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1.C. AKCEHOB?, A.Tl. KOHCTAHTUHOB?, A.A. BEPXOBCKUI1®
MockoBcknii rocynapcTeeHHbIi crpontenbHbiii yauepcuter (HUY MI'CY), r. Mockga, Poccust
2OI'BY «HayuHo-MCCIIe0BATENLCKHI HHCTUTYT CTPOMTENBHON (U3nKH Pocchiickoil akaieMun apXUTeKTyphl 1
CTPOUTENBHBIX HAayK», I. MockBa, Poccus

YUCJEHHO-AHAJIUTUYECKUI METOJ PACUETA
TEMIIEPATYPHbBIX JTE®@OPMAILIMU OKOHHBIX IIBX ITPOPUJIEN

Annomayua. Onvim  oxcnayamayuu [IBX oxon 6 paiionax ¢ HUBKUMU — SUMHUMU
memnepamypamu. HapysHCHo20 8030YyXa NOKA3AJ, 4MO OHU NOOBEPHCEHbI FHAUUMENbHLIM U3LUOHBIM
memnepamypHovim 0e@opmayuam, Komopbvle nPUBoOAm K CHUNCEHUIO UX IKCHIY AMAYUOHHBIX KAYeCms.
Oonaxo memnepamyphuvle depopmayuu HUKAK He YYUmvlaromcs npu npoekmupoganuu oxon I1BX,
YUMo C8A3AHO C OMCYMCMEUEM UHICEHEPHOU MeMOOUKYU UX pacuéma Ha memnepamypHule HazpysKu. B
Hacmoswel cmamve npeoCmagien UHICEeHEPHbll N0OX00 K pacyemy memMnepamypHuix oegopmayuii
okounvix npogpuner IIBX. On peanusoséan Ha npumepe pacuema oxkouHoeo I[IBX umnocma c
apmMupyiowum  CMAanbHolM — CepOeHHUKOM HA  MeMNepamypuulii  u3eud Ond  3UMHUX — YCI08UL
akenayamayuy. Pacuém evinoinen 0eyma cnocobamu: YUCIeHHO-AHATUMUYECKUM U YHPOUJeHHbIM
ananumuueckum. Jna sepugpuxayuu pacuémuol Memoouxy 6 KiuMamuieckol kamepe 0blio nposeoeHo
ucnvimanue O0ByXCMEOPYaAmoz20 OKHA Ha memnepamypuylo Haepy3ky. Cpaenenue pesyrbmama
pacuémog ¢ pesyIbmMamamMu UCNbIMaHul noxkazanu pacxodcoenue 6 10.6% (Ona uucienno-
ananumuyeckoeo pacyéma) u 16.2% (02 anarumuyeckozo pacuéma). Pesynvmamvl 1a60pamopHuix
UCNBIMAHUA NOOMEEPOUTU NPUHATNOE 8 PACUEMHOU MemoOuKe OONYWeHue: paciém memnepamypHuix
Odedhopmayuii umMnocma npu e20 WAPHUPHOM KpenleHuu K pame B03MONCHO eecmu Oe3 yuéma
AHCECMKOCU NPUMBIKAIOWUX K UMNOCHY CMBOPOK, NOCKONLKY CMEOPKU U UMNOCT 0eopMUpyiomes
noo Oelicmauem memnepamypsl COSMeCHHO U He nepeoarom opyz Ha Opyea MeXAHUYeCKUX YCUIUL.

Knrwoueevte cnosa: I1BX oxna, npocub umnocma, memMnepamypHas Ha2pysKa, KiuMamuiecKue
8030ellcm8ls, YUCIeHHO-AHATUMUYECKUL Memoo pacuéma.

1.S AKSENOV?, A.P. KONSTANTINOV?, A A. VERKHOVSKY?

!Moscow State University of Civil Engineering, Moscow, Russia
2Research Institute of Building Physics of the Russian Academy Architecture and Construction Sciences, Moscow, Russia

NUMERICAL ANALYTIC METHOD FOR CALCULATION OF PVC
WINDOW PROFILES TEMPERATURE DEFORMATION

Abstract. The experience of operating PVC windows in areas with low winter outdoor
temperatures has shown that they are subject to significant bending temperature deformations, which
lead to a decrease in their performance. Nevertheless, these deformations are not taken into account in
any way when designing PVC windows, which is due to the lack of an engineering methodology for
calculating them for temperature loads. This article presents an engineering approach to the
calculation of PVC window profiles temperature deformations. It is demonstrated on the example of a
PVC window mullion with a reinforced steel core subjected to temperature bending in winter operating
conditions. The calculation is performed in two ways: numerically analytical and simplified analytical.
To verify the calculation method, a double-casement window was tested for temperature load in a
climate chamber. Comparison of the calculation result with the test results showed a discrepancy of
10.6% (for numerical and analytical calculation) and 16.2% (for analytical calculation). The results of
laboratory tests confirmed the assumption adopted in the calculation methodology: the calculation of
the mullion temperature deformations when it is hinged to the frame can be carried out without taking

© Axcénos U.C., Koncmanmunog A.I1., Bepxoeckuii A.A., 2022
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into account the rigidity of the casements adjacent to the mullion, since the casements and the mullion
are deformed under the influence of temperature together and do not transfer mechanical forces to each
other.

Keywords: PVC windows, mullion deflection, temperature load, climatic effects, numerical-
analytical method of calculation.
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1®Ir'b0Y BO «IOro-3anaHblii rocy1apcTBEHHBIN yHUBEPCUTET, T. Kypcek, Poccus

®U3NYECKAS CYTh COIMMPOTUBJIEHUS BETOHA U
"KEJIE3OBETOHA OT JUCJOKALIAI 10 TPELIUH

Annomayusn. Hccredyemes ghusuueckas cymv cOnpomugnenus 6emona u dicene306emona om
oucrokayuil, MUKpOmpewur 00 MaKpompewun u ux IPUEOOUMCs SKCHEPUMEHMANbHOE 0OOCHOBAHUE.
st «8ocoMepKuy cmpykmypul KpUCMAlo8 PasiuiuHbix Mamepuanog (bemona u cmaiu) paspabomana
06wass Moodens 6 gude wapa, Ol KOMOPO2o 3aNUCAHO CYMMUPOBAHUE OOBEMHBIX CEKMOPO8, YPOSHell —
Paouycos uz mampuysl nIOCKOCmell cKovdcenus. [Ipu 5mom ucnonv3yemes arbmepHamuea meopuu
NAGCMUYHOCIU 8 GUOE DHEPLeMUYECKOl UHMEPNPemayuu Ha ROGEPXHOCMU cpepbl U onpedeneHus
UHmMe2pana cpeoHe20 KAOPAMUYHO20 3HAYCHUS KACamenbHulX Hanpsicenuil. Iloxaszana ajicHocme
NONYYeHUsi OUCIOKAYULL 6 MUKpOmpeujune, yenoevlx U JUHelHbX Oegopmayutl, nepemewenui 6
npedcmasumensHom obveme kyba 6emona. Ilpu noeviueHUU UHMEHCUBHOCIU HASDYICEHUSL NPOYECC
0ehopmMuposanuss nepexooum yaice 6 MaUCmpalvbHble MPewunsl, 20e UCHOAb3YEMCs CIPOUMeNbHAsL
MEXAHUKA O8YXKOHCONBHBIX INEMEHMOE OIS PACMANCCHUS, CHCAMUS, NONEPEUHO20 COBUSA U KDYUEHUSL.
B rauecmee ycnosusi npouHocmu 6emona npuHsaml npeoeivbHads UHMEHCUSHOCMb dehopmayuil coguea
ui  yucmolil  cogue. 3HAUUMBIMU  BONPOCAMU  AGNAEMCS MOOYIb Oulamayuu u Kodpguyuenm
nonepeunvix Oegopmayuil, 0L KOMOPbIX NONYUeHbl (OYHKYUU HA 6CeX CMAOUSX HANPANCCHHO-
depopMuposannoeo cocmosHusi Gemona npu 360JI0YUU Nepexood Om MmMpeusuHo0dPaz08anus 00
MASUCMPATILHBIX MPEUYUH.

Huacpavmol  cocamus u  pacmsiceHuss 6emona OAsL UHMEHCUBHOCMU  Oehopmayutl uiu
MUHUMATBHOZ0 HUCIO20 CO8U2A UCNONb3YIOM KacamenvHvle nanpaxcenus 0,6Rpt. [punyunuanshoe

omaudue OUazpammbvl Ha HUCNAOAOWeM YUaACmKe 3aKao4aemcs 6 UCnoIb308anHuu 30eCt npedenbHo2o
conpomuenenus 6emona. Ymenvuienue HanpadiceHull 6 mamepudne, paspyuieHue KOmopo2o HOCUM
«OMPYIBHOULY Xapaxmep — AGIeHUe NPOMUBOECTNECEEHHOe, d NpedeNbHoe COnpomueieHue bemona npu
&p=¢pu U CHUdICEHUA NPUSMEHHOU NpoYHOCmu Ha i-u cmynenu pasio ojRy. Xapakmep

Odehopmuposanus bemona npu 00paszosanuu Oonee PAHHUX MUKPOMPEWUH, a NOMOM HO30HUX
MASUCTPATLHBIX MPeWUr OPUEHIMUPOBAH 800b TUHUU HASPYHCEHUA - NPU CHCAmuy, ub0 nonepex -
01 YCUNUsL pacmadiceHus.

Knrwuesvle cnosa: ¢puzuueckas cyme, conpomusiienue, Oemon, dxiceie300emoH, OUCIOKayul,
mpewurbl, OUNAMAYUsL.

VL.I. KOLCHUNOWV!
!Southwestern State University, Kursk, Russia

THE PHYSICAL ESSENCE OF CONCRETE AND REINFORCED
CONCRETE RESISTANCE FROM DISLOCATIONS TO CRACKS

Abstract. The physical essence of resistance of concrete and reinforced concrete from
dislocations, micro-cracks to macro-cracks and its experimental justification is investigated. For the
"eight" structure of crystals of different materials (concrete and steel) a general model in the form of a
sphere was developed. For it the summation of volume sectors, levels - radii from the matrix of sliding
planes (including octahedral and pure shear) is written down. This uses an alternative to the theory of
plasticity in the form of energy interpretation on the surface of the sphere and determining the integral
of the mean square of the tangential stresses. It is important to obtain dislocations in the microcrack,
angular and linear deformations, and displacements in a representative volume of the concrete cube. As
the intensity increases, the deformation process proceeds already to the mainline cracks, where the
double-concole elements of tension, compression, transverse shear and torsion (its internal parameters)
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are refined. Significant issues are the dilatation modulus and transverse coefficient, for which functions
have been developed at the stages of the stress-strain state of concrete during the evolution of the
transition from crack formation to main cracks.

Concrete compression and tension diagrams for strain intensity or minimum pure shear use
shear stresses. The fundamental difference of the stress diagram in the downward section is the use of
the ultimate resistance of the concrete. Stress reduction in a material whose failure has a "tear-off"
character is an unnatural phenomenon, and the limiting resistance of concrete at &, =&y and

reduction of prism strength at the i-th step is ¢jRy . The deformation pattern of concrete during the

formation of earlier microcracks and then later main cracks is oriented along for compression or
across the loading line for tensile force.

Keywords: physical essence, resistance, concrete, reinforced concrete, dislocations, cracks,
dilatations.
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B.C. KY3HEIIOB?, E.A. ETOPOB!, B.A. EKUMOBCKA I*

MockoBcknii rocynapcTeeHHbIH crpontenbHbiii yauepcuter (HUY MI'CY), r. Mockga, Poccust

BJIUSAHUE OCHOBHOM U MYJbCAIIMOHHOMN COCTABJIAIOIINX
BETPA HA 3JIAHUS MIPUBMATHYECKOM ®OPMBbI

Annomauyusn. Ananusupyiomes cyujecmeyioujue Memoouku onpeoeienus: Kodpduyuenmos
6emMPOBOLL HAZPY3KU, C YENbIO GbIAGIEHUS 0OCOOEHHOCMEN GIUSAHUS UOAd PACHPeOeNeHUss Ha YCULUsL Om
6030elicmeusi 6empa Ha KOHCMPYKYUU 30AHULE U COOPYIHCEHUU NPUSMAMUYECKO20 MUNA C PA3TUYHbIMU
nponopyusmu ppoumanvrou nosepxuocmu. Paccmampusanuce oicenezobemonnvie 30anus ¢ nepeou
yacmomot cobcmeeHHbIX Konebanuti bonvue npedeivbHo2o 3Havenus. Hccredoganue uinoaneHo Ha
OCHOBe U3YYEeHUsl U AHATU3A OCHOBHBIX NOJOJCEHUL HOPMAMUBHBIX OOKYMEHIMOS, De2yIupyiouux
NPOEKMHO-KOHCMPYKMOPCKYIo desimenvHocms 6 PO, a maxoice akmyanvuvix mpy0os omeuecmseenHbix u
3apyOediCHbIX  YUEHLIX,  COOMBEMCMEYIOWUX — UCCIC008aHUSIM — OAHHO20 — Hanpasienus. Memoo
UCCIe008aHUss  CIMPYKMYPHO-AHATUMUYECKULL  AHAAU3 € UCTIOIb30BAHUEM — KOPPETSAYUOHHBIX
3asucumocmeil ucciedyemvix pakmopos. Ilpusoodsames ananumuyeckue 3a8UCUMOCmU OJisi ONpeoeneHUs.
YCunuti om eempa npu PA3IUYHbIX CHOCOOAX HA3HAYEHUST KOIDDuyueHma nyavCayuoHHOU 8empogoli
HA2pY3KU NO 8blCOMe 30aHUsl, ¢ YYemom Popmbl U NPONOPYUL 6eMpPOBOL NOBEPXHOCTU, A MAKI’CE UX
epaghuneckas unmepnpemayust. Paboma ocnosana Ha nonojiceHusix omeyecmeeHHbIX CIMpOUmMenbHbIX
HOpM U NpAaBUl U COOMEEMCMBYIOWUX CEEOeHUll, COOePHCAWUXCL 6 UHBIX OMEeYeCMBEHHbIX U
3apyOesiCHbIX UCMOYHUKAX U HOpMAX. YCmanogieno, 4mo 6 30anusix NpusMamuyeckou gopmul
HaOmooaromess omoenbHble YY4ACMKU, 20e YCUAUsi Om COCMAGNAIOWUX —6eMmpOGOU  HA2PY3KU,
CYWECMBEHHO 3A6UCSIM He MOAbKO OM NPONnopyull (poHMAaiIbHbIX NOBEPXHOCMEN, HO U Memo00s,
NpUMEHEHHbIX Ol YCMAHOBNEHUs.  3aKOHA — pacnpedenenust  kodpguyuenmos.  Iposedennoe
ucciedosanue CeUOemenbcmseyem o0 HEOOHOZHAYHOCMU NOTYYAEeMbIX Pe3yIbmamos, O0ONYCKaUux
603MOICHOCHL NPEBbIUEHUSL UMY  HEOOSPYICEHHOCU KOHCMPYKYUL UIU  OMOETbHbIX NEMEHMO8.
Pesynomamer pabomsi nozeonaom xoppekmuposams pacyemst N0 YCMAHOBNEHUIO 8eIUYUH 6eMPOBbIX
HA2py30K 07151 PACCMOMPEHHbIX MUNOE 30aHUL U OUANA30HO8 BbICOM U NPOCHOZUPOBAMb Oisi OPY2UX
00bEKMOs ¢ UHLLMU NAPaAMEMPAMU.

Kniouesvie cnosa: swcene3o6emon, GponmanvHas nogepxHocms, Koddduyuenm nyavcayuu,
68emposas Hazpy3Ka, AHAIU3, yCUIUs, emep.

V.S. KUZNETSOV?, E.A. EGOROV?, V.A.EKIMOVSKAYA?!
!Moscow State University of Civil Engineering, Moscow, Russia

INFLUENCE OF THE MAIN AND PULSATING COMPONENTS OF THE
WIND ON BUILDINGS OF A PRISMATIC FORM

Abstract. The existing methods for determining the wind load coefficients are analyzed in
order to identify the features of the influence of the type of distribution on the forces from the impact of
the wind on the structures of buildings and structures of a prismatic type with different proportions of
the frontal surface. Reinforced concrete buildings with the first frequency of natural vibrations greater
than the limit value were considered. The study was carried out on the basis of the study and analysis of
the main provisions of regulatory documents regulating design and development activities in the
Russian Federation, as well as relevant works of domestic and foreign scientists relevant to research in
this area. The research method is structural-analytical analysis using the correlation dependences of
the studied factors. Analytical dependences are given to determine the forces from the wind with
various methods of assigning the coefficient of the pulsating wind load along the height of the building,
taking into account the shape and proportions of the wind surface, as well as their graphical
interpretation. The work is based on the provisions of domestic building codes and regulations and
relevant information contained in other domestic and foreign sources and standards. It has been
established that in buildings of a prismatic shape there are separate sections where the forces from the

© Kysueyos B.C., Ecopos E.A., Exumosckas B.A., 2022
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components of the wind load significantly depend not only on the proportions of the frontal surfaces,
but also on the methods used to establish the distribution law of the coefficients. The conducted
research indicates the ambiguity of the results obtained, allowing the possibility of exceeding or
underloading structures or individual elements. The results of the work make it possible to correct
calculations for establishing the values of wind loads for the considered types of buildings and height
ranges and to predict for other objects with different parameters.

Keywords: reinforced concrete, frontal surface, pulsation coefficient, wind load, analysis,
forces, wind.
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M.C. JIMICATHUKOB!, M.B. IVKUH?, JI.A. UUBPUKUH?, C.1. POIIIMHA?

1®Ir'B0Y BO «BraauMupcKuii ToCyIapCTBEHHBIN YHUBEPCUTET UMEHH AJlekcanpa [ puropsesnya u
Huxkonas I'puropeeBuua CroneToBeix», I. Bnagumup, Poccus

MNPOYHOCTH APEBECUHBI, MOJUGUIIUPOBAHHOM MOJIUMEPHON
KOMITIO3UIIUEN C HAHOCTPYKTYPHBIM HAIOJTHUTEJIEM

Annomayun. Yeenuuenue NPOUHOCMHBIX CBOUCME OEPEGAHMBIX KOHCMPYKYUL A6NACMCS
saoicHoll 3a0auel. [[pesecuna modxcem uMemv MHONCECMEO O0eeKmos, CEA3AHHbIX C NPUPOOHbIM
cmpoenuem (NOpoKu) uny NOIYHEeHHbIX 80 6peMs IKCHayamayuu (3aznusanue, ycywxa u m.o.). s
NOGbIULEH U NPOYHOCTNU OPeBeCUHbl U, C1e008aMeNbHO, Hecyujeli CHOCOOHOCU KOHCMPYKYUll Ha ee
OCHOBe, UCNONL3YIOM  KaK — MpAOuyuoHHbie Memoobl (VCuileHue Memaiiom, Oemonom uiu
Jrcene300emoHoM), Max U NepPCHeKmusHble 8 HACMosee 8peMs Memoosbl MOOUGUKAYUU NOTUMEPHLIMU
cocmagamu, 8 Mom Yucie ¢ HaHOCMPYKMYPHbIM HANOIHUMeNeM.

B nacmosweii pabome uinonneHo uUccie008anue no ONpeoeneHur0 NpoYHOCmU 00pasyos
MOOUPUYUPOBAHHOTL OpedecUnbl HA coxcamue 8001b 80IOKOH. Buliu paccmompensl yuemvipe pasiuynbvle
CMOMLI U 084 HANOIHUMENA — YenepooHvle HAHOmMpYyOKU U KapOOKCUNUPOSAHHble Y21epooHble
HaHompyoKu, Komopuvle 000A6IANUCL 8 C8A3VIOUee 8 PASHBIX NPOYEHMHBIX coomuouenusx (om 0 0o
1,1%). B xauecmse moougpuxayuu Ovina npumenena MexXHONO0SUA UMNPESHUPOBAHUA HUKOBAZKOUL
NONUMEPHOTI  KOMNO3UYuyu 8 Meno Opeeecunbl C UCHONb308AHUEM UMNYIbCHOZO B8030elicmaus
u3661moun020 oagnenus no pexcumy 10-5-10-5-10 mumn.

Mooughuyuposannvie 06pasybl UCHBIMBIBANUCH NPU KPAMKOBPEMEHHOM O€UCMBUL HASPY30K 00
paspywenus. Pesynomamamu ucnvimanus Ha 00pasyax onpeoeneHda B03MONMCHOCTL HOSbIUEHU
NPOUHOCU U CHUNCEHUA 0eOpMAMUBHOCU  OePeIHHbIX KOHCMPYKYUl, MOOUDUYUPOBAHHBIX
NOUMEPHOT KOMNO3UYUell Ha OCHO8e CMObL ¢ 000aseHUeM HAHOCIPYKIYPHO20 HANOIHUMEA.

Kniouesvie cnosa: cmpoumenscmeo, Opegecuna, MoOUGUKAyusl, NOIuUMep, NPOYHOCHb.

M.S. LISYATNIKOV?, M.V. LUKIN?, D.A. CHIBRIKIN?, S.I. ROSHCHINA?
YVladimir State University named after Alexander and Nikolay Stoletovs, Vladimir, Russia

STRENGTH OF WOOD MODIFIED WITH POLYMER COMPOSITION
WITH NANOSTRUCTURED FILLER

Abstract. Increasing the strength properties of wooden structures is an important task. Wood
can have many defects associated with the natural structure (defects) or obtained during operation
(rotting, shrinkage, etc.). To increase the strength of wood and, consequently, the bearing capacity of
structures based on it, both traditional methods (reinforcement with metal, concrete or reinforced
concrete) and currently promising methods of modification with polymer compositions, including those
with nanostructured filler, are used.

In this work, a study was carried out to determine the compressive strength of modified wood
samples along the fibers. Four different resins and two fillers were considered - carbon nanotubes and
carboxylated carbon nanotubes, which were added to the binder in different percentages (from 0 to
1.1%). As a modification, the technology of impregnating a low-viscosity polymer composition into the
wood body was applied using pulsed overpressure according to the 10-5-10-5-10 min mode.

Modified specimens were tested under short-term loads until failure. The results of testing on
samples determined the possibility of increasing the strength and deformability of a wooden structure
modified with a resin-based polymer composition with the addition of a nanostructured filler.

Keywords: building, wood, modification, polymer, strength.
© Jlucamnurxoe M.C., Jlykun M.B., Quopuxun J].A., Powuna C.H1., 2022
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(HY MI'CY), r. Mockga, Poccust

OINPEAEJEHUE TUHAMHNYECKUX XAPAKTEPUCTHUK
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MOJAJBHBIX UCTITBITAHUM
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Ipeocmasnenvl 3aMKHymble GblpadiceHus Ol OnpedeiieHuss Kodpduyuenma nomepb MexaHudeckux
KONeOaHull, NONYYeHHble U3 peuleHus Oup@hepeHyuanvHblx ypasHeHuil Konebanuil 0OHOMACCOBbIX
cucmem, K KOMOPbIM NPUBOOSM KONCOAHUS NPOMANCEHHBIX KOHCMPYKYUL NO NepevblM (Hopmam.
[Ipedcmaenena npoyedypa npoedeHusi MOOAIbHO20 AHAIU3A KOPOMKUX OANOK, U320MOGICHHbIX U3
mecmosvix  006pa3y08 KOHCMPYKYUOHHBIX Mamepuanos. I[Ipeocmaenena npoyedypa SulMUCTCHUS.
CcO6CMEeHHbIX uacmom nepevix Gopmul Konebanuii 6anox. Ha ocnosanuu pewenus ypasHnenus
npedcmasiena Gopmyna 05 onpedeneHust Ko3phuyuenmos 0eMnpuposanust u OUHAMULECKO20 MOOYJIs
ynpyeocmu mamepuana 6anKu.

Knroueevie cnosa: ounamuueckue ucnvblmanus, MOOAbHbIL AHAIU3, KOIGDuyuenm nomepo,
MOOYIb ynpy2ocmu, OemMngpuposanue.
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DETERMINATION OF THE DYNAMIC CHARACTERISTICS OF

STRUCTURAL MATERIALS BASED ON THE RESULTS OF MODEL

TESTS

Abstract. The paper studies methods for obtaining dynamic characteristics (dynamic modulus
of elasticity, loss coefficient) of structural materials, such as concretes and cement mortars, based on
the results of experimental modal analysis. Closed expressions for determining the loss coefficient of
mechanical vibrations are presented, obtained from solving differential equations of vibrations of
single-mass systems, which are caused by vibrations of extended structures in the first forms. The
procedure of modal analysis of short beams made of test samples of structural materials is presented.
The procedure for calculating the natural frequencies of the first forms of vibration of beams is
presented. Based on the solution of the equation, a formula is presented for determining the damping
coefficients and the dynamic modulus of elasticity of the beam material.

Keywords: dynamic tests, modal analysis, loss coefficient, modulus of elasticity, damping.
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A.A. COJIOBBEBA', C.A. COJIOBBEB!, H.Il. YMHSIKOBA?, A.A. KOUKHH?,
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BEPOATHOCTHASA OHEHKA HAJAEKHOCTHU CTAJIBHBIX ®EPM 110
KPUTEPHUIO IPOI'NBA HA OCHOBE P-BJIOKOB

Annomayusn. B uccredosanuu  paspabomanvt  aneOpummvl  8ePOSIMHOCIHON — OYEHKU
HAOEICHOCTU CMANbHbIX (epM No Kpumepuio npocuba ¢ UCnoib306anuem p-0J0K08 Kaxk molenei
cnyuainblx  eenuuun. P-0610ku  npedcmagisiom  coboil  obnacme, CHOPMUPOBAHHYIO 2PAHUYHBIMU
@yHKyusMU pacnpedelenuss 6epoMHOCMEN, GHYMPU KOMOPOU HAXOOUMCsL 0eliCmEUmenbHas QyHKyus
pacnpedenenus geposmuocmeil cryuainol eeauuunvl. Ha ocnoge npedcmasnentbix no0xXo008 MONCHO
BLINOTHUMb pacuem hepmbl HA 3A0aHHBI UHOEKC HAOEHCHOCHU UNU 6EPOSIMHOCHb 6e30MKA3HOU
pabomvl. P-6noxu 6 poau mooeneil CAYHAUHBIX GeIUNUH NO3GONSTIOM  IPPEKMUSHO YUUMbIEAND
aneamopHyio U SRUCMEMON02UYECKYIO HeonpedeieHHocmu 00Hospemenno. Ocobyio akmyanbHocmb
maxkue Mooenu npeocmasisiom Ojisl CHe2060U HASPY3KU KAK 00HO20 U3 2AGHbIX (haAKMOPO8, GLUSIOUUX
Ha HanpsoiceHHo-O0epopmuposannoe cocmosanue @epm. Hngopmayus 06 yposne HadedncHOCmU
CMANbHOU hepMbl NO Kpumepuio npocuda Heobxoouma 0Jisk KOMNLEKCHOU OYeHKU HAOeICHOCmU pepmbl.
Taxorce npeonoicer N0OX00 K OYeHKe HAOEHCHOCHIU IKCHIYAMUPYeMbIX Gepm no Kpumepuro npo2uda,
20e npedenvbhblil npoeus 0SPaAHUNUEAeMCS YCIO8UeM NOMepPU YCMOUUUSOCHU BbIOPAHHO20 CMEPIICHS

depmbi.

Kniouesvle cnosa: nadexcnocmo, 6eposimHOCmMHOE NPOSKMUposanue, 6e30nacHocms, gepma,
P-6110K, unoeKc Hades’CHOCmU, NPocuo.

A.A. SOLOVEVA! S.A. SOLOVEV?, N.P. UMNYAKOVA?, A A. KOCHKIN?

Vologda State University, Vologda, Russia
2Research institute of construction physics RAASN (NIISF RAASN), Moscow, Russia

STRUCTURAL RELIABILITY ANALYSIS OF STEEL TRUSSES BY
DEFLECTION BASED ON P-BOXES

Abstract. The article describes algorithms for probabilistic evaluation of steel t#russes’
reliability by the deflection criterion using p-boxes as models of random variables. The p-boxes are an
area formed by the boundary cumulative distribution functions (CDFs). There is a real probability
distribution function of a random variable inside the p-box area. Based on the presented approaches, it
is possible to design trusses on a given reliability index or probability of non-failure. P-boxes as
random variable models take into account aleatory and epistemological uncertainties at the same time.
Such models are relevance for snow loads as one of the main factors affecting the stress-strain state of
trusses. Information about the reliability level of steel trusses according to the deflection criterion is
necessary for a system assessment of the reliability of a truss. An approach of structural reliability
analysis is also proposed for existing trusses, where the ultimate deflection is limited by the condition of
buckling of the selected truss bar.

Keywords: reliability, probabilistic design, safety, truss, p-box, reliability index, deflection.
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S.V. FEDOSOV?, V.N. FEDOSEEV?, P.B. RAZGOVOROV?, S.A. LOGINOVA?
INRU «Moscow State University of Civil Engineering», Moscow, Russia
2]vanovo State Polytechnic University, Ivanovo, Russia
Yaroslavl State Technical University, Yaroslavl, Russia

PREDICTING THE DURABILITY OF CONCRETE STRUCTURES
WITH REGARD TO MASS TRANSFER
AND PORE COLMATATIONS DURING CORROSION

Abstract. The object of research is the corrosion process of destruction of concrete and
reinforced concrete structures in aggressive media. The purpose of the investigation is to establish a
set of relationships and ratio between the characteristics of this process and various external and
internal factors that affect the growth of corrosion. To solve the tasks set on the basis of the obtained
experimental data, the method of mathematical modeling of corrosion processes was applied. The
theories of physical and chemical transformations and heat and mass transfer laws suggest that
different stages of corrosion can be simulated by differential equations of interrelated heat and mass
transfer with boundary conditions. They are defined by arbitrary functions of initial transfer potentials
and nonlinear boundary conditions of all known types. The possibilities of developed physical and
mathematical models of mass transfer in the processes of studying corrosion of various types are
demonstrated. They allow to evaluate the concentration of the transported component throughout the
thickness of the concrete structure and in the biofilm itself at any time, as well as the concentration of
"free" calcium hydroxide in the liquid phase. As a result, it is succeeded to predict the durability and
reliability of concrete structures with a minimum error. The proposed author's model of the destruction
of cement concretes, taking into account the colmatation of pores and capillaries, ensures the adequacy
of judgments about the kinetics of mass transfer processes during corrosion of the 11 type.

Keywords: corrosion, mathematical model, porous and non-porous materials, colmatation.

C.B. ®EJIOCOB!, B.H. ®EJIOCEEB?, I1.5. PA3TOBOPOB?, C.A. JOTUHOBA?
THNY «MockoBcKHii TOCyIapCTBEHHBIN CTPOMTENBHBIH YHUBEPCUTET», I'. MockBa, Poccus
20I'OY BO «MBaHOBCKMIt roCyIapCTBEHHBIH MOJUTEXHUYECKUH YHUBEPCHTET, T. Banoso, Poccus
3®OI'OY BO «SIpociaBckuii rocyJapcTBEHHbIH TeEXHUYECKUil YHUBEpCUTET», I. SIpocnasik, Poceus

INPOI'HO3UPOBAHHUE NOJII'OBEYHOCTH BETOHHBIX
KOHCTPYKIIMU C YYHETOM MACCOIIEPEHOCA
N KOJIBMATALIIMHA ITOP ITPU KOPPO3UHN

Annomayun. O0vekmom UCCIEO08AHUA AGIACMCA KOPPOUOHHBIN NpOYecc paspyuieHus
OemoHHBIX U JHcene300emOoHHbIX KOHCMPYKYUll 6 azpeccusHvix cpeoax. Llenv uccredosanus —
YCmanogienue co80KYNHOCU COOMHOWEHUT U 63aUMOCEA3U XAPAKMEPUCIUK YKA3AHHO20 NPoyeccd ¢
PA3TUYHBIMU GHEWHUMU U SHYMPEHHUMU DAKMOpamuy, GUsIOWUMU HA pazeumue Kopposuu. [l
PpeuleHus NOCMAGIEHHbIX 3a0ay HA OCHOBAHUU NOTYHYEHHBIX IKCNEPUMEHMANLHBIX OAHHBIX NPUMEHAICS
MeMmoO MamemMamuyecko2o0 MOOeIUpPo8anUs KOPPo3UOHHvIx npoyeccos. C nosuyuu meoputl Qusuxko-
XUMUYECKUX Npespawjenuil U meniomaccoOOMeHHbIX 3aKOHOMEPHOCHEN, Pa3IuiHble CIAouy Koppo3uu
mozym MOOenuposamuvcs ougpepenyuanoHuiMU VPaGHeHUAMU 83aUMOCEA3AHHO20
MeNIOMAcCconepenoca ¢ Kpaegvlmu ycaosusmu. Hx xapaxmepusylom RnpousgonbHble QyHKYyuuU
HAYANbHLIX NOMEHYUAN08 NEPeHOCAd U HeTUHeliHble SPAHUYHble VCIIO08US 6CeX U3BECTHHBIX MUNOS.
Ipooemoncmpupoganvl  803MONCHOCIMU — PA3PADOMAHHLIX — (DUIUKO-MAMEMAMUYECKUX — Mooeell
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MacconepeHoca 8 NpoYeccax U3YYeHusi KOppo3uu paziudHuix 6udos. OHU NO3601510M  OYEHUMb
KOHYEHMPAyuu nepeHocumo20 KOMNOHEHMA NO MOJwuHe OemMOHHOU KOHCMPYKYUU U 6 Ccamou
buonnenke 6 000U MOMEHM BPEMEHU, A MAKICE KOHYEHMPayuu «C80000H020» 2UOPOKCUOA KATlbYUsl 6
JrcuoKoll aze. B pezyromame yoaemcsi npocHO3UPOSams 004208€4HOCHIb U HAOEHCHOCNb OEMOHHbIX
KOHCMPYKYUl ¢ MUHUMATbHOU nozpewnocmoro. I[lpednacaemas asmopckas mooeib paspyuieHus:
YeMeHMHbIX OeMmoH08 C YYemoM KOIbMamayuu nop u Kanuwisapos obecnedusdaem adeKk8amHoCHb
CyaHCcOeHUll 0 KUHEMUKe MACCOOOMEHHBIX NPOYECCO8 Npu KOPpOo3u 6mopo2o Uod.

Knwuesvie cnosa: Koppo3sus, mamemamuvdecKkas MOOeJZb, nopucmosle U Henopucmole
mamepuaiisl, Kojtemamayust.
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'HAO «KaparanauHckuil TEXHHYECKUH yHUBEPCHUTET», T. Kaparania, Kasaxcran
2TOO «3-line», r. Kaparauna, Kazaxcran

YCTOMYUBOE PA3BUTUE KAK OCHOBA MOJIEPHU3AILINU
KNJIOU 3ACTPOMKHU

Annomayusn. Hccnedosanue HANPAGIEHO HA KOMAJIEKCHYIO MOOEPHU3AYUIO VCMAPEGUIUX
AHCUNBIX pationo 6 2opodax Pecnybnuxu Kazaxcman. Codepocanue 6asupyemes Ha U3y4eHuu npuemos
DYHKYUOHATBHO-2PAOOCIPOUMENLHOU U 0OBEMHO-NAAHUPOBOYHOU PEKOHCIPYKYULU HCUL020 KEAPMALa
6 2opode Capanv.

JKunas 3acmpotixa cosemckozo nepuoda He omeeuaem COBPEMEHHbLIM Mpebo8aHUIM
O1a20yCMpoicmaa U pasmewenus UHGPACMPYKmMypHbIX 00beKmos, 8 CE:A3U C USHOCOM UHICEHEePHbIX
cucmem, OMOENIOUHbIX U UZOTAYUOHHBIX MAMEPUATIOS UMEEST HUZKULL YPOBEHb IHEP20I(hphexmusHocmu u
xompopma. Heobxo0umvl Mepvl nOGbIUEHUS COYUATUSAYUU U KOMMEPUECKOU RPUBIEKAMELbHOCTU
3aCMPOLKY, YMO CROCOOCMEYem YCMOUUUEOMY PA3GUMUIO 20POOCKUX U NPUSOPOOHLIX 30H, A MAKJICE
20p0008 CNYMHUKOS.

TIposodumes c6op ungopmayuu u mexHuueckol OOKYMEHMAyuu, aHKeMupoganue u onpoc
arcumeneti. COOPAHHBII MAMEPUAT AHATIUSUPYEMCS, HA OCHO8E AHANU3A NPeda2aemcsl KOHYenmyaibHoe
pewenue. Hcnonvzyemes 3-D moodenvuviti Memoo npoexmuposanus u 6U3yaiusayuul.

Paspabamuvieaemces konyenmyanvhoe 06beMHO-IPOCMPAHCMBEHHOE Pelenue MOOePHUAYUL
08YXIMANCHO0 HCUTIO20 KEAPMAIA.

Tpunumaemest KOMRIAEKC Mep HO YIYYUEHUIO UHPPACMPYKIYPbl 00beKma U CUCeMamu3ayuu
VHUBEPCATILHBIX CPEOCE YCIMOUNUBO20 PA3BUMUSL 20POOCKUX MEPPUMOPUILL.

Knrouegovle cnoea: KOMNJeKCHasA MOOepHU3ayu, unghpacmpyxkmypa,
MHO2ODYHKYUOHATLHOCTD, YCTNOUHUEOE PaA3gUMIUe.

Ju.A. BORISEVICH!, K.A. ABDRAHMANOVA!, D.N. SAMORAY?, AN. ALIKHANOVA!

INAO «Karaganda Technical University», Karaganda, Kazakhstan
2LLC «3-line», Karaganda, Kazakhstan

POTENTIAL OPPORTUNITIES FOR MODERNIZATION OF OLD
HOUSING IN CITY SARAN

Abstract. The study is aimed at the comprehensive modernization of outdated residential areas
in the cities of the Republic of Kazakhstan. The content is focused on the study of methods of space-
planning and functional-urban planning solutions, on the example of a residential area in the city of
Saran.

Due to the deterioration of engineering systems, finishing and insulation materials, residential
buildings of the Soviet period have a low level of energy efficiency and comfort, do not meet modern
requirements for the improvement and placement of infrastructure facilities. Measures are needed to
increase the socialization and commercial attractiveness of development, which contributes to the
sustainable development of urban and suburban areas, as well as satellite cities.

The collection of information and technical documentation, questionnaires and surveys of
residents are being carried out. The collected material is analyzed, based on the analysis, a conceptual
solution is proposed. A 3-D model method of design and visualization is used.

A conceptual volumetric-spatial solution for the modernization of a two-storey residential area
is being developed.

© bopucesuu FO.A., Abopaxmanoea K.A., Camopaui /I H., Anuxanosea A.H., 2022
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A set of measures is being taken to increase commercial and residential space, create a
comfortable and safe space within the residential area, and increase the variety of public and private
spaces.

Keywords: modernization, infrastructure, multifunctionality, sustainable development.
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STAGES AND ARCHITECTURAL STYLES IN DESIGN AND BUILDING OF
SHELLS AND SHELL STRUCTURES

Abstract. In a paper, architectural styles, constructive solutions, information on the history of
appearance of structural building materials are briefly set forth and the stages of passion of thin-walled
space large-span erections are analyzed. Particular attention is given to establishment of the exact
dates in the chronology of appearance of styles, constructive solutions, and in the dates of erection of
the first shells of corresponding styles and their authors. Elicit reasons of destructions of some well-
known space structures are described and the influence of these destructions and damages for the
subsequent designing and building of analogous type is analyzed. It is adduced, in general, positive
views of noted architects on the role of shell structures in industrial, public, and civil building at
present time. On the basis of the manuscripts published in specialized editions, varieties of points of
view of architects to designing space structures are characterized. It was shown that interest of
designers and architects in designing of shells in the form of analytically non-given surfaces,
polyhedrons, and hipped plate structures is intensively extending. At present, bar metal architecture
obtained subsequent development and came to be competitor for reinforcement concrete. In the XXI
century, steel net and structural shells are the main means of forming vanguard buildings. Now,
architects and structural engineers have wide potential in the selection of form, building material,
methods of strength analysis, constructive solutions, styles, and examples of application of large-span
thin-walled shell structures. All conclusions of the present work are corroborated by the results of
researches containing in 54 references.

Keywords: large-span spatial erection, shell, grid system, architectural style, structural
building materials, analytical surfaces in architecture, chronology of architectural styles.
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2CenbCcKOX 035HCTBEHHBIN U TEXHMYECKUI rocyaapcTsennblil yausepcuter Cesepaoil Kaponunsl, I'puncopo, CIIA

ITAIIBI U APXUTEKTYPHBIE CTUJIN B IPOEKTUPOBAHUU U
CTPOUTEJBLCTBE OBOJOYEK U OBOJIOYEYHBIX KOHCTPYKIIUIA

Annomayun. B cmamve Kpamxo usnodicenvi apxumexmypuvle CHUMU, KOHCMPYKMUGHbLLE
pewienus, ceedeHuss 00 UCOPUU NOAGNEHUS KOHCMPYKYUOHHBIX CHPOUMENbHbIX MAmepuanog u
NPOAHANUSUPOBAHBL INANBL VEIeHeHUs. MOHKOCMEHHLIMU NPOCPAHCMBEHHBIMU OONbUENPOICMHbIMU
coopyoicenuamu. Ocoboe @numanue yoeieHo YCmaHoeIeHUI0 MOYHbIX 0am 6 XPOHON02UU NOSGIe HU
cmunietl, KOHCMPYKMUGHBIX peueHUll U NOSAGIEHUU NEPEbIX COOPYIHCEHUL COOMBEMCMBYIOWUX CIUNel U
ux asmopos. Onucanvl 6bisIGNEHHbIE NPUYUHBL PA3PYUEHUS HEKOMOPBIX 3HAKOBbIX NPOCMPAHCMBEHHbIX
COOpYJicCenull U Kak 3mu asapuu U paspyuieHus NOoeuuslu Ha OdabHeliuee NpoeKmuposanue u
CMpOUmMenbCmeo CoOpydHCeHull  ananocuunHozo muna. Ilpusedenvl, 6 OCHOBHOM, NONOJCUMENbHBIE
BbICKA3LIBAHUS UBECHHBIX APXUMEKMOPO8 O Mecme 000104eUHbIX COOPYICEHUL 8 NPOMBIUICHHOM,
2PAANCOAHCKOM U IHCUTUUWGHOM CIpOUmenbecmse 6 Hacmosiwee epemsa. Ha ocnoganuu onyonukoeanHuix 6
CReYUanu3UpoOSaAHHbIX  U30AHUAX — MAMEPUANo8  OXAPAKMeEPU308anbl  PA3HOBUOHOCMU — NOOX0008
apxXumexKmopos K npoeKmupo8anuio nPpOCmMpaHcmeeHHbIx coopyicenuti. Ilokasano ycunenue unmepeca
ousainepog U apXumeKmopo8 K NpPOeKMUpOBAHUI0 000J0HEK, OYEPUEHHLIX N0 AHAAUMUYECKU
He3a0a6aemMbiM NOBEPXHOCMAM U 8 (PopMe MHO20ZPAHHUKOB U CKIAOOK. YcmauosneHo, umo 6 naute
8pEMSL APXUMEKMYpPa U3 CMEPICHEB020 MEMALNA NOJYYUIA C80e OalbHeliuee pasgumue u cmaia

© Kpusowanko C.H., Kpucmuan A. Box X., Kunv-Ynbe Mamve, 2022
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ApPXHTEKTYpa M I'PAIOCTPOUTETIHCTBO

KoHKypenmom xcenezobemona. B XXI eéexe cmanvhvle cemyuamvie u CmMpyKmypHvle 000I0YKU CMATU
OOHUM U3 2ABHbIX cpedcm8 (popmoobpazoseanus asanzaponvix 30anutl. Cetluac y apxumexmopa u
UHDICEHEPAa-NPOCKMUPOSUUKA UMeemcsl OOIbUION NOMEHYUAT 8 8blOope (hopMbl, Mamepuand, Memooos
pacuema, KOHCMPYKMUGHBIX peWeHutl, cmuiell U HnpumMepos NpuUMeHeHus O0LbUlenpOIenHbIX
MOHKOCMEHHBIX 0000HEUHbIX KOHCIPYKYUIL.

Knroueevte cnosa: Oonvuienponiemuvle NpOCMPAHCMBEHHbIE  COOPYICEHUs,  0OO0NOUKU,
apxumekmypHvle — CMUIY,  KOHCMPYKYUOHHbIE — CMPOUMEIbHbIE — MAmMepuannl,  aHamumudecKue
N0BEPXHOCMU 8 APXUTNEKMYPe, XPOHOJI02USL APXUMEKMYPHBIX CIULEU.

REFERENCES

1. Kas’yanov N.V. To the problem of the evolution of architectural spatial forms in the context of scientific
and technological achievements. Academia. Architecture and Construction. 2019. Ne 3. Pp. 34-43 [d0i:10.22337/2077-
9038-2019-3-34-43] (rus).

2. Bratukhin A.G., Sirotkin O.S., Sabodash P.F., Egorov V.N. Materiali Buduschego i ih Udi vitelnie Svoistva
[Materials of the Future and their Properties]. Moscow: «Mashinostroenie», 1995. 128 p. [ISBN 5-217-02739-8] (rus).

3. Kottas Dimitris. Architecture and Construction in Plastic. Links International, 2012. 240 p.

4. Krivoshapko S.N., Pyatikrestovskiy K.P. On history of building of wooden shells and their opportunities at
present and in the future. Structural Mechanics of Engineering Constructions and Buildings. 2014. Ne 1. Pp. 3-18 (rus).

5. Krivoshapko S.N., Alborova L.A., Mamieva I.A. Shell structures: genesis, materials, and subtypes. Part
2. Constructive building materials. Academia. Architecture and Construction. 2021. Ne 4. Pp. 110-119
[doi:10.22337/2077-9038-2021-4-110-119].

6. Krivoshapko S.N., Galishnikova V.V. Arhitekturno-Stroitelnie Konstruktzii [Architectural-and-Building
Structures]. Moscow: 1zd-vo “YuRAIT”, 2022. 476 p. [ISBN 978-5-9916-4821-9].

7. Antufia Bernardo, Joaquin. The Evolution of the work of Eduardo Torroja: shell roofs with and without
reinforcement rings. In: "International Congress on Construction History", 2006, Cambridge. Pp. 179-194 [ISBN 0-
7017-0203-6].

8. Hines E.M., Billington D.P. Anton Tedesko and the introduction of thin shell concrete roofs in the United
States. Journal of Structural Engineering. 2004. November. Pp. 1639-1650.

9. Massimiliano Savorra, Giovanni Fabbrocino. Félix Candela between philosophy and engineering: the
meaning of shape. Conference: Structures and Architecture: Concepts, Applications and Challenges. July 2013.
Pp.253-260 [d0i:10.1201/b15267-33].

10. Krivoshapko S.N. The History of Architecture of Spatial Structures and Shells with Elements of Analysis.
Moscow: 1zd-vo RUDN, 2014. 104 p.[eLIBRARY ID: 24769307; ISBN: 978-5-209-05970-7] (rus).

11. Bradshaw R., Campbell D., Gargari M., Mirmiran A., and Tripeny P. Special structures. Past, present, and
future. Journal of Structural Engineering. June 2002. Pp. 691-701 [d0i:10.1061/(ASCE)0733-9445(2002)128:6(691)].

12. Scheerer, Silke; Chudoba, Rostislav; Garibaldi, Maria Patricia; Curbach, Manfred. Shells made of textile
reinforced concrete — Applications in Germany. Journal of the International Association for Shell and Spatial
Structures. 2017. Vol. 58. No. 1. March n. 191. Pp. 79-93(15) [doi:https://doi:.org/10.20898/j.iass.2017.191.846].

13. Sylwester Kobielak, Zenon Zamiar. Oval concrete domes. Archives of Civil and Mechanical Engineering.
2017. 17 (3). Pp. 486 — 501 [https://doi:.org/10.1016/j.acme.2016.11.009].

14. Grinko E.A. Drop-shaped shells. Stroitelnaya Mehanika i Raschet Sooruzheniy [Structural Mechanics and
Analysis of Constructions]. 2019. Ne 6 (287). Pp. 50-56 [eLIBRARY ID: 41468543] (rus).

15. Zordan Luigi, Morganti Renato. Large roofs, large spaces. Suspended cable roofing in Italy 1948-1970.
Proc. of the First Int. Congress on Construction History, Madrid, 20"-24™ January 2003. Pp. 2139-2148.

16. Harris James B., Pui-K Li Kevin. Masted Structures in Architecture. Taylor & Francis, 1996. 160 p.

17. Krivoshapko S.N. Cable-stayed structures for public and industrial buildings. Building and Reconstruction.
2019. Ne 1 (81). Pp. 23-47 [d0i:10.33979/2073-7416-2019-81-1-23-47].

18. Meek John L., Xia Xiaoyan. Computer shape finding of form structures. Int. Journal of Space Structures.
1999. Vol. 14, No 1. Pp. 35-54.

19. Eremeev P.G. Metal structures of roofs of unique large-span buildings. Industrial and Civil Engineering.
2007. Ne 3. Pp. 19-21 (rus).

20. Saman Siavashi, Mahsa Rostami. Study of the concept of cable structures and structural behavior in wide
span system. International Conference on Research in Science and Technology. 14 December 2015. Kualalumpur —
Malaysia. 23 p.

21. Schlaich J., Bergermann R., Sobek W. Membranes. Ing. Civ. 1990. Ne 75. Pp. 33-34, 37-44, 45-50.

22. Eremeev P.G., Kiselev D.B. Modern large-span complex spatial structures. Prostranstv. Konstruktzii
Zdaniy i Sooruzheniy (Issledovanie, Raschet, Proektirovanie, Primenenie): Sh. statey. 2004. Vyp. 9. Moscow:
«Devyatka Print». Pp. 159-166 [ISBN 5-9800-74-004-X] (rus).

23. Ermolov V.V., Bird W.W., Bubner U. et. Pnevmaticheskie Stroitelnie Konstruktzii [Pneumatic Building
Structures]. Moscow: Stroyizdat, 1983. 439 p. (rus).

N 4 (102) 2022



http://ru.wikipedia.org/wiki/XXI_%D0%B2%D0%B5%D0%BA
http://ru.wikipedia.org/wiki/%D0%90%D0%B2%D0%B0%D0%BD%D0%B3%D0%B0%D1%80%D0%B4_(%D0%B8%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%BE)
https://www.researchgate.net/profile/Massimiliano_Savorra?_sg%5B0%5D=rOTdFCE_1iFjglt1X9y5TbJoHdeXgS3kI0UUZ3qiotzBVrieFbT_U8NkqZyF46qPjMwvyqc.CyrB00-km-fLlqrKx-KdswcM6lwDMtT5m6K3BlxHrzElSlmMozCyZgUC2OAZrG-hdMlQROEsRt-8cte3WhisNA&_sg%5B1%5D=MWexrh_rxvKsUHZavbEpJWN5Jbcx9ZaXaF4YpPey65l4SPixrgigMrqXbsncod_1rlZ8E3Y.v-9Xqbuve1VbTt92CeckPrMzDDGBa0AHj6FKFEQndkhpyFaFMjkeMAV3XzUxgDk1h20AUPF5XzqwHwXtJIMEdw
https://www.researchgate.net/profile/Giovanni_Fabbrocino?_sg%5B0%5D=rOTdFCE_1iFjglt1X9y5TbJoHdeXgS3kI0UUZ3qiotzBVrieFbT_U8NkqZyF46qPjMwvyqc.CyrB00-km-fLlqrKx-KdswcM6lwDMtT5m6K3BlxHrzElSlmMozCyZgUC2OAZrG-hdMlQROEsRt-8cte3WhisNA&_sg%5B1%5D=MWexrh_rxvKsUHZavbEpJWN5Jbcx9ZaXaF4YpPey65l4SPixrgigMrqXbsncod_1rlZ8E3Y.v-9Xqbuve1VbTt92CeckPrMzDDGBa0AHj6FKFEQndkhpyFaFMjkeMAV3XzUxgDk1h20AUPF5XzqwHwXtJIMEdw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb15267-33?_sg%5B0%5D=4e1_YAyIiYgdVcvZ1bh4-2UmtP03dkgh_OLvtLsmrCEktQjk0-W6DlT1JlFNjGbAO_2TRFmh26Mmy4RBXb_u85xCXQ.gGWOwqOzXGTlkFe9LFdtEMAksWtBX9i0iDuNxeC17RlLsU4sW0M2qxYhNB_Zty0VTZkvGLPgicBqh8fE5d6UOw
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Scheerer,+Silke
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Chudoba,+Rostislav
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Garibaldi,+Maria+Patricia
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Curbach,+Manfred
https://www.ingentaconnect.com/content/iass/jiass;jsessionid=6x9kqiio9lkb.x-ic-live-01
https://www.ingentaconnect.com/content/iass/jiass;jsessionid=6x9kqiio9lkb.x-ic-live-01
https://doi.org/10.20898/j.iass.2017.191.846
https://doi.org/10.1016/j.acme.2016.11.009
https://www.elibrary.ru/item.asp?id=41468543

CTponTe/IbCTBO H PEKOHCTPYKIHSI

24. Jens G. Pohl. Multi-Story Air-Supported and Fluid-Inflated Building Structures — Revised Edition:
Concept, Design Principles, and Prototypes. California Polytechnic State University, San Luis Obispo, California:
2014. 406 p.

25. Krivoshapko S.N. Tent architecture. Building and Reconstruction. 2015. Ne 3(59). Pp. 100-109 (rus).

26. Myskova O.V., Kazus I.A. Tent structures in architecture of soviet vanguard of 1920"" . Tehnologii
Stroitelstva. 2003. Ne 1. Pp. 134-137 (rus).

27. Meyer Christian, Sheer Michael H. Do concrete shells deserve another look? Concrete International.
2005. October. Pp. 43-50.

28. Krivoshapko S.N. The types of failures and collapses of spatial structures and shells. Building and
Reconstruction. 2015. Ne 1(57). Pp. 22-32 (rus).

29. Godoy L.A., Lopez-Bobonis S. On the collapse of a reinforced concrete digester tank. Oxford: Thin-
Walled Structures. 2001. Pp. 669-676 [doi:10.1016/B978-008043955-6/50074-4].

30. Calbureanu Popescu, Madilina Xenia. Aspects about the influence of the different factors in famous
collapse of roof concrete structures. Journal of Engineering Sciences and Innovation. 2017. Vol. 2, Iss.1. Pp. 121-136.

31. Krasic Sonja. Geometrijske Povrsi u Arhitekturi. Gradevinsko-arhitektonski fakultet Univerzitet u Nisu,
2012. 238 p. [ISBN 978-86-88601-02-3]

32. Mamieva |.A., Gbaguidi-Aisse G.L. Influence of the geometrical researches of rare type surfaces on
design of new and unique structures. Building and Reconstruction. 2019. Ne 5(85). Pp. 23-34 [d0i:10.33979/2073-7416-
2019-85-5-23-34].

33. Krivoshapko S.N. Shells and rod structures in the form of analytically non-given surfaces in modern
architecture. Building and Reconstruction. 2020. Ne 3. Pp. 20-30 [doi:10.33979/2073-7416-2020-89-3-20-30] (rus).

34. Kotnik Toni, Schwartz Joseph. The architecture of Heinz Isler. Journal of the International Association
for Shell and Spatial Structures. 2011. Vol. 52. No 3. Pp. 185-190 [ISSN: 1028-365X].

35. Glaeser Georg, Gruber Franz. Developable surfaces in contemporary architecture. Journal of
Mathematics and the Arts. March 2007. Vol.1, Iss. 1. Pp. 59-71.

36. Hyeng Christian A. Bock, Yamb E.B. Application of cyclic shells in architecture, machine design, and
bionics. International Journal of Modern Engineering Researches. 2012. Vol. 2. Iss. 3. Pp. 799-806.

37. Gil-oulbe Mathieu. Reserve of analytical surfaces for architecture and construction. Building and
Reconstruction. 2021. Ne 6 (98). Pp. 63-72 [d0i:10.33979/2073-7416-2021-98-6-63-72].

38. Bondarenko I.A. On the appropriateness and moderation of architectural innovation. Academia.
Arkhitektura i Stroitel'stvo [Academia. Architecture and Construction], 2020. Ne 1. Pp. 13-18
[http://aac.raasn.ru/index.php/aac/article/view/185] (rus).

39. Mamieva I.A. Analytical surfaces for children playgrounds. Biosfernaya Sovmestimost': Chelovek,
Region, Tekhnologii [Biosphere Compatibility: Human, Region, Technologies]. 2021. Ne 1. Pp. 92-100
[d0i:10.21869/2311-1518-2021-33-1-92-100] (rus).

40. Krivoshapko S.N., Alborova L.A., Mamieva I.A. Shell structures: genesis, materials, and subtypes. Part
1. Subtypes and directions. Academia. Architecture and Construction. 2021. Ne 3. Pp. 125-134 [d0i:10.22337/2077-
9038-2021-3-125-134] (rus).

41. Mamieva L.A. Analytical surfaces for parametrical architecture in contemporary buildings and structures.
Academia. Architecture and Construction. 2020. No 1. Pp. 150-165 [http://aac.raasn.ru/index.php/aac/article/view/201] (rus).

42. Heidari A., Sahebzadeh S., Sadeghfar M., B. Erfanian Taghvaei. Parametric architecture in its second
phase of evolution. Journal of Building Performance. 2018. Vol. 9. Iss. 1. Pp. 13-20 [ISSN: 2180-2106;
http://spaj.ukm.my/jsb/index.php/jbp/index].

43. Pottmann H., Eigensatz M., Vaxman A., Wallner J. Architectural Geometry. Computers & Graphics.
2015. 47. April. Pp. 145-164 [https://doi:.org/10.1016/j.cag.2014.11.002].

44, Shelden Dennis Robert. Digital surface representation and the constructability of Gehry’s architecture.
Thesis (Ph.D.). Massachusetts Institute of Technology, Dept. of Architecture, 2002. 340 p. [URI
http://hdl.handle.net/1721.1/16899].

45, Akulova O.A., Kitaevskiy E.V., Nasaruk K.R. Peculiarities of modeling bionic geometrical forms.
Innovatzionnie Tehnologii v Ingenernoy Grafike: Problems and Perspectives. Sh. Tr. Mezhd. Nauchno-Praktich.
Konfer. Novosibirski y Gos. Archit.-Stoit. Univ. (Sibstrin); Brestsk. Gos. Tehn. Univ. Novosibirsk: 2019. Pp. 7-12
[ISBN 978-5-7795-0884-1] (rus).

46. Umorina Z. Application of bionic architecture methods as future-oriented approach of modern
architecture development in Russia. IOP Conf. Ser.: Mater. Sci. Eng. 2019. 687 055065. 6 p. [doi:10.1088/1757-
899X/687/5/055065].

47. Pakowska Marta. Parametric, generative, evolutionary, organic and bionic architecture — A new look at an
old problem. Architecture et Artibus. 2014. Ne 1. Pp. 42-45.

48. Kurbatov Yu.l. Architecture in context of environment. Stroitelstvo i Arhitektura Leningrada. 1977. Ne 4.
Pp. 28-32 (rus).

49. Zvi Hecker. The cube and the dodecahedron in my polyhedric architecture. Leonardo. 1980. Vol. 13. Pp.
272-275.

50. Krivoshapko S.N. Polyhedra and quasi- polyhedra in architecture of civil and industrial erection. Building
and Reconstruction. 2020. Ne 4 (90). Pp. 48-64 [d0i:10.33979/2073-7416-2020-90-4-48-64].

Ned (102) 2022


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-008043955-6%2F50074-4?_sg%5B0%5D=fPucEDRt8PsbtizuvpUOVDywq7aEdU3DaCoqjtmbmgrYD8bfqHFNVlmvwPMc3aECl2GwJ2dueFsr1JIpisV4p40DZw.8Snll9FN4dce-HdDtoB-rvDidlBfPH3AJjIQJdV24EeJjxE7aUF797rTThYt7WbDJDnswYXkTw-HXQEWTAo_rQ
https://doi.org/10.1016/j.cag.2014.11.002

ApPXHTEKTYpa M I'PAIOCTPOUTETIHCTBO

51. Wong, Yunn Chii. The Geodesic Works of Richard Buckminster Fuller, 1948-1968 (The Universe as a
Home of Man), PhD thesis, Cambridge, Massachusetts: Massachusetts Institute of Technology, Department of
Architecture, 1999.

52. Bykov Oleksiy, Gubkina levgeniia. Soviet Modernism. Brutalism. Post-Modernism Buildings and
Structures in Ukraine 1955-1991. DOM Publishers. July 1, 2019. 250 p. [ISBN 978-3-86922-706-11].

53. Lytkin K.A. Architectural elements noospheric. Architektura i Stroitelstvo Rossii. 2013. Ne 1. Pp. 30-39 (rus).

54. Holgate Alan. Aesthetics of thin-walled structures. Thin-Walled Structures. 1990. 9.Ne 1-4. Pp. 437-457.

CIIMCOK JIMTEPATYPbI

1. Kacesaaor H.B. K npoGiieMe 3BOMIOIMH MPOCTPAHCTBEHHBIX (DOPM apXUTEKTYpPHI B KOHTEKCTE HAYYHO-
TEXHOJOTHYECKUX TOCTkKeHui // Academia. ApxuTekTypa u ctpoutenbctBo. 2019. Ne 3. C. 34-43 [d0i:10.22337/2077-
9038-2019-3-34-43].

2. bparyxun A.I'., Cuporkun O.C., Cabomam IL.®., Eropos B.H. Marepuansl Oyaymero u ux
yJMBUTENbHBIC CBOMCTBA. M.: «MartrHoctpoerue», 1995. 128 c. [ISBN 5-217-02739-8].

3. Kottas Dimitris. Architecture and Construction in Plastic. Links International. 2012. 240 p.

4. Kpusomanko C.H., ITsatuxpecroBckuii K.I1. Y3 uctopuu cTpouTenscTBa NepeBSHHBIX O0OJNIOYEK U MX
BO3MOYKHOCTH B HactosieM u oyayiiem // CTpouTenbHas MeXxaHHKa HWHXEHEPHBIX KOHCTPYKIHUN U coopyxenui. 2014,
Ne 1. C. 3-18.

5. Krivoshapko S.N., Alborova L.A., Mamieva I.A. Shell structures: genesis, materials, and subtypes.
Part 2. Constructive building materials. Academia. Architecture and Construction. 2021. Ne 4. Pp. 110-119.
[doi:10.22337/2077-9038-2021-4-110-119].

6. Kpusomanko C.H., TamumunkoBa B.B. ApXUTEKTypHO-CTpPOHMTENbHBIE KOHCTPYKIWH: Y4eOHUK. M.:
W3n-8o «FOPAMT», 2022. 476 p. [ISBN 978-5-9916-4821-9].

7. Antufia Bernardo, Joaquin. The Evolution of the work of Eduardo Torroja: shell roofs with and without
reinforcement rings // In: "International Congress on Construction History", 2006. Cambridge. Pp. 179-194 [ISBN 0-
7017-0203-6].

8.  Hines E.M,, Billington D.P. Anton Tedesko and the introduction of thin shell concrete roofs in the United
States // Journal of Structural Engineering. 2004. November. Pp. 1639-1650.

9. Massimiliano Savorra, Giovanni Fabbrocino. Félix Candela between philosophy and engineering: the
meaning of shape // Conference: Structures and Architecture: Concepts, Applications and Challenges. July 2013.
Pp.253-260 [d0i:10.1201/b15267-33].

10. KpuBomanko C.H. Hcropust pa3BUTHSI apXUTEKTYphl MPOCTPAHCTBEHHBIX CTPYKTYp U OOOJIOYEK C
AJIEMEHTaMu pacuera: YueOHo-MeToauueckuii komiuieke. M.: Mzn-Bo PY/IH, 2014. 104 c. [eLIBRARY ID: 24769307,
ISBN: 978-5-209-05970-7].

11. Bradshaw R., Campbell D., Gargari M., Mirmiran A., and Tripeny P. Special structures. Past, present, and
future // Journal of Structural Engineering. June 2002. Pp. 691-701 [doi:10.1061/(ASCE)0733-9445(2002)128:6(691)].

12. Scheerer, Silke; Chudoba, Rostislav; Garibaldi, Maria Patricia; Curbach, Manfred. Shells made of textile
reinforced concrete — Applications in Germany // Journal of the International Association for Shell and Spatial
Structures. 2017. Vol. 58. No. 1. March n. 191. Pp. 79-93(15) [doi:https://doi:.org/10.20898/].iass.2017.191.846].

13. Sylwester Kobielak, Zenon Zamiar. Oval concrete domes // Archives of Civil and Mechanical
Engineering. 2017. 17 (3). Pp. 486 - 501. [https://doi:.org/10.1016/j.acme.2016.11.009].

14. Tpunbko E.A. KamneBuansie obonouku // CTpouTenbHas MexaHHWKa U pacdeT coopyxenuit. 2019. Ne 6
(287). C. 50-56. [eLIBRARY ID: 41468543].

15. Zordan Luigi, Morganti Renato. Large roofs, large spaces. Suspended cable roofing in Italy 1948-1970 //
Proc. of the First Int. Congress on Construction History, Madrid, 20"-24" January 2003. Pp. 2139-2148.

16. Harris James B., Pui-K Li Kevin. Masted Structures in Architecture. Taylor & Francis, 1996. 160 p.

17. Krivoshapko S.N. Cable-stayed structures for public and industrial buildings // Building and
Reconstruction. 2019. Ne 1 (81). Pp. 23-47 [d0i:10.33979/2073-7416-2019-81-1-23-47].

18. Meek John L., Xia Xiaoyan. Computer shape finding of form structures // Int. Journal of Space
Structures. 1999. Vol. 14. No 1. Pp. 35-54.

19. Epewmees I1.I. Merayuindeckue KOHCTPYKIIUH MOKPBITHI YHHUKATBHBIX OOJBIICTIPOICTHBIX COOPYKEHUIA //
[TpoMbiiiuieHHOE U TpaskaaHckoe cTpoutenbeTBo. 2007, Ne 3. C. 19-21.

20. Saman Siavashi, Mahsa Rostami. Study of the concept of cable structures and structural behavior in wide
span system // International Conference on Research in Science and Technology. 14 December 2015. Kualalumpur.
Malaysia. 23 p.

21. Schlaich J., Bergermann R., Sobek W. Membranes // Ing. Civ. 1990. Ne 75. Pp. 33-34, 37-44, 45-50.

22. Epewmees ILT., Kucenes I.b. CoBpeMeHHbIe OOBIETPOICTHIE KOMOMHUPOBAHHBIE MPOCTPAHCTBEHHBIC
koHCTpyKuuu// IIpocTpaHcTBeHHBIE KOHCTPYKINH 3[JaHUM M COOPY)KEHHH (MCCIeOBaHKWE, pacdeT, IMPOeKTHPOBAHME,
npumenenne): C6. crareid. Boir. 9. M.: 000 «/leBsitka [Ipuat», 2004. C. 159-166 [ISBN 5-9800-74-004-X].

23. Epmonos B.B., bapn V.V., bybuep V. u np. ITneBmatnueckue crpoutensHble KOHCTpyKimH. [lox pen.
B.B. EpmonoBa. M.: Ctpoimznat, 1983. 439 c.

N 4 (102) 2022



https://www.researchgate.net/profile/Massimiliano_Savorra?_sg%5B0%5D=rOTdFCE_1iFjglt1X9y5TbJoHdeXgS3kI0UUZ3qiotzBVrieFbT_U8NkqZyF46qPjMwvyqc.CyrB00-km-fLlqrKx-KdswcM6lwDMtT5m6K3BlxHrzElSlmMozCyZgUC2OAZrG-hdMlQROEsRt-8cte3WhisNA&_sg%5B1%5D=MWexrh_rxvKsUHZavbEpJWN5Jbcx9ZaXaF4YpPey65l4SPixrgigMrqXbsncod_1rlZ8E3Y.v-9Xqbuve1VbTt92CeckPrMzDDGBa0AHj6FKFEQndkhpyFaFMjkeMAV3XzUxgDk1h20AUPF5XzqwHwXtJIMEdw
https://www.researchgate.net/profile/Giovanni_Fabbrocino?_sg%5B0%5D=rOTdFCE_1iFjglt1X9y5TbJoHdeXgS3kI0UUZ3qiotzBVrieFbT_U8NkqZyF46qPjMwvyqc.CyrB00-km-fLlqrKx-KdswcM6lwDMtT5m6K3BlxHrzElSlmMozCyZgUC2OAZrG-hdMlQROEsRt-8cte3WhisNA&_sg%5B1%5D=MWexrh_rxvKsUHZavbEpJWN5Jbcx9ZaXaF4YpPey65l4SPixrgigMrqXbsncod_1rlZ8E3Y.v-9Xqbuve1VbTt92CeckPrMzDDGBa0AHj6FKFEQndkhpyFaFMjkeMAV3XzUxgDk1h20AUPF5XzqwHwXtJIMEdw
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb15267-33?_sg%5B0%5D=4e1_YAyIiYgdVcvZ1bh4-2UmtP03dkgh_OLvtLsmrCEktQjk0-W6DlT1JlFNjGbAO_2TRFmh26Mmy4RBXb_u85xCXQ.gGWOwqOzXGTlkFe9LFdtEMAksWtBX9i0iDuNxeC17RlLsU4sW0M2qxYhNB_Zty0VTZkvGLPgicBqh8fE5d6UOw
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Scheerer,+Silke
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Chudoba,+Rostislav
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Garibaldi,+Maria+Patricia
https://www.ingentaconnect.com/search;jsessionid=6x9kqiio9lkb.x-ic-live-01?option2=author&value2=Curbach,+Manfred
https://www.ingentaconnect.com/content/iass/jiass;jsessionid=6x9kqiio9lkb.x-ic-live-01
https://www.ingentaconnect.com/content/iass/jiass;jsessionid=6x9kqiio9lkb.x-ic-live-01
https://doi.org/10.20898/j.iass.2017.191.846
https://doi.org/10.1016/j.acme.2016.11.009
https://www.elibrary.ru/item.asp?id=41468543

CTponTe/IbCTBO H PEKOHCTPYKIHSI

24. Jens G. Pohl. Multi-Story Air-Supported and Fluid-Inflated Building Structures — Revised Edition: Concept,
Design Principles, and Prototypes. California Polytechnic State University, San Luis Obispo, California: 2014. 406 p.

25. Kpusomanko C.H. TenToBas apxurekrypa // CtpoutenberBo U pekoHeTpykiwst. 2015. Ne 3(59). C. 100-109.

26. MprickoBa O.B., Kasyce M.A. TeHTOBBIE KOHCTPYKIMH B apXHTEKType COBETCKOro aBaHrapma 1920-x
ronos // Texuomoruu crpourensersa. 2003. Ne 1.C. 134-137.

27. Meyer Christian, Sheer Michael H. Do concrete shells deserve another look? // Concrete International.
2005. October. Pp. 43-50.

28. KpuBomanko C.H. Bunmel aBapuii m paspymieHuil NIPOCTPaHCTBEHHBIX CTPYKTYp U obOomoyek //
CrpourenbctBo u pekoHcTpykius. 2015. Ne 1(57). C. 22-32.

29. Godoy L.A., Lopez-Bobonis S. On the collapse of a reinforced concrete digester tank // Oxford: Thin-
Walled Structures. 2001. Pp. 669-676 [doi:10.1016/B978-008043955-6/50074-4].

30. Calbureanu Popescu, Madilina Xenia. Aspects about the influence of the different factors in famous
collapse of roof concrete structures // Journal of Engineering Sciences and Innovation. 2017. Vol. 2, Iss.1. Pp. 121-136.

31. Krasic Sonja. Geometrijske Povr§i u Arhitekturi. Gradevinsko-arhitektonski fakultet Univerzitet u Nisu,
2012. 238 p. [ISBN 978-86-88601-02-3]

32. Mamieva |.A., Gbaguidi-Aisse G.L. Influence of the geometrical researches of rare type surfaces on
design of new and unique structures // Building and Reconstruction. 2019. Ne 5(85). Pp. 23-34 [d0i:10.33979/2073-
7416-2019-85-5-23-34].

33. KpuBomanko C.H. OO0o0i04KM W CTEpXKHEBBIE CTPYKTYpbl B (OpME aHAIMTUYECKH HE3a1aBaeMbIX
TIOBEpXHOCTE B coBpeMeHHOW apxutektype // CtpourensctBo u pekoHcTpykuus. 2020. Ne 3. C. 20-30
[doi:10.33979/2073-7416-2020-89-3-20-30].

34. Kotnik Toni, Schwartz Joseph. The architecture of Heinz Isler // Journal of the International Association
for Shell and Spatial Structures. 2011. Vol. 52. No 3. Pp. 185-190 [ISSN: 1028-365X].

35. Glaeser Georg, Gruber Franz. Developable surfaces in contemporary architecture // Journal of
Mathematics and the Arts. March 2007. Vol. 1. Iss. 1. Pp. 59-71.

36. Hyeng Christian A. Bock, Yamb E.B. Application of cyclic shells in architecture, machine design, and
bionics // International Journal of Modern Engineering Researches. 2012. Vol. 2. Iss. 3. Pp. 799-806.

37. Gil-oulbe Mathieu. Reserve of analytical surfaces for architecture and construction // Building and
Reconstruction. 2021. Ne 6 (98). Pp. 63-72 [d0i:10.33979/2073-7416-2021-98-6-63-72].

38. bonmapenko M.A. O6 yMECTHOCTH U YMEPEHHOCTH apXUTEKTYPHBIX HOBalui // Academia. Apxurekrypa
u crpourtenbeto. 2020. Ne 1. C. 13-18. [http://aac.raasn.ru/index.php/aac/article/view/185].

39. Mawmuesa U.A. AHanuTUuecKkrue TOBEPXHOCTH JUIsl JAETCKHUX IUIOMIAA0K // buocdepHas coBMECTHMOCTb:
4eNoBeK, peruox, Texnonorun.. 2021. Ne 1. C. 92-100 [doi:10.21869/2311-1518-2021-33-1-92-100].

40. Kpusomanko C.H., Anboposa JL.A., MamueBa M.A. OGonodedHbie CTPYKTYpPbI: T€HE3UC, MaTepHalbl U
noasuzbl. Yacte 1: [lonsuael u HanpasieHus// Academia. Apxurekrypa u crpoutensctBo. 2021. Ne 3. C. 125-134
[doi:10.22337/2077-9038-2021-3-125-134].

41. MamueBa W.A. AHamuTHyeckue IMOBEPXHOCTH IS MapaMeTPUYECKOH apXHUTEKTYphl B COBPEMEHHBIX
3MaHusAX W coopyxeHusix// Academia. Apxurekrypa U crtpomtenbctBo. 2020. Ne 1. C. 150-165
[http://aac.raasn.ru/index.php/aac/article/view/201].

42. Heidari A., Sahebzadeh S., Sadeghfar M., B. Erfanian Taghvaei. Parametric architecture in its second
phase of evolution. Journal of Building Performance. 2018. Vol. 9. Iss. 1. Pp. 13-20 [ISSN: 2180-2106;
http://spaj.ukm.my/jsb/index.php/jbp/index].

43. Pottmann H., Eigensatz M., Vaxman A., & Wallner J. Architectural Geometry. Computers & Graphics.
2015. 47. April. Pp. 145-164 [https://doi:.org/10.1016/j.cag.2014.11.002].

44, Shelden Dennis Robert. Digital surface representation and the constructability of Gehry’s architecture.
Thesis (Ph.D.). Massachusetts Institute of Technology, Dept. of Architecture, 2002. 340 p. [URI
http://hdl.handle.net/1721.1/16899].

45. AxynmoBa O.A., Kwuraeckmii E.B., Hazapyk K.P. OcobGeHHOCTH MOmenHpOBaHUS OMOHMYECKIX
reoMmeTpuueckux Gopm// IHHOBalIMOHHBIE TEXHOJIOTHH B MHKeHepHOU rpaduke: [Ipodnemsr u nepcrnektuBbl: CO. Tp.
Mexa. Hay4YHO-TIPAKTUYeCKOW KoH(epeHiun. HoBOCHOMPCKHI TOCYIapCTBEHHBIH apXUTEKTYPHO-CTPOUTEIBHBIN
yauBepcurer (Cubctpun); Bpecrckuii rocymapcrBennbiii Texunueckuit yamBepcurer. 2019, C. 7-12. [ISBN 978-5-
7795-0884-1].

46. Umorina Z. Application of bionic architecture methods as future-oriented approach of modern
architecture development in Russia // IOP Conf. Ser.: Mater. Sci. Eng. 2019. 687 055065. 6 p. [d0i:10.1088/1757-
899X/687/5/055065].

47. Pakowska Marta. Parametric, generative, evolutionary, organic and bionic architecture — A new look at an
old problem. Architecture et Artibus. 2014. Ne 1. Pp. 42-45.

48. Kyp6aros F0.1. Apxutekrypa B KOHTEeKCTe cpe/ibl // CTpOUTeNnsCTBO U apxutektypa Jlenunrpana. 1977.
Ne 4. C. 28-32.

49. Zvi Hecker. The cube and the dodecahedron in my polyhedric architecture. Leonardo. 1980. Vol. 13.
Pp.272-275.

Ned (102) 2022



https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2FB978-008043955-6%2F50074-4?_sg%5B0%5D=fPucEDRt8PsbtizuvpUOVDywq7aEdU3DaCoqjtmbmgrYD8bfqHFNVlmvwPMc3aECl2GwJ2dueFsr1JIpisV4p40DZw.8Snll9FN4dce-HdDtoB-rvDidlBfPH3AJjIQJdV24EeJjxE7aUF797rTThYt7WbDJDnswYXkTw-HXQEWTAo_rQ
https://doi.org/10.1016/j.cag.2014.11.002
https://elibrary.ru/item.asp?id=41352806
https://elibrary.ru/item.asp?id=41352806
https://elibrary.ru/item.asp?id=41352806
https://elibrary.ru/item.asp?id=41352806
https://elibrary.ru/item.asp?id=41352806

ApPXHTEKTYpa M I'PAIOCTPOUTETIHCTBO

50. KpuBomanko C.H. MHOrorpaHHMKM ¥ KBa3UMHOTOIDAaHHHKHA B apXUTEKTYpE TpaXIaHCKUX U
MPOMBIIUICHHBIX coopyxkenuii // CtpoutenbctBo U pekoHcTpykius. 2020. Ne 4 (90). C. 48-64 [d0i:10.33979/2073-
7416-2020-90-4-48-64].

51. Wong, Yunn Chii. The Geodesic Works of Richard Buckminster Fuller, 1948-1968 (The Universe as a
Home of Man), PhD thesis, Cambridge, Massachusetts: Massachusetts Institute of Technology, Department of
Architecture, 1999.

52. Bykov Oleksiy, Gubkina levgeniia. Soviet Modernism. Brutalism. Post-Modernism Buildings and
Structures in Ukraine 1955-1991. DOM Publishers. July 1, 2019. 250 p. [ISBN 978-3-86922-706-1].

53. Jleitkun K.A4. Dnementsl HoocepHOW apXUTEKTyphl // ApXxuTekTypa W cTpouTenbcTtBo Poccum. 2013.
Nel. C. 30-39.

54. Holgate Alan. Aesthetics of thin-walled structures. Thin-Walled Structures. 1990. 9, No 1-4. Pp. 437-457.

HNndopmanus 00 apTopax:

Kpusomanko Cepreii Hukonaesuu

OI'AOY BO «Poccuiickuii yHUBEpCUTET IApY:KObI Hapoa0B», Mocksa, Poccus,

JIOKTOp TEXHUYECKUX HayK, podeccop, mpodeccop-KoHCYIbTaHT MHKEHEpHOH akaileMHH.
E-mail: sn_krivoshapko@mail.ru

Kpucrnan A. bok Xbenr

CenbCKOXO03SIICTBEHHBIN M TEXHUUECKUH TocynapcTBeHHbli yHrBepcuter CeBeproii Kaponunsl, ['puncoopo,
Ceepnas Kaponuna, CILA,

JOKTOp (unocodun, T0UEHT Kadeapbl HCKYCCTBEHHON CPEBI.

E-mail: hyengbock@hotmail.com

Kuab-yaode Matbe

OI'AOY BO «Poccuiickuii yHuBepcuTeT Ipy0Obl HapoaoB», Mocksa, Poccus,

KaHIUaT TEXHUYECKUX HAYK, JOLEHT JenapTaMeHTa CTpOUTENbCTBA MIH)KEHEpHOH akaieMuH.
E-mail: gil-oulbem@hotmail.com

Information about authors:

Krivoshapko S.N.

Peoples' Friendship University of Russia, Moscow, Russia,
DSc, Professor, Professor-tutor at the Engineering Academy.
E-mail: sn_krivoshapko@mail.ru

Christian A. Bock Hyeng

North Carolina Agricultural and Technical State University, Greensboro, USA,
PhD, Associate Professor of the Department of Built Environment.

E-mail: hyengbock@hotmail.com

Mathieu Gil-oulbé

Peoples' Friendship University of Russia, Moscow, Russia,

Candidate of Technical Sciences, Associate Professor of the Department of Civil Engineering of Engineering Academy.
E-mail: gil-oulbem@hotmail.com

N 4 (102) 2022



mailto:sn_krivoshapko@mail.ru
mailto:hyengbock@hotmail.com
mailto:gil-oulbem@hotmail.com
mailto:sn_krivoshapko@mail.ru
mailto:hyengbock@hotmail.com
mailto:gil-oulbem@hotmail.com

CTPOUTEJIbHBIE MATEPUAJIbI U TEXHOJIOI A

VK 691.424.002 DOI: 10.33979/2073-7416-2022-102-4-132-138

B.3. AB/IPAXMMOB!

b0y BO Camapckuii rocyiapCTBEHHBIH SKOHOMUYECKHH yHUBepcuTeT, T. Camapa, Poccus

HOJYYEHUE KEPAMNYECKHUX CTEHOBBIX MATEPHUAJIOB HA
OCHOBE MOHTMOPWIJIOHUTOBOM I''TUHBI U1 «XXBOCTOB»
OBOI'AHIEHUA TIOJIMMETAVIMYECKHUX PY |

Annomayusn. Hccneoosanus nokazanu, ¥mo 6 eNUHAHblE MACCL € YUCIoM naacmuynocmu 12-15
He pexomeHOyemcs 6800umeb omowarowue mamepuanst 6onee 10-15%. Beedenue 6onee 15%
omowumenei 6 Kepamuyeckue MAccvl (WUXma) CHUdICAem NIACMUYHOCHb WUXMbL C NOCLeOYIOUJUM
YXyouleHuem hopMoBOUHbIX CEOUCME, a MeHee 15% — e yayuuiaem CyWuibHbiX C80UCME KUPRULA-ChIPYA
(nonygabpuxama). C yuemom NOAGUSUUIICS NPOONEMbL, CEA3AHHOU C YMEHbULCHUCM 2TIUHUCTIBIX
mamepuanog ¢ uyuciom niacmuuHocmu 6onee 12-15, Heobxooumo usyuume u  uccredosams
BO3MONCHOCIU 3AMEUJeHUS. MAKUX MPAOUYUOHHBIX 2IUHUCIIBIX MAMEPUATO8 HA MOHMMOPULIOHUMOBbLE
2nunbl.  MOHMMOPUIIOHUMOSbLE 2MUHbL, 000asNAeMble OaXNCe 6 MAIbIX KOAUUECMEAX, 3HAYUMENbHO
VAYHUAOm GopMosoUHble CEOUCMBA KEPAMUYECKUX MACC, 6 COocmage KOMOpuiX npeobiadaiom
HenIacmuunvle MUHEPALbHble KOMROHeHmbl. JIsl ROJYYeHUs. CMEHO8020 MAMepuald 6 Kawiecmee
SUHUCTOU  CEA3YIOWell UCHONL308ANIACh MOHMMOPULIOHUMOBAS. 2IUHA, 4 8 KAYeCmee OMOWUMes.
«xgocmuly  obocawenus — noaumemannuyeckux — pyo. Ilomyuumes — Kepamuuweckuil  Kupnuu  u3
MOHMMOPULIOHUMOBOU 2NUHbL Oe3 omowumenei npakmuyecku He03MONCHO, MAK Kak oHa obradaem
Haubobuell 6IA20eMKOCIbIO cpedu Opyeux 2nul. Beedenue 6 cocmaevl Kepamuieckux Mace Ha OCHOGE
MOHMMOPULIOHUMOBOU  2IUHbL  0002AUWeHU  NOTUMEMANIUYECKUX — pYyO  NO360Jem  ROJyYUmMb
Kepamuueckue cmenogvie mamepuansl mapox M125.

Kniouesvie cnosa: MOHMMOpUINOHUM, «XBOCMBLY (DAOMAYUU  NOTUMEMALIUYECKUX  PYO,
CMeHOo8ble MAmepualbl, OMouUmenu.

V.Z. ABDRAKHIMOV!
!Samara state University of Economics, Samara, Russia

PRODUCTION OF CERAMIC WALL MATERIALS BASED ON
MONTMORILLONITE CLAY AND "TAILINGS" OF POLYMETALLIC
ORES ENRICHMENT

Abstract. Studies have shown that it is not recommended to introduce thinning materials of more
than 10-15% into clay masses with a number of 12-15. The introduction of more than 15% of thinners
into ceramic masses (charge) reduces the plasticity of the charge with subsequent deterioration of
molding properties, and less than 15% does not improve the drying properties of raw bricks
(semi—finished products). Taking into account the emerging problem associated with the reduction of clay
materials with a plasticity number of more than 12-15, it is necessary to study and explore the
possibilities of replacing such traditional clay materials with montmorillonite clays. Montmorillonite
clays, added even in small quantities, significantly improve the molding properties of ceramic masses, in
which non-plastic mineral components predominate. To obtain the wall material, montmorillonite clay
was used as a clay binder, and "tails" of polymetallic ore enrichment were used as a thinner". To get a
ceramic brick from montmorillonite clay without thinners prak.

Keywords: montmorillonite, "tails" of polymetallic ore flotation, wall materials, thinners.
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