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Abstract— This study is aimed at investigating the effect of
strong alkalines in water on compressive strength of admixture
cements. The admixture cement cubes were cast with deionised
water and deionised water containing the strong alkalines of
Na,CO3; and NaHCO3. In the present study, the effect of strong
alkalines such as Carbonates and Bicarbonates of Sodium on
setting time and strength development is assessed under the
laboratory condition. The results shows Na,CO; in deionised
water accelerate the initial and final setting times where as the
other substance NaHCO; retards the initial and final setting
times in all the concentrations. Both Na,CO3; and NaHCO; in
deionised water increase the strength at early age (3-day and 7-
day) and decrease significantly at 28-day, 60-day and 90-day. In
the present work analysis, the hydration characteristics of the
admixture cements using the techniques of X-ray Diffraction
analysis and useful conclusions are obtained regarding the
influence of strong acids.

Key words: strong alkalines (Carbonates and Bicarbonates of
Sodium) and Biological Substances (Algae), (Pozzolana Portland
Cement + 10% Silica Fume), Water, Compressive Strength, Setting
Time, X-Ray Diffraction, best fit curve.

I INTRODUCTION
The impurities in water play a major role in application of
concrete. In the present study, the effect of strong alkalines
(Carbonates and Bicarbonates of Sodium) and biological
substances (Algae) on setting time and compressive strength
of natural admixture cement is assessed under laboratory
conditions. The research programme included tests of
soundness, setting times and compressive strength of short
term and long term. In this research, the admixture cement
cubes were cast with deionised water and deionised water
containing the strong alkalines (Na,CO3; and NaHCO3). Using
cubes of specimens of 50cm2 face areas and mix ratio 1:3 by
weight, 10% silica fume was added by weight. The quantities
of cement, silica fume, standard sand and mixing water for
each cube are 180gm, 20gm, 600gm and (P/4 +3). Where P is
percentage of water required to produce a paste of standard
consistency (IS 269-1976). As the experimental results shows
that Na,COs in deionised water accelerates the initial and final
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setting times where as the other substance NaHCOj; retards the
initial and final setting times. Both Na,CO; and NaHCO; in
deionised water increase the strength at early age (3-day and
7-day) and decrease significantly at 28-day, 60-day and 90-
day. The biological substances (Algae) in deionised water
accelerate both initial and final setting times. Algae in
deionised water upto 915cells/mL there is a nominal change in
compressive strength at early age (3-day). Beyond
915cells/mL there is a significant change in the compressive
strength at early ages as well as long term 28-day, 60-day and
90-day.Comparison of the strong alkaline and biological
substances with those of control mix levels that both
carbonates and algae decrease the compressive strength. The
rate of decrease in compressive strength is with increase in
concentration. The present work analyses the hydration
characteristics of admixture cements using X-ray diffraction
(XRD) and useful conclusions are obtained regarding the
influence of alkaline and biological substances.

I OBJECTIVES:

e To examine the typical compounds responsible for such
changes in setting times and compressive strength
development of cement mortars through X-Ray
diffraction analysis.

e To build up best-fit curve and to formulate the
mathematical equation for assessing the significant
change in initial, final setting times and compressive
strength.

e To study effect of water quality on initial and final setting
times, soundness of cement and short term compressive
strength development of cement mortar.

e To plan possible chemical reactions that takes place in
hydration of natural admixture cement with chemical or
biological substances in deionised water.

1. SCOPE OF THE WORK
e To assess the effect of individual substances like
Na2CO3, NaHCO3 and Algae with different
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concentrations in mixing water on initial and final setting g, ' . Requirements of
times of cement. N Chemical requirement | Test results S 1489(0artD) 1991
e To study the effect of each of these individual substances 0. . (part-1)-
with varying concentrations in mixing water on the 1 [Magnesia (% by mass) 12 Not more than 6.0%
soundness of cement. o
e To examine the effects of these substances with different 2 |Sulphur trioxide(% by mass) 23 3
concentrations in deionised water as mixing water (in .
mortar cubes) on short term and long-term Strength 3 |Sulphide sulphur 0.26 15
ieve'ol?jme”;()f Cer;_‘:jt mortars. s of Pudrated 4 |Total loss on ignition 22 Not more than 5.0%
. o0 conduct X-ray diffraction analysis of hydrated cement ]
products, associate compounds and other compounds to 5 [Insoluble residue 245 [X+.4'09100 XO”QO] Max
draw meaningful conclusions on setting times and Xis %Pozzolanain PPC
strength development of cement. 6 [Chloride 0.022 01
e To develop mathematical relationships between the Table 4.4:_Properties of Sand
substances in mixing at versus setting times and versus 9|
strength development of cement mortar and chemical N ' Properties Unit | Results
reactions on hydration. 0. — .
Specific gravity - 2.64
IV. MATERIALS AND METHODS Bulk density kNm® | 1554
Table 4.1: Percentage Composition of the Major Compounds Present in the .
Test Cement . .
5. Name of the _ % Present in 3 |Fineness modulus before sieving - 2.72
Conversion Formula
No. Compound Cement 015 to
" Tricalcium silicate 4.07 (Ca0) -7.60 (SiO,) -6.72 51.49 4 Particle size variation mm 2.0
(3C0.SI0)) | (AI,0)-1.43 (Fe;05)-2.85 (SO3) ' Loss of weight with concentrated
5 - % 0.124
R Hydrochloric acid
p | Diedcimsilicate | -, o) (Si0,) -0.754(3Ca0.Si0,) 23.37
(2Ca0.Si0,) ' v o ' Table 4.5: Characteristics of water (All values in mg/L except pH)
Sl
5 Tricalcium aluminate 265 (A,0,) -169 (Fe,0) 931 No. Parameter Concentration
(3 Ca0.Al,03) 1 oH 6.8
\ Te"aca'fCi“'_Tt‘ alumino 204 (o0 e 2 Total dissolved soilds 400
errite : 2,0, X -
(4Ca0.ALO, Fe,0,) 3 Al ka_l i plty 120
4 Acidity 12
Table 4.2: Physical Properties of PPC 5 Hardness 140
3" Property Result | 151489(part-1)-1991 6 Sulphates 20
0. 7 Chlorides 65
Specific Surface(m2/kg) 370 Not less than 300
Normal consistency 35% Not specified Table 4.6: Properties of Silica fume
Setting times (minutes)
3 1a) Initial 105 Not less than 30 Sl parameter Specification Analysis
b) Final 195 Not less than 600 No.
X YT
Compressive strength (MPa) 1 i/llgizsture ¥ Min 85.0 89.2
4 |a)3 day 244 Not less than 16 2 | content % Max 3.0 0.4
h) 7 day 37.3 Not less than 22 Loss on
c) 28 day 489 Not less than 33 3 ignition % Max 6.0 2.2
Table 4.3: Chemical Properties of PPC 4 |45 micron % Max 10 3
5 |Bulkdensity |500-700 Kg/m® 0.55
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V. TEST PROGRAMME

The details of the mineral and chemical admixtures used in the
experimental work are presented in Table 4.16. A total of 60
samples of standard mould used in Vicat’s apparatus were cast
and tested for initial and final setting time’s experiments. The
same number of samples of standard mould was used in Le-
chatelier’s equipment to test for soundness. A total of 420
mortar cubes of 50 cm2 cross-sectional area were tested at
different ages (3-day, 7-day, 21day, 28-day, 60day and 90-
day) for compressive strength. For entire experimental
programme altogether 480 samples were casted and tested.
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Table 5.1: Details of Test Programme

No. of Ng. of No. of
Sl . specimens Specimens specimens for
Constituent . for . Total
No for setting compression
times test soundness test
test
1 PPC 3 3 3x6 24
2 | PPC+10%SF 3 3 3x6 24
PPC+10%SF+
3 1gm/I Na,Cos 3 3 3x6 24
PPC+10%SF+
4 2gm/l Na,Co, 3 3 36 24
PPC+10%SF+
S 4gm/l Na,Co; 3 3 3x6 24
6 PPC+10%SF+ 3 3 3x6 "
10gm/I Na,Cos
. PPC+10%SF+ 3 3 3x6 ”
20gm/I Na,Co,
8 PPC+10%SF+ 3 3 3x6 "
1gm/l NaHCo,
PPC+10%SF+
° 2gm/I NaHCo, 3 3 3x6 24
PPC+10%SF+
Y 4gm/I NaHCo; 3 3 3x6 24
PPC+SF+
11 | 10gm/ 3 3 3x6 24
NaHCo,
PPC+10%SF+
12 20gm/I 3 3 3x6 24
NaHCo,
PPC+10%SF+
13 | Algae435Cells 3 3 3x6 24
/ml
PPC+10%SF+
14 | Algae915Cells 3 3 3x6 24
/ml
PPC+10%SF+
15 |Algae1130Cell 3 3 3x6 24
s/ml
PPC+10%SF+
16 [Algae1570Cell 3 3 3x6 24
s/ml
TOTAL 48 48 288 384

Note: SF = Silica fume, PPC = Portland Pozzolana Cement,
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VI. EXPERIMENTAL PROCEDURE

6.1 Compressive Strength

Moulds for the cube specimens of 50 cm2 face area, are of
metal not amendable, and don’t stick to cement mortar. The
sides of the mould are sufficient thick, to prevent spreading
and wrapping. The moulds are rigidly constructed in such a
manner that the removal of the moulded specimen can be
easily without damage. The moulds are machined so that when
assembled, the dimensions and the internal faces will be as per
required specifications.

During summer, when the temperature was high, the
temperature and humidity were controlled by conducting the
experiments in an air-conditioned room. Some experiments
were conducted during the night time to maintain the
controlled conditions. The temperature and humidity were
checked in the room by using thermometer and hygrometer
respectively. Since normal consistency, initial and final setting
times, soundness and compressive strength of cement are
sensitive to temperature and humidity, more or less 270C
temperature and 60% humidity were maintained throughout
the experimental work.

6.2 X-Ray Diffraction

The X-ray diffraction techniques employed for cement
provide (i) analytically - for the identification of unknown
compounds and sometimes-quantitative estimation of the
phases present in mixtures and (ii) structurally - to give
information about the composition of individual compounds
(Taylor, 1964).

X-rays, which are electromagnetic radiation with wavelengths
of about 100 pm (pieco meter — 10”-12 m), may be produced
by bombarding a metal with high-energy electrons. The
electrons decelerate as they plunge into the metal and generate
radiation with a continuous range of wavelengths called
Bremsstrahlung (Bremse is German for brake, Strahiung for
ray). Superimposed on the continuum are a few high-intensity,
sharp peaks. These peaks arise from collisions of the incoming
electrons with the electrons in the inner shells of the atoms. A
collision expels an electron from an inner shell, and an
electron of higher energy drops into the vacancy, emitting the
excess energy as an X-ray photon called characteristic or
monochromatic radiation (Warren, 1980).

e .-.m .

Fig.1: A two — dimensional representation of a lattice.
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Fig. 2: Two — dimensional representation of a lattice, showing conditions for
reflection and the method of defining planes.

VII. 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 or biological component of varying
concentrations under consideration are 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 average soundness test results of three samples
prepared with mixing water under consideration are compared
with those with deionised water. The unsoundness of the
specific sample, made with mixing water of particular
concentration, is significant if the result of Le-Chatelier's test
is more than 10 mm.

Test results of initial and final setting times, soundness and
percent change in compressive strengths of the test blocks
made with different mixing water samples and deionised water
are reported

Though all the samples made with different test solutions
either accelerate or retard significantly the setting process at
high concentrations of different compounds in deionised
mixing water, the limits for significance criteria in setting
times of all these samples under consideration are within the
range of standards specified in 1S 8112-1989. The IS code
prescribed that initial setting time should not be less than 30

www.ijert.org 38

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



minutes and final setting time should not be more than 600
minutes.

Soundness test results of all the samples made with different
concentration of test solutions of various compounds are
presented in the Tables 5.1 to 5.5. The IS 269 -1976 Code
specifies the limit for soundness that the Le-Chatelier's test
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cements. The Le-Chatelier’s test results of soundness of all
substances vary proportionately the concentration of the
substance. But this increase in variation is very meager and
less than the significant value, i.e., 10 mm and hence there is
no appreciable change in volume of the samples. All the
samples made with different test solutions of various

result should not be more than 10 mm for ordinary Portland

concentrations

are

sound

Table 7.1. Initial and final setting times, Soundness of cement and compressive strength of admixture cement (PPC+10% Silica Fume) mortar

cubes of various concentration of Alkaline Substances at different ages.

S. No Water Samples Initial setting | Final setting Soilrj]nr?]r:sss Compressive Strength in N/mm?
3day 7day 21day 28day 60day 90day
| Deionised Water 128 347 0.5 25 37 42 47 52 54
Alkaliene Substances (i)Na,Cos
g/L
1 128 337 1.0 30 42 435 475 45 36
2 109 318 25 25 37 41 47 51 54
4 98 304 35 20 36 38 46 48 53
10 80 291 40 35 42 46 52 48 54
20 69 278 45 34 41 43 44 41 48
(ii)NaHCos g/L
1 128 343 15 36 44 48 55 56 51
2 134 371 20 36 44 46 46 48 50
4 147 386 25 35 40 44 54 52 48
10 185 401 30 34 43 445 46 48 48.5
20 213 413 4.0 35 41 43 45 46 47

Table 7.2 Initial and final setting times, Soundness of cement and Percentage variation of compressive strength of admixture cement

(PPC+10% Silica Fume) mortar cubes of various concentration of Alkaline Substances at different ages.

S. No Water Samples Initial setting | Final setting Soilrj]nr(rj]rxss Compressive Strength in N/mm?
3day Tday 21day 28day 60day 90day
| Deionised Water 128 347 0.5 0 0 0 0 0 0
Alkaliene Substances (i)Na,Cos
g/L
1 128 337 1.0 20 13.57 3.57 -2.13 -13.46 -33.33
2 109 318 25 0.0 0.0 -2.38 0.0 -1.96 0.0
4 98 304 35 20 0.0 9.52 -2.13 -7.70 -1.85
10 80 291 4.0 40 13.51 9.52 10.64 -7.69 0.00
20 69 278 45 36 10.81 2.38 -4.26 -11.53 -17.96
(ii)NaHCo; g/L
1 128 343 15 44 18.91 14.28 17.02 7.96 -5.55
2 134 371 2.0 44 18.91 9.52 -2.17 -7.69 -741
4 147 386 25 40 8.10 476 14.89 0.0 -11.11
10 185 401 30 36 16.22 5.95 213 -7.69 -10.18
20 213 413 4.0 40 10.81 2.38 -4.26 -11.53 -12.96
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Table 7.3. Initial and final setting times, Soundness of cement and compressive strength of admixture cement (PPC+10% Silica Fume) mortar
cubes of various concentration of Biological Substances at different ages.

NS;) Water Samples Initial setting | Final setting Sczinr?]r:ss Compressive Strength in N/mm?
3day Tday 21day 28day 60day 90day
| Deionised Water 128 347 05 25 37 42 47 52 54
Biological Substances, Algae
Cells/mL
435 140 285 1.0 23 28 32 36 37 38
915 132 270 15 21 26 28 33 36 38
1130 112 256 2.0 19 25 28 33 34 38
1570 98 235 25 18 25 27 31 32 36

Table 7.4: Initial and final setting times, Soundness of cement and Percentage variation of compressive strength of admixture cement (PPC+10% Silica Fume)
mortar cubes of various concentration of Biological Substances at different ages.

Percent Change in Compressive Strength
S.No| Water Samples Initial setting Final setting Soil;l]nr?qr;:ss
3day Tday 21day 28day 60day 90day
| Deionised Water 128 347 0.5 0 0 0 0 0 0
Biological
V | Substances, Algae
Cells/mL
435 140 285 1.0 -8 -24.32 -23.80 -23.40 -28.84 -29.62
915 132 270 15 -16 -29.72 -33.33 -29.78 -30.77 -29.62
1130 112 256 20 -24.0 -32.43 -33.33 -29.78 -34.61 -29.62
1570 98 235 25 -28 -32.43 -35.71 -34.04 -38.46 -33.35

1JERTV 315120100

CONCLUSIONS

Based on the results obtained in the present investigation
Presence of Na,COj3 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 NaHCO; in concentrations more than 10 g/L
retards significantly the initial and final setting

www.ijert.org

respectively. Further, a concentration higher than 10 g/L
results in significant decrease in compressive strength.

Strong alkaline substances under consideration (Na,CO3
and NaHCQO;) in water reduce the compressive strength
significantly right from the early age, thus requiring
caution in the use of wafer containing these substances.

Presence of algae in water accelerates significantly the
initial and final setting in concentrations more than 1130
cells/mL. Their concentration is more than 915 cells/mL
results in significant decrease in compressive strength.
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SCOPE FOR FURTHER STUDY 1.
The following aspects can be taken up for further 2.
investigation.
Similar studies can be carried out on admixture cement
. . 3.
concrete to analyse the effect of various chemical and
biological substances on the compressive strength with a
special attention on the durability of concrete beyond 2-
years. 4.
The effect of other similar substances present in water, g
which are not covered in this research, on the setting
properties of cement and strength of cement mortar can 6.
be investigated.
The effect of water bodies located at various places 7
containing unique compounds can be studied to develop
standards and limitations on the use of such waters in 8.
cement construction.
Similar studies can be carried out on other engineering 9.
properties of cement mortar like tensile strength and
shear strength. 10.
Formation of lattice structures of hydrated cement — ;
compounds need to be investigated with spiked neutral 12.
salts, alkaline and acidic substances by using X-ray
diffraction analysis. 13.
14.
15.
16.
17.
18.
19.
20.
21,
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.
33,
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