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AHOTAIIA
Hoeseopoouenxo A. FO. Po3paxyHKOBHI METOI TIABUIIIEHOT TOYHOCTI JJIsl OIIHKH
MEX1 BOTHECTIMKOCTI JIepeB’sIHUX OaJlOK 3 BOTHE3aXHMCHHUM OOJHUIIOBAHHSIM. —
KBamidikamiitHa HaykoBa mpalis Ha IpaBax PyKOIHCY.
Hucepraitiss Ha 3700yTTS HAyKOBOro CTymneHs JokTopa ¢utocodii 3a
cneriaybHIcTIO 261 «[lokexkHa Oe3neka». — UepKkachbKuil IHCTUTYT IOXKEKHOI OE3MEeKH

imeni ['epoiB Yopuoounsa HY L3 Ykpainu, Yepkacu, 2020.

AkTyajabHicTb. OCTaHHIM YacoM Bce OUIBII IIUPOKOTO TOUIMPEHHS B
OyZIBHUIITBI HaOyBalOTh KJIEE€H] AEPEB’sIHI KOHCTPYKIIii, JeTall 3 I€PEBUHU Y BHUIJISAIL
OaJIOK TPSIMOKYTHOTO W TaBpPOBOI'O TEPETHHY, MPOTOHIB, €JIEMEHTIB ¢depM 1 apok.
[Ipore, nmani pgepeB’siHI KOHCTPYKLII KIACHU(IKYyIOTh SK MaTreplaiad MiJBHUIIEHOT
TOPIOYOCTI, JIETKO3alMHUCTI, 3 BUCOKOIO JIMMOYTBOPIOBAIBHOIO 3ATHICTIO, SIKI 3HAYHO
MOIIHUPIOIOTh TOJIYM’sl MOBEPXHEI0. 3BaKAIOYM HAa CHATUMICTh TaKUX KOHCTPYKIIH,
3ITUIIAETHCS AKTyaJIbHAM THTAHHS TapaHTYBaHHS X HOPMOBAaHOI BOTHECTIHKOCTI, SIK
CKJIQJJHUKAa KOMILJIEKCHOTO 3a0€3MEeUEHHS MOXKEKHOI Oe3MeKu 00’€KTIiB Oy/IIBHUIITBA.
EdexktuBHUM 3aco00M  3a0e3MeyeHHs] MPOEKTHOI BOTHECTIMKOCTI  JI€pEeB’STHUX
KOHCTPYKIIIH CIIyry€e 3aCTOCYBaHHS BOTHE3aXHMCHOTO oOJuitoBaHHs. [lepcrnekTuBHUM
MaTepiajioM JJISI BOTHE3aXUCHOTO oOJuIfoBaHHsS € BorHecTikil miutu OSB. Tomy, ms
3a0€3MEeUYEeHHs] HOPMOBAHOI MEX1 BOTHECTIMKOCTI Takoi I[IMPOKO MOIIMPEHOT
OyaiBenbHOT KOHCTPYKIli, SK JcepeB’ssHa Oajika, BHUKOPHCTAHO BOTHE3aXHCHE
OOJMITFOBAaHHS Ha OCHOB1 OPiEHTOBHO-CTPYX)KOBUX muT OSB.

Inesn poGoTu monsirac y po3B’s3aHHI aKTyaJIbHOT HAyKOBO-TEXHIYHOI 3ajaul —
MIJBUIIEHHS TOYHOCTI PO3PaXyHKOBOTO METOAY OIlIHKM MeEXi BOTHECTIMKOCTI
JiepeB’sHUX 0aJIOK 3 BOTHE3aXUCHUM OOJIMIIOBaHHAM, 30kpemMa OSB mutamu, 3a1eXHO
BiJl 3aKOHOMIPHOCTEH 3MIHU TE€OMETPHYHUX IMapaMeTpiB 30HU OOBYIJIIOBAaHHSI Ta 3
BpaxyBaHHSIM BIUIMBY CTAaHIAPTHOTO TEMIIEPATYPHOTO PEKUMY MOKEXKi. Ik HAyKOBOTO
HIAIPYHTS JUTsl TOMOBHEHHS 70 HOPMAaTHBHO-TIPABOBOI 0a3u, IMOJ0 BH3HAYCHHS MEXI

BOTHECTIMKOCTI JIepeB’THUX 0ajI0OK 13 BOrHE3aXUCHUM oOJuIfoBaHHAM rmitamu OSB.
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O06’eKkT podOTH — METOIHM PO3PAXYHKOBOI OI[IHKM BOTHECTIMKOCTI JEPEB’ STHUX
OaJIOK 3 BOTHE3aXWCHUM OOJIMITFOBAHHSM BOTHETpUBKUMH untamu OSB.

IIpeaMer po6OTH € BIUIMB KOHCTPYKTUBHHUX IapaMETPiB BOTHE3aXMCHOTO
OONUITIOBAaHHS Ha pe3ylbTaTH PO3PAXYHKOBOI OINIHKH BOTHECTIHKOCTI JEpEB’STHUX
0aJIOK B yMOBax TEIJIOBOI /i1 BUCOKHX TeMIIEpaTyp ITiJT 4ac MOKEXKI.

Mera podOTH — PO3KPUTTS 3aKOHOMIPHOCTEM TIPOTpiBaHHS TEpepi3iB
JepeB’sSTHUX OaioK 13 BOTHE3aXHMCHUM oOJuITtoBaHHAM tumtamu OSB, a Takox 3miHU
r€OMETPUYHUX TapameTpiB, iXHbOI 30HU OOBYIJIIOBAaHHS B YMOBAaX CTaHAApTHOTO
TEMIEPATYPHOTO PEXUMY TIOXKEXl, 10 € OCHOBOIO /s  YyJOCKOHAJICHHS
PO3PaXyHKOBOT'O METOJY M1JBUIIIEHOI TOYHOCTI JUIsl OIIIHKH 1X MEK1 BOTHECTIHKOCTI.

JIJis TOCSATHEHHSA MOCTABJIECHHUX Lijieil, cPopMyIbOBAHO TAKi 3aBJAHHS:

—  po3poOMTH METOAWKY eKCIEPHUMCHTAIBHUX BOTHEBUX  JOCIIKCHb,
BIJIMOBIJTHO SIKOI TMPOBECTH BUMPOOYBAHHS HAa BOTHECTIMKICTH JEpeB’SHUX OaloK 3
BOTHE3aXMCHUM OOJMIIOBaHHAM 13 mmmTamu OSB B ymoBax BIUIMBY Jii BHCOKHX
TEeMIIepaTyp MiJ Yac MOXKEXI1, BIATOBIAHO JO CTAaHAAPTHOTO TEMIIEPATYPHOIO PEXKUMY;

— MIPOAHaJ3yBaTH OTPUMAaH1 Pe3yJIbTaTh 3MIHU T€OMETPUUYHUX TTapaMeTPiB 30HU
OOBYTUIFOBAHHS JOCHIKYBaHOI JIepeB’sSTHO1 OajdKyd 3 BOTHE3aXHUCHUM OOJHITIOBAHHSIM,
3QJICKHO BiJ 4acy il €KCIIOHYBaHHS, BIJAIMOBIIHO 1O CTAaHJAAPTHOTO TEMIIEpPaTypHOTO
pexXUMY;

— PO3POOUTH METOIUKY MAaTEeMATHYHOTO OMHUCAHHS T€OMETPUYHOI (DOPMU 30HU
OOBYTJIIOBaHHS B Iepepi3i JepeB’sHOi OalKu 3 BOTHE3aXHCHHUM OOJIMITFOBAHHSM 3
mmTamu OSB, nuisixom HaOJIMKEHHSIM JIIHIA KOHTYpIB 1€ 30HU 3a TIOMOMOTOO JIIHIH
bez’e;

— Ha OCHOBI PO3pOOJICHOTO MAaTeMaTHYHOTO OIHMCAHHS 30HW OOBYTJIFOBaHHS,
pPO3pOOUTH 1 TOCHIIUTH €(DEKTUBHICTH 3aIIPOIIOHOBAHOTO YTOUHEHOI'O PO3PAXYHKOBOIO
METOJYy OIIIHKA MEXI BOTHECTIHKOCTI JepeB’sTHUX OaloK 3 BOTHE3aXHCHUM
oOymrrroBanns 3 mmramu OSB.

HaykoBa HOBHM3Ha aucepTamii mojisarac y pO3KPUTTI 3aKOHOMIPHOCTEH, IO
BCTAHOBITIOIOTH 3QJICKHICTh KOH(DIrypailii 30HU OOBYTIIFOBAHHS JEPEB’STHUX OAJIOK Bif

KOHCTPYKTUBHUX TMapaMeTpPIB IXHbOIO BOTHE3aXHCHOTO OOJIMLIOBAHHA B YMOBax
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BIUTUBY CTaHJAPTHOTO TEMIIEPATYPHOTO PEKUMY TOXKEXKIi, SK HAYKOBOTO MMATPYHTS
yIIOCKOHAJIEHHSI PO3paxyHKOBOI OIIIHKHU iX BorHecTiikocTi. [Ipu nupomy Bhepiue:

— 3alpOINOHOBAHO OINMCAHHS TEOMETPUYHOI 30HU OOBYTJIIOBAHHS B TEpepisi
nepeB’siHOT Oanku mpu HaOmkeHH1 i1 koH]irypamii 3a gomomororo JiHiM bes’e 3
I’ SIThMa OMIOPHUMHU TOYKAMU ;

— BUSABJICHO 3aKOHOMIPHICTH IOJIOKEHHSI OIMOPHUX TOYOK ISl MOOYAOBH JiHIN
be3’e, mo HaAOMMKYIOTh KOHTYpHU 30HU OOBYTJIFOBAHHS, 3aJIC)KHO BiJl y3arajibHEHOTO
napaMeTpy reoMeTpii mepepidy y BUIJISIAI PErpeciiiHol MOJIIHOMIaIbHOI 3ajIeKHOCTI:
rlye = 0.979 + 0.064p + 3.6p? — 32.339p° + 59.242p* — 41.82p° + 10.273p5, 3
ypaxyBaHHSM BUSBJIICHHX 3aKOHOMIPHOCTECH BIUIMBY KOHCTPYKTHBHHX ITapaMeTpiB
BOTHE3aXMCHOTO OOJIMIIIOBAHHS,

— 3alpONOHOBAHO AJTOPUTM BH3HAYCHHS Koe(QIli€HTa 3HUKEHHS MIIHOCTI
JIEPEBUHHU I1]1 YaC MOXKEXK1 Ta pO3PaXyHKOBOI OIIHKK BOTHECTIHKOCTI JIepeB’sTHOT OaJIKu
Ha HOT'0 OCHOBI,

— Ha0yJIO MOJANBIIIOTO PO3BUTKY 3aCTOCYBAaHHS METOIIB PO3PAXyHKOBOT OIlIHKH
BOTHECTIMKOCTI JepeB’sTHUX OaJlOK 3 BOTHE3aXMCHUM OOJIMIIOBaHHSM Ha ocHOBI OSB
TUTHT;

— YIOCKOHAJEHO HayKOBO-METOJIUYHY 0a3y 3a0e3nedyeHHs HOPMOBaHO1
BOTHECTIMKOCTI JepeB’THUX OaJI0K 3 BOTHE3aXUCHUM OOJIUITIOBAHHSIM.

IIpakTHyHe 3HA4YeHHS] OTPMMAHMX Pe3yJbTATIB TOJATaE y po3pooii
PO3PaXyHKOBOT'O METOJY ITIJIBHUINCHOT TOYHOCTI JJIS OIIIHKM MEX1 BOTHECTIMKOCTI
JepeB’sHUX OalloK 3 BOTHE3aXMCHUM OOJUIIOBaHHSIM Ha ocHOBI OSB miut 3a yMoB
BIJTUBY CTaHIAPTHOTO TEMIIEPATYPHOTO BIUIMBY MOXeXi. J[aHWA METOm T03BOJISE
CIIPOTHO3YBaTH TOYHY T'€OMETPUYHY KOHPIryparli reoMerpii He OOBYIJIEHOT YaCTUHU
nepepizy Oalkv Ta BU3HAYUTU 1ii pealbHy HECydy 3JaTHICTh 3 BUKOPHCTAHHIM
peabHUX TEOMETPUYHHMX XapaKTePUCTUK HE OOBYIJICHOI YaCTHMHU mMepepizy OajKu.
BiamoBigHO 1IBOr0 MOXKHA OILIIHUTH HAJICKHICTh JEPEB’SHUX OAJIOK, 3 BiAMOBIIHUMH
KOHCTPYKTUBHUMHU IapaMeTpamMu BOTHE3aXHMCHOro oOiuuioBaHHs miutamu OSB, no
KJIaCy BOTHECTIMKOCTI 3TITHO 13 BCTAaHOBJICHUMH BUMOTaMH. MeETON pO3paxyHKy

HECy4oi 3JIaTHOCTI JIepeB’sIHUX OaJIOK 3 BOTHE3aXMCHUM OOJMI[IOBAHHSM Ha OCHOBI



5)
wmt OSB Moxe OyTH BHUKOPUCTAHWM AJii YAOCKOHAJEHHS 1 JOMOBHEHHS 1CHYIOYOi
HOPMATHBHO-TIPABOBO1 0a3u YKpaiHu.

VY nuceprarii, 3a JONOMOIOI aHAMITHYHOIO METOAY, MPOaHATI30BaHO
CTaTUCTHKY TOKEX 1 HOPMATUBHO-TIPABOBI BUMOTH CTOCOBHO JIEPEB’ STHUX KOHCTPYKIIiH
y OymiBHuNTBI. [lpy JociijpkeHHI Ha BOTHECTIMKICTH JEepeB’sHOI Oanku 0e3
BOTHE3aXUCTY Ta 3 BOTHE3aXUCHUM OOJUIIOBaHHS, 3aCTOCOBYBABCS
eKCIepUMeHTalbHU  MeToZ. CTOCOBHO  JOCHIKEHHS 3MIHM  TeMIlepaTypHHX
pPO3IOJIIIIB BCEPEIUHI 3pa3KiB JIepeB’stHOT OalKd Ta BCTAHOBJICHHS IlapaMeTpiB
TJIMOMHU OOBYTIIIOBAHHS, BUKOPHUCTOBYBAIUCS TaOIM4HI 1 TETIO(I3UYHI JOCITIKEHHS,
AKi OyJIO BIATBOPEHO 32 JOMOMOIOI MaTeMaTUYHOro MojentoBaHHA. IIpu po3poOin
PO3PaxyHKOBOI'O  METOJAY OLIHKKM HECy4ol 3JaTHOCTI JEepeB’sHOl Oajku 3
BOTHE3aXMCHUM OOJIMITIOBAHHAM, 3aCTOCOBYBAIMCS CTaHAAPTHI METOJIU PO3PaxXyHKy
MEX1 BOTHECTIMKOCTI. | BHBUEHHS aJIeKBAaTHOCTI ¥ JOCTOBIPHOCTI OTPUMAHUX
pe3ynbTaTiB 3aCTOCOBYBAIKCS METOJIM MaTEMAaTUYHOTO ONMMCAHHS 1 CTATUCTUKH.

Y mnepmomy po3aiii mpoaHami30BaHO CTATUCTHKY TMOXKEX 1 BUSIBICHO, IO
HaWOUIBIIY 3arpo3y MIBUJKOMY IOIIMPEHHIO BOTHIO Ta 3POCTAHHIO KIJIBKOCTI >KEPTB
YHaCJIIIOK MOXEX1 CTAHOBJATH OY/IBJIl 3 BUKOPUCTAHHSIM HE3aXHILEHUX JIEPEB’ IHUX
KOHCTPYKIH. Oryisii HOPMAaTUBHUX JOKYMEHTIB Ta HAYKOBHUX JIOCHIJIKEHb JOBOJUTb,
o0 Majo NPUAUIEHO YBard TaKUM METOJIaM BOTHE3aXHUCTy, SK BOTHE3aXUCHE
oOsuitoBaHHs. ToMy OCHOBHA iies PO3AUTY MOJISITaE B JOCHIIKEHHI HOBUX 3aC001B 1
Croco0iB BOTHE3aXMCHOTO OOJUITIOBaHHS. BpaxoByroun TeXHIYHI XapaKTEPUCTHKH,
JIETKICTh BUKOHAHHSI MOHTQXXHO-TEXHIYHUX POOIT Ta JOCTaTHIO TOBIIUHY IS
MEPEIIKOKAHHS TONyM’ sl 10 JEpPEeB’SIHUX €JIEMEHTIB JE€PEBHO-CTPYKKOBUX TLTUTH
OSB-3, MOXyTh BUKOHYBAaTH pOJb BOTHE3aXMCHOTO OOJIMIIFOBAHHS JIEPEB’STHUX
KOHCTPYKIIH.

Y npyromy po3aiii, BiAMOBIIHO po3po0JIeHOT METOAMKN €KCIIEPUMEHTATbHUX
JOCITIJIKEHB, 13 JOTPUMAHHSM yCiX HOPMAaTHBHHUX BUMOT, MPOBEIACHO HATYPHI BOTHEBI
BUNPOOYBaHHS Ha 0a3l UYepkachbKOro I1HCTUTYTY MOXKEXKHOI Oe3neku M. ['epois
Yopuoouns HYI3 Ykpainu. ExcniepuMmeHTanbHi JOCTIKEHHS peai3oBaHO B KaMmepi

yCTaHOBKHM (Te4l) 3 yCIM JOJATKOBUM OOJIQIHAHHSM JIJIsi PEryJiloBaHHS M Tmojaadi
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TEMIEPATypU, PEECTpalii TEMIEPATypHUX MOKA3HUKIB, BIAMOBIAHO O CTaHIAPTHOTO
TeMmneparypHoro pexumy mnpotsrom 15, 30, 60 xB. Takox po3poOJIEHO METOIUKY
BUTOTOBJICHHS 3pa3KiB-(PparMeHTIB JepeB’sSHUX O0ajoK, 13 BUKOPHUCTAHHSIM CKJICEHHX
dbparMeHTiB COCHOBOTO OpYyCy, IO CKPITUTIOBAIKCS 3 JACPEB’STHOIO (haHEPOIO IBSIXaMH.
Jns  BOTHE3axXMCHOT'O  OOJIMIIOBaHHS — 3pa3KiB-()parMEHTIB  JIepeB’stHOI  Oajku
3actocoByBaucs mautd OSB-3 B oauH 1 NONBIMHMI 1map, MO KpINAJIUCS 3a
JIOTIOMOTOI0 TITYPYIB 0 naepeBy. [licis 3akiHYeHHS €KCTIEPUMEHTY BHUKOHAHO OTJIST
3pa3kiB-(hparMeHTiB Ta 0(OPMIICHO Pe3yJIbTaTH BUIIPOOYBaHHS.

Tpertiii po3ain npucBsyeHo BizyalbHOMY ¥ rpadiqHOMY aHali3y e(eKTUBHOCTI
BOTHE3aXMCHOTO OOJuIoBaHHS Ha ocHOBl OSB muT. BianmoBigHO 10 OTpUMAaHHUX
TEMIIEpaTypHUX PO3MOJILIIB, 3a JOMOMOTOI0 MOJIEIIOBAHHS 30HM OOBYTJIIOBAaHHS 3
BUKOPHCTAaHHSAM KpUBHX be3’e, merambHO 300pakeHO MpOoIlec OOBYTIIIOBAHHS 3pa3KiB-
dbparmMeHTiB JiepeB’siHOT Oaky 0e3 BOrHE3aXUCTY Ta 3 BOTHE3aXUCHUM OOJIMIIOBAHHSIM.
BcranoBneHo 3ai1eXHOCTI O1YHMX 1 TOPLEBUX TOBUIMHU, IIBUIKOCTEH OOBYTIIOBAHHS
JTOCIIKYBaHUX JIepeB’SHUX OalloK, B 3aJIEKHOCTI Bijl 4acy €KCIIOHYBAaHHS, BIJIMOBIIHO
JI0 CTaHJIAPTHOTO TEMIIEPATYPHOTO PEXKUMY IMOXKEXKI, [0 Ma€ TaKUH BUTIALY 3
BinnoBigHMME Koediniearamu perpecii: d(t) = by + byt +bst? + byt3.

Y derBeproMy po3aiii aucepraiii, s BHU3HAYCHHS TEMIIEPATypHUX
pO3MOAUIIB B MPSIMOKYTHOMY Tiepepi3i Oalku 3 MacuBY JIEPEBUHU 13 IIIapOM
BOTHE3axMCHOro o6muutoBaHHs mmtamu OSB, mig yac 3acTocyBaHHS HPUHHATOL
MaTeMaTHIHOI MOJIEl TEIUIONPOBIIHOCTI, BUKOPUCTAHUN METOJ KIHIICBUX PI3HHUIIb.
3rilHO 3 BU3HAUYEHHUX MApAMETPIB PErpeciiHUX 3aleKHOCTEH PO3MOALTY MapaMeTpy
rly.=f(y./h) nepep’sHux Gaynok, MOOYJO0BaHO KOHTYpH OOBYIJICHOI 30HHM, 3a JOIIOMOT'OI0
HaOmmKkeHHd JiHIAMH bes’e  13otrepm 3  kputuuHOKO Temreparyporo 200 °C.
AHaNITUYHUHN OMHUC JHIA KOHTYpPY OOBYIJIEHOI 30HU J103BOJIIE OTPUMATH F€OMETPUYHI
XapaKTEPUCTUKN TEPEepi3iB 3aIMINCHOI IIJI0I YaCTHUHH JEpeB’STHUX OaloK pi3HOi
TeOMETPUYHOI KOHPITyparlii, 3 pi3HOI TOBIIMHOI BOTHE3aXHUCHOTO OOJIHUITIOBAHHS, IO
MO>KHA BUKOPHUCTATH JIJISl PO3PAXYHKY MIITHOCTI BIAMOBIIHUX JAEPEB’IHUX OaJOK.

Y m’aroMy po3aiji 3aCTOCOBAaHO MaTEeMaTUYHUN anapar 3 BUKOPHUCTaHHSIM

CITPOIIIEHOTO PO3PaXyHKOBOTO METOJly, BU3HAUEHO HECydy 3AaTHICTh JOCIIIKYBaHUX
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JepeB’sSTHuX Oayiok 0e3 BOTHE3aXWCTY Ta 3 BOTHE3aXWCHUM OOJUITIOBAHHSM HAa OCHOBI
T OSB 115 pi3HOT TPUBAIOCTI BIUIMBY CTAHIAPTHOTO TEMIIEPATYPHOTO PEKUMY
noxkexi. Ha migcraBl oTpuMaHuX JaHWX, BU3HAYCHO IXHIO BOTHECTIMKICTH JJISL PIBHS
HaBaHTaXX€HHS 3 KoedimieHTOM HaBaHTaxeHHs & = 0.5. BuszHaueHa perpeciiiHa
3QJICKHICTh MEXKI BOTHECTIMKOCTI 3a TPAaHMYHHMM CTaHOM BTpPaTH HECY4Oi 3/IaTHOCTI
JepeB’ssHuX 0ajoK 3 BOTHE3aXMCHUM oOnuioBaHHsIM TumtamMu OSB Binm BuOpaHux
HaWOLTBII 3HAYYIIMX M HE3aJIC)KHUX MapaMeTpaMH, SIKi MalOTh HAHOUIBIMI BIUIMB Ha
BOTHECTIMKICTD JEpEeB’STHUX OallOK 13 BOTHE3aXMCHUM OOJHIIOBAaHHSAM. | BIAMOBIIHO
OTPUMaHHUX JaHUX, MOOYJAOBaHO TOBEPXHI 3aJEKHOCTI MEXKI BOTHECTIHKOCTI Ta
HOMOTpaMH 3aJIeKHOCTI II0J0 BHU3HAYEHHS MIHIMAJIBHUX PO3MIPIB BOTHE3aXHUCHOTO
oOmuiroBanHs Ha ocHOBI uT OSB  jgocimipkyBaHUX JiepeB’sSHUX Oalok  JJid
3a0e3MnedeHHs] He00X1THOT HOPMOBAHOI BOTHECTIHKOCTI.

Ha ocHOBI mpoBeneHMX JOCHIPKEHb OOIPYHTOBAaHO Ta 3alPOIOHOBAHO
pPO3pPaxXyHKOBHHA METOJ BH3HAYCHHS HECY4Ooi 37aTHOCTI JIepeB’SHUX OaloK 3
BOTHE3aXMCHUM  OOJIMIIOBaHHAM  BorHeTpuBkuMu  rminutamu  OSB.  [llmsxom
MaTeMaTUYHOTO MOJICNIIOBaHHS MOOyJ0BaHI HOMOrpaMd JJig  OI[IHKM  KJacy
BOTHECTIMKOCTI JiepeB’sTHUX 0ajoK 3 BOTHE3aXMCHUM OOJMIIOBAHHSIM HAa OCHOBI ILIUT
OSB, ki  103BOJISIOTE  CHPOTHO3YBAaTH TOYHY T'C€OMETPUYHY KOH(QIryparito
HEOOBYTJIEHOI YAaCTHUHU IMepepi3y AEepeB’sHOI OAJIKM Ta BU3HAUYMTH ii peasibHy HECyuy
3JIaTHICTb.

KuarwouoBi ciioBa: nepes’siHa Oanika, BOrHe3axucHe oOuitoBanHns, mmtu OSB,
MeXa BOTHECTIMKOCTI, CTaHJAPTHUM TEMIIEpaTypHHA pPEXHUM, TOBLIMHA OOBYIJIEHOI

30HU, MIBUAKICTh OOBYTJIFOBAHHSI.
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SUMMARY
Novhorodchenko A. Yu. High-Precision Calculation Method for Estimating the
Fire Resistance of Wooden Beams with Fire-Retardant Cladding. — Qualifying
Scientific Work on the Rights of the Manuscript.
Thesis for the degree of Doctor of Philosophy in specialty 261 — Fire Safety.
Cherkasy Institute of Fire Safety named after Chornobyl Heroes of the National
University of Civil Defence of Ukraine, Cherkasy, 2020.

Actuality. Recently, glued wooden structures and wooden details in the shape of
rectangular and T-beams, girders, truss elements and arches have become more and
more widespread in construction. However, these wooden structures are classified as
flammable materials, with high smoke-forming ability, which significantly spread the
flame on the surface. Due to the flammability of such structures, the issue of
guaranteeing their standardized fire resistance as a component of comprehensive fire
safety of construction sites remains relevant. The use of fire-retardant cladding remains
an effective means of ensuring the design fire resistance of wooden structures.
Promising material for fire-retardant cladding are fire-resistant OSB plates. Therefore,
to ensure the standardized limit of fire resistance of such a common building structure
as a wooden beam, fire-retardant cladding based on OSB chipboards was used.

The idea of the work is to solve an urgent scientific and technical problem - to
increase the accuracy of the calculation method for estimating the limit of fire resistance
of wooden beams with fire protection cladding, in particular OSB plates, depending on
the patterns of geometric parameters of the charring zone and taking into account the
impact of standard fire temperature. As a scientific basis for supplementing the existing
regulatory framework for determining the limit of fire resistance of wooden beams with
fire-retardant cladding of OSB plates.

The object of the research — methods of calculated assessment of fire

resistance of wooden beams with fire-retardant cladding with refractory OSB plates.
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The subject of the study is the influence of the design parameters of fire-
retardant cladding on the results of the estimated assessment of the fire resistance of
wooden beams under the thermal effects of fire.

The purpose of the work is to reveal regularities heating of cross-sections of
wooden beams with fire-retardant facing with OSB plates and changes of geometrical
parameters of their zone of charring in the conditions of a standard temperature mode of
a fire, which is the basis for improving the calculation method of high-precision for
estimating the fire resistance. To achieve these goals, the following tasks were formed:

— to develop a technique of experimental fire researches and on their basis to
carry out tests on fire resistance of wooden beams with fire-retardant facing with OSB
plates in the conditions of influence of action of high temperatures at a fire, according to
the standard temperature mode;

— to analyze the obtained results of changes in the geometric parameters of the
charring zone of the investigated wooden beam with fire-retardant cladding depending
on the time of its exposure, according to the standard temperature regime;

— to develop a method of mathematical description of the geometric shape of the
charring zone in the cross section of a wooden beam with fire-retardant cladding with
OSB plates, by approximating the contour lines of this zone using Bezier lines;

— based on the developed mathematical description of the charring zone, to
develop and investigate the effectiveness of the proposed refined calculation method for
estimating the limit of fire resistance of wooden beams with fire-retardant cladding with
OSB plates.

The scientific novelty of the dissertation is to reveal the laws that determine
the dependence of the configuration of the charring zone of wooden beams on the
design parameters of their fire protection cladding under the influence of standard fire
temperature, as a scientific basis for improving the estimated assessment of their fire
resistance. This is the first time:

— the description of a geometrical zone of charring in section of a wooden beam

at its approximation by means of Bezier lines with five reference points is offered,;
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— the regularity of the position of reference points for the construction of Bézier
lines, approximating the contours of the charring zone depending on the generalized
parameter of the geometry of the section in the shape of regression of polynomial
dependence r/y. = 0.979 + 0.064p + 3.6p? - 32.339p° + 59.242p* - 41.82p° + 10.273p°.
Taking into account the revealed regularities of influence of constructive parameters of
fire-retardant facing;

— the algorithm of definition of coefficient of decrease in durability of wood at a
fire and a settlement estimation of fire resistance of a wooden beam on its basis is
offered;

— further developed the application of methods for calculating the fire resistance
of wooden beams with fire-retardant cladding based on OSB plates;

— the scientific and methodical base of providing the standardized fire resistance
of wooden beams with fire-retardant facing is improved.

The practical significance of the obtained results is to develop a calculation
method of increased accuracy for estimating the limit of fire resistance of wooden
beams with fire-retardant cladding based on OSB plates under the influence of standard
temperature effects of fire. This method allows to predict the exact geometric
configuration of the geometry of the non-charred part of the beam section and to
determine its real bearing capacity using the real geometric characteristics of the non-
charred part of the beam section. Accordingly, it is possible to assess the affiliation of
wooden beams, with the appropriate design parameters of fire-retardant cladding with
OSB plates, to the class of fire resistance in accordance with the established
requirements. The method of calculating the load-bearing capacity of wooden beams
with fire-retardant cladding based on OSB plates can be used to improve and
supplement the existing regulatory framework of Ukraine.

The dissertation analyzes fire statistics and regulatory requirements for wooden
structures in construction, using an analytical method. In the study of fire resistance of
wooden beams without fire protection and with fire-retardant cladding, an experimental
method was used. Tabular and thermophysical studies, which were reproduced using

mathematical modeling, were used to study the change in temperature distributions



14
inside the wooden beam samples and to establish the parameters of the charring depth.
When developing a calculation method for estimating the load-bearing capacity of a
wooden beam with fire-retardant cladding, standard methods for calculating the fire
resistance limit were used. And the study of the adequacy and reliability of the results
obtained methods of mathematical description and statistics.

The first chapter analyzes fire statistics and finds that buildings with
unprotected wooden structures pose the greatest threat to the rapid spread of fire and,
consequently, to a large number of fire victims. Given the regulations and research, it
should be noted that little attention is paid to such methods of fire protection as fire
protection cladding. Therefore, the main idea in this chapter is to study new tools and
methods of fire protection cladding. And considering characteristics of OSB-3 plates,
this material can become actual, widespread, easy in installation works and cost-
effective method of fire-retardant cladding.

In the second chapter of the accordingly developed methodology of
experimental research, in compliance with all regulatory requirements, field fire tests
were conducted on the basis of the Cherkasy Institute of Fire Safety named after
Chornobyl Heroes of NUCD of Ukraine. The research was carried out in the chamber of
the installation (furnace) with all additional equipment for temperature regulation and
supply and registration of temperature indicators according to the standard temperature
for 15, 30, 60 minutes. A technique for making samples-fragments of wooden beams,
using glued fragments of pine beams, which were fastened to the glued plywood with
nails was also developed. And for fire-retardant cladding of samples-fragments of a
wooden beam OSB-3 plates in one and double layer fastened by means of wood screws
were applied. At the end of the experiment, the samples were inspected and the test
results were presented.

The third chapter was based on visual and graphical analysis of the
effectiveness of fire-retardant cladding based on OSB plates. According to the obtained
temperature distributions, by modeling the charring zone using Bezier curves, it was
possible to depict in detail the process of charring samples-fragments of a wooden beam

without fire protection and with fire-retardant cladding. The dependences of lateral and
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end thickness, charring speed of the investigated wooden beams depending on the

exposure time according to the standard temperature of the fire were also established
and have the following form with the corresponding regression coefficients: d(t) = b; +
+ byt + bst? + bat?.

In the fourth chapter of the dissertation, using the developed mathematical
apparatus, the contours of the charred zone were constructed for different wooden
beams without fire protection and with fire protection cladding of different thickness.
Accordingly, the parameters of the regression dependences of the parameter distribution
rly.=f(y./h) of wooden beams, for which the contours of the charred zone with a critical
temperature of 200 ° C were constructed for a time corresponding to their different class
of fire resistance. These calculations were performed to determine the accuracy of the
results obtained using the proposed method of constructing the contour lines of the
charred zone of the beams using Bezier lines with different characteristics of wooden
beams, with different thickness of fire-retardant cladding, which can be used to
calculate the strength of the wooden beams.

In the fifth section, a mathematical apparatus was applied using simplified
calculation method, the load-bearing capacity of the investigated wooden beams without
fire protection and with fire-retardant cladding based on OSB plates was determined for
different duration of exposure to standard fire temperature. Using the obtained data,
their fire resistance was determined for the level of their load with the load factor
= 0.5. The regression dependence of the fire resistance limit on the limit state of
load-bearing capacity of wooden beams with fire-retardant cladding based on OSB
chipboards on the selected parameters is determined. And with the help of the calculated
tabular method, the limits of fire resistance of wooden beams with fire-retardant OSB
plates cladding and nomograms of dependence on determination of the minimum sizes
of fire-retardant facing on the basis of OSB plates of investigated wooden beams for
maintenance of necessary standardized fire resistance.

On the basis of the conducted researches the calculation method of
determination of bearing capacity of wooden beams with fire-retardant fire-resistant

OSB plates cladding is substantiated and offered. By means of mathematical modeling
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nomograms for estimation of a class of fire resistance of wooden beams with fire-
retardant cladding on the basis of OSB plates which allow to predict an exact
geometrical configuration of not charred part of section of a wooden beam and to define
its real bearing capacity are constructed.

Key words: wooden beam, fire-retardant cladding, OSB plates, fire resistance

limit, standard temperature regime, thickness of the charred zone, charring speed.
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