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Abstract. The paper deal with the defining stress state of a hoisting shaft 
lining, lying in the sandy loam, when performing and disturbing the ground 
freezing technology. The relevance of the performed research lies in the 
fact that at nonuniform freezing or defrosting, nonuniform stress state is 
formed, which causes a significant over-stresses of the lining. To research 
the nonuniform stress state, a spatial finite element model of a hoisting 
shaft was developed, in which the case of nonuniform ground freezing was 
simulated. The calculation by the finite-element technique was carried out 
on the basis of the computational professional complex Structure CAD for 
Windows. In the course of the analysis, the values of stress state for linings 
made of reinforced-concrete blocks, B30 concrete, gray and modified cast-
iron tubbings. A comparison of the components of stress state for sandy 
loam at a temperature of -2 °C (freezing), nonuniform freezing and at a 
temperature of + 8 °C (defrosting) was carried out. It was found that for the 
proposed geotechnical conditions in the form of soft, water-saturated sandy 
loam, it is recommended to use a lining made of gray and modified cast-
iron tubbings. 

Introduction 

In the construction of underground facilities in a closed way, for example, deep-laid lines, 
the opening of the widest front of operations plays an important role at the first stage of 
construction. Such a strategic move requires the creation of an above-ground mine 
complex, a hoisting shaft and a complex of workings around the shaft. Thereafter, one can 
consider that spread of work is opened, which includes the development of the rock, its 
loading and moving-out, transportation of materials for the construction, installation and 
finishing operations, as well as additional ones to maintain the normal operation of workers 
(ventilation, drainage, lighting, etc.). The speed in the starting the spread of work and, 
accordingly, the time of construction of the objects in a closed way are related to the speed 
of the hoisting shaft construction, as well as with its further normal operation, which allows 
performing the continuous plan operation at the bottom level [1]. 
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However, the construction of vertical workings is often face with the complexities 
associated with the engineering-geological situation of the construction. Although hoisting 
shafts for undergrounds have a small depth (30-50 m), they cross the layered massif, which 
is often composed of soft grounds such as sands, loams and sandy loams. The complexity 
of the engineering-geological situation is compounded by the presence of one or several 
ground water levels in such massifs. This, in turn, requires the use of special methods of 
operations that let normal work at the development of grounds and installation of the lining. 
The main of these operation methods, which cuts off underground water from the working 
area and strengthens the soft grounds of the surrounding massif, is freezing [2-4]. 

This complex, labor-consuming and expensive method of maintaining the working in a 
stable state has a significant advantage, which other ones do not have: it is guaranteed to 
retain underground water outside of ice-ground blocking [2, 4]. In the active stage of 
freezing, when a stable negative temperature is maintained in blocking, stress state of the 
multilayer "surrounding massif ground–frozen ground–hoisting shaft lining" system 
remains stable, which is confirmed by the conducted research [2, 5, 6]. In the paper [6], the 
authors proposed to control stress state of the lining with the selection of effective 
parameters (for example, thickness), depending on the parameters of the special method of 
freezing. 

However, as discussed in the paper [2], there are cases in which freezing is carried out 
with disturbance of the technology, which leads to the emergence of ice-ground blocking of 
a clearly nonuniform shape with a significant change in thickness around the working. This 
leads to the formation of nonuniform stress state, which becomes a cause of failures during 
the construction of a hoisting shaft. A similar situation may occur both in the stage of 
passive freezing and defrosting, which has already leads to over-stresses of the hoisting 
shaft lining and potential nonuniform deformations. 

Thus, it is necessary to conduct the research of a hoisting shaft with the consideration of 
differential defrosting in order to determine the effect of the nonuniform layer of the ice-
ground blocking on the formation of stress state of a hoisting shaft and the surrounding 
massif ground at its freezing or defrosting.  

Methods 

Undoubtedly, the research of a hoisting shaft should be carried out only with the use of a 
spatial model, since forming stress state applies to all its components. Such a model, based 
on the finite-element technique, had already been created earlier and widely tested in a 
number of studies of hoisting shafts [6-8]. It is this indicated model that allowed to study 
stress state of the shaft in the process of freezing and offer stress state control basics of the 
lining with the selection of effective parameters [6]. The following research also applies 
this model, which is based on volumetric finite elements and simulates a hoisting shaft with 
a depth of 40 meters and an internal diameter of 5.1 m [6] (Fig. 1). 

After creating the spatial model, it was given with deformation characteristics (modulus 
of elasticity-deformation, Poisson ratio), at this they were set separately for grounds, ice-
ground blocking and material of the lining. The task of deformation characteristics in a 
hoisting shaft model required that the ice-ground blocking was simulated only on the left 
side of it, that is, it simulates the case in which half of the lining was already in the 
defrosted ground (Fig. 2). 

Three types of linings were investigated: 1) reinforced-concrete blocks; 2) gray cast-
iron tubbings; 3) modified gray cast-iron tubbings are in the sandy loam at a temperature of 
-2 °C (frozen) and +8 °C (defrosted). The deformation characteristics of the model are as 
follows: 1) reinforced-concrete blocks, B30 concrete – reduced elasticity modulus is 
E=2.03·104 MPa, Poisson ratio is μ=0.3, specific weight is γ=24.5 kN/m3; 2) gray cast-iron 
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tubbings – elasticity modulus is E=1.95·105 MPa, Poisson ratio is μ=0.3, specific weight is 
γ=72 kN/m3; 3) modified gray cast-iron tubbings – elasticity modulus is E=2.93·105 MPa, 
Poisson ratio is μ=0.3, specific weight is γ=48 kN/m3; sandy loam at a temperature t=-2 °С, 
elasticity modulus is E=21 MPa, Poisson ratio is μ=0.3, specific weight is γ=20 kN/m3; 
sandy loam at a temperature t=+8 °С, elasticity modulus is E=15 MPa, Poisson ratio is 
μ=0.3, specific weight is γ=20 kN/m3. 

 
Fig. 1. The finite element model of a hoisting shaft [6]. 

 
Fig. 2. Scheme of deformation characteristics of a hoisting shaft model in plan. 

After defining the model with deformation characteristics, the boundary conditions were 
assigned to it and it was loaded with its own weight. The calculation by the finite-element 
technique was carried out on the basis of the computational professional complex Structure 
CAD for Windows (license number F755B84 (KMBKB RA 4810)) [9]. 

Results and discussion 

Figure 3 demonstrates isolines and isofields of the model stresses under calculation, 
correspond to the longitudinal sections of the hoisting shaft that have the form of a 
semicircle and are presented in full faced from the inside part to the reader.                             

3

E3S Web of Conferences 109, 00099 (2019) https://doi.org/10.1051/e3sconf/201910900099
Essays of Mining Science and Practice 2019



 
Reinforced-concrete blocks, B30 concrete 

 
Gray cast-iron tubbings 

 
Gray and modified 

Fig. 3. Isolines and isofields of the stresses in a hoisting cast-iron tubbings shaft lining at nonuniform 
freezing. 
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At the qualitative analysis of the stress state results, characteristic patterns of stresses in 
the shaft mouth and in the base of a hoisting shaft can be noted. Compared to the isofields 
of horizontal stresses in the linings at uniform freezing [6, 8], the maxima of the 
nonuniform freezing isofields are strongly displaced towards the defrosted grounds and are 
strongly elongated, at this the shorter part of the isofield is always located at the side of the 
ground with a greater elasticity modulus, that is, the frozen part. In the lowest isofield, 
which has the wrong shape, the greatest normal horizontal stresses are observed. 

Above Figure 3 five layers of isofields are shown representing the sectors of the ring arc 
and at uniform freezing are bounded by the upper edge of the hoisting shaft section, while 
in the case of nonuniform freezing, they have a distorted shape with displacement of the 
stresses patterns towards the ground with a lower elasticity modulus. 

For greater clarity, the quantitative analysis of the changing stress state in the hoisting 
shaft linings we will present in the form of Table 1. 

It is also important to observe that the slope of isofields at ground freezing with linings 
made of cast-iron tubbings and tubbings made of modified gray cast-iron is approximately 
45°, while the isofields slope at ground freezing in the linings made of reinforced-concrete 
blocks is 10°, indicating that the slope angle of isofields of vertical stresses depends on the 
elasticity modulus of the hoisting shaft lining. It should be reminded that at uniform 
freezing the isolines are perpendicular to the axis of a hoisting shaft. 

Table 1. Stress state of the hoisting shaft linings at nonuniform freezing. 

Sandy loam 
at a temperature 

t=-2 °С 

Nonuniform 
freezing 

Sandy loam 
at a temperature 

t=+8 °С 

Components 
of 

stress state, 
MPa B30 GC MGC B30 GC MGC В30 GC MGC 

Normal 
stresses 

on a 
horizontal 

axis 

-14.0 -27.2 -28.8 -18.2 -28.9 -31.4 -16.3 -28.0 -29.4 

Normal 
stresses 

on a vertical 
axis 

-32.8 -63.5 -65.8 -42.6 -67.5 -73.2 -39.7 -65.0 -70.1 

Shear 
stresses 
within 
vertical 
plane 

-1.9 -7.5 -7.9 -2.2 -7.6 -8.7 -2.0 -7.5 -8.2 

Note. В30 – reinforced-concrete blocks, concrete B30, GC – gray cast-iron tubbings, 
MGC – gray and modified cast-iron tubbings. 

Conclusions 

After the comparative analysis of the obtained data, it can be said that values of normal 
stresses in the case of nonuniform freezing are greater than in the case of a normal 
operation state of the hoisting shaft lining after defrosting. Misalignment of stresses caused 
by the nonuniform of freezing and defrosting cycle leads to local fractures and increased 
cracking in the shaft lining of reinforced-concrete tubbings (the maximum value is 
42.6 MPa), therefore, for the proposed geotechnical conditions in the form of soft water-
saturated sandy loam, it is recommended to use the lining made of gray and modified cast-
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iron tubbings. However, it should be noted that for these linings, the maximum of normal 
stresses is observed in the state of nonuniform freezing, which should be taken into account 
when designing and calculating. 

The data obtained in the course of the research of nonuniform stress state of the hoisting 
shaft lining due to disturbance of the ground freezing technology open the prospect for 
further research, which should take into account the spatial non-uniformity of defrosting. 
After the stage of passive freezing, defrosting occurs nonuniformly in height, which is the 
normal course of this special process. However, in its course, there is a nonuniform change 
of the deformation characteristics, which can lead to nonuniform stress state which has to 
be investigated. 

References 

1. Petrenko, V.I., Petrenko, V.D., Tyutkin, A.L. (2005). Sovremennyye tekhnologii 
stroitelstva metropolitenov v Ukraine. Dnepropetrovsk: Nauka i osvita 

2. Dorman, Ya.A. (1981). Spetsialnyye sposoby rabot pri stroitelstve metropolitenov. 
Moskva: Transport 

3. O.B. Andersland, B. Ladanyi, Frozen Ground Engineering (John Wiley & Sons, 2003) 
4. J.S. Harris, Ground freezing in practice (Amer Society of Civil Engineers, 1995) 
5. E. Pimentel, G. Anagnostou, A. Sres, Underground Space – The 4th Dimension of 

Metropolises, 1 (2007) 
6. Tiutkin, O., Petrenko, V., Petrosian, N., Miroshnyk, V., Alkhdour, A. (2018). 

Controlling stress state of a hoisting shaft frame in the context of specific freezing 
process, Mining of Mineral Deposits, 12 (4), 28-36 

7. Borshchevskiy, S.V., Petrenko, V.D., Tyutkin, A.L., Antonov, E.B., Pleshko, M.S. 
(2006). Raschet krepi stvola metodom konechnykh elementov. Heotekhnichna 
mekhanika, 66, 89-96 

8. Levit, V.V., Tyutkin, A.L., Borshchevskiy, S.V. (2007). Matematicheskoye 
modelirovaniye sistemy «stvol – gorizontalnaya vyrabotka» metodom konechnykh 
elementov, Heotekhnichna mekhanika, 73, 41-54 

9. Perelmuter, A.V., Slivker, V.I. (2002). Raschetnyye modeli sooruzheniy i vozmozhnost 
ikh analiza. Kyiv: Stal 

6

E3S Web of Conferences 109, 00099 (2019) https://doi.org/10.1051/e3sconf/201910900099
Essays of Mining Science and Practice 2019



<<
  /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


