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COMPARATIVE CALCULATION OF THE STABILITY OF THE
LANDSLIDE SLOPE IN THE SOFTWARE COMPLEXES «OTKOS» AND
«LIRA-CAD 2017»

Purpose. The analysis and comparison of the results of calculation by the finite-element model of the slope in
the software complex «LIRA-CAD 2017» with the determination of the its stability in the software complex
«OTKOS» allows to determine the accuracy the results and the most favorable conditions for the development of the
displacement and parameters of the most dangerous surface slip for further calculation of anti-slip retaining struc-
tures. Methodology. The geomorphological data were obtained from the results of laboratory studies of soils in the
considered slope. Creation of a bulk finite element model of the slope in accordance with the built cuts and depths of
soil layers. Calculation of the nonlinear problem of finite-element simulation of the slope in the software complex
«LIRA-CAD 2017». Creation and calculation of the stability problem of the landslide slope in the software complex
«OTKOS» and comparison of the results of the its stress-strain state. Results. The results of calculating the finite-
element model of the landslide slope in the software complex «LIRA-CAD 2017» and its stability in the software
complex «OTKOS» were obtained. The analysis of the obtained results of sliding surfaces study is carried out. The
calculation of the strengthening of the slope area is carried out with the help of soil cement retaining piles, located at
right angles to the vector of the displacement direction. Originality. Despite the presence of a large number of dif-
ferent methods of studying the surfaces of sliding, it is impossible to determine exactly the scenario of the displace-
ment, using only one of the calculation methods. First of all, this is due to the rather high variation of the initial data
of the problem, which in turn depends on the environment and assumptions, as well as on external factors that can
not be taken into account precisely. The next task is to carry out the calculation of the strengthening of the landslide
slope by soil-cement piles. Practical value. It is known that it is advisable to use soil-cement piles as a protective
element, which interacts well with the soil environment due to its structure of the source material. A comparative
analysis of the calculation results of the slope stability with the help of software systems «LIRA-CAD 2017» and
«OTKOS» gives an answer to the question of the its reliability.

Key words: soil-cement pile; landslide, anti-slip support structure; landslide slope; comparative analysis

determine the criteria of the danger of each situa-

Introduction tion, since the landslides are different in terms of

In carrying out design work on the protection of
landslide slopes, much attention should be paid to
the study of the accuracy and reliability of calcula-
tions. Among all possible variants of shift devel-
opment, the most attention deserve results in which
the least value of the coefficient of stability K are
obtained. In order to assess the probability of oc-
currence of a certain scenario, it is necessary to

the rate of origin and development, in volume
earthen masses that are moving, and in general,
one and the same slope at the same time is a differ-
ent slope in the conditions of changing soil charac-
teristics, for example, during soil flooding as a re-
sult of soil water level changes or during prolonged
rainfall. Therefore, for the exact calculation it is
necessary to consider as many options as possible,
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on the basis of which it is necessary to compare the
obtained results and to find out under what circum-
stances a shift can occur.

Purpose

The purpose of this study is to analyze and
evaluate the accuracy of calculation methods on
the basis of the obtained results of the comparative
finite-element modeling of the nonlinear stability
problem of a landslide slope in the software com-
plex «<LIRA-CAD 2017» and « OTKOS».

Methodology

The calculation of the stability of the landslide
slope was carried out in the software complex
«LIRA-CAD 2017». The engineering-geological
elements of the soil were assigned as a type of fi-
nite elements of FE 271-276 (Volume Physically
Nonlinear FE to simulate the one-sided operation
of the soil on compression taking into account the
shear). Soil-cement piles, simulated by rods with a
rigidity of a round cross-section of type FE 10
(universal spatial rod FE), with a diameter of
0,6 m.

To estimate the justice of the using that meth-
odology engineering-geological studies of the
landslide area of car road in the Lvov region were
obtained.

According to the administrative division, the
studying area is located in Mostyskiy district of
Lviv region. In geostructural terms, the shifting
area is located within the outer zone of the Precar-
pathian Trench, separating the East European plat-
form from the folded region of the Carpathians.

In the geological structure, deposits of the root-
stones, which are represented by the formation of
the Neogene Age (NA), composed of clay with
layers of dusty sands, mica, are involved. Montmo-
rillonite clay with thinly mica, viscous, from hard
to tropophilic, with layers of siltstones, sometimes
very ironed. The sand including’s reduce the
strength of the clutch by 2-4 times. Slender layer-
ing, the presence of siliceous aquifers and sand
contributes to the development of landslide defor-
mations in clay and complicates their use as a ba-
sis. Sands are dusty and their filtration coefficient
is 0,3-0,5 m/day. For these conditions, the results
of calculating of the landslide and the slopes stabil-
ity are carried out and presented in the form of cal-
culated coefficients of stability K in Fig. 1-8.

Fig. 1. Results of calculating the stability of the slope by the Bishop method (simplified), K = 1,449
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Fig. 2. Results of calculating the stability of the slope by the method of the Corps Engineers number 1, K = 1,203
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Fig. 3. Results of calculating the stability of the slope by the method Lowe and Caraffaite, K = 1,134
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Fig. 4. Results of calculating the stability of the slope by the Spencer method, K = 1,452
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Fig. 5. Results of calculating the stability of the slope by the method of Fedorovsky-Kurilo, K = 1,369
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Fig. 6. Results of calculating the slope stability using the Felenius method, K = 1,449
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Fig. 8. Results of calculating the stability of the slope using the Yanbu method (simplified), K = 1,146

The results of calculations are summarized in
the table 1.

least value of the coefficient of stability), and
placed the results in order of growth (table 2).

Table 1 Table 2
Name of method RECEi\;Ed stability Name of method The abtained _C(_Jefficient of
actor stability
Bishop (Simplified) 1,449 Lowe and Caraffaite 0,00 %
Corps of engineers number 1 1,203 Yanbu (Simplified) +1,06 %
Lowe and Caraffaite 1,134 Yanbu (adjusted) +52%
Spencer 1,452 COI’pS of engineers +6.,09 %
- number 1
Fedorovsky-Kurilo 1,369
- Fedorovsky-Kurilo +20,72 %
Fellenius 1,449
. N 0
Yanbu (adjusted) 1,193 Fellenius 21,78 %
Yanbu (Simplified) 1,146 Bishop (Simplified) + 27,78 %
From the analysis, we can conclude that the  Spencer +28,04 %

worst scenario of the development of the shift oc-
curs in the case when the coefficient of stability is
the minimum, that is, by the method Lowe and
Caraffaite (Figure 3).

We defined the deviation of the results of the
calculation by different methods, taking the meth-
od Lowe and Karafayt for the main one (with the

As a confirmation of the correctness of the cal-
culation results in the software complex
«OTKOS», the calculation in the software complex
"LIRA-CAD 2017" in the processor "Installation"
in order to compare the results at different stages
of model calculation were perform (Figures 9-11).
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1) Stage «Soil». Displays the operation of the
system without the placement of the pile under
conditions when the slope is in equilibrium. Soils
are in a state of natural moisture.

2) Stage «Arrangement of Piles». Vertical dis-
placements from the soil mass solidification are

nullified. Soils are in a state of natural moisture.
Piles are fitted. The weight of the pile acts on an
array of soil.

3) Stage «Work Pile». Reflects the work of the
pile under full water saturation of all layers of the
soil except the deepest, below the thalweg ravine.

Cx

Fig. 9. Stage "Arrangement of Piles". Isolation of displacement. The maximum value for the X axis is 0.45 mm.

Fig. 10. "The Pile of Work". Isolation of displacement. The maximum value for the Z axis is 3.1 mm.

Tx

Fig. 11. The slope is strengthened by ground cement piles. Isolation of displacement. The maximum value for the X
axisis- 0.1 mm.

Conclusions

Based on the calculations made, the following
conclusions can be drawn.

1. Application of soil-cement piles as support
structures in landslide areas gives the opportunity
to prevent landslide processes if the work is carried
out on the basis of the preliminary calculation of

the nonlinear stability problem. The location of the
piles should be done in such a way that they can be
technologically implemented, that is, the plot
should be close to the horizontal surface in the area
for the equipment to perform. The length of the
piles should be determined by calculation and tak-
en in such a way that the pile passes through the
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surface of the slip of the possible shear and dipped
below into a steady layer of soil.

2. The results obtained by calculating the pa-
rameters and bearing capacity of the pile always
depend on the given conditions and the initial data
of the problem. Error in geological data can lead to
false results and discrepancies in the operation of
the calculation model in reality.

3. The error of calculation of this task in the
amount of 2400 iterations is 0.46%. That is, with a
displacement of 3.1 mm, the error of the results is
+ 0.014 mm, which is quite enough for this task.

4. With the help of finite-element simulation it
becomes possible to solve a practical problem of
any complexity, regardless of the diversity of geo-
logical conditions and the shape of the slope.
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MOPIBHSJIbHUM PO3PAXYHOK CTIMKOCTI 3CYBOHEBE3IIEYHOI
JIJISIHKHA CXHUJTY B IPOTPAMHUX KOMIIVIEKCAX «OTKOC» 1
«JITPA-CAIIP 2017»

MeTta. AHaui3 i IOPiBHSHHS PE3yJbTATIB PO3PaxXyHKy CKIHYEHHO-EIEMEHTHOT MOJIeNi 3CyBOHEOE3IIEUHOrO CXHU-
ny y nporpamaomy komiuiekci «JIIPA-CAIIP 2017» 3 po3paxyHKOM CTifKOCTi CXWIy B IIPOIPaMHOMY KOMILIEKCI
«OTKOC» n03BONSIOTh BU3HAYUTH TOYHICTH OTPUMAHMX PE3yJbTATiB PO3PAaXyHKY CTIMKOCTI Ta BU3HAYMTH Haii-
OUTBII CIIPUSATIINBI YMOBH JUII PO3BHUTKY 3CYBY, a TAKOX IMapaMeTpH HaiO1IbI1 HeOe31euHOi MOBEPXHi KOB3aHHS IS
MOJTAVTBIIIOTO PO3PAaXyHKY NMPOTU3CYBHUX MiAMIPHUX KOHCTPYKLiHA. MeToauka. AHaii3 reoMopdoorivHnX TaHWX,
OTPHMAaHUX 3a PE3yJIbTATAMH IIPOBEACHHUX JTA0OPATOPHHUX JOCHIIKEHb IPYHTIB AUISHKU CXUITY, IO PO3IIIAAAETHCS.
CtBopeHHsI 00°€MHOI CKiHYCHHO-EIEMEHTHOI MOJENI CXWIy 3TiTHO MOOYIOBaHMX PO3pi3iB Ta TNIHOMH 3aisTaHHS
mapiB IpyHTyY. Po3paxyHOK HemiHIHHOI 3a1a4i CKiHIEHHO-eJIEMEHTHOTO MOJACTIOBAHHS CXIUTYy B IPOTPAMHOMY KOM-
tiekci «JIIPA-CATIIP 2017». CtBopeHHsI Ta po3paxyHOK 3ajadi CTIHKOCTI 3CyBOHEOE3MEYHOTr0 CXHUIIy B IpOrpam-
Homy kommuiekci «OTKOC»y. IopiBHSIHHS OTpUMaHHX Pe3yJbTaTiB HaNpyXeHO-Ae(hOPMOBAHOIO CTAHy CXWIIY Ta
BU3HAYCHHS BIIXWIEHb Y PO3paxyHKax 3a KPMBMMH KoB3aHHsS. Pe3ynbraTH. OTpHMaHO pe3ysbTaTH PO3PaxyHKY
CKIHUEHHO-EJIEMEHTHOT MOJENi 3CYBOHEOE3MeYHOro cxXwiy B mporpamHomy komiuiekci «JIIPA-CAIIP 2017».
OTprMaHO pe3yNbTaTH PO3PAXyHKY CTIMKOCTI 3CyBOHeOe3NneyHOl MUISHKH CXHJIYy B HPOIPAaMHOMY KOMILIEKCI
«OTKOC». IlpoBeneHo aHani3 OTpUMaHUX PE3yJbTaTIB JOCIHIIKEHHS TOBEPXOHb KOB3aHHs. BukoHaHMH po3paxy-
HOK YKPIIUICHHSI 3CyBOHEOE3MEYHOI MIITHKH CXWITy 3a JIOMIOMOTOI0 IPYHTOIIEMEHTHHX IaJbOBHUX IIAMIPHUX KOHC-
TPYKILIiH, pPO3TAIOBAHUX Mi MPSIMAM KyTOM BiTHOCHO HampsMKy 3cyBy. HaykoBa HoBu3Ha. He3Baxatoun Ha Has-
BHICTh BEITUKO{ KITKOCTI PI3HOMaHITHHX METOJIB HOCIIPKEHHS IIOBEPXOHb KOB3aHHS 3CYBIB, HEMOJIHBO BU3HAYH-
TH JJOCTEMEHHO 3a SKUM caMe CLieHapieM Oyzae po3BHBATHCS 3CYB, BAKOPHUCTOBYIOUH JIMIIE OJWH 3 METOJIB po3pa-
xyHKy. [lepmr 3a Bce, 1ie OB ’s3aHO 3 JIOCUTH BHCOKOIO BapiaTMBHICTIO BHXITHHMX JaHUX 3a/1adi, sKi B CBOIO 4epry
3aJIe’KaTh Bill YMOB CEPEOBHIIA Ta OMYIIEHB, & TAKOXK BiJl 30BHIMIHIX (haKTOPIB, IKi HEMOKJINBO BpPaXyBaTH TOYHO.
HacrymnHoto 3amaueto nmocrae BUKOHAHHSI PO3paxyHKY YKPIIUICHHSI 3CYBOHEOE3MEeUHOr0 CXHJly IPYHTOLIEMEHTHHMHU
naiamu. IIpakTuyHa 3HaYnMicTh. Bizomo, 10 rpyHTOIIEMEHTHI Maii AOIIFHO 3aCTOCOBYBATH SIK 3aXHUCHHUH elie-
MEHT, KU JOCHTh J0Ope B3aEMOJIE 3 TPYHTOBUM CEpEOBHINEM 3aBJSKU CBOIM CTPYKTYpPi BUXIHOTO MaTepiaiy.
[TopiBHsUTEHUI aHAITI3 pe3yibTaTiB PO3PAXYHKY CTIHKOCTI CXMIYy 3a JOTIOMOTOIO MPOrpaMHUX KOMIUIEKCiB «JIIPA-
CAITIP 2017» i «KOTKOC» nae BiAMOBi b HAa MUTAHHS JOCTOBIPHOCTI OTPUMAHHX PE3YJIbTAaTiB PO3PAXYHKY.

Kniowosi crnosa: TpyHTOIIEMEHTHA Tallsl; 3CYB; MPOTH3CYBHA MiAMpHA KOHCTPYKIIiS; 3CyBOHEOE3NEUHUN CXUIT,
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CPABHUTEJIBHBIN PACUET YCTONMUYUBOCTH
OITIOJI3BHEOITACHOI'O YYACTKA CKJIOHA B ITIPOI'PAMMHBIX
KOMINVIEKCAX «OTKOC» A «JIUPA-CAIIP 2017»

Henb. AHanu3 U cpaBHEHHE pPe3yJbTATOB pacuyeTa KOHEYHO-DJIEMEHTHON MOJENIU OINOJI3HEONAaCHOro CKJIOHA B
nporpamMmHoM komiiekce «JIMPA-CATIP 2017» ¢ pacueToM yCTOMUMBOCTH CKJIOHA B NMPOrPaMMHOM KOMILIEKCE
«OTKOC» mno3BOisIOT ONpeNeNuTh TOYHOCTH MOIYYEHHBIX PE3yJbTaTOB pacueTa YCTOMYHMBOCTH WU OIpPENETUTH
HanOosee OJarONpUsTHBIE YCIOBHS JUIl Pa3BHTHS CIBHIa, a TAKKe MapaMeTpbl HauOosiee ONacHOW MOBEPXHOCTH
CKOJIBKEHHUS IS ajbHEMIIEro pacyeTa NpOTUBOOIOI3HEBBIX MOANOPHBIX KOHCTpYKUui. Meroauka. AHanu3 reo-
MOP(OIOTHYECKUX JaHHBIX, MOJIYYEHHBIX MO pE3yslbTaTaM IIPOBEACHHBIX J1a0OPAaTOPHBIX MHCCIECIOBAHMH ITOYB
ydJacTka, paccMarpuBaeMoro ckioHa. Co3maHne 00bEMHOIN KOHEYHO-3JIEMEHTHOW MOJENN CKJIOHA, COTJIACHO II0-
CTPOEHHBIX Pa3pe30B M ITyOWH 3aJleTaHus CJIOEB IPyHTA. PacueT HeNMMHEHHON 3a1a4 KOHEYHO-3JIEMEHTHOTO MOJIe-
JUPOBaHUA CKJIOHA B mporpaMMHoM komrmiekce «JIMPA-CAIIP 2017». Cozmanue U pacyeT 3aJaddl yCTOHYUBOCTH
OTIOJI3HEOIACHBIX CKJIOHOB B mporpamMMmHoM KoMmiuiekce «OTKOC». CpaBHeHHE TONydEHHBIX PE3yIbTaTOB HAIpS-
KEHHO-/1e(pOPMUPOBAHHOTO COCTOSHHSI CKJIOHA M OIIpEJeIeHUe OTKJIOHEHHUI B pacueTrax 1o KPUBBIM CKOJILKEHHSI.
PesyabTarsl. IlogydeHsl pe3ynpTaThl pacdeTa KOHEUHO-3JIEMEHTHONH MOJENM OMOJI3HEONMacHOro CKIOHAa B MpoO-
rpammHoM KoMmiuiekce «JIMPA-CAIIP 2017». IlodydeHsl pe3yibTaThl pacdeTa yCTOWIHMBOCTH OIOI3HEOIACHOTO
ydacTka ckJioHa B mporpamMmMHoM komiuekce «OTKOCy. TlpoBeneH aHanu3 ModydeHHBIX PE3YJIbTATOB MCCIEI0Ba-
HUS TIOBEPXHOCTEH CKOJIBKEHHUS. BBIMONHEH pacdyeT yKpemeHHs OMOI3HEONACHOTO yJ4acTKa CKJIOHA C IOMOIIBIO
TPYHTOLICMCHTHBIX CBaMHBIX MOATTOPHBIX KOHCprKHHﬁ, PaCIoJOXKECHHBIX TIOJ IPAMBIM YIJIOM OTHOCUTECJIBHO
HanpasieHus cMmemmenns. Hayuynas HoBu3Ha. HecMoTpst Ha HaimM4re MHOXECTBAa pa3HOOOpPa3HBIX METOIOB HCCIe-
JIOBAHMS TIOBEPXHOCTEH CKOJILKEHMS OIOJI3HEH, HEBO3MOXKHO OIPEJENIUTh TOYHO 110 KaKOMY MMEHHO CIICHAPHUIO
OyIleT pa3BUBATHCS CHIBUT, UCIIONIB3YS JIMIIL OJUH M3 METOJOB pacdera. [Ipeskie Bcero, 3To CBA3aHO € JOCTATOYHO
BBICOKOI BapHaTHBHOCTBHIO UCXOAHBIX JAHHBIX 33/1a41, KOTOPBIE B CBOIO OUYEpE/lb 3aBUCAT OT YCIOBHH Cpelbl U J10-
MYIIEHUH, a Takke OT BHEHMIHUX (PaKTOPOB, KOTOPBHIE HEBO3MOXKHO ydecTh TouHO. Criemyromieit 3amaueii sBisiercst
BBITIOJTHEHHE pacyeTa YKPEIUICHHs OIOJ3HEONACHBIX CKIOHOB TPYHTOLEMEHTHBIMU cBasMu. IIpakTuyeckasi 3Ha-
YUMOCTh. VI3BECTHO, YTO TPYHTOIIEMEHTHBIE CBAH IIeJIeCOO0Pa3HO MPUMEHSTh KaK 3aIllUTHBIN AJIEMEHT, KOTOPBIi
JIOCTaTOYHO XOPOIIO B3aMMOJICHCTBYET C TPYHTOBOW Cpelol, Oiaromapsi CBOEH CTPYKType MCXOTHOTO MaTepHuala.
CpaBHUTENBHBIA aHAIM3 PE3yNbTATOB pacdyeTra yCTOMYMBOCTH CKJIOHA C TOMOINBIO MPOTPAMMHBIX KOMILJIEKCOB
«JIMPA-CAIIP 2017» m «KOTKOC» naeT oTBEeT Ha BOIPOC JOCTOBEPHOCTH TOIYIEHHBIX PE3yIbTaTOB pacyera.

Kntouegvle cnosa: TPYHTOLIEMEHTHAs! CBas, CABHUT; IPOTHBOOIION3HEBAs IMOJINOPHAS KOHCTPYKIUS, OIOJI3HE-
OIACHBIN CKJIOH; CPABHUTEINILHBIN aHAIN3
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