ISSN 2227-1031 (Print)
ISSN 2414-0392 (Online)

HAYKA u TEXHUKA

MexayHapoAaHbIN
Hay4YHO-TeXHUYECKUMN XXypHan

Cepus 2. CTpoUuTe/1bCTBO
Cepusa 5. EcTecTBeHHbIE HAyKH

M3paeTcs ¢ aHBaps 2002 roga
Yuypeautenb

Benopycckuin HaunoHarnbHbIN
TEXHUYECKU YHUBEpPCUTET

ST

MeproanyYHOCTL U3AaHNA — oOvH pas B ABa Mecsla

Science V.17,No 2
and Technique (2018)
International

Scientific and Technical Journal

Series 2. Civil and Industrial Engineering
Series 5. Natural Sciences

Published from January 2002
Publication frequency — bimonthly

Founder

Belarusian National
Technical University

JKypHan BriroueH B 0a3bl JaAHHBIX:
Web of Science Core Collection (ESCI), EBSCO, DOAJ, WorldCat,
OpenAIRE, Google Scholar, PUHII, 3bC «Jlaup», HOb «KubepJlenunka», Cormonet

The Journal is included in the following databases:
Web of Science Core Collection (ESCI), EBSCO, DOAJ, WorldCat,
OpenAIRE, Google Scholar, RISC, Lan, CyberLeninka, Socionet

COJAEPKAHUE

CTpouTe/IbCTBO

Bocakos C. B., 3unesuu C. U.

Pacuer npsMoyroyipHOM MIUTHI

Ha JABYXCIOMHOM OCHOBAHUH . . ................
IMmemoaer M. K., Koanes 51. H.

OnruMu3anyst IPOMUTOYHOTO COCTaBa ISl 3aIUTE

OETOHHBIX OKPBHITUI aBTOMOOWIJIBHBIX AOPOT . . . . .
MuxHeBnu J. H.

Meronuka pacuera yCTOMYMBOCTU KPETICHUI

OTKOCOB 3eMJITHBIX IDIOTUH B YCIIOBHUSIX

BOJIHOBOTO BOBJEMCTBHUSA . . .« v vvvve e e
Ianwiii E. E., Kum J1. B., Jleonosuu C. H.,
Crenanosa A. B.

BeposiTHOCTHBIH pacdeT NIyOnHBI

U pacnpocTpaHeHust GpoHTa KapOOHU3ALMU

B OCTOHE TUIPOTEXHHUICCKUX COOPYKEHUH . . . . . . .
Ocunos C. H., 3axapenko A. B., [To3nnsikos /1. A.

Hexkotopble 0coOEHHOCTH pecypcocOeperxeHUst

B CTPOUTEIIBCTBE . . v v vv et eee e e eee e eeeenne
Smilka V. A.

Detection of Reflexive Signs in Town Planning

Systems of Ukraine and Republic of Belarus

(Cmmuxa B. A. Brisienenne pedieKCHBHBIX

TIPH3HAKOB IPaZiOCTPOUTEIEHBIX CHCTEM Y KParHEI

u Pecniy6nmuxu benapycp) . ...

I Hayka
uTexHuKka. T. 17, Ne 2 (2018)

91

95

100

106

114

123

CONTENTS

Civil and Industrial Engineering

Bosakov S. V., Zinevich S. L.

Calculation of Rectangular Plate

on Two-LayerBasis ......................... 91
Pshembaev M. K., Kovalev Ya. N.

Optimization of Impregnating Composition

for Protection of Concrete Pavement of Highways ... 95
Mikhnevich E. 1.

Methodology for Calculation of Rigidity

in Earth Dam Slope Protection

under Conditions of Wave Impact .............. 100
Shalyi E. E., Kim L. V., Leonovich S. N.,
Stepanova A. V.

Probabilistic Analysis of Depth

and Carbonation Front Development

in Concrete of Marine Structures ............... 106
Osipov S. N., Zakharenko A. V., Pozdnyakov D. A.

Some Specific Features of Resource Saving

inConstruction . .. ........ouuiiii 114
Smilka V. A.

Detection of Reflexive Signs in Town Planning

Systems of Ukraine and Republic of Belarus . . . . .. 123

Science and Technique. V. 17, No 2 (2018



Peoakuyuonnasn konnezusn

Mamomnos K. A., Hectepenko C. I'., llITepunok 3. C.,
I'pex M. A., Pynomaxa A. B.
CrelkxoJ/1epHO-UHTErPUPOBAHHBIN MOJX0/1
K OLICHKE YPOBHs MHXEHEPHO-MH(PPACTPYKTYpPHOTO
00ECTICUCHHS TOPOMOB . « « v v vve e e eee e e 130
HOxueBckuii I1. U.
TepMoxumus peakuuil B3auMOIecTBUS
Cyib(aTOB HATPUS M ATIOMUHUSA C KOMIIOHEHTAMHU
TUAPATHPYIOMIETOCS NOPTIAHALIEMEHTA . . . . . . . . . . 142
Jos:kenko O. A., Ilorpednoii B. B., Kapatam JI. B.
D¢ dexTHBHBIC MMOHOYHBIC COCAUHEHUS
MHOT'OIIYCTOTHBIX IUIUT NMEPEKPHITHI CO CTEHAMH

B COBPEMEHHOM KPYITHOIIAHEIbHOM JOMOCTPOCHHUM . . . 146
IlInodexo A. C.

HexoTopsie criocoOb 5KOHOMHH TEIIOBOM SHEPIHU

TpH MPOHU3BOJICTBE BEPTUKAIBHBIX CTEKJIONAKETOB . . . 157

EcTrecTBeHHBIE HAayKH

Zubrzycki Ja., Karpinski R., Jaworski L.,
Ausiyevich A. M., Smidova N.
Structural Analysis of the Pelvic Girdle before
and after Hip Replacement Procedure
(3yoxunxu 5., Kapnunbeku P.,
SIBopckum JI., ABcueBuu A. M., Cmugosa H.
CTpyKTYpHBIH aHAIU3 Ta3a JI0 U MOCIe MPOLELypbI
3aMEHbI Ta300€JPEHHOTO CYCTaBA) . « . .« v v v v . 165

FnaBHbIN pepakTop
Bopuc Muxannosuy Xpycranes

PepakunoHHaa konnerus

B. B. BABUIJKHH  (Benopycckuii  HayuoHanbHblil
mexHuueckutl yHueepcumem, Munck, PecnyOnuka
benapycy),

B. I'. BAILITOBOH (Benopycckuii HayuoHanoHblil mex-
Huueckuii yHusepcumem, Munck, Pecnyonuxa be-
Japycy),

A. B. BEJIBIH (Dusuxo-mexnuueckuii uncmumym Ha-
yuoHanvHol axademuu Hayk benapycu, Munck,
Pecnybauxa benapycy),

B. I1. EOUKOB (Benopycckuii HayuoHanbHblii mexuu-
yeckuu ynusepcumem, Mumnck, Pecnybnuxa bena-
pyey),

C. B. BOCAKOB  (Pecnybiuxanckoe — YHUMApHOE
npeonpusmue no cmpoumenvbcmey «HMucmumym
BbeaHUUC», Munck, Pecnyonuka Benapycy),

0. B. BACUJIEBUY  (benopycckuii  HAyuOHAIbHbILL
mexnuveckuil ynusepcumem, Munck, Pecnyonuxa
benapycy),

O.T. JEBOMHO (Benopycckuii HayuoHatbHblli mex-
Huueckuu ynusepcumem, Munck, Pecnyonuxa be-

aapycw),

88

Mamonov K. A., Nesterenko S. G., Shterndok E. S.,
Grek M. A., Rudomakha A. V.

Stakeholder-Integrated Approach to Assessment

of Level in Urban Engineering

and Infrastructure Provision................... 130
Yukhnevskiy P. 1.

Thermochemistry of Interaction Reactions

for Sodium and Aluminum Sulphates

with Components of Hydrating Portland Cement . .. 142
Dovzhenko O. A., Pohribnyi V. V., Karabash L. V.

Effective Keyed Connections

of Hollow-Core Floor Slabs with Walls

in Modern Large-Panel House Building . . ........ 146

Shybeka A. S.
Some Methods for Saving Heat Energy
while Manufacturing Vertical Insulating Glass Units 157

Natural Sciences

Zubrzycki Ja., Karpinski R., Jaworski L.,
Ausiyevich A. M., Smidova N.
Structural Analysis of the Pelvic Girdle before
and after Hip Replacement Procedure .. ......... 165

Editor-in-Chief
Boris M. Khroustalev

Editorial Board

V. V. BABITSKY (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

V. G. BASHTOVOI (Belarusian National Technical
University, Minsk, Republic of Belarus),

A. V. BYELI (Physical-Technical Institute of National
Academy of Sciences of Belarus, Minsk, Republic
of Belarus),

V. P. BOYKOV (Belarusian National Technical Univer-
sity, Minsk, Republic of Belarus),

S. V. BOSAKOV  (Republican ~ Unitary  Scientific-
Research Enterprise for Construction “Institute
BelNIIS”, Minsk, Republic of Belarus),

Yu. V. VASILEVICH (Belarusian National Technical
University, Minsk, Republic of Belarus),

O. G. DEVOINO (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

Hayka
wrexHuka. T. 17, Ne 2 (2018)



Editorial Board

K. B. JJOBPETO (Benopycckuti HAYUOHATbHBIL MeX-
nHuueckuii ynugepcumem, Munck, Pecnyonuxa be-
aapycw),

II. U. JIYEK (Benopycckull HAYUOHANbHBIU MeXHU-
yeckutl yrusepcumem, Munck, Pecnybauxa bena-
pyce), 5

M. 3. 3SI'VPOBCKHUH (Hayuonanvhviti mexHuyeckuil
yHusepcumem Yxpaunvl «Kuesckuii nonumexuu-
yeckutl uncmumymy, Kues, Yxpauna),

P. 5. UBYTH (Benopycckuii HayuoHAanbHblll MeXHuye-
ckuii  yHugepcumem, Munck, Pecnyonuxa bena-
pycy),

A. C. KAJIMHUYEHKO (benopycckuil HayuoHanbHbll
mexHuueckuti yHusepcumem, Munck, PecnyOnuka
benapycy) (3amecmumens enagnozo pedakmopa),

M. I'. KUCEJIEB (Benopycckuili HAUUOHANbHBIU mMex-
Huueckuu yunusepcumem, Munck, Pecnyonuxa be-
Japycy),

A H KOBAJIEB (Benopycckuti HAyUOHATbHBIL MeX-
Huueckuii yHusepcumem, Munck, Pecnyonuxa be-
aapycs),

B. B. KO3JIOBCKHH (Munckuii unuan pedepansviozo
20CY0apCmeeHH020 DI00HCEMHO20 00pPaA3068amMenIbHO-
20 YUpercOeHUs 8bicuteco0 NPoPecCUoHAIbHO20 00-
pazosanust «Poccutickuii IKoOHOMUYECKULl YHUBEpCU-
mem umenu I B. I[lnexanosay, Munck, Pecnybnuxa
benapycs),

B. M. KOHCTAHTHHOB (Benopycckuii Hayuoxanb-
Hblll mexHudecku yHugepcumem, Mumnck, Pecnyo-
quka benapycs),

H. B. KVJIEIIIOB (Beropycckuti HayuOHATbHBIN meX-
Huueckuii yHusepcumem, Munck, Pecnyonuxa be-
Japycy),

C. H. JIEOHOBUY (benopycckuil  HayuoHanoHull
mexHudeckuti yHusepcumem, Munck, Pecnybiuka
benapycw),

C. A. MACKEBUY (Meoicoyrapoonulil 20cyoapcmee-
Holtl oxonocudeckutt uncmumym umenu A. J]. Ca-
xapoesa Benopyccxozo eocyoapcmeennoeo ynusep-
cumema, Munck, Pecnybnuxa benapycs),

D. U. MUXHEBHUY (Benopycckuitl HayuoOHanbHbIl mex-
Huueckuu ynusepcumem, Munck, Pecnyonuxa be-
Japycy),

HI'VEH TXY HI'A (Hayunwiti snepeemuyeckuti uHcmu-
mym Bvemnamckoil axademuu Hayx u mexmono-
eutl, Xanou, Coyuanucmuueckaa Pecnybnuxa
Bvemnamy),

M. OIIEJIAIK  (Texnuueckuii ynusepcumem «Jlo6-
JUHCKAA noaumexnukay, Jhobaun, Pecnybauka
Honvwa),

O. I [IEHA3BKOB (Uncmumym menno- u maccooo-
mena umenu A. B. Jleikoea HAH Benapycu, Munck,
Pecnybnuxa benapycy),

I A. IIOTAEB (Benopycckuii HayuoHaIbHblll MexHU-
yeckuti ynusepcumem, Munck, Pecnyoauxa bena-

pycy),

Hayka
uTexHuKka. T. 17, Ne 2 (2018)

K. V. DOBREGO (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

P. I. DYACHEK (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

M. Z. ZGUROVSKY (National Technical University
of Ukraine “Kyiv Polytechnic Institute”, Kiev,
Ukraine),

R. B. IVUT (Belarusian National Technical University,
Minsk, Republic of Belarus),

A. S. KALINICHENKO (Belarusian National Tech-
nical University, Minsk, Republic of Belarus)
(Deputy Editor-in-Chief),

M. G. KISELEV (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

Ya. N. KOVALEV (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

V. V. KOZLOVSKIY (Minsk Branch of Plekhanov Rus-
sian University of Economics, Minsk, Republic
of Belarus),

V. M. KONSTANTINOV (Belarusian National Tech-
nical University, Minsk, Republic of Belarus),

N. V. KULESHOV (Belarusian National Technical
University, Minsk, Republic of Belarus),

S. N. LEONOVICH (Belarusian National Technical
University, Minsk, Republic of Belarus),

S. A. MASKEVICH (International Sakharov Environ-
mental Institute of Belarusian State University,
Minsk, Republic of Belarus),

E. I. MIHNEVICH (Belarusian National Technical
University, Minsk, Republic of Belarus),

NGUYEN THU NGA (Institute of Energy Science
of the Vietnam Academy of Science and Technolo-
gy, Hanoi, Republic of Vietnam),

M. OPELYAK (Lublin University of Technology “Poli-
technika Lubelska”, Lublin, Republic of Poland),

O. G. PENYAZKOV (A. V. Luikov Heat and Mass
Transfer Institute of the National Academy
of Sciences of Belarus, Minsk, Republic of Belarus),

G. A. POTAEV (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

89



Peoakuyuonnasn konnezusn

O.I1. PEYT (@uauan BHTY « Hucmumym nogviuieHust
Keanupurayuu u nepenoo2omosKu Kaopos no Ho-
8bIM HANPAGNEHUAM PA3GUMUS MEXHUKU, MEXHON0-
euu u IKoHomuxuy, Munck, Pecnyonuxa benapycy),

@. A. POMAHIOK (Benopycckuii HayuoHanbHulil mex-
Huueckuii yHusepcumem, Munck, Pecnyonuxa be-
aapycs),

U. Y. CEPTEH (Benopycckutl HayuoHanbHblii mexuu-
yeckutl ynusepcumem, Munck, Pecnybauxa bena-
pyey),

B. JI. COJIOMAXO (Pecnybauxauckuti UHCIMUmMym uH-
HoBayuonnvix mexuonoculi benopycckozo mnayuo-
HAIbHO20 MeXHUuecko2o yHugepcumema, Munck,
Pecnybnuxa benapycy),

C. A. YHDKUK (Hayuonanvuas akaoemus vayk bena-
pycu, Munck, Pecnyonuxa berapycy),

A. H. YUYKO (benopycckuii HAyUOHANbHBIN MeXHU-
yeckutl ynusepcumem, Munck, Pecnybnuxa bena-
pyey),

B. K. LIEJIET (Benopycckuili HQYuOHAIbHbIU MexXHUYe-
ckuti  ynugepcumem, Munck, Pecnybnuxa bena-

_ pyce), 5

U. DFEPXAPNIIITAUHEP (Benckuii mexuuueckuii yHu-
eéepcumem, Bena, Aecmpus),

b. A. IKUMOBHY (Horcesckuii 2ocyoapcmeenmbiil mex-
Huueckuti yHusepcumem umenu M. T. Kanawnu-
Kosa, Hwcesck, Poccutickaa @edepayus)

OTBeTCTBEHHbIN CEKpeTapb peAakumm
B. H. lN'ypbaHumk

Appec pegakuum

Benopycckunin HaUMOHaNbHbLIN TEXHUYECKUA YHUBEPCUTET
np. HesaBucumoctn, 65, kopn. 2, kKOMH. 327
220013, r. MuHck, Pecnybnuka Benapycb

Ten. +375 17 292-65-14

E-mail: sat@bntu.by
http://sat.bntu.by

O. P. REUT (Branch of the BNTU “Institute of Ad-
vanced Training and Retraining for New Areas
of Engineering, Technology and Economy”, Minsk,
Republic of Belarus),

F. A. ROMANIUK (Belarusian National Technical
University, Minsk, Republic of Belarus),

L I SERGEY (Belarusian National Technical Universi-
ty, Minsk, Republic of Belarus),

V. L. SOLOMAKHO (Republic Institute of Innovative
Technologies of the Belarusian National Technical
University, Minsk, Republic of Belarus),

S. A. CHIZHIK (The National Academy of Sciences
of Belarus, Minsk, Republic of Belarus),

A. N. CHICHKO (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

V. K. SHELEG (Belarusian National Technical Uni-
versity, Minsk, Republic of Belarus),

J. EBERHARDSTEINER (Vienna University of Tech-
nology, Vienna, Austria),

B. A. YAKIMOVICH (M. T. Kalashnikov Izhevsk Sate
Technical University, Izhevsk, Russian Federation)

Executive Secretary of Editorial Staff
V. N. Guryanchyk

Address

Belarusian National Technical University
Nezavisimosty Avenue, 65, Building 2, Room 327
220013, Minsk, Republic of Belarus

Tel. +375 17 292-65-14

E-mail: sat@bntu.by
http://sat.bntu.by

MepepeructprpoBaHo B MuHucTepcTse uHgopmaummn Pecnybnuku benapycb 19 gekabpsi 2011 r.
PeructpauunoHHbin Homep 285
C 2002 r. usgaHue BbIXOAUIO oA Ha3BaHMeM «BecTHuk BHTY»

ISSN 2227-1031. NMoanucHble nHaekcbl 00662, 006622

MoanucaHo B nevatb 30.03.2018. ®opmat bymaru 60x84 1/8. Bymara menoBaHHas. MNevatb LudpoBsasi.

Ycn. neuv. n. . Yy.-u3g. n.

. Tupax 100 ak3. [daTa BbIxoga B CBET

. 3akas Ne

OtneyataHo B BHTY. JlnueHans JI Ne 02330/74 ot 03.03.2014.
220013, r. MuHck, np. HesaBucumocTy, 65.

© Benopycckuin HauMOHarnbHbIA TEXHUYECKUA yHuBepcuTeT, 2018

Hayka
wrexHuka. T. 17, Ne 2 (2018)



CTPOUTENBCTBO
CIVIL AND INDUSTRIAL ENGINEERING

DOI: 10.21122/2227-1031-2018-17-2-91-94
VIK 624.21.012

Pacyer npAMOYroJibHOM MJIMTHI HA ABYXCJIAOMHOM OCHOBAHUU
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”Benopyccmﬁ HaIlMOHAJILHBIA TeXHUYECKUH yHUBepcuTeT (MuHCK, Pecriybnmka bemapych)
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Pedepat. OnbIT 3KkcruTyaTaniy OETOHHBIX MOKPHITHH NMPU MHTEHCHBHOM JIBIDKCHHH TSDKEIBIX aBTOMOOMIIEH IHOKasal, 4To,
HECMOTPSI Ha BBICOKYIO NPOYHOCTh CaMUX OETOHHBIX IUTHT, ITOJ] HUMHU JIOJDKHBI OBITH NPOYHBIE OCHOBaHUS. B mpormecce
YKJIaJIKH OeTOHA Ha TPYHT B HEM B pe3yJbTaTe H)KUMOB YIIPYTo NPOTHOAIOINXCS PH MTPoe3 e aBTOMOOMIIEH IUINT HaKaIuTh-
BaIOTCS OCTATOUHBIE AeopManuy. BHavane mox mmMTaMu 00pa3yloTcs MOJIOCTH, IUTHTHI TEPSIOT KOHTAKT C TPYHTOM, a 3aTeM
B HUX IMOSIBJIAIOTCS TPELIUHBL. YBEJINUYEHHE IPOYHOCTU OCHOBAHMS IOBBIIAET CTOMMOCTD JOPOXKHOU ofiexabl. B HacTosmei
paboTe BBHIIIOJIHEH CTATHYECKUH pacdeT MPsSMOYTOJIBHON IUTUTH HA ABYXCIOHHOM yIPYroM OCHOBaHHHM B TPAIHUIMOHHOI IIO-
CTaHOBKE. B kauecTBe OCHOBAaHUS IPUHUMAINCH OJHOPOJHBIE IPYHTHI C BEPXHUM U HIDKHUM CIIOSMU B BUJE [IOJIYIPOCTPAH-
cTBa. PaccMOTpeH BapHaHT Harpy»K€HUs IUIMThl CUMMETPUYHOM OTHOCHUTENIBHO JBYX OCEH BHELIHEH HAarpy3koi OT Koiyeca
pacdeTHOrO aBTOMOOWIS. Bhramcnenus somonHeHs! MerogoM b. H. XKemoukwmHa ¢ nCmombp30BaHMEM INakeTa CHMBOJIBHOM
maremaTuki. [Ipu 3ToM mimTa pasbuBanachk Ha 72 MPSAMOYTOIBHBIX yJacTKa, B IEHTPE KaXKIOTO ydacTKa yCTaHABIMBAJIACh
BEpTHKAIIbHASI CBA3b, YePE3 KOTOPYIO OCYIIECTBIISUICS KOHTAKT IUIUTHI C yNPYrHM ocHoBaHHeM. IlomydeHHas cratmueckn
HEOTIpeeNnMasi CUCTEMa PacCUUTHIBANIACh CMEIIAHHBIM METOJIOM CTPOUTENBHOM MEXaHWKH, TJIe 32 HEM3BECTHBIC NIPUHUMA-
JIMCh YCHUNUSI B BEPTHKAIBHBIX CBS3SX, a TAakKe JIMHEHHOE M JjBa YIJIOBBIX MEPEMENIeHHs BBEICHHOTO 3aIEMIICHUS 110 OCH
CHMMETPUH IUIMTHL. B pe3ympTate pacuera MONydEeHBI NMOBEPXHOCTH BEPTHKAIBHBIX MEPEMENICHUH IUIMTHI, PEaKTUBHBIC
HaNpsDKEHUs Ha KOHTAaKTe IUIMTHI C YIPYTUM OCHOBaHHEM. [Ipesmaraemslii MOAXOA MOXKET OBITh HMCIIOIB30BAH NS MOUCKA
pelIeHHi TT0 ONTUMANBHOH (JOCTaTOYHON) MPOYHOCTH OCHOBAHUS JUISl PACUETHOTO aBTOMOOWIIS, a TakKe UL PacueToB map-
HHUPHO COEIMHEHHBIX COOPHBIX JKeJIE300€TOHHBIX TOPOXKHBIX ILIUT.

KnioueBble ciioBa: 1uTa, 1ByXClIOHHOE OCHOBaHUE, YIIPYTUH CJI0H, MOIynpocTpaHcTBo, ciocod b. H. JKemoukuna

Jns murupoBanmsi: bocakos, C. B. Pacuer npsimoyronpHO#t minThl Ha aByxcinoiiHoMm ocHoBanuu / C. B. Bocakos, C. 1. 3u-
HeBuu // Hayxa u mexnuxa. 2018. T. 17, Ne 2. C. 91-94. DOI: 10.21122/2227-1031-2018-17-2-91-94

Calculation of Rectangular Plate on Two-Layer Basis
S. V. Bosakovl), S. L. Zinevich”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Operating experience of concrete surfacing with vigorous motion of heavy vehicles has shown that despite high
strength of concrete slabs they need a strong base. When concrete is placed on the ground residual deformations are accumu-
lated in it due to presses of elastically bent plates in case of vehicle passage. Initially, cavities are formed under the plates and
the plates are losing their contact with the ground, and then cracks appear in them. An increase in base strength makes
the cost of road pavement higher. A static analysis of rectangular plate on two-layer elastic foundation has been made
in a traditional setting. Homogeneous ground with upper and lower layers in the form of half-space has been taken as a basis.
The paper considers a loading variant for a plate which is symmetrical with regard to two axes and loading has been carried
out by an external load from the wheels of the calculated vehicle. The calculation has been performed while using
the Zhemochkin method with a symbolic mathematics package. In this case the plate has been divided into 72 rectangular
sections and a vertical bracing has been set in the center of every section and a contact of the plate with elastic basis has been
arranged with the help of the bracing. The obtained statically indeterminate system has been calculated by a mixed method
of structural mechanics where efforts in vertical bracings and linear and two angular displacements of input fixing along the
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Cmpoumenvcmeo

axis of plate symmetry have been taken for unknowns. The calculation has made it possible to obtain surfaces of vertical
plate displacements, reactive stresses in the contact of the plate with the elastic basis. The proposed approach can be used
to search for solutions according to optimal (adequate) basis strength for the calculated vehicle and also for calculations

of hingedly joined precast reinforced concrete road plates.

Keywords: plate, two-layer basis, elastic layer, half-space, B. N. Zhemochkin method

For citation: Bosakov S. V., Zinevich S. I. (2018) Calculation of Rectangular Plate on Two-Layer Basis. Science and Tech-
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BBenenne

B nocnennee Bpemst B PecnyOnuke benapychk
CTPOUTCSI MHOTO JIOPOT C IIEMEHTOOETOHHBIM IIO-
KpbITHEM. Hapsaay co MHOTHMH TOJIOKUTEILHBIMH
XapaKTepUCTUKAaMH (C BBICOKOH MPOYHOCTBIO, HE
3aBUCAIICH OT BPEMEHH ToJa, CO 3HAYUTEIHHO
Oonplield MO cpaBHEHHUIO € ac(aabTOOETOHHBIMU
HOKPBITHSMH JI0JTOBEYHOCTBIO, ¢ XOPOIIMMH (HpUK-
OUOHHBIMH M CBETOTEXHHMUYECKUMH XapaKTepu-
CTHKaMH), LEMEHTOOCTOHHbIC MOKPBITHS HMEIOT
PSR HEAOCTATKOB, K KOTOPBIM MOKHO OTHECTHU
BO3MOKHOCTb IPOHUKHOBEHHS B IOPOKHYIO OJI€K-
oy BoOAbl uepe3 JedOpMalMOHHBIE IMIBBI, OLIY-
IIEHUE TOJYKOB NPH MpOe3e MONEPEUYHBIX IIBOB,
HECKOJIBKO OOJIBIIYI0 CTOMMOCTH YCTPOWCTBa IO
CpaBHEHHIO C ac(halbTOOCTOHHBIMU TTOKPBITHSIMHU.
OnHuM 13 Hauboliee CYIIECTBEHHBIX HEJOCTATKOB
[EMEHTOOCTOHHBIX MOKPBITHH SIBISIETCS TO, YTO OT
VKJIaJIKU CMECH JI0 BBOJIA MOKPHITUS B IKCILTyaTa-
LIUI0 TPpeOyeTCs JIUTEIbHBIA U TIIATCIbHBIA YXO1
3a OETOHOM, IMOKa OH He mpuobpereT HEoOXoau-
MYIO [TPOYHOCTh. DTO OrPAaHUYMBAET BOZMOKHOCTH
WCTIOJIb30BaHMs [IEMEHTOOETOHA TIPU TIepPEeCTPOiKe
Y KaluTaJbHOM PEMOHTE J0POT, KOTJja HEBO3MOXK-
HO HAJIOJNTO 3aKPHITh NBIKEHKE Ha gopore [1, 2].

HHTepec B 3TOM ciiydae MPEACTaBISIOT cOOp-
Hble OCTOHHBIC MOKPBITHS, KOTOPBIE HMEIOT P
HECOMHEHHBIX TPEUMYILECTB. BeTOHHBIC IIUTHI
TOTOBSITCSI Ha 3aBOJIaX 3a0JIATOBPEMEHHO CO CTPO-
UM COOJIIOZIGHUEM TEXHOJIOTUYECKUX TPABUI U
PEKMMOB yxoaa 3a OeToHOM. MOHTHUpOBaTh MO-
KPBITHSI Ha MOJTOTOBIEHHOE OCHOBAaHHME MOYKHO
B TEUEHHE BCETO TO/a, UCIONB3Ys W HeOIarompu-
ATHBIE JIs1 OETOHHBIX pa0boOT Mepuoabl. /[BmxkeHne
Mo COOpPHBIM OETOHHBIM TMOKPBITHSIM OTKpPBIBAET-
cd cpa3y moclie uX ycrpoilctBa. PeMOHT Takux
MOKPBITHA OCYIIECTBISIETCS TIO0 THIY PEMOHTA
TPOTyapoB W3 OCTOHHOW TUIMTKH, T. €. IMyTeM 3a-
MEHBI TUTUTHl C TOSBUBIIMMHUCA JedeKTaMu Ha
HOBBIC [3, 4].

Bwmecre ¢ TeM ycTpoiicTBO COOPHBIX TOKPHITHN
CerofHs He HAIIIO MIMPOKOro mpuMeHeHus. OqHa
W3 TPUYAH — TPYTHOCTH OOECTeUeHHs] POBHOCTH
MTOKPBITHS, TpeOyeMOo ISl ABMKEHUS C BBICOKUMU
CKopocTsiMH. B mpormecce 3KciuTyaTtaliuil 4acTo
BO3ZHUKAIOT MPOCAAKH OTACTBHBIX IUTUT, YTO eIl
0ombIIIe yXyaIaeT pOBHOCTh TOKPBITHS.

OMnBIT KCIUTyaTauy OETOHHBIX MTOKPBITHH TpH
WHTEHCHBHOM [IBIKEHHH TSDKEIBIX aBTOMOOMIEH
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MOKa3aj, YyTO, HECMOTPSI Ha BBICOKYIO MPOUYHOCTh
caMUX OETOHHBIX IUIUT, I10J HUMH JOJDKHBI OBIThH
MIPOYHBIE OCHOBaHU. B mporiecce ykinanku 6eToHa
Ha TPYHT B HEM B pe3yJbTaTe€ HAKUMOB YIIPYTO
MPOrHOAarOLIUXCS TPU MPOE3Ie aBTOMOOMIICH TUIUT
HaKaIUTMBAIOTCS OCTaTO4YHBIC Aehopmanmn. BHada-
Jie TOoA TUIMTaMH OOpPa3yroTCS IIOJIOCTH, IUTHTHI
TEPAIOT KOHTAKT C TPYHTOM, a 3aTE€M B HUX IOAB-
JIAIOTCA TPEIIUHBL. YBEINYEHUE NMPOYHOCTH OCHO-
BaHHS TOBBINIAET CTOMMOCTDH JOPOKHOH OIEHKIIBI.
C 1menpl0 TOWCKA PENICHWHA I10 ONTHMAaTBHOMN
MIPOYHOCTH OCHOBAHWSI BBITIONHEHBI pacueThl Mpsi-
MOYTOJIbHOM IIJIUTHI Ha ABYXCJIOMHOM OCHOBaHMH.

Pacuer 0eTOHHOH ILITUTHI

Meronom b. H. Xemoukwna [5] npousseneH
pacuer MNpsSMOYTOJbHOW H30JUPOBAHHOM JOPOXK-
HOM TUIMTHI Ha JBYXCIOHHOM OCHOBaHUHU TIOJ
JIEUCTBUEM CTAaTUYECKOM BEPTUKAIbHOW Harpys-
ku (puc. 1) B TpamuImoOHHOW TOCTaHOBKE [6].
C >TO# 1enpl0 KOHTAKTHAS MOBEPXHOCTH ITTUTHI
pa3zbuBaiack Ha MPAMOYTOJIbHBIE YYACTKH U B IICH-
Tpe KaXIOTO ydYacTKa CTaBWIACH BEpPTHKAIHHAsS
CBA3b, 4YEpE3 KOTOPYH) OCYIIECTBIISUICS KOHTAKT
IUTATHI C YOPYTruM ocHOBaHUEM (puc. 2). Cunranu,
YTO YCUJIME B CBSI3U BBI3BIBAET PABHOMEPHOE pac-
MpeieJieHne KOHTAKTHBIX HAIMPsDKEHUH B Mpeenax
Kax7oro yyacTka. [lomydeHHas cTaTHYecKH HEOI-
peaenuMasi CUCTEMa PaCCUYUTHIBANIACH CMEITaHHBIM
METOJOM CTPOMUTENBHON MeXaHUKH [7], rae 3a He-
M3BECTHBIC IPUHUMAITUCH YCUJIVSI B BEPTHKAIBHBIX
CBSI3SIX, a TAK)Ke JIMHEHHOE W J[Ba YTJIOBBIX Tepe-
MEIICHHUS BBEJICHHOTO 3allIeMJICHHs] 10 OCH CHM-
MeTpur TUThl. OCHOBHAs CHCTEMa CMEIIaHHOTO
MeTO/J1a TIpeICTaBlieHa Ha puC. 3.

Puc. 1. IlpsamoyronpHas IuTa
Ha YIIPYroM JBYXCIOHHOM OCHOBAHUH

Fig. 1. Rectangular plate on elastic two-layer basis
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Puc. 2. Jlenenue nnutsl Ha ydactku b. H. XXemouknna
Fig. 2. Division of plate into B. N. Zhemochkin's sections

Puc. 3. OcHOBHAS CHCTEMa CMEIIAaHHOTO METOIa
Fig. 3. Main system of mixed method

Cucrema KaHOHMYECKUX YpaBHEHHI crocola
b. H. XKemoukuna ans onpeaeneHus HEU3BECTHBIX
YCWIMH B JIMIIHUX CBSA3SIX U MEpPEMEIICHUN uMeeT
CIEAYIOIIUN BUI;

3., X, +...+81,”Xn +uy + Qo + Qg Xy A, = 0;
'S.n,le +"'+8n,an +uy + QY + 9o, X, +A,, =0;
DX, -R=0;

k=1

n 1
S Xy, M, =0; M
k=1

Zkak —My =0,
k=1

re n — 4ucio npsiMoyroyibHbiX yuactkoB b. H. XKe-
MOYKHMHA Ha IUIUTE; X; — YCWINE B CBSI3U C HOMe-
poMm k; R, M., M, — Benn4nHa paBHOJEHCTBYIOIIEH
BHEIIIHEH CHJIBI U MOMEHTHI PaBHOJEUCTBYIOLIEH
OTHOCHUTEJIbHO KOOPAMHATHBIX OCEH; Uy, Yoy, Poy —
JMHEHHOE U YIJIOBBIE NEPEMEILEHHs BBEIEHHOTO
Ha TUTATE 3amemMiieHus (puc. 3).

KoadduumenTsl npr HEN3BECTHBIX YCUIHAX Oy
B (1) 3aBUCAT OT mepeMeIeHn yIpyroro OCHOBa-
HUS V' ¥ mporuOoB IUINTHI ¢ 3alleMJICHHOW HOp-
Malbio Wy 1 onpenensitoTes no ¢popmynam [8]:

1
Oy z—(Fik +£VVikj;
nEa 16
Hayk
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3
nk a

2

rne Fy — Oe3pazmepHast GyHKIUS IS OTNpeJelie-
HUS TIEpEeMEeIeHUI TOYKH { Ha TIOBEPXHOCTH JIBYX-
CJIOMTHOTO YIPYroro OCHOBAaHUSI OT JEUCTBUS €lIU-
HUYHOM CWUJIbI, PAaBHOMEPHO paclpeaesieHHON IO
MPSIMOYTOJIBHOMY YYaCTKy K TOBEPXHOCTH OCHO-
BaHUS (OmpeAemnsieTcsl MHTETPUPOBAHNEM BbIpake-
HUA U3 [9], KOTOpOe METOIOM CIICHATLHOMN arl-
npokcumanuu [10] npuBeneHo x Buay, ynoOHOMY
i uHTerpuposanus [8]); Wy — mporud TOYKH i
IUTACTUHKH C 3alleMJICHHOW HOpPMajblo0 OT JCi-
CTBHUS CIMHUYHOMN CHIIBI, IPUIOKEHHON B TOUKE A
TOH K€ IIACTUHKH (MIPUHUMAJICS B BUJAC CYMMBI
penieHni st OECKOHEYHOM TUTACTUHKHU C 3alleM-
JICHHOW HOPMAaJIbI0 M TIEPBBIX YETHIPEX YaCTHBIX
pemiennii Knebma [8]); D — numuHIpUYeckas
KECTKOCTh TUIUTHI; Ej, V| — MOAYNb YIIPYTOCTH U
ko3¢ ¢uruent Ilyaccona BEpXHEro Clos ynpyroro
ocHoBaHus (puc. 1).

BespasmepHnsbiit mapamerp § B padote M. U. Top-
OyHnoBa-IlocajoBa ToNy4ns Ha3BaHHE IMOKa3are-
ns tuOkoctH [5]. OH 0000IIEHHO XapaKTepu3y-
eT (PU3MKO-MEXaHWYECKHE CBOWCTBA OCHOBAHHS U
TUTHTHI.

CBoOoanbie wieHbl B cucteme (1) ompenens-
I0TCS Yepe3 MPOTruObl TUIUTHI C 3alIEMIICHHOW HOP-
Majbio Wi.

PaccuuTeiBanace kenae300€TOHHAs —ILIMTA
MPSMOYTOJIBHOW (POPMBI C pa3MepamMu B Ija-
He 3000x6000 MM, HM3roToBJCHHAas M3 OeTOHA
knacca C20/25. ToamuHbl IMIXATHL U 3aIUTHOIO
CJIOSL apMaTyphI MIPUHSATH PABHBIMU COOTBETCTBEH-
HO 180 u 30 mm. ITnura onupaercs Ha ABYXCIIOM-
HOE YIpyroe OCHOBAHHE C YNPYTUMH MOCTOSHHBI-
mu: E,=50MlIla; v,=0,25; h =05 m; E,=
= 50 MlIlIa; v, =0,25.

[IpsimoyronmpHasi TUIMTAa HArpy)keHa B IEHT-
pe KOoJecoM pacyeTHOTO aBTOMOOWIS B BHUIE
kpyra auametrpoMm 0,41 M, mepemaromiero pa.-
HOMEpHO pacIpe/IeIeHHYI0 Harpy3Ky BeEIUYH-
Hoit 0,6 MIla (65 xH) (puc. 4).

Puc. 4. Cxema 3arpy3Ku IJIMTHI KOJIECOM
pacyeTHOro aBTOMOOMIIA

Fig. 4. Chart of plate loading by standard vehicle wheel

[lony4yeHnHble pe3yibTaThl pacueTOB IMPHBEIE-
HBI Ha puc. 5-7.
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e o *0 0% 110
Puc. 5. I30nuHun paBHBIX BEPTHKAIBHBIX IEPEMEILCHUN, M
Fig. 5. Isolines of equal vertical movements, m

Puc. 6. I1oBepXHOCTb BEPTUKAILHBIX IIEPEMEILCHUH, M
Fig. 6. Surface of vertical movements, m

-1.0 0.5 0.0 0.5 1.0

Puc. 7. I3onuHuN paBHBIX KOHTaKTHBIX HanpshkeHui, klla
Fig. 7. Isolines of equal contact stresses, kPa

BBIBO/J]

IlpuBeneH cratnyecKkuid pacyeT HPSIMOYTOJb-
HOH IUIMTHI HA YIPYIOM JIBYXCIOMHOM OCHOBaHUU
1oj JEHCTBHEM BHEIIHEH Harpy3ku OT KoJjeca
pacueTHoro astoMoOmiIsi. B pesynbrate BbIUMC-
JIEHHH TIOJIy4eHbl IIOBEPXHOCTH BEPTUKAIBHBIX
MEPEMEIEHUN IUITUTHI, a TAKXKE PEaKTUBHBIC Ha-
MPSDKCHUA Ha KOHTAKTE IUTUTHI C YIPYTUM OCHO-
BaHueM. [Ipemmaraemplii TOIX01 MOXKET OBITH HC-
MOJIB30BaH ISl MOMCKA PELICHU 0 ONTUMAJIbHOMN
(moCTaTO4HOI) MPOYHOCTH OCHOBAHHA MJIS CTaH-
JApTHOM IUTUTHI, a TAKXKe Ul pacyeToOB IIAPHUPHO
COETMHEHHBIX JKEJIEe300€TOHHBIX IUTUT COOPHBIX
JOPOKHBIX OKPBITUH.
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OnTumu3zanus IMPOIMUTOYHOI'0 COCTaBa
AJIF 3alIIUThI 0E€TOHHBIX l'lOKprTI/Iﬁ aBTOMOOMJILHBIX aopor

Kanna. Texn. nayk M. K. Mmem6aes”, 10KkT. TexH. Hayk, mpo¢. A. H. Kosases”
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Pedepar. Henmoctatkn mopoxHBIX acthaabTOOETOHHBIX MOKPHITHH XOPOIIO HM3BECTHBI CHEIUAIHCTaM-TOpOXHUKaM. OHHK
IJIaBHBIM 00pa3oM 00YCIIOBJICHbI HU3KUM MOJYJIEM YNPYroctH acaibToOeToHa, a Takke OBICTPBIM CTapEeHHEM OCHOBHOTO
KOMIIOHEHTa acanprobeToHa — Guryma. Kak ciiencrsue 3Toro sBICHUsS — CPABHUTENILHO HU3KAS JOJITOBEYHOCTh MOKPBITHSA,
HE0OXOMMOCTb €ro 4acTOro PeMOHTA. B M3BECTHOW CTENEHM LIEMEHTOOCTOHHBIC MOKPBITHS CYLIECTBEHHO HMPEBOCXOAAT MO
JAaHHOMY IOKa3aTelso ac(aabToOeTOHHbIC, B YeM yOeXIaeT ombIT dKciuryatauun gopor 'epmanun, CIIA u apyrux crpa.
IIpaBuiabHO TMONOOpaHHEIH cocTaB OeToHa, olmiee COOIONEHHE TEXHOIOTHH YKJIAJAKH OSTOHHOH cMecu, BCeoObeMITIOIHi
KOHTPOJIb Ka4ecTBa IPOU3BOACTBA PaboT, JOCTATOUHAs KBATH(HUKAINS HHKEHEPHO-TEXHIIECKOTO IIepCoHana 00ecednBaroT
JUITENBHYI0 Oe3nieekTHyI0 paboTy MOPOKHOTO IIEMEHTOOETOHHOTO MOKPHITHS. ORHAKO HApyIIEHHsS NPH HPOU3BOACTBE
paboT WM B TpoIecce IKCIUTyaTallid, OCOOCHHO B JXKECTKHX YCIOBHSIX 3aMOPaXHMBAHWS—OTTAWBAHUS, HACHIICHUS—BBI-
CYIINBAHUSA, TIPH BO3JEHCTBHH COJICH-aHTHOOJNICICHUTENE MPUBOAAT K IOSBICHUIO J1e(PEKTOB IOKPBHITHS, CHIKEHHIO €ro
JoJIroBeYHOCTH. ECTh Z1Ba HAmpaBJIeHHs] PACYETHOI JOJITOBEYHOCTH TOKPBITHS. BO-IIepBhIX, 5TO MepBUYHAS 3aLUTA — CO3/1a-
HHe OeTOHAa ¢ MUHUMAJIBHO BO3MOXKHBIM Ha JJAHHBIX KOMIIOHEHTaX CMECH BOJOLIEMEHTHBIM OTHOLICHHEM, YTO 00ecreunBacT
HOJIy4eHHe OeTOHa ¢ MMHUMAJIbHOH MOPHUCTOCTBIO ¥ COOTBETCTBCHHO ¢ MaKCHMAaJbHOH JOJIrOBEYHOCTBIO. BO-BTOPBIX, BTO-
pHYHas 3aIlUTa, 00ECIeYNBAIOLIAs TOBBIILICHUE COIPOTUBIIIEMOCTH Y’Ke TOTOBOTO OSTOHA MOKPBITHS BHELIHUM arpecCHUBHBIM
BO3JIEUCTBUSIM. B 3TOM citydae Ha ()oHE MHBIX CIIOCOOOB JOCTAaTOYHO IEPCHEKTHBHOMN BBITJIAIHUT IPOIUTKA IIOBEPXHOCTH Oe-
TOHHOTO HOKPBITHS THAPO(GOOU3UPYIONIMM H CTPYKTYPOYKPEIUIIONMM BeliecTBOM. COCTaB TAKOTO MPOIUTHIBAIONIETO BEllle-
CTBa JIOJDKEH COJIEP)KaTh HECKOJIBKO KOMIIOHEHTOB, B IEPBYIO ouepeb r'HApohoOH3aTop, MPEnsTCTBYIOMNHA IPOHHKHOBEHHIO
JKHJKOCTH B TEJNO OETOHA, U TOHKOJWUCIIEPCHBIH KpeMHe3eM (B YaCTHOCTH, 30Jb KpeMHe3eMa), 00eCeYrBaIONINi CHIDKEHHE
HOPHCTOCTH MOBEPXHOCTHBIX CJIOEB OETOHA 3a CYET B3aMMOJEHCTBHS CO CBOOOIHBIM M'MAPOKCHIOM Kajiblus. IIpobieme om-
THMH3AlIUH TIPONTUTOYHOTO COCTAB U MOCBAIIEHA IaHHAas paboTa.

KuroueBbie cioBa: JOJIT'OBEYHOCTD, IIOpO)KHLIﬁ 6eTOH, CTPYKTYpa, HpOHHTO‘{HbeI COoCTas, FI/IZ[pO(i)O6I/I3aTOp, 30JIb KpEMHE3EMa

Jas uurupoBanus: ITmembaes, M. K. OnTumusanus nOponuTOYHOTO cOCTaBa Ul 3aIIUTHl OETOHHBIX MOKPBITHH aBTOMO-
6unbHbIx gopor / M. K. TTmembaes, 5. H. Kosases // Hayxa u mexnuka. 2018. T. 17, Ne 2. C. 95-99. DOI: 10.21122/2227-
1031-2018-17-2-95-99

Optimization of Impregnating Composition for Protection
of Concrete Pavement of Highways

M. K. Pshembaevl), Ya. N. Kovalev”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Disadvantages of road asphaltic concrete pavements are well known for highway engineers. They mainly arise from
low elasticity modulus of asphaltic concrete and rapid aging of the main asphaltic concrete component that is bitumen.
As a consequence of this phenomenon there are a relatively low pavement durability and necessity of its frequent repair.
It is fairly known that cement-concrete pavements significantly surpass asphaltic concrete pavements according to above men-
tioned index and this fact is proved by road operational experience in Germany, the United States and other countries.
Work execution, sufficient qualification of engineers ensure long defect-free operation of road asphaltic concrete pavement.
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However any violations while executing works or during operational period, especially under harsh conditions of freezing
and thawing, saturation—drying, exposure to deicer salt lead to occurrence of defects, reduction of its durability. There are two
directions for calculation of the pavement durability. Firstly, it is a primary protection which makes it possible to create con-
crete with minimum possible water cement ratio for the mix components that permits to obtain concrete with minimum po-
rosity and consequently with maximum durability. Secondly, there is a secondary protection that ensures better resistance
of finished concrete pavement to external aggressive actions. In this case impregnation of concrete pavement surface with
hydrophobic and structural strengthening substance looks rather prospective in contrast to other methods. Composition
of such impregnating substance must contain some components: primarily that is water-repelling agent which prevents pene-
tration of fluid into the concrete body, and then finely dispersed silica, in particular silica sol which ensures reduction
in porosity of surface concrete layers due to interaction with free calcium hydroxide. The present paper is devoted to the prob-
lem pertaining to optimization of impregnating composition.
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BBenenne

B cBsi3u ¢ Tem, 4TO AOPOXKHBII OETOH IpencTaB-
JIseT cOO0M TOPUCTHIA KOMITO3UIIMOHHBIA MaTeprall,
BO3HHMKAeT HEOOXOANMOCTh YMEHBIICHHS! M KOJb-
Mararyy B HEM YacTH TI0p, UTO OIPEIENSIET €ro Kop-
PO3HOHHYIO CTOHKOCTh. C ATOM II€TBI0 TIOBEPXHOCT-
HBI CJIOM JOPO’KHOTO OETOHHOTO TOKPBITUS TOJ-
BEpPraioT MPONUTKE Pa3TNYHBIMA OPTaHUIECKIMU
U HEOpraHWYeCKMMH COCIUHEHUsIMH. B KkauecTBe
OPTraHWYeCKNX COEAWHEHUH HCIOIB3YIOT MOINMEp-
HBIE MaTE€pPHUAITEI Ha OCHOBE TIOJIMYPETAHOBBIX, ATIOK-
CUJIHBIX U aKpUJIOBBIX cMoJ [1].

I[Ipumep WCHONB30BaHHA  HEOPTAHWUYECKUX
KOMITO3UIIMK — IPUMEHEHUE B KaueCTBE MPOMUTKH
BOJIHBIX PAacTBOPOB COEAMHEHUH, MPUBOISAIINX K
o0pa3oBaHHIO B TOopax OeToHa TPYAHOPACTBOPH-
MBIX (ocdaroB, HTOPUIOB, CHIUKATOB M IPYTrUX
BemecTs [2].

IIponuTOoYHBIH COCTAB

C uenpio CHHKCHHUSI BOJAOINOTJIONICHUSI OeTOHA
CIIeyeT CYHMTaTh LEeNecoOOpa3sHbIM HCIOIb30Ba-
HHE TPOMBIIUICHHBIX THApodoOu3aTopoB Ha oOcC-
HOBE KPEMHMHOpPraHMYECKUX COelAuHeHui [3].
[IpencraBisror Taxke MHTEPEC KOMIIO3MLMOHHBIE
COCTaBBI IPOMUTOK HA OCHOBE THApOQoOH3aTOopa U
BEIIECTB, 0Opa3yloUMx B MOpax OeToHa TpyIHO-
pPacTBOPUMBIE COEIMHEHUS, KOTOpbIE KOJIbMaTu-
PYIOT 3TH MOPEI.

Kak wu3BecTHO, NpPOOYKTaMH 3aTBEPIAEBIIETO
0eToHa SIBISIIOTCS TUAPOCWINKATHI, THAPOATIOMU-
HaTbl W TuIpoamtoModepputsl Kaimbims. Kpome
TOTO, B pe3ysbTaTe TMAPOJIN3a KIMHKEPHBIX Mate-
pHUasoB LeMeHTa 00pa3yercsl THAPOKCHUA KallbIIHs,
HCIOJIb30BaHHE KOTOPOTI'0 B KOMIIO3ULIMHU C IPOIHU-
TOYHBIM COCTaBOM MOJKET IPHUBECTH K 00pa3o-
BaHUIO JIOTIOJIHUTENBHOTO KOJINYECTBA THUAPOCH-
JMKaToOB KanbLus. B kadecTBe Takoil 100aBKH B
MIPONMUTOYHBIN COCTaB MOXKET OBITh BBENEH 30JIb
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KpEMHE3eMa, 4TO BbI3bIBACT JajbHEWIIee YBeNIu-
YCHHME MTPOYHOCTH U JOJITOBEUHOCTH OeToHa [4].

Bropuunble ruapocuinKaTel KambLius, oOpa-
3yIOIIMECs] B MPOLECCE B3aUMOICHCTBHUS  30JI
KpeMHe3eMa W THJIPOKCHIA KajbIMsl, KOJIbMaTH-
PYIOT TIOpBl OETOHAa M YNPOYHSIOT €ro IMOBEpX-
HOCTHBIM CJIOW 3a cYeT O0O0pa3oBaHUS OTOIHH-
TENbHOW TBepAOH (ha3bl, POACTBEHHON NEPBUYHBIM
THIPOCHIMKATAM KajbLUs, O0pa3yroIuMcs IMpH
TBEPICHUHU LIEMEHTA.

B kauecTBe MCXOIHBIX MaTepHaNOB VIS IOJY-
YeHWs] MPONUTOYHOIO COCTaBa HCIOIb30BAJIH:
TO0OC - Terpasrokcucunan (TY 6-09-3687-79);
Codexcnn-60 (TY 2229-008-42942526-2001) —
BOJHBIH PAacTBOP THAPATHPOBAHHOTO METUIICHIIU-
KOHaTa KalHs C MacCOBOW J0Jiel OCHOBHOI'O Be-
mectBa 58-63 %, pH = 14; Codexcun-3ammury
(TY 222-025-42942526-2001) — pacTBOp OJIUTO-
METWITHAPOCUIOKCaHA B OPraHMYECKOM pPacTBO-
purerne.

KpemHe3onp mosmyuyanu JByMs CIOCOOaMH.
[lepBsrii 3ak0ovancs B KATHOHUPOBAHUK PacTBOpa
HaTPUEBOI'0 XXHUJKOIO CTEKJa, a BTOPOH — B HC-
MOJIB30BAHUM METO/Ia THTPOBAHUS pa30aBIEHHOTO
JKUAKOTO CTEKJIA YKCYCHOM KHCTIOTOM [5].

IInannpoBanme 3KcIepuMeHTA

C nenpio U3y4YeHUs! BBILICYTIOMSIHYTHIX (aKTO-
POB U ONTHUMM3ALUU IPONUTOYHOTO COCTaBa ISt
JOPOXKHBIX TIOKPBITUH OBLT BBIMOJHEH KOMILJIEKC
UCCIICIOBAaHUH C HCIOJb30BAaHHMEM MaTeMaThye-
CKOTO TIIaHUpPOBaHUA dKcrepuMmenTa [6]. B kadge-
CTBE KPUTEPUEB OLICHKU JIOJTOBEYHOCTH 1LIEMEHTO-
OETOHHOTO TOKPBITUS BHIOpaHBI Takue (QHU3HUKO-
MEXaHMUYECKHE CBOMCTBAa OETOHA, KaK MPOYHOCTD
Ha CXKaTHe, BOJIOMOIIIONIEHHE M HCTHPACMOCTb.
[Ipounocts OeTOHa Ha C)KaTHE MHTErPaJIbHO Xa-
paKTepu3yeT CIOCOOHOCTH OETOHA MPOTUBOCTOATH
BHEIHEH arpeccuu. B TexHonornm 6eToHa UMEHHO
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9TOT TapaMeTp CBA3BIBAIOT C Ae(OPMATHBHBIMH
CBOWCTBaMU OETOHA, €ro IUIOTHOCTHIO, NPOHUIIAE-
MOCTBIO JUIS arpeccUBHBIX (¢uonaoB. Bomomo-
[JIOLIEHHE O€TOHAa MHPSMO CBSI3aHO C €ro Karuil-
JISIPHOMN ITOPUCTOCTBIO, a CIIE0BATEIbHO, C IIPOHU-
AeMOCTBI0O W TIYOMHOW MPONHMTKHA MarepHaia
VIJIOTHSIOIIMM PacTBOPOM. A HCTHUpPaeMOCTb Oe-
TOHA ONpEJeNseT TBEPAOCTh OOpasyroleics Ha
MOBEPXHOCTH OETOHA YIUIOTHEHHOH «KOPOUKH»,
YBEIMYMBAIOILEH 1OJTOBEYHOCTD MOKPBITHSL.

Ha ocHOBaHWH npeABapUTENBHBIX OMBITOB ObI-
71 BEIOPAHBI OTIOPHBIE HCXO/IHBIC JTaHHBIE!

— ONTHMAaJbHOE COOTHOIIECHHE KOMIIOHEHTOB
BOJIHOTO IIPOIMTOYHOTO pacTBopa: ruapododu3a-
TOp : 30J1b KpeMHe3ema : Boja = 1:1:10;

— KOHUEeHTpauusi ruapodoOuzaTopa
Ta 60 %;

— KOHIIGHTpalusi 3075 KpeMHe3eMa NpHHS-
ta 20 %;

— ONTHMAJIBHOE COOTHOLIEHHE IO CYyXOMY Be-
mecTBy: 0,6:0,2:10.

Hcxonublii 0eTOH, MpeHA3HAYCHHBIN 1JIs IPO-
IUTKY, UM clenyonme (HU3NKo-MeXaHHUECKUE
napaMmeTpbl: MPOYHOCTh Ha cxkatue 45,3 Mlla, Ha
m3ru6 8,83 MIla, sBogonornomenue 1,5 %, ucTu-
paemocts 0,133 r/cm’. [IpomuToumblii cocTas
HAaHOCHWJIM DAaCTbUICHHEM Ha MOBEPXHOCTH 00pas-
110B; pacxox cocrasa — 0,2-0,3 /M’

Jlis BBISIBIICHHS ONTUMYMa IPOIUTOYHOI'O CO-
cTaBa om0 ruapodobdmuszaropa (Bausromuil ¢ax-
TOp X;) IpuHUMANH B nipexenax ot 0 mo 1,2, a mo-
JIIO 30JI1 KpeMHe3eMa (BIUAIOLINN (HakTop X,) —
or 0 1o 0,4. YcioBHs OIBITOB JJIS ONTHMHU3AIUHA
NPONUTOYHBIX COCTABOB MPHUBEICHEI B Ta0M. 1.

HpUHS-

B mporecce skcriepuMeHTa UCCIEAOBAIN HE U3-
MeHeHHe a0CONIOTHBIX BEMYMH MPOYHOCTH OeTOo-
Ha Ha C)KaTue, BOAOMOTJIOUICHUS! U HCTHPAEMOCTH,
a OTHOcHUTeNbHBIE (B %), B KOTOpPBIX AJsl OETOHa
0e3 MPONUTOYHOro cocTaBa OHM B3ThI 32 100 %.

Tabauya 1

HnurepBansl BapsupoBanus (pakTopos
Spacings for variation of factors

3nauenne| 3HadeHHe dakTopa
Kon
Kozja X x
OCHOBHOI1 ypoBeHb 0 0,6 0,2
WuTepBan BapbUpOBaHUs X; 0,6 0,2
Bepxuuii yposeHs + 1,2 0,4
HwxHuii ypoBeHb - 0 0

Marpuua niIaHupoOBaHHUS M TOJXYyYEHHBIE pe-
3yJIBTaThl IPECTABICHBI B Ta0JI. 2.

[Tony4yaemble ypaBHEHHsI perpeccud B oOmieM
BUJIE€ BBITJIAJEIH TaK:

y=by+bx, +bx + b“xl2 + b22x§ +b,xx,. (1)

[Nocie 00pabOTKM pe3yNBTATOB AKCIICPUMEHTOB
OBbLIM TIOJTYYCHBI aJICKBAaTHBIC MTOJMHOMHAIIBHBIC Ma-
TEeMaTHYECKUE MOJICIIH BTOPOTO TOPSIKA, OIHCHIBA-
IOlIMEe M3MEHEHUE OTHOCHUTEIIBHOM MPOYHOCTH, BO-
JIOTIOTJIONICHUSI U WCTUPAEMOCTH OeTOHAa B 3aBUCH-
MOCTH OT MPUHSATHIX IEPEMEHHBIX (PAKTOPOB.

[ToyueHHBIE MOIENTH TMOCIE MCKIIOYCHUS He-
3HAYUMBIX KOA(P(PHUIUCHTOB 3alIMCHIBAIOTCS B BUJIC
CIIEIYIOLINX YPABHEHUIT PErpecCui:

— IJ1s1 OTHOCUTENIBHON ITPOYHOCTH OeToHa, Yb:

forn =114,2+1,2x, +3,9x, —
—1L1x} —8,4x; +0,8x,x,; )

Tabauya 2

IInan 3xciepuMenTa (1ByX(aKTOPHBI BTOPOro NOPSAKA) U IOJIYy4YEeHHbIE Pe3yIbTAThI

Plan of experiment plan (two-factor, second order) and obtained results

[Inan OTHOCHTEIIFHOE CBOMCTBO OETOHA
Ne /o B KOJIaX B 3HAYCHHAX (6e3 mpormtku 100 %)
X X X X IIpounocts Bononornomenue Hctupaemocts
1 1 1 1,2 0,4 110,8 36,4 64,7
2 -1 1 0 0,4 106,8 90,6 62,1
3 1 -1 1,2 0 101,4 61,6 92,1
4 -1 -1 0 0 100,0 100,0 100,0
5 1 1,2 0,2 114,3 35,0 70,8
6 -1 0 0 0,2 111,9 81,2 73,6
7 0 0,6 0,4 109,7 46,2 61,5
8 0 -1 0,6 0 101,9 63,4 94,3
9 0 0 0,6 0,2 114,0 40,8 70,3
10 0 0 0,6 0,2 115,2 40,2 72,4
11 0 0 0,6 0,2 113,5 39,7 69,7
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— IS OTHOCHUTEIHHOTO BOIOIIOTIIOIIEHHUS Oe-
ToHa, %:

W, =40,4—-23,1x, —8,6x, +
+17,5x7 +14,2x7 — 4,0x,x,; (3)

— JUIsl OTHOCUTENLHOM UCTHpaeMoCTH (OTHOCH-
TETBHOHN MPOYHOCTH) OeTOHa, Y%:

U, =70,7-1,4x, —16,4x, + 7,3x7 +2,7x,x,. (4)

Pe3ynbTaThl BBIMOJIHEHHBIX PACUETOB M TIPO-
BEpPKa CTATHCTUYECKON 3HAYMMOCTH IO IOJIY4CH-
HBIM MaTEMaTHYECKUM MOJEISAM IIOATBEPIUIH,
YTO TPHUBEJICHHBIC BHIINIE YPaBHEHUS pPErpeccuu
MIPUTOIHEI TSI ONTUCAHUS ITHX Mojenel (Tadi. 3)

Tabauya 3
IIpoBepka NpUroAHOCTH ypaBHeHHil
Check of equation applicability
I YpaBHeHue
apameTp
(@) 3) “

Yucno 3HaYUMBIX K0P PH-
I[IEHTOB 5 6 6
Uncrno creneneii cBO6OIbI
B HYJIEBOM TOUKE 2 2 2
Uucrno creneneii cBOO6OIb!
JUIsl ypaBHEHHS 4 3 3
Hucnepcust B HyneBoit Touke | 0,763 0,303 2,010
Jucnepcus anekBaTHOCTH 1,035 0,273 1,396
PacueTtHoe 3HaueHue kpure-
pus Gumepa 1,356 1,111 1,439
TabnuaHOe 3HaUEHNE KPHUTE-
pust @uiepa 19,246 19,164 | 19,164

AHaJIu3 NOJTyYeHHBIX Pe3yJIbTATOB

I'padnaeckast nHTEpIIPETALNS TOTYYECHHBIX pe-
3yJIBTAaTOB B BUJE OOBEMHBIX MOJENEH IPeICTaB-
neHa Ha puc. 1-3.

B cootercTtBuM ¢ ypaBHeHueM (2) u puc. 1 Ha
YBEMYEHUE TPOYHOCTH OeToHa HamOoJblIee BIIHS-
HHE OKa3bIBaeT COZEp)KaHUE 30J151 KpeMHeszema (Ko-
s dumentsl b, U by paBHBI COOTBETCTBEHHO 3,9
u 8,4). MakCUMaTbHBIA TIPUPOCT IMPOIHOCTH OETOHA
JIOCTUTHYT Tipu coaepskannu 301 0,2. C yBernn4aeHu-
em conepkanus 30511 ot 0 1o 0,2 Bo3pacTaer KoH-
YeCTBO THAPOKCH/A KaJbLHs, BCTYMBILETO B peak-
LIHIO C BBICOKOAMCIIEPCHBIM KPEMHE3EMOM C 00pazo-
BaHWEM IUIOTHBIX BOJIOHEPACTBOPUMBIX MHHEpa-
JIOB, YTO MPHUBOIUT K POCTY MPOYHOCTH OeToHa [7].
IIpu panpHEHIIEM YBETMYEHUM KOJMYECTBA 30111
BO3pACTaeT BA3KOCTh MPOMHMTOYHOTO COCTaBa, COOT-
BETCTBEHHO MaJaeT IIyOMHAa MPONMUTKU MOKPBITHSI,
YTO0 OOYCJIOBIMBACT CHIDKEHHE MPOYHOCTH OETOHa
Ha cxarue. B To ke Bpems BiusiHHE THApodoOu3a-
TOpa He3HaunTenbHoe (KodddurmeHTs! by u by pas-
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HBI cooTBeTcTBeHHO 1,2 ®m 1,1), T. e. comeprkanue
ruapodhodu3aTopa Ha U3MEHEHHE IPOYHOCTH OSTOHA
MPaKTHYECKH HE CKa3bIBaeTcs. B menom ontumaib-
HOE coJiepykaHue THAPOGOoOH3aTOpa U 30515 KPeMHE-
3eMa COCTaBJIICT COOTBETCTBEHHO 0K0JI0 0,6 1 0,2.

114 ]/\‘ i114-116

=
o
o
5
[t=)
5 115 4 = s112-114
E 110 F +110-112
% 108 «108-110
5 106 4106-108
B 10 04 4104-106
E 102 2102-104
5 100 u100-102
3

u 0.3 0,0 Jons 3015

1.2 kpemuesema, M. 4.

UEE 0

Jons ruapodobusaropa, M. 4.
Puc. 1. Bmastaue conepxanus runpodoodmuzaropa
1 30J151 KpeMHe3eMa Ha OTHOCHTEIIBHYIO IIPOYHOCTh OeToHa

Fig. 1. Influence of water-repellent agent
and silica sol content on relative concrete strength

OO6patHas KapTHHA HaOJIIOAAETCS MPHU OLIEHKE
BJIMSIHUSI KOMIIOHEHTOB MPOMUTOYHOIO COCTaBa Ha
BojIoToryioneHne o6etona (ypasaenue (3) u puc. 2).
Ha BennunHy BOAOMOITIONIEHUS CONEPKAHUE 301
KpeMHEe3eMa MPaKTUYECKH HE BIHSET, U ITO ecTe-
CTBEHHO, MOCKOJIbKY HECKOJBKO YIJIOTHEHHAs TO-
BEPXHOCTHAsI «KOPOYKa» Ha KUHETHUKY MPOHHKHO-
BEHUI BOJIBI HE MOXET BIHATh. OCHOBHOE BIMSHUE
Ha CHIDKCHME BOJAOINOIJIOIIEHUSI OKa3bIBAaeT CoO-
nepkanue ruapodobmzaTopa, MpUYEM €ro OMNTH-
MaJibHOE KonuuyecTBo — Ooree 0,9.

CHIKEHNE UCTHPaeMOCTH O0ETOHa B OCHOBHOM
OTIpeNieNsIeTCsl COIEpKaHWEM 30Js1 KpeMHe3eMa,
nmpuyeM, 4eM OOJIbIle KOJIUYECTBO MHUKPOKpPEMHE-
3ema, TeM ekt Boire. Biaustane runpodobdbmsa-
TOpa CPAaBHUTEIBHO HUYTOKHO [8—10].

5
5
=8
=]
z £
g o 100 \ 1475-100
= 75
B u50-75
m m
n & gg u25-50
P “ 40-25
&
5 0,0
o
g 0,2
0,6 Jons 3014

Jons 09 0.0 KpeMHe3eMa, M. 4.

ruapodobuzaropa, M. 9. 150

Puc. 2. Biusinue copepykanus ruapododuzatopa
¥ 307151 KPEMHe3eMa Ha OTHOCHTEIBHOE BOJOIOTIOLICHNE GeTOHa

Fig. 2. Influence of water-repellent agent
and silica sol content on relative concrete water absorption
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Puc. 3. Bmusiaue conepkanus rugpopodbuzaTopa
M 30J11 KpeMHe3eMa Ha OTHOCHTEIBbHYIO HCTHPAaeMOCTh OeToHa

Fig. 3. Influence of water-repellent agent
and silica sol content on relative concrete wearing properties
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Pedepart. s obecrieueHnst ycTOHIMBOCTH OTKOCOB 3€MJISIHBIX IDIOTHH P BO3AEHCTBUN BOJH IPUMEHSIOT pa3JINdHbIE TH-
bl KPEIUICHUH, CPEAN KOTOPBIX Yallle BCETO UCHOJIb3YIOT KAMCHHYIO HaOpOCKY U COOpHbIE MIIM MOHOJIUTHBIE JKeJIe300eTOH-
HBI€ TIMTHI. J{OJITOBEUHOCTh U HAJEKHOCTh KPEIUIEHHH BO MHOTOM 3aBHCAT OT TOTO, HACKOJBKO MPABMUIIBHO PACCUMTAHBI
M COOTBETCTBEHHO BHIIIOTHEHBI NTApaMeTPhl KPEIUICHHH: uaMeTp MaTeprana KaMeHHOH HaOpOCKU U TOJIIIHHA JKeIe300eTOH-
HBIX IUIUT. 3HAUCHHs MapaMeTpOB KPEIUICHUH, PaCCUMTaHHbIE IO CYIIECTBYIOIMM (GOpMysaM, 3HAUUTEIBHO Pa3IM4aroTCs.
HexoTopsle u3 3tux (HOpMyJ1 He IPUTOJHBI JUI MaJIbIX BOAOXpaHWIHLL benapycu u 1aoT peaibHble Pe3ysbTaThl TOJIBKO UL
KPYIHBIX BOJOXPAHWJIMIN, TA€ BBICOTA BOJIH JocTuraeT 2 M u Oornee. C Ienbl0 ONpeneNieHus JuaMeTpa KaMHsS HaOpOCKH 1
TOJIIWHBI IUIUT TSI KPEIUICHHS! OTKOCOB IUTOTHH B 30HE aKTHBHOTO BOJHOBOTO BO3JIEHCTBHS MpEIUIOXKEHa HOBas METOIMKA
pacyera, IPUroJHas Ul BOJOXPAaHWIMI Pa3IMYHBIX Pa3MEPOB, B TOM YHUCIIE M MajbIX BopoxpaHuauL benapycu. Meronuka
pa3paboTaHa Ha OCHOBE TEOPUH MPEAETbHOTO PAaBHOBECHS CIBUIAIOIIMX M YIEPXKHMBAIOIIMX CHJI Ha oTkoce. Ilpm pacuere
JraMeTpa MaTepHana KaMeHHO HaOpOCKH YYTEHBI CIBHTAIOIINE CHIBL B3BEHIMBAIOIIEE BOJTHOBOE JABJICHHUE, 3aBUCAIIEE OT
BBICOTHI BOJIHBI; BIIEKYIasl CHJIA ITOTOKA, 00Pa3yIoIIerocss Ha OTKOCE IPU OTKaTe BOJHBI; CABUTAIONINI KOMIIOHEHT CHUIBI TSI-
JKECTH MaTepHaja KPeIUICHHUs, 3aBUCAIINIA OT 3aAaHHOTO Kod(hQHIMEeHTa 3aJ0KEHUsT OTKOCA. Y ISpIKUBAIOIINE CHIIBI Ope-
JIeTIeHBI C yIETOM OCHOBHBIX (DM3MKO-MEXaHHIECKHX CBOICTB MaTepHana HaOpOCKH: INIOTHOCTH YAacTHI] BO B3BEIICHHOM BO-
JIOH COCTOSIHUH, TIOPHCTOCTH, BHYTPEHHETO TPEHHS M yAEPKUBAIOIIET0 KOMIIOHEHTa CHIIBI TSHKECTH MaTepualia KpeIUICHHSL.
IIpu pa3paboTke METOAMKU pacyeTa TOJILUHBI XKeJIC300€TOHHBIX IUIUT BIEKYINas CHUjIa IOTOKAa HE YYHUTHIBANACh, TaK Kak
(dbopMupyeMBIii Ha MOBEPXHOCTH IUTUT MTOTOK MPAKTHYECKH HE OKA3bIBACT BIIMSHUS HA UX YCTOHYMBOCTH. B HIDKHEH 30HE OT-
Koca, TJie THAPOJUHAMIYECKOE JaBICHHEe CO3JaeTCsl MPUIOHHON CKOPOCTHIO, YCTPAUBAIOT OOJETYCHHOE KPEIUIeHHE, OOBITHO
B BHZE HAOPOCKHU U3 IIEOHS, IPaBHs WM MEIKOTO KaMHs. B pesymprate npeoOpa3oBaHus KpUTEpUsl YCTOMIUBOCTH OTKOCA B
9TOi{ 30HE MOJIyYeHBI 3aBUCUMOCTH ISl OIPE/ICNICHUs] KPYITHOCTH MaTepuania Habpocku. [IpemnoskenHbie GpopMyIisl 1uis pac-
YyeTa HapaMeTpoB KPEIUICHUI OTKOCOB 3eMJISIHBIX INIOTHH MOTYT OBITh PEKOMEHIOBAaHbI K IPUMEHEHUIO B IIPOSKTHBIX OpraHH-
3aIUAX.

KiroueBble c10Ba: 3eMIIsTHbIE TUIOTHHBI, KPETIEHHUsT OTKOCOB, BOJIHOBOE BO3/€iCTBHE, KaMEHHas HaOpOCKa, »Kele300eTOH-
HbIE TUTUTHI, PacUeTHbIE HOPMYITBI
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Methodology for Calculation of Rigidity in Earth Dam Slope Protection
under Conditions of Wave Impact

E. I. Mikhnevich"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Various types of protection are used in order to ensure rigidity in earth dam slopes and dumped rip-rap and precast
and cast-in-situ reinforced plates are the most commonly used for this purpose. Durability and reliability of the protections
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mainly depend on the fact whether protection parameters have been correctly calculated and correspondingly observed during
the process of protection creation, the main protection parameters are material diameter of dumped rip-rap and thickness
of reinforced plates. Values of protection parameters calculated in accordance to the existing formulae significantly differ
among themselves. Some of these formulae are acceptable for small water reservoirs in Belarus and provide actual results
only for large water reservoirs where a wave height reaches two metres and even more. A new calculation methodology which
is suitable for Belarusian water reservoirs of various size is proposed with the purpose to determine diameter of dumped
rip-rap material and thickness of plates for earth dam slope protection in the zone of active wave impact. The methodology
has been developed on the basis of the theory pertaining to limit equilibrium of slope shearing and holding forces. While
calculating diameter of dumped rip-rap material the following shearing forces have been taken into account: uplift wave pres-
sure depending on wave height; drag force which is formed on the slope due to back sweep of wave; shearing component of
protection material gravity force which is dependent on preselected slope ratio. Holding forces are determined with due ac-
count of main physical and mechanical properties of dumped rip-rap material: density of particles in water suspension, porosi-
ty, internal friction and holding component of protection material gravity force. While developing methodology for calcula-
tion of reinforced concrete plate thickness a drag force has not been taken into account because the flow which is formed on
the plate surface does not exert an influence on their equilibrium. Bottom slope zone where hydrodynamic pressure is created
by bottom velocity has usually a reduced-weight protection in the form of broken stone, gravel and finely broken stone
rip-rap. Dependences for determination of dumped rip-rap fineness have been obtained as a result of slope rigidity criterion
conversion. The proposed formulae for calculation of earth dam slope protection parameters can be recommended for applica-
tion in design organizations.

Keywords: earth dam, slope protection, wave impact, dumped rip-rap, reinforced concrete plate, calculation formulae

For citation: Mikhnevich E. I. (2018) Methodology for Calculation of Rigidity in Earth Dams Slopes Protection under
Conditions of Wave Impact. Science and Technique. 17 (2), 100-105. DOI: 10.21122/2227-1031-2018-17-2-100-105 (in
Russian)

BBenenne

BepxoBble O0TKOCHI 3eMJISIHBIX TUIOTHH ITOJIBEP-
JKEHBI Ppa3pylIaroIIeMy BO3JICHCTBUIO BETPOBBIX
BOITH, BO3HHUKAIOIIUX B aKBATOPUHU BOJOXPAHHJIHIIL.
Jnis mpeoTBpalieHusl pa3pylieHusl OTKOCOB TPH-
MEHSIOT Pa3JIMYHBIC THITHI KPEIUICHUH, Cpelu KO-
TOPBIX HAWOOJBIIEE PACHPOCTPAHCHHUE MOTYUMIH
KaMeHHas HaOpocka u cOopHbIE (pexe — MOHOJIHT-
HEBIC) JKeJIe300CTOHHBIC IUIUTHI [ 1-5].

B 30HE HHTEHCUBHOT'O BOJTHOBOTO BO3/ICHCTBUS
pacrosaraioT OCHOBHOE KPEIJICHHUE, a HIKE HETro —
obOneryenHoe. BepxHeil TpaHHIE OCHOBHOTO
KPEIUICHUsI OOBIYHO SIBJISICTCS OTMETKa TpeOHs
IUIOTHHBI, & MPU €ro 3HAYUTEIIBHOM BO3BBIIICHUH
HaJl YpOBHEM BOJIbI B BepXHEM Obedpe — BemnunHa
Hakara BOJHBI Ha OTKOC. HiKHss rpaHHIla OCHOB-
HOTO KpETUICHUS Ha3HAYaeTCs Ha OTMETKE, 3ariry0-
JICHHOW T10Ji MUHUMAJBHBI YpPOBEHb BEPXHETO
Obeda Ha BenmuuuHy 24, (h, — BbICOTA pacueTHOH
BONHBI) [4, 5]. PacueTHBIC TapaMeTphl BOJH OIpe-
JIETISIOT B 3aBHCUMOCTH OT CKOPOCTH BETpa, JJTUHBI
pasroHa BOJIHBI, TITYOWHBI BOJOXPAHIIUINA B CO-
otBetcTBUU ¢ TKII 45-3.04-170-2009 [6].

s ompenencHusi quaMerpa KaMHsS HaOpOCKH
Y TOJIIIMHEI TUIUT KPETUICHUS OTKOCOB MPEJIONKE-
HBl pa3IMyHbIE 3KCICPUMCHTAIbHBIE 3aBUCUMO-
cti [4-8]. 3HaueHus mapamMeTpoOB KpEIUICHUH,
onpezeaseMble M0 3THM 3aBUCHUMOCTSIM, CYIIECT-
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BEHHO Pa3lMYaroTCa U HE BCEr/ia IPUIOAHBI JUII Ma-
abIx Bogoxpanuviy benapycu. [lostomy npeacras-
JsIeTCsl aKTyallbHOW pa3pa0dOoTKa HOBOM, MPUTOAHON
JUTSL BOJOXPaHWIHIL Pa3IMYHbIX pa3MepPOB METOANUKI
pacuera apaMeTpoB KPEIUIEHUH OTKOCOB Ha OCHOBE
TEOPUH TPEIETBHOTO PABHOBECHSL.

CymectBylomue (popMyJibl JJIsl pacdeTa
YCTOHYMBOCTH KpelJIeHN 0TKOCOB

Jlnst ompenencHUs auaMeTpa KaMHS, YKIIaIIbI-
BaeMOT0 Ha OTKOCHI B BHJIE HAOPOCKH HJIU MOIIIC-
HUS1, pEKOMEHIYIOTCs 3aBrcuMocTH u3 [1, 2, 4, 7].

HeoOxommmas macca kamHsS M, KT, Ijs Kpen-
JICHUS B BUJIC HAOPOCKH OIPENEISICTCS 110 3aBUCH-
MOCTH

2
M= 0,0253pKhBX ’ )
Py V1+m?
P

TAC Py, Pe — IUIOTHOCTH KaMHS ¥ BOJIBI, Kr/M;
hy, A — BBICOTa W JJIMHA pPACUETHOW BOJHBI, M;
m — KO3 GHUIUESHT 3aJI0KEHHS 0TKOCA.
Pacuernsiil nuametp kamus D, M, BEHIYUCIIACTCA
o popMmyiie
M

D=3——. 2
0,524p, @
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B cocraBe HaOpocku W3 HECOPTUPOBAHHOTO
KaMHS JIOJDKHO OBITh MO0 Macce He MeHee 50 %
KaMHeW ¢ pacueTHbIM auamerpom D. TommuHa
KpEIUICHHUsT HaOpOCKOW W3 HECOPTHPOBAHHOTO
KaMHs1 0 > 3D, a u3 coptupoBanHoro o = 2,5D.

ToymuHy KaMEHHOrO0 MOIIECHHMS IO CIIOKO IIie-
OCHOYHON WM TPaBUHHOW TMOATOTOBKH OIpEe-
nsiroT 1o opmyiie I1. A. [llankuna [1, 2, 4]

1,7h,p 1+ m?

§ = . 3
Y (pe —p,)m(m+2) ©)

[Ipy kaMEeHHOM MOUICHWH HYXXHO MEHBIIE
KaMHA a0 KperieHus. Ho mnpumensercs oHO
OYCHb PEAKO, TaK Kak TpeOyeT OONbIIMX 3aTpaT
PYYHOTO TpyJa ISl €70 YCTPOHUCTBA.

B cnpaBounuke [7] 3anucana ¢popmyna (4) ans
OTIpeJIeNIeHNs] pacyeTHOro pasmepa KamHs D, M,
NPUBEJCHHOTO K IIapy, C IeNbi0 o0ecredeHus
YCTOMYMBOCTH HAaOPOCKM M3 HECOPTHPOBAHHOTO
KaMHSl B YCJIOBHSIX BOJHOBOTO BO3JICHCTBHSA Ha
OTKOCBHI ¢ KOO PHULIMEHTOM 3aJI0KEHUS M B TIpe/ie-
nax 2-5:

3 +
D=1,5ch,| Y 5| M8 Ty
m L8m-1 v, —7v,

T7ie Y, — YACTbHBIN Bec a3pHUpOBaHHON BOJHI, CTe-
Karomei ¢ HabpoCcKH B KOHIIE OTKaTa BOJHEI, IPH-
ruvaemsiit 10 kH/M®; v, — yaenbHBIH Bec KaMHS,
Y« = 26,5 kH/M’; ¢ — ruapaBandeckuii ko3hduim-
SHT CONPOTHUBJICHUS, NpHUHUMAeTCS paBHBIM 0,2
npu auaMerpe kamHs O6ozee 0,15 M u BeIcoTe BOJI-
Hel Oonee 0,50 M; my, — TOJOTOCTh PAaCcUETHOM
BOJIHBI, [T BOJOXPAHMIIHLL M1, = 7.

TonmmuHay MOHOIHUTHBIX JKeJIe300€TOHHBIX
IUTUT O, PEKOMEHIYETCs OINPENENATh U3 YCIOBHS
ux ycroiunBocty o Gopmyne [1. A. [llankuna [4]

)

rae k — kodduuuent, npuHuMaemsid 0,083 npu
OoTKpbIThIX U 0,110 — mpH 3aKpbITBIX IIBaX; Py —
TIOTHOCTh MaTepHana IUIHTHL, KI/M’; B — IUIMHA
TUTATHI TT0 HOPMaJIH K ype3y BOIBI, M; /i, A — BEI-
COTa U JAJIMHA PAacYETHOH BOJIHBL, M.

Cremyer otMeTuTh, uTo (hopmyna (5) mius ma-
JIBIX BOJOXPAaHMIIMIL OKa3ajlach HEMPUIOAHOM, MO-
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CKOJIbKY JIaeT pealbHble pPa3Mephl IUIUT TOJBKO
JUISL KPYIHBIX BOJOXPAHUIIUII, TJI€ BHICOTA BOJIHBI
hy > 2 M. TommuHa MOHOJTUTHOM TUTUTHI O, YCTOM-
YUBOW K JIEHCTBUIO NMPOTUBOJIABICHUS TIPU OTKATE
BOJIHEI, coriacHo [1, 9] onpeaensercs mo gpopmyse

Nm? +
5. =0,07h —Fo N 1-3J% (6)
m

Pr = Ps

Tonmuay COOPHBIX ITUT OMPEIEIAIOT 1Mo (op-
myne B. C. llaiitana [4, 8, 9]

0,75
2 B.."p
81'1 = O’6hB c - > > (7)
“* B ( -0,3K )
cosa pl'[ s BpB
rae h,e, — CpelHss BBICOTA BOJIHBI B PAacUETHOM
mropme, M; By = B/hy, — OTHOCHTENIbHAS AJIMHA
pebpa MmIuTel, M; B — amuHa pebpa IUIUTHI, HOP-
MaJbHOTO ype3y BOJbI, M; Ol — YTOJI HAKJIOHA OTKO-
ca K TOPHU30HTY, NpPU 3aJaHHOM KO3(QHUIMEeHTES

m
A1+ m?
3G GUIUCHT MOJHOTHI MOTPYKEHUS ITUTHI B adpH-

POBaHHYIO BOJHYIO Cpely, ONPEACISCTCS B 3aBH-
CHMOCTH OT OTHOMIeHus B/h, ¢, 1o Tabm. 1.

3aJIOKCHHUA OTKOCa m COSO = 5 KB — KO-

Tabauya 1
3HauyeHus K0I(PPUIHEHTA NOJHOTHI NOIPYKEHHU IMTHI

Values for coefficient on completeness of plate dipping

Blhy ey 1,0 | 1,2-1,5]2228 | 3,543 | 5060

K, 1,00 0,75 0,67 0,60 0,50

Hosbie gopMyJibl s pacyera
YCTOHYMBOCTH KpeIJICeHN 0TKOCOB

Hcxons u3 Teopuu MpenenbHOTO paBHOBECHS,
aBropoM [10] momydeH KpHUTEpUN yCTOHIHMBOCTH
otkoca I, mpu Bo3aeicTBUM BOJIH

—_ pl(mf -1)d
1 s
h+ath\/1+m2

®)

rae p = pi/ps — OTHOCUTENbHAS IUIOTHOCTB; Py —
IUIOTHOCTh TPYHTA BO B3BELICHHOM BOJIOW COCTOSI-
HHH, KI/M’; Py — IIIOTHOCT BOJIBI, KI/M*; f — K0d(-
(UIMEHT BHYTPEHHETO TPEeHHS TPyHTa; d — pac-
YEeTHBIA JMaMETp YaCTHIl TPyHTa, M; i — riyOuHa

Hayka
urexHuka. T. 17, Ne 2 (2018)



Civil and Industrial Engineering

MOTOKa Ha TOBEPXHOCTH OTKOCA MPU OTKATE BOJI-
HBI, M; @ — KO3()(UIUEHT B3BEUIUBAIOIIETO BOJIHO-
Boro AaBieHus, a = 0,27 IS CIUIOIIHOTO Kperrie-
Hus [3] u a = 0,27(1 — ny) AN 3EPHUCTHIX Mate-
pHANIOB; #; — MOPUCTOCTh TPYHTA WM MaTepHua-
7a HaOpOCKH; /i, — BBICOTA PACUYCTHOUW BOJIHEI, M;
m — KO3 (QUITUESHT 3aJI0’KEHUS OTKOCA.

Kpurepuii II; MoxeT OBITh HCIOJNB30BAH IS
noJy4eHus: GopMyN JUIsl pacueTa YCTOHYHUBOCTH
KpCIICHUH OTKOCOB B BHJIC KAMEHHOH HAOPOCKH U
COOPHBIX KeJIe300eTOHHBIX TUIHT.

[lpunumas B kpurepuu (8) Aa81 KaMeHHON
HAaOpOoCKU pf = Py/Ps (Px — INIOTHOCTH KaMHS, Kr/m’)

W pemias 3TOT KpUTEpUHd OTHOCUTENHHO IrUameTpa
KaMHA D, M, B YCIIOBHUSX IPENEIHHOTO paBHOBE-
cus (I1; = 1), momyunm (c yderom ko3ddummenra
3anaca K,)

X h+0.27(1=n,)h, fN1+m’
’ (pK/pB)(mf_l)

O

rae K, — xoddduumeHT 3amaca, yUUTHIBAOIIUN
HEPaBHOMEPHOCTb pacIpe/lelIeHnss KaMeHHON Ha-
Opocku 1o otkocy, K, = 1,20 mns kamMeHHOW Ha-
OpOCKM W3 HECOPTHPOBAaHHOTO MaTepuana, K=
= 1,00 — ayis KaMEHHOTO MOUICHHUS, /& — CpeIHss
IyOWHA BOJIBI HA TOBEPXHOCTH OTKOCA TPU OTKATE
BOJIHBI, MOJKET OBITh TipuHsTa & = 0,5Ah;; ny — opu-
CTOCTh MaTepuajna HaOpocku; f — KO3(PHUIMEHT
TpeHUs KaMCHHOW HaOpOCKH TIO CJIOK0 OOpaTHO-
ro ¢puiasTpa u3 medus (f = 0,9—1,0) wiu u3 rpa-
Bus (f = 0,8-0,9).

IIpy wucroNb30BaHUM B KAauyecTBE KpPCIUICHHS
JKEJIe300CTOHHBIX IUTUT BIUSHUEM BIICKYIIICH CHJIBI
MOTOKAa HA TIOBEPXHOCTH IUIMT MOXKHO TpeHeOpeUb,
T. €. IpUHATH /i = 0. YUHUTHIBas), 94TO JJISl CTLIOIIHO-
ro kperenus a = 0,27 (popmyna (8)), BeIpaxkeHne
JUTSL OTIPEJICIIEHUS] TONIIUHBI TUTUT O, OyJIeT UMETh
BUJI

s _ g 0271w’
T (/e (1)

(10)

rae K, — ko dunueHT 3amnaca, 1151 COOPHBIX IUIUT
K, = 1,10, nsg monomutHex K, = 1,00.

B Tabn. 2 mpuBeneHsl pe3yibTaThl CPaBHCHHS
pacueroB mo cymecTtByommM (2)~(7) u npenia-
raemeiM (9), (10) dopmynam mpu CIACAYIOIIUX
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JaHHBIX: h,=1M; A=10M; m=3;, B=2wm;
Px = Pu = 2650 xr/™’; ny = 0,38; f=0,9.

W3 Tabn. 2 BuAHO, YTO 3HAYCHHS OUAMETpa
KaMHS HaOpOCKH, IMOJTydYeHHBIE IO TpeJiaraeMon
¢dbopmyne (9), va 11,5 % Oomnbine 3Ha4eHUN pacde-
Ta 1o (4), npuBenenHoii B [7], u Ha 23 % MeHbIe
3HAYCHHH, MOdydaeMbIX 1o (2). TommuHa kameH-
Horo MouleHus 1o (9) coBnagaer co 3HaYEHUEM I10
3apucumoctd (3) II. A. Illankuna. IIpennaraemas
¢dopmyna (10) ns ompeneneHus: TOJNMIMHBI cOOp-
HBIX JKEJEe300€TOHHBIX IUIMT IOKa3aja YIOBJIET-
BoputenbHoe coBmanenue ¢ (7) B. C. llaiitana.
VYpasuenue (5) I1. A. lllanknHa u 3aBUCUMOCTS (6)
JUIsSL ONpeZIeTICHNs] TOJIIIMHBl MOHOJHTHBIX TUTUT
JUIsL KPETJICHUSI OTKOCOB TUIOTHH MAJIbIX BOJIOXPa-
HWINIL TIOKa3ajJd Pe3yJIbTaTbl, 3aHIKCHHbIE NpH-
MEPHO B TPH pasa.

Tabauya 2
PacueTHble mapamMeTphl KpenieHuii

Calculated parameters for bracings

Tun kperienus,

pacueTHbII
mapamerp,m | 2| G) | )| ) | (6) [ (D] (9)|(10)

3HaueHHe mapamerpa mno hopmyine

Kamennas nHabpo-
CKa, TMaMeTp KaM-

Hi D 0,32 0,23 0,26
Kamennoe more-
HUE, TOJIIIHMHA O, 0,22 0,22

COopHbIC KeTe30-
OCTOHHBIC TUINTHI,
TOJILIMHA O, 0,16 0,17
MoHOUTHBIC Ke-

J1e300€TOHHBIE

IUTMTHI, TOJIIIKHA O 0,055|0,048 0,16

OO0iteryeHHOE KpEIICHUE, pacIioyiaracMoe HH-
K€ OCHOBHOTO Ha riryomHe H > 2h;, OOBIYHO BHI-
MOJIHSIOT B BHUJIE HAOPOCKHU U3 IIeOHs, TPpaBUs WIIN
Menkoro kamHs. KpymHocTh Marepuana o0IeryeH-
HOTO KpCIUICHUS OIPENESNISIOT W3 YCJIOBHSA €ro
YCTOWYMBOCTH TOJ BO3JCHCTBUEM IPHIOHHBIX
CKOpPOCTEW VL, BO3HUKAIOIIMUX NpU BOJHEHHH [9].
lunpaBnuyeckoe maBneHue P, co3maBaeMoe Ha
AJIEMEHT HaOpPOCKU TPUIOHHOW CKOPOCTHIO TPH
BOJIHEHUH, MOIYYEHO B cheayromem suae [10]:

2
a,Fy. v
P :w’ (11)
2g
rae L; — TPHIOHHAS CKOPOCTh, MOXET OBITh

HaiaeHa o gopmyie [9, 11]
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(12)

C yd4eroM CHJI B3BEHIMBAHMS YACTHUI[ BOJOH
¥ BHYTPEHHETO TPEHHMs MaTepuaja HaOpOCKH,
a TaKX€ KOCOIIoAXOAAMEIr0 BETPOBOIO BOJIHCHUMA
1o yriaoMm O K ype3y BOABI CyMMapHasi CIBHIAlO-
orasa cujia Ncﬂ IMOJIy4CHa B BU/IC

N, =

2 4 2
0,25(ayFy,m) (h,n) cos’®

Pshz 4dnH

= |yiW sin’a +

(13)

Vnepxupatomas cuna Ny, onpesensercs Qop-
MyJIOH

N, = y,Wfcosocosb. (14)

IIpupaBHSB yIEpKUBAIOLIYI0O U CIBHIAIOIIYIO
CHJIBl U IOJAEIMB UX 3HAYECHUS Ha NPOU3BEICHHE
Fsinocosd, momyuum ypaBHEHHE MPEAETBHOTO
paBHOBECHS

v2d? . 0,25(aoysn)2 (th)4 (1 + mz)

dfim = . (15
N cos’0 2 2h2 AH (13)
O06o03HaYNM:
Vid _e .
coso S
0,5a,y,m(hn) N1+m? :
=S (16)
kshémkH

Torma kputepuil ycroituuBoctu otkoca I, B
30HE YCTpPOMCTBa OOJErYeHHOro KperuieHus (OT
H=2h, 1o nogomBel 0TKOCA) MOIYYUM B CIEAY-
IOLIEM BUJIE:

H — Yldfm

: (17)
V& &
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[IpuHMMas B yCIOBHAX MPEAENbHOTO PaBHOBE-
cus I, =1, maxommm mmamerp D wMarepuana
HaOPOCKH B 30HE 00JIETYEHHOTO KPETUICHHS

&g

18
Y, Sm (%)

B dopmynax (11)—(18) mpuHATH ClEXyIOIIHE
0003HAYCHUS: ¥, V| — YACIBHBIA BEC BOJBI U TPYH-
Ta BO B3BCNICHHOM BOJOH cocTosHum, H/M’;
W, F — o0beM aJieMeHTa TpyHTa W IUIOMIANb €0
MPOEKIIMM Ha IJIOCKOCTh JIEUCTBUA paBHONEH-
cTByMoIIEeH casuraroieii cuisl, W/F = d (d — nua-
METp 4YacTUIbl TPYHTa, M); dy — KO3(QQHUIMEHT
MIPUIOHHON CKOPOCTH, IO DSKCIEPUMEHTAIHHBIM
naHHeIM, TpuaIMactcs 2,27 [12]; A, A — BbICOTa
u JumHa BOMHBL 50%-ii o0ecre4eHHOCTH MpH
IITOPME C PAcUYETHOW CKOpPOCTBIO BETpa, M; 1 —
KOd(DPUITMEHT, 3aBUCAIIANA OT KPYTHU3HBI BOJ-
HBI A/hy, [11] (Tabm. 3); o, m — yron HaKJIOHa U KO-
3¢ HUIUESHT 3aTI0)KEHUS OTKOCA.

Tabauya 3
Ahy, 8 10 15 20
n 0,60 0,70 0,75 0,80

BBIBO/I

Jns pacuera mapaMeTpoB KpEIJIEHUH OTKOCOB
3eMIISIHBIX TUIOTHUH B YCIIOBUAX BOJHOBOTO BO3JEH-
CTBUS Ha OCHOBE TEOPUH MPEIETLHOTO PABHOBECHS
pa3paboTaHbl HOBBIE (DOPMYIIBI TIO OIPEEICHUIO
TuaMeTpa KaMHs HAOPOCKH ¥ TOJIIUHBI KeJre300e-
TOHHBIX IUIMT, TPUTOAHBIE JUIS BOJOXPAHMIIHII
Pa3IMYHBIX Pa3MEpoB, B TOM YHCIIE MaJbIX BOJIO-
xpanununy benapycu. ®@opmysibl YYHUTHIBaIOT OC-
HOBHBIE HAarpy3KH, CO37/aBaeéMbI€ BOJHOBBIM IOTO-
KOM, B ()M3UKO-MEXaHUYECKHUE CBOWCTBA MaTepHa-
na kperuieHuss. OHU MOTYT OBITh PEKOMEH/IOBAHBI
K IPAaKTUYECKOMY MPUMEHEHUIO B MPOEKTHBIX Op-
FaHU3ALUSIX.
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Pedepat. Ha nobepexnse [lansHero Bocroka Poccun xmmar HOCHUT MyCCOHHBIN XapakTep, KOTOPbIA Hauboiiee pKoO BbIpa-
JKEH Ha I0Te, a K CEBEPO-BOCTOKY IOCTENEHHO ocnabeBaeT. Ce30HHAs CMEHA OKEaHWIECKOTO M KOHTHHEHTAIbHOTO BIHMSHHS
OTpa)kaeTCsl Ha XapakTepe KIMMaTa: JIETO YMEPEHHO TeIUloe M JOXUIHBOE, 3UMa XOJOAHas U ManocHexHas. C pa3BUTHEM
CeBepHOr0 MOPCKOTO IMyTH M HapaliuBaHHeM He(dTenoObrun Ha mieibde ceroiHs mpodiemMa OmpeaeieHus I0JTOBEYHOCTH
HWHKEHEPHBIX THIPOTEXHUYECKUX U IOPTOBBIX COOPYXKEHMI sBIsIETCS KpaiiHe akTyaiabHOH. CorylacHO Oo(HIMaIbHON CcTaTH-
CTHKe, OOJIbIIIE TIOJIOBUHEI HOPTOBBIX COOPY>KEHUH HAXOMATCS B HEYIOBIETBOPUTEIFHOM COCTOSIHUH M HY)KIAIOTCSL B PEMOHTE
WM PEKOHCTPYKIMH, B CBOIO OYepelh 9TO TpeOyeT 3HAUUTENBHBIX KaIlUTAIOBIOKeHUH. ONBIT KCILTyaTally II0Ka3aji, 9To
CpEeIHHI CPOK CITy>KOBI OOJBIIMHCTBA THAPOTEXHUUECKAX COOpYKeHui coctaBisieT 30—40 yiet, Torma Kak HOpMaTHBHBIN CPOK
CITyKO0BI HoJDKeH cocTaBisiTh MUHEMYM 50—-100 ner. Ceroxnst okoio 90 % >kene300eTOHHBIX IOPTOBBIX COOPY>KEHUH HUMEIOT
nedexTsl 6eToHa M apMaTyphl, KOTOPBIE CHIDKAIOT JOJITOBEYHOCTh W HECYIIYI0 CIIOCOOHOCTB. B mporecce skcIuryaTanun 3tu
COOPYXKEHUS, KaK IIPABUIIO, IIOJ(BEPratOTCsl KOMIUIEKCY TSKEIIBIX arpEeCCUBHBIX BO3/EICTBUI, IOITOMY Ha CTaJluH IPOCKTUPO-
BaHUS Ba)KHO IIPEIYCMOTPETh LENbIH psi pakToOpoB, KOTOPEIE MOTYT HOBJIUATH HAa (PAaKTHYECKHH CPOK CIY>KOBI MX JKeJIe30-
06eToHHBIX 31eMeHTOB. CyIIEeCTBYIONINE METOIUKH MPOEKTUPOBAHHSA HE B MOJTHOM O0BEME OTPAXKAIOT PEaNbHBIC YCIOBHS
9KCIUTyaTalliH THAPOTEXHUIECKUX COOPYKEHUH. DTO OCOOEHHO SIPKO MpOSIBISIETCS B paifoHaX, I7ie OJHOBPEMEHHOE BO3/CH-
CTBHE TaKWX (PAKTOPOB, KaK HU3KHE TEMIIEPaTyphl BO3AyXa M OOIBIIOE YHCIO SICHBIX AHEH B 3UMHEE BPeMsI NPH CHIBHOMH
COJTHEYHOW pajMalliy, MIPUBOANUT K PE3KOMY M3MEHEHHIO PEaNbHBIX YCIOBHI IKCIUTyaTalliy MO CPABHEHHUIO C PACUETHBIMH.
BeroHpl MHOTHX COOpYXKE€HHH M KOHCTPYKLHMI HCIBITHIBAIOT OOJIBIIEE YMCIIO arpeCcCHBHBIX BO3ACHCTBHUIL, YeM 3TO Mpeny-
CMaTPHBAETCSl HOPMaMH MIPOEKTUPOBaHHs. [109TOMy U3 BBINIECKA3aHHOTO CIIEAYET, 9TO MpobieMa IMPOorHo3a pecypca Keae3o-
OETOHHBIX PJIEMEHTOB KaK Ha 3Tale MPOeKTHPOBAHMSA, TaK M B NpOIEcce IKCIUTyaTalllH Bcerjaa ObUla HaMMeHee M3y4eHHOU
B TEOPHHU COOPY)XEHHI M Hanbosee BECOMOH B COLMAIbHO-YKOHOMHUYECKOM IUIaHe. B craThe paccMaTpuBaeTcs MOJENb BO3-
JeicTBUs oKpysKaromeil cpensl rora JlansHero BocToka, cBs3aHHas MPEeUMYIECTBEHHO C BO3JCHCTBHEM Ha I'MIPOTEXHUYE-
CKHE 7KeJ1e300€TOHHBIE COOPYKEHHUS YTIIEKUCIIOTO Ta3a B OKpYKaIOLIeH cpelie U ociIeyollel koppo3ueil 6eToHa 1 apMaTypbl.
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Abstract. The climate on the coast of the Russian Far East is monsoonal which is strongly pronounced in the south, and it is
gradually weakening to the northeast. Seasonal change of oceanic and continental influence affects the nature of the climate:
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summer is moderately warm and rainy and winter is cold and with little snow. Determination of longevity for engineering
hydro-technical and port facilities is considered presently as an extremely urgent problem due to development of the Northern
Sea Route and an increase in oil production on the shelf. According to official statistics more than half of the port facilities are
in unsatisfactory condition and require repair or reconstruction and, in its turn, it requires considerable capital investment.
Operational experience has shown that the average service life of most hydraulic engineering structures is 30—40 years,
whereas the normative service life should be at least 50-100 years. Today about 90 % of reinforced concrete port facilities
have defects in concrete and reinforcement which reduce durability and bearing capacity. In the course of operation these
structures are usually exposed to a complex of severe aggressive actions, therefore it is important at the design stage to pro-
vide for a number of factors that may affect the actual life of their reinforced concrete elements. The existing design tech-
niques do not fully reflect the actual operating conditions of hydraulic engineering structures. This is particularly evident in
the areas where simultaneous impact of such factors as low air temperatures and a large number of clear days in winter with
strong solar radiation leads to a drastic change in the actual operating conditions compared to the calculated ones. Concretes
of many facilities and structures are affected by a great number of aggressive impacts than it is provided for by design stand-
ards. Therefore, from the above, it follows that the problem of forecasting the resource of reinforced concrete elements, both
at the design stage and in the process of exploitation, has always been the least studied in the theory of structures and the most
significant in the socioeconomic sense. The paper considers a model of the environmental impact of the south of the Far East,
which is mainly associated with the action of carbon dioxide on hydraulic engineering reinforced concrete structures in the
environment and subsequent corrosion of concrete and reinforcement.

Keywords: concrete, reinforcement, chlorides, corrosion

For citation: Shalyi E. E., Kim L. V., Leonovich S. N., Stepanova A. V. (2018) Probabilistic Analysis of Depth and Carbona-
tion Front Development in Concrete of Marine Structures. Science and Technique. 17 (2), 106-113. DOIL: 10.21122/

2227-1031-2018-17-2-106-113 (in Russian)

0O0630p ucciaenoBanui

Hauano u3ydeHust mporeccoB ra3oBoil KOppo-
3un OETOHAa M JKene300eToHa TMoJoXkeHOo B [1-4],
OJTHAKO MpoOJieMa 10 CHX MOpP OCTAETCS aKTyallb-
HO#. IIpoHMKHOBEHHE Ta30B B JKEIC300€TOHHBIC
KOHCTPYKILMH CTUMYJIUPYET KOPPO3UIO apMaTyphl.
'my6uHa NPOHMKHOBEHHS YIJIEKUCIOTO Tasa H
YCIIOBUSL €r0 KOHTAaKTa C apMaTypoil XapakTepu-
3YIOT JIOJTOBEYHOCTh OeToHa. ['maBHBIE (haKTOpHI,
BJIMAIONINE Ha MPOTEKaHWE Ta30BOM KOPPO3UH B
KeNe300€TOHHBIX ~ KOHCTPYKIHUAX, CIEAYIOIINE:
OTCYTCTBHE Ha IIOBEPXHOCTH apMaTyphbl IUIEHKHU
BOJIbl, MUHUMAJIbHOC COACPKAaHUC BJIarv, BbICOKAsd
TemIeparypa, He0JHOPOJAHOCTh XUMHUYECKOTO CO-
CTaBa apMaTyphl.

HeiictBrie Ha Kene300€TOH Ta30BBIX CpEJ
ompenesseTcss BUJOM M KOHLCHTPALUeH KHUCIOTHI,
KOHJICHCUPYIOIIEHCS] Ha MOBEPXHOCTH M B IOpax
3aLIUTHOTO cJ0s1 OeTOHA. ArpecCHBHOE BO3IEHCT-
BH€ pacHpOCTpaHeHHbIX KUCIbIX razoB CO, cocro-
UT B HEHTpaIM3aluy MOBEPXHOCTHOTO CJI0si OeToHa
1 00pa3oBaHMM B HEM COEJUHEHUH, BIMSIOMIMX Ha
€ro CBOMCTBa. YTJIEKHCIBINA Ta3 B OETOHE COeIUHS-
eTcsi C pacTBOPEHHBIM T'HAPOKCHIOM KalbIHd,
HEWTpanu3ysl ero u oOycJIOBIMBas MOTEPIO 3alLUT-
HBIX CBOMCTB MOBEPXHOCTHOTO ciiosi. JlJist perenust
BEPOATHOCTHOM 3a/1a4Hl 32 OCHOBY MOJIENIN KapOOHU-
3anmu npuHATa Moenb Dura Crete [5—7], koTopas
OIMCBHIBAET OCPEAHEHHBIC JaHHBIE M TEHICHIMH HX
N3MCHCHUA C TCHCHHUECM BPEMCHU.
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Onucanue pacuyeTHOI MoaeH

Mopnens Dura Crete B3sira B [8]. OHa ynoOHa
JUTSL IPAKTHYECKOTO TIPUMEHEHHS WHXXKEHEpaMu U
JIACT XOPOIIYI0 CXOAMMOCTh C UCHBITAHUSIMH Ha
KOPPO3WOHHYIO CTOHWKOCTh. Momens KapOoHM3a-
1M, yTouHeHHas B [1, 2, 9], ocHOBaHa Ha MEPBOM
3akoHe nuddy3nn duka [3, 4, 10] u paccmarpuBa-
eT BIUSHUE (PAKTOPOB OKPYKAOIIEH CpeIbl

Xe = \/ZkRch (ktR;é?C,O TE, )Cs X

(PSRTOW )bw

¢ 2
XJtg - < ) (D

tSL

riae x. — riiyouHa kapOoHuzauu, M; k. — k03ddu-
IUEHT TBepJcHUs (YXOa 3a OCTOHOM, T. €. COXpa-
HEHUE NPH TBEPACHUU OETOHA €ro BIJIAXKHOCTHOTO
COCTOSIHHSI, KOTOPOE MCKIIFOUAET PaHHEE BBICYIIIU-
BaHUE, TIOBHIIIACT CTEIICHb THAPATAlUU, a TIPOHH-
1IaeMOCTh OSTOHA JUIS Ta30B C YBEIMYCHHUEM JIJIH-
TENBHOCTH YXOJa CHWXKAETCA); € — MOTPEIIHOCTS,
0O0YCIIOBJICHHAs UCIOJIb30BAHHEM YCKOPEHHOTO

MeToNa KapOOHM3AIMHI, MM ; RZICCO — obpaTHoE

3¢ (HEeKTUBHOEC CONMPOTUBJICHHE KapOOHU3alluHd B
OeToHe, ONpECICHHOEe B YCIOBHSAX YCKOPEHHOM
kapbormarmu (ACC), m*/(c-kr CO,); ts, — Bpems
9KCIUTyaTallMd KOHCTPYKIIMU MJIA PACUETHBIH CPOK
CITYXOBI, TOJI.
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Takum 00pa3oM, HA OCHOBAHUH TEPBOTO 3aKO-
Ha @uxka [3, 4, 10] u3 (1) moy4eHo ypaBHCHHE

glax(r,))=a=x(1,)=

= a2k, (K Rybco +5,)C, -l W (1,), @)

riae x.(t,) — rayouHa xapOOHM3alUH 3a BPEMS 1),
MM; C; — koHneHTpauus CO, B OKpY>KaroIeM BO3-
nyxe, Kr/m’; W(t,) — yHKIMSA, yYUTBIBAIOIIAS BIIK-
SIHAE KITMMATHYECKUX MapaMeTpPOB.

[Ipenmonaraercs, uro kod3ddumueHt auddy-
3MU JUIsl YTJIEKHUCIIOTO Ta3a 4yepe3 MaTrepHa sBIis-
eTcs KOHCTaHTOW Marepuana. OmHako B 0O0IIEM
cinyuyae koadduiuent audpdysuun CO, B OeToHE
B TEUCHHWE BPEMEHH HKCIUTyaTalldd MOXKET 3aBH-
CeTh OT OOJIBLIOro KoJnuecTBa (GakTopoB. Y paBHe-
HHE (2) JIKUT B OCHOBE TOJIHOTO BEPOSTHOCTHOTO
pacueTHOro Merona A KOPPO3uH KapOOHU3alHMU
B OeToHe 0e3 TpeminH, B KOTOPOM TOJIIMHA 3a-
IITUTHOTO CJI0sI OETOHA CPaBHUBACTCS C TIIyOHHOM
KapOOHM3alHH X.(f,) 32 ONIPENICIIEHHOE BPEMS f,.

PazButne kapOoHM3ANMK B 3HAYMTEIHHOMN CTe-
NIEHH 3aBHCUT OT NEPUOAUYHOCTH U JUIUTEIEHOCTH
Nepuoa0B yBIakHeHHs (Tabm. 1, 2)

w=a, T, )

roe a, — mapamerp perpeccun (m = 0,50); b, —
rapaMeTp perpeccry Mpu HOPMAJILHOM pacrpese-
nennu (m = 0,446; s = 0,163).

BeposTHOCTD yBIa)KHEHHSI TIOBEPXHOCTH JOXK-
JIEM OIpeesieM Mo ypaBHeHuto [11]

d(w N
Do =% @)

rae Y. d(w;Nr) — KonmuecTBo 1HeH B TedeHHe
OJIHOTO TOJIa C BETPOM B HANPABICHUU i BO BPEMsI
JokAsS (TpY BBITIAJICHUU OCATKOB A >2.5 MM);
>d (r) — TO 7K€ B TE€UEHHE OJHOT'O I0JIa C JOKJIEM.

Bepudukanus mogenn kapooHU3auu

[IpuHsTHIE B pacyeTax BEpOSTHOCTHBIC MOJIEIN
0a3MCHBIX TEPEMEHHBIX, BXOAANMX B (QYHKIUH
coctostHMs (2), TipencTaBieHsl B Ta0m. 3. Ilpuns-
TOE YCIIOBHE: KeJIe300€TOHHAS KOHCTPYKIIUS DKC-
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IJTyaTUpPYyeTCcsl B pa3lMyHbIX pailoHax JlanbHero
Bocrtoka u BbImonHEeHa W3 O0€TOHa Ha MOPTIIAHA-
meMente ¢ pacxomzoM 450 kr/m® mpu B/L[=0,37.
Pacuernbie paiionsl JJansHero Boctoka moka3aHbl
Ha puc. 1, a IIyOMHBI KapOOHU3AIUH X, U PACIIPO-
cTpaHeHue (POHTOB KapOOHU3AIHUU L, TIO TIPHHSI-
TOW MaTEMaTUYECKON MOJENH ISl 3TUX PalOHOB
TIPEACTABICHBI B Ta0I. 4—12.

Tabauya 1
CraTucTuyeckue napaMeTpsl CpeiHeroa0Boi
OTHOCUTEJILHOI Bia:xkHoctu RH,,,
s lansHero Boctoka

Statistical parameters of average annual
relative humidity RH,,, for Far East

3HaycHUE
OTHOCHTEIIBHOM BIaXXHOCTH, %
Haspanue mecTHOCTH
Cpen- | Munu- Maxkcu-
Hee | [MaJlbHOE @, MaJIbHOE b,
CeBepo-BOCTOUYHASI YACTh 34 77 100
0. Caxanuu
Bocrounas gacts 0. Caxa- 79 75 100
JIAH
IOro-BocTouHas yacTh 31 74 100
0. Caxanmua
Banuno 81 75 100
Ioc. de-Kactpu 80 77 100
Huxonaesck-Ha-Amype 83 74 100
BnagusocTtok 84 61 100
IToc. CnaBsinka 73 64 100
Haxonaka 83 72 100
Tabauya 2

CpeaHee KOJUYECTBO IHEH € I0K/IeM U BJIAXKHOE BpeMsi

Average number of rainy days and humid period

KomgectBo nueit
Brnaxuoe

HasBanue mectHocTH| ¢ ocankamu 3a 2013 r., spers T

hng = 2,5 Mm/To P ow
CeBepo-BOCTOUHAS
gacTh 0. Caxanua 167 0,464
Boctounas gactp
0. Caxanux 147 0,408
IOro-BocTounas
gacTh 0. Caxanua 99 0,275
Banuno 153 0,452
[oc. de-Kactpu 95 0,264
Huxonaesck-Ha-
Amype 137 0,381
BiagusocTok 166 0,461
IToc. CnaBsinka 130 0,361
Haxonaka 103 0,286
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Tabauya 3

BepositHOCTHBIE MOe/IH GA3MCHBIX MePeMEeHHBIX, XapAKTePU3YIOIINX CBOHCTBA MATEPHAJIOB,
YCJIOBHS IKCILTYaTalMH KOHCTPYKIHUH, IPUMeHsieMble /IS BePOsITHOCTHOIO pacyeTa rJyOMHbI M CKOPOCTH KapOOHU3 a1
7Kej1e300eTOHHOT 0 3JIeMeHTa

Probabilistic models of base variables characterizing material properties,
operational conditions of structures which are applied for probability calculation of depth and rate
of reinforced element carbonization

Cpennee 3HaueHue (L), CTAHAAPTHOE OTKIOHEHUE (G),
Hapa- Eannnma Tum . HI/I)IIgIﬂH U BEPXHss aOCOIOTHBIE TpaHULbI (a, b)
merp | MBMEPe- | paciipene- BCPO" | Bocrou- ro- . |Hmkoma-| p ol - | Haxon-
Hust Tenus BOCTOUHAA | o © 1y | BOCTOUHAS | g e eBcK-Ha- | B TIaBsIH axoJI
4acThb Caxanmuu|  dacTP Kactpu Anvpe | BOCTOK Ka Ka
0. Caxamun |° 0. Caxanun P
bera p=284 =79 u=81 | u=81| u=80 | p=83 | p=84 | u=73 | p=83
RH,,(k,) % (¢ BepxuuM c=4,6 c=39 c=52 |o=6,1|06=35|06=57 |c6=12,58|c6=6,18 |c=10,69
realife MHIDKHUM | g =77 | ¢,=75 | a,=74 |a,=75|a,=77 |a,=74| a,=61 | a,=64 | a,=72
TpesieniamH) b,=100 | b.,=100 | b,=100 [b.=100|b,=100 |b,=100| b.=100 | b.=100 | b,=100
RH, (k) % det 65/(-)
2. - det 2,5
)2 - det 5,0
t. JTHA det 1
b, - N pu=-0,567/c=0,024
k; — LN p=125/0=035
R_l (MMZ/F(;I[)/
ACC,0 | (kr/m) LN p=1552
c (Mm /r03/:[)/
! (xkr/M) LN pn=315,5/c=48
C, KT/M LN u=815-10"/c=1-10"
b, LN u=0,446/c=0,163
Tow - det 0,464 0,408 0,275 0,452 0,264 0,381 0,461 0,361 0,286
Psr(W) - det 0,240 0,359 0,239 0,248 0,190 0,300 0,367 0,338 0,267
to(W) TOJIBI det 0,0767 (paBHo 28 nHeit)
a MM det 50
Aa MM N p=+5/c=5
t, OB det 1-100

© - BnanuBoctok © - Banuno @ - CCBEPO-BOCTOYHAS 9acTh 0. CaxalmH
® — CrnaBsiHKa © — Jle-Kactpu @ — BocTOYHast 9acThb 0. CaxanuH
© — Haxonka © — HukomnaeBck-Ha-Amype @ — 10r0-BOCTOYHAsA 4acTh 0. CaxaluH

Puc. 1. Pacuernsie paitons! Jlansuero Boctoka
Fig. 1. Calculation regions of Far East
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Tabauya 4
I'ny6una kapGoHM3anuu X, ¥ pacnpocTpaHeHne (pponTa
KapOOHM3aLMH Ly 10 NPHHATOH MaTeMATHYECKOH MO e/IU
JJI51 ceBepo-BOCTOYHOI YacTH 0. CaxajiuH

Carbonation depth x, and carbonation front

development v, according to accepted mathematical model
for North-Eastern part, Sakhalin Island

Tabauya 8
T'nyOuna kapOoHu3anmu x, 4 pacnpocrpaHenue ¢gponra
KapOOHM3aLMH Ly 110 NIPHHATOH MaTEeMATHYECKOH MO eIH
i noc. le-Kactpu

Carbonation depth x,. and carbonation front development
v, according to accepted mathematical model

C for township De-Kastri
POK dKCILTyaTa-
X¢y MM Ly, MM/TOJT
IIUH, TOJBI
Cpok sKcIIIyaTa- /
10 10,54 1,0540000 . Xy MM Uy, MM/TOJ,
25 16,67 0,6668000
30 18,26 0,6086667 10 18,51 1,8510000
100 33,33 0,3333000
30 32,05 1,0683333
Tabnuya 5
I'ay6uHa KapOOHU3ALMH X, M pacnpocTpanenue GpponTa 50 41,38 0,3276000
KapOOHM3alUH L, 10 NPUHATON MaTeMaTHYeCKoii Moaen
AJ1s1 BOCTOYHOH yacTh 0. CaxajauH 100 58,52 0,5852000
Carbonation depth x. and carbonation front
development v, according to accepted mathematical model
for Eastern part, Sakhalin Island Tabruya 9

Cpok dKcITyaTa-
R Xz MM Ly, MM/TOJT
10 12,970 1,2970000
25 20,500 0,8200000
30 22,460 0,7486667
50 28,996 0,5799200
100 41,010 0,4101000
Tabauya 6

I'ny0una xapOoHu3anmu x, ¥ pacnpocrpaHenne ¢pponrta
KapOOHM3alUH L, 10 NPUHATON MaTeMaTHYeCKoii Moaean
JlJIl I0r0-BOCTOYHOI1 yacTu 0. CaxaimH

Carbonation depth x, and carbonation front

development v, according to accepted mathematical model
for South-Eastern part, Sakhalin Island

CpoK 3KcILTyarta-
1, rostb1 Xz MM Uy, MM/TOJL
10 11,88 1,1880
25 18,78 0,7512
30 20,58 0,6860
50 26,56 0,5312
100 37,57 0,3757
Tabnuya 7

I'ny0una kapOoHu3anmu x, ¥ pacnpocrpaHenne ¢pponrta
KapOOHM3alHUH L, 10 NPUHATON MaTeMaTHYeCKoii Moaean
nJia r. Banuno

Carbonation depth x. and carbonation front
development v, according to accepted mathematical model
for town Vanino

I'my6nHa KapOoHU3aLMK X, U pacnpocTpaHeHue (PPoHTa
KapOOHHU3AaIMH U, 10 NPHHATONH MaTeMaTHYeCKOH MoeJn
s r. Hukonaescka-Ha-Amype

Carbonation depth x. and carbonation front
development v, according to accepted mathematical model
for town Nikolayevsk-on-Amur

CpoK 3KcILTyarta-
X¢y MM Uy, MM/TOJL
LIMH, TOABI

10 28,5000 2,850000
25 45,0544 1,802176
30 49,3500 1,645000
50 63,7200 1,274400
100 90,1100 0,901100

110

Cpok 3KcITyara- X MM Uy, MM/TO]
UU, TObI
10 23,780 2,37800
25 37,597 1,50388
30 41,190 1,37300
50 53,170 1,06340
100 75,190 0,75190
Tabnuya 10

I'ny0una kapOoOHM3aLMM X, M pacnpocTpaHenue (ppoHTa
KapOOHM3ALMH V. 110 NPHHATOH MaTeMaTHYeCKOWH Mo/eu
st r. BmaguBocToka

Carbonation depth x. and carbonation front
development v, according to accepted mathematical model
for town Vladivostok

Cpok dKCITyaTa-
Xz MM Ly, MM/TOJT
I[UH, TOBI
10 20,76 2,076000000
25 32,83 1,313200000
30 35,96 1,198666667
50 46,42 0,928400000
100 65,65 0,656500000
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Tabauya 11
I'ny6una kap6oHM3anuu X, ¥ pacnpocTpaHeHne (pponTa
KapOOHM3alMH L, 110 NIPUHATOI MaTeMATHYeCKOH MoJean
75 noc. CnapsiHka

Carbonation depth x, and carbonation front
development v, according to accepted mathematical
model for township Slavyanka

Cpok sKcIIIyaTa-
X¢y MM L, MM/TOJT
LIUH, TOABI
10 26,37 2,637000000
25 41,69 1,667600000
30 45,67 1,522333333
50 58,96 1,179200000
100 83,38 0,833800000

Tabauya 12
I'ny0una kapOoHu3anmm x, ¥ pacnpocrpaHenne ¢pponrta
KapOOHM3aLMH Ly, 110 NIPHHATOH MaTEeMATHYECKOH MO e/IU
g r. Haxonxu

Carbonation depth x. and carbonation front
development v, according to accepted mathematical model

JKCcIepUMeHTAIbHbIE HCCIe0BAHNS
KapOOHM3aIMH HA MOPTOBBIX COOPYAKEHUSIX
o. Caxasimn. IIpoBepka afekBaTHOCTH
MOJeJIH KapOOHU3aluu

Jlnist yTOYHEHUs Pe3yJIbTaTOB BEPOSITHOCTHOTO
MozeupoBaHus (puc. 2, 3) IPOHUKHOBEHHS yTIIe-
KHCJIOTO Ta3a B OCTOH TUAPOTEXHUYECKUX COOPY-
’KEHUI OTIEJBHO BBIMOIHEHO 00CIeI0BaHHE TPH-
YaJbHBIX COOpY)KeHHUil ocTpoBa CaXalluH M Omnpe-
neneHne KapOoHW3auMuW OeToHa MOCPEICTBOM
¢denondranenHoBoii mpoOsI (puc. 4).

[IpoOb1 moka3any, YTO Ha THIPOTEXHUYECKHE
COOpPYXXEHHSI CO CTOPOHBI MOpSl KapOOHW3AIHS
OKa3bIBAaeT HE3HAYMTENbHOE Bo3leiicTBue. OmHAKO
CO CTOPOHBI TEPPUTOPHH MOPTOB, & TAKKE B 30HE
MEPEMEHHOT0 ypPOBHSI Ha0JI0aeTcsl MPOHUKHOBE-
HUE YIIIEKUCIIOro ra3a Ha BCIO MTyOWHY 3aIlUTHOTO
ciost 6erona (puc. 4).

H3mepeHue  MPOYHOCTHBIX  XapaKTEPUCTHK
NPUYAIEHOTO COOPY)KEHHSI BBINOIHIM C TIOMO-
b0  ynbTpa3BykoBoro npubopa «llymbcap 2.1»

for town Nakhodka u ckinepomerpa Original-Schmidt. Pe3ynbraTsn uc-
CpoK JKcILTyaTa- CJICIOBaHMI IPUBEICHBI B Ta0. 13.
Xz MM Uy, MM/TOJT
L{MH, TOJbI [To pesynbraram Tabu. 13 MOXHO clenaTh BbI-
10 17,2 1,720000000 BOJI, YTO HAWOOJIBIIUE TOTEPH MPOYHOCTU IIPO-
25 272 1,088000000 W30LUIM B OETOHE 30HBI MEPEMCHHOI'O YpPOBHHA
25 272 1.088000000 HaJCTpoMKU. [loTepss MPOYHOCTH CIlydnsIach U3-3a
OTCJIOCHMS THAPOM3OISAIMNN C MOCISAYIOMEeH Kop-
30 298 0,993333333 © AP I JIYIOTICH KOp
po3meit 6eToHa B pe3yibTaTe BO3IEHCTBHUS Ha CO-
50 38,47 0,769400000
OpYKE€HHE YIIIEKHCIOro ra3a Bo31yxa, XJIOPHUIOB U
100 4.4 0,544000000 Cynb(haTOB MOPCKOM BOJIBI.
100
X, MM
80
Xabaposckuin ———CeBepo-BOCTOK 0. CaxanunH
" Kpan =——=BOCTOK 0. CaxanuH
60 == [O[0-BOCTOK 0. CaxanuH
50 BaHuHo
40 = le-Kactpu
HukonaescKk-Ha-Amype
30
\ BnagusocTtok
20
\ CnagsHKa
10 0. CaxanuH Haxoaxa
0 20 40 60 100 120 ¢, roapl

Puc. 2. Poct riryOuHBI KapOOHH3AIMHU C TEUSHUEM BPEMEHH JUTS pa3iuyHbIX pailoHoB [anpHero Bocroka

Fig. 2. Carbonation depth growth due to time period for various regions of Far East
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3,0
Ly, MM/rog \
2,5\
Xabaposckuii
NDEh ———(CeBepo-BOCTOK 0. CaxanuH
N\ S = BOCTOK 0. CaxanvH
2,0 MPUMOPCKUI Kpaw
=== 0[0-BOCTOK 0. CaxanunH

15—~ BaHuHO
Oe-Kactpu

1,0 Hukonaesck-Ha-Amype
BnagusocTok

0,5 ChnaesiHKa

0. CaxanuH Haxoaka
0 20 40 60 100 120 t, rogbl

Puc. 3. I3mMeHeHre CKOPOCTH TiepeMeleH s (POHTa KapOOHU3ALNY C TEUCHHEM BPEMEHH
Ul pa3Iu4HbIX pailoHoB JlanpHero Bocroka

Fig. 3. Changes in displacement rate of carbonation front due to time period for various regions of Far East

Tabauya 13

Pe3ysibTaThl HCNBITAHUI 3aLIUTHOIO CJI05 0€TOHA METOAAMHU HePa3pyLIAKLIero Bo3aelicTBUs

Test results for concrete protective layer while using method without destructiveness

Mecro n3mepenus
CH10C0G  XapAKTEPHCTHKA H3MEPCHUS XoJIMCKHI MOPCKOH TOProOBBIHA IOPT KopcakoBckuili MOpCKO TOProBblil IOPT
JInuesas npuyanbhas | JKenesoberoHHas Jlunesas Kenezoberonnas
CTEHKa HAJICTpOHKa NIpUYAIBHAS CTEHKA HaJICTpOHKa
Cknepomertp (R,,, MIIa) 40,0 33,7 36,2 32,6
ITynecap 2.1 (R,,, MIla) 40,4 41,9 41,7 30,8
O6m1as oueHka nmpouHocTH (R,,, MIla) 40,2 37,8 38,95 31,7
CooTBeTcTBHE Ki1accy OeToHa B30 B30 B30 B25
Knacc 6etona mo npoexTy B30 B30 B30 B30

Puc. 4. DenondranenHosas npoda

Fig. 4. Phenolphthalein sample

BbIBO/JbIL

1. Ha ocHOBe mpelIoKEHHBIX BEPOSTHOCTHBIX
MoOJIeJIeH M TIPH MCIOJIH30BAHUH MONYYCHHBIX MO-

112

neneil 0a3sMCHBIX NMEPEeMEHHBIX BBIOJIHEHBI MOjie-
JUpOBaHUE TIyOWHBI M CKOPOCTU KapOOHHU3aLMU
0eToHa, a TakXKe aHAIN3 KOHLIEHTPALMH XJIOPHIOB
Ha HEKOTOpOW TIyOMHE 3allUTHOro ciiog OeToHa
Iu1st yenoBuit o. CaxanuHa.

2. Paznuunsa mo xapOoHU3aLMU AT BEPOSIT-
HOCTHOTO TIOJXOJa IPU HATypHOM OIIPEAEICHHN
TITyOMHBI TPOHUKHOBEHHS YTIIEKUCIIOTO Ta3a B Oe-
TOH 3aIIUTHOTO CJIOSI M HATYpPHBIX HCCIIEIOBAHMAX
Ha nepuon 30 ner coctaBistoT A0 7 %. IToatomy
B JaJIbHEHIEM, ONepHUpYsl 3HAUCHUSIMU, HOTy4eH-
HBIMH B XOJI€ BEPOSTHOCTHOTO MOJEIHPOBAHUS,
MOHO JJOCTaTOYHO TOYHO PACCUUTATh CPOK CIIyXK-
Obl OeToHa MENb(POBBIX KOHCTPYKIHUHA B JAHHOM
paiioHe W HaJEeKHO ONpPElNeNUTh BO3MOXKHOCTH
OKCIUTyaTallud KOHCTPYKIMH 0e3 crenuaabHOU
(BTOpUYHOI) 3aILUTHI.
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HekoTopbie 0cO0eHHOCTH pecypcochepeskeHNsl B CTPOUTEIbCTBE

) )

JlokT. TexH. Hayk, npo¢. C. H. Ocunos", acm. A. B. 3axapemcol), 1. A. To3nusikoB’

ro «MucTuryt xunuima — HUTITUC umenn Ataesa C. C.» (Munck, Peciyonuka benapycs)

© benopycckuii HallMOHANIBHBIN TEXHUYECKUH yHUBepcuteT, 2018
Belarusian National Technical University, 2018

Pedepat. s Pecniyonuku benapych ¢ orpaHn4eHHBIMHA BaKHBIMHU IIPUPOAHBIMHU PECYPCAMU UX COEpEX EHHUE SBIAETCS Oll-
HMM U3 CTPaTEerMYeCKMX HANpPAaBICHUH pa3BUTHA CTPOUTENbHOI otpaciu. I[Ipum sToM HauGombmias 3(pQeKTUBHOCTH
HCTIONIb30BAaHMS 3aKOHOMEPHOCTEH pecypcocOepekeHHsT MOXKET JOCTUTaThCs He ITyTeM 3KOHOMHH JECHEKHBIX CPEACTB 3a CUeT
npuMeHeHHs Oojiee AEIIeBBIX MAaTEpPHAloOB C XYALIMMHU CBOMCTBaMHM, a, HA0OOPOT, IyTeM BhIOOpa OoJjiee HOPOTHX KadyecT-
BEHHBIX CTPOUTENHHBIX MaTepHaIoOB M H3/EHi, HO, 0E3YCIOBHO, B ONPEEIEHHBIX YCIOBUIX U3MEHEHHS LIeHbl. Tak, aHanms
H3MEHEHHs LIEHBI GETOHA C POCTOM HPOYHOCTH HA CKATHE HOKA3all, 4TO LeHa | M° GEeTOHa BO3PACTAET rOpa3io MeUICHHEE
yBeIM4eHUs TpouHOoCcTH. ITo3ToMy AiIst paboThl Ha CXKaTHE BBHICOKONPOUHbIE OETOHBI SIBISIIOTCS O0Jiee BBHITOAHBIMU 110 CPaB-
HEHUIO C HU3KO- M CPEJHENPOYHBIMH. [l OIeHKH pecypcod()(eKTUBHOCTH HPEUIOKEHB! HOBBIE CPABHUTEIHHBIC €MHHIIBI
MPOYHOCTHBIX U IPYTrUX (PU3NYECKUX CBONCTB: yAENbHBIC IIeHA (IIPH UCTIONB30BaHUHI) U CTOMMOCTH (TIPH MPOU3BOJICTBE) 103~
BOJIAIOT CPAaBHUTH pa3NIMYHbIe MaTepualbl U HU3IENUs, Y4TO, HalpPUMeEp, HEOOXOIUMO TPH HCIOJIB30BaHUU TPYOOOETOHHBIX
KOHCTPYKIMI B CTPOHUTENHCTBE. Kak MOKA3BIBAIOT pacdeThl, B OOBIYHBIX YCIOBHSAX 3KCIUTyaTallMu Ui TPyOOOETOHHBIX KOH-
CTPYKIMII ClIefyeT MPUMEHSTh BBICOKOIPOYHBIN OETOH M TPYObl C MUHUMAIBHOH TOMIIMHOM CTEHOK, BBIIEPKHBAIOIINX OOKO-
BOE JaBJICHHE JIe(hOPMUPYIOIIETocs IO Harpy3Koil cepaedHuKa. [Ipu 3ToM JuIst KOMITEHCAIMH pa3idus B 1e(OopMaIiHOHHBIX
XapaKTepUCTHKax OeTOHA M MaTepHana TpyObl HEOOXOANMO HCIIONIL30BATh JEeMII(HUPYIONINE YCTPOHCTBa, obeceYnBaronye
MIPE/IENIbHO JOIYCTHMBIE HArpy3KH OETOHHOTO CepeUHNKA U MaTepuaa TpyObL.

KnrodeBble ci10Ba: pecypcocOepexeHne, IeHa, BEICOKONIPOUHbIH 6eToH, TpyOoOeToH, Tpyda, nedopMaIlioHHbIe XapaKTepH-
CTHKH, AeMII(UPYIOLIEe YCTPOUCTBO, IpeeIbHbIe Harpy3KU
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xapeHko, 1. A. Tlo3ansikoB // Hayka u mexnuka. 2018. T. 17, Ne 2. C. 114-122. DOIL: 10.21122/2227-1031-2018-17-2-114-122

Some Specific Features of Resource Saving in Construction
S. N. Osipov", A. V. Zakharenko", D. A. Pozdnyakov"

YUE “Institute of Housing — NIPTIS named after Ataev S. S.” (Minsk, Republic of Belarus)

Abstract. The Republic of Belarus possesses a limited number of important natural resources and their conservation is con-
sidered as one of the strategic directions for the development of construction industry. Regularities in resource saving can be
used not only for cost-cutting at the expense of cheaper materials with worse properties but they can also be used under cer-
tain specific conditions for price formation through selection of expensive qualitative construction materials and products.
Thus an analysis of changes in concrete price due to higher compressive strength has shown that the price per one concrete
cubic metre is increasing much more slowly than an increase in strength. For this reason high-performance concrete is more
advantageous in comparison with low- and medium-strength concrete. New comparative units for strength and other physical
properties have been proposed for assessment of resource efficiency: unit price (in case of being used) and cost price (in case
of being manufactured) make it possible to compare various materials and products and such approach is necessary while
using steel tube confined concrete (STCC) structures in construction. Estimates suggest that high-strength concrete and tubes
with minimum thickness of walls withstanding lateral pressure of a core which is deformed under load must be applied for
STCC structures under normal operational conditions. In this context it is necessary to use damping devices for compensation
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of difference in characteristics of concrete and tube material and these devices ensure maximum safe load of concrete core and

tube material.

Keywords: resource saving, price, high-performance concrete, tube concrete, tube, deformation characteristics, damping

device, maximum safe load
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PecypcocOepexenue [1, c. 446] mpu crTpou-
TENBCTBE PA3IMYHBIX OOBEKTOB SIBISICTCS OJHUM
13 OCHOBHBIX (DakTOpoB 3(H(PEKTUBHOCTH MPOCKTH-
poBaHUS W MPOBEACHHUS CTPOUTEIBHBIX paboT.
[Tpu sTom Haubonwias 3pPeKTHBHOCTH UCHOIB30-
BaHUS 3aKOHOMEPHOCTEH pecypcocOepekeHust Mo-
JKET JOCTUTaThCS HE MyTeM SKOHOMHUHU JIEHEKHBIX
CPEJCTB 3a CcUeT MpPUMEHEeHHUs OoJiee JCNIeBbIX Ma-
TEpPHUAJIOB C XyAUNIMMH CBOWCTBaMH, a, Ha00OpOT,
MyTeM BbIOOpa OoJiee JOPOrHX KaueCTBEHHBIX CTPOU-
TEJIHBIX MaTepHaloOB M M3JENHd, HO, Oe3ycioB-
HO, B OIPENIEIICHHBIX YCJIOBUSX W3MEHEHHS IIe-
Hel [1, c. 580]. OcobeHHO MHTEPECHO MPOAHAIH3U-
poBaTh BO3MOXHOCTH —pecypcocOepexeHus —Tpu
MIPUMEHEHNN OETOHA M €r0 COYETaHWH C JIPYyTHUMH
MarepuaiaMd BCIIEJICTBHE TOrO, 4TO B PecryOnuke
benapych mpon3BOACTBO BBHICOKOKAYECTBEHHOTO IIe-
MeHTa [2, 3], SBISIOLIErocs rIaBHOW COCTABIISIIOIICH
OeToHa, MpeBbIIIaeT BHYTPEHHHE TOTPEOHOCTH.

AHanmu3 W3MEHEHUs CTOMMOCTH OetoHa [4, 5]
C POCTOM €ro cpeaHeld NpPOYHOCTH Ha CXKaTHe
(CTB 1544-2005, mpwiokeHue A) TOKa3bIBacT,
9ro meHa | M° GETOHA BO3pAacTaeT ropasio Mel-
JIeHHee YBEJIWYeHHs MpovyHocTH. Kak BHIHO u3
rpajguka Ha puc. 1, rae IpUBEAECHBI 3aBHCUMOCTH
crommoctu 1 M° GeTona oT ero mpouHocTH [4], 3Ha-
YeHWs MEeHBI B BHE TOYEK PACIOiararoTcs Ha Of-
HOWM MIPSIMOM JINHUM, OMUCHIBAEMOU BBIPAKEHUEM

=a +bo, (1

rae I — mena 1 M° GeroHa, y. e.; a;, by — M-
nupudyeckue KodpPUIMEeHTHT TpH a4 B y. €. U
b B y. e./(krc/cM”); G — MPOYHOCTH TOTHOCTBIO 3a-
TBEpJIEBIIEro GETOHA Ha CHKATHE, KI'C/CM .

Ilpu momMomM KOPPETSIHOHHON 00pabdOTKH
napaMeTpoB BOCEMHU (DAKTHUYECKUX 3HAYCHUU IIe-
HBI (TOYKM Ha pHUC. 1) OmpeeIeHbl BEIMYUHBI d; ~
~ 27,5 y. e. u b = 0,05 y. e/(krc/em®). Koadpu-
[UCHT JIMHEHHOW KOPPEJSIIUU TPH 3TOM COCTa-
Bun r =~ 0,998, 4ro XapakTepuszyeT BO3MOXKHYIO
MOoTpenTHoCTh B pa3zmepe okoso 0,0015. Otu 3Ha-
YEHUSI TIOKA3bIBAIOT MOYTH UACATBHYIO JIMHEHHYIO
CBSI3b MEX]y NMPOYHOCTHIO JIAHHOI'O OETOHA U €ro
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LEHOH, YTO TMO3BOJISIET IKCTPAIOJIUPOBATH MOTY-
YEHHYIO 3aBUCUMOCTh 0 G = 0, T. €. 0 MOJHOTO
OTCYTCTBHSA LieMeHTa B OeToHHOU cMecu. Crnenosa-
TEJIBHO, MCXOJHAsi CMech LIEOHS ¢ JIpyruMH J0-
0aBKkaMM Uil MOJy4eHUs OETOHAa OLEHMBAETCS
mpuUMepHO B a; = 27,5 y. e., 4to a1 0eToHa MapKu
I13 M500 (xmace C30/37) cocTaBisieT TOIBKO OKO-
JI0 TIOJIOBUHEI LIEHHI (= 53 y. e.).

55
50
45
40
35

3 0 T T T T T 1

0 100 200 300 400 500 600
o, Kkre/em?

Hya y- €.

Puc. 1. 3aBUCHMOCTb CTOMMOCTH OCTOHA Ha IIcOHE
OT MPOYHOCTH Ha CXKaThe (TOYKH COOTBETCTBYIOT IICHE B Y. €.
n3 [4] mpu 1 y. e. = 2 Gemn. py0.)

Fig. 1. Dependence of crushed-stone concrete cost
on compression strength (points correspond to price
in currency units from [4] when 1 c. u. =2 BYR)

AHanu3 COOTHONICHUS «ITPOYHOCTh—IICHAY IS
IpyTrux OETOHOB M TPOM3BOJAUTENICH TOKa3bIBACT
MPUMEPHO AaHAJIOTUYHBIC 3aBHCUMOCTH, HO C
MEHBIIUMH 3HAYCHUSAMH KO3(PGHUIIMEHTOB KOppe-
JSIIUA M BO3MOXKHBIMHM OTKJIOHCHHSIMU TIPU HC-
MTOJTH30BAaHUN Pa3IMIHBIX, OCOOCHHO crrenudmye-
CKHX, T00aBOK.

OnHako Jyisi JIy4Illero TOHUMAHUS W3MCHCHUS
LIeHBI (TIPU TIOKYITKE) U CTOMMOCTH (IIPU TPOU3BOJI-
CTBE) MpHU POCTE TPOYHOCTH OETOHA HEOOXOIUMO
BBECTH HOBbBIE IIOKA3aTeNu: YIeNbHYI IeHy Ll
U yz#enbHylo ctouMocTh Cy, KOTOpBIE OTHOCSTCS
K €IUHUIIC MPOYHOCTU. B TaHHOM cityyae — KoJInue-
CTBO HauOOJICe YCTOWYMBBHIX JICHEKHBIX CIIUHHMIT
K eiuHuIe IpoyHocTH, T. €. L, u C; B y. e./(krc/em?).

CrnenoBatellbHO, yJelbHAs IIeHA W yJeNIbHAs
CTOUMOCTb OTIPEJIEISIOTCS MO 3aBUCHMOCTSIM:

11, = W/o; (2)
C, = Clo, (3)

rae 1, C — neHa u cTOMMOCTh; G — IMPOYHOCTH B
(hM3UYeCKUX eIUHUTIAX.
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B xauectBe mpuMepa Ha puc. 2 IpUBEICHA 3a-
BUCHMOCTb YZAEJbHOH LeHbl OeToHa Ha IeOHe OT
IPOYHOCTH Ha CXKATHe, TIOCTPOCHHAs MO 3HAYCHU-
SIM [I€HBI JIS1 TOYEK Ha puc. 1.

JJis annmpokcuManuy 5TOH 3aBHCUMOCTH OBbUTH
BBIOpaHBl cleaylonme anreOpanmdecKue BbIpa-
KEHUSL:

Ly = a, + byo"; 4)
I_[y =daj + b3/(5. (5)

0,35
0,30 5
0,25
0,20
0,15
0,10
0,05 T T T T T )

0 100 200 300 400 500 600

o, Kre/em’

LI, v. e./(krc/em?)

Puc. 2. 3aBHCUMOCTD yIeTBHOH LIEHbI
OeToHa Ha MeOHE OT IPOYHOCTH HA CXKATHE

Fig. 2. Dependence of crushed-stone concrete price
on compression strength

Kax nokazan xoppessiiMoHHbIN aHaIu3 3TUX JIH-
HEapPHU30BaHHBIX BRIPAKCHUM, IJIs1 HUX KO3 (UIICH-
TBI KOppessiiuKu cocTaBuin okono —0,94, uto ms
NOAOOHBIX MPUOMIKEHHBIX PAaCUYeTOB JJOCTATOYHO
xopoumii pe3yiabrar. [losromy npunnmMaem (5) npu
az = 0,05 u by = 27,7. Inst cpaBHeHus, B (4) nomy-
4eHo a, ~ 0,048; b, ~ 25,9 un=-0,985.

B Poccuiickoii denepanun HaOIOIACTCS SIIIe
Oonee pe3kasi 3aBUCUMOCTD yJIEJIbHON IIeHbI OeTo-
Ha OT MPOYHOCTH Ha cxarue. Tak, s OeroHa Ha
TPAaHUTHOM IIEeOHE TPU YBEIWYEHUH MPOYHOCTHU
co 100 kre/em® (M100) mo 1000 xre/em® (M1000)
1ieHa moBbimaercs B 6500/3070 = 2,12 pasa [6].
CrouMocTs OeTOHA Ha TpaBUHHOM IIeOHE IpH
yBenuueHuH mpousocTd co 100 xrc/em® (M100)
10 400 xre/em® (M400) moBsimaercs B 3600/2810 =
= 1,28 pa3za. B 1ieHe OeToHa CyIIECTBEHHAs POJIb
MIPUHAUICKHUT IIeMeHTy. [Ipu oTcyTcTBHM IIeMeHTa
WIH IPYTOTO CBS3YIOMIETO B OETOHE MPOYHOCTH Ha
cKaTHe CTPEMUTCS K HYIIO.

[IpuBeneHHbIE pacdeThl MOKa3bIBAIOT, YTO B
cllyyae OTCYTCTBHUSI KaKUX-JTHOO YCJIOBUM Ha 00beM
MpU HEOOXOTUMOCTH HCHOJNB30BaHHUSA IMPOYHOCTH
OeToHa Ha cxxkatue Hambollee YKOHOMHUYECKH BBI-
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TOMHBIMU  SIBJISIFOTCSL  BBICOKOTIPOYHBIE OETOHBI.
Kpome 1eHbl, mpy HCMOJIB30BAaHUH BBICOKOMPOU-
HBIX OCTOHOB yMEHBIIAIOTCS PacXOAbl HAa TPaHC-
mopT 1 MOHTaX. [loaTOMy pekoMeHmauu mo mpu-
MEHEHHUIO OeTOHa Pa3IMYHBIX MapoK cIexyeT Ie-
PECMOTPETE.

Briroga ncnonp30BaHUsS BBICOKOIIPOYHOTO O€-
TOHAa BHJHA W3 CPAaBHEHHUS YJIEIBbHOH IeHBI OeTo-
HOoB Mapok [13 M150 (kmacc C10/12,5) u 113 M450
(xmacc C28/35) na mebne (puc. 2), KoTopas co-
cranisiet 0,23/0,11 ~ 2 pa3a npu TpexXKpaTHOM TO-
BBIIIIEHUN TIPOYHOCTH.

Heo0Oxomumo Tak:ke OTMETHTBH JOITOBEYHOCTH
U TPEIMHOCTOHKOCTh BBICOKONPOYHBIX OETOHOB
0 CPaBHEHHUIO C HU3KOMPOUHEIMHU [7, ¢. 148, 169],
YTO JIeJaeT UX MpUMEeHeHHe emle Ooiee MpUBIeKa-
TEJIHHBIM,

3HAaYUTENbHBI HMHTEPEC MPEACTaBIsIeT BO3-
MOXHOE pecypcocOepekeHIe TPHU COYCTaHHH Oe-
TOHAa W CTald, KOTOpoe OyAeT paccCMOTPEHO Ha
npumepe TpyooOoeToHHOTO 3 deKTa.

Briepsoie Tpy000eTOHHBIN 3D (HEKT, XapaKTepH-
3yeMbIi MPEBBIIIEHUEM JONYCTUMOW Harpy3ku Ha
METaJUINYECKyI0 TpyOy, 3alOoJHEHHYI0 OeTOHOM,
CyMMapHOW Harpy3KH Ha HE3alloJIHEHHYIO TpyOy
1 OETOHHOE SAPO pasnenbHo, oOHapyxeH J. S. Se-
well [8]. C Toif mopsl MPOBEAEHO MHOTO HCCIIE0-
BaHMU, 4acThb M3 KOTOPBIX ONHCaHa B MOHOIpa-
¢un JI. K. JIykumu [9].

OmnpeneneHHasi CIOXHOCTh NMPaBHIBHOTO pac-
gyeta TPyOOOETOHHBIX KOHCTPYKLMH 3aKII0YaeTCs
B HEOOXOJUMOCTH yd4eTa HarpyKeHHs OOOJOYKH
C)KaTUEM MW BHYTPCHHUM aBJICHUEM TBCpI[Oﬁ
ITaTaHcUpytomed cpensl (6eToHa), CrIOcOOHOM
K COIPOTUBICHWIO M B OCEBOM HAaIpaBJICHHU.
IIpu 3TOM B TEXHUYECKOW JUTEpaType HEJ0CTa-
TOYHO TIOJIHO ONUCAH yYeT aHaJOTHYHOTO BO3JEH-
CTBUS 000JI0YKH Ha OETOH, YTO JJAI0 BO3MOXKHOCTh
nonyunth mnateHT [10] Ha cmoco0 MOBBIICHUS
MPOYHOCTH TPYyOOOETOHHOW KOHCTpyKumu [11].
B atom cnocobe ucmons3yeTcst y4eT BO3MOXKHOTO
pasauuus B JedopMalui CTaJIbHON OOOJIOUKH U
OETOHHOTO HATOJHUTENS, XapaKTePU3yeMbIX pas-
JUYHBIME (TMIPUMEPHO HA TOPAIOK) BEIUMIMHAMHU
MOJIyJIeH yIpyrocTy U aedopMalyii pu 0JUHAKO-
BOM BO3JICHCTBUU CKUMAIOIIUX HArpy30K.

[Ipu oceBoM HarpyXeHHH TpyOOOETOHHOM
KOHCTPYKIIUH /T OETOHHOTO CEepACYHUKA B TPY-
0e COo3Mal0T BO3MOXKHOCTH TMONEPEeYHOH Aedop-
Mauu 0e3 CYyIIECTBEHHOTO OOKaTHsi A0 BeElu-
YUHBl Harpy3KH, COOTBETCTBYIOIIEH MPOYHOCTH
0eToHa IpU OHOOCHOM CKaTHH, a TIPU STOM BO3-
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MOJKHBIE TPOJONBHBIC JeopManuu OETOHHOTO
CTEepPXKHS W CTAIBHOW TpPyOBI OOecIeuYnBaIOT OT-
JICIBHO JI0 PacyeTHOro Mpeaeia WX MPOYHOCTH
¢ yueToM TpyOoOeToHHOro 3ddexra U HE0O0XO-
JUMOTO pa3nuuust B JeGopManusx B COOTBET-
CTBUH C BBIPAKCHHUEM

a=i| Ll RO
E s\ nod E

BH T

rae | — mpojponbHas JuiMHA TPyOOOETOHHON KOH-
CTpyKuuu, cM; Eg, E;, — MOILylb yIIpYrocTH OeToHa
u cramu TpyOsr, Mlla; 6, — mpenen MpOYHOCTH
Oerona Ha ogHOOcHOe cxxaTtue, MIla; o, — npexaen
MIPOYHOCTH cTajiu TpyObl, MIla; u — xoadduireHt
Ilyaccona; & — TONIIIMHA CTEHKH TPYOBI, CM; dyy —
BHYTPEHHUH AUaMETpP TPYOBbI, CM.

[IpomonbHbli neOPMALIMOHHBINH TPOMEXKYTOK
CO3JIAIOT 3a CUET MCHOJIb30BAHMS JIETKOJIePOpMU-
PYEMOro CIIeLMaJIbHOIO CJIOS Ha BHYTPEHHEW IIo-
BEPXHOCTH TpPYyObI, OOECIECUMBAIOIIETO BO3MOXK-
HOCTh HEKOTOPOTO IepeMeleHns: OETOHHOTO cep-
JIEYHUKA BJIOJb TPYOBI IIPH BOCTIPHUSTHN HArpy3KH
JO MOMEHTa Hayaja IPOAOJIBHOTO Harpy>KeHUs
TPYOBI COKMMAIOIIEH Harpy3KOH.

C wenpto obecriedeHUs] pasfelbHOTO ydeTa
BO3MOXKHBIX MPOJOJBHBIX AeOopMaIiii 06 TOHHOTO
CepleyHNKa M CTaJbHON TpPyOBl NPOJOJIBHYIO
CKIMAIOIIYI0 HAarpy3Ky Ha TpyOOOETOHHYIO KOH-
CTPYKLIHIO HAYMHAIOT C HArPYXEHUS OCTOHHOTO
cTonba M mocje AOCTHXKEHHsI ero yCcaaKH Ha Belu-
YUHY MOPONOJBHOTO JAe(OPMALMOHHOIO TpOMe-
KYTKa TPOJOJIBHYIO CKHMAIOIIYI0 Harpys3Ky pac-
HPOCTPAHSIOT U Ha CTAJIbHYIO TPYOy.

Crioco6 pemieHns TEXHHYECKOH 3aJadd TOsiC-
HSCT TMPUHIMIIHANBHAS CcXeMa paboThl Tpy0OoOe-
TOHHOM KOHCTPYKUMH, IPEACTAaBICHHAs Ha puc. 3.

Cron6 6eToHa, MpENCTaBICHHBIA B BHIE CEp-
JeyHrKa | mumuHApudeckoil popmel, gepe3 6oKo-
BYIO HOJATIMBYIO MPOKJIAAKY 2 B3aUMOJEHCTBYET
C BHYTPEHHEH IMOBEPXHOCTHIO 3alOJIHIEMON UM
cTanbHON TpyOB! 3. KOHCTpYKIMSI COAEPIKUT Tak-
K€ TOPLEBYIO NOAATIMBYIO HNPOKJIAAKY 4 U Bepx-
HIOIO TOPLEBYIO HAKJIAAKy 5 Ui mepejadd BepTu-
KaJTbHOW Harpy3KH (TIOKa3aHa CTPENKOH Ha puc. 3)
Ha TpyOOOETOHHYIO KOHCTPYKIIMIO, a TaKKe TBep-
noe ocHoBanue 6. Kak m3pectHo [12, ¢. 99-100],
paspymierre obpasia OeToHa TpU MPOJOIHLHOM
CKaTUM B CJIydyae OTCYTCTBHS BJIMSHHUS TOPLOB
HNPOMCXOANUT IyTeM TPEIMHOOOpa30BaHMs Hapal-
JIeTFHO HAMIPABIICHUIO CKUMAIOIIUX CHJL.
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Puc. 3. Cxema paboTsI TpyOOOETOHHOTO yCTPOHCTBA

Fig. 3. Operational scheme of tube confined concrete device

Kak crnemyer m3 oOoOmeHHOro 3akoHa [y-
ka [12, c. 173-175], npr 00beMHOM HANPSHKEHHOM
COCTOSIHUM MaTepuana M paBeHCTBE OOKOBBIX
HaIPSKEHUH (Cag0c = O3) OCEBOE HAIPSHKEHUE TIPH
JoKamu3anuu (TPaKTHIeCKOM OTCYTCTBHH) OOKO-
BBIX nedopmartuii (g; = €; =~ 0, 9TO XapaKTEepHO IS
TpybobeToHa) cocTaBisieT

1—
0, = _H62,360K7 (7N

rae | — ko3¢ unment Ilyaccona (nmst 6eToHa g =
= 0,15-0,20 [9, c. 15], nnsa cramm TpyOBI L,
= 0,33); G2360x — OOKOBbIE HaNpPsDKEHUsI, BOCIPU-
HUMAaeMbI¢ CTAIILHOU TPYOOil.

Toraa npu s = 0,156, = 5,762360x, @ TPU L =
= 0,200, = 40,3, T. €. IpU [IOJTHOM CHJIOBOM B3au-
MOJICUCTBUU OETOHA ¢ 00OJOYKOW MPOYHOCTH Oe-
TOHA Ha JIEHCTBUE OCEBOM HArpy3ku, Mo KpailHei
Mepe B 00JIACTH YIPYTOH peakIHu CTAILHON Tpy-
Obl, yBennuuBaeTcs oT 4 10 5,7 pa3a B 3aBUCHUMO-
CTH OT CBOHCTB OeTOHa.

Kak crneayer u3 pe3yiabTaToB OMBITOB Mpod.
A. A. JlomkeHko, npuBeaeHHBIX B [9, Tabm. 1.1],
u pacyeTroB aBTopa (Taby. 1), IpuU COBMECTHOM
Harpy3ke OCTOHHOTO 3aIlOJHHTENSI U TPYOBI TO-

BBIIIICHUE MTPOYHOCTH OETOHA 3a cueT TpyOoOeTOH-
)

6 _
= 2,08-3,23 pa-
6.0
3a (Tabm. 1, konoHka 9), YTO 3HAUUTENTFHO MEHBIIIE

HOTO 3 deKTa cocTaBisieT

AN,
=2,08-6,27 (ko-

6.0

TEOPETUYCCKU BO3MOXHBIX

p
° = 3,08-7,27 pasa (ko-

6.0

monka 10) m 1 +
monka 11).
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Tabauya 1
3 p P p
N d,em | 8, em oy, MITalog, MITa| Ny, kH [Ngo, kH| No, kH | N” - xH i]Nﬁ ?[N 6 1+ ANg o5 &
- 6.0 6.0 6.0 MlIla NT,6
1 2 3 4 5 6 7 8 9 10 11 12 13
1 254 | 086 | 304 16,1 | 2150 | 820 | 2970 | 4800 3,23 4,70 5,70 92 1,5
2 25,6 | 0,92 | 345 16,1 | 2650 | 830 | 3480 | 4900 2,70 6,27 7,27 117 1,78
3 255 | 0,84 | 304 16,1 | 2100 | 820 | 2920 | 4740 3,22 4,90 5,90 95 1,48
4 254 | 084 | 304 16,1 | 2100 | 820 | 2920 | 4740 3,22 4,90 5,90 95 1,5
5 20,6 | 025 | 340 15,1 560 500 | 1060 1600 2,08 2,08 3,08 46,5 1,32
6 20,3 | 0,33 | 330 15,1 710 490 | 1200 1800 2,22 2,82 3,82 57,5 1,43
7 30,5 | 036 | 334 15,1 | 1170 | 1100 | 2270 3700 2,31 2,24 3,24 49 1,25
8 30,5 | 0,56 | 334 15,1 | 1820 | 1100 | 2920 5000 2,90 3,24 4,24 64 1,31

Ipumeuyanusi: d — quamerp TPyObI; O — TONIIUHA CTEHKH TPYOBI, G, — Mpeesl MPOYHOCTH MaTepuana TpyObr;
G — TO e OCTOHA MPH OJHOOCHOM CXKaTHH; N; — Mpe/eNbHas Harpy3ka Ha Tpy0y; N, — TO e s OeTOHa PH OJHO-
OCHOM cxaTuu; N, — TO e Ha TpyOy u OeToH Oe3 yuera TpyOoOeTOHHOTrO 3 deKTa; Nz — TO XK€, MOTYIECHHOE dKCIe-

PUMEHTAIILHO C YIeTOM TpyO00eTOHHOTO 3¢ (dheKTa MpH OTHOBPEMEHHOM HarpyKEHUH.

Kaxk BugHO M3 IpUBENCHHBIX B Tab. 1 pe3yib-
TaTOB pacueToB, npu W = 0,20 mis OGeToHa Teope-
THUYECKH BO3MOKHOE HCIOIb30BaHUE OOIIEro Tpy-
606eronHoro 3¢ ¢exra 3HaunTeNBHO (Ha 25-73 %,
KOJIOHKa 13) MpeBHIIIaeT JOCTUTHYTOE B DKCIICPH-
menre. [lpu 3ToM HEOOXOOMMO OTMETHTB, 4TO
NepBOHAYAILHOE HCIOJB30BAHUE MPOYHOCTH Oe-
TOHA, TIOYTH CBOOOIHO Ae(POPMUPYIOIIErocs B IO-
NEepEeYHOM HAaNpaBICHUHA BHYTPH TPYyOBI, YBEIH-
yuBaeT o0muit TpyOoOeToHHbIN 3 dexT nmpu G5 =
= 15,1-16,1 MIIa na 10-30 % B 3aBUCHUMOCTH OT
COOTHOIIEHHSI HAYaJIbHOW TIPOYHOCTH TPYOBI (KO-
noHKa 5) u OeToHa (koJjoHKa 6). O MpUHIHUNHAE-
HOW TMPaBUIBHOCTH NPEACTaBICHHBIX B TaOm. 1
PE3yIbTAaTOB PAcYETOB CBUICTEILCTBYET TOT (DaKT,
YTO TEOPETUUYECCKHUE pacueThl TPyOOOESTOHHOTO (-
(hexTa pu OAHOBPEMEHHOM BOCIIPUATHH Harpy3KH
TpyOOH 1 OETOHOM M HEOONBIIOM Pa3IUYUU B WX
nepBOHaYaNbHON TpoyHocTH (Tabm. 1, mepecede-
HUS CTPOK 5 u 7 ¢ kojoHkamu 9 u 10) mpumepHO
COBITIAAIOT.

TexHu4ecKuil pe3ysbTaT JOCTUTAETCA TEM, YTO
IpU OCEBOM HArpy>KeHHH TPYOOOETOHHOW KOHCT-
PYKLUH A1 GETOHHOrO cepievHuka 1 B Tpyde co-
3IAI0T BO3MOKHOCTH TONEPEeYHON aedopMannu
0e3 CyIIecTBEHHOr0 00XKaTusl 10 BEJIMUIMHBI HAarpys3-
KH, COOTBETCTBYIOIIEH MPOYHOCTH OETOHA MpU Ol
HOOCHOM Ckatud (puc. 3). [IpakTHuecKu 310 10CTU-
raercs IMOCPEACTBOM TOrO, YTO NPH 3arOJHEHUU
TpyOBI OETOHOM M 00pa30BaHMK OETOHHOTO CepAcY-
HUKAa MEXIYy HUM M BHYTPEHHEH IOBEPXHOCTBIO
CTaJIbHOM TPYOBI 3 cO31aeTcs MPOMOIBHEIN Iedop-
MalWOHHBIA MPOMEXKYTOK, TOCTATOYHBIA AJISI CBO-
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0omHON OOKOBOW jJedopmanmu OETOHHOTO Cep-
JICYHNKA TPU €ro TMepBOHAYAIBHOM HarpyKCHUH
70 TIpejena MPOYHOCTH MPU OJHOOCHOM CKAaTHH.
Takoil MpoMeEKyTOK MOKET OBITH CO3JaH 3a CUeT
WCTIONB30BaHMS  JIETKOIe(OPMHUPYEMOTO  CIEIIU-
QJIBHOTO CIIOST B BUIE OOKOBOWM MOJATIMBOM IMpPO-
KIaJK1l 2 Ha BHYTPEHHEH NOBEPXHOCTH TPYOBHI.
Bennunna mnepBoHauyanpHOW medopManiu 3TOTO
CIIOSI B paJMialbHOM HaIpaBIeHUH TPYOBI JODKHA
COOTBETCTBOBAaTh BEJIMUMHE OOKOBOH JedopMariu
OCTOHHOTO CEpJICYHHKA MPH €ro MepPBOHAYATBHOM
HarpykKeHUH 10 Tpejena NPOYHOCTH MpPU OJHOOC-
HOM cxaTud. OJTHOBpPEMEHHO 3TOT CJIOH JOJKEH
obecreynBaTh BO3MOXKHOCTh HEKOTOPOTO Mepe-
MeIIeHHs CT0JI0a OeTOHA BIOJbL TPYOBI IPU BOC-
MPUATHA HATPY3KH 10 MOMEHTa Hauaya MpojaoJib-
HOTO HArpYy»XeHHUs TPYyObl CKUMAIOIICH HATPY3KOU.
B kadectBe MaTepuana Al CO3aHUS MPOKIATKU
OJI1  Takoro CcJjoa MOryrtT 6LITL HCIIOJIB30BAHBI,
HampuMep, MHOTOCIOWHBIE W BBICOKOIIOPUCTHIC
TTACTMACCHI.

KpoMe BO3MOKHOCTH TIOTIEPEYHOTO paclinpe-
HUs OeToHa B TpyOe, HEOOXOOMMO CO31aTh yCJo-
BUA IMTOCJICAOBATCIIBHOTIO BOCIIPUATUA C)KI/IMaIOIlICﬁ
Harpy3KH cHavana OETOHOM, a B KOHIIE Ipoliecca
HarpyXeHus — ¥ CTAJIbHON TPyOOH B COOTBETCTBUH
C YCQJIOYHBIMU XapaKTEPUCTHKAMHU (MOIYISMH
ympyrocrr) 6erona (Es = (0,146-0,232) - 10° MIla
B 3aBHCHMOCTH OT TIpefena mpodHocTH [12, c. 662,
npunoxenre 9]) u cram (E = (2,0-2,1) - 10° MITa),
KOTOpBIE OTIIMYAIOTCS] IPUMEPHO Ha TIOPSIIOK.

Beuay 6061101 pa3HUITEl YCATOYHBIX U TPOY-
HOCTHBIX XapaKTEPUCTHK OETOHA M CTald, UX CO-
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BMecTHas paboTa Ha C)KaTHe AODKHA HAYMHATHCS
B YCIIOBHSIX, KOTJIa TOJHOE HCIOJB30BaHUE MPOY-
HOCTHBIX XapaKTEPUCTHK COTJIaCyeTcd B TMPO-
cTpaHcTBe W BpeMeHH. [losTomMy HauanbpHOE pas-
JIeJICHUE BO3JICUCTBHsI HArpy3KM Ha OCTOHHBIN
CEpACYHHK U CTAIbHYIO TPYOYy 3aKJI04aeTcs B pas-
JIeJIEHUH TPOCTPAHCTBEHHO-BPEMEHHBIX XapakTe-
PUCTHK HarpyxeHus 0erona 1 u TpyOsI 3 (puc. 3)
Y TIPOM3BOJUTCS 33 CUYET KOHCTPYKTHUBHBIX 3JIEMEH-
TOB, TaKUX KakK TOpIEBas IMMOAATIIMBAs TMPOKIIAl-
Ka 4, BepxHssd TopueBas npoxianka 5. [Ipu sTom
BCs TpyOOOETOHHasi KOHCTPYKIHS YIHpacTCs B
TBEPJ0E OCHOBAHHE 6.

Jns Takod peanuzanyu croco0a MOXKHO HC-
MOJIb30BaTh NPHUBEJICHHBIH BBIIIE BapHaHT 0000-
IIEHHOTO 3aKkoHa |'yka mpu ycioBHOM 0003Hade-
HUM G,3; = O,. Torna mopsaoK pacueTra mapamer-
pPOB paboTHl TPyOOOETOHHOW KOHCTPYKITHMH JUISI
MOJTHOTO MCIONIb30BaHMs TPyOOOETOHHOTO A dek-
Ta MOYKHO OTHCATh CIEAYIOUIIM 00pazoM:

1) GokoBas medopMarusi OETOHHOTO IMIIMHAPA
Y 3a30p MEXAYy HUM U BHYTPEHHEH MOBEPXHOCTHIO
TpyOBI

61.0
E6

Ar = M 50

e ®)

TA€ 75, — HAYaIBHBIN paanyc OCTOHHOTO IIMJIUH-
Iipa, CM; G, — MPOYHOCTh OETOHA MPU OJTHOOCHOM
cxatuu, Mlla; E; — momynb ynpyrocta FOnra mis
6erona, MI1a;

2) mpenmenpHas peaknus BHYTPEHHEH ITOBEpX-
HOCTHU TpyOBbI Ha OOKOBOE paciIupeHrue 6eToHa

25
G, = d—GT,

BH

©)

TAe G, — npezen ynpyroctu cranu, Mlla;
3) mpemenpbHO MOMYyCTHMOE IPOMOIHHOE Ha-
npspKeHre 0eToHa
1-p 26
——0,; 10
7 O (10)

BH

01656 =010

4) moyHAasT TIPOIONIbHAS nedopmarus OETOHHO-
TO IWIHHIPA

Al6=L c51'0+1_—“2—8c5T ; (11)
E; pod

BH
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5) nonHas npoaoJibHas aehopMaiis CTaabHON
TpyOBI ¢ yuetoMm Al <</, xoraa pa3nuuue B JUIMHAX
OETOHHOTO LWIMHIPA U CTAIbHOH TPYObl MOXKHO
He yuuThIBaTh (5= [, = [)

GT

Al =—*1; 12
= (12)

T

6) TpeBBILICHNE BEIMYMHBI YCAAKH OETOHHOTO
LUWIMHIPA HaJl YCAJAKOH CTabHON TPYObI

A=Al — Al =1 Ei ol_0+1‘_“§_50T -2
6 n BH T
:GIOL 1+K1 1—_H2_8_L , (13)
' E6 n dBH K2

rae K, = 6,/6, ., K> = E,/Es.

CrnenoBaTtenpHO, BO3MOXKHBIE HPOJOJIBbHBIE JIe-
¢dopmanuu OETOHHOTO CepACYHHKA M CTalIbHOM
TpyOBbI 00€CTIeYNBAIOTCS OTIEIHHO JI0 PACUETHOTO
npezena uxX IPOYHOCTH C YUETOM TPyOOOETOHHOTO
s dexTa U HeoOXOOUMOro pasnnuus B aedopma-
[USAX TIOCPEIICTBOM TOTO, YTO MPOJOIBHYIO CHKH-
MaloIIyI0 Harpy3ky Ha TpyOOOETOHHYIO KOH-
CTPYKLHWIO HAaYMHAIOT C HArpyXeHus: OCTOHHOTO
cToN0a, U TOJBKO IOCIIe NOCTHKEHHS €r0 YCaIKh
Ha Al IPOJIONBHYIO C)KUMAIOIIYIO HATPY3KY CIey-
€T PaclpoCTPaHUTh U Ha CTATIBHYIO TPYOy.

Kak BugHO U3 MpHUBEICHHON METOAUKH pacyera,
BenmMurHa A/ 3aBHCHUT OT MHOTHX TapaMeTpoB, W3
KOTOPBIX CaMbIi BIHATENBHBIN Kod(duiumenT [lyac-
cona W. [Ipu anammze ko3d¢uureHToB >PdeKTrB-
HocTH TpyOobOeToHa u [lyaccona B [1, ¢. 32-33] npu-
Bezenbl 3HaueHus P=0,10 u 0,15-0,50 (mo O. 4. bep-
Iy), a TaKKe CKa3aHo, YTo |L OETOHA U3MEHSETCs He-
JIMHEHHO B 3aBUCHMOCTH OT JCHCTBYIOIIMX Harps-
kenuil. [lo-BunuMomy, 3HaueHust Eg Takoke 3aBUCST
OT JIEHUCTBYIOIIMX HaMpPsDKEHUH, YTO MOJTBEpKIa-
ercs naHHeIMU [12, ¢. 662, npunoxenue 9] mist Oe-
TOHA TIpH G, = 10, 15 u 20 MIla, xapakrepuzyemMoro
Es, pasaeim  (1,46-196) - 10*, (1,64-2,14)- 10"
u (1,82-2,32) - 10* MIIa. 3zech npu yBenTUUYCHHH
O1, B JIBa pa3za NpeeibHbIe 3HaUCHUS F; yBEIU-
yuuch Ha 18 %.

Cnemyer OTMETHTh, HYTO B COOTBETCTBUH
¢ [12, c. 662] Benuuunsbl ko3 dunmentos [lyacco-
Ha cocrtaBmsitoT: U = 0,24-0,28 — ns yriepoau-
cTeix ctaneit; u = 0,25-0,30 — 1151 IerupOBaHHBIX

119



Cmpoumenvcmeo

craneit. Torma pu p = 0,33 o = 20,3, a IpH L =
=0,25 o, = 30,3, uro B 1,5 paza Gompime. [l Ge-
ToHa mpu U = 0,2 o5 ~ 40,35, a npu = 0,15
C16 =~ 5,706, 9TO IpuMepHO B 1,4 pasa GosbIie.

Kax yka3wiBaetcs B [9, c. 14], noruka momacka-
3BIBAET, YTO OYEHb CYIIECTBEHHO BIMSIHHE MPOY-
HOCTU CTaJIM Ha MPOYHOCTh TPYOOOETOHHOTO 3Jie-
MeHTa. OTHAKO OTHOCHTENBHO MPOYHOCTH OETOHA
W3BECTHBI pa3Hble MHeHus [13—15]. Tak, ¢popmynsl
B. ®. Mapenuna [13] oCHOBBIBAIOTCSI Ha MPEATIO-
JIO’KEHUH, YTO MPH CXKATHU TPyOa HE COIPOTUBIIS-
eTcsl B OCEBOM HAIpaBJICHUH, a HECyIias croco0-
HOCTh TPYOOOETOHHOTO DJJIEMEHTa ONpeaesser-
cs TPOYHOCTHIO OeroHHOro sapa. [lo MHeHHrO
A. A. Jlomxenko [14], B TpyOoOeroHe 3¢dek-
TUBHEE NPUMCHEHHUEC HU3KOMApPOUYHBIX OCTOHOB.
B [15] otmeuaercs, uto Gonee >PPeKTHBHO HC-
MOJIb30BaHUE BBICOKOMAPOYHBIX OETOHOB U CTalei
HU3KOW NPOYHOCTU. YUTO Kacaercs OTHOCHUTENb-
HOM TOJIIIMHBI CTEHKU O/d, TO 3/1€Ch MHEHHE €/IU-
HO [9, c. 14]: 4yem TOHBIIE CTEHKa TPyOBbI, TEM
a¢dekTuBHee pabota TpyOoOerona. BooOie,
CleJlyeT OTMETHTh, YTO 3a TIOCIEeIHUE NpUMep-
HO 100 net mpobieme MpodHOCTH TPYOOOETOHHBIX
KOHCTPYKIMI TMOCBSIIIEHO MHOTO pa0oT, 4acTh M3
koTopbix (80) mpuBeAcHA B CHHCKE JUTEPATypPhI
monorpaduu JI. K. Jlykmm [9].

OnHaKo BbIJIaYa eBpa3UiiCKOTO MaTEHTa aBTOPY
nmaaHou ctateu [10, 11] cBHaeTenbCcTBYyeT O TOM,
YTO MHOTHE CBOWCTBA TPYOOOETOHHBIX KOHCTPYK-
Uil eme W3y4eHbl HEIO0CTATOYHO, a IMperMylle-
CTBa MPUMEHEHHS Pa3NUYHBIX COPTOB CTaJH U Oe-
TOHA TIPU HCIIOJIb30BAHUU TPYOOOCTOHHBIX KOH-
CTPYKUMM 3aBUCAT OT KOHKPETHBIX YCJIOBUU
1 DKOHOMHYECKOU 3 (DEKTHBHOCTH.

B kadecTBe mpuMepa MOKHO MPHUBECTU PacyeT
BEJIMYMHBI TPEBBIINIEHUS yCaaKu OETOHHOTO IIH-
JTUHApA HaJ CTalbHON TpyOoi. Bocmomp3oBas-
IINCh JaHHBIMHU Ta0J. 1, mpuHUMaeM I camMou
TOHKOCTEHHOU TPYOBI: dyy = 20,6 cM; & = 0,25 cm;
610 = 15,1 MIla; Es = 2 - 10" MIIa [12, c. 662];
1w="0,17[12, c. 662]; 6, =330 MIla; E, =2 - 10’ MIIa;
/=8 M. Torma

Al =800-| — . 15,14 2017, 2:0.25 5551
2-10 0,17 20,6

330
2-10°

} =0,85 (cm).
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Takum o6pazom, nedopMaITMOHHBIN TTPOMEKY-
TOK MEXIy BO3JIEHCTBUEM HArpy3ku Ha OETOHHBIN
CTepXEeHb M OJHOBPEMEHHO Ha OETOHHBIA CTep-
XKEHb U TpyOy cocTaBiseT 8,5 MM.

HauanpHb1id 60KOBOH 3a30p MEXTy OCTOHHBIM
CTEp)KHEM U BHYTPEHHEH TOBEPXHOCTHIO TPYOBI

0,17 15,1
= -10,3- =
1-0,17 2-10*
=1,32:10" cm=0,013 mm,

YTO JOCTAaTOYHO TOJNBKO JUIA TOHKOTO TUIEHOYHOTO
MOKPBITHS, TIPH 3TOM G, 3 = 8 MITa.
DJeMeHTapHbIM pacueT BO3MOXHBIX Harpy3ok
Uil JaHHOW TPyOOOETOHHOW KOHCTPYKLHUH JAaeT
C Y4YeTOM HCIIOJIb30BaHUs IIpeAsIaraeMoro Cro-
coba NP = 2320 xH, uro mouru B 1,45 pa3za Goib-

1€ SKCIIEPUMEHTa (PKCIIEpUMEHTANIbHAS BEJTUYHMHA
N =1600 xH).

B ciydae nmpumeHeHHs CYIIECTBYIOIICH TEXHO-
JIOTMA OTHOBPEMEHHOI Harpy3ku OCTOHA W TPYObI
(6e3 mcromb3oBanmst ©1,) NP = 2320 — 520 =
= 1800 xH, uro Tompko Ha 12 % Oombie momy-
YEHHOTO B KCIICPUMECHTE.

J1s1 caMoi#t TOIICTOCTEHHOM TPYOBI: dyy; = 25,6 CM;
8 =092 cM; 6, = 16,1 MIla; Es = 2 - 10* MIla
[12, ¢c. 662]; n=10,17 [12, c. 662]; o, = 345 MIla;
E,=2-10° MIla; /= 8 m. Torna

Azzgoo.[z 104 ,(16’“1—0,17.2-0,92.345j_

. 0,17 25,6

345
2-10°

}: 5,05 (cm).

Takum o0Opa3oM, aehOpPMALMOHHBIN TPOMEKY-
TOK MEXIy BO3JIEHCTBUEM HArpy3ku Ha OETOHHBIN
CTepXEeHb M OJHOBPEMEHHO Ha OETOHHBIA CTep-
XKeHb u TpyOy cocraBmsier 50,5 MM, YTO IMOYTH
B IIecTh pa3 Ooublie, YeM B MPEABIAYIIEM CIIydae
C TOHKOCTEHHOU TpYyOOH.

HauanbHblii OOKOBOW 3a30p MEXIy OCTOHHBIM
CTep )KHEM H BHYTPEHHEW TTOBEPXHOCTBIO TPYOBI

0,17 16,1
= .0 7 =
2-10

10,17
=1,89-107 cm=0,019 (Mm),
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YTO MpUMEpPHO B 1,5 pa3a Goiblle MO CpaBHEHUIO
C MIPEABLIYIIMM CIIy4aeM, IIPU 3TOM G, 3 = 24,8 MIla.

ONeMEHTapHBIA pacyeT BO3MOXKHBIX HArpy30K
JUTSL TOJICTOCTEHHON TPyOOOCTOHHON KOHCTPYKIIUU
AET C YYEeTOM HCIIONB30BAHMS IPEnIaraeMoro

usobperenust N'; = 9400 xH, uro nouru B 1,9 pa-

3a GOJIBLIE DKCIIEPUMEHTA (SKCIIEPUMEHTAIIBHAS BE-
mmanHa N = 4900 xH).

B cinyyae mpuMeHEHHs CYHICCTBYIONICH Tex-
HOJIOTHH OJIHOBPEMEHHOW HArpy3Kud OCTOHA U TPY-
Obl (0e3 WCMONIB30BaHUS Gj,), HO C CO3/JaHUEM
BO3MOYKHOCTH Pa3IelbHON MpoAoasHOM aedopma-
K OeTOHA M CTATH BO3MOXKHAsI pacyeTHAS HArpy3-

ka cocraBmsier N, = 8580 xH, uro B 1,75 pasa

MPEBHINIACT IKCIIEPUMEHT.

Takum o0pa3oM, B TOHKOCTEHHBEIX TpyOoOe-
TOHHBIX KOHCTPYKIHMSX NMPH OZHOBPEMEHHOM BO3-
JIEHCTBUM HArpy3kH Ha OeTOH W TpyOy TpybOobe-
TOHHBIN 3((EKT UCTIONB3YETCs MOYTH MTOTHOCTHIO,
a B TOJICTOCTEHHBIX TPy0axX — TOJIBKO YACTHYHO.

OTHOCUTENEHO HEJaBHO ObLTa YCIIENTHO 3allly-
IieHa auccepranus 1o Tpyoodetony [16], rae mpo-
AHAIM3MPOBAH CYIIECTBEHHBIH HEJOCTaTOK CTa-
neTpyO0OETOHHBIX AIIEMEHTOB, O00YCIOBIEHHBIN
paccioeHHeM KOMITO3UTHOTO CEUCHHS 0 TPAHHMIIE
JIBYX MarepuanoB. DPQPEKT pacciloeHUs MOXKET
HAOJIONAThCS  eIle [0 HArPyKEHHs DICMEHTa
BCJIEJICTBHE PAa3BUTHUS YCAJOUHBIX JeopMaluii
B OETOHE, a Takke Ha CTaJNH JICHCTBUS IKCILTya-
TAI[MOHHBIX HArpy30K MO TPHUYUHE MOJOXKHUTEIb-
HOU pasHHIBI MeXIy Kodpduuuenramu [Tyaccona
cTamy 1 OeToHa. DTO MOATBEPIKIACT IMOJE3HOCTD
yueTa pasziauuuii Bo Bcex aedopmanmsax OeroHa
1 00OJIOYKM TPH pa3iuyusax B uX AedopMalrnoH-
HBIX U IIPOYHOCTHBIX CBOWCTBaX.

s oueHKH BO3MOXKHOCTEH pecypcocOepeke-
HUS TIPH HWCIIOJIB30BAaHUU TPyOOOETOHHBIX KOH-
CTPYKIIMH B CTPOUTEIILCTBE HEOOXOAUMO CPABHUTH
yIeNbHbIE CTOMMOCTH OETOHAa M CTaNbHBIX TPYO,
1eHa KOoTopeix okoso 600 y. e/t [17]. Ilpu mac-
ce 1 M cTami okono 7,8 T U pacueTHoii (ympyroii)
NPOYHOCTH HA CKAaTHE Oy ~ 1600 xrc/em” [12]
yJenbHas CTOUMOCTb COCTaBIsIeT MpuMepHO L ¢, ~
~2,9-10"y. e./(krc/em?).

[Ipu ynmenbHBIX IIEHAX pa3HBIX MapoK OeToHa
ot 0,10 g0 0,25 y. e./(krc/em®) (puc. 2) yaembHas
CTOMMOCTb CTaJIbHOW TpyOBI NPUMEPHO Ha IMOps-
JIOK OOJbIIIe, YTO OOECTIeYMBaeT OTHOCHTEIHHYIO
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JeIeBU3Hy O€TOHa II0 CPaBHEHHMIO CO CTaJbHOM
Tpy0oii pu JTr0OBIX pa3yMHBIX KOIEOaHUAX LIEH Ha
PBIHKE.

[Ipu ucnonp3oBaHKy Npeaena TEKy4eCTH CTalIn
Ha PacTsDKEHHE B KauyeCTBE PACUETHOH BEJINYHU-
HBI [16, Tabn. 1 u puc. 6] yaenpHas 1eHa MOXET
yMeHbIuThECS B 1,5-2,5 pa3a, HO Bce paBHO OyzeT
OosbllIe yIEIbHOM [IEHBI Ha OETOH.

[losromy mpu wucmons3oBaHUM TpPyOOOETOHA
ClIeAyeT MPUMEHATh NPOYHbIE OETOHBI U CTAJIbHbIC
TpyOBl ¢ MHUHUMAJIBbHON TONIIMHOW CTEHKH, BBI-
Jep KUBaloIIel BHYTPEHHUH pacrop OeToHa.

BbIBO/IbI

1. TlosiBieHHE HOBBIX MaTepHaNOB, H3ACIHMI
U TEXHOJOTHH TpeOyeT OLEHKH YCIOBHH uX Oe-
3omacHoro, 3¢dekTuBHOrO M pecypcocOeperaro-
LIEr0 IPUMEHEHHsI B CTPOUTENIbHOM OTpaciy.

2. IlpennoxeHbl HOBbIE €IUHMIBI M3MEPEHUS
PECYPCOEMKOCTH IIPOYHOCTHBIX U IPYTUX MEXaHU-
YeCKUX M (PU3NYECKUX CBOWCTB MaTEpUAIIOB U W3-
e,

3.Ilpu wcmomb3oBaHUM OETOHa B HECYIIHX
KOHCTPYKITUSX 3[JaHUH U COOPYKEHUH HEOOXOIH-
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OBIX YCIIOBUH I pecypcocOepekeHns B HECYIINX
OETOHHBIX U KeNe300€TOHHBIX KOHCTPYKIMSX Lie-
Jecoo0pa3HO HCMONB30BaTh BBICOKOIPOYHBIE Oe-
TOHBI.
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JIUTEPATYPA

1. Bonp1Ioi CTPOUTENBHBIN TEPMUHOJIOTMYECKUII CIIOBaphb-
CIIPAaBOYHUK: O(UIHATBHBIE U HEO(DHIUATEHBIE TEPMHUHBI
U OIpEeJeNCHUs B CTPOUTEIBbCTBE, APXUTEKType, Ipasio-
CTPOUTENIBCTBE U cTpouTenbHOil Texuuke / B. /1. Haymos
[u ap.]; mox pen. 1O. B. ®eodpunosa. Munck: MuHckTHII-
npoext, 2008. 811 c.

121



Cmpoumenvcmeo

2.

3.

10.

11.

12.

13.

14

15.

16.

17.

Lemenrsr. O6mmme Texumueckue ycaosus: 'OCT 30515-2013.
Bgen. 01.08.2016. Munck: I'occrangapt, 2016. 43 c.
LlemenTsl oOmIeCTpouTENbHBIE. TEXHHYECKHE YCIOBUS:
I'OCT 31108-2003. Beexn. 01.07.2005. Musnck: MuHCTpOI#i-
apxutekTypsl, 2005. 14 c.

. Lensr Ha 6etoH B MuHcke [DnekTpoHHBIA pecypc]. Pe-

xuM foctyma: http://betonminsk.by/prodazha-betona/cena.
Jara nocryna: 13.12.2016.

.Mapkn u xapakTepucTHKH OeToHa [DIEeKTPOHHBII pe-

cypc]. Pexxum nocryma: http://www.betontrans.by/produkcia/
marki-i-harakteristiki-betona. [lata mocryma: 13.12.2016.

. Croumocts OeroHa 3a KyO [DnexkTtpoHHBIH pecypc]. Pe-

xuM noctyma: http://atlantbeton.ru/price. [lata mocrty-
na: 12.12.2016.

. JleonoBuu, C. H. TpeuHOCTOWKOCTh M JOJTOBEYHOCTD

OCTOHHBIX U JKeJIe300€TOHHBIX JJIEMEHTOB B TEPMHUHAX CH-
JIOBBIX M JHEPreTHYECKHX KPHUTEPHEB MEXaHHUKH Pa3py-
menus / C. H. Jleonosuu. Munck: Teiazens, 1999. 263 c.

. Sewell, J. S. Columns for Buildings / J. S. Sewell // Engi-

neering News. 1902. Vol. 48, No 17. P. 10-17.

. Jlykmra, JI. K. Tlpounocts Tpy6oGerona / JI. K. Jlykmra.

Munck: Beriimn. mk., 1977. 95 c.

Crioco0 TOBBINIEHHS TNPOYHOCTH TPYOOOETOHHOW KOH-
crpykuuu: EBpasuiickmii mat. Ne 017610 / C. H. Ocwuros.
Omy61. 30.01.2013.

Ocunos, C. H. IloBemienne npodHocTn Tpy60OGETOHHON
KOHCTPYKIIMH 32 CYET MOJHOTO HCIOIb30BaHHA 3 dexra
o6oiimel» / C. H. Ocunos // Tangem: neMeHT & CTpoH-
TenbeTBO. 2015. T. 11, Ne 3. C. 48-50.

[ucapenko, I'. C. ConpoTuBieHne MaTepruanos: yued. as
MAaIIMHOCTPOUT. CIELHAIBHOCTEH BTY30B / IOX pel.
I'. C. Ilucapenko. Kues: Buma mik., 1973. 671 c.
Mapenus, B. @. HccnenoBanne MpoYHOCTH CTaJBHBIX TPYO,
3aI0JHEHHBIX OeToHOM Ipu oceBoM cxaruu / B. @. Ma-
peruH. M.: Mock. opaena TpynoBoro Kpacnoro 3namenu
HHXK.-CTPOHT. UH-T UMeHu B. B. KyiiOpimena, 1959. 15 c.

. Jomxkenko, A. A. HccnenoBanue CONMpOTUBICHHS TPYOO-

OeroHa oceBomy cxatuto / A. A. lomxenko // C6. Tp. Bo-
ponexckoro MCH. Boim. 1: Teopust coopyxeHuil U KOH-
ctpykuuit. 1964. Ne 10. C. 31-40.

Cutaukos, 0. B. HccaenoBanne >xene300€TOHHBIX e
MEHTOB CO CTaJbHOI 00OMMOM I HECYIIUX KOHCTPYK-
nuii npoMbinuieHHBIX 3naauit / 0. B. CutHukoB. Bopo-
HeX: BopoHexckuii HHX.-CTpoUT. uH-T, 1970. 32 c.
bonnapenko, B. M. ComnpoTHBIEHHE OCEBOMY CIKATHIO
CTaNeTpyOOOETOHHBIX IEMEHTOB KPYTJIOTO CEYCHUS C SiA-
poM mu3 Hampsraroomero Oerona / B. M. bonmapenko.
Mumnck: bemop. Ham. TexH. yH-T, 2010. 19 c.

Tpyba kpyrmas [DnekTpoHHBIH pecypc]. Pexum mocry-
ma: http:/www.stalnoy.by/truba-kruglaja. Jlata mocty-
ma: 13.12.2016.

[octynuna 12.01.2017
[Moanucana B nevats 15.03.2017
Ony6nukoBana ornaiie 30.03.2018

REFERENCES

. Naumov V. D., Alyavdina T. 1., Bedula N. V., Zholud' A. S.,

Zholud' T. V., Poslova T. G., Feofilova Yu. Yu., Frolo-
va T. S. (compilers), Feofilov Yu. V. (ed.) (2008) Large
Dictionary Reference Book of Construction Terminology:

122

10.

11.

12.

13.

14.

15.

16.

17.

. Concrete Grades and Characteristics.

Official and Unofficial Terms and Definitions in Construc-
tion, Architecture, Urban Planning and Construction Ma-
chinery. Minsk: Minsktipproyekt Publ. 811 (in Russian).

. State Standard 30515-2013. Cement. General Technical

Specifications. Minsk, State Standard Publishing House,
2016. 43 (in Russian).

. State Standard 31108-2003. Standard Cement. Technical

Specifications. Minsk, Minstroyarkhitektura Publishing
House, 2005. 14 (1n Russian).

. Concrete Cost in Minsk. Available at: http://betonminsk.by/

prodazha-betona/cena. (Date Access 13 December 2016)
(in Russian).

Available at:
http: // www.betontrans.by/produkcia/marki-i-harakteristiki-
betona. (Date Access 13 December 2016) (in Russian).

. Concrete Cost Per Cube. Available at: http://atlantbeton.ru/

price. (Date Access 12 December 2016) (in Russian).

. Leonovich S. N. (1999) Crack Resistance and Longevity

of Concrete and Reinforced Concrete Elements in Terms
of Force and Energy Criteria of Fracture Mechanics.
Minsk, Board of “Tydzen”. 263 (in Rusian).

. Sewell J. S. (1902) Columns for Buildings. Engineering

News, 48 (17), 10-17.

. Louksha L. K. (1977) Strength of Tube Confined Con-

crete. Minsk, Vysheyshaya Shkola Publ. 95 (in Russian).
Osipov S. N. (2013) Method for Improvement of Strength
in Tube Confined Concrete Structure. Eurasian Patent
No 017610 (in Russian).

Osipov S. N. (2015) Improvement of Strength in Tube
Confined Concrete Structure Due to Complete Usage of
Casing Effect. Tandem: Tsement i Stroitelstvo = Tandem:
Cement & Construction, 11 (3), 48-50 (in Russian).
Pisarenko G. S. (ed.) (1973) Material Resistance. Kiev,
Visha Shkola Publ. 671 (in Russian).

Marenin V. F. (1959) Research on Strength of Steel Pipes
Filled with Concrete while Using Centric Compression.
Moscow, Moscow Civil Engineering Institute of the Order
of the Red Banner of Labour named after V. V. Kuibyshev.
15 (in Russian).

Dolzhenko A. A. (1964) Research on Resistance of Tube
Confined Concrete to Centric Compression. Sbornik Tru-
dov Voronezhskogo Inzhenerno-Stroitel'nogo Instituta,
Vyp. 1: Teoriya Sooruzhenii i Konstruktsii [Collected Pa-
pers of Voronezh Construction Engineering Institute.
Issue 1: Theory of Buildings and Structures], (10), 31-40
(in Russian).

Sitnikov Yu. V. (1970) Research on Reinforced Concre-
te Elements with Steel Casing for Bearing Structures of
Industrial Buildings. Voronezh, Voronezh Construction
Engineering Institute. 32 (in Russian).

Bondarenko V. M. (2010) Resistance of Steel Tube Con-
fined Concrete Elements of Round Section with Self-Stres-
sing Concrete Core to Centric Compression. Minsk, Bela-
rusian National Technical University. 19 (in Russian).
Circular Pipe. Available at: http://www.stalnoy.by/truba-
kruglaja. (Date Access 13 December 2016) (in Russian).

Received: 12.01.2017
Accepted: 15.03.2017
Published online: 30.03.2018

Hayka
urexHuka. T. 17, Ne 2 (2018)



Civil and Industrial Engineering

DOI: 10.21122/2227-1031-2018-17-2-123-129
UDC 711.4

Detection of Reflexive Signs in Town Planning Systems
of Ukraine and Republic of Belarus

V. A. Smilka”

YDepartment of Planning and Architecture of Kyiv City State Administration (Kyiv, Ukraine)

© Benopycckuii HAMOHATBHBIN TeXHUYECKUN YHUBEpcUTeT, 2018
Belarusian National Technical University, 2018

Abstract. As a city is a complex system, it complies with the principles pertaining to organization and management of sys-
tems. System analysis makes it possible to figure out the difference between managing systems (subject) from systems that are
managed (object). There is a link between these system formations which unites them in a common system. Such relationship
is a source of information for development of management action. Impact on the system is achieved through availability
of influential means and data. Urban planning science represents a city as a complex of socio-economic, territorial-productive
and demographic-ecological systems of the following type: “population” — “environment” — “activity”. “Environment”
is thought of as a technical system with such synonyme notions as “urban planning system”, “anthropogenic environment”,
“settlement system”. “Environment” has two components — territory and buildings. Ukrainian legislation determines that
management of urban planning activities is carried out through developing urban planning documentation and carrying out
urban planning monitoring. Results of the urban planning monitoring are taken into account while preparing urban planning
documentation (introduction of amendments to it) and programs of socio-economic development. Thus, urban planning
monitoring represents a management system of urban planning activity in the Ukraine. Legislation of the Republic of Belarus
contains some provisions which regulate urban planning activity through urban development planning and zoning of
territories; creation and maintenance of urban planning cadastre; control over development and implementation of urban
planning, architectural and construction projects; implementation of state construction supervision. Data of the urban planning
cadastre are taken into account in urban planning documentation. In comparison with the Ukraine management of the urban
planning system in the Republic of Belarus is attached to the urban planning cadastre. The urban planning systems of the
Ukraine and the Republic of Belarus are self-managed reflexive systems that organize their behavior with due account of not
only the past experience but also due to possible impact of other system which is in interaction with it.
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Cmpoumenvcmeo

YHIO CPEJIICTB BO3JEHCTBHSA M MMeromeiics nHpopManuu. ['pagocTpouTensHas Hayka IPeACTaBIsieT TOpoJ B BUAE COBOKYII-
HOCTHU COIMAJIbHO-9KOHOMUYECKOH, TepPUTOPHANIBbHO-IIPOU3BOICTBEHHON U JeMorpado-3KoIorHyecKoi CUCTeM BHa Hace-
JIeHHe — cpefia — AeATeNnbHOCTh. Cpela MOHUMAETCs KaK TEXHIUECKasi CHCTEMA C CHHOHUMHUYHBIMH MOHSTUSIMU: «TPal0CTPOH-
TeNbHAsl CHCTEMa», «AHTPOINOTEHHAs Cpefia», «cHcTeMa pacceneHus». Cpema MMeeT JABE COCTaBISIONINE — TEPPUTOPHIO
U J0Ma. 3aKOHOJATEIbCTBOM Y KPaMHBI OIPEAEIEHO, YTO YIPaBICHHUE IPaJOCTPOUTEIBHON eATEIbHOCTHIO OCYILECTBISIETCS
MyTeM pa3paboTKU IPaJoCTPOUTEILHON JOKYMEHTANH M IPOBECHUS IPaJl0CTPOUTENFHOTO MOHUTOPHHTA. Pe3ynprars! rpa-
JOCTPOHUTEIIFHOTO MOHUTOPHMHTA YUUTHIBAIOTCS NIPH pa3pabOTKe I'paJOCTPOUTENILHON JOKYMEHTAIMH (BHECEHUH M3MEHEHHH
B HEE) ¥ POTPaMM COIMAIbHO-9KOHOMHYECKOTO pa3BuTHs. TakuM 06pa3oM, TpafioCTPOUTENbHbBIH MOHUTOPHHT MPEICTaBIsIET
co0Ol cHCTeMy YIpaBieHUS T'PaJOCTPOUTENBHON NEeATeNbHOCThIO YKpauHbL 3akoHomarenscTBO Pecmybmuku bemapych
BKJIIOYAET IOJOKEHUSI O PErylIupOBaHUU TPagOCTPOUTENBHOH AEATEIbHOCTH IMyTeM: IpaJ0CTPOUTENLHOTO ILUIAHUPOBAHMS
Y 30HHPOBAHUS TEPPUTOPHIA; CO3MAHMS M BEACHHS IPATOCTPOUTEIBHOTO KaJacTpa; KOHTPOJISI Hall pa3pabOTKON M pearn3ani-
el IpaJOCTPOUTEIIbHBIX, APXUTEKTYPHBIX U CTPOUTEIBHBIX IPOEKTOB; OCYILECTBICHUS I'OCYAapPCTBEHHOI'O CTPOMTEIBHOIO
Hag3opa. CBefeHMsT U3 TPaJOCTPOUTENHHOIO KaJacTpa yIUTHIBAIOTCS B TPafOCTPOUTENBHON nokymenTauu. B PecryOnmke
benapych ynpaBieHue rpagoCcTpOMTENbHON CHCTEMOW BO3JIO)KEHO Ha IPaJoCTPOMTENbHBIN KazacTp. ['pagocTpouTtenbHble
cucTeMbl YKpauHbl U benapycu sBIAIOTCS CaMOYIPaBIsIEMBIMU PE(IICKCUBHBIMU CHCTEMaMH, OPTaHU3YIOIIUMH CBOE MOBE-
JIEHUE C y4eTOM HE TOJBKO ITPOILIOTO OIBITAa, HO M BO3MOXKHOTO BO3AEHCTBHS IPYrod CHCTEMBI, C KOTOPOWH OHH B3aUMO-
JIEHCTBYIOT.

KiroueBbie c10Ba: ropo, CUCTEMa, MOHUTOPHHT, KaJacTp, IPaJoCTPOUTENbHAs JOKYMEHTALN, Cpelia, HaCeIeHUe, BO3eH-
CTBHE, CTPYKTYpa, IPU3HAK, CYLLIHOCTh

Jinst murupoBanmsi: Cvuika, B. A. BeriBnenne pehieKCHBHBIX IPU3HAKOB TPAIOCTPOUTENBHBIX CHCTEM YKpanHbl 1 PeciryOiku

benapycs / B. A. Cmunka // Hayka u mexnuxa. 2018. T. 17, Ne 2. C. 123-129. DOI: 10.21122/2227-1031-2018-17-2-123-129

Introduction

The specifics of urban planning development
of Ukraine and the Republic of Belarus is the fact
that the formation of a network of settlements, that
took place during the thousand-year history is al-
most completed. The main task of town planning is
organizing the urban environment [1]. Efficient
management of urban development process re-
quires permanent control and making reasonable
decisions aimed at sustainable development of the
territory [2]. The city is a complex system with an
extensive network of different functional proces-
ses governing bodies [3]. Town Planning activity is
characterized by a specific management organiza-
tion of urban areas and it requires constant im-
provement of self-management functionality. It is
necessary to explore the city in terms of system
analysis [4]. Information research support of urban
development activities are found in the works of
M. M. Habrel [5], N. M. Demin [4, 6], G. . Lav-
rik [7], A. A. Lyashchenko [8], A. P. Ositnyan-
ko [9], Y. N. Palekh [10], A. I. Syngaevskaya [1,
6, 11], Y. N. Trukhachov [12], V. D. Shipulin [13],
Z. N. Yargina [14] and others. The issue of super-
vision in town planning and architectural active-
ty was studied by scientists O. M. Gorban [15],
E. Y. Hnatchenko [16], M. V. Gubina [17, 18],
L. P. Panova [19, 20], S. A. Shubovych [20],
K. A. Soroka [21].
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Theory of systems

The city as a complex system, is subject to the
principles of system organization and management.

“Administration” in the wide sense of the word
refers to “the element, the function of organized
systems of different nature (biological, social,
technological), which ensures maintenance of their
certain structure, support of their activity mode,
implementation of their programs and objecti-
ves” [22]. Based on this definition, in the organiza-
tions of various levels can be identified managing
(the subject) and managed (object) part, as well as
the links between them, which in general are often
called the “management system”. The management
object is nothing but a system that performs the
role function of the organization, whereas the sub-
ject of management supports the outputs of the
system at a level that meets the specified criteria.
Relationship in the management system is some-
thing, that unites management subject and object in
a single unit. It should be seen as a source of in-
formation for the development of management
effect. Through the channels of communication
flows the information, including all subsystems of
the organization and ensuring the achievement
of its objectives [21].

The city has a hierarchical management struc-
ture: in addition to regional and city centre it in-
cludes district executive centers, interconnected.
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According to behavior principle the systems are
allocated to: material, homeostatic, deciding (not
forecasting), predictive, reflexive [19, 21].

The material — a simple system whose behavior
is caused only by the laws of physics, laws of con-
servation of energy, mass, continuity equation etc.

Homeostatic is called the behavior of dynamic
systems, in which it remains constant composition
and properties of the internal environment, the sta-
bility of the main system functions. In other words,
the behavior is aimed at maintaining the stability of
its composition and functional properties, the abi-
lity of the system to return to equilibrium. This
principle of behavior is typical behavior of wildlife
and most artificial systems that are in a state of
dynamic equilibrium.

Crucial behavior of systems is not only limited
to maintaining a balance in the system, but also the
opportunity to choose one of several alternatives of
their work or behavior. Those are the systems such
as, for example, various automated devices or pro-
cesses which take one of the possible states of ope-
ration or perform action of a certain set of options
depending on conditions.

Predictive system is able to organize its beha-
vior on the basis of past experience on the assump-
tion, that future development does not significantly
differ from the past. Such systems have sufficient
memory and ability to predict the course of events
for a certain period of time in the future based on
interpolation and make decisions based on the re-
sults of the prediction.

Reflective system organizes its behavior based
not only on past experience, but also the possible
actions of other systems with which it interacts,
that is behavior of systems endowed with intelli-
gence, the ability to anticipate the actions of other
systems.

According to the way of management the sys-
tems are divided into those managed externally,
self-managed and the systems of combined ma-
nagement [19, 21]. At the second classification
level the systems are divided depending on — how
they are managed. For all systems — subclasses of
the second level have certain common features.

The difficult according to the organization are
systems with management by parameters — these
are systems where the feedback is not only carried
by the initial value, but also the change of the sys-
tem parameters is possible. Examples of such sys-
tems are adaptive automated control systems, work
of architects and designers on various function de-
sign objects.

Hayka
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The most difficult according to the manage-
ment are systems, where management is imple-
mented by changing the structure of the system.
These systems work in extremely difficult condi-
tions and changes in the structure of the system
allows them to adapt to new conditions. Such sys-
tems include state and public administration in
which organizational changes occur during deve-
lopment [23-26].

Certainly the city is a system of reflective prin-
ciple, managed from the outside with the possibi-
lity of changing the structure of the system [27].

The city as a system

Let's look at the essence of the city. At the pre-
sent stage of human civilization — the primary ob-
ject of town planning development “is an artificial
ecological system of the population — demographic
ecological system and architectural theory and
practice — are essential activities to create a harmo-
nious (holistic) artificial environment for the pro-
cesses of human activity” [3, 7, 12].

The basic structure of demographic ecologi-
cal system is represented in the work of N. M. De-
min, as a link between the ENVIRONMENT —
POPULATION [4]. “Environment” as a natural
formation in which the livelihoods of people,
makes an an impact on “population” with their fac-
tors and thus there is a need for activities to create
an artificial environment as a means to protect
people from the adverse effects of the surrounding
environment [3, 6]. Therefore N. M. Demin sug-
gests to consider the city as a set of socio econo-
mic, territorial productive, demographic ecological
system of POPULATION — ENVIRONMENT -
ACTIVITIES [4].

In scientific studies of O. I. Syngaevskaya,
ENVIRONMENT is understood as technical sys-
tem with synonymous concepts of “town planning
system”, ‘“anthropogenic environment”, “settle-
ment system”. ENVIRONMENT as subsystem has
two components “buildings and structures” and
“territory” [1, 4, 6].

So, let's take town planning system as orga-
nized set of territories with houses and buildings.

The system of city management cannot and
should not cover all city entities, such as socio
economic, territorial productive, demographic eco-
logical system, with parameters control of all sub-
systems of the city. In this case we would need to
create a system several orders more complex than
the city itself. By its characteristic the system of
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city management is distributed and not concentra-
ted in one place [1, 4, 12].

This study is limited by town planning activity
management through town planning system.

Analysis of town planning legislation

Let's look at the legal principles of town plan-
ning management and organization systems in
Ukraine and the Republic of Belarus.

According to article [7] of the Law of Ukraine
"On regulation of urban development activities"
management in urban planning activities and archi-
tectural — construction control is carried out by:
territorial planning at national, regional and local
levels; monitoring of the designing and implemen-
tation of urban planning at all levels; determining
state interests, for their consideration during the
development of town planning documentation. Ar-
ticle [25] of the mentioned Law stipulates that the
results of urban monitoring are constantly included
to the urban cadastre and are issued in the form of
an analytical report, which is taken into account in
the development of socio economic development
programs and in making changes to town planning
documentation.

According to article [15] of the Law of Ukraine
“On the fundamentals of urban development” the
core competencies of local administrations in the
field of urban development also include decision
making regarding: planning areas at the appropri-
ate level; prepare proposals for socio-economic
development of the territory; monitoring of con-
struction and other use of areas.

Thus, town planning monitoring system is a
technical system of urban planning management
system that has a set of tools to collect information
about the controlled object and means of influen-
cing its behavior, intended to ensure sustainable
development of the territory [28—30]. The means of
collecting information about the city is monitoring,
verification, communication with town-planning
cadastre. Means of influence on the behavior of
urban planning systems are crucial for the area
planning, since urban monitoring results are taken
into account in town planning documentation de-
velopment (making changes into it) and social
economic development [10, 31].

In accordance with article [14] of the Law of
the Republic of Belarus “On architectural, town-
planning and building activities in the Republic of
Belarus”, the major areas of State regulation in the
field of architecture, urban planning and construc-
tion activities, include: urban planning and zoning;
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creation and maintenance of urban cadastre; moni-
toring of the development and implementation of
urban, architectural and construction projects; state
construction supervision.

According to article [28] of the Law of the Re-
public of Belarus town planning cadastre performs
registration function in relation to the town plan-
ning documentation of general and detailed plan-
ning, town planning development regulations and
the use of the territories of other elements, that are
not included in the other cadastral and registration
state systems. The information contained in the
urban planning cadaster is used to ensure: deve-
lopment and implementation of state policy in the
field of architecture, urban planning and construc-
tion activities; reasoning and decision-making on
sustainable modes of functional use of territories;
development of urban planning documentation,
documentation development; forecasts and pro-
grams for social economic development of the ter-
ritory; another activity that requires accurate data
about the territory.

Maintenance of urban monitoring in the Repub-
lic of Belarus is governed by article [31]. Urban
monitoring — is a monitoring system of town plan-
ning objects and environment in order to control
the use of town planning territories and forecasting
results of urban development projects. Town plan-
ning monitoring database are urban cadaster, statis-
tical information, reports, special studies. The re-
sults of town planning monitoring shall be listed in
town planning cadastre.

As compared to Ukraine in the Republic of
Belarus technical urban planning management sys-
tem is town planning cadastre.

Town Planning system, as has been defined, is
interacting with social economic, territorial pro-
ductive, demographic ecological systems, so it ad-
justs its behavior considering the status of other
systems. The necessity to correct the behavior of
town planning system in Ukraine is signaled by —
urban monitoring. And in the Republic of Bela-
rus — it is town planning cadaster, through the rela-
tionship with the town planning monitoring — it
monitors, analyzes the implementation of planning
documentation, assessment and forecast of objects
state and change [32, 33].

Decision making in the city is made based on
legislation, economical, social, political and envi-
ronmental factors [1, 6, 8, 12, 34]. Below is pre-
sented a simple control scheme of town planning
system based on town planning monitoring (fig. 1).
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Fig. 1. Scheme of town planning management system

CONCLUSIONS

1. The decision making essences distinguished
in town planning development are: managing sys-
tem — local authorities, managed system — town
planning system (a set of houses and buildings).
Relations between the systems as a source of ma-
naging action is nothing more than a system
of urban monitoring and cadastre.

2. In making urban planning decisions, such as
approval of allocation/granting/sale of land for ur-
ban needs with a specific purpose; compliance
of building intentions with the approved town plan-
ning documentation; the possibility of issuing initial
data for the designing; the possibility of issuing
building permits; approval of project documenta-
tion; the commissioning of the property; mailing
address assignment to completed construction, etc.
All the results of cases are submitted to the urban
cadastre and are analyzed by monitoring system.
The result of the monitoring analysis is information:
about the critical deviation from the norm — town
planning documentation, generalized and processed
data of other urban systems, forecasts of further de-
velopment of the territory based on mathematical
models. Proposals and detected options of critical
errors in the system may also be proceeded.

3. The decisions on urban system management
are made based on the monitoring results, provided
by the local administration [1, 12, 35]. For example,
to urgently develop planning documentation, to build
a new school to reconstruct the traffic intersection
and etc. Thus appears system reflexive sign.

REFERENCES

1. Syngaevskaya A. 1. (2013) Information Support of Pro-
cesses for Control of Urban System Development. Kyiv,
Kyiv National University of Construction and Architec-
ture. 32 (in Russian).

Hayka
wTexHuka. T. 17, Ne 2 (2018)

2. Smilka V. A. (2014) Problems in Monitoring of Urban
Planning in the Ukraine. Arkhitektura, Gradostroitel'stvo,
Istoriko-Kul'turnaya i FEkologicheskaya Sreda Gorodov
Tsentral'noi Rossii, Ukrainy i Belorussii: Materialy Mezh-
dunar. Nauch.-Prakt. Konf. [ Architecture, Urban Planning,
Historical, Cultural and Ecological Environment of Cities
in Central Russia, Ukraine and Belarus: Proceedings of In-
ternational Scientific-Practical Conference]. Bryansk,
Bryansk State Engineering-Technological ~Academy,
4043 (in Russian).

3. Yelokhov A. M. (2011) City as Sudgect of Management.
Vestnik Permskogo Un-ta. Ser. “Ekonomika” = Perm Uni-
versity Herald. Economy, 3 (10), 78-86 (in Russian).

4. Demin N. M. (1991) Management of Urban Planning Sys-
tem Development. Kiev, Budivelnik Publ. 184 (in Rus-
sian).

5. Habrel M. M. (2004) Spatial Organization of Urban Plan-
ning Systems. Kyiv, Publishing House A.C.C. 400 (in
Ukrainian).

6. Demin N. M., Syngaevskaya A. 1. (2015) Urban Planning
Information Systems. Urban Planning Cadastre. Initi-
al Structure Elements of Urban and Spatial Planning
Objects. Kyiv, Fenix Publ. 216 (in Russian).

7. Lavrik G. 1. (1979) Methodological Problems in Study
of Architectural Systems. Kiev, Kiev Engineering Con-
struction Institute. 30 (in Russian).

8. Lyashchenko A. A. (2004) Methodological Principles and
Information Technology Models for Infrastructure of
Geospatial Data of Urban Cadastral Systems. Kyiv,
Kyiv National University of Construction and Architec-
ture. 36 (in Ukrainian).

9. Ositnyanko A. P. (2001) Planning of City Development.
Kyiv, Kyiv National University of Construction and Ar-
chitecture. 458 (in Ukrainian).

10. Palekha Yu. M., Nechaeva T. S., Smilka V. A. (2012)
Urban Planning Cadastre — Information Basis for Updating
Planning Urban Planning Documentation in Kyiv. Experi-
ence and Prospects for Cities Development in Ukraine.
Problems in Prospective Development of Kyiv. Kyiv, State
Enterprise Y. Bilokon Ukrainian State Scientific-Research
Institute of Urban Design “DIPROMISTO”, Is. 23, 39-50
(in Russian).

11. Syngaevskaya A. I. (2009) Phenomena and Objects of
Application Domain in Urban Planning Activity. Grado-
stroitel'noe i Territorial'noe Planirovanie [Urban and Spa-
tial Planning]. Kyiv, Kyiv National University of Con-
struction and Architecture, Is. 32, 2237 (in Ukrainian).

127



Cmpoumenvcmeo

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Trukhachov Yu. N. (2006) General Theory on Urban
Planning Systems (Methodological Conception). Ros-
tov-on-Don, Rostov State Academy of Architecture and
Art. 120 (in Russian).

Shipulin V. D. (2010) Basic Principles of Geographic
Information Systems. Kharkiv, Kharkiv National Academy
of Municipal Economy. 313 (in Russian).

Yargina Z. N., Kositskii Ya. V., Vladimirov V. V., Gut-
nov A. E., Mikulina E. M., Sosnovskii V. A. (1986) Fun-
damentals of Urban Planning Theory. Moscow, Stroy-
izdat Publ. 325 (in Russian).

Gorban O. M., Bakhroushin V. E. (2004) Fundamentals
of System Theory and System Analysis. Zaporizhzhia, Hu-
manitarian University “Zaporizhzhia Institute of Public
and Municipal Administration”. 204 (in Ukrainian).
Hnatchenko E. Yu. (2013) Summary of lectures “Urban
Planning Monitoring”. Kharkiv, Kharkiv National Uni-
versity of Urban Economy. 68 (in Ukrainian).

Gubina M. V. (2009) Urban Planning Monitoring and
Basic Design Principles. Kharkiv, Kharkiv National
Academy of Municipal Economy. 61 (in Ukrainian).
Gubina M. V. (2002) Fundamentals of Urban Planning
Management and Monitoring. Kyiv, “VIRA-R” Publishing
House, 248 (in Russian).

Panova L. P. (2010) Systematicity of Architecture Envi-
ronment. Kharkiv, Kharkiv National Academy of Munici-
pal Economy. 235 (in Russian).

Shoubovich S. A., Solov’eva O. S., Panova L. P. (2009)
Introduction to Architectural Monitoring of Urban Envi-
ronment. Kharkiv, Kharkiv National University of Urban
Economy. 67 (in Russian).

Soroka K. O. (2004) Fundamentals of System Theory and
System Analysis. Kharkiv, Kharkiv National Academy of
Municipal Economy. 291 (in Ukrainian).

Ado A. V., Aleksandrovskaya N. D., Andreev 1. 1., And-
reev E. M., Anikeev N. P., Frolov L. T. (ed.) (1991) Phi-
losophical Dictionary. Moscow, Politizdat Publ. 560 (in
Russian).

Ye Y., Van Nes A. (2014) Quantitative Tools and Urban
Morphology: Combining Space Syntax, Spacematrix
and Mixed-Use Index in GIS Framework. Urban Mor-
phology, 18 (2), 97-118.

Maguire D. J., Goodchild M. F., Batty M. (2005) GIS,
Spatial Analysis, and Modeling. US: ESRI Press. 504.
Golovin A. V. (2013) Modeling for Decision Making
in Urban Planning Design Using Municipal Network
of Educational Institutions as an Example. Vestnik Perm-
skogo Natsional'nogo Politekhnicheskogo Issledovatel’-
skogo Universiteta. Urbanistika = PNRPU Bulletin. Urban
Development, 2 (10), 631 (in Russian).

Zav'yalov A. Yu., Maksimova S. V., Mel'tsova E. S.,
Lorens P. Z. (2015) Information Analytical System for
Comprehensive Urban Analysis. Architecture and Modern
Information Technologies (AMIT), 2 (31). Available at:
http://elima.ru/articles/index.php?id=92.

Forrester J. (1969) Urban Dynamics. Cambridge, MIT
Press. 285.

Parrinello S., Maksimova S. V., Sosnovskikh L. V. (2015)
Modern Methods for Architectural Survey of Urban Envi-
ronment. Perm, Perm National Research Polytechnic
University. 121 (in Russian).

Smilka V. A. (2015) Application of Geoinformation Tech-
nologies for Execution of Urban Planning Monitoring.
Information Technologies in Education, Science and In-
dustry: III International Scientific and Technical Internet-

128

30.

31.

32.

33.

34.

35.

Conference, November 20-21, 2015. Section 2. Available
at: http://rep.bntu.by/handle/data/21915 (in Russian).
Bushmakova Yu. V., Gudz' T. V., Lyubimov A. V.,
Maksimova S. V. (2014) Monitoring of Urban Planning
Solutions on the Basis of Open Sources while Using
Geoinformation Technologies. Stroitel'stvo i Arkhitektura.
Opyt i Sovremennye Tekhnologii [Construction and Archi-
tecture. Experience and Modern Technologies], Is. 3.
Available at: http://www.marhi.ru/AMIT/2015/1kvart15/
bushmakova/abstract.php (in Russian).
Zav'yalov A. Yu., Maksimova S. V., Shul'ts D. N.,
Mikushin P. S., Lorens P. Z. (2013) Integrated Model
for Spatial Development as Basis of System for Decision-
Making Support in the Field of Spatial Planning. Vestnik
Permskogo Natsional'nogo Politekhnicheskogo Issledova-
tel'skogo Universiteta. Urbanistika = PNRPU Bulletin.
Urban Development, 4 (12), 10-20 (in Russian).
Kostikova G. D., Zemlyakov G. V. (2016) The Evaluation
System of Design Solutions for Residential Property on
the Pre-Investment Stage Through Neural Network Tech-
nology. Nauka i Tekhnika = Science & Technique,
15 (6), 481-492 (in Russian). DOIL: 10.21122/2227-1031-
2016-15-6-481-492.
Zemlyakov G. V., Kostikova G. D. (2012) System Integra-
tor Characteristics for Qualitative Evaluation of Design
Solutions Pertaining to Residential Real Estate in the Re-
public of Belarus. Voprosy Vnedreniya Norm Proektiro-
vaniya i Standartov Evropeiskogo Soyuza v Oblasti Stroi-
tel'stva: Materialy Nauch.-Metod. Seminara, Minsk, 29 maya
2012 g. Ch. 1. [Pertaining to Introduction of Design
Standards and European Union Standards in the Field
of Construction: Proceedings of Scientific-Methodological
Seminar, Minsk, May 29, 2012. Part 1]. Minsk, Belarusian
National Technical University, 231-240 (in Russian).
Moiseev Yu. M. (2012) Urban Planning Facing New Chal-
lenges. Architecture and Modern Information Technolo-
gies (AMIT), 21 (4), Available at: http:/www.marhi.ru/
AMIT/2012/4kvart12/moiseev/abstract.php (in Russian).
Sterman J. (2000) Business Dynamics: Systems Thinking
and Modelling for a Complex World. Boston, McGraw-
Hill. 982.

Received: 28.02.2017

Accepted: 10.05.2017

Published online: 30.03.2018

JIUTEPATYPA

. Cemraesckas, A. UW. HndopmanuonHoe obecredeHne

MPOIIECCOB YIPABICHUSI Pa3sBUTHEM TIPaJOCTPOUTEIIBHBIX
cucrem / A. U. Ceinraesckas. Kues: KHYCA, 2013. 32 c.

. Cmuuika, B. A. IIpoGiemsl BeneHHs IpafioCTPOUTENBEHOTO

MoHuTOpuHra B Yipaune / B. A. Cmunka // Apxurexrypa,
TPagoOCTPOUTENBCTBO, HCTOPUKO-KYJIBTYpHAsi M 3KOJIOTH-
yeckas cpeia ropoJoB LeHTpaibHOol Poccun, Ykpaunsl u
Benopyccun: mMatepuanel MexayHap. Hayd.-lIpakT. KOHD.
Bpsnck: bpsinckas roc. uHx.-TexH. akagemus, 2014.
C. 40-43.

. Enoxos, A. M. T'opox kak o0bexT yrpasyenus / A. M. Eno-

xoB // Bectuuk ITepmckoro yH-ta. Cep. Dxonomuxa. 201 1.
Beim. 3, Ne 10. C. 78-86.

. demun, H. M. Ympasienue pasBuTHEM IpafoCTPOUTENb-

Hbix cucreM / H. M. Jlemun. Kues: ByniBensuuk, 1991.
184 c.

Hayka
urexHuka. T. 17, Ne 2 (2018)



Civil and Industrial Engineering

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. T'abpens, M. M. TIpocTopoBa opraHizariist MiCTOOYIIBHIX

cucrem / M. M. I'abpenb. Kuis: BugaBununit aim A.C.C,
2004. 400 c.

. Hdemun, H. M. I'pagocrpoutenbHble HMHPOPMAIUOHHEIE

cucteMsl. I'pagoctpoutenbubiil kagactp. I[lepBuunbie ame-
MEHTBI CTPYKTYPbl OOBEKTOB I'PaJIOCTPOUTENBCTBA U TEP-
putopuansHoro mianupoBannst / H. M. Jlemun, A. U. Con-
raeBckasi. Kuis: ®enike, 2015. 216 c.

. JlaBpuxk, I'. 1. Metomonoruueckue nmpo6aeMsl UCCIIEI0BaA-

Hus apxutektypueix cucrem / I'. WM. JlaBpuk. Kues:
KHCH, 1979. 30 c.

. JIamenxo, A. A. Merogomnoriuni ocHOBH Ta iH(pOpMa-

LifHO-TeXHONOTIuHI Mozeni iHppPacTPyKyTpH TeonpoCTo-
POBUX JaHHX MICBKHX KamacTpoBHx cucteM / A. A. Jla-
menko. Kuis: KHYCA, 2004. 36 c.

. Ocurasiako, A. I1. [TnanyBanns po3surky micra / A. I1. Ocurt-

assaK0. Kues: KHYBA, 2001. 458 c.

[Tanexa, 0. H. I'pagoctpourensHblii kKagactp — uHbOpMaIu-
OHHasi OCHOBA OOHOBJIEHHs TPAJOCTPOUTENBHON JOKYMEHTa-
uu B T. Kuese / FO. H. IManexa, T. C. Heuaesa, B. A. Cmui-
Ka // OIBIT U TIEPCIEKTHBBI Pa3BUTHS TOPOJOB YKpPaWHBL.
[Ipo6nems! nepcniekTuBHOrO pazButus ropoga Kuesa. Kues:
Minpomicto, 2012. Bum. 23. C. 39-50.

CunraiBebka, O. 1. SIBuma i 00'ekTH ipeqMeTHOT 0071acTi Mic-
TOOYMBHOT HisUTbHOCTI // MicTOOYIyBaHHS Ta TEPUTOpiab-
He wianyBanHs. Kues: KHYBA, 2009. Bumn. 32. C. 22-37.
Tpyxaues, 0. H. O6mas Teopus rpagoCTpOUTEIBHBIX
cucreM (Meronornorudeckas koxunennus) / FO. H. Tpyxa-
gyeB. PoctoB Ha-JI.: PocToBckas roc. akagemuss apxur. U
uckycctsa, 2006. 120 c.

Munysuy, B. JI. OcHOBHBIE HNPHHIMIIBI Fe€OMH(pOPMALIH-
onnbix cucteM / B. JI. Iumynua. XapekoB: Xapbk. Hall.
akaJ. ropoJ. xo3-Ba, 2010. 313 c.

OcHoBbI Teopu rpagoctpoutensersa / 3. H. Spruna [u np.];
non pen. 3. H. Slprunoii. M.: Crpoiinzaar, 1986. 325 c.
T'op6anb, O. M. OcHOBH TeOpii CHCTEM i CHCTEMHOTO aHa-
nizy / O. M. T'opbans, B. €. Baxpymmn. 3amopioksa: I'Y
31AMY, 2004. 204 c.

I'natuenxo €. 0. Koncnexr nekuiit 3 aucuuruting «Mick-
kuit MoniTopunr» / €. 10. 'naruenko. Xapeki: XHYMT,
2013. 68 c.

I'y6ina, M. B. Micbkuii MOHITOPHHT i OCHOBU NPOEKTHOT
cnpasu / M. B. I'youna. Xapekis: XHAMI', 2009. 61 c.
'ybuna, M. B. OcHOBBI IpagOCTPOUTEIBHOTO MEHEIK-
MeHTa 1 MoHuTopuHra / M. B. I'youna. Kues: BUPA-P,
2002. 248 c.

MManosa, JI. II. CuCTeMHOCTh apXHTEKTypHOH cpeabl /
JI. I1. ITanoBa. XapbkoB: XapbK. Hall. akaj. TOpoJ. X03-Ba,
2010. 235 c.

[Iy6osuu, C. A. BBeneHne B apXHUTEKTYPHBIA MOHHUTO-
punr ropojckoii cpenst / C. A. Illy6osud, O. C. ConoBbe-
Ba, JI. I1. [TanoBa. XapekoB: XHYT'X, 2009. 67 c.

Copoka, K. O. OcHOBH TeOpii CHCTEM i CHCTEMHOTO aHalli-
3y / K. O. Copoxka. XapekoB: XHAMI', 2004. 291 c.
Odunocodekuii cnosaps / mox pen. U. T. dpomnosa. M.:
IMomutuzgat, 1991. 560 c.

Ye, Y. Quntitative Tools and Urban Morphology: Com-
bining Space Syntax, Spacematrix and Mixed-Use Index
in GIS Framework / Y. Ye, A. Van Nes // Urban Morpho-
logy. 2014. Vol. 18, No 2. P. 97-118.

Maguire, D. J. GIS, Spatial Analysis, and Modeling /
J. D. Maguire, M. F. Goodchild, M. Batty. US: ESRI
Press, 2005. 504 p.

Hayk

yka
wTexHuka. T. 17, Ne 2 (2018)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

T'onoBun, A. B. MoaenupoBanue it IPUHATHS PeLICHUN
IPpU TPaZOCTPOUTEIIFHOM NPOCKTUPOBAHUM Ha MpUMeEpe
CeTH MYHHIMIIAIBHBIX 00pa30BATENbHBIX YUPSHKICHUH /
A. B. Tonoeun // BectHuk IlepMCKOrO HaIMOHAIBHOTO
TIOJIUTEXHUYECKOTO HCCIIEJOBATEILCKOTO YHHBEPCHUTETA.
Vpoanuctuka. 2013. T. 2, Ne 10. C. 6-31.
HWudopmanoHHo-aHATUTHYECKas] cUCTeMa Ul KOMIUIEK-
CHOTO TPaJOCTPOMUTEIBHOIO aHajau3a [DJICKTPOHHBIH pe-
cype] / A. 1O. 3aBbsnoB [u np.] / ApXuUTeKTypa U COBpe-
MeHHbIe MHpOpMaIoHHble TexHojorud. 2015. T. 2, Ne 31.
Pexxum nocryna: http://elima.ru/articles/index.php?id=92.
Doppecrep, Ix. nnamuka passurus ropozaa / Jx. dop-
pectep; nep. ¢ auri. M. I'. OpnoBoii; nox pen. 1O. I1. MBa-
nuiosa, A. II. UBanosa, P. E. OranoBa. M.: IIporpecc,
1974.287 c.

[Tappunenno, C. CoBpeMeHHbIE METOIBl apXUTEKTYpHO-
ro obcnemoBanusi ropoackoit cpexst / C. Ilappuneno,
C. B. Makcumosa, JI. B. CocnoBckux. [lepmb: Ilepm. Ham.
uccien. nonurex. yu-t, 2015. 121 c.

Cwmunka, B. A. IlpumeneHne reouHGOPMAIMOHHBIX TEX-
HOJIOTUH TIpU MNPOBENCHUHM T'PAJOCTPOUTENHHOIO MOHH-
TopuHra [DnekrpoHHsIid pecype] / B. A. Cmunka // Uado-
pMaIMOHHbIE TEXHOJIOTHU B 00pa30BaHHMH, HAayKe W IIPO-
mpojcTBe: [ MexnyHap. Hayd.-TeXH. HHTEPHET-KOH.,
20-21 wnos6. 2015 1. Cexmmsa 2. Pexum pocryma:
http://rep.bntu.by/handle/data/21915.

MOHHTOPHHT TPaTOCTPOUTENBHBIX PEIICHUH Ha OCHOBa-
HUH OTKPBITBIX NCTOYHUKOB C HCIIOJIb30BaHUEM I'eonH]O-
PMalMOHHBIX TEXHOJOrui [DekTpoHHbIH pecypce] /
10. B. bymimakoga [u ap.] // CTpOUTEIBCTBO M apXUTEKTY-
pa. OnbIT U coBpeMeHHble TexHojoruu 2014. Beim. 3. Pe-
*KuM foctyna: http://www.marhi.ru/AMIT/2015/1kvart15/
bushmakova/abstract.php.

KommekcHast Mofenb NPOCTPAHCTBEHHOTO PA3BUTHA Kak
OCHOBA CHUCTEMBI ITOANCP)KKU NMPUHATHUS PELIeHni B o0na-
CTH TeppuTopHanbHoro IianupoBanus / A. 0. 3aBbs-
noB [u ap.] // Bectauk ITHUITY. VpOanucruka. 2013.
T. 4, Ne 12. C. 10-20.

Koctukosa, I'. 1. Cucrema OLIEHKH MPOEKTHBIX PELICHUH
00BEKTOB JKMJIOH HEIBIKMMOCTH HA IIPEIBIHBECTHIIMOH-
HOHU cTaguu ¢ IPHUMEHEHHEM TEXHOJOTHH HEHPOHHEIX Ce-
teii / T'. JI. Kocrukosa, I'. B. 3emiisikoB / Hayka u TexHH-
ka. 2016. T. 15, Ne 6. C. 481-492. DOI: 10.21122/2227-
1031-2016-15-6-481-492.

3emisaikoB, I'. B. CucremorexHudeckass XapaKTepHCTHKa
OLICHKU KauecTBa NPOCKTHBIX PEIICHUH OOBEKTOB KWIOH
Henpmwxumoctu B Pecriy6nuke Benapycs / I'. B. 3emisikos,
I'. 1. Kocrukosa // Bompochkl BHEIpeHHsI HOPM IPOCSKTH-
poBanHmsi M craHgaproB EBpomeiickoro cotoza B o6iacti
CTPOMTENBCTBA: MaTepHaJIbl HAYd.-METOJl. CeMHUHapa, MUHCK,
29 mast 2012 r. Munck: BHTY, 2012. Y. 1. C. 231-240.
Moucees, 0. M. I'pamoctpoutensHoe IIaHUPOBaHKE
nepes JHMIOM HOBBIX BBI30BOB [DJeKTpOHHBIH pecypc] /
0. M. Mowucees // Apxurekrypa U COBpeMeHHbIE HH(OP-
maronHsle TexHosoruu. 2012. T. 21, Ne 4. Pexum nocry-
na: http://www.marhi.ru/AMIT/2012/4kvart12/moiseev/
abstract.php.

Sterman, J. Business Dynamics: Systems Thinking and
Modelling for a Complex World / J. Sterman. Boston:
McGraw-Hill, 2000. 982 p.

IMoctynuna 28.02.2017
[Noanucana B nedats 10.05.2017
Ony6nukoBana onnaita 30.03.2018

129



Cmpoumenvcmeo

DOI: 10.21122/2227-1031-2018-17-2-130-141

VK 528.4:332.63

CTelKX0/1/IepPHO-UHTETPUPOBAHHBIN MOAX0/I K OLlEHKE YPOBHSA
HHKEHEPHO-UH(PPACTPYKTYPHOI0 o0ecnevyeHus TOPo/I0B

) )

, kKaHj. TexH. Hayk C. T, HeCTepemcol y
)

JIoKT. 3K0H. HayK, npod. K. A. Mamonos'
3. C. llItepumox”, M. A. I'pex”, acn. A. B. Pyromaxa'

1)XapbKOBCKI/Iﬁ HaIMOHAJLHBIH YHUBEPCUTET TOPOACKOTO X03siicTBa mMeHn A. H. bekerosa (XappkoB, YkpanHa)

© benopycckuii HalMOHANBHBIN TEXHUYECKUH yHUBepcHuTeT, 2018
Belarusian National Technical University, 2018
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YPOBHS MH)KEHEPHO-UH(PACTPYKTYPHOrO 00ECHEUEHUsI TOPOA0B; CUCTEMaTU3UPOBaHbl CYLIECTBYIOIHME MOJAXOIbI K OLEHKE
YPOBHS MHXEHEPHO-UH(PPACTPYKTYPHOTO OOECIeYEeHHsI TOpOJIOB; pa3paboTaH alrOpUTM OINpENeIeHUs NaHHBIX MPOCTPaH-
CTBEHHBIX MOJIEJICH; IIOCTPOEHB! NIPOCTPAHCTBEHHBIE MOJIEIH JUISl OICHKH YPOBHS HMH)KEHEPHO-HH(PACTPyKTypHOTO obecrie-
YEeHUs C UCIIOIb30BAHIEM I'€OMH(OPMAMOHHBIX CHCTeM. [IpensoxkeH KOMIUIEKCHBIH HMOAXO K MOJEIHPOBAHHUIO IIPOCTPAH-
CTBEHHBIX (HaKTOPOB UIsl OLCHKH HWHKEHEPHO-UH(PACTPYKTYPHOTO OOECIeUeHUs] ropojia, KOTOPBIA OTIMYASTCS OT CyIle-
CTBYIOIINX pa3pabOTKOH W IpUMEHEHHEeM TeOMH(OPMAIIOHHOTO WHCTpyMeHTapus. Pa3paboTaHBl NPOCTpaHCTBEHHBIE
MOJIETH MHXEHEPHO-UH(PPACTPYKTypHOTO oOecHedeHHs TEPPUTOPHU TOPOAa, BKIIIOYAIONINE TEPPUTOPHAIBHBIC, SKOJIOTHYE-
CKH€, JHepreTHYECKHe, COLIMaTbHO-9KOHOMUYECKHE U JPYTUe XapaKTepUCTUKH, YTO MO3BOIMIO PEATU30BAThH IPEAT0KEHHbIH
MOJIX0Jl K MOJCIMPOBAHHIO MPOCTPAHCTBEHHBIX (HaKTOPOB. 3aciay)XKMBAaeT BHUMAHHS HCIIOJb30BaHHE T€OMH(OPMAIIMOHHBIX
CHCTEM, YTO OTKPBIBAE€T BO3MOXKHOCTH 0oJiee AETaabHOTO PAaCCMOTPEHUSI MOJETeH BIHMSHUS MPOCTPAHCTBEHHBIX (PaKTOpOB,
TIO3BOJISIET TTOBBICUTH OOBEKTHBHOCTD PEIICHUSI IOCTABICHHOH MPOOIEMBI.

KiroueBble cj10Ba: MH)XEHEPHO-MH(PACTPYKTYpHOE obecreueHue, reonH(pOpMalMOHHOE MOJICINPOBAHNE, CPEICTBA [COUH-
(OpMAaIIMOHHBIX CHCTEM, OLICHKA YPOBHSI, TEPPUTOPHUSI TOPOIa

Jist unrupoBanusi: CTeHKXOJACPHO-HHTEIPUPOBAHHBII [OX0/] K OLCHKE YPOBHS HH)XCHEPHO-MH(PACTPyKTYpHOro obec-
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Stakeholder-Integrated Approach to Assessment
of Level in Urban Engineering and Infrastructure Provision

K. A. Mamonov", S. G. Nesterenko", E. S. Shterndok”, M. A. Grek”, A. V. Rudomakha”

Y0. M. Beketov National University of Urban Economy in Kharkiv (Kharkiv, Ukraine)

Abstract. An algorithm for assessment of level in engineering and infrastructure support of urban area has been developed
while using geographic information systems (GIS) in the framework of stakeholder-integrated approach. In order to achieve
the target goal the following tasks have been solved: description of stakeholder-integrated approach to assessment of level
in engineering and infrastructure support of cities; systematization of the existing approaches to assessment of level in engi-
neering and infrastructure support of cities; development of an algorithm for determination of data for spatial models; deve-
lopment of spatial models for assessment of level in engineering and infrastructure support while using geographic infor-
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mation systems. A comprehensive approach has been proposed to simulate spatial factors in order to assess urban engineering
and infrastructure support, which is different from the existing ones due to development and application of GIS tools. Spatial
models of urban engineering and infrastructure support have been developed in the paper. They include territorial, ecological,
power engineering, socio-economic and other characteristics. These models have made it possible to implement the proposed
approach for simulation of the spatial factors. It is necessary to point out the fact that geographic information systems have
been used and this approach provides a possibility to detailed consideration of models which reveal influence of spatial fac-

tors. So it is possible to increase objectivity of solving the problem.

Keywords: engineering and infrastructure support, GIS modeling, geographic information systems tools, assessment of level,

urban territory
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BBenenne

WNnxenepHas nHMpacTpyKTypa TOPOAOB Mpea-
Ha3HAYCHa JUIsl 00eCIICUeHHsI Ha KOHKPETHOU Tep-
pUTOpUH BceX IMOTpeOuTeneil BOMOU, dHEPrUeH,
TOTUTUBOM, BBIBO3a OBITOBBIX M TTPOMU3BOICTBEHHBIX
oTX0JI0B. MHXeHepHass MHPPaCTPyKTypa TOPOIOB
BKITFOYAET B ce0sI CHCTEMBI BOJIOCHAOKEHHUS, KaHa-
JIM3AIAH, TEIDI0-, DIEKTPO-, Ta30CHAOKEHHs, CBSI3H,
OCBELICHUS, CAHUTAPHOM OYUCTKU U JPYI'HX BUJIOB
OmaroyctporictBa. MmxeHepHOe 000pyIOBaHHE CH-
CTEM COJEP)KUT Ha3eMHBIE W TOJ3EMHBIE COOpPYKe-
HUs, THXKCHEPHBIC CCTH U KOMMYHHKAIHU.

YpoBeHb WHKEHEPHOTO OOECIIeYeHHsS TeppH-
TOpPUW HACEJICHHOTO ITyHKTa OKa3bIBaeT CyIle-
CTBCHHOC BJIMAHHUEC Ha KAYCCTBO KHU3HU HACCJIICHUA,
a TaKKe Ha MPUBJIEKATEITLHOCTh TOpOIa AJIs Hace-
nenus. OH Takxe SBISIETCS OMHUM M3 (PaKTOPOB,
KOTOpPBIM BJIMAET HAa OLEHKY IMPOCTPAHCTBEHHBIX
XapaKTePUCTHK, OOecTeunBaronmx (GopMupoBa-
HUE, paclpeielieHre U UCIIOF30BaHUE 3eMelb To-
POa0B. B Taknx YCIIOBUAX BAXXHOC 3HAUCHUC IIPU-
oOpeTaeT OIIGHKa YpPOBHS WHXEHEpHO-UH(ppa-
CTpYKTypHOro obecnieuenus ropogos. Kpome Toro,
Ha (OpMHpOBaHUE W pEANTH3AIUI0 WHXKEHEPHO-
WHPPACTPYKTYPHOTO OOECICUeHUsI TOPOJOB OKa-
3BIBAIOT BIIMSHHE TPYNITBI 3aUHTEPECOBAHHBIX JIUIT
(CTEWKXOIACpOB), KOTOPHIE B3aUMOICHCTBYIOT B
chepe 3eMENbHBIX OTHOIIECHUI TOPOJICKHX arjo-
Meparuii.

AHanu3 pazpaboTok

Pemennem mnpoOneM B cdepe wucciaemnoBaHus
HaIlpaBJICHUN W OMNpeAeNICHUs OCOOCHHOCTEeH WH-
JKEHEPHO-WH(PACTPYKTYPHOTO OOECTIeUeHHs], €ro
OLIEHKH, WCIOJNB30BaHUA COBPEMEHHBIX TEXHOJO-
ruii 3anmMatorcs yuenole 1O. @. Jlextapen-
ko [1], A. A. JIsmenko [2, 3], K. A. Mamonos [4-6],
10. H. Tanexa [7, 8], B. [. unynuu [9] u gp.
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OmHAaKO OCTalOTCS HEPEIICHHBIMH BOIPOCHI,
CBSI3aHHBIC C OIICHKOW YPOBHS MHXCHEPHO-UH(pa-
CTPYKTYPHOTO OOCCIICUCHHUSI, YIUTHIBAsT OCOOEHHO-
cTH (OPMHUPOBAHUS, PACTIPEACTCHHUS] W HCIIONb-
30BaHUsl 3eMeJb TOPOJOB W B3aMMOOTHONICHUS C
Pa3TMYHBIMHA TPYNIIAMHA 3aWHTEPECOBAHHBIX JIHII
(cTeitkxomnepos).

Lenpto wuccrnenoBaHusi sBISETCA pa3pabOTKa
QIrOpuTMa OICHKU YPOBHS HWHXCHEPHO-UH(pa-
CTPYKTYPHOTO OOECIECUEHHUS TEPPUTOPHUH TOPO-
JIOB C UCIOJIb30BAaHUEM IeOMH(OPMAITUOHHBIX CHC-
TEM B paMKax CTEHKXOJIEPHO-WHTETPHUPOBAHHOTO
MOIX0/1a.

1 1oCTHKEeHMs MOCTaBICHHOW LEeIW penia-
I0TCA CIEIYIONINE 3a/1a4H:

e XapaKTEPUCTHKA CTEUKXOJIACPHO-UHTETPUPO-
BaHHOTO TIOAXOJa K OIICHKE YPOBHS HHXCHEPHO-
HHPPACTPYKTYpHOTO 0OECieueHHs TOPOIOB;

e CHCTEMATH3aIUs CYIICCTBYIOIIUX TIOAXO0I0B
K OIIEHKE YPOBHS HH)KEHEPHO-UH(PACTPYKTYPHOTO
o0ecIeYeHUs TOPOIOB;

e pa3paboTKa ajaropuTMa ONpeAeNeHHs JAHHBIX
MPOCTPAHCTBEHHBIX MOJIENIECH;

e TIOCTPOCHHUE TPOCTPAHCTBEHHBIX  MOJIEIICH
JUISL OTICHKHM YPOBHS MHXEHEPHO-UH(PPACTPYKTYP-
HOTO o0ecreueHus! ¢ UCIOIb30BaHHEeM reonHpOp-
MAaITUOHHBIX CUCTEM.

Pe3yJI]>TaTbI HCCJIeAOBAHNA

Jnst  pa3BUTUSL WHKEHEPHO-MHAPACTPYKTYp-
HOTro 00ecIeueHHs ropooB MPEIJIOKEHO CO3/aTh
WHPOPMALUOHHO-TIPOCTPAHCTBEHHBI 0a3uc, Ko-
TOpBIN (popMHUpYyETCs] HA OCHOBE PE3yJIbTaTOB HMH-
TerpajabHOM OLIEHKH. B 3TOM KOHTEKCTe JUIs perie-
HUS TTOCTaBJIEHHOHN 3aJa4n pa3padoTaH CTEHKXOI-
JEePHO-WHTETPUPOBAHHBIN MMOAXOJ, CyTh KOTOPOTO
COCTOMT B TOM, YTO ONPEAEIAIOTCS UHTErpaIbHbIC
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KPUTEPUU TIPOCTPAHCTBEHHBIX XapaKTEPUCTUK HH-
KEHEPHO-UH(PPACTPYKTYPHOTO OOECIICUSHUS TO-
polIoB, (hopMHPYIOTCS T'eOMHGOPMAIMOHHBIE MO-
JISJIA, YTO TIO3BOJSET NMPUHUMATh OOOCHOBAaHHBIC
pereHus s TMOBBIIEHUS 3G ()EKTUBHOCTH (yHK-
[IUOHUPOBAHUS TOPOACKUX arjloMepaliyii.

B [4, 7-11] onmpeneneHO, YTO OIEHKA YPOB-
HSl MHXEHEPHO-UHPPACTPYKTYPHOTO 00ECIeUeHHUs
TEPPUTOPHI TOpoja 0a3upyeTcss Ha OIpeNeICHUN
YCIIOBUI OIICHOYHBIX PaliOHOB, B IEPBYIO OYEpElb
TOPOJICKUMH WHXCHEPHBIMU ceTsaMu. Koaddu-
UCHT YPOBHS HWHXXEHEPHO-MH(PACTPYKTYPHOTO
obecrnieueHus TopoioB K; onpenenseTcss Ha OCHOBE
WCCIIEIOBAHNS BIMSAHUS DKCIUTyaTallMOHHBIX Xa-
PaKTEPHUCTHK CYIIECTBYIOIINX CETeH TeIlIo-, Ta3o-,
BOJOCHA0XKEHUS, KaHATN3aIINN (MECTOIIOIOXKEHHE,
JuaMeTp TpyO, JTaBICHHE B BO3MOXKHBIX TOYKaX
MOJIKITIOYCHHMSI, JIMHCWHO-Y3JIOBbIC HArpy3KH Ha
CeTh U T. JI.) HA MOTPEOUTEIIS, YUUTHIBAsI OCOOCH-
HOCTU (DOPMHPOBAHUS, PACTIPSACICHHUS W UCIIONb-
30BaHUs 3eMellb. 3HaYeHue K; HaXOJMTCs B Juarna-
3oH¢ OoT 1,0 (HamWBBICIIAs BEPOATHOCTH) a0 1,5
(HamMeHbITIast BEPOSTHOCTB ).

B ycnoBusix ropona CymecTBYIOT 3HAYHTENb-
HBIE CIIO)KHOCTH B TIONYYEHHWH W COBOKYITHOM
00paboTKe pacrpeneeHHBIX B IIPOCTPAHCTBE JaH-
HBIX WHXXCHEPHO-MH(PACTPYKTYpPHOTO obecreve-
Husl cucteM. [lodToMy /st OLICHKH YPOBHS HMHKE-
HEPHO-UH(PACTPYKTYPHOTO OOECIICUCHHST TEPPUTO-
puM ropoja oOmpeneneHo, 4to KodpduuueHt K;
3aBUCHT OT MECTOIIOJIOKEHUS, JJIMHBI M JTUAMETPOB
TPyOOTIPOBOIOB HHKCHEPHBIX ceTel [5, 6, 12—16].

Hcxonst w3 TOro, 9T0 MHKEHEPHO-WH(PPACTPYK-
TypHOE OOECTIeYeHre CUCTEM IPECTaBISIETCS T€0-
MIPOCTPAHCTBEHHBIMH OOBEKTaMH, OIEHKa YypOB-
HSl BBITIOJHAETCS C WCIIOJIb30BaHWEM TeonH(pOp-
MAaIlMOHHBIX CHUCTeM. [l MoJenupoBaHUs TIPO-
CTPaHCTBEHHBIX (DAKTOPOB TIO KaXKJAOMY BUAY
TPYOOIPOBOJHOTO WHKEHEPHO-UH(PPACTPYKTYPHO-
ro o0ecreueHus] TEPPUTOPUM TOPOJa OmpeseicHa
MIOCJIeI0BATEIILHOCTD:

1-it aTan: co3manne MUGPOBOTO aHAIIOTA WHKE-
HEPHOM ceTu;

2-§ Tam: ONpeAeNiCHUE AAHHBIX ISl MOZIEIH
YPOBHSI WHXEHEPHO-UHPPACTPYKTypHOTO obecte-
YEHUS TEPPUTOPHH ITyTEM:

— TIOCTPOCHUS DJIEMEHTOB WH)XCHEPHOU CETH B
€JMHYI0 CHCTEMY C MOMOIIbIO MOKa3aTelield CTOM-
MOCTHU CTPOUTEILCTBA TPYOOITPOBOIOB PA3INIHOIO
JMameTpa;
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— pacuera rayOuH OydepoB oT Tpyd WHXKEHEp-
HO-MH(PaACTPYKTYpHOTO 00YCTpOWCTBAa HA OCHOBE
€/IMHOU CHCTEMBI;

3-ii 3Tam: co3maHue reonH()OPMAIMOHHONW MOJe-
TM  WHKEHEpHO-UH(PPACTPYKTYpHOrO  obecriede-
HUSL TEPPUTOPHM HA OCHOBE Oydepuzauuu TpyO HH-
KEHEPHBIX CEeTed 10 ONpEACNICHHBIM TITTyOMHAM
Oydepos.

CornacHo yCTaHOBIICHHOH MOCIIEIOBATEIbHOCTH
IUIsl MOJEJIMPOBAaHMS YPOBHS HHXEHEepHO-uHppa-
CTPYKTYpPHOTO OO€CIEUYEHHs] TEPPUTOPUU IOpoja
pa3paboTaH  CIEOYIOIINA JIMHEHHBIA  aIrOpUTM
onpeieNIeHHs TaHHBIX TPOCTPAHCTBEHHON MOJIEITH:

1) uauano: atpuOyTHl TEOMH(DOPMAITHOHHOTO
CIIOSI MHXKCHEPHOHM CETH IyTeM pacdera cymmap-
HOMW TPOTSHKEHHOCTH TPYO

LZ:ZLi; (1)

2) pacdeT CTOMMOCTH TPyO OmpeaeracHHOro
JaMeTpa

Vpi = ViL;; (2)

3) ompeneneHHEe CyMMAapHOW CTOMMOCTH BCEX
TpyO

Vs = 2ViLs; 3)
4) pacuet cpenHeit ctoumMoctd 1 M Tpyo
Vep = Vs/Ls; Q)
5) onpenencaue ko3 durnenta oydepa
K=S/Ls/V./2; %)
6) pacuer riryouHsl 0ydepos
R:= KV (6)

KOHey: aTpuOyThl TeONH(POPMAIMOHHOTO CIIOS
WHXXCHEPHOU CeTH ¢ TIyonHamu 0ydepos.

B mpencraBieHHBIX MOJENSX aIropuTMa IpH-
HATBL clenyronpe oOo3HaueHus:: D; — nuamerp
Tpy0; V;— croumocts 1 M mor. TpyO onpeaeraeHHo-
ro auaMeTpa; L; — mnmHa TpyO OIpenesieHHOTO
IraMeTpa; S — IIoNaas TePPUTOpHH;, R — rTyOrHa
Oydepa.

CormnacHo YCTaHOBIIEHHOH MOCJeq0BaTENbHO-
CTH DTamoB JJIsi MOJCITUPOBAHUS YPOBHS WHIXKE-
HEpHO-MH(PACTPYKTYpHOTO OOECeUeHHsl Teppu-
TOpUM pa3paboTaH JIMHEHHBIH alropuTM pacdera
JAHHBIX ITPOCTPaHCTBEHHON Moaenu (puc. 1).
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( ATpuOyTHI IIapa MHXXEHEPHOI ceTn )

y

1. Pacuer cymmapHOii AIMHBI BCeX TPYO ¢ HCTIOIB30BaHUEM MOJIeIIeH
Ly =Z%L;

\4

2. Pacuet ctoumMocTu TpyO ONPENEIICHHOTO JHaMeTpa
Vpi=ViLi

A 4

3. Pacuet cymMmMapHO# CTOMMOCTH 00LIero KoJnyecTBa Tpyo
Vs =2V

A

4. OnpeneneHue CpeIHEB3BEILICHHON CTOUMOCTH 1 M mor. TpyO
ch = VZ/LZ

A 4

5. Pacyer cpeHEB3BEIIEHHON HIMPUHBI 30HbI
Zcp = S/LZ

\ 4

6. Pacuer ko3 punmenta oydepa
K=2Z,/Vyl2

y

7. Onpenenenue riryouH Oyhepos
Ri = KV,

Puc. 1. AnropuT™ pacdeTa JaHHBIX IPOCTPAHCTBEHHOH Moaenn

Fig. 1. Algorithm of data calculation for spatial model

Juis MogenupoBaHusl IPOCTPAHCTBEHHBIX (ak-

Okonuanue maba. 1

TOPOB TPEAJIOKEHa METOJMKA OCYIIECTBICHHS pac- 1 2 3 4 5
yeTa TITyOMH 30H CEeTH BOJOCHAOXKEHUS T. XapbKo- 400 78618 39 3066102 159
Ba, PE3yNbTATHl KOTOPOU MPECTABIIEHHI B Ta0. 1. 500 20183 > 2089516 o
Tabmuya 1 600 62874 64 4023936 262
Pacuer l“.]'[yﬁl/IH 30H CE€TH BO}.‘lOCHaﬁ)KeHI/ISl 700 6004 68 408272 278
Calculation of depth in water network zones 800 36597 7 2634984 294
00 2516 86 2164362 352
Nuawmerp | Juuna L;, | 3uadenue | 3HaueHHe 61"J1y61/11{1§1 0 ’
D;, M MM Virpu | ViL, rpaMm y‘i’;‘:&a b 1000 | 55733 100 5573300 409
) 5 3 4 5 1200 37417 126 4714542 515
150 5460 19 103740 78 1400 33912 154 5222448 629
200 12956 23 297988 94 1600 46098 195 8989110 797
250 3563 28 99764 114 Ilo paspaboranHomy anroputmy (puc. 1) co-
300 100884 34 3430056 139 3[aHbl TPOCTPAHCTBEHHBIC MOJCIU HHXEHEPHO-
Hayka
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UH(PACTPYKTYPHOTO OOCCIICUCHUSI TEPPUTOPHU
r. XapbkoBa (puc. 2-5).

Puc. 2. IIpocTpaHCTBEHHAs MOJIEIIb YPOBHS HHKEHEPHO-
HH(PACTPYKTYPHOTO 0OECIIeUeHNUs TEPPUTOPHH T. XapbKOBa
CYILIECTBYIOIIEH CEThIO BOIOCHA0KEHUS
(pa3paboTaHo aBTOpaMH)

Fig. 2. Spatial model of engineering and infrastructure support
level for territory of Kharkiv
by existing water supply network (developed by authors)

Puc. 3. IIpoctpancTBeHHast MO/IEb YPOBHS MHXKEHEPHO-
HHPPACTPYKTYPHOTO 0OCCIICUCHNS TEPPUTOPHH T. XapbKoBa
CYIIECTBYIOIIEH CEThIO TEINIOCHAOKECHHS
(pa3paboTaHo aBTOpamMmu)

Fig. 3. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing heat supply system (developed by authors)

A A\

Puc. 4. IIpocTpaHCcTBeHHas! MOJICNIb YPOBHS HH)KEHEPHO-
HHDPACTPYKTYPHOTO 0OECIICUSHNUs TEPPUTOPHH T'. XapbKoBa
CYIIECTBYIOMICH CEThIO Fa30CHA0KEHHS
(pa3paboTaHo aBTOpaMH)

Fig. 4. Spatial model of engineering and infrastructure support
level for territory of Kharkiv
by existing gas supply system (developed by authors)
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Jlns MozmenupoBaHus NPOCTPAHCTBEHHBIX (ak-
TOPOB 3€Melb MEranojuca IpeIoKeHO oIpese-
JUTh ypPOBEHb OOECIEYEHHS TEPPUTOPHU HHKE-
HepHOU MH(PPACTPYKTYPOH 3MEKTPOCHAOKEHUS.

Puc. 5. IIpocTpancTBeHHast MOJENb YPOBHS HHKEHEPHO-
HH(PACTPYKTYpHOro 00ECIeUeH s TEPPUTOPUH T. XapbKoBa
CYIIECTBYIONIEH CETHIO BOJOOTBEACHHS
(pa3paboTaHO aBTOpaMHM)

Fig. 5. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing water drainage network (developed by authors)

[lokaszarenp oOecrie4eHUs] TEPPUTOPHH HHXKE-
HepHOU MH(QPACTPYKTYpO#l snekTpocHabxeHus H;
JUISL KaKI0TO U3 PAaifOHOB ropoJia OIpeesnsieTcs 1o
CJIEAYIONIMM NpUHIUNAM. B wactHOCTH, IpH paB-
HOMEPHOH IJIOTHOCTH HArpy3KH YCIOBHUS 3JIEKTPO-
CHAOKeHHUS SBIAIOTCS (YHKINEH yIaJeHHOCTH OT
HUCTOYHUKOB (UeHTpa) nuTanusd. OueHka BiIUs-
HU (aKTopa SIEKTPOCHAOKECHHUS XapaKTepU3yeTcs
YCJIOBHBIM TIOKa3aTesieM, Il KOTOPOTrO MaKCHMallb-
HOe 3HaueHue (Hanbosee OJIarompusITHBIE YCIOBHS)
paBHo 1,0 ¢ mociemyronMM YMEHBIICHHEM €ro IT0
Mepe YAAJICHHOCTH OT WMCTOYHMKOB MNHTAHHSI H C
YCIIO)KHEHHEM CXEMBI JIeKTPOCHA0KEHHS.

AHanu3 3HAYNTEIBHOIO KOJHMYECTBa pa3pado-
TaHHBIX TPOEKTOB, @ TAKXKE CHELUUAJIBHO BBITIOJ-
HEHHBIX PacyueTOB MOKa3bIBAET, YTO B 30HE Paauy-
coM 10 1,0 KM OT McTOYHHMKA (LEHTPA) HMUTAHUSI
3TOT TNOKa3zarenb coctasisieT 1,0, mpu ynaneHuu
1o 2,5 km — 0,85, npu ynanenuu 1o 5,0 km — 0,77
(ecnn mpu 3TOM He TpedyeTcsl CO3AaHHE HOBOTO
neHTpa nuTtanus). [1o 3TuM gaHHBIM myTeMm Oyde-
pu3anyy TpaHC(HOPMATOPHBIX ITyHKTOB CO3/aHa
MOZIeTb YPOBHSI MH)KEHEPHO-MH(PACTPYKTYPHOTO
o0ecrieyeHnsl TEPPUTOPUH CYLIECTBYIOIIEH CEThIO
ANEKTPOCHAOKEHUSI.

Pazpaborana Mozenb, XapakTepU3yrOIascst JIu-
HHEH TpeHJa MO Mepe yJaJeHHOCTH OT MCTOYHH-
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KOB muTaHus (puc. 6), KoTopas IpecTaBiieHa Jio-
rapupmMuueckoi QyHKIHen

E =-0,1441n(x) + 0,9946. 7)

Bonpmoe 3Hayenne kodpQuuueHTa ACTEPMH-
natpn (R*=0,9912) CBUIETENBCTBYET O Cylie-
CTBCHHOW CTENCHH BJIMSHUS HE3aBUCHMOTO (akx-
TOpa Ha Pe3yIbTUPYIOMINI TOKa3aTeb.

1,2
1,0
0,8 ‘T—
0,6 . }
0 1 2 3 4 5 6
y=-0,144In(x) + 0,9946
R*=0,9912

Puc. 6. [Tnarpamma 1 MozieNs yIaNeHHOCTH OOBEKTOB
OT HCTOYHHUKOB MUTaHUs (pa3paboTaHO aBTOPAMHM)

Fig. 6. Diagram and model showing distance from project
objects to sources of supply (developed by authors)

C wucnonb3oBaHHEM pa3pabOTAaHHON Moeny,
reonH(GOPMAIIMIOHHOTO WHCTPYMEHTApUsl, JaHHBIX
Mo 00BbEKTaM HCTOYHHMKOB IMHTAaHHUA U CETH JJIEK-
TpocHaOkeHus T. XapbhbKoBa MMOCTPOCHA MPOCTPaH-
CTBEHHAsT MOJENb YPOBHS HMHXEHEPHO-WH(]pa-
CTPYKTYpHOT'O OO€cCIieueHHs] TePPUTOPHH CyIle-
CTBYIOIIIEH CETHIO IEKTPOCHAOKeHUs (puc. 7).

Puc. 7. IIpocTpaHCcTBeHHas! MOJICNIb YPOBHS HH)KEHEPHO-
HHDPACTPYKTYPHOTO 0OECIIeUeHNUs TEPPUTOPHH T'. XapbKOBa
CYILIECTBYIOILIEH CEThIO 3IEKTPOCHAOKEHUS
(pa3paboTaHo aBTOpaMH)

Fig. 7. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing electricity supply network (developed by authors)

Ompenenenne BINSHUSA HH)KEHEPHO-UH(DPa-
CTPYKTYPHOTO O0€CIeUeHHs] TEPPUTOPHU T. Xapb-
KOBa Ha OLIEHOYHbIE PalOHBI OCYILECTBIIICTCS ITy-
TEeM HAJIOXKEHUSI OIPEAENICHHOIO BHAA IPOCTPaH-

P Hayka
wTexHuka. T. 17, Ne 2 (2018)

CTBEHHOH MOJIENIM MHKEHEPHO-MH(PACTPYKTYPHOTO
o0ecrieyeHus TEPPUTOPUH HA OLICHOYHbIE PaliOHBI U
pacuera MHJIEKCOB MHKEHEPHO-HH(PPACTPYKTYPHOTO
obecriedeHNs OLIEHOUHBIX PAOHOB C OIpe/IeIICHUEM
iomaei 0y(hepoB B KaXI0M palioHe.

Pe3ynbraTel pacdera HOPMHUPOBAHHBIX HHICK-
coB obecrieyeHns1 MH)KEHEPHOH HHPACTPYKTYpPOit
TertocHab)eHus (A4,), razocHabxenus (B,), BOIO-
cHaOxenus (F,), xanammzammu (G,) M DIIEKTPO-
cHaOxeHus (H,) paiioHOB TOpoOJa TPEATIOKEHO
UCTIONB30BaTh JUIS ONPENICNICHUS HHTETPAbHOTO
WHJAEKCA YPOBHA HHXXEHEPHOTO OO0YyCTpoicTBa
OIIEHOYHBIX paifoHOB ropoja (U;) ¢ momoIsio Beca
KaXI0M W3 COCTaBIAIONIMX HHXXEHEPHOro 00Y-
CTpOMCTBA B 00OIIEH OIIEHKE 110 MOAETH

U= Aua+Byb + Ff + Gouge + Grug, + Hih, (8)

rae a, b, f, g., g, h — COOTBETCTBYIOIIHUI BEC KaX-
JIOTO U3 PaKTOPOB.

Ha ocHOBaHMU MHTETpaibHBIX HHAEKCOB ypPOB-
HSl MH)KEHEPHOTro 00ycTpoiicTBa OLIEHOYHBIX paiio-
HOB cpeactBamu [ MC-texHomormii co3maercs
CJIOH OLIEHKU 0OecTieyeHusl TEPPUTOPUHN WHIKEHED-
HOU WH(PACTPYKTYpOH, KOTOPBIA SIBISETCS IMPO-
CTPaHCTBEHHOW MOJIENBIO (pHC. 8).

Puc. 8. TIpocTpaHcTBEHHAs! MOJEIb OLCHKH 00eCeYeH s
TEPPUTOPHU HHKEHEPHOH HHPPACTPYKTYpOit
(pa3paboTaHo aBTOpaMHM)

Fig. 8. Spatial model for evaluation of engineering
and infrastructure support (developed by authors)

B cucreme reonmH(pOpMalMOHHOIO MOAEIUPO-
BaHMS TPOCTPAHCTBEHHBIX (DAKTOPOB 3eMEb TO-
ponOB OOIBIIOE 3HAYEHUE MMEET HKOIOTHUECKOEe
COCTOSIHUE TeppUTOpHUil. Ero oneHka ocyIecTBis-
€TcsA Ha OCHOBE OIPEAEICHNs] KOHLEHTpaluu (UH-
TEHCHBHOCTH JIEHCTBHS) TOTO WJIM UHOTO (akTopa
CO ClenyIoLeld XapaKTEpUCTUKON €ro UHTErpupo-
BaHHOTO MPOSIBIICHHS (pacyeT WHTETPAITbHOTO HH-
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nekca). Hanbomee BIUATENHHBIMH JKOJOTHIECKHU-
MU (paKTOpaMH SIBIISTFOTCS:

« aTMOoc(hepHOe 3arps3HEHHE;

e aKyCTHUYECKOE 3arpsi3HEHUE;

e 3JIEKTPOMArHUTHOE 3arpsA3HEHHE;

e 3arPA3HEHNE TIOYBHI.

Craenmyer OTMETUTh, YTO OCHOBHBIE MCTOYHUKHU
3arpsi3HEHsT aTMoc(epHOro BO3AyXa ropoja —
MOOWJIbHBIC (aBTOTPAHCIOPT) W CTAlMOHAPHBIC
HUCTOYHUKH (TIPEINPHUATHS) TeppuTOpru. BEIXOI-
HBIE JTaHHBIE 00 00beMax BEIOPOCOB B aTMochepy,
o0muii BBIOPOC 3arps3HAIONIMX BEIIECTB U pac-
TIpeJieieHne BEIOPOCOB OT CTAI[MOHAPHBIX U Tepe-
JIBUKHBIX MCTOYHUKOB aKKyMYIHUPYIOTCS 00JacT-
HBIM TOCYJApCTBEHHBIM YIIPaBICHHEM OXPaHbI
OKpY>Kalolllell NPUPOJHOH cpelbl W OONACTHBIM
HEHTPOM MO Tuapomereoposorud. JlanHele 3a-
TpSI3HEHHUS aTMOC(epHOTO BO3AyXa OMPEAEISIOTCS
HaTypHbBIMHA H36HIOI[CHI/I$IMI/I.

KomrutekcHast xapakTepruCcTHKa SKOJIOTHIECKO-
IO COCTOSIHHSI OTpENeNseTcsi Ha OCHOBE WHJEKCa
3arps3HeHust atMocdepsl [,, KOTOPBIA PacCUHUTHI-
BaeTCs 1O MOJENN

=

Isa L Ci’ (9)
o \AK

rae ¢; — kouuentparus, mr/m’; TJIK — rpaHndsHas
JOmycTHMas KOHIeHTpauus, Mr/M’; C; — kodhdu-
[IUEHT MTPUBEICHUSI.

Ha ocHOBe pacmonoxeHusi MCTOYHHKOB 3a-
IpS3HEHHS TPEANPHUATHSIMH TOopoja U COOTBET-
CTBYIOIINX 00BEMOB BEIOPOCOB B HUX CPEICTBAMHU
npoctpancTBeHHoro anamusa ['MC, meTomom mo-
crpoenusa noBepxHoctedt IDW cozmaercst mpo-
CTpaHCTBEHHass MoJeNb (CJOH) 3arps3HEHust at-
Moc(hepHOro Bo3Iyxa OpeAnpustusiMu (puc. 9).
Jns mpencTaBieHUsT paclpeeNieHusl 3arpsa3HeHus
aTMOC(EepHOro BO3AyXa MO TEPPUTOPHH BHIOPAHEI
YPOBHHM 3arpsi3HEHUs Ui Hamboiee 3arps3HAro-
meit cocrapmtomeit: 1K, 2,5TIK u ST'IK.
Kaprtuna 3arpsizHeHUS] OT MPOMBIIUIEHHBIX UCTOY-
HUKOB OTpakaeT HamOoliee BEpPOSTHBIE W BIHA-
TCJIbHBIC 30HbI 3arpsA3HCHUA.

Ha ocHoBe MecTONOI0KEHUS MTPOEIKUX YacTeil
MarucTpajieii ropoja OOIIEropoACKOro W patoH-
HOTO 3HaueHWH Oydepuszanmeir co3maercs Mpo-
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CTPaHCTBEHHAs MOJEIb 3arpsS3HEHUs] aTMOC(epsl
OT aBTOTPAHCIIOPTA.

Puc. 9. IIpocTpaHcTBEHHAs: MOJEIIb 3arPA3HEHUS
aTMoc()epHOT0 BO3/1yXa, IIOCTPOCHHAS METO/IOM 00PATHO
B3BELICHHBIX paccTostHui IDW (pa3paboTano aBTopamu)

Fig. 9. Spatial model of air pollution built with the help
of IDW method (developed by authors)

LlenocTHY!0 TPOCTPAaHCTBCHHYIO MOJIENb 3a-
TpSI3HEHUST aTMOC(ephl MPEIoKEHO pa3paboTaTh
MMyTeM B3BEIIEHHOTO CYMMHPOBAHHS IPOCTPaH-
CTBEHHOH MOJICIM 3arps3HeHUs aTMOC(HEPHOTO
BO3/yXa MPEANPHUATHIMA U OT aBTOTPAHCIIOPTA.

st MojenupoBaHusl MPOCTPAHCTBEHHBIX (Dak-
TOPOB B KOHTEKCT€ WX HHTETPAJbHON OLEHKH
HEO00XO0JIUMO YUYUTBIBAThH 3arps3HCHUSI TIOYB TSKE-
M MeTaiamu. OCHOBHBIMH MCTOYHUKAMH XH-
MHYECKOTO 3arpsS3HEHUS TIOYB SIBIISIOTCS BBIOPOCHI
B arMocdepy NPOMBIIUIEHHBIX TPEATPULTHIA,
KUJIKUE U Ta3000pa3HbIe BEUIECTBA (TBEP/ABIC BbI-
Opocsl: caxka, cBuHen Pb, kammmit Cd, muHK Zn,
Hukenb Ni, xene3o Fe, xpom Cr, ko6ansT Co, Menb
Cu, mapranen Mn, ptyte Hg , psin apyrux meran-
JIOB U OpraHuyeckas mbeuib). KpymHble (pakiun
(21 mMmM) ocemaroT BOJIM3M UCTOYHHUKOB BHEIOPOCOB,
HAKaIlJIMBasICh B BEPXHEM CJIOC TIOYBBI, MEIKHC
yacThllbl (MeHee 1 MM) 00pa3yroT a’3po30Ju U pac-
MPOCTPAHSIOTCS C BO3AYIIHOM Maccod Ha J0CTa-
TOYHOE PACCTOSTHUE.

HcxogHpIMU TaHHBIMH IS OIEHKH 3arps3He-
HUSl TI0YB JIOJDKHBI OBITh JaHHBIE 00JIACTHOTO IICH-
Tpa MO THAPOMETEOPOIIOTHH B KOHTPOJIBHBIX TOY-
KaX Ha TEPPUTOPUU TOPOJia MO0 OCHOBHBIM BHJIAM
Tsokensix MetamwioB (Cd, Fe, Mn, Cu, Pb, Zn, Cr,
Ni). [1o 3TUM naHHBIM CO3/1a€TCSl TOYCUHBIH CIIOW
Touek u3MepeHuil. Ha ocHoBe mecTopacmoioxe-
HUS TOYCK W 3HaYeHui ZC B HUX CPEJCTBAMH IIPO-
crpancTBeHHOTO aHayim3a ['MIC meTtogom mmocTpoe-
HuUs moBepxHocTer Spline pa3zpaboraHa mpocTpaH-
CTBEHHas MOJIENb 3arpsS3HEHUS] TOYB TSDKEIBIMU
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MeTaJlJIaMH C IUIOCKOCTHBIMUA OOBEKTaMH YPOBHEH
3arpszHenus menee 16 ZC, 16-32 ZC, 32—-128 ZC,
6omee 128 ZC (puc. 10).

“ > 7 “
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Puc. 10. IlpocTpaHcTBeHHAs! MOJIEJIb 3arPSI3HEHUS [T0YB
TSDKEJIBIMU METaJUIAMH, CO3aHHas METOJJOM ITOCTPOCHHUS
noBepxHocreit Spline (pa3paborana aBTOpamn)

Fig. 10. Spatial model of soil pollution
by heavy metals built with the help of method
for constructing Spline surfaces (developed by authors)

OneHKa 3arps3HEHUs] MOYB TSKEJIBIMU METal-
JaMi parioHOB I'. XapbKOBa BBIMOJHSIETCS MYTEM
HAJIO)KEHUS TPOCTPAHCTBEHHONW MOJENH 3arps3He-
HUS MTOYB TSDKEIBIMU METallJIaMH Ha OLIEHUBaeMbIe
paiioHbI, pacueTa HMHAEKCOB CpEIHEB3BEIICHHOMN
KOHLICHTpAaIlUU 3arpsA3HEHUs] MOYB TSKEIBIMU Me-
TaJulaMd Ha OCHOBAaHUU OIPEICICHUS IIOIANeH
30H 3arpsi3HEHUS 10 MOJIETH

M = Z(Sl] ° ZCj)/S[, (10)

rae M; — cpeHEeB3BEIICHHBIN 1TOKa3aTelh CyMMap-
HOTO 3arpsi3HeHust mouB (ZC;) i i-TO OIEHOYHO-
ro paiioHa ropoaa; Sj; — 10714 j-30HbI i-TO paioHa,
uMeromas onpeaenenHoe sHayenue ZC;; ZC; — co-
oTBeTCTBYIOIIee 3HadeHne ZC j-30HBI.

B pamkax MonmenrpoBaHHS MPOCTPAHCTBEHHBIX
(akTopoB 3eMenb TOPOJOB MPEIUIOKEHO OCY-
IIECTBIISATh MPOCTPAHCTBEHHOE MOJIEIHPOBAHNE
AKyCTHUYECKOTO 3arpsI3HCHHUSL.

CrnenyeT OTMETUTh, YTO IIYM — OJHMH U3 CYIIle-
CTBEHHBIX (DAKTOPOB HETaTHBHOTO BIMSHUS Ha
3I0pOBbe YenoBeka. OCHOBHBIM MCTOYHHUKOM aKy-
CTHYECKOTO 3arps3HEHUsI TOPOJICKOW Cpellbl SIBIIsI-
eTCsl TpaHCIopT. XapaKTePUCTUKKA TPAHCIIOPTHOIO
nryma — 3kBuBajieHTHbIN (LA,,) 1 MaKCUMaIbHBIN
(LA,xc) KOppEKTHpPYEMBIE YPOBHH 3BYKa, 1bA, Ha
paccYUTaHHOM PACCTOSIHUU:

e OT OCH TOJIOCHI IBIXKCHHS aBTOTPAHCIIOPTA K
TOYKE pacyera, WM OCH ONMKHEH MOJOCHI, — AJIs
MHOTOITOJIOCHBIX aBTOTPAHCIIOPTHBIX IOTOKOB;

Hayka
wTexHuka. T. 17, Ne 2 (2018)

® OT OCH ITyTH JOBW)XCHHS TPaMBaWHOTO TpaHC-
MOpPTa K TOUKE PacyueTa;

e OT OCH TIYTH JABIDKEHUS KEJIE3HOJAOPOKHOTO
TPAHCIIOPTa K TOUKE pacyeTa;

e K TOYKE pacuera OT TPACKTOPUHU JBUKCHUS
BO3IYITHOTO TPAHCIIOPTA.

[TepeuncrieHHbIE XapaKTEPUCTUKU YUUTHIBAIOT-
CSi TpPH TIOCTPOEHHUH COBPEMEHHOW IPOCTpaH-
CTBEHHON MOJIENN aKyCTUYECKOrO 3arpsi3HEHUs
TOPOJICKOM TeppHUTOpHH. 30HBI aKyCTHIECKOTO 3a-
TPA3HEHHS OT aBTOTPAHCIIOPTA, JKEJIE3HOW TOPOTH
M a’pomnopTa MHTETPUPOBAHBI B OJHY IPOCTpaH-
CTBEHHYIO MOJENb aKyCTHYECKOTO 3arps3HEHUs
ropoja U mpeacTaBieHbl Ha puc. 11.

OreHKa aKyCTHYECKOTO 3arps3HEHMs OIIEHUBa-
E€MBIX pPalOHOB BBIMOJTHEHA IIyTEM HAJIOKECHUS
MIPOCTPAHCTBEHHOW MOJENN aKyCTHYECKOTo 3a-
TPA3HEHUS Ha COOTBETCTBYIOIME PaiOHBI, pacyera
CPEIHEB3BEIICHHBIX HMHACKCOB aKyCTHYECKOTO 3a-
TPA3HEHHS NJIs1 OIICHOYHBIX PalOHOB Ha OCHOBa-
HUU ONPEACIICHUA HHOHIaI[Cﬁ 30H 3arpA3HCHUA 110
MOJeTHN

X,= 38, - KIS, (11)

rie X; — CpelIHEeB3BEIIEHHBIN MOKa3aTeslb aKyCTH-
YECKOT0 3arpsi3HEHMSI ISl i-TO OLIEHOYHOTO paiioHa
ropoja; S; — 10N j-30HBI i -T0 palioHa, UMEroLas
omnpeneneHHoe 3HadeHne Kj; K; — COOTBETCTBYIO-
uiee 3HaueHue K j-30HBI.

Puc. 11. IlpocTpaHcTBEHHAs MOJENb 30H aKyCTHYECKOTO
3arpsA3HEHUS OT aBTOTPAHCIIOPTA U JKEJIC3HOM TOPOTrH
r. XappKoBa (pa3paboTaHa aBTOpaMH)

Fig. 11. Spatial model of acoustic pollution zones caused
by road transport and railway
on the territory of Kharkiv (developed by authors)

B pamkax momennpoBaHUs MPOCTPAHCTBEHHBIX
(akTOpOB aBTOpaMH HPEAJIONKECHO ONPEICIUTD
WCTOYHUKH M (PAKTOPHI BIEKTPOMArHUTHOTO 3a-
TPA3HEHNUS.

137



Cmpoumenvcmeo

K ncroyHnkam 35eKTpOMarHUTHOTO U3JIyYeHHUs
B ropoJiax NMPHUHAIJIEKAT Paguo-, TEICBU3MOHHbIC
U PagUOJIOKAlMOHHbIE CTAaHLIMU PAa3JIM4YHOTO Ha-
3Ha4YeHus, paboTalolle B I0JIOCE PaauovyacTor,
a TaKKe CeTh JIMHUH 3JIeKTpoIepeaay, KOTopas
COCTOUT W3 BO3AYIIHBIX BBICOKOBOJIBTHBIX JIMHHUH
3NEKTPONEepENayl U DIEKTPUUECKUX MOJACTaHLIUN
(pacmipenenurenbHbIe  YCTPOWCTBA, MpeoOpa3oBa-
TENN 3JEKTPOIHEPTUH, TPAHCHOPMATOPHI, BBIIPS-
MUTEJH U IPYTUE COOPY>KEHHUS).

Ucxonnas unbopmanus uid pacdera ypOBHSA
9NEKTPOMArHUTHOTO 3arpsi3HEHUST MOXET OBITh
IPEIOCTaBIeHa CAHUTAPHO-3MHIEMHOIOTHIECKOM
craHuuen. Mcnonap3yercst TakKe CaHUTapHBINA I1ac-
MOPT O0BEKTA.

CpenctBamu ['MC 10 00BekTaM 3arps3HEHUs
CO3/1a10TCS 30HBI 3arPSA3HEHUS cpefbl. DKOJIOoTrnye-
CKO€ KayecTBO PAalOHOB OLIEHUBAETCS C IMPUMEHe-
HUEM OBEpJIEHHOro aHanu3a (MEpeKpHITHS) TeppU-
TOPUH PaOHOB C 30HAMH 3arPA3HEHUS CPEIbI.

OreHKa ANIEKTPOMArHUTHOTO 3arpsi3HEHUs Olle-
HOYHBIX PalOHOB BBINOJHEHA IYyTEM HAIOXKCHUS
NPOCTPAHCTBEHHOW MOJIENH  3JIEKTPOMAarHUTHOTO
3arpsiI3HEHUS Ha OLIEHOYHBIE palioHbI, pacueTa Cpea-
HEB3BEIICHHBIX WHIEKCOB AJIEKTPOMAarHUTHOIO 3a-
TPSA3HEHHSI Ha OCHOBAaHMM OTIPENENIeHUs IUIOIIaen
30H 3arps3HEHUs] B KaXI0M paiioHe MO MOJEIH

Z;=2(S; - K)/S:, (12)

rae Z; — CpeAHEB3BEIICHHBIN MOKA3aTEeNb AIEKTPO-
MarHUTHOTO 3arpsi3HEGHUSA I i-TO OIICHOYHOTO
paiioHa ropona; S; — JONS j-30HBI [-I'O palioHa,
UMEIoIIas onpeaenacHHoe 3Havenne Kj; K; — coor-
BETCTBYIOIIEe 3HaUeHNE K j-30HBI.

B cucreme o1ieHKM MPOCTPAHCTBEHHBIX (haKTO-
pPOB 3eMelb TOPOJIOB IS OCYIIECTBICHHUS IIPO-
CTPAaHCTBEHHOTO  MOJECIHUPOBAHUS  MPETIOKEHO
OTIPEZICTISATE YPOBEHHb AKOJIIOTHYECKOTO COCTOSHUS
TEPPUTOPHH.

Crnenyer OTMETHUTD, YTO SKOJIOTUYECKOE COCTO-
SHAE TEPPUTOPHH OTJENBHBIX YYacCTKOB TOpoja
XapaKkTepU3yeTcsl HHTETpalbHbBIM HHAECKCOM E;. OH
arperupyer B ce0Oe TOoKa3aTelnH, OMPEICIIIONTIe
JICUCTBUSI Pa3IUYHBIX SKOJIOTHYECKUX (DaKTOPOB
Ha KauecTBO TeppuTopuu. OLIEHKa UHTETPATLHOTO
HWHJIEKCa DKOJOTHIECKOTO COCTOSHUS TEPPUTOPHH
OCYIIECTBIISIETCS. Yepe3 B3BEIIMBAHUE OTICIBHBIX
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(hakTopoB. 3HAUEHUS BECOBBIX KOA(DPHUITMECHTOB
MOJTyYeHBI IO PE3yJIbTaTaM KOPPENSIUMOHHO-PET-
PECCHOHHOTO aHalM3a BIUSHHUS DKOJOTHYECKOTO
COCTOSIHUSI Ha 3a00JIeBaHMA JIIOCH C HCIONb30Ba-
HUEM 3KCIIEPTHBIX OIICHOK.

Pacder wWHTErpanbHOrO HHIEKCA DKOJOTHYE-
CKOTO KayeCTBa TEPPUTOPHH KAXKIOTO M3 BhIJIC-
JICHHBIX PAaliOHOB OCYIIECTBIISETCS C Y4eTOM KO-
3¢ (HUIUEHTOB IO MOJIEIH

Ei=X W+ Y, W, + Z,W, + M,W,, (13)

rae X,, Y,, Z, — uaaekc atMoc(epHoro, aKycTuie-
CKOTO M 3JIEKTPOMAarHUTHOTO 3arpsi3HEHUs] COOT-
BETCTBEHHO; M, — WHIEKC 3arpsi3HEHUsI IPYHTAa;
W — Bec ¢akropa.

Ilo 3TMM naHHBIM CO3[A€TCS MPOCTPAHCTBEH-
Has MOJIETIb UHTETPAIbHONW OLIEHKH 9KOJIOTHYECKO-
ro KauecTBa TeppuTopuu I. Xapbkosa (puc. 12).

IIpocTpancTBeHHOE MOnenupoBaHue (HaKTOPOB
HaIpaBJ€HO Ha pEaJu3alfI0 OLEHKU IpHBIIEKA-
TEJIBHOCTH TEPPUTOPUHU TOPOIOB. B 3TOM KOHTEK-
cTe oco0oe 3HaueHHe MpuoOpeTaeT ompenaeneHue
COIMATBFHON MPHUBIEKATEIBHOCTH (TIPECTHKHOCTH)
TOPOZICKOM Cpelibl, KOTOPasi OTpa)kaeT yIOBJICTBOPE-
HHUE JKUTENEH apXUTEKTypHO-3CTETUYECKUMH, COLH-
IBHO-MH(PACTPYKTYPHBIMHU, TPAHCTIOPTHBIMHU YCIIO-
BUSIMH TIPOKUBAHUS, Pa3HOOOpa3MeM MeCT MpHUIIo-
KEHUS TPy/a, YPOBHEM O3€JICHEHUS! MUKPOPaOHOB,
HAJIMYUEM YCJIOBHIA JUIS Pa3BHUTHs JIETEH, OOIIMM
KyJBTYPHBIM YPOBHEM OKpPYKEHHUS U T. 1. [12].

Puc. 12. IlpocTpaHCTBEHHAS MOJENb OLIEHKH YKOJIOTMYECKOTO
Ka4yecTBa TEPPUTOPHH T. XapbKoBa (pa3paboTaHO aBTOPAMH)

Fig. 12. Spatial model for ecological quality evaluation
on the territory of Kharkiv (developed by authors)

OneHka IPUBIEKATEIBHOCTU CpPEeAbl B TOPOJIE
OCYIIECTBIISIETCS METOJIaMH TIPSIMBIX H3MEPEHUH,
AKCIIEPTHBIM, KOMOMHUPOBAHHBIM.

[IyreM mpsMBIX H3MEPEHUN NPOU3BOIUTCSA
OIICHKA TPUBIEKATEILHOCTH CpENbl IO OIpese-
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neHHbIM (hakTopam. [IJist TOr0 Ha OCHOBAHHH JIaH-
HBIX TOMOTPaUUecKOl ChEMKH M CIIPaBOYHUKOB
CO3JIAI0TCS 4-TOYEUHBbIE TEMAaTHYECKUE CIIOU Clie-
JYIOIIUX OOBEKTOB:

— MarasvHOB U 3aBejicHul nutanus (V,);

— TIOJIMKJIMHUK ¥ anTek (O));

— IIKOJ ¥ AeTcanoB (P;);

— YUpeXACHUN KyIbTypsI U HcKyccTBa ().

OneHKa MpUBIEKATEIBHOCTH TOPOJICKOM CpeIbl
IIPH HAJTMYUU KOKAOTO U3 3TUX (PAKTOPOB BHIMOJI-
asaercs cpenctBamu [ MIC myTeM HajoXeHHS Tema-
THUYECKUX CJIOEB Ha OLICHOYHBIE PaliOHBI U BBIYHC-
neHust ux mwiotHoctH (puc. 13) [13].

Puc. 13. Buj HajnoKeHUs CI0s «Mara3suHbl U 3aBEICHUS
MMUTaHU, TOJUKIMHAKA U alITCKW» Ha OLICHOYHBIC PAlOHBbI,
«yUpexIeHHs KyJIbTYphl U HCKYCCTBA, Mara3uHbI M 3aBEICHUS
nutanus (pparMeHT)» Ha OLICHOYHbIE PAiOHBI
(pa3paboTaHo aBTOpaMH)

Fig. 13. View of “shops and culinary options, polyclinics
and pharmacies” overlay for evaluating districts,
“institutions of culture and art, shops
and culinary options (fragment)” overlay
for evaluating districts (developed by authors)

Ilo mpexncraBleHHBIM [aHHBIM CpPEICTBAMH
T'IC-TexHonoruil co3gaH CiIOW MPUBICKATEIBHO-
CTH Cpeabl U OIIEHOYHBIX paifioHoB (puc. 14).

Puc. 14. IlpocTpaHCTBEHHAs: MOZAEb OLIEHKH COLMAIBHO-
IPaOCTPOUTEIILHON IIPHUBIIEKATEIILHOCTH CPEIbl TEPPUTOPUH
r. XapbKkoBa (pa3paboTaHa aBTOpaMH)

Fig. 14. Spatial model for evaluation
of socio-urban environment attractiveness
on the territory of Kharkiv (developed by authors)

P Hayka
wTexHuka. T. 17, Ne 2 (2018)

O000MAIUM 3TallOM MOJICIIUPOBAHHS TIPO-
CTPaHCTBEHHBIX ()aKTOPOB Ha 30HAJIBLHOM YPOBHE
SIBJISIETCSL OIIPEJENICHHE 3KOHOMHUKO-IIAHMPOBOY-
HBIX 30H M 30HAJIBHBIX Kod(duumentos K,, Ha
OCHOBE aHalU3a KBAJIMMETPUUECKUX IOKa3aTeneH
OLICHOYHBIX PailOHOB.

Brluncnenre KOMIJIEKCHBIX HHIEKCOB IEHHO-
CTH TEPPUTOPUM Topona [; OCYLIECTBISIETCS IO
MOJEIH

I,=S;Ps + E.Py + UPy + CPc, (14)

rae S; — UHTErpaibHBIA HHACKC TPaHCIOPTHO-
(hYHKITMOHATBHOTO yI00CTBA TEPPUTOPHU TOPOJIA;
E; — vHTErpanbHbIil MHIEKC 3KOJIOTMYECKOro Ka-
yectBa Tepputopuu; U; — MHTETpANbHBIN HHIEKC
WH)KEHEPHO-MHDPACTPYKTYPHOTO
tepputopun; C; — UHTETpPAIbHBIA HHIEKC COLU-
aJTBHO-TPAIOCTPOUTENHBHON  TPUBJIEKATENFHOCTH
cpensl; Ps, Pg, Py, Pc — COOTBETCTBYIOLIUI BeEC

oOecrieueHust

Ka)KIOr0 U3 OTJEJIbHBIX HHTErPajIbHBIX HHAECKCOB.

Ha ocHoBe mnpemioxeHHOW MOJenH, oInpese-
JIEHHBIX IPOCTPAHCTBEHHBIX IOKa3aTeleld cpea-
ctBamu ['MIC co3maercss TpOCTpaHCTBEHHAs MO-
Jienb SKOHOMUKO-TIJIAaHUPOBOYHBIX 30H ropoja Mo
koadpurmentam K, (puc. 15).

Puc. 15. IlpocTpaHcTBeHHas! MOJIEIIb KOMIJIEKCHON OLIEHKU
9KOHOMHKO-TIAHUPOBOYHBIX 30H I'. XapbKoBa
(pa3paboraHa aBTOpamu)

Fig. 15. Spatial model of complex assessment
of economic-planning zones on the territory of Kharkiv
(developed by authors)

BbIBO/IbI

1. [IpemyioxkeH KOMIUIEKCHBIM MHOAXOM K MO-
JIETMPOBAHUIO TPOCTPAHCTBEHHBIX (PAKTOPOB IS
OIIEHKH HMHKEHEPHO-WHPPACTPYKTYPHOTO OOecte-
YeHHSI TOpPOJa, KOTOPBIA OTJIMYAETCS OT CyIIe-
CTBYIONIMX pa3pabOTKOW M MPUMEHEHHUEM TCOWH-
(hopMaIrMoOHHOTr0 WHCTpyMeHTapus. PazpaboTanbl

139

Science and Technique. V. 17, No 2 (2018



Cmpoumenvcmeo

HPOCTPAHCTBEHHBIE MOJCIN HWHXECHEPHO-HH(]pa-
CTPYKTYpHOT'O obecrieueHuss TEPPUTOPUU TOpoJa,
BKJTIOYAIONINE TEPPUTOPHATBHBIE, SKOJIOTHYECKHUE,
9HEPreTUYECKHE, COLUAIbHO-IKOHOMHYECKHE U
JIpyrue XapaKTEPUCTHKH, YTO MO3BOIMIO PeajIn30-
BaTh INPEIOKEHHBIM ITOIXO0J K MOJCIUPOBAHHIO
MPOCTPAHCTBEHHBIX (PaKTOPOB.

2. OmpeneneHsl MOAXOABI W pa3paboTaH ai-
TOPUTM MOJECIMPOBaHUs, KOTOpPBIE TO3BOJISIOT
CO37aTh TEOMH()OPMAIMOHHYIO MOJENb OLECHKH
YpOBHSI WHXEHEPHO-UH(PPACTPYKTypHOTO obecte-
YeHUS 7151 ONpEeACTICHHOW TEPPUTOPHH B YCIOBHUAX
OTPaHWYEHHOTO JIOCTYNA K JaHHBIM HMHXCHEPHBIX

cucreM. Ucnonb3oBaHnue reonH(GOPMALUOHHBIX

CHCTEM OTKPBIBAE€T BOSMOXKHOCTH 00JIee JIeTalIbHO-
0 PaccCMOTpEHHsT MOJeNiell BIUSHUS TPOCTpaH-
CTBEHHBIX ()aKTOPOB, MO3BOJISIET MTOBBICHTH OOBEK-
THBHOCTH PEUICHUSI OCTABICHHON TPOOIIEMBI.
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Pedepat. B Texnonorun 6eToHa Ui pemeHus pa3IMYHBIX 3a4ad OIMPOKO NPHMEHSIOT XUMHUYECKHEe JOOABKH, B TOM UHCIIE
cyabarconepiKaiiie 100aBKH-31eKTPOIUTBl — YCKOPUTEIIM CXBATHIBAHUS M TBEPACHUS LiIeMeHTa. MexaHu3M JeHcTBus n00a-
BOK-YCKOPUTEJICH CXBaThIBaHUs M TBEPJCHHS LIEMEHTa JIOCTATOYHO CJIOXKEH M HE MOXKET CUMTAThCS HAJICHKHO YCTAHOBJICH-
HBIM. Bimsiaue cynedarcomepikamux 100aBok Tuma Cyibhara HaTpUs CBOJUTCS K YCKOPEHHIO TUAPATAINH CHIMKATHBIX (a3
LIEMEeHTa 3a CYeT MOBBIIICHNSI HOHHOM CHIIBI pacTBopa. Kpome Toro, cymecTBeHHOe BIHMSHHE Ha TBEpPACHUE OKA3BIBAIOT 00-
MEHHbIE peakIMy aHuoHa J00aBku ¢ ¢a3oi noptianauta (Ca(OH),) u amoMuHATHBIMU (ha3aMu TBEPACIOLIETO [IEMEHTa, 4TO
BeZIeT K 00pa30BaHHIO JIETKOPAaCTBOPHUMBIX THIPOKCUIOB U TPYZHOPACTBOPUMBIX cojeil kanmpiust. Bimsaue cynsdaTconep-
JKaIKX JT00aBOK Ha CBOWCTBA IEMEHTHOTO TECTa M KaMHs JOCTaTOYHO Pa3HOOOPAa3HO M 3aBHCHT OT KOHIIEHTPAIMH COJU
U BHJa KaTHoHa. Hampumep, neiictBue 100aBKH Cynb(aTa alOMUHUS OCIOXKHAETCA TEM, YTO B BOJE J100aBKa MOABEPraeTcs
TUZIPOJIN3Y, KOTOPBIl yCHIMBACTCS B LIENIOYHOM cpee IleMeHTHOro tecta. OOpa3oBaHue NPOAYKTOB I'MAPOIM3A U UX PEaKIUs
C QIIOMMHATHBIMU ()a3aMU U MOPTIAHJUTOM LEMEHTa IPUBOIAT K CYIIECTBEHHOMY YCKOPEHHIO CXBaThIBaHMs. Takum oOpa-
30M, HECMOTPSI Ha CXOXECTh JOOABOK MO yYaCTHIO aHHOHOB B OOMEHHBIX PEAKIHAX, MEXaHU3M BIIHSHHS UX Ha CXBATHIBAHHE
U TBEPJICHHE 1IEMEHTA CYIIECTBEHHO pa3inyaercs. B Hacrosmieil ctaTtbe pacCMOTPEeHbl 0COOEHHOCTH MeXaHU3Ma B3aHMO/IeH-
CTBUS 100aBOK CyJb(haTOB HATPUS U aTIOMUHUS B [IEMEHTHBIX KOMIIO3HUIMAX C HO3HLMI TepMOXUMUH. [IpuBenEHBI TEPMOXH-
MHYECKHE YpaBHEHHS peakiuil cyibdarcogepkanmx 106aBok ¢ (hazaMu THIPATHPYIOIIErocs [EMEHTHOrO KIMHKepa. Pac-
CUUTaHbI TEIIOBbIE AP PEKTH XUMUUECKUX PEaKLMi U ONpPE/eeHO BIUsSHAE 00pa3yIOIHMXCsl MPOIYKTOB Ha TPOLIECCHl CXBa-
TBIBAHUA U TBEPACHUS NOPTIAHALEMEHTA.

KarodeBble c1oBa: cynbgarconepxamue 100aBkr, 0OMEHHbIE PEaKIUH, TEIUIOBEIE () (EKTHI

Jas uutupoBanus: Oxuesckui, I1. M. Tepmoxumus peakuuii B3auMoaeicTBUS Cyab(paToB HATPUS U ATIOMUHHS C KOMIIO-
HeHTamu ruzaparupytomierocs noprnanauementa / I[1. U. FOxuesckuit // Hayka u mexnuxa. 2018. T. 17, Ne 2. C. 142-145.
DOI: 10.21122/2227-1031-2018-17-2-142-145

Thermochemistry of Interaction Reactions for Sodium and Aluminum
Sulphates with Components of Hydrating Portland Cement

P. L. Yukhnevskiy"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Chemical additives are widely used in the technology of concrete with the purpose to solve various problems and
sulphate-containing additives-electrolytes are also used as accelerators for setting and hardening of cement. Action mecha-
nism of additive accelerators for setting and hardening of cement is rather complicated and can not be considered as
well-established. An influence of sulfate-containing additives such as sodium sulfate is reduced to acceleration of cement
silicate phase hydration by increasing ionic strength of the solution. In addition to it, exchange reactions of anion additive with
portlandite phase (Ca(OH),) and aluminate phases of hardening cement have a significant effect on hardening process that
lead to formation of readily soluble hydroxides and hardly soluble calcium salts. The influence of sulfate-containing additives
on properties of water cement paste and cement stone is quite diverse and depends on salt concentration and cation type.
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For example, the action of the aluminum sulphate additive becomes more complicated if the additive is subjected to hydroly-
sis in water, which is aggravated in an alkaline medium of the water cement paste. Formation of hydrolysis products and their
reaction with aluminate phases and cement portlandite lead to a significant acceleration of setting. Thus, despite the similarity
of additives ensuring participation of anions in the exchange reactions, the mechanism of their influence on cement setting
and hardening varies rather significantly. The present paper considers peculiar features concerning the mechanism of interac-
tion of sodium and aluminum sulfate additives in cement compositions from the viewpoint of thermochemistry. Thermoche-
mical equations for reactions of sulfate-containing additives with phases of hydrated cement clinker have been given in the
paper. The paper contains description how to calculate thermal effects of chemical reactions and determine an influence
of the formed products on the setting and hardening of Portland cement.

Keywords: sulfate-containing additives, exchange reactions, thermal effects

For citation: Yukhnevskiy P. I. (2018) Thermochemistry of Interaction Reactions for Sodium and Aluminum Sulphates with
Components of Hydrating Portland Cement. Science and Technique. 17 (2), 142—145. DOI: 10.21122/2227-1031-2018-17-2-

142-145 (in Russian)

[IpoGnema cHkeHHsT 3HEpromotpebieHus B
IPOU3BOJICTBE OETOHHBIX M JKEJIC300€TOHHBIX H37e-
JIMH, TOBBILICHUSI KAYECTBEHHBIX MOKa3aTeNel u3ze-
JUA W YIydlIIeHWs YCJIOBUH TpyAa CTpouTenel
B PecnyOnmke benapych mo-mpexxHemy SIBISCTCS
akTyanbHOW. JIJig pelieHust 3TUX 3a7ad B TEXHO-
JOTMM OETOHOB INMPOKO TNPHUMEHSIOT Pa3IHYHBbIC
XUMAYecKne M00aBKH, B TOM YHCIE Cyab(arcoaep-
Kanue JOOaBKU-3JICKTPOIHUTHI M TACTH(OUIINPYIO-
e nooaeku. Tak, B benapycu ocBoeHa 3HeprocOe-
perarolias TEXHOJIOTUsI (COUeTaHHEe METOa TepMOoca
C KpaTKOBPEMEHHBIM HAdYallbHBIM HHU3KOTEMIIepa-
TYpPHBIM pa3orpeBoM OeToHa (MaJloIHEeProeMKas
TEXHOJIOTHS) TMOO caMOpa3orpeBOM €ro 3a CUET 3K-
30TepMHH LIeMeHTa (OecrporpeBHasl TEXHOJOTHA))
MPOU3BOJICTBA CTPOUTEIBHBIX KOHCTPYKIUHA C TPHU-
MEHEHHEM Cylb(aTa HaTpUsl W KOMIUIEKCHON J0-
0aBku — Ha(pTATMHGOPMAIBIETUIHOTO CyIepILia-
crudukaropa C-3 + cymsdar Hatpus [1]. JobaBku
CIOCOOCTBYIOT YCKOPEHHIO TIpollecca THAPOJIN3a
BSDKYILETO U CYILECTBEHHO IMOBBIIIAIOT TEIJIOBbIAC-
JIeHVE 1IEMEHTa B TMepBbIE IBOE-TPOE CYTOK TBEpIe-
Hua. JloGaBka cynbgara HaTpus HECKONBKO IDIa-
cTrduIpyeT OSTOHHYIO CMECh Ha CTaJUH BHOPO-
(hopMoBaHUS B BHE TIOBBIIIICHHOT'O BOIOOT/EIICHHS,
YTO CleAyeT YYUThIBaTh MpUMEpHO 5—6%-M CHU-
JKEHHEM PpacueTHOrO0 BOAOCOAEP)KaHMUs OeToHa.
[Ipu 3TOM BpeMsi Hayana CXBaThIBAHMS LIEMEHTHO-
ro tecta cokpamiaetrcs Ha 5—20 % B 3aBUCHMOCTH
OT MUHEPAJIOIHYECKOTO COCTaBa BSKYIIETO.

B cBoro ouepens, cyiabhar aqrOMUHUS, OTHOCS-
nmics no kinaccudukanuu B. B, Parunoma [2]
K J00aBKaM BTOPOM TPYHIBI BTOPOro Kiacca (1o-
0aBKaM COJIEH-NEKTPOJIUTOB, BCTYIAIOLIUM C Bf-
KYIIUM B OOMEHHBIC PEaKLUH TaK K€, KaK U CyJb-
(dar HaTpwusl), SBIAETCS TOJIBKO YCKOPHUTEIIEM CXBa-
TBIBAQHUS LIEMEHTA U HCIHONb3yeTcs, HalpUMep, Uil
YIUIOTHEHUSI CTPYKTYPbl M NPEAOTBPAILEHUS HCIa-
peHust Bnaru u3 OETOHA, TBEPJCIOLIETO B BO3AYIIHO-
CYXHX yCHOBUSX [3], mMOO B COCTaBE KOMILICKCHBIX
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nmo0aBoK it TopkpeT-0eTona [4]. Ilpm 3TOM HEKO-
TOpPBIE BOTIPOCHI B3aUMOJICHCTBHUS €0 C KOMITIOHEH-
TaM# TIOPTJIAHIIIEMEHTa OCTAIOTCS 10 KOHI[A HE BbI-
SICHEHHBIMH, YTO HE CIOCOOCTBYET pallOHAIIEHOMY
MPUMEHEHHIO €ro B TEXHOJIOTUU OeTOoHa.

MHuorue miactuduupyromue 100aBKu B 0Oe-
TOHBI TaKXe SIBIIOTCS CYIb(paTCcOACPKAIUMHU,
MOCKOJIBKY COJIEPKAT aKTUBHYIO CYJb(OTPYIITY.
Crona crieyer OTHECTH JOOaBKH Ha OCHOBE aJIKHII-
HadranmHcynb(onaToB (TunoB C-3, CM®), ankui-
MeJIaMHHCYIb()OHATOB (MEIIEMEHT), aIKWICYIb(o-
HatoB (JICT), ankumapwicynshoHaTel U aAp. Kpome
TOTO, HEKOTOpPHIE IIACTH(UKATOPH (HAIpUMep,
HadTanmHGOpMaANTBACTHAHBIN  CcynepIuiacTuhuKa-
top C-3) comepkat B cBoeM cocrtaBe A0 15 % cyinb-
(bata Hatpus [5]. Kak ormeueHo panee [6], a3 dek-
THBHOCTh B3aUMOACUCTBHS T00aBOK-TUTACTH(UKATO-
POB C THAPATHPYIOIIUMHUCS MHUHEpaJaMH IeMEeHTa
MOJKET OBITh OLIEHEHA MO SHEPTUU KOMIUIEKCO00-
pa3oBaHmUsL.

PaccmoTpum 0cOOEHHOCTH B MEXaHHM3ME HCH-
CTBUS Cynb(aTcoaepKammx JA00aBOK € TO3HUIHAN
WX TEPMOXMMHUYCCKUX PEaKIUi B LIEMEHTHOM Te-
cte. HecMoTpst Ha TO 4TO B pe3ynbTaTe peakuuit
B IIEMEHTHOM TeCTe B 00OMX CIydasX Ha Hadallb-
HOW cTaguu oOpa3yeTcsl THIIC, a 3aTeM — THAPO-
Cyab(QOaTIOMUHAT KalblMsl (ITTPUHTHUT), dPdek-
TUBHOCTH 100aBOK cynb(aTOB HATPHUA U ATIOMU-
HUS B 0ETOHAX CHIIBHO Pa3InYaeTCs.

Bravae w3yuynMM OCOOEHHOCTH MeXaHW3Ma
B3aMMOJIEHCTBUS Cynb(dara HATpUs C THAPATHPY-
FOIIUMCS IEMEHTHBIM TecToM. [lockonmpky 6e3B0j-
Hblil Na,SO4 yCTONUMB TOJBKO MpU TEMIEpaType
Boiie 32,384 °C, HIKe 3TOil TeMmepaTyphl B IpH-
CYTCTBHM BOJIbI 00pa3yercsi KpHCTAJUIOTHAPAT
Na,SO4 - 10H,0. 3anumem peakuuio B3auMoJen-
CTBUSI KpHUCTAJUIOTHApaTa Cynab(aTa HaTpUs C TH/-
POKCHIOM KaibIHs, BBIACISIONINMCS TPU THIpa-
tanuu C;S Mo cxeme

143



Cmpoumenvcmeo

Ca(OH)z(p_p*) + Na2804 . 10H20(Kp) + HzO()K) e
A CaSO4 . ZHQO(KP) + 2NaOH(p_p) + 9H20()K). (1)

Broiaenstomuiics npyu 3TOM MEIKOIUCIIEPCHBIN
TUIIC pearupyeT B JajJbHEUIIeM C aJTFOMUHATHBIMU
KOMIIOHEHTaMH [IEMEHTHOTO KIMHKepa

3CaO-A1203(Kp) + 3(CaSO4 . ZHQO)(KP) + 26H20()K) >
3Ca0 - ALO; - 3CaS0O; - 32H,04p.  (2)

TakuM 00pa3oM, B PEaKIHIO BCTYMAIOT TOJBKO
aHWOHBI JO0ABOK, TOT/Ia KaK KATHOHBI COXPaHSIOT-
Cs B MOPOBOM JKUIKOCTH, YBEIHUUMBAIOT COJIEPIKa-
HHUE IIeT0YeH M BIUSIOT Ha PACTBOPHUMOCTH KOM-
MMOHEHTOB KJIMHKEPA.

HUcnons3ys cnenctsue u3 3akoHa ['ecca [7], co-
TJIACHO KOTOpPOMY TeruToBo 3(h(eKkT XuMudeckon
peakuuu paBeH CyMMe TeIUIOThI (3HTalbMHiA) 00-
pasoBaHus TPOIYKTOB PEAKIUK 32 BBIUETOM CYyM-
MBI TEIUTOTHI (3HTANIBIIHI) 00pa30BaHMsI UCXOIHBIX
BEIICCTB, NMPUMEHUTENBHO K ypaBHeHuio (1) 3a-
numeM (GopMyIry Ais pacdeTa TerioBoro sddekra
peaxkuu

AH = (AH 450, 21,0 + 20H poon +9AH 4y ) -
~(AH ieyom, +AH 50,1010 +9AH 46 ). (3)

[Tonb3ysich NMaHHBIMHM CTaHAAPTHOW TEILIOTHI
o0pa3oBaHMs MPOCTHIX BEIIECTB [7], moiydyaeMm B
pe3ynbTaTe pacueTa BEIUIHHY TEIIOBOTO 3 dek-
ta peakuuu (1) AH = 80,4 xJx/MoJib, peakius
SHAOTEpMHUYECKasd. B CBOK0 ouepenb, TEIUIOBOM
a3 dext mo peaxiuu (2) oOpa3zoBaHUS STTPUHTUTA
mo aHamoruu cocrabisier AH = —447,9 kJI>x/Mob,
peaKius 3K30TePMHUUCCKasl.

Cynbdar amomuans Aly(SO4); 0e3BogHBIN
MIPEJICTABISIET COOO0M OCITbIe KPUCTAILIBI, UMCIOIIINC
miotHOCTh 2,71 r/cv’. MI3 BOAHOTO pacTBOpa Kpu-
CTAJNTN3YIOTCS OECIBETHbIE MOHOKIUHHBIE KpPH-
cramutel Al,(SO,); - 18H,O, umeromue mIOTHOCTh
1,69 r/em’ (17°C) u  06Ge3BOKMBAIOIIMECS —IIPU
temnepatype 86,5 °C. Ilpu pacTBOpeHHH B BOJC
cynb(haT ATFOMUHHS YAaCTHYHO TOABEPraeTCs THJI-
ponmzy 1o cxeme [8]

Aly(S0,); + 2H,0 <> 2AI0H(SO),4 + H,SO4, (4)
WM B COKpAIEHHON HOHHOH dopme

3+ 2+ +
AP + H,0 & AIOH> + H'. (5)

.
P-p, kp, 5 — arperaTHoe COCTOSHHE BEILIECTBa — COOT-
BETCTBEHHO PAcTBOP, KPUCTAILIBI M JKUIKOCTb, — I KOTOPOTO

MPUHUMAJIACH JHTAIBIHS 00pa30BaHUsI TIPH PacueTe TeIUIOBO-
ro addekra peaknuu.
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OO0pa3syercst THIpPOKCOCYIb(aT aTrOMUHHS.
Crenyroniyie CTYNeHN THAPOJHM3a MPAKTUIESCKU HE
HMMEIOT MECTa.

B npucyTcTBHU KHUCIOT THAPOIN3 COMH TIOJaB-
JIIETCS, a B IISJIOYHOM Cpejie MpoIece TUAPOIIN3a
YCHIIBAETCS U TIPOTEKAET 0 CXeMe

AlL(SO,); + H,O + OH —
< nAl(OH); - mAly(SO,); - ¢gH,O + SO; ™. (6)

B pesynpraTe peaknmii 00pa3yroTcs THIPO30-
U AIOMHUHHMS, CO3JAIOIIUE MPOCTPAHCTBEHHBIE
CTPYKTYPHI B BHJIE CETKH, UMEIOIINE OYeHb Pa3BH-
TYI0 BBICOKOIIOPUCTYIO MOBEPXHOCTh, 00JIaAaro-
e OOJBIION  aJCOPOIMOHHON  CIOCOOHOCTHIO
U CHOCOOHBIE KOJIbMaTHPOBATh MOPHI EMEHTHOTO
kamHs1. CHITbHOE TTOIKHCTICHHE PacTBOPa B PE3yIlb-
TaTe TUIPONIM3a U 00pa3oBaHHE THAPOOKUCH alko-
MUHUSI CYIIECTBEHHO CKa3bIBAIOTCS HA KHHETHKE
THIPaTallMOHHOTO TBEPACHUS LIEMEHTAa M COCTaBE
HOBOOOpa30BaHMI IEMEHTHOTO KaMHSI.

Kpome Toro, cympdaT amoMuHHS BCTyHaetr
B OOMEHHYIO PEaKIuio CO IIeJoYamMu Oojee ak-
TUBHBIX, YeM aIOMHUHUH, METAJIOB, B YaCTHOCTH
¢ Ca(OH);,:

Al (SO4)3pp) T 3Ca(OH)pp) + 6H2O) >
> 2A1OH) s mapg* + 3(CaSO4 - 2H;0)y: (7)

ITonb3ysich AaHHBIMU CTaHJAPTHON TEIIOTHI
00pazoBaHMs TPOCTHIX BEMIECTB [7], TMOIydaeMm
B pe3yJbTaTe pacueTa BEIUYHMHY TEIUIOBOrO (-
tdexra peaknuu (7) AH = —109,8 x/[x/Moib, peak-
U IK30TEPMHUYCCKAsL.

Kax moxazano B [9, 10], cokpamenne CpoKoB
CXBaThIBaHUSl I[EMEHTHOTO TecTa C J00aBKaMu
aMOphHBIX THAPOKCHAA H THAPOKcocylb(dara
IIOMUHHS O0YCIIOBIIEHO YCKOPEHHBIM 00pa3oBa-
HUEM (a3l STTPUHTUTA MPEUMYIIIECTBEHHO U3 Be-
1IecTBa T0OABKH MO PEaKIUU

2A1(OH)3(aMop(1)) + 3C3(OH)2(p_p) +
+ 3(CaSO4 . 2H20)(Kp) + 20H20()K) >
«— 3Ca0 - A1203 . 3C3.SO4 . 32H20(Kp). (8)

Bran amromoconepxkamux ¢a3 mopTiIaHiLe-
MeHTa B 00pa3oBaHKe dTTPHHTHTA HA STON CTaJIHH,
[0 MHEHUIO aBTOpa, HE CYyIIeCTBEeHHBIH. [Ipu He-
OONBIIMX JO3MPOBKAX 00€ MTOOABKH YCKOPSIOT
TUIPATAIAIO0 CHJIMKATHBIX (ha3 IIEMEHTa U IOBBI-
MIAFOT MPOYHOCTh IIEMEHTHOT'O KaMHS. B GobImx
no3upoBkax nobasku (ocobenHo Al(OH);) monas-

*%k
AmMopd — arperatHoe COCTOSHHE BellecTBa — aMopg-
HOE, M1 KOTOPOTrO MPUHUMAJach SHTANBINSA 00pa3oBaHMSA
IIPU pacyeTe TEIIOBOro Y deKTa peaKiuH.
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JSIFOT THUAPATALMIO CHIMKATHBIX (a3 MOopTIaHiLe-
MEHTa B PaHHHH Nepro (OMHHU CYTKH) 3a CUeT 00-
pa3oBaHusl AMIOMOCHIMKATHOIO Telis, OJIOKHpYIO-
IEr0 CHIIMKATHBIC )a3bl IIEMEHTHOTO KIIMHKEPA.

Bocnonb3yemMcss  0COOEHHOCTBIO TEPMOXUMHU-
YEeCKHX YpaBHEHUH (TEIuIoBOH >QQeKT peakuuu
3aBUCHUT TOJBKO OT HAYaJIbHOTO M KOHEYHOT'O CO-
CTOSTHUI BelecTBA M HE 3aBHCUT OT TPOMEXY-
TOYHBIX CTaJIWi) U CIOXKHUM JIEBBIE W MPaBble Yac-
T (7) u (8). Ilociie mpeobpazoBanmii moryyaem

AIQ(SO4)3(p_p) + 6C3(OH)2(p_p) + 26H20(>K) g
«— 3Ca0 - A1203 . 3CaSO4 . 32H20(Kp). (9)

Temnora o0pa3oBaHHUS STTPUHIUTA IO PEaK-
i (9) ¢ cynbgaTtoM amOMHUHUS cocTaBisieT AH =
=-298,5 x/[x/MoIb, B TO BpeMsi Kak 110 peakiyu (2)
¢ cynbharom Hatpus AH=-447,9 xJx/Mob.
B o0oux ciydasx peakuuu 3K30TepMHUYECKHe, HO
C Cyab(aToM HaTpus MPOTEKAaeT ¢ OOJBIIUM Tell-
JOBBIM (D PeKTOoM.

BBIBO/I

Peakiust oOpa3oBaHusl rumca IyTeM B3aHMO-
JecTBus cyib(ara allOMUHUS C LIEMEHTHBIM Te-
CTOM TPOTEKAeT C BBIICICHHEM TEIUIOTHl U C
OonblIel BEPOATHOCTHIO, IO CPABHEHUIO C CYJIb-
¢daTom Hatpus (TpeOyeTcs MoABOJ TEIUIOTHI), YTO
noATBepKAaeT BeIBOAKI [9]. Kpome Toro, ecnu mpu
BBEICHUHU cyiabdaTa HATPUs B TECTE MPOTEKAIOT
peaknuu (1) u (2), To anst cynbdarta amOMUHUS
XapaKTepHbl MIPOTEKAIOUINE OZHOBPEMEHHO peak-
uun (4), (6)—(8) u (2) Ha mo3nHel cranuu. Brine-
JUTH JTOJII0 KaXIOW M3 HUX 3aTPyAHUTEIBHO, TaKk
Kak peaknuu 1o cxemam (4) u (6)—(8) mpoTekaror
OHOBpeMEeHHO. [Ipu 3TOM ompeaessonyo poib
UTPalOT peakuuu o0pa30BaHMs THAPO30JIEH aso-
MUHHS, THIICA ¥ B TIOCJICAHIOI OYepe/lb — TUIpO-
CyJb(hoaTIOMUHATA KAJIbITUS.
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P PpekTUBHBIC HINOHOYHbIE COETUHEHUS
MHOTONYCTOTHBIX IUIMT NMEPEKPBITHH CO CTEHAMH
B COBPEMEHHOM KPYIHONAHEJIbHOM JOMOCTPOCHUM
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Pedepar. PaccmoTpeHa kpynHonaHenbHasi KOHCTPYKTUBHAs CUCTEMA MHOTO3TaXHbIX 3/1aHUI, MHIYCTpHUalIbHAs OCHOBA KO-
TOPOH CO3aeT yCIOBHUS JUIT MHTEHCUBHOIO pocTa 00beMOB JOMOCTPOEHHs. B KkadecTBe MIMT MepeKphITHH pEKOMEHIyeTCs
MpUMEHEHNEe MHOTOITYCTOTHBIX MaHEJNeH, YTO MO3BOMISET YBEIMUUTh PACCTOSIHUE MEXKAY HECYIIUMH CTEHAMH, YTy4IIUTh Ta-
HHPOBOYHBIE PEIIEHUS, a TAKXKE CYLIECTBEHHO MOBBICUTH TEIUIO- U 3BYKO3aIIUTHBIE CBOMCTBA JUCKOB MEPEKPHITHH (IOKPHI-
tit). [l obecriedeHuss COBMECTHOI pabOThI IUIUT CO CTEHOBBIMU IMAHEIAMU YCTPaUBAIOTCS IUIIOHOYHBIE CTHIKU, HMEIOIHE
HauOoJIbllee CONPOTHBIICHUE JICHCTBHIO CPE3BIBAIOIIMX CHJI IIPOTOTHUIOM paccMaTpHUBAaeMOTO COCIMHEHUS SBIACTCS Y3el
ONUPAHUs JIEMEHTOB TNEPEKPHITHH COOPHO-MOHONUTHOW KOHCTPYKTHBHO# cuctembl «APKOC» mocpeacTBoM OETOHHBIX
mnoHOK. C 1esbl0 YBENHYCHUs Hecylled CHOCOOHOCTH M TOBBIIICHUS HAEKHOCTH PabOTHI CTHIKOB IpelycMaTpUBaeTCs
ApMHUPOBAHHUE ILUIOHOK MPOCTPAHCTBEHHBIMU KapkacaMi. COBEpLICHCTBOBAaHUE Y3JI0B COEAMHEHHUH BO3MOXKHO Ha OCHOBE
y4d€Ta NOJIHOI'O KOJIMYECTBA BIMAIOIIUX HA ITPOYHOCTH q)aKTOpOB. B ITonTaBckoM HallUOHAJIBHOM T€XHHUYECKOM YHUBEPCUTETC
nmenn [Opust Konnpatioka paspaborana oOlas METOIMKA OLEHMBAHMS HECYIlEil CIOCOOHOCTH LINOHOYHBIX COCAMHEHHH,
KOTOpasi 6a3upyercsi Ha BapUALIMOHHOM METOJE B TEOPHUH IUIACTHYHOCTH OETOHAa M OTOOpakaeT crielu(UKy HanpsHKEHHO-
JeOPMHUPOBAHHOTO COCTOSIHUSI 30HBI paspyineHus. sl SKCIepUMEHTAIbHON MPOBEPKH YKa3aHHOW METOMKH BBIMOJIHCHO
uccliejoBaHue padoThl LIMOHOK NMPH UX apMUPOBAHMM IIOCEPEIMHE BHICOTHI M C Pa3HECEHHOW apMaTypol B JBa sipyca.
Ha6nronaemast B ombiTax KapTHHA pa3pylleHUs] 00pa3loB MOATBEPIKIACT IPHHATHIC NP pacyeTax KHHEMAaTHYECKUE CXEMBI,
a CPaBHUTENIbHBIH aHANIN3 IKCIIEPUMEHTANIBHBIX M TEOPETHYECKUX 3HAUCHHUIl NMpeenbHOl Harpy3kd yKa3blBaeT Ha UX OJH-
30CTh. J[ByXypOBHEBOE apMHpPOBaHME CYIIECTBEHHO YJIyYIIaeT IIACTHYECKHEe CBOICTBA OETOHA IITIOHOK U MCKIIOYAeT XPyII-
Koe paspyuienue. IIpeanoxeHHass KOHCTPYKIMS y3/1a CO€AMHEHUS IUIUT MEPEKPHITUI CO CTCHOBBIMH NMaHEISIMU OTINYAETCS
COOTHOIIICHHEM Pa3MepoB IIIOHOK M (OPMOI apMaTypHBIX KapKacoB B BHJE IOJBIX LMIMHAPOB, KOTOPHIE 00ECIIEUNBAIOT
HOBBIILICHHYIO ITPOYHOCTh U CEHCMOCTOWKOCTD CTHIKA.

KnroueBble ciioBa: 6eToH, apMHpPOBaHHUE, CPe3, HECYIask CIIOCOOHOCTh, BAPUALIMOHHBIH METOJM, KOHCTPYKTUBHOE pEIICHHUE,
CEMCMOCTONKOCTh
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Effective Keyed Connections of Hollow-Core Floor Slabs with Walls
in Modern Large-Panel House Building

0. A. Dovzhenko”, V. V. Pohribnyi", L. V. Karabash"

YPoltava National Technical Yuri Kondratyuk University (Poltava, Ukraine)

Abstract. The paper considers large-panel constructive system of multi-storey buildings and its industrial basis creates condi-
tions for intensive volume growth in house construction. Application of hollow-core panels are recommended as floor slabs
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that allows to increase a distance between bearing walls, to improve planning solutions, and also significantly to increase
thermal and sound protection properties of floor discs (coatings). Keyed joints having the highest resistance to shearing forces
are used to ensure joint action of the slabs with wall panels. A supporting unit of floor elements in the precast-monolithic
constructive system ARKOS by means of concrete keys is considered as a prototype of the considered joint. In order to in-
crease a bearing capacity and improve reliability of joints it is envisaged to reinforce keys with space frames. Improvement
of joint units is possible to carry out with due account of total number of the factors influencing on strength. Poltava National
Technical University named after Yuri Kondratyuk has developed a general methodology for assessment of bearing capaci-
ty in keyed joints which is based on the variational method in the theory of concrete plasticity and reflects specificity
of stress-strain state of the failure zone. For experimental verification of this methodology investigations have been carried out
with the purpose to test operation of keys when they are reinforced in mid-height and reinforcement is distributed in two tiers.
The observed experimental fracture pattern in the specimens has confirmed kinematic schemes accepted for calculations
and comparative analysis of experimental and theoretical values points to their closeness. Two-level reinforcement signifi-
cantly improves plastic properties of concrete keys and excludes brittle failure. The proposed design of the joint unit for floor
slabs with wall panels is characterized by the ratio of key dimensions and shape of reinforcing cages in the form of hollow
cylinders which ensure higher strength and seismic resistance of a joint.

Keywords: concrete, reinforcement, shear, bearing capacity, variational method, constructive solution, seismic resistance

For citation: Dovzhenko O. A., Pohribnyi V. V., Karabash L. V. (2018) Effective Keyed Connections of Hollow-Core Floor
Slabs with Walls in Modern Large-Panel House Building. Science and Technique. 17 (2), 146-156. DOI: 10.21122/2227-

1031-2018-17-2-146-156 (in Russian)

BBenenne

s sddexTHBHOrO perieHus mpodeMbl odec-
TICYeHNST HAaCeJICHUS JIOCTYITHBIM JKUIIbEM OJTHHM W3
HanOoJiee TIEPCIICKTUBHBIX HAIPABICHUN SIBISCTCS
MIOBBIIIICHUE YPOBHS MUHAYCTPHATU3ALMK IOMOCTPO-
erusi. O6 3TOM CBUIIETENILCTBYET MHOTOJIETHUH OIIBIT
pasButHs crTpaH 3amamHoi EBpomsl. B Poccwm,
benapycu um VYkpamHe MIMpOKOe pacHpOCTpaHEHHE
MIOTYYUIIH  COOPHO-MOHOJIUTHBIE KOHCTPYKTHBHBIC
CHUCTEMBI MHOTOATaXHBIX 3manuii («KYb-2,5» [1],
SARET [2], «KA3AHB-XXI Bek» [3], «Pamuycey [4],
«APKOC» [5]) ¢ BbICOKOH moneil cOOpPHBIX KOH-
cTpykuuil. IlpumeHeHne Takux CHUCTEM OTKpBIBa-
€T BO3MOXKHOCTH 00JI€€ TOJHOTO HCIIOJIb30BaHUS
MOIITHOCTEH  JTOMOCTPOUTEIBHBIX KOMOWHATOB,
MO3BOJISIET YBENWYUTHh KauyeCTBO M CHHU3HUTH CTOU-
MOCTb HM3TOTOBJIEHHUSI KOHCTPYKIIMH, a TaKXe CO-
KpaTUTb CPOKU CTPOUTENIbCTBRA.

B nocneanee Bpemsi Kak KOHKYPEHTOCIOCOO-
Has paccMaTpuBaeTcsi OeckapkacHas KpyITHOMa-
HEeJIbHAsl KOHCTPYKTHUBHASI CHCTEMa, WHIyCTpUAIh-
Hasi OCHOBAa KOTOPOH OOeCIeUMBACT MHTEHCHUBHBIN
poct 00BeMOB cTpouTenbeTBa. [laHensHOE AOMO-
cTpoeHue B EBpore B cpeHeM COCTaBISET OKOJIO
20 %, a B Hupepnannmax npesbimaer 30 % [6].
OTtmMmedaeTcs omnpe/eleHHas aKTHBH3AIHS KPYITHO-
MaHEJIFHOTO CTPOUTENBCTBA U B YKpauHe. Bmecre
C TeM THUIIOBBIC PEIICHUS MAaHEIHHBIX JOMOB Xa-
PaKTEepU3yIOTCS HEOONBIIMMH TIPOJIETaMU KOH-
CTPYKUUI TepeKphITUil (MMOKPBITHIT) U, KaK clen-
CTBHE, OJIM3KUM PACHOJIOKEHHEM HECYIIMX CTEH,
OTPaHWYHUBAIONINX BAapUAHTHl  TUTAHUPOBOYHBIX
pemennii. J{ns mpeomoneHus yKa3aHHOTO HeEJo-
CTaTKa B Ka4eCTBE ILUIUT MEPEKPBITHIA PEKOMEHY-
€TCsl IPUMEHEHUE COOPHBIX MHOI'OIYCTOTHBIX IMa-
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HeJlel Kak onaixy00uHOro, Tak U 6e30nany00qHoro
(hOopMOBaHMS, YTO TO3BOJIUT YBEJIMYUTH PACCTOS-
HHUE MEXIy CTEHaMH, a TAKKe CYIIECTBEHHO ITOBBI-
CUTh TEIJIO- U 3BYKO3ALIUTHBIE CBOICTBA AKCKOB
nepexpbITaid (MokpeiThii). [Ipu 3TOM cCOBpeMeHHBIC
TEXHOJIOTHH COOPHOTO jKene300eToHa Ha OCHOBE
WHIyCTPHATBHOTO KPYMHOMIAHEIBHOTO JIOMOCTPO-
eHHs O00eCNeunBaIOT BO3MOXKHOCTH BO3BEICHHUS
30aHHUSA C BBICOKUM YPOBHEM 3KCILTyaTallMOHHBIX
XapaKTePUCTUK U UHKCHEPHO-TEXHUUECKUX pellie-
HHUM, K TOMY K€ OTJIMYAIOIIUXCS apXUTEKTYPHOU
BBIPa3UTEIbHOCTBHIO.

KoHcTpykTHBHOE pemienune
IIMOHOYHBIX COeIMHeHUI

OTBETCTBEHHBIMH 3BEHBSIMH IE€PEUUCICHHBIX
BBIIIIE HECYIIUX CHCTEM SIBIISIFOTCS Y3IBI COEMIH-
HeHUs (OmMMpaHWs) KOHCTPYKIMH TEePEKPBHITUI
(TIOKpBITHI) C KOJIOHHAMH, CTEHAMH H MEXIYy CO-
6oii. C yBenuueHHEM IIPOJIETOB MOBBIIIAIOTCS Be-
JIMYMHBl YCWIMM B y3J1aX HECYIeW CHCTEMBI, UYTO
MpenonpeaensieT HeoOXOIAUMOCTh TNPUMEHEHUS
oOnajaronux Hauboliee BBICOKHM COIPOTHUBIIC-
HHMEM Cpe3y IIMOHOYHBIX coeauHeHui. Ilpumep
UX HCIIONIb30BaHUS — KapKacHas cOOpHO-MOHOJIHT-
Hasi KoHCTpykTuBHas cucrema «APKOC» (Ce-
pust 51.020.1-7), paspaborannas bentHUMC (MuHck,
benapycs) [7]. Onmpanue MHOTOIYCTOTHBIX TIIAT
Ha HECYIIHe MOHOJWTHBIE PHUIelI OCYIIECTBICT-
csl depe3 OCTOHHBIC IITIOHKH, 0Opa30BaHHEIC ITyTEM
3aMOHOJIMYMBAHMS YYaCTKOB IIyCTOT Ha TOpIax
wmT (puc. la). J[ocTaToO4YHO OCTOPOXKHOE OTHOIIIE-
HHE K TaKOMY COEIMHEHHIO OOBSCHSACTCS ONIOHEH-
TaMy HEOOXOIUMOCTBIO 00ECIIeUeHHUs BHICOKOTO Ka-
gecTBa padoT 10 YCTPOUCTBY OMOPHBIX y3JI0B [8].
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Puc. 1. Y3en onupaHys MHOTOIIYCTOTHBIX IUTUT HA MOHOJIUTHBIN PHUTeNb COOPHO-MOHOJIUTHOTO IIEPEKPHITHS Yepe3 OeTOHHEIE
LITOHKH (@), apMUpOBaHHbIE MTOCKUMH (b) M IPOCTPAHCTBEHHBIMHU B BHJE OJION MPU3MBI C TPEYTOJILHUKOM B OCHOBE (C)
wi nosoro munuaApa (d) kapkacamy MIMOHOK: | — MHOTOIYCTOTHASI [UTUTA; 2 — PUTEIb; 3 — onaiyoOKa;

4 — apMaTypHBII KapKac IIMNOHKH; 5 — 3ariIyIIKa ISl OTPaHWYEHHS TIyONHBI IITTOHKI

Fig. 1. Supporting unit of hollow-core slabs on monolithic girder of precast-monolithic floor by means of concrete keys (a) which
are reinforced by flat (b) and spatial (in the form of hollow prism with triangle in the base (c) or hollow cylinder) (d) by key frames:
1 — hollow-core slab; 2 — girder; 3 — formwork; 4 — reinforced key frame; 5 — end cap for limiting key depth

HawubGonee 3¢)eKTUBHBIM U151 HCKITIOYEHHS BO3-
MOKHOCTH XPYIIKOTO DPa3pylleHus OETOHHBIX 3JIe-
MEHTOB SIBJISIETCS MX apMHUPOBAHUE WIIM O0XKaTHeE.

Ha Ykpaune cymiecTByer psj NaTeHTOB, Kaca-
IOLIMXCS] MPEIUIOKEHUH [0 apMUPOBAHUIO OIOP-
HBIX IIIOHOK IUIOCKHMHE [9] W TPOCTPaHCTBEHHBI-
MU KapKacaMH B BHJC IyCTOTENBIX TPEYrOJIbHOU
nupamuzs [10] u numagpa [11] (puc. 1b—d). Ilo-
cieqHUi obecreynBaeT paBHYO MPOYHOCTH IIIIO-
HOK KaK B BCPTUKAJIbHOM, TaK U B TOPU3OHTAJIbHOM
HaIpaBICHUX, YTO OCOOEHHO aKTyaJbHO IS 37a-
HHIA, BO3BOJUMBIX B CECMUYECKHUX PalOHaX.

W3BecTHO penieHre COOPHO-MOHOJIHMTHOTO Tie-
PEKpBITHS, B KOTOPOM OIOPHBIE KAPKACHI IIJIUT BbI-
CTYHAIOT 32 MX IMpeJeNbl U aHKEePSTCd B MOHOJINT-
HeIx purensx [12]. [Ipu atom co3nmaercst oOxarue
OCTOHHBIX IINOHOK, M HECyIas CIIOCOOHOCTH CO-
€AMHEHHS «TUINTa — PUTeNb) CYLIECTBEHHO YBEIH-
YHBACTCS.

B [13] npeamaraercs BapHaHT KOHTaKTHO-
WI1aTGOPMEHHOTO CTHIKA MHOTOIYCTOTHBIX ILUTUT
CO CTCHOBBIMHU IMaHCIAMHU, B KOTOPOM TOPILBI IIJIUT
BBIHECEHBI 32 IUIOCKOCTh CTEeHBL. CTBIK HMeEET
OOJBIIIYI0 HECYIYIO CIIOCOOHOCTh, YeM IiaTdop-
MEHHBIH, YTO I03BOJSICT YMEHBIIUTH TOJILIUHY
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HECYIMX CTEH W SIBJSICTCS aKTyalbHBIM JUIS 371a-
HMI ITOBBIIICHHOM YTaKHOCTH.

OTMeueHHOE CBUJCTEILCTBYET 00 aKTyaabHO-
CTH PACCMOTPEHHUS BOMPOCOB CO3IAHHS IIIOHOY-
HBIX COCIIMHEHUH, 00JIaIat0IINX BRICOKOH POYHO-
CTBIO, CEICMOCTOMKOCTBIO M IIJIACTUYHOCTBIO.

Henp maHHOrO HCCIEOOBAaHUS — YCOBEPIICH-
CTBOBaHHE KOHCTPYKTHBHOTO PEIICHUS IITOHOY-
HOTO COCIWHEHUS MHOTOITYCTOTHBIX IUIHT CO CTe-
HaMHl B MHAYCTPUAJIBHOM KPYIHONAHEIbHOM J0-
MOCTPOCHHH HA OCHOBE TIOBBIIIECHUS TOYHOCTHU
OIICHKM HECYIIEeW CIIOCOOHOCTH U 0OecredeHus
3aJJaHHOM CEeMCMOCTOMKOCTH.

MeToauka oueHNBAHUA Hecyllei
CIIOCOOHOCTH IIMOHOYHBIX CTHIKOB

B IlontaBckoM HalMOHAJIBHOM TEXHUYECKOM
yuauBepcutere (IlontHTY) pazpaborana meroauka
pacdera TPOYHOCTH IIITOHOYHBIX COemuHEHUH [14],
KOTOpasi 0a3upyeTcs Ha BapHallHOHHOM METOJIe
B TEOpUU TUIACTUYHOCTU OetoHa [15]. Paccmarpu-
BaeTCs TUIOCKOE HAMTPSHKEHHOE COCTOSIHUE IIMOHOK,
UMEIOIINX CEUeHHE BBICOTOW /Ay M LIMPUHOHN by.
[MpuHMMaeTcss KHHEMATHYECKUN MEXaHWU3M paspy-

W Hayka
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IICHUA IIIOHKH C TOBEPXHOCTBIO pa3phiBa CKO-
pocreii (paspymienus) ABC (puc. 2), COCTOSIICH 13
IBYX y4acTkoB AB 1 BC ¢ paBHOMEpPHO pacrpene-
JICHHBIMH TI0 HHUM HampsokeHusMu. l[lpu sTom
miomanka AB paccMaTpuBaeTCs Kak TJiaBHas C
HOPMaJbHBIMU PACTATUBAIONIMMU HANPSHKCHUSIMU
O3 =fuqg W paBHOACHCTBYIOMIECH Fp=f.ul 15Dy,
a mromanka BC Harpy)xeHa HopMajabHOW N W Ka-
carenpHOM 1 cunamu. [ToBepxuoctsh ABC ompene-
nsiercst yrmamu oo 1 . [ wactu 1 mpsiMoyrosib-
HOM IIMOHKHU, OTIEICHHOM MOBEPXHOCThIO ABC
W paccMaTpuBaeMoON Kak aOCOJIOTHO JKECTKOE Te-
JI0, YYUTHIBAETCS TOJBKO TMOCTYMATENbHOE JIBHXKE-
HHE OTHOCHUTEJIBHO HEMOABMXKHOU yacTu II ¢ koMm-
ITIOHEHTAMH CKOPOCTEH Vv, U V).

OyHKIMOHANT BapUAIIMOHHOTO MPUHIIUNA BUP-
TyaJIbHBIX CKOPOCTEH IS KeNe300€TOHHOM IITOH-
KH BKIJTFOUACT COCTABIISIONIHEC

J=Jpc+J p+Jg—Fv,, (1

rae Jpc, Jup — COOTBETCTBYIOT MOLIHOCTH CHII,
NPUWIOKEHHBIX HAa YyYacTKe JOKalu3aluu HeoOpa-
TUMBIX Aedopmanuii OetoHa BC u yvactke AB;
Js — OTBedaeT MOIIHOCTH NPONOJIBHOH Ny apma-
Typhl BEpPXHETO fApyca IUIOMIAABI0 CEYeHUs Ag
U cil N’ g apMaTyphl HIDKHETO sipyca TUTOMIabI0 ce-
yeHusi A s (HareJbHbIM 3P QPeKToM MpeHedperacm).

a
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Bennuuna Jpe 1py mI0CKOM HaNpPsHKEHHOM CO-
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M= fo = fuas B=

%[Hx/(l—x)z]; 1= i S’

Av, =v, sinf+v, cosp;

Av, =v, cosB—v, sinf. 3)

[Ipn mocTynarensHOM IBHXKCHHH A0COIIOTHO
)ecTkod vactu I otHocuTensHO wactu Il moxbiH-
TeTpaJIbHOE BBIpaXKeHUE B (2) MOCTOSHHO, WHTE-
IpaJ JIETKO OINpeneseTcs.

[lokazareny J,3 HaxoguTCs Kak MOLIHOCTH
paBHOJEHCTBYIOIEH [, Ha HOpManbHOU Kk AB
COCTaBJIAIOIIEN CKOPOCTH
V, g =V,CO80L+V sina, 4)

n
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Puc. 2. KuneMaTH4ecKuil MEXaHU3M pa3pyLLIeHHs: OCTOHHOH (a) H jkene300eToHHOH (b) HIMOHOK

Fig. 2. Kinematic fracture mechanism for concrete (a) and reinforced concrete (b) keys
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PaccmatpuBaercs perienne 3ajadu, npeHeOpe-
raroriee HareJibHbIM 3()(PEeKToM apMaTyphl BepxXHe-
T0 W HIKHETO SIPycOB, (hM3WUYECKUil Tpeen TeKy-
4YECTH G, KOTOPOH JOCTUraeTcs NMPH Pa3pyllCHUU.
Benuuuna Jg onpenensercsi Kak MOIIHOCTh YCUIIAN
B apMaType Ha COOTBETCTBYIOIINX CKOPOCTAX

Jg=(Ng+Ng)v,, (6)
rie Ng = f,44s; Ng = f,44s. (7

[ocne moxactanoBku B (1) cocraBmsronux (2),
(5), (6) c yaerom (3) m (4), a TaKKe BBHIPAKCHUS
JUTHHBI OTPe3KoB AB n BC, MOIydeH 3aBUCSIIIHI
OT HEU3BECTHBIX YIJIOB O, 3 M CKOpOCTEH vy, V)
(yHKUMOHAN IS KeNe300€TOHHOM  IITOHKH.
IIpupaBHUBas €ro HyJIO, OMNpeAeNseTcsS 3aBH-
CUMOCTh TNpEAENbHON 3arpy3ku F OT TIepeMeH-
HBIX k = v,/v,, tga, tgf3

F = (] 28k 1gB) +0.25(kgp 1) -

= (k-tgp) |- il
tgou + tgf

b, hy tgp .

fra (4 +A§)kj- (8)

[Ipu noucke munumyma ¢pynknuu (8) HeoOXo-
JFIMO HCIIOJIB30BaTh JIOTIOJHUTENIBHBIC OrpaHuye-
HUS B BHUJIE YCIOBHH PaBHOBECHS MOMEHTOB CHII,
NpUIOKEeHHBIX K YacTH | mmonku. Takue orpanu-
4eHust TpeOYIOTCs Ul KOCBEHHOTO ydeTa Bpalla-
TEJIbHOW KOMITOHEHTHI IUIOCKOTO JBM)KEHHS 4Yac-

™ | INOHKM, MOpsIMOM ydeT KOTOpOh BechbMma
YCIIOXKHSIET 3alnCh (YHKIMOHAJA, TAK KaK CKOPO-
CTH M UX Pa3pbIBBl HA AB 1 BC cTaHOBATCS Tiepe-
MEHHBIMU. B KauecTBe OrpaHUYEHUI UCTIONB3YHOT-
Cs TPU YCIIOBUS PaBHOBECHSI MOMEHTOB OTHOCH-
TEeIFHO XapakKTepHBIX ToueKk B, D u O (D u O —
TOYKH MPHIIOKEHUs cull F' u N, puc. 2).

[Ipu cocTarieHUN ypaBHCHHI PaBHOBECHUS HC-
TTOJIE3YIOTCSI 3aBHCUMOCTH ISl OTIPEICTICHUS HOP-
MaJbHBIX M KacaTeNbHBIX HANPsHKEHWH Ha IUIO0-
maake BC MOBEPXHOCTH Pa3pyIICHUS:

BA
%u_3.l0,5+ o SNC)
m JAVZ +0,25A2

T, BAv,
_Zi =
mo 2 AV +0,25Av
B(ktgB+1
_+ g +1) (10)

2\(k— tgB)’ +0,25(ktgB+1)’

Takum 00pa3oM, pacdeT HpeAeiIbHOW Harpys-
KH F), )KeJIe300€ TOHHO! MITIOHKH CBOIUTCS K OTIpe-
JIEJICHUI0 HEU3BECTHBIX W3 YCIOBHUS MHUHHMYyMa
¢yHkumu (8) mpu coONIIOICHNH yCIOBUH paBHOBE-
CUS U MOCIEAYIOUIEMY BBIUHCICHUIO F, MO Hail-
JCHHBIM TIapaMeTpam k, tgo, tgf.

Jlist ompeneneHust CONPOTUBIICHUSI CPE3y XKe-

Ne306€TORHBIX IIOHOK [ = F /b.h, B WHKe-

HEPHBIX pacyeTax IMpPeIOKCHBI TaOMUIlbl, Kak
tabn. 1 (npu p,, =1 %).

Tabauya 1
K onpexnenennio f;;,s npu A, = 101 mm? (28 A240C)
For determination of fs’,‘,’s, when A,,, = 101 mm’ (228 A240C)
I /h, Shslfea
C12/15 C16/20 C20/25 C30/35 C32/40 C35/45 C40/50 C45/55 C50/60
0,2 0,467 0,419 0,383 0,346 0,327 0,308 0,300 0,291 0,283
0,3 0,419 0,373 0,338 0,302 0,285 0,266 0,259 0,250 0,243
0,4 0,378 0,333 0,300 0,266 0,249 0,232 0,225 0,217 0,210
0,5 0,342 0,299 0,268 0,236 0,220 0,204 0,198 0,190 0,184
0,6 0311 0,270 0,241 0,211 0,196 0,181 0,176 0,169 0,163
0,7 0,284 0,246 0,218 0,190 0,176 0,162 0,157 0,151 0,145
0,8 0,260 0,225 0,198 0,172 0,160 0,147 0,142 0,136 0,131
0,9 0,240 0,206 0,182 0,157 0,146 0,134 0,129 0,124 0,119
1,0 0,222 0,190 0,167 0,144 0,134 0,122 0,118 0,113 0,109
150 Hayk
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MarepuaJbl IKCIEPUMEHTAJBHBIX
HCCJIe0BAHUMI

B mpenenax ogHOM W3 cepuil KOMIUIEKCHBIX
SKCIEPUMEHTAJIBHBIX HCCIIEOBaHUI aBTOPOB [16]
M3y4YaJIOCh BIMSHHE apMUPOBaHHS HA MPOYHOCTH
IIIOHOK, pa3pyIIalomXxcs myTteM cpesa. OOpasis
umenu BeicoTy A, =200 MM u TommuHy b, = 150 Mm.
Hcnonp3oBanuce Harpyaroliue yCTPOHCTBA -
puHO# [, =50 MM, 9TO COOTBETCTBOBAJIO COOTHO-
IIEHUIO pa3MepoB MmoHok [i/h, = 0,25. B miocko-
CTH cpe3a LIMOHKH apMUPOBAIUCH MOIEPEYHBIMU
crepxHsamu kinacca A240C. Ilpumensmnucs Kapka-
Chl JIByX THUIIOB: C PAacroJIO)KEHHEM apMaTyphl B
OJIUH SIpyC MOCepeIrHe BBICOTHI LIMOHKH U B JBa
spyca. IlocienHuii BapuaHT COOTBETCTBYET ApMU-
POBAHUIO y371a OMUPAHUsI MHOTOIYCTOTHBIX IUTUT HA
CTEHOBble maHend. [lokasaTrens apMHpOBaHHS P,
n3mensancs B npenenax 0,34-1,03 %. Apmarypa
HaJIe)KHO aHKepwiIach B OOKOBBIX HacTsIX 0Opas-
1oB. Mcnosb3oBaics TSHKeIbIH U KepaM3UTOOETOH.
udp onbITHBIX 00pasioB comepxkutr (puc. 3):
IHA — mmonku apmupoBanHble; 0,25 — oTHOIIE-
uue /i/hy; 11 — npsmoyroneneiil npouns; BIT unn
JI — TspKenblid UM JeTKuii OETOH; MPOLEHT apMu-
poBanusa p,; 1,2 — OmHO- WU JBYXypOBHEBOE
PacIoIoxKEHNUE apMaTypBhl.

o

1TA-0,25-11-J1-0,67-2

OO0pa3ibl U3roTaBIMBAINCH U HCIBITHIBAINCH
B tabopaTopun Kadeaphl Kene300e TOHHBIX U Ka-
MEHHBIX KOHCTPYKIHMH M CONPOTUBJICHHS Ma-
tepuanoB llontTHTY nHa mnpecce runpasBnuye-
ckom [II'-125.

Bce o0pa3isr umenn moXoXHui XapakTep Tpe-
muHOo0Opa3oBanus (puc. 3). [lpu ypoBHE Harpy3ku
(0,5-0,6)v, 0Opa30BBIBANKNCH HAYANILHBIC, B 3a-
METHBIC TPEUIMHBI B PACTSAHYTOH 30HE IO YIJIOM
10°-20° k BeprTukamu. [10BEpXHOCTH pa3pylIeHHs
onpenensiack npu yposHe (0,8-0,9)v,, ouepunBa-
JIach 1O KPWUBOM, OIM3KON K BEPTHKAIN, H COCTOS-
J1a U3 CXKATBHIX ¥ PACTSIHYTHIX YYACTKOB.

YBenuueHne apMUpoOBaHUs IPUBOJUIO K POCTY
pa3MepoB 30H CXKaTusl, B KOTOPBIX 110 pe3yibTaTaM
00pabOTKH MOKAa3aHUH TEH30PE3UCTOPOB 3aUKCH-
pOBaHa JIOKaIM3anus TIAaCTHIeCKO JedopMariym.
[lomueie nedopmannu OeToOHA B CHKATBIX 30HAX
JOCTHTamn ypoBHs & = (100-300) - 107, mpuuem
OoyiplIMie 3HAYEHHS] WMEId MECTO B o0pasmax c
pacmonoxxeHueM padoyei apMaTypsl B IBYX ypPOB-
HSX 110 BBICOTE. PasHeceHne apMaTyphl IPHUBENO K

3HAYHUTENILHOMY YBEIMUCHHIO TUIACTHYECKHUX Jie-
(dhopmaruii kak sierkoro (puc. 4), Tak U TSKEIOTO
OeToHa MOBHIIIEHHOH TIpouHoCcTH [17].

1TA-0,25-11-J1-1,03-2

Puc. 3. Xapaktep paspyiieHus o6pa3uos ¢ oHO- (a) u AByXypoBHeBbIM (b—d) apmMupoBaHreM

Fig. 3. Fracture behavior of specimens with single- (a) and two-level (b—d) reinforcement
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Fig. 4. Relationship .(g.,) — v/v, for specimens with single- (a) and two-level (b—d) reinforcement
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Bxorouenne apMaTypHBIX CTEp)kKHEH B pabo-
Ty HMPOUCXOAMIIO AO MOSBIEHHUSA NEPBHIX TPEIIMH.
IIpn ABYXBAPYCHOM pAaCIOJIOKEHUH apMaTyphl
CTEp)KHU BEPXHETO PsiAa BKIIOYAIUCH B pabOTy Ha
Oosiee paHHUX CTaJUsIX HArpy>KCHUs, YeM B aHaJo-
TUYHBIX 00pasiax, apMHpPOBAHHBIX IIOCEpPEIHE
ceueHnns. [locme oOpa3oBaHus TpemuH (UKCHPO-
BaJICSI MHTEHCHUBHBIN POCT JeOpMaIyii apMaTyphbl.
B oOpasmax ¢ 4eTbIpbMsI CTEPXKHSMH, B PACITIOIIO-
JKEHHOW y BepxXHel (pacTsSHyTOH) TpaHH IIMOHKH
apMaType yCTaHOBJieH Oojiee MHTEHCHBHBIA POCT
nedopMarii, 9eM B CTEPXKHSIX, KOTOpPhIE Haxo-
JIATCS TIOCepeIiHE WA B HIDKHEH (CKaToi) 4acTu
obpasra.

OmnbITHBIE 00pa3Lbl pa3pylIAINCh BOIU3U BEp-
TUKaJIbHOU TUIOCKOCTHU cpe3a. Paspymienne compo-
BOXKJAJIOCh WHTEHCHBHBIM POCTOM JieopMaruii
U cMeleHreM OOKOBBIX 4YacTeil 00pa3loB OTHOCH-
TEJIbHO LIEHTPAIBHOM.

JlaHHbIEe O TapaMeTpax U MpeAesbHON Harpy3Ke
OTIBITHBIX 00Pa310B NPUBEACHBI B Ta0MI. 2.

Hanpsokenns B apMaType, nepeceKkaromen mioc-
KOCTh CABHIa, HA CTaJN{ Pa3pyIICHHUS ITOCTHTAIIN
IpeJiena TEKy4eCTH, CIeI0BaTeNbHO, apMUPOBAHNE
10 P,y = 1 % MOXKHO cUHTaTh 3P PEKTHBHBIM.

C yBenmuueHHEM TPOICHTA apMUPOBAHUS B TIpe-
nemnax ot 0,34 mo 1,03 mpoyHOCTH 0Opa3IOB BO3-
pacraia 1o IByX pas.

HabGmrogaemast B dkcrieprMeHTaX KapTHHA pas-
PYLICHUSI IIMOHOK TOJTBEPKAACT MPHUHSATHIC TPU
pacyeTax KHHEMAaTHICCKHE CXEMBI, a CPAaBHHUTEIhb-
HBII aHAJIU3 OMNBITHBIX U TEOPETUYECKUX 3HAYECHUI
MpeACIbHON HAarpy3Kd yKa3bIBaeT Ha HUX CXOJU-
MOCTb.

KoHcTpykTHBHOE penieHue y3Jjia
COeMHEeHUs TJIMT NMePeKPLITHI €O CTeHAMH

[IpemiokeH KOHTaKTHO-TIAT(OPMEHHBIH IITITO-
HOYHBIN CTHIK TTAHEJBHBIX CTEH C BBIHECCHHBIMU 32
WX TpaHW 30HAMH ONHPAHUS KPYTJIOMYCTOTHBIX
T (puc. 5). Lmorku 006pa3yroTcs Mpu 3aMOHO-
JINYUBAHUU TSKENBIM OCTOHOM YYacTKOB IYCTOT
Ha TOPIAax IUTUT.

Oco0eHHOCTH KOHCTPYKTHBHOTO PEIICHHUS CO-
€IUHEHUS 110 CPABHECHHUIO C MPEIOKEHHBIM B [13]
BapHMaHTOM COCTOSIT B HCIIOJB30BAHUU apMaryp-
HBIX KapKacoB B BHUJE TOJBIX IWIMHAPOB M KOP-
PEKTHPOBKE TIIyOMHBI INMOHOK IO pE3yJbTaram
BEITIOJTHEHHOTO aBTOpPaMH pacdera HecyIIel CITo-
COOHOCTH.

Tabauya 2
XapaKTepUCTHKH ONBITHBIX 00pa310B
Characteristics of test specimens
OTHOCHTENBHOE
mpotpona | ilf | Toveem |y | et s | Mposenaan | sompomci
cpesy [/,
1TA-0,25-11-J1-0,34-1 208 0,34 260 158 0,26
11A-0,25-11-J1-0,39-2 46 0,39 280 220 0,36
M1A-0,25-11-J1-0,76-1 2012 0,76 250 258 0,42
1TA-0,25-11-J1-0,67-2 R 48 0,67 260 262 0,43
MTA-0,25-T1-J1-1,03-1 2014 1,03 240 310 0,51
1I1A-0,25-11-J1-1,03-2 410 1,03 255 320 0,53
211TA-0,25-T1-J1-0,34-1 208 0,34 260 260 0,17
2111A-0,25-I1-J1-0,39-2 46 0,39 280 320 0,23
211TA-0,25-T1-J1-0,76-1 2012 0,76 250 400 0,28
2111A-0,25-11-J1-0,67-2 23347131 4258 0,67 260 431 0,29
211TA-0,25-T1-J1-1,03-1 2014 1,03 240 429 0,28
2111A-0,25-I1-JI-1,03-2 410 1,03 255 470 0,31
ITA-0,25-T1-BIT1-0,34-1 208 0,34 260 480 0,15
[TA-0,25-T1-BIT-039-2 46 0,39 260 550 0,17
I11A-0,25-I1-BI1-0,34-1 26.9/2.65 2058 0,34 280 600 0,17
[TA-0,25-T1-BI1-0,39-2 46 0,39 280 590 0,18
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Puc. 5. KoHTaKTHO-TIIaTOPMEHHBIH CTHIK COOPHBIX CTEH C BHIHECEHHBIMH 32 IUIONIAfb CTEHBI 30HAMH OIMHUPAHHS
MHOTOITYCTOTHBIX IUTUT: 1 — MHOTOITyCTOTHAsI IUTNTA; 2 — CTEHOBAs ITaHeNb; 3 — apMaTypHBI BEITYCK M3 CTEHOBOI ITaHEIH;
4 — OGETOH 3aMOHOJIMYMBAHUS; 5 — LIMOHKA; 6 — apMaTypHBII KapKac LIMOHKY; 7 — 3ariIyIliKa; 8 — IeMEHTHO-IIeCYaHblid pacTBOP

Fig. 5. Contact-platform joint of prefabricated walls with supporting zones of hollow-core slabs which are carried out beyond wall space:
1 — hollow-core slab; 2 — wall panel; 3 — dowel from wall panel; 4 — grouting concrete;
5 —key; 6 — reinforced key frame; 7 — end cap; 8 — sand grout

OneHka BIMSHUS KPYIJIOTO IIONEPEYHOrO Ce-
YeHUsl IINOHKM Ha €€ HEeCyIIyl0 CHOCOOHOCTD
OCYILIECTBIISIETCSL ITyTEM y4yeTa xapakTepa pacmipe-
JeNeHus YyCWINMH TNpU Iepenade Harpyskd M -
JUNTHYECKOW (POPMBI MOBEPXHOCTH pa3pyLICHUS,
KOTOpbIe 0OOCHOBBIBAIOT BBEICHUE ITOHIKAIOLETO
koaddummenta k= 0,9 [18].

K 3pmanusaM, BO3BOAMMBIM Ha MNOTEHIHAIBEHO
CeHCMUYECKN aKTHUBHBIX TEPPUTOPHSX, NPEABSIB-
JSIOTCSL TPeOOBaHUA OOECTIEYCHHS CEMCMOCTOMKO-
CTU. B CBA3M € 3TUM Y3JIbl COEAMHEHUN HECYIIHNX
3JIEMEHTOB KOHCTPYKTHBHBIX CHCTEM JOJIKHBI
BOCIIPMHUMATh KaK BEPTHUKaJIbHbIE, TAK 1 TOPU30H-
TaJIbHBIE YCHIINS, YTO OOECIIeYrBaeTCsl apMHUPOBa-
HUEM IIMOHOK LWIMHAPUYECKUMH KapKacamu C
PAacIoNOKEHUEM apMaTyphl B IBYX IIOCKOCTSIX.

WcxonHele naHHbIe IS pacuera: IUIMTA JJTU-
HOM 7,2M m mupuHoil 1,2 M mmeer 6 mycTOT,
IUIOIIA/Ab KPYIJIOTO MOIMEPEYHOro CeUeHHs U Tiy-
6una mmonkn A4 =2 10* mv® 1 [, = 70 mm; Ge-
TOH Kjacca mpouHoctH Ha cxatue C20/25 (fi,=
= 14,5 MIla; f.,,= 1,0 MIla); pabGouast apmarty-
pa mmnoHkn 4J6A240C (f,,=229 MlIla; p, =
=0,57 %). Pacuer npoBonutcst MetogoM HrioToHa.

B pesynbTare moiay4eHo: CONpPOTUBICHHUE Cpe-
3y IUIOHKM 5KBHUBAJIEHTHOTO KBaApaTHOIO IIOIe-
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pPEUHOrO CeYeHUs fsl,‘” =3,1 Mlla (fS’];,s Ifg =

= 0,214), xoTOopoE MpHU pacyeTe MO EBPOICHCKIM
HopMaM [19] cocrasnser 0,115; ycunue, Bocnpu-

HAMAaeMO€ OJHOH  IIIOHKOW, VS',‘, ZkﬂIZSAs]; =

=0,9-3,1-2-10* (10°) =56 xH; npu mpenemns-
HOM pacyeTHOM 3HadeHHMH Harpy3ku 14 klla mome-
pedHas cwia Ha ornope Vg, = 59 xH.

Takum oOpazoM, A obecrieueHHsl Hecylien
CHOCOOHOCTH M HAAEKHOH pabOThl COEIMHEHHS
IUIUT NEPEKPHITUN CO CTEHOBBIMU MAHESIMU HEO0O-
XOJUMO Ha KaX/I0M OINOPHOM YdYacTKe IIpeny-
CMOTpeTh JBe WMOHKH. [Ipu mpoexkTHpoBaHUM
IUIAT 107 OOoJIbIIee 3HAUEHHE PAaCUeTHOM Harpy3KH
KOJMYECTBO apMHUPOBAaHHBIX IIMOHOK B COEIUHE-
HUH yBEITMYUBAETCSI.

BbIBO/IbI

1. Mcnosnib30BaHME MHOTOMYCTOTHBIX MaHeJen
B Ka4yeCTBE IUIMT NEPEKPBITUI (NMOKPHITHI) HHIY-
CTPUANBHBIX KPYITHONAHEIBHBIX 3aHUIA MTO3BOJIUT
YBEIMYUTHh PACCTOSHUE MEXIY CT€HaMH, O0CBOOO-
JIUTH BHYTPEHHEE MPOCTPAHCTBO, YIYUIIUTH ILIa-
HUPOBOYHOE PEIICHHE MOMEIICHUN, MTOBBICUTh X
TEIUIO- ¥ 3BYKO3AIIHTY.
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2. JIns obecrieueHUs COBMECTHOI pabOTHI CcTe-
HOBBIX IIaHEJEeH € MHOIOILYCTOTHBIMM IUIMTaMU
HEPEKPHITUH PEKOMEHAYETCS! IPUMEHSTh IIIIOHOY-
HBIE COECIUHEHHS, UMEIOIIUE MOBBIIIEHHYIO HECy-
HIYIO CITIOCOOHOCTH Ha Cpes.

3. OueHnBaHWE MPOYHOCTH IIIOHOYHBIX CO-
€VHEHNH NpeaaraeTcsl OCyIleCTBIATh HA OCHOBE
METOJMKH pacdeTa HeCyIlell CIocoOHOCTH OETOH-
HBIX U XKeJIe300€TOHHBIX 3JIEMEHTOB IIPU JeHCTBUU
CPE3BIBAIOIUX CHJI, pa3pabOTaHHON € WMCIIONB30-
BaHHWEM BapHAIlMOHHOTO METOJa B TEOPHH IuIa-
CTUYHOCTH OeTOHa. MeToauKa MO3BOJSIET Y4ecTb
cneunuKy HanpspKeHHO-IeQOPMUPOBAHHOTO CO-
CTOSIHUS IIMOHOK U MOJIy4nJIa 3KCIIEpUMEHTAIBHOE
MOJITBEPIKICHHE.

4. IlpennoxeHo KOHCTPYKTHBHOE pEIIEHUE Y3-
Jla COEOWHEHHs IUTUT TEPEeKPHITHH CO CTeHaMHU
CEHCMOCTOMKUX IAHEIbHBIX 30aHUN C KpyIJIoi
(hopMoOli TIOTIEPEYHOT0 CEYEeHUs INMOHOK TPH OT-
HOLICHUU HMX pa3MepoB W apMHPOBaHUH, oOecrie-
YUBAIONINX IOBBIIEHHYIO MPOYHOCTh B BEPTH-
KaJIbHOW ¥ TOPU30HTAIIBHOMN TTIOCKOCTSIX.

5. I nanbHEHIIero pa3BUTHsL KPYITHOIIAHEb-
HOTO JIOMOCTPOEHHSI NEpCHEeKTHUBHBIM HarpaBie-
HUEM SIBIIIETCS KOMILJIEKCHOE MPUMEHEHHE apMHU-
POBaHHOTO KepaM3HTOOETOHA IS CO3JaHusi 00-
JIETYEHHBIX KOHCTPYKIIHH.
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HexoTopbie cioco0bl 3KOHOMHUU TEIJIOBOI JHEPrUuun
IPH MPOU3BOJACTBE BEPTHKAJIBHBIX CTEKJIONAKETOB

Huk. A. C. Iludexo”
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Pedepar. IIpeuioxkeHsl 1 pacCMOTPEHBI [Ba KOHCTPYKTHBHBIX CHOCO0a SKOHOMHH TEIUIOBOH JHEPIHU IPH IPOM3BOJACTBE
BEPTUKAIBHBIX CTEKJIONAKETOB C PA3JIMYHBIM Ia30BbIM 3allOJHEHHEM MEXKCTEKOJIBHOIO IPOCTpaHCTBa. [IepBblii 3aKimoyaercs
B U3TOTOBJICHMH MX ONpPEACJICHHOHW TONIIMHBI, KOTOPAs HAXOIMUTCS MCXOAS U3 OCOOCHHOCTEH KOHBEKTHBHOIO TEIIOOOMe-
Ha B 3aMKHYTOM KOHType. Benmumna xosdduimenrta TemrooOMeHa 3aBHCHT OT CBOWMCTB 3alOJIHSIOMIETO O0O0BEM KaMephl
rasza (k03¢ (GUIMEHTOB TEIUIONPOBOIHOCTH, 0OBEMHOTO PACIHIMPEHHUSI, KHHEMAaTHIECKON BSI3KOCTH U TEMIIEPaTypOIPOBOHO-
CTH), Pa3HOCTH TEMIIepaTyp Ha IpaHUIAX MPOCIONWKH W €€ TOJIIHUHBL [loKa3aHo, YTO MpU YBEIMYCHHH TOJIIUHBI Ta30BOTO
c10st KO3 PUIHEHT KOHBEKTUBHOTO TEIUIOOOMEHA CHayaja YMEHbIIAETCs /IO ONPEIENICHHOTO 3HAYeHHs, a 3aTeM, He3HauH-
TEJBbHO YBEIUYHBIIKCH, IPAKTHYECKH OCTAeTCs MOCTOSHHBIM. B CBsI3M C 9TUM OBUIM ONpEAENCHbI ONTHMAIbHBIC TOJIIHNHBI
3aMOJTHSIEMBIX MPOCITIOEK JUIsl Haubosiee paclpOCTPaHEHHBIX B IPOU3BOJICTBE ra3oB (OCYLICHHBIH BO3AYX, aproH, KPHUIITOH,
KCEHOH), a TaKxkKe JUIS yriIeKHcsoro rasa. [Ipon3BoJCTBO CTEKIONAKeTOB ¢ OONbIIEH TONIMHOM ra30BOi KamMepsl paKTH4e-
CKH HE MPUBEJET K YBEINYCHHIO CONPOTUBIICHHS TEIUIONEpeaade, OAHAKO MOBBICUT PacXoJ raza. Bropoii cnocod sKoHOMHU
NPY [POM3BOJICTBE CBsI3aH C HCIOJB30BAaHHEM B KAauyeCcTBE 3aMOJHHUTENS MEKCTEKOJIBHOTO MPOCTPAHCTBA JHOKCHIA Yriie-
pona CO,, KOTOPbIH HMEET HEKOTOPbIC IPEUMYILECTBA 110 CPABHEHHIO C JPYTMMH ra3zaMu (Majas CTOMMOCTb M3-3a PacIpo-
CTPaHEHHOCTH, HETOKCUYHOCTH, ITPO3PAavHOCTh JUIS BHIMMOTO CBETAa U IOIJVIOLICHHE TEIUIOBHIX Jydei). PacueTsl mokaszanm,
YTO NPHUMEHEHHE YTJIEKHUCIIOrO Ta3a IMO3BOJHT YBEIHYHTH CONPOTHUBICHHE TeILIONepeade OJHOKAMEPHOTO CTEKJIOIaKeTa
Ha 0,05 M*K/BT (npu crenenn 4epHOTH BHyTpeHHero crexia 0,837) mwm Ha 0,16 M? K/Bt (pn xosddunnente smuccun 0,1)
0 CPaBHEHMIO CO CTEKIIONIAKETOM, KaMepa KOTOPOTO 3aI0JIHEHa OCYIICHHBIM BO3YXOM.

KitoueBble ¢J10Ba: CTCKIONAKET, CONPOTHBICHUE TEILIONEpeade, ra3oBasi IpoCIoiKa, KOHBEKTUBHBII TEMIO0OMEH, TEII0-
00MeH U3ITydeHHEeM

Jas uutupoBanus: lubexo, A. C. Hexotopsie criocoObl 3KOHOMHUH TEIJIOBOW 3HEPTHM IPU NPOU3BOJCTBE BEPTHKAIb-
HbIX creknonakeToB / A. C. lllubexo // Hayka u mexnuxa. 2018. T. 17, Ne 2. C. 157-164. DOI: 10.21122/2227-1031-2018-
17-2-157-164

Some Methods for Saving Heat Energy
while Manufacturing Vertical Insulating Glass Units

A.S. Shybeka"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper proposes and considers two constructive methods for saving heat energy while manufacturing vertical
insulating glass units with various gas filling of inter-glass space. The first method presupposes manufacturing of insulating
glass units having specific thickness which is calculated in accordance with specific features of convective heat exchange in
the closed loop circuit. Value of the heat-exchange coefficient depends on gas properties which is filling a chamber capacity
(coefficients of thermal conductivity, volumetric expansion, kinematic viscosity, thermometric conducivity), tempera-
ture difference on the boundary of interlayer and its thickness. It has been shown that while increasing thickness of gas layer
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convective heat exchange coefficient is initially decreasing up to specific value and then after insignificant increase it prac-
tically remains constant. In this connection optimum thicknesses of filled inter-layers for widely-spread gas in produc-
tion (dry air, argon, krypton, xenon) and for carbon dioxide have determined in the paper. Manufacturing of insulating glass
units with large thickness of gas chamber practically does not lead to an increase in resistance to heat transfer but it will
increase gas consumption rate. The second industrial economic method is interrelated with application of carbon dioxide CO,
as a filler of inter-glass space which has some advantages in comparison with other gases (small cost due to abundance, non-
toxicity, transparency for visual light and absorption of heat rays). Calculations have shown that application of carbon dioxide
will make it possible to increase resistance to heat transfer of one-chamber glass unit by 0.05 m*>K/W (with emissivity factor
of internal glass — 0.837) or by 0.16 m*>K/W (with emission factor — 0.1) in comparison with the glass unit where a chamber

is filled with dry air.

Keywords: insulating glass unit, resistance to heat transfer, gas interlayer, convective heat exchange, radiant heat transfer

For citation: Shybeka A. S. (2018) Some Methods for Saving Heat Energy while Manufacturing Vertical Insulating Glass
Units. Science and Technique. 17 (2), 157-164. DOI: 10.21122/2227-1031-2018-17-2-157-164 (in Russian)

B HacTosimee BpemMst Ha MUPOBOM CTPOUTEIHHOM
PBIHKE, ¥ B YaCTHOCTH Ha OCIIOPYCCKOM, CPE/IU CBe-
TOTIPO3PAYHBIX 3aIlOTHEHHUM CBETOBBIX IPOEMOB
(oxoH, OaKOHHBIX, HAPYKHBIX JBEPEH, CBETOIPO-
3payHbIX (acaloB) JIOMHUHUPYIOT CTEKJIOMAKETHL.
CrexnonaketoM (puc. 1) Ha3bIBAIOTCS COCAMHEHHBIC
MEXTy cOo0OW C MOMOINBI0 PaMKH JIUCTHI CTEKIIA,
oOpa3ymoInue repMeTUYHbIE KaMmephl, 3alOJHEH-
Hbl€ OCYLICHHBIM BO3JYXOM WJIM WUHEPTHHIMHU ra-
3aMu (aproH, KpUNToH U Ap.). I U3roToBIcHUS
CTEKJIONAKETOB MPUMEHSIOTCS Pa3HOOOpa3HbIe BH-
Il CTEKJIa: JIMCTOBOE, MHOTOCIIOIHOE, COJHIIe3a-
HIUTHOE, SHEeprocOeperamwiiee ¢ TBEPAbIM U MST-
KHUM TIOKPBITHSIMH U JIP.

Puc. 1. KoHCTpYKITHS AByXKaMEpHOTO YHEProcOeperaromero
CTEeKJIONaKeTa: 1 — cTekso; 2 — razoBas Ipocioiika;

3 — peKOMEH[yeMOe PacIONOKEHNE HU3KOAMUCCHOHHOTO
HOKPBITUS; 4 — IMCTAHIIMOHHAS PAMKA; 5 — FePMETHK
Fig. 1. Design of double-chamber energy-saving insulating
glass unit: 1 — glass; 2 — gas interlayer;

3 — recommended location of low emission coating;

4 — distance frame; 5 — sealing agent

[Honutuka sHEprocOepekeHus1, MPOBOAUMAs BO
BCEM MHpE, IUKTYET )KECTKHE TpeOOBaHUS K Tell-
JIO3aIMTHBIM CBOWCTBAM HAapy>KHBIX OrpaXAaro-
IUX KOHCTPYKUMH. JIJIsi 3amOJIHEHHHA CBETOBBIX
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MIPOEMOB JKMJIBIX, OOIIECTBEHHBIX M aJIMHHHCTpPA-
TUBHBIX 3[IJaHUH COMPOTHBIICHHE TEIUIONepeade B
Pecny0Onuke Benapych OMKHO COCTaBISATh HE Me-
vee 1,0 M2 K/BT [1], B Poccmiickoit deneparun —
ot 0,3 o 0,8 M*K/BT (B 3aBECHMOCTH OT Tpayco-
CYTOK OTOMHTENsHOTO nepuoaa) [2]. Jns momyde-
HUS JAHHOTO 3HAYCHUS, HApsAYy C MPUMCHCHUEM
HOBBIX TIPOQUIBHBIX CHCTEM W MaTEpHAIIOB IS
HEMpPO3padHbIX YacTel OKHA, HEOOXOAMMO HCTIONb-
30BaHUE CTEKJIOMAKETOB, B KOTOPBIX UMEIOTCS SHEP-
rocOeperammue CTeKIa € HHU3KOIMHUCCHOHHBIM
«MSATKAM» CEJIEKTUBHBIM MOKpbITHEM (M-cTekna),
a MEXCTEKOJIbHBIE TPOCTPAHCTBA 3aIONHSIIOTCS
WHEPTHBIMH Ta3aMH. B HacTosimee Bpems BBITyC-
KaloTCsl CTEKJIONAaKEThl C TOJILWHOW ra3oBOM IMpo-
cioMku ot 6 10 20 MMm.

CompoTHBIIeHHE TeIIIoNepeaade CTEKIOMaKe-
ta R, M2K/BT, paccuuThIBaeTCsi MO BBIpaXKe-
HUIO [3]

n m

R =L+ZE+ZR,€ +L, (1)

a, T T Ay

Tae o, O, — KodddumuenT reriooOMeHa y BHYT-

pEHHEN U Hapy»XKHOM MOBEPXHOCTEW CTEKIIONAKETA,

B1/(M%K); 0; — TOJIIKMHA Ka)KI0r0 U3 CIIOCB OCTEK-

JICHUS, M; A; — KO3(PPUIIMEHT TEIIONPOBOIHOCTH

cinost octeknenus, B1/(M-K) (ans oObranoro

HaTpuii-kanpuueBoro crexna A; = 1,0 Bt/(m:K));

1 — KOJIMYECTBO CTEKOJ; R; — TEPMHUUECKOE COTPO-

TUBJIEHUE Ta30BbIX mpocinoek, M>-K/Bt; m — konu-
YECTBO MEKCTEKOIBHBIX MPOCTPAHCTB.

Tak Kak TEpMHUYECKOE COMPOTHBIICHHE CTEKOJ

n

Z—i BECbMa Majo, a BEJIWYMUHBI O, U O IOCTO-
i=1 i
SIHHBI, CONPOTHBIICHUE TEIUIONepeaade CTEKIOMNa-
KeTa B OCHOBHOM OIPEAEISETCS TEPMUUECKUM CO-
MIPOTHUBIICHUEM Ta30BBIX MIPOCTIOCK, IS KaXI0N U3
KOTOPBIX R; HAXOAUTCS KaK
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1
R =, @)
O(‘k,K + ak,n

IZe Oy — KOO(D(UINEHT KOHBEKTHBHON TEIIOO0T-
Jaun ra3oBoil mpocioiiku, Br/(M*K); oy, — K03-
(ULUCHT JTyYUCTOW TEIUIOOTAAYH MEKCTEKOJIBHO-
ro mpoctpancTia, Br/(M*K).

[TockonbKy OOJBIIMHCTBO Ta30B, HCIIOJIb3Yye-
MBIX TIPH 3alOJHEHHH IMPOCITOCK, SIBISETCS OJHO-
U JBYXaTOMHBIMH, T. €. JHATePMHUYECKUMH JUIS
TEIUIOBBIX JIy4el, TO Jy4UCTasi COCTaBISIOLIAs
Tem000MeHa OmpeeNseTcs ONTHYECKUMH CBOU-
CTBaMHU CTEKOJN (KOd(PUIIMEHTAMH SMUCCHU) U HE
3aBUCHT OT TOJIIIMHBI Fa30BOM MPOCIIONKH.

Takum 00pa3oMm, BETMYHHA MEXKCTEKOJIBHOTO
NPOCTPAHCTBA BIHSET TOJIBKO HAa KOHBEKTHBHYIO
COCTaBIISIIONIYIO. 3HaueHWe KoddduienTa KoH-
BEKTHBHOTO TEIUNIOOOMEHA ONpENeNsieTcss MCXOIs
u3 kputepus Hyccenbra Nu no Beipaxenuo [4, 5]

_ Nur

al(
/

; 3)
rae A — Ko3(Q(QUIMEHT TEIIONPOBOIHOCTH Tasa,
Bt1/(M-K); [ — xapakTepHblii pa3mep, M.

st BEpTUKANBHBIX CTEKJIONAKETOB XapaKTep-
HBIM pa3MepoM OYyJIeT CIIYy>KUTh TOJILMHA Ta30BOH
npocinoiiku O, M. Yncno Hyccenbra Nus Oyner 3a-
BHCETh OT (PM3MUECKUX CBOWCTB CPEIBI U PEeKUMa
TEUECHHUs] B TMPOCIONKE, KOTOPBIM oOIpeaensercs
3HaueHueM kputepus Panes Ras

_ gB.AtS’
VFaF ’

Ra; “4)

rae B — TeMnepaTypHblii KOdQpHUIueHT 00beMHO-
ro pacmmpenus, 1/K, npu paccMoTpeHuu rasa
OPOCIOWKH KaK HMIEAIbHOIO MOYKHO pacCUHTaTh
KaK

Br = (5)

T., — cpenHssa TemIepaTypa rasa B MEKCTEKOJb-
HOM mnpocTpaHcTBe, K; Af — pa3HOCTh Temmeparyp
Ha rpaHuiax mnpocioiiku, °C; v, a. — K03pdurm-
€HT KWHEMAaTHYECKOH BSI3KOCTH, M?/C, U TeMIlepa-
TYpPONIPOBOJHOCTH, M?/C, Ta3a MPOCIOWKH NpHU
CpeIHEN TeMIepaType rasa B Ipocionke Ty,

Hns ompenenenus Nus, cornacHo [3, 6], uc-
MOJIE3YETCS CIeYIOIIee BEIpaKeHHE:

Nu; = 4Raj, (6)
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rae A, n — sMuoupudeckue Kod3(hQGUIIUCHTHI, 3aBH-
CSIIME OT OPUEHTAIIMU B MPOCTPAHCTBE CTEKIIOMA-
KeTa:

— IS BepTHKaIbHOTO ocTekiaeHus 4 = 0,035 u
n=0,380;

— JUIS TOPWU30HTAIBHOTO OCTCKJICHUS IpHU
HAIpaBJICHUM TEIUIOBOTO IOTOKAa CHHM3Y BBEPX
A=0,16 un=0,28;

— NIl HAKJIOHHOTO OCTEKJICHHS TIPH HaIpaBlie-
HUW TEIUIOBOTO TIOTOKA BBEPX W yIiie HakjoHa 45°
A=0,10un=0,31.

Ecnu 3nauenne yucia HyccenpTa momydninock
MEHBIIIC SMHMUIIBI, a TAKXKE IS TOPU3OHTAIHHOTO
OCTCKJICHHMS TPH IOTOKE TEIUIOTHI CBEPXY BHH3
npuHumaercs Nug = 1.

Takum o0pazom, MaKCHMallbHOE 3HAYECHHE
kputepus Panesi, mpu kotopom umcio Hyccenbra
Oy/ieT paBHO €IMHHMIIE, COCTABIISET

Ra; =A47"". (7

HOZ[CTHBI/IB YKa3aHHbIC BBIIIC JAaHHBIC IOJIA BEP-

onTt

THKaJIbHOTO CTEKJONakeTa, moaydyuM Rajy" =
=0,035"% = 6782,7.

Unen ASHRAE (American society of heating,
refrigerating and air-conditioning engineers —
AMeprKaHCKOE OOIECTBO MH)KEHEPOB TI0 OTOTLIEe-
HUIO, OXJIKJICHUI0O M KOHAMLMOHUPOBAHUIO BO3-
nyxa) [bxon PaiiT nmpemioKui HHbIE anmpoKCHMU-
pyIoIre 3aBUCUMOCTH ISl oripeneneHnst Nus npu
pa3NuYHBIX 3HAa4YeHUsAX Ras A BepTUKaIbHBIX
OCTeKJIeHHH [7]:

— mst Rag < 10000

Nu; =1+1,75967-10"°Raj**>;  (8)

— mst 10000 < Rag < 50000

Nu, =0,028154Ray*"”; )
— mist Rag > 50000
Nu, =0,0673838Ray . (10)

CornacHO [IaHHBIM HCCICIOBAHUSIM, MUHH-
MaJIbHOE 3HaueHHe K03 (PUIeHTa KOHBEKTHBHOTO
TEII00OMEHa JUIsSi BEPTHKAIBHOTO CTEKJIONaKeTa
mocturaercs npu uucne Pames Rag" = 10000.

3HavyeHus: KOdQPULUUEeHTa KOHBEKTUBHOTO TeTl-
000OMEHa 0, pacCUMTaHHBIC I BEPTHKAIHLHON
BO3AYIIHONW MNPOCIOWKH NPU Pa3HOCTH TeMIlepa-
Typ Ha Tpanumax 25 °C U cpemHei TeMmriiepaTrype
B npocioiike 0 °C, mpencraBieHsl Ha puc. 2. JIu-

159



Cmpoumenvcmeo

aus 1 coorBercTByeT MeTtonuke CTh EN 673 [3],
JUHHS 2 — COTJIACHO amMpOKCHMAIMOHHBIM 3aBH-
cumocTtsam JIx. Paifra.

O, BTZ/ M*-K)

l
16
12

\
8

\
4 1—2—
0 5 10 15 20 &wmm 30

Puc. 2. PacuerHble 3Ha4eHUS KOOQPHUIIUCHTA Oy
U1 BEPTHKAJIBHOTO CTEKJIOMAaKeTa

Fig. 2. Calculated values of coefficient o,
for vertical insulating glass unit

Kak BugHO 13 rpadukoB puc. 2, 10 onpeaencH-
HOI'O 3HA4YEHUs! TOJILIVHBI OHU COBIAJAIOT, a Jajee

BO3ZHUKACT JIOKAIbHBI MUHUMYM, TIOCIIE KOTOPOTO
3HaueHUe KOX(PQUIMEHTa HEMHOTO BO3pacTacT U
CTaHOBUTCSI TPAKTUYECKH TOCTOSHHBIM TIPHU YBe-
JIMYEHUH TOJIIIMHBI BO3MYIIHOW mpocnoiiku. To-

NIMHA, TPH KOTOPO# HaOIIogaeTcss MUHHUMYM KO-
3¢ uIMeHTa KOHBEKTUBHOIO TEIUIOOOMEHA, B Jajlb-
HeiiiieM OyaeT Ha3bIBaThCS ONTHMAIIBHOM Oun, M.
Ee BenmuuuHy MOXHO HaWTH UCXOMS U3 (4)

(1)

Jnst onpenesieHust ONTUMATBHON TOJIIMHBI MPH-
MEM, YTO B OJJHOKAMEPHOM CTEKJIOIAKETe CPEHHS
Temmeparypa B npociiotike cocrariseT 0 °C (273 K),
a pasHOCTh Temmeparyp At = 25 °C. Jlnsa aByxka-
MEPHOTO CTEKJIONAKETa IPUMEM, UTO CPEIHSS TEM-
nepaTtypa B mepBoil (BHyTpeHnei) kamepe 10 °C,
BO BTOpoH (HapyxHOW) — muHyc 10 °C, a pas-
HOCTb TEMIIEPATyp B KaxkJoW nu3 kamep Ar = 15 °C.
3Ha4YeHUs ONTUMAIBHBIX  TONIIUH  TPOCIOEK,
OTIpeleNICHHbIC NMPH ONTHMANBHBIX YMciax Pajes

Rag" = 6782,7 (cormacao CTB EN 673 [3]) u

Raz™" = 10000 (u3 crateu k. Paiira), 3amonnen-
HBIX Pa3InYHBIMU Ta3aMH, a TAKXKe COOTBETCTBY-
IolIMe JaHHBIM TOJIIMHAM KO3(pQPHUIMEHTH KOH-
BEKTHBHOI'O TEIJIOOOMEHA MPUBEACHBI B Ta0JI. 1.

Tabauya 1
OnrumManibHas TONNMHA I'a30BOii NPOCJIOHKH CTEKI0NAKETOB
U COOTBETCTBYIOLIU eif MUHUMAIbHBINH KO3(GUIHEHT KOHBEKTUBHOI'0 TEII000MeHa
Optimum thickness of gas interlayer in insulating glass units
and corresponding minimum coefficient of convective heat transfer
Soms | | o | o
I'a3 T, K A 107, ¢, Jox/(xr-K) vie10°, ar-10°, At, °C| MM : 2 MM : 2
cp> Br/(m'K) > M2/ M2/c > Br/(M*K) Bt/(m?K)
CTB EN 673 JUx. Paift
OnHOKaMEepHBIN CTEKIOMAKET
Bo3myx 273 24,16 1008 13,40 18,77 25 12 2,01 14 2,18
Apron 273 16,34 519 11,92 17,87 25 12 1,40 13 1,55
Kpunron 273 8,70 245 6,31 9,62 25 1,13 9 1,44
Kcenon 273 5,12 161 3,65 5,39 25 1,02 6 1,08
VYrnekucneiid raz | 273 14,68 822 6,95 9,09 25 1,89 9 2,40
JIByXKaMepHBIi CTEKIOIAaKET
283 24,96 1008 14,29 20,10 15 16 1,61 18 2,05
Boznyx
263 23,36 1008 12,53 17,48 15 14 1,69 16 2,15
283 16,84 519 12,74 19,10 15 15 1,15 17 1,46
Apron
263 15,84 519 11,14 16,69 15 13 1,22 15 1,54
283 9,00 245 6,74 10,32 15 10 0,93 11 1,04
Kpunron
263 8,42 245 5,90 8,97 15 0,98 10 1,25
283 5,29 161 3,91 5,78 15 0,80 1,01
Kcenon
263 4,94 161 3,39 5,01 15 0,84 1,07
. 283 15,43 833 7,46 9,77 15 10 1,57 11 1,74
Yraekucnslii ra3
263 13,89 811 6,45 8,40 15 9 1,61 10 2,04
Ipumeuanue. 3HaueHNS TEIIO(GU3UIESCKUX CBOMCTB BO3IyXa, aproHa, KPUNTOHA M KCEHOHA MPHUHSATHI 0 [3], a yrIeKHuciIoro
rasa ompezelseHs! 1o [8].
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Kax BugHO 13 Tab. 1, TOMIIIMHBI MPAKTHYESCKH
coBmagaroT (oTmuue coctapiusger 1-2 mm). Cpas-
HUBas ¢ aHAJOTUYHBIMH TAHHBIMH u3 [9], Ommke
MOJTy4YarOTCsl 3HAYCHHUS, OTPEJICIICHHBIC UCXOMS U3
annpokcumaruit [x. Paiita. Kpome Toro, Tommu-
Ha BHYTPEHHEH KaMephl B JIByXKaMEPHOM CTEKJIO-
MaKeTe JOJDKHA OBITh HEMHOTO OOJTBIIIe HAPYKHOU.
[ToMHMO TEIUTOTEXHUYECKHUX 3ajad, OOJbInas IIu-
pUHA BHYTPEHHEH KaMepbl YBEIHMYMBAET 3BYKO-
M30JIAIHIO cTekionakera (1o 3 nb).

CTOMT OTMETHUTh, YTO B HACTOSIIEE BpEeMs
CTEKJIOMAKEThl C YIJICKHCIBIM Ta30M Ha CTPOM-
TEIBHOM PBIHKE OTCYTCTBYIOT. OJTHAKO JTHOKCH]T
yriiepojia UMeeT TaKHue MPEeHMYIecTBa M0 CpaB-
HEHHIO C JIpYTUMH BapUaHTaMH 3allOJIHHTE-
JICH, KaK:

— Majiasi CTOMMOCTh BCJICACTBHE PacIpocTpa-
HEHHOCTH (cToMMoOcCTh OamoHa oObemMoM 40
¢ CO, cocrapmger 10,0 Gen. py0., a aproHa —
17,3 6emn. py0.);

—TO, YTO OH MPAKTHYECKU OE3BpeleH: IpHU
koHneHtparyu 10 0,1 % (wmm 1,83 r/M°) HEe BBI3BI-
BaeT HUKAKOTO IMOOOYHOTO BO3JICHCTBUS (B BO3MY-
Xxe OOJBIINX TOPOJOB KOHIIEHTPALHSA COCTAaBIISIET
oko110 0,055 %, umu 1,0 r/m® [10]);

— MPO3PaYHOCTh JUIS JIydeld B BUIUMOM JHaria-
30HE, HO TaK KaK JBYOKHCH YTJIEpOJa SBISIETCS
TPEXaTOMHBIM Ta30M, TO OHA CIIOCOOHA TOTJIONIATh
TEIUIOBOE U3JIy4YeHHE (OTHOCUTCS K TMapHUKOBBIM
raszam).

Ha mocnemHeM TyHKTE CTOUT OCTaHOBHUTHCS
nojpobuee. Koaddunuent myducroro Temnoo0-
MeHa o, B1/(M*K), 18 0IHOKaMEpHOTO CTEKJIO-
MaKeTa, 3aloJHCHHOTO JIYYeIOTrJIONaroIel cpe-
JIO¥, OYZIeT OTPENEIATHCS MO BhIpaKEHUIO [11]

2.4
a. = ’ 12

IAe Xg — TOBEPXHOCTHAas IUIOTHOCTh TEIJIOBOIO
noToka, Br/M?, mepemaBaeMasi OT BHYTPEHHETO
crekna 1 ¢ remneparypoil 7| K HapyXHOMY CTEK-
Iy 2, AMEIOLIEro TeMreparypy 7,, paccUuThIBae-
Mas Kak cyMMa HETOCPEICTBEHHO IepeaBacMoro
YIEJNBbHOIO TEIUIOBOI'O IOTOKA ¢, U MOIIHOCTH
TEIUIOBOTO MOTOKA OT ra3a K CTEKITY ¢r_,»

ZQZQ1—>2+qr—>2- (13)
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Crnaraemsbie B (13) ompenensiroTes 1Mo claeayro-
MM BBIPAXKCHHUSIM:

L

1-(1-¢,) (1-g)(1-¢,)

g6, 1+(1-¢,)(1-¢)]
1-(1-¢, ) (1-¢,)(1-8,)

TIe €, & — CTENECHb YePHOTHI (KodpdHImeHT smric-
cur) CTeKo 1 M 2 COOTBETCTBEHHO (MJIsI OOBITHOTO

di52 =

oo(T' -1), (15)

qr—>2 =

HATPUM-KaJIbLHEBOr0 CTeKIa Oe3 MOKPHITHA €& =
= 0,837 [3]); & — CTENEHb YEPHOTHI Ta3a, 3aroJIHSIO-
LIETO TPOCIONKY; Gp 567-10° Br/(m2K") —
MOCTOSIHHAST M3JTy4eHHs1 a0COJIIOTHO YEpHOTo Tela
(mocrosinnas Ctredana — bonbmana).

CreneHp 4YEpHOTHI YTIJIEKUCIIOTO Ta3a MOXKET
OBITH OTpe/ielicHa MO BBIPAKEHHIO

03510 (peo,)
£ =— 2l (16)
G0 Tc

P

rae I, — cpennsasa Temneparypa rasa, K; pco, —
napuuajgbHOe JaBjieHHe yrieKucioro rasa, lla;
[ — cpenHsAs nWMHA TIYTH JTy4da, M (€CJIH paccMaTpH-
BaTh CTEKJIOMAKET KaK IUIOCKONApAJJIENbHBIN CIIOI
OCCKOHEYHBIX pa3MepOB TOMIMHHON O, TO [ = 1,80).

Tak kak IUOKCUI Yriepoja, 3amOTHSIOIIUN
KaMepy CTEKJIONaKeTa, HaXOAUTCs ToJi aTMocdep-
HBIM JIaBJIEHHEM M HE COJEPKUT IpUMece, TO ero
MapIyanbHOe JTaBJICHUE OyIeT paBHO OapoMeTpu-
4ECKOMY JABJICHHIO, T. €. Pco, X 10° Ta.

CpaBHeHHE pacyeTHBIX KOA(PQHUIIMEHTOB TEILIO-
oOMEHa M3ITy4YeHHEM JUIs JIByX BapUaHTOB pacyera
JUII  OJHOKAMEpHOTO CTeKJomakera (MepBBIA —
¢ yueroM m3nydeHus CO,; BTOPOH MOIydYeH IPH
MIPEIONIOKEHUH, YTO YTIIEKUCIBIA Ta3 HE BIHSET
Ha TEIIOBOE W3IYYCHHE) MPUBEIECHO B TaOm. 2.
[Ipu pacuere ObLIO MPUHSATO, YTO CPEAHSS TEMIIEpa-
Typa rasa B mpocioiike coctasiusier 0 °C (273 K),
Pa3HOCTh TEMIEpaTyp Ha MOBEPXHOCTSIX MPOCIIOH-
ku At = 25 °C (BHYTpEHHSSI UMEET TeMIIepary-
py 12,5 °C, napyxnas — munayc 12,5 °C). Ctenenn
YEpHOTHI HAPYKHOTO CTEKIa MpuHsTa & = 0,837
B o0omx pacuerax; BHyTpeHHero g = 0,837
(8 mepBom Bapuante) u € = 0,100 (Bo BTopom).
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Tabauya 2

CpaBHeHHe pacyeTHBIX KO3Q(PUIMEHTOB JYYHCTOI0 TeNnjJoo0MeHa

Comparison of calculated coefficients for radiant heat transfer

Koa¢dumment nyuncroro remoodmena o, Br/(m*K) Bennuuna pasnoctu kodQdumuenTa
Tomumia C yuerom Bes yuera C yuerom Bes yuera JHCTOTO TEIIOOOMEHa
ra301i01/1 manydennst CO, (manydenns CO, | manydenns CO, | msnydenns CO,| aGecomornas, Br/(M2K)| oTHOcuTensHas, %
MIPOCIIOHKY J,
MM IIpu €, IIpu €, IIpu €,
0,837 0,100 0,837 0,100 0,837 0,100
1 3,136 3,328 0,332 0,454 0,192 0,122 5,8 26,9
2 3,131 3,328 0,332 0,454 0,197 0,122 59 26,9
3 3,128 3,328 0,332 0,454 0,200 0,122 6,0 26,9
4 3,125 3,328 0,332 0,454 0,203 0,122 6,1 26,9
5 3,123 3,328 0,333 0,454 0,205 0,121 6,2 26,7
6 3,121 3,328 0,333 0,454 0,207 0,121 6,2 26,7
7 3,119 3,328 0,333 0,454 0,209 0,121 6,3 26,7
8 3,118 3,328 0,333 0,454 0,210 0,121 6,3 26,7
9 3,116 3,328 0,333 0,454 0,212 0,121 6,4 26,7
10 3,115 3,328 0,333 0,454 0,213 0,121 6,4 26,7
11 3,113 3,328 0,333 0,454 0,215 0,121 6,5 26,7
12 3,112 3,328 0,333 0,454 0,216 0,121 6,5 26,7
13 3,110 3,328 0,333 0,454 0,218 0,121 6,6 26,7
14 3,110 3,328 0,333 0,454 0,218 0,121 6,6 26,7
15 3,109 3,328 0,333 0,454 0,219 0,121 6,6 26,7
16 3,108 3,328 0,333 0,454 0,220 0,121 6,6 26,7
17 3,107 3,328 0,334 0,454 0,221 0,120 6,6 26,4
18 3,106 3,328 0,334 0,454 0,222 0,120 6,7 26,4
19 3,105 3,328 0,334 0,454 0,223 0,120 6,7 26,4
20 3,104 3,328 0,334 0,454 0,224 0,120 6,7 26,4
AHaJ'IPIBpr;I MOJIYy4YCHHBIC JAaHHBIC, MOXHO CO CTCKJIOIIAKCTaMHU, 3alMOJIHCHHBIMH OCYIICHHBIM

cAenaTh CIEAYIOUIN BBIBOJA: NPUMEHEHHE YTie-
KHCJIOTO Ta3a B KadecTBE 3allOJIHEHUS Ta30BOH
MPOCJIOWKH CTEKJIOMAKETOB IMO3BOJUT YBEIUYUTh
X COINPOTHBIICHHE TeTUIoNepenade He TOJIBKO 3a
CYeT MaJloro KO3(QUIMEHTa TEIUIONPOBOIHOCTH,
HO TaKXXe BCJEJICTBHE COOCTBEHHOTO H3IyYeHHS
MUOKCHIIA YTIIepoJia, KOTOpOoe HEOOXOAWMO YUH-
THIBAaTh MIPU pacyueTax.

PacueTHas 3aBHCHMOCTH OT TOJIIHUHBI CyM-
MapHoro ko3(dduimenta TermiooOMeHa MPOCIIOW-
KH O = 0 T+ 0, 3anonHeHHor CO,, npeacTaBicHa
Ha puc. 3. Ilpu onTHManbHON TOJNIIHMHE ra30BOH
npocioiiku 8 MM (Tabi. 1) JOCTUraroTcs 3Haue-
Hus: o = 5,01 Br/(m*K) npu ¢ = 0,837 u o=
= 2,22 B1/(M*K) npu €, = 0,100.

CornacHo pacuetam (Tabn. 3), Ans OxHOKa-
MepHOTo crekionakera ¢ 3amonaeaneM CO, co-
MIPOTUBIICHNE TEIUIoNepeaade MOXKET BO3pacTH:
npu g = 0,837 Ha 0,05 M>K/Bt (0 15 %), npu g, =
= 0,100 Ha 0,16 M>-K/BT (110 28 %) 110 cpaBHEHHIO

162

BO34YXOM.
ay, Br/(M*K)
20

16

12\\

8

4

0 2 4 6 8 10 12 14 166, mm20

Puc. 3. PacuerHple 3HaYCHHUS CYMMapHOTO KO3 dHIIHCHTA
TEMI000MeHa [UIsl BEPTHKAIBHOTO CTEKIIONAKeTa,
3aI0JIHEHHOTO YIJICKHUCIIBIM Ia30M: | — IPU CTENIeHU YSPHOTHI
BHyTpeHHero crekna €; = 0,837; 2 —npu g, = 0,100

Fig. 3. Calculated values of total heat transfer coefficient
for vertical insulating glass unit filled with carbon dioxide:
1 — at emissivity of inner glass &, = 0.837;

2 —atg;=0100
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Tabauya 3

COl'lpOTl/IB.]'IeHl/Ie TemJjionepeaavye 3ano0JJHEHHBIX YIVIEKHC/IBIM I'a30M M OCYHIEHHBIM BO31YXOM O/IHOKAMEPHBIX CTEKJIONAKETOB

Heat transfer resistance of single-chamber insulating glass units filled with carbon dioxide and dried air

CompoTuBIeHNE TEIIO- CoIpoTUBICHHUE TEIUIO-
Tonumna nepenaue R, M>-K/Br, nepenade R,, M>-K/Br,
ra3oBoi npu g = 0,837, mpu 3amon- | Ap \oroBr | AR/R o, npu g = 0,100, mpu3a- | \p ‘2Bt | AR/R %
IPOCIIOHKH J, HEHUU NPOCIONKH ’ s MOJHEHUH IPOCIOHKI ’ b
MM
CO, BO3J1yXOM CO, BO3JIyXOM
1 0,219 0,199 0,02 10,1 0,359 0,333 0,03 7,8
2 0,258 0,228 0,03 13,2 0,423 0,372 0,05 13,7
3 0,288 0,251 0,04 14,7 0,484 0,410 0,07 18,0
4 0,310 0,270 0,04 14,8 0,543 0,446 0,10 21,7
5 0,328 0,285 0,04 15,1 0,598 0,482 0,12 24,1
6 0,342 0,299 0,04 14,4 0,652 0,516 0,14 26,4
7 0,355 0,310 0,05 14,5 0,704 0,549 0,16 28,2
8 0,363 0,320 0,04 13,4 0,743 0,580 0,16 28,1
9 0,361 0,329 0,03 9,7 0,737 0,611 0,13 20,6
10 0,360 0,337 0,02 6.8 0,731 0,641 0,09 14,0
11 0,360 0,344 0,02 4,7 0,727 0,670 0,06 8,5
12 0,359 0,350 0,01 2,6 0,722 0,698 0,02 34
13 0,358 0,352 0,01 1,7 0,718 0,705 0,01 1,8
14 0,357 0,351 0,01 1,7 0,714 0,701 0,01 1,9
15 0,356 0,350 0,01 1,7 0,711 0,698 0,01 1,9
16 0,356 0,350 0,01 1,7 0,707 0,695 0,01 1,7
17 0,355 0,349 0,01 1,7 0,704 0,692 0,01 1,7
18 0,355 0,348 0,01 2,0 0,702 0,690 0,01 1,7
19 0,354 0,348 0,01 1,7 0,699 0,687 0,01 1,7
20 0,354 0,347 0,01 2,0 0,697 0,685 0,01 1,8
IIpumeyanue. TonmuHa CTEKON NPUHATA 4 MM.

BbIBO/IbI

1. Tlpu mpom3BOJACTBE M NPOCKTUPOBAHUH
CTEKIIOTIAKETOB HEOOXOJMMO CTPEMHTHCS K TO-
My, 9TOOBI TOJIIIWHA Ta30BOM IPOCIOWKH ObLIa
paBHa ONTHMAJbHOW, TaK KaK MPU 3TOM JIOCTH-
raeTcsi MaKCHMalbHOE COMPOTUBIICHUE TEIUIOIe-
penade crTekionakeTa. boiblias TOJIIMHA MEX-
CTEKOJIBHOTO TIPOCTPAHCTBA HE TPHUBENET K
CKOJIbKO-HHOY/Ib 3HAYUMOMY YBEIUYCHHIO CO-
MPOTUBIICHUS TeIUIonepeave, HO YBEIIUYUT pac-
XOJI Tasa.

Hayka
wTexHuka. T. 17, Ne 2 (2018)

2. U3-3a ocobOeHHOCTE! KOHBEKTUBHOTO TEII-
JI0OOMEHA PaIlMOHAIBHO JIENIaTh B JIByXKaMEPHBIX
CTEKJIONaKeTax BHYTPEHHEE MEKCTEKOJIbHOE IPO-
CTPaHCTBO OOJBIIEH TONIIUHBI, YeM Hapy>KHOE.

3. IlpuMeHeHHEe B KadecTBE 3alOJIHUATENS Ta-
30BOM TIPOCIOWKH YIJIEKUCIIOTO Tras3a I03BOJIUT
YBEIMYUTH COMPOTHBJICHHUE TEIJIONepeade CTeK-
JIOTIAKETOB 10 CPaBHEHUIO C 3aIOJIHCHHBIMU OCY-
IICHHBIM BO3JyXOM TP OIMHAKOBOH TOIIIIMHE
ra3oBOroO CJIOS (11 OJHOKAMEPHOTO CTEKJIOTaKe-
ta — Ha 0,05-0,16 M>-K/BT, B 3aBHCHMOCTH OT CTe-
TIEHU YE€PHOTHI BHYTPEHHETO CTEKIIA).
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Abstract. The paper presents results of a preliminary study on a structural analysis of the pelvic girdle, comparing results for
the analysis performed before and after the hip replacement procedure with taking into account changes in the mechanical
properties of the articular cartilage of the joint. Basic anatomy and biomechanics of the hip joint is introduced. The mechani-
cal analysis of the hip joint model is conducted in each case. Final results of the analysis are presented. The numerical model
of the tested objects has been made on the basis of CT and CAD modeling. Hip bone models have been made using specialist
software such as Materialise Mimics. The model made in the program has been exported to a data exchange file in order to
obtain the editable CAD files. Thus the obtained models have become a starting point for implementation of the numerical
model of personalized hip replacement. Numerical models of bone and implant have been performed in Solidworks envi-
ronment. Mechanical analysis has been carried out while using a finite element analysis. During performing calculations with
the help of the finite element analysis other physical quantities such as loads, tensions, restraints or other examples represent-
ted in the system while using continuous function have also been discretized. While performing the process of discretization
software has been aimed at maximally approximation of discreet and continuous form using approximation methods.
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HW3MCHCHUI MEXaHMYECKUX CBOMCTB CYCTAaBHOIO Xpslja. BBoautcs Ga3oBas aHaTOMUS M OGHOMEXaHHKAa Ta300€IPEHHOrO
cycraBa. B Ka/I0M citydae MpOBOJUTCS MEXaHHUYCCKHI aHAIN3 MOJIEIH Ta300eAPEHHOro cycraBa. [IpHBOISITCS OKOHYATEIb-
Hble pe3yNbTaThl aHain3a. UMCIEHHas MOJeNb HCHBITYeMBIX OOBEKTOB CHelaHa Ha OCHOBE KOMITBIOTEPHOH Tomorpadun
u CAD-MonenupoBaHus, MOJICIH KOCTHOTO MO3ra BBITIOJHEHBI C HCIIOJIB30BAHMEM CHELHAM3UPOBAHHOTO MPOrPAMMHOTIO
obecrieueHust Materialise Mimics. Monenb, cienanHas B mporpamMme, 3aTeM JKCIOPTHPOBaiach B (aitn oOMeHa JaHHBIMH,
4TOOBI MONY4YHTh pepakTupyembie paiinsl CAD. Takum 06pa3om, MOIyUSHHBIE MOJCITH CTAIM OTIPABHON TOYKOW ISl BHE-
PEeHUS YHCIICHHOI MOJEINH TepCOHATM3UPOBAHHON 3aMEeHbI Ta300eJpeHHOr0 cycTaBa. UnCiIeHHbIe MOJIEH KOCTH U MMILIaH-
Tara ObLIM BBIMONHEHHI B cpefe SolidWorks. MexaHHuecKHi aHaIn3 IPOBOJHIICS C HCIIOJIb30BaHHEM METO/Ia KOHEUHBIX dJie-
MEHTOB. Bo BpeMsI BBITIOJIHEHH S PACUETOB ¢ HCIob30BanineM MKD-ananm3a takxke JUCKPETHPYIOTCS Ipyrue Gpusndeckue Be-
JIMYUHBI — HATPY3KH, HAMPSDKCHUS, OTPAaHHYCHHUS, TIPEACTABICHHBIC B CHCTEME C HCIOJIb30BAHHEM HEIPEPHIBHOW (yHKIUH.
IIpy BHINOJIHEHHH IIPOLIECCA IUCKPETH3ANK IPOrpaMMHOe 00eCcIeueHe HalleJIeHO Ha MaKCUMAaIbHOE CONMKEHHE JHUCKPEeT-

HOH Y KOHTUHYAJIbHOW MOJIENEN C UCII0JIb30BAHUEM METOI0B alllIPOKCUMALMH.

KuroueBble ciioBa: Ta300eIpEHHBIN CyCTaB, Ta3, 0eapo, sHnonpore3, MKJ-ananus

Jnst nurupoBanus: CTPYKTYpHBIH aHaIM3 Ta3a 0 M MOCIE MPOLEAyphl 3aMeHbl TazobenapeHHoro cycrasa / SI. 3yOxui-
xu [u np.] // Hayxka u mexnuxa. 2018. T. 17, Ne 2. C. 165-172. DOI: 10.21122/2227-1031-2018-17-2-165-172

Introduction

For many years a phenomenon called popula-
tion ageing, linked with continuing low or nega-
teve population growth rate, is being observed.
The most tangible repercussion is growing de-
mand for medical services dedicated for elder
people. From orthopedics’ point of view one of
the most frequently performed operations is total
hip replacement — the implantation of purposely
designed and manufactured prosthesis of the hip
joint, replacing structures damaged or destroyed
as a result of various accidents or medical condi-
tions.

Linea glutea anterior

Facies glutea ¢ Linea glutea Inferior-

. Linea glutea posterior.

Spina iliaca posterior superior

Spina iliaca posterior inferior —————=
Incisura ischiadica majo

Limbus acetabuli

Incisura acetabuli

Spina ischiadica
Incisura ischiadica minor.

Anatomy of the hip joint

A joint (or articulation) is a location of contact
and movement of bones. A hip joint is a connec-
tion between femur and pelvis, with three degrees
of freedom in three planes — coronal, median and
axial [1]. Its articular surfaces have got the most
regular shape compared to other joints in human
body [1, 2].

The pelvic skeleton is formed by a pair of hip
bones and the sacrum, connecting the pelvis with
the spine. Right side of the pelvic skeleton is
shown on fig. 1. The hip bone consists of the ilium,
ischium, and the pubis, which combined form
the cotyloid cavity of the hip joint (or the acetabu-
lum) [2-7].

_———— Labium internum
Linea intermedia
Crista iliaca
Labium externum
Tuberculum iliacum |

Ala ossis ilii

Spina iliaca anterior superior

Corpus ossls i
Spina iliaca anterior inferior

Facies iunata

Fossa acetabull
Pecten ossis pubis
Crista obturatoria

Tuberculum pubicum

Ramus inferior ossis pubis

Ramus ossls ischil

Fig. 1. The pelvic skeleton — right side [5]
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The femur consists of the proximal extremity,
the shaft and the distal extremity. The proximal
extremity bears a large, medialward-directed head
that fits into the acetabulum of the pelvic bone.
Its size usually depends on gender and with an ex-
ception of the fovea capitis femoris, which gi-
ves attachment to the ligament of head of femur,
is coated with cartilage. The proximal extremity of
the femur is shown on fig. 2.

Articular cartilage has an important role in the
human musculoskeletal system. It is located on
surfaces of joints, where most of the movement
of the bones is executed. Cartilage transfers and
spreads loads between bones, while preserving ap-

Fovea capitis femaris

Caput femoris

Fossa trochanterica

Collum femaris

Crista interfrochanterica

Trochanter minor

Linea pectinea

Linea aspera, Labium mediale

propriate stress distribution on a surface of the
joint, reduces friction, absorbs sudden overstrains
and protects bones from surface wear. Fully deve-
loped cartilage does not contain blood vessels or
nerves [6-9].

The articular capsule of the hip joint is strong,
dense and after the capsule of the knee joint,
the biggest joint capsule in the human body.
The capsule, along with the system of ligaments
connecting bones and limiting the joint’s mobility,
is shown on fig. 3 [3, 6, 7].

The anatomy of the hip joint is further dis-
cussed by Karpinski et al. in [9].

Fig. 2. The proximal extremity of right femur [5]

M. rectus femaris, Tendo

Capul femoris

Lig. iliofemarale
Labrum acetabuli

Lig. capitis femoris

Canalis obturatorius

Lig. pubofemorale

Membrana obturatoria

Fig. 3. The system of ligaments with dissected iliofemoral ligament [5]
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Biomechanics of the hip joint

The hip joint is one of the most vulnerable to
overstraining and degenerations structures in hu-
man body. It plays the crucial part in locomotion
activities and carrying the loads [1, 6, 7, 10].
The range of movements in the hip joint is shown
on fig. 4. These movements are limited by strong
ligaments and deep articular cavity. Thanks to the
structure of bone tissue and cartilage along with
strong muscles and ligaments, it is exquisitely sui-
ted for the purpose of transmission of dynamic
loads [6, 10].

The biomechanics of the hip joint is further
discussed by Karpinski et al. in [9].

Osteoarthritis

Osteoarthritisis a group of various diseases,
which despite of having different origin, lead to
similar biological, morphological and clinical ef-
fects. It can affect the whole joint, mainly the car-
tilage (in form of chondromalacia). Osteoarthritis
is one of the most frequently-occurring patho-
logies of the locomotion system, especially with
elder people. It is often caused by biological
and mechanical occurrences, which disturb the
process of tissue synthesis and lead to degene-
ration of said tissues, both in chondrocytes and
extracellular matrix as well as in subchondrial
part of the bone [9, 11].

a b

Alloplasty of the hip joint

Alloplasty of the hip joints about implantation of
elements to the human organism, acting as a sub-
stitute for damaged parts of the joint, which leads to
restoration of natural functions to these anatomical
structures. Farther, the replacement procedure elimi-
nates pathological changes and reduces pain, as well
as recreates natural functions of the hip.

Joint replacement procedures, besides having
a vast amount and range of endoprosthesis and
instrumentarium, require excellent theoretical and
practical background of the operating staff as well
as operator’s great experience. Outcome of the
treatment depends on a choice of the implant, pre-
cision during operation, patient’s age and coopera-
tion in rehabilitation process, and bone tissue’s
capacity of distributing loads in a proximity of the
prosthesis [6, 11, 12].

The design of the endoprosthesis
of the hip joint

For the purposes of studies the design and virtu-
al prototype of the bipolar endoprosthesis of the
hip joint was made, with such parts as prosthetic
shaft inserted into properly prepared thigh bone
of apatient, removable head, prosthetic socket
and socket inlay, both spherically-shaped (fig. 5).
Elements of the prototype designed, and
then assembled in the environment of Solid Edge
ST8 software, with the use of sequence modeling

tools.
50° 40° /
@

L

Fig. 4. The range of movements in the hip joint: a — flexion — extension: 10°-0°-~130°; b — abduction — adduction: 40°—0°-30°;
¢, d — lateral rotation — medial rotation: 50°-0°—40° [5]
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Fig. 5. The model of the endoprosthesis
of the hip joint (extruded view) [source: own study]

The structure of the shaft follows the example
of the thigh bone, maintaining the value of an
angle measured between the body and the neck of
the bone, with the value of 125°. It is nog-shaped,
tapering in distal direction with 122.5 mm in
lenght (measured from the top of said angle to the
end of the shaft), the length of the neck is
meanwhile set at 46 mm.

The head in the shape of an orb with 30 mm dia-
meter is mounted on octangular profile of the shaft’s
head, which makes the head unable to rotate around
the neck. Internal diameter of the socket inlay equals
the diameter of the head, meanwhile external diame-
ter equals 40 mm. To prevent the socket inlay from
slipping out of the prosthetic socket, protrusions are
constructed on its external surface matching indenta-
tions on internal surface of prosthetic socket, which
internal diameter matches the diameter of the external
diameter of the socket inlay, with the value of exter-
nal diameter set on 50 mm.

The prosthetic socket and socket inlay are
placed on the properly prepared (via drilling) coty-
loid cavity of the pelvic bone, being the articular
surface for the hip joint (fig. 6). Both in choosing
a place of mounting and in case of determining
dimensions mentioned above, informations were
distilled from the atlas of the human anatomy [6]
and X-ray images of the structure available in
on-line database.

Finite element analysis

Finite element analysis (FEA) is one of basic
methods of conducting a computer aided enginee-

[ Hayka
wrexHuka. T. 17, Ne 2 (2018)

ring calculations. It is one of the techniques of dis-
cretization of geometric systems, i. . dividing a con-
tinuum into a finite amount of subareas.

Fig. 6. The pelvic bone with mounted endoprosthesis
of the hip joint (front view) [source: own study]

Main principle of FEA is to divide geometric
model into finite elements uniting in nodes, which
effects in creating discrete geometric model, split
in simply shaped subareas, called the finite ele-
ments. During performing of calculations with
the use of FEA other physical quantities are also
being discretized: loads, tensions, restraints or other
examples represented in the system with the use
of continuous function. While performing the pro-
cess of discretization software aims at maxi-
mally approximation of discreet and continuous
form using approximation methods. After conver-
ting of the data analysis follows, consisting in uni-
ting individual elements as a whole using equi-
librium conditions and displacement compatibili-
ties, which results in receiving a set of algebraic,
simultaneous equations, posing as mathemati-
cal description of analyzed problem. Afterwards
mentioned equations are being solved using va-
lues of equilibrium conditions, and their outco-
me used to compute sought quantities, i. e. ten-
sions. [13-16].
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Study of stress distribution
in the pelvic bone before
and after the procedure of hip replacement

Given model was used to perform a series of
preliminary studies with the use of finite element
analysis method in the environment of Solidworks
Simulation software.

The fixing and loading of model are shown at
fig. 7. During preparatory phase it was crucial to
fix the model (fig. 7 — green), in order to achieve
a stiffness of designed system approximate to the
stiffness of the pelvic girdle resulting from its ana-
tomical structure and a connection with the spine
in particular. Next, places of force application were
established, simulating effects of daily activities
performed by the patient.

Before hip replacement, the force was applied
perpendicularly to the longitudinal axis of the fe-
mur bone (fig. 7 — violet), and after the procedure —
on the surface of the endoprosthesis’ shaft (fig. 7 —
brown). Values of forces have been linked with
the equivalent of body weight of the patient, ini-
tially being equal to 80 kg or 784.8 N, which com-

prised 100 % of body weight (% BW). Following
values were equal to 150 and 200 % BW. Moreo-
ver, the factor of cartilage presence was considered
to determine its impact on the stress distribution
and deformations in the pelvic bone before the re-
placement procedure.

In order to achieve credible results, materials
(of which the element would be made) were as-
signed to each element with properties presented
in tab. 1.

Table 1
Table of materials [5, 6, 17, 18]
. Young’s Poisson’s
Material Element modulus, MPa | ratio [—]
Titanium alloy Prosthetic
Ti-6A]-4V socket, shaft, 104800.31 0.31
head
Pelvic bone 17400 0.39
Cortical bone
Femur bone 17600 0.30
Polyethylene .
PE-HD Socket inlay 1000 0.40
Cartilage | [P Jointar- 122 0.35
ticular surface

Fig. 7. The model before (left) and after (right) hip replacement procedure
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The calculated stress distribution in neck
of the natural femur bone and endoprosthesis in hip
joint area are shown at fig. 8 and 9. The values
of stresses given at tab. 2 and 3 allow to evalua-
te the presence and condition of cartilage on
the stress.

won Mises [N/mm#2 (MPa])
1.912e+001
l 1.753e+001
L 1.593e+001
- 1434e+001
- 1.275e+001
- L115e+001

| 9.561e+000

L 7.968e+000
. 6,375e+000

L 4782e+000

3.189e+000
1.596e+000
3.494e-003

Fig. 8. Visualization of stress distribution
in the model of the hip joint

wvan Mises (Nmm* 2 (MPg])
2,454 +003
I 2,21 7e+003
- 2070e+003
- L863e+003
- L656e+003
| 1484003
‘ ﬂ' 12424003
| 1035e+003
_ 5.281e+002
_ 6.211e+002
41414002
2.071e+002

1413001

Fig. 9. Visualization of stress distribution
in the model after the hip replacement procedure
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Table 2
Maximum stress (in MPa) in the model
Before replacement
9% BW 1After
Intact cartilage | Destroyed cartilage | feplacement
100 1.91E +01 1.82E +01 2.48E + 03
150 2.95E+01 2.74E + 01 4.33E +03
200 4.04E + 01 3.67E + 01 7.38E+03
Table 3
Maximum stress (in MPa) in the pelvic
Before replacement
% BW 1After
Intact cartilage | Destroyed cartilage | P acement
100 9.59E + 00 1.00E + 01 4.01E +02
150 1.46E + 01 1.52E+01 6.45E + 02
200 2.16E+01 2.03E +01 9.46E + 02

Study shows, that the biggest stress accumu-
lates on the neck of the femur or the endoprosthe-
sis, which confirms, that both femur and endopros-
thesis are the most vulnerable to fracture in that
area. When it comes to pelvis, the lack of cartilage
causes slightly more stress on the bone than with
healthy cartilage. After hip replacement, the value
of stress affecting the pelvic bone rises.

SUMMARY

Preliminary studies with the use of finite ele-
ments analysis, resulting in obtaining basic data
on changes in pelvic girdle as a result of applied
loads before and after hip replacement procedure,
are excellent basis for planning future studies
on hip joint, both more directed and complicated.
On the other hand they can act as an addition to
the medical diagnosis, presenting potential benefits
of said procedure.
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