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KOHCTPYKLIMOHHbIV EETOH MOPCKMX TMAPOTEXHUYECKMX COOPYIKEHWI:
NETPAJALMOHHBIN Y BHE3AMHbIN OTKA3

1B.B. Maniok, °C.H. /leoHosuu, °H.A. bydpesuy

1000 «TpaHccTpor-TecT», KOskHo-CaxanuHcK, Poccus

2BeNI0PYCCKMUI HaLlMOHANbHbIN TEXHUYECKUIA YHUBEPCUTET, MUHCK

email: mw.77@mail.ru, snleonovich@yandex.ru, nellibudrevich@yandex.by

PaccmompeH onelm cmpoumenscmea MOPCKUX 2UOPOMexHUYeCKUX CoopyxeHuld 8 mA-
Heesnbix 2udpoMemeopos10eUYecKUX YyCa08UAX 3KCNayamayuu. [1poaHaAu3upoB8aHsl Xxapakmep-
Hble paspyweHusA bemoHa 8 3aHe NepeMeHHO20 YPOBHA NOCe Nepeoeo 3UMHe20 ce30Ha. Ycma-
HOB/1eHbl NPUYUHbI paspyweHus bemoHa 8 sude ABHO20 8HE3aNHO20 0MKa3a. [lpeds1oxeHa cxe-
Ma GpopMUpPOBAHUA CMPYKMYypsel 6eMOHa Npu MOPO3HbIX U CO/EBbIX 8030elicmB8uAX 8 3a8UCUMO-
cmu om 3pesiocmu cmpykmypel bemoHa. HameveHosl HanpassneHuA daneHelwux uccnedosaHull
8 06710cMU NPO2HO3UPOBAHUA 00/1208€4HOCMU KOHCMPYKUUU u3 bemoHa u xene3obemoHa 0414
MOPCKUX 2UOpOMeEXHUYECKUX COOpyHeHUU.

Kntoyessie crnosa: 6emoH, 0e2padayus, 0mKa3, MOpPCKUe 2u0POMeEXHUYECKUE COOPYHEHUS.

CONSTRUCTION CONCRETE OF MARINE HYDROTECHNICAL STRUCTURES:
DEGRADATION AND FLASHOUT

1B. Malyuk, °S. Leonovich, °N. Budrevich

Transstroy-Test, Yuzhno-Sakhalinsk, Russia

Belarusian National Technical University, Minsk

email: mw.77@mail.ru, snleonovich@yandex.ru, nellibudrevich@yandex.by

The experience of construction of marine hydraulic structures in heavy meteorological
conditions of operation is considered. Characteristic destruction of concrete in the zane of a vari-
able level after the first winter season has been analyzed. The reasons for the destruction of con-
crete in the form of a sudden sudden failure are established. A scheme is proposed for the for-
mation of the concrete structure under frost and salt effects, depending on the maturity of the
concrete structure. The directions of further research in the field of forecasting the durability of
concrete and reinforced concrete structures for marine hydraulic structures are outlined.

Keywords: concrete, degradation, failure, marine hydraulic structures

HecmoTpsa Ha 60blIOE YNCNO BbINOJHEHHbIX UCC/EA0BaAHMI NO CO34aHMI0 CTOMKOro be-
TOHA 418 MOPCKUX COOPY!KEHMM, BOMPOC CTOMKOCTN BeToHa M Kee300eToHa B TAXKEbIX TMApo-
METEOPO/IOTMYECKMX YCAOBMAX SKCMIyaTauMM OCTAaeTCsa aKTyasibHbIM U B HacTosllee Bpems. Mc-
cnegoBatenn otmevatot [1, 8, 9, 14, 17, 18] — ceroaHa HeT npobnem B Aene U3roToBAEHUs A0N-
roBe4yHoro 6eToHa Aaxe A9 BeCbMa arpecCcMBHbIX M KOPPO3MOHHLIX cpea. Mpobaema 3akntova-
eTCSA B CO3[aHNM HAZEXKHbIX M AONTOBEYHbIX KOHCTPYKLUMM. ITO 03HaYaeT, YTo ABHO HeA0CTaTou-
HO CYLLECTBYIOUIMX METOA0B pacyeTa, KOHCTPYMPOBAHMA U OpPraHM3aLMOHHO-TEXHOIOMMYECKUX
Mep no obecneyeHMo CTOMKOCTM BETOHA, NOCKObKY NMPAaKTUYECKM HEBO3MOXKHO yYecTb pacyeT-
HbIM MyTEM BAMAHME BCeX GAKTOPOB ee onpeaensatollymx. [1osTomy 3a nocneaHme rofbl Nosasu-
IMCb HOBblE MCCNea0BaHNA B 061aCTU CO3[aHNA MOJeNen AONTOBEYHOCTM AN NPOrHO3a CPOKa
CNYXKObl KOHCTPYKUMIA U coopyxeHui [7, 11]. BaxHoe mecTo B pelleHUn AaHHOW npobaembl OT-
BOAMTCA CO3/aHME MPAKTMYECKOW MOAeNM MNoBeAeHMA KOHCTPYKUMM BO BPEMEHM Ha OCHOBe
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npoBeAeHNs MOHUTOPMHIA B MPOLLeCCe 3KCM/yaTalmm KOHCTPYKLMKM C y4eTOM Bcex eé daKTuye-
CKMX XapaKTepucTuK. MosTomy AanbHenlwee HakoNAeHMe 3KCNepUMEHTaNbHbIX AaHHbIX O NoBe-
OEHUN KOHCTPYKLMIA B arpeCcCuBHbIX M CYPOBbIX YCNIOBMAX, MO3BONAIOULMX aleKBAaTHO OLLEHMBATb
Aerpagaumito 6eToHa B KOHCTPYKUMAX, ABNAETCA BECbMa aKTyanbHOM 3agadven. CneayeT oTme-
TUTb, YTO Ha [anbHem BoOCTOKe cucTemaTMyeckme HaTypHble M NabopaTopHble MCCAea0BaHWA
CTOMKOCTM BeToHa MOPCKUX TMAPOTEXHUUYECKMX COOPYKeHnn nposogsaTtcs ¢ 1970 r. no HacTos-
wee Bpems. B nepmoa ¢ 1970 no 1990 rr. 3T nccnenoBaHma nposoaManch B CaxaAMHCKON Hayu-
HO-uUccneaoBaTeNbCKoM nabopatopun BHUW TpaHcnopTHoro ctpoutensctea (LLHMWC), a 3aTem,
nocne peopraHMsaumm nabopatopum, WUCCAeaoBaHMA B [AAHHOM HamnpaBNeHUM BeayTCA
B KOMNaHuK «TpaHccTpon-TecT» [12, 13]. B gaHHOM paboTe npuBeAeHbl pe3yabTaTbl UCCAen0Ba-
HWI CTOMKOCTM HETOHA Ha OCHOBE OMbITa CTPOUTENBCTBA MOPCKUX COOPYKEHUIM Ha [danbHem Bo-
CTOKe 3a nocnegHue 15 net, B KOTOPbIX NPUHMMANN Y4aCTMA COTPYAHMKM KOMMaHMKM «TpaHc-
CTpomn-TecT».

B npouecce cTponTENBCTBA MOPCKMX MPUYANbHbIX M OFPaAMTENbHbBIX COOPYKEHNN 13 De-
TOHA M KenelobeToHa AOCTAaTOYHO YacTO CTPOUTENN CTaNIKMBAKOTCA C NPoBAEMON paspylleHus
HOBbIX KOHCTPYKLMA B 30HE NMEPEMEHHOr0 YPOBHA NOCAe NepBOro 3MMHEero Ce3oHa, T.e. Yepe3
3...4 mecAua aKkcnayaTaumun. PaspylleHne Takoro BUAa Heslb3A XapakTepu3oBaTb Kak Aerpajalmio
[3] nnn gerpaumoHHbIn 0TKas [4] 6eToHa, NOCKO/bKY NoAd 3TUM NOHUMAETCA NOCTENEeHHOEe NOHM-
YKEHWe YPOBHS 3KCMN/yaTaLMOHHbIX XapaKTEPUCTMK MaTepuanos. B cOOTBETCTBMM C OOLLIETEXHM-
YyecKkom TepmumHonormen [4] naHHbIN BUA, pa3pyLUeHNs KnaccudULMpyeTcs Kak ABHbIM BHE3anHbIN
OTKa3 — CKa4ykoobpasHbIl nepexon obbeKkTa B HepaboTocnocobHoe cocToAaHMe, obHapyKMBae-
MOe€ BM3yasibHO NPW NOArOTOBKE 0ObEKTA K NPUMEHEHMIO UM B NPOLLECCE ero NPUMEHEHMA.

B naHHOM cTaTbe NPUMBOAMTCA aHaNM3 XapaKTepHbIX C/lyyYaeB pa3pylleHua HGeToHa npu
CTPOUTENbCTBE MOPCKUX TMAPOTEXHUMYECKMX COOPYXeHWM Ha [anbHem BocToke 3a nepumog
€ 2003 no 2010 rr. Hanpumep, npu cTpouTenscTee Heperos3alimMTHOro y4acTka KOPHEBOW YacTu
npunyana MO® Ha 3aBOAe CHUMKEHHOro npupoaHoro rasa (CMNr) 8 n. MpuropoaHoe (o. CaxanuH)
13 GacoHHbIX HNOKOB- rekcabuToB (aanee- 610K0B), HabAOAANN pa3pylleHne 6eToHa B OTAENb-
HbIX 6/710KaX, Pacno/IOXKEHHbIX B 30HE MEePeMEHHOro YpPOBHS, NOC/e NepBOro 3MMHEro cesoHa.
(pncyHoK 1).

PucyHoK 1. — A — 06wmii BuAa, 6eperosalnTHOro COOpYKeHUA KOPHEBOW YacTi npuyana MOD
(n. NpuropoaHoe, 3asoa CMNI, 0. CaxanunH) B 3MMHWIA Nepuog; b — xapakTep paspyweHus
6eToHHbIX 6/10K0B (rekcabuToB) NOc/e NepPBOro 3MMHEro Ce30Ha

OTAMYNTENBbHOM 0CODEHHOCTBIO MOPCKMX Bepero3allmMTHbIX COOPYHKEHWI, IKCNAyaTMpye-
MbIX Ha 0. CaxanuH, ABAAETCA TO, YTO MPW YCTAaHOBAEHUM OTPULATENbHbIX TeMMepaTyp BO3ayXa
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NPOMCXOAMT NOCTENEHHOE HapacTaHWe CI0A MOPCKOTo NbZla Ha NOBEPXHOCTU BeToHa (puc. 1-A).
N3nenuna BMep3aeT B MOPCKOM e[, B 30HEe NePEMEHHOr0 YPOBHA M B TAKOM COCTOAHMM HAaXxoaAaT-
ca B TeyeHue 3...4 mecAues. JaHHble yCA0BMA 3KCNyaTaumm, 6€3ycnoBHO, OTIMYatoTcA OT 0bbly-
HbIX MPUANBHO-OT/IMBHbIX BO3AENCTBUIN Ha HETOH BEPTMKANbHbLIX NPUYANbHbIX CTEHOK B 30HE ne-
PEMEHHOrO YPOBHSA. 3Ta 0COBEHHOCTb YC/NI0BMI 3KCMAyaTaumMm O6/10KOB, BMEP3LIMX B MOPCKOM
nen, npossunack mapte 2004 roaa nocne TaaHMA Abaa. Ha otaenbHbIXx 6a0Kax Habaoganu pas-
pyLleHne NOBEepPXHOCTHOrO cfoa 6eToHa Ha rnybuHy Ao 4 cm (puc. 1-B). BaoKM M3roTaBaMBanm
B 3aBO/ICKMX YCNOBMAX C MPUMEHEHMEM MNPOMApMBaHMA MO MATKOMY pexunmy. Cneumanmctol
KOMMNaHWM « TPaHCCTPON-TeCT» Ha OCHOBAHWMM aHaNM3a BCEX TEXHO/IOTMYECKUX Nepenenos 1sro-
TOBNEHUA U34ENUI YCTAHOBMAKM cneaytollee. Ha 3aBoAe OCYWECTBAANM KOHTPO/Ib Ka4yecTBa Ha
BCEX TEXHO/IOTMYECKMX Nepeaenax, Mo3TOMy MUCKAOYaNaCb BEPOATHOCTb BbIMyCKa BETOHHOW cme-
CM C MOKas3aTeNssMM KayecTBa, HE COOTBETCTBYIOLIMX MPOEKTHbIM TpeboBaHuam- B22,5, F,300,
W6. [ina nsrotosneHns BETOHHOM CMECK NPUMEHSAM KOMMAEKCHYo Aobasky CHB+C3, 4yTo nos-
BONANO obecneynTb coaepaHne Bo3ayxa B cmecu B npeaenax 4..6 % 1M MOpPO30CTOMKOCTb He-
TOHa He HuMKe mapku F,300. ChegoBaTenbHO, Ha CTaAnKM NPUTrOTOBAEHMA BETOHHOM cmeck obec-
NeynBaNnCb BCe YCTaHOBNEHHble TpeboBaHMA. AHaNM3 NpoLecca U3roToBneHnA H10KOB NoKasan
cneayroulee. B Bo3pacte 3.4 cytok nocne Habopa HeToHOM npoyHocT 70 % OT NPOEKTHOM
npoYHoCcTM B22,5 610KM OTrpyKaam Ha 0OBbEKT. B COOTBETCTBMM C TEXHUYECKMMK TpeboBaHMAMM
K NPOAYKUMW 3aBOACKOrO M3rOoTOBNEHUA 3TOM MPOYHOCTM AOCTAaTOYHO ANA OTrpy3KM noTpebute-
no [5]. B cuny opraHM3aUMOHHbIX MPUYMH CKNaaMpoBaHMA HG10KKW, M3roToBaeHHble B HoAbpe-
nekabpe 2003 1, cpa3y yKkNaablBaau B 30HY NMEPeEMEHHOro YPOBHA, YTO Obl10 YCTAHOBNEHO MO
MapKMPOBKM Ha HBa0Kax. O4HaKO B COOTBETCTBUM C TpeboBaHWAMM [15], nponapeHHble 610KM
[OMNyCKaeTCA YKNaablBaTb B 30HY NEPEMEHHOIO YPOBHA NOC/E BblAEPKMBAHNA He meHee 15 cy-
TOK MPW NONOXKUTENbHbIX TemnepaTypax. Ha 0CHOBaHWM 3TOro H6bIN10 CAENaHO 3aKNYeHMe, YTO
HecobnoaeHMe CPOKOB BblAEPKMBaHMA OETOHa CTafo OCHOBHOM MPWYMHOW paspylweHua no-
BEPXHOCTHOrO C/N10A NOC/Ne NepBOro 3MMHero cesoHa. CneunannucTtamm KoOMnNaHum « TpaHCCTPOM-
TecT» BbINO PEKOMEHAOBAHO CTPOUTENAM NEPeMeCTUTb BNOKM C NOBEPXHOCTHbIMU pa3pyLlleHu-
AMW B NOABOAHYIO 30HY. ITO peweHnAa Hbl10 NPUHATO Ha OCHOBAHMMK TOrO, YTO, C OAHOWM CTOPO-
Hbl, KOHCTPYKTMBHAA 0CODEHHOCTb Bepero3aLimTHOrO COopyKeHMA 13 GacoHHbIX 610KOB NO3BO-
Nana nepemeltaTb OTAeNbHbIe BNOKM M3 30HbI MEPEMEHHOrO YPOBHA B NOABOAHYHO 30HY He3 cy-
WEeCTBEHHbIX 3aTpaT, C APyron — nabopaTopHble M SKCMepUMeEHTalbHble HAaTypPHble MCCNea0Ba-
HWA, KOTOpble paHHee NPoBOAMAMCL B NabopaTopun «TPaHCCTPOM-TecT», NoKasaau, YTo B Noa-
BOAHOWM 30He AaNbHenlwana Aerpajauma maTepmana He NPOUCXOAMT, MOCKO/IbKY OTCYTCTBYHOT OC-
HOBHble pa3pylwatoLine GaKkTopbl — UMKAbI 3aMOpPaXKMBaAHMA U OTTaMBaHMA U 0OMep3aHMe NbAOM.
Mocneaytouwme obcnenoBaHNA COOPYKEHUA MOKa3a M, YTO B MOABOAHOM 30HE NpoLecchl Aerpa-
Aaumm 6eToHa B NOBpeXAeHHbIX 6/10Kax NPeKkpaTUIMUCb, OHU COXPAHAKOT CBOWM 3KCMAyaTaLMOH-
Hble MOKa3aTenu B TedeHue 15 neT. BAoKM, KOTOpble YCTaHAB/AMBAAMCL B 30HY NEpPeMeHHOro
YPOBHA C NpeABapuUTENbHON BbIAEPHKKOM, COXPAHAIOT NepBOHaYa bHbI BHELIHWI BUA B TeYEHME
BCero nepmvoaa skcnayataumm — 15 nert.

AHanornyHble cnyyau paspylweHuna 6eToHa M3-3a He0CTaTOYHOrO CPOKa BblAEpKKM be-
TOHa Habnoaanu Npu ycTponcTee Hepero3aliMTHOro coopyKeHua B nopty KosbMunHo (Mpumop-
CKMI KpaM, r. Haxoaka) B 2008 roay (pUcyHOK 2-A) M NpU PEKOHCTPYKLMM NPUYanbHOM CTEHKN
B nopTy Yrneropck (0. CaxanuH) 8 2010 roay (pucyHok 2-6). aHHble NpuMepbl CBUAETENbCTBYOT
0 TOM, YTO He cobatogeHne 0AHOro U3 TPeboBaHMA K TEXHONOTUN- CPOKA BblAEPKMBAHMA, NPK-
BOAMT K Cepbe3HbIM NOCAeACTBMAM. B CMAY KOHCTPYKTMBHOW OCOBEHHOCTM MOPCKMX Beperosa-
WMTHBIX COOPYKEHWN N3 GacCOHHbIX 6NIOKOB TUMNA TEeTPanoAOB UAM rekcabuToB, 3T NOCNeACTBUA
MOXHO MCNpaBnTb 6e3 cyllecTBeHHbIX 3aTpaT, Kak 3To OblN0 caenaHo Ha 3asoae CMNI nan B nop-
Ty Ko3bMnHo. OHaKO BOCCTaHOBAEHME NPUYANbHOW CTEHKM B NOPTY Yraeropck Ao pabotocno-
COBHOro coCcToAHMA NoTPeboBaNo 3HAUMTENbHbIX 3aTPaT. B 3aBMCMMOCTM OT YPOBHA NOTEPU IKC-
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NAyaTauMOHHbIX CBOMCTB OTKA3 MOMHO KNacCMPUUMPOBATb KaK MO KPUTUYHOCTM, TaK M NO Npu-
YMHAM ero BO3HMKHOBEHWS. B pacCMOTPEHHbIX Caydasx OTKa3 OTHOCKTCH MPOM3BOACTBEHHOMY
OTKa3y, MOCKO/IbKYy Mpoun3olen BCAeACTBME MPOU3BOACTBEHHbIX HeA0pPaboToK. ABHbIM BHe3an-
Hbl1 OTKa3 0OyCc/N0BAEH, C OAHON CTOPOHbI, XapaKTEPOM BHELIHUX BO34ENCTBUI- 0OMep3aHnem
KOHCTPYKLUMIA MOPCKMM bZIOM, C APYroi- He obecnedeHbl YCA0BUA BblAEPKMBaHUA HETOHA Npu
NMONOKUTENbHBIX TEMMNEPaATypax nocae nponapuBaHus. ECTb BCE OCHOBAHMA CYMTATb, YTO MPO-
LUEeCC HaKoMAEHUA CTPYKTYPHbIX AePeKTOB B HETOHe Npn 0OMep3aHnM MOPCKUM NbJOM MPOUCXO-
AMT Bonee MHTEHCUMBHO, YeM NMPU BO3AENCTBMM LMKIOB 3aMOPaKMBAHMA M OTTaMBaHUA OT 0bbly-
HbIX OT/IMBHO-TMIPUIMBHbIX AB/IEHUN B 30HE NEPEMEHHOIO YPOBHSA BEPTMKA/IbHbBIX CTEHOK MOPCKMX
NpPUYanbHbIX COOPYKEHUN.

PUCYHOK 2. — XapaKTepHblit BUA, paspylleHna 6eToHa B 30HE NePEeMEHHOIO YPOBHA
nocne NepBoro 3MMHero cesoHa: A — beperoykpensieHve u3 rekcabutos 8 NopTy KO3bMMUHO
(r. Haxoaka, Npumopckuit kKpait, 2008); b — npryanbHas cTeHKa B NopTy Yraeropck (o. CaxanwH, 2010).

CnenoBaTenibHO, CYPOBOCTb PeasibHbIX YCAOBUIA CNY»KObl MOPCKUX COOPYXKEHWUI MONKET
OT/IMYaTbCA OT HOPMATMBHOWM CYpPOBOCTM, KOTOpaa KnaccudULMPYETCs MO PaCcYeTHOM 3MMHeNn
TemnepaTypon HapyKHoro Bo3ayxa [16]. MpuBeaeHHblE NPUMEPLI CAYKAT A0Ka3aTeNbCTBOM TO-
ro, YTO CypPOBOCTb YC/IOBUN ABNSETCA OAHMM M3 MapameTpoB, KOTOPbLIM onpeaensaeT CKopoCTb
paspylleHna 6eToHa. Mpu ougHKe peanbHOM CypOBOCTU BHELWIHNX BO3AENCTBUIA CAeayeT yunTbl-
BaTb TaKMe napameTpbl npouecca obmepsaHua, Kak NPoaOIKMTENbHOCTb 1 TemnepaTypy. OnbIT
3KCNAyaTaLmMmM MOPCKMX COOPYKEHMIM Ha nobepexbe 0. CaxaNMH AaeT OCHOBaHMe nosaraTb, YTo
B 30HE NMEePEMEHHOro YPOBHS B 3MMHWIN Nepuoj Npu BO3AEMNCTBMM TONbKO OTAUBHO-NPUANBHbBIX
ABNeHUN 6e3 0bMep3aHNA KOHCTPYKLMM NbIOM CKOPOCTb HAaKOMAEHMUA NOBPEXAEHWI B CTPYKTY-
pe 6eToHa NPOMCXOAMT 3HAYUTENBHO MeasIeHHee M He MPMBOAMT K BHE3aNHOMY Pa3pyLleHMto
6eToHa. Mpouecc obmep3aHMa He MOAENMPYEeTCA MPU CTaHAAPTHbLIX UCMbITAaHMAX Ha MOPO30-
CTOMKOCTb, NO3TOMY NPW MUCCAeA0BaHMAX [2] He BbIABNEHO BAMSAHME Ha NPONapeHHbIe MOPO30-
CTOMKMEe OETOHbl MOCNeayloLLEro BblAEpPKMBaHMA. [MpuBeAEHHblIE NMPUMEpPbI MOKa3blBatOT, YTO
CKOPOCTb pa3pylleHns nponapeHHoro 6eToHa 3aBUCUT OT NPOAOIKUTENLHOCTU TBEPAEHUS MPU
NONOKUTENbHBIX TeMNepaTypax. Mcxoas ns Toro, YTo NPOA0/IKUTENIbHOCTDL M TeMMepaTypa B ne-
puoa yxoaa BANAET Ha CKOPOCTb rMapataumm U COOTBETCTBEHHO BAUAET Ha Pa3BUTME NPOYHOCTH
beToHa. A.M. Hesunnb [10] npeanoxumn nepmos, BblAepKUBAHMA OLEHMBATb NOKasaTenem «3pe-
nocTu» 6eToHa, KOTOPbIN ceayeT U3MepATb B rpadyco-4acax uan B rpadyco-cyTkax. YcTaHoBne-
HO [18], 4TO MOPO30CTOMKOCTb MMeET H0o/lee YCTOMUMBYIO CBA3b C NapaMeTpamm CTPYKTypbl be-
TOHa, YeM C MPOYHOCTbIO BeToHa. B cOOTBETCTBMM C OOLWIMMKN NPEACTaBAEHUAMU O LEMEHTHbIX
beToHax [1, 17, 18], B ero cTpyKType NpoucxoasT AeCTPYKTMBHbIE NPOLECCHl U MPOLLECChl ynpoy-
HEHMA, KOTOPblE MOXHO Ha3BaTb KOHCTPYKTUBHbIMU. Mcxoas M3 NOAyYeHHbIX pPe3ybTaToB, ecTb
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OCHOBaHMA npeanonaratb, YTO MNPV PABHOM CTEMEHW arpecCUBHOCTU BHEWHWUX MPUPOAHO-
KNIMMaTUYECKMX BO3AEMCTBUIA, XapaKTep Pa3BUTUA STUX MPOLLECCOB B BETOHE 3aBUCUT OT YPOBHA
«3PEeNocT» CTPYKTYPbl K MOMEHTY Hayana akcnayaTaummn. CocTosHMe CTPYKTypbl 6eTOHa BO Bpe-
MeHKn byeT onpeaenaTbCs COOTHOWEHME YKa3aHHbIX npoLueccoB. CxemaTUYecKn passuTme npo-
Leccos GOPMUPOBAHUA CTPYKTYPbl BETOHA Ha CTaAMM 3KCNAyaTaUMM B 3aBMCMMOCTM OT Haya/lb-
HOrO YPOBHA 3Pe/10CTUN CTPYKTYPbl 6ETOHA NOKa3aHO Ha pUCyHKe 3.

A.S':Ak >Ad MHMAS:Ak<Ad, (1)

roe  As —noKasaTe/lb COCTOSHUA CTPYKTYPHOM NPOYHOCTU BETOHa;
A, — mepa, xapaKTepusytoLas KOHCTPYKTUBHbIE NPOLLECCHI;

A, —Mepa, xapaKTepy3yloLWan 4eCTPYKTUBHbIE NPOLLECChI.

As

Ak > Ad

Ak < Ad

PrcyHok 3. — CxemaTuyeckoe npeactaBieHune npouecca GopmmpoBaHmsa CTPYKTYpbl 6eToHa
NPV MOPO3HbIX N CONEBBIX BO3AENCTBUAX A1 HETOHOB C Pas/INYHbBIM YPOBHEM 3PENOCTU CTPYKTYPbI

MHOro4YncneHHble UcCel0BaHNA MOPO30CTOMKOCTM BETOHA M OMbIT 3KCMAyaTaUuun, npu-
Be/leHHbI B [@HHOW CTaTbe, Z@eT OCHOBaHMWe npeanosaraTb, YTO CyLLECTBYET HOPMATMBHbIN
YPOBEHb 3PenocTu CTPYKTypbl 6eTOHa, KOTOpbIM Mo3BOAAET obecrneynTb A0ATOBEYHOCTb KOH-
CTPYKLMM B KOHKPETHbIX YCIOBUAX SKCMIyaTaLMu.

K] > Kl (2)

roe KIJ_; — HOPMATMBHOM YPOBHE 3PEI0CTM CTPYKTYPbl HBETOHA;

KI]; — GaKTUYeCKMIM YyPOBEHb 3PEIOCTU CTPYKTYPbI HETOHa.

YCNOBHO MOXHO MPUHATb, YTO B HaYaNbHbIM nepnon KOHCTPYKTMBHbIE U OECTPYKTUBHbIE
npoLueccbl HaxoaATCA B paBHOBECUN HE3aBNCMMO OT YPOBHA 3PE/IOCTU beToHa:

Ak :Ad,T.e. NAs=0.

MpM HOPMATMBHOM YPOBHE 3PENOCTM CTPYKTYpbl BeToHa: KIJ: :KIJ; nepes Havanom

9KCMN/yaTaUmMm CTPYKTypa A0MKHA GOPMMPOBATLEA C NpeobaasaHnem KOHCTPYKTUBHbIX NpoLec-
cos, T.e. Ap > A, . CxemaTnyeckmn aTo NpescTaBaeHo B BLAe Kpueol 1 Ha pucyHke 3. Popmumpo-

BaHMWeE CTPYKTypbl BeToHa npwm KIJ; < KI]-; npoucxoamnT ¢ npeobnagaHnem AeCcTPYKTUBHbIX Mpo-

LLeccos
(A <Ayg) - xpusble 2 1 3 Ha pucyHKe 3. Mpy 3TOM CKOPOCTb AECTPYKTMBHbIX Npoleccos byaeT
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onpeaenaTbCa BEANYNHON KIJ; K Hayany 3KcnayaTauMOHHbIX BO3AENCTBMI. PaccMoOTpeHHble

B CTaTbe NMpMmMmepbl pas3pyleHnA b6eToHa B COOpPYXEeHMAX COOTBETCTBYET C/1Iy4alo, KOrada 3HavYeHne
K}J; MMEET TaKOe HMU3KOEe 3Ha4YeHne, nNpm KOTopom Ha6/'II-O,£I,aeTCH He ﬂ,erpa,ﬂ,auMOHHbIM, d BHe-

3anHbiii oTkas (A =0) — kpuBasa 4 Ha pucyHke 3.

OnbIT CTPOUTENBCTBA MOPCKUX TUAPOTEXHUYECKMX COOpYKeHnin Ha [anbHem BocToke
CBMAETENbCTBYET O TOM, YTO OT YPOBHA 3PeN0CTN CTPYKTYPbl BETOHA K Hayany aKCnayaTaumm, Ko-
TOpbIM dopmMpyeTca B CTaAMM M3ITOTOBAEHMA KOHCTPYKUMI U BblaepKMBaHUsA BeToHa, 3aBUCUT
[ONITOBEYHOCTb MM PACYETHbIN CPOK CNyKDObl coopyKeHuA. CneayeT OTMETUTDL, YTO ANA Keneso-
HETOHHbIX KOHCTPYKLMI A0KHbI YCTaHaBMBaTbCA Bosiee BbicOKMe TpeboBaHMsA K obecnedyeHnto
YPOBHA 3peN0CTN CTPYKTYPbl HETOHa, Yem K BETOHHbIM KOHCTPYKLMAM, MOCKO/bKY B NMpouecce
3KCNyaTaummM Kene3obeToHHbIX KOHCTPYKLMIM B PACYETHbIM CPOK CAYy»KObl HE AOMNYCKAeTCA CHU-
KeHre UAM NoTepa 3alMTHbIX GyHKLMI 6eToHa No OTHOWeHMIO K apmaType. Mcxoaa 13 npuse-
AEHHbIX MPMMEpPOB, ANA MPOrHO3a CPOKOB C/YXKDObl CTPOUTENbHbLIX 0OBEKTOB LenecoobpasHo
paspabaTbiBaTb MOAENN [AONTOBEYHOCTM OeTOHa C y4eTOM MOKa3aTeNs YPOBHA «3PenocTu»
CTPYKTYpbl 6€TOHa nepes Ha4anoM 3KCMayaTaLumm.

3akntoueHme. OnbIT CTPOMTENBbCTBA MOPCKUX MPUYaNbHbIX M Bepero3almTHbIX rMapPoTeX-
HUYECKMX COOPYKEHUA B PaiOHaX C TAXKENbIMU TMAPOMETEOPOIOTMYECKMMM YCIOBUAMM MOKa-
3bIBAET, YTO B 30HE MEPEMEHHOrO YPOBHA NpK 0OMep3aHMM KOHCTPYKLMI MOPCKMM NbA0M pas-
pyweHne B6eToHa MOXKeT NPOUCXOAUTb 33 NEePBbIN 3UMHMIN Ce30H. PaKTUYECKN NPOUCXOAMNT He
[erpalaumMoHHbIi, a BHE3amMHbIM 0TKa3. 9TO CBUAETENLCTBYET O TOM, YTO Npu obmep3aHum beTo-
Ha CTeneHb CYpPOBOCTW BO3AENCTBUSA Ha CTPYKTYpy HeToHa Bosiee BbICOKas, Yem BO3AEUCTBME
LMKNIOB 3aMOPaXMBAHMA N OTTaMBaHMA OT OObIYHbIX MPUAMBHO-OT/IMBHbIX ABNEHWI B 30HE Nepe-
MEHHOTO YPOBHA BEPTUKA/IbHbIX CTEHOK MOPCKMX MNpPUYaNbHbBIX COOpPYXKeHW. OB6beKTMBHanA
OLEHKa NPUYNH paspylleHna BeToHa B COOPYKEHMUAX, M3rOTOBAEHHOIO MO KOHKPETHOM TEXHOO-
rMm, NO3BONAET ONpeaennTb Hanbonee BEPOATHbIE MPUYMHBI Aerpafalmmn 1 BbICOKOM CKOPOCTH
ee pPa3BUTUA. YCTAHOBJIEHO, YTO OAHMM M3 GAKTOPOB, BbI3bIBAOWMI BHE3aMNHbIN OTKa3 6eToHa,
ABNAETCA HEeAO0CTAaTOYHOCTb MepMoaa BbIAEPKMBAHMA (BblI3peBaHWMA) NOCAE M3rOTOBAEHMA KOH-
CTPYKUMR. Mpeanaraetca BpeMeHHOW Mepuos BblAEPKMBAHMA OLEHMBATb KPUTEPUEM «3pesno-
CTU» CTPYKTypbl 6eToHa ( g f ). BHe3anHbIit 0Tka3 6eToHa cnedyeT paccMaTpuBaTh, Kak OAMH 13

4aCTHbIX C/ly4daeB HEeCOOTBETCTBMA, NPWU KOTOPOM K}J;<KIJ; LLaaneMLume nccnenoBaHmA

B HaNpaB/aeHUM OnpeaeneHna napameTpos HeToHa, MO KOTOPbIM MOMHO PaCcCYUTbIBATb KpuTe-
PUIA 3PENOCTM CTPYKTYPbI, MO3BOAUT OCYLLECTBAATb NMPOrHO3a A0/ITOBEYHOCTM KOHCTPYKLMMI, 13-
FOTOB/IEHHbIX MO KOHKPETHOW TEXHONOTUN.
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