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AHAJIN3 METOJ0OB PACYHETA ITIPOYHOCTH
TP MECTHOM CXXATHUH JIEMEHTOB 13 TAKEJIOI'O BETOHA,
APMHNPOBAHHBIX TIONNIEPEYHBIMHN CBAPHBIMU CETKAMMU

Kano. mexu. nayk, ooy. H.A. PAK
(benopycckuii HaYUOHANLHBLIL MeXHUYecKull ynugepcumem, Munck)

IIpedcmagnenvl pe3ynomamol aHAIU3a MEMOO08 paciema NPOYHOCMU NPU MECIHOM CHCAMUU IleMeH-
MO8 U3 MadCceno2o 6emona, apMupoOBaALHbIX HONEPEYHBIMU CEAPHBIMU cemKamu. Buinonnena oyenka mounocmu
pacyema no 0egsimu HOpMAam NPOEKMUPOBAHUsL ¢ UCHOIb30BAHUEM OAHKA IKCNEPUMENMAbHbIX OanHbIX. Onpe-
oenen UHOEKC HAOEeHCHOCMU KOHCMPYKYUL, obecneuusaemvlii npu pacuenme no HOpMam npoexmupoganus Pec-
nyonuxu Benapycy u Poccuiickouii @edepayuu. Tokazano, umo 3HauveHuss UHOEKca HAOEHCHOCMU 3AGUCM OM
sapuayuyu nPoYHOCmMU 6emoHa U NPOYHOCMU ApMamypvl cemox. Bapuayuu ceomempuieckux napamempos sie-
MEHMO8 OMPAICAIOMCS HA 3HAYEHUSAX UHOEKCA HAOEICHOCTU He3HAUUMETbHO.

BBenenne. B HacTosimiee BpeMsi B3ameH aeiictByroniero B Pecnyonuke benapyce CHB 5.03.01-02 [1]
paspabarbIBacTCsl TpyIa TEXHUYECKHX KOJEKCOB YCTAaHOBHBILIEHCS mpakTHkKH Pecryonmkn Bemapychk, ocHOB-
HBIM 13 KoTopbIX siBisiercss TKIT «beronHble U xene300eTOHHbIE KOHCTPYKIMH. CTPOUTENbHBIE HOPMBI TIPOEK-
tupoBaHust. Yacts 1. OCHOBHBIE IOJIOXKEHHSD». B dncie rpynmnsl TEXHHIECKUX KOIEKCOB MPEeTycMOTpeHa paspa-
ootka TKII «beroHHbIe 1 kene300eTOHHBIC KOHCTpYKIMA. Yacth 2. OOmue mpaBuia MPOCSKTUPOBAHUS HEHA-
NpsDKEHHBIX KOHCTPYKIUH U3 TspKenoro 6eToHa». B mporecce pazpadotku storo TKIT morpeboBanocs nposese-
HHUE aHalu3a CYIIECTBYIOIINX METOI0B PacyeTa MPOYHOCTH IPU MECTHOM C)XKaTHU 3JIEMEHTOB U3 TSDKENOTo Oe-
TOHA, APMHUPOBAHHBIX MONEPEYHBIMUA CBAPHBIMU CETKaMH. [Ipn aHanm3e BBINONIHSUIACH OLICHKA TOYHOCTH W Ha-
JIEKHOCTH METOJIMK pacyeTa, MPUBEICHHBIX B PA3INYHBIX HOPMATHBHBIX JIOKYMEHTaX, C HCIOIb30BaHUEM OaHKa
9KCIIEPUMEHTAIBHBIX JaHHBIX 110 HCIBITAHUSM IIPH MECTHOM C)KaTHH 3JIEMEHTOB M3 TSDKEIOro OETOHA, apMHUPO-
BaHHBIX MTONIEPEYHBIMU CBAPHBIMH CETKAMHU.

00630p MeTo0B pacuera. zyuerne 6onee 20 HOPMATUBHBIX JTOKYMEHTOB, JICHCTBOBABIINX B Pa3liny-
HBIX CTpaHax, HaunHas ¢ 1950-X rozos, moka3ano, YTO METOBI PacueTa MPOYHOCTH TPH MECTHOM CXKATHH 3JIe-
MEHTOB, apMHUPOBAHHBIX TONEPEYHBIMU CBAPHBIMH CETKAMH, COJEPKATCS TOJIHKO B HECKOIBKHUX HOPMAaTHBHBIX
nokymenTax [1 —9].

AHanm3 3THX METOAOB pacdeTa IOKa3al, YTO 3aBUCHMOCTH JUIS ONpEETICHUS] HECYIIEH CHOCOOHOCTH
anemenTa Ny, MOXeT ObITh MpeJCTaBIeHa B CleqyronleM obuieM Buie (0003HAUEHHs Ul BCEX HOPMAaTHBHBIX

JOKYMEHTOB IIPHHSTHI COrNacHo [5])
NRd = ('Ou fcd +(P0pxy fyd,xy(ps A:O < ko‘)u fcd A\:O ’ (1)

rae f, — nuMHEOpHYEcKas WM NpH3MEHHAs MPOYHOCTH GeToHa Ha oceBoe ckatue (MIla); A, — mromans Oe-
TOHA, Ha KOTOPYIO IPUJIO’KEHA MECTHas! CKUMAIOLLasi Harpy3ka; A, — IuIomags 6eToHa B Ipejieax HoIepevHon
CETKH, CUHTas IO OCAM KpaHUX CTEpKHEH; ), — KOI(QOHUIMEHT, yIUTHIBAIOIIHII IOBBIIIEHUE IPOYHOCTH OETOHA
IPY MECTHOM CXKaTHH; @, — Ko3(pdHuuenT >pGheKTHBHOCTH KOCBEHHOTO apMHPOBAHMUS IONEPEYHBIMU CETKAMI;
P, — Koo duument apmuposanus (o0bemuslil); f,  — pacdyeTHOe CompoTHBIECHME apMATYPBI CETOK; @, — KO-

5 QUINEHT, YIUTHIBAIOUIHI TTOBBILICHAE TPOYHOCTH OSTOHA ITPU MECTHOM CXKATHH BCJIEICTBUE YCTAHOBKH I10-
HEPEYHBIX CETOK; K — K0adHIMEHT, yeTaHABIUBAIONINI OTPaHUYCHHIE CTEIICHH ITOBBIIICHUS IPOYHOCTH GETOHA
IIPU MECTHOM CKAaTHH 3a CUET YCTAHOBKH IONEPEUHBIX CBAPHBIX CETOK.

3aBHCUMOCTH UL ONpPEICHCHIUS KOO(PGUIUEHTOB ®,, ¢y, P, U K [0 pacueTHBIM opMyTaM HOPM IpPo-

extupoBanus [1 — 9] nmpencraeieHsl B Tabmuie 1. HekoTopble W3 3THX 3aBUCHMOCTEH OTCYTCTBYIOT B MPSIMOM
BHUJIC B PACUCTHBIX (OPMYNaX COOTBETCTBYIOLIMX HOPM U ObLIM TOJyYeHBI MyTeM NpeoOpa3oBaHus STUX Gop-
My K obemy Buay (1). Cnemyer OTMETUTB, YTO 3aBUCHMMOCTH (1) comeput B cebe Ba ciaraeMbix (B CKOOKe),
HepBOE U3 KOTOPBIX MPEACTaBISIET co00it o0 Hecymieil crocoOHOCTH, 0OecriednBaeMOl CONPOTHBIIEHNEM Oe-
TOHa, a BTOPOE — JOJI0 HECyIleH CIOCOOHOCTH, 0OecHeunBacMoil CONPOTHBICHUEM apMaTyphl MONEPEUHBIX
CBapHBIX CETOK.

Panee aBropom B pabdorax [10 — 12] ObLT BBITIOTHEH MOIPOOHBIN aHAN3 PA3IMYHBIX METOIOB pacdeTa
NP MECTHOM CXKAaTHH 3JIEMEHTOB 0e3 MONepeyHoro apMupoBaHus. [Ipu 3ToM 0oco0oe BHUMaHUE YIeIsIoch BO-

mpocy onpeaciICHusA KO3(1)(1)I/IL[I/IGHTEI ®, , YIUTHIBAIOIICTO MOBBIIICHUC ITPOYHOCTH OeToHa Ipru MECTHOM CiKa-
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THH, 00CCIICUNBAEMOE COTIPOTURIICHUEM OeTOHA. B CBsI3U ¢ 3THM B JaHHOW paboTe MPEHMYIIECTBEHHOE BHUMA-
HUE y/EICHO aHaIN3y 3aBUCUMOCTEH I K03 (HUIIMEHTOB, COAEpKAIIMXCS BO BTOPOM ciiaraeMoM (1).

Tabmmna 1
PacyeTrHble 3aBUCHMOCTH 111 onpeaeneHust Ko3hGHireHToB 3aBucuMocTH (1)
H KoadpumenTst
OPMBI
@, Do Ds k
CHulI 1I-B.1-62 4-3 Ao <35 1 As Her
[1] A\;l AO
5 + pxy fyd Xy
CHull 121-21-75 A 35 fcdf 45-35"% Her
[] A;g l+45pxy yd Xy ff
cd
CHull 2.03.01-84* Ai i35 ;f 45-355%
-03. o] L <3, Py Fyan 9750 = Her
3 0,23+ ¥
3] Ao f,+10 Ao
CHulI 2.05.03-84* A L A
n . . - - 1 £
[4] \ Kl <3 0 234-8xy de Xy 4'5_3’570 Her
0 ’ f, +10 "
CHB 5.03.01-02 f S S A
-U2.01- 1+k - Ctd.[ 1_1]33 Py Ta 4,5-35-* 2
5 v 0,23+ ¥
[8] fa (N Ao i +10 Ay
PN-B-03264:2002 A, is An 175
(6] Ay ’ Ao ’
GB 500710-2002 0.9 A 18 At Her
[7] 0 Ao
CIT 52-101-2003 10<08 | A <o 5 Ay )
[8] Ao A
STR 2.05.05:2005 f ,Ab S S A
R 1+k ctd[ 1—1]S3 P fd 415_31570 Her
9 u 0,23+ ¥4
(9] fa (VA f,+10 Ao
Ipumeuanue. Acl— YCIIOBHasl IUIONAAb OETOHa, Ha KOTOPYIO PACIpPEAEISIOTCS HAINpSDKEHHS NIPH MECTHOM JIEHCTBUM
C)KI/IMaIOI]_Ieﬁ Hany3KPI; &ﬁ — Iiomaab 6eTOHa B IIpeaciax HonepequfI CCTKH, CUHTad II0 OCiAM KpafIHPIX CTep)I(Heﬁ.
OcTaspHble 0003HAUEHHS IPUBEICHBI B IOSCHEHHHU K 3aBHCUMOCTH (1).

AHanm3 3aBHCUMOCTEH, ITPEACTaBICHHBIX B TAOIHIE 1, TO3BOIMII C/IENIaTh CIETYIOUINE BHIBOIBI:
1) cymiecTBYIOT pa3iWvHBIE TIOAXOABI K OMpeneaeHio KoddduimenTa 3(pPpeKTHBHOCTH KOCBEHHOTO ap-
MupoBaHus @, (puc. 1). B pane Hopm [2 — 5, 9] 3HayeHne xkoadduimenTa @, 3aBUCUT OT 00BEMHOTO K02hPH-

[IUEHTa apMUPOBAHHSA, YMEHBIIIASACH C €r0 yBenmndeHneMm. B Hopmax [1, 6 — 8] mpuHATO MOCTOSIHHOE 3HAYCHHE
3TOro K03((uIHeHTa Ha CPAaBHUTEIIFHO HU3KOM YPOBHE, IIPHUEM 3TH 3HAYCHUS pa3IndaroTcs 10 2 pas;
2) BCe HOPMBI CBA3BIBAIOT 3HAYEHHE KO3(D(ULIUEHTA ¢, , YIUTHIBAIOIIETO IOBBIIICHNE IPOYHOCTH OeTo-

Ha IIPH MECTHOM C)KaTHH BCIIEJCTBHE YCTaHOBKH IIONEPEYHBIX CETOK, C COOTHONIEHHEM IuTomanu A, 6eToHa,
HaxoJAIIerocs B NpesiefaX CeTKHU, U Mmiomanau A, npuinoxeHus Harpy3ku. OJHAKO CTeNeHb YBETMUEHUs 3Haue-
HUA K03 dHIMeHTa ¢, ¢ yBEeIMYEeHHEM COOTHOMIEHU Ay K A, cymiecTBeHHO pasnudaerca (puc. 2). Cnenyer
OTMETHUTh, YTO 3HAYUTENLHOE MPEBBIIIEHNE 3HauUeHUH koddduimenta ¢, mpu Ay / A, =5 mo Hopmam [l, 6]

HaJl 3HAYCHHUSIMH, TOJy4aeMbIMHU 0 3aBUCUMOCTSIM OCTaJIbHBIX HOPM, HO-BUIMMOMY, KOMIIEHCHPYETCS B OKOHYa-
TeNbHOMN 3aBUCMMOCTH (1) HM3KMMHU 3HaYeHHAMH K03 duirenTa 3 HEKTUBHOCTH KOCBEHHOTO apPMUPOBAHHUS () ;
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3) He BO BCeX HOpPMAax YCTAaHOBJCHO OIPAHUYCHUE CTEICHH IMOBBILICHUS [IPOYHOCTH OSTOHA IPU MECT-
HOM CJKaTHH 3a CYET YCTAaHOBKH IOIIEPEYHBIX CBAPHBIX CETOK.
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Puc. 2. 3aBucumMocts K03 duIMenTa @, OT OTHOIIEHHU Ay / Aco mo [1-9]

B cBs13u co cTONB CyHIECTBEHHBIMH Pa3MuMsAMU B II0/IX0/1aX, ObUIa ITOCTaBJieHa 3aja4a — U3Y4UTh CTe-
[IEHb COOTBETCTBUS IOJOKEHUN HOPM JAaHHBIM 3KCIIEPUMEHTAIBHBIX UCCIENOBaHUM. B pamkax pelieHus 3Tou
3a7a4n Ha MIEPBOM 3Tare W3ydeHus Obul chopMHUpOBaH OAHK SKCIEPUMEHTAIBHBIX JaHHBIX, & HA BTOPOM — BBI-
TIOJTHEHBI PAcUeThI JJIs BCeX 00PAa3IOB MO 3aBUCHUMOCTSM HOpM [1 —9].

®opMupoBaHue 6aHKA IKCIIEPUMEHTAIBHBIX TaHHBIX. [Ipr hopmupoBaHuy 6aHKa SKCIEPUMEHTAIBHBIX
JIAaHHBIX ObLIa MCIIOJIb30BaHa METOMKA, NpUBeeHHas B pabote [11]. baHk sKcrieprMeHTaNbHBIX JaHHBIX 1O HC-
MBITAHUSM OCTOHHBIX 3JIEMEHTOB Ha MECTHOE CXKaThe, CPOPMHUPOBAHHBINA B 3TOH paboTe, comeprkal 8 Tpymnn cBe-
nenuil. J{na 6aHKa 3KCTIepUMEHTATBHBIX JAHHBIX 110 UCTIBITAHUSM Ha MECTHOE CXKATHE 3JIEMEHTOB, apMHUPOBAH-
HBIX NONEPEYHBIMH CBapHBIMH CETKaMH, JOIOIHUTENBHO 100aBlIeHa elle OfHa TPyIa CBeJSHUl, coaepxanas
napameTphl CeTOK (TIOL[aaN CeYEeHUI CTepKHeN CeTKH, KOJIMUYECTBO CTEpKHEH M MX Iar B KaXJIOM Harpasiie-
HUH, IIAr CETOK IO BBICOTE 3JIEMEHTA, PE/IeN TEKYUECTH apMaTyphl IPU PacTsHKEHNH).
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BaHK SKCHepUMEHTaNBHBIX JAHHBIX 110 MCHBITAaHUSM Ha MECTHOE CXKAaTHE DJIEMEHTOB, apMHUPOBaHHBIX
TIOTIEPEYHBIMU CBApHBIMH CETKaMH, COCTaBJIeH 1o Oonee yeM 10 mcroyHnkam u cojeput okono 200 obpas-
1OB. B 3aBHCHMOCTH OT CXEMBI PaCHOJIOKEHUS TUIOIIAAN HArPYXKEHUsI Ha Topiie oOpasia Bce 00pasibl pase-
JIeHBI Ha 2 OCHOBHBIE TPYNIBI (KOHIEHTPUYHOE H IIEHTPAJIBbHOE 1MojiocoBoe). [Ipu 3TOM KOJIMYECTBO DKCIIEpU-
MEHTAIBHBIX TAaHHBIX B KOKIOW U3 TPYII IPUMEPHO OJMHAKOBO.

B pamkax Hacrosmield paboThl ObUIa COCTaBiieHa BHIOOPKA NAHHBIX JUIsl KOHIIEHTPHYHON CXEMBbI TPHUIIO-
KeHHsT Harpy3ku. [loiHasi BBIOOpKa SKCIEPUMEHTAIBHBIX JAHHBIX ISl KOHIEHTPHUYHON CXEMBbI HPHIIOKEHUS
Harpy3KH Ha OITBITHBIE 00pa3Iibl, U3TOTOBJICHHBIE U3 TSDKEJIOTO TPEXKOMIIOHEHTHOTO OETOHA, COJEPIKUT uX 0o-
nee 100. ITpu popmupoBanuu paboueil BHIOOPKH U3 MOTHON BEIOOPKHU OBIIIM MCKITIOYEHBI 00pa3Iibl MaJIOH BBICO-
ThI U 00pa3pl, TAPaMETPHI TIONEPEYHBIX CETOK KOTOPBIX HE COOTBETCTBYIOT KOHCTPYKTHBHBIM TPEOOBAaHUSM MO
MUHHMAJIbHOMY apMHPOBAHHIO, IIary CTEP)KHEH B CETKE, Ilary CETOK MO BhICOTE 00pa3iia, COOTHOLICHUIO apMH-
POBaHMs B IByX OPTOTOHATBHBIX HAIIPABICHHUAX CETKH.

OxoHYaTeapbHO pabouas BBIOOPKA 3KCIIEPUMEHTANBHBIX JaHHBIX conepskana 46 obpasmos [13 — 15].
Kparkas xapakTeprcTrka o0pa3noB paboueii BHIOOPKH NMpHUBEAEHa B TadIHIE 2.

Tabmmra 2
OcCHOBHBIE CBeJIeHHS O BEIOOPKE OIBITHBIX 00pa3LoB
ABTOPHI MCCTIEIOBAHMH Kograectso f , MIla P, ﬁ
06pa3ioB ¢ Y A,
Yepsonobada B.H. [13, 14] 34 12,4...22.3 0,010...0,058 1,8...7,3
Mupmymunos M.M. [15] 12 22,2...45,8 0,018...0,049 6,1...14,1

OueHka TOYHOCTH MeTO/10B pacuera. OleHKa TOYHOCTH METO/IOB pacueTa, PeriaMeHTHPOBAHHBIX HOP-
Mami [1 — 9], BemomHsack cornacHo stanam 1 — 4 npumoxkerns D [16]:

- oman 1. ®opMynupoBaHue pacyeTHOI Mozenu B Gpopme TeopeTHuecKoi (HYHKIMUA COMPOTUBIICHHS, KO-
TOpast COJICPIKUT BCE OIPEAEIISIOIIME OCHOBHBIE Oa3uCHBIE TepeMEeHHbIE X, OKa3bIBaIOIINe BO3JCHCTBUE HA pac-
CMaTpUBaeMoe IpeJielIbHOE COCTOSHHE;

- oman 2. CpaBHEHUE SKCIEPUMEHTAIBHBIX H TEOPETHYECKNX 3HAYEHHI C TIOCTPOSHUEM JHarpaMMbl, CO-
JIeprKaliei mapbl STUX 3HAYEHUI;

- oman 3. OnpeienieHre MOMPAaBKK CPEHEro 3HaUeHuUs b;

- aman 4. Onpenenenne Ko3QHUINEHTa BapUaLliK BEJTMIAHBI PACCESTHUS .

[Tpu BceX BBIYMCIICHUSX MCIIOJIL30BATUCH (hakTHUECKHE (CPEJHIE) 3HAYCHHSI TEOMETPUYECKUX MapaMeTpOB
00pa3IoB ¥ MPOYHOCTHBIX XapaKTEPUCTUK MATEpPUAIOB. BBIUMCIIEHNS BBIOIHSINCH UCXOAS M3 PaBEHCTBA ILIO-

maneit Ay, u A, IPH 5TOM HE YUUTHIBAIUCH KOd(QGUUUEHT K M orpaHnyeHus sHadeHui kosddunueHra o, .

910 00yCIOBICHO TEM, YTO KO3(QuIHeHTs K M 0, IpeHa3HauYeHbI A1 00eCeueH s J0TONHUTENBHOTO 3aIla-

Ca IPOYHOCTH U YCTAHOBJICHBI SKCIICPTHBIM ITyTEM.
OCHOBHBIE Pe3y/IbTaThl OLEHKH TOYHOCTH METOAOB pacuera NMpeAcTaBieHbl B Tabnuue 3, a mis aeict-
Bytomux B Pecniyonuke Benmapyces Hopwm [5] — Ha pucyske 3.

Tabmuma 3
OCHOBHBIE pe3yJIbTaThl OI[EHKH TOYHOCTH METOJI0B pacyera HopM [1 — 9]
TTapameTph Hopwmsb! npoektupoBanus
[1] [2] [3 4] [5 9] [6] 7 [8]
IMonpaska cpeanero 3HaueHus b 0,999 1,261 1,274 1,032 0,771 1,354 1,343
Kooduument sapuarn Vs 0,158 0166 | 0174 | 0161 | 0236 | 0121 | 0135
BEJMYHHBI PACCESHUS O

Ananmn3 pe3ynsTatoB (Tabi. 3), TO3BOIHI CAENATh CICAYIOINE BEIBOIBL:

1) HawMeHbIIee OTKIOHEHHE TIOTPAaBKK CpeaHero 3Hauenus b ot 1 mabmomaercs mis Hopwm [1, 5, 9], a
HanOoJbIITe — TS HOpM [6 — 8];

2) B GONBIIMHCTBE CIy4acB 3HaueHHs Kod(dduimeHTa Bapuain Vs BeTHIUHBI PACCESIHUS O HE MPEBbI-
maet 0,2 ¥ TOJIBKO st HOpM [6] TIpEeBBIIIAET €ro;

3) Gousblioe 3HAYCHWE MOMPABKH CPEIHErO 3HA4eHWst D st HopMsl [8], mO-BUIMMOMY, 00YCIOBICHO
CMEUATBHO MPEAYCMOTPEHHBIM Pa3padOTIYMKaMH ATUX HOPM 3arlacoM Hecyllel CIIOCOOHOCTH.
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Puc. 3. CpaBHeHHE SKCIIEPUMEHTAJIBHBIX 3HAUYCHHUIT Hecyieit cnocobHocTH 06pasios N exp
C TEOpeTHYCCKUMH 10 HopMaM [5] 3nauennmsamu N

1 — ombitEEIC NanmkIe [13, 14]; 2 — onbITHBIC JanHbIe [15]; 3 — muaMA, cooTBeTCTBYIOMmAsS ypapHeHmo N = Nexp

OueHKa HATEKHOCTH METOI0B pacyera. JlaapHeH il anaan3 corracHo stammam 5 — 7 nproxenns D [16]
C Y9€TOM W3MEHYMBOCTH 0A3UCHBIX NTEPEMEHHBIX ObLI BBIIIOIHEH TOIBKO ISl METOOB pacdera HopM Pecryounu-
ku benapycs [5] u Poccutickoit @eneparun [8]:

- oman 5. IIpoBepka coBMecTUMOCTH. [Ipy mpoBepKke COBMECTUMOCTH HE BBISBIEHO CYIIECTBEHHBIX CHC-
TEMaTHYECKNX OTKJIOHEHWH, MCKIIOUYEHHE KOTOPBHIX IMO3BOJIMIO OBl YIyYIIUTh CXOIUMOCTh M YTOYHHTH BH]
(hyHKITH COIPOTHUBIICHHS;

- aman 6. Onpenencane K03(duirieHToB Bapuanuu 6a3uCHBIX epeMeHHBIX Vi . B kadecTBe 6a3mCHBIX
MEpEeMEHHBIX X, OKa3bIBAIOIIMX BO3/CHCTBHE HA paccMaTpuBaeMoe MPEIEIbHOE COCTOSIHUE, IPUHATHI CIEIyIO-
e epeMeHHbIe (M1 CiTydas KOHIIEHTPUYHOTO HArpyKeHHsI oOpas3ia KBaJpaTHOTO CEYCHHs): TPOYHOCTh Oe-
TOHa Npu oceBoM ckatnu  f 5 mpenen Texyuectn apmarypbl cetok npu ocesom pactskenuu f 5 pasmep a,

2. v
IUTOAY IprIoKeHus Harpy3ku A, (A, =a;); pasMep &, YCIOBHOH ILIOWANY PaclpeneIeHus Harpy3KH A,
(A, =a%); mmHa |, cTepHel CeTKH MOMepedHOro apMUPOBAHHS, ONPEIENEHHAs TI0 OCAM KPaiiHUX CTepKHEN
TepIEHIMKY/ISPHOrO Hanpapienus (IUIoMaas GEToHa BHYTpH KpaifHux crepxkHedt cetku Ay =17); miomans

BCEX CTep)KHeﬁ OAHOTI'0 HAITPABJICHU A , Iar CE€TOK I10 BBICOTEC 06pa3u013 S.

Jis pacdera K03 GUIMEHTOB BapHaIi 0a3UCHBIX MMEPEMEHHBIX Vi IPUHATHI CPEIHUEC 3HAUCHHUS TIepe-
MEHHBIX U UX CPEIHCKBAPATHUCCKIC OTKIIOHCHUS (Ta0. 4).
Tabnuma 4

CpenHue 3Ha4eHHS 0a3UCHBIX MEPEMEHHBIX U X CPEJIHEKBAAPATHUECKUE OTKIOHEHUS

basucnas ObosHatcnue CpeHee 3HaYCHKE X CpeHeKBapaTHIeCKoe OTKIOHEHHE, O,
repeMeHHas (pa3MepHOCTh) > om
£ MIla 16; 20; 24; 28; 33; 38; 43; 5 (mpu pacuere 1o [5])
! ¢’ 48; 58; 68; 78; 88; 98 13,5 % cpennero 3HaueHus (npu pacuere 1o [8])
X, f, > MIIa 450 7 % CpeaHero 3HAYEHUs
X, a, > MM 100; 150; 200 2
X, a,, MM 300 2,5
X I, MM 280 2,5
Xs A, MM 42; 84; 126; 168 2,5 % cpeaHero 3HaYCHUS
X, S, MM 60 2,5

HpI/I OTOM CPCAHCKBAAPATUYCCKUC OTKIIOHCHHUA OOJIBIINHCTBA 0a3UCHBIX NEPEMCHHBIX IMPUHATHI PABHBI-
MU MOJIOBUHE NPCACIbHOIO0 OTKJIOHCHHS, YCTAHABIIMBACMOT'O COOTBCTCTBYIOIIIMMHU CTAHAAPTAMU Ha MATCPUAJIbI
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W M3TOTOBJIEHHE KOHCTPYKIMHA. CpeHeKBaipaTHIeCKOe OTKIOHEHHE IPOYHOCTH OETOHA Ha C)KaThe TPH pacyuere
10 HOpMaM [5] IPHUHSATO MCXOMS U3 TOTO, YTO CPEHss MPOYHOCTh OeToHa mpesbiiaer Ha § MIla rapanTtupye-
MyI0 ¢ obecriedeHHOCThI0 95 % IMPOYHOCTh HE3aBUCUMO OT 3HAuYeHWs! cpeiHeil mpouHoctH. Ilpu pacyere mo
HOpMaM [8] uMeeM B BHIY, UTO CpeIHEKBaIpaTuyecKoe OTKIOHEHUe cocTaBisteT 13,5 % oT cpeHero 3HaYeHUs
MPOYHOCTH OETOHa,;

- oman 7. OnpejeneHue pacdeTHOTO 3Ha4eHNs (YHKIMM CONPOTUBJICHNS I, NPM 3HAYEHUM MHJEKCA Ha-

JIEKHOCTH J3 .

CymmapHBIA K03 (OUIUEHT BapHaliy 0a3MCHBIX IEPEMEHHBIX V,, ONMpenensIcs Io Gpopmyie

rac gn Xm — 3HAQ4YCHHUC (byHKIII/II/I CONPOTUBJICHUSA IIPpU CPCAHUX 3HAYCHUAX BCCX 0a3HCHBIX NCPCMCHHBIX;

2,

THBIIEHHUS 110 0a3MCHOM NepeMeHHON X, MPH CPeIHHUX 3HAYEHUX BCeX OA3HCHBIX NIEPEMEHHEBIX.

O, — CPEIHEKBaAPaTUYECKOE OTKIOHEHHE 0a3MCHOM mepeMeHHOH X; ;

. — Mpou3BOJHAsT (PYHKIIMK COIPO-

3HavYeHMs MPOU3BOJHBIX (DYHKIMH CONPOTHUBIICHHS M3-3a TPOMO3/IKOCTH aHATUTHIECKUX BBIPAKEHUH OTI-
PeIeTsUTICh YHCIICHHBIM AU epeHIUPOBAHIEM.
AHanu3 pe3yabTaToOB BBIYHMCIECHUM CymMMapHOro kod(¢uuueHTa BapHalun 0a3HMCHBIX MEPEeMEHHBIX V,

MI0Ka3aJl, YTO ONpEAEIIoNiee BIMSHUE Ha €ro 3Ha4YeHHe OKa3bIBAOT BAPHALMY IPOYHOCTH OETOHA M IIPOYHOCTH
apMaTypbl, a U3MEHYMBOCTh OCTAIBHBIX IapaMeTpOB (TE€OMETPUYECKHX) CKa3bIBaeTCs HECYLIeCTBEHHO. B Tad-
mure 4 6a3ucHBIE IepeMeHHbIE BEICTPOCHBI B MOPAIKE BKJIaga MX K03 QuIreHTa Bapuanu B CyMMapHBIN KO-

s¢durment Bapnarmu V,, .
CymmapHslit ko3dbuiyenT Bapuaiuu V, (QyHKINH COMPOTHBIEHHUS ONpeaessiics mo Gopmyne:
V.= V2 +V7 .

Pe3ynbTaThl BRIUKCIIEHNS CyMMapHOTO Ko3(@uienTa Bapralyi V, NpHBeeHbl Ha PUCYHKe 4 (U1 Harms /-
HOCTH TTOKa3aHbI TOJIBKO BAPHUAHTbI BEIYMCIICHHH, KOTOPBIE 1aBATH MaKCHMAaJIbHbIE 1 MUHUMATIbHBIC 3HAUCHNS).

0.35
0.3
-1
0.25 e’
-3
Vr -4
0.2
0.15
0.1

0 0 20 30 40 50 60 70 80 90 100
fe, MMNa
Puc. 4. 3aBECHMOCTB CyMMapHOTO K03 ¢HIIeHTa Baprauy (yHKIHE COIPOTHBICHHS V,
ot pourocty Gerona f,
1 - pacuer o [S] mpu p,, = 0,005 n A,/ Ay, =9; 2 pacuer no [5] npu Py =0021 A/ A, =225
3~ pacuer no [8] mpu p,, = 0,005 u A./A, =9; 4 pacuer no [8] npu Pry = 0,021 A./A, =225
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JnHaMuKa U3MEHEHHs 3HaYeHUH cymMMapHOro ko3duunenTa papuauny V, ¢ pocTOM 3Ha4E€HHI IPOYHO-
cru Oerona f, mpu pacuere mo HopMam [5] u [8] cylecTBeHHO pa3nMyaeTcs. ITO 00YCIOBIEHO TEM, YTO OIpe-
JenArollee 3Ha9YeHNe Ha TMHAMUKY M3MEHEHHs V., MMeeT XapakTep U3MEHEHHUs CPEJHEKBAIPaTHIECKOrO OTKJIIO-

HeHust npoyHocTu O6eToHa. [Ipu pacuere nmo Hopmam [8] cpenHeKBagpaTHYECKOE OTKIOHEHUE TPOYHOCTH OeTOHA
BO3pacTaeT MPOIOPIMOHAIBHO POCTY MPOYHOCTH OETOHA, YTO M ONpeJeNsieT JMHEHHBI XapaKkTep W3MEHEeHUs
3HadeHuii V. . Ilpu pacuere no HopMaM [5] cpesHEKBaAPaTHYECKOE OTKJIOHEHUE IIPOYHOCTH OETOHA HE 3aBUCUT

OT NIPOYHOCTU OETOHA, YTO ONpeJeNseT HeNMHEHHbIH XapakTep U3MEeHeHHUs 3Ha4eHuit V, . B cBsA3M ¢ 3TMM 1Ipu
HHM3KHX NPOYHOCTAX O€TOHa 3HadeHus kKoddouiuenta V, , onpesenaeHHbIe COracHO HOpMaM [5], 3HaUMTENBEHO
NPEBLINIAIOT 3HaueHus Koddduuuenta V, , onpeneneHnsle cornacHo HopmaMm [8]. Ilpy 3HaYEHMAX MPOUYHOCTH
OeroHa, paBHbIX 45...60 MIla, 3HaueHus V, , onpeseneHHble cornacHo HopMaM [5] u [8], cOmmxaroTcs U pasiu-

YarTCAa HE3HAYUTCIIBHO.
PacuerHoe 3HaueHme (byHKIII/II/I COIIPOTUBJICHUA I'd COIIaCHO CTAaHAAPTU3UPOBAHHOMY METOAY OLCHKU

(metomy b npunosxxenus D [16]) npu 3HaUeHUN HHIEKCA HAEKHOCTH 3 MOXET ObITh ONpEIENieHO 1Mo GopmyIie:
r,=b-g, X, -exp —a,8Q-0,5Q% ,

rae b— momnpaska cpexHero 3Hauenus; g, X, — 3HaueHHE QYHKIHN COMPOTUBICHHS MIPU CPSAHUX 3HAUCHHSIX

BCeX 0a3MCHBIX IMMEPEMCHHBIX; Ol — CpeI[HeB?,BeIHeHHLIfI KOS(l)(l)I/IIII/IeHT JJI1 CTOPOHBI COTPOTUBJIICHUSA (1'[0 MCETO-

Jly HaJIeKHOCTH | mopsika), MpuHAMAaeMbIii cornacHo [16] pasasm 0,8; Q =, /In V,2 +1 .

C npyro#i CTOpOHBI, IPOEKTUPOBAHUE TI0 HOPMaM IPENIoNaraer, YTo pacyeTHOE 3HaueHne (DyHKIUH CO-
MIPOTUBJIEHUS OIpPENENIETC NPSIMOM MOACTAHOBKOM B HEE PACUETHBIX 3HAUYEHUI XapaKTEPUCTUK CBOMCTB Mare-
pHAIOB U CpenHUX (HOMHHAIBHBIX) 3HAYEHHH TeOMETPHUYECKUX Pa3MEPOB, T.€.

s =0n >Zd

Hcxons U3 paBeHCTBA MOJYYaeMbIX PAaCUETHBIX 3HAUEHHU OOECIIeUYHMBAEMBI HOPMaMH pacuera WHIEKC
HAJISOKHOCTH [} MOKHO OTPEAENIUTh 10 (hopMyie:

b-g, X
_ 2% P 507,
aQ 9. Xy

p

Pe3yJ'II>TaTLI BBIUMCJICHUS 3HAUYECHHH 00eCreuYnBaeMoro HOpMaMH pacueTa MHACKCA HAAC)KHOCTU B npu-

BCJICHbI HAa PHCYHKC 5 (HJ’IFI HarIsaAHOCTHU IMOKa3aHbl TOJIBKO BapHUAHTBI BI)ILII/ICJ'IGHI/II\/'I, KOTOPBIC JaBaJIli MAaKCH-
MaJIbHBIC 1 MUHHUMAJIBHBIC 3Ha‘l€HI/IH).
I[I/IHaMI/IKa W3MCHEHHUS 3HAYCHUN HHACKCA HAACKHOCTH B B onpez(enﬂlomef/i CTCIICHHU 3aBHCHUT OT JHUHa-

MMKH U3MEHEHHs 3HaueHui cyMMapHoro ko3dduienT Bapuanuy GyHKIUH COMPOTUBIEHHS V, .
[pu pacyere mo Hopmam [8] M3MEHEHHE 3HAUCHUI MHCKCA HAJC)KHOCTU [ MPOUCXOAUT JMHeHHo. [Ipu
ITOM 3HAYCHHS HHEKCA HAJIGKHOCTU P HaXOIsATCs B Ipedenax 5...5,5, 4To yka3pIBaeT Ha Ype3MEpHYIO HaIeK-

HOCTb KOHCTPYKIMI 1 YKa3bIBAa€T HAa HAIMYKE 3HAYNTEIBHBIX 3al1aCOB HECYIIEH CIIOCOOHOCTH.

Ipu pacuere mo HopMam [5] M3MeHEHHE 3HAYCHHI MHJEKCA HAJCKHOCTH [b MPOMCXOJUT HEIMHEHHO.
CHauana HaOJIOZAETCS POCT 3HAYECHHWI HMHJEKCAa HAJIeKHOCTH, KOTOpHIE JOCTUTAIOT MAaKCHMyMa IIPH 3HA4eHHSX
npodHocTy OeToHa, paBHBIX 50...60 MlIla. 3aTem HabmoaeTcs IIaBHOE CHIKEHNE 3HAYCHIH MHICKCA HAIeKHOCTH.

CleyeT OTMETHTb, 4TO JUIsi GETOHOB KIIACCOB O TIPOYHOCTH HA Ciatie Hike C'/yy 3HAYCHHS MHIEKCA
HAJISKHOCTH MEHBIIE YCTaHOBJICHHOTO TSl KOHCTPYKIHI Kiacca Haaekaoctd RC2 3xauenus P =3,8. B cBs3m ¢
3THM HE PEKOMEHAYETCsl MPUMEHSTh JUIs pabOTaIONINX Ha MECTHOE CXKaTHE KOHCTPYKIIMH 3TOTO Kilacca Ha/lexk-
HOCTH GETOHBI KITacca Mo MPOYHOCTH Ha cxkathe Hike C/y. B To ke Bpems s 6eToHoB kmaccoB C2/g; 1 BBI-
11e HaOMI0aeTCs CYIIECTBEHHOE MPEBBIIICHAE 3HAYCHHH WHJeKca HaJeKHOCTH 3HaueHus P = 3,8, uro ykasbl-

BacT Ha H606X0,ZII/IMOCTB BBITIOJIHCHU S KOPPEKTUPOBKHU MPEACTABJICHHOTO B HOPMaAX [5] METO/Jia pacyeTra.
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Puc. 5. 3aBHCHMOCTS 3HAUCHNUIT HHIEKCA HajiexHocTH [B oT mpousocty Gerona f, :
1 - pacuer no [5] npu p, =0,005 u A, /A, =9; 2 pacuer no [5] npu Pey =0.021 A,/A, =225
3~ pacuer o [8] mpu p, =0,005 u A, /A, =9; 4 pacuer o [8] pu Py =002u A./A, =225

3ak/0yenne. AHAJIM3 METOJIOB pacueTa MPOYHOCTH IPU MECTHOM CKATUH JIEMEHTOB U3 TSDKEJIOro Oe-
TOHA, APMHPOBAHHBIX ITONEPEIHBIMI CBAPHBIMHU CETKAMU, TTOKa3all, 9TO 3aBHCUMOCTH HOpM [1 — 9] MoryT OBITH
NPUBEACHBI K 3aBUCHMOCTH OOLIEro BHIA, ColepiKalleil Ba ciaraeMbIX. IMEIOTCS 3HaYHMTENbHBIC PA3InYus B

3aBUCUMOCTSX JUIsl onpejeneHus kodpduiyenTa 3pGeKTUBHOCTH KOCBEHHOTO apMHPOBaHua @, M Kodhuuu-

€HTa (), YYMTHIBAIOIIETO MOBHIIIEHHE IIPOYHOCTU OETOHA MPH MECTHOM CKATHU BCIIEJCTBHME YCTAHOBKH IIOIE-
PEUYHBIX CETOK.

C uCMoNb30BaHUEM CIEHUATLHO CHOPMHUPOBAHHOTO OAHKA SKCIEPUMEHTAIBHBIX JaHHBIX 10 UCIBITAHH-
SIM Ha MECTHOE CXKaTHE 3JICMEHTOB, apMHPOBAHHBIX MOMEPEYHBIMH CBAPHBIMU CETKaMH, ObLTa BBITIOJHEHA OLICH-
Ka TOYHOCTH METOJIOB pacyera, periiaMeHTUPOBaHHBIX HOpMaMH [1 — 9] cormacHo npunoxenuto D [16].

OreHKa HAJESKHOCTH METOJIOB pacyera MPOYHOCTH MPH MECTHOM CXKATHH 3JIEMEHTOB, apMHPOBAHHBIX
MOTIEPEYHBIMH CBAPHBIMH CETKaMHU, TI0Ka3alia, 4TO MPE/ICTaBICHHbII B HOpMax [5] MeTon pacuera B OOJIBIIUHCT-
BE CllyyaeB oOecrieurBaeT TpeOyeMylo HaJeKHOCTh KOHCTPYKIIMM, a METOJ pacyera HOpM [8] co3xaer Heoboc-
HOB2HHO BBICOKHE 3aI1achl HECYILEH CIIOCOOHOCTH.

Hcxons 3 obecrieunBaeMOro HopMaMu [5] WHIEKCa HAJISKHOCTH HE PEKOMEHYeTCsl IPUMEHSITh JUIs pa-
0OTaIOIIMX HAa MECTHOE CXKATHUE KOHCTPYKIMW, apMHUPOBAHHBIX MONEPEYHBIMU CBapHBIMHU CETKaMH, Kllacca Ha-
nexkHoctd RC2 GeToHBI Ki1acca 1Mo MPOYHOCTH Ha CKATHE HUXKE C16/20.

Heo0xomuMo BBITOTHUTE KOPPEKTHPOBKY TMPEICTABICHHOTO B HOpMax [5] MeToia pacuera MpPOYHOCTH
MPU MECTHOM C)KaTHUH DJIEMEHTOB, apMHPOBaHHBIX MOIEPEYHBIMU CBAPHBIMU CETKAMU, C II€JIbI0 MOBBILIICHUS
HaJIeKHOCTH KOHCT})yKuHﬁ NP HU3KKUX KilaccaXx OETOHA M HMCKJIIOYEHHs HM3JIUIIHHUX 3alacoB MPOYHOCTH HPHU
GeTonax kmaccos C%/s; v BbIIIE.
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THE ANALYSIS OF METHODS OF CALCULATION
OF STRENGTH UNDER LOCAL COMPRESSION
OF CONCRETE ELEMENTS REINFORCED BY WELDED GRIDS

N. RAK

Results of the analysis of methods of calculation of strength under local compression of concrete elements
reinforced by welded grids are submitted. The estimation of accuracy of nine design codes procedures using of
experimental databank is executed. The index of reliability of the designs, provided is determined at calculation
on design codes of Republic of Belarus and Russian Federation. It is shown, that the reliability index values de-
pend on a strength variation of concrete and grid reinforcement. Variations of geometrical parameters of ele-
ments are reflected in reliability index values insignificantly.
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