o\

R, | ISET - International Journal of Innovative Science, Engineering & Technology, VVol. 09 Issue 04, April 2022
( I,]ISI-,M )
i Y ISSN (Online) 2348 — 7968 | Impact Factor — 6.72
S
WWww.ijiset.com

Influence of Sodium Alginate on Fresh and
Hardened Properties of Concrete

Abdulelah Shallah Aljohani® *, Abusamra Awad Attaelmanan Yousif" 2",
'Civil Engineering Program, Albaha University, AlBaha, Saudi Arabia; “Dept. of Civil Engineering Omdurman
Islamic University, Omdurman, Sudan.
*Correspondence: aaljohani@bu.edu.sa (Abdulelah Shallah Aljohani, Assistant Professor, Civil Engineering
Program, AlBaha University, Albaha, Saudi Arabia).
**Correspondence: Ayousif@bu.edu.sa (Abusamra A. A. Yousif, Assistant Professor, Civil Engineering Program,
AlBaha University, Albaha, Saudi Arabia).

ABSTRACT

Concrete is the most widely used material in the world with a production of about a billion tons
annually, it is also the most used material in construction as it forms the basis of infrastructure.
This study fixes to produce good-quality concrete using available materials in the local markets
in Sudan. The paper is used to design trial concrete mixes by replacing the sodium alginate in
different proportions of the cement weight. As for the basic reference, concrete mix is made
without adding alginate denoted by Sample 1, and concrete mixes by adding sodium alginate
with proportions (5%, 7.5%, and 12.5%) were denoted by Samples 2, 3, and 4. Laboratory tests
were conducted for the constituent materials of concrete (cement, coarse aggregate, and sand)
and tests for fresh and hardened concrete were also carried out. It should be concluded that the
replacement of the alginate by 7.5% (Sample 3) is considered to be better in compressive
resistance compared to the other samples. By increasing alginate content by more than 7.5%, the
workability of concrete increases, but the compressive resistance decreases. From regression
analysis using proposed equations, it was found an excellent correlation between alginate content
(up to 10%) and compressive strength. It is not recommended to use alginate with a content of
more than 17.5 % in concrete mixes because the concrete tends to lose its resistance.

Keywords: Sodium alginate, Samples, concrete mix, compressive strength, and regression
analysis

INTRODUCTION

The progress of nations is measured by the development of construction materials, and it is also
measured by the extent to which these materials fulfil the necessary and recreational needs of
their people. Concrete is the basic construction and architectural material and its improvement
reflects the development of engineering thinking and design. For concrete to reach its current
form, which makes it in the first rank as construction and architectural material, it has gone
through several stages in the industry. It is a modern material in terms of industry and
construction, but it has deep origins throughout history. Alginate is a grain of salt from seaweed,
and the main component is the salt of alginate with sodium or potassium. Calcium sulfate is
responsible for the formation of gelatin. It also contains substances that delay or slow down the
formation of gelatin, such as potassium sulfate and carbonate. The rest of the ingredients are
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additional materials to increase the hardness of the gelatin. Alginate is obtained in powder form,
either in one package or small packages. If it is in one package, it must be kept well closed to
prevent it from absorbing moisture from the air. Different previous works will be introduced to
obtain the impact of alginate in combination with other admixtures on the properties of various
types of concrete such as ordinary concrete, lightweight concrete, self-compacting concrete,
high-performance self-consolidating concrete, polymer concrete ...etc.

The first work concentrates on using Nano-alumina produced from factory waste to promote the
efficiency and mechanical properties of fresh and hardened self-compacting concrete. Nano-
alumina will open a new area for practical application and suggestions for future studies.[1]

The second work introduces using different proportions of sodium alginate, micro-silica, Nano-
silica micro, and Nano stone resin to improve the properties of hardened self-compacting
concrete. The results obtained were graphically presented for the mechanical properties of
concrete. [2]

The third study investigates the influence of adding alginate and ballast fiber on the compressive
resistance of the polymer concrete which is exposed to varying room temperatures. It was
noticed that basalt fiber and alginate reduces the compressive resistance of the polymer concrete,
but the resistance to high temperatures is improved. [3]

The fourth work concentrates on the utilization of alginate and ballast fiber on the compressive
strength of reinforced concrete which is exposed to a high temperature between 100- 180 °C. It
was noted that the compressive resistance slightly decreases when the temperature is not
controlled under room temperature. [4]

The fifth work introduces the effect of sodium alginate as an accelerator on the hydration of
cement which contains calcium aluminate. It was observed that alginate enhances to increase
maximum heat release and strength of cement mortar. [5]

The sixth work presents the effect of adding various anti-clay agents on compressive strength,
flexural resistance of cement paste, mortar, and concrete. It was noticed that polyethylene glycol
increases the fluidity of concrete.[6]

The seventh work investigates the influence of anti-washout admixtures on fresh concrete
properties. It was concluded that the anti-washout admixtures reduce the external bleeding which
helps increase the resistance of concrete to water dilution and segregation. It was also noted that
admixtures delay the setting time. [7]

The eighth work presents the impact of steel fiber reinforcement and chemical admixtures on the
fresh and hardened properties of lightweight and self-compacting concrete. [8]

The ninth work concentrates on the impact of Arabic gum powder on the physical and
mechanical properties of concrete. It was concluded that Arabic gum increases the workability
and compressive strength but the air content decreases as gum increases. [9]
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The tenth work investigates the influence of adding lime, ballast, and marble powders as mineral
admixtures on the physical and mechanical characteristics of self-compacting concrete.[10]

The eleventh work attempts to produce self-consolidating concrete to improve rheological
properties. It was found that self-consolidating concrete has significant shrinkage because of the
reducing the volume of coarse aggregates.[11]

The twelfth work introduces the effect of non-potable water such as seawater, wastewater,
greywater, and magnetized water on fresh and hardened characteristics of ordinary concrete. It
was observed that properties were affected by the salt concentration, amount of solids, type of
treatment, and level of magnetization. [12]

The thirteenth work fixes on studying the effect of fly ash of high-calcium on some fresh and
hardened characteristics of self-compacting concrete and high-performance self-compacting
concrete. It was noticed that the utilization of fly ash powder up to 30 % will be useful for a new
concrete generation. [13]

In the fourteenth work, rubber aggregates have been replaced with various weights of aggregates,
and fly ash has been used as filler material. It was found that the rubber aggregates decrease the
compressive strength and durability. [14]

The fifteen work introduces the influence of metakaolin on the fresh and hardened properties of
self-compacting concrete. It was noted that the workability, absorption, and rheological
properties were satisfactorily obtained. The compressive resistance of self-compacting concrete
was achieved within 14 days, so it can be predicted by using various regression analysis. [15]

In the sixteenth paper, the marble powder as admixture or aggregate was used to improve the
hardened properties of ordinary concrete, self-compacting concrete, and polymer concrete. It was
noticed that the use of marble waste improves some of the hardened properties of ordinary
concrete rather than the other two types of concrete.[16]

The seventeenth work aims to investigate the influence of metakaolin of various proportions on
the workability and rheological properties of ordinary concrete. It is noted that serves as a high
water reducer admixture which enhances controlling workability. [17]

The eighteenth work introduces the effect of adding polymer in different contents on workability,
compressive strength, splitting tensile strength, absorption, and chemical resistance of concrete
mixes. It was noticed that higher polymer contents gave good durability and 2% of polymer
obtains high mechanical resistance.[18]

The nineteenth work introduces 3D concrete printing using the computer to determine the
compression and flexural resistance.[19]

The final work investigates the impact of adding alkali-activated slag on the workability,
shrinkage, and compressive strength of conventional concrete. It was noticed that the workability
improved but did not affect in compressive strength of concrete.[20]
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OBJECTIVES

This paper is aimed to study the development of the concrete industry through the use of
unconventional chemical additives and to study the effect of sodium alginate on the properties of
fresh and hardened concrete. Finally, the work concentrates on evaluating the quality of alginate
additives on the results obtained from laboratory tests.

METHODOLOGY AND EXPERIMENTAL WORKS

The methodology used in this paper is the inductive method, which depends on a set of
references and sources, and follows the experimental method represented in the tests of concrete
materials, ordinary concrete, and concrete containing alginate. Concrete resistance is influenced
by several factors, including those related to concrete components, age, resistance growth, and
curing method. There are also factors related to the manufacture of concrete from compaction or
error in the weight of materials and mixing time, so all the above-mentioned factors were fixed
and the proportions of alginate used as a percentage of the weight of cement were changed.

In this paper, many experimental works were carried out, which included the sieve analysis of
the aggregates, abrasion, sand impurities, specific weight, and absorption. Also, some
experiments were conducted on cement, which includes the standard water ratio, setting time,
and fineness. Also, several concrete mixes were designed by adding alginate in proportions (0%,
5%, 7.5%, and 12.5%). The compressive strength tests for concrete at various ages were 3, 14,
21, 28, and 56 days respectively.

MATERIAL TESTS RESULTS

The initial cement tests were carried out by British Standard Specifications No. 12- 1996 which
include the standard water ratio, standard cement paste, setting time, cement fineness, and flow
test as shown in Table 1.

Table 1: Initial cement tests.

Test Name Result Requirements of BS 12-1996
Standard water ratio 29 % 26% - 33%
Standard cement paste 6 mm 4mm- 6 mm
Initial setting time 110 min No less than 45 minutes
Final setting time 440 min No more than 10 hours
Cement fineness 7% No more than 10%
Flow test 33% No less than 25%

Twelve tests were conducted to determine the compressive resistance of cement mortar by
testing standard cubes of cement mortar (70mm x 70mm x 70mm) and they are mechanically
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compacted with a standard vibrating machine. The results of these tests were summarized for the
standard sample 1 and sample 2 at various ages of 3-day and 28-day as shown in Table 2.

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 04, April 2022

Table 2: Results of average compressive strength of mortar cubes after 3 and 28 days.

Sample ID | Alginate Content Age Average crushing | Average Compressive
load, kN Strength, MPa

3 day 181 37

le 1 0%
Sample ’ 28 day 299 61
3 day 196 40

S le 2 5%
ampre ’ 28 day 319 65

A sieve analysis test for aggregates which is suitable for use in concrete mixes was conducted to
give good workability of concrete mix and hardened concrete with the required compressive
strength as shown in Table 2. Figure 1 illustrates the granular gradient of the coarse aggregates.

Table 2: Sieve analysis results for aggregates.

Retained weight

Passing weight

Percentage of

Sieve size )
(mm) © © Passing (%)
37.5 0.0 100 4.9963

28 0.0 100 4.9963
20 0.357 92.85 4.6393
14 1.708 58.67 2.9313
10 2.215 14.34 0.7163
6.3 0.671 0.91 0.0453
0.5 0.036 0.186 0.0093
0.2 0.008 0.026 0.0013
Pan 0.0013 0.000 0.000
Total weight 4.9963
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Figure 1: Granular gradient of the coarse aggregates.

A test was conducted to determine the rate of impurities in the sand and to know the suitability of
the sand used in the concrete mix, and it should not exceed 8% according to British
specifications. Table 3 summarizes the results of tests to obtain the rate of impurities, specific
gravity, absorption ratio, and abrasion value.

Table 3: Results of impurities rate, specific gravity, absorption ratio, and abrasion for

aggregates.
Test Coarse aggregates Sand
Rate of impurities - 7.6 %
Specific gravity 2.6 2.6
Absorption ratio 1.3 % 7.65 %
Abrasion value (less than 30%) 14 % -

Four samples of concrete mixes were designed with various percentages of alginate (0%, 5%,
7.5%, and 12.5%), and the quantities of constituent materials for various samples were obtained
according to British Standard specifications as illustrated in Figure 2. Dimensions of concrete
cubes were taken as (150 x 150 x 150 mm).
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Figure 2: Quantities of constituent materials for different samples of concrete mixes.

Slump and compaction tests were also carried out to measure the concrete consistency so that the
largest nominal size of the aggregates does not exceed 40 mm, and the tests should be carried out
immediately after the mixing process. The results of the slump tests and the compacting factor
were summarized in Table 4.

Table 4: Results of the slump and Compacting factor for different samples.

Sample ID | Alginate content, Slump, cm Compacting factor
% %

Sample 1 0 19.4 96.8

Sample 2 5 19.8 97.9

Sample 3 7.5 20.2 98.1

Sample 4 125 22.1 97.5

The compression test was carried out for 60 cubic samples at different ages of 3, 7, 14, 21, 28,
and 56 days to find the compressive strength of hardened concrete that contains different
percentages of alginate. The results of the tests were summarized as shown in Table 5. The
comparison of compressive strength for different samples is illustrated in Figure 3.
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Table 5: Comparison of average compressive strength for samples of various Ages.

Figure 3: Comparison of average compressive strength of different concrete samples at various

ages.

Sample ID Alginate Age Average Failure Load, Average Compressive
Content % kN Strength, MPa
3 day 720 32
7 day 788 35
14 day 833 37
Sample 1 0% 21 day 923 41
28 day 990 44
56 day 1125 50
3 day 743 33
7 day 833 37
14 day 878 39
Sample 2 5% 21 day 945 42
28 day 1035 46
56 day 1170 52
3 day 788 35
7 day 878 39
14 day 923 41
Sample 3 7.5% 21 day 968 43
28 day 1103 49
56 day 1238 55
3 day 383 17
7 day 473 21
14 day 540 24
Sample 4 12.5% 21 day 630 28
28 day 675 30
56 day 788 35
, 60
[a
E 50 /
£ R / —
@ 40 —
o %
q:; 30
‘2 20
CILJ
Q.
£ 10
S
0
3 day 7 day 14 day 21 day 28 day 56 day
Age
—«—Samplel —e—Sample2 —e—Sample3 Sample 4

32


http://www.ijiset.com/

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 04, April 2022
ISSN (Online) 2348 — 7968 | Impact Factor — 6.72
www.ijiset.com
Microsoft Office Excel software was applied for the regression analysis compression resistance
of the four mentioned samples. Different relationships between alginate content and compressive
strength at ages 21, 28, and 56 days respectively were established as illustrated in Figures 4- 6.

Aligante content vs. Compressive strength after 21-day age

= NN W
v O U1 O

Compressive streng
n o

y =-0.2133x? + 1.6821x + 40.654

0 2 4 6 8 10 12 14
Alginate content (%)

Figure 4: Regression to fit the Best Curve for alginate content and compressive strength after 21-
day age.

Aligante content vs. Compressive strength after 28-day age
60

50 -
40
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Compressive strength (MPa)

y =-0.28x? + 2.4692x + 43.442

0 2 4 6 8 10 12 14
Alginate content (%)

Figure 5: Regression to fit the Best Curve for alginate content and compressive strength after 28-
day age.
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Aligante content vs. Compressive strength after 56-day age
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Figure 6: Regression to fit the Best Curve for alginate content and compressive strength after 56-
day age.

The proposed equations from the regression analysis are very useful for determining the concrete
compressive strength of the different alginate proportions. Thus it is applicable to predict the
compressive resistance of the alginate proportions that were not considered in mixes design. The
compressive resistance of concrete was calculated again using regression analysis equations for
the ages of 21, 28, and 56 days as shown in Figure 7.
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Figure 7: Values of compressive strength after 21, 28, and 56 days vs. alginate content using
proposed equations by regression analysis.
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DISCUSSION

It was concluded that initial cement tests which include standard water ratio, standard cement
paste, setting time, cement fineness, and flow test satisfied the requirements of BS- 12. It may be
noticed that the compressive resistance of cement mortar by adding alginate content with 5%
(Sample 2) increases compared with the reference mix (Sample 1). It was also concluded that
coarse aggregates were well graded which enhance improving the compressive resistance of
concrete mixes. It was noted that the sand impurities and abrasion rate of coarse aggregates
complied with British Standard specifications. It may also be noted that the results of the fresh
concrete consistency tests were suitable for the various samples. The results of the compression
tests for the samples were made for different alginate contents (0. 5, 7.5, and 12.5%) and it was
observed that the maximum compressive strength obtained at 7.5% of alginate content at the 56-
day age as illustrated in Figure 3. From the results of regression analysis using the proposed
equations, it was not recommended to use sodium alginate with a content of more than 17.5 % in
concrete mixes because the concrete loses the compressive resistance as illustrated in Figure 7.

CONCLUSION

The conclusion was outlined in the following points. Sample 3 (7.5% of alginate) gave the
maximum result of compressive strength at the 56-day age compared with the other samples. It
was noticed that the compressive strength of Sample 4 was decreased by about 30% compared
with the reference Sample 1 which means the addition of alginate does not give a big
amendment in resistance. From the regression analysis, there was an excellent relationship
between alginate content (up to 10%) and compressive strength.

RECOMMENDATIONS

Recommendations of the study include the following points. Sodium alginate can be added up to
17.5% in concrete mixes for landfill and plain concrete works to reduce the amount of cement
used. It can also be added at a proportion ranging between (2.5 to 10%) and (12.5 to 15%) in
concrete mixes for reinforced concrete buildings that are exposed to high and moderate loadings
respectively. Since alginate is considered seaweed product, it is recommended to establish a
factory for manufacturing in the Red Sea State in Sudan.
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