AHOTANIA

Kpaseyo [I. 5. Meronu OIIHIOBaHHS Ta MIJABUIIEHHS HECY4YOi 3JaTHOCTI
HEOJHOPITHOTO 3€MJISTHOTO TMOJIOTHA 3alli3HUYHO1 Kojii. — KBamidikaiiiiiHa HaykoBa
mparisi Ha IpaBax PyKOIHUCY.

Hucepramist Ha 3100yTTS HAYKOBOTO CTYIEHS JOKTopa (imocodii 3a
cnermianpHICTIO 192 «byniBHUIITBO Ta NMBUIBHA 1HXEHEpisi». — JIHIIPOBCHKUM
HAI[IOHAJIBHUM YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY iMeH1 akanemika B. Jlazapsna,
Huirpo, 2021.

JucepTallis NpUCBSYECHA BUPIMICHHIO aKTyaJIbHOI 3ajadl po3poOKH METO/IiB
OL[IHIOBAHHS Ta MIJBUIIIEHHS HECYUYOl 3/JaTHOCTI HEOAHOPITHOT'O 3€MJISTHOTO MOJIOTHA,
apMOBAHOI'0 TPYOYaCTUMHU JPEHAKHUMHU KOHCTPYKIIISIMU, TPHU J1i CTAaTUYHHUX 1
JUHAMIYHUX HABaHTAXEHb BIJl TPAHCHOPTHHUX 3ac001B. TeopeTuuHy CTOPOHY 3ajaaul
BUPIMICHO NIJISIXOM YIOCKOHAJCHHS aHAJITHYHUX METOJIIB OLIHKHA HECYYOi 3/1aTHOCTI
HEOJIHOPITHOTI'O 3EMIISIHOTO MOJOTHA 13 ypaXyBaHHIM KOMIUIEKCY (akTopiB: (pi3uko-
MEXaHIYHUX XapaKTEPUCTUK TPYHTIB 3€MJISTHOTO IMOJIOTHA 1 TPyOUaCTHX JIPEHAKHHUX
KOHCTPYKI[I Ta HaBaHTAXKEHb B1J TpaHCHOPTHUX 3aco0iB. ExcnepumeHTalibHa Ta
[IPaKTUYHA CTOPOHA — BUPILIYETHCSA LUISIXOM PO3POOKH 1HEPLIMHOIO MPUCTPOIO IJIA
BU3HAUYEHHS HECY4YOi 37aTHOCTI HEOIHOPIAHOIO 3E€MJISSHOTO MOJOTHA Ta CIOCo0y
MIJIBUIIIEHHS] HOr0 HECYY Ol 3/1aTHOCTI.

[IpoanamizoBaHO TEXHIYHUH CTaH 3EMIITHOTO IIOJIOTHA 3aII3HHYHOI KOMii Ta
npoOjeMu 3a0e3mnedyeHHss WOro MIIHOCTI MpW  [ii MaBOAKOBUX BOJ  Ta
MEePE3BOIOKEHHA Ha JUISTHKAX KOJii y mporeci ekcrutyartarlii. BcraHoBieHo, 1o
NPOTSKHICTh 3€MJISTHOI'O TOJIOTHA, CXWJIBHOTO N0 nedopmariii ckianae 870,8 kM
(4 %), MmO TPHU3BOAWUTH 1O 3HIDKECHHS NPOMYCKHOI Ta IPOBI3HOI CIPOMOXKHICTD
3aI3HULb. TOMY po3po0OKa METOIIB MiABUIIIEHHS HECYUYOl 3/JaTHOCTI HEOAHOP1THOTO
3eMJISTHOT'O MTOJIOTHA € BKpail HEOOX1JHOKO 1 CBOEYACHOIO.

I3 anamizy HayKOBO-IOCIIJHHX POOIT BCTAHOBJICHO, IO JOCIIJDKCHHS, SKI
CIIpPSIMOBaH1 Ha BUPIMICHHS 3ajJa4i pO3pOOKH METO/AIB BU3HAUCHHS Ta IiJIBUIICHHS
HECy4JOl 3IaTHOCTI HEOAHOPIAHOTO 3€MJISTHOTO IMOJIOTHA B yMOBaX EKCIUTyaTallli, €

aKTyaJbHHMH 1 BIANOBIJAIOTH 1HTEpPEcaM TpPAHCIOPTHOI ranay3i Ta HarioHanbHiM



TpaHcnopTHi cTparerii Ykpainu 1 Crparerii AT «Ykp3anmi3HUIS», OCKUIBKH
po3poOKka Ai€EBUX METOMIB IMIJBHIIEHHS HECY4Oi 37aTHOCTI HEOIHOPITHOTO
3eMJISTHOT'O MTOJIOTHA 3a0€3MeUrTh MMiJIBUILIEHHS CTaHy Oe3MeKH pyxXy MOi3/IiB.

[TpoBeneHo reopa iooKaIiitHI JTOCTIKEHHS TPOOIEMHHUX JIUISTHOK 3EMJISTHOTO
MOJIOTHA 3aJII3HUYHOI KOJii, HA OCHOB1 SIKUX 3HAMJIEHO PO3IMOALT XapaKTEPHUX O3HAK
HEOJHOPIAHOCTI 3E€MJITHOTO TMOJOTHA Yy BEPTHKAJbHIA IUIOMIMHI Ta MEXIl IX
pO3TaIIyBaHHS.

Po3pobneno mareMatuuHy MoOJedb  JUISL  OIIHKKM  HECcy4yol  3/aTHOCTI
HEOJHOPITHOTO 3EMJITHOTO TIOJOTHA, apMOBAHOTO TPyOYaCTUMHU JAPEHAKHUMU
KOHCTpYKIisiMUA.  [IpoBeneHO  OWLIHKY  HampyXeHo-Ie(OopMOBaHOrO  CTaHy
HEOJHOPITHOTO  3€MJITHOTO TOJOTHAa 13 BpaxyBaHHSIM  (Pi3UKO-MEXaHIYHUX
napaMmeTpiB  IPYHTIB, TpyO4dacTHX JPEHAKHUX KOHCTPYKIIM 1 JAMHAMIYHHX
HaBaHTaXEHb B1Jl pyXOMOI0 CKJIay 3aJi3HUYHOTO TPAHCIIOPTY.

Bceranosineno, 10 BaXJIMBOIO XapaKTEPUCTUKOIO TPYHTIB 3€MIITHOTO TMOJIOTHA €
ix muibHICTh. Came CTyNiHb VIIUIBHEHHS IPYHTY O€3MoCepeqHbO BIUIMBAE HA
nedopMaliifHi XapaKTepUCTHKHA 3EMIITHOTO ITOJOTHA. 31 30UIBIICHHSM IMUJIBHOCTI
3pOCTalOTh 1 XapaKTePUCTUKH OMOpPY 3PYIICHHIO, [0 MPU3BOIUTH 10 3a0e3MeueHHs
cTablIpHOI po0OOTa 3EMIITHOTO IIOJOTHA TPH BIOPOJMHAMIYHIA JIii JHMHAMIYHOTO
HaBaHTAXEHHS.

Po3pobieno  MeTroAauKy  po3paxyHKy —JIMHaMIYHMX  HAaBaHTaXXEHb  BiJ
TPAHCIIOPTHUX 3aCO0IB TMPHU HEOJHOPITHOMY 3EMIISTHOMY TOJIOTHI, sIKa JO3BOJISE
BpaxoOBYBaTH BIUIMB T€OMETPUYHUX HEPIBHOCTEM HAa PEHKOBIM KOJIi Ha Hecydy
3IaTHICTh 3€MJISTHOTO TIONIOTHA. [Ipu po3paxyHKy po3moAuTy TMHAMIYHUX KOJUBAHb Y
TIIl HEOJAHOPIAHOTO 3€MJITHOTO MOJIOTHA, apMOBAHOr0 TPYOUACTHUMH JIPEHAKHUMHU
KOHCTPYKITISIMHA, BPaxoOBYIOTbCS (Di3W4YHI XapaKTEPUCTUKH PI3HUX IIapiB TPYHTIB,
JIPEHKHUX KOHCTPYKIIN Ta iX TreoMeTpuuHi po3mipu. OTpuMaHo AaHl IIOAO
pO3MOAUTY JUHAMIYHUX HAaBaHTAaXXCHb HAa HEOJHOPIJHE 3EMJISIHE MOJIOTHO, SIKI B
MOJIaJIBIIIOMY BUKOPUCTOBYIOTHCS JIJIsl OI[IHKM HECYYOi 3IaTHOCTI 3eMJISTHOT'O MOJIOTHA
apMOBAHOTO TPYyOUACTUMU APEHAKAMH.

Po3pobieno MeTonuky s 1abOpaTOPHOrO BU3HAYEHHS CTYMEHS YIIIJIbHEHHS

3eMJISHOTO TOJIOTHA HAa OCHOBI IHEPUIMNHUX BHUMIPIOBaHb NPHUCKOPEHb B IPYHTaX



3eMJITHOTO TIOJIOTHA. SIka [03BOJISIE TIPOBOJIWTH OIIHKY CTYMEHS YIIUTBHEHHS
3eMJITHOTO TIOJIOTHA Y 3aJEKHOCTI BiJl IIBUAKOCTI TOMIMPEHHS MPYKHUX XBHIb
ynaapy.

[IpoBeneHO  eKCIIEpUMEHTaNbHI  JOCHIIPKEHHS  BW3HAUCHHS  IIBHIKOCTI
NOLIMPEHHS MPYKHUX XBWIb B  OJHOPIAHOMY 3€MJISIHOMY  TMOJOTHI 13
KPYIHO3E€PHUCTOIO  MICKY Ta  HEOJHOPIAHOTO  3€MJISHOTO  MOJOTHAa 13
KPYIMHO3EPHUCTOTO MICKY 13 MpOIIapKaMu TJIMHHU O BUCOTI MOMEPEYHOro Mepepizy
3eMJITHOTO TIOJOTHA. BCTaHOBIEHO, IO MIBUAKICTH PO3MOBCIOKEHHS MPYKHHUX
XBWJIb yJIapiB Y HEOAHOPITHOMY 3E€MJITHOMY TIOJIOTHI Ma€ HUXKYE 3HAUYEHHS, aHDK
MIBUJIKICTh  PO3MOBCIOJUKCHHS XBWJIb B OJHOPIAHOMY 3€MJITHOMY TIIOJOTHI.
BcranoBneHo, 110 MBUAKICTH MOMUPEHHAS MPYKHUX XBUJIb YAapy B HEYIIUIbHCHOMY
OJTHOPIIHOMY 3€MJISTHOMY TMOJIOTHI Y ULEHTPalbHI YacTHUHI NPU3MHU 3EMIISTHOTO
MOJIOTHA CTaHOBUTH 422 Mm/c, mpU NPOMDKHOMY yIIUIbHEHHI — 485 M/c Ta mnpu
MaKCHUMaJIbHOMY TOIIAPOBOMY YIIUJIBHEHHI 3€MIITHOro TmonotHa — 597 w/c.
IBUAKICT, TOIIMPEHHS XBWIb 10 KpalHIX AAaTYMKIB, IO PO3MIIIEHI Ha Kpasx
MPU3MHU 3€MJITHOTO TIOJIOTHA cTaHOBUTH 390 M/c Ta 386 M/c mpu pO3yHIiIILHEHOMY
CTaHI OJTHOP1AHOTO 3eMJISTHOTO TIoJIoTHA. [Ipu mpoMmidkHOMY yiiibHEHHI — 458 M/C Ta
463 m/c BIAMOBIAHO 1 MPU MaKCHMaJbHO YIIUTbHEHOMY cTaHl — 588 mM/c Ta 575 m/c
BIJIITOB1THO.

BceranoBneHo, 110 Mpu  HEOAHOPITHOMY 3E€MJISHOMY TOJOTHI IIBUAKICTH
MOIIUPEHHS MPY>KHOT XBWJI1 10 JATYMKA, SIKUA BCTAHOBJICHO MiJI JHKEPEIOM YyIapy, Yy
PO3YILUIBHEHOMY CTaHl cTaHOBUTH 570 M/c, pH NPOMI)KHOMY YIIIIIbHEHHI — 588 m/c
1 Mpu MaKCUMaJIbHO yIIibHEHOMY — 648 m/c. IlIBUAKICTh MOMIMPEHHS] XBUIb JO
KpalHIX JaT4yuKiB CTaHOBUTH 553 M/c Ta 558 M/c mpu poO3yHIiIbHEHOMY CTaHi
3eMJITHOTO TToJIoTHA. [Ipu mpomixkHOMY yiiuibHeHH] — 544 M/c Ta 534 M/C BIANOBIAHO
1 Ipy MaKCUMAaJILHO YIIUJIbBHEHOMY cTaHl — 587 M/c Ta 605 m/c BiMOBIIHO.

[Ipn nuHamiyHIN 1HTEpOpeTalii, 13 BUKOPUCTAHHSIM CTAaTUCTUYHOIO aHai3y,
BCTAHOBJICHO XapaKTEpHI OCOOJMBOCTI PO3MOJLITY NPUCKOPEHb Yy TUIl HACUIy
OJTHOPIJTHOTO Ta HEOJHOPITHOIO 3EMJITHOTO TMOJIOTHA B 3QJIEKHOCTI BiJ] CTYIEHS iX
VIIUTBHEHHSI, 110 JO03BOJIUTH MPOBOJUTA MOHITOPUHT CTaHy 3E€MJITHOTO TOJIOTHA Yy

npoteci ekcruryatanii. OCKiIbKH, BCTAHOBIIEHO, 1110 BiJl CTYNEHS YUIUIbHEHHS IPYHTY



Oe3rocepeIHbO 3aliekarh JjJedopmalliiHl XapaKTEPUCTUKH 3€MJITHOTO TOJIOTHA Ta
TEXHIYHHUHA CTaH JOPIT BI[LJIOMY.

3anponoHOBAHO CIOCIO MIABUIIEHHS HECY4YOi 3[IaTHOCTI XBOPOTO 3E€MJISTHOTO
MOJIOTHA 3aJII3HUYHOI KOJIIi NUISIXOM 3aCTOCYBaHHS KOMOIHOBAaHOT'O pO3TAIlyBaHHS
IPEHAKHUX TPYO Y BEPTUKAIBHOMY Ta TOPU3OHTAIBHOMY HAaINpsiMax y KOHCTPYKIIT
3eMJITHOTO TIOJIOTHA, IO € 3acOo00M YCyHEHHsS (DaKToOpy, SKHH CHpUYUHSE HOTO
nedopmariii Ta e eKTH, a came BiJIBEICHHS BOJIU.

[IpoBeneHO OIIIHKY 1 JOCHIJPKEHHSI HaIpy>KeHO-Ie(OPMOBAHOTO CTaHY
3eMIISTHOTO TIOJIOTHA IJACHICHOTO KOHCTPYKINEK TPyOUacTHX IpPEHaKiB METOI0M
CKIHUCHHUX €JIEMEHTIB. Y pe3yabTari 0araroBapiaHTHUX PO3PaxyHKIB HaIpyKEHO-
1e(OpMOBAHOIO CTaHy apMOBAHOTO 3E€MJITHOTO TIIOJIOTHA BCTAHOBJIEHO, IO
KOHCTPYKI[ISl TpyO4acTHX JpeHaXiB MIABUINYE J1€(POPMATUBHICTh 3EMJISTHOTO
nosiotHa Ha 14,93 % npu BiamtyBaHHi ojHiei Tpyou, 13,63 % — nBox, 1 7,79 % —
TPHOX JAPEHAXKHUX TPYO BIIHOCHO PE3yJbTATIB PO3PAXyHKY 3€MIISTHOTO IMOJIOTHA 0e3
BJIAIITYBAaHHS TpyOuacTux ApeHaxiB. HanpyxeHHs, skl BAHUKAIOTh Y T1JI1 3eMJISTHOTO
MoJI0THA 0€3 TpyOUuacToro JpeHaxy € BUIIMMHU 3a HANPY>KEHHS, IKI BUHUKAIOTh Y T
3eMJITHOTO TIOJIOTHA Yy SIKOMY 3HAXOJUThCS JpeHaxHI TpyOu. BcraHomieHo, mio
PI3HHIISI HATIPYXKEHb CTAHOBUTH 10 3,65 % mpu BiamrTyBaHHI onHiel Tpyown, 3,12 % —
BOX, 12,92 % — TphoX ApeHaXHUX TPYO, 110 TOBOAUTH €(EeKTUBHICTH 3aCTOCYBAaHHS
TpyOuacTux JpeHaxiB pgiamerpoM 600 MM ajid MIJICHIEHHS MEPE3BOJI0KEHOIO
3eMJISTHOT'O TTOJIOTHA 3aJ1I3HUYHOI KOJIii.

VY pe3yabTaTi 4Oro J0BEAEHO €(QEKTHUBHICTh 3aCTOCYBAHHS KOHCTPYKLIN
TpyO4YacTHX MAPEHaXIB [JIs MIABUIICHHS HECY4oi 37aTHOCTI MEpPE3BOJIOKEHOTO
3eMJISHOTO TIOJIOTHA 3aJi3HUYHOI KOJIi MpH [ii MOCTIMHUX Ta TUMYAaCOBHX
HaBaHTaXeHb. BCTaHOBIEGHO, MO 3 OAHIET CTOPOHH ASHOPMATHBHICTH 3EMIISTHOIO
MIOJIOTHA TIJIBUIYETHCS MPU 3aCTOCYBaHHI TPYyOUACTUX APEHAXKIB, ajie 1€ TUIbKH Y
MMOYATKOBUH Tepiof iX eKCIuTyararlii, MpoTe B MOAAIBIIOMY, KOJIW BOHH BiABOISTH
BOJY 3 TUIa 36MJISHOT'O TOJIOTHA, HaBMakW OyJie MiABUIYBAaTUCS HECyya 37aTHICTh

3eMJISHOTO TOJOTHA 3a PaxyHOK MOKpalleHHs (I3UKO-MEXaHIYHUX BJIACTUBOCTEU

IPYHTIB.



Po3pobieno pekomenpaalii 3 MiABUIIEHHS HECY4YOl 3JaTHOCTI HEOAHOPITHOTO
3eMJISTHOTO MOJI0THAa KOMOIHOBAaHHUM CITIOCOOOM YKJIa/laHHsI KOHCTPYKIIT 3 TpyOUuacTHx
JIPEHaXIB Yy TUIO HACHUIy TMEpPE3BOJIOKEHOTO 3€MJISHOIO TMOJOTHA Ta Ccrocid
3aBYACHOTO TIOMEPEHKEHHS PO3BUTKY nedopmaliiii Iopir MmIIsXoM MOHITOPUHTY
PO3pOOJICHUM THEPIIHHUM TIPUCTPOEM.

[IpoBeneno TEXHIKO-€KOHOMIYHUI PO3paxyHOK BIPOBAI)KCHHS
3alpPONOHOBAHOTO0 METO/y BHUMIPIOBAHHS CTYINEHS IIJIBHOCTI T'PYHTIB 3€MIISTHOTO
nojioTHa. BcTaHOBIIEHO, 10 MpUBENEHI BUTPAaTH HA peali3alilo 3axoAiB 13
eKCILTyaTarlii 3alpornOHOBAHUM MIPUCTPOEM, MEHIII Bijl ICHYI04Oro Ha 67 THUC. TPH., a
TEPMIH OKYMHOCTI MpPHU BHUKOPHUCTAHHI 3aMPONOHOBAHOIO MPUCTPOIO CKJIAJa€e
5 MicsiB.

Knrouosi crnosa: HeogHopigHe 3eMiIsTHE MOJOTHO, HECydYa 3JaTHICTh, TPyOUacTi
JIPEHa)XXHI KOHCTPYKIII, METOJ CKIHYEHHUX E€JEMEHTIB, MpYyKHA XBWIS ynapy,
THEpIIAHI JTOCTIKEHHS, MBUAKICTh MOIIUPEHHS XBWJIb, IIUIBHICTh, HANPYXKEHHS,

nedopmariii.
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ABSTRACT

Kravets lvan. Methods for assessing and improving the load-bearing capacity of
a non-uniform roadbed of a railway track — Qualifying scientific work on the rights of
the manuscript.

Thesis for PhD. degree in specialty 192 “Construction and civil engineering”. —
Dnipro National University of Railway Transport named after Academician V.
Lazaryan, Dnipro, 2021.

The dissertation is devoted to the decision of an actual problem of development
of methods of estimation and increase of bearing capacity of the inhomogeneous
earth cloth reinforced by tubular drainage designs, at action of static and dynamic
loadings from vehicles. The theoretical side of the task was solved by improving
analytical methods for assessing the bearing capacity of a non-uniform roadbed,
taking into account a set of factors: physical and mechanical characteristics of subsoil
soils and tubular drainage structures and loads from vehicles. Experimental and
practical side - is solved by developing an inertial device for determining the bearing
capacity of inhomogeneous earth and a way to increase its bearing capacity.

The technical condition of the railway track and the problems of ensuring its
strength under the action of floodwaters and waterlogging in sections of the track
during operation are analyzed. It is established that the length of the roadbed prone to
deformation is 870.8 km (4%), which leads to a decrease in the capacity and carrying
capacity of railways. Therefore, the development of methods to increase the bearing
capacity of a non-uniform roadbed is extremely necessary and timely.

From the analysis of research works, it is established that researches that are
directed on the decision of a problem of development of methods of definition and
increase of bearing capacity of a non-uniform roadbed in operating conditions. They
are actual and correspond to the interests of transport branch and National transport
strategy of Ukraine and Strategy of Ukrzaliznytsia, development of effective methods
to increase the bearing capacity of a non-uniform roadbed will ensure the safety of

trains.



The georadar studies of problem areas of the railway track have been carried
out, on the basis of which the distribution of characteristic signs of a non-uniform
roadbed in the vertical plane and the boundaries of their location have been found.

A mathematical model for estimating the bearing capacity of a non-uniform
roadbed reinforced with tubular drainage structures has been developed. The stress-
strain state of a non-uniform roadbed is estimated taking into account the physical
and mechanical parameters of soils, tubular drainage structures and dynamic loads
from the rolling stock of railway transport.

It is established that an important characteristic of soils is their density. The
degree of soil compaction directly affects the deformation characteristics of the
subsoil. With increasing density, the characteristics of shear resistance increase,
which leads to stable operation of the subsoil under the vibrodynamic action of
dynamic loading.

A method for calculating the dynamic loads from vehicles with a non-uniform
roadbed, which allows to take into account the influence of geometric irregularities
on the rail track on the bearing capacity of the subsoil. When calculating the
distribution of dynamic oscillations in the body of a non-uniform roadbed reinforced
with tubular drainage structures, the physical characteristics of different soil layers,
drainage structures and their geometric dimensions are taken into account. Data on
the distribution of dynamic loads on the non-uniform roadbed, which are then used to
assess the bearing capacity of the subsoil reinforced with tubular drainages.

A method for laboratory determination of the degree of compaction of the
subsoil based on inertial measurements of accelerations in the soils of the non-
uniform roadbed has been developed. Which allows you to assess the degree of
compaction of the ground depending on the speed of propagation of elastic shock
waves.

Experimental researches of determination of speed of propagation of elastic
waves in a homogeneous earth cloth from coarse-grained sand and inhomogeneous
earth cloth from coarse-grained sand with layers of clay on height of cross section of

an earth cloth are carried out. It is established that the speed of propagation of elastic



shock waves in an inhomogeneous ground is lower than the speed of propagation of
waves in a uniform roadbed. It is established that the speed of propagation of elastic
shock waves in the uncompacted a uniform roadbed in the central part of the prism of
the ground is 422 m/s, with intermediate compaction — 485 m/s and with maximum
layer-by-layer compaction of the ground — 597 m/s. The speed of wave propagation
to the extreme sensors located on the edges of the prism of the ground is 390 m/s and
386 m/s in the dissolved state of a homogeneous ground. With intermediate
compaction — 458 m/s and 463 m/s, respectively, and with the most compacted state —
588 m/s and 575 m/s, respectively.

It is established that with an inhomogeneous ground the speed of propagation of
the elastic wave to the sensor, which is installed under the source of impact, in the
decompressed state is 570 m/s, with intermediate compaction — 588 m/s and with the
most compacted — 648 m/s. The speed of wave propagation to the extreme sensors is
553 m/s and 558 m/s when the ground is loose. With intermediate compaction — 544
m/s and 534 m/s, respectively, and with the most compacted state — 587 m/s and 605
m/s, respectively.

During the dynamic interpretation, using statistical analysis, the characteristic
features of the distribution of accelerations in the body of the embankment of the
uniform and non-uniform roadbed depending on the degree of their compaction,
which will monitor the condition of the subsoil during operation. Because, it is
established that the degree of soil compaction directly affects the deformation
characteristics of the ground and the technical condition of roads in general.

A method is proposed to increase the bearing capacity of the diseased railway
bed by applying a combined arrangement of drainage pipes in vertical and horizontal
directions in the construction of the roadway, which is a means of eliminating the
factor that causes its deformation and defects, namely water drainage.

An assessment and study of the stress-strain state of the subsoil reinforced by
the design of tubular drainages by the finite element method. As a result of
multivariate calculations of the stress-strain state of the reinforced earth, it was found

that the design of tubular drainages increases the deformability of the earth by
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14.93% when installing one pipe, 13.63% — two, and 7.79% — three drainage pipes
relative to the calculation results. of a ground cloth without the device of tubular
drainages. The stresses that occur in the body of the ground without tubular drainage
are higher than the stresses that occur in the body of the ground in which the drainage
pipes are located. It is established that the voltage difference is up to 3.65% when
installing one pipe, 3.12% — two, and 2.92% — three drainage pipes, which proves the
effectiveness of tubular drainage with a diameter of 600 mm to strengthen the wet
ground of the railway track.

As a result, the effectiveness of the use of tubular drainage structures to increase
the bearing capacity of the wet ground of the railway track under constant and
temporary loads is proved. It is established that on the one hand the deformability of
the ground increases with the use of tubular drainage, but only in the initial period of
their operation, but later, when they drain water from the body of the ground, on the
contrary will increase the bearing capacity of the ground by improving physical and
mechanical soil properties.

Recommendations for increasing the bearing capacity of a non-uniform roadbed
by a combined method of laying a structure of tubular drainage in the body of the
embankment of wet soil and a method of early prevention of road deformations by
monitoring the developed inertial device.

The technical and economic calculation of introduction of the offered method of
measurement of degree of density of soils of a ground cloth is carried out. It is
established that the costs for the implementation of measures for the operation of the
proposed device are less than the existing 67 thousand UAH, and the payback period
when using the proposed device is 5 months.

Keywords: a non-uniform roadbed, bearing capacity, tubular drainage structures,

finite element method, elastic shock wave, inertial investigated
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