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Abstract: The results of experimental studies of reinforced
sandy slope stability under the action of vertical surcharge are
presented in the article. There have been made a few series of
experiments in which the depth of the reinforcing element, as well as
the parameters of reloading — cyclical (5, 10 and 20 load cycles) and
static one — were varied. The case of the presence of the weak soil
interlayer situated at different depths within the slope is discussed.

The dependences of the influencing parameters on the
displacements and limit pressures under the pilot stamp foundation-
bed have been obtained. It is shown that fabric-reinforced slope can
bear vertical load almost two times greater than a non-reinforced
one, with smaller deformations. Absolute values of the breaking load
after cycling are greater than those at static loads. It is found that
the use of reinforcement eliminates the possibility of the landslide
collapse of the slope and the location of the weak soil interlayer
at a depth greater than the diameter of the model has almost no effect
on the slope bearing capacity and makes the reinforcement in this
area ineffective.

Slopes are the most common engineering structures. Their operating
conditions tend to be unfavorable and unpredictable. Possible geological
processes and phenomena on territories with slopes, causes and patterns
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of positive stability are described in detail in [1]. One of the most effective ways
to increase the stability of slopes is the reinforcement of soils with different
materials [2]. Several methods of calculating unreinforced [3, 4] and reinforced
[5, 6] slopes are known. For the first type, sufficiently large experimental data
have been verified, while for the second one the experimental data are scarce.
This is due to the complexity of technical execution of experiments and the
influence of a number of factors (characteristics: slope, soil reinforcement and
loadings). Rheological processes occurring in the soil, reinforcing elements and
their contact with the ground are important. The presence of the slope near the
foundation has a significant impact on its bearing capacity and displacement.
Theoretical and experimental research in this direction is not sufficient.

In this regard, we have tasked to conduct experimental studies of the
interaction of shallow foundation with reinforced soil slope. The purpose of the
research is to determine the optimum design solution, calculate design life,
admissible displacements and impacts.

The experiments were performed in the Laboratory of Soil Mechanics
of TSTU (Tambov State Technical University, Tambov). Reinforced
foundations have been studied for over 15 years. Some details about the method
of testing and the results were described in [7, 8].

The slope was formed from small homogeneous layers of compacted
to 1.51 g/em’, little wet o = 0.08 sand (see Fig. 1). As a reinforcement element
we used reinforcement mesh from metal-crystal rods with a diameter dy = 3 mm,
the bar spacing was 25 mm, the plan dimension was 350x125 mm.

The influencing parameters included: the slope height; the slope angle
to the horizon (600); diameter of rigid steel punch Dy, = 150 mm; the distance to
the reinforcing element A,; the relative distance 4 = h/Dy; the diameter of mesh
rods dj; the bar spacing a,; mesh size; the current and breaking value of the load
F, F,; the corresponding pressure p and p,; load level F = F/F, or p = p/p.;
the punch subsidence s, the horizontal displacement u, tilt i; the limit values
of displacements (before fracture) s,, u,, i,; the number of loading cycles n,; the
cycle stress ratio p, = Fuin/Fmax
or pmin/ max-

Other important parameters
included the distance from the
brink of the slope to the axis of the

foundation L, the relative value

of L,=L,/D,, . At a certain value

of L, > L, the slope influence on

the bearing capacity of the
foundation and the  punch
displacement is insignificant and
can be ignored; if under

. . L, < L, there is additional punch
Fig. 1. Layout of the reinforcement element (7)

and the foundation model (2) displacement,  their  direction
(E =5 mPa; ¢ = 280; c = 3 kPa; is changed and load-carrying
p =1.52 r/cm) capacity is reduced.
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Table 1

The influence of the distance to the reinforcing element on slope stability

h P, kPa s, cm u, cm i

0.2 55.03 1.41 0.18 0.014
04 70.05 1.63 0.25 0.015
0.6 36.7 1.88 0.62 0.003

Several series of experiments with three replications were conducted.
Loading stages were 0.1F,. Conditional stabilization of deformation was
0.1 mm for 30 min of observation. The efficacy of reinforcement was assessed
by p, value and speed of displacements $,1,i. The values of subsidence,
horizontal displacements and tilt were calculated in the last stage of loading,
before the destruction.

In the first series of experiments (Table 1) we changed the depth of the
reinforcing element (i_zs = 0.2, 0.4, 0.6). Step-by-step loading was applied to
cause fracture (Table 1). In the experiments without reinforcement p, = 33.6 kPa.

Reinforcement enabled to increase the carrying capacity of the foundation
by 30 — 100 % and reduce the deformability by 20 — 40 %. The fracture under
mesh embedment /4 = 0.6 occurred in the form of ground punching, which led
to the formation of cracks at both horizontal and downhill surfaces of the slope,
while under 4 = 0.2 and 0.4 the fracture was in the form of a landslide collapse
of soil.

Table 2
The influence of the level of cyclic loading on slope stability
h =hJD F P, kPa s, cm
0.6 66.03 1.24
0.7 73.38 1.35
0.2
0.8 68.45 1.42
0.9 61.14 1.15
0.6 70.91 1.1
0.7 1.31
0.4 73.38
0.8 1.49
0.9 70.91 1.12
0.6 40.36 2.21
0.7 2.34
0.6 45.24
0.8 2.05
0.9 47.23 2.12
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In the second series we applied cyclic load p.= 0.6, 0.7, 0.8, 0.9. The tests

were carried as follows: the load was increased to the desired level, 5 cycles
were performed, and after 10 min another 10 cycles were performed, and
10 min later another 20 cycles were performed. Hereinafter, static load was
applied to cause foundation fracture and punch turnover.

The results of the second series (Tables 2, 3 and 4) confirmed that the
reinforcement of the lower zone of the slope at the depth 0.6 Dy, is inefficient.
The absolute values of the breaking load after cycling were higher than those
after the static cycling; apparently, this is due to the fact that the cyclic impacts
cause rearrangement of particles in a tighter pack. The highest values were
obtained under cyclic load, which equaled to 0.7 — 0.8 of breaking load. Under

F =0.9 the fracture occurred at the stage of application of cyclic loads.

Table 3
The influence of the distance from the bottom
of the stamp to reinforcement and to the weak layer
on strength and stability of the slope
Distance to Di§tance to the Pressure Subsidence . Horizontal
the weak layer | reinforcement | .. . Tilti, | displacement
limits P,, kPa s, cm
h, cm h,, cm w u,, cm
Without - 33.6 2.1 0.03 0.39
interlayer

4 - 26.4 2.80 0.050 0.50
— 28.8 2.40 0.043 0.45
6 2 36.0 1.88 0,020 0.40
4 39.6 1.60 0.025 0.35
— 28.4 2.2 0.038 0.48
g 2 34.8 2.00 0.032 0.45
4 43.2 1.75 0.40

0.020
6 38.4 2.30 0.56
- 33.6 2.20 0,030 0.35
2 42.0 1.45 0.020 0.28
10 4 45.6 1.50 0.015 0.15
6 38.4 1.95 0.035 0.26
8 34.8 2.30 0.045 0.30
— 33.6 2.20 0.024 0.25

2 38.4 2.05 0.020
0.15

o 4 46.0 1.66 0.015
6 42.0 1.51 0.012 0.20
8 39.6 2.10 0.038 0.35
10 34.8 2.40 0.043 0.50
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Pressure and deformation limits under cyclic loading

Table 4

Distance

Distance to the

Pressure

subsidence increment

. — 7 As,cm Subsidence
to the weak | reinforcement | F limits
layer &, cm hy, cm P, kpa | 1stage— | 2stage— Su> €M
10 cycles | 20 cycles
1 2 3 4 5 6 7
0.6 45.1 0.33 0.15 0.94
4 0.7 46.1 0.48 0.17 1.25
0.8 47.0 0.36 0.30 1.08
5 0.9 48.6 0.39 0.23 1.12
0.6 442 0.31 0.17 0.87
0.7 40.5 0.30 0.35 0.97
0.8 39.8 0.36 0.29 1.12
6 0.9 40 04 0.26 1.18
0.6 43.0 0.23 0.20 0.69
0.7 0.20 0.16 0.75
4 0.8 38.0 0.22 0.21 0.84
0.9 37.0 0.29 0.25 0.86
0.6 35.0 0.21 0.18 0.89
5 0.7 0.29 0.24 0.92
0.8 34.8 0.31 0.30 1.20
0.9 34.0 0.36 0.22 0.99
0.6 425 0.29 0.25 0.79
g 4 0.7 45.0 0.31 0.18 0.85
0.8 422 0.35 0.25 0.89
0.9 43.2 0.40 0.34 1.02
0.6 32 0.29 0.27 0.95
6 0.7 34 0.44 0.25 0.99
0.8 35 0.40 0.29 1.14
0.9 0.48 0.33 1.8%
0.6 40.20 0.28 0.28 0.810
10 5 0.7 40.26 0.34 0.32 0.830
0.8 40.80 0.33 0.28 1.65%
0.9 41.20 0.35 0.24 1.81%*
0.6 43.45 0.32 0.84
0.27
4 0.7 42.73 034 0.95
0.8 42.70 0.30 0.99
10 0.9 44.50 0.44 0.26 1.20
0.6 37.50 0.30 0.29 0.98
6 0.7 37.80 0.33 0.32 1.10
0.8 38.00 0.35 0.28 1.25
0.9 38.04 0.38 0.30 1.35
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Continuation Table 4

1 2 3 4 5 6 7
0.6 28.16 0.34 0.28 0.85

. g 0.7 28.20 0.31 0.35 0.98
0.8 29.20 0.38 0.62 0.8%
0.9 31.10 0.37 - 0.4*

Note: The destruction occurred during cyclic loading.

The zone of influence of a weak layer on the strength and deformability
of foundation is limited to the depth /,= D, The location of the layer in the
zone below the diameter of the model has virtually no effect on the bearing
capacity of the foundation. The application of reinforcement excluded the
possibility of landslide slope collapse. The destruction occurred only in the
form of punching of soil bulk with the formation of cracks on both the
horizontal and sloping surfaces. With each cycle, the subsidence increased at
the rate dependent on the rate of loading.
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3KCHepI/lMeHTa.]II)HLIe HCCICT0BAHUA yCTOﬁ'-IHBOCTH APMHPOBAHHBIX
nmecCYaHbIX OTKOCOB

B. M. AnTonoB, M. B. AHTOHOB,
O. B. EBnokumues, B. B. Jlenenen

®@I'BOY BO «Tambosckuii 20cy0apcmeentblil mexHu4ecKull
yHusepcumemy, 2. Tambos, Poccus

KuaroueBbie ciioBa: apMupoBanue; nedopmaruy; Harpy3ka HUKIHde-
CKast; 0TKOC; pa3pylIarolias HarpysKka.

AnHoTanusi: IlpuBeneHsl pe3ysbTaThl 3KCHEPHUMEHTAIBHBIX HCCIIE-
JIOBaHUM yCTOMYMBOCTH apMHUPOBAHHOI'O IIECUAHOT'O OTKOCA IPU IEHCTBUU
BEPTUKAJIBHOW MPUrpYy3KU. IIpoBENEHO HECKOIBKO CEPUMl OIBITOB, B KOTO-
PBIX U3MEHsUIach ITyOMHA 3al0KEHHMS apMHUPYIOIIET0 3J€MEeHTa U Iapa-
METpbI TIOBTOPHOTO HarpyxeHust — mukiuueckuid (5, 10 u 20 nukioB Ha-
TpY’KEHHsI) U cTaTHYecKuil. PaccMoTpeH ciaydail Hamuuus MpOCIOWKH clia-
60ro rpyHTa, pacIoj0KEHHOH Ha Pa3IMYHON IITyOrHE B IIpejiesiaX OTKOca.

[IpencraBneHbl 3aBUCMMOCTH BIMSIIONIMX ITapaMeTpPoOB Ha IepeMernie-
HUSI ¥ TIpe/IeNbHBIE AAaBJIEHUS 0/ TIOIOIIBOM AKCIIEPUMEHTAILHOTO ILITaM-
na. [lokazaHo, 4TO OTKOC apMUPOBAHHBIN CETKOM MOYKET HECTH BEPTUKAJIb-
HYIO Harpy3Ky Ho4TH B 2 pa3a 0oJjplie, YeM HeapMHPOBAaHHBIN, IPH MEHb-
mmx aedopManuax. AOCONIOTHBIE 3HAYCHHUS pPa3pyIIAOel Harpys3Kw
110CJIe LMKINPOBAHUS OOJIbIle, YeM MPU CTATHUECKUX Harpys3kax. BuisBie-
HO, 4TO IPUMEHEHNE apMHUPOBAHUS HCKIIFOYAET BO3MOKHOCTD OIIOJI3HEBOTO
0OpyIIEHUs] 0TKOCA, a PACIIONIOKEHUE MPOCIONKK cl1aboro rpyHTa Ha IIIy-
OuHe, MpPEBBIIAIONIEH TUaMeTp MOJENH, HE BIMSET Ha HECYIIYI0 CIOCO0-
HOCTB OTKOCA M JIeJIaeT apMUPOBAHHUE B JAHHOW 30HE HEI(D(PEKTUBHBIM.

© B. M. Aurtonos, M. B. AHTOHOB,
O. B. Epnokumiies, B. B. Jlenenes, 2016

YHUBEPCUTET um. B.1. BEPHALCKOI'O. Ne3(61). 2016. 37




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


