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Y npani 3anponoHOBaHO BHKOPMCTAHHS  BJAOCKOHAJIEHOI MeTOIUKH
BHU3HAYEHHS] BeJIMYMHM 3THHAJIBLHUX MOMEHTIB Y HEpO3pi3HMX KOMOiHOBaHO-
apMoBaHHX 0aJIKax i3 ypaxyBaHHsI epepo3noaiLy 3yCHiib.

A special place in the study and improvement of the work and calculation of
reinforced concrete structures is occupied by statically indeterminate
structures, in particular inseparable multi-span beams.

A characteristic feature of the continuous beams is the redistribution of forces
in the sections, which is often characterized even at the operational levels of
the load. As the load increases, the reinforced concrete structures develop
significant inelastic deformations caused by the occurrence and development
of cracks in the stretched zone, violation of the adhesion of reinforcement to
concrete, the creep of concrete.

The problem of the described redistribution of forces in statically
indeterminate reinforced concrete structures is currently widely disclosed,
considerable laboratory and practical experience has been accumulated.
However, this applies to structures with classical reinforcement. Today, the
use of dispersed reinforcement, in particular steel fiber concrete, as well as
combined reinforcement, is becoming more and more relevant. In order to
study the effect of such reinforcement on the redistribution of forces in
combined-reinforced statically indeterminate structures and their stress-
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strain state, a number of experimental studies of two-span continuous
reinforced concrete beams with additional dispersed reinforcement were
performed. The research results showed significant differences in the
operation of combined-reinforced beams under single loads, compared with
classical structures. Therefore, the question arose about improving the
method of calculating beams of this type.

The article presents the disadvantages of using the existing method in the
calculation of continuous beams with combined reinforcement. An improved
method for determining the magnitude of bending moments in inseparable
combined-reinforced beams, taking into account the redistribution of forces
with good convergence, based on experimental studies, is also proposed. A
statistical comparison of the obtained theoretical results with experimental
data is performed.

Kiro4oBi ciioBa:
banka, cranedidopobeToH, ¢idpa, mepepo3noaii, po3paxyHoK.
Beam, steel fiber reinforced concrete, fiber, redistribution, calculation.

Cran nuTaHHda Ta 3a4a4i gocaipkennsa. OcoOinuBe Miclle B JOCIIPKEHH] Ta
YJIOCKOHAJICHHI POOOTH 1 PO3paxyHKy 3alli300€TOHHUX KOHCTPYKINH 3aiiMarTh
CTaTUYHO-HEBH3HAYCHI KOHCTPYKIIii, 30KpeMa Hepo3pi3Hi OaraTomposiTHi OaIKu.
XapaKTepHOI OCOOJIMBICTIO POOOTH HEPO3PI3HUX OATIOK € TIePEPO3MOILT 3yCHIITb B
ix mepepi3ax, SKMH JOCHTh YacTO € XapaKTepHO BUPAKEHUM HAaBITh Ha
eKCIUTyaTalliiHUX  pIBHSIX  HABaHTAXCHHS. 31 30UIBIIEHHSAM  JiI0YOTO
HAaBaHTA)XCHHSI, PO3BHBAIOTHCS CYTTEBI HEMPYyXHI aedopmarii, BUKIUKaHI
PO3BUTKOM TPIIIUH y PO3TATHYTIM 30HI, HOPYILCHHSAM 3YCIUICHHS apMaTypH 3
0eToHOM, MOB3ydicTIO OeToHy. BOHM NpH3BOIATH A0 3HAYHOTO MEPEPO3NOILTY
Hanpy»KeHb y nepepizax KoHCTpykiii [1, 2].

[Ipobnema ommMCAHOTO TEPEPO3MOAUTY 3yCHIhL B CTAaTUIHO-HEBU3HAYCHUX
KOHCTPYKILIAX HA JaHUH 9ac PO3KPUTA JIOBOJI IIUPOKO, HAKONMWYCHUHM 3HAYHUH
7a0OpaTOpHUH Ta NpakTHYHHK AocBil. OJHAK LE CTOCYEThCS KOHCTPYKLIH 13
KJIACHYHUM apMyBaHHsIM. ChOTOIHI Bce OUIBII aKTyaJlbHUM € 3aCTOCYBaHHS y
OyIIBHHUIITBI UCIIEPCHOTO apMyBaHHA, 30Kpema cranediOpobeToHy, a Takox
KOMOiHOBaHOTO apmyBaHHs [3, 4, 5, 6]. Iy BUBYCHHS BIUIMBY TaKOTO apMyBaHHSI
Ha TEPepo3MOAil 3yCHJIb Yy CTaTHYHO-HEBH3HAUEHMX KOHCTPYKLISX, Ta iX
HanpyXeHo-nepopMoBaHuii  ctaH, OyJo  TPOBEACHO PSSl  aBTOPCHKUX
eKCMepPUMEHTATIbHUX  JOCHIPKEHb  POOOTH  JBONPOJITHUX  HEPO3PIZHUX
KOMOiHOBaHO-apMOBaHUX 0Oajok. Meromnka Ta pe3yslbTaTH ITUX JTOCIiIKEHb
JeTanbHO ommcaHi y poGotax [7, 7]. Takoxx cTaBWiIOCS 3a MeETy pO3poOHTH
METO/IUKY PO3PaXyHKY TaKHX 0aJOK i3 BpaXyBaHHIM MEPEPO3NOIiTY 3yCHIIb.

[Ipu  po3paxyHKy KIACHUHHUX HEPO3pi3HUX Oallok 13 ypaxyBaHHAM
HEepepo3NOoIily, 3aCTOCOBYETbCS HAOJIMKEHUH METOJ BH3HAYCHHS 3THHAIBHUX
MOMEHTIB TpH pi3HHX piBHAX HaBaHTaxkeHHS [8, 9]. Bim 0a3yerbca Ha
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nepen0aYeHHi, 110 Micyisi BAHWKHEHHS TPIIUH y HAlOUIbII HAITPY>KEHUX OMOPHHUX 1
NPOJLOTHHUX Tepepizax, IXHS >KOPCTKICTh IMOYMHAE 3MEHINYBAaTHCS MaikKe JI0
MiHiMyMy. Ll 3MiHa Mae miHIHHUE XapakTep — JUId OTIOPHOTO Ta IS MPOJIHOTHOTO
nepepiziB, 1 mepeadavyae MOBHE BUPIBHIOBAHHS BEJIMYWHU 3TMHAIBHAX MOMEHTIB
npu pyldHyBaHHI. MaTeMaTH4yHi BHpa3d MeETOAY, SKUM MOXHA Ha3BaTH
THTEPIOJSAIIMHIM, MalOTh HACTYITHUH BUTJIISLII:

JI0 YTBOPEHHSI TPIIIIMH — 32 PO3pPAaXyHKaMHU MPYKHOT CUCTEMH:

Mp:Mp,El‘ (1)

TCIA X, YTBOPEHHS — 10 iHTEPIIOJISIIIi:

M,,,—M
_ u,pl cre
Mp_Mcrc+ (M p,eI_Mcrc)’ (2)
uel™ Viere
ne M, — sruHanbHM MOMEHT, SIKMH BHMHMKae B Iepepizax Oalok mpu

HaBaHTaKeHHI F 13 ypaxyBaHHSAM Mepepo3nOoAiIy 3yCHIIb;

Mcrc — MOMEHT YTBOPEHHSI TPILLMH;

Muel 1 Myp — rpaHuyHi MOMEHTH, BH3HA4Y€HI BIANOBIIHO 3a YMOBHU HPY)KHOI
poOOTH OaNIOK 13 ypaxyBaHHSIM EPEPO3TOILTY 3yCHIIb;

Mpel — 3rMHAIBHMA MOMEHT NpM Jii HaBaHTaKeHHs F 3a mpyxHOi po6oTn
OanKy.

Jnst npuiHATOT B HAIIMX KCIIEPUMEHTAIBHHUX JTOCHIHKEHHSX, CXEMH BUTIPOOY-
BaHHS JIBOMPOJIITHUX HEPO3pi3HUX Oanok [/], 3HAYeHHS MOMEHTIB BiJ 3aJaHOI
30Cepe/DKEHOI B CepeArH] NpoiboTy cuiu F 3a ymMoB mpyxkHOI poOOTH MOXKHA
BU3HAYUTHU 32 HACTYTHUMHU BUPa3aMH:

OIIOPHMIA:

M gper = 0,279FI, 3)

IPOJILOTHUIA:

Mo =011FI. 4)

OmnopHi 1 TpOJIBOTHI MOMEHTH 3 YpaxyBaHHSIM IX MOBHOT'O EPEPO3NONLTY, IPH
3aJ]aHOMY HaBaHTaXEeHHI F BH3Ha9aroThCs 3a (hOpMyII010:

Moot = Mg o =0167FI. (5)

MoOMEHT TpIIMHOYTBOPEHHS Ui €JIEMEHTIB 13 OJAWHUYHUM apMyBaHHSIM,
BU3HAYAETHCSI BUXOASAYM 13 YMOBH, IO NEPeA YTBOPEHHSM TPIlIMH y KpalHbOMY
PO3TATHYTOMY BOJIOKHI OeToHy aedopmawii po3TiIry JOCSTaloTh TIPaHUYHHX
3HAUYCHb (&¢r1). BUXOASYHM 13 TiMOTE3M IUIOCKHX MepepisiB, nedopmarii KpaitHbOro
CTHCHYTOTO BOJIOKHA JIOPIBHIOBATUMYTh!

Eot 1
£y =y 6
) Ty, (6)

JedopmMartii B apMaTypi BU3HAYAIOTHCS 32 BUPA3OM:
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Eqy=,—_ (h-a). (7)
h=Xu,
Ha mincraBi npuiHATHX TepeayMOB, MOMEHT TPIIIMHOYTBOPEHHSA JUIA
KOMOIHOBaHO-apMOBAaHUX 3TWHATHHUX €IEMEHTIB Mgy, 3TiTHO METOIUKHA OMHCAHO1
y po6ori [10] MOkHa BU3HAYMTH 3a HACTYITHOK (HOPMYIIOL0:

k
Ee(1)
crc - 1:cdbx(l)zk_i_z oy
C,

1
+ fagb(h =Xy )? Z 5 T AEs o “d-xyf. ®
X(1)

OCHOBHUM HEJOJIKOM OITMCAaHOI'O METOMYy € Te, L0 BiH mependayae mpsMo
MPOTIOPIIIHHY 3aJIeKHICTh 3TMHATHHOTO MOMEHTY BiJ JIF0YOTO HaBaHTa)KCHHS,
OJTHAK B JIMCHOCTI IS 3aJICKHICTh HOCHUTHh HEJHIHHUN Xapaktep. Y BHITAIKY i3
3aJ11300€TOHHMM OalikaMM 13 JOAATKOBMM JAWCIIEPCHUM apMyBaHHSIM 110 BCbOMY
00’eMy, pe3yJIbTaTH €KCIIEPUMEHTAIILHUX JIOCIIKEHb, 1110 ONKCcaHi y pobdorax [7,
7, 10], Bka3yroTh Ha 3HAYHO MEHIIIEC BUPKECHHI MEPEPO3NOALT 3yCHIIb 38 PAXyHOK
TPIIIMHOYTBOPEHHS, B TIOPIBHSAHHI 3 TUIIOBUMH 3ai1i300eTOHHUMH Oankamu. Tomy
B OunbIIid  TONOBHWHI  Jliama30Hy  HABaHTAXEHHS  HEPO3pi3HUX  OaJoK,
CIIOCTEpIraeTbcs XapakTep poOOTH IyKe ONU3BKUM A0 mpykHOi craxii. Ha
pucynky 1 300pa’keHO TOpIBHAHHS XapakTepy 3MiHHM 3THHAJBHUX MOMEHTIB
OTPUMAHUX B Pe3y/bTaTi €KCIEPUMEHTAIbHUX AOCIIKEHb poOOTH Oanok Ipyroi
cepii 2b1, Ta Bu3HaueHux 1mo dopmyi (2).

F, xH
60
50

40

M, kHwm M, xHwm

0 5 10 15 0 10 15

a) 0)

Puc. 1. ITopiBHSIHHS XapakTepy 3MiHU 3THHAJIBHUX MOMEHTIB y ITPOIIeCi HABaHTAKEHHS
6anku 2b1-1 (a) ta 2B1-2(6): 1 — TeopeTHuHi 3HAYEHHS 3STHHAIBHUX MOMEHTIB Ha OTIOpi B
IpyXKHil cTajii; 2 — Te came B IPONIboTax; 3 — eKCIIEPUMEHTAIbHI 3HAYSHHS MOMEHTIB
Ha oropi; 4 — Te came B IPOJIbOTAX; 5 — 3HAYCHHSI MOMEHTIB Ha OIOpPi BU3HAUEHI 3a
(2); 6 — Te came B mposTLOTAX
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3rizHo rpadikiB, 3HAUCHHS EKCIICPUMEHTAIbHUX 3THHAIBHUX MOMEHTIB
3aNUINAIOTECS  OJMM3BKUMH  JI0 TPYXKHOI CTamii — 0 piBHA HaBaHTaKEHHS
npubmmsao  0,58...0,6F,. BigHOmeHHS eKCIEPUMEHTATFHOTO MOMEHTY 10
TEOPETHYHOI'0 Ha LbOMY PiBHI € MaKCUMAaJbHUM 1 CTAHOBUTb B CEPeIHbOMY IJIS
pociigHux 6anok Mgypexp/Msupth = 1,45 11 omopHOTo, Ta Mgpexp/Mspin = 0,8 mms
MPOJILOTHOTO MOMEHTIB.

Od4eBUIHO, MO BU3HAYCHHS TPOMUKHHX BEIHYWH 3THHATHHUX MOMCHTIB i3
BpaxyBaHHSM IEPEPO3MNOALTY 3yCHIb AJISl HEPO3Pi3HUX KOMOIHOBaHO-apMOBaHUX
0aJIoK i3 ITUCTIEPCHUM apMyBaHHSM 3a JOMOMOTOI0 BUIIEOIMMCAHOI METOJHUKH, J1a€
pe3yiabTaTH [JyKe BijjaneHi Bif pealbHUX 3HA4YeHb. 1OMY € JOLUIBHUM
BpaxyBaHHS y (OpMyJi, JUISI KOXKHOT'O CTYIIeHS HaBaHTAaXEHHS, KoedilieHTa
BijxuineHHs1 Kg, siKuii OWM BpaxoByBaB OUIBIN TPYXHY pOOOTY KOMOIHOBaHO-
apMOBaHHMX HEPO3PI3ZHUX OAJIOK.

PiBHsiHHS (2) Toj1i HAOY/1e HACTYITHOT'O BUTJISTY:

M, — M
M ap = Me +— 2P 290 (M= M kg ©)
p.sup cre M u,eI_M . pe crc e
M,.,—M 1
Moy =My +—2P (M M) | o)
p.,sp crc M u’eI—M ore pe crc kel

ne Mpsup 1 M sp— OmOpHHMIA 1 IPOJILOTHUI 3TMHATIBHI MOMEHTH 1110 BUHUKAIOTh B
nepepizax KOMOIHOBaHO-apMOBaHHX HEPO3pI3HUX OalloK MpH HaBaHTaKkeHHI F i3
ypaxyBaHHIM HEPEPO3IOJILTY 3YCHIIb.

I3 miero MeTOI0, HA OCHOBI CEpPEIHIX 3HAYCHB I Oayiok 261, Oyira modynoBana
KpHBA 3aJIEXKHOCTI BiTHOIEHHS Mey/My, Bizt piBHS HaBaHTaxeHHs (pHC. 2).

L M,/My,

0 0.2 0.4 0.6 0.8 1

Puc. 2 — 3anexuicts BigHOMEHHS Mey,/My, Bifl piBHS HaBaHTaKEHHS
nutst Oanok 2B1: 1 — excriepuMeHTabHI yCepeAHeHI 3HAUCHHS;
2 — 3aJIeXKHICTh OTPUMAaHA alIPOKCHMAIII€I0 32 JOOMOT 00 MOJIiHOMIaIbHOT (DyHKITIT
AnpokcuMmanis 1iei KpuBOi 3a JONOMOIOI0 MOJiHOMIiadbHOI  (yHKIII,
JIO3BOJIMJIA BCTAHOBHUTH 3AJICXKHICTh, SIKY MOYKHA OIMCATH HACTYITHUM PIBHSHHSIM:
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y=1+13x-13x?; (11)
ne Y — BIJHOIICHHS CKCIEPUMEHTAJIbHUX 3THHAJBHUX MOMEHTIB JI0
TEOPETHYHHX, IO BU3HAYCHI IHTEPIIONISALIHHUM METOIOM;
X — BITHOCHHIA PIBEHb HAaBaHTaXCHHS OAJIKH.
VY kiHneBoMy BapiaHTi (opMmyia Ui BU3HAYCHHS KOEQillieHTa BiIXHUJICHHS
Ha0y/1e HACTYITHOTO BUTJISAY:
M pel M pel ‘
ky=1+13 P& |13 P | (12)
M M

[ligcraBuBmm orpuMmanuii Bupas y piBHsHHA (9) Ta (10) oTprMaemo yTouHeHi
dopMynH a7 BU3HAYCHHS BEIMYWHHU 3TUHAIBHUX MOMEHTIB UII KOMOiIHOBaHO-
apMOBaHMX OAJIOK i3 ypaxXyBaHHSM NEPEPO3NOILTY 3YCHIIb:

uel uel

2

M, ,—-M M M
M p,sup = I\/Icrc #(M pel _Mcrc 1+1,3 ﬂ —1,3 ﬂ ; (13)
uel” Vlere uel uel
2 -1
My o —M M M -
M psp = Mere +W(M pel — Mg ) 1+13 Pel -13 —pel :(14)
uel™ Vlere uel uel

BigHOIIEHHS TEOPETUYHNX 3HAYEHBh 3TMHAILHHX MOMEHTIB BH3HAYEHHX 3a
dopmymamu  (13) Ta (14) mis  Gamok 2Bl  3HaxomAThCS B MeKax
Min/Mexp = 0,83 ... 1,03 114 nponsoTHHX Ta Min/Mexp = 1,27 ... 0,99 114 omopHux
nepepiziB  (tabn. 1). TlopiBHSHHS XapakTepy 3MiHH TCOPETHYHHX 1
EKCIIEPUMEHTAJIbHUX 3HAUCHB Y MPOIEC] HABAHTAKEHHSI 300pakeHO HA PUCYHKY 3.

o ot g0 Pl
50 o7 50
40 40
30 30
20 20

10 10

0 0

0 5 10 15
0)

Puc. 3 — [TopiBHSHHS XapaKkTepy 3MiHU 3THHAJIBHUX MOMEHTIB y NPOLIECI HABAHTAXKEHHS
6anku 2B62-1 (a) ta 2B2-2(6):
1 — TeopeTnyHi 3HAUCHHS 3TUHATIBHUX MOMEHTIB Ha ONOPI B MPYXKHil cTail;
2 — Te came B POJIbOTAX; 3 — eKCIEPUMEHTAJIbHI 3HAUCHHsI MOMEHTIB Ha OI10pi;
4 — Te came B IIPOJIbOTAX; 5 — 3HAUCHHS MOMEHTIB Ha Omopi Bu3HaueHi 3a (13); 6 —
3HAYCHHS MOMEHTIB y TIPOJIbOTaX BU3HaueHi 3a (14)
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Tabmums 1
ExkcriepumenTanbHI Ta TEOPETUYHI 3HAYCHHS 3THHATBHIX MOMEHTIB, KH*M,
BHU3HAUCHUX 3a Gpopmynamu (13 i 14), B 6amkax 2b1

Omnopa [IponboTn
KF},I Msup,exp Msup,th Af/lsiz:)::/ M. sp,exp Msp,th AR[/SIZ:):E/
banka 2b1-1
8 3.66 2.79 1.26 0.97 1.23 0.85
16 5.63 5.02 1.12 2.79 2.55 1.09
20 6.90 6.22 1.11 3.55 3.34 1.06
24 8.75 7.41 1.18 4.03 4.11 0.98
28 9.94 8.58 1.16 4.83 4.88 0.99
32 11.34 9.68 1.17 5.53 5.68 0.97
36 12.29 10.69 1.15 6.46 6.53 0.99
40 12.74 11.56 1.10 7.63 7.46 1.02
44 13.54 12.27 1.10 8.63 8.52 1.01
48 13.14 12.77 1.03 10.23 9.73 1.05
52 13.03 13.04 1.00 11.68 11.19 1.04
54 12.96 13.08 0.99 12.42 12.05 1.03
2B1-2
8 3.55 2.79 1.27 1.02 1.23 0.83
16 5.93 5.02 1.18 2.64 2.55 1.03
20 7.40 6.21 1.19 3.30 3.34 0.99
24 9.00 7.40 1.22 3.90 4.11 0.95
28 10.19 8.56 1.19 4.70 4.88 0.96
32 11.58 9.65 1.20 5.41 5.69 0.95
36 12.70 10.63 1.19 6.25 6.55 0.95
40 13.12 11.47 1.14 7.44 7.50 0.99
44 13.48 12.14 1.11 8.66 8.57 1.01
48 13.08 12.60 1.04 10.26 9.83 1.04
52 12.95 12.81 1.01 11.72 11.36 1.03
54 12.94 12.82 1.01 12.43 12.26 1.01

CepenHe 3HaueHHs MOXMOKM B [bOMY BHIAAKy CTaHOBUTHL X = 8,1% npu
CepeNHbOKBAIPATHIHOMY BiIXWIeHHI o = 6,8%, 0 CBIAYNTH IO 3aT0BLTHHY
30DKHICTh OTPUMAHUX PE3yJIETATIB Ta €PEKTUBHICTE 3aITPOITOHOBAHOT METOIUKH.

BucnoBkn. Ha ocHOBI oTpuMaHMX pe3yibTaTiB 0OpUd  BH3HAYCHHI
XapaKTEePHUCTHK HarpyXeHo-/1e(h)OpMOBaHOTO CTaHy, 3aIPONIOHOBAHA
YIOCKOHAJICHA METOJMKAa BH3HAYCHHS BEIMYMHU 3THHAIBHUX MOMEHTIB Y
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HEpO3pi3HUX KOMOIHOBaHO-apMOBAaHUX Oaikax 13 ypaxyBaHHsS IE€pPepO3NOIily
3yCHUIIb.

Cepenne 3HaveHHs nOXuOKM craHoBuTh X = 8,1% mnpu cepeanbo-
KBaJpaTHYHOMY BiJXWieHHi o = 6,8%.
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