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3 TOYKM 30py MIIHICTHHX PO3pPaxyHKiB po0OTy 0€TOHY IiJl HABAHTAKEHHAM
3PY4YHO ONMHMCYBATH JiarpaMaMH «G—€» NMPH OAHOOCHOMY PO3THArY Ta CTHCKY.
Haji0inbm yHiBepcaJbHHUM KPUTEPi€EM OLIHKH ONOpPY O€TOHY CHJI0BOMY
BIUIMBY MOKHA B3SITM €Hepro3arpatu Ha JAedopmMyBaHHsi i pylHyBaHHA
marepiany. /lanmii kpurepii o0paxoByeThbCH 4epe3 BHU3HAYEHHH IHTerpaJ

$yukuii o = f(g)

One of the most important problems in the theory of calculations of building
structures made of reinforced concrete remains the task of fully studying and
describing the process of the nonlinear nature of the deformation of concrete
under load. Solving this problem opens up real possibilities for building a model
of the stress-strain state of a reinforced concrete element, which will fully and
objectively reproduce the picture of its operation at any stage of loading.

The deformation calculation method is based on the use of real deformation
diagrams of concrete and reinforcement. At the same time, the criterion for
the appearance of the limit state in the cross-section is the achievement of the
limit values by the deformations of the compressed concrete.

Currently, the deformation calculation method (or nonlinear deformation
model) of a reinforced concrete cross-section has firmly entered the use of
design engineers due to its relative simplicity, versatility and the ability to
independently automate calculations using it.

According to current regulations, the elements of concrete and reinforced
concrete structures are calculated by strength based on a nonlinear
deformation model. At the same time, both valid and simplified diagrams of
concrete deformation can be used in strength calculations of reinforced
concrete elements according to various standards.

From the point of view of strength calculations, it is convenient to describe the
work of concrete under load with «oc—e» diagrams in uniaxial tension and
compression. At the same time, the final result of the strength calculation
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depends on the form of the corresponding diagram and the mathematical
expression on the basis of which it is built, and other factors.

The most universal criterion for evaluating the resistance of concrete to force
impact can be taken as energy consumption for deformation and destruction of
the material. This criterion is calculated through the definite integral of the

function o = f (g) The results of the value of the bearing capacity of the

reinforced concrete section depends on the shape of the corresponding diagram.

Kurouosi ciioBa:
beton, niarpama nepopmyBaHHs, eHepris 1epopMyBaHHs, pyHHYBaHHSI.
Concrete, deformation diagram, deformation energy, destruction.

Beryn. Opniero 13 HalBaOXIIMBIIIMX MpoOiieM y Teopli pO3paxyHKIB
OyIIBEIbHUX KOHCTPYKIIN 13 3a/11300€TOHY 3aJMIIAEThCS 3ajada IMOBHOTO
BUBYEHHS 1 OMHKCAHHS TpOIECy HeNiHIHHOI mpupoau neopmyBaHHS OETOHY Tif
HaBaHTaXeHHsIM. P0O3B’ 30K 11i€1 3a71a4i BIIKPUBAE peaibHI MOXKIMBOCTI MOOYI0BU
MOJIeJI HalpYKeHO-Ae(OPMOBAHOTO CTaHy 3aJ1i300€TOHHOTO €JIeMEHTA, sIKa MOBHO
1 00’€KTUBHO BIATBOPIOBATHUME KapTUHY HOro poOOTHM Ha OyAb-sKikd cTafil
3aBaHTAXKEHHS.

VY 3B’43Ky 3 UM B OCTaHHI JECATWIITTS MPU PO3PAaXyHKY 3al11300€TOHHHUX
KOHCTPYKIIIA y Oaratbox KpaiHax [1-4] mepeinuiu no aedopmaiiifHOro METoay
PO3paxXyHKY TaKWX KOHCTPYKIIHA — SIK METOJY, III0 HaMOUIBII TOYHO HA JaHUM
MOMEHT OIMCY€ TMOBEIIHKY 3ali300€TOHY IMiJ HaBaHTaxeHHsAM. OfHaK, MOILIYK
OUTbII TOYHUX (YHKLIOHATBHUX 3aJE€KHOCTEH Mg ONUCY Ta ampoKCHUMarlil
niarpamu 1eopMyBaHHS OETOHY TpHUBae MOCTiiHO [5-11].

HedopmaniitHuii MeToa po3paxyHKy 0a3yeTbcs Ha BHKOPHUCTAHHI pealbHUX
niarpam nedopmyBaHHs OeToHy 1 apmartypu. Ilpm npomy 3a KpuTepiil mosiBu
IPaHUYHOTO CTAaHy y Mepepi3l NpUilMaroTh JOCSATHEHHS Je(dopMalisiMi CTUCHYTOTO
0eTOHY TPaHUYHUX 3HAYCHD.

Ha Ttenepimuiii wac nedopmamiitHuii Meton po3paxyHKy (abo HemiHilHA
aedopMaliiiiHa MOJedb) 3aJ1i300€TOHHOTO Mepepidy MIIHO  BBIMIIOB Yy
KOPHUCTYBaHHS 1HXEHEPIB-MPOEKTYBATHHUKIB 3aBISIKA CBOIMl BIIHOCHIN MPOCTOTI,
YHIBEPCAJIBHOCTI 1 MOKJIMBOCTI CaMOCTIITHO aBTOMaTH3yBaTH PO3PAXyHKHU 3 HOTO
BUKOPHUCTaHHSIM.

IlocranoBka MeTH i 3agadi AociaigxkeHb. 3TiIHO 3 YMHHUMU HOpPMaMH
eJIeMEHTH OCTOHHMX 1 3a11300€TOHHMX KOHCTPYKIIIM PO3PaxOBYIOTh 332 MIITHICTIO
Ha OCHOBI HemiHiNHOT Aedopmaniiitnoi mozeni [2, 3]. [Ipu nboMy y po3paxyHkKax
MIIIHOCT1 3aJ1300€TOHHMX €JEMEHTIB 3TiJHO PI3HUX HOPM MOXXHA BHKOPHUC-
TOBYBATH K JIMCHI TaK 1 CIIPOILEH] AiarpaMu 1epopMmyBanHs 6eToHy. [lopiBHAHHS
METO/IIB pO3paxyHKy Ta Jiarpam nedopmyBaHHs O€TOHY MOKa3aHo y Tabu. 1.

VY HopMmax [1] Ta [2] giTKO 3a3Ha4Y€HO, IO JIUIIIE MPU MPOBEJACHHI HEIIHIHHOTO
pO3paxyHKy y 3arajJbHOMY BHIAQJAKY [ BHU3HAUEHHS HECYy4oi 30aTHOCTI,
KPUBU3HH, MEPEMIIIeHb, MEPEPO3NOJALTY 3YCUIb Yy CTAaTUYHO HEBU3HAUEHUX
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KOHCTPYKILISIX ~MOXXHAa  BHXOJAMTH 3  HalpyKEHO-I€(OPMOBAHOTO  CTaHY
3a11300€TOHHUX Tepepi3iB, BH3HAYEHOT'O HAa OCHOBI BUKOPHUCTAHHS HEIHIHHOI
JiarpaMu  HampysKeHHs-nedopmarlii, sika Mae cnajgarody TuUiKy. ToOTo nuine
3HAIOYM Ta BIJCIIIKOBYIOUHM ICTOPI0O HABAaHTAXKEHHS KOHCTPYKIIT MOXHa MpHU
MEBHOMY pIBHI HANpyKEHHsSI 3HATU Ha SKIA AUISHII Tpadiky cTaHy O€TOHY
(BucximHiit rimmi abo cmamardiil) MU 3HAXOJMMOCHh B TIEBHUM MOMEHT Hacy. Y
HOpMax [4] Takoro rpadiky Hemae B3arali.

OpnHak, y BCiX HOpMax, IO TMOPIBHIOIOTHCA y Taba. 1, € Tak 3BaHI CHPOIIEHI
rpadiku giarpamu geopMyBaHHS OETOHY «G—€», IKI MOXKHa BUKOPHCTOBYBATH
Ui pO3paxyHKy TMONepeYHUX MepepidiB 3a1i300€TOHHUX KOHCTPYKIINH —
He3alle)KHO Bijl iCTOpii HABaHTAKEHHS KOHCTPYKIii. IX MOXHA yMOBHO MOMiMMTHU
Ha Bl MIATPYNUA — KPUBOMIHINAHI rpadiku Ta ABOJIHINHI rpadiku. o mepiroi
APy COPOIIeHUX rpadikiB BIIHOCATh MapadOIuHO-NIPSIMOKYTHY Alarpamy y
[1] Ta TpumiHiiiHy nmiarpamy y [4]. Y BiTuM3HsHHX Hopmax [2, 3] momaiOHO1
aiarpamMu HeMae. J{o apyroi miarpynu copouieHux rpadikiB BIAHOCITH JBOMIHIAHY
(abo OimiHifiHY) Alarpamy cTaHy OETOHY — SIK HalOLIbII MPOCTAa y BUKOPUCTAHHI 1
AKa € y BCIX MOPIBHIOBAJIbHUX HOpMax.

Taomums 1

Knacudikaiiiss METoAiB po3paxyHKy Ta Jiarpam «G—e» y pi3HUX HOpMax

Merton EN [1] JABH [2], ACTY [3] CII [4]
PO3paxXyHKY

Bun piarpamu neopmyBaHHSI 6ETOHY «G—€»

3arajabHUMN
nedhopMartiiHAi
(HeminiiHMi HEMAeE
PO3paxyHOK
KOHCTPYKIIi{)

CIIPOIIECHUI
nedhopMariiHuiz

(po3paxyHOK HCMae

MOTIEPEYHHUX
nepepisin)

CIIPOIICHUI
nedhopMarti i

(po3paxyHOK
MOTIEPEYHUX
nepepisin)
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3 TOYKU 30py MIIHICHUX PO3pPaxyHKIB poOOTy OETOHY MiJ HaBaHTaXEHHSIM
3py4HO OIKCYBATH JllarpaMaMM «G—&» MPU OJHOOCHOMY PO3TATY Ta CTUCKY. [Ipu
IbOMY Ha KIHIEBHI pe3yabTaT MIIHICTHOTO PO3PAXYHKY 3alekHUTh Bl (opMHU
BIJIMOBIJIHOI JllarpaMu Ta MaTeMaTUYHOT'O BUPa3y Ha OCHOBI SIKOTO BOHA OyyeThCs
Ta 1HImUX (akropiB. [Ipu mboMy MOTPiOHO 3ayBaKWTH, 10 y HOopMmax [1] HeMae
MO>KJIMBOCTI BpaxyBaHHSI pOOOTH PO3TATHYTOTO OETOHY, B TOM Yac K B HOpMax [2,
4] — Taka MOKJTUBICTb €.

Mertoauka nociigkenb. Hall0u1bi yHiBEpcalbHUM KPUTEPIEM OLIIHKH OMOPY
O0eTOHy CHUJIOBOMY BIUJIUBY MO>KHA B3SITH €HeproszarpaTd Ha nedopMyBaHHS 1
pyiinyBanHsa Martepiany [11]. Jlauuii kputepiii 00paxoByeTbCA yepe3 BU3HAUCHUMN

iHTerpan pyHkuii o = f (g)

OuiHUMO 3a JJaHUM KPUTEPIEM eHepro3arpatd Ha pyHWHYBaHHS OCETOHY
CTUCHYTOI 30HM 3a JBOJIHIMHOIO AlarpaMoro 3a Hopmamu [1-4]. Bizememo st
mporo Oeronu kmacie C12/15 (B15), C20/25 (B25), C50/60 (B60). PesynpraTn
MNOPIBHSJIBHOTO PO3PaxyHKY HaBe/leH1 y Ta0i. 2 Ta Ha puc. 1.

Tabmurs 2
[TuToma moTeHIIiiiHA eHepris Ha AeQOopMyBaHHS 1 pyiHHYBaHHS OETOHY
npu cTrcKy, MITax107

Kiac 6etony EN [1] JABH [2] CII [4]
C12/15 21 26,095 23,348
C20/25 35 40,383 39,875
C50/60 87,5 51,975 90,75

BucHoBkM. AmHanizyoud OTpUMaHi pe3yidbTaTu noOyJ0OBU  Jllarpamu

neopMmyBaHHA O€TOHY JJisi PI3HUX KJIAciB Ta BIAMOBIJHY MUTOMY IOTEHIIIHHY
eHeprito Ha nedopmyBaHHS 1 pyiiHyBaHHA OETOHY MPHU CTUCKY MOXHA 3pOOUTH
HACTYIHI BUCHOBKH:

1. Ilpu BCiX iHIMMX PIBHUX BHUXITHUX JaHUX (T€OMETPHUUYHI PO3MIpU MEPeEpi3y,
KUTBKICTh Ta KJAC apMartypu y Tmepepisi) mnsa nepopMyBaHHS 1 pyHHYBaHHS
nepepizy 13 OetoniB kiacy C12/15 ta C20/25 3rimno JIBH [2] HeoOximHO
BUTPATHUTH OiJIbINY KITbKICTh eHeprii Hix 3rigHo EN [1] ta CII [4] — oTxe, Hecyua
3/IaTHICTh TaKOro nepepizy oopaxorana 3a JIbH Oye 0UIb1I010.

2. Ilpu BciX 1HIMX PIBHUX BUXITHUX AaHUX (T€OMETPHUYHI pO3MipH HEpepisy,
KUIBKICTh Ta KJAC apMarypu y Imepepisi) mns ne@opMyBaHHS 1 pyHHYBaHHS
nepepi3y i3 6erony kiaacy C50/60 3rimao JIBH [2] HEoOXigHO BUTPATUTH MEHIIY
KuUTbKicTh eHeprii Hixk 3rigHo EN [1] ta CII [4] — oTke, Hecy4a 3[1aTHICTh TaKOTO
nepepi3zy odpaxoBana 3a JIbH Oyzae MeH11010.

PesynpTaTu BEeNMMYMHU HECY4doi 3JIaTHOCTI 3aji300€TOHHOTO Tepepizy
3aJIeKUTH B (OPMHU BIATIOBIIHOI JIlarpaMH.
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Puc. 1. diarpama neopmyBaHHS OETOHY «G—€» JIJISl PI3HUX KIIACIB:
a) C12/15, 6) C20/25, B) C50/60.
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