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Abstract

The impurities in water play a major role in application of concrete. This paper assesses the setting times and compressive strength of
natural admixture cements and silica fume is used as an admixture. This study introduces the effect of strong alkalines (carbonates
and bicarbonates of sodium) on setting time and compressive strength of natural admixture cements (PPC+SF) is assessed under
laboratory conditions. The research programme included tests of soundness, setting times, compressive strength of short and long
term and powdered x-ray diffraction analysis. As the experimental results show that Na,COj; in deionised water accelerates the intial
and final setting times where as the other compound NaHCOj; retards the intial and final setting times for all concentrations. Na,CO;
and NaHCOj3 in deionised water increase the compressive strength at early age (3-day and 7-day) and decrease significantly from28-
day, 60-day, 90-day, 180-day, lyear and 2years.Comparison of the strong alkaline substances with those of control mix levels that
both carbonates decrease compressive strength. The rate of decrease is increasing with increase in concentration .The present work
analyses the hydration characteristics of admixture cement using X-ray diffraction analysis (XRD) and useful conclusions are
obtained regarding the influence of alkaline substances.

Key words: PPC, Silica fume, setting times, strength development, X-ray diffraction

*k*k

INTRODUCTION

The impurities in water can impose deleterious effect on
concrete. This creates great concern on mixing of water in
hydration of cement and the properties of resultant concrete.
Most specifications on quality of water concentrate on the added
water rather than the moisture in the aggregates. The presence of
dissolved inorganic substances in ground water is mostly through
mineral origin and would be expected in varied concentrations
geographically. Cement used in concrete is a mixture of complex
compounds. The reaction of these with water leads to setting and
hardening of cement as well as the admixtures that are mixed
with cement when it is gauged with water. Most of former
specifications for concrete tend to discharge the requirements for
mixing water with the stipulation that if the water is fit for
drinking, it is acceptable for making concrete. This is hardly the
best evaluation of an ingredient which contributes so
significantly the hydration process of natural admixture (silica
fume) cement. 1.S.Code 456-2000 mentioned that the alkalinity
of water should not be more than 250mg/L. However, many
ground water and surface bodies contain more alkalinity than the
limit specified by the 1.S.Code. Hence, in the present
investigation to find the effects and quality of water on setting
and strength properties of admixture cement. The effect of strong
alkaline substances on setting, hardening and strength

development of admixture cement are not known much.
Hence, an investigation is carried out on setting time,
soundness and strength of admixture cements.

MATERIALS AND METHODS

Materials: The details of various materials used in the
experimental investigation are presented below.

Cement: The cement used in the present investigation is of 43
grade Pozzolana Portland Cement manufactured by ACC Ltd.
Fine aggregate: The fine aggregate used in this investigation
is the river sand obtained from Swarnamukhi river near
Tirupati, Chittoor district in Andhra Pradesh.

Silica fume: Silica fume used in the present study was
obtained from Elkem India Pvt. Ltd., Mumbai.

Water: Deionised water spiked with strong alkaline
substances (Na2CO3 and NaHCO3) with different
concentration is used in mixing water.

EXPERIMENTAL SYSTEM:

The following equipment is used for casting and testing of
specimens: (i)Cube moulds, (i) 200T U.T.M(Universal
Testing Machine) for cube compressive strength
determination, (iii) Vicat’s apparatus including moulds
conforming to 1S4031(part-5)-1988 for setting times, (iv) Le-
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Chatelier’s equipment to determine the soundness of cement and
(v) cement cubes prepared with water containing, Na2CO3 in the
concentration of 1,2,4,10 and 20g/L and NaHCO3, in the
concentration of 1,2,4,10 and 20g/L, in mixing water.

Setting time: Vicat’s apparatus confirming 1S4031(part-5) 1988
consist of a frame to which a movable rod having an indicator is
attached which gives the penetration, weighing 100g and having
diameter and length of 10mm and 50mm respectively. Vicat’s
apparatus included three attachments-square needle for intial
setting time, plunger for determining normal consistency and
needle with annular collar for final setting time.

Compressive Strength: The test specimens for determination
of compressive strength of admixture cement prepared using
standard metallic cube moulds adopting IS procedure for the
compactions. The cubes were demoulded after 24hours of
casting and cured in water having similar quality as used in
preparation of mix. The cubes are tested for compressive
strength for short term and long term. The compressive strength
is computed as the average value of the three samples.

RESULTS AND DISCUSSION

The results of the present investigation are presented both in
tabular and graphical forms. In order to facilitate the analysis,
interpretation of the results is carried out at each phase of the
experimental work. This interpretation of the results obtained is
based on the current knowledge available in the literature as well
as on the nature of result obtained. The significance of the result
is assessed with reference to the standards specified by the
relevant | S codes.

1. The averages of both the initial and final setting times
of three cement samples prepared with mixing water containing
typical chemical component of varying concentrations under
consideration is compared with those of the cement specimens
prepared with deionised water. If the difference is less than 30
minutes, the change is considered to be negligible or
insignificant and if it is more than 30 minutes, the change is
considered to be significant.

2. The average compressive strength of at least three cubes
prepared with water under consideration is compared with that of
three similar cubes prepared with deionised water. If the
difference in the strength is less than 10%, it is considered to be
insignificant and if it is greater than 10%, it is considered to be
significant.

3. The powdered X-ray diffraction analysis reports
prepared to identify the unknown compounds.

Setting time: The effect Na2CO3 on initial and final setting
times is shown in the Fig 1.0. It is observed that the initial and
final setting of cement got accelerated with increase of the
sodium carbonate concentration in deionised water. The decrease
in the initial and final setting times is significant only when the
sodium carbonate concentration exceeds 4 g/L . The decrease in
the initial setting time is about 59 minutes and final setting time

is about 69 minutes at the maximum concentration of 20 g/L
when compared with that of the test blocks made with
deionised water.
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Fig-1.Variation of Setting times of admixture cement (PPC
cement + 10% Silica fume) corresponding to various
concentrations of Na,Cos in deionised water.

The effect of NaHCO3 on initial and final setting times is
shown.in.fig.2.0. Both initial and final setting got retarded
with an increase in sodium bicarbonate concentration in the
deionised water. The retardation of initial and final setting is
significant (i.e., more than 30minutes) when the sodium
bicarbonate content exceeds 10g/L and 20g/L respectively.
When the sodium bicarbonate content is 20g/L, the intial
setting time is 85minutes more than that of control mix. The
difference observed in the case of final setting time is 66
minutes with respect to the control mix.

.
:

H
=

£

< 200 < Intial
2 = Final
> 150

=

g

&

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Concentration of NaHCos, g/L

Fig-2. Variation of Setting times of admixture cement (PPC
cement + 10% Silica fume) corresponding to various
concentrations of NaHCo3 in deionised water.

Compressive strength:

The effect of Na2CO3 concentration on compressive strength
of cement mortar is presented in Fig 3.0. Decrease in the
compressive strength is observed as the sodium carbonate
concentration increases in deionised water, the maximum
concentration studied being 20 g/L.
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Fig-3. Percent variation of compressive strength of admixture
cement (PPC cement + 10% Silica fume) mortar cubes at
different ages corresponding to various concentrations of

Na2Co3 in deionised water

The percent change in compressive strength of mortar cubes
prepared with various concentrations of Na2CO3 solution in
deionised water is shown in fig 3.0. There is significant decrease
in the compressive strength of all cement mortar cubes at
different ages ranging from 60 day to 2 year and the rate of
decrease in compressive strength also gradually increases with
the increase in the concentration of the Na2CO3. At early ages
for the 3 day sample, there is a significant increase in strength,
and when the concentration of Na2CO3 is more than 2 g/l. The
significant decrease in strength, for 7day, 14 day, 21 day, 28
day,60 day, 90 day, 180 day,1 year and 2 year samples. The
trend continues up to the maximum concentration tested. The
decrease in the compressive strength is 25% for long duration
i.e., for the 2 year sample at the maximum concentration of 20
g/L. The effect of NaHCO3 concentration on the compressive
strength of cement mortar is presented in Fig.5.24. Decrease in
compressive strength of the cement mortar cubes prepared with
NaHCO3 solution is observed as the sodium bicarbonate
concentration increases, the maximum concentration considered
being 20g/L.

Fig-4. Percentage variation of compressive strength of admixture
cement (PPC cement + 10% Silica fume) mortar cubes at
different ages corresponding to various concentrations of

NaHCo3 in deionised water.

The percent change in compressive strength of mortar cubes
prepared with various concentrations of NaHCO3 solution in
deionised water is shown in Fig.4.0. There is significant decrease
in the compressive strength of all cement mortar cubes of ages
varying from 21-day to 2 year and the rate of decrease in

compressive strength also gradually increases with the
increase in the concentration of NaHCO3. For the 60-day
sample, significant decrease in strength starts when
concentration of NaHCO3 is more than 20g/L. Similarly for 7-
day,21-day,28-day,60-day,90-day,180-day,1 year and 2 year
samples, the significant decrease in strength starts at
4g/L,10¢/L and 20g/L concentrations respectively. The 2 year
sample shows the maximum decrease in compressive strength
with the increase in concentration of NaHCO3.When
NaHCO3 concentration is 20g/L, the decrease in compressive
strength is 20% when compared with that of control mix.

POWDER X-RAY DIFFRACTION ANALYSIS
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Fig-5. X-ray diffraction pattern of powdered admixture cement
(PPC cement +10% silica fume) mortar cube prepared with

deionised water.
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Fig-6. Powder X-Ray diffraction pattern for the cement mortar
cubes prepared with Na2CO3 in deionised water at the
maximum concentration (10g/L and 20 g/L).
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Fig-7. Powder X-ray Diffraction pattern for the Admixture
cement (PPC cement + 10% Silica fume) mortar cubes prepared
with NaHCO3 in deionised water at maximum concentration
(10g/L and 20g/L).

The Powder X-Ray diffraction pattern for the cement mortar
cubes prepared with NaHCO3 in deionised water at the
maximum concentration (10g/L and 20 g/L) is shown in fig.7

The comparison of this pattern with that of deionised water
indicates the formation of Ca4Al2(OH)12C0O36H20 ( Tetra
calcium aluminate carbonate 12-hydrate) compound which is
evident from the presence of d-spacing’s 3.448 A3.162 A,
2.862A, which are absent in the pattern for control mix.

The probable chemical reaction by the hydration of cement with
mixing water containing NaHCO3 is

5Ca0+AlI203+2NaHCO3+11H20+Si02— CadAl2(OH)12C0O36
H20+Na2Si03+CaC03 ----(1)

CaCOg3 thus formed as byproduct, may again participate in the
chemical reaction as follows

4Ca0+6Si02+6H20+CaC0O3—Ca5(Si6018H2)4H20+H2CO3
----- @

One of the possible reasons for the retardation of setting of
cement could be the formation of tetra calcium aluminate
cabonatel2-hydrate. Continuous and significant decrease in the
compressive strength for all age samples ranging from 28-day to
2-year could be due to the formation of same tetra calcium
aluminate carbonate 12-hydrate and sodium silicate. Alkali-
silicate gel of variable chemical composition is formed in the
presence of hydroxyl and alkali-metal ions. The mode of attack
in cement mortar cubes involves depolymerization or break
down of silica structure of the sand by hydroxyl ions followed by
adsorption of the alkali-metal ions (Na2SiO3) on newly created
surface of the reaction product. Tetra calcium aluminate
carbonate 12-hydrate gel comes in contact with water and swells
by imbibing a large amount of water through osmotic process.
The hydraulic pressure so developed may lead to expansion and
cracking of the cement paste matrix surrounding the sand and
thus leading to the significant decrease in the compressive
strength. The byproduct CaCO3 may again participate in the
reaction with the cement constituent in accordance with the
equation (2) given above to form Tobermorite and carbonic acid

(H2CO3). These two byproducts may cause further
deterioration of the compressive strength of mortar

EFFECT OF STRONG ALKALINE SUBSTANCES:

The strong alkaline substances that are generally present in
water are Na2CO3 and NaHCO3. The effect of these
compounds in various concentrations in deionised water o the
initial and final setting times of cement and compressive
strength of cement mortar cubes have been already discussed
in the above sub sections. The behavior of strong alkaline
compounds is elucidated in a comprehensive manner as
follows:

Na2CO3 in deionised water accelerates the initial as well as
final setting where as other the compound NaHCO3 retards
the initial and final setting (Fig 1.0 and Fig 2.0) in all
concentrations.

Na2C0O3 and NaHCO3 in deionised water decreases the
compressive strength of mortar cubes significantly at all ages
varying from 28 day to 2- year samples (Figs 3.0 and Fig 4.0)
.Comparison of the results of strong alkaline compounds with
those of the control mix reveals that both Na2CO3 and
NaHCO3 affect the compressive strength negatively. The
negative effect goes on increasing with the increase in
concentration as well as age. Both Na2CO3 and NaHCO3 are
most critical compounds; therefore, a lot of care should be
taken if they exist in the mixing water and their concentrations
should not be more than 5 g/l in either case.

CONCLUSIONS

Based on the results obtained in the present investigation the
following conclusions can be drawn.

. Presence of Na,CO; in water in concentrations more
than 4 g/L and 10 g/L accelerates significantly the initial and
final setting respectively. Further, a concentration higher than
10 g/L results in significant decrease in compressive strength.
° Presence of NaHCOj in concentrations more than 10
g/L retards significantly the initial and final setting
respectively. Further, a concentration higher than 10 g/L
results in significant decrease in compressive strength.

. Strong alkaline substances under consideration
(Na,CO; and NaHCO,3) in water reduce the compressive
strength significantly right from the early age, thus requiring
caution in the use of wafer containing these substances.
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