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BU3HAYEHHSA NMPOrMHIB HEPO3PI3HUX 3AJ1I30BETOHHUX BAJIOK
NMPU NOBTOPHUX HABAHTAXXEHHAX

BuknapeHa MeTtoAMKa BMU3HAYeHHA MPOruvHIB HEpPO3pPi3HUX
3ani306eToHHMUX 6asIOK NPpU NOBTOPHMUX HABAHTAXKEHHAX 3 YPaXyBaHHAM
3MIHU NPYXXHO-MJIACTUYHUX XaPAKTEePUCTUK 6eToHy. 3a3Ha4yeHo, Lo

NpU BU3HAYeHHi MPOruHiB HeobXxigHO BpaxyBaTU 3MiHY NO [AOBXMWHiI
3HaKy 3rMHaJIbHOro MOMEHTY, Nonepe4vyHoi CUNIN, KpUBU3HMU oci 6anKku Ta
3MiHU MoOAynsa MNPYXXHONNACTUYHOCTIi OeTOHY BHACNIAOK MOBTOPHMUX
HaBaHTaXXeHb. BcTaHOBNEHO, WO Ha AiNAHKaX, Ae 3ruHajibHUA MOMEHT
He MiHflEe 3HaKy, AONYCKAETbCA KPMBU3HY oBuncnioBaTtu Ana Hanbinbu
Hanpy>)XeHoro nepepisy, a ANA iHWKUX NepepisiB W€l AINAHKN BBaXKATH i
3MiHY NPONOPLINHO 3HAYEHHSAM 3rMHaJIbHUX MOMEHTIB.

KnwuoBi cnoBa: ©6eTOH; apMaTypa; nNpPOrvMH; HEpPO3pPi3HUMK;
NOBTOPHUMN.

CraH nuTaHHA. 3rigHO 3 YMHHMMKM HOPMaMKu MNPOEKTYBAHHSA
3aNi300eTOHHMX KOHCTPYKLUiA NOBHUM NPOrUH f 3rMHaNbHUX €/IEMEHTIB
BM3Ha4vaeTbcs 3a popmynoto [1, C. 67]

f=f+ fq = Iﬂ(x)(%) (x)dx+jé(x)y (x)0x, (1)

ne f,—npornH, obymoBneHnn gedopmauisMun 3ruHy;
f; — NpornH, obymoBneHnn gedopmauisiMmm 3CyBY;
M(x)i é(x)— 3rMHasIbHMMA MOMEHT | nonepeyHa cuna B nepepisi x
BiO, Ail OAMHWYHOI CUNKW, NPUKNALEHOI B HANpPsAMKY MepeMilleHHs, sKe
BWU3HAYAETbLCSH, NO JOBXUHI NPONBLOTY B TOMY X nepepisi x;
(lj(x)— NOBHA KPMBM3HA e/IeMEHTA B Nepepisi X Bif 30BHIWHbLOIO
r

HaBaHTaXEHHS;
v (x) — oedopmMauis 3cyBy, ika BU3HA4YaETLCA 33 GOPMYJIOH0:
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LSQ(X)(sz
xX)=—"—-t°= x), (2)
'Y( ) tho (DC}"C( )
Q(x) - nonepeyHa cuna B nepepi3i x BiA Ail 30BHiWHbLOrO

HaBAHTAXEHHS;

@y, — KOEILLIEHT, AKMI BpaxoBYe TpMBaNy NoB3y4icTb 6eToHy (npw
KOPOTKOYaCHIN Ail HaBaHTaXeHHs ¢,, = 1,0 );

G - mopynb 3cyBy 6etoHy (G=0,4 E,); E, — no4yaTKoBU Mopynb
NPY>HOCTI 6eToHy; b, hy — wWMpKHa i poboya BMCOTa Nepepily eNeMeHTa;

@ o (X) — KOGDILIEHT, AKNW BPaxOBYE BMNAMB TPIWMH Ha aedopmauil
3CYyBY i BA3HA4Ya€ETbCA 32 $OpPMYO0:

3E,1,, (1
(X)) =——" = I(x), (3)
P e (X) M) (rj( )
ne /., — MOMEHT iHepLil NnpuBeaeHoro nepepisy;
[ — po3paxyHKOBUI NponiT 6anku.

Ons 3rMHanbHux enemeHTiB npu [/h>10 3HayeHHs f; MOXHa He
obuncntoBatu, T06T0 NnpunmaTn f;= 0. KpUBU3HY efleMeHTIB Ha AiNsHKax
3 TpiwMHaMn, o6yMOBNEHY 3rMHOM, AN enemeHTiB 6e3 nonepenHbLOro
Hanpy>XyBaHHA apMaTypy BU3Ha4aoTb 332 $OpMYoLo:

1 M(x X

r z (x)AsEs(hO _x)
Ae z(x)- Bigbpanb Bif ULEHTpa Barn pPO3TArHYTOl apMaTypu A0 TOYKM
NPUKNagaHHA 3yCUNISA B CTUCHYTIW 30HI 6eTOHY B nepepisi 3 TPILLMHOMW;

As — nnowa po3TArHyTol apMaTypu;

E; — Mooynb Npy>XHOCTI apMmaTtypu;

X — BUCOTA CTUCHYTOT 30HM DeTOHY B nepepisax;

\I,S(x) — KoeiliEHT, AKNI BpaxoByeE pobOTy po3TArHyToro 6eToHy Ha

OINSHKAaX 3 TpilWMHaMn.

Ona  3rMHanbHUX  eNeMeHTiB  NOoCTiMHOro  nepepisy  6es3
nonepegHbLOro Hanpy)XyBaHHS apMaTypu Ha AiNAHKAX, O 3rMHaNbHUN
MOMEHT He MIHA€ 3HaKy, OOMYCKAETbCA KPUBU3HY obumcnoBatn pns
HanMbiNblW HaNpy>XeHoro nepepily, a ANS iHWWX NepepisiB Uiel AingHKK
BBaAXaTu 11 3MiHY NPONOPLINHO 3HAYEHHAM 3rMHaJIbHUX MOMEHTIB.

AHani3s HaBegeHux Bule GopMyn NOKA3YE, WO BOHM CnpaBeanmBi
npuM Ail KopoTKo4YacHMx abo TpuMBanMx HaBaHTaXkeHb. Bigomo, wWo
BiNbLIICTb KOHCTPYKLIM eKCNNyaTyeETbCA NPU Ail NOBTOPHMX HAaBaHTaXeHb
[2, C. 82; 3, C. 15], wo He BpaxoBYyeTbCA YMHHUMKU HOpMaMu. KpiM Toro,
NMOBTOPHI HABAHTAXXEHHS MOXYTb BNJIMBATU HA 3MiHY NPYXHONAACTUYHUX
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XapaKTepUCTUK OEeToHy, LWO0 TAKOX 3aJMWAETLCA MNO3a YyBarow
HOPMATUBHUX LOKYMEHTIB.

MeTol0 po60TH € YOOCKOHANIEHHS METOAMKN BU3HAYEHHS MPOTUHIB
Hepo3pi3HUX 6anoK NMpyM MNOBTOPHMX KOPOTKOYACHMX HABAHTAXKEHHAX 3
ypaxyBaHHAM 3MiHM MOAYNS NPYXKHOMNACTUYHOCTI OETOHY.

Bu3sHayeHHA nporuHiB. [lpy BM3HAYEHHi MPOrMHIB HEPO3PI3HUX
6anok npu NOBTOPHUX

L, of LB Bl 7, ol L HaBaHTaXeHHAX HeobXxigHo
g /| BpaxyBaTu 3MiHYy no
Oz ” v 1B v mol OOBXWHI 3HAKY 3rV|Ha_{1bHoro
c MOMEHTY, MOMepeyHol cunu,
/ / L KPMBM3HM oCi 6anku Ta
a T 3MiHm Moy NS
NPY>XHOMNAACTUYHOCTI
Miup 6eToHy BHaACMigoK
Msp NOBTOPHUX HAaBAHTAXEHb.
\ B C HopMun pekomeHayTb

A N .
6 CTaTU4YHO HEeBW3HAYeHi

KOHCTPYKLil po3paxoByBaTu
M 3 ypaxyBaHHAM
M 74\ / nepeposnoginy 3ycunb. Ans
A \ C LUbOro BWUMagKy 3a YMOBMU
\T\ B \/ PiBHOMILHOCTI  OMOPHMX |
MPONITHMX nepepisis

w 8 MOMEHTM

6ynyTb
M OOHaKoBUMMU, TO6TO M = My,
0, = My, = 0,155P( (puc. 1, B).
/ , OpaunHatu enopu
On O’z
nonepeyHnx cun 6ypytb Oo-
0 PiBHIOBATH Q4=0,275P;
g"=0,725P  (puc. 1, r).
OckinbKku b6anka

Bo pPO3rnsgaeTbes bes
Bor / - nonepenHbLOro
Bo WW'\M Hanpy>yBaHHA apMmaTypu, B
--------------- 0 IT pO3TArHYTUX 30Hax byayTb
BMHUKATU TPILMHM,
Puc. 1. Po3paxyHKoBa cxeMa ABOMNPONITHOI
Hepo3pi3Hoi 6anku (a), entopa MOMEHTIB B NMPY»XHil
ctagii (), Te caMe — 3 ypaxyBaHHAM nepepo3noginy
3ycuns (B), nonepeuHnx cun (r), 3MiHa »kopcTKocTi ()
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PO3KPUTTA AKUX Oype Hag onopot Ta nifg cuiaMu B NposiboTax. [1eBHO B
LUMX Micusx 6yne MiHiManbHa »KOPCTKiCTb nepepisiB B, a B Micuax, ne M
= 0, >KOPCTKiCTb 6yae MakcuManbHow By (puc. 1, a).

3MiHYy YKOPCTKOCTI B340BX 6anky npumnMeMo nponopLinHo Ailo4nM
3rMHanbHUM MoMeHTaM (puc. 1, ). XopcTKicTe By B nepepisax, ge M = 0,
BMU3HA4YaEMO 3a GOpPMYJIOHD

BO = Eb]red ’ (5)
e l.s — MOMEHT iHepuil NpuBeneHoro nepepisy.

MiHiManbHy XOpPCTKiCTb Bankun B nepepi3ax, Ae AiloTb MaKCUMabHi
MOMEHTM Ha I-MYy UMK HaBAHTAXXeHHS, BU3HAUYMMO 33 POPMYIIOH0:

1

B, (x)= 2, () AE, (hy = x,(x) ——, (6)
\I"si (x)
Ae B, ,— MiHiManbHa XOPCTKICTb 6asKK Ha i-MY UMK HAaBaHTaXeHHS;
x;(x), z; (x), y; (x) — Te came, wo i y dopmyni (4), ane Ha i-My umkni
HaBaHTAXEHHS.
Ans eneMeHTiB NPSAMOKYTHOro npodifnto 3Ha4YyeHHs z, (Xx) MOXHa
BU3HaunTh 3a popmynoto [1, C. 39]
200 =k = O 7)
a BUCOTY CTUCHYTOI 30HN BETOHY —
xi (X) :(Dgi (x)hoa (8)
.U.e(pii(x)zBi(x)(1,1+%3-(x)—l); (9)
B, () =a, () L2222 (10)
\l’si(pbl

EY . f— AS .
Qi(x): Ab,cyc,i’“_ /(bho)’ 11)

E, .. — MOAYNb MPYXHOMMACTUYHOCTI BETOHY npu MOBTOPHMX

HAaBAHTAXEHHAX HA I-MYy UMKNI;
(@, — KOe]iUiEHT, O BPAxoBYE HEPIBHOMIPHICTbL PO3MOAINEHHA

nedopMaLin KPaMHbOro CTMCHYTOTO BOJIOKHO OETOHY Ha AiNsHKax 3
TPilMHaMK (ANA BaXKKOro 6eToHy Q)= 0,9).

KoediuieHT \y ;(x) MOXHa 3HanT 3a popmyoto:
\V Si (’x) = 1’25 _(pls(p mi (’x)b (1 2)
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ne ¢,= 1,0 — npn HeTpuBanin Aii HaBaHTaXKEHHA LN KOHCTPYKUiN 3i
cTepxHeBoto apmatypoio [1, C. 75];

Rbt,seerl
(sz‘ (X) = < 1909 (1 3)
M;(x)
ae R,, ., —HOPMaTMBHWM ONip BETOHY PO3TAraHHIo;
W, — MOMEHT onopy npuBEAEHOr0 Mepepisy AN KpanuHboro

PO3TArHYTOro BOJIOKHA 3 YpaxyBaHHAM HenpyXHux aedopMain 6eToHy

(BNA NpsMOKYTHUX NepepisiB MoxHa npuitHatu W, = 1,75xW, ., W, -

MOMEHT OMopy NpPUBEAEHOro nepepisy).
3Ha4YeHHs MOoAyns MPYXHONJACTUYHOCTI 6eTOHY 3 ypaxyBaHHAM

horo 3MiHW BHAcNifOK Ail MOBTOPHWUX HaBaHTaXeHb E, .. MOXHa

BM3HauyuTK 3a popMysiolo, AKa Mae BUrnsag, nopioHuni ak B poboTi [4,
C.119],

Eb cye g = Eb,O,cyc,i (1 - }\R,cyc,in cye,i )’ (1 4)

ne E — MOAYJb MPYXXHONMACTUYHOCTI BeToHy npu g, . =0 Ha i-My

b,0,cyc,i
LMK HABAHTaXeHHS;
Ag.ei — TPAHUYHMNIA KOdILIEHT NIACTUYHOCTI BETOHY;

Noe; — PIBEHb HABAHTAXEHHS Ha i-My LMK,

Buxopsaun 3 HaBepeHoro, NpornH Big gedopMauil 3rMHYy Ha i-My
LMK NOBTOPHUX HaBaHTaXXeHb MOXHA BU3HAUYNTU 33 TPAHCHOPMOBAHOIO
dopmynoto (1) y Burnaai:

a7 M0
o= 5 e "

Ina BM3HA4YeHHs NpoOruHiB Big oedopmauin 3cyBy ANA BUNAOKY
NOBTOPHUX HaBaHTa)keHb d¢opMyny (2) MoxkHa TpaHcpopMyBaTU Yy
BUTNAL!

— laSQi (x)(pr % 3Eb,cyc,i]red

, (16)
chc,ibho Bcrc,i (x)

v, (%)

ne G
B

= O,4Eb>%i;

— BU3Ha4vaeTbca 3a popmynoto (6).

cye,i

cre,i
3 ypaxyBaHHaM (16) nporuH Big aedopMauinn 3cyBy ANS i-ro UMKy
NMOBHOMO HABAHTAXXEHHS MOXXHA BU3HAYMUTKN 332 GOPMYOLO:

Sy =[0Gy, (x)dx. (17)
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Ockinbkun entopwu ﬁ(x) ié(x) Bi OOWHWYHOIrO HaBaHTaXEHHSA

MalTb NiHIVHUIA XapakTep, To ANsa obumcneHHs iHTerpanis (15) i (17)
MOXHa BMKopuctatu Metopn BepewariHa A.H., po3buBaroum banky Ha
OINAHKW, B MEXaX AKUX XXOPCTKICTb NPUAMATU CEPEAHBLOLO.
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DETERMINATION OF DEFLECTIONS OF CONTINUOUS REINFORCED
CONCRETE BEAMS UNDER REPEATED LOADS

For bending elements of constant cross-section without
prestressing of reinforcement in areas where the bending moment
does not change sign, it is allowed to calculate the curvature for the
most stressed section, and for other sections of this section to
consider its change proportional to the value of the bending moments.
It is known that most structures are operated under repeated loads,
which is not taken into account by current standards. In addition,
repeated loads can affect the change in the elastic-plastic
characteristics of concrete, which is also ignored by regulatory
documents. The aim of the work is to improve the method for
determining the deflections of continuous beams under repeated
short-term loads, taking into account the change in the elastic-plastic
modulus of concrete. When determining the deflections of continuous
beams under repeated loading, it is necessary to take into account the
change in the sign of the bending moment, the transverse force, the
curvature of the beam axis and the change in the elastic-plastic
modulus of concrete due to repeated loading. Considered a two-span
continuous beam of rectangular profile, loaded with concentrated
forces, which are applied repeatedly. The standards recommend that
statically indeterminate structures be designed taking into account the
redistribution of forces. For this case, provided that the support and
span sections are of equal strength, the moments will be the same.
Since the beam is considered without pre-tensioning of the
reinforcement, cracks will appear in its stretched zones, the maximum
opening width of which will be above the support and under the forces
in the spans. The presented improved method for determining the
deflections of continuous beams from bending and shear deformations
takes into account the change in the elastic-plastic characteristics of
concrete due to repeated loading. The derived formulas can be used to
determine the deflections of continuous beams under repeated loads.

Keywords: concrete; armature; deflection; indissoluble; repeated.
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