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_SYNOPSIS

This research was planned to study the effect of water-reducing admixtures on the
properties of cement paste and concrete. These properties included setting time of cement
paste, consistency of fresh concrete and compressive strength of hardened concrete. The
main ve-iables taken into consideration in ‘this study were cement contenl, weter/cement ratjo
and admixture/cement ratio. A comparison wes made between the properties of concrele
according to thce usage of the optimum dose of the admixture as a result of the experimental
test results and the properties of concrete when the dose recommended by the producer was
used.

Great improvement was achieved in both the workabilily of fresh concrete and the
compressive strength of hardened concrete when optimum dose of the water-reducing
admixture was used which depends on many factors among which are the cement content smd
water content. The initial and the {inal setting time of cement irereese with the increase of
the waier-reducing admixture in the cement paste. However, the limits of the setting time
recommended by the specifications have to be taken into considergtion when determining the
optimum dose of the admixture.
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INTRODUCTION
During lhe lsst four decodes extensive research tinve heen careied oul on conerete

admixtures.  Conercte mdmistines have shown greal potentialilios o weaay <teue(ues)

nppheations (1 - 5}, Admixtures ean be geoeraily elassifiod into aeecloror,

retarders, water - reducing ndmixtures, pigmenls nnd water repelling admixtures.

Deep understanding ol the nature of the admixiures used and lheir role
in modifying the conerete properties is essential and vilal for their application wilh
optimum benefit, The use of an admixlure necessilates a great degree of control
than normally applies to the other mix constituents. Most admixtures have 1o be
dispensed in small doses which are susceptible to proportionntely large errors.
Uniform dispersion of an admixture in a concrete mix has to be considered which
requires thorough mixing. Admixtures are usually deiivered 1o site in steel or
plastic drums . These should be kept indcors singe the quantity required at any one
time is usually small. Admixiures con degrade st extremes of temperature, causing
their physical properties to change and making dispensing difficult (1).

Water-reducing admixtures have been widely used during the lsst decade in many
concrete structural works in Egypt. However, during the writers consultation works it
was found that the general instructions and informations supplicd by the admixtures
manufacturer 1o the user should be modifled according to the characteristics and the
proportions of the conerete constituents used in a specified job. However, the main
goal of this research is to threw light on the effect of very commonly used water-
reducing admixture in the Egyptian market on concrete properties. A comparison  was
carried out between the experimental test results and the infarmation supplied by the
manufacturer for site application.

EXPERIEMENTAL WORK

The materials used in this werk are El-Sharkia quarries gravel and sand, Ordinary
Portland Cement and tap drinking water. The nominnl maximum size of the coarse
aggregete used was 20 mm. The water-reducing admixture under investigation is &
Medified Ligno-Sulphonate liquid of a brown colour commercinliy available and widely used
in Egypt. To measure the setting time cement pastes were prepmred and tested sccording
10 the Egyptien Standard Specificetion, 373, 1984 using & Vicat apparatus. The conercte
mix proportions by weight were 1 cement : 2 send:d4 gravel. Three cement contents of

300, 350 and 400 kgfm3 of concrete were used. Ten admixture/cement pereentages ranged be

ween 0.1%te L, 0%with ,I%incresse were used. However, seven waterfeement rotios ranged

between 0.3 to 0.6 with .05 increase were used. Table (1) shows ihe scheme of testing.

Control mixes without adding admixtures were also cast and tested for comparison. Al
tests were carried out in laboralory etmosphere-at 25°%C and 70 R.H.

TEST RESULTS

Initig]l and Fingl Setting Time of Cement Paste

Teble (2) and Fig. {1} represent the effect of the addition of the water reducing

admixture used in this research on the initial and finnl sctting time of cement paste. [t (8

indicated that within the range of the admixture/cement pereentapes used in 1his work,
both the initial gnd the final setting time incresse as the admixture dosage increases. The
rate of tnerease of the setting time slightly increases tidi certain admixture dosage after
which the rate greatly incremses. At an average value of admixturc/cement of 0.4 % the

initisl and the final setting 1ime were 1.1 and 1.15 times thal of the control cement paste

without admixtures. Inspite of this inerease, the initial and final setiing time are stiil
within the limits recommended by Egyptian standard spegifications.

¥
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SLUMP TEST RESULTS OF FRESH CONCRETE

The effect of the water reducing admixlure used in this research on ihe con-
sistency of the fresh conerete was determined through the slump test. Figure (2)
shows that irrespective to the cement content, the slump increases with the ingrease
of the admixture dosapge in the concrete mix. The rate of increase of theSlump with
the increase of the admixture dosege in a concrete mix is almost constant [or low
admixture/eement percentages. However, the slump dramatically incresses at high
admixture/cement percentages which causes dilficulties in handling and compaction of
fresh concrete. Higher sdmixture/cement percentages are needed for mixes with higher
cement conienls 1o obtain the same consislency. An addition of the admixiure with
0.4 % of the cement content by weight increases the slump 187 %, 195 % and 250 %
for those mixes with cement conient 300, 350 end 400 kg/m3 of concrete, respectively
in comparsion with the reference mixes. However, doubling the amount of the admix-
ture increases lhe slump to 700 %, 450 % 350 % for those mixes with eement content
of 300, 350 and 400 kg/m3 of concrete successively in comparsion with the reference
mixes.

Figure (3} shows that a specific siump of a fresh conerete mix can be achieved
with reducing the water/cement ratio by using waler-reducing admixture. The addition
of the admixture with a dosage of 0.4 % of the cement content by weight shows a
reduction in the water/cement ratio of about 15 % in average to abtain the same slump
as the reference mix.

COMPRESSIVE STRENGTH OF CONCRETE

Figure {4) and Table (3) show the e{fect of the water reducing sdmixture on the
compressive strength of concrete specimens with different cement conctents. The
specimens were cured in laboretory atmosphere till the date of testing at 28 days age.
Generally speaking, for all the concrete mixes tested in this research, the increase of
water-reducing admixture increases the concrete compressive strength till certain
admixture dosage alter which the compressive strength decreases. lHigher admixture/
cement percentege is needed for concrete mixes with lower cement contents te achieve
the optimum compressive strength. Using the optimum dosage of the admixture showed
higher increase in comparison with the control specimens for mixes with lower cement
content. The addition of the optimum dosage of the admixture leads to an increase in
the compressive strength of 31.7 % , 32.6 % angd 28.0 % of the reference mixes with
cement contents of 380, 350 and 400 kg/m3 of concrete, respectively.

Figure (5) shows that for low waler/cement ratios he addition of the water
reducing admixture increases the compressive strength of concrete, while it decreases
the compressive strengith when high water/cement ratios are used.

BETWEEN LABORATORY AND SITE

It was recommended by the waler-reducing admixture producer 1o use a dosage
of admixture of 0.6 % by weight of the cement amount used in the concrete mix in the
site. The experimental study showed that using a dosage of admixturc of 0.4 % of the
weight of cement ceused a reasonable workability with just 13 % reduction in the slump
comparing to the concrete mix with a dosage of admixture with 0.6 % of the cement
content. On the other hand , using an admixture dosage of 0.1 % of the cement con-
tent caused an increase of up to 20 % in the compressive strength over that of the
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concrete mix with an admixture dosage of 0.6 % of the cement content.

CONCLUSIONS

This research study led to the following conclusions: .
The general recommendations and instructions of the concrete admixture producers
are not fully reliable and have to be checked for each specific job. Laboratory
testing is of 2 great Improtance to determine the optimum dosage of an a
admixture used to achieve the atmost improvement in the econerete properties.
This greatly affects the [inal products economically.

Water-reducing admixtures increase the setting time and the workability of
cencrete, and alse the compressive strength up to a certain percentage of
admixture after which they adversely affect the strength.

The wse of water-reducing admixtures can contributain reducing the amount of
cement used in the concrete mix without reducing the strength desired.
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Table (2} Effect of Water Reucing Admixture on Setting Times of
Cement Paste
" , [T *
Admixture y Initial Final 1.8.T F.S8.T.
mix No cement setting setting .
time(1.S.T) time 1.8.T of Ref F.5.T.of
(F.3.7) Ref”
1 0.0 hr, min hr. min
1 43 4 30 1.0 1.0
2 0.2 1 48 5 - 1.03 1.11
3 0.2 1 51 5 06 1.06 1.13
4 0.3 1 57 5 10 1.1 1.15
1.20 1.18
5 ¢.4 06 5 18
8 0.5 2 - 5 25 1.14 1.20
7 0.8 2 30 3 40 1.45 1.26
8 0.7 2 (45 5 48 1.57 1.29
9 0.8 2 50 6 10 1.62 1.37
10 0,9 2 53, 6 - 1.65 1.33
11 1.0 3 30 6 30 2,0 1.44

* 1,8.T = Initial setting time
** F.5,T = Final setting time

.  Reference mix without admixtures



C. 56

AH.A. Abdel Reheem, M.M. Kamal

SRINLIMPE INOYITM XTW = XTW JBH

suzuroads 1591 50Ul JO SITNSaI 3] JO 23BIDAY o

60 g6°0 86°0 oee oZe ooe 0°T
%60 160 660 SE2 cce 02 60
L5°Q BS0 00" 1 £he g2e S02 2°0
20't 2071 ¢y qmm. ste 01 LD
0"l AR Y 11 oLz 562 nee 9°0
LT°T Y AT 6z oge 0Le S0
82" 1 zeet 1271 o2t ot Ghe 50
90" 1 -2 I 1Tt 062 Lez hmw, €D
901 £0°T HO' T 932 9ge £ic 1]
0°T T10°1 0°T €52 £ee Loz 1°0
601 00°1 001 0%e ote 502 0°0
®
a0y 0se 0oe 00% ose 00E (1uFtan 4qQ)
218I0UC) JO ( JyBW) 109300H JUSUED 21910000 JO ( JLU/3Y) 1USIUC) JUSIR) P,
4 BANBTUDY

»Kﬂn *J9Y JO 118 dwogsaag tdwod

L3

...H A /8y) yiduaayg sarssoaduoy

IO [aduadlg satssasduo) 2yl uo aIMINTUWpRY 3UuTonpay-Ialem JO 10211

ady sA2( g7 1% £33.17U00

(g 2TqRL



Mansoura Engineering Journal Vol. 12 No. 2 Dec. 1987

o—o [nitial setting time : £.5.5 % 4% min

— Final setting time: £.5.5 %+ 10hr
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