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ASSESSMENT OF THE INFLUENCE OF A MODIFIED ADDITIVE
ON THE STRENGTH CHARACTERISTICS OF INJECTION
GROUTS IN THE DEEP CEMENTATION METHOD

Abstract. This study presents the results of research on the influence of a modified
additive on the strength characteristics of injection grouts used in the deep cementation
method. The primary component of the additive is paraffin, which enhances the plasticity of
the mixture and reduces the water-cement ratio, ultimately improving the mechanical
properties of the hardened grout. The tests were conducted on beam specimens at different
hydration periods to determine the optimal additive concentration that ensures maximum
grout strength. The analysis of the results revealed the strength variation dynamics in
compression and bending, as well as the most effective additive concentration for further
research and practical application. The obtained data may contribute to the improvement of
injection-based soil reinforcement technologies and the expansion of deep cementation
applications in construction.
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Introduction. The proposed deep cementation method has found widespread
application in various fields of construction and engineering. In urban environments,
deep cementation is used to reinforce the foundations of high-rise buildings, bridges,
tunnels, and other infrastructure projects. In rural areas, the method is applied for
slope stabilization, landslide prevention, and the reinforcement of shorelines and
dams [1]. Given the increasing impact of climate change and rising sea levels,
ensuring the reliable protection of shorelines and hydraulic structures has become a
priority. Deep cementation enables the creation of strong and durable barriers that
prevent erosion and scouring [2].

A notable example of the successful application of this method is the
reinforcement of the shoreline in the Netherlands, where high sea levels and frequent
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storms pose a significant threat. The use of modified cementitious grouts
incorporating nanomaterials and polymer additives has allowed for the construction
of stable and long-lasting reinforcements capable of withstanding the effects of water
and wind [3].

Landslides also present a serious threat to infrastructure and public safety,
particularly in mountainous regions and on slopes with unstable soils. Deep
cementation is utilized to stabilize slopes, preventing their displacement and
collapse. In shoreline reinforcement applications, modified cementitious grouts with
nanomaterials and polymer additives provide erosion protection and resistance to
climatic impacts. For slope stabilization, the incorporation of polymer additives and
nanomaterials helps prevent landslides and enhances resilience against heavy
precipitation and earthquakes [4].

The development and application of modified additives in cementitious grouts
represent a crucial research area aimed at improving the strength, durability, and
stability of reinforced soils [5]. The inclusion of polymer additives, nanomaterials,
and chemical compounds in cement mixtures significantly enhances their properties,
which is particularly relevant in complex geological conditions and regions with
high seismic activity [6].

Despite its numerous advantages, the deep cementation method faces several
challenges. One of the main issues is the high cost of modified cementitious grouts,
which limits their application in certain projects. Additionally, it is essential to
consider the specific conditions of each site and select the optimal grout composition
based on the construction requirements and soil type [7].

In recent years, increasing attention has been given to the development of
bioactive additives that improve the interaction between cementitious stone and
natural soils. Bioactive additives accelerate hydration and enhance the
microstructure of the cementitious matrix, leading to increased strength and
durability .

This study presents the results of modifications applied to injection grouts
based on general-purpose construction cements. The rationale for this approach is
that in the construction market and the engineering-geological conditions of the
research region (Central Kazakhstan), general-purpose cement of grade M500 is in
high demand for injection grouts [8].

The objective of this study was to develop the composition and production
technology of a modifying additive for injection grout based on general-purpose
construction cement for the deep cementation method. This paper presents the
findings of an investigation into the effects of the developed modified additive on
the strength of injection grout, with the aim of enhancing the efficiency and
reliability of soil reinforcement techniques under various conditions.

Materials and methods. The modified additive for the injection grout
consists of the following components: cement, paraffin, sulfuric acid (neutralizer),
and water. The primary component of the additive is paraffin, which increases the
mobility of the mixture and retains active cement ions within the composition by
enhancing its density. Increasing the mobility of the mixture by raising the water-
cement ratio in a cement-sand blend can lead to concrete segregation, where active
ions are carried to the surface by water.

Cement in the additive composition serves as the base in which paraffin is
dissolved. As a result, a suspended paraffin-cement mixture is obtained, which is
hydrated with water. During the dissolution of paraffin in cement, activation occurs
within a suspended ion-active medium. Sulfuric acid is introduced into the additive
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to facilitate the dissolution of inherently hydrophobic paraffin in an aqueous
environment.

The preparation of the modified additive involves the complete dissolution of
paraffin in the cement mixture with strict water control. This control is necessary
due to the exothermic neutralization reaction between the alkaline cement mixture
and sulfuric acid, which causes water evaporation. Through multiple iterations of
mixture preparation, the optimal component ratio was established, accounting for
water evaporation: Cement — 1000 g, Paraffin — 200 g, Sulfuric acid — 100 g, Water
— 1000 g. This proportion provides a balanced, mobile mixture that can be easily
incorporated into the injection grout composition. The control injection grout
consisted of the following components: Cement — 500 g, Sand — 1500 g, Water — 250
ml, The modified additive was incorporated into the control grout in varying
proportions: 0.2%, 0.4%, 0.6%, 0.8%, and 1.0% by mass of the mixture.

For strength testing under compression and bending, three specimens of each
mixture were prepared (Figure 1), denoted in the results as Mix 1, Mix 2, and Mix
3. To indicate the inclusion of the modified additive, the following labeling system
was used: Mix(R)1-3, Mix(0.2)1-3, ... Mix(1.0)1-3 (where R represents the
reference sample and 0.2-1.0 denotes the percentage of the additive in the specimen
composition). A total of 18 mixtures were prepared, each consisting of three beam
specimens. Table 1 presents the composition of each mixture.

Table 1
Mixture compositions

Name of samples Sand, g Cement, g Water, g Additive, g

Reference sample 1500 500 250 0
Mix(0.2) 1500 499 250 1
Mix(0.4) 1500 498 250 2
Mix(0.6) 1500 497 250 3
Mix(0.8) 1500 496 250 4
Mix(1.0) 1500 495 250 5

The strength testing of the specimens under compression and bending was
conducted in accordance with GOST 310.4 (Figure 1), which is the standard method
for assessing the performance of injection grouts. The comparative analysis of the
strength of specimens with varying compositions was performed to determine the
optimal composition of the modified additive and evaluate its effectiveness.

Fig. 1. Laboratory strength tests of concrete specimens
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By comparing the strength characteristics of specimens with and without the
additive, it becomes possible to assess the impact of the additive’s components on
the modification of the injection grout and its transformation in terms of strength
improvement.

Research results and discussion. Compressive strength tests on specimens.
Figure 2 presents the results of compressive strength testing for specimens with
varying compositions of cement grout. The diagrams illustrate the strength
development over time at 7, 14, and 28 days, along with the corresponding
coefficients of variation.

Figure 2A displays the results for the reference samples (without the additive).
Figures 2B—2F show the results for specimens containing the modified additive in
different concentrations (ranging from 0.2% to 1.0% by cement mass). These data
provide insights into the effectiveness of the additive in enhancing the compressive
strength of the injection grout over time.

According to the results of the compressive strength tests, the average strength
of the reference samples at different curing ages is as follows:

— T7-day strength: 25.53 MPa (individual values: 24.3-26.4 MPa, coefficient
of variation: 4.30%);

— 14-day strength: 33.80 MPa (individual values: 31.9-35.2 MPa, coefficient
of variation: 4.95%);

— 28-day strength: 38.70 MPa (individual values: 37.4-39.7 MPa, coefficient
of variation: 3.01%).

These values were taken as the baseline for evaluating the effects of the
modified additive at different concentrations.

Strength Development with Additive at Different Concentrations.

0.2% additive: 7-day strength: 25.7 MPa (range: 24.4-26.8 MPa, coefficient
of variation: 4.59%), 14-day strength: 34.5 MPa (range: 32.7-35.8 MPa, coefficient
of variation: 4.74%), 28-day strength: 39.1 MPa (range: 38.0-39.9 MPa, coefficient
of variation: 2.53%).

0.4% additive: 7-day strength: 26.1 MPa (range: 24.9-27.1 MPa, coefficient
of variation: 4.13%), 14-day strength: 34.5 MPa (range: 33.4-36.3 MPa, coefficient
of variation: 4.55%), 28-day strength: 39.3 MPa (range: 38.1-40.9 MPa, coefficient
of variation: 2.77%).

0.6% additive: 7-day strength: 26.1 MPa (range: 24.9-26.4 MPa, coefficient
of variation: 4.17%), 14-day strength: 34.8 MPa (range: 33.9-35.9 MPa, coefficient
of variation: 2.80%), 28-day strength: 40.3 MPa (range: 39.6-41.2 MPa, coefficient
of variation: 2.10%).

0.8% additive: 7-day strength: 26.8 MPa (range: 25.5-28.1 MPa, coefficient
of variation: 4.97%), 14-day strength: 36.2 MPa (range: 35.3-36.9 MPa, coefficient
of variation: 2.30%), 28-day strength: 41.9 MPa (range: 41.2-42.5 MPa, coefficient
of variation: 1.57%).

1.0% additive: 7-day strength: 27.1 MPa (range: 25.7-28.2 MPa, coefficient
of variation: 4.75%), 14-day strength: 36.4 MPa (range: 35.2-37.2 MPa, coefficient
of variation: 3.00%), 28-day strength: 42.1 MPa (range: 41.3-43.1 MPa, coefficient
of variation: 2.15%).
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Fig. 2. Results of determining the compressive strength of the samples
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Analysis of Strength Variations. The changes in the coefficients of variation
over time indicate that as the full curing period progresses, the results become more
stable, and the scatter of individual values decreases. This suggests that the
specimens are approaching full structural strength.

Early-stage curing: Structural strength is less stable, with variation
coefficients exceeding 4.17% in all cases. End of the curing period: The variation
coefficients decrease significantly, reaching a 30-50% reduction, indicating greater
uniformity in structural formation.

These findings confirm that the addition of the modified additive positively
influences strength development and consistency, particularly in the later stages of
hydration.

Tensile strength testing of specimens. Figure 3 presents the results of flexural
strength testing for specimens with varying compositions of cement grout. The
diagrams illustrate the strength development over time at 7, 14, and 28 days, along
with the corresponding coefficients of variation.

Figure 3A displays the results for the reference samples (without the additive).
Figures 3B—3F show the results for specimens containing the modified additive in
different concentrations (ranging from 0.2% to 1.0% by cement mass).

These data provide insights into the effectiveness of the additive in enhancing
the flexural strength of the injection grout over time.

According to the results of the flexural strength tests, the average strength of
the reference samples at different curing ages is as follows:

— T7-day strength: 3.23 MPa (individual values: 3.03-3.46 MPa, coefficient
of variation: 6.74%);

— 14-day strength: 4.26 MPa (individual values: 4.04-4.49 MPa, coefficient
of variation: 5.29%);

— 28-day strength: 5.11 MPa (individual values: 4.92-5.23 MPa, coefficient
of variation: 3.30%)

These values were taken as baseline indicators for assessing the effect of the
modified additive at different concentrations.

Strength Development with Additive at Different Concentrations.

0.2% additive: 7-day strength: 3.30 MPa (range: 3.12-3.55 MPa, coefficient
of variation: 6.77%), 14-day strength: 4.34 MPa (range: 4.14-4.58 MPa, coefficient
of variation: 5.16%), 28-day strength: 5.21 MPa (range: 5.07-5.39 MPa, coefficient
of variation: 3.14%).

0.4% additive: 7-day strength: 3.37 MPa (range: 3.28-3.55 MPa, coefficient
of variation: 4.54%), 14-day strength: 4.41 MPa (range: 4.21-4.67 MPa, coefficient
of variation: 5.38%), 28-day strength: 5.28 MPa (range: 5.11-5.45 MPa, coefficient
of variation: 3.22%).

0.6% additive: 7-day strength: 3.41 MPa (range: 3.29-3.62 MPa, coefficient
of variation: 3.41%), 14-day strength: 4.45 MPa (range: 4.26-4.74 MPa, coefficient
of variation: 5.69%), 28-day strength: 5.33 MPa (range: 5.14-5.53 MPa, coefficient
of variation: 3.67%).

0.8% additive: 7-day strength: 3.43 MPa (range: 3.29-3.56 MPa, coefficient
of variation: 3.95%), 14-day strength: 4.48 MPa (range: 4.28-4.69 MPa, coefficient
of variation: 4.58%), 28-day strength: 5.45 MPa (range: 5.23-5.66 MPa, coefficient
of variation: 3.95%).

1.0% additive: 7-day strength: 3.48 MPa (range: 3.30-3.65 MPa, coefficient
of variation: 5.03%), 14-day strength: 4.53 MPa (range: 4.34-4.72 MPa, coefficient
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of variation: 4.20%), 28-day strength: 5.49 MPa (range: 5.29-5.61 MPa, coefficient
of variation: 3.22%).
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Fig. 3 Results of flexural strength of the samples
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Analysis of Strength Variations. The changes in the coefficients of variation
over time indicate that as the full curing period progresses, the results become more
stable, and the scatter of individual values decreases. This suggests that the
specimens are approaching full structural strength.

Early-stage curing: Structural strength is less stable, with variation
coefficients exceeding 5% in most cases. End of the curing period (28 days): The
variation coefficients decrease significantly, showing a 20-30% reduction,
indicating improved uniformity in structural formation.

Conclusion. Based on the test results, the highest compressive strength (at all
curing ages) was observed in specimens with the maximum additive concentration
of 1.0%, showing a 6-9% increase compared to the reference sample, depending on
the curing age. A notable increase in strength was observed up to an additive
concentration of 0.8%, after which the influence of the additive on strength
diminished. The strength gain at 1.0% concentration compared to 0.8% was only
0.3-0.9%, indicating that for optimal strength improvement, an additive
concentration of 0.8-1.0% can be considered. From a statistical perspective, a
significant strength increase was first recorded at 0.6% concentration. If other
performance parameters (beyond compressive strength) are taken into account, the
optimal additive concentration may be considered within the 0.6-1.0% range by
cement mass.

Flexural Strength: The highest flexural strength (at all curing ages) was also
observed in specimens with the maximum additive concentration of 1.0%, showing
a 6-8% increase compared to the reference sample, depending on the curing age. A
steady increase in flexural strength was recorded up to an additive concentration of
1.0%. Thus, for optimal enhancement of flexural strength, an additive concentration
of 1.0% is recommended. From a statistical perspective, a noticeable strength gain
was observed at 1.0% concentration. If strength preservation is prioritized while
optimizing other performance parameters, the recommended additive range may be
0.2-1.0% by cement mass.
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Y1.H. T'ymunes amoiHdarsl Eypasua yammesiK yHusepcumemi, AcmaHa K., KaxakcmaH
2[edumuHac amoiHOarsl BunbHIOC MEXHUKAbLIK yHUSepcumemi,
BunbHtoc K., /lumea Pecnybaukacesi

TEPEH, LEMEHTTEY 94ICIHIH UHBEKUUANDIK EPITIHAINEPIHIH BEPIKTIK
CMNATTAMANAPBIHA MOANOUKALUANAHFAH KOCMAHbIH 9CEPIH BAFANIAY

AHpgatna. byn makanaga TepeH LeMeHTTey a4iciHAe KONAAHbINATbIH UHBEKLMANDIK
epiTiHainepain, 6epikTiK cunaTTamanapblHa MoaudMKaLMANaHFaH KOCMAHbIH, ScepiH
3epTTey HaTuxKenepi bepinreH. KocnaHbiH Herisri Kypampgac 6eniri napaduH 6onbin
TabblNagbl, ON KOCNaHbIH, MKEMAINIMH KaKCcapTyFa KoHe Cy-LeMeHT KaTblHacbliH asaiTyfa
KeMeKTeceZi, 6yn aKkblp COHbIHAA LWbIHAANFAH epiTiHAIHIH MeXaHWKanblK KacueTTepiH
YKakcapTaabl. EpiTiHAiHIH, Makcumanapl 6epikTiriH KamTamacbl3 eTeTiH KOCNaHblH, OHTaW/bI
KOHLEHTPAUMACBIH aHbIKTAy YLWiH apTypAi ruapaTtauma yakbiTblHAQ Caynenik yarinepae
CblHaKTap Kyprisingi. HaTuxKenepai Tangay KbiCy KaHe Miny OepiKTiriHib, e3repy
AVNHAMMKaCbIH aHbIKTAyFa, COHbIMEH KaTap KeWiHri 3epTTeysiep MeH NPaKTUKabIK KO4aHy
YWiH KOCMaHblH €H, TMIMAi KOHLEHTPAUMACbIH aHblKTayfa MYMKIHAIK 6epai. AnbiHfaH
Ma/liMeTTepP TOMbIPAKTblI akAay TEXHONOTUACBIH JKETiNAipyre »KaHe KypblibiCTa TepeH,
LEeMEHTTeyAi KOAaHy afaCbiH KEHENTYre biknan eTe anaabl.

Tipek cespep: mognbuKaLmAnaHFaH Kocna, TepeH, UemeHTTey agici, napaduH,
TEepeH, LeMeHTTey.

.B. }anTnecosa?, P.E. Jlyknanos?, A1.C. ArocembuHoB?,
C.b. Enkeb6aes?, [.B. Ubirynes?, I. Kaknayckac?

1Espasulickuii HayuoHansHebIl yHusepcumem um. /1.H. Fymunesa, 2. AcmaHa, KazaxcmaH
2BunbHrocckuli mexHuyeckull yHusepcumem ledumuHa,
2. BunoeHtoc, /lumosckas Pecnybnuka

OLIEHKA B/IMAHWA MOAUOULMPOBAHHOW [OBABKM
HA NMPOYHOCTHBIE XAPAKTEPUCTUKU MHBEKLMOHHbIX PACTBOPOB
METO/AA IMYBUHHOM LEEMEHTALIMM

AHHOTaumA. B faHHOM cTaTbe NpeAacTaB/ieHbl pe3yabTaTbl UCCAEL0BAHUA BANAHUA
MoandULMPOBAHHOW [A06aBKM HA MPOYHOCTHbIE XAPAKTEPUCTUKM  UHBEKLMOHHbIX
pacTBOPOB, MPUMEHAEMbIX B MeToae rMyOuHHOM uemeHTaumMm. OCHOBHbIM KOMMNOHEHTOM
[o6aBKu aBnseTca napaduH, KOTOPbIM CNOCOBCTBYET yAyULLEHUIO NAACTUYHOCTU CMECU U
CHUXKEHWIO BOAOLLEMEHTHOMO OTHOLWEHMUSA, YTO B KOHEYHOM UTOTE MOBbILIAET MEXaHUYECKME
CBOMCTBa 3aTBepAeBLlero pactsopa. McnbiTaHMA npoBogManch Ha 6anouHbix obpasuax B
pa3Hble CPOKM rMapaTaLmnm C Lesbio onpeaeneHmsa onTMManbHOM KOHUEHTPauun 4o6aBkuy,
obecneunBatoLLeli MaKCMMabHYIO MPOYHOCTb pacTBOpa. AHaNM3 Pe3yNbTaToB MO3BOAWUA
BbIABUTb AMHAMUKY U3MEHEHWA NPOYHOCTU MPU CKaTUM U U3rnbe, a TaKKe onpeaenvTb
Hanbonee 3PpPeKTUBHYIO KOHUEHTpauuo A06aBKM AN nociefyrolWmnx UCCnefoBaHUi m
NPaKTMYecKoro  npumeHeHus.  MosyyeHHble  AaHHble  MOryT  cnocobcTBOBaTbL
COBEPLUEHCTBOBAHWUIO TEXHONOMMN MHBEKLMOHHOTO YNPOYHEHUA TPYHTOB U PACLUMPEHMIO
061acT NpUMeEHEHUA TYOUHHOM LeMeHTaLMKN B CTPOUTENbCTBE.

Kniouesble cnoBa: moanduumposaHHaa gobaBKka, meToq rnyboKon uemeHTauuu,
napaduH, rnybuHHan LemeHTaums.
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