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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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Anaarna. Maxana ipeemac KYypwiiblcblHOA KOJNOAHBLIAMbBIH CA30bl MONbIPAKMAPObl
Hblzaumy adicmepin 3epmmeyee apHanzan. Cazobl MonvipaKkmapovly QUIUKATLIK JHCIHE
MEXAHUKANbIK KACUemmepIHiY epeKule epeKule JHCUbIHMbIRbL KYpblavicma Oencini  0ip
KUblHObIKmMap myowipaosi. Makanaoa ocvl Kacuemmep e2iiceti — mezxcelii Kapacmulpbliblin,
MYHOQU MONbLIPAKmMapoa KYpolivlC HCYp2aizy Ke3iHoe myblHOAUmvlH Macenenepoiy cebenmepin
myciHyee bazeimmanean. Kazipei 3amangvl apmamypanay mexHoio2usiapvli, aman aumganod
2COCUHMEMUKANLIK — Mamepuandapobl — KONOAHYead  epeKue  Hasap  ayoapulidobl.
l'eocunmemuxkanvl mamepuanroapovly mypiepi, onapobly CUNAMMAMAIAPbL HCIHE MONbIPAK
KYDbLIbICHIHOA KONOAaHY 20icmepi mepey 3epmmenzen. I eocunmemuxanvlx mamepuanioap meH
cazovl MONBIPAK APACLIHOARLL O©3apa dpeKemmecy MexaHusmoepi cawe OyY1 e3apa
apekemmecyoiy He2i30il HCaanbl MYPaKmvliblebl MeH 0e)oOpMayUsIblK, CUNAMMAMANIAPbIHA
acepi Kapacmuipvlizan. Maxanada monvipakmel HbleAUMKAHHAH KeliH OHbIH OepiKmiK HcaHe
oepopmayusnwbly  cunammamaniapvinoassl — eseepicmepoi  bazanayea  6agblmmaneau
3EPMXAHATILIK JHCIHE OANANbIK CbIHAKmMapowbly Hamudxcenepi ycvinvliean. ColHak pacimoepi,
KOJOGHBLIEAH HCAOOLIKMAD JHCIHE ANbIHRAH OepeKmepoi eHOoey 20icmepi CUnammaizaH.
Huvizavimgbiue ~ mamepuanoely ~ mypi  MeH  Monwepine  OQUIAHbLICMbL  MONbLIPAK,
cUnammamanapelHoagsl eszepicmepoi Kepcememin 2epagukmep MmeH Kecmenep Oepineer.
Texnukanvlk muiMOiniKk neH IKOHOMUKANLIK He2i30LliK Kpumepuiliepine cCyleHe Omblpuln,
MONBIPAKMbL  HLIRAUMYObIY dPMYPIL d0ICMEPIHIY CATbICbIPMANbL MALOAYbl HCYPRIZiNOL.
Mamepuanoapoviy KyHbl, eyoeK CollibiMObLIbIZbL, HCYMBICHIbL AAKMAY Mep3iMi HcaHe He2i30iH
Kemepeiw Kabilemin apmmulpy MeH O0eopMayusHbl azarmy mYpeblCblHOAbl HIMUNCECT
bazananowl. Tanoay He2iziHOe KYPbLIbIC AIAHLIHIH HAKMbL HCAROAILAPBIHA, KYPbLILIM MYpiHe
JHCIHe He2l30IH manan emilemin CUNAmmamaiapblHa OAIaHbLICMbL OHMALLIbL HbleAUMY d0ICIH
manoay botbinuia yceinbicmap Jcacanosvl. Maxana cazobl  monvlpakmel  Hbleaumy
canacvlnoazvl api  Kapau 3epmmeyee Nepcnekmusanvl 0ablmmapovl  MaiKybliayMeH
aagkmanaovi. Onoa dcawa mMamepuanoap MeH mMexHONo2UANLAPObl KOAOAHY MYMKIHOIKmepi,
COHOAU — aK HbIRAUMbBLIEAH He2i30epdi ecenmey JHCaHe Hcobanay 20icmepin dHcemindipy
Macenenepi Kapacmulpuliovl. Holzatimulizan monvlpakmapobly KOLOAHY AsCblH KeHelmy HCaHe
onapovly CeHimOinici MeH OepikmiciH apmmulpy YWiH KOCbIMWA 3epmmeyiep HCypeizy
Kaolcemmiei epexuie aman KepCcemiyieeH.

Tyiinai ce3nep: monvipaxkmol Hblealimy, cazobl MONLIPAKMAp, ipeemac KypoliblChl,
2€0CUHMEMUKANILIK  Mamepuanoap, monvlpakmoly Oepikmik Kacuemmepi, mMonvlpaKmoiy
Odepopmayusinany Kaobiremi, Hol2aiumy muimMoiniei, IKOHOMUKALbIK MUIMOIIK.
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AHHoTanusi. Cmamoss nocesaueHa uccied08anuio aHaIu3a Memooo8 YCuieHus 2nuHu-
CMbIX 2PYHMOB, NPUMEHAEMbIX NPU 8038e0eHUU hyHOamenmos. I nunucmuole 2pyHmol obaradaom
cneyuguueckum HaboOpom QuU3UKO-MeXaHUUeCKUX c8oucma, npedcmasiaiouux onpeoenéHuvle
mpyoHoCcmu npu cmpoumenbcmee. B cmamve demanvho uzyuaromes smu couUCmaa, ymoowl
NOHSAMb NPUYUHBL BO3HUKHOBEHUSL NPOOTIEM, CEA3AHHBIX C B036E0CHUEM COOPYICEHUL HA MAKUX
nougax. Ocoboe Humanue yoeneHo coO8PeMeHHbIM MEXHOI02UAM YCUTLeHUsL, 8 YACMHOCIMU, NPU-
MEHEHUI0 2e0CUHmemu4eckux mamepuanos. [1o0po6Ho onucanvl munsvi 2e0CUHMEMUKOS, UX Xd-
PAKmepucmuKy u cnocoovl NPUMeHeHUsl 8 2pyHmosom cmpoumenvcmee. Paccmompenuvl mexa-
HU3MbL 83AUMOOCIUCIBUSL 2e0CUHMEMUYECKUX MAMEPUATLO8 C 2TUHUCIBIM 2PYHIOM U GIUsHUE
9MO20 83AUMOOECMBUsL HA 0OWYI0 YCMOUYUBOCMb U 0eOPMAYUOHHBLE XAPAKMEPUCMUKU OC-
HogaHus. B pabome npedcmasnenvt pesynomamul 1a00pPAMOPHBIX U NONEBbIX UCHBIMAHUI,
HANPAasieHHbIX HA OYEHK) UBMEHEHUIl 8 NPOYHOCMHBIX U 0ehOPMAYUOHHBIX XAPAKMEPUCTIUKAX
epyHma nocie e2o ycunerus. Onucanvl MemoouKku npoedeHuUs: UCHbIMAHULL, UCNONIb3YeMoe
0bopyoosanue u Memoovl 00pabomru noryyeHuvlx oantuvlx. Ilpusedenvt epaguxu u madiuywl,
ULTIOCMpUpyiowue UsmMeHeHue XapaKkmepucmux epyHma 8 3aeUcUMOCmu Om muna u Koaude-
cmea apmupyroweeo mamepuand. Ipoeedén cpasHumenbHulil AHAIU3 PATUYHBIX MEMO008 YCU-
JIeHUsL 2DYHMO8 NO KPUMEPUAM MEXHUYECKOU (P HeKmueHocmu u SIKOHOMULECKol ONPaBOaHHO-
cmu. Oyenusaromes 3ampamuvl Ha MAmMepudaivl, mpyooéMKOCms pabom, CPOKU GbINOIHEHUs. U
nONY4eHHbIU dhghekm 6 gude novlueHUs Hecyujell CHOCOOHOCMU OCHOBAHUSL U CHUMCEHUSL Oe-
Gopmayuii. Ha ocHosanuu ananuza npeonojiceHvl peKoMeHOayuu no 6bl60py onmuMaibHO20
Ccnocoba yCuneHust 8 3a6UCUMOCU OM KOHKPEMHBIX VCI08UN NIOWAOKU CMPOUMENbCmed,
MUNA COOPYHCEHUS U MPeDYeMbIX XapaKkmepucmuKk 0CHO8aHus. B 3axnouenue cmamou 06¢ydic-
0aromcs nepcnekmugHble Hanpasienus OaIbHeuUUx UCCi1e008anull 8 001acmu YCuieHus iu-
HUCmbLX 2pyHmos. Paccmampusaiomcesi 603mModcHocmu npumeretust HO8blX Mamepuailos u mex-
HOJLO2ULL, a MAKI’Ce BONPOCHL COBEPUIECHCMBOBAHUSL MEMOO08 PACUEMA U NPOEKMUPOBAHUS Y CU-
JIeHHbIX ocHosaHull. Iloouépkusaemcs HeoOXo0UMOCMb NPOGedeHUsT OONOTHUMENbHBIX UCCILe-
008aHULL 015 pacuiupeHuss 001acmu NPUMeHeHUsl YCUTIeHHBIX 2DYHIO8 U NOBbIULEHUSL UX HAOEMHC-
HOCMU U Q0NI208E€YHOCHIU.
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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,
i.e., 60 and 10 percent:

Cu = deo/d10 (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:

_ Eg.bV—nEfEf
(v-nvy)Ey

_ V(Eg.b_ksEl)

ks o I‘l(Ef—ksEl)

and V¢ 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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