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ApPXUTEKTYpHO-CTpOUTENbHBIN (akyabTeT (¢ 2013 1. — HMHCTUTYT CTPOMTENBCTBA,
apXUTEKTYphl M HMCKycCTB) ObT OCHOBaH B jAekabpe 1942 roma B CBSI3M C HACTOSTENIBbHOMN
HEOOXOJMMOCTRIO B  KBATM(HUIHMPOBAHHBIX  KaJpax /I CTPOWTENbCTBA Tropojga |
MPOMBIIIICHHBIX MPEANPHUIATHN. 3a BpeMs €ro CymecTBOBaHUsI MarHuTOropck CTall MOJIUTOHOM
JUI. BHEIPEHUS HOBBIX TEXHOJOTHIi: 3/1ech Bo3Boamiauch nepssie B CCCP kpymHomaHenbHbIe

noma, ObUT BBEJEH B JIEWCTBHE KpymHeWmuid B EBpore i TOoro BpeMEHH 3aBOT



APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

KPYITHOIIAaHEJIBHOTO JIOMOCTPOEHHUS B COOTBETCTBHM C HOBBIMM 3allpOCaMU IPOM3BOACTBA Ha
cTpoiipake (Tak C MOMEHTa OCHOBAaHUS M IO ced AEeHb (HaKydbTeT HA3bIBAIOT TOPOXKAHE
Marunuroropcka).

@akynbTeT NpEeBpaTWICA B Ky3HHIy KaJpOB HH)KEHEPOB-CTpOUTENIEH s 00jJacTu U
JpYTHX PEruoHOB cTpaHbl. KoilekTuB mpenogasaTenedl y[els] MHOIO BPEMEHM M BHUMaHUS
HAYYHO-HCCIIEJIOBATENIbCKOM padoTe cTyaeHToB. HayuHo-uccnenoBarenabckas pabora CTyICHTOB
CTaHOBUTCSA 0053aTEIbHON 4YacThiO OOYYEHHUs U BCEX CTYIEHTOB, DJIEMEHTHI HMCCIEIOBAHUI
BKJIIOYAJIMCh B JIAOOPATOPHBIE PAOOTHI U KYpCcOBbIE MPOEKThl. CTyE€HThI aKTUBHO IIPUBJICKAINCH
K BBIIOJHEHUIO TOCOIOKETHBIX M XO3JI0TOBOPHBIX Hay4dHO-HMCCIenoBaTeabckux pador. Bee
BBIIIECKA3aHHOE —  HEMalbld  mokazarenb  3(PQEeKTUBHOH  paboThl  mpodeccopcko-
IIPENoAaBaTebCKOro cocTaBa (DaKkysJabTeTa, €ro BBICOKOI'O II€IarorM4eckoro M Hay4yHOTro
NOTEHLIANA.

Co aHs1 CBOEr0o OCHOBAHMS MHCTUTYT CTPOUTENBCTBA, apXUTEKTYphl U UcKyccTBa PI'BOY
BIIO «Maruuroropckuii rocygapcTBeHHbIM TexHuueckuil yHuepcurer um. [.J. Hocosa»
yZesieT NepBOCTEIEHHOE BHUMAaHUE KayecTBY 0Opa30BaHMsI, CO3/IaHUIO HaJIeKallel yueOHo-
METOIUYECKON 6a3sl, (OopMHPOBAHHUIO KBaJIM(HULIUPOBAHHOTO npogeccopcko-
IIPENOAABATEIBCKOIO COCTaBA. 32 CEMbBJECAT JIET CBOETO CYIIECTBOBAHUS MHCTUTYT MOATOTOBHII
6osee 10000 nH)KEHEPOB CTPOUTEIHHBIX CIIEIUATLHOCTEH.

Pa3BuTHe MHCTUTYTa BO MHOIOM CBSI3aHO C JI€ATEIbHOCTHIO JEKAaHOB, paOOTaBIIMX B
pasHoe Bpems. 70-1eTHss UcTOpus (akyiabTeTa — 3TO JIETONUCH MOJJEPKAHUS U Pa3BUTHA
JYYIIAX TpaJuLUNA CTPOUTENBHOIO KOMIUIEKCa MarHMTOropcka, TEXHMUYECKOIO Iporpecca,
MOBCEIHEBHOTO TpyJla M TBOPYECKHUX JOCTHIKEHUN HECKOJBKHUX TOKOJIEHUH TaJaHTIMBBIX
NEeAaroroB U y4eHbIXx. MHOrue BBITYCKHUKU (paKyJIbTeTa CErofHs PyKOBOJSAT CTPOUTEIbHBIMHU
YIPaBICHUSAMH M BHOCAT JOCTOWHBIM BKJIAJ B Pa3BUTHE U INPOLBETAHHE HANIEr0 TrOpoJa.
WHCcTUTYT naer CTyAeHTaM TakOW YPOBEHb YHUBEPCAJIbHBIX 3HAHUW W YMEHUH, KOTOPBIN
MTO3BOJISIET BIIUCATHCS UM B JIFOOYIO cepy AeATETLHOCTH.

B 2013 romy dakynpTeT mpomien peopraHu3aluio, MyTeM PUCOCIUHEHHUS IBYX
daxynbreroB: @MW/l u texHomorndyeckuil ¢axyiabrer Mal'y, u Temepp HOIy4us Ha3BaHUE
MHCTUTYTa CTPOUTEIBLCTBA, apXUTEKTYphl U uckyccTB (MCAul).

B Hacrosimee Bpemsi ydeOHbIl mpoliecc B HHCTUTYTE oOecreuuBaeTrcs JeBATHIO
kadenpamu, U BCce OHU SABJISAIOTCS BhIMycKaromuMu. Ha cerogusmHuii 1eHb y HaC peaqu3oBaHa
eBpoIeiickas JByXypOBHEBas CHCTEMa BBICHIETO OOpa30BaHHUs — Mbl TOTOBUM OakajlaBpOB U

MarucTpoB.
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Kaxnas xadenpa yHWKaabHa CBOCH HMCTOpPHEH, JIOJIBbMH, HAyYHBIMH pa3pabOTKaMHu U
OTKPBITUSIMHU.

Kagheopa npoexmuposanus 30anuii u cmpoumenvuvix KOHCmMpyKyuil 0Opa3zoBajach B
2013 r. B pe3ynpTaTe peopraHuszaluud U oObEAMHEHHUS IBYX Kadenp: kadeapbsl CTPOUTEIbHBIX
KOHCTPYKUUHN U Kadeapbl apXUTEKTYPHO-CTPOUTEIHLHOTO IPOEKTUPOBaHUA. B HacTosee BpeMs
Ha Kadeape Benercst paboTa Mo JBYM CEKIIHSIM.

Cekuusi  «IIpoexTnpoBanue 37aHuil» oOecleYMBAEeT TOATOTOBKY U BBIIYCKaeT
OakanaBpoB 1o HanpasieHuio: 270800 «CtpoutenbcTBo» mpodib «IIpoekTupoBaHue 31aHHIN
u npopmwib «['OpoJCcKOe CTPOUTENBCTBO M XO3siiicTBO». O6macte npodeccuoHaIbHON
JESTEeTbHOCTH 0aKallaBpOB MO JAaHHBIM MPO(UIISAM IMOATOTOBKM BKIIIOYAET B ceOs WH)KEHEPHBIC
U3bICKAaHUs, IPOEKTUPOBAHUE, BO3BEJCHHE, SKCILTYaTall1I0, OLIEHKY U PEKOHCTPYKLUIO 31aHUN U
COOPYKEHMI{; HHXEHepHOe obecrieyeHHe U O00OpYAOBaHHUE CTPOUTENBHBIX OOBEKTOB H
ropoJCKux Tepputopuit. O6bekTamMu MpohecCUOHATBHON AEITeTbHOCTH BBITYCKHUKA SBISIOTCS
IIPOMBIIIJIEHHBIE, TPAKJIAHCKUE 3JaHHsl, THAPOTEXHUUYECKUE U IIPUPOJIOOXPAHHBIE COOPYKEHUS;
CHCTEMBl TEIIOTa30CHA0KEHUS, BEHTWISLIUU, BOJOCHAOXKEHHS W BOJOOTBEACHUS; OOBEKTHI
HEJBM)XMMOCTH, 3€MENbHbIE YYaCTKH, TOPOJCKUE TeppuTopuu. PykoBomuT cexuued Uukora
C.A., IO1IeHT, KaHUAAT TEXHUYECKUX HaYK.

OcoOeHHOCTh TOJArOTOBKM Ha ceKuuu «CTpouTenbHbIE KOHCTPYKLMM» — TIiIyOOKas
TeOpeTHuYecKas MOJArOTOBKAa B 00JacTSIX KOHCTPYMPOBAaHUS M PacyeTOB CTPOUTENIbHBIX
KOHCTPYKLHUH, DKOHOMHUKHM CTPOUTENBCTBA, IO OLEHKE HAJECKHOCTH M JOJTOBEYHOCTH Kak
3IaHUM U COOPY>KEHHUI B IEJIOM, TaK U MX OTIEIbHBIX KOHCTPYKTHBHBIX 3JE€MEHTOB, BKJIOYast
OCHOBaHUS U (pyHIAMEHTHI; YIiyOJeHHast MOArOTOBKA B 00JACTH MCIOJB30BaHUS COBPEMEHHBIX
pacueTHbIX KOMILJIEKCOB, OpUEHTUPOBaHHBIX Ha mnpuMmeHeHue OBM, CAIIP. 3asenyrommuii
kadenpoit: Kpuman A.Jl., DOKTOp TeXHMUYECKMX HayK, Ipodeccop, BeaeT Halop B cOCTaBe
HanpasieHuss «CTpouTenbeTBO», Mpoduis «IIpoMBbIUIEHHOE U TPaXJaHCKOE CTPOUTEIHCTBOY.
[lon ero pykoBOJACTBOM OCYIIECTBIISIETCA pa3padOTKa M BCECTOPOHHHE HCCIEAOBAaHHS HOBOM
KOHCTPYKITUU TPYyOOOETOHHOM KOJIOHHBI C TIPEIBAPUTEITHLHO 00KATHIM SIIPOM.

Ha «kadenpe tpamuinuonHo yaemnsercs OoNbIIOe BHUMaHHME M300peTaTeNbCKOM
nesrenbHOCTH. MHHOBanmoHHbI npoekt Kpumana A.JL. momyumn rpaH-mpu 3a mobeny B
KOHKypce «Jlydimuii WHHOBAIlMOHHBIA MPOEKT M HaydyHO-TeXHUYeckas pa3paborka» Ha III
casioHe MHHOBauui Yensbunckoir obmactu B 2008 roxay, a B 2009-2011 rr. Obu1 mosiyueH u
yCHEemHOo OcBOEH ['paHT B pamkax PenepanbHOil 1eseBoil nporpammel «HaydyHbsle U Hay4HO-
MeJarornyeckue Kaapbl WHHOBaIMoHHOW Poccum Ha 2009-2013 r1r.» mo mpoOieme

«Y COBEpILIEHCTBOBaHNE KOHCTPYKIIMH TPYOOOETOHHBIX KOJIOHH BBICOTHBIX 3JaHUN U pa3paboTka
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METOJMKM pacueTa MX MpOYHOCTW». JlaHHBIE CpeacTBa MO3BOJWIM OOHOBUTH MaTepUaIbHO-
TEXHHUYECKYI0 0a3y B HMMCIOMIMXCS J1a00paTOpUsX, MPOBECTH IOBBIIMICHUE KBaTU(UKAINUN
MPEMOAaBaTEILCKOTO U aCIUPAHTCKOTO cocTaBa Kadeapsl B 00JIACTH HOBEHIIIErO MPOTrPAMMHOTO
obecrieueHus.

Kageopa cmpoumenvhvix mamepuanos u u3zdenuti BeAeT HaOOp OakamaBpoB IO
HanpaBieHuo «CTpoutenbeTBO»: mpodmin — «IIpOM3BOACTBO CTPOUTENBHBIX MaTEPHAJIOB,
U3JIeNHA U KOHCTPYKUUU» U «TEeXHOJOTHsS TYroriaBKMX HEMETAJUTMYECKUX W CHIIMKATHBIX
matepuaioB». Ha xkadenpe mMUpPOKO NpPaKTHKyeTCs IiefieBas IMOJArOTOBKA, YYUTHIBAIOIIAS
NOTPEOHOCTh KOHKPETHBIX MPEINPUSITUA U MHIUBUIYyaJbHblE MHTEPECHl CTYJIEHTOB, MOATOMY
JTUTUIOMHBIC TIPOSKTHI MOTYT BBINIOJHATBECS C HCCIEAOBATEIBCKOW YacThio, pa3pabOTKOU
nporpaMmm [IOBM g pacueToB TEXHHMYECKMX IIapaMETpPOB M KOHCTPYKLUH pazIu4yHOIO
000pyOBaHUS.

Hayuno-uccnenoBatenbckass pa0oTa BeleTCs B HANpaBiICHUH CO3/aHUS  HOBBIX
MaTepUaIoB U TEXHOJOTUH. AKTUBHOE y9acTHEe B HAyYHO-HCCIIEAO0BATEIbCKON padoTe kadempsl
OPUHUMAIOT CTyAeHTbl. Pesynbratel HUP wucnonb3yrorcs umMu B yuyeOHOM Ipoliecce IpH
BBIMIOJTHEHUH TUTUIOMHBIX U KYPCOBBIX MPOeKTOB U paboT. Komnexktuom xadeapst g0 2014 roga
PYKOBOJMJI JOKTOp TexHHM4Yeckux Hayk — ['apkaBu M.C., a ¢ 2014 — xaHaugaT TEXHUYECKUX
Hayk, Bopounn K.M.

Kageopa cmpoumenvnoco npouzeoocmea u asmomoOuibHbIX O00po2 OTINYACTCS
MIyOMHOM ¥ MacIITaOHOCTBIO HAYYHBIX HCCIEAOBaHMNA. OTO OOYCIOBIEHO BBICOKOMH
KBalM(UKalMel mMpenojaBaTeield, aKTUBHBIM yYacTHEM AaCHUpPAaHTOB B HAYYHBIX TOHCKaX.
O6mas Tematuka Kadeapbl — pecypcocOeperaromme TexHomoruu. Beaercs pabora mo
00CJICIOBAaHUIO TEXHUYECKOTO COOTBETCTBHSI 3JIaHUH W COOPY)KCHHH, OOCCIeueHUs
0e30macHOCTH HX OJKCcIUTyaTanuu. bomee 15 ner kadeapoil pyKOBOIUT IOLEHT, KaHIUAAT
TeXHUYeCcKux Hayk, noktop PhD. Ilepmskos M.b. Habop Ha OakajaBpuaT OCYIIECTBIISCTCS IO
HanpaBlieHUI0 «CTPOUTEIHLCTBOY, MPOPWIH TOATOTOBKH: «IIpOMBININIEHHOE W TPaXkIaHCKOE
CTPOUTEIIECTBO» U «ABTOMOOMIIBHBIC JJOPOTH H a3POIPOMBI».

[IpoekTupoBaHue U CTPOUTENHCTBO AOPOT — OJTHA U3 BAXKHEUIITUX COCTABIISIFOIINX HAIICH
KU3HU. bakamaBp mo JaHHOMY MpO(UI0 TOATOTOBKM CHOCOOCH pemaTh 3aadd 1o
MPOSKTHPOBAHHIO, CTPOUTEIIBCTBY, IKCILIyaTalldd M OOCTY)KUBAHUIO aBTOMOOWIIBHBIX JIOPOT;
pPacCUUTHIBATh TUHAMUYECKUE HArPY3KH OT TPAHCIIOPTA; WCCIEAOBATh BO3JICHCTBHE BHEITHHUX
(GhakTOpOB HA CTPYKTYPY MOKPBITHSI JOPOT; MPOESKTUPOBATH M KOHCTPYUPOBATH MOCTHI, TOHHEIH,
ACTaKa/Ibl, TPAHCTIOPTHBIC PA3BSA3KHU; YUYUTHIBATH COIMAIBHYIO M KOHOMHUYECKYIO 3HAYUMOCTH

MPOEKTUPYEMBbIX OOBEKTOB, 0€30MacHOCTh B AKCIUTyaTallMH, SKOJIOIMYECKOe BO3/AEWCTBHE Ha
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MPUPOAY W 4YeNIOBEKAa. BBIMYCKHUKM MJAaHHOTO Mpoduiis MOATOTOBKM MOTYT paboTaTh B
OpraHu3alMsIX, CBS3aHHBIX C YIPABICHUEM JOPOKHBIM XO3SIIICTBOM TOpPOJIOB M PECIYOJIHK,
MPOEKTHBIX WHCTUTYTaX JOPOKHOTO CTPOUTENHCTBA, B CTPOHUTEIBHBIX (UPMAX, BEAYIIHUX
CTPOUTENHCTBO U PEKOHCTPYKIIMIO aBTOMOOMIILHBIX JOPOT.

OcHOBHOE HampaBlieHUE [EATEIBHOCTH Kagedpvl apxumexkmypsl: 00pa3oBaTelIbHAs,
NPOEKTHAsE M HAY4YHO-HCCIIEOBATENIbCKAs JIEATEIBHOCTh B 00JACTH apXUTEKTYphl M AM3aifHa
apXUTeKTypHOUW  cpenbl. Kadenapa  akTUBHO  3aHUMAETCSl  HCTOpPUEH  apXUTEKTYPBI
r.Maruutoropcka u FOxunoro VYpana; (popmMupoBaHHMEM U CTaHOBJICHHEM TEOPETUYECKUX U
METOJIOJIOTUYECKUX MPUHIMIIOB MarHuTOropckoi apxuTeKTypHON MmKodbl. CTHib padoThI
MperoiaBaTeNieil OTIMYAeTCs BHICOKAM YPOBHEM MOJTOTOBKH CIICIHAIMCTOB W OakalaBpoB,
OOIIECTBEHHON aKTUBHOCTBIO CTYJCHTOB W TECHBIMH CBS3SIMH C DPabOTONATENsIMH U
BBIITYCKHUKaMH. Bce BBIMYCKHUKU HAXOIST MPUMEHEHUE CBOMM 3HAHUSM MO CHENHATbHOCTH
Wi Onu3kuM npodeccusiM: JaHAmadTHAs apXUTEKTypa, IU3aiiH, KOMIIbIOTepHas rpaduka,
aaumarronHoe TBopuectBo. C 2009 r. 3aBemyromuii kadenpoir Yipuuikuii O.A., KaHIUAAT
apXUTEKTYpBhl, JOLEHT, FOTOBUT OakanaBpoB mo HampasieHusM: 270100.62 «Apxurexkrypay,
npoduns moAroToBKH «Apxurekrypay; 270300.62 «/luzaiilH apXUTEKTYpHOH Cpelb».
[ToaroroBka OynymIUX CHEIHATMCTOB BEAETCS aKTUBHO YK€ Ha JOBY30BCKOM JTare. YCHEIIHO
paboTaloT MOATOTOBUTEIbHBIE KYPCHI.

Kageopa ynpasnenus neosusxcumocmoio u unsiceHeprvix cucmem oopazonaiachk B 2013 r.
B pe3ylbTaTe peopraHu3alud U o0beAMHEeHUs NOBYX Kadenp: xadeapbl TErorazocHa0XeHUs,
BEHTWISIIINK, BOJOCHAOXKEHHS M BOJOOTBEACHHUS M KadeApbl OSKCIEPTHU3bl W YIpPaBIEHUS
HEJBM)KMMOCTBIO. B Hactosiiee Bpemst Ha kadeape Beaérca padota no aByM cekuusM. Co nHs
OCHOBaHUs Kadeapy BO3IJIABIsSET KaHAUAT TEXHUUECKUX HayK, o1eHT, KoOenbkoB I'.B.

Kadenpa Bemer nHabop OakamaBpoB Mo HampaBlieHUI0 «CTPOUTETBCTBO», MpOQHIH
«JKcnepTU3a W YOpaBlIeHWE HEABMKUMOCTBIO», «TemnorasocHaOkeHne W BEHTUIISIIHSY,
«BonocHabxeHne v BOJIOOTBEICHUEY.

OO6yuasacp mo mpodmiro «IKCHepTr3a MU YIpaBICHUE HEIBIKUMOCTBIO», CTYIEHTHI
MOJIy4aloT 3HAHUS M TPUOOPETAIOT TMPAKTHYECKHE HAaBBIKM pPa3pabOTKH OW3HEC-TUTAHOB
WHBECTUIIMOHHBIX MPOEKTOB, pa3pabOTKU CMETHOW IOKYMEHTAIMH, OMpPEIENIeHUs CTOUMOCTH
CTPOMTENbCTBA 3JaHUM U COOPYKEHUH C HCIOIb30BAaHUEM COBPEMEHHBIX MPUKIIAIHBIX
MIPOrpaMM, YIpPaBJIE€HUS U OLEHKH O0BEKTOB HEABMKUMOCTH, YIPABIEHYECKOTO U (PUHAHCOBOTO
aHaIM3a JeSTeIbHOCTH MPEIIPUITHS.

OCHOBHBIM HAy4YHBIM HAIPABJICHUEM CEKIUHU TEIUIOra30CHA0KCHUS, BEHTUIISINH,

BO,I[OCH36}KGHI/I$I U BOAOOTBECACHHUA ABJIACTCA COBCPIICHCTBOBAHHUEC CHCTEM obecneueHus
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MUKPOKJIMMATa I'paXk1aHCKUX U IPOMBIIUIEHHBIX 00beKTOB. MccreoBanus mpoxoasT B 00J1acTH
NEPCIEKTUBHBIX  TEXHOJNOTMM  CO3JaHMS  MHUKPOKIMMATA 3JaHMM, HAPYXKHBIX CETEH,
SHEProcOEPEKEeHUS.

Crneuunanuctsl o npopuisam «TermnorasocHadkeHne U BeHTHWIALUS», «BogocHabxenue
U BOJOOTBEACHHE» MOTYT padOTaTh B TOIUIMBHO-DHEPre€TUYECKOM, B TOM 4YHCII€ B CHCTEMax
BOJIOCHA0KEHUS U BOJIOOTBEICHMS, KUIUIIHO-KOMMYHAIBHOM U CTPOUTEIHHOM KOMILIEKCAX.
[TomyuatoT GpyHIaAMEHTANBHBIC 3HAHUS 110 TPOMUIHHBIM TUCIUILIMHAM U KpaliHe BOCTPEOOBAHBI
(21 Bek — Bek BoAbl). [IpoxoasaT MOATOTOBKY U MPAKTUKY, KaK B CTEHAX YHUBEPCUTETA, TaK U Ha
NpOQUIBHBIX TPEANPUITUAX, MOTYT paboTaTh MO HaMpaBlIEHUSM (IIPOEKTUPOBAHHE, MOHTAK,
SKCIUTyaTaIusl, a/AIMUHUCTPUPOBAHUE U T.11.).

Kagheopa axademuueckoeo pucynka u sxcusonucu BO3HUKIA B MPOIECCE PEOPraHU3ALUH
u o0beauHeHus IBYyX Kadenp: pucyHka u xusomucu, B 2013 r. 3aBenyromeil kadeapoii Obuia
n30paHa KaHIUJaT MeJarornyeckux Hayk, noneHT Psounosa C.B.

B ocHOBY nesiTenpHOCTH KadeApbl TMOJIOXKEHBI WU, NMPUHIHUIBI U METOABl PYCCKOM
PEATHCTUYICCKON IIKOJIBI PUCYHKA W KUBOMHICH, OOTaTeHIINe TPAaTUIIUN HAPOIHOTO TBOPUECTBA.
Ha ceronusmnuii nenp kadenpa ob61agaeT OrpOMHBIM HAYYHBIM M TBOPUYECKHM IMOTEHIIHATIOM.

Ha xadenpe paboraror Beaymue rpaduku, >KMBOMUCIBI, HCKYCCTBOBEIbl M METOJIUCTHI
ropoaa, uieHbl Coro3a XymoXKHUKOB Poccuu, KaHIUIAThl TEAarorudyeckux u (priocopckux
HayK, BBICOKOKBAJIU(DUIIMPOBAHHBIC CIEIUATUCTBI, YUCHBIE U TBOPUYECKH YBIICUCHHBIC IIOJIH.
Pabora xadenpsl 4€TkOo oOpraHu3oBaHa, CTpyKTypupoBaHa. Kadenpa BemeT IUCIUIUIMHBI
XyJI0’KECTBEHHOT'0, UCKYCCTBOBETYECKOIO U METOAMYECKOT0 HAIPaBJICHUH MO CIEUUATBbHOCTM
«Ilemarornueckoe oOpa3oBaHue», «XyI0KECTBEHHOE oOpa3zoBaHue», «M3o0pa3urenbHoe
UCKYCCTBOY, «/lu3aitny», «/lekopaTUBHO-TIPUKIIATHOE HCKYCCTBO», «JleKOpaTHBHO-TIPUKIIAIHOE
HCKYCCTBO W HapoJHbIe MPOMBICIEIY, «McKkyccTBO MHTEephepa» (OakamaBpHar, CHEIUANTHUTET,
MarucTparypa).

Kadenpa Bemyckaer Oyaymux IMenaroroB-XyJ0KHHKOB B 00JIaCTH M300pa3uTEIHLHOTO
HCKYCCTBA: CHENUaIuCTOB To mpodmio «M300pa3uTenbHOE HCKYCCTBO», OaKallaBpOB 10
HarmpaBJICHUAM «XyJI0XKECTBEeHHOE 00pazoBaHuey (mpoduib «M300pa3uTelIbHOE UCKYCCTBO») U
«[lemparoruueckoe obpazoBanue» (mpoduib «300pa3uTelbHOE UCKYCCTBO U JIOTIOJIHUTEIBLHOES
o0pazoBaHue»).

Kageopa ouzaiina, Bo3rmaBisiemass KaHIWIATOM TEIarorMUeCKUX HAyK, IOIICHTOM,
yienoM Coro3a J[uzaiinepoB Poccun ['puropneBbiM A.J]. peanuszyeT MHOTOYPOBHEBYIO CUCTEMY

MOATOTOBKU crenuanucToB. Tak, mapamienbHo co cnenuanuteTom ¢ 2008 r. peanusyercs
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mporpamMma MoJArOTOBKU OakajnaBpoB Au3aiiHa, a B 2011 1. mosydeHa JUIEH3Us HA MOATOTOBKY
MarucTpoB JIu3aiHa.

B 2011 r. B cnpaBouHuke «JIyumue oOpazoBaTelnbHbIE MPOrpaMMbl MHHOBAILIMOHHOW
Poccuny», B kotopsiit Bonwio 2 130 o6pa3oBarenbHbIX MporpaMm (MeHee 7% OT Bcex Mporpamm,
peanm3yeMbix B Poccum), MOMYyYMBIIMX I[IMPOKOE MPU3HAHUE  AaKaJEMUYECKOTo U
npodeccHoHATLHOTO CO00IIecTB, mporpamma «J{u3aitH» MarHuTOropcKoro yHHUBEPCHTETA
BOIILIA B YMCJIO TOOSIUTENEH, i JOCTONHO MPENICTaBIISIET POCCUICKOE 00Opa3oBaHuUE.

Kadenpa umeer xopoinyro MaTepuaibHO-TEXHHUYECKYIO 0azy. DTO MyJIbTHUMEIUITHBIC
ayTUTOPUH, CHEIHAIM3UPOBAHHBIE MAaCTEpCKHe, JBa KOMIIBIOTEPHBIX Kiacca. CTyleHTh
MPOXOJAT MPAKTUKY B (UPMax M KOMIAHUAX Hamero ropoaa. OcBauBarOTCSI M HOBBIE
aKTyaJbHbIE BHUJBI JAEATENBHOCTH, HampuMmep, UAET paboTa MO CO3AAHUIO AHWMAIMOHHOMN
CTYIMH, IPUYEM OTIBIT CO3/IaHUS POJIMKOB HAKOILIEH YK€ HeMaJlbIi.

Kageopa pexnamvl u 6usyanvHvix KoMMyHuKayuti BO3TJIaBIseMass KaHIUIATOM
nejarornyeckux Hayk, pouneHtoM Hopernp AWM. oOpa3oBanach B pe3yibTaTe peopraHu3aliy U
CIMsSHUS JBYX Kadenp: OOMIETeXHWYECKHX AUCHUIUIMH M PEKIaMbl U XYH0XKECTBEHHOTO
MIPOEKTUPOBAHHSI.

KonnexktuB kadenpsl paboTaer HaJg HAaydyHOM TEMAaTHKOW, OTPAaHUYEHHON HE TOJIBKO
IJIOCKOCTBIO PEKJIAMHBIX TEXHOJOTHMH M MPOEKTUPOBAHUS, HO U HMMEET HalpaBJI€HHOCTb Ha
COBEpIICHCTBOBAHUE METOJOB BHU3YaJbHBIX KOMMYHUKALIUHA, TPEXMEPHOTO MOJEINPOBAHUS
00BEKTOB CpeJibl, a TaK e COBEPIIEHCTBOBAHUS METOJMK OOyUEHMs C MCIOJIb30BaHMEM HOBBIX
MH(OPMALIMOHHBIX TEXHOJIOTHI.

Ha «kadenpe Bemercs moAroToBka CHENMATUCTOB IO HampaBiieHUI0 «Pekimamay
(cnenmanu3zanms — «Xy/JI0KECTBEHHBIH TU3aiiH B peKiame») M 0akajJaBpOB IO HAIPABICHHIO
«Peknama u cBsi3u ¢ 00LIECTBEHHOCTHIO» (Mpoduiib: «Pekama u CBsi3u ¢ OOLIECTBEHHOCTHIO B
KOMMepuecKkoil  nestenbHOCTHY). [locme  okoHuUaHHMs — 00pa3oBATENbHOTO  YUPEKIACHUS
BBIITYCKHMKAaM MPUCBAaNBAETCS CTETIEHb OaKanaBpa PeKJIaMbl U CBsI3€i ¢ 00IIECTBEHHOCTHIO.

CymiecTBytomass Ha CETOAHSIIHHN JE€Hb Kageopa XyooxcecmeeHHo20 00pabomku
mamepuanog oOpa3oBaiach MpH CIUSIHUM Kadeap XyHA0KECTBEHHOIO MeTajla M KepPaMHUKH,
JEKOPaTUBHO TNPUKIATHBIX TEXHOJIOTMH, TEOPUH U  METOJUKH HpOQecCHOHATBHOIO
oOpazoBanmus. 3aBenyromuM Kadeapoi ObLT H30paH JOKTOP MeJarorudeckux Hayk, mpodeccop,
wiedH Coroza JluzaitnepoB Poccum CoxonoB M.B. Kadenpa ocymecTBiasieT MNOATOTOBKY
CHEIHUAJUCTOB MO CHEUUATBHOCTAM «TEeXHOJOTHS W MpeanpUHUMATENbCTBO» U «TexHonorus
XY0)KECTBEHHON 00pabOTKM MaTepHajaoB» M OakanaBpoB Mo HampasieHusM «llemarormueckoe

oOpazoBanme» U «TexXHOJOTHS XYHOXKECTBEHHOM 00paboTku MartepuaynoB». lIpemomaBarenu
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KadeIpsl eXKEeroIHO MPUHUMAIOT yYacTHe B KOHKYpcaX, Hay4YHO-PaKTUYECKUX KOH(EPEHIUIX U
BBICTaBKaX BCEPOCCUNMCKOIO U MEXTYHAPOIHOTO YPOBHSI.

Taxxke ocymiecTBiIs€TCS MOArOTOBKA MAarucTpoB IO HampaBieHUsM «CTPOUTEIBCTBO
(mpoduu: «Teopus M MpakTUKa OPraHU3ALMOHHO-TEXHOJIOTHYECKUX perieHuit» u «Teopus u
MIPOCKTUPOBAHUE 3JaHMK W CoopyxeHui») u «/uzaitn» (npodmis — «HTEphEp U
000pyI0BaHUEY).

B uHcTUTyTE WMMeeTcs acmMpaHTypa IO JBYM HAy4HbIM  CHELMAIBHOCTSAM:
«CTpouTenbHble KOHCTPYKLIUU. 3IaHUS U COOPYKEHUsD», «CTPOUTEIbHBIE MaTepUaIbI».

Hctopust mo0oro o0I1ecTBEHHOr0 OpraHu3Ma, B TOM YMCJIE U HAlllero MHCTUTYTa, 3TO
UCTOpUS, MPEXKAE BCEro, HEyCTAaHHOIO TPyHa, JIIOAEH, UX TajaHTa, OTPOMHOIO TEPIEHUS U
YeJI0BEKOII00Ns, KOT1a, HapsAy ¢ MpoueccoM (popMUPOBaHUS CHEIMATNCTOB PEHIAIOTCS 3a/1a4n
BOCIUTATEIBLHOTO XapakTepa. JTO SBJISETCS BAXHOW HEOThEMJIEMOW YacThIO pelIeHus: 0OIIero
KOMIUIEKCa 3ajad, MOCTABJICHHBIX Mepe] YHHUBEPCUTETOM — PACTHTh JAPY>KECTBEHHBIC Halleil
cTpaHe TpOQeCcCHOHATBHBIE Kaapbl, CIIOCOOHBIE JOCTOWHO TPEACTABIATH HAC Ha
MEX1yHapOaAHOM apeHe. MHCTUTYT CTpOUTENbCTBA, apXUTEKTYPhl U UCKYCCTBA — 3TO JPYXKHBIN
KOJUIEKTUB E€JMHOMBIIIJICHHUKOB, BO3IUIaBisieT KoTopbiii IlepmsikoB Muxaun bopucosuy,
KaHJIUJAT TEXHUYECKUX HayK, AOLEHT, TokTop Ph.D.

Teicsun  BeimyckHUkOB MCAuM (AC®) paborailoT B CTPOUTENBHOW OTpaciv, B
KWINITHO-KOMMYHAJIBHOM M IOPOKHOM KoMmIuiekcax. CTpOUTENbHbIE, PEMOHTHO-CTPOUTEIbHBIE
U CTPOMTEIBHO-IOPOKHBIE (UPMBI 00JaCTM M pEruoHa BO3IJIABISAIOTCH, B OCHOBHOM,
BBIITYCKHUKaMH CTPOUTENBHOTO (haKylbTeTa, MHOTHE U3 KOTOPBIX SBISIOTCS 3aCTyKEHHBIMHU H
NoYeTHbIMU cTpouTensiMu Poccun. Hemano BbIMyCKHUKOB (akyabTeTa UMEIOT YUEHbIE CTEIIEHU
KaHIUAATOB U JIOKTOPOB HayK. B ycClOBHMSIX HIMPOKOTrO BHEAPEHUS HOBBIX TEXHOJOTHH B
nocjeHee BpeMst 3HaYUTEIbHO BO3PACTAET POJIb TEXHUYECKOT'0 00pa30BaHMUs.

ViMeHHO Ha HAIIMX MJIeYax JEPIKUTCS TSKECTh 00ECIECUCHUs JKUTENIEH TOpoAa YIOTHBIMU
JIOMaMH, TETCKUMU CaJlaMHM, IIIKOJIaMU, Mara3uHamMH, TOProBeIMU LIeHTpamMu U T.11. Komy, kak HU
HaM yKpacuTh MAarauToropck HOBBIMU TaMSATHHUKAMH apXHTEKTYpbl, KPACHBBIMH TapKamH,

JOMaMH OTI(LIXE[!
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M.B. TIEPMAKOB, ooyenm, kano. mexu. nayk, doxkmop PhD, oupexmop uncmumyma
cmpoumenvscmaa, apxumekmypul u uckycemsea @I'BOY BIIO «Maznumozopckuil
Tocyoapcmeennbiil mexHuyecKuti yuusepcumem
um. I'U. Hocosay, 3asedyrowuil kaghedpoti cmpoumenbHo20 npou3e00cmed u
asmomobunvHuix 0opoe,; A.B. BECEJIOB, xano. mexh. Hayk, 0oyeHm Kagedpsl
CIPOUMENbHO20 NPOU3BOOCIEA U ABMOMOOUTbHLIX 0opoe, DB OY
«Maznumozopcxuti 20cy0apcmeentbili mexHuuecKull yHueepcumemn
um. I'U. Hocoear; A.A. TOKAPEB, nayunutii compyoHux xageopvl cmpoumenbHo20o
npouzsoocmea u agmomoourvivix oopoe, ®I'HOY BIIO «Maenumozopckuii
Tocyoapcmeennwitli mexnuyeckuti ynusepcumem um. 1. . Hocosay;

A.M. IIEPMAKOBA, nayunvtii compyoHux xagheopvl cmpoumenbHo2o Rpou3eo0cmed
u asmomodbunvhvix 0opoe, @I'BOY BIIO «Maznumozopckuii Iocyoapcmeenubiii
mexnuueckuti ynusepcumem um. 1’ M. Hocosay

NCCJIEJOBAHUE TEXHOJOI'NH ITOI'PYXKEHUS 3ABUBHBIX CBAM
PA3/IMYHbBIX KOHCTPYKIIMHU

AHHoTamusa: B maHHOW cTaThe NPUBOAWTCSA OMHUCAHHWE ITA0OPATOPHOTO HKCIEPHUMEHTa IO
OIpeIeNICHUIO TEXHOJOTHUYECKHUX MapaMeTpOB MOTPYKEeHUs Mo/ieNiel cBall pa3Tu4HOro KOHCTPYKTHBHOTO
UCTIOJIHEHUA. OKCHEPUMEHTAIbHO Oblla 000CHOBaHAa HEOOXOOMMOCTh HCIIOIB30BAHUS TJIMHUCTOM
KOMITO3ULIMY [UIS 3allOJIHEHHS JUANPYIOIINX CKBa)KMH B I'PYHTE NepeA YAApHBIM IOTPYKEHHEM B HHUX
cBail.

KiroueBbie ciaoBa: cOOpHO-MOHOJNHTHAsI CBasi, cBaliHble (YHAAMEHTHI, [EMEHTHO-TIIMHUCTAS
KOMITO3HUIIMSA, TIOTPYKEHUE CBail 3a0UBKOM.
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THE RESEARCH OF TECHNOLOGY OF IMMERSION DRIVEN PILES
OF DIFFERENT TIPES

Abstract: This article describes a laboratory experiment which was held to determine the
technological parameters of the immersion of piles’ models with various constructive decisions. There
was experimentally justified the necessity of using clayey composition for the filling of the leading wells
in the ground before to the piles’ immersion into them.
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APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

JICHTOYHBIMM (YHIaMEHTaMH{, BCE Yalle MCIOJb3YIOTCS B INPOMBIIUIEHHOM U TI'PaKJaHCKOM
crpoutenbcTBe. [Ipy 3TOM B TPaKkTUKE COBPEMEHHOTO CTPOUTENBLCTBA Hamboyiee YacTo
BBITIOJIHSIOTCS] CBalfHbIE (DYHIAMEHTHI C UCIIOIH30BAHUEM MPU3MATHYECKUX 3a0MBHBIX COOPHBIX
XKeJne300eTOHHBIX CBaif 3aBojicKoro n3rotosieHus [1]. Ha 3aBogax )KBU Ttakue cBau MoryTt OBITh
U3TOTOBJIEHBl JUIMHOW OT 3-X 10 24 M, HO OOBIYHO IpPU CTPOMUTENHCTBE (PYHIaMEHTOB
WCIIONIB3YIOTCS CBau JJIMHOU 6-12 M.

Amnanu3 TpeOOBaHUH, IPEIBIBIEMBIX K CBasIM Ha dTare U3rOTOBJICHUS (DyHIaMEHTOB U B
Iopolecce MX OKCIUTyaTallud, I[OKa3aJl, 4YTO CTPOUTENIIM HY)KHa CBas, OTBEYarollas
OZIHOBPEMEHHO CJIEAYIOIIHUM YCIOBUSAM:

- IPOCTOE KOHCTPYKTUBHOE PEIICHUE;

- He0OJIbIINE Pa3MEPbI U MAaCChl CBAHBIX AJIEMEHTOB;

- HECJIOJKHAs TEXHOJIOTUSI U3TOTOBJIEHUS B YCIOBUSAX 00bIUHBIX 3aB0os10B JKBU;

- HeOOJIBIION MPOLIEHT apMUPOBAHMS;

- MCII0JIb30BaHUE HEHAIIPSTAEMOI apMaryphl;

- y106CTBO MPOU3BOJICTBA MTOTPY30YHO-PA3TPY309HBIX M TPAHCIIOPTHBIX PadOT;

- HECJIO)KHAsi TEXHOJIOTUS HW3rOTOBJIEHUS CBaHOrO (yHAaMEHTa C HCHOJIb30BAHUEM
CTaHJapTHOTO 000PYAOBaHMs, IPUMEHIEMOT0 Ul IPOU3BOJCTBA JAHHOTO BU1a PaboT;

- BBICOKasl HECYII[asi CIIOCOOHOCTb.

C yuerom »THX TpeOOBaHMH ObUIO pa3pabOTaHO HOBOE KOHCTPYKTMBHOE pELIEHUE
cOOpHO-MOHOJINTHOM COCTAaBHOM cBaM [2] mpeacTaBieHHOe Ha puc. 1, Ha KOTOpoe ObLT MOoTy4YeH
nareHT Poccuiickoit @enepanuu Ne 2499100. KoHCTpyKTHBHOE pellIeHHE MpeAsiaraéMoi CBau

BKJIIOYAET LIEHTPAJIbHbBII MOHOJUTHBIN KeJI€300€TOHHBIN CTEPKEHb, HA KOTOPOM 3aKpETlIEHBI

I
4

Puc. 1. COopHO-MOHONUTHAS COCTAaBHAsS CBast: 1 — FOJIOBHOM 2JIEMEHT; 2 — IPOMEKYTOUHBIE JJIEMEHTHI; 3 — THIUPYIOMU

3NIEMEHT; 4 — «CTakaH» U1 yCTAaHOBKHU KOJIOHHBI;, 5 — IIEHTPaIbHBI MOHOIUTHBIHN JKeNe300€TOHHBIN HMINHIPUIECKUN CTEPKEHb
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APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

KOHTaKTUPYIOIIHE MEXIy CcO00H IUAMPYIOMUKA, TPOMEKYTOYHBIE M TOJOBHOW COOpHBIC
KEJIe300€TOHHBIE AIEMEHTHI.

B naGoparopHbIX yCIOBUSX OBLI MPOBEACH CPABHUTEIBHBIA AKCIIEPUMEHT 10 yIapHOMY
MOTPY)KEHUIO MOJIENIe mpejiaraeMor cOOPHO-MOHOJIUTHONH COCTAaBHOM M COOpPHOM IIEbHOM
CBau, UMEIOIINX aHAJOTHYHBIC BECOBBIC MOKa3aTeiau. Mojenb cOOPHO-MOHOIUTHON COCTaBHOM
cBau (puc. 2) cocrosna U3 YETHIpEX 3JIEMEHTOB (JIMIUPYIOLIETO, 2-X IMPOMEXYTOUHBIX U
TOJIOBHOT'0), U3TOTOBJIEHHBIX U3 TEKCTONNTA. KaXK/Iblil U3 3THUX 3JIEMEHTOB, KPOME JINUPYIOLLIETO,
OBLI M3rOTOBJIEH B BHJIE YCEYECHHOIO KOHYCa C JIByMsI LIMJIUHAPAMU, MPUKPEIUICHHBIMH K €ro
OCHOBaHUAM. JlpameTpbl IWIMHIPUYECKUX 4YacTel M OCHOBaHUN KOHYCOOOpa3HbIX dacTei
KaX/0ro »JIEMEHTa IOCJEeI0BaTeIbHO BO3pAaCTalM [0 HANpaBICHUIO OT JIMIUPYIOUIETo K
TOJIOBHOMY 9JIeMeHTy cBau. Comnpukacarommecs Mexay co00l UWIMHIPUYECKHE YacTU
COCEJIHUX DJIEMEHTOB HMMENH OJMHAKOBBIC TUAMETPbl. JIMIUpyromMii CBaliHbIN 3EMEHT HMel
3a0CTPEHHOE MEHbIlIeE OCHOBaHHE KOHYcOOOpa3HOW wyacTh, a OoJblliee €€ OCHOBaHUE
NEPEeXOIUI0 B IIMWIMHAPUYECKYI0 4acTh. Kpome Toro, Bce cBailHbIE 3JIEMEHTHl HUMEIU
MPOJIOJBHBIA OCEBOM KaHaj, MPEAHA3HAYCHHBIM JJIsI YCTPOMCTBA LIEHTPAJIbHOIO MOHOJUTHOIO
JKEJIe300€TOHHOTO CTEPKHS, CKPEIUISAIONIEro OTAEIbHBIE COOpPHBIE AJIEMEHTHI B €IUHOE TEJ0
CBam.

Monens cOopHOM 1eNbHOU cBaW (pHC. 2), TaKkKe KaK U MOAEIb COOPHO-MOHOJUTHOMN
COCTaBHOW cBau, ObuIa M3roToBlIeHA U3 TekcTonuTta. Ilo gopme cOopHas nenbHast cBas Oblia

BBITIOJIHCHA B BUJC NUJIIMHAPA € 3a0CTPECHHBIM HUKHUM KOHIIOM.

a) 284 6)

TonoBHOM
DJIEMEHT
720

%0

630
0 ——
656

17

/

IIpomexxyTOuHBIE
JJIEMEHTBI

JImpupyromuit
3JIEMEHT

Puc. 2. JJaboparopHble MOAENIN CPaBHUBAEMbIX CBaii:

a — cocraBHas COOPHO-MOHOJIMTHAS CBast B cOope; O — 1enbHast cOopHas cBast
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APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

B cooTBercTBUM C pa3paOOTaHHOW TEXHOJOTHEH H3TOTOBJICHHS COOPHO-MOHOJUTHOM
COCTAaBHOM CBaM, aBTOpamMu KoTopoll siBisitorcst Becenos A.B., [lepmsikoB M.b. u Tokapes A.A.
[2] morpyxeHue mopened cBail MPOM3BOAMIOCH B JHMAUPYIOLIUME CKBAaXXUHBI, BHIIOJHEHHBIE B
IPYHTE, 3alOJIHAIOLIEM MeTandeckuid kopoO. Ilpu stom mabGoparopHas Mozaenab CBalHOTO
KOIIpa YCTaHABIMBAJIACh U 3aKpeIUIsIach HENOCPEACTBEHHO Ha kopoOe. Ilorpyxenune moneneit
CBail OCYIIECTBIISUIOCh yAapaMU METaJUIMYECKOro Mmosora Maccod 8,0 KI, MaJarolero Ha
IIOTPYKAEMbII CBallHBIM AJIEMEHT WM LENbHYIO cBato ¢ BeICOTHl 0,3 M. I'pyHT, 3anonssromuit
KOpOoO, MpeacTaBisl cOOOM YBIQXKHEHHYIO W YIUIOTHEHHYIO JI0 €CTEeCTBEHHOH NpUpPOJHOMN
wiotHocTH IMHY ¢ 30% copep:kaHueM INMMHUCTBIX vacTtuil. Ilepen HawamoMm mpoBeneHus
MOTPYKEHUs 00erx Mopeseil cBail B IpyHTE BBINOJIHAJIACH JIMAUPYIOIIAs CKBaKMHA, JUAMETP
KoTopoit cocrasisn 0,8 AuameTpa MoAeId LETbHON COOpPHOU cBaW, a IIyOMHA ObLIa MEHBIIE
JUIMHBI IOTpyXaeMbIX Mozesnei cBail Ha 50 MM. J{71s1 KOHTPOJIs BEIMYMH OCAJKU CBail B IpoOLECCe
UX YIapHOIO IMOTPYKEHHsI, MOZAEIb CBafHOIO Kompa Oblia CHaOXeHa CeLUalbHOM LIKaJIoH ¢
neHol neneHus paBHo 1 mm. KoHTponb ocaaku cBall Ha Ha4aJbHOM 3Talle IMOTPYKEHHS
MIPOU3BOAMIICS MOCIIE KaXABIX 5 yIapoB MOJIOTa, Ha 3aBEpLIAIOLIEM 3Tane — nocie Kaxapix 10
ynapoB. OJHOBPEMEHHO OCYIIECTBISUICS MOJACYET OOLIero KoJIM4YecTBa YAApOB MOJIOTA,
HEOOXO0IMMOTO0 JUIsl [TOJHOTO MOTPYKEHHsI MoJiesielt cBail B rpyHTOBO€ ocHoBaHue. [lorpyxenue
LeIbHOM COOPHOW MOJIENM CBaW OCYHIECTBIISUIOCH 3@ CUET yAapOB MOJOTA IO METaUINYECKOMY
CBalfHOMY HaroJIOBHHKY, 3aKpeIlIieMOMY Ha €€ BepxHel TopieBoit yactu. [lorpyxenue cOopHO-
MOHOJIMTHOM COCTaBHOW CBaW IPOM3BOAMIIOCH IIYTEM IOCIEN0BATEIBHOIO IIOTPYKEHUS €€
JUIUPYIOIIEro, O0€MX IMPOMEXKYTOUHBIX M TOJOBHOTO JJIEMEHTOB, HACaXHBAEMBIX Ha
nepQopUpOBaHHBIA CTEP)KEHb, NMPEABAPUTENILHO YCTAHOBJIEHHBIH B CKBaXXMHE IO €€ OCH U
3arTyOsieHHBI B ee ocHoBaHue. [Ipum 3TOM ymapel MOOTa MEpeJaBaMCh MOrPYKaeMoOMY
CBAHOMY >JIEMEHTY 4epe3 CIelUalbHbIH METAJUIMYECKU TpyOuaThblii nmepeJaToYHbIil 3JEMEHT.
JlaGoparopHasi MoJieNIb KOITPOBOM YCTaHOBKH INpeJICTaBleHa Ha puc. 3.

HccnenoBanus TEXHOIOTUU MOTPYKEHUsI J1a0OpaTOPHBIX MoJesel cBail MPOBOAMINCH B
nBa »Tana. Ha mepBoMm 3Tamne HccieIoBaHUN MOTPYKEHUE MOJENEH CBail OCYIIECTBISLUIOCHh B
CKBaXUHBI, HE 3aIIOJIHEHHBIE IIEMEHTHO-IIIMHUCTOM KOMIIO3MLMEN. BBLIO yCTaHOBIIEHO, 4TO
OTCYTCTBHE B CKBa)KMHAX KOMITO3UIIMM HETaTUBHO CKAa3aJloCh Ha IMOTPYKEHUH O0eHX Mojeleit
cail. Ilorpyxenune nenpHOM COOpPHON cBaM yAalOCh OCYHIECTBUTH TOJBKO HAIOJIOBHUHY €€
JUIMHBI, TIOCKOJIBKY JUIsl TajbHEHIIEro MOrpyKeHUsl CBau HEPTHM yAapa MOJIOTa, MaJarollero ¢
BbICOTHI 30 cM, OKa3aj0Cch HEJOCTATOYHO. B TO e BpeMs, NOrpyKEHHUE OTJENbHBIX 2JIEMEHTOB
MOJIETT! COCTaBHOM COOPHO-MOHOJIMTHOM CBaW COIMPOBOX/IAJIOCH OCHIITAHUEM T'PYHTa CO CTECHOK

CKBaXUHBI. ITO MPUBOAMIO K 00Pa30BaHUIO IPYHTOBBIX IPOCIOEK MEXKAY MOTPYKaeMbIMHU
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Puc. 3. JTaboparopHas MOeNb KOIPOBOH yCTAHOBKH:
1 — MeTamTMYeCcKUi KOpoO ¢ TPYHTOM; 2 — INANPYIOIIMH CBAHBIHN 2JIeMeHT; 3 — ep(hOopUpOBaHHBIA CTEPIKEHb; 4 — IEMEHTHO-
TJIMHUCTAs KOMITO3HLHUS; 5 — IPOMEXYTOUHBIN CBAHBIN 3JIEMEHT; 6 — HAaPaBJIOIINE MOJIOTA C HAHECEHHOM Ha HUX IIKAJIONH;

7 — TepenaTOYHbIA IEMEHT; 8 — METAITHYECKHIA MOJIOT

CBaliHBIMU 3JIEMEHTAMM, YTO SIBJISIOCH HEJOMYCTUMBIM.

Ha BTOpoM stame uccrienoBanuii 00e Mojesiu CBall MOrPYKajJiCh B CKBaXXHUHBI, TOBEPXY
3aM0JIHEHHBIE [IEMEHTHO-IJIMHUCTON KoMIo3uuuen. Hanmnune B CKBaKMHE IIEMEHTHO-TIIMHUCTON
KOMITO3UIIUH, BBITIOTHSIOMICH POJIb CMa3Ku MEXKIY OOKOBBIMH MOBEPXHOCTSAMHU CBAl M CTEHKAMHU
CKBa)KUHBI, 00JIETYHIIN TIOTPY>KEHUE CBal U CAeNaIl BO3MOXHBIM 3a0UBKY /10 33JaHHON OTMETKHU
MOJIETTH TIEIBHOUM CBaW, JJIsi 4ero morpedoBasiock npousBectu 315 ymapoB mosora. Bmecte ¢
TE€M, 3arOJJHEHHWE CKBAaXHUH [IEMEHTHO-TJIMHUCTOW KOMITO3UIIMHM TIO3BOJIAJIIO TIPEIOTBPATUTH
OCBIITAHUE TPYHTA CO CTEHOK CKBAXUHBI B MPOLIECCE MOTPYKEHUSI OTAEIBbHBIX IEMEHTOB MOZEN
COCTaBHOW COOPHO-MOHOJMTHOM CBau U OOpa3oBaHHWE TPYHTOBBIX TMPOCIOCK MEXKIY
KOHTaKTUPYIOIUMH dJIEMEHTaMU. 3arojJHEHNE CKBOKHWHBI 1IEMEHTHO-TJIMHUCTOW KOMIIO3HUITUEH
MIPOU3BOAMIIOCH HETIOCPEJICTBEHHO Iepe]l MOTPYKEHUEM Ka)I0Tro 3JIEMEHTa MOJIEIN COCTaBHOM
cOOpPHO-MOHOJIMTHOM CBaM.

Jlis morpyKeHUsi BCEX OJIIEMEHTOB MOJENIU COCTaBHON COOPHO-MOHOIUTHOW CBau
noTpedoBajIoch MPOU3BECTH 276 ynapoB MOJIOTa, U3 KOTOPBIX HA MOTPYKEHHUE JHAHUPYIOLIETO
aneMeHTa nmoTpedoBanock 210 ymapoB, Ha MEpPBBIA MPOMEKYTOUHBIN TEMEHT — 35 ymapoB, Ha

BTOPOM MPOMEKYTOUHBINA 3EMEHT — 25 yIapoB M Ha TOJOBHOM 3JIEMEHT — 6 yIapoB MOJOTa.
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OTOT pe3ynbTar ObUl JOCTHUTHYT HECMOTpPSI Ha TO, YTO B OTVIMYME OT IEJIbHOM MOJeNu CBaw,
TUaMETp UUJIMHIPUYECKOTO CTBOJIA KOTOPOW coctaBisul 70 MM, JIHaMeTp 3JIEMEHTOB MOJAEIU
COCTAaBHOM CBaW HEMPEPHIBHO BO3pACTall, W Yy TOJIOBHOTO OJJIEMEHTA JHMAMETP BEpxXHEH
HWIAHAPUYECKON YacTH COCTaBIIsI 84 MM.

[lo pe3yapraram MpPOBEAEHHOIO HSKCHEPUMEHTA [0 HCCIEAOBAHMIO TEXHOJIOTMH
MOTPYKeHUS 3a0MBHBIX CBail pa3IMYHBIX KOHCTPYKIIUN MOXKHO CIENATh CICIYIOIINE BEIBOJIBI:

1. 3amonHeHWe NUAUPYIONIMX CKBAXKUH I[IEMEHTHO-IIMHUCTONM KOMIIO3UIMEH TMepen
yAApHBIM MOTPY>KEHUEM B HUX CBail oOecrneynBaio:

- BO3MOXXHOCTb YMEHBIIECHHS BEIWYMH YAApHBIX HMIIYJbCOB CBAallHOTO MOJIOTA U
COOTBETCTBEHHO, YMEHBIIICHUS HANIPSHDKCHHM COKAaTUsl B MaTEpHalIe MOrPYKaeMbIX CBai;

- BO3MOXXHOCTb YMEHBIIEHHUS KOJIMYECTBA YIApOB MOJIOTa, HEOOXOIUMBIX A
MOTPYKEHUS CBall 10 MPOEKTHBIX OTMETOK;

- BO3MOXKHOCTb IIPEIOTBPAILIEHHS OCBIIIAHUS TPYHTA CO CTEHOK JMAMPYIOLIUX CKBAXXUH B
IIPOLIECCE MOTPYKEHUS B HUX CBall Pa3IUYHbIX KOHCTPYKIUN.

2. Ilpumenenne cocTaBHOM COOPHO-MOHOJIMTHOW CBau, YCTPOMCTBO KOTOPOM
BBITIOJHSUIOCH Pa3eNibHBIM IOTPYKEHHEM €€ SJIEMEHTOB, obecrmeumsno cokpaiieHue Ha 14%
Tpyno3arpar Ha morpyxkeHue (276 yaapoB MOJIOTa) MO CPAaBHEHUIO C LEIbHOW COOpHOM cBaei

aHAJOTUYHOM NTMHBI 1 Beca (315 ymapoB MosoTa).
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CIRCULATION AREAS AS A LEARNING ENVIRONMENT IN
ARCHITECTURAL CONCEPTS OF SCHOOLS

Annotation: This paper examines the role and importance of circulation areas in new
architectural concepts of schools. Circulation areas are used not only for the transition from one to the
other spatial level and circulation in those levels, but also as a resting, teaching and learning area; i.e. as
areas that support and encourage establishing of different levels of social interaction among students in
the pedagogical process.

The integration of this concept of circulation areas contributes to a more transparent, multi-
functional, architectural plan of the school, as well as a high degree of utilization and connection of all
school areas in pedagogical process.

Key words: school, space, learning environment, corridor, stairs.

In addition to their primary purpose, which is functional and spatial connection of
different contents of elementary school, circulation areas are also observed from the aspect of the
formation and development of various activities of students in the context of modern pedagogical
implications.

In the process of designing schools, circulation areas should not be seen only as linear
access to different educational facilities, but also as spatial zones that may give a significant
contribution to the development and shaping of pedagogical and social activities. According to
Dudek circulation areas concept “is a critical dimension where good design can make a real
difference to spatial quality” (Dudek 2008, 20).

Circulation areas, whose function is not only to enable movement within the school
building, are the result of the objective needs of the modern pedagogical process. One need can
be pedagogical, and the other social in its nature.

Contemporary pedagogical strategies form a complex of factors that determine the course
of this learning process. The range of pedagogical factors in the function of the concept of the
modern school is based on the essentially active position of students, the application of different
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pedagogical methods, work resources and sources of knowledge, through various social forms of
work and the size of the groups of students.

The new learning environments should allow permeation of different social processes and
forms of activities (group, team, partnership, individual and individualized). The above activities
may, as pointed out by psychologist N. Havelka, “take place in a few lines, multiple workplaces,
and the outcomes are integrated into a single individual or joint group production” (Havelka
1998, 123) - for example, individual or group reports, specific results, additional interpretations,
supplementing the reports, concluding discussions etc.

As pedagogue B. Vlahovi¢ pointed out: “... some of the boldest predictions suggest that
the development takes place toward a society without formal schools, or, at least, without the
traditional type of school, toward learning society in which many things would be radically
different from that in the existing school system: the place of learning, sources of knowledge,
and ways of work, the duration of education and other” (Vlahovi¢ 1997, 4). Flexibility, in terms
of time and place of class attendance is very realistic today, because pedagogically formed
knowledge sources can be accessed from many places and at different times.

Understanding the complex social relations present in the school environment is an
extremely important factor in development and design of a richer learning environment.

In addition to the architectural concepts of schools that enable better interaction
enrichment of teaching and learning and raise the activities of students to a higher level, it is
particularly important to meet the needs of the social life of students outside of the teaching
process through the appropriate organizational forms. In this sense, circulation areas in the
spatial structure of modern schools may represent sites:

- with a higher level of social engagement of the students;

- where there is a highly frequent student communication;

- where students gladly congregate in large numbers during breaks,

- which will be considered favorite places for stay by the students, because of their
openness and visual connectedness” (Tani¢, Kondi¢ and Stankovi¢ 2011, 326).

The contemporary framework of pedagogical implications indicates dedicated
universality of the school premises, i.e. the need for variable use of space for teaching and social
activities of students.

Since the primary function of classrooms is determined by activities of large groups of
students in differently formed social forms of their engagement, circulation areas or corridors

and stairs, and other micro spaces can become a zones that also function as a learning
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environment in which individual activities, as well as activities of small and large groups of
students, would take place.

By including one part of corridors into the classroom system it is possible to design more
meaningful engagement of students in pedagogical and social-psychological sense. “The corridor
is the school’s thoroughfare. But shouldn’t it be a pleasant avenue, not a forbidding tunnel?
Physically, the corridor is a space for people moving from room to room. Psychologically, it can
be a place for refreshment of the mind, for unwinding and relaxation and for pleasant
socializing.” (Kliment and Perkins 2001, 63)

Contributing to the elimination of “social barriers” in the spatial and functional extent of
classrooms, circulation areas should be not only in the function of sojourn of students during
their free time, but also in the function of certain pedagogical activities. (Fig. 1) That way,

circulation areas are enriched not only in content but also visually.

Fig. 1. The possibility of student work in certain parts of the corridor

Paschalisschool (elementary school & child daycare), The Hague, Netherlands, 2004. Design: Atelier PRO Architects
(Designshare, http://www.designshare.com/index.php/projects/paschalisschool/images)

The tendency to abandon the concept of lengthy and monotonous corridors, characteristic
of large school facilities, has caused their transformation into a sort of closed "school street"
along which numerous different educational and social facilities are lined up.

These are the places where the desks in the form of work surfaces and diverse didactic
resources can be found almost everywhere. For example, the versatile development of students'
personality can be achieved by using informal forms of pedagogical influence. Especially in the
case of architectural concepts that emphasize the social nature of circulation areas, during breaks
and resting times of students between classes, by unobtrusive introduction of specific
"knowledge boxes" that would allow students to deepen their knowledge on their own initiative

and develop skills in accordance with their own interests.
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Besides its basic purpose, to provide access to certain areas and connect certain parts of
the building, in accordance with the ideas of different pedagogical movements corridors may
have other functions: various forms of individual and group work, various free activities of
students, leisure and recreation of students during the resting time, expositions of student and
other works, distribution of food and dining etc. Depending on the planned functions, it is
necessary to expand the corridor to ensure enough space for the realization of all these activities.

In the architectural concepts of schools with high capacity and long corridors they are
often not expanded throughout their length, but the work surfaces in the corridor are formed as a
minor or major expansions (Fig. 2) - corridor niches. (Andjelkovic, 1995, 107) In other parts of
the corridor, installation of book shelves and display cases in which there are various teaching
aids and various instructional items visibly exposed to students, can greatly assist in the

formation of stimulating and vibrant educational environment.
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Fig. 2. Double corridor — formation of niches
Engjaskoli District Primary School, Reykjavik, Iceland, 1997.
Design: Uti Og Inni, architects (OECD, 2001, 49)

Design of the corridors, so that their purpose is not only the circulation of students,
requires their integral connection with surrounding facilities, in this case with the classroom.
This can significantly contribute to a more flexible configuration of school premises. At the same
time, corridors can be workspaces that, combined with classroom in various ways, offer a wide
range of possibilities in the planning and organization of the pedagogical process and students'

activities (Fig. 3).
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Fig. 3. Teaching space in the corridor
Poquoson Elementary School, Poquoson, Virginia, USA, 2008.
Design: VMDO Architecture (DesignShare, http://www.designshare.com/index.php/projects/poquoson-elementary/images)

Circulation areas that spatially unite zones of different types of activities of students and
teachers, and by offering a wide variety of content functionally complement the context of the
contemporary pedagogical process, represent an important segment in the conceptualization of
contemporary school architecture. In the models of architectural organization of schools,
function and purpose of circulation areas as learning environment are also observed through the
level of organization of the staircases. In contrast to traditional models of school architecture,
stairs are an important aesthetic element of interior design of schools in the function of various

pedagogical activities (Fig. 4).
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Fig. 4. Teaching space by the staircase
The Wheeler School, Providence, Rhode Island, USA, 2009.
Design: Ann Beha Architects

(The Wheeler School, http://archrecord.construction.com/projects/bts/archives/k-12/09_WheelerSchool/slide_1.asp)
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The stairs are used not only for circulation from one space level to another, but also as a
spaces for gathering and sojourn of students, reading, writing and learning (Fig. 5), i.e. as areas
that can encourage and support establishing of different levels of social interaction between

students.

Fig. 5. Working space under the stairs
De Eilanden, Montessori School, Amsterdam, Netherlands, 2002.
Design: Herman Hertzberger (Hertzberger and de Swaan 2009, 108-112)

The concept of the stairs as the learning environment usually involves the formation of
delevelled spatial zones around which other functions of the school are organized. Very often,
the stairs can get amphitheatre features, which significantly increase their usefulness (Fig. 6).
Spatial segments of school, organized in such way, allow different levels of proxemic

communication between students, among other things.

Fig. 6. Merging of mini amphitheatre with main staircase

Greenman Elementary School, Aurora, lllinois, USA, 2004.
Design: Architecture for Education Incorporated
(DesignShare, http://www.designshare.com/index.php/projects/greenman-elementary/images)

In addition to the function of an alternative teaching space, clearly defined and
transparent circulation areas stand out as important factors that determine the functional quality
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of architectural concepts. The final effect should be measurability of the overall spatial stream of
the school. In this sense, the possibility of establishing psychologically desirable visual
connection with the surrounding, inner or outer space, should be pointed out. In the part of the
general principles of contemporary architectural organization, circulation areas are typical
examples of multipurpose use of the school premises, which in terms of specific requirements
are determined as important places where there is the possibility of planning and organization of
pedagogical activities.

In contemporary pedagogical process, circulation areas as a learning environment are
important spatial resource of the school. According to his role, each school environment should
not only be the result of applying strict normative acts, but it is necessary to leave space for the
creative upgrade of potential needs in the pedagogical process in each case the architectural
organization. It is necessary to bear in mind that, among other things, it forms creativity and
develops inventiveness, both in the individual and in group activities of students. In this regard,
the role of circulation areas is not decisive, but in certain pedagogical situations may represent an
extremely important influential factor.

Integration of circulation areas in this context, contributes to a more transparent, multi-
functional, architectural plan of the school, as well as a high degree of utilization and connection
of all school premises. Also, it allows a higher level of functionality of schools when it comes to
accepting new / alternative pedagogical approaches (methods, forms of work, learning systems,
sources of knowledge ...) and their projections into existing school space.
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JIETKHUE BETOHBI HA OCHOBE I'PAHYJIMPOBAHHOI'O
HEHOCTEKRJIA

AHHoOTamus: ['paHymMpoBaHHOE TMEHOCTEKJIO WMEET BBICOKHE (PH3UKO-MEXaHHUYECKHE,
KOHCTPYKITHOHHBIE W TETUIOTEXHHYECKHE XapPAKTEPUCTHKH W SBIISETCS TEPCHEKTHBHBIM 3aMOTHUTEIIEM
Ui Jerkux OeToHOB. OAHAKO 3a CUET BBICOKOTO COJep)KaHUS aMOp(HOrO0 KpeMHE3eMa B COCTaBe
3aIOTHATENS] [IEMEHTHBIE KOMIIO3UTHI Ha OCHOBE TIEHOCTEKJIA MOTYT OBITh ITOABEPIKEHBI MPOSBICHUIO
MIeIOYHO-CHIIMKATHOM  Koppo3un. B paGoTe mnpuBeAeHbI pe3ynbTaThl HCCIENOBaHWNA  (pHU3HKO-
MEXaHUYECKUX XapPaKTEPUCTHUK KOMIIO3UTA, a TaKXKe CKAaHUPYIOUEH SJICKTPOHHONH MHUKPOCKOIUHU C
IMPUMCHCHUEM DHEPTrOAUCIICPCHOHHOI'0 XUMHNYCCKOI'0 aHajin3a. Ha ocHoBe IMPOBCACHHBIX SKCIICPUMEHTOB
cZeNaHbl BEIBOJIBI O TPIMEHUMOCTH TPaHYIMPOBAHHOTO TIEHOCTEKIIA B IIEMEHTHBIX KOMITO3UTAX.

KiroueBnie ciaoBa: Jlerkue 6CTOHI>I, IMOPUCTBIC 3aIIOJIHUTCIIU, I'PaHYJIUPOBAHHOC IICHOCTEKIIO,
IICJI0YHO-CUJIMKATHOC B33HMOHCﬁCTBHC, JOJITOBCYHOCTbD.

L.V. ZAKREVSKAYA, Associate professor, candidate of Technical Science, Vladimir
State University named after A. and N. Stoletovs; M.Y. POPQV, master, Vladimir
State University named after A. and N. Stoletovs

LIGHT CONCRETES ON THE BASIS OF GRANULATED FOAM GLASS

Abstract: Granulated foamed glass has a high physico-mechanical, structural and thermal
performance and is a promising aggregate for lightweight concrete. However, due to the high content of
amorphous silica in the composition of aggregate cement-based composites foamed glass can be exposed
to the expression of alkali-silicate corrosion. In work are present results of research of physical and
mechanical characteristics of the composite, as well as scanning electron microscopy using energy
dispersive chemical analysis. Based on the conducted experiments, the conclusions are made about the
applicability of granulated foam glass in cement composites.

Key words: Lightweight concrete, porous aggregates, granulated foamed glass, alkali-silicate
interaction, durability.

Ha mnpoTs:keHMM DOCIEAHMX CTOJETHH CTEKJIO SBISAETCS OOHUM W3 BaKHEHIIMX
MaTepHayioB HapoAaHOro Xo3sicTBa. [loTpebieHne crekia BO3pacTaeT C KaXIbIM TOJI0M. DTO
BEJET K YBEJIMUYEHUI0O OOBEMOB OTXOJOB CTEKOJBHOM MpOMBIIIIEHHOCTH. B mocnennue
JECATWIETUSI TIOSABUIOCh MHO)KECTBO MCCIEAOBAHMN, HANpPABICHHBIX HA OLEHKY U H3Yy4YEHHE
MOTEHIMAaJa UCIOJIb30BaHUs CTeK1000s1 B OeToHHONW MHAYCTpuu. CTEKI000M U MPOIYKTHI €ro
nepepaboTKKU MOTYT OBITh BKJIFOUEHBI B IEMEHTHBIE KOMIIO3UTHI KaK KPYITHBIE 3aIl0JIHUTENN WU
B BHUJE IOPOILIKA JUII YaCTUYHOM 3aMeHbl BsDKymiero. B 80-ple rogpel mponuioro CToOJIETHs
aKTUBHO Pa3BUBAJIACh TEXHOJIOIHs MOJydyeHHs] (pUOpOOETOHAa HA OCHOBE CTEKIISIHHBIX BOJIOKOH.

OpHako OHa HE TOJTyYryIa Pa3BUTH U3-3a HU3KOHM CTOMKOCTH (hUOPHI K IIesI09aM [EMEHTA.
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[Tenoctexknmo  Obuto  monydueHo B 1930-Xx  romax  COBETCKUM  aKaJIGMUKOM
A.M.KuTtaliropoiCKuM, HO HE MOJYYHJIO IIUPOKOTO PACIPOCTPAHEHUS H3-32 HEOTPaOOTaHHOM
TEXHOJIOTUH IPOU3BOJCTBA. B HacToslee BpeMsi aKTyaJbHOCTh MCIIOJIb30BaHUS IEHOCTEKIA B
CTPOUTENBHBIX  CHUCTEMax BO3pacTaeT B CWIYy YyBEIMYMBAIOIICWCS  TEHACHIMH K
SHEProcOEPeKEHUI0 CTPOSIIUXCS 3AaHUIX U coopyxkeHuil. [lo cpaBHeHHIO ¢ aHamoramuy,
MEHOCTEKJIO MMEET BBICOKHE (PU3UKO-MEXAaHUYECKHE, TeINIOTEXHUYECKHE U HKCIUTyaTallMOHHBIC
xapakTepucTuk. OnHAaKO, HA OCHOBE HEYJAYHOTO ONbITa MPUMEHEHHs CTCKJISHHOW (UOpHI B
O0eroHax OOJBIIMHCTBO CIEHUAINCTOB B OOJACTH CTPOUTEIHHOIO MAaTepUaNOBEICHUS
CKENITUYECKH OTHOCITCA K MPUMEHEHHUIO CTEKJIOCOAEp)KAIUX 3aloJHUTENeH B LEMEHTHBIX
CUCTEMax.

Takum o0Opa3oMm, 3amaueill HACTOSIIETO HMCCIEIOBAHUS SIBIISIETCS Pa3pabOTKa COCTABOB
JIETKUX TEIJIOU3OJSIMOHHBIX OETOHOB HAa OCHOBE I[IEHOCTEKJIa M H3Y4YEeHHE CTONKOCTU
MEHOCTEKJISIHHBIX 3allOJIHUTENEH K [IeJIoYaM [IEeMEHTa.

B kauectBe Bsikymiero ucmnoisibzoBasicsi nopriaanainemMeHT CEM I 42,5 R, umeromuit
cienyromuid (a3oBbIi cocTaB, Macc. %: anmut — 52-53, 6emut — 17-18, npomexyrounas daza —
20-22, rumnc — 4-5, npoIeHTHOE CoJiep’KaHue HIEIIOUYHBIX OKCHIOB B mepecuere Ha NayO. — 10
1,2. B xadecTBe 3amojHUTENsA [UIsl JIETKOTO OETOHAa B HCCIEIOBAaHUU HCIOJIb30BAIOCH
rpanynupoBanHoe mneHocrekiao (I'TIC) mapku «Heollopm» xommanuun OAO «CTOC -
Bnagumupy. TexHOJI0THs MOTydeHHUs] IEHOCTEKIa 3aKJII0YaeTcs B HarpeBe CTEKOJIbHOM IIHUXThI
1o 750-850 °C ¢ noGasiieHreM ra3o000pa3yroniux peareHToB. IIpy 3TOM B 3aBUCHMOCTH OT
3aJJaHHBIX IApaMEeTPOB BCIIEHHWBAHUS, TPAHYJIOMETPUS HMTOTOBOM BCIEHEHHOW CMECH MOXKET
perynupoBarbcs B IMIMPOKUX TMpefenax. B HacTosleM HccleOBaHUM MCIIONb30Balach CMECh
IpaHyJMPOBAHHOTO NEHOCTEKJIA, UMEIOIas CIeyIOUINi (pakiMOHHBIA cocTaB, Macc. %: 0,16-
0,63 mm — 5, 0,63-1,25 mm — 10, 1,25-2,5 mm — 25, 2,5-5,0 MM — 60. HacelmHas mIOTHOCTB
rpaHyiIsITa B 3aBUCUMOCTH OT (DpaKIIMOHHOTO pa3Mepa cocranisia 120-250 kr/m’,

OO6pa31ibl J1IeTkoro 6eToHa Ha OCHOBE I'PaHyJIMPOBAHHOTO IEHOCTEKJIA U3TOTaBIMBAINCH U
ucnbiThiBaINChL  corsiacHo  ['OCT  10180-90 «beronsi». HccnmenoBanue peakiMmOHHOMN
CIOCOOHOCTH 3amoHUTeNs BhIMONHIOCH coracHo ['OCT 8269.0-97 «llleGenb u rpaBuii u3
IUIOTHBIX TOPHBIX MOPOJ U OTXOJI0B IMPOMBIIUIEHHOTO MPOU3BOJICTBA JJISI CTPOUTENBHBIX paboT.
Metonbl (pHU3HKO-MEXaHHMUECKUX HCTBITAHUNH», C TPHUMEHEHHEM METO/OB, ONHMCAHHBIX B
3apyoexubix crangaprax ASTM C1260 (Standard Test Method for Potential Alkali Reactivity of
Aggregates (Mortar-Bar Method)), a takxxke ASTM C289 (Standard Test Method for Potential
Alkali-Silica Reactivity of Aggregates (Chemical Method)).
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Hanbonee BaxkHbBIMH MmapaMeTpaMd TMpHU TOAOOPE JIETKUX OCETOHOB  SIBISIIOTCS
IPaHyJIOMETPUYECKUN COCTaB 3allOJHUTENS M BOJOLEMEHTHOE OTHOLIEHHE. JlerkoBecHbIE
MOPUCTHIC 3aNOJHUTEIN HUMEIOT PA3BUTYIO IIEPOXOBATYIO IMOBEPXHOCTh M XaPAKTEPU3YIOTCS
BBICOKOM BOJIONOTPEOHOCTHIO, KOTOpass MOXKET MU3MEHSTHCS MPH BapbUPOBAaHUM (PAKIIOHHOTO
cocTaBa cMecH 3amonHuTens. Ha IpaKkTHKe cocTaB JIerkuX GETOHOB IUIOTHOCTBIO Hipke 700 Kr/m°
OTIpeNeNsIeTCsl SKCIIEPUMEHTAIBHBIM IyTeM. B HacTosIeM HCClIeloBaHUM MOAOUPAJICS COCTaB
I'TIC-6eToHa HauGOMbLIEH IPOYHOCTH IIPH ILIOTHOCTH He Goiee 700-800 kr/m®.

Hcxomnas cmech TIpaHyJIMpPOBAHHOTO TIEHOCTEKJa OblUla YCIOBHO pa3jeiieHa Ha
CKPYIHYIO» U «MEJKYI» ¢pakiuu. ['paHyasl KpymHoW dpakuuu uMmenn auametp 2,5+5,0 M,
COOTBETCTBEHHO TpaHylbl Menkod ¢pakmuu: 0,16+2,5 mMM. DpakIUOHHBIM COCTaB TpaHyJ
MEJIKOW (ppakIuu B CBOKO o4epeab cocTarisul, macc. %: 0,16-0,63 mm — 12,5, 0,63-1,25 mm — 25,
1,25-2,5 mm — 62,5. JIns mombopa pernentypbl KOMIIO3UTa ObLT TNpPUMEHEH armapar
MaTEeMaTHUYECKOTO IUIAHUPOBAHMS JKCIEpUMEHTa. B KauecTBe OCHOBHBIX TEXHOJIOTHUECKUX
(hakTOpOB BapbUPOBAHUS OBUTH B3SITHI IPOLIEHTHOE COZCPIKAHUE KPYIMHON (ppaKkiuy MEHOCTEKIa
U BOJOIIEMEHTHOE OTHoIIeHue. llpomeHTHOe conepkanue (IO Macce) KpYyIMHOW (pakuuu
NeHocTekaa BapbupoBasioch oT 30 g0 60%. BopolieMeHTHOE OTHOLIEHHE HaXOJIWIOCh B
npenenax ot 0.3 go 0.6.

CornacHo  MaTpulle  IUIAHUPOBAaHUSA  JABYX(AKTOPHOTO  JKCIEpUMEHTa  ObLIU
IPUrOoTOBJIEHBI 9 cMmecell. ['paHynsaT B cyxoM Buje nepeMennBaicsa ¢ nuemeHToMm. CoaepxaHue
BSDKYIIIETO B KOMIIO3UTE HAXOAWIOCh B npenenax 250 kr/M>. Jlanee B cMech 10GaBisIach BOJa
3aTBOPEHHUSI B KOJUYECTBE, PaBHOM BAPbUPOBAHHOMY TapamMeTpy M MPOUCXOINIO
nepeMenInBaHie pacTBopa B TedeHHe Tpex MuHyT. [locie atoro pactBop mnomemaics B
crangapTHeie ¢Gopmbl ¢ pazmepamu 40x40x160 MM M YIUIOTHSJICS IITHIKOBaHHWeM. Jlanee
pacTBopbl TBepaenu B ycinoBusax 100% Braxnoctu B Teuenue 24 yacoB. [1o ucreuennn nanHoro
BpeMeHH (OPMBI PACKPYYHUBAIUCh U OaJOYKHU OCTABAIHCH TBEPJETh B YCIOBHSIX KOMHATHOM
temreparypbl 18-22 °C npu otHOCHTENBHON BiaaxkHocTd 40-50%. Ha 28 cyTkm onpenessumch
MJIOTHOCTh ¥ TPOYHOCTH 00pa3iioB. Pe3ynpTaTel mpeacTaBieHsl Ha puc. 1.

Ha ocHOBe moOnmy4eHHBIX NaHHBIX MOXKHO CYAUTh 00 yBENIWYCHHH IJIOTHOCTH KOMITO3UTa MPHU
VBEIMUEHUU COJEp)KaHUS MENKOW (pakuuu 3amoigHuTeNns. MakcuMallbHbIE TOKa3aTeln
MPOYHOCTH M TJIOTHOCTH OBUIM JOCTUTHYTHI MpU conepkaHuu KpynHoil gpakuuu [TIC 60%.
JlaHHBIIl pe3ynabTaT COBMAJAE€T C MCCIEIOBAHMSIMH, OITYOJIMKOBAHHBIMH B  Pa3JIMUHBIX
MCTOYHMKAX. Hawmmyumiasi MIOTHOCTh YMaKOBKM KOMIIOHEHTOB KOMITO3UTa JIOCTUTAeTCs MpHU

3HAYCHUH COJep KaHus KpymHOH (pakuuu 3amonnutens 60-70%.
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ML

Puc. 1. IToBepxHOCTH (PyHKUHNI OTKIIMKA MJIOTHOCTU M MPOYHOCTH KOMIIO3UTA

[IpoyHOCTP MNpakTUYECKH JMHEWHO BO3pacTaeT C YBEIWYEHHEM BOJOLIEMEHTHOIO
oTHoweHUs. JlaHHBI (pakT He ABIsETCAs TUIMYHBIM JJIS CTAHAAPTHBIX OETOHOB, T.K. IpHU
YBEIIMYCHUU B/Il OTHOUICHHWS B IIEMEHTHOM KaMHE YBEIMYHMBACTCS €ro IOPUCTOCTh H
IIyCTOTHOCTh, a TAaK)K€ COJepKaHue cladbIX a3 TMAPOKCHUIA KabLMs, YTO BEAET K CHUKCHUIO
IPOYHOCTH OeTOHA. YBEIMYEHHE MPOYHOCTH KOMIIO3UTA IMPHU YBEIUYEHUHU B/Il OTHOLICHUS
MOKHO OOBACHUTH TE€M, YTO IPH BBEAECHUHU OOJBIIEro KOJIMYECTBA BOJBI BO3pPACTACT 00bEM
LIEMEHTHOM IIaCTbl M €€ IOJABHKHOCTb. TeKydass LeMEHTHas I1acTa IIPOHMKAaeT B IOPBI U
LIEPOXOBATOCTH IIOBEPXHOCTH IPaHyJI, UTO BEAET K JIy4lle aaresuu. MakcuMaibHas IPOYHOCTh
B 5 Mlla Obla nocTurayTa npu B/11 oTHomeHuu pasHoM 0,6. IIpu 3ToM conepkaHue EMEHTHOU
IIaCThI B KOMIIO3UTE PaBHAIOCH 22%, a UTOroBas MJIOTHOCTh KOMITO3UTa cocTaBuia 750 Kr/me,

MetogoM peHTTeHO-(IYyOPECIIEHTHON CIEKTPOCKOMUU OBLT OMpeneseH XUMHYECKHI
COCTaB IpaHyJIMPOBAHHOTO MeHocTeka, mace. %: SiO, — 70, Na,O — 13,5, CaO — 9,5, MgO —
45, Al,O3 — 1,5, npyrue — 1. Ilpu mpowW3BOACTBE MEHOCTEKJIA MPU PE3KOM OXJIAKICHUH
BCIICHEHHOM CTEKJIOMacChl KpEeMHE3eM, COJepiKalluiics B ChIpbe, NEpeXoAUT B aMmopdHoe,
pEeaKIMOHHOE COCTOsSIHUE. B CBsI3M ¢ 3TUM Npu MPUMEHEHUHU NTEHOCTEK/IAa B OETOHAX CYIIECTBYET
OMACHOCTh MPOSBIICHUS IIEIOYHO-CHIIMKATHBIX peakiuil (menouHoil kopposun). lllenounas
KOppo3usi O€TOHAa — 3TO XMMHMUYECKOE B3aMMOJAEHUCTBUE KPEeMHE3eMa 3arlOJIHUTENS C IIEIOYHON
MOPOBOH JKUAKOCTHIO IIEMEHTHOTO KaMHs, MPU KOTOPOM 0Opa3yeTcs CHIIMKATHBIA THUIPOTelNb,
copOMpyroIMi BOJAY U yBEIWYHUBAIOUIMIiCS B o0beMe. DTO MPUBOAUT K BHYTPEHHUM
HaNpsDKEHUsM, paspylaromuM 6etoH. Yale Bcero AaHHas mpo0iieMa akTyallbHa JJis TUIOTHBIX
0ETOHOB, OCOOCHHO B KOHCTPYKIMSX, TIIOJIBEPKEHHBIX arpeCCUBHOMY  BO3/AEHCTBHUIO
OKpYy>Katole cpeapl. B mopax Jerkux 3amnoyiHuTeNe nMeeTcs: J0CTaTOYHO CBOOOAHOTr0 00beMa
JUIS pa3MElIeHHs] Teyisd, 4YTO He BeleT K BHYTPEHHUM HANpsOKeHUSIM U JalibHeHIemy
pa3pyLICHUIO KOMIIO3HTA.

Jlerkue OETOHBI OTPAXKAAIOUIMX U CAMOHECYIIMX KOHCTPYKIMH B pPEAIbHOM MpaKTHKE

MPAKTUYCCKU HC IMOJABCPIKCHBI BO3HCﬁCTBHm ArpCCCUBHBIX MICIIOYHBIX CPCI. boabmioe pasiiniuce
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MUKPOCTPYKTYphl Matpuiibl [TIC-O6eToHa mocie 3KCIMO3UIMH B MICIOYHOM pacTBOpE MpH
BBICOKHMX TEMIIEpaTypax U MaTPHUIbl OETOHA, BBIACPKAHHOTO B OOBIYHBIX YCIOBUSX B TCUCHHUE
TpeX JIET, CTABUT II0J BOIPOC NPUMEHUMOCTb JAHHOIO YCKOPEHHOIO METOAa I JIETKHX
OETOHOB Ha MOPUCTHIX 3AMOJIHUTESIX. B TO e BpeMs, TPEXJIETHUH CPOK CIMIIKOM Mai JUIs
amekBaTHOM omneHku pgoiroBeduHoctn [TIC-Gertona. JInsi OKOHYATEIBHBIX BBIBOJOB O
NPUMEHUMOCTH TPaHyJIMPOBAHHOTO MEHOCTEKJIA B IIEMEHTHBIX CUCTeMax TpeOyeTcsi MpoBeIeHUE
JIOTIOJTHUTEIIBHBIX AKCIIEPUMEHTOB B 00JIee MATKHUX YCIOBHSX, HO B 0oJiee JIUTENbHBIA MePHOA
BpPEMEHH.

Takum oOpa3oM, TIpaHyJIUPOBAHHOE TIEHOCTEKJIO pa3iMuHbIX (pakuuil  ObUIO
MCIIOJIb30BAaHO B KQUECTBE 3aIIOJIHUTEIS ISl JIETKUX IEMEHTHBIX KOMITIO3UTOB.

Hawmnyumass ymakoBka rpaHyin JOCTUTaeTCs HPU COOTHOLIEHMHM KPYINHONM M MEJIKOH
dbpaxmuit 60%:40% cOOTBETCTBEHHO.

B pesynbrare mombopa cocraBa MONydeH KOMIIO3UT C MpouHOCThio a0 5 Mlla u
mI0THOCTBIO 600-700 KI/M°.

Onpenensironior0 ponb Ha mpodHocTs [TIC-OeTtoHa urpaetr o0beM W TOJIBHIKHOCTH
[IEMEHTHOI'O TECTAa.

['panynupoBaHHOE MEHOCTEKIIO XapaKTEPU3YeTCs] BBICOKUM COJEp>KaHUEM aMOp(OHOTO
KpeMHe3eMa, MOPUCTOM CTPYKTYypOol M pa3BUTOH IIepoXoBaTOW MOBEpXHOCTHIO. Coaep:kaHue
miesouel  Ha  TOBEPXHOCTH  cocTaBisgeT mopsiaka 6%. Haubicmiuii ko3 duumeHt
KOHCTPYKIIMOHHOTO KadecTBa HMEIOT TpaHynasl ¢panuoHHOro pasmepa 2,5-5 wmwm. Ilpu
BBIICP)KUBAHUM TPAHYNIATa B JKUAKOCTH BHYTPEHHHUE TOPBI SBISIOTCS HEAOCTYMHBIMH IS
MPOHUKHOBEHUS BOJBI. bBonbIIol 00BEM JKHIKOCTH MOXKET OBITh 3aXBayeH pPa3BUTON
[IEpOXOBAaTOW MOBEPXHOCTHIO TPaHyjbl B MEPBbIE Yachl TMApAaTallMd U B JAIbHEWIIEM OTIaH
00paTHO B IIEMEHTHBIN KaMEHb.

I'panynsaT mokaszan BBICOKYIO PEaKIMOHHYIO CIIOCOOHOCTh MPU HCHBITAHUU COTJIACHO
I'OCT 8269-87*. Ilocne BblepkUBaHMSI OETOHHBIX OajlloueKk B IIEJOYM TMPU BBICOKHUX
TeMIepaTypax B MaTpHIle KOMIIO3WTa HAOJIOJAeTCsl CUIbHAs JECTPYKIUS TpaHyl, CTPYKTypa
KOTOPBIX CTayia OOJbIlle HAMOMHUHATH CTPYKTYpPY CHIMKATHOTO THiaporens. B To ke Bpems
oOpaszer; B BO3pacTe TpeX JIET, TBEPACBIIMN B HOPMAJBHBIX YCIOBHUSX, UMEET IEIOCTHYIO
CTpyKTypy. Ha ocHOBe mpoBeIeHHBIX 3KCIEPUMEHTOB ClieJaH BBIBOJ O CJIa0OW MPUMEHHUMOCTH

YCKOPEHHOTr0 14-TUIHEBHOIO TECTA JJIsl HOPUCTHIX PEAKIIMOHHBIX 3aIIOJTHUTEIICH.
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OCOBEHHOCTH BJIUSAHUSA HATEJBHBIX YCUJIUA HA
IMPOJOJIBHYIO PACTAHYTYIO APMATYPY B HAKJIOHHBIX
CEYEHUAX

AnHoTaunusi: B gaHHOW cTaThe paccMmarpuBaeTcst pocT aAedopManuii ¥ HaNpsHKSHUH MpU
00pa30BaHUM HAKJIOHHBIX TPEIIUH, & TAKXKEe 0COOEHHOCTH BJIMSHHS HAareJbHBIX YCHWIIMH HA MPOJOIBHYIO
PacTSHYTYIO apMaTypy B HAKJIOHHBIX CEUCHUSX.

KaroueBbie ciaoBa: jaedopmanusi, HanpspKeHHE, HaresibHbIE YCWIIHS, TPEIIMHBI, MPOJIOJbHAS
apMarypa.

O.A. ISAKQV, professor architecture, Ph.D., construction proffessor KazNTU,
Almaty, Kazakhstan; N.K. KYZYLBAEV, Master of Engineering,
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FEATURES OF INFLUENCE DOWEL EFFORTS ON THE
LONGITUDINAL TENSILE REINFORCEMENT IN OBLIQUE SECTION

Annotation: This article examines the growth of strains and stresses in the formation of inclined
cracks, and especially the influence of dowel efforts on the longitudinal tensile reinforcement in oblique
sections.

Key words: deformation, stress, dowel efforts, cracks, longitudinal reinforcement.

Bnocnenctun ¢opMupoBaHMsl HAKJIOHHBIX TPELIUH MPOUCXOAUT HMHTEHCUBHBIM pOCT
neGopMaluy  yIIMHEHUS HalpsDKeHUM pacTshkeHUl B MecTe, TIJle XOMYTHI IE€PECeKaroT
HaKJIOHHYIO TpemuHy. [Ipu aTom aedopmarus u HanpspKeHUs: pacrpeessitoTcss HEpaBHOMEPHO
10 JUIMHE cTepkHs m3aenusd. [lo mepe ynaneHus oT mecrta mepecedeHus XOMyTOM HAKIOHHOU
TPELIMHBI, epOopMaIi HATIPSKEHHS PE3KO CHUKAIOTCS, TaK YTO JJI CTEPIKHEH, epeceKaroninx

HaAKJIOHHYIO TPEIUHY, Ae(opMaIs U HanpsHKeHUe 1Mo KOHIaM OJIM3KH K HyJio (puc. 1).
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Puc. 1. Pa3Burne nedopmaryu nepesn paspyieHueM B MPOJONbHOM apMaType U3 OMBITHBIX JAHHBIX
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[To nnuHe HaAKIOHHOM TpemuHBl JepOopMallUd B XOMYTaxX TakKe pacHpeAesstoTCs
paBHOMepHO. MaKkcUMabHOE MOBBIIIEHUE 1ehOopMaIMii U HANPSHKEHUH TPOUCXOUT B XOMYTax,
PacroJIOKEHHBIX B CPEAHEN YacTU HAKJIOHHOM TPEIIMHBI, U MEHEE HHTEHCUBHO Y KOHIOB. [Ipu
OOBIYHO TPHUMEHSAEMBIX CpPEIHMX IPOLEHTAaX IONEPEeYHOro0 apMHUPOBAHUS HAIPSDKEHHE B
XOMYTax, KaK IIPaBWIIO, JOCTUTAET NIpeea TEKy4eCTH. B XoMyTax, pacloiaoKeHHbIX B CpEAHEN
YacTH HAKJIOHHOW TpPELIUHBI, HANpPsUKEHUE JAOCTUIaeT INpejena TEKyd4ecTH IIpu Harpyske
CYUIECTBEHHO MeHblIell paspymaromeii. C  yBelnMueHUMEM Harpy3sku B pe3yjbTare
IIepepacpeesICHAs YCUIMM MEXIy XOMYyTaMU JOCTHUTAlOT Ipenesa TEKy4eCTH HaIpsKEHUs B
XOMYTAaxX, PAcIOJIOKCHHBIX Yy KpacB HAKJIOHHOM TPEUIMHBI, TaK 4TO IEpell pa3pyLICHHEM B
OOJIBIITMHCTBE XOMYTOB, MEPECEKAIONINX KPUTUIECKYIO HAKIOHHYIO TPEIIMHY, YCTaHABIUBAIOTCS
HaINpsKEHHUs PACTSKEHUSl paBHBIE IPefielly TEeKydecTH Oy. M3Mepenue nedopmanuu 1o AByM
IIPOTHBOIOJIOXKHBIM CTOPOHAM XOMYTOB IUIOCKOCTH M3ruba Oanku 1okasajo, 4To oba KpaiiHue
BOJIOKHA UCIIBITBHIBAIOT JIe(OPMALIMIO YAJMHEHUS, HO UX BEJIMYMHBI OTIMYAIOTCA APYT OT JIpyra.
OTO0 yKa3bIBa€T HA HAIMYUE HE TOJIBKO PACTSHKEHUS, HO U U3rH0a XOMYTOB B MECTE IIEPECECUCHUS
MMU HakJIOHHOW TpeuwHbl [1]. OgHako mnpu NPUOMIDKEHMM K pa3pyllaloliel Harpyske
nedopmanuy Ha 000MX KPaeBbIX BOJOKHAX MEPEXOJAT B BEIMUHUHY, COOTBETCTBYIOIYIO MPEAETY
TEKY4EeCTH W HaIPsDKEHUS 110 KpasM BBIPABHUBAIOTCA, TaK YTO IPU IPENEIbHOM COCTOSHUH B
XOMYTax I10 BCEMY MONEPEYHOMY CEUEHMIO CTEPKHS JIEHCTBYIOT HAPSDKEHUS, paBHBIE MPEey
TEKy4eCTH Gy. B pe3ynbrarte oceBoe ycuiine B XoMyTax OyAeT paBHO:

Qsai =0, Aswi. 1)

[TonHOE momepeyHoe yCWINE B XOMYyTaX, IEPECEKAlOIIMX HAKJIOHHYI TpPEUIUHY,

OMpEeNseTCs] CyYMMUPOBAHHEM MPEACIbHBIX YCHINN B KAXKIOM XOMYTE:
QSa):ZQSa):Za)O'yASa)i , (@)

rie @ — KO3(Q(UIMEHT, YYMTHIBAIOLIUN HEPAaBHOMEPHOCTb paCHpE/eNIeHNs HanpsLKeHUH B
XOMYTax MO JIMHE HAaKJIOHHOM TPEeIINHbI, KOTOPbI OIu30K K eaunuie. OgHol u3 ocooeHHocTel
neGopMUpOBaHUS TPOJOJBHONW pACTSAHYTOM apMarypbl SIBIS€TCS BBIpAaBHHUBAaHHE OCEBBIX
nedopmaruil yJUIMHEHHs 1 HaNpsHKEHUH pacTsHKeHUs B 30HE JIEHCTBHS M3rHOAIOIIUX MOMEHTOB
U TIONEepeuHbIX cui. BblpaBHMBaHMe JedopManuii W HaNpsHKEHUM HayMHAETCs Iocie
oOpa3oBaHMsI HOPMAJbHBIX TPEUIMH B 30HE JACWCTBUS TMOMNEPEYHBIX CHUJ, HO OCOOEHHO
yCUJIMBaeTcs mocie o0pa3oBaHUs U Pa3BUTUS HAKJIOHHBIX TpeuluH. [Tocie pa3BUTHs HAKIIOHHBIX
TPELIMH MPOUCXOAUT MUHTEHCHUBHBIM pocT AedopMaluil U HANpPsHKEHUH B MECTax IMepecedeHus
MPOJIOIFHOM apMaTypod HAKJIOHHOW TPENIMHBI, TaK, YTO pa3HUIA MEXAYy AehopMarusMu U
HAIPsDKCHUSMU 110 JUIMHE apMaTypbl MPOCKLIUN HAKIOHHOW TPEINMHBI yMeHblaeTcs. OIHaKo

MIOJTHOTO BBIPAaBHUBAHMA JedopMaluii U HANpsHKEHUH He MPOUCXOAMT, HMpUYeM Juid OalloK ¢
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XOMYTaMH{ BBIPDABHUBAHUE MPOUCXOTUT B MEHbIICH CTENCHH, 4eM Juis Oaok 6e3 xoMmyToB [2].
Hanpumep, mo JaHHBIM MPOBEACHHBIX OMBITOB Pa3HULA B JAeGOpManusaX M HANPSHKCHUAX B
IPOJIOJIBHOM apMaType MEXy CEUCHHSIMH B Hadalle ¥ B KOHIIC HAKJIOHHON TPEIIUHBI B OaJIKax
6e3 xoMyToB cocTaBisuio 8-10% OT MakcHUMallbHBIX BEJIMYMH, a B 0ankax ¢ xomyramu 20-25%.

Hpyroii  0coOEHHOCTBIO  AeOPMHUPOBAHUS  MPOJOJIBHOM  apMaTyphl  SBISETCA
BO3HMKHOBEHHUE PE3KOH Pa3HHUIIBI B JeOpPMALIUAX U HAMPSDKEHUSIX KPaHUX BOJOKOH CTEPKHS B
30HE [IEPECEUECHMSI IIPOAOIBHON apMaTypOil HAaKJIOHHBIX TPEIIKMH. DTO YKa3bIBACT HA HAJIMUYME HE
TOJIBKO PAcTsHKEHHUs, HO M u3ruba crepkHsa. HemocpencTtBeHHO BOJM3M MecTa MepeceueHust
HAKJIOHHOHM TPEIIMHbI MPOJOJIbHON apMaTypoil nedopMaluu ee BepXHUX U HIKHUX BOJIOKOH,
Kak TpaBwio, ObBarOT Onm3Kku Apyr apyry. Ilo Mepe ynaneHHst OT 3TOrO CEYEHHUs: K OIrope
BEpPXHHE BOJIOKHA TOJYYaloT nedopMalMy YAJIWHEHHS, a HIKHHE — YKOPOYEHHs, CTEPKECHb
u3rubaercs BBEpX, NMPUYEM pazHuIa Aedopmanuii ¥ KpUBM3HA BHAYaje CHJIBHO BO3PACTaeT, a
MOTOM IIOCTETEHHO cHIkaercs [3]. Hamportus, npu nepemenieHuu OT TOYKU reperuda B mpoieT
BEpXHHE BOJIOKHA TOIYYalOT JehopMaluy YKOPOUCHHS, @ HIDKHUE — YAJIUHEHUS U TPOUCXOIHUT
AQHAJIOTMYHBIA POCT U MaJieHue KpUBM3HBI, HO 00paTHOro 3Haka. B pe3ynbrare B MpOJOJIBHOM
apMartype BO3HUKAIOT HE TOJBKO TPOAOJBbHBIE OCEBblE pACTATUBAIOIINE YCUIHUS, HO U
HeOoJbIIMe H3rHOalole MOMEHTHI U TIONEpeuYHble, TaK Ha3blBa€Mble HAreJIbHbIC CHIIBI
3HAUUTENbHON BeNWYUHBL. M3rubaromine MOMEHThI pacpeessitoTcs 10 BCell IJIMHE CTEP)KHS B
COOTBETCTBUHU C ONOPOM KPHUBHU3HBI, a MOMNEPEYHbIE CUJIBI — B COOTBETCTBUU C HM3MEHEHHEM
U3ru0aroUX MOMEHTOB. MakcuMallbHOE 3HaYeHHE TIONIEPEYHOM CHITbl HAaXOAUTCS BOJIM3U MecTa
NepecevyeHms MPOJAOJIbHON apMaTypbl U HAKJIIOHHOW TpEeHIMHbI. BeTMYMHBI OCEBBIX HANpPSKEHUN
B MECTax NepeceyeHus MpOoJ0JIbHON apMaTypoil HAKIOHHOW TPELIMHBI MPU pa3pyLIeHUH OanKu
M0 HAKJIIOHHOMY CEUYEHHWIO, KaK MpaBWIO, OBIBAIOT MEHbINE mpenena Tekydectu [4]. KpaeBbie
negopMaluy BO3pAcTalOT 3HAYUTEIBHO CHJIbHEE, YeM OCHOBHBIE, YTO YacTO NPUBOAUT K
pa3BUTHIO HEYNpyrux aedopManuii W HaMpsDKEHUH TeKydecTH B Hauboliee pacTSHYTBIX
BOJIOKHAX CTEP)KHSL.

BeiBoa: mpononbHas apmarypa, paboTas Ha pacTsDKEHUE, HCHBITHIBA€T BO3JEHCTBHE
HarejJpHBIX CUJI IO BCEHM AMMHE cTepkHsA. HampspkeHns B MecTax NepecedeHus MpoJ0JIbHOM
apMaTypel M HAKJIOHHOH TPEIIMHBI MOTYT JIOCTUTHYTh Gy, YTO MOKET NPHBECTH K Pa3pbIBY

IIPOJIOJIBHOM apMaTyphl.
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K OIITUMUM3ALINU CETU CKJIAOB 3AITACHBIX 9JIEMEHTOB

AHHOTaIIPIﬂ: HpI/IBOI[I/ITCH peuiceHue JIOTUCTHUYCCKOM 3aJadyu q)OpMI/IpOBaHI/IH CKJIaZOB 3aIlaCHBbIX
OJICMCHTOB IIPpU TeppHTOpHaJ’IBHOﬁ pa306HleHHOCTI/I CTPOUTCIIbHBIX 00OBEKTOB.
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OPTIMIZATION CREATION OF THE COMPONENT WAREHOUSES

Abstract: The problem solution of the forming of reserve components warehouses depending of
the territorial dissociation of construction element has been proposed in the paper.

Key words: construction machines, reserving, reserve components warehouses.

Pemenne ¢GopmMupoBaHHS CETH CKJIAIOB PE3EPBHBIX DIIEMEHTOB B IIOCIIEIAHEE BpEMS
npuodperaeT 0co0y0 aKTyalbHOCTh. JTa JOTUCTHYECKAas 3ajjada, B IIEPBYIO OYEpE/Ib, CBA3aHA C
CYIIECTBEHHBIMH 3aTpaTaMH Ha oOecriedeHue (PyHKIMOHHUPOBAHUS U 3arpy3KHM KakK OTJIEJIbHBIX
MallliH, TaKk M HUX TMapKOB CTPOUTEIbHBIX KoMmMmaHui. Kpome TOro, s COBpeMEHHOIO
CTPOUTEIbCTBA XapaKTepHa TEPPUTOPHUANBHAs PAa300LIEHHOCTh COOPYKAEMBIX OOBEKTOB.
Henocratouno pasButas uH(QpacTpyKTypa, BBI3BIBAIONIAS 3HAYUTENbHBIE TPAHCIIOPTHHIC
U3JIEPKKH, CYLIECTBEHHOE BpeMs OXHUIaHMA [JOCTaBKM 3alacHbIX dYacTell ¢ 3aBOJOB-
POM3BOIUTENEH, HEIOCTATOYHOE PA3BUTHE TEXHUUYECKUX LEHTPOB U JAWIEPCKUX (UPM, CTaBUT
BOTIPOC O CO3JaHUU CETH CHAOKEHUS 3aITaCHBIMU YaCTSIMHU — KJIacTepa rnepudepuitHbIX CKIIJI0B
peruona. C Apyroil CTOpOHBI, COBPEMEHHBIE CPEICTBA M METOJIbl TEXHUYECKOW JTUAarHOCTHUKH,
INPOTHO3UPOBAHMS BBIXOJA MAIIlMH M HMX YacTed M3 CTpOs, SKOHOMHKO-MaTeMaTH4YeCKoe W
KOMITBIOTEPHOE COMPOBOXKIEHHUE MTO3BOJISIOT peIllaTh CIOXKHBIE TOTUCTUYECKHE 3a/Iauu.

PaccmoTpuM  (QyHKIMOHANBHYIO HEpapXHI0 3alacHbIX 3JEMEHTOB B  CHUCTEME
06CJ'Iy>KI/IBaHI/I$I MCXaHU3MaMHU U MalllMHaAMHU CTPOUTCIIbHBIX 00BLEKTOB. 3)ICCI) MOXXHO YCJIOBHO
KJIacCU(UIUPOBATh 3allaCHbIE AIEMEHTHI Ha HECKOJIBKO IPYIIIL:

1. 3amacHON TEXHOJOTMYECKHH KOMIUIEKT MalldH M 00OpyAOBaHHUS IO MPOHU3BOJCTBY,

MPUCYIIHUX paccCMaTPUBAEMOMN OpPraHU3alMH CTPOUTENBHBIX PaldoT.
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2. PezepBHas cTpouTelibHasi MallllHA.

3. Pe3epBHBIil y3ei1, KOMILIEKTHBIN arperar.

4. 3amacHoi OJI0K.

5. Jletanb, Hepa30OpHOE COEAMHEHHE.

EctecTBeHHO, 4YTO pE3EpBHBIA TEXHOJIOTMYECKHM KOMIUIEKT (eciM TakoBOW Oyner
UMEThCS B HATMYUH WITA MOKET OBITh COCTABIICH U3 PE3EPBHBIX MAIIUH) JIOJKEH PacIoararhes
Ha IIEHTPAJIBHON 0a3e CTPOUTEIbHON OpraHu3aluy, JIMO0 B MECT€ OCHOBHOTI'O COCPEIOTOUYCHUS
CTpOUTENbHBIX 00BEKTOB. B ciyuae, ecnmu umeercss OOBEKT, NPUOPUTET B CTPOUTEIHCTBE
KOTOPOTO 3HAYUTENbHO BBIIIE OCTAJbHBIX, 3TOT KOMIUIEKT MOXET pacroyiaraTbCsi U Ha
OTZIETTbHOM O0BEKTE, UCTIONB3YSCh KaK "Topsiunii" pe3eps.

[IpumepHO Takyl K€ TOJUTHUKY CIIEIyeT MPOBOJUTh M B OTHOUICHUU KPYITHBIX
CTPOMUTENBHBIX MAIlUH, pa3Melllas pe3epBHBbIC €IUHUIBI Ha IEHTpaIbHOU 0aze pUpMBbI WIH Ha
B2XHOM KPYITHOM CTPOHUTEIEHOM OOBEKTE.

bonee cnoxkHas 3amada CcOCTOUT B (OPMUPOBAHMU CKIIAZOB OCTPOJC(HHUIIMTHBIX
3JIEMEHTOB, MOTPEOHOCTh B KOTOPBIX 3HAYMTEIbHA. 37I€Ch MBI MMEEM JBa MPOTUBOPEUUBBIX
yCIOBUSI:

a) CKJaJg PE3epBHBIX DJJEMEHTOB JODKEH OBbITh MAaKCHUMallbHO NpPUOMIKEH K
MOTPEOUTEIIO;

0) yBemMUYeHHUE KOJIMYECTBA CKJIaI0B CHIKAET () PEKTUBHOCTh UCTIOIB30BAHMS PE3EpBa.

B o01miem ciydae pa3mep OTIEIbHOTO CKIIaAa JOHKEH YIOBIETBOPATH YCIOBHIO:

F)nej < F)ye
rae Pnej — moTepu 1 3aTpathl, CBSI3aHHBIE CO CKIAINPOBAHUEM €-TO 3JIEMEHTA Ha J-OM CKIIaJIe;
Pye — moTepu u 3aTpatsl, CBA3aHHBIE C JOCTABKOM €-TO 2JIEMEHTA U3 LEHTPAIbHOIO CKIAA.

OpnHako, MOTEpH MO BCE COBOKYMHOCTHU CKJIA0B OYIyT OTIMYATHCSA OT MPOCTON CyMMBI
MOTEPh MO KKIOMY CKIaTy. DTO CBSI3aHO C TE€M, YTO CHCTEMa CKJIAJ0B 00JaJjaeT CBOMCTBOM
AMEP/KEHTHOCTH.

3anaya onpeeneHrs KOJIM4ecTBa, KOMIUIEKTOBAHUS CKJIaJ0B PE3EPBHOI0 000pyA0BaHuUS,
MOXKET OBITb cOopMyTuUpOBaHa CJIEAYIOIIMM OOpa3oM: Ha TapK MaIllWH W3BECTHON
HOMEHKJIATYpPhI U BO3PACTHOU CTPYKTYPHI 1aHA B TUPEKTUBHOM MOPsIKE HapabOTKa MO KaxI0i
MamuHe. M3BecTHB 3aKOHOMEPHOCTH BBIXOJA MAIIMHBI W3 CTPOS U TEpexojia SJIEMEHTOB
MallliHbl W3 WCHpPaBHBIX B HeWcnpaBHbe. JlaH Ha0oOp CKJIaJ0B C WX OpraHU3aI[MOHHO-
SKOHOMHYECKUMHU XapaKTepucTUKamu. Tpedyercs oOmpeaenuTh MOTPeOHOE KOJIMYECTBO

PE3CPBHBIX BJICMCHTOB U UX PasMCIICHUEC B CUCTCME CKJIa10B HOHpaBHGHGHHﬁ.
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Pemrenue 3agaun.

[TpoBoanM KiacCU(PUKALNIO PE3EPBHBIX AJIEMEHTOB MO MPHU3HAKY UX MPOU3BOJICTBEHHON
notpedHoctu. OmnpenenyM MOTPeOHOCTh €-T0 JIEMEHTa, Ha O00BEKTe, CHA0XaeMoro ¢ J-ro
CKJIaja.

Ecnu MBI Bce MHOXKECTBO CKJIaJ0B | 0003HauMM uepe3 N, TO MOTYT BCTPETUTHCS JIBa
BapUaHTa: €-bIil AJIEMEHT 3allpOIleH Ha CKJIAJC | U €-bIi AJIEMEHT Ha CKJaJie | He 3alpolICH.
Taxum 06pa3oM, MOKHO COCTaBUTH JIBa MHOXECTBA HJIEMEHTOB!

M" — MHOXKECTBO €-BIX SIEMCHTOB, 3alpAIIMBAEMBIX depe3 Bce CKuams, M —
MHOXECTBO 3JIEMEHTOB, 3aIIPAIlIMBAEMBIX TOJIKO Y€pe3 OT/IEJIbHbIE CKIIa bl

3n1ech HEOOXOAMMO ONPEACTUTh 00BEMBI PE3EPBHBIX JIEMEHTOB Ha KaXKAOM cKiajae. Mx
KOJIMYECTBO 10 OT/EJIbHOM HOMEHKJAType Ha CKJIaje MOXeT Kojebarbesi B nuamazone O <
M. <M

B 1ienmom j-blii CKi1a comepskuT | BUIOB 311EMEHTOB

1"=>" M. (1)

e=1

O0BeM j-ro CKIIaja OnpeAeseTCs BhIpakKeHUEM

NJ' - Zi1 Z(i,:l Mej ! (2)

rae r{0,1,2,...,R} — xonmn4ecTBO €-T0 3JIeMEHTa B CKJIaJE.

OO6muit 00beM 3anacHbIX yacTel B KpynHoi ¢pupme (AO)

N = lezl ZrR:l Z::1 ’Mej = Ij:le ' ©)

061112151 HOTpe6HOCTI> B PC3CPBHBIX 3JICMCHTAX PABHACTCH:

zlj=1 Zf:l Z:=1 ’Mej :lezl ZL Zzzlsejr +er ! (4)

rae Sejr — MOTPEOHOCTH B €-OM 3JIEMEHTE, 3aIPAIINBAEMOM 110 J-MYy CKIIAJy;
Qej — pe3epB €-To JIEMEHTa B J-OM CKJIaJie Ha CIIydail HPUTMUYHOCTH CHAOXKEHUS M cIpoca
JTAHHOTO 3JIEMEHTA.

Taxum o6pazom, ApobieHNEe KOJIMYECTBA CKIIAZ0B, C OJTHOM CTOPOHBI, YMEHbILIAET BPEMS
JIOCTaBKM PE3EpPBHOIO 3JIEMEHTa K HEUCIPAaBHOM MallWHe, C JPYyroil CTOPOHBI, YBEIHMUMBAETCS
KOJINYECTBO CTPAXOBOTO PE3EPBa, UTO MPUBOAUT K 3aMeIJICHUI0 000pOTa CKIaja.

BTopeiM BaXHBIM MOMEHTOM B YCTAHOBJIEHMM OOBEMOB M HOMEHKJIATYphl CKJIaJ0B
ABIISIETCS OTIpe/IeTICHNE BO3MOKHOCTH 3aMEHbI KOHKPETHOTO 3JIEMEHTa Ha 00BEKTE.

JleficTBUTENTHFHO, TOTPEOHOCTh B TOM HWJIM WHOM PE3EpPBHOM 3JieMeHTe (IyCTh Ccamou
IpoCTeHIIel JeTaln) UMeeTcs Ha J000M 00BbeKTe, HO BCIEACTBUE TPYAHOCTEH €€ 3aMEeHbl B

MOJICBBIX  YCJIOBUAX, MaAlIWUHY HNPUXOAUTCA OTIIPABIATL B HCHTPAJIbHYI0O PCMOHTHYIO
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Mactepckyto. [Toatomy dopmupyem HOBoe MHOKECTBO M, Kyaa BXOIST TOJBKO T€ pe3epBHbBIC
AJIEMEHTBI, KOTOpBIE M0 TEXHHYECKOMY IPUHIMIYY MOTYT OBITH 3alpOIIEHBI TOJIBKO U3
HECKOJIbKUX WJIM OJTHOTO CKJIaja.

Wtak, B ceTH CKJIAIOB JODKHA OBITH MpOBeJeHa KiaccU(UKAIMs MX 3HAYUMOCTH U
pazMepHocTH. B mepByto rpymnmy ckiiaJjoB BKIIFOYAIOTCS CKJIAJbI C MOJHBIM WM MaKCUMaIbHBIM
i TpecTa (aKIMOHEPHOro OOIIECTBAa CO3JAaHHOTO Ha 0as3e TpecTa), KPYHMHOIO CTPOUTEIHHOTO
XOJIIMHTa Ha0OpOM PE3epPBHBIX JIEMEHTOB.

OT0 MOXeT ObITh LEHTPAIbHBIN CKIaJ, CKJIaJ CHEHATIU3UPOBAHHOIO PEMOHTHOIO
nojapasfelieHus uiau  0a3  ympaBiIeHUIl  MeXaHM3alMM, JIWIepcKoil  ¢upmbl  THMA
"CtporimarcepBuc".

Bo BTOpyIO rpyniy BXOZST CKiaAbl 0a3 yIpaBiIeHHHA MEXaHWU3AIUH HIIM CTPOUTEIBHBIX
¢bupM c OONBIIUM KOJTMYECTBOM MAIIUH (TIPU LEHTPATU3alUU PEMOHTHOU CIYXObl), CKJIAJbI
MPUOPUTETHBIX OOBEKTOB, MPU OOCITY)XMBAaHUHM 3HAUYUTEIBHOTO KOJIMYECTBA TEXHUKUA Ha
HEOOJIBIIIOM Y/IAJICHUH JPYT OT JApYyra W MPH YCIOBHU XOPOIIEH TPAaHCHOPTHOM CBSI3U MEXKIY
00BEKTaMHU.

B Tperbio rpymnmy BXOAAT CKIIaAbl ONMOPHBIX MYHKTOB, MPHUOOBEKTHBIE CKIA/bl KPYIMHBIX
00BbekTOB. M, HakOHEI, B YETBEPTYIO TPYIIY BXOAST HEOONbIINE CKIIAIbl, HHCTPYMEHTAIbHO-
pa3gaTrouHble KIAJOBHIE, HMMEIONINE MHHHMAJIbHOE KOJWYECTBO W Y3KYI0 HOMEHKIATYPY
PE3EPBHBIX 2JIEMEHTOB (METU3HBIE U3/IEHS, PUIBTPHI U T.I1.).

Orta rpajanus IMO3BOJSET CHCTEMAaTH3MpOBATH paclpelielieHue 3alacHbIX 4YacTed U
OIIPEJIEJIUTh UX PAllMOHAIBHBIA 00bEM.

OTa MeToIMKa MOXKET OBITh MCIOJIB30BaHA M 3aBOJAMU W3TOTOBHUTEISIMUA CTPOHUTEIHHOM

TEXHUKU OJIS1 CHAOKEHHS CBOUX TEXHUYECKHUX LHCHTPOB.

CnucoK MCTOYHMKOB
1. Kum B.I'. HoBsrit yueOnuK // Mexanmnzanus crpoutenscTBa. — 2009, — Ne 8. — C. 30.
2. TlepmsixoB M.B., Yepnpimosa J.I1., Kpuman A.Jl. u 1ap. AKTyanbHbIE TPOOIEMBI

CTpOMTENbCTBA: MOHOTpadus. — Marauroropcek, 2013. — 139 c.
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YHUBEPCAJIBHAS ®OPMYVYIJIA JUISA OITPEAEJIEHUA ITPOYHOCTHU
BETOHHOI'O AJIPA TPYBOBETOHHbIX KOJIOHH

AHHoOTanus: B cratbe mpuBeneHBI OCHOBHBIC 3aBHCHMOCTH ISl ONPEICICHUS MPOYHOCTH
0eTOHa CTEP)KHEBBIX CTAICOCTOHHBIX KOHCTPYKIMH, WMEIOIIUX BHEIIHIOI CTalbHYIO OOOJOUKY.
@DopMyITBl OTyYeHBl TEOPETHIECKUM MyTeM. B oTiimane oT paHee HCIONIB3yeMbIX 3aBUCHMOCTEH, B TOM
YHCIe TIpeJlaraeéMblX HOPMATUBHBIMU JOKYMEHTAMH PAa3IUYHBIX CTPAaH, OHU MO3BOJIIOT YYUTHIBATH
BJIMSHUE Ha MPOYHOCTH HE TOJNBKO YPOBHS OOKOBOro oOxatusi, HO M BHja OetoHa. B pesynbrare
CYIIECTBEHHO MOBBIIIACTCS TOYHOCTH PACUETOB.

KiroueBbie cjoBa: TNPOYHOCTH OETOHA, CTaNcOCTOHHBIC KOHCTPYKIIMH, OOBEMHOE CHKATHE,
YpOBEHb OOKOBOT'O 00XaTHs, BUI OCTOHA.

A.L. KRISHAN, full professor, doctor of Technical Sciences, head of the department
of Building Design and Constructions, Nosov Magnitogorsk State Technical
University

UNIVERSAL FORMULA FOR CALCULATION OF CONCRETE CORE
STRENGTH OF CONCRETE FILLED STEEL TUBE COLUMNS

Abstract: The paper presents the basic dependencies of calculation the strength of the concrete
core of steel-concrete constructions with the external steel holder. Formulas are obtained theoretically. In
contrast to previously used dependencies, including proposed normative documents of various countries,
these formulas allow to take into account the influence of not only the level of lateral compression and the
kind of concrete on the strength. As a result, the accuracy of the calculations significantly increases.

Key words: strength of the concrete, concrete filled steel tube columns, lateral compression, the
level of lateral compression, kind of concrete.

[TonpoOHBIA aHANMM3 W3BECTHBIX MOJXOJOB, HCIHOIB3YEMBIX TMPU MOAECTUPOBAHUN
CHJIOBOTO COTPOTHUBJICHUS OCTOHA B YCJOBUSAX TPEXOCHOTO CXKaTHs, MpHUBeaeH B pabdote [1].
Cpenu aBTOPOB aHATUTUYECKHUX 3aBUCHUMOCTEH, MPEIOKEHHBIX B TIOCIEIHUE TPU JCCITHIICTHS,
MOxHO oTMeTuTh M. Atrapna u C. Cerynra, [I. bnyme, JI. Bannenuka, /[. Kenrta, /I. Kyccona,
. Mannepa, JI. Mancypa, C. Maptuneca, [1. Mennuca, X. Myrypyma, P. Ilapka, C. Pa3Bu u
M.Caatkuorny, 1. Pos, M. Capruna, b. Ckorra, M. ®adutuca, M. Oymxuu, C. lleiixa,
B.YaHna, 1O. FOnra u ap.

Pe3ynbTatel 3TOrO aHanM3a CBUAETEILCTBYIOT, 4TO mopsaka 50% omyOnrKoBaHHBIX
3aBUCHUMOCTEH Ui OMNpeneNieHus MPOYHOCTH OOBEMHO C)KATOro OETOHA TMONYYeHBl Ha

OCHOBAaHHUH OMIIUPUYICCKOT'O nmoaxoaa, IMOCKOJIBKY OHH ITIOJIHOCTBIO OCHOBAHBbI Ha
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SKCIepUMeHTaIbHBIX JAaHHbIX. [lopsaka 10% paboT ocHOBaHBI Ha WHKEHEPHOM IOAXOJE,
KOTOPBIM YYHTHIBAET M3BECTHBIC (PH3UUCCKUE 3aKOHOMEPHOCTH IOBEICHHS O0OBEMHO CXKATOTO
OeroHa. borbImast 4acTh OCTaTBHBIX PAOOT MPEACTABISAET COO0N KOMOMHAIIUIO SMITUPHUECKOTO U
WH)XEHEPHOTO MOAX00B. M TOIbKO O4YeHb HEOOJIbINas YacTh HCCICIOBAHUM, CPEIr KOTOPHIX
MOKHO oT™MeTuTh padotel H.M. Kapnenxko [2], M. KorcoBoca [3] u k. Mannepa [4], umeror
1oJ1 co00# TeopeTHUECKyI0 0asy.

[Ipm pacuerax CJIOXKHBIX BHUIOB HANPSDKEHHBIX COCTOSIHHM — KEJIE300€TOHHBIX
KOHCTPYKIIUH yCIEIIHEe BCETO HMCIOJIB3YIOTCS ()EHOMEHOJIOTUYECKHE TEOPUU MPOYHOCTH. Tak,

H.H. Kapnienko 3ameTui, 4to rpaduku NPOYHOCTH MPHU JABYXOCHOM CXKATHH U PACTSKEHUU, 110

CYTH, TPEJICTABISIOT CIE/bl JICBUATOPHON KPUBOW Ha IJIOCKOCTH B MHTepBamax —1< u <1

(u, — mapamerp Jloge-Hanam). DTO 3HAUUTENBHO YIPOCTUIIO MPOLEAYPY BOCIHPOU3BEICHHUS

JIeBUATOPHBIX KpPUBBIX. VM ke OBbUT IpPEeJIOKEeH M JIOBOJIBHO HPOCTOM IyTh MOCTPOEHUS
MEpPUIMOHAIBHBIX KpUBbIX. C TakMX MO3HMIMEI OOIIee yCIOBHE MPOYHOCTH OETOHA IS JII0OOTO

HaHp?DKeHHOFO COCTOSAHUA HpeI[CTaBJI?IeTC?[ B BUJIC:
ac? +bo? +0;, k. € —b 3SR, +0,€bR — f5R, ~
~0,0,€+b+1-f >k f6;RR, =0, (1)
rae 0, u Oz — MaKCUMAaJIbHOE (C y4eTOM 3HaKa) U MUHUMAJIbHOE IJ1aBHbIE HAIIPSKEHUS;

a, bu f — mapamerper, 3aBucsmue ot Buna 6eToHa;

*

o p — OTHOCHTENIbHAs (QYHKIMsS HU3MEHEHHS NPOYHOCTH OETOHA MPH Pa3IMYHbBIX
BHJIaX HAIPSKEHHOI'O COCTOSTHUS;
k. =f (16/ — OTHOCUTENbHasE (YHKIMS M3MEHEHHs MPOYHOCTH OETOHA MpU JBYXOCHOM

CKaTHUU.

BeimonHenHass mpoBepka [5] HM3BECTHBIX KpPHUTEpUEB NPOYHOCTH IIOKa3ana, 4YTO B

YCIOBUSIX TPEXOCHOTO CXKAaTHsI JIYHIIYI0 CXOAUMOCTb 1aroT yciosus npoynoctd H.M. Kapnenko

u A.B. Slmmna. Ilpu stom Tonmpko ycinoBue (1) mo3BosisieT yuyuThIBaTh Takue (hakTophl, Kak
CTPYKTypa 1 BUJ OeToHa, a Takxke Bug HJIC.

C yderoMm Bcero 3TOro, Juig pacdera MPOYHOCTH OOBEMHO CHKAaTOro OETOHHOro siapa

Tpy6o6eronnbix konoHH (TBK) mpumem xpurepuii (1). B yactHOM cityuyae, mpu BceCTOpOHHEM
CKaTHUHM DJIEMEHTA HANpsOKeHUsIMU Oy = O, > O, XapakTepHas (yHKIMS MPOYHOCTH OETOHA

an06peTaeT HUCKIOYUTECIBbHO HpOCTOfI BU, COBIIAJAIOIINN C npeajar aeMou paHee

BKCHepHMeHTaHLHOﬁ 3aBUCUMOCTBIO:
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o, =—R, +koy, (2)
rae K — koo duumenT 60K0BOrO 1aBaeHus, ONPeAeIsAeMbIii 10 GopMyIie

_l+a-am
b+€-bm’

B KOTOpoii M =0, /0, — ypoBeHb 60KOBOro 00XkaTHs; & M b — KoddduImenTs MaTepuana,

(3)

yCTaHABJIMBAEMbIC M3 OIBITOB.
s Tsoxenoro O6erona cpeanuMm K coorBercTByer b=0,096, a HIKHEN IpaHMIE 3TUX
snavennit — b=0118; npu srom a=0,5b[2]. Menkosepuucrnsiii GeTon comporusnsercs

00BEMHOMY CIKATHIO XYXKE, YeM OCTOH Ha KPYITHOM 3allOJHHTENE, MO3TOMY JJIS BBIYHCICHUS
CPEIHMX 3HAYCHHMH €ro MPOYHOCTH MOXHO mnpuHATh b=0,16 u a=0,5b. UroObl ompeneauTsb
k03 duIMeHTel & U b g Apyrux BUAOB OeTOHA HEOOXOIUMO HMETh COOTBETCTBYIOIIUC

OTIBITHBIC JaHHBIE.
IIpu pacuere TBK kpyrioro ceueHus HampspkeHUsIM Oz U O, OOYCIIOBIMBAIOIIMM
BBIXOJl HA MOBEPXHOCTh MPOYHOCTH, COOTBETCTBYIOT 3HAUEHUS MPEAECIBHOTO COMPOTHBIICHUS

0OeTOHa CXKATHUIO B OCEBOM HallpaBJICHUU IIPH HCOAHOPOAHOM HAIIPSKCHHOM COCTOSHUU Rb3 u

OOKOBOE JJaBJIeHHE CTAIbHON 000KWMBI Ha OETOH B IPEAEILHOM COCTOSIHUU Oy, . Toraa gpopmyna

(2) AJI1 ONIPCACIICHUA ITPOYHOCTHU OCTOHHOTO sAApa Ipru €ro UCHTPAJIbHOM CXKATHU 3allMIICTCS B

BUJE

Rys = Ry + Koy, (4)

e Rbc — [IPOYHOCTH OCTOHHOTO HUJIMHApPA [MPpU OCCBOM CXKATHUH.
3,[[60]3 HeO6XOJII/IMO OTMCTHTD, YTO JJIA TBK KPpYTJIOTO HUJIX KOJIBLICBOI'O CCUYCHUA OCHOBOM

AJIs1 HA3HAYCHUS HOPMATHBHOT'O COIIPOTUBIICHUA OeToHa OCCBOMY CXKATHIO OOJIKHA CIIYXXUTb HE

IpU3MeHHasT TPOYHOCTh. s cBsi3m Mexay mnpusmenHod R, w mwmmaapmyeckond R,

MMPOYHOCTAMU 0eTOHA MOKHO HCITOJIb30BaTh CJICAYIOI YO 3aBUCUMOCTD

Rbc = 0157/c \/;Rbu ’ ®)
rae ¥, — Ko3(QGUUMEHT, yIUTHIBAIOIUH MaCIITaOHbIA (hakTop.

BCJ'II/IHI/IHy Yc B 3aBUCUMOCTH OT AHUAMCTpPA OCTOHHOIO AApa db MOX>HO BBIYHMCJIHTDH 110

bopmyite, moxy4ueHHO# B pabore [6]
0,25
d

y.=1035+ 0,65d—0 >0,8, (6)

b
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rae d, — InaMeTp 3TATOHHOIO [UJIHH/IPA, IPUHUMaeMbIi paBHBIM 0,15 M.

AnbrepHatuBoii popmyie (4) sBisercs 3aBucuMocthb J[x. Manaepa

I:\)b?’=2,254\1+7,94 -2

Gbr Gbr

—1,254, )

bu bu bu
Ota 3aBUCHUMOCTL B IMOCIEAHECE BpEMA YaCTO HMCIOJB3YCTCA 3a py6e>1<0M 1A

ompeereHus] IPOYHOCTH 00beMHO cxkaTtoro OeroHa. Omnako misi TBK GokoBoe nmaBieHue Ha
OETOHHOE S/IPO B MPEAEITHLHOM COCTOSIHUM O, W3HA4YaJIbHO HEeW3BecTHO. Ero BemuunHa 3aBUCUT

OT TEOMETPHYECKMX ¢  KOHCTPYKTHBHBIX IapaMETPOB  PACCUUTHIBAEMOH  KOJIOHHBL
CrnenoBaTelbHO, HAWTH MPOYHOCTH IICHTPAIBHO CKATOTO OeToHHOTro sipa 1o (opmyne (7)
3arpyaHuTenbHO. KpoMe TOro, mpoBepka TOYHOCTH pPAcyeTOB Ha OCHOBAaHUHU PE3YJIbTaTOB
COIOCTABJICHUSI TOJYYCHHBIX TCOPETUYECKUX 3HAYECHUH C 3KCIICPUMEHTAILHBIMU JaHHBIMU
CBHJIETEIILCTBYET O 3aMETHOM 3aHIKECHHH BBIYMCICHHOW TaKUM 00pa30M MPOYHOCTH OETOHHOTO
Spa IPU OTHOCUTENILHO HU3KUX YPOBHSX €ro OOKOBOTO OOKaTHSL.

B aTO#i CcBsI3M, 32 OCHOBY Ui ompenesicHus MpoyHocTu OetoHHOro sigpa TBK Gepem

bopmyny (4). IToacraus B (4) Beipakenue (3) uMeeM:

— 2
R, =R, 0,750 +05+ 0’22 +o/b |, )

|

rae O — OTHOCHUTEJIbHAasA BCIWYMHA OOKOBOTO AaBJICHUA CO CTOPOHBI CTAILHOM 00O0JO0YKH Ha

GETOHHOE PO B MPeETEHOM COCTOSHUN O = Oy, /R, .

Crenyer 3aMeTUTh, YTO paHee pelianach Takas 3amada [7, 8], HO mpu HCHONIb30BaHUU
YIPOIIEHHON 3aBUCUMOCTH JUIsl HaX0XJeHusl kod(dduurenta O0KOBOro JaBleHUs, KOTOpas He
yYUTHIBaJla BUJ OETOHA.

N3BecTHO, YTO OOKOBOE JABJICHHE OKAa3bIBACT CYIIECTBEHHOE BIMSHHE HE TOJBKO Ha

npouHocTh OetoHHoro snapa TBK, HO M Ha BenMUMHY HampsDKEHHs OCEBOTO HAlpaBIICHUS B
CTalIbHON 000J104Ke Op,. DTO HANPSIKEHUE C YYETOM YCHOBHs TeKydecTH I'eHku-Museca s

IIJIOCKOT'O HAITPSXKCHHOI'0 COCTOAHUSA BBIPA3UM Y€pPE3 OTHOCUTCIIHHOC OOKOBOE JaBJICHHUC B

\
(/77 — A
o-pZ:R|Ou pz—BGZ—G/A—, 9)

P

CJICAYIOICM BUIC

rie O — KOHCTPYKTHBHBIN KO3 duImeHT TpydoOeToHa, onpeesseMbli o Gpopmye

_9y Ap
A’ (10)

u

P
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B KOTOpOH O, — mIpefen TeKy4ecTH CTaju BHemHel o6onoukn TBK; AI/IAp — IJIOLIagH

MIOTIEPEYHBIX CEUEHUI OETOHHOTO si/ipa U 000JIOUYKH.

[TpouHocTh KOPOTKUX HEHTpaNIbHO cxkaThix THK onpenensercs mo Gopmyre
N =R,A+0,,A. (11)

[Tocne moacranoBkw (5) u (6) B ypaBHEeHHE (8) UMEEM CIICIYIOIIYIO 3aBUCHMOCTh

N = Rbu \[G;Zj +0/b_(6;2J+\,p2_362 . (12)

3aMeqaeM, 4qTO Ipu (1)I/IKCI/Ip0BaHHBIX SHAYCHUAX T'COMCTPUUYCCKUX N KOHCTPYKTUBHBIX

mapamMeTpoOB ThK CyMMapHas IMpoJdoJIbHad Cuia, BOCIIpUHHMACMad OCTOHOM M CTajbl0 B

HOpMAJIbHOM CCUYCHHUH, 3aBHCHUT TOJBKO OT OTHOCHUTCIIbHOI'O OOKOBOI0O JOAaBJICHUsA O .
MaKCI/IMaJII)HOMy 3HA4YCHUIO HpOI[OJIBHOfI CHJIbI COOTBETCTBYCT YCJIOBUC

dN

i 0. (13)

ITocne OIIPCACIICHUS HpOHSBOI{HOﬁ MMpUXOAUM K CICAYIOLIEMY YPABHCHUTIO

b(c-2)+8 12¢
\/B\/b(g—2)2+16g \/p2_3gz

-1(=0. (14)

W3 pemenust ypaBHenus (11) momydaem ¢opMmyny st onpeneseHus: OTHOCUTEIBHOTO

OOKOBOT'0O JAaBJIEHUS CTAJIbHON 000J0YKH Ha OETOHHOE AAPO B npeaesbHoM cocTossHUM ThK
- -@+b_ 08
o =0,48e" ¢ p%8, (15)

HaiiieHHBII mapaMeTp O TMO3BONAET ONPEAEIATH HE TONBKO MPOYHOCTh OOBEMHO
cxaroro sapa TBK, HO 1 MPOYHOCTH KOPOTKUX HEHTPATIBHO CKATHIX TPYOOOETOHHBIX JIEMEHTOB
KPYIJIOrO NONEPEYHOTO CEUEHUSI.

Takum 00pa3oMm, MOIY4EHbl TEOPETUYECKHE 3aBUCHUMOCTH, MO3BOJIAIOLIME OIpPEEIATh
npo4yHocTHBIE cBoiicTBa THK Kpyrioro nonepeyHoro ceueHus, M3roTOBIEHHBIX U3 Pa3IMYHBIX

OETOHOB.
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OCHOBHBIE HEJJOCTATKH PACYETA HECYIIENH CIOCOBHOCTH
TPYBOBETOHHBIX KOJIOHH IO EBPOIIEVICKUM HOPMAM

AHHoOTamusa: B crarbe BBITONIHEH aHATW3 METOJAMKH pacdera HeCylled CrnocoOHOCTH
TpyOOOETOHHBIX KOJIOHH MO €BPONEHCKAM HOpMaM. BEHISBIIEHBI OCHOBHBIE HEIOCTATKH 3TOW METO/MKH,
HUHOrjga HpI/IBOI[HHH/Ie K CYIIICCTBGHHBIM HOFpCIHHOCTSIM B pvaeTax. HOKa3aHI)I OFpaHI/I‘-IeHI/ISI
MPEIUIOKEHHON 3aBUCHMOCTH U  OMpEAeTeHHUs MPOYHOCTH O0O0BeMHO ckaroro OeTtoHa. J[laHbl
PEKOMEHAIMHU TI0 KOPPEKTHPOBKE paCCMaTPUBAEMOI METOTUKH.

KnioueBble cjioBa: TpyOOOETOHHBIE KOJIOHHBI, HECYIlash CHOCOOHOCTb, €BPOINEiCKHE HOPMBI,
MIPOYHOCTH OOBEMHO CXKATOTO OeTOHa.

A.L. KRISHAN, full professor, doctor of Technical Sciences, head of the department
of Building Design and Constructions, Nosov Magnitogorsk State Technical
University; A.l. ZAIKIN, associate professor, candidate of Technical Sciences,
department of Building Design and Constructions, Nosov Magnitogorsk State
Technical University

THE MAIN DISADVANTAGE OF BEARING CAPACITY CALCULATION
OF CONCRETE FILLED STEEL TUBE COLUMNS BY EUROPEAN
STANDARDS

Abstract: This paper presents the analysis of calculation procedure of bearing capacity of
concrete filled steel tube columns by European standards. The basic disadvantages of this calculation
procedure, sometimes leading to significant errors, are revealed. The limitations of the offered
dependence for calculation of the strength of volume compressed concrete are shown. Recommendations
for correction the calculation procedure are given.

Key words: the concrete filled steel tube columns, bearing capacity, European standard, strength
of the lateral compression of concrete.

B npencrosmue 5+10 ner B Poccum muiaHupyeTcsi TOCTENEHHBIH Nepexoa Ha
€BpoOIIeiiCKue HOPMBI TPOEKTHPOBAHUS CTPOUTENbHBIX KOHCTPYKIUN. B 3T0 cBA3M 0cOOEHHO
aKTyaJIbHBIM BUIUTCS COTIOCTABUTEIIbHBIN aHaTN3 OCHOBHBIX IMOJIOKEHUH OTEUYECTBEHHBIX U
€BPOIIEHCKUX HOPM IO CYIIECTBYIOIIMM METOIMKaM pacdera CTPOUTEIbHBIX KOHCTPYKIIHH.
JlanHasi cTaThsi MOCBSIICHA ONMpPEAENEHUI0 HECylleld CroCOOHOCTH TPYOOOETOHHBIX KOJOHH
(TBK). ITockonbky B HopMmax P® pacuer Hecymelr cnocoOHoctn TBK orcyrcTByeT, HuXke

paccmoTpena mertoauka EN 1994-1-1 u naHbpl NpeaIOKEHUS 10 €€ KOPPEKTUPOBKE.

46



APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

OcHoBHBbIE MOJ10KeHUs eBpOHOPM 110 pacyety TBK

B EN 1994-1-1 «lIpoektupoBanue CTajexene300€TOHHBIX KOHCTPYKIIHIY IS
ONpENENIEHUs] B IIACTUYECKON CTaAuM HECyLed CHOCOOHOCTH C)KAaTOro IOIEPEYHOro
CeUeHHS TPyOOOETOHHOM KOJOHHBI, UMEIOIIEH 000JI0UKY U3 MPOKATHOW UM CBAPHOM CTAJIbHON

TpYOBI C ABYMS OCSIMH CUMMETPHH, NPEAIOKEeHa IpocTasi popmyia

N, =A R, +AR,, 1)
e R p — PaCYETHOE CONPOTHBIICHUE PACTSIKEHUIO (CIKATHIO) CTAILHOM 000JI0YKY;
R, — pacuerHoe conpoTuBieHnEe OETOHA OCEBOMY CIKATHIO;

Au Ap — IUIOIAIY MONIEPEYHBIX CEUEHUIN OETOHHOIO SApa U CTAIbHON 000JI0UYKH.

W3 mnpakTUKM H3BECTHO, YTO HCIONb30BaHue (opmynsl (1) MoOXeT NpUBOIUTH K
Yype3MepHbIM 3amacaM Hecyliel crnocoOHocTH. IloaToMy npu pacuere 3amoHEHHBIX OETOHOM
TpYO KpYIJOro ceueHUs MOXKET OBbITh YYTEHO YIpOYHEHHE OeTOHa BCIEJACTBHE €ro o0Xarus

CTabHOM TpyOOi. B 3TOM ciydae HeECyIlyr0 CIOCOOHOCTh NpENaraercs OMpenessaTh I10

dbopmye:

Ty 't'Rs,p

N, =7,-A, R, +A -R| L+ iR | @)

rae 0 — HapyKHBIA THAMETp KOJTOHHBI;

t — TonmuuHa CTEHKH CTaNbHOI TPYOHI;

17,1 17, — KOd(HHUUMEHTBI YCIOBUN PabOThI CTAIBHON 000JI0UKH U OETOHHOIO s/1pa.
IIpr OTCYTCTBAM SKCLEHTPUCHTETA CXKHUMAtoIen cuibl (e = 0) 3Ha4CHUS 77, =71, H
1y = Npo PEKOMEHAYETCS ONPEAEIITH IO popMyIam:
Mo = 491851 +174° >0; ©)
1, =025 €+21 X1, @)

B KOTOPBIX A — yCIIOBHas THOKOCTb.

VcaoBHast THOKOCTD I paCCManHBaCMOﬁ IJIOCKOCTH U3rM0a BEIYHCIISICTCS 110 (I)OpMyJ'IC:

1= un ' (5)

rac N un — 3HAUCHHC HCCYIJ_Ieﬁ CIIOCOOHOCTH Ha CXKaTHE B INIACTHYCCKOU CTaaun, IpUHUMACMOC

1o (1), HO MpY HOPMATHBHBIX 3HAYEHUSIX COMPOTHUBIIEHUN MaTEpUaJIOB;
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N, — ympyras KpuUTHUYeCKash OceBas CHJa JUIsl COOTBETCTBYIOMICH (DOpMBI IMOTEpH

cr
YCTOMYMBOCTH, BBIYHCIsAEMas C HCIOIb30BaHUEM JS(PPEKTUBHOW U3THOHON
xectkocth (El)esr, KOTOpast onpenensiercs B coorBercTBuu ¢ EN 1994-1-1.

®opmyibl (2)+(4) cnpaBeJIUBBI IPU KUCIIOJIB30BAaHUU TPYO M3 ctasiel kiaccoB oT C235

no0 C460 m oObuHOTO TSKENOro OeToHa KiaccoB mpouHoctr oT B20 mo B50, a taxke mpu
YCIJIOBHH, YTO YCIOBHAsi THOKOCTh A He npessbiaer 0,5.

[Ipn coBMecTHOM [EHCTBUU CXaTHUsl C U3TUOOM 3HaueHUs Kod()(PUIMEHTOB YCIOBHIA
paboThI Mg U M CIAEAYET ONPEILISITh CIACAYIOINM 00pa3oM:

- pu €,/d < 0,1

€
My =Myo - (1—10-—); (6)

d,

10-e,
np:npo_'_(l_npo)'d—; (7)
b
- mpu €,/d > 0,1

m =0, n,=1 (8)

BreimonauM ananu3 GopmMysasl (2) s KOPOTKOH TpyOOOETOHHOHM KOJOHHBI KPYTIIOTO

ceyenus. B oroM ciyyae MoxHO npuHuMath A =0 M maHHyl0 (OpMyJy NPEICTABUTL B

CJICTYIOIIEM BHJIE

N =o,,A+o,A,, (9)
TJIE Op; — NPEETbHOE HANPSHKEHHE OETOHHOTO SIpa B OCEBOM HAIPABIECHUH
49-t-R; ,
GbZ:Rb +7’; (10)
d
Opz — HATIPSDKEHUE OCEBOTO HANPABIIEHHS B CTAILHOM 060I0UKe
o,, =0,9R, . (11)
C yuerom Toro, uro t/d =4A / A dopmyna (10) umeeT creayromuii BU
Oy, = R, +12254 R, (12)

rae fs o — KoahGUIHEHT apMUPOBaHUs TPYOOOETOHHOM KOJIOHHBI.

BosbmmHCTBO HMccnenoBarenel 1l HaX0XKJICHHUS MPOYHOCTH 0OBEMHO CKAaToro OeToHa
Opz TIPH PABHOMEPHOM 00)KaTHH 3JIEMEHTA HANPSHKEHUSIMU | apr | < | oh; | HCTIONB3YIOT N3BECTHYIO

3aBHCUMOCTD

Oy, = R, + Koy, (13)
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rne o, — OOKOBOE JaBIICHHE MO IMOBEPXHOCTU KOHTAaKTa TPyObl C OETOHOM B MpPENeIbHOM

COCTOSIHUH,
k — ko3 purmeHT 6OKOBOTO JTaBIICHHUS.

ConocraBnenue 3aBucumocteit (12) u (13) cBuaerenbCTByeT 00 WX HIACHTHYHOCTH,
npuuem Koy, =1,2254, R, .

I[J'IH ONpCACIICHNUA IIJIOCKOHAIIPSXKECHHOTO COCTOsSHUA CTAJILHOH 00O0JIOUKHU IIpUMEM

ycioBue TekydecTtu I'enku-Muszeca

2 2 2
Cp+0,0,, +0,, = ZRS’p, (14)

B KOTOPOM O, — HANpPSKEHUE TAHTEHIMATILHOTO HAIPABIEHUS B MPEIENbHOM COCTOSHUHU
CTaJIbHOM 000JI0UKH.
Pemas (14) ¢ yuerom (11), maxomum o, =—L13R, , (B nannom ciyuae 3HaK MHHYC

0O3Ha4YacT, 4YTO HAIIPSAKCHUA paCTSIFI/IBaIOHII/IC).
PaCCManI/IBaSI YCIOBHUEC PaBHOBECHS PAaCCUYUTHIBACMOT'O IMONIICPEYHOI'0 CCUYCHU KOJIOHHBI,

moJrydacm CJIICAYHOIICC PABCHCTBO

0,50, A
- % =05654 R, . (15)

Gbr =

[Ipy u3BECTHOM BBIPAKEHUHM JJIsi OINpeAeseHUuss OOKOBOIO JaBlIeHUs O, HailneM

BCIIMYHHY OOKOBOT0 JaBJICHUA OeToHa

1,225, R,

- > =2168.
0,565, ,R, 10

p

CrnenoBarenbHO, B €BpPONEMCKUX HOpPMax HCIOJb3yeTCsl IOCTOSHHOE 3HauyeHUE
kodpdunnenta 6okoBoro nasieHus. [Ipu mepexome OT pacueTHHIX COMPOTHBIEHUN OETOHA
CXKATHIO K ero (aKkTHueckoil mpouHocTH moiydaeM K =~4, 4ro ObLIO MOmydeHO eme B
n3BecTHbIX onbiTax ®@. Puuapna, A. bpannunaera u P. bpayna B nepBoil momoBuHe XX Beka.
B Hacrosmee Bpems nokazaHo [1,2], uro 3mausenme K B dopmyne (13) mms TBK moxer

MEHAThCA (Yallle BCEro B MHTEepBale 3+7) B 3aBUCUMOCTH OT ypOBHS o0xkatus M=oy, /0y, u

Buja Oerona. Ilepen paspyiieHueM TpyOOOETOHHON KOJIOHHBI OOKOBOE JIaBJICHHE O, MOMKET

nocturath BenuuyuHabl 2030 Mlla u Gonee [3], mo3TOMY Jaxke He3HAUUTENbHBIE HETOYHOCTH B
ompeeeHnd K MOTYT NpHBECTH K CYIIECTBEHHBIM OIIMOKAM B ONpPENEICHHH IPOYHOCTH

0eToHa M pa3pyllaloNiel Harpy3KH.
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IMpennoxkenusi mMo ompeaeieHHI0 NMpeAeJbHBIX HANPSKeHUd B OETOHHOM siipe U
CTAJILHOM 000J104Ke

MHorre COBpPEMEHHBIE CTPOUTENBbHBIE OOBEKTHl, B YAaCTHOCTH BBICOTHBIC 3IaHMUSA,
HY)XJIalOTCS B 0c000 TMpOYHBIX KonoHHax [4,5]. TloaTromy Meroauwka pacuera MX IMPOYHOCTH
JoJKHa ObITh OoJiee YHUBEpCAJIbHON M JaBaTh MpUeMIIeMble Uil MPAKTUKH Pe3yNbTaThl s
JTOOBIX KOHCTPYKTHUBHBIX PEUICHHH TpyOOOETOHHBIX KOJOHH, B TOM YHCJIC U3TOTOBJICHHBIX W3
pa3IMYHBIX BUJOB OETOHA.

B aT0i1 cBs13U, 1715 onpeAeneHus NpeaesIbHbIX HAaPsKEHUH B OETOHHOM sIJIpe U CTalIbHON

000JI0YKH npeaiaracTcia HMcCI0JIb30BaTb (bOpMy.]'IBI, TCOPECTUYECKN IIOJTYYCHHBIC B pa60Tax

[6,7,8]. Tak, nns Tsbkenoro OeTOHAa 3HAYEHHE O, MOXET OBbITh HAWAEHO MO CJEeAYIOIIeH

dbopmyie

— 2
-1 o-1 —
=R +| ——+ .|| —=| +100 |R 17
b b, (17)
2 \ 2
O — OTHOCHUTEJIIbHAS BEJINYUHA 60KOBOFO OaBJICHUS CO CTOpOHI)I CTaHLHOﬁ
O6OJ'IO‘H(I/I Ha 66TOHHOC AApO B IIPCACIBHOM COCTOAHUN

o =0y /R;. (18)

Benuunna O s Tspkenoro 6eToHa MOXKeT ObITh HalifieHa 1o ¢hopMyIe:

~ 3p
o= ",
667+ p 19)
I'Jie p — KOHCTPYKTUBHBIM KO3(h(pULIeHT TpyOoOeToHa
RS, p Ap
P = 7Rb A (20)

AHanmM3 JKCMEepUMEHTAIBHBIX JaHHBIX [1] ToOKa3piBaeT, YTO Ha 3HAYEHUA O,, U O

3aME€THOC BJIMAHHUE OKA3bIBACT BU/ HMCIIOJIB3YEMOI'O OeToHa. ZIJ'ISI JIFOOBIX OETOHOB npeaiaracTcsa

HCIIOJIb30BATh YHUBCPCAJIbHBIC (bOpMy.HBI CICOYIOLIECro BUA.

Rys = Ry §25./€ 22 +165/b +05+0755 , (21)

o =0,38e " %8 (22)

racau b — OMIIUPHUYICCKUC KOB(b(bHHHCHTBI, 3aBUCAIIINEC OT BHUJa 6eTOHa.
HJ'ISI N3TOTOBJICHUA pr606eTOHHLIX KOJIOHH B OCHOBHOM HCIIOJIB3YIOTCS TSXKCEIIBIC U
MEJIKO3epHUCThIE 0eTOHBI. HekoTopoil HMKHEH rpaHuIle MPOYHOCTH OOBEMHO CKATHIX TUIOTHBIX

O0eToHOB cooTBeTcTBYIOT 3HaueHus D=0,118 wu «=0,5b. Menko3epHucTHbIiI OETOH
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COTIPOTHUBIISICTCSI 00BEMHOMY CXKATHUIO XYyXKe, 4eM OCTOH Ha KPYITHOM 3aroTHUTENE. 3HAYCHUs O
U O,, U MEIKO3ePHUCTOro OeToHa MOXHO BbUUCHATh npu b=0,16 u a=0,5b. YtoObI

onpeAeauTs KodpdUIMEHTHI & W b aas Apyrux BUAOB OeTOoHAa HEOOXOJMMO HMETh
COOTBETCTBYIOIIUE OIBITHBIC JTAHHEIC.
Hanpspxenne oceBoro HanpaBJIeHUs B CTaJIbHON 000JIOYKE C YUETOM YCJIOBHUS TEKYyYECTH
I'enku-Mmu3zeca Takke BhIpa3uM uepe3 OTHOCHTEIIBHOE OOKOBOE JIaBIICHHE
2 —2 *\A
=Ry (/p -30 —O'/A—. (23)
p
B Takoli mocraHoBKe Hecymas CHOCOOHOCTh CXKATOTO IOMEPEYHOI0 CEUYCHHUS
TpyOOOETOHHON KOJIOHHBI C YY€TOM YIPOYHECHHSI O€TOHA BCIICICTBUE €ro 00KaTHs CTaIbHOU

TpyOoii onpenensercs no Gpopmyse
Nu :Ap'apz+A'GbZ' (24)

Takum o00Opa3oM, MaTepuayibl CTaTbU IIOKA3bIBAIOT, 4YTO METOJHMKA JEHCTBYIOIUX
€BPOIECMCKUX HOPM IIOCTPOEHA HA SMIIMPUYECKON 3aBHCHUMOCTH JUIsl OIPENEICHUS IIPOYHOCTH
00BEMHO CKaTOro OETOHA, MOJXYYEHHOW aMEpUKAHCKUMHU YYCHBIMH €II€ B IMEPBON IOJOBHUHE
npouioro Beka. JlaHHas 3aBHCHMOCTh HMEET OrpaHMUYCHHYH o0nacTh npuMmeHeHus. Jlis
KOPPEKTHUPOBKM METOJIUKH €BPONEHCKUX HOPM NPEIOKEHBI TEOPETUYECKHE 3aBUCUMOCTH,
ITO3BOJISIOIINE B MpeaenbHOM cocTossHUH THK onpenensaTs HalpshKeHUs OCEBOTO HAIlpaBJICHUS B
OCTOHHOM SIIp€ U CTAIBHOM O0O0JIOUKE M BBIYUCIATH €€ HECYIIYI0 CHOCOOHOCTh. JlaHHbIE

3aBUCUMOCTH CIIPABCIJINBBI JIA 11000r0 YPOBHHA o0xxatus u BHUa OcToHa.
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PARAMETRIC MODELING AS NEW APPROACH TO
ARCHITECTURAL DESIGN

Annotation: The inclusion of parametric modeling in the phase of forming ideas about the future
facility represents the new approach to architectural design. This approach includes semi-automatic or
automatic modeling of the initial form of the building, where by defining various parameters the unique
surface is spatially developed, thus the form of the object is set. This paper presents the possibilities of
parametric modeling as a tool in the form finding and as a direct means in the formation of a new
methodological approaches in the early phases of architectural design.

Key words: Models, Parametric Modeling, Parametric Design, Architectural Design

“If the design is the imagining of reality, then the most important method of designing is
certainly the modeling” (Petrovi¢, 1977). The modeling is the process of making the model,
where the imitation model, the prototype or the projection of an object is a part of an existing,
past and possible future reality. Models allow the simulation, analysis, study and detection
properties of the object that is modeled and can be used for understanding, visualizing and
experimenting (Miljevi¢, 2007).

Throughout history, different types of models have been used extensively to explain
deficiencies in knowledge. This is because models can be very provocative and evoke easy
understanding as a method of communication (Dunn, 2014).The first models were used mainly
to reproduce surfaces, and to display the external properties and relations of objects. Such
models were first reported in the field of architecture in ancient Egypt and Greece, when the
model objects were made of wax. Early Renaissance and Renaissance architects Brunelleschi
and Michelangelo used the models to present their ideas. They made models of churches,
libraries and other facilities. Larger and more significant use of models began in the 19th
century. A major resurgence in the use of the model as a design tool in architecture can also be

traced to the start of the twentieth century — for example in the work of Walter Gropius, who, in
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founding the Bauhaus in 1919, was keen to resist the prevailing preoccupation with paper
designs in favour of physical models to explore and test ideas quickly, an impetus reflected in the
extensive use of models in the De Stijl period and elsewhere (Dunn, 2014).

Today, models are used in many scientific disciplines, and research in contemporary
architecture is not conceivable without a model and modeling methods. In order to understand
architecture, it is critical to engage in a direct experience of space. This is ‘because architecture
Is concerned with the physical articulation of space; the amount and shape of the void contained
and generated by buildings being as material a part of its existence as the substance of its fabric’
(Porter, 1997, Dunn, 2014) The development of digital technologies has led to the digitization of
architecture and the use of computer modeling in all phases of architectural design. The great
advantage of computer modeling is the possibility to construct models that can be at any time,
much easier, configured and updated. Computer modeling is most appropriate if it allows a very
simple model of change by changing its parameters. Modeling in which it is possible to change
the model by changing the definition of various parameters is the most applied one by the
architects today, such a modeling is called the parametric modeling (PM).

Architectural design is a complex process involving a series of activities (Baleti¢, 2001).
All these activities are the phases of architectural design that takes place through two-
dimensional and three-dimensional models of the object. Architects make models as a means of
exploring and presenting the conception and development of ideas.

In the architectural design models are always used to display the structure of an object.
They visually conjure up the structure, the functional or composite solution, or even the process
of creation a real object. Three-dimensional models are usually made only as the last stage in the
architectural design, with the sole aim of spatial view of the projected object. Due to the
development of digital technology three-dimensional models are increasingly being used in the
earlier stages of design with large learning capabilities. With the increasing demand of flexible
tools for Computer Aided Design (CAD), PM is becoming a mainstream of Computer Aided
Architectural Design (CAAD) software, in order to make variations in the design process less
difficult. This is traditionally called Parametric Design (PD) (Barrios Hernandez, 2006).

The term PD associated with parametric systems is defined in (Shah, 1991) as "a process
of designing with parametric models in a virtual surrounding where geometrical and parameter
variation are natural”. Parametric CAD models, if well parameterized, allow for the definition of
new configurations of products just by changing the values of some parameters (Bodein, Rose &
Caillaud, 2014).
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Historically, architects drew what they could build, and built what they could draw
(Kolarevic, 2003). The advent of digital technology expanded the possibilities what could be
“drawn”. The possibilities of what could be produced and constructed are also greatly expanded.
The technological evolution has offered innovative ways for treating the design process.
Numerous three-dimensional modeling applications have replaced not only the process of
designing the desired geometry but also the early design phases, the basic napkin sketches
(Vassileios, 2007). The PM in contemporary architecture is increasingly being considered as a
momentum and support in the creative act of design and research facility. Architects are now

able to obtain more easily the appropriate form of the object for the given tasks (Figure 1).
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Fig. 1. Parametric Form Finding, https://www.behance.net/gallery/7815491/Parametricism_Workshop-Projects

The use of process models to explore design possibilities is key to the design philosophy
of many architects today. This procedure is possible as a semi-automatic as well as automatic
using PM (Barrios Hernandez, 2006). The new generation computers allow the model of the
three-dimensional objects to be more frequently studied, analyzed and tested but also to be
changed during the design process. This fundamentally changed the theoretical, conceptual and
methodological approach to the architectural design.

This approach to design objects can be seen in the work of the greatest architects of our
time, the most common in projects of ZahaHadid and Patrik Schumacher who have even founded
a new global style in architecture, Parametricism. (Schumacher, 2009).
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Fig. 2. Morphosis’ design for the Phare Tower, Paris

The form of the building for the specific spatial problem, by this approach to design is
created by the software itself. Although the computer does not understand aesthetics, definition
of variables and constraints that are specified by the architect, it is able to process millions of
data and propose only a good solution of a visual form (Figure 2). This procedure is not time-
consuming and is easy to handle by the architect, so it is getting more applicable.

The process of architectural design as well as the architectural design method has
substantially changed with the advent of digital technology. Using new technique architectural
design has established computational concepts such as parametric design. Parametric non-
standard architecture, mathematics and geometry represent the core of the architectural design
process today. The inclusion of parametric modeling in the phase of forming ideas about the
future facility represents a new approach to architectural design. This procedure can boost up

early architectural design-also suggest complex forms hard to imagine.
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EMERGENCY DESTRUCTION CAUSES OF THE CITY BUILDINGS’
BRICK EAVES AND PARAPET WALLS

Abstract: The cases of destruction causes of the city buildings’ brick eaves and parapet walls,
the destruction causes and recommendations to reconstruct the constructions have been considered in
this article.
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ABapuM MpenCTaBIsAIOT COOON TMOJHBbIE WM YacCTHUYHbIE OOPYIIEHMsS] KOHCTPYKIUH,
NpUUYKHSIONIME OOJIbIINE MaTepHalibHbIE MTOTEPHU, KOTOPHIE MMPOUCXOMAT B Pe3yibTaTe OJHUX
U TeX K€ NPUYMH. DTO HEeJ0y4eT JeHCTBUTENbHONW paboThl KOHCTPYKLMH, HECOBMECTUMOCTD,
pa3Has NPOYHOCTb WM HU3KOE KAyeCTBO MAaTEPUAOB, HCIOJIb3YEMBIX B KOHCTPYKLUSAX
HEpPaBHOMEpPHbIE OCaJKW 3/aHUM, BBI3BIBAIOIIME INIEpEHANpsDKEHHEe U ocjabieHue
KOHCTpyKUui [1].

OtcyrcTBUE MHGOpPMAIMU O CIYYUBIIUXCS aBapusiX M MX MPUYMHAX MPUBOAMUT K
MNOBTOPEHUIO UX Ha APYIHX OOBEKTaX.

ABapuu B OOJIBIIMHCTBE CIIy4aeB MPOHCXOJAT B PE3y/IbTaTe COBOKYIHOCTU MPUYHH,

HO TJIAaBHOM W PEUIAIOIIEH SBIAETCS OJHA U3 HUX.

58



APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

ITo pa3smepam yOBITKOB, aBapHH MOJPA3AEIAIOTCS Ha KPYMHBbIE W OrpaHndeHHbie. K
KPYITHBIM OTHOCSITCS T€ aBapUU U OOPYIIEHUs, KOTOPbIE OXBATHIBAIOT 3HAYUTEIbHBIC YaCTH
3laHUM WM OTHENIbHBIE MX YYacTKM, B Ppe3yJIbTaTe 4Yero IpeKpallaeTcsl SKCIUTyaTanus
3naHuil. K orpaHMYeHHBIM OTHOCATCS pa3pylleHHs, KOTOPble UMEIOT JIOKAIBHBIM XapakTep u
HE HapylawT pabdoTy CMEXHBIX KOHCTPYKUMH. Jlake HE3HaYWTENbHBIE IO pa3Mepam
NOBPEXJICHUS MOTYT MOTPeOOBAaTh BBHINOJHEHHUS OONBIIMX OO0BEMOB pPadOT, BKIIOYAsS
OXPaHHbIE MEPOIIPUSTHS.

CBOEBpEeMEHHO HE YCTpaHEHHblEe Je(eKTbl U IOBPEXKIEHUS KOHCTPYKUUH B
MOCJIEIYIONEM MOTYT MOTPEOOBATH BHITIOIHEHUS 00JIee CIOXKHBIX U TPYILOEMKHX PaboOT MO MX
BOCCTAHOBJICHUIO WJIN YCUJICHUIO.

B kauecTBe mnpuMEpoB B CTaTbe HPHUBOIATCSA Cllydad aBapUWHOIO pa3pyLIECHUs
KapHH30B U Maparera Tpex KUPIUYHbIX 31auuii (puc. 1 —5).

KpynHoe aBapuiiHoe pa3pylieHue KapHHU3a NPOTSHKEHHOCThIO 20 METPOB MPOU30IILIO
B YETHIPEXITAXKHOM 3JaHUU KOPUAOPHOIO TUIA C IOKOJBbHBIM 3TaXOM, YEPAAKOM, JIBYMsI
BCTPOEHHBIMU JIECTHUYHBIMU KJIETKAMH M HPUCTPOEHHBIMU HoMeleHusmMu (puc. 1, 2).
KoHcrpykTHBHAs cxema 3[1aHusl — Kene300eTOHHbIM Kapkac [2]. CaMoHecylue HapyXHbIe
CTeHBI TOMIUHON 510 MM BBITIOTHEHBI U3 OOBIKHOBEHHOTO TJIMHSIHOTO KUPIIAYa C OOIUIIOBKOM
CWJIMKAaTHBIM KHpnu4oM. Bricota kapHuza cocraBisger 500 MM, BeIMYMHA KOHCOJIBHOTO

BeicTyna — 250 MM. KpoBeslbHOE OKPBITHE — YETBIPEXCKATHOE.

Puc. 1. ABapuiiHoe pa3pyleHHe KapHU3a YETHIPEX3TaXKHOTO 3/1aHH

[Ipu mpoBeneHHH HATYpPHOTO OOCHEIOBaHUS 3AaHUS ObUIM OOHApY)KEHBI TPELIUHBI B
JICHTOUHBIX (PyHIAAMEHTaX, HAPYKHBIX CTEHAX M HAa COXPAHUBIIUXCS OT OOPYIIEHHS ydacTKaxX

KapHH3a, a TAKXKC CJIICAbl 3aMauYUBAHUS IUTAT ITOKPBITHUA.
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Puc. 2. Pa3pyn1eHHe KI/IpHI/I‘{HOﬁ KJIaJIKA KapHH3a YETBIPEXITAXKHOT'O 3JaHUA

YCTaHOBIIEHBI CIIEIYIOIIHE TPHYUHBI 00pa3oBaHUS TPEIIMH B CTCHAX M KapHU3E
3/1aHUSA:

— HEpaBHOMEpHas 0cajika PyHIaMEHTOB;

— NOHIKEHHAS MIPOYHOCTh PACTBOPA KUPIMYHOM KIIAJKN KapHU3a;

— 3aMa4YMBaHUC KUPITHUYHON KIIQJKU KapHH3a;

— pacIopHbIe YCUIIUS OT CTPOMUIIBHBIX HOT;

— HEYJJTaYHOE KOHCTPYKTUBHOE PEIIEHUE Y3IIOB COMPSIKCHHUS,;

— OTCYTCTBHE TIEPEBS3KU KHUPIUYHONW KIAJKA KapHHU3a W OCHOBHOTO CTEHOBOTO
OrpaxacHusA BCICACTBUC 00JIBIIOTO HalmlyCKa MHOI'OIMYCTOTHBIX IIJIMT TIOKPBITHA Ha
HApY>KHBIC CTCHBI ITPU JJIMHHBIX HAIOKOHHBIX ICPEMbIUKAX ]

— HEMOJHBIA MaydpiiaT, He OOECHeuMBAIOIIMKA TEePMETHUYHOCTH 4YepAaka H
OPUBOIANIMA K 3aMayMBaHUIO KapHH3a M YMEHBIIEHUIO MOPO30CTOMKOCTH KHUPIHUYHOMN
KITQJIKH.

[Ipu mpoBeneHWM PEKOHCTPYKIIMU TIOCTE aBapuiHOTO pa3pymieHus [3] BmecTo
KapHU3a C MOBPEKICHUSAMH ObUT BBIITOJIHEH MOHOJUTHBIN KEJIe300€TOHHBIN MOsC MO BCEMY
NepUMETPy 37aHUS ¢ OOJHMIIOBKOW CHIJIMKATHBIM KHPIWYOM, MpPOU3BEJEHA IOJHAs 3aMeHa
KPOBEJIBHOTO TIOKPHITHSI, OPTaHU30BaH HAPYKHBIA BOJIOCTOK.

Crenyromee KpyImHOE aBapHifHOE pa3pylIeHUE Y9acTKa CTEHBI U KapHU3a MPOU30IIIIO0
B OJIHOOTQXHOM 3/IaHWH, MPUMBIKAIOMIEM K JIBYXATAKHOMY aIMHUHUCTPATUBHOMY 3IaHHIO

(puc. 3, 4). lllupuna o6wvekTa coctaiset 9 m, mHa — 18,00 M, BeIcOTa B KOHBKE — 5,60 M.
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Puc. 3. ABapuiiHoe pa3pyleHre KapHU3a U CTEHbI OJTHOATAXKHOTO 3/1aHUS

KpoBenbHOE TMOKpHITHE — OJHOCKAaTHOE. YKIOH kKpoBiu i=1/12. Bomoctok —
Hapy>KHbI HEOPTaHU30BaHHBIMN.

KonctpykTuBHas cxema 31aHus — cTeHoOBast [2].

@DyHIaAMEHTEHI TI0]] CTCHBI — JICHTOYHBIE, BHITIOJHEHBI U3 010k0B OBC.

CreHbl — KaMEHHas KJIaJKa, BBIMOJIHEHHAs MOCIOMHO M3 NMIJIAaKOOCTOHHBIX KaMHEH U
OOBIKHOBEHHOTO TJMHSHOTO KHUpPIHMYa Ha IIEMEHTHO-TIECYAaHOM pacTBOpE C OOJMIIOBKOMN
CUJIMKATHBIM KHPIIHYOM.

KpoBnsi cocTouT u3 MHOTOCIOMHOTO PYJOHHOTO KOBpa TOMIKUHON 30 MM, lIEMEHTHO-
MeCYaHOM CTSDKKHM TONIMIMHOM — 55 MM, ClIoS KOTEIBbHOro nuraka ToamuHor 240 MM,

YIOXKCHHOTO 110 C60pHBIM JKel1e300€ TOHHBIM pe6pI/ICTBIM IJIUTaM IMOKPBITHA.

Puc. 4. ®parmeHT KpOBETBHOTO MOKPBITHS OJHOITAKHOTO 3IaHUS
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[IprunHamMu aBapuHHOIO pa3pyILIEHUs SABJISIFOTCS:

- 3aMayMBaHUE KapHHU3a U CTEHBI U3-3a HAPYILIECHUS F€PMETUYHOCTH PYJIOHHOTO KOBPA;

- IOHWKEHHAs IPOYHOCTh PACTBOPA KAMEHHOM KJIa/IKU;

- pa3Has MPOYHOCTH IIJTAKOOETOHHBIX KaMHEW, OOBIKHOBEHHOTO W CHUJIMKATHOTO
KUPIIHAYa.

JlukBupamus  MOCHEACTBUM  aBAPUMHOIO  pa3pylleHUs IPOU3BEICHA MYTEM
BOCCTAHOBJICHUSI CTEHOBOI'O OIPAXKJAEHUA U PEKOHCTPYKLMH KPOBEJIBHOIO IOKPBITHS.
CoBMerieHHast KpoBJisi ObljIa 3aMEHEHa JBYCKAaTHBIM YepJauyHbIM MOKpbITHEM. OpraHu3oBaH
HapYXHBIH BO100TBO. OOJIHMIIOBKA 3/1aHUS BBITIOJTHEHA METAJUTMICCKUM CAMTMHTOM.

OrpaHnvueHHOE pa3pylIeHHEe KHUPIWYHOM KIAJKU Tapamera Mpou30LUIo B
MATUATAKHOM aJIMUHUACTPATUBHOM 3/IaHUU C COBMEIIEHHOW Kpblimiei. (puc. 5). Paszmepsr
3nanus B wiade - 12,0x70,0 m, BeicoTa — 18 M. Bo1ooTBOA — BHYTpEHHMIA.

KoHcTpyKkTuBHas cxema 37aHusl — CTEHOBAs, C MPOJI0JIbHBIMU HECYIIIUMH CT€HaMu [2].
DyHIAMEHTBI 0] CTEHBI — JIECHTOYHbBIE, CBAalHbIE.

HapyxHble CTeHbl — KaMEHHasl KJIa/IKa, BHIIOJHEHHAs U3 OOBIKHOBEHHOTO TIIHHIHOTO
KUpIUYa Ha [IEMEHTHO-TIECYaHOM PacTBOpPE C OOJMIIOBKOM, BBHINOJTHEHHOW M3 CHIMKATHOTO

kupnuya. TommyHa KiIaJaKu Hapy>KHBIX CTeH cocTaBiisgeT 640 MM.

Puc. 5. errmel-me OTTSDKEK aHTCHHBI K IIaparneTy aAMUHHUCTPATUBHOI'O 3JaHUA

[IpyurHOM JOKAaNBbHOTO pa3pylICHHs KUPIHWYHOW KJAQJIKW T[apaneTra SBIsSETCS
aHKEpHOE KPEIJICHUE OTTSXKEK aHTEHHBI, YCTAHOBJIIEHHOW HA COCEIHEM 3aHUMU.
[Ipu mpoBeneHnN PpEeMOHTHO-BOCCTAHOBUTEILHBIX Pa0OT OBLJIO YCTPAHEHO KpETUICHUE

OTTsKCK aHTCHHBI, 3aMCHCHA ITOBPCKACHHAA KUPIIUYHAsA KJIaJaKa.
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Pexomenpanum:
st MCKJTIOYeHHUsST BO3HUKHOBEHUS aBAPUUHBIX CUTYallMd HEOOXOJMMO PETYISPHO
IIPOBOJIUTH CE30HHBIE OCMOTPBI KPOBEJIBHBIX MOKPBITUA M CHCTEM BOJOOTBEICHHUS; HE

JIOTTYCKaTh 3aMaylBaHMs KAPHU30B, IApareToB U CTEH TPakIaHCKUX 31aHuil [3].
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MATEMATHYECKOE MOJIEJIMPOBAHUE JUHAMUYECKOI'O
N3T'UBA BAJIKH HA CTEP)KHEBOM OCHOBAHHUHU C YYETOM
YIHPYT'O-IJJACTHYECKOT O IE@OPMHUPOBAHHOI'O OCHOBAHUSI
TP JTEMCTBHUU COCPEJOTOYEHHOM CHJIBI

Annorauusi: PaccmatpuBaercsi cinydail MaJbIX ympyromiacTuieckux aedopmanuii. 3agada o0
n3rube 0aJoK Ha «CTEP>KHEBOM» OCHOBAaHMM CBOAWTCS K MHTETPUPOBAHUIO OAIOYHBIX YPaBHEHHH, IIe
BJIIMSIHUE YNIPYTOI'0 OCHOBAaHMHU CBOAUTCS K TOMY, YTO IpaBas 4acTh yPaBHEHUS] TUHAMUKU Oanku OyneT
COZIepXKAaTh ClIaraeMoe MPONOPIMOHAIBHOE CKOPOCTH Mporubda ocu 6anku. st fMHaMHYecKoro nporuda
ocu Oallky TOJyYeHO aHATUTUYECKOEe PElIeHWE W MPOBEIEH YHMCICHHBIA pacyer IUIsl cirydasl JerCTBUS
COCPENOTOYECHHOM CHJIBL.

KroueBnlie ciaoBa: Hanpsokenus, nedopmaiiny, oCHOBaHMS, MPOrud, cuia, Oajika, CKOPOCTb,
CTepI)KEHb, yPABHEHUS, HATPY3Ka, MOIYIIPOCTPAHCTRA.

S.N.TOYBAEYV, professor, doctor of Technical Sciences, Kazakh National Technical
University named after KlSatpayev, Almaty, Republic of Kazakhstan,
I.N. DYUSEMBAEYV, professor, doctor of Technical Sciences, Kazakh National
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MATHEMATICAL MODELING OF DYNAMIC BEND BEAMED CORE
BASE IN VIEW OF ELASTIC-PLASTICALLY DEFORMED BASE AT A
CONCENTRATED FORCE

Abstract: The case of small elastic-plastic deformations. The problem of bending beams to "rod"
basis reduces to the integration of beam equations, where the influence of the elastic foundation is to
ensure that the right side of the beam dynamics will contain a term proportional to the velocity of the
beam deflection axis. For dynamic deflection of the beam axis, an analytical solution and numerical
calculation for the case of a concentrated force.

Key words: stress, strains, bases, deflection, strength, beam, speed, rod, equations, loadind, half-
space.

HYCTL Ha TTOBCPXHOCTU OCCKOHEUHO JJIMHHOMN 63.J'IKI/I, JIexxalei Ha MOJIYITPOCTPAHCTBEC, B
CCUCHUU X = O IPUJIOKCHA HArpy3Ka B BUIC COCpC,Z[OTO‘-ICHHOfI CHIJIBI P . Torma B 3aBUCMMOCTHU

OT BeJIMUUHbI cHiIbl P 1 MoMeHTa Bpemenu t o Ganke u OCHOBaHMIO GYIyT PaCHPOCTPAHATHCS
YIPYrHe U MIaCTUYECKUE BOJIHBI, THOO MOiAeT BojHA pa3rpy3ku. [Ipuyem HampspkeHus B 6anke

U OCHOBAHWH MOT'YT NOCTHUYb MPCACiIa TCKYUCCTU HC OJHOBPECMCHHO.
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3a MOZCIIb IOJYIIPOCTPAHCTBA NPHUHATA MOACIIb KCTCPIKHEBOI'0» OCHOBAHUA, YPABHCHUC

ABWIKCHUA KOTOPOTO 3alIUCBIBACTCA B BUAC

W, O*w
7 —a 2 (1)
ot o1
1do
rmea= |——.
p de
VYpaBHeHHE U3ruba ocH GAJKH 3alUChIBAETCS B BHJIE
Ju A
IE 4+p—2:P—R Xt (2)
OX ot
rae R X, — peaknus ocHoBanus.
['panuuHble yca0BUs A/ GaIKU B TOUKe npuiioxkenus Harpysku X =0
ou lu P
a) —=0, 0) |E—3=—, (3)
OX ox’ 2
ou
npy X —>o00, U= 0. 4)

OX
KaK nu paHee Ha HOBerHOCTI/I KOHTAaKTa 6aJ'IKI/I U OCHOBAHUA HpI/IMeM YCJ'IOBI/IC paBeHCTBa
CMeHLCHHﬁ, n3 KOTOpOFO CJ'ICI[yeT paBeHCTBO CI(OpOCTI/I npom6a 6an1<1/1 n CKOpOCTI/I Topua

COOTBETCTBYIOIICTO CTCPIKHA OCHOBAHUSA
U, =W,. (5)

HYCTB B HCKOTOpLIﬁ MOMCHT BpPCEMCHHU tS B OCHOBAHUH BO3HUKHYT IIJIACTUYCCKUC

nedopmaruu. Toraa Bce MoMynpocTpaHCTBO MOYKHO Pa3OUTh HA YETHIpE 00IaCTH:
|. HeBo3mytieHHast 001acTh;
II. 3mech cmpaBennuBO pelIeHHE YOPYrod 3aladyd, KOTOpOE B JAHHOM Cllydae MOKHO

CUHUTAaTh U3BCCTHBIM,

I1l. Dta obmacte c TpaHunen Z = aot, rane U orcumTeIBaeTcs ¢ MOMEHTa Hadaia
nnactudeckux aedopmanuii; Z=0,u Z = f X,1 omuceiBaeT rpanuily 00JaCTH IIACTUYECKHX

nedopMariuit;

IV. Dta obnacts mwiactudeckux aepopmanuii ¢ rpanuuamu Z=0, Z=¢& XU . IIpuuem

X=0, z=at, roe @ —CKOpOCTb pACIpOCTPAHEHHsS ILUIACTHYECKUX BO3MYILICHHIT 110

CTEpPXKHIO, KOTOpasi, KaKk M3BECTHO, MEHBIIIE CKOPOCTU PACIIPOCTPAHEHUSI YIIPYTUX BOJIH.
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Otmerum, uro ecam Obl Ham ObUl H3BecTeH 3akoH X, [, mo koropomy

pacIpoCTpaHSIOTCS IUIaCTHYECKUE JedopManuyd 1O TOBEPXHOCTH IMOTYMPOCTPAHCTBA, TO
ypaBHEHHE TpPAHHIBI IIACTUYECKOH 00JacTh MOXHO Obulo OBl 3amucaTh B CIEAYIOLIEM

napaMEeTpuICeCKOM BHIEC

0< 7 <t,

X = X,(7),
z=a(t-1),
rae 7 —MOMCHT Havajia IJIaCTUYECCKUX z[e(bopMaum?I B CCUCHUHU X.

Jlis 3aBUCUMOCTH HanpshkeHUH oT nedopmanuii mpumem cxemy lpanarus

E.€, € <ég,,

o,+E e-¢, , &>¢,.

C YUCTOM I[&HHOﬁ 3aBUCUMOCTH YpPAaBHCHUC IOBWKXCHUA OCHOBAHUA B obOnactu

IIJIaCTHYCCKHUX I[e(l)OpMaI_[I/Iﬁ 3aIIMIICTCA B BUC

O*w o*w
PO I ©)

Takum oOpa3oM, ABMKEHHE IMOJYIPOCTPAHCTBA OYAET ONMCHIBATHCS CIEIYIOIIUMU

YpaBHEHHSIMU:
1. B o6nactu Il pemenne u3BecTHo

O0603Ha4NM 3TO pelIeHne

w,=F z,t .
2. B obnactu 111
2 2
é) WIII — 2 é’ WIII
ot? 07°

C 'PaHUYHBIMHU YCIIOBUSMU

aympu Z2=0 u X>X, t , w, =u,

O)mpu Z=¢& Xt m X<X, U w, =w,, = :

B)npu Z=a,t W, =W,.
3. B o6nactu 1V
2 2
o°W,, 2 O°W,,
ot? o7°

C I'PaHUYHBIMHU YCIIOBUSIMHU
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aympu 2=0 u X<X, t ,w, =u.

4. B obmnactu IV
2 2
OW, 2 0W,

ot? T
C TPaHMYHBIMH YCIOBHAMHU
aynpu Z=0 u X<X, t,
Wy =U,
O)mpu Z=& X,t uw X<X, t,
_ Wy _ oWy
Wiy =W » ot o7
| P
+ |
' 0 x < x

AT 77 77

ST X T T AT T 7
i 4P 5 »’//’ rd S i 7 77

Puc. 1

Jns onpenenenmst rpanunsl X, {  mmactmueckux u  ynpyrnx pedopmaumii Ha

MIOBEPXHOCTHU IOIYIPOCTPAHCTBA UMEEM
OW
é’Z z=0

peakuusi OCHOBaHMSI B oOyacTé ynpyrux Jaedopmanuii  Oyner

:gs_

JleliCcTBUTENBHO,

npeaocCTaBJICHA, KaK U PaHbUIC, B CICAYIOLIEM BUIC
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_bE, cu

R x,t :
a, ot

(")

I[J'IH onpeacicHrusd pe€akuuu OCHOBAaHHUSA B 00JIaCTH  IIJIACTHYECKUX z[e(bopMauHﬁ

BOCIIOJIB3YCMCA CIICAYIOIIUM UHTCTPAJIOM
WZ
W, =— Ja(wz)dwZ :
0

Ho dynkums a(W,) toxe OyaerT KyCOUHO-TMHEHHON B Cilydae NPUMEHEHHS CXEMbI

[TpanaTns 11t 3aBUCUMOCTH HAIIPSDKEHUH OT Jedopmanuit

a_{ao, e<e,,
a, &£>g,.

Torna B ob6macTu riacTuueckux aedopmariuii
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Takum o00pazoM, HEOOXOIMMO TMPOMHTETPUPOBATH cieayromee auddepeHIuaIbHoe

YpaBHEHHE B YaCTHBIX ITPOU3BOJHBIX 4-T0 MopsKa

o A
IE—+p—=P-R Xt , 9
oxt o )
%@ X > X, (t),
a, ot
rie R X,t =4 (10)
bE, Ju E,
——-Dbl o, ——a,5, |, X<X(t).
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C 'PaHUYHBIMHU YCIIOBUSIMHU
mpu X =0
@— é’_?’u:i (11)
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C Ha4YaJIbHBIMHA YCJIOBUAMHA

t=0, u=u,=0, (13)
1 YCJIOBHSIMH JUTSI onpenieieHust X, t
ou
—=-a.,. (14)
ot

Pa30uBas HEKOTOPBIN Y4acTOK [UIMHHOM OajJKkW M COOTBETCTBEHHO OCHOBaHHME Ha N
4acTeW, U PacIUChIBas YETBEPTYIO NMPOM3BOAHYIO N0 X B KOHEYHBIX PA3HOCTAX, MJIS KAKIOTO
ceueHHs moiy4yaeM auddepeHIaIbHoe YpaBHEHHE IBUKECHUS BTOPOTO MOPsIKA 110 BPEMEHHU.
Otnnuune ypaBHEHHH JIpyr OT JApyra 3akjirdaeTcs B BHJE NPaBOM 4acTH, KOTOpas 3aBUCUT OT
TOr0, B YHNPYrod WM IUIACTUYECKOW CTaguM HAXOAWUTCA [JaHHOE CEYEHHE OCHOBAHUS.
Ilonydyennas cucrema ypaBHeHuUH pemeHa wMerogoMm Pynre-Kyrra uerBeproro mnopsaka
TOYHOCTH C IIPOM3BOJIbHBIM BBIOOpPOM IlIara HHTErpupoBaHus 10 BpemeHH. CpaBHEHUE
HOJYYEHHBIX pPELICHUH B YHNPYyroil o0iacT C aHAJIUTHUYECKUM pEIIeHHEM JaeT Xopollee
COBIIAJICHUE PE3YJbTAaTOB BCIOJY, KPOME MaJOH OKPECTHOCTH TOUYKU IPHIIOKECHHS CHJIBI, TIE

3HA4YeHHsI IPOruO0B, ECTECTBEHHO, OOJIbIIIE.

CnHcox HCTOYHMKOB

1. IpyanuxkoB A.Il, BbperukoB FO.A., MapsiueB O.M. HWHrerpansl M psizbl.
OnemenTtapubie pyHkiuu. — M.: Hayka, 1981. — 798 c.

2. Toitbae C.H. MoaenupoBaHrue B3aUMOACHCTBUS OAJIOK M TUIUT C OCHOBAaHHEM TIpU

nuHamuyeckoM usrube // Bectauk KBTY. —2010. — Ne 1 (12). — C 119-123.

69



APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

VIIK 721

DANICA STANKOVIC Ph.D., assistant professor, University of Nis, Faculty of
Civil ngineering and Architecture in Nis, Serbia, danica0611@gmail.com,
MILAN TANIC Ph.D., assistant professor, University of Nis, Faculty of Civil
Engineering and Architecture in Nis, Serbia, tanicmilan@yahoo.com,
ALEKSANDRA KOSTIC MSc. Arch., Ph.D. student, University of Nis, Faculty of
Civil Engineering and Architecture in Nis, Serbia, aleksandrakostic85@gmail.com,
VOJISLAV NIKOLIC MSc. Arch., assistant, University of Nis, Faculty of Civil
Engineering and Architecture in Nis, Serbia, vojislavn@gmail.com

SUSTAINABLE DESIGN: ANEW FRAMEWORK FOR EDUCATIONAL
FACILITIES IN SERBIA

Abstract: Europe there is debate about how school design should respond to ever-growing
number of environmental, economic and social challenges. This paper presents a study done on a hew
type of schools, able to prepare learners to readily meet the challenges in the contemporary world.
The paper presents principles of sustainable design and methods for achieving sustainable design. The
design process and school buildings, through the way occupants interact with them, have a significant
educational potential. The paper explains the importance of good design and examines the best
practice. The authors explore how Serbia should transform school design, taking into account the
contemporary developments in the field of both sustainability and pedagogy.

Key words: sustainable building, energy efficiency, green schools, education

Green schools are designed to be high performing, energy-efficient, environmentally-
friendly buildings. An eco-school is a green school where not only is the building employing
energy-efficient technologies, but the curriculum and activities at the school incorporate
environmental values and ecologically responsible life skills into daily routines.

These non-synonymous definitions explain the difference between the terms green,
energy-efficient, regenerative, or sustainable (Stein, Reynolds & Kwok, 2005):

e green: reduces net environmental impacts

e energy-efficient: reduces net negative energy impacts

e regenerative: positive environmental impacts

e sustainable: no net environmental impacts

e ecology: relationships between organisms and their environments

e passive system: uses renewable, non-purchased energy; multi-purpose strategy
that is integrated with the structure

e biophilia: humans’ inherent affinity to the natural world.

Referring to the definitions above Sustainable buildings are those that do not impact

the natural environment. Sustainability is not a new issue. The Brundtland Commission in the
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late 1980°s defined sustainable development as ‘development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.” The
environmental concern is not just about the shortage of future natural resources, but about the
effect the pollution and waste has on human health issues and further environmental impacts.
(Dickinson, S. 2012)

The concept of creating buildings that provide services above and beyond the
performance standards, even beyond green performance standards, is a new movement in
architecture, led by William McDonough. Architecture of the 21st-century, will soon have to
be regenerative. (McDonough, W., Braungart, M. 2002) This means that buildings can no
longer be a source of pollution or strain the natural resources of its context. They must have
elements that attempt to restore what existing buildings have depleted, and replicate natural
cycles of the local biosphere. McDonough and partners have led the way in redefining the
purpose of buildings.

We can apply this approach specifically to educational facilities. The strongest case
for building green schools is improving students’ health. Figure 1 shows four fundamental
aspects of eco-schools. (Day, 2009)

ONE TWo THREE
STRIVE TO Bt USE RESBURCES GREATE A GREEN,
TOXICS FREE SUSTMNABLY BEALTHY SPACE

Childran's Ensrgyefficnoy Grogn schoolyards
nvronmenta and alternatvas and garglens

Greer bulding Rethink school fursh
Ne Basticides, laad dosign
no'dt No junk food. 1sst
Environmenzally food, of sofa

Greanbuilding3nd S04
weafing matenals

FarmtoSehpo
{@anic o1 oduce
Avoid sting on toxic Raduce, Reust

fand Racycle

Fig.1. The Four Pillars of a Healthy, Sustainable School.
https://fecommons.library.cornell.edu/bitstream/1813/13216/1/EmiDayFinalDraft4Print.pdf

Not only is physical health an issue in today’s schools, but emerging research shows
that children’s mental health is declining with the lack of direct exposure to nature (Kahn, et
al., 2002; Louv, 2008). Children’s disconnection from nature is not necessarily solved with
eco-schools, but is considered as central to their architectural form and their articulation of the
educational setting itself.
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Awareness is rising, in our increasingly globalized society, of the connection between
environmental, social and economic issues.

There are three principles of sustainability in architecture:

e economy of resources,

e life cycle design, and

e humane design.

Economy of resources is concerned with the reduction, reuse, and recycling of the
natural resources that are input to a building. Life cycle design provides a methodology for
analyzing the building process and its impact on the environment. Humane design focuses on
the interactions between humans and the natural world. These principles can ensure a wide
awareness of the environmental impact of architectural consumption.

The strategies for the economy of resources principle are:

e energy conservation,

e water conservation, and

e material conservation.

Each focuses on a particular resource necessary for building construction and
operation.

The life cycle design can be categorized into three phases:

e pre-building,

e Duilding, and

e  post-building.

Each phase of building life cycle is associated with two groups of ecological elements:
site and building.

Humane design is the third, and perhaps the most important, principle of sustainable
design. While economy of resources and life cycle design deal with efficiency and
conservation, humane design is concerned with the livability of all constituents of the global
ecosystem, including plants and wildlife. The following three strategies for humane design
focus on enhancing the coexistence between buildings and the greater environment, and
between buildings and their occupants:

preservation of natural conditions,

urban design and site planning, and

human comfort. (Kim and Rigdon, 1998)

72



APXUTEKTYPA CTPOUTEABCTBO OBPA3OBAHME

The last goal of sustainable design is to find solutions that provide quantitative,
qualitative, physical, and psychological benefits to building users. There are many
possibilities for achieving this aim. The three principles of sustainable design provide a
awareness of the environment issues associated with architecture. The strategies within each
principle focus on more specific methods.

Conserving energy, water, and materials (economy of resources principle) can give
specific design methods that will improve the sustainability of architecture. Energy
conservation methods can be classified as: energy-conscious urban planning, energy-
conscious site planning, alternative sources of energy, passive heating and cooling, avoidance
of heat gain or heat loss, use of low-embodied-energy materials, use of energy-efficient
appliances with timing devices. Water conservation methods can be classified as: reduction
(indigenous landscaping, low-flow showerheads, vacuum-assist toilets or smaller toilet tanks)
and reuse (rainwater collection, gray-water collection). Material conservation methods can be
classified as: material conserving design and construction, proper sizing of building systems,
rehabilitation of existing structures, use of reclaimed or recycled materials and components,
and use of nonconventional building materials.

Pre-building, building and post-building strategies (life cycle design principle) can
give specific design methods. Pre-building strategy embodies two methods: use materials that
are made of renewable resources, harvested or extracted without ecological damage, recycled,
recyclable, long-lasting and low maintenance; and minimize energy needed to distribute
materials. Building strategy contains four methods: schedule construction to minimize site
impact, provide waste separation facilities, use nontoxic materials to protect construction
workers as well as end users, specify regular maintenance with nontoxic cleaners. Post-
building strategy embodies the following methods: adapt existing structures to new users and
programs; reuse building components and materials; recycle building components and
materials; and reuse the land and existing infrastructure.

Preservation of natural conditions, urban design and site planning, and design for
human comfort as strategies (humane design principle) yield specific design methods. These
methods focus primarily on improving the quality of life for humans and other species.
Preservation of natural conditions as strategy contains the following methods: understand the
impact of design on nature, respect topographical contours, do not disturb the water table and
preserve existing flora and fauna. Urban design and site planning as strategy contains five
methods: avoid pollution contribution, promote mixed-use development, create pedestrian
pockets, provide for human-powered transportation and integrate design with public
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transportation. Design for human comfort as strategy contains the following methods: provide
thermal, visual, and acoustic comfort; provide visual connection to exterior; provide operable
windows; provide clean, fresh air; accommodate persons with differing physical abilities; and
use nontoxic, non-outgassing materials. (Kim and Rigdon, 1998)

The importance of good design — Research from the UK

Well-designed buildings lift the spirits and aspirations of everyone who uses them, and
provide facilities that are fit for purpose, inclusive and built to last. Research from the UK
proves that high-quality educational buildings can:

e promote the performance of students, making it easier for them to learn
effectively. One research project found that test scores in well-designed buildings were up to
11 per cent higher than in poorly designed buildings (CABA, 2002)

e help recruit and retain staff, cutting the costs of staff turnover. A UK study found
that capital investment in school buildings had a strong influence on staff morale, as well as
pupil motivation and effective learning time (PCRR, 2000)

e provide facilities that are flexible enough to respond to evolving.

Design alone cannot raise achievement, but poor design can be an obstacle to raising
educational standards above a certain level.

Red Hill C of E Primary School, Worcestershire, UK

The building was designed by Worcestershire County Council’s property services
department and the school transferred into the new building in April 2007. Worcester County
Council has a strong sustainability policy, and promotes the principle of ‘living within
environmental limits’. Red Hill Primary School supported this policy and became an
exemplar of sustainable design for a primary school.

The architect led on the environmental agenda, and sought to create a building that
was sustainable in both construction and operation and would adapt well to future climate
change.

The building responds positively to its context and makes good use of the existing
mature landscape. The access has been well organized, and the car parking does not overly
dominate the setting. The orientation works well and the use of the SUDS drainage scheme as

an educational feature is innovative and commendable.
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Fig. 1. The access and existing mature landscape

The internal planning of the building is special. The use of a central corridor produces
an efficient plan. It is an attractive space with good day-lighting from north-facing roof-lights
and is enhanced by the small internal courtyard. The classrooms are attractive and provide an
excellent learning environment. A sloping ceiling up to roof-lights at the front offers even
day-lighting, creates a generous volume and provides through ventilation. The school has a
number of additional teaching spaces and small rooms that can accommodate new approaches
to teaching and learning. There is good storage and adequate provision for coats and bags that
are sensibly located.

Sustainability in construction has been approached intelligently. The review of the
specification to optimize recycling and minimize waste is laudable as well as cost effective.
The review of the design against predicted climate changes is also innovative and highly
commendable. (CABA, 2010)

Fig. 2. Teaching space and day-lighting from roof-lights

St Luke’s Primary School, Wolverhampton, UK

This is a new-build primary school. It opened in April 2009. The school’s aspiration
was to have a modern, low-energy building with cutting-edge sustainability credentials. The
school had a specific focus on reducing energy consumption.

The school demonstrates an integrated approach to sustainable development through:
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e curriculum using the building and its sustainable credentials as resource material

for lessons
e campus the design of the building uses sustainable material throughout

e community the school has additional areas for community use.

Fig. 3. Timber as the main building material

Timber is used in every aspect of the construction of the building and all other
materials used are sustainably sourced including: UK-grown Douglas Fir wood for external
cladding; cedar roof shingles; recycled cellulose insulation; high-performance timber
windows; a timber frame made of pre-fabricated panels and laminated timber structural
frames; linoleum, rubber and recycled carpet flooring; and ply built-in furniture and linings
treated with natural oils.

The form and section of the building reduces energy consumption by maximizing
natural day-lighting, using a passive ventilation system, and carefully controlling solar gain. A
large canopy running along south-facing classrooms provides extended teaching space as well
as shade from summer sun. Every classroom is cross-ventilated with a combination of manual
low-level windows and automatic clerestory windows (i.e. a line of windows above eye level)
linked to the building management system. North-facing clerestory windows introduce
additional daylight without glare to classrooms and large open-plan spaces. Good day-lighting
throughout the school minimizes the need for artificial lighting. The under-floor heating is
powered by a biomass woodchip-burning boiler. (CABA, 2010)

The influences on school design in Serbia

The UNICEF assessment from 2001 explained that the school infrastructure in Serbia
is very old-on average 42 years. It is known that 4.2% of schools were built in nineteen
century, 22% before Second World War, 28.3% from 1946 to 1960, 46.7% from 1960 to
1999, and 1.7% after 1990. (UNICEF, 2001) Since 2000, large sums of money have been

invested in repairing and expanding school infrastructure. Only in the capital of Serbia,
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Belgrade, around 26 million Euros has been invested in reconstructing and building 8 new
primary and secondary schools. (DECB, 2002)

The most important document for school building design ‘Regulations of the norms of
school spaces, equipment and teaching aids for primary schools’ from 1990 are still in force
in Serbia. (Regulations, 1990) The biggest problem is that rules and regulations about
lowering the environmental impact of schools are not developed in synchrony with the
changed educational goals and proposals for modernizing teaching and learning. Mapping the
comprehensive sustainability framework against the educational goals set by the Serbian
Ministry of Education in 2009 leads to two conclusions. First, it can be confirmed that Serbia
has correctly identified contemporary challenges as other more developed countries such as
England and Germany. Secondly, it can be seen that the educational goals in Serbia, besides
recognizing contemporary pedagogical ideas, correspond quite well to sustainability themes.
However, taking into consideration the practice of designing and building schools in Serbia, it
is evident that they do not take into consideration the educational goals, as well as
sustainability themes. (Brkovic, 2013)

Preschool facility “Tesla — Science for life”, New Belgrade, Serbia

The element of contrast — duality and synthesis is part of the concept. From the
perspective of the busy traffic corridor the building appears as rounded, wrapped and neutral
while from the entrance perspective large rectangular parts of the circle’s body were cut off
and architecture is structured and open. By introducing the outer circular ramp there was an
extra-quality brought back into experience of the space, thus the children are enabled to
experience correlation between built and non-built space and to experience space throughout
emphasized motion through the building.

Neutral structure of the interior is designed as a simple background for the future
setting with intention to let the children to “conquer” the environment by their own
intervention.

The building was designed as a energy efficient one, therefore it is equipped with
geothermal pump which provides for the whole building the full range of heating capacity. All
openings and materials applied have features complying with highest standards for energy-
efficient buildings. The building is oriented toward south-east in order to collect as much as
possible sun energy and its curved back shape as well as its second facade made of corrugated

tin lessen the flaws.
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Fig. 4. Circular form - the most appropriate as a response to the built environment

(http://www.archdaily.com/592262/kindergarten-tesla-science-for-life-dva-studio/)

Conclusion

Schools have an important role to play as models of good practice in the design of
sustainable buildings. As places of learning, they can physically demonstrate to students and
the wider school community our impact on the planet, and encourage them to take steps
towards living more sustainably. Sustainable design is complex and about far more than
simply building with a low carbon footprint or using environmentally friendly materials.

CABE defines sustainable design as:

“a dynamic process that enables all people to realize their potential and improve their
quality of life in ways which simultaneously enhance and protect the Earth’s life support
systems”. (DfES, 2006)

All aspects of sustainability, including energy and water use, food consumption,
modes of transport for students and teachers and the grounds around the school buildings
should be considered in the design of primary school buildings. Sustainability also requires
local inclusion and participation in the whole life of the school.
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NNABOPATOPUSA «HAREXHOCTH
U AOJITOBEYHOCTU 3AAHUN
U COOPYXEHUN>

oA pyKOBOACTBOM AKPEKTOPA WHCTHTYTA CTPOMTENLCTBA, APXHTEKTYPLI ¥ HcKyccTea ®IBOY BNO «MITY», 3aseqyrowero kadeapoi
CTpoMTeNbHOro NPOW3BOACTEA M aBTOMOGMALHLIX Aopor (CMMALL), noueHTa, kaup. YexH. Hayk Mepmakosa Muxauna bopucosuya
paboraer naboparopus «HafeXHOCTH M RONTOBEYHOCTH 3AAHMIE U COOPYXEHMWHx.

HA OCHOBAHWM CBWAETENBCTBA O AONYCKE K ONPEAENEHHOMY BHAY
WAH BH[IAM PABOT, KOTOPBIE OKA3LIBAIOT BNIWAHKE HA BE3OMACHOCTb OBLEKTOB
KANKTANBHOTO CTPORTENBCTBA Ne0725.01-2011-7414002238-1-123
! e NPENOQABATENH ¥ COTPY/IHUKM WHCTHTYTA CTPOMTENBCTEA,
CBHIETEALCTBO, APXMTEKTYPBI H HCKYCCTBA ®IEOY B0 «MITY»
I BhINONHAOT CAEAYIOLIME BH/bI PABOT:

- IFRET AT A NI

— loaroToBKa cXeMbl NAAHWPOBOYHOH OPraHNu3aynu
3eMeNnbHOro y4acrka

— MoAroToBKa apXWTEKTYPHBIX PeIeHNA

— [OAroTOBXa KOHCTPYKTHBHLIX PELIEHUA

— floAroToBKa CREAICHMIA 0 BHYTPEHHEM WHXEHEpHOM 000pYA0BAHNM,
BHYTPEHHUX CETAX HHXEHEePHO-TEeXHU4ECKOro abecne4eHuns,
0 NEepey4He HHXEHEePHO-TeXHUYECKUX MeponpUATHI

— lMoproToBxa cBEACHMI 0 HAPYKHBIX CETAX HHKEHEPHO-
TeXHW4ECKOro obecneeHuns, 0 NepeyHe WHXEHEPHO-TEXHNYECKHX MEPONpPUATHIA

— [loAroToBXa TEXHONOrM4eCKNX PELIEHHNA
— (GcnenoBakne CTPOMTENbHBIX KOHCYPYKUMIA 3RaHUIA ® COOPYXEHUNA
— Opranw3ayus NOArOTOBKM NPOEKTROR JOKYMEHTALUM,
NPUBNEKAeMbIM 3aCTPOMLLHWKOM WNW 3aKa34MKOM HA OCHOBAHWM OroBOpa

HOPHARYECKHM NHLOM HNK KHAWBKMAYANbHLIM NPEANPUHKMATENEM
(rewepanbHbiM NPOEKTHPOBLYNKOM)
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