XXIl Winter School on
Continuous Media Mechanics

Procedia Structural Integrity Volume 32

Perm, Russia
22 — 26 March 2021

Editors:

Valerii P. Matveenko
Oleg A. Plekhov

ISBN: 978-1-7138-3873-9



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2021) The Authors. Published by Elsevier Ltd.
Creative Commons Attribution 4.0 International License.
License details: http://creativecommons.org/licenses/by/4.0/.

No changes have been made to the content of these proceedings. There may be changes to pagination,
and minor adjustments for aesthetics.

Printed with permission by Curran Associates, Inc. (2021)
For permission requests, please contact the publisher:

Elsevier B.V.
Radarweg 29
Amsterdam 1043 NX
The Netherlands

Phone: +31 20 485 3911
Fax: +31 20 485 2457

http://www.elsevierpublishingsolutions.com/contact.asp

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

PREFACE ... e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e eeeeeeeean 1
Valerii P. Matveenko

CALCULATION OF CRACK FORMATION RADIUS BY MODELING THE EXPLOSIVE
CHARGE WITH A RADIAL CLEARANCE ......oooviitioteiteeeeeeeee ettt eve et eaeeere v s 3
S. S. Andreiko, V. M. Maltsev, V. V. Anikin, E. A. Nesterov

EXPERIMENTAL STUDY OF FRAGMENTATION OF FUSED QUARTZ CYLINDERS
UNDER QUASI-STATIC LOADING WITH THE FRACTOLUMINESCENCE RECORDING.................... 10
Irina A. Bannikova, Sergey V. Uvarov

PREVENTION OF FRESHWATER BREAKTHROUGH INTO POTASSIUM MINES .......cccoviiiiiiiinnen. 17
A. A. Baryakh, N. A. Samodelkina, P. K. Konosavsky

MODEL OF ELASTIC MODULUS DEGRADATION AND FRACTURE OF COMPOSITE
MATERIALS UNDER CYCLIC LOADING ........cioitiiiiteitieesieesieesiteesiveesaeeestteesaeeeseaaeseeessseensaeassesnssessssessens 26
Yuriy Bayandin, Mikhail Golovin, Dmitry Ledon, Oleg Naimark

PHOTOELASTIC EVALUATION OF STRESS FIELDS AND COEFFICIENTS OF MULTI-
PARAMETER ASYMPTOTIC EXPANSION OF THE CRACK-TIP STRESS FIELD......ccccceoivererinieenenn 32
O. N. Belova, L. V. Stepanova

THE INFLUENCE OF THE DEFORMATION HISTORY ON THE LOCATION OF ROCK
DESTRUCGTION ..ot 42
E. A. Gubanova

EXPERIENCE OF USING TENSORESISTIVE STRAIN GAUGES IN CORROSIVE
ENVIRONMENTS ...ttt ettt bbbt et b s et e b et et e b et et e b e beneebesbeneeneaee 49
G. Gusev, I. Glot, V. Epin, R. Tsvetkov, A. Shestakov

ESTIMATION OF EARTH SURFACE DEFORMATIONS DURING PILLAR MINING .......cccccceevrreriennnnnn 56
S. Yu. Devyatkov

HYDROSTATIC LEVELING SYSTEM FOR MONITORING THE HEADFRAME OF THE
IMIINE SHAFT ...ttt ettt ettt ettt e et e e bt e e bt e e tbeesbee e taeessaeasssaensaeesssaensseesssaessseensseensaeenssaenseeensseensens 64
V. Epin, I. Glot, G. Gusev, R. Tsvetkov, A. Shestakov

CALCULATION OF THE STRESS-STRAIN STATE IN A SHAFT LINING DURING
THAWING OF THE FROZEN WALL ....oooiiiiiiiiiii oottt ettt eaa e et eaae st e snaeesaaeeenaeaan 71
M. Zhelnin, A. Kostina, E. Esina, O. Plekhov

FRAGMENTATION BEHAVIOR OF MICA-CRYSTALLINE MATERIAL UNDER HIGH
VELOCITY IMPACT IN CONSTRAINED AND NON-CONSTRAINED CONDITIONS .......cc.coeevveerrennenn 79
A. M. Ignatova, M. V. Yudin, V. L. Voronov, O. B. Naymark

INDENTATION OF SOFT MATERIAL CONTAINING FILLER PARTICLES........ccocoeoiviiiiriieineeeen 87
R. 1. 1zyumov, A. K. Sokolov, A. L. Svistkov

THE EVOLUTION OF ENERGY BALANCE IN TITANIUM ALLOY TI-0.8AL-0.8MN IN
CYCLIC DEFORMATION MODAE ...ttt ettt ettt et et et st e saeesaeesaneean 93
A. Yu. Iziumova, A. N. Vshivkov, A. E. Prokhorov, V. A. Mubassarova, O. A. Plekhov



NUMERICAL SIMULATION OF STRESS-STRAIN STATE IN FROZEN WALL DURING
THAWING .. 101
A. Kostina, M. Zhelnin, O. Plekhov, L. Levin

DEFORMATIONS AND FRACTURE OF ROCK STRATA DURING DEEP LEVEL POTASH
IMIIINIING ..ttt et et b e bt et et e bt s bt sb e et e et e et e ebbeebee s bt e bt e bt emtesbteebe e beenbeenneas 109
A. A. Baryakh, A. K. Fedoseev, S. Yu. Lobanov

ESTIMATING THE INFLUENCE OF THE TECHNOLOGICAL INTERLAYER LAMINATION
ON STABILITY OF THE GOAF SUPPORTING ELEMENTS .....c.cccoiiiiinieinineirereteereeeieseeeesie e 117
I S Lomakin, A A Tsayukov

ON THE FAILURE ANALYSIS OF CRACKED PLATES WITHIN THE STRAIN GRADIENT
ELASTICITY IN TERMS OF THE STRESS CONCENTRATION .......ccoeitiieiriirieieienieieieseeceie e 124
Valery Vasiliev, Sergey Lurie

DEFORMATION BEHAVIOR OF POLYURETHANE TREATED IN ARGON PLASMA:
IMPACT OF SURFACE AND SUBSURFACE PROPERTIES .......c.cccooiiiiiiiiieiiiecieeciee et evee e 131
llya A. Morozov, Alexander S. Kamenetskikh, Anton Y. Beliaev, Roman I. 1zumov

FORMATION OF ANISOTROPIC PROPERTIES IN ELASTOMERIC NANOCOMPOSITES ................. 137
Kseniia A. Mokhireva, Alexander L. Svistkov, Vladimir V. Shadrin

DEFECTS INDUCED CRITICALITY AND GAPPED MOMENTUM STATES IN
CONDENSED MATTER ...ttt ettt ettt ettt et e et e st esaa e e st e e saeeeateesatesveesneeenns 144
O. B. Naimark

PREDICTION OF TITANIUM ALLOY TI-6A1-4V LIFETIME UNDER CONSECUTIVE
SHOCK-WAVE AND GIGACYCLE FATIGUE LOADS ....c.oootiietrieieeneet ettt 152
V. A. Oborin, Y. V. Bayandin, M. V. Bannikov, A. S. Savinykh, O. B. Naimark

CONTROL OF DAMPING OF STRUCTURAL VIBRATIONS BY USING DIFFERENT
MECHANISMS OF ENERGY DISSIPATION .......uiiiiiiiiiieeeeeeee ettt ettt ettt st sveeeaee s 158
D. A. Oshmarin, N. A. lurlova, N. V. Sevodina, M. A. lurlov

THE STRENGTH CRITERION FOR ROCKS UNDER TRUE TRIAXIAL STRESS ....coviiieiieeeeeeeeeen. 166
lvan Pankov

THEINFLUENCE OF GEOLOGICAL ANOMALIES ON THE STABILITY OF
WATERBLOCKING STRATA ...ttt ettt ettt ettt e et eeteesaeesaeeeaeeeteesneesateesaeeanns 173
N. A. Samodelkina

CALCULATION OF FROZEN WALL THICKNESS CONSIDERING THE NON-UNIFORM
DISTRIBUTION OF THE STRENGTH PROPERTIES ..o eeeeeeeneeenenaee 180
Mikhail Semin

THE STUDY OF SILVINITE AND CARNALLITE DEFORMATIONS UNDER INSTANEOUS
AND SUSTAINED LOADING ...ttt ettt e et e e e e e e eeeaaeeeseaeeesaaeeesseareesseseeseareeeessanns 187
Artem Udartsev, lvan Pankov

ANALYSIS OF STRAIN CHANGES CAUSED BY PLACING THE SUBSTRATE-BONDED
OPTICAL FIBER SENSOR ON THE STRUCTURE SURFACE .......ccccceotneiininiiinieeneeenieiesesieieesieieens 194
Andrey Yu. Fedorov, Elizaveta R. Vindokurova

ESTIMATION OF ANTILEAKAGE GROUTING INFLUENCE ON WATERPROOF
STRATUM INTEGRITY ...ttt ettt ettt e et et e et eeeteeeteseeaaeeateeeteeeaeeeeaeseaesenseeenees 202
A. K. Fedoseev



DYNAMIC PROCESSES IN HYDROSTATIC LEVELING SYSTEMS WITH VARIOUS
CONFIGURATION AND FLUID PROPERTIES.........oioiieiieieecteetese ettt veesveesvaesveaenneeenne 209
R. Tsvetkov, I. Shardakov, A. Shestakov, G. Gusev, V. Epin

VIBRATION-BASED MONITORING OF ENGINEERING METAL STRUCTURES DURING
TECHNOLOGICAL OPERATIONS.......oetriiiiiiiieiirieteitnteieierteteie sttt sttt be ettt ettt snene e 216
I. O. Glot, G. N. Gusev, I. N. Shardakov, A. P. Shestakov, Yepin V. V.

CONTROL OF THE STRESS-STRAIN STATE OF AN UNDERMINED MASS .....ooiiiioiiieeeeeeeee e, 224
A. Yu. Shumikhina

FINITE ELEMENT SIMULATION OF ELASTOPLASTIC BEHAVIOR OF NANOPOROUS
METALS USING BICONTINUOUS RVE MODELS .......ooooiiiiiiiiiieeee ettt st s 230
A. S. Shalimov, M. A. Tashkinov

NUMERICAL SIMULATION OF ARTIFICIAL FREEZING OF SOILS ACCOUNTING FOR
THERMO-HYDRO-MECHANICAL EFFECTS ..ol 238
M. Zhelnin, A. Kostina, O. Plekhov

TOPOLOGY OPTIMIZATION OF BIOMIMETIC CELLULAR POLYMERIC MATERIALS
WITH RANDOM STRUCTURE BASED ON STRAIN ENERGY ......cccoomieinniiiinieininiecinrecnenieicesneienens 246
Daria Dolgikh, Mikhail Tashkinov

MODELING OF DEFORMATION BEHAVIOR OF GYROID AND I-WP POLYMER LATTICE
STRUCTURES WITH A POROSITY GRADIENT .....c.cooiiiiiiiiteiteeeterteetestese ettt 253
Nataliya Elenskaya, Mikhail Tashkinov

ATOMISTIC DETERMINATION OF FRACTURE MECHANICS PARAMETERS. ......cccccecviieiniieene. 261
L. V. Stepanova, O. N. Belova, S. A. Bronnikov

DIAGNOSTIC STAND FOR UNIAXIAL COMPRESSION BASED ON ZETSENSOR DIGITAL
IMODULES. ..ottt ettt ettt ettt b ettt e e btk et e b st etk et st ebene stk e e steneneanenenea 273
A. V. Churkin, Yu. V. Ganziy, V. B. Dementev

STEPPER MOTOR CONTROL SYSTEM BASED ON THE ZET 7160-S MODULE AND THE
ZETLAB SCADA SYSTEM ..ottt sttt b ettt s bt seabeseneanen 277
A. V. Churkin, Yu. V. Ganziy, V. B. Dementev

PHASE COMPOSITION AND WEAR RESISTANCE OF COMPACTS AND COATINGS

BASED ON CARBIDES FABRICATED IN W-FE-C SYSTEM BY WET MECHANICAL

ALLOYING ..ottt ettt ettt ettt etttk sttt b ekttt st eb et st eseneeneneneas 284
M. A. Eryomina, S. F. Lomayeva, E. V. Kharanzhevsky, V. V. Tarasov, V. B. Dementyev

RESEARCH ON EFFICIENCY OF HIGH-STRENGTH COATING DURING DRILLING ..........ccoeun..e. 291
V. B. Dementyev, T. N. lvanova

INVESTIGATION OF THE RESULT OF PLASTIC DEFORMATION FROM THE
PROCESSING CONDITIONS OF TITANIUM ALLOYS ..ottt 295
T. V. Lomaeva, S. D. Kugultinov, V. B. Dementev, 1. V. Popov

LOW FREQUENCY METHOD FOR MONITORING THE STATE OF STRUCTURAL
HETEROGENEOUS OBJECTS ..ottt ettt sttt sttt sttt be sttt se st sttt st st snenenens 299
0. V. Bocharova, I. E. Andzjikovich, A. V. Sedov, V. V. Kalinchuk

SH WAVES IN NANOSCALE FERROELECTRIC THIN FILMS IN AA-PHASE ........cccocininiiiiene 306
M. O. Levi



INFLUENCE OF INITIAL (RESIDUAL) STRESSES IN THE COATING ON THE STABILITY

OF A CIRCULAR MICROPOLAR ROD ....ccooiiiiiiiiiiiiiiinitenteteteeetetetese sttt sne e

Denis N. Sheydakov, Irina B. Mikhailova

DEGRADATION OF THE MECHANICAL PROPERTIES OF FIBERGLASS UNDER

DISCONTINUOUS HIGH-TEMPERATURE LOADING ......ccccoctiviiiiiiiiiiniicineeieeeeeeseeie e

A. S. Smirnov, Yu. V. Khudorozhkova, A. V. Konovalov

EFFECT OF CRACK CURVATURE RADIUS ON THE STRESS FIELDS UNDER

NONLINEAR DEFORMATION .....coiiiiiiiiii ettt et e

N. V. Boychenko

EFFECT OF ADHESION ON MECHANICAL PROPERTIES OF
POLYETHERETHERKETONE BASED LAMINATED COMPOSITES REINFORCED WITH

CARBON FIBERS ..ot s

S. A. Bochkareva, S. V. Panin

EXPERIMENTAL STUDY OF THE PROCESSES OF DYNAMIC ENERGY ABSORPTION OF

SAND-LIME BRICK .....c..couiiiiiiiiiiiiitcee ettt sttt st s s

Anatoly M. Bragov, Dmitry A. Lamzin, Andrey K. Lomunov

Author Index



