particle gaps, by the ash water permeability is reduced . Thereby reducing 

the porosity. 

By the improvement of workability and Porosity due to the presence of the ash in 

the concrete, it will appear high strength have been sacrificed, but I feel convinced that 

a balance can be struck in the quantity of ash replacing cement with improved strength 

without any sacrifice in the improved workability and porosity. 

5.3 Recommendation 

Since this my little effort could produce this fantastic result, I am recommending 

that : 
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(1) The research on the OPC + Ash concrete should be pursued further than mere 

seminar paper presentation material to an extent that production of blended cement with 

these ashes of agricultural wastes will be actuaJjsed since there js enormous gain from this. 

(2) All research work on ash and concrete must be coordinated so that notes will be 

taken on what has been established. This will enable us build a library of knowledge on 

blended cement in Nigerias. I know we are not doing anything new when we talk about 

blended cement but our own blending is with the ashes of agricultural waste. Others blend 

with fly ash, blast furnace slag etc. 

(3) If the research result is adopted, Nigeria Society of Engineers must be prepared 

to establish a national standard code guiding the use of Agricultural Wastes Ash blended 

cement in construction industry. 

(4) The Building Society of Nigeria must be encouraged to build prototype houses 

using this cement. This will facilitate its adoption in the country. 

(5) Federal Govenunent should be sensitised to take note of these research going on 

in various universities and other tertiary institution as it relate to construction materials 

as this may be formular required to jump start the housing for aU programme. 

(6) When eventually this cement is in production, we have to embrace it and use it. 

Our environment and tlnances wi]] be better for it. A mud stabilized with cement in the 

ratio of 1 :6 have been recommended by the Building Society of Nigeria and the strength 

is a mere 1.8N/mm2 (Shehu 1998). Ordinary mud house did not kill our parents. Even 

the "reinforced concrete" houses have kjJJed more peopJe than mud houses ever did. So 

the low strength of OPC + Ash concrete in this research should discourage us. This can 

be improved. 
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