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AHAJIN3 METOOB PACYETA NIPOYHOCTH 3JIEMEHTOB N3 TAXEJIOI'O BETOHA
BE3 IIOIEPEYHOM APMATYPBI ITPM ITPOJIABJIMBAHUH

Kano. mexn. nayk, ooy. H.A. PAK, C.1I0. TAMKOBHY
(Benopycckuii HQUUOHATbHBII MeXHUuYecKull yrugepcumem, Murnck)

IIpedcmasnens: pe3ynemamsl aHaIU3a Memooos pacyema RPOYHOCMU HPU RPOOAGAUGAHNUY NIUM U3 MSi-
xcenozo bemona 6e3 nonepeynoti apmamypul. C ucnoav3068anuem 6anKa IKCREPUMEHMAIbHBIX OAHHBIX 8bINON-
HEHA OYeHKA MOYHOCMU PACHema HOPM NPOeKMUPoBanys, deticmayoujux Ha meppumopuu Pecnybnuxu bena-
pycy. Onpedenen UHOEKC HAONCHOCIMYU KOHCIPYKYUl, obecneyusaemvlié npy pacieme no Smum HopMaM npoex-
muposanus. Tloxazano, 4mo 3HA4eHUs UHOEKCA HADENCHOCMU 3G6UCAM 6 OCHOBHOM OM 6APUAYUU NPOYHOCIU
bemona. Bapuayuu zeomempuieckux napamempos 31€MeHMo8 U apMamypsl OMpasicalomcs Ha IHAYEHUAX UH-
Oexca HAdeXCHoCcmu HesHauumenvHo. Ha ocnosanuu ananusa Oawbl NpeONOdCEHUs NO COBEPULEHCMBOBAHUIO
Memo006 pacuema dHcene306emonHbIx NIUN NPU NPOOABAUBAHUY.

Bsenenne. B Hacrosinee BpeMs Ha TeppHTOpHHU benapycu 0HOBPEMEHHO AEHCTBYIOT JBa HOPMATHBHBIX
goxymenTa: CHB 5.03.01-02 [1] u eBponeifickie HOPMBI B BHIE TEXHMYECKHX KOJEKCOB yCTaHOBHBIICHCA NpaK-
taky (TKIT) EN 1992-1-1-2009 [2] ¢ HatmMoHANBHBIM NpHTokeHneM. KpoMe TOro B3aMeH JAeHCTBYIOIIETO B pec-
my6nuxe CHB 5.03.01-02 [1] paspaGaTsiBacTcs IpyIia TEXHHUECKUX KOAEKCOB YCTAHOBUBLIEHCS NpakTHKH Pec-
my6nuku Benapycs, B uncno koropbix BXxoaut TKII «beToHHbIE U Xene300eTOHHbIE kOHCTPYKIMH. YacTs 2. O6-
IMe MpaBWIA NPOEKTHPOBAHHA HEHANPKEHHBIX KOHCTPYKIWMH M3 Takenoro 6eToHay. B mponecce paspaboTku
sroro TKIT notpe6oBaioch NpoBeIcHNE aHANK3a CYMICCTBYIOIMX METOJOB PacyeTa MPOYHOCTH NPH MECTHOM
cpese (MpomaBAMBaHHM) JIEMEHTOB U3 TAXKeN0ro 6eToHa 6e3 nonepeyHol apMaTyphl, MPONABINBAEMBIX LICH-
TpaJibHO HarpykeHHOH kosionHO#H. [Ipy aHayM3e BHITONHAIACH OLIEHKA TOYHOCTH M Hal€e)XHOCTH METO/MK pac-
yeTa, IPUBEJEHHbIX B HOPMAaTHBHBIX JOKYMEHTaX, KOTOphie AeliCTBYIOT Ha Tepputopus PecriyGiuke benapycs,
¢ UCHOJIb30BaHHEM 0aHKa 3KCIIEPAMEHTANBLHBIX JaHHBIX HO HCIBITAHHAM pH MPOJAaBIUBAHUH LIEHTPATLHO Ha-
IPpyXXCHHOI KOJIOHHOM’ 3JIEMEHTOB U3 TKeN0r0 6eToHa 623 noniepeyHoit apmartyphl.

O630p MeTog0B pacuera. M3yuenne oboux neficTeyromux Ha Teppuropun Pecrybnuku Benapycs Hop-
MaTHBHBLIX JOKYMEHTOB IO PacueTy KeJie300eTOHHBIX KOHCTPYKIMIt TI0Ka3a10, YTO OHM HCXOOAT W3 TOTO, YTO
IPOYHOCTh HAa MPOAABIMBAHUE 3aBMCHT OT NEPHMETPA KPUTHYECKOTO CE4EHHs, PAcUETHOH BBICOTH IJIMTHI H
COnpoTHBICHHA 6eTOHA Ha CxxaTHe. [Ipy 3TOM yCJI0BHE NIPOYHOCTH XKeJIe300€TOHHBIX IUTHT U3 TAXeNoro 6etona
Ha npojasiuBaHue 0e3 NonepeyHoii apMaTyphl MOXKeT ObITH NPEACTABICHO B CleAylonleM 06061eHHOM BHAE:

VSd < VRd,c = cpsh .u.d’ (l)

rie Vg; — npomaBnmBaionias cuia; Vgy; — yCHINE, BOCIPHHMMaeMoe O€TOHOM IUIMTHI IPH [POJABIWBaHUH;
Jepsh — PacUETHOE COMPOTHBIICHHE GETOHA Cpe3y MPH MPOIABIMBAHAU; ¥ — NEPUMETDP YCIOBHOIO KPHTHYECKOTO
cegenus; d — paboyast BLICOTa IUTHL.

PacdeTHoe conpornBienne 6eToHa Cpe3y NP NPOJABIHBAHUH fpy, MOKET OBITH OnpeaeneHo no 0606-
IeHHOH QopMyIIe

f;p:h = a’p ! ad : f;:h’ (2)

The fin — PacieTHOE COMPOTHBJIEHHE GETOHA MPOCTOMY cpe3y; o, — KO3G(HUHEHT, yunThIBAIOMM BIUAHHE
NponobHOM paboueil apMaTyph! INIKTHI; Oy — KO3 GHIMEHT, YUNTHIBAIOWIMHI BIUsAHKE MacmiTabHoro hakropa.

B Tabauie 1 JaHa CBOJKA aHAIMTHUECKHX BHIP&KEHHH ¥ KOI(PGHLUHEHTOB, BXONAIIHX B (GOpMYIIbi HOPM.
[Tpu 3TOM 1151 HAMNIAAHOCTH aHATH3a ¥ YIPOILEHHA aHANHTHIECKIX 3aBUCUMOCTEH PacCMOTPEH TOJbKO BapHaHT
MpONABNMBAHUA IUIHTHI MEPeKphITUs 0e3 momepedHol apMarypbl LEHTPAIbHO CKaTol KoNoHHOH. B cBs3u ¢
3THM JOTIOJTHUTEJIbHBIE YCIIOBUA, MPEACTABIICHHbIE B HOpMaX, Y4HTHIBaThCA He OYHyT, Tak Kak ObLIO YCTaHOB-
JI€HO, YTO BHIOJIHEHHE 3THX YCJIOBHH NPOUCXOAHUT TONBKO IPH OOJNBIIMX TONIIMHAX [UIHT, 4YTO XapakTepHO LA
tbyHnaMeHTOB, a TaloKe IPH UCIIONB30BAHHH BbICOKONMPOYHBIX OETOHOB € MaJIbiM IPOLIEHTOM apMHPOBAHHA.

ConocraBiieHHe NOKa3alo, YT0 B PacCMOTPEHHBIX HOPMATHUBHBIX AOKYMEHTaX HMEIOTCA OXHHAKOBHIC
HOAXOAB K MEXaHH3MY pa3pylIeHMs OT IPOJABAMBAHKMA M pacdeTy Hpo4HocTH OeToHa Ha cpes. Hopmul 1, 2]
YUYHTHIBAIOT MOBBILIEHHE HECylIel CrocoOHOCTH B pe3ynbraTte CTeCHeHHA Aedopmaumii 6eToHa paboroit npo-
JonbHOM apMaTyphl. B HUX Taxke BBeIeH MacluTabHbId K03 pHLIMEHT, YIUTHIBAIOIIMH yMEHbILICHHE TPOAABITH-
BawoUIe# bl NP yBENM4YeHNH pabodeif BHICOTH! 10 HEKOTOPOTO Mpejieia.
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Tabnuua 1
PacyerHble 38BUCHMOCTH [/ paCY€Ta [LUTUT Ha MPOJaBAHBAHME
Hopmarususlif
JOKYMEHT Jesh ®o Ca v
1 2 3 4 5
C y (100p )% 200 sq: 4l +3nd
CHB 5.03.01-02 [1 ~22( [ )  Crae = 0,225 : 1+ f-«— <2
t Ye (/) e p, £0,02 d C:n(l.+3d)
C X sq: 4l +4nd
TKITEN 1992-1-1:2009 [2] | —2(£,)% , Crac=0.18 (100p,) 1+ /@9 <2
Ye p, <0,02 d c:n(l, +4d)

IIpumevanue. B npuBe€HHEIX 3aBHCHMOCTAX COXPaHEHbI 0GO3HAYEHMA HOPMATHBHBIX JOKYMEHTOB: [ fon, Yo —
COOTBETCTBEHHO HOPMATHBHOE (LIWIMHAPHIECKOE) COMPOTHBICHHE GETOHA 0CEBOMY CIKATHIO, PACTAXECHHUIO, OLPEae/IeHHOE
¢ obecrneuenrocThio 0,95 (MIla); koapduiment 6e3omacHocTH Ho OETOHY; /, — ANHHA CTOPOHLI (AWaMETp) rPy30BoH Mmo-
IMAIKH; P;— KO3 GHLUMEHT NPOAONLHOTO apMUPOBaHKi; d — paGoyast BrICOTA.

Ycnosnsle 0603HaueHHA B rpae 5§ TabMLBL Sq — KBaJAPaTHas KOJIOHHA; C — KpyrJiad KOJOHHA,

Panee aBropamu B paGoTe [3] GbIn BBINIONIHEH NMOAPOGHDII aHANINW3 PA3THIHEIX METOIOB pacyeTa NpH Me-
CTHOM Cpe3e IUTHT 6€3 MONepeYHOro apMHpoBaHuA. Ui 3Toro ObLT BHITIONHEH PacyeT MO ONpeleeHHIo paspy-
WAKIIEro YCUIIHA NPH MPONABIMBAHUM IUTMT W3 TAKENoro GeToHa No METOAMKAM PasfiM4HBIX HOPM NpH MOCTO-
AHHBIX paboyelf BHICOTE M NIPOLEHTE apMHUPOBaHUA M NEPEeMeHHOM NMPoUHOCTH GeToHa. Pe3ynpTaTsl pacuera A/
HOpM [1, 2] mpeacTaBieHsl Ha pUcyBke 1 B BHIe rpadHKa COOTHOLIEHHA Pa3pyUIAIOIINX YCHIHHA PH NPOAABIIK-
BaHHH K MPOYHOCTH GeToHa.

[ Veat, MH :

L1t

0,9 -
~0-CHB 5.03.01-02
0,8 4 .
-0+ TKI1 EN 1992-1-1-2009
© fu, MITa
0.6 —t i { } ————y + $
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Puc. 1. UameHeHHe 3HaueHUH pa3spywIatoiiux YCHIHH TIPH MECTHOM cpe3e ¥,y
B 3aBUCHMOCTH OT NpoyHocTH 6eToHa [y (np d = 200 MM u p = 0,01) ans vopm [1, 2]

B CBfi3M ¢ pa3sIMYHAMH B NONYYEHHBIX pe3yNbTaTax Oblia [OCTAaB/IeHA 3ajada — U3YYHTh CTENEHb COOT-
BETCTBMS NOJIOKEHMI HOPM JAHHBIM DKCTIEPUMEHTANBHBIX McCleNoBaHuH, B pamkax pemeHus 3toll 3aiaun va
nepBOM 3Talne H3ydeHHs ObLi cOPMHPOBaH GaHK IKCIEPUMEHTAILHBIX JAHHBIX, HA BTOPOM — BHITOJHEHE! pac-
4€Thl OJ11 BeeX 06pa3loB 10 3aBUCHMOCTAM HOPM [1, 2].

®opmupoBaHne GaHKa IKCAEPUMEHTANLHBIX AaHHBLIX, BaHk skcnepuMeHTANIBHEIX AauabIX (BOJL) no
HCTIBITAHHAM Kelle300€TOHHRIX 3JIEMEHTOB Ha MeCTHsIH cpes [4] conmepxkan 7 rpynn CBeJeHUl H COCTABIEH MO
Gontee weM 40 HcTOUHMKaM, COIEPKHT cebie 680 o6pasuos. ITpH GopMUPOBaHHN OKOHYATETBHOIO BapuanTa B/
3 TIONHOM BLIGOPKH Ha TIEPBOM 3Tarle OBLIH HCKMOUeHE! 06pa3ikl MAIOH BrICOTH (paGodan BoicoTa MeHee 90 MM).
Ha BropoM 3Tane u3 ocraBiuelics BhIOOPKH ObUTH MCKIFOMEHB! OOpA3LEl, MMEIOLIHE PACCTOSHAME OT BHEIHel
TPaHK KOJIOHHEI 10 CBOGONHOTO Kpas IVTHTHI MeHee ueM 3d (d — paboyas BEICOTa IUIMTHI), a Takke H3 OETOHOB,
HMEIOMIHX NPOYHOCTH MeHee 10 u Gonee 70 MIla. B pesynsrate 06Inee YHCIO IKCIEPHMEHTAILHBIX 3HAYEHH
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coctaBuno 260 o6pa3noB. KpaTkas xapakTepucTrka 06pasuoB paboueil BBIOOPKH ¢ pe3yNsTaTaMU BBIYHCJIEHHH

s HopM [1, 2] mpuBenena B Tabnuue 2.

Tabnuna 2
OcHosHas BLIﬁOpKa € KpaTKMMH TaHHBLIMH ONEBITHLIX 06pa3uon M pe3ylibTaTaMH BBIMHMCICHHIA
AsTOp Kon- d, MM L, MM £ MIa 0, % Ve KH | Vet [1], kH | V. [2], xH
(ron uccnenoBaHus) | BO i
Elstner (1956) 25 | 114~117 | 254~355 [12,8~50,6| 1,15~3,7 | 303~579 | 256 ~488 | 241~ 523
Kinnunen (1960) 26 | 117~132 | @50 ~300 [24,1~33,5{0,47~2,39 | 188~ 541 | 204 ~450 | 202~ 454
Moe (1961) 16 114 152~388 {20,5~352| 1,02~1,5 | 311~440 | 261 ~364 | 248 ~ 363
Kakuta (1974) 21 | 120~170 | 100~300 | 154~53 |0,79~3,37| 190~750 | 186~752 | 185~716
Regan (1980, 1986,1993) | 30 | 93~200 | @54~254 | 9,52~58 |0,58~1,52| 123~869 | 97~749 | 95~ 740
Iwaki (1985) 5 5 @98 ~ 408 |256~26,1| 1,0~2,0 | 178~384 | 163~327 | 163 ~298
Tolf (1988) 4 | 197~200 | @250 [229~254|035~08 | 444~603 | 405~607 | 444~ 600
5‘;‘;‘;’;““ 5 | 165~550 | 200 |22,6~33,4|0,88~1,13|590~ 2450 | 440 ~ 2957 | 429 ~ 3047
Gardner (1990) 7 | 113~124 |[@152~203 | 15~24,8 |0,47~2,14| 230~357 | 195~310 | 190~ 300
Siao (1994) 9 | 99~200 | 125~300 [229~34,7|0,79~1,44| 194~603 | 147~608 | 145~ 600
Sistonen (1997) 10 | 170 ~177 | ©201~901 | 24,1 ~32,7 | 0,45~ 1,17 [ 478~ 1111 | 413 ~998 | 409 ~ 897
Ghannoum (1998) 6 110 225  [372~67,1|1,18~2,15| 301 ~485 | 326~ 481 | 307 ~ 465
Marzouk (2002,2004) | 7 | 120~125 [ 250 34~35 | 0,35~1,0 | 250 ~420 | 271 ~354 | 256~ 333
Kosa (2003) 5 170 300 26~42,9 |0,54~0,85| 609~716 | 489~ 616 | 466 ~ 586
Liu Huang (2004) 5 125 | 224~300 {30,1~39,6( 0,8~1,91 | 440~ 557 | 400~493 | 373 ~ 466
Guandalini (2005) 6 | 96~210 | 130~260 [27,6~34,7] 0,33 ~1,5 |238~1023 | 187~925 | 182 ~902
Hamada (2005) 14 95 100~200 [32,5~42,2| 0556 | 127~233 | 139~197 | 137~ 186
Mirzaei (2008) 13 102 130 31~404 {025~ 1,41] 176~295 | 137~244 | 126~238
Sagaseta (2009) 6 |210~220| 260 40~ 67,5 | 0,49 ~1,48| 602~ 1433 | 785~ 1273 | 767 ~ 1241
prueuauue. B TaGHPH.IC NPERCTABICHB! TONBKO TC MUCCIACAOBAHUA, B KOTOPBIX 06II.ICC KOJIMYECTBO ONBITHRIX 00-
PasLiOB NPEBLILIAN0 3 WITYKH.

OueHka TOYHOCTH MeTONOB pacdeTa. OLICHKA TOYHOCTH METONOB pacdera, perIaMEHTHPOBAHHBIX HOP-
Mamy [1, 2], Beinonssanace coriacHo tanaM 1 — 4 mpunoxenus D [S):
Oman 1. PopMyAHpOBaHHE PACUETHOH MoJeNH B (hopMe TeopeTHueckod QYHKUMM COIPOTHBIICHHA, KO-
TOpas CONEPKHT BCE ONPEEASIOMHME OCHOBHEIE Ga3HCHBIE TTepeMeHHbIe X, OKa3bIBalOLIHE BO3JAEHCTBHE Ha pac-

CMaTpHBaACMOC NNPENCIbHOC COCTOAHHE,

Sman 2. CpaBHEHPIe IKCNCPUMEHTAJIBHBIX H TCOPETHUCCKUX 3Ha4eHul ¢ MOCTPOCHUEM JdUarpamMmsl, CO-

AeprKalleit rape! TUX 3HAYEHHUIH.

Oman 3. Onpenenexnue NONPaBKy CPEAHETO 3HaUEHUA b.
Oman 4. Onpenenenve koadpUnHeHTa BapHAHHU BEIMYUHEL pacCeAHUA 5.
IlpH Bcex BBIYMCIICHHAX HCIONB30BANHCh paKTHUeCKHe (CpenHye) 3HaYeHHs re€OMETPHUECKHX TapaMeT-

PoB 06pa3LiOB ¥ MPOYHOCTHBIX XaPaKTePUCTHK MaTepAanoB. OCHOBHbIE Pe3yJbTaThl OLEHKH TOYHOCTH METOLOB
pacuera npeAcTaBiieHsbl B Tabiuue 3, a TakxKe Ha pUCyHKax 2 1 3.

Tabmuna 3
OCHOBHBIE Pe3yJILTAThl OLIEHKK TOYHOCTH METOZOB pactiera HOpM [1, 2]

HopmatusHbiit oKyMeHT
INapamerpsr

pavere [ 2]
Tonpaska cpeiHero 3HaYeHus b 1,123 1,164
Koagduuuenr papnaiuu Vs BeIHHHHBI paccesHua & 0,139 0,155
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Puc. 2. lnarpaMma cpaBHEHHA IKCTIEPUMEHTATBHBIX 3HAYEHUI HecymeH cnocoGHocTH 06pasos Vg,
C TEOPETHYECKHMH N10 HopMaM [1] 3HaueHnsmu V.
1 — ocHoBHas BeIGopKa Gaskl AaHHBIX; 2 — JIMHKA, COOTBETCTBYIOIAS YPABHEHHIO V0= b Vg,
3 — nuHMSA, COOTBETCTBYIOILAA PABEHCTBY Vo= Ven
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Puc. 3. JlnarpaMma CpaBHeHHS 9KCIIEPUMEHTAILHBIX 3HaYCHAH Hecymlel criocoGHocTH 06pasLoB V,,,
€ TEOPETHYECKUMHU 110 HOpMaM [2] 3HaveHHAMH V..
1 — ocHoBHad BeIGOpKa Ga3sl JAHHBIX; 2 -~ AHHUA, COOTBETCTBYIOWAS YPABHEHHIO Vo, = b-Voas;
3 — IHHUA, COOTBETCTBYIOILAS PABEHCTBY Vo=V oo

AHaM3 pesyJIbTaToB, IPEACTABICHHBIX B Tabnune 3 ¥ Ha PHCYHKax, IO3BOMI CAEATH CIEAYIOLIHE BHIBOADI:

1) OTKIOHEHHS MONPABKH CPEAHETO 3HadeHHud b 1ng HopM [1, 2] 6us3ku k 1, He npesbialoT 1,2 ¥ OTIIH-
YaXOTCA JPYT OT ApYyra HEIHAYHUTENBHO; _

2) 3HavyeHus KoaduuHeHTa BapHanuy Vs BeTHUMHbI paccesHus 8 He npesbimaet 0,16;

3) He3sHAYHTENLHOE OTIIMUHE 3HAYCHUI NOTPABKH CPEJHEro 3HaYeHuA b 1 k03(pdHmeHToB BapuaLmH Vs se-
JMYHHBL paccesHus & ana Hopw [1, 2], mo-BuaHMOMy, 00yCIOBJICHO MPAaKTHYECKH OJMHAKOBBLIMH 1OAXOJaMH K
MEXaHI3My paspyLIeHHs OT NPOAABIMBaHU, a TAKKE OJMHAKOBBIMH PacueTaMH NMPOYHOCTH GeToHa Ha Cpe3.
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OneHka HaAeXHOCTH MeTO0B pacyera. OneHKa HaAEXKHOCTH METOAOB pacyeTa i HopM [1, 2] 6bi1a
BBINOJIHEHA COMJIACHO 3TanaM 5 — 7 npwioxenus D [5] ¢ yquOM U3MEHYMBOCTH Oa3UCHBIX NMEPEMEHHBIX.

Oman 5. TIpoBepka COBMECTUMOCTH.

Ipyu npoBepke COBMECTUMOCTH HE BBIABJIEHO CYHIECTBEHHBIX CHCTEMAaTHUECKHX OTKJIOHEHHIA, UCKTIOYe-
HHE KOTOPBIX HO3BOMIIO 6bI YIyYLIUTh CXOAMMOCTh M YTOYHUTh BHI GYHKLMH COMPOTHBIICHHS.

Oman 6. Onpenenenne ko3GPUIHEHTOB BapHaLliK 6a3UCHBIX TTepeMEHHBIX Vy; .

B kayecTBe 0a3MCHBIX IEpEMEHHBIX X, OKa3bIBAIOMIMX BO3AEHCTBME Ha pacCMaTpHBaeMoe TpeaeibHoe
COCTOSHYUE, MPMHATSI CJieTyIONIHe TEpEMEHHBIE:

- MPOYHOCTH 6ETOHA PU OCEBOM CXKATHH fy;

- JUIMHA (AMaMmeTp) IIOUIaAKH HarpyxeHus / ;

- MOTOHHAA IUIOHIAAb apMaTypsl Ao;

- pabod4as BbICOTa CeYCHUA d.

Ipunsateie s pacyera ko3P GUIHEHTOB BapHaluy 6a3UCHBIX HepeMEHHbIX Vy; cpeiHue 3HAUEHHS nepe-
MEHHBIX U UX CpEeJHEKBaJpaTHYeCKHE OTKJIOHEHUs NPMBEAEHDI B Tabnuue 4.

Tabnuua 4

CpCI.IHPIC 3HavYeHus 6a3sHcHBIX TICPEMEHHBIX U UX CPEAHCKBAAPATHYCCKHUE OTKIIOHCHUS

bazucHas OGozHayenue Cpensee
CpeaHeKkBapaTHIECKOE OTKIOHEHHUE, O;
nepeMeHHast | (pa3MEpHOCTh) 3Ha4eHue, X;
16; 20; 24; 28; 33; 38, _

X Jo (MI1a) 43: 48,53, 58, 63, 68 5 — npu pacuere no [1, 2]

3 —npu pacuere no [1];
% d (um) 100, 150, 200 5; 5,5; 6 — ipu pacuere no [2] gas 100 150 u 200 cooTeTcTREHHO

3 — pu pacuere o [1];
% fe () 300, 400 6,5, 7,5 — npu pacuere no [2] ns 300 n 400 cooTBercTBEHHO
X, Ay (MM?) 1000; 1500; 2000 | 2,5 % cpennero 3HaueHHus

Ipu 3TOM CcpenHeKBaApaTHYECKHE OTKIOHEHH 6ONLIIUHCTBA Ga3UCHBIX MEPEMEHHBIX IPUHATH PaBHbI-
MH TIOJIOBHHE HPEJAETLHOrO OTIJIOHEHHS, YCTAHABIMBAEMOrO COOTBETCTBYIOIIUMMH CTaHAAPTaMH Ha MaTepHaJibl
¥ W3TOTOBJIEHUE KORCTPYKLMit. CpeHEKBaApaTHYeCKOE OTKIOHEH)E IPOYHOCTH OETOHA Ha C)KaTHe NpH pacyeTe
1o HopMaM [1, 2] NpuHATO, HCXOAS M3 TOTO, YTO CpedHAA MPOUHOCTh GeToHA TipeBbiwaeT Ha § MIa rapauTu-
PYEMYI0 € 00€CTIEUEHHOCTBIO 95 % MPOYHOCTL HE3aBUCHMO OT 3HAYEHHA CPEIHENH NPOYHOCTH.

Oman 7. OnpelieJieHNe pacdeTHOro 3HaueHUs QYHKIMU CONPOTHBIICHHS 7y NP 3HAYCHWM MHOEKCA Ha-
AexHOCTH f.

CyMMmapHBIH ko3 dHIMEHT BapuaLHy Ga3HCHBIX NepeMeHHbIX V,, onpenenssica no gopmyie;

3)

rae g.{X,) — 3HaueHHe QYHKUMM CONPOTHBIEHWSA NPH CPENHHUX 3HAUEHHUAX BCeX OA3MCHBIX NEPEMEHHBIX;

is
i
Hus o 6a3ucHOM nepeMeHHOMN JX; PH CPeIHAX 3HAYEHUAX BCeX Ga3HCHBIX NEPEeMEHHBIX.

3HaueHUs NPOU3BOAHBIX QYHKUHH COTNPOTHBRIICHHS H3-32 TPOMO3AKOCTH aHAJIHUTHYECKUX BRIpaXeHHIT O11-
PEAENAINCh YHCICHHBIM AU depeHUHPOBaHHEM.

ARanu3 pe3ynbTaTOB BBHYMCIICHMI CyMMapHOTO Kod¢duuueHTa BapHali Ga3sHCHBIX NEPEMEHHBIX V,,
NoKa3al, 4TO ONpPEeAc/MmONIce BIUSHHE Ha €To 3HaueHVe OKa3hBaeT BapuUalMs NPOYHOCTH OETOHA, a U3MEHYH-
BOCTb OCTAJIbHBIX NAPaMETPOB (FeOMETPHYECKHX Y apMaTyphl) CKa3biBaeTCA HeCyIIeCTBeHHO. B Tabmune 4 6a-
3HCHBIE TIEPEMEHHBIC BHICTPOEHbI B MOPAMKE BIaa UX Ko3(duIMeHTa BapHallMH B CyMMapHbIii K0a¢QduuneHT
BapHatu V,,. CymMapHsIif ko3¢ duuueHT Bapraund V, QyHKHUH CONPOTHBIIEHK onpenessics no gopmyne

V= V412, @
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Pe3ynsTaThl BRIYUCICHHA CyMMAapHOro ko3gdriyeHTa Bapaauiy V, NpuBecHb! Ha pHCYHKe 4 (g Ha-
IIAHOCTH MOKa3aHbl TONLKO BAPHAHTHI BHIYHCIICHUI! MPH ClleAYIOIIMX MCXOAHRIX NaHHBIX: pabodad BeICOTA
ceueHns d = 150 MM, TIPOLIEHT apMUpOBaHUs p; = 1 %, JUTHHA IUTOIMALKHA HarpyxeHus /. = 400 mm).

I,’ 1
027 4 - en

0’25 + . X -
025 4
0,24 +- - A\ -
023 + -+
022 4 -
021 1 -\
0,20 4-- e X
0,19 + - s
0,18 +-
0,17 + - ,
0,16 F-- - S
0,15 F - v el
0,14 4 -~ : : i :
0,13 +--- P b . i i jZ-)MHa

. 3 i 3 H ‘ 5 s L 1 f 4 i i ;
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Puc. 4. 3aBHcHMOCTb 3Ha4EHMI cyMMapHOro koadduuueHTa Bapuauuy
¢yHKIMHA CONPOTUBIEHHS V, OT 3Ha4EeHUH MPOYHOCTH 6ETOHA [y
1 — pacuer no [1]; 2 — pacuer o [2]

JHuHamMHKa U3MEHEHHUS ¢ POCTOM HPOYHOCTH OETOHA [ 3HaUEHUI CYMMapHOro ko3¢ duLiuenTa Bap1auuu ¥,
MpH pacdeTe o HopMam [1, 2] cymecTBeHHO He paznuyaeTca. 310 00yCIIOBIEHO TEM, YTO OUpelesaIomee 3Ha-
HeHHMe Ha AMHAMUKY H3MEHEHUs V, OkasbiBacT CpeIHEKBAIPATUIECKOE OTKIOHEHHE TIPOUHOCTH OETOHE, KOTOpoe
He 3aBHCHT OT NPOYHOCTH GeToHa U pasHO 5 MIla. CnexyeT OTMETHTb, YTO Ha 3HaUYeHUe Kod(HUMEHTa BapHa-
uuM V,, TOMEMO TIpOYHOCTH OeTOHA, TaKXKe BIIMAHME OKa3bIBAIOT 3HaYeHUsA kodddurmenTa Bapuanuu Vs penu-
YUHBI PaccesHusA O, KOTOpbie MMEIOT Pa3iudHble 3HaYeH! L1 HopM [1, 2].

IpoBeneHHwIN aHajM3 ITOKa3al, YTO MMEHHO BENMYHMHON Vs 00yclOBIEHO pasiWyHe B 3HAYEHHAX V.
Bimsxue qpyrux 6a3sHCHBIX NepeMEHHBIX HE CTONb CYLIECTBEHHO.

Hamenenue 3navendii V, a1 Hopm [1] npoucxoxut B amamasone ot 0,251 zxo 0,144, a ana HopM [2] B
muanasone ot 0,263 no 0,164 u HOCHT HeJIMHEHHBIX XapakTep, KOTOPbIi onpeesieTcsd CpeJHeKBaApaTHIECKUM
OTKJIOHEHHEM MPOYHOCTH GeToHa, Peskoe m3MeHeHHe 3HaueHHi ko3dduumenTa Bapuaimn V, HabmoaaeTcs B aua-
nia3oHe nmpo4yHocTel oT 8 no 16 Mlla, B To BpeMa kak 41 nmpoyHocTed Gonee 20 MIla usMeHeHue 3HaueHui V,
NpoUCXoAUT GoJiee IIaBHO C pOCTOM NpoYHOCTH O6eToHa.

PacyeTHoe 3HayeHHE (YHKLUMM COIPOTHBIEHHS ry COMIACHO CTaHAAPTH3MPOBAHHOMY METOMY OHEHKH
(metoxy b npusioxenus D [S]) npu 3HaueHUH HHAEKCA HATEXKHOCTH B MOXKeT GbITh ONpeeIeHo Mo Gopmyie:

r,=b-g,(X,) exp(-a,B0-0,50"), 5)
rae b — nompaeka CpefHEro 3HaueHus; g,(X,) — 3HaueHue QyHKUHMH COMPOTHBJICHHS NPM CPEJHMX 3HAYCHHAX

BCEX GasHCHBIX MEPEMEHHBIX; @z — CPEXHEB3BEIICHHBIN KO3()PHIMEHT I CTOPOHBI CONPOTURIECHUS (1O METOIY
HaJeKHOCTH 1 mopsKa), MPHHUMaeMblii coriacHo [ 5] pasubmM 0,8; O — napameTp, onpenensaeMslii o gopmyue (6):

Q=/In(¥} +1). ©6)
C mpyroii cToOpoHs!, HPOSKTHPOBAHKE N0 HOPMaM MpPEANOJIAracT, YTO pacdyeTHOE 3HaUYeHHe PYHKIMH CO-

TNPOTHBNEHHA OMpPEAENACTCA NPAMOM MONCTAHOBKOM B Hee PACUETHBIX 3HAYEHHMH XapaKTEPUCTHK CBOMHCTB Mare-
pHANIOB M CPEAHUX (HOMMHATLHEIX) 3HAYEHU ] TeOMETPHYECKHX pasMepOB, T.€.

r =g, (X.)- | %
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Ucxoas ¥3 paBeHCTBa MOMYYAeMbIX PACUETHHIX 3HAUEHWN OfecrieduBaeMblii HOPMaMM pacdeTa MHIEKC
HAIOXHOCTH [ MOXKHO OIpenenuTh o GopMy.e:

1 b'grt( ) }
= In -0,5 8
s ®

Pe3yneTathl BHIYMCICHVS 3HA4YEHMI, obecneynBaeMOro HOpMaMy pacueTa MHAEKCa HAAEeKHOCTH J, npu-
BeJICHbl Ha PUCYHKeE 5 (111 HarJIAMHOCTH NOKa3aHbI TOJBKO BAPUAHTHI BLIYHCIIEHUH NPH CNEOYIOWMX HCXOAHBIX
JaHHBIX: paboyas BbicoTa ceueHua d = 150 MM, IPOUEHT apMUpOBaHHs p; = 1 %, ANMHA [UIOLIA/IKY HATPYXEHHS
1. = 400 mm).
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Puc. 5. 3aBHcHMOCTD 3HauECHHI HHAEKCA HAXEKHOCTH P OT 3HAYEHHIH NPOIHOCTH GETOHA [
1 —pacuer no [1]; 2 - pacger no [2]; 3 — munus f = 3,8

JnHaMuKa M3MEHEHHS ¢ POCTOM NMPOYHOCTH OeTOHa f; 3HaUeHUI! B OMpeAeNAOLIEH CTENIEHH 3aBUCHT OT
JMHAMHKH H3MEHEHHs 3Ha4YeHHH CyMMapHoro koaddunuenra papnammu GyHKUHN COMPOTHBIEHHAS V,, H3MEHe-
HHeE 3HaYCHHI HHAEKCa HaJeKHOCTH B MPOUCXOMUT HeMHHENHO.

Ipu pacuere no Hopmam [1, 2] nns npouHocreit GetoHa or 8 no 30 MITa HaGmonaeTcs pocT 3HaYeHMH
HHJIEKCA HaNeXKHOCTH, a i podHoctel > 30 MIla rabmonaercs mnaBHOe CHIDKEHUe 3HaueHuM HHaekca, Ilpu
3TOM 3HAa4CHHE MHIAEKCAa HaleKHOCTH M npouHocTH 8 MIla pasHo npuGnusaTensHo 3,65 ana HopM [1 u 2],
9YTO MEHbIIE YCTAHOBJICHHOIO T KOHCTPYKUMH knacca Haae)xHOCTH RC2 3HaueHus § = 3,8. B cBA3M ¢ 3TM He
PEKOMEHIYETCA MPUMEHATH i paboTaroIIMX Ha MECTHBIH Cpe3 KOHCTPYKUHI 3TOro Kiacca HaJexHOCTH GeTo-
Hbl KJTacca 1o MPOYHOCTH Ha cxkatue C/yo. Il mpounocteit 6oapme 8 MITa IpH pacyere no Meroauke HopM [1]
3HayeHHd § HaxopATCs B npenenax 4,3 — 4,9, a npu pacuere no HopMaM [2] - B npenenax 4,17 — 4,58, uto yxa-
3bIBAET HA YPE3MEPHYIO HAJEKHOCTh KOHCTPYKIMH M Ha HaJIFIHE 3aIacOB Hecymel CiocoGHOCTH.

Ha ocHOBaHHHM NOJNYYEHHBIX PE3YNbTATOB OHUIO NPHHATO PEINEHHE BHINOJHMTH KOPPEKTHPOBKY IMpes-
CTaBJIEHHOTO B HOpMax [1] MeTona pacueTa. B kauecTBe KOpPpeKTHPOBKM ObLI0 NPHHATO PELIEHHE M3MEHHTD 3HAYE-
Hua ko3¢duimenTa Cgy B HopMax [1] ¢ 0,225 na 3HaueHus 0,24 u 0,255 H BHIIOJHUTL OLEHKY TOYHOCTH M Ha-
JEXHOCTH NPH 3THX 3HAYEHUAX COTNIaCHO 3TanaM npunoxexus D [S5]. B pesyanaTe npoBeAeHHON OoueHKH 6bLTH
NOTy4€Hbl Pe3YJIbTaThl, MPEACTABICHHBIE Ha PUCYHKE 6.

AHanu3 NoJTydeHHbIX Pe3yJIbTATOB O3B0 CRENATH CCAYIOMINE BHBO/BL

1) ¢ ypemuuenneM kodpduimenta Cry MPOUCXOMUT CHIDKEHNE 3HaudeHH k03 uImenTa HanexHoCTH B,
N0-BHAMMOMY, 3TO 00YCJIOBJIEHO YMEHBIIICHHEM TONPABKH CpelHero 3HadeHns b, xotopoe npu Crye = 0,24 1
mpu Cpy. = 0,255 coorBeTcTBeHHO cocrapmstot 1,053 u 0,991;
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2) mpu Cpy. = 0,24 3Ha4ieHHE HHAEKCA HAACKHOCTHU A4 npoyHoctd 8 Mlla pasHo npubim3urensHo 3,3,
4YTO MEHBIIE YCTAHOBJIEHHOIO MUl KOHCTpYKUHit kiracca Hanexuocth RC2 sHauenns B = 3,8, a ang npounocrei
6onbe 8 MIla 3HaueHus f HaxomATcs B mpepenax 3,9 — 4,35, 4To yxa3piBaeT Ha HaJIHYHE 3aMacoB HecymleH
CTIOCOOHOCTH. B CBSA3HM ¢ >THM HE PeKOMEHJIyeTcS NPHMEHATh 1A paboTaloluX Ha MECTHBIH cpe3 KOHCTPYKIHIA
3TOro KI1acca HalledKHOCTH GETOHBI Kiacca 1o MPOYHOCTH Ha cxatHe C¥/j;

3) npu Cpy. = 0,255 HeoOX0QUMBI1 ypOBEHE HAAEIKHOCTH L1 KOHCTpYKIWi kinacca RC2 obecneuusaet-
€5 TOBKO NpY IpovHocTAX 6eToHa o1 20 o 40 MIla u, xak cnencTBHE, MPU TaKOM 3HauYeHHH Cr, . HE PEKOMEH-
JyeTcA MPUMEHATh AJis paboTalomBX Ha MECTHBIN Cpe3 KOHCTPYKUMH 3TOro Kiacca HaJeXHOCTH OeTOHBI Npoy-
HocThIo MeHee 20 u 6onee 40 MI]a;

4) Ha OCHOBaHHMHM aHAJIHM3a METOAOB pacdeTa NPOYHOCTHA IPH MECTHOM cpe3e IUIMT Ge3 monepeqHoit ap-
MaTyphl, IPOJABIMBAEMBIX LIEHTPAIbHO HArPYKEHHOM KOJIOHHOM, C LENBI0 HCKITIOYEHHA M3JIMIIHMX 3aIIacoB
NMpOYHOCTH mpH GeTonax Kknaccos C'%/,s W BhIllie PEKOMEHIYETCA IPHMEHHTD NPH Pa3pabGoTke TEXHHIECKUX KO-
IeKCOB ycTaHOBHBIIEHCA MpakTHkH PecnyOnuku Benapych MeTon pacuera, npelcTaBieHHBIH B HopMax [1] ¢
ko3¢ dunuentoM Cpy,. = 0,24, BMecTO 0,225.

B
4,85

4,70
4,55
4.40

4,25
4,10
3,95
3.80
3,65

3,50 +

3.35 [ SO

=0-1 =07 —e=3 —m=y —-5 |

3’20 e
3,05 4

e, Mlla

i o i N i I . i i P N N
T y T T ' * T ' * * T T i

12 16 20 24 28 32 36 40 44 48 52 56 60 64

2,90

- j

0

Puc. 6. 3aBHCHMOCTE 3HaUeHUM HHEKCA HANCKHOCTH P OT 3HaueHHH NpouHOCTH GeTOHA f4:
1 — pacuer o [1] npu Cgy, = 0,225; 2 — pacyer nio [2]; 3 - pacuer no [1] npu Cpy = 0,24;
4 — pacyer no [1] opu Cry, = 0,255; 5 — nuaus f=3,8

3axiioueHne. AHATH3 METOJOB pacdeTa MPOYHOCTH IPH MECTHOM Cpe3e TUTMT U3 Tskelnoro GetoHa Ge3
[onepedHON apMaTypbl, NPOJAaBIHBAECMBIX LEHTPAILHO Harpy>XKCHHOH KOJOHHOH, 10kasal, YTO 3aBHCHMOCTH
HOpM [1, 2] MoryT 6biTh NMpUBEAEHb! K 3aBUCUMOCTH 06LIero BUAA, COmepxKalnel TpH MHOXKUTE]IA.

C Hcnonb3oBaHHEM CTieLHaNbHO cHOpMHPOBaHHOIO 6aHKA IKCTIEPHMEHTATbHBIX JAaHHBIX 10 MCTBITAHH-
AM Ha MeCTHIH cpe3 IUIMT €3 monepeyHoif apMaTyphbl, MPOAABIUBACMBIX LICHTPAILHO HArpYXKEHHOH KOJIOHHOMH,
GblTa BEITIOJIHEHA OLIEHKA TOYHOCTH METOIOB pacdera, periaMeHTHPOBaHHBIX HOpMaMi [1, 2] cormacHo mpuno-
xenwmo D [5].

OueHka HAEXKHOCTH METONOB PacyeTa MPOYHOCTH IPH MECTHOM Cpe3e IUIHT, IPOJABIHBAEMbIX LEHTPA/Tb-
HO HArpy)XeHHOM KONOHHOM, MoKasalia, YyTo MpeAcTaBiIeHHbe B HopMax [1, 2] MeTonp! pacdera B GONBUIHHCTBE
cydaeB 00eceqHBAIOT MINMHIIHKE 3aIlachl MPOYHOCTH VIS KOHCTPYKUMM knacca HaxexHocTH RC2. B ceasu ¢
3TiM GLUTa BHITIONHEHA KOPPEKTHPOBKA METOMIA pacyeTa HopM [ 1] myTeM m3MeHeHus 3HaueHui koagduumenTa Cry,.

Hcxons m3 obecneunBaeMoro HopMamu [1] MHAekca Halle)KHOCTH HE PEKOMEHAYETCS MPUMEHATH A pa-
GoTaIOMHX HAa MECTHBIN Cpe3 KOHCTPYKIMH Kkiacca HagexxHocTH RC2 6eToHBI Kitacca 110 MPOYHOCTH Ha CKATHE
C%10, @ 1 GeTOHOB KitaccoR C'%/,5 W BHIIE PEKOMEHAYETCA PUMEHATL NPH Pa3spaboTke TEXHAIECKHX KOJEK-
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COB YCTAHOBHBUIEWCS npakTHky PecmyGanku Benapych METOA pacueTa, ApeACTaBleHHbIH B HopMax [1] ¢ koad-
¢uumenToM Cry = 0,24, BMecTo 0,225,

Hccnenosanns BBINOJHANKCH B paMKax 3anaHus 32 «Pa3paboTaTh CTPYKTYPHO-MEXAHHUECKHE MOAETH HeToHa
H Kene300eToHa U4 MpUMEHEeHNs B 1eOPMALMOHHBIX pacyeTax xele300€TOHHBIX KOHCTPYKUMHA MPH CTIOKHOM Ha-
TIPAKEHHOM COCTOAHMM» I '0CYyHapCTBEHHOW IMpOrpaMMbl OPHEHTHPOBAHHBIX (DYHIAMEHTAIbHBIX HCCIEA0OBAHHIt
«CTpOHTENLCTBO M apxuTexTypa» (2006 —2010).
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Hocmynuna 15.11.2010

THE ANALYSIS OF METHODS OF CALCULATION OF STRENGTH OF ELEMENTS
FROM THE CONCRETE OF HIGH SPECIFIC WEIGHT
WITHOUT THE TRANSVERSE REINFORCEMENT AT IMPACT PUNCTURE

N. RAK, S. TAMKOVICH

Results of analize of methods of calculation of strength are presented at impact puncture of slabs from
a concrete of high specific weight without a transverse reinforcement. With use of experimental data bank is
executed an estimation of accuracy of calculation of size standards of codes of design in territory of Belarus.
The index of reliability of the designs, provided at calculation on these size standards of designing is defined.
It is shown, that values of an index of reliability depend in the core on a variation of strength of beton. Varia-
tions of critical bucklings of elements and armature are reflected in values of an index of reliability slightly.
On the basis of the analysis offers on perfection of methods of calculation of reinforced concrete slabs are
given at impact puncture.
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