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ARSTRACT

This research was carried out to elucidate the status of concrete
bricks industry in Dakahelia Governorate. Methoda of manufucture of
concrete brick followed by different factories were studied. Tests
wera carried out to evaluate the mechanical and physical propertiez of
the products of the di:ferent factories. An experimental investigation
was conducted to deternine the effect of some factors such as  the
concrete mix proportions, addition of admixture, curing conditions and
age on the strength and durability of concrete bricks. Resistance to
sulphate attack of bricks made with additives aad without additives
wa3 also investigated.

1- INTRODUCTION

Mud and clay were used to produce what was called mud bricks and
red bricks which were considered the main building units in Egypt for
thousands of years. Mud and c¢lay were brought from the River Nile or
through the excavation of the agricultural Jand. After the High Dam
was bullt, the amount of mud brought by the River Nile decreased. The
population in the other hand tremendously increased and the available
agricultural land 13 very limited. However, Lthe excavatlon of the
agricultural land apd the production of the red bricks was prohibited
by law. Production of other type of bricks as alternatives of the red
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bricks as a building units were of a must to achieve Lthe demands of
the construction sector. Accordingly the other types of bricks such as
sand bricks, sand-lime bricks, light weight sand-lime bricks, shale
bricks, light expanded clay bricks {LECA). Gypsum blocks and concrete
bricks and blocks were the alternatives. Contractors and owners
ereferred the concrete bricks because the cost is somewhat lower than
the other types of bricks, Concrete bricks and blocks extensively
produced 1n the private sectors in Dakahelia Governorate. Different
qualities of concrete bricks are produced. The concrete bricks are
used in non-load bearing walls and in load bearing walls. Ewvaluation
of the products of the different factories to determine their
qualitjes is of great importance. In the other hand, research work
aiming to improve the strength and durability was greatly weicomed by
manufacturers. Brick works exposed to aggressive conditions such as
soluble salts and other chemicals may be existed in structures in
direct contact with the soil in the agricultural areas or in cities.
Moreover, strenglh and durability are very close characteristics which
greatly depend on Lthe properties of the used materials, their
proportion3, mixing, moulding compaction and curing. The surrounding
conditions in which the bricks would be used should be taken into
consideration in manufacture and protection of these bricks for the
sake of their durability.

2~ ManuFACTURE oF CONCRETE BriCks

Stationary and movable brick producing machines are used either

in factories or in building sites (Fig. 1-4). Contractors sometimes
use small brick producing machines 1in building 3ites for economic
considerations regarding the amounk of bricks needed, the

transportation costs and time saving. In this case, very simple
operating machines are used which need a very short training before
their usage intoc action.

Big stationary brick producing machines are often provided with
concrete batch plants where batching and mixing are carried out
mechanically (Fig. 3). Casting and moulding are wusually followed by
compaction through wvibration and compression. Bricks are usually
transported to curing stage by either steam curing or curing with
water sprinkling in open area (Fig. 6-7).

The movable brick producing machines commonly known as ‘"egg
laying machines” are usually fed with the concrete mix in batches.
Fixed moulds are provided as a part of these machines. These moulds
are filled with concrete and by tamping the concrete blocks are placed
at the ground and the machine keeps moving. Curing is usually <carried
out by water sprinkling. In most cases, concrete bricks are not shaded
from sun rays afler casting which greatly affects its strength and
durability (Fig. 7).

The third type of brick producing machines used in construction
sites consist of moulds fixed to these machines which are filled
manually with concrete mix. Compa¢tion 13 carried out by tamping
through a steel table about waist height supporting two or more moulds
{(Fig. 4). After moulding the bricks are removed to storage area and
cured by water sprinkling for a short period followed by air— ecuring
till the date of usage (Figs. 8 and 9).
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The use of different types of bricks producing mechineés, curing
method and the =Killza af the labours are the major faciors in thls
mdustry that afrect the cuality and aniformity of the productron.

3- FactoriEs UNpER IMNvESTIOATION

Five conerete Dricks  eroducing  factories  wWers Faken mto
considerat2on in the ressarch study to evaiuvate the situatlon of  this
industry in Dakahelia dovernorate. These factoriss  are  L0e Maln
suppliers & concrete bricks rto the constructiaon Sesctor Iin thas
Governcrate., The [1ve factories chosen lie in Mansoura city, Belkas
town, Sandoup town, Nawase wvillage and Basendele viilage., Four
factories of them produce concrete bricks using movable w39 laving
machines and the firth factory uses a stationary produ::s. mechines
(table 1}.

4- EXPEFRIMENTAL WORK

Two groups af tests were carried out in this research, the first
yroup was carried out aiming to evaluate the réal produziion of the
ractories. The second group was carried out vtoe investigabe cthrouyn
regearch scheme the factors arfectiny the strength and durabilicy of
cement concrete bricks.

The first group of tests was undertaken on samples of the
materilals obtained TIrom +the Tive fagtories considered 1n this
research., The materlals were taken and tested according to the
Egyptian standard specifications (1-4). Concrete mix proportions was
als0 recorded as well as the method of manufacture. Samples aof  the
brick produced in each factory were taken and tested to determine
their mechanical and physical proparties (table 1).

The secomd group oI tesls wWas uhderbaken on a centrolled samples
made in a site adjacent o the TFaculty of Engineering, Mansoura
University (during time of srecting laboratories building) using a
small brick egyg laying machine (belony to the <contractor). The
cancrefe mix progoriions chosen in the controlled semples were as Lhat
used by most of the hrics factories. The ratio oI coarse 1o 9fme
Aggregates was 2 ta 1 ane the amount of cement was 250 kg/m of
concrete, Water/cement racio was aboub 0.38 which gave a dry concrete
mix suitable to this type of machine. Each of the concrete mix was
varied according Lo the study praogram., drick size used was 25x12%0 cm.

The materials used were sgand, crushed limestone, Ordinary
Portland Cement. tap water and & superplasticizer commerclally
avaéllable 1n Egypblarn wmarket. Tables 2 {(a and b) show tne grading of
the sand and coarse ayggregates.

The test program was planned to study the elffect of some factors
sach a3 cement content, methods of curing adopted by the manufacturers
and &ége on cofcrele bricks. Resistance to salphate attack of Dbricks
wade with additives and without addltives was also investigated. Tests
were andertaken in laboratories of the faculty of engineering.,
Mansoura university.
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5~ ANaLYsis anND Discussion oF TEST RESULTS
5-1 The CURRENT PRODUCTION OF THE FACTORIEES

About five hundreds of concrete bricks were taken in different
periods through the time of proceeding this research from the
factoriea under investigation. The bricks were taken at random without
any selection and teated in the laboratory. Table {1} shows the
different mechanical and physical properties of these bricks.

5-1-1 Bricks COMPRESSIVE STREMOTH

it can be seen in Table (1) and Fig. (10) that the average bricks
compressgve strength ob§a1ned from the five factories ranged between
45 kg/cm and 142 kg/cm” . The standard deviation ranged between 7 and
16.6 kg/cmz and the coefficient of variation ranged between 70 and
166. These differences in the properties of the bricks greatly affect
the guality of the brick worksa, Differences are more obvious in the
factories using egg laying machines. The statistical properties (mean.
standard deviation, and the coefficient of variance) computed for the
five factories were statistically analyzed. The results are shown 1n
table (1). It can be seen that the average compressive strength out of
the fjve factories was 100.2 kg/cm’, the standard deviation 32.33
kg/cm and the coefficient of variation 646.6%. These results show the
great difference in the properties of the production of the different
factories.

From the z3ite of observations of the technique foilowed 1n
manufacture of cement bricks, it can be concluded that many factors
are behind the great variation in the above test results among which
are water/cement ratio and the applied pressure. Theszse two factors are
directly related to the concrete bricks manufacture.

H-1-1-1 WATER/CEMENT RATIOS

The amount of water added to the concrete mix used in manufacture
of bricks is usually chosen to produce dry and loose mix which can
flow easily from the hopper into the moulds and achieve high strength
after hardening. Conseguently, The production ia of a some-what an
open textured mass, having a rather Jower density than that associated
with concrete. Applied vpressure during moulding 15 essential to
achieve dense concrete bricks. However satructural concrete normally
haz a density of about 23D0 kg/m3 while c¢oncrete bricks have an
average density of about 2000 kg/m3.

5-1-1-2 APPLIED PRESSURE DURING MouLDING

In case of concrete bricks cast in construction sites, moulds are
filled manually and a vertical bars with end plate 13 dropped down
sharply to strike the concrete mix in the moulds and compact it. Two
or three strikes are usually applied to achieve sufficient compaction.

In big concrete brick producing factories, compaction of concrete
bricks iz usually carried out through vibration and high pressure by
mean2 of hydraulic press. Both the vibrating process and the applied
pressure should be controlled so that no segregation occurs and the
stripping of the forms faces no difficulties. Increasing time of
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vibration and/or the applied pressure than the optimum recorded for
the producing machine would result in defected bricks of low strength

and 1mproper shape.

In comparison with egg laying movable machines and small size
portabie machines, the Lig stationary machines produce concrete bricks
of higher quality.This might be refered to the high control during
batching, mixing and compaction.

5-2 ExPERIMENTAL STUDY
5~2-1 EFFECT OF CEMENT CONTENT

Table (3) and figure (11) show the compressive strength test
results of concrete bricks at 7 and 28 days age. It was found that
brick compressive strenyth increases with the increase of the cement
content in concrete mix. The relation between the strength and the
cement content within the range taken in this study was almost linear.
However, increasing the cement content should be limited due to the
economlc consideration and the reverse action due to the high
shrinkage at high cement contents which mighf cause fine cracks. The
factories taken intg censideration in this study use a cement content
of 200 and 250 kg/m  of concrete,

5-2-2 ErFect oF MeTHoD oF Curmo

Four curing methods were adopted in thisg research work aincluding
open alr curing without shading, open air curing with shading. open
air curing with shading and aprinkling with water twice a day and
finally curing by immersion in water tanks.

Table (4] shows compressive strength of test results of those
specimen tested at 20 days age after exposure to different methods of
curing. The highest compressive strength was recorded f[or those
specimens cured in water and the lowest strength was recorded for
those specimens left in the open air without shading. In comparison
with those bricks left in the open air without shading, shading the
bricks increased its strength by about 12% while sprinkling with water
has increased the strength of shaded bricks by about 30%. The gain in
strength for concrete bricks placed in open shade and sprinkled with
water was about 21% in comparison with those left in open shade
without curing.

It is clear that curing method ia a vital factor dreatly affects
the strength of the concrete bricks. Water curing helpa 1n the
completion of the hydration process minimizes the evaporation of
imixing water due to the surrounding atmosphere and the high
temperature during the hydration process. Exposure to the open air and
direct sun rays without shading accelerates the rate of evaporation of
the free water from the green concrete producing voids and hair cracks
in the concrete bricks and consequently decreases thelir strength.

5-2-3 EFFECT OF AcE

Concrete bricks produced 1n construction sites are usually used
at the age of 3 to 4 days after casting. In big factories bricks
usually stored for 7 days after casting before they will be
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tranaferred to construction sites,

Table (5) and figure {12} show the effect of age on the concrete
prichs compressive strength, Bricks were manulactured using & simple
edd laving brick producing maching. Dricks were ztared 1n &  shaded
place and cured by water sprinkiing twice daily., The compress=ive
strtzngth of hricks 3 to 7 days age were about 43% and 72% of that
recorded at 28 days age respectively.

5-2-4 EFFECT OF SULPHATE SALTS

To determine the effect of water reducing admixtures on the
compressive strength and sulphate resistance of concrete Lricks twe
vonigrete mixes were cast. The first mix contained no admixtures while
in the second mix a water reducing admixture aveaillable in the Egyptian
Tarket was used. After casting and compacting using a simple egg
iaying brick producing machine the bricks were divided 1nlo two
groups. The first group was immersed in tap water, while. the second
group was Immersed 1n a magnesium aulphate solutions with
concentration of 4 gm/lit and 8 gm/11t for 90 days.

Table (6) and figure (13) show that brick compressive strength
decreagsed after exposure to magnesium gulphake solutions for 90 days
in conparison with those exposed to Lap water. The reduction increased
with the increase of the concentration of the sulphate solution,
Reduction in strength of 44% and 51% were recorded for Lhoze specimens
inmersed in sulphate solutions with 4 my/lit and 8 mg/lit respectively
in comparisan with those immersed in tap water., These [Flyies wWere
7.5% and 19% respectively for bricks made of concrete mix contalnlng a
water reducing admixture,

It 18 well known that the tricalcium aluminate existed in
ordinary Portland cement can react with sulphate dolution o form a
compaund called calcium sulphoaluminate o “ettringate”. The reaction
iz usually accompanied by expansion of Lthe cement paste, When 1t
occurs 1n concrete bricks or brick work mortars, iL greally affects
the overall expansion of the brick work. This vcould later cause
disintegration 1n mortar laver bonding brick lavers Logether. However,
to proceed the harmful effect of sulphate, three components have to be
exlsted which are tricalcium aluminate, soluble sulphate and water.
Thase components might be available 1n concrete bricks &3 well as
surrounding environment. Foundations, retaining walls and all
structural members 1n  contact with contaminated soi1ls containing
sulphate salts are exposed to the attack ol such salts., High aquality
cancrete bricks with speclal protection should be used, Blast furnace
Flag cement or sulphate resistance cement are recommended (9). Water
ieducing admixtures proved to have high resjistance fo the erffect of
galts.

6~ CONCLUSIONS

With regard to the resuits obtained from the above research study
and the available collscted data from rfive brick factories around
Mansoura city, it can be concluded that; '

1. There are great difference2 1n the concrete bricks properties
produced in Lhe different factories considered in this research and
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aven 1n the praduction of the same factory.

Drick; compressive strength ranged between 45 kg/umz and 142
kg/cm . Thig great differences implies lesting of the bricks before
usage 1n the construction fo insure the suitability of the used
bricka for the construction purpose.

Mozt fac;or:es considered in the research study used cemsnt cantent
250 kg/m in the concrete mix. This value was chosen to  achieve
raasonable strength and shrinkaye with the minimwn cost.

4. Factories contain machive with high control during batching., miwing
and compaction produce concrete bricks of better gquality and
uniformity.

5. Although curing of concrete bricks has great effect on thelr
strength, 1t 12 not given enongh consideration in bricks
manufacture particularly those produced ip builiding 3ite, Shading
the concrete bricks and sprinkling with water fol" & reasonable time
may increase the compressive strength of the product by 30% than
the bricks left to dry in open air.

6. It is reconmended not to use bricks in the copstruction wark hefore
seven days after casting. '

7. In case of using ceoncrete bricks in places cantaining sulphate
salts 1n web surrounding environment, it is preferred to use a
special concrete bricks manufactured with blast turnace £lag cement
or sulphate resistance cement. Also, in the mortar usad with bricks
should be made of the same type of cement.
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Table (1) Mix Proportioa, brick compregasion strength,
absorption and unit weight of brick samples
(Averaga af 10 bricks)

Location Hachine Mix, ProportJOn[ Cnmp.gtr. Absorption Unit weight
kg/cm % kg
L. |
g f‘gg KA. 915 )
1-Sandoup |Egg-Laying 7| e 11.17 7.85 3.4
Cr.L.8 923 ky Vv 111.7%
W 150 1t i
g gsg r’;? Av. 117.5
2-Nawasa |Stationary ~ ‘@ o 7.0 7.25 4.4
Cr.L.5 0B nm v 20. 0%
W 170 1t :
g 352 ’m‘g Av.  44.6
3-Belkaas |Egg-Laying ) 2 o 9.4 7.47 3.46
Cr.L.5 1.0m v 94. 0%
| W 180 1t :
g zgg ig Av. 141.8
4-Nawasa | Egg-laving|c. p g eqg k: o 16.6 5.12 3.67
El-Bahr W 60 Lt v 166.0%
g gsg :‘3 Av. 105.8
S5-Bacandla|Egy-Laying h o o 13.7 7.34 3.74
Cr.L.5 1.0m y 137 0%
W 180 1t .
C = cement Av = 100.2 J-cg/f:m;t
3 = gand z = 32.33 kg/cm
cr. L.5. = Crushed lime stone v = §46.6 %
cr. D.5. = e¢rushed Dolomite stone
w a water
Av = Average
o = gtandard deviation
¥ a cgefficient of wvariation

Tabla (21 Fina and ¢oarse aggregates grading

2) Sand
% Faszing
Factory Jotatien Tisve
{¢m) 2.82 1.431 0.707) ©.3%3 0.177
1- Sandoup 100 63 148 3.2 L9
2~ Hawasa 100 27 50.4 15.2 f.2
3~ Balkaas 100 97.2 27.7 5.3 2.7
4- Nawaaa E}-Bahr 180 99.0 71.2 25.0 a.c
5~ Bacendela J 100 98.1 37.1 14.8 47
b] Coaroge aggregala
% Fassing
Factory Jocation S Tove
(mm } 12 9.%1 [ 4.78 2.8
- Sandcup 100 5.3 19.3 1.9
2- Nawasa loo 55.6 124 .9
3~ Belkaas 108 8.4 1.1 0.6
4- Mawasa El-Baher Hi) 50.1 13.4 4.8
5- Bacendela 100 L 343 | 17.0 7.4J
. | |
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Tablt (3} Erfect of cewent content proportion
o bricks cowpréssive strength.

11

) Cemant Cantant Compressive Strenglh Compressive Strength
( kgfm3 at 7 days kg{cmz al 2B days Lg/cmz
‘ 100 32 41
: 158 35 46

200 6d B1

250 97 127

340 130 178

Tebie (4] Effect of Methed of curing oo bricks
colpressive strength at 24 days

[ Method of curing Compressive strangch
(avarage 5 bricks)

1. Placed 1n open air Wwithout shads, 82 kgfenz

uncutad with watar.

2. Placed 1n cpen shade, 33 kg/come
uncured with watar.
3 Plaged 1n open shade, 118 kg/cua
damped twice datly l
4 Placed in watar tank, 147 ky/cua ‘
{reference} | ;_J

Tabtle (5 Eftect ol aye onh concrete bricky cowpresasive strength

kg Counpresgive streagth
(averags 35 bricks)

24 hours 22 kg/coa
3da s 48 kg/cmz
7 days B0 Xxg/cma
14 :laya B8 kg /oo
28 deys Lﬁ 111 kg/ome

Tabla (6} Effect of sulphate s0lutlon On Concrate bricks compressive
strength cured in soiution 1or 90 days.

Curring Mzdia Conpressive Strength (Averaye of 5 Bricks)
Ky/cw

Without Additives With Additives

L. Magnesium Sulphats solution
4 gr/l 103 197
8 gr/L 91 172
2 Tap Water (rdlerencef 187 213
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(1) Movable Concrete Brick Producing Machine (Big Size).

{2) Movable Concrete Brick Producing Machine {(Medium Size).
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Fig. (3) Movable Concrete Brick Producing Machine (Small Size).

Fig. {4} Single Stationary Brick Producing Machine,
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Fig. (5) Batch Plant in a Concrete Brick Factory.

Fig. (6) Shaded Production in a Concrete Brick Factory.
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Fig.

Fig.

(8) Mixing Manually in Making Bricks in a Building Site.
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Fig.

Brick Compressive Strenglh kg/cm’

200

175

n
o]
.

125 -
100

754

Brick Compressive Strength kg/em®

50

ascas gt 7 days

srewr gl 28 days /

o

25+
o

{11) Effect of Cement Content <«n Breiks Compresaive Strangth,

ny T T
100 200 300

Cemenl Conlent kg/m’

a0

150

1004

50+

Fig. (12) Effact of Age on Concrete Bricks Compresaaive Strengih.

T
14
tge (days)

Ly
] =

21

el

31



C. 32 Br. Ahmed H. AbdelReheem

pite] —I
D Concrelt brnchs athout oddibves
. L] Concrete Lricks wilh uddilives
-
g
\(-I
P
al
] 200 - a7
™ p_—
(=]
(1)
=i
o
b
H
@
L1
o
o]
E‘ 103 97
| -
§'%
-
2
=
&R
Qg i J
4 a Ta op W,

bW 4 } i
Concentrauion (gra/LiL)

Fiv. {13) Erfscc af Sulphate Soution on Bricks Comprédalvs Strength.





