Tabmnuna 4

Du3nKo-MeXaHUYCCKHIE CBOMCTBA NOJYYCHHBIX JIJAMUHHUPOBAHHBIX JPEBCCHO-CTPYIKCYHBIX IJIUT
3HayeHus MoKa3aTesei

IIpennaraemselii Bapuant | ba3oBblil BapuaHT

IlokazaTens KauecTBa

[Ipenen mpouHocTH pu cratuyeckoM usrude, Mlla 19,2 20,7
Pa3z0yxanue 3a 24 gaca, % 22,0 21,4
KucnotHelii TecT (110 NATHOAIUTLHOM HIKAJIE) 5 4
VY aenbHOE CONPOTUBIICHHE IPH HOPMAIBHOM OTPBIBE HOKPBITHS OT ILIACTH 08 06
0o0imIoBaHHbIX muT, MIla ’ ’
CTOMKOCTh HOKPBITHS K LIAPAMIAHHUIO, MKM 76 76
I'uaporepMuueckasi CTOHKOCTh 2 2
Coneprkanue cBobogHOr0 popManbaernaa B samuauposanHoi JACTII, mr/m3 0,008 0,02

AHanu3upys JaHHbIE MPEACTaBIeHHBIE B Ta0d. 3 MOXKHO CAENaTh BBIBOJ, YTO pa3pabOTaHHBIA BapHaHT
MOJU(HUKAIUY SBISIETCS 1IeIeCO00Pa3HBIM TSl CHIKEHUSI COIep KaHusT CBOOOIHOTO (popManbaeruia B JaMu-
HupoBanHoi JICTII, u npu 3ToM He yXy/lias OCHOBHbIE CBONCTBA TUIUT.
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Paccmompen sonpoc 06 yuacmuu 006a6ku cepbvl 8 yernyoneHuu npoyecca NoIUKOHOEHCayuu KapoamuoohopmanbiecuOH020 ces3yioue-
20. Hccnedosaro enusiue 00 000a6KU cepbl Ha NOMEPIO MACChL NPU 20PEHUU U B000NO02NOUJEHIE OMBEPICOEHHO20 CEA3VIOUE20.

Kapb6amunodopmanpaeruanoe cessyromiee (KOC) sBnsieTcs caMblM pacnpOCTPaHEHHBIM B MHPOBOMU
MPaKTUKE KIECBBIM MaTEpUAIOM I MPOHM3BOJCTBA JPEBECHO-TUIUTHBIX KOMITO3UTOB. OfHaKo 0e3 Momudu-
UPYIONNX 100aBOK Marepuaisl Ha ocHOBe KDC MMEIOT 3KCIUTyaTallMOHHBIE ITOKA3aTENH, ITO3BOJISIOLNIIE
AKCIUTyaTHPOBaTh UX TOJIBKO BHYTpH nomerieHus. [lnutaeie marepuans Ha KOC Takke MMEIOT MOBBIIICHHYIO
MOTEPIO MAcChl IIPU TOPEHUH, TO €CTh HU3KYIO OTHE3aIUIIEHHOCTD.

K ocHOBHBIM TpeOOBaHUAM, IPEABSABISAEMBIM K IUNIMTHBIM MaTepHraiam, MpeJHa3HaueHHbIM JJIs1 UCTIONb-
30BaHMS B CTPOUTEIBHBIX KOHCTPYKLHUSIX, OTHOCATCS NMPOYHOCTHBIE NOKA3aTeNd, CTOWKOCTh K BO3JACHCTBHIO
BOJIBI M BJIaTW, OTHE3AIUIIECHHOCTh U OMOCTOWKOCTE. [IpOYHOCTE MPU CTATUYECKOM H3THOE, CTOWKOCTB K BO3-
JIEHCTBHIO BOJBI M BJIard SBIIAIOTCS AKCIUTyaTal[MOHHBIM MOKa3aTeJeM, a OTHE3allUIIEHHOCTh OTHOCHUTCS
K IIPUOPHUTETHBIM IOKA3aTeISIM O€30IIaCHOCTH.

BaxHbM TpeOOBaHUEM NIPH M3TOTOBICHHU IUTHT CTPOHUTEIHHOTO HA3HAYCHUS C HEOOXOMUMBIMH JKC-
IUTyaTallMOHHBIMH XapaKTEePUCTUKAMU M CO CHUKEHHOM MOTepell Macchl MPU TOPEHUH SIBISETCS CO3JaHHE YC-
JIOBHH, IPH KOTOPBIX BHOCHMBIE T0OaBKU HE TOJIBKO HE OKA3bIBANM OBl OTPHUIATEIHHOTO BIIMSIHUS HA JKEJIaTH-
HU3AIMIO (OTBEP)KICHKE) CBA3YIONIETO, HO U OBUTH HEHTPATBHBIMH WM JaXKe CIIOCOOCTBOBAIIM 3TOMY IIpOIIec-
cy. CoBMecTHOE BBEICHHE B CTPY)KCUHYIO MAacCy CBS3YIOIIETO M MOAHMDUIMPYIOMIEH T00aBKH BO3MOYKHO
TOJIBKO MIPU UX COBMECTHMOCTH.

C TEeXHOMOTHYECKON TOUYKH 3PEHHUS HAWTYUIINM SIBISETCS CIIOCO0 YITydIIEHHUs SKCIUTyaTallMOHHBIX Xa-
PAKTEPUCTUK U CHIKEHHSI OTEPH MAcChl IUTUT NMPU TOPEHUH IyTeM co3JaHus 0osiee MpoYHoi 1 Ooee TepMo-
CTOMKON CTPYKTYPBI OTBEPKIEHHOTO CBS3YIOLIET0, a TaK)Ke YBEIIMYEHUE YHCIa XUMUYECKUX CBA3EH MEXIy
OTBEP>KACHHBIM CBS3YIONINM U THIPOKCHIIAMH IIEJUTIOIO3H IPEBECHBIX YACTHII.

[lepcneKTUBHBIM SBIISETCS BBEICHHE HA CTAIHU OCMOJICHHUS CTPYXKKH T00ABOK, 0OJaTarolINX KOM-
IJIEKCHBIM CBOMCTBOM YBEJIMYEHHsI OTHE3AIIMIICHHOCTH IUIUT, MOBBIMICHUS aJIre3uu KJIEeBOro marepuaia
K JPEBECHBIM YaCTUIIAM U YIIIyOJIeHH Ipoliecca CTPYyKTypooOpa3oBaHus MaTepraa.
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OmHUM W3 TaKUX MOIU(PHKATOPOB MPEAMONIONKHUTEIBHO sBisieTcst cepa. OONacTH MPUMEHEHUS Cephbl
JIOCTATOYHO LIUPOKHU (XMUMHUUYECKas MPOMBILUIEHHOCTh, CEJIbCKOE X03SCTBO, METUIIMHA), IPUYEM CIIEAYeT OT-
METHTb, YTO OHA HE SABJIAETCS NeHUITUTHON TOOABKOA.

Pacter xommuecTBO ceprl, TOOBIBAEMOM M3 HEAp 3eMIIH, U3 IPOMBIIIICHHBIX I'a30B, IPH OYHCTKE TOII-
nuBa. B mupe cefiuac yxxe mpomsoautcs Ha 10% cepsl Oombiie, yeM ucrnonbdyercs. Eif umryT HoBBle o0mactu
MIpUMEHEHMUS, MIPEATNONaraloT UCIOIb30BaTh B CTpoUTenbHOM nHAYycTpun. B Kanane yxe n3rotoBiieH cepHbIi
MICHOIIACT, KOTOPBIi OyJIeT MpUMEHEH B CTPOUTENLCTBE MIOCCEHHBIX JOPOT U IPH MPOKIaaKe TPYOOIIPOBOIOB
B YCIIOBHSIX BEYHOH Mep3noTel. B MoHpeane mocTpoeH OTHOITaKHBIN JJOM, COCTOSIINN U3 HEOOBIYHBIX OJI0-
koB (70% necka u 30% cepsl), IpUYEM MO MIPOYHOCTH U CTOMKOCTH OHU HE YCTYMAIOT [IEMEHTHBIM. [3].

CBoiicTBa cepsl Kak TepMEeTHKa, IPOIIUTOYHOTO U KIIESIIET0 MaTepHaia, 00YCIOBICHEI €€ CTPYKTYpHBI-
MU ocoOeHHOCTSIMH. [Ipy OOBIYHBIX YCIOBHSX Cepa HAXOMUTCS B TBEPAOM COCTOSHHH. Ee OTHOCUTENbHAs
TBEPAOCTD MO JeCcITUOAIUIBHOM 1IKae, IpeaoKeHHON HeMelkuM reosorom @. Moocowm, cocTtasiseT 1-2.

Kpucrammyeckas cTpyKTypa cepbl IpeAcTaBieHa IByMs aUIOTPONHBIMU (opMaMu: poMOMUYEcKoil U
MOHOKJIMHHOHM. PoMOmYeckas cepa — TUMOHHO-XKEITOTO I[BeTa, TWIOTHOCTRI0 2030-2090 Kr/M®, TeMIlepaTypa
rraBneHus 112,8 °C. MoHOKJIMHHUYECKasl cepa — METHO-KPACHOTO IBETA, IIOTHOCTHIO 1960—1990 KI/M® , TEM-
neparypa tiasnenus 119,3 °C. O6e dhopMmbl cepbl 00pa30BaHbl BOCBMUYICHHBIMU TUKIMYECKUMH MOJICKYJIa-
mu. [lepexon u3 ogHO#M GOPMBI B APYTYIO SIBIAETCS IK30TEPMUYCCKUM. [IpH pe3koM OXTa)KIeHUH pacIliaBa
cepa MepeXxoauT B TIOJIMMEPHYIO Gopmy [5].

MortekynsipHOE CTpOSHHE Cepbl PEe3KO MEHseTcs B mHTepBaie Temreparyp 155-160 °C, BMecTo BOCHMHU-
ATOMHBIX KOJIELl MOSIBJIAIOTCS OTKPBITBIE LIETH, KOTOpbIe MpH JdalbHenIIeM yBennueHnn temmnepatypsl 1o 200 °C
pacraiaroTcs Ha OTIEIBHBIC 3BeHBsL. [IpH CHIDKEHIN TEMIIepaTyphI POIIECC MMOBTOPSIETCS B 00PATHOM TIOPSIITKE.

Bo3MoXHOCTE ydacTusi cepbl B 00Opa3OBaHHM IIONHUMEPHBIX CTPYKTYP OTBEP)KIAEMOTO CBS3YIOIIETO
o0ycroBiieHa BBICOKOU dHepruen cBa3u mexay aromamu C—S, N-S; ona conoctaBuma ¢ sHeprueit cszu C—N
B OCHOBHOM IIETIH OTBEP>KJICHHOTO CBS3YIOIIETo, TO €CTh cocTaBisieT okoio 280 k{x/momb [4].

OTO JaeT BO3MOKHOCTh BBIIBHHYTH MPEIIIONIOKEHNE 00 YIACTHSI CEPhl B CO3JAaHNUM CBSI3EH MEXIy THI-
POKCHJIaMH LIEJUTION03bI U OTBEP)KIAEMbBIM CBSI3YIOILIUM.

BreiBunyTas B pabote rTunoTe3a 00 ydacTHH TOOABKU CEphbl B CO3AHHUU CBS3EH MEKTY THAPOKCHIAMU
IEJUTIONO3BI U OTBEPIKIAEMBIM CBS3YIOIIUM TPEOYeT 3KCIIEPUMEHTAIBHOTO TIOITBEP K ICHHS.

DKCIepUMEHTAIBHOE MOATBEPKICHHUE yUacTrst 100aBKu cepbl B nmosmmepusanuu KOC Ob110 momydeHo
B XOJI€ UCCIIeZI0BaHus, MpoBoauMOro Ha kadeape MTJI KI'TY.

Jlis vccneoBaHus BIUSHAS TOOABKU CEphl HA mpoliecc momukoHaeHcanun KOC Obu1 mpoBeeH dKere-
PUMEHT AJIs OLIPENEIICHUS BOJO- U TEPMOCTONKOCTH OTBEPKIACHHOI'O CBA3YIOLIETO.

O0pa31s! kKapdamMuIoPopMaIbICTHIHOTO CBA3YIOIIEro OTBep K aauch mpu temmeparype 100 °C u 170 °C.
Haunmenbinas temreparypa B peanbHBIX ycIoBuUsX mpoiiecca npeccoBanust JJCtIl cooTBeTcTBYET TeMiiepaType
B IICHTPE IPEBECHO-CTPYKECUHOTO OpuKeTa, HauOONbIIasl — TeMIlepaType Ha IOBEPXHOCTH Opukera. Takum
o0pa3oM, OBLIH HCCIIeIOBaHbl BOJIO- U TEPMOCTOMKOCTD CBS3YIOIIET0, OTBEPKACHHOTO B Pa3HBIX TeMIIEpaTyp-
HBIX YCIIOBUSX.

W3MeHeHnss Macchl 0o0OpasIoB OT-
BEP)KACHHOTO CBS3YIOLIETo IOCe Mpe-
ObIBaHMA B BOJE B TEUCHHE JBYX HacOB

Tabnumna 1
H3MeHeHne MacChl OTBEPIKICHHOTO CBS3YIOIIETO
rocJie mpeObIBaHMS B BOJIC

W3menenune maccel, Am, %

npezacraBieHsl B Tabi. 1. [Toreps macchr

Temnepatypa orBepxeHus, °C
00pasIoB, OTBEPKICHHBIX TPH TeMITEpa-

0e3 1o0aBku cepbl | c 100aBKOil cephl

type 100 °C u 170 °C, npu TepMUIECKOM 100 8,73 7,60
BO3JICHCTBUU MpEJICTaBIcHa B Ta0I. 2, 3. 170 37.31 34,78
Y 00pa3ioB OTBEPkKIESHHOTO CBSI- Tabmuma 2

3ytomiero mnpu temneparype 100 °C ne

[Motepst Macchl P TEPMUYECKOM BO3JCHCTBHU 00Pa3IOB
BBISIBJICHO IIOJIOXKUTEIBHOTO  BJIMSHUA

CBSI3YIOIIET0, OTBEP:KIeHHBIX ipu Temmepatype 100 °C

I00aBKU Cepbl HA TEPMOCTOMKOCTE. [lst Toreps waccer, %

CBASYIOLICTO OTBCPIKICHHOIO IpPH TEM- Temneparypa uentbiraius, °C 0e3 100aBKHU cepbl | ¢ 100aBKOM cepbl
neparype 170 °C TepMOCTOHKOCTB C 10- 100 4.65 6.06
0aBKOH cepbl BBIIIE TIPU JIFOOOH Temrie- 150 9,71 6.85
paTtype Harpesa. 1200 18,67 23,23

OTO MO3BOJISIET CHENaTh BBIBOJ
0 TOM, 4TO J00aBKa CEphI IIPU TEMIIEPA- Tabauua 3

Type otBepxkieHus 105° He okasbIBaeT
MOJIOKUTENBHOTO BIUsiHUSA. [lo-BHIUMO-
My, TEMIIEpaTypsl OTBEP)KIACHHS HEIOoC-

[Motepst Macchl P TEPMUYESCKOM BO3JCHCTBHU 00Pa3IOB
CBSI3YIOIIET0, OTBEPIKIEHHBIX Ipu Temmepatype 170 °C

IToreps maccol, %

Temneparypa ucnsitanus, °C 5 5 5 v
TATOYHO, YTOOBI MCXOHBIH BOCHMHUTPAH- 5 =0 43163?4 cepet | € A0 a;‘gé” CCpeI
HUK MOJIEKYJIBI CEphI PAcTafajics Ha 3Be- 50 550 503
Hb, CINOCOOHBIX K TIOMMMEPH3ALHH 1200 2026 2027

U CO3/1aHUIO YIIPOUHEHHBIX CBSI3EH.
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[Tockonbky moTeps Macchl NPU TOPEHHH OOPa3LOB OTBEP)KACHHOTO CBS3YIOMIETO C J100aBKOW Cepsl
ymenbmmiacek, JACtII, momudumpoBanable 100aBKO# cepbl, OYIyT UMETh MOHIKCHHYIO MOTEPI0 MACCHI MPU
TOPEHUH.

Boa0cTOWKOCTh OTBEpPKIIEHHOTO CBSI3YIOIIECTO MEHBIIE MPHU JIFO00H TeMIiepaTtype OTBEPKIACHHA. ITO
JIOKa3bIBaET, 4TO T00aBKa Cephl OJIOKUPYET HOCUTENIH TUAPOPIIHHBIX CBOMCTB B OTBEPIKJICHHOM CBS3YIOIIEM
— metunonbhbie Tpymmbl (—CH,OH), TakuMm 006pa3oM CHUKasi BOJOIOTIIOIICHHE CBSI3YIOIIETO.

[IpoBeneHHbIE YKCIIEPUMEHTAIBHBIC HCCIEIOBAHU Ha MabIX o0pasnax otBepxkaeHHoro KOC ¢ moau-
¢bunmpyromeii 1o6aBkol cepbl (M KOHTPOJIBHBIX — 0e3 J00aBKM) MOATBEP)KIAIOT TEOPETHUECKHE UCCIE0Ba-
HUS TIpOLIeCCca CTPYKTYpOOOpa3oBaHUsI CBS3YIOIIEro M BBIBOA 00 yriayOnenuu noiukoHzaeHcarmu KOC mpu
J00aBKe Cephl.
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Bpa6ome ucczzedyemc;z BO3MOICHOCMb YIIYHULEHUS KadeCcmea CKIeu6arus dpegecnbzx KOHCmpyKL{Mﬂ cmpoumenbHo20 HA3HAYeHUsl.

Bonding of wood today is one of the most important joining techniques in timber construction and al-
lows constructions to be built that would otherwise only be feasible with stronger materials such as steel or
reinforced concrete. In times of limited natural resources, wood, as a renewable resource, is becoming more
and more important for constructors, architects and engineers, due to its material specific advantages, such as
its high strength to density ratio along with its positive eco-balance.

Since the evolutional development of wood does not _t engineering demands in all cases, solutions must
be found to optimize the material for civil engineering. The invention of glulam by Otto Hetzer in 1906 was a
milestone for structural wood construction. Due to bonding, it was possible to improve the properties of the
material signi_cantly by grading and removing defects to apply the strength properties to full capacity.

Apart from wood, the adhesive is the second integral component. During Hetzer's time, one relied on
high class casein adhesives made from acid milk casein, which was added with calcium compounds. This bio-
logical adhesive is interesting from an ecological view, however it is not resistant against moisture and there-
fore not capable of resisting delamination loads. Synthetic resins, such as phenol-resorcinol-formaldehyde
(PRF) and melamine-urea-formaldehyde (MUF), which furthermore can be cost-e_ciently produced from pe-
trochemical raw materials, quickly replaced biological adhesives and are currently the most used adhesives for
the bonding of timber.

In the late 1980's, a new type of reactive adhesives based on polyurethane was developed and intro-
duced on the local market. The polymerization of polyurethanes goes back to developments made by Otto
Bayer in 1937. By using polyurethane as an one-component adhesive, isocyanateterminated polyurethane-
prepolymers react with water from the substrate or the surrounding air humidity. Thus the system is complete-
ly di_erent to water-based polycondensation adhesives

such as urea-, melamine- or phenol-resin in that they include water as a solvent and use an additive har-
dening component for curing at room temperature.

Even though one-component polyurethane (1C PUR) exhibits favorable characteristics, such as its duc-
tile material behavior or its modi_ability in terms of reactivity and viscosity, de_cits existed regarding its
thermal stability in comparison with PRF or MUF. In the past, the resistance of 1C PUR in a re situation has
been doubted. As a result, research facilities, standardization organizations and the industry have strived to-
wards developing new standards and test methods.

140



