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Abstract. The anisotropic properties of soil sediments and rocks have been studied by many
researchers both in Ukraine and abroad. The distinctiveness of the research object was determined
by the study of the anisotropy of a number of rocks properties and soils such as deformability,
strength, swelling, permeability, etc. The most important from the point of view of the lower plane
calculations are the deformation and strength anisotropy, introducing changes in the stress-strain
state of soil masses. As a rule, the mechanical characteristics of anisotropic soils, along the bedding
significantly exceed the corresponding parameters across the bedding. The widespread use of
limestone-shell rock as the foundation for buildings and structures in the Odessa region, determines
the need to expand research and make appropriate recommendations for taking into account
anisotropy in real calculations. The methodology and results of determining the deformation
characteristics of the «saw» limestone-shell rock in the device «OISI-4» are described. The authors
found that the deformation modulus of the «saw» limestone-shell rock depends both on the pressure
at which it is determined and on the direction of layering. In the pressure range from 0.2 to 1.0 MPa,
the deformation modulus of the studied samples across the lamination was from 58 to 28 MPa,
along the lamination from 64 to 41 MPa, and at an angle of 45° — from 63 to 30 MPa. Wherein the
anisotropy coefficient of the load impact angle of 45° in average is 1,05-1,29, and when subjected
to loading along the lamination — 0,94-1,49.
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Introduction. The use of limestone-shell rock as the lower plane for foundations of modern
buildings and structures, the increase in technological loads and number of stories, the installation
of soil anchors that accept horizontal loads requires a more complete consideration of the real
properties of these soils. Experimental data of the construction properties of pontic limestones of
the Odessa region are currently insufficient. Usually, in materials of surveys provide information on
the uniaxial compression strength, which is determined in laboratory conditions, and there is
practically no data about other strength and deformation characteristics, especially taking into
account the sharp anisotropy of the environment.

Overview of recent research and publications. Numerous studies of the deformation
anisotropy of soils were carried out by a number of scientists I.N. Dyusembaev [1], V.A. Filimonov
[2], B.A. Sokolov [3], Yu.B. Osipov, A.l. Vaitiekunene [4], M. Oda [5], V. Miligan [6],
S.G. Lehnitsky [7] and A.V. School, A. Hyder [8] and others. In most cases, these studies
concerned clay soils and in some cases rocky and semi-rocky. It is established that, with horizontal
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and close to it bedding, the deformation modulus in the horizontal direction Epo. significantly
exceeds the soil deformation modulus in the vertical direction E.er. Under these conditions
precipitation which calculated without taking into account anisotropy will turn out to be deliberately
larger than the actual ones, in which case the refinement of the calculation can lead to an increase in
the efficiency of the designed structures. With a steep or close to vertical angle of incidence of
rocks, Enor. may be significantly less than Eyer.

The effect of lamination on the mechanical properties of soils is more pronounced at angles
between the directions of lamination and a horizontal surface above 45°. The influence of the
direction of layering on compressive strength decreases with humidity decreasing and increases
with increasing of clay content in soils.

Analyzing the deformation anisotropy of the rocks, the researchers explain the greatest
deformability in the direction perpendicular to layering by the fact that the load perpendicular to the
layering causes a general deformation consisting of deformations of the rock layers and weaker
layer material than the rock. Under the action of the load along the layers, practically only the rock
is deformed, having less compressibility than the interlayers.

A.K. Bugrov and A.l. Golubev considered the mixed problem of elasticity theory and soil
plasticity theory. In the elastic part of the array, the dependences of the theory of elasticity of a
transversely isotropic environment (plane deformation) were used; in the plastic part of the stress-
strain state was described by a model of perfectly plastic environment with an associated flow law
and the Mohr-Coulomb plasticity condition. Problems solved by the finite element method on a
computer. A significant effect of deformation and strength anisotropy of soils on the nature of the
development of the areas of limiting equilibrium at the base and on the settlement of foundations is
established. A significant effect of the orientation of the isotropy plane on the nature of the stress-
strain state (SSS) is revealed and it is shown that neglecting the anisotropic properties of soils can
lead to noticeable errors in the estimation (SSS) of real soil bases.

Until recently, there were no parameters determining the deformability of limestone-shell
rock of the Odessa region. Anisotropic properties of limestone-shell rock according to the test
results across and along its bedding were studied by V.A. Novskiy, Yu.F Tugayenko. [9-11]. It has
been established that the uniaxial compression strength and the structural strength value along the
lamination are 1.89 and 1.52 times higher, respectively, then across the lamination. The determining
parameters of such media are: layering orientation, which determines the anisotropy of the base; the
nature of the contact surfaces and the degree of crystallization; shear resistance of the contact
surfaces. New instruments have been developed and methods have been tested for determining the
deformation properties of limestone both in laboratory and field conditions. It carried out the
accumulation and processing of experimental data in order to create regional standards.

Statement of the problem. Study in laboratory conditions of the deformation properties of
limestone-shell rock with stamps under the action of a load across, along and at an angle to the
layering. Determination of real values of the deformation modulus of these rocks taking into
account anisotropy.

Research methods. To solve the posed problems, experimental and analytical methods were
used, which included standard and developed with the participation of the authors methods for
determining the deformation characteristics of limestone-shell rock in laboratory conditions, as well
as instruments in which conditions are created that are close to field.

Studies to determine the compressibility of limestone-shell rock and the deformation modulus
were performed in the OISI-4 device, the diagram of which is shown in Fig. 1. Under the loaded
central stamp of the device, which occupies only a part of the sample area, volumetric deformation
of the soil occurs. Deformation of the sample occurs under conditions close to those arising from
field studies.

During testing, a load equal to the natural pressure of the soil at the mark of the depth of
sampling is applied to the ring and round dies. An additional load is applied to the central stamp (in
steps), taking into account that the area of the central stamp is equal to 18.1 cm?, annular — 154 cm?.
Based on the test results, a graph of the dependence of precipitation on pressure is built S=f(p).
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Fig. 1. Scheme of the device OISI-4:
1 — central stamp; 2 — annular stamp; 3 — soil sample; 4 — strain clamps; 5 — soil sampler ring;
6 — a container for water or a sealant; 7 — deformation zone; C,, H, — width and depth of the
deformation zone

Under the influence of an increasing pressing load, the stamp settles (Fig. 2, b), deformations
develop within a limited volume of soil, the result of which is compaction and lateral expansion of
the soil under its sole.

b)

Fig. 2. The OISI-4 device (a) and a sample of limestone-shell rock after application of the'load (b)

The main material and research results. The averaged test results of limestone-shell rock in
seven series with different loading vectors are presented in Fig. 3.

According to the results of laboratory tests of soils with stamps, the deformation modulus is
determined by the formula of F. Schleicher:

E=(1v) K, K- D+ As/ Ap (1)
where: v — Poisson's rate, taken equal to limestone 0.28; K, — coefficient equal to 1; K; —

coefficient equal to 0.79 for a rigid round stamp; D — the diameter of the stamp, cm; Ap — increase
in pressure on the stamp, MPa; As — the increase in the subsidence the stamp, according to Ap, cm.
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Fig. 3. Graphs of the dependence of the stamp precipitation on pressure S = f (P) at natural humidity:
1 —along the layering; 2 — at an angle of 45° to the layering; 3 — across layering

The values of the deformation modulus determined in the OISI-4 device at different angles of
the load vector are shown in table 1, 2 and 3.

Table 1 — The results of the determination of the deformation modulus in the device OISI-4 samples,
for tested across layering

Episodes Within pressure D, AS, AP, v E,
P P, MPa cm cm MPa MPa
0,20 - 0,40 0,12 58,2
Average 0,40 - 0,60 0,13 54,0
on 7 episodes 0,60 - 0,80 4.8 0,15 0,20 0.28 46,6
0,80 - 1,00 0,25 27,9

Table 2 — Results of determination of the deformation modulus in the OISI-4 device for samples
tested along the layering

Episodes Within pressure D, AS, AP, N E,
P P, MPa cm cm MPa MPa
0,20-0,40 0,011 63,5
Average on 7 0,40 — 0,60 0,009 77,5
episodes 0,60 — 0,80 48 0,016 0,20 0.28 43,6
0,80 -1,00 0,017 41,0

Table 3 — Results of the determination of the deformation modulus in the OISI-4 device for samples,
tested at an angle of 45° to layering

Episodes Within pressure D, AS, AP, N E,
P P, MPa cm cm MPa MPa
0,20 -0,40 0,011 63,4
Average on 0,40 — 0,60 0,010 69,9
7 episodes 0,60 -0,80 48 0,014 0.20 0.28 49,9
0,80 - 1,00 0,023 30,4

Based on the results obtained, the deformation anisotropy coefficients of limestone-shell rock are
determined as the ratio of the deformation modules along and at an angle of 45° to the deformation
modulus across the layering. The anisotropy coefficients at different pressure ranges are given in table. 4.
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Table 4 — Values of the anisotropy coefficients of limestone-shell rock at different pressure ranges

The value of the deformation modulus E, at
load action:
Pressure limits Across Along Under 45'to K K
layering layering layering EOE90 EASIE90
E9O" EO" E45

0,20 - 0,40 58,2 63,5 63,4 1,09 1,09
0,40 - 0,60 54,0 77,5 69,9 1,44 1,29
0,60 -0,80 46,6 43,6 49,0 0,94 1,05
0,80 - 1,00 27,9 41,0 30,4 1,49 1,09

Conclusions. Numerous studies have found that the properties of soils, including rocky and
semi-rocky, significantly depend on their texture (layering). The mechanical characteristics, as a
rule, of anisotropic soils along the bedding significantly exceed the corresponding characteristics
across the bedding.

The widespread use of limestone-shell rock as the lower plane of foundations determines the
need for the development of regional studies and the preparation of appropriate recommendations
for taking into account anisotropy in real calculations.

In contrast to the standard method for determining the deformation modulus, a method was
applied using the OISI-4 instrument for determining the deformation characteristics developed at the
Department of Foundations of the Odessa State Academy of Civil Engineering and Architecture. This
device allows you to determine the deformation modulus E under conditions of the possibility of
transverse expansion of the compressible volume of the sample. The applied technique for the
technical solution is close to the method for determining the modulus of deformation by a stamp in the
field conditions.

It was established that the deformation modulus of limestone-shell rock is advisable to
determine in laboratory conditions using the OISI-4 device, in which the deformations of the
sample are similar to deformations during field trials.

For the first time, the anisotropy coefficient was determined at an angle of 45°, which,
depending on the load, averages 1.05-1.29. The same indicator under the action of the load along
the layering is 0.94-1.49.

The research results confirm the need to use the coefficient of deformation anisotropy of
limestone-shell rock with different loading vectors.
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AHOTalifA. AHI30TPOIHI BJIIACTUBOCTI IPYHTOBUX BIJKJIAJEHb 1 TIPCHKUX TMOPiA BHUBYAIUCS
OaratbMa JOCTITHUKAMH, SIK B YKpaiHi, TaK 1 32 KOPJAOHOM. Y OLIBIIOCTI BUIAAKIB Il TOCIIIIKEHHS

CTOCYBAJIMCS TIMHUCTUX IPYHTIB 1, B OKPEMHUX BHITAJKaX, CKEIbHUX 1 HAMIBCKEIbHUX. BCTaHOBIIEHO,

[0 BJIACTUBOCTI TPYHTIB, B TOMY YHCJ1 CKEIbHUX 1 HAIIBCKEIbHUX, ICTOTHO 3ajJeXaTh B iX
TEKCTYpH (L1apyBaTocTi). MexaHiuHl XapaKTepUCTUKH, SIK PaBUIIO, aHI30TPOITHUX IPYHTIB Y3JI0BXK
[1apyBaTOCTI 3HAYHO MEPEBUILYIOTh BIANOBIAHI IMOKa3HMKHM momepek 1mapysarocti. Llupoke
BUKOPHUCTAHHS B JIaHUM 4yac BallHAKY-4epeNallHuKy, sIKk OCHOBH ()yHIaMEHTIB Oy/iBelb 1 CIIOpya B
OpecbkoMy perioHi, BU3Ha4a€ HEOOXiMHICTh PO3UIMPEHHS JOCITIKEHb 1 CKIaJaHHS BiIMOBIIHUX
pexoMeHaalii 3 00Ky aH130TPOMIl B pealbHUX PO3PaXyHKaX.

OpnHi€ero 3 aKkTyaldbHUX 3aBIaHb € JIOCTI/DKEHHS B JIAOOPaTOPHHUX YMOBax z[e(bopMauu/IHHx
BJIACTHBOCTEH BAITHSAKY-4EPETIAHUKY IITAMITaMI TpH Jii HaBaHTaXXEHHsS MOMNEpeK, Y3IOBX 1 Mij
KyTOM JO IIapyBaToOCTi, OCKUIbKM HapaMeTpH, 10 BHU3HAYAIOTh Je(QOpMATUBHICTh BaIHSKY-
yepenamHUKy OJIECHKOTO pErioHy, 10 HEeNaBHbOrO uacy Oynu BiacyTHI. BukiageHo MeToauky i
pe3ysbTaTH BU3HAUYCHHS JedopMalifiHUX XapaKTepHCTHK <« THIIFHOT0» BalHIKy-depernamHuky. Ha
BIZIMIHY BiJl CTaHJAapTHOIO METOJLy JJIsl BU3HAYECHHs MOy leopmartii Oyia 3aCToCOBaHa METOMKA
3 BUKOPHUCTAHHSAM PO3po0JeHOro Ha kadenpi ocHoB 1 pyHmameHTiB OfechbKoi JepaBHOI akajaemil
OyniBHULTBA Ta apxitekTypH, npuiany OICI-4 no BuzHaueHH0 AedopMaliifHuX xapakTepuctuk. Llei
MIpUIIaJ 103BOJISIE BU3HAYUTH MOAYIb AedopMartii E B yMoBax MOKIMBOCTI HONEPEYHOTO PO3IMINPEHHS
00’eMy 3pa3ka, 110 CTHCKAETHCS. 3aCTOCOBaHAa METOJMKA IO TEXHIYHOMY pILIEHHIO OJM3bKa 0
METOly BU3HAYCHHS MOJYIIS IeOpMaIlii ITaMIIOM B MTOJIBOBHX YMOBAX.

ABTOpaMM BCTaHOBJICHO, IO MOAYJIb JedopMallii «ITHIBHOT0» BalHAKY-YeperalHuKy
3aJIeKUTh SIK BiJ TUCKY, IIPU SKOMY BiH BHU3HA4aeThCs, TAaK 1 BiJ] HANpsMKy IIapyBaTocTi. B
iHTepBani tuckiB Big 0,2 mo 1,0 MIla momyns nedopmariii mociimKeHHX 3pa3KiB IMOIEpEK
apyBaTocTi ckiaaas Big 58 no 28 Mlla, B3nosx mapysatocTi Bix 64 1o 41 Mlla, a mig kyrom 45°
— Bix 63 1o 30 MIlIa. [Ipu ipoMy KoedillieHT aHI30TpOMii MpHU J1ii HaBaHTa)KEHHS MM KyToM 45° B
cepenHboMy ctaHoBHTH 1,05-1,29, a ipu fii HaBaHTa)XeHHS B3IOBXK IIapyBaTocTi — 0,94-1,49.

Pesynpraty mocnimkeHb MIATBEPDKYIOTh HEOOXIAHICTh TU(PHEpeHIHpYEeMOro BHUKOPHUCTAHHS

koedirienTa nedopmariiiiHol aHI30TpOIIiT BaHAKY-USPENaIIHUKy IPU PI3HUX BEKTOPAX 3aBaHTAKEHHL.
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AHHOTANUsA. AHN30TPOIHBIE CBOMCTBA IPYHTOBBIX OTJIOKEHHH M TOPHBIX MOPOJ H3y4aIHCh
MHOTMMH HCCJIEJOBATeIsIMU, KaKk B YKpawHe, TaKk U 3a pyOekoM. B OombImMHCTBE CiydaeB 3TH
UCCIIEIOBaHUs KacaJlUCh INIMHUCTBIX TPYHTOB U, B OTJEJIBHBIX CIy4asiX, CKAJIbHBIX U MNOIYCKAJIbHBIX.
VYCTaHOBJIEHO, YTO CBOMCTBAa IPYHTOB, B TOM 4YHCJIE CKAIbHBIX U MOJIYCKAJIbHBIX, CYIIECTBEHHO
3aBUCAT OT MX TEKCTypbl (CIOMCTOCTH). MexaHuueckue XapakTepUCTHKM, KakK IpaBUilo,
AHU30TPONHBIX TOYB BJOJIb CIIOUCTOCTH 3HAYMTENILHO MPEBBIIAIOT COOTBETCTBYIOLIME MOKa3aTeln
noriepek cinoucroctu. llupokoe ucnonb30BaHUE B HACTOALIEE BPEMSI U3BECTHSKA-PAKYILIEUHUKA, KAK
OCHOBaHUS (DYHIAMEHTOB 3JIaHHUN W COOpyXeHHI B OJECCKOM PETHOHE, OMpeAesieT HEOOXOJMMOCTh
pacHIMpeHHsl HCCIEeIOBaHMA UM COCTaBJICHHS COOTBETCTBYIOIIMX PEKOMEHAALMA MO  y4yery
aHW30TPOIMU B PEAIbHBIX pacueTax.

OnHoMt W3 aKTyalbHBIX 337ad  SBISETCA HCCIEJOBaHME B J1a0OPAaTOPHBIX  YCIIOBUSX
neopMalMOHHBIX CBOWCTB HM3BECTHAKA-PAKYyIICYHHKA IITAMIIAMH TIPH BO3JCHCTBUU HArpy3KH
MONEPEK, BJIOJAbL M TOA YIJOM K CIOMCTOCTH, TIOCKOJbKY MapaMeTphl, OINpeeIstolie
ne(QOpMaTUBHOCTh U3BECTHsSKa-pakylieyHuka OJeCCKOro pervoHa, J0 HENaBHEr0 BpPEMEHU
OTCyTCTBOBaNU. M35105keHa MeToIMKa U Pe3yabTaThl onpeeseHus Ae(OopMaMOHHbBIX XapaKTEPUCTUK
«IHUJIBHOT0» W3BECTHSKA-paKyllleyHHKa. B OTMuMe OT CTaHAapTHOro MeToja AJsl OIpeaeieHHs
Moayns nedopmanuu ObUla MPUMEHEHAa METOJMKa C MCHOJIb30BaHUEM pa3paboTaHHOro Ha Kadenpe
OCHOBaHUH U QyHIaMeHTOB O/1eCCKON TOCY/IapCTBEHHOM aKaJleMUM CTPOMTENbCTBA M APXUTEKTYPHI,
npubopa OMCU-4 mno ompeneneHuto AeGOpPMAIMOHHBIX XapaKTEPUCTUK. JTOT MPUOOP IMO3BOJISET
orpeneNuTh Moayilb Aedopmaiyu E B ycIoBHAX BO3MOXHOCTH MONEPEYHOrO pacIIMpeHus: o0bema
obpasua. IlpumeHeHHass MeTOAMKAa MO TEXHUYECKOMY pPELIeHUI0 OiM3Ka K METOAY OIpe/eseHHs
MOJyJIs1 1eOpMAIMH ILITAMIIOM B TIOJIEBBIX YCIOBHSIX.

ABTOpaMH yCTaHOBJIEHO, YTO MOAYNb Je(dOpMallUi «IUIbHOT0» M3BECTHSKA-paKyIIEeYHUKA
3aBHCHUT KaK OT JIaBJIEHUS, IPU KOTOPOM OH OINpeeNsieTcsl, TaK U OT HalpaBJieHHs cIOoUCTOCTH. B
unaTepBaine nasiaeHuit ot 0,2 no 1,0 Mlla Mmoayns nedopmariuu uccieo0BaHHBIX 00Pa3IloB MOMEPEK
ciouctocTu coctanist ot 58 no 28 Mlla, Bnoas cioucroctu ot 64 no 41 Mlla, a nox yrioom 45° —
ot 63 no 30 MIla. Ilpu sToM K03(pPULIMEHT aHU30TPONUH MPU BO3AECHCTBUH HArpy3KH MOJ YTIOM
45° B cpeaneM coctaisieT 1,05-1,29, a npu BozaeiicTBuM Harpy3Kku Baob cioucroctu — 0,94-1,49.

Pesynprathl  HMccienoBaHUT  MOATBEP)KAAIOT  HEOOXOIUMOCTh AU depeHInpoOBaHHOTO
UCIOJb30BaHMsl KO3 QUIIMEHTa aHW30TPOIMU W3BECTHSKA-PaKyIIEYHHKA MpPU Pa3HBIX BEKTOpax
3arpy3Ku.

KiroueBble c10Ba: M3BECTHAK-PAKYIICYHUK, MOAYIb JeQOpMaluu, IITaMIl, CIOUCTOCTb,
MIOJIEBBIE MCIIBITAHUS, aHU30TPOITHSL.
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