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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DETERMINATION OF THE DURABILITY PARAMETERS
OF SAND SOILS UNDER COMPRESSION

Abstract. Arrangement of sand and ground cushions in the foundations, a widespread method of reinforcing,
increasing bearing capacity and strengthening weak, structurally unstable soils, especially in seismic areas. 7 regions
of Kazakhstan, this is more than 6 million people and 40% of the country's industrial potential are located in areas of
increased seismic activity, so the issue of strengthening the foundations in these areas is relevant and requires further
study. The article presents the results of experimental studies carried out according to the methods developed by the
authors on modified devices equipped with measuring equipment (hard voltage sensors - pressure gauges).

The article presents the results of experimental studies carried out according to the methods developed by the
authors on modified devices equipped with measuring equipment (hard voltage sensors - pressure gauges). Studies
includes sandy soils of various densities, humidity, particle size distribution and various methods of sample
formation. Strength parameters determined by the research results are necessary for calculating the bearing capacity,
determining the characteristics of the base soil under dynamic and static loads. These comparative tests were carried
out on a compression device with side pressure measurement and a shear bench. During the formation of soil
samples, uniform boundary conditions were created according to their physical properties. The main prerequisite for
such comparative tests was the law of C. Coulomb on the condition of limiting equilibrium in soils. Assessment of
stress states under compression and shear was carried out by the graph-analytical solution of Mohr and Coulomb's law.

Key words: physical properties, soil strength, ultimate stress state, angle of internal friction, adhesion, lateral
pressure, vertical pressure, graph-analytical solution.

Introduction. When building foundations on weak structurally unstable soils, especially in seismic
areas [1,2], one of the most common methods of increasing the bearing capacity of bases is the installation
of soil and sand cushions. Therefore, the question of studying the physicomechanical properties of sandy
soils, their dependence on indicators of the physical state and strength parameters, the method of
formation and compaction of the sand cushion, is very relevant [3].

The authors conducted a set of experimental studies to study the influence of the method of soil
formation, its physical properties, methods for determining the strength parameters, on the bearing
capacity of sand.

According to the current design standards in Kazakhstan [4,5], and abroad [6,7], the design resistance
of the base soil depends on the physical characteristics (density, humidity, etc.) and strength properties
(adhesion-s and the angle of internal friction-¢ ) The soil strength parameters ¢ and ¢ are determined from
the condition of the limit equilibrium of C. Coulomb [8, 9], in which the slightest additional increase in
force affects the balance existing at the point of the array and sets the mass in motion (destruction) with a
different intensity. [10] The experimental implementation of the Coulomb equilibrium state scheme is
possible only under conditions that create the development of maximum holding horizontal force, which is
ensured under conditions of compression compression with rigid stationary side walls. Based on the
Coulomb scheme, the second way of realizing the equilibrium conditions of a caving wedge, retained by
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its adhesion and friction, is to apply the maximum shear load, while the rigidity of this load should be
much higher than the stiffness of the soil. [11] In both cases, the maximum horizontal force, according to
C. Coulomb, is a function of both external and internal stress states.

During shear, the reaction to an external force action, which is modeled by lateral pressure o, is the
ultimate shear resistance T,., because of the “connectivity and friction” [12]. In this case the state of
ultimate equilibrium is described by the Coulomb law, which establishes a relationship between the
tangential stress T, and the normal stress o.

T=0tgptc

Under conditions of compression the response to external sealing pressure is the maximum horizontal
force, which will decrease, in the case of the slightest compliance of the system. Assessment of the stress
state of the soil during compression was carried out by the method of Mohr. [8,13] The use of Mohr’s
graph-analytical solution to determine the parameters of the stress state during compression under
conditions of the impossibility of lateral expansion is based on the following.

1. The condition of limiting equilibrium formulated by Coulomb or the state of stability is the stress
state of the array at rest. The maximum horizontal force is required in order to preserve it. In the case of
compression without the possibility of lateral expansion - this is a horizontal spacer.

2. The concept of the equality of the conditions of Coulomb and Mohr [8,9], adopted in soil
mechanics, allows to distribute them for comparing stress states during shear and compression.

3. The physical premise of such a comparison is the mechanism of the compression process. The
compaction process is associated with microshear of particles, the possibility of which is due to the
porosity of the soil, its density, moisture composition. In this case, self-hardening of the soil occurs under
the action of a compaction load. Mohr's solution allows comparing the parameters of the Coulomb
strength with the parameters of the stress state under self-hardening of the soil under compression
conditions.

In Kazakhstan and abroad, an experimental study of the parameters of ultimate equilibrium is
currently carried out according to standard methods [15,16,17] using triaxial compression devices or shear
devices [18,19]. In both cases, the evaluation criterion is the value of the relative deformation (vertical
volumetric or shear), which allows rather conditional assessment of the stress state in the soil and the
moment of the onset of a progressive course of deformations. In this connection, experimental studies
were performed on improved compression and shear devices equipped with strain gauges [20]. A thorough
metrological examination of the equipment was carried out, the factors affecting the values of the
measured indicators were determined [21].

Based on the foregoing provisions, shear tests [22] were used as the main criterion for assessing the
limiting state of soils, as a generally accepted method for determining the strength parameters, which were
subsequently compared with the parameters obtained by the graph-analytical solution of Mohr from the
results of compression tests with measurement of lateral pressure. A series of tests were carried out on
sandy soils with different densities and particle size distributions.

The fine loose sands of medium density. Loose sand samples (pd = 1.44 g/cm’) were formed by
layer-by-layer sanding, medium density (pd = 1.60 g/cm®) with insignificant force impact. Studies have
shown that the method of samples forming significantly affects the test results. According to the data
obtained, Mohr diagrams were constructed (for compression tests with the measurement of oB) and shear
(figure 1). The discrepancies in the value of the angle of internal friction om were about 1%. ¢m (the
angle of internal friction according to the Mohr diagram) was 17.3 degrees for loose sand and ok
(according to the results of shear tests) - 17.1 degrees. For sand of medium density, m was 21.6 and pm
was 21.8 for shear tests. In addition, a relationship has been established between the lateral pressure
coefficient and the strength properties of soil that does not have an internal stress state (due to formation).
& =1g2 (45- 9/2).

Similar tests were carried out for other types of sandy soils that differ in grain size and moisture. The
discrepancies in the values of the angles ¢m and ¢k ranged from 1% to 1.5%. Thus, the conducted studies
allowed us to conclude that the Coulomb limit state is realized under the conditions of the impossibility of
lateral expansion and the applicability of Mohr's solutions to describe the limit state under compression
conditions.
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Figure 1 — Mora diagrams from compression tests with lateral pressure measurements:
a) fine sand, loose; b) fine sand of medium density

Analysis of the results of studies of dense sandy soils. The significant influence of the stress state
created during the formation of samples of dense sandy soils is confirmed by the results of compression
and shear tests. The particle density was pd = 1.67 g/cm® and pd = 1.75 g/cm’. It was noted that during the
formation of samples of this density by shock compaction, a lateral spacer was created, the residual value
of which was 0.010-0.0120 MPa for sand with a density of 1.67 g/cm’ and 0.018-0.02 MPa for sand with a
density of 1.75 g/cm’. The vertical load was applied in steps of 0.05 MPa. It was found that in the graph of
the dependence 06 = f (0B) there are two linear sections with different increment intensities 00,, with a
fracture point corresponding to 0B = 0,098 MPa (figure 2) for sand with a density of 1.67 g/cm’ and
0.11 MPa for sand with a density of 1.75 g/cm’, which confirms the presence of two stress states, the first
of which is the ultimate equilibrium, the second is the equilibrium stress state provided by the condition of
pure compression.
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Figure 2 — The results of compression tests of fine sandy soil: a) fine sand, loose; b) fine sand of medium density

The uniqueness of stress states under compression and shear conditions can be estimated by
comparing the intensity of shear stresses with an increase in vertical load and a similar change in lateral
pressure increments in the same AoB intervals (figure 3). So, for loose sand (e = 0.82), the lateral pressure
coefficient decreases from 0.56 (in the range where AoB is from 0 to 0.1 MPa) to 0.52 (in the range where
AoB is from 0.10 to 0, 20 MPa), decreasing with subsequent compaction to 0.48 (at the range where AoB is
from 0.30 to 0.40 MPa). The ratio At/AoB in the same intervals varies from 0.296 to 0.40. The lateral
pressure coefficient § is the angle of inclination a (of dependence 06 = f (oB)) and in the case of a linear
dependence, tan oo = 06 / (0B).
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Figure 3 — Graphs of changes in the intensities of increments:
a) fine sand, loose; b) fine sand of medium density; I- Ac6 from 0 to 0.10 MPa; 2- Aco
from 0.1 to 0.20 MPa; 3- Ac6 from 0.2 to 0.30 MPa; 4- Ac0 from 0.3 to 0.40 MPa

The change in the angle o in the indicated pressure range was 4.6°, the angle of internal friction in the
same range of vertical loads increased by 5.8° For medium-density sand, the corresponding changes in the
angles @ and a were 2.5° and 2°, respectively. To confirm the conclusion about the influence of the method
of soil sample formation on the parameters of ultimate equilibrium and lateral pressure coefficient, tests were
carried out on sand of medium density, compacted by repeated loading. Initial soil density pd = 1.54 g/cn’,
porosity coefficient was 0.72. The samples were formed by layer-by-layer filling, with a 6-fold loading
and unloading cycle. Sealing was carried out in the chamber of the compression device with the
measurement of lateral pressure (figure 4).
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Figure 4 — a) dependence ob = f (ob) upon repeated loading of sand with a density of 1.54 g/ cm’;
b) sand shear diagram with a density of 1.54 g / cm® compacted by repeated loading

After the 6th loading cycle, a residual lateral pressure of 0.012 MPa was recorded, and the sand
density increased to 1.57 g/cm3. The graph of the 06 = f (oB) dependence after 6 cycles of compaction and
unloading is characterized by 2 linear sections, similar to the dependences 06 = f (oB) defined for dense
sand. The fracture in the graph reflects the transition of soil from one equilibrium state to another, and the
fracture point characterizes the ultimate stress state when they change and also appears to be a function of
the initial stress state due to its formation. In the same initial conditions (the density, 6 loading-unloading
cycles) shear tests were performed, the purpose of which was to determine the strength parameters
depending on their stress state. The tests were carried out by the method of step loading with a constant
rate of shear force application (figure 4).
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Figure 5 — Mora diagrams based on the results of compression tests of sandy soils (with repeated loading)

The Mohr diagram, based on the results of compression tests (figure 5), is represented by two
sections with an angle om = 22.8° and a 0.010 MPa adhesion which was recorded on the t-axis. The
limiting envelope of Mohr's circles at 06 and oB values within the limits of repeated loading (up to
0.37 MPa), and coming from the origin, made up an angle ¢m = 25 °. Thus, it was found that in sandy
soils formed by external force (shock compaction or repeated loading), two sites are presented, depending
on the vertical and lateral pressures obtained during compression compression.

Conclusion. A comparative analysis of the results of sandy soils testing for compression and a
straight cut leads to the following conclusions:

1. When a stress field acts on a discrete medium, like a sandy soil, particle mutual displacements
occur regardless of the type of stress state, which are displayed by the law of Coulomb. This physical
model explains the identity of soil conditions under various influences of force fields - compression under
the conditions of the impossibility of lateral expansion and a direct cut.

2. The realization of the limit state of Coulomb under conditions of the compression and the shear
cut is confirmed by the equality or rather close convergence of the angles of internal friction obtained
from the shift test diagrams and the graph-analytical solution of Mohr. The compression loading
trajectories of loose and medium density sand characterize the limiting surfaces. In this case, the lateral
pressure coefficient, determined by the ratio of the increments of the principal stresses, is described by the
condition of ultimate Coulomb-Mohr equilibrium.

E=1tg2 (45°- ¢/2).

3. For dense sands formation which requires the application of force influences, typical residual
lateral pressure appears which causes a different dependence 06 = f (oB). The parameters of the limiting
state obtained by the Mohr’s graph-analytical solutions and the results of compression tests are close to the
strength parameters ¢ and C obtained from shear tests.

4. A significant influence of the method of compacted sandy soils formation on the dependence
00 = f (oB) is observed. Under the same boundary conditions: the methods of sample formation, loading
intensity and strain stabilization time, both under compression and shear conditions, the Coulomb-Mohr
limit equilibrium condition is unambiguously performed in both cases, which is associated with the
process of development of irreversible deformations during compaction, which are close to Coulomb
displacements at the micro level and confirms the assumption of K.Terzaghi about the possibility of
reaching the limit state of the soil mass in resting conditions [23,24].
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KOMITPECCHUS JKAFJIAMBIHJIA KYMJIbI TOITBIPAKTBIH
BEPIKTIK TAPAMETPJIEPIH AHBIKTAY

AnHoTtanusi. KyMm jxoHe TOMBIpaK TOCCHIIITEpAl HEri3lle OpHAJACTBIPy — 9JICI3, KYPBUIBIMJIBIK-TYPaKChI3
TOIBIPAKTHI KYIIEHTYyTe, KOTepy KaOUIeTIH apTThIpYFa JKoOHE HbIFAlTYyFa, ocipece CeHCMUKANBIK ayAaHaap/a KeHiHeH
KOJJAaHATBIH Ofic. 6 MHJUIMOHHAH acTaM agaMmabl KaMTUThiH KasakcTaHHbIH 7 OOJIBICHI €JIIIH ©HEPKICIMTIK
aneyetiniy 40% >KOFapbl CceliCMHUKalbIK OENCeHAUTIK aiiMarblHIa OpHANACKaH, COHJIBIKTAH OCHl ayJaHaapia
Heri3Ziepii KyueiTy Maceneci 03eKTi OOJbIN caHanabl )KOHE OJ[aH 9pi 3epTTey i Tanan ereni. Makaiaia aBropiap
azipiereH oxictemenep OOWbIHILA OJIIIEYIlI annapaTypaMer (KaTaH KepHey AaT4HKTepi-Mec03/ap) KaOAbIKTalFaH,
TYPJICHIIPUITeH acnanrtap/a OpbIHIAIFaH TOKIPUOETIK 3epTTeYJIEP/IiH HOTHKEC] KENTIPiireH.

Typai THIFBI3ABIKTAFbl, BUIFAIIBIKTAFbl, TPAHYJIOMETPUSUIBIK KYpam/bl KYMJIbl TOIBIPAK I€H YITrUIep/i
KaJIBINTACTBIPY/ABIH TYPJIi dficTepi 3epTTeial. 3epTTey HOTHKeNepi OOWBIHILA aHBIKTATATHIH OCPIKTIK IMapaMmeTpiiepi
JIMHAMHKAJIBIK JKOHE CTATHKAIIBIK KYKTeMeJlep 9Cep €TKEH/Ie HEeTi3 TOIBIPAFbIHbIH KOTEPrilll KaOIETIH ecenTey jKoHe
CUIMaTTaMalapblH aHbIKTAy YIIiH KaeT. OChbl CalbICTHIPMAIIBl ChIHAKTAP OYHIPIIK KbICBIMIBI OJIIICHTIH KOMIIpec-
CHSUTBIK aCIamnTa JKOHE BIFBICTBIPY CTEHIIHIE Kypri3iuii. Tomblpak yiriiepiH KaJlblITACTBIPY Ke3iHIe OJapbliH
(hU3MKaIBIK KacweTTepi OOWBIHIINA OIpbIHFAall IMICKTIK JKarmad jkacaimbl. MyHmall CalbICTRIPMalIbl ChIHAKTAPIbI
KYPri3yAiH HEri3ri ajfblliapThl PETIHAE TOMBIPAKTaFbl LIEKTIK Tene-TeHIiK maptel Typaisl L. KynoHHbIH 3aHbI
KOJIIAHBUIIBI, OHIA KYII OCEpIiHIH IIaMajbl KOCBIMIIIA YJIFAIObI MacCHB HYKTECIHIEIT Tere-TeHIIKTI Oy3aapl jKOHE
MaCCHBTI KO3FaJIbICKa (KupayFa) okeneni. KyJoHHBIH Teme-TeHIiK KYH CylI0achIH SKCIIEPUMEHTAIBI iCKE achIpy TEK
KO3FaJIIMaiThIH KaTaH OYiip KaObIpranapbl Ke3iH[e, KOMIIPECCHSIIbIK KbICY JKaFIalblHIa KaMTaMachl3 eTijIeTiH opi
JKOFapbl YCTAll TYPAThIH TOPU3OHTAJIB (bl KYLITIH JaMy YIEpICiH TyAbIPAThIH JKaFAai1a FaHa MYMKIH.

Kynon cysibacelH Herisre ajxa OTBIPBII, UTIHY JKOHE YHKeNly HeTi3iH/e YCTalaThiH KyJiay ChIHAMACHIHBIH Terie-
TEHJIIK IIAPTTAPbIH ICKE achIPyIbIH EKIHIII TOCLT €H XKOFapbl BIFBICY JXKYKTEMeci OOJbII caHasabl, OYJI peTTe OChI
KYKTeMeHIH Oepy KaTaHAbIFbl TONBIPAK KaTaHABIFbIHAH JJJIeKaiaa xorapel 6oyl Thic. Exi xarnaiina na 11I.Kynon
3aHbpl OOMBIHIIA MaKCHMaJ/ibl TOPU30HTAJBIbI KYII CBHIPTKBI JKOHE IIIKI KEPHEYNIK KYHIiH (YHKIUICHI OOJIBII
canananpl. Kecinerin ke3me, OYHIpIIiK KbICBIMMEH Gg MOJE/BICIETIH CBIPTKBI KYIITIK 9cepre peakuus «OailiaHbIC
HeH YHKETiCKe» HETi3NeNreH BIFBICYABIH MIEKTIK KEIEPTiCi Type, 00TBIN ecenTeneni. byn karmaiina mexrik Teme-
TeHIIKTIH Kyili KynoH 3aHpIMeH cumaTtTanajpl opi )kaHaMa KepHey T MEH TiK KEepPHEY G apachlHIarbl OailllaHbICThI
opHaraibl. JKypri3uireH cajibiCThIpMalIbl ChIHAY MEH Talay HOTHXKECIH/IEe KepHEY OpICiHIH, KYM/Ibl TONBIPAK CHUSKTHI
JIICKPETTI OpTara ocepi Ke3iHAe KepHEyIiH TYypiHe KapamacTaH OeJIIEKTep e3apa BIFbICabl, OJIap TOIBIPAKTHI
LIEKTIK Tene-TeHIIK XKarnaiibiHa okeyi MyMKiH sxoHe 111.KynoH 3aHpIMeH epHeKTelne .

Byt ¢pusmrkanbik Mozesb Kyl epiciHig Typui acepi (Oyiipiiik KeHeWTy MYMKIH OOJIMaraH jKarJaii/ia KbICy jKoHe
TiKkeNnell Keciy) Ke3iH/Je TONBIPAK >KarAaibIHBbIH YKCACTBIFBIH TyCiHZAipeni. KoMnpeccHsuiblK KbICY KOHE Kecy
warnaiipiaga 1. KynoHHBIH MIeKTi KyHiH iCKe achlpy JKbUDKY ChIHAKTApbIHBIH IUarpamMMaiapbl xoHe MopIbiH
rpado-aHATUTHKAJIBIK MIeIIiMi OOHbIHIIA (OYHIPIIIK KBICHIMBI OJIIICHICH KOMIIPECCHSUIBIK ChIHAKTAPABIH HOTHKEIEPI
OOMBIHIIIA) aJdbIHFAH IMIKI YHAKETIC OYpPBIMITAPBIHBIH TEHIINIMEH HEMECE JKETKLTIKTI JKaKbIH YKCACTBIFBI aPKBLIBI
aHbIKTa 3 bl. THIFBI3 KYMIBI TONBIPAK YIITUIEPIH KaJBIITACTHIPY YICPICiHAE Naiia OoiFaH KepHEYIiK KYHIiH eneyi
ocepi JKYpri3iireH ChIHAKTAPABIH HOTIDKECI Heri3ine pacramaibl. BOTiKTepAiH THIFBIBABIFEL pg = 1,67 r/cM’ KoHe
ps = 1.75 r/em’® xypamer. COKKbI TBHIFBI3JAY JKOJIBIMEH OCBHI THIFBI3ABIKTAFBl YATLIEpAl KaJdbIITACTHIPY OaphICHIHIA
OYHipii KbICHIM Maiina OOJabl, OHBIH KAJIIBIK [IAMAChl, THIFBI3ABIFEI 1,67 r/em’ kyM yimia 0,010-0,0120 Mma xone
TeIFB3IBIEBL 1,75 r/em® kymma 0,018-0,02 Mma kypaiimsl. Tik kykreme 0,05 Mma caiiblH Gepimim TypusL.
66 = f (o) -Ka OalIaHBICTBI TpaduKTe TYPIi 6CY KAPKBIHIBIIBIFEI Gg €Ki CBI3BIKTHI ydackeci MEH ChIHY HYKTeci Oap,
TBIFBI3ABIFEL 1,67 T/cM’ kymaa tuicti 6,=0,098 Mma (cyper.25) skoHe THIFBI3bIFBI 1,75 r/em’ kymaa 05=0,11 Mia,
Oy eki KepHeyJiK KYWIiH OOJaThIHBIH alKbIHIAAWAbI, OIpIHIIICI, HIEKTIK Terne-TeHIiK, eKiHIIIC], Ta3a KOMIpeccus
IIAPTHIMEH KAMTaMachl3 €TUITeH Tere-TeH I KePHEYIIiK KYH.

Komrmpeccus xoHe Kecily >KarJaiblHAa KEPHEYIIK KYHIiH Oip MarblHAJIBIFBIH JKaHaMa KEepPHEYIIH KapKbIH-
JBIFBIH TIK JKYKTEMEHIH YJIFAIOBIMEH KOHE COJl apajibIKTapiaa OYHipiiK KbICBIMHBIH OCYIHIH YKcac e3repyiMeH
CaJIBICTBIpa OTHIPBIN Oaranayra Oosanpl. OchUTaiila, THIFBI3AIFAH KYMJbl TOMBIPAKTHI KAJIBINTACTBIPY TOCIITIHIH
OYHipITiK >koHE TiK KBICBIMHBIH Gg=/f (o) ’KOHE OEpIKTIK MapaMeTpiepiHe TOyeNIiK CHUIAaThIHa dcepi OaifKaimbl.
bipbiHFaii miekapaiblK HIapTTap/bl CaKTaraH[Ia: YITUIEpl KaJIbINTACTBIPY 9ICTEMEC], )KYKTEY KapKbIHABIFbI HKOHE
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neopMaIMsIHBl TYPAKTAHABIPY VaKBITBI KOMIIPECCHS JKarmailblHaa aa, Kecy Kesinme ne, Kymon-MopapH miekTi
Tere-TeHAITiHIH MapThl eKi XKaFaaiia a co3ci3 OpbIHAANAIb!, OV MUKPOEHTeHIe KYJIOH/IBIK BIFBICYFa KAKBIH JKOHE
K.TepuaruaiH THIHBIITHIK KaFIaiblHIa TONBIPAK MACCHBIHIH HICKTIK KYWHIHE KOJ JKETKi3y MYMKIHAIrT Typajbl
00IKAMBIH aJIFaIll PET AaHBIKTAN/IbL.

Tyiiin ce3mep: pu3nKaNbIK KACHET, TOMBIPAKTHIH OEPIKTIrl, HIEKTI KEPHEYJIi )KaFaaii, 1Kl yiKenic OypbIlIbl,
TiHICY, OYHIpIIIK KBICHIM, TiK KbICHIM, Ipa(UKablK-aHATUTHKAIIBIK IIEIIiM.
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ONPEAEJTEHUE NAPAMETPOB ITPOYHOCTHU IIECYAHBIX 'PYHTOB
B YCJIOBUSIX KOMITPECCHUH

AHHOTaUMsl. YCTPONCTBO TECYAHBIX M TPYHTOBHIX MOAYIIEK B OCHOBAHMAX, HIMPOKO PACHPOCTPAHEHHBIN
METOJ] YCUJICHUS], IOBBIIIEHUS HECYIIEH CIIOCOOHOCTH M YKPEIUICHHUS CIa0bIX, CTPYKTYPHO-HEYCTOWYHMBBIX TPYHTOB,
0CcOOEHHO B ceicMUYeCKUX paiioHax. 7 obmacreit Kasaxcrana, 3To 6omee 6 miuH. yenoBek U 40% MPOMBIIUIEHHOTO
MOTEHI[MAaa CTPAaHBl HAXOMATCA B 30HAX IOBBIIIEHHOW CEHCMHYECKOW AKTHBHOCTH, ITO3TOMY BOIPOC YCHIICHUS
OCHOBaHMH B 3THX palOHaX, SBJISETCS aKTyaJbHBIM W TpeOyeT HaubHEWIIero M3ydeHus. B craThe MpHUBEICHBI
pe3yabTaThl 3KCIEPUMEHTAIBHBIX HCCIEJOBAHUH, BBIIIOJHEHHBIX IO pa3pa0OTaHHBIM aBTOPAMH METOAWKAM Ha
MOIU(HUIMPOBAHHBIX MPUOOPaxX, OCHAIIEHHBIX M3MEPUTEIBHON ammapaTypoil (KeCTKHe DATYMKH HANpsOKeHHH —
Mecno03sl). MccnenoBansl necyanple TPYHTa Pa3IHIHON IUIOTHOCTH, BIQXKHOCTH, TPAHYJIIOMETPUYECKOTO COCTaBa U
pasHBIMH MeTomaMH (GopMHpOoBaHUS o00pasmoB. JlaHHBIE CpaBHUTENBHBIE WCIBITAHUS INPOBOAWINCH Ha
KOMITPECCHOHHOM NpUOOpe ¢ M3MEepeHUeM OOKOBOTO AaBJIeHUs U cIBUTOBOM creHpe. [Ipu popmupoBanuu oO6pasion
IPYHTa CO3JIaBAJIKCh €/IMHbIE TPaHMYHbBIC YCIOBUS MO UX (u3uueckuM cBorcTBaM. OCHOBHOM MPENNOCHUIKON [Uist
MIPOBEACHUS TaKUX CPABHHUTENBHBIX UCTIBITaHMH mocyxui 3akoH 111.Kynona 00 ycrmoBuu mpenenbHOro paBHOBECHS
B TPYHTaX, IpH KOTOPOM Masieiiiee 100aBOYHOE yBEIHUCHHE CHJIOBOTO BO3JICHCTBHA HapyIIaeT CyIIECTBYIOIIEE B
TOYKE MacCHBa PABHOBECHE M MPHUBOAWUT MAcCHB B JBIXKCHHE (pa3pylIeHHE). DKCIIEpUMEHTAJIbHAS pPean3alius
CXEeMBI PaBHOBECHOTO coCTOsSHHS KynoHa BO3MOXKHA JHMIIb B YCIOBHSX, CO3JAIOIIMX PAa3BUTHE MAaKCHMAaIbHOM
YAEPKUBAIOIIEH TOPU30HTAIBHONW CHJIBI, YTO 00ECIIEYNBACTCS B YCIOBUIX KOMIIPECCHOHHOTO CXKATHS MPHU JKECTKHX
HETOIBM)KHBIX OOKOBBIX cTeHKax. Mcxons u3 cxembl KynoHa, BTOPBIM CIIOCOOOM peau3aliii YCJIOBUi paBHOBECHS
KJIMHA OOpPYIICHUS, yIEP)KUBAIOIIETOCsI CBOMM CIEIUICHHEM H TPEHHEM, SBISIETCS NPHIOKEHHE MAaKCHMAaIbHOM
CABHTAIOMICH HArpy3KH, TIPU 3TOM JKECTKOCTh MPHIIOKEHHSI 3TOW HAarpy3KH JOJDKHA OBITh HAMHOTO BBIIIE KECTKOCTH
rpyHTa. B 00oux cny4asx, MakcuManbHas ropu3oHTanbHas cuia, no L.Kynony, ecth GyHKIMS Kak BHEIIHETO, TaK
U BHYTPEHHEIO HampsyKEeHHBbIX cocTossHMM. IIpu cpese, peakuuell Ha BHEIIHEE CWJIOBOE BO3JIEHCTBHE, KOTOPOE
MoOJenupyeTcs OOKOBBIM JaBJICHHEM, SBISIETCS NpPEACTbHOE COMPOTHUBICHHE COBUTY T Mpend., 0OyCIOBICHHOE
«CBSI3HOCTBIO W TpeHHeM». COCTOSIHHE MpeNeNbHOr0 PaBHOBECHS B 3TOM Cllydae ONHCHIBaeTCs 3akoHOM KyroHa,
YCTaHABIMBAIOUINM CBS3b MEXIy KacaTelNbHBIM HAINPsDKEHHEM T Mpel ¥ HOPMaJbHBIM HamlpshkKeHuem o. B
pe3ynpTaTe MPOBEIACHHBIX CPABHHUTENBHBIX HCHBITAHWKA W aHATN3a YCTAHOBIEHO, YTO TNPH BO3ICHCTBUH OIS
HaTPSOKCHUH Ha IUCKPETHYIO CPeXdy, KaKOBOW SBIIETCS IECYaHBI TPYHT, HE3aBHCHMO OT BHIAa HAIMPSDKEHHOTO
COCTOSIHUS, TIPOMCXOIAT B3aUMOCMEIIEHHSI YaCTHIl, KOTOPbIe MOTYT HPHUBECTH TPYHT B COCTOSIHHE MIPEAEIHHOTO
paBHOBecusi U oroOpaxatorcss 3akoHoMm III.Kymona. JlanHas ¢usuueckas Mojelb OOBICHSET HICHTHYHOCTh
COCTOSIHMM TPYHTa P Pa3IMYHBIX BO3ACHCTBUSIX CHIIOBBIX IOJIEH — CIKATHIT B YCIOBUSIX HEBO3MOXHOCTH OOKOBOTO
pacmpeHust U npsMoM cpese. Peanmuzamms mpeaensHOro coctosHus LI.KynoHa B yCIIOBHSX KOMIPECCHOHHOTO
CKaTUS U Cpe3a MOATBEPKAAETCSI paBEHCTBOM WJIM JOCTATOYHO OJM3KOW CXOAMMOCTBIO YIJIOB BHYTPEHHETO TPEHHUS,
MOJyYSHHBIX 110 JUarpaMMaM CABHTOBBIX MCIBITAaHUH U rpado-aHaIMTHYECKOMY pemeHnio Mopa (1o pe3yiasratamMm
KOMITPECCHOHHBIX HCIIBITAHUI C H3MepeHHeM O0okoBoro maamieHus). CyIIECTBEHHOE BIIMSHHUE HANPSHKEHHOTO
COCTOSIHUS, CO3JIaHHOTO B Iporecce (opMupoBaHHS 0Opa3OB IUIOTHBIX IIE€CYAHBIX T'PYHTOB, ITOATBEPIKIAAETCS
pe3yiIpTaTaMu MPOBEACHHBIX HCHBbITaHWH. [lmoTHOCTE WacTwmm coctaBmsuia: pd = 1,67 r/em® u pd = 1.75 r/em’
.OTMedeHo, uTo B mpolecce popMUpOBaHHs 00pa3OB AaHHOH IOTHOCTH MYTEM yIApHOT0 YIUIOTHEHHS CO3/IaBasiCs
OOKOBOM pacmop, OCTaTo4YHas BeJIMIMHA KoToporo, coctaBuna 0,010-0,0120 Mna, mjs mecka TioTHoCThio 1,67 r/em’
1 0,018-0,02 Mma st mecka mioTHOCTBIO 1,75 r/em’. BeprukanbHas Harpy3ka MpHUKJIAABIBAIACE CTYNEHSAMH II0
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0,05 Mmna. YcraHoBieHO, 4TO B Tpaduke 3aBucuMocTd 00 = f (OB) mMmeercs IBa JMHEWHBIX y4dacTKa C pa3sHOH
MHTCHCUBHOCTBIO NPHpAIleHust 00, ¢ TOUYKOH mepenoma, coorBercTBytomiei oB = 0,098 Mma (puc.25) mis mecka
IUIOTHOCTBIO 1,67 rleM® u 0,11 Mna jis 1mecka IIOTHOCTBIO 1,75 F/CM3, YTO MOITBEPXKAAeT HaATUYHE IBYX
HAIpPSDKEHHBIX COCTOSIHUM, MEPBOE M3 KOTOPBIX — MpE/ebHOE PABHOBECHE, BTOPOE — PABHOBECHOE HAIPSIKEHHOE
COCTOsIHHE, 00ECIIeYeHHOM yCIOBHEeM YUCTOM KoMmpeccud. OIHO3HAYHOCTh HAMPSDKEHHBIX COCTOSHUN B yCIOBHSIX
KOMIIPECCHH U Cpe3a MOYKHO OLEHWTh CPaBHEHHEM WHTEHCHBHOCTH KAacaTeJbHBIX HAINPSHKEHUH C yBEIWYEHHEM
BEPTUKAIbHOM HArpy3KH W aHAIOTHYHBIM W3MEHEHHEM IPHPALICHH OOKOBOTO JaBJICHHS B TEX XK€ HHTEpBasax.
Takum 00pa3oM, JOKa3aHO CYIIECTBEHHOE BIMsSHHE CIoco0a (OPMUPOBaHKS YIJIOTHEHHBIX MECYaHbIX I'PYHTOB Ha
XapakTep 3aBHCHMOCTH OOKOBOTO W BepTHUKadbHOro naBieHuid o6 = f (0B) m mapamerpsl mpouyHocTu. [lpm
COOJIIOIGHMH €JMHBIX T'PAHUYHBIX YCJIOBHN: METOAMKU (HOPMHUPOBAHUS 00Pa3lOB, MHTEHCHBHOCTH HArpyXEHUs U
BpeMeHH crabwinszanuu aedopMaiyii Kak B YCIOBHSX KOMIIPECCHH, TaK U IPH Cpe3e, YCIOBHE MPEAEIbHOrO
paBHoBecusi Kynona-Mopa, 0HO3HAYHO BBINOJHSIETCS B OOOMX CIIydasX, 4TO CBS3aHO C MHPOLIECCOM Pa3BUTHUS
HeoOpaTtuMbIX nedopmanunii Ipu YIUIOTHEHWH, KOTOpble Ha MHKPOYPOBHE OJM3KH KYJOHOBCKHM CMEILIEHUSM MU
BIIEpBbIE NMOATBepxkaeT npennonoxenrne K. Tepuaru o BO3MOXKHOCTH JOCTHIKEHHUS MTPEAEIBHOIO COCTOSHHUSI MacCHBa
IPYHTA B YCJIOBUSIX HIOKOSL.

KioueBble cioBa: (usnueckre CBOICTBA, MPOYHOCTh IPYHTA, MPEICIbHOE HANPSIKEHHOE COCTOSHUE, Yrol
BHYTPEHHEr0 TPEHHs, CLEIIeHne, OOKOBOE JaBJIeHHe, BEPTUKAIBHOE JIaBlieHne, rpado-aHaJIUTHUECKOE PELICHHUE.
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