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Abstract. This article analyses methods for reinforcing clay soils during the construc-
tion of foundations. Clay soils possess specific physical and mechanical properties that present
challenges in construction. The article examines these properties to understand the causes of
problems encountered when erecting structures on such soils. Particular attention is paid to
modern reinforcement technologies — the use of geosynthetic materials. Their types, character-
istics and methods of application are described. The mechanisms of interaction between geo-
synthetics and clayey soil and their influence on the stability and deformation characteristics
of the foundation are examined. The results of laboratory and field tests assessing changes in
the strength and deformation characteristics of the soil following reinforcement are presented.
The methodologies, equipment and data processing methods are described. Graphs and tables
are provided, illustrating changes in soil characteristics depending on the type and quantity of
reinforcing material. A comparative analysis of reinforcement methods has been carried out
based on criteria of technical effectiveness and economic viability. The costs of materials, la-
bour intensity, duration of works and the resulting effect (increased load-bearing capacity, re-
duced deformations) have been assessed. Based on the analysis, recommendations are pro-
posed for selecting the optimal reinforcement method depending on construction conditions,
the type of structure and the required characteristics of the foundation. In conclusion, promising
areas for further research are discussed. the application of new materials and technologies,
and the improvement of methods for calculating and designing reinforced foundations. The
need for further research to expand the scope of application of reinforced soils and to improve
their reliability and durability is emphasised.
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Anparna. Makana ipecemac KYpoliblCblHOA KOJLOAHBIIAMBIH CA30bl MONLIPAKMAaApPObl
Hbleaumy a0icmepin 3epmmeyee apuanzan. Cazovl monvipakmapovly QGUUKATLIK HCIHE
MEXAHUKANbIK Kacuemmepiniy epeKuie epeKule ICUbIHMbIZbl Kypulaivicma Oencini  0ip
KublHObIKmMap myowipaosl. Makanaoa ocvl Kacuemmep e2xceli — mezaicelii Kapacmulpblibln,
MYHOAQU MONbIpaKmapoa KypolivlC #Cypei3y Ke3iHoe myblHOaumblH Macenenepoiy cebenmepin
mycinyee bazeimmanzan. Kazipei 3amanavl apmamypanay mexnonio2usniapvli, aman aumkanoa
2COCUHMEMUKANBIK ~— Mamepuanoapovbl  Kol0aHyea  epeKkuie  HA3ap  ayoapulidobl.
l'eocunmemuxkanvlx, mamepuanroaposviy mypiepi, onapovly, CUNAMMAMAIAPbL HCIHE MONbIPAK
KYPbLIbICLIHOA KONO0aHy a0icmepi mepeH 3epmmeneet. I eocunmemukanvlk Mamepuanoap mex
€azovl MONBIPAK APACLIHOARLL  63ApaA  dpeKemmecy MexaHusmoepi dcane OY1 e3apa
apexemmecyOiy He2i30iH JHcaanvl MYPaKmolivblebl MeH 0ehopMayusnblK CUNAmmamaniapolia
acepi Kapacmuipwiiean. Makanada monsipakmsl Hbl2QUMKAHHAH KeliH OHblH OEpiKmiK dcone
oepopmayusanvly  cunammamanapviHoagyl — eseepicmepdi  basanayea  6agblmmaneau
3ePMXAHATILIK JHCIHe OANanblK CbIHAKmapowbly Hamudicenepi ycvinviizaH. CwlHax pacimoepi,
KOJLOGHBLIEAH JHCAOObIKMAp JicoHe alblH2aH Oepekmepdi 6Hoey adicmepi CUNAMmmAieaH.
Huvizatimgviwe ~ mamepuanovly ~ mypi  MeH  MeénuepiHe  OAUIAHbLICMbL  MONLIPAK
cUnammamanapulHoagel e32epicmepdi Kepcememin epaguxkmep MeH Kecmenep OepineeH.
Texnuxanvlk muimMOiliK NneH SKOHOMUKANLIK He2I30LNIK Kpumepuiliepine cyleHe Omuvlpbin,
MONbLIPAKMbL  HLIEAUMYObIY dPMYPILi d0ICMEPIHIY CATbICMbIPMATbL MAN0AYbl HCYPi3inoi.
Mamepuanoapoviy KYHbul, eHOeK CblUbIMObLIbIZbL, HCYMBICIbL AAKMAY MeP3imi HCaHe He2i30iH
Kemepeiwl KabilemiH apmmulpy MeH O0ehopMayusnbl a3aumy mypeblCblHOAbl HIMUNCECT
bazananowl. Tanoay HeciziHOe KYpblLIblC AlAHbIHbIY HAKMbL JHCAZ0AUNAPBIHA, KYDLLILIM MYypiHe
JHcoHe He2i30iH manan emilemin CUnammamaiapolia OauIaHbICMbl OHMAILIbL Hbl2AUMYy 20iCiH
manoay OoublHWa YcbiHbicmap oicacanovl. Maxana cazobl  MONvIPAKmMul  Hbleamy
canacelHoazvl  2pi  Kapaul 3epmmeyze NepcneKmugansvl  0ablmmapovl  MAaniKywliayMeH
askmanaovl. OHOQ dHcawa mamepuanoap MeH MexHON02UANAPObl KONOAH)Y MYMKIHOIKmepI,
CcoHOall — aK Hbleaumbllean He2iz0epli ecenmey JHcaHe Hcobanay 20icmepin dHcemindipy
Macenenepi kapacmulpuliovl. Hvizatimviizan monvipakmapobiy KOIOAHY AsCbIH KeHelmy HCaHe
01apobly CeHimMOiniei MeH OepikmiciH apmmulpy YWwliH KOCbiMuia 3epmmeyiep HCypeizy
Kaolcemmizi epekuie aman KepcemiiceH.

Tyiinai ce3nep: monvipakmol Hblealimy, cazobl MONLIPAKMAp, ipeemac KypblivlChl,
2€0CUHMEMUKANILIK  Mamepuanoap, monvlpakmoly Oepikmik Kacuemmepi, mMonvipaKmoly
oedhopmayusnany Kadbinemi, Hol2atimy MuimMoiici, 9KOHOMUKANLIK MUIMOLNIK
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AnHotauusi. Cmambvsi nocesuwjena UcCCie008aHUI0 AHAIU3A MemOo008 YCUTeHUs
2NIUHUCTNBIX 2PYHMOB, NPUMEHAEMbIX NpuU 6036e0eHuu (GyHoamenmos. [uHucmole epyHmol
obnaoarom cneyuguueckum HAOOPOM UIUKO-MEXAHUYECKUX CBOUCME, NPeOCmasIaouux
onpeoenénnvle mpyoHocmu npu cmpoumeibcmee. B cmamve OdemanvHo uzyyaromcs smu
ceolicmea, umobvl NOHAMb NPUYUHBL BO3HUKHOBEHUS NPOOIeM, CEA3AHHLIX C B038e0eHUeM
coopyscenuti Ha makux nousax. Ocoboe 6HUMAHUE YOELEHO COBPEMEHHbIM MEXHOLOSUAM
yCunenus, 8 4aCmHOCMU, NPUMEHEHUIO 2e0CUHmemu4eckux mamepuanog. I100pobro onucamvi
MUNnbl  2e0CUHMEMUKO8, UX XAPAKMePUCMuKY U CHOCOObl NPUMEHEHUS 6 2PYHMOBOM
cmpoumenscmee.  Paccmompenvt  mMexaHusmbl - 63aUMOOEUCMEUs.  2e0CUHMEMUYecKux
Mamepuanos ¢ 2SIUHUCMbIM CPYHMOM U GIUSHUE 3020 63AUMOOCUCMEUs HA O00Wyio
YCmouuugocms U 0ehopmMayuoHHble XapakmepucmuKku ocHoganus. B pabome npedcmasnenvi
pe3yibmamyl 1a60paAMOPHLIX U NOLEGLIX UCNIMAHUU, HANPABIEHHbIX HA OYEHK) U3SMEHEHULL 8
NPOYHOCMHBIX U 0ePOPMAYUOHHBIX XAPAKMEPUCMUKAX 2PYHMA nocie e2o ycuneHus. Onucatul
MemoouKu npoedeHUss UCHbIMAHUL, UCNOIb3yeMoe 000py0o8anue u memoovl 0opabomxu
nonyuenHvlx Oauuvix. Ilpusedenvt epaguxku u mabauywvl, WIIOCMPUpyrOWUe UMeHeHue
XApaKmepucmux SpyHma 8 3asUCUMOCmU On MUNA U KOIU4eCcmed apmupyouie2o mamepuad.
1Ipo6edén cpasHumenvbHvill AHANU3 PAZTUYHBIX MEMOO008 YCUNEeHUs 2PYHIMO8 N0 KPUmepusm
mexHuueckol 3¢hghexmusHocmu u IKOHOMuUYeckol onpasoanHocmu. OYenusaromes 3ampanuvl
Ha mamepuainsi, mpyooémKocms pabom, CpOKU BbINOIHEHUs U NOTYYeHHbIU 3 pexkm 6 eude
nosvlulenus Hecyujeti CHOCOOHOCMU OCHOBAHUSL U CHUdICeHusi deghopmayuii. Ha ocnosanuu
AHAU3A NPEONIOANCEHbL PEKOMEHOayuu Nno 6b100py ONMUMATLHO20 CHOCOOA YCUNLEHUs 8
3A68UCUMOCIU OM KOHKPEMHBIX YCI08Ull NIOWAOKU CHMPOUMENbCmed, Mund COOPYICEHUs. U
mpebyemblX — Xapakmepucmuk — OCHO8aHus. B 3akmouenue cmamvu — 00CysHcoaromes
nepcneKmusHble HanpasieHusi OaIbHetux uUccie008anull 8 001acmu YCUneHus 2IUHUCbIX
epyHmos. Paccmampusaiomcest 603M0MCHOCMU NPUMEHEHUsL HOBLIX MAMEPUATIO8 U MEXHOI02UL,
a makdice 60NPOCHL COBEPUICHCNBOBAHUSL MEMOO08 pACYéma U NPoeKmupo8anusl YCUIeHHbIX
ocnosanuil. Iloouépkusaemcs HeobXO0OUMOCHb NPOBEOEeHUs OONOTHUMENbHBIX UCCIEe008AHULL
0/151 pacuupenust 001acmu NPUMEHEeHUsL YCUTEHHBIX SPYHMOS8 U NOBbIUEHUSL UX HAOEICHOCMU U
00/1206€4HOCIU.

KuroueBble cjioBa: apmupoganue 2pyHmos, 2IuUHUCMble 2PYHMbl, CIMPOUMEIbCmEo
OCHOBAHUL  (DYHOAMEHMOS,  2e0CUHMEMUKAd,  NPOYHOCHMHbIE  CE0UCMEd  2PYHMA,
oeghopmupyemocmo epyHma, appexmuerocmo apmMupoB8aHus, 9KOHOMUYECKAS
YenecoobpazHoCmo
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1 INTRODUCTION

One of the most difficult and critical aspects of the construction process for buildings and struc-
tures is working with clay soils, which are characterized by low bearing capacity, high plasticity, and
susceptibility to deformation. These properties can lead to significant problems, such as settlement of
building foundations and structures. Construction on clay soils is a complex engineering task due to
the specific properties of these soils, such as high compressibility, tendency to swell and shrink, and
low bearing capacity. These characteristics make it necessary to take special measures to reinforce
the foundations in order to ensure the stability and durability of the structures being erected.

Clay soils are one of the most common types of soil found in nature. They are characterized by
a high clay content, which makes them particularly susceptible to deformation and various types of
damage. Clay is a mineral substance with high plasticity, low permeability, and compressibility, which
makes it difficult to work with in engineering. It is formed as a result of the destruction of minerals
under the influence of water and other physical and chemical processes. Clay soils have special phys-
ical and mechanical properties that must be taken into account when designing and constructing var-
ious structures.

Clay soils are classified based on their physical and mechanical properties and composition,
according to various characteristics such as particle size distribution, clay particle content, plasticity,
moisture content, and other parameters. Depending on these characteristics, clay soils are divided into
several main types:

- loam - clayey soils of medium plasticity, containing 20% to 40% clay. They have good load-bearing
capacity and can be used for building foundations and road surfaces;

- clays - highly plastic clay soils containing more than 40% clay. They have high compressibility and
require special measures for reinforcement during construction;

- Sandy-clay soils are soils containing both clay and sand. They have medium plasticity and can be
used for the construction of various structures.

Professor V.V. Okhotin (Okhotin, 2012) developed a classification of clay soils according to
their physical and mechanical properties (Table 1).

Table 1
Classification of clay soils (author's materials)

Particle content, % by weight

Soil name
clayey dusty sandy
Heavy clay >60 - <3
Clay 60-30 -
Heavy loam 30-20 -
Medium loam 20-15 -
Light loam 15-10 -
More than dusty
Loam 10-3 <20
Sand <3 20-50
Dusty sand <3 > 50
Dusty soil <3
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Figure 1 - Curves of the granulometric composition of sandy-silty-clay soils:
1 - heavy clay; 2 - light clay; 3 - loam; 4 -sandy loam; 5 - heterogeneous sand; 6 - homogeneous sand; 7 - gravelly sand.
(author's materials)

According to the curves (Fig. 1), it is possible to determine the soil heterogeneity coefficient,
where d60 and d10 are the diameters of particles smaller than which are contained in the soil by mass,
1.e., 60 and 10 percent:

Cy = dgo/dyo (1)

Clay soils can be either natural or artificially created. Natural clay soils are formed as a result
of a long process of geological formation, while artificial clay soils can arise as a result of human
activity, for example, when production waste solidifies.

Problems associated with the use of clay soils in construction may include clay soil shrinkage.
Clay soils have a tendency to settle and shrink over time, which can lead to deformation and damage
to structures. This phenomenon is particularly pronounced in conditions of changing humidity, when
clay absorbs water and expands, and then shrinks as it dries. Such humidity cycles can cause cracks,
which in turn can lead to serious structural problems. In addition to shrinkage, clay soils are also
prone to swelling in winter. As the moisture content in the soil increases, clay can expand significantly
in volume, placing additional stress on structures. This phenomenon can be particularly dangerous
for buildings located in areas with high groundwater levels.

Another problem is the low permeability of clay soils, which hinders drainage and can lead to
water accumulation in underground layers. Clay soils are highly dense, which can complicate the
construction process and require additional effort. This can cause problems not only with building
foundations and road surfaces, but also lead to drainage issues and increase the likelihood of flooding.

Due to their characteristics, clay soils require a special approach during construction work. Re-
inforcement of clay soils is necessary to increase their bearing capacity and reduce deformation dur-
ing construction, improve their mechanical properties, and increase their resistance to various types
of loads. Various methods are used for this purpose, such as soil reinforcement with reinforcement,
injection works, and the installation of geogrids.

Let's consider several methods used in preparing foundations for building construction.

One of the main methods of strengthening foundations on clay soils is the use of pile founda-
tions (Garcia & De Albuquerque, 2019). Piles driven into more stable soil layers allow loads to be
transferred to stable horizons, minimizing the impact of deformations in the upper layers. In addition,
the use of bored piles and screw piles can significantly improve the characteristics of the foundation.

Study (Kanatova et al., 2024) presents a comprehensive analysis of the influence of geosyn-
thetic materials on the strength characteristics of soils under triaxial compression and single-plane
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shear conditions. Particular attention is paid to evaluating the effectiveness of geogrids as a means of
strengthening weak soils and identifying optimal options for their application. The results of the study
provide important data for specialists in the field of geotechnical design and contribute to increasing
the durability of engineering structures.

Another approach is to use drainage systems, which help lower the groundwater level and re-
duce the water saturation of clay layers (Kumar et al., 2019). This, in turn, reduces the risk of soil
swelling and shrinkage, which is especially important in conditions of seasonal temperature and hu-
midity fluctuations.

The study in (Dzhumadilova et al., 2024) presents methods and a sequence of works using
GEOPUR two-component polyurethane material to increase the bearing capacity of soils. The appli-
cation of this technology has a triple effect: increased moisture resistance and sealing; stopping or
reducing water inflow into underground structures; stabilizing soil cementation with increased stabil-
ity of building foundations and underground structures. The process involves structuring and strength-
ening the soil, rock, and structures.

Methods of artificial soil stabilization involve the use of ready-made reinforcing elements made
of various materials with high mechanical characteristics. In his work (Dzhumadilova, 2025), the
author notes that, unlike other groups of methods that change the properties of the soil and are more
difficult to control, structural methods such as reinforcement are more popular. This group includes
technologies such as the creation of soil cushions and soil reinforcement.

The article discusses the use of GEOPUR two-component polyurethane resin for strengthening
sandy soils. Particular attention is paid to the process of soil stabilization by means of high-pressure
cement injection, which improves water resistance, stabilizes the soil structure, and increases the
strength of the anchorage. The study analyzes the effect of this resin on the physical and mechanical
properties of weak and loose soils, confirming its effectiveness for consolidating such soil types.

It is also worth noting the methods of mechanical and chemical soil reinforcement (Dzhu-
madilova, 2024). Mechanical compaction can be achieved using vibratory equipment or static pres-
sure, which increases the density and bearing capacity of clay layers. Chemical reinforcement in-
volves the use of special additives, such as cement or polymer solutions, which change the structure
of the soil and increase its strength characteristics.

In their study (Anagnostopoulos, 2007), the authors conducted experimental tests of the phys-
ical and mechanical properties of loam using the triaxial compression method under conditions of
spatial stress simulated by a special device, thereby confirming the advantages of triaxial compression
for accurate simulation of real loads.

2 MATERIALS AND METHODS

Let us take a closer look at the main methods of reinforcing clay soils, analyze their effective-
ness and impact on foundation characteristics, and evaluate the advantages and disadvantages of var-
ious approaches. Reinforcement can significantly improve the mechanical characteristics of soil, in-
crease its resistance to external loads, and minimize the risk of deformation of buildings and struc-
tures.

Soil reinforcement can be performed in various ways, depending on the conditions and require-
ments of the project:

The use of geogrids improves load distribution and increases soil strength. Geogrids (Fig. 2)
can be made of polymer materials and laid in layers of soil.
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Figure 2 - Standard grid without perforation (catalogue XY Geosynthetics, 2024)

The advantages of using geogrids for foundations include increased load-bearing capacity, cre-
ation of a durable excess water filtration system, reinforcement of the building's soil base, reducing
the risk of foundation damage due to external factors such as groundwater and soil deformation, and
reducing the amount of building materials required to form the foundation cushion by 25-45%
(Fig. 3).

Figure 3 - Geosynthetic structure (catalogue SW-Servis, 2024)

In recent years, methods of reinforcing clay soils have been increasingly used in construction
practice, which significantly improve their strength characteristics and resistance to deformation
(Kanatova & Dzhumadilova, 2024; Palmeira, 2009) Reinforcement can be carried out in various
ways, including the use of geosynthetic materials, metal elements, and other technologies (In-
draratna et al., 2011). The effectiveness of these methods is becoming particularly relevant in mod-
ern construction, where the requirements for the quality and reliability of structures are constantly
growing.

The authors (Ezzein & Bathurst, 2014) conducted research based on measurements obtained
from the interaction between soil and reinforcement using a device developed to evaluate the behavior
of geosynthetically reinforced soil, taking into account the changing vertical distances between the
reinforcement. The experiments included tests of geosynthetically reinforced soil with three layers of
reinforcement: an actively tensioned layer and two passively tensioned adjacent layers. Shear stresses
from the actively tensioned reinforcement were transferred to the passively tensioned reinforcement
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layers through the intermediate soil medium. It was concluded that the change in lateral soil pressure
increases with increasing tensile deformation of the reinforcement and vertical distance between re-
inforcements, and decreases with increasing vertical stress.

Studies (Wang et al., 2016) have shown the tensile characteristics of geosynthetic reinforce-
ments under static and constant loads. Tests were conducted to study the cumulative effect of load on
the tensile capacity and behavior of geogrid reinforcements. Issues related to the mechanics of load
transfer and reinforcement displacement were considered. According to the results obtained, under
static load, the geogrid underwent gradual deformation with increasing load. No peak load was ob-
served with the loading system used, and the deformation of the geogrid mainly occurred near the
point of load application.

Scientists (Morsy & Zornberg, 2021; Touahmia, 2014) conducted mathematical modeling
using the finite element method. The volume V of reinforced soil, when its bearing capacity is equiv-
alent to that of the reinforced soil foundation, will be expressed as:

(V — nVy)ksE, + nV;E; = E; ,V )

Scientists (Bykhovtsev & Torgonskaya, 2013; Tsurganova, 2004) conducted mathematical
modeling using the finite element method. The volume V of reinforced soil, when its bearing capacity
is equivalent to that of the reinforced soil foundation, will be expressed as.

It follows from (2) that:

— Ey_bV—nEfEf
(Vv-nvi)Ef

V(Egp—ksE})

ks I’I(Ef—kSEl)

and Vf = (3)

A mathematical model of a horizontally reinforced foundation showed that the bearing capacity
of reinforced soil foundations, with compaction inside the soil of certain sizes, becomes an order of
magnitude higher than that of non-reinforced foundations. At the same time, it has a high economic
effect and reduces the cost of constructing buildings and structures.

The next method involves the use of geotextile materials to separate soil layers, prevent mixing
of different soil types, and improve drainage (Fig. 4). This can help reduce deformation and increase
foundation stability.

Figure 4 - Geotextile under the foundation (catalogue Baurex, 2024)

The introduction of special solutions—injection reinforcement (e.g., cement or polymer) into the
soil using injections—improves its strength characteristics and reduces settlement (Fig. 5).
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Figure 5 - Soil reinforcement by injection method (catalogue SK Stroiz, 2024)
3 RESULTS AND DISCUSSION

The use of various methods to reinforce the base under foundations improves the reliability and
stability of structures. Injection reinforcement improves soil properties and increases its bearing ca-
pacity. Injection reinforcement has demonstrated a significant increase in the strength of the base.
The method has made it possible to significantly increase the bearing capacity of the soil by filling
its voids and creating additional bonds between particles.

The use of geotextile materials helps to separate soil layers and prevent them from mixing,
which contributes to even load distribution. It has proven effective in preventing the migration of fine
particles and improving drainage properties. Geosynthetically reinforced soil, geogrids, and geonets
improve soil stability and ensure even load distribution. The models implemented have demonstrated
that geotextiles reduce horizontal displacement and prevent the separation of shifting layers under
vertical loads.

The geosynthetically reinforced soil method improved the stability of the structure. Experi-
mental observations confirmed that the use of geosynthetics significantly increases the angle of inter-
nal friction and allows for a reduction in the size of the foundation, which leads to material savings
and lower costs.

Mathematical modeling of the application of a horizontal reinforcement package showed that
this method of foundation reinforcement can significantly improve the bearing capacity of the soil
and reduce the likelihood of deformations and deformation processes. The modeling showed a sig-
nificant increase in the shear strength limit, which leads to an increase in the stability of the founda-
tion. Calculations demonstrated that horizontal reinforcement elements significantly reduce defor-
mation and prevent potential structural integrity failures.

The use of various methods to reinforce the base for foundations in clay soils is a necessary and
effective way to increase the reliability and stability of structures, which allows to extend their service
life and ensure safe operation (Grushin, 2019). The use of various reinforcement methods, such as
injection reinforcement, geotextile materials, geosynthetic elements, geogrids, and horizontal rein-
forcement packages, significantly increases the strength and stability of foundations. The methods
described not only increase the load-bearing capacity, but also optimize the cost processes in con-
struction. The integration of models and practical applications of these methods makes it possible to
study and predict the behavior of foundations in various operating conditions in more detail, which
is an important aspect for increasing the reliability and durability of structures.

The use of various methods to reinforce the base for foundations in clay soils is a necessary and
effective way to increase the reliability and stability of structures, which allows to extend their service
life and ensure safe operation (Shibalova, 2018) The use of various reinforcement methods, such as
injection reinforcement, geotextile materials, geosynthetic elements, geogrids, and horizontal rein-
forcement packages, significantly increases the strength and stability of foundations. The methods
described not only increase the load-bearing capacity, but also optimize the cost processes in con-
struction. The integration of models and practical applications of these methods makes it possible to
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study and predict the behavior of foundations in various operating conditions in more detail, which
is an important aspect for increasing the reliability and durability of structures.

4 CONCLUSIONS

To introduce and optimise methods for reinforcing clay soils into design and construction prac-
tice, it is recommended that the following measures be implemented at key stages. Systematic imple-
mentation of these recommendations will ensure a transition to the widespread, technically and eco-
nomically sound application of reinforcement as a reliable foundation for construction on weak clay
soils.

Stages of implementing measures in design and construction practice:

1. At the engineering survey stage.

Supplement standard physical and mechanical soil tests with specialised tests to assess ‘soil-rein-
forcement’ interaction parameters (direct shear, pull-out).

2. At the design stage:

— apply numerical modelling (FEM) using software packages (PLAXIS, GeoStudio) to account
for soil non-linearity, phased construction and settlement prediction;

— for standard solutions, develop reference manuals with optimised reinforcement parameters
(embedment depth, spacing, material type), based on proven methodologies;

— provide for a monitoring system (geodetic surveys, strain gauging) to verify the calculation
models.

3. During the construction phase:

— ensure incoming quality control of geosynthetic materials;

— strictly adhere to technical specifications (level subgrade, tension, overlap of geosynthetic
sheets, gentle compaction);

— provide training and professional development for staff working with geosynthetics.

4. In the area of regulatory support:

— update regulatory documents to include modern calculation methods (composite mechanics,
FEM) and new types of geosynthetic materials;

— develop industry standards for testing methods for ‘soil-reinforcement’ contact.

5. In the area of scientific research, promising areas include:

— studying the long-term creep behaviour of geocomposites in aggressive environments;

— developing combined technologies (reinforcement with soil-cement elements, bored-injected
piles with geosynthetic casings);

— developing methods for non-destructive testing of reinforcement condition in completed
structures.
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