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AB S TRACT

This study investigates the strength development in
loca1J.y-produced concrete bl-ocks containing flyash as par_
tiaL replacement for cement, Compressíve strength tests
r¡ere conducted on standard masonry blocks with different
proportions of aggregates, flyash, and admixture in the con_
crete mix to delermine the strength variation due to these
substitutions. Cost analyses based on optimization tech_
niques were performed to determine the most economicaL mix
for production that would meet the strength requirement in
this particular plant.

It was concluded f rorn this study that early strength
gain in concrete blocks depends not only on rapid hydration
of cenentitious materiaL, but also on the degree of compac_

tion of individual components in the mix. Test results
showed that replacement. of cement up to S0% with flyash
coupled with a higher percentage of sand would meet the re_
quired 24-hour strength. It was aLso found that use of a

higher proportion of admixture irnproves the hydration of ce_
ment, and in turn enhances the strength of the block at ear_
Iy ages. Cost anai-ysis based on the cost of individual com_

ponents in the mix shor,red that 50% replacement of cement
with f J.yash is more economical than their present mix and
satisfies the required standard strength.
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Chapter I

I NTRODUCTI ON

1.1 I NTRODUCTI ON

This study investigates the strength gain in stan_
dard masonry blocks that contain ftyash as a partial re_
placement for cement. Flyash is a by-product of poh,er

plants using powdered coal as a fuel. Since ftyash has poz_

zolanic properties and is cheaper than portland cement,

there is a considerable interest in the exploitation of its
use as a partial replacement for portland cement. FIyash as

a mineral admixture has been used in other concrete products
for a long time. partial replacement of cement with flyash
is basically used for overall economy and, in some cases, it
is used to; (i) improve ultimate strength, (ii) reduce heat
of hydraLion in mass concrete structures, and (iii) improve
pumpabi I i ty of concrete.

However I use of flyash in concrete bLock masonry is
fairly new, and research in this field is very limited. The

reason for the lack of research in this field could be due

to the assurnption that flyash reduces the early strength de_

veloprnent in the block. Even though it is believed that
flyash is a substance that retards strength development, and



that its strength gain due to the pozzolanic ,uu"tion aoul
not star! early enough for use in concrete block production,
there are some flyashes that may exhibit egual performance

to portland cement at early ages. In addition, advanced

curing procedures and proper use of lrater-reducing admix_

tures are important factors in accelerating the earl-y
strength development in the production of concrete bLocks.

Procedures invoLved in prodution also have a great
effect on the qual-ity of the final product. In mass concretè
block production, consislency in the operation of machinery

and the human judgement exercised in adjusting them is very
important. For example, in a given 17 hour period of curing,
the duration and temperature at various stages of curing has

a major effect on the strength development of the block.

OBJECT I VE

The purpose of this project ¡,¡a s to study the
strength gain in concrete blocks based on variation in the
mix components, and to review the procedures involved in
concrete bì.ock production at a local plant. The economics

of utiLizing flyash as a partiaJ. replacement for Þortland
cement were also investigatedr and a recommendation for the
nost economical block for production at that plant r,ras pre_
pared.

1.2



'I .3 SCOPE

There are many factors which affect the early
strength development of the blocks such as the proportion of
mix components and the procedures involved in production.
This study mainly concentrates on the former factor. Com-

pressive strength tests were conducted al 1t 7, and 2g days,
in order !o study the strength gain in concrete blocks with
various proportions of aggregatesr flyash, and admixture.
Prior to these compressive strength testsr sieve analysis
r¡as also performed on fine and coarse aggregates to deter_
mine their gradalions.

In addition, cost analysis based on the optimization
t.echnique was used to recommend the most economical concrete
block mix for production for this particular plant.
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Chapter I I

MATERIAL PROPERTIES ÀND PRODUCTION PROCEDURES

I NTRODUCT I ON

The proportions of components in concrete block mix

have a great influence on the sbrength development of the
concrete block. The main ingredients in a concrete mix for
block production are; cement I aggregates, flyash, and chemi_

cal admixtures. Cement due to its cementitious value is the
most essential component of Lhe mix. partial replacement of
cemen! with flyash as a cementitious material tends to im_

prove the quality of the block and it also reduces the cost
of the production. The proportions of fine and coarse
aggregates in bhe mix are very important since they affect
the quality and appearance of the final produc!. Chemical

admixtures such as water-reducing agents are known to im_

prove cement hydration and, in turn, the early strength de_

velopment that may be affected by the presence of flyash.
Àdmixtures are also used to improve the texture and appea_

rence of the concrete block

Procedures and methods involved in the production of
masonry block also effect the guality of the final product.
In an automated or semi-automated plant, regular inspection



is necessary to make sure that the machinery i., opu.uti.nl
accuratly and consistently. Human judgement is also a big
factor; experienced and knol¡ledgable operators are needed to
make the necèssary adjustments based on their observations
and their testings. Concrete block mix has a zero slump,

and therefore, the amount of moisture in the mix has to be

checked constantly. The degree of vibration and compaction

in molding the block, the performance of the mixer in pro-
ducing a uniform mix, and temperature in different stages of
the curing process are only a few aspècts that have to be

monitored regularly in producing a quality block.

This chapter wiLl review the physical and chemicaL
properties of the individual mix component and review sever-
al stages in production of concrete block masonry.

2.2 CEMENT

The type 10 cement which is used for general con-
crete construction is also used in concrete block mix. The

type 30 cement which producès higher early-strengLh could be

very beneficial in concrete block mix. Ho!¡everr this type of
cement is not generally used since, due to its rapid hydra-
tion, it couJ.d damage the machinery. The rate of hydration
of cement mainly depends on its chemical composition. The

major chemical components in cement are(1):

Tricalcium Si l icate 3CaO.SiOz (CsSr
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CaS is mostLy responsible for the early strengths
in the concrete mix.

2. Dicalcium Silicate 2CaO.SiOz (CzSr

CzS in the mix hydrates very slowly which,

turn, is responsible for the long term strength.
3. Tricalcium Àluninate 3CaO.À1zO¡ (CsÀt

CaA hydrates very rapidly and controls the se!-
ting time. This portion of cement is attacked by su1-
f ates.

Tetracalc i um Àluminoferrite 4CaO.ÀlzOsFezOs (C¿AEl

C4ÀF has little effect on the properties of ce-
ment other than contributing to colour.

The early strength of the concrete depends on the
amount of C¡S but the long term strength depends on the sum

of boLh C2S and CaS content. portland cement consists es-
sentially of crystalline compounds of calcium combined with
silica, alumina, iron oxide and sulfate. The approximate
composition and amount of principal minerals in type 10 ce_

ment are (2): CsS= 50%, C2g= 25fl, C3A= 10fl , CaAF= g%,

CSHr= 5"¿ . When water is added to cement the above rninerals
begin tö ionize and form the hydrated products.

The chemical reactions of hydration of cement com_

pounds are very complex and generally do not proceed to con_

pletion. However, the hydration of the silica mineraLs in

1n

+.
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cement is highly cementitious and constitutes about 60 to
65% of. the total solids in a fully hydrated cement. The oth-
er product, calcium hydroxide, contributes little to the ce-
rnentitious properties of concrete product. The calcium hy-
droxide is also more soluble and alka1ine, and thus it is
easily subjected to attack by \,rater or acidic solutions.
However, as discussed beJ.ow, flyash consumes this calcium
hydroxide and strengthens lhe concrete product.

AGGREGÀTES

Aggregates in concrete blocks are basically coarse
aggregate ( 6mm stone) and fine aggregate (sand). The coarse

aggregate is about 40% of. total aggregate in the mix and the
remaining 60% is fine aggregate. Nevertheless, these per-
centages could vary according to their individual gradation
and the desired strength and texture. There are basically
three types of sand: fine drift, medium, and coarse sand.

Medium sand is generally used in producing concrete block
masonry units. Medium sand. is graded up to the no. g sieve,
and its fineness modulus is between 2.5 to 3.0.

According to ÀSTM C33, the maximum size of the
coarse aggregate should be Less than 1/3 of. the t.hinnest
section of the block. The coarse aggregate usuaì.ly is graded

up to the no. 4 sieve, with a fineness modulus of 5.0 to
5.75. Table 2.1, shows typical gradations of sand and the
coarse aggregate and their desired combinations with a fine-
ness modulus of 3,7 ( 3 ) .



TÀBLE 2. 1

Àggregate Gradation (3)

Sieve Sand
No. %ReLn. Accum,%
3/800
400
I 10 10

16 19 29
30 21 50
50 33 83

100 12 95
Pan 5
Total 100 267

F.M. =2.67

Stone
%Retn. Accum.%

0
63
3U

U
Ê.')

93
295
196
197
1 98
2

100 542
F.M, =5.42

Combination
Ideal

25

It

t5
t5
10

100

The ideal gradations of concrete block mix can be

divided into 3 groups: coarse, medium, and fine. The coarse
group which contains about 4O% of the total blend, comprises
the percentage retained on sieves no. 4 and g. The medium

group represents 45% of the total bLend, which is the amount

retained on sieves no. 16, 30, and S0. The fine group repre-
sents the no. .1 00 sieve and the pan size, and it forms the
remainding 15%. The presence of the fine group is important
!o bind the concrete into a tight mass. Fine particles also
permit hornogenous rnixing and the desirable smooth and even

surfaces of the block. Figure 2.1, shows the suggested and

practical limits in aggregate gradation for normal weight
concrete blocks(3).

The proportioning of lhe

fineness modulus(¡.tq. ), which is
formula below(3):

aggregate is based on their
calculated according to the

B/A-c)x = 100 * ( À



lrhere:

x = Desired percentage of the fine aggregate

À = F.M. of the coarse aggregate.

B = F,M. of desired or cornbined aggregates (3.20).
C = F.M. of the fine aggregate.
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Suggested and Prac t i cal Aggregate Gradation (3)

0.1



2.4 FLYASH

Flyash is produced during the combustion of powdered

coaL in power planls. Às coal passes through the high temp-

erature zone in lhe furnace, the volalile matter and carbon

are burned off and most of the mineral impurities such as

clay, sha1e, quârtz, and feldspar generally fuse and remain

in suspension. The fused matter is quickly transported to a

lower temperature zone where it solidifies as spherical par-
ticles. Flyash consists of glassy spheres of 1 to 100 

¡m,
and the typical partic)-e size is under 20 

¡tm 
(Z).

Flyash is a pozzolan and according to ÀSTM C595, a

pozzolan is defined as " À siLiceous or siliceous and alumi-
nous material which in itself possess IittIe or no cementi-

tious vaÌue but ¡riII, in finely divided form and in presence

of rnoisture, chemically react with calcium hydroxide at or-
dinary temperature to form compounds possessing cementitious
properties ". The reaction of pozzolan with lime is called
the pozzolanic reaction. Flyash due to its fine particle
size and generally noncrystalline character shows pozzolanic

activity. There are two distinctive groups of flyashes: the
Iime-rich (High-Calcium ftyash), and the lime-poor (Low-Cal-

cium flyash). This grouping is associated !¡ith the origin
of the f i.yashes from tignite type and sub-bituminous to bi-
tuminous coal formation. This difference is mainly in their
calcium content. The lime-rich flyashes usually have 15 to
35% CaO, whereasf the lime-poor flyashes have less than 5%
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CaO. The ÀSTM C618, classifies these two groups indirectly
based on their non-calcium oxides (silica + alumina + iron)
as class F and class C. The minimum requirement of the non-

calcium oxides in class F and C are 70% and 50% respective-
Iy. Tabì.e 2.2, shows typical compositions of two types of
flyashes in NorLh America in comparison with type 10 cement

TÀBLE 2.2

Oxide Analysi s

sio2
Àl zOs
FezOg
CaO
Mgo
Sos
LOI

cement l ime-poor

22 48
528
39

63 4
32
21
r5

Iime-rich

38
22

4
24

1

Genstar-flyash

43 .6
13 .4
6.9

22.7

.E

0.1

and flyash being used at censtar Building Material plant.
The chemical compositions of the two groups of flyash are
also shown in figure 2.2, ín the CaO, SiO2, and Al2O3 phase

diagram(5). Às can be seen from the diagram, the lime-rich
flyashes are in the portland cement/blast furnace sJ.ag rang-
es of composition, therefore they possess enough free Lime

for hydration. The lime-poor flyashes are in the range of
blast furnace slag composition up to!¡ard the zero CaO Iine.
Ànother difference between the tvro groups of flyash is in
the amount of carbon content. The low-caLcium flyashes have

2 to 10% unburned carbon whiLe the high-calcium flyashes



have Less than 1% carbon. The amount of carbon

can be determined by the Loss on ignition test.
capabJ.e of absorbing large amounts of water from

tion. Therefore, fLyash with high carbon content
more water (4).

IJ

in f lya sh

Carbon is
the sol u-

requ i res

À

Figure 2.2: phase Diagran (5)

The chemical composition of flyashes could change

due to the local raw materials. However, lhis normáIly has

littIe influence on the pozzolanic and cementitious proper-
!ies of the mat.erial (2). The rate of hydration of flyash
generally depends on lhe mineralogica). composition and par-
ticle characteristics of f ì.yash rather than its chemical

composition. The minerals in low-calcium flyashes are gen-

eraIly Less active than the minerals in high-calcium flyash-
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es (6). The particles in high-calcium flyash have a rough

texture and in turn, larger surface area for reactivity than
the smooth spheres in Low-calcium flyashes. The lor,¡-calcium
flyashes show a cleaner appearance because there is lower
surface deposit of alkalis (7).

Effect of F1vash on Concrete Strenoth

Concrete blocks are produced through substantial vi_
bration and pressure, and they experience a lengthy curing
process which could aLter their strength drastically, The

amount of f J.yash used in concrete bLock production is nor_
maIly determined by trial-and-error. Research j.n this field
is very scarce. However, there are numerous studies on the
effect of flyash on the strength of normal concrete products
which is briefly discussed below. There are two factors
that affect the strength of concrete: (a) the presence of
Iarge voids in the hydrated cement paste, and (b) micro_
cracks at the aggrega t e/c emen t transition zone. parLiaL re-
placement of cement with flyash generally improves the
strength of the concrete. This is achieved through transfor_
mation of large pores into finer pores and also reduction of
microcracking in the transition zone (8,9,11). This is as-
sociated with the pozzolanic reaction of flyash which con-
sumes the calcium hydroxide produced during the cement hyd-
ration and strengthen the transition zone, and reduce the
Iarger pores within the concrete. The transition zone con-
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tains large anounts of caLcium hydroxide and it is generally
less dense than the bulk paste, and is more prone to micro-
cracks. Therefore, it is the weakest pârt of the concrete.
According to several researchers (10,12, 13), the presence of
flyash reduces the amount of cal-cium hydroxide in the tran_
sition zone.

In general, the strength development is a function
of the porefilJ.ing proccess which lakes place with the for_
mation of the hydrâtion products. Thèrefore, the strength
development is related to; mineraLogical composition and

particle characterisbics of the flyash, composition of port-
Land cement, concrete mix proportion, water to cement+flyash
ratio, and curing temperature and humidity.

CHEMTCAL ADMI XTURES

Chemical admixtures have been used in concrete prod_

ucts for a long time. The principal active componènts of the
admixtures are surface-active agents. The substances give
cement particles a negative charge which leads to repulsion
between the particles and results in stabilizing their dis-
persion(1). The dispersion of the cement particles leads to
exposing a greater surface area, which in turn increases the
hydration of cement at the early ages. The adrnixtures have

little effect on the flyash-Iirne reaction, but their pres-
ence is important in utilizing the remainder of the cement

in the mix. The admixtures generally reduce. the mixing wa-

2.5
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ter by about 5 to 10%, but the actual decrease in mixing wa_

ter depends on cement content, type of aggregate, and the
presence of flyash. It is apparent that trial mixes conta_
ing the actuaL materials are essential in order to determine
the type and quantity of the admixture.

Master Builder (14), the producer of different types
of admixtures, claims t.hat proper use of admixtures could
irnprove the quality and production of concrete block in a

given p1ant. The admixtures could be a strength-enhancing
admixture, texturizing admixture, accelerating admixture, or
a combination of products. FoLJ.owing are some of the fea_
tures associated v¡ith Lubrilith 30, which is a combination
product and it is being used at Genstar concrete bJ.ock plant
in Winnipeg.

1. Development of higher earLy strength.
2. Increases compressive strength at aII ages.

3. Improves cohesiveness (rnoldability of the mix).
4. Inproves block appearence (texture, color, and uni_

formity in the bloc k )

5. F'aster and smoother machine operation.

The guantity and cost of admixtures are very sma1l

compared to the overall improvement of the product. There_

fore, use of admixture is essential in today's cornpetit.ive
concrete block production.



2.6 ÀGGREGATE I^¡E I GHT VÀRI ATI ON

Tn order to produce a uniform b1ock, the proportion
of the mix components mus! be kept constant. However, t.his
proportion could be easily aLtered due to the amount of
moisture in the aggregates. It is important to note that,
while no-sLump concrete block mixes appear to be dry the wa_

ter/cement ratio is about 0.5 and the amount of water in the
mix, based on the dry weight, is about 6% of the total
aggregates (3). In an automated plant the mixer, through
electric conductiv!.ty, determine the amount of rnoisture in
the aggregates and automatically adds the additional re-
quired vrater to the mix.

The amount of added ¡,¡ater gives some idea about the
moisture in the aggregates. For instance, if a dry batch re-
quires about 240 litres of water, but the met.er shows only
80 litres of water being added, it is obvious that 160 Ii-
tres of entrapped moisture was weighed over the scales and

assumed to be the aggregates. This amount of water
(160*2.2=352 lbs) in the batch leads to a smaller yie1d, and

use of more cement per block, which is not economical and

strengthen the block more than it is necessary.
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MI XT NG

The mixing phase of concrete is one of the rnajor

factors in producing a good quality concrete btock. proper

mixing blends all the ingredients of the concrete mix to
produce uniform mixes of the lowest sLump practical. for pro-
duction. Therefore, equipment and methods used should be ca-
pable of effectively mixing the concreLe materials.

For a normaL concrete mix, the recommended mixing
time is l minute for one cubic yard plus 1/4 minute for each

additional one. However, final mixing time should be based

on the performance of the mixer(j5). The mixing time in
concrete block production is longer, due to the fact that
uniform texture and a smooth surface are very important in
quality of the bLock. The mixing time for a concrete block
mix is divided into two parts (a) drymixing, and (b) r.retmix_

ing. Drymixing is when the mixer is charged with aggregates
first and then the cenentitious materials. The minimum dry-
mixing time is about 1 minute. Wetmixing is t¡hen the r¡ater
is added to the mix, and mixing should continue fot 2 Eo 4

minutes. Note that mixing Hater must be pure enough for
drinking and has to be added evenly to the mix. When temper-
ing water is required to bring the mix to the right consis-
tancy, an additional minute of mixing is necessary (3).
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2,8 CURING

The primary purpose of accelerated curing of con_

crete is early strength development. ACI committee 517 (23)

deaLs with curing of structural concrete material such as,
concrete bJ.ock, pipe and precast concrete. The masonry

blocks are made with zero slump mix and they are molded

through intense vibration and pressure. They also have smaLl

mass compared to their surface area which leads to rapid
heat transfer and moisture evaporation. Therefore, the cur_
ing procedure is very important in accelerating the hydra_
tion of the cernentitious materials.

In concrete block production, steam at atmospheric
pressure (low-pressure steam curing), has the advantage over
other methods of accelerated curing (16). In low pressure
sieam curing, the kiln is near saturation in regard to mois_

ture. The evaporation of moisture fron the products is also
minimized, which is very important in demolded products. In
order to acquire the minimum block strength requirement in
24 hours, the curing procedure of concrete block has been

divided into several stages as folLows.

2.8.1 Presett iriq

From the time the concrete blocks are stripped from

the mold to the time sleaming begins is called the preset
time. Ðuring this period, the block must r+ithstand several
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material handling operations. The initial setting of con-

crete must a.Lso be attained during this stage, before the

application of steam or heat. At this stage, it is mostty

the mix cohesiveness rather than the cement hydration which

is holding the block's shape. Since flyash increases the

cohesiveness of the mix, use of flyash improves the green

strength of the block during this preset time. Nevertheless,

flyash is a retardant. substance and delays the.initial set-
ting of the concrete and could benefit from an extended pre-

set t ime.

The ).ength of the presetting period depends on the

type of aggregates and the seasonal temperature. The minimum

recommanded presetting time is 2 hours (16), and higher dur-
ing the winter tine. For the best results during the preset

time, the temperature of the green concrete shouLd not be

Less than 65 oF (18.3oC). The minimum temperature at which

the concrete wÍLt start normal hydratíon is about 50oF (10o

C). The presetting period is very important in strength
gain and in preventing surface cracks in the block.

2.8.2 Steami nq

Moisture is essential in curing of all concrete
products. During steaming, moisture Ís generally provided

through steam condensation.. The steaming period is divided
into tì{o phases: (i) presÈeaning, and (ii) maximum tempera-

ture steaming (16). The temperature at the presteaming phase
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is kept bet!¡een 6O-1O0oF to avoid possible internal stresses

that may occur during the high-temperature rise. The dura-

tion of presteaming depends mainly on aggregate type and the

tenperature of block during the prese! time.

Àfter the presteaming period, the temperature of the

kiln is increased at a rate of 60ot/hr, until the eguitibri-
um temperature has been reached ( temperature of block equal

to temperature of the kiln). The equilibrium temperature is
usualJ.y about 17Oof, but the correct temperature has to be

checked through an equilibrium test. When the equilibrium
temperature is reached in the kiln the steaming must stop,
because steaming beyond the egulibrium temperature results
in greater vapour pressure in the block than in the sur-
rounding air and moisture is forced out of the block. It is
irnportant in both presteaming and temperature rise that the

reLalive humidity of the kiln be above 90% (16).

2.8.3 Soakino

Àfter equilibrium is reached and the steam has been

shut off the blocks stay in the kiln for a period of tine
known as the soaking period. Ðuring this period, the temper-

ature drop should be about 5 oF/hr (16). Às the temperature

drops off the relative humidity increases and deposits ¡nois-

ture on the block. The soaking period is very important in
the hydration of the cement, since the blocks are cured in
high temperature and moisture.
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2.8.4 Drvinq

The drying cycle f o)-J-ows the soaking period. Drying

or carbonation treatment of masonry units causes the initial
shrinkage, r,¡hich tends to stablize the rnoisture content and

the voLume of the block. The duration of the drying cycle
depends on the desired moisture content, which generally
varies with the type of aggregates, The drying temperature

should be under 250oF (121oc), since the higher lemperature

may have a serious effec! on structure of the ki1n. Gener-

ally if the dryíng cycle is part of the curing process, the

minimum 12 hr requirement of steaming and soaking can be re-
duced ( 16) .



Chapter I I I

TESTS AND PROCEDURES

5. t I NTRODUCTI ON

There are many factors involved in the production of
good quality concrete blocks. Economical reasons, market_
ability of the product and standard strength requirements
are some of the aspects of production that have to be kept
in mind. Due to the substantial cost associated with pro_

ducLion of trial batches, the number of tests in this inves_
tigation were limited. For the same reason the objective of
the proposed test batches was to modify and improve the
present mix. The present mix batches for norrnal concrete
block contain 360 lbs. of cement and 240 1bs. of flyash
which is 40% of. the total cementitious material. The aggre_
gates in the mix are 1800 lbs. of coarse aggregate and 3200

lbs. of sand which forms 36% and 64% of. the Lotal aggregate
respectivly. The amount of admixture used in every batch was
'I 6 ounces of Lubril-ite 30.

The aggregates used by the industry are from a pri_
vatly owned pit and gradation of the aggregates r,¡ere not
known. Therefore, sieve analyses were conducted to determine
the gradalion of aggregates in the rnix. The compressive

-23-
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strength lests were conducted to study mainly the variation
in sLrength gain due to different mix proportion. Strength
tests involved an examination of the effect of:

I) Àggregdte proport i on

II) Flyash-Cemen! replacement

III) Admixture content

The most important factor in the compressive

strength tests was the required 24-hour strength of the
block of 1000 psi. The early sLrength gain in concret.e block
is essential. in the cubing process and in keeping up rrith
market demand during the summer. The f oIJ.owing sections
wiIl describe the sieve analysis and compression tests on

different proportions of individual components in the mix.

SIEVE ÀNALYSI S

In order to study the aggregate gradation in the
Genstar's concrete block mix, sieve analyses were conducted
on coarse and fine aggregates. The coarse aggregate is 6 mm

stone, caLled Buck Shot, and Èhe fine aggregate is basically
concrete sand. For sieve analysis, samples of coarse and

fine aggregates were oven dried at a temperature of 220of .

Approximatly 2.5 pounds was used for each analysis and the
percentage retained and the accumulative percentage retained
1 were calculated and recorded. ÀIso the fineness modulus

3.2

r The percentage retained in the pan size is not added tothe accumulative perce4lage retained.
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of both aggregates \,¡ere found by dividing the accumulative
percentage retained by 100.

Results of sieve analyses on lhe coarse aggregate,
tabLe 3.1, show that the percentage retained on sieves #4,
and #8 are much lower than the recommended vaLues of table
2.1 . HoÌ.rever, the percentage retained on sieves #16, #30,
and #50 are much higher. The gradation in sand, tab).e 3.2,
also varies greatly from the recommended values. It appears
that the sand being used by the industry is coarser than the
suggested type.

TÀBLE 3. 1

Sieve Ànalysis on Stone

Weight of The Sample (Oven

Sieve Ì.¡t. Retn. %Reta.No. ( lbs )

3/8 O. o 0.04 0.52 22.0
8 1 .28 54.216 0.38 16. 130 0.10 4.250 0.04 1 .7100 0.02 0.8Pan 0.02 0.8

TotaL 2.36 99.I

Ðry ) =2.36 lbs

Àccum.% Reta.

0.0
22,0
7 6.2
92.3
96.5
98.2
99.0

484.2

F.M. =4.84
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TABLE 3.2

Sieve Analysi s on Sand

Weight

Sieve
No.

3/8
4
I

16
30
50

100
Pan

Total

of The Sample

Wt. Retn.
( lbs )

0.00
0.04
0.36
0.52
0. 58
0.50
0.36
0.16

a Éa

0.0
t.b

15.9
36.5
59. 5
79.3
93 .6

286 .4

F.M, =2.86

(Oven Dry)= 2.50 lbs

%Retn. Àccum.% Retn.

0.0
1.6

14.3
20.6
23.0
19.8
14,3
5.3

99.9

TÀBLE 3.3

Gradation of Combined Agg r ega te

Sieve No.

3/8
4
I

16
30
50

100
Pan

Stone
36%

0.0
7.9

lo Ê

5.8
1.5
0.6
0.3
0.3

Total

0.0
8.9

28.7
19.0
16 .2
11 't

9.5
4,3

Sand
64%

0.0
t.u
oa

13.2
1¿-'1
12.7
9.2
4.0

Àccum.% Retan.

0.0
8.9

37 .6
s6.6
72.8
86. f
95. 6

Tota I=3 57 . 6
F.M. =3. 58

At the time of the investigation, the industry was

using 36% stone and 64% sand, and based on this ratio the
gradation of the combined aggregate in the mix v¡as calculat-
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ed and is shown on table 3.3. Figure 3.1, shows the grada-
tion of the combined aggregate r,¡hich has been superimposed

on recommended and practical boundaries of aggregate grada_

tion for concrete block mix (iig, 2.1). The result indi-
cates a deficiency of larger aggregate size which coutd be

recLified by increasing the percentage of coarse aggregate
in the mix.



t¿50 t50

Figure 3. 1 : Genstar Àggregate Gradation Super imposed
Fi9.2.1



11 COMPRESSIVE STRENGTH TESTS PROCEDURES

The test batches were monitored closelyi production
time, the temperature, cycle time, and the amount of water
added to the ¡nix were recorded for every test batch. The

curing process consisted of 3 hours of presetting, 2.5 hours

of steaming at 160-180oC ternperature, 4 hours of soaking,
and 7 hours of venting. The blocks v¡ere produced and cured
at the Genstar Building Material plant and transfered to the
University of Manitoba, for capping and testing. MoísLure

content was determined for all test batches by taking a sam_

ple of the mix, after being discharged from the mixer, and

before being transfered to the hopper. The samples were oven

dried aE 220 oF temperature and the moisture content and

v1/C+9 z were calculated.

For compression tests, prior to testing, aII the
specimens were weighed and capped by plaster of paris for a

uniform and smooth surface. Each time the plasler of paris
was spread evenly on a steel pLate surface which was Iightly
coated with oi]. The blocks are then ptaced on the capping
paste and firmìy pressed down in a single motion. The thick-
ness of capping was kept below 3 mm. Àccording to ASTM

C140-75, the plaster of paris shouLd dry for at 1east two

hours before testing. Hoe¡ever, for 24-hour tests, this was

no! possible and the cappings were not cornpLetly dry. The

2 w/c+t is water over
ment+flyash).

cementitious materiaL, ( ie.
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tests ¡,¡ere conducted in a compression testing machine wilh a

capacity of 300 Kips and care !¡as taken to center every
specimen under the load. For l and 7-day testsr the rate of
loading was rapid up to 45,000 Lbs.I then it was reduced to
1000 lbs/sec up to the failure. The rate of loading for
28-day lesLs was rapid up to 80,000 lbs.

3.4 ÀGGREGATE PROPORTION TESTS

The results of sieve analysis indicated that a high_
er percentage of coarse aggregate (greater than 36%) could
be used in the mix. By increasing the coarse aggregate, it
l¡as also hopèd to reduce the amount of moisture required for
the mix, which in turn could improve the strength in the
block. Hor¡ever, the texture and appearance of the block was

the main concern and had to satisfy market standards. There_

fore, the conpressive strength Lest on different percentage

of coarse and fine aggregâtes was conducled not only to
study the strength gain in the bLock but also !o observe any

variation in the texture of the block.

The present mix batches contain 36% of stone and 64%

of sand. The proposed test batches \,¡ere to try 3g% and 40%

stone in the mix. Table 3.4, shows the moisture variation in
trial batches. The increase in percentage of stone does not
clearJ.y indicate a reduction in moisture content. In fact
the moisture content compared to the present mix appears to
reduce v¡ith 38% stone and increase ¡+ith 40% stone, as shov¡n

on f igure 3.2.
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TABLE 3.4

Moisture Variation in Àggregate Tests

Test No. 1

% Stone 36

Water Added (litre) 41
No. of cycles/Min. 6.4
% Moi sture 4.77
Water in Batch 255
w/C+P 0.43

Test No. 3
40

43
6.5
5.04

269
0.4s

compressive st ren g th
The results are ba sed

i nterest i ng to n ote

seems to reduce with
This could be due to
higher sand content.

block at 28 days is

Test No. 2
38

41
6.5
4 .62

247
0.41

Table 3.5, shows the result of
tests at ages of 1, 7, and 28 days.

on average of threè specimens. It is
that the average weight of the block
increase in percentage of the stone.
the better compaction in mixes with a

The reduction in average weight of the

clearly caused by drying shrinkage.

Plotting the different percentage of stone against
the cornpressive strength, figure 3.3, does not show cIearJ.y
the trend in variation of 24-hour cornpressive strength. How-

ever, careful investigation indicates that the 24_hour

strength seerns to reduce wi!h the increase in percentage of
stone. Às was expected for the 7-day tests, the compressive

strength appears to increase r¡ith increase in percentage of
stone. The 28-day tests basically have the same compressive

strength pattern as the 24-hour tests, and the mix with 40%

stone shons higher strength than the other two combinations.
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The difference in strength gain from .l -day to 2g-days seems

to increase with bhe increase in the percentage of stone.
This increase is 580, 604, and 636 psi for 36, 3g, and 40%

stone respectively. Figure 3.4, shows a plot of compressive

strength against time for these three test batches. As shown

in this figure all !hree test batches behaved in a sinilar
fashion. The difference in compressive strength of these
test batches are only 96, 61 , and 1Z2 psi. aL 1,7t and 2g

days of test ing respectively.
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TÀBLE 3.5

Compressive Strength Result in Àggregate Tests

TesL No. 1

Stone=1800 lbs (36%) , Sand=3200 lbs (6a%)

Àve. Àve. Àve.Testing ry9iSh! .Age. UIt. Load Uì.r. StrengthDare (rbs. ) (oay) (rbs. ) (psr ) -

Dec. 16 39.2 1 105300 917Ðec. 22 38.8 7 139300 1219Jan. 12 38.3 28 172OOO 1497

Test No.2
Stone=1900 Lbs (38%) , Sand=3100 Ibs (62%)

Ðec. 16 39.1 1 94300 821Dec.22 38.5 7 143300 1248Jan. 12 38. 1 28 163700 1425

Test No. 3
Stone=2000 lbs (40%) , Sand=3000 tbs (60%)

Dec. 16 38.9 1 1O5OOO 911Dec.22 38.5 7 146300 1274Jan. 12 38.3 28 177700 iS47
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3.5 FLYÀSH-CEMENT REPLACEMENT TESTS

At the beginning of this project, the industry was

producing concrete block with 33% flyash as partial replace_
ment for cement. Tests conducted on 40% flyash replacement
at the company's request l¡ere confirmed to satisfy the re_
quired 24-hour compressive strengthf which is 1000 psi. How_

ever, further testing was needed to study the effect of this
particular flyash on moisture content and final strength of
the concrete bloc k.

The trial batches were made r,¡ith no flyash replace_
ment as a control set and with 33%, 4o%, 45%, and 50% re_
pLacement. The 40% replacement is actually the test number 3

from the previous stage. The aggregate proportions used in
those tests were 40% stone to 60% sand. Table 3.6 and fig_
ure 3.5f show the moisture variation due to the different

TABLE 3.6

Moisture Variation in FÌyash-Cement Replacement Tests

Test No.4
% F1yash 0

Water Added 31
Cyc1es/r"rin. 5.8
% Moi sture 4.45
Water in Batch 239
w/c+E 0.40

Test No.5
33

?o
6.2
4.85

259
0.43

Tèst No. 6
45

42
6.4
4 ,71

252
0 .42

Test No. 7
50

48
6.2
4,36

234
0.39

percentages of flyash replacenents.

ture test demonstrates that there is
The result of the mois-

an increase in mo i st ure
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content lrith an increase in the amount of flyash up to about
40%. However, the moisture content seems to reduce at high_
er flyash replacements.

The compressive strength test results on different
percentages of flyash is shown on table 3.7. Figure 3.6,
also shows the variation graphically for 1, 7 | and 2g day
tests. The average weight of the blocks seems to increase
with an increase in flyash content. This could be due to
smaller f J.yash particles and subsequentJ.y a better cornpac_

tion of the blocks. The direct retationship bêtween the
moisture content and the 24-hour compressive strength tests
is very clear. The comprèssive strength seems to increase
with reduction in moisture content. Às the amount of flyash
increases in the mix, the 24-hour compressive strength ap_
pears to decrease up to about 40% replacement and increase
aE 45% and 50% flyash replacement. It is interesting to
note that, 50% flyash replacement has the same 24_hour co¡n_

pressive strength as the control set. It appears that the
Iack of cement content al S0% replacement has been nullified
nith better compaction of relatively smaller flyash parti_
c1es. The average weight of Lhe blocks for the controL set
(0% flyash) and 50% flyash replacement at 1-day is 39,1 and
39.8 1bs. respectivly.

The compressive strength tests at 7 and 2g_days gen_

era1ly followed the same pattern as the 24-hour tests. How_

ever, the rate of strength gain for 50% flyash replacement
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was very gradual in the first weekf but it seemed to recover
most of the strength at 28-days. The graph of compressive

strength against time for different percentages of fLyash is
shown in figure 3,7. The strength gain for 50% flyash re_
placement is evident from this graph.
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TABLE 3.7

Compressive Strength Results In Flyash-Cement Replacment
TeST

Test No.4
Cement=600 tbs (100%) , Ftyash=O Lbs (O%)

Àve. Àve. Ave.Testing T:iS¡! .Age. U1r. Load Ulr. SrrengthÐate (Ibs. ) (Day) (rbs. ) (psr ) -

Dec. 17 38. 1 1 130300 .1 135Dec. 23 37 .9 7 174OOO 1515Jan. 13 37.5 28 ZO27OO 1765

Test No. 5
Cement=400 1bs (66%) , Flyash=200 fbs (33%)

Dec. 17 39.1 1 1 11700 972Dec. 23 38.7 7 164000 1429Jan. 13 38.3 28 191300 1666

Test No.6
cemenr=330 Lbs (55%) , Flyash=220 lbs (a5%)

Dec. 17 39.3 1 1 15700 I OO7Ðec. 23 38.8 7 169700 1477Jan. 13 38.4 28 192700 1678

Test No.7
Cement=300 Ibs (50%) , Flyash=300 Ibs (50%)

Ðec. 19 39.8 1 131300 1143Dec. 25 39.5 7 1s9OO0 1384Jan. 15 39.3 28 194000 1689
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3,6 ADMIXTURE TESTS

The proper use of admixture can be very beneficial
in concrete block production, resulting in better utiliza-
tion of cement, improving the cohesiveness and developing a

higher early strength, Àt the present time, in every batch,
industry is using 16 ounces of Lubrilith 30, which appears
to have the above characleristics. The main concern of this
project r¡as the quantity of the admixture being used. The

producer of this product, Master Builder, suggests that the
amount Lubrilith 30 in the mix be bet\,¡een 190-500 m1/tOO Xg.

of cemenl. Therefore, based on 40% flyash replacement, the
amount of adrnixture should be between 11 Eo 29 ounces. Test
batches with higher amount of admixture, 20 and 24 ounces,
$¡ere suggested to study the effect of admixture in the mix.
Each batch contained 40% stone and there was 40% flyash re_
placement.

Table 3.8 and figure 3.8, show the moisture varia_
tion in trial batches. Results indicate that there is a re-
duction in moisture content due to t.he increase in the
amount of admixture. More important are the results of com_

pressive strength tests which indicates a substantial in-
crease in 24-hour strengthf as shown in table 3.9 and figure
3.9. The increase in the amount of admixture from 16 ounces

to 20 and 24 ounces, has improved the 24-hour compressive

strength by 10 and 14% respectiveJ.y.
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TÀBLE 3.8

Moisture Variation in Admixture Tests

Test No.8
Àdmixture ( oz. ) 16

water Àdded (I) 50
Cycle/uin. 6.2
% Moisture 4 .67
Water in Batch 250
w/c+F 0.42

Test No.9
20

50
b. t

4.48
240

0.40

Test No. 10
24

48
6.2
4 .44

238
0.40

The improvement in compressive strength due to the
increase in admixture is also clear in 7-day tesls. Hovrever,

the-28 day tests show that the compressive strength is a1_

most identical in alI three cases. This indicates the ef_
fect of, admixture in speeding up the hydration of cement

çithin the first 24 hours. The difference in compressive
strength aE 1, 7, and 28-day are 160, 72, anô. 23 psi respec_
tiveLy is shown in figure 3.10.
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TÀBLE 3.9

Compressive Strength Result in Admixture Tests

Test No.8
Admixture = 16 oz.

Àve. Ave, Àve.Testing weight Age Ult. Load Ult. StrenqthDate (lbs. ) (oay) (tbs. ) (psr )

Dec, 19 39.3 .1 132000 i14gDec. 25 39.3 7 17O7OO 1486Jan. 15 38.9 28 233700 2035

Test No. 9
Admixture = 20 oz.

Dec. 19 39.9 1 145000 1262Dec. 25 39.4 7 174700 1521Jan. 15 39.2 28 231000 2012

Test No, 1 0
Àdmixture = 24 oz.

Dec. 19 39.7 1 150300 .f 309Ðec 25 39.5 7 1 79000 1 bs8Jan. 15 39.4 28 23f3OO ZO14
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Chapter IV

COST OPTI MI ZATI ON

I NTRODUCTI ON

In mass cÕncrete block production, small changes in
the cost of materials or the speed of operation could result
in substantial changes in revenue. There are many factors
affecting the speed of operation, such as the capacity of
the plant !¡ith respect to machinery output, the number of
kilns, ãnd the manpower. However I the main concern of this
project is to minimize the cost of raw materials based on

the 24-hour compressive strength resulting from the tesls.

Optimization techniques have been applíed to evalu_
ate the most economical and practical concrete block mix for
this particular p1ant. The computer software package GINO

(General INteractive Optimizer) is used to solve the nonli-
near model derived for this analysis. ClearJ.y, the objective
of this model is to minimize the cost of the material in
every batch, and the main constraint of the model is the re_
quired 24-hour compressive strength which must be above lhe
'1 000 psi. Minor ad justments in test results r,rere necessary

in formuLating the model.

-50-
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4.2 MODEL CONSTRUCTI ON

The model contains several relationships which are
derived from the test results. popovics (17), based on the
Bolomey formula for European portland-pozzolan cement has

found a relationship to estimate the 2g-day compressive

strength of concrete containing flyash. The general form of
this formula is:

¡'"=s [ (ç+p)/w-0.5] -g*¡ n (1)

where:

F =Flyash content in lhe cementitious materiaL

=100 p,/(c+p), percent by weight

B,C,and n =Empirical parameters which are independent

of the pozzolan content.

Since the 24-hour compressive strength (fc) general-
Iy foÌlows the same pãttern as the .29-day strength, the
above formula is used to find a relationship for the model,
The resuLts of flyash-cement tests are used to derive the
empirical parameters in the above formula:

Substituting lhe resuLts of !est f4 in equation (1)

fc=1 135 psí , w/c+p-O.40, F=0 ( test #4 )

1135=B(1/.40 -O.5)

B=567.5

From test f5 and test #6 we have:

1.e=972 psi, w/c+p=.43, F=33% ( test #5)

( test #6)fc= l007 psi , w/ç+p= .42, F=45%

Substituting the above values in equation ( 1) we get:
97 2=567 .5 ( 1 /. 43,-0. 5 ) -c ( 33 )n (2)
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1007=s6?.5(1/.42 _0.5)_c(45)n (3)

Solving the equations (2) and (3) simultaneousLy
we f ind:

C=122 .2 5 and n=_0 . 1g 5

Therefore, the generaL equation becomes¡

tc=5i7 .s(c+p/w -0. s) -1 22. 25(Ff0. 1 85

Linear relationships are used to formulate the other
parameters, such as, w/c+p flyash, fc "vs', amount of
stone, % flyash, and fc "vs', amount of admixture.
Regression lines are used to determine the variations in the
above variables. Figures 4.1 to 4.4, show these regression
lines and their corresponding equations. The boundary con_
ditions used in modeling the problem are based on the con_
stant proportion of aggregates to cementitious material
(Aggregates=5000 lbs and cement+flyash=600 lbs), and within
the tested proportions. The optimization model and its solu_
tion are shown below:

MODEL:

1) ur H= s . 3 7 ¡twc+ 2 . 3 5,rwF+ . 4 g *wsT+. 3 3,rwsD+ 64 *wAD i
2) FC>567.5,r( (wc+wF)/w-. s)-1 22.251, (1 /E^_0. 185),
3) F= 1o0*wF/(wF+wc ) t

4) v(wc+wF)>. 500-.002*F;

5) FC>1028.5-. O 3 5*wsr;

6) FC>942.2+1 . 120*F;

7) FC<725.3+276*wAÐ;

8) wC+9rF=600;
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9) wST+wSD=5000;

10) wsr> 1800;

11) wSr<2000;

12) wsD>3000;

1 3 ) wsD<3200;

'I 4) wÀD>1.0;

15) wÀD<1 .5;
'1 6) F>33;

1 7 ) F<50;

18) w>220 i
l9) w<320;

20) FC>1000;

END

Abbreviations used in the model are as follo¡.rs:

wC = weight of cement (Lbs.)

WF = weight of flyash (Lbs.)

WST= Weight of stone (Lbs.)

WSÐ= Weight of sand (Lbs.)

wAD= weight of admixture (Lbs.)

= weight of water (Lbs.)

F = Percentage of flyash replacement for cement

FC = 24-hour compressive strength (psi)
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ÐUAL CONÐI TI ONS :SOLUTION STÀTUS: OPTIMAL TO TOLERANCES.

SÀTI SFI ED.

OBJECTTVE FUNCTION VALUE

1)

VART ABLE

wc

WF

wsT

WSD

wÀD

FC

w

F

ROW

2)

3)

4)

5)

6)

7)

8)

oì

10)

4299.999960

VALUE

300.000000

300.000000

1800.000000

3200.000000

1 .000000

1 000.000000

250.000000

s0.000000

SLACK OR SURPLUS

173.841570

.000000

.016667

34.500000

1.799988

1 ,299988

.000000

.000000

.000000

REÐUCED COST

.000000

.000000

.000000

.000000

.000000

.000000

,000000

.000000

PR] CE

.000000

- 18. 120009

.000000

.000000

.000000

.000000

-3 .860000

-.330000

-. I 50000



11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

200.000000

200.000000

.000000

.000000

.500000

17.000000

.000000

30.000000

70.000000

.000000

.000000

.000000

.000000

-64.000000

.000000

.000000

18. 120009

.000000

.000000

.000000



,^ l2ûl
H

fl 'r*
Ï tæ0
F-
L3

frmtt-
iî sæ

0-m
oloml

t7

R) REGRESSION LINE (STONE)

o

Y- I O28.6-0. O35X

t8ú tm 2m 2tæ
WETGHT OF STONE (LBS. )

Figure 4.1: Regression Line (Stone ,'vs" Compressive
Strength)



/r tæ
H

fl rrævi
I rmlF-tú)l
ñ*lEIL-l
fn ml.taml:tol
rJ oæL

m

B) REÊRESSION LINE (2, FLYRSH)

Y-94?.2+l . lZOX

Z FLYRSH
Figure 4.2: Regression L,ine (% FJ.yash "vs,' Conpressive

Strength)

m



58

,r 12æ

H

fl rrm

rtm
F
CI

rtw
E.t-
tnm

fL 7001- |ðl Iõmcl I

0.76 t "00 1.25 t.50 1.75
ÊMOUNT OF ÊDMIXTURE CLBS)

Figure 4.3: Regression l,ine (Admixture "vs" Compressive
strength)

C) REGRESSION LINE (RDl'lIXTURE)

Y-726.3*"7aX



0.4

o.4

D) REGRESSI0N LINE (Z FLYRSH 'VS" v./ctp)

Y:O.5-O. OOZX

o
-l-
ò o.¡

Ì

0.3ô

0.32
30æ4046806

Z FLYRSH
Figure {.4: Regression r.ine (% Flyash "vs" w/c+p)



4.3 RESULTS AND ÐI SCUSSI ON

The model and its optimaL solution demonstrate that
based on a compressive strength of 1000 psi, the most eco_

nomical mix contains 50% fLyash as cement replacement with
1800 lbs of stone and 3200 Ibs sand. .The amount of admixture
is 15 ounces. Ho!¡ever, as a safety factor, the use of 24

ouncès of admixture is recommended in every batch. Tab1e

4.1 , shows the amount and the cost of individual components

in a given batch based on the present mix, optimal, and re-

TABLE 4.1

Present, Optimal, and Recommended Mix proportions

present
WeighL Cost(rbs.) ($)

cement 360 1 9.33
Flyash 240 5. 64
Stone 2000 9.60
Sand 3000 9.90Àdmix. 1 0.64

Total 45. 1 1

Opt imal
weight Cost(Ibs.) ($)

300 16.11
300 7.05

1800 8.64
3200 10.56

1 0.64

43.00

Rec omme n ded
Weight Cost(Ibs.) ($)

300 16. 1 1

300 7.05
1800 8. 64
3200 10.56

1 .5 0.96

43.32

commended proportions. The block machine produces 3 blocks/
cycle at a rate of 6 cycles/min. Àssuming 7 hours of opera-
tion in each days shift, about 7500 blocks are produced

daily. Each batch contains about 5600 lbs of ran material
which produces about 140 blocks. Thus, the number of batches
produced every day is approximately 53 (?5OO/140). compar_

ing the price of the present batch !¡ith the optimal and re_



61

commended mj.x, the daily reduction in cost of the materiaLs
are 9111.8 and 994.9 dollars respectiveJ.y. Àssuming the
pLant operates 20 days a month and 10 months a year, the an_

nual reduction in material cost could be as high as g20,000

dollars. This figure could be even higher during peak peri-
ods at the p1ant, when it operates two daity shifts.



Chapter V

CONCLUSIONS ÀND RECOMMENDÀTI ONS

ln general. the strength of the block is affected ei_
ther by the material proportions or the procedures involved
in production. This study mainly concentrates on the former
case. Sieve analyses conducted on the coarse and fine
aggregates showed that lhere r,¡as a deficiency of larger
aggregate size in the mix. Therefore, it was decided to
rectify this deficiency by increasing the percentage of the
stone. However, the variaLion in the texture of the block
¡,ras the rnajor concern. Tests conducted on different propor_
tions of aggregates showed that increasing the percentage of
stone from 36% Eo 40% improves the 2g-day strength by about
only 3% . This is generally due to the lower surfâce area of
stone than sand. However r a higher percentage of stone
seems to reduce the 24-hour compressive strength since this
appears to be associated ¡rith the degree of compaction of
individual components in the mix, where sand is a better
fiLler than stone. There is also a slight variation in the
texture of the block, but this depends on the market requir_
ments. For example, a smooth block surface is required for
a painted finish. Stone is also a more expensive materiaL
than sand. Therefore it is recommended that a lower percent_
age of stone be used as long as the 2g-day strength is sat_
isfied.

-62-
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The presence of f J.yash as a partial replacement of
cenent can be very beneficial in concrete block production.
Type C flyash, used in these tests, appears to perform admi_

rably, especially f rorn the standpoint of the 24_hour com_

pressive strength. Again, flyash with a particle size finer
than cement is a better void fitler, and the variation in
24-hour strength depends mainly on the degree of compaction
rather than entirely on the cement content. Comparisons be_

tween a mix v¡ith no flyash (test #4) and the 50% flyash re_
placement (Test #7) indicates c).earLy thaÈ simiLar 24_hour

compressive strengths can be achieved by both mixes. Thè

strength gain in a high-percentage flyash mix (50% ftyash),
which includes the pozzolanic reaction, appears to be slolr
in the first week but it seems to recover most of its
strength at 28 days.

Chemical admixtures such as Lubrilite 30, ¡,¡hich was

used in these tests, can significantly improve the 24_hour

compressive strength. The effect of chemical admixtures in
the dispersion of cement particles seems to improve the ce_
ment hydration in the early ages. The quantity and the cost
of admixture in every batch is very small. Therefore, con_

sidering its importance in the 24-hour compres.sive strength,
it is recommended that the 24 ounces of admixture be used
with every batch. Test results show that by increasing the
amount of admixture from 16 ounces to 20 and 24 ounces im_
proves the 24-hour eompressive by about .l 0 anð, 14% respec_
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tively. HoÌ¡ever, the 28-day strengt.hs of the above tests
were almost identical, which suggests that the admixture has

on).y speeded up the hydration process of cement which other_
wise wouLd have occured more gradually.

The procedures involved in the production of con_

crete block could have a major effect on the end product.
Concrete blocks produced with the same mix proportions, but
on lwo different occasions, may have different compressive
strengths. Human judgement in operating the machinery, and

the duration and t.emperature at different stages of the cur_
ing process, such as presetting and steaming, are the main

cause of the variation. For instance, the tests conducted
for this study were carried out over 3 days. The compressive
strength test resulLs for first two days were in the same

range, but the results from the third day were slightly
higher, which created some difficulty in analysis. Compar_

ing the test results of different proportions of cement and

flyash (Test #5 and Test #6), which r,¡ere produced on the
same day, indicates IittIe difference in compressive
strength for 33% and 45% flyash substitutions (nigure 5..f ).
However, comparing the 40% and 50% flyash replacement in
tests #7 and #8, r¡hich were produced on the third day, a

difference in strength at 7 and 2g-days was noted for 50%

flyash replacement (figure 5.2). Note that the 24_hour com_

pressive strength is almost identical in both cases.
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The surrounding temperature also infLuences the ce-
menL hydration and, in turn, the sLrength of the block. Fig_
ure 5.3 shows thè variation in compressive strength tests
conducled for similar mix proportions in the summer and in
the winter. The reduction in compressive strength during the
winter season is very obvious. Adjustments in the mix, and

especialJ.y in the curing process, is reguirêd to ensure the
strength of the block during the winter.

Further investigation is necessary for a better un_

derstanding of strength gain in concrete blocks containing
flyashes. Major recommendations suggested for future tests
and studies are as follows:

More extensive tests, with 50% flyash replacement,
are necessary to study the strength gain more accu_

rately. Blocks produced with 50% flyash could lack
the requi red 28-day strength.
Tests to study the effect of other admixtures should
also be undertaken.

The speed of operation namety the cycle-time should
also be investigated. The speed of operation seems

to irnprove with increase in percentage of flyash. The

cycJ.e-time recorded for these test-batches Here not a

true representative, because the machinery lras not
adjusted accordingly.

Further study of the curing process can be very bene_

ficial for a better understanding of the strength de_

2.

3.

¿-
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vel.opment in concrete blocks at early ages. Duration
and temperature at various stages of curing have a

grate effect on lhe strength development of the
block. For example, deficiencies or excesses in
steaming period could have a detrimental effect in
the strength of the block.
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