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USE OF FLY ASHES AND ASH AND SLAG MIXTURES
OF PAVLODAR GRES-2 IN ROAD CONSTRUCTION

In the context of increasing environmental load and increasing
volumes of industrial waste, the search for effective methods of utilizing
ash generated during fuel combustion at thermal power plants is becoming
relevant. This work is devoted to the development of an ash-soil composite
material designed to strengthen road bases using ash from GRES-2 in
the Pavlodar region. The purpose of the study is to create a composition
of ash-soil material with high physical, mechanical and operational
characteristics. The study included a study of the patterns of formation of the
structure and properties of the material depending on the formulation and
technological factors, and a technology for its manufacture was developed.

The scientific novelty of the study lies in the theoretical substantiation
and experimental confirmation of the hardening processes of ash-soil
composites, as well as the structure formation of the ash binder activated
by individual and complex activators, depending on the soil moisture and
compaction pressure.

The practical significance of the work is manifested in the creation
of an environmentally friendly and economically feasible solution for
strengthening road bases using industrial waste. The implementation of
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the research results will reduce the volume of stored waste, reduce the
environmental load and free up land plots used for ash dumps.

The expected result is an increase in the strength and durability of
road structures due to the use of ash-soil composite.

Keywords: soil strengthening, cohesive soils, ash and slag mixture,
lime, road construction, soil modification, frost resistance.

Introduction

The development of road infrastructure has a direct impact on the economic
growth and social mobility of the regions. In the context of rapid wear and tear
of road surfaces, especially in regions with sharp climatic fluctuations, there is
a need to apply effective and economically feasible solutions in the construction
and repair of roads. One of the promising areas is the use of fuel industry waste,
in particular fly ash from coal combustion, as binders or modifying additives to
strengthen the soils of road pavement bases.

The purpose of this work is to analyze the possibility of using ash from
Ekibastuz SDPP-2 in strengthening the bases of road surfaces, taking into account
its physical and chemical properties and compliance with the requirements of
regulatory documents.

The relevance of the study is due to the need to dispose of large volumes of fly
ash, its environmental safety and the potential to replace scarce natural construction
resources, which contributes to sustainable development and reducing the cost of
road construction works.

The use of fuel industry waste, in particular ash and ash and slag materials,
in road construction is actively studied both in domestic and foreign scientific
literature. The main attention is paid to their impact on the strength characteristics
of soils, as well as the possibility of reducing the cost and increasing the
environmental friendliness of construction.

According to a study by Ivanov et al., the use of fly ash as an active mineral
additive can improve the adhesion of binders to the mineral part of the soil,
increase the strength and frost resistance of road bases [1]. The works of Dubler,
Akhtin indicate the effectiveness of stabilization of weak soils using ash and lime,
especially in the conditions of the II and III road climatic zones [2; 3].

The studies of Gorbachev et al. consider the use of ash waste as an independent
binder and as part of complex compositions with organic and inorganic components.
It was revealed that ash with an active silicate and aluminate component is able
to enter into pozzolanic reactions, forming strong hydrate compounds in the
conditions of the road base [4].

The Chinese experience, presented in a number of sources by Li and Zhang,
Wang et al., demonstrates a model of waste-free production, where ash from
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thermal power plants is almost completely used in construction, including in the
construction of road foundations. This allows not only to minimize the volume of
stored waste, but also to significantly reduce the cost of building materials [5; 6].

According to Suleimenov et al., the ash of Ekibastuz coals is distinguished
by a stable chemical composition, mainly represented by silicon and aluminum
oxides, as well as a low carbon content and background radiation [7]. This makes
it a promising component in soil strengthening technology. The work of Abishev
et al. also emphasizes the importance of pre-grinding of ash and its activation to
increase the binding properties, including alkaline activation using water glass
or technical caustic soda [8].

World and Kazakh practice confirms the successful use of ash in road
construction: as an additive to cement concrete, in the stabilization of weak bases
and in the formation of structural layers of the pavement of Nurmakhanov et al [9].

Singh & Siddique also analyzes the potential of ash materials in stabilizing
clay soils using alkaline activation, emphasizing the increase in strength and
the reduction of deformations. This once again confirms the universality of the
approach at the international level [10].

Thus, the analysis of scientific sources demonstrates the high efficiency and
prospects of using ash from coal combustion in road construction technology. This
direction ensures the stability of the structure, reduces the cost of materials and at
the same time contributes to the disposal of industrial waste, which is especially
important in the context of sustainable development.

Materials and methods

The following materials and methods were used in the study aimed at
strengthening cohesive soils using ash and slag mixture and hydraulic lime to
improve the properties of soils used in road construction. For the study, samples
of ash ash were taken from different distances from the waste discharge site of 50
m, 100 m, 200 m and 300 m, with an analysis of their granulometric composition.
The maximum grain size of the ZShS is 25 mm. Cohesive soils, such as sandy
loam and loam, were used. These soils were improved with the addition of SHS
in the amount of 40 to 80 % by weight.Hydraulic lime with a CaO+MgO content
of 71% was used to improve the strength characteristics of the soils. Lime was
added to mixtures in amounts of 6 % and 8 % by weight. Calcium chloride (CaCl.)
hardening activator was used to moisten ash mixtures to optimal moisture.

To assess the properties of ash-soil mixtures, cylindrical samples with a
diameter of 35 mm and a height of 50 mm were manufactured. These specimens
were used for strength, frost resistance, and flexural tensile tests.

Results and discussion

Determination of optimal moisture content and maximum density.In the
laboratory, the selection of optimal moisture and maximum density for various
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compositions of ash and soil mixtures was carried out, depending on the addition
of ash and lime. These parameters were determined using the standard compaction
method GOST 22733 — 2016.Compressive strength in vivo was measured for
samples with different concentrations of ash and lime. Each cycle consisted of
4 hours of freezing at — 22°C and 4 hours of thawing. The tests were carried out
after 5 and 10 freeze cycles.

Table 1 — Indicators of strength and frost resistance of reinforced soils

Index Class I Class 11 Class II1
Compressive strength of water- | >2,0 >1,0 >0,5
saturated samples (28 days), MPa

Compressive strength of water- | >4,0 >2,0 >1,0
saturated samples (90 days), MPa

Frost resistance coefficient after 90 | >0,75 >0,65 >0,50

days of hardening

350
5% fly ash
300 —10% fly ash
——15% fly ash
250 —20% fly ash
L ——25% fly ash
< 200 i .
9; ——30% fly ash
E 150 \\ ---- pure clay
v “\
100
50
0 i
0 0.02 0.04 0.06

STRAIN, €

Figure 1 — Compressive Strength Graph

To assess frost resistance, the samples were subjected to freeze and thaw
cycles. After each cycle, the compressive strength and excess moisture of the
samples were evaluated. Excess moisture was considered to be a moisture content
that exceeds the optimal amount.

Tensile strength at bending was measured for specimens with a size of 4x4x16
mm. Standard cement beams manufactured at a pressure of 30 MPa were used
for testing. To assess the compliance of strengthened soils with road construction

296



TopaiireipoB yHHBepcuTeTIHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 2. 2025

standards, the results of strength and frost resistance tests were compared with the
requirements of SNiP RK 3.03-09-2006. Soils have been classified into strength
classes (I, I, III) based on their compressive and tensile strength.

To identify the dependence of strength characteristics on the composition
of the mixture (dosage of ash and lime), a regression analysis was carried out,
which made it possible to optimize the proportions of the components to achieve
the best results.

Conclusion

The introduction of SHS into the composition of the soil significantly
increases its strength characteristics. The maximum effect is achieved with a SHF
content of 60 %. Soils with this composition demonstrate compressive strength
up to 6.0 MPa, which meets the requirements of the first category of reinforced
soils according to SNiP RK 3.03-09-2006.

The addition of hydraulic lime in the amount of 6-8 % improves the strength
characteristics of soils and contributes to their better frost resistance. Lime activates
hardening and increases the resistance of materials to external influences.

Studies have shown that soils with the addition of SHS and lime retain
their strength even after 10 cycles of freezing and thawing, which confirms their
suitability for use in cold regions.

With an increase in the share of ash ash in the soil, the optimal moisture
content decreases, which is due to less water absorption of large fractions of ash
ash in comparison with fine ones. This is a factor that must be taken into account
when preparing the mixture for maximum density.

Flexural tensile strength: The flexural tensile strength for all the studied
specimens meets the requirements for the first category of reinforced soils, which
indicates the high deformable properties of these materials.

Recomendation

To achieve maximum strength characteristics, it is recommended to use
60 % of SHS and lime in a dosage of 6-8 %. This will ensure high strength,
frost resistance and durability of the material, which makes it suitable for road
construction in various climatic conditions.

Additional research is needed to optimize the composition and dosages of ash
ash and lime, taking into account the specifics of soils of different types, as well as
their use in different climatic zones. This will allow you to more accurately select
the composition of the mixture for specific operating conditions.

To improve the deformation stability characteristics of soils, the effects of
additional additives, such as organic or synthetic polymers, which can increase
tensile strength and reduce material flexural brittleness, should be studied.

Based on the results obtained, it is recommended to introduce reinforced
soils with the addition of SHS and lime in road construction, especially in regions
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with extreme climatic conditions. These materials can significantly increase the
durability of road surfaces and reduce the cost of their maintenance.

The use of ash ash as a component for soil improvement contributes to the
disposal of waste with minimal impact on the environment. This direction is
consistent with the principles of sustainable development and can be recommended
for use in environmentally friendly construction projects.
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MAaKcamol — Hco2apbl PUIUKATBIK, MEXAHUKATBIK JCOHE IKCNILY A AYUSIbIK
cunammamanapsl 6ap Kya-monvlpax, MamepuaiblHull KypamMblH HCACA).
3epmmey KypamviHOa mysicolpbimbl MeH MeEXHOIOSUAILIK (hakmoprapea
baiinanbicmvl Mamepuaiobly KypulLiblMbl MeH KACUEMMEPIHIY KATbINMacy
3aHObLIBIKMAPbL 3ePMMENin, OHbL AHCACAY MEXHOL0SUACHL HCACANObL.

3epmmeyoiy ebirbiMu dHcanaIbibl Kyi-monvlpar KoOMHOZUMmepiniy
Kamaio npoyecmepin, COHOAU-AK MONBIPAKMbLY blA2aAL0blebl
MeH mulabl30a1y KblCbIMbIHA OAULAHbICIbL JceKe JHCoHe Kypoeni
akmusamopiapmen b6enceHoipiieen Kyai0i 0auianblCmblp2blulmblH
KYPbLILIMbIH KANbINMACMbIPYObl MEOPUSIbIK, He2i30ey JicoHe moicipubde
Jicy3iHOe pacmay 60avin madwiiaobl.

JKymblcmbiy npakmukanslk MAybl30blibiabl OHOIPICMIK KAObIKMApObl
nauodanana omuipsin, JHCON He2i30epin Hblealimyobly IKOIOSUSILIK MA3d
JHCOHE IKOHOMUKANLIK MUiMOi weuwimin dcacayoa Kepinedi. 3epmmey
HOMUDICETEPIH eHei3y HCUHAKMAN2AH KANOLIKMApOblY KOJeMIH asatimyad,
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IKOJIOSUSNIBIK JHCYKMeMeHI azaumyea JHcoHe Kyl YUIHOLIepl YuiiH
natoaIaHbLIAmylH Jcep yHackeiepin bocamyaa MyMKIHOIK Oepeoi.
Kyminemin nomuoice — Ky-monvlpax, KOMRO3UMin KOJNOaHy eceOiHeH
JHCON KYPOLILICMAPbIHGIY Oepikmicl MeH OepiKmieiHiK apmybl.
Kinmmi co30ep: monvipakmoi Hol2atiny, monvipakmol yeciMOLiK, Ky
JHCOHE KOIHC KOCHACDHL, 9K, ICOJ KYPbLIbLCHL, MONbIPAKMbL MOOUPUKAYUALAY,
asi3ea mesimMouix.

K. M. Omapos!, I A. Kyxenoea?, V. H. Batimypcuolnos’,

/. K. Opasosa®, A. H. XKaxanoe’

124TopaiirsipoB yHuBepcuret, Pecry6mrka Kasaxcran, r. [TaBrnonap

SKomemxk npu FOxxHO-Ka3axcTaHCKOM TOCYI1apCTBEHHOM YHUBEPCUTETE HMEHH
M. O. Aya30Ba, Peciyonuka Kaszaxcran, 1. [lIpiMkeHT

SEBpasuiickuit Hartmonansheiii yausepcutet umenn JI. H. T'ymunesa,
Pecnyonmuka Kaszaxcran, r. Acrana

IMoctynuno B penakuuio 14.04.25

IToctynuio ¢ ucnpasienusamu 28.04.25

[Ipunsaro B neuars 03.06.25

HNPAUMEHEHME 30JI-YHOCA M 30JIOIIJIAKOBBIX CMECEM
MABJIOJAPCKOM I'P3C -2 ITPU CTPOUTEJIBCTBE
ABTOMOBMUWJIBHBIX JOPOT

B ycrosusx napacmaioweii sxonocuyeckoli nazpy3ku u yeeaudeHus
00beM08 NPOMBIULICHHBIX OMX0008, AKMYANbHbIM CHMAHOBUMCS NOUCK
apexmuenvix cnocobos ymunuszayuu 301el, 0bpaszyloweics npu
CoICULAHUY MONUBA HA TMENTOIHEPLEMULECKUX npeonpusmusix. Jannas
paboma noceswena pazpabomie 30102PYHMOB020 KOMHOZUYUOHHO2O
Mamepuand, npeoHA3HAYeHHO20 OJisl YKPEeNIeHUsi OOPOICHBIX OCHOBAHUI,
¢ ucnoavzosanuem 3o1vl I POC-2 Ilagrnodapckou obnacmu.

Llenv uccredosanusn sakniouaemcs 6 CO30AHUU COCMABA
30]102PYHMOB020 MAMEPUANA C BbICOKUMU (PUIUKO-MEXAHUYECKUMU U
IKCNIYAMAYUOHHBIMU Xapakmepucmuxkamu. B pamxax pabomoi npogedero
usyueHue 3aKOHOMepHOCmell QOpMUPOBAHUS CINPYKMYPbL U CEOUCME
Mamepuana 8 3a6UCUMOCTU OM PEYenmypPHO-IMeXHOIOSULECKUX (PAKMopos,
a makdice pazpabomana mexHoI02Usl 20 U320moeGIeHUs.

Hayunas nosusmna uccredosanus 3axknoyaemcs 6 meopemuieckom
000CHOBAHUU U IKCNEPUMEHMATLHOM NOOMBEPIHCOCHUU NPOYECCO8
MBEPOEHUS 30102PYHIMOBbIX KOMNO3UMOB, A MAKIICE CIMPYKMYPOOOpa3068aHUs
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307108AHCY Y20, AKMUBUZUPOBAHHO20 UHOUBUOYATILHBIMU U KOMIIEKCHbIMU
aKmueu3amopamu, 8 3a8UCUMOCMU OM GIANCHOCMU SPYHMA U
VRIOMHAIOWE20 0a6IeHUsI.

Ilpaxmuueckas 3HauumMocmes pabomuvl NposGAsemcs 6 CO30aHUU
IKON02UYECKU DE30NACHO20 U IKOHOMUYECKU YelecO0OPA3HO20 pelienus
0711 YKpeniieHust OOPONCHBIX OCHOBANULL C NPUMEHEHUEM NPOMBIUICHHbIX
0mx0008. Peanuzayus pe3ynomamos ucciedos8anust no3604um COKpAmums
00beMbl CKAAOUPYEMBIX OMX0008, CHUZUMb IKOTOSUYECKYVIO HAZPY3KY U
0Cc680600UMb 3eMeNbHbIE YYACHKU, UCHOIb3VEMbLE NOO 30100MEATbI.

Ooicudaemvim pe3yibmamom s6asemcs nogvluleHue nPoyHoCmu
U 0071208€4HOCMU OOPONHCHBIX KOHCMPYKYUL 3a CHEM UCNONIb30BANUSL
30]102PYHMOB020 KOMNO3UMA.

Kniwouesvie cnosa: yxpennenue 2pynHmos, ceia3Hble 2pYHMObL,
30/10WNAKOBASL CMECH(3UIC), U38ECHb, OOPOICHOE CIMPOUNETbCMEO,
MoOupurayus 2pyHmos, Mopo30CMOUKOCHb.
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