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ABSTRACT

It is generally acknowledged that, after water, concrete is the most frequently employed substance on
earth. It is anticipated that the median annual consumption of concrete amounts to roughly one ton for
every individual inhabiting the earth. Several researchers have investigated the implementation of fly
ash (FA), rice husk ash (RHA), ladle furnace slag (LFS), silica fume (SF), superabsorbent polymer
(SAP), recycled fibers, and a variety of other materials in concrete as a partial replacement to enhance
its workability and mechanical qualities while making it more environmentally friendly. On the
contrary, improper damping of waste baby diapers contribute significantly to landfilling and
contaminate the natural surroundings by releasing hazardous chemical compounds and microplastics.
Therefore, the consequences of utilizing superabsorbent polymers (SAP) from diapers as a sustainable
resource are investigated in this research. In addition to integrating a superplasticizer to improve the
workability of the concrete, silica fume is typically utilized to further improve its strength. In order to
make comparison among numerous experimental data involving compressive strength, split tensile
strength and flexural strength tests, a total of 72 specimens were constructed. The specimens
comprises 6 distinct ratios (0%, 0.1%, 0.3%, 0.5%, 0.7%, and 1%) of SAP. In this study, both water
curing and air curing at 28 days curing period were employed to assess the compressive strength of
concrete, which are two ordinary types of curing operations. The addition of 0.5% SAP to the
concrete mixture yields a noteworthy result for compressive strength (36.11 MPa), when cured in a
water tank. In case of air curing, 0.1% incorporation of SAP in concrete shows the optimum result of
compressive strength (37.76 MPa). On top of that, the use of SAP in concrete substantially improves
the results of flexural strength and split-tensile strength tests after 28 days curing period. Following a
similar trend of compressive strength result in air curing, 0.1% inclusion of SAP also gives peak value
(8.2 MPa) in terms of flexural strength. In split-tensile test, 0.3% replacement of SAP offers
preeminent result among all percentages. However, high dosage of SAP addition in concrete represent
a downward trend on all mechanical strength properties, which is due to generation of excess macro
voids in concrete samples.
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1. INTRODUCTION

In recent years, several materials are being used in concrete for enhancing workability, improving the
mechanical properties, also preventing drying shrinkage crack and leakage through the cracks
(Mohamad et al., 2017; Tsuji et al., 1998, 1999). To accelerate the hydration process for improving
the mechanical strength and workability, most researchers suggest using an internal curing agent as an
additive to concrete (Chindasiriphan et al., 2020; Mohamad et al., 2021). Super-absorbent polymer
(SAP) is one of the most effective material used as an internal curing agent and self-healing additive
because SAP can absorb a large amount of water/fluid relative to their own mass and thus SAP could
effectively expedite the wi/c ratio and hydration process of concrete mix. Previous studies have
demonstrated that the incorporation of a super-absorbent polymer as an admixture leads to an
enhancement in mechanical strength (Bentz et al., 2002; Gao et al., 1997). The principle applications
include the use of SAP as an internal curing admixture to mitigate self-desiccation, to reduce
autogenous shrinkage in low wi/c ratio environment and induce self-sealing/healing of cracks, as a
consequent improving the mechanical properties of concrete (Jensen and Hansen, 2001, 2002; Wong,
2018).Waste diaper has major negative impact on environment as it is responsible for 2% to 7%
global solid wastes production (Arena et al., 2016). Super-absorbent polymer is one of the key
ingredients in baby diapers. Thus, SAP from waste baby diapers can be used in concrete, which can
increase concrete’s mechanical properties (Mohamad et al., 2017, 2021). In this study, concrete’s
compressive strength, flexural strength and tensile strength are evaluated.

2. METHODOLOGY

2.1 MATERIALS

The materials employed in this study Fig 1 encompass super-absorbent polymer (SAP), silica fume,
polycarboxylate ether, Ordinary Portland cement (OPC), coarse aggregate, and fine aggregate. SAP
was collected from waste baby diapers. Silica fume, which is a by-product of the smelting process in
the silicon and ferrosilicon industry. A superplasticizer called polycarboxylate ether used as a water
reducing agent. Sylhet sand was used as fine aggregate and 20mm downgraded stone chips were used
as a coarse aggregate. Particle size distribution of fine and coarse aggregate were showed in Fig 2.
The research was carried out by making 72 specimens of 6 different batches to verify the mechanical
properties (compressive strength, split-tensile strength, flexural strength tests) of concrete. Two
different curing method (air curing and water curing) was carried out to check the variation in
compressive strength data. The mix design was based on the ACI 211.1-91 standard. Mix proportions
used for each batch are shown in Table 1.
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Super-absorbent polymer Silica fume Superplasticizer

Fig 1: Materials used in this study

Table 1: Mix proportion

Fine Coarse Silica Super Super-absorbent
SI. No. Cement Aggregate  Aggregate Water Fume plasticizer Polymer
kg/m® kg/m?® kg/m?® kg/m?® kg/m?® kg/m % kg/m®
1 404 779 1052 149.5 0 4.04 0 0
2 363.22 778.15 1050.89 149.32 40 4.04 0.1 2.39
3 362.45 776.44 1048.67 149.01 40.27 4.03 0.3 7.17
4 361.68 774.73 1046.45 148.69 40.19 4.02 0.5 11.95
5 360.91 773.03 1044.24 148.38 40.10 4.01 0.7 16.72
6 359.76 770.47 1040.91 147.9 39.97 4.00 1 23.89
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Fig 2: Particle size distribution curve of fine and coarse aggregate.
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2.1.1 Superabsorbent Polymer

In this research, Superabsorbent polymer was collected from 0-2 years infant diaper (only urine
contained diaper) and no mechanical device was used for the separation of SAP from waste diapers.
The separation process was accomplished manually as shown in Fig 3. Superabsorbent polymer was
collected from Waste diapers by cutting them sidewise using scissor. While cutting diaper or
collecting SAP using hand gloves & face mask is mandatory for safety purpose. Fig 4 shows the 3D
morphology of waste diaper.

Urine contains some chemicals, such as urea, creatinine, uric acid, etc., and pathogens. Used diapers
polymers pH is around 8 (Mohamad et al., 2019) and concrete has a pH of about 13 (Behnood et al.,
2016), which means it produces an extremely alkaline atmosphere. The result of the high alkalinity is
the destruction of all viruses, bacteria, and pathogens (Farrell et al., 1974; Karimi et al., 2020; Randall
etal., 2016).

2.2 Mixing Procedure

For this study , the hand mixing technique was used in accordance with Bangladesh's preferred
procedure, which complies with C192/C192M-19 for control specimen. Appropriate amount of
cement, sand and silica fume were mixed thoroughly. After that, coarse aggregates were being mixed
uniformly. Finally, in order to produce concrete, water that had been combined with superplasticizer
was then introduced to the dry mixture. In case of SAP mix concrete, all procedures were same, but
for uniform mixing, presoaked SAP was thoroughly mixed with coarse aggregates.

2.3 Test Detail

2.3.1 Slump (workability) test

Slump test was carried out according to ASTM-C143 to determine the workability of concrete. This
test is carried out to further identify the effectiveness of the selected w/cm ratio. A sample of freshly
mixed concrete is put into a cone-shaped mold (100 x 200 x 300 mm) and pressed down with a rod.
The mold is lifted, and the concrete is left to settle. The slump of the concrete is the vertical distance
between the original and new position of the center of the top surface of the concrete.
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2.3.2 Mechanicsl strength tests

For evaluating mechanical properties of concrete three tests, which were compressive strength test,
split-tensile strength test, flexure strength test, were conducted according to ASTM-C39, ASTM-
C78/C78M and ASTM-C496/C496 respectively. A (100x100x100) mm cube molds showed in Fig
5(a) were used to perform compressive strength test for a curing period of 28 days. Two different
curing method which are air curing and water curing, were adopted to demonstrate the variation in
compressive strength. Flexural strength test of concrete was conducted with prismatic cubic concrete
beams of (100x100x450) mm sizes as shown in Fig 5(c). To operate split-tensile strength test,
according to ASTM-C496, cylindrical specimen of (150x300) mm sizes as shown in Fig 5(b) were
used. Both the flexural strength test and the split-tensile strength test were conducted after placing the
specimens to the water-tank curing procedure for a duration of 28 days. Failure patterns of all test
specimens are shown in Fig 6.

(b)
Fig 5: SAP incorporated specimens tests (a) Compressive strength, (b) Split-tensile strength, (c) Flexural
strength

(©)

Fig 6: Fracture patterns of one of the samples (a) Compression, (b) Split-tensile, (c) Flexure
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3. RESULT AND DISCUSSION

3.1 Workability

Concrete workability stands for the fundamental property of concrete that has just been mixed that
governs its ability to be blended, applied, set, and completed in a consistent and simple method. The
wi/c ratio has a substantial impact on the workability of concrete and is directly proportional to that
property. In this investigation, the incorporation of 1% SAP into concrete increased its workability by
12.2%. Fig 7 represents the linear increase in workability as the SAP dosage increases in concrete.
Addition of SAP in concrete changed the workability and rheological properties of concrete (Jensen
and Hansen, 2002). (Mohamad et al., 2017) found an increasing result in workability after combining
SAP with concrete.

125

0% 0.1% 0.3% 0.5% 0.7% 1%
Polymer content

Fig 7: Slump of SAP mixed concrete

3.2 Compressive Strength.

Fig 8(a) represents the 28 days compressive strength of all 18 cubes of six different batches (control,
0.1%, 0.3%, 0.5%, 0.7% & 1%). For each batch the average of 3 concrete specimens were used in
determining the result. From table 2, it is found that 0.5% inclusion of SAP with concrete gives
promising result for compressive strength of 36.11 MPa, whereas the control concrete specimen
attains a compressive strength of 34.83 MPa. With the incorporation of 0.1% & 0.3% SAP there was a
slight increase in compressive strength which are 35.20 MPa & 35.57 MPa respectively. Beyond 0.5%
addition of SAP in concrete, there is a rapid decrease in the compressive strength and 1% replacement
of SAP shows the lowest compressive strength among all percentages (20.21 MPa). Fig 8(b)
represents the 28 days compressive strength of specimens which were being cured in air at room
temperature 25+2°. The highest strength was found in 0.1% mix proportion with strength of 37.76
MPa. The compressive strength of control concrete for air curing was found to be almost as same as
water tank curing (34.47 MPa). However, beyond 0.1% inclusion of SAP in concrete, the compressive
strength followed a descending trend where 0.3%, 0.5%, 0.7% & 1% replacement of SAP gives
compressive strength of 23.50 MPa, 19.39 MPa, 14.73 MPa & 14.39 MPa respectively.

The variation of compressive strength for different percentages are because the overall effects depend
on several factors. Firstly, addition of SAP improves the hydration, reduce autogenous shrinkage-
induced cracking which is responsible for increasing the strength relative to the control concrete.
Secondly when SAP releases absorbed water for further hydration, it shrinks & produce macro voids
which leads to a decrease in strength. Therefore, incorporation of high dosage of SAP in concrete
could lead to major reduction in compressive strength of concrete due to the formation of excess
macro voids (Jensen and Hansen, 2002.; Hasholt et al., 2012; Igarashi and Watanabe, 2006).
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Fig 8: Compressive Strength at 28 days (a) Water-tank curing, (b) Air curing

3.3 Flexure strength test

From Fig 9, the optimum value of flexural strength is found for 0.1% SAP incorporation (8.2 MPa)
followed by control mix of flexural strength of 7.82 MPa. However, addition of SAP more than 0.1%,
a negative trend in flexural strength was observed. All other results are shown in table 2. Dang et al.,
2018 also observed that the addition of SAP in a low volume increases the flexural strength,
nevertheless, by increasing the volume of SAP in concrete leads to reduction in strength. This strength
reduction is because, pre-absorbed SAP formed quite a few detrimental holes in concrete, which is
responsible for decrease in strength.
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Fig 9: Flexural strength test at 28 days

3.4 Split-tensile strength test

Fig 10 is the graphical representation of the tensile strength of concrete specimen by replacing the
volume of concrete with different percentages of SAP. From the graph, a positive trend is observed up
to the mix proportion of 0.3%. SAP percentages of 0%, 0.1% and 0.3% gave the split-tensile strength
of 1.1, 1.15 and 1.2 MPa respectively. However, as similar to compressive and flexural strength,
further increase in the SAP percentage adversely affect the tensile strength of concrete as shown in
table 2. The tensile strength of concrete increases with the incorporation of SAP for the action of
alleviating the shrinkage-actuated cracking, however including large volume of SAP might be
responsible for generating excess amount of macro voids which tends to produce micro cracks in
concrete, consequently, reduce the tensile strength of concrete. Early researchers (Beushausen et al.,
2014; Beushausen & Gillmer, 2014; Lam and Hooton, 2005) found an improvement in tensile
strength at postliminary age. But several studies also show a negative effect on tensile strength of
concrete (Esteves et al., 2007; Mechtcherine et al., 2006).

ICCESD 2024_0670_7



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

1.4
1.2

1.0
0.8
0.6
0.4
0.2
0.0

0% 0.1% 0.3% 0.5% 0.7% 1.0%

Split-tensile, MPa

Polymer Content

Fig 10: Split-tensile strength at 28 days

Table 2: Test result of all mechanical properties

Mix proportion of SAP
0% 01% 03% 05% 0.7% 1%
Test Curing MPa
Compression Water-tank 34.83 3520 3557 3611 23.13 20.11
Compression Air 3447 37.76 2350 19.39 14.72 14.39
Flexure Water-tank ~ 7.82 8.20 7.21 5.81 5.59 5.38
Split-tensile  Water-tank 1.1 1.2 1.2 0.9 0.9 0.8

Fig 11: Morphology of the macropores developed by SAP inside hardened cement grouts (Karimi et al.)

4. CONCLUSIONS

1. Workability has increased by incorporation of super-absorbent polymer in concrete.

2. Compressive strength of concrete has improved by adding super-absorbent polymer in both water
curing in tank and air curing. In water-tank curing and air curing, the peak values of compressive
strength was found at 0.5% and 0.1% of SAP incorporations, respectively. In both curing
methods, the lowest strength was found in mix proportion of 1%.

3. The optimum result in flexural strength test was found in 0.1% SAP inclusion, following the
similar trend of compressive strength in air curing.

4. In split-tensile strength test, 0.3% incorporation of SAP give maximum value among all
percentages.

5. Overall studies summarize that, including high dosage of SAP in concrete can lead to reduction in
strength of concrete due to presence of excess macro voids when SAP volume decreases concrete
with internal water release. However, 0.1% of SAP addition shows promising result in all types of
tests.
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