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METO/J BCTAHOBJEHHSA TEPMOCTIMKOCTI APMYIOUYHNX
CHUHTETUYHUX MATEPIAJIIB

Anomauisn

Beryn. ApmyBanibHI cuHTeTHYHI MaTepianu (ACM) pi3HUX CTPYKTYP Ta CHPOBHHHOTO CKIIaTy
IIUPOKO BHUKOPHUCTOBYIOTh B CYYaCHHX TEXHOJOTIAX OymIBHHUIITBA IOPIT IS apMyBaHHS IIapiB
JIOPOXKHIX KOHCTPYKIIiH, 0 3a0e3meduye iX JOBrOBIYHICTh Ta HAJIIHHICTD.

IIpo6rmemarnka. [lpu BramTyBaHHI JOPOKHBOTO IMOKPHUTTS, BHACTINOK [ii Tapsdoro
achanpT00ETOHY Ha apMyBaJIbHUI IIPOIIAPOK BiAOYBAETHLCS TEIIOBUH yap, BHACTIIOK SIKOTO MOXKITHBI
HaaMipHi gedopmaii (301TbIIyIOTECS a00 3MEHIYIOTHCS JiHiiHI po3mipn) ACM.

Mera. MeToro maHOTO TOCIiPKEHHS € Po3po0Ka METOMy BU3HAYCHHS CTIHKOCTI J0 TEIUIOBUX
BIUMBIB 3pa3kiB ACM T1Ip KOHTaKTi 13 3€pHHCTAM MaTepiajloM, HarpiTHM JO BCTaHOBIJICHOI
TeMIIepaTypH.

Martepianu i Metoau. s gocmimkeHast 0opaHo TumnoBi ACM pi3HOTO CUPOBUHHOTO CKIIAJy,
III0 BUKOPHUCTOBYIOTHCSA K apMyBaIbHUI MaTepial mpy 00JIaIITyBaHHI TOPIT TOIIO.

Pesynbratu. MinHicTh Ha po3puB ACM 3a TOBXHHOIO Ha OCHOBI CHPOBWHH TIPH 30UTBIIICHH]
TEeMIIepaTypy HarpiBy: i3 MOJIMPONiJIEHY 3MEHIIYETHCS 3a JIHIKHOK 3aJ€XKHICTIO; i3 CKJIOBOJIOKHA HE
3MIHIOETHCSA; 13 MOIiedipy Ta MOJIBIHUICTIHPTY HE3HAYHO 3pOCTAE 3a JIHIHHOIO 3aIeKHICTIO.

Minnicts Ha po3puB ACM 3a MIMPHHOIO 3pa3ka HAa OCHOBI PI3HOI CHPOBHHU JUISI YCIX
BUNPOOYBaHMX MaTepialniB NpH 30UIbIICHHI TeMIepaTypu HarpiBy 3MEHIIYETbCS 3a JIHIKHOIO
3aJISKHICTIO Ta XapaKTepU3YETbCsA 3HAUHUM PO3KHIoM AaHux (6 — 10%), ocoOnuBO AJsi CKIIOBOJIOKHA
(mo 12 %).

Bunosxenns ACM: i3 cKIOBOJNIOKHA (32 JOBXHHOIO Ta HIMPUHOIO 3pa3ka) HE 3MIHIOETHCS
IpY 3MiHI TeMIIepaTypy HarpiBy IrpaTKH i CTaHOBUTH B cepeanbomy 3,1 %, i3 momiedipy 3poctae 3 10,1
10 25 % 3a eKCTIOHEHIIHOIO 3aJIeKHICTIO (32 JOBXKMHOIO 3pa3ka) Ta JiHiIHHOIO 3anexHicTio 3 10,1 mo
17,0 % (3a mupwHOIO 3pa3Kka) MPH 3pPOCTaHHI TeMIepaTypH HArpiBy TpaTKH, i3 MOJIIPOMiIEHY
HE3HAYHO 3pOCTa€ 3a JIIHIHHOK 3aJeXKHICTIO (32 JOBKWHOK 3pa3ka) Ta MPAKTHYHO HE 3MIHIOETHCS
(3a mMpHUHOIO 3pa3ka) NpH 3POCTAaHHI TEMIIEPATypH HArpiBy TPaTKHd Ta XapaKTCPU3YETHCS BEIUKHM
PO3KHJIOM JaHUX.

Hns ACM i3 noiBiHUICIHPTY HE 3MiHIOIOThCA PO3MipH (BUIOBKEHHS TOCTIHHE 32 TOBKHUHOIO
3pa3ka) Ta 3MEHINYETbCsS BUAOBXKEHHS 3 8,8 mo 6,0 % (3a mupUHOIO 3pa3ka) Npu 30UTBIICHHI
TeMIIepaTypHy HarpiBy IpaTku Big kiMHaTHOI 10 250 °C.

BucHoBkH. Y cTaTTi po3po0IeHO METOA BH3HAYCHHS CTIMKOCTI IO TEIUIOBUX BILIUBIB 3pa3KiB
apMyBaJbHUX CHHTETMYHHMX MarepiajiiB MpH KOHTAaKTi i3 3€pHUCTUM MaTepiajioM, HarpiTum [0
BCTAaHOBJICHOI ~ TeMIIepaTypH, MO0 MOJENOE  TEMIIEpaTypHI  BIDIMBH TpPH  BJIAIITYyBaHHI
ac(hampT0OCTOHHUX MAapPiB KOHCTPYKIIIT TOPOKHBOTO OFSATY.

Knwwuoei cnoea: apMmyBallbHI CHHTETHYHI MaTepiand, KOHCTPYKLISl JOPOKHBOTO OJSTY,
TEPMOBIUIMB, MIIHICTh Ha pO3PUB, BHIOBXKCHHS, 3MiHA JIHIMHHX pPO3MIpiB, KpHUTEpii OLIHKU
TEPMOCTIHKOCTI.
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Beryn

ApmyBanbHi cuaTeTHdHI MaTepiam (ACM) pi3HUX CTPYKTYP Ta CHPOBUHHOTO CKIIaITy IIHPOKO
BHKOPHCTOBYIOTh B CyYaCHHX TEXHOJIOTISIX OYIIBHHWIITBA IOPIT IS apMyBaHHS IIapiB JOPOXKHIX
KOHCTPYKLIiH, 110 3a0e3Medye iX JOBrOBiUHICTh Ta HAAIHHICTb.

OpHak npu BIAMITYBaHHI TOPOXHBOTO TMOKPUTTS BHACTIAOK Aii rapsdoro acaibToOeTOHY Ha
apMyBaJbHHH NpPOIIAPOK BiAOyBaeTbCcA TEIUIOBHH yHap BHACHIJOK SKOTO MOIJIMBI HaAMIpHI
nedopmariii (30UIbILIYIOTECA a00 3MEHINYIOTHCS JTiHIKMHI po3mipu) ACM, BTpaTa XOPCTKOCTI Ta
MIITHOCTI 1 BPEIITI pyHHYBaHHS IOKPUTTSI.

ITocTanoBka nmpodiaemMu

BronueB Ha wmexaniuni BrnactuBocTi ACM pi3HOTO CHPOBHHHOTO CKJaly NpPH KOHTaKTI iX
MMOBEpXHi 3 achaabTOOETOHOM PI3HHMX TeXHOJOTiUHUX TemrepaTyp (Bix 140 mo 175 °C, mis muatoro
acdanberoderony 1o 220 °C) He JOCTiHKESHUH.

Y mpakTHmi JOpPOKHBOTO OYAIBHUUTBA BiJOMi NpPUKIAgNM pPYHHYBAaHHA MOKPUTTA MpHU
HeTIPaBUWJILHIA TEXHOJOTIT BUKOPUCTAHHS >KOPCTKHX IOJIIPOITIJICHOBUX TPATOK, SIKi MAalOTh HHU3BKY
TeMIiepaTypy IUTaBJICHHS. ToMy B 3aJIe)KHOCTI BiXl ckiamy achaabToOSTOHHOI CyMillli, MapKu OiTymy,
TemrepaTypu achanpTobeToHy HeoOximHo BuOpatu BimmoBimHi ACM, ski He OyayTh MiggaBaTHCS
pPYWHYBaHHIO NPU YKJIAJaHHI B JOPOXKHIN OJIAT.

AKTyaJIbHICTb 00paHOI TeMM i aHAI3 OCTAHHIX JOCJTiIKeHb Ta MyOTikanii

Ha croromni BiACyTHSI METOIMKAa BUOOPY TPATOK 3a IMMOKa3HUKOM «TEPMOCTIHKICTEY BIAIOBIIHO
0 TIOYNX TEMIIEpaTypHUX PEXUMIB BIAIITYBaHHS ac(arbTOOCTOHHUX IIapiB MOPOXKHBOTO OISTY.
Po3poOka Takoro MeTomy MO3BOJIMTH BHECTH BiAmOBiAHI 3MiHu B Hopmu [l —2]. IlpoBemeHHs
BXiJJTHOTO KOHTPOJIO 3a pPO3POOJICHOK METOAWKOI TijJ Yac BHOOPY IPAaTOK JO3BOJIUTH YHUKHYTH
NepeIyacHuX pyHHYBaHb apMOBaHUX ac(ambTOOCTOHHHMX IMOKPHUTTIB, SK II€ MA€ MICIE y MPaKTHII
OyniBammTBa [3 — 5].

Merta Ta 3aBIaHHS poGOTH

Po3pobutn MeTox BH3HAYECHHSI CTIMKOCTI JJO TEIUIOBHX BIUTHBIB 3pa3kiB ACM Ipu KOHTAKTI i3
3€pHHUCTHM MaTepiaioM, HarpiTUM JI0 BCTAHOBJICHOI TEMIIEPATYPH, 10 MOAEIIOE TEMIIEPATypHi BILTUBH
MIPU BIAIITYBaHHI ac()anbTOOETOHHUX LIAPiB KOHCTPYKIIi JOPOKHBOTO OASTY.

3aBgaHHsA pOOOTH TONSITaE 3a KPUTEPISIMH «TEPMOCTIHKOCTI» 3pazka ACM BCTaHOBUTH
TTOKa3HUKH: Koe(]imieHTa BTpaTH MIITHOCTI Ta 3MIiHU JIIHIKHUX PO3MIPIB MiCJIS BUTIPOOYBAHHS.

OcHoBHa YacTHHA
Iopsinok miAroTOBKM 10 NMPOBeIeHHS BUNPOOYBaHb

VY 3anexsocti Big tuny ACM 1 HOro BHKOPHUCTAaHHSI B NEBHIM JOPOXHBbO-KIIMAaTH4HIN 30HI
VYkpainu:

— DBuOwuparorp 3epHHCTHI  HAlOBHIOBAY ISl ~ METAJIGBOTO  KOHTEWHEpa  3TiIHO
JACTY b B 2.7-29;

—  Bubwupatorp MetaneBuil Ta nepeB’sHHI KOHTEHHEpU BUCOTOIO 7 ¢M * 1 cM i3 po3mipom
ocHoBu (30 x 30,5) cm + 1 cm;

—  TemmepaTypy HarpiBy 3epHHCTOTO HamoBHIOBada obuparoth 3a JICTY b B.2.7:2015;

—  Po3paxoByroTh He0OXimHE HaBaHTAKECHHS Ha 3pa3ok ACM, po3MileHUH y AepeB’ THOMY
KOHTCHWHEpl 1 3aCHITAaHWKA ITCKOM, PO3ITPITHM N0 Temreparypu 3a 6.3, sKe MOBHHHO MOJCITIOBATH
HABAHTAXEHHA BiJl Wapy achaabToOETOHy TOBIIMHOW 7 CM MATOMOT Baru 2,34 T/m’;
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—  BubOupatoTs HaBaHTaXEHHS Bil 3epHUCTOrO HAIIOBHIOBAauYa 3 ypaxyBaHHSIM HOTO T'yCTHHH
00’eM KOHTEWHepa UIsI MOJEIIOBAaHHS ITOCTIHHOTO HABaHTaXXEHHS Biag Barum ac(hambToOETOHHOTO
HOKPUTTA. PO3paxoBytoTh IPUBaHTAKEHHS [IICKOM, METAJIEBOIO IUTACTHUHOIO 1 BAHTAXKEM 10 JOCSATHEHHS
IIMTOMOTO HABAHTAKEHHS Ha BUIPOOHMIA 3pazok ACM 2,34 1/n’.

Binoupanns mpo6 ACM 1 migroroBky A0 BunpoOyBaHb MPOBOISATH BIAMOBIAHO 10
JACTY 8607:2005.

IIpoBenennst BUNPoOyBaHbL

BumiproroTh JiHIHHI pO3MipH TOYKOBUX TPOO, AKi OYIyTh MiAmaHi TEPMOBIUIUBY, 3 TOYHICTIO
no 1wmm (/). ToukoBy mpoOy po3MIIIYIOTh HAa JHI JEPEB’SITHOTO KOHTEHHEpa 1 3aKpIiIUIOIOThH IO
nepumerpy y 4 wmicusax (kyrax npoOu). Ha peOpax mpoOu piBHOMIpHO 3aKpilUIIOIOTH YOTHPH
TEePMOIATINKH.

YV MeraneBuid KOHTEHHED 3aCHIAIOTh MTEBHY Macy MiCKy. PO3MINIyioTh KOHTEHHEp 1 MeTajIeBy
IUTACTHHY y TepMomady i MiAAal0Th HATPiBy A0 3a1aHOi TeMIepaTypH.

Temmepatypa HarpiBy WIiCKy 3aJIeKHUTh BiJ poOodoi TepMocTiiikocTi (TeMmmepaTypn)
3pazka ACM (tabm. 1).

Tabnuys 1
Temnepamypa nazpiey nicky 6 3anexcnocmi 6i0 mepmocmiikocmi

(poobouoi memnepamypu) 3pazka ACM
PoGoua Temmeparypa

+ + + + +
spaska ACM, °C 90+ 10 110£10 13010 15010 170 £ 10
Tewmeparypa Harpisy |, 4 1 140 = 10 190 = 10 220£10 | 24010
mnicky, °C

[Ticna pocsirHeHHsI BU3HAYEHOI TEMIIepaTypu MiCOK BUCHIIAIOTH Y MiATOTOBJICHUH epeB’ sTHUN
KOHTEHWHEp 3 TTPOOOI0 1 MPUBAHTAKYIOTb.

DIKCYIOTh MOKa3HUKH TEMIIEPATYpPH MPOOH 3a JIOTIOMOTOI0 YOTUPHOX TEPMOJATUUKIB TOYKOBO
po3TaloBaHuX Ha pedpax 3paska.

BumnpoOyBanHsl 3pa3ka MpPOXOBXKYIOTh, SKIIO HOrO TeMIeparypa HarpiBy aocsria poOodyoi.
V pasi, sxmo Temmneparypa BiapizHseTbcs Ha + 5 °C Big po0Oo4oi, BUNPOOYBaHHS MOBTOPIOIOTH Ha
iHIIIH 1po0i mpu TemmepaTypi HarpiBy micky Ha 10 °C Ginblie a00 MeHIIe ONepeIHBOr0 3HAUYCHHS.

CrocrepiraroTh TPOIEC OXOJOKEHHS MPOOHW, 1 TpH MOCATHEHI Hero Temmeparypu 40 °C
3BUTBHSIOTH BiJl HABAHTA)XKEHHSI MMICKOM Ta MPUBAHTAKEHHS 1 BUJIY4alOTh 3 KOHTEHHEpa.

ToukoBy mpoOy pO3TAalIOBYIOTh Ha TOPU3OHTAIBHIA MOBEPXHI 1 BUTPHUMYIOTH B yMOBax 3a
JACTY 8607:2015 ne menmie 12 romud. I[licis miaroToBku mpoOw BUMIPIOIOTH 11 JIHIHHI pO3MipH: 110
TPHU BHMIpPHU 3a JOBKHWHOIO Ta IIMPHHOI0 MPoOW B MM 3 TOYHICTIO 10 1 MM (/;). IlimroroBmio0Th 3
TOYKOBHX MPOO eJIeMEHTapHI AJIS BUSHAYCHHS XapaKTEPUCTHK MIPU PO3TSTaHHI.

TepMOBIUIMBY MiAAaOThCS 6 TOUYKOBUX MPOO. 3 MiATOTOBICHHWX TOYKOBUX NMPOO BHUPI3aIOTh
10 pebep 3a JOBKHUHOIO (3 TPHOX TOYKOBUX IPo0) Ta 10 pebep 3a mupuHOIO (3 TPHOX TOYKOBUX IPOO).
[TimpaxoByIoTh KIUIBKICTE pebep Ha 1M BumpoOHOro 3paszka ACM 3a JOBXHHOIO 1 IIMPHHOIO
Ta TOTYIOTh 1O 6 ToukoBHX Mpod poszmipom 200 x 200 MM. 3 TproX ToTyIOTh 10 enemeHTapHUX TIPOO
(pebep) 3a TOBKUHOIO 1 3 TPHOX 32 IIUPUHOIO 715l BU3HAUEHHS BUX1IHUX XapaKTEPUCTHK MIITHOCTI.
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I'pannuHy MiIHICTH 1 BUIOBKEHHS NMPH TPAHWYHIA MIHOCTI eleMEeHTapHUX Mpod 10 1 micis
TepMmoBIDINBY Bu3HavaoTh 3a JCTY EN ISO 10319:2007 3 ypaxyBanusm Bumor JACTY 8607:2015

(puc. 1).

Pucynox 1 — ®oto BunpodyBanb enementisB ACM

VY pasi mpoBeneHHS BHIIPOOYBaHb 3 METOK BCTAHOBJICHHS HOPMOBAHOTO PIBHS MOKa3HUKIB
tepMmoctiiikocTi ACM i BHECEHHSI B HOPMATUBHY JOKYMEHTAIIFO 3pa3Ku MiIal0Th BUMPOOYBAHHIM
npu Temmeparypax (tabm. 1) 3a mporeayporo, nependaueHO0 METOAMKOI. 3a OTPUMAHHMHU
pe3yjibTaTaMH BH3HAYAIOTh IMOKA3HUKH TEPMOCTIHKOCTI, OTPUMAaHI TP KOXHIH TeMIeparypi
BHITPOOYBaHHSI.

O0poOka pe3ynbTaTiB BUIPOOYBAaHb

Temmnepatypy HarpiBy ACM mpu KOHTakTi 3 PO3IrpiToI0 3epHUCTOI0 MAacOl BH3HAYAIOTH SIK
cepenHIo apuPMETHYHY 3 YOTHPHOX ITOKA3HUKIB TOYKOBUX KOHTAKTHHUX JATUHUKIB.

3MiHy JIHIHHAX PO3MIpIB 3a JIOBKHUHOIO 1 IMHPUHOIO 3pa3KiB PO3PaXOBYIOTh SK CEPETHIO
apu(METHYHY i3 pe3yIbTaTiB BUMipiB B MM 3a JOBXKHHOIO 1 IIUPHUHOIO:

L= M x100, (1)
lo
ne lo — BuxinHa MOBKMHA IPOGH, MM;
[]— moBxHHA IPOOH MiCIIS TEPMOBILIUBY, MM.
OOuuClIeHHsT TOKAa3HUKIB MPOBOJASATH 3 TOYHICTIO J0 JPYroro JECATKOBOTO 3HAYCHHS 1
OKPYIJIIOIOTH JI0 TIEPIIOTO AECSITKOBOIO 3HAKA.

I'pannuny MinHICTh mpu po3puBi 3pazka ACM — BUXIJIHY 1 MIC/S TEIIOBOI'O HABAHTAXKCHHS
00YHCITIOITE 3a popmynamu (2 - 4):

1
P=—x¥7_1h @
Pi = Pp x k, 3)
P ! x> P (4)
6H = c_14enj> 4
ngy, 161
e f; — IpaHUYHA MIIHICTH i TpooH, KH/Mm;

P ' rpaHrYHa MIIHICTH OJJHOTO pebpa, KH/M;
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P gnj — TpaHHiHa MIIHICTB j TPOOU Micis TEIIOBOr0 HaBaHTaXEeHHs, KH/M;
N — 3arajibHa KiTbKICTh BUIPOOYBAILHUX MTPO0;

l’leH — 3arajbHa KUIBKICTh MPOO, MiATaHUX TEIUIOBOMY HaBaHTAXKCHHIO;

k — xinpkicTs pebep, mr.

OO4rCIIeHHS TOKAa3HUKIB TPOBOMITH 3 TOYHICTIO IO APYTOro JECATKOBOTO 3HAYCHHS 1
OKPYTJIIOIOTH JI0 MEPUIOTO JECATKOBOIO 3HAKA.

KoedimieHnT 30epexeHHs MIITHOCTI Y BiZICOTKaX 00YUCITIOITH 3a (hopMyIioro (5):

P
K, :%XIOO% (5)

OOuucaeHHs MMPOBOJATH 3 TOYHICTIO A0 APYTOro ACCATKOBOI'O 3HAUCHHS 1 OKpYIJIFOOTH A0
IEpIIOro A€CATKOBOI'O 3HAKA.

OuiHwBaHHs pe3yJbTaTiB BUNPOOYBAHHS

[Ipu BunpoOyBaHHI Ha BHU3HAYEHHS BiAMOBIAHOCTI MOKAa3HUKIB TEPMOCTIHKOCTI HOPMOBAHOMY
PiBHIO HOpMaTHBHOI JJOKyMEHTAlii 3pa30K BBaXKA€THCS TAKUM, 110 IPOHILIOB BUIIPOOYBaHHS, SIKLIO HOro
MTOKa3HUKH TEPMOCTIMKOCTI BiIITOBIAIOTh BUMOT'aM HOPMAaTHUBHOI TOKYMEHTAITI1.

B pa3i BcTaHOBJICHHS HOPMOBAHOTO PiBHS MOKA3HUKIB TEPMOCTIHKOCTI JIJIsT BHECEHHS POOOTHX
TEeMIepaTyp B HOPMAaTUBHY JOKyMeHTamilo Ha 3pa3ok ACM BCTaHOBIIOIOTH EKCHEPHUMEHTAILHO
TaKy TeMIeparypy, Hpu skid koediuieHT 30epekeHHs MinHOCTi 3paska ACM nHe menme 80 %.
JonycTuMuil TOKa3HUK 3MiHM JiHIHHUX po3mipiB ACM pi3HOTO CHPOBHHHOTO CKJaay MiCis
TEpMOBIUIUBY TP TIEBHIH TeMIepaTypi BCTAHOBJIEHO eKkcriepuMeHTanbHO 1t ACM, BUTOTOBIICHUX:

— 3 modinpormineny — He Oinbie 3 %;

3 CKJIOBOJIOKHA — He Oinbire 1,5 %;
— 3 noniedipy — He Oinbie 3 %;
3 MOJIBIHIICHUPTOBOTO BOJIOKHA — HE OibIe 2 %.

O0’exTH JOCTIIKEHHS

O6’exktoM gocmimkerHss oOpaHo TunoBi ACM  pi3HOTO CHPOBHHHOTO CKJIagy, IO
BUKOPHUCTOBYIOTBCS SIK apMyBaJbHHI Marepiay mpu oOJamITyBaHHI JIOPIT, CXWIIB TOIIO: TeOTPATKH
Mapku AchanbTeKC, BUTOTOBJIICHI i3 CKIIOBOJIOKHA 3 ac(alIbTOBUM IMOKPUTTSAM 1 Mapku Tenax 3
TIOJTITIPOIIICHY, a TaKoX rpatku Mapok RSR 3 momiedipy i RSM, BUTOTOBJIEHI 13 MOIIBIHIICIUPTOBHX
BOJIOKOH. JIOCHIIDKEHHST TpaTOK PIi3HOTO CHPOBHHHOTO CKJIamy, M0 HAHOUTBIT  ITHPOKO
BHKOPHUCTOBYIOTHCS JUIsI apMyBaHHS ac(aabTOOCTOHHUX ITOKPUTTIB, NMPOBEACHI B cepTh(]iKOBaHIN
nmaboparopii AJIBJI «Tekctunb-TECT» 3a OKa3HUKOM «T€PMOCTIHKICTBY.

CTpyKTYpHI XapaKTepUCTHUKH 1 Pi3UKO-MEXaHiYHi BIACTHBOCTI 00'€KTY JOCHTIKEHHS HABEICHO
B Tabm. 2.
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Burinsig rpaTku pu HarpiBi MiCKy A0 TeMIEpaTypu:

T=100 °C

T=140 °C 7 T=160 °C T=250 °C

a) MOJINPOIIJICHOBA

T=100 °C T=140 °C T=180 °C ~ T=250°C

.
¥

0) CKJIOBOJIOKOHHA

eSS

T=100 °C T=140 °C T=180 °C . T=250 °C_

B) nojriedipHa

T=100 °C T=140 °C T-180

4
H
#
i1

T') NOJIBiHUICIHPTOBA

o

C i

Pucynox 2 — 3aranpuuii urnsg ACM miciisi BATPUMYBAHHS TIPU TEMIIEPATYpi HArpiBy IMICKY
Bix 100 °C no makcumanbHOI Temmeparypu 240 - 250 °C
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Tabnuya 2
Xapaxkmepucmuku ACM
HailiMenyBaHHs OKa3HUKA OHHH.HHX 3HaueHHS
BUMIpY
CHpOBUHHHIA CKIIA] [Tomedip Cxi10 I111 IIBC
KinbkicTs pebep Ha 1 M
— 32 JIOBXKHHOIO IIT. 20 24 17 19
— 3a IMIUPUHOIO IT. 23 23 17 25
Po3TsryBaiibHe HampyXeHHS Cepene, MD 60 4 40 33
’ kH/™m IToxubka -5 -5 -5
EN ISO 10319 ta
JICTY 8607:2015 Cepenne, CMD 60 45 40 55
IToxubka -5 -5 -5 -5
BignocHa nedopmarrist mpu MD 10 4 11 4
MaKCHUMaJIbHOMY BHIOBKEHHI, o Hoxubka +/-3,5 - -5 +/-1,5
ENISO 10319 ta ’ CMD 10 4 11 4
ACTY 8607:2015 IMoxubxa +/-1,5 - - +/-1,5

TepmocrTiiikicTs (poboua Temmnepatypa ¢, °C) ACM pi3HOro CHPOBHHHOTO CKJIaay HAaBEACHO Y
Tab. 3.
Tabnuys 3
Tepmocmiiikicmo (poooua memnepamypa t, °C) ACM piznozo cuposunnozo cKkiaoy

CKJIOBOJIOKHA 3

Bonokna [Mominporminenosi | Ilomiedipwi .
OITYyMHHUM HOKPUTTIM

[MomiBiHIICTTHPTOBI

Pobouya Temmneparypa

spaska ACM, °C 130 160 200 160

IIpukian BCTAaHOBJICHHS HOPMOBAaHHX POOOYHX TeMIlepaTyp (TEpMOCTIHKOCTI) 3pa3KiB MapoK
Tenax (momimpominen), AcdanbTekc (CckiI0BOJOKHO), Armatex RSR (momiedip), Armatex RSM
(moniBiHINICTIUPT) HaBeneHo y Tabiu. 1 Ta puc. 2-4.

[Ipuknaza crany rpaTtok pi3HOTO CHPOBHHHOTO CKJIaay IMICJIsS BUTPUMYBaHHs MPH TEMIeEparypi
Bix 100 °C mo makcumansHoO1 Temneparypu 200 - 250 °C HaBeaeHO Ha puc. 2.

3a pe3yibTaTaMy BUMipIOBaHb TEMIIEPATypH OTPUMAHO MaTeMaTH4Hi Moaeni octuranas ACM.
Tak, 3MiHa TemmepaTypH >KOPCTKOI MOJIMPOIiJIEHOBOI IPaTKU Micisl HarpiBaHHs 10 TEMIEpaTypu Bix
100 mo 250 °C BHU3HAYAETHCS 3aNEKHICTIO (pHC. 4):

ANT, )<t
TGR(Tp.t)= 40(T, e 7)<t (©)
xoedimienT A()
2
AO(Tp)= 0.001587x Tp +0.052489x Tp +69.003982 (7)
xoedimient 4]

A (T ): 0.00000010x T2 +0.00000485% T, — 0.0002594 (8)

p pP p
e, T p — Temiieparypa Harpisy micky Bix 100 no 250 °C;

! —Jac OCTUIaHHS, XB YKOPCTKOI I'PATKH ITiCJIs HArpiBaHHS.
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[puknaan 3MiHU MIHIMaIBHOT cepeqHbOI Ta MaKCHMAIbHOI TEeMIIepaTypH pi3HUX
I'PATOK 3aJIEKHO BiJl Yacy OCTHUTAHHS JUIS MILIAHOTO Iapy 3acHUIKK 3 Temmneparyporo 150 °C HaBeneHo
Ha puc. 3.
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Pucynox 3 — 3anexHicTh MIHIMAIBHOI CEPEAHBOI Ta MAKCHUMAaJIbHOI TEMIEPATYpPH PI3HHUX
I'PaTOK BiJ 4aCcy OCTHTaHHS JUIs MII[AHOTO Iapy 3aCUIKH 3 Temmneparyporo 150 °C.
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Pucynox 4 — PesynmpTat po3paxyHKy OCTHUTaHHS >KOPCTKOI TpaTKW NpW HarpiBaHHI [0

temneparypu Bix 100 1o 250 °C 3a maTeMaTHYHOIO MOAEIITIO

Hopiemsiaas MinHocTi ACM, R p> KH/M BUIPOOYBAaHHX TIiCIsl OCTHTaHHS BHACMIOK HATPiBY

JI0 3aJIaHOi TeMIepaTypy HaBeJAEHO Ha pucC. 5.

Mingaicts Ha po3puB ACM 3a TOBXHHOIO Ha OCHOBI CHPOBHHHU IIPH 30UIBIICHHI TEMIIEPaTypH
HarpiBy: i3 MOJINPOIINIEHY 3MEHIIYETHCS 3a JiHIHOIO 3aJIeXKHICTIO; 13 CKIOBOJIOKHA HE 3MIHIOETBCS; 13
roiedipy Ta MOJIBIHUICIHPTY HE3HAYHO 3POCTAE 32 JIHIHHOIO 3aJIeKHICTIO.
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Pucynok 5 — 3anexuicts minsocti ACM, R p,KH/M TICTIST OCTUTAHHS BHACIIOK HArpiBY

JI0 3aJI1aHOi TeMIepaTypu:
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Minnicte Ha po3puB ACM 3a mMPHUHOIO 3pa3ka Ha OCHOBI Pi3HOI CHPOBHHM AJS YCiX
BHIMPOOYBaHUX MaTepialliB TpH 30UIBIICHHI TEMIIEpaTypy HArpiBy 3MEHIIYEThCS 3a JIHIHHOIO
3aJISKHICTIO Ta XapaKTEePU3Y€ETHCS 3HAUHUM PO3KHIOM HaHuX (6 — 10 %), 0cobaMBO Uil CKIIOBOJIOKHA
(mo 12 %).

IlopiBastHEA BigHOCHOTO BUAOBXKeHHS ACM, %, BUIpOOyBaHWX IIICIS HArpiBy 1O 3adaHOi
TEeMIIepaTypH 1 OCTUTaHH: HaBEICHO Ha puc. 6.

Bunosxenas ACM: i3 CKIOBOJIOKHA (32 JOBKHHOIO Ta MIMPHUHOIO 3pa3ka) HE 3MIHIOETHCS MPH
3MiHi TeMIepaTypy HarpiBy rpaTkd i CTAaHOBHUTH B cepeanbomy 3,1 %, i3 momiedipy 3poctae 3 10,1 1o
25 % 3a eKCIIOHEHIIMHOIO 3aJIeKHICTIO (32 MOBXHHOIO 3pa3ka) Ta JiHiitHOo 3anexHicTio 3 10,1 mo
17,0 % (3a mupwHOIO 3pa3Kka) MPH 3pPOCTaHHI TeMIepaTypH HArpiBy TpaTKd, i3 MOJIIPOMIEHY
HE3HAYHO 3pPOCTa€ 3a JIIHIHHOK 3aJeKHICTIO (32 JOBKWHOK 3pa3ka) Ta MPAKTHYHO HE 3MIHIOETHCS
(3a mMpHUHOIO 3pa3ka) IpH 3pPOCTaHHI TEMIIEPATypH HArpiBy TPaTKHd Ta XapaKTCPU3YETHCS BEIUKHM
PO3KHIOM JaHUX.

Jns ACM 13 MONIBIHUICTIUPTY HE 3MIHIOIOTHCS PO3MIPH (BHIOBXKEHHS IMOCTIHHE 3a JTOBXUHOIO
3pa3ka) Ta 3MEHIIYeThcs BHUIOBXKEHHA 3 8,8 mo 6,0 % (3a mmpuHOIO 3pa3ka) Hpu 30UTBIICHHI
TeMIIepaTypy HarpiBy rpaTtku BiJ KiMmHaTHOI 10 250 °C.

Hait0inpImmii BIDTUB 301UTBIICHHS TEMIIEPATypH HarpiBy OTPUMAaHO Ha 3MiHY JIHIHHAX PO3MIpiB
3paska (puc. 7). Jns Bcix wmarepiamiB (OKpiM Ha OCHOBI CKJIOBOJIOKHZ 3a JIOBKHHOIO 3pa3Ka)
CIIOCTEPIra€eTbCsl EKCIOHEHLIWHE 3pOCTaHHs JiHIMHUX pO3MIpiB BiA 3pOCTaHHS TeMIEPaTypH.
3a JOBXKHMHOI HalOinmbIIe BuaoBkeHHS 10 8,0 % otpumano ans noxiedipHux rpatok (puc. 7a). Jlns
ACM Ha OCHOBi CKJIOBOJOKHA 32 JOBXKHHOIO 3pa3ka CIIOCTEPIra€ThCsl HaBiTH HE3HAYHA ycajka
(3MenmenHs po3mipie 1o 0,5 %). 3a mUpUHOI 3pa3ka MOJIMPOMUICHOBI Ta mojiedipHi TIpaTKu
MoKa3aly NPaKTUYHO OJHAKOBY 3MiHY JiHIMHUX po3mipiB (1o 4,5 %), TUIbKH 31 3MIIIEHHSIM
temneparypu HarpiBy (160 °C ms I ta 250 °C pis [1D) (puc. 76).
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Pucynok 6 — 3anexuicte BunoBxkenas ACM, %, miciis ocTUTaHHS BHACTIIOK HArpiBY 10
3a/1aHol TeMIepaTypu
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Pucynok 7 — 3anexHicTh 3MiHU JiHIHHUX po3MmipiB ACM, Al 3a ¢opmymoro (1), % micns
OCTHTaHHS BHACIIOK HArpiBYy 0 33aHO1 TeMIIepaTypH

BucHoBku

Po3pobiieno mMetos Bu3HAYCHHS TeIIOCTiHKOocTi ACM, CYTHICTh SIKOTO TOJIATAE Y BH3HAYCHI
3MIHM TPAaHUYHOI MILHOCTI 1 BMJOBXEHHS NPH TPaHUYHI MIHOCTI a00 3MiHM JIIHIHHHX PO3MIipiB
3pa3kiB ACM mpu KOHTaKTi i3 3¢€pHUCTUM MaTepiajioM, HarpiTUM 0 BCTAHOBJICHOI TEMIIEPaTypH, IO
MOJIEJIFOE TEMIIEPATyPHI BIUIMBU IPH BJIAIITYBaHHI ac(halbTOOCTOHHHUX IapiB JOPOMKHIX KOHCTPYKIIIi.

CyTHICTh METOJy BU3HAUCHHS 3aJUINKOBOI MIIHOCTI (Ie(hOpMAaTUBHOCTI) TE€OCHHTCTUYHHX
MaTepialiiB (reorpaTok, re0TeKCTUIiB, KOMIIO3UTHUX MaTepiajiiB) NPy apMyBaHHI OCHOBH JIOPOKHBOTO
OTY TIOJISATAaE y BU3HAYCHI 3MiHM T'PAaHWYHOI MIITHOCTI 1 BHIOBXKEHHS NpPH TPaHUYHIN MimHOCTI ab0
3MIHU JIHIHHAX PO3MipiB 3pa3kiB I'M mpm KOHTaKTi i3 3€pHUCTHM MaTepiajJoM IpH BIAINTYBaHHI
3€PHUCTHX IIAPiB JOPOKHIX KOHCTPYKIIIH.

Po3pobiieHo MeToauYHI peKOMEHAAIil 31 BCTAHOBIICHHS KOEQIIIE€HTIB 3MEHIIEHHS MIITHOCTI
TCOCHMHTETHYHUX MaTrepiaiiB Ha eTami OymiBHHUIITBA, IO IMOIIMPIOETHCS HAa apMyBalbHI CHHTETHYHI
Mmatepianu (ACM), mpusHadeHi Ans apMmyBaHHs ac(aibTOOETOHHHX IIapiB HEXOPCTKUX IOPOXKHIX
KOHCTPYKLi{ Ta apMyBaHHS IIApiB OCHOBH AOPOKHBOTO OZSTY.

Po3pobiieHo MeTomuky BH3HadeHHsS TepMocTiiikocti ACM, ska BBIWIODIA SK 3MiHH B
JCTY 8607 Marepianu reoOCHHTeTHYHI. MeTou BUTIPOOYBaHb.

IlepcnekTUBH NOJANBIINX AOCTIIKEHD

MeToxa Moxe B TIOJANIBIIIOMY 3aCTOCOBYBATHCS:

— UIg  TEepiOgWYHUX BUMPOOYBaHL 3a ITOKa3HUKOM «TEPMOCTIHKICTE», HOPMOBAHUM
HOPMATHBHOIO JOKYMEHTaIli€ro 3pa3kiB ACM pi3HOTO CHPOBHHHOTO CKJIaAy 1 CTPYKTYp (TE0IpaTrok,
TCOKOMIIO3HTIB TOIIIO);

80 ISSN 2524-0994. Dorogi i mosti, 2018 (18)



BYAIBHULTBO TA HUBIJIbHA IHXKEHEPIA

— IS BCTAHOBJICHHS HOPMOBAHOT'O TIOKa3HUKA TEPMOCTIHKOCTI (poOouoi TemnepaTypu, npu
BIIAINTYBaHHI ac(}ambTOOETOHHUX IMapiB TpH OYIIBHHUIITBI JOpIr) IS BHECEHHS Y HOPMAaTHUBHY
JIOKyMEHTAITIIO.
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METHOD FOR DETERMINING THE THERMAL RESISTANCE OF
REINFORCING SYNTHETIC MATERIALS

Abstract

Introduction. Synthetic reinforcing materials (RSM) of various structures and raw materials are
widely used in modern technologies of construction of roads for reinforcement of layers of road
structures which ensures their durability and reliability.

Problem statement. When the road surface is arranged, due to the impact of hot asphalt concrete
on the reinforcing layer, there is a heat stroke which may cause excessive deformation (increasing or
decreasing the linear dimensions) of the RSM.

Purpose. The purpose of this study is to develop a method for determining the resistance to
thermal impacts of samples of RSM in contact with granular material heated to the set temperature.

Materials and methods. For the study, typical RSM of different raw materials are selected
which are used as a reinforcing material at the arrangement of roads, etc.

Results. Tesile strength of the RSM on the basis of raw material with increasing temperature of
heating: from polypropylene - decreases bylinear dependence; from fiberglass — does not change; from
polyester and polyvinyl alcohol - increases linearly by the linear dependence.

Tensile strength of the RSM along the sample’s width on the basis of different raw materials for
all tested materials with increasing heating temperature is reduced by linear dependence and is
characterized by a significant spread of data (6-10%), especially for fiberglass (up to 12%).

Elongation of RSM: from fiberglass (alongthe length and width of the specimen) — does not
change when the heating temperature of the grid is changed and in average is 3.1 %; from polyester —
increases from 10.1 to 25 % by exponential dependence (along the length of the sample) and by linear
dependence from 10,1 to 17,0 % (along the width of the sample) with increasing temperature of the grid
heating; from polypropylene — slightly increases by linear dependence (along the length of the sample)
and practically does not change (along the width of the sample) with increasing temperature of the grid
heating and is characterized by a large spread of data.

For RSM from polyvinyl alcohol, the size does not change (the elongation is constant along the
length of the sample) and the elongation from 8.8 to 6.0 % (along width of the sample) decreases with
increasing the temperature of the grid heating, from the ambient temperature to 250 °C.

Conclusion. In the article, the method for determining the resistance to thermal impact of the
reinforcing synthetic materials (RSM) samples in contact with the granular material heated up to the
established temperature is developed that is modeling the temperature impactsat the arrangement of
asphalt layers of road pavement structures.

Key words: reinforcing synthetic materials, road pavement structure, thermal impact, tensile
strength, elongation, change in linear dimensions, criteria for evaluation of thermal stability.
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METO/ OIPEJIEJEHHUSA TEPMOCTOMKOCTHA APMUPYIOIUX
CUHTETHNYECKUX MATEPUAJIOB

Annomayusn

Beenenue. Apmupyromue cuaTeTndeckne Matepuaisl (ACM) pa3nuyHbIX CTPYKTYp U COCTaBa
IIMPOKO HCIIONB3YIOT B COBPEMEHHBIX TEXHOJOTHSIX CTPOUTENHCTBA JOPOT Ui apMHUPOBAHHS CIIOEB
JOPOXKHBIX KOHCTPYKIMH, 9TO 00ECTIeYnBaeT UX JOJITOBEYHOCTH M HAJIEKHOCTb.

[pob6aemaruka. [Ipu ycTpoiicTBE OOPOKHOTO IMOKPBITHS, BCIEACTBHE NEHCTBUSI TOPSYETro
ac¢anpTobeTOHa Ha apMHUPYIONINI CIOH MPOUCXOTUT TETUIOBOU yAap, BCIEACTBHE KOTPOTO BO3MOKHBI
gpe3MepHbIe AedopMannu (YBEIIMIUBAIOTCS TMHEHHBIE pa3Mepsl) ACM.

Lenb. ILlenpto paHHOTO WCclenoBaHUS SBISETCS pa3paboTka MeToAa ONpeAeeHHUs
YCTOHYMBOCTH K TEIUIOBBIM BO3IEHCTBUAM 00pa3iioB ACM mpu KOHTaKTe C 3€PHHCTHIM MaTepPHAIIOM
HarpeThIM JI0 YCTaHOBJICHHON TeMITepaTyphl.

Matepuanbl u MeTobl. Jls ucciieqoBanus BeIOpanbl TUMYHbIe ACM pa3iiuyHOro ChIPHEBOTO
COCTaBa, UCIIOb3yEeMbIC KaK apMHUPYIOLIHA MaTepua npyu 00yCTPOKUCTBE JOPOT U TOMY ITOJI00HOE.

Pesyneratel. [lpounocts Ha pa3peiB ACM 10 JUiMHE Ha OCHOBE CHIPHS TIPH yBEIHUYCHUH
TeMIIepaTypbl HarpeBa: W3 MOJUMNPONIJIEHA YMEHBINAETCS TI0 JIMHEHHOW 3aBHCHMOCTBIO; W3
CTCKJIOBOJIOKHA HE W3MEHseTCs; M3 Noiauddupa W MONMBHHWICIHPTY HE3HAYMTEIBHO pPacTET IO
JINHEWHOM 3aBUCHMOCTH.

IIpounocts Ha pa3peie ACM mo mupuHe o0pa3iia Ha OCHOBE Pa3IMUHOTO CBHIPhS IS BCEX
WCIBITAHHBIX MAaTEPUATIOB TPU YBEIWYCHWHM TEMIICPATypbl HArpeBa YMEHBINASTCS IO JIMHEWHOM
3aBUCUMOCTH W XapaKTepH3yeTCs 3HAUYMUTEeNbHBIM pa3opocoMm aaHHBIX (6 — 10 %), ocoOeHHO mis
cTeKIoBOMIOKHA (710 12 %).

VYamuaeane ACM: U3 CTEKIIOBOJIOKHA (IO UIMHE W IMHPUHE 00pasiia) HE HU3MEHSCTCS IpHU
M3MEHCHUM TEMIICpPaTyphl HarpeBa pelIeTKH U COCTaBIseT B cpeaneM 3,1 %, u3 momuadupa pacret ¢
10,1 mo 2 5 % 1o KCIIOHEHIINATBHON 3aBUCUMOCTH (T10 ATTMHE 00pasia) U 1o JIMHEHHOW 3aBICHMOCTHC
10,1 mo 17,0 % (mo mmpuHe 00pasia) mpHu poCcTe TEMIIEPaTypbl HarpeBa PEMIeTKH, U3 TOJUIPOIHIICHA
HE3HAYUTEIHHO PacTeT MO JUHEHHOHM 3aBUCHUMOCTH (IT0 JUTMHE 00pa3slia) ¥ MPaKTUYECKH HE MEHSCTCS
(mo mmpuHe oOpa3la) MpU POCTE TEMIEpPaTyphl HarpeBa PEIICTKH M XapaKTepU3yeTCs OOJBIINM
pazbpocoM JaHHBIX.

It ACM u3 MONMBUHWICIIUPTA HE U3MEHSIOTCS pa3Mepsl (yIIIMHEHHUE MTOCTOSHHOE TI0 JITHHE
obpasua) W ymeHbliaercs yaiauHeHue ¢ 8,8 mo 6,0 % (mo mmpuHe o0Opasna) NpH yBEIUYCHUH
TeMIIepaTyphl HarpeBa pemeTku oT KoMmHaTHOH 110 250 °C.

BriBoabl. B cratbe omnmcaH MeToj ONpENENIeHHs] YCTOMYHMBOCTU K TEIUIOBBIM BO3ACHCTBUAM
0o0pa3IoB apMHPYIOIIUX CHHTCTUYCCKUX MATCPUAIIOB IPU KOHTAKTE C 3CPHUCTBIM MarepiayioMm,
HarpeTslM JI0 YCTAHOBJIEHHOW TEMIIEPaTyphl, MOJACIHPYIOMNNA TeMIepaTypHbIE BO3ACUCTBUS MpH
yCcTpoHcTBe acPambTOOCTOHHBIX CIIOCB KOHCTPYKITUH JOPOKHOM OJIEKIBI.

Knwouesvie cnosa: apMupylollue CHHTETHYECKHE MaTepUaNbl, KOHCTPYKLHS JOPOKHOM
OJICXK/IbI, TEPMOBJIHMSHUAE, MPOYHOCTh Ha pPa3pbiB, YJIMHECHUE, W3MCHEHUC JHHECHHBIX pPa3MEpOB,
KPUTEPUHN OLIEHKHA TEPMOCTONKOCTH.
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