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Abstract

The increasing research interest in the reuse of waste plastics have
presented vast potentials for improving concrete properties and
contributing to sustainable concrete production. This work studied the
sorptivity behaviour of grades M25 and M50 concretes prepared using
pulverised high density polyethylene (HDPE) immersed in 20%
hydrogen peroxide as treatment. As an additive, the pulverised HDPE
was added to the concrete at 0 %, 0.25 %, 0.5 %, 0.75 %, and 1 % based
on cement weight. The concrete had been made with 150 mm? steel
moulds using mix design method. A superplasticiser -Hydroplast-500,
was used in the mixes. For the grades M25 and M50 concretes,
respectively, 0.4 and 0.36 water/cement ratios had been selected to
represent medium and high strengths concretes after 7, 28, and 90-day
periods of water cure. After being taken from the water and dried, the
concrete cubes underwent a sorptivity test. Results obtained indicated
that incorporation of treated HDPE to the concrete reduced its
sorptivity up to 59 % and 64.5 % respectively for grades M25 and M50
concretes due to the admixture's existence in the mix. The study
recommends concrete prepared with 1 % HDPE by weight of cement
for use in water retaining structures, drainage systems and
constructions where damp is a challenge to existing infrastructure.
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1. Introduction

Concrete, according to Tosi¢ et al., is a relatively new construction material when compared to
earth, stone, timber, and steel but is considered the most extensively utilised universal substance
in order to construct [1]. According to Global Cement and Concrete Association [2], 140 billion
cubic metres of concrete was used in the year 2020 alone. The increasing application of concrete
for construction purposes is attributed to the growing human population requiring more
infrastructure, its contribution to social and economic progress as well as environmental protection
[3], [4]. According to Paul [5], additional benefits of using concrete for construction include its
affordability and availability, ability to be formed into a variety of shapes, energy efficiency,
excellent resistance to water and fire, environmental friendliness, and compatibility with steel. The
aforementioned benefits of concrete calls for more than cursory understanding of its properties and
how to improve its performance [6]. Concrete has demonstrated to be a practical disposal method
for industrial byproducts like silica fume, powdered granulated blast furnace slag, fly ash as well
as similar potentially harmful substances, according to Rutkowska et al. [7], with good promise of
improving the properties of concrete and promoting sustainability. It is against this backdrop that
research and development in construction materials which are environmentally friendly,
structurally safe, with adequate durability and acceptable mechanical performance, becomes the
focus of researchers in the 21st century [6]. By utilizing this technique, concrete can be made with
a good possibility of reducing waste and pollution while also conserving energy and water [8].
One of three concrete durability index tests is the water sorptivity index (WSI) test and it gauges
the speed at which a wetting front moves through concrete while being drawn up by capillaries
[9]. Since the majority of deteriorations related with concrete are caused by water intrusion, the
simplicity with which liquids and gases can get into and make their way through the concrete has
a significant impact on its durability [10]. Similar to this, the effectiveness of concrete in hostile
situations depends significantly on the pore system's ability to be penetrated, which is mostly
managed by capillary absorption [11]. Plastic materials which are organic materials of high
molecular weight made from resins, plasticisers and pigments are fast replacing other building
materials such as glass, wood and ceramics because of their low cost and accessibility, low
maintenance and weight, and the ease with which they can be shaped, especially in their plastic
state [11], [12]. Interestingly, plastic waste accounted for approximately 275 million tons of solid
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trash out of a total of 2.5 billion metric tons created worldwide [13]. According to United Nations
Environment Report [14], just 9 % of plastic trash is reclaimed, 12 % is burned, and the other 79
% ends up in dumping sites and surroundings. For instance, plastic usage in Nigeria, has steadily
grown by 5 % per capital yearly in the past 10 years, rising to 6.5kg (2017) from 4.0 kg (2007)
and being projected to be over 7kg by the year 2020 [13]. Such quick development has been
credited to the acceleration of industrialisation and the quick rise in living standards [15].
Literature has shown evidence through previous studies by Naik et al. [16], Anum and Job [17]
and Albano et al. [18] that post-consumer plastics could be used as admixtures in the various
concrete applications to enhance its performance. Naik et al. [16] carried out a study on the effects
of waste plastics in concrete and discovered that usage of plastics for concrete production have a
propensity to reduce the stresses induced by loading deformation and hence improves the crack
growth and propagation properties of the concrete. High density polyethylene (HDPE), a type of
plastic having a density of higher than or equivalent to 0.941g/cm?, consists of 46 % of the world's
sum of production of polyethylene, and it has unique qualities like improved heat resistance, good
impact resistance, and light weight that make it a preferred material for many engineering
applications [19], [20]. HDPE that has been recycled and ground into smaller pieces to produce a
novel substance with lower particulate sizes and increased surface area is known as pulverised
HDPE [21]. Soliman and Elbialy have compared the thermal resistance of HDPE with other three
materials as recycled materials mixed with cement and sand for producing cladding tiles to
improve the thermal resistance of building envelops, the result of this experiment proved that the
HDPE is the best materials in terms of thermal resistance [22]. Pulverised HDPE in concrete forms
a mixture of materials made of a matrix made of cement and admixed with high-density
polyethylene material in either ordered or random placement. A previous investigation carried out
by Anum and Job [17], Albano et al. [23] have convincingly confirmed that pulverised and
chemically treated high density polyethylene substantially improved some properties of the
modified concrete such as its strengths and behaviour at elevated temperatures. A separate study
by Drochytka et al. [24] suggested that water-proofing admixtures could be used to enhance the
pore system and durability of concrete. This study is therefore an effort to examine the influence
of water sorptivity on HDPE concrete. The study has potential for creating an environmentally

safe and sustainable concrete for use in civil engineering and building projects.
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2. Materials and Methods

2.1. Materials
2.1.1 Binder Material

“BUA” brand, ordinary Portland cement grade 42.5R with properties conforming to (American
Society for Testing and Materials) ASTM C 150 [25] was used throughout this study. Preliminary
tests were performed on the cement to ascertain its suitability for the experiment. Specific gravity
was measured to be 3.15, consistency of the cement was measured to be 30 % and the bulk density
of 1140 kg/m®was found. The compressive strength of 46 N/mm? was recorded at 28 days cure in
water, the setting times were found to be 60 and 320 minutes, respectively for initial and final

setting times.
2.1.2. Aggregates

Sand from river, belonging to zone one (1) and to pass a (British standard) BS 4.75mm sieve was
utilized as the fine aggregate in this investigation. 20mm machined crushed rock was used as
coarse aggregate. According to the guidelines of BS EN 12620 [26], the laboratory evaluation of
the aggregates' appropriateness for the experiment was completed. It was determined that the river

sand and crushed rock had specific gravities of 2.66 and 2.62, respectively.
2.1.3. Admixtures

The main admixture used for the experiment was pulverised high density polyethylene (HDPE)
that came from Jimeta - Yola, Adamawa State of Nigeria. The pulverised HDPE was used in
powder form. A superplasticiser (Hydrosplast -500) was also included to enhance the mix's
workability and was compliant with ASTM C494/C494M [27]. The HDPE specific gravity

wasl.03, 0.55 % moisture level including water absorption of 0.067 %.
2.1.4. Water

Water used throughout the experiment for both mixing as well as sample curing was clean water
that complies with the provisions of ASTM C1602/1602M [28].
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2.2. Methods

2.2.1. Specific Gravity Determination of HDPE

According to the guidelines of BS EN 1097 [29], the substance’s specific gravity was evaluated
using a pycnometer process. Samples used were initially kept for 24 hours in the oven at 50°C.
SPG (specific gravity bottle)/pycnometer was thoroughly dried before being weighed (M1).
Unscrewing the cap, dried samples from the oven were added to it, and (M2) was used to measure
weight. The SPG container with the samples was full of water until it reached the predetermined
mark, and then it was weighed again after being cleaned with cotton towel (M3). Without the
HDPE, SPG bhottle was fully loaded with kerosene till it reached the position, then weighed (M4).
Using the expression presented in equation (1), the specific gravity of the pulverized HDPE was
calculated.

Mz—My
(M3—Mz)—My—M,

Specific gravity = x1 (@D)]

2.2.2. Workability of the Modified Concrete

According to guidelines set in BS EN 12350-2 [30] and BS EN 12350-4 [31], the compaction
factor and slump tests were performed on the fresh mix of concrete to ascertain its workability.
The findings obtained showed that the rise initially in HDPE content was typically identical to the
control mixture up to a maximum of 0.5 % HDPE, then steadily fell both in slump/compaction
factor as demonstrated by Anum et al. [23], and illustrated in Table 1. The aforementioned authors
claimed that this pattern was caused by HDPE's closed cellular system, which has a limited
capacity for absorbing water (about 0.067 %) and hence is unable to appreciably change the slump
of new concrete. The irregular forms of the HDPE, which cause weak fluidity, were responsible

for the further drop in slump beyond 0.5 % HDPE concentration.

2.2.3. Density of Concrete

The study's concrete sample had densities that ranged from 2390 to 2700 kg/m3. These values fall
within the 2200-2600 kg/m3 density range that is designated as the density for regular weight

concrete [32]. Further observation revealed that densities rose with curing age and fell with
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compared to aggregates, which causes the density of the concrete to decrease.

Table 1. Workability of the HDPE Concrete

Concrete Quantity of Value of Slump Compacting Factor Degree of
Grade Admixture (%) (mm) workability
Mzs 0 110 0.96 maximal

0.25 110 0.95 Maximal
0.5 100 0.94 Average
0.75 100 0.93 Average
1.0 85 0.92 Average
Miso 0 125 0.98 maximal
0.25 125 0.96 Maximal
0.5 120 0.95 Maximal
0.75 120 0.95 Maximal
1.0 115 0.95 Maximal

2.2.4. Preparation and Treatment of HDPE

After collection and sorting, the HDPE plastics were cleaned and mechanically reduced in size to
pass the 2 mm BS sieve. The pulverised HDPE underwent chemical treatment by being submerged
in saturated 20 % hydrogen peroxide solution for 30 minutes as reported by Anum and Job [17].
The treatment is expected to modify the surfaces of the plastics through improved surface energies,
wettability and improved adhesion to cement paste, Naik et al. [16]. Following treatment on the
admixture sample, test of sieve analysis was carried out on the ground-up HDPE powder as

illustrated in Figure 1(a).

] . — B ;
Figure 1. (a) HDPE Powder and (b) Casting and Vibration of Concrete Cubes using Hand Vibrator
Source: Laboratory experiment
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The concrete samples were produced using 150 mma3 steel moulds as depicted in Figure 1 (b), and
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2.2.5. Specimen Preparation

the sample cubes were produced to the requirements of BS EN 12390-3 [33]. The experiment
adopted the method of mix design for all mixes. The amount of materials utilized per cubic meter
of concrete is displayed in Table 2 [17]. Grades 25 and 50 of concrete, which represent medium
and high strengths, respectively, were the subjects of the investigation. HDPE that had been finely
ground was added to the samples at 0 %, 0.25 %, 0.5 %, 0.75 %, and 1 % based on cement weight.
Over the course of the experiment, dosages of hydroplast-500 in the range of 1000 ml per 50 kg
by cement weight were used, as advised by the producers, to improve the workability of the
mixture. For the required workability in the grades 25 and 50 concrete, the water/cement ratios

were 0.4 and 0.36, respectively.

Table 2. Materials Utilized (Kg)/ M3 of Concrete

Material (Kg) Pulverised HDPE
Concrete Cement Sand Crushed Water Hydroplast- | 0.0% | 0.25% | 0.50% | 0.75% | 1.0%
Grades rock 500
M25 360 630 1330 145 7.2 0 0.90 1.8 2.7 3.60
M50 430 570 1330 155 8.6 0 1.08 2.15 3.25 4.30

2.2.6. Sorptivity Test on Concrete Cubes

The phenomenon by which porous materials absorbs/desorbs liquid (usually water) by capillarity
is referred to as water sorptivity and the test technique of measuring the rate of absorbency is
sorptivity test or sorptivity coefficient test [34]. The sorptivity test was performed on the concrete
cubes according to the procedure reported by Abalaka and Okoli [35], Ganesan et al. [36] and Hall
[37]. This was accomplished by timing the mass increase of the specimen with one surface in
contact with water. The specimen was first heated to a steady mass at 50 °C in oven, the sides of
the sample were covered using silicon sealant to a depth of 30mm as previously reported by
Sugapriya and Ramkrishan [38] permitting water ingress from just a single surface as illustrated
in Figure 2 (a). Consequently only a single side of the sample was immersed into 10mm depth of
water as depicted in Figure 2 (b) and (c). The original mass of the cube was measured at time O,
1minute, 2 minutes, 4minutes, 8 minutes, 10 minutes, 20 minutes, 30 minutes, 60 minutes, and 90
minutes [Figure 2 (c)], following that, samples were removed from the water and excess water was

wiped away.
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Figure 2. Coating with silicon sealant (a), Placement of cubes in basin (b) and (c) and weighing
of samples (d)
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The sorptivity, S [mm/sec1/2], was calculated using equation (2) and (3) Yang et al. [39]:

N

| =St 2
AW
= ©

Where,
t = time (minutes)
Aw = weight change (W2 — W}y
W = Dry weight (g)
W, = weight of sample after capillary suction
A = surface area (through which water penetrates)
d = water density (g/mm?)

3. Results and Discussion

3.1. Sorptivity

Figures 3 and 4 show the relationship between water sorptivity values and curing period on the
hardened concretes of M25 and M50 grades after 7-, 28- and 90-days water curing by immersion.
Results indicated that in all concrete grades studied including that of control mixes, the sorptivity
decreased with age of curing for the tested period. This pattern of sorptivity decrease with age of
curing could be attributed to the increased calcium silicate hydrate gel production within the

concrete during curing.

Results further revealed that for grades M25 concrete at 7days test, 1 % HDPE content gave the
highest percentage reduction of 41 % in sorptivity compared to the control samples. Also, at
90days curing, the modified concrete had the highest percentage reduction of 59 % in sorptivity
with the same 1% HDPE content against the control mixes. Similarly, for grades M50 concretes,
at 7days, 1 % HDPE also gave the highest percentage reduction of 50 % in sorptivity compared to
the control mixes while at 90days, a reduction of 64.5 % sorptivity compared to control samples
was recorded with 1 % HDPE content.

It was generally observed that sorptivity decreased with increase in HPDE content in the mixes.
This decrease in water sorptivity could be attributed to the improved performance in strengths of

the concrete as a result of enhanced production of reactive hydroxyl (R-OH) and hydroperoxy (R-

- JSCBE, Vol. 02, Issue 01, (2024), ISSN: 2536-0132 www.jscbe.ku.edu.bh -9-



http://www.jscbe.ku.edu.bh/

I (U JSCBEl

Journal of Sustainable Cities and Built Environment (JSCBE)

COOH) functional sites on the HDPE surfaces by the oxidising hydrogen peroxide during HDPE
treatment [17].

0.2 m 0% HDPE
0.18 m 0.25% HDPE
0.16 ™ 0.5% HDPE

0.14 M 0.75% HDPE
0.12

0.12
0.11 o1 0101 m 1% HDPE
0.1 0.09

: 0.080.08
0.08
0.06 0.04 0. 04
0.04 o 02
0.02 I

0

7

Curing Periods (Days)

Sorptivity (mm/sec 0.5)

Figure 3. Sorptivity with Curing Periods for M25 Concrete

0.18

0,
0.16 ® 0% HDPE
® 0.25% HDPE
1 0.5% HDPE
0.12
0,
0.1 0.09 = 0.75% HDPE
03008 0.08 = 1% HDPE
0.08 .07..0.07
0.06
0.04 0 03
0.02
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)
o
[E=Y
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Figure 4. Sorptivity with Curing Period for M50 Concrete
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The treatment is believed to have modified the surfaces of the plastics through increased surface
energies, increased wettability and improved adhesion, enabling them to cling to cement paste
more effectively and improving on porosity of concrete. Improved structure of the pore and non-
absorbent nature of the HDPE material (with water absorption capacity of 0.067 %) present could
be responsible for the decrease in sorptivity. The findings presented here are in line with those of
Drochytka et al. [24] that water-proofing admixtures improve concrete pores system. The results
of findings in this study were comparable to the results obtained by Karashan and Atis [40], Saika
and de Brito [41] and Silva et al. [42] who variously reported a decrease in water absorption on
concrete samples using different types of plastics fibres in concrete. It was also observed from the
results that the sorptivity values for grade M50 concretes were lower (higher resistance of the
concrete towards water absorption) compared to the grade M25. This could be obviously as a result
of the denser microstructure expected for grade M50 concrete occasioned by a lower water to

cement ratio resulting to less sorptivity.
4. Conclusion

The impact of high-density polyethylene (HDPE) admixtures on water sorptivity behaviour of
medium and high strength concrete was examined in this study. The result of the study established
that pulverisation of the HDPE into finer particles with improved surface areas and the chemical
treatment of the surfaces decreased sorptivity of the modified concrete with good promise of
improved durability of concrete. The non-absorbent nature of HDPE with 0.067 % water
absorption capacity and the enhanced covering of the plastic surfaces with reactive hydroxyl group
(R-OH) and reactive hydroperoxy functional group (R-COOH) created by the oxidising hydrogen
peroxide used in therapy may be the causes of the modified concrete's lower sorptivity. It was also
established that high strength concrete prepared with more quantity of cement and less water to
cement ratio with superior and denser microstructure exhibited higher resistance towards water
ingress into the concrete. It was concluded from this findings that treated HDPE enhanced the
resistance of concrete to ingress of water, hence improved its durability and contributes to the
environmental friendliness of the modified concrete. Based on this findings, the study suggested
that pulverised HDPE concrete could be of useful application in water retaining structures,

drainage systems and constructions areas where damp is a challenge to infrastructure. The study
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also recommend the use of high strength concrete in deleterious environment to increase its

Journal of Sustainable Cities and Built Environment (JSCBE)

durability. This research work has made contribution to the current body of knowledge by
identifying the benefits of chemical treatment on pulverised high density polyethylene and also
provided data and guide to practitioners on HDPE usage in enhancing durability of concrete

through decreased sorptivity.

Acknowledgement

The authors gratefully acknowledge the inputs of Prof. O.F. Job of the Department of Building,
University of Jos, Nigeria as well as support from the Nigerian Building and Road Research
Institute (NIBRRI), Abuja, Nigeria, for graciously allowing the use of the institute’s Materials and
Concrete Laboratory to perform all the required laboratory tests reported in this study.

References

[1]  N. Tosi¢, S. Marinkovi¢, and A. Stojanovic¢, “Sustainability of the concrete industry: Current trends
and future outlook,” Tehnika, vol. 72, no. 1, pp. 3844, 2017, doi: 10.5937/TEHNIKA1701038T.

[2]  Global Cement and Concrete Association, “Cement and Concrete around the world,” Production of
global cement and Concrete Association. 2023.

[3] J. Watts, “Concrete: The most destructive material on earth.” 2019.

[4] M. M. Garba, “Concreting: materials, design, production and assembly,” Abuja, Lagos, Gusau and
Port Harcourt, May 2014.

[5] A. Paul, “10 Advantages of Concrete as Construction Material,” https://civildigital.com/10-
advantages-concrete-construction-material-concrete/, Oct. 20, 2016.

[6] P. O. Nwankwo and E. Achuenu, “Compressive Behaviour of Sisal Fibre Reinforced Ternary
Concrete at Elevated Temperatures,” International Journal of Advancements in Research &
Technology, vol. 3, no. 8, 2014.

[7] G. Rutkowska, P. Wichowski, M. Franus, M. Mendryk, and J. Fronczyk, “Modification of Ordinary
Concrete Using Fly Ash from Combustion of Municipal Sewage Sludge,” Materials 2020, Vol. 13,
Page 487, vol. 13, no. 2, p. 487, Jan. 2020, doi: 10.3390/MA13020487.

[8] M. Sandanayake, Y. Bouras, R. Haigh, and Z. Vrcelj, “Current Sustainable Trends of Using Waste
Materials in Concrete—A Decade Review,” Sustainability, vol. 12, no. 22, p. 9622, Nov. 2020, doi:
10.3390/SU12229622.

[91 A. Moore, A. T. Bakera, and M. Alexander, “Water Sorptivity and Porosity Testing of Concrete
Design of Sustainable Concrete Structures,” COoMSIRU, Department of Civil Engineering,
University of Cape Town, South Africa, 2020, doi: 10.13140/RG.2.2.21185.07525.

[10] Indian Railway Institute of Civil Engineering, Concrete Technology. 2007.

[11] S. K. Duggal, Building materials Delhi, 3rd ed. Delhi: New Age International Publishers, 2008.

-12 - JSCBE, Vol. 02, Issue 01, (2024), ISSN: 2536-0132 www.jscbe.ku.edu.bh



http://www.jscbe.ku.edu.bh/

=
JSCBE

Influence of High-Density Polyethylene Admixtures on Water Sorptivity Behaviour of Medium and High strength Concretes

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

B. Averill and P. Eldredge, “General Chemistry: Principles, Patterns, and Applications - Open
Textbook Library,” wvol. 1, 2011, Accessed: Jul. 29, 2023. [Online]. Available:
https://open.umn.edu/opentextbooks/textbooks/69

U. A. Bokani, “Current Status of Waste Management and Plastic Management in Nigeria, Policy &
Industry Aspects,” 2019.

United Nations Environment Report, “Banning single use plastics: Lessons and experiences from
countries.” 2018.

A. J. Babafemi, B. Savija, S. C. Paul, and V. Anggraini, “Engineering Properties of Concrete with
Waste Recycled Plastic: A Review,” Sustainability, vol. 10, no. 11, p. 3875, Oct. 2018, doi:
10.3390/SU10113875.

T. R. Naik, S. S. Singh, C. O. Huber, and B. S. Brodersen, “Use of post-consumer waste plastics in
cement-based composites,” Cem Concr Res, vol. 26, no. 10, pp. 1489-1492, Oct. 1996, doi:
10.1016/0008-8846(96)00135-4.

I. Anum and O. F. Job, “Compressive Strength Characteristics of Concrete Modified With Treated
High-Density Polyethylene”, CSID Journal of Infrastructure Development, vol. 4, no. 1, pp. 112—
121, May 2021, doi: 10.32783/csid-jid.v4i1.201.

C. Albano, N. Camacho, M. Hernandez, A. Matheus, and A. Gutiérrez, “Influence of content and
particle size of waste pet bottles on concrete behavior at different w/c ratios,” Waste Management,
vol. 29, no. 10, pp. 2707-2716, Oct. 2009, doi: 10.1016/J.WASMAN.2009.05.007.

Plastic Insight Report, “High Density Polyethylene (HDPE). Production, market, price and its
properties,” 2019.

A. Dorigato, M. D’Amato, and A. Pegoretti, “Thermo-mechanical properties of high-density
polyethylene — fumed silica nanocomposites: effect of filler surface area and treatment,” Journal of
Polymer Research, vol. 19, no. 6, Jun. 2012, doi: 10.1007/S10965-012-9889-2.

Plastic Waste Management Institute, “An Introduction to Plastic Recycling,” 2009.

Soliman, A.M., Elbialy, S. (2023). The impact of temperature and humidity on the thermal resistance
of waste materials for the efficiency of the building envelope. Journal of Sustainable Cities and Built
Environment, 01(02), 01-19. Retrieved from http://jscbe.ku.edu.bh DOI:
https://doi.org/10.58757/jscbe.ithtrwmebe.01
I. Anum, O. F. Job, and A. I. I. Dakas, “Flexural strength Characteristics of Concrete Modified with
Pulverised High Density Polyethylene,” Environmental Technology & Science Journal, vol. 10, no.
1, pp. 3745, 2019.

R. Drochytka, M. Ledl, J. Bydzovsky, N. Zizkova, and J. Bester, “Use of Secondary Crystallization
and Fly Ash in Waterproofing Materials to Increase Concrete Resistance to Aggressive Gases and
Liquids,” Advances in Civil Engineering, vol. 2019, 2019, doi: 10.1155/2019/7530325.

ASTM C 150, “Standard specification for Portland cement,” Philadelphia, 2022.

BS EN 12620, “Methods of sampling and testing of minerals aggregates, sands and fillers”. British
Standards Institution. British Standard Institution, London, 2013.

ASTM C494/C494M, “Standard Specification for Chemical Admixtures for Concrete”, American
Society for Testing and Materials, 2022, Accessed: Jul. 19, 2023. [Online]. Awvailable:
https://www.astm.org/c0494 c0494m-19e01.html

ASTM C 1602/1602M, “Standard Specification for Mixing Water Used in the Production of
Hydraulic Cement Concrete”, American Society for Testing and Materials. 2022.

BS EN 1097, “Tests for mechanical and physical properties of aggregates. Determination of the
particle density of filler. Pycnometer Method.” British Standard Institution. British Standards
Institution, London, 2022.

BS EN 12350-2, “Method for Determination of slump,” British Standard Institution. British
Standard Institution, London, 2019.

- JSCBE, Vol. 02, Issue 01, (2024), ISSN: 2536-0132 www.jscbe.ku.edu.bh -13 -



http://www.jscbe.ku.edu.bh/
http://jscbe.ku.edu.bh/
https://doi.org/10.58757/jscbe.ithtrwmebe.01

=
JSCBE

[31] BS EN 12350 — 4, “Method of Determining Compaction Factor,” British Standard Institution.
British Standard Institution, London, 2019.

[32] A. M. Neville, Properties of Concrete, 4th ed. London: Pearson Education limited, 2000. Accessed:
Aug. 03, 2022. [Online]. Available:
https://www.google.com/search?q=Neville%2C+A.M.+(2000)+Properties+of+Concrete.+4th+Edit
ion%2C+Longman%2C+England&og=Neville%2C+A.M.+(2000)+Properties+of+Concrete.+4th+
Edition%2C+Longman%2C+England&ags=chrome..69i57j69i61.1600j0j4&sourceid=chrome&ie
=UTF-8

[33] BS EN 12390-3, “Method of determination of compressive strength of concrete cubes.” British
Standard Institution. British Standard Institution, London, 2002.

[34] M. N. Balakrishna, F. Mohamad, R. Evans, and M. M. Rahman, “Assessment of sorptivity
coefficient in concrete cubes,” 2018. [Online]. Available: www.discoveryjournals.org

[35] A. E. Abalake and O. G. Okoli, “Influence of curing regime on strength development of grade C60
concrete,” International Journal of Modern Engineering Research (IJMER)), vol. 3, no. 2, pp. 709—
714, Mar. 2013.

[36] K. Ganesan, K. Rajagopal, and K. Thangavel, “Rice husk ash blended cement: Assessment of optimal
level of replacement for strength and permeability properties of concrete,” Constr Build Mater, vol.
22, no. 8, pp. 1675-1683, Aug. 2008, doi: 10.1016/J.CONBUILDMAT.2007.06.011.

[37] C. Hall, “Water sorptivity of mortars and concretes: a review,” Magazine of Concrete Research, vol.
41, no. 147, pp. 51-61, Jun. 1989, doi: 10.1680/MACR.1989.41.147.51.

[38] P. Sugapriya and R. Ramkrishnan, “Crumb Rubber Recycling in Enhancing Damping Properties of
Concrete,” in IOP Conference Series: Materials Science and Engineering, Institute of Physics
Publishing, Mar. 2018. doi: 10.1088/1757-899X/310/1/012013.

[39] L. Yang, D. Gao, Y. Zhang, J. Tang, and Y. Li, “Relationship between sorptivity and
capillary coefficient for water absorption of cement-based materials: theory analysis and
experiment” Royal Society open science, Vol 6 no. 6, pp. 190 — 112, June 2019, doi:
10.1098/rs0s.190112

[40] O. Karahan and C. D. Atis, “The durability properties of polypropylene fiber reinforced fly ash
concrete,” Mater Des, vol. 32, no. 2, pp. 1044-1049, Feb. 2011, doi:
10.1016/J.MATDES.2010.07.011.

[41] N. Saikia and J. De Brito, “Waste polyethylene terephthalate as an aggregate in concrete,” Materials
Research, vol. 16, no. 2, pp. 341-350, Mar. 2013, doi: 10.1590/S1516-14392013005000017.

[42] R. V. Silva, J. De Brito, and N. Saikia, “Influence of curing conditions on the durability-related
performance of concrete made with selected plastic waste aggregates,” Cem Concr Compos, vol.
35, no. 1, pp. 23-31, Jan. 2013, doi: 10.1016/J.CEMCONCOMP.2012.08.017.

Journal of Sustainable Cities and Built Environment (JSCBE)

-14 - JSCBE, Vol. 02, Issue 01, (2024), ISSN: 2536-0132 www.jscbe.ku.edu.bh



http://www.jscbe.ku.edu.bh/

