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Abstract. The article investigates the effect of mineral oils on the strength and volumetric weight
of heavy concrete. Heavy concrete is the main material in construction, used to create structures with
increased requirements for strength and stability, however, the effect of chemical agents, such as mineral
oils, on its properties remains insufficiently studied. The study of this aspect is important for improving
the durability and safety of concrete structures, in particular those exposed to oils in industrial processes
or accidents. The aim of the study was to study how different types of mineral oils (transformer oil T-
1500, engine oil 10W-40, IGP-30, both new and used) affect the physical and mechanical characteristics
of heavy concrete, in particular its strength and volumetric weight. The experiments were carried out on
concrete samples measuring 100x100x100 mm, made of Portland cement, under standard storage
conditions. Oils were applied by two methods: immersion of samples in oil and application with a brush.

The results of the studies showed that the most significant effect on the strength and volumetric
weight of concrete was the method of immersion of samples in new transformer oil T-1500, where after
30 days a significant increase in weight by 1.18% and compressive strength by 13.06% was observed.
The use of waste oils and the method of applying oil with a brush led to a decrease in the strength of
concrete, in particular, when using waste motor oil 10W-40, the strength decreased by 63.74% on day
30. At the same time, application of oil with a brush caused mainly superficial changes, without
significant improvements or even a decrease in the strength of concrete. The results confirmed that the
type of oil, its condition and the method of application have a significant effect on the mechanical
properties of concrete. The study indicates the importance of choosing methods for protecting concrete
structures from the negative effects of chemical agents and opens up prospects for further research in
this area, in particular the development of technologies that reduce the impact of mineral oils on the
durability and strength of concrete.

Keywords: heavy concrete, mineral oils, concrete strength, concrete average density,
mechanical properties of concrete.

Introduction. Heavy concrete is one of the main materials used in construction, and it is widely
used to create structures with increased requirements for strength and stability [1]. Despite its
widespread use, questions remain about its durability and how its properties change under the
influence of various external factors. One such factor is the influence of mineral oils, which are used
in various industrial processes and can be present in the event of accidents or spills. Nevertheless, the
mechanism by which mineral oils influence the physical and mechanical characteristics of concrete
remains insufficiently studied.

Researching this issue is relevant because it provides a deeper understanding of how chemicals,
particularly mineral oils, can alter concrete's basic properties, such as strength and density. These
changes can significantly impact the performance of concrete structures, particularly their durability
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and safety. Since mineral oils have different chemical compositions and can be new or used, it is
important to study how different types of oils affect concrete under various application methods. This
research will contribute to a better understanding of the processes occurring in concrete under the
influence of chemical agents and may form the basis for developing new recommendations for
protecting concrete structures from aggressive influences. This is particularly relevant in industries
where concrete is exposed to various chemicals.

Analysis of recent research sources and publications. The effect of mineral oils on the
strength and average density of heavy concrete is an important topic in construction and materials
science because using oils and petroleum products at various stages of construction can significantly
impact concrete structure characteristics. Mineral oils, in particular, can alter concrete's physical and
chemical properties, potentially decreasing its strength and durability.

Research into the effects of oils on concrete began several decades ago when serious defects
caused by oiling concrete structures were discovered. Scientists such as K. Zelko, A. Bartosh,
O. Volyansky, D. Plagin, T. Kostyuk, and V. Vinnichenko have devoted considerable attention to
studying this phenomenon, focusing on the various ways oils impact the strength and durability of
concrete structures. Notable foreign studies include the work of S. Stian, D. Weiss, R. Goshek, and
W. Gray, which also confirm the importance of studying this issue.

One of the most notable studies is the research on how concrete strength decreases when it comes
into contact with oil. One such study is by S. Chepurna, who found that oil — soaked concrete stops
hardening and loses strength over time. Similar results were obtained in the study by Salau M. [14], who
found a 12% decrease in the compressive strength of cement — sand mortar after two months of
storage in lubricating oil.

Klymenko E. [4] found that storing concrete samples in mineral oil can lead to a 50% reduction
in strength and that Portland cement concretes are more vulnerable to the effects of oils. Other
researchers, such as Grynova, Shtukhets, Zelko, and Bartos, claim that oils decrease the axial tensile
strength of concrete, particularly lower - grade concrete.

Studies on the effects of mineral oils on the physical and mechanical properties of concrete show
that concrete with lower strength experiences a more pronounced decrease in strength. Diab H. [9]
emphasizes that, after years of operation, oil — contaminated concrete can experience a 40-50%
decrease in strength, with the greatest decrease observed in floor slabs. This is associated with the
shape of the contact surface of structures.

Despite the significant number of studies indicating the negative impact of oils on concrete, some
studies note that under conditions of short — term exposure to heavy oils, the reduction in strength may
be insignificant. Rollo B. and Goshek Y. [13] note that the decrease in strength is only observed for three
months. After this period, the strength stabilizes at a virtually constant level throughout the year. They
also note that the extent of the decrease depends on the conditions of the concrete's initial hardening.

Additionally, there are scientific studies [10, 15] that suggest positive outcomes from various
technological approaches to mitigating the impact of mineral oils on concrete. Research on protective
coatings and special additives, for example, can help maintain concrete's resistance to the negative
effects of petroleum products. This may include special repair methods and improvements to concrete
mix composition.

Analysis of scientific publications shows that the influence of mineral oils on concrete strength
is a multifaceted issue requiring further research, particularly regarding the development of methods
to preserve the strength of structures in the event of prolonged contact with oils. Current research
focuses on finding optimal materials and technological solutions that significantly increase the
durability of concrete structures, even when they come into contact with petroleum products.

Setting goals and objectives. This study aims to investigate the impact of mineral oils on the
physical and mechanical properties of heavy concrete, particularly its strength and average density.
Additionally, the study seeks to identify the primary factors influencing these changes, including the
type of oil, its condition (new or used), and the application method.

The research objectives include:

1. Assessing the effect of new and used mineral oils on concrete strength and density.
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2. Comparing two methods of concrete interaction with oils (immersion and brush application)
in terms of their effect on changes in concrete strength and density.

3. Analysis of changes in concrete's mechanical properties (compressive strength) after contact
with different types of oils for varying lengths of time.

Materials and methods. The study aimed to investigate the effect of mineral oils on the
mechanical properties of heavy concrete. The concrete cubes, which measured 100x100x100 mm,
were made using Portland cement (PC I1/A-B-500R-N, SEM II/A-LL 42.5 R), class C 32/40 (B40),
river sand, crushed stone (5-20 mm), and water. The ratio of cement to sand to crushed stone to water
was 1:2:4:0.5. The average cubic compressive strength of the control samples (without oil exposure)
was 45.2 MPa after 28 days. Initial porosity (12.5%) was determined using the saturation and
hydrostatic weighing method, in accordance with DSTU B V.2.7-170:2008. Water absorption (5.3%)
was determined by the mass method in accordance with DSTU B V.2.7-170:2008. After exposure to
mineral oils, the porosity of the samples decreased by an average of 1-2% when immersed and
increased by 3-4% when applied with a brush. This is due to the oil partially filling or destroying the
pores. Oil absorption was determined experimentally after contact. Samples were prepared and tested
in accordance with DSTU B V.2.7-214:2009 "Concrete. Methods for Determining Strength Using
Control Samples™ and DSTU B V.2.7-170:2008, "Concrete. General Technical Conditions”. The tests
were carried out under standard conditions: a temperature of 20°C and a humidity level of 45%. Six
types of mineral oils were selected for the study: T-1500 transformer oil (new and used), 10W-40
motor oil (new and used), and IGP-30 oil (new and used) (Table 1).

Table 1 — Mineral oils that interacted with concrete

Transformer Transformer IGP-30 IGP - 30 Engine oil Motor oil
T-1500 new  T-1500 used new spent 10W-40 new 10W-40 used

In the study, the oils were used exclusively as external agents that interacted with the concrete.
That is, the oils were not added to the concrete mixture, but rather, were applied to the surface of the
samples by immersion or brush application. Therefore, the oils did not act as concrete additives or
components, but rather simulated the conditions of concrete structures in contact with lubricants. The
samples were kept in contact with the oils for 10 or 30 days. For the immersion method, the samples
were fully submerged in oil in sealed containers. Brushing was performed daily. The thickness of the oil
layer applied with a brush was approximately 0.5-1 mm, as determined by visual inspection and
weighing the samples before and after application. The oils' effect was evaluated 10 and 30 days after
contact with concrete. The physical and chemical characteristics of the oils used in the study are provided
in Table 2. Waste mineral oils are lubricants that lose their original properties during operation, according
to DSTU GOST 21046:2019 "Waste petroleum products. General technical conditions”, DSTU
4058:2001 "Lubricating oils" and DSTU GOST 21046:2019 "Waste petroleum products. Terms and
Definitions™ and DSTU 2156-93 “Motor Oils. General technical conditions™. These oils are characterized
by the presence of oxidation products, metal impurities, and resinous compounds in their composition.
The density (before and after the experiment), viscosity, and acid number were determined for each oil.

To assess the impact, measurements were taken to determine changes in average density and
compressive strength. The average density of the samples was recorded before and after they came
into contact with the oil using analytical scales. Strength was assessed using a standard compression
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test. Changes in properties were compared depending on the type of oil, whether it was new or used,
and the application method. Each oil type was tested twice for each application method, and the results
were analyzed using average values. Particular attention was paid to how the type of oil, method of
application, and duration of exposure interacted to affect the mechanical properties of concrete.

Table 2 — Characteristics of mineral oils

_ N Density_ Density after Viscoosity at Acid
Type of oil Condition | before testing, testing, g/em’ 20°C, number,
g/cm? mm?/s mg KOH/g

Transformer T-1500 new 0.876 0.878 28 0.03
Transformer T- 1500 | worked out 0.885 0.889 31 0.12
IGP-30 new 0.845 0.846 25 0.05
IGP-30 worked out 0.852 0.857 27 0.15
Engine oil 10W 40 new 0.874 0.875 90 0.04
Engine oil 10W-40 worked out 0.881 0.886 95 0.18

Research results. Concrete samples measuring 100x100x100 mm and made of Portland
cement were used for the study. The samples were exposed to various types of mineral oils, including
new and used T-1500 transformer oil, 10W-40 motor oil, and IGP-30 oil. The goal was to evaluate
how oils affect the mechanical properties of heavy concrete, particularly its average density and
compressive strength. To this end, two methods of oil application were employed: immersion of
samples in oil and application of oil with a brush. The properties of the concrete were studied 10 and
30 days after contact with the oils.

The results demonstrated significant differences in concrete behavior depending on the type of oil,
its condition (new or used), and the application method. According to the obtained data, the most
significant effect on the change in concrete’s average density and strength was observed when the samples
were immersed in new T-1500 transformer oil. This oil exhibited the highest increase in bulk density and
compressive strength after 10 and 30 days. Thus, 10 days after immersion, the average density of the
samples increased by 1.14%; on the 30th day, it increased by 1.18%. This indicates the concrete structure
actively absorbed the oil, likely contributing to a reduction in microcracks and an increase in the material's
integrity. Conversely, applying oil with a brush did not cause significant changes in average density —
only 0.05% after 10 days and 0.80% after 30 days — indicating superficial oil penetration.

The best results in terms of compressive strength were recorded when the samples were
immersed in new T-1500 transformer oil. After 10 days, the samples' strength increased by 4.14%,
and after 30 days, it increased by 13.06%. This is the highest increase among all types of oils. This
indicates the positive effect of this oil on concrete's structural strength, particularly due to the oil
partially filling the pores and reducing internal defects in the material. In contrast, using the brush
application method decreased concrete strength: by 4.86% after 10 days and by 48.12% after 30 days.
This indicates the oils' uneven and superficial effect on concrete.

Similar results were observed when using used T-1500 transformer oil. The change in average
density of the samples after 10 and 30 days was similar to the results for new oil; however, the change
in compressive strength was significantly lower. Specifically, the strength increased by 0.92% after
10 days and by 2.14% after 30 days. This indicates the limited effect of used oil containing oxidized
products and contaminants, which can reduce the positive effect. Additionally, applying the oil with
a brush caused a slight decrease in strength: 0.80% after 10 days and 6.57% after 30 days. This
demonstrates the negative effect of used oil on concrete when using the surface application method.
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A study of the effect of IGP-30 oil showed a lower ability to penetrate concrete compared to
transformer oil. In particular, 10 days after immersion, the average density of the samples increased by
0.70%, and after 30 days — by 1.12%. Applying the oil with a brush led to a slight decrease in average
density due to moisture evaporation from the concrete surface: 0.19% after 10 days and 40.35% after 30
days. At the same time, the strength of the samples increased by 2.71% on day 10 and by 12.19% after

30 days, confirming the positive effect of IGP-30 oil on concrete strength (Fig. 1), although less
pronounced compared to T-1500 transformer oil.
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Fig. 1. Change in the average density of a concrete sample after interaction with IGP-30 oil

(30 days relative to 1 day)

Opposite results were observed when using used IGP-30 oil. On the 10th day after immersion, the
samples showed a decrease in strength by — 2.40%, and on the 30th day, this figure was — 4.88%. The
greatest decrease in strength on the 30th day was recorded when applying the oil with a brush, which led
to a decrease in strength by 84.11% (Fig. 2), which is the worst result among all the options studied.
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Fig. 2. Change in compressive strength of concrete sample after interaction with IGP-30 oil

(30 days relative to 1 day)

As for 10W-40 motor oil, 10 days after immersion, the average density of the samples increased
by 0.74%, which is an average indicator compared to other oils. At the same time, changes in
compressive strength on day 10 showed a significant decrease of — 7.47%, which is the worst result
among all new oils. The level of destruction is shown in the photo (Fig. 3).
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Fig. 3. Destruction on day 10 of a sample immersed in new 10W-40 motor oil

However, 30 days after immersion, the strength increased by 11.41%, indicating the possibility
of compensating for the negative effect under conditions of prolonged contact with oil. At the same
time, applying oil with a brush caused a significant decrease in strength by — 63.74% (Fig. 4), which
is another confirmation of the negative effect of surface application of oils.

Fig. 4. Destruction of the sample after 30 days following the application of used motor oil
10W-40 with a brush

The worst result for used 10W-40 motor oil was observed after immersion, when after 30 days
the strength decreased by — 11.04%. This confirms the negative impact of used oils on concrete during
prolonged contact. The least impact was recorded when the oil was applied with a brush, where the
strength decreased by only — 0.25% after 10 days and — 55.07% after 30 days.

Visual observations revealed the formation of a film and deposits on the concrete surface after
contact with waste oils. The depth of oil penetration into the concrete structure was estimated from
sample cuts and amounted to 5-7 mm when immersed and 1-2 mm when applied with a brush.

Overall, the results of the study confirm the importance of correctly applying oil to preserve
concrete's strength. Immersing samples in oil produced significantly better results than applying oil
with a brush. New oils, particularly transformer oil T-1500, had the most positive effect on concrete
samples. Waste oils, especially IGP-30 and 10W-40 motor oil, had a significantly negative effect,
particularly when applied with a brush. This indicates the importance of using high — quality materials
and methods to preserve concrete strength when it is in prolonged contact with oils.

Analysis of the results also highlights the importance of further research on the effects of other
types of oils and different exposure conditions for a more accurate understanding of the mechanisms
of interaction between oil and concrete, which will allow the development of more effective strategies
for improving the properties of concrete under various aggressive influences.

Research on the impact of mineral oils on concrete's mechanical properties has revealed that
this effect hinges on the oil's type, condition (new or used), and application method. Immersing
concrete samples in oil increases their average density, indicating that the oil penetrates the concrete's
pores [6]. New oils, especially transformer oil, are more effective at increasing average density than
used oils due to their homogeneous composition.

The effect on concrete strength was mixed: immersion in new oil increased strength, while used
oils, in particular IGP-30 and motor oil, had a negative effect. This can be explained by chemical
changes in used oils that contribute to concrete degradation. The brush application method often led
to a decrease in strength due to uneven oil distribution.

To reduce the negative impact on concrete, it is recommended to use new oils and the immersion
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method for uniform saturation. To protect concrete structures, special coatings that reduce oil
permeability should be developed [8]. Further research is needed to study the long — term effects and
develop technologies that protect concrete from aggressive environments, such as mineral oils.

Conclusions. Research into the effect of mineral oils on the mechanical properties of heavy
concrete has revealed key factors influencing changes in the structure of the material under the action
of chemicals. The type of oil, its condition (new or used), and the method of application have a
significant impact on concrete properties such as average density and compressive strength.

The new T-1500 transformer oil showed the best results, increasing the average density and
strength of concrete, especially with the immersion method. After 30 days, strength increased by 13.06%
and average density by 1.18%. Used transformer oil had a lesser effect due to the presence of oxidation
products, which reduced the effectiveness of interaction with concrete. The new 10W-40 motor oil
initially reduced the strength of concrete by 7.47%, but after 30 days, the positive effect increased to
11.41%. At the same time, used oil showed a significant decrease in strength when applied with a brush
(a decrease of 55.07%). IGP-30 oil had a moderate positive effect when immersed (strength increased
by 12.19%), while used oil applied with a brush caused a significant decrease in strength (- 84.11%),
indicating the negative impact of oxidation products. The immersion method showed the best results,
ensuring uniform saturation of the concrete, while brush application, especially with used oils, led to
local damage to the concrete due to uneven oil distribution. Over time, after 30 days, the new oils
contributed to improving the characteristics of the concrete, while the used oils caused a decrease in
strength. The difference between new and used oils is due to their chemical composition: new oils have
a more stable composition, while used oils contain resins and oxidation products that destroy concrete.
The results obtained are consistent with the requirements of DSTU B V.2.6 - 156:2010, which stipulate
increased density (not less than 2400 kg/m?), low water absorption (up to 5%), and resistance to
aggressive environments for concrete used in oil tanks. The samples that were in contact with the new
T-1500 transformer oil met these indicators, confirming the suitability of heavy concrete for use in
lubricant tanks, provided that the materials and oil application methods are correctly selected. Overall,
the results of the study help to better understand the mechanisms of interaction between mineral oils and
concrete and may be useful for improving construction technologies.
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AHoOTamis. Y CTaTTl JOCHIPKEHO BIUIMB MIHEPAJIbHUX OJMB HA MILHICTh 1 CEPEIHIO TYCTUHY
Ba)XKOro OeToHy. Baxkuii 6€TOH € OCHOBHMM MaTepialioM y OyAiBHHIITBI, III0 BUKOPHCTOBYETHCS IS
CTBOPECHHSI KOHCTPYKIIIH 3 TiIBUIIICHUMH BUMOTaMH JI0 MIITHOCTI Ta CTIHKOCTI, O/THAK BIUIMB XIMIYHUX
areHTiB, TaKUX SK MIHEpaJIbHI OJMBU, Ha WOTO BJIACTUBOCTI 3AJIMIIAETHCS HEJOCTATHHO BHUBUYECHUM.
BuBYeHHS 1LOTO AacCHeKTy € BaXIMBUM JUIS TOKpPAIICHHS JOBrOBIYHOCTI 1 Oe3meku OETOHHUX
KOHCTPYKIIIH, 30KpeMa THX, 1110 I/IJat0THCsI BIUIMBY OJIMB B YMOBAX IIPOMMCIOBUX MPOLECIB UK aBaAPIil.

Mertoro 1ociKeHHS OyJI0 BUBYMTH, SIK Pi3HI THITM MiHEPATBHHUX OB (TpaHC(OpMaTOpHA OJIMBa
T-1500, motopra omuBa 10W-40, IT'TI-30, sk HOBI, Tak 1 BiAmpalbOoBaHi) BIUIMBAIOTh Ha (i3WKO-
MEXaHIUHI XapaKTepUCTUKU BAXKKOro OETOHY, 30KpeMa HOro MIIHICTh 1 CEpeIHI0 TI'yCTUHY.
ExcniepumeHTH npoBOAWINCH Ha OeTOHHMX 3pazkax po3mipamu 100x100x100 MM, BUTOTOBIEHHX 3
MNOPTJIAHIEMEHTY, 3a CTaHIApPTHUX YMOB 30epexeHHsA. OJIMBM HAHOCWIMCH [BOMAa METOIAMHU:
3aHypEHHSIM 3pa3KiB y OJIMBY Ta HAHECEHHSM TIEH3IMKOM.

Pe3ynbraté oCHiKeHb MMOKa3ald, 0 HaHICTOTHIIIMI BIUIMB HA MILHICTh 1 CEPEIHIO I'YCTUHY
OETOHY MaB METOJ| 3aHYypEHHS 3pa3KiB y HOBY TpaHchopmaTopHy ommBy T-1500, ne gepe3 30 mHiB
CcTIocTepirajgoch 3HauHe 30UTbIICHHS cepenHboi ryctuan Ha 1.18% Tta mimmocti Ha ctuck Ha 13.06%.
3acTocyBaHHS BINPALbOBAHUX OJIMB T4 METO] HAHECEHHS OJIMBU MEH3IMKOM MPU3BOIMIIH /10 3HHKEHHS
MIITHOCTI O€TOHY, 30KpeMa MpH BUKOPHUCTaHHI BinpanboBaHoi MoTopHOi onmuBu 10W - 40 Ha 30 neHb
MIIHICTh 3HM3MIAch Ha 63.74%. BomHowyac HaHECEHHS ONMBU TEH3JIMKOM BHKJIMKAIO MEPEBAXKHO
MMOBEPXHEBI 3MiHM, 0€3 3HAYHMX IOJIIIICHb, a00 HaBiTh 3HW)KEGHHS MIITHOCTI OeToHy. PesynmbTaTtn
MATBEPIUIN, IO TUM OJIUBH, 1 CTAH Ta METOJl HAHECEHHsS MAlOTh CYTTEBUH BIUIMB Ha MEXaHi4YHI
BJIaCTUBOCTI OeToHy. JloCHi/pKeHHs BKa3ye Ha BaXKJIMBICTb BHOOPY METOMIB 3aXUCTy OETOHHHMX
KOHCTPYKIM BiJi HETaTUBHHUX BIUIMBIB XIMIYHMX areHTIB 1 BIAKPUBA€E MEPCIIEKTUBH JJIS MOJATIBIINX
JOCITI/KEHb Y I1iH Tary3i, 30KpeMa po3poOKH TEXHOJIOTIH, SKi 3HWKYIOTh BIUIHB MiHEPATEHUX OJIUB Ha
JIOBTOBIYHICTH Ta MIITHICTh OCTOHY.

KurouoBi cioBa: Baxkuii 0€TOH, MiHEpalbHI OJIMBU, MILHICTh OETOHY, CEpelHs T'yCTHHA,
MEXaHI4Hi BIaCTHBOCTI OETOHY.
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