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BJIMAHNE KOHTAKTHOIO TPEHNA HA NMONOXEHUE MPAHULbI
30H MNMOJIHOIO KOHTAKTA N INMPOCKAJIb3bIBAHUNA MNMPU CXXATUA
OBPASLIOB N3 XPYTIKMX MATEPUNAJIOB

KpbiMckuin begepanbHbin yHuBepeuteT um. B.W. BepHagckoro

Cratbs noctynuna B pegakumio 15 nionsa 2015 roga

Ha ocnosanuu sxcnepumeHmanvubix u meopemuyeckux Ucciedo8anull paspyulenus oo-
Pazyos npu ux 0OHOOCHOM CIHCAMUU 8 3A6UCUMOCU OM KOHMAKIMHBIX YCA08UL COeNaH
861600 O MOM, 4MO KACAMENbHOE HANPANCeHUe HA NOBEPXHOCMU KOHMAKMA MOXNCEM
ObIMb PABHO HYIIO HA €20 BHeWHUX Yacmax. Dmo no360Jiem NPeononodCUmy, Ymo pas-
PpyuieHue HayuHaemcs Ha epaHuye 30H NOJHO020 KOHMAKMAa U npockaiv3vieanus. Ilpose-
0eH aHanu3 GIUAHUS KOIPDUYUeHmMa KOHMAKMHO20 MPEHUs HA NOJONHCEHUEe SPAHUYBI 30H
HOMHO020 KOHMAKMA U NPOCKATIb3bIBAHUSL NPU CHCAMUU 00PA3Y08 U3 XPYNKUX MANEPUATLO8
NPAMOY20TbHOU POPMbL ¢ PASTUYHBIM COOMHOULEHUEM WUPUHBL U GLICOMbL U PAZTUYHDBI-
Mu 3Hauenusmu kod3pguyuenma Ilyaccona. Ilpu ycrosuu, umo Ha NOBEPXHOCMU NPUTO-
JHCEHUST HASPY3KU NPUMEHUM 3aKOH mpenus Amonmona—Kynona, npednoscern cnocob on-
peoeneHus epanuybl 304 NOIHO20 KOHMAKMA U NPOCKANb3bIBAHUA O PA3IUYHbIX 3HAYe-
HUll Koappuyuenma KOHMakmuo2o mpenus u koagppuyuenma Ilyaccona. Ycmanosneno
Xopouiee coznacue HOLYYEHHbIX PEe3VIbMAMO8 C IKCHEPUMEHMANbHBIMU OAHHBLMU.

KaioueBsble ciaoBa: cxarue, pa3pylieHHEe, XPYIKUI MaTepuall, TOBEPXHOCTb MPHIIOXKE-
HUsI HarPY3KH, OJTHBIH KOHTAKT, IPOCKaIb3bIBaHUE, KOI(Q(GHUINEHT KOHTAKTHOTO TPEHHS,
koaddurment [lyaccona

Ha niocmasi excnepumenmanvhux i meopemuynux 00C1iod’ceHb PYUHYBAHHS 3PA3KI8 Npu
IXHbOMY 0OOHOBICHOMY CIMUCKYBAHHI 3ANENCHO 80 KOHMAKMHUX YMO8 3D0OIEHO BUCHOBOK
npo me, wo OOMUYHe HANPYICEHHS HA NOBEPXHI KOHMAKMY MOHCe OOPIGHIOBAMU HYIIO HA
11020 308HIWHKIX yacmkax. Lle 0036018€ npunycmumu, wo pyUHy8aHHS NOYUHAEMbCS HA
Medici 30H NO8HO20 KOHmMakmy Ut npociuzanus. Ilposedenuii ananiz eniugy xoeiyienma
KOHMAKMHO20 MEPMs HA NOJONCEHHS MeICi 30H NOBHO20 KOHMAKMY mMa NPOCIU3AHHA NPU
CMUCKYBAHHI 3PA3KI6 3 KPUXKUX MaAMepianie npsMOKYmMHOI (hopmu 3 PiHUM CRIBGIOHOUIEH-
HAM WUPUHU Tl BUCOMU A PI3HUMU 3HaYeHHaAMU Koeiyienma [lyaccona. 3a ymosu, wjo Ha
NOBEPXHI NPUKNAOEHHS HABAHMANCEHHS 3ACMOCO8HULL 3aKOH mepmsa Amonmona—Kyinona,
3anpPONOHOBAHO CNOCIO BUBHAUEHHSI MeCT 30H NOBHO20 KOHMAKMY MA NPOCAUZAHHSL OJsL
Ppi3HUX 3Hauenvb Koeghiyienma KoHmaxmuoz2o mepms U Koegiyicuma Ilyaccona. Bema-
HOBIeHO 000pe Y3200H4CeHH OMPUMAHUX Pe3YTbIMamie 3 eKCNepUMEeHMATbHUMY OAHUMU.

KoarwuoBi cioBa: cTicKyBaHHS, pyHHYBaHHS, KpUXKUN MaTepial, TOBEPXHs MPUKIAICH-
HSl HABAHTAXXCHHS, IOBHUW KOHTAKT, MPOCIU3aHHS, KOe(DII[iEHT KOHTAKTHOTO TEPTs, KO-
edimient [lyaccona
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Pemenue mpob6nemsl pa3pylIeHUss XpyNKUX U KBa3sUXPYIMKUX TBEPIBIX TEJN U
cpell, KOTOPBIMHU SBJISIIOTCS, HAl[PUMEP, MHOTHE TOPHBIE MOPO/bI, CTPOUTEIbHBIE
MaTepHualbl U U3eNus U3 HUX, — aKTyaJbHas 3ajladya COBPEMEHHOM reoMeXaHUKH
U MEXaHUKH JaedopMupyeMoro TBepaoro tena. CyHiecTBYIOIME MOJEIN pa3py-
mieHus [1-3] He y4uTHIBAIOT B MOJHOM Mepe BIMSHUS BHEIIHEro (KOHTaKTHOIO)
TpeHus: Ha (HOPMHUPOBAHHE B MaTepHaie HaANPSHKEHHO-IE(POPMHPOBAHHOTO CO-
CTOSIHUS, a CJIEI0BATENbHO, M HA Pa3BUTHE B HEM pa3pyLICHHUS.

[Tpu SKCIIEpUMEHTAILHOM HCCIe0OBaHUU [4] XapakTepa paspylieHus oOpas-
IIOB U3 MecyaHo-LeMeHTHoro Matepuana (IILIM) B 3aBHCHMOCTH OT BEIMYHHBI
KOHTaKTHOTO TPEHHS, BO3HHUKAIOLIETO HAa IMOBEPXHOCTH IMPWIOKEHUS HArpy3Ku
IpU OJTHOOCHOM C)KAaTWH, YCTAaHOBJIEHO, YTO pa3pylleHue o0paslia MOKeT Hauu-
HATBCS HE OT yTJia Harpy>kKaeMol MOBEPXHOCTH, KakK I0JIaraeTcsi BO MHOTHUX pado-
Tax [5—8], a Ha HEKOTOPOM PacCTOSHUU OT Hero (puc. 1).

[Tpu mpoBeACHNH IKCTIEPUMEHTOB TI0 pa3pymeHuio oopasios u3 [11IM, ocnab-
JIEHHBIX CKBO3HOW TPELIMHOM, pa3IMyHO OPUEHTUPOBAHHON MO0 OTHOIIEHHUIO K Ha-
NPaBJICHUIO JCHCTBYIOLIEH HArpy3ku [9], Takke OKazaiock, 4TO pa3pylieHHe 00-
paslia HauMHaeTCsl Ha HEKOTOPOM PAacCTOSIHMM OT yTIjla Harpy’kaeMoi MOBEpPXHO-
cTH (puc. 2).

AHaJIOTUYHBIN BBIBOJL CIIEYET U B PE3yJIbTaTe aHATUTUYECKOTO PACCMOTPEHUS
cKatug odpasla Mexy KeCTKUMHU mramnamu [10].

B pabote [11] mpu 3kcniepMMEHTaIbHOM HCCIIEI0OBAaHUN MTapaMeTpOB Mpeieb-
HOTO cocTostHus 00pa3noB u3 [11IM, radb6po (puc. 3) u rpanura (puc. 4) yCTaHOB-
JIEHO, YTO M3MEHEHHE KOHTAKTHBIX YCIOBUH MEXIy IUIMTaMM IIpecca U Harpy-
KAEMBIMH TPaHSIMH OOpa3lOB OT MPAKTUYECKH MPOCKAIB3BIBAHUSA 0 WX MPH-
KJIEMBAHUS MPHUBOAMUT K MOBBIIICHUIO 3HAYCHUN NpeNeNbHbIX HANpPsDKEHUH Coka-
THS G M MOJyJieil ynpyroctn E HCIIBITHIBACMEIX 00PA3IIOB.

Puc. 1. ®otorpaduun paspyumennsix obpasuos u3z IILIM pasmepamu 55 x 55 x 20 mm
MIpH 3HAYCHHUAX KOAPPHULIMEHTA KOHTAKTHOTO TpeHus k: a — 0.03, 6 — 0.24
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Puc. 2. PazButne TpenmH B oOpasuax u3 1M pasmepamu 55 x 55 X 20 mm ¢ pa3nu4HbI-
MU yTJIaM{ HaKJIOHA 0L HA4aJIbHBIX CKBO3HBIX TPEIIMH MPU WX OCEBOM cxkaThu: a — o = 0,

0—Tm/4

Puc. 3. Pa3pymienue oGpasioB u3
rab0po mpH pa3IUYHBIX 3HAYCHUIX
KO3 (UIMEHTa BHEIIHETO TPEHHS IO
crama k: a — 0.02, 6 — 0.11, 6 — 0.47
(mpuKITeHBaHME)
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Puc. 4. Pazpymenune oOpasuos u3
rpaHuTa MPHU Pa3INYHBIX 3HAUCHH-
X KO3 HUITHEHTA BHEIIHETO Tpe-
HHS 0 ctanu k: a — 0.02, 6 — 0.14,
6 — IPUKJICHBAHUE (TIOKA3aHbI BEPX-
Hue (top) u HwkHUE (bottom) rpa-
HU 00pa3IoB)

P

B

Y l:n.

0 8

*
HCO6XOI[I/IMO OTMCTUTDH, YTO BO3pAaCTaHUC BCIWUYHNH G U E IIpH HOBLIICHUN

KOC-)(I)(bI/II_[I/ICHTa KOHTAKTHOT'O TPCHHA BIUIOTH OO IMPUKICHBAHUA rpaHeﬁ 06p33HOB
K IIIIUuTaM Impecca MOXKXHO OOBSACHUTH TOJIBKO TEM, UTO B ClIydac IMPUKICUBAHHA
Harpy)acMbIxX I‘paHeI\/'I 06pa3ua K CTAJIbHBIM IIJIMTaM HIPECCa HAa KOHTAKTHBIX I10-
BEPXHOCTAX CYHECTBYCT TOJIBKO OJHA 30HA IIOJIHOTI'O KOHTAKTa, HaXOAAIIasCs B
nx CpCI[HHHOﬁ qaCTH. HpI/I HCMMOCPCACTBCHHOM K€ KOHTAKTC HArpy’KacMbIX I'pa-
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Heil o0pa3ua co cTalbHBIMU IUTUTAMU Npecca 0e3 NPUKICHBAHNUS Ha KOHTAKTHBIX
MOBEPXHOCTSAX BO3HUKAIOT JIBE 30HBI: MIOJIHOTO KOHTAKTA U POCKAIb3bIBAHHUSI.

W3 BbIIIECKAa3aHHOTO MOXKHO CJIeNIaTh BBIBOJA O TOM, YTO KacaTelIbHOE HarpsKe-
HHE Ha IOBEPXHOCTH KOHTaKTa HE TOJBbKO HE SIBJISETCS MOCTOSHHBIM BJIOJIb HEE (UTO
clemyeT Takke u3 padbot [5,12,13]), Ho 1 MOKeT OBITH paBHO HYJIIO Ha BHEIIHUX Yac-
TSX MOBEPXHOCTH KOHTAKTA. JTO MO3BOJISET MPEINONI0KNUTh, YTO Pa3pyIlIeHUE HaYU-
HaeTcs MMEHHO Ha IPaHMLIE 30H MOJHOTO KOHTAKTA U MPOCKAIb3bIBAHMS.

B nanHO#i paboTe paccMaTpuBaIOTCSd KOHTAKTHBIC YCIIOBHS TPU OJHOOCHOM
CKaTMM MEXy IUIMTaMH Tpecca odpaslia U3 XpyIHKoro Marepuasga ¢ y4eToM KOH-
TAaKTHOT'O TPEHMs Ha MOBEPXHOCTU MPUIIOKEHUS Harpy3ku. CuuTaercs, 4To Ha Io-
BEPXHOCTHU MPUJIOKEHUS HATPY3KU MPUMEHHUM 3aKOH TpeHus:t AMoHTOoHa—KyIoHa:

T =ko,,

IZie Ty — KOHTAaKTHOE KacaTelIbHOE HAIpsDKEeHHE, K — KOA(QUIMEHT BHEIIHETro
(KOHTAKTHOT'0) TPEHUS, Gy, — HOPMAILHOE HANPSHKEHUE NP OHOOCHOM CHKATHUH.
A PaccmoTpum oOpasen U3 Xpynkoro matepuaina
YE lo*‘ l l l l MUpPUHON 2/ ¥ BBICOTOM 2/ pU OJTHOOCHOM CXa-
! ' TUM BAOJb ocu OY MexXIy IJIMTaMH mpecca ¢ 3a-
| JAHHBIM MIEpPEMEILIEHUEM Vs (pHC. 5).

[Tockonbky HarpykeHue U AePOopMUpPOBaHUE

[ oOpasila CHMMETPUYHBI OTHOCHUTEIBHO €ro IMpo-

% X JIOJIbHOM OCH, pPAacCMaTpUBAaETCs TOJIBKO IIpaBast
. MOJIOBHHA 00pasIa.

AHaJIMTHYECKOE pEIICHHE JaHHOW 3aJadu

T T T T T Ob10 monyueHo B [14]. U3 storo peuieHus

* CIIEIYyeT, 4TO Ha NOBEPXHOCTH KOHTAKTa BO3-

Puc. 5. Cxema HarpyxeHus 00- HHUKAIOT JIB€ 30HBI: 30HA UJICATTBHOTO KOHTAKTA,

pasta (ero mpaBoii MOJIOBUHEI) npuMbikaromas k ocu OY x = 0, u 30Ha npo-

CKaJb3bIBAHMS TpUJEralpmas K CBOOOJHOMU

noBepxHocTH x = [. ['panuma pasnena 3TUX 30H X = [p MOXKeET OBITH HaiileHa

U3 TPAHCLIEHJEHTHOTO YPABHEHHUS

(1—vz)exp(kv*(i_Zz)j(kv*c;lh(alz)+1j:1, (1)
a

\/

rae v, = v (v — koapunment I[lyaccona), o = 130=v) .
l-v h 2

B nactosmeli pabore ypaBHenue (1) pemanoch YMCICHHO TSl pa3IMYHbIX 3HA-
yeHuit ko3ddunumenta [lyaccona n koapduureHTa KOHTAKTHOTO TPEHUSI, a TAaKXKe
JUTSL pa3IMYHBIX COOTHOIIEHUN BBICOTHI 2/ U IUPHUHBI 2/ oOpasiia.

Bbutn paccMoTpeHsl 00pasiibl YeThIpeX BUIOB: «kBaxpat (//h = 1), «cTonbuk»
(0.5), «mmomocay (2), «mmpoxkas nosoca» (4). Koaddunuent [lyaccona uzmensics
ot 0.09 no 0.3, koapdunmenT KkoHTakKTHOTO TpeHUs — OT 0 (TOJTHOE MPOCKATH3bI-
BaHue) 10 0.5 IS «IIUPOKOH TIOJTIOCHD».
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Jis Bcex yKa3zaHHBIX CIy4aeB HaMJEHBI IPAaHUIBI 30H MOJHOTO KOHTAKTa U
npockanb3bBanug. Ha puc. 6 mis ciayvas [ = h mpuBeneHsl rpaduKy 3aBUCHMO-
CTEeli OTHOCHTENBHOW IIHUPWHBI 30HBI TIOJHOTO KOHTaKTa /p// oT koaddummenta
[TyaccoHa 1 ko3 puIHeHTa KOHTAKTHOTO TPEHHUS.
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Puc. 6. 3aBUCHMOCTH OTHOCHUTEHHON IMIUPUHBI 30HBI TIOJTHOTO KOHTAKTa [p/l 0T K03 hu-
nuenTa [lyaccoHa st pa3iuUHbIX 3HAYCHUH KO3 PUIIMEHTa KOHTAKTHOTO TPSHUS (a: ® —

k=0.1,0-0.2, A —0.3) 1 or k03 UIKEeHTa KOHTAKTHOTO TPEHUs Kk IJIsl Pa3IHYHBIX

3HaveHn koddumuentos [lyaccona (6: ¢ —v=0.1, A —0.2,0—0.3)

W3 npuBeeHHBIX JaHHBIX CIEIYET, YTO 30HA MOJHOTO KOHTAKTa YMEHBIIIACTCS
¢ poctom ko3(pdunmenta [lyaccona v u yBeITMUUBaeTCs ¢ pOCTOM KO3 PUIIEHTA
KOHTaKTHOTO TPEeHUS k, a TIpH k > k Ha KOHTAKTHBIX MOBEPXHOCTSX CYIIECTBYET
OJIHAa 30HA — 30HA TMOJHOrO KOHTakTa. [lodydeHHbIe pe3ynbTaThl XOPOIIO COTJia-
CYIOTCS C DKCIEpUMEHTaIbHBIMU JaHHbIMU [4,10,11] u naHHBIMU O 3aBUCUMOCTHU
XapakTepa pa3pylleHHss OT KOHTAKTHOTO TPeHHs Uit o0pas3ioB U3 rabopo (cM.
puc. 4) u rpanuTta (cM. puc. 5).

Takum 006pa3om, MOKHO CHEJIaTh BBHIBOJ O BaXKHOCTH yueTa BIUSHUS BHEIIIHE-
ro (KOHTaKTHOT0) TpeHHUs Ha (OPMHUPOBAHKE B XPYIIKOM MaTepuaie HalpsHKeHHO-
ne(OPMHUPOBAHHOTO COCTOSTHUS M Ha Pa3BUTHE B HEM pa3pyIICHUs, a TAKXKE CIIpa-
BE/UIMBOCTH MPEINOIO0KEHUS O HAJTMYUU HA TMOBEPXHOCTH o0Opas3ia 30H MOJIHOTO
KOHTaKTa U MPOCKaJb3bIBaHU. XOPOIIIEee COrIache MOTYyYEHHBIX PAaCU€TOB C IKC-
NEPUMEHTATbHBIMU JAHHBIMU TIO3BOJISIET MPUMEHATh OMHCAHHBIN METOJ pacyera
JUISL OTIPEICTICHUS] TPAHUIIBI 30H MOJIHOTO KOHTAKTa W MPOCKAIb3bIBAHUS NJIsI 00-
pas3loB U3 XPYNKUX MAaTEPUAJIOB.
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Yu.A. Kostandov, L.Ya. Lokshyna

EFFECT OF CONTACT FRICTION ON THE POSITION OF THE ZONE
OF FULL CONTACT AND SLIPPAGE BOUNDARY AT COMPRESSION
OF THE SAMPLES OF BRITTLE MATERIALS

With basing on the experimental and theoretical studies of the samples fracture at the
monoaxial compression depending on contact conditions, the conclusion is made that the
tangential stress on a surface of contact can be equal to zero on its external parts. This
fact allows an assumption that the fracture begins at the boundary of the zones of full
contact and a slippage. The effect of contact friction factor on the position of the bound-
ary of the full contact zones and a slippage was tested under compression of rectangular
shape samples of brittle materials with a varied ratio of width and height and different
values of Poisson’s ratio. Provided that on a loaded surface the Amonton—Coulomb fric-
tion law is valid, the method of definition of the boundary of zones of full contact and a
slippage for different values of the contact friction factor and the Poisson’s ratio is of-
fered. The obtained results are in good agreement with the experimental data.

Keywords: compression, fracture, brittle material, loading surface, full contact, slippage,
contact friction factor, Poisson’s ratio
Fig. 1. Photos of the fractured samples of 55 x 55 x 20 mm in size at the contact friction

coefficient k&: a — 0.03, 6 — 0.24

Fig. 2. Crack evolution in the samples of 55 x 55 x 20 mm in size at the varied inclina-
tion angle o of the initial through cracks under the axial compression: a —a =0, 6 — /4

Fig. 3. Fracture of gabbro samples at the varied coefficient of contact friction on steel &:
a-0.02,6-0.11, 6 — 0.47 (gluing)
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Fig. 4. Fracture of granite samples at the varied coefficient of contact friction on steel :
a—0.02, 6 — 0.14, ¢ — gluing (the top and bottom faces of the samples are demonstrated)

Fig. 5. Loading scheme (the right-hand part of the sample)

Fig. 6. The relative width of the full contact zone /,/l vs the Poisson coefficient v at the
varied contact friction (a: ® —k=0.1,0— 0.2, A —0.3) and vs the contact friction coeffi-
cient k at the varied Poisson coefficient (6: @ —v=0.1, A —0.2, 0 —0.3)
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