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YcuieHue 30HbI CTHIKA 3ANMOJHHTEIA B TpCXCJ'lOﬁHbIX MaHeJAX

AHHOTALIHS

[Ipy HM3roTOBICHUH TPEXCIOWHBIX MAHENCH C METATUTHYCCKMMH OOIIMBKAMH H CPESIHUM
CINOEM M3 JTUCTOB MEHOMOIUCTHPOIA 0 HEIPEPBIBHOU TEXHOIOIUH, B TOTOBBIX MAHESMX BOZHUKACT
MOMCPEUHBbIM CTBIK CPEOHErO CJOS, PACONOKCHHBIA MPOU3BONBHO MO AnnHe naHemd. C 1ensio
MOBBIICHUS HECYIIEH CINOCOOHOCTH MAHENCH, MPENTOKEHO HOBOC TEXHHUYUCCKOC PELICHHE CO
BCTABKOH B MECTE CTBHIKA. B cTaThe NPHUBENCHBI PE3YJIbTATHl YHCICHHBIX HCCICIOBAHUI
MOJENEN TPEXCIONHBIX MAHEIEH pa3IuIHOMN TOIIIHUHBI U BCTABKOM B MECTE CTBIKA 3aMOIHUTENS
u 0Oe3 BCTaBkH. UMCICHHBIE pacyeThl TOKA3aldH, YTO HANWYHC BCTABKH B MECTE CTHIKA
3HAYUTEIFHO CHIDKACT MAKCUMAITBHBIC HANPSUKCHUS B 3AMONMHUTEIC H CYIIECTBEHHEIM 00pa3oM
MOBBIIIACT HECYINYIO CIIOCOOHOCTh MAHETH Ha JeHCTBHE nonepedHon cuimsl (Ha 69-138 %).

KiroueBble cioBa: TpexcrnolHas MAaHETb, COHABHY-TIAHCTb, CTHIK 3aIIOJHUTCNA,
HPOYHOCTb 3ATIOJTHUTENSL.

[Ipyu H3roTOBICHNN TPEXCIOMHBIX MAHEICH ¢ METATIHYCCKHUMH OOIIUBKAMHU U CPEIHHM
CIOEM M3 JIUCTOB IICHOMOIHCTUPONIA IO HENPEPHIBHOW TEXHOIOTHH, B TOTOBBIX MMAHENIX
BOZHHKACT MOMECPESUHBINA CTBIK CPEIHETO CIOSI, PACIIONOKEHHBIH MPOU3BOIBHO IO JUTUHE MAHETH
[1]. C uenpro yBEAHUYCHHS HECYINCH CIIOCOOHOCTH TPEXCAOHHON MAHCIHM ¢ 3aMOIHUTEICM,
HMMCIOLIUM CIUTOITHON MONEPEYHBIA CTHIK Ha BCHO IIHPUHY MAHETH, HAPHUMEP, U3 OTACTIbHBIX
muctoB IIC, Ha nelicTBHE Mepepe3bIBAIOIICH CHIBI B MECTE CTHIKA ABTOPOM € KOJIICKTHBOM
COaBTOPOB OBIIO pa3paboTaHO TEXHUYECKOC PCHICHHE C MPUMCHCHHEM BCTaBKU U3
Mpo¢UIUPOBAHHOTO JIUCTA B MECTE CThIKA [2].

TpexcoiiHas MaHe b, BKIFOUYAKONIAS BEPXHIOK | U HIDKHIOW 2 OOIIMBKH, COCIUHEHHBIC
MEKAY COOOM Ha KJICK CIOEM MCHONMOMHCTHPOTA 3, COCTOSIIEr0 M3 OTACIBHBIX MO JIHHE
JHMCTOB, OTJIMYACTCA TEM, YTO MEXKIY COOOU MO JIHMHE JIUCTHl MEHOMOIUCTHPONA 3 Ha BCIO UX
LIHPHHY COCAMHEHBI OTPE3KOM NMPOQUINPOBAHHOTO THCTA 4, BAABICHHOTO B TOPLIBI CTHIKYEMBIX
auctoB meHomonuctupona 3 (puc. 1). Otpesok npoduaupoBaHHOTO JHCTA O0NATACT
MOBBIIICHHOW JKECTKOCTBIO HAa cpe3 U crnocobeH Oomee 3((EeKTHBHO BOCHPUHUMATH
MEPEPE3BIBAIOLIYIO CHITY, YEM CCUCHHE 3aITOTHUTEIS, OCIAOICHHOC HATUYHEM CTHIKA.
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Puc. 1. Cxema TpeXCIOWHOHW MAHSTH CO BCTABKOM M3 MPOHIHPOBAHHOTO JIHCTA

OxnHako pazpaboTaHHOS TEXHHUYCCKOS PEIICHUE, MO3BOIONICC YBEIHUYHUTh HE TOIBKO
HECYIUVIO CIIOCOOHOCTh, HO M SKCIUTYATALIMOHHYIO HAJACKHOCTh TPEXCIOWHBIX MAHCICH,
noTpeOOBaI0 MPOBESACHHS YMCACHHBIX HCCICAOBAHUN KOHCUHO-3JICMCHTHBIX MOJCICH ¢
u3ydeHueM pacmpeaencuus kommoneHtos HJIC B oOmmBKax, a Takke B 3JICMEHTaX
3aIOHUTEIS, OCOOCHHO TPUIICTAOLINX K CTHIKAM.
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UucneHHOE  WCCIEIOBAaHHE  MOJENEH  TPEXCIOHHBIX TMAHETEH C  Pa3iIMdHBIM
pacnonokeHneM cThika npoeeaeHo Ha BK «Jlnpa-9.4». [{nga paccMOTpeHHs NMPHHATA IUIOCKAs
KOHCYHO-3ICMCHTHAA MoAcmb. MoxemupoBanoce 150 BapnaHTOB TPEXCIOMHBIX TAHEICH
tommuaoN 50, 100 m 150 MM ¢ pacmonolkeHHEM NONEPEYHOrO CTHIKA 3aNOIHHUTETS Ha
paccrosaun 50, 300 1 600 MM OT ONOPHI U BCTaBKOM C TEOMETPHUECKUMH XapaKTEPUCTHKAMHI
npodaucra H44-1000-0,7 npnmunoit 2-14 oM, ¢ marom 2 cM. [Ipu 3ToM maHens MoAenupoBaIuCh
Kak 0e3 HEMpOKIIes, TaK U ¢ HEMpokieeM BearnauHoi 10-40 mMm.

B pesynprate 4HMCIEHHOrO pacuera MaHENEH CO BCTaBKOW W3 HpodrucTa BHISBICHBI
CICAYIOLUE MPEACIbHBIE COCTOSHUS KOHCTPYKLHU: MOTEPS YCTOMUYMBOCTU BEPXHEH C:KATOU
OOIIMBKH W JOCTHIKCHHE 3allONHHUTEIEM IMPEAcna MPOYHOCTH. 3AECh PacCMaTpPUBACTCS
TEXHHYECKOE PEIICHHE, HAINPABJICHHOE TOIBKO HA YMEHBIICHHUE HANPSIKCHUH B 3aIIOJIHUTENE,
T.€. HA YVBEIHUCHHUE HECYIIEH CIOCOOHOCTH NMAaHEIH OT ACHCTBHS NONICPEIHON CHIIBL.

Yucnennple pacueTsl MOKA3alH, YTO HAJIMYHE BCTABKH B MECTE CTHIKA CYIECTBEHHO
YMEHBINACT MaKCUMAalbHBIC HaNpsDKeHUA B 3amonHuTene. [Ipu 3ToM BenwdHHA HATPSDKEHHS
TAKKE 3aBUCHT OT AJMHBI BCTaBKH. Pe3ynbTaThl MCCIENOBAHUI HANPSKEHHOTO COCTOSHHA
TaHenel co BCTaBKOM Ha paccrogHur 300 MM OT OMOpPHI, Pa3HOH TOMIOUHBI M C BEIMYWHOH
Henpoxned 0-40 MM B 3aBHCHMOCTH OT HAJIMYMS U AJTMHBI BCTABKU IPEICTABJICHBI Ha pHC. 2-6.

o
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Puc. 2. M3omons manpsoxernit 6z (MI1a-10-1) B cpeaaeM cnoe maHemn TommuHOR 100 MM BOJH3H CTHIKA
Ha paccrosaun 300 MM OT omopsI (0¢3 HEMpPOoKIIe): a — 0e3 BCTaBKH; O — CO BCTAaBKOH 12 ¢Mm
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Puc. 3. M3omons vanpsoxernit 6z (MI1a-10-1) B cpegaeM cnoe maHemn TommuHOR 100 MM BOJH3H CTHIKA
Ha paccrosaun 600 MM OT omopHI (HeTpoKIIeH 40 MM): a — 6¢3 BCTABKH, O — CO BCTABKOH 2 CM
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Puc. 4. M3omons vanpsoxernit 6z (MI1a-10-1) B cpeaaeM Coe maHeTn TOMIHHOH 150 MM BOJH3H CTHIKA
Ha paccrosaun 300 MM OT omops! (Hempokieit 10 MM): a — 6¢3 BCTaBKH, O — CO BCTABKOH 3 CM
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B)

Puc. 5. MakcuMaibHbIC HANIPSLKCHUS B 3aIIOJIHUTENE TPEXCIONHBIX maHenel ot Harpysku 1 klla
B 3QBHCUMOCTH OT HAJIMYHS U BEJIMUMHBI BCTABKU B MECTE CTHIKA:
a — MaHeIh TOMIMUHOH 50 MM; 6 — maHeTb ToamuHOH 100 MM; B — MaHETh TOMMUHOW 150 MM
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Puc. 6. Hecymas ciocoOHOCTB TPEXCIOHHBIX TAHCICH TO TPOYHOCTH 3AIOIHUTCIIA
B 3aBHCHMOCTH OT HAJIHYHA U BCITHYHHBI BCTABKH B MECTC CTHIKA!
a — MaHeIh TOMIMUHOH 50 MM; 6 — maHeTb ToamuHOH 100 MM; B — MaHETh TOMMUHOW 150 MM
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Takum 00pazoM, MOXKHO CACTaTh BBIBOA O TOM, HYTO YK€ CaMO HAJIMYHC BCTaBKH
SHAYUTCIIBHO CHIKACT MAKCUMAIBHBIC HAIPEKCHUA B 3allOTHUTCIIC U CYLICCTBCHHBIM o6pa30M
MOBBIIIACT HECYIIYIO CIOCOOHOCTh MAaHENM Ha ACHCTBHE momepeuHoi cuibl (Ha 69-138 %). s
MAHENCH ¢ HempokaeeM 3amoaHuTe/st 3(dexTrBHOCTP BCTAaBKHU BbIle (PUC. 7), T.€. 4eM OONbIIC
HETMPOKJICH, TEM 3HAYNUTEIBHEH MOBBIIIACTCS HECYIAs CIIOCOOHOCTD MO CPABHEHHIO € MAHEbIO 63
creika. [lpu 3TOM TOMIIMHA MAHENW HECYIIECTBCHHO BIIMSCT HA HANPSDKCHUS B 3AIOTHUTEIC HA
CTBIKE. Y BEIMUHUBAI AJINHY BCTaBKU B MCCTC CTBIKA, MbI TAKXKC MOXKCM JONOTHUTCIIBHO YBCIUINUTD
HECYIIYIO CIOCOOHOCTh MAHETH Ha ACHCTBUE MONEpeyHol cutel. Hanmpumep, npu BeTaBke JTHHON
14 cm (Ha rpadmkax — AIMHA MOJOBUHBI BCTABKH 7 CM) HECYINAS CIIOCOOHOCTH JOMOTHUTCIBHO
veemuusaercs Ha 29-60 %. OgHako NpH YBENMMYUCHUHW JTHMHBI BCTABKU Oonee 4eM Ha 6-8 oM
VMCHBIIICHUE HAPSHKCHUN HOCUT YMEPECHHBIH xapaktep (emme Ha 6-19 %), T.e. zaryxaer. B cBs3u ¢
BBIMICYKA3AHHBIM, a TaKXKC MO TCXHOJIOIMYUCCKUM IMPUYIUHAM MOXKHO HNPUHATH ONTUMATLHONU
JAJIUHY BCTaBKHU B MCCTC CThIKA paBHOI\/'I 6-8 ¢M BHE 3aBUCHMOCTH OT TOJINHWHEBI ITAHCIN.
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Reinforcement of the butt joint area of the middle layer in sandwich panels

Resume

During the manufacturing of sandwich panels by uninterrupted technology, with outer
layer from steel sheets and middle layer from geofoam, in finished sandwich panels the middle
layer always has a butt joint which randomly located in longitudinal direction of the panel. One
of the resistant factors of sandwich panels during the carrying lateral load is a failure of the
middle layer in butt joint area. In order to increase the load capacity of panels the way which it
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has to be done was invented which includes insertion of reinforce element into the butt joint of
the middle layer. This solution was patented in Russia. In the paper the results of numerical
studies of different sandwich panel models with varying thickness and with reinforce element
and without it are reviewed. Also the varying location of the butt joint of the middle layer and
existence of the non-glued areas between the outer layer and middle layer in but joint zone were
researched. Calculations showed that the reinforce eclement inside the butt joint area
significantly reduces the maximum stress in the middle layer and strongly increases the load
capacity of the whole panel during the carrying lateral force (from 69 up to 138 %). The stress
value in the middle layer depends on the length of the reinforce element, at the same time the
thickness of the panel slightly affects on stress values.
Keywords: three-layer panel, sandwich panel, joint filler, the strength of the filler.
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