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Kak u3BecTHO, mpu caBHUrax 7y, OOJBIINX HEKOTOPOTO KPUTUYECKOTO 3HAYECHHMs Y*, reoMaTepuabl, Kak
IIPaBUIIO, IEPEXOAT B 3alpeieIbHOe cocTosiHue. OHO XapaKTepu3yeTcs OsBICHUEM HUCTIAJal0LIei BETBU Ha
auarpamme 1e(opMHUPOBaHUs, TPEIINH, B CBHITYYHX MaTepraliaX — JIOKJIN3aluel cIBUTOB | T. 1. OTHaKO Tak
IIPOMCXOIUT HE Beeria. B akcnieprMeHTax Ha CJI0KHOE Harpy »KeHHUE ¢ HEPEPhIBHBIM IIOBOPOTOM OCEH TEH30pa
nedopmaruii 6610 0OHAPYIKEHO, YTO CHITYYUI MaTepHa MOXKET HCIIBITHIBATE OOJbIINE Ae(OpPMAaIINH CABUTA
Y >> v* U IpH 5TOM HE MPOSBIATh HUKAKUX CBOMCTB 3ampeneiabHoro coctosuus [1]. CiaoxHOe HarpyxeHue
OCYIIECTBIISUIOCH B YCIIOBHSIX IIOCKOM nehopmanin. Ha rpanuiie 3;uimnTHYecKoid 00J1acTh 3a1aBajics BEKTOP
CKOPOCTH, MOCTOSIHHBIN IO MOAYJIFO U OPUEHTUPOBAHHBIN BJIOJIb KaCATEIbHOM K AJUIMIICY. Bce nepBoHavanbHO
MPSIMOJIMHEMHBIE BOJIOKHA, MPOXOASIINE Yepe3 LEHTpP JJUIMICA, B MPOIECCE HArpyKEHUs IEpPeXOAsT B
CIMpaJIbHBIE KPHBBIE, NMPHUYEM JUTMHA UX W jaedopMarusi o0JacTh HEOrpaHMYEHHO yBenuuuBarotTcs. [Ipu
9TOM HHMKAaKHUX MPU3HAKOB 3aIPE/IeIbHOIO COCTOSIHMSI He HaOmroaanoch. B uem npuumna? Ilo-Bugumomy,
IIPUYMHA CBsI3aHa HE CTOJILKO C [IOBOPOTOM OCel TeH30pa AepopMaliuii, CKOJIbKO € IUKJINYECKUM XapaKTepoOM
ne(OpMUPOBAHHUS: MaTEPUATILHOE BOJIOKHO MHOTOKPATHO MPOXOJUT Yepe3 OOJIbIIYIO0 U MAJIyI0 OCH AJLIUIICA.
Ha st nukiiel HakaapIBaeTCs OCTaTouHas Aedopmanus. B ienom HarpykeHue MO>KHO OTHECTH K THITY «IlIar
— Briepen, 0.9 mara Hazan...». 3Ha4UT, ecliu Mo100HOE Harpy>KEHUE peaTr30BaTh 0e3 MOBOPOTA OCEH TeH30pa
nedopmaruii, To mepexoa B 3anpeAeTbHOE COCTOSTHAE MOKHO Oy1eT n30ekaTh. Y Ka3aHHas mporpaMma Oblia
peanu3oBaHa Ha MPUOOPE OAHOPOIHOTO CABHTA.

Buauane onpezensncs KpUTHUYECKUN YroJl CIBUra y* mpu MOHOTOHHOM ciasure odpasua. IIpu casure
v* = 5°-6° Ha guarpamMme T/ — Yy MOSBISICTCS HUCAAAIONIAs BETBb U, HECKOJIBKO MMO3)KE, HAa TIOBEPXHOCTH
MaTepuasa NpOosIBISIOTCS JIMHUU CKOJIbKEHUS. 3aTeM JJIsl HOBBIX 00pa3I0B OCYIECTBIISUICS CABUT B MIPSIMOM
HaIpaBJIEHUH Ha yroJi 4°, 3aTeM Ha3aJl Ha yroJ 3.6°, nanee BHOBb Bepel Ha 4° v Ha3aa Ha 3.6° U T.1., T.€. 10
nporpamme «mar Bnepen — 0.9 mara Hazan». B atux sxkcnepumenTax oomuii casur gocturai 20° u mpu 3Tom
JIOKaJM3aIHsl CABUTOB M HUCIIAJIAIOIIME BETBH HA TUArpaMMax T/G — Yy HE MOSBISLIUCH.

bbu10 mpOBENEHO YMCIEHHOE MOJIEIMPOBAHUE MPUBEICHHBIX MPOLECCOB Je(OPMUPOBAHMS CHITYUHX
MaTepHUaJOoB METOJIOM JIUCKPETHBIX 3J€MEHTOB. [lodyd4eHO KayecTBEHHOE COOTBETCTBHE pE3YJIbTaTOB
pacueTroB M 3KcrnepuMeHTOB. Takum o0pa3om, ChIydyuid MaTepuall, MOABEPrHYTHIM 3HAKONEPEMEHHBIM
CIBUTaM C HE3aMKHYTHIMH ITUKJIAMU HArpyKCHHSI, MOXKET HAKAIUIMBATh HEOTPaHWYCHHBIE JiehopManuu 0e3
Iepexo/ia B 3alpeieIbHOE COCTOSHUE.

Jlutepartypa

1. Pesyorcenxo A.@. Mexannka ceimydeit cpensl. HoBocubupek : Odeer. 2003. — 373 c.

ON LOADING PATHS OF GRANULAR MEDIA THAT PROVIDE UNLIMITED SHEAR WITHOUT
TRANSITION TO A POST-LIMITED STATE

O. A. Mikenina, V. P. Kosykh*, A. F. Revuzhenko
Chinakal Institut of Mining of Siberian Branch of Russian academy of Sciences, Novosibirsk, Russia
*E-mail: v-kosykh@yandex.ru

As is well known, under shear y greater than a certain critical value y*, geomaterials typically transition to
a post-limited state. This is characterized by the appearance of a softening branch on the stress-strain diagram,
cracks, and, in granular materials — localized shear, etc. However, this is not always the case. In experiments
on complex loading with continuous rotation of the strain tensor axes, it was found that granular materials be
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can deformed by shear large than critical value y >> y* without any post-limited properties. Complex loading
was performed under plane strain conditions. At the boundary of the elliptical region, a velocity vector was
specified, constant in magnitude and oriented along the tangent to the ellipse. All initially rectilinear fibers
passing through the center of the ellipse transform into spiral curves during loading, with their length and the
deformation of the region increasing indefinitely. However, no signs of a post-limited state were observed.
What is the cause? Apparently, the cause is not so much the rotation of the strain tensor axes, but rather the
cyclic nature of the deformation: the material fiber repeatedly passes through the major and minor axes of the
ellipse. A residual deformation is superimposed on these cycles. Overall, the loading can be classified as «one
step forward, 0.9 steps back...». This means that if such loading is implemented without rotation of the strain
tensor axes, the transition to a beyond-limit state can be avoided.

The specified program was implemented on a uniform shear device. First, the critical shear angle y* was
determined for monotonic shear of the specimen. At a shear of y* = 5°—6°, a softening branch appears on the
1/ — vy diagram, and, somewhat later, slip lines appear on the material surface. New specimens were then
subjected to forward shear of 4°, then backward shear of 3.6°, then forward shear of 4° and backward shear of
3.6°, and so on, using the «one step forward — 0.9 steps back» program. In these experiments, the total shear
reached 20°, and no shear localization or softening appeared on the t/c — y diagrams. Numerical modeling of
the described deformation processes of granular materials was performed using the discrete element method.
Qualitative agreement between the calculated and experimental results was obtained.

Thus, granular materials subjected to alternating shear with open loading cycles can accumulate unlimited
strains without reaching a transient state.
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