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Pama u3 LVL ¢ ycuwanBaomuM cTajJbHBIM 3J1€eMeHTOM

AHHOTAIINA

B craTtee paccmaTpuBaeTcs Tpex-luapHupHas pama u3 LVL co cTanbHBIM yCUIUBAIOIIUM
3JIEMEHTOM B CTOMKE, KOTOPBHI IMO3BOJIAET B COYETAHUM C KOHCTPYKIIMEH KapHU3HOIO y3Jia
o0ecreynBaTh CHIKCHHUE HM3TMOAIONIETO MOMEHTa B CEpeJUHE MNpOoJieTa PHUrelsl IMyTeM €ro
nepepacnpezencHrs B KapHU3HBIN y3en. Bennunna n3rubaronero MOMEHTa B KApHU3HOM y3Iie
MOKET BapbUPOBATHCS B 3aBUCHMOCTH OT BEJIMYMHBI TIPEAHATSKEHHS yCHUJIMBAIOIIETO
CTaJbHOTO 3JIEMEHTA B CTOMKE.

KuroueBsle ciioBa: LVL, Tpex-mapaupHas pama, KOHCTPYKIHS y37a.

Kieenble nepeBsHHbIE KOHCTPYKIMHU 00J1aat0T PSIIOM IPEUMYILECTB TaKUX KaK: YBEINUEHHAs
HOMEHKJIaTypa MONEePEUHbIX CeUCHHH; MEHBIINK pa3dpoc B MOKa3aTeNsIX MEXaHHUeCKHX cBOMCTB. K
OJTHOMY M3 TaKUX BHIOB KJIEEHBIX ACPEBSHHBIX KOHCTPYKIMH 1 oTHocuTca LVL (laminated Veneer
Lumber) JlaMmuHupoBaHHbBIC MTHJIOMaTepUalIbl U3 IoHa. KOHCTPYKTHBHBIE (hOPMBI TPEX-IIAPHUPHBIX
paM LIMPOKO HCIOIB3YyEMBIX B CTPOHUTENILCTBE ¢ MpuMeHeHneM LVL Bkimo4aroT B ce0si pamel,
JKECTKOCTb 3aJelIKi KapHHU3HOTO Yy371a KOTOPBIX, OOECIeYMBAETCA BHJIOYHBIM COCIUHEHHUEM
pUTeIIst ¥ CTOMKH C TTOCIIEAYIONINM KpeIUIeHneM Ha 6onrax puc. la.

Ha 06a3ze Hay4HO-HMCCIIEIOBATENLCKOTO OTAENA 1O MOMCKY KOHCTPYKTHBHBIX PEIICHHH
00O «TpaHCHHXKOM» TpENIOKEHa Tpex-IIapHupHas pama u3 LVL ¢ KapHU3HBIM y3710M
IPE/ICTaBICHHBIM Ha pHUC. 10, B KOTOPOM, YCHJIMBAIOIIMI CTaJbHOM 3JIEMEHT 00ecrednBacT
nepepacnpeeeHue YacTy U3ru0aroIiero MOMeHTa ¢ IIpoJieTa PUresst B KApPHU3HBIN y3ell.

0)

Puc. 1. KapHu3HbIe y31bl TpeX-IIapHUPHBIX paMm:
a) MOBCEMECTHO PacIpOCTPaHEHHBIX; 0) HOBOW KOHCTPYKTUBHOW (hOPMBI

148



Hasecmua KIACY, 2014, Ne 4 (30) Cmpoumenstisie koticmpykuuy, 3datud u coopyketiud

B cnyuae y31a UMeroIIEero moBCEMECTHOE PaCIpOCTPAaHEHUE PACIIPEICICHUE HAMPSKCHUN
B KapHU3HOM Y3JI€ CBSI3aHO C €r0 KOHCTPYKIMEW U BUJIOYHBIM THIIOM COCAMHEHUS. [[aHHBIN TUI
COGIMHEHUSI TPUBOANT K TOMY, YTO HAIPSHKEHHS B CAMOM HArpy>XeHHOM CEYCHHUH KapHHU3HOTO
y371a BBIHYXJCHBI pacnpeiemisiTcsl B CEUCHUU MEHBILIUM 4YeM B Ipojere. JpyruM HeZOCTaTKOM
3TOTO y3Ja SBISETCS TO, YTO PACIONIOKCHHBIC IO KPYTy OONTHI KPEIUICHUS PUTENS K CTOMKE
HEOOXOIMMO CUUTATH I10 3apyOeIKHBIM METOIMKAM, BCIIE/ICTBHE OTCYTCTBUSI OTEUECTBEHHBIX.

[Ipennaraempiii BapHaHT KapHU3HOTO Y371a BKJIIOYAET CIEAYIONINE MEPONPHUATHS II0
BOCTIPUATHIO M3TUOAIOIIEro MOMeHTa. IlepBoe — HajmuuuMe CTaJIbHOTO — DJICMCHTA,
pacrojaraéMoro B HUIIE CTOMKM, HIXKHUH KOHEI] KOTOPOTo YIHpaeTcsl B € HIKHUM Topell, a
BEPXHHUH 3allleMIIIeT pHUrenb, oOecredrBas TeM CaMbIM BOCIPHUSTHE Y3JIOM PaCTITHBAIOIINX
HanpsoKeHW.  Bropoe —  cKUMarIIue — HANPsDKCHUS — BOCIIPUHHMAIOTCS — BPYOKOWM
KPUBOJIIMHEHHOTO odvepraHus. J[aHHOE KpUBOJIIMHEHHOE OdYepTaHWe BPYOKHM TIO3BOJISCT
MaKCHMaJlbHO VYBEIMYUTHh 30HY COKUMAIOIIMX HANpsHKeHWH, CHWKAas TEeM CaMbIM UX
WHTCHCHUBHOCTb. [Ipu 3TOM pacder 00IIero BeKTopa pacrupeaeacHusl KOHTAKTHBIX HaIpPsKCHUH
CMSTHS, HECYIIasi CIIOCOOHOCTh y3J1a KPUBOJIMHEHHOTO OUEPTAHUS YBEITUINBACTCS.

Wsyuenne cratmueckoil paboThl maHHOW pambel npomsBogmwiock Ha IIK Ansys B
reOMETPUUCSCKH M (U3UYECKU HEJTMHEHHOMN MOCTaHOBKE. YCIIOBUS KOHTAKTa MEX]Y CTATbHBIM
3JeMEHTOM ycuieHus U pureneM u3 LVL noapasyMmeBaioT nepenavy C:KUMarOIUX HAIPSLKEHUN
yepe3 HEMOCPEACTBCHHBIM KOHTAKT M 00pa3oBaHHME 3a30pOB, a TakKe TPEHHUE MEXIy
MMOBEPXHOCTSIMU CTaIBHOTO 3eMeHTa U purens u3 LVL mpunrsToro 0,35. Onmupanue pambl Ha
OMope U B KOHBKOBOM Y3JI€ IPUHATO MAapHUPHBIM. Mexanuueckue cBoiictBa LVL 3amaBanuce ¢
y4eToM (PU3MUECKO HETMHEHHOCTH U aHU30TPOITHH CBOMCTB.

Ha puc. 2 mpuBenmeH rpaduk pacrpeleneHnss CKUMAOMMUX W PacTATUBAIONINX
HaNpsOKEHUH 10 JUIMHE PHUTeNd, B Clydae, KOT/a CTAThbHON YCHJIMBAIOMINN JJIEMEHT HE MMEeT
MpeIBapUTEIbHOrO HaTshkeHHus. Ha puc. 3 mpuBeneH rpaduk pacrpeneicHus COKUMAIONINX H
pacCTITUBAIONINX HAIPSDKEHUI O IJIMHE pUTeNs, B Ciydae, KOTJa CTaJbHOW YCHIHBAIOLIHI
3JIEMEHT MMEET MPEBAPUTEIHHOE HATSKEHHE.

HanpameHuA Wa BepxHed 1 HixHel KpomRax
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Puc. 2. Pacnipesienenne HOpMaIbHBIX HANPsDKCHUH B BEpXHUX (UOpax M HIKHUX pudpax purens
B CJIy4ae OTCYTCTBHS IPEABAPUTEIHLHOIO HATSKEHUS B YCHIINBAIOIIEM 3JIEMEHTE

Ilepepacnpenenenue W3ruOaromEero MOMEHTAa B pWrelie  3aBUCHUT OT  YCHIIUSA
MIPEIBAPUTEIHHOTO HATHKEHHWS YCHIMBAIOIIETO CTaJbHOTO »dJieMeHTa. llpenBapurensHoe
HATSHKCHHWE B CTAIBHOM YCHJIMBAIOLIEM 3JIEMEHTE CO34aBajOCh IMyTeM MPHIOKEHUS TOJIBKO K
3TOMy 3JeMeHTy TemmepaTypHoro rpaamenta B A °C. OTpHLATeIbHBIA TeMIEpaTypHBIit
rpaguedT (YMEHBIIEHHE TEeMIIepaTypbl ¢ TEYEHHWEM BpPEMEHH) MPHUBOAWT K BO3HUKHOBEHHIO
YCHIINH TIpeBapUTENbHOTO HaTspkeHus. C yBeNmWYeHHeM IpaJueHTa BeJIMYrMHA HANpsSHKEHWHA B
OTOpHOH 30He yBennuuBaeTcs. Ha puc. 3 rpaduk cOOTBETCTBYET TeMIIEpaTypHOMY TPaJHEHTY B
52 °C cOOTBETCTBYIOIIMIA YCHITHIO TIPEIBAPHTEIBHOr0 HaTsnKeHmst N=15000 kr u nebopMarmsm
10 CTaJbHOMY JJIEMEHTY U JIEPEBSHHOW BpPyOKE COOTBETCTBEHHO 0.,=2,8 MM, 0,,=2,8 Mm. Ha
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puc. 4 OpeacTaBiIeHO paclpeesicHUe HANpPsDKEHUM B 3JIEMEHTAX paMbl C MPEABAPUTTEIbHBIM
HaIpsDKEHUEM, a Ha PUC. 5 TPEICTaBlieH rpaduK 3aBUCUMOCTH HANPSKCHUN B KAPHU3HOM y3J1¢
OT BENUYMHBI TPEIBAPUTEIHHOTO HATSDKEHHUS, KOTOPOE BBIPAXKAETCS B TeMIEpaTypHOM
rpagueHTe. AHaIM3UPYS ATOT TpadUK MOXKHO CAETaTh BBIBOJ, YTO 3aBUCUMOCTH HATPSHKEHUI
Ha OMOpe OT BEIMYMHBI IPEIBAPUTEIBLHOTO HATSDKCHUS SABIACTCS TUHCHHOM.

Hanpamennn Ha BepxHedi n HinKHel KpoMKaXx purens
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Puc. 3. Pacnpenenenne HOpMaJIbHBIX HANPSDKEHUH B BEpXHUX GUOpax v HIOKHUX (puOpax purems
IIPY HAJIMYWH NIPEABAPUTENLHOTO HATSHKEHHS B YCHIIMBAIOIIEM 3JIEMECHTE

P: Mainof 18x10frame1cut pretension Equivalent Stress

Normal Stress Type: Equivalent (von-Mises) Stress
Type: Normal Stress(X Axis) Unit: MPa

Unit: MPa Time: 5

girder 13102014 13:53

26.262 Max
24.074

Time: 5
13.10.2014 13:47
21.885

19.697

17.508

1532

13131

10543

8.7543

6.5698

43773

21888
0.00028974 Min

20.507 Max
13.254

-9.5461 Min

0)

Puc. 4. Pacnpez[eJIeHI/Ie Hal'[pSDKeHI/Iﬁ B DJICMCHTAX paMbl C MPCABAPUTCIIbHBIM HATAKCHUCM:
a) HOPMAaJIbHBIC HAIPSYKCHUS B PUTCIIC, 6) OKBUBAJICHTHBIC HANIPAKCHUA B PUTCIIC U CTOMKE

ZABMCHMOCTE MENTY BEARYUKBON NpegBapuTeAbHoTS
HETHAEHNN H HATPDERSHHAMM ME Onope
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Puc. 5. 3aBHUCHMOCTD HanpsKEHUH B KAPHU3HOM y3JI€ OT BEJIMIHMHBI IIPEIBAPUTEIBHOTO HATSDKCHUS
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3Has CeYeHUE pUrens W HaNpsHKEHUS Ha KpalHuUX (QuOpax MOXKHO OIpPEICIIUTh
W3rUOAONMii MOMEHT B JIAHHOM CCUYCHUM W YCTAaHOBUTH BEIIMYMHY M3THOAIOIIETO MOMEHTA
nepepactnpesenseMoro B KapHU3HBIA y3€l, HO MOXHO HCIIONb30BaTh, HEIMOCPEICTBEHHO,
pacnpeselieHue HalpsHKeHUH.

B cxeme ¢ mpeanpbHO KECTKMM Y3JIOM Ha OMOPE PACHpE/ISIICHUE YCHIIHHA MPOUCXOIUT
TaKUM 00pa3oM, UTO YCHIIME Ha OTIOpe MPEBBIMIAET yeuaue B mposete 1,777 pasa, T.e. 52,67 T%Mm
u -29,63 T*M COOTBETCTBEHHO. B ciydae NpEmIOKEHHOH paMbl C TpeaBAPUTEILHBIM
HATSDKCHUEM KapHU3HBIM y3en BocnpuHUMaeT 34 % OT BENUYMHBI IPOJETHOTO MOMEHTA
CJIETOBATEIbHO TaKOW y3€l MOXKHO CUHTATh IONYKECTKUM Mo Kiaccudukammu EBpokoj.
Uzrubaromuii MOMEHT B TIPOJIETE B TAKOM CIIy4ae COCTABJISCT MPH HANPSDKEHHSIX CKATHS O, =
-6,6 MIla u pactsixenus o= 6,6 Mlla:

M,, = 6.¥b*h*/6= 66+30%100*/6=3300000 kr*cM= 33 T#M,
Ha OIope:
My, =11,2 T#Mm.

AHanu3upys MOJIy9eHHBIC JaHHBIC MOXKHO 3aKJIFOUUTH CIIEAYIOIICE:

® Ipe/ITIOKECHHAS KOHCTPYKIHSL y3Jia MO3BOJISIET 00eCleunBaTh BOCIPUATHE KapHU3HBIM
y37I0M H3THOAfOIIero MOMEHTa B Tiporopu 1:3;

® IIPEITOKEHHBIH Y3 MOKHO KJIACCHU(HUITPOBATH KaK MOTYKECTKHMN;

® BeIMYMHY M3rHOaIoNero MOMEHTa IMepepaclpeefiieMOro B KapHU3HBIA y3€l MOKHO
PETYINPOBAThH MPEABAPUTENBHBIM HATSHKEHUEM yCHUIIMBAIOIIETO IIEMEHTA;

® 3aBHCHMOCTh MEXKJY BEJIMYMHON TepepacrpenesieMoro MOMEHTa U BEIMYHHON
MPEIBAPUTEIHHOTO HATSOKCHUS JIMHEIHHASL.
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Three-pin frame with reinforcing steel member

Resume

This paper describes finite element model studies (FEM) of a new three-pin LVL frame
with semi rigid eaves joint. There are many timber frames from engineered wood which have
dowel cornice joint. For instance there is a conventional joint where its bridle type of
connection between girder and column and dowels installed in circle pattern provide its rigidity
and make it able to transfer flexural forces from girder to the column. The disadvantage of this
type of joint is that because of its bridle type connection a cross-section of the girder and
column in the cornice joint area are reduced at 30 and 60 %. The joint offered by constructive
research department of the LTD «Transigcom» includes several findings. First is a curved bridle
joint, and the second is a reinforcing steel member in the column. Curved bridle joint provides
best transfer of the compressive forces and reinforce member provides transfer of the tensile
forces from girder to column in the eaves node of frame. Accordingly FEM studies there are
several peculiarities in the offered type of frame. These are: dependence between stress values
in the cornice joint (amount of bending moment in the node) and pretension value in the
reinforcing member of the column; classification of that type of joint as a semi-rigid.

Keywords: LVL, three-pin frame, bridle type joint.
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