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AHHOTAIIUSA

Beeodenue. TpexcnoliHas KOHCTPYKIIUS, UMesl HEOOJBIIION BEC, 00IaaeT TOCTATOYHOM )KECTKOCTBIO U MMPOYHOCTHIO ISt
BOCIIPUSITHSL Pa3HBIX CHJIOBBIX M (DU3NUECKHUX BO3JACHCTBHN KaK CTATUUECKOTO, TaK U AMHAMUYECKOTro Xapakrepa. Kom-
OMHMpPYSl MaTepuajbl ¥ TOJIIMHBI HECYIIMX CJIOEB M 3alOJHUTENS MOXKHO JHOOUTHCS HYXKHBIX (PU3UKO-MEXaHUUECKHX
CBOMCTB TPEXCIIOWHOM KOHCTPYKIHH. B 3TO CBsA3M B JaHHO# pabOTe paccMaTpUBAETCs HANPSKESHHO-IS(POPMHUPOBAHHOE
COCTOSIHUE TPEXCIOMHON OaIKu ¢ pa3IMYHON TOJIIUHON HECYIIHUX CIIOEB U BHICOTOM 3aMOTHUTEIS.

Mamepuan u memoowt. VI3710)KeH pacueT TPEXCIOWHOW OaJIKH [0 U3BECTHOM Teopuu pacueTa. B kauecTBe mpumepa pac-
CMaTpHUBallaCh TPEXCIOHAs Oanka AmiHO# 70 cM, ee MIMpHUHA MEHSUIACh B 3aBUCHMOCTH OT pa3Mepa TpaHd MIeCTHTPaH-
HOM siuelKy 3amonHuTeNsl. ToNIMHA HECYIIUX CIIOEB BapbupoBasiack oT 1 10 1,5 MM, TonmuHa 3anoasurens — ot 0,12
10 0,30 mm. Hecymue cinou usroraBnusanuchk U3 anoMuHuss AMI'2-H, a coTOBBIN 1IeCTUTPaHHBII 3allONIHUTENb — U3
cruraBa amoMuHuSA [[16-AT.

Pe3ynomamut uccnedosanusn. Ha 0CHOBaHUY TIOTyYICHHBIX TaHHBIX OBLTH IOCTPOCHBI TPa(UKH 3aBUCHMOCTH U3MEHEHUS
HanpspKeHUH u neopmaniyii (mporuboB) OT paclpeielieHHOW Harpy3KH JJIsl KaXKJ0ro UCIbITaHHOTO o0pasua. ['paduue-
CKHe 3aBUCHUMOCTH MPUBEACHBI 111 CUMMETPUYHON U HECUMMETPHUYHON TPeXCloitHOM Gasku.

Obcycoenue u 3aknouenue. T1oyueHHbIC TEOPETHUCCKUE TaHHBIE 10 AeopMariusiM (Porubdam) v HAPSLKESHHUSIM T103-
BOJIMJIM OTIPEAETUTh d(PPEKTHBHYIO0 KOMOMHAILIMIO HECYIIMX CJIOEB, P KOTOPOW TpexcioiHas Oajika CTaHOBHUTCS d(-
¢exTrBHOM. Ha ocHOBE aHaJIM3a 3THX JIAaHHBIX OBLIH CJIEJIaHbl BBIBOJIbI, XaPaKTEPHU3YIOIINE NOBBIIEHHUS 3D (HEKTUBHOCTH
TPEXCIOWHON OanKu.

KaioueBble cinoBa: Hecymuil cioii, 3al0JIHUTENb, HANPSDKEHNE, NedopManiy, aTllOMUHUH, TpeXcioiiHas Oanka, KOH-
CTPYKTHBHAsI CXeMa, paclpe/ie/IeHHas Harpy3Ka.
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Abstract

Introduction. A three-layer structure, though having a small weight, possesses enough rigidity and strength to with-
stand various force and physical impacts of both static and dynamic nature. By altering the combination of materials
and thicknesses of the loadbearing layers and the core, it is possible to achieve the desired physical and mechanical
properties of a three-layer structure. In this regard, this paper investigates the stress-strain state of a three-layer
beam of different thickness of loadbearing layers and height of the core.
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Materials and Methods. The three-layer beam design based on the well-known calculation methodology is presented. A
three-layer 70 cm long beam was examined as an example, its width was altered depending on the face size of the hexag-
onal cell of the core. The thickness of loadbearing layers was altered from 1 to 1.5 mm and the thickness of the core from
0.12 to 0.30 mm. The loadbearing layers were made of the AMG2-H (AMI2-H) aluminium alloy, and the hexagonal
honeycomb core — of the D16-AT (Z16-AT) aluminium alloy.

Results. Based on the obtained data, the graphs of the stresses and strains (deflections) alteration dependence on the distrib-
uted load were plotted for each of the tested specimens. The graphical dependences were given for the symmetrical and
unsymmetrical three-layer beams.

Discussion and Conclusion. The obtained theoretical data on deformations (deflections) and stresses allowed determin-
ing the efficient combination of the loadbearing layers, which would make a three-layer beam efficient. Based on the
analysis of this data, the conclusions on enhancing the three-layer beam efficiency were made.

Keywords: loadbearing layer, core, stress, deformations, aluminum, three-layer beam, structural layout, distributed load.
For citation. Muselemov KhM, Bulgakov Al, Muselemov DU. Stress-Strain State of an Unsymmetrical Three-Layer

Beam. Modern Trends in Construction, Urban and Territorial Planning. 2023;2(4):27-33.
https://doi.org/10.23947/2949-1835-2023-2-4-27-33

Bgenenue. [ToBbleHne 3 QEeKTUBHOCTH COBPEMEHHOTO CTPOMTEILCTBA CBI3aHO C PeallM3alneil HOBBIX KOHCTPYK-
TUBHO-TEXHOJOTHUYECKUX perneHnil. OTHIM 13 BaXKHBIX HAIIPABICHUH B 3TOH cdepe ABIIETC co3qanne COOpHBIX HECY-
LIMX MOKPBITHH 31aHKH, 3)()EKTUBHBIX HE TOJIBKO MO TPeOOBaHHMAM MPOYHOCTH U KECTKOCTHU, HO U TI0 CKOPOCTH BO3BE-
JICHUS1, MaTepHaIbHBIM 3aTpaTaM U T.1. D(H(HEeKTHBHOE BOILIOIICHNE B KOHCTPYKIUAX ITHX KaYeCTB B 3HAUNTEIBHON Mepe
3aBHCHUT OT TOT0, HACKOJBKO MPHUHATOE PEIICHUE OTpakaeT B ceOe BIMSTHAE MHOTOYHCIICHHBIX TPEOOBaHUI 1 MHBIX OIpe-
JeISTIoNNX (PaKTOPOB, OTBEUAIOIINX OCHOBHBIM 3TallaM CO3JaHUS KOHCTPYKIHU: PacueTy, IPOCKTUPOBAHUIO, SKCIICPH-
MEHTaJIbHOI 00paboTKe, TEXHOJIOTUH MPOU3BOJICTBA.

B Hacrosmee Bpems, Kak M3BECTHO, BO BCEM MHpPE HAILTH IIHPOKOE MPUMEHEHUE JISTKHE CIIONCTHIC, B YaCTHOCTH,
TPEXCIIOWHBIC KOHCTPYKIIUH [2—6], palliOHaIbHOE IPIMEHEHHE KOTOPHIX TTO3BOJIET CYIIECTBEHHO CHI3UTH MaTepHaso-
€MKOCTb, TPYJIOEMKOCTh U3TOTOBJICHUS, MOHTaXa 3/IaHUH, a TaKk)Ke 00ECIeYUTh BBICOKYIO 3((EKTUBHOCTh CTPOUTEIh-
ctBa. TpexcioiHble KOHCTPYKLHUH, TPECTABISIONINE COO0H KOMIIO3UIIMIO U3 IBYX TOHKHX U IMPOYHBIX HAPYKHBIX CIIOCB
(0OIIMBOK) ¥ CKIICEHHOTO HJIH CIIasHHOTO ¢ HUMH JIETKOTO CPEIHET0 CJI0s (3aIOITHUATEII ), — MPOTPECCUBHBIN BUI OTpak-
JIAIOIIMX 3JIEMEHTOB COBPEMEHHBIX 37aHui. B caMoll uiee TpexcnoiHbIX KOHCTPYKIIMI 3aJ10KeHa BO3MOKHOCTD CyIle-
CTBEHHOT'0 YJYYIICHHUS XapaKTEPUCTUK YAEIbHON MPOYHOCTH U )KECTKOCTH. biiaroiaps 1enecoodpasHoMy BBIOOpY U CO-
CTaBY OTHENBHBIX CIIOEB MOTYT OBITH CO3AaHBI TPEXCIIOHHBIC KOHCTPYKITUH C OTITHYHBIMHU CTATHIECKAMHU U KOHCTPYKTHB-
HBIMH CBOHCTBaMHU.

MaTtepuanasl 1 MeTobl. Hecymiue cion u3rotapnuBaroTcsa U3 amoMuHus AMI2-H, a coToBBIH 3amomHUTETs — U3
craBa amomuHus J116-AT. JInuna paccMmatpuBaeMoit 0anku coctapiseT 70 cM, MUPUHA MEHSETCS B 3aBUCUMOCTH OT
pa3Mepa TpaHH 3aMOTHUTENS U KOJIWYECTBA sST9eeK B psmy. s pacdera TpeXciIoHHOH Oalku HEOOXOIUMO 3HATH IPHUBE-
JICHHbIE XapaKTePUCTUKH COTOBBIX 3allOJIHUTENCH. DTH JaHHBIC MIPUBEJCHBI B cTaThe [7] U ONpeneeHbl 0 METOAUKE,
U3JI0XKEeHHOM B pabdortax [1, 8—10]. TonmuHa HecyIux caoeB MeHsieTcs B npeaene t1o = (0,1 +0,15) cm. Uuaekcsr 1 u 2
OTHOCSTCS] K HIKHEMY M BEPXHEMY HECYyIIeMy CJIOI0, COOTBETCTBEHHO. Y CHIINE ¢, IPUKIIAIbIBAEMOE K BEpXHEMY HECY-
mieMy cioto Haxonures B npenene ot 0,01 o 0,03 MIla. banka HarpyskeHa Harpy3koi ¢, paBHOMEPHO paclpeeIeHHOH
1o noBepxHocTH. Ha puc. 1 mokasaHa KOHCTPYKTHBHAsI CXeMa TPEXCIOIHOW OanKu.

Puc. 1. KoHCTpyKTHBHAsI cXeMa TPEXCIOHHOW MapHUPHO ONepTOi Oanku, HarpyKEHHOW YCHIINEM ¢,
PaBHOMEPHO pacIpeeJIeHHBIM 110 TOBEPXHOCTH


https://doi.org/10.23947/2949-1835-2023-2-4-27-33

CoepemeHnHble meHOEHUUU 6 CIPOUMENbCHIGe, ZPA0OCMPOUmEIbCHee U NIAHUPOKe meppumopuil. 2023;2(4):27-33. eISSN 2949-1835

PeSy.]IbTaT])I HCCJIea0BaAHUSA. Pacuer MMPpOBOAUJICS € LICJIBIO OTIPEACIICHU S l'[pOFI/I6OB 1 MaKCUMaJIbHBbIX HOPMAJIbHbIX

Hal'[pSDKCHI/Iﬁ B BECPXHEM HECYIIEM CJIOC B CEPCAMHE IMPOJICTA I IMAPHUPHO OMCPTHIX TpeXCJ'[OfIHLIX 0ajoK ¢ yueTOM

NPUHATHIX HOPM.
Pacuer TpexcioitHbIX 6aJI0K MTPOU3BOIMIICS TI0 METOIUKE, H3NI0KeHHOH B kHHUre Kobenera B.H. [1]:
1. MaxkcumanbHble HOpMaJbHbIC HAPSDKEHUS B BEPXHEM HECYILEM CJI0¢ PABHBL:
. 2 .
q-B, . CBmp+L_ q 'c B..,
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2-B,, -(h2 - hl) G 8 h,—h t -G,
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2. Tlporm® Ha pacCTOSTHUU X OT OTIOPEI PaBEH:

q-x c-B, I\ c-B l-x* x3
W= |1 L) -—2 x— + =
2 : BTp * (hz - hl)z 6133 2 6133 6 12
3. MaxkcumainbHsblii nporu6 B cepenune nposera x = [/2 paBen:
.2 c-B, 5.2
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C
hl = tl . (1 + (1)/2 = 3,05CM; hz = _tz . (1 + {2)/2 = _3,0SCM; é/l = é’z = r; 6133 = 0,879 '%' GM3;
1,2

G133 — NpUBEIEHHBIH MOIYNIb cABUra B I10ckocTd X0Z; Gy3 = 270 000 krc/cM? — MOYIIb CABUTA 3aII0HUTENLS;
B — 5XeCTKOCTE CTEHKH 3aTIOHUTENS.

Pacyer npon3BoanM 11t BceX BapHaHTOB Oallok. Pe3ybTaThl pacueTa JaHbl Ha rpadukax (puc. 2-5).
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Puc. 2. TIporu0Osl HECHMMETPUIHON TPEXCIOWHOMN OATKH MPH [IAPHUPHOM OITUPAHUU KOHIIOB
B 3aBHCHUMOCTH OT (], [UTS Pa3IMIHBIX POPM TUCKPETHOTO 3aMOTHUTEIIS
mpu TonmuHe Hecymux cioes t1 = 0,10 cm; t2= 0,15 cm
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Puc. 4. [Iporu6s1 HECUMMETPHIHOH TPEXCIOHHOM OAIIKH P MTAPHIPHOM ONMHPAHIH KOHIIOB

B 3aBUCHUMOCTH OT (], AJ1s1 PA3JIAYHbIX q)OpM JUCKPETHOTO 3aOJTHUTEIIA

NpH TONMIKHE Hecylux cnoes t1= 0,15 cm; t2=0,10 cm



Cospemennvie meHOeHUUU 6 CIPOUMENbCINGe, ZPAOOCHIPOUMEIbCmEe U naanupogke meppumopuil. 2023;2(4):27-33. eISSN 2949-1835
T R — A N A N R  — — — A A R

s, MIla
100

80

70 L = KpyTJIble

60 = —4&— BOCHMUTPaHHbIE

50 poMOOBHUTHEIE

KBQ, ATHBIC
40 AP

IMESCTUT'PAHHBIC
30 P

20

10

0 g, MIla
0,1 0,15 0,2 0,25 0,3

Puc. 5. HanpspkeHnst B HECHMMETPUYHOH TPEXCIOHHON GaIKky IpH IapHUPHOM ONMPAHUH KOHIIOB
B 3aBUCHMOCTH OT (, JUIS Pa3IHYIHBIX ()OPM THCKPETHOTO 3aIMOTHHUTEIS
npu TommuHe Hecymux cioeB t1 = 0,15 em; 2= 0,10 cm

Oo6cyxaenne u 3akiaodenns. CpaBHeHHe rpaMKOB HANPSDKEHUH U NPOTHOOB B 3aBUCUMOCTH OT TOJIIIMHBI HECY-
X CJIOEB TOKa3alio, YTO MPH YBEJINYEHHUN TOJIIUHBEI BepxHero Hecymero cios ¢ 0,1 cm mo 0,15 cm amst mrapHuMpHO
OInepTol HECUMMETPHYHOM Oaliku Mporn0Obl ymeHbmartces Ha 17,35 %, HanpsbkeHus: yMeHblaoTes Ha 35,97 %, a npu
YBEJIMYEHUH TOJIIIMHBI HIDKHEro Hecymiero ciosi ¢ 0,1 cm 1o 0,15 cM i mapHUpHO ONepTOil HECUMMETPUYHON OaKu
poruOsl Takxke yMeHbIatoTes Ha 17,35 %, Hanpspkenns ysenmuusatorest Ha 0,58 %. Kak BunHO U3 pe3ynpTaToB, H3Me-
HEHHE TOJIIMHBI HECYIIUX CJIOEB KaK BEPXHETO, TaK M HIKHET0, OJIMHAKOBO BIHIOT Ha 1e(OPMATHBHOCTh Oanku —
MIPOTHUOBI YMEHBIIAIOTCA. A Ha HAaIPSHKEHHUS U3MEHEHUE TOJIIIMHBI HECYIIHX CIOEB BIMSIET HE OJMHAKOBO: TIPH yBeIHYe-
HHHM TOJIIIMHBI BEPXHET0 HECYILETO clios Oanka cTaHOBHUTCS 3G GEKTUBHEE, A IPH YBEJIIMYEHUHN TOJIIUHbI HIDKHETO HeCy-
IIET0 CJI0s HANPSDKEHMST BO3PACTAIOT.
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