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ESTIMATION OF SUBGRADE STRENGTHENING INFLUENCE
USING SOILCEMENT ELEMENTS

Purpose. The aim of this work is to identify dependencies and options to strengthen the roadbed and a weak
base by grouting piles. Analysis of software package SCAD to assess the effect of the selected option of strengthen-
ing the construction of spatial subgrade models. Methodology. In this paper the method of calculation of the soil
mass in the software package SCAD is considered, which is a universal accounting system of finite-element analysis
of structures and is focused on solving problems of designing buildings and structures rather complex structure. The
finite element method is among the most modern and effective methods for the calculation of structures for various
purposes. In the simulation, we get a complete picture of the stress-strain state of the study area, as well as the value
of the limit load, rainfall, and so on. The spatial model based on the finite element volume, to better address the real
characteristics of the soil mass, meets all the geometric characteristics of size and natural subgrade and the top struc-
ture the path that has been adopted in Ukraine. Findings. It was found that the most effective option to strengthen
the roadbed, when applying grouting piles at the base of the subgrade and body, is to strengthen the five piles. At the
same time there is even strengthen the soil mass at the level of 25 ... 30% of the entire depth. However, even with
the strengthening of the only two piles at the base of the effect of the strengthening of 14.1%. Established equation
is linear and describes the decrease in strain. Taking into account the results of the research can be concluded that
the consolidation is proportional to the depth with any number of piles. The dependence of the strain on the number
of piles adheres to a polynomial function. Strengthening the bases of the subgrade and body depth also occurs in
proportion with any number of piles. Originality. Design scheme generation algorithm for the calculation of the
subgrade on a weak basis by finite element method was determined. The selection of strength characteristics of soils
and the design parameters for use during the numerical simulation was completed. Load process simulation of the
system by rolling stock was grounded. Practical value. Analysis of stress-strain state of «weak base-subgrade» al-
lows you to see the basic laws work the soil and take the necessary measures to enhance the cross-section profile of
jet-grouting elements.

Keywords: subgrade; weak base; soil cement; stress-deformed state

Introduction not exceed the limits in order to be secured condi-

o . . ) tions of stability and safety of permanent way
The main priority of rail transport is to provide [1, 4, 10]

of goods and passengers safety.

All facilities should be designed so as to corre-
spond to its purpose, to be stable and reliable. De-
sign of bases is a complex task that takes into ac-
count engineering and geological conditions as
well as the design and performance properties of

the structure. some measures to improve the characteristics of

Under the inﬂgence of the load from rollipg the soil mass to be able to the follow normal per-
stock and own weight of permanent way the soils ¢ oo e o0 dbed. 5,3, 13]

deformed, and its deformation is greater than the
greater tension in the soil. Deformation of soils
bring to setting of structure. The tensions should

Breach of the foundation stability displace in
the form of displacement of natural soil mass,
bringing to injuries or disturbance of the roadbed,
such as soil slips, dips and more.

Experience of designing and performance of
track structure showed that over time should take

Soilcement elements that are widely used
abroad, as well as construction of industrial and
civil objects for its purpose, can be used for the
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strengthening of transport facilities, in particular at
strengthening the roadbed as well as weak bases.

Purpose

The aim of this work is to identify dependen-
cies and parameters of subgrade strengthening and
weak base using soilcement piles. Analyses of us-
ing of SCAD software system came for assessing
of impact choose variant of strengthening for struc-
ture of roadbed spatial models.

Methodology

The most of appropriate and promising method
for assessment of roadbed stress-strain state is
modeling the spatial models using finite element
method. In this paper considers the method of cal-
culation of soil mass by software complex SCAD,
which is a universal calculation system of finite-
element analysis of structures and orientate on so-
lution the tasks of designing buildings and con-
structions rather complex structure. The method of
finite elements it goes to the most modern and ef-
fective methods for the calculation of structures for
various purposes. During the simulation we get a
complete picture of the stress-strain state of the
study area and the limit value loading, sedimenta-
tion, etc.

The spatial model based on volumetric finite
elements to better take into account the real charac-

6266
5266

teristics of the soil mass meets all the geometric
characteristics and natural size of subgrade and
permanent way, which was adopted in Ukraine.

Deformation characteristics, those taken in the
model correspond to the values which have been
obtained in the study of subgrade soil [6, 7, 14].

At the time modeling applied so restrictions
(boundary conditions):

— on the model bottom impose a ban on
movements in the direction of the three axis — X,
Y,Z;

— lateral facets of base have a ban on move-
ments over the axis X and Y;

— diametrical sides of model — a ban of move-
ments over axis Y (plane deformations condition).
[8,9,12]

Top of model and also embankment slopes
have no restrictions — free from boundary condi-
tions.

The thickness of the computational model (on
the axis Y) adopted 1.15 m, which corresponds to
the width of two standard sleepers and two dis-
tances between sleepers with its epures 1740 piec-
es/km. The model is symmetrical on thickness rela-
tively of axis X. Inclination of the railway slope
make 1: 1.5. General view of the roadbed plan is
shown in Figure 1.
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Fig. 1. General view of the roadbed plan with permanent way
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Fig. 2. The calculation model
in program complex SCAD

All calculations performed by the multifrontal
method of expansion of rigidity matrix with auto-
matic optimization of the tape width, as this meth-
od is the most progressive when working with ma-
trixes, which used to program complex SCAD [2,
11, 12, 15].

After the complete linear calculation values of
deformations relatively axis Z and axis X were
obtained. Precision of matrix expansion is 1x1012.

General view of model in program complex
SCAD shown in Figure 2.

In this paper have considered the following var-
iants of strengthening: placement of soilcement
piles with a diameter of 0.5 m only in the base of
roadbed and in base and through the body of road-
bed. Adopted by number of piles are two, three and
five, respectively, for each variant.

In all cases soilcement piles were disposed
symmetrically about the axis of the track.

During the calculations of strengthening varia-
tions the length of piles at the base is 3 m long and
the length of piles in the base and in the body of
embankment — 9 meters. The distance from the
lower end of the pile to the bottom of the calcula-
tion model is 1.0 m.

Findings

After carry out of the control calculation unfor-
tified subgrade have been received the maximum
deformations along the axis Z (Figure 3), that form
14.21 mm, and along the axis X (Figure 4) — 2.45
mm. At the level of the transition from the body of
the embankment to the base subgrade is a slight
curvature in view of change point with characteris-
tic modification of direction deformation behavior.

It should also be noted that in the area of crossing
from base to embankment remain about 50% of
total deformations, which is 7 mm.

According to the results obtained with the
strengthening by two soilcement piles only in the
base, the overall deformation on the axis Z in the
level of rail head formed 13.4 mm (Figure 5.), that
is 5.7% less than the control calculation. Deforma-
tions of model in which additional piles were in the
body of the embankment totaled 12.20 mm, that is
14,1% less deformations of unfortified models.

By the level of foot sleeper the deformations on
the axis Z have been reduced in the case of
strengthening of base on 4.0% and in the case of
strengthening the base with the body of the em-
bankment — on 14.0%.
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Fig. 3. The calculation without strengthening
by soilcement piles. Deformation on the axis Z
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Fig. 4. The calculation without strengthening
soilcement piles. Deformation on the axis X
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Fig. 5. Deformation on the axis Z.
The calculation of two piles in base

In addition, the model the characteristic chang-
es of izofields deformations on the places of piles
existing. It should be noted that in the area of
crossing between weak base and embankment total
deformation decreased on average by 16%.

In strengthening of roadbed by three soilcement
piles, so be observed decrease of deformation on
the axis Z. Thus the effect of the pile using only in
base and in the base and body of embankment sig-
nificantly different. In the first case, reducing of
deformations by the level of rail head happened on
8.2%, while in the second case — almost three
times more — 20.6%.

However, in the plane of crossing between the
base and the body of embankment exist several
another situation. On the contrary, the strengthen-
ing only base reduce the deformations was about
27.3%, whereas the strengthening through the body
of embankments exists of decrease by only 23.0%.

The calculation results in the strengthening by
five soilcement piles testify about the following.
The maximum deformation in the level of rail head
totaled 12.62 mm and 10.57 mm at strengthening
only bases and base with body of embankment re-
spectively, representing a decrease of 11.2% and
25.6%. However, on the boundary of crossing from
the base to the body of the embankments the effect
from strengthening is the same reaching 29.1 ...
29.5% with comparison the control calculation.
Also on the present boundary become more pro-
nounced the change of isolines (Figure 6).

Fig. 6. Deformation on the axis Z.
The calculation the five piles at the base
and body of embankments

Originality and practical value

The algorithm of forming design scheme for
calculating of the embankment on the weak base
by the finite element method has been determined.
The selection of soil strength characteristics and
the calculation parameters for use in numerical
modeling has been done. The modeling of loading
system process by rolling stock has been grounded.

Analysis of stress-strain state of the system
«weak base — roadbed» permit to see the basic reg-
ularities of soil work and use of embankment
cross-section profile strengthening by soilcement
elements.

The method of subgrade on weak base model-
ing that reflects with their work under loading by
own weight and rolling stock has been proposed.

Conclusions

The most effective variant at the arrangement
of soilcement piles at the base and in the body of
embankment is strengthening its by five piles.
Thus there is a uniform soil mass in the level 25 ...
30% on the all depth. Reducing of deformations is
linear and describe by the equation y = 11.906-
0,4867h, where h is the depth of plane base from
top plane of railbed. However, even with the
strengthening only two piles in the base effect from
strengthening is 14.1%.
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Figure 7. Graph of deformations Z (mm)
in strengthening only base
of embankment depending on number piles in base
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Fig. 8. . Graph of deformations Z (mm)
in strengthening of base and of the body
of embankment depending on number piles in base

Take into consideration these graphs possible to
draw a conclusion that the strengthening is propor-
tional to the depth at any number of piles. The de-
pendence of the deformations from number of piles
follows polynomial functions and describes by the
equation y = 0,0875h* — 0,9585h + 9.9675. The
strengthening of base and of embankment body at
the depth also happens proportionately for any
number of piles. The dependence of the deforma-
tions on the number of piles follows polynomial

functions and describes by the equation
y=0,1725h% - 1,6055h + 10.512.
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on the basis of laboratory multi-level shear box
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OLIHKA BIIVIMBY YKPIIVIEHHA 3EMJISAHOI'O ITIOJIOTHA
ITPYHTOIEMEHTHUMMU EJIEMEHTAMU

Merta. B poborti nependadaeTsCst BUSBUTH 3aJISKHOCTI Ta MapaMeTpU YKPIIJIEHHsI 3eMJISTHOTO TI0JIOTHA i citabkoi
OCHOBH 32 JIOTIOMOTOI0 IPYHTOLEMEHTHUX Hajb. TakoX MOTPiOHO 3pOOHMTH aHalli3 BUKOPHCTAHHS IPOrPaMHOTO
komiutekcy SCAD Juis omiHKM BIUIMBY OOpaHOTO BapiaHTY YKPIiIUICHHS NMpH MOOYI0BI IPOCTOPOBOI MOJEI 3eMIIs-
Horo mosotHa. Meroguka. B naHiii poGOTI poO3risimaeThcss METOAMKA pPO3PaxyHKy IPYHTOBOTO MAacCHBY
y mporpamaoMy komrutekci SCAD, skuif € yHiBepcaIbHOI PO3PaXyHKOBOIO CHCTEMOIO KiHIIEBO-CIIEMEHTHOTO aHa-
T3y KOHCTPYKIIA Ta OpPI€HTOBAaHWU Ha BUPIMICHHA 3aBJaHb MPOCKTYBaHHS OYIiBENb i CIIOpYX JAOCHTH CKJIAIHOI
CTPYKTYpH. MeTo]| CKIHUEHHUX €JIEMEHTIB BITHOCUTBCS 10 HAMOUIbII CydyacHUX i e()eKTHBHUX METO/IB Ul po3pa-
XYHKY CIIOpyA pi3Horo mnpusHadeHHsa. Ilix wac MozenioBaHHS OTPUMYEMO MOBHY KapTHHY Hampys>KeHO-
Je(OPMOBAHOTO CTaHy AOCIHIIPKYyBaHOI 00JacTi, a TaKOX 3HAYEHHS TPAHUYHOTO HABAHTAXXEHHS, OCINAHHS TOLIO.
[TpocropoBa Moenb HAa OCHOBI 00’ €MHUX KiHIIEBUX €JIEMEHTIB, JUIS KPAIIOro BPaxyBaHHS PeaJbHUX XapaKTEPHUCTHK
I'PYHTOBOTO MacHBY, BiJIIIOBiZIa€ BCIM T€OMETPUYHUM XapaKTEPUCTHKAaM 1 HATYPHUM PO3MipaM 3eMJISTHOTO MOJIOTHA
Ta BEpXHbOI OylOBU KOJIi, sika NpHIHATAa Ha TepuTopii Ykpainu. PesyabTaTn. Beranosneno, mo HaifieekTHBHI-
M  BapiaHTOM  YKpIIUIEHHS  3E€MJISHOTO  MOJOTHA, TIPH  BJAIUTYBaHHI  IPYHTOLEMEHTHUX  Malb
B OCHOBI # TiJIl HacuIy, € YKpimieHHs 11’ siTbMa naysimu. [1pu nboMy criocrepiraeTbest piBHOMIpHE YKPIIUIEHHS IPYH-
TOBOro MacuBy Ha piBHI 25...30 % mno Bciii riaubuHi. [IpoTe, HaBiTH i3 YKpIIUIGHHSM JIMIIE JBOMa HasIMU
B OCHOBI, e()eKT Bi yKpituleHHA cTaHOBUTH 14,1 %. BcTaHOBIEHO piBHAHHS, SIKE Mae€ JIIHIHHUI XapakTep 1 onucye
3MeHIIeHHs aedopMarii. [IpuiiMaroun 10 yBaru pe3yinbTaTH IOCIiIKEHb, MOKHA 3pOOUTH BHCHOBKH, IIO YKPII-
JICHHSI 110 TIMOMHI BiIOYBa€ThCS MPOMOPLIHHO 1Y Oy1b-sIKil KUJIBKOCTI Malib. 3aleKHICTh AeopMalliil BiJ KUTbKO-
CTi Majb JOTPUMYETHCS MONMIHOMIaTbHO! (PYHKIII. YKPITUIEHHS OCHOBH 1 Tijla HaCHITy 1O TIHOMHI TakoX BigOyBa-
€ThCS MIPOMOPIIHHO MPpH OyIb-iKiH KinmbkocTi manb. HaykoBa HOBM3HA. ABTOpaMH BH3HAYEHO alTOPUTM (GOpMy-
BaHHS PO3PaXyHKOBOI CXEMH JJIsi PO3PaXxyHKY HACHITy Ha CJIa0OKili OCHOBI METOZOM CKIHUCHHUX €JIeMEHTIB. Buko-
HAHO MiAOIp MILHICHUX XapaKTePUCTHK IPYHTIB Ta pPO3paxXyHKOBHX MapaMeTpiB JUIs 3aCTOCYBaHHS IIijJ 4ac
YHCENILHOTO MoJietoBaHHs . OOIPYHTOBaHO MOJICIIOBAHHS IPOLECY HABAHTAXKEHHS CUCTEMH PYXOMHM CKIIAJIOM.
IMpakTH4yHa 3HAYHMICTB. AHAJII3 HaNPy>KeHO-7e(POPMOBAHOTO CTaHY CHCTEMH «cllabKa OCHOBa-3€MJISTHE MIOJIOTHOY»
JI03BOJISIE TI00AYUTH OCHOBHI 3aKOHOMIPHOCTI POOOTH IPYHTY 1 BXKUTH HEOOXiIHI 3aX0H ISl MMiJCHICHHS TTOTIepey-
HOTO NMPOQITI0 IPYHTOIIEMEHTHUMH €IEMEHTaMHU.

Kniouogi crosa: 3eMisiHe TIOJIOTHO; cl1abKa OCHOBA; IPYHTOLIEMEHTHI eJIEMEHTH; HalpyXeHO-1e()OpMOBaHHI CTaH
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OLIEHKA BJIMAHUSA YKPEIVIEHUSA 3EMJISAHOTI'O TIOJIOTHA
I'PYHTOUEMEHTHBIMHU 3JIEMEHTAMUAX

Hens. B pabore mpenmonaraercss BBISBUTH 3aBHCHMOCTH W TApaMeTpPhl YKPEIUICHHS 3€MIITHOTO IIOJIOTHA
U C1aboT0 OCHOBAHHS C MOMOIINBIO TPYHTOIIEMEHTHBIX cBail. Takke HEOOXOIMMO CHIENaTh aHAJTU3 MPOTPAMMHOTO
kommiekca SCAD i oneHKH BIHSHUS BBIOPAHHOTO BapHaHTa YKPEIUICHHUS MPH MOCTPOCHUU IPOCTPAHCTBEHHOM
MOJIeNIM 3eMJISTHOTO TojioTHA. MeToauka. B manHO# pabore paccmaTpuBaeTcss METOMKA pacdeTa IPyHTOBOTO Mac-
cuBa B mporpamMmMHOM Komiuiekce SCAD, KOTOpBIH SIBIAETCS YHHBEpPCATBHOW pPAacYeTHONW CHCTEMONH KOHEYHO-
AIIEMEHTHOTO aHalu3a KOHCTPYKIMK ¥ OPHEHTHPOBAH Ha pEIIeHHE 3ajad MPOSKTUPOBAHMSA 3JaHUN M COOPYKEHHUH
JIOCTATOYHO CJIOKHOW CTPYKTYphl. METOA KOHEYHBIX JJICMEHTOB OTHOCHTCA K Haubojiee COBPEMEHHBIM
1 3((GEeKTHBHBIM METOAAM JUIs pacyueTa COOPY)KEHHH Pa3IMYHOro Ha3HaueHHs. [Ipy MOJeNMpOBaHMHU IOJIy4aeM
MOJTHYIO0 KAapTHHY HaNpsHKEHHO-Ae()OpMUPOBAHHOTO COCTOSHUS HCCICAYyeMOM OOJIAaCTH, a TakXKe 3HAYCHHE Ipe-
JIEJIGHOW HATPY3KH, 0CaaKu U npouee. [IpocTpaHcTBEHHAss MOJIEb Ha OCHOBE OObEMHBIX KOHCUHBIX 3JICMEHTOB, JJIs
JYYIIIEr0 y4YeTa pealbHbIX XapaKTePUCTHK IPYHTOBOTO MACCHBA, COOTBETCTBYET BCEM T'€OMETPHUYCCKIM XapaKTEpH-
CTHKaM M HATYPHBIM pa3MepaM 3eMJISTHOTO TIOJIOTHA U BEPXHETO CTPOSHHS ITyTH, KOTOPEIC IPHHATHL HA TEPPUTOPUH
VYkpaunsl. Pe3yabTaTsl. YcraHOBIeHO, uTo Hanboee 3pPpeKTHBHBIM BapHAHTOM YKPEIUICHHUS 3€MIITHOTO ITOJIOTHA,
MIPHU YCTPOWCTBE TPYHTOIIEMEHTHBIX CBaif B OCHOBAHWH U TEIIe HACHIIH, SBIAETCS YKPEIUICHUE TAThIO cBasMu. [Ipu
3TOM HabJroIaeTcst paBHOMEPHOE YKpEIUICHHE IPyHTOBOIO MaccuBa Ha ypoBHe 25...30 % mo Bceit riryoune. OnHa-
KO, JTa)Ke C YKpEIUICHHEM TOJBKO IBYMS CBasMH B OCHOBE, 3((eKT oT ykpemieHus cocrasisier 14,1 %. Haiineno
ypaBHEHHE, KOTOPOE UMEET JINHEHHBIH XapakTep U ONUChIBAeT yMeHblIeHHe Aedopmaruii. [I[puHuMas BO BHUMaHKE
pe3yJIbTaThl HCCHGHOB&HHﬁ, MOJKHO CA€JIaTh BbIBO/Ibl, YTO YKPECIIJICHUC 110 FﬂyGI/lHe MMPOUCXOAUT NPONOPLHUOHATIBHO
IpH JIFOOOM KOJIMYECTBE CBail. 3aBUCHUMOCTh Je(OpPMALIUil OT KOJIMYECTBA CBal MPUICPKUBACTCS TIOJTMHOMUATBHOM
(yHKIMH. YKpeIruleHHe OCHOBBI M Tella HACBIIM 10 INIyOMHE TaKKe MPOHMCXOIUT MPONOPLUOHAIBHO HPH JTI000M
KonmdyecTBe cBail. HayyHasi HOBH3HA. ABTOpaMHU OIpPEIEIICH aIrOpUTM (HOPMUPOBAHUS PACUYCTHOW CXEMBI IS
pacueTa HaCHIIIHM Ha CI1a00M OCHOBAaHUHM METOJOM KOHEYHBIX 3JIEMEHTOB. BBITIOTHEH MOA0Op MPOYHOCTHBIX Xapak-
TEPHUCTUK TPYHTOB M PACYCTHBIX MTAPAMETPOB Il IPUMEHECHHUS YHCIICHHOTO MoienupoBanus. OO0CHOBaHO MOJIEIH-
pOBaHHE TpoIecca HATPY3KH CHCTEMBI ITOABIKHBIM cOCTaBoM. IIpakTHyeckasi 3HAYMMOCTb. AHAIIN3 HAIPSHKECH-
HO-Ie(POPMHUPOBAHHOTO COCTOSHUS CHCTEMBI «CI1a00e OCHOBaHHE-3€MIITHOE IMOJIOTHOY» TIO3BOJIIET YBHICTH OCHOB-
HBIE 3aKOHOMEPHOCTH pabOoThHI TPYHTA M MPUHATH HEOOXOAMMBIE MEPHI UL YCHIICHHS ITOTIEPEYHOTO MPO(UIIS TPYH-
TOIIEMEHTHBIMH JJIEMEHTAMHU.

Kniouesvie cnosa: 3eMisHOE TOJOTHO; cIab0€ OCHOBAaHWE; TPYHTOIICMEHTHBIC SJIEMEHTHI; HaIpsDKEHHO-
neopMUPOBAHHOE COCTOSIHUE
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