ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec tpascrnopry. BicHuk JIHIponeTpoBcsKoro
HaLiOHAIBHOTO YHIBEPCHTETY 3ali3HUYHOro TpaHcnopty, 2017, Ne 5 (71)

TPAHCIIOPTHE BYJIBHUIITBO

UDC 624.137

D. Y. IHNATENKO', V. D. PETRENKO?%, O. L. TIUTKIN®"

INTERACTION OF SOIL-CEMENT PILE SUPPORTING STRUCTURES
WITH THE BODY OF A LANDSLIDE

¥Dep. «Bridges and Tunnels», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (093) 442 36 63, e-mail dola1992@i.ua, ORCID 0000-0001-6805-6703
Z"Dep. «Bridges and Tunnels», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (050) 708 50 69, e-mail petrenko1937@mail.ru, ORCID 0000-0002-5902-6155
*Dep. «Bridges and Tunnels», Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan,
Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (096) 925 38 28, e-mail tutkin@mail.ru, ORCID 0000-0003-4921-4758

Purpose. Analysis and comparison of the landslide slope finite element model calculation results of the appli-
ance of soil-cement piles, depending on the variation of the retaining structure rigidity, makes it possible to evaluate
the effectiveness of their application and the cooperative work of piles with the displacement body. It also makes it
possible to make a conclusion about the advantages of using this anti-landslide protection method of the slope.
Methodology. Analysis of geomorphological data obtained from the results of laboratory studies of soils on the
slope section is considered. Creation of a three-dimensional finite-element slope model according to the constructed
sections and depths of the soil layers. Calculation of the nonlinear problem of finite element modeling of the slope
with applying of soil-cement piles of various rigidity. Findings. The obtained results of calculating the finite ele-
ment model of the landslide slope, and the analysis of the stress-strain state of the construction with soil-cement
piles has been carried out. Originality. Despite the widespread of using soil-cement piles as enclosing structures for
the construction of foundation pits and reinforcement of foundations of emergency structures, special attention
should be paid to the study of the expediency of using soil-cement retaining pile structures on landslide areas.
Practical value. It is known that soil-cement retaining piles are expediently in use as a protective element, which
interacts quite well with the ground environment due to its structure of the initial material. Using of modern com-
puter programs of finite element modeling makes it possible to calculate the efficiency of the use of soil-cement
piles and to determine the parameters of the necessary retaining structure according to the given geological structure
of the slope, and also, depending on its shape and the physical characteristics of the soils, to compare the perfor-
mance of different protective landslide structures types.
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retaining structures, restraining the slope, possibly
Introduction moving and sliding which can lead to a catastrophe
[1-2].

Since the prerequisites of landslides can some-
times be absent or hidden at first sight, when eve-
rything seems to be in order and there is no danger
of a shift next to the construction site, but subse-
guently under certain circumstances there are
changes that contribute to the development of cer-
tain conditions, the effect of which subsequently
can lead to worse consequences than in the begin-
ning.

In fact, this problem is even more complex.
Disregarding the prediction of this situation in ad-
vance — it is possible to make a mistake in the cal-
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Engineering and geological conditions for the
construction of multi-stored residential complexes
are not always sufficiently favorable in the condi-
tions of Dnipro city development. In some cases,
such construction requires additional engineering
surveys and calculations. Especially when it comes
to the development of engineering and geological
protection landslide area of the slope, where it has
been planned to construct the building. In this case,
to prevent the threat of landslides, such measures
are necessary and mandatory. In other words, the
designers are faced with the task of developing
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culation. Because of sudden groundwater level ris-
ing and it must always be taken into account, the
physical characteristics of some soils can be
changed, and it may be threat by a large-scale ca-
tastrophe. Especially such a threat arises in the
spring during the snow melting, when the water
drainage system and utilities require increased at-
tention and supervision by the municipal service of
the city. [4, 5, 7].

Geographically, the right bank of the Dnipro is
located on 4 hills, which are divided by 15 ravines
and more than 40 ravines that have landslide areas.
The total length of the network of ravines is more
than 120 km and covers an area of about 5 thou-
sand hectares. Under such conditions it is neces-
sary to constantly monitor the state of engineering
networks in the city, and to respond in a timely
manner to any changes. [6, 12, 14]

The object of the study is the territory of the
Krasnopovstanskaya ravine on Zhukovsky Street
in the area of houses No. 16 — 24 in the city of
Dnipro. On the adjacent territory, where the con-
struction of a multifunctional complex of civil and
residential purposes is located with landscaping,
previously landslide processes took place. For
a more complete understanding of the features of
the area, the survey materials have been collected
and studied, which have been conducted within the
study area.

The area, which is considered in engineering-
geological terms, has been studied quite well.
Since 1980 to the present time, GP «DniproDIITS»
(State Institute of Engineering and Technical Sur-
veys), together with other survey and design and
survey organizations conducted engineering and
geological surveys for the design and construction
of various public facilities.

Engineering and geological surveys included
such types of works as well drilling, trench hole
trenching, ground pressure testing, experimental
filtration, laboratory studies of soils and groundwa-

ter, stability calculations of the Krasnopovstan-
skaya ravine, drilling and setting up of observa-
tional wells on the slopes of the girder.

Laboratory studies of soils were carried out in
accordance with the current regulatory documents,
in the geotechnical laboratory of the State Enter-
prise «DniproDIITS», in December 2007, which
passed state accreditation (certificate of certifica-
tion No. HR - 082/2007, validity 18.06.2007 —
18.06. 2010).

Purpose

The purpose of this study is to analyze and sub-
stantiate the parameters of soil-cement pile retain-
ing structures on the basis of the results of a com-
parative finite element simulation of the nonlinear
stability problem of the landslide-dangerous sec-
tion of the Krasnopovstansky gully slope, as well
as the determination of optimal parameters of soil-
cement piles according to the results of a study of
the mechanics of landslide processes in the territo-
ry. [3, 13].

Methodology

Calculation of the stability of landslide-prone
slopes was carried out in the program complex
«LIRA-SAPR 2016». Geological elements of the
soil were assigned the finite element type FE 271-
276 (volumetric physically nonlinear FEs for simu-
lating one-sided soil work on compression with
allowance for displacement). Soil-cement piles are
modeled by rod elements of rigidity of circular
cross section, diameter 0.6 m. The plot, viewed
with one pile in the task has 29389 finite elements
with the number of unknowns of 95254. The
length of the pile is 6.5 m. [8, 10].

The modulus of deformation of the soil-cement
pile was adopted at 68 MPa, according to practical
research data.
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Fig. 1. The finite element model of the landslide slope is considered. The engineering
geological layers 1-7 are represented in different colours in order of increasing depth

Calculated values of physical indices and strength of soils at a = 0.95
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Findings

The task was calculated in three stages in the
«Mounting» processor.

1)The stage «Soil». Reflects the operation of
the system without a pile device in conditions
where the slope is in a state of equilibrium. Soils
are in a state of natural humidity.

2) The stage «Placing piles.» Vertical displace-

ments from the sediment of the ground mass are
reset. Soils are in a state of natural humidity. The
soil-cement pile has been mounted. The pile's own
weight acts on the soil mass.

3) The stage «Work piles.» Reflects the work of
the pile in conditions of complete water saturation
of all soil layers except for the deep one, which is
located below the thalweg of the girder.

Fig. 2. Stage 1. The system without placing a retaining
structure. The maximum value for the X axis is 21.4 cm

Fig. 3. Moving of the system after the installation of a soil-cement pile with a diameter of 0.6 m,
the length of the pile 6.5 m. Soils in the water-saturated state, the situation simulates
a possible displacement. The maximum value for the X axis is 0.025 cm
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| 56

Fig. 3. Vertical displacements of the system after the installation of a soil-cement pile
with a diameter of 0.6 m, the length of the pile is 6.5 m. The maximum value along
the Z axis is -0.14 cm. (Stage 2)

Fig. 4. The isosphere of stresses N,. The maximum value is 0.494 MPa
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Fig. 5. The isosphere of stresses t,y. The maximum value is 0.109 MPa
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Originality and practical value

Despite the widespread use of soil-cement piles
as enclosing structures for the construction of
foundation pits and reinforcement of the founda-
tions of emergency structures, special attention
should be paid to the study of the feasibility of us-
ing soil-cement retaining pile structures on land-
slide areas. It is known that primer-cement piles
are expediently used as a protective element, which
interacts quite well with the ground environment
due to its structure of the starting material. The use
of modern computer programs of finite element
modeling makes it possible to calculate the effec-
tiveness of the use of soil-cement piles and to de-
termine the parameters of the necessary supporting
structure according to the given geological struc-
ture of the slope, and also, depending on its shape
and the physical characteristics of the soils, to
compare the performance of different types of pro-
tective landslide structures.

Conclusions

Based on the calculations performed, the fol-
lowing findings can be drawn:

1. The use of soil-cement retaining pile as re-
taining structures on landslide-prone areas makes it
possible to prevent lateral processes if work has

been performed based on a preliminary calculation
of the nonlinear stability problem. The piles should
be arranged in such a way that they can be techno-
logically carried out, that is, the site should be
close to the horizontal surface in the terrain for the
operation of machinery. The length of the piles
should be determined by calculation and taken in
such a way that the pile passes the slip surface of a
possible displacement and is submerged below, in
a stable layer of soil, at least one third of the total
length of the pile.

2. The results of the calculated parameters and
the bearing capacity of the piles always depend on
the given conditions and the initial data of the
problem. An error in geological data can lead to
erroneous results and a mismatch of the work of
the calculation model in reality.

3. The accuracy of calculations of this model
for the number of 300 iterations is 10.09%. That is,
with a displacement of 0.025 cm, the error of the
results is £ 0.0025 mm, which is sufficient for this
task.

4. With the help of finite element modeling it is
possible to solve the practical problem of any
complexity, regardless of the variety of geological
conditions and the shape of the slope. However, it
cannot be to say about other methods of calculating
landslide processes in that way.
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B3AEMOAI 'PYHTOHEMEHTHHX ITAJIbOBUX HIAHIPHAX
KOHCTPYKIIHA I3 TIJIOM 3CYBY

Merta. HaykoBa poOota Mae 3a MeTy aHalli3 Ta MOPIBHSIHHS PE3yJIbTATiB PO3PaxyHKY KiHIIEBO-EJIEMEHTHOI MO-
JielTi 3cyBOHEOE3IIEYHOr0 CXIJTY 3 BJIAIITYBAHHSIM IPYHTOLEMEHTHHUX I1ajb 3aJIE)KHO BijJl 3MiHM JKOPCTKOCTI MifMip-
HOi KOHCTpyKii. JlociiUkeHHs JO3BOJIUTH OLIHUTH €(EeKTUBHICTh IX 3aCTOCYBaHHS, CYMICHY poOOTY Majb i3 TiJIOM
3CyBY Ta 3pOOMTH BHCHOBOK IIOJO JIOLUILHOCTI BUKOPHCTAHHS JITAHOTO METOJy NMPOTHU3CYBHOTO 3aXHCTY CXHIY.
Metoauka. JlocmigHIKaMH TPOBEACHUH aHami3 reoMop(oNOTIYHNX JaHWX, OTPUMAHUX 3a pe3yibTraTaMu Jadopa-
TOPHUX IOCTI/KeHb IPYHTIB Ha AUISHII cxmiry. CTBopeHa 00’€MHa KiHIIEBO-CIEMEHTHA MOJENb CXWIY 3TiIHO
moOyIOBaHUX PO3pi3iB Ta TIMOWH 3aJATaHHA IIApiB IPYHTY. 3AIHCHEHUH PO3paxyHOK HEJHIHHOI 3a1adi KiHIEBO-
CJIEMEHTHOTO  MOJENIOBAaHHA CXWIJIy 3 BJAIITYBAaHHAM IPYHTOIEMEHTHHX Ialb Pi3HOI  JKOPCTKOCTI.
Pe3ysabTaTn. ABTOpaMH OTPHMaHi pe3ylbTaTH PO3PAaXyHKY KiHIIEBO-€JIEMEHTHOI MOETi 3CyBOHEOE3EeYHOIO CXH-
Jdy, TPOBEJCHO aHAJi3 HanpyXXeHO-Ie(pOPMOBAHOIO CTaHy KOHCTPYKLii 3 IDYHTOLEMEHTHHX Iab.
HayxoBa HoBu3Ha. He3Bakaroun Ha HIMPOKE 3aCTOCYBAaHHS IPYHTOLIEMEHTHHX MaJlb Y SIKOCTI 3aXHCHUX KOHCTPYK-
i 7U1s1 BIAIITYBaHHS KOTJIOBAHIB Ta MOCWICHHs (yHAaMEHTIB aBapiiHUX CIIOPY, OCOOJIMBY yBary Ciiijl MPUAIIHTH
JIOCIIZPKEHHIO JOIIBHOCTI 3aCTOCYBAaHHS IPYHTOLIEMEHTHHX HiIIPHUX MaJbOBUX KOHCTPYKILIi Ha 3cyBOHeOe3mey-
Hux ainsHkax. [IpakTuyHa 3HaYMMicTh. BioMo, 110 IPYHTOIIEMEHTHI Mai TOUIIHHO 3aCTOCOBYBATH SIK 3aXHCHUIA
€JIEMEHT, KM JIOCUTh 100pe B3aEMOJIIE 13 TPYHTOBHM CEPEIOBHUIIIEM 3aBJ/sSKU CBOIM CTPYKTYpi BUXIJHOTO MaTepia-
ny. BukopucranHsi cydyacHMX KOMI'IOTEPHHX HPOTpaM KiHIEBO-EJIEMEHTHOTO MOJICIIOBAHHS J03BOJISIE TPOBECTH
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PO3paxyHOK €()eKTHBHOCTI 3aCTOCYBaHHSI IPYHTOLIEMEHTHHX Mallb Ta BU3HAYUTH MapamMeTpy HEOOX1AHOT miamipHOT
KOHCTPYKIIi 3riJHO JIaHOT reoIOri9HOI CTPYKTYpH CXMTy. Tako MOKIJINBO, 3aJIEKHO Bil (OpMH Ta 3MIHM (i3UUHHX
XapaKTEePUCTHK IPYHTIB, IIOPIBHATH pOOOTY PI3HHUX THIIB 3aXUCHHUX MTPOTU3CYBHUX KOHCTPYKIIIH.
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B3AUMOJIEHCTBUE I'PYHTOLEMEHTHBIX CBAMHBIX
HOANMOPHBIX KOHCTPYKIIMU C TEJIOM OIIOJI3HA

Heab. Hayunast paboTa cBOeH LEbI0 UMEET aHAIU3 U CpaBHEHHE PE3yJbTAaTOB pacdyeTa KOHEYHO-dJIEMEHTHON
MOJIETIM OMOJI3HEOIACHOTO CKIIOHA C YCTPOWCTBOM TPYHTOLIEMEHTHBIX CBail B 3aBUCHMOCTH OT U3MEHEHHMS JKECTKO-
CTH TIOJIOPHON KOHCTPYKUMH. ccrenoBanue Mo3BOJIHUT OLEHHUTH 3(P(EKTHBHOCTh UX NMPUMEHEHHS, COBMECTHYIO
paboTy cBaii C TEJIOM OMNOJI3HS M CHENaTh BBIBOJI O 11€71€CO00Pa3sHOCTH MCIIOIb30BaHMS JaHHOTO METOJa IIPOTHUBO-
OIIOJI3HEBOH 3amnTHI ckjIoHa. MeTtoamnka. MccnenoBatensiMu ObLI IPOBEJICH aHAIN3 TeOMOP(OIOTHYECKUX JaHHbIX,
MOJIYYEHHBIX 0 pe3ylibTaTaM JabopaTOPHBIX MCCIIEAOBAaHMN I'PyHTa Ha ydacTke ckioHa. Co3gaHa oObeMHast KO-
HEYHO-2JIEMEHTHAsI MOJIEJIb CKJIOHA COTJIACHO MOCTPOEHHBIX Pa3pe3oB M MIyOHH 3ajeranus ciioeB nousbl. [Ipousse-
JIeH pacueT HeJIMHENHHO! 3a7jauil KOHEYHO-3IEMEHTHOTO MOJIETUPOBAHNUS CKJIOHA C YCTPOWCTBOM I'PYHTOLIEMEHTHBIX
CBail pa3aM4HOM XecTKocTU. Pe3yabTaThl. ABTOpaMU NOJIyYEHB] pe3yibTaThl pacueTa KOHEUHO-3JIEMEHTHOM MOJie-
M OIOJ3HEONACHOTO CKJIOHA, IPOBEJICH AaHAIN3 HAINPSKEHHO-IC(POPMHUPOBAHHOTO COCTOSHHS KOHCTPYKIHH
C TPyHTOLIEMEHTHBIMH cBasiMi. Hayunass HoBu3Ha. HecMoTpst Ha mmpokoe MpUMEHEHHE TPYHTOLEMEHTHBIX CBail
B KAUeCTBE OrPaKAAOIMINX KOHCTPYKIMH Ul yCTPOWCTBAa KOTJIOBAaHOB M yCWJICHHE (YHIAMEHTOB aBapHHHBIX CO-
OpYXXeHHH, 0c000e BHUMaHHE CIIeTyeT YASINUTh UCCIEIOBaHMIO 1Ie71eC000Pa3HOCTH NPUMEHECHHUS TPYHTOLEMEHTHBIX
TIOJITOPHBIX CBAWHBIX KOHCTPYKIHMH Ha OIOJI3HEONACHBIX ydyacTKax. [IpakTHyeckasi 3HauMMocThb. V3BecTHO, 4TO
T'PYHTOLICMCHTHBLIC CBAU uenecooGpa3Ho MIPUMCHATH KaK 3aH1PITHI)II>II 3JICMCHT, KOTOpI:Iﬁ JOCTAaTOYHO XOPOIIO B3au-
MOJIICTBYET ¢ TPYHTOBOM cpeioi Giaromapsi CBoel CTPYKTYpe UCXOAHOTO MaTepuana. Vcroiap30BaHHe COBPEMEH-
HbIX KOMIBIOTCPHBIX IPOrpaMM KOHCYHO-3JICMCHTHOT'O MOACJIMPOBAHUSA MTO3BOJIACT IPOBCCTU PACUCT 3¢)¢)GKTHBHO-
CTH NIPUMEHEHHs I'PYHTOIIEMEHTHBIX CBail M ONpeNeIuTh IapaMeTpsl HEOOXOIUMOM MOATOPHOW KOHCTPYKIIUH CO-
IJIACHO JTAHHOMW T'€0JIOTMYECKON CTPYKTYpe CKIIOHA. Takke BO3MOXKHO, B 3aBUCUMOCTH OT (DOPMBI M M3MEHEHUsI (pu-
3WYECKUX XapaKTePUCTHK IPYHTOB, CPAaBHUTH pabOTy pPa3HBIX THIIOB 3AIIUTHBIX TPOTHBOOIIOJI3ZHEBBIX KOHCTPYKIIHH.

Kniouesvie crosa: TpyHTOIIEMEHTHAS CBasl; OTIOJI3€Hb; IIPOTHBOOIOI3HEBAs IIOAIIOPHAsT KOHCTPYKIIMS; OTIOJI3HE-
ONacHbIN CKJIOH
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