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Abstract. The article explores the use of GEOPUR, a two-component polyure-
thane resin, for strengthening sandy soils. It highlights the process of soil stabiliza-
tion through high-pressure grouting, which improves water resistance, stabilizes soil
structures, and enhances anchoring strength. The research investigates the applica-
tion of this resin in consolidating weak, loose soils and its effect on their physical and
mechanical properties. Laboratory experiments were conducted on sand samples to
simulate real-world conditions, testing the resin's effectiveness in improving soil den-
sity, compressive strength, and overall stability. The study analyzes how the resin's
expansion within the soil structure impacts soil behavior, concluding that the GEO-
PUR resin significantly enhances the soil's load-bearing capacity. Various parame-
ters, such as the volume of injected resin, consolidation efficiency, and the strength-
density relationship, are evaluated to provide practical recommendations for soil
stabilization using this innovative material. The findings demonstrate the resin's po-
tential in geotechnical applications, particularly in situations where traditional stabi-
lization methods are not feasible or efficient. The article concludes with suggestions
for optimizing the resin injection process to maximize its effectiveness in both labora-
tory and field conditions, making it a promising solution for future ground improve-
ment projects.
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K¥M TOINBIPAKTAPJbI HBIFAUTYFA APHAJIFAH
EKI KOMIIOHEHTTI GEOPUR IIAWBIPBI
NHBEKIUACHI
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XapIKapaJIblK O171iM Oepy KOpIopanusiChl, AJIMaThI,
050043, Kazakcran

Anparna. Maxanaoa kymowvl monvipakmel Hoizaumy yuin GEOPUR exi komno-
HeHmmi NOJUypemanovl WaublpblH Koaoawy 3epmmenedi. Byn makanaoa monoi-
pakmsl  MYpakmanowvlpy Npoyeci Hco2apvbl KblCbIMObl YEeMEeHMAYUALAY apKblibl
JHcy3eze acamolhvl, Cyea MO3IMOILIKMI HCAKCaApMAamulHbl, MONLIPAK KYpoliblMblH
MYPAKMAHObIPAMBIHLL JHCIHe OeKimy KYWiH apmmulpamvlHbl aman eminedi. 3epm-
mey 0Cbl Wablpowvl JICI3 JHcaHe HOC MONvIPaKmvl beKimyee KOJIOAHYObl HCIHE OHLIH
Qusuxanvix dcone MexaHukauvly Kacuemmepine acepin Kapacmulpaosl. Lllativipoviy
MONBIPAK, MbIbI3ObIRbIH, CHIELLTY OEPIKMISIH HCIHE IHCANNbL MYPAKMbBLIbIEbIH aApm-
mulpyoagvl MuiMOLliciH meKcepy YVuliH 3epmMXAHANbIK IKCHEPpUMEHmmep HAKMmbl
aHrcagoaunaposbl Mooenvoey apKblivl Kym yiaziiepinoe dcypeizinoi. 3epmmeyode wiativip-
OblH MONBIPAK KYPLIbIMbIHOA KeHelol MONbIpaK CUNAmmamacsblia acepi mandanaovl
agicone GEOPUR waiivipvr monvipakmuly ocyk komepeiut Kabiiemin atmapivlkmarti
apmmulpybl Mypansl KOPbLMbIHObL dHcacanaosl. Mnvekyusianean watiblpovly Keiemi,
KOHCOMUOAyusi MuiMoiniei dcaune Oepikmix neH mwvlabl30blK APACLIHOAbL KAMbIHAC
CUsKmMbl 2pmypai napamempiiep MONbIPAKMbl MYPAKMAHObIPYObIH NPAKMUKALbIK
Kepcemkiuumepin YCbiHY YVWiH 0a2ananaovl. 3epmmey Hamudcenrepi watblpovly
dacmypai mypakmanowlpy 20icmepi muimciz Hemece MYMKIH OOIMAUMbIH Hcagoati-
1apoazvl 2e0MexXHUKAIbIK Mmacenenepoiy aneyemin kepcemedi. Maxanaoa scozapol
MUIMOLTIKMI 3ePMXAHANBIK HCIHE OANANBIK HCAROAULAPOA WAL UHLEKYUSCHL NPO-
yecin OHMAUNAHOBIPY OOUBLIHUIA YCbIHLICMAP KeamipineeH. Amanean adic monbvi-
pPaKkmapowvl HaKcapmyoasbl OONAUaAK Hoobanap yYuwin nepcnekmuemi uwewim 6ouvin
maowvLIaowL.

Tyiiin ce3nep: waiiviprap, noauypeman, Unbekyus, Kym, waivlp Oeximy, Kymobvl
MONvIpax.
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WHBELUPOBAHUE JBYXKOMIIOHEHTHON CMOJIOM
GEOPUR IIPHU YKPEIIVIEHUHU IIECYHAHHBIX TPYHTOB

C.K. xymaauiosa ®

MexnayHnapoanasi oOpa3zoBareiabHas KOpropaius, AJIMaThl,
050043, KazaxcraH

AHHOTaUMsA. B cmamve paccmampugaemcst UCHonb308aHUE O8YXKOMNOHEHMHOU
noauypemanogoi cmonvl GEOPUR 0Ons ykpennenus necuamvix epyHmos. Ocoboe
BHUMAHUE YOeNSencs NPOYeccy cmaduIu3ayuu SpYHma nocpeocmeom 6blCOKOHANOP-
HO20 YeMeHMAYUOHHO20 HACHEeMAHUs, KOMopoe Yayuuiaem 6000HeNnpOHUYAeMOCHb,
cmabuuzupyem cmpykmypy epyHma u nogvluiaem npoyHocms ankeposku. Mcciedo-
8aHue uzyuaem npuMeHeHue MOl CMOJbL 0N KOHCOAMUOAYUU CAAObIX U PbIXIbIX
2PYHMOB U ee GlusHUe HA UX husuueckue u mMexauueckue ceoticmea. Jlabopamop-
Hble IKCHePUMEHMbl NPOBOOUTUCH HA 00pa3yax neckda, ymoobvl cMOOeIUuposams pe-
AbHble YCI08USL, U NPOGEPSIACH IPDEeKMUBHOCb CMOIbL 8 NOGBIUEHUU NIOMHOCTU
2PYHMA, e20 NPOYHOCMU HA cocamue u obweli cmabuirbHocmu. B uccredosanuu ana-
JUBUPYEMCsl, KAK PACUUPEeHUe CMOJIbL 8 CIMPYKMype epYHmMA GIusien Ha e20 nogede-
Hue, u doenaemcs 6v1600, umo cmona GEOPUR 3nauumenvHo ygeauuusaem Hecyujyio
cnocobnocme epynma. OyeHUBaOmMcs pasiuyHvle napamempsl, makue Kaxk odvem
UHBEKMUPYEMOU CMOJIbL, IPDEKMUBHOCb KOHCONUOAYUU U 83AUMOCEA3L MEHCOY
NPOYHOCIBIO U NJIOMHOCMbIO, YMOObL 0amb NPAKMUYecKUe PeKoMeHOayuu no cma-
ounuzayuu epyHma ¢ UCNOIb30BAHUEM IMO020 UHHOBAYUOHHO20 Mmamepuana. Tlony-
YeHHble Pe3yIbmanvl OeMOHCMPUPYION NOMEHYUAL NPUMEHEHUsL CMOJIbL 8 2e0MEXHU-
Yyeckux 3a0ayax, 0COOeHHO 8 CIY4asx, Ko20a mpaouyuoHHble Memoobl CmaduIu3ayuu
2PYHmMA He AGNAOMCI IPhekmusHbiMU Ul yerecoobpasuvimu. B cmamve daromest
NPeoNodHCeHUs. N0 ONMUMUZAYUU NPOYECCAd UHBEKYUU CMOIbL Ol MAKCUMATbHOU I¢-
pexmusHocmu Kaxk 6 1aOOpPaAmMopHbIX, MAK U 8 NOAEBLIX YCA0GUSX, YMO Oelaem 3Mom
MemoO NepcneKmMueHbIM peuteHuem 0iist 6YOVuUx npoeKmos no YayuueHuIo SpyHmos.

KuroueBble cioBa: cymonvl, noauypeman, UnbeKyus, necox, 3aKpenjieHue cmMoau-
3ayuetl, nec4aHHvle 2PYHMuL.
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1 INTRODUCTION

The stabilization of sandy soils is a major problem in geotechnical engineering, especially in
construction projects where soil consolidation and strength are key to ensuring the stability of the
foundation. Traditional methods of soil stabilization, although effective, often face problems related
to cost, efficiency and environmental impact. In response to these challenges, the use of innovative
materials such as two-component polyurethane resins has become a promising solution to improve
the physical and mechanical properties of weak soils.

GEPUR Technologies offers a two-component polyurethane resin system designed for injec-
tion under high pressure into soils in order to increase their bearing capacity and water resistance.
This method has gained popularity due to its ability to penetrate loose soils and fill voids, which
leads to an improvement in the structure of the soil and an increase in its stability. When resin is
injected into sandy soils, voids and cracks are filled, thereby increasing the overall density and
strength of the soil, providing a reliable solution for stabilizing the foundation.

This article discusses the use of GEOPUR resin to stabilize sandy soils, with an emphasis on its
effectiveness in improving soil properties such as density, compressive strength and water resistance.
Laboratory tests conducted on sand samples demonstrate the resin's ability to improve soil perfor-
mance under difficult conditions. The study also provides practical recommendations for optimizing
the resin injection process, making it a valuable tool for future soil improvement projects.

2 LITERATURE REVIEW

The utilization of polyurethane expanding resins for foundation stabilization and soil im-
provement has gained significant attention in recent years due to its efficiency and non-
invasiveness. Apuani et al. (2015) introduced a method of strengthening settled foundations by in-
jecting polyurethane expanding resins. They combined traditional geotechnical tests with a nonin-
vasive geophysical technique, Electrical Resistivity Tomography (ERT), which provides accurate
3D images of the soil before, during, and after the injection process. This technique enables real-
time monitoring of soil consolidation and ensures the effectiveness of the injection process. Similar-
ly, Fischanger et al. (2015) investigated the potential of ERT in evaluating improvements in the me-
chanical properties of treated sands, specifically those prone to liquefaction. Their study demon-
strated the value of ERT in monitoring soil compaction and consolidation by analyzing resistivity
changes. (Apuani et al., 2015), (Fischanger et al., 2015).

The use of polyurethane resin has also been explored in the context of the pultrusion process
for injecting thermoset resin. Sandberg et al. (2021) analyzed non-isothermal flow during the pul-
trusion process and found that heating configurations and convective flows led to unique phase
transitions not previously described in literature. This suggests that the behavior of polyurethane
resin under different conditions can vary significantly, affecting its mechanical properties (Sand-
berg et al., 2021).

Sabri and Shashkin (2020) conducted laboratory experiments to examine the mechanical
properties of polyurethane resin, particularly how its density, influenced by expansion during the
injection process, affects stabilization efficiency. The study showed a direct relationship between
the resin’s density and its strength, highlighting the importance of understanding the resin’s behav-
ior during expansion (Sabri & Shashkin, 2020).

Recent studies have also investigated the long-term performance and practical applications of
polyurethane injections in foundation repair. Dominijanni et al. (2022) presented case studies
demonstrating the effectiveness of resin injections in improving soil stiffness and shear strength.
Their findings emphasized the importance of estimating horizontal stress and volumetric strain
changes near injection sites. Furthermore, the research by Miranda et al. (2023) on closed-cell ex-
pansive polyurethane resin in sand masses revealed that this material behaves like soft rock with
high shear strength, making it a promising tool for ground improvement (Dominijanni et al., 2022;
Miranda et al., 2023).
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Dirg¢liené and KorduSas (2024) reviewed the properties, applications, and limitations of pol-
yurethane resin injection for soil stabilization, noting its efficiency in preventing settlement and en-
hancing load-bearing capacity. However, they also highlighted challenges such as achieving uni-
form resin distribution and accurately estimating injection parameters. Despite these challenges, the
use of polyurethane resins continues to grow, offering a reliable solution for foundation stabilization
and structural reinforcement in geotechnical engineering (Dirgéliené & Kordusas, 2024).

3 MATERIALS AND METHODS

GEOPUR technologies products are based on the high-pressure grouting technique with the
two-component GEOPUR polyurethane material from GME.

The result of this technology is a triple effect: (1) improving water resistance and sealing -
stopping or reducing water inflow into underground structures; (2) stabilizing soil grouting - in-
creasing the stability of the foundations of buildings and underground structures; (3) soil, rocks and
structures are structured and strengthened.

Application of GEOPUR technology allows to fill voids and cracks in the rock by injection of
polyurethane resin, as well as to reduce the porosity of macroporous soils by filling the pores with
cementitious material (Golovanov, 2013).

The application possibilities of GEOPUR material tend to be used in various fields:
Underground construction and tunneling involve activities such as filling depressions and voids,
protecting structures when crossing fault zones, stabilizing loose material in open-pit mines, secur-
ing cavities during tunneling, improving the mechanical properties of rock masses, sealing and pre-
venting water inflow, anchoring ground and rock, and strengthening overburden rock. Self-tapping
micropiles and anchors are used for insertion into the soil.

Cementitious self-tapping micro-piles and anchors are made by drilling into threaded rein-
forced steel rods and then cemented with a polyurethane or cement mixture. Micro-piles are in-
stalled in the ground, on rock, and in building structures.

The main element of the anchor / micro-pile is an adjustable steel anchor (IBO type anchor
rod) with thread (4). The units include: hexagonal nuts (1), washer under the anchor rod with even
load distribution (2), couplings (3), cross drill head (5), clamping and adjustable couplings (6). Part
of the system is also an adapter for connection to the rod by drilling equipment (Sabri & Shashkin,
2020). The grouting system adapter is used for connection to the grouting equipment.

The anchor rods can be adjusted by means of couplings to the desired length up to a maxi-
mum of 15 m. The anchors are manufactured as temporary or stationary anchors (Sabri & Shash-
kin, 2020).

Figure 1 — Schematic diagram of the anchor (Ground anchors, 2023)

As shown in Figure 1, the IBO anchor rod has three functions: first, it functions as a drill pipe
to achieve the required depth; secondly, it acts as a channel for the injection of cement through its
hollow core; and thirdly, after the cement hardens, it acts as an anchor or micropile. Table 1 shows
the technical specifications of the anchor rods that are in use. The following types of anchor rods
are currently in use.
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Table 1

Technical characteristics of anchor rods

Type anchor / micropile R25 R32N R32S R38 R51 R76
g‘rﬁe” inner diameter, 25/14  32/185  32/15  38/12 51 /12 76 /12
Maximum load, kN 200 280 360 500 550 1600
Weight, kg/m 2,3 3,4 4.2 6,0 7,0 8,4
Dimensions of the cou-

pling sleeve, mm: 35/150 40/ 160 40/ 160 50/ 220 63 /200 95/220

width / length

Self-tapping anchors and micropiles offer several advantages, including suitability for use in
difficult geological conditions (e.g., shifting sands, water-bearing sands and gravel), as well as in
confined spaces (under technological installations, on ceilings, and in narrow areas), high mobility
of technology, and the ability to apply full load on the anchors or micropiles within 1 hour to 1 day
after the completion of cementing work when using cement mortar with polyurethane (Sabri et al.,
2021).

3.1 METHODOLOGY OF LABORATORY TESTS

Table 2
Program of laboratory tests
Component Defined parameters
Type of Cor]dition or the composition Physical Mechanical
Soil soil type to be A B Density, Prim Compressive Modulus of
consolidated t/m3 strength, deformati on
MPa pressure, MPa
Sand Medium coarse 1 1,7 + + +

Note: the number of tested samples is not less than 6 pcs.

For laboratory tests, samples of sandy type of soil were prepared according to the test pro-
gram Table 2. A cylinder made of high-strength plastic pipe with dimensions of height from 35cm
to 50cm and diameter of 20cm-40cm was used for sample preparation, below is a picture.

Figure 2 — Sandy sample in cylindrical shape (author's material).
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The method of laboratory research was as follows: the pipe was filled with a type of soil of
given moisture and density (Usmanov, 2014). The end walls of the pipe were grouted with rein-
forced mortar of M100 grade. A hole was drilled in the pipe wall and a "packer” R8 device was in-
stalled for injection of the mixture component according to the test program. By means of a special
plunger-type pump and equipment that allows dosing individual components in the volume ratio of
1:1.1 two-component polyurethane resin (Geopur brand 082/90) under pressure by means of the
pump was injected into the specimen until complete failure (Fischanger, 2015). Failure was de-
fined as the state when the mixture escaped through the gaps in the end faces of the cover or back
through the packer (Kondratov, 2005).

GEOPUR material can be applied in various geological and technical works, including the
stabilization of slopes, embankments, and surface mines, anchoring supporting walls, constructing
underground barriers with low permeability, stabilizing unconsolidated soil, sealing temperature
joints, designing micro-pile foundations, and stabilizing landslides.

GEOPUR, a cementitious material, offers a wide range of applications in civil engineering,
including strengthening foundation soil (even below the water table), ensuring the stability of struc-
tures threatened by mining or construction activities, reinforcing brick or stone masonry, restoring
thermal insulation, sealing utility inlet openings, caulking, stopping water inflow, constructing
building foundations, sealing and anchoring construction pit walls (including under the water table),
improving soil conditions before construction, and installing micro-piles in soils with low bearing
capacity

GEOPUR polyurethane material consists of components A and B: (1) Composition of com-
ponent A - the color of liquid honey; a mixture of simple polyether polyol, accelerating additives,
flammability-reducing admixtures, foam stabilizers and water; (2) Composition of component B is a
dark brown to yellow colored liquid (all species); polymethylene polyphenylene isocyanates, de-
fenylmethane-4, 4, 4-diisocyanate, diphensthetamine-4, 4-diisocyanate (MDI) and a mixture of pol-
ycyclic oligomers depending on function.

After mixing the two basic components in this ratio, the polyurethane resin is formed by an
exothermic reaction.

After injection, the specimens were allowed to stand for 24 hours, for foam formation and
consolidation with the soil. The next step was to remove the samples from the cylinders and sepa-
rate the consolidated mass from the unconfined mass (Figure 2, 3). Special measurements, mass
and volume calculations were carried out to determine the volumes of the consolidated soil (Apuani
et al., 2015).

Figure 3 — Example of sand consolidation with two-component resin in laboratory
conditions (author's material).
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Then from the hardened mass samples of rectangular or circular shape up to 10 cm high are
cut out, which were tested on a hydraulic test press C055 with a capacity of 2000 kN MATEST
company on the scheme of loading statically increasing load (Figure 4).

Designed for testing cylindrical specimens up to 160 mm in diameter and 320 mm in height,
as well as concrete cubes with sides of 150 and 100 mm.

""a
a) b)

Figure 4 — Tests of sand specimens: a) at the moment of testing and b) after testing them
in compression (author's material).

4 RESULTS AND DISCUSSION
Below there are two tables in which the samples were divided into 3 groups for further test-

ing. Table 3 shows parameters such as soil condition, density, initial volume, injection volume,
consolidated soil volume and flow rate.

Table 3
Results of hardening of arrays with GEOPUR resin (laboratory tests)
Ground dinsit Initial Injection  Volume of  Percentage of
Soil type Ne sample iy P Y volume, volume, hardened consumption
condition t/m?3 .
m? Kg soil, m? Kg/m?
L-P-1 compacted 1,798 0,06 1 0,01 100,00
Sand LP2  compacted 1,721 0,05 0,47 0,0042 111,90
L-P-3 loose 1,59 0,06 0,417 0,0052 80,19

Table 4 shows the geometric parameters, maximum compressive load on the press, tensile
strength, stability and flow rate.
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Table 4
Compression test results of sand samples
. . . . Tensile .
Sample Height, Width, Length, Weightk  Maximum Density,
designation cm cm cm g load, F (kN) strength, p (kg/m®) Note
' Rc, (MPa)
L-P-1,6 8,9 5 6 0,548 120,476 40,159 2052,43
L-P-1,3 8 6 8 0,76 152,818 31,837 1979,16
L-P-3,6 9,2 53 55 0,516 78,668 26,987 1924,08 group 1
L-P-1,4 8,5 7,2 7,2 0,934 133,698 25,791 2119,64
L-P-3,2 9 5 6,15 0,566 74,15 24,114 2045,16
L-P-3,1 9,6 5,3 5,8 0,548 60,547 19,696 1856,97
L-P-3,4 8,2 5 6,3 0,542 56,226 17,850 2098,33
L-P-1,1 9,2 6,1 7 0,874 75,675 17,722 2224,82 group 2
L-P-1,5 10 6,6 9 1,306 104,78 17,640 2198,65
L-P-3,7 10 6,3 7,1 0,766 72,105 16,120 1712,49
L-P-3,3 9,1 5,6 6 0,502 53,793 16,010 1641,81
L-P-2,2 10 6,7 9,3 1,024 49,275 7,908 1643,39
L-P-2,1 8,8 8,7 8,7 1,216 49,227 6,504 1825,62
L-P-3,5 9,7 6 7,6 0,614 26,825 5,883 1388,13 group 3
L-P-1,2 9,7 6 6 0,75 17,36 4,822 2147,76
L-P-2,4 10,1 5,3 5,5 0,45 13,42 4,604 1528,45
L-P-2,3 10 6 5,5 0,37 14,364 4,353 112121
Sample test L-P-1,6
140
120

= 100

<

= 80

=4

S 60

3

- 40

20
0

0,05 5,05 10,05 15,05 20,05 25,05 30,05 35,05 40,05 45,05 50,05

Time (sec)

Figure 5 — Results of strengthening arrays with GEOPUR resin

As can be seen in Figure 5, the load gradually increases from 0 to approximately 80 kN dur-
ing the first 10 seconds. This indicates that the material is undergoing a uniform loading phase,
which is likely indicative of elastic properties where the sample deforms along a line in response to
an applied load. From about 10 to 35 seconds, the load continues to increase, but more slowly. Be-
tween approximately 35 and 45 seconds the load peaks at around 135 kN. After the peak (about 45
seconds), the load decreases slightly, indicating potential failure or damage to the material. This

means that the sample has exceeded its tensile strength and is beginning to fail.
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5 CONCLUSIONS

1. The use of resin in weak loose soils significantly improves the dynamic properties of the
soil. Application of resin technology is effective for consolidation of weak loose soils.

2. The samples were divided into 3 groups; 1 compacted sand (p=1.798 t/m?), 2 compacted
sand (p=1.721 t/m®), 3 group loose sand (p=1.59 t/m3). Group 1 and 2 compacted sand, group 3
with loose sand. In 1 sample 1 kg of resin was injected, in 2 0.47 kg, in 3 0.417 kg. The volume of
hardened soil amounted to 0.01 m® in group 1, 0.0042 m? in group 2, 0.0052 in group 3.

3. During the test on the hydraulic press MATEST CO055 were obtained values of the tensile
strength of each sample. The average value of tensile strength in the compacted samples of group 1
29.78 MP4, in the second group 17.51 MPa, in group 3 with loose sand 5.68 MPa

4. Based on the test results, it can be concluded that the use of polyurethane resin in weak
loose soils will improve the bearing capacity of the soil.
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