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PO3PAXYHOK MINHOCTI HOPMAJIbHUX ITEPEPI3IB
HOEHTPAJIBHO CTUCHYTHUX 3AJ/II3OBETOHHUX EJIEMEHTIB
I3 3BACTOCYBAHHAM EKCTPEMAJIBHOI'O KPUTEPIIO

PACYET NPOYHOCTU HOPMAJIbHbIX CEYEHUNA LEHTPANBHO CXATbIX
XEJNNIE3OBETOHHbIX 3NEMEHTOB C NPUMEHEHUEM 3KCTPEMAJIbHOIO
KPUTEPUA

THE DESIGN OF THE STRENGTH OF NORMAL CROSS SECTION OF
CENTRALLY COMPRESSED REINFORCED CONCRETE ELEMENTS
BY MEANS OF EXTREMAL CRITERION

BukoHaHo docridxeHHs1 po3paxyHKy MiyHOCmi UeHmparnbHO CMUCHymux 3ani306emoHHUX efleMeHmig o
HOpMarbHUX repepisax Ha OcHosi OechopmayiliHoi Modeni 3 ekcmpemanbHUM KpumepieM MiUHoCMi, Wo epa-
xoeye 8rnug cnadHoi 2inku noeHoi diazpamu cmucHeHHs1 6emoHy i3 3acmocy8aHHAM onmumisayitiHux i Yucro-
sux memodis. [Jocnidxyembcsi ernnue ¢hopMu rornepeyHo20o nepepisy 3anizobemoHHUX efnemeHmis, knacy be-
MOHY, MpoyeHma apmMmyeaHHsI Ha epaHu4yHy O0egbopmauito cmucHymoi 30HU 6emoHy ma Ha MiyHicmb
HopMarbHUX rnepepisie makux enemeHmie. HasedeHi cmamucmuyHi pe3ynbmamu ropieHsIHHS Po3paxyHKie 3
daHUMU eKkcriepuMmeHmis.

BbinonHeHb! uccrnedosaHusi pac4yema rnpo4YHocmu uyeHmparsibHO cxambiX )Kes1e306eMOHHbIX 3/IEMEHMO8
no HopmarsibHbIM Ce4YeHusIM Ha OCHOoge Oed)OpMauUOHHOlj modenu ¢ 3KCmpemarsibHbIM Kpumepuem po4yHo-
cmu, Komopas y4Yumsbieaem eriusgHue Hucxo0lsawel eemesu nosHoU duazpammel cxxamusi 6emoHa ¢ npuMeHe-
HUEeM onMUMU3aUUOHHbIX U YUCIEHHbIX MemoQoos. Mccnedyemcn ernusiHue ¢hopMbl rornepeyHo20 ceyYyeHust
)Kene306emoHHbIX 3rieMeHmos, Kracca 6emoHa, rpoueHma apMupogaHus Ha npedeanyio decpopmayuro
cxamol 30Hbl 6emoHa U Ha [NPOYHOCMb HOPMalbHbIX CcedYeHUl makux anemeHmos. [lpusedeHb!
cmamucmu4ecKue pes3yrnbmamabl CpasHeHUs pac4yemos ¢ OaHHbIMU 3KCrepuUMEHMOos.

The design of the strength of normal cross section of centrally compressed reinforced concrete
elements (RCE) was investigated by means of extremal criterion within the bounds of deformation
model. Descending part of the concrete stress-strain diagram was taken into account. Optimization
and numerical methods were used. The influence of cross section form, concrete class and reinforce-
ment percentage on the ultimate strain of cross section compressed part were studied.

Beryn

VY pob6otax [1—5] Big3HaueHO HEOOXITHICTh YAOCKOHAJIEHHS BiIOMHX Mozene [6—9] 3 MeToro ypaxy-
BaHHS JJOCTOBIPHUX 3aJIEKHOCTEH peasibHOI poOOTH MaTepialliB, MEXaHIYHHUX 1 TEOMETPUYHUX XapaKTepHUC-
TUK 3ami300eTonHux enemMeHTiB (3BE) Tomo. [Jdedopmariiina mogens (IM) i3 eKCTpeMalbHUM KpUTEPiEM
minHocTi (EKM) B pasi ypaxyBaHHS pealibHUX JiarpaM poOOTH apMaTypu Mae 3Ha4Hi IIepeBaru B MOEAHAH-
Hi 3 onTUMIi3aUiiHIMH MeTolaMy. BoHa Jjae MOKIIMBICTE aHAIITHYHO OJIEpyKaTH IPAHUYHI XapaKTePUCTUKU
Oerony HopmainbHOro Tiepepidy 3BE, 3aBasku BpaxyBaHHIO CIaHOI T'JIKM MOBHOI AiarpaMd CTHCHEHHS
(ITAC) Gerony, mo BigoOpaxae mpolec 3HKEHHsI HECY40i 31aTHOCTI BHACTIJJOK 3pOCTaHHS CTYIEHS HOTro
pYHHYBaHHS.

Excrpemansnnit xapakrep I1JIC Gertony, mo mae ctporuii MakcumyM A(eg, R,) (puc. la), cnpuun-

HSI€ ICHYBaHHS CTPOTOro Makcumymy 7 (8 b Fmax) 3aJIeKHOCTI MK 3ycHuisiM /'y mepepisi i aedop-

MalI€ro €y, CTUCHYTOI rpaHi 6eTOHy HopManbHOro nepepisy 3bE (puc. 16), mo npuBoauTh 10 ICHYBaH-
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1 EKM HOpManbHOTO TIepepi3y [1—35]

F(&ppy-..) = max, Ko (ecn, if) €5, = &p,. (1)
a) 0)
o, F
Rl F,. L
- T Fo| /4
C 8[7 8bm

0 (c;g € bu Kg R i 0 gR gbu '

Puc. 1. TloBHa fiarpama CTUCHEHHsS OETOHY G, — €, (a), 3ANIEKHICTD «3yCUILIA Y TIepepisi F — nedopmanis € bm CTUCHYTOI
rpaui O6etony nepepizy» 3bE (6)
Pvc. 1. NMonxas anarpamma cxatus 6eToHa Gy, — &, (@), 3aBUCUMOCTb «YCUINE CeYeHUs F — pedopmauus cxaton rpaHm
GeToHa ceveHUs €y, » XXB3 (6)
Fig. 1. Complete compression diagram of concrete G, — &, (a) and relationship between the force in the section F and

the strain of the compressed edge of concrete €, RCE (b)

IIpo icHyBaHHS CTPOTOTO MAKCUMyMy KPHBHX F (8 bm) CBITYUTH 3HAYHA KiTBKICTh BITOMHX €KCITC-

pPUMEHTIB, 30KpeMa HaBeneHux B [4, 10, 11].
JAM 3 EKM € anpTepHATHBHOIO MOJICIUTIO BiTHOCHO BigoMux JIM i3 eMIipHIHAM KPUTEPIEM MIITHOCTI
[7—10] €4, = €py, Y AKUX rpaHnyHi gedopmanii €, [7, 8] BU3HaUamuCs IUIIXOM NIPIMHUX BUMIPIOBaHb

Ha CTUCHYTIiH rpani BunpoOyBanux 3BE, a pekomengoBaHi iX 3HaueHHs HaBeleHI B HopMax [8].
Ha npotusary [7, 8] rpanuuHi aedopmariii 6eTony mozeni [9] Bu3Hadanucs 3 BUIPOOyBaHb IICHTPA-
JILHO CTUCHYTHX 3pa3KiB [12], mpaBoMipHiCTh METOAMKH SIKUX BUKIIMKAE OOIPYyHTOBaH1 CyMHiBH [3].

BcTtynneHue

B po6otax [1—5] oTMedyeHa Heo6XoOUMOCTb YCOBEPLUEHCTBOBaHUSA M3BECTHbIX Moaenen [6—9] ¢
Lenbio y4eTa JOCTOBEPHbIX 3aBUCUMOCTEN pearbHON paboTbl MaTepranoB, MEXaHUYECKUX U TEOMETPU-
YeCKNX XapaKTepUCTUK xene3obeToHHbIX anemeHToB (KBJ) u 1. n. JedopmauunoHHas mogens (OM) ¢
aKcTpeManbHbIM KpuTepmnem npoyHocTu (K1) npu yyeTe peanbHbIX gnarpamm paboTbl apMaTypbl MMe-
€T 3HaunTEeNbHbIE MPENMYLLECTBA B COMETAHUMU C ONTUMMU3AUMOHHLIMU MeTogamu. OHa OaeT BO3MOX-
HOCTb aHanUTU4YeCcKu MNONyYnTb MpefernbHble XapaKTepucTukn GeToHa HopmanbHoro cedeHusi XKBJ,
bnarogaps yyeTy HUCXoasLen BeTBU nonHow guarpammel cxatus (MOC) 6eToHa, koTopas oTobpaxaeT
NPOLECC CHUXKEHUS HECYLLIEN CNOCOOHOCTM BCneacTBME BO3pacTaHMsl CTENEHN Er0 paspyLUeHus.

SkcTpemanbHbin xapaktep MOC 6eToHa, KOTOPbIN MMEET CTPOruii MakCUMyM A(gR,Rb) (puc. 1a),

obycnaBnnBaeT CylleCcTBOBaHUE CTPOroro mMakcumyma T (ep,,F

max) 3aBUCMMOCTU Mexay ycunuem B

cedeHun F w pedopmaumei cxaton rpaHn 6eToHa gp, HopmanbHoro cedexus XXB3 (puc. 16), uTo
npvBoauT K cywectsoBaHuio OKI HopmanbHoro cevennst [1—5] (1)
O cyLiecTBOBaHMM CTPOroro Makcumyma KpmBbiX F (sbm) CBMAETENbCTBYET 3HAYUTENBbHOE KOnuye-

CTBO M3BECTHbIX 3KCNEPVMEHTOB, B YaCTHOCTU NpuBeAeHHbIX B [4, 10, 11].
IOM c 3KI1 a10 anbTepHaTMBHast MOAENb MO OTHOLUEHMIO K M3BECTHBIM [IM C aMnnpuyecknm Kpute-
pvem npoyHoctun [7—10] g, = &, , B KOTOPbIX NpeaenbHble aedopmaumnn g,, [7, 8] onpeaenanucs ny-

TEM MPAMbIX U3MEPEHMUIA Ha CXaTol rpaHn ncnbiTaHHbix KB, a pekoMeHA0BaHHbIE UX 3HAYEHUS Mpu-
BeJEeHbl B Hopmax [8].
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B npotusoBec [7, 8] npegenbHble aedopmauun 6eToHa moaenu [9] onpegenanncb M3 MUCNbITaHWN
LueHTpanbHO cxaTblix o6pa3suoB [12], npaBOMEpPHOCTb METOAMKN KOTOPbIX Bbi3biBAa€T 060CHOBaHHbIE CO-
MHeHus [3].

Introduction

The works [1—5] focus on the necessity of improving the known models [6—9] with the aim to
consider reliable relationships of real behavior of materials, mechanical and geometrical charac-
teristics of reinforced concrete elements etc. Deformation model (DM) with extremal strength cri-
terion (ESC) — real diagrams of reinforcement behavior being considered — has considerable
advantages when combined with various optimization methods. This enables to obtain analytically
the ultimate characteristics of concrete for normal cross section of reinforced concrete element
(RCE) due to taking into consideration the descending branch of complete compression diagram.
The latter depicts the strength descending process as a result of the increase of degree of its de-
struction.

Very extremal character of the complete compression diagram of concrete having exact max-

imum A(eg, R,) (fig. 1a) stipulates the existence of the exact maximum T (g, Fyay) Of rela-

tionship between the force in section F and the strain of compressed edge of concrete ¢, of
normal cross section of reinforced concrete element (fig. 1b). This causes the ESC normal cross
section [1—5] (1).

A great number of well-known experiments prove the existence of the exact curve maximum
F(epm) and in particular the ones given in [4, 10, 11].

The DM with ESC is an alternative model to the known ones. It is based on the empirical
strength criterion [7—10] ¢, = &5, in which the ultimate strains ¢, [7, 8] were determined by di-

rect measurements on the compressed edges of the tried reinforced concrete samples, and their
recommended values were given in the standards [8].

Contrary to the cases [7, 8], the ultimate deformations of concrete of the model [9] were de-
termined in the process of testing of centrally compressed samples [12], the testing method being

doubtful [3].

BuxkJsag ocHOBHOTO MaTepiaay

JocnimkenHs: 00MeKyBaiocs 3aa4elo MepeBipKy MiTHOCTI HOpMaJIbHOTO Tiepepisy. s Bu3HaYeHHS
HanpyXeHb, AedopMaliii Ta iHIIKUX XapaKTEPUCTHK Mepepiszy HeHTpanbHOo cTucHyTuX 3BE (puc. 2) Buko-

PUCTOBYEMO:
a) 0) 6) 2) 0)
4
y '
Ebm O-hm N’ l
Q ' lN==
N 8A b = |
N o f}ﬁ &l g - N o
|%|§ N ™ 2 3!1‘ Eﬁg N =
Q ] ~
ol A
(0]

Puc. 2. Po3paxynkoBa cxema 3BE i po3risnyTi hopMu nmonepedHux mepepizis
Puc. 2. PacyeTtHas cxema XXB3 1 paccMoTpeHHble (hopMbl MONepeYHbIX CeveHni
Fig. 2. The scheme for calculating RCE and the examined forms of the normal cross sections

1. ®i3uuHi 3a7€XKHOCTI:
a) i1 OeTOHy — y BHUIVIAAI ampokcuManii, 3anpornoHoBaHoi M. Caprenom i1 pexkomenaoBanoi €Kb-
OIIT

5, = Rb([(n—nz)/[1+([(—2)n], Q)
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Ie m — piBeHb Jedopmariii (ypoBeHb Aedhopmauuy; strain degree) Ta mapamerp aedopMaTHBHO-
MIIHICHIX (MEXaHIYHUX) BIACTHBOCTEH OETOHY (NMapameTp AedopMaTUBHO-MPOYHOCTHBLIX (MEXaHUYECKMX)
cBomncTe GeToHa; parameter of the strain-strength (mechanical) property of concrete) K Bu3Ha4arOThHCA 3a
dhopmymnamu

n=¢g,/ep K= Egp/R), 3)
ne E, — no4aTkoBuii MOZyIb TIPYKHOCTI OE€TOHY 0OUMCITIOBaHHMIT 32 POPMYIIOIO (HauarnbHLIA MOAYb Y-

pyroctn GeToHa, BblYMCISEMbIi No dopmyne; initial concrete elasticity module), £, = 1,1-104 Rg,g [14];
Ry, € p — HanpyxeHHs it nedopmallist B MAKCUMyMi KpUBOi G, — €, (pHc. la) (HanpsbkeHnst n aedopma-
LM B MakcUMyme KpuBOW op —g, (puc. 1a); stress and strain in the point of curve maximum o, —¢,

(pvic. 1a)). Hedbopmalis €, BU3Hauanack 3a popmynoro €EKb-DIIT
e =70-10" R, ©)

0) Ans apMaTypH aHaJNiTHYHI BUpa3H AlarpaMu PO3TATHEHHs (CTHCHEHHS) PO3IiNEHI Ha Ba BiIOMHX

TUTH: 3 (DI3UYHOIO TPAHUIICIO TEKYYOCTI G v 1 3 yMOBHOIO TPAHUIIEIO TEKYYOCTI G- (puc. 3). Ilpu npo-

My, JUIsl apMaTypu 3 Pi3HYHOIO IPaHUICIO TEKY4OCTi G, (pHC. 3a) IHOA] (W1 MaIIOl KUIbKOCTI apMaTypH)

noTpiOHO BpaxoByBaTH 0OIacTk 3milHeHHs BC, mo Ha iHTepBam Aedopmalliii €, < &5 < &, MOXHa

su

anpOKCHMYBATH MapaboJIoL0

2
G- uw [1_&j[2_&J&+&+[mJ _p )
N 2 s
(1 - gyu/gsu) GSU 8Sl] SSH GSLI 8SU 8SLI

, — Jedopmaris HaNPHKIHII IUIOMIAJKH TeKy4JOCTi (Touka B) (Aedopmaums B KOHLE MIoLaaku Te-

pi (S Sy

Ky4yecTu (Touka B); strain at the end part of the diagram yield point (point B)), G, €5, — HanpyXeHH: (Tpa-
HUILS MILHOCTI) 1 Aedopmaliis B Touni MmakcumyMy C aiarpaMu G — € (puc. 3a) (HanpsixeHve (rpaHuua
NMpoYHOCTH) U Aedopmauusa B Touke makcumyma C auarpammbl o —g, (puc. 3a); stress (strength limit) and
strain in the maximum point of diagram C o, — &, (fig. 3a)).

a) 6)
0, o,
C C
Oy, O,
0-(1,2 B
o, 4 B O, - A
8:,, gyu 8S€0 O 83 Ssu 80,2 8&0 ai 85
_SY * 85@ 8}’“ 8:11 -8? i ia 0 8“, 8()}2 8‘,‘
O-y i ‘ ] O-SK’
i 0y,
0-.\'14 S — g,
_O' _ O_

s s
Puc. 3. [liarpamu po3TArHEHHS (CTUCHEHHS) apMaTypHUX CTallel: a) 3 (hi3UYHOI0; 6) YMOBHOIO TPaHHILIMU TEKYyJOCTi
Puc. 3. Quarpammbl pacTskeHus (CxaTusi) apMaTypHbIX cTaneit: a) ¢ dousmyeckoit; 6) yCrnoBHOW rpaHmLamMmn TEKy4ecTm
Fig. 3. Stress-strain diagrams for reinforcement: a) with physical; b) conventional yield point

s apmatypu 6e3 mIomaakyu TeKy4OCTi 3aCTOCOBY€EThCS JTiHIHHO-IBOMapadoiuHa anpoKCHUMALis di-
arpamu po3TSITHEeHHS
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s>8g Og = ESSS;

2 .
Ee S €5 S €02 O = —0O&; + Bgs 7 (6)

€po S €3S €4y Og = —ag’ + beg+ ¢,
B SIKIH
_ =2 . _ 2 .
a=p—q P=2pegy—qleet+ep); ¥ =002 P2+ GEwL 2

pP= (80,2 - 856’)/(80,2 - 856)2; q =00, /(80,2 - Sse)§ (7
062 = —2380,2 + [7,

a= (Gsu - 60,2)/(85H — €02 )2 , b= 2385u; C=0g — 38§u’ )
Jle BUX1THUMH TTapaMeTpaMu apMaTypH €: MOIYIb TIPY>KHOCTI (MoZyrnb ynpyroctu; the modulus of elasticity)
ES, MesKa IPOMOPLIRHOCTI (rpaHuua nponopLUmMoHansHocTy; proportionality limit) o ., yMOBHA Mexa TeKy-
JOCTI (ycnoBHas rpaHuua TekydecTu; conventional yield point) Gy, MEXa MIITHOCTI (rpaHuua npoYHOCTY;
strength limit) c g, 1 BIAMOBIAHI UM MeX)aM fedopMallii — €., €02, €4, [4]-

2. 'eoMeTpryHi 3aJI€)KHOCTI BU3HAYAIMCH HA OCHOBI TIITOTE3H IJIOCKHX TIEPEepi3iB, 0 JO3BOJISIE BUPA3H-
TH 4yepe3 AedopMmalito €, AedopMallii CTUCHYTOI 30HH OETOHY €; Ha PiBHI BOJOKOH 13 KOOpAMHATOW (,
a TakoXx Aedopmarii po3TsrHyToi i cTHCHYTOI apMatypH (puc. 2);

gbZSbm'g/.y; (9)
852811111'(]70/)/_1); (10)
8,5:‘gb111'(1_‘3,/.y)a (11)

Jie y — BHCOTa CTUCHYTOI 30HHU OETOHY (BblCOTa CaTol 30HbI 6eToHa; height of concrete compressed part),
a' — BifcTaHb BiJ PIBHOAINHOT B apMaTypi CTUCHYTOI 30HU GETOHY 10 HAHOIMKIOI TpaHi mepepisy (pa-
CCTOSIHME OT pPaBHOAENCTBYIOLLEN B apMaType cxXaTol 30Hbl 6eToHa k Gnwkanwen rpaHu ceveHus; distance
between the resultant in the reinforcement of the concrete compressed zone and the nearest edge section), ho

— poboua BHCOTa mepepizy (paboyast BbicoTa ceveHus; working height of the section).

ITpuiiHABIIM MO3HAYEHHS O = €, / € p, OAEPKUMO, IO M = af / y, 16 0. — BITHOCHA JedopMallis CTHC-
HyToi rpati 6eTony 3bE B HOpMansHOMY TIepepisi.

3. PiBHsHHSA piBHOBaru

Y X=0; N-6,A,~Ny-c.A =0; (12)
Y>My=0; Ne-Nyyy-c.A(y—a)-oc, Al -y =0, (13)

ne N b — piBHOMIHA OCTOHY CTHCHYTOI 30HH (paBHOAEWCTBYOLLas 6ETOHa CxkaTol 30HbI; is the resultant of
concrete of the compressed part)

y
Ny = [o6,b(C)d5 = Nylo, y); (14)
0

€ — CKCICHTPUCHUTET NPUKIadaHHsA CiId N BiIHOCHO HEHTPaIbHOI ocCi mepepiszy (puc. 2) (sKcueHTpu-
cuTeT npunoxeHus cunbl N OTHOCUTENBLHO HeWTpanbHOWM ocK ceveHust (puc. 2); eccentricity of application of
the force N relatively to the neutral axes of the normal cross section (Fig. 2))

e=¢-h/2+y=y; (15)

€, — CKCLUCHTPHCUTET NPHKIaAaHHa CHIn N, BIJHOCHO LIEHTpa nepepisy (pUc. 2) (3KCLEeHTpUCUTET npu-

noxeHwns cunbl N OTHOCUTENBHO LieHTpa cedeHus (puc. 2); eccentricity of application of the force N relatively
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to the center of the normal cross section (Fig. 2)), e; =0; y,, — BiAcTaHb BiJ HyJIbOBOI JiHii feopmaniit
710 TOYKH IIPUKIAJAHHS 3yCHIIs Ny, Ky IPEACTaBUMO y BHUIIIAAL (PACCTOSHUE OT HYNEeBON NHUK aedo-
pMauuin K Touke npunoxenuns ycunus N, , KoTopyto npeactasmm B Buae; distance between the zero line of the
strains and the point to which N, is applied. It can be presented as)

v
yn =|[ob(C)dC| /Ny = yy (o). (16)
0

BuxopucroByroun 3anexnocti (2)—(13), 3 ypaxyBannsm (14)—(16) onepxuMo cucTteMy piBHIHB 13
HeBimomumu N, o, y

N -o(a, ) A, — Nya, y) — &' (o, ) A, = 0; A7)
Ne(y) = Ny(a, »yy(a, ) = c'(a, ) Ay - a) — o (a, ) A(ly — y) = 0. (18)

s Bu3HaueHHs HeBigomux N, o, y BuUKopuctoByeMo (17), (18) i momatkoBy ymoBy y Burisiai EKM

HOpMaJIBHOTO Tiepepidy (1). Y pe3ynpTari MaeMo ONTHMI3alliifHy 3aJady HENIHIHHOTO MaTeMaTUYHOTO
nporpaMyBaHHs [15] Ha yMOBHHI eKcTpeMyM i3 HiIbOBOIO (yHKLi€0 (1) mpu 0OMEKESHHAX-PIBHOCTAX
(17), (18). dns peanizanii onTuMizaliiHOT METOIUKH OyJI0 po3po0ieHo cneniaibHy mporpamy s I1E-
OM «MOK1-05».

[opiBHIOIOUM pe3ynbTaTH OOYHMCICHb 32 HABEACHOIO BHIIE METOJHMKOIO 3 €KCIIEPUMEHTANbHUMH Ja-
HUMH BHIIPOOYBaHb CTUCHYTHX 3aJ1i300€TOHHUX €JIEMEHTIB 3HaYCHHS HAaNpYXeHb B apMaTypi 1 BiAmoBia-
Hi iM gedopmanii (quB. puc. 3) Opanuch 3a JaHUMH ii BUIIPOOyBaHb a00 CepelHbOCTATUCTHYHUMH IS
pi3HuX KkiaciB apMaTypu [16, 17].

AHali3 rpaHUYHUX XapaKTePUCTUK BUKOHYBABCA Ul HOPMaJbHHUX TepepisiB pizHOi popmu — mpsi-
MOKYTHO1, TPUKYTHOI, TpaneuienoAiOHoi 3 pO3IUpPEHHIM y PO3TATHYTIH Ta CTUCHYTIH 30HaX Ta TaBPOBii
(muB. puc. 2). [TapameTp MexaHIYHUX BIACTHBOCTEH OeToHy K, 1m0 obuucioeTbes 3a Gopmymoro (3),
3pocTaB y AiamasoHi 1,2...3,5, skoMy BiINOBiJa€ 3HUKEHHS MILHOCTI OeToHy K), mpubausHo Bix 120 no
7,5 MIla. IIpoueHt apmyBaHHs g 3MiHIOBaBcs B iHTepBaii 0,41...5,03 %. Knac apmarypu 6pascs moc-

tiitauM — AIIl. Apmartypa po3TamoByBajgach B pO3TATHYTIH 1, SIK MPaBUJIO, B CTUCHYTIA 30HI HOpMajh-
HOro mepepiszy (puc. 2). Po3mipu HOpMaNbHUX MEPEPi3iB MPAMOKYTHOI Ta TPUKYTHOI (hOPM 3aIUIIATIUCH
noctiiaumu b= 0,25 M i ~ = 0,3 M, ans Tpanernienoaiouoi popmu tgB = 0,217, a ans TaBpoBoi ho-

pmu mepepizy A=0,3m, b=0,12m, A =0,06 ™, Dy = 0,25 M. Onepxani pe3ynbTaTd BUKOHAHHUX

JTOCJTIKEHD 1ITIOCTPYIOTh HaBEJACH] HIDKYE PUCYHKH 4—9.
ay

2,8 A
2,6
2,4
2,2

mparneuis 1 (mpaneyus 1, trapezium 1)

MPUKYMHUK (mpeya0onbHUK, triangle)

mparneuis 2 (mpaneyus 2, trapezium 2)
masep (masp, T-beam)

K-a
K-a
K — a. npsamoKymHUuK (rpsiMoyeoribHUK, rectangular)
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Puc. 4. B Ha XapaKTepHCTHKY IPaHUYHOT eopMalii OeToHy HOpMaTbHHX NepepisiB pisHoi Gopmu o, = €4,/ € p Na-

pametpa K U HEHTPaIBHOTO CTUCKAHHS, 3 OJHAKOBOIO KITBKICTIO PO3TATHYTOL
(2216 Alll) Ta crucHytoi (2216 Alll) apmatypu
Puc. 4. BnnsHue Ha xapakTepucTuky npeaenbHon aedopmauuy 6eToHa HopMarbHbIX CEYEHU pa3Ho hopMbl

o, =&y /sR napameTpa K npwv LEeHTparnbHOM CXXaTuu C OANHAKOBBIM KONMYECTBOM pacTaHyTou (2316 Alll)
n cxaton (2016 Alll) apmaTypsbl
Fig. 4. The influence of parameter K on ultimate strain o, = €, / € of concrete of different form under central com-
pression. The amount of compressed (2016 Alll) and tensile (2816 Alll) reinforcement is equal
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02 —8— K- o mpukymHuk (mpeyeonbHuk, triangle)
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1,5 | —eo— K —oa mpaneuis 1 (mpaneyus 1, trapezium 1)
14 —&— K —o npAMOKymHUK (MpsaMoyeorbHUK, rectangular)
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Puc. 5. 3anexHICTh BITHOCHHX HANpY)XeHb PO3TATHYTOI (a) Ta cTHCHYyTO] (0) apMaTypH B cTail pyHHYBaHHS Bix (GOpMH HOp-

MaJbHOro nepepizy Ta K Mpu HEeHTPaIbHOMY CTUCKaHHI
Puc. 5. 3aBMCMMOCTb OTHOCUTENbBHBIX HANPSXKEHWIN pacTsHYTOM (a) u cxaTon (6) apmaTypbl B CTagaumn paspyLleHust oT opMbl
HOpManbHOro ceveHust U K, npu LeHTparibHOM cxaTum

Fig. 5. Dependence of relative stresses of the compressed and the tensile reinforcement in the stage of destruction on
normal cross section form and on K under central compression

Pucynok 4 mokasye cyTTeBy 3anekHIicTh Bif K rpaHndHOi nedopmartii cTucHyToi rpaHi 6etony 3bE
B HOPMaJIbHHX Tiepepizax pizHoi Gpopmu. 3HauHa 3a/eKHICTh TPaHUIHOI Aedopmaltii CTHCHYTOI rpaHi Oe-
TOHY 1 BiJl IPOLIEHTa apMyBaHHA W [5]. Sk BuAHO i3 rpadikiB (puc. 4), 3HauHi 3MiHN AedopMalliii cTuc-
HYTOI TpaHi OETOHY BiIOYBalOTHCS B IMPOIIECi TTEPEXoay HAPYKEHb B apMaTypi 3 TUIACTHYHOI B TIPYKHY
crafito podoTH (puc. 5).

<

-

O A N W AN OO N ® © o2
Il

/-—‘

—8— K- Ne=0 3a/M 3 EKM (no AM c OKT1; by DM with ESC)
i\ —»— K- Ne =0 3a [6] (no [6]; with [6])

-

1,2 1,7 2,2 2,7 3,2 K

Puc. 6. [TopiBHSHHS MIILIHOCTI B cTafil pyiHYBaHHS HPSIMOKYTHOTO HOPMAJIBHOTO Tepepizy (N u) 3alIeKHO BiJ K, obuucre-
Hux 3a JIM i3 EKM, Ta 3a pexomenpauismu [6]
Puc. 6. CpaBHeHMe NPOYHOCTY B CTa[M Pa3pyLLEHUs NPSMOYTOMBHOMO HopMarkHOro cetenus (N, ) B 3aBUCMMOCTH OT K,

BbluMcneHHbIx no M ¢ OKI1, n no pekoMmeHaaumsm [6]
Fig. 6. The influence of k on the strength of rectangular normal cross in the stage of destruction. The strength was calcu-
lated by DM with ESC and in compliance with recommendations [6]
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-389

-389,5

-390 BHEHEHEHE-E-E-E-E- - HH R e Y

—8— K-oce=0 3a/[M 3 EKM (no AM c OKTl; by DM with ESC)
3905 T 3¢ K-ce=0 3a[6] (no [6] with [6])

-391 ‘ ‘ ‘ ‘ K

1.2 1.7 2.2 2.7 3.2
Puc. 7. [lopiBHSIHHS HANpPY)KeHb PO3TATHYTOI apMaTypH B CTail pyiiHyBaHHs NPSMOKYTHOTO HOPMAJILHOTO MEPepi3y 3aIeKHO

Big K, oOuncnenux 3a JIM i3 EKM Ta 3a pexomennamismu [6]

Puc. 7. CpaBHeHVE HanpsbKeHW pacTsaHYTON apmaTypbl B CTaaum pa3pyLUeHusi IPsIMOYrofIbHOro HOPMarnbHOTO CeYeHust B 3a-
BUCMMOCTU OT K, BblumcneHHbix no M ¢ OKIM u no pekomeHaaumsm [6]

Fig. 7. The stresses in tensile reinforcement in the stage of destruction of rectangular normal cross section depend on the
values of K . The stresses was calculated by DM with ESC and in compliance with recommendations [6]

Ha PUCYHKY 6 moka3aHo I‘pa(l)lKI/I 3AJICI)KHOCT1 'PAaHUYHO1 MIITHOCT1 N 4 TIPAMOKYTHOT'O HOPpMaJbHOT'O

nepepizy HenrpaibHo crucHyTHx 3BE Big mapamerpa MexaHidHUX BIacTUBOCTEH OeToHy K, OTpUMaHHX
3a HaBEJICHOIO BHUIIE METOIUKOIO B TIOPIBHSIHHI 3 JaHUMH 004YHCIIeHb 3a [6]. SIk BUIHO 3 TpadikiB, METO-
IKa [6], sIK TIpaBHIIO, 3aBHINYE MIITHICTE HOPMAJLHOTO Tiepepi3y. Po30DKHICTh pe3ynbTaTiB OOUUCICHD
3yMOBJICHA HEBpPaxyBaHHIM B [6] peanbHOI poOOTH apMatypu (puc. 7) Ta OOMEXEHHSIM KJIaciB OCTOHIB

(B 3,5...B 60) 1 ix xapaKTepUCTHK.
N u

10 1 \ \ \

mpaneuyis 1 (mpaneyus 1, trapezium 1)

I
—— K-N
—8— K- N mpukymHuk (mpeyaonbHuK, triangle)
x —k— K- N npsmMoKymHuk (MpsiMoyaonbHUK, rectangular)
—¥— K-N
—¥— K-N

mpaneyisi 2 (mpaneyus 2, trapezium 2)
} \\\‘\‘

masep (masep, T-beam)

SO = N W A OO O N © ©

1,2 1,6 2 24 2,8 32
Puc. 8. B Ha MillHiCTh HOPMAJILHKX HEPEPi3iB pizHOi popMu N, mapaMeTpa MEXaHIYHMX BIacTHBOCTeH OeTtony K B pa-

31 OJIHAKOBOI KUIBKOCTI po3TsiruyToi (2316 Alll) ta crucuyroi (216 Alll) apmarypu
HPH LEHTPATbHOMY CTHCKaHHI
Puc. 8. Bnuaxne Ha Npo4HOCTb HOPMaribHbIX CEYEHUI pa3Hoi hopMbl N, napameTpa MexaHM4eckux cBoncTs 6eToHa K B

cryyae oaMHaKoBOro konmuyecTsa pacTsHyTon (2016 Alll) u cxaton (2016 Alll) apmaTypbl NpW LeHTpanbHOM cxaTum
Fig. 8. The impact of the parameter K on the strength of normal cross of different forms under central compression. The
amount of tensile (216 Alll) and compressed (2016 Alll) reinforcement is equal

Hapeneni Ha pucCyHKYy 8 rpadikul UTIOCTPYIOTH 3aJ€KHOCTI MIITHOCTI HOPMAaJdbHUX IEepepi3iB pi3HOI
(hopMu Bim mapameTpa MEXaHIYHUX BJIACTUBOCTEH OeToHy K 3 OIHAKOBMM apMyBaHHSAM. SIK BHUIHO i3
rpadikiB, MIITHICTb CYTTEBO 3aJICKUTH Bi (HOPMH HOPMAJLHOTO Tepepisy. Sk mpaBmiio mpsaMoKyTHa (Ho-
pMa TIOTIEPEYHOTO MIEPEPi3y € ONTHMAIHHOIO.
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1.60 ~ ‘ ‘
—l—=1.024
1.40 +— _
—h—=2.35
1.30 -—|—>—pu=5.03

1.20

1.00

0.90 + \ \
1.2 1.6 2 2.4 2.8 3.2
Puc. 9. Briue Ha XapaKkTepUCTHKY rpaHuyHOi eopmanii 6eToHy o, mapamerpa K s pi3HEX IPOLEHTIB apMyBaHHS L g

K

NPH LEHTPATbHOMY CTHCKaHHI
Puc. 9. BnnsiHne Ha xapakTepucTuKy npeneribHol gedopmaumnmn 6eToHa o, napametpa K Af1s pasHbIX NPOLEHTOB apMUPO-

BaHNS pg NPW LEHTPanbHOM CxaTum
Fig. 9. The influence of parameter K of concrete on its ultimate strain characteristic a,, at various percentage of rein-

forcement pg under central compressing

I'padixu 3anexnocti o, — K (puc. 9) onepxkaHi i NpsIMOKYTHOTO HOPMAJIbHOTO Iepepi3y 3 Mpo-
IIEHTOM apMyBaHHs B iHTepBaii 0,41 % < pg < 5,03 % NpH LIEHTPaJIbHOMY CTHUCKaHHI. XapaKTepHUM
Ut LuX rpadikiB € Te, M0 B pa3i 3MiHH MIITHOCTI OETOHY Ta MPOLEHTa apMyBaHH:I, apMaTypa MPaLoe SIK
B IUTACTHYHIH TakK i B Ipy>kHil crazxii. B 6eToHax BHCOKOI MILTHOCTI pO3TATHYTa apMaTypa Mpalioe B IIa-
CTHYHIH cTafii, a CTHCHYTa, SIK MPaBUJIO, 31 3MEHLICHHSM MIIHOCTI OETOHY MEpPEeXOJUTh 13 MPY>KHOI B
IUIaCTHYHY cTafiro. B GeToHax HU3BKOI MIITHOCTI PO3TATHYTa apMaTypa Mpaloe B NpyxkHiit craxii. Ta-
KAM YMHOM, ypaxyBaHHs peallbHOi poOOTH apMaTypHOi CTalli CYTTEBO BILIMBAE HAa TPAHUYHI XapaKTEepHC-
THUKY HOPMAJILHOT'O TIepepi3y i Ha HOro MiIHICTh, 110 HE BPaxoBYeEThCS B [6].

3a HaBEJCHOIO BUILE METOAMKOIO Oyia 0OUYHMCIeHa MILHICTh HOPMaJIBHUX MEpepi3iB UEHTPAJIbHO CTH-
caytux 3BE Ha 0CHOBI ekcliepUMEHTaNbHUX JaHuX pi3HUX aBTOpiB [18—20]. Pe3ynbpraTtn 0OuucneHp Mi-
HOCTI HOpMaJbHUX TepepisiB Takux 3BE mopiBHsAHI 3 eKCIepUMEHTaIbHUMHU AaHUMH. CTaTUCTUYHUI
aHaJIi3 MOPIBHSAHHS TEOPETUUHUX PO3PAXyHKIB 3 €KCIIEPUMEHTAIBHUMH JaHUMH IIOKa3ye Xopoury ix 30i-
JKHICTB: JUIS LIEHTPAJILHO CTUCHYTUX eJ1eMeHTIB (33 eKcliepuMEeHTAIbHUX JaHUX) CepeaHbOapuPMETHIHE
BigxmieHHs nopiBHioe 0,978, cepennbokBaapatuune BinxwieHHS — 0,083, xoedirient Bapiamii — 8,5
%.

N3no>xxeHne OCHOBHOro MaTepuana
MccnepnoBaHve orpaHu4MBanoch 3agadeit MpoBEpPKM NPOYHOCTM HOPManbHOro cedeHus. [ns onpe-
geneHuns HanpshkeHun, gedopmaunmi U ApPYrMx XapakTepucTUK CeyeHust LeHTpanbHo cxaTbix XKB3
(puc. 2) ncnonesyem:
1. dusnyeckne 3aBMCUMOCTU:
a) anga 6betoHa — B BMAe annpokcumauun, npegnoxeHHon M. CapreHom n pekomeHgoBaHHon EKB-

UM (2), rae m n K onpepenstoTtes no dopmynam (3), E, Bbluncnsancs no dopmyne E, :1,1~104F\’l(3’3
[14]. Dedopmaums e onpenensnack no gopmyne EKE-OUI (4);

6) 4ns apMaTypbl aHanUTUYECKME BbIPAXKEHUS AMarpaMmbl PacTSHKEHUS (CxxaTus) pas3aeneHsl Ha ABa

M3BECTHbIX TuNa: ¢ U3NYECKUM npeaeriom TEeKy4ecTn oy U C yCNoBHbIM NpeaerioMm TeKy4ecTn oo

(puc. 3). Npu atom agna apmatypbl ¢ PUMHECKM MPeaerioM TeKyYecTu oy, (puc. 3a) nHorga (npu ma-
NIOM KONMYecTBe apmaTypbl) HYXXHO y4MTbiBaTb 0bnactb ynpodHeHus BC, KOTOpyl Ha nHTepBane ge-
dopmauunmn €,y < &g < &g, MOXHO annpoKCUMNpOBaTh napabonon (5).

Ona apmaTypbl 6€3 Nnowaakm TeKy4ecTn NpMMeHseTcs NMHenHo-ABynapabonmyeckas annpokcuma-
uusi amarpammbl pactspkeHust (6—8), roe UCXoAHbIMM napameTpamu apMmatypbl ectb: Eg, Ggo, Gpas

Gy Y COOTBETCTBYIOLME ITUM Npefenam AedopMaLnm — &g, €02, €5y [4]-

2. FeomeTqueCKme 3aB1CMMOCTU onpenenanncb Ha OoCHoOBE rnMnoTesbl MIOCKNX CeyveHun, 4to pas-
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pellaeT BbIpasnTb Yepes Aedopmaumio g, AedopMaLmm CxKaTon 30Hbl 6eToHa €, Ha YpOBHE BONMOKOH
C KoopauHaTtomn ( , a Tarke gedopmaumm pacTaHyTOM 1 cxaTon apmatypsl (puc. 2) (9—11).
MpuHsiB obosHaveHne o =g, /e, MONy4nMm, YTo n=al/y, rae a — OTHocUTenbHasa AedopmaLys

oxatov rpaHn 6etoHa XKB3 B HOpMarbHOM ceveHun;

3. YpaBHeHus pasHoBecus (12), (13) n nx coctasnstowue (14)—(16).

Ucnonb3ysa 3asucumocTtn (2)—(13), ¢ yyetom (14)—(16) nonyy4mm cUcTeMy ypaBHEHUIN C HEU3BECT-
HoiMn N, a,y (17), (18).

[ns onpeneneHns HeussecTHbIX N, a,y ucnonb3dyem (17), (18) n gononHuTensHoe ycnosue B Buae

OKI1 HopmanbHoro cedveHus (1). B pesynbtate nmeem onTMMU3aLMOHHYHO 3adady HenMHeWHoro mate-
MaTMYECKOro nporpamMmmmnpoBaHunst [15] Ha yCnoBHbIA SKCTPeMyM C LeneBon dyHkumen (1) npu orpaHu-
YeHusax-paseHcTBax (17), (18). Ana peanusauuy onTUMM3aLMOHHOWM MeTOAMKM Bbina paspaboTaHa cne-
unanbHas nporpamma ang N3BM «MOK1-05».

Mpu cpaBHeHUW pe3ynbTaToB BbLIMUCIEHWMI MO MPUBEOEHHOWN Bbille METOAUKE C AKCNepuMeHTarb-
HbIMW OAHHBLIMW UCNbITAHWUI CXKaTbIX )XeNe306eTOHHbIX 3NEMEHTOB 3HaYeHUs HanpPsXeHW B apmatype u
cooTBeTCTBYyHLLME UM Aedopmauun (puc. 3) NPUHUMANUCb NO AAHHLIM €€ UCMbITaHUA UK cpeaHecTa-
TUCTUYECKMMU ANS pasHblX Krnaccos apMaTypsl [16, 17].

AHanus npefenbHbIX XapaKTepUCTUK BLIMOMHANCS ANs HOPMarbHbIX CeYeHWU pasHon opmbl —
NPsIMOYronbHOW, TPEeYyronbHOW, TpaneumeBMaHON C pacluMpeHmemM B pacTsHYTON U CKaToW 30Hax 1 Ta.-
poBoi (puc. 2). NapameTp mMexaHnyeckmx cBoncTB 6eToHa K Bbluucnancs no copmyne (3) n Bospac-
Tan B AnanasoHe 1,2...3,5, KOTOPOMY COOTBETCTBYET CHWXEHWE NPOYHOCTU BeToHa R, npubnusutenbs-

Ho ot 120 pgo 7,5 MMa. lMpoueHT apmupoBaHua pg usmeHsncs B uHtepsane 0,41..5,03 %. Knacc

apmartypsbl npuHUMarnca noctosHHbIM — Alll. ApmaTypa pacnonaranacbh B pacTsHyTOM U, Kak Npasuno, B
CXKaTol 30HEe HopManbHOro ceyeHust (puc. 2). Paamepbl HOpMarnbHbIX CEYEHUA NPSAMOYTONbHOM U Tpe-
yronibHon OpM oOcTaBanuCb MNOCTOSAHHbIMU b=0,25mM n h=0,3m, gna TpaneuMeBMaHOW OPMbI
tgB =0,217, a pns TaBpoBon opmbl ceveHns h=0,3m, b =0,12m, h; =0,06 m, by =0,25 m . [Mony4yeHHble

pes3ynbTaThbl BbINOMHEHHbLIX UCCIEeA0BaHMIA UNMIOCTPUPYIOT PUCYHKN 4—9.

PucyHok 4 nokasbiBaeT CyLeCTBEHHYI0 3aBUCMMOCTb OT K npegenbHon gedopmaumm cxXaTton rpaHm
6etoHa YKB3 B HOpManbHbIX CeYeHUssX pasHon opMbl. 3HaYNTENbHas 3aBUCMMOCTb NpedenibHoOn ae-
dopmaumu cxaTton rpaHn 6eToHa 1 OT NpoLleHTa apMupoBaHnsa L [5]. Kak BugHo us rpacmkos (puc. 4),

3HauMTEmNbHblE M3MeHeHUs aedopMaumnii CKaToi rpaHn GeToHa NMPOUCXOAAT NpY Nepexode Hanpshxe-
HUWIA B apMaType 13 NiacTuyeckor B ynpyryto ctaguio paboTsl (puc. 5).
Ha pucyHke 6 nokasaHbl rpacukv 3aBUCMMOCTM MpeaesibHon NpoyHocT N, NPSIMOYrofbHOTO HOp-

MasibHOro CeyeHust ueHTparnbHo cxaTtbix KB oT napameTpa MexaHu4ecknx cBoncTe 6eToHa K, nony-
YeHHble MO NMpPUBEAEHHON Bbllle METOAMKE B CPaBHEHWUM C AaHHbIMM pacyeToB no [6]. Kak BuaHO 13
rpacmkoB mMeToauka [6], kak NpaBuno, 3aBbiWaeT NPOYHOCTb HOPMaribHOro cedeHus. PacxoxaeHue pe-
3ynbTaToOB BblYMCNEHNI 00YCNoBAeHO Hey4YeToM B [6] peanbHoOM paboTbl apMaTypbl (pUC. 7) U OrpaHu-
YyeHueMm kraccoB 6eToHoB (B 3,5...B 60) n nx xapakrepucTuk.

MpuBeaeHHbIE Ha pUCYHKe 8 rpadduKn UNMIOCTPUPYIOT 3aBUCUMOCTU MPOYHOCTU HOPMaribHbIX ceve-
HUIA pa3nu4Hon popMbl OT NapameTpa MexaHU4Yeckux CBOMCTB GeToHa K npu OAMHaKoOBOM apMmpoBa-
HUK. Kak BUAHO U3 rpachmkoB, NPOYHOCTL CYLLECTBEHHO 3aBUCUT OT hOpMbl HOpMarbHOro cedeHus. Kak
npaBunio, NpsiMoyrosnbHas oopmMa nonepeyHoro ceYeHust ABNSIETCA ONTUMaNbHOW.

Mpadomkmn 3aBnucumoct o, —K (puc. 9) nonyyeHHble ANns NPSAMOYrosibHOr0 HOPMasibHOro CeYeHUs ¢

npoueHToM apMmupoBaHusa B uHtepeane 0,41% <ng <5,03 % npu LeHTpanbHOM Cxatun. XapakTepHbim

ans aTux rpacdukos (puc. 9) ecTb TO, YTO NPU UBMEHEHMU NPOYHOCTU BETOHA U NPOoLEHTa apMUPOBaHMS,
apmatypa paboTaeT kak B MIacTUYECKOM Tak M B ynpyron ctaguu. MNMpu 6eToHax BbICOKOW MPOYHOCTU
pacTsHyTas apmaTtypa paboTaeT B MiacTMYeCcKOW CTaguu, a cxaTtas, Kak npaBuio, C YMEHbLUEHUEM
NPOYHOCTN BEeTOHa NepexoauT M3 YNPYron B NnacTuyeckyto ctaguio. MNpu 6eToHax HM3KOW MPOYHOCTU
pacTtaHyTas apmatypa paboTtaeT B ynpyron ctagun. Takum obpasom, yueT peanbHon paboTbl apmaTyp-
HOW CTanu CYLEeCTBEHHO BNUSIET Ha NpefenbHble XapakTEPUCTUKU HOPMAsibHOrO CEYEHUst U Ha €ero
NPOYHOCTb, KOTOpPas He yunTbiBaeTcd B [6].

Mo npvBeOeHHON Bbile MeTOAUKE Obifla paccunTaHa NPOYHOCTb HOPMaribHbIX CEYEHWUIA LIEHTPaNbHO
cxaTtbix XKBO Ha ocHOBe aKkcneprMeHTanbHbIX AaHHbIX pasHblix aBTopoB [18—20]. PesynbTaTthl pacye-
TOB MPOYHOCTU HOpMasbHbIX ceveHun Takmx XXBO conocTtaBneHbl C 3KCNepUMeHTanbHbIMU OAaHHBIMU.
CTaTUCTMYECKUIA aHanu3 CpaBHEHUS TEOPETUYECKNX PACYETOB C SKCNEPUMEHTANbHBIMU AaHHLIMU MOKa-
3blBaET XOPOLUYI UX CXOAUMOCTb: AnNsi LEeHTPanbHO CxaTblX anemMeHToB (33 aKcnepumeHTarnbHbIX AaH-
HbIX) cpegHeapudMeTnyeckoe OTKIMOHeHUe paBHsieTcs 0,978, cpegHekBagpaTUYECKoe OTKIIOHEHNE —
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0,083, koachduumeHT Bapmauumn — 8,5%.

30

Presentation of the main material

The aim of the present investigation is to check the strength of the normal cross section. To
determine stresses, strains and others cross section characteristics of reinforced concrete ele-
ments the following parameters were used:

1. 1 Physical relationships:

a) for concrete — we use the approximation suggested by M. Sargen and recommended by
ECB-FIP [2] in which 1 and K are determined by the formulas (3), where E, — is found by the

formula E, =1.1-10*R)3 [14]. The strain ¢ is determined by ECB-FIP as (4);

b) for reinforcement — we use analytical expressions of compression (tension) stress-strain
diagram divided into two known types: with the physical yield point o, and with the conventional

yield point o, (Fig. 3). In case with the reinforcement having the physical yield point o,

(Fig. 3a) and the amount of reinforcement being very small, it is sometimes necessary to consider
the part of strengthening BC, which can be approximated by quadratic function in the range of
&y S&s <gg, (5).

The reinforcement without the yield point is presented in the diagram with linear and quadratic

parts (6—8), where the following parameters are used: Eg, o, 6g,, O, and the strains corre-

sponding to these limits — ¢, €9, &5, [4]-

2. Geometrical relationships are based on the hypothesis of plane sections and this al-
lows to express through the strain g,,,: the strain of compressed part of concrete ¢, on the

level of fibres with coordinate { as well as deformations of tensile and compressed rein-

forcement (Fig. 2) (9—11).
Assuming o =g, /eg we can obtain n=o¢/y, a — relative strain in the compressed edge sec-

tion of RCE in normal cross section

3. Equilibrium equations: (12—16).

Using the relationships (2)—(13) and taking into account the formulas (14)—(16) we can get
an equation system (17, 18) with the unknown N, a, y.

To determine the unknown N, a, y the formulas (17), (18) and the additional condition in the

form of ESC of normal cross section can be used (1). As a result there appears an optimization
problem of nonlinear mathematical programming [15] for conventional extremal point of goal func-
tion (1) with the constraint equations (17), (18). Special software program “MOK1-05”" was devel-
oped to improve optimization methods.

Comparing the results of the analysis obtained by the above methods and the full-scale ex-
periments of compressed reinforced concrete elements, the values reinforcement stresses and
strains (Fig. 3) were accepted in compliance with the experimental data or as average statistical
values for different steel reinforcement classes [16, 17].

The analysis of the ultimate characteristics was performed for the normal cross section of dif-
ferent forms, namely: rectangular, triangular, T-form, trapezoid with widening in the compressed
and tensile parts of the section. Concrete strain-strength (mechanical) property parameter K de-
fined by the formula (3) increased within the range 1.2...3.5 where concrete strength R, de-

creased within the range 120 MPa...7.5 MPa. The percentage of reinforcement ng changed

within the range 0.41...5.03. The reinforcement class was accepted as being constant and equal
to Alll. The reinforcement was placed in the tensile part of the normal cross section and as a rule,
in the compressed one (Fig. 2). Normal cross section sizes remained constant: b=0,25m and
h=0.3m for rectangular and triangular formes; fgp=0.217 for the trapezoid one; and
h=0.3Mmb=0.12Mm h; =0.06 M, b; =0.25m for the T-form section. Figures 4—9 illustrate the ob-

tained results of the performed investigations.

Figure 4 illustrates an essential influence of K values on the ultimate strain of compressed
edge of concrete of RCE in normal cross section of different forms. The dependence of the ulti-
mate strain of compressed edge of concrete on the percentage of reinforcement i is also con-

siderable [5]. The graphs in figure 4 show that substantial changes of strains in the compressed
edge of concrete occur when the strains in reinforcement transfers from elastic to plastic stage

(Fig. 5).
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Figure 6 illustrates the way the ultimate strength of the rectangular normal cross section of
centrally compressed RCE depends on the parameter of mechanical properties of concrete K.
The ultimate strength was obtained with the above technique and can be compared with the data
obtained according to [6].It is clear from the graphs that as a rule the technique [6] sets the
strength of normal cross section too high. The difference in the results of computation is due to
neglecting in [6] the real behavior of the reinforcement and the restricting the classes of concrete
B 3.5...B 60 and their characteristics.

The graphs in Fig. 8 show that the strength of the normal cross section of different forms de-
pends on the parameter of mechanical property of concrete K under equal reinforcement. It is
clear that this dependence is significant, as a rule, and rectangular section is optimal.

Graphs o, —K (Fig. 9) are made for rectangular normal cross section, the reinforcement per-
centage is within the range 0.41% <pg <5.03% under central compression. It is significant for
the graphs (Fig. 9) that in changing the strength of concrete and the reinforcement percentage,
the reinforcement works both in plastic and elastic stages. In high strength concretes the tensile
reinforcement works in the plastic stage and the compressed reinforcement usually moves from
elastic to plastic stage when the strength of concrete decreases. In low strength concretes the
tensile reinforcement works in the elastic stage. Thus accounting real behavior of reinforcement
produces a considerable effect on ultimate characteristics of normal cross section and its
strength, which is neglected in [6].

The technique given above was applied for calculation of the strength of normal cross section
of centrally compressed RCE. The experimental data of different authors [18—20] were also
used. The design results have being compared with the experimental data of the strength of nor-
mal cross section of the RCE. Comparative statistic analysis of theoretical and experimental data
(33 examples) proves their good convergence for centrally compressed reinforced concrete ele-
ments. The arithmetic mean deviation is 0.978. The mean square deviation is 0.083. The variation
coefficient is — 8.5%.

BucnoBku

1. Ha ocHOBI HaBezIcHOT BHIIE METOUKH i3 3acTocyBaHHSIM EKM Mosxe OyTH BCTaHOBIICHO Ta BPaxo-
BaHO BIUIMB MEXaHIYHUX BJIIACTUBOCTEU OeTOHY, (hopMU mepepisy, KiIbKOCTI apMaTypH TOIO, HAa TPaHWY-
Hy JedopMallifo CTHCHYTOI TpaHi OETOHY €£p, B HOPMAaJIbHHUX IIE€pepi3ax CTHCHYTO-3irHyTuXx 3bE, sxunit
BioMuii 3 ekcriepuMenTiB [18—21].

2. Cykynaicts JIM 3 EKM Ta onTtuMi3amiifHOro po3paxyHKOBOTO amapary [4, 5] 103BoJIsI€ aHali3yBa-
TH TIOBHHM KOMIUIEKC TPaHWUYHUX MapaMeTPiB HOPMAIBHHX MEPEpPi3iB y cTamii iX pydHyBaHHS, BHUSBIISATH
MPYKHUH ab0 TIACTUIHUI CTaH pOOOTH apMaTypH Ta BUKOPHCTOBYBATH BiIOBIAHI PO3pPaxyHKOBI 3aje-
JKHOCTI.

3. Jlns BIIpOBaKEHHS B IPAKTUKY PO3paxyHKOBOTO amaparty [4, 5] Ha ocHoBi JIM 3 EKM po3pobiieHo
nporpamy «MOK1-05», Mo 103B0IsIE BUKOHYBATH IMOBHUW aHAJi3 TPAaHUYHHAX TapaMeTpiB HOPMATbHHUX
mepepiziB pizHoi GopMHU HA MHPOKOMY Jiara3oHi MIITHOCTI OETOHY 3 ypaXyBaHHSM IOBHOI JiarpaMu po-
0oTH apmaTypu.

4. BpaxyBaHHS peaJlbHOI pOOOTH apMaTypHOI CTajli CYTTEBO BIUIMBAE HA TPAHWYHI XapaKTCPUCTUKH
HOPMAaJILHOTO TIepepi3y 1 Ha HOTo MIIHICTh, MO0 HEe BpaxoBYyeThes B [6]. I[lepeapMoBaHiCTh HOPMaATBHUX
nepepiziB 3bE 3HauHO 3011blye rpaHuYHy JedopMalito CTUCHYTOI IpaHi OeToHy (€, ). Takuil camuit

BIUIUB Ha €, BUKJIMKAE 3MEHIICHHS MIIIHOCTI OETOHY IIPH NOCTIHHOMY apMyBaHHI.

5. Mogens pyitHyBaHHS HOpMaJbHUX TepepisiB, mpuitHiaTa B [6], mopiBHsHO 3 JIM i3 EKM, He3HauHO,
ajie 3aBXKIH, 3aBUIIY€E MIIHICTh HOPMAIBHUX TIEpepi3iB CTUCHYTO-3irHyTHX 3BE.

BbiBOAbI

1. Ha ocHoBe npuBeaeHHO Bbile MeToauku ¢ npumeHeHnemM KM MoXeT OblTb YCTAHOBIEHO U Y4-
TEHO BIIMSIHNE MEXaHUYEeCKUX CBOMCTB GETOHA, (hOpMbl CEYEHUS, KONUYECTBa apMaTyphbl U T. M., Ha npe-
JenbHyo aedopmaLmio cxaTol rpaHn 6eToHa &, B HOPMarbHbIX CEYEHUAX CKaTO-M30rHyThIX XKBJ,

KOTOpPOE N3BECTHO 13 aKcnepumeHToB [18—21].

2. CosokynHocTb M ¢ 3KI1 n onTMMmnsaumoHHOro pacyeTHoro annapaTa [4, 5] paspeluaeT aHannsu-
poBaTb MOSHbIA KOMMMEKC NPeAEeNnbHbIX NapameTpPoB HOPMalibHbIX CEYEHUI B CTAgUM MX paspyLUeHus,
onpefensaTb ynpyroe Wnu nnacTu4eckoe COCTOsIHME paboTbl apmaTtypbl M MCMONb30BaTb COOTBETCT-
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BYIOLLME pacyeTHbIE 3aBNUCUMOCTH.

3. [ina BHeApeHus B NpaKTUKy pacyeTHoro annaparta [4, 5] Ha ocHoBe [IM ¢ OKI1 paspaboTaHa npo-
rpamma "MOK1-05", 4To paspeluaeT NpoBOAUTL NOMHbINA aHanu3 nNpeaenbHbIX NapameTpoB HOPMarbHbIX
CeYeHU pasnmM4yHon OopMbl Ha LUMPOKOM Auana3oHe NPOYHOCTU GeToHa C y4eTOM MONHOW AnarpaMmbl
paboTbl apmaTypbl.

4. YyeT peanbHoi paboTbl apMaTypHOI CTanu CyLeCTBEHHO BNUSAET Ha npeenbHble XapakTepucTu-
K1 HOpMarbHOIo CeYeHUs U Ha ero NPoYHOCTb, KOTOpas He yunTbliBaeTcs B [6]. [NepeapmupoBaHue Hop-
MarnbHbIX ceveHun KB 3HauMTenbHO yBenuuMBaeT npeaenbHyto gedopmaumio cxkaton rpaHm 6eToHa
(&py ). Takoe xe BNusAHME Ha g, BbI3blBAET YMEHbLLEHWE NPOYHOCTM BEeToHa Npu NOCTOSHHOM apMUpPo-

BaHWUW.
5. Mogenb paspylieHns HopManbHbIX CeveHun, npuHaTas B [6], cpaBHuTenbHo ¢ M ¢ OKI1 He3Ha-
YNTENbHO, HO BCErga, 3aBblllaeT NPOYHOCTb HOPMAIbHbIX CEYEHMWI CKATO-U30rHYThIX XKB3.

Conclusion

1. The above technique together with the ESC allows to reveal and determine the effect of
mechanical properties of concrete, the section form, the amount of reinforcement etc. on the ulti-
mate strain of the compressed edge of concrete ¢, in normal cross section of compressed-bent

RCE. Which is evident from experiments [18—21].

2. Using the DM with the ESC and other efficient methods [4, 5] makes it possible to analyze
the total complex of ultimate parameters of normal cross section at the stage of destruction. It
also allows to reveal elastic and plastic working state of reinforcement and to apply the adequate
design relationships.

3. Special software program “MOK1-05" was developed to put into practice the calculation
technique [4, 5] based on DM with ESC. It permits carrying out comprehensive analysis of ulti-
mate parameters of normal cross section leaving different forms. It can be done on a wide range
of concrete strength. The complete reinforcement behavior diagram should be taken into acco.

4. Account of the real reinforcement behavior renders essential effect on the ultimate charac-
teristics of the normal cross section and on its strength. The real reinforcement behavior was ne-
glected in [6]. Over-reinforcing of normal cross sections of RCE significant ly increases the ulti-
mate strain of the compressed edge of concrete (¢, ). The decreasing of the strength of concrete

having constant reinforcement results in the same phenomenon.

5. The destruction model of normal cross sections used in [6] always increases the strength of
normal cross sections of the compressed-bent RCE, but this increase is not considerable if com-
pared with the DM with ESC.
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