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THE BASING OF STABILIZATION PARAMETERS OF A FORTIFIED
RAILWAY BED

Purpose. The article is devoted to stabilization parameters determination of reinforced railway bed. At the present
time, the railway plays the leading role in transport system to ensure the needs of freight and passenger traffic. In mod-
ern conditions railway operation concentrates on ensuring the necessary level of track reliability, including the roadbed,
this is one of the main elements of road structures. The purpose of this article is the determination of basic parameters
of stress-strain state to stabilize the soil subgrade embankment by reinforced materials. Methodology. To achieve this
goal the following tasks of researches were solved: the effect of reinforcing layer of geomaterial on deformation prop-
erties of soil subgrade in various design of strengthening was investigated, the distributions of stresses in the subgrade
were determined, reinforced of geomaterials under state load. Experimental studies to explore the nature of the defor-
mation model subgrade at various degrees of stress were carried out. Findings. The analysis of the results of performed
experimental and theoretical studies permitted to do the following conclusions. In conducting researches determined
the distribution of stresses in the subgrade reinforced geomaterials under static load. The complex of experimental stud-
ies allows exploring the nature of the deformation model subgrade at various degrees of stress. Originality. On the
basis of the theoretical studies have been regarded the problem of determining the stress-strain state of subgrade rein-
forced geomaterials by measuring stresses in its application for step loads. Practical value. The practical value was
presented by the results of evaluating the effect of reinforcing way for changing the stress-strain state of subgrade.

Keywords: railway bed; subgrade; traffic; roadbed; parameters; stress-strain state

Introduction as the basis of the road embankment to a large ex-
tent determines the normal operation of the railway
as the whole under the influence of the rolling
stock. As it is known, the main cause of the traffic
accident on the railways is the state of the track
(50%), the state of the rolling stock (43%) and a
human factor.

At the present time the railway transport in the
unit transport system of Ukraine plays the leading
role by guarantee the requirements of freight and
passenger traffic. In modern conditions the railway
operations concentrates on ensuring the necessary
level of the track reliability, including the roadbed
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Thus, it is necessary to develop new investiga-
tions with the using of subgrade reinforcement
elements with different materials and determine the
parameters of their efficiency, especially at higher
train speeds. To achieve this goal of determining
the basic parameters of the stress-strain state to
stabilize the soil subgrade embankment reinforced
with special materials it is required to solve next
research tasks: 1) carry out the analysis of previous
studies in the field of strengthening of subgrade by
reinforcing materials; 2) investigate the effect of
influence by reinforcing layer by geomaterials on
deformation properties of subgrade strengthening
in various designs; 3) determine the distribution of
stresses in the subgrade, reinforced geomatherials
under static load; 4) carry out the complex of ex-
perimental researches to explore the nature of the
model subgrade deformation at different voltage
level [2-4].

Purpose

Analyzing every works about the reinforcing of
subgrade embankment, it should be noted that re-
sults of previous studies indicate to the using of
traditional methods of strengthening subgrade
railways are not always effective and it is neces-
sary to develop new methods [1, 5-8, 12].

Methodology

For research inclusions of the reinforcing geo-
matherials on the soil subgrade method were out-
lined and as a result of the study its materials loaded
up to the level of adequate modern rolling stock.

The results of previous studies [5—7, 11-16] in-
dicate that the using of traditional methods of
strengthening subgrade railways are not always
effective and leads to the higher costs and time to
conduct it. The modern ways of strengthening of
railway subgrade have the several disadvantages,
technological or economic nature, and therefore do
not solve the issue in many causes reducing the
deformability of the roadbed. Theoretical and ex-
perimental studies carried out in different coun-
tries, as well as monitoring of the test sites re-
vealed that geotextile placed on main subgrade
surface, comes into work with a ballast layer of
soil and is the main site, with the stress-strain state
of subgrade changing.

Thus, currently there is the problem of assess-
ment the quality reinforcement, especially geosyn-

thetic materials, railway roadbed [6, 7, 10, 12]. In
this case, it is complicated by the fact that there is
no single concept of subgrade strengthening the
body over its depth, especially in combined ver-
sions [6]. Therefore in the task of developing the
method need to strengthen and evaluate of its
stress-strain state.

The tests were conducted in a closed system i.e.
at constant soil moisture. According to test result
were constructed plots of the “stress — the relative
strain”. Base on the results of sample tests on the
compression was verify the effectiveness of plac-
ing a geotextile to reduce the deformation of the
sample at the laboratory studies were performed
stabilization reinforced roadbed. Dimensions of the
model in plane were accepted 680x120 mm. Front
wall of the tray was made of a transparent Plexi-
glas for observations the development of deformi-
ties. Loading of models were carried out on the
linkage system with shoulder leverage of 1:10. The
load transmitted to the stamp area 155.3 cm’. In
the process of model loading controlled the level of
absolute displacements vertical load on the stamp
was from 10 to 50 N with the stresses under the
stamp changed from 0.0644 MPa to 0.332 MPa (as
we know the normative power of the railways in
the strengthening of 0.16 MPa). The settlement of
stamp measured three dial gangs with a scale of
0.01 mm. Indicators on the stamp mounted sym-
metrically. Move the stamp recorded after each
stage of the application load after and removed on
indicators of the deformed samples and photogra-
phy model. Moving of subgrade recorded of rules
set on the side faces of the tray and strain model
with a grid printed on its face. To substantiate
methods prevent of substantially reduce the strains
of subgrade for different types of reinforcement
were conducted experimental researches in the tray
with the geometric scale of modelling 1:20. There
have been conducted several series of model tests
with the specification of their deformation charac-
teristics in depending on the nature of reinforce-
ment (Fig. 1).

At the analysis of the parameters of the experi-
mental studies reinforced by geotextile of subgrade
found that the nature of the manifestation of de-
formation unreinforced model — variant 0 (Fig. 1,
a) is manifested by the appearance of the stamp
core compression, which was clear from the distor-
tion mesh 2x2 cm. towards the front of the model.
Option 1 (Fig. 1, ») during the compression of the
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soil matrix with geotextile fabric has significantly
changed its shape, detached from the main site and
out of shape as a result of the critical strain, indi-
cating that non-rationality of the option for placing
reinforcing element. At the analysis of the option 2
(Fig. 1, ¢) states that the considerable effort in the
geotextile separation zone formed matrix and rein-
forcement. In options 3 and 4 (Fig. 1, d, e) there is
a homogeneous deformation, since the critical
strain as bundle and pulling the valve were found.

(Option 0)
a
(Option 1)
Geotextile
b
(Option 2)
Geotextile
c e
(Option 3a)
Geotextile
d
(Option 3b)
Geotextile
(Option 4)

Geotextile

Geotextile

Fig 1. Special reinforced models by geotextile
materials:
a) Option 0 — unreinforced model; b) Option 1 — the model

reinforced geotextile cloth located directly under the
ballast; ¢) Option 2 - the model reinforced geotextile cloth
and located at a depth of 2 cm (0.4 m. in nature) from the
main site; d) Option 3 — the model reinforced geotextile
cloth with bends at depth: 3a — 2 cm (0.4 m. in nature),
3b —4 cm (0.8 m in nature); e) Option 4 — the model rein-
forced by two contacted of geotextile clothes with bend
at a depth of 2 cm (0,4 m in nature) and 4 cm (0,8 m in
nature); f) Option 5 — the model reinforced geotextile
membrane at a depth 2 cm (0,4 m in nature)

Therefore the reinforcement models of sub-
grade with the inline options are optimal to stabi-
lize the railway subgrade. Having considered the
option 5 (Fig. 1, f) at significant stresses detected
deformation of soil matrix at the edges of stamp
and the ballast layer consequently, the presence of
cracks in surge — on the edge of stamp and the bal-
last layer, consequently, presence of cracks in
surge — on the edge of the ballast and under the
edge of the stamp is a negative effect.

Stabilization parameters that are accepted in the
work for gutter tests also showed that the com-
bined version 5 is the most effective measure of
stabilization parameters. The additional geometric
constructions, which simplify comparison, are
shown in Fig. 2 and 3. So at the regulatory maxi-
mum stresses on the main site subgrade, which is
equal to 0.08 MPa, the relative deformation of op-
tions to strengthen from the geotextiles are equal
respectively: Option 0 — 0.0078, Option 1 —
0.0066, Option 2 — 0.0065, Option 3a — 0.0053,
option 3b — 0.0067, Option 4 — 0.0046, Option 5 —
0.0044, that is, the introduction of the geotextile
reduces deformations at 1.2...1.8 times (maximum
decrease of strains in option 5). Modulus of elastic-
ity, as one of the stabilization parameters, varied in
the followed ranges; Option 0 — 2.78 MPa, option
1 — 12.5 MPa, option 2 — 5 MPa, option 3a — 25
MPa, option 3b — 3.57 MPa, option 4 — 12.5 MPa,
option 5 — 25 MPa, that is, in options 3a and 5,
with the introduction of geotextile modulus of elas-
ticity increase in 9 times, respectively, the defor-
mation characteristics of subgrade, in the con-
ducted tests, were improved.

In the series of experimental and conducted re-
search were carried out tests on the strengthening
models by small-deformable layer of Rubble-Soils
Mixe, which is located at a different depth from the
main site of subgrade (Fig. 2).
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The layer of
Rubble-soil mixes
a
(Option 2)
The layer of

b Rubble-soil mixes
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(Option 3)
The layer of
Rubble-soil mixes
C
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s Z 7o
(Option 4)
The layer of
d Rubble-soil mixes ﬂ
& z .
(Option 5)
The layer of
Rubble-soil mixes
€ Geotextile
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The layer of
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Geotextile T 0gr
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Fig. 2. Options for strengthening the model little de-
formable layer made of Rubble-Soil Mixes (RSM):
a) Option 1 — RSM layer thickness of 1 cm (0.2 m in na-
ture) at a depth of 2 cm (0.4 m in nature) from the main
site, b) Option 2 —RSM layer of thickness 2 cm (0,4 m in
nature) which is placed directly under ballast, ¢) Option 3 —
RSM layer of thickness 2 cm (0.4 m in nature), which is
placed at a depth of 4 cm (0.8 m in nature) from the main
site, d) Option 4 — RSM layer of thickness 2 cm (0.4 m in
nature) at a depth of 6 cm (1.2 m in nature) from the main
site, ) option 5 — option combined RSM layer of thickness
2 cm (0.4 m in nature) at a depth of 2 cm (0.4 m in nature)
from the main site, wrapped in geotextile cloth with bends,
/) Option 6 — option combined — a layer from RSM sm. of
thickness 2 cm (0.4 m in nature) at the depth of 4 cm (0.8 m

in nature) from the main site, wrapped in geotextile cloth
with bends

Findings

When analyzing the results of experimental
studies of the stress-strain state of subgrade rein-
forced, the small deformable layer of crushed
stone-ground mixture, established the following. In
option 1 (Fig. 2, a) slightly improved picture of
deformation, however, is not essential. But still-
compared to unreinforced option 0 (Fig. 1, a), the
damping stress is significant. By increasing the
thickness of small deformed layer to 2 cm (0.4 m
in nature) revealed its positive impact on the reduc-
tion of vertical deformations, and the impact of its
location on these values. So in options 2, 3, 4 (Fig.
2, b, ¢, d) the influence of the position of the layer
to change vertical displacements were recorded. In
the version 5 (Fig. 2, e) was recognized sheared
strain as a bundle and pulling out of the matrix and
reinforcement (small deformed layer at a depth of
2 c¢cm (0.4 m in nature) from the main site. When
analyzing 6 options (Fig. 2, f) small deformed layer
located at a depth 4 cm (0.8 m in nature) from the
main site. It is established that uncritical deforma-
tion in the form deformation and loosening of fit-
ting is not detected, so this option is effective to
stabilize subgrade. As a result, were accepted pa-
rameters stabilization in the case of roadbed
strengthening by small deformable layer and com-
bined strengthening with relative deformation at
the normative maximum stress to strengthen for
variants equal respectively: Option 0 - 0.0078, Op-
tion 1 — 0.0062, Option 2 — 0.0034, Option 3 —
0.0034, Option 4 — 0.034, Option 5 — 0.0015, Op-
tion 6 — 0.0034. We can say that: using of combi-
nation options, as the most effective, reduces strain
in 5.2 times (The rest variants amplification — only
at 1.3...2.3 times). The modulus of elasticity as
one of the parameters stabilization changes in the
following within: Option 0 — 33.3 MPa, Option 1 —
32.1 MPa, Option 2 — 62.5 MPa, Option 3 — 55.6
MPa, Option 4 — 74.3 MPa, Option 5 — 133 MPa,
Option 6 — 104 MPa, that is option 5 (combined)
increase the modulus of elasticity in the 4 times.
Respectively deformation characteristics of sub-
grade activities improved, also improves and
strength characteristics, as one of the parameters of
stability improves (tensile strength — a stress corre-
spond to the relative deformation of 0.01): Option
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0 — 0.078 MPa, Option 1 — 0.09 MPa, Option 2 —
0.108 MPa, Option 3 — 0.11 MPa, Option 4 — 0.114
MPa, Option 5 — 0.142 MPa, Option 6 — 0.109
MPa. In the case of amplification at combined op-
tion 5, the tensile strength increases in 1.8 times
(other options for amplification only in 1.15...1.46
times). Thus, the parameters stabilization obtained
for several options amplification by geotextile and
small deformable layer including combined indi-
cate the high efficiency of combined option.

Originality and Practical value

On the base of analysis of the results of per-
formed experiments were done the following con-
clusions.

The analysis of the carried out studies in the
field of strengthening subgrade reinforcing materi-
als allowed establishing a lack of development and
ways to strengthen of subgrade railways.

In conducting experimental studies determined
the distribution of stresses in the subgrade, rein-
forced geomaterial under static load as a model in
the tray. On the base of the experimental studies
results established the parameters of the stress-
strain state to reinforce the roadbed small deform-
able layer is made of Rubble-Soil Mixes when the
relative deformations equal from 0.008 to 0.017.

As established experimentally, the reinforcing
roadbed as separate horizontal panels and strength
by geotextile matrixes 1.5...1.6, the emergency of
separation zones at the ends of the cloth show irra-
tionally of these options, regardless of their loca-
tion in height of the matrix.

In addition, it was found that the reinforcement
of a closed shell also can not be a rational choice,
even with the increasing the strength in 1.6 times,
since the deformation of subgrade at this version of
the reinforcement due to significant cracking.

Conclusions

The complex of experimental studies was con-
ducted to explore the nature of the deformation
model subgrade of various degrees of stress. Based
on experimental studies, a way strengthen roadbed
reinforcement Ruble-Soil Mixes wrapped in geo-
textile with bends and justified its position at a dis-
tance of 0.4 m from the main site, which will in-
crease the strength of the roadbed in 1.8-2.0 times
and stability to improve the speed of the trains.
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SAJIIBHUYHOTI'O HACHUITY

Merta. CTarTs nIpuUCBsSY€HA BU3HAUYEHHIO MTapaMeTpiB cTabiTizamii miICHICeHOTO 3ai3HHYHOTO MOJIOTHA. B manuit
9ac 3aJi3HULA Bigirpae KIOYOBY poib y 3a0e3medeHH] moTpedu macaXMpChKUX Ta BaHTAXKHUX IepeBe3eHb. Y Cy-
YacHUX YMOBaX eKCILTyaTalisl 3aji3HHLb CKOHIIEHTPOBaHA Ha 3a0e3le4eHH] HEeOOXI1JIHOro PIBHS HAIIMHOCTI KOJIii,
B TOMY YHMCJIi 3¢MJISTHOTO TIOJIOTHA, SIKE € OJTHUM i3 KJIFOYOBHX €JIEMEHTIB JIOPOXKHIX KOHCTPYKUii. Mera wiei crarti
noJjisira€ y BU3HaYeHHI MapaMeTpiB HalpyKeHo-1e(hOPMOBAHOTO CTaHy sl cTtabiiizarii rpyHTa 3eMJISIHOTO HOJIOTHA
HacuIly MiJCHIIOI0YNMHU MaTepiatamu. Meroauka. [y nocsrHeHHs 1iel MeTH OyJio BUPIIIEHO Taki 3aBJaHHS JI0-
CJII/PKeHb: BUBYEHO BIUIMB apMYIOYOTro IIapy reoMarepiaiy Ha aedopmariiiHi BIaCTUBOCTI TPYHTOBOTO 3€MIISTHOTO
MIOJIOTHA IPH PI3HUX KOHCTPYKLISIX YKPIIUICHHS; BU3HAYEHO PO3IOILI HANPY>KeHb B 3eMJITHOMY IOJIOTHI, SIKI TIOCH-
JIeHI reoMaTepiallaMi IPU CTaTUYHOMY HaBaHTa)KEHHI; BUKOHAHO E€KCIIEPUMEHTAIbHI JOCTIKCHHS IJI1 BUBYCHHS
npupoau nedopmariiii Moaeni 3eMIITHOTO IOJIOTHA Ha PI3HHX CTadiixX HaBaHTaKeHHA. Pe3yiabTaTH. Bukonanumit
aHaJIi3 Pe3yJIbTaTiB MPOBEACHUX EKCIICPUMEHTAIBHUX Ta TEOPETHYHUX JOCIHIIIKEHb JTO3BOJIUB 3pOOUTH Psii BUCHOB-
kiB. [Ipu npoBeneHHi AOCTiKeHb BU3HAYEHO PO3MOALT HAIPYKEHb B 3¢MIISTHOMY TIOJIOTHI, TOCHIIEHOMY TeoMartepi-
aJlaM{ TIpM CTaTUYHOMY HaBaHTA)KEHHI. BUKOHaHMI KOMIUIEKC €KCIIePUMEHTAIbHUX AOCTIIKEHb JO3BOJIMB BUBYHU-
TH IPUPOAY AedopMamii MOAET 3eMIITHOTO TIOJOTHA TP Pi3HUX CTYNEHsIX HaBaHTakeHb. HaykoBa HoBu3Ha. Ha
OCHOBI TEOPETHYHUX JIOCHI/PKEHb PO3IIISTHYTO TPO0JieMy BU3HAYEHHs HAPYKEeHO-1e(h)OPMOBAHOTO CTaHY 3€MJISTHO-
T'O MOJIOTHA, IIOCHJICHOTO TeoMaTepiaiaMy, IUISIXOM BUMIPIOBAHHS HaNpY)XeHb IPH IX 3aCTOCYBaHHI MiJ 4Yac moera-
nHOro HaBaHtaxeHHs. [IpakTHuHa 3HaYnMicTh. [IpakTHyHa 3HAUUMICTH OOYMOBIICHA MIICYMKaMH OLIHKH BILIMBY
ITiICUJICHHS 3€MJISTHOTO TIOJIOTHA JJIsl 3MIHU HOT0 HaIpy>KeHO-1e()OpMOBaHOTO CTaHY.

Kniouosi cnoea: 3amizHUYHA KOJIiSl; HACHIL, PYyX; 3eMJISIHE IOJIOTHO; NapameTpH; HarpyKeHo-ne(opMoBaHHUH
CTaH
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OBbOCHOBAHHUE CTABUJIMN3ALIUH ITAPAMETPOB YKPEILIEHHON
KEJE3HOAOPOXHOU HACBIIIN

Hess. CtaThs MOCBSIIEHA ONPEACTICHUIO TAPaMETPOB CTAOMIM3AINN YCUICHHOTO KEJIE3HOIOPOKHOTO 3eMIISI-
HOTO TIOJIOTHA. B HacTosmee BpeMs xKee3Hast 1opora UrpaeT KIIUeByI0 poJib B 00ecrieyeHny moTpeOHOCTH macca-
JKUPCKUX U TPY30BBIX MEPEBO30K. B COBPEMEHHBIX yCIOBHAX JKCIDTyaTalUs JKeJIEe3HBIX JOPOT CKOHIICHTPHPOBaHA
Ha o0ecle4eHn: HeOOXOIMMOTO YPOBHS HAJCKHOCTH ITyTH, B TOM YHCJE 3eMJITHOTO TOJOTHA, KOTOPOE SBIIICTCS
OJTHUM W3 KIFOYEBBIX JIEMEHTOB JHOPOXKHBIX KOHCTPYKIMHU. Llenb 3TOH cTaThy 3aKiIr0odaeTcs B OINpeIesIeHIH Tapa-
METPOB HaNpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS JUIS CTAOMIM3AIAN OCHOBAHMS M CAMOTO 3eMJISTHOTO MOJIOTHA
HACBHITIH C MTOMOIIBI0 apMHUPYIONINX MaTepruaioB. MeToauka. [Ji1 TOCTIKEHUS 3TOH LEeN OBUIH PEIICHBI CIIEIYIO-
IIME 33]]a4d UCCJCIOBAHUIN: U3yUCHO BJIMSHUE apMHUPYIOIIETO CJIOSI TeOMATepHaioB U Ne(GOPMAIHOHHBIX CBOHCTB
OCHOBAHHUS 3€MIISTHOIO IOJIOTHA MPH PA3INYHBIX KOHCTPYKUMAX YKPEIICHUS; ONPEIEIICHBI paclpeeIeHus Hanps-
JKEHUI B 36MJISHOM I10JIOTHE, KOTOPbIE YCUJIEHBI FeOMaTepuaiaMy 10J CTaTUYECKOW Harpy3koil. BeIoIHEHBI JKC-
MEPUMEHTAIbHBIE MCCIICIOBAHUS Il M3YYeHHsl TPUPOJBI IeGopMaliid MOJEIH 3eMIISIHOTO TOJIOTHA HAa Pa3HBIX
CTamusax HarpyxeHus. Pe3ynabTaTsl. AHANMM3 pe3yJibTaTOB MPOBEACHHBIX SKCHEPUMEHTANBHBIX H TEOPETUICCKUX
HCCIIeIOBAaHHUN TIO3BOJIMI CAETATH PS BHIBOIOB. [Ipy mpoBeneHNN MCCIeOBaHUS ONpPEAeICHO paclpeieiecHiue Ha-
NpsSDKEHUA B 3€MJITHOM TIOJIOTHE, YCWJIEHHOM TeoMaTepualaMd INpU CTaTUUYECKOW Harpyske. BbIMOIHEHHBII
KOMILIEKC SKCICPUMCHTAIBHBIX HKCCICIOBAHUIA ITO3BOJIMJI W3Yy4YUTh NPUPOAY AceopMalii MOAETH 3EMIISTHOTO
MOJIOTHA TP PA3IUYHBIX CTeNeHsX HarpykeHus. Hayunasi HoBu3Ha. Ha ocHOBe TeopeTHUecKHUX HCCIeI0BaHUI
paccMOTpeHa mpobiieMa ONpeeiCHUs HAPSHKCHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUS 3€MJISIHOTO TOJIOTHA, YCHUJICH-
HOI'O reoMarepuagaMy IIyTeM M3MEPEHHs HalpsDKEHUM IIPU UX NIPUMEHEHMM BO BPEMs IIO3TAIHOIO HArpys>KEHUS.
IpakTnyeckass 3HAYUMOCTb. [IpakTHUeckas 3HAYUMOCTh 00YCIOBJICHA UTOTAMH OLIEHKH BIIISIHUS YCHIJICHHS 3€M-
JISHOTO TIOJIOTHA JIJIsl U3MEHEHUS €T0 HANPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUSI.

Kniouesvie cnosa: ’xene3sHOOOPOKHBINA MTyTh; HACKHIN; IBIDKEHHUE; 3eMIITHOE TIOJIOTHO; TIapaMeTpPhl; HallPsDKECHHO-
Ie(OPMHUPOBAHHOE COCTOSTHUE
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