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Abstract

Vendian clays are widely spread in St. Petersburg. They are bedded at depth of 20 m and further throughout entire thickness of investigat-
ed soils. Investigation of Vendian clays is necessary for St. Petersburg, because these deposits are used as the base of pile foundation. For 
estimation of mechanical behavior of Vendian clay compression tests with loading in vertical and horizontal directions to the foliation 
were made. All these tests were accompanied with determination of anisotropy factor, OCR, water content, liquid and plastic limit. It was 
found that all parameters of mechanical properties differ from each other depending on sampling depth. Samples from greater depth have 
higher strength, oedometer modulus, anisotropy factor, lower water content. As a rule oedometer modulus in horizontal direction is higher 
than in vertical. It can be explained by fissile structure of Vendian clay. 
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1 Introduction 

In terms of tall building practice, Saint Petersburg is charac-
terized by extremely complex geological engineering condi-
tions, because the surface layers consist of soft soils down 
to the depth of 20-30 m. However, the rock ground, which 
are the most desirable bed for high-rise buildings, are locat-
ed at the depth of more than 200 m, making it unreachable 
as the base, since capabilities and experience of contempo-
rary industrial technologies is limited by embedding piles 
down to the depth of 100-120 m, let alone the cost ineffi-
ciency of such a foundation. Taking into account the above-
listed factors, the solution was made to use the Vendian 
clays (lying 20-40 m deep) as the base of pile foundation. 
The basic issue for supporting the piles by Vendian clays is 
lack of experience of using this kind of ground for high-rise 
buildings. Vendian clays (Fig. 1) are relatively solid, being 
the clay and semirocky soil at the same time. In the coun-
tries, where this kind of soils is widespread, there is a spe-
cial term – “mudstone”. The Vendian clays relate to Upper 
Proterozoic deposits of the Vendian system of the Kotlin 
horizon (Vkt2). Actually, these are not clays, but loams, in 
essence of solid consistency. The fissile mostly horizontal 
structure with cemented sandstone inclusions makes these 
soils rather heterogeneous in its physical and mechanical 
characteristics. 

2 Mechanical properties of Vendian clays 
For the estimation of mechanical behavior of Vendian clay 
field and laboratory tests were made. Due to the fissile 
structure of soil one of the most important parameter was 
anisotropy factor. So, compression tests with loading in 
horizontal and vertical directions to the foliation were made. 
The importance of the structure and complexity of problems 

urged drawing quite a number of organizations. The geolog-
ical engineering searches were commissioned to SU-
construction administration -299. Laboratory tests were 
conducted by laboratory Vedeneev VNIIG and Lomonosov 
MGU. Pressure metric tests were made by Geodynamic 
Studies Centre. The research institute Gersevanov NIIOSP 
provided scientific and technical support for all these inves-
tigations. As an employee of the Gersevanov NIIOSP 
(Moscow), I made laboratory tests of 16 samples taken from 
the depths of 27 m to 115 m to determine mechanical prop-
erties of soils. 

 
Fig. 1: The Fissile structure of Vendian clays. 
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According to the results of these laboratory tests, oedometer 
modulus in vertical direction varies from 27 to 545 MPa, 
oedometer modulus in horizontal direction varies from 27 to 
900 MPa, anisotropy factor varies from 0,64 to 4,64, over-
consolidation ratio (according to Casagrande) varies from 
0,54 to 7,58, water content varies from 0,105 to 0,215, plas-
tic limit varies from 0,170 to 0,040, liquid limit varies from 
-1,25 to -0,14. Changes in oedometer modulus in vertical 
direction are shown in Figure 2. According to this graph, 
Eoed increases with the increase of the depth. After approxi-
mately one hundred meter depth a drop in oedometer modu-
lus can be observed. This drop is caused by the change of 
the structure of clays – a water aquifer lies after 100m 
depth. This water aquifer consists of fractured sandy clays 
which serve as water-containing soils. 

Fig. 2: Changes in oedometer modulus in vertical direction versus 
the depth 
 

Changes in oedometer modulus in horizontal direction show 
the same behaviour as in vertical direction (Fig. 3). One can 
see the increase in values with the increase of the depth. 
Anisotropy factor also has a tendency to increase with the 
depth. 

Fig. 3: Changes in oedometer modulus in horisontal direction 
versus the depth 
 

Fig. 4: Changes in anisotropy factor versus the depth 
 

Overconsolidation ratio decreases with the increase of the 
depth. Soil samples up to approximately 90 m have OCR>1, 
which corresponds to the stage of overconsolidation. Sam-
ples taken from 90 m and deeper have OCR approximately 
equal to 1 (Fig. 5). 
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Fig. 5: Changes in OCR versus the depth 

 

Analysis of all these graphs shows that the dependency of 
different properties on the sampling depth is not gradual. 
All the observed parameters, i.e., anisotropy factor, Eoed in 
vertical and horizontal directions and in OCR change by 
leaps and bounds. It can be explained by fissile structure of 
Vendian clays. 

3 Construction of the business center at the site 
“Lakhta” 

All the investigations were made for the building of the 
Gazprom neft business center in Lakhta, in Primorsky dis-
trict of Saint Petersburg, at the exit from the city between 
the Gulf of Finland and Primorskoye highway. The planned 
height of the building is 476 m; number of floors – 67; the 
basic load is 330 thousand tons; the diameter of the tower’s 
footprint is approximately 50 meters (Fig. 3a, b). Under-
ground part is also pentagonal and each facet is 56 m long; 
foundation area is 5700 sq. m. The structural scheme with 
the central core bearing most of vertical and horizontal 
loads surrounded by perimeter columns and a few outrig-
gers, which is applied here, is getting even more popular 
within tall industry. The outriggers are the extra-stiff beams 
with 2-floor high section, placed at several levels of the 
elevation to resist horizontal loads. General stability is en-
sured by the joint three-dimensional work of strong central 
stem, perimeter columns, floor slabs and outrigger beams. 
The central stem is the ferroconcrete pipe with 2 m thick 
walls at the base, which are gradually getting the higher, the 
thinner. The central stem is partitioned inside with walls and 
slabs of elevator and stairway shafts, which reinforce the 
structural strength [PETRUCHIN, V. et al. (2010)].  

a) b)
Fig. 3: The society business center: a) The structural scheme; 
b)the design 

4 Conclusion 
To sum up, Vendian clays have high strength, but their 
mechanical and physical parameters are not constant and 
vary in high ranges depending on the depth. Samples from 
greater depth have higher strength, oedometer modulus and 
anisotropy factor and have lower water content. Taking into 
account all these factors, Vendian clays, being really stiff 
soils, can be a stable geological basement for a tall building 
on the one hand, but on the other hand they can be unstable 
due to their fissile structure. 

Literature 

SHIGORINA, E., (2012): Geological Engineering Conditions and the 
Project of the Site Investigaion for Construction of business 
Centre “Lakhta” in Saint Petersburg. – final qualification 
project, Diplom  in Geotechnical Engineering; Tomsk 
Polytechnical University, Russia. 

PETRUCHIN, V. & SHULYATEV, O. & BOKOV, O. & SHULYATEV, S., 
(2010): Geotechnical Aspects of the Okhta Tower Design, 
“Tall Buildings”, NIIOSP; Moscow. 

10

20

30

40

50

60

70

80

90

100

110

120

130

0 1 2 3 4 5 6 7 8

de
pt
h,
m

Overconsolidation ratio



<<
  /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


