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Anomauyia.  Buknaoema — memoouka — 6USHAYEHHA  NPOSUHIE  HEPO3DIZHUX
3ani300eMOHHUX  OANOK NPU  NOGMOPHUX HABAHMANCEHHAX 3 VPAXY8AHHAM 3MIiHU
NPYHCHONIACMUYHUX — XAPAKMEPUCMUK — OemoHy ma HageoeHi OaoK-cxemu  OJid
suxopucmanusn memoouxu Ha IIEOM.

Summary. According to the current design rules for reinforced concrete structures,
the total deflection of the bending elements is defined as the sum of the deflection caused
by the shear deformations, and the deflection caused by the deflections of the bending,
taking into account the total curvature of the element in cross section from full load. For
bending elements of long length, the deflection caused by shear deformations can be
neglected. The curvature of the elements is determined by taking into account the
coefficient that takes into account the work of loose concrete in the areas with cracks.
The purpose of this work is to improve the method of determining deflections of non-
intersecting beams at repeated short-term loads taking into account the change of
modulus of elastic plasticity of concrete. When determining deflections of non-
intersecting beams at repeated loads, it is necessary to take into account the change in
the length of the sign of the bending moment, the transverse force, the curvature of the
axis of the beam and changes in the modulus of elasticity of the concrete due to repeated
loads. Standards recommend that statically indeterminate designs be calculated taking
into account the redistribution of effort. Since the plot of moments and transverse forces
from a single load are linear, then the method of calculation of deflections can be used
method Vereshchagin AN, breaking the beam into areas within which the stiffness is
taken as average. The modulus of elasticity of concrete is determined by its change due
to repeated loads. The advanced technique of determination of deflections of non-cutting
beams from bending and shear deformations takes into account the change of elastic-
plastic characteristics of concrete due to the action of repeated loads. The developed
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flowcharts can be used to determine the deflections of non-intersecting beams under the
action of repeated loads.

Knrwwuoei cnosa: bemon, apmamypa, npocut, Hepo3pi3HULl, NOSMOPHUIL.
Keywords: concrete, armature, deflection, indissoluble, repeated.

Cran nuraHHs. 3riJHO 3 YUHHUMH HOpPMaMH HPOEKTYBaHHS
3ai300€TOHHUX KOHCTPYKIii TOBHMI mpormH f  3ruHagbHUX elneMEHTIB
BH3HAYa€eTHCS 3a opmydoro [1]:

f =1+ 1y = MG - e+ oGy, W

ne f, — nporun, o6ymosnenuit redopmanisamMu 3ruHy;
fq — mporun, 06ymMoBIeHNI AehopMaIIiIMH 3CYBY;
M (x)i Q(x)- 3sruHanbHUl MOMEHT i MOTIEPEYHa CUJIa B TIEPEPi3i X Bix

il OAMHUYHOI CWJIM, TPHKIAICHOT B HANPSAMKY IEPEMIIICHHsS, sKe
BHU3HAYAETHCSI, TIO JOBXKHHI IPOIILOTY B TOMY XK Iepepisi X;

1

— |(x)- moBHa kpuBM3HA enemMeHTa B TIEpEpi3i X BiJl 30BHIIIHBOTO

HaBaHTaXXCHHS

7(x) - nedopmartist 3cyBy, ska BU3HAYAETHCA 38 HOPMYJIOH!

L5
=220 (),

Q(X) — momepeyHa cuia B riepepisi X Bij /il 30BHIIIHHOTO HABAHTAKCHHS;

(&)

@, - KoedilieHT, sSKui BpaxoBye TpHBaly IOB3Y4iCTh OeTOHy (mpH
KOPOTKOYAcHii il HaBaHTaxeHHd @,, = 1,0 );

G - wmonyme 3cyBy Oerony (G=0,4 Ep); E, — mouarkoBuii Momyib
npyXHOCTI O6eTony; b, hy — mmpuHa i poboya BucoTa nepepisy enemMeHTa;

@,,.(X) - xoediuient, sxuii BpaxoBye BIUMB TpimmH Ha aedopmarii

3CyBY 1 BU3HAYA€THCS 3a (HOPMYIIOIO:

3Eb[red l

M) (x); (3)

P e (X) =

1,,, - MOMEHT iHep1ii pUBEIEHOro Iepepisy;
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| — po3paxyHKOBHIi TIPOJTIT GAJIKH.

Jins  sruHaneHuX  eneMeHtiB mpu  1/h>10 sHauenns f; MoxHa He
obuncmoBaty, To6T0 mpuitMatu fy = 0. KpuBusny enemeHtiB Ha mimdHKax 3
TpilllMHaMK, OOYMOBIJICHY 3TMHOM, Ul €JIEMEHTIB 0e3 IOIepeaHbOro
HAIPYXKYBaHHS apMaTypH BU3HAYAIOTH 33 (GOPMYIIOO:

Do M@y ()
X) = s
r z ()AE,(h, —x)

e Z(x)— BiJIajb BiJl IICHTPa Baru pPO3TATHYTOI apMaTtypu IO TOYKHU

(4)

MIPUKIIaIaHHA 3yCHIIIS B CTHCHYTIN 30HI OSTOHY B Iepepisi 3 TPIMIHHOIO;
As — TI0IIa PO3TATHYTOI apMaTypH;
Es — Momyip pyKHOCTI apMaTypH;
X — BUCOTA CTHCHYTOI 30HH OCTOHY B Iepepizax;
W (X)- xoediuieHT, skuii BpaxoBye poOOTY PO3TATHYTOro OETOHY Ha

IUITHKAX 3 TPIOTHHAMH.

Jlyiss 3rMHANBHUX €JIEMEHTIB IMOCTIHHOrO mepepizy 0e3 MomepeaIHbOro
Hanpy)XyBaHHs apMaTypH Ha IUISHKaX, Jie STUHAIBHUA MOMEHT HE MiHS€E 3HAKY,
JIOMYCKA€ThCSI KPUBU3HY OOYHCITIOBATH I HAHOLIBII HAMPYKEHOTO Mepepisy,
a JuIs IHIIUX Nepepi3iB 1iel AULTHKY BBAXATH ii 3MiHYy HIPONOPLIHHO 3HAYCHHIM
3THHAJILHUX MOMEHTIB.

AHati3 HaBeleHUX BHIIE (POPMYI ITOKA3Ye, MO BOHU CIPABEUINBI IPH Hil
KOpPOTKOYacHMX ab0 TpHBalMX HaBaHTaXCHb. BimoMo, MmO OUIBOIICTE
KOHCTPYKIIH €KCIUTyaTy€eTbCsl MPH Aii MOBTOPHHX HaBaHTaxeHb [2, 3], mio He
BPAaXxOBYETHbCS UMHHUMHM HOpMamH. KpiM TOro, mOBTOpHI HaBaHTa>KEHHS
MOXYTh BIUIMBATH Ha 3MiHY NPYKHOIUITACTHYHUX XapaKTEPUCTHUK OETOHY, IO
TaKOX 3JIMIIAETHCS 11033 yBAarolo HOPMATUBHUX JOKYMEHTIB.

MeTtorw poGOTH € YIOCKOHAJICHHS METOIAWKH BH3HAYCHHS MPOTUHIB
HEepo3pi3HUX 0aJoK TNpH MOBTOPHUX KOPOTKOYACHMX HABAHTAXKECHHSIX 3
ypaxyBaHHSM 3MiHU MOJYJISl IPY>KHOIIJIACTHYHOCTI OETOHY.

Bu3znavyennsi nporuHiB. [Ipyn BU3Ha4Y€HHI NPOTHHIB HEPO3PI3HUX OAJOK
IIpY TIOBTOPHUX HABAaHTAKCHHAX HEOOXiTHO BpaxyBaTH 3MiHY IO JOBXHHI
3HaKy 3THHAJFHOTO MOMEHTY, ITOTIEPEYHOi CHIIHN, KPUBHU3HU OCi OaJIku Ta 3MiHM
MOJIYJISl IPYKHOIIACTHYHOCTI OETOHY BHACIIIIOK TOBTOPHUX HABAHTAXEHb.

PosrisiHeMO JBOMpPONITHY HEpO3pi3Hy Oaliky HPSMOKYTHOTO Mpodiiro,
3aBaHTQ)XKEHY 30CEPEPKCHHMH CHJIaMH P, IO IpPUKIAJaloThCs IOBTOPHO
(puc. 1a). 3rimHO 3 PO3paxyHKOM 3a IPYKHOIO CTali€l0 poOOTH OalKH MpH
a=0,57 i$=0,43 3HAYEHHs  TPOJITHOTO  MOMEHTY  CKIaJae

M, =0,136PI,a onoproro M _  =0,192P] (puc. 16).
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HopMu pexkoMeHAYIOTh CTaTHYHO

al Al Bl , al HEBU3HAUCHI KOHCTPYKINI po3pa-
XOBYBATH 3 YpaxyBaHHSAM Iepepos-

noaity  3ycuns.  Jlas  1poro
v BUNAJKy 32 YMOBH PIBHOMIITHOCTI
oy X AB MOPHUX 1 MPOJIITHUX Hepepi3iB
| / C| MomentH Oynyth onuHaKoBUMH,
106T0 M = Mg)p = Mgy = 0,155PI
a (puc.1s). Opnunaru emnropu
Msup MOTIEPEeYHNX CHI  OyayTh  JO-
M, piBatoBatn  Qa=0,275P; Qg'=
p\ B C =0,725P (puc. 12). Ockinbku

Oanka pO3TIsIAEThCA oe3
N 6 MOTIePETHHOTO HAIpPYXKyBaHHSI
Msp apMarypy, B II pO3TATHYTUX 30HAX

M OynyTh  BHMHHKAaTH  TPILIMHH,
MaKCHUMajbHa IIMPHUHA PO3KPUTTS
M AkuX Oyle Haj OHOpOI0 Ta Hif

A \ C cwiamu B npoaboTax. [IeBHO B UX
MicCIX Oyne MiHIMaJabHa
KOPCTKIiCTh Tepepi3iB B, a B
8 MicIpix, e M=0, >kopcTKiCTh Oyzae
M MakcuMalibHOIO Bo (puc. 10).
x 3MiHY KOPCTKOCTI B3JJOBXK OaJIKH
Q npuiiMeMo MPOTOPI[IOHATBHO
u JUIOYMM  3THHAJIBHUM MOMEHTaM

Qa |H/ || Qs Qc  (puclo).

n . .
Q% Kopctkicts By B mepepizax,
e M=0, BHU3HAYAEMO 3a
hopmyIioro

BCN\ / BO = Eblred ’ (5)

B, | [ |
ne leg — MOMeEHT iHepii mpuBee-

HOTO TIepepisy.

Puc. 1. Po3paxyHkoBa cxema ABOIPOTITHOL
HEpOo3pi3HOi Oanku (@), emopa MOMEHTIB B
MIpYXHiH cTafii (6), Te came - 3
ypaxyBaHHSM [EPEPO3NOILTY 3YCUIIb (8),
MOMepedHHx cHi (2), 3MiHa XKOPCTKOCTI ().

MinimansHy KOPCTKICTh
Oamku B Tmepepizax, ne MOiI0Th
MakCHMaJlbHI MOMEHTH Ha i-My
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[UKJTI HaBaHTaKEHHS, BU3HAYUMO 32 (popMyIIoro:

Bcrc,i ()C) = Zi (X)ASES (hO - xi (x)) 1

W, (x)

- MiHIMaJbHA JKOPCTKICTh OAJIKK Ha i-My IMKJII HABaHTa)KCHHS;

(6)
e Bcrc,i
X, (X), z;(x), ¥, (X) - Te came, mo iy dopmymi (4), ane Ha i-My HEKI
HABAHTAXCHHSI.
Jlns  eneMeHTiB MPAMOKYTHOTO MHpodimo 3Ha4eHHs Z;(X) MoXHA

BU3HAYUTH 32 popmyoro [1]:

2.(x) = hy — % (xy’ )

a BUCOTY CTUCHYTOI 30HH OETOHY:

x,(x) = Qg (X)hy, ©))
ne @ (x) =B, (x)(1 /1 + %i (x) - lj; ©)
B(x) = a (u | (10)

MOJYJb TpPYKHOIUIACTUYHOCTI OCTOHY TIpH IOBTOPHHX

E

HaBaHTa)XCHHAX Ha l-My I_[I/IKJ'Ii;

b,cyc,i -

@, - KoeDillieHT, MO BpPAXOBYE HEPIBHOMIPHICTh  PO3MOMIICHHS
nedopmaliiii KpalHBOTO CTHCHYTOrO BOJIOKHA OSTOHY Ha MIISTHKAX 3 TPIIIMHAMHE
(s Baxkkoro 6erony @, =0,9 ).

Koediuienr ¥ ; (X) mosxHa 3HaiiTH 32 GopMyIIOKO:

l//si (x) = 1725 - (pls (pmz’ (x)7 (12)
ne @,,=1,0 — mpu HeTpuBamiif nii HaBaHTa)KEHHS I KOHCTPYKIIH 3i

CTEPKHEBOIO apMaTyporo [1];

Rbt,seerl
qpmi (x) = < 190: (13)
M;(x)
ne R, . - HOpMaTHBHWMII ONp GETOHY PO3TATAHHIO;
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Wp, - MOMEHT OHOpy TIPHBEICHOrO Hepepidy Uil KpalHbOTO

PO3TATHYTOTO BOJOKHA 3 ypaxXyBaHHSAM HETPYXHUX aedopmariii 6eTony (ms
TPAMOKYTHHX mepepisis MoxHa npuitwsty W, =175W ., W, - voment
OTIOpPY TIPHUBEIECHOTO TIepepizy ).

3Ha4YCHHS MOAYISA TPYXKHOIUIACTHYHOCTI OETOHY 3 ypaxyBaHHSAM HOTO

3MIHU BHaCﬂi[[OK I[ll TMOBTOPHUX HABAHTAXXCHb E MOXHa BH3HA4YWUTU 3a

b,cye,i

(bopMyItoro, sika Ma€e BUTIISII, TIOMIOHM sk B pobori [4],
Eb,cyc,i = Eb,O,cyc,i (1 - ﬂ“R,cyc,i 77cyc,i)7 (14)

- MOJIyJlb IPY)KHOILIACTHYHOCT] 6ETOHY IpH O, ... = 0 na i-

ne E

My IUKJIl HABAaHTAKCHHS,

b,0,cyc,i
iR’cyc’i - TPAaHUYHUH KOe(DILIEHT IUIACTUYHOCTI OETOHY;
M,yc; - PIBCHb HABAHTAKCHHA HA [-MY LIAKJIL.

Buxonsuu 3 HaBeneHOro, NporuH Bia aedopmanii 3ruHy Ha i-My LUK
MMOBTOPHUX HABAHTA)XCHb MOXKHA BU3HAYUTH 3a TPAHC(HOPMOBAHOK (HOPMYJIIO0
(1) y Burnsmi:

!
— [ M(x)
fo= j M(x) —2_ lox. (15)
B x)
0 cre,i (

Jns Bu3HAUeHHS TMPOTHHIB Bin agedopMaliii 3CyBy Ui BHIAIKY
MOBTOPHMX HaBaHTaXeHb HOpMyIty (2) MOKHA TPAaHC(HOPMYBATH y BHIJIS

175Q[ (x)(0b2 * 3Eb,cyc,i1red

i (x) = ; (16)
: chc,ibho Bcrc,i (X)
ne chc,i = O’4Eb,cyc,i;
B, - Bu3Hauacthes 3a Gpopmysioio (6).

3 ypasyBaHHAM (16) mpormH Bin nedopmamii 3CyBy [UIS i-TO IHKITY
MIOBHOTO HABAaHTA)KEHHSI MOXKHA BU3HAYHMTH 33 (POPMYJIOIO:

= [0y, (). (a7

briok-cxemn JUIA BU3HAYCHHA f

mi 1 fqinpe)lCTaBnem Ha puc. 2 i puc. 3.

Ockinbkn emopu M (x) i é(x) BiZl OJAMHMYHOTO HABAHTAXEHHSI

MaloTh JIHIHHKUN XapakTep, To Uil obuncnenHs iHrerpanis (15) i (17) moxHa
BHKopucTath Meron Bepemarina A.H., po3bmBatoum Oanky Ha AiISHKH, B
MEXax SIKMX KOPCTKICTh MPUHMATH CEPEAHBOIO.
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Buxioni oani:Ey; |eq; Rbt,ser; Wp|; Mi(X); Es; As; b; ho? Dis; Po1,

M, (x)

Rbt Y w 1
v _ ser' " p
gomi (x) - \
BO = Eblred -/

v, (x)=1

|A

HI

P, (X) =1

*

TAK

l//si ('x) = 1325 - goes ¢mi (x)

= Eb,o,cyc,i (1 - 2’R,cyc,i ncyc,i )

A\ 4

ﬂi (x) = &y i

VP
V(0@

!

A 4

x(yc,i = ¢§,cyc,ih0

b,cye,i
AV
Ho=—
bh,
v
Ey s
at‘\r{, ' =—
) E,
_ h _xcyc,i —
chc,i 0 3
A\ 4
7 1
Bcrc,i _chc,iAsEs( 0 _xi) —>
l//si (‘x)

Puc.2. biok-cxema as1 BU3HAYEHHS
MIPOTHHY Bif Jlii MOMEHTY
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Buxioni 0ani:Ep; lred; Rotsers Wors Es; As; D; No; o1, @n1;

\ 4 q)mi (x) = el
By =E,,, L— M;(x)
O<y_ (x)<1
HU ] TAK £, () =1
v, (x) =1 ‘ *
< !//si (x) = 1’25 - ¢es q)mi (x)
Eb,(;m
b,cye,i = Eb,o,cyc,i (1 - //’“R,qvc,incyc,i) > Ayei = E‘
VP2 A
= + — < ﬂl('x) = acvc,i/u — H = .
Pecrs _'B’(X)[ ! %(x) 1) - ’ W, ()P, bh,
\ 4 x. .
Zc ci h - Lyc/
xcy(t,i = ¢§,cyc,ih0 e ’ 3
A\ 4
G.. =04F B .= AE (h !
cye,i TV * b,cye,i < creyi T chc,i s 5( 0 _'xi) l//si(x)
175Q(x)¢b2 * 3Eb cyey [Ired f—
\X)= — o S,i=10 )y, (x)x
7/ ( ) chc,ibho Bcrc,i - ! -(|).

Puc 3. biiok-cxema 111 BU3Ha4YeHHSI
MIPOTHHY BiJ] MOMEPEYHOT CHIIN
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BucHoBknu

1. HaBenena ynockoHaneHa METOANMKA BU3HAYCHHS [IPOTHHIB HEPO3PI3HUX
Oanox Bij nedopmauiii 3rMHY 1 3CYyBY BpaxoBY€ 3MiHY HPY)KHOIIACTHYHHX
XapaKTEepUCTUK OETOHY BHACIIIOK il TOBTOPHUX HABAHTAXKCHB.

2. Po3pobinieHi OJ0K-CXeMHU MOXYTh OyTH BHKOPUCTaHI Ul BH3HAYCHHS
MIPOTHHIB HEPO3PI3HNX OAJIOK MPH /i TOBTOPHUX HABAHTaKEHb.
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