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Vilhadl

AHoTanis. BuxkoHaHuii MOPIBHSJIBHMK aHalli3 KOMIIOHEHTIB HAaNpPy>KEHO-IE(POPMOBAHOTO CTaHY
0aJOYHO-TUIMTHOT ~IIapyBaToi KOHCTPYKLii aBTONOPOXHBOTO MOCTa IiJ Mi€l0 CHHYCOIAaJbHOTO
HaBaHTAKCHHA. 32 PO3paxyHKOBY cXeMmy Oyia MpHiHATAa KOHCTPYKINiS, SKa CKIAJAEThCS 3 TPHOX IIapiB 3
PI3HUMH T€OMETPUYHUMH Ta Pi3UKO-MEXaHIYHUMHU XapaKTEPUCTHKAMHU.

Po3paxyHOK NpOrWHIB Ta HOPMAJIbHHX HANPYXEHb BHKOHAHO 3a KJIACHYHOIO, TPHUBUMIPHOIO Ta
YTOYHEHOIO HEKJIACHYHOI MOJEISIMY. 3a pe3ysibTaTaMi OTPUMAaHUX PO3PaxyHKIB Oyiu o0y moBaHi rpadiku
KOMITOHEHTIB HaIlpyKeHO-Ae(OPMOBAHOTO CTaHy. TeCTOBI pO3paxyHKH TaKoX OyJd BHKOHAHI IS
OJHOPITHOI 0aJOYHOT KOHCTPYKLIi 3 6e3p03MipHUMHU XapakTepucTukaMu. [IopiBHSIBHUI aHa3 OTPUMaHHUX
JMaHUX MPOTHMHIB 0AJOYHO-IIMTHOI KOHCTPYKINI BKa3ye Ha 3HAYHY PO30IKHICTh y pe3ysbTaTax 3a Pi3HHUMHU
MOJIETISIMH, TIPH [bOMY pO3IOAIT HOPMaJbHUX HANpy>KEHb IO BHCOTI IOTNEPEYHOTO Iepepiy Maibke
OJIHaKOBHil.

Jnist nocipKEeHHs! JOCTOBIPHOCTI PO3PaxyHKiB 32 YTOYHEHOIO HEKJIACHYHOIO MOJIEIUTI0 OyB BUKOHAHHN
TIOPIBHSILHUHN aHaJi3 pe3ylbTaTiB 3 JAHUMH €KCIIepUMeHTy AllekcanapoBa A.S mis TpumapoBux 0anodHO-
IDTUTHUX CHCTEM, IO IMATBEPIUB JOCTOBIPHICTH, OTPUMAHHUX po3paxyHKiB. Ilim gac aHamizy pe3ynbTaTiB
TakoX OyJI0 BCTaHOBJICHO, IO MpPU JACIKAX TCOMETPHYHHX 1 (i3MKO-MEXaHIYHUX XapaKTePHCTHUKAaX
pO3paxyHOK 3a YTOYHEHOIO MOJICIUTI0 HE A€ iCTOTHUX 3MIH Pe3yNbTaTiB y TOPIBHMIBHI 3 KJIIACHYHOIO
MOJIEILITIO.

3HayHa PI3HHULS y PO3paxyHKax 3a PI3HUMH METOJaMH BKa3ye Ha HEOOXiTHICTb BpaxoBYBaTu
nedopMariii 3cyBy IpH 3HaXOIKEHHI IPOTUHIB Y 0aIOYHO-TUIUTHUX IAPYyBaTUX KOHCTPYKLISX, 0 OTpeOye
PO3POOKH YTOYHEHUX HEKIIACHIHUX MOJIENECH.
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Betyn. B cygacHoMy OyIiBHHIITBI ITUPOKE 3aCTOCYBAHHS OTPUMAITH Pi3HI KOMITO3UTHI MaTepialid, 110
notpedye HEKIaCHYHUX PO3PaXyHKOBHUX MOJENEH 3 BpaxyBaHHAM OCOOJNMBOCTEH KOHCTPYKLIH.
BHKOpPHCTaHHS HEKITAaCHYHMX MOJC/ICH HEOOXiAHe IpHM BHUpIIICHI 3a7ady BUTMHY OalloK HEOIHOPIIHUX
apyBaTUX CUCTEM, OCOOJMBO TIPH MICIIEBIUX HaBaHTXEHHX [1].

[IporonoBa OymoBa aBTOIOPOXKHBOTO MOCTa MOKE BKJIIOUATH B OJHIH KOHCTPYKLII IIapH i3 pi3HUX
MmatepianiB. [Ipu po3paxyHKy 3a yTOUHEHOIO HEKJIACHYHOI0 MOJACIUII0 MPUHAMAaeMO, IO OanoyHO-IUIMTHA
CHUCTEMA CKIIAJIAETHC 13 IMIapiB Pi3HOT TOBITUHU Ta XKOPCTKOCTI 31 SMIHHIMH BJIaCTHBOCTIMH [2]. Takum unHOM
OTPUMAEMO MOKJIMBICTh BpaxyBaTH OCOOJIMBOCTI IIApyBaToi OallOYHO-TDIMTHOI KOHCTPYKUIl 13 pi3HUMH
(i3MKO-MeXaHIYHUMH XapaKTePUCTUKAMH TI0 IIapaM, a 3Ha4UTh Pi3HY MILHICTb Ta }KOPCTKICTh[3-4].

Merta i MeToaH. MeTOIO TaHOT CTATTI € BUKOHAHHS TMTOPIBHUTPHOTO aHANI3y BUTHHY TUTHTH IIPOTOHOBOT
OyIOBM aBTOJIOPOXXHHOTO MOCTa TIij Mi€I0 CHHYCOIMalbHOTO HaBaHTAKCHHS Ta TEpeBipKa aJeKBATHOCTI
YTOYHEHOT HEKJIACHYHOT MOJIEITI.

Pe3ysbTaTu i nosicnennsi. [Ipu nociikeHHs! aAeKBaTHOCTI YTOUHEHOT HEKJIACHYHOI PO3paxyHKOBOT
Mozeni [ 1] Oyna BUKOpUCTaHa TPUIIapoBa OAIOYHO-TUIMTHA CHCTEMa aBTOOPOKHBOTO MocTa (puc.1).
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a) 6aJTOYHO-ITUTHA CUCTEMA
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[- noBxuHa GANOYHO-TIIUTHOI CHCTEMH;

q, (x) - HOpMaJIbHi HaBaHTAKEHHS, 1110 TMPUKIIAJCHI Ha 30BHINTHIX MOBEPXHAX 1 HA MEXKax Iapis;

q. (X) - TaHreHmiaNEHUX HABAHTAXKEHHS, IO MPHUKIAJCH] HA 30BHIIIHIX MOBEPXHIX i HA MEXKAX MIAPIB;
bi - IIUPHHA IIapy KOHCTPYKIIIi,

h] , h2 , }13 - TOBIIMHA BiJITIOBITHOTO MIapy KOHCTPYKLIi.

Puc. 1. KoHCTpYKITiS po3paxyHKOBOI CXEMH
Fig. 1. Design of the calculation scheme

JJis 1aHOi CXeMHU PO3paxyHKy OyJid MPUAHSATI XapaKTePUCTHUKH IIapiB [S], ki HaBeaeHI B Tabmuili 1.

Tadauus 1- Buxigni gasi ans TpUIIapoBoi 6anoyHOl CHCTEMU
Table 1 - Initial data for a three-layer beam system

KimbKicTs Homep [upuna Bucora Monyinb Monaynb
mapis, mapy, miapy, mapy, MPY>KHOCTI, 3CYBY
n i b, ™M h,, m E , MIla G, MIla
1 0,03 10* 360
3 2 0,01 0,06 940 360 (36)
3 0,03 10* 360
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Bupasu ¢yHKUil IpOrMHy CHHYCOiTaTbHOTO HABAHTAXKEHHS MAalOTh HACTYIHUI BUTJIILL
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3a pe3ynbpTaTaMu po3paxyHKy HoOyaoBaHi rpadyiku MporuHiB (puc.2) i HOpMabHUX HanpykeHb(puc.3)

JUTS 11i€] OaJIOYHOT CUCTEMHU.
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Puc. 2. I'padiku nporuHiB 3a KIACHYHOIO (IITPUX-MYHKTHUPHA JiHiA) Ta YTOYHEHOIO TEOPisIMU

(cyuinpHa JiHis)

Fig. 2. Deflection graphs by classical (dashed line) and refined theories (solid line)
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Puc. 3. I'padiku HOpMaIbHUX HANPYXKEeHb (IITPUX-IYHKTUPHA JIHIS) 3a KIACHYHOIO Ta YTOYHECHOIO

TeopisMHu (CyLibHA TiHifA).

Fig. 3. Graphs of normal stresses (dashed line) according to classical and refined theories (solid line).

Po3paxyHOK CKIaJOBUX HaNpyXEHO-IeQOPMOBAHOTO CTaHy OaJIkKM TaKOX BHKOHAHO 3a TPhOMa

MOJICJISIMU KJIACHYHOI0, TPUBUMIPHOI (TOYHOT)i YTOYHEHOT HEKITaCHYHOI Mozensmu ipu [/ h =3, ipu upomy

Oanka

BBa)KaJIaCs OJHOPITHOIO 3 OE3pPO3MIPHUMH XapaKTepUCTHUKAMH. Pe3ynbTaTH po3paxyHKy HaBeICHI B

Tadml 2.
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Taémuus 2 — PesynpTatu po3paxyHKy CKIaI0BUX HANPYKEHO-IE(OPMOBAHOTO CTaHy 0alouHOL
KOHCTPYKLUIT
Table 2 — The results of the calculation of the components of the stress-strain state of the beam

structure
IIporunan Hopwmanbai Hanpy>keHHS JloTr4HI HaTIPYyKEHHS
I/h| z
Wm w mpue wymo!t O-m O-mpme o ymou 'Z'm z-mpue Tymou
0 12,532 -5,471 | -5,724 | -5,731
3
h/2 12,533 0 0,021 0
9.978 12,814 1,432 | 1,419 | 1,415
h 12,033 5,471 | 5,636 5,731

Ilix 4wac pmocmimkenHs Oyl0 BHUKOPHUCTAHO TIOPIBHSHHS pe3yJibTaTiB 3  EKCIIEPUMEHTOM
A5, Anexcanzaposa [6] st TpUIIapoBUX OANOK-TUINT, SIKi MalOTh Pi3HI reoMeTpu4Hi Ta (i3uKOo-MeXaHiuHi
XapaKTEPUCTUKH (TabmmIis 3).

Taoauus 3 — [lopiBHIBHI pe3ynbTaTH JIs1 TPUILIAPOBUX OATOK-IUTUT

Table 3 — Comparative results for three-layer beams-slabs

No 3pazka Winax .k Winax .exen wmax.ymou O max .kn O max .excn O max .ymou
MM MIIa
1,307 1,530 1,573 29,488 30,370 30,271
0,214 0,650 0,640 18,317 20,340 20,205
3 0,065 0,380 0,396 6,855 9,630 10,287

BucHoBku Ta pexomenaaunii. IlopiBHANBHMI aHami3 MNPOTHHIB OaJOYHO-IUNIUTHOI CHCTEMH
aBTOJIOPO’KHBOI'O MOCTa TIOKa3aB, IO MAaKCHMaJlbHI 3HAYCHHs IPOTHHIB OTPHUMYEMO 32 YTOYHEHOIO
HEKJIACUYHOI0 MOJICIUTIO, SIKa BpPaxOBYE BIUIUB Jiedopmalliil momepedHoro 3cyBy. [lopyd 3 TuMm, TIpu
OJHAKOBUX MOIYNAX 3CYBY IIApiB OajJOYHOI CHCTEMH, XapaKTep PO3MOJiTy HaNpyKEeHb IO BHCOTI Oalku
CYTTEBO HE BIAPI3HAETHCSA. 3MiHA TCOMETPHUIHUX 1 (PI3MKO-MEXaHITHUX XapaKTEPUCTHK iICTOTHO BIUIMBA€E Ha
pe3yabTaTH PO3PAXyHKIB 3a KIIACHYHOIO MOIEIITIO, IO BKa3y€e Ha HEOOX1IHICTh yIOCKOHAICHHS TPaaUIliHIX
METO/[iB BU3HAYCHHS IPOTHHIB Ta HANIPYKCHb. [lOpiBHAHHS OTPUMAaHUX 3HAUYCHHS KOMIIOHEHTIB HAIIPYKEHO-
1e(OpMOBAHOTO CTaHy 3a YTOYHEHOI0 HEKJIACHYHOIO0 MOJEIUII0 PO3paxyHKy OajJOYHO-IUIUTHOI CHCTEMH
aBTOJIOPO’XKHBOI'O0 MOCTa Ta EKCIIEPUMEHTAIbHUMH JaHUMU AuiekcaHnpoBa A.Sl. Juis TpuimapoBux Oaliok
BKa3y€ Ha IOCTOBIPHICTH OTPUMAHUX PE3YNbTaTiB.
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Abstract. A comparative analysis of the components of the stress-strain state of the beam-slab layered
structure of the road bridge under the action of sinusoidal load is performed. The design scheme, which consists
of three layers with different geometric and physico-mechanical characteristics, was adopted as the calculation
scheme.

The calculation of deflections and normal stresses was performed according to the classical, three-
dimensional and refined non-classical models. Based on the results of the obtained calculations, graphs of the
components of the stress-strain state were constructed. Test calculations were also performed for a
homogeneous beam structure with dimensionless characteristics. Comparative analysis of the obtained data of
deflections of the beam-slab structure indicates a significant difference in the results for different models, while
the distribution of normal stresses in the height of the cross section is almost the same.

To study the reliability of calculations according to the refined non-classical model, a comparative
analysis of the results with the data of the experiment of Alexandrov A.Ya. for three-layer beam-slab systems
was performed, which confirmed the reliability of the obtained calculations. During the analysis of the results
it was also found that for some geometric and physico-mechanical characteristics, the calculation of the refined
model does not give significant changes in the results compared to the classical model.

A significant difference in the calculations by different methods indicates the need to take into account
shear deformations when finding deflections in beam-slab layered structures, which requires the development
of refined non-classical models.

Keywords: non-classical model, composite materials, layered system, deflection, stress, road bridges.
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