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NOPIBHAHHA PO3PAXYHKIB NJ10OLWI NEPEPI3Y NO3[0BXHbOI
APMATYPU Y CTUCHYTUX 3ANNI3BOBETOHHUX EJIEMEHTAX
NPAMOKYTHOIO NeEPEPI3Y 3A YAHHUMU TA NONEPEAHIMU
HOPMAMMU NPOEKTYBAHHA

HaBepeHo pe3ynbTaTu po3paxyHKY MaoLli Nonepe4vyHoro nepepisy
No3AOBXHbLOI  pobo4yoi  apmartypu Y CTUCHYTUX  KOPOTKMUX
3ani306eTOHHUX eNneMeHTax NPAMOKYTHOro nepepisy 3rigHoO 3 YAHHUMU
HOPMAaTUBHUMU AOKYMEHTaMWU 3a pPo3TallyBaHHA BCbOro Monepe4yHoro
nepepisy B CTUCHYTIW 30Hi, @ TAKOXX BUKOHAHO NOPiBHANIbHI PO3paxXyHKH
3a nonepeaHiMU HOPMaMM NPOEKTYBAHHA.

Knw4oBi cnoBa: 6eToH; apMaTypa; NPAMOKYTHMM nepepis;
nedopmMalif; CTUCK; 3yCUNns.

Bctyn. 3ani306€TOHHI CTUCHYTI eNleMeHT NPSIMOKYTHOIO nepepisy
LUMPOKO BUKOPUCTOBYKOTbCSA B OyaiBnsax i cnopygax. Y 3B'A3Ky 3
BBEAEHHSIM B Mil0 HOBMUX OypniBeNbHUX HOPM MocTana HeobXigHIiCTb
PO3pPOO6UTM CyYaCHI METOAUKU PO3PaxyHKY TaKUX €JIEMEHTIB Ha OCHOBI
aedbopMauinHOT Mopgeni, BPAxOBYKYWU Pi3HI BUMNAOKUW MOXJNBOIO
pO3TallyBaHHA HEWUTPasbHOI JliHIl CTOCOBHO MOMNEpe4yHoro nepepisy, i
BU3HAYUTN ePEKTUBHICTb NMPUNHATUX METOAUK HA OCHOBI MOPIBHAHHSA 3
pe3ynbTataMu PO3pPaxyHKy  3a nonepeaHiMmn HOPMaTUBHUMMU
OOKYMEHTaMW.

AHani3 ocTaHHiX pocnimXeHb. PO0O3poOHMKAMW HUHI  AilYKX
HOPMaTUBHUX [OOKyMeHTiB [1; 2] 3anponoHoBaHo po3paxoByBaTu
CTUCHYTI eNeMeHTN Ha OCHOBI aedopMauUinHOT Mogesi 3 BUKOPUCTAHHAM
noBHol abo cnpouwieHol giarpamMu gedopMyBaHHSA BeToHy, 30KpeMa Ans
eN1eMeHTIB MNPSAMOKYTHOrO nepepisy po3rnagawTbCAa OBa BUMNAOAKMK
pO3TallyBaHHA HEWTPaAsibHOI NiHiIl CTOCOBHO MOMEPEYHOro nepepisy
enemeHTta. ABTopamu [3; 4] 3anponoHoBaHO MNPaKTUYHUN MeTof
PO3pPaxyHKY 3rMHANIbHUX efIEMEHTIB NPSMOKYTHOro nNpodinto, Npu LboMy
PO3PaxyHOK BUKOHYETbCSH METOAOM MOC/iAO0BHUX HAbGNUXKEHb BiAHOCHO
BUCOTU CTUCHYTOI 30HM nepepily, 3aaaryncb gedopmMaliero KpamHbOro
CTUCHYTOrO BOJIOKHA 6eTOHy, sfiIKa BIANOBIAA€ MaKCUMalbHIN Hecyuin
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30aTHOCTI eneMeHTa. Taki po3paxyHKOBi NepeayMoBU AAOTb MOXIIMBICTb
Nerko BU3HA4uTM HeobXigHy nnouwly nepepisy apmatypu, 0ocobnmBo npu
3aCTOCYBaAHHI KOMM'IOTEPHOI TEXHIKMW.

MocTtaHoBKa MeTM i 3apady pocnimxeHb. [locTaBneHo 3apauy
po3paxyBaTv Moy MONepe4yHoro nepepisy MO3[0BXHLOI poboyoi
apMatypu B CTUCHYTOMY KOPOTKOMY 3asi300€TOHHOMY €eJieMeHTI
NPSIMOKYTHOIO Nepepi3y 3rigHO YMHHMX HOPM Ta MOPIBHATU pe3ynbTaTn
PO3pPaxyHKy 3 OTPMMaHUMKU 3a nonepenHiM HOPMAaTUBHUM AOKYMEHTOM.
BuxigHi paHi: rpaHuMyHe 3HAYeHHS PO3PaxyHKOBOro MOMEHTY Bif

30BHIWUHLOIO HaBaHTaX»XeHHA Mg, = 150 KH-M, rpaHuW4YHe 3HAYEeHHS
PO3PaxyHKOBOIO NO340BXHbOTO 3ycunns Bin, 30BHIiLLHbOIO
HaBaHTaxeHHA N = 2000 kH, nNO4YaTKOBUW EKCLEHTPUCUTET

NPUKNanaHHS NO3A40BXHbOro 3ycunns ep= Mgy / Neg = 0,075 M = 7,5 cm
(ninia  4il No3m0BXHbLOTrO 3YCUNNSA JIEXWUTb B MeXax MoMnepeyHoro
nepepisy eneMmeHTa, WO BigNoOBigae nepwin ¢opMi piBHOBaArn nepepisy
3a [2]), po3mMipn nonepeyHoro nepepisy enemenTta b= 20 cm, h = 50 cm,
knac 6etoHy C16/20, knac apmatypu AS00C, ToBWMHA 3aXNUCHOTO LWapy
6eToHY as; = as; = 4 cM (puc. 1).

MeTtoauka i pesynbraty pocnimKeHb. Po3paxyHKoBumM onip 6eToHy
fe = 11,5 Mlla, pedopmauia, sKa BigNOBIAAE PO3PaxXyHKOBOMY OMoOpy
6eToHY &0 = 162-107°, po3paxyHKoBe 3Ha4YeHHs rpaHUyHol gedopMauii
CTUCHYTOrO 6eTOHy £q7= 359-10° (tabn. 3.1 [1]); xapakTepuctuuyHe
3HaYeHHA MexXi TeKkydocTi apmatypu fx = 500 Mla (tabn. 3.4 [2]),
KoedilieHT HaaiMHOCTI 3a MaTepianoM apmatypu ys = 1,15 (tabn. 2.1 [1]);
3a ¢opmynow 3.15 [2] po3paxyHKOBe 3HAYEHHA MeXXi TeKy4oCTi
apMaTypu

f}-d = f}-ka"'r}"_q-.
fa = 434,8 Mla. Mogynb npyxHocTti apmatypu E; = 2,0-10°Mlla
(tabn. 3.4 [2]), 3a dopmynoto 3.16 [2] medopmauii, sKi BignosigawThb
PO3PaxXyYHKOBOMY 3HAYEHHIO MeXi TEKY4YOCTi apMaTypu

Ez0 — f}'d’fﬁ-j'
€0 = 217,4-10°. [edopMauii, aKi BiOnNoBigawTb pPoO3paxyHKOBOMY
3HaYeHHI0 MeXi MiluHOoCTI apMaTypu €, = 0,02 (Tabn. 3.4 [2]).

d=h—a_,

d = 46 cm. 3a Metoamnkotw babuua B.€. — CaBuubkoro B.B. npunmaemo
MaKCMMasibHe 3Ha4YeHHs KoediuieHTa MNOBHOTU €npU HaAMpy»XeHb B
CTUCHYTOMY 6eTOHi wmax = 0,8265 ona paHoro knacy 6etoHy (Taén. b.2
[4]); TyT BennunHa w BU3HaYeHa 3a popmynoto 20 [4]:

w =1z lk+1{5r} )
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KoediuieHT BigHOWeHHA BigHOCHOI pedopmauii beToHy, sKa
BiNOBIAA€E Wmax, 00 BiAHOCHOI AedopmMaulil 6eToHy NpM MakCMManbHOMY
HaBaHTaXeHHi y =&/ €10= 1,76 (Tabn. B.2 [4]); 3Biacu

Ec1 — Y " Soledr (2)
€1 = 285,1-10° KoediuieHT BigHOCHOI Hecy4oi 34aTHOCTIi HOPMaJlbHOroO
nepepily 3a CTUCHYTOK 30HOK OETOHY, SKMN BIANOBIAAE Wma, B = 0,459

3anexHo Big y (tabn. B.1 [4]); TyT BenuumHa 6 BM3HaAyeHa 3a
dopmynoto 21 [4]:

k
=%5 %k [ 5
E _E’Fikﬂ (er._)' (3)
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Puc. 1. CxeMa nonepe4yHoro nepepisy efeMeHTa

MeToaoM nocnifoBHMUX HAbGNMMXKEHb 3HAaX0AUMO BEJSIMYMHY BUCOTU
CTUCHYTOI 30HM 6ETOHY, NPU SIKIN BiAHOWEHHA MOMEHTY Bif, BHYTPILLHiX
3yCuNb Yy MonepeyHoOMY nMepepisi OO0 3ruMHANbHOMO MOMEHTY Bifg
30BHILWIHbLOrO0 PO3PaxyHKOBOro HaBaHTaXXeHHA Oyne MaKCUMMasbHO
6n1n3bKMM 00 oanHuui. Taky 3agayvy 3py4YHO BUKOHYBATU B MPOrpaMHOMY
cepepoBuli Excell, nonepedHbO TMPUUHSABLUIN BEJIMYUHY BUCOTU
CTUCHYTOT 30HN BETOHY Ha PiBHi

z=05"d.

TaknuM YMHOM, B HaloOMy BMNaaKy 3HayeHHsa z = 54,50 cm; 3rigHo 3

rinoTe300 NJI0CKMX Nepepisie gedopmadii 6eToHi i apmaTypi (puc. 2):

£ =64 (z—h)/z=235107 (4)
g — Fe1” (z - '-’f_q-ijfz = 264,21 0_5; (5)
£, =& (z—d)/z=44,410" (6)
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€1 = 264,2-10° < g, = 0,02, ane 6inblwe, HixX &9 = 217,4-10°. Tomy 3a
OBOJIIHIMHO aiarpamoto nepopMyBaHHS apMaTypHol cTani
Os1 = fyg = 434,8 Mla. &, = 44,4-10° < €4 = 217,4-10°. Tomy 3a
OBOJIHIMHO Aiarpamoto aepopMyBaHHSA apMaATYpPHOI CTani Os; = €2+ Es =
88, 9 Mlla. 3ycnnna B CTUCHYTOMY OETOHI B MeXax Bif, HEUTPaANbHOI NiHIT
00 HanbiNbLl CTUCHYTOro BOJSIOKHA B MeXKax NornepevyHoro nepepisy
5,=w foa b -z=10359 kH. (7)

MUEX

ge1 = 285,1-107

— A 01 = 264,2:107
N As
Y : 61 = 264.2-10/]
=
3 A S
vy )
~ Tvlﬁ &2 = 44,4:10°
5 N
ﬁ A - O's]:264,2'10-5 —
s2
Y g2 =23,5107

Puc. 2. Entopu pedopMauin i Hanpy>XeHb B NoNepevyHoOMy nepepisi
eneMeHTa

3ycunnsa B CTUCHYTOMY OeTOHi B MeXax Big HeWTpanbHOI MiHil o
KPaWHbOIro HaNMEHLL HAMPYXXEeHOro BOJIOKHA NONepPeYyHoro nepepisy
k
S.=f.b-(z—h) Zizlﬁ(f—) - 20,6 kH, (8)
pe a; = 3,0798; a; = -3,7184; a3 = 2,2946; a, = -0,7533; as = 0,09727 -
KoedIiLIEHTN OANA PO3paxyHKIB 3@ FPAaHUYHUMM CTaHaAMKU MepLuol rpynu
onsa 6etoHy knacy C16/20 srigHo 3 [1].

Toni 3 ymMoBM piBHOBAru BHYTPILWHIX 3yCUIb Y CTUCHYTOMY GETOHI |
apMaTypi naowa nonepevyHoOro nepepizy apmatypu 3a YMOBM
CMMETPUYHOr0 apMyBaHHS

_ NS5, #5

A=A, =""u_188 M (9)

Ty T
MoMeHT Bif, BHYTPILWWHbOI0 3yCUna B CTUCHYTOMY DETOHI B Mexax
BiJ, HEWUTPANbHOI NiHil 40 HaMbiINbW CTUCHYTOro BOJIOKHA MOMEPEeYHOoro
nepepisy BIiAHOCHO HENTPAJbHOI JIiHIl
M, =8"f.az"b-z"=3135kHMm. (10)
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MOMEHT Bij, BHYTPIWHbOIO 3yCUNNA B CTUCHYTOMY DETOHI B MeXKax
BiJ, HEMTPANbHOI NiHII 0O KPaWHbOro HaMMeHLU Hanpy>XeHoro BOJSIOKHA
nonepeYvyHoro nepepisy BiGHOCHO HEUTPANbLHOI MiHIl
k
=+ (] & mm
Mo=fa b (z=h) ;- —= (#) = 0,6 kH-m. (11)

K =1ps+2 Megpcq

MoMeHT Bifg, 3ycunnsg B 6inbll Hanpy>XeHUX apMaTypPHUX CTEPIKHAX
BIAHOCHO HEUTPANbLHOI NiHIl
M, =0, 4, (z—a,)=4128 kHM. (12)
MoOMeHT Bif 3yCUNNSA B MEHLU HaNpPYyXeHUX apMaTypHUX CTEPXKHAX
BiHOCHO HENTPANbHOI NiHil
M, =06, A, (z—d)=14,2kHm. (13)
Toai 3 yMOBM piBHOBAarM MOMEHTIB BHYTPILWIHIX 3yCunb B
nonepeyHoMmy nepepisi BIQHOCHO HEWTPaNbHOI MiHIl 3HAX04MMO
PO3XOOXKEHHS
A=M, —-M,+M,+M,—N_,; (z—h/2+e,)=0,0kHm.
To6T0 apmaTypy nigibpaHo NpaBUNIbHO.
lNopiBHAEMO OTPUMAHI pe3ynbTaTh PO3PaxyHKY 3 pe3ysbTaTaMu 3a
nonepegHiMM HOpMaMu MNPOEKTYBaHHA. BuxigHi paHi ons po3paxyHKy

npuuMmemMo Takumm camumm: M = 150 kH-mM, N = 2000 kH,
eo=M/N=0,075m=75cm, b=20cm h=50cm, knac 6etoHy B20, knac
apmatypu AlllB, ass = a2 = 4 cm. R, = = 11,5 Mla (poa. 3 [5]),

PO3pPaxyHKOBWUIK oOMip apMaTypu Ha po3TAr NPUUMEMO [AJS YUCTOTU
OOCNIOXEHHA TAaKUM CaMWM, SIK | B nonepegHboMy npuknagi — Rs =
= 434,8 Mla = R, (puc. 3);

hy =h—a, ho=46 cM. @ = 0,85 — 0,008R,, w = 0,758;

or = Rs = 434,8 Mla; osxw = 400 MMa (npu vy, = 1); Toni
fg=m. ER = 0567; ar = fR - (1 - 0,5 - fR) = 0,406;

Tzc.u Ll

EeKCLLeHTPUCUTET NPUKNAAAHHS MNO340BXHbOr0 3yCUNA BiQHOCHO LIEHTPY
Barm MeHW HanpyeHoi apMatypu e = (e, + h/2 —a, ) = 28,5 cm. Topi

nna eunagky CUMMeTpnyHoro apMyBaHHA 3HAaxXoouMMo BeJIMYUHN!
§ =22=0,087 a,=——=1890; @, =——=1,171;
E

o Ry-Ir-hy by

. = ﬂm-__ffn'lml_ﬁncl - 1'1 69; a_- — ﬁ'."l.'ll-l_iﬂ :|+'HS§H - 0'774.
] 1—a 1—4p+2-ag
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Puc. 3. Po3paxyHKOBUIN nepepi3 CTUCHYTOro efleMeHTa 3Ti4HO 3 PO3PaxyHKOM
3a nonepeaHiMy HOPMaMU NPOEKTYBAHHSA

Toni nyowa nonepeyHOro nepepidy CTUCHYTOI  apmaTypu

_ _ Rybhy e, - (1-05E8) _ 2 :
A=A, = P - = 18,6 cM?, WO MPaKTUYHO [OPIBHIOE

paHille 3HaWOeHin 3 BUKOpUCTaHHAM pedopMauinHoi Mogeni (3a
Li0YMMU HOPMaMU NPOEKTYBAHHSA) NJIOLL NONEpPeYHoro nepepisy.

BucHoBku. OTpuMaHi pe3ynbTaTu PO3PaxyHKIB | BeNYMHA
PO3XOOXKEHHS 3 pe3ynbTaTaMu 3a nonepegHiMMm HOpMaMu CBIAYaATb NPO
NPUUHATHICTL 060X METOAWK, NepeBara BigMiHEHOI MeTOAUKM — Binblua
NpPOCTOTa, 0COONMBO NPU 3aCTOCYBaHHI pPy4YHMX PO3paxyHKiB, nepesara
HOBOI METOAMKMU — YHIBEPCANbHICTb 3 OrNSAAYy YCYHEHHS eMNipuKun, Wwo €
nepeBarold nMpu pPo3paxyHKy Oinbll CKNAaAHWUX KOHCTPYKUIN, Ta
MOXXJIMBICTb LUMPOKOro 3aCTOCYBaHHA KOMM IOTEPHOI TEXHIKK, BOAHOYAC
BapTO 3a3HAUUTW, WO OAs [OBrMX CTUCHYTUX eflIeMeHTIB HeobxigHo
PO3p0bUTM NPUNHATHY METOOMKY BpaxyBaHHS BMIMBY THYYKOCTi Ha
Hecy4y 34aTHICTb efIeMeHTa.

1. OBH B.2.6-98:2009. BeToHHi Ta 3ani306eToHHi KOHCTpyKUil. OCHOBHI
nonoxeHHsa. KuiB : MiHperionbyn Ykpainm, 2011. 71 c. 2. 4ACTY b B.2.6-
156:2010. BeToHHiI Ta 3ani300eTOHHI KOHCTPYKLUiT 3 Ba)XKoro 6eToHy. [paBuna
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COMPARISON OF CALCULATIONS OF THE CROSS-SECTION AREA OF
LONGITUDINAL REINFORCEMENT IN COMPRESSED REINFORCED
CONCRETE ELEMENTS OF RECTANGULAR CROSS-SECTION ACCORDING
TO CURRENT AND PREVIOUS DESIGN STANDARDS

Reinforced concrete compressed elements of rectangular
section are widely used in buildings and structures. In connection with
the introduction of new building codes, it became necessary to
develop modern methods for calculating such elements based on a
deformation model, taking into account various cases of possible
location of the neutral line relative to the cross-section, and to
determine the effectiveness of the adopted methods based on a
comparison with the calculation results according to previous
regulatory documents. The developers of the currently valid
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regulatory documents proposed to calculate compressed elements
based on a deformation model using a full or simplified diagram of
concrete deformation, in particular, for elements of rectangular
section, two cases of the location of the neutral line relative to the
cross-section of the element are considered. The authors proposed a
practical method for calculating bending elements of a rectangular
profile, while the calculation is performed by the method of
successive approximations relative to the height of the compressed
section zone, given by the deformation of the extreme compressed
fiber of concrete, which corresponds to the maximum bearing capacity
of the element. Such calculation prerequisites make it possible to
easily determine the required cross-sectional area of the
reinforcement, especially when using computer technology. The task
is to calculate the cross-sectional area of the longitudinal working
reinforcement in a compressed short reinforced concrete element of
rectangular cross-section according to current standards and to
compare the calculation results with those obtained according to the
previous regulatory document. Using the method of successive
approximations, we find the value of the height of the compressed
concrete zone at which the ratio of the moment from internal forces in
the cross-section to the bending moment from the external design
load will be as close as possible to unity. Compared the obtained
calculation results with the results according to the previous design
standards. Cross-sectional area of compressed reinforcement is
practically equal to the previously found cross-sectional area found
using the deformation model (according to current design standards).
The obtained calculation results and the magnitude of the difference
with the results according to the previous standards indicate the
acceptability of both methods, the advantage of the canceled method
is greater simplicity, especially when using manual calculations, the
advantage of the new method is versatility due to the elimination of
empiricism, which is an advantage when calculating more complex
structures, and the possibility of wide application of computer
technology, it is worth noting that for long compressed elements it is
necessary to develop an acceptable method for taking into account the
influence of flexibility on the bearing capacity of the element.

Keywords: concrete; reinforcement; rectangular section;
deformation; compression; effort.
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