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AHAJIM3A O®OU3NYKO-MEXAHUYKUX KAPAKTEPUCTUKA KAMEHA VY
CPBHJU 3A ITIOTPEBE ITPOTUBEPO3NOHUX PAJIOBA

MacT. MHK. myM. Bykamua Ponuesuh!*, Mact. umk. mym. Hukona XXuanosuh!,
ap I'posnana ajuh!
"Vuusepsurer y beorpany, lllymapcku dakynrer
*yukasin.roncevic@sfb.bg.ac.rs

AIICTPAKT: Ilompydje CpOuje je IeoJOIIKH BeoMa PasHOBPCHO M 0Oraro, IITO Mpyxka
MoryhHOCT ekcIuioaranuje, HCIUTHBaka U NPUMEHE Pa3IMYUTUX rpal)eBUHCKUX Marepujaia
HEMETAJIMYHOT MOpeKia, KOoju ce mo0Hujajy O YBPCTHX, HEBE3aHHWX U IONYBE3aHHX CTEHA.
Kao HemsocraBan rpal)eBUHCKHM MaTrepujajl, HEMETAJIUYHOT IOPEKJa, KOjH Ce NMPHMEHY]je
y TPOTHBEPO3HMOHMM paJOBUMa, U3/Baja ce rpaljeBuHCKM KameH. ['paljeBUHCKM KaMeH ce
y CpOuju KOpPUCTH, Y NPOTHBEPO3MOHUM paJOBUMa, Ipe CBEra Kao TEXHWYKH KaMeH, a y
HE3HATHO] MepU M Kao yKpacHH (apXUTEKTOHCKH KaMeH). Y InJby aJleKBaTHOT ojabupa
u ymorpebe rpaljeBUHCKOI KaMeHa, y OOJacTH MPOTHBEPO3MOHHMX paJoBa, HEOIXOIHO j€
YTBPIUTH HEroBa MHHEPOJIOIIKO-TIeTporpadceka, GU3NIKO-MeXaHW4Ka U 1MoceOHa CBOjCTBA.
Y pagy je mnpencraBbeHa yropenHa aHanu3a (U3NYKO-MEXaHWYKHX KapaKTEepUCTHKA
rpaheBunckor kameHa y CpOuju, NOPEKIOM O]l XeMOT€HHX M OpPraHOT€HHX CEIMMEHTHHX
CTEHa, U YTHIaja yCJoBa CPEAMHE HAa TPAJHOCT KaMeHa, ca MPUMapHUM IHUJbEM a/IeKBaTHOT
onabupa rpal)eBUHCKOT KaMeHa 32 MPOTUBEPO3UOHE PaIOBE.

Kibyune peun: cenumMeHTHe cTeHe, rpal)eBUHCKH KaMeH, PU3NUKO-MeXaHHYKe KAPAKTEPUCTHUKE,
MIPOTUBEPO3NOHU PaJIOBU

ANALYSIS OF PHYSICO-MECHANICAL CHARACTERISTICS OF STONE IN
SERBIA FOR THE NEEDS OF EROSION CONTROL WORKS
MSc Vukagin Rongevié'*, MSc Nikola Zivanovi¢!, dr Grozdana Gaji¢!
"University of Belgrade, Faculty of Forestry
*yukasin.roncevic@sfb.bg.ac.rs

ABSTRACT: The area of Serbia is geologically very diverse and rich, which provides the
possibility of exploitation, examination and application of various construction materials of
non-metallic origin, which are obtained from solid, unbound and semi-bound rocks. As an
essential construction material of non-metallic origin, which is applied in erosion control
works, a building stone is distinguished. In Serbia, construction stone is used in erosion control
works, primarily as a technical stone, and to a slight extent, as decorative (architectural stone).
In order to adequately select and use the building stone, in the field of erosion control works, it
is necessary to determine its mineral-petrographic, physico-mechanical and special properties.
The paper presents a comparative analysis of the physico-mechanical characteristics of the
building stone in Serbia, originating from the hemogenic and organogenic sedimentary rocks,
and the influence of the environment on the durability of the stone, with the primary goal of
adequately selecting the construction stone for erosion control works.

Key words: sedimentary rocks, building stone, physico-mechanical characteristics, antierosion
works
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YBoa

I'paheBuHCKHM KaMeH je jemaH o MaTepHjalia KOju ce Hajuemhe KOpHCTE 3a MOTpede
MPOTUBEPO3NOHNX pajioBa Ha noApydjy Cpbuje. C 063upoM Ha ycIIOBEe CpeluHEe y KOjuMa ce
npUMemYje, KaMeH Mopa 3aI0BOJEUTH ofpeljeHe KpuTeprjyMe Kako Ou ce o0e30eamia \eropa
TpajHOCT. 3Ha4yajaH (aKTOp KOjH yTHYE Ha TPajHOCT KaMEHa jecTe aJleKBaTaH oabup KaMeHa
(Winkler, 1973). IIpema HaBommma Bilbije (1984) TpajHocT Hekor rpal)eBHHCKOT KaMeHa
IPE/ICTaBJba MEPy HHETOBE CIIOCOOHOCTH Jla C€ OAylpe IMpOoNafamy M CaMHM THM 33JpKU
MIOYETHY BEJINUMHY, O0JIMK, YBPCTHUHY 1 H3IVIE TOKOM JTy>KET BpEMEHCKOT IepHo/ia. YHYTPALIBU
Y CIIOJBAIM YMHUOLM YTHYY Ha TPajHOCT KaMeHa. [lon yHyTpalmbiuM YMHUOLMMA MHUCIIH
Ce Ha MOPO3HOCT KaMEeHa, OIHOC KaMeHa IpeMa BOAM, TOIUIOTHO INUPEHE M CKYIJbame
KaMeHa, JIOK MO CIIOJhallllheé YMHHMOLE chajajy arMocdepa u arMocgepcku 3araljuaun,
pasapajyhe nenoBame Mpasza, HAU3MEHHYHO CyIIEeHa M BIaXKeHha KaMeHa, paCTBOPJHUBE COJIH,
(u3nuKo pacnagame Moj yTHIajeM TeMIlepaType M JIeJIOBahE )KUBUX OpraHn3amMa Ha KaMeH.
Onabup rpalheBUHCKOT KaMeHa ca aclleKTa TPajHOCTH je 3aCHOBaH IIpe CBEra IpemMa TOMeE
Kako Ce I0Ka3ao y MPOIUIOCTH M MpeMa pe3yinTatuMma cTanmapaaux tectoBa (Bell, 1993).
I'paheBHHCKOM KaMeH KOjH je MOPEKIIOM Off XeMOTeHHUX M OPIaHOTCHUX CEANMEHTHHX CTEHa,
a KOjH ce MpUMemY]je 3a U3TrPaamy y MPOTHBEPO3NOHNM panoBuMa y CpOuju, jecTe TEXHUUKH
KaMeH ozapeheHuX (U3MUKO-MEXaHWYKHX KapaKTepUCTHKA, AOK C€ YKPAacHH KaMeH BpJIO
petko xKopucTH. TeXHHYKH KaMeH ce y NMPOTHBEPO3MOHUM paJOBUMa KOPHCTH Ipe CBera Kao
MarepHjaj WM KOHCTPYKTHBHH €JIEMEHT Y OKBHUPY CHCTEMa MHTETPAIHOr ypehema CIMBHUX
MOZIpyYja YTPOXKEHNX €pO3NOHUM MPOoLecHMa U OyjUYHUM MOIUIaBaMa.

Marepujaja u MeToq

[Ipema mocrojehuMm casHamMMa W pe3ydTaTUMa HCIHMTHBama KBalIUTeTa kameHa MHcTUTyTa
3a ucnuTHBame Matepujana Cpbuje, oOjaBibeHIM y myOnukamjama y mepuony 1956-1962
roguHe u CTyauje o BpcTama, KBAIUTETY M pe3epBamMa TeXHHUYKOI TpaljeBHHCKOI KaMeHa y
Cpbuju y mocrojehnm xamenonomuma (Bilbija u Spasojevi¢, 1959, 1961 u 1964), u3Bpmiena
je ymopemHa aHanmm3a (U3WIKO-MEXaHMYKHX KapaKTepHCTHKa rpa)eBHHCKOT KaMeHa Yy
Cpbuju, y mwby ameKkBaTHOr omabmpa KaMeHa 3a MoTpede MPOTHBEPO3HOHHX pamoBa. Y
aHAIIN3Y Cy YBPIITEHH Y30pLH U3 275 aKTHBHHUX KaMeHolioMa y nepuoay 1956-1962 ronune,
Ha Teputopuju Cpouje. JJoOujeHe BpeIHOCTH MCIUTHBAmka KaMeHa 3HadajHE Cy ca acleKkTa
MMO3HaBamka KBAJIWTETa KaMeHa M3 MocTojehnx HamasumrTa win 3a moTpede oTBapama HOBHUX
kameHosoMma. KaMeH je mo0ujeH U3 CeMMMEeHTHUX CTeHa XeMOT€HOT U OpTaHOTEHOT TIopekia. Y
rpyIy cTeHa oOyxBaheHIX aHaII30M CIIafajy Kpeumak, JOJIOMUT, TPABepTHH, OUTap U OHUKC.
DuznuKo-MeXaHHIKe 0COOHHE Tpal)eBHHCKOT KaMeHa aHAIM3UpaHe y paly puKa3aHe cy Kpo3
BPEIHOCTH:

1. uBpcrohe kameHa Ha IPUTHCAK:
1) ycyBoM cTamy,
2) y BoaOM 3acMNEHOM CTamy H
3) mocie xejcTBa Mpasa,
2. OTHOPHOCTH KaMeHa IpeMa xabamy CTpyTameM,

3. ymnujama Boje,
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4. 1OCT0jaHOCTH KaMeHa Ha Mpa3y,
5. 3ampeMHHCKE Mace KaMeHa:
1) camynsprHaMa U opama u
2) 06e3 OIyIUbMHA U 1IOpa,
6. TIOpO3HOCTH KaMeHa.

Jasba aHanu3a oOyxBara carieiaBame JIeNI0oBamba ycI0Ba CpejuHe Ha KaMeH, y KOjUMa ce KaMeH
y CpOuju KOpUCTH 3a IPOTUBEPO3UOHE PajioBe. 300r BOJE Ka0 OCHOBHOT YMHHOLA pa3apama
CT€Ha, YCJIOBU CPEHHE Y KOjUMa Ce MPUMEbYje KaMEeH Cy MOAEJbeHH NpeMa Y4ecTaloCTH U
Tpajamy BilaXKela KaMeHa Ha 3 KaTeropuje:

1. kareropwmja - yCIOBH y KOjuMa c€ KaMEH KBacH ITaJjaBHaMa ¥ BehWHOM BpeMeHa je
TOJ] TUPEKTHIM YTHIAjeM aTMOC(hEepHiIrja N BpEMEHCKHX IIPIITHKA,

2.  KaTeropwuja- yCJIOBH Y KOjHMa je KAMEH Y 30HH CTATHE OCITUIIAIN] € BOJE, HAN3MEHIUYHO
TIOJ] BOJIOM U TIOJT TUPEKTHUM YTHIIajeM aTMochepriiija 1 BpeMEHCKIX ITPHITHKA,

3. Kareropwja - yCJIOBH Yy KOjUMa je KaMeH YBEK IOl BOAOM, OCHM Y H3Yy3EeTHHM
MpUINKaMa, ¥ PEeTKO TOJA IWPEKTHHM YTHIajeM arMoc(epmirja W BPEMEHCKUX
TIPUITHKA.

Ha ocHoBy ananmm3e (U3MUYKO-MEXaHWYKHX KapaKTepHCTHKa KaMeHa W YCJIOBAa CpEIHHE
Yy KojuMa ce KOPHCTH, yTBpl)eHe Cy MOTOAHOCTH KaMeHa 3a yHnoTpely y HMpOTHBEPO3HOHUM
pamoBuma y Cpbuju.

Pesynararu u quckycuja

CenmMeHTHE CTEHEe IpeMa CBOjOj HAMEHHM M BPETHOCTH MMajy naneko Behwm 3Ha4aj of
MarMarckux u MeramoppHmHx crteHa. CemTMMEHTHE CTeHe uYpHe BuIe ox 75% 3eMIbuHE
NOBpIIMHE, MehyTHM, O TOr IPOLEHTa, CEAUMEHTHE CTEHE XEMOICHOI ¥ OpIraHOTeHOT
Nopekya yuecTByjy ca mame of 10%. Kamen oOyxsahen ananuzom noOHjeH je ol KallujyM-
kapOOHaTHe CTEHe, M TO Kpeumaka, JIOJIOMHTa, TpaBepTHHA, OUrpa M OHUKCA. Y OCHOBH Ce
ope crene cactoje ox CaCO, u npyrux npuMeca, Ipy YeMy €€ JOJOMUT OIJIUKYj€ U BUCOKHM
cagpxkajem MgCO, (Bilbija, 2009). Ibuxose (H3MYIKO-MEXaHUUKE KapPaKTEPHUCTUKE HMMajy
BEJIMKH 3Ha4aj MPIJIMKOM opmabupa 3a morpede rpamme, mMeh)yTum Tpeba y3eTu y o03mp H
XEeMHUjCKe areHce KOju yTUdy Ha KapOOHaTHE CTeHe, KOjU MOTY YTHUIIaTH 3HaYajHO Ha POMEHY
IUXOBHUX (PH3MUKO-MEXaHWYKHX KapakTepucThka. KameH moOHjeH o7 MOMEHYTHX CTEHa je
KJ1acU()UKOBAH Ha OCHOBY BPEIHOCTH HETOBUX (DM3HYKO-MEXaHNUKMX KapaKTepHCTHKA IIpeMa
OIIITHM KpuTeprjymuMa (Tabemna 1).

Uspcroha kameHa Ha MPUTHCAK

Uspcroha kamMeHa Ha IIPUTUCAK C€ KOPUCTU Ka0 KBAHTUTATHBHU MI0KA3aTesb yOTPEOJbUBOCTH.
CrBapHa ontepelielba KaMeHa Cy YBEK 3HATHO HCIOA TPAHHYHUX BPEIHOCTH YBpcTOhe.
Uspcroha Ha npuTHcak HajBeher Opoja cTeHa BuIla je of uBpcToha OeToHa, oreke u JIpBeTa.
IIpema BpeanocTH npuTHCHE uBpcTohiec kKameHa y pacmony ox 250-150 Mpa, kpeumak craaa y
rpyIy cTeHa BHCOKe YBpcTohe, U jaBibajy ce y 46% y3opaka, 0K Ce KPEUmhaK CPEIbe BHCOKE
yBpcrohe, ca BpegrocTrmMa ox 100-150 Mpa, jaBisa y 54% y3opaka. Jlakie pajau ce 0 yMepeHo
MOPO3HOM M KOMIIAKTHOM jeZpoM Kpeumaky. Kox monomura Te BpemHocTH ce kpehy u3Haj
250 Mpa y 14%, nok y rpymy creHa BHCOKE M Cpe/ihe BHCOKe uBpcTohe cnana 65% u 21%

{ )

nonomuTta. Uspcroha TpaBepTrHa 1 6urpa ce kpehy y rpanuniama BpeJHOCTH 3a CTEHE yMEpeHe
yBpcrohe 50-100 Mpa, a cpenme BUCOKe UBpcTOhie 32 OHUKC, IITO je ¥ O4eKHBaHO. TpaBepTHH
npema yBpcTohu criaga y rpymy Bpio Bucoke (>250 Mpa), Bucoke (150-200 Mpa) u cpenme
Bucoke uBpcrohe (100-150 Mpa) ca yuenthem ox 14, 65 n 21%, penom. burap nocenyje Hucky
yBpcrohy Ha mputucak (10-50 Mpa), 1ok oHuKC ca 67% y30paka Ma cpe/mhe BUCOKY, a ca 33%
yMmepeHy uBpcTohy. UBpcroha Kpeumaka, 10IOMUTa, OUrpa M OHUKCA Ha MPUTHCAK Cy Mambe
KaJia ce CTEeHa JIOBE/Ie Y BOAOM 3acHheHo cTame M HaKOH 3aMp3aBama, JOK je KO TpaBepTHHA
3a0enexeHo noBehame OTIIOPHOCTH CTEHE Ha MPUTHCAK HAKOH 3aMpP3aBamba.

OTHIOpPHOCTH KaMeHa npema xalbarwby CTpyrambeM

HcnutiBame OTIOPHOCTH KaMeHa IpeMa Xabamy cTpyrameM oMoryhaBa ja ce CTeKHE YBHI
0 TpajHOCTH ¥ MoryheM xabamy KaMeHa TOKOM BpeMeHa. Mel)yTHM BaKHO je TOMEHYTH Jia ce
3a KaMEH ca MCTOT JIOKAJIUTeTa U U3 UCTE JIabopaTopHje y KOjoj je UCTIMTHBAH, y PasInduTAM
BPEMEHCKUM Pazfgo0spiMa MOTY JTOOUTH M 10 25% pas3iu4uTH Pe3ysTaTd TecTa OTHOPHOCTH
Ha xabame Bohme-a. Cmarpa ce &1a oBakBe pasiuKe Npousmiase U3 HemoryhHoctn na ce
OCTBape MCTH YCJIOBH HCTIIHTHBama. Kpedmak ce Ha OCHOBY pe3yiTara TeCTa OTIIOPHOCTH Ha
xabame cTpyrameM kiacudukyje y 3% y3opaka Kao M3y3eTHO TBpA, Y 77% Kao BpJIO TBPI U
y 20% y30paka Kao TBpJ, IITO OJIroBapa HEIITO BUIINM BPETHOCTHMA OTHOPHOCTH Ha Xa0ame
Kpeumaka Hero mrTo je yoondajeHo metogoM Bohme-a. BpenHocty ucnuraHor pojiomMura ce
kpehy y omcery kxareropuje Bpio TBpAor (9%) u tBpaor xkamena (91%) mTo je u 04eKuBaHO
npema HaBozxmma Bilbije (2009). Bpennoctn otnoprocTn Ha xabame TpaBepTrHa ce kpehy y
pacrioHy o1 yMepeHo TBpJOT, 67%, 1o u3pasuto mekaHor, 33%. Onukc je ymepeHe TBpaohe.

Vrujame Bojie U IOCTOjaHOCT HA Mpasy

Kpeumak, 1o10oMHT 1 OHUKC yTIHjajy Bpio Maiio Boae y 94, 79 u 100% y3opaxa, oK je yrujame
BOJIC KOJ TpaBepTHWHa HewTo Behe, Te ce meroBe BpeqHOCTH Kpelly y paclioHy on Major
ynujama, 17%, ymepeHor ynujama, 33%, 10 oceTHOT ynujama y 9ak 50% y3opaxa. burap nma
CII0COOHOCT BPJIO BEJUKOT yIHjama Boze. CBe CTeHe Cy IpeMa CIPOBEICHUM HCITUTHBAbHMA
MIOCTOjaHe Ha MpPa3y.

3aﬂpeMI/IHCKa Maca KaM€Ha

BpexHocTH 3ampeMHHCKe Mace ca IopaMa Kpedmaka, JOJIOMHTa U OHHKCA CBPCTaBajy MX y
TPyIly CTEHA BHCOKE 3alPEMHUHCKE Mace ca mopama y pactoHy ox 2,5-3 g/cm?’. TpaBepTuH
Toce/Iyje HElITo Marby 3allpeMHHCKY Macy U oHa ce kpehe y omcery on 2,2-2,5 g/cm?, mrTo ra
CBpCTaBa y IPyIy CPEIbUX BPEJHOCTH 3allpeMHHCKE Mace. burap uMa HUCKY 3allpeMUHCKY
Macy 300r Benuke mopo3Hoctd. Cnennduanae 3ampeMUHCKe Mace Cy He3HaTHO Behe Kol CBUX
CTeHa, OCHM KOJ OMTrpa KOJ KOjer je pasiiKa y Macd 3HadajHa. [IpuimkoM rpamme yBeK ce
MPEIHOCT [aje KaMeHy OpojuaHo Behe BpemHOCTH 3ampeMHUHCKE Mace ca Imopama.

HOpO3HOCT KaMCHa

ITopozHocT Kpeumaka ce kpehe y rpaHunama of KOMIAKTHOT Y 45% y3opaka, IpeKo Majo
noposHor y 44% no ymepeHo noposHor y 11% ysopaka. IlopozHoct nonomura ce kpehe y
rpaHULaMa KOMIIAaKTHOIL, IIPEKO MaJI0 HOPO3HOT 10 YMEPeHO MOpO3HOr ca yyemheM II0
kareropujama ox 57%, 29% u 14%. Kox tpaBepTuHa ce oBe BpeIHOCTH Kpehy y omcery of
3HATHO MOPO3HOT A0 MOpo3HOT KameHa y 33% u 67% ciyuajeBa. OHUKC je KOMITAaKTaH J0
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0 0 .
Cpemme 44.4% 49% Mao < 44% TOKOBa, Oy4YHHWIIA, TparoBa, Iperpaaa, NOTIOPHUX 3UA0BA, Y XHTHUM Mepama CaHaIuje
(‘fgg‘i’;‘(’)) Vmepena | Ymepena | Tspn (0,5-1) n“;';gj:g kmsuirra... (Gajic, 2018). IlpubnukHa oreHa ynoTpeO/LHBOCTH CTEHA Ha JIUIY MECTA MOKE
- (50-100) | (50-100) (10-20) 6%
54% 144% 150% 0% (2,5-5) Ce JIaTH U Ha OCHOBY ITOKa3areJba u3 Tadene 2.
i 11%
Bpiio Konmazras Ta6ena 2. Kpurepujymu 3a nprOIMKHY OLICHY YIOTPEOJLUBOCTH Ipal)eBHHCKOT KaMEHa.
prcoka Bucoka Bucoxka Bpio tBpa | Bpiio masno (<1)
(>250) Kapakrepuctuka KBajiureTan Kamen KawmeH Jjiourer kpajmrera
0 (150-250) | (150-250) (5-10) (<0,5) 57% paKTep!
. 14% 71% 85% 9% 79% - Moo 3ByK Jacan Tyn, notmyo
= Bucoka .S, |Bucoka OTHOpHOCT KaMeHa Ha yaap Temiko ce pa3duja Jlako ce pasbouja
s
2[=| (150-250) 2 |@53,0)| 2,728 "oposan
Hin (150- g (2.5-3.0)] 2.7-2, (1-2,5) OrmnopHOCT MBHLIA Temko ce omtama Jlako onama
0, 0 2
= 65% Cpembe Cpeme Tepi Mano = 100% 20% Xabame Mauio Jako
Cpenme fgg‘;‘;ao fgg‘;‘;‘) (10-20) (0,5-1) Ymepero Cxpama o1 Kopo3uje He nocToju nim je TaHKa Jlebema xopa
sucoka | (100-150) | (100-150) 91% 21% Hoposau Boja Mspasuta Bes cjaja
(100-150) 29% 15% @>23) Ciaj Cjaj MuHepasa Kao onie1ajo MyrTan
21% 14%
Cpemme Cpenme Cpenme Maro Jlomip moa pykom TBpn, xpamnas Mek, MacaH
BHCOKa BHCOKa Bucoka | YMepeHo (0.5-1,0) 3HaTHO Crpyktypa Kpucranacra, 3pHacTa 3eMJbacTa, Ka0 KpeJia WM INIMHa
(100-150) | (100-150) [ (100-150) TEpIL 17% noposan [MoBpurHa mpeaomMa 1IkoJbKACTA, TVIATKA, jeHOJMKA Hcuenana, xpanasa, HejeIHOJIMKa
17% 17% 17% (20-30) (5-10) T M
= 67% = 33% eKCTypa aCHBHA, KOMIIAKTHA 1IkpuipacTa, eNJbUBA, BIAKHACTA
i VYmMmepeHna | YmepeHa | YmepeHa YMmepeHo .% Cpenma Ckion JenHomK Hejeanomk
2| (50-100) | (50-100) | (50-100) 1,025 | £ |1.525)| 2,627 Besa spra Uspera Cnaba
= 50% 50% 66% 33% 2 | 100%
= Hspazuro Beoma Tspaoha npu napamwy Temko ce mapa Jlako ce mapa
H H H MECKaH o) mopo3aH .
(lgcsx(?) (1305?) (lgc;:)a) (>40) (;esrf;;) (10-20) U3Bop: Muravljov, 1995.
. § § 33% e 67%
0, 0, 0, 0, . .
33% 33% 17% 0% Iopen Qu3muKO-MEXaHWIKUX KapaKTePHCTHKA KaMeHa, Kao 3HadajaH (akTop TPajHOCTH
- Bpuio El EXCTPEeMHO KaMeHa, B)KHO j¢ HABECTH YTHIIA] yCI0BA CpEINHE Y KOjUMa ce KaMeH MMPUMEHYje i MEXaHH3aM
= Hucka Hucka Hucka S Hucka
=1 (10-50) (10-50) (10-50) / BEJINKO 5 (1,0-1,5) 2,7 nopo3aH BUXOBOT I€JIOBaKkha HA KAMCH.
3 (15-30) = e (>20)
Cpembe | Cpembe | Cpemme VY nmoxpydjuma rie ce KaMeH KBacu HCK/bYYHBO aTMOC(epPCKUM NMaJaBUHAMA, Y OJICYCTBY
BHCOKa | BHCOKa [ BucOKa BoZie kameH he OWTH M3NIOKEH Ipe cBera pasapajyhem nenoBamy IpoMEHa TeMIIepaTrype
o (10607-01/50) (10303-01/50) (10303.01/50) YMTZ;;ZHO Bpito Maso § Bucoxa mlz/rl)z’;‘;n KOja Y3pOKYyjy YHYTpallkhe Halpe3ame KaMeHa. Hanpesafba ce jaBJpajy Kao IOCIenuIa
g I 0 o o (2040, (<0,5) 5 [253,0] 27 <1 3allPEMUHCKUX MPOMEHA, Pa3InYUTUX MUHEpAJIa KOJU CaYUH-aBa]y CTEHY, TOKOM 3arpeBamba
~ (=]
YMmepena | Ymepena | Ymepena | 5 oo, 100% = | 100% 100% U xialjerma, Kao u 300T pasiiiKe y TeMITepaTypH MOBPIIMHCKOT M YHYTPAIILET JIejla KaMeHa.
(5(3)'3})?0) (52'7})?0) (52'7;)0) VY ToMm morieay 3HaYajHO je 0JadpaTH Kpeumak W JOJIOMHT Ca INTO Mame IMpUMeca IPYrux
0 0 0
MUHEepaJia, HAPOYUTO OHUX Ca MambOM YBPCTONOM 01 OCHOBHE cTeHe. Takohe ABHUYAPCKAM
> >y

* PacnoH y KoMe ce jaBJbajy Bp E€QHOCTH MOjeIUHHUX (HU3UUKO-MEXaHNYKNUX OCOOMHA KaMeHa.

nozapydjuma Oe3 nM3pa)keHe Bereralyje, KaMeH je YeCTO M3JIOKEH YTHUIajy €OoJICKe epo3Hje,
IIpH YeMY Cc€ HeTOBE BPEIHOCTH OTIIOPHOCTH Ha Xabame MOTY Y3€TH Kao IO0Ka3aTesb HEeroBe
MOCTOjaHOCTH TP TaKBUM YCIOBHMA. BpeqHOCTH OTIOPHOCTH Kpedmhaka W JOJIOMHTAa Ha
xabame Cy TaKBe J1a CTiafajy y TPyITy N3y3eTHO TBPIOT, BPJIO TBPJAOT U TBPIOT KaMeHa, T€ UX je
UsBop: ayTop. CXOIHO TOME MPETNOPYUIHUBO KOPHUCTUTH y IOMEHYTUM YCIIOBHMA.

( )

** TlpoueHrtyanHo yudemhe y30paka KaMeHa oArosap ajy iem pacnoty Bp eqHOCTH (pU3HUKO-MEXaHMYKHX OCOOHHA.

Tabena 1. Knacugukainuja BpeAHOCTH PU3NIKO-MEXaHHUKHX KapaKTEPUCTHKA Y30PKOBAHOT KaMeHa y
Cp0uju , mpema OIIITO] MOMEITH.
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HauzmeHH4YHO moOTamamke M M3jlarambe KaMeHa arMoc(epuianjaMa W BpPeMeHCKHX
NPHJIMKAMa Ce jaBjba Kao MOCIeuIa PUCYCTBA BOJE Y Ba3MyXy M HEMOCPETHOT KOHTAKTa
KaMmeHa ca TeKyhoM mwin crajahoM NOBPIIHHCKOM HJIHM MOA3EMHOM BOJOM Y 30HH OCIIMJNIALIN]jE
HUBOA Bojie. PacTBapame kameHa ce jqoraha y mepuojy 3aapiKaBarba BOJIE Y KaMEHY, IOK Ce
pacrajiame AeliaBa TOKOM Mpolieca CyIIeha, IPU YeMy CaAMO HATalambe HUje TOIUKO [ITETHO.
Y oBakBUM ycioBHMa, omreherma KaMeHa ce jaBJbajy Kao IMOCIEANIIA [T0jaBe HAIIOHA Y KaMeHY,
KBaIlICEEM U 3a/p)KaBarbeM BOIC Y KaMEHY, JeJI0Bamba Mpasa i Kpucranusaiuje coiu (Bilbija
1984). OcHOoBHH MOKa3aTe/bU OTIOPHOCTH KaMEHa Ha OBAKBO JICJCTBO BOJAE CY MOPO3HOCT
KaMeHa, HEroBa CIOCOOHOCT ymujama Bome M uBpcroha Ha mpuTHCaK. [IOpO3HOCT KameHa
onpelyje BeroBy CriocoOHOCT Ja yIHje BOMY, M 3aBUCH O BEIMYHHE U MeljyCOOHE ITOBE3aHOCT
opa, Tako Jia YKyIHa MOPO3HOCT MOXKe OWTH BENIMKA, a YIHUjae BOJE Majo U 00parHo, y
OIHOCY Ha MPOLIEHAT YKYIHE MOPO3HOCTH CTeHe. Takolje je Ba)KHO HABECTH W KalHJIapHO
LIMPeE BOJIE KPO3 CTEHCKe mope. Hanu3MeHHYHO BIaKeme U CyLICHe KaMeHa U JIEIOBambe
Mpasa yTu4y Ha moBeharme NOpO3HOCTH U cliabiberbe YBpeTolic cTeHe Ha mpuTHcak. Kpedumak u
nonoMuT 00yxBaheHH aHATU30M KOMIIAKTHHU CYy M MaJjie MOPO3HOCTH, TO 00e30ehyje muxoBy
Tpajuoct. Takolje MMajy W BUCOK CTereH uBpcTOolie Ha MPHUTHCAK, YaK M HAKOH BIAXKEHA U
3aMp3aBarba TaKo Ja He MOUIEKY JaKko (HU3HUKOM PacIajamy.

[loceban Bua pacmajama KapaKTepHUCTHYaH 3a 30HY HAW3MEHHYHOT KBalllelkha U CyIIeHha
KaMeHa jeCTe XeMHUjCKO paciajamke KO KOjer A0Ja3H JI0 pacTBapama KpeumaKa HiTi JOJIOMHTA
Y YHYTPAIIE-0CTH KameHa 1 u3Homewma CaCO, u Mg CO, pacTBopa Ha NMOBPUIMHY TJI€ JA0Na3U
JI0 MCIIBETaBamka M OYBpIINaBama COMH, IIITO IOBOMH J0 3aTBaparba mopa ouBprrhaBama KaMeHa
y T0j 30HU. OBO MelyyTHM JOBOIH U A0 CITa0Jhekha OTIIOPHOCTH KaMeHa Ha IIPUTHCHY YBpcTohy.
[IputncHa uBpcroha kameHa He O6u cMena na maaae ucnox 80 Mpa y xuaporpagmu (Bilbija,
2009), mTo oxmrorapa yclioBUMa KakBW Hajuenihe Bianajy y MPOTHBEPO3UOHHMM DPaJOBHUMA,
LITO KpeumhaK M JOJIOMHT, y TIOINIeNy uBpcTohie, CBpPCTaBa y KaMeH MOBOJbAH 32 Ipaliby y
IIOMEHYTUM yCJIOBUMA.

Kamen moromsbeH y Boau 3amrulieH je ox atMochepuinja, MehyTuM NoaokaH je ITETHOM
JIeJI0Bamby HaHOCA KOJU BOZA HOCH W KOjH TPOLIM KaMeH, T€ C TOr'a HEeroBa OTIOPHOCT Ha
xabarme y TAKBHM YCJIOBHMA MMa 3HaudajHy yiaory. Takole BakKHO je HABECTH M yTHUIIA] yaapa
KPYIHUjUX KOMaJa HaHOCa HOIICHHX BOJIOM, O KaMeH yrpaljeH y pa3nuuuTe MpoTUBEPO3NOHE
o0jexre, 3a Koju OM OWJIO 3HAYajHO YTBPAMTH BPEIHOCTH OTIIOPHOCTH KaMeHa Ha yaap. 3a
JIOMJbEH KaMeH KOjU ce HaCHUIa y AHy PEYHHX M OyjHYHHX TOKOBa Ba)XXHO je ncTahw, mopen
BEJIMYMHE, U BPEIHOCT 3alIPEMUHCKUX TeXKWHA KaMeHa ca rmopama, 30or Belie OTIIOPHOCTH Ha
MTOKpEeTarke YKOIHUKO je KaMeH Behe 3anmpeMHUHCKe TeXKUHE ca Imopama, 9rje Cy BPEIHOCTH yCKO
BE€3aHO ca nopo3Homhy kameHa. Kpeumak 1 JOJIOMHT HMajy BUCOKE BPEAHOCTHU 3alPEeMUHCKE
TEKHUHE IITO UX CBPCTaBa y MOBOJbAH MaTepHjall 3a IPHUMEHY Y IOMEHYTHM YCJIOBUMA, Y BUAY
JIOMJBEHOT KaMeHa.

3ak/by4uu

Ha ocHoBy anHanu3e (GM3MYKO-MEXaHMUYKHX KapaKTEePUCTHKA Ipal)eBUHCKOT KaMeHa IOPEeKIOM
O/l CEIMMEHTHUX CTE€Ha XEMOTEHOT M OPTaHOTeHOT TOpEeKiIa, MPUIMKOM Koje je M3BpIICHA
KaTeropusaiuja BpeJHOCTH (PU3NYKO-MEXaHMIKUX OCOOHMHA MpeMa OIIIITO] KJIACH(PHKAIHU]H,
YTBpheHa je MOrOTHOCT NMpUMEHE KaMeHa y MPOTUBEpO3NOHUM pajgoBuma y CpOuju. Ilopen
TPIXKHIIIHE BPEIHOCTH CaMOI' KAMEHA W MaJlor Opoja y30paka, KOju MPEeBaCXOJHO UCKIBYUYjy
TPEBEpPTHH, OUTap M OHHUKC M3 yNOTpede y MPOTHBEPO3HOHHM pPaJOBHMMa, caMa aHAIH3a je
IOKa3aja Ja Cy Kpeumhak M JOJOMUT O0JbHX (PU3HUKO-MEXaHHYKUX KapaKTepPUCTHUKA HEro
TpEBEpTHH, OUrap u oHHMKC. Takolje, M3BOjeHE Cy TP Kareropuje ycjaoBa CpeJiHe y KojuMa
ce KaMeH MpHUMebYje 3a IPOTUBEPO3HOHE pajoBe y CpOujH 1 Koje yTHIy Ha HETOBY TPajHOCT,

{ )

npeMa yYecTaloCTH U Tpajamby BIaXKekha KaMeHa. 3a CBaKy Ol Kareropmja H3IBOjeHE Cy
(bU3HYKO-MeXaHIYKe KapaKTePUCTHKE KaMEHa, 3Ha4YajHe 3a TPAjHOCT KaMeHa y OAroBapajyhum
yCIOBUMA CPEIMHE, TPEMa MEXaHU3MY JIEJI0BAha YCIIOBA CPEIMHE U KAPAKTEPHUCTHKAMA CAMOT
kameHa. Ha OCHOBY aHanM3MpaHUX BPEIHOCTH MOMEHYTHX OCOOMHA KaMEHa, 32 Pa3IHYUTe
YCIIOBE CpeauHe, yTBPHEHO je aa ce Kpeumak U H0JoMuT y CpOuju mpernopydyjy 3a MpUMeHy
y TIPOTUBEPO3HOHUM pamoBuMa. CBakako, y [HIbY MITO 60JbEr omabupa KaMeHa 3a MPUMEHY
y MPOTHUBEPO3HOHUM DPAZOBHMa, TOpEN Y Paay HCTPAXKCHHX, HEOMXOAHO je CIPOBECTH H
HCTPaKUBaKa OCTAIHX 3HAYAjHUX MOKa3aTesba KBAJIUTeTa KAMEHA U (paKTopa yCJioBa CpeHHE
KOjH yTHYY Ha H-ETOBY TPAjHOCT.
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