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XII MEBYHAPOJIHA HAYYHO-CTPYYHA KOH®EPEHIINJA

baa Jyxa 2016. CABPEMEHA TEOPUJA U IPAKCA Y TPAJUTEJHCTBY

1 OpPHUTHHAIHU HAYYIHHU paj .

original scientific paper

PU3NYKO - MEXAHUYKA CBOJCTBA
MHUKPOAPMUPAHUX BETOHA BUCOKUX UBPCTORA

Dragica Jevti¢, dragica@imk.grf-bg.ac.rs, University of Belgrade, Faculty of Civil Engineering
Dimitrije Zaki¢, dimmy@imk.grf.bg.ac.rs, University of Belgrade, Faculty of Civil Engineering
Aleksandar Savi¢, savic.alexandar@gmail.com, University of Belgrade, Faculty of Civil
Engineering

Pezume:

Y npBoM neny paja npukasyjy ce Moryhu HauuHU 100Hjaba OETOHA BHCOKHX
yspcroha. Jlpyru neo pama mocBeheH je COICTBEHHUM CEKCIEPHUMEHTATHUM
UCIIMTUBAKBUMA, KOja cy oOyxXBaTHJA YBPCTONY MpH MPUTHCKY, YBPCTONY mpu
3are3amy, aTxe3njy, Op3WHy NpOCTHpama YITPa3ByYHHX Tajuaca, MOAYJI
€JIACTUYHOCTH, Ka0 ¥ TPAjHOCT KOMIIO3UTA.

HpI/IKaSaHe Cy pasjanu4vuTe pPCEUCUTYpE 66TOHa, CIIpaBJbEHUX Ca HNEMCHTOM,
CUJIMKATHOM IIPAIINHOM, ,Z[pO6JT>€HI/IM arperatoMm — ,HI/Ija6330M, KBAapIIHUM
IIECKOM, XGMHjCKI/IM JAoJanMMa, Kao 1 €a JiBa TUIla MUKpOapMaTtype.

Kwyune peuu: 6emon, yemenm, CuUnuKamua npawiuta, MUKpoapmamypd, 6Ucoxka
uspcmoha, xemujcku dooayu.

PHYSICAL-MECHANICAL PROPERTIES OF
FIBER REINFORCED HIGH STRENGTH CONCRETE

Summary:

Possible ways of obtaining high strength concrete are presented in the first part of
the paper. The second part deals with experimental research, which consisted of
testing of compressive strength, tensile strength, adhesion, ultrasonic pulse
velocity, modulus of elasticity, as well as the durability of composites.

Different concrete mix designs are presented, based on cement, silica fume, crushed
aggregate — diabase, quartz sand, chemical admixtures and two types of fibers.

Key words: concrete, cement, silica fume, fibers, high strength, chemical
admixtures.
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XII MEBYHAPOJIHA HAYYHO-CTPYYHA KOHO®EPEHIINJA

CABPEMEHA TEOPUJA U IIPAKCA ¥ TPAJIUTEJGCTBY bama Jiyxa 2016.

1. YBOJ

Beronu Bucokux uBpcroha ce Ae(hUHHUIITY CaMO Ha OCHOBY FbUXOBHX MEXaHHUUKUX
cBojctaBa - yBpcrohe mpu mpuTHUcKy y ozapehenoj (Hajueuthe 28—mHeBHO))
CTapoCTH, NpHU YeMy ce OpojHa BpeJHOCT Te YBpcTohe Memalia TOKOM BpeMeHa.
Tako je, Ha mpumep, 70-THX roJrHa TPOLUIOT BeKa YBPCTOhA MPU NPUTUCKY OJT
40 MPa Ha3uBaHa BHCOKOM, JIOK je KACHUJUX 'OAMHA, CA MHTEH3UBHUM DPa3BOjeM
TEOpHje U TEXHOJIOTHje OETOHA, MPEOBIAA0 CTAB JIa j¢ Ta YBPCTONa OHAa MPEeKo
60 MPa (na nmpumep, npema [IpaBuinauky bAB-87). HapasHo, na 6u ce mocruria
oBa uBpcroha OMIIO je TMOTPeOHO TEeMEJPHO MO3HABamke CTPYKType OeToHa,
(bakTopa KOjU Ha By yTUUY, K0 M CaMOI' Ipoleca Xujparandje HEeMeHTa U
IBEroBe KHHETHKE, ¢ jemHe crpaHe. C apyre crpaHe, Mak, caM pa3Boj OeToHa
BHCOKHX YBpCTOha IOCTemmia je W CHHEprHja XeMHjCKe WHIYCTpHje U
rpaljeBUHApPCTBA Tj. IPOTPECHBHU Pa3BOj XEMH]jCKHX AoAaTaka OETOHY, HOCEOHO
ractuuKaropa u cynepruiactTudukaropa.

YcBajambeM CTPYKTYPaJMCTHYKOr KOHIINTa, 0 KOME CTPYKTYpa KOMIIO3HTA Y
HajBehioj Mepu omnpeesbyje BEroBa CBOjCcTBa (a Koja ce Ko OETOHA cacToju M3
MaKpOCTPYKType, MHKpPOCTPYKTYpe W TIpejiia3He 30He wu3Mel)y arperara u
LEMEHTHOT  KaMeHa), OCHOBHHM 33J1aTaK HWHXEHepa TEXHOJOTHje W
rpaljeBuHapCTBa je M3HANAXKEHE HAa4YMHA Jia Cce YTHYe Ha IOpPO3HOCT OeTOoHa,
HErOBy HEXOMOTE€HOCT M MHKPOIPCIUHE - KaKo Y XHUJPATHCaHO] I[EMEHTHO]
MacTH, TaKO M y TpeJia3Hoj 30HH [2, 5].

OCHOBHH HAYMHH JICTIOBaRA, YKOIHKO CE KENU IOCTH3aHkE BUCOKMX MEXaHUIKUX
yBpcroha GeToHa, moapasymesa ciieneha aenosama:

- (Qm3muko JgenoBame, KOjé C€ CacToju y TPUMEHH HHCKHX
BOJIOIICMEHTHHUX (akTopa, y3 Kopumheme pomaTaka OCTOHY THIIA
IUTacTU(HUKATOpa U cynepruiacTudukaropa,

- m3paga OeToHa ca JOJATKOM T3B. CWJIMKAaTHe 4ahu, WM CHIMKATHE
npammHe (silica fume), koja genyje kako Ha (QU3MYKOj, TAKO W Ha
XEMH]jCKOj OCHOBH,

- u3paga OeToHa ayTOKJIaBHMM ouBpuihaBameM, y3 MPUMEHY CHIIMKAaTHE
IpamHe ¥ CynepIuiacTupuKaTopa.

[TpBuM HaumHOM Mory ce noOutn uBpcrohe npu npurncky nimelhy 60-80 MPa,
IpYTEM

80-110 MPa, a tpehum u nipexo 150 MPa [7].

ITopen oBora, BaxkHO je nctahu 1a je omadbup KOMIIOHEHTHUX MaTeprjajia BeoMa
Ba)kaH KOpaK 3a CrpaBJbame OeToHa BUCOKHX uBpcroha. To mpe cBera 3Ha4M na
BpCTa, Klaca W KOJIMYMHA LIEMEHTa UIpajy BaXKHY YIJIOTY, Ila CE Tako 3a OBY
HaMeHy yriaBHOM Kopuctu rieMeHT o3Hake CEM I (6e3 MuHepanHux 1omaraka),
a merosa KoamuuHa u3Hocu npeko 400 kg/m?3. Kiaca nemenra takolje urpa yory
y cMHCIy Oa Buiia kiaca (Hrp. 52,5) maje u Behe uBpcTolie, mpeMa MO3HATOM
3akoHy CkpamrajeBa. MUHEpaJIONIKH cacTaB [leMeHTa Takohe je BakaH, oceOHO
KOJIMUMHA TIPUCYTHOT BeluTaykor MuHepana CsA, jep reHepaiHO BaKH CTaB Jia
Hwku canpixkaj C3A maje 6oJpa peosioliKka CBOjCTBa CBEXEr OcToHa (Tpe cBera,
MamH nax "cnamma) [3].
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[IITo ce Tnue arperara, ¥ Ty c€ MOpa BOJWTH PauyyHa O FHETOBOM KBAIUTETY,
BEJINYMHHA MAaKCHMAITHOT 3pHa, a MO0ceOHO 0 (PM3MUKO-MEXaHNYKUM CBOjCTBUMA.
Haj6oseu pesynratu mobujajy ce ymorpeOoM arperara THIIAa KBapIia, KBapiuTa
WM TPaHWTa, ca uBpcrohom npum nputucky Behom ox 200 MPa. Ako ce roBopu o
BENTMYMHI MAaKCHMAITHOT 3pHA, Ba)KU MPABIJIO 1a, IITO Cy 3aXTeBaHe YBpcTOhe
OeroHa BHIIIE, BEJIMYMHY MaKCHMAITHOT 3pHa arperara tpeda MpOoropIUOHAIHO
cMmamuBaTH. Tako Ha mpuMep, 3a 0eToHe uBpcTohie mpeko 125 MPa, mpenopyueHo
MaKCHUMaJlHO 3pHa arperara Tpeda ma ce kpehe msmelhy 10-14 mm. V uuiby
nobujamba Oospux mepdopMaHcu OeToHa ymyTHO je kopuirheme Beher Opoja
(dpakimmja arperarta.

Kako uBpcrohe Oerona 3aBuce, m3mely ocranor, ¥ o7 KOJMYMHE IIEMEHTa,
BOJIOLIEMEHTHOT (DaKTOpa M CTENEeHa XUpaTalyje, HU3aK BOAOIIEMEHTHH (HaKTop
Moxe ce moctuhu ymorpeboM noiaraka OeTOoHy THIa IUlacTHdUKaropa u
CylepIacTu(puKaTopa.

CunmkaTHa mpammHa (CHIIMKaTHa 4al)) Koja ce jaBiba IO/ pa3InduTHM Ha3UBHMa
("condensed silica fume", "silica fume", "microsilica", uta.), mpencraBba
amophHN cwmiujymM-auokcenn  (SiO;), Koju HacTaje TpH  TPOU3BOIHU
CHJIMKAaTHUX M (epocrimKaTHUX Jerypa. CriennudHa MOBPIIMHA OBOT (MHOT
Mmatephjana, onpehena BET metomom, m3nocu ox 11-40 m?/g. 3pHIa cunmkartHe
rpammee ¢y cepHor obumka u Mory outa u 10 100 myTa Marma of 3pHa [IeMeHTa.
IIpocedna BemmumHa oBux dectuna je 0,1 um mTo 3HauajHO TIOBehaBa HUXOBY
crienuduYHy MOBPIIMHY U oMoryhaBa mBUX0BO "TycTo makoBame" wu3mely 3pHa
nemeHTa ((U3UUKO JesoBame). Y NPUHIMUITY, CHIMKATHA TpalliHa ce I0jaje
OCTOHMMa BHCOKHX YBpPCTOha y penatuBHO MasioM mporeHTy (8-12% y omHOCy
Ha Macy IleMeHTa), IPU YeMy ce 3Ha4yajHO noBehaBa HEONXo/Ha KOJIWYHMHA BOJIE
— Ta ce MPaKTUYHO YBEK OBUM KOMIIO3UTHMA JI0Jajeé U HEeKa BPCTa XEMH)CKOT
JofaTKa Tuna cynepriactudukaropa [1, 117.

Iopen ¢usmukor aenoBama, CHIMKATHA IpAlIMHA Kao IMYIOJIAHCKH JI0JATaK
Jielyje ¥ Ha XeMHjCKOj OCHOBH — THME IITO Be3yje KaJIIHjyM-XHIPOKCH HACTa0
TOKOM XHUipartanyje anura 1 oenura. Jlonarkom SiO, y npoayKTHMa XHpaTaryje
CMarbyje ce BeJIMUIHHa ITopa ¥ JIeOJbHHA TPAaHUYHOT cJ0ja (Tpesia3He 30He) u3mel)y
[IEMEHTHE T1acTe U arperara. Takole, ocTBapyje ce u 00Jba aTXe3uja EMEHTHOT
reja 3a arperat ¥ IpHCYTHY apMatypy y OeToHy.

OBakBH CHCTEMH c€ y JHTepaTypH uecto o3HadaBajy kao DSP ("Densified
systems containing homogeniously arranged ultrafine particles") wm y
JTUPEKTHOM TIPEBOY: "3TYCHYTH CHCTEMH KOjH Calp)Ke XOMOTEHO pacropeleHe
Bpyio (huHe yectuie". Y NpeaMETHHM CHCTEMHMa, OCTBapeHa MUKPOCTPYKTYpa
je 3HaTHO KOMIIAKTHHMja W XOMOTEHHMja y OJIHOCY Ha KiacuuHe OeToHe
yobuuajenux uBpcrtoha. Takole, KOHTaKkTHH c0j (Ipesia3Ha 30HA) je CMambeHe
nebsprHe u noBehaHe KOMITAaKTHOCTH ycien hopmupama Beher Opoja cuTHHjUX
kpuctana Ca(OH), xaotuune opujentanuje [12].

2. EKCOEPUMEHTAJIHA HCITUTUBAIbA

Y Jlaboparopuju 3a MaTepujane MHCTHTYTa 3a MaTepHjajie U KOHCTPYKIjEe Ha
I'paheBunckom ¢akynrery YrmBep3urera y beorpamy, BpmeHa cy OpojHa
HCIHUTHBamba OCTOHA BUCOKHMX YBPCTONA, 3aTUM OETOHA BHCOKUX MEPPOPMAaHCH,
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YIITpa-BUCOKKX UBpcToha, Kao 1 MUKpOoapMHUpaHuX OeTOHa BUCOKHX uBpcToha m
camo30ujajyhnx Gerona Bucokux uBpcroha. VY oBoM pamy Ouhe npukasanu
pe3yaTaTH HCTPaXMBakha HOBH]jET JaTyMa, Koja 00yXBaTajy HCIIUTHBAka BPIICHA
Ha MHUKPOapMHpaHNM OETOHMMa BHCOKHX YBpcTOoha CIpaB/bEHHM Ca JOAATKOM
MTOJTUTIPOTIMIICHCKUX 1 YeIMYHHX BiakaHa [13].

3a noTpebe npeIMeTHUX UCTIUTUBALA CIIPABJBCHO je TIeT ceprja 0eToHa, O KOjuX
IIpBa CepHja MpeICTaBJba eTajJoH — OETOH BHCOKE UBpCcTOhe 0e3 ToaTKa BiIakaHa,
npyra u Tpeha cepuja clpaBjbeHE Cy ca JOJATKOM pa3IMuUTHX KOJIWYMHA
YeJIMYHUX BllaKaHa CaBHjeHMX Ha KpajeBuMa (mpousBohaya WPU n.n.,
CrnoBeHHWja), a 4YeTBpTa M IETa CEpHja ca MOJATKOM DAa3IHYUTHX KOJHYHWHA
MOJUTIPONMIICHCKUX BlakaHa (mpousBohaua Cuka, IllBajumapcka). CBojcTBa
NIPUME-EHHX BJIaKaHa IpuKa3aHa cy y tabemm 1.

CBux 5 cepuja OETOHCKMX MEIIaBHHA Cajp)Kajle Cy MCTe KOJIMYMHE I[eMEeHTa
(CEM 1 52,5N) u munepansHor aoxatka (cuwiukartHe uahu). lIto ce thue
arperara, KopumiheH je CuTaH KBapIHH 1ecak (kpymHohe 10 3 mm), Kao U KpynaH
npoOsseHn arperar — aujadas (kpynsohe 4-11,2 mm). Uspcroha npu nputHcKy
cTeHcke Mace (Y CyBOM CTamy), Of Koje je J00ujeH mpeaMeTHH IpoOJeHn
arperar mn3Hocwna je cca 160 MPa. Kommumne arperata W HHXOB
TpaHyJIOMETPH]CKH cacTaB OMIN Cy KOHCTAaHTHHU KOJ] CBUX OSTOHCKUX MEIIaBHHA.
Takohe, xopumhena cy u 1aBa xXemHjcka mgomatka (mpomsBohaua Cuka,
[IBajiapcka). YcBojeHe penentype cy npukasane y tabemn 2.

Tabena 1 - Texnuuxu nooayu o nonunponunenckum énaxnuma "Sika®
Fibers" u uenuunum enaxnuma casujenum na kpajesuma "UPH 00",

Jbybmana
CBOjCTBO [omunponuieH Yenuk
Cneuunduuna Maca 0,91 g/cm? 7,85 g/em?
Hyxwuna Bnakana (1) 12 mm 16 mm
ITpeunuk Bnakana (d) 0.037 mm 0.4 mm
®daxTop obsmka (1/d) 324 40
AoGcopmiyja Boje HHUCKa -
Tauka Torsbema 160°C 1500°C
Tauka nassema 640°C -
TomnoTHa IPOBOAJBUBOCT HUCKa BHUCOKa
Enexrpuuna
HPOBOBHBOCT HHCKA BHCOKa
OTIIOPHOCT Ha KHCETHHE BHCOKa -
OTnopHOCT Ha anKanuje 100 % -
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3are3na yBpcToha 360 N/mm? 1100 N/mm?
W3nyxeme npu 1omy 80-120 % -
Moy enacTHIHOCTH ~ 4000 N/mm? ~ 200000 N/mm?

Tabena 2 — Ycsojene peyenmype 6emoHCKUX Meuasuna

Kommonenra Cepuja I Cepuja Il | Cepwuja III Cepuja Cepuja V
(kg/m®) (kg/m®) (kg/m®) v (kg/m*)
(kg/m’)
Llement 52,5 N (Lafarge) 500 500 500 500 500
SikaCrete® — AR 40 40 40 40 40
Bojaa 163 163 163 163 163
ViscoCrete 20 HR 8,1 8,1 8,1 8,1 8,1
Plastiment 20 R 1,6 1,6 1,6 1,6 1,6
[MonunponuieHcka BlIakHa - - - 0,6 0,9
YenuuHa BIaKHA - 40 80 - -

Kapum 0,3 - 1,2 mm 433 433 433 433 433
Hecax 0,8 —2,0 mm 79 79 79 79 79
1,0 — 3,0 mm 276 276 276 276 276
Arperar 4,0 — 8,0 mm 330 330 330 330 330
Jujabas 8,0—11,2 mm 714 714 714 714 714

Pesynrati ucnuTHBama MPeIMETHUX ceprja OETOHA Y CBEXKEM CTarby JaTH CY Y
Tabenu 3.

Tabena 3 — Pesyﬂmamu UCNUMUBAFLA CEENCUX OEMOHCKUX MeULABUHA

' ] Cepuja Cepuja Cepuja Cepuja
CBojcTBO Cepuja I 11 111 Y \
Crerame 71 17 9 18 18

(cm)
Temigga)wypa 20,2 21,4 21,0 20,6 21,5

YByueHHU Ba3ayx

(%) 26 3,0 3.2 3.3 34
3aHpeMI/IHCI§a 2462 2470 2489 2394 2404
maca (kg/m?)

Pesynratu ucnutruBama 0ETOHA Y OYBPCIIOM CcTamy (Tipu crapoctu o 7, 28 u 90
JaHa), Aati cy y Ttabenn 4. CBaka O/ HaBEJICHUX BPEIHOCTH IPEICTaBIba
ApUTMETHYKY CpeJIUHY, 100ujeHy Ha 0a3u TpH pe3yJiTaTta He3aBUCHUX MEpemba.
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Tabena 4 — Pezynmamu ucnumugarsa ouepcioe 6emona (t =7, 28 u 90 oana)

t = 7 pnana
CBojcTBO Ce;;n]a Cepuja II Cepuja 111 Cepuja IV Cepuja V
Banpemmnicka maca |, 4,5 2487 2517 2464 2458
(kg/m?)
Uspcroha npu
TIPUTHUCKY 68,9 73,9 75,3 70,1 71,5
(MPa)
bpsuna yrrpassyka | 4o, 4893 4984 4804 4820
(m/s)
t = 28 nana
CBojcTBO Ce;;uja Cepuja II Cepuja 111 Cepnja IV Cepuja V
Sanpemrcia maca | ¢ 2473 2512 2455 2456
(kg/m’)
Uspcroha npu
MIPUTHUCKY 76,7 85,8 92,4 83,3 84,9
(MPa)
Uspcroha npu
3are3amy lenambeM 4,19 4,84 5,55 4,53 4,76
(MPa)
Atxesnja
"Pull off" 3,80 4,53 3,73 3,96 4,13
(MPa)
Monyn
€IaCTHYHOCTH 41,25 43,50 40,56 43,62 39,68
(GPa)
bpsura yipassyka | - 4943 4948 4995 4857 4865
(m/s)
t = 90 pana
CBojcTBO Ce;;n]a Cepwuja 11 Cepuja 11T Cepuja IV Cepuja V
UYspcroha npu
MIPUTUCKY 85,6 90,2 94,4 88,4 85,9
(MPa)

HcnmtuBame TpajHOCTH IMPEAMETHUX KOMIO3WTA, Y CMHCIY OTIIOPHOCTH Ha
CHUMYJITaHO JI¢jCTBO Mpa3a M COJIA 32 OAMpP3aBambe, IMOKA3aJlo je Ja Cy TryOuIm
Mace W omrehema HCNHTHBaHE MOBpHIIMHE 3aHeMapspuBU. lllTOo ce THYe
UCITUTUBAKba BOJOHENPOITYCTIBHBOCTH, PETHCTPOBAHN Cy MAKCHMAJHU MPOJIOPH
BOJIE KOjH Cy ce kperanu uzmehy 16 u 24 mm.

3. 3AK/bYYAK

Ha ocHOBY cBera mpeTxofHO HaBEJEHOT, MOXE CE 3aKJbYUHTH Ja ce nmoBehana
yBpcToha, Y OTHOCY Ha KIIAaCHYHE OETOHE, MOYKE OCTBAPUTH CIIPaBJhambeM OeTOHa
Mambe NMOPO3HOCTH, a TO 3HAYM YIOTPEOOM IOBOJFHO HUCKHX KOJIMYHMHA BOJE.
Bucoka xoMoreHocT 0eToHa, BpPJI0O BUCOK HMBO MEXaHWUYKMX 4YBpcTOha, Kao u
BUCOK CTCIICH BOAOHCIIPOITYCT/bUBOCTH MOI'Y C€ noctuhu IMpaBUJITHUM I/I360pOM
arperata ¥ TPaHYJIOMETPHjCKE KOMIIO3HUIIMje, M300pOM BpPCTE M ONTHMAJIHE
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KOJIMYMHE IleMeHTa, mnoBehameM CTerneHa Xujaparandje, eQpHKaCHUM
yrpajuBameM, Ka0 W NMPUMEHOM pPa3MUUTHX XEMHUjCKHX JojaTaka OCTOHY -
IMyTeM KOjHX ce JIeTyje Ha MUKPOCTPYKTYpy OeTOHa.

XeMHjcKH Joman OETOHY THIA cymnepruiacTudukaropa, Ka0 W €BEHTYAIHO
JOJaly THWIIA 3alTHBada W JOAAIM ca CHUMYJITaHUM e(eKToM aepupama H
macTHUIMpamka, AMPEKTHO hie yTHIAaTH Ha MOJEIHMpame MOPHOT MPOCTopa 1
pacrtiope mopa y CTpyKTypu 0etora. CBakako, py OBOME Tpeba BOIUTH padyHa
0 KOMITaTHOMJIHOCTH XEMHjCKUX J0laTaka ca YNOTPeOJbeHHM IEMEHTOM.
IIpumeHOM MMHEpaNHMX [0JaTaka THUIA CWIMKaTHE IpPAIIMHE W JIPYTUX
Marepujajia MyIOJaHCKMX CBOjCTaBa, MOXeE Ce€ Takohje yTunatu Ha
MHUKPOCTPYKTYpYy O€TOHa, ajlyd MCTO TaKO W Ha MOOOJBIIAKE TPAjHOCTH OBUX
KomIto3uta. HaBeneHu ponany yTudy U Ha moOoJbIIaH KBATUTET IpeJia3He 30He
n3mel)y 3pHa arperara u 1IeMeHTHOT kameHa [4, 5].

[IITo ce THUe MUKpOAPMUpPaHUX OETOHA BUCOKE YBpCcTOhe, BapupameM BpCTe U
KOJINYMHE BIIaKaHa JTOOWMjEHH Cy KOMITO3UTH 3a/I0BOJbaBajyhux mepdopmancH.
Tako Ha mpuMmep, uBpcTohie IpH MPUTHCKY Yy CTapocTu o 7 naHa kpehy ce y
rpanunama og 69 MPa o 75 MPa, ok ce ucrte uBpcrohe y crapoctr o 28 naHa
kpehy y rpanumiama oz 77 MPa o 92 MPa, a va 90 nana ox 86 MPa mo 95 MPa.
Kao mrTo ce u3 Tabene 4 Moxke BUAETH, 0OTHOC YBpcToha mpu mpuTucKy Ha 7 u 28
nmana m3Hocu m3mehy 0,82 u 0,89. Takolhe, Moxe ce younTH Ia ce JOZATKOM
YeIMYHe MHUKpoapMaType 4BpcToha mpu mpuThCcKy moBehaBa (y omgHOCy Ha
etanon) uzmely 12 u 20%, a 101aTKOM IOJIMIIPONMICHCKUX BilakaHa niMely 9-
11%. ITo ce Tnue uBpcrohe npu 3are3amy leNambeM, OHA je UCIIUTHBAaHA CaMo
TIPU CTApOCTH o1 28 nana, a ToOujeHn pe3yiaTatu ce kpehy y rpanunama 4,2-5,6
MPa. [1pu Tome, Kao 1 y ciy4ajy uBpcTohe npu IpUTUCKY, ¥ OBZie Beha KoTMuuHa
BiakaHa naje Behy uBpcTohy kommosura. M3mepene Op3uHe mpocTHpama
JIOHTUTYIUHAIIHUX YITpa3BYYHHX Tanaca KkpeTane cy ce y rpanumama 4800-5000
m/s, IITO YKa3yje Ha BUCOKY OCTBAPEHY KOMITAKTHOCT HCTIMTHBAaHUX OeToHa. OBa,
Kao ¥ HEKa paHHWja WCIHWTHBAma, MOKasajla Ccy Ja ce, y INpHHOMIY, 0osba
MEXaHWYKa CBOJCTBA IOCTIKY YIMOTPEOOM YEIHIHE MUKPOApMaType, Y OIHOCY
Ha CHHTETHUKY [0, 8, 9, 10, 11].

Ogre Tpeba HAMOMEHYTH Aa OU ce, CBaKaKo, JOOWIIH jOII TOBOJEHUJH PE3YITaTH,
Jla Cy Ha TPKUIITY OMJIM TOCTYIIHM arperaTd BUIINX MEXaHWIKHUX CBOjcTaBa (Ha
TIpUMep: KBapIl WM KBApIUT, ca uBpcTohoM npu nputucky sehom ox 200 MPa).

3AXBAJIHOCT

Y pany je mpuKkazaH Ao HCTpaKHMBama KoOje je TOMOIII0 MUHHCTapCcTBO
MPOCBETEe, HayKe M TEXHOJOMIKOT pa3Boja Pemybmmke CpOuje y OKBHPY TEXHO-
somrkor npojexta TP 36017 mon HazuBoM: "McTpaknBame MOTYRHOCTH IpHMEHE
OTHATHHUX U PEUUKIUPAHUX MaTepHjaya y OETOHCKMM KOMITO3UTHMA, Ca OL[CHOM
yTHUIaja Ha KHUBOTHY CPEIMHY, y LUJbY MPOMOIIMje OAPKUBOT rpaljeBuHapCcTBa Y
Cpouju".
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