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techniques.

This research aimed at improving the durability of the concrete of hydraulic
structures by adding waste and curing techniques in order to reduce water
permeability. Concrete water permeability was determined using the «wet spot»
method in accordance with Russian standard GOST 12730.5 («Concretes.
Methods for determining water resistance»). The results showed increased grade
of concrete for water resistance with the addition waste (glass, plastic and used
engine oil) and curing techniques (polishing concrete surface and concrete
vibration during pouring). Using waste in concrete contributes to reducing
environmental pollution and solving waste disposal problems.
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COOpYIHCEHUSX

Janroe uccnedosarue 6b110 HANPABNEHO HA NOBbILULEHUE JONIZ0BEUHOCINU BEMOHA 2UOPOMEXHUMECKUX
coopyceruti 3a cuem 000asieHus 0mx0d08 U MeXHOL02UU 00PAOOMKU C YENbI0 CHUNCEHUS BOOONPOHUL-
yaemocmu. Bodonporuyaemocms 6emona onpedensinacs Memooom <Mokpozo namua» 8 COOmeemcmeun
co cmandapmom TOCT 12730.5 «Bemonwt. Memodut onpedenerus 800oHenporuyaemocmus. Pesyno-
Mamsl NOKA3AU ROBbIULEHUE B00OHENPOHULAEMOCTY OeMOHA 3d cuem 000aseHUs 0mx0008 (cmexa,
NAACIUKA U OMPABOMAHHOZ0 MOMOPHO20 MACA) U MEXHON02UY 00pabomKu (NOIUPOBKA NOBEPXHOCTIIL
Gemona u subpayus 6emora 80 epems 3anuexu). Ucnonv3oearue omxodos 8 bemore cnocobemeyem
CHUINCEHUIO 3AZPAZHEHUS OKPYHCAIOUlell Cpedbl U peuteHuro npooieM Ymunu3ayui 0mxooos.

Knrouessie cnosa: 6odoxenporuyaemocms, 6emon, TOCT 12730.5, omxo0vt, mexronozus 06pabomxu.

Introduction

Water resistance is crucial in hydraulic
structures, with concrete being essential for their
integrity and longevity [11; 26]. Dams, canals
and other structures exposed to water pressure
face environmental strains that can compromise
efficiency, permeability significantly affects
durability, controlling the rate of water and
chemical infiltration, high permeability can lead
to failures from freeze-thaw cycles and corrosion,
exacerbated by chloride ions [3; 11]. There is a
strong link between concrete permeability and its
mechanical properties. High water permeability
of concrete weakens structural integrity. Using
low-permeability concrete is vital in designing
hydraulic structures to resist cracking under loads
and environmental impacts, ultimately extending
lifespan and reducing maintenance costs [26].

One of the determining factors that establish the
operational reliability and durability of hydraulic
structures is the concrete water resistant. The
ingress of water and aggressive substances is the
primary reason for the chemical and physical
degradation of concrete infrastructure, leading to
a reduction in durability and a shortening of life
span. The use of integral waterproofing admixtures

has the potential to increase the service life and
improve the durability of concrete structures and
infrastructure. However, the admixtures may have
a negative impact on some concrete properties,
such as workability and strength [26]. To enhance
water resistance in hydraulic infrastructures, careful
material selection and treatment methods are
essential. A key strategy involves optimizing the
concrete composition, it was found that reducing
the size of aggregates leads to a decrease in the
coefficient of permeability of concrete [18], the
lower water-cement ratio decreases permeability
[3; 5; 6; 30]. Proper curing techniques are vital for
achieving low permeability, improving the concrete
surface by a polished surface increases the density
of the concrete surface and reduces pores, which
leads to high abrasion resistance [32], maintaining
adequate moisture during curing significantly
affects pore structure and hydration dynamics,
influencing permeability rates [24; 30]. Moreover,
the correct placement and consolidation of concrete
are equally important. Adequate consolidation
minimizes voids and prevents honeycombing,
both of which can lead to heightened permeability
issues. Strategies to ensure sufficient compaction
include utilizing vibrators and closely monitoring

84

© Razzaq A.W. R., Alekhin V. N., 2026

AKALEMWYECKNIA BECTHUK YPAJIHUMMPOEKT PAACH 1 (68) | 2026




compaction parameters [5; 20; 21; 30].
Incorporating chemical admixtures
designed to reduce water permeability
can further enhance moisture resistance.
Crystalline admixtures create a barrier
against water movement and provide
self-healing properties for cracks
[19; 26; 34], which lead to improving
durability and extending the lifespan
of concrete structures. In study [8],
compositions of concrete composites
with water tightness W16 and frost-
resistance F300 have been developed
with the use of expanding agents
and complex of chemical additives.
Innovative materials like «<nano natural
pozzolana» can significantly boost water
resistance by filling microscopic voids
[17; 26]. Adopting these best practices
enables the creation of low-permeability
concrete for hydraulic structures,
enhancing their longevity.

Waste can be added to concrete
to improve some of its properties,
environmental sustainability and
economic benefits. According to
previous research studies [3; 5; 7; 9; 10]
and also [24-26], it was found that the
addition of supplementary cementitious
materials like fly ash, silica fume slag to
the concrete improved microstructural
integrity of concrete and decreased
permeability. The research [14] revealed
that concrete made with high percentage
of crude oil contamination by weight
offered more resistance to water
absorption and surface resistivity as an
electrical indication of its permeability.
That is, it resists sulphate and chloride
ions penetrations into the concrete. In
[13; 16] the porosity decreased and
compressive strength of concrete was
enhanced at 1% oil contamination
due to the sand reaching optimum
cohesion as a result of oil binding sand
particles. In [31] the water permeability
parameters of concrete samples were
significantly improved when added
black olive oil at percentages of 0.3%,
0.5%, 0.7% and 1% by weight of
cement content. The add used engine
oil 2% by weight of cement in concrete
exhibited a progressive increase in
compressive strength over time and
demonstrated a decreased susceptibility
to chloride penetration and enhanced
fire performance [22]. The results
in [27] indicate that the addition of
cooking oil waste emulsions reduced
the total porosity and refined the
pore size of concrete and increase in
compressive strength. The research [11]
has confirmed the assumption that the
introduction into the concrete mix of
organo-mineral modifier consisting of a
polycarboxylate superplasticiser and fine
ash of rice husk, up to 90% consisting
of amorphous silica, will increase the
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Illustration 1. Waste used in the concrete mixtures (a) used engine oil UEO, (b) PVC plastic

waste, (c) glass waste. Author A.W. R. Razzaq

density of hydraulic concrete structure,
which will increase their strength, water
resistance and reduce permeability for
chloride ions. In [2] the use of textile
concrete products, including concrete
sheets led to development of a composite
binder containing components that
reduce negative pressure in hardening
concrete, and consequently shrinkage
and cracking, has made it possible to
obtain products with the following
water resistance indicators: 1.2 MPa,
determined by the «wet spot» method,;
W12 grade of concrete for water
resistance. In [1] the use of additives
to seal the capillary-porous structure of
concrete makes it possible to increase
the physico-mechanical characteristics
of the composite, thereby increasing
its resistance to moisture penetration.
The simultaneous use of a penetrating
additive and 3% fibers makes it possible
to increase the strength and water
resistance of concrete, thereby increasing
its density and resistance to moisture
penetration. The study [4] shows that
adding used clay of oil production to
concrete increases their waterproofing
qualities and reduces water absorption.
The use of glass waste in concrete
increases workability due to its smooth
surface. The hydrophobic nature
of waste glass leads to a significant
decrease in the permeability of waste
glass used concrete. An increase in the
waste glass content causes a decline in
the compressive strength of concrete
[15; 23; 30]. The study [33] showed
that used oils can be used as release
for steel molds used in the production
of concrete elements. In [20], concrete
samples with solvent-based mold oil
resisted water absorption. In the study
[12], a low-viscosity lubricant based
on domestic solvents and oils is used
to lubricate the mold and reduce of
concrete surface porosity. In [28] up
to 30% of normal fine aggregate of
concrete can be replaced with plastic
waste PVC without scarifying the
strength, density and water absorption
of concrete.

Hence the importance of this
research in investigating the impact
of adding waste to improve the water
resistance of concrete, including used
engine oil, waste glass, plastic waste

as well as applying some concrete
curing techniques, as they contribute
to reducing environmental pollution in
line with sustainable development goals.
In the experimental test to determine the
water resistance of concrete, the «wet
spot> method is used in accordance
with Russian standard GOST 12730.5
«Concretes. Methods for determining
water resistance» [2; 3; 11].

Materials and methods

Concrete mixture is designed to for
concrete B30 (also known as M400)
production, it is one of the most
popular classes of concrete used in
hydraulic structures with compressive
strength of 30MPa (at 28 days).
Portland cement was used as the main
binder. Gravel of 5-10 mm was used as
a coarse aggregate, and sand was used
as a fine aggregate. Ordinary water was
used in the preparation of mixtures in
this research, as well as it was used in
the curing of concrete samples. The
used engine oil UEO was used as an
additive to the concrete mix, where it
was collected from local mechanical
car service station. PVC aggregate used
in this study was prepared from PVC
plastic waste. After crushing by using a
small electrical crusher, the maximum
size of PVC was 1 mm. Glass aggregate
used in this study was prepared from
glass waste. After crushing by using a
small electrical crusher, the maximum
size of glass was 1 mm (Illustration 1).

Both the fine and coarse aggregates
were spread out on neat concrete floor
to dry out, so as not to influence the
concrete strength and water resistance
testing which depend on concrete
components as a result of increase in
water-cement ratio of the concrete.
Concrete mixtures were prepared
according to Table 1, concrete Mix 1 was
without any additives and it represents
the ordinary concrete. In concrete Mix 2
and Mix 3 crushed glass waste and
crushed PVC plastic waste were used
respectively as a 30% substitute for fine
aggregate, because this has little effect
on the compressive strength [15; 23; 28;
30]. In concrete Mix 4 was used the used
engine oil UEO contaminated sands, the
sand was weighed and oil corresponding
to 1% of the weight of this portion was
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Table 1. Proportions of the components of the concrete mixtures per 1 mé. Author A.W. R. Razzaq

Water | Cement Fine Coarse Additives
label K 5 K 5y | aggregate | aggregate Curing
(kg/m?) | (kg/m?) (kg/m?) (kg/m?) Type Percentage %
Mix 1 — — —
. o )
Mix 2 Glass waste Replacing 30% of fine _
aggregate

. . Replacing 30% of fine _
Mix 3 PVC plastic waste aggregate
Mix 4 Used engine oil 1% by weight of sand —

190 420 625 1085 UEO
K 3% by weight of binder
Mix 5 Uggul\gitner mass fractions (cement + —
water)
Mix 6 — — Polishing concrete surface
Mix 7 o o Concrete vibration during
pouring

. low viscosity UEO was used

Mix 8 — —
as a mould release agent

. Spraying with UEO

Mix 9 — — . . .
immediately after pouring

Illustration 2. Concrete samples with different mixtures.
Author A.W. R. Razzaq

added as contamination to the fine aggregate. The mixture
was thoroughly stirred to ensure uniformity of the mix and
the resulting was air-dried to allow proper reaction of the
mixture, this has little effect on compressive strength [13;
14; 16]. For concrete Mix 5, to enhance the dispersion of the
UEO, the superplasticizer, the UEO, and an amount of water
roughly equivalent to the UEO weight were mixed for half an
hour at a speed of 900 rpm using a magnetic stirrer, forming
a homogeneous mixture. The emulsion is left in a container
for 24 hours to make sure that the used engine oil UEO is
not separated from the water. Emulsion of used engine oil
UEO and water was added with binder mass fractions 3%.
For concrete Mix 6 Portland cement was used in polishing the
concrete surface, which works to harden the concrete surface
and reduce pores during the polishing process. As soon as the
concrete starts to solidify, i. e. after the initial setting time of
the concrete (1-4 hours), the surface is leveled and polished
to make it smooth and perfectly flat by a rotating blade used
to smooth and level the concrete with the addition of cement
powder, which acts as a hardener, is sprayed on the concrete
surface during the polishing process. These rotary blades
have been passed several times over the surface, starting at a
low speed and then gradually increasing the speed to ensure
a perfectly polished surface with a smooth degree and high
flatness, free of pores and cracks. For concrete Mix 7 the
fresh concrete mix was cast into standard metal moulds and
vibrated for 3 minutes using an electrically operated vibrating
table. For concrete Mix 8 low viscosity UEO was used as a

mould release agent to produced concrete with high-quality
surface. For concrete Mix 9 the concrete surface was sprayed
with low viscosity UEO immediately after pouring. Details
and proportions of the components of concrete mixtures are
given in Table 1.

The water resistance of concrete is assessed by the
volume of water absorbed by the samples under pressure
and the waterproofness of the materials using the «wet spot»
method in accordance with Russian standard GOST 12730.5
«Concretes. Methods for determining water resistance».
Six cylindrical concrete samples were formed from each
concrete mix with a diameter 150 mm and height of 50 mm
(Ilustration 2), the concrete samples were carefully removed
from the moulds after 24 hours, cleaned, and placed inside
water for curing at normal room temperature. The samples
underwent a full maturation procedure (28 days) under
normal hardening conditions (temperature of 20+/-2°C and
relative humidity of at least 95%).

Before testing, the side faces of the samples were treated
with silicone sealant to prevent water from seeping through
them. To conduct the experiment using the «wet spot»
method, pressurized water was supplied to the lower ends
of the cylinder samples. The water pressure was increased in
steps of 0.2 MPa for 5 minutes and maintained at each step for
6 hours. The test was carried out until signs of water filtration
in the form of droplets or a wet spot appeared on the upper
end surface of the sample. Water resistance was assessed by
the maximum value of the water pressure, at which it has not
yet been observed to seep through the sample.

Results and discussion

The effect of a waste additives and curing techniques
on permeability properties of concrete grade B30 was
experimentally examined. The water resistance of six samples
for each mixture was assessed by the maximum water pressure
at which no water filtration has been observed on at least four
of the six samples. The grade of concrete for water resistance
is taken according with Russian standard GOST 12730.5? as
shown in Table 2.

1 TOCT 12730.5-2018. BeToHbl. MeTozbI ONpeziesieHns BOJOHENPOHUL[aeMO-
cru. Concretes. Methods for determination of water tightness. 01.09.2019. 25 c.:
[caitr] — URL: https://protect.gost.ru/document.aspx>control=7&id=242805
(mara oGpaurenusi: 19.01.2026).

2 Tam xe.
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The test results of concrete Mix 1  Table 2. The grade of concrete for water resistance according to GOST 12730.5

showed that the grade of concrete for
water resistance (W8), while (W10)
for the concrete Mix 2. It can be
noticed that the glass content in the
concrete resulted in a barrier effect for
water penetration. The water-repellent
and smooth surface properties of the
glass waste are responsible for its
impermeable nature towards water. The
permeability of concrete depends on the
smoothness and fineness of the glass
waste used. During the study of samples
of concrete Mix 3, it was found that
the introduction of PVC plastic waste
additive reduces the porosity of the
concrete matrix, thereby increasing the
water resistance. The use of PVC plastic
waste increases the grade of concrete
in terms of water resistance (W10)
compared with the ordinary concrete
(W8). The test results of concrete Mix 4
showed that the grade of concrete for
water resistance (W12), UEO concrete
increased hydrophobicity compared
to ordinary concrete, the addition
of UEO refines the pore structure of
concrete, reducing surface roughness
and pore connectivity. The presence of
contaminants sands with oil seems to
delay or prevent the full hydration of
the cement particles, by interfering with
the water cement binding reactions. This
contaminant being oily in nature formed
an oil film around the fine aggregate and
this possibly explains why water was
expelled.

It is shown that the waste additives
in concrete mixtures create the dense
structure, reduce the permeability
including diffusion, which prevents
the corrosion of concrete and steel
reinforcement. Based on the results
obtained, graphs of the dependence of
grade of concrete for water resistance by
the samples on the applied pressure were
constructed (Illustration 3).

For the concrete Mix 5, the grade
of concrete for water resistance was
(W10), caused by the effect of the UEO-
Water emulsion additive on the concrete
water resistance. During the preparation
of the concrete mixture, the integrity
of the hydrophobic films located on
the surface of the cement particles is
disrupted, and after mixing, the mixture
sets and hardens normally. The additive
is distributed throughout the entire
volume of the concrete mix, clogging
the pores and capillaries, giving their
surface hydrophobic properties, creating
a barrier to the penetration of aggressive
media. The introduction of an UEO-
Water emulsion additive significantly
reduces the total and capillary porosity
and, as a result, has a positive effect on
water resistance of concrete. This is due
to the fact that the UEO-Water emulsion

Water resistance of

a series of samples, MPa 0204|0608 1 12 |14 |16 | 1.8 2
Grade of concrete for

water resistance W2 | W4 | W6 | W8 | W10 | W12 | W14 | W16 | W18 | W20

1,4

1,2

1
0,8
0,6
0,4

0,2

Water pressure on the sample without
noticeable humidification, MPa

0

Mix1 Mix2 Mix3

Mix4  Mix5

Type of concrete mix

W10

W10 W10

Mix6 Mix7 Mix8 Mix9

Illustration 3. Water resistance of the concrete mixtures at the age of 28 days.

Author A.W. R. Razzaq

lllustration 4. Concrete surface texture for (a) ordinary concrete sample (Mix 1), (b) sample
which used low viscosity UEO as a mould release agent (Mix 8) and (c) polished sample

(Mix 6). Author A.W. R. Razzaq

additive covers the cross-section of
pores and capillaries, and giving them
water-repellent properties. The grade
of concrete Mix 6 for water resistance
was (W10). The reason is that when
the concrete surface was polished and
cement powder was added as a hardener,
this process leveled the surface, reduced
pores and permeability, and made
the surface have a smooth and even
texture as shown in Illustration 4c. The
test results of concrete Mix 7 showed
that the grade of concrete for water
resistance (W10), as the compaction of
concrete during pouring significantly
affects the permeability of concrete,
microcapillaries filled with water create
the so-called effect of colmatation of
pores and capillaries, which reduces
the permeability of concrete. With
increasing age of concrete, the degree
of cement hydration increases and,
as a result, the volume of micropores
decreases, as a result of which the
permeability of concrete decreases.
The permeability of concrete is also
affected by the aggregate, the greater
its porosity, the less waterproof concrete
will have.

The grade of concrete Mix 8
for water resistance was (W8), the
ordinary concrete samples cast molded
with the low viscosity UEO-based
release agent had fewer surface voids
compared to control samples concrete
Mix 1, Illustration 4a shows the
surface condition of the concrete after
unmolding the samples of concrete
Mix 1 and Illustration 4b for concrete
Mix 8. The consideration of interaction
between air bubbles, lubricant and
liquid phase of concrete is of great
importance. The low viscosity of UEO
was allowed air to migrate to a certain
extent and leave concrete interface. In
addition, the UEO was given maximum
hydrophobization to a mould and have
minimal adhesion in respect of the
concrete mix. In the concrete Mix 9, the
grade of concrete for water resistance
was (W8), as spraying the concrete with
UEO after pouring did not reduce the
permeability.

Conclusion

Ensuring high water resistance and
low permeability is essential for safety
and economic viability in hydraulic
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structure applications, necessitating
attention throughout design and
execution. High permeability of concrete
over time causes surface degradation,
cracks, chloride profiles and corrosion
of embedded reinforcements. Use
of waste is solution that not only
diminishes environmental impacts but
also bolsters concrete water resistance.
The addition of glass waste, PVC
plastic waste and used engine oil UEO
decreased the amount of pores easily
accessible by water, this is proven by
the by increased the grade of concrete
for water resistance of concrete mixes
samples with these additives compared
to the ordinary mixes. The permeability
of concrete has also been reduced by
using processing techniques such as
concrete surface polishing and concrete
vibration during casting. The addition
waste can improve the water resistance
of concrete, provided that the concrete
strength is not significantly reduced.
The disposal of waste for improving
concrete properties is rational and will
have great technical and economic
efficiency, since the use of these wastes
will not only reduce environmental
pollution, but also reduce the costs.
Furthermore, maintaining effective
construction practices is essential.
Upholding stringent quality control
during construction phases is necessary
to ensure compliance with best practices
that reduce voids and improve hydration
by emphasizing appropriate curing
techniques.
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