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BBenenue

Metoauueckoe mocobue pa3pabOTaHO Ha OCHOBE aHajau3a W 000OIIeHUs
TEOPETUYECKUX U  OKCIEPUMEHTAIBHBIX  HMCCIENOBaHUA B  OOJACTH  yCHJICHUS
KEJIE300€TOHHBIX  KOHCTPYKIMA KOMIO3UTHBIMU MaTe€puajiaMH, TMPOBEICHHBIX B
MOCJIEHUE TOJbI UCIIOJIHUTEISIMHU, C YYETOM HAKOIIJIEHHOTO OIIBITA.

[Tocobue coaep>XKUT OCHOBHBIC IPUHIUITBI MPOSKTUPOBAHUS, PEMOHTA U YCUJICHUS
3IaHUA WU COOPYKEHMH pPAa3JIMYHOIO HAa3HAYEHUS; IPOTHO3UPOBAHUS pPa3pyLICHUN
YCUJIEHHBIX KOHCTPYKIHM B IPEACIIbHBIX COCTOSHUSX.

[Ipu coctaBieHur MOCOOUS UCTIOIB30BaHbI MaTepHabl oTeuecTBeHHbIX HOpM: CII
63.13330.2012 «CHull 52-01-2003 «betoHHble u >KeI€300€TOHHBIE KOHCTPYKIIHH.
OcHoBupie moaoxkenust», CII  164.1325800.2014 «YcuneHue xeae300€TOHHBIX
KOHCTPYKIIMI KOMIIO3UTHBIMU MaTepuanamu. [IpaBuna npoexktupoBanusi», ['OCT 32943—
2014 «Marepuanbsl M CUCTEMbI I 3allUThl U PEMOHTAa OETOHHBIX KOHCTPYKLIMA.
TpeOoBaHUS K KJIEEBBIM COCAMHEHHUSM SJEMEHTOB YCWICHHS KOHCTpykuwmit», ['OCT
«Matepuaibl ¥ CUCTEMBI JJI 3alUThl U PEMOHTa OETOHHBIX KOHCTPYKIUMA. TpedoBaHus K

AHKCPYIOIKUM COCTaBaM U aATI'C3MOHHO-CUJIOBBIM KPCINNICHUAM 3JICMCHTOB YCUIICHUA.



1 ObsacTh NnpUMeHeHU s

[Tocobue pacmpocTpaHsieTcss Ha MPOESKTUPOBAHHME YCUJICHHS Kele300€TOHHBIX
KOHCTPYKLIMH 3JaHUA U COOPYKEHMH pa3JIMYHOIO HAa3HAYECHUs IIyTEM YCTPOMCTBa
BHEIIHETO apMUPOBAaHMUs W3 KOMIIO3UTHBIX MaTEpPUajIOB Ha OCHOBE YIJIEPOJIHBIX,
apaMUJHBIX U CTEKIITHHBIX BOJIOKOH.

[Tocobue  comepXUT  pEeKOMEHJAMM 1O  IPOEKTUPOBAHUIO  YCHJICHUS
XKeJIe300€TOHHBIX KOHCTPYKLHM, HW3rOTOBJICHHBIX W3 TSKEION0 W  MEJIKO3EPHHCTOIO
0eTOHO

VYcunenne  kene300€TOHHBIX ~ KOHCTPYKLIMM ~ BHEIIHMM  apMHUPOBAHHUEM
IIPOU3BOLAUTCS B CIIy4asx:

- Hamuuusi Ae(PEeKTOB M TOBPEXKICHUH KOHCTPYKUMN (Hampumep, BCIEICTBHUE
CUJIOBBIX, KOPPO3UOHHBIX, TEMIIEPATYPHBIX WM HHBIX BO3ACHCTBUM, B TOM YHCIE
HEPAaBHOMEPHBIX  NPOCAJOK  (PYHIAMEHTOB), KOTOpbIE CHWXAIOT IPOYHOCTHBIE,
nedopMallMOHHbIE XapAaKTEPUCTUKU KOHCTPYKIMH U yXYIUIAOT SKCIUIyaTalMOHHOE
COCTOSIHUE 3/1aHUs I COOPYKEHHUS B LIEJIOM;

- YBEIIMYEHHS DKCIUTyaTaMOHHBIX HArpy30K M BO3JECWCTBUNA HAa KOHCTPYKIIMH
30AHUN U COOPYIKEHHUM;

- PEKOHCTPYKLHH 3JaHUN U COOPYKEHUN NaXKE B CIIy4asiX, HE COIMPOBOXKIAIOIINXCS
YBEJIIMYCHUEM HArPy30K;

- BBISIBJICHUSI OTCTYIUIGHUH OT MPOEKTA, CHUKAIOMIMX HECYIIYI0 CIOCOOHOCTh H
JKCILIyaTallMOHHBIE Ka4eCTBa KOHCTPYKLIHM;

- U3MEHEHUs (PYHKUMOHAIBHOTO HA3HAYEHUS 3JaHUM U COOPYKEHUH.



2 HopmaTuBHBIE CCHLIKHU

I'OCT 27.301-95 HapexHocth B TexHUKe. Pacuer HaneXHOCTH. OCHOBHBIE
TTOJI0KEHHUS.

I'OCT 5382-91 lleMeHThI M MaTepuUayibl LIEMEHTHOTO MPOM3BOACTBA. MeTomdbI
XHMHYECKOTO aHAJIN3a.

['OCT 9550-81 Ilmactmaccel. MeToabl ompeaeneHuss MOAYJIA YHPYTrOCTH MpHU

PaCTAKCHHU, C)KATHUH U n3ruoe.

['OCT 14759-69 Kneun. Meton onpeneneHus NpOYHOCTH MPH CABUTE.

I'OCT 15173-70 Ilnactmaccel. MeTton ompeneiieHus cpeaHero kodgduimeHTa
JMHEWUHOTO TEMJIOBOTO PaCIIUPEHUSI.

I'OCT 18616-80 ITnactmaccel. Meto onpeiesieHust yCaIKu.

I'OCT 28780-90 Kiien nosimmepHbie. TepMUHBI U OTIPEICTICHHUS.

I'OCT 30535-97 Kiien nonmumepHbie. HoMeHknaTypa nokasaresnei.

CIT 15.13330.2012 «CHull 1II-22-81* KameHnHsie ©  apMOKaMEHHBIE

KOHCTPYKIUN.

CIT 63.13330.2012 «CHull 52-01-2003 bBeroHHsle © Xelne300€TOHHBIE

KOHCTPYKIHH. OCHOBHBIC TIOJIOKCHUS .



CIT191.13330.2012 «CHullI 11-94-80 Iloa3eMHbIe TOPHBIE BHIPAOOTKU.

CIT1 102.13330.2012 «CHulI 2.06.09-84 TyHHENHN THIPOTEXHUUECKHE.

CII 120.13330.2012 «CHuII 32-02-2003 MeTpOonoauTeHbl.

CIT 122.13330.2012 «CHwull 32-04-97 ToHHenu 3KeNe3HOAOPOXKHbIE U

ABTOHIOPOKHBIC) .



3 OcHOBHBIE MOJI0KEHNS] YCUJIEHUS JKeJ1e300eTOHHBIX KOHCTPYKIUii

3.1 Cnoco0b1 ycnjieHUs1 KOHCTPYKIMiA

[lom ycuneHWeM  CTPOUTEIIBHOM  KOHCTPYKIMM  TNOHHUMAETCS  KOMILIEKC
MEpPOTPUATUNA, HAIMPaBICHHBIX Ha MOBBIINICHHE €€ HeCylIed CIOCOOHOCTH, >KECTKOCTH,
TPEIMIMHOCTONKOCTH M APYTHX (U3UYECKUX KadecTB, HEOOXOMMMBIX IO YCIOBHUSIM €€
TAJIbHEUIIEH SKCIUTyaTall|u.

[ToTpeOHOCTh, B YCHJIICHHUH CTPOUTEIBHBIX KOHCTPYKIIMA MOXKET OBITh BBI3BAHA
CJIEIYIONUMU OCHOBHBIMH (DaKTOpaMH:

- YBEJIIMYEHHUEM  PpACUYETHBIX HArpy30K Ha KOHCTPYKLUMIO, BbI3BAHHBIM
MOJIEpHU3AIMEN TEXHOJIOTUM TPOU3BOJICTBA, U3MEHEHHNEM (DYHKIIMOHATBLHOTO HA3HAYCHUS
IIOMELICHUN 3/aHUs WA HWHXKEHEPHOI'O COOPYXKEHUSI, YBEIMYEHUEM MPOIYCKHOU
CIIOCOOHOCTH, a, CIIEJIOBATENbHO, W TMOABUKHOM BPEMEHHOW HArpy3ku, Hampumep, Ha
MOCTOBYIO0 KOHCTPYKIIUIO;

- TOTeped Hecyled CHOoCOOHOCTH KOHCTPYKIIMH WM €€ DKCILTyaTallMOHHBIX
KaueCTB BCIIEJCTBUE aBapuu, (U3NYECKOTO M3HOCA, KOPPO3UU apMarypbl WU
arpeCCUBHOIO BO3JEHUCTBUS BHEIIHEN CPENBL;

- U3MEHEHHEeM TrabapuToB 3JaHUN U COOPY)KEHUU, BHYTPEHHUX IOMEIICHUH,

IMPOJICTOB, BBICOT, IIara KOJOHH MU T. 1.,

HEOOXOAMMOCTBIO  YBEJIMYEHHS HECylled CIIOCOOHOCTH  KOHCTPYKIMU
JOTIOJTHUTENbHBIM ~apMUPOBAHUEM BCIEACTBUE OIIMOOK TMpU €€ MPOCKTUPOBAHMH,
M3TrOTOBJICHUH, TPAHCIOPTUPOBKE, MOHTAXKE U AKCILTyaTalUH;

- BBIABIIGHMEM IpU OOCIEIOBaHUM M JWArHOCTUKE HEOIAronpusATHBIX KayecTB
MaTEepUaAIOB KOHCTPYKLMH WM HW3MEHEHUEM €€ pPAacueTHOM CXEeMbl U YCIIOBUU
JKCIUTyaTalMH 10 CPABHEHHUIO C MPOEKTHBIMU;

- 0COOBIMH  YCJIOBUSMU OKCIUIyaTallUM: CEHCMHYECKHME M  TEXHOTCHHBIC
BO3JIEUCTBUS (3EMIIETPSCEHUSI, TOKAPbI, KATACTPO(PHI, B3PHIBBI U T. 11.).

Kak crnenyer u3 mnepeducieHHBIX BbIlIe (PAKTOPOB, B OOJBIIMHCTBE CIIy4acB
YCUJICHHE KOHCTPYKIIMU COIPOBOXKIAETCS €€ MpeBapUTEIbHBIM PeMOHTOM. OCHOBHbIE

CIIOCOOBI YCUIICHUS CTPOUTCIBbHBIX KOHCTPYKHI/Iﬁ JOCTAaTOYHO H0)1p06HO OIIMCaHBbI B



HAay4YHO-TEXHUYECKOW  JUTeparype [1-5]. Paccmotpum  kpatko HaubOoJee
pacrpoCTpaHEHHbIE B MHUPOBOM MPAKTHUKE CIOCOOBl YCWICHUS: YBEIWYEHHE ILIOIIAAU
MOTEPEYHOr0 CEYEHUS, MPUMEHEHUE MOJIMMEPOCTOHHBIX KOMIIO3UTHBIX MAaTEpPHAIOB,
MPEBAPUTEIILHOE HANPSHKEHUE HAPYKHBIMU  TPSASMH, YCTAHOBKA JyOJMPYIOIIUX
3JIEMEHTOB, U3MEHEHUE PACUETHBIX U T'€OMETPUUYECKUX CXEM KOHCTPYKIHMM M YCTaHOBKA
CTaJIbHBIX TUTACTUH, UMEIOIIUX CUEIJICHUE C OETOHOM.

VYBenuueHue IUIOMIAAM TOMEPEYHOr0 CEUYCHHS >KeJIe300€TOHHOTO JJIEMEHTa
ABJISIETCA OOHUM W3 CTAPEUIINX METOJOB YCWJICHUS CTPOUTENBHBIX KOHCTpYKIUH. CyThb
€ro 3aKJIIYaeTcsl B NPHCOCAUHEHUHU JOIMOJHHUTEIBHOIO KOJMYECTBA >KEJIe300€TOHAa K
HECYIIEMY JJIEMEHTY KOHCTPYKILIMH, YK€ HaxOJsIIeicss B sKcruryatanuu. J{oOaBieHHbIN
MaTepHuall JOKEH UMETh TpeOyeMoe CILEIJIEHHE CO CTapbiM OETOHOM Jisi 00pa3oBaHUs
eMHON Hecyllel cuctembl. (g yBeIMYeHUs CEYEHUsS KOHCTPYKIHMHM Ha HEOOJIBIIYIO
TOJIIIUHY HCIIOJNB3YETCSl CIEHAIbHBIA CTPOUTENBbHBIA PACTBOP MJIM TOPKPETOETOH,
KOTOpbIE HAHOCST HAa YCWJIMBAEMYIO TMOBEPXHOCTh BPYYHYIO WJIM METOJIOM HaOpbI3ra.
Haunbonee mmpokoe MNpHMEHEHHE JIaHHBIM CHocO0 Hallell B TEIIOHEPreTHKE,
TUIPOIHEPreTUKE, A TAKXKE TPAHCIOPTHOM CTPOUTENIBCTBE IIPU BOCCTAHOBUTEILHOM
PEMOHTE U YCUJICHUM TUIAT JOPOKHOTO MOKPHITUS MOCTOB. [Ipruem onrytumas BeIroja ot
YBEJIIMYEHHUSI BBICOTHI CEUCHMSI TPU YKIAAKE MOBEPX HMEIOLICUCS IUIATHI JOPOKHOTO
MOJIOTHA JOTIOTHUTENILHOTO CIIOSl U3HOCA BO3MOJKHA TOJIBKO B CJIy4ae COBMECTHOM pabOThI
ATUX CJOEB KaK €IWHOr0 LEJIOr0 BIUIOTH 10 AOCTHXKEHHUS MPENEIBHOTO COCTOSIHUSL.
Xopouiee CHEIJICHHE MEXAY CIOSIMH MO3BOJIIET BOCIPUHUMATH CIABUTAIOLIME HArpy3Ku
MEXK]ly HUMU B TEUCHHE 33JITAaHHOTO CPOKA CITYKOBI.

Meton yBenMueHUs IUIOMIAIA TOMEPEYHOTO CEYEHHS JJIEMEHTa OTHOCUTEIBHO
npoct U dSKoHOMHYeH. Kpome »Toro, oH B 000OM cCiy4yae TMOBBIIIAET >KECTKOCTh
YCUJIMBAEMOM KOHCTPYKIIMM U, CJIEAOBATEIbHO, CHUXKAET T'MOKOCTh, YTO JIJISi CXKATBIX U
CXKAaTO-U30THYTBHIX 3JIEMEHTOB HMEET HEMaJOBaXXHOE 3HadueHue. Hemgocrarkom 31oro
METOJIA SIBJISIETCS COXPAHAIOIIASICA BO3MOXKXHOCTh JAIBHEUIIEN KOPPO3UM apMaTypbl U
paspyuieHust 6eroHa. Ctapblii M1 HOBBIM OETOHBI 00JaAalOT Pa3UYHBIMU CBOWCTBaMH, B
TOM 4Hcle IehOopMAIMOHHBIMA XapaKTePUCTUKaMH (B HOBOM O€TOHE MPOTEKAIOT
MPOIIECCHI TIOJI3YYECTH U yCaJKH). B ycrmoBusix orpanuyeHusi cBO0O bl aedopMaiiuii 3To

BBI3bIBACT AOIMOJHHUTCIBHBIC PACTATUBAIOIINEC HAIIPSKCHUA, IIPUBOANIHNC K 06pa3013aHH}0
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U Pa3BUTUIO TPEUIMH B HOBOM OeToHe. J[aHHO€ 00CTOATENHCTBO MOXKET IMPUBECTU K
OTCJIOEHUIO HOBOTO OE€TOHA OT CYIIECTBYIOUIEH KOHCTPYKIIMH.

YcuneHne CTPOUTENbHBIX KOHCTPYKIUH MOJUMEPOETOHHBIMH KOMIO3UTHBIMU
MaTepUaJIaMH, B CYLIHOCTH, TAaK)K€ OCHOBAaHO HA YBEIMYCHUHU IUIOLIAJH IIONIEPEYHOIO
cedeHus sjeMeHTa. BmepBbie 3TOT cmoco® Obul mpumeHeH B 1953 r. qia ycunenus
nopoxkHoro nosnotHa B T. Cakpamento (Kamudopnus). [TomumepOeToHHbIE KOMIO3UTHBIE
MaTepUajbl MOKHO KJIacCU(PUIIMPOBATDH CIAEAYIOUIMM 00pa3oM:

- TIOJIMMEPIIEMEHTHBIN OETOH, M3TOTaBIMBAEMBIN MyTeM 00aBIEHUS MOJIMMEPOB
WM MOHOMEpA B LIEMEHT B IIPOLIECCE NTEPEMEITNBAHNS;

- OeToHOMOJUMEp, U3rOTABIMBAEMBIM IyTEM MPOMUTKUA MOJIUMEPOM WM
MOHOMEPOM 3aTBEPAEBIIEI0 OETOHA HA OCHOBE LIEMEHTA;

- MOJMMEPOETOH, U3TOTABIUBAEMBIN IyTEM CMEIIMBAHUS TOTUMEPHOI CMOJIBI HITH
MOHOMeEpA, BBIIOJHSAIOMUX (DYHKIIMU BSHKYIIETO, C 3aMIOJTHUTEIIEM.

[TonumepOeTOHHBIE KOMIIO3UTHBIE MaTepHUalibl I[IUPOKO MPUMEHSIOTCS IS
PEMOHTA U YCUJICHHUS KEJI€300€TOHHBIX KOHCTPYKIUH, OCOOEHHO B YCIIOBUSIX arpeCCUBHON
BHEIIHEH cpeapl. ITO OOBACHAETCS UX CPABHUTEIBHO BBICOKOM MPOYHOCTHIO, HU3KOH
IIPOHULIAEMOCTBIO, U3HOCTOMKOCTBIO U CTOMKOCTBIO K BO3JIEHCTBUI0 MHOTUX XUMHYECKHX
BeniecTB. K HemocTaTkam noaMMepOeTOHHBIX KOMIO3UTHBIX MaTEPHAIOB MOKHO OTHECTH:
HU3KYIO OTHECTOMKOCTb, W3MEHEHHE CBOWCTB MPU BO3JACUCTBUU YIBTPAPUOTIECTOBOIO
U3TY4YeHHs; BO3MOXKHOE TPEIIMHOOOpa3oBaHME MNpPU HM3MEHEHHMH O0beMa B YCIOBUSX
orpaHu4eHusi cBo0obl nedopmanuii. PU3NKO-MEXaHUUYECKUE CBOMCTBA ATUX MaTEPUAIIOB
HOJIBEP>KEHBI BIMSHUIO TEMIEPAaTypHbIM KosiebaHusM. [Ipu BbICOKMX TemrepaTypax OHH
Pa3BUBAIOT 3HAYUTEJIbHBIE 1€(POPMALIUU MTOI3YUECTH.

[IpenBapuTebHOE HAIPSKEHUE HAPYKHBIMU IIPSASIMU apMaTypbl UCIIOJIB30BAIOChH
B CTPOUTENbHOM mpakTuke yxke B 1950-x rr. B Hacrosiiee BpeMs OHO MLIMPOKO
MpUMEHsIeTCA JUIsl YCWICHHS JKene300eTOHHbIX KoHCTpykuuid B CIIIA,
seitapun, SAnonuu wu npyrux crpaHax. OcoOeHHO 3((PEKTHBHO NPUMEHEHUE
MIPEABAPUTEIILHOTO HANPSKEHUS HAPYKHBIMU MPAISAMH I YMEHBIICHHUS HEJAOIYCTUMBIX
Iporu00B KOHCTPYKIUH.

JlaHHbIN crocod yCUJIeHHsI MOXKET IPUMEHAThCSA KaK Ha BHYTPEHHEH MOBEPXHOCTH

O0aJIok KOpOoOYaTOro CeyeHus, TaKk M Ha BHENIHEH pPACTIHYTOW CTOPOHE JIBYTaBPOBBIX
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0aJIOK MOCTOBBIX KOHCTPYKLMM. OH MOBBIIIAET HECYIYI0 CHOCOOHOCTh KOHCTPYKIUU U
MPEMSITCTBYET TPEIIMHOOOPA30BaAHUIO.

K nmocrouHctBam crmocoba  yCUJIEHHS TPEABAPUTENIbLHBIM  HAIPSKECHUEM
HapY>KHBIMU IPSIISIMU MOKHO OTHECTH:

- POCTYIO TEXHOJIOTHIO TPOU3BOICTBA padoT;

- BO3MOXXHOCTb 3aMEHbI HalpsraeéMblX MYYKOB WM MpsAed B 000 MOMEHT
BPEMEHU;

- BO3MOKHOCTB MOCIIEAYIOIIEr0 MOHUTOPUHTA YCUJIEHHONM KOHCTPYKIIUU B TEUCHHE
BCETO IIEpHOA IKCILTyaTally C IIOMOLIBIO HEPA3PYIIAKOIIUX METOAOB KOHTPOJIA.

K HenocTaTkaM crioco0a cienyeT OTHECTH:

- KOPPO3UIO METaJlIa HAPY>KHBIX NPSJIEH;

- HU3KYI0 OTHECTOMKOCTB;

- HE3AIIMILEHHOCTh OT aKTOB BaHAAJIN3Ma.

3amura MpeABAapUTENIbHO HANPSDKEHHBIX HApYXKHBIX IPSAEH OT arpecCHBHOIO
BO3JICCTBHS BHEIIHEN Cpelbl U OTHS OOBIYHO OCYILECTBIIICTCS HAHECEHHEM 3allMTHOU
000JI0YKH U3 TOPKPETOETOHA.

CyTb yCHWIIEHHSI CTPOMUTENbHBIX KOHCTPYKIMH MOCTAaHOBKOW JyOJIHMPYHOLIUX
AJIEMEHTOB 3aKJIOYAETCS B MX YCTAaHOBKE PSAOM WIH B IPOMEKYTKE MEXKIY
CYLIECTBYIOIIMMHU KOHCTPYKUMSIMH. [[yOnupyromue 3aeMeHTbl pa3rpyKaioT HECyIIHe U
BOCIIPUHUMAIOT BCIO WJIM YacTh pacyeTHOM Harpy3ku. Ilpm sToM HeoOXxoaumo
IPEeIyCMOTPETh MEPONPUSITHS MO BKJIIOYEHHIO UX B pabOTy COBMECTHO C YCHJIMBAEMOMl
KOHCTpyKIMed. OOBIUHO ITO JOCTUTAETCS YCTAHOBKOM JOTOJIHUTENBHBIX CBSI3€U WU
MO/JIOMKPAaYMBaHUEM IUIMT TEPEKPBITUS C 3aBEJECHUEM B 3a30pbl MEXIYy IUIUTAMU U
AyONUpYIOIIUMU 3JIEMEHTAaMHM KJIMHOBBIX TMPOKJIAN0K, 4Yepe3 KOTOphbI€ IOCJE CHSTHS
NOMKpPATOB MEPENAIOTCA HArpy3Kh OT IUIAT TEPeKpbITHS. J[OCTOMHCTBAMH JTAHHOTO
crocoba yCWJICHHS SIBJISIIOTCSI €r0 MPOCTOTa U BKJIIOYEHHE B pabdOTy HEMOCPEICTBEHHO
nociie BbIoJHEHUs padoT. HenoctarkoMm siBisieTcst orpaHuyeHHasi 00JacTb MPUMEHEHUs
JUISL CTPOUTENIbHBIX KOHCTPYKIMI € HaJIM4heM OOJBIIOr0 KOJUYECTBA HMHXKEHEPHBIX
KOMMYHUKAIUH.

M3MeHeHne pacueTHbIX CXE€M KOHCTPYKUMHA OOBIYHO HCHOJb3YyeTcd IS

IMpEBpaIiCHusl OJHOIIPOJICTHBIX CXEM B MHOI'OIIPOJICTHBIC. TaK, psaad OOHOIIPOJICTHBIX
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MOJIKPAHOBBIX 0aJIOK MOXKHO COEIMHHUTH HA OMOpPax HAKIAJKaMHU U CO3/IaTh HEpa3pe3HbIe
Oanku, pacueTHbIC YCUIIUSI B KOTOPBIX OT TEX K€ KPaHOBBIX HArpy30K OyIyT MEHbIIIE Ha
30 — 40%. OtoT cmocol 1enecoo0pa3Ho MPUMEHSATh MPU 3aMEHE KpaHOB Ha OoJiee
MOIIIHBIE U HEAOCTATOYHON HECYIIEW CIIOCOOHOCTU OJTHOMPOJIETHBIX MOJIKPAHOBBIX OaJIOK.

Crioco6 ycuiieHus: >Kene300€TOHHBIX KOHCTPYKUMH C TIOMOUIBIO CTaJbHBIX
IUTACTHH, MMEIONIMX CleIJIeHne ¢ OeToHoM, Obll pa3paboraH B Hauaie 1960-x rr. B
I'epmanun  u  llBeitapuu. CranbHble IUIACTUHBI NPUKPEIUIAIOTCS K OCTOHHOMN
MOBEPXHOCTH C TOMOIIBI0 3MOKCHIHOIO KIEAIIEr0 COCTaBa, 3a CYET YEro CO3/1aeTCs
TPEXKOMITOHEHTHAsl CUCTEMAa «OETOH — KIICSIINI COCTaB — CTaJIbHAS TIACTUHAY.

CranpHble TJIACTUHBI, MPUKJIEHBAEMbIE K PACTSIHYTOM T'paHU KEJIe300€TOHHBIX
AJIEMEHTOB, YBEJIMYMBAIOT UX COIPOTUBIICHUE U3rHOYy U MOBBIILIAIOT U3THOHYIO )KECTKOCTh
OaJIOK, YTO MPUBOANUT K YMEHBIIEHUIO MPOTrU00B. D(HPEKTUBHOCTD YCUIIEHHS CTAbHBIMU
IUTACTUHAMHU METOJOM IIPUKIIEUBAHUS 3aBUCUT OT COOJIIOJICHUS TPEX BAXKHBIX YCIOBHIA:

- CKJICMBAacMbl€ ITOBEPXHOCTHM JOJDKHBI HAaXOAUTbCA B YHUCTOM, XOPOIIO
MOATOTOBJIEHHOM, POBHOM COCTOSIHUMU;

- KJIESIIUH COCTaB JIOJDKEH 00ajaTh KaK MUHHUMYM TaKOH K€ MPOYHOCTHIO Ha
pacTsSOKEHUE M CHBUT, KaK U OETOH (BO3MOXXHOE pa3pylIeHUE KOHCTPYKLUHMU AOJHKHO
MPOUCXOJIUTH MO OCTOHY) M OBITh MPUTOJHBIM K AKCIUTyaTalldd B MPEoOJIalatoIuX Jis
JTAHHOTO OOBEKTA YCIOBUM OKPYKAIOIIEH Cpebl;

- IS IPEeNOTBpAIICHUs XPYNKOTO pa3pylIeHUsl IJIACTUHBI U €€ OTCIOEHUS OT
YCHJIMBAEMOM KOHCTPYKIIUU TIJIACTUHBI TOJDKHBI ObITh TOHKUMU U JNTMHHBIMHU.

JInst ycuiieHHsl MCIOJIb3YIOTCS TJIACTUHBI U3 HU3KOYTJIEPOJIUCTON CTalM, XOTS IO
CBOMM CBOHCTBaM OHa MOJBEpPXKEHA KOPpPO3HH. ITO OOCTOATEIBCTBO TpeOyeT
JOTOJHUTENBHOIO 3KCIUTYaTallMOHHOI'O YX0/1a U TEKYIIETO PEMOHTA KOHCTPYKLUH.

[To mpuHIMIY OEHCTBUS YCUIIEHUE CTAJbHBIMHU IUIACTUHAMM CXOXE C YCHIICHHEM
KEJIe300€TOHHBIX ~ KOHCTPYKIMI  KOMIIO3UTHBIMM  MaTepuajamMH, I[O3TOMY  HX
CpaBHHUTEJIbHBIEC JOCTOMHCTBA U HEJOCTATKU OYAYyT paCCMOTPEHBI HUXKE.

B xonne 1980-x rT. B MUpPOBOW MPAKTUKE HIUPOKOE PACIHPOCTPAHCHHUE IMOTYUHII
CHOCO0 YCHIJIEHUSI CTPOUTENIBHBIX KOHCTPYKUMN BHEITHUM apMUPOBAHUEM C IPUMEHEHUEM
NOJIMMEPHBIX KOMIIO3UTHBIX MATEpUaJIOB HAa OCHOBE YIJIEPOAHBIX, ApPaMUJIHBIX,

noJMA(OUPHBIX M CTEKJIOBOJIOKOH.  YCHWJIEHHE  CTPOUTENbHBIX  KOHCTPYKIUH
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KOMITO3UTHBIMU MaTepUalaMu 3aKII0YAeTCs B PUKICHUBAHUU TOCIEAHUX Ha CIICIUAIBEHO
MOJITOTOBJCHHYIO TOBEPXHOCTh >KEI€300€TOHHBIX KOHCTPYKIUH, YTO MpUAAET UM
HEOOXOMMYI0 TIPOYHOCTh MPAKTHYECKH Oe3 yBeNW4YeHHs Beca KOHCTpykuui. Kak
CIpaBeUIUBO 3aMe4eHO B [l] mpu pa3paboTke Jr000Tr0 YCHIEHUS SKCILUTYaTUPYIOIIUXCS
WH)XCHEPHBIX ~ KOHCTPYKIIMM  MPUXOAUTCA  CTAJIKUBATbCsl  C  TPYAHOCTSIMH,
OTCYTCTBYIOIIUMH NP  HOBOM  CTPOUTENBCTBE:  HEAOCTATOYHO  pa3paboTaHa
MHCTPYKTUBHO-HOPMATHUBHAS TOKYMEHTAIIMSI TIO IPOSKTUPOBAHUIO U MPOU3BOICTBY paboT
M0 YCWJICHUIO; YCHIIUBATh MPUXOJUTCS KOHCTPYKLUH, (PU3UKO-MEXaHUUECKUE CBOIMCTBA U
TUTIOPa3Mephl KOTOPBIX MOTYT OTJIMYAThCA OT NPHUMEHAEMBIX B HACTOSIIEE BpeMS;

CTECHEHHOCTH BBITIOJIHEHUS PabOT MO YCUJICHUIO.

B 06HICM BHUJIC 0J10K-CcXeMa KOMIUICKCHOTO BBITTOJTHCHHS pa60T 110 INMarHoCTHUKC,

PEMOHTY U IO YCUJICHHIO KeJIe300€TOHHBIX KOHCTPYKIIUM Mpe/icTaBiIeHa Ha PUCYHKE 1.

KitoueBbIM MyHKTOM OJIOK-CXEMBI SIBISETCS MPHUHATHE PEIIeHHUs 00 YCHICHUU
KOHCTPYKIIMI HAa OCHOBAaHMM  JICTAIBHOIO  MHXXEHEPHOI'O  aHajau3a  TEKYIIEro
AKCIUTyaTallAOHHOTO  COCTOSIHUMA ~ KOHCTpykKuuu. Ha 3ToM  3Tame  HMHXKEHepy-
IPOEKTUPOBIIMKY HEOOXOAUMO OTBETUTH Ha CJAEAYIOLUE OCHOBHBIE BOIPOCHI:

JIeHCTBUTENBHO JIM MPOU30IIIO 3HAYUTEIbHOE CHI)KEHHE HECYLIEH CIOCOOHOCTH
KOHCTPYKIMHU BCIEACTBUE KOPPO3UU apMaTyphl U IeCTPYKIUU OeTOoHA?

[Ipeanonaraercst M CyIIECTBEHHOE YBEIMYEHHE HArpy3kM Ha CYLIECTBYIOIIYIO
CTPOUTEIBHYIO KOHCTPYKIIUIO?

KakoB BO3pacT CTPOMTEIBHONM KOHCTPYKIMH W HMEET JIW OHAa HCTOPHYECKYIO

EHHOCTE?

KakoB ocCTaTouHbIii CpOK CIy’KObl KOHCTPYKLMH U TPEANOiaraeTcss Ju ero
YBEJIMYEHHUE MOCIIE PEMOHTA U YCUJIEHUSA?

KakoBbl OyyT 3aTpaThl Ha pEMOHT M YCHJIEHUE KOHCTPYKLIUHU 110 CPAaBHEHUIO C €€
ITOJIHOM 3aMEHOM B U3MEHSIOIINXCS YCIOBUAX IKCILTyaTalluu?

B0O3MOXXHO 1M NpUMEHEHHE APYruX TEXHMUYECKUX pEIIeHUd Mo 00eCleueHuIo

AKCIUTYaTallMOHHOW HaJ€KHOCTH CTPOUTEIIBHON KOHCTPYKIIUH?
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Pucynox 1 — briok-cxema npuHSTHS pelIeHUsI O PEMOHTE M YCUJICHUH JKeJIe300€ TOHHOU

KOHCTPYKIIMH

OcHOBHBIMH (haKTOpamMu, BIUSIONIMMHA Ha TPUHATHE pEHICHUS 00 YCHUIICHWH,
SBJISIFOTCSI: TIPUYMHBI U CTENEHb KOPPO3HMOHHOTO MOBPEXKICHUS MaTepraia KOHCTPYKIIUH,
BBISIBJICHHBIE B TMpoOIlecCe €€ O0O0CIeNOBaHUS W JMATHOCTHKU, PACTPEICICHUE 3THX
MOBPEKICHUN TI0 00beMY KOHCTPYKITUH; pa3paboTKa MEPBOOYEPEIHBIX MEp 1O 3aIIUTe U
JICYCHUIO DJIEMEHTOB CTPOMTEIILHONW KOHCTPYKIIUU C TEIBI0 MOCIEAYIONIET0 TPOBEICHUS
paboT Mo €€ YCUJICHHUIO.

Bce pemieHus mo peMOHTY M YCHIICHHIO KOHCTPYKIMH B KaKIOM KOHKPETHOM
CiIydae SIBJISIOTCS WHIMBHIYATbHBIMUA, U UMEIOT CBOIO criennuky. OHAKO CYIIECTBYIOT
U 0011IHe, OOBIYHO MCIOJIb3yeMble PEKOMEH AN TI0 PEMOHTY W YCHJICHUIO. Tak, peMOHT
OOBIYHO BKJIIOYAET HWHBEKTHUPOBAHWE TPEHIMH B OETOHE, OYMUCTKY TOBPEKICHHBIX

YY9aCTKOB KOHCTPYKITMH, 3aIUTY apMaTypHOTO KapKaca, HaHeCeHUe mpariMepa Ha OETOH U
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apMaTypy, HaHECEHHUE PEMOHTHOIO cocTaBa M T. 1. Bce 3Tu paboThl HampaBieHbl Ha
BOCCTAHOBJIEHME NEPBOHAYAJIBHOM WJIM COXPAaHEHHE CYLIECTBYIOUIEH  Hecyllen
CIIOCOOHOCTH KOHCTPYKIHMH. TOJIBKO IOCJI€ KayeCTBEHHOT'O BBINOJHEHUS PEMOHTHBIX
paboT MOXHO MPOU3BOJIUTH YCHUIICHHE KOHCTPYKIIUH.

OCHOBHBIMM 00JIACTIMH NPUMEHEHHS] TEXHOJOTWU YCUJIEHUS JKEJIe300€TOHHBIX
AJIEMEHTOB KOMIIO3UTHBIMU MaTepuasiaMu Ha ocHoBe ¢(ubpel (KM®) no ycnoBusm
paboThl KOHCTPYKIIUU SBISIOTCS:

- YBEJIMUYEHUE HECYIEH CHOCOOHOCTH M3ru0aeMoil keae300€TOHHOM Oallku WM
IUTUTHI IyTEM HPUKJIEHBAHUS KOMIIO3UTHOIO MaTepuaia B pacTIHYTOW 30HE CEYEHUS;

- YBEIMYEHHUE HECYIIEH CIOCOOHOCTH CeueHHs] OalloK Ha JACHCTBUE MONEPEYHOU
cuwibl ycTaHOBKOM KM@ Ha mpHONOPHBIX Y4acTKaX KOHCTPYKLMH, TJI€ CYIIECTBYET PUCK
BO3HMKHOBEHUS U Pa3BUTHSI HAKJIOHHBIX TPEIINH;

- YBEIMYEHHUE HECyled CIIOCOOHOCTM U BHELEHTPEHHO CXAaTbIX KOJIOHH
npukiienBanneM KM® no nepuMerpy KOHCTPYKIUU (OXBaThIBAIOILEE YCUIICHUE).

Haubonee Onu3kuM 10 0O0JaCTH M YCJIOBUSIM IPUMEHEHHS] YCUIICHUIO
KOMIIO3UTHBIMU MaTepuaiaMH SIBISETCA LIIMPOKO M YCIEUIHO NMpHUMEHseMoe yxke Ooee
MOJIyB€Ka YCUJICHUE >KENEe300€TOHHBIX KOHCTPYKLMHA CTaJbHBIMM IUIAaCTUHAMU. B 3TOM
CBA3M 1I€JIeCO00pa3HO PACCMOTPETh MPEUMYIIECTBA M HEJOCTATKU KaXXIOro M3 3THX
CIIOCOOOB YCHUJICHUS.

Kommno3utHele Marepuansl Ha ocHoOBe yriepoaHbix (KM®Y), apamuaHbix
(KM®A) u crexnoBoiokoH (KM®C) umeroT ropasgo 0ojiee BBICOKYH) MPOYHOCTH Ha
pacTshKeHue, YeM NpHUMeHsieMas apMaTypHas cTayib (PUCYHOK 2), IpUYEM UX YAEJIbHbIN
BeC B 4-5 pa3 MeHbuie, 4yeM y craid. OTClola BBITEKAET HEMAIOBAXKHOE IS
npakTuyeckux nened npeumymectso KM® Hang cralbHBIMM  IJJACTUHAMU 11O
COOTHOIICHHUIO «IIPOYHOCTH/COOCTBEHHBIM Becy». HHU3KMII Bec KOMMO3UTHOrO MaTepualia
JieJlaeT ero YCTaHOBKY M NPUCOECIUHEHHE K YCHIIMBAEMON KOHCTPYKIIMHM ropasao Oojee
MPOCTBHIM U JIETKUM I10 CPAaBHEHHUIO CO CTAJIbHBIMHU IIJIACTUHAMU. JTO OCOOEHHO Ba)KHO MPHU
YCWJICHUM KeJI€300€TOHHBIX KOHCTPYKIMH B CTECHEHHBIX YCJIOBHSX, HalpuMep, B
MOJI3EMHBIX COOPYKEHHUAX, TEXHUUECKUX MOMEILIECHUAX 3JaHUi MU Ha OOJbIIOI BBICOTE
(TpyObl, TpagupHu, MOCTOBblE ¢epmbl). [Ipu ycuiaeHuM HUKHUX YacTed MPOJIETHBIX

CTPOEHUI MOCTOB, @ Tak)K€ TJIABHBIX M BTOPOCTENEHHBIX OaJlOK 3[aHUN U COOpPYNKEHUH
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CTaJIbHBIMU TUIACTUHAMHM TOCJIETHUE HEOOXOAMMO TOAJEPKUBATh JOBOJBHO JUIUTEIbHOE
BpeMs B TIPOIECCe MPUKIIEUBAHUS U HA00OPA KJIESIIEM COCTaBOM MPOSKTHON MPOYHOCTH BO
n30exkaHue MUX MPEXKICBPEMEHHOTO OTCIOCHUS OT YCHUJIMBAEMON KOHCTPYKIHMH. DTOT
MpoIeCC SBJISIETCS BECbMa TPYJOEMKUM, TpeOyeT HCIOJIb30BaHUS  PAa3IMYHBIX
MIPUCTIOCOOJICHU ¥ JIOTIOJHUTENBHBIX KOHCTPYKIMK. [Ipu ero BBIMOTHEHWUU TakKke
CHUkaeTcsi 0€30MaCHOCTh CTPOUTEIBHBIX padoT. Bee 3TH CIOXKHOCTU TPEOJOIMMBI MPU
WCTIOJB30BAaHUUA KOMIIO3UTHBIX MaTepuanioB (KM®). B OonplIMHCTBE CiydaeB He
TpeOyeTcsi TNPUMEHEHMsI CHEHUATbHBIX AaHKEPHBIX YCTPONCTB Il MOAJAEpNKaHUs
YCUJIMBAIOUIEH KOHCTPYKIIMM BO BPEMsSl MOHTa)Ka, YTO HE HApyIIaeT MPOYHOCTh CEUCHUS
KOHCTpyKIuu. Ilpu 5TOM He MNOBpekIalOTCA OETOH M apmaTypa CYIIEeCTBYIOIIEH
KOHCTPYKIIUH.

G,

6 —

| | | |
I [ | I

0,02 0,04

Pucynok 2 — Jluarpamma «HanpspkeHue-nedopmanus» i pa3inyHbIX THIIOB

KM® u apmatypHOU cTaiu

KoMrio3utHble Matepuanabl HM3TOTaBIMBAIOTCS W HCIOJIB3YIOTCS B IPAKTHKE
YCWJICHHSI CTPOMTENIBHBIX KOHCTPYKIIMKA B BHUJE JIGHT WJIM XOJICTOB JI00OON Tpebdyemon
JUTMHBI, a IJIMHA CTAIBHBIX TUIACTUH W3-3a CJIOKHOCTH BBIMTOJTHEHUS MOHTAXKHBIX padOT B
OCHOBHOM OTpaHH4YeHa 6 MeTpamMH. BO3MOKHOCThH HCITOIB30BaHUS MaTepHalia YCUIICHUS
OOJBITNION JVIMHBI W TUOKOCTH TPUBOJIUT K YIPOIIEHUIO TEXHOJOTHU PadOT M UMeEeT
CJIeYIOIINEe MTPEUMYIIIECTBA:

- KOMITIO3UTHBIC MaTCpHUaJlbl JICTKO MMOAAA0OTCA IMPCAHAITPAKCHUIO,
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- OTHNaJaeT HeoOXOJAMMOCTb B JIONOJHUTENIbHbIE CTHIKOBAHUS Marepuasia
YCUJIEHUS;

- MaTtepual MOXXHO HCIOJIb30BaTh JUIsl YCUJIEHUs JIOObIX 10 (dopme
&KeJIe300€TOHHBIX KOHCTPYKIIHMH, TaK KaK B CHITYy CBOCH TMOKOCTH OH Oy/IeT TOBTOPSTH MX
OYepTaHMUS;

- KOMITO3UTHBIE MATEpHAIBl MOKHO TNMPUMEHATH ISl YCWICHHUS KOHCTPYKIHMHI C
J00BIM PaJINyCOM KPUBU3HBI, BILUIOTh JO KPYTJIbIX;

- TEXHOJIOTUYECKUN MPOIECC JOMYCKAET YCTAaHOBKY KOMIIO3UTHOIO MaTepuaia 6e3
OCTaHOBKH IKCIUTyaTallUd YCUITMBAEMOTO COOPYKEHUS;

- Majasi TOJIIIMHA MOJIOC KOMIIO3UTHOTO Marepuana (mo 1,5-2,0 Mmm) mo3Bossier
YCTaHABJIMBAaTh WX OJHOBPEMEHHO B ABYX HAMNPABJICHUAX ISl YBEJIMYECHUS HECyIIeH
CIIOCOOHOCTH KOHCTPYKLIUH.

CocraBmsitoliye KOMIO3UTHOTO MaTepuaia (BOJIOKHA U OTBEP KIAIOIINM TTOJIUMED)
SBJISIFOTCSL  JIOJITOBEYHBIMH U 00JIaJJal0OT BBICOKOW HAJEKHOCTHIO TPU BOCHPUSTHH
MHOTOKpPATHO MOBTOPSIIOMIMXCS Harpy3ok. B mporiecce skcIutyaTaliid OHM HE TPeOYyrOT
JOTIOJIHUTENIBHBIX MEPOINPUATHI 10 3allUTe OT BO3JACHUCTBUS ArpecCUBHON BHEIIHEHN
cpeabl. B cilydyae BO3HUKHOBEHMSI HEMPEIBUACHHON SKCIUTyaTallMOHHOW CUTYyalldd OHHU
JIETKO PEMOHTUPYIOTCSA U YCUJIMBAIOTCS YCTAHOBKOMU €I11€ OJHOTO JOMOJHUTEIBHOTO CJIOs
KOMITIO3UTHOT'O MaTepHaa.

VYuuteiBas Bce 5TU (PAKTOpPbI, MOXXHO CKa3aTh, YTO YCHJICHHE CTPOUTEIBHBIX
KOHCTPYKIIMM ~ KOMITIO3UTHBIMM  MaTepuajlaMy  SIBIIIETCS MEHee TPYJOEMKUM U
AHEPro3aTpaTHbIM TMPOLIECCOM IO CPaBHEHUIO C JPYTMMHU aHAJOTUYHBIMU CIOCOOaMU
yCUJIEHUS. IDTO OOCTOSITEILCTBO HMEET HEMAJIOBAXKHOE 3HAYEHUE IIPU PEMOHTE U
YCUJIEHUM MHOTHMX KOHCTPYKILIMI, HampuMep, MOCTOBBIX Ha aBTOJIOPOKHBIX U
KEJIC3HOJIOPOKHBIX ~ MarucTpajsix, Korjga UuX OTKa3 (BpPEMEHHOE MpeKpalieHue
AKCIUTyaTallii) BO BpeMs MPOBEACHUS PEMOHTHBIX Pa0bOT MPHUBOAMWT K 3HAYUTEIHHBIM
¢uHaHCOBBIM TOTEpsiM. BceM 3TUM MOXHO OOBSCHUTH YBEIMUYUBAIOIIMICS 00BEM
NPUMEHEHUSI YCUJICHHUSI CTPOUTENbHBIX KOHCTPYKIIMM KOMITO3UTHBIMM MaTepuajiamMu B
mupe — ABctpum, bensrum, BemukoOpuranmm, ['epmanmm, Kaname, ITomwmme, CILA,
O®panuuu, Yexuu, SAnonnun u npyrux crpa”ax. B IlIBelinapuu OHM IPUMEHSIOTCS YKE B

6onee uem B 80% ciyyaeB YCUIIEHHUS BCEX CTPOUTENbHBIX KOHCTPYKIIHIA.
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OCHOBHBIMM HEAOCTATKAMHM BHEIIHETO YCHJICHHS CTPOUTENBHBIX KOHCTPYKIMHI
KM® sBnsroTCS BO3MOXHBIE PHUCKM OTKa3a OT II0KApa, BaHJAJIW3Ma U CIIyYaWHBIX
MTOBPEKACHNN HE3aIUIIEHHON KOHCTPYKUMHU. 1103TOMY IIpH NMpOEKTUPOBaHUM YCHIICHUS
HEOOXOAMMO Y4YUTBIBaTh, 4YTO HauOosiee OJIArONPHUATHBIM CIIydaeM JKCIUTyaTaluu
KOHCTPYKLHUHU TOCJE€ YCHJIEHUSI OyIeT BOCHPUATHE YCHUIIMBAIOUIUM 3JeMeHTOM n3 KMO
BCell BPEMEHHOM Harpy3ku (KpaTKOBPEMEHHOW W IJIUTENBHOM), a TOCTOSHHYIO Harpys3Ky,
0COOEHHO OT COOCTBEHHOI'O Beca, OyJeT BOCIPUHUMATh cama yCUJIMBaeMasi KOHCTPYKLIHUS.
OTO TMOJIOKEHUE WIPAET BAKHYIO POJIb NPU YCUIEHHH MOCTOBBIX KOHCTPYKIIUH.
KoMmrmo3utHble Marepuansl MOXKHO 3alIMINATh KaK OT BaHAAIM3Ma, TaKk M OT IOXapa
HAaHECEHUEM CIECHUAIBHBIX IOKPBITHM.

OneIT JIIUTENBHONW HKCIUTyaTallMM CTPOUTENBHBIX KOHCTPYKLMM, YCHJIEHHBIX
KM®, noka neBenmuk (4yTh Oonee 30 JeT), YTO Takke HEOOXOAUMO YUYHUTHIBATh MPH
IPOEKTUPOBAHNHN YCUJIEHUSI KOHCTPYKUHUHN C JUIUTEIBHBIM CPOKOM CIIykO0bl. BMecTe ¢ Tem,
KOHCTPYKILIMH, YCUJIEHHBIE CTAJIbHBIMU IJIJACTUHAMH, B TOM YUCJIE B MMOJBOJAHBIX YCIOBHUSIX,
YCIIEITHO 3KCIUTyaTupyrorcss yxe Oonee 40 ner. DTO HECOMHEHHO TOBOPHUT O
JOJITOBEYHOCTH KaK CaMMX MATEPHANIOB, TAK U KJIEAIIUX COCTAaBOB, C IIOMOULIBIO KOTOPBIX
OHU TIPUCOEIUHAIOTCA K YCUIMBAEMOW KOHCTPYKIMHU. B mpaeane cpok ciykObl CHCTEMBI
ycuiieHHs (KOMITO3UTHBIN MaTepual + KIESIIHA COCTaB) JOJHKEH PABHATHCA OCTATOYHOMY
CPOKY CIYXOBbl YCHJIIMBA€MOI'O 3JaHUsI WIM COOpYXeHHs. B HacTosiee BpeMs MOYKHO C
YBEPEHHOCTBIO CKa3aTh, YTO NPU YCUJICHUU HHKEHEPHBIX COOPYKEHHU C OCTATOYHBIM
cpokoM ciyx0bl 30—40 ner KOMNO3WUTHBIE MaTepuanbl obecrnedar TpedyeMylo
JOJITOBEYHOCTH KOHCTPYKIUU.

OTKpBITBIM OCTaeTcs BOIIPOC 0 JOJITOBPEMEHHOM MOHHUTOPHUHIE
AKCIUTyaTallMOHHON HaJEC)KHOCTU MH)XCHEPHBIX COOPYKEHHM, YCUIEHHBIX KOMIIO3UTHBIMU
MarepuaiamH, € JJIUTEIbHBIM CPOKOM CIY>KObl — MOCTOB, TPaHCIIOPTHBIX TOHHENEH,
aTOMHBIX CTaHIMK. B 3TOM ciydae mnocieayromuii MOHUTOPHHI 3KCIUTYyaTallHOHHOTO
coctosiHusA ycuneHHou KM@ cTpouTenbHOM KOHCTPYKUMH B TEYEHHUE BCETO CPOKa

CJ'IY)K6BI SIBIISICTCS HEOTHhEMJIEMOM COCTAaBHOM YacCThI0 CHUCTEMBI YCHIICHUA. HpOBCI[eHHe
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NEPUOJUYECKAX OCMOTPOB M OILICHKA HKCILIyaTAllMOHHOIO COCTOSIHUS M COJEp KaHUs
MOCTOBBIX KOHCTPYKITUI JaBHO SIBJISIOTCS 00s3aTenbHbIME [6,7]. B 3apy0exHoM mpakTike
CUCTEMBI HEIPEPBIBHOIO MOHHUTOpUHIa YyCWIeHHBIX KM@ MOCTOBBIX KOHCTPYKIUHI
BHEJPEHBI HA MHOTUX COOPYXEHHsIX — MOCTHI «bapHc» B Manuecrepe, «/lxoH XapT» B
Bbputanckoit Komym6un u muorux apyrux. B IBelinapun paspaboTraHa u C ycrmexom
OPUMEHSAETCS CHCTEMa KOHTpPOJIs, OOECHeuMBarolias HENPEPbIBHBIA MOHHUTOPUHT
KOHCTPYKUMH, YCHJIEHHBIX KOMIIOBUTHBIMM  MaTepuasiamu. O  HeoOXOAMMOCTH
MOHHUTOpPUHIA JKCIUIyaTallHOHHOTO COCTOSIHUSL JAPYTMX HH)KEHEPHBIX COOPY)KCHUM B
MIOCJIETHHE TOJIbl TOBOPST MHOTHE OTEYECTBEHHBIE U 3apyOEKHbIE YUEHBIE U CIIEHUATUCTBI
[8—12].

OTHOCHUTENIBHBIM HETOCTaTKOM MCIOJIB3YEMBIX B HACTOSIIEE BPEMsI KOMITIO3UTHBIX
MaTepualoB SBIAETCI WX Oo0Jiee BBICOKAs CTOMMOCTb MO CPAaBHEHHIO CO CTaJIbHBIMU
IUTACTUHAMM, HO 3TOT HEJOCTATOK HUBEIUpPYETCA ¢ pacmuuperreM peiHka KM®. Ecnu xe
OPUHATh BO BHUMaHHE BEChb KOMIUIEKC MPOBEACHUS pabOT MO YCHIEHUIO U YYECTb
CTOMMOCTD JTaJIbHEHIIEH KCIUTyaTallii KOHCTPYKIIMH, TO BO MHOTHX CIIy4asX y»e celuac
ucnosibzoBanue KM® juisi yCWIIEHHsS] CTPOUTENBHBIX KOHCTPYKIMI C 3KOHOMHYECKON
TOYKH 3PEHUS BBITTIIUT O0JIee NpeOYTUTENbHBIM.

@dakTopbl, BIUAIONIME HAa CTOUMOCTH padOT MO YCUJIEHUIO CTPOUTEIbHBIX
KOHCTPYKIIM KaK C IPUMEHEHHWEM KOMIIO3UTHBIX MAaTepuajgoB, TaK M JPYTUMHU
cnoco0aMu, o4eHb pazHooOpaszHbl. M eciu mpsiMble MHBECTULIMOHHBIE 3aTPaThl MOKHO
ONPENEIUTh JTOCTATOYHO TOYHO, TO JAJBHEHMIIME SKCIUIyaTalMOHHBIE PACXOABI MOYKHO
OLICHUTHh BEChbMa MPUOIU3UTEIBHO. OCOOEHHO CII0KHO MOACYUTATH YIIepO, BbI3BAHHBIN
BPEMEHHBIM MpPEKPAICHUEM 3KCIUTyaTallid WHXKEHEPHOTO COOPYKEHHSI BO BpEMs €ro
peMoHTa 1 ycuiieHus. [1o JaHHBIM aHTJIMICKOM KEJIEe3HOAOPOKHON aCCOLUALMU YCUIICHUE
MOCTOBBIX KOHCTPYKIIMII KOMIIO3UTHBIMU MaTepHalaMH JICLIEBIIE YCUJICHHS CTaJbHBIMU
miactuHaMu Ha 30%. O IpUMEpHO TaKOM e YIEHIeBICHUHN 00Ie CTOMMOCTHA PaboT 1Mo
ycuIeHuIo ¢ ucnoiyib3oBanneM KM® cBUIeTeNbCTBYIOT U ApyTHE 3apyOeKHbIE UCTOYHUKU
[13, 14]. Ilpu cocTaBieHHMH CMETBl HAa YCUJIEHUE CTPOUTENBbHBIX KOHCTPYKLHUU
HEOOXOJUMO TAaK)KE YUUTHIBATh BBICOKYIO IMPOU3BOJIUTEIBHOCTH BBIMOJHEHUS PaboT C
UCIOJIb30BAaHUEM KOMIO3UTHBIX MaTepuasioB. Tak B SIMOHUM ycusieHHE TpyObl BHICOTOM

100 MeTpoB KOMMO3UTHBIMH MaTepHuajaMu (OXBaThIBAIOUIEE YCUJIEHUE XOJCTaMU C
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YIIEPOJHBIMU BOJIOKHAMH) ObUIO BBIMIOJIHEHO B T€UEHHUE OJHOro Mmecsaua. [IpumeHnenue
JUTSI 9TUX TEJIEH CTATbHBIX MOJIOC TOTPEOOBAIO OBl TPUMEPHO MOJIYTOA.

[Ipy ydere CTOMMOCTH PEMOHTHBIX pabOT U pabOT MO YCWICHHI0 HEOOXOIUMO
VYUTHIBATh KOJWYECTBO M CTOMMOCTh OyAyIIMX PEMOHTOB B TEUYEHHUE BCETO
MPEANOIAraéMOro OCTaBIIErOCs CPOKA SKCIUTyaTallly 3aHMS WIH COOPYKEHUS, a TAKKE
KalUTaJIOBJIOKEHNS B aJbTEPHATUBHBIE CIOCOOBI PEMOHTA M YCUJICHUSA, BKJIHOYAs
OynyImiue SKCIUTyaTallHOHHBIC 3aTpaThl M PACXOJbl, CBS3aHHBIC C BO3MOXHBIM OTKA30M
COOpYKEHUS.

OpHUM U3 OCHOBHBIX (haKTOPOB, ONPEACIISIONINX MPABIILHOCTH BEIOOPA CHCTEMBI,
YCUJICHUSI SIBJISIETCS YPOBEHb YCHWJIEHHUS, TO €CTh BO CKOJIBKO pPa3 MOXHO YBEIUYUTH
HECYUIYI0 CIOCOOHOCTh CYILIECTBYIOUIEH CTpOUTENbHON KOoHCTpykuuu. Heobxonumo
YUYUTHIBATh, YTO YCWJICHHE, NPEMSATCTBYIOIIEE Pa3BUTUIO OJIHOTO BHUJA pa3pylICHUs
KOHCTPYKIIMU (HampuMep, OT JCHCTBUS H3THOAIONIEr0 MOMEHTA), MOXET TMOBBICUTD
BEPOSITHOCTH TMOSIBIICHUSI PA3pYILICHUs] OT ACHUCTBUS JAPYTMX CHUJIOBBIX BO3ICHCTBHI B
KOHCTPYKIIMM (Hampumep, OT JEHUCTBUS TMONEPEYHOM CHJIbl WM  KacaTelIbHBIX
HAMPsDKEHH). DTOT BOIMPOC JODKEH peliaThCsi Ha CTAIUU MPOCKTUPOBAHUS YCHIICHHUS.
HeoOxonumo nmpuHUMATh BO BHUMAHHUE M BO3MOXKHBIM PUCK YACTUYHOTO WJIM TOJIHOTO
paspylieHusl YCWJIMBAIOIIETO 7JJI€MEHTa W3 KOMIO3UTHBIX MaTepuaioB. B cuy
CPaBHUTEIBHO HEOOJBIIOTO OMbITA JIOJTOBPEMEHHOM JKCIUTyaTalli CTPOUTEIbHBIX
KOHCTpYKIMH, ycwieHHbIXx KM®, ogHMM Hu3 OCHOBHBIX MOJIXOJOB K CBEACHUIO K
MUHHMaJIbHOMY PHCKY TPOEKTHBIX PpEIICHUH CJeAyeT MNpHU3HATh HCIOJIb30BAHUE
YBEIIMYEHHBIX KOA(D(PUIIMEHTOB HANIEKHOCTH M0 MarepuaigaM ycwieHus. OO0nmum
MOJXO0JI0OM TPU MPOCKTUPOBAHUU YCUJICHUS SBJISIETCS W TO, YTO JaXKe IMPHU pa3pylICHUU
KOMIIO3UTHOTO MaTepHalla CTPOUTEIbHAs KOHCTPYKIHUS KAaKoe-TO BpeMs JOJIKHa
COXpaHSTh CBOM OJKCIUTyaTallUOHHbIE KadecTBa. [loaToMy MHOTHE 3apyOexKHBbIE
HCCTIEIOBATENId PEKOMEHAYIOT He 0ojee YeM JBYKpaTHOE YBEJIWYEHUE HeCyIen

CHOCOOHOCTH KOHCTPYKILIMH IpH ee ycunieHuu [15—-17].

20



3.2 [IpuMeHsieMble KOMIIO3UTHbIE MAaTepHAJIbI U UX CBOICTBA

Bb160p KOMITO3UTHOTO MaTepuaia Jjsl pa3IuYHbIX CHUCTEM YCHIICHHUS SIBIISETCS
OJIHUM U3 HaubOoJee BAXKHBIX BOMPOCOB, PEHIAEMBIX IMPU MPOEKTUPOBAHUU YCUIICHUS
CTPOUTENBHBIX KOHCTPYKIUU.

KomnosutHsle wmatepuansl ¢ (QuOpoil (BOJIOKHAMH) H3TOTaBIMBAIOTCA U3
COOCTBEHHO  BOJIOKOH  (YIJIEpOAHBIX, TNOJUA(MUPHBIX, apaMUIHBIX U  JIPYTUX),
OMOHOJIMYEHHBIX (JIAMUHHPOBAaHHBIX) B MOJUMEPE B BUJAE KECTKUX MOJIOC WM IUIACTHH,
HEIMOCPEJICTBEHHO MPUKICHBAEMBIX HA CHENUAIbHO MOJATOTOBIECHHYIO IOBEPXHOCTH
yCUIIMBaeMoi KOHCTpyKUuU. OOLIENpUHATOE Ha3BaHUE TaKUX KOMIIO3UTHBIX MaTepHalIOB
— JJaMUHAThl. BTOpBIM pacnpoCTpaHEHHBIM THIIOM KOMITO3UTHBIX MAaTE€pPHAJIOB SBISIOTCS
XOJICTBI, MpPEJICTaBJAONIMEe cO00M TMOKYI0 TKaHb C OJHO - WJIM JBYHAIPaBICHHBIM
pacnosoxeHueM BosIoKoH (¢puopsl). [Ipu ycTaHOBKE Ha KOHCTPYKLIMHM OHU YTaIUIMBAIOTCS
B MOJINMEPHBIN KIIESIIUNA COCTaB — MaTPHILy, 00ECIEYNBAIOLIYIO UX TUIOTHOE MPUJIEraHue
K TIOBEPXHOCTH YCWJIMBAEMOM KOHCTPYKUMH. Takoil cnocod MpUMEHEHHsS KOMIIO3UTHBIX
MaTepUaioB Ha3bIBAETCS «IO0 MeECTy». (DHU3MKO-MEXaHWYECKHE CBOMCTBA KOMIIO3MTHBIX
MaTEpPUAIOB OIPENEISAIOTCS TUIIOM U KOJMYECTBOM IHPHUMEHSIEMBIX BOJOKOH, HX
OpUEHTallUEeld W pacHpeleseHUEM B IONEPEYHOM CEYeHHMHM JIeHThl. Poap mnosmmepa
CBOAMTCS K Nepeaade JeHCTBYIOUX HANPSKEHUH MEKTy BOJIOKHAMM, a TAK)KE UX 3aIUTE
OT BHEIIHUX BO3JECHCTBUU.

[Tonumeps! 11si OMOHOJIMYHMBAHUS BOJIOKOH (M3TOTOBJIEHHSI MAaTPHUIIbI) MOTYT OBITh
pPa3IMYHOrO0 THUIMA, HO Yalle BCEro MPUMEHSIOTCS TEPMOOTBEPIKAAIOIIMECS MOJUMEPHI.
OTtBepkaatomias MaTpuua (MOJIMMEp) OMPENENsIeT HEKOTOpble MEXaHMYECKHE CBOMCTBa
KOMIIO3UTHBIX MAaTE€pUaJIOB — TMPOYHOCTb M MOAYJIb YIOPYTOCTH B IONEPEYHOM
HaIlpaBJIEHUH, CONPOTHUBIIEHUE CIBUTY M XapaKTep MOBEIACHUS MaTepHasia MpU CHKATHH.
JUisi OTBEpXkKJEHHS BOJIOKOH 4Yallle BCErO0 HCMOJIb3YIOTCS JIOKCHIHBIE, BUHWI H
nonmddupHble cocTaBbl. Bce oHM 007aal0T XOpoOIIed CTOMKOCTBIO —Pa3IM4HbIM
XUMHUYECKUM BO3JIEHCTBUSAM. DIOKCUIHBIE COCTaBbl 00aIal0T TyUYIITUMU MEXAaHUYECKUMU
CBOMCTBaMU, a MoJMd(pUpHBIE cocTaBbl OoJiee nemeBbl. OCHOBHBIE (PU3MKO-MEXaHUUECKUE

CBOMCTBA MMPUMCHACMBIX TJIsI OTBCPIKACHUA BOJTOKOH ITOJIUMCPOB IIPUBCACHBI B Ta6JII/II_Ie 1.
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Tabnuma 1 — CoiicTBa OTBEPKIAIOIIHNX MTOJTMMEPOB

DU3HKO-MEXaHUYECKUE CBOICTBA DHUPMBI-IPOH3BOAHTEIH
HOIMEPOE MBT | SBD cogsti o Sika | Sumitomo
[IpounocTs Ha pacTspkenue (Mlla) 50 17 81 30 29
[IpounocTs npu n3rude (Mra) 120 28
Mognyne ynpyroctu npu uzrude, ['Tla 3 5 3.8 2.5
Temmnepatypa creknoBanus (°C) 55 60, 80 59 53 55

Hawnbomnee pacnpocTpaHCHHBIMH THUIIAMH TpUMEHseMol (GUOpsl  (BOJIOKOH)
SABJISIIOTCSL  yTJepoJ, apaMuJ U cTekyio. OCHOBHbIE (U3MKO-MEXaHHMUYECKHE CBOMCTBA
¢bubpsl npuBeneHbl B Tabnuie 2. B Tabnuile nmpuBOIATCS MMEHHO CBOMCTBA (UOPHI
(BOJIOKOH), @ HE CaMOro KOMIIO3UTHOro marepuana. [Ipu sTom ¢akThuueckue CBOMCTBA
(GuOpPHl MOTYT HECKOJIBKO OTJIMYAThCSA OT MPHUBEJECHHBIX B TaOnHIle 2 U OKOHYATEIHHO
yCTaHaBIMBAIOTCS (pupMoil — mpom3BoauTeneM. Bce mMpuBeACHHbIE B TaONWIlEe THIIBI
(GuOpbHl MMEIOT JHMHEHHYIO [uarpaMMmy «HampspbkeHue — naegopmanus» BIUIOTH [0

paspytieHus 6e3 Kakoh-1r00 MiIacTUIecKoi 30HbI (puc. 1-2).

Tabnuua 2 — TunuuHble CBOMCTBA IPUMEHsIEMON (HUOPHI

[IpounocTs Ha Mopynb Hedopmarust MioTHOCT
Tun Gudpst ACTsHKEHUE IPYTOCTH TUIMHEHUS . 3 b
p p ympy Y. Tt
MIla TTIA %
¥/IIEpOZL C BhICOKOIf 4300-4900 230-240 1,9-2,1 1,8
MIPOYHOCTHIO
YTJICPOJL C BBICOKHM 7405490 294-329 0,7-1,9 1,78-1,81
MOJTIyJIEM YIIPYTOCTH
YIIIEPOIL C BBICOKHM 26004020 540-640 0,4-0.,8 1,91-2,12
MOJIyJIEM YIIPYTOCTH
Apamu*e 3200-3600 124-130 2.4 1,44
Crexno 2400-3500 70-85 3,5-4,7 2,6

*  Ha MOJMaKPUIHUTPUIOBON MaTpHIIC
**  Ha MOJMMEPHON MaTPUIIC U3 SIOKCHIHON CMOJIBI
¥ apaMu]] MOXKET UMETh Ty ke MPOYHOCTh C MEHBIINM MOJIYJIEM YIIPYTOCTH

BonokHa B CeYeHWM M3rOTABIMBAIOTCS MPOAOJTOBATOM M CIUTIOCHYTOM (HOPMBL.
JIns ycusieHHsl CTPOMTENbHBIX KOHCTPYKIMNA HauOOoJbIee paclpOoCTpaHCHHUE MOTYUYUIId
BOJIOKHA TMPOJOITOBaTOM (OopMBI, WMEIoNMKe B TMONEpedyHuKe guamerp 5-20 MKwm.
CTex0BOJIOKHA, MPEeIHA3HAUYCHHbBIE JJIsi BHEIIHETO apMUPOBAHUS, MOAPA3ACISAIOTCS Ha

TpU Tuna: E — CTEKIOBOJIOKHO, A — CTEKJIIOBOJIOKHO U AR — CTEKIIOBOJIOKHO, HMEIOIIIEE
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BBICOKYIO COIPOTHUBIISIEMOCTh IIEJIOYHBIM BO3IEHCTBUAM. E-CTEKIIOBOJOKHO COJIEPKHUT
00JbIIOE KOJUYECTBO OOPHOM KHUCIOTHI W QIIOMHHATa M IUIOXO CONPOTHUBIISIETCS
MIEJIOYHOU arpeccuu. A-CTEKJIOBOJIOKHO SBJISIETCSl 00Jiee MPOYHBIM, HO MPAKTUYECKH HE
BBIJICPKUBACT IIEJIIOYHBIX BO3AeHCTBUM. B AR-CTEKIOBONOKHE 11 NpEenoTBpalleHUs
HETAaTUBHBIX BO3JACHMCTBUM WIEJIOYHOM arpeccMd Ha KOHTAKTE C YCHJIMBAaeMOM
KeJIe300€TOHHON KOHCTPYKIIMEH BBOAMTCS 3HAYUTENBHOE KOJUYECTBO IIMPKOHMS.
[IpouHocTHBIE W AePOpPMAIIIOHHBIE CBOICTBA 3TOTO CTEKJIOBOJOKHA COMOCTaBUMBI C E-
CTEKJIOBOJIOKHOM. JIOCTOMHCTBOM BCEX CTEKJIOBOJIOKOH SIBJISIETCS MX HEOOJbIIas
CTOUMOCTBb.

ApaMuiHble BOJOKHAa NPUMEHSAIOTCA HauuHasg ¢ 1971 r. wm BeITycKaroTCA
Pa3IMYHBIMKM NTPOU3BOJUTENSIMU TIOJI Pa3HbIMU TOProBbIMH Mapkamu. OIHOM U3 CaMbIX
m3BecTHbIX siBsiercss Kevlar®. DT BonokHa AHU30TPONHBI MO CBOEU CTPYKTYypE M IO
CPaBHEHUIO C JPYTMMHU HMEIOT 00Je€ BBICOKHE IMPOYHOCTb U MOIYJIb YIPYTOCTH B
[OTIEpEeYHOM HampaBiieHud. Ux auamerp coctaBisger npuOiusurensHo 12 Mxm. OHH
0oJiee MIACTUYHBI NIPU JEUCTBUM PACTITUBAIOLIIUMX HArpy30K, HO MPHU CKATUU OCTAIOTCS
yIOPYyTUMU BIUIOTH JI0 pa3pyuieHus. ApaMHIHbIE BOJOKHA 0OO0Jalal0T XOPOIIUMHU
BBIHOCJIMBOCTBIO U KECTKOCTBIO.

VYrnepoaHele BOJIOKHA W3TOTABJIMBAIOTCS HA OCHOBE MCXOJHBIX CMOJIBI WJIU
nommakpusHuTpuia (PAN). [lepBbiii TUIT BOJOKOH H3TOTaBIMBAETCS W3 OUYUIIEHHBIX
HeTH WK yris, NPOMyCKaeMbIX MOJ OOJIBIIMM JAaBJIECHUEM Y€pe3 OUYE€Hb TOHKOE COIUIO U
BIIOCJICICTBUM OTBEPKAAEMBIX TEPMOIIPOLECCOM. llonMakpuiIHUTPUIIOBBIE BOJIOKHA
M3rOTaBIMBAIOTCS U3 MOJIUMAKPUIOHUTPWIA MMYyTEM €ro KapOOHM3AIUU MO BO3ACHCTBUEM
BBICOKOHM Temneparypsl. [luaMerp BOJIOKOH MPHU 3TOM CIOCO0E MX MOMYYEHHS] MEHBIIE U
coctapisieT 5 — 8 MKM. CTpyKTypa BOJIOKOH ONpEENsieTcs CTENEHbI0 UX KapOOHU3AUU U
OpPUEHTALIMEN KPUCTAJIIIOB.

Brei6op Tuma ¢uOpbl 1 UCHOIB30BAaHUS B CHCTEME YCHJICHUS CTPOMTEIBHBIX
KOHCTPYKITUH 3aBUCUT OT MHOTHX (PAKTOPOB: THUIIA YCUIMBAEMON KOHCTPYKITUU U yCIIOBHIMA
ee paboThl; 0XKUAAEMOW HArpy3KH IMOCIE YCUJICHUS; BUJA U CTENEHU BO3JECUCTBUS
arpecCUBHBIX BHEIIHUX (aKTOpoB U T. J. PaccMOTpuM KpaTKO OCHOBHBIE CBOMCTBa

(GuOpbI, yYUTHIBAEMbIE MPU BHIOOPE CUCTEMBI YCUIICHUSI.
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Cmotikocmv K Xumudeckum 8o30eucmausim. YTICpOAHbIe U apaMHUJIHbIE BOJIOKHA
XOpOILO CONPOTUBIIAIOTCS MHOTMM XUMHUYECKMM BO3ACHCTBUSM: ILEIOYaM, KUCIOTaM,
XJIopuaaMm, cyibdaram, HUTpaTaMm U IpyruM. MHOTHE TUIbI CTEKJIOBOJIOKOH MOIBEPKEHBI
me’ouyHor kopposuu (nipu pH > 11), HO Masio mogAaroTCst BO3ACUCTBUIO COJIel. ApaMu/
M0 CpPaBHEHHUIO C JPYTUMHU BOJIOKHaMU 00JaaaeT OoJbIIe BOJOMPOHHUIIAEMOCTHIO.
bBosnpliasi KOHILIEHTpanusi COJIEM MOXET NPUBECTH K HW3MEHEHHIO KPUCTAUIMYECKOU
PELIETKH y BCEX TUIIOB BOJIOKOH, a, CIIEI0OBATEIbHO, K HX Pa3pyILIEHUIO.

Conpomusenenue yrompaguonemogomy uziyuenuro. CTEKIO- U YTIEPOJHBIC
BOJIOKHAa HE TMOJBEPXKEHBI BO3JCHCTBUIO YIbTPadUOIIETOBOIO M3Iy4YCHHUSA. ApamMHIHbIC
BOJIOKHA MEHSIOT IBET, W CHIKAETCA HX NPOYHOCTh Ha pacTspkeHwe. OIHAKO mpu
JTAMUHUPOBAHUU BOJIOKOH B IMOJUMEPHYIO MAaTpHUIy 3TH W3MEHEHHUS HOCST JIOKAJIbHBIN
XapaKTep U KOHLIEHTPUPYIOTCS BOJIM3M BHEIIHEW MOBEPXHOCTU KOMIIO3UTHOIO MaTepuania
U, TI0O3TOMY HE OKa3bIBAIOT CYILIECTBEHHOI'O BJIMSHMS Ha €ro cBoicTBa B LeioM. [Ipsmoe
BO3JICVICTBHE COJIHEYHBIX Jy4Y€l IMOBBIIIAET XPYNKOCTh MATPHIbl U APYTUX 3aLIUTHBIX
ITOKPBITU.

DekmponposoouUMocms. ApamMuiHbIe U CTEKJIOBOJIOKHA SBJISIIOTCS
IUAJIEKTPUKAMUA M MOTYT OBITh HCIOJB30BaHbl ISl 3aIIMTHl JIMHUW 3JIEKTponepenay u
WHXEHEPHBIX KOMMYHUKAUH. YTJIEPOJHbIE BOJOKHA MPOBOMAST 3JIEKTPUUECKHUI TOK, HO U
OHHM MOTYT OBITh MCIOJIb30BaHbI JJIsi YCUJICHUSI CTPOUTENIbHBIX KOHCTPYKIIUH, UMEIOIINUX
KOCBEHHO€  OTHOIIEHHE K  JCHCTBUIO  BJEKTPUYECKOr0  TOKa  (Hampumep,
KEJIE3HOJOPOKHBIE MOCTBI C AJIEKTPOBO3HBIM TpaHCHOPTOM). OHU JOKHBI OBITH XOPOILIO
M30JMPOBAHbI OT CTATBHOM apMaTypbl, ABJISIOLIEICS MPOBOIHUKOM 3JIEKTPUUYECKOTO TOKA.
Ota 3ammra HEeoOXOAMMa TOJBKO MPU YCTAHOBKE XOJCTOB Ha OCHOBE YTJIEPOJIHOTO
BOJIOKHA «I10 MECTY» OT TOKOIIPOBOISAILIMX 3JIEMEHTOB.

Ilpounocms na cowcamue. YTIEpOIHbIE U CTEKIIOBOJOKHA MMEIOT IPOYHOCTH Ha
C)KaTHe, COIMOCTaBUMYK) C NPOYHOCTBIO HA pACTSDKEHHE. Y apaMUAHBIX BOJIOKOH
MIPOYHOCTH Ha CKATUE 3HAYUTEIHHO MEHBIIIE.

Kecmxkocmy. Monynb yOpyrocTd yriepoJHOTO BOJIOKHA COMOCTABUM WJIU
3HAYUTENIbHO BBIIIE MOAYJS YNPYroCTH apMaTypHOU ctaimu (cMm. Tabnuusl 1-2). Moaynb
YOPYrOCTH apaMUIHBIX BOJOKOH MEHbIIIE, & CTEKJIOBOJIOKOH - 3HAYUTEILHO MEHBIIIE YEM Y

CTallu.

24



Conpomuenenue yoapueim Hacpy3kam. IloBeleHne BOJOKOH BO  BpeMs
MIPUJIOKEHUS YIAPHOM HATrpy3KH OINPENEIAeTCs MOJyYeHHOW UMM SHEPIUEN NPHU yIPYroM
nedopmupoBanuu. BonokHa, codeTaroniye BBICOKYIO MPOYHOCTh HA pacTsikeHue (Oosee
3500 MIIa) u 3HauUTENbHOE OTHOCUTENbHOE YIuHeHue (Oonee 2%), ABISIOTCS
ONaronpusITHHIM MaTepUaioM JJi BOCHPUATHS YAAPHOW HArpy3ku. DTUM TpeOOBaHUSIM
OTBEYAIOT MHOTHE THIIbI YTJIEPOAHBIX, ADAMHUJIHBIX U CTEKJIOBOJIOKOH.

Boszoeticmseue oens. CTEKIOBOJIOKHA COXPAaHAKT CBOK HPOYHOCTH BIUIOTH [0
Touku riaBieHust (6osee 1000 °C), Torma kak yriepoJHble BOJIOKHA OKHCIISIOTCS Ha
BO3JlyX€ Mpu TemiepaTtype okoiio 650 °C. ApaMuIHbIE BOJIOKHA HE MOT'YT UCITOJIb30BaThCS
npu temneparype cebimie 200 °C. Bce TUIBI BOJIOKOH HE MOMIEPKUBAKOT ropeHue. B
KOMIIO3UTHBIX ~ MaTepuaiax TIpUd I[OXKape ONpelesdiomuM OyaeT  MOBEICHHUE
OTBEPKJAIOLIErO MOJIUMEPA, MPU BO3TOPAHUH KOTOPOTO MOTYT BBIAENATHCS TOKCUYHBIE
BEIIECTBA.

be3onacHoCTh U caHuTapus. Bce TUIBI BOJIOKOH HE MPEACTaBISAIOT ONACHOCTH JUIS
3I0pOBbsl B YCIIOBHSIX HOPMaJIbHOM 3KcruryaTauuu. OTaenbHble 4acTH (PUOpPBI MOTYT
IPUBECTHU K Pa3pa)KeHUIO KOXKH, IJ1a3 U CIU3UCTBIX 000J0YEK, TOITOMY IIPU BBHIIIOJHEHUU
paboT ¢ HUMHU HEOOXOAMMO MOJIb30BATHCS MHAMBUAYAJIbHBIMU CPEACTBAMHU 3alllUTHL. B
HEKOTOPBIX CTaThsix [l8] BBICKa3bIBa€TCS MPEIANOJNOKECHUE O KaHIEPOTCHHOCTH
yTIepoAHBIX BOJIOKOH. OnHako BeemupHoit Opranuzanueid 31paBooXpaHeHUs yIriepos He
OTHECEH K KaHUEPOreHHbIM MaTepuayiaM. [IpoBeneHHbIe HA KUBOTHBIX ONBITHI MOKA3aJId
ero 0e30macHOCTb, a BPEIHOE BO3/CICTBHE YIJIEPOJIHBIX BOJOKOH Ha YeJOBEeKa Ha
MOPSIIOK MEHbIIIE, 4eM y acOecta. ApaMHJIHbIE, YIJIEPOIHbBIE U CTEKJIOBOJIOKHA SIBISIFOTCS
WHEPTHBIMH MaTepHallaMH, HE COJIEepKaIllMMH TOKCUYECKUX BemlecTB. OHU HE coaepxkar
BpEIHBIX MpUMeEceH, CIOCOOHBIX 3arpsi3HATh BO3JYyX WM NMPOHHMKATh B MOYBY MpPH HUX
OPUMEHEHUU U1 YCUIICHUS MOJI3EMHBIX COOPYKEHUU.

KoMrio3utHble MaTepraibl M3roTABIMBAIOTCSA JBYX OCHOBHBIX THIIOB:

- XOJICTOBBbIE MaTepuaibl OOBIYHO C OJHOHAMNPABICHHBIM PACIOIOKECHUEM
BOJIOKOH, XOTS BO3MO>KHO U JIBYX-, U TPEXHAMPABICHHOE PACIIOI0KEHHUE;

- IPEIBAPUTEILHO U3rOTOBJICHHBIE B 3aBOJICKMX YCIIOBUAX IMOJIOCHI HIIM IUIACTUHBI

Yarie ¢ OJIHOHANPABJICHHBIM PACTIOJIOKEHUEM BOJIOKOH (JJAMUHATHI).
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B o0Omem cnydyae KOMMO3WUTHBIM MaTepuajd COCTOMT W3 BOJOKOH (puoOpsl),
OTBEpPKICHHBIX B JMOKCHIHOM TmojguMepe. B 3aBHCUMOCTHM OT THUNAa NPUMEHEHHOTO
BOJIOKHA OHHM IOJAPA3JEISIIOTCS HA KOMIIO3UTHBIE MaTE€pHallbl C apaMHUIHBIMH BOJIOKHAMMU
KM®A, yrnepoausiMu KM®VY u crekinoBonoknHamu KM®C. O0bemMHOE coaep:kaHue
BOJIOKOH KoseOnercs oT 25-35% B xoincrax no 50-70% B momnocax. BonokHa siBAsIFOTCS
OCHOBHBIM 3JIEMEHTOM KOMIIO3UTHOI'O MaTepuaia, BOCIPUHUMAIOIINM BHEUIHUE CUIIOBBIE
BO3/ICHCTBHS, @ OTBEPIKAAIOMINI MOIMMEp (MaTpHIla) epepacipeneseT Harpy3Ky MExXTy
HUMH U NIPEAOXPaHsET OT arpeCCUBHOTO BO3AEMCTBUSI BHEIIHEN cpeibl. M3roTaBauBaroTcs
KOMIIO3UTHBIC ~ MaTepHalibl  Pa3MYHBIMU  CIIOCO0aMHM, M3  KOTOpPHIX  Haumbolee
pacipoCTpaHEHHBIMU SBIISIOTCS:

- aBTOMATHUYECKUH, 3aKJIIOYAIOUIMIiCI B MPOJOJDKUTEIBHOM  IIPOLECCe
BBITSITUBAHUS YTJIEPOJHOW POBHUIIBI, IEKOB WJIM MPAAEH, MPOMUTAHHBIX CMOJIOH, MEXIY
BBICOKOTEMIIEPATYPHBIMU MAaTPUIIAMU 10 UX (POPMOBaHMS U 3acThiBaHUs (pultrusion);

- MPONUTHIBAHUE MOJUMEPOM MPSIAU UM HUTH U NOMELIEHUE UX Ha JUIUTEIBHOE
BpeMs B IUIOCKYI0 (opMy MpU OYEHb HHU3KOM Temmeparype s 0oJjiee MO3JHEro
M3rOTOBJIEHUS C IOMOIIIbIO pecchopMBl (prepreg);

- pyuHoe (opMOBaHHUE B BUIE HEOOXOIUMOTO TPOPUIIS.

3acThIBIIasi 4acTh (GOPMUPYEMON MacChl KOMIIO3UTHOTO MaTepuaia pa3pe3aeTcs
O JJIMHE Ha OTIEJbHbIE MOJOChl. B ckoOkax JaHbl OOIIETIPUHATBHIE MEXIyHAPOJHBIE
Ha3BaHMS JAHHBIX CIIOCOOOB M3TOTOBJICHUSI KOMIIO3UTHBIX MaTEPHAJIOB.

®u3nuKO-MEXaHUYECKHE CBONCTBA KOMIIO3UTHOTO MaTepuaia ONpeesiFoTCs
CBOMCTBAMHM €r0 COCTABJISIONIMX (BOJIOKOH M MOJUMEPA) U UX OOBEMHBIM COOTHOLIEHUEM
B KoMmmo3uTe. Moaynp ympyrocTd KOMIIO3HUTHOTO Marepuasna E. M ero mpodHocTh Ha
pacTspkeHue R, onpenensiorces no popmynam:

E. = E#*V;+ E,*V,, (1)

RC = Rf*Vf + Rm*Vm , (2)

rae E; R; V; — COOTBETCTBEHHO MOAYJb YINPYIOCTH, HMPOYHOCTh HAa PACTSKEHHE H

00BEMHOE COOTHOIIEHHWE B KOMIIO3UTE BOJIOKOH (apaMHIHBIX, YTICPOAHBIX WU
CTEKJIOBOJIOKOH);

E,, Ry, V, — T0 Xe camoe Juid oTBepxKaarouiero noaumepa. Ipu stom Vy +V,, =1.

IToBenenue KOMIIO3UTHBIX MaTepuagoB noj Harpy3Kou onpeaensieTcs
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MHUKPOMEXaHUYECKUMH IpoleccaMu Ae(POPMHUPOBAHUS U pa3pyLICHUs, 3aBUCSIIUMU OT
JuaMeTpa BOJIOKHA, €r0 pacIpeesIeHHs] B MAaTPULE U NTapaJUIEIbHOCTH BOJIOKOH, MECTHBIX
ne(EeKTOB MaTepuaa, a Tak)ke 00bEMHBIM COOTHOIIIEHUEM BOJIOKOH U MOJIUMEpA.

B ciyuyae mpeaBapuTeNbHO M3rOTOBJIEHHBIX MOJIOC KOMIIO3UTHOTO Marepuana Ux
CBOMCTBA 3aBUCAT OT IUIOIIA/IA MMONEPEYHOTO CEYEHUs, IpUHUMaeMoi nipu pacuerte. [lpu
M3rOTOBJICHUH KOMITO3UTHBIX MAaT€pUAJIOB Ha MECTE (XOJICThI, yTAIlJIMBAEMBbIE B KIICSALIU
cocTaB-Marpuily) KoHeuHas ToimuHa KM® wu coxepxaHue BOJIOKOH MO IUIOHIAAN
MaTepHualla SBJIIOTCS IEPEMEHHBIMY BEJIMYMHAMHU U U3MEHSIOTCS B IIMPOKUX NPEEIIax.

B cuiy TOro, 4ro Monynb yNpyrocTd W MPOYHOCTH BOJIOKOH ((hUOpPBI) MHOTO
00JIbIIE MOJTYJI YIPYTOCTH U MTPOYHOCTH OTBEPXKAAIOUIETO MOJMMEPA, TO MEXaHUYECKUE
CBOMCTBAa KOMIIO3UTHOI'O Marepuaya ONpPENEIsIOTCS CBOMCTBAMHU BOJIOKOH M IUIOIIA/IBIO
MONEPEYHOT0 CEYEHUsI HE BCEro MaTepuaa, a TOJbKO IUIOMIAJbI0 B CEYEHUU OIHUX
BOJIOKOH. Koria cBoiicTBa KOMIIO3UTHOTO MaTepHala OCHOBAHBI HA €ro IOJHOM IJIOMAaau
NONEPEYHOr0 CEYEHMsI, BKIIIOYasl BOJIOKHA M MOJUMEP, TO IO CPAaBHEHUIO CO CBOMCTBAMU
CaMHUX BOJIOKOH, MOJYJIb YNPYrOCTH M IMPOYHOCTh BCEr0 Marepuana OyIyT MEHbIIE.
O4eBUIHO, YTO MEXAHWYECKHE CBOMCTBA KOMIIO3UTHOIO Marepualia HE M3MEHATCSA M3-3a
YBEJIMYEHUS TJIOLAAN €r0 MONEPEYHOI0 CEYEHUs 10 CPABHEHHUIO C CEYEHUEM BXOJSIIUX B
€ro coctaB BOJIOKOH. CyIIeCTBYET CTPOroe COOTBETCTBUE MEKY KOJIMYECTBOM BOJIOKOH B
KOMITO3UTHOM MAaTEpHUaJe U €ro MEXaHMYECKUMHU CBOMCTBaMU. DTO IOJOKEHUE OTPAKEHO

B Ta0JuIe 3 ¥ MPOWJLTIOCTPUPOBAHO HA PUCYHKE 3.

Tabnuma 3 — MexaHHYeCKHE CBOMCTBA KOMIIO3UTHOTO MaTepHaja B 3aBUCHMOCTH OT

MIPOIIEHTHOI'O COJIep KaHusl BOJIOKOH ((hubpa)

DU3NKO-MEXaHHYECKHE CBOWCTBA, BXOIAIINX B KOMIIO3UTHBIA MaTepHuall,
komnoHeHToB: E,= 220 I'Tla, R,= 4000 MIIA, E,, = 3 I'Tla, R,, = 80 MIIa

Inouaae monepeyHOro
CeueHus CaoiictBa KM®D Pa?;?;;?{faﬂ

Ay E. R.[1.2] IT

Py | Av® | A M | V% [1.1], el -2l peAcIIbHak kH %
MM : MlIla nedopmarus, %

Mna

70 0 70 100 220000 4000 1.818 280,0 100
70 30 100 70 154900 2844 1.823 2824 100,9
70 70 140 50 111500 2040 1.830 285,6 102,0

* TIpu ucnonb30BaHUM JeHTH! mupruHON 100 MM ee ToJIuHa cocTaBuT cooTBeTcTBEHHO 0,7 MM; 1,0 MM 1 1,4 MM
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Kak BUAHO U3 TaONMIIbI, MPU MOCTOSTHHOM KOJMYECTBE BOJIOKHA B KOMIIO3UTHOM
Marepuaie (B JTaHHOM cllydae IUIOLaAb €ro NONEePEeYyHOro CEYEHUsl OCTAETCS HEU3MEHHOU
Ay=770 MM®) paspylIaomas Harpy3ka i HpeneibHas AepopMalist OTIHYaloTCs BCEro Ha
HECKOJBKO  NIPOLEHTOB  M3-3a  BO3PACTAHMS  IUIOIIAJM  IOMNEPEYHOr0  CEUCHHUS
OTBEPKIAOIIETO TMOJIMMepa. DTO OOCTOSTENBCTBO OCOOCHHO Ba)KHO YYHUTHIBATH MPH
NPOCKTUPOBAHUM YCUJICHUS KOMIIO3UTHBIMH MAaTE€pHUaIaMH HEMOCPEICTBEHHO HAa MECTE
npousBoAcTBa pabot. [Ipu pacuere mapameTpoB yCWJICHHS NMPUHUMAIOTCS BO BHUMaHHE
TOJIBKO IUIOHIAb MOMEPEYHOI0 CEYEHUSI U MEXaHMYECKHUE CBOMCTBA BOJIOKOH, a HE BCEH
CUCTEMBI B LIEJIOM.

Bb10op THIIa KOMIO3UTHOIO MaTepuaia Ijsl YCUJICHHS ONPENEseTCsl YCIOBHIMU
JKCIUTyaTalldd W  Ha3HA4eHHEM YCWJIMBAEMOM KOHCTpyKuMH. lIpoyHOCTHBIE W
neopMalliOHHBIE CBOKMCTBA XOJICTOBBIX KOMIIO3UTHBIX MATE€pUAJIOB OMNPEIEISIOTCS
TUIIOM IPUMEHSEMOIO BOJIOKHA M €ro pPAclOJIOKEHHEM B Marepuaie — OJHO- WIH
JABYyHarpaBieHHbIM. llpu nByHampaBiieHHOM pacnosiokeHuu o0bdHO 70% BOJOKOH
pacnoJiaraloTcs B HaIlpaBJIE€HUM, B KOTOPOM NPEAINOJaraercs JACCTBUE OCHOBHOTO
BHeIHero ycuius, U 30% — B nonepeyHoM HamnpasiieHWH. [Ipyn 3TOM IPOYHOCTH TaKOTO
Marepuaia B OCHOBHOM HAalpaBJICHUHM 3HAYMTENIbHO CHM)KaeTcs. TONIIHMHA XOJCTOBBIX
MarepuasioB cocrtapiisieT okosio 0,1 MM, a mupuna 300 MM u OGosiee. CpaBHUTENIbHAS
XapaKTepUCTHKA XOJCTOBBIX MAaTEPHAJIOB Pa3IMYHbIX (PUPM-TIPOU3BOIAUTENECH MPHUBEICHA
B Ta0uIE 4.

B nponosibHOM HanpaBiI€HUH JOCTUTAOTCS BBICOKHE MPOYHOCTh M KECTKOCTh
KOMITO3UTHOT'O MaTepuaia, IpUuMepHo, 10 65% OT Benu4uH, NpuBEICHHbIX B Tabnuie 4. B
JaMUHATax TMOJABJSIONIEE KOJIMYECTBO BOJIOKOH pacrlojiaraercss B MNPOAOJILHOM
HaIpaBJICHUM, a B [ONEPEYHOM HANpPABJICHUH NPOYHOCTh MaTepHalla 3HAYUTEIBHO
MeHblie. [1070Chl M3roTaBIMBaIOTCS TOMMMUHON 1—2 MM U mMpuHON 00bIYHO 50—150 MM.
CpaBHuTeNbHAS XapaKTEPUCTUKA JJAMUHATOB MPUBEACHA B TabiuIe S.

Tak Kak OTBEpKJI€HNE BOJIOKOH B MOJUMEPE SABISAETCA JUIUTEIBHBIM IPOLECCOM, TO
BO3MOXHO HW3TrOTOBJICHHE JamMuHaTa Oosbloil JiuHbl. OHM (QopmMyroTCS B OyXThbI
JUAaMETPOM OKOJIO OJHOTO METpa U B TAKOM BHJIE JIOCTABJISAIOTCS HA CTPOUIUIOIAAKY, T1I€

JIETKO PEXKYTCS HA MOJIOCHI HEOOXOIUMOM JTUHBI.
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[Tomockl MOTYT W3TOTaBIMBATBC HW W3 TOMYy()aOpPUKATOB KOMITO3HTHBIX
MaTepUaIOB. ITOT CHOCO0 MIMPOKO PACIpPOCTPaHEH B  a’pPOKOCMHUYECKOH |

aBTOMOOMJILHOM IMIPOMBIIIJIICHHOCTAX.

O, MIa
Vf tc
V -coaepxaHue BonokHa B KM®, %

4000 1 < 100 0,7 f
3000 ¢ 70 10 tc -tonmuHa KM®, mm

<— 50 1,4
2000 1
1000 1

g, 7%

Pucynok 3 — Jluarpamma «HanpspkeHue-1e(popMans» Ipu pa3auyHOM MPOLEHTHOM

coaepaHuu BoJOKOH B KM®
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Tabnuna 4 — CpaBHUTENbHBIE XapaKTEPUCTUKHU XOJICTOBBIX MaTepHaIOB

IIpounocTh MOVIIL
Toprosas Tun Ha Oﬂgc Bec, Tommuaa*, Iupuna,
Mapka BOJIOKHA pacTskeHue, yHpyrocti, /™M MM MM
I'Tla
MIIa
S&PzaoSheet yIIIepos 3800 240 200,300 0.117,0.176 150,300
S&Péghw yIIIepos 2650 640 400 0.19,0.235 300
S&P S()Sheet apaMm 2900 120 300 0.2
S&P SRSheet CTeKIO 1700 65 350 0.135 320
Sika Wrap
Hex 230C yIIIepoJ 3500 230 230 0.13 610
Sika Wrap
Hex 100G CTEKJIO 2250 70 840 1270
Torayca 100,250,
UT70-20 YTIepoI 4090 230 200 0.111 500.1000
Torayca 100,250
UT70-30 yrIIepos 4220 235 300 0.167 500.1000
Replark yTIepos 3400 230 200 0.111,0.167 25263030’
Replark yIIIepoJ 2900 390 300 0.165 25263030’
Replark YTIEpOa 1900 640 300 0.143 25263030’
Mbrace Tow
Sheet yTIepos 3550 235 300 0.11,0.165 500
Mbrace Tow
Sheet yTIepos 3000 380 300 0.165 500
Mbrace Tow CTEKIO 1550 74 915 0.118 500
Sheet
DML 150,300 300,500
Composites yriepon 4900 230 900 1500
DML 200,250
Composites CTEKJIO 3400 70 1200 350,500
DML
Composites apamuI 2800 115 200,300 340
Kevlar® SRS apamus 2100 120 280,420 0.193,0.286 10263000’
Fosroc C 120 YTIIEpOT 2300 230 200 0.111
Fosroc C 530 yriaepos 2300 375 300 0.166
Tyfo SCH-41 YIIIEpoX 3803 227.7 750 0.417
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Ta6nuua 5 — CpaBHUTEIbHBIE XaPAKTEPUCTUKU YTIAEPOIHBIX KOMIIO3UTHBIX MaTepUaioB

(JtTaMmuHATOB)
Toprosas mapka Hal_}laz(c)::;(g;le, ynl\ggl{[(})]gfﬂ, TOJ'II\I/IIINII/IHa, H.[th;lﬁa,
MIla I'Tla
S&P Clever Reinforcement 2600 150 1,2, 1.4 50, 80, 100
S&P Clever Reinforcement 2600 200 1.4 10, 50, 80, 100, 120
Sika Carbodur S 3050 165 12,14 | 2000 80,90 100,120
Sika Carbodur M 2900 210 1,4 60, 90, 100
Sika Carbodur H 1450 300 1.4 50
Enforce 2200—2500 165 1,2,1,4,2,1 10, 50, 80, 90, 100, 120
Enforce 2200—2500 210 1,2,1,4,2,1 |50, 80,90, 100, 120, 150
Tyfo C-H 2281 200 1.4 -
DML Composites 2100 140 o 30 no 1400
DML Composites 1400 360 1030 no 1400
Mapei Carboplate E 170 3100 170 1,4 50, 100, 150
Mapei Carboplate E250 2500 250 1,4 50, 100, 150

Takne 110JI0CHI

0OBIYHO cojepKaT okojo 55%

BOJIOKOH B IIPpOAOJIbHOM

HanpaBieHud U 10% BOJIOKOH, PAaCHOJIOAKEHHBIX oA yriaom 45° K MpPOAOJIbHOW OCH.

[Tonockl M3roraBIMBarOTCS MIMHOW 10 12 MeTpoB, mMpuHON A0 1,25 MeTpa U TOIIMHON

110 30 Mm.

B I'epmanuu u [Jauuu [19] U3roraBianBarOTCs MOJOCHI KOMIIO3UTHOTO MaTepualia

L-o0Opa3Hoit  Gopmsl

JUISL TIOBBIIICHUS HECYIIEHM CMOCOOHOCTH JKEJIe300€TOHHBIX

KOHCTPYKIIMM Ha JCHUCTBUE IIONEPEYHOM CWIBI M JUISI AHKEPOBKU YCHIIMBAKOLINAX

SJICMCHTOB.
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3.3 [IpeaBapuTe/IbHO HANPSIKEHHbIE KOMIIO3UTHbIE MATEPHUAJIbI

B HEKOTOpBIX ciay4asx A yCUJICHUS Kele300€TOHHBIX KOHCTPYKIIUN BO3MOXKHO
UCIIOJIb30BAaHUE  MPEABAPUTEIBHO  HAMPSIKEHHBIX  KOMIIO3UTHBIX  MaTEpHaJIOB.
Teopetnueckas 0asza s ux npumeHeHuss Obuta paspadorana T.C. Triantafillou, M.
Deuring u npyrumu 3apyoOekHbIMU ydeHbiMU [20, 21]. IlpumeHeHue npenBapUTEIbHO
HaAMPSHKEHHBIX MOJI0C KOMIIO3UTHOTO MaTepualia UMEET CIEIYIONIUe IPEeUuMyIIeCcTBa:

- obecrieunBaeTcsi 0oJiee JKECTKOE IOBEIACHHE OETOHA CXKAaTOM 30HBI CEUCHHS
HEIMOCPEJICTBEHHO MOCJIE YCUJICHUS, YBEIMYMBAs TEM CaMbIM MOMEHT CONPOTUBIICHUS
CEUYCHUS YCUIIMBAEMOW KOHCTPYKITUU;

- 3aMeJIsieTcsl 00pa30BaHKME HAKJIOHHBIX TPEIUH B MPUONOPHON YaCTH YCUIIEHHOU
KOHCTPYKIIMH, a B Ciiy4ae 0Opa30BaHUs TPEIIMH YMEHbIIAETCS BEIIMYMHA UX PACKPBITHUS.
JlaHHO€ OOCTOSITENILCTBO WIPAET CYLIECTBEHHYIO pOJIb B 0OECIEUECHUH KaueCTBEHHOTO
CUEIUIEHUS] KOMIIO3UTHOTO MaTepuaia ¢ 0ETOHOM;

- YIy4YIIAeTCsl HKCIUTyaTallMOHHOE COCTOSIHUE YCHJIMBA€MOH KOHCTPYKIIMU
Oyiarozapsi MEHbIIIEMY TPEITMHOOOPA30BaAHUIO;

- HeoOXoauMasl CTENEeHb YCUJICHHMsSI KOHCTPYKIUH JOCTUTAETCS NPUMEHEHHEM
[OJIOC KOMIIO3UTHOTO MaTepuajia MEHbIIEeW IUIoOUaAd MOMNEPEeYHOro CEYEHHUs II0
CPaBHEHHIO C HEHANPSHKEHHBIMH MaTepHalaMu;

- TpU COOTBETCTBYIOIIEH aHKEPOBKE KOHIIEBBIX YYaCTKOB MPUKIEEHHOTO
MpEAHANPSIKEHHOTO KOMIIO3UTHOTO Marepuaiga MOXXHO H30eXaTb €ro OTCIOEHHUS OT
YCHJIMBa€MON KOHCTPYKIIMU W3-32 BOZHWKHOBEHHWS HAKIOHHBIX TPEUIMH Ha MPHOMOPHBIX
y4acTKax;

- B CcIoy4yae TMPUMEHEHHS TPETHANPSHKEHHBIX KOMITIO3UTHBIX MaTepHalioB
HEUTpaJbHAas OCh CEUEHHUs DJJIEMEHTa OyJeT pacrhojiaraThCs HIKE, YTO IIOBBIIIACT
3¢ PEeKTUBHOCTH PabOTHI CEUCHUS KOHCTPYKITUU;

- mpenHanpsbkenne KM@ 3HauMTeNhbHO YBETUYHMBACT JOMYCTHMYIO HArpy3ky Ha
KeJIe300€TOHHYI0 KOHCTPYKIIHMIO, IPH KOTOPOI BHYTpEHHAA padouas apMaTypa HaulHAeT

UCIIBITHIBATH IJIACTUYECKHUE AeOopMaliii.

32



KonrtakTHOE Hatuuk [Tomoca namuHara

ycTpoiicTBO TeMIepaTyphl KoHTakTHO®

YCTPOHCTBO

“““ Koutponbuoe| -7+ UcTo4HUK DHEPTHH

“““ ycTpoidcTBo |00

PucyHok 4 — YcTpoiCTBO HarpeBa Nnpy NPUKJICUBAaHUN JJAMAHATA

K HemocrarkaM NpUMEHEHHUS NPEAHANPSKEHHBIX KOMIIO3UTHBIX MAaTepUalioB
MOYHO OTHECTH:

- YBEJIMUEHUE CTOMMOCTH U TPYJAOEMKOCTH padOT MO YCUJICHUIO U3-3a YCIOKHEHUS
TEXHOJIOTUU PabOT U MPUMEHEHHS JIOTIOJIHUTEIILHOTO 000PYI0BaHUS;

- YBEIWYEHUE TMPOJIODKUTEIBHOCTH pPabOT MO YCUJICHHUIO CTPOUTEIbHBIX
KOHCTPYKLIHM;

- HATSDKEHUE TOJI0Chl KOMIIO3UTHOTO MaTepuaia JOJKHO OCYHIECTBIATHCSA JO TEX
1op, MOKa KIIEAIMIA coCTaB HE HAObepeT JOCTaTOYHOW MPOYHOCTH.

CxeMaTU4YyHO YCUJICHUE >KEJIe300€TOHHOW KOHCTPYKIUU TMPEeTHANPSKECHHBIMU
M0JIOCAaMHU KOMITO3UTHOT'O MaTepuasa MpuBEIEHO Ha PUCYHKE 5.

Heo6xo1uMo OTMETUTh, YTO BBICOKAsI CTENEHb MIPEAHAPSKEHUS TPUKICUBAEMOTO
KOMIIO3UTHOT'O MaTepHaia MOKET MPUBECTU K 3HAYUTEIIbHBIM CJIBUTOBBIM HANIPSIKEHUSM B
OeToHE, OCOOCHHO Ha Yy4acTKax, paclojoKeHHbIX Haa KoHmamu KMO®. DTto
00CTOSITETLCTBO HEOOXOAMMO YUYWUTHIBATH TMPU MPOEKTUPOBAHWU CHCTEMBl YCUJICHUS.
[IpoBenennsie ucnbiTanust [20] mokazanw, 4TO pa3pylieHHe OeTOHa MOJ KOHIIEBBIMU

ydactkamMu KM® npoucxoauT yxe npu ypoBHE NMPEIHANPKEHUS 5 — 6 % OT mpoYHOCTH
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KOMIIO3UTHOTO MaTepHala Ha pacTshkeHrne. B To ke BpeMs M C TEXHUYECKOW M C
SKOHOMHUYECKON TOYKM 3pEHHs Uil T[OJIYYEHUS NPEUMYIIECTB, CBSA3aHHBIX C
UCIIOJIb30BaHUEM NIPEAHANPSIKEHHBIX KOMIIO3UTHBIX MAaTEPUAIIOB, UX YPOBEHb HATSKEHUS
JOJDKEH COCTaBIATh NpuMepHO 50% OT MPOYHOCTHM HA PACTSHKEHHE, TO €CTh OBbITh Ha
MopsiIOK BeIlIe. Takol ypoBeHb npeaHanpsbkeHus KM@ 6e3 paspymieHuss O0eToHa Hajn
KOHIIEBBIMU Yy4YaCTKaMH KOMIIO3UTHOTO MaTepuaia MOXKET ObITh JOCTUTHYT TOJIBKO IMPHU
HCIIOJIb30BAaHUU CHELUAIBHBIX CIOCOOOB AHKEPOBKH, 3aKIIFOYAIOIIMXCA B BEPTUKAIBHOM
OXBaThIBAHUHU MPUKJIEEHHOHN 11010cbl KM® X0JICTOBBIMU KOMIO3UTHBIMUA MAaTEPUAIAMH.
Yuusepcurerom 1. @pubypr (LlIBeiinapus) ObUTM TPOBEACHBI CPABHUTEIHHBIC
WCIIBITAaHUSI YETBIPEX THUIIOB KEJIE300€TOHHBIX OajoK mMmposieToM 6 M, IHUPUHOM 1 M H
BeicoTo 0,22 M. Bce Oanku ObulM apMUpOBaHbl B PACTSHYTOM 30HE UIECTHIO
MPOJOJBHBIMA CTEPKHSAMHM JUAMETpOM 12 MM, XOMYyThl IIONEPEYHOM apMaTypbl
AMaMeTpoM 8§ MM ycTaHaBIUBaIMCh ¢ maroM 150 MM. Cxema ucnbplTaHUN 00pa3lioB U UX
reOMEeTpUUYECKUE TapaMeTpbl MpeAcTaBieHbl Ha pucynke 6. IlepBbiii oOpa3en
(comocTaBUTENBHBIN) MPEACTaBIsI cCOO0H OOBIKHOBEHHYIO )KeJIe300€TOHHYI0 Oanky. Tpu
CIIeIyIOIUX 00pa3ia ObUIM yCUJIEHBI IO Bcel aymHe aByMsi nosocamu jdamuHata CFK
150/2000 pupmer S&P. Illupuna nonocel JjamuHata b, = 80mm, TonmuHa f.= 1,2 mm. [lpu
3TOM 2-i oOpazel] ObLT YCUJIEH HEHANPSHKEHHBIMU MOJI0CaMU, 3-1 ObLT MpeHANpPSIKEeH Ha
Bemmunny 640 MIla ¢ ymmmmennem 4,0% u 4-ii — wHanpsokeHmsimu 960 MIla ¢
YIJIMHEHUEM 6,0%00. Pe3ynbTaThl MCHBITAHUN 00pa3llOB MpeACTaBICHbI B Tabiuie 6 u

IIPUBEIECHBI HA PUCYHKE 7.
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Ta6mnuma 6 — Pe3ynpTaThl HCTIBITAHUHN OAJTIOK HA U3THO

Ne obOpazua Pasp.Harp., xH Paszp.mom,.xH M Pazp. mom., %
LCI 16.4 82.6 100
LC2 CFK 24.0 109.4 132
LP3 CFK 4%y, 353 150.1 182
LP4 CFK 6"y, 37.9 159 4 193
beton
a)
<— . . —>
ITomoca KM®
6)
<= —>
Ankep
B)

Pucynok 5 — Cxema npuMeHeHHUs npeaHanpsbKeHHbIX mojgoc KMO®:

a) MpeaHanpsHKeHHbIE; 0) MPUKIEUBAaHUE; B) aHKEPOBKA

1000
P P P P
A A A A A A A T el T i AT A .
= =
=
= ¥
200 [ 1200 [ 1200 {1200 [ 1200
£ 000
23, =130 mu 65 @12 1t

EIvP (2 5&P laminate CFE
13Qv200:0; 80/1.2)

Pucynok 6 — Cxema npoBeeHUs UCTIBITAHUM
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Pucynox 7 — Pe3ynbpTaThl HCIBITAHUN OaJIOK

Kak crnegyer wu3 TaOinuupl, NOpUMEHEHHE [UIsl YCWICHMs Oalku Jaxke
HETIPETHANPSHKEHHOTO  JIaMUHATa YBEJIMYWIIO €€ HECYIlylo crnocoOHocTh Ha 32%, a
UCIIOJIb30BAHUE IPENHANPSDKEHHBIX II0JOC JIAaMHUHAaTa C  Pa3jM4HOM  CTENEHbBIO
MpeAHANPSIKEHNS TO3BOJIMIIO YBEITUYUTh Pa3pylalonid n3ruoatomuii MoMeHT Ha 82% u
93%, cooTBeTCTBEHHO. M CNONb30BaHNE MPETHANPSIKEHHBIX KOMIIO3UTHBIX MaTEPHUaJOB
JUIA  YCWJIEHHSI JKEJe300€TOHHBIX 3JIEMEHTOB YMEHBIIACT MPOTrHObl KOHCTPYKIMH U
MOBBIIIAET €€ TPEIIMHOCTOMKOCTh. [IpuMeHeHHne npenHanpsSKEHHbIX KOMIO3UTHBIX
MaTepHalioB 0COOEHHO H(G(EKTUBHO [JIsi YCUJICHUS OOJBIICTPOTICTHBIX MOCTOBBIX
KOHCTPYKIIM IIpM  BO3pAaCTaHWM  WHTEHCHUBHOCTH  JBWKEHHS WIH  KOPPO3UH
CYILIECTBYIOIIUX OETOHA WUJIM apMaTypBhl.

[IpenHanpskeHHEe KOMIIO3UTHOTO MaTepuaja MpPU YCHUIECHUU KOJIOHH (aKTHUBHOE
OXBaTHIBAIOIIEE YCHIIEHHE C CO3JaHMEeM OOBEMHOIO HAMPSKEHHOIO COCTOSIHUSI B
MaTepHualie yCHIMBAEMOW KOHCTPYKLMH) AOCTUTAETCS MyTeM HATSKEHHsI €r0 Ha YHOphI B
npouecce oOMaThIBaHUSI KOJIOHHBI WJIM IMPUMEHEHHEM OOBIYHBIX O0OWM KOMIO3UTHBIX
MaTepHaJIOB B COUYETAHUHU C UCMOJIb30BAHUEM PACIIMPSIONIETOCS CTPOUTEIBHOTO pacTBOpa

WJIU DTIOKCHJIa, HATHETAEMBIX B MPOCTPAHCTBO MEXITY KOJOHHON U 000HMOIA.
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3.4 YcTaHOBKA KOMIIO3UTHBIX MATEPHAJIOB B Ma3ax

OgHuM W3 TMEpPCNEeKTUBHBIX  HAMPABICHUM  HCMOJb30BAHUS  KOMIIO3UTHBIX
MaTepUaJIOB JIJI1 YCUJICHHS] CTPOUTENBHBIX KOHCTPYKIHM SIBJIETCS HE NPUKIECUBAHUE UX K
MOBEPXHOCTH OETOHA, a YCTAaHOBKAa IMOJIOC JaMUHATa B CHEIHAJIbHO IMOJATOTOBJICHHbBIC
e wi nassel (pucyHok 8). BlaschkoM. u ZilchK. [22] Obu mpoBeeHbI HCCIISIOBAHUS
paboTaommx Ha M3rud OanoK, YCWJIEHHBIX TakuMm oOpa3zoM. Mcmosib3oBaHue MOJOC
JaMHHAaTa B Ma3aX 3HAYUTENIbHO YBEJIMYUBACT UX CILEIJICHHE ¢ OETOHOM MO CPABHEHHUIO C
npukienBanueM KM@ k OeToHHONl moOBepxHOCTH. Bo3pacralT pacTaruBaromye
HaANpsDKEHUsT B JIaMUHATE M OOJiee TMOJIHO UCIOJb3yeTcsi pabora O0eToHa CKATOW 30HBI.
[TomMumo 3TOr0, B Ma3ax KOMIO3UTHBIE MaTepUAJIbI 3aIUILIECHBI OT BHEUTHUX BO3JICHUCTBUM.

Ha pucynke 9 npuBeneHsl ceueHrs 0anok, YCUICHHBIX MOJIOCAMU JIaMUHATA, TIPU
UX UCIHBITAHUSIX Ha WM3THO, a Ha pucyHke 10 pe3ynbTaThl UCHBITaHWM. J[JTMHA Kaxaou
Oanku cocraBisia 2,5 M, Kaxaas Oanka 3arpyxkajiach COCPEIOTOYEHHOM CHIIOH,
PUJIOKEHHOU B cepefuHe mposeTa. s ycuneHus 6anok MCTOIb30BaJICS KOMIIO3UTHBIN
MaTepuall Ha OCHOBE yIIIepOoAHBIX BOJIOKOH KM®Y mupunoit b. = 50 MM U TONIIMHOMN 7, =
1,2 mMm (mutomaabr KM@Y coctasisier A, = 50 - 1,2 =60 MM2). Jl1s1 TOro, 4ToOBI IIOMIAAh
KOMITIO3UTHOT'O MaTepHalia 0CTaBalaCh HEM3MEHHOM IPU €ro UCMOJIb30BAaHUM B Ma3ax, OH
paszpe3ayics mo JJIMHE Ha ABE MOJOCHI IAPUHON 25 MM KaxKIasi, KOTOPBIE U 3aKPETLISUIUCH
B C(hOPMUPOBAHHBIX MOJOCTSIX.

[Ipu ucneitanusix O6anok Al u Bl (momoca KM®VY mnpukieeHa k BHeHIHEH
MOBEPXHOCTU OE€TOHA) pa3pylI€eHUWE KOHCTPYKLUMU HACTYIajo BCIEACTBUE OTCIOCHUS
namuHata ot OetoHa. [Ipu ucneiTanuu 6anku A2 paspyllieHue JIaMHHaTa MPOU3OIILIO B
LIEJIM MOJ JEHCTBUEM PACTATMBAIOIIMX HanpsbkeHud. B 6anke B2 n3-3a HE3HAUMTEIBHOTO
MOTIEPEYHOTO apMHUPOBAHUS pa3pylieHHe OeToOHa TMPOM3OILIO TIOJ BO3ACHCTBUEM
MOMEPEYHBIX CUJL

[lo pesynbraram ucnbiTaHuii Oanok cepun A (pucyHok 10, a) MOXHO clenaTh
BBIBOJI O TOM, YTO MpHU PACHOJIOKEHHHM JaMHHATa B Ma3ax pa3pyllarolas Harpyska
yBeIu4YuBaeTcsl Oojiee ueM B JiBa pa3a (¢ 12 kH-M no 26 xkH-m). B nepByto ouepesn, 310

BBI3BAHO 00J€€ IIOJHBIM MCIIOJIH30BAHUEM INIPOYHOCTH KOMIIOBUTHOI'O MATCpHadjia Ha
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pactsixenue. Wcnbitanust 6anok cepuu B (pucynHok 10, 6) moka3biBalOT aHAJIOTHYHYIO

KapTUHY Ae(pOpMUpPOBaHUs MO HArpy3Koil. Pa3pymaromas narpyska cocrasuia 52 kH-m.
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Pucynok 8 —¥Ycunenue xene300€TOHHBIX KOJIOHH ycTaHOBKOM KM®VY B nassi
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Pucynok 9 — CpaBHUTENIbHbBIE CEYEHUS UCTIBITYEMbIX OaAJIOK
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Pucynox 10 — CpaBHUTENBHBIC pE3YJIbTaThl UCTIBITAHUN OalOK cepuii A u B
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4 IlpoexkTpOBaHUE YCUICHUS N3TH0aeMBbIX Ke1e300€ TOHHbIX
KOHCTPYKIUHA

4.1 OcHOBHBIE M0JI0KEeHNSI TPOEKTUPOBAHUS

[IpoekTpOBaHUE BCEX CTPOUTENBHBIX KOHCTPYKLIHN CBSI3aHO B MEPBYIO OYEPED C
o0Oecrie4eHneM HX HaJEeXKHOCTH, OTIpe/IEeNsAeMOM KaK HX CHOCOOHOCTh
COXPAaHATh 3aJaHHBIE JKCIUTyaTAallMOHHBIE KadyeCTBa B TEUYECHHE OIIPEAEIEHHOTO CpOKa
cityxk0bl. CTpOUTENbHBIE KOHCTPYKIIUU CIEIYET PACCUMTHIBATH MO METOJY MPeaeiabHBIX
COCTOSIHMI, OCHOBHBIE MOJIOKEHUSI KOTOPOTO JAOJKHBI OBITH HAIMIPABJICHBI HA 00ECIIeUeHNe
0e30TKa3HOW paboThl KOHCTPYKLIMA € Yy4e€TOM HM3MEHUYMBOCTU CBOMCTB MAaTepHaOB,
Harpy30K M BO3JEHCTBUH, T'€OMETPUUYECKUX XapPaKTEPUCTUK KOHCTPYKLHM, YCIOBUM MX
paboThl, a TaKXe CTENEHH OTBETCTBEHHOCTH MPOCKTUPYEMBIX (PEMOHTHUPYEMBIX)
OOBEKTOB, OINpEAEAeMO MaTepUalIbHBIM U COLMAIBHBIM YHIEPOOM NpPU HAPYIICHUU HUX
paboTOCTIOCOOHOCTH.

OpHako KOJUYECTBO aBAPUUHBIX M KaTaCTPOPUUECKUX CUTYyaIMH, MPOCTO OTKA30B
IIPU DKCIUTyaTallMH ITPOMBIIUICHHBIX U IPaXXKAAaHCKUX 3/1aHUM, HHKEHEPHBIX COOPYKEHUM,
MOCTOB W TOHHEJNEH, MOA3EMHBIX COOPYKEHUW PAa3JIMYHOIO HA3HAYEHUS MPOAOJIKAET
yBEIMUMBATHCA. Bo3pacTaeT KoIM4ecTBO 0OBEKTOB, MOJISKAIIUX HE3aINIAHUPOBAHHOMY,
IPEXKJIEBPEMEHHOMY PeMOHTY. Takylo CUTyalli0 MOKHO OOBSICHUThH WJIM OMIUOKAMU MPHU
IIPOCKTUPOBAHUMN WJIA WJCAIU3alMeld WCXOJHBIX NPEANOCHUIOK pacdyeTa M pPAaCUETHBIX
CXEM, YacTO CJIa00 OTPAKAIOMIMX ACHCTBUTEIbHBIEC YCIOBUS SKCIUTyaTalluH COOPY>KEHHUS.

BMmecte ¢ Tem, Benymied KOHLENIMEN, HA OCHOBE KOTOPOW JIOJKHA PELIATHCA
3a/1a4a NMOBBIIEHUS HAJAECKHOCTH CTPOUTENBHBIX KOHCTPYKIIMM Ha COBPEMEHHOM JTaIle MX
pa3BUTHUSA, SABISAETCA CHUCTEMHOCTb. CHCTEMBI OO€CreueHUs HaJEeKHOCTH, COCTaBIISSA
BaXHEHIIIYIO YaCTh CUCTEMbI 00€CIIEUeHHS Ka4eCTBa, OXBATHIBAIOT BECh )KM3HECHHBIN LUK
T000TO  WHKEHEPHOTO COOPY)KEHUS — OT TMOJY4YEHHUS MCXOJHBIX JaHHBIX IS
MPOEKTUPOBAHUS, pa3pabOTKH COOTBETCTBYIOLINX METOAMK MPOECKTUPOBAHUS, COOCTBEHHO
MIPOEKTUPOBAHUS COOPYXKEHHUA M OTHEIBHBIX €r0 4YacTed 10 CTPOUTENbCTBA U

OKCILTyaTalu. OI[H&KO HAaKOINNICHHUC CTAaTUCTHYCCKHX HaHHBIX 00 OTKazax Pa3INYHbIX
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VH)XEHEPHBIX COOPYKEHUM II0Ka3aj0, 4YTO OTKa3bl NPOUCXOIIT KaKk B IEPUOJ
Ha3HAYEHHOT'O CPOKA CITY>KObI, TaK U 3a €ro MpeJieIaMH.

Takum oOpazom, B JaHHOH paboTe MOHATHE «CHUCTEMay pacCMaTpUBACTCS JABOSKO.
Bo-nepBbIX, cucTteMa Kak psil MOCIEAOBATEIbHO CMEHSIOUIMX U BBITEKAIOIIUX JPYT U3
JIpyra 9TafnoB CYIIECTBOBAHHUS HWHXKEHEPHOTO COOPYKEHHUS (MPOCKTUPOBAHUE —
CTPOUTEIBCTBO — OJKCIUIyaTaldsi — JMArHOCTMKAa — MPOEKTUPOBAHUE PEMOHTA WU
YCWICHUS — PEMOHT M YCHWICHUWE — JajbHEWIIas OJKCIUTyaTaluuss C MOHUTOPUHIOM
COCTOSIHUSI KOHCTPYKIMH). Bce 3T 3Tambl CylecTBOBaHUS WHXKEHEPHOTO COOPYKEHHUSI
TECHO B3aMMOCBSA3aHbI BO BPEMEHU.

Bo-BTOphIX, cucTemMa TpEACTaBIIeT COOOM MHOMXECTBO B3aUMOCBSI3aHHBIX
KOMITOHEHTOB, (DYHKITMOHUPYIOITUX IS TOCTHKEHUS Kakoi-1u6o 1einu. B obmem ciyyae
MBI HMMEEM MPUPOJHO-UCKYCCTBEHHYIO CHCTEMY <«OKpYyKaromas (BHEIIHSIS cpena),
BKJIFOUAIOIIas B ce0si M3MEHSIOIIMECS BO BPEMEHH CHJIOBBIC HArpy3Kd M BO3JCHCTBUS,
arpecCUBHOE BO3JCHCTBUE HA CTPOUTEILHBIE KOHCTPYKIIMU, TEMIIEPATYPHO-BIIAKHOCTHBIN
pexXuM — OETOH U apMaTypa UMEIOLIECHUCS] KOHCTPYKIIMU — PEMOHTHBIM COCTaB — KJICSAIIUMA
COCTaB — MaTepuajl yCUJICHUS». DTH B3aMMOCBS3aHHbIE KOMIIOHEHTHI 001a1al0T O0IUMHU
CBOMCTBAMHU CUCTEMBI:

- CBOMCTBAa W IIOBEJCHUE KaXKJOr0 KOMIIOHEHTA OKa3bIBalOT BO3JCHCTBHE Ha
CBOMCTBA M MTOBEJACHHUE BCEU CUCTEMBI B 1IEJIOM;

- CBOMCTBA M MOBEACHUE KaXKJOI0 KOMIIOHEHTA 3aBUCSAT OT CBOMCTB U MOBEJICHUS,
110 KpalHEN Mepe, eIle OJHOr0 KOMIIOHEHTA TaHHOW CHCTEMBI;

- Ka)XXJ0€ BO3MOKHOE IMOJMHOKECTBO KOMIIOHEHTOB CHUCTEMbI 00JIaIaeT JBYMS
CBOWMCTBaMU, NMPUBEJACHHBIMU BbIllle. KOMIOHEHTHI HENIb3s MOAPA3CIUTh HA HE3aBUCUMbBIE
ITOJIMHOXECTBA.

IlepeunciieHHbIE BBIIIE CBOWMCTBA SABJIAKOTCSA TApPAHTHEHM TOrO0, YTO MHOXKECTBO
KOMITOHEHTOB, OOpa3ymOIUX CHUCTEMYy, Bcerna oOJagaeT HEKOeW XapaKTEePUCTHKOM,
KOTOPOM He 00J1aJlaeT HU OJTHO M3 BXOJAIINX B HETO IMOJMHOXECTB. Jlaxke Korma KakIpli
AJIEMEHT CUCTEeMbl (PYHKIIMOHUPYET MPAKTUYECKHU UJICAJIbHO, BCS CUCTEMA B IIEJIOM MOXKET
(GYHKIIMOHUPOBATH JIAJIEKO HE B ONTUMAIBHOM PEXUME. ITO TMOJOKEHUE OTPAXKAET TOT

¢dakt, yTo cyMMapHOe (YHKIHOHUPOBAHHE OTIEIbHBIX KOMIIOHEHTOB CHUCTEMBI PEIKO
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OKa3bIBa€TCsl paBHbIM (DYHKLIHOHUPOBAHUIO CUCTEMBI B 11€JIOM. TO €CTh B cHUCTEME 1I€JI0€
MpesCTaBisieT co00i HeuTo OoJIblIee, YeM MPOCTO CYMMY BXOJSIIUX B HE€ KOMIIOHEHTOB.

[ToaTomy HaOmOaeTCs yCTOMUMBO pacTyllas NOTpeOHOCTh B pa3paboTKe METOI0B
CHUCTEMHOTO OOCIIY>KMBaHMSI KaXXIOTO KOHKPETHOTO CTPOUTEIBHOTO OOBEKTa IO €ro
(aKTHIECKOMY COCTOSIHUIO.

Hcnonp30BaHue CHCTEMHOTO MOJAXOJAa HEOOXOAUMO /Jisi YCHEIIHON pa3paboTKH
TEXHOJIOTHH U BbIOOpa MaTepHualia Jisi peMOHTA M YCUJICHHUSI CTPOUTEIbHONW KOHCTPYKIIHH.
BHe 3aBHCHMMOCTM OT BBIODAaHHBIX TEXHOJIOTMM M MaTepuala YCUJICHUS OJHUM W3
OCHOBHBIX TpeOOBaHMI, MPEIBIBIIEMBIX K MHOTOKOMIIOHEHTHOM CHCTEME, SIBIISIETCS €e
COCOOHOCTh (PYHKIIMOHUPOBATh KAaK OJHO LIEJI0E€ B TEUEHHE 3aJaHHOTO IPOMEKYTKa
BPEMEHH. JTOr0 MOXXHO JOOUTHCA TOJIBKO B cCiydae OOECHEYeHHs] JOCTaTOYHOTrO
CUEIUVICHUS] MEXIYy HaXOASAIMIMMCS B JKCIUTyaTallud OETOHOM, PEMOHTHBIM COCTaBOM M
BHEIIIHEM apMaTypoll YCUIIEHHMs M3 KOMIIO3UTHOro marepuana. [lomydaemas cocraBHas
KOHCTPYKIUS JOKHA QYHKIIMOHUPOBATh KaK €IMHOE LIETIOE.

[IpumMepoM TaKOro CHUCTEMHOIO MOAXOAAa K JHArHOCTHKE, IPOEKTUPOBAHMIO
PEMOHTA M YCWJIEHHUSI CTPOUTEIBHBIX KOHCTPYKIIMM, BBIIOJHEHHIO pabOT MO PEMOHTY M
YCWJICHHIO, a TakKkKe TNOCIEIyIOUIEMy MOHUTOPUHTY  (DAKTUYECKIO  COCTOSHHS
CTPOUTEIBHOM KOHCTPYKIIMM B MEPHUOJ JKCIUTyaTalldd MOXET CIYXHUTh OJIOK-CXema,
pUBEJICHHAs Ha puUcyHKe 11.

CrapedliiM  METOIOM TEOPUHM  HAJIEKHOCTHM, HECMOTpPS HAa BCE  €r0
HECOBEPIIEHCTBA, OCTAETCS KOHCTPYKTUBHBIN BBIOOP CTATUCTUUECKUX 3aMlaCOB MPOYHOCTH
pPa3IMYHBIX KOHCTPYKIIHMI, OCHOBAHHBIM HA WCIIOJIB30BAHMM MApaMETPUUYECKON MOJEIU
«MPOYHOCTh —Harpy3ka». Heo0XxoauMo OTMETUTh, YTO PYKOBOJICTBA MO MPOEKTUPOBAHUIO
BHEIIHETO YCUJICHMS KEJI€300€TOHHBIX KOHCTPYKIMM KOMIO3UTHBIMH MaTepuaiaMu U
CTaIbHBIMU IUIACTUHAMU paszpabotranbl B BemukoOputanuu, I'epmanun, CIIA,
[IIBeiiiapuuy U Ipyrux CTpaHax.

OOwuM 17151 BceX PYKOBOJCTB SIBJISIETCSI PacdeT CTPOUTEIbHBIX KOHCTPYKIUH IO
IBYM TpYIIIIaM MpeaeTabHbIX cOCTOSHUN. [lepBas rpynna npenenbHbIX COCTOSHUN BEAET K
IIOJIHOM HENPUTOJHOCTH K S3KCIUTyaTalud KOHCTPYKLUMM (3JaHUM WIA COOPYKEHUU B
[EJIOM) WJIM K MX TOJHOM (YaCTUYHOM) MOTepe Hecylled cnocoOHOoCcTH. B aHrnmiickom

A3BIKE ATa rpyIIa npeaenbHbix coctosinui HazbiBaeTca ULS — Ultimate Limit States.
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Bropas rpymnma BkiIouaer B ceOs MpeneNbHbIE COCTOSIHUS, 3aTpyAHSIOLINE
HOPMAJIbHYIO JKCIUTyaTalui0 KOHCTPYKLUMHA WJIM YMEHBUIAIOIINE TOJITOBEYHOCTH 3IaHUN
WIH COOPYXEHUH M0 CPABHEHUIO C MPElyCMaTPUBAEMBIM CPOKOM CIIykObl. B aHrmuiickom
BapuaHnte: SLS — Serviceability Limit States.

[IpenenpHbIE COCTOSIHUS ITEPBOM IPYIIIBI XapaKTEPU3YIOTCS:

- pa3pylieHreM Jiro0oro xapaxkrepa (MIacCTUYeCKUM, XPYIKUM, YCTAIOCTHBIM);

- TMOTepe yCcTOMYMBOCTH (POPMBI, MPUBOIAIICH K IOJHOW HEMPUTOTHOCTH K
AKCIUTyaTaluu;

- IOTEPEN YCTOMYMBOCTH TOJIOKEHHUS;

- IEPEXOJOM B U3MEHSAEMYIO CUCTEMY;

- KAYeCTBEHHBIM U3MEHEHHUEM KOHPUTYpaIiy;

- IPYTUMU SBJICHUSMH, MPU KOTOPHIX BO3HUKAET HEOOXOIUMOCTH MPEKpaIicHus
AKCIUTyaTalluy (dpe3MepHbie aedopManud B pPe3ysibTaTe MOJI3Y4eCTH, IUIACTUYHOCTH,

CABHUI'a B COCAMHCHHUAX, PACKPBITUA TPCIINH, a4 TAKIKS O6paSOBaHI/IGM TpeHlHH).
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0bcneqoBanHe u HAMIU3 CYIIECTBYOWER KOHCTPYKYHH

Onpefneneqne ]
Oijenka necyiien
TEOMETPUHBCKIX Cbap i

CroCOBROCTY
XapaKTepueTix i OfpEnenene -
. cytiecTayiouie

PEANBHBIX CROHCTB HArpY30K
KOHCTRYKLN
MaTepuana

AHAMmu3 COCTOAMYS KOHCTDVKUMI U IDUHATUE DELISHUA O €€ YCHITBHURA
(peMoHTe)

Pa3paboTia NpoexTa YCUNerusa with PeMONTa KORCTRYKLNH

Onpenenetine Pacver PaspaboTka [poexTipoBaniue
HOBOU HATPY3KH XapaKTepHCTH H pacqeT TEXHOSIOT i
HA YCHITNBASMYID BHALIHED Kkpennenms paboT o
KOHCTOVKLID U ADMUPOBARUS 110 {arkeposku) VEHASHNIO
ee geopmatinid ! w il royanam KORLEBbIX KOHCTDYKL{MM
npenensHoIX YHICTROB uiy ee
CoCTORHU apMnpoBaHNA DEMOHTY

Buironuenne pab'or 10 YCHNIeHHIO H KORTPOML Ka9ecTBa

KBanugukatns [lpogepka Kontpons
ROAPARHAKS, Kkawecrea Kavwerraa

cepTughitkaling HCTIONb3YEMbIX Apou3BoJeTRa

UTP u pabouux MaTepuanos pabor

flocregyotnit MONUTODUNE YCUITEHHON KORCTRYKLNN

Pucynox 11 — OOuuii mops/10K BBHITTOJIHEHUS] KOMIUIEKCa padOoT MO YCUIICHHIO (PEMOHTY)

CTPOUTCIIbHBIX KOHCTPYKHI/Iﬁ KOMITIO3UTHBIMH MaTCpuaiaMn
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IIpenenbHbBIE COCTOSIHUS BTOPOU I'PYIIIBI XapaKTEPU3YIOTCA:

- JTOCTH>KEHHUEM MPEeeNbHbIX Aedopmannii KOHCTPYKIUI (IIpeaeabHbIX TPOru0oB,
IIOBOPOTOB) UJIM MPEAEIbHBIX JAe(popMalvii OCHOBAHUS;

- TOCTH>KEHHEM MPEEIbHBIX YPOBHEN KOJEOAHUIN KOHCTPYKIIMIA;

- 00pa3oBaHUEM TPEIINH;

- TOCTH>KEHUEM MPEIEIbHBIX PACKPBITUNA WU JUIMH TPEILNH;

- moTepeil ycToWYmBOCTH (OPMBI, MPHUBOIAIICH K 3aTPYJHEHUIO HOPMAJIbHOM
JKCIUTyaTalluy;

- JPYTHUMH SIBJICHUAMH, TPH KOTOPHIX BO3HHUKAET HEOOXOIMMOCTH BPEMEHHOTO
OTPAaHUYCHHMS JKCIUTyaTaluy 3/1aHHS WIA COOPYKEHUS W3-3a HEIPUEMIIEMOTO CHMKECHUS
CpOKa UX CIyObl (Harpumep, KOPPO3UOHHBIE IOBPEXKICHUS ).

Pacuer no npenenpHbIM COCTOSIHUSAM KOHCTPYKLIHH B IIEJIOM, a TAKXKE OTACIBHBIX
€e DJEMEHTOB M  4YacTed  BBINOJHAKT U1  BCEX  JTAllOB:  W3IOTOBJICHMA,
TPAHCIIOPTUPOBAHUs, MOHTa)ka, OJKCIUIyaTallMd, PEMOHTA, YCUJIICHHUS U JaJbHEHIIEH
JKCILTyaTalUH.

IIpyu pacdyere nO IIEpBOM TIPYIIIE IMPEAEIABHBIX COCTOSHHUM CTPYKTypa

HOPMAaTHBHBIX PACUETHBIX (POPMYJI UMEET BU/L:

SZ (Puis Yii» W1) < D2ARis Aiy Yis 111, 11,) (3)
[1o BTOpPOII rpynme NpeaeabHbIX COCTOSHUM:
A<T, 4)

rje

P,; — BHELIIHWE HOPMATHUBHBIEC HATPY3KHU U BO3ACHCTBUS,

S — BHyTpeHHUE ycwius (M3ruOaroume M KPYTAIIME MOMEHTBI, HOpMaJbHbIE U
MOTIEPEYHBIE CHJIBI), KaK (DYHKIIMM HArpy30K U CHJIOBBIX BO3/ICHCTBUIA;

Vs — KO3 PUIUEHTHI HAEKHOCTH IO HArpy3Kam;

y; — koahduimeHT codetaHui Harpyzok; @ — Hecymas cnocoOHOCThH B BHUJIE
MPEACIbHO JIOMYyCTUMBIX BHYTPEHHHX YCWIMHA Kak (QYHKIUNA (HU3UKO-MEXaHUIECKUX
CBOWCTB MaTE€pHAJIOB, COCTABIISIONIMX KOHCTPYKIIUIO (BKJIFOYAsi KOMIIO3UTHBIE MaTEpHabl
YCUJICHUS) U TEOMETPUUYECKUX XapaKTEPUCTUK CEUCHUM;

R,; — HopmaTuBHbIE (UBHKO-MEXAaHUUECKHE XapaKTePUCTUKH MaTepuasoB,

BKJIIO4as MaTCprajibl YCUIICHUAA,
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A; — TEOMETPUYECKHE XapAKTEPUCTUKU CEUCHMUIA;

Ywi — KO OUITUEHTHI YCITIOBUM paOOThl KOHCTPYKIIHA;

Y7 — KO3 PUIMEHTHI HAJIEKHOCTH M0 MaTepuany (B TOM YUCIE IO KOMIO3UTHOMY
MaTepualy yCUJICHUS) ;

Y, — K03(hGUIMEHT HAaJIeKHOCTH 110 HA3HAYEHUIO 3/1aHUSI UJIK COOPYKEHUS,;

A — nepemenieHust (Iporudbl, OCaIKHU, YIJIbl MOBOPOTA, KOJIEOAHUS, PACKPBITHS
TPEMIMH W T. M.) Kak (QYHKIUKM HArpy3oKk M BO3JIEUCTBHM, JehOpMAIIMOHHBIX
XapaKTePUCTUK MATEPUATIOB U TEOMETPUUYECKUX XapaKTEPUCTUK CEUCHUI;

f— npenenbHble HOPMATUBHBIE BEJIMUMHBI IEPEMEIICHHM, 0CaI0K, YTII0B TOBOPOTA
1 00pa30BaHUS UJIH PACKPBITUS TPEIINH;

2. — 3HAaK CyMMBI 110 uHuekcy I [23,24].

[Ipu ompeneneHuy HArpy3oK Ha XKejne300€TOHHbIE KOHCTPYKLHMH HEOO0XOIUMO
MO0JIL30BaThCsl HOpMaMU U mpaBuiiamu, uznoxxkeHubiMu B CIT 63.13330, CII135.13330, CII
20.13330. IIpu peMOHTE W YCHUJIEHHWU CTPOUTEIBHBIX KOHCTPYKIMH 0CO0O€ BHUMaHUE
HEOO0XO0JIMMO OOpaTUTh HA YKa3aHUs MO PacueTy U KOHCTPYMPOBAHUIO HKEIE300€TOHHBIX
KOHCTPYKIMI MIPH PEKOHCTPYKIIMHU 3AaHUN U coopy>KeHuM, n3noxxkeHubix B CIT 63.13330.

[Ipu MpOEKTUPOBAHUM YCUIIUBAEMBIX JKEJI€300€ TOHHBIX KOHCTPYKIIUH HE0OX0IMMO
o0ecreunTh BKJIIOYEHHE B paOOTy AJEMEHTOB YCUJICHWS W COBMECTHYIO UX paloTy C
YCHJIMBAEMOW  KOHCTpyKIHMeH. [[Is CHIbHO TOBpPEXIACHHBIX KOHCTPYKIUN (Tipu
paspyuienun 50% u 6onee ceuenus 6etona uinu 50% u Oosee mwIonaan ceueHus padbouein
apMaTypbl) JIEMEHTHI YCUIICHUS CJIEAYET PACCUUTHIBATh HA MOJHYK Harpys3Ky, Ipu 3TOM
yCUJIMBaeMas KOHCTPYKIIUS B pacueTe HE YUYUTHIBACTCS.

[1nomaapr MONepeyHoro CEUCHUs] apMaTypbl YCUIMBAEMOW KOHCTPYKIIUU CIIETYET
OTIPENIENATh C YU4ETOM (DaKTUIECKOTO YMEHBIIIEHUS B pe3ybTaTe KOPPO3UH. ApmaTypa u3
BBICOKOIIPOYHOM MPOBOJIOKM B pacueTax HE YUYUTHIBACTCS MPU HAJTUYHUM S3BEHHOU WIIH

MUATTUHTOBOW KOPPO3UH, & TAKKE €CIU KOPPO3US BbI3BAHA XJIOPUIAMH.
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4.2 HopMaTuBHbIE M PpacyeTHble XaAPAKTEPUCTHKH KOMIIO3UTHBIX

MaTrepuajaoB

[Ipu pacuere mapaMeTpoB PEMOHTA M YCHIICHHS KEI€300€TOHHBIX KOHCTPYKIIUH
BAXHYIO pOJIb WIPAlOT HOPMATHUBHBIE M PACUETHBIE CONPOTHUBIIECHUS COCTABIIOLINX
KOHCTPYKITUIO DJIEMEHTOB — O€TOHA, CTAIBHOW apMaTyphl M KOMIIO3UTHOTO MaTepHuaia
ycwiienus. M ecnu mo nmoBoay OeToHa M apMmaTyphl CYHIECTBYIOT yeTkue ykazaHus B CII
63.13330, TOo 1aHHBIE IO KOMIIO3UTHBIM MaTepuajiaM XO0Th HEMHOTO, HO Pa3JIMYaroTCsl.

HopmatuBHBIE U pacyeTHbIE CONMPOTHUBJICHUS OETOHA UM apMaTypbl YCUIMBAEMbBIX
KeJIe300€TOHHBIX KOHCTPYKIIMH ClielyeT Ha3HayaTh B COOTBETCTBHHM C YKa3aHUSIMU
paznena 2 u CII1 63.13330.2012.

Tak kKak KOMIO3UTHBIC MaTepHuayibl (JAMUHATBI U XOJICThI) SIBISIOTCSA YIPYTUMHU
MaTepHallaMH C BBICOKOW MPOYHOCTHIO HA PACTSHKEHUE M 0€3 BhIPAXKEHHOM TIACTUYECKOU
30HBI, TO MHOTHE (PUPMBI-IIPOU3BOAUTEIN B CBOCH JOKYMEHTAIIMHM YKA3bIBAIOT MPEEIbHO
JIOIYCTUMBIE M PEKOMEHJIyeMble K MPUMEHEHHIO TpPH MPOSKTUPOBAHUU JepopManiuu
Marepuarna.

Hanpumep, dupma-npousBogutens S&P mnpemnaraer npu NpoOeKTUPOBAHUU
YCHJICHHUSI KeJ1e300€TOHHBIX KOHCTPYKIIMM CBOMMU JJAMUHATAMHU HCTIOJIB30BaTh BETUYMHBI
nedopmanumii 0,6-0,8%. [Ipu 3TOM ucHoNb3yeMas B pacueTax NPOYHOCTh Ha PACTSHKEHUE
B 3aBUCHMOCTHM OT THNa JjamuHata Oynetr coctabyisiTh 1000-1600 MIla. YuutsiBas, 4to
BHYTPEHHSISI apMaTypa MHpH pacueTe MO BTOPOW TIpynmne MpeAeiabHbIX COCTOSHHN HE
JIOJDKHA UCTBITBIBATh IJIACTUYECKUX Jedopmaruii, TO Ha MpakTUke 1aedopmarius
JaMUHATa HE JOJDKHA TMpeBbIMaTh nedopmaruii BHyTpeHHeW apmarypbl. CoriacHo
HEMEIIKOMY CTaHJapTy, 3Ta BeJIMUMHA HE J0JDKHA TpeBblmaTh 0,5%, mMo eBpocTaHAapTy
1,0%.

[lo pexomenmarusiM 53ToW k€ (GUPMBI 3HAaYEHUS AePOpMaIlUii  XOJCTOBBIX
KOMITO3UTHBIX ~MaTEpUaJOB, HCIOJIb3yeMble TMpPH TMPOCKTUPOBAHUM, HE JOJDKHBI
npesbliath 50% OT mpenenbHO JOMYCTUMBIX, M 3aBUCAT OT HA3HAYEHUS] YCHICHUS
KOHCTPYKITMHU (Ha JAEUCTBUE TOMEPEYHOM CHIIbI, M3rMOAIOIIETO MOMEHTA, OXBATHIBAIOIIIEE

yCUJeHHE KOJOHH). DUpPMONH pPEKOMEHIYIOTCS TpU YCWICHUH JKEJIe300€TOHHBIX

47



KOHCTPYKIIMM XOJICTAMH Ha OCHOBE YIJVIEPOJHBIX BOJIOKOH CJIEAYIOIIME WX TpeAciibHBIC
nedopManyy Mpy MPOCKTUPOBAHNH

- YCWJICHHUE Ha JAeHCTBUE nonepeyHoit cuibl u casur 0,2—0,3%;

- OXBarbIBarolee apmMupoBanue koyoHH 0,4-0,6%:;

- ycusnieHue u3rudaemMoix 3nmemeHToB 0,6—0,8%.

Taxke mnpu pydyHoM crHocoOe YCWICHHUS XOJCTaMH BBHUJY BO3MOKHOTO
HEPaBHOMEPHOTO PACTIOJIOKECHUS YTIEPOTHBIX BOJIOKOH B KIICAITUNA KOMIO3UITUN (PUPMON
pekoMeHayeTcss Kod(pPUIMEHT HAASKHOCTH IO MaTepuany ISl MOAYJS YIPYTroCTH
Yee = 1,2—1,5.

bpuranckumu paBUJIaMH MIPOCKTUPOBAHUS BHEIIIHETO YCUJICHUS
XKeNe300€TOHHBIX KOHCTPYKIIMH KOMIO3UTHBIMH MaTepHaTaMH TPUHSATHI CIEAYIOIINE
TIOJIOXKEHHUS TI0 OTIPECIICHNUI0 HOPMATUBHBIX U PACUCTHBIX CONMPOTUBIICHUH KOMIIO3UTHBIX

MaTCpUuaJIOB

Rc = ch/ Ye Ymn Yce (5 )
rac

R.— pacueTHOE CONPOTUBIIEHNE KOMIIO3UTHOIO MaTEPHUAIIA PACTSHKEHHUIO,

R, — CONPOTUBIIEHUE KOMIIO3UTHOTO MaTepuaia pacTsHKEHUIO N0 JaHHBIM (UpM-
MPOU3BOIUTEIIEH (YCIIOBHO HOPMATUBHOE COITPOTUBIICHUE);

Y — KO3QPUUUEHT HAZ)KHOCTU IO KOMIIO3UTHOMY MaTepuaty,

Yun — KOB(DPUIMEHT HANEKHOCTH MO CHOCO0y HAHECEHUS KOMITO3UTHOTO
Marepuana.

T. e. B 3TOM BapuaHTE pacyeTHOE CONPOTHBIIEHWE KOMIIO3UTHOIO MaTepHala,
UCIIOJIb3yeMOe TpHU pacyeTe MO MEepPBOM Tpylme MPeAeibHbIX COCTOSHHMM, TMOTy4YaeTcs
JIEJICHUEM HOPMAaTUBHOTO COINMPOTHUBJICHHUS Ha TpU KOd(h( UIMEHTa HAAEKHOCTU IO
MaTepualy, 4yTo AaeT OoiblIui 3amac MpovyHOcTH. Hago oTMETHTh, 4TO HOPMAaTHUBHOE
3HAUYEHHE TPOYHOCTH KOMIIO3UTHOIO MaTepuaja Ha pacTshDKeHHe Oepercs Mpu  €ero
npeiebHO AOMYCTUMOM Aedopmanuu, onpeaenseMoi pupMaMu-nponu3BOIUTENSIMU.

B Ttabnune 7 upuBeaeHbl Kod(POUIMEHTH HAACKHOCTH IO MaTEpHAy U TIO

MOJYJIIO YIPYTOCTH B 3aBUCUMOCTH OT THIIA MaTepuasa, a B Tadiuie 8 KodhPuireHTsl
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HaAC)KHOCTH B 3aBHCHMOCTH OT croco0a HM3TOTOBJICHUS M HAHECEHUS KOMITO3UTHOTO

Mmarepuaia.

Ta6nuua 7 — KoadduuueHTsl HaIeKHOCTH IO MaTepUaly U MOAYJIIO YIPYroCTU

Komno3utHslil MaTepuan Ye Yee
VYrnepon KM® 1,4 1,1
Apamug KMO 1,5 1,1
Crexiio KM® 3,5 1,8

Tabnumna 8 — KoadduumeHTsl HaIeKHOCTU B 3aBUCUMOCTH OT CMoco0a HaHECEHHS

KOMIIO3UTHOI'O MaTcpualia

Koaddumment HagexxHOCTH 110 cTIOcO0y

Tun CUCTEMBI, METO U3TOTOBJICHUA UJIM IPUMECHECHUA
H3TrOTOBJICHUSA WM HAHCCCHUSA Y,

ITonocer mamuHaToB: Pultruded 1,1
Prepreg 1,1
Preformed 1,2
XO0JCTOBBIE MaTEPUAIIBI

ManmHHoe HaHECEHUE 1,1
BakyyMHoOe HaHEeceHue 1,2
PyuHoe HaHeceHue 1,4

Hpyrue (GupMbI-POM3BOIUTENN MNpeAIaratoT cBOM KO3((UIMEHTbl HAJAEKHOCTU
IU1s1 KOMITO3UTHBIX MaTtepuanoB: TonenForcaTowsheet — 3,0; Replark system — 2,25.

B pabote [25] mpemaraeTcsi onpeaessiTh pacdyeTHbIE MPOEKTHBIE aedhopmalnuu
KOMIO3UTHOI'O MaTepuaia no 3aBUCUMOCTH:

& = k€, (6)
riae &, — mpeaenbHble aedopMalnvy KOMIIO3UTHOIO Marepuajia 1Mo JaHHBIM (GUPM-
pOU3BOUTENEH; kK — KOI(PDUIIMEHT, ONPEAeNISIEMbIN AKCIEPUMEHTAIILHO 110 3aBUCUMOCTHU
k = 89.3(Ectc)_0’5; {. — TOJIIMHA KOMIIO3UTHOTO MaTepuaja, MM.

AHanu3upys pas3uyHble MOAXOIbl K OMpeAcieHUI0 KO3 UIIMEHTa HAJIe)KHOCTU
KOMITO3UTHBIX MaTEpHAIOB MOXHO CKa3aTh, 4YTO HauOoyiee OOOCHOBAHHBIMH W3 HHX

spisitorcss oaxonbl ¢upmel S&P Clever Reinforcement Company u bpuranckoro
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PYKOBOJICTBA MO NPOEKTUPOBAHUIO YCWJICHHS OETOHHBIX JJIEMEHTOB KOMIIO3UTHBIMU
Matepuanamu. B mo6oM ciydae HEOOXOAMMO COTJIACOBaHUE C KOHKPETHOH (hUpMOii-
POU3BOUTENIEM KOMIIO3UTHOTO MaTepuaia M y4eT HAIMOHAJbHBIX HOPM M MPaBUI
MIPOEKTUPOBAHMS CTPOUTENBHBIX KOHCTPYKLIHM.

[Ipy NpPOEKTUPOBAHMM YCWICHHS] HW3rMO0AEMBbIX KEJIE€300€TOHHBIX 3JIEMEHTOB
BaXXHBIM TIApaMETPOM SIBIIAETCS NpelenbHas naedopmaiusi KpaiHe CKaToro BOJOKHA
6etoHa nepen paspyuienueM, o EuroCode 2 ona npunumaercs g, = 0,0035. Ilo nanasiM
B.H. baiikoBa u D.E. CuranoBa, B CXKaTOl 30HE HM3TrH0AaeMBIX DJIEMCHTOB HAOIIOIACTCS
npeneiabHas —CKMMAeMOCThb, 3aBHCSIIAs OT (OpPMBI  TOMEPEYHOTO CEUeHUs |
OTHOCHUTEJILHON BEIUYMHBI C3KATOU 30HBI €, = 0,0027-0,0045. To ecTh mudphl ABIAIOTCS
BIIOJIHE COMOCTABUMBIMHU. [Ipy yMEHBIIEHUN MIMPUHBI TONEPEYHOTO CEUCHUSI KHU3Y U B
TaBPOBBIX CEUYEHUSAX €, YMEHBIIAECTCS, a MNPH YMEHBIIEHUU OTHOCUTEIBHON BBICOTHI
CKATOM 30HBI — YBEJIMYMBAETCA. TakKe 3Ta BEIMYMHA 3aBUCUT OT HACBILICHUS CEUCHHS
MPOJOJILHOM apMaTypOu.

[Ipy NpPOEKTUPOBAHUU YCUIIMBAEMBIX KOHCTPYKIHI CIEAYEeT, KaK IPaBUIIO,
peaycMaTpuBaTh, YTOOBI Harpy3ka BO BpeMs yCUJIEHUs HeE mpeBblmana 65% pacueTHON
BenuuMHbL. [Ipy CIOXKHOCTM WM HEBO3MOXKHOCTH JOCTHKEHHSI TpeOyeMoil cTeneHu
pasrpy3Ku JOMYCKAETCsl BBITIOJHATH YCUJIEHUE 10 OoJbInei Harpy3koi. B aTtom ciydae
pacyeTHbIe XapaKTEPUCTHUKA KOMIO3UTHBIX MATEPUATIOB YCHJIEHHWS YMHOXAIOTCAd Ha
ko3gdunmeHT yciaoBud pabotel Y., = 0,9. B mobom cioydae cTeneHb pasrpy3Ku
KOHCTPYKIUHI CIeAyeT BbIOMpaTh U3 YCIOBHUS oOecredyeHus] 0e301MacHOro BeaeHus: padoT
10 PEMOHTY U YCWICHHIO.

XO0Ts JIOLAah MONEPEYHOro CEYEHHs JIAaMUHATOB HEBeIuKa (0ObIYHO HE Ooiee
140 MM®) IpH TPOEKTHPOBAHMUM YCHICHHS IO BO3SMOXXHOCTH CIeIyeT He JOIyCKaTh
nepeapMHUpOBaHUs ceueHus U cobmoaars ycioBue & < Eg. [Ipu nobaBieHun K pacTaHyTOU
30HE€ CEYEHHsI MPHUKIECEHHOT0 KOMIIO3UTHOIO Marepuala pa3pyLI€HUE YCUIIMBAEMOIO
XKeJIe300€TOHHOTO 3JIEMEHTa MOKET NPOM30WTH B CIEAYIOUIMX CIy4asix: B apMaTrype
pPacTSAHYTOW 30HBI; B OETOHE CXKATON 30HBI CEUEHMS; MPHU MPEXKIECBPEMEHHOM OTCIOCHUU
JaMHUHaTa W MPU XPYHNKOM pa3pylIeHUH CaMOro KOMMO3UTHOro marepuana. C TOUKH
3peHUs MEHbIIEH aBapUUHOCTH CO3JABIIEHCS CUTyaluu 0osee IpearnoYTUTEebHbBIM OyIeT

MMEHHO Xpynkoe paszpymenue KMOYVY.
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Ecnu ycunuBaemasi KOHCTPYKLMSI OTHOCUTCS K 1-H wiM 2-H KaTteropusMm 1o
TPEIMHOCTOMKOCTH, KOTJa WJIK HE JIOIYCKAaeTCsd PACKPBITHE TPEIIMH, WM JIOIMYCKAeTCs
OTpaHUYCHHOE M0 MIMPUHE HEMPOJOJIKUTEIBLHOE PACKPBITUE TPEIIMH MPU YCIOBUU HX
MOCJIEIYIOUIEr0 HAJEKHOTO 3aKpbITUS, TO pacyeT IO BTOPOM TIpymne NpeaeiabHbIX
COCTOSIHUI MOKET OBITh ONPEIEISIIOUIMM 10 BBIOOPY THMA U KOJIUYECTBA KOMIIO3UTHOIO
MaTepuaia, HeoOX0AUMOro JIJIsl HaJIS)KHOTO YCUIICHHS] KOHCTPYKIIMH.

Bo Bcex ciydasx MNpPOEKTUPOBAaHUS PEMOHTA M YCHIICHHS >KeJIe300€TOHHBIX
KOHCTPYKIIMH HEO0OXOAMMO COOII0AaTh METOAMYECKHE PEKOMEHIAIMU [0 pacdery Hux
OTHECTOMKOCTHU U OTHECOXPAHHOCTH [26].

Pa3nuyHble cUCTEMBbI BHEIIHETO YCHJIEHHS, BO3MOXHBIE K MPUMEHEHHIO, 3aBUCAT
ot MHOrux (aktopoB: Tuna KM® u kiesmuii coctaBa, METOJla HaHECEHUsI MaTepHala,
YCIOBHM MpOBEJEHUs padoT, MOXKAPOOMACHOCTH 3AaHUS WM COOPYXEHHUs, KadecTBa
BBIIIOJTHEHUSI PEMOHTA U MPUMEHSIEMBIX PEMOHTHBIX COCTaBOB, IMTOATOTOBKU MOBEPXHOCTH
YCHJIMBAEMOM KOHCTPYKIIMH, KBAIM(PHUKAIIMK TTepCOHAIa 1 MHOTHX JIpyrux ¢akTopoB. Bee
3TO JOJKHO YYMTBIBATHCS MPOEKTHUPOBIIMKOM IpU pa3padOTKE MNPOEKTa pPEMOHTa U
YCUJICHUSI KENE300€TOHHOW KOHCTpYKUMU. OOs3aTENbHBIM  YCIOBUEM  YCIIEIIHOTO
BBINIOJIHEHHSI pa0OT ABJISIETCS] UCIOJIb30BAHKUE AIPOOMPOBAHHBIX CUCTEMHBIX MaTEpHUAJIOB.

Hanbonee pacnpoCcTpaHEHHBIMU HW3THMOAEMBIMU JJIEMEHTAMH JKEJI€300€TOHHBIX
KOHCTPYKITUH SBJISIOTCS TUTH U Oanku. M3 HuUX 00pa3yloT MHOTHE >Kele300€TOHHbIC
KOHCTPYKIIUH, Yallle APYTUX — MIOCKUE MEPEKPBITUS U MOKPbITUA. [1TuThl 1 6aiku MOTyT
OBITH OJTHONPOJICTHBIMA ¥ MHOTOINPOJICTHBIMU. Takue MmiIuThl JehOpMHUPYIOTCS TOI00HO
OaJIOYHBIM KOHCTPYKUHUSAM MPU PA3IUYHOM THUIIE€ HArpy3Kax, €Clii 3HAU€HHUE MOCIEIHUX He
M3MEHSETCS B HANpAaBJICHUU, NMEPHNEHANKYISIPHOM MpoJieTy. Taxke Ha U3rud padoTaroT
pa3JIMYHbIE 3JIEMEHTBI MOCTOBBIX KOHCTPYKILHM, pUTEIN U MHOTHE APYTHE.

Kenezo00eToHHbIE KOHCTPYKIIMM MOTYT OBITh YCHJIEHBI HpuU paboTe Ha H3TUO
BHEIIIHUM apMUPOBAHUEM KOMITO3UTHBIMU MaTepHallaMU, MPUKIEUBAHUEM IOCICAHUX B
pPaACTSHYTONW 30HE KOHCTPYKIIMH C PACHOJIOKEHHEM HampaBlieHus (GuOphl mapauieabHO
MaKCUMaJIbHbIM ~PACTSITUBAIOIIUM YCUIIUSAM (IIPOJOJIBHO OCH KOHCTPYKUHUH). ITOT
MPUHIUIT TPOWJUTIOCTpUpOoBaH Ha pucyHke 12. CormacHo 0OmMKM HOPMATHBHBIM
MOJIOXKEHUSIM ~ pacyeTa  M3rM0aeMbIX  JKEJIE300€TOHHBIX  3JIEMEHTOB,  YCUJICHHbBIE

KOMIIOBUTHBIM MAaTCpUaJIOM KOHCTPYKIHHN JOJIKHBI PACCUUTBIBATHCA 110 IIPOYHOCTH
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CEUCHMH, HOPMAJIBHBIX K MPOJIOJILHON OCH 3JIEMEHTA; MO MPOYHOCTH CEUYCHUHN, HAKITIOHHBIX
K IPOAOJIBHOM OCH 3JIEMEHTA, BKJIKOYAs PACUYETHl HA JICMCTBHUE IIONMEPEUYHOW CHUJIIbI IO
HaKJIOHHOM TOJIOCE MEXIY HAKJIOHHBIMMU TPEIIMHAMHU, HA JEHCTBUE MONEPEUYHON CHIIBI TIO
HaKJIOHHOW TPEIIMHE U Ha JIEUCTBUE U3rM0AI0IIero MOMEHTA 10 HAKJIIOHHON TPEIIUHE; 10
00pa30BaHUIO U PACKPBITUIO HOPMAJIBbHBIX M HAKJIOHHBIX TPEIIUH; MO OMNPEIEICHUIO
poru0o0B U yIJIOB MOBOPOTA.

[ToMuMO 3TOro, MpM PacHoOJIOKEHUU KOMIIO3UTHBIX MAaTE€pPUAIIOB B PACTIHYTOU
30HC CEUCHHMS YCWJIMBAGMbBIX DJJIEMEHTOB HEOOXOIMMO OCYIIECTBISTH IPOBEPKY
BO3MOKHOCTH OTCJIOCHUSI KOHLEBBIX y4acTKOB KM® mnox AeHCTBHEM MONEPEYHBIX U
CABUTOBBIX CHJI, a TAaKX€ OICHHBATh BO3MOYKHOCTb MOTEPU CIEIUICHUS MEXIY

KOMIIO3UTHBIM MAaTCPpHUAJIOM H CTAPbIM OCTOHOM WJIH PEMOHTHBIM COCTAaBOM.

\Y\\‘(\?\\

Yeunenus VruneHHe Ha O2iicTBHE
IpH H2rube MONepedHOH CHEL

/

\/

Vawmese
TpH Harube

Pucynok 12 — Ycunenue n3rundbaemMpix Kee300€TOHHBIX 3JIEMEHTOB

[IpenenpHble yCWIIUST B CEUYCHUH, HOPMAJIbHOM K MPOJOJILHOM OCH JJIEMEHTA,
ONPENEIISIIOTCS UCXOS U3 CIEAYIOIINX JOMYIICHUH:

- CeUYeHHue, TUIOCKOEe A0 MPHIOKEHUS Harpy3Ku, OCTAaeTCs TaKUM K€ U IMOcie ee
MpUJIOKEHUS (TUIOTE3a IITIOCKUX CEUCHHM);

- COMPOTUBJICHHE OETOHA PACTSIHYTOU 30HBI IPUHUMAETCS PABHBIM HYJIIO;
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- COMPOTHUBJICHUE OCTOHA CKATUIO MIPEACTABIACTCS HANIPSIKEHUSIMHU, PaBHBIMU Ry, 1
PaBHOMEPHO pacHpeeICHHBIMU 110 CKATOW 30HE OETOHA;

- nedopmaruy (HaNpspKEHHS) B apMaType OMNPENeNIiOTCS B 3aBUCUMOCTH OT
BBICOTHI C)KaTOM 30HEI OETOHA;

- pacTITHUBAIONINE HAIPSKEHUS B apMaType MPUHUMAIOTCS HE 00Jiee pacuyeTHOTO
CONIPOTHUBJICHUS PACTHKCHUIO R;

- CKUMAIOUIUME HANpsDKEHUS B apMaType MPUHUMAIOTCS HE 0oJiee pacuyeTHOro
CONPOTHUBJICHUS CKaTuio R, HO He 60mee 400 Mra;

- KOMIO3UTHBIA  MaTepuaJl YCHICHUSI HUMEET JIMHEWHYIO Juarpammy
nedopMupoBaHus BILIOTh A0 pa3pylIeHUS;

- HCKJIIOYACTCS CABUT M0 IIOBEPXHOCTH MEXIy OETOHOM M KOMIIO3UTHBIM
MarepuasioM (3TO AOIMYIIEHHUE BIIOJIHE OOOCHOBAHHO JJIsI HAMOOJIee YacTO MPUMEHSIEMbBIX
KJIeSIIHA cocTaBoB ToamuHOW a0 1.0 — 1.5 MM, aedopMupyronmxcs BS3KO-yIpyro, a
nedopManuy CABUTOBOM MOJ3YYECTH M YCAJIKH KOTOPBIX HE3HAYUTEIIBHBI).

B pesynbrare pacuera ompeAenstoTcss HeoOXOAUMBIE IUIOIIAb IOMNEPEYHOTO
CEUCHMSI M TUIl KOMIIO3UTHOTO Marepuana yCuJeHMs. Tak Kak MPOYHOCTh SIOKCHUIHOU
CMOJIBI (MAaTPHUIIbl) OYEHBb MaJia, TO B paCUETEe YUUTHIBACTCS TOJIBKO IJIOMIAh MTONEPEYHOTO
CEUYEeHUs YTJIEPOJIHBIX BOJOKOH. Ha mepBoM sTane mpoeKTUpOBaHUSI HEOOXOIUMO OLCHUTD
s dekT HavaIbHON HArpy3Ku Ha KOHCTPYKIIMIO MEPE]l M BO BPEMs €€ HEeIOCPEICTBEHHOTO

YCUJICHHUSL.

4.3 AHaJIU3 UCXOAHOI CUTYalluM Nepe] yCHIeHneM KOHCTPYKINH

HcxonHble naHHBIE IS aHaIW3a HAa4dalbHOW CHUTyaluud (pacdyeTHas cxema
KOHCTPYKITUH, JIEHCTBYIONINE HArPy3KH, pa3Mepbl KOHCTPYKIIMHA U CTETICHb TIOBPEKIACHUS
OeTOHa U apMaTrypbl) OMNPEACISIIOTCS B pe3yJabTaTe MPOBEACHUS JIUATHOCTUYECKOTO
oOcneoBaHusT TOMJICKAIIECH YCHUIICHUIO KEIe300€TOHHON KOHCTpYKIuU. OmpeneneHue
HAYaJIbHOTO0 MaKCHMAaJbHOTO M3THOAIOIIEr0o MOMEHTa M, MPOU3BOINUTCS KakK JIJIi BTOPOU
TPYIIBI MPEETbHBIX COCTOSHUN 0e3 ydeTra Kod(PHUIMEeHTOB HAJAS)KHOCTH TI0 HArpy3Ke U

no Matepuainy. Ha aTom stane mpousBoanTCs OnpeeneHne pacnpeaeaeHus nedopmarmii
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M0 CEYEHUIO KOHCTPYKIMH UCXO0Hs U3 ee paboThl B ymnpyrou craauu. [lo cytu anamus
HAYAJIBHOM CUTYAIIMU MPOU3BOIUATCS IO JOMYCKAEMbBIM HAIPSIKCHUSM.

Ecnun HavanbHBIM MaKCHUMAaIbHBINM M3rnOaromuii MOoMeHT M, Ooybllle MOMEHTA
TpeumHooOpa3oBanusi ceueHus: M., TO pacyeT NPOU3BOJUTCA KaK JJIsI CEUCHHUS C
TpeUMHaMu, TPUBEICHHOTO Ha pucyHke 13. B cayuae, ecniu M, < M,,. €ro BIUSITHUEM NpH
JajdbHEHIlIeM pacueTe YCUIMBAeMOW KOHCTPYKIIUM MOYKHO TIpeHeOpeyb.

BricoTa cxarol 30HBI CEUYEHUS X, HAXOJAUTCS M3 YCIOBHS, YTO CTATUYECKUU
MOMEHT IIPUBEAECHHOTO CEUYCHHSI OTHOCUTEIBHO HEUTPAIIbHON OCH PAaBEH HYIIIO

Sed= bx(,2/2 + oA, (x,—a") — aAs(h,—x,) =0, (7)
rjae

b — IMpUHA CEYEHUSI MPSIMOYTOJILHOTO JIEMEHTA, MM;

o = EJ/E, — oTHOIIIEHHE MOYJIEH yIIPYTOCTH apMaTypHOU cTad U OE€TOHA;

A,/ - IIIOIIa/Ib TONIEPEYHOI0 CEYCHUS CKATOU apMaTyphl, MM

A, — IUIOWIA/Ib TONIEPEYHOTO CEYEHHUS PACTAHYTOW apMaTyphl, MM,

a’— paccTosHUE OT OCHU, HOPMAJbHOM K TJIOCKOCTH M3TH0a U MPOXOSIIei yepe3
LEHTP TSHKECTH CEUYEHUs CKATOM apMaTryphl, 10 BHEIIHErO CXaTOro Kpas CEYCHUS
2JIEMEHTA, MM;

h, — pabouas (Toyie3Has) BBICOTa CEUCHHS, MM, h, = h — a; h — TIOJIHAas BBICOTA
CEUYCHUS, @ — PACCTOSHHUE OT OCH, HOPMAIBHOM K IJIOCKOCTH M3ru0a v MpOXOIAIIeH uepes
LEHTP TSDKECTH CEUYCHMUS PACTAHYTOM apMaTypbl, N0 BHEIIHErO0 PACTSIHYTOTO Kpas
CCUCHUSL.

MOMEHT MHEPIIMY PUBEICHHOTO CEUCHUS

Ired = bxo3/3 + G-As(ho —X0)2 + G‘As,(-xo_ar)z (8)
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Pucynok 13 — HauansHoe HanpsieHHO-Ae(hOPMUPOBAHHOE COCTOSTHUE DJIEMEHTA

nepes yCUIeHueEM

MaxkcumanbHas nedopmanns OeToHa KpallHE C)KaTOTO BOJIOKHA Ep, OMPEEIIETCS
13 BBIPAKCHUS:

€pho = Moxo/EbIred (9)
Hcxonda W3 mnOpUHOMOA HEPa3pbIBHOCTU AedopMalMii M HMX JMHEHHOTro
pacnpesiesieHuss 10 HOPMaJbHOMY CEUYEHMIO, MaKCHUMajbHble JedopMaluu KpaiHe

PacCTSAHYTOr0 BOJIOKHA OETOHA COCTABAT:
€bro =8b0(h - xo)/xo (10)
OmnpeneneHue HavaabHOU Aedopmaluy KpailHe pacTsSHYTOro BOJIOKHA OETOHA, K
KOTOpOMY B JajbHeimeM OyaeT NpUKJIeeH KOMIIO3UTHBIA MaTepual yCHJICHUS,
HE0OXO0IUMO ISl ajdbHEH X pacueToB (paktudyeckux aedopmanniit KM npu BHentHeM

YCUJICHUMU.
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4.4 IIpo4HOCTH YCHJIEHHBIX KOHCTPYKIIUIA 110 HOPMAJIbHBIM Ce4YeHUAM

[To CII 63.13330 pacyeT MpOYHOCTH HM3THOAEMBIX KEIe300€TOHHBIX SJIEMEHTOB
mo0oro npoduiis Mo HOPMaJIbHBIM CEUEHHUSAM, COTJIACHO MEPBOW TpYIIe MpeaelbHbIX
COCTOSIHMM, BBINOJHAETCS W3 TOW IPEANOCBUIKM, YTO KOHCTpyKuus Haxomurcs B III
CTaJMH HAMPSYKEHHOTO COCTOSIHUS (CTauu pa3pyLICHUs).

[Ipu sToM Hanbosee BEpOSTHBIMU THUIIAMH pa3pyIlIeHUs OyIyT WU pa3pylleHUE
0eToHa CXKaToil 30HBI WK PaCTSIHYTOM apMaTypsl. PacueTHast cxeMa ycunuil, HampsHKeHUH
u nedopmaruii, IeUCTBYIONIMX B CEUEHWHU IJIEMEHTa, MpuBeaeHa Ha pucyHke 14. Ilpu
3TOM KOMIIO3UTHBIM MaTrepuall, IMPUKICECHHBIM K PacTIHYTOW I'paHW 3JEMEHTa, OCTaeTCs
HETIOBPEKJICHHBIM. ApMaTypa B CKAaTOW 30HE CEYEHHS MOXKET JOCTUTHYTh CBOETO
IPENEIBHOTO 3HAYECHUS CONPOTUBIICHUIO CXaTusl Ry WM HCHBITBIBATH HANPSIKECHUS

oy =Es-&; , 0COOCHHO €CJIM UCTOJIb3YETCS CMEIIaHHas apMaTypa.

£,=6,20,0027-0,0045

, AE €
<[/, 2 e
X

___.AEE
Shto c 6) E}

Pucynox 14 — HanpspkenHo-aedhopMUpoOBaHHOE COCTOsIHUE yeriIeHHOT0o KM O
XKeJIe300€TOHHOTO AJIEMEHTA MPU U3TH0e: a) MONepedyHoe ceueHne; 0) pacupeencHue
nedopmarnuii; B) pacpeaesieHue CUl

[TomHOE WCMONB30BAHME MEXAHUYECKUX CBOMCTB HEHAIPATraeMOM apMaTyphl
BO3MOXHO JIMIIb B IUIMTAaX U PEJIKO B 0aJIKax C MaJlbIM COEpKAHUEM apMaTypsl [24].

IlonoxeHne HEUTPaIbHOM OCH YCHIJICHHOW KOHCTPYKLHMM JOJDKHO YAOBJIETBOPSTH
ycinoBuio x<&p-h,, TAE€ BeIUUMHA Er omnpenensercs coryacHo pexomenpamusm CII

63.13330. kak misi HEYCUJIEHHOW KOHCTpYKUHMH. CamMO TMOJOKEHUE HEUTPaTbHOW OCH
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ONpENENAETCS, UCXOAA W3 PAaBEHCTBA IIPOCKLIUH HOPMAIBHBIX CWJI, ICHCTBYIOLIUX B
CEUEHHUU IIEMEHTA CHUJI, UCXO01 U3 (POPMYIIbI:
Ryb-x+ A -Ese =A;- Ry + AL Ecé, (11)

Hcxons U3 HenpepsIBHOCTH Jiehopmanuit

(12)

e oe TN (13)

Hecymass cnocoOHOCTh Ce4YeHUsi KOHCTPYKIMHU TO U3ru0aroimeMy MOMEHTY

COCTaBHT:
M, =Ry b -x(h,—0,5%) + E;& A, (h,—a) + A.E.¢a (14)

Hecymas crnocob6HOCTh ceueHuss M; 1obkHa OBITH OOJIbIIE WM paBHA
MaKCUMaJIbHOMY H3THOArONeMy MOMEHTY M, NEeWCTBYIOMIEMY B KOHCTPYKIIMA OT BCEX
BHEIIHUX cuia M;> M.

W3 paBeHCTBA 3THUX MOMEHTOB JIETKO OTPESIAETCS HEOOXOoauMas Il YCUIICHUS
IJIOIAIb KOMITO3UTHOTO MaTepuaia A..

Jlnst Toro, 4YTOOBI TPUBEICHHBIC BBINIEC COOTHOIICHUS HWMETH CMBICI W HE
IPOM3OIIUIM HEIOMYCTUMBIC JepopMaruu pPacTIHYTBIX apMaTypbl M KOMITO3UTHOTO
Marepualia, He0OX0IUMO COOTIOCHNE CIASAYIONTUX YCIOBHMA:

Hedopmaiiu B pacTsHYyTOM apMaType CIEIyeT ONpeeisaTh, Kak

sooe, PTX R (15)

X E

K

HedopMmaiiriu B KOMIIO3UTHOM MaTepualie ONMpeAesiioTCs M0 3aBUCUMOCTH

h—x
gc = gbu - gbl() < gcd * (16)
X

HedopManmu pacTsHyTOM apMaTypbl M KOMIIO3UTHOT'O MaTepuana He JOJKHBI
MPEBBINIATH MPEACTBHBIX PACYECTHBIX 3HAUECHUH.

Ecnu nonycTuTth, 4TO MpeAeabHbIE COCTOSAHUS HACTYNAIOT Cpa3y BO BCEX YETHIPEX
COCTABJIAIONIUX KOHCTPYKIHUM (O€TOHE, CXKATON M PacTSAHYTOW apMaTrype U KOMIO3UTHOM
Marepuaie), To B ¢opmyiabl 11 u 14 BMecTo 3HaUeHUN Esvss’ u E.-€. HaJl0 TOACTABJIATH
3HaueHHs R,. 1 R. COOTBETCTBEHHO, XOTS BEPOATHOCTb, YTO TaKasl CUTyalUsl HACTYIIMT,

HUYTOXHO MaJia.
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4.5 IIpo4HOCTH YCHIIEHHOI KOHCTPYKIMHU M0 HAKJIOHHBIM CeYeHUSAM

OKCIEpUMEHTAIbHBIMU  MCCIIEJOBAHUSIMA YCTAHOBJIEHO, 4YTO HAa MPHOIOPHBIX
ydyacTKax U3ru0aeMbpIX D3JIEMEHTOB TOJI BO3ACHCTBMEM TMONEpeyHOM cuibl Q W
U3TrM0AIoIUX MOMEHTOB M B CEUEHMSIX, HAKJIOHHBIX K OCH, OpMHUpPYETCS HaNpsHKEHHO-
1e(pOPMUPOBAHHOE COCTOSHUE, KOTOPOE MOKET NMPUBECTH K 0OpPa30BAaHUIO HAKIOHHBIX
TpeuuH. ['maBHble pacTsruBaromiue (o,,) W TJIaBHbIE CKUMAIOIUE (O;,.) HAIpsSKEHUS
JNEUCTBYIOT TIOJI HEKOTOPBIM yriioM (0) K mpojosibHOM ocu 3iemeHTa. Eciu riiaBHbIE
pacTAruBaroIIe HaNpsHKeHUs (G,,;) TPEBBICIT MPOYHOCTH OeTOHA Ha pacTsbkeHue (Rj,), TO
BO3HHMKAIOT HAKJIOHHBIE TPEIIMHBI U YCHIIUS, NTEUCTBYIOLIME B 3JIEMEHTE, MEPEAatoTCs Ha
apMmaTypy, B TOM YHUCIJI€ U BHEIIHIOIO U3 KOMIO3UTHOrO MaTepuaia. Mecto oOpa3zoBaHus
TPEUIUH, WX HAKIIOH, PACKPBITUE W PA3BUTHE IO BBICOTE 3aBUCAT OT BHUAA HArpy3okK,
(opMBI CEYEeHMS AIEMEHTA, BUIa ApMUPOBaHUs (B TOM YHCII€ U BHEIIHETO apMUPOBAHUS
KM®) u npyrux ¢axtopos.

OOpa3oBaHue HAKJIOHHOW TPEIIMHBI MPUBOJIUT K Pa3JEICHUIO KeJIe300€TOHHOrO
AJeMEHTa Ha JBE YacTH, CBA3aHHbIE MEXIy COOOW B CXaTol 30HE OETOHOM HaJ
HaKJIOHHOM TPEIIUHOM, a B PACTAHYTOW 30HE — IPOAOJIBHOM apMaTypou U3 apMaTypHOR
cranu U nojocoi KM®, nonepeunoi apmatypor u3 cramu 1 KM®, nepecekarommmu
HAKJIOHHYIO TPEILUHY.

Pazpymienne u3rubaeMoro 3jeMeHTa [0 HAaKJIOHHOMY CEYEHHIO MOJKET
MIPOUCXOJIUTH MO OJHOMY U3 TPEX BO3MOKHBIX ciry4aes [31].

Cnyuaéi 1 — paspymienre O€TOHAa CTEHKM [0 HAKJIOHHOM TII0JIOCE MEXIY

HAaKJIOHHBIMU TPCIIWHAMMU OT I'NTABHBIX C)KUMAIOIHUX HaHpH)KeHI/Iﬁ

o =-050_ —-+/(050 ) +7° >R,. (17)

Takoe pa3pylieHue BO3MOXHO TOJBKO MPU MaJod IIUPUHE D CEUEHUs AJIEMEHTa
WM TPUMEHEHUH OETOHOB HHU3KOW MNpPOYHOCTH. B maHHOM cilydae NpUMEHEHHE
KOMITO3UTHBIX MaTepHajoB JUIsl YCUJICHUS KOHCTPYKIIMM BO3MOKHO IOCJTE W3MEHEHHS

ICOMCTPHUUCCKHUX XAPAKTCPUCTHK JJICMCHTA B COOTBCTCTBHH C PCKOMCHIALWAMHA CII

63.13330.
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Cnyyaii 2 — H3JIOM O HAaKJIOHHOMY CEUYEHHMIO OT JOMHUHHUPYIOUIETO JEHCTBUS
usrubaromero MomeHrta. [lox Bo3aeiicTBHEM BO3pacTaloIIero M3rMOArOIIero MOMEHTa

TIaBHBIC PACTATHBAIOIINC HAIIPAKCHUA

O'mt = —O,SO-X + \/(0,50-3-)2 + Tz > Rht.ser (18)

MPEO0JEBAIOT COMPOTUBIIEHUE OETOHA HA OCEBOE pacTshDKEHHE W o0pa3yeTcs HaKJIOHHas
TPELIMHA C MAaKCUMAJIbHBIM PACKPBITHEM B PACTAHYTOW 30HE. bETOH pacTsaHyTOW 30HBI B
HaKJIOHHOM CEYEHHUH BBIKJIFOUAETCS U3 PA0OTHI M BCE PACTATUBAIOILNE YCUITUS TIEPENAtOTCs
B IIPOJOJIBHYIO M NONIEPEYHYIO apMaTypy U3 CTAIM U KOMIIO3UTHOTO MaTeprala.

ITpoYHOCTH HAKJIOHHBIX CEYEHU Ha JAEUCTBHUE N3TMOAIOIIEr0 MOMEHTA M Ha/leKHO
o0OecnieunBaeTcs MPOCTHIMU KOHCTPYKTUBHBIMHU PELIEHUSIMHU, MOJPOOHO OINMCAHHBIMHU B
Hay4yHOU nmreparype [24, 31].

Caywail 3 — BHYTpPEHHHME YCUIMSI B OETOHE CKaTOM 30HBI HaJ HAKJIOHHOU
TPEIIMHON W OCEBBIE YCWIMA B apMarype, MEPECEKacMOW HAKIOHHOW TPEIIUHOM,
IIPUBOJAT K CABUTY I10 HAKIIOHHOMY CEYEHUIO OT JTOMUHUPYIOLIETO JEHCTBUS IIONIEPECYHOU
cwibl. OOpa3oBaHUE HAKIIOHHOW TPEIIMHbI HAaUMHAETCS B cepelnHe OOKOBBIX IpaHei. B
JTOM MECTE KacaTeJbHbIE HAIIPSDHKEHUS T OT IONIEPEYHOM CUJIBbl JOCTUTAI0T MaKCUMyMa

t =0 =QI/bh,)225R, (19)

TAE Oy, — IVIaBHBIE PACTATMBAIOLIME HAIPSIKEHUS HA YPOBHE HYJIEBOW JIMHUM DJIEMEHTOB
0e3 HampsiraeMol apMatypbl. BcliencTBue HEynpyrux CBOMCTB OeTOHa KacaTelbHbIE
HANPSOKEHUST PABHOMEPHO PACHPEACHSIOTCA [0 CEYEHHMIO, W HaKJIOHHAs TpeIllnHa
PACKpBIBAETCA NPUMEPHO OJMHAKOBO IO BCEW JuiuHE. [IponcxoauTt B3auMHOE CMeElLIEHUE
4acTel AJEMEHTa IO BEPTUKaIU. B pe3ynbraTte COBMECTHOrO JIEUCTBUS CKUMAKOIIUX U
Cpe3aroluX YCHJIWHM pas3pyliaeTcs OeTOH C)XKaTOW 30HBI. ODTOT CIydall pa3pylIeHHs
SIBJISIETCS HanbOoJiee OOIIMM U PAaCIIPOCTPAHEHHBIM.

DKcepuMeHTalbHble HccaenoBanusd, npoeacHHbie E.A. Kopons [32], nnd
TPEXCIOWHBIX KEJIe300€TOHHBIX KOHCTPYKIMH (HapyXHBIE CIIOM — 0OoJiee MPOUYHBIH
KepaM3UTOOETOH, BHYTPEHHUHN CJIOW — TMOJUCTUPOJOETOH) TOKa3adu, 4YTO JJisi BCEX
UCIIBITAaHHBIX 00pa3IloB XapaKTepHO OOpa3oBaHWE HECKOJIBKHX YacTO PACIIOIOKEHHBIX
HAKJIOHHBIX TPEIIMH B CpelHEM (MEHEee MPOYHOM) CJIO€ MTPUOTIOPHBIX 30H. bosee mpouHbie

HApy>XHBIC CJIOM CO34daBaJId COIIPOTHBJIICHHUC PAa3BHUTUIO O6p330BaBH_II/IXC$I HAKJIOHHBIX
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TPEIIUH, YTO MPUBOIUIIO K TOSIBICHUIO HOBBIX U YBEJIMUCHHUIO UX KOJUYECTBA B Mpeiesiax
cpemHero cios. B pe3syapTaTe Hecymas CIOCOOHOCTh TPEXCIIOWHBIX DJIEMEHTOB
BO3pactaeT. Ha HecyIyro crmocoOHOCTh HAKJIOHHOM CKaTOM TMOJIOCHI CYIIIECTBEHHO BIIMSET
nornepeyHas apMaTypa, pacrojoKeHHasi o/l HAaKJIOHOM K MPOAOJIbHOU ocu 3yeMmeHTa. He
MpETEeHysl Ha KOJUWYECTBEHHBIE XapaKTePUCTUKH, T[OJYyYEHHBIE aBTOPOM, MOXKHO
IPEANOJIOKUTh, YTO KayeCTBeHHas KapThuHa JAchOPMHUPOBAHUS H  pa3pyLICHUS
AKEJIE300€TOHHOIO 3JIEMEHTA, YCUJIEHHOIO BHEIIHUM apMUPOBAHUEM KOMIIO3UTHBIMU
MaTtepuajiaMu, OyJeT aHaJOTUYHOM.

Hcronp30BaHre KOMITO3UTHOTO MaTepHalia JjIsl yCWICHHUS N3TH0aeMBbIX 3JICMEHTOB
[0 HAKJIOHHBIM CEYCHUsIM HaubOosiee 3(PGEKTUBHO MpPU HANpPaBICHUU €r0 BOJOKOH
(bubpeI) MaKCUMaJIbHO MapaJlICIbHBIM JEHCTBUIO PACTATHBAIOIIMX HAMPSKEHUH. ITO
MOJIOKEHUE WJUTIOCTPUPYET MPHUBEACHHAS HA PUCYHKE 15 3aBUCUMOCTH MEXAY MOAYJIEM
yopyroctu KM® u opueHTanueld COCTaBJISIIOIMIMX €ro BOJOKOH OTHOCHUTEIBHO

HaIIpaBJICHUA IIGIZCTBI/IH pPacCTATUBAIONINX HaHpH)KeHHﬁ.

E_Mrta
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] | ]
T T T
300 600 90° 6
OpueaTanug BonokoH KM OTH OCHTenbsHO AeficTBYVIOINeH cHIB " "

Pucynok 15 — KauectBeHnHas 3aBucuMOCTb Moy yrpyroctu KM® ot

OpHEHTAIIUU BOJIOKOH (PUOpHI B MaTepuaie

B npuonopHoii YacTh KOHCTPYKUMH TJIaBHBIE PACTSATUBAIONIME W TJIAaBHbBIC
CXKUMAIOIIME HAMpPsDKEHUsI JCHUCTBYIOT Ha IUIONIAAKAX, PACIOJOKEHHBIX O] YIJIOM
OM3KMM K 45° OTHOCHTENILHO OCH YCHUITUBAEMOTo diieMenTa. Ha mpakTuke pacrooxeHnue

37eMeHTOB BHeEWHero ycwieHuss KMO® ocylecTBisgeTcs ¢ HamnpaBJICHUEM BOJIOKOH
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NEPHECHANKYJIIPHO OCH YCHUJIMBAE€MOM KOHCTPYKLUHH WM C HEKOTOPBIM YIJIOM K HEH
(pucynok 16). Ha 3TOM e pUCyHKE PUBEIEHBI PAa3JIMYHbIE CXEMbI aDMUPOBAHHUS.

Hayuynple  uccienoBaHus IO  YCWJIEGHHIO  KEJIE300€TOHHBIX  3JIEMEHTOB
KOMIIO3UTHBIMHA MATEPUAIIAMHU Ha JEHUCTBHUE IONEPEYHOM CUJIBI 110 HAKJIOHHOMY CE€YEHHIO
mpearnosiaraid, 4To KOMIO3UTHBIA MaTepuall B 3TOM cliyyae BeneT cels moao0HO
BHYTPEHHEHl TmomepedyHol cranbHOM apmatype. Hecymas cnocoOHOCTh BHEIIHUX
«xoMyToB» N3 KM® omnpenensiiack X NMPOYHOCTBIO HA PACTSHKEHUE WIM IPEAEIbHOU
nomnyckaeMoil negopmanueil. [locneqnue necnenoBanus B 3Toil odnactu [33] mo3Bonuiu
YCTaHOBUTh, YTO pa3pylleHUE OETOHA, YCHUJIEHHOTO KOMIIO3UTHBIM MaTEpHAIOM
OETOHHOI'O 3JIEMEHTA, HAYMHAETCS PaHbLIE JOCTHXKEHUS MosocaMu uian xomyramu KM®
IOpeeNbHbIX 3HAUEHUM NPOYHOCTH HA pacTsbkeHue M nedopmanuid. Jrta aedopmarius
(paKTHYECKOT0 paspylICHHs €. ONPENEIACTCS YBEIUYEHUEM MOIYJ YIPYTOCTH BOJIOKOH
KOMIIO3UTHOIO MAaTe€pHalla B HAIPABICHUM JEUCTBUSA PACTATMBAIOIIUX HANPSKCHUN.
Benmnuuny (¢akrthueckoid paspyliarmome aepopManudyd  MPaKTUYECKH HEBO3MOXKHO
ONPENEIIATh TOYHBIMM METOJAMH MEXAHUKH CIUIOIIHOW CpeAbl U TPYAHO, HCIIOIb3Ys
AKCIIEpUMEHTaIbHbIE METOJIbl. OCHOBHBIM MOMEHTOM IIPU OMNPEAEICHUN (HaKTHUYECKOU
nedopmanum paspymeHuss KM® B 3ToM ciiydae oCTaeTcss BOIPOC O €ro IMOBEJACHUU U
pOJIM TpU MCUEPNBIBAHUU HECYHIEH CIIOCOOHOCTH KeNe300€TOHHOTO 3JIEMEHTa IOJ
NeUCTBUEM TIONEepeYHON cuiibl. HempenokHbIM ocTaeTcsl TOJIBKO TOT (akT (MHOTOKPATHO
HOJTBEPKAECHHBINA HKCIIEPUMEHTAJIBHO), UTO pa3pylleHue OeTOHA Ha MIPUOTIOPHOM yYacTKe
BCErJa MPOUCXOJIUT B BUJI€ 00Opa30BaHUs U PA3BUTHS TMArOHAIbHON HAKJIIOHHOW TPEIIMHBI
Kak MPY HAJIMYUU KOMIIO3UTHOI'O MaTEPHUAIa YCUJICHHUS], TAK U B €70 OTCYTCTBHE.

Ha pucynke 17 npuBeneHa KadecTBEHHas KapThHa paspymieHus. OHO MOKET
MIPOU30MTH WIIN U3-3a NMPEKAEeBpeMEHHOTO oTCHoeHUsI KM@ nnm u3-3a ero 3Ha4uTEIbHOTO

PaCTAXKCHUA, IIPCBBIIIAIOIICTO IIPCACIbHOC 3HAYCHUC.
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r) I) €) )

Pucynoxk 16 — Cxembl ycuiaeHuUs! KOJIOHH U 0aJIOK KOMIIO3UTHBIMHA MaTepuajIaMu:
a) ycusieHue KoJIOHHBI; 0) ycunienue 6anku U-o0pazusiM KM®; B) ycunenue 0anku mno
CTOpOHAaM; T') OXBaThIBalOIIee (Ha BCE CEUCHUE) YCUIICHUE TTPSIMOYTOJILHOM (hOPMBI; 1)

BCPTHUKAJIbHBIC JICHTHI, e) HAKJIOHHBIC JICHTHI, )K) YCHUJICHUC 110 JJIMHC

@ W

@ » T OUKa paspyIIeHHA

Harpyska

L
r ol

[TepemenieHne

Pucynok 17 — Xapakrep pa3pylieHus yCUICHHOTO 3JIEMEHTA 101 BO3/ICCTBUEM
nonepeyHou cuwibl: 1 — paspyienue 6erona uinu orcioeHue KM®; 2 — paspyiienue

6erona i KM®; 3 — pa3pymienue 6etona; 4 — paspymenne KM
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B »srom ciywae paspylieHHME KOMIIO3UTHOTO MAaTepHalia IPOUCXOIUT B
MEPBOHAYAJIBHBII MOMEHT OT JI€WCTBHS MAaKCHUMAJIbHOW Harpy3ku (IOCTOSHHOM U
BPEMEHHOI) ¥ B JaJbHEHIIEM MOXET pa3BUBATHCS M OT JEUCTBUS MEHbIIEH Harpy3Ku
BCJICZICTBUE TIepepaCTIPEICIICHIs HAPSOKCHU BOJTM3M HAKIIOHHOHN TPEIUHBI.

[Ipu pacuerax mo mepBOMy MPEICIbHOMY COCTOSIHUIO HEOOXOIUMO MPUHUMATH BO
BHUMAHHE PUCK Pa3pyILICHUS MOBEPXHOCTU KOHTAKTa MEXKIY OETOHOM W KOMITO3UTHBIM
MarepuasioM. XOTs OJJHOBPEMEHHOE MPOSIBICHUE JABYX BHUJIOB Pa3pylICHUS — OTCIOCHUS
KM® ot 6eToHa 1 moTepH LETOCTHOCTA CaMOTI0 KOMIIO3UTHOIO Marepuaia OT JeHCTBUs
pPACTATMBAIOIINX HANpPSDKEHHM -  MaJOBEPOSTHO. OTO  OOBSCHSETCS  Pa3IMYHON
nedopmatuBHocThi0 KM® u Gerona, emie Oosiee Bo3pacraroliei mociie oOpa3oBaHUs
TpelIMH B OETOHE W IMepepaclpe/iesiCHUs] HANpsHKEHUH B YCHICHHOW KOHCTPYKIIHMH.
daktuyeckas aedopMainus KOMIO3UTHOIO Marepualia 3aBUCUT OT JIJIMHBI MOJOCHI WM
xosicta KM®, mnunabl ankepoBku U JiuHbl KM®, HeoOXoauMou sl JOCTHXKEHUS UM
MPOYHOCTH HAa PACTSHKEHUE IEpell BO3MOXKHBIM OTCIIOEHHEM. Ha BenuuyuHy CLETUICHUS
BIIUSIIOT THIATEIBHOCTh TMOATOTOBKM M OOpaOOTKH COEIUHSIEMBIX MATEpUAJIOB, THII
IPUMEHSIEMBIX TMpaiiMepa U KIEAIIU COCTaBa, TEMIIEPATYPHO-BIAXKHOCTHBIE YCIIOBUS B
MecTe TpoBe[eHUs paboT Mo ycwieHuto | jApyrue ¢aktopel. B pesynbrare
DKCIEPUMEHTAIBHBIX MCCIACIOBaHUN [33] yCTAHOBIIEHO, YTO BEIUYMHA £y IPAMO
MPOTNOPIIMOHANIbHASL BEJIUYMHE OTHOCHUTEJIBHOM >KECTKOCTH KOMIIO3UTHOTO MaTepuaia
E.-u. v 06paTHO mponopimoHaIbHa MPOYHOCTH O€TOHA HA pacTsKeHUE R,

Pacuer jxene300€TOHHBIX 3JIEMEHTOB C MONEPEYHOW apMaTypod Ha JAeiCcTBUE
MOTIEPEYHON CHIIBI I 00ecriedeHus] MPOYHOCTH 0 HAKJIOHHON TPEIIUHE MPOU3BOIUTCS
10 HanboJiee OMaCHOMY HaKJIOHHOMY CEUCHHIO U3 YCIIOBUS:

Q=< Qp+ Qu+ Quinc + Q. (20)

B sT0 ycnoBue, B oTiiMunue OT U3BECTHOTO [25], 100aBUIIOCH €IIIe OJTHO ClIaraeMoe
Q., Tpencrapisoniee coOON MONMEPeYHOe YCWINE, BOCIPUHHUMAEMOE KOMITO3UTHBIM
MaTepuaIoM.

B pabore [2] mpuBOAATCS 3aBUCHMOCTH IJIsS OIPEIACICHUS TC€OMETPUUCCKUX U
MPOYHOCTHBIX  XAPAKTEPUCTUK  MOBEPXHOCTHO-OKJIIEEUHOTO  CTEKJIOIJIACTUKA  MpHU

YCUJICHUH:
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2h[70 n['PC

0, 2D

rie:

h., — pabo4asi BEICOTa CEUCHHS CTEKJIOIIJIACTUKA;

h,— pabodas BBICOTa CEUCHUSI YCUITMBAEMON KOHCTPYKIIHH;

C, — JIJIMHA TOPOCKIMH HAKJIOHHOTO CEUYEHHA Ha MPOJIOJbHYI0 OChb 3JIEMEHTA,
omnpeaensaemMas i1 yCWIMBaeMol KoHCTpykKuuu corsacHo CIT 63.13330.;

n. — KOJIMYECTBO CJIOEB CTEKJIOIIACTHKA;

P, — nipouHocTs Ha pacTsikeHue 1 cM crekoriactuka, H/em

['eomeTpudeckue mapamMeTpbl  MMOBEPXHOCTHO-OKJIEEUHOTO  CTEKJIOIUIACTHKA,
MOJYy4YEHHbIE MO 3aBUCUMOCTH (21), MOJKHBI oOOecneyuBaTh TpPeOyeMyro ILIONIAb
NPUKIICSIINA COCTaBKM CTEKJIOTKAHM B 3aBUCHMOCTH OT cpe3a OCTOHa YCHIMBAaEeMOM
KOHCTPYKIIUU U yIOBJIETBOPSITH YCIOBHUIO:

0> — 01 < 1,58Ry A, (22)
re:

Q1 1 Q; —COOTBETCTBEHHO IOIEPEUHBIE CUJIBI OT BHEITHUX HArpy30K A0 YCHUJICHUS
Y TIOCJIE YCUJICHUS;

A. =2C,h., — MI01Ab MOBEPXHOCTHO-OKICEYHOTO CTEKJIOIIACTUKA.

B mnepBoMm mnpuOmmkeHud 3TH (POpMYJbl MOTYT OBITh HMCIOJIB30BaHBI W IS
PEABAPUTEILHOTIO ONPEACICHUS HEOOXOIUMO ISl YCHIICHHUS! KOJTUYSCTBA KOMITO3UTHOTO
Marepuaia.

ITonepeuyHoe ycuiue, BOCIPUHUMAEMOE KOMMIO3UTHBIM MaTepuaiaMm Q. COTjiacHO
€BpPOIECHCKUM HOpMaM IPOEKTUPOBAHMUS M HCCIEAOBaHUAM, MpoBeaeHHBIM Triantafillou
T.C u TaljstenB, MmoxHO onpenenuts o Gopmyse 23, a pacuetHas cxema ycuiaeHus KM®

MpeCTaBlIeHa Ha pUCYHKe 18.

1 h
0, = £, E A -sin aot 0 +cot o) (23)

}/z' Aymn S(’

rae:
A, =2t-S., — nnomaap nornepeyHoro ceueHuss KM®;
{ — TOJIIMHA OJHOIO CJIOA KOMIIO3UTHOrO MaTepualia, oImpesaesemMas

2
TEOPETUUYECKU KaK YaCTHOE OT OTHOIICHHS Beca X0JICTa (I/M”) K ero IIOTHOCTH (I/M°);
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Sce — dDdexTrBHAS MIMPUHA KOMIO3UTHOTO MaTepualia, siBJstomasics QyHKIuen
yIJia pAaCKPBITUSI HAKJIOHHOW TPEIIUHBI K OCU 3JIEMEHTA U CXeMbl ycuiieHus. S., = (h., — L,)
Opu HCHoJb30BaHuM 1isi ycwienuss U-oOpasnoit oGoiimel u S, = (h., — 2L, npu
npukienBannn KM® mo Gokam ycunuBaemoro siemeHTa (pucyHok 18). Ilomydennas
AKCIEPUMEHTAIILHO BEIWYMHA L, 3aBUCUT OT TOJIIMHBI KOMIIO3UTHOIO MaTepuaia U €ro
moytst ynpyroctu (L, = 461,3/(t-E.)"®);

€p — JOITyCTUMas BEJIMYMHA Je(hOpMalMid KOMIIO3UTHOTO MaTEPHANIA, €., < €

0L — YroJl MEXJly TJIABHOW OPUEHTALMENl BOJIOKOH B KOMIIO3UTHOM MaTepHuaje U
ITPOJOJIBHON OCBIO DJIEMEHTA;

0 — yroan Mmexnay HakJIOHHOW TPEIIMHOM M OChbIO 3yeMeHTa. B olmiem ciydae
onpexaensercs kak arctgh,/C,. h,< C,<2h,;

h., — pabouas BeicoTa ceueHrne KM®, oOb4HO paBHsETCS /1, 5 NPSIMOYTOIBHBIX
areMeHToB u (h, — hf)) IUTS1 DJIEMEHTOB TABPOBOI'O CEUCHHS;

§ — PAcCTOSHHE MEXAY MOJOCAMH KOMIIO3UTHOIO MaTepHalia Mo OCSIM IO JJIMHE

aieMeHTa, KoTopoe npu HakienBannu KM® no BceMy yCHIIMBAEMOMY 3JIEMEHTY S = Sc,.

a) |
L ﬁr.:
, T ‘ i
0 2. |hshsh, -
J s B B o 45—
- b - 5&’=h-:9—
6)

Pucynox 18 — Cxewmsl k onpezenennio 3¢HeKTUBHOMN muUpuHbI mojgock KM®:

a) mpu ycwiennn U-o0pa3Hoit 000iiMbl KM®; 6) mpu 60KOBOM yCHIIEHUN
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[Ipu pacnonokeHrnru KOMIIO3UTHOTO MaTepuaia BOJIOKHAMU MEPIEHIUKYIISIPHO OCH
snementa (o0 = 90°) m Hamboyee OXHMIAEMOM HANpPaBJIEHHUH Pa3BUTUS HAKJIOHHOM
Tpemuubl o yrioM 45° (0 = 45°) Beipaxkenue 23 ymnpomiaercs:

A'~Ec~gcp -hm
A (24)

VeVt S
3nauenue (Qaxtuueckor aedopmanuu, MpU KOTOPOW HACTyHaeT paspylIiecHHE
KOMITO3UTHOI'O MaTepuaja, pa3jIuYHbIMU HCCIEAOBATEISIMU OLICHUBACTCA B JOCTATOYHO
mpokom auamnazone ot 0,002 mo 0,006.
B uccnenoBanuu [33] npuBOAATCS SMIUPUYECKUE 3aBUCUMOCTH JUIsl OIPEIEICHUS
Ef

- IPY TIOJTHOM OXBATBIBAHUM MPSIMOYTOJIBHOTO AJIEMEHTA X0JICTOM 3 KMOY

0,67

P :0,17(Rb ) e (25)

of o 2
E -u,

- npu ycwieHun 6anok U-o0paznoit o6oiimoit u3 KM®Y npunumaeTcs MeHblee
U3 3HAYEHUH, COOTBETCTBYIOIIMX WM pazpyuieHuto camoro KMO®VY (3aBucumocts 25)
WIM €ro OTCIOEHUI0 oT OeroHa. B 3Tom ciydae ¢aktuueckas negopmauus KMOY

OIIpCACIIACTCA 110 3aBUCUMOCTHU

0,67

R
g, =0,65(——)"" 10", (26)
‘ E -p,

B 3aBucumoctsx (25) u (26) R, umeet paszmepnoctsh Mlla, a E. — I'Tla.

L. — KOI(PUIMEHT MONEePEeUYHOro apMUPOBAHUS KOHCTPYKIMU KOMITIO3UTHBIMU
MaTepuaiaMu:

U = (2t/b)-(b./s) — 11 TOJIOC KOMITIO3UTHOTO MaTepuaia upuHoi b,;

M. = 2t/b — ipu apMUPOBAHUHU DJIEMEHTA MO BCEH JJIMHE.

B nmanmHoMm ciywyae moa b MOHMMAaeTcs MHHUMAJbHAs IIMPUHA YCHIMBAEMOIO
3JIEMEHTA 10 ero padoueil BHICOTE CEUEHUsI.

JlpyruM BapuMaHTOM OIIPEAEICHUS BEIUUUHBI € ABIACTCA NPUHATHE €€ 3HAYCHUS
no aAaHHbIM Qupm-nipousBoauteneit. Hanpumep, pupma S&P Clever Reinforcement npu
YCUJICHUU HAKJIOHHOTO CEUYEHHUsS M3THMOAeMOUl KOHCTPYKIIMM TMpejiaraeT MPUHUMATH s

cBoel npoaykuuu €= 0,002-0,003.
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JomycTuMyro  BeIUYuHy — AedopManuu  KOMIIO3UTHOLO — MaTepuana £,
UCIIOJIB3YEMYIO MPHU MPOEKTUPOBAHUHU, MOXKHO ONPENEIATh WIH UCTIONb3Ys KO3PPUIUEHT
HAJEXKHOCTU MO JedopmanusM Npu ASUCTBUU TomnepeuHod cwibl v, = 0,8 umm 1o
CTETICHHOW SMIIUPUUYECKON 3aBUCUMOCTH [48]:

Eep= scf-yc'1[0,5622(/1c-Ec)2 —1,2188(u.- E.) + 0,778]. (27)

B nmannHOli (opmyne MOaydh yOPYrocTH KOMIIO3UTHOTO MaTepHaia TaKKe
noacrasisgercs B [ 'T1a.

Tak kak 3aBucuMmocTh (34) sMmnupuyeckas, TOJyYEeHHAs TPU HCHBITAHUIX
KOPOTKHMX OallOK, YCHJICHHBIX YIJIEPOAHBIM KOMIIO3UTHBIM MaTepuaioM, TO K €€
NEPEHECEHUIO0 Ha OOJBIINE KOHCTPYKIIMH HEOOXOIUMO TMOJIXOIUTH C OCTOPOXKHOCTHIO.
Kpome Toro, o6acth ee mpuMeHeHus orpaHnyeHa 3HaueHuem /- £, < 1,1 Mlla.

OxBaThIBAIOIEE YCUJICHUE KEIE300€TOHHOTO JJIEMEHTAa 10 BCEMY MEPUMETPY
KOHCTPYKIIMM BCErAa MpeanodtuTesbHee. B 3ToM ciiyyae mMajoBeposiTHA BO3MOXHOCTH
orcioeHusi KM® ot moBepxHocTH OeTOHA Jaxe B CIydasx MPUMEHEHHUS KOMIIO3UTHOTO
Marepuasia HeOOJIbIIONW TOJIIHUHBI IPU YCUIIEHUH TPUOTIOPHBIX YYACTKOB OAJIOK OOJBIIMX
pasmepoB. B ciyuae, koryia oXBaThIBaIOIlee YCUICHUE KOHCTPYKIIUU 3aMKHYTOM 000MMOM
OCYIIECTBUTD MO KaKUM-JIMOO MPUYNHAM HEBO3MOKHO, TO PUCK TOTEPU CUETIIICHUS MEXKITY
oetonoM u KM® Bo3pacraer. B sTomM cutyanuu uisi omnpeneieHus JOMyCTUMOMN
BETUYMHBI JePopMalid KOMIIO3UTHBIX MATEpUAJOB Ha OCHOBE YIJIEpOJa MOKHO
PEKOMEHI0BaTh CJICAYIONYIO 3aBUCUMOCTS [34, 35]:

£=0,0042[(0,835R)*"- S J/(E.- D™ he,], (28)
rae: R — kyOukoBasi npoyHOCTh OeToHa Ha cxatue, MIla; E.[I'Tla]; S, t, h., [MM].

Ananuz popmyin (25)—(28) nmokasbIBaeT, YTO Kaxaas U3 HUX UMEET OIrPaHUYEHHYIO
00JacTh TPUMEHEHUS W JaHHBIC, MOJy4YaeMble N0 HHM, JIOCTATOYHO MPOTHBOPECUUBHI.
[TosToMy MOXXHO pEKOMEHJ0BAaTh K UCIIOJIb30BAHUIO MEHBIIET0 W3 MOJTYyYECHHBIX
3HAa4YEeHUH, a Taxke npuHumMaTth €< 0,003.

AHQJIOTUYHO, TPU OMNPEACIICHUH PACCTOSHHUS MEXIy CTaJbHBIMH XOMYyTaMu
BHYTPEHHEW apMUPOBKHM PACCTOSIHUE MEXKIY OCSIMU MOJIOC BHenrHero ycwienuss KM® S
JIOJDKHO OBITh TaKUM, YTOOBI HE JOMYCTUTh 0Opa30BaHUsI TPEIIUHBI MEXIY HUMH. ITO

JIOCTUTAETCS COOJTIOICHUEM CIIEYIOIINX YCIIOBUIA:
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- ISl IpSIMOYTOJIbHBIX 31eMeHToB S < (0,94, — b /2);

- 1711 BJIEMEHTOB TaBpoOBOro ceueHud S < (h, — hf, —bJ2).

4.6 OcHOBHBbIE TMOJIOKEHHSI PpacyeTa YCHJIECHHBIX KOHCTPYKUHMH 10

BTOPOU rpyimime npeaejbHbIX COCTOSHUA

[Io BTOpOW TpyIIe MPEAETIbHBIX COCTOSHUM MPOBEPAIOTCA TPEUIMHOCTOMKOCTD U
MepEMENICHHS JKEJIe300€TOHHBIX 3JIEMEHTOB. TPENMHOCTORKOCTh JJIEMEHTOB — 3TO HX
CONPOTUBJICHUE OOpa30BaHUIO TPEUIMH B TNEpBOM cTaguu JedOpPMHUPOBAHUS UIU
COIPOTHUBJIEHUS PACKPBITUIO TPEIIMH BO BTOPOU CTaauU. TpEeImIMHOCTOMKOCTh 3JIEMEHTOB
MPOBEPSAETCS] PACYETOM B CEUYEHUSX, HOPMAJbHBIX K MPOJOJBHOW OCH, a MPU HAIWYUU
MONEPEYHBIX CUJI TAKIKE U B CEUCHUSIX, HAKIIOHHBIX K MPOJOJILHOW OCHU 31€MEHTA [24].

Hanuuue KOMIIO3UTHOTO Marepualia YCWJICHHS HE3HAYUTEIbHO BIHUSET Ha
BEJIMYMHY MOMEHTa BHYTPEHHUX YCWIMM B CEUCHHH Iepes] 0Opa3oBaHUEM TperuH M.
(MOMEHT TpEeIMHOO0OpPa30BaHKs) B CUITY MaJIOW KECTKOCTH KOMIIO3UTHOIO MaTepuania u3-
3a ero Mayion TONIUHBI (7. < 1,4 MMm).

Tak, mo CII 63.13330 M, omnpenensieTcsi mo crnoco0y siapoBbix ceueHui. [lpu
ATOM ISl U3rHOaeMbIX O€3 MpeABapHUTELHOTO HAMPSDKEHUS DJIEMEHTOB 3HaueHue M.,
ompenaeseTcs mo dhopmyie

M. = Rbt,ser'Wpl, (29)
rje

Ryiser — pacdyeTHOE COMPOTHUBIICHUE OETOHA ISl MPEJCIbHBIX COCTOSHHM BTOPOM
TPYIIIIbL;

W, — yIpyromiacTH4ecKuii MOMEHT COIPOTHUBJICHHUS KEIE300€TOHHOTO CEYCHUS
[0 pacTSHYTOW 30HE€ B NPEAMNOJIOKEHUU, 4YTO NPOJOJbHAsl cuila oTcyTcTByeT. [lpum
ycuiiennu snementa KM®

20i, +ai, +ai + pi)
Wpl = - + Sbo > (30)

h—x

rae
Ibos Lsor Lso» Lo — MOMEHTBI MHEPIMU OTHOCUTEIBHO HEHUTpaJbHOM OCH ILIOIIaieH

cedyeHus1 OeToHa CKaTOW 30HbI, apMaTypbl 00€UX 30H U KOMIIO3UTHOTO MaTepHana;
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Spo — CTATUYECKUI MOMEHT OTHOCHUTENILHO TOW € OCH IJIOIIAa1 CeYeHHUs] OeToHa
pacTsHyTOM 30HBI;
(h — x) — paccTOsIHHE OT LUEHTPAIILHOW OCHU J0 Kpasi paCTSHYTON 30HbI

EJ' EL'
a=—, B=—
E E

b b

[Tonoxxenue HGI?ITp&JII:HOﬁ OCH YCUJICHHOTI'O 3JICMCHTA OIIPCACIIACTCA U3 YCIOBUA:

‘ . (h - x)A,,
Sbn +aSw_aSm _ﬂSc = : b (31)
2

rae

Sb(,}, Ssoj, Sso» Sc — CTAaTHYECKHE MOMEHTBI OTHOCHUTEJIBHO HEWUTPAIBHON OCH
iom@aael ceueHuss OETOHAa CXKATOW 30HBI, apMaTrypbl 00€UX 30H U KOMIIO3UTHOTO
MaTepuana;

Ap, — II0IIA/Ib CEUCHHST OETOHA PACTSIHYTOU 30HBI.

Kak mnoka3biBalOT pacyeTbl, B OOJBIIMHCTBE CIIy4acB BIHSHUE KOMIIO3UTHOTO
Marepuaia Ha 00pa3oBaHHE TPEIIMH B KeIe300€TOHHON KOHCTPYKIMU He npeBbiaeT 1%
[0 CPABHEHUIO C HE YCUJICHHOW KOHCTPYKIHEW W 3TOW BEIWYMHOW, UCKIIOYAs PacyeThbl
PSIMOYTOJIBHBIX 0a710K HEOOIBIIIOTO MONEPEUHOTO CEYSHUS, MOYKHO ITPeHeOpeyb.

[Tocne oOpa3oBaHuUs TPEIIMH B PACTIHYTHIX 30HAX >KEJIE300€TOHHBIX 3JIEMEHTOB
py JabHEHIIEM YBETWYCHUH HArpy3Ku MPOUCXOJMUT MX packpeiTHe. B obmiem Bume
IIMPUHA PACKPBITUSI TPEIIUH, HOPMAIBHBIX K MPOJOJILHON OCHU 3JIEMEHTA, MPEICTaBIsSET
co0Ol pPa3HOCTh YMJIMHEHUN apMaTypbl M PACTIHYTOro OETOHA Ha Y4YacTKEe MEXIy
TpelIMHAMU JJIMHOM [ ., T.€.

Aeoe = &° lczc — Epm* lczc- (32)

Cpenueir nedopmalneil pacTIHyTOro O€TOHa B BHJIY €€ MaJOCTH OOBIYHO
peHeOperaroT U MIPUHUMAIOT deye = Es Lo

B ciyuae ycunenus xxene300€TOHHOW KOHCTPYKIIUM KOMITO3UTHBIMU MaTeprajiaMu
IIUPUHA PACKPBITUS TPEIIMH OYACT ONPEACNSIThCS PA3HOCTHIO YIJIMHEHWHA apMaTypbl U
KOMIIO3UTHOI'O MaTepraia Ha y4aCTKE MEXIy TPELIIMHAMUI

Aeoe = &+ lcec — & lcec- (33)

[ToMumMoO 3TOrO, HaJM4YME B CEUCHHHM KOMIIO3UTHOIO MaTepuajia MOBJIUSET M Ha

JUTUHY TPEUIUH [,
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CIT 63.13330 pexkoMEHIyeT ONpeAeNisiTh MHUPUHY PACKPBITUS  TPEIIUH,
HOPMAaJbHBIX K MPOJIOJIBHON OCH 3JIEMEHTa, Ha YPOBHE OCH PACTSHYTON apMaTyphl IO
U3BECTHOW SMIUpUYECKON (dopMmyse, TMOJYyYeHHOM TpH aHaiu3e U 0000IeHun
MHOTOYHCJICHHBIX SKCIIEPUMEHTAIIBHBIX UCCIEOBAHUM.

Jns ompenesnieHUsT TIMPUHBI PACKPBITUS TPEUIMH MOXHO BOCIIOJIb30BaThCS
AKCIIEPUMEHTAJILHBIMU UCCIIEIOBAHUSIMU M UX 0O0paOOTKOM, BBIMOJIHEHHBIMU B paboOTax
[52, 53].

[[IupuHa pacKpbITUS TPEIIMH TMPU HAIMYMKM KOMIIO3UTHOTO MaTepuana
ONpPENENSETCS 0 AMIIUPUIECKON popmyIie

M

(34)

acr/: = 2’]"ubt ’
E h -p, (u +0,694 u )

rae
M — MakcuManbHBIA W3rUOAIONIMNA MOMEHT OT JKCIUTyaTallUOHHBIX Harpys3ok,
YUUTBIBAEMBIX TPU pacyeTe KeIe300€TOHHBIX KOHCTPYKIMA 1O OO0pa3oBaHUIO H

PACKpBITUIO TPEIINH, MpUHUMaeMblid corstacHo Tabmnuiie 3 CIT 63.13330;

bt

b-h

i, = — KO3(phULMEHT YacTH 1Ioaau 0eToHa, paboTaloIIe Ha pacTsHKEHUE;

Ay, — mmomaab YacTh OeToHa, paboTarolieil Ha pacTsHKeHHE, NPUHUMACTCS

MEHBbIIIee U3 IBYX 3HauUeHuil A, = 2,5(h — h,) b unu (h — x) b/3;

4, =———— — CYMMapHbIi KOI(PPUIMEHT AapMUPOBAHUS  CEUCHHUS

KEJIe300€TOHHOTO DJIEMEHTAa CTaJlbHOM pACTSAHYTOW apMaTypoll M KOMIIO3UTHBIM
MaTepuaoM;

Ug U U, — IEPUMETPBI CTATBHOM apMaTyphl U KOMIIO3UTHOIO Marepuasa (B BUIY
Masoit Tommuabel KM® u mpuieranus ero Kk 6€ToHy OJHOW CTOPOHOM MPUHUMACTCS U, =
b.).

[ToncraBnsisi B BbIpakeHUE 34 AOMYCTUMYIO MIMPUHY PACKPBITUS TPEUIUH B
3aBUCUMOCTH OT KAaT€rOpMU KOHCTPYKLIHMHM IO TPEHIMHOCTOMKOCTA MOXHO MOJYYUTh
TpeOyeMyro MIUPUHY KOMIIO3UTHOrO Marepuana. Hampumep, mpu I0myCTUMON IIMPUHE
PACKpBITHS TPEIIMH d.» = 0,3 MM TpeOyemas MmHUpUHA KOMIIO3UTHOTO Marepuasa
COCTAaBMUT:
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M
b, 210,1-u, ————— 1, 44u_. (35)
E s : h(‘ : ﬂ sum

PasmepHocTh AaHHON QopMyibl coOOAaeTca, TaK Kak IIMPUHA PacKpbITUS
TPELIMH ITOACTABIIAETCS B MM.

W13 Boipaxkenus (34) cnemyeT, 4TO MIMPUHA PACKPBITUS TPEUIUH OyIeT MEHBIIE IPU
OojplIel IMPUHE M HEOOJBIION TOJIIMHE KOMIIO3UTHOrOo Matepuana. Ilpu
ucrnonb3zoBaHud KM® 11si BRICOKMX 0alOK MOXET CIYYUThCS, 4TO TpeOyemas IIMpHUHA
KM® Oyner Oosblie mupuHbl caMod Oanku. B 3ToM ciydyae 1o BO3MOYKHOCTU CJIEAYET
npuMeHuTs KM® Oosblieil TONIMHBL U ¢ OOJIBIIUM MOJYJIEM YIIPYTOCTH, YTO MO3BOJIUT
YBEIUYUTh 3HAYEHUE |y, M TEM CaMbIM CHU3UTH IIMPHUHY DPACKPBITUSA TPEIUMH HIIU
yMeHbIUTh TpeOyemyto ToauuHy KM®. Bo3MOXHO Takke NPUMEHEHHE OJHOBPEMEHHO
0oJiee OJJHOM MOJIOCHI JTaMUHATA, HAKJIEUBas UX OAHY Ha Jipyryro. OHAKO B ATOM Cly4ae
yXyALIAeTcsl CyMMapHas paboTOCIOCOOHOCTh KaXAOW TMOJOChl  U3-3a  HAJIUYUS
JOTIOJIHUTENIBHBIX KJIEEBBIX COCIUHEHUM.

Heb6onpmoe konanmuectBo KM® MOXET 3HAYMTENBHO YBEJIWYUTh HECYIIYIO
CIIOCOOHOCTH KOHCTPYKIMU. OHAKO MajeHbKas IIoaab nonepeyHoro ceueHuss KM® u
B pAle ciydaeB 0OoJjiee HHU3KUA IO CPAaBHEHUIO CO CTajJbl0 MOIYJb YIPYrOCTH
(KOMIIO3UTHBIE MaTepualbl HA OCHOBE CTEKJIOBOJIOKHA M apaMU/a) 1al0T B Pe3yJIbTaTe ero
HeOobIIyI0 KeCTKOCTh Eq-A.. Takas >XeCTKOCTb BO MHOTHMX CIIydyasiXx HE IO3BOJISIET
3HAYUTENIbHO YMEHBIIUTh KPUBU3HY KeJI€300€TOHHOTO 3jeMeHTa U ero nporud. [loatomy
JUIsl YMEHbLIEHUsI KPUBHU3HBI U MporuOoB Hapsay ¢ KM® HeoOXoaumMo HCMonb30BaTh
JPYTHE CIIOCOOBI YCUIICHUS.

[Ipr SKCIUTyaTaMOHHBIX HArpy3kax JUuisi NPEJOTBpPAlIEHUs  YPE3MEpPHOMU
MOJI3y4ecTH OETOHA, TEKy4eCTH apMaTyphsl U paspyiienus KM® tpeOyroTcsi orpaHnyeHust
Ha HamnpsokeHUss B O€TOHe, CTalbHOW apMarype U KOMIIO3UTHOM Matepuaie. [lpu
NPUCOEANHEHNN B PACTSIHYTOW 30HE BHemHero apmupoBaHus u3 KM® wu3 ycrmosuii
paBHOBECUs  BBITEKACT, 4YTO  CKHUMAIOIIME  CHJIBl  BO3pAaCTyT  DKBUBAJIIEHTHO
pactsaruBaromiuM. [losToMy, 3HA4YUTENIbHOE W3MEHEHHWE MOXET HaOmoAaThcs B
CKUMAIOILIUX HANpsDKEHUsIX B OeToHe. [[i1s1 HeponyeHus: 3HaYuTEIbHOTO CKaThsl OETOHa,
pPa3BUTHUS TPEUIMH U €ro HeoOpaTUMBIX Aedopmaliuii BBOASTCS CIEAYIOIINE OTpaHUYEHUS

Ha HaIpsHKEHUs! B OETOHE Gy
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- 0, < 0,6R,;, OT IEWCTBUS KPATKOBPEMEHHOM HATPY3KU;

- 0,<0,45 R, OT nelCTBUS JIUTENBHON HATPY3KHU.

HanpsbxkeHust B 6eTOHE ONpeAeaoTCs A KpaiiHe CKaToro BOJIOKHA OTAEIBHO OT
JOEUCTBUS KaKIOW M3 HArpy3oK, B3ATHIX C KOA((UUUEHTOM HAJEXKHOCTU IO HArpysKe
paBHBIM 1, 1o popmyse:

o = E}€yp,
1€ €, ONPEAEISIETCS AHAIOTMYHO HAYAJIbBHOMY COCTOSIHUIO C YYETOM YCHIICHHS.

Jlns mpenoTBpanmeHus pa3pyueHus CTAIA, BBOAATCS CICAYIOIINE OTPAHUYCHHUS:

. . h
- OT JIICTBHS KPATKOBPEMEHHON HATPY3KH o = E -, -~ < 0.8R, ,
X
IA€ X, — IOJIOKEHHE HEWUTPAJIbHOM OCH IPU CTATHYECKOM IPOYHOCTHOM pPaCYETE II0
BTOPOM TIpymnmne IpeAeibHbIX COCTOSHUM C Y4YE€TOM YCUIICHUS KOMIIO3UTHBIMU
MaTepUalaMH.
Orpanundenue o HanpspkeHnsM B KM@ umeer cienyromunii BUa:

h —x

e

- OT JEUCTBUSA JUIMTEIBHON HATPY3KH -6 = E_(s, ~&,,) SNR_;

X

e

rae 1 < I — ko3¢ OUIMEHT, OrPAaHNYMBAIOIINI HAMPSOKEHUST B KOMIIO3UTHOM MaTepHuaie 1
3aBUCAIIMM OT ero Tumna. OCHOBBIBASACh HA AKCIEPHMEHTAIBHBIX HCCIEA0OBaHUAX [54],
MO>HO pekomeHioBaTh 77 = 0,8 g KMOYVY; 0,6 njist KM®A u 0,3 qyiss KMOC.
JIOTOJIHUTENBHO TaKXKe MPOBEPSIETCS BO3MOXKHOCTH HAPYIIECHUS TMOBEPXHOCTEH
paziena B cHUCTEME «OETOH — KIEsSIUMA COCTaB — KOMIIO3UTHBIA Marepuany.
MakcuMallbHbIC KOHIICHTpAIlMK HAIPsSPKEHWM B OTOH CHUCTEME HaOJII0IaloTCsS Ha KOHIIAX
MPUKJIEEHHOTO K OETOHY KOMIIO3UTHOI'O MaTepuaia U B MecTax IUCIIOKaluu Tperiut. [Tpu
AKCIUTYaTallMOHHBIX HAarpy3kax HadalbHBIM MpPOIECC HApYIICHUs MOBEPXHOCTU U3-3a
YMEHBIIICHUS CIETIJICHUSI KOMIIO3UTHOTO MaTepuaia MOXKET ObITh MPEIOTBPAIEH TaK XKe,
KaK COXpPaHSIETCS JIUTEIbHAS 1IEJIOCTHOCTD 30HbI AHKEPOBKH MPH IUKINUYECKUX HArpy3Kax
WIN TUKIaX «3aMOpaKMBaHWE—OTTauBaHue». JJis yIOBIETBOPEHHUS 3TOTO TpeOOBaHMUS
JIOJDKHO COOIOJAThCSl YCJIOBHE, 4YTO MPU JJIUTEIBLHON Harpy3ke Mo BTOPOW Tpymrme
MpeJIeNIbHBIX COCTOSHUN MaKCHMalbHOE HaIPsOKEHHE CABHUTA HAa KOHIIE MOJIOCHI JIJaMHUHATa

KM® 17, onpeneneHHOe B pamMKkax TEOPUM YNPYroCTHU, MEHbIIE 4eM Ry, B ciyuae

72



,Z[OHOJIHPITﬁHI)HOﬁ dHKCPOBKM KOHIOA IIOJIOCHI KM® »ra IMPOBECPKAa HE SABJLICTCA

HeoOxoauMon. OJIMH U3 BapUAHTOB OIPEJIeICHUs 7, MPUBEJIEH B padoTe [56]:

r Y e
om0 (e (36)

x=0

L E -t -t ] I,
rae

G, ¥ t, — MOyJb CIBUTA U TOJIIMHA KICAIIUNA COCTaBa MEXAY ITOBEPXHOCTAMHU
0eToHa U KOMITO3UTHOTO MaTepHana;

Q-0 U M,y — monepeyHas cujia W HU3rHOAIONMIMNA MOMEHT, ICHCTBYIOIIUE B
CEYECHUH, COOTBETCTBYIOLIEM KOHILY 11oj0ckl KMO.

JlokanbHOE  paspylieHuEe CLEIUIEHUs C OOpa30BaHMEM TPEIIMH  MOXKET
OPOUCXOANUTh W NIPHU pacdyeTax IO IEPBOMY MPEAEIbHOMY COCTOsHHIO. OIHAaKo Ipu
NEUCTBUU TOJBKO OKCIUIyaTallMOHHBIX HArpy30K OTOr0 BHJA pa3pyLICHUs MOXKHO
n30exath. JIokaibHOE pa3pylleHne MOXKET MPOU30MTH, €CIIM IEPEMEIICHHE TOBEPXHOCTEN
OTHOCHUTENIHO JIpyr Jpyra Oyner Oosbllie BeJIMYMHBI .. VccimenoBanus ke,
BBITIOJTHEHHBIE B pa0doTe [55], mokasainu, 4To MPOJIOJIbHOE MEPEMEIIECHUE S, COCTaBISET
0,224 MM, 4TO COOTBETCTBYET LIWPUHE PACKPBITHS TPEIIUHBI 25, = 0,45 MM, B TO Bpems
KaK KaTeropussMu TpeOOBaHUN IO TPEUIMHOCTOMKOCTH JIOMYCKAETCd MAaKCHUMAaJlbHOE
packpbiTie TpemmH 0,4 wmm. M3 a3toro ciemyer, 4ro TakOM THN pa3pyLICHUS
MaJIOBEPOSITEH.

B 3akimouenwe 3TOW riaBbl Ha pUCyHKe 19 mpuBegeHa Oyok-cxema
MIPOECKTUPOBAHMS YCUIICHUSI U3THOAaEMBbIX KeJIe300€TOHHBIX KOHCTPYKIMI KOMIIO3UTHBIMU

MaTepHaJIlaMHU.
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OLjerra cocTogHus KORCTDYKLMA 4718 DDUHATUSG DELLERIA O

NDUIMBRERNA KDIAIONLMOHRbIX MaTeDNANIOB

|
|_BbHMCﬂeHMB regmeTpiqeckix 1 (#JH.?M*-JBCR’ X XapakTepucTyK KOHCTPYKL N W MaTepnanos

Onpenenerue w3rnbaioliero MOMERTA OT BHELIKER HATDY3K
Mo Lo yernetus KoHCTpy KLY
|
Onpegenerie usrnbaitinx MOMEHTOB OT NONHON HATDY3KY
ana 1w I rpynn npegensHsix cocToAHwt U

Onpenenetivie TpeBYeMOro 4R YCUNEHUS NOMEPEYHOTO CeYeHNs
KOMIOSULMOHHOTO MATEPMANA N0 NEPBOY TPYINE NPEJENbHBIX
COCTORHM (M0 W3TMBAIOLYEMY MOMERTY Y NONEDEYHON ciure)

OnpeneneHie MOMEHTE TPELMHOOBPA30BaHUS N0 BTOPOI Fpyane
npegentHsix coctosrmi Mere

[
het Mool |22

Hert

[IpoBepKa YCIOBHA N0 LMDUHE DACKDBITAR TDEUMH 8 o >Acwt, Are>Am:

la
[lon6op xomHecTea KOMROSHLMOLHOTO MATEDHANA NO OrpaHUHEHMIC

LLUADYHb! DACKDBITUA TDELMH U X NOCTELYIOLEr0 3aKDbITHE
|
Onpegenexve fecopMaLui BETOHA £s, BPMATYPH! &s U NAMMHETA g..| HerT

Ecu E5E8s W Ee < Euax

Ha

TTonbop KomM4ECTBa KOMIOIMUMOHHOTO MATEPHANA 1O ONYCTUMBIN
Rebopmauysi GeToHa, apMATYDb! U NAMMHATA
I

OnpeneneHue HOPMAMLHBIX U K3CaTENLHBIX HANPAKEHIN B CHCTEME
Yeunghna 4ng Bbrﬁopa KNEALEro COCTABA 1 AHKEPHBIX YCTPOHCTR

Pucynox 19 — biok-cxema nMpoeKTUPOBaHUS YCUIICHUS KeIe300€TOHHBIX KOHCTPYKITUH
KOMIIO3UTHBIMUA MaTE€pUAIAMU
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S IIporuo3upoBaHue pa3spylieHUl YCHJIEHHBIX KOHCTPYKIUH B
npeaeJabHbIX COCTOSTHUAX

5.1 HpO‘IHOCTL YCHJICHHOﬁ KOHCTPYKIMH IO HAKJIOHHBIM CCUYCHUAM

[IpyuunHbl pa3pylieHuss U3rHOaeMbIX KeJIe300€TOHHBIX 3JIEMEHTOB, YCUJICHHBIX
BHEIIHUM apMUPOBAaHUEM KOMIIO3UTHBIMU MaTepualiaMy, MOTYT OBbITh pa3OMTHI Ha JBE
OCHOBHBIE T'PYIIIIBI:

- pabOTOCIIOCOOHOCTh YCUJIEHHOW KOHCTPYKLMH COXpaHSeTCs BIUIOTH JO Hayana
paspyuieHus: 6eToHa cKaToM 30HbI WK pa3pyieHus pactsiHyroro KM® (rakoit xapakrep
pa3pyLICHHs] MOKHO Ha3BaTh «KJIACCHYECKHM);

- pa3pylICHHE KOHCTPYKIMM HACTYIA€T PaHee H3-3a OTCIOCHUS KOMIIO3UTHOIO
Marepuana oT OeToHa.

OO1ee pa3pylieHHe KOHCTPYKIUHA MOXKET HACTYIIUTD B CAEAYIOIIHNX CIyYasx:

- IUIACTMYECKOE pa3pylLICHUE apMaTypbl PACTSHYTOM 30HBI IIPU JOCTHXKCHUH
HaIPSHKEHUSIMU B CTEP>KHEBOM apMartype (pu3ndeckoro (yCIOBHOTO) MPEAENa TEKYUYECTH C
JaJIbHEHIINM pa3pylleHreM OeTOoHa CkaToil 30HBI. EciM KOHCTpYKIMS apMHupoBaHa
BBICOKONPOYHOW TMPOBOJOKOW C MaJIbIM OTHOCHUTENIBHBIM Y/UIMHEHUEM I[P pa3pbIBE
(oxoso 4%), TO OJHOBPEMEHHO C Pa3pbIBOM MPOBOJIOKH IPOUCXOIUT pa3ipoOJieHHe
OcToHa CXaToM 30HBI. PaspylmieHne B 3TOM ciydae HOCHUT XPYIKHHA XapakTep.
Komno3uTHbIl Mateprall mpy 3TOM HE pa3pylIaeTCs;

- XpyHKO€ pa3pyllieHHe O€TOHa CKaToll 30Hbl B JJIEMEHTAX C W30BITOYHBIM
COJIEpKAHUEM PACTSIHYTOM CTaJIbHOW apMaTypbl M PacTIHYTOTO KOMIIO3UTHOIO
Marepuasa. [IpuMmeHeHne BHemHero ycuieHus KoHCTpykunun KM® B manHOM ciydae
Mano3(ppeKTUBHO;

- IUIACTUYECKOE pa3pylIeHUE apMaTypbl PacTSIHYTOM 30HBI MPU HEOOJIBIIOM
IPOLIEHTE APMUPOBAHUSI KOMIIO3UTHBIMH MaTepHallaMy, YTO B MEPBYIO OUYEPEb MPUBOIUT
K MX pa3pbIBY U IEpepacipeieICHUI0 Harpy3KH Ha BHYTPEHHIOK CTaJIbHYIO apMaTypy U3-
3a 4ero HAYMHAETCS €€ pa3pyILICHUE.

MectHOE  paspylleHHWE  yCWUJICHHOM  BHEIIHUM  apmupoBanueM KM

KEJIe300€TOHHON KOHCTPYKIIMM MOXET MPOU30MTH W3-3a TMOTEPH CIEIJICHUS MEXIy
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OETOHOM M KOMIIO3UTHBIM MaTE€pUalIoM, a TaKXe HM3-3a pa3pyLICHUs KOHTAKTOB CIIOEB.
Xopomast aare3ust mexxay KM® u GeToHOM mpexae Bcero HeoOXoauma Uil mepeaayvu
JEUCTBYIOIUX YCHWJIMM C OEeTOHa Ha KOMIIO3UTHBIM Marepuan ycuieHus. Hapymenue
CIICTVICHUSI MEX/TY MOBEPXHOCTHI0 OETOHA M KOMIO3UTHBIM MaTepUajioM MOJ JCHCTBHEM
HOPMAJbHBIX M KAacCaTEJIbHBIX HANPsHKCHUM NPUBOAUT K MECTHOMY Pa3pyLICHUIO
KOHCTPYKILIMH, YTO HEOOXOJMMO YYWUTBHIBaTh IpPHU OINpPEAEIICHUU ee Hecyuleu
cocoOHOCTH ¢ BHEIIHUM apmupoBanrneM KM®. IlepBoHayanbHO Takoi B pa3pyLICHUS
OOBIYHO TPOUCXOAMT HAa ydacTKe ¢ TpeluHou. Ilpum ero pacmpocTpaHeHuM Ha Jpyrue
yuyacTku BHemHUd KM® Ttepser cnocoOHOCTh BOCIPUHUMATh HArpPy3KH U MPOUCXOAUT
€ero orcioeHue oTr OeroHa. Ecim mnpm  3TOM  OTCYTCTBYET  BO3MOYKHOCTD
nepepacupencsieHus HallPsHKEHUH ¢ BHEIIHEHW apMaTypbl U3 KOMIIO3UTHOIO Marepuaia Ha
BHYTPEHHIOIO CTaJIbHYIO, TO OTCIOEHUE MOKET HOCUTh XPYIIKUN XapaKTeP U NPOUCXOAUTH
BHE3AITHO.

B oOwmem ciydae B pe3yiapTaTeé pEMOHTa W YCUJICHHUS JKeJIe300€TOHHOM
KOHCTPYKIIMM BHEIIHUM apMUPOBAHUEM KOMIIO3UTHBIMU MAaTE€pUAlAMH €€ CEUYCHUE

Ipe/ICTaBIsAeT COOOM ciIoeHbIN upor (pucyHok 20).
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Pucynoxk 20 — Bo3MoxHbI€ TOBEPXHOCTU pa3pyLICHUs YCUIUBAEMOM (PEMOHTUPYEMOM )

KeJIe300€TOHHOM KOHCTPYKIINU
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Pazpyiienne KOHCTpYKIMHY BO3MOKHO IO CJIEAYIOIINM ISTH MOBEPXHOCTSIM:

- pa3pyllieHrue B CTapoM OETOHE HEMOCPEACTBEHHO y CKJICHMBAEMOW MOBEPXHOCTH
WIM BO3JIE BHYTPEHHEHN pacTsAHYTOU apMaTypbl. B ciyyae BBINOJHEHUS PEMOHTHBIX padoT
ATOT TUN PA3pPYLIEHUsT OTHOCUTCS M K HCIOJIB3yEMOMY PEMOHTHOMY cocTaBy. Otcrona
BBITEKAaET TpeOOBaHME K HOPMATUBHOM NPOYHOCTH HA pacTsHKEHHE O€TOHAa WU
peMmonTHOTrO coctaBa 1,5-3,0 MllIa;

- paspylIeHHE Ha TpaHuLEe MeXAy OETOHOM M PEMOHTHBIM cocTaBoM. Jlis
OpeNIOTBpAIeHUs] 3TOTO BHUAA pa3pylIeHUs HEOOXOAMMO HCIOJIb30BaTh CHCTEMHbBIN
PEMOHTHBIM cOCTaB, oOOJaNalomUii BBICOKOM anresme u ¢ aedopMallmOHHBIMU
CBOMCTBaMH, OJU3KMMHU K A€(POPMALMOHHBIM CBOMCTBAM CYLIECTBYIOLIErOo O€TOHA, YTO
00ecreyuT UX COBMECTHYIO PaboTy. ANre3uss KIEAIUNA KOMIIO3UIIMM K OETOHY B 3TOM
Cy4dae JOJDKHA HaxOoAuThes B npeaenax 2,0-2,5 mlla;

- paspylieHue B KiesleMm cocraBe. [IpoYyHOCTH Ha pacTsKEHUE CUCTEMHOIO
KJIESIEr0 COCTaBa OOBIUHO BBIIIE, YeM Yy O€TOHA, U MOATOMY pa3pylICHUE MPOUCXOIUT B
O0etoHe. PaspymieHue mo 3TON MOBEPXHOCTH MOXKET MPOU30UTH TOJIBKO MPHU BBICOKOM
TEMIlepaType WIM TIpd OYeHb OOJBIIOW TPOYHOCTH OETOHA Ha PACTSHKEHHE.
[TaponpoHUIIa€MOCTh  YCUJIUBAEMOM  CTPOUTENBHOW KOHCTPYKLHMH OO€ecreyrmBaeTcs
MCIIOJIb30BAaHUEM CHCTEMHOMW MApONPOHULIAEMOM are3MOHHON CHUCTEMBI (ITpaiiMep, cMoa
u nnokpeitue PU);

- pa3pyllieHHE MO KOHTAaKTy MEXAy OCTOHOM U KIIEAIEM COCTaBOM WM MEXIY
KJesieM coctaBoM H nojocoii KM®. DToT Bua pa3pyllieHHs BO3MOXKEH TOJIBKO MHpPH
HEKauYeCTBEHHOW MOJrOTOBKE OETOHHOM MOBEPXHOCTU B MPOLIECCE MPUKIEUBAHUS TOJIOCHI
KOMITO3UTHOTO Marepuaia. Bo Bcex ciydasx aare3us MEXIy CIOSIMU JOJDKHA ObITh HE
menee 2,0-2,5 mlla;

- paspylieHne COOCTBEHHO KOMIIO3UTHOTO MaTepuaia. B mpuniumne takod Buj
paspylieHus BO3MOXKeH, Tak Kak KM@Y cocTouTt u3 IByX COCTABISAIOLIUX: YIIIEPOIHOTO
BOJIOKHA U OTBEpkKAAroulero nojuMepa. OHaKo Ha MPAKTUKE 3TO BO3MOXKHO TOJIBKO MpHU
HEKAQYeCTBEHHOW 00pabOTKEe TMOBEPXHOCTH, TIPU HENPaBUIBHOM IPOCKTUPOBAHUU
YCWJICHUS U TIPU MPEBBIIIEHUH ACHUCTBYIOIINX HA KOHCTPYKIMIO HArpy30K HPEAEIbHbBIX

BEJINYMH, IPUHATHIX IPU TPOEKTUPOBAHUH.
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[loBeneHne KOHTAKTHOTO CJOS MexAy OeToHoM U mnpukieeHHbiIM KM®
AKCIEpPUMEHTaNIbHO ucchenoBaiock Bizindavyi L. u Neale K.W. [28]. Hcnbitanus
MPOBOJMIIACH B YCIOBUAX UUCTOTO cABura. KM®Y mupunoit 50 Mm 1 ToaumHon 1,2 MM
OBLT MpUKIIEeH K OeTOHHOUM moBepxHOCcTH Ha jyuHEe 250 mMm. MccrmemoBanuch BeIMYMHA
HaMpsHKEHUH CABUTA U UX MAKCUMAJIbHOE 3HAYEHUE MO JIJTMHE COCIMHEHUS B 3aBUCUMOCTH
OT YpOBHS NpuiiaraeMoil cABUTOBOWM Harpy3ku. [Ipu HeOoJbIIOM ypOBHE HArpy3Ku
CIBUTOBbIC HAMPSKEHUSI B OCHOBHOM CKOHIIEHTPUPOBAHBI Y KOHIIA AJIEMEHTa, K KOTOPOMY
NpUIOKEHA CcIABHroBass Harpy3ka. Ilpu Bo3pacTaHuum Harpy3ku MaKCHUMAaJbHBIE
HalpsDKEHUS CABHATA NEPEMEINAIOTCA 10 HANpPABICHUIO K HE3arpy’)KEHHOMY KOHIY
coenuHeHns. JlaHHOE MCCIEeN0BaHME HE MO3BOJSET B IOJHOW MEpE OLICHUTH ITOBEJICHHE
KOHTaKTa MEXJy BHEmHUM ImpukieeHHbIM KM®Y u OeroHoMm, Tak Kak B HEM HeE
YUYUTBHIBAIOTCS. HOPMAJIbHBIC HANPSDKEHUS, MNEPHEHAUKYISPHbIE IUIOMIAAKE CIBUra u
BbI3BaHHbBIC JICHCTBUEM M3TU0aI0IEro MOMEHTA.

[ToBeneHue MOBEPXHOCTHU CHEIUICHUS MEXIy OETOHOM M BHEIIHEH W BHYTpPEHHEH
apMaTypoil MOXKET OBbITh OXapaKTEePU30BAHO 3aBUCUMOCTBIO «HANPSKEHUE CABUTA —
NepeMEILICHHE». JTa 3aBUCUMOCTb ISl Pa3jIMYHBIX BUIOB apMaTypbl MCCIEAOBajach B
pabote [28]. I'paduku 3aBUCUMOCTH «HANPSHKEHUE CIBUTAa — TIEpEMENIEHUe» JJis
Pa3JIMYHBIX TUIIOB apMaTyphl MpuBeeHbI Ha pucyHke 21. Ha aTux rpadukax ciemnieHue ¢
6etonom BHemHel apmarypsl 13 KM®VY tonmunoit 1,2 mm (kpuBasi 1) cpaBHUBaETCs CO
CUEIUVIEHMEM C OETOHOM BHYTPEHHEW mnepuoaudeckoro npoduis (KpuBas 2) U TIAIKOH
(kpuBasg 3) cranbpHOW apmarypoir gumamerpoMm 12 mm. Kak BumHo u3 rpadukos,
noTeHuanbHas 3Heprus cuemieHuss KMOVY (mnomane noa kpuBoil 1) MHOTO MEHbIIE
MOTEHIMANIBHOW D3HEPruM, KOTOpOH 00JagaeT CcuerjieHue ¢ OETOHOM BHYTpPEHHEU
apMaTyphl. JTa pa3HUIA B MOTEHIIMAIBHBIX SHEPIHSIX CIETUICHUS SIBIsETCA (aKTOPOM,
OKa3bIBAIOIIMM CYIIECTBEHHOE BIIMSIHUE HA PACHpPEICICHUE PACTATMBAIOLINX YCUINH,
MepealoIINXcsl Ha BHYTPEHHIOIO M BHEUIHIOIO apMarypy. J[aHHOE MOJIOKEHUE MOKET
OBITH UCIIOIH30BAHO /IS pacyeTa YCUIINN aHKEPOBKHM KOMIIO3UTHOTO MaTeprasa U pacuera
0 00pa30BaHUIO U PACKPBITUIO TPELIUH.

[Ipn wucneiTanusIx 00pa3oB ¢ BHemHUM apmupoBaHueM KMOVY nHa wu3ru6d

HamOoJiee 4YacTo pa3pylIeHUuEe MPOUCXOAUT B  pe3yJbTaTe€ OTCIOEHUS TOJOCHI
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KOMIIO3UTHOT'O Marepuaiia oT nmoBepxHoctu OetoHa. [Ipu sTom Hanbosiee ciabbIM MECTOM
cuerieHus: Mexay nojsocoit KM®VY u 6etoHoM siBiisieTcss OETOH, PacIONOKEHHbBIN BOIU3H
IIOBEPXHOCTH COEAMHEHMS. B 3aBHCHMMOCTH OT HA4aJbHOM TOYKM IIpoLiEcCa pa3pyLICHUS
BBIJICJISIFOTCS CIIEIYIOLIME TUIIBI pa3pyIICHUs, IPEACTAaBICHHbIE Ha pUCYHKE 22 [29].

Tun 1. Pazpymenne HaunMHAETCA B HEHAPYILIEHHOM TPELIMHAMM 30HE aHKEPOBKHU.
KoMno3uTHbIil MaTepual MOXET OTCIOMTHCS B 3TOH 30HE B pe3yjbpTaTe M3JIoMa OETOHa
IO/ ICICTBUEM CIBUTAIOIINX HAINIPS)KEHUN HA KOHTAKTE CIIOEB.

Tun 2. Orcinoenne KM®VY npoucxogut B pesyiabTaTe oOpa3oBaHUS TPEIIUH
u3ruba OT NEHCTBUS BHEIIHEW Harpy3ku. TpemiuHsl u3rnba B GeTOHE, MEPBOHAYAIBHO
HOPMaJbHBIE K TIPOJOJBHOM OCH DJJIEMEHTA, MOIYT Jajee pacnpOCTPAHATHCS
TOPU3OHTAIBLHO. B 3TOM cCilygyae OTCIO€HHME IIOJIOCHI KOMIIO3UTHOIO MarepHalia
ITPOU30MJIET B IEHTPAIBHON YaCTH KOHCTPYKLMHU B OTJAJIEHUH OT 30H aHKEPOBKH.

Tun 3. Orcnoenne KMO®VY B pesynbrare 00pa3oBaHUS HAKJIOHHBIX TPEILUH,
KOTOpbIE 00pa3yloTCs B pe3yJbTaTe COBMECTHOIO AEMCTBHSI HOPMAaJbHBIX U KacaTelbHbBIX
HaIpsSOKEHUH U MOTYT OBITh JOMHUHAHTHBIMU MPU OTCIOCHHHM MOJIOCHI KOMITO3UTHOTO
marepuasia. OJQHAaKO, B KOHCTPYKLUHUSAX C JOCTaTOYHBIM BHYTPEHHHUM U BHEIIHUM
MONEPEYHbIM apPMUPOBAHUEM OOpa30BaHUE TAKUX TPEUIMH MAJOBEPOATHO U OTCIOCHUE
KOMIIO3UTHOTO MaTepuajga BO3MOXHO TOJIBKO IIPU HEAOCTATOYHOM IOIEPEYHOM
apMUPOBAHUH.

Tun 4. OtcinoeHre KOMIO3UTHOTO Marepuana MOKET OBbITh BbI3BAHO W
HEPOBHOCTSMHM TOBEPXHOCTH OeTroHa. HepoBHOCTP U 1I€pOXOBAaTOCTh OETOHHOM
ITOBEPXHOCTU MOTYT CIY’KUTh IPUYNHON HAYAIBHOW MECTHOW MOTEPU CUEIIEHUS TTOJIOCHI
KM®Y c¢ 6eTtoHOM, KOTOpas MOXET paclpOCTPAHUTHCA Jajnee M CTaTb MPUYMHOU

OTCJIOCHUA.
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Pucynox 22 — Tumnsl pa3pyiieHus xene300eTOHHON KOHCTPYKIIUH, YCHUICHHON

KMoy

DKcnepuMeHTalbHbIC UCClIe0oBaHus, mpoBeaeHHbie Jansze W. [30], moka3biBaloT,
YTO B CIIy4ae pACHOJIOKEHUS KOHLOB JICHTbl KM@Y Ha HEKOTOPOM pacCTOSIHUU OT OMOPBI
L (mambonee TUNHWYHBIM Cllydail) B 3TOM MECTE€ MOKET 00pa30BaThbCs BEpPTUKAIbHAS

TpCIINHA, KOTOpas B I[aHBHefIIHeM MOKCT pPa3BHUBATbCA HAKJIOHHO, KaK OT I[eﬁCTBHH
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nornepeyHor cuibl (pUcyHok 23, neBas TpeuiuHa). OgHAaKO B Cily4yae JIOCTATOYHOIO
BHYTPEHHETO IONEPEYHOr0 apMUPOBAHUS Pa3BUTHUE 3TOM TPEHIMHBI B BEPTUKAIHHOM
HAlpaBJICHUM OCTAHABJIMBAETCS, W OHA HAYMHAET pPa3BUBAThCA TOPHU3OHTAIBLHO
MapaJUICIbHO BHYTPEHHEW MNPOJIOJIBHONW apMarype. B pe3ynbrare npukieeHHas Iojoca
KOMIIO3UTHOI'O MaTepuajla BMECTE ¢ OETOHOM OTHENSETCS OT OCHOBHOM KOHCTPYKIIMM Ha
YpOBHE MpPOJOJIBHOM apMaTypbl B BHJE CKalblBaHWs (puUCyHKe 23, mpaBasl TpEUIUMHA).
Takoil xapakTep pa3pylIeHHs Ha3bIBaeTCs OTPhIBOM OeToHa. Ob0a ATUX MeXaHH3Ma
pa3pyllieHuss MOTYT OBIThb pPEaIM30BaHbl TOJBKO B TOM Cllydae, KOIJla MaKCHMallbHas
nornepeyHas cuia, JEHUCTBYIOIIAsh Ha PACCTOSHUM L OT ONOpPBI, MPEBBICUT JIOMYCTUMOE

3Ha4YCHHUC.

Pucynoxk 23 — Xapakrep pa3pylieHus: Ha KoHile nojiocsl KM®

5.2 Ilporuo3upoBaHue NMOSIBJIEHHUsI OTCJI0€HUN B KOHIIE 30HbI AHKEPOBKH

KOMIIO3UTHOI'O MaTE€pHaJJIa B 30HC TPCIIIUH u3ruda

[TosiBneHne HAKIOHHBIX TPEUIUH OOYCIIOBIEHO PAa3BUTUEM TOPU3OHTAIBHBIX H
BEPTUKAIBHBIX JedopMaluii U MPOUCXOIUT BCICACTBHE CYMMAapHOIO UX BO3CHCTBHUS.
Otcnoenne KM MokeT MpOU30MTH M3-32 PACKPBITUS TOPU3OHTAIBHBIX TpeluH. OJIHAKO U
BEPTUKAIBHOE PACKPBITUE TPEIIMH MOKET TAKKE SABUTHCS PE3YyJbTaTOM OTCIOCHUS KM,
TaK Kak MPOUCXOJUT MO MPUYNHE MOABJICHUS PACTATUBAIONINX HANPSIKECHUN B 3aIIMTHOM

cinoe OeToHa MEXIy MaTepHaJOM YCUJICHUS W BHYTPEHHEW TPOJOJIbHOW pabouei
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apmatypoil. Ha mosiBnenune otrcinoeHuidt mexay KM u GeToHOM BIHAIOT CIIEIYIOIIHE
napameTpsbl:

a) BEpTUKAJIbHOE PACKPBITUE TPEIINH;

0) XKECTKOCTh MaTepraa yCUJICHHUS;

C) MPOYHOCTH Ha PACTSHKEHHE OETOHA.

Bo3nuknoBenue orciaoenuss KM mon BozaecTBHEM M3rHOAIOMIUX HArpy30K
MOKHO OIKMCATh KOJUYECTBEHHO IpH momoluu moxaenu Deuring [S57], koTopas siBisieTcs
HamOoJiee TOJIHOW, HO OYEHb CJOKHA B TMPAKTUYECKOM MpPUMEHEHUU. Mopenb,
pazpabdotannas Blashchko [58], mporao3upyer, 4To nosiBJI€HUE OTCIOCHUI B 30HE TPELIUH
CABUTAa MOXHO MpPEIOTBPAaTUTh OrPaHUYECHHEM  JEHCTBYIOLIEH CHJIBI  CIIBUTa
COTIPOTUBIIEHUEM c/BHUra (), 3JIEMEHTOB 0€3 MONEePEeYHOro apMHUPOBAHUS CO CIEAYIOLINM
M3MEHEHUEM XapaKTEepPUCTUKU NPOYHOCTH O€ToOHAa Ha CABUT Ry W SKBUBAJIEHTHO
KO3(hpuImeHTy apMUpOBaHUS gy,

R, =0.15R,"”, (37)

A+ A -

f=——— (38)

rae

hy — pabouas BbICOTa CEUCHHUS, MM,

A, — IIOLIA b OMEPEYHOT0 CEUCHMUS CTANBHOM apMaTyphl, MM ;

b — MMpUHA MONEPEYHOTO CEYEHUS DIIEMEHTA, MM;

A, — IIOIIA I TIONEPEYHOr0 CEYCHHS KOMITO3UTHOTO MATEepUala, MM,

E, — pacyeTHbIH MOy/Ib YIPYTOCTH KOMIIO3UTHOTO Matepuaia, H/Mm>;

E; — Monynp ynpyrocTtu CTajibHOM apMaryphl, H/mm®.

B cnydae CHMKEHMST TPOEKTHOM HECYIIEed CIOCOOHOCTM Ha CIBHUT HUXKE
TpeOyeMoil pacyeTHOM BETMYMHBI BOSHUKAET HEOOXOIUMOCTh YCUJICHUS KOHCTPYKITUU HA
nonepeyHyro cuily. Ha OCHOBaHMHM 5SKCIEPUMEHTANIbHBIX JIAHHBIX YCTAaHOBJIEHO
BBIPKEHUE JJIS1 OTIPEICIICHHS HECYIIEH CITOCOOHOCTH Ha morepeunyto cuiy Q, = Ry, -b-dn

3HA4YEeHUE IPOYHOCTH HA CABHT Tg, = 0,38+151 5.
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[IporHo3 nosiBIEHUsI ~ OTCIOEHUS B KOHLE 30HbI aHKepoBkn KM® u B 30HE
MOSIBJICHUST TPENIMH W3rnba MOXKET ObITh CHeJaH COTJIACHO PAa3JIMYHBIM BapUaHTaM,
KOTOpBIE KPaTKO OINKCHIBAIOTCS B TaHHOU paboTe.

OnHuM W3 BapuaHTOB, 00ECMEUYMBAIONINX MpeaoTBpalieHne orciauBanusi KMO,
ABIIIETCS OTPAaHUYCHHUE PACTATUBAIOMIMX AePopMaliii 10 OMpeeseHHOro 3HadeHus. B
JOTIOJTHEHUE K JTOMY, KoHIeBass aHkepoBka KM® nomkHa ObITh 0O0OOCHOBaHA C
WCIIOJIb30BaHUEM METOJ0B, OCHOBAHHBIX HA MEXAHUKE Pa3pyILICHHS U HA COOTHOLIEHUAX
HampspDKeHWe cueryieHuss — cABur. [lpuHnun orpanuueHus aedopmanuii 0ObeIUHEH
HECKOJIbKUMHU MPaBUJIAMH MTPOEKTUPOBAHUS U TEXHUYECKUX UHCTPYKIUNA C OTPAaHUYCHUEM
nedopmanumii B guanazone ot 0,0065 mxo 0,0085.

Pe3ynbraThl TeCTOB moka3zaiu, yTo, korna KM® moaBepraercsi pacTArMBAaIOIIUM
nedopmalysaM, MOSBICHUE OTCIOEHUS 3aBUCUT OT OOJIBILIOTO YMCIIa AapaMeTPOB, TaKUX
KaK CBOWMCTBa Marepuaja yCWJICHHS M OETOHa, TUINA HArpy3KH, HIMPUHBI PACKPBITHUS
TpeuMH W T.4. PellleHWe 3ajady pa3HbIX THUIIOB HE MOYKET OTrPAaHUYMBATHCA TOJIBKO
orpanuueHuem jaedopmanuii. Hampumep, orpanudenue npedopmanuidi B HEKOTOPBIX
CiIy4asiXx BeJeT K HEIKOHOMUYHOMY HCMOJb30BaHni0 KM®, ocoOeHHO TpH yCHUIIEHUU
OOJBIINX MPOJIETOB.

B kadectBe mnpummepa sl TPOBEPKH AHKEPOBKH MPEACTABIEHA MOJEIb
Holzenkampfer [52] ¢ nanbHeitmum ee pazsutueM Neubauer u Rostasy [55]. Ota mozens,
OCHOBAHHAsI HA 3aKOHE CUEIUICHHUs], 1a€T MAKCUMAJIbHOE 3HAYEHUE YCUIINS aHKEPOBKU, IV,

max 1 MAKCUMAJIbHYIO JUIMHY 30HBI aHKEPOBKU €4y, -

Nan,max = a'c'kc b : kb'A/EC “t," R, (H), (39)
E, -1,
ean,maxz — (MM)’ (40)
CZ ' btn
rae
a — TOHWKaIMMKA Kodpuiuent, npubnausuTenbHo paBHbll 0,9, KOTOpBIH

YUUTBHIBACT BIMSHHE HAKIOHHBIX TPEIIMH Ha MPOYHOCTH cuerieHus (¢ = 1 B Oankax co
3HAYNUTEJIBbHBIM BHYTPEHHUM U BHEIIHUM apMUPOBAHUEM U B IUIMTAX);
K. — KO3 (PUIIMEHT, yUUTHIBAIOIINUNA TUIOTHOCTh O€TOHA (K. MOXKET MCIOIb30BaATHCSA

CO 3HA4YCHHCM 1, HO I TPUMCHACMOI'0O MaATCpuala YCUICHHUA [JIA OCTOHHBIX
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IOBEPXHOCTEN C HU3KOM IIOTHOCTBIO, T.€. JJI MOBEPXHOCTEH, HE UMEIOIIUX KOHTAKTA C
onanyOKoi BO BpeMsi OTIUBKH, K. = 0,67);

Kp — KOO PUIIUEHT, YYUTHIBAIONIUN T€OMETPUIO KOHCTPYKIUU:

(41)

rae

bs/b > 0,33;

b — mypuHa NPAMOYTOJIBHOTO CEYEHMSI; IIMPUHA pedpa TaBpOBOrO U IByTaBPOBOI'O
CEYCHMII; IMPUHA OJTHOM U3 CTOPOH IIPSIMOYT'OJIBHON KOJIOHHBI, MM;

b, — mpHHa JIEHTbl KOMIIO3UTHOTO MaTepuasa, MM.

3HavyeHus b, b, u t; usmeps0Tcs B MM, U E. u Ry, — B MIla. 3nauenus c¢; u c;
MOTYT OBITh MOJYYEHBI MO pe3ynbrary TecToB, Aid KM® onu sxBuBaneHTHbl 0,64 1 2,
COOTBETCTBEHHO. IIpyM COOTHOWIEHWM CUEIUISoWUX MIMH [, <lan,,, ¢peneabHas

CleIUIsItonas cuia Beruucisercs no gopmyne Holzenkampfer [52]:

an , max an , max

o 2 . (42)

bonee aeTanbHbIN MOAX0A ISl MPEIOTBPAILCHUS OTCIAauBaHUs OT TPEUIUH U3rnda

B CJIyyae KpaTKOBPEMEHHOM cTaTu4yeckoil Harpy3ku npeiioxeH Niedermeier [59]. Ienbto
ATOTO TOAXOJa SIBISIETCS  BBIYMCICHHE MAaKCHMAJIbHO-BO3MOXHOTO  YBEIMYCHUS
pactsaruBaomux nedopmaruit B npenenax KM®, koTopeie MOTYT TepenaBaThCs
MOCPEACTBOM HAIPSHKEHUS CUEIUICHUS] MEXIY JBYMSI COCEOHUMH TPEIIMHAMHU. ITO
YBEJIMYEHUE JOJKHO OBITh YUYTEHO MPHU MPOEKTUPOBAHUU MOJHOI'O COBMECTHOIO IEUCTBUS
(pucyHok 24). Pe3ynbpTaTbl TECTOB MOKAa3bIBAIOT, YTO IMOTEPS CUEIUICHUS W OTCIOCHUE

UHULMUPYIOTCS TpeUMHAMU u3ruba, Korja pactaruBawoniee HampsokeHue B KM®

IMPEBBIIIACT 3HAYCHUEC, KOTOPOC MOXKECT OBITH nepCaaHoO HAMMPSIKCHUAMU CLCITIICHUS.
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Pucynok 24 — [IpoekTnpoBaHue yCWICHHs] KOHCTPYKLIHUNA C UCITOJIB30BAaHUEM
OrMOGAIOIMX JINHUH, TJie: A, — IIIOMAb MONEPEYHOr0 CeYSHNMs CTAIBHON apMaTyphl, MM~
A, — momane nonepeyHoro ceyennss KM®; Ns — neicTByIOIME yCWINS B KOHCTPYKIIUH,
H; N.— Hecymas cnocoOHOCTh KOHCTpYKUuH, H, [, — 11uHa aHKepoBKY; /., — pacCTOSIHUE

MEXKly TpEeIMHAMU

[ToaToMy pemieHue 3agayu Mo IpenoTBpalleHruio orciiauBanuss KM®-namMuHaToB
COCTOUT U3 TPEX ATAIOB:

- OIpe/IeJIEHnEe CaMOT0 HEOJIaronpusATHOTO PACKPBITHS TPELIUH U3ruoa;

- OIIpeAeNIeHHE pacTAruBampomero ycuiaus B npenenax KM Mexay naByms
COCEIHUMH TPEIIMHAMU COTJIACHO MPOEKTUPOBAHUIO IIPHU U3THOE;

- OIpEeJeNIeHHEe MaKCHMAJIbHO-BO3MOXHOIO YBEJIMYEHHMS B PACTATHUBAIOIINX
HanpspkeHusx KM.

PaccrosiHne Mexay JBYMsSI COCEIHUMM TpelMHAMU [,. DKBUBAJIEHTHO
MepesaToyHoN JUiMHE L, W BBIYUCISETCS NPU YCIOBUM HEU3MEHHOCTH HANpsHKEHUU
BHYTPEHHEM M BHEHIHEH apMarypbl. 3HAUYEHHE CLEIUBIIOIIETO HANOPSDKEHUS Ty
onpenensiercs mo Gopmyne (43). [lepenarounas qiuHa BeIYUCseTcs 1Mo Gopmynam (44)—
(47), tne M., — MOMeHT TpeumHooOpa3oBanusa. B Beipaxenuu (46) xodpduuueHt k
NPUHUMAETCS B pacdeT ¢ OOJBIIMM 3HAYEHUEM IMPOYHOCTH Ha PACTSXKEHUE MPHU U3ruode

Ry, IO CPAaBHEHHIO C OCEBOM NPOYHOCTHIO Ha pacTsikeHne KM® unv mpoYHOCTBIO Ha
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pacTsbkeHue OeToHa. B aToM ciydae 3HaueHue k mpuHuMaercs paBHbIM 2,0. 3HaueHue
mnieya Z, ONpeAesieTcsl NMPU YYETe OCEBOM >KECTKOCTU PA3JIMYHBIX CIIOEB apMaTyphl U
KOMITO3UTHOTO Marepuana (49). [ns ynpouieHus: BBIYMCICHUM MOXKET OBITh MPUHSITO
HEU3MEHHOE PACCTOSHUE MEXAY TpEUIMHAMU M0 JUIMHE KOHCTPYKUMH. CUEIUISIonue
HaMpsOKEHUS, KOTOpPbIE NEpPeAaloTcsl B HETPEIIMHOBATYI0 30HY O€TOHA, OTrpaHUYCHbI
MOCPEJICTBOM SHEPTUU pa3pylleHus. bobllioe paccTosHre MEXy TPEIMHAMU SIBISIETCS
HeOnaronpusTHeIM. PaccTrosiHne MeXay TpelulMHaMH JIOKHO COOTBETCTBOBATH 2 JIMHAM

IepEeAATOYHON 30HbI HANIPSIKCHU .

r =185-R,, (43)
Tcm = 044 : bt % (44)
M 1

[o=2.1 =2.—. , (45)
Z, (Z T -bC+Zrm d, -m)
k-R b-h’

R (46)
6
h-E -A +h -E -A
z, =0.85 - e ATt Z A | 47)

rae

T,n — BEJINUNHA CIICTUICHNS BHYTpeHHei apMaTypsl, H/MM’;

Ty — BEJIMUYMHA CLETUIEHUS] KOMIIO3UTHOI'O MaTepuana, H/mm?;

[y — paccTOsHUE MEXAY TPEIIMHAMH B PACTSAHYTOM 30HE, MM;

M., — MOMEHT, BOCOPUHUMAEMBI CEUEHHUEM HOPMAIBHBIM K IPOJOJBHOM OCH
3JIeMeHTa npu 00pa3zoBaHUM TpewuH, H-mm;

E, — MOJyJIb YIPYrOCTH CTaIbHOI apMaTyphl, H/MM®;

E, — pacyeTHBI# MOJIyIib yIPYrOCTH KOMIO3UTHOTO Matepuaia, H/mm

Onpenenenue pacraruBaromiero ycuiaua B npeaenax KM wmexay aByms
COCEIHUMHM TPEIIMHAMU COTJIACHO MPOEKTUPOBAHUIO MPU U3THOE MPOU3ZBOJUTCS C yUETOM
BHYTPEHHET0 CHJIOBOTO paBHOBECHS U J1e(hOpMallMOHHONW COBMECTUMOCTH.

N3BeCTHO, 4YTO YBEIWYEHHWE PACTATUBAKOIIMX HANPSOIKEHUA MEXKIY JBYMS
COCEHUMH TpPEUIMHAMHA HE JOJDKHO NIPEBBIIIATh MAKCUMAJIBHBIX, BBIYHCIAEMBIX IIO
IpaBWJIaM MPOEKTUPOBAHMS M3rM0aeMbIX KOHCTPYKUUNA. DTO JOIKHO OBITH CAETAHO IS

obJiacteil, rie mosIBIAIOTCS TPEUIMHBI OT U3ruda Tak ke, KaK U JjIsi aHKEPHOU 30HBI.
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MakcumanbHO pacTaruparoliee ycuiue, koropoe nepenaerca or KM® k 6etony
MOCPEACTBOM HAMNPSHKEHUMN CLICTUICHUSI B aHKEPHOU 30HE (PUCYHOK 25), BBIYUCISIETCS MO

Niedermeier [59] no ¢opmynam (48) — (50).

o BB B MTa, (48)

/4 btc ! c

ca . max

B Breipaxenuu (3.12) ¢; = 0,23. MakcuMaJIbHO BO3MOXKHOE HANpPsKEHHUE HMEeT

CBs3b € 3((HEKTUBHON 30HONU aHKEPOBKH 1y, 1ar (hOpMyma 3.13).

R L P PV Y (49)

an ,max 2

bn btn
rae ¢, = 1,44.
VYBenuueHue B [JIMHE 30Hbl AHKEPOBKHU [, HE TPUBOIUT K YBEIUYCHUIO
COINPOTUBIJICHUSA  PACTATUBAIOIIMM  HANpsXKEHUSAM. OJTO  MPOUCXOAUT  BCIEACTBHUE
OTpaHUYCHHS PabOThl Pa3pyIICHUS, KaK OTMEUYalOT MHOTHE HMCCJIEAOBATEIH, TaKHue Kak

Holzenkampfer [52], ¢ nanpHelimumM pa3zsutruem Neubauer u Rostasy [55].

SHETHEWHRA A0S T 03

L Censhie & TRELHALN

I". 1

1
S F]
Casgtite bes Toellid SHRLUHMA ZNS ST JSIERENAT

Covpiite Ges TReurY

F0ARHMLE MOARTEH K
TOBLUIHH M3 rHOE

PucyHok 25 — Pa3nenieHre aHKEpOBKM Ha IPaHULE BO3HUKHOBEHUS TPEILINH:
N, — ycunue, BOCOpUHUMaeMoe OETOHOM CKaToil 30HbI; Ny — yCuiiKe, BOCIIPUHUMAEMOE
BHYTPEHHEW CTaJIbHOW apMaTypoi; N, — ycuimne, BOCHPUHUMAEMOE KOMITIO3UTHBIM

MarepuanoM; Q — nomnepeyHas cuia oT ACHCTBYIOIIEH HArpy3Ku; R, — onopHas peakuus
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I[JISI AJIMH aHKCPOBKHM MCHBIINX, YEM lan, maxs MAKCHMAJIbHBIC PACTATHBAIOIIHC

HaIpsHKEHUS! OMUCHIBAIOTCS BhipaxeHnueM (50) (pucyHok 26).

1 l
ol [, ) , 50
7 ea [ ] 7 ca s lan <lan, max ( )

an ,max an ,max

AHann3 paboOThl Marepualia YCUJIEHUS YUYUTBHIBACT MPOCTEUIINE COOTHOIICHUS
HAMPSDKEHUE CUETUJICHUS — CIIBUI» M MPUBOJUT K BBIPAKEHUSAM, KOTOPbIE MOTYT OBITH
WCTIOJB30BaHbl  JUIsl BBIYMCJICHUS MAaKCUMaJIbHOTO VYBEIWYEHUSI B PaCTATUBAIOIIUX
HaNpsoKeHUAX (maxAocy) B dleMeHTe MeEXIy AByMs TpemuHaMu. OIpeneneHue Ggg
OCHOBaHO Ha Ae(POPMAIMOHHON COBMECTHMOCTH W CHJIOBOM PAaBHOBECHH B CEUCHUU
(pucynox 27).

Ha pucynke 27 mnoka3aHO MaKCHUMaJbHO BO3MOXXHOE YBEIWYEHHE MaxAGy,
3aBUCSIIEE OT crieupruueckux 0COOCHHOCTEN PACCTOSIHUN MEXKY TPEIIMHAMMU.

Touku A, B u C, nokazaHHble Ha JuarpaMme, MOTYT OBITh OIIEHEHBI C
UCIIOJIb30BaHUEM CIIEYIOIIUX BbIpaxeHuil. Ha pucyHke 28 Touka A COOTBETCTBYET
IPOBEPKE KOHIEBOW aHKepoBkHu, rae Ao, = 0. ComocraBieHHE MaKCUMaJIbHOIO
YBEIUYEHUSI B HANPSIKEHUSIX WIM B ATOM CIyd4ae MAaKCHMAJIBHOTO  PACTITHBAIOIIETO
HATPSDKEHNS aHKepOBKH (maxAo,”) MoxeT ObITh OLCHEHO U3 BhIpaxeHuil (48)—(50).

B
3HaucHUEe O'c( )

MOHO BBIYUCIUTh 10 BbIpaxkeHutro (51) W OHO OTHOCUTCA K
No. P 52):
MaKCUMaJIbHOMY yBeJInueHuto (maxAo, ™), onpeaensieMoMy U3 BeipakeHus (52):

(8) c, E l,

Oy = - - ¢, AR, R, - H MHa’ (51)
lCVl‘ 4.tL‘
M. R R 1
1 ¢, "E.-R,R,
max Ao_ﬁ(s) _ 7| 1 e N\ Tbn b . (o_r(m)z _G(.(B) |’ MHa, (52)

ybi L\ Zc
rae ¢z = 0,185 u ¢, = 0,285. JIuneliHOE CHUKEHUE HAINPSHKEHUNA MEXIy Toukamu A u B
MOXET onpenenarbcs u3 Boipaxenus (53). Kpupas mexnay toukamu B u C onpenensiercs

BBIpaKeHHEM (54).

88



( A ! A (R))

max Ao - max Ao

< (4) .

max Ao, =~ =max Ao _ = - . 7 : o, (53)

A GO TITTECRITT Ty 03 T R LUITiF

ST TOR TS TATTTHIY
AL SR LA B

Hi IO 2T

- e

Joma CIICTETCHEST | & o S v

Pucynok 26 — I3menenne pactiaruaromux HanpsokeHud B KM® no mimne

AHKCPOBKHU

B ToeHRaa AnaT)aa
————— i e e ks i
| . Y _ M. ]
I T Rk TR SE T
1
Cauaume 23 TaSuHY Caue e izl TosuH
IR A Pl L
(E T HER AL, SR
TOEUI MY KNS 1
& cic
e e
O ~—— — e O e O

Pucynok 27 — AHanu3 nosiBJA€HUS OTCIOCHUS TPU U3TH0e MEXAy TPEeIIMHAMU
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Pucynok 28 — Jluarpamma aJist onpeaeneHus MakCUMalibHO BO3MOYKHOTO

YBEJIMYEHHUS PACTATMBAIOMIMX HAMPSHKEHUH (MaxAG,) MeXy ABYMsI TpEUIMHAMU

o1 e B R, R 1
max AO'r :—-‘ + o -0

7w | g ] (54)

JIns MakCHUMaJIbHBIX PACTITHBAIOIIMX HANPSKEHUNA BEPXHUM MPEAEN YBEIUUYCHUS

HanpsHKeHU orpeaensercs npouHocTbio KM® u3 Boipakenus (55).

max AO'C(3):R -0 . (55)

B dopmynax (48)—(54) eqununiamu uzMepenuit sensrotcs Mlla anis HanpsiokeHui
1 MOJYJIS YIIPYTOCTH U MM JJISI TUHEHHBIX BETWYUH [, 1.
[Ipennaraempie  KOIPGUIUEHTBI Cj, €3, C3, C4 U Kk TIOTy4YeHBI KaTUOPOBKOU

(JIMHEWHBIM PETPECCHOHHBIM aHAJIU30M) Mojaenu cuemieHus. OHU  OTHOCATCS K

COOTHOIIIEHHUIO «HAMPSOKEHUE CUEIUIEHUS — CIABUI», M HMX MOXHO OIPEACIUTh W3
COOTHOIIIECHWH:
Cc
v, =—./f, f, — MaKCHMaJIbHOE KaCaTEIbHOE HAMPSIKECHUE CLECTIIICHUS;
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s, =c¢, =c, lc, — TIEPEMEIIECHAE CABUra MeXIy noBepxHocTasmu KM® u GeroHa

TP HAPYIICHUH CUCIIJICHHUA MEXAY HUMMU:

2

C
G =05-7_.-s =05 — R_-R

c ci co bn b *

7/}71

[IpoBepka 30HBI aHKEPOBKU M CHJIBI CIEIJICHUS MEXIY MaTEpUalioM YCUJICHUS U
O0eToHOM BKJIOUaeT 2 3Tama. [lepBwIil ATanm BKIIOYAET MPOBEPKY aHKEpOBKU. Ha BTOpOM
ATare JI0HKHO OBITH MPOBEPEHO OTPAHUYCHHUE CIBUTOBOIO HANPSKEHUS 7, HA T'paHUIIC
Martepuall yCUJICHUs] — O€TOH, KOTOPOE SIBUJIOCH PE3yJIbTaTOM U3MEHEHHUS PacTATUBAIOIIEH
CWJIBI BJOJIb MaTepualia ycujeHus. PaccmarpuBas JBa TIONEPEYHBIX CEYCHHUS Ha
paccTossHuM Ax, TAe NEUCTBYIOT M3rudaromme MOMeHTol M, u M, + AM,, xacaTtenbHbIC

HaIIPsS’KCHUS B OetoHe Tp OIIPEACIIAIOTCA U3 BBIPAKCHHA

r, = (56)

rae AN, — I3MEHEHHUE OCEBOTO YCUIIUSA B MaTEPUAJIE YCUIICHUS MEXIY IBYX y4acTKOB. [
OPOBEPKU [0 MEPBOM TPYyHIE MPEACIbHBIX COCTOSHUN CIBUTOBOTO HANPSDKEHUS 7,
JOJKHO OBITh OrPAaHUYEHO NPH MPOEKTUPOBAHUM MPOYHOCTH HA CABUT, KOTOPOE
HKBUBAJICHTHO (B OOJBIIMHCTBE CIy4aeB) MPOYHOCTH OeroHa caBur, R,. [IpuHumas
Kputepuil paspymenuss Mopa—KynoHa B cilyyae HyJEBBIX HOPMAaJbHBIX HaIPSKEHUM,

IMPOYHOCTb CUCIIJICHWA DKBHUBAJICHTHA 1,8 IMPOYHOCTHU HA pACTAKCHHUC.

R, —1g. R (57)

sh
Y
Bripaxxenue (57) Mmoxet nonyckarb, uto N = M/z,, u N = N. + N,. B 3aBucumMocTtu
OT TOTO, «IOTEKJIa» JIM BHYTPEHHssI apMmarypa wuiad HeT, N u AN. Moryr OBITh

AIlIIPOKCHUMHPOBAHBI BBIPA)KCHUAMMU:

AM ) (58, a)

ue AN &~
A -E
ZI" : 1+ - -
ACEC
AM
e, 2¢,:N =N_+A R WIA AN, = : (58, 0)

Z

m
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W3 BeIpakeHHUs U1 NMPOEKTUPYEMOM NONEPEYHOU CHIIBI AM /Ax ~ Q U YCJIOBHUE

z =(z, +2z,)/2~0.95 h, NAIOT CIAEAYIOIIUE HEPABCHCTBA.

£, <&, 2 <R,, (59, a)
0.95 h, b |1+ ———*
AC ' c
0
g, 2, —< R . (59, 6)
" 0.95 -h, -b

B dopmyne (58, a) mpunsto, uro &/ ~ 1. bnaronaps 3HaYMTENbHOW IIMPUHE
CUEIUISIONIEH MOBEPXHOCTH MPOBEPKa BbIpakeHUs (59, a) He ABISIETCS ONpeAeIIIONIeH.
[IpobGyiiembl €O cCIEMIEHUEM MOTYT BO3HUKHYTh B CIydae JOCTHXKEHUSI BHYTPEHHEH
apMaTypoi npejena TeKy4eCcTH WM Pa3BUTHUSL OOJBIITUX CIBUTOBBIX CHII.

KiltoueBbIM JOMYIIEHUEM 3TOTO PEUICHUS ABJISETCA YCIOBUE, YTO NMPUBEICHHbBIC
BBIDQXKEHUSI TIPU  TPOBEPKE OT TPEIIMH M3rubda  OMUCHIBAIOT  IMOCTOSIHHYIO
MUKpPOTpPEIIMHOBATOCTh HA TpaHUIE «MaTepUall YCUJICHUS — OETOH» U MECTHbBIC

OTCJIOCHHS, KOTOPBIC HE IPUBCAYT K ITOTCPEC CHCIIIICHUS.

5.3 lloreps cuemjieHuss MaTeprasa yCuJieHHs ¢ 0€TOHOM NpH JeilicTBUM

CABUIOBBIX YCUJIUH

HeoOxoauMoCTh  OLIGHKHM  CIABUTOBBIX  YCWJIMM B TMPUOMOPHOM  YacTH
KeJIe300€TOHHON KOHCTPYKIIMU 00YCJIOBJICHO HAJIMYKUEM TONEPEYHBIX Cuil. B ToM ciiydae,
KOT/Ia BHYTPEHHEE apMHPOBAaHHWE KOHCTPYKIIMU U MPOYHOCTh OETOHA HE 00ECTeUYMBaIOT
HECYIIYI0 CIIOCOOHOCTh Ha MOMEPEUHYIO CHIIYy, TpeOyeTcsl YCHJICHHE KOHCTPYKIUHU C
ydueToMm ankepoBkn KM® marepuanos.

OnHMM W3 MOAXOJIOB SIBJISIETCSI TUIIOTETHYECKass KoHIuenus capura (Jansze [30]),
CXe€Ma KOTOpOM MOKa3aHa Ha PUCYHKE 29 W MpUMEHSIETCS U1 MOACYETa COMPOTUBIICHUS
OaJIOK Ha BO3JICWCTBHE MOMIEPECYHON CHUIIBI.

OxoHYaTeabHbIC BBIPAKCHUA IIPUBCACHBI HUKC!

Q<Q,=R, b-h,, (60)
k- o5 F 1+\/2m.\m, 61)
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) (62)

a>L+hy, a;<a, (63)
rae
L — paccrosinue ot koHza KM® 10 onopsl, MM;

a — I10JIOBHMHAa AJIMHbI Oaku MCXKOY OIIOpaMHU, MM,

A
p = —— — K03 (PUIHEHT apMUPOBAHHUS.
bh

0

['unoreTnyeckas KOHUEMIMS CIBUTa JAET YIPOUICHHOE WHXXEHEPHOE pEIICHHUE,
MpEIHA3HAYEHHOE JIJIsSl IPOTHO3a MOABJICHUN OTCIIOeHn Ha KoHIle KM@, BKiItouas oTphiB
OcTOHa 10 BHYTPEHHEW CTaJbHOW MpOJOJBHOW apMmarype. B mobom cimydae s
HAJIEKHOTO IIPOTHO3a TOSIBJICHUM OTCIOCHUH JIaMHUHATOB, a Tak)Ke BbIOOpa THIA HX
AHKEPOBKU TpeOyeTcs MpOBEIECHHE OOJBIIOTO KOJUYECTBA MCIBITAHUNA YCUJICHHBIX

KeJe300€TOHHBIX KOHCTPYKIUH B 1a00PaTOPHBIX YCIOBUSX.

pe #f

Pucynox 29 — Konrenius notepu ClEIICHUS MaTepraia YCUJICHHS C jKeJIe300€ TOHHOM
KOHCTPYKITUEH OT JEHCTBUS CIBUTOBBIX YCHIIMMA: 1. — KOADOUIIMEHT apMUPOBAHUS
KOHCTPYKITUU KOMITO3UTHBIM MaTEpHAIIOM; 4 — KOA(hDUIIMEHT apMUPOBaHUS KOHCTPYKITUU
CTaJbHOM apMaTypoii;/ — BBICOTA CEUEHUS KOHCTPYKIUU; L — pacCTOSHHUE OT OMOPHI 10
JIEHTBI KOMIIO3UTHOTO Matepuaa; a; — pacCCTOSHUE OT OTIOPHI 10 BEPXHEH IPaHULIbI
KpalHEeW K OIOPE HAKJIOHHOM TPEILIUHBI, @ — PACCTOSIHUE OT TOUKH MPUIIOKEHUS CUJIBI J10

OTIOPBI.
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6 Ycuiienue xes1e300eTOHHBIX KOHCTPYKIUI 000iiMaMu U3
KOMIIO3MTHBIX MATEPHAJIOB

6.1 OcHOBHBIE MOJIOKEHUSI TMPOEKTUPOBAHUS YCWIEHHS KOHCTPYKIMii

000iiMaMM U3 KOMIIO3UTHBIX MATEPHAJIOB

Ycunenne  Kene300€TOHHBIX  KOHCTPYKIIMH, OCOOCHHO KOJIOHH  3JaHUH,
WH)XCHEPHBIX U MOCTOBBIX COOPY>KEHUH, C LIETBIO MOBHIIICHUS UX HECYIIEH CIOCOOHOCTH
OOBIYHO TPOU3BOAMTCS B Clydae MPEIOoJaracMoro yBEJIMYEHUsS HAarpy3Kd Ha HECyIlue
KOHCTPYKIMH, TOBBILIEHUS UX KECTKOCTH, BOCHPUSITHS JTOMOJHUTEIBHOTO U3rMOAIoEero
MOMEHTAa WM JUIA 3aU0UThl OT 3eMJIeTpsiCeHUH. TpaauIMOHHO B JTHX CIydasx
OPUMEHSIOTCS CIEAYIOUINE CTIOCOObI YCUIICHUS:

OXBAThIBAHUE KOJIOHHBI CTAILHBIMH 000MMaMH WIIH 00pydYamu;

YBEJIIMYEHUE MOMEPEYHOI0 CEUEHHUS] KOJOHHBI MPHUCOEAMHEHHEM OETOHHOIO WIIU
&KeJe300€TOHHOTO 3JIEMEHTA.

VYcunenue cTajbHbIMU 00OMMaMy IO MEPUMETPY KOJIOHH MOBBIIIAET MPOYHOCTH
O6eToHa M ero neQopMaTUBHOCTh, a TaKXKe MPEJOTBPAIAET MPOCKAIb3bIBAHUE U W3TUO
BHYTPEHHEW NPOJOJIbHOM apMaTypbl. YCUJIEHHE KOJOHH 00OMMaMu M3 KOMIIO3UTHBIX
MaTepuagoB MOJYyYHIO Pa3BUTHE CPABHUTEIBHO HeAaBHO — B cepeauHe 1990-x r1r.
AHanuTUYEeCKUE M SKCIEPUMEHTAIIbHBIE MCCIEIOBAaHUS M0 YCHICHHIO KeIe300€TOHHBIX
KOJIOHH KOMIO3UTHBIMU MaTepHaiaMu JOCTAaTOUHO MOJHO OTpakeHbl B padborax [37-43].

KomIio3uTHeli MaTepuasi, B OTJIMYME OT CTalld, CO3JAIOLIEH IMOCTOSIHHOE
paguanbHOE NABJICHUE HA YCHUJIMBAEMBIM JJIEMEHT IMOCJIE JOCTWIKEHHS IUIACTUYHOCTH,
ynpyro nedopmupyercs BIUIOTh 10 pa3pyLIEHUS U MO3TOMY OKa3bIBAaeT BO3pPACTaIOLIEe
MAaCCMBHOE paualbHOE JaBJICHHE Ha OETOHHBIM OOpa3ell, HAXOMSIIUICS TOJ OCEBOU
Harpy3koil. M3 pucynke 30 creayer, 4To Hadajlo oOceBol aAedopmannu OeToHA
NPOUCXOAUT TOCJHE JIOCTHXKEHHUS CTalbHOM 0O0OMMON Tmpenena TEKy4yecTH U He
COTIPOBOXAAETCA YBEIUYECHHEM paJHaIbHOTO IaBJICHUA O, Ha OeTOHHBIH oOpaseu. B
OTIMYME OT JTOro o0oiMa U3 KOMIO3UTHOIO MaTepuana BbI3bIBAET IOCTOSIHHO

BO3pacTaromee paauaibHOC JaBJICHUC HA O6p33€1_[.
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Pucynoxk 30 — CpaBHutTenpHble rpaduK ycuaeHus: 000MaMu U3 CTallu U

KOMITIO3UTHBIX MATCPHUAJIOB

OddextuBHOCTH yeuneHus oodoitmamu u3 KM® 3aBucuT 0T OOKOBOM JAMIIATAHCUU
O0eToHa, KOTOopas B CBOI odepenpb siBisgeTca (yHKiMedl OokoBoro gamieHus. Takum
o0pa3oM, MOJEIM YCHJIEHHOIO KOMIIO3UTHBIM MaTepuajioM OETOHHOTo o0pa3ua
OCHOBBIBAIOTCSl HA B3aMMOJICHCTBUU pauaIbHOTO pacuupenus: 0etoHa u 06oriMber KMO.
[Tomyyaembie TpU UCHBITAHUM TaKUX MOJIETIEH SMIMPUYECKUE 3aBUCHUMOCTU TIO
OTIPENICJICHUIO TTPOYHOCTH Ha CXKaThe W aedopmaiuil 6eToHa, YCUJIEHHOTO O00OMMOMN W3
KM®, Takxke y4uTBHIBAIOT OCOOCHHOCTH IePOpPMUPOBAHUS CHCTEMBbl «OE€TOH — 00oiiMa
KM®» nox oceBoit Harpy3kou.

[Ipenenvubie nedopmannu 6eToHa, ycrieHHOro oooimoit uz KM®, naxonsarcs B
(GYHKIIMOHATBHOM  3aBUCMMOCTH C  PACUYCTHBIMH  MPEACIbHBIMU  JehopMarusiMu
KOMIO3UTHOTO  MaTepuana, NPHUHATOTO IS  YCHWICHHS.  OJKCIepUMEHTAIbHBIC
MCCJICIOBAHMS TTOKA3bIBAIOT, YTO TAaHTCHIIMAJIbHBIC pa3pymiaromiue aehopManui 00bIYHO
UMEIOT MEHBbLIME 3HA4YeHMs, 4YeM paspylapiue aepopMaluu, MoJydyaeMble Mpu
CTaHAAPTHBIX HCHBITaHUAX xoJicToB KM® Ha pacrtsokenune.  CHWKCHHE BEIMYUH

paspymarnmmx 1ehopMarii MOKHO O0OBSICHUTH HECKOJIBKUMH (PaKTOpaMH.
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a) TpexocHoe HampsKEHHOE COCTOSHHE OXBATHIBAIOIIETO OETOH KOMITO3UTHOTO
Marepuana. Kak mokazano Ha pucyHke 31, oOoiimMa W3 KOMIIO3UTHOTO MaTrepuaia
COBMECTHO C OETOHOM BOCHPHHHUMAET CXKHMAIOIIME HANpPSKEHUS, MaCCUBHBIA OTIIOP
OCTOHA W PaCTIATUBAIOIINE HANIPSHKEHUST OT OOKOBOTO pacimmpenus. VX BennunHa 3aBUCUT
OT THIa KOMIIO3UTHOTO MaTepuaia U COCTOSIHUSI COCIMHSAEMBIX ITOBEPXHOCTEN, KOTOPOE B
CBOIO OYepe/b 3aBUCUT OT IIEJIOT0 pssia (HaKTOPOB (BKECTKOCTH KIICSIIIETO COCTaBa MEXy
oboiiMoii KM® wu OeToHOM, TINATEABHOCTh M YCJIOBHS IOATOTOBKM COEIMHIEMBIX
nmoBepxHOCTeH ® T.1.). B cimydae HemosiHOro Bo3jeicTBHS 000WMBI Ha OETOH OHa
MOJIBEPTAETCA TOJIBKO MEPEHAIONIMMCS HAa HEE CHKUMAIOIIMM HANpsHKCHUSM U
nedopManusM U MO3TOMY Pa3yIUIOTHSIETCS B 30HE PaCUIMPEHUs WU U3-3a pa3pylIeHUs
KM® wunu orcioeHuss Mexay o0oimoil um OeroHoM. TaHreHIMalbHBIC aepopmariuu

000HMBI €, HCMHOI'o MCHbIIC IIPCACIbHBIX I[C(i)OpMaHI/If/’I KOMIIO3UTHOT'O MaTCpHajla &gy,

TaK KaK TPaJMeHT HaMpspKeHUM B 00oiiMe Osaromapsi paauajibHOMY JaBJICHUIO G, BIUSIET

Ha npeaen npoyHoctu KMO.

C RN IHE HANPAE SHHA

moce YeTaHOEEH ofofiMu B
KMid

TaHTeHTHAMLHELE DAC TATHEAFOIIHE
HalpAEeHHA, BOSHHEAIIIHE H3-33
PATHAMEHEL T2 [PeM eI R

AN

PaguansHEIS HADPAA SHHA 0T O8HCTERA
obofimer ns KNP

Pucynox 31 — Pacnipenenenue HanpspKEHUH B JKEeIIE300€TOHHOM AJIEMEHTE TP €ro

ycuieHuu ooboimamu nu3 KM®

B ciiydae nonnoro npuiieranus 06oiiMbl KM® k 0eToHY, KOMIO3UTHBIA MaTepuan
YCWJICHHSI TIOABEpPraercs KaK COOCTBEHHBIM MpOAOJbHBIM AedopmanusiM, Tak U
NPOJOIBHBIM JleopMalusM, NiepelaBaeMbIM eMy OeToHOM. llpenenbHble HanpsKEHUsS U

nedopMalii CHMKAIOTCS HW3-3a PA3BUTHSL OTCIOEHUM W MUKPOU3rHOa Ha OTACIIBHBIX
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yudacTkax. Pa3pyieHue npoucxoauT Jlaxke Py MEHBIINX TaHTeHIIUAIBHBIX AehopMalusiX,
YeM B CIIy4ae HEMOJHOTO COEIMHEHHUS CIIOEB.

0) KauecTBO BBHINOJIHEHUSI TOJATOTOBKM IOBEpXHOCTH OeroHa. Ecnm BosokHa
KOMITO3UTHOTO MaTepuaja B HEKOTOPBIX MECTax pacmloJiokeHbl Hed(p(EeKTUBHO H3-3a
HaJU4Msl MyCTOT WJIM HEKAY€CTBEHHOW NOJATOTOBKM IMOBEPXHOCTH, TO YaCTh JHEPIUHU
TaHTCHIMANIBHOU JeopMaluu MPUXOAUTCS Ha BbITATMBaHHE BOJOKOH. KM® Takke
MOKET OBITh MOBPEXKACH HEMPABWIBLHO 3aKPYTICHHBIMU KpasMH XOJICTa WJIM MECTHBIMHU
HEPOBHOCTSAMH.

B) HckpuBneHHBIN Bua 0OOOWMBI W3 KOMIIO3UTHOTO Marepuajia, OCOOCHHO B
KOJIOHHAX C MaJbIM PaJNyCOM 3aKpYIJIEHHS YIJIOB.

r) Hanuune macmrabuoro spdexra npu NpuMEHEHUH JJIA CO3JAaHUS 0OOWMBI U3
HECKOJIBKHMX CJIO€B KOMIIO3UTHBIX MaTE€pPHAJIOB.

O6o3HauMM  mpeNelbHbIE  TaHTE€HUUAIbHbIE  AedopManuu  OOOMMBI U3
KOMITO3UTHBIX MAaTE€pUalOB C YYETOM BCEX BBILICIIEPEUYHUCICHHBIX TPEOOBAHUNA KaAK &,
WctruHHBIE TPOEKTHBIC BEJIMYMHBI JJIA TPEJCTbHOW TaHTEHIMAIbHOW aedopManuu
000NMBI &,, MOTYT pacCCMaTPUBATHCS KaK TEKYIHME U 3aBUCSIINE OT YPOBHSI IEHCTBYIOIINX
Harpy3ok. Tak kKak BeTU4YuHa €,, HCIOJb3YETCs MPU MPOCKTUPOBAHUMN YCUIICHHS KOJIOHH,
TO €€ UCTUHHOE 3HAYCHHE JOJKHO IPUHUMATHCS 10 TAHHBIM (PUPM-TIPOU3BOIUTENCH WK
YCTaHABJIUBATHCS OMBITHBIM ITYTEM.

beTtoH B KOJOHHAX, OXBau€HHBIX 000OMMaMHU M3 KOMIIO3UTHOTO MaTepuaia, BEJeT
ceOs Kak OWIMHEHHBIM Marepuasn, JuarpamMma «o — &K KOTOpOro IpeACTaBieHAa Ha
pucynke 32. Ha mnHauvanpHO#l cTaguu nedOpMHUpPOBaHMS €ro TOBEACHHE TOJ00HO
MOBEJEHUIO HE YCHJIEHHOTo OeToHa A0 Tex mop, nmoka oboiima n3 KM@ He HaumHaer

BBI3bIBATH paavaJIbHbIC HAIIPSAKCHUSA B OertoHe.
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beToH, voHIeHHEI 0bofiv oit iz EMD

mpoCcToi beToH

IIﬂI'IpH}I{CHHFI QCCROI0 CIKATHA

i

Oceepas nedopmarns

Pucynok 32 — Mneanu3upoBaHHas [uarpamMma «G-€« i1l OETOHA, YCUIIEHHOTO 000MMOM

3 KM®. E, u E, — HauanbsHelii 1 Tekymmii Mogynu aedpopmanuu 6erona, MIla

[Tpu Bo3pacTaHMM OCEBOW HArpy3KH CKOPOCTh Pa3BUTHS palUalbHBIX AehopMariuii
B OETOHE TaKXKE YBEIUYUBAETCS, UTO ABJISIETCS PE3YJIbTATOM COMYTCTBYIOIIETO CHUKEHUS
xecTkocTu OeroHa. [lpu mocTikeHnr OETOHOM MpeneibHBIX nedopMmanuii cxatus B
Marepuaie HauYMHAIOT OOpa30BBIBATHCS TPEIIMHBI W OXBaThIBarowmas obOoiiMa U3
KOMITO3UTHOTO MaTepuajia TIOJHOCThIO BCTymaer B paboty. Ha »sroit cramuum
nehopMHUpPOBaHUS JUarpamMMma «HampsbKeHue—aedopmalus» CTaHOBUTCS JMHEHHOM ¢
YTJIOM HaKJIOHA, MPONOPLUUOHAIBHBIM KECTKOCTH 000iiMbl KMO®.

BoabmMHCTBO MCCIIENOBAaHUM, TMOCBSIIEHHBIX AS(OPMUPOBAHUIO TIOJI HATPY3KOM
0eTOoHa, YCUJIEHHOTO CTaJIbHBIMU 000iIMaMu MM 000iMaMu U3 KOMIIO3UTHOTO MaTepuaa,
0a3upyroTcs Ha OJHOU U3 MepBbiX (yHIaMeHTanbHBIX padoT (Richart F.E. et al [36]), B
KOTOpPOM HCCIeAyeTcsl MOBeACHHE OETOHa B TPEXOCHOM HANpPSDKEHHOM COCTOSHHM. B
cTabujaoMeTpe B UWJIWHIPUYECKOM OETOHHOM 00paslie MOIIEPKUBAIOCh 3aJaHHOE

I'uaApOCTATHYICCKOC JTaBJICHUC. HpI/I 9TOM IIPOYHOCTBb M KCCTKOCTH 06pa3ua BO3pacTalii C
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YBEJIMUEHHEM OOKOBOI'O0 THUJPOCTATUYECKOIO JaBJICHUS. AHAIU3 HKCIEPUMEHTATbHBIX
JAQHHBIX MO3BOJIMI MOJYYUTH CIEAYIOIIYI0 SMIIMPUYECKYIO 3aBUCHUMOCTb:

Ry, = R, + 4,10r (64)
rae

R, — MPOYHOCTH HA CKATHE YCUIIEHHOT'0 000iMOi1 O€TOHa;

R), — pacueTHasi MPOYHOCTh OETOHA Ha CXKATHE;

O, — panuaibHOE OOKOBOE JaBJICHHUE, BBI3BIBAEMOE 000OMMOM.

B otux oskcmepumeHTax ~— o0pasubl  ObUTM  MOABEPKEHBI  AKTUBHOMY
TUAPOCTATHYECKOMY JABJIEHUIO, OCTAIOIIEMYCS IMOCTOSHHBIM B TE€YEHHUE BCErO BPEMEHU
MpoBeeHMs UcTbITaHui. OJTHAKO, KOT/Ia CTallbHasg 000MMa IOCTUTAET CTaJuy MACCUBHOIO
oOxaTust 6€TOHA, paJuaibHblE HANPSHKEHUS Pa3BUBAIOTCA TOJIBKO B pe3yibTare OOKOBOTO
pacumpenust OertoHa. B 3ToM ciydyae paguanbHble  HANpsDKEHUS  SIBJISIOTCS
HEOJHOPOJHBIMU M HEMOCTOSIHHBIMH. TemM He MeHee, OOJBIIMHCTBO HCCIEAYEMBIX
HKCIIEPUMEHTAJIbHBIX MOJIEEH MOBEACHUS 3aKJII0OUEHHOrO0 B 000iMy OETOHHOro oOpasia

ONMCBIBAIOTCS YPABHEHHUEM, IPUBEACHHBIM B [37]:

R (o o o
Boul9D osa fie7.08 Ze 20 %0 15 (65)
R R R

b b b

JIns  OIHOOCHO  HArpy>K€HHOro O€TOHHOro  UMJIMHAPUYECKOro  oOpaslua,
OXBAUEHHOTO CTAJIbHOM 00oiMoil, 5>(deKkTuBHOE OOKOBOE paJaHaIbHOE JIaBIICHUE
(pucynok 33) onpenensiercss kak GQyHKUUS KO3PPUIIMEHTa apMUPOBAHHS O€TOHA CTAIbHOM

000MMOM £ ¥ TIPEICIIOM TEKYUECTH CTaIH R;.
k. -u R (66)

rac

k., — xoaddunmeHT, 3aBucAIMi OT GOPMBI YCHIMBAEMOTO 3JIEMEHTA M TIIOMIAIH
ero ycwieHus oOoiimoil. [Ins xpyrioi (opmbl O€TOHHOM KOHCTPYKLMH, YCHJICHHOU
00oiiMol1 110 Beer mmHe k, = 1;

A — nomaab NoMepeyHOro CEYeHUs CTalbHOM 000MMBI,

S — BBICOTA 000M;
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d; — TuaMeTp CTaJIbHOU 0OOMMBI.

Ycunenue IKene300€TOHHBIX KOJIOHH CTAJbHBIMH OOOMMaMu UMEET  Psll
CYILIECTBEHHBIX HEJOCTATKOB. BO-NEpBBIX, HAPY>KHOE PACHOJIOKEHHE CTATbHBIX O0O0WM,
OCOOEHHO B YCJIOBHUSX arpeCCHBHOM BHEITHEH CpEIbl, CIOCOOCTBYET WX KOPPO3HH U
CHUKEHUIO BCJICJICTBHE 3TOTrO ycuiuBaromero 3¢gdexra. Bo-BTOphIX, HECOBMECTUMOCTD
neOopMallMOHHBIX XapaKTEPUCTUK (Moayis ynpyroctd u kodddunmenta Ilyaccona)
ctami U OeToHa. B CBA3M C ATUM albTEPHATHBOW YCHJICHHUIO KOJIOHH CTaJbHBIMHU
o0oliMaMu SIBJIETCS UX YCUJIEHHE KOMIIO3UTHBIMU MaTepuajIaMu.

Jlnst  cimydass  ycwieHHsT OCTOHHOTO IWJIWMHApA CIUIONTHOW O0OWMONi |3
KOMITO3UTHOTO MaTepHuaia ¢ HaIpaBJICHHEM PAaCIIOJIOKEHUS BOJOKOH IO KacaTeIhbHOU K

IMOBCPXHOCTHU NUJIIMHAPA OXBATBIBAIOIICC PAAUAIIBHOC JABJICHHUC MOKHO 3aIINCATh B BUC!

O =

r

u, E, -&, (67)

1
2
rae
41 P

i, = — — KOI(P(ULUHUEHT apMUPOBAHMS KOJOHHBI OOOWMON U3 KOMIIO3UTHOIO
d
MaTepHuaa;

t, — TonmmHa 000iMbI 3 KM ®;

d, — muameTtp 060iimbl 3 KM, d, =~ d, (TnameTp KOJIOHHBI);

0, — HanpspKeHus B o0oitme n3 KMO;

E, —Moaynb ynpyroctu o00HMbI U3 KOMIIO3UTHOTO MaTepHUaa;

g, — TaHTeHImaidbHble aedopmanuu o0oiimMbl n3 KMO®D (paBHBIE OOKOBBIM

nedopmanusim 6eToHa).
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Gsto{ 0) Gs to(o)

Pucynok 33 — PaguansHoe JaBiieHHE Ha JKel1e300€TOHHBIN 3JIEMEHT, BRI3BAHHOE
OXBaTBIBAIOIIIUM YCHJICHHEM 000WMOM, TIe 0, — paguaibHbIC HAIIPSKEHUS B
KOHCTPYKLMH, BBI3bIBAEMOE 000MMOI U3 KOMIIO3UTHOTO MATEPHUAIIA; Oyrp(0) — HATIPSIKEHUS

B CTaJIbHOM 000iiMe (000MMe U3 KOMIIO3UTHOTO MaTepuaa)

PannanbHOE HampshKeHHE G, BBI3BAaHHOE 000WMOW M3 KOMITIO3MTHOTO MaTepHalia,
MOJICUMTHIBACTCS Ha OCHOBE TEKYIIEro HaNpshKeHus B oboiime o,=FE, &, < 0,,=E,-&,,, TOKa
OHO HE€ JIOCTUTHET TNPEICIIbHOW BEIWYMHBI G, M COOTBETCTBYIOUICH NPEICIbHON
TaHMeHIUAIBHOU epopmariiu 000UMBI &, = &,,.

Otcroa npeesibHOE PACYETHOE 3HAYCHUE PATHAIBHBIX HANPSKEHUI

o =

ou

u, E, ¢, . (68)

1
2

Jlns omnpeneneHuss MNPOYHOCTH Ha CXKATUE YCHIEHHOTO OETOHAa CYHIECTBYIOT
paznuuyHbie  MHEHHS.  [lompoOHBIM  aHamM3  pa3HBIX  MOJCNICH  HAMPSKEHHO-
ne(OpMUPOBAHHOTO COCTOSTHUS YCUJIEHHOTO 000iMOM 6eToHa mpuBoAUTCs B padote [60].
Tak, ogHM wucCclenOBaTeId JONMyCKalOT mpuMeHenue wmoxaenn Mander J.B. [37],
OCHOBAaHHOM Ha TEOpeTHYeCKHX HucciuenoBanusix PopovicsS [44]. B ocHoBy monenu

ITOJIOKECHO TO 06CTO$ITCJ'IBCTBO, 4YTO MAKCHUMAJBHBIC HAIPSKCHUA, OIPCACIIACMBIC B
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pe3yibTaTe OXBATHIBAIOUIETO PaaUaIbHOTO JABIEHUS, PACCMATPUBAIOTCS KaK OJHOOCHAs
peakiusi CHUCTEeMBbl «OETOH-yCHJIMBaromas o000J0YKa» Ha BEpPTUKAJIbHOE J1aBIICHHE.
OcHOBHasi TPYAHOCTh MPHU UCIOIB30BAHUU 3TON MOJENU 3aKII0YaeTcs B TOM, YTO B HEe
3QJI0)KEHO MOCTOSIHHOE 3HAYEHHE OXBATHIBAIOIIET0 OOKOBOIO JABJICHHS B TEUEHHUE BCETO
BpPEMEHH HArpyKeHHsI KOHCTPYKIMH. B peanbHOCTH 3TO AaBleHUE BO3pacTaeT MoCie TOro,
KaKk HauyMHaeTcss OOKOBOE pacllMpeHue OEeTOHa, M €ro BeJIMYMHA 3aBUCUT OT 3aKOHOB
nehopMHUPOBAHUS OXBATHIBAIOIIEH 000HMBI.

CpaBHUTENBHBIN aHAJIU3 TEOPETUYECKUX PE3YJIbTaTOB M ONBITHBIX JaHHBIX
MOoKa3aJ, 4YTO KOorja MpeajaraéMble MOJEIH JOCTaTOYHO XOPOIIO COOTHOCATCA C
MPEANOIaraéMor Harpy3Koi, OHU TUIOXO KOPPEIUPYIOT C MPEAeIbHbIMU Je(hopMausIMu.
OTcroga BBITEKAIOT CYLIECTBEHHBIE pPa3IMuUs MEXIYy TEOPETUYECKUMHU M ONBITHBIMU
JAHHBIMHU B YaCTH OTMMCAHUS KPUBOW 1e(HOPMHUPOBAHUS CUCTEMBI «OETOH — yCUITUBAIOIIAS
oboiima uz KM®»y.

Jlig ipeoAoaeHHsT 3TOr0 MPOTUBOPEUHsI OBLIM MPOBENEHBI UCIBITAHUS KPYIJIOTO
O0eToHHOro oOpasla, YCHJIEHHOro OOOMMOM K3 KOMIIO3UTHOTO Marepuajga Ha OCHOBE
crekioBojiokHa KM®C [38]. OOpasery OblT MOJBEPTHYT OCEBOM HArpyske ¢
MaKCUMAaJIbHBIM JKcueHTpucutetoM e = 0,05D (D — numamerp oOpasua). B pabGote
MpeAnojaraercs, 4Yro oodecneyeHnue d3PpQPEeKTUBHON KECTKOCTH KOMIIO3UTHOIO MaTepualia
nocruraercs upu (2t,/D)-E. > 977 MIla ¢ pacnojoXeHHeM BOJIOKOH B Xxoicte 90°.
O06paboTKa pe3yabTaTOB MCTIBITAHUN MO3BOIMIIA MTOTyuuTh aBTopaM (Lillistone D. u Jolly
C.K.) crenymoomniyo 3aBUCHMOCTb, CBSI3BIBAIOIIYI0 MPOYHOCTh YCUJIEHHOrO O€TOHa U
nedopMaIMOHHbIE XapaKTEPUCTHUKN CUCTEMBI:

(0,67 /1y, )-(E,-E )¢,
bo
]

+Ep"€/m s

(69)

I+[e, (E, - Ep)/Rb_v
rJIe:

The = 1,5 — KO3 duUIIMEHT HAASIKHOCTH TI0 OETOHY MPU CHKATHH,

&a — OCeBas Aedopmanusi 6eToHa, ycuiaeHHOTo 00oitmoit 3 KM®;

E, — HauanpHBIM MOJYJb YOPYrocTu OETOHA, ONMpEAeNIIeMbId MO MIUPUUYECKON
sasucumocti E, = 21500[(R+8)/10]"",

R — xyOukoBas npouHocTh Oetona B MlIla;
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E, — monynp nedopmanuu 0eToHa mocie ycuieHusa ero obonmon nz KM® nepen
pa3pylIeHHEM;

E, =1,282 (2t,/D)E.;

Ry, = R(E, — E))/(E, — Ey) ; E; — monyns nedopMalui HEYyCHUIEHHOTO OETOHa,
Ey = (R + 8)/ &y, rhe &, =0,0027 — 0,0045.

Ha 3aBucumocTs (69) CTpyKTYypHO MOXOXa 3aBUCUMOCTh, TojiydeHHass Arduin M.
[53], ocHOBaHHAs HAa 3KCIEPUMEHTAIBHBIX padboTax Miyauchi K.:

(0’75 /yhc).(En - E/)).ghn
R, = +E -¢
nyl/n p ba

" +le, (E,~E )R, ")

(70)

rae

E, — cexymuit Moayinb negopmaruu 6etona [I'Tla],

E,=9,5(Ry+8)'", Ry, [MITal;

Ry = 0,85R — mwiMHIpUYecKass MPOYHOCTh HE YCHJIEHHOTO OeToHa; n = 8 —
SMITUPUYECKUH MTOKAa3aTelb CTETICHH,

Ep = (Rpo — Rissc)/ pau (71)

rjae

Ryw= Ry + 4,10,85R.1,/r — XapakTepuCTHUKAa MPOYHOCTH OETOHA, YCUJIEHHOTO
o6oiimoit n3 KM®;

¥ — painyC KOJIOHHBI;

Epauw — TIPEACTBHAS OCeBas Achopmaliis 0eToHa, yCUIeHHOTO 000iMoi n3 KM,

Epw =€ VIH 11Rb r/R_-t,],
(72)
rae v=0,2 — HadanpHbIi K03 dunment [lyaccona nus 6eToHa.

Ha pucynke 34 npexacrasiensl rpaduku aedopMupoBaHus OeTOHA, YCHUIEHHOTO
o0oiiMaMM U3 yIJIepOJHOTO KOMIIO3UTHOTO MaTepHalia, paCCYMTAHHbIE 10 3aBUCUMOCTSIM
(69) u (70). Kak BuaHO U3 rpaMKOB, OHU JAIOT BIIOJIHE COIMOCTABUMBIC PE3YJIbTATHI,
XOPOIIIO COTJIACYIONIMECS C JaHHBIMM APYTUX UccieaoBareneit [45].

3aBucumocTt (69—72) ABASIOTCS SMOUPUYECKUMH, MOITYUYECHHBIMH B PE3YJIbTaTE
00pabOTKM 3KCHEpPUMEHTAIBHBIX JIaHHbIX. B pacyeTax wucnosib3oBaiach KyOHWKOBas

IIPpOYHOCTb OeToHa Ha CiKaTHe. HOBTOMy ABTOPbI COYJIM HYXHBIM OCTAaBHUTL BCC
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KOod(ppUIIMEeHTBI, BXOnAmKMEe B 3T (QopMysbl, 0€3 H3MEHEHUH i COXpaHCHHUs
IIEJIOCTHOCTH BBIPAKECHUA W PEKOMEHJIOBATh BEIMYUHY KOI(P(DUIIMEHTA HAEKHOCTH II0
OCTOHY TMPH CKATHUH Vo = 1,5.

Cnegyer OTMETUTb, YTO ATH 3aBUCUMOCTH OBUIM TOJYYEHbI MPH HCIBITAHUSIX
WIMHAPUYECKUX O00pa3loB Ha oceBoe cxkatue. KOJIIOHHBI B COCTaBE MOCTOBBIX
KOHCTPYKIIUH MOTYT UCHBITHIBATh U TOPU3OHTAIBHBIC HATPY3KU OT CTOJIKHOBEHUS C HUMU
TPAHCHOPTHBIX CPEeACTB. B 3TOM cilyyae OHM HCIBITHIBAIOT KOMOMHUPOBAHHYIO HATPY3KY
OT JIEWCTBHS OCEBOTO CIKATHUS M M3rudaromero MomenTa. B padore [46] ncciaemoBaimch Ha
NEeUCTBUE U3rMOAIOIIET0 MOMEHTA Ha LWJIMHJPUYECKUE OCTOHHBIEC KOJIOHHBI, YCUJICHHBIE
o0oiMoil u3 apamuaHoro kommnozutHoro Marepuaia KM®A. OboiimMa cocTossia u3 2-X
CJIOEB OJIHOHAMPABIICHHBIX XOJCTOB C R, = 2360 MIla u E.,= 104 I'lla, panuyc KOJOHHBI ¥
= 200 mM, KkyOukoBasi mpoyHocTh OeToHa R = 40 MIla. ApamuiHoe BOJIOKHO B KauecTBE
YCHJICHHSI OBLJIO MPUHATO O TOW MPUYUHE, YTO €0 CBOMCTBA SBIISAIOTCS CPEAHUMHU MEXKITY
YIJIEPOAHBIM  BOJIOKHOM U CTEKJIOBOJIOKHOM, a TaKXe OHO 00J1aflaeT XOpOIIuM
COTNPOTHUBJIICHUEM YIapHBIM Harpy3kam. B paboTe HOpUHATO NPEINONIOKUTEIHHOE
yBEJIMUEHUE KYOHWKOBOW MPOYHOCTH YCUJICHHOTO O€TOHa W JIMHEWHOE W3MEHEHUE

npenenbHbIX aedopmaruii 6etona ¢ 0,0035 npu nmpounoct R 1o 3nauenus 0,01 npu 1,5R.
A

=
R
40 L Arduini et al. [33]
30
Lillistone and Jolly [52]
20 ¢

10 |

¥

20 40 60 80 100 120 140

Jedopmamiz x1 g

Pucynox 34 — CpaBHUTEIBHBIC TUArPAMMbI «HATMPsHKEHUE-TePopMaIusy

(v=0,2, B30, r=250 mm, t, = 1 mMm, R, = 3430 Mma, &, = 1,5%)
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DOTU HUCXOJHbIE JaHHBIE M JIaHHBIE HKCIIEPUMEHTa OBbUIM MPOAHAIM3UPOBAHBI C
MIOMOILBI0  MOJENM,  OmNHChiIBaeMOW  BblpaxkeHueM  (69). Teoperuueckue U
AKCIIEPUMEHTAJIbHBIE UCCIIEIOBAHUS MTOKA3aJIM UX XOPOIIYIO CXOUMOCTb.

Monens nedopmupoBanusi, paspadoranHas Spoelsra-Monti [41] u 6azupyromiasics
Ha TEOPETHUYECKUX HccienoBaHusax Popovics S. [58], npeamnonaraer, 4To HampsHKEHUS B

OeToHE Gp OIIPCACIIAOTCS 110 3aBUCUMOCTH

S SLALES (73)
r—1+x
R

x = g—b; e, =&, [1+5(—=-1)], (74)
& R

o )
rae

&, — oceBad nedopmaliusi 6eToHa Mo CKUMAIOIIEH Harpy3KoW;

Epo — Neopmaris cxxaTusi OETOHA MPU €ro0 MaKCUMAIbHOU MPOYHOCTU R, MOCHe
yCHJIeHHs] 000MMOM U3 KOMIIO3UTHOTO MaTepuaina. R,, onpenensercs no dopmyse 42 npu
3HAUCHUSX PaJUAIBHBIX HAIPSKEHUN B OETOHE O; < Oy, MPU KOTOPHIX MOXKET HACTYIATh
paspyluieHrue 000MMbI KOMIIO3UTHOTO MaTepuaa;

&u — TpeaenbHas AedopMalMs HEYCWIEHHOro OETOHa NpH MaKCHMalbHOM

HanpspbkeHnn cxatus. [1o manaeiM pupmel S&P Clever Reinforcement, &,,=0,002.

r=——t— E, =—", (75)

rae E,.. — cexymuit Moayib aedopmanuu 6eToHa.
[Ipu paccmoTpenun ocobeHHocteil noBeaeHuss KM@ B paborte [41] Obun

IMPUHATHI CJICAYIOIUC AOIMYIICHUA, OCHOBAHHBIC HA SKCIICPHUMCHTAJIBHBLIX HUCCIICIOBAHUAX

[47]:

yo—tr (76)

ab = Esec (gr) 'gb ; Esec (g ]
1428

r

rae [ — KOHCTAaHTa, 3aBUCAIIAS OT CBOMCTB OCTOHA W €ro MPOYHOCTH Ha CXKAaTHUE B HE

ycuJIeHHOM coctosinnu R, [MI]a]:

5= 5700
VR,

& — paavaibHbIe Tepopmaliuu OeToHa;

- 500 , (77)
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E, -g,-0,( )
é‘,(gb’o' ) = v € o,le,0, , (78)

' 280 ,(g,,0,)

Benuuuna ¢, ompenenserca u3 BblpaxkeHus (78). Jedbopmanus o0oiMbl U3
KOMITO3UTHOTO MaTepHaya (&, = & W3 YCIOBUS COBMECTHOCTH AchOopMaruil sl ciaydas
OpeleNbHO 3arpy)KeHHOro OETOHHOTO IWJIMHIpA) MOXET ObITh OINpeaesreHa uepes
TeKyllee HanpsbKeHue B o0oitme o, = E,-&,. BennuuHa o, MOXKeT ObITh UCIIOJIb30BaHA IS
HOBOT'O BBIYMCIICHUSI & MO 3aBUCUMOCTH (78). DTa uTepalMOHHAs MTpoleaypa MOXKET
MMOBTOPSATHCS HECKOJILKO Pa3 JI0 TE€X IMOp, MOKa BEIUYHHA O, HE JOCTUTHET TPeOyeMoro
MPOEKTHOTO 3HAYCHUS, IpU 3TOM O,< E,-&,,. Bcs porieaypa noBTopseTcs: Ipy pa3andaHbIX
3HaueHUsX Aedopmanuii OeToHa MNpPU CKATUU &, HA TOJTHOW KPUBOU «HAIpPsDKEHHE-
nedopmanusi». PesynbTupyromias KpuBas MOXET pacCMaTpPUBATBhCS KaK KpHBasi,
nepeceKaroias MHOXECTBO KpuBbIX (PopovicsS.), kaxmas U3 KOTOPBIX COOTBETCTBYET
YPOBHIO OOKOBOTO JaBJICHHs, U TEKYIIMM OOKOBBIM JiepopMmaiusmM, oOrnpeeIeHHBIM
coriacHo [47].

[ToBenenue oy Harpy3kou 6eToHHOro oOpasia, oxBaueHHOro oboimMoi n3 KMO,
COIJIACHO PACCMOTPEHHOM BBIIIE MOJIEJIM B CONIOCTABJIEHUHU C €r0 MOBEJICHUEM B CTAIbHOU
oboliMe mpuBeqeHO Ha pucyHke 35. Ha pucynke 35, a nmpuBefeHbl 3aBUCUMOCTU OCEBBIX
nedopmanii  OT OCEBBIX HampsbkeHud. Ha mnepBoHauaabHOM  y4acTke Tpaduku
nedopmupoBanus OeToHa B CTaJlbHOM o6OoiimMe u o6oiime u3 KM® mnpaktuuecku
coBnagatot. [locie goctmkenus cranpio AedopManuii mopsaka 2,5 mpuBeACHHBIX OCEBBIX
nepopmanmii  kpuBas aepopMupoBaHHsi  cTaHOBUTCS — Oosnee  kpytou. Kpupas
nedopmupoBanus 00okMbl K3 cTeksioBojJokHa KM®C Ha mepBoM dTane COBHAgaeT C
KpUBOM JedopMUpOBaHUS HE yCHIICHHOro OeroHa. Ilocie Toukm nedopMupoBaHHS, B
KOTOPOM MPOUCXOJUT pa3pyllieHUuEe HE YCUJIEHHOro OeToHHOro oOpasma, kpuBas KMO®OC
MMEEeT MEHBIIINN HAKIJIOH ¥ BBI3BIBACT OOJBIIINE OCEBBIE TePOpMaIInH.

Ha pucynke 35, 0 mpuBeneHa 3aBUCHMOCTh MEXKIY OCEBBIMH U PaJAUATbHBIMU
nedopmanusmu. Kak MOXHO 3aMeTUTh U3 TparKOB, HAKJIOH Pa3IUYHBIX KPUBBIX 3aBUCUT
oT Tuna u marepuana ycwienus. B nauane KM®C umeer Gosee KpyToil HAaKJIOH, YTO
o3HauaeT Oojiee BBICOKOE HayajdbHOE paclIupeHrue OETOHA, OCTaroIeecs MOCTOSIHHBIM

BIUIOTh J10 pazpyulieHust o0oiimbl. OOoiMa U3 YIJIEpOJHOrO KOMIIO3UTHOI'O MaTepuana
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peTeprieBaeT MEHbIINE paguaibHbie AedopMannu, HO 3(h(PEKTUBHOCTH €€ paboThl UMEET
MEHBIIIMHA CPOK NEWUCTBUS, Tak Kak oboiiMa KMODVY wumMeer MEHbBIIYI0 TpeneIbHYIO

nehopMaIuio &,,.

Doitma 1z FMEY

Oboitua wz EWESC

Cramenas oboitna

|-"L],JI,H AJIEHO & HAllPsDKGHH €

1
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Z 20 e
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s 10 _—
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Panuamenas gedopmana

Pucynok 35 — IloBenenue noa Harpy3koi OETOHHOTO JIEMEHTA, YCUIEHHOTO
oboiimamu u3 cranu, KM®Y, KM®C, rae: a) COOTHOILIEHHE MEXAY paarabHbIMU
naepopMaUsIMU U HaIPSHKEHUSAMHU;, 0) COOTHOIICHHE MEXY paarabHBIMU U
TaHT€HIUMATBHBIMU JIe(hOpMaAUsIMU; B) COOTHOUIEHUE MEXIY PaIUuaIbHON U 00BEMHOM

nedopmanusiMu
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Ha pucynke 35.B npuBeieHbl rpadUKy 3aBUCUMOCTEH 00bEMHBIX Jeopmaruii ot
oceBbIX. /{151 060MMBI U3 yTIepOHOTO KOMIIO3UTHOTO MaTepuaia o0ObemMHas aedopmarius
BHAYAJIC YMEHBIIIAETCS, 3aTEM BO3BpALIACTCA K MEPBOHAYAIILHOMY 3HAUEHUIO U Jajee Ha
OTIpENICTICHHOM YPOBHE OCEBOM Je(opMalii OCTETICHHO BO3PACTACT B CHIIY YBEITUUCHUS
OOKOBOTO JTaBJICHUS, YMEHBITIAET 00BEMHOE PACIITUPEHIE U MEHSIET CBOE HaIlpaBJICHUE.

Pazpymienne OeToHHOrO 00pa3iia, OXBAaYEHHOIO0 OOOMMOM M3 KOMIIO3UTHOTO
Marepualia, MOXET HACTYIUTb MPU BBHIMOJTHEHUH YCIOBUS

Ebou = gou, (79)

KOI/Ia TMpeJebHble pajuaibHble OOKOBbIE AepopMalud OETOHA &, HOCTUTHYT
MpeaeabHbIX AOMYCTUMBIX nedopmaruii 06oitMbl 3 KM®. BenuuuHbl mnpeaenbHbIX
ycwiIuid U aedopMainii 6€ToOHa MPOTHO3UPYIOTCS HAa OCHOBAHUU PACCMOTPEHHBIX BBIIIIE
mojenel. Bennunna g, onpenensercs no Gopmyiie (78) moacTaHOBKON B HEE BMECTO O,
€€ MaKCHUMaJIbHOW BEJIMYMHBI, HAXOAUMOM MO 3aBUCUMOCTH (69), 1 paBHYIO TpeaebHON
pacueTHOM pouyHOCTU 000¥MBI N3 KMO.

OCHOBOI TPOEKTHUPOBAHUSA YCUJICHUS KOJOHH OOOWMaMu H3 KOMIIO3UTHBIX
MaTepUaiOB MOKET CIYKUTh KaXKJas U3 PACCMOTPEHHBIX Bbille Mojaeneid. M mpucymm
CBOM JIOCTOMHCTBA U HEIOCTATKH.

Ycunenue o6oWiMaMu  KENE300€TOHHBIX  KOJIOHH (wiau  Oojee  MpOCThIX
KOHCTPYKIMH, HampuMmep, TpyO) 3HAUYMTEIbHO YBEIMYMBAET TpPeOOBaHUS K OCEBOMU
Harpy3ke, U3rudy, MOMEPEeUHbIM CUJiaM, JACHCTBYIOIIMM B KOHCTPYKIIMH, TaK KakK H3-3a
BO3pacTaHUsl TMPOYHOCTH OETOHA Ha CXKATUE YBEIUYHMBAIOTCS TIONEPEYHBIC CHUJIBI U
MOBBIIIAETCS COMPOTHUBJICHUE M3THOY CHKaToM CTaibHOW apMarypel. B ciiydae ycuiieHus
KOJIOHH 00o0joukoi (ctambHoM win u3 KM®) mocienHsisi MOXKET pacrojaratbesi 1o
BHEIIIHEMY MEPUMETPY KOJIOHHBI WU (HOPMUPOBATHCS TTOCPEICTBOM OMATYOKH.

OCHOBHBIMM TPENOCHUIKAMH JIJI YCWJICHUS KOJOHH BHEUIHUMHM O0OMMaMu W3
KM® gsrsrores:

- MPEIOTBPAIIEHUE pa3pylLISHUsI 3alUTHOTO CJI0sl OETOHA;

- obecnieueHre OOKOBOM YCTOWYMBOCTH MPOAOILHBIX CTEPIKHEN apMaTyphl;

- TIOBBITIICHUE HECYIIEH CTOCOOHOCTH U JIe(hOPMATUBHOCTH OETOHA.
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B ciiyyae KpyrJbIX KOJOHH 3TH LIEJIA JOCTUTAKOTCS MyTEM NPUMEHEHHS BHEIIHHUX
XOJICTOB KOMITO3UTHOT'O MaTe€prajia Uiy HEMPEPBIBHO 11O BCEW JIMHE KOJIOHHBI UJIU B BUIE
OTZIETLHBIX 00pYyUeid, YCTpauBaEMBbIX Yepe3 ONPECICHHbIC TPOMEKYTKHU.

B cimydae ycuieHHs IpAMOYTOJIBHBIX MM KBAJIPATHBIX KOJIOHH B 3aBUCUMOCTH OT
TUIA MPUMEHSAEMBIX XOJICTOB MX YIJIBI JIOJDKHBI OBITH CKPYIJIEHBI paguycoM 15-25 mwm.
VYcunenue BHEUTHUMU O0OWMaMM NPSAMOYTOJBHBIX KOJOHH MeHee 3(P(EeKTHUBHO, 4YeM
KPYIJIBIX, TaK KaK KOHLICHTPALMS HANPSDKECHUM JIOKAIM3YETCSA B yIVIAX KOHCTPYKLIHMHM U
OCHOBHAsl TOJIIIMHA 00OJIOUKH JOKHA OBITh MEXIY YIJIaMH JIJIsi OTpaHUYeHHs] OOKOBOTO
pacIIMpeHus U UCKIIOYEHUS HeIOMYCTUMOTO U3TH0a KOJIOHHBI.

YrnepogHele  KOMIIO3UTHBIE  MaTEpUalbl  MPEANOYTHTENBHEE B CiIydae
IIPEAIOJIAraeMOro YBEJIMYEHUS Harpy3KU Ha KOJIOHHY, a apaMUIHbIE WIIA CTEKJIOBOJIOKHA -
B CiIyyae HM3MEHEHUs T'MOKocTH KOHCTpykiuu. OOoiima KM® Mo)keT cocTosiTh u3
aKTUBHBIX WJIM MACCUBHBIX CJIOEB WM MX KoMOMHauuu. [logoOHO cTaimbHBIM 000iMam,
naccuBHble 000MMBI M3 KM® oOecneunBalOT BOCHPUSATHE MACCUBHOTO OOKOBOTO
naBieHus. IIpu HMCHONB30BaHMM AKTUBHBIX (MpEAHANPSHKEHHBIX) O00JI0YEK OOKOBOE
OXBaThIBAIOIIEE JAaBJICHUE OOECIEUMBAETCS paHblIE, YEM B CIy4yae MAaCCUBHOTO OTIOpA,
BBI3BAHHOTO PaJUabHBIM PaCIIMPEHUEM OETOHA KOJIOHHBI IIPU €TI0 CHKATHUH.

B 3aBrucHMOCTH OT (POPMBI KOJIOHHBI M PACIOIO0KEHUSI KOMIIO3UTHOTO Marepuana
YCUJICHUSI paclipelielieHle paJualbHBIX JaBJICHUN B KOJIOHHE OyneT HEpaBHOMEPHBIM.
BriensaroTcs yeTbIipe OCHOBHBIX CTydasl YCHJICHHUS:

- ycunenue o6oiimort n3 KM® munmmHApUYEeCKON KOJOHHBI IO BCEH €€ JUTMHE C
PACIIOJI0KEHUEM BOJIOKOH KOMIIO3UTHOTO MAaTEpHANIa MIEPIIEHANKYJIIPHO MPOJOIBHON OCH
KOJIOHHBI;

- YaCTUYHOE YCHJIEHHE KOJIOHHBI KojibliaMu u3 KMO;

- ycuienue ob6oiimoir n3 KM® ¢ npou3BOJIBHBIM PACIOIOKEHUEM BOJIOKOH
OTHOCHUTENBHO MPOJOJIBHON OCH KOJIOHHBI;

- yCUJIEHUE KOJIOHH HEKPYTII0i (POPMBI OMEPEUHOTO CEUEHUSI.

Bce ycuiieHHbIE 3JIEMEHTBI POBEPSAIOTCS M0 CIAEAYIOIIUM KPUTEPHSIM:

- pa3pbIB KOMIIO3UTHOTO MaTrepHajia OOOMMBI MOJ ACWCTBUEM pPacTATUBAOLIUX

HaIpsHKEHU.
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- paspyuienue 00oiimbl n3 KM® B MecTax coeIJMHEHUs CII0€B BHAXJIECTKY.

- pa3pyllIeHUE KOJIOHHBI MO ACHUCTBUEM MOMEPEUHBIX CHII.

- COOTBETCTBHE YCIIOBHSM II0 BTOPOW TPyHIE MPEAEIbHBIX COCTOSIHUM: OCEBBIE U
paguanbHble JAeGopManuyd  KOJOHHBI, Pa3pyIICHUS OT YCTAJOCTH W TOJ3YYECTH

Marepuaia.

6.2 YcuiieHue KOJIOHH KPYrJ10i ()OpMbI MONEPEYHOT0 CeYeHH s

B cimydae OIHOOCHOM HAarpy3KM Ha UWIMHIAPUYECKYIO KOJIOHHY, YCHJICHHYIO
o0oimoit n3 KM® no Bceil AJiMHE ¢ pacnoioKEHUEM BOJIOKOH KOMIIO3UTHOTO MaTepHuaa
NEPIEHANKYJIAPHO MPOJIOJIBHON OCH KOJIOHHBI (PUCYHOK 36 a), [Uisl OIpeaeiacHUs
MPOYHOCTH Ha CXaTHE U TNpPeNeNbHbIX JaepopManuii yCHUJIEHHOro O€TOHAa MOXKHO

BOCIIOJIb30BATHCA pAaCCMOTPCHHBIMH BBIIIIC MOJCISAMMU.

l.'..-:._\_
Lo

HeVCIUIeHH A
obmacTe

1
KI\-’I (I) ANMEMEHTA
N
|

e —

D-s'/2
D
6)

Pucynoxk 36 — PaguanbHoe naBieHue, Bei3biBaeMoe o0oiimoii u3 KM®, a) nonHoe

/
|

yCHUJICHHUE TI0 BCEH JJIMHE KOJIOHHBI; 0) YaCTUYHOE YCUJICHHE T10 IJIMHE KOJIOHHBI, rae D —
JIUaMETP KOJIOHHBI; b, — IIMPUHA JIEHTl KOMITIO3UTHOTO MaTepHaa; ty —TOJIIIMHA 000MMBI
Y3 KOMIIO3UTHOTO MaTepualia; G, — paJAAJIbHbIE HANPSLDKEHUS B KOHCTPYKIIUU,
BbI3bIBaeMble 000iMoit 3 KM®; s — paccTosHre Mexay ocsiMu JeHT ycunenuss KM®;
§" — paccrosiHue Mexy JieHTamu ycuinenuss KM®; 6, — pacyeTHble pacTATMBAOIINE

HanpspkeHuss B KMO®
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Tak, B pabote [41] npearaeTcs CaeAYIOINIUN aJrOPUTM BBIUYHCIECHUM.
1. MakcumanpHOE paaWaibHOE JaBJICHHUE, co3maaBaeMoe obOoiimoir n3 KM,

OIIPCACIIACTCA 110 3aBUCUMOCTH:

o, = e fa (30)

2. Jlanmee, cormacHo moxaenmu Mander J.B. et al [37] mo dopmyne (65) ¢
MOJICTAHOBKOW B HEE BMECTO O,0;, ONpPEAENAeTCsS MaKCUMajibHash MPOYHOCTh OETOHA Ha

cxkatue R,, u mo popmyne (74) — npenenvHas oceBas nedopmaius cxaTusi 0ETOHA &, IPU
€r0 MaKCUMaJIbHON TIPOYHOCTH Ha CKATHE.

3. llpenenbHbIl cekymuid MoOAydb Jedopmariuu OeToHa Ompeaesercs IIo
3aBUCUMOCTH:

5 (81)

1+ 28R, IE,

sec .u

r7ie KOHCTaHTa [3 onpenensercs no 3asucumoctu (77).
4. llepecedyeHue HAKJIOHHOW MpsAMON nuHuUKU E., Ha pucyHke 37 C KpUBOM,
noaydeHHor Popovics S., mo3BoIsIeT ONpeAeanuTh NMPee/IbHBIE CKMMAIOIINE HAMPSHKECHUS

Ry, v neopmarnuu &, B OeTOHE:

1-E,, /E,

. [E_(E, - E 1 '
ghu = g}m = ( > — ) > Rbu = Esec LU ' glm ? (82)
E (E, - E,)

sec .u

rae e, = —-.

¢ bo

5. [loacrasnsis Beipaxkenue (4.18) B (4.19), momyyaem OKOHYATETHHO:

, 2.6 -E, iz, E, ¢,
e =e, ( ou bb )1 EnlE, , R b bu . (83)

bu

E,-E, :1+2ﬂ-£”u

OtumHu ke aBropamu [41] npuBoasaTCs ynpouieHHble (pOpMyIbl A onpeaeaeHus
Ry M &p,. OHH OCHOBAHBI HAa HAGIIOICHHH, YTO B SKCIEPHUMEHTABHBIX MCCIICIOBAHUAX
npeneiabHble MPOYHOCTH U AedopManuy OETOHa HMEIOT NPSIMYI0 3aBHCHUMOCTh C
npenenbHbiMu aedopmarusiMu 06oiimbl 13 KMO® g,,, MakCUMaJIbHBIM OXBaThIBAIOIIUM
JABJICHUEM O, 1 MOJYJIEM YIPYrocTH 0eToHa Ej, 1 00paTHYIO 3aBUCUMOCTD OT MMPOYHOCTH
HeycuJieHHOro OeToHa R,. PerpeccuBHbIN aHaIN3 SKCIEPUMEHTAIBHBIX TaHHBIX MMO3BOJIMI

ABTOpPaM IOJIYYUThb ABC SMIIMPUICCKHC 3aBUCUMOCTU:
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R — R (02435, , (84)

gl;zx = gbu (2 + 1’25 Eb 'guu ’ O-ru ) b (85)
— O_ru - Eb
rIe o, = U E,=-—-
Rb Rh
80
% Eb ?Rbc K rpuead C Ilomosiria
< 60 07 b0 Ehljﬂm
2
g 4
= 1
? E, o= 1 E €
u 2 ”’u = “ou
TEr. N
0
0025
g p) =
: 0,02 &z Em 1
= 0,015
3
E 0.01 E‘ﬁ"ﬂ Ebru
o
=
E 00035
S 00
0.0 0.01 0.02 0.03 0.04 0,05

Pagmanssaa gedoprana

Pucynok 37 — Onpenenenue npeaeinbHbIX CKUMAIOIINX HAMPSKEHUN U

nedopmaruii

Bo Bcex mnpuBeneHHBIX BbINIE (QopMyJax MO ONPEACICHUI0 MPEIesIbHOM
IPOYHOCTH YCWJIEHHOTO O0OMMOIN O€eToHa HE pacCMaTpUBAIOTCS CIIy4al € HU3KUM
coJiepKaHUEM KOMIIO3UTHOTO Marepuajiga B 000WMe WM ¢ HU3KOW 3(P(HEKTUBHOCTHIO
MIPUMEHEHUST YCUJIEHUS (KBaJpPaTHOE WIM MNPSIMOYTIOJBHOE CEYEHHE KOJIOHH, YACTUYHOE
YCUJICHHE TOBEPXHOCTU KOJIOHHBI). DKCHEPUMEHTAIIbHBIE PE3yJIbTaThl U TEOPETUUYECKUE
MOJIETIM TIOKa3bIBAIOT, YTO KpUBasl «HaIpsDKeHHe—AepopMalusy) HMeeT HUCXOASILYIO
BETBb IIOCJE JTOCTHKEHUS NPEAEIIBHOTO COCTOAHMA. B 3TOM cilydae pe3yibTHpyroias
OOKOBOTO JaBJEHHUS OT BHELIHEH O0OOWMBI OyleT MpeHeOpEeKUTETbHO Maja U MO3TOMY
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MPOYHOCTh OETOHA TIOCIE YCUIICHHS R),, TPAKTHUECKH HE OyIeT OTINYAThCS OT IPOYHOCTH
6eToHa /10 ycuieHus Ry,
Jlpyroe sMImMpuYecKkoe ypaBHEHHE IJIsi ONpEIeNieHHs IMpeaelbHol aedopmannu

6eTtoHa mpuBoaAnTCs B padote [40]:

, 254 R, -
e = 0,004 ¢ e T Fow (86)

re BeJIuunHa Ry, HaXOAUTCS MO 3aBUCUMOCTH (69).

Hcnonp3ys 3aBUCUMOCTD (86) U hOpMYIIBI JUTsl ONIPEACIICHUS 14, (U3 3aBUCHMOCTHU
67), MOXHO TIOJYYHUTHh BBIPAXKCHUE IS OMNPEACICHUS HEOOXOAUMON  TOJIIIMHBI
KOMITO3UTHOTO Marepuaia 000UMBI 7,, TPeOYeMOro ISl YCUJICHUSI KOJIOHHBI:

0.1(¢,, — 0,004 )-D -R,

(87)

t

o

R, -¢

B orianume oOT [gaHHOro nmoaxona, B yMTeparype [38] BbICKas3bIBaeTCs
MPEANOJIOKEHNE, YTO KpUTEepui paspyuieHus oboiimbl u13 KM® 0Oasupyercs Oonee Ha
KECTKOCTU OOOMMBI, YEM Ha CO37aBAaEMOM €10 JaBJICHUU. B HEll NpHUHATHI CleAyrolue
JOMYIICHUS: KPUTEPUN pa3pylICHUs] HE JOJDKEH OBITh NPUOPUTETHBIM M TpeOoBaTh
JOTIOJTHUTENbHBIX 3HAHUU 10 paJuaIbHOMY PACIIMPEHUI0 OETOHHOTO SApa; B OTIWYUE OT
IIPOYHOCTHU Ha pacTspkeHne KM® moayiib yrpyrocTy BOJIOKOH B MEHBIIEH MEpe 3aBUCUT
OT MEXaHMYECKUX MOBPEKIACHUN MaTepuasa, BO3ZHUKAIOIIMX BO BpeMs IPOU3BOJICTBA
paboT MO YCUJICHUIO.

Hcxond W3 3THX IOJIOKEHUH, PEKOMEHAYETCA ClIeayrouias 3aBUCHUMOCTb IS
pacyeTHOW MPOYHOCTH OETOHA, YCUJIEHHOTO KOMIIO3UTHBIM MAaTepHaioM Ha OCHOBE

CTCKJIOBOJIOKHA.

R, =0,67R/y, +0,05-E_(2t,/D). (88)

CpaBHuTenbHbIE HccenoBaHus, npuBeneHHble Lillistone D. [48], mokazanu
XOpOUIYyI0  CXOJIUMOCTh  (popmynsl  (88) ¢  pesynabTaTaMH  OSKCIIEPUMEHTAIbHBIX
uccaenoBanuii [45], 1 aBTOp peKOMEHAYET ee JIJIsl pacdeTa MPOYHOCTH Ha CxKaTue 0eToHa,
YCUJICHHOTO OO0OMMOI, a Takke JpYyruX KOMIIO3UTHBIX MarepuanoB. Tak Kak 3Ta

3aBUCHUMOCTBh TAaKXK€ OCHOBAHa Ha KY6HKOBOfI IIPOYHOCTH 6GTOHa, TO OH PCKOMCHAYCT

OpUHUMATh KOAGOUIIMEHT HaIeKHOCTH 110 OETOHY YVj. = 1,5.
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Yceunenne ob6oiimamu KM®  kene300€TOHHBIX KOJIOHH YBEJIMYMBAET UX
MPOYHOCTh Ha M3TUO, YTO SBISETCS €ro JOMOJHHUTEIbHBIM IpeumylnectBoM. OnHON U3
OCHOBHBIX MTPOOJIEM MPOCKTUPOBAHMS B IAHHOM CIIydae SIBJISIETCS OINpEIeSIeHUEe TOIIIUHbI
KM® t,, 15t TOro, 4T006I OHA MOTJIa COMPOTHUBIIATHCS KaK M3THOAIOIIEMy MOMEHTY, TaK U
C)KUMAIOIEl Harpy3ke Ha KOJOHHY. YCWICHHE 00oiMaMu OeTOHA YBEITUYMBACT €To
IPOYHOCTh HA CXKAaTUE W CIHOCOOHOCTH COMPOTHUBIATHCSA AedopmanusMm. [lostomy mpu
MPOEKTUPOBAHUM OYEHb BAXHO YIYUIIUTh 3(PQPEKTUBHOCTh YCHICHUS YBEIUYCHHEM
nedopmanuii, kKoTopble MoOkeT BochnpuHATh KM®. A MOCKOJbKY KOMIIO3UTHBIE
Marepuaibl XyXe paboTalT Ha CKaThe, YeM Ha pacTsHKEHUE, TO B JAHHOM Ciydae
0COOEHHO BakKHbI TPEOOBAHMS K MX >KECTKOCTH. B MPOTMBHOM ciyyae BO3MOXEH PHUCK
orcinoenuss KM® ot moBepxHocTH OeTOHAa WM pa3pylleHue aHkepoBku. HaOmopenws,
nposeaeHHble Cuninghame et al [46], MO3BOJIMIN YCTAHOBUTD, UTO JJIsl KPYTJIBIX KOJIOHH,
BHE 3aBUCHUMOCTH OT THIIAa BOJIOKOH M KJESIIHUNA COCTaBa, >KECTKOCTb OOONMBI JTOJIKHA
obITH Ootiee 320 MI1a.

B pabotre [2] mnpuBeleHHYIO TMPU3MEHHYIO MPOYHOCTh OETOHA KOJIOHHHI,

YCUJICHHOW TOBEPXHOCTHO-OKJICEUHBIM CTEKIIOTUIACTUKOM, MPEajiaracTcsl ONMpenessiTh 1o
dbopmyie:

R, =R,(1+0,5 L) s (89)
R

bt
rae
R}, — IpOYHOCTH OETOHA HAa OCEBOE PACTSKEHHUE;
O, — JIOTIOJIHUTEJIbHOE HaIpshKEHUE B OETOHE, BbI3BAHHOE pa00OTOM MOBEPXHOCTHO-

OKJICEYHOTO CTEKJIOIJIACTHKA, OmpeieisieMoe o Gpopmyiie:

O, = (2anf)/b, (90)
rac
ny — KOJHMYCCTBO CJIOCB CTCKIIOTKAHHU B CTCKIIOIIIACTHUKC,
Pf — pacCcdCTHad IIPOYHOCTb HA PACTANKCHHUC 1 cM crexnorjiacThka 13 OAHOI'0 CJIOs
CTCKJIOTKAaHH,

b — MMpHUHA YCUITMBAEMOMN KOJIOHHBI.
[To cBoelt ctpykType dopmyna (89) ananornuna popmyne (64), a hopmyna (90)

BbIpaxkeHuto (67).
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B pabote [49] npu pacuere TpyOOOETOHHBIX CTOEK BBOJIUTCS KOADPHUIIMEHT Ky,
YUUTHIBAIOUINI MOBBIIIEHNE MPOYHOCTH 3aKJIIOUEHHOro B 000iMy OetoHa. Jlnsi GeToHa
B20 x, = 1,92, a nis 6erona xitacca B30 x, = 1,55.

Bennunna koapdunuenta >PGEKTUBHOCTH YCUJICHHS PACCUMTHIBACTCS U3
MPEINOChUIKH, YTO 3(PPEKTUBHOCTh yCWUJICHHS (HAJIWYUE paJuajbHBIX HANpPSDKEHUN B
0eToHE) JOCTUTACTCS B IMOJTHONW Mepe Ha HEYCHJICHHOM y4YacTKe, Te JEHCTBYET apOvHBIM
ahpdext. Mexay aBymMs JeHTaMU YCWICHHS IUIomanab A(G(OEKTUBHO yCHICHHOTO

OeTOHHOTO si7Ipa A,. COCTABUT:
(D -—)", 91)

rae s = (s — b.) — pacCTOSIHUE MEXK]y JIEHTaMHU YCUJICHUS.
Benuunna k. onpenensercss COOTHOWIEHUEM A,./A, eoe A,=(A-A,) — miomaib
MONIEPEYHOr0 CEYCHUs OCTOHAa KOHCTPYKIIMM 3a BBIYETOM IUIOMIAAN MPOOJIHHOM

apMaTyphl Ag:

ko= —2D g2 92)

1- u 2D
rjae 41— Kod(DPUIMeHT apMUpOBaHUs KOHCTPYKIIMU TTPOIOJIBHON CTaIBHOM apMaTypoi.

Kak BumHo wu3 BblpakeHus 92, BenuumHa K, BCerjna MeHblne 1, oOpaTHO
IIPOMOPIMOHANIBHA S ¥ A U TIPSIMO MPOIOPLHOHATBHA IHAMETPY KOIOHHEL.

[Ipu npumMeHeHUn 1Sl YCUIIEHUSI KOJIOHH XOJICTOB, PACIiOaraéMbIX MO CIUpain K
MOBEPXHOCTH KOJIOHHBI, A(h(}EKT YCHUIICHUS CHIDKACTCS U paauaibHble nedopmaruu
OetoHa OyayT MeHbIle. BennunHa pacTArMBaromux YCUJIWA B KOMIIO3UTHOM MaTepuae
N, mpuHUMaeTcsl OCTOSHHOU. PanuanbHbie HaNpsiKeHUsT B OETOHE TIO BHICOTE KOJIOHHBI

IpU YCTPOUCTBE OOOMMBI IO CIUPATU COCTABST:

o rh = - 2 (93)
rae R — kpuBU3HA CriMpaiy KOMIIO3UTHOTO MaTepuala, onpejaesemas rno gopmyse
RS (94)

rae k = P/2x (P — mar cnupai, r — paguyc).
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B ClIy4dacC OXBaTbIBaHHS KOMIIOSMTHBIM MAaTCpHuaIoM prrHOfI ’KeJIe300€ TOHHOM

KOJIOHHBI OOKOBO€E AAaBJICHUC HA CAVMHUIY €€ NJIMHBI COCTABHUT:

o, =—. (95)

C ucnonpzoBanueM 3aBucuMocteit (93) — (95) Benmnunna ko3 Puienta ycuneHus

k, cOCTaBHT:

Q

k=T e Ky (96)

‘ D

Q

6.3 YcuiieHue KOJIOHH He KPYTIJioid ()OpMbI NONIEPEYHOT0 CeYeHHs

B cnydae KOJIOHH NpsIMOYTOJBHOTO TIONIEPEYHOTO CEUEHUS C pa3MEpPaMu CTOPOH b
x d (pucyHok 38) u ¢ yriamu, paguycaMmu 3aKkpyrieHus r, = 15-25 mm, 4acth OeToHa HE
UCTIBITIBACT A PekTa yCWICHUS M TOJIBKO B YAaCTH IUIOMIAAM TONEPEYHOTO CEUCHUS
oOpazyeTcs siipo OETOHA, UCTIBITHIBAIOIIETO MOBBIICHHBIE paiuaibHble HanpsbkeHus. Kak
U B ClIy4ae YCWJICHHS KOJIOHH, OTACJIBHBIMU IMOJOCAMU KOMIIO3UTHOTO Marepuala Mo ux
JUIMHE HEYCHUJIEHHBIE 001acTH GETOHA OrpaHUYEHbI apKaMK ¢ YIJIOM HakjIoHa 45° Kk rpaHu

kosoHHEI. [lomHas IJ10IIaAb CCUYCHUA 6eTOHa, HCOXBAUCHHOI'O YCHJICHHUCM:
4, = . (97)

YuuteiBas cootHomenue (4, — Ap,)/Ap, KoadhduimeHT 3¢pHEeKTUBHOCTH YCUTICHUS

COCTaBHUT:

(b ord (98)

‘ 3A0 - p)
[Togo6HO KOJIOHHAM KPYIJIOrO IOMNEPEYHOr0 CEYEHUS BEIUYUHLI PaJUualbHBIX
HaHpH)KeHI/H‘/’I 10 OCAM COCTaBJT.

(99)

c,=u, k, -E -¢

rb e 0 ou 2
Grd = ‘Llnd .ke .E() .gou >

THC Ly U U,q— KOODPuImenTsr apmMupoBanus 6eroHa oborimoit n3 KM® otHOoCuTENnbHO

CTOpPOH b 1 d MpAMOYTOJIbHUKA:
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2b -t 2b -t
u, =——=, g, = ——=. (100)

Sd Sb

B cnydae, xorga mpsMOyrojibHOE ceueHHe, Tepsis CBOIO (OpMy, CTaHOBHUTCA
OMU3KKUM K OBalbHOMY, 00oiiMa n3 KM® OyneT MMeTh W3MEHSIOUIHICS paiuyC KPUBU3HBI
U pa3inyHble HAMpaBJieHHs Iepefadyd Harpy3ok. B kadecTBe sKkBHBajIeHTa OOOMMBI
Kpyriaoni GopMbl MOXKET OBITh B3SIT CPEIHUN TUAMETpP OBajia MO Pa3HbIM HAMpPaBICHHUSIM
TaKuM 00pazoM, YTOOBI MpHU TOJCUETE TOJIIMHBI 000NMBI 7, 3TOT AHaMeTp ObLI paBeH
HKBHUBAJICHTHOMY AMAMETPy KPYTJIbIX KOJOHH. B 3THX cinyyasx s exTuBHOE paguanbHOe
JaBlieHUe o, OyJeT paBHbIM OOKOBOMY JIaBJICHHIO, OKa3blBAEMOMY OOONMON Kpyrioi
GopMBl 0, U ompeaenseMoMy IO 3aBUCUMOCTU (67), a MakCUMallbHas BEJIUYUHA
pasuaIbHBIX HANPSKEHUH O, BETMUUHE Oy, ONPEIEISIEMON IO 3aBUCUMOCTH (68).

B pabore [50] kK mOpPOEKTHUPOBAHUIO YCUJICHUS HPSIMOYIOJBHBIX KOJOHH
KOMITO3UTHBIMU MaTepHallaMy MPUBOIUTCS HECKOIBKO APYroi moaxoa. OH UCHOIb3yeTCs
B CBOCH MPOEKTHOW NEATENBHOCTH (PUPMON-IPOU3BOAUTEIEM KOMIIO3UTHBIX MaTE€pPHAJIOB
“S&P Clever Reinforcement” 1 aHanoru4ueH noaxoay, u3noxeHHomy B [40] nis ycuneHus

KPYIJIBIX KOJIOHH.

HEYCHHEHH&H 00IacTh TIEMEHTA

T

\
q‘jrl:l

-

d |d

KMO®

Pucynox 38 — D¢ddexruBnas odnacts ycunenus oboiimamu u3 KM® npsmMoyroyibHbIX
XKeIe300€TOHHBIX KOJIOHH, T7e b U d — pa3Mepsl CTOPOH MPSIMOYTOJIBLHOM KOJIOHHBI, b™ u d’

- pa3Mephbl 4acTeN KOJIOHH, HEOXBAYECHHBIX YCUJIIEHUEM; 1. — PAANYC 3aKPYIJICHUS
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MakcumanbHas nedopmarust cxatus OETOHA &, ompeaenserca mo (opmyre,

aHaJIorM4HoM (86):

s~ o000 + 2 Ty (101)

bu

w, =20, (102)
b-d

rae b u d — pa3Mepsl CTOPOH.
W3 5TuX NBYX BBIPQKCHHUU BBITEKAET 3aBHUCUMOCTH JJISI OTPEACIICHUS TOJIIIHHBI
CJIOSl KOMIIO3UTHOTO MaTepHuaia:

_ 0,4(s,, —0,004)R,, ( b-d :

o

(103)

R -¢& b+d

o ou

[lo ycuneHuto KBaApPaTHBIX U MPSMOYTOJIBHBIX KOJIOHH KOMITO3UTHBIMHU
MaTepuasaMu MOYKHO CHIEJIaTh CJICAYIONINE OCHOBHBIC BHIBOIBI:

- HA TMPaKTUKE CJOXHO JOOUTHCS 3HAUUTEIHLHOTO YBEIUYCHHUS HECYyIIeH
CIIOCOOHOCTH ¥ THOKOCTH KOJIOHH Ha JICMCTBUE IIEHTPALHO MPUIIOKEHHON HATPY3KHU;

- YBEIIMYEHUE TTPOYHOCTH Ha W3O KBAJIPaTHBIX KOJOHH BIIOJIHE JOCTHXKHMO, HO
BCE  TMpejjaraeMpleé  TMPOEKTHBIE  pEIIeHHs  JOJKHBI ~ OBITh  MPOBEPEHBI
AKCIIEPUMEHTAILHBIMH MCCIICIOBAHUSIMH;

- HanOobIMii 3P PEKT MPU yCUIICHUU KOJIOHH HEKPYTJIOTO CEUCHUS IOCTUTAETCS C
IEJ1bI0 TTOBBIMICHUS UX HECYIIEeH CITOCOOHOCTH Ha JIEWCTBHE MOMEPEYHBIX CHIL.

OnuH W3 TPUMEpPOB MPOCSKTHUPOBAHUS YCHUIICHHUS KOJOHH KPYTJIOTO TOMEPEYHOTO
CEUYCHHS] KOMIIO3UTHBIMU MaTepHualaMyd Ha OCHOBE YIJIepOo/ia MpeCTaBIeH Ha pucyHke 39.

Pa3pyrmieHne coenmrHEHHs CIIOEB B pe3yJbTaTe MOTEPU CIEIUICHUS MEXIy HUMH
MOJKET MPOU30HTH M3-3a HEAOCTATOYHOW JTMHBI UX COCAMHCHHS. DTOT BUJ Pa3pylICHUS
SBJISICTCSI XPYNKUM, YTO BEChbMa HEXKENAaTebHO BO BpeMs OKCIUTyaTallid YCHUJICHHOU
KOHCTpYyKIuu. Kpome Toro, Bo3pociiasi Harpy3ka Ha KOJIOHHY MEpeaeTcs CO CTalIbHOM
apMaTypsl Ha O€TOH M BBI3BIBACT IMOSBIICHUE B MOCIEAHEM MUKPOTPEIIUH. JTO, B CBOIO
ouepe/ib, YMEHBIAET CIETUICHHE MEXy apMarypoi u 6etoHom. [Ipumenenue xe 060iM
U3 KOMIIO3UTHBIX MaTepHUajioB, OCOOCHHO IPEAHANPSIKCHHBIX, TOBBIMIAET CIEIICHUE

MCIKAY CTaJIbIO H OCTOHOM. OI[HaKO Hn3-3a HC,Z[OCT&TO‘-IHOﬁ JJINHBI COCOAMHCHUSA CIIOCB
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KM® B 0060iiMe B yCIOBHSX IMOBBIIIEHHOW HAarpy3kd Ha KOJIOHHY M Pa3BUTHUS TPEIIUH
MOXET MPOU30UTHU €€ XPYIKOE pa3pyllieHUE.

JlnuHa coeauHEHUsS JUIS  Pa3IMYHBIX CHUCTEM YCHJIGHHMS M KOMITO3UTHBIX
MaTepuaioB OOBIYHO yKa3bIBaeTCs (UPMAMU-TIPOU3BOAMUTEISIMH, HO B Cllydae
HEOOXOAMMOCTH JODKHA MPOBEPSITHCS HA TpakTUKe. OOIMMM MPABUIIOM SBIISIETCS] TO, YTO
KOorjJa JJIs YCUJICHHS KOJIOHHBI IPUMEHSIOTCS JBa wiu Oonee cioeB KM®, Tto mecra
COCMHEHUS CJIOEB JOJLKHBI PACHOJIaraThCsl Ha MPOTHUBOIOJIOKHBIX KOHIAX KOJIOHHHI.
MunnmanbHas qirHa coenuaerus 200 M.

[IpumeneHue o0OONWMBI M3 KOMIIO3UTHBIX MAaTEPUAIOB MO3BOISET YBEIUYUTH

HECYIIYIO CIIOCOOHOCTh KOJIOHH Ha JIEHCTBUE MONIEPEUHOM CUIIBI.

4g ,MIIa
4 Ha KomoHHY EpyTIoro MOMepetHor o cedeHn guamerpon 300 v npeqnonaraeTca
vE emirernte Harpyskn ¢ 40I0a go TMIIa, xosddinn eHT Hag e HOCTH 10 HATPYSHE
- 1,73, no marepsramy - 1.2
\ Tpebyenan semirnma Hanp s et o, Mlla
10 \ 46,= 1,753,0 MIla= 525 Mlla
\ 1l cnoft 5&P C Sheet 240 (2001 /30) = 4 Mla == tpebyerca ] cnoxa
\ R= g +E jy = 20550 _ 1200MIIa
\ t = BeclnxoncTa MIoOTHOCTS X omcra = 200(r/a0) 1, 7(r/ead =0,117 naa
5 \\ 2enog = 220,117=0234 noa
o -
H_H-\_"“‘—h_.__
1
100 x 500 1000 (nn)

JHaMeTp KOIOHHEI

Pucynox 39 — IIpumep onpeneneHuss HEOOX0AUMOIO KOJUYECTBA XOJICTOB JIJIS

YCUJICHUA KOJIOHHBI 11O HOBYIO HArpy3Ky

Pacuer Hecymelr CrnocOOHOCTH >KENE300€TOHHBIX KOHCTPYKIIMA Ha JCHCTBUE
NoTNEepPeYHON CUJIbl TIpuBENeH B riaBe 2. ConpoTuBjieHUE O€TOHA M CTAbHOW apMaTyphl
paccuutbiBaeTcs corsiacHo TpeboBanusM CII 63.13330. CompoTuBieHHE Ha JACHCTBUE
MOTIEPEYHOM CHIIBI KpYyTJIbiX 000iM n3 KM® ompenensercs no dhopmyse:

QC = (75/2) 1o d 'Ec “Ecs (104)
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rae

d — paccTosiHue MEX]ly BHEIIHUM KpaeM 000iimMbl n3 KM® 1 ieHTpoM pacTaHyTon
apMaTypsbl;

& < 0,004 — pacuernas nedpopmarus KMO.

Takoe orpaHudeHue MonepevyHomn aegopManuu CBSI3aHO C TEM, YTO KOMITO3UTHBIE
MaTepuaIbl UMEIOT JUHEHHYIO AuarpamMmy Ae(QOpMUpPOBaHUS BIUIOTh 10 Pa3pyIICHUS U B
JAHHOM CJIy4yae €€ 3HaueHHue aJanTUpPOBaHO K JAe(POPMUPOBAHUIO BHYTPEHHEU CTAIbHOU
apMaTyphl.

B pe3ynbrate ycuieHuss KOJIOHH OO0OMMOIl M3 KOMIIO3UTHBIX MATEPUANIOB HX
KECTKOCTh Ha W3TMO YBEIMYMBAETCS, M3-3a YEro BO3PACTAIOT JIEUCTBYIOIIME B HUX
BHYTPEHHHE YCUJIHUSA. DTO OOCTOATENBCTBO JOHKHO NPUHUMAThCS BO BHUMAaHUE NpPH
IPOECKTUPOBAHNHU. Y BEIMUEHHUE IEUCTBYIOIINX B KOJJOHHE BHYTPEHHUX YCUJIUI 3aBUCUT OT
OPUHATOTO METOAA YCHUJICHUS, XapaKTEpPUCTUK KOMIIO3UTHOIO MaTtepuaia U (HOopMbl
KOJIOHHBI. B Tabnuie 9 npencraBieHO yBeIWYeHUE AEHCTBYIOUIUMX B KOJOHHE YCUJIMHI B

3aBUCUMOCTH OT IIPHUHATOI'O criocoba YCHUIICHUA B % K paHce IICI‘/'ICTBYIOHIHM YCHUIIUAM.

Tabnumna 9 — CpaBHUTEIBHOE YBEIMYEHUE JEeUCTBYIONUX yeuuid (%) B KOJIOHHE

DoDMA KOIOHHEL YBenuueHue CranpHas HapamuBanue O0oiima u3
P younust oboiima OeToHa KM®
[IpononsHast cuna 10-20 20-50 0-5
Kpyrnas
[lomepeunas cuna 2040 25-75 0-5
[IpononsHas cuna 2040 20-50 0-10
[IpsimoyroibHast
Ilomepeunas cuna 40-70 25-75 0-5

Kak BuaHO W3 Tabmuibl 9, BO BCeX CllydasX MPUMEHEHHE JJI1 YCUJICHUSI KOJIOHH
000lM M3 KOMIIO3BUTHBIX MATEpUAJIOB BBI3BIBAET MEHBIIEE YBEIUYEHUE HArpy30K IO
CPaBHEHHUIO C OCTAJIbHBIMU CIIOCOOAMHU YCHUIICHUSI.

Bo Bpems skcmulyaTanuy MOJ AEHCTBUEM HArpy3KH IPOUCXOIHUT YKOPOUYEHUE
KOJIOHH, a TaKXXe pealu3yloTcs paiualibHble nedopMalry, 4TO MOXKET HPHUBECTH K
CHIDKEHHUIO 3 pexTrBHOCTH yeuieHus. Kpome Toro, KOHCTpyKIuM (HarpuMep, MOCTOBBIE)

MOTYT UCIBITBIBATH MHOTOKPATHO MOBTOPSIOIIMECS HArPy3KH, a TAKXKE BO3MOXKEH pa3phIB
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KOMIIO3UTHBIX MATEpUAJIOB TPU JIMTEIbHOM IMPUJIOKEHUU TOJHOM TOCTOSIHHOM H
BPEMEHHOM HArpy3KH.

OceBoe YKOpOYEHHE IJIMHBI KOJIOHHBI TMOJ JACHCTBYIOIIMMHU Ha HEE Harpy3KaMu
BO3pacTaeT IMoj JACHCTBHEM pagualbHBIX AedopMaruii OT CXKAThIX DSJIEMEHTOB. OTH
nedhopMan Mpyu JOCTIKEHUH 3HAYUTEIHHBIX BEIMYUH MOTYT CO3/1aTh MPOOJIEMBI MpU
DKCIUTyaTalluM KOHCTPYKIHMM H JaXe MPUBECTH K €€ XPYINKOMY pa3pyLICHHUIO.
OKCIUTyaTalliOHHBIE HArpPy3KH, BBI3BIBAIONINE MaKCHUMalbHBIC AchOpMariil CKaThus B
O0eToHe, HE JOJKHBI OBbITh YpEe3MEPHBIMHU, TaK KaK B MPOTUBHOM cllydyae H3-3a
HETIPEJIBUICHHBIX OOCTOSTENBLCTB (MOXKAp, 3E€MIICTPACEHUE, BaHIAIU3M U T.J.) MOXKET
MPOU3OMTU pa3pylIeHUE KOJIOHHBI, TaK Kak OETOH BCJIEACTBUE OOBEMHBIX nedopmariuii
CTAHOBHUTCSI TPEIIMHOBATHIM. [[7151 mpeaoTBpallleHusi BO3MOKHOCTA BO3HUKHOBEHUS 3TOM
CUTyallud PEKOMEHIYETCS MPU MPOCKTUPOBAHUU OrPAHUYMBATH OCEBYIO JIePopMaIluio
ckaTusi 6€TOHA OT JEHCTBUS SKCIUTyaTallMOHHBIX HArpy30k BenuuuHoit 0,0035.

Pacuer xene300€TOHHBIX KOJOHH, YCHWJICHHBIX o0Ooiimoit u3 KM®, Ha
BBIHOCJIMBOCTb JIOJKEH IPOU3BOAUTHCS B COOTBETCTBUY C YKa3aHUSMU IMYHKTOB 3.47-3.49
CIT 63. 13330. IIpu 3TOM HampspKEHUs, ACHCTBYIOIIME B KOMIIO3UTHBIX MaTepualiax,
JIOJDKHBI OBITh JIMMUTHUPOBaHbI. WX 3HaueHust B % OT mpeAesibHBIX R, HOMKHBI OBITH
caenytomme: 11 KMOY — 80%, KM®OA — 70%, KM®C — 30%.

Pazpylienre KOMIIO3UTHOTO MaTepuaia MOXKET MPOU30MTHU TMOJ JJIUTEIbHBIM
JNEUCTBUEM TMOJHBIX SKCIUTyaTallMOHHBIX HArpy30K. OJTOTO THUMNA pPa3pylLICHUS MOMXHO
n30exaTh, JUMUTHPYS ypoBeHb HanpspkeHuit B KM®. Tlostomy ypoBeHb HampspKEHH B
KM® pexomeHayeTCs NMPUHUMATH B % OT MX NpeaenbHbIX 3HaueHud R.: nmg KMOY —
65%, KM®A — 40%, KM®C — 55%. IlpuBeneHHble OrpaHUYEHUs HANPSHKEHUN B

KOMITIO3UTHBIX MaTepuanax B3SThbl U3 JIUTEPATYPHBIX UICTOUHHUKOB [S1].

6.4 CpaBHeHMe Pa3JIMYHBIX CIIOCO0O0B YCHJIEHUS KOJIOHH

CpaBHEHHE IO Pa3IMYHBIM KPUTEPUSM CIIOCOOOB YCHIICHHS TIPUBEJCHO B TaOIHUIIE

10.
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Tabnaumna 10 — CpaBHeHHE crIOCOOOB YCHUJICHUS KOJIOHH

Cmoco6
YCHIICHUS

VYBenmmuenne
Beca
KOHCTPYKITUU

N3menenne
pasMepoB
KOHCTPYKIIUU

PagnanpHOE
aBJICHUE

YBemmuenne
M3rH0aroINX
YCHIIMIH

TpynoeMKocTb
npume-
HEHUS

Kopposzus

CranpHas

oOoiima

HapamnBanue - - - - - - - 0
OetoHa

O0oiima u3 + + + + + + + +
KM®

[Ipumeuanue: “- -“— o4eHb MI0X0; “-“— MIOX0; “0” — OTCYTCTBYET; ““+”’— XOpOIIo; “+ + *“ 0oueHb XOPOIIO

PesynpraTel TaOmuiel 10 HArIsgHO AEMOHCTPUPYIOT MPEUMYIIECTBA YCHIICHHS
KOJIOHH 000iiMamM# M3 KOMIIO3UTHOT'O MaTepHala Mo CPAaBHEHHUIO C JPYTHMMH CIIOCOOaMHU.
bonpminM mpeumyniectBoM mnpumeHeHus o6oiim u3 KM® sBnsercs MUHUMAaNbHOE
YBEJIMYECHUE W3THOAIOIINX YCUIUH, HECMOTPS HAa PE3epBbl B YIYUYIIEHUU THOKOCTH
KOHCTpYKUMHU. B pe3ynbrare ycuneHus kojoHH oboiiMamu KM® oHu He moaBepraroTcs
JNEUCTBUIO JIONOJIHUTEIBHBIX BHYTPEHHUX YCUIMH M OJTUM IPEAOTBPAIIACTCA HX
MIPEXKIEBPEMEHHOE Pa3pyLLICHHUE.

[Ipy ucnosb30BaHUM Uil  YCWICHHS  NPEIHANPSIKEHHBIX  KOMIIO3UTHBIX
MaTepuaioB (0OCOOEHHO Ha OCHOBE apaMH/a) B KOHCTPYKLUHUHU OBICTPO YCTaHABIMBACTCS
TPEXOCHOE HAaIpPSKEHHOE COCTOsiHME. braromapss 3ToMy B OETOHE YBEJIMYMBAIOTCS
CKUMAIOIIME HAMTPSHKEHUS 0€3 TIPOSBIICHUS OOJIBIIUX OCEBBIX Je(POpMaIiuii.

[IpumMeHeHue ycuneHus Keye300€TOHHBIX KOJIOHH KOMITIO3UTHBIMU MaTepHallaMu
TEXHOJOTUYHO. Bpemsi mpocTost coopykeHusl (3TO OCOOEHHO BaXXHO [IJIi MOCTOBBIX
KOHCTPYKIIMI) 3HauuTenbHO yMmeHbInaeTcs. K tomy xe, obolimbi m3 KM® wumeror
HEOOJIBIIYIO TONIKUHY U TPEOYIOT MEHbILIE BPEMEHU /ISl BCTYIUUIEHUS! BO B3aUMOJICHCTBUE
C  OCTaJbHBIMH, PpACIIOJIO)KEHHBIMH  BOJIU3H,

CTPOUTCIIbHBIMHU KOHCTPYKIOUAMHA

HHXXCHCPHOI'O COOPYKCHUA.
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7 TexHoJIOTHSl YCUJIEHUSI KOHCTPYKIUIT KOMIIO3UTHBIMH
MaTepuajamMu

7.1 YeTaHOBKA ~ KOMIIO3UTHBIX  MATEpHAJIOB  Ha  NOBEPXHOCTh

YCWJINBAEMOIl KOHCTPYKIMHU U KOHTPOJIb Ka4ecTBa MPOU3BO/ACTBA PadoT

Ycunenue xene300€TOHHBIX KOHCTPYKIUN SBIISETCS YacThio OOIIETo mpolecca 1o
ux BoccTraHoBieHUIO (pucyHok 40). VYcwieHue Kelne300€TOHHBIX KOHCTPYKIUN
HEOOXOAMMO IMPOU3BOJUTH, €CIM OHHU HE YJOBJIETBOPSIIOT MOBEPOYHBIM pacueraMm IIo
HECyllle CHnocoOHOCTHM WM TpeOOBaHUAM HOpMaibHOM »Kkciutyatanuu. [locne
IPOBEJCHUS MOBEPOUYHBIX PAcu€TOB HEOOXOAMMO BBIOpATh CHOCOO YCHIIEHMSI, KOTOPBIH
yIIOBJIETBOPsUT Obl TpeOOBaHUSAM O€30MACHOI 3KCIUIyaTallud COOPYXKEHUs, 0O0ecreunBa
TEXHOJIOTMYHOCTh MOHTaXKa JJIEMEHTOB YCHUJICHHS W OCYIISCTBIISICS 0€3 OCTaHOBKHU
IPOU3BOACTBEHHOI'O Ipolecca. TakuM TpeOOBaHUSAM OTBEUAIOT KOMIIO3UTHBIE MATEPHAJIbI
HAa OCHOBE YTJIEBOJIOKOH.

[Ipennaraemasi TEXHOJOTHSI YCWJICHHS OMNpPENCISCT TMOPSIIOK W yCIOBHUS
BBIMOJIHEHUsST pabOT MNpU YCUJIEHUM KOMIIO3UTHBIMH MaTepHUajlaMu >KeJIe300€TOHHbBIX
CTPOUTENBHBIX KOHCTPYKIIMH C IEJIbI0 TepepaclpeieieHns HalpsHKEHUH B DJIEMEHTax
KOHCTPYKLHUH.

TexHonOTHsS BHIOTHEHHsS] PabOT MO YCHJICHHIO CTPOUTENBHBIX KOHCTPYKIUN H
KOHTPOJIIO Ka4eCTBA MPUBEACH Ha pUCYHKE 41. OHa BKIIOYAET:

- IOATOTOBKY TIOBEPXHOCTU KOHCTPYKIIUH;

- MOHTaX JIICTOBOTO MaTepHaa;

- KOHTPOJIb Ka4€CTBA MTPOU3BOJICTBA padoOT;

- HaHECEHHE 3aIIUTHOTO CII0sI OT BO3ACUCTBUS OKPYXKAIOLIEeH cpebl;

- IPOMBIBKY 000OpYAOBaHUSI.

JlaHHast TEXHOJIOTUSI YCUJICHUSI CTPOUTENBHBIX KOHCTPYKIMI MPEACTaBIsAET 4acThb
0O0IIero TEXHOJIOTMYECKOTO0 Ipoliecca 0 PeMOHTY KOHCTpyKuuu (puc. 40) u pazpadborana

C YUCTOM HCIIPAaBHOCTH FHHpOHSOHHHHOHHOﬁ CHUCTEMBbI B COOPYKCHUU.
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CHIEIIAg CTerens

NoBpeKACHIA Hackoasko rawna yeTeTHRa,
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TT TOBEPOTHEIN pacyer OTPEMOHTHPORATH JAMCHA KOHCTPYRIAA
KOHCTPYRIMA KOHCIPYKHUIO
|
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Ynanemre y .
~ i Moo an CoomercTayior Lipmycrcrne
DA3PYLICHHOIO CHOS yenomaonars | Her | JOI0BIS BPINCHCHIN | iy | v ooy
beToHa ¥ noHoe | R VCHIABATOIAX N
. i , CYIECTRYHOLIYH) - SUCMCHTOB 113
BCKPBITHC APMATYPHOMD apuarypy ? IUEMEHIOB U3 e m—
Kapxaca e Jracniacrika ? .
T
| A Her
OuHcTxa apMaTypaoro Ycinienye niu 3a5icHa
KapKaca CYHCCTBYIOHIET
apyaryper
Obecconupanne
KOHCTPYKNHH (eCH
BOFMOKHO) Orpacka TOREPYHOCTH
I ROTICTPYRIATT (¢ IVIKII0)
]
Jainira apVaTypROrG Tunpounsondyns moBcpxHOCTH
KapKaca HSITYTpH
I |
Hanecenye mpamviepa Hanceenine pesonTsoro Harecenme BRIpaBHIIBARONIETO
NI OCTON H apMaTy py COCTARA TOKPRITIA

Pucynok 40 — TexHomornuecknii MapuipyT peMOHTAa KOHCTPYKIUNA C BBICOKOM

CTEIEHbIO MoBpexkaeHU (koppo3ust 16,5-40%)
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| HOQF OTOBKA NNOBSPXHOCTYH

— YnaneHue paspylieHHOro 6ETOHA U 3ATPAIHERUY, NpidaHe
_:Ii LUEPOXOBATOCTH NOBEDPXHOCTH, CINAXUBAHHUE YITIOB ¥ 0DECHbITABAHNE

KOHTpOﬂb Ka4ecTBa NOBEPXHOCTY. KOresrnonHaa NPOYHOCTS,
BIIAXHOCTb, HATMHME HEPOBHOCTEH, TPELMH M IPUIHAKOE KODPO3HiA

—| Ma Tepnanst BRELLRETO younehua Ha OCHOBE YINepogHblX BONOKOH |

fogrotoska v o4ncTka NOBEPXHOCTH Martepnaria I

3aroToBka N0 pASMELY ¥ NPOBEPKa Harma fedextos |

—I Yeunenue koMno3nTHbIAN Matepuanait Ha OcHoBe YIMepooHbIX BOIOKOH |

—{ Harecerue agreausa Ha betoH |

—{Harecenie agreansa Ha Jamunars! |

— YcTaHoBka MaTepuana youneHua |

XoncTsi

——| Hanecenme TpyHTOBKYM WK LLINaKNeBKY |

| Hanecenrue ciont Huskoit BASKOCTH (MpaumepHbiv criok)|
—| Yeraroara xonctos |

— ponuTka MaTepuana younenms (nokpsisatowui criod) |

— Kontpons kauectsa paboT (nepes, B0 BpeMS 1 TOCE X BHINONHEHNS) |

KauecTBo npuMeHaeMbix MATEPUANOs ( CTARAApTHbINA
TecT MatePuanoE yeunerva i ai)i BS’MBB/CMOJTH)

KoHTpOMb yenosuid paboT (MpodHocTs BeToHa,
HEPOBHOCTH, YCIOBUA OKDYXAIOWEN cpellbl U T.1.)

KOHTDOIb Ka4ecTaa BO BPEMS ¥ OGNS BuINOJIHEHHA PabOT (HanpasgneHque
ghubPbi, NOROWEHIE, PAIMED, HEPOBHOCTY, BATE3NA, HANMYME NYCTOT)

] Orgenodnsie pabotsi (no HeobxonumocTw)|

Sa1uTa OT BOSAENCTBIA OTHA 1 YITbTPAUONETOBOTO M3YHEHNA |

Pucynoxk 41 — TexHonorust ycusieHus »eiae300eTOHHBIX KOHCTPYKIUU €

IMPUMCHCHUCM KOMIIO3UTHBIX MaTCpPHUAJIOB

Ycunenue KOMIIO3UTHBIMU MaTcpualaMyd HAYNMHACTCA C IIOATOTOBKHU ITOBCPXHOCTH

KOHCTPYKIIUH.
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[ToBepXHOCTh KOHCTPYKLIMM B MECTaX HakKJIEHKH JIMCTOBBIX MaTepUasoB
MOJIBEPraloT OYUCTKE, Yallle BCEro MeCKOCTPYMHON 00paboTKe, YTO MO3BOJSET BCKPHIBATH
IIOPOBYIO CTPYKTYpY O€TOHA.

3arem 00paboOTaHHYIO MOBEPXHOCTh HUIM(DYIOT aOpa3uBHBIM MHCTPYMEHTOM JIJIst
NPHUIAHUST POBHOCTH M IIEPOXOBATOCTH, BBICTYIAIOIIUE OCTPBIE KPOMKH CKPYIJISIOT 10
panuyca 1-3 cm. KoHCTpyKIIMOHHAs POYHOCTh MOBEPXHOCTHOIO CJI0s OETOHA JIOJKHA
66Th He Menee 1,0 H/MM® 1 XoncToBeIX MaTepuanoB KM® u ue menee 1,5 H/mm® s
JaMHUHaTa.

[Tocne BeIpaBHUBaHMS MOBEPXHOCTh OOECIBUIMBAIOT C TOMOIIBIO POMBIIIJIEHHOTO
nblIeCOCa.

YTOoOBI UCKITIOYUTHh KOHLIEHTPALIMIO HAMIPSHKEHUH B YTJIETIACTUKOBBIX X0JICTaX WIN
JaMUHATaxX ¥ 00€CTIeYNTh PABHOMEPHOCTh PAaCTpeeNICHUs PACTATUBAIONINX HAMPSLKEHUN
ClIeyeT MPOBEPUTHh POBHOCTh MOBEPXHOCTH € MOMOIIBIO 1-meTpoBoil peliku. [lpu 3Tom
JOITyCKAeTCsl MaKCUMaJIbHOE OTKJIOHEHHE | MM Ha nojioce ayinHoi 30 cm.

Ecnu panHoe TpeboBaHWe HE COONIOJaeTcs, TO HEOOXOJIWMO BBIPOBHSATh
HOBEPXHOCTh C MOMOIIbIO CHEIMAIIbHOTO BBIPABHUBAIOIIErO cocraBa. [IpuroraBiuBaroT
BBIPaBHUBAIOIIMI COCTaB HA OCHOBE 3MOKCHUIHON CMOJIBI M KBAPLEBOIO MECKa C MOYJIEM
kpynHoctd M, = 0,5-0,8 MM, UCX0/151 U3 CIAEAYIOMIMX COOTHOUICHUI:

- KOMIIOHEHT A (3MOKCHUHAs CMOJIa) — 2 BECOBBIX YaCTH;

- KOMNOHEHT B (oTBepauTenb) — 1 BecoBast 4acTh;

-komMnioHeHT C (KBapIeBbIi TIECOK) — 3 BECOBBIC YACTH.

JIns nOpuUroTOBIIEHUS BBIPABHUBAIOIIETO COCTaBa MCHOJB3YIOT MHKCEpP CO
ckopocTthio BpaiieHus 400-600 o6/muH. CocTaB TPUTOTABIMBACTCS B CIEAYIOIIEH
[OCJIENOBATEIBHOCTH:

- B €MKOCTh TOMEIAIOT I03UPOBAHHOE (PACCUYMTAHHOE U B3BELIEHHOE) KOJMYECTBO
KOMITOHEHTA A;

- MPU TOCTOSIHHOM NEPEMEIINBAHUM J100ABIIAIOT PACCUUTAHHOE U B3BEIICHHOE
KOJIM4YeCTBO KoMInoHeHTa C 10 MOJy4YeHus CMECH OJHOPOIHON KOHCUCTEHIINY;

- K TIOJIyY€HHOMY COCTaBY JOOAaBIISIOT PACCUUTAHHOE U B3BELICHHOE KOJUYECTBO

KOMIIOHEHTa B 1 nepeMemmBaroT B Te€4EHUE 3—5 MUH.
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[IpumeuaHue: AOMYCKAeTCA BBINOJHEHWE YKAa3aHHOW ONEpPAIMU BPYUYHYIO, €CIU
KOJIMYECTBO IMPUTOTABIMBAEMOr0 COCTaBa MeHee | Kr.

[Tocne cmemmBaHUS MOBEPXHOCTh BBIPABHUBAKOT MPUTOTOBIECHHBIM COCTABOM C
MOMOIIBIO IImaTeass M Tepkd. Pacxon cocraBa ~2 kr/m>. Ilociae BbIpaBHUBAHHS
MOBEPXHOCTH YCTPAUBAIOT TEXHOJOTUYECKUN MepepbiB HE MeHee 7—12 4., HeoOXOAUMBIN
JUISL OTBEPKAEHUS COCTaBa.

[Tocne BbIPAaBHUBAHUS MTOBEPXHOCTHU OCYILECTBIISIIOT MIOATOTOBKY
TEXHOJIOTHYECKOW OCHACTKH W 00O0pYyIOBaHMS JJIsI TTPOU3BOJACTBA PAbOT MO YCHJICHHIO.
Jlnst obecrieueHrss paBHOMEPHOTO pa3MaThIBaHUS KOMIIO3UTHOTO MaTepHaia COTJIacHO
TEXHUYECKOMY OIMHMCAHHUIO COOMPAIOT CTAaHUHY JJisl pa3MmenieHus pyiona KM®-namunara.
Pynon namMmuHaTta momMemnarT B CTAHUHY U (DUKCUPYIOT C IOMOUIbI0 00)KUMHBIX POJIUKOB U
OTPAaHUYUTEIIbHBIX IITAHT.

[TogroroBka KM®-namuHara  BKJIIOYAeT  cleaylolmue  omnepamuu.  Ero
pPa3sMaThIBAIOT M3 PYJIOHA W MOMEMIAIOT HA MOHTAXHBIM CTOJI. [laee mpoBOIAT pa3METKy
OTPE3KOB JIaMUHaTa TpeOyeMoil JIJIMHBI COTJIACHO MPOEKTHOM JoKymMeHTanuu. Hapesanue
JJaAMUHATA MPOBOJAT C MOMOIIBIO OTPE3HON MAIMHKH, UCTIOJIB3Ys JTUCK MO MeTamty. s
obezxupuBanuss KM®-namuHaTa HCHONB3YIOT OPTaHUYECKHM PACTBOPHUTENb - AllETOH C
pacxonom 0,4 1/m* moBepxHocth. [IpH 3TOM OZHOBPEMEHHO YaIseTcsi rpadHuTOBAs IIBLIb.

O06e3XUpEeHHBIC JJaMUHATHI CKJIAJLIBAIOT HA MOHTAXKHOM CTOJIE TIepe]] YCTaHOBKOM
B J103aTOp Ui HAHECEHHUs KJIESIIEro cocraBa. HaHeceHue Kieslero cocraBa, COTJIACHO
TEXHUYECKOMY OIMHUCAHUIO, OCYIIECTBIIAIOT C UCMOJb30BAHUEM CHENUAIBHOTO YCTPOMCTBA
— Jo3aropa. Perynupys mmpuHy J0TKa 103aTOpa MO MUPUHY KCIOJIB3YEMOTO JaMUHATA U
BEJIMYMHY MTPOXOIHOTO 3330pa, 00ECIIEUNBAIOT PABHOMEPHOE HAHECEHUE KIISSIIIIETO COCTaBa Ha
Marepuall yCUJICHUSI.

Montaxx KM®-n1aMHUHATOB OCYIIECTBISAETCS C MPUMEHEHUEM KJIIEAIIErO COCTaBa
HAa OCHOBE OJIOKCHIHOM CMOJIbI, KOTOpPbIM TOTOBHUTCS HCXOI M3 CIEAYIOLIEro
COOTHOUICHHS:

- KOMITOHEHT A (3MOKCHIHAs cCMoJia) — 2 BECOBBIX YacTH;

- KoMrnioHeHT B (oTBepauTens) — 1 BecoBas 4acTh.
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Krnesmuit coctaB TroTOBIT B MOAXOMASIIEH €MKOCTH, HCIHOJb3yS MHKCEp CO
ckopocthio Bpamenus 400—600 o6/muH. Jlamee B €MKOCTh MOMEMIAIOT JO3WPOBAHHO
(paccunTaHHble M B3BEIICHHBIC) KOJUYECTBA KOMIOHEHTOB A W B M mepememuBaioT B
TE€YEHHE 3—5 MUHYT JI0 MOJTYYEHHS CMECH OJHOPOJHON KOHCUCTEHIUU.

Ha nmoBepxHOCTh KOHCTPYKIIMM B MECTaX HAKJIEWKH JUCTOB JaMUHATa C OMOUIBIO
HimaTesis HAaHOCAT CJIOU Kiest coctaB ToimuHon 1-1,5 mMm. Pacxon kiest cocrasisier 2—3
KI/M°. 3amnpaBiIsiOT MOATOTOBJICHHBIA OTPE30K JIAMHHATA B YCTAHOBKY JUIS HAHECCHHS
KJIesl Tak, 4YTOOBI Kpail JJaMUHaTa BBICTYHAN 3a Mpeenbl popMyroied miacTuabl Ha 5—10
MM.

Jlanee BBIKIAABIBAIOT B YCTPOMCTBO MNOBEpPX JIAMHHATA KJESIIMI COCTaB U
PAaBHOMEPHO pacHpelesIIoT ¢ MOMOLIBI0 MacTepka wid mmarens. IIpoasuras namuHaT
4yepe3 YCTAHOBKY JUJIS HAHECEHMs KJesl U YAEep>KUBasi MPOJABUHYTHIM JIAMUHAT C KJIEEM B
OJIHOM IMJIOCKOCTH, T00ABIISAIOT IO MEPE HEOOXOAUMOCTH HOBBIE NMOPLIUHU KJIESl B YCTAHOBKY

[TpoBoasT monTaxxk KM®-1aMuHAaTOB C HAHECEHHBIM KJI€eM B pabouee MoJI0KEeHHUE
C OJIHOTO Kpas K JPYyroMy WIH OT LUEHTpa K KpasM. 3aTeM €ro IUIOTHO MOJKMMAIOT K
MOBEPXHOCTH KOHCTPYKILIHH, IPOKATHIBASI TBEPJIBIM PE3UHOBBIM BaJTUKOM.

Ha Bpemsi oTBepkKIeHUsI KIIESAIIEro U 3allMTHOTO COCTaBOB (=12 4) obecneunBaroT
3aIUTY CMOHTUPOBAHHBIX JJAMUHATOB OT JIFOOBIX MEXaHUYECKUX BO3JEHCTBUIA.

YucTtky 000pyA0BaHUSI OT OCTATKOB BBIPABHUBAIOIIETO, KIIESIIET0 WU 3aIUTHOTO
COCTaBOB BBIMOJHSIIOT C MOMOIIBIO mmnaTens u Beromu. I[locne 3toro obopynoBanue u
MHCTPYMEHT MPOTUPAIOT BETOLIBIO, CMOYEHHOM B paCTBOPUTEIIE.

Onepatiy  BBIMOJHSAIOT Cpa3y IOCJIE HMCHOJb30BaHUS MPUTOTOBJICHHOW MOPLMH
COCTaBa, OCTaTKH COCTABOB YTWIM3UPYIOT B CIIELIUAIIBHBIE EMKOCTH.

Jlo Hayana mpous3BoACTBa PabOT OMPENEISAIOT MO KOre3UI0 MOBEPXHOCTHOTO CJIOS
0eToHa KOHCTPYKIHH ¢ ToMotbio ipubdopa DYNA Z16 u koMriekTa mramMmoB 50 M.

Kore3noHHass MJIOTHOCTh MOBEPXHOCTHOTO CJIOsS OETOHa B MECT€ MOHTaxa
JNIAMUHATOB JOJDKHA ObITH He Meree 1,5 H/mm® (15 kr/emd).

[lepen HayanoM BBINOJHEHUS PAOOT OMPEAETAIOT CIEAYIOIHUE MapamMeTpbl
OKPYXKaroUIEH CPebl:

- TEMIIEpaTypy BO3yXa;
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- TEMIIEPATypPy NOBEPXHOCTH KOHCTPYKIUH;

- BJIAKHOCTb BO3/lyXa;

- BJIQ&XKHOCTh KOHCTPYKIUH;

- TEMIIEPATypy TOYKH POCBHI.

3Ha4YeHHS U3MEPSEMBIX [TAPAMETPOB JIOJKHBI OBITh:

- TeMIeparypa oKpyxaroriero so3ayxa > +10 °C;

- BIaJKHOCTh O€TOHA <4%;

- TeMIIepaTypa MOBEPXHOCTU OETOHA min Ha 3 °C BBIIIE TEMIIEPATYPHI

TOYKH POCHI

["abapuTHbie pa3Mepbl MOHTHUPYEMOTO XOJICTOBOI'O MaTepHalia Ha COOTBETCTBUE
TpeOOBaHUAM MPOEKTHON JOKYMEHTAIMM KOHTPOJIUPYIOT C MOMOIIbIO HM3MEPUTEIBHOTO
MHCTPYMEHTA.

KauecTBO MOHTa)ka XOJCTOBOrO MaTepuaja MPOBEPAIOT MHCTPYMEHTAJIbHO — IO
TOJIIIMHE HAHOCUMBIX CJIO€B, WM AHAJIUTHUYECKH — IO PacXoAy KIESIIEro cOCTaBa U

oOpa0aTeIBacMOH IUIOIIAN; BEIUUNHY [IEPEXIIECTA — MHCTPYMEHTAJIBHO.

7.2 KiieeBble COCTaBbI M CXeMbl HCIBITAHUN KJI€€BbIX COCJUHEHUN TNPH

HCITOJb30BAHUHN KOMIIO3UTHBIX MAaTECPHAJIO0B JJId YCHJICHUSA KOHCprKHI/Iﬁ

Ba)XHbIM KOMIIOHEHTOM CHUCTEMbl YCUJICHUS BHEIIHUM apMHpPOBaHUEM IpHU
MOMOIIM KOMIIO3UTHBIX MAaTEpPHAJIOB SIBISIETCA KIEAUIMN COCTAaB WIM KIIEAIIUNA COCTaB.
OCHOBHBIM €r0 Ha3HaYEHUEM MOMHMO COOCTBEHHO MPUKIICUBAHUS, SBIISAECTCS BOCIIPUSTHE
CABUTOBBIX W OTPBIBAIOIIMX YCWJIMM MEXIYy COEIMHSIEMbIMH MOBEPXHOCTAMH. JlJis
MPUKJIEUBAHUS KOMIIO3UTHOTO MaTepuasa K OETOHHOW TMOBEPXHOCTH Yalle BCEro
UCIIOJIB3YIOTCS  3MOKCHJIHbIE JBYXKOMIIOHEHTHbBIE KJIESAIUE COCTaBbl, CHOCOOHbBIE
CXBaThIBAThCS NPU OKpYyXkaroule temneparype. Haubosnee pacnpocTpaHeHHbIE KIesIue

COCTaBHI ITpUBEICHBI B TabuIe 11.
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Ta6nuua 11 — Knesiiue coctaBbl OT MUPOBBIX (GUPM-TIPOU3BOAUTENEH

[TocraBmiuk U TOpropasi Mapka
CaoiicTBa
Exchem MBT SBD Sika Resiplast
Resifix 31 Mbrace Epoxy Plus Sikadur Epicol U
adhesive

TIpouHOCTh Ha pacTsikenue, H/mm™ 24 30 19 30 50
[pourocts Ha u3ru6, H/mm 55 100 35
TIpouHocTh Ha czBur, H/Mm” 22 18
Monynp usruoa, kH/Mm? 6,5 3.5 9,8 12,8
Mopyns cipura, kH/MM° 3,8
Temmneparypa creknosanus, T, ‘C) 60 56 60,8 60

B Hebonbmiom o0beMe NMPUMEHSIOTCS KJESIINE COCTaBbl U Ha JAPYrod OCHOBE.
OpgHako WM TIPpUCYI TENBIA P  HEIOCTAaTKOB, OTPAHMYMBAIONIMX OOJACTh HX
IPUMEHEHUS:

- KJESIIME COCTaBbl HA OCHOBE MOJMAI(PUPA HMEIOT OOJIbIIKNE YCaJ04YHBIC
nedopmany ¥ BEICOKUH KOA(DPUITMEHT TeMnepaTypHOro pacmmperus. OHA OB KCHBI
IEJIOYHON arpeccuu U OBICTPO 3aTBEPACBAIOT;

- KJICSIIIIE COCTAaBBbI HA OCHOBE BHHIJIOBBIX MOJUA(MUPOB TaKKE WUMEIOT OOJIBIIIHE
ycaJiouHble AeGOpMalMA M B YCIOBHUSIX TMOBBIMICHHON BIIAXXHOCTH HE MOTYT OOCCIICUHUTH
KauyeCTBEHHOTO CIETIJICHUSI COCTUHSIEMBIX TTOBEPXHOCTEH;

- TIOJIMYPETAHOBBIC KJISAIINE COCTaBBI O0IAMA0T TEMH K€ HEIOCTaTKaMH, YTO U
nonmmdGUpPHBIE, W C TPYIAOM O0OCCIeUHMBAIOT HEOOXOAUMOE CIECIUICHHE MEXIy
MTOBEPXHOCTSIMHU.

BriOop Tuma SMOKCHMAHOTO KIESIIMK CcocTaBa 3aBUCUT OT OCOOEHHOCTEHW €ero
MPUMEHEHUSI U OMPEACNSICTCS TENbIM PAIoM (HaKTOPOB — TEMIIEpaTypPHO-BIAKHOCTHBIH
PEXKUM OKPYKAIOIIEH CpeIbl W CKICHBACMBIX ITOBEPXHOCTEH, a Tarkke TpeOyemoi
ckopocTu TBepaeHus. Kiesinue coctaBbl JOJKHBI BbLIEpKUBaTh TemnepaTtypy 10 50 °C B
MpOIECCe AKCIUTyaTallud W UMETh TeMmieparypy crekiaoBanus ot 50 °C mo 65 °C. B
HEKOTOPBIX CIIy4asX, HampuMep, NpPH YCHUJICHUU BEPXHUX DJJIEMEHTOB MOCTOBBIX

KOHCTPYKLIMM, HaXONSIIIMXCA 1O MNPSAMBIM  BO3JEUCTBUEM COJIHEYHBIX JIy4del,
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TEMIEpaTypa CTEKIOBaHUS KJIESIIEro cOCTaBa JOJKHA ObITh 3HAYMTENBHO BbIIIE. B 3THX
YCIIOBHSIX NMPUMEHSIOTCS CIELHABHBIE Kiesiue cocTaBbl. OOHUM U3 TpeOOBaHHUU K
KJIESIIMM  COCTaBaM, OCOOEHHO TIPUMEHSEMBIM JUIsl  YCWJIEHUS  KOHCTPYKIUH,
pPacHoJIOKEHHBIX B 3aMKHYTOM IPOCTPAHCTBE (TOHHEIM), IIE€ BO3HUKHOBEHHE IMOXapa
ABIIIETCS 0CO0O 3HAUMMBIM (PAKTOPOM, 3aKJIIOYAECTCA B HEIOMYIICHHH 3HAUYUTEIHHOTO
BBIJICJICHNS TOKCUYHBIX BEIECTB IPU UX BO3TOPaHUHU.

BOABIMIMHCTBO MPUMEHSAEMBIX KJIEALIIMX COCTABOB HCIOJB3YETCS ISl COCAMHEHUS
CyXUX TIOBEpPXHOCTEH. /[l CKIEMBAaHMS BJIAXHBIX IIOBEPXHOCTEM, a TaKxKe I
COEIMHEHHsI KOHCTPYKLHUWA, HAXOIAUIMXCS B BOJE, pa3padOTaHbl CHELUAIbHbIE KIIEAIIUE
COCTaBbl, KaK IIPABUJIO, HA MOKCUIHON OCHOBE.

[Tpu ucnonb30BaHUU ISl BBIpABHUBAHUS TIOBEPXHOCTH OETOHA IEpes YCUICHUEM
CHEUUAIbHOrO MpaiMEpHOro COCTaBa €ro (PU3MKO-MEXaHWYECKHE CBOMCTBA JOJDKHBI
ObITh, C OJHOM CTOPOHBI, COBMECTHMBI CO CBOHCTBaMH CTaporo Oe€ToHa, a, ¢ APYrou
CTOPOHBI, CO CBOWCTBAaMHU MNPHUMEHSIEMOr0 KIEAIIEro CcOocCTaBa. TOJIBKO y4Ye€T 3TOro
00CTOSATENBCTBA MPU BBIOOPE CHUCTEMBI YCHJIEHHS MO3BOJIAT 00eCHeYUTh 3(P(HEKTHUBHYIO
COBMECTHYIO pabOTy YCHJIMBA€MOW CTPOUTEIBHOM KOHCTPYKLHMU C YCHUJIMBAIOIIMM
KOMIIO3UTHBIM ~MaTepuanioMm. st pgocTukeHus TpeOyeMoro KadecTBa CLEIJICHUS
KOMIIO3UTHOIO MaTepuana C IOBEPXHOCTbIO OETOHa HEMaJOBaXHbIMH (haKTOpaMu
ABIIIIOTCS. TEMIIEPATYPHO-BIAKHOCTHBIE YCIIOBUSI B MECTE MPOBEJICHUS padOT U KAaueCTBO
MOATOTOBKM TMOBEPXHOCTH YCHJIMBAEMOM KOHCTPYKIMU. 3arps3HeHHas, a Tem Ooiee
HEpOBHAsl TIOBEPXHOCTh HE CMOXKET O0ECHeUnuTh TPEeOYEeMOro MO KayecCTBY CUEIUICHUS C
KOMIIO3UTHBIM MaTepuasioM. B mpoliecce TBepJeHUs B KIEALIEM COCTaBE MPOUCXOJSAT
XMMHUYECKHUE MPOIIECCHI, PE3KO 3amestoniuecs npu tremneparype menee 10 °C. [Toaromy
B OOJBIIMHCTBE CIIy4aeB BO BPEMsI MPOU3BOJCTBA pabOT MO YCHJIECHHUIO OKpPY)KaroIiast
TemIiepaTypa AobkHa ObITh Beie 10 °C.

OpHako MMeEETCsl ONBIT MPUMEHEHUS KOMITO3UTHBIX MAaTe€pUaioB U B YCIOBHSX
0oJjiee HU3KUX TEMIIEpaTyp OKpY’Kalollel Cpe/ibl, B TOM Yucie B 3uMHee Bpems. [iist aToro
UCIIOJIB3YIOTCSl PA3JIMYHBIE CHUCTEMBbI TMOBBILIEHUS TEMIEPATypbl B KJEALIEM COCTaBe
MEX/1y YCUIIMBAEMbIM O€TOHHBIM 3JIEMEHTOM M KOMIIO3UTHBIM MaTepuajioM: HarpeBaHuUeE C

NOMOILBIO AJIEKTPUUYECKOTO TOKA; CHUCTEMbl MH(PAKPACHOTO HArpeBaHMs; YTEIUISIOLINE
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nokpbiTud. [IpumMep Takoil cucTemMbl MPU HCHOJIB30BAHUM KOMIIO3UTHOTO MaTepuaia Ha
OCHOBE YTJIEPOJIHBIX BOJIOKOH NMPUBEAEH Ha pUCYHKE 4. DTa cucTeMa OCHOBBIBAETCS Ha
XOpOIlled  BJIEKTPONPOBOJUMOCTH  YIJIEPOAHBIX  BOJOKOH. Ilpu  mpomyckanuu
AJIEKTPUUYECKOTO TOKa Yepe3 MOJIOCY JIAMUHATa BO BpEMs MPUKICUBAHUS TOCICIHSIS
HarpeBaeTrcsi N0 HYXKHOM Temmeparypbl. CrHelnHalbHbIE TEMIEPATYpPHbIE JTATUYUKHU
MO3BOJISIIOT KOHTPOJIMPOBATh HarpeBaHue. beicTpoe KOHTPOIMpPyEeMOe HarpeBaHKUe MOJI0ChI
namuHata (temmeparypa 70 °C MOXeT ObITh JTOCTUTHYTA 3a 3 4) MO3BOJIIET HE TOJBKO
COKpaTUTh BpEMs BBIMIOJIHEHHS pa0dOT MO YCWICHHIO, HO M YBEIUYHUTh TEMIIEPaTypy
CTEKJIOBAHUS KJIEAILIErO COCTaBa.

TpeboBaHus K 3HAYCHUSIM MMOKa3aTelie MPUMEHUTEILHO K METO/IaM BBITIOJIHEHUS

YCUJICHHUS CIIeJIyeT Ha3HA4YaTh B COOTBETCTBUH ¢ [61] mo Tabmuie 12.

Tabnuna 12 — TpeboBaHus K 3HAYEHUSM IOKa3aTeI€l CBOMCTB M 3KCIUTyaTallMOHHBIX
KayecTB NPHUMEHHUTEIBHO K METOAY BBIIOJIHEHUS YCWICHHS BHEIIHUM apMHPOBAaHUEM

KOHCTPYKLIMI

TpeGosanue *

IToxazaTens | MeTon UCTIBITaHus |
1 Puzmdeckue NOKa3aTeIN CBONCTB KIESIIUX COCTABOB
1.1 Bpems OTKpPBITON BBIAEPKKU ITo TOCT 28780 [77]
1.2 XXu3HecnocoOHOCTH ITo I'OCT 27271 [78]
1.3 Moaynb ynpyrocTy npu CXKaTuu ITo TOCT 9550 [79]
1.4 Monynp ynpyrocTu Ipu U3ruoe ITo T'OCT 9550 [79]
1.5 TIpouHocTh TipU CABUTE [1o T'OCT 14759 [80] u
B COOTBETCTBUHU C [75]
0 IpuiIokeHuo B
(cM. cxeMy HCIIBITaHUI
1.1 mo Tabnuue B.1)

3asgBienHoe 3HaueHue + 20%
3asBienHoe 3HaueHue + 20%
> 2000 H/mm”
> 2000 H/vm®
o°> 12 H/mm?

1.6 Temmnepatypa CTEKJIOBaHHS ITo TOCT 30535 [81] >40°C
1.7 KoapuimeHT TEIII0BOro paciiupeHust Mo TOCT 15173 [82] <100-10° 1/°C
1.8 Ycaaka ITo I'OCT 18616 [83] <0,1%

2 [IpuroJHOCTB JJIsl HAHECEHHSI KIISSIIUX COCTABOB

2.1 Ha BepTuKanbHbIC U MOTOJIOYHEIE B cootBeTrcTBHH ¢ [75]

MMOBEPXHOCTH 0 npuIokeHu o b (cm.

HCITBITAaHUS Ha
CIIOJI3aHNE)

Marepuan He JIOJDKEH cIion3aTh Ooee
4yeM Ha | MM TIpH €ro HaHECEHUH
(pactpenienieHIH) TOMMIUHON 3 MM U
MEHee

2.2 Ha ropu30HTaIBHYIO TIOBEPXHOCTH

B cooTBercTBuU C [75]
0 MpuioxeHuto b
(cM. BcnBpITaHUsA Ha
PaCIUIBIB 11O/ BEPTH-
KJIBbHOW HATrpy3KOH)

[Tnomane pacruipBa KIESIETO COCTaBa
I10J1 BEPTUKAJILHON Harpy3koi B KOHLE
WCIIBITAaHUH JTOJIKHA COCTABIATh HE
meree 3000 MM” (HaMeTp pacIuIbiBa
60 Mm?)

2.3 Harneranuem.

[Mpumeuanus

1) BeToH /1St KOHTPONBHBIX 0OPA3IIOB THI
bM(0,40) B cooTBeTcTBUU C [75] 110 TIpHIIOKE-
Huto I'.

B cooTBercTBUU C [75]
0 MpUJI0KeHuIo B
(cMm. cxemy
HCTIBITaHUH 2.2 TI0

Tabmuie B.1)

B xiieeBOoM coenHeHNH BUIA
0eToH/0ETOH MPU CKJIIEUBAHUHU CYXUX
HOBEPXHOCTEH HarHEeTaHHEM KJICSIIIEro
COCTaBa B UCIIBITAHUH HA PACTSIKCHHE
IIPU OTPBIBE JIOJDKHBI IPUBOJIUTH K
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TToka3atens

MGTO,Z[ HCIIBITAHUA

TpeGonanue *

2) [ToaroToBka KOHTPOJIBHBIX 00Pa3I0B B COOT-
BETCTBHH ¢ [75] mo npmnoxenuto .

3) AGpasuBHas 00pabOTKa MOBEPXHOCTEH
CKJICBaHHS 3aTOTOBOK KOHTPOJIBHBIX 00pa3IoB
B COOTBETCTBHHU C [75] mo npuioxenuto E

OTPBIBAIOIIEMY Pa3pyIICHHUIO B OETOHE

3 TIpovHOCTH KIISAIIETO COeTNHEHNS (KOTe3Hs B
KJICEBOM IIIBE) ITPH UCIBITAHUSAX B HOPMAJIbHBIX
KIIMMATHYECKUX YCIIOBUSIX WA B UHBIX YCIIO-
BHSIX, OTOBOPEHHEIX 0C000.

[Ipumeganue — AbpazuBHas oOpaboTKa I10-
BEPXHOCTEH CKJICHBAHMS 3aTOTOBOK KOHTPOJIb-
HBIX 00Pa3I0B B COOTBETCTBUU C [75] IO
npunoxeHuto B

B cooTBercTBUU C [75]
10 MPUJIOKEHNIo B
(cM. cxeMy HCITBITaHUI
1.1 mo tabmure B.1)

B cooTBercTBUU C [75]
0 TpuJIokKeHuio B
(cM. cxeMy HCIIBITaHUH
2.1 mmo tabmure B.1)

ITo TOCT 14759 [80]
(cM. ycoBust
HUCTIBITAHUH
KOHTPOJIBHBIX
o6pasios o ['OCT
12423 [84],
JIOTTYCKAIOTCS YCIIOBUS
HUCTIBITAHUH B
COOTBETCTBHH ¢ [75] 1O
IpUIIOKEHUIo B)

a) [Ipemen MpOYHOCTH IPH KOCOM
C/JBUI'C HAKJIOHHOTO KJICSIIErO
COCIIIHEHUSI BUJIA CTaJIh/CTANb BCTHIK
I0JT Pa3HBIMU yTiIaMH 0 B UCTIBITAHUU
Ha C)KaThe JTOJDKEH OBbITh HE MCHBIIIE

3HAYCHUH o | :

0., rpas o H/mm
50 50
60 60
70 70

0) IIpenen mpoYHOCTH MPU OTPHIBE
TOPU30HTAIBHOTO KIIESIIEro
COEIMHEHUSI BU/IA CTaJIb/CTallb
BHaKJIaAKy IIpH UCIILITAHUU Ha
pacTsDKeHUE NIPU OTPBIBE JOJDKEH OBITH
e Menbie 14 H/mm®

B) [Ipeaen npodynocTH mpu IpsiMOM
CIBUTC BepTI/IKaJ'ILHOFO KIICALIICTO
COCAUHCHUS BHUA CTaJIL/ CcTaJlb
BHaXJICCTKy B UCIIBITAHUHU HA
paCTSDKeHI/Ie JOJIDKCH 6I>ITB HC MCHBIIIC
12 H/mm?

4 JIonroBEYHOCTH KJIESIIETO COSTMHEHUS
(BO3nEHCTBHE TEMIIEPATYPHI U BIAKHOCTH)
I[Ipumeyanus

1) AGpa3uBHas 00pabOTKA MOBEPXHOCTEH
CKJIEIBAHHS 3arOTOBOK KOHTPOJIBHBIX 00pa3IoB
B COOTBETCTBHH ¢ [75] mo mpusnoxxeHuto E.

2) Buabl ¥ pexuMbl TEIJIOBOIO BO3IECUCTBUS B
COOTBETCTBUH ¢ [75] no npuioxenuto 2K

B cootBercTBUM € [75]
10 TIPUJIOKEHUI0 B
(cM. cxeMy HCIIBITaHUI
1.3 mmo tabmuie B.1)

a) [Tocne BO3ACHCTBUS ITUKIIOB
3HAKOIIEPEMEHHOM TeMIIePaTyphl WIIN
IOCJIe JUIMTENHHOTO BO3IEHCTBIS
MOBBIIIICHHBIX TEMIIEPaTypPhI H
BIIQXKHOCTH Pa3pyIlaolie HallpsHKeHUs
B BEPTHKAJIbHBIX KJICEBBIX COCIUHCHHSIX
BUJIa 0€TOH/OETOH NPH UCIILITAHUN Ha
MIPSIMOM C/IBHT JIOJDKHBI OBITh HE MEHbIIIE
npejiena MPOYHOCTH OETOHA Ha OTPHIB
(xore3uy B TOBEPXHOCTHOM CJIO€
OcTOHA), T. €. BO3ICHCTBHE
KIIMMATHYECKUX YCIIOBUI HE JOIKHO
HapylIaTh aJAre3MOHHO-KOTe3NOHHBIC
[TOKa3aTeNH YKCIUTYaTallOHHBIX KaYeCTB
KJIESIIIETO IIBa
0) B mporiecce Bo3eiicTBUS Ha KileeBoe
COEIMHEHNE BHA CTaJIL/CTaIb [IUKIOB
3HAKOIIEPEMEHHOM TeMIepaTyphl U
JUTATEILHOTO BO3EHCTBHS
MOBBIIIICHHBIX TEMIIEPATyPhI U
BIIQXKHOCTH TTPH PACKIIMHUBAIOIICH
Harpy3Ke He JOJDKHO MPUBOJIUTH K
Pa3pyLICHHUIO TPEIIMHOOOpa30BaHHEM
KJISSIIIETO 1IBa WK JJAIbHEHIIIeMy
Pa3BUTHUIO TPEIIHHEI

* TpeGoBaHHs K TIPe/IebHBIM 3HAUCHUSM OTHOCATCS K CPEHEMY 3HAUEHHIO COOTBETCTBYIOIIETO MOKA3aTeNs

Ka)XJI0M NapTUH KJIESLIEr0 COCTaBa.
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WcnplTaHus [ ompelerneHus IoKa3aTess NPOYHOCTH OETOHa MpU  CIIBUIE
NpelyCMaTpUBAIOT OMNpeAeNieHHe Tpelena MPOYHOCTH KOHTPOJBHBIX 00pasloB C
KJICEBBIMU COECIMHEHUSIMH BHUJIOB CTAJIb/CTallb HA CPE3bIBAIOLIEE pa3pyILLIECHUE HAKIOHHBIX

kieeBbIx coequuenuii cornacHo ['OCT 32943 no npunoxkenuto B (pucyHok 42).

Kneeson
OB

Dl

B8, = 50°
B6: = 60°
0: =70°

160

N T

47

Pucynok 42 — CxeMa UCTIBITAaHUH KJIEAIIEeTO COCIMHEHUS CTaJIb/CTallb CPE3aAIOIINM

paspy1ieHreM (KOCOM CIIBUT IMPHU OCEBOM CxKaThH, oOpaser-pusma 40x40x160 Mm)
[TpuroaHOCTH AJ1s1 HAHECEHUSI KJICSIIIIUX COCTABOB HAa BEPTHUKAJIBHBIE Y TTOTOJIOYHbIC

MOBEPXHOCTH OlLleHUBaeTcsi ucneiTanueM Ha crnon3anne no ['OCT 32943 cormacHo

npuioxeHuto b (pucyHnok 42).
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IIpuMedaHuAa

1 CreHx B paboTe: KaHal | — HOATOTOBIEH K YIAASHHIO H3THIIKOB KIESIIETO

CcOCTaBa; KaHal 2 — HCHOOJB30BaHIE INIIATeNnsd LI JIMHENKHN 1714 YAAJICHHIA IBIIIIIKOB

KISAIEro COCTaBa B KaHAJEC. KaHaJIIBI 34 — BBIDABHIIBAHIIE KIICAMNICTO COCTaBa

3aKOHYEHO; KaHall 5 — OCTaeTCs He3allOTHEHHEIM.

2 Ctpenkoil yKa3aHO HallpaB/IeHIe IOBOPOTa CTeHIA UL IPOBEIeHI HCIBITAHIIT

Pucynoxk 42 — CteHa UCTHITaTENBHBIN CTAILHOM (a) 1 00muii BuI cTeHaa B padote (0).
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[IpurogHocTh HaHECEHUs KIESIIMX COCTAaBOB HA TOPU30HTAIBbHYIO MOBEPXHOCTh
OLICHMBAETCSl MCIBITAHUEM Ha PACIUIbIB MOJ BepTUKanbHOW Harpy3koi mo 'OCT 32943
coTJIacHO TIpuiIokeHuto b (pucyHok 42).

[IpurogHocTh HaHECEHUs KIESIIMX COCTaBOB HArHETAHHEM  ONPEIEISETCS
MeToJoM oTpsiBatoiiero paspymenus no ['OCT 32943 cornacHo mnpumnoxeHuto B

(pucyHok 43).

Kneesoi Obpasen-kepx

| S i G G e

Obpasen-mmra
OCHOBaHHAA

Pucynoxk 43 — Cxema ucnbITaHUS METOAOM OTPBIBAIOIIETO PA3PYIICHUS KIICSIIETO

coenuHEeHHs 0€TOH/O0ETOH (pacTsHKEHHE MPU OTPBIBE, oOpasell — kepH & 50 MM, oOpa3zer-

muta 1000x500%40 Mm)

[TpoYHOCTH KJIEAIEro COeAMHEHHs (KOTe3HUsl B KJIIEEBOM IIIBE) MPU UCIBITAHUSIX B
HOPMAaJIbHBIX KJIMMATUYECKUX YCJIOBUSIX WJIM B HUHBIX YCIIOBHSX, OTOBOPEHHBIX 0C000,
ONpPENEIACTCS KaK IMpenesl IMPOYHOCTH IMPU KOCOM CIABUIE€ HAKIOHHOTO KIIESIIIErO

coenunenus Buaa ctayib/ctanb o ['OCT 32943 [75] cornmacHo mpuioxeHuto B (pucyHok

44).
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Prcynok 44 — Cxema UCIIBITaHUA METOJ0OM CPE3AIOIIETO Pa3pyLIEHUS KIIEAILIErO
COEMHEHMSI CTaJIb/CTaNb (KOCOM CIBUI IIPU OCEBOM CXKAaTHH, oOpasel] — mpu3Ma

40x40x160 mm).

[Ipo4HOCTH KJIEAIIETO COECANHEHHUs (KOTE3Us B KJIEEBOM IIIBE) MPHU UCTIBITAHUSIX B
HOPMAJIbHBIX KJIIMMATHYECKUX YCIOBUSX WJIM B HMHBIX YCJIOBHUSX, OTOBOPEHHBIX 0CO00,
ONpENeNsIeTCs Kak TMpelesl MPOYHOCTH TPU OTPbIBE TOPU3OHTAIBHOTO KIIEAIIETO

coeauHeHus Buaa ctaib/crans no 'OCT 32943 cornacHo npunoxkeHuto B (pucyHok 45).

P IIITamMn
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Pucynok 45 — Cxema ucnbITaHUd METOJOM OTPBIBAIOIIETO PA3PYIICHUS KIICSIIETO

COCIMHEHHUS CTaJIb/CTajb (pacTsHKEHUE TIPH OTPBIBE, oOpaszer-mramn & 50 MM, obpaserr —

ruta 300%300%25 mm)
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I[OJIFOBC‘IHOCTB KICAmMEro COCAMHCHNUA MCTOAOM CpCE3arolecro paspyumicHusa

onpenensercs mo 'OCT 32943 cornacHo npunoxkennto B (pucyHok 46).

Kneenon BOH
® §
'100 [ 100 [ 100 ;
302

PI/ICYHOK 46 — CxeMa ucCHbITaHUI MCTOAOM CPC3ar0IICTO PA3pPYIICHUA KICAIICTO

coenrHeHus 0eToH/6eToH (Tpsimoii caBur, oopaszen — mpuszmMa 100x100%302 mm)

JlonroBe4yHOCTH KJIESIETO COEIMHEHHUS METO/I0M pa3pylICHHS

TpenmHooOpazopanueM omnpenensercs mo ['OCT 32943 cormacHo mnpuioxkeHuio B

(pucynok 47).

Kieeron
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Pucynok 47 — CxeMa UCTIBITAaHUN METOIOM Pa3pyLICHUS TPEIIMHOOOpa30BaHUEM
KJICSAIIEr0 COSAMHEHHUS CTaJIb/CTallb (PacCcliOeHUE TIPU PACKIIMHUBAIOIICH HArpy3Ke,

obpazer — rtactuHa 150%25%6,65)

138



7.3 AHKepyOlIHe COCTaBbI MNPH AJAre3MOHHO-CHJIOBOM KpelJieHun

KOMIIO3UTHBIX MaTe€pHuaJioB

B mporecce ycuiieHHs >KeIe300€TOHHBIX KOHCTPYKIMM JKECTKUMHU TOJIOCAMH -
JaMUHATaMHd BO3HUKAET HEOOXOJHMMOCTh AHKEPOBKH KOHIIEBBIX Y4YaCTKOB JIAMHUHATOB.
AHKEpOBKa OCYILIECTBISIETCA MYyTEeM MOHTa)XKa NPWXKUMHBIX IUIACTUH C YCTaHOBKOM
apMaTypbl B 3apaHee MpoOypeHHbIe OTBepCTHs. [locienoBaTebHOCT BHIMOJHEHHS paboT
10 aHKEPOBKE JIAMHUHATOB: IOJI'OTOBKA OTBEPCTHS OYypeHHEM, BBIIAIOIMBAHUEM WU
THAPOCTPYHHON 00pabOTKOM, YCTaHOBKA apMaTypHOTO CTEPXKHS C 3aMOHOJUYMBAHUEM
CIIeIIMaJIbHBIM COCTAaBOM HAa MUHEPAJIbHOW WJIM MOJUMEPHON ocHOBaxX. Ilocie ycTpoiicTBa
BBIITYCKOB apMaTypHBIX CTEPXKHEWU OCYIIECTBISETCS YCTAHOBKA aHKEPHBIX IJIACTUH MPHU
nmoMom raek W 1mai6. JloOaBieHwe apMmarypbl, 3aKpeluiieMoll B 3apaHee
chOpMHUpOBaHHBIX KaHajgaxX, TpeOyeT TIIATeIbHOM TOJATOTOBKH  OTBEPCTUS M
MAaKCUMAJIbHOM CTENEHU €T0 3alOJHEHUS PACTBOPOM Ha MUHEPAJIbHOW WM MOJUMEPHOMN
ocHOBax. J[aHHBIN METOJ PEMOHTA TaK)Ke€ MOKET IMPUMEHSATHCS COBMECTHO C JI00ABIICHHEM
WJIM 3aMEHOM 3aMOHOJIMYCHHBIX WJIM HAPYKHBIX apMaTypHBIX CTEp)KHEH U ¢ J0OaBIECHUEM
OeToHa WM pacTBOpA.

Ha ankepyromme cocTaBbl Ha I[EMEHTHOM, MOJM(MUIIMPOBAHHBIM ITOJUMEPOM
[IEMEHTHO-TIOJIAIMEPHOM W TOJUMEPHOM BSDKYIIUM, AHKEPYIOIIHME TOJIMMEPIIEMEHTHbIC
COCTaBbI, a TAK)K€ Ha aJIF€3MOHHO-CUJIOBbIC aHKEPHBIE KPEIUICHHUS CTaJbHOM apMaTyphl B
O0eToH pacmpocTpaHsioTcs TpedboBanus B coorBeTcTBUM ¢ 'OCT Marepuaiibl U CHCTEMBI
JUISL 3allIMTHl 1 PEMOHTAa O€TOHHBIX KOHCTPYKIMUA. TpeOoBaHUs K aHKEPYIOLIUM COCTaBaM

" aArC3NOHHO-CHUJIOBBIM KPCINUICHUAM 3JICMCHTOB YCHJICHHSA COI'NIACHO Ta6J'II/II_[e 13.
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Tabnuua 13 — TpeboBanus K 3HaYEHHUSAM TOKa3aTeleld CBOMCTB aHKEPYIOIUX COCTaBOB

Ha HEMCHTHOM, MOI[I/I(l)I/II_[I/IpOBaHHOM MMOJIMMCPOM HCMCHTHO-ITOJIMMCPHOM U ITOJIUMCPHOM

BSOKYIIUX IMOJHUMCPHOCMCHTHBIX COCTABOB H MoKazarelieu OKCINIYyaTallMOHHBIX Kad4CCTB

aJAre€3MOHHO-CUJIOBBIX (KOHCTPYKI[MOHHBIX) KPEIUIEHUI CTEp>KHEW CTalbHOW apMaTyphl B

oeToHe

IToxazaTennb

CxeMa UCIBLITAHUS

TpeboBanue

1 OneHka NpOYHOCTH AATe3UOHHO-
CHJIOBOTO (KOHCTPYKITHOHHOTO)
KpETUICHHUS IPU KPaTKOBPEMEHHOM
JEHCTBUY BBIIEPTHBAIOLICH HATPY3KU
P9
I[Ipumevyanue — beToH I 3ar0TOBKU
OCHOBaHUI1 KOHTPOJBHBIX 00pa3OB
tuma b (0,40) B cOOTBETCTBHH C
npunoxenueM K.

B cootBetcTBUM C puc. 48 no
I'OCT Matepuaitbl 1 CHCTEMBI
JUTSI 3aIIMTHI ¥ PEMOHTA
OCTOHHBIX KOHCTPYKIIUH.
TpebGoBanus K aHKEPYIOITUM
cocTtaBaM U
a/Ire3UOHHO-CHUIIOBBIM
KPETJICHUSIM 3JIEMEHTOB
YCHIICHUS

npuiioxxenue XK

JIuHeitHOe mepemelieHne apma-
TYPHOI'O CTEP>KHSI OTHOCUTEIEHO
ocHoBaHus <0,6MM Ipu
KpaTKOBPEMEHHOM JIENCTBUU
BBIJICPTUBAIOILIEH HATPY3KHU

P,="75kH

2 OneHka Moi3y4YecTd aAre3uOHHO-
CHJIOBOTO (KOHCTPYKIIHOHHOTO)
KpCIUICHUA IPpU JJIATCIbHOM ILCI\/'ICTBI/II/I
BBIJICprUBaoIIeH Harpysku P,”

I[Ipumeuyanue — beToH A1 3aroTOBKU
OCHOBaHUI1 KOHTPOJBHBIX 00pa3OB
tuma b (0,40) B cOOTBETCTBHH C
npuinoxeHuem 1

B cootBetcTBUM C puc. 49 no
I'OCT Matepuaiibl 1 CUCTEMBI
JUTS 3aIIUTHl ¥ PEMOHTA
OCTOHHBIX KOHCTPYKLUH.
TpeOoBaHMS K aHKEPYIOIIAM
COCTaBaM U
a/Ire3UOHHO-CHUIIOBBIM
KPETUICHHSIM 3JIEMEHTOB
YCUIICHHS

npusnoxxkenue K

Jluneiinoe nepeMenieHue apMa-
TYPHOTO CTEPXHSI OTHOCUTEIIHHO
ocHoBaHus < 0,6MM Tpu AeHcT-
BHUHU BBIJEPTUBaIOLIEH HAarpy3ku P,
= 50xH B TeueHnne 3 MecsueB

3 CoxeprkaHue XJI0p-HOHOB"

ITo metoguke I'OCT 5382 [85] u
o ['OCT Marepuaisl 1 CHCTEMBI
JUTSL 32Tl 1 PEMOHTA0ETOHHBIX
KOHCTpyKIuil. TpeboBanus K
AQHKEPYIOLIUM COCTaBaM U
aAre3UOHHO-CUIIOBBIM
KpEIUICHUSM 3JIEMEHTOBYCHUIICHHS
npuinoxenue JI

<0,05%

4 TeMmrepaTypa CTEKI0BaHUS

ITo I'OCT 32618.2 [86]

>45 °C unun Ha 20 °C BbIIIE
TeMIIEpPaTypbl OKpYKarolen
cpebl B IpoLecce
UCTIONB30BaHMsl. ONpeaesonuM
SIBJIIETCA OOJIbIlIee 3HAUCHUE

2) ,ZIHSI COCTaBOB HA IEMCHTHOM H MOJII/I(i)I/IIII/IPOBaHHOM MMOJIMMEPOM HEMEHTHO-TIOJIMMEPHOM BsXYIIUX
®) I[J'I}I COCTABOB Ha NMOJIMMCPHOM BSDKYHICM W MOJIMMCPUCMCHTHBIX COCTAaBOB
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Pucynoxk 48 — Cxema UCIIBITAHUI KOHTPOJIBHBIX 00Pa310B HA KPATKOBPEMEHHOE JIECTBHE
BBIPBIBAIOIIECH HATPY3KHU IIPH OLIEHKE MPOYHOCTH ar€3MOHHO-CHIIOBOTO KPEIUIEHHUS], rae /
— IaTYUK HArpy3Ku; 2 — HArpyKaoi HWIMHAD; 3 — onopa; 4 — TaT4uK JUHEHHBIX
NepeMeNIeHuil; 5 — coequHuTeNbHas MyPpTa; 6 — IIIMTa-OCHOBaHNE KOHTPOJIBHOTO

oOpasiia; 7 — pacnpeaenureabHas IinTa; § — 3aMOHOJIMYEHHBIN apMaTypHBINA CTEPIKEHb
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Pucynok 49 — CxeMa UCTIBITaHUI KOHTPOJIBHBIX 00Pa3Il0B HA JJTUTEIHLHOE
JIECTBUE BHIPHIBAIOIIECH HATPY3KH MPHU OIIEHKE MOJI3yUeCTH aJAre3nOHHO-CUIIOBOTO
KperuieHus: / — CTOMOPHOE MPYKMHHOE KOJbI0; 2 — 11aiba chepuyeckoit onopsr; 3 —
JATYMK U3MEPEHUs Harpy3Ku; 4 — MpyKUHa; 5 — pe3b00Bas MIWIbKa Harpyxenus M16; 6
— IUIOIIAJIKA U3MEPEHMUS MOJ3YUECTH; 7/ — aHKEPYIOIIHUM COCTaB; 8 — IJINTAa OCHOBAHUE
KOHTPOJILHOTO 00pasia; 9 — mecturpanHas raiika; /0 — maiba; /I — Harpy>Karomuii

uunuHap; 12 — uentpyromas mydra; /3 — mecturpaHHas raiika; /4 — onopHbIe CTONKH
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INPUJIOKEHUE A

OcHoBHbBIE OYyKBEHHbIE 0003HAYEHUSA

BHemniHue Harpy3ku W BO3JCHCTBUSA U YCHJIMS OT HMX B IOINEPEYHOM CEUYCHHH
AJIEMEHTA:

M — n3rubaronuii MOMEHT;

M, — n3rubaronuii MOMEHT Iepes] yCUICHUEM KOHCTPYKITUY;

M — Hecymiasi CtocCOOHOCTh U3TH0AEMOTO KEIe300€TOHHOTO YJIEMEHTA;

N — nipoJ1oyibHAs CUIIA;

N,, — IpoJloJibHAs CUiia, ACHCTBYIOIIAas B 000iMe U3 KOMIIO3UTHOTO

Marepuaia (KM);

N,, — pacTsAruBaroniee yCUIne, IeMCTBYIOIIEE B AaHKEPOBKE;

N max — MAKCUMAIIBHOE PACTSTUBAIOIIEE YCUIIME B aHKEPOBKE;

P — BHEIIIHSIS HArpy3Ka OT COCPEIOTOYECHHOMN CHUITBI,

Q — nornepeyHas CUIa;

Q) — IonepeyHoe yCUiIue, BOCIPUHUMAEMOE OETOHOM;

Q. — NONEePEYHOe YyCUINE, BOCIPUHUMAEMOE KOMIIO3UTHBIM MaTepraloMm;

Qy,inc — TIONIEPEYHOE YCUIIUE, BOCTIPUHUMAEMOE OTIrM0aMu;

Q;,, — TIONIEPEYHOE YCUIINE, BOCHIPUHUMAEMOE XOMYyTaMu;

g — PABHOMEPHO pacrpeeieHHas BHEUIHSA Harpy3Ka.

[IpoyHOCTHBIE XapAKTEPUCTUKU MATEPHUATIOB:

R — xyOuKoBasi MpOYHOCTH OETOHA Ha CIKATHUE;

Ry, Ry, 5.y — pacdeTHbIE COMPOTUBIICHUSI OETOHA OCEBOMY CXKATHUIO JUISl TIPEIETbHBIX
COCTOSIHUM COOTBETCTBEHHO IIEPBOU U BTOPOM I'PYIIIL;

Ry, Ry ser — pacCUeTHBIE COMPOTUBIICHUSI OETOHA OCEBOMY PACTSIKEHUIO TS
IIPEEIIbHBIX COCTOSIHUNA COOTBETCTBEHHO IIEPBOM U BTOPOU IPYIIIL;

Ry, — pacdyeTHOE CONPOTUBIICHUE OETOHA CKATHUIO MPU U3THOE;

Ry, — pacueTHOE COMPOTHUBIICHHUE CXKATHIO O€TOHA, YCUIIEHHOTO 000imoit n3 KM;

Ry, s» — pacueTHOE CONPOTUBIIEHHNE OETOHA CIIBUTY;
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Ry, — IpeienpHOE CONPOTHUBIIEHUE CKATUIO OETOHA, YCUIIEHHOTO 000MMOM 13

KM;

R, — pacueTHas MPOYHOCTH Ha PACTSIKEHNE KOMIIO3UTHOIO MaTepuaa,

R, — IPOYHOCTH HA PACTSHKEHUE KOMIIO3UTHOIO MATEPHUAIIA 110 JAHHBIM
bupM-Ipou3BOIUTENCIH;

Ry— IpOYHOCTH Ha pacTsKeHHe PUOPHI (BOJOKOH) KOMIIO3UTHOTO MaTepHUaa;

R,, — IPOYHOCTH HA PACTSKEHNE OTBEPKAAIOIIEH MOJIMMEPHON MATPHULIBL;

R,, — pacueTHas IpOYHOCTh Ha pacTsLKEHHUE 000MMBI M3 KOMIIO3UTHOTO
MaTepuana,

Ry, R; ., — PaCYETHBIE CONPOTUBIIEHUS CTAJIbHON apMaTypbl PACTSKEHUIO JUIS

IIPEAEIIBHBIX COCTOSHUNM COOTBETCTBEHHO IIEPBOX U BTOPOM TPYIIIL;
R, — pacyeTHOE CONPOTUBIIEHUE CTATBHON apMaTypbl CKATHIO IS IPEIEITBHBIX

COCTOSIHUM II€PBOU TPYIIIIbI,

JedopMaliioHHBIE XapaKTePUCTHKU:

E}, — HadaIbHBIA MOAYJIb YIIPYTOCTH OCTOHA TP CKATHH U PACTHKCHUH;

E. — pac4eTHBIN MOIYJIb YIPYTOCTH KOMIIO3UTHOTO MaTepUaa;

E., — MOIyJb YIIPYTOCTH KOMITO3UTHOT'O MaTepHuasa 1mo JaHHBIM
(upM-TIpOU3BOIUTENEH;

E;— Moxynb ynpyrocty (puOpsl (BOJIOKOH) KOMIIO3UTHOTO MaTepHaa;

E,, — MOITyJIb YIIPYTOCTH OTBEPKIAIOIICH MOJTUMEPHOU MAaTPHIIHI,

E, — MOoynb yIIpyrocTy 000HMBI U3 KOMIIO3UTHBIX MaTepHAJIOB;

E, — monyns nedopmanyu 0eToHa ocie yCuIIeHus ero oooimoi nz KM
nepea pa3pylnieHueM;

E; — MOIynb yIIPYTOCTH CTATBHOU apMaTyphl;

E.. — cexymuii Mmoayib Aedopmanuu 0€TOHa;

E... , — TIPeNeNbHbIN CEeKYIUi MOTYJb Aehopmarii 0eToHa;

E; — Monynb neopManiui He yCHJIICHHOTO OETOHa,

G, — MOAyJIb CIBUTA KJIESAIINN COCTaBA;

G, — IOTeHIMaIbHas Y)HEPTus pa3pylieHus 6eTona Ha rpanuile ¢ KM;

&g, — nedopmalis KpaiiHe CKaToro BOJOKHA 0E€TOHA;
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&q — OCeBast Aedopmanrsi 6eToHa, YCUIEHHOTO 000imMoit n3 KM;

Epay — TIPEIETBHAS OCeBast Aedopmarms 0eToHa, YCUIEHHOTO 000iimoit u3 KM;

Epeo — MAKCUMATBHAS IeOpMaIIHsI KpaifHE CKaTOTO BOJIOKHA OE€TOHA Tepe/]
YCUJICHHUEM;

Epo — AeOpMaIHsl C’)KaTHs OETOHA MPU €r0 MAaKCUMAIBHOW MTPOYHOCTH HA CIKATHE

Ry, mociie ycunenus o6oitmoit uz KM;

Epry — TAHTCHIIMATIbHAS JIehopMaliusi 0ETOHA B IPEACIIBHOM COCTOSIHHH,

&y — nedopmarus KpaiiHe pacTSHYTOTO BOJIOKHA O€TOHA,;

Epim — CPEIMHSA MedopMalius KpaiiHe pacTIHYTOTO BOJIOKHA OETOHA;

Epio — MAKCUMAJTbHAS TeopMalivs KpaiiHe pacTsSHYTOr0 BOJIOKHA OETOHA Mepe
YCUJICHHUEM;

& — TIpenenbHas qedopmariis cxatus 0eToHa;

& pu — TIpeIIeIbHAs TeOpMAIIUs CXKATHS GETOHA [OCTIe YCUIeHHs 060iiMoit 3 KM;

& — nedopManiys pacTsKEHHUsT KOMIIO3UTHOT'O MaTepuaa,

&4 — pacdyeTHas MpoeKTHas neopMariys pacTsKEHUS KOMITO3UTHOTO
MaTepuana;

& — dakTHyecKasd AeopManys KOMIO3UTHOIO MaTepualla IpH ero

pa3pyIieHuH OT ACUCTBUS TOTIEPEYHBIX CHUIT,

& — IpENENbHAs AeopMalns PACTSHKEHUSI KOMIIO3UTHOTO MaTepuraa 1o
JTAHHBIM (PUPM-TIPOU3BOIUTENIEH;

& — IPENIeNIbHO JIoITycTUMas edopMalis KOMIO3UTHOTO MaTepuaa ot
JEHCTBHSI TIOTIEPEYHBIX CHIT;

&, — TAaHTeHIMabHas egopmariust 000iMbl u3 KM;

&,, — TIpeJieTIbHasl TaHTeHITMaIbHas 1eopmarius 060iMbl u3 KM;

& — paaralbHBIC TehopManmy;

& — nedopmarus pacTsHKeHUS CTAIBHON apMaTyphl;

&y — nedopmanus cxxaTusi CTAIbHON apMaTyphl;

v— ko3¢ ¢unuent [lyaccona nns 6eToHa.

HanpsixeHnus, 1elCTBYIOIMNE B CEUEHUH DJIEMEHTA
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O), — HallpsDKEHUA B OETOHE;

O. — PacUeTHbIEC pacTATMBarOIIMe HanpskeHns: B KM;

O.q — PACYETHOE 3HAYECHUE paCTArMBaOIMX HanpsokeHnid B KM Ha koHIe

AHKEPOBKH;

Oca, max — MAKCUMAJIIBHOE PACYETHOE 3HAYECHHUE PACTATUBAOIIMX HanpspkeHnii B KM
Ha KOHIIE aHKEPOBKU;

O. — pacTaruBatomue Hanpspkenust B KM

Ock, max — MAKCUMAJIBHBIE pacTAruBaromue Hanpspkenus B KM, nomyckaromme
AHKEPOBKY;

Opes Omy — COOTBETCTBEHHO, IJIaBHBIEC CKUMAIOIINE U PACTATUBAIOIINE HANPSKCHUS
B OeTOHE;

0, — HallpsKEHUsI B 000MMe U3 KOMIIO3UTHOT'O MaTepuaa;

O,y — TIPEJENIbHBIE HANIPSKEHUSI B 000MME U3 KOMIIO3UTHOTO MaTepHaa;

O, — paIualibHbIE HANPSKEHUSI B KOHCTPYKIIMH, BbI3bIBaeMble 0001MOi1 13 KM;

O,, — MAaKCUMAJIbHBIE paJiuajibHbIe HANIPSKEHUS, BbI3bIBaeMble 000itmMoit u3 KM;

O, — HaIIPSDKEHUS B CTAJIbHOU apMaType;

Oy1o — HATIIPSDKCHHS B CTAJILHON 000MME;

maxAG, — paC4€THOE 3HAYEHNE MAKCUMAJIBHO BO3MOKHOTO YBEITUYEHUS

pactaruBarolinx HarnpsbkeHud B KM Ha yyacTke Mexay IByms
COCEHUMH TPEIINHAMM;

T - KacaTeJIbHbIC HAIIPSKEHUS, BBI3BIBAEMBIE IEVICTBUEM MOIEPEYHBIX CHUII,

7, — KacaTeJbHbIe HAIIPSDKEHUS B OETOHE;

7. — MAKCHUMAaJIbHOE HANIPSDKEHUE CIIBUTa Ha KOHLE 1MOJ0Chl KM;

7.; — MAKCHUMAaJIbHO JIOIYCTUMOE KacaTeJIbHOE HAIIPSIKEHHE Ha TOBEPXHOCTH

cuerieHus 6erona u KM;

['eomeTpruueckne xapakTepUCTUKU
b — mMpuHa NPSMOYTOJLHOTO CEUCHUS; IUPUHA pedpa TaBPOBOTO U
JIBYTaBPOBOT'0 CEYECHUU; IUPHUHA OJHON U3 CTOPOH NPSIMOYTOJIbHOM KOJIOHHBI,

b, — mIpHHa MOJIOCHl KOMIIO3UTHOTO MaTepHaa;
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d — LIMpYHA CTOPOHBI MPSMOYTOJIBHOW KOJIOHHBI; HOMUHAJIBHBIN THAMETP
CTEp KHEN apMaTypHOU CTAJIH;

d, — nuameTp 000MMBI U3 KOMIIO3UTHOT'O MaTepuaa,

h — BbICOTa MPSAMOYTOJIBHOTO, TABPOBOT'O U JIBYyTaBPOBOI'O CEUEHUI;

h., — pabo4asi BbICOTa TaBPOBOI'O ceueHus Mpu ero ycuseHnn KM mo 60koBbIM
MOBEPXHOCTSIM pedep;

h s — BbICOTA IIOJIKA TABPOBOT'O CEYEHUS B CXKATOM 30HE;

a, a — paCCTOAHUS OT PAaBHOACHUCTBYIOIIEH YCUIIMN B IIPOJOJIBHON PACTAHYTOU U
CKaTOM CTaJIbHOM apMaType 10 OJIFbKaKIIe TpaHU CEUCHHUS;

. — IAPHUHA PACKPBITHUS TPEIIVH;

d; — PacCTOSIHUE OT OMOPBI 10 BEPXHEN I'PAHULIBI KpDalHEW K OIIOPE HAKJIOHHOM
TPEUIUHBI;

l.;c — paCCTOSTHUE MEXK]ly TPEIIMHAMU B PACTSIHYTOU 30HE OETOHA,

h,= h — a — pabo4asi BbICOTa CCUCHUSI;

7 — paInyC KOJIOHHBI;

§ — PacCTOsTHUE MEXK]y OCSIMHU MOJO0ChI ycuieHus KM;

s — paccTosiHue Mexay nosocamu ycuienuss KM;

Sce — O (PEeKTUBHAS MIMPUHA KOMIIO3UTHOTO MaTepHaa;

S¢p — MIEPEMEILIEHNE TOBEPXHOCTEN KOMIIO3UTHOTO MaTepuaia u 0eToHa

OTHOCHUTEIIBHO JAPYT APYra;
 — TEOpeTUYECKas TONIIMHA OJTHOTO CJIOSI XOJICTOBOT'O KOMIIO3UTHOTO
MaTepuaa;

t, — TOJIIIIMHA KJICSIIIMM COCTaBa;

f. — TOJILIMHA TOJIOCHl KOMIIO3UTHOTO MaTepHuaa;

t, — TOJIIIMHA 000MMBI U3 KOMIIO3UTHOTO MaTepuana;

U, — IEPUMETP MOJIOCHI KOMIIO3UTHOIO MaTepuaa;

Us — IIEPUMETP CTAIBHON apMaTyphl;

X — BBICOTA C)KaTOW 30HBI OETOHA MOCTe YCUIeHUs KOHCTpyKunu KM;

X, — TIOJIO’KEHUE HEUTPAIbHOW OCH MPU CTATUYECKOM PACUETE IO BTOPOU IpymIie

NPEAETBHBIX COCTOSHHUM C yY4ETOM yCuieHus KOHCTpykunu KM;
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X, — BBICOTA CAaTOM 30HbI OETOHA Mepe1 yCuiaeHneM KOHCTpyKiuu KM;

& = x/h, — OTHOCUTEIbHAS BBICOTA CKATOM 30HBI O€TOHA;

A=A, — (A, + A;) — IJIOIIA/b BCEro O€TOHA B MOMEPEUYHOM CEUCHHUH DJIEMCHTA,;

Ap — TITIONIAIh CEYCHUS CKATOM 30HBI OCTOHA;

Ap, — TIIIOIIA/Ib CEUCHUSI PACTAHYTOM 30HBI OETOHA;

A}, — TOJIHAS TUIOIAh CeUeHUsI OETOHA, HE 0XBAaYE€HHOTI'0 YCUJIEHHEM 000HMMOM;

A, — TIJIOIIaJb CEUYECHUSI KOMIIO3UTHOTO MaTepHaa,;

A, — TIOmMAAB 3PGEKTUBHO YCUICHHOTO OETOHHOTO SIIpa MIPH YCUIICHUH KOJIOHH;

A, = bxh — nonHas WIOIAAb CEYCHUS MPSAMOYTOJIBHOTO 2JIEMEHTA;

A, eq — TUIOLIAAb MPUBEAECHHOTO CEYEHUS DJIEMEHTA;

A, A, — IUIomany cevueHus HEHAaIIPSIraéMoON apMaTypbl COOTBETCTBEHHO

PAaCTSHYTOM U CKATOM;

D — nuameTp KOJOHHBI,

L — paccTosinue oT onopsl J0 nosiockl KM;

P, — miar cnupanu u3 KOMIO3UTHOTO MaTepuala;

R, — KpyBU3HA ClIUpAIIM U3 KOMIIO3UTHOTO MaTtepuana;

S },0, Sy, — CTaTUYECKHE MOMEHTHI INIOIIAEH CEUYEHHUS COOTBETCTBEHHO CXKATOU U

PaCTSIHYTOM 30H 0€TOHA OTHOCUTEIHLHO HYJICBOU JIMHUM;

S. — cTaTn4eckuil MOMEHT Itommaau ceueHuss KM OTHOCHUTENBHO HYJIEBOU JIMHUY,

S)eqd — CTATUYECKAN MOMEHT IIPUBEACHHOTO CEYEHHUSI IJIEMEHTA OTHOCUTEIIBHO €0
LIEHTPA TAKECTH;

S0 S50 — CTATHUECKHE MOMEHTBHI IIJIONIAJICH CEYSHUSI COOTBETCTBEHHO CHKAaTOM U

pPacTSHYTOM CTAIIBHOM apMaTypbl OTHOCUTENBHO HYJIEBOU JINHUY;

I, — MOMEHT MHEPIIMH TUIOIIAIA CEUCHUS CHKATOW 30HBI OETOHA OTHOCUTEIBLHO
HYJIEBOM JINHUY;

1. — MomeHT nHepuuu miomaau cedyeHuss KM oTHOCUTENbHO HYJIEBOM JIMHUM;

Il . — MOMEHT MHEPIIMYU NIPUBEACHHOTO CEUYCHUS AJIEMEHTA OTHOCUTENIBHO €TI0
LIEHTPA TSAKECTH;

I, I, — MOMEHTBI WHEPIUH TUIOIIA/IEH CEYEHUSI COOTBETCTBEHHO C)KATOW U

PaCTSHYTOM CTAIIBHON apMaTypbl OTHOCUTEJIBHO HYJIEBOU JINHUY;
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W, — MOMEHT CONPOTHBIIEHHS IPUBEAECHHOTO CEYEHH JIEMEHTA [T KpaliHe
PaCTSHYTOTO BOJIOKHA C yU4E€TOM HEYNpyTrux Aedhopmariii pacTSHyTOTO
OeToHa;

W,eq — MOMEHT COIIPOTHUBJICHHSI IIPUBEICHHOTO CEYCHUS DJIEMEHTA JIJIs1 KpaiHe

PaCTSHYTOTO BOJIOKHA, OTIPEACISIEMBIA KaK JUTsl YIIPYTroTo MaTepHaa;

M.,. — MOMEHT, BOCHIPHUHUMAEMbII CEUCHUEM, HOPMAJIBHBIM K IPOJIOJIBHOM OCH

AJIEMEHTA MPU 00PA30BAHUU TPEIIIHH.

KoadduumeHTs 1 COOTHOIIICHUS
a = E/E, — oTHOIlIeHHE MOAYJIEH YIIPYTrOCTH CTAIbHOM apMaTyphl U OETOHa;
p = EJ/E, — otHOomieHue moayneut ynpyroctu KM u 6eToHa;
Jhe — KOO PUIIMEHT HAJIE)KHOCTH 10 OETOHY MPHU €ro paboTe Ha CXKATHUE,
Ybr — KOO PUIIMEHT HAJIEKHOCTH 110 OETOHY MPU €T0 padOTe Ha PACTSHKCHHUE;
¥ — KO3 GUIHUEHT HAZICKHOCTU TT0 KOMIIO3UTHOMY MaTepuaiy;
Yee — KOG OUIIMEHT HAZIEKHOCTH 110 MaTepHaLy i MOAyJsl ynpyroctu KM;
Yinn — KOO PUIIMEHT HAZIE)KHOCTHU 10 crioco0y HaHeceHus KM;
L - KOO(PUITMEHT apMUPOBAHUS KOHCTPYKIIMM CTaIbHOM apMaTypo;
Uy = Ap/A, — OTHOILIEHNUE MIJIOIIAAHN OETOHA, paboTaloIIEell Ha pacTsHKEHUE, KO
BCEM IIONMIa AN CCUCHMS,
U — K03 PUITMEHT apMUPOBAHUS KOHCTPYKIIMH KOMITO3UTHBIM
MaTepuaioM;
M, — KOd(PIULIUEHT apMUPOBaHUS KPYTJION KOJIOHHBI 000MMOM 13
KOMIIO3UTHOT'O MaTepuaia;
L,p — KOI(PPUIIUEHT apMUPOBAHUS KOJIOHHBI OTHOCUTEIIEHO CTOPOHBI b;
Hoq — KOODPUIIMEHT apMHUPOBAHUS KOJIOHHBI OTHOCUTEJIBHO CTOPOHBI d;
s — K03 (OULIMEHT apMUPOBaHUs OETOHA CTaIbHOW apMaTypOH;
Usm — CYMMAapHBIN KO3 GUIIMEHT apMUPOBAHUS KOHCTPYKIIMH B PACTSIHYTOM
30HE CTAJIbHOM apMaTypoi U KOMIIO3UTHBIM MaTePUATIOM;
17 — KOd(PphULMEHT OrpaHUYEHHUS YPOBHS HAMPSHKEHUN B KOMITO3UTHOM

MaTepHa

149



Ipunoxenne b Ilpumep pacdyera ycujaeHusi U3rudaeMou
’KeJ1Ie300eTOHHOM KOHCTPYKIHUH HA BOCHPHUSATHE HU3rudam0miero MoMeHTa
JIAMHHATOM

TpeOyetcs OTPENEIUTD POYHOCTh U3rudaeMoro XKe1e300€TOHHOTO
MPSIMOYTOJIBHOTO CEYEHHUsSI JJIEMEHTa, YCUJIEHHOIO KOMIIO3UTHBIM MAaTepHAIOM -
JTAMUHATOM.

Muadopmarms o pacyere:

Pacuer BpImonHeH B coorBercTtBMM c: 1.m. 6.1.11 CII 63.13330;6.1.12 CII
63.13330;6.2.8 CII 63.13330;6.2.12 CII 63.13330;6.1.15 CII 63.13330;5.2.5;6.2.4;6.2.6
CII 164.1325800.2014.

JIOTIOJIHUTENBbHBIEC XapAKTEPUCTUKN KOMIIO3UTHBIX MAaTEPHUAJIOB:

- Uncno cinoeB KOMIO3UTHBIX MaTepraioB n =1 ;

- llupuna komno3utHoro matepuana bf =15 cm=15/100= 0,15 m;

XapaKTEepUCTUKH KOMIO3UTHBIX MaTEPUAJIOB:

- TonmmuHa KOMIIO3UTHOTO Matepuana tf = 1,4 Mm;

- HopmaTtuBHOE 3HaU€HHE CONMPOTUBIICHUS PACTSHKEHUIO KOMIIO3UTHOTO MaTepuasa
Rf, n = 2800 MllIa;

- HopmaTtuBHOE 3HaUeHUE MOAYJI YIIPYTOCTH KOMIIO3UTHOTO MaTepuana Ef n =

165000 MIla;

3anmMTHBINA CIOM:

- PaccTosiHue OT paBHOAEHCTBYIOIIECH YCUIUNA B apMaType S 10 TPaHU CEUECHUS
as=3cm=3/100=0,03 m;
- PaccTosinue OT paBHOAEHCTBYIOIICH YCUIUMNA B apMarype S' 10 TpaHu CEYEHUS

a's=3cm=3/100=0,03 m;
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[ nomaas, HeHanpsraeMoi CKaTou WU HauMEeHEE PACTIHYTOU MPOA0JILHOU

apMaTypbl:

(CrepxneBas apmarypa, 1uameTpom 6 MM; 2 IIT.):
- ITnomaaps HeHanparaeMoii cxxatoi apmarypsl A's = 0,57 cm 2 = 0,57 / 10000 =

0,000057 m 2;

Pa3meprl ceuenus:

- Bricora ceuerus h=30cm=30/100=0,3 Mm;

- lllupuna npsmoyronbHOoro ceueHuss b=15cm=15/100= 0,15 wm;

Yeuwnus:

- M3rubarommii MomeHT M = 2,24338 Tc M = 2,24338 / 101,97162123 = 0,022 MH

P€3V]Z bmamnivl pacuema:.

PacdyeTHOE CONPOTUBICHUE OeToHa

beToH - TaXKeIBIN.

HopmatuBHOE 3HAUCHHNE COMPOTHUBIICHHS OETOHA OCEBOMY CHKATHIO IS
npeeabHbIX COCTOSIHUM MEpBOM rpymibl npuHuMaeTcs 1o tadi. 6.7 CII 63.13330 Rpn =

11 MIla.

HopmatuBHOE 3HaUeHHE COMPOTUBIICHHS OETOHA OCEBOMY PACTSHKEHHIO IS
npeeIbHBIX COCTOSIHUM MEpBOM rpyniibl npuHuMaeTcs 1o 1abi. 6.7 CII 63.13330 Rpm =

1.1 MIla.
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Pacuetnoe conpoTuBieHne 0eTOHA OCEBOMY CHKATHIO TpuHUMaeTcs 1o 1adi. 6.8 CII

63.13330 Rp = 8.5 MIIa.

PacueTHOe conpoTuBneHre OETOHA OCEBOMY PACTSKEHHUIO IPUHUMAETCS MO TabJI.

6.8 CIT 63.13330 Rp¢ =0.75 MIla .

VYder ocobeHHOCTEN pabOTHI 0€TOHA B KOHCTPYKIINHU

Pacuyer Ha ,Z[CﬁCTBI’IC Harpy3okK - IIOCTOAHHBIX, JJIUTCIbHBIX U KPATKOBPECMCHHBIX.

KoaddummenT ycnoBust paboTel 6€TOHA, YIUTHIBAOIINN TITUTEIHHOCTD JICHCTBUS

Harpy3KHu:

vo1=1.

KoHcTpykius 6€TOHUPYETCS - B TOPU30HTAIEHOM TTOJIOKEHUH.

Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLINI TONIEPEMEHHOE

3aMOpPaXMBAHUEC U OTTAUBAHUC OeToHa:

vb3=1.

Koadduruent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLIUI XapakTep pa3pyILICHUs

OETOHHBIX KOHCTPYKIIUH:

Yo4=1.

JIns Han3eMHOM KOHCTPYKLIMH, IIPA PACUYETHOM TEMIIEPATYPE HAPYKHOTO BO3yXa B

3UMHMH Tiepuo]1 He meHee -40 rpaj.:

Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLINI BIUSAHNE TIOTIEPEMEHHOTO

3aMOpPAXUBAHUA 1 OTTAUBAHUA:
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Yo5=1.
['pynma npenenbHbIX COCTOSIHUM - IIEPBAs.
KoHcTpykuus - xene300eToHHas!.
CelicMMYHOCTB TUIOLIAAKU CTPOUTENHCTBA - HE Oosiee 6 OaIoB.
Koaddunment ycnosus padotsl no n. 2.14 CHull 11-7-81 "CtpoutenscTBo B
CECMUYECKUX parioHax':

mkp=1

PacueTtHOC COIIPOTHUBIICHUC OeToHa OCCBOMY CIKAaTHIO IIPHU Mkp = 1:

Rb = vb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-8,5=8,5MIla.

PacueTHOE COIIPOTHUBIICHUC OeToHa OCCBOMY CIKATHIO:
Rb = mkp Ybl Yb3 Yb4 Yb5 Rb =
=1-1-1-1-1-8,5=8,5MIlIa.

PacuetHoe conpoTuBiieHne 0€TOHA OCEBOMY PaCTSKEHHIO IIPU pacueTe Ha JAeHCTBUE

IOIMCPCUHBIX CHUIIL:

Rbt=7vb1 Rbt =1:0,75=0,75 MIla .

PacuerHoe conpoTtuBieHne 6ETOHA 0CEBOMY PACTSKEHUIO:

Rpt = mkp yb1 Rbt =1-1-0,75=0,75 MIla .

PacueTHbIC 3HAUCHUS IIPOYHOCTHBIX XAPAKTCPUCTHUK apMaTypPhbl

BBoautcs - kacc apMarypal.
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[IpenBapurenbHOE HANPSKEHUE apMaTypPhl - OTCYTCTBYET.

Kitacc nenanpsiraeMoit mponoasHoi apmatypsl - AS00.

PacueTHoe conpoTUBIIEHHE MTPOIOIBLHON apMaTypbl PACTSHKEHUIO:

Rs =435 Mlla.

PacueTHoe COIIPOTHUBJICHUC HeHaHp}IFaCMOﬁ apMaTyphl CXKaTHIO (,Z[J'IH apMaTyphbl
B500, A600):
RSC =400 MI1a .

[Tonepeunas apMaTypa - HE pacCMAaTPUBAETCS B IAHHOM pacuere.

PacueTHO€ conpoTUBIIEHHE MPOJOIBHON apMaTyphl PACTIKEHUIO:

Rs=mkpRs=1'435=435MHa.

PacdetHOE CONPOTHBIIEHNE HEHATIPATAEMOM apMaTyphl CXKATUIO (IS apMaTyphI
B500, A600):
RSC = mkp RSC =1-400=400 MlIla .

KoaddummenT Hane:xHOCTH MO apmaType:

Ys = 1,15 .

HopmatuBHOE 3HaU€HHE COMTPOTUBIICHUS] HEHANPSATaeMOM apMaTypbl PACTSKEHUIO :

RS, n= mkp Ys Rs =1- 1,15 - 435 = 500,25 Mlla .

HopmatuBHOE 3HaUeHUE COMPOTUBIICHUS HEHANPSITaeMOM apMaTypbl OCEBOMY
COKATHIO:

Rsc’n:mkp Ys Rsc =1- 1,15 - 400 =460 MIla .
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3HayeHUE MOAVYJIA VIIPYI'OCTH apMATVYPhI

Monynb ynpyrocTu HeHanpsAraeéMom apMaTypsbl:

Es =200000 MIIa .

OHDC,Z[CJ'ICHI/IC SHAYCHUA HAYAJIbHOI'O MOAYJIA YVIIPYT'OCTH OeToHa

HauansHbiit MOynb yripyroctu npunumaetcs mo tadi. 6.11 CIT 63.13330 Ep =

24000 MIIa .

OHDeIleJIeHI/Ie PaCYCTHOIO 3HAYCHUA COIMPOTUBJICHUSA PACTAKCHUIO

PacuetHoe 3HaueHue MOy YIIPYTOCTH KOMITO3UTHOTO MaTepHraa:

Ef = Ef, n = 165000 MIla .

3HauYeHUE INPUHATO AJId KOMIIO3UTHOT'O MaT€puraia COCTOAMCTO M3 YITICKOMITO3HUTA.

By KOMIO3UTHOTO MaTepuaa - TKaHbIi MaTepual.

VYcnoBus SKCIUTyaTallii KOHCTPYKIIUH - HAa OTKPBITOM BO3/IyXE.

Koaddunment ycnoBuii paboThl, 3aBUCAIINI OT TUIIAa KOMIIO3UTHOTO MaTepuana u
YCIIOBUH 3KCIUTyaTallud KOHCTPYKLUU:

vf1 =0,8 .

[Iponomxenue pacueramo 1. 5.2.5 CIT1 164.1325800.2014

3HaueHue IMPUHATO AJII KOMIIO3UTHOI'O MaT€pualia COCTOAIICTO U3 YITICKOMIIO3HTA.
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KoadduimenT Hane:;KHOCTH MO KOMIIO3UTHOMY MaTepHally:

ve=1,2.

Koaddumment yciaoBuit paboThl KOMIIO3UTHOTO MaTeprasa MPUHUMAETCS paBHbIM |

Koaddumuent ycnoBuii paboThl KOMIO3UTHOTO MaTepuaa, yYuThIBAIOIINNA

CHCINICHUEC KOMIIO3UTHOI'O MaTCpualia C OCTOHOM:

v2=1.

Rf = vf1 yf2 Rf, n/yf =
=0,8 - 1-2800/1,2 = 1866,66667 MIla (popmymna (5.1); . 5.2.5).

[IpenenpHOE 3HaYEHHE OTHOCUTENBHOM 1ehopMaluyd KOMIIO3UTHBIX MaTEPHAIIOB
CUCTEMBI BHEIITHErO apMUPOBAHUA:

ef, ult = Ri/Ef = 1866,667/165000 = 0,01131 (popmyna (5.4); n. 5.2.5).

Koaddumuent ycnosuii paboThl KOMIO3UTHOTO MaTepraia, YIUThIBAIOITUN

CHCINICHUEC KOMIIO3UTHOI'O MaTCpHajia C OCTOHOM:

Y2 = 1/(2,5 &f, ult) V Rp/(n Eftf)=

= 1/2,5 - 0,01131) - V 8,5/(1 - 165000 - 1,4)= 0,21454 (bopmyra (5.2); 1. 5.2.5 ).

PacueTtHOC 3HaueHUE COIIPOTHUBJICHUS PACTAKCHUIO HA HeﬁCTBHe

HCIIPOOOJIKUTCIbHBIX HAI'PY30K

PacueTHoe 3HAUCHNE CONMPOTHURIICHHS PACTSHKEHUIO KOMIIO3UTHOTO MaTepHaa;
Rf = yf1 v£2 Rf, nfyf =
=0,8-0,21454 - 2800/1,2 = 400,47467 Mlla (bopmyna (5.1); m. 5.2.5).

[IpenenpHOE 3HaYEHHE OTHOCUTENBHOM eopMalui KOMIIO3UTHBIX MaTePHAJIOB

CUCTEMBI BHEIIHET'O aPMUPOBAHUS:
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ef, ult = R/Ef = 400,4747/165000 = 0,00243 (dopmymna (5.4); . 5.2.6).

OnpenesieHyMe 3HaYEHNI HAYaJILHON OTHOCUTEIBLHOM eopMallid CTAIBHOMU

apMaTypbl U HAYaJbHOM OTHOCUTEJIBHOMN I[GdJODMaHI/II/I C)KaToro 0€TOHA M3rM0AEMBIX

DJIEMEHTOB

B cootBeTcTBUM ¢ 11. 4.10 NpU yCUIEHUU U3THOAEMBIX KOHCTPYKIIUA MUHUMAJILHO
JOTYCTUMBIN (haKTHUEeCKUH Kiacc OETOHA MO MPOYHOCTH Ha CKATHE CYIIECTBYIOIIEH
KOHCTPYKIIMH, YCUIIMBAEMOW BHEIIIHUM apMUPOBAHUEM U3 KOMIIO3UTHBIX MAaT€pHUaJOB,
JIOJDKEH COCTaBIATEH He MeHee B15.

B > 15 MIla - ycioBue BBIITOJTHEHO .

HauansHb1it MOy yIIpyroctu npunumaetcs mo tadma. 6.11 CIT 63.13330 Ep =

24000 MITa .

[IpuBeeHHOE 3HAYEHNE TOJILIHUHBI 3aIIUTHOTO CJIOSA PACTSIHYTOM apMaTyphbl:

a = Eg Ag ag/(Es As) = 200000 - 0,00016 - 0,03/(200000 - 0,00016) =0,03 M =3 c™m .

[IpuBeneHHOE 3HAUEHUE TOJIIMHBI 3AIIATHOTO CJIOS CKATOU apMaTyphl:

a=as=003MmMm=3cMm.

Pabouas BeIcOTa cCeueHUS:

ho =h-a=0,3-0,03=0,27Mm=27 c™m .

OHDeIleHeHI/Ie XAPAKTCPUCTHUK ITPUBCACHHOI'O CCUCHU A

KoaddunuenT npuBeaeHns HeHapsraeMoil apmMaTypsl K O€TOHY:

os = Es/Ep = 200000/24000 = 8,33333 .
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h'o =h-a's=0,3-0,03=0,27mM=27 cm.

CeueHue - npAMOYTOJIBHOE.

[Inmomanes ceuenus:

A =bh=0,15-03=0,045MmM2=450cm?2.

CraTtryeckuii MOMEHT OETOHHOTO CEUEHHUs OTHOCUTEIILHO HAanbOoJIee pacTSIHYTOTO
BOJIOKHA!

St=bh?2/2=0,15-0,32/2=0,00675m3=6750 cm3 .

ITnomans ceuenus OeToHa:

Ap =b h-A's-As = 0,15 - 0,3-0,000057-0,00016 = 0,04478 M2 =447,8 cm 2 .

[1nomans NpUBEACHHOTO MOIIEPEYHOIO CEYEHUS:
Ared = as (As+A's)+Ab = 8,33333 - (0,00016+0,000057)+0,04478 = 0,04659 m 2 = 465,9

cM2 .

CraTuyecKuii MOMEHT IIPUBEIEHHOIO CEYEHHs] OTHOCHTEILHO Hauboee
PACTSAHYTOrO BOJIOKHA:
St, red = (as-1) (Ag as+A's (h-a's))+b h 2/2 =
=(8,33333-1) - (0,00016 - 0,03+0,000057 - (0,3-0,03))+0,15 - 0,3 2/2 = 0,0069 m 3 =
6900 cm 3 .

Koopaunara 1ieHTpa TSKECTH pacueTHOTO KOHTYpa:

Yo = St, red/Ared = 0,0069/0,04659 = 0,1481 m = 14,81 cm .

PaccTostnue ot HanboJiee pacTIHYTOI0 BOJIOKHA OETOHA JI0 IIEHTPA TXKECTH
MPUBEJICHHOTO CEYEHUS:
Vi =Y¥o=0,1481 m= 14,81 cm .
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PaccTostHue oT HanboJee CKaToro BOJIOKHA B O€TOHE A0 OCHTpPA TAKCCTHU
MNPUBCACHHOI'O CCUCHUA!

yc = h-yt=0,3-0,1481 =0,1519 m= 15,19 cm .

ys = yo-as = 0,1481-0,03 =0,1181 m=11,81 cm..

y's = h-ag-a's-ys = 0,3-0,03-0,03-0,1181 = 0,1219 M= 12,19 cm .

MomeHT HHCPpUHH OETOHHOI'O CEUYEHUSI OTHOCUTEIHLHO HCHTPA TAIKCCTU
IMPUBCACHHOI'O CCUCHUS!
I=bh3/124A (h2-y)2=
=0,15 - 0,3 3/124+0,045 - (0,3/2-0,1481) 2 = 0,000337662 M 4 = 33766,2 cm 4 .

OnpenesieHie MOMEHTA 00PA30BAHMS TPEIIMH

PacyeTHOE 3HaUE€HME CONPOTUBIIEHUSI OETOHA OCEBOMY CXKATHIO JIJISl IPEAEIIbHBIX
COCTOSIHUW BTOPOM I'PYIIIBIL:

Rb, ser =Rbn =11 Mlla .

PacueTHOE 3HaUE€HNE CONPOTUBIICHUSI OETOHA OCEBOMY PACTSKEHUIO IS
IIPEAEIbHBIX COCTOSHUM BTOPOU I'PYIIIIBL:

Rbt, ser = Rbtn = 1,1 Mlla .

MOMEHT HHEPIMH TUIOIIAIEN CEYEHHUS PACTIHYTOW apMaTypPhl:

Is = As (h-as-yc) 2 = 0,00016 - (0,3-0,03-0,1519) 2 = 0,000002232 M4 =223,2 cm 4 .

MOMEHT HHEPUMH TUIOIAIEN CEYEHHS CKATOU apMaTyPhI:
I's = A's (yc-a's) 2=
=0,000057 - (0,1519-0,03) 2 = 0,000000847 m4 = 84,7 cm 4 .
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MoOMeHT MHEPLHHU PUBEACHHOTO MOMEPEUYHOT0 CEUCHUS:
Ited =1 +Ig (0s-1)+I's (0ts-1) =
= 0,000337662+0,000002232 - (8,33333-1)+0,000000847 - (8,33333-1) = 0,000360241
M4 =36024,1cm4.

YIpyruii MOMEHT COITPOTUBJIEHNUS IPUBEACHHOTO CEYCHHUS:

Wred = Ired/yt = 0,000360241/0,1481 = 0,00243 m 3 =2430 cm 3 .

PaccTositnue oT 1ieHTpa TSAKECTU MPUBEAECHHOTO CEYEHUSI 10 SIPOBOI TOUKH,
HauboJee y1aJeHHON OT PacCTIHYTON 30HBI:
ex = Wred/Ared = 0,00243/0,04659 = 0,05216 m = 5,22 c™m .

MowmeHT 00pa30BaHUs TPEITUH OMPEACIISIETCS - C y4eTOM HEYNpyTrux AehopMarimii.

yHPYFOHJIaCTI/I‘ICCKI/Iﬁ MOMCHT COIIPOTUBJICHUSA CCUCHUS:

Wopl = 1,3 Wred = 1,3 - 0,00243 = 0,00316 M3 =3160 cm 3 .

W3rubaroniuii MOMEHT, BOCIIPUHUMAEMbIii HOPMAJIbHBIM CEUCHUEM JJIEMEHTA MTPH
00pa3oBaHUM TPEITUH:

Mcrc = Rbt, ser Wp] = 1,1 . 0,00316 = 0,00348 MHwMm = 0,35 TC M.

T.x.M=0,022 MH M = 2,24338 ¢ M > Mcre = 0,00348 MH M = 0,35486 1Cc M :

TpenuHbl 00pa3yroTCs.

JKecTKoCTh Kee300€TOHHOr0 DJIEMEHTA Ha Y4YaCTKaX C TPEIIMHAMU B PACTIHYTOMN

30HE IIPU KPATKOBPEMEHHOM JICHCTBUM Harpy3Ku
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[IpenBaputenbHO onpeaesitoT kodgduiueHT s mo dhopmye (8.137) n. 8.2.18 CII
63.13330.

Omnpenenenue kodhhuMeHTa s

Hedopmaiu B apmMarype - He 3a/1aHbl.

OnpeneneHue HaNPsHKCHUM B pacTSIHYTOM apMaType

[TpuHumaeMas oTHocHuTeNbHAs nedopmalus 6eToHa:

€bl, red = 0,0015 .

PacuetHoe 3HaueHUE CONMPOTUBIIEHUSI OETOHA OCEBOMY CKATHUIO JIJISl IPEIEIbHBIX
COCTOSIHUM BTOPOW TPYIIIIBI:

Rb, ser =Rbn =11 MlIa.

[TpuBenenHbIi MOAYIH NedopMalny CKATOro OeToHa:

Eb, red = Rb, ser/Ebl, red = 11/0,0015 = 7333,33333 Mlla .

Koadduruent npuBeaeHus cxxaTo apMatypbl K OCTOHY:

os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

HanpsikeHust B pacTsiHyTOM apMaType ONpeesiioTCs PH L2 = Ols]

HpI/I 9TOM IIPUHUMACTCS IJIA M3ru0aeMbIX DJIEMEHTOB Yc = Xm - BBICOTA c)KaTton

30HBI OeToHa, onpenensemas 1o 1. 8.2.28 CII 63.13330.

KoaddunmeHnT npuBeaeHus pacTsiHyTOM apMaTyphl K O€TOHY:

os2 = o] =27,27273 .
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OnpeneneHue cpeiHE BhICOTHI CKAaTOM 30HbI JIIS M3ru0aeMbIX DJICMEHTOB

Koaddunument apmupoBanus:

Ks = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koadduruent apmupoBanusi c:kaToil HEHANPsAraeMol apMaTyphl:

K's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (Jbs Ot pl's Os1) 242 (fLs sat/t's  Os1 a'lho) -(Hs os2+L's Os1)) =

=027 - (V (0,00395 - 27,27273+0,00141 - 27.27273) 2+2 - (0,00395 -

27,27273+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 27,27273+0,00141 - 27,27273)) =
0,09427m=9,43 cm .

OnpeneneHue cpeiHe BhICOTHI CKAaTON 30HbI OeToHa

Pacuer Benetcs mo npudmkeHHou ¢popmyie (8.154 CIT 63.13330).

BricoTa ¢cxaToi 30HbI U3ru0aeMoOro 3JIEMEHTA:

XM =Xm =0,09427Mm=9,43 c™m .

PaccTosinue oT Haubosee CKkaToro BOJIOKHA 10 LIEHTPa TSXKECTH IPUBEAEHHOTO
cedeHus 0e3 ydeTa pacTsIHyTOU 30HBI:

Yem = Xm = 0,09427 M =943 c™m. .

MoOMEHT HHEPUMH TUIOIIAIEN CEYEHHUS PACTIHYTOW apMaTypPhl:

Is = As (h-as-yem) 2 = 0,00016 - (0,3-0,03-0,09427) 2 = 0,000004941 M4 = 494,1 cm 4 .

MoOMEHT HHEPUMH TUIOIIAIEN CEYEHHUS CKATOU apMaTyPhI:
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I's = A's (Yyem-a's) 2=
= 0,000057 - (0,09427-0,03) 2 = 0,000000235 M4 =23,5 cm 4.

OHDCI[GJI@HI/IC MOMEHTA MHEPILIUM CKATOU 30HbI OeToHa

Ib =b xm 3/3=0,15 - 0,09427 3/3 = 0,000041888 M4 =4188,8 cm 4.

ITnomans ceuenns OeToHa:

Ab=bxm=0,15-0,09427=0,01414 m2=141,4cm 2.

MoMeHT UHepLIMK MPUBEIEHHOTO MONEPEYHOTO CEUCHHUS:
Ired = Ip+Is as2+1's 0s1 =
=0,000041888+0,000004941 - 27,27273+0,000000235 - 27,27273 = 0,000183052 m 4 =
18305,2 cm 4.

HJ'IOHI&,Z[B HpI/IBC,Z[CHHOFO HOHCpCIIHOFO CCUCHMUI.
Ared = Ab+As 0s2+A's 051 =
=0,01414+0,00016 - 27,27273+0,000057 - 27,27273 = 0,02006 m 2 =200,6 cm 2 .

PaccrosHne ot Hanboiee ¢:kaToro BOJIOKHA B OETOHE A0 OCHTpaA TAKCCTU

IMPHUBCACHHOI'O CCUCHUS!

yec=Yem = 0,09427 M =943 cm .

os=M (ho-Yc)/Ired) Os] =
= (0,022 - (0,27-0,09427)/0,000183052) - 27,27273 = 576,00032 MI]a .

HanpsixeHnus os, cre onpenensarorest npu M = Mcre.

Hanpspkenus B mpogosIbHOM pacTSIHYTOW apMaType B CEYEHHUH C TPEIIMHOU Cpasy

nocie 00pa3oBaHUs HOPMaJIbHBIX TPEIINH:
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Os, crc = (Mcre (ho-YC)/ Ired) as1 =
=(0,00348 - (0,27-0,09427)/0,000183052) - 27,27273 =91,11278 MIla .

T.k. Og = 576,0003 MIla = Os, crc = 91,11278 Mlla :

KoaddurmeHT, yauThIBaIONINN HEpaBHOMEPHOE pacipeie/IeHUe OTHOCHTEIbHBIX
nedhopmaruii:
ys = 1-0,8 o5, cre/os = 1-0,8 - 91,11278/576,0003 = 0,87345 .

3HadeHne MOyJIs AedopMaIii CKaToro 0eToHa MpUHUMAIOT 1o hopmyre (6.9) mis

Harpy30K HCIIPOAOJLKUTCIBHOT'O I[GI\/'ICTBI/I}I.

OHDCI[GJIGHI/IC IPUBCACHHOI'O MOAVYJIA VIIPYTIOCTH ITPHU KPATKOBPEMCHHOM HeﬁCTBHH

Harpys3kKu

[TpuauMaeMas oTHOcHUTeNbHAS Medopmalius OeToHa:

€bl, red = 0,0015 .

[TpuBenenHsIi MOAYIH NedopMalu CKATOro OeToHa:

Eb, red = Rb, ser/Ebl, red = 11/0,0015 = 7333,33333 Mlla .

Koaddunment npuBeaeHus cxato apmMaTypbl K O€TOHY:

os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

[TpuBeneHHbI MOIYIb AedhopMallii pacTIHYTON apMaTyphbl:

Es, red = Es/ys = 200000/0,87345 = 228977,04505 Mlla .

Koaddunment npuBeaeHus pacTsiHyTOM apMaTyphl K OETOHY:

as2 = Eg, red/Eb, red = 228977/7333,333 =31,22414 .
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Mopynbs nedopmariuu cxaToro 6eToHa:

Ep1 = Eb, red = 7333,333 MIIa .

OnpeneneHne MOMEHTA MHEPIIUM IPUBEACHHOTO CCUCHUS

OHDCI[eHeHI/Ie CpE€IHEH BBICOTHI CKaTOM 30HBI JIJIs M3ru0aeMbIX DJIEMEHTOB

Koaddunmrent apmupoBanus:

Ks = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koaddumment apmMupoBanus c:xaToil HeHanpsIraeMon apMaTyphbi:

K's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (Jbs 2t pl's Os1) 242 (fus sat/t's Os1 a'lho) -(Hs Os2+L's Os1)) =

=027 - (V (0,00395 - 31,22414+0,00141 - 27.27273) 2+2 - (0,00395 -

31,22414+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 31,22414+0,00141 - 27,27273)) =
0,09954 M =995 cm .

PaccTosiHue oT HanboJsee cKaTOro BOJIOKHA JJO LEHTPA TSKECTHU IPUBEAECHHOTO
cedeHus 0e3 ydeTa pacTsIHyTOU 30HBI:

Yem = Xm = 0,09954 M= 9,95 c™m .

Pacctostnue oT HamboJIee C)KaToro BOJIOKHA B OETOHE JI0 IIEHTpA TSHKECTH
MPUBEICHHOTO CEYEHUS:

yc =Yem = 0,09954 M =9,95 cm .

OHDCI[GH@HI/IG MOMEHTA MHEPILIMM CKaTOM 30HBI OeToHa

Ip =b xm 3/3 =0,15 - 0,09954 3/3 = 0,000049313 m4=4931,3 cm 4.
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[Imomane ceuenus OeToHa:

Ap=bxm=0,15-0,09954 =0,01493 M2 =149,3 cm 2.

MoOMEHT HHEPIMH TUIOIIAIEN CEYEHHUS PACTIHYTOW apMaTyphl:

Is = As (h-as-yecm) 2 = 0,00016 - (0,3-0,03-0,09954) 2 = 0,000004649 M4 = 464,9 cm 4 .

MoOMEHT MHEPLIMY TIIOMIAIEH CEYEHMS CKATON apMaTyphl:
I's =A's (Yyem-a's) 2=
=0,000057 - (0,09954-0,03) 2 = 0,000000276 M4 =27,6 cm 4.

MoMeHT UHepLIMK MPUBEIEHHOTO MONEPEYHOTO CEUCHHUS:
Ired = Ip+Is as2+1's 051 =
=0,000049313+0,000004649 - 31,22414+0,000000276 - 27,27273 = 0,000202001 m 4 =
20200,1 cm 4.

HJ'IOHI&,Z[B HpI/IBC,Z[CHHOFO HOHCpCIIHOFO CCUCHMUI.
Ared = Ab+As ag2+A's g1 =
=0,01493+0,00016 - 31,22414+0,000057 - 27,27273 =0,02148 m 2 = 214,8 cm 2,

M3rubHas »)eCTKOCTb:

D = Eb1 Ired = 7333,333 - 0,000202001 = 1,48134 MH M2 =151,05Tc M2 .

Bricora cxarToii 30HbI O€TOHA:

Xo =Xm = 0,09954 M =995 c™m .

HauanpHas OTHOCHTENbHAS Ae(OpMaLus CKATOTO GETOHA 10 YCHIICHUS
KOHCTPYKIIUH:
€ Op = Mo/(Eb1 Ired) Xo =

=0,022/(7333,333 - 0,000202001) - 0,09954 = 0,00148 (popmyina (6.4); n. 6.2.4 ).
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HauanbHast oTHOCHTENbHAS AehOpMaIIns CTaIbHON apMaTypPhl 10 YCHICHHSI
KOHCTPYKIIHH:
g 95 = Mo/(Eb1 Ired) (ho-Xo) =
= 0,022/(7333,333 - 0,000202001) - (0,27-0,09954) = 0,00253 (dhopmymna (6.3); m. 6.2.4 ).

€52 =0,015 .
Hauaneubie nedopMaiiuu pacTHyTON TpaHU CEUCHUS:
€ Opt = (€ 95 h+e Op a)/ho =

= (0,00253 - 0,3+0,00148 - 0,03)/0,27 = 0,00298 (dpopmyna (6.14); n. 6.2.10 ).

R =400,4747 MlIla < (gs2-€ °s) Ef = (0,015-0,00253) - 165000 = 2057,55 MIIa

yCJIOBHE BBITIOHEHO (popmyna (6.1); m. 6.2.10 ).

OnpeneneHne rpaHMIHON OTHOCUTEJIBHOM BBICOTHI CKATON 30HBI

XapaKTepucTuKa CKaToi 30Hbl O€TOHA:

o=028.

OtHocuTenbHas aedopmalus 0eToHa:

ep2 = 0,0035 .
['pannyHast OTHOCUTENIbHAS BBICOTA CKATOW 30HBI:
ER, f = o/(1+(gf, ult+€ Ob)/eb2) =

= 0,8/(1+(0,00243+0,00148)/0,0035) = 0,37787 (dpopmysa (6.2); 1. 6.2.3 ).

PacueTt n3rnbaeMuIX 3IEMEHTOB

3HaueHUE MOAVYJIA VIIPYI'OCTH apMATVYPHI
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Monynb ynpyrocTu HeHanpsiraeMou apMaTyphbl:

Es =200000 MIIa .

[Lnomaas monepevyHoro ce4eHus: BHEIIHEH apMaTypbl U3 KOMIO3UTHBIX
MaTepranoB:

Af =n ttbf =1-0,0014 - 0,15=0,00021 M2=2,1 cm 2,

[IpuBeneHHOE 3HAYEHHE TOJIIUHEI 3allIUTHOTO CIIOS PACTAHYTOM apMaTyphl:
a= RS AS as/(Rs As+Rf Af) =
=435 - 0,00016 - 0,03/(435 - 0,00016+400,4747 - 0,00021) =0,01358 Mm=1,36 c™m .

[IpuBeneHHOE 3HAUEHNE TOJIIMHBI 3AIIATHOTO CIIOS CKATOU apMaTyphl:

a=as=003MmMm=3cMm.

Pabouas BeIcOTa CeueHUS:

ho =h-a=0,3-0,01358 = 0,28642 m = 28,64 cMm .
BricoTa cxaToi 30HBI:
X = (Rs AS‘RSC A's+Rf Af )/(Rb b ) =
= (435 - 0,00016-400 - 0,000057+400,4747 - 0,00021)/(8,5 - 0,15) =0,10267 m = 10,27

cM (dopmymna (6.7); m. 6.2 ).

OTtHoOcuTENbHAs BBICOTA CKATOM 30HBI:

& =x/h =0,10267/0,3 = 0,34223 .

T.x. £§=0,34223 < ER, f=0,37787;x>0mM=0cm™m :

[IpenenbHBIN U3rNOAIONTUI MOMEHT:

Muit = Rp b x (ho-O,S X)+Rsc A'S (h()-a's)+Rf Af a=
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=8,5-0,15-0,10267 - (0,28642-0.,5 - 0,10267)+400 - 0,000057 - (0,28642-
0,03)+400,4747 - 0,00021 - 0,01358 = 0,03776 MH M = 3,85 Tc M (bopmysa (6.6); 1.
6.2.7).

BuiBon: NMPO4YHOCTH ’KeJj1e300€TOHHOI0 CeUYeHMUs ¢ Y4€TOM BHCHIHET0

apMHUpPOBAaHHUS JJAMMHATOM cocTaBJseT 3,85 T¢ M.
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Hpuaoxenne B Ilpumep pacuera ycujieHusi u3rudaeMou
’KeJ1e300eTOHHOM KOHCTPYKIUHM HA BOCHPHUSATHE HU3rudamomero MoMeHTa

XO0JICTaAaMH

TpeOyetcs OTPENIETUTD IPOYHOCTh U3rudaeMoro KeIe300€TOHHOTO
MPSIMOYTOJIBHOTO CEYEHUS AJIEMEHTA, YCUIIEHHOTO XOJICTOBBIM KOMIIO3UTHBIM MaTe€pUaIoM

HHd)ODMauuﬂ o pacueme.

Pacuer BemonHen B coorBeTcTBuM C: 11.11. 6.1.11 CIT 63.13330;6.1.12 CII
63.13330;6.2.8 CIT1 63.13330;6.2.12 CII 63.13330;6.1.15 CIT1 63.13330;5.2.5;6.2.4;6.2.6
CIT 164.1325800.2014.

Hcxoonvie oanuvle:

I[OHOJ'IHI/ITCJ'IBHBIC XAPAKTCPUCTHUKHN KOMITO3UTHBIX MAaTCPHUAJIOB.

- UHC10 ¢10€B KOMIO3UTHBIX MaTepuaJioB n = 1 ;

- [llupuna xomno3utHoro marepuana bf =15 cm=15/100 = 0,15 m;

XapaKTECpUCTUKH KOMIOO3UTHBIX MATEPUATIOB:

- Tonumua komno3utHoro matepuana tf = 0,9 mm;

- HopmaTtuBHOE 3HaU€HUE COMPOTUBIICHUS PACTSXKEHUIO KOMIIO3UTHOTO MaTepuasa
Rf, n =470 MlIla;

- HopmaTuBHOE 3HaueHne MOaysIsl yIPyrocTd KOMIIO3UTHOTrO Matepuana Ef, n =

35000 MlIIa;

SanMTHBINA CJIOM:

- PaccTosiHME OT paBHOIEHCTBYIOIEH YCHIIMM B apMaType S 10 TPaHU CEUECHMS
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as=3cm=3/100=0,03 m;
- PaccTosinue OT paBHOAEHCTBYIOIICH YCUIUMNA B apMarype S' 10 rpaHu CEYEHUS

a's=3cm=3/100=0,03 m;

[ nomaas, HeHanpsraeMoi CKaTou WU HauMeHEE PACTIHYTOU MPOI0JILHOUN

apMaTypbI:

(CrepxueBas apmartypa, 1MaMeTpoM 6 Mm; 2 IIIT.):
- ITInomaaps HeHanparaeMoi cxxatoi apmarypsl A's = 0,57 cm 2 = 0,57 / 10000 =

0,000057 M 2;

Pa3mMmeprl ceueHus:

- Bricora ceuerns h=30cm =30/100=0,3 m;

- lllupuna npssimoyroasHOTro ceueHust b= 15 cm =15/100 = 0,15 m;

Yeunus:

- M3rubarommii MomeHT M = 2,24338 Tc m = 2,24338 /101,97162123 = 0,022 MH

Pe3ynomamul pacuema:

PacueTHOE CONPOTUBICHUE OeToHa

beToH - TaXebIi.

HopMmaTtuBHoe 3HaueHue COnpoTUBIECHUS OETOHA OCEBOMY CHKATUIO IS
npeeabHBIX COCTOSHUN NEpBOM Tpymibl npuHuMaetcs o Tabdin. 6.7 CII 63.13330 Rpp =

11 MIla .
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HopmaTtuBHOE 3HaUeHUE COMPOTUBIICHUSI OETOHA OCEBOMY PACTSKEHUIO JIJIS
npeeabHbIX COCTOSIHUM MepBOM rpynibl npuHuMaetcs 1o 1abi. 6.7 CII 63.13330 Rpm =

1.1 MIla.

PacuetHoe conpoTuBieHne O€TOHA OCEBOMY CHKATHIO TpuHUMaeTcs 1o 1adm. 6.8 CII

63.13330 Rp = 8.5 MIIa.

PacuetHoe compoTuBieHne 0ETOHA OCEBOMY PACTSKEHUIO IPUHIUMAETCS 110 TaOJI.

6.8 CII 63.13330 Rpt = 0.75 Mlla .

VYuer ocobeHHOCTEN pabOTHI 0€TOHA B KOHCTPVKIINHU

Pacuer Ha ,Z[CﬁCTBI’IC Harpy3okK - IIOCTOSAHHBIX, JJIUTCIbHBIX U KPATKOBPECMCHHBIX.

KoadhdummenT ycnoBust paboTel 0€TOHA, YIUTHIBAOITUHN JITUTEIHHOCTD ICHCTBHS

Harpy3Ku:

Yo1=1.

KoHcTpykius 6€TOHUPYETCS - B TOPU30HTAIIEHOM TTOJIOKEHUH.

Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLINI TONIEPEMEHHOE

3aMOpPaXMBAHUC U OTTAUBAHUC OeToHa:

Yb3=1.
Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLIUI XapakTep pa3pyILICHHs

OETOHHBIX KOHCTPYKIIUH:

Yo4=1.
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JI71st HaI3eMHOM KOHCTPYKIIMH, IIPU PACUETHOM TeMIepaType Hapy>KHOTO BO31yXa B

3UMHUI niepuoj He MeHee -40 rpaj.:

Koadduruent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLINI BIHUSAHNAE TIOTIEPEMEHHOTO

3aMOpPaAXXUBAHUA U OTTaAUBAHUSA:

vb5=1.

['pynma npenenbHbIX COCTOSHUM - MIEPBas.

KoHcTpykius - sxene300eToHHasl.

CeliCMUYHOCTB TIJIOIIA/IKKA CTPOUTENBCTBA - HE OoJiee 6 OalIoB.

Koaddumment ycnosust padotsr o 1. 2.14 CHull I1-7-81 "CTtpourtenscTBo B
CECMHUYECKUX parioHax':

mkp=1.

PacuetHoC COIIPOTHUBIICHUC OeToHa OCCBOMY CIKAaTHIO IIPU Mkp = 1:

Rb = Yb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-85=85MIlla.

Pacuetnoe COIIPOTHUBIICHUC OeToHa OCCBOMY CIKATHIO:
Rb = mkp Yb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-1-8,5=8,5Mlla.

PacuetHoe conpoTuBiieHne 0€TOHA OCEBOMY PACTSKEHHIO IIPU pacueTe Ha JAeHCTBUE

IOIMCPCUHBIX CHUIIL:

Rbt=7vb1 Rot =1:0,75=0,75 MIla .

PacuerHoe conpoTtuBieHne 0ETOHA 0CEBOMY PACTSKEHUIO:
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Rbt =mkp yb1 Rot =1-1-0,75=0,75 MlIa .

PacueTHbIe 3HAUCHUS IIPOYHOCTHBIX XAPAKTCPUCTHUK apMaTypPhbl

BBoaurcs - kitacc apmarypel.

[IpeaBapurtenbHOE HAPSHKEHUE apMaTypbl - OTCYTCTBYET.

Kiacc HenanpsiraeMoit poaosasHoi apmatypsl - AS500.

PacueTHO€E cOnpoTUBIIEHHE MPOJOIBHON apMaTyphl PACTIKEHHUIO:

Rs =435 Mlla.

Pacuetnoe COIIPOTHUBIICHUC HeHaHpHFaCMOﬁ apMaTtypbl CKATHIO (I[JIH apMaTyphbl
B500, A600):
RSC =400 MIla .

[Tonepeunas apmaTypa - He pacCCMaTPUBAETCS B JAHHOM pacyeTe.

PacueTHoe conpoTUBIIEHHE MTPOIOIBLHON apMaTypbl PACTSHKEHUIO:

RS:mkpRS:1'435=435MHa.

Pacuetnoe COIIPOTUBIICHHUC HeHaHpHFaCMOﬁ apMaTyphl CXKaTHIO (,Z[J'I}I apMaTyphbl
B500, A600):
RSC = mkp RSC =1-400=400 MlIla .

KoadduimeHnT Hane:KHOCTH MO apmaType:

Ys = 1,15 .

HopmaTtuBHOE 3HaU€HNE CONPOTHUBIICHHS HEHANIPATAEMOU apMaTyphl PaCTKECHUIO :
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Rs,n= mkp Ys Rs =1- 1,15 - 435 = 500,25 Mlla .

HopmaTtuBHOE 3HaU€HME CONPOTHUBIICHUS HEHANIPATAEMOUN apMaTypbl OCEBOMY

CXKaTHI1O:

Rsc’n:mkp Ys Rsc =1- 1,15 - 400 =460 MlIla .

3HayeHHUE MOAVYJIA VIIPYI'OCTH apMATVYPHI

Monynb ynpyrocTu HeHanpsAracéMom apMaTyphbl:

Es =200000 MlIIa .

OHDC,Z[CJ'ICHI/IC S3HA4YCHUA HAYAJIbHOI'O MOAYJIA YVIIPYT'OCTH OeToHa

HauansHbiit MOy yripyroctu npunumaetcs mo tadia. 6.11 CIT 63.13330 Ep =

24000 MIIa .

OHDeIleJIeHI/Ie PacCuYCTHOIO 3HAYCHUA COIMPOTUBJICHUSA PACTAKCHUIO

PacuetHoe 3HaueHue MOy YIIPYTOCTH KOMITO3UTHOTO MaTepHaa:

Ef = Ef, n =35000 MIla .

3HaUYeHUE INPUHATO AJId KOMIIO3UTHOI'O MaT€praja COCTOAMCTO M3 YITICKOMITIO3HUTA.

BI/I,Z[ KOMIIO3UTHOI'O MaT€pualia - TKaHBIN MaTepuaJl.

YcnoBus 9KCILTyaTallu KOHCTPYKIUU - HA OTKPBITOM BO3OYXC.

Koaddunuent ycnoBuii paboThl, 3aBUCAIINI OT TUIIa KOMIIO3UTHOTO MaTepuana u
YCIIOBUH 3KCIUTyaTallul KOHCTPYKIIHU:

vf1 =0,8 .
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[Iponomxenue pacueramo 1. 5.2.5 CIT1 164.1325800.2014

3HaueHue IMPUHATO MJII KOMIIO3UTHOI'O MaTCpuajia COCTOAIICTO U3 YITICKOMIIO3UTA.

KoadduimeHT Hane:;KHOCTH O KOMIIO3UTHOMY MaTepHally:

ve=1,2.

Koaddumment yciaoBuit paboThl KOMIIO3UTHOTO MaTeprasa NPUHUMAETCS paBHbIM 1

KoaddumumenT ycnoBuit paboThl KOMIIO3UTHOTO MaTepraa, YIUThIBAIOITUN

CHCINICHUC KOMIIO3UTHOI'O MaTCpHajia C OCTOHOM:

yv2=1.

Rf=vf1 yR2 Rt n/yt =
=0,8 - 1-470/1,2 =313,33333 MIla (dpopmymna (5.1); m. 5.2.5).

[IpenenpHOE 3HaUEHHE OTHOCUTENBHON ehopMaluyd KOMIO3UTHBIX MaTePHAJIOB

CUCTCMBbI BHCIITHCTO ApMHUPOBAHUA:

ef, ult = Ri/Er = 313,3333/35000 = 0,00895 (dpopmyna (5.4); m. 5.2.5 ).

Koaddumuent ycnosuii paboThl KOMIO3UTHOTO MaTepraa, YIUThIBAIOITUH

CHOCINICHNUEC KOMIIO3UTHOI'O MaTCpHajia C OCTOHOM:

vi2 = 1/2,5 e, ui) V Ro/(n Eftf)=

= 1/2,5 - 0,00895) - V 8,5/(1 - 35000 - 0,9)= 0,73416 (opmyxa (5.2); . 5.2.5 ).

PacueTHOe€ 3HaueHUE COITPOTUBJICHUA PACTAKCHHUIO HA I[eﬁCTBHe

HCIIPOOOJIKUTCIbHBIX HAI'PY30K

PacueTHOC 3HaueHUE COIIPOTUBJICHUA PACTAKCHUIO KOMIIO3UTHOI'O MaTCpualia:
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Rf = vf1 yf2 Rf, n/yf =
=0,8 - 0,73416 - 470/1,2 = 230,0368 MIIa (popmyuna (5.1); 1. 5.2.5).

HpC,Z[CJIBHOG 3HAYCHHUE OTHOCUTEIIBbHOMN I[C(I)OpMaHI/II/I KOMITO3UTHBIX MATCPUATIOB

CHUCTCMbI BHCIITHCTO apMUPOBAHUA:

ef, ult = R/Ef = 230,0368/35000 = 0,00657 (popmyra (5.4); 1. 5.2.6 ).

OnpenesieHue 3HaUEHNUI HaYaJILHOW OTHOCHUTEILHON AeopMalny CTaIbHON

apMaTypbl 1 HAYAJILHON OTHOCUTEILHOM AeOpMAIUU CKATOr0 0ETOHA H3rndaeMbIX

DJIEMEHTOB

B cootBercTBuu ¢ 11. 4.10 npu ycuiieHnn n3rudaeMbpIx KOHCTPYKIMA MUHUMAJIBHO
JONYCTUMBIN (PaKTUYECKUH Kacc O€TOHA IO MPOYHOCTH Ha CKAaTUE CYLIECTBYIOLIEH
KOHCTPYKLUH, YCUJIMBAEMON BHEIIHUM apMUPOBAHUEM U3 KOMIIO3UTHBIX MaTEPHAIIOB,
JIOJDKEH COCTaBIIATh He MeHee B15.

B > 15 Mlla - ycioBHe BBIITOIHEHO .

Havanbnblit Mogyss ynpyroctu npunuMaetcs mo tabdi. 6.11 CIT 63.13330 Ep =

24000 MIIa .

[IpuBeneHHOE 3HAYEHUE TOJIIIMHBI 3AIMTHOTO CJI0S PACTIHYTOW apMaTyphI:

a = Es Ag ag/(Es Ag) = 200000 - 0,00016 - 0,03/(200000 - 0,00016) =0,03 Mm=3 c™m .

[IpuBeneHHOE 3HAUEHUE TOJIIMHBI 3AIIATHOTO CJIOS CKATOU apMaTyphl:

a=a5s=003mMm=3cm.

Pabouyag BbICOTA CEUECHUS:

ho=h-a=0,3-0,03=0,27mMm=27c™m.
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OnpeneneHne XapakTePUCTUK MPUBEICHHOTO CEUCHMUS

KoaddunmenT npusenennst HeHanpsraeMoi apMaTypbl K OETOHY:

os = E¢/Ep = 200000/24000 = 8,33333 .

h'o =h-a's=0,3-0,03=0,27mM=27cm.

Ceuenue - MMpAMOYT'OJIBHOC.

[Tnomans ceueHus:

A =bh=0,15-03=0,045MmM2=450cm?2.

CraTndyecKuii MOMEHT OC€TOHHOTO CEUCHHSI OTHOCHUTEIILHO HanboJee pacTsAHYTOTO

BOJIOKHA.

St=bh?2/2=0,15-0,32/2=0,00675m3=6750 cm 3.

[Imomane ceuenus OeToHa:

Ap =b h-A's-As = 0,15 - 0,3-0,000057-0,00016 = 0,04478 M2 =447,8 cm 2 .

[Tnomane npuBEAEHHOTO MOMEPEYHOIO CEYEHUS:
Ared = a5 (As+A's)+Ap = 8,33333 - (0,00016+0,000057)+0,04478 = 0,04659 m 2 = 465,9

cM2 .

CraTtryeckuii MOMEHT MPUBEJEHHOTO CEYEHHSI OTHOCUTENBHO Hauboiee
PaCTSAHYTOI'O BOJIOKHA!
St, red = (0s-1) (As as+A's (h-a's))+b h 2/2 =
= (8,33333-1) - (0,00016 - 0,03+0,000057 - (0,3-0,03))+0,15 - 0,3 2/2 = 0,0069 m 3 =
6900 cm 3 .

KoopnuHara neHTpa TsbKecTd pacdeTHOro KOHTYypa:
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Yo = St, red/Ared = 0,0069/0,04659 = 0,1481 m = 14,81 cm .

Paccrosinrie oT Hanbomnee pacTIHYTOTO BOJIOKHA OETOHA JI0 LIEHTPA TAXKECTH
MPUBEAECHHOTO CEUCHUS:

yt=Yo=0,1481 M= 14,81 c™m..

PaccrosiHue ot Hanbosee c:kaToro BOJIOKHA B O€TOHE J0 LEHTpa TSHKECTU
IPUBEICHHOTO CEYCHUS:

yc = h-yt=0,3-0,1481 =0,1519 M= 15,19 cm .

ys = yo-as = 0,1481-0,03 =0,1181 m=11,81 cm..

y's = h-ag-a's-ys = 0,3-0,03-0,03-0,1181 = 0,1219 M= 12,19 cm .

MOMeHT I/IHepHI/II/I 6eTOHHOFO CCUCHUA OTHOCHUTCIIBHO ueHTpa TSIOKECTU
IMPHUBCACHHOI'O CCUCHUS:
I=bh3/12+A (h/2-y)2=
=0,15 - 0,3 3/12+0,045 - (0,3/2-0,1481) 2 = 0,000337662 M 4 = 33766,2 cm 4 .

OnpenesneHie MOMEHTA 00PA30BAHMS TPEIMH

PacueTHOE 3HaUE€HNE CONPOTUBIICHUS OETOHA OCEBOMY CXKATHIO JIJIS IPEAEIIbHBIX
COCTOSIHUW BTOPOM I'PYIIIBIL:

Rb, ser =Rbn =11 MIIa.

PacueTHOE 3HaUE€HKE CONPOTUBIICHUSI OETOHA OCEBOMY PACTSKEHUIO IS
IPEAEIbHBIX COCTOSHUM BTOPOU I'PYIIIIBL:

Rbt, ser = Rbin = 1,1 Mlla .

MoOMEHT HHEPIMH TUIOIIAIEN CEYEHHUS PACTIHYTOW apMaTypPhl:
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Is = As (h-as-yc) 2 = 0,00016 - (0,3-0,03-0,1519) 2 = 0,000002232 m 4 = 2232 cm 4 .

MOMEHT MHEPIMH TIJIOIIAJIEN CEUYEHUSI CKATOM apMaTyphbl:
I's=A's (Yc-a's) 2=
=0,000057 - (0,1519-0,03) 2 = 0,000000847 m4 = 84,7 cm 4 .

MOMEHT UHEPIIMYU TPUBEICHHOTO MONEPEYHOTO CEUCHUSI:
Ited =1 +Ig (0s-1)+I's (0ts-1) =
= 0,000337662+0,000002232 - (8,33333-1)+0,000000847 - (8,33333-1) = 0,00036024 1
M4 =36024,1 cm4.

VYrpyruii MOMEHT CONPOTUBIICHUS! IPUBEACHHOTO CEUCHUS:

Wred = Ired/yt = 0,000360241/0,1481 = 0,00243 M3 =2430cm 3 .

PaccTosiHMEe OT LIEHTpa TAKECTH IPUBEAECHHOIO CEUYEHUS J0 SAPOBOM TOUKH,
HaunOoJiee yAaJIeHHON OT pacCTAHYTOM 30HBI:
ex = Wred/Ared = 0,00243/0,04659 = 0,05216 m = 5,22 c™m .

MowmeHT 00pa30oBaHUs TPEITUH OMPEACISIETCS - C yUeTOM HEYNpyTrux AehopMarimii.

yHPYFOHJIaCTI/I‘ICCKI/Iﬁ MOMCHT COITPOTUBJICHUS CCUCHUA:

Wopl = 1,3 Wred = 1,3 - 0,00243 = 0,00316 M3 =3160 cm 3 .

W3rubaroniuii MOMEHT, BOCTIPUHIUMAEMbIii HOPMAJIbHBIM CEUCHUEM JJIEMEHTA MTPH
00pa3oBaHUM TPEITUH:

Mcrc = Rbt, ser Wp] = 1,1 . 0,00316 = 0,00348 MHwMm= 0,35 TC M.

T.x. M =0,022 MH M = 2,24338 ¢ M > Mcre = 0,00348 MH M = 0,35486 1Cc M :

TpenuHbl 00pa3yroTCs.
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JKecTKoCTh Kene300€TOHHOr0 DJIEMEHTA Ha Y4aCTKaX C TPEIIMHAMU B PACTIHYTOMN

30HE NPU KPATKOBPEMEHHOM JICCTBUY HArPY3KHU

[IpenBaputensHo onpeneistoT ko3 uiuent ys no popmyne (8.137) . 8.2.18 CII
63.13330.

Onpenenenue ko3puureHTa Ys

Hedopmaiiu B apmMarype - He 3a/1aHbl.

OnpenereHre HANPSHKEHNI B PACTIHYTON apMaType

[TpuauMaeMas oTHOcHUTENbHAS Medopmalius OeToHa:

€bl, red = 0,0015 .

PacueTHOE 3HaUE€HME CONPOTUBIIEHUSI OETOHA OCEBOMY CXKATHIO JIJISl IPEAEIIbHBIX
COCTOSIHUM BTOPOU I'PYyIIIBI:

Rb, ser =Rbn =11 MlIa.

[TpuBeneHHbIN MOTYIb AedopMaIii CKATOro OETOHA:

Eb, red = Rb, ser/eb1, red = 11/0,0015 = 7333,33333 MITa .

Koaddunment npuBeaeHus cxaTo apmMaTypbl K O€TOHY:

os1 = E¢/Eb, red = 200000/7333,333 = 27,27273 .

Hanpsxenust B pacTsHyTOUW apMaType ONPEACISIOTCA IPH Ols2 = Ols]

HpI/I 9TOM IIPUHUMACTCS I M3ru0aeMBIX DJIEMEHTOB Yc = Xm - BBICOTaA CcoKaTou

30HBI OeToHa, onpenensemas 1o 1. 8.2.28 CII 63.13330.
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KoaddunmenT npuBeaeHus pacTsiHyTOM apMaTyphl K OETOHY:

os2 = ogl = 27,27273 .

OHDCI[eHeHI/Ie CpE€IHEH BBICOTHI CKaTOM 30HBI JIJIs M3ru0aeMbIX DJIEMEHTOB

Koaddunment apmupoBanus:

us = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koaddumment apmMupoBanus c:xaToil HEeHaNpsIraeMon apMaTyphbl:

K's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (Jbs Ot pl's Os1) 242 (fis sat/t's  Os1 a'lho) -(Hs Os2+L's Os1)) =

=027 - (V (0,00395 - 27,27273+0,00141 - 27.27273) 2+2 - (0,00395 -

27,27273+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 27,27273+0,00141 - 27,27273)) =
0,09427m=9,43 cm .

OmnpeneneHue cpeiHe BhICOTHI CKAaTON 30HbI OeToHa

Pacuer Benetcs mo npudmmkeHHou ¢popmyie (8.154 CIT 63.13330).

BricoTa ¢cxaToi 30HbI U3r10aeMOro 3JIEMEHTA:

XM =Xm =0,09427Mm =943 c™m .

PaccTosinue oT Haubosee ckaToro BOJIOKHA 10 LIEHTPa TSXKECTU IPUBEAEHHOTO
cedeHus 0e3 ydeTa pacTsIHyTOU 30HBI:

Yem = Xm = 0,09427 Mm=9,43 c™m .
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MoMeHT UHepLMH IIJI0MIAJIeH CEUeHUS pACTAHYTON apMaTyphbl:

Is = As (h-as-ycm) 2 = 0,00016 - (0,3-0,03-0,09427) 2 = 0,000004941 m4 = 494,1 cm 4 .
MOMEHT MHEPIMH TIJIOIIAJIEN CEUCHUSI CKATON apMaTyphl:
I's=A’s (yem-a's) 2 =

=0,000057 - (0,09427-0,03) 2 = 0,000000235 m4 =23,5 cm 4.

OnpeneneHne MOMEHTA MHEPIIUM CKATOM 30HBI OeToHa

Ip=b xm 3/3=0,15 - 0,09427 3/3 = 0,000041888 M4 =4188,8 cm 4.

ITnomans ceuenus OeToHa:

Ab=bxm=0,15-0,09427 =0,01414 m2=141,4 cm 2.

MoMEeHT UHEepLIMH MPUBEIEHHOTO ONEPEYHOTO CEUCHHUS:
Ired = Ip+Is as2+]'s 051 =
=0,000041888+0,000004941 - 27,27273+0,000000235 - 27,27273 = 0,000183052 m 4 =
18305,2 cm 4.

[Tnomaapr NpUBEIEHHOTO MOMEPEYHOTO CEUCHMUS:
Ared = Ab+As ag2+A's g1 =
=0,01414+0,00016 - 27,27273+0,000057 - 27,27273 = 0,02006 m 2 = 200,6 cm 2,

PaccTosinue oT Haubosee ckaToro BOJIOKHA B OETOHE 10 LIEHTPa TAKECTU

IMPHUBCACHHOI'O CCUCHU !

yec =Yem = 0,09427 Mm=9,43 cm .

os=M (ho-YC)/Ired) sl =
= (0,022 - (0,27-0,09427)/0,000183052) - 27,27273 = 576,00032 MIla .
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HanpsixeHnus os, cre onpenensarores npu M = Mcre.

Hanpspkenus B mpogoJIbHOM pacTSIHYTOW apMaType B CEYEHHUH C TPEIIMHON Cpasy
nociye 00pa3oBaHUs HOPMaJIbHBIX TPEIINH:
os, crc = (Mere (ho-yc)/Ired) 051 =
= (0,00348 - (0,27-0,09427)/0,000183052) - 27,27273 =91,11278 Mlla .

T.x. 65 =576,0003 MIIa > o5, crc = 91,11278 MIla :

KoaddummenT, yausiBaromuii HEpaBHOMEPHOE PaCTIPEEICHIE OTHOCUTEIBHBIX
nedopmarimii:
ys = 1-0,8 o5, cre/os = 1-0,8 - 91,11278/576,0003 = 0,87345 .

3HadeHne MOy AehopMaIlii CKaToro 0eToHa MpUHUMAIOT 1o hopmyde (6.9) mis

Harpy30K HCIIPOAOJLKUTCIBHOT'O I[GI\/'ICTBI/I}I.

OHDCI[GJIGHI/IC IIPUBCACHHOI'O MOAVYJIA YVIIPYTIOCTH ITPHU KPATKOBPEMCHHOM HeﬁCTBHH

Harpys3kKu

[TpuHumMaeMas oTHocuTeNbHas nedopmalus 6eToHa:

€bl, red = 0,0015 .

[TpuBenenHbIi MOAYIH NedopMaluu CKATOrO OETOHA:

Eb, red = Rb, ser/Ebl, red = 11/0,0015 = 7333,33333 Mlla .

Koaddunment npuBeaeHus cxaTto apmMaTypbl K OETOHY:

os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

[TpuBeneHHbI MOLYIb AedhopMalii pacTIHYTON apMaTyphbl:

Es, red = Es/ys = 200000/0,87345 = 228977,04505 MI1a .
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KoaddunmenT npuBeaeHus pacTsiHyTOM apMaTyphl K OETOHY:

os2 = Eg, red/Eb, red = 228977/7333,333 = 31,22414 .

Monynb gedopmaliiuu c:katoro OeToHa:

Eb1 = Eb, red = 7333,333 MIIa .

OnpeneneHne MOMEHTA MHEPIIUM IIPUBEACHHOTO CCUCHUS

OHDCI[eHeHI/Ie CpE€IHEH BBICOTHI CKaTOM 30HBI JIJIs M3ru0aeMbIX DJIEMEHTOB

Koaddunrent apmupoBanus:

us = Ag/(b ho) = 0,00016/(0,15 - 0,27) = 0,00395 % .

Koadduiment apmMupoBanus c:xaToil HeHanpsIraeMon apMaTyphbl:

K's = A's/(b ho) = 0,000057/(0,15 - 0,27) = 0,00141 .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (Jbs Os2tpl's Os1) 242 (fLs sat/t's  Os1 a'lho) -(Hs Os2+L's Os1)) =

=027 - (V (0,00395 - 31,22414+0,00141 - 27.27273) 2+2 - (0,00395 -

31,22414+0,00141 - 27,27273 - 0,03/0,27) -(0,00395 - 31,22414+0,00141 - 27,27273)) =
0,09954 M =995 cm .

PaccTosiHue OT HanboJee cKaTOro BOJIOKHA IO LEHTPA TSKECTHU IPUBEAEHHOTO
cedeHus 0e3 ydeTa pacTsIHyTOU 30HBI:

Yem = Xm = 0,09954 M= 9,95 cm .

PaccTostHue oT HanboJee CKaToro BOJIOKHA B O€TOHE A0 OCHTpPA TAKCCTHU
IMPUBCACHHOI'O CCUCHUSI!

yc =Yem = 0,09954 M =9,95 cm .
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OHDCI[GJI@HI/IC MOMEHTA MHEPILIUM CKaTOM 30HBI OeToHa

Ip =b xm 3/3=0,15 - 0,09954 3/3 = 0,000049313 M4 =4931,3 cm 4.

ITnomans ceuenns OeToHa:

Ab=bxm=0,15-0,09954 =0,01493 M2 =149,3 cm 2.

MOMEHT MHEPIMH TIJIONIAJIEN CEUCHUS PACTSIHYTOW apMaTyphl:

Is = As (h-as-yem) 2 = 0,00016 - (0,3-0,03-0,09954) 2 = 0,000004649 M4 = 464,9 cm 4 .

MOMEHT MHEPIMH TIJIOIIAJIEN CEUEHUSI CKATOM apMaTyphbl:
I's=A’s (yem-a's) 2 =
=0,000057 - (0,09954-0,03) 2 = 0,000000276 M4 =27,6 cMm 4 .

MOMEHT UHEPIIMYU TPUBEICHHOTO MONEPEYHOT0 CEUCHUSI:
Ired = Ip+Is as2+1's 051 =
=0,000049313+0,000004649 - 31,22414+0,000000276 - 27,27273 = 0,000202001 m 4 =
20200,1 cm 4.

Hnomam; HpI/IBeI[eHHOFO Honepequro CCUCHUI.
Ared = Ab+As 0s2+A's 051 =
=0,01493+0,00016 - 31,22414+0,000057 - 27,27273 =0,02148 M2 =214,8 cm 2 .

M3rubHas :KeCTKOCTb:

D = Eb1 Ired = 7333,333 - 0,000202001 = 1,48134 MH M2 =151,05Tc M2 .

Bricora cxxaroii 30861 O€TOHA:

Xo =Xm = 0,09954 M =9,95 cm .
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HauanbHas otTHOCcUTENIbHAS ,IIC(bOpMaHI/IH c)KaToro OeToHa A0 YCHUIICHUA
KOHCTPYKIHUU:
g % = Mo/(Eb1 Ired) X0 =
=0,022/(7333,333 - 0,000202001) - 0,09954 = 0,00148 (popmyna (6.4); . 6.2.4 ).

HauanpHast oTHOcUTeNbHAs AedhopMalivs CTAIBHOM apMaTyphl 10 YCUIICHUS
KOHCTPYKLIMU:
g O = Mo/(Eb1 Ired) (ho-Xo0) =
=0,022/(7333,333 - 0,000202001) - (0,27-0,09954) = 0,00253 (popmymna (6.3); m. 6.2.4 ).

g2 =0,015.
HauanbsHble nedopMannu pacTsiHyTOM rpaHy CEUCHHUS:
€ Opt = (¢ 95 h+€ %y a)/ho =

= (0,00253 - 0,3+0,00148 - 0,03)/0,27 = 0,00298 (dpopmyna (6.14); n. 6.2.10 ).

Rf=230,0368 Mlla < (gs2-€ %) Ef = (0,015-0,00253) - 35000 = 436,45 MIIa

yciioBH€ BBITIOTHEHO ((opmyna (6.1); m. 6.2.10 ).

OnpenereHre rpaHUnYHON OTHOCUTEILHOU BBICOTHI CKATOM 30HBI

XapaKTepucTuKa CKaToi 30Hbl O€TOHA:

0=0,8.

OTtHocuTenbHas aedopmalus 0eToHa:

ep2 = 0,0035 .

FpaHI/I‘{Ha}I OTHOCHUTCIIbHAs BbBICOTA C)I(aTOﬁ 30HBI.
ER, f = o/(1+(€f, ult+€ Ob)/eb2) =
= 0,8/(1+(0,00657+0,00148)/0,0035) = 0,24242 (popmyma (6.2); m. 6.2.3 ).
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PacueT n3rnbaemMbIx 3JIEMEHTOB

3HaUYeHUE MOAYJIA YVIIPYTI'OCTH ApMaTVYPhI

Monynb yrpyrocTu HeHanpsAracéMon apMaTyphbl:

Es =200000 MlIIa .

[Inomans NonepevyHoro Ce4eHus: BHEIIHEN apMaTypbl U3 KOMITO3UTHBIX
MaTepUalIoB:

Af =n trbf =1-0,0009 - 0,15=0,000135m2=1,35cm?2.

HpI/IBe,Z[eHHOC 3HAYCHHUC TOJIIWHBI 3allIUTHOI'O CJI0A paCTHHYTOﬁ dpMaTyphbl:
a=Rg As as/(Rs As+Rf Af) =
=435 - 0,00016 - 0,03/(435 - 0,00016+230,0368 - 0,000135) =0,02074 m=2,07 c™m .

HpI/IBGILCHHOG 3HAYCHHUC TOJINIHNHEBI 3allITUTHOT'O CJI0A C)KaTou apMaTyphbl:

a=as=003MmM=3cMm.

Pabouyad BbICOTA CEUECHUS:

ho =h-a=0,3-0,02074 = 0,27926 m = 27,93 cm .

BricoTa cxkartoii 30HBI:
X = (Rs As-Rsc A's+Rf Af)/(Rp b ) =
= (435 - 0,00016-400 - 0,000057+230,0368 - 0,000135)/(8,5 - 0,15) = 0,06106 m = 6,11
cM (bopmymna (6.7); m. 6.2 ).

OTtHOCUTENbHAs BBICOTA CKATOM 30HBI:

& = x/h =0,06106/0,3 = 0,20353 .

Tx &=0,20353 < ER £=0,24242; x>0 M =0 cM :
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[IpenenbHbBIN N3rNOAIONITUH MOMEHT:
Mult =Rp b x (ho-0,5 x)+Rsc A's (ho-a's)+Rf Af a =
=8,5-0,15-0,06106 - (0,27926-0,5 - 0,06106)+400 - 0,000057 - (0,27926-
0,03)+230,0368 - 0,000135 - 0,02074 = 0,02569 MH M = 2,62 1c M (Ppopmyna (6.6); 1.
6.2.7).

BuiBona: NMPO4YHOCTH ’Kej1e300€TOHHOI0 CeYeHHUsl C Y4€TOM BHEHIHEI0

apPMHUPOBAHHUSA X0JICTOM COCTaBJsIET 2,62 TC M
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Hpunoxenne I' Ilpumep  pacyera  yCHJICEHHS — CKATOH

’KeJ1e300eTOHHON KOHCTPYKIUM XO0JICTAMM

TpeOyeTcsi onpenenuTh MPOYHOCTb CKATOTO >KEJIe300€TOHHOrO MPSMOYTOIBHOTO
CEUYEHUS JIEMEHTA, YCUJIEHHOT'O XOJICTOBBIM KOMIIO3UTHBIM MaTepUaioM

Hudopmansa o pacuer e

Pacuer BemmonHen B coorBeTcTBuM C: 11.11. 6.1.11 CIT 63.13330;6.1.12 CII
63.13330;6.1.15 CIT1 63.13330;6.2.8 CII 63.13330;6.2.12 CII 63.13330;6.2.11;8 CII
164.1325800.2014 Ycunenue xkene300€TOHHBIX KOHCTPYKIIUN KOMITO3UTHBIMU
MaTepuaiaMu;

Hata BeimonHenus pacuera: 27.06.2016 13:42:54;

Hcxonmpie 1aHHBIC:

3aKkpyIriIeHUs:

- Paguyc 3akpyrienus rpaneit ceuenusir =2 cm =2/ 100 = 0,02 wm;

XOMVTBI U3 KOMITO3UTHOT'O MaTepuaia;

- [llupuHa XOMyTOB U3 KOMIIO3UTHOTO MaTepuaia wf =5 cm=15/100 = 0,05 m;

I[OHOJ'IHI/ITCJ'IBHBIC XAPAKTCPUCTHUKHN KOMITO3UTHBIX MAaTCPHUAJIOB.

- UHC10 ¢10€B KOMIO3UTHBIX MaTcpuaJioB n = 2 ;

XapaKTEepUCTUKH KOMIO3UTHBIX MaTEPUAJIOB:

- Tonmuua komno3utHOro Matepuana tf = 0,9 mm;

- HOpMaTI/IBHOC 3HAUCHUE COIIPOTHUBIICHUS PACTIKCHUIO KOMIIO3UTHOT'O MaTCpurajia

Rf, n =470 MllIa;
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- HopmaTuBHOE 3HaueHne MOayIsl ypyrocTd KOMIO3UTHOTro Matepuana Ef, n =

35000 MlIlIa;

SanMTHBINA CJIOM:

- PaccTosiHue OT paBHOAEHCTBYIOIICH YCUIUNA B apMaType S 10 TPaHU CEUEHUS
as=3cm=3/100=0,03 m;
- PaccTosiHME OT paBHOIEHCTBYIOIIEH YCHIIMI B apMaType S' 10 TpaHu CeYeHUs

a's=3cm=3/100=0,03 m;

[Inomage HEHANIPATaeMON HanOoJIe€ PACTIHYTON PO AOJILHOM apMaTyphI:

- [Inomane HeHanpsIraeMou pacTAHYTOU apMaTypbl

As=1,6 cm2=1,6/10000=0,00016 m 2;

[ nomaas, HeHanpsraeMou CKaTou WU HauMeHeEE PACTIHYTOU MPOA0JILHOU

apMaTypbl:

- IInomaap HeHanpsAraeMoi ckaroit apmaTypbl A's = 0,57 em 2 = 0,57 / 10000 =

0,000057 m 2;

Pa3smeprl ceueHus:

- Bricota ceyennst h=20 cm=20/100=0,2 m;

- llMupuna npsmoyronbHoro ceueHust b =20 cm =20/ 100 =0,2 m;

Pa3mMmepsl diieMeHTa:

- I[J'II/IHa QJIEMCHTA UJIM PACCTOAHUEC MEKAY TOYKAMU 3aKPCIIJICHHA

1=300cm=300/100=3 wm;

Yeunus:
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- M3ru6arommii MomeHT M = 0,5 Tc M=0,5/101,97162123 = 0,00490333 MH wm;

- [Ipononpras cuma N =11 1c=11/101,97162123 =0,10787315 MH;

- M3rubaromuii MOMEHT OT OCTOSIHHOM M JUTUTEJIbHOM HArpy3Ku
Mi1=031cm=0,3/101,97162123 =0,002942 MH w;

- [IponosibHas cuiia OT MOCTOSTHHOW U JUIMTEIbHOM HATPY3KH

Ni=121c=12/101,97162123 =0,1176798 MH;

Pe3ynpT ar b1 pacyer a:

1) PacueTHOE CONPOTHUBIICHUE OETOHA

beToH - TaXebIi.

HopmartuBHOe 3HaYeHHE CONPOTUBIEHUSI OETOHA OCEBOMY CXKATHIO IS
npeeabHbIX COCTOSHUN EpBOM Tpymmbl npuHuMaetcs mo Tabdin. 6.7 CII 63.13330 Rpp =

11 MlIla .

HopmatuBHOE 3HaY€HHE CONPOTUBIIECHUSI OETOHA 0CEBOMY PACTSKEHUIO IS
IpeeabHbIX COCTOSHUN NepBOM Tpymmbl npuHuMaeTcs mo Tadin. 6.7 CII 63.13330 Ry =

1,1 MIIa .

PacueTHoe conpoTuBiieHrEe O€TOHA OCEBOMY CKATHUIO pUHUMaeTcs 1o tadu. 6.8 CII

63.13330 Rp = 8,5 MIIa.

PacuetHoC COIIPOTUBJICHUEC OeToHa OCCBOMY PACTSXKCHHUIO IIPUHUMACTCA 110 TalJI.

6.8 CIT 63.13330 Rpt = 0,75 MIla .

2) Yyer 0co0eHHOCTEN PA0OTHI OETOHA B KOHCTPYKIIMHA

Pacuer Ha ,Z[CﬁCTBI’IC Harpy3okK - IIOCTOAHHBIX, JJIUTCIbHBIX U KPATKOBPECMCHHBIX.

KoadhdummenT ycaoBust paboTel 6€TOHA, YIUTHIBAOIINN TITUTETHHOCTD JIEHCTBUS

HArpy3KHu:

192



Yo1=1.
KoHcTpykius 6€TOHUPYETCS - B BEpTUKATHHOM IOJI0KEHHUMU.
Bricora cnost 6eToHupoBaHus - He 6oJiee 1,5 m.

Koaddunuent ycnosus paboTsl 6€TOHA, YUUTHIBAIOLINI TONIEPEMEHHOE

3aMOpPa)XUBAHUC U OTTaUBAHUC OeToHa:

vb3=1.

Koaddumment yciaoBust paboThl 6€TOHA, YUUTHIBAIOIINKI XapakTep pa3pylieHus

OETOHHBIX KOHCTPYKLUI:

Yo4=1.

JI71st HaI3eMHOM KOHCTPYKIIMH, IIPU PACUETHOMN TeMIEpaType Hapy>KHOTO BO3AyXa B

3UMHUI niepuo] He MeHee -40 rpaj.:

Koaddumment ycnosust paboTel 0€TOHA, YUUTHIBAIOIIUI BIUSHUE TOTIEPEMEHHOTO

3aMOpPaXXUBAHUA U OTTaAaUBAHUA:

Yo5=1.
['pynma npenenbHbIX COCTOSIHUM - TIEPBAs.
KoHcTpykius - jxene300eToOHHAS.
CelicMHUYHOCTH TUTOIIAJKU CTPOUTETHLCTBA - He Oosee 6 OaoB.

Koadduument ycnosus padotsl no n. 2.14 CHull 11-7-81 "CtpoutenscTBo B
CECMUYECKUX paiioHax":

mkp=l.

PacuetHOC COIIPOTUBJICHUEC OeToHa OCCBOMY CIKAaTHIO IIPU Mkp = 1:

Rb = Yb1 Yb3 Yb4 Yb5 Rb =
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=1-1-1-1-85=85Mlla.

PacuetHoe COIIPOTUBJICHUC OeToHa OCCBOMY CIKATHIO:
Rb = mkp Yb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-1-8,5=8,5Mlla.

PacuetHoe conpoTuBieHne 0€TOHA OCEBOMY PACTSKEHUIO IIPU pacueTe Ha JAeHCTBUE

IOMMEPECUHBIX CHUIIL:

Rbt=7vb1 Rot =1:0,75=0,75 MIla .

PacuetHoe compoTuBieHne 0€TOHA 0OCEBOMY PACTSKEHUIO:

Rbt = mkp yb1 Rbt =1-1-0,75=0,75 MIla .

3) OnpeneneHue 3Ha4CHUS HAYaJIbHOTO MOJYJS YIPYTOCTH OeToHa

Havanbnblil Mmogysns ynpyroctu npunnMaetcs mo tabdi. 6.11 CIT 63.13330 Ep =

24000 MIIa .

4) PacyeTHbIC 3HAUECHHSI NPOYHOCTHBIX XapPaKTEPUCTUK apMaTypPhl

BBoauTtcs - kimacc apMartypsl.
[IpeaBaputenbHOE HAPSHKEHUE apMaTypbl - OTCYTCTBYET.
Kiacc nenanpsiraeMoit mpoaoasHoi apmatypsl - AS500.

PacueTHoe conpoTUBIIEHHE MPOIOIBLHON apMaTypbl PACTSKEHUIO:

Rs =435 Mlla.

Pacuernoe COIIPOTUBJICHUC HeHaHpHFaCMOﬁ apMaTypbl CKATHIO (I[H?I apMaTypsl
B500, A600):
RSC =400 MlIla .

[Tonepeunas apmaTypa - HE pacCMAaTPUBAETCS B IAHHOM pacuere.
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PacueTHO€ conpoTUBIIEHNHE MPOJOIBHON apMaTyphl PACTIKEHHUIO:

RS:mkpRS:1'435=435MHa.

Pacuetnoe COIIPOTUBIICHHUC HCHaHpHFaCMOﬁ apMaTyphl CXKaTHIO (,IIJIH apMaTypsl
B500, A600):
RSC = mkp RSC =1-400=400 MlIla .

KoaddummenT Hane:xHOCTH MO apmaType:

Ys = 1,15 .

HopmatuBHOE 3HaU€HHE COMTPOTUBIICHUS] HEHANPATaeMON apMaTypbl PACTSKEHUIO :

RS, n= mkp Ys Rs =1 1,15 - 435 = 500,25 Mlla .

HopmaTtuBHOE 3HaUEHHE CONPOTUBIICHUSI HEHAIIPATA€MOM apMaTypbl OCEBOMY

CIXKAaTHIO.

Rsc,n:mkp Ys Rsc =1- 1,15 - 400 =460 MlIla .

5) 3HaueHnEe MOV VIIPYTOCTH apMaTyPhl

Monynb ynpyrocTiu HeHanpsiraeMon apMaTyphbl:

Es =200000 MIIa .

6) PacyeTr BHEIIEHTPEHHO-CKATHIX JIEMEHTOB IIPSIMOVIOJIHLHOTO (KPYIJIOTO) CEUEHUSI

C YCUJICHHUEM IIYTCM VCTDOﬁCTBa BHCIIHCTO apMHUPOBAHHMSA M3 KOMIIO3WUTHBIX MATCPHUAJIOB

B cootBercTBuU € 1. 4.10 Mpu yCUIIEHUU CKATHIX KOHCTPYKIIMI MUHUMAIBHO
JOTMYCTUMBIN (haKTHIECKUH Kiacc OETOHA MO MPOYHOCTH Ha CKATHE CYIIECTBYIOIIEH
KOHCTPYKIMH, YCUIIMBAEMON BHEIIHUM apMUPOBAHUEM U3 KOMITIO3UTHBIX MAaTEPHUAJIOB,

JIOJDKEH cocTaBIIATh He MeHee B10.

B > 10 MIla - ycioBue BBINOJHEHO .
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7) OnpeneneHue 3Ha4CHUS] HAYaJIbHOTO MOJYJIS YIPYTOCTHU OeToHa

Havanbnblit Mmogysns ynpyroctu npuanmMaetcs mo tabdi. 6.11 CIT 63.13330 Ep =

24000 MIIa .

8) OnpeneneHne pacueTHOM JJIMHBI BHEIICHTPEHHO-CXKATOI0 3JIEMEHTA

DJEMEHT - ¢ IIapHUPHBIM ONMPAHUEM HA JIBYX KOHIIAX.

PacuetHas nivHa ’neMeHTa:

lo=1=3M=300cMm.

Ceuenne KOJIOHHEI - MpsAMOYT'OJIBHOC.

KoaddummenT npusenennst HeHanpsraeMoi apmMaTypbl K OETOHY:

os = E¢/Ep = 200000/24000 = 8,33333333 .

Pabouyag BbICOTA CEUEHUS:

ho =h-a3=0,2-0,03=0,17mMm=17cm.

h'o=ho=0,17Mm=17cMm.

PaccrossHue ot HanboIee ¢kaToro BOJIOKHA B OETOHE A0 OCHTpa TAKCCTU
MNPUBCACHHOI'O CCUCHUS!

ye=h/2=0,22=0,1m=10cm.

Paccrosane ot Hanbonee PacTAHYTOI'O BOJIOKHA OeToHa A0 OCHTpa TAXKECTHU
IMPUBCACHHOI'O CCUCHUS!

yt=yc=0,1Mm=10cmMm.

Ycunenne BHEIIHUM APMHPOBAHUEM U3 KOMIIO3UTHBIX MATCPHUAJIOB - B ITIOIICPCYHOM

HallpaBJICHUH.

[Inmomtanes ceuenus:
196



A =bh-(4r 2-nr 2)=
=0,2-0,2-(4 - 0,022-3,14159265 - 0,02 2) = 0,03965664 m 2 =396,57 cm 2 .

[Imomane ceuenusa OeToHa:

Ap = A -A's-As = 0,03965664-0,000057-0,00016 = 0,03943964 M2 =394,4 cm 2 .

[1;momaap NpUBEIEHHOTO MONEPEYHOTO CEUEHUS:
Ared = 05 (As+A's)+Ap =
= 8,333333 - (0,00016+0,000057)+0,03943964 = 0,04124797 M2 =412,48 cm 2 .

MOMEHT UHEpPLUH OETOHHOTO CEYEHHS. OTHOCHTENILHO LIEHTPA TSKECTH
IPUBENECHHOTO CCUCHUS:
I=bh3/12+r 2(1,785h2-3,81 r h+2,591 2) =
=0,2-0,23/12+0,022 - (1,785 - 0,22-3,81 - 0,02 - 0,2+2,59 - 0,02 2) =0,00015621 m 4 =
15621 cm 4.

Pannyc naepuumn ceuenus:

i =V 1 /A =V 0,00015621/0,03965664=0,06276195 M = 6,28 cM .

B cooTtBerBeTcTBHM C 1. 6.2.12 B HAYaIBbHOM 3KCLIEHTPUCHUTETE MPUIIOKEHUS

MPOJIOJIBHON CUJIBI CIEAYET YUUTHIBATH CIIYyYalHbIN 3KCIEHTPUCUTET, TPUHUMAEMBIH 10

CII 63.13330.

9) OnpeneneHre YKCIEHTPUCUTETA

Cny4yaliHbI{ SKCHEHTPUCUTET:

ea = max(1/600 ; h/30 ; 0,01) = max(3/600;0,2/30;0,01)= 0,01 m=1 cm.

DJEeMEHT - CTaTHYECKH HCOHpC,Z[CJIPIMOﬁ KOHCTPYKIHUH.

3KCH€HTpI/ICI/ITeT HpOI[OJ'IBHOfI CHJIbI OTHOCHUTCIIBHO ICHTPA TAKCCTU ITPUBCIACHHOT' O

CCUCHMUA:
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eo = M/N =0,00490333/0,1078731 = 0,04545461 m = 4,55 cm. .

T.k. e0 =0,04545461 m = 4,545461 cm 2e3=0,0l M=1cm:

AJI1 DJICMCHTOB CTaTUYCCKHN HCOIIPCACIINMBIX KOHCTp}IK]_II/Iﬁ 3HAa4YCHUC
9KCHCHTPUCUTETA HpOI[OJILHOfI CHJIbI OTHOCHTCIIBHO OCHTPA TAXKCECTHU IPUBCACHHOTO
CCUCHUS ITPUHUMAIOT PaBHBIM 3HAYCHUIO OKCHCHTPUCUTETA, ITIOJTYUYCHHOI'O U3

CTaTUYICCKOT'O pacucTa U HC MCHEC Ca

10) IMpomomxenue pacueramo . 6.2.11 CIT 164.1325800.2014

Tk h/b=0,2/02=1<15Mm=150cm™m:

HeobOxonumo ycuieHune xene300eTOHHBIX 3JIEMEHTOB ITyTEM YCTPOICTBA BHEIIIHETO

apMHUPOBAaHUA U3 KOMIIO3UTHBEIX MATCPHUAJIOB.

PacueTHO€ 3HaueHNME MOy YIPYTOCTH KOMIIO3UTHOTO MaTepHaIa:

Ef = Ef, n = 35000 MIla .

1 1) 3HaUYeHHUE INPHUHATO AJISI KOMIIO3MTHOT'O MaT€prajaa COCTOAMCTO U3

YIJICKOMIIO3MTA.

BI/I,Z[ KOMIIO3UTHOI'O MaT€pualia - TKaHBIN MaTepuaJl.

YcnoBus 9KCILTyaTallu KOHCTPYKIIUU - HaA OTKPBITOM BO3QYXC.

Koaddumment yciaoBuit paboThl, 3aBUCSAIINI OT TUIIA KOMIIO3UTHOT'O MaTepuaia u
YCIJIOBHUM 3KCIUTyaTallMuy KOHCTPYKLUU:

vi1=0,8.
3HaueHNe MPUHSATO JUIT KOMIIO3UTHOTO MaTepHalia COCTOSIIEr0 U3 YIIeKOMITO3HTA.
KoadpummenT Hane:KHOCTH IO KOMITO3UTHOMY MaTepHAITY:

vf=1,2.
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KoaddummenT yciaoBuit paboThl KOMIIO3UTHOTO MaTeprajia MPUHUMAETCS PaBHBIM |

Koaddumment yciaouit paboThl KOMIIO3UTHOTO MaTeprana, yYuThIBAIOUIUN

CHOCINICHUC KOMIIO3UTHOI'O MaTCpualia C OCTOHOM:

yv2=1.

Rt =vr1 v£2 Rf, nfyr =
=0,8 - 1-470/1,2 =313,33333333 MIla (popmymna (5.1); m. 5.2.5).

HpC,Z[CJ'IBHOC 3HAYCHHUE OTHOCUTEIBHOMN I[C(I)OpMaHI/II/I KOMIIO3UTHBIX MaTCPHAJIOB

CHCTEMBI BHEIITHETO ApMHUPOBAHUS:
ef, ult = Ri/Er = 313,3333/35000 = 0,00895238 (popmyna (5.4); n. 5.2.5).

12) PacueT BHELIEHTPEHHO-CXKATBIX AJIEMEHTOB, YCUJICHHBIX BHCIIHUM

APMHUPOBAHHUEM M3 KOMIIO3UTHBIX MATCPHUAJIOB B IIOIICPCYHOM HAIIPABJICHHUHN

r 20,02M=2cM - yclIOBHE BBITIOJHEHO .

13) IIpoxomxenue pacuera o . 6.2.15 CIT 164.1325800.2014

[Tnomaar oxBaueHHOTr0 000MMOM MOTEPEYHOTO ceueHUsI OETOHA:

Ap=A =0,03965664 M2 =396,57 cm2 .

Koaddumument 3¢ dektuBHOCTH 000UMBL:

kef=1-((b-21)2+(h-21)2)/(2 b h) =
= 1-((0,2-2 - 0,02) 24+(0,2-2 - 0,02) 2)/(2 - 0,2 - 0,2) = 0,36 (popmyaa (6.24); 1. 6.2.15 ).

H_[I/IpI/IHa KOMIIO3UTHOI'O MaTCpuraa:

bf =2 (b-2r+h2r)+2nr =
=2-(0,2-2-0,02+0,2-2 - 0,02)+2 - 3,14159265 - 0,02 = 0,76566371 m = 76,57 c™m .
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[lnomaas monepevyHoro ce4eHus: BHEIIHEH apMaTypbl U3 KOMIO3UTHBIX
MaTepranoB:

Af =n trbf =2-0,0009 - 0,7656637 = 0,00137819 M2 =13,78 cm2 .

Koaddurment apmupoBanms KOMIO3UTHOIO MaTepHana;

= Ar/Ap = 0,00137819/0,03965664 = 0,03475307 (dopmymna (6.26); 1. 6.2.15 ).

By 000#iM - CIUIOMIHBIE.

Paccrostniie Mexay oTeIbHBIMU BUTKaMU O0OMMBI:

S'WZOM.

KoaddummenT, yautsiBaroniuii Hammaue pa3pbIBOB IO BEICOTE 0OOWMBI:

ke=1.

PaC‘{CTHBIC 3HAUCHUSA COl'[pOTI/IBJICHI/I}I 6CTOHa CKAaTHUIO B OCEBOM HaHpaBJICHI/II/II
Rb3 = Rb+kef ke Rf pf =
=8,5+0,36 - 1 - 313,3333 - 0,03475307 = 12,42014588 MIIa (popmyna (6.23); m. 6.2.15
).

[ITar HaKJIENKU B CBETY AJIIEMEHTOB YCUJICHHS U3 KOMIIO3UTHOIO MaTepuana:

sf =s'w=0mMm.

JI71st coxaThIX KOHCTPYKIMMA MPOBEPKA KOHCTPYKTUBHBIX TPEOOBAHUM /17151 11ara

HAKJICWKHU B CBETY HE BBIMIOJIHAECTCSA B COOTBETCTBUM C TI. 8.23.

14) Onpenenerre kodddUuMerTa, VYUTHIBAIOMIEr0 BIUSHUE IPOTHOa IPU pacueTe

KOHCTPYKIMHU I10 HCHCd)ODMHDOBaHHOﬁ CXEMC

Koadpdunuenr:
de = eo/h = 0,04545461/0,2 = 0,22727305 .

Pabouas BeICcOTa CeUeHUS:
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ho =h-a3=0,2-0,03=0,17mMm=17cm .
h'o=ho=0,17Mm=17 c™m .
T.x. lo/1 =3/0,06276195 =47,79966206 > 14 :

MOMEHT MHEPLIMU BCEU MPOJOIBHON apMaTypbl OTHOCUTENBHO LIEHTPA TAKECTH

CEUeHUsI DJIEMEHTA:
Is = As (yt-as) 24+A's (yc-a's) 2=
=0,00016 - (0,1-0,03) 2+0,000057 - (0,1-0,03) 2 = 0,00000106 M4 =106 cm 4 .

MOMEHT OTHOCHUTENIBHO LIEHTPa apMaTypbl AS OT MOJIHOW HArPy3KHU:
M1 =abs(M)+N (yt-as) =
= abs(0,00490333)+0,1078731 - (0,1-0,03) = 0,01245445 MH M =127 Tc M .

MoMEHT OTHOCHUTEIBHO HECHTpPAa apMaTyphbl AS OT ITIOCTOSIHHBIX U JJINTCIIbHBIX
HArpy3oK:
Mi1 = abs(MD+Ni (yt-as) =
= abs(0,002942)+0,1176798 - (0,1-0,03) =0,01117959 MH M= 1,14 Tc M .

Koaddunment, yautsiBaronuii BAUsSHUE JJIMTEIbHOCTH IEUCTBUS HATPY3KU:

o1 = 1+M11/M1 = 14+0,01117959/0,01245445 = 1,89763819 .
kb = 0,15/(¢1 (0,3+3¢)) = 0,15/(1,897638 - (0,3+0,227273)) = 0,14991406 .
ks = 0,7 .

N3rubHas ®eCTKOCTh:
D=kpEp I +ks EsIs =
=0,1499141 - 24000 - 0,00015621+0,7 - 200000 - 0,00000106 = 0,71043396 MH m 2 =
7244 Tc M 2.

T.k. lo/1 =3/0,06276195 =47,79966206 > 14 :
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Kputnueckas cuia:

Ner=n2 D/lo 2 = 3,14159265 2 - 0,710434/3 2 =0,77907806 MH = 79,44 1c .

N =0,1078731 MH = 10,99999489 1c < N¢r = 0,7790781 MH = 79,44385692 Tc -

YCJIIOBHEC BBIIIOJIHCHO .

Koaddunment, yautsIBaronuii BIvsHue nporuoa:

n = 1/(1-N /N¢r) = 1/(1-0,1078731/0,7790781) = 1,16071558 .

15) Ilpomomxkenue pacuera no 1. 6.2.13 CIT 164.1325800.2014

OKCLEHTPHUCHUTET:
e =eo N+(ho-a's)/2 =
=0,04545461 - 1,160716+(0,17-0,03)/2 = 0,12275989 m = 12,28 cm (dpopmyia (6.18);
6.2.13).

OTtHOcuTenbHas aedopMalus pacTIHYTONH apMaTyphI:

€s, el = R¢/Es =435/200000 = 0,002175 .

OtHocuTenbHas aedopmalus 6eToHa:

ep2 = 0,0035 .

16) ITpomomxenune pacuera o . 8.1.6 CI1 63.13330 CIT 164.1325800.2014

XapaKkTepucTrKa CKaToi 30Hbl O€TOHA:

o=0,8.

17) Ilponomxkenue pacuerano 1. 6.2.16 CIT 164.1325800.2014

€b3 = €b2+2 uf Rf, n/Eb =
=0,0035+2 - 0,03475307 - 470/24000 = 0,00486116 (dhopmyna (6.31); m. 6.2.16).
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FpaHI/I‘{HOC 3HAYE€HHUE OTHOCUTEIILHON BBICOTHI CXKATOM 30HBI, BBIYHUCIIIEMOC C

y4€TOM 00BEMHOTO HAMPSKEHHOTO COCTOSIHUS OETOHA!
ER3 = 0/(1+€s, el/eb3) =
=0,8/(140,002175/0,00486116) = 0,55270602 (popmymna (6.30); 1. 6.2.16).

BricoTa cxkaroii 30HBI:
X = (N +Rs As-Rsc A's)/(Rp3 b) =
= (0,10787314+435 - 0,00016-400 - 0,000057)/(12,42015 - 0,2) = 0,062267 m = 6,23 cm
(bopmyna (6.28); m. 6.2.16 ).

OTtHOCHUTENbHAS BBICOTA CKATOM 30HBI:

& = x/ho = 0,062267/0,17 = 0,36627647 .

T.k. &£ =0,3662765 < &r3 = 0,552706 :

[IpenenbHOE 3HaYEHUE TPOJOJIBHON CUJIBL:
Nult = (Rb3 b X (ho-0,5 x)+Rsc A's (ho-a's))/e =
=(12,42015 - 0,2 - 0,062267 - (0,17-0,5 - 0,062267)+400 - 0,000057 - (0,17-
0,03))/0,1227599 = 0,20096881 MH = 20,49 Tc .

N e=0,1078731 - 0,1227599 = 0,01324249 MH m = 1,35035827 Tc M < Rp3 b x
(ho-0,5 x)+Rgsc A's (ho-a's) = 12,42015 - 0,2 - 0,062267 - (0,17-0,5 - 0,062267)+400 -
0,000057 - (0,17-0,03) = 0,02467091 MH M = 2,51573284 Tc M - yCJIOBHE BBIIIOJIHEHO
(bopmyna (6.27); m. 6.2.16 ).

BuiBona: MMPO4YHOCTH JKej1e300eTOHHOI0 CeYeHHUsd C Yu€TOM BHEHIHETO0

apMHMPOBAHHUS X0JCTOM COCTABJsAET 2,52 TC M
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Hpuaoxenne [ Ilpumep pacuera ycujieHuss wu3rndaemMou

’KeJ1e300€TOHHOM KOHCTPYKINH CeTKAMHU

TpeOyeTcst onpenenuTh MPOYHOCTh KEJIe300€TOHHOTO MPSIMOYTOJIbHOIO CEUEHUS
AJIEMEHTA, YCUJIEHHOTO KOMITIO3UTHBIM MaTEPUAIOM - CETKOM

Hudopma s o pacuer e

Pacuer BemonHen B coorBeTcTBHM C: 11.11. 6.1.11 CIT 63.13330;6.1.12 CII
63.13330;6.2.8 CII1 63.13330;6.2.12 CII 63.13330;6.1.15 CII 63.13330;5.2.5;6.2.4;6.2.6
CII 164.1325800.2014 Ycunenue xeae300€TOHHBIX KOHCTPYKIIUA KOMIIO3UTHBIMU
MaTepuaiaMu;

Harta BeimonHenus pacuera: 14.06.2017 12:27:41;

Hcxonmpie 1aHHBIC:

I[OHOJ'IHI/ITCJ'IBHBIC XAPAKTCPUCTHUKHN KOMITO3UTHBIX MAaTCPHUAJIOB.

- UHC10 ¢10€B KOMIO3UTHBIX MaTepualioB n = 1 ;

- [llupuna xomno3utHoro marepuana bf =20 cm =20/100 = 0,2 m;

XapaKTEepUCTUKH KOMIO3UTHBIX MaTEPUAJIOB:

- TonmmuHa KOMITO3UTHOTO MaTepuana tf = 1 Mwm;

- HopmatrBHOE 3HAUE€HNE COMPOTUBIICHUS PACTHKEHUIO KOMIIO3UTHOTO MaTeprasa
Rf, n =3200 MllIa;

- HopmaTuBHOE 3HaueHrEe MOy YIIPYTOCTH KOMITO3UTHOTO Matepuana Ef, n =

229000 MlIIa;

3anmMTHBINA CJIOM:

- PaccTosiHME OT paBHOIEHCTBYIOIIEH YCHIIMM B apMaType S 10 TPaHU CEUECHUS
as=3cm=3/100=0,03 m;
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Pa3smMmeprl ceueHns:

- Bricora ceuerns h =35 cm =35/100= 0,35 Mm;

- lllupuna npsmoyroasHoro ceuenust b =20 cm =20/100 =0,2 m;

Yeunus:

- Usrubarommit MomenT M =4,0 c Mm=4,0/101,97162123 = 0,03923 MH m;

Pe3ynsT art b1 pacyer a:

PacuyeTHOE CONPOTUBICHHUE OeToHa

beTtoH - TaX)eaBIN.

HopmatuBHOE 3HaU€HHE CONPOTUBIIEHUSI OETOHA OCEBOMY CXKATHIO JIJIS
npeeabHBIX COCTOSHUN NepBOM Tpymibl npuHuMaeTcs o Tabdi. 6.7 CII 63.13330 Rpp =

11 MIla .

HopmatuBHOE 3HaYeHHE CONPOTUBIICHUSI OETOHA 0CEBOMY PACTSHKEHUIO IS
IpeeabHbIX COCTOSHUN NepBOM Tpymnmbl npuHuMaeTcs mo Tabdi. 6.7 CII 63.13330 Ry =

1.1 MIIa .

PacueTHoe conpoTuBiieHre O€TOHA OCEBOMY CKATHUIO pUHUMaeTcs 1o tadu. 6.8 CII

63.13330 Rp = 8.5 MIla .

PacueTHOe conpoTuBieHrEe OETOHA OCEBOMY PACTSKEHHUIO IPUHUMAETCS MO TabJI.

6.8 CII 63.13330 Rpt = 0.75 Mlla .

VYuer ocobeHHOCTEN pabOTHl 0€TOHA B KOHCTPYKIINH

Pacuer Ha I[eﬁCTBHe Harpy3oK - HIOCTOAHHBIX, IJIMTCIIbHBIX U KPAaTKOBPCMCHHLIX.
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KoadhdummenT yciaoBust paboTel 6€TOHA, YIUTHIBAOIINN TITUTEIHHOCTD JISHCTBUS
HArpy3KH:

Yyo1=1.
KoHcTpyKIust 6eTOHUPYETCs - B TOPU30HTAIHLHOM TOJIOKEHUH.

Koaddunuent ycnosus paboTsl 6€TOHA, YUUTHIBAIOLINI TONIEPEMEHHOE

3aMOpPaXMBAHUEC U OTTAUBAHUC OeToHa:

Yo3=1.

Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLIUI XapakTep pa3pyIICHHs

OETOHHBIX KOHCTPYKIIUH:

Yo4=1.

JInst HaA3eMHOM KOHCTPYKIIMY, IIPY PACUETHON TEMIIEPATYPE HAPYKHOTO BO3/1yXa B

3UMHUU niepuo] He MeHee -40 rpa.:

Koaddunuent ycnoBus paboTsl 6€TOHA, YUUTHIBAIOLINI BIHUAHNE TIOTIEPEMEHHOTO

3aMOpPaXXUBAHUA U OTTaUBAHUA:

Yo5=1.
['pynna npeneiabHbIX COCTOSHUH - IEpBasl.
KoHcTpykuus - sxene300eToHHasl.
CelicMMYHOCTb IUIOLIA/IKH CTPOUTEIILCTBA - HE OoJiee 6 6aioB.

Koaddumment ycnosust padotsr mo 1. 2.14 CHull I1-7-81 "CTtpouTtenscTBo B
CECMUYECKUX palioHax':

mgp=1.

PacyetHoe conpoTuBieHre OETOHAa OCEBOMY CKAaTHIO IIPU Mkp = 1:
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Rb = Yb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-8,5=8,5MIla.

PacuetHoe COIIPOTUBJICHUC OeToHa OCCBOMY CIKATHUIO:
Rb = mkp Yb1 Yb3 Yb4 Yb5 Rb =
=1-1-1-1-1-8,5=8,5MllIa.

PacuetHoe conpoTuBieHne 0€TOHA OCEBOMY PaCcTSKEHHIO IIPU pacueTe Ha JAeHCTBUE
HOTNEPEYHBIX CUII:

Rbt=7vb1 Rot =1:0,75=0,75 MIla .

PacuetHoe compoTuBieHne 0€TOHA 0OCEBOMY PACTSKEHUIO:

Rbt=mkp Yb1 Rot =1-1-0,75=0,75 MIla .

PacueTHbIC 3HAUCHUSI HPOYHOCTHBIX XapPAKTEPUCTUK apMaTypPhl

BBoaurcs - kitacc apmarypel.

[IpeaBapurtenbHOE HAPSHKEHUE apMaTypbl - OTCYTCTBYET.

Kiacc nenanpsiraeMoit mponoasHoi apmatypsl - AS500.

PacueTHoe conpoTUBIIEHHE POIOIBLHON apMaTypbl PACTSKEHUIO:

Rs =435 Mlla.

Pacuernoe COIIPOTUBJICHUC HeHaHpHFaCMOﬁ apMaTtypbl CKATHIO (I[H?I apMaTyphl
B500, A600):
RSC =400 MlIla .

[TonepeuHas apMaTypa - HE pacCMAaTPUBAETCS B IAHHOM pacuere.

PacueTHO€ conpoTuBIIEHHE NPOJOIBHON apMaTyphl PaCTIKEHUIO:

Rs=mkpRs=1'435=435MHa.
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PacdeTHOe CONPOTHBIIEHUE HEHATIPATAEMOUN apMaTyphl CXKATUIO (JIJIs1 apMaTyPhI
B500, A600):
RSC = mkp RSC =1-400 =400 MlIla .

KoadduimeHnT Hane:KHOCTH MO apmaType:

Ys = 1,15 .

HopmaTtuBHOE 3HaU€HHE COMPOTUBIICHUSI HEHAIPATAEMOM apMAaTypbl PACTSHKEHUIO :

Rs,n= mkp Ys Rs =1- 1,15 - 435 = 500,25 Mlla .

HopmatuBHOE 3HaUeHHE COMPOTUBIICHHS HEHANPSTaeMOM apMaTypbl 0CEBOMY
CXKATHIO:

Rsc,n= mkp Ys Rsc =1- 1,15 - 400 =460 MlIla .

3HauYeHUE MOAYJA YIIPYT'OCTH apMaTVYPHI

Monynb ynpyrocTu HeHanpsAracéMou apMaTyphbl:

Es =200000 MlIIa .

OHDC,Z[CJ'ICHI/IC S3HA4YCHUA HAYAJIbHOI'O MOAYJIA YIIPYT'OCTH OeToHa

Havanenblil Mogyss ynpyroctu npuanMaetcs mo tabdi. 6.11 CIT 63.13330 Ep =

24000 MIIa .

OnpeneneHne pacueTHOrO 3HAYCHHUSI COMPOTUBIICHUS PACTKEHUIO

PacueTHO€ 3HauE€HNME MOy YIPYTOCTH KOMIIO3UTHOTO MaTepHaIa:

Ef = Ef, n = 229000 MIla .

3HaUYeHUE INPUHATO AJId KOMIIO3UTHOT'O MaT€purajia COCTOAMCTO M3 YITICKOMITO3HUTA.

By koMIIo3uTHOrO MaTeprana - TKaHbli MaTepUal.
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YcnoBus OKCIITyaTallu KOHCTPYKIOHH - HAa OTKPBITOM BO3AYXC.

Koaddunuent ycnoBuii paboThl, 3aBUCAIIHNI OT TUIIAa KOMIIO3UTHOTO MaTepuasa u
YCIIOBUM AKCIUTyaTalll KOHCTPYKIIHH:

vf1 =0,8 .

[Iponomxenue pacueramo 1. 5.2.5 CIT1 164.1325800.2014

3HaueHue IMPHUHATO JJIA KOMIIO3UTHOI'O MaTC€pHrajia COCTOAIICTO U3 YTIICKOMIIO3UTA.

KoadummenT Hane:;KHOCTH O KOMITO3UTHOMY MaTepHaITy:

ve=1,2.

Koaddumment ycnosuit paboThl KOMIIO3UTHOTO MaTepraia MPUHUMAETCs paBHbIM 1

KoaddummenT ycnoBuit paboThl KOMIIO3UTHOTO MaTepraia, YIUThIBAIOITUH

CHCINICHUEC KOMIIO3UTHOI'O MaT€pualia C OCTOHOM:

yv2=1.

Rt =vr1 v£2 Rf, n/yr =
=0,8 - 1-3200/1,2 =2133,33333 MIla (¢popmyna (5.1); m. 5.2.5).

Hpez[enbﬂoe 3HAYCHHUE OTHOCUTEIIbHOMN I[C(I)OpMaI_II/II/I KOMIIO3UTHBIX MaTCPHAJIOB

CHUCTCMbI BHCIITHCTO apMHUPOBAHUA:

ef, ult = Re/Ef = 2133,333/229000 = 0,00932 (popmyna (5.4); m. 5.2.5 ).

KoaddummenT ycnoBuit paboThl KOMIIO3UTHOTO MaTeprana, YIUThIBAIOITUH

CHCINICHUEC KOMIIO3UTHOI'O MaTCpualia C OCTOHOM:

v2 = 1/(2,5 &f, ult) V Rp/(n Eftf)=

= 1/2,5 - 0,00932) - V 8,5/(1 - 229000 - 1)= 0,26148 (dhopmyna (5.2); 1. 5.2.5 ).
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PacueTtHOC 3HaUeHUE COIMIPOTUBJICHUA PACTAKCHUIO HA JICHCTBUE

HCTIPOAOJKUTCIIbHBIX HAIPY30K

PaC‘{CTHOC 3HAQUCHUC COl'[pOTI/IBJICHI/I}I paCT}I}KCHI/I}O KOMIIO3UTHOTI'O MaTepHana:
Rt =vr1 v£2 Rf, nfyr =
=0,8 - 0,26148 - 3200/1,2 = 557,824 MIla (popmyna (5.1); m. 5.2.5).

HpC,Z[CJ'IBHOC 3HAYCHHUE OTHOCUTEIIBHOMN I[C(I)OpMaHI/II/I KOMIIO3UTHBIX MaTCPHAJIOB

CUCTCMbI BHCHIHECTO apMHUPOBAHUA:

ef, ult = Ri/Ef = 557,824/229000 = 0,00244 (popmyna (5.4); 1. 5.2.6 ).

OnpenesieHue 3HaYEHNU Ha4YaJILHOW OTHOCUTEILHON AeopMany CTaJIbHON

apMaTypbl U HAYaJbHOM OTHOCUTEJIBHOMN I[Gd)ODMaHI/II/I C)KaToro 0€TOHA M3rM0AEMBIX

QJICMCHTOB

B cootBercTBuU ¢ 1. 4.10 1pu yCUNIEHUU U3TMOAEMBIX KOHCTPYKIIMHA MUHUMAIILHO
JOMYCTUMBIN (haKTHIEeCKUH Kiacc OETOHA MO MPOYHOCTH Ha CKATHE CYIIECTBYIOIIEH
KOHCTPYKIIUH, YCUIIMBAEMON BHEIIHUM apMUPOBAHUEM U3 KOMITIO3UTHBIX MaTEPHUAJIOB,

JIOJDKEH COCTaBJIATEH HEe MeHee B15.

B > 15 Mlla - ycnoBue BBIIIOJIHEHO .

Havanenblil Mogyss ynpyroctu npunuMaetcs mo tabdi. 6.11 CIT 63.13330 Ep =
24000 MITa .

HpI/IBCI[CHHOC 3HAYCHHUC TOJIIIMHBI 3alllUTHOT'O CJI0A paCTHHYTOﬁ dpMaTyphbl:

a = Eg Ag ag/(Es As) = 200000 - 0,00023 - 0,03/(200000 - 0,00023) =0,03 M =3 c™m .

[IpuBeneHHOE 3HAUEHME TOJIIMHBI 3AIIUTHOTO CIIOS CKATOU apMaTyphl:

a=0wM.
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Pabouas BeICcOTa CeUeHUS:

ho =h-a=0,35-0,03=0,32m=32cm.

OHDeIleHeHI/Ie XAPAKTCPUCTHUK ITPUBCACHHOI'O CCUCHU A

KoaddunmenT npusenennst HeHanpsraeMoi apMaTypbl K OETOHY:

os = E¢/Ep = 200000/24000 = 8,33333 .
h'o=h-a's=0,35-0=0,35m=35cm.
CeueHue - npAMOYTOJIBHOE.

[Inomans ceuenus:

A =bh=02-035=0,07mM2=700cm?2.

CraTtryecknii MOMEHT OETOHHOTO CEYEHHUS OTHOCUTEILHO HAanOOoJIee pacTSIHYTOTO

BOJIOKHA.

St=bh?2/2=0,2-0,352/2=0,01225m3=12250 cm 3 .

[Imomane ceuenusa OeToHa:

Ap=b h-A's-As=0,2 - 0,35-0-0,00023 = 0,06977 M2 =697,7 cm 2 .

[Tnomanp IMPUBCACHHOI'O IMOMMEPCYHOTO CCUCHMUA:

Ared = as (As+A's)+Ap = 8,33333 - (0,00023+0)+0,06977 = 0,07169 M2 =716,9 cm 2 .

CraTtryeckuii MOMEHT MPUBEJEHHOTO CEYEHHSI OTHOCUTENIBHO Hauboiee
pPacTAHYTOr0 BOJOKHA!
St, red = (as-1) (Ag as+A's (h-a's))+b h 2/2 =
= (8,33333-1) - (0,00023 - 0,0340 - (0,35-0))+0,2 - 0,352/2=0,0123 m3= 12300 cm 3 .

Koopaunara 1eHTpa TSKEeCTH pacueTHOTO KOHTYypa:

Yo = St, red/Ared = 0,0123/0,07169 = 0,17157 m = 17,16 c™m .
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Paccrossaue ot HanGonee PacTAHYTOI'O BOJIOKHA OeToHa A0 OCHTpa TAXKECTHU
IMPUBCACHHOI'O CCUCHUS!

Vi=Yyo=0,17157m=17,16 cm .

Paccrossaue ot HanboIee ¢kaToro BOJIOKHA B OETOHE A0 OCHTpa TAKCCTU

IMPUBCACHHOI'O CCUCHUS:

ye = h-yt =0,35-0,17157 =0,17843 m= 17,84 c™m .
Vs = Yo-as = 0,17157-0,03 = 0,14157 m= 14,16 c™m .
y's = h-ag-a's-ys = 0,35-0,03-0-0,14157 =0,17843 m = 17,84 cm .

MowmeHnT 158s(5j0)005041 6CTOHHOI‘O CCUYCHUA OTHOCHUTCIIbHO LECHTPA TAKCCTU
MNPUBCACHHOI'O CCUCHUS!
I=bh3/12+A (h/2-y)2=
=0,2 - 0,353/12+0,07 - (0,35/2-0,17157) 2 = 0,00072 M4 = 72000 cm 4 .

OnpeneneHue MOMEHTA 06D330B8,HI/IH TpCIINH

PacueTHOE 3HaYeHNE COMPOTHUBIICHUSI OETOHA OCEBOMY CXKATHIO JIJISl TPEEIbHBIX

COCTOSIHUW BTOPOM I'PYIIIIBIL:

Rb, ser=Rbn =11 MlIIa.

PacueTHOE 3HaU€HNE CONPOTUBIIEHUSI OETOHA OCEBOMY PACTSKEHUIO IS
IPEAEIBHBIX COCTOSHUM BTOPOU I'PYIIIIBL:

Rbt, ser = Rbin = 1,1 Mlla .

MoMeHT UHEepLIHH IJIOIIAJIeH CEUEHHS PACTIHYTON apMaTyphbl:

Is = As (h-as-yc) 2 = 0,00023 - (0,35-0,03-0,17843) 2 = 0,00000461 m4 =461 cm 4 .

MomeHT HHCPUWH NPUBCACHHOI'O ITONICPCYHOT'O CCUCHUA!

Ired =1 +Is (0s-1)+I's (0s-1) =
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=0,00072+0,00000461 - (8,33333-1)+0 - (8,33333-1) = 0,00075 m 4 = 75000 cm 4 .

Vnpyrm”d MOMCHT COIIPOTUBJICHUA ITPHUBCACHHOI'O CCUCHUS:

Wred = Ired/yt = 0,00075/0,17157 = 0,00437 m3 = 4370 cm 3 .

PaccTostnue oT 1ieHTpa TSAKECTU MPUBEAECHHOTO CEYEHUSI 10 SIPOBOIl TOUKH,
HanOoJIee y1aieHHOM OT PacCTIHYTOM 30HBI:

ex = Wred/Ared = 0,00437/0,07169 = 0,06096 m = 6,1 cm .
MowmeHT 00pa3oBaHUs TPEITUH OMPEALISIETCS - C yUeTOM HEeynpyTux Aedhopmaruii.

yl'[perHJIaCTI/I‘ICCKI/Iﬁ MOMCHT COIIPOTUBJICHUA CCUCHUS:

Wopl = 1,3 Wred = 1,3 - 0,00437 = 0,00568 m 3 = 5680 cm 3 .

W3rubaromuii MOMEHT, BOCIIPUHUMAEMbI HOPMaJIbHBIM CEUEHHUEM dJIEMEHTA MPHU
00pa30BaHUM TPEILMH:

Mcrc = Rbt, ser Wp] = 1,1 . 0,00568 = 0,00625 MHwM = 0,64 TC M.
T.x. M =0,03923 MH m = 4,00035 ¢ M > Mcrc = 0,00625 MH M = 0,63732 TC M :
TpenuHbl 00pa3yroTCs.

KecTKoCTh 7Kene300€TOHHOrO YJIEMEHTA Ha YYaCTKaX C TPEIIMHAMM B PACTSIHYTOM

30HE IIPU KPATKOBPEMEHHOM JICHCTBUM Harpy3Ku

[IpenBaputenbHO onpeaesitoT kKodghuiueHT s mo dhopmyse (8.137) n. 8.2.18 CII
63.13330.

Onpenenenue ko3puureHTa Ys

Jlepopmannu B apmarype - He 3a/1aHBbI.

OnpeneneHne HaNPsHKCHUM B pacTSIHYTOM apMaType
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[TpuHumaeMas oTHocuTeNbHas qedopmalus 6eToHa:

b1, red = 0,0015 .

PacuetHoe 3HaueHUE COMPOTUBIICHUSI OETOHA OCEBOMY CIKATHUIO JIJISl TIPEIETBHBIX
COCTOSTHUM BTOPOM T'PYMIIbL:

Rb’ ser = Rbn =11 MIla.

[TpuBenenHbIi MOAYIH NeopMaly CKATOTO OETOHA:

Eb, red = Rb, ser/Ebl, red = 11/0,0015 = 7333,33333 Mlla .

Koaddunment npuBeaeHus cxato apmMaTyphl K O€TOHY:

os1 = Es/Eb, red = 200000/7333,333 = 27,27273 .

Hanpspxkenus B pacTsaHyTON apMaType ONpenestoTCs IPU Ois2 = O]

HpI/I 9TOM IIPUHUMACTCS IJIA M3ru0aeMbIX DJIEMEHTOB Yc = Xm - BbICOTA c)KaTou

30HBI OeTOHa, onpenensemas o 1. 8.2.28 CII 63.13330.

KoadduimenT npruBenenus pacTsaHyTOM apMaTypbl K OETOHY:

os2 = o] =27,27273 .

OHDCI[eHeHI/Ie CpE€IHEH BBICOTHI CKaTOM 30HBI JIJIs M3ru0aeMbIX DJIEMEHTOB

Koaddunment apmupoBanus:

us = Ag/(b ho) = 0,00023/(0,2 - 0,32) = 0,00359 % .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (Jls O(s2)2+2 [ls (X2 -{s Og2) =

=0,32 - (\/ (0,00359 - 27,27273) 242 - 0,00359 - 27,27273 -0,00359 - 27,27273) =
0,1137m=11,37c™m .

OnpeneneHue cpeiHe BhICOTHI CKAaTON 30HbI OeToHa
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Pacuer Benercs mo npubmmkennon popmyne (8.154 CIT 63.13330).

BricoTa cxxaToi 30HBI M3rHOAEMOTO DJIEMEHTA:

XM =Xm=0,1137m=11,37c™m .

Paccrostnre oT Hanbomnee c:kaToro BOJIOKHA JI0 LIEHTPA TSHXKECTH MPUBEICHHOTO
ceueHus 0e3 yueTa pacTHYTOM 30HBI:

Yem =Xm=0,1137MmM=11,37 c™m.

MoMeHT UHepLMH IJIOIIAJIeH CEUeHUS PACTIHYTON apMaTyphbl:

Is = As (h-as-yem) 2 = 0,00023 - (0,35-0,03-0,1137) 2 = 0,000009789 M4 =978,9 cm 4 .

OnpeneneHrne MOMEHTA MHEPIIUM CKATOM 30HBI OeToHa

Ip=bxm3/3=0,2-0,1137 3/3 =0,000097992 m 4 = 9799,2 cm 4 .

[Imomane ceuenusa OeToHa:

Apb=bxm=0,2-0,1137=0,02274 m2=227,4cm 2.

MOMEHT HHEPUMH NPUBEIEHHOTO MONEPEYHOTO CEUEHUS:
Ired = Ib+Is as2+1's 051 =

= 0,000097992+0,000009789 - 27,2727340 - 27,27273 = 0,000364965 m 4 = 36496,5 cM
4

HJ'IOH.I&,Z[B HpI/IBC,Z[CHHOFO HOHCpC‘IHOFO CCUCHMUI.
Ared = Ab+As as2+A's g1 =
=0,02274+0,00023 - 27,27273+0 - 27,27273 =0,02901 m 2 = 290,1 cm 2,

Paccrostnre oT Hanbomnee c:kaToro BOJOKHA B OETOHE JI0 LIEHTPA TAKECTH
NPUBEJICHHOTO CCYCHUS:

Ve=Yem =0,1137Mm=11,37 cm .
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os = (M (ho-yc)/Tred) 0s1 =
=(0,03923 - (0,32-0,1137)/0,000364965) - 27,27273 = 604,77653 MIla .

Hanpsoxkenus os, cre onpenessitorest mpu M = Mere.

Hanpspxkenus B mpoaoJIbHOM pacTsIHYTOW apMaType B CEYEHHMU C TPEIIUHON Cpasy
nociie 00pa3oBaHNUs HOPMaJIbHBIX TPEIINH:
os, crc = (Mere (ho-yc)/Ired) 051 =
= (0,00625 - (0,32-0,1137)/0,000364965) - 27,27273 = 96,35109 MIIa .

T.k. Og = 604,7766 MIla = Os, crc = 96,35109 Mlla :

KoadduimenT, yauThiBarouii HEpaBHOMEPHOE pacipe/ie/ieHHe OTHOCHTEBHBIX
nedhopmaruii:
ys = 1-0,8 o5, cre/os = 1-0,8 - 96,35109/604,7766 = 0,87255 .

3HadyeHue MoyJis ieopMaliuy CxKaToro 0eToHa MpuHUMaroT 1o popmye (6.9) nis

Harpy30K HEMPOIOKUTEIBHOTO JEUCTBHSL.

OnpeneneHrue NpUBEASHHOIO MOAYIS YOPYTOCTH IIPU KPAaTKOBPEMEHHOM JICHCTBUU

Harpys3kKu

[TpuauMaeMas oTHOcHUTENbHAS Medopmalius OeToHa:

€bl, red = 0,0015 .

[TpuBeneHHbIN MOIYIb AedopMaIii CKATOro OETOHA:

Eb, red = Rb, ser/ebl, red = 11/0,0015 = 7333,33333 MlIa .

Koadduruent npuBeaeHus cxxaTo apMatrypbl K OETOHY:

os1 = E¢/Eb, red = 200000/7333,333 = 27,27273 .

[TpuBeneHHbI MOaYIb AedhopMalii pacTIHYTON apMaTyphbl:
Es, red = Es/ys = 200000/0,87255 = 229213,2256 Ml1a .
216



KoaddunuenT npuBeaeHus pacTsiHyTOM apMaTyphl K OETOHY:

os2 = Es, red/Eb, red = 229213,2/7333,333 = 31,25635 .

Mopynb nedopmariuu cxaToro 6eToHa:

Eb1 = Eb, red = 7333,333 MlIa .

OnpeneneHne MOMEHTA MHEPIIUM IPUBEACHHOTO CCUCHUS

OHDCI[eHeHI/Ie CpE€IHEH BBICOTHI CKaTOM 30HBI JIJIs M3ru0aeMbIX DJIEMEHTOB

Koadduument apmupoBanus:

us = Ag/(b ho) = 0,00023/(0,2 - 0,32) = 0,00359 % .

Cpennsist BBICOTA C)KATOM 30HBI OETOHA:

Xm = ho (\/ (fls Os2) 242 [ls (52 -Ps Ois2) =

=032 - (V (0,00359 - 31,25635) 242 - 0,00359 - 31,25635 -0,00359 - 31,25635) =
0,11988 M= 11,99 cMm .

PaccrossHure ot Hanboee ¢kaToro BOJIOKHA A0 OCHTpa TAXKECTHU IIPUBCACHHOI'O

ceueHus 0e3 yueTa pacTHYTOM 30HBI:

Yem =Xm =0,11988mM=11,99 cm .

PaccrosiHue ot Hanboee ¢:kaToro BOJIOKHA B OETOHE A0 OCHTpaA TAKCCTU

MMPUBCACHHOI'O CCUCHUS!

Yc=Yem = 0,11988 Mm=11,99 cm .

OHDCI[GJI@HI/IC MOMEHTA MHEPIIUM CKATOU 30HbI OeToHa

Ib=bxm3/3=02-0,119883/3 =0,000114855 m4=11485,5cm 4.

[Tmomane ceuenus OeToHa:

Apb=bxm=0,2-0,11988 =0,02398 M2=239,8 cm 2.
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MoOMEHT HHEPIMH TUIOIIAIEN CEYEHUS PACTIHYTOW apMaTypPhl:

Is = As (h-as-yecm) 2 = 0,00023 - (0,35-0,03-0,11988) 2 = 0,000009211 m4 =921,1 cm4 .

MOMCHT I/IHCpHI/II/I HpI/IBe,IIGHHOI“O nonepetmoro CCUucHUA.
Ired = Ip+Is as2+I's 051 =

=0,000114855+0,000009211 - 31,25635+0 - 27,27273 = 0,000402757 m 4 = 40275,7 cm
4

HJ'IOH.I&,Z[B HpI/IBC,Z[CHHOFO HOHCpC‘IHOFO CCUCHMUI.
Ared = Ab+As 0s2+A's 051 =
=0,02398+0,00023 - 31,25635+0 - 27,27273 =0,03117 m2 =31 1,7 cm 2,

N3rubnas >KeCTKOCTD:

D = Eb1 Ired = 7333,333 - 0,000402757 = 2,95355 MH M2 =301,18 Tc M2 .

BricoTa cxaToi 30HbI OETOHA:

Xo=Xm=0,11988M=11,99 c™m .

HauanbHas oTHOCUTENIbHAS ,IIC(bOpMaLII/IH c)KkaToro OeToHa A0 YCUIICHUA
KOHCTPYKIIHH:
€ % = Mo/(Eb1 Ired) X0 =
=0,03197/(7333,333 - 0,000402757) - 0,11988 = 0,0013 (popmyna (6.4); m. 6.2.4 ).

HavanbHas oTHOCUTeNbHAs AeopMaIisl CTaIbHOM apMaTyphbl A0 YCUTICHUS
KOHCTPYKIIAH:
g O = Mo/(Eb1 Ired) (ho-Xo0) =
=0,03197/(7333,333 - 0,000402757) - (0,32-0,11988) = 0,00217 (dbopmyna (6.3); m.
6.2.4).

€52 =0,015.
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HauanbsHbie nedopMannu pacTsiHyTOM rpaHy CEUCHHUS:
€ Opt = (€ 95 h+€ %y a)/ho =

=(0,00217 - 0,35+0,0013 - 0,03)/0,32 = 0,0025 (popmymna (6.14); . 6.2.10 ).

Rf= 557,824 Mlla < (gs2-€ %) Ef = (0,015-0,00217) - 229000 = 2938,07 Ml1a -

ycJioBH€ BBITIOTHEHO (opmyna (6.1); m. 6.2.10 ).

OnpeneneHne rpaHMIHON OTHOCUTEJIBHOM BBICOTHI CKATON 30HBI

XapakTepucTuKa CKaTol 30HbI OETOHA:

o=028.

OTtHocuTtenbHas nedopmarus 6eToHa:

ep2 = 0,0035 .

FpaHI/I‘{Ha}I OTHOCHUTCJIbHAs BbICOTA C)KaTOf/i 30HBI.
ER, f = &/(1+(gf, ult+€ Ob)/en2) =
=0,8/(1+(0,00244+0,0013)/0,0035) = 0,38674 (popmymna (6.2); m. 6.2.3 ).

PacueTt n3rnbaeMuIX 3IEMEHTOB

3HayeHUE MOAVYJIA VIIPYI'OCTH apMATVYPHI

Monynb ynpyrocTu HeHanpsiraeMon apMaTyphbl:

Es =200000 MlIIa .

[1no1mans NonepevyHoro ce4eHus: BHEIIHEN apMaTypbl U3 KOMITO3UTHBIX
MaTepUaJIOB:

Af =n trbf =1-0,001-0,2=0,0002m2=2cm2.

[IpuBeneHHOE 3HAYEHHE TOJIIUHEI 3alIUTHOTO CIIOS PACTAHYTOM apMaTyphl:
a=Rg As as/(Rs As+Rf Af) =
=435 - 0,00023 - 0,03/(435 - 0,00023+557,824 - 0,0002) =0,01418 Mm=1,42 c™m .

219



HpI/IBCI[CHHOC 3HAYCHHUC TOJIIIMHBI 3alllUTHOT'O CJI0A C)KaTou apMaTypbI:

a=0wM.

Pabouas BeIcOTa CeUeHUS:

ho =h-a=0,35-0,01418 = 0,33582 m = 33,58 cm .

BricoTa cxkaroii 30HBI:
X = (Rs As-Rs¢c A's+Rf Af )/(Rp b ) =
= (435 - 0,00023-400 - 0+557,824 - 0,0002)/(8,5 - 0,2) =0,12448 M= 12,45 c™m
(popmymna (6.7); m. 6.2 ).

OTtHocuTENbHAs BBICOTA CKATOM 30HBI:

& = x/h = 0,12448/0,35 = 0,35566 .

T.x. £=0,35566 < ER, f=0,38674;x>0mM=0cm:

[IpenenbHbBIN U3rNOAIONITUN MOMEHT:

Mu]t = Rb b x (ho-O,S X)+Rsc A's (h()-a's)'l‘Rf Af a=

=8,5-0,2-0,12448 - (0,33582-0,5 - 0,12448)+400 - 0 - (0,33582-0)+557,824 - 0,0002 -

0,01418 = 0,05948 MH M = 6,07 Tc M (dopmya (6.6); m. 6.2.7 ).

BuiBOna: IMPOIYHOCTH ’KeJIe300€TOHHOI0 CeYeHHsl ¢ Y4€TOM BHEHIHEIO

apMHMpPOBaHHA CeTKOM cocTasiseT 6.07 Tc M
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