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Y emammi nasooumuca piwenns meopemuunoi 3adaui onmumizayii yxuny 3aniz006emouHoi
banku ma niobopy onmumanbHol ucomu Ha onopi. Pozensioaemvcsi 0OHONPONIMHA WAPHIPHO
0bnepma nonepeoHbo HANPYHceHa 080CXULA DAIKA NPAMOKYIMHO20 NONEPEeUHO020 Nepepisy, AKa
3A6AHMAICEHA PIBHOMIPHO PO3NOOLIEHUM JIHIUHUM HABAHMAINCEHHSIM.

Tonooicenns nonepeunozo nepepizy 0Ky 3a 008ICUHOIO XAPAKMEPUYENMbCSL 3MIHHOIO AOCYU-
coro. Bucoma banxku Ha nesiii giocmani 610 1i6oi Onopu pospaxo8yemvcs y 6ion08ioHOCMI 00 neg-
Ho20 yxuny. Poboua eucoma oanku y ybomy micyi 8USHA4AEMbCA Y pasi 3a0aHoi 6i0Cmani 6io Huic-
HbOI pO3MACHYMOI 2pani OAIKU 00 YeHMpY 842U POIMASHYMOI NONEPEOHbO HANPYICEHOT apmMamypu.

Ymoesa miynocmi 6anku 3a nopmanoHum nepepizom y pasi 00UHUYHOSO APMYBANHS | PIGHSHHS
PpiBHOBaA2U OMPUMYIOMBCA BUXO0AYU 31 CIMAMUYHUX 3aaexcnocmel. Hecyua 30amuicms nepepizy
Ha 8I0oMill 8i0Cmani 8i0 1iB0I ONOPU BUPAICAEMBCSL Yepe3 PAHUYHUL 32UHATbHUL MOMEHN, KUl
A671A€ OO0 NIHIUHY QYHKYIIO 80 KOOPOUHAMU Y30084C NPOTbOMY.

Ha nepuwiomy emani pivienns 3a0aui 6U3HAYAEMbCsl ROMPIOHA BUCOMA OATKU HA ONOPI 3 YMOBU
MIYHOCMI 30 3A0AHUX YXUTIB 8EPXHbOI NOAUYT | NIOWT NONEPEUH020 nepepisy NonepeoHbo-HANpy-
arcenol apmamypu. JIo6ooumscsi, wo y pazi 00mopkanHs 2papixie Hecyuoi 30amHocmi [ 32UHAIb-
HO20 MOMENMY 8i0 HABAHMAICEHHA HA OANKY MIYHICMb 3a HOPMATLHUMU nepepizamu 3adesne-
yena y300821c ycbo2o nporvomy. Ha yiil niocmasi pooumscs 6uUcH08OK, ujo poboyy gucomy 6aiku
HA ONOPi MOJNCHA 8USHAYUMU 3 PIBHAHb PIBHOCIT MOMEHMIB 1 IX Nepuiux nOXiOHuXx.

Ha opyeomy emani piwenns 3a0aui usHA4acmvCs YXUl 8ePXHLO2O NOACY, 3d AKO20 00 €M
bemony 0na 6anku 6yoe navimeHwum. OCKiIbKU NI0UA NONEPEYHO20 Nepepizy NO3008XHCHbOI apma-
mypu NPUITHAMA HE3MIHHOI0, OOCUMb MIHIMIZyéamu mintoku yeil 06 'em. [L[o6 docnioumu gynkyito
00 €My Ha eKCmpeMyM 3HAXOOUMbCA i nepuia NOXIOHA No YXULY ma NpUPieHIOEMbCsL 00 ML

3aoaua onmumizayii Oyna po3s’sazana 3a NeGHUX KOHMPOLbHUX SUXIOHUX Oanux. bye ompu-
Manutl epagix QyHKyii 00’emy, AKul Mae MIHIMYyM Y pasi nesHoeo 3HaueHnHs yxuny. Pospobiena
i HasedeHa MemoouKa GUKOHAHHS NEPEGIPKU HA OOMEJICeHHsl BUCOMU CIUCHYMOT 30HU bemony 3d
ONMUMANLHO20 YXUTY. Y pa3i HeGUKOHANHS YMOBU OOMEICEHHS PeKOMEHOO0BAHO NPUUHAMU MEHULY
IOy NONEPEeuHO20 nepepizy nonepeoHbo-Hanpydicenoi apmamypu. JJoseoeno, wo y maxomy pasi
30ibUYEMbCS BUCOMA OANIKU | SMEHULYIOMbCS BIOHOCHA GUCOMA CIMUCHYMOT 30HU A NPORUH.

Knwwuosi cnosa: osocxuna 6anka, onmumizayis, yxui, 00’em bemony, poboua sucoma,
YMOBG MIYHOCMIL.

Yanin O.E. The problem of slope optimization of the reinforced concrete prestressed beam

The solution of the theoretical problem of slope optimization of the reinforced concrete beam
and selection of the optimal height on the support is given in the article. A single-span hinged
prestressed double-sloped beam of rectangular cross-section, which is loaded with a uniformly
distributed linear load, is considered.

The position of the cross section of the beam in length is characterized by a variable abscissa.
The height of the beam at a certain distance from the left support is calculated in accordance with
a certain slope. The working height of the beam in this place is determined at a given distance
from the lower stretched face of the beam to the centre of gravity of the stretched pre-stressed
reinforcement.

The condition of the strength of the beam in the normal cross section with a single reinforcement
and the equilibrium equation are obtained based on static dependences. The bearing capacity
of the section at a known distance from the left support is expressed in terms of the ultimate
bending moment, which is a linear function of the coordinate along the span.

At the first stage of solving the problem, the required height of the beam on the support is
determined from the condition of strength at a given slope of the upper shelf and the cross-sectional
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area of the pre-stressed reinforcement. It is proved that when touching the graphs of bearing
capacity and bending moment from the load on the beam, the strength of the normal cross-sections is
provided along the entire span. On this basis, it is concluded that the working height of the beam on
the support can be determined from the equations of equality of moments and their first derivatives.

In the second stage of solving the problem, the slope of the upper belt is determined,
at which the volume of concrete for the beam will be the smallest. Since the cross-sectional area
of the longitudinal reinforcement is assumed to be constant, it is sufficient to minimize only this
volume. To investigate the function of volume at the extremum, there was found its first derivative
of the slope and equated to zero.

The optimization problem was solved with certain control source data. A graph of the volume
function was obtained, which has a minimum at a certain value of the slope. The technique
of performance of check on restriction of height of a compressed zone of concrete at an optimum
slope is developed and resulted. If the restriction condition is not met, it is recommended to take
a smaller cross-sectional area of the pre-stressed reinforcement. It is proved that in this case the height
of the beam increases and the relative height of the compressed zone and deflection decrease.

Key words: beam slope, optimization, slope, concrete volume, working height, strength
condition.

IMocranoBka npoOiaemu. Pimenns 3amau ontumizanii OyniBeJbHUX KOHCTPYKIH
3arajoMm 1 3aJ1i300eTOHHUX KOHCTPYKIIIH 30KpeMa € HEeBiJl’€MHUM CKJIAJHHKOM paIlio-
HAJILHOTO TPOEKTYBaHHS. TOMy CTBOpPEHHS BIAIIOBITHUX METOIIB PO3PaXyHKY BiIKpH-
Ba€ MOXKJIMBICTh OTPUMATH TICBHUI €KOHOMIUHUI €(EKT.

CraH BHUB4YeHHs1 NnpodaemMu. BimoMo, 1m0 MpoeKTyBaHHS 3a1i300€TOHHUX KOH-
CTPYKIIH TOYMHAETHCS 3 BU3HAYCHHST KOHCTPYKTUBHUX PO3MIPIB 1 TUTBKH MICIS 1[LOTO
BUKOHYETHCS Mi0ip apMarypu. Takuii mifxia MoB’a3aHuUi 3 ypaXyBaHHSAM JOCBIAY MPO-
€KTYBaHHS 1 HE 3aBXK/U JI03BOJISIE OTPUMATH €KOHOMIYHE PillICHHSI.

3aBaaHHs i METOAUKA I0CTi/sKeHb. 32 IEBHUX YMOB MOYKHA BUKOPUCTATH 3BOPOT-
HUH TOPSZOK POEKTYBAHHS, 1110 JO3BOJIUTH MiHIMI3yBaTH BUTpaTu OCTOHY Y pa3i 3a71a-
HOI IUTOILi TIOMIEPEYHOTO Tepepisy apmarypu A . Takuii mixiz 3BOIUTBCS 10 MiAGOpPy
ONITUMAJIBHUX BUCOTH OAJIKH Ha OTIOpi Ta YXHITY.

Buknax ocHOBHOro Marepiany mociimkeHHs. Po3rissHEMO OMHOMPONITHY Iap-
HipHO 00TIEPTY MOIICPEIHBO HAMIPYKEHY JBOCXUITY OaJIKy MPSIMOKYTHOTO TTOTIEPEIHOTO
nepepisy, sika 3aBaHTaXCHA PIBHOMIPHO PO3MOIICHUM JIHIHHUM HaBaHTaXCHHSAM ¢
(puc. 1) [1-4].

[TonoxeHHs TOTepeYHOTro Tepepizy OAKU 3a TOBKHHOK OyJIeMO XapaKTepu3yBaTH
abcuucoro z. 3MiHHA BUCOTA OAJIKU Ha BIZICTaHI Z BiJl JIIBOT OMIOPH

hy=H+i-z, )
ne H — Bucora 6anmku Ha Omopi;
i — YXWJI BEPXHBOTO TOsICY OalKu.
Toni poboua BuCOTa OANKH y IOMY MicCIli
d(z):H+i~z—a:d0+i~z, 2)
I a — BIIICTaHb BiJl HIDKHBOI PO3TATHYTOI TpaHi OAJIKH O IEHTPY Bard pO3TATHYTOI
TOTIEPEHBO HAMPYKEHOT apmatypu A ;
d,— poboua BrCcoTa GaNKu Ha OMOpi;
dy=H-a. 3)

YMoBa MIiIHOCTI Oasiku 32 HOPMAJIBHAM MEPEepizoM Y pa3i OMMHIYHOTO apMyBaHHS
1 PIBHSIHHS PIBHOBard NMpUHAHSATI HA MIJICTABI CTATUYHUX 3aJIC)KHOCTECH y pa3i 3MiHHOI
pobouoi Bucotu [5-7].

Toni Hecyda 371aTHICTh Mepepizy Ha BiJICTaHI Z JTIBOi OTOPH, 1110 BUPAKAETHCS Yepe3
TPAaHUYHUM 3rUHAIBHAA MOMEHT




| TaBpiliceknit HaykoBHH BicHUK Ne 1

190 |

A
Mu(Z) = -f;idAp [do + lZ - 095]‘de} . (4)
Jeal

Leit MOMEHT siBJIsIE COOOFO JTiHIMHY (QYHKITIIO BiJ Z.

Ha mepmomy erami pimieHHs 3aga4di Tpeba 3HAWTH MOTPIOHY 3 YMOBHM MIIHOCTI
pobody BuCOTY Ganky Ha Onopi d, 3a 3aManux (1A .

®DyHKIIIS 3rUHAILHOTO MOMEHTY BiJI HABAHTaXXCHHS Ha OaJIKy

1 1 1
M, :iqz(L—z) =§qu—§qu. (5)

I'padik miei GyHKIIT Mae BUDIS YBITHYTOI KBaIpaTHOI mapaboiid 3a 0Ci Op/IMHAT,
HanpasneHoi Buu3. Tomy sikuio rpadik npsivoi M, | Topkaetebcst mapaGomnu M sk roka-
3aHO Ha pUC. 1, TO Y3IOBXK YChOTO MPOIBOTY Oanku Oyne 3abe3mnedeHa MilHICTh 3a HOp-
MaJIbHUMHU TIepepizaMu:

M

(z) ! Mu(z) : (6)
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Puc. 1. Pospaxynxosa cxema o6anxku

V rtakomy pasi pobouy BHUCOTy Oanku Ha onopi d, Tpeba BU3HAYATH Ha MiACTaBi
pIllIEHHS] HACTYITHOT CUCTEMH JIBOX PIBHSIHb

M, =M,,; @)
dM,, _dM,, ©
dz dz

OxpiM d, HEBIZIOMOIO BETMYKMHOK Oy/IE€ TAKOK BIJIICTaHb y3/I0BXK TOPU3OHTAII BiJl
JiBOT OTOPH JI0 TOYKH JIOTOPKAHHSA Z= 2, .

[Micns Ti/ICTAHOBKH M, 1M | 3TIZHO 3 dbopmymnamu (4) 1 (5) y Bupasu (7) 1 (8),
3a3Ha4YeHa cucTeMa PiBHSAHb IPUIME BUTIIAL:
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A
fqz(L ) =fud, (d +iz -0, Sf}"b”j 9)
cd
1 .
EqL—qz = [ Ay (10)
3 OCTaHHBOTO PIBHSIHHS:
L A
z:zg,,=5—f""T”. (1

[Micna mincranoBku =z, 3 Bupasy (11) y piBnsuns (9) orpumaemMo
qu E + fpdApl fpdA

= - (12)
"8 44, 2 2q 2 fub’
3 ypaxyBaHHsAM (opmynH (3) BucoTa 0Ky Ha OTopi
2 . A 2 A
gL —£+f”d o +f”"”+a. (13)

8f A, 2 2q 2f..b
Ha npyromy erami pimeHHs 3aa4i BU3HAYAETHCS YXUIT BEPXHBOTO TOSICY, 32 SIKOTO
00’em Getony st Ganku V, Oyne Haifimenmum. OCKUIBKH TLIOIIA TOTIEPEIHOTO Mepe-
pi3y MO3M0BKHBOI apMaTypu A NPUAHATA HE3MIHHOIO, TOCUTh MiHIMi3yBaTH TUIbKH V.
LlinboBa (yHKLig 00’ €My 6eT0Hy MAa€ BUIIA
H+H Mb

V, = Lb=HLb + == (14)
ne H’ — Bucora 6ajKu mocepeauHi mponboTy (IuB. puc. 1)
<H:H+ﬁ§. (15)
[Micns migcranoBku H 3 popmynu (13) y Bupas (14) orpumaemo
V, = {82511 - % + f"dzlj]piz + 12”,2;4 Lb+ lI::b (16)

o6 mocimutn Gynkuio V, = Vi , Ha GKCTpEMyM Tpeba 3HaWTH 11 mepury NoxXigHy
TI0 i Ta TIPUPIBHATH OTPUMAHUIL BHpa3 Hano [8-9]:

Aj 2 2p  Lbf A
‘lbz ,£+de ot Lb+ﬂ:,ﬂ+M:0. (17)
di 2 q 4 4 q
3Bincu
.. qlL
i=i, = . (18)
4 f,4A,
2 Lbf,, A
OcKinbKHU Jpyra noxigHa (QyHKIil V , 10 I ddL/ L4, >0, npu i =i, 00°€eM
i

OeToHy a5t 6aKu 6yILe MiHIMaJIBHUM.
3anava onTuMizariii Oyna po3B’si3aHa 3a TAKUX KOHTPOIBHUX BUXITHNX JAHUX:

4¢=0,40xH/cm=40xH/m; L=1800cMm=18m; b=20cwm; ; f,;~080MIla= 68kH/cm?;
f.~17MIla=1,7xH/cm?; A, =200M.

Bys orpumanuii rpadik Gpynkuii V, | > AKHIT Mae MiHiMyM nipu i= 0,1323529 (puc. 2).
Taxe came 3Ha4eHHs Oyi0 OTPHMaHE 3a dhopmyroro (18).
[Tpu oMy BHCOTa Oasiky Ha onopi craHoBuia H = 58,779 cwm.
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VY eneMeHTa, 110 MPAIIO€ HA 3THH, BUCOTA CTUCHYTOI 30HU OCTOHY NOBHHHA OyTH
obmesxenoro. ToMy micist BU3HAYeHHs i~ Tpeba BIEBHUTHCH, IO Y3[IOBK MPOILOTY
BiJIHOCHA BHCOTA CTHCHYTOI 30HU

e <,

19

ne ¢, — rpaHMYHa BiIHOCHA BUCOTA CTUCHYTOI 30HH OETOHY.
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(i)

11100 3HaiiTh ¢ Ha OyIb-SKIiH
BiJicTaHi z Bij JiBOi omopw,
Tpeba TIOCTIIOBHO pO3paxy-
BaTH Taki QyHKIIIT:

d(z):H‘Fi'Z*a:do‘Fi'Za(zO)

M @1

Ay = 7 b;)z )
e
o =1-y1-24,,. (22)
I'padix ocranHboi (yHKIIIT
Ha JiBifl MHOJIOBUHI HOBXKHUHU
MPOJNBOTY 32  KOHTPOJBHUX
BUXiHUX namux i &, = 0,55
HaBe/IeHu# Ha puc. 3.
BucHoBkH Ta npomnosuiii.
I3 rpacdika BuIHO, IO Y OyIb-
SKI TOYLl MPOJBOTY BHUKOHY-
€ThCsl yMoBa ¢ < ¢ . V pasi,
KOJH T yMOBa HE BHUKOHY-
erbcsi abo Ha 3abe3meucHa
KOPCTKICTh Oanku, Tpebda mpu-
HHSTH MEHIITY TUTOITY TOTIeped-

HOTO TIepepizy apMarypu AP. Tomi 301TBIIUTHCS BUCOTA OAJIKH 1 BIIMOBITHO 3MEHINIATHCS
&Taii mporuH. Y NOAaNbIINX JOCHTIIKSHHSX IOMUTFHO PO3TIISIHYTH OMTUMI3aIliI0 YXUITY
OaJIKK IBOTABPOBOTO TIONIEPEYHOTO Tepepi3y, OCKUILKHA BOHA € O1IBIIT €eKOHOMIYHOFO.
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