YK 624.074

Apximexmypa ma 6yoienuymeo

DOI 10.33042/2522-1809-2019-3-149-139-143

€.I'. Crosinos, A.B. Hadooka

Xapriscokuu HayioHanvbHull yHigepcumem micbko2o 2ocnooapemea imeri O.M. Bexemosa, Yxpaina

IHOPIBHAHHA ICHYIOUUX METOJAUK PO3PAXYHKY 3I'HHAIOYUX
3AJII30OBETOHHUX EJJEMEHTIB HA JITIO IIOMEPEYHOI CUJINA

Posensioaromocs pizni mooeni i 6i0N0GIOHI iM MemMOOUKU PO3PAXYHKY 3ANI300€MOHHUX 32UHAIOYUX eleMEeHMIE
Ha 0i10 NONepeyHUx Cull, o 00380JAI0Mb 8PAX08Y8AMU 1ACMUBOCI MAMePIaAie, 81118 HONEPEOHbO20 HANPYIHCEH-
H3l, Oii NOB300BICHIX OCLOBUX CIMUCKAIOUUX ADO PO3MAZYIOUUX CUIL.

Hagooumbcs nopisusinns pe3ynbmamis npakmuyHo2o po3paxyHky 0anok Ha O0ilo NONepeyHoi cuiu no poseis-

HYymum MemOoOUKAM.

Kniouoei cnosa: nonepeuna cuia, cmanoapmu, NONEpeoHb0 HARPYICEHI eneMeHmU.

IMocTanoBKka mpodJemMu

B tenepimHiit yac B YKpaiHi OCHOBHI ITOJIOKEHHS
PO3paxyHKy OCTOHHHX 1 3ai300€TOHHHX KOHCTPYKIIIH
BHU3HAYAIOTHCS HALlIOHAJIBHUMHU HOpMamH [1], mo 6a3y-
10Thes Ha HopMax EN 1992-1-1-2004 [2].

3rifHO 3 UMMH HOPMaMmy, IIiJi 4ac PO3PaxyHKY
3TUHAIOYUX CJIEMCHTIB Ha JIif0 MOMEPEYHOI CHIIA BHECOK
OeTOHY B OIIip Aii MOTEPEYHOI CHIIM BPaXOBY€ETHCS TilTb-
KM TpY BiJICYTHOCTI TOMEPEYHOI apMarypu, a mpu il
HAsBHOCTI HeCcydYa 3JaTHICTh IMEPETUHY BU3HAYAETHCS
TUIBKKA OTOPOM IIi€i apMaTypd 3 HEXTYBaHHSAM OIOpPY
OeToHy.

Take HeXTyBaHHsI BHECKOM OCTOHY B Omip il mo-
MepEeYHOi CHJIM YacTO CYNEepPEeYUTh METOJUKAM PO3paxy-
HKY, IO MPUHHATI OaratbMa 3apyOiKHAMH HOpMaMH, a
TaKOX ZIOCBIJly TPOEKTYBaHHS peajbHUX KOHCTPYKIIH i
JIAHUM EKCIIEPUMEHTAIIBHUX JIOCITIIXKEHb.

B mepeBaxHiif OUIBIIOCTI CYYacHUX HOPM
npuitHATa «(pepMOoBa» MOAEIb PO3paxyHKy Ha Iorepe-
YHY CHJIY, XO4a BOHAa HE MOXKE BBaXKATUCS 1€AIBHOIO 1
noTpedye BIOCKOHATICHHS.

AHaJIi3 nonepeaHix J0CaizKeHb

VY npwuitaariii  amepukancbkumu Hopmamu ACI
318-14 Code [3] momerni nepen0avaeThesl, M0 BHECOK
Getony B omip 3pi3y (Vc) BU3HAYAETHCS K BEJIUYMHA,
NPOMOpPIiiHA KOPEHIO KBaJAPAaTHOMY IMJIIHIPUYHOT
MIITHOCTI OETOHY, a CTHCIIA YacTHHA OETOHY pO3TJsiia-
€TbCSl SIK JIesike LIMOHKOBe 3’enHaHHs. Kyr Haxumy
JiaroHaJbHOI TPIIIMHY MPH PyHHYBaHHI eJleMeHTa (ik-
COBaHMH sIK 45°.

VY BKazaHMX HOpMax He BPaxOBYIOThCS Taki (hak-
TOpH, K INUPHWHA PO3KPUTTS M TIMOWHA TPILIUHH,
0OChOBA KOPCTKICTh E€IEMEHTa, HIOPCTKICTh OETOHY B
TpilMHi, e(peKT BiJ HEpPiBHOMIPHOTO pO3IOIiTYy TO-
B3I0BXKHBOTO 3YCHILJIS TI0 TIEPETHUHY eleMeHTa (0Co0H-
BO JIJISL TIEPETHHIB TABPOBOTO MPODIIIO).

© Crosnos €.I'., Haboka A.B.

ToMy Bka3aHa «0a30Ba» METOJUKA PO3PAXYHKY
MOCTIHHO BIOCKOHAIIOETHCS U MOJU(DIKy€EThCS.

Tak, y «06a3oBiii» meroauti [3] BHeCOK OETOHY B
Hecydy 37aTHICTh 3THHAIOYOro €JIeMEHTa I10 Homeped-
Hiif cuiti (pY BIICYTHOCTI MOTIEPEIHBOT0 HANPY>KEHHS 1
OCBOBOT CHITH)

Ve = 24\ fibyd. 1)

B moaudikoBanomy Bapianti (method detail) Bre-
COK GeTOHY MpUiIMaeThCs K HalMEHIIe 31 3HaueHs [4]:

V. = A(L9Y/f! + 2500p-D)b,,d )
V. = A(1.9y/f] + 2500p)b,d, (3)
V. = 3.54/fb,d, )

e

A =1 mans Baxkkoro OeToHy; mpu nepesoxi Ve B kH
npuitasTa A = 0.0069;

f! - pospaxynkoswuii orip 6eTony Ha cTuck (psi);

p = As/byd — KoedimieHT MOB3JOBKHBOIO apMy-
BaHHS;

bw — MinimManbHa ToBIKMHA cTiHKK Ganku (inch);

d — poboua Bucota 6anku (inch).

[onmanpima MonepHizalis «0a30BO» METOAUKH 3a-
nporoHoBaHa B [5], ne BHECOK OeTOHY B omip 3pi3y
BU3HAYAEThCA 32 POpMyIIor0

_ 7 225 50
Ve=2Vfe (1+1500&y) (38+5y) by d. ®)

Tyt moka3zaHo, mo omip OeTOHY 3pi3y 3aJeXUTh
Bl cepenHbOi Aedopmarliii OETOHY &x Ta Bl KPOKY IIO-
nepevyHoi apMaTypH Sx (edekT nehopMaTHBHOCTI).

Benndnna &4 BU3HA4Ya€THCS 32 HOPMYIIOIO
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. = M/ gqg+V+0.5N=Apfee
X 2(AsEs+ApEp)

: (6)

e

M, V — BIANOBIIHO 3rUHAOYUI MOMEHT i TIOTepe-
YHA CHJIA B PO3TJIHYTOMY — IIEpETHHI;

N — moB310BXKHS CHa;

As, Ap — o1 NONepeYHHX MEePETHHIB BiIMOBIAHO
TTOB3/I0BXHBOI HEHATIPYKEHO1 1 HAIpPyKeHOi apMaTypH;

Apfse — 3ycuIuIs OnepeIHbOro HAIPYKSHHS;

Es, Ep — BianoBinHo Monymi aedopmariiii HeHan-
PYXKEHOI 1 Harpy>XeHOl apMaTypH,;

Slkmo HampyXeHHS B ITOB3JOBXKHIM apMmarypi He
nepeBumyoTs 60 ksi (414 Mlla), To mms 6imemocti
3TUHAIOYUX CIICMEHTIB MIPUUMAETHCS

V, = —/fb,4d, @

T 38+s,

a KpOK IIONEPEYHOI apMaTypu MOXHa NPUUHATH
MOCTIHHUM, PEeKOMEHIOBaHUM 5K Sy = 12 inch = 30.5
cM.

Jlnst eneMeHTIB 3 MOMEPEYHOI0 apMaTypor KyT
HAXWITy TPIilHU BU3HAYAETHCS 38 (POPMYIIOI0

0 =29 + 7000, , (8)

JIe & BU3HAYAETHCS 110 (6).
Bxkiaa nomnepe4yHoi apMatypu B omap 3pi3y

Vs = 0.9Afyd -ctgl / sx , 9)

e

Ay — TuIOIIAa MOMNEPEYHOro MEPEeTHHY IOINepeuHOT
apMmarypu;

fyt — po3paxyHKOBHIA OIip MONEPEYHOT apMaTypH.

B meromuni, 3acHoBanHiii Ha Multi-Action model
[6], nporoHyeThes pillieHHs 7€ BHECOK OETOHY B OIIip
3pi3y YTOYHIOETHCS B 3aJI€KHOCTI BiJl pO3MIpy CTHUCHY-
TOI MOJIKU NEPETHUHY, @ MOJIENIb pyHHYBaHHS XapaKTepHu-
3Y€ThCS IBOMA TiIKAMHU: TOJIOBHOO JiaroHasuto a-b, mo
MIPOXOJAUTH BiJl HIDKHBOI TpaHi Oalkd O HEHTpalIbHOI
0ci, 1 pO3BUBAETHCS MO APYTiil Tiku b-C B cTuciil 30Hi

il JpyruM KyToM, Jie OETOH Ipaloe Ha BiapuB (puC.
1).

© ¥ v

rOJIOBHA T1JIKa

a

Puc.1. Xapaxrep pyliHyBaHHS elleMeHTa Bij Aii rmore-
PEeYHOI cCrIIH

Hecyua 3gatnicte enementy Vy = Ve + Vs, 1e

BHECOK OCTOHY
Ve=62 2\ flbwersd,  (10)

ae

bw eff — epekTHBHA MIMPHUHA CTHCHYTOI TIOJNKH Oa-
KU TaBpPOBOTO MEPETHHY;

¢ — dakTop po3Mipy i THyYKICTB, IO BU3HAYAETHCS
3a (hopMyII0I0

2

=—=—(4"
1+%0/, .
do = d <4 inch;

S — IlIar NONEPEeYHOi apMaTypH;

a = M/V;, nna 6anok posxuuow L ¢ L/d < 17.5
npuitmatots d/a = 1/3.5;

¢ — BUCOTA CTHCHYTOI 30HH OCTOHY.

Benmmuuna c/d moxe OyTH OTpuMaHa 3 aHaJi3y
TPIIIMHOYTBOPEHHS IIPU YUCTOMY BUTHHI.

Takok B MPaKTHYHHX PO3PAXyHKAX MOXKHA
puiiMaTH ¢/d 1O TOPIBHIOE!

0.2 — st c1abo apMOBAaHUX CIICMCHTIB,

(11

0.25 — npu cepeqJHOMY apMyBaHHI,
0.35 — mpu mocuIleHOMY apMyBaHHI.
KyT Haxminy TpimHH 1O TOJOBHIN TijiIi BU3HAYA-
€ThCA Uepes3

1g0=0.85d/(d—c)<25. (12)
Bxnan nonepednoi apMarypu
Vs = 12 A\/ fyt / S . (13)

B [7] nponionyetbes nesikuid yHipikoBaHU TiaXin
K pilIEeHHIO MIITHOCTi 3TMHAIOYHX JICMEHTIB Ha 3pi3.

Hecyua 3matricts neperuny Vy = Ve + Vs, 1e
BHECOK OETOHY

V. = 5A/f!bycy, . (14)
¢ =d/(pn)? + 2pn — pn, (15)
p=Asdbwd ;n=Es/Ec; (16)
1.4

Y= — . a7

}1+d/d0

B ¢opmyui (17) npuiiMatoTs:
do = 100 inch, sixio Ay > Aymin;  yd = 1, ko d

<10 inch.
Brecok nonepe4Hnoi apmarypu

Vs:A\/fy[d/s. (18)

Meska MIITHOCTI Ha 3pi3 0OMEXY€EThCSI yMOBAMH .

V, < 0.75(V, + 8{/flb,d); Vu<4V..  (19)
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3anponoHoBaHa METOJUKA MOXKe OyTH 3aCTOCOBa-
Ha JI0 3BHYAIHUX 1 MOIEpeHbO HAIPYKEHHX eJIeMEH-
TiB, 3 MOMEPEYHOIO apMATypOIO 1 Oe3 Hel, 10 eICMEHTIB
13 osTiMepOeToHY 1 rmoJriMepapMaTypHu.

ABropu [8] mpuiiMaroTh BHECOK OETOHY B OIIp
3pi3y AK BEIMYUHY, MPOMOPIIIOHATFHY BHCOTI HEpYyHHi-
BHOI CTHCHYTOI 30HM OETOHY ¢ 1 BITHOIIEHHI «IIPOJIT-
3pi3» g0 mimHOCTi Ha 3ruH y cryneni 0.7 (posmipHa
koHmertis). Llg konmenmis mnpuitasra Joint ACI —
ASSE Committee 446 Fracture Mechanics of Concrete.

Hecyua 31aTHiCTh NepeTHHY MO IMONEpeyHiil cuii
Vy=Vc+ Vs,

ae

v, =171 (%)0'7 \/ﬁbwc\/ﬁ; (20)

¢ BU3Ha4aeThes 1o (15);
h — Bucota enemeHry.
Brecok momnepeunoi apmarypu Vs BH3HAYaeThCA
o (18).
B [9] mexani3m pyiiHyBaHHS MpH Iil HONEpPEYHOT
CHJIH TaKOX PO3MIISIAETHCS SIK ABOXTLIKOBUH (puc. 1).
BenmunHa BHecKy O€TOHY B HECydy 3AaTHICTD IO
ToTNIepeyHii cui
Ve =K; fi by ¢ ctgh (21)
ae
Ks — xoedimieHT, 1m0 3aJIeKUTH Bill BUCOTH eJeMe-
HTa:
12

K. = (7)0'25 <11 (d-sinch):

(22)
fi — pospaxyHkoBuii omip O€TOHY Ha PO3TATHEHH,
10 MPUAMAETHCS PIBHUM
fo=220/f (f' -8 psi), (23)
¢ — BHCOTA CTHUCHYTOI 30HH, III0 BU3HAYAETHCS IO
(15);

Vit(fetoct)
ft ’

ctg 0 = (24)

Oct — CepelHI HOpMabHI HANpYy>KEHHS BiJ 3rHHA-
I04YOr0 MOMEHTY.

Bnecok mnomepe4yHoi apMaTypu BU3HAYa€TbCS 110
(18).

YTouHeHa MeTOANKa BU3HAYEHHS BHECKY V¢ B Mi-
IHICTH eJIEMEeHTY Ha 3pi3 3anpomnoHoBaHa B [10] (Hime-
YYUHA).

ABTOpPH BBaXal0Th, II0 BKJIAJ OETOHY B HECy4dy
3MaTHICTh EJIEMEHTY Ha 3pi3 pPIi3HUHA IpH HaSBHOCTI
nonepedHoi apmarypu (V) u nipu 11 BiacytHocTi (V).

A. [Ipy HasgBHOCTI NONEPEYHOT apMaTypu

Vc = 0.066 fcwu bW Z, (25)

Jie PO3PaxXyHKOBHH oOImip OETOHY CTHCHYTOI 30HHM TpHU
po0OTi Ha TIOTIEPEUHY CHITY IPUHAMAETHCS SIK

fon = 0.7 fcI , (26)
KyT 0 00MeXy€eThCS yMOBAMU:
1< ctgh= S0 <3 (27)
)
2=0.9d;

Vu= Ve + Vs ; Vumax = bwz fowu /(Ctg9 + tg@) B (28)

ctg fo=12— 140 If' ; (29)
o = N/A; — cepenite HanpyXeHHs B GaJiii BiJ M03-

noBxHBOT crti N a00 BiJl HONIEPEAHBFOTO HATIPY>KEHHS.
Bkian monepevHoi apmarypu

Vs = Ay fyr z ctgh / s. (30)
b. Ilpu BincyTHOCTI onepe4yHoi apMaTypH
Hecyua 3natHicTb OeTOHY
3|pft
V= (71 == 0.230.)b,d, (31)
TIPU BiJICYTHOCTI ITOB3/I0BKHBOT CHIIN

1

V= 713/%de . (32)

Astopu [11] BBaxarTh, HIO MPH MPOCSKTYBaHHI
3THHAIOYMX €JIEMEHTIB 32 HopMaM [1] i HOpMaJbHUX
BHUMOT €KCILIyaTallii 3a1i300eTOHHUX KOHCTPYKIIii (0e3
(hopc-MaXOpPHUX CUTYaIlill) MOXKIMBO BH3HAYUTH HECy-
4y 3[aTHICTb 3THHAIOYMX EJIEMEHTIB Ha 3pi3 IO CyMi
JIBOX CKJanoBux — omip 6erony (Vrdc) 1 omip momeped-
Hoi apmarypu (VRds), IO MiATBEPMKYETHCS 1 1HIIMME
aBTOpPaMH, a TAKOXK HATYPHUMHM EKCIIEPUMEHTaMHU.

®opmyJ/II0BaAHHS METH CTATTI

BusHaueHHsT HAHOUTBII PaI[iOHANTBHOTO HIISAXY BU-
3HAYCHHS. HECYYOi 3aTHOCTI 3TMHAIOYMX CJIEMCHTIB Ha
Ji1 ONepeyHX CHUIL.

Buxkiax 0cHOBHOTO MaTepiany

IopiBHSAHHA pe3yJbTAaTiB PO3PAXyHKY MillHOCTI
3rHHAI0YOr0 eJeMeHTY 32 PO3MipHUMH MeTOAMKAMHU.

Hwxue B Tabn. 1 npuBoasTECS pe3ynbTaTi po3pa-
XYHKIB MIIIHOCTI 3THHAIOYNX E€JIEeMEeHTiB 0e3 momepen-
HBOTO HAIIPY’KEHHS Ha JiI0 MTOTIEPEYHOi CHIIH 3a OIHCa-
HUMH METOJHMKaAMH.

Posrnsgaerses 3amizoberonHa 6anka npoasoToM L
= 6 M, BUKOHaHA 3 OeToHy Kiacy C25/30, apmyBaHHS
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TTOB3JIOBKHBOIO apMmaTyporo 20325A400C (4s =

9.82 cm?), monepeunoio apMaryporo 238A400C (Asw =

A, = 1.01 cm?) ¢ marom s = ¢ = 30 cm = 12 inch.

Pospaxynok 3ycunb: M = 120 kHm; Veg = 80 xH.
Po3paxyHKOBI XapaKTEpUCTHKH:

focu = 30 MITa; fox, oy = 25 MITa = 3625 psi; feq =
f! = 17 MIla = 2465 psi.

Po6oua Bucota neperuny d =46 cm = 18.11 inch;

mupuHa nepetuny b = by =20 cm =7.87 inch.

Pesynbratn po3paxyHKy nmpuBeneHi y Ta0um. 1.

Tabiuus 1

PesynbraTi BU3HAUCHHS HECYdOi 31aTHOCTI OaiKu

MiunicTs 6eTOH Miunicts nonep. | Hecyua 3qaTHicTh
MeToauka po3paxyHKy Ve, kH ' apm.Vs, kH P Vuy:Vc+Vs, xkH
JIBH B.2.6-98:2009 [1],
EN 1992-1-1 (Eurocode 2) [2] - 119.2 119.2
ACI 318-14 («6a3zoBa») [3] 97.7 67.8 165.5
ACI 318-14 [4] 101.7 67.8 169.5
(yrounena, CIIIA)
ACI 318-14 [5] 107.5 62.9 170.4
(mommdikanis, Kanana)
Multi-Action Model [6] 98.6 52.1 150.7
(Icmianis)
ACI 318-14 [7] 114.0 43.4 157.4
(YuidixkoBanwmii. miaxin, CIIIA)
«Po3mipna mozens» [8] 83.8 43.4 127.2
(CHIA, TaiiBaHb)
VYuidikoBane piteHHs [9] 71.4 43.4 114.8
(IliBnenna Kopest)
ACI 318-14 [10] 100.8 93.6 194.4
(Moaudikanis, Himeuunna) 89.7 - 89.7
JIBH B.2.6-98:2009, 67.2 99.3 166.5
(mpakTH4HHH po3paxyHOK) [11]

ABTOpH HE NPOBOATH IMIOPIBHAHHSA 3 pe3yJbTa-
TaMH po3paxyHKiB mo Hopmam Pocii (CHull 52-01-
2003:CII 63.13330-2012) i binopyci (CHB 5.03.01-02).
Taxi nopiBHsiHHS Oyyiu BUKOHaHI panirie [12].

BucHoBknu

I3 mopiBHAHHS pe3yNbTATIB PO3paxyHKy BHIHO,
10 HaHOUTBII ONU3BKI PE3yNbTaTH TEOPETUYHOTO 3Ha-
YEeHHsI MIIJHOCTI 3rMHAI0YOr0 €JIEMEHTY IO IOoIepeyHii
cwiti, BU3HaueHi 3a pizHuMu moaudikauismu ACI 318-
14.

B 3anpornoHoBaHOMY NpPakTUYHOMY PO3pPaxyHKY
[11] npm 3aranbHiii Hecy4ill 3AaTHOCTI, 10BOJI OIN3bKIN
IO Pe3yNbTaTiB, OTPUMAHUM II0 MOAHM(DIKALiIM HOPM
ACI 318-14, BHecok okpemux kommoHeHTIB (Ve 1 Vs)
BIJIPI3HSIOTHCS] B CTOPOHY 30UIbIIEHHSI HECY4O0l 371aTHO-
CTi NIONIEpEYHOT apMaTypH 1 3SMEHIICHHS BHECKY OETOHY.

Jlirepatypa

1. /IFH B.2.6-98:2009. Koncmpyxyii 6younxie i cnopyo. be-
monni ma 3anizobemonni koncmpykyii. OcnoeHi noaodicen-
ns.[Texem] - Kuis: Minpezion6yo Vkpainu, 2009.

2. EN 1992-1-1:2004 Eurocode 2. Design of Concrete Struc-
tures. — Part 1-1. General rules and rules for buildings. — Brus-
sels, 2004.

3. Belarbi, A. (2014) ACI 318-14. Building Code Require-
ments for Structural Concrete. American Concrete Institute. —
Farmington Hills.

4. Belarbi, A., Kuchma, D., Sanders, D. (2017) Proposals for
New One-Way Shear Equations for the 318 Building Code.
Concrete International, 39, 9, 29-32.

5. Bentz, E., Collins, M. (2017) Updating the ACI Shear
Design Provisions. Concrete International, 39, 9, 33-38.

6. Cladera, A., Mari, A., Bairan, J-M., Oller, E., Ribas, C.
(2017) One-Way Shear Design Method Based on a Multi-
Action Model. Concrete International, 39, 9, 40-46.

7. Frosch, R., Yu, Q., Cusatis, G., Bazant, Z. (2017) A Unified
Approach to Shear Design. Concrete International, 39, 9, 47-
52.

8. Li, Y-A, Hsu, T., Hwang, S-J. (2017) Shear Strenght of
Prestressed and Nonprestressed Concrete Beams. Concrete
International, 39, 9, 53-57.

9. Park, H-G, Choi, K-K. (2017) Unified Shear Design Meth-
od of Concrete Beams Based on Compression Zone Failure
Mechanism. Concrete International, 39, 9, 59-63.

10. Reineck, K-H (2017) Proposal for ACI 318 Shear Design.
Concrete International, 39, 9, 65-70.

11. babaes, B.M. [Ipaxmuunuil po3paxyHoK eleMeHmis 3ai-
306emonnux koncmpyxyii 3a JJBH B.2.6-98:2009 y nopigusn-
ni 3 pospaxynkamu 3a CHull 2.03.01-84* i EN 1992-1-
1(Eurocode 2). [Texcm] | B.M. Fa6acs, A.M. bambypa, O.M.
Ilycmosotimosa, I1.A. Pesnix, €.1. Cmosnos, B.C. [LImyxaepl!
Xaprxis, «3onomi cmopinkuy, 2015. — 206 c.

12. Koyiopybenxo, O.H. Ananus Hekomopvix HOPpMAMUGHbIX
Memo0o8 pacuema dicene300emMoHHbIX IAEMEHMO8 Ha Oell-
cmeue nonepeuroil cunvl. [Texem] | O.H. Koytopybenko, E.H.
Kpanmoscras Il Bichux O[ABA, éun. 58. — Oodeca, 2017. - C.
197-207.

142



References

1. DBN B.2.6-98: 2009, Designs of buildings and structures.
Concrete and reinforced concrete constructions. Substantive
provisions. Kyiv: Ministry of Regional Development of
Ukraine, 2009.

2. EN 1992-1-1:2004 Eurocode 2. Design of Concrete Struc-
tures. — Part 1-1. General rules and rules for buildings. — Brus-
sels, 2004.

3. Belarbi, A. (2014) ACI 318-14. Building Code Require-
ments for Structural Concrete. American Concrete Institute. —
Farmington Hills.

4. Belarbi, A., Kuchma, D., Sanders, D. (2017) Proposals for
New One-Way Shear Equations for the 318 Building Code.
Concrete International, 39, 9, 29-32.

5. Bentz, E., Collins, M. (2017) Updating the ACI Shear
Design Provisions. Concrete International, 39, 9, 33-38.

6. Cladera, A., Mari, A., Bairan, J-M., Oller, E., Ribas, C.
(2017) One-Way Shear Design Method Based on a Multi-
Action Model. Concrete International, 39, 9, 40-46.

7. Frosch, R., Yu, Q., Cusatis, G., Bazant, Z. (2017) A Unified
Approach to Shear Design. Concrete International, 39, 9, 47-
52.

8. Li, Y-A,, Hsu, T., Hwang, S-J. (2017) Shear Strenght of
Prestressed and Nonprestressed Concrete Beams. Concrete
International, 39, 9, 53-57.

9. Park, H-G, Choi, K-K. (2017) Unified Shear Design Meth-
od of Concrete Beams Based on Compression Zone Failure
Mechanism. Concrete International, 39, 9, 59-63.

10. Reineck, K-H (2017) Proposal for ACI 318 Shear Design.
Concrete International, 39, 9, 65-70.

Apximexmypa ma 6yoienuymaeo

11. Babaiev, V. M., Bambura, A. M., Pustovoitova, O.M.,
Reznik, P.A., Stoianov, Ye.H., Shmukler, V. S. (2015) Practi-
cal calculation of elements of reinforced concrete structures
for DBN B.2.6-98: 2009 in comparison with calculations
under SNiP 2.03.01-84 * and EN 1992-1-1 (Eurocode 2).
Kharkiv, "Golden Pages", 206 .

12. Kotsiurubenko, O.N., Krantevska, Ye.N. (2017) Analysis
of some standard methods for calculating reinforced concrete
elements by the action of transverse force. Bulletin of ODABA,
issue 58, 197-207.

PenieH3eHT: 1-p TeXH. HayK, Mpod., 3aBinyrounii Kade-
poro OymienpHuX KoHCTpykmid B.C. Imyxiep, Xap-
KIBCBKHMH HaIliOHAJBHUH YHIBEPCHTET MICHKOTO TOCIIO-
nmapctBa iMeHi O.M. bekerosa, Ykpaina

ABtop: CTOSIHOB €gren 'ennaniiioBuu

KaHOUOam MexHIYHUX HAYK, OOYeHm, 00yeHm Kagpeopu
0y0igebHUX KOHCMPYKYIU

Xapxkiecokuil HAYIOHANLHULL  YHIBepCUmMem MICbKO20
eocnooapcmea imeri O.M. bexemosa

E-mail — stoyanoveg@ukr.net

ABTop: HABOKA Amnaromniit BitanitioBua

KaHOUOam MexHIYHUX HAayK, acucmeHm xageopu 6yOi-
BENILHUX KOHCIMPYKYIll

Xapxkiecokuil HAYiOHANbHULL  YHiBepcumem MiCbK020
eocnooapcmea imeni O.M. bexemosga

E-mail — anatoliinaboka@ukr.net

JUXTAPOSITION OF EXISTING MODIFIED METHODS FOR CALCULATION OF TRANSVERSE
FORCE EFFECT ON BENDING REINFORCED CONCRETE ELEMENTS
E. Stoyanov, A. Naboka
0O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

Various models and relevant methods of calculating transverse force effects on bending reinforced concrete
elements have been considered, allowing to take into account the properties of materials, the effect of pre-stressing,
the action of longitudinal axial compressive or tensile forces, as well as options for improving the basic calculation
method have been studied. It is assumed that it is possible to disregard the contribution of concrete to the resistance
to the action of transverse force with appropriate reinforcement, despite the contradiction between this assumption
and international construction standards and calculation methods. The advantages of the calculation model adopted
by the ACI standards (USA), and the options for its continuous improvement in connection with the neglect of some
significant factors have been determined. The Multi-Action model is a part of this methodology, which allows to
accurately determine the contribution of concrete to resistance, depending on the dimensions of the compressed
section flange. Its application is of high relevance for conventional and pre-stressed elements, regardless of the
reinforcement option. The ability to determine the bearing capacity of the bending elements against cut by the sum
of the resistance of concrete and the resistance of transverse reinforcement is confirmed both theoretically and by
in-situ experiments.

The results of the practical calculation of beams against the action of transverse force by the considered meth-
ods have been compared. In conclusion, relevant outcomes have been presented regarding the magnitude of the
contribution of concrete compared with the bearing capacity of transverse reinforcement. Such results can lead to
positive outcome for building companies and could be easily implemented by using these calculation methods.

Keywords: transverse force, construction standards, pre-stressed elements.
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