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Abstract. One of the real and promising ways to expand the range and types of structures for
strengthening the slopes of embankments and dams is the use of geotextile materials. In the
structures under consideration, they can perform protective, filtering, separating, reinforcing
functions and moreover they improve the working conditions of the soil and layers of road
pavements on the sides of the road and in the slope parts, increasing their stability. The use of
geotextiles makes it possible to develop technically and economically effective design solutions.

As the analysis of literature data has shown, soil reinforcement is an effective method for
increasing the bearing capacity of foundations at a relatively low cost. Therefore, research, both
theoretical and experimental, the development and creation of computational models taking into
account the influence of reinforcing elements is an urgent problem.

The paper considers the stress-strain state of a bulk dam without and with two options for the
location of geotextiles. On the basis of the carried out numerical modeling, it is shown how when using
geotextiles, the bearing capacity of a structure increases, while the volume of materials decreases. At the
second stage, on the basis of the calculations, the optimal variant of the location of the geotextile
material in the body of the structure was selected with the best technical and economic indicators.

The research results show that when reinforcing the embankment with open clips in two rows —in
the upper and lower parts-the smallest horizontal and vertical movements are obtained at almost the
same total stresses. At the same time, the required value of the resistance coefficient is achieved, and the
volume of soil is reduced.

Thus, it can be concluded that the use of geotextile materials can reduce the cost of basic building
materials while increasing operational characteristics and extending the service life of the structure.
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Introduction. The construction of new roads and the development of new territories are very
closely linked to each other. When tracking roads to provide allowable slopes, as well as
overcoming obstacles on the terrain, the earthen canvas is executed in the form of embankments,
slots or dams.

Engineering practice of strengthening the slips and dams constantly requires improvements to
existing structural and technological solutions in this area. This is caused by two reasons. One of
them is the absence of lightweight structures that occupy an intermediate position between the grass
and powerful strengthening of the slabs or a stone cape.

Another reason is due to the necessity of industrialization of structures of strengthening,
reducing the volume of work performed on the slope. The fact is that the work of people and
mechanisms on the slope is extremely complicated, there is no compacted soil. As a result, the
quality of fortifications is low, and the construction of a number of structures on the slopes with
laying 1:1.5-1:2 is often in general. All this causes defects, especially in rigid structures, whose
general work is difficult to provide. In such conditions, a flexible design could be more stable
because of the ability to adapt to the deformation of the surface of the slope.

One of the real and promising ways of expanding the nomenclature and species of structures
of strengthening slopes and the road is the use of geotextile materials that have become widespread
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in recent years. Fulfilling a reinforcing, draining, filtering functions, geotextile cloths improve the
conditions of soil and grain layers on the roads, in the load parts of embroidery and slots, increasing
their stability, protecting them, preventing a supersonal process. The use of geotextiles makes it
possible to develop new, more efficient in technical and economic constructive decisions.

Analysis of literary data and problem statement. Synthetic materials in construction are
used to create additional layers (separating, draining, filtering, protective, reinforcement) when
arranging road bases for further asphalt, in drainage structures and structures of surface drainage,
with the strengthening of slopes of embryos and slots of excavations and etc. [1-4].

In works [5-9], the authors provide the strengthening of the soil web with bulk elements and
the results of experimental studies to determine the dependencies of the mechanical characteristics
of the reinforced medium from reinforcement parameters.

In works [10-12] the use of geosynthetic materials in road construction, and also the results of
research on the application of finite elements (ISI) for modeling the work of an arm-based basis, are
considered.

The article [13] presents the results of the development of new methods for assessing the
stress-deformed state of the system of "construction-base” based on the ITS taking into account
reinforcing elements.

In the article [14], the results of theoretical and experimental studies of flexible fasteners of
the slopes of earthen hydraulic structures are given with using geotextiles. Also there are considered
of the calculation schemes of the stability of flexible fasteners from rock caps and concrete blocks,
which are flexible connections.

The literary data illustrated that soil reinforcement is an effective method for increasing the
bearing capacity of the bases at relatively small costs. Therefore, both theoretical and experimental
researches, development and creation of settlement models, taking into account the influence of
reinforcement elements, are an urgent problem.

Goal and research tasks. The country development depends on the quality of roads and the
master of new territories. When traced roads to overcome obstacles, the earthen canvas is executed
in the form of embankments, slots or dams. Strengthening data of structures through geotextile
materials will lead to a collaborative work of soil and increasing the bearing capacity of the base.
The use of geotextiles makes it possible to develop new, more efficient technical and economic
terms. Constructive decisions.

The purpose of the work is the influence of geotextile materials on the stability of slopes of a
bulk dam.

When achieving the goal, you need to solve the following tasks:

— to conduct a study of the general stability of the bulk dam with the use of geotextile
materials;

— to conduct a comparative analysis of the results and evaluate the economic efficiency of the
use of geotextiles.

Materials and methods of research. In the work, three cases were considered — a bulk dike
when laying slopes 1:1, 1:1.5, 1:2. Height of embankment 7m, the width of the floor — 10m (Fig. 1).
The load from its own weight of the body of embankment and road clothing was taken into account.
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Fig. 1. Bulk damba
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The calculation of general stability was carried out by the method of round cylindrical
surfaces of sliding.

The reinforcement of bulk dam geotextile allows you to increase the overall stability. In this
paper, it is proposed to use geotextile material with minimal stretching strength Rp = 70 N/cm and
thickness 6 = 4 mm.

For reinforcement of geotextile material, the following parameters [2, 4] must be calculated in
the use of the bulk dam [2, 4]:

— number of layers;

— length of laying a layer;

— distribution of layers by the height of the embankment.

The calculation of these parameters is based on the method of BSN 49-86 [4].

Also, the study of the stress-deformed state of the bulk dam was considered in Plaxis [15]. 3
cases were considered when laying 1:1.5. In this instance, it was considered:

— bulk dam (Fig. 2, a);

— bulk dam with two layers of geotextiles in the form of unfinished clips (Fig. 2, b);

—a bulk dike with the reinforcement of the embankment (Fig. 2, c).

a)
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b)
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Fig. 2. A bulk dams:
a — without geotextiles; b — two layers of geotextiles; ¢ — reinforcement geotextile

The calculations were performed in several stages, characterizing the stages of construction of
the construction. To match the influence of geotextiles on the stress-deformed state of the railway,
there have been made the calculations for embankment without geotextiles and calculations of mold
with geotextile, and also there have been investigated the total stability of the structure. At the first
stage, the stress-deformed state of its own soil weight is determined. On the second — the stress-
deformed state of the road embankment from the action of its own weight of the soil, the third —
determined the stability of the displacement.

Soils of the base consist of three layers with the following indicators of physical-mechanical
properties: grip ¢ (kN/m?), an angle of internal friction ¢ (in degrees), deformation module E (kN/m?)
and the Poisson coefficient (dimensionless value). The soil layers are arranged from top to bottom:

—first layer —y = 17.2 kN/m®, ¢ = 20, ¢ = 18, E = 16000, n = 0.35;

— the second layer —y = 18.6 kN/m?, ¢ = 21, ¢ = 24, E = 9000, p = 0.30;

— the third layer —y = 16.8 kN/m?, ¢ = 14, ¢ = 22, E = 26000, p = 0.30.
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The soils that make up the embankment have the following characteristics:
— the upper layer —y = 18 kN/m%; ¢ = 0, ¢ = 28, E = 28000, p = 0.3;

— the body of the embankment —y = 19 kN/m?; ¢ = 4, ¢ = 24, E = 22000, p = 0.3.

The results are presented in the form of EPUs in Fig. 3-14.
1 stage of calculations — an existing embankment.
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Fig. 3. Estimated scheme
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The following diagrams were obtained by calculating the stability. The coefficient of stability

is obtained 1.356.

Fig. 5. Scheme of emerging plastic zones
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Fig. 6. General displacement

Results of calculations when using geotextiles.

Geotextile stacked in the upper and lower parts in two levels. There is top at a distance of 1m
from the surface and along the boundary of the embankment. In this case, it is imperative to indicate
the pinching of geotextile material in the soil of the embankment.

2 Case — geotextile is located two layers of open clips.
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Fig. 7. Estimated scheme
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Fig. 8. Diagram of full stresses
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Fig. 9. Scheme of emerging plastic zones

When calculating the stability. Stability coefficient of 1.421.
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Fig. 10. General displacement

3 Case — reinforcing of the embankment slopes every 1 m.
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Fig. 11. Estimated scheme
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Fig. 13. Scheme of emerging plastic zones
When calculating the stability. The coefficient of stability is 1.594.
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Fig. 14. General displacement

Results of calculations. When designing a bulk dam in order to increase the bearing capacity
of the body of the embankment, geotextiles were used to reduce the volumes of the soil, which in
this case performed the functions of reinforcement and strengthening of the design.
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Studies have been conducted in two stages. In the first stage, the stability of the bulk dike was
considered at three laying of slopes 1:1, 1:1.5 and 1:2. The required stability coefficient is 1.46.
Research results are presented in Table 1.

Table 1 — Technical and economic indicators of Stage 1 of research

) Laying of slopes
Settings settlements 11 115 12
Stability coefficient 1.2 1.42 1.88
The number of geotextile layers at 5 5 4
ks=1.46
The width of the bulk is lower, m 24 31 38
The volume of soil is 100 p.m., m* 11900 14350 16800

In the second stage, as a result of studies of the stress-deformed state of the bulk dam in the
PLAXIS program, there are obtained the diagrams of full stresses, diagrams of horizontal and
vertical displacements are obtained, the coefficients of the stability of the slope.

The main results are given in Table 2.

Table 2 — Technical and economic indicators of the 2nd stage of research

Settings settlements Embankment Emb_ankrr_]ents . Funny with the
with clips reinforcement of slopes
General tension, kPa 118.9 119.79 121.2
Vertical movements, mm 0.145 0.067 0.0706
Horizontal movements, mm 0.0104 0.00945 0.01731
Stability coefficient 1.356 1.461 1.594
Geotextile, 100m” — 66 169

Consequently, when using unclosed clamps in two rows, the smallest horizontal and vertical
movements are obtained with almost identical overall stresses. In this case, the required value of the
stability coefficient is received and the cost of geotextile materials is smaller than when arming the
slopes of the embankment.

Conclusions:

1. The research data shows that when using geotextile, it is possible to reduce the laying of the
slope. In this case, the volume of soil is reduced to 29%, and the bearing capacity of the earth's
embankment and redistribution of voltages arising in the soil array under the action of loads also
increase.

2. The most optimal option for the technical and economic indicators was an option — a bulk dike
with slots 1:1.5 with the reinforcement of embankments in two layers in the upper and lower parts.
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AnoTtanisi. OTHAM 3 pealbHUX 1 MEPCIIEKTUBHUX IUISIXIB PO3IIUPEHHS HOMEHKIIATYPH 1 BU/IIB
KOHCTPYKITIH 3MIITHEHHSI YKOCIB HACHIIB 1 JaMO € BUKOPHCTAaHHS I'€OTEKCTHJILHUX MaTepiaiiB. Y
PO3MISIHYTUX KOHCTPYKI[ISIX BOHU MOXYTh BUKOHYBATH 3aXUCHI, (DUIBTPYIOYi, PO3/IIJIOBI, apMyrOUl
(GyHKIIIT, TpH [IBOMY TTOKPAITYIOTh YMOBH POOOTH I'PYHTY 1 IIapiB JOPOKHBOTO OJATY Ha y30144sX i
B YKICHMX YaCTHHAX, MIJIBUIIYIOYM iX CTIAKICTh. 3aCTOCYBaHHS TI'€OTCKCTHJIIO JA€ MOKJIUBICTh
po3poOuTH e(hEeKTHBHI B TEXHIKO-€KOHOMIYHOMY BiJHOIIIEHHI KOHCTPYKTHUBHI PIIICHHS.

Sk mokas3aB aHaji3 JIiTepaTypHUX HaHUX, apMyBaHHS IPYHTY € €(DEKTUBHHM METOJOM IS
301IBIICHHST HECYYOi 3JaTHOCTI OCHOB IIPH MOPIBHSIHO HEBEIIMKUX BUTpaTaxX. ToMY JOCTIIKCHHS K
TEOPETHYHI, TaK 1 EKCIEePUMEHTalIbHI, PO3pOOKa 1 CTBOPEHHS PO3PaXyHKOBUX MOJEICH 3
ypaxyBaHHSIM BIUTMBY apMYIOUHX €JIEMEHTIB € aKTyaJIbHOIO MPOOJIEMOIO.

B po0oTi po3risiHyTO Hanpy»KeHO-Ie(pOpMOBaHUKM CTaH HACUITHOI JaMOHU 0€3 T€OTEKCTHIIIO Ta
3 JBOMa BapiaHTaMu Horo posramryBaHHs. Ha OCHOBI MpOBENEHOr0 YHCENHLHOTO MOJETIOBAHHS
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I0OKa3aHO SK IPU BHKOPUCTAHHI TNEOTEKCTUJIIO ITJIBHINYETHCSA HECyda 3JaTHICTh CIIOPYIH, IIPH
IbOMY 3MEHIIYIOThCS 00caru mMaTepianiB. Ha agpyromy erami Ha OCHOBI IPOBEACHUX PO3PaXyHKIB
BUOpPaHO ONTHMAJBHHUIA BapiaHT PO3TAallyBaHHS I€OTEKCTHIIBHOTO Marepially B TUIl CHOPYOH IpU
HaWKpalmx TeXHIKO-CKOHOMIYHUX MOKA3HUKAX.

Pesynbrati 1OCIiHKEHDb MOKa3YyIOTh, IO ITPH apMyBaHHI HACHITY HE3aMKHYTUMH 000MMaMH B
JIBa PO — Y BEPXHIM 1 HWKHIM YacTHUHI OTPUMaHI HAMMEHIII TOPU3OHTANIbHI 1 BEpPTHUKAJIbHI
MEePEeMIIEHHST TIPH MalKe OJHAKOBUX IMOBHUX HANpyx)eHHsX. [Ipu 1boMy HocsTaeThcsi HEOOXiaHE
3HAYEHHS KoedilieHTa CTIHKOCTI, 3SMEHIITYETLCS 00CAT IPYHTY.

TakuM YMHOM, MOXKHA 3pOOMTH BHCHOBKH, IO 3aCTOCYBaHHS T'€OTEKCTHJIBHMX MaTepialliB
JI03BOJIIE  CKOPOTHTH BHTpPaTH HAa OCHOBHI Oy/iBelbHI MaTepiaqd TMpH  MiJBUIICHHI
eKCIUTyaTaI[ifHIX XapaKTePUCTHUK 1 MPOJOBKEHHS TEPMIHY CIIY>KOU CIIOpYIH.

Kurouogi ciioBa: HacumHa qam0a, re0TeKCTHIIb, apMYBaHHS IPYHTY, CTIHKICTh YKOCIB.
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AnHoTammsa. OJHUM M3 peajibHbIX M MEPCHEKTUBHBIX ITyTeH pacluMpeHHus HOMEHKIATypbl U
BHUJIOB KOHCTPYKIIM# YKPEIUICHHsI OTKOCOB HACHINEH U aMO SIBJISETCS HCIIOb30BAaHUE T€OTEKCTUIIBHBIX
MarepuaioB. B paccMaTpuBaeMbIX KOHCTPYKIMSIX OHH MOTYT BBIMOJIHATE 3alUTHBIC, PUIBTPYIOIIHE,
pazaenuTenbHble, apMUpYOIe (YHKIMH, MPU 3TOM YIIYYIIAIOT YCIOBHS PabOThI TPYHTa M CIIOEB
JIOPOXKHBIX OJEXK]T HA 000YMHAX M B OTKOCHBIX YaCTSX, MOBBIIIAS MX YCTOWYHUBOCTh. IIpHMEHEHHE
TEOTEKCTUIIS TA€T BO3MOXHOCTh pa3padoTarh 3()(EKTHBHBIC B TEXHHKO-IKOHOMHUUYECKOM OTHOIICHUH
KOHCTPYKTUBHBIC PCHICHUS.

Kak nokasan aHanus auTepaTypHbIX JaHHBIX, apMUPOBAaHUE IPYHTA ABIAETCSA 3PPEKTUBHBIM
METOJIOM JIJISl YBEIUYCHUS HeCylled CIIOCOOHOCTH OCHOBAaHUUM TPU CPaBHUTEIHHO HEOOJBIINX
3arparax. [109TOMy HCClIe0BaHHS KaK TEOPETHUECKUE, TaK U IKCIIEPHUMEHTalIbHbIC, pa3paboTka u
CO3JJaHUE PACUYETHBIX MOJIEIIEH C yYETOM BIIMSHUSA apPMHUPYIOIIUX 3JIEMEHTOB SIBJISETCS aKTyaJIbHOU
mpoOIeMoii.

B pabore paccMOTpeHO HampsLKEHHO-IEPOPMHUPOBAHHOE COCTOSHHUE HACHITHOW TaMObl 0e3
TEOTEKCTHISI W C JBYMs BapHaHTaMH DAaCIIOJIOXKEHHS TeOTeKCTHIs. Ha OCHOBE MpOBEIEHHOTO
YUCIICHHOTO MOJICITUPOBAHMS TIOKA3aHO KaK IMPU MCHOJIb30BAHMH T€OTEKCTHIIS TOBBIIIACTCS HECyIast
CIIOCOOHOCTh COOPYXKEHUS, TIPH STOM YMEHBIIAIOTCS 00beMbl MaTepuayiioB. Ha BTOpoM 3tame Ha
OCHOBC ITPOBCACHHBIX PacuCTOB BI)I6paHO ONTHUMAILHEIN BapUaHT PACIIOJIOKCHUA TI'COTCKCTUIIBHOT'O
MaTtepuaia B TCJIC COOPYKECHHS IMPHU HAMITYUYIINX TEXHUKO-OKOHOMUYCCKHX IMOKA3aTCIIAX.

Pe3ynbTarel MCCIEIOBaHUN TOKA3bIBAKOT, YTO IPH apPMUPOBAHMM HACHINA HE3aMKHYTHIMH
oboliMaMu B /1Ba psila — B BEpXHEH M HIDKHEH 4acTH IMOJy4eHbl HaUMEHBIINE TOPU3OHTAIbHbBIE U
BCPTUKAIIBHBIC MCPEMCIICHUA ITPU ITOYTHU OAWHAKOBBIX ITOJIHBIX HAIIPSKCHUAX. HpI/I 9TOM JOCTUTACTCS
HEo0X0IMMOe 3HaYCHUE KO (UIEeHTa CTONKOCTH, YMEHBIIIAETCsl 00hEM IPYHTA.

Takum 00pa3oM, MOXHO CeaTh BBIBOJBI, YTO MPUMEHEHHE T'COTEKCTUIIbHBIX MaTepUaiOB
MMO3BOJIICT COKpATUThL 3arparbl Ha OCHOBHBIC CTPOUTCIIBHBIC MATCpUalibl IIPH ITOBBIICHHUA
AKCIUTYaTAlMOHHBIX XapaKTEPUCTHK U MPOJUICHUS CPOKA CITYKOBI COOPYKEHHUSI.

KarueBble cioBa: HacbiliHas jaM0a, T€OTEKCTHIIb, apMHUPOBAHUE TPYHTA, YCTOHYHMBOCTH
OTKOCOB.
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