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AHOTALJIA

Y OaHiti pobomi HagoOsimbCsl pe3yrbmamu
docridxeHb 1opogoi cmpykmypu 6emoHy 3
3acmocysaHHsIM cucmemu «KanbmampoH», 8
3anexHocmi 8id ymos i mepmiHie meepOliHHS, a
makox ei0 3micmy Konbmamyrodoi dobasku.
[lidmeepdxeHo nepedymosu npo me, Wo 3
yacom, 8 pe3ynbmami XiMiYHUX peakuil
8i0bysaembCs KolbMamauisi KanisnspHux rnop,
3HUXYyembCcs  eo0orioafiuHaHHsa  6emoHy,
36inbwyembscsi 1020 B8000HEMNPOHUKHICMb i
MOPO30CMilKiCMb.

OmpumaHi pe3ynbmamu 3Halwsu 3ac-
mocyeaHHs1 npu 8u20mosrieHHi 3arnizobe-
MOHHUX KOHCMPYKUil, 0o sKux nped'sens-
rombcs nidguuweHi sumoau rno 8000HENPOHUK-
Hocmi iMOpPO30CMIGKOCMI Ha MpPOMUCIO8UX
nidrnipuemcmeax 6yodieesibHOI 2asy3i.

Bu3xauyeHo KOHCMpPYKUIT, de
3acmocysaHHsi cucmemu  «KanbmampoH»
Halbinbw eghekmueHo.

Knoyosi crosa: 3arizobemoHHi
KOHCMpYKUIT, 6emoH, MiyHicma,
B8000HENPOHUKHICMb, MOPO30CMIlKiCMb,
rnopucmicms, cmpyKkmypa, 34ernieHHs.

ANNOTATION

In this work results of research of
concrete structures with application of
«Kalmatron» system, depending on
conditions and terms of solidification, and
also from the maintenance colmatizating
additives are presented. Preconditions are
confirmed that in due course, as a result of
chemical reactions occurs in colmatation a
capillary time, concrete water absorption
decreases and its watertightness and frost-
resistance increases.

The  results of  application  at
manufacturing  of  reinforced  concrete
structures with increased requirements on
watertightness and frost resistance at the
industrial enterprises of building industry are
shown.

Structures, where «Kalmatron» system is
applied are most effective.

Keywords: reinforced concrete
structures, concrete, strength, water-proofing,
frost-resistance, porosity, structure, adhesion.
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OLJIHKA MPAKTUYHOI 36DKHOCTI
PE3Y/IbTATIB AHAMI3Y MIACTUHYACTHX
MOZENENA B METOLI CKIHYEHHUX
E/IEMEHTIB

Y npakmuui pospaxyHKy 6ydieenbHuUX
KOHCMpYyKUil memodom CKIHYEHHUX
efieMeHmis i3 3acmocy8aHHsIM
nnacmuHyacmux modesnel O KopuzysaHHs
pesyrnbmamie 8 ocobriueux 30Hax OCMaHHIM
yacom eukopucmosyembcs Hot-Spot-Stress
npouedypa. [nsa ymoyHeHHs mexHosoaii if

3acmocyeaHHs asmopom rnposeodeHi
cneyianbHi  OOCMIOXEHHsT Ha mecmosux
mooersix ma modesnsx pearnbHUxX
KOHCMpyKU,id. B pobomi HasedeHi

pesynbmamu OUiHKU 30DKHOCMI HarpyXeHb &
ocobnusux 30Hax Onsa  nnacmuHYacmux
modeneli  6ydigesibHUX KOHCMPYKUiU, Wo
po3paxosysanucsi i3 8UKopuUCMaHHAM
mMemody CKiHYeHHUX efilemMeHmie Ha 6a3si [TOK
SCAD for Windows. Ix aHani3 ceiduums npo
me, WO 8UKoOpUCMaHHSA nnacmuH4acmux
CKIHYEHHO-e/IeMEHMHUX modenel npu
g8paxysaHHi Ccmamuy4HUX HaeaHMaxeHb €
documb HEKOPEKMHUM, ma Haeimb 3asiefieHa
npouedypa HSS 8uUS8/1€EMbCS
HedocmamHbOH ons OMpUMaHHs
PaKmMu4HoO MPUUHAMHO20 PiBHST HarpyXeHb.
Tomy riowyk binbw KOPEKMHozo nidxody abo
npouyedypu  anpokcumauii  mMae  6ymu
rpodosxeHudi Onsa  pi3HUX sunadkie
Crie8iOHOWEHb  XXOPCMKICMHUX — Xapakme-
pucmuk pospaxogygaHux efieMeHmis.
Knrodyoei cnoea: memod CKiHYEHHUX
esieMeHmis, rnnacmuH4Yyacma moderib,
36DKHICMb HarpyXeHb, CUH2YAPHICMEb.

AKTyanbHicTb npobnemu. B ocTaHHI
aecarnpiyydga B  ranyasi NPOEKTYBaHHSA
OyaiBenbHUX KOHCTPYKUiA, Tak caMo S$K i
MaLluH Ta MeEXaHi3MiB, NPakTU4YHO
Ges3anbTepHaTVBHUM METOAOM PO3PaXyHKY
CTaB OOMH 3 YMCenbHUX MeToAiB OyaiBenbHOI
MEXaHiKu — MeTod CKIHYEHHUX elleMeHTIiB
(MCE). Bin ©yB TeopeTn4HO po3pobneHuin
3aBgoskn pobotam O. 3enkesmua [1], T.
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CTtpeHra [2]  iH. Ta BBeAEHUN Y BIiTYN3HSAHY
NPaKkTUKy  MNPOEKTYBaHHA  Pi3HOMaHITHUX
KOHCTPYKLin Ha ocHoBi pgocnigkeHs J1.0.
PosiHa [3], K.IN. T'opb6ayoBa [4] Ta 6araTtbox
iHWKWX ¢haxiBuiB.

MeTton mae Garato nepeBar, Takux siK
HaodHa  npocToTa, npuaaTHicTe  And
dopmanizauii 'y Burnggi  KOMM'IOTEPHUX
nporpamM, MOXMUBICTb aHanisy cknagHux
cucTeM Ta pilleHHa AWHaMiIYHUX  3ajad,
Towo. Lli nepeBarm pocuTb AoknagHo Ta
nobpe onucaHi B cneuianisoBaHin nirepartypi
Ta GaratopasoBo nigTBepAKeHi dhaxiBugamm
Npwv pilLEeHHI NPaKTUYHKX 3adad [5, 6].

OpaHnm 3 Knacie Takux 3agadv € nobyaosa
Ta aHani3a Ha pPi3HOMaHITHI  CTaTWYHI
HaBaHTaXXEHHA N BNIMBU MOAENEN Hecy4ymx
ernemMeHTiB  OyfiBenbHUX  KOHCTPYKUiA 3
BUKOPUCTAHHAM MNNacTMHYaCTUX CKIHYEHHMX
enemeHTiB. Npn UbOMY B Pi3HMX NPOrpamMmHUX
npoaykTax (Taknx AK COSMOS-M,
NASTRAN, FeMap, SCAD, Lira, ROBOT i
T.A.) nepeBary HagawTb Pi3HUM TuUNam
NITOCKNX CKIHYEHHMX erneMeHTiB, AKi
BiPI3HAIOTHCA K 3a reoMeTpPUYHOK
dopmoto, Tak i 3a MateMaTU4YHO MOAENNIO.
MpoTe B ycix BUNagkax BUKOPUCTOBYETbCS
NPUHUMN  3HaXOMXKEeHHa 3ycunb, a pjani
HanpyxeHb B AocnigXyBaHin obnacTi, Yyepes
anpokcumauilo  By3noBuUX MepeMilleHb, SKi
064NCTIIOITECH TOYHO.

Ha npaktuui ue npussoanTb SO OOHOrO
HEe [OCUTb NPUEMHOrO edeKkTy, SKUA MOXe
OyTn HasBaHWN SK CUHIYMSAPHICTb 3a Hanpy-
XeHHsMmKn. Llen edekT noyaB BigmivaTucs
daxiBugamMmM nNo Mipi Toro, SK nigsuLlyBanacb
NOTYXHICTb  KOMM'lOTEpiB, WO Hagasarsno
MOXIMBICTb CTBOPIOBATU CKIHYEHHO-ENEMEHTHI
CiTkKM 3 BCe Oinbw ApibHMMKM enemeHTamu.
CyTHiCTb edpekTy nonsirae y BiOCYTHOCTI
36DKHOCTI (HaBiTb HasiBHOCTI HeobMexXeHOoro
POCTYy PpIBHA HanpyxeHb) B Micuax 3MiHU
reomeTpii gocnigkyBaHoi obnacti. Tak,
Hanpvknag, 3a  JaHuMu PO3pOBHUKIB
nporpamHoro KOMrnekcy ANSYS,
MaKkcuMasbHWUA KyT 3MiHWU reoMeTpil NpocTopy
Ma€ He nepesuLLlyBaTM 5 °, xo4a NpakTU4HI
pe3ynbTaTu 3 UbOro NpmMBogy He HaBOOATHLCS.

Taka  cuTyauis  BUKIWKAE  CYTTEBI
CKNnagHoLLi npu aHanisi pesynbTaTiB
pPO3paxyHKy nracTMH4YacTux mogernen B
30Hax CTUKOBKM OKPEMUX efieMeHTIB MiX

cobolo, Hanpuknag, Micusx npUeaHaHHS
pebep XOpPCTKOCTi abo 3'eAHaHHSsI CTIHOK i
MomnoK enemeHTiB. PakTM4YHO, B UMUX 30HaX
YHEMOXIMBIHOETLCS OTPUMAHHS  KOPEKTHUX

pe3ynbTaTiB i NpPU3HAYeHHA HeobXigHMX
XKOPCTKICHUX ~ XapaKTepUCTUK  enemeHTam
KOHCTPYKL,iN.

AHani3 OCTaHHIX [AocnigaXeHb.

Hamaratounch BupiunMTn gaHy npobnemy B
OCTaHHi poKM po3podNATLCA pi3Hi nigxoawm,
OOHMM 3 SIKMX € Tak 3BaHun Hot-Spot-Stress
meton (HSS). Woro iges nonsrae vy
BUKIOYEHHI 061acTi CUHIYNipHOCTI 3 aHanisy
Ta nNiHIRHIK  ekcTpanonauii  OTpMMyBaHUX
pesynbTaTiB B CYyCigHiX obnactax npocTopy
Ha uto obnacTtb. Npun UbOMYy B SKOCTI rpaHuLi
HEeKOpPEeKTHOI 0bnacTi BKa3yeTbCs BiACTaHb B
NiB-TOBLWHN enemeHTa Big i ueHTpy [7 — 11].

ABTOp pgaHoi nybGnikauii Ha npoTAsi
AOCUTb TpuMBarnoro nepiogy 4acy sanmaBcs
NPaKTUYHUMK PO3PaxyHKaMN PiBHOMaHITHUX
KoHCTpykuin MCE [12, 13], Tomy npobrnema
30iKHOCTI pe3ynbTaTiB poO3paxyHKiB Ta iX
NPakTUYHOI OUIHKM MOro uikaBuna B MOBHIN
Mipi. Bynu npoBeeHi NPaKTUYHI
AOoCnipKeHHs CTOCOBHO 3acTocyBaHHA HSS-
nigxogy Ans TectoBux mogenen [14, 15],
pe3ynbTaTn SKUX CBIAYMIIM MPO MOXIUBICTb
OTPUMAHHS  CTiMKOI 3BGiKHOCTI  pe3ynbTaTiB
po3paxyHKiB, B MepLly 4yepry HanpyXeHb, 3
OfHiei CTOPOHM Ta 3aHagTO BMCOKOMo iX
PiBHS, MOPIBHAHO 3 OYiKyBaHMMW OaHUMK, 3
iHWOT CTOPOHW. TakMmM YMHOM, OAHO3HAYHMX
pekoMeHgaLin CTOCOBHO npouenypu
BUKOpucTaHHa HSS-nigxogy oTpumatu He
BAanocs.

Meta pocnigxeHb. HoBun  yumkn
AocnipKeHb 3 METOK YTOYHEHHSA TEeXHONOoril
3actocyBaHHA HSS-nigxogy 6yB npoBeaeHUn
Ha Modensax peanbHUX KOHCTPYKLIN.

CyTHicTb pocnipxeHb. Bci mogeni 6ynu
nobygosaHi B NOK SCAD for Windows 3
BUKOPUCTAHHAM MnacTUHYacTux isonapame-
TPUYHUX €NeMeHTIB TPUKYTHOI Ta NPSAMOKYT-
HOI dpopmn 3i cTaHgapTHOI GibnioTekn Kom-
nnekcy. B fakocTti gocnigxyBaHux Mopenem
po3rnaganncb CKiHYEHHO-eNneMeHTHi mogeni
(CEM) nokpieni naBinbMoHy NiTHLOro kade B
M. Cypak (puc. 1), OGyHkepy arnomeparty
kombiHaTy «KpuBopikcTanb» (puc. 2) Ta
cunocy ans 30epiraHHs MWeHuUi OgHoro 3
nignpmuemcTB Yepkacbkoi obnacTi (puc. 3).
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Puc. 1. CEM nimHbo2o kagpe 8 m. Cydak

Z

L.

Puc. 2. CEM 6yHkepy aaniomepamy kombiHamy «Kpueopixxcmarib»

6)

Puc. 3. KoHcmpykmueHa cxema (a) ma ¢hpaameHm CEM (6) curnocy 0na 36epieaHHA nWeHUUi
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B ycix Bunagkax npuknaganuce pearnbHi
3HaYeHHs CTaTU4HUX HaBaHTaXeHb,
BU3HA4YeHi 3a pgiloYMmm Hopmamum abo 3a
3ajaHNUMKU  XapakTepucTukamy BiAMNoBiAHOMO
TEXHOJIOr4YHOro npouecy. OvHamiyHi
HaBaHTaXeHHs | BMMAVBU He po3rnaganuce.
Po3paxyHku nposBogunucb B TreOMETPUYHO
NiHINHIN NOCTaHOBL 3 ypaxyBaHHAM MPY>KHOI
po6oTn martepiany — cTane.

3a pesynbTatamu aHanizy Ans KOXHOI
mogeni 6yno BCTaHOBMEHO HasiBHICTb OCO6-
NMBUX 30H KOHLEHTpauii HanpyxeHb. BoHu
crnocTepiranicb B MicusiX 3'€QHaHHA PisHUX
€rNeMEHTIB KOHCTPYKLiNn, ocobnueo e KyT
cnpsbkiHHA Habnwkasca oo 90 ° (npuknag Ha
puc. 4 BuaineHo Ginbl TEMHUM KONbOPOM).
Mpn uUbOMYy 3i 3MEHLUEHHAM  TYCTUHU
CKIHYEHHO-eNEeMEeHTHOI CiTKM crnocTepiraBcs
HeobMeXeHW 3pIiCT HanpyXeHb, WO B NOBHIN
Mipi Xapakrepusye CUHIYTSIPHICTD
OTPMMAaHOro pileHHs (pag 1 Ha puc. 5).

Hapani gna kopuryBaHHS pesynbTaTiB
Oyna BukopucTaHa npouegypa HSS, B
pesynbTari yoro HanpyXeHHs
crabinizyBanucb (psag 2 Ha puc. 5), npote
3anUWUINCbL Ha OOCUTb BMCOKOMY pPiBHi. Y

NPaKkTULi XX BUHUKHEHHS TakuxX Hanpy>XeHb
npu3Besno 9] ao HeMuHy4oi  asapil
KOHCTPYKLUiN, 4yoro B OiNCHOCTI He
cnocrepiraeTbes.

BucHoBku. B uinomy, K nokasyTb
pe3ynbTaTu aHanidy, BWKOHaHi 0cobucTo
aBTOpPOM, 3acTocyBaHHA npouenypn HSS
BUSABNSETLCA HEOOCTaTHLO AN OTPUMAaHHS
NPaKTUYHO MPUMAHATHOIO PIBHA HarpyXeHb,
OCKINbKM  TakMi  nigxia B  KiHUEBOMY
pe3ynbTaTi NPM3BOANTb A0 3MEHLLEHHSA PiBHS
HanpyxeHb Ha 10-15 % nopiBHAHO 3
pesynbTaTaMmuM Ha HekopurosaHin citui MCE.
36inbLUeHHsA rpaHnLi HeKkopekTHOT obnacTi B
baraTtbox BUNaaKax npu3BoanTb no
HEMOXIMBOCTI NPOBEAEHHS anpoKkcumaldii 3a
npouenypoto HSS, ocobnmeo onst enemeHTiB
OyaiBenbHUX KOHCTPYKLIA BErMKOl TOBLUWMHU

(ons 3anizobeToHHNX Ta Kam’stHUX
KOHCTPYKLiN).

Takum YMHOM, BMKOPUCTaHHS
NNacTUHYaCTUX CKiIHYEHHO-eNeMeHTHUX

Modenem npwu aHanisi Ha Aito CTaTU4HMX
HaBaHTaXeHb, Ha OYMKYy aBTopa, € AO0CUTb
HEKOPEKTHUM Ta noTpebye, SAK MiHIMyMm

Puc. 4. 3oHa KoHUueHmpauii HanpyxeHb 8 CEM nimHbo20 kaghe 8 m. Cydak
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Puc. 5. 3miHa pigHs HanpyxeHb (MlNa) 8 ocobnusux 3oHax CEM modenel
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BUMKOPUCTaHHA cneuianbHOi  AoOaTKOBOI
npouegypn HSS, a 9k  mMakcMmym
YHEMOXINUBIIOE BUKOPUCTAHHS  OTPUMAaHUX
pesynbTaTiB po3paxyHkKiB B YaCTUHI
HanpyxeHb. TakoX OOCAIOXEHHA B LbOMY
HanNpPsAMKY MarTb OyTU NPOLOBXEHI 3 METOI0
HanpautoBaHHA OBinbll YiTKUX pekoMeHaauin
CTOCOBHO npouenypn HSS pgna  pisHux
BMNaaKiB cniBBigHOLWEHb KOPCTKICTHUX
XapaKTEPUCTUK pO3paxoByBaHNX EFIEMEHTIB.
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AHHOTAUWA
B npakmuke pacyemog cmpoumesibHbIX
KOHCMpyKyul memodom KOHEYHbIX

3/1eMeHmMOo8 ¢ npuMeHeHUeM rniacmuHYyamaix
modesieli Orisi KOPPEKMUPOBKU pe3yibmamos
8 0cobbix 30Hax 8 nocrnedHee 8pemsi
npumeHsiemcsi Hot-Spot-Stress npouedypa.
[ns YMOYHEHUS mexHorsoau ee
ucrnosb308aHusl asmopom rnposedeHsbl
crieyuarbHble uccrief0ogaHUsi Ha mecmosbix

modesnsix u modensx pearsbHbIX
KoHcmpykuyut. B  pabome  npueedeHbi
pesynbmamel OUEHKU cxodumocmu
HarnpsikeHuti 8  ocobbix  3oHax  Ons

naacmuH4Yambix modeneli  cmpoumesbHbIX
KOHCMpPYKUuU, KOmopble paccyumbl8anuchb ¢
ucronb3o8aHuUem mMemooda KOHEeYHbIX
anemeHmos Ha 6asze [IBK SCAD for
Windows. Ux awHanu3 ceudemenbcmeyem
po Mo, YMO MPUMEeHeHUe nraacmuHYambIx
KOHEYHO-3rieMeHmMHbIX mModenel npu yyeme
cmamu4ecKux Haz2py30K sengemcs
0oCcmamoYyHO  HEKOPPEKMHbIM, U  Oaxe
3aserneHHasi ripouedypa HSS oka3sbieaemcsi
HedocmamoyHou ons rony4yeHusi
rpakmu4yecku rnpuemIemMozo YPOBHS
HanpskeHul.  [Mosmomy  nouck  bornee
KoppekmHo2o rodxoda unu  npouedypsbi
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annpokcumayuu 0osmkeH 6bimb MpPOOOIIKEH
Ol pasfiudHbix criydaee COOMHOWeHUl
JXKECMKOCMHbIX Xxapakmepucmuk
paccyumsbigaeMbiX 371IEMEHMO8.

Knoyesbie criosa: memoO KOHEYHbIX
3/1eMEeHMO8, nracmuH4yamas MoOerib,
CcX00UMOCMb HarnpsKeHul, CUH2y1siPHOCMb.

ANNOTATION

In practical calculations of engineering
structures by means of Finite Element
Method with application of plate models for
adjustments in special areas recently Hot-
Spot Stress procedure are applied. To clarify
the technology of its use, the author
conducted a special research on test models
and models of real structures. The paper
presents the results of the estimation of
convergence of the stresses in special areas
for plate models of building structures, which
were calculated using the Finite Element
Method on the basis of complex SCAD for
Windows. Their analysis shows about the fact
that the application of plate finite element
models considering static loads is quite
incorrect, and even stated the procedure for
HSS is not sufficient for obtaining practically
acceptable level of stresses. Therefore, the
search for a more correct approach or
approximation  procedure should  be
continued for the different cases of ratio of
the stiffness characteristics of the calculated
elements.

Keywords: finite element method, plate
model, convergence of the stress singularity.
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PA3PABOTKA AJIFOPUTMA
OlPELEJIEHUA PALUNOHAJIBHOIO
ClIOCOBA COEQUHEHUSTI APMATYPbI
BEPTUKAJIbHbBIX HECYLUNX
QJIEMEHTOB MOHOJINTHOIO
XXEJIE3OBETOHHOIO KAPKACA

Paspaboma+ aneopumm onpedeneHus
payuoHasnbHo20 crocoba COeOUHeHuUs1
apmamypbl 8epmuKaribHbIX Hecywux
3/1eMeHmos MOHO/IUMHO20
XKenesobemoHHo20  Kapkaca.  Aneopumm
adanmuposaH 0nsi  MPUMEHEeHUs1 8cemu
yyacmHukamu cmpoumersniscmea Ha amarie
rpoeKkmuposaHuUsi U oxeamsbigaem Haubonee

aghekmugHbie crocobsbi coeduHeHUs
apmamypbl — 8aHHOWOBHOE CceapusaHue,
coeQuHeHUe  8Hax/1Iecmky, a  makxe
MexaHu4deckue  COeOUHeHUsi  apmamypbl

pe3bbosbiMu U OBXUMHLIMU Mygpmamu. B
pesyrnbmame OornmuMu3upyromcs 3ampamal
mpydosebix U MamepuaribHbIX pecypcos, a

makxe coKpauwaromcesi CPOKU
cmpoumesibcmea.

Knroyeebie croea: apmamypa,
coeduUHeHUe, an2opumm, paHXuposaHue,

pauuoHarsbHbIl, Kapkac, MOHMax, Mygmei.

AKTyanbHoCTb TeMbl. CerogHs
MOHOMUTHOE  CTPOUTENBLCTBO  SBMSETCS
oOoHMM M3 Haubonee pacnpoCTpaHEHHbIX
cnocoboB BO3BEEHUSA 30aHUn "
COOPY>KEHWM. Bcneacteue 3TOro
obecneynBaeTcs BblCOKas
KOHKYPEHTOCMOCOOHOCTb CTPOUTENbHbIX

pabot. Ho gnutenbHoe Bpemsi nNpuMeHeHue
MPOrpecCuBHbIX TEXHOMOrMM  MOHOSIMTHOrO
CTpouTenbCTBa B Hallen cTpaHe WMeno
OrpaHMYeHHbIN XapakTep W CAepXuBarnochb
PSAOM OOBbEKTUMBHBIX NpuYMH. OgHa U3 HUX —
ncnonb3oBaHve Ans COeAVHEHUs apmaTtypbl
yCTapeBLUMX CrocoboB, KOTOpble MpMBOAUNU
K 3HauMTENbHbIM MaTepuarbHbIM 3aTpaTtam
NN UMEeNN 3HaYNTENbHYIO TPYL0EMKOCTb.
Pa3BuTe pPbIHOYHBLIX OTHOLWIEHUWA BO
BCeX cdepax XW3HWM, B TOM 4ucne u B
CTpouTENbLCTBE, TpebyeT NMOCTOSIHHOTO
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