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PACYET IIPOYHOCTH, KECTKOCTH H TPEIHHOCTOMKOCTH XKEJE30OBEETOHHBIX
IUIAT ONEPEKPBITHHA, YCAJIEHHBIX CO3AAHHEM HEPA3PE3HOCTH

doxmop mexu. nayx, npogpeccop JI.H. JA3OBCKHH, A.IT. KYKbAH

Paspabomana memoouxa pacvema NpoOHHOCM, JHCECMKOCMU ¥ MPEWUHOCMOUKOCMU JH#Cene306emOHHbIX
naum nepexpoimuil, YCWIEHHbIX CO30GHUEM HEPA3PEIHOCIY, YHUmMbIBaIOwas HeluHeliHble ceoticmea Jcene306emona,
Hanpaxcenno-Oegpopmuposanroe cocmosnue (H/IC) 0o ycunenus, degpopmamugrocms 6emona cocamoii 30Hbl wsa
HA Hepaspe3HbIX ONOPAX.

PasBurHe CTPOUTENBHOH OTPACIH B NPECACTOSAIEM CTOJICTHH HAMPABJICHO HA YBEIMYCHUE JOJH PEKOHCT-
PYKUMH TPAAIAHCKHX H MPOMBINUICHHBIX 34AHMI B COOPYXKEHHH MO CPABHCHHMIO C HOBBIM CTPOHMTENBCTBOM. B
CBA3M C 3TUM NpHOOpE M 0coOYI0 3HAYAMOCTh PAILMOHANBHOCTH MPHHHMACMBEIX CIOCOOOB BOCCTAHOBACHHA H
YCHJICHHS KOHCTPYKIIHH, a TAroke 000CHOBAHHAA METOIHMKA HX PacyeTa.

3HAYNTEBHYI0 JOMI0 B 00mICH Macce JKene300CTOHHBIX KOHCTPYKIHH COCTAB/IOT IUIATHI MOKPHITHH H
NEPEKPHITHI, KOTOPHIE MOTYT HE YIAOBJICTBOPATD NPEIbABIIEMBIM B MPOLICCCE PEKORCTPYKUMH TPeOOBAHUAM TIO
TPOYHOCTH, )KECTKOCTH, TPCIIHHOCTOHKOCTH M TIO/UIEXKAT YCHACHHIO.

K HacrosmueMy BpeMEHH UL HX YCHJICHHMA MCHONB3YIOTCA pasmuuHbie mpuemsl. HIupoko pacmpocrtpa-
HEHHBIM METOAOM YCHICHUS IUIMT NEPEKPBITHIH ABNACTCA HApAIMMBAHUE CCUCHMI IMyTEM YCTPOHCTBAa HAOETOHKH
B CxaToit 30He. OTHOBPEMEHHO C HAPAIHBAHHEM NPH YCUICHUH BO3MOXKHO NOBHIIICHHE CTENICHH BHEIMHEH CTa-
THYECKOH HEOMPEACIHMOCTH IyTEM CO3JAHHA HEPA3PE3HOCTH, KOTOPOE OCYIIECTBIAETCA YCTAHOBKOM JONOIHH-
TEeJIbHOH HAZOMOPHOH apMaTyphl.

Iocie HaGopa G€TOHOM HApaIMMBAHWA IPOCKTHOH NMPOYHOCTH NMPOHCXOAWT 3aMBIKAHUC IMAPHHPOB Ha
HEpPa3pe3HBIX OMOPAX, KOHCTPYKUMSA BPEBPAMACTCA B CTATHUCCKH HEOMPEACIHMYIO CHCTEMY, B KOTOPOH HpOHC-
XOJMT MEPEPaCpeACICHHE YCHIHI BCICACTBHE HAIMYHA CYMIECTBYIOIMX TPEIMH A0 YCHIECHHA U 06pa3zoBanus
HOBBIX, 4 TAIOKE BCIICACTBHE Pa3BUTHA Heynpyrux Jedopmaiuit B 6eToBe H apMatype. [Ing ydera nepepacipe-
JENCHUS BHYTPCHHMX YCHMMH MCHONB3YETCA METOX HPEACHbHOrO PABHOBCCHA, KOTOPHIH HEMPHMCHHM A
OUEHKH PabOTHI YCHICHHON KOHCTPYKIMM HA Pa3/IMYHBIX CTAAWAX €€ 3arPyXKeHMA, TaK KAK PaCCMATPHBAET KOH-
CTPYKIMIO B IIPEJICTBHOM COCTOSIHMH H HE YUMTBIBACT HANPDKCHHO-AS(OPMHPOBAHHOTO COCTOSHMA KOHCTPYK-
LA 10 YCHIICHHA.

Ha MOMEHT yCHICHHS IIHTHl NEPEKPHITHH HAXOAATCA B HANPDKCHHO-AE(POPMUPOBAHHOM COCTOSHHH,
BHI3BAHHOM HATPY3KAMM HAa KOHCTPYKLHIO, MHHHMANBHOH H3 KOTODBIX SABIAETCH ¢€ COOCTBCHHLIH BEC, CO-
crasmonui 25 — 30 % or paspymarome# HArpy3KH, H BeC CBEKCYIOKCHHOro GeToHa MpH MPOBEACHUM pa-
00T Mo ycTpo#cTBY HapamuBasui. J{Ig y4eTa HanpKeHHO-A¢POPMHPOBAHHOIO COCTOSHHA 0 YCHICHHS IPH
pacyeTe MPOYHOCTH H JKECTKOCTH YCHJICHHBIX CO3JAHMEM HEPA3PE3HOCTH IKENe300CTOHHBIX KOHCTPYKLIHH
HCHOJb3YETCA HPHHLUHMN CYNEPHO3HUMHA B KIACCHUECKOH MOCTAHOBKE, KOTOPHIH CHPaBEUIHB TOMBLKO 1A JiM-
HEHHO JeOPMHEPYEMBIX CHCTEM.

COOpHOCTh KOHCTPYKIMH, YCHJICHHOH CO3JAHHEM HEPA3PE3HOCTH, B CBOIO OUCPeab, HAKNAABIBACT CBOM
0COOSHHOCTH HA MPOYHOCTH, JKECTKOCTh H TPEIHHOCTOMKOCTh 00pa30BaHHON MOC/HE YCHICHAA CTATHHECKH HEOIl-
peaeTuMOl CHCTeMBL. BemMyHHA MIBa HA HEPa3pe3HBIX OMOPAX MEXIY YCHIMBAEMbIMH IUTHTAMH HEPEKPHITUH SB-
JfeTCA MEPEMEHHOMH, IPH 3TOM 1A 3AMOHO/IHMMBAHKA NPHMEHAIOTCS GETOHBI C IPOYHOCTHRIME U AcOPMALMOH-
HBIMH XapaKTCPUCTHKAMH, KOTOPbIE MOTYT CYLIECTBEHHO OTIHUYATHCA OT OCTOHA YCHITHBAEMOH KOHCTPYKITHH.

JUis pemieHHs 3THX BONPOCOB ObUTH TIPOBEACHBI IKCHEPHMEHTATRHO-TCOPETHYSCKHE MCCICAOBAHHA C
pa3paboTKOH METOAMKH PACYETa IMPOYHOCTH, HKECTKOCTH M TPELIMHOCTOMKOCTH KENe300C€TOHHBIX IUTHT Tepe-
KPHITHM, YCHJICHHBIX CO3JAHHEM HEPA3PE3HOCTH, YUMTHIBAIOHICH HANPDKCHHO-AC(ODMHPOBAHHOE COCTOAHHUE
KOHCTPYKUHH A0 yCHIeHMA, JedopMaTHBHOCTE OETOHA MIBA HA HEPA3PE3HBIX ONOPAX, HENUHEHHOCTh AcopMH-
poBaHKs 00pa30BaHHOM NMOCNE YCHICHHA CTATHYECKY HEONPEACAUMOM CHCTEMBI.

Tpennaraemelif MeTO, NMO3BOJAIOMMUH YIMTHIBATL BHINCOTMCYCHHBIE OCOOCHHOCTH PabOTHI YCHIECHHOR
KOHCTPYKIHH, OCHOBAH HA HCNONB30BAHMH METOAA KOHEUHBIX 31eMeRToB (MKDJ) B hopme mepememeHuii B co-
YCTAHUMH ¢ AcPOpMAIHOHHOK MOJEIBIO CEUCHUTR.

B pamkax npeanaraeMoi pacueTHOH Moaeny mut onpeaencHus HAC ycuneHHo#M noa HArpY3KO# KOHCT-
PYKIIMH BBIICIIIOTCA JBA-3TANA!

1. OnpenencHue HanpsoKeHHO-IHOPMHPOBARHOTO COCTOSHHMA KOHCTPYKIHM A0 YCHJICHHA C Y4E1TOM Ha-
TPY3KH OT COOCTBEHHOTO BECA YCIINBAECMOM KOHCTPYKIMH W OETOHA HAPALTMBAHHKS.



2. OmnpenencHue HANPDKCHHO-AS(OPMHPOBAHHOIO COCTOAHUA YCIICHHOH KOHCTPYKUMM C YYETOM H3-
MEHEHHOH PacYCTHOH CXEMEIL.

XKenezo6eToHHBIC IUTMTE NOKPHITHH H NMEPEKPHITHH HA KAKIOM JTane pacueTa MpeacTaBIgIOTCa CORO-
KYIHOCTBI) CTEP>KHEBBIX KOHEYHBIX 311eMeHTOB (K3J), HMEIonmux CTyneH4aTo-nepeMeHRyIo KeCTKocTs. Ha nep-
BOM J3Talle pacyeTa MPHHHMACTCA NMEPBOHAYAILHAA PACUETHAR ¢xeMa (puc. 1, a) npu aciicTBUM Harpy3ku P(t) u
onpeaeIIETCA HaNPsDKEHHO-AS()OPMHUPOBAHHOE COCTOAHHE KOHCTPYKUHM 0 YCHICHHA:

[BP(,) J lU P(1) J = lF P(t) ] M

rae lB P@) _I —~ MATpHIIA XECTKOCTH KOHCTPYKLMH 10 YCHICHHS NpH ASHCTBHM Harpysku P(f); lU P (,)] — BEKTOp

Y3JI0BBIX TIEPEMEMIEHHH KOHCTPYKIHH A0 YCHICHNS, I_F P (,)J — BEKTOP Y3JOBBIX YCHJIHI KOHCTPYKIMH OO YCH-
JICHHA, COOTBETCTBYIOIIHX Y3/IOBBIM IICPEMEIICHHIAM.
Marpuua sKECTKOCTH KOHCTPYKITHH lBP(,)] ¢dopMupyeTca Ha OCHOBE (PM3HYECKHMX >KECTKOCTEH, onpejie-

ngeMbIx Ui kaskaoro KO cucremsr. B pacyerHoit Mosemy i mpeoJ0JICAUA HEMMHEHHOCTH HCTIONB3YETCA Wa-
TOBBIA METOJ MOCNEAOBATENABHBIX HarpyxeHuH. Ilpouecc pa3OuTuda Harpy3kH Ha MOPLMH (IIATH) MOXET COOT-
BETCTBOBATh PEABHOMY PCKHMY HATPY)KCHHMA KOHCTPYKIMHM Mim ObITh ycnoBHBM. [Iponeaypa maroBoro Ha-
TPY)KEHMA HCHOJIB3YETCA U1 YTOMHEHHs MATpHIIbl )KECTKOCTH Kaxkaoro KO, a 3areM — B MaTpHIBI JKECTKOCTH
Beell KOHCTpyKumy. [TosTanHoe mpHpamicHye BHEIIHEH HATPY3KH CIIIKHMBACT MPOLECC H3IMCHCHHS YKECTKOCTH
CCUYCHHH M B Pe3y/IbTATe MOMY4ACTCA FAPAHTHPOBAHHAA CXOAMMOCTD mpomnecca [1]. Marpuia jkecTKOCTH KOHCT-
PYKUMH HA Ka)KAOM JTANC HATPY)KEHMA OMPEACIACTCA 4YEPe3 Y30BbIC NEPEMCIMICHHA, MONYYCHHBIC HA TpeAbi-
aymeM stane. TakuMm o6pa3oM, pelIeHHE HETMHEHHOH CHCTEMBI ONPEACIIETCS B BHAE HEKOTOPOI CXOAamencs
NOCNICAOBATCIPHOCTH PEIICHHS JIMHEHHBIX 32424,

B pesymerate HENHMHCHHOrO pacyera Ha HEPBOM 3Tame NOMy4YaeM (PAKTHYECKOE HATPKSHHO-
Je(hOPMHPOBAHHOE COCTOSHME BCEX KOHEHHBIX SJIEMEHTOB A0 YCHJICHMA, PE3yJIbTATOM pacdera ABIAIOTCH dax-
THUYeCKHE yCmiai (pHc, 1, 6), AeHicTByromue B JIEMEHTAX, H nporuOsI (puc. 1, B).

ITepexoa kO BTOPOMY 3Tamy pacueTa OCYMIECTBIAETCA MYyTEM HANOKEHHA NOMOJHUTCIBHBIX CBA3CH Ha
IPOMEKYTOYHBIX OMOpax. PelyabTaTel pacueTa Ha MEPBOM 3TANE ABNAIOTCA HCXOZHBIMY MAHHBIMHA U1 BTOPOTO
JTana pacyera (MacCHBHI IEPCMEIIECHUH H BHYTPCHHHX YCHIIMH).

Ha BropoM 3rtane pacyera pacCMAaTPHBACTCSA YCHJICHHAS KOHCTPYKIMA C H3MEHCHHOM pacueTHOH CXeMOi
C YY€TOM 3aMbIKAHHMA MIAPHUPOB HA MPOMEXYTOUHBIX ONOPAX NMpH AeHCTBMM HATPY3Ku P(7) + P, (f) (puc. 2, a).

I'lo nepaspesHoii cxeme GyaeT mepepacnpesessThea TONbKO HArpy3Ka, MPHIOKEHHAs nocie yewieHus, IToatomy
HA BTOPOM 3Tane npH (opMHPOBAHMH 3aBHCHMOCTH (1) paccmaTpuBaeTca Toabko Harpyska P, (t). Ceasb mex-

Oy BEKTOPOM Y3JIOBBIX MEPEMEIICHUH M BEKTOPOM BHYTPCHHMX YCHTMM, COOTBETCTBYIOIMMM Y3NOBHLIM mepeMe-
MICHUAM TOCTIC YCHICHUA NPH JCHCTBHH HATPY3KH P, (f), BBIPAXKACTCA 3ABHCHMOCTBIO

lBP(t)+Pa,,(t)]' [UP,,,(t)J: IFPM(I)]’ @

e lB PPy (1) _I — MaTpHIA JKECTKOCTH YCHJICHHOM KOHCTPYKIMM mpu AcHcreum Harpysku (P(f) +P,, (1);
[U £ (r)] ~ BEKTOp Y3/JOBBIX NEPEMELICHHH YCHICHHOH KOHCTPYKUMM NpM ACHCTBHH Rarpysku P (f);
[F PM(,)J — BEKTOP Y3JIOBBIX YCHIHH YCHIEHHOH KOHCTPYKIIHM, COOTBETCTBYIOLIMX Y3JIOBEIM NMCPEMEINCHHAM MPH
AcHcTBEM HArpy3ku P, (1).

Ha xa’kaoM 1mare HEMMHCHHOTO pacyeTa yCUICHHOH KOBCTPYKUMH BHYTPCHHHE YCHITHA, ACHCTBYIOIHE B
3MEMEHTaX, U mporuOsl ONPEACIAIOTCA 1o GopMynaMm:

le]: FP(') + FjPad({); ©)
W, |=ve, +U,,, " @

rae lUjj ~ BEKTOP Y3JIOBBIX MCPEMEMICHHI YCHICHHOW KOHCTPYKUHH NPH ACHCTBAM Harpysku (P(t) + P, . m);
lF ; J— BEKTOP Y3MOBBIX YCWIHH YCIWICHHOH KOHCTPYKIIMH, COOTBETCTBYHOMMX Y3JIOBBIM NMEPEMEIICHHIAM MPH

JeHCTBMM Harpysku (P(f)+ Pfa ; ).
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B nponecce HarpykeHHs KOHCTPYKIMH MATPHIA SKECTKOCTH KAKAOTO KOHEYHOTO 3/IEMEHTa M BCCl KOH-
CTPYKLUMM B LIEJIOM, CBA3BIBAIOWAS BHYTPEHHME YCHJIHA K KOMIIOHEHTH Ae(opMaluii, H3MEHAETCA BCICIACTBHE
HEYIPYrux CBOHCTB 6ETOHA M aPMATYPhi, KOTOPHIE MPOSBIIAIOTCA MPH 06PA30BAHMH H PA3BHTHH TPSIUUH.

B Hacrosmee BpeMs JJIA yMEeTa HENHMHEHHOH paboThl MaTepnaioB KOHCTPYKUMH IIPH pacyeTe Kak OOBIMHBIX,
TaK ¥ YCHIICHHBIX KEIe300eTOHHBIX JIEMCHTOB NTHPOKOE PACTPOCTPAHECHAE MOJTyHHIIA ACHOPMATHOHHAS MOJEH C
HCTIO/IE30BAHHEM AHATPAMM «HANpLKkeHne — achopmamusd [2]. JedopMamaorHas MOJENB O3BOMAET PACCUHTHI-
BATh JKENE300CTOHHEIE JIEMEHTHI MPOU3BONLHOM GOPMEI IONEPEYHOro CEUYEHNS KAK OOBYHLIC, TAK ¥ NPEABAPH-
TEMbHO HANPKEHHBIC, MO3BOJET ONPECIATH HANPHKCHHO-Ic)OPMHEPOBAHHOE COCTOAHHE BBIACICHHOTO Ceve-
HHA OT 3arpyXeHHA 0 Hcuepnanus Hecyniell cnocoOnocTn. IIpon3BONBHEIN KOHSYHBIH 3JTEMEHT NpeacTaB-
nsetr coboi He CEYCHHE C TPEIIHHOH, a4 OCPEXHEHHOE CEUCHHE OMPEACIICHHOro o0beMa GeToHA, OXBaThI-
BAIOMEro HECKOABKO OJIOKOB MEXAy TpemmHaMH {3, 4], 11 KOTOPBIX COPABEA/IMBA FMIOTE3A MIOCKAX Ce-
yeHuii B nocranoske B.M. Mypamesa — SI.M. HeMHpOBCKOTO [ CpeAHHX IPOROTBHBIX Aedopmanuii pac-
TAHYTOM M CxkaToH 30H. Jlna onpeacneHua H3rHOHOH KECTKOCTH KOHEYHBIX 3JIEMEHTOB MCIIOJB3YETCA MpO-
Heaypa YHCIIEHHOrO HHTETPHPOBAaHHA MO BBRICOTE CeueHMA. M3rnGHAA XKECTKOCTh B NpH 3a0aHHOM BHEINHEM
YCHJIMH MPOHM3BOJBHOr0 KOHEYHOrO 3JIEMEHTA A0 YCHICHHA MOXKHO NMPEACTABUTH B BHIC

. .
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rac A; ¥ y; — COOTBETCTBCHHO IUIOMIAIb CCHEHHA H PACCTOSHHE OT BHIODAHHOM OCH A0 LCHTpA THKECTH i-TOFO
3MEMEHTAPHOTO CNOA; Yo — PACCrogHHe OT BHIODAHHOH OCH A0 LEHTpa w3ruda (HEHTpa TOKECTH) CEYCHHS,
E; — cexymmuit Moxyms ne@OopMatmH i-TOTO 3ICMEHTAPHOTO CJIOK; k — KOIHYECTBO JIEMEHTAPHBIX IUIOMAI0K B
CCHCHHH.

IIpoBeacHEbIC MHOTOYHCICHHEBIE PACYETHI, 4 TAIOKE HCCICAOBAHMA [1] MOKA3BIBAIOT, YTO pemalomee
3HAYCHHE HA U3MCHEHHC MECTKOCTHBIX XaPaKTEPHUCTHK CEYEHHIH OKA3BIBACT MPONLECC TPSIIMHOOOPA30OBAHMA.
Ilpn AOCTIDKCHHM HANPSDKCHHAMH 3HAYCHHMH, NPH KOTOPBIX OOpasylOTCA TPEIIHHBLIL, IIPOHCXOIUT PaspsiB
CILIOIIHOCTH MAaTEePHAJA, YTO BBI3BIBAET PE3KOEC BO3PACTAHHE KPHBH3HBI, BRIKIIOYECHHME M3 PabOTH 4aCTH Tpec-
HYBIIETO GETOHA M COOTBETCTBEHHO CHIDKEHME >KECTKOCTH djeMeHTa. MICROMb30BaHHE pacueTHBIX MOACNEH, B
KOTOPBIX HKECTKOCTb JKENE300CTOHHBIX JJIEMCHTOB ONMPEACIACTCA N0 IMIHPHYCCKAM GOPMYIaM C YUETOM HANH-
yuA THO0 OTCYTCTBHMA TPSIIMH, HE OTPAKACT (JAKTHMECKYIO KAPTHHY M3MCHEHHUSA SKECTKOCTHBIX XAPAKTEPUCTHK
ceuenus. Kak yxe ormevanocs B pabore [1], moaems meopMupOBaHMs KENE300€TOHA ABIAETCH HEAHATHTHYE-
CKOH MOJCTBI0, H QYHKIMA KECTKOCTH MOXET HMETh Pa3phIBHI IEPBOTO POJA HA TPAHHNE CIUIOMIHOW M TPEeIH-
HOBATO# 30H. B KayecTBe mpHMepa NpUBEAEM 32BACHMOCTh «H3rAOAIOMuUit MOMEHT ~ U3THOHAA XKECTKOCTSY AN
#3rubaeMoro npeaBapHTEIbHO HANPSDKEHHOTO JKene300eTOHHOTO 3neMeHTa (puc. 3). Kak BumHO 3 npuBeacH-
HOro rpadiuka, JKECTKOCTh CEUCHHA KAK A0, TaK U nocie oOpa3oBaHus TPEIIMH HE ABJCTCH BEIMUMHOM TOCTO-
AHHOH. T103TOMY HCIOIB30BAHHE 3aBHCHMOCTH (5) MO3BOJAET MPOCICIMTE 33 (PAKTHYECKMM H3MCHCHHEM KECT-
KOCTH CEHEHHA OT MOMEHTA H3IOTOBJICHAA KOHCTPYKIHH IO HCUEPIIAHHA €€ HECYMIEH CROCOOHOCTH.
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2002 BECTHHK IOJIOL[KOIO I'OCVIAPCTBEHHOI'O YHHBEPCHTETA. Cepus B

HcXoaHbIMH JAHHEIMHM QU1 TIOCTPOCHHSA 3aBHCHMOCTH «HM3THOAIOMMH MOMEHT — M3rHOHAA JKECTKOCTH»
A CedeHHMM YCHJICHHOH KOHCTPYKIMH ABIICTCS YPOBCHb HATPYXEHMS KOHCTPYKIMH 10 YCHJICHHMs, KOTOpPBIH
BKJIIOYAET BEJIMHMHY HU3rHOArOMEro MOMEHTA B CCYCHHH, PH KOTOPOM MPOH3BOIMICA YCHICHHE, a TAaloKe pac-
npejeICHUE HAPDKEHAHR M ae¢opMatMit 10 BRICOTS YCHIHBACMOTO CCUCHHMA.

Jist onmpeaeneHns m3ruGHOM JKECTKOCTH YCHIICHHOTO CCYEHHA TalKE MCIOJBb3YETCA NMPOUEAYpa 4HC-
JCHHOTO HHTErPHPOBAHHUSA MO BHICOTE CEHEHHA. ICXOAA M3 YCIOBHA PABHOBECHA, THIOTE3BI MIOCKHX CECUCHHH
¥ 3aBHECHMOCTH MEXOY Ae(OPMAUHAMH M HAUPDKECHHAMH UL JJIEMEHTAPDHBIX CIIOCB OCHOBHOTO M JOMNOJHH-
TEALHOr0 CEUCHMH MPH 33JaHHOM YCHJIMH OT BHCIIHEH HATpY3KH B PE3YJIBTATC HTEPAHHOHHOTO MPOIIECCa Of-
PEACIMIOTCA KPHBH3HA M UCHTP H3THOA OCHOBHOTO CEYCHHS, a TAKOKE KPHBM3HA M ICHTP W3rHOa JOMONHH-
TETBHOTO CEYCHHUA.

C yveroM HAHICHHBLIX OTHOCHTENBHBIX Je(opMaumiti CnOEB KOHCTPYKUHM, HCHONB3YA 3aBHCHMOCTD
o = f(&), onpeIcIeM CeKymmi MOAY/e nedopMaiy E; i-TOro 3JEMEHTAPHOrO Cl0S OCHOBHOTO CEHCHHA H

Cexymuii MORYNIs AcopMaIEH E,4 j-TOr0 3IEMERTAPHOrO C10s 6ETOHA HAPAIHBAHHS.
Jns onmpeneseHHs >KECTKOCTH YCHWICHHOTO HAPAIMIMBAHHMECM CEYEHHA OMPEAENACTCS LCHTP THKECTH (M3-
r0a) MpUBEACHHOTO CEYEHUA:

k m
ZEi'Ai.yi-’-Zl:Eadj'Andj'yadj (6)
i= J=! .
k m
DE A+ E Ay

i=l J=

Yred =

H3rubHas >keCTKOCTb B,g YCHICHHOTO HAPAIMMBAHMEM 3JICMCHTA ONPEEIAETCA CyMMMPOBAHMEM XKECT-
KOCTEH KAXKIOTO IMEMEHTAPHOTO CT0A, HAHACHHBIX OTHOCHTEIBbHO LIEHTPA TOKECTH [PUBCACHHOTO CEHESHUA:

k m
Bus= 2 EA Qa0+ 2y Ay G2, 7

[= =
1€ Aaqj — IIOMAAR CESEHAA J-TOTO JIEMEHTAPHOTO €107 6ETOHA HAPATMBAHMA.

Ha o6pa3oBanHBIX NOCAE YCHICHHS IUIMT NEPEKPHITHA HEPA3PEIHBIX OMOPAX CXKATAA 30HA COCTOHMT M3
6eTOHA OCHOBHOU (yCHIMBAeMOH) KOHCTpyKuUuH 4 OCroHA 3aMOHONMHuUMBaHuA (HapammBaHuA). [Ipd TOM
IMPHHA [IBA MEKAY YCHIHBACMBIMH M3THOAEMBIMH 3JEMEHTAMH ABIACTCA NEPEMEHHOHN. YCTpOHCTBO Ha-
paIIMBAHHA M 3aMOHOJIMYABAHHE [IBOB HA HEPa3pe3HbIX OMOPAX BBHINONHASTCS OCTOHOM OZHOTO COCTAaBa,
MPOYHOCTHBIE M AE(POPMALMOHHBIC XaPAKTEPHCTHKH KOTOPOTO MOTYT OT/IMYATHECA OT OETOHA yCHIMBAEMOi
KOHCTPYKIHH.

Ins MozenupoBaHKa paboThl OeTOHA CXKATOH 30HBI MPH HAMMYMM mMBA OBLUTH M3TOTOBJCHHI MPHU3MBI pas-
MepoMm 150 x 150 x 600 MM, cocTosImHe H3 3IEMECHTOB OCHOBHOTO OeToHA M OETOHA 3aMOHOAMYHMBAHHS IDBA
(puc. 4). B xauyecTBe BappupyeMBbIX (QaxTopoB OBLTIH MPHHATH. mMHPHHA mBa A (20 MM, 90 MM, 200 MM) 1
MPHU3MEHHAA MPOYHOCTH OeTOHA 3aMOHOMM4uBaHHUA (15,6; 23,9; 39,5 MI1a). BsuiH W3rOTOBJICHEI H UCHBITA-
HBI 10 TPH IPH3MBI-0MIM3HENA KOKAOH cepHH. JIOMOJRHMTCIBHO IS ONPEIACJICHHA XapaKTEPHCTHK OeroHa
3aMOHO/IMYMBAHKA IIBA ObUIH H3rOTOBACHB MPpH3MBL 150 x 150 x 600 MM Tawke mo Tpu obpasua Qs Kax-
JIOH CEpHU.
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Puc. 4. KOHCTpYKImHS OIBITHBIX [IPU3M




IIpoBefeHHBIC HCITBITAHMA MOKA3AIM, YTO OMBITHBIC IPH3MBI CO MIBAMH MIHPHHOM 20 MM HE33BHCHMO OT
MPOYHOCTHBIX XAPAKTCPUCTHK GETOHA 3AMOHOMMYHBAHMA Pa3pyIIMANCh KAK MOHONMTHBIC NPU3MEL [IpH paBuo-
TIPOYHKEIX XaPAKTEPHCTHKAX 6ETOHA 3aMOHOMMYHBANMA H OCHOBHOrO 6eToHa (o6pasupi 11 cepun) co mBamu 90 u
200 MM TAaIOKEe OTMEUEH XapaKTEp paspymeHHs o0pasLoB KaK MOHOIHTHBIX IIPH3M.

ITpu uccnexopanmu npusM I cepun co mmamu 90 & 200 MM, 171 KOTOPHIX IIPOYHOCTHBIE XAPAKTEPUCTHKH
6cTOHA 3aMOHOMHYHBAHUA HIDKE NMPOYHOCTHRIX XAPAKTEPHCTHK 3NIEMEHTOB OCHOBHOIO GETOHA, OTMEYECHO pas-
pymierne 6eTOHA 3aMOHONMYHBAHHA 6e3 pa3pymeHHA OCHOBHOIO 6eToHA.

Ipn uccnenosanyy mpusM 11 cepun co mmamu 90 1 200 MM, 11 KOTOPBIX IPOYHOCTHRIE XAPAKTEPHCTH-
K GcTOHA 3aMOHONMUMBAHHA BBINIC NPOYHOCTHBIX XAPAKTEPHCTHK JICMEHTOB OCHOBHOTO OETOHA, OTMEYCHO
TOBKO Pa3pyIcHHE OCHOBHOTO GeTOHA BEpXHEH THO0 HIDKHEH 4ACTH IPHIMBL.

Ha puc. 5, 6 npeacrasicHbl IKCHEPHMCHTANBHO NOTYYECHHEIE 3aBHCHMOCTH NIPOYHOCTH OMBITHBIX 00pas-
LOB OT WHKPUHEI B2 H MPOYHOCTH OETOHA 3aMOHOIMYMBAHKA.
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Puc. 6. 3aBUCHMOCTD TIPOYHOCTH OTLITHBIX 00PA3LOB OT HPOUHOCTHBIX XapakTEPHUCTHK GeTOHA 3aMOHOMUMBAHMS [IBA

ITpoBeeHABIE JKCTICPHMEHTAIBHBIE HCCICIOBAHMA CBHAETENLCTBYIOT O NOBHINEHHON Ae()OPMATHBHOCTH
OpPH3M CO IIBAMM BCEX CEPHil MO CPABHCHHIO C HX MOHOJMTHBIMH aHANOTaMM. MHCTpyMeHTaNbHBIC M3MEPCHUA
Jedopmanii 0 BBHICOTE OPH3MBI MOKA3am, 4To Haubonsmeil AeOopMATHBHOCTEIO 00/1aJa€T KOHTAKTHAA 30HA
IBa, NPH 3TOM Jc(OpMAIMH KOHTAKTHOH 30HBI MPEBBIMAIOT ACQOPMAlHMM OCHOBHOIO OCTOHA HA HAYANBHBIX
3Tanax HarpyxcHua s 30 — 50 pa3, npu yposse HanpskeHu (0,1...0,7)0 e — B 7 — 11 pas (puc. 7).

INoesnucHBan AeOPMATHBHOCTS KOHTAKTHOH 30HBI MBa OOBACHACTCA HAMYMEM CTPYKTYPHBIX MHKDO-
TPCUIMH B OKAMEHEBIICM IEMEHTHO-TIECYAHOM PACTBOPE O FPAHMIC OCHOBHOTO GeTOHA H 6eTOHA 3aMOHOIIMU-
BaHus [5]. Ilo xoHTaKTHOH 30HE MPH 3aMOHONMYHBAHMA OPOHCXOZHT PA3phIB CIJIOMIHOCTH CKEJETA KPYIHOTO
3aM0JIHKTENA, YTO TIPHBOJHT K 0OPa30BAHMIO MO KOHTAKTHOMH 30HE CTPYKTYphl GeTOHA, COCTOAIEH TOMBKO M3
NEMEHTHO-TICCYAHOTO refd. BChaeAaCTBHE 3HAMMTEIBHOTO OTCOCA BOABI OCHOBHBIMH SJIEMEHTaMH U3 OeToHA 3a-
MOHOJHYUBAHHUS NPH €T0 TBEPACHHH B COCTaBe COOPHOM MPHU3MAI MPOMCXOJUT CHIDKEHHE IPOMHOCTHEBIX Xapak-
TEPHCTHK H COOTBETCTBEHHO YBENIHMCHHE NE()OPMATHBHOCTH KOHTAKTHBIX CJI0CB OETOHA 3aMOHOIHYMBAHHA,
HEMOCPEACTBEHHO NPHIICTAIOIMX K OCHOBHOMY GeToHY [5].
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Puc. 7. 3aBUCUMOCTE «C — €» 11 OCHOBHOTO O€TOHa U KOHTAKTHOM 30HBI NBa

J1a nomy4yeHus qHarpaMM ge)opMHpOBAHHS PH3M CO [BAMH IMPOBOJUIIACH CTATACTHYECKAA 0OpaboTka
AKCHEPHMEHTATTHBIX AAHHBIX. MeTOaOM PErpecCHOHHOTO aHanu3a OBLIA MOCTPOESHA 3aBHCHMOCTH MOXYJNA Je-
¢dopMaumii OT DIMPHHE! IIBA A M €0 MPOYHOCTHBIX XAPakKTepucTHK. CratucTHYeckas o6paboTka MoNyueHHBIX
JAHHBIX MPOBOAMIACH C HCTIOMb30BaHueM mporpammel «CTAH», ¢ noMompio KoTopoit OBUIA MOCTPOCHA TMOJH-
HOMHAJIBHAA MOZCIIE MOAYIS AeopMalHii.

B narypansueix 0603HaueHHAX (JAKTOPOB NOCAE YAANCHHA HE3HAYMMBIX KO3()(HIHMEHTOB MOJAEIE
HMEET BUA:

E,,, =19000-268-A+489- f, +4.067-A- f, +0.603-A%, ®

e E_,, —Monyms nepopmanmii, MIa; A — muprma mea, MM; A f,. — NPOIHOCTh 6ETOHA 3aMOHOMHYHBaHKS, MITa.

Tlony4yeHHaq NOMMHOMHAATBHAA MOACNTE (8) cnpaseymBa npu mHpuHe mBa 20...200 MM B MPOYHOCTHBIX
XApAKTCPUCTHKAX OeToHA 3aMOHOMmuMBaHuA 15,6...39,5 Mlla.

AHanMM3 3MOPB] MOMEHTOB YCHIICHHOH KOHCTPYKIMM NO3BOJACT BBIACIHTH B KKAOM IPOJIETE TPH Xa-
paKTepHBIX y4acTka (puc. 8).
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Puc. 8. CxeMa XapaKTepHBIX Y4acTKOB
TIpK onpeJe/IeHHH KeCTKOCTHBIX XapaKTEPUCTHK CeveHMIl YCHITEHHON KOHCTPYKIMH

Jis 1 y4acTka B CEYCHIAX 37IEMEHTOB KOHCTPYKIMH KaK JI0, TAK M IOCIE YCHICHHA W3rHOAIOIAN MOMEHT
HMEET MOIOKHTENbHBIA 3Hak. Ha puc. 9 npuBeaeHs! 3aBUCHMOCTH «H3rHOAIOLIHM MOMEHT — H3THOHAS JKECT-
KOCTB» JUIA H3THOAEMOrO >KENe300CTOHHOTO 3/IEMEHTA, YCHICHHOTO HAPALOIMBAHMEM OETOHA B CXKATOM 30HE B
3aBHCHMOCTH 0T yPOBHA HATPY)KCHHA KOHCTPYKIMH J0 YCHICHHUS. [IpH HPOBEACHHH TEOPETMMECKHMX HCCIEA0Ba-
HMiH YCTAHOBJICHO, YTO YKECTKOCTh CEHCHHI YCHICHHOH KOHCTPYKIMH NOChe 00pa30BAHHS TPELMH HE 3aBHCHT
OT MPEIBLICTOPHU 3arPY>XECHHS KOHCTPYKHMH OO YCWICHHA. YPOBCHb 3arPY:KCHHA KOHCTPYKIHH [0 YCHICHMA
OKA3BIBACT BIMNHMC HA MOMEHT 00PA30BAHMSA TPEIHH B YCHJICHHON KOHCTPYKIIMH,
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Puc. 9. 3aBUCHMOCTS (M3rHOaIONIMIA MOMEHT — U3rHOHAA KECTKOCTDY LT M3rHOaeMOoro xene300eTOHHOro DJIEMEHTA,
YCWIEHHOr0 HapalyBaHUEM B CKaTo 30He:
M - maruGaromnuii MOMEHT B C€YeHHH KOHCTPYKLMY B MOMEHT YCHIICHH,
Mu — Hecymas crmoco6HOCTE KOHCTPYKLMH JI0 YCWIEHHS

Jna I yqacTka sKeCTKOCTHBIC XapaKTEPUCTHKH OMPEAETIIIOTCA MO 3aBUCHMOCTH (5), pH 3TOM At Gero-
Ha CKATOM 30HbI HCTIONB3YIOTCA AHArpamMMsbl JE()OPMHPOBAHMA C YHETOM KOPPCKTHPOBKH MOy nedopmariii
no ¢opmyne (8) B 3aBHCHMOCTH OT IIMPHHBI IMBA H €TO MPOYHOCTHBIX XapaKTSPHCTHK.

Tlpu nposeIeHUH HXCHCPHMEHTAILHBIX HCCACAOBAHMM IUTHT MEPEKPHITHH, YCUICHHBIX CO3JaHUEM HE-
Pa3pe3HOCTH, YCTAHOBJICHO, YTO HA HEPA3PE3HOH ONoOpe NMEpBas HOPMaNbHAA TPEIIHHA 06pasyercs mo Gerony
oBa. [Ipu gansHeinieM Harpy>KEHUH KOHCTPYKUHMA HOPMANbLHBIC TPCIMHBI 00PA3YHOTCS CHMMETPHYMHO B 00¢
CTOPOHBI OT NMEPBOit TPESHMHHbL. YBE/MUCHAE IUPHHBl PACKPHITHA HOPMATHHBIX TPCIIHH BHI3BAHO IOBHINICH-
HO#t Ae)OpMATHBHOCTBIO OETOHA CHKATOM 30HMBI MIBA HA HEPA3PEIHBIX ONOPAX.

Ha oCHOBaHHM NPOBEIOCHHBIX SKCIEPHMEHTATLHO-TCOPETHMECKHX MCCIIECAOBAHHH MOXHO CHOENATh Clie-
JYIOIHE BHIBOJIBI.

1. Pa3paGoTaHa HA OCHOBE METOJA KOHEYHBIX JJICMCHTOB METOAMKA Pacyera IMPOMHOCTH M HKECTKOCTH
KENE300€TORHBIX IJIMT HEPEKPHITHI, YCHIEHHBIX CO3JAHHEM HCPa3pe3HOCTH, YYHTHIBAIOMAA HCTAHCHHBIE
CBOMCTBA KeJIc300¢TORA, MPSABICTOPHIO 3arpyKeHuA, 1eOpMaTHBHOCTh OETOHA CKATOH 30HBI IIBA HA HEPa3-
PE3HEBIX ONopax.

2. Tio pe3ysibTaTaM YMCJICHHOTO 3KCNEPHMEHTA MOJYYCHB! JAHHBIC O BIHAHHMH MPOLEHTa APMHPOBA-
HHMSL OTIOPHOTO CEYEHMsA, YPOBHSA 3arpy>KCHMA KOHCTPYKIHMM A0 YCHJICHHA, MPOYHOCTHBIX XapaKTepHCTHK Ge-
TOHA HAPAMUBAHUA HA MPOYHOCTh H JKECTKOCTh YCHNECHHBIX CO3TAHHCM HEPA3PE3HOCTH KENC300ETOHHBIX
TUTHT HEPEKPHITHH.

3. IloayueHbl SKCHEPHMEHTANLHLIE NAHHBIE O BIMAHAN Ae(POPMATHBHOCTH OETOHA CXKATOW 30HBI NPH
HAMYYH [IBA HA MPOYHOCTh, KECTKOCTh M TPEIIHHOCTONKOCTh YCHJICHHON KOHCTPYKIIHH.

4, Ha oCHOBaHMM 3KCIICPHMEHTANBHBIX AAHHBIX NMOJYYCHB 32BHCHMOCTH HPOYHOCTH ONBITHBLIX 00pa3-
LIOB OT HIMPHHDI IIBA ¥ MPOYHOCTHBIX XaPAKTCPHCTHK OETOHA 3aMOHOMMMMBAHUA. [IpoBeICHHbIC HCCIEA0BAHUA
NOKA3alH, Y10 APH3MEI CO mBaMH Gonee Ac()OPMATHBHEI IO CPABHCHHIO C HX MOHOJIHTHBIMH aHamoramu. Ilo-
BHIIICHHAA Ac(hOPMATHBHOCTh 00YCIOBIEHA 3HAYHTCIBHBIMH AcGOpPMAMAMH KOHTAKTHOH 30HBI IO TPAHHLC
ocHoBHOT0 Gerona u 6eToHA 3aMOHOIMYHBAHKA.

5. Jlns onucauus guarpamMm AeopmupoBaHus GeToHA c)kaToll 30HBI NMPH HANHYHM INBA HA OCHOBE
IKCIEPHMEHTATBHBIX HCCACAOBAHUH NMOMYYCHA NOJMHOMMAIBHAA 33aBHCHMOCTD N0 KOPPCKTHPOBKE MOIYJA
aepopmanuii.

6. Ha ocHOBAaHMHM SKCIHCPHMCHTANLHBIX AAHHBIX NMONyueH ko3pduument B = 2,2...2,5 nana onpeaencHus
[IMPUHB! PACKPHITHA HOPMAJBHBIX TPESHMIHH HA 0Opa3OBaHHBIX IOCHE YCHJICHHSA HEPA3pPE3HBIX OMOPAX, YYHTHI-
BArOMUIl HEPABHOMEPHOCTh OTHOMICHMS PACYCTHOH MIMPHHBI PACKPHITHA TPSIHH K CpeaHEi.
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