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ABSTRAKT

Vzhledem k pestré geologické stavbé se v Ceské republice pro vyrobu drceného kamene vyuZiva
sirokd Skala vSech genetickych typti hornin. Nejpouzivanéjsi skupinou jsou vylevné magmatické
horniny, které tvoii zhruba 34 % z celkové produkce (Stary et al. 2010). Tyto horniny jsou vyuZzivany
pro vSechny hlavni typy stavebnich konstrukei véetné pozemnich komunikaci.

Experimentalni material drceného kamene, pouzity pro tuto praci, byl odebran ze Ctyficeti ¢innych
lomit v Ceské republice. Zkoumané vulkanické horniny pochazeji z neoproterozoickych a
paleozoickych komplexi Barrandienu, permokarbonu podkrkonosské panve, permokarbonu
vnitrosudetské panve, ordoviku Zeleznohorské oblasti, z hlavnich vulkanickych center Ceského
masivu v severozapadnich Cechach (Ceské stiedohoti a Doupovské hory), neovulkanickych oblasti
Ceské kiidové panve a neovulkanické oblasti Vychodnich a Zapadnich Sudet.

Petrograficky vyzkum byl proveden formou standardnich petrografickych rozbort horninovych
vybrusti a chemické analyzy, s jejichz pomoci byly horniny zatazeny v pftislusnych klasifika¢nich
systétmech. Kromé& toho byl cely soubor vulkanickych hornin rozdélen do péti petrograficko-
technologickych skupin vymezenych jako: (1) ryolity / porfyry, (2) fonolity, (3) bazalty s.1., (4) spility
a (5) melafyry / diabasy.

U kazdé ze studovanych hornin byly podrobnéji zkoumany jeji fyzikalni a technologické vlastnosti.
Z fyzikalnich vlastnosti se stanovily zdkladni indexové parametry (objemova hmotnost, oteviena
poérovitost a nasakavost). Nejrozsahlejsi byla skupina technologickych zkousek, beéhem nichz se
stanovila mechanickd odolnost (odolnost proti drceni metodou Los Angeles, odolnost proti drceni
rdzem, hodnota ohladitelnosti PSV a odolnost proti obrusu pneumatikami s hroty). Dale byly
posuzovany geometrické vlastnosti pomoci tvarového indexu kameniva jednak podle normového, ale
i modifikovaného, postupu a tvarové parametry s vyuzitim pocitacové analyzy obrazu. Experimentalni
studium se rovnéz zaméfilo na zjisténi stupné zdrobnéni jako ukazatele drtitelnosti hornin v kombinaci
se zavislosti na predikci tvorby tvarové vhodnych zrn kameniva.

Prumérné hodnoty objemové hmotnosti zrn kameniva se pohybuji od 2,406 g/cm? u horniny fonolitu
do 3,216 g/cm?® u sodalitického nefelinitu. Primémé hodnoty nasdkavosti hornin se pohybuji
v rozmezi 1,9 % hmotnosti - 0,2 % hmotnosti. Primémé zjisténé hodnoty oteviené porovitosti se
pohybuji v rozmezi 4,70 % objemu - 0,52 % objemu. Hodnoty odolnosti proti drceni metodou Los
Angeles se pohybuji v rozsahu od minimalni hodnoty u spilitu (LA = 8,4) do maximalni hodnoty pro
bazalticky andezit (LA = 29,2). Primérné hodnoty odolnosti proti drceni razem se pohybuji v rozsahu
od minimalni hodnoty u olivinického nefelinitu (SZ = 8,9) do maximalni hodnoty bazaltického
andezitu (SZ = 25,1). Hodnoty odolnosti proti obrusu pneumatikami s hroty se pohybuji v rozsahu od
minimalni hodnoty analcimického nefelinitu (An = 6,4) do hodnoty maximalni hodnoty bazaltického
andezitu (An = 43,3). Stupenl zdrobnéni D, vykazuje hodnoty od 3,33 u fonolitu do 6,16 u bazaltického
andezitu. Zkoumané¢ vulkanické horniny vykazuji Siroky rozsah hodnot odolnosti proti ohlazovani
(PSV) se zastoupenim v rozsahu 46 az 60.

Mechanickd odolnost (stupen zdrobnéni, drtitelnost v razu, odolnost proti drceni metodou Los
Angeles, odolnost proti obrusu pneumatikami s hroty) vykazuje rizny stupein vzadjemné zavislosti.
Nejvyssi mira zavislosti byla zjiSténa mezi drtitelnosti v razu a odolnosti proti drceni metodou Los
Angeles a mezi odolnosti proti obrusu pneumatikami s hroty a odolnosti proti drceni metodou Los
Angeles. Velmi nizky stupen zavislosti byl zjis§tén mezi drtitelnosti v razu a odolnosti proti ohlazovani
(PSV), mezi stupném zdrobnéni a odolnosti proti obrusu pneumatikami s hroty, mezi odolnosti proti
drceni metodou Los Angeles a odolnosti proti ohlazovani (PSV), mezi stupném zdrobnéni a
drtitelnosti v rdzu nebo mezi odolnosti proti ohlazovani (PSV) a stupném zdrobnéni. Zna¢ny rozptyl
vykazuje i drtitelnost v rdzu a odolnost proti obrusu pneumatikami s hroty nebo stupeii zdrobnéni
spolu s odolnosti proti drceni metodou Los Angeles. Pfi analyze mezi jednotlivymi parametry



zavislosti byl pouzit cely soubor dat jak pro vSechny typy studovanych vulkanitt, tak oddéleng pro
jednotlivé petrograficko-technologické skupiny. Z vysledki vyplynulo, Ze tyto vztahy pro riizné
petrograficko-technologické typy hornin vykazuji nejen riznou té€snost, ale v né€kterych ptipadech i
odlisné trendy.

V casti studia vénované experimentalnimu drceni a nasledné velikostni a tvarové analyze zrn produktt
se potvrdilo, Ze v oblasti velikosti vystupni $térbiny vznikaji zrna s vhodnym tvarovym indexem u
vSech typtl vulkanickych hornin a to i pro uziti pouze jednoho stupn¢ drceni. Nebyla zjisténa ptima
zévislost tvaru zrn na stupni zdrobnéni hornin.
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SUMMARY

Because of a very variable geological composition of the Czech Republic, there is a various scale of
all genetic types of rocks that are used for the production of crushed stone. The most often used group
of rocks are effusive magmatic rocks, which represent about 34 % of crushed stone marketed (Stary et
al. 2010). These rocks are used for all kinds of construction purposes including roads.

The experimental material of crushed stone used in this thesis was sampled from 40 active quarries in
the Czech Republic. The studied volcanic rocks originated from Neoproterozoic and Paleozoic
complexes of Barrandien, Carboniferous and Permian of Krkonose Piedmont Basin, Carboniferous
and Permian of Intrasudetic basin, area of ordovician Zelezné Hory, from the main volcanic center of
Bohemian Massif in the north-west Bohemia (Ceské stfedohoii Mts. and Doupov Mts.), Neovolcanic
area of Czech Cretaceous basin and area of Neovolcanic East and West Sudeten.

Petrographic study was carried out in a form of standard petrographic analysis of thin sections and
chemical analysis, which helped inclusion of rocks to a classified systems. The whole suite of volcanic
rocks was separated to five petrographic-technologic subgroups defined as: (1) rhyolites / porphyres,
(2) phonolites, (3) basalts s./., (4) spilites and (5) melaphyres / diabases.

Every single rock has been studied in detail for its physical and technological properties. Concerning
the physical properties basic index parameters were tested (apparent density, open porosity and water
absorption). The most extensive was a group of technological tests, during which mechanical
resistance was determined (Los Angeles attrition test, Impact Test value, Polished Stone Value PSV
and Nordic abrasion test by Studded tyres). Geometric properties with a shape index of aggregates in
according to a standard and modified procedure and with use of image analysis shape parameters were
evaluated too. Experimental study have been also aimed to investigate a reduction ratio as indicator of
rocks crushability in combination with dependence correlation to the prediction of production cubic
grains of aggregates.

Average values of apparent density of aggregates are from 2,406 g/cm? in phonolite to 3,216 g/cm? in
sodalitic nephelinite. Average values of rocks water absorption are in the range of 1,9 - 0,2 % of Mass.
Average values of open porosity are in the range of 4,70 - 0,52 % of Volume. Values of Los Angeles
attrition test are from minimal value in spilite (LA = 8,4) to a maximum value in basaltic andesite (LA
= 29,2). Average value of the Impact Test are from a minimum value (SZ = 8,9) in basaltic andesite
and olivinic analcimite to a maximum value of olivinic nephelinite (SZ = 25,1). Values of the Nordic
abrasion test are from the value (An = 6,4) in analcimic nephelinite to a maximum value of basaltic
andesite (An = 43,3). Reduction ratio D: values from 3,33 in phonolite to 6,16 in basaltic andesite. The
studied volcanic rocks exhibit wide range of skid resistance expressed as Polished Stone Value (PSV)
in the range from 46 to 60 with normal distribution.

Mechanical resistance (reduction ratio, Impact Test, Los Angeles attrition, Nordic abrasion Test)
shows us a different degree of correlations. The best correlation was found between the Impact Test
and Los Angeles attrition test and between the Nordic abrasion test and Los Angeles attrition test. A
very low degree of correlation was found between the Impact Test and Polished Stone Value, between
reduction ratio and the Nordic abrasion test, between Los Angeles attrition test and Polished Stone
Value, between the Impact Test and the Impact Test and between Polished Stone Value and reduction
ratio. The Impact Test, the Nordic abrasion test and reduction ratio with Los Angeles attrition test
show considerable variability too. Complete data set was used for all types of studied volcanic rocks
during analysis between every single parameters of correlations, and withal separated for each of
petrographic-technologic group. These results indicate, that correlations give us not only a different
tightness, but also different trends in some cases.

In the part of study, aimed to an experimental crushing and forthcoming size and shape analysis of
grains was confirmed, that crushing of all petrographic-technologic rock types produced grains with a
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cubic shape index in a zone of size setting (even with using only one degree of crushing). A direct
correlation of grains shape with a reduction ratio of rocks was not identified.
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1. Uvod

Vliv petrografickych parametrti (modalni sloZeni, vlastnosti mikrostavby jako je velikost a tvar) na
technologické vlastnosti hornin pouzivanych pro vyrobu drceného kamene je v soucasnych
vyzkumech kameniva jednim z pfehlizenych aspektt. Petrografické vlastnosti hornin ovliviiuji
zejména zkousené zékladni indexové fyzikalni vlastnosti (objemova hmotnost, oteviena porovitost a
nasakavost). V této praci jsou zkoumany vulkanické horniny, které tvoti okolo 34 % celkové produkce
drceného kameniva v Ceské republice.

Zékladni vlastnosti produkce drceného kamene je stupeil zdrobnéni rubaniny béhem procesu drceni
(Smith and Collis 2001, Alexander and Mindess 2005) spolu s produkci tvarové vhodnych zrn (Lees
1964, Ramsay et al. 1974). Kazda hornina vykazuje riznou odolnost proti zdrobnovani (tzv.
drtitelnost), ktera zavisi nejen na jejim slozeni a fyzikélné-mechanickych vlastnostech (Koukis et al.
2007) ale také na typu drtie a sefizeni rezimu drceni (Eloranta 1995). Stupen zdrobnéni ovliviiuje
tvarové parametry produktu drceni, u kterych se vyzaduje co nejvyssi podil kubickych zrn (Ramsay
1965, Hamzah et al. 2010). Velikost zavazky a vystupni $térbiny drtice jsou klicovymi faktory, které
ovlivilyji tvarové vlastnosti (plochost) produktu (Ramos et al. 1994, Eloranta 1995).

vvvvvv

chovani kameniva v konstrukcich, zejména na jejich mechanické vlastnosti (Baalbaki et al. 1991).
Ptitomnost ¢astic vykazujicich anizotropii (zplostéla a protahla zrna) zvySuje jejich mérny povrch a
zhorSuje provazani a zhutnéni kameniva a ma také vliv na mezerovitost a propustnost (Smith and
Collis 2001). Dale tvar castic ovliviiuje tfeni, pevnost betonu, asfaltovych smési a dalsi vlastnosti.
Tvarové protazené Castice jsou méné mechanicky odolné v riznych typech zkousek, coz je dano nizsi
odolnosti vici tahovému, resp. ohybovému namahani (Lees 1964, Ramsay et al. 1974). Vysledné
hodnoty tvarového indexu zrn slouzi nejen spotiebiteli kameniva, pro posouzeni jeho vhodnosti ke
konkrétnimu ucelu, ale i vyrobci kameniva pro posouzeni vhodnosti zvolenych zdrobiiovacich stroja.

Mechanicka odolnost kameniva se zjistuje rdznymi zkuSebnimi metodami, jako naptiklad zkouskou
odolnosti proti drceni Los Angeles. Alternativni zkusebni metodou odolnosti proti drceni je zkouska
drtitelnosti rizem podle evropské normy CSN EN 1092-2. Zkouska odolnosti proti drceni razem byla
vyvinuta ke kvantifikaci odolnosti proti drceni kameniva pro kolejové loze. Zkouska se pouziva u
prirodniho kameniva uréeného do staveb. Cilem této zkousky je zjiSténi hodnoty drtitelnosti v razu
(SZ). Hodnota odolnosti proti ohlazovani PSV, jako méfitko protismykové odolnosti kameniva, udava
ze vy$$i hodnota PSV zpiisobuje vyssi koeficient tfeni. Kamenivo s vyssi hodnotou PSV by meélo
vykazovat lepsi vlastnosti obrusné vrstvy vozovky (Smith and Collis 2001, Lorenz and Gwosdz 2003).
Podle stejnych autorti hodnota PSV vyssi nez 65 vyjadiuje, ze drcené kamenivo je vysoce odolné proti
ohlazovani, avsak vétSina kameniva pouzivana do asfaltovych smési ma hodnotu PSV v rozmezi
50-60. Dalsi technologickou zkouskou, kterd je ukazatelem mechanické odolnosti kameniva je
hodnota (An) odolnosti proti obrusu — Nordicka zkouska, kterd se v Ceské republice doposud pro
hodnoceni kameniva ur¢ené¢ho do obrusnych vrstev vozovek bézné nepouziva. Je to zkouska, ktera je
na pomezi mezi mechanickou stalosti a odolnosti proti ohlazovani, stanovujici odolnost proti obrusu a
simuluje obrusné ¢innosti pneumatik s hroty na hrubé kamenivo, pouzivané do obrusnych vrstev
vozovek (Erichsen 2009). Tato zkouska je bézna v severskych statech Evropy (napt. Erichsen 2009). V
Ceské republice neni pozadovana a proto nejsou znamy hodnoty mistnich hornin a chybi srovnéni
s ostatnimi fyzikalnimi a technologickymi vlastnostmi.

Resené téma bylo finanéné podpofeno vyzkumnym projektem ,,Vytvofeni databaze pro ocefiovani
vlastnosti hornin pouzivanych pro vyrobu drceného kamene® (50213/ENV/06 1855/660/06),
poskytnutym Ministerstvem Zivotniho prostiedi CR (hlavni fesitel prof. R. Pfikryl).



2. Cile prace

Predkladana disertacni prace spociva ve zjisténi vlivu petrografickych parametri na technické
vlastnosti, coZ v soucasné dobé¢ patii mezi opomijené aspekty vyzkumu stavebnich surovin. Vysledky
prace by meély slouzit k porozuméni vzajemnych vztahli mezi jednotlivymi vlastnostmi hornin a
napomoci k jejich optimdlnimu vyuzivani jako drceného kamene. Cile disertaéni prace jsou
nasledujici:

identifikace zakladnich vlastnosti hornin (geologickych, fyzikalnich, mechanickych a
technologickych);

experimentalni zjiSténi stupné zdrobnéni pfi stejném rezimu drceni pro rizné typy
vulkanickych hornin;

zjistit tvarové parametry drceného kameniva pomoci obrazové 3D analyzy;
vyhodnoceni ziskanych vysledk;
zjisténi korelacnich vztahi mezi jednotlivymi petrografickymi a technologickymi vlastnostmi;

zjisténi vzdjemnych vztahi s experimentalnimi a v Ceské republice nepouzivanymi metodami.



3. Material a metodika

Vzorky experimentalniho materidlu byly odebrany ze 40 &innych lomi v Ceské republice, v nichz se
vyrabi drceny kamen. Horninové typy zahrnuté do této prace tvoii skupina vylevnych vulkanickych
hornin, obsahujici $irokou skalu typt z hlediska jejich slozeni (mineralogického a geochemického),
horninové makro a mikrostavby a geologického stafi.

Ke zkousSce stupné zdrobnéni byla odebrana frakce kameniva 32/63, kterda je ve vétSin€é piipadl
produktem sekundarniho drceni a pochazela ze skladek aktudlni vyroby. Dale byly odebrany i dalsi
frakce z vyroby jako 8/11, 8/16 a 16/22, které byly tfeba k ptipravé zkuSebnich navazek na fyzikalni,
technologické zkousky mechanické odolnosti a na silikatovou analyzu. Na petrografické studium byly
odebrany mensi kusové vzorky, charakteristické pro odebrané kamenivo ke zhotoveni standardniho
petrografického vybrusu.

Vybrusy byly zkoumany v polarizacnim mikroskopu Leica DM EP v prochazejicim i polarizovaném
svétle. Mikroskopické pozorovani se soustfedilo na pomeér, druh a velikost vyrostlic vici zakladni
hmot¢. Pro pojmenovani zkoumanych vulkanickych hornin byl pouzit mezinarodni systém IUGS (Le
Maitre, ed. 1989, Blatt et al. 2006). Pro silikatovou analyzu byly pouzity dil¢i vzorky, namleté na
analytickou jemnost. Chemické sloZzeni studovanych materiald bylo provedeno standardni silikatovou
analyzou (Kirschenbaum 1983) v Laboratotich geologickych tustavii PiF UK. Vysledky byly pouzity
pro zatazeni studovanych hornin do diagramu TAS (Le Maitre, ed. 1989).

Experimentalni drceni se provadélo na laboratornim dvojvzpémém celistovém drtici DCD-D160.
Drti¢ mél vystupni $térbinu sefizenou na 14 mm pfi maximalnim sevieni Celisti, zdvih 10 mm, vstupni
Stérbinu o rozmérech 105x150 mm, 120 otdcek za minutu. Stupeit zdrobnéni D:, v literatute
oznacovany téz jako stupen drceni, je numerickym vyjadfenim, v jakém poméru pouzity drti¢ zdrobnil
material (Cep a Spirkova 1997). Parametr se pouZiva pro stanoveni uéinnosti drceni a vhodnosti
pouzitého typu drtie. V této praci byl parametr studovan téz v souvislosti s moznym vztahem
k petrologickym vlastnostem zkoumanych hornin. Stupei zdrobnéni je vlastné pomér mezi velikosti
zrn zavazenych do zdrobiiovaciho stroje a velikosti zrn, ktera ze zdrobiiovaciho stroje odchazeji.
Vzhledem k tomu, Ze do zdrobiiovaciho stroje pfichdzi ziidkakdy stejné velk4 vstupujici zra zavazky
a nevychazi stejna zrna produkovana, musi se tento pomér vztahnout ke stfedni hodnoté velikosti
vstupujicich zrn a stfedni velikosti zrn odchazejicich (Holec 1959). Rychlejsi piehled o zrobiiovacim
procesu poskytuje redukéni pomér R80, coz je zjednodusena metoda stupné zdrobnéni Dr, ktera
vychazi z grafického znazornéni kiivek zrnitosti zavazky a produktu pti 80 % propadu (Taggart 1945,
Eloranta 1995, Cep a Spirkova 1997).

Pocitacova analyza obrazu kameniva provadéna v software SigmaScan (SigmaScan Pro, v. 5.0.0.,
SPSS Inc., USA) se zaméfila na zjisténi hlavnich parametrii pouzitych v této praci a to na délku
dlouhé a kratké osy (Ptikryl 2006) a tvarovy faktor (angl. shape factor, form factor) SF (Kuo et al.
1998, Masad et al. 2007, Arasan et al. 2010, 2011).

Tvar a velikost zrn kameniva jsou zdkladnimi parametry, které urcuji kvalitu kameniva. Pro vyjadteni
tvaru zrn kameniva existuje nékolik metod méteni a zpiisobl vyjadieni vysledkt (napt. Zingg 1935,
Rosslein 1941, Lees 1964, Uthus 2007), proto je zasadni vybér spravné metody. Podle soucasné platné
evropské standardizace se tvar kameniva vyjadiuje pomoci indexu plochosti (EN 933-3) a tvarového
indexu (EN 933-4), kde se vyjadiuje zastoupeni nevhodnych (nekubickych) zrn v hmotnostnich
procentech. Pro vyzkumné tcely této prace tyto postupy poskytuji malo relevantnich dat, proto byl
vyvinut vlastni experimentalni postup pomoci obrazové analyzy. Tvar kameniva popisuji prostorové
parametry zrn, které jsou trojrozmérnymi objekty.

Ke zjisténi odolnosti proti drceni podle CSN EN 1097-2 se navazka frakce kameniva 10/14 o
hmotnosti 5 kg umistila spolu s 11 ocelovymi koulemi do otlukového bubnu a vystavila se celkovému
poctu 500 otacek (rychlost 31-33 otacek za minutu). Po skonceni zkouSky se materidl vyjmul a



vytidil, pficemZ se stanovil zGstatek na sit€¢ 1,6 mm a tim se ziskala vysledna hodnota soucinitele LA
(Kahraman & Toraman 2008). K této zkousSce odolnosti proti drceni metodou Los Angeles je
alternativni metodou odolnost proti drceni razem, provadénd podle stejné normy. Celkovy vzorek
frakce kameniva 8/12,5, jehoz mnozstvi zavisi na objemové hmotnosti zrn, se rozdé¢lil na 3 dil¢i
navazky. Kazda z nich se podrobila deseti iderim beranu. Vysledna mira podrceni se poté vyhodnotila
sitovym rozborem na sad¢ 5 zkuSebnich sit (0,2 mm, 0,63 mm, 2 mm, 5 mm a 8 mm). Hodnota
odolnosti proti drceni razem (téz drtitelnost rdzem) SZ se vypocetla ze souctu procentudlné
vyjadienych hmotnosti propadii na ptislusSnych zkuSebnich sitech.

Metodou CSN EN 1097-9 se stanovuje odolnost kameniva proti ptisobicimu silovému naméhani,
otluku, otéru a obrusu jak mezi zrny kameniva navzajem, tak mezi zrny kameniva a mlecimi koulemi
nebo sténami zkuSebniho zafizeni (bubnu) ve vodnim prostfedi. ZkouSka je urCena pro simulaci
obrusné Cinnosti pneumatik s hroty na hrubé kamenivo, pouzivané do obrusnych vrstev vozovek a
rovnéZ ukazuje celkovou mechanickou odolnost kameniva ve stavu aplného nasyceni vodou. V Ceské
republice a vétSin¢ evropskych zemi neni tato zkouska vyzadovana, proto se bézn¢ neprovadi.

Zkouska odolnosti proti ohlazovani povrchu vozovky piisobenim kol aut stanovuje odolnost kameniva
k ohlazeni obrusné vrstvy vozovky pomoci piistroje na zrychlené ohlazovani a simuluje ptisobeni
pneumatik a pfimé&si abrazivnich ¢astic. ZkuSebni postup probihal v souladu s postupem uvedenym v
platné evropské normé CSN EN 1097-8 Cast 8: Stanoveni hodnoty ohladitelnosti. Zkusebni t&lesa
vyrobena slepenim kameniva frakce 8/11 a pojiva se uchycena po obvodu nosného kola zkusebniho
zatizeni podrobila ohlazovani za soucasného pritlacovani pogumovaného kola a rovnomérného
pridavani vody a zrnitého smirku v ur¢itém mnozstvi a zrnitosti. Po ohlazovani zkusSebnich téles se
provedla zkouska tfenim pomoci zkusebniho kyvadla.



4. Vysledky a diskuse

Petrograficky vyzkum byl proveden formou standardnich petrografickych rozborG horninovych
vybrusti a chemické analyzy, s jejichZ pomoci byly horniny zatazeny v klasifika¢nich systémech
IUGS a podle diagramu TAS. Kromé toho byl cely soubor vulkanickych hornin rozdélen do péti
petrograficko-technologickych skupin vymezenych jako: (1) ryolity / porfyry, (2) fonolity, (3) bazalty
s.1., (4) spility a (5) melafyry / diabasy.

Primérné hodnoty objemové hmotnosti zrn kameniva se pohybuji od 2,406 g/cm? u fonolitu do 3,216
g/cm? u sodalitického nefelinitu. Primérné hodnoty nasakavosti hornin se pohybuji od 1,9 % hm. do
0,2 % hmotnosti. Primérné hodnoty oteviené porovitosti se pohybuji v rozmezi 4,70 % obj. - 0,52 %
objemu.

Z kiivek zrnitosti jednotlivych frakei je patrné, ze pro vSechny lokality je nejvyvazenéjsi produkt
drceni frakce 11/16, ktery je nejblize velikosti oblasti vystupni Stérbiny drtice. Horniny ze skupiny
melafyru s nejvys$simi hodnotami stupné zdrobnéni vykazuji extrémné nizké zastoupeni frakci nad 16
mm a nejvyssi zastoupeni frakci pod 11 mm, avSak neda se zarovei fici, Ze by se s riistem stupné
zdrobnéni drtiCe zhorSovala tvarova hodnota (Eloranta 1995, Mitchell et al. 2008). Lze tedy
konstatovat, ze se vzrustajicim D: se nezhorSuje tvarovd hodnota zrn a zaroven jsou tyto dva
parametry v tomto piipadé na sobé nezavislé. Z vysledkii bylo potvrzeno (Mitchella et al. 2008), ze
s rustem stupné¢ zdrobnéni se zvySuje podil drobného kameniva (frakce 0/4). U zkoumanych
vulkanickych hornin byl zjistén rozptyl hodnot D; od 3,33 do 6,16.

Podle soucasné platné evropské standardizace se tvar kameniva vyjadiuje pomoci indexu plochosti
(EN 933-3) a tvarového indexu (EN 933-4), oba ukazatele vyjadiuji zastoupeni nevhodnych
(nekubickych) zrn v hmotnostnich procentech. Pro vyzkumné ucely této prace tyto postupy poskytuji
malo relevantnich dat, proto byl vyvinut vlastni experimentalni postup hodnoceni pomoci obrazové
analyzy. Tvar kameniva popisuji prostorové parametry zrn, které jsou trojrozmeérnymi objekty (Ptikryl
2006). Pii vyhodnoceni procentualniho zastoupeni kubickych zrn riznymi metodami bylo zji§téno, Ze
nejptisnéjsi kritéria na tvar Castic klade Zinggtiv ptistup (Zingg 1935), naopak nejmirnéjsi pozadavky
jsou podle evropské normové metodiky, kterd je smeérodatna pro rtizna pouziti kameniva ve
stavebnictvi. Vliv mineralogického slozeni a texturniho uspotradani horniny k predikci tvaru zrn se
v tomto experimentu nepodafilo urcit disledkem toho, ze se u vSech lokalit podafilo vyrobit tvarove
kvalitni frakci 11/16, u které nebyly vyrazné rozdily v ramci jednotlivych horninovych skupin. Na
druhou stranu se timto potvrzuje pravidlo, Ze frakce, jejiz velikost tvofi stiedni hodnotu Stérbiny
drti¢e, miva velmi dobry tvar (Smith and Collis 2001). V tomto pfipad€ i navzdory typtim hornin,
které spiSe inklinuji k tvorbé plochych a protazenych zrn ¢i drceni pouze jednostupiiové na celistovém
drtici.

Nejptiznivéjsi vysledky odolnosti proti drceni Los Angeles (tj. nejniz$i hodnoty) byly zjiStény u
skupiny bazaltd (rozsah hodnot 9,4-19.4) a spilitli (rozsah hodnot 8,4-14,9). Vysledky Nordické
zkousky obrusu vykazuji Siroké rozmezi hodnot (6,4-36,9) s primérnou hodnotou An 15,2 u skupiny
bazaltii. Naopak u horninové skuiny spiliti je rozmezi hodnot Ax malé (7,2-15,9), velmi podobné
rozsahu hodnot LA. Petrograficko-technologicka skupina melafyr / diabas vykazuje mezi hodnotami
LA (12,3-29,2) a An (16,8-43,3) velmi tésny vztah. Pro vulkanické horniny ze skupiny ryolit / porfyr
je korela¢ni vztah hodnot LA (15,1-19,3) a zkousky obrusu An (7,3-21,9) ve vyznacné té€snosti vztahu.
Nejnizsi stupent zavislosti mezi hodnotami LA (14,9-23.8) a zkousky obrusu An (14,2-17,6) byl
zjistén u skupiny fonolitu.

Studované vulkanické horniny vykazuji rozsah hodnot odolnosti proti ohlazovani (PSV) v rozmezi od
a bazaltd (48-55, s primérnou hodnotou 51). Spility vykazuji hodnoty od 47 do 54, s prumérnou
hodnotou 52. Vysledkem zkouSek wvulkanickych hornin je zjisténi, ze ze 40 vzorkd hornin



pouzivanych pro vyrobu drceného kameniva by bylo pro obrusné vrstvy vozovek vhodnych 17 lokalit
a pro nebezpecné useky obrusnych vrstev vozovek pouze 5 lokalit.

Podle ptedchozich provedenych studii (Erichsen 2009), by mél existovat inverzni vztah mezi
hodnotami PSV a Ax. Z vysledkl této prace se vSak zavislost zda byt velmi nizka vzhledem k velmi
vysokym rozdiliim mezi hodnotami PSV a An jednotlivych horninovych skupin. Vysledky této prace
ukazuji, ze zavislost mezi PSV and An je pro cely soubor dat velmi nizkd. Na vzdory tomu, Ze
ohlazovani vzriista se sniZujici se hodnotou PSV a obrusovani vzristd se zvysSujici se hodnotu An,
vzhledem k typu horniny a dalS$im vliviim (fyzikalni vlastnosti, malé zméné ve sloZeni nebo stupen
zveétrani).

Korelace hodnoty PSV a petrografického slozeni se ukéazala jako velmi problematicka a byla
posuzovana jak z mineralogického slozeni, tak i velikosti a druhu vyrostlic. Pfi rozdéleni hornin do
uzkych skupin na zéaklad¢ jejich slozeni lze pozorovat urCité trendy zavislé vesmés na velikosti
minerald nebo odlisné tvrdosti jednotlivych komponent. Jednozna¢né predikce hodnoty ohladitelnosti
je vsak velmi obtiznd, protoze zavisi na vice faktorech jako je velikost a druh vyrostlic, mineralni
sloZeni horniny, texturni uspotadani, stupen navétrani nebo poruseni horniny.



5. Zavér

Zkoumané vulkanické horniny byly na zakladé kvantitativniho petrografického popisu klasifikovany
podle mezinarodni klasifikace IUGS i na zaklad¢ chemické analyzy podle diagramu TAS. Rozdéleni
jednotlivych hornin na zaklad¢ jejich geologického stafi a horninového typu do petrograficko-
technologickych skupin: (1) skupina ryoliti / porfyrt, (2) skupina fonolitt, (3) skupina bazalti s./., (4)
skupina melafyrti a (5) skupina spilitQ, k porovnavani miry zavislosti mezi jednotlivymi vlastnostmi se
osveédcilo a prineslo informace, které nebyly z celého souboru vulkanickych hornin patrné.

Potvrdilo se, Ze v oblasti velikosti vystupni Stérbiny vznikaji zrna s vhodnym tvarovym indexem a
rozdily hodnot tvarovych indext mezi lokalitami jsou malé. Neda se proto spolehlivé urcit, jak hodné
petrolografické vlastnosti ovliviuji tvar zrn.

Navzdory velmi podobnému principu zkouSek odolnosti proti drceni Los Angeles a obrusu
pneumatikami s hroty - Nordické zkousky (tj. mechanizmu rozrusovani zrn kameniva b&éhem
zkousky), byly zjistény rozdilné vysledky i vramci jednotlivych petrograficko-technologickych skupin
o podobném slozeni. Rozdily mezi jednotlivymi skupinami vulkanickych hornin mohou byt
vysvétlovany variabilitou mezi makro a mikrostavbou, kterd vyznamné ovlivituje jejich fyzikalni
vlastnosti.

Na zakladé rozdéleni celého souboru studovanych hornin do petrograficko-technologickych skupin, je
ziejmé, ze nejlepsi vysledky ohladitelnosti kameniva (nejvyssi hodnoty PSV) vykazuji melafyry, které
maji jemnozrnnou matrix a mandlovcovitou texturu. Naproti tomu tato horninova skupina vykazuje
nejhors$i vysledky u Nordické zkousky, pravé diky madlovcovité textufe a jemnozrnné matrix.
Korelace hodnoty PSV a petrografického slozeni se ukazala jako velmi problematicka a byla
posuzovana jak z mineralogického slozeni, velikosti i druhu vyrostlic. Pti rozdéleni hornin do tizkych
skupin na zakladé jejich slozeni 1ze pozorovat urcité trendy zavislé vesmes na velikosti minerali nebo
odlisné tvrdosti jednotlivych komponent. Jednozna¢na predikce hodnoty ohladitelnosti je vSak velmi
obtizna, protoze zavisi na vice faktorech jako je velikost a druh vyrostlic, mineralni sloZeni horniny,
texturni uspotfadani, stupenl navétrani nebo porusSeni horniny. Protoze rizné mechanické vlastnosti
vykazuji jistou korelaci s horninovou stavbou, dal$i vyzkum by se mél zaméfit na podrobnéjsi
zkoumani a kvantifikaci parametrii horninové stavby, za ucelem zjisténi faktort, které maji nejvetsi
dopad na hodnotu PSV u drceného kamene.

Mechanickd odolnost (stupeti zdrobnéni, drtitelnost v razu, odolnost proti drceni metodou Los
Angeles, odolnost proti obrusu pneumatikami s hroty) vykazuje rizny stupen vzajemné zavislosti. Pfi
analyze mezi jednotlivymi parametry zavislosti byl pouzit jak cely soubor dat pro vSechny typy
studovanych vulkanitti, tak odd€lené pro jednotlivé petrograficko-technologické skupiny. Z vysledki
vyplynulo, Ze tyto vztahy pro rizné petrograficko-technologické typy hornin vykazuji nejen riznou
tésnost, ale v nékterych pripadech i odlisné trendy.



1. Introduction

The influence of petrographic parameters (modal composition, rock microfabric parameters as in grain
size and shape) on the technological properties of rocks used for the production of crushed stone make
some of the overlooked aspects in current research and practise of aggregates. Concerning the physical
properties basic index parameters were tested (apparent density, open porosity and water absorption).

This study, is focused on detailed examination of volcanic rocks that contribute about 34 % of the total
production of crushed stone in the Czech Republic. Size reduction of blasted rock fragments by
crushing makes basis of crushed stone production (Smith and Collis 2001, Alexander and Mindess
2005). Along with defined size range, optimum shape of crushed stone particles is required (Lees
1964, Ramsay et al. 1974). Each rock type exhibits specific resistance to fragmentation (here called
“crushing resistance”), depending not only on composition and physical/mechanical properties (Brattli
1992) and/or degree of weathering (Koukis et al. 2007) but also on the specific type of a crusher and
its operational parameters (Eloranta 1995). Reduction ratio (i.e. degree of fragmentation) influences
shape parameters of the product (Briggs and Evertsson 1998) for which the cubic shape of individual
particles is the most desirable (Ramsay 1965, Hamzah et al. 2010). Feed size and close side setting has
been found to be crucial factors governing shape properties (flakiness) of the product (Ramos et al.
1994, Eloranta 1995, Bengtsson and Evertsson 2006).

Shape of crushed stone particles thus makes one of the important functional properties of aggregates
and governs behaviour of aggregate in structures, specifically their mechanical properties (Baalbaki et
al. 1991). Presence of particles exhibiting anisotropic (flaky or elongated) shape increases their
specific surface and deteriorates bonding capacity, compaction, void content or permeability (Smith
and Collis 2001). Shape of particles also influences friction or resistance to further fragmentation
which is fundamental property when used in cement-based or bitumen-based concretes for road
surfacing (Chen et al. 2005, Masad et al. 2007, Arasan et al. 2011, Ganapati Naidu and Adiseshu 2011,
Long et al. 2011, Bulevicius et al. 2013, Wnek et al. 2013). Specifically in bitumen-based concrete, the
shape of aggregate particles affects its durability, workability, shear resistance, tensile strength,
stiffness, fatigue response, and/or optimum binder content of the mixture (Boutilier 1967, Huang
1970, Livneh and Greenstein 1972, Stephens and Sinha 1978, Huber and Heiman 1987, Kim et al.
1992, Krutz and Sebaaly 1993, Topal and Sengoz 2005, Arasan et al. 2011). Knowledge of the shape
of produced crushed stone is thus fundamental for both, the producer to evaluate the efficiency of used
crusher, and to the consumer to be sure that the product fulfils requirements for the specific end-use.

The strength of the aggregate can be measured by different test methods. Los Angeles attrition test is
the European Standard test method for determination of resistance to fragmentation. Alternative
testing procedure to the Los Angeles test is the impact test in according to European Standard EN
1097-2. The impact test has been developed to quantify the resistance against fragmentation of rock
ballast. The standard is used for naturally and artificially produced aggregates that are used in
constructions. Aim of the test is to obtain the impact fragmentation coefficient SZ.

If one accepts the PSV test results as a measure of the skid resistance of an aggregate, then the higher
the PSV is, the greater is the coefficient of friction. Thus, an aggregate with a higher PSV should
exhibit better performance within the wear surface of a road (Smith and Collis 2001, Lorenz and
Gwosdz 2003). According to the same authors, a PSV over 65 indicates crushed stone highly resistant
to polish-ing; however, most of the aggregates used in asphalt mixtures exhibit a PSV with-in the
range of 50-60. From other technological tests exploring mechanical resistance of aggregates, Nordic
abrasion value (An) is considered to partly simulate particle wear by polishing, although other major
deterioration mechanisms such as attrition and/or crushing take place as well (Erichsen 2009). As this
test is not required in the most of European countries except Scandinavia, very limited research has
been published on the possible relationship between PSV and A till to date (see e.g. Erichsen 2009).
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properties of rocks used for the production of crushed stone* (50213/ENV/06 1855/660/06), provided
by the Ministry of Envitonment of the Czech Rebublic (major investigator prof. R. Ptikryl).

2. Aims of the study

Presented thesis provides findings of influences of petrographic parameters on the technical
characteristics, which currently ranks among the neglected aspects of the research building materials.
Results should serve to help better understanding the relationships among the properties of rocks and
help in optimizing their use as a crushed stone. Generally, the aims of the thesis is summarized as
follows:

» identifying the main characteristics of rocks (geological, physical, mechanical and
technological);

» experimental finding of reduction ratio in the same mode for crushing various types of volcanic
rocks;

* determining shape parameters of crushed stone using 3D image analysis;

* evaluating of the obtained results;

* determining the correlation of relationships between petrography and technological
characteristics;

» finding relationships with the experimental and in the Czech Republic disused methods.

3. Material and methods



Experimental material tested in this study is represented by a set of specimens collected from 40 active
quarries producing crushed stone in the Czech Republic. The rock types covered by this study range to
the volcanic (effusive rocks) in general, but encompass wide range of rock types in terms of their
composition (both mineralogical and geochemical), rock macro- and microfabrics, and postgenetic
history. For each quarry, collected bulk samples were carefully selected to represent standard
production of the quarry. For the purpose of crushing resistance test, 32/63 fraction has been sampled.
To be able to evaluate shape parameters of products of finer gradation from the quarry with those
obtained by us in the laboratory, samples representing typically produced gradations of 8/11, 8/16 and/
or 16/22 were collected as well.

Along with these technological samples, larger fragments of rocks have been collected as well. These
petrographic samples were employed for the preparation of thin sections that were later examined in
polarizing optical microscope.Very fine-grained nature of studied rocks made reliable quantitative
modal analysis by means of optical microscopy impossible. As this knowledge is essential for
placement in respective petrographic system — TAS classification (Le Bas et al. 1986; Le Maitre
1989), geochemical composition of bulk samples (major elements) was determined by standard wet
silicate analysis (Kirschenbaum 1983). Samples were milled to analytical fineness and analysed in
Laboratories of the Geological Institutes (Faculty of Science, Charles University). Based on the data
obtained, the studied rocks have been plotted into the TAS diagram and classified following
classification steps as recommended by [UGS (see Le Maitre 1989; Shelley 1992).

Experimental crushing was performed by using double toggle laboratory jaw crusher DCD-D160. For
all of the materials tested, the following set up of the crusher was used: active feed opening was 105 x
150 mm, the width of the outlet gap was set to 14 mm, upward motion 10 mm, 120 oscillations per
minute. Oversize and undersize fractions have been removed. Then, 32/63 experimental batch of
known gradation has been continuously fed to the crusher. Reduction degree, sometimes denominated
as crushing degree (citace), represents numerical value of the ratio in which the certain crusher
reduced grain size of the material. This parameter is often used for the evaluation of the efficiency of
industrial crushing (citace) and on the evaluation of suitability of crusher type for certain material. In
general, this parameter expresses ratio between grain size of the feed and product. Due to the fact that
the feed is composed of material showing relatively broad gradation and the product exhibits the same,
the parameter is computed by using mean values of grain size of the feed and of the product. Much
quicker information on the degree of size reduction can be obtained from the so-called reduction ratio
parameter (Rgo). This parameter is computed as (modified after Eloranta 1995) ratio of the size of
fragments of the feed at 80 % of total weight with the size of fragments of the product at 80 % of total
weight obtained by direct reading from the cumulative granulometric curve.

Digital image processing is powerful tool being recently adopted for the precise granulometric and
shape analysis of aggregates (Yue et al. 1995, Broyles et al. 1996, Kuo et al. 1998, Masad et al. 2007,
Arasan et al. 2010, 2011). In the recent study, digital image processing has been performed on
macrophotographs obtained from imaging of representative set of particles (about 150 for each
sample) prior and after experimental crushing. Particles were systematically placed in rows and
columns on a holder and two images were obtained for each sample. Then, the digital images were
analysed by image measurement and analysis software (SigmaScan Pro, v. 5.0.0., SPSS Inc., USA).
Prior to the image processing, the real scale of the image was calibrated to operate with real
dimensions. From numerous geometric parameters, that the image analysis software is capable to
analyse, length of principal axes and perimeter were recorded. Length of principal axes served for the
plotting of the grain shapes in conventionally used Zingg diagram (Zingg 1935 with later
modifications from Rosslein 1941 and British Standard, Perimeter was employed for the computation
of the so called shape (form) factor as (Ptikryl 2006)
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EN 1097-2 standard was used for the LA abrasion test, method for the determination of resistance to
fragmentation. Test samples were oven-dried and then cooled to room temperature before they were
tested. Eleven steel spheres were placed in a steel drum about 5000 g of aggregate sample and the
drum was rotated for 500 revolutions at rate of 30-33 rev/min. After revolution was complete the
sample was sieved through the 1,7 mm sieve. Amount of material passing the sieve, expressed as a
percentace of the original weight, was the LA abrasion loss or percentage loss (Kahraman & Toraman
2008). For three tests of the impact test about 5000g of the aggregates are needed, it depend on density
of sample. The sample is placed inside the mortar and after entering the die into the mortar, a blow
hammer falls onto the die 20 times. After the execution of the test, the sample is sieved and weighed
with the sieve sizes 8, 5, 2, 0.63 and 0.2.

Nordic abrasion test was performed following procedure recommended in the respective European
standard (EN 1097-9: 1998). Laboratory specimen of aggregate fraction 11.2/16 has been washed,
dried and weighed. Preparation of the appropriate amount of the test specimen requires knowledge of
the bulk density, which has been determined by using pycnometric method.

Polished stone values (PSV) of the studied volcanic rocks were obtained by following the test
procedure prescribed in the EN 1097-8 European standard (1999). Approximately 35-50 particles of
aggregate fraction 8/11 were emplaced into an artificial resin and attached to the circuit road wheel of
the test machine. After ful-filling the required number of revolutions, during which the sample was
subjected to the abrading action of a rubber wheel and natural emery, the degree of polishing of the
test sample was evaluated by a friction test using a pendulum device.
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4. Results and discussion

The rock types covered by this study range to the volcanic (effusive rocks) in general; however, based
on the variability in their composition (both mineralogical and geochemical), rock macro- and
microfabrics, and postgenetic history they can be subdivided into the following
petrographictechnological subgroups: basalts s./., melaphyres / diabase, spilites, phonolites, and
rhyolites / porphyry. Basalts s./. represent effusive rocks of Tertiary age, having generally basic to
ultrabasic geochemistry. Similar age applies for phonolites. Melaphyres are mostly intermediate rocks
from Upper Palaeozoic, often having pronounced amygdaloidal rock fabric. Spilite is a non-genetic
term applied in older literature for altered (Na metasomatism during LT/LP metamorphosis) submarine
effusive rocks; in the Czech Republic these are bound to Neoproterozoic to Lower Palaecozoic terranes.
Subgroup of studied rhyolite / porphyry encompasses acid rocks, belonging mostly to Palacozoic
complexes.

Average values of apparent density of aggregates are from 2,406 g/cm? in phonolite to 3,216 g/cm? in
sodalitic nephelinite. Average values of rock water absorption are in the range of 1,9 - 0,2 % of Mass.
Average values of open porosity are in the range of 4,70 - 0,52 % of Volume.

After plotting of proportions of different size fractions in the crushed product, one can see that except
the 11/16 fraction, the remaining ones exhibit high variability in proportions of 0/4, 4/8, 8/11, 16/22,
and 22/32 fractions. Concerning the 11/16 fraction, its balanced proportion between 25 to 30 wt. % for
75 % of studied materials (for about 10 % of them the value was in 20-25 wt. % range and for 15 % of
specimens was between 30 to 40 wt. %) is due to the fact that the average value of the outlet gap was
14 mm. Two specimens of melaphyres with the highest reduction ratio exhibited the lowest proportion
of size fraction above 16 mm and highest proportion of fraction below 11 mm, but their shape
parameters did not deteriorate. However, the increasing reduction ratio increased content of fines (0/4
fraction). Reduction ratio is giving a range of values D: (3,33-6,16)

Although flakiness (EN 933-3) and shape index (EN 933-4) remain the basic parameters for a
description of the percentage of grains exhibiting unfavourable shape properties (nonc-cubic) in
aggregate, image analysis of grain shapes allows more precise and probably also quicker method of
evaluation of shapes. By using image analysis, more descriptive parameters of grain shapes can be
obtained compared with length comparators (Ptikryl 2006). In the recent study, image analysis of
crushed product has been performed by using 11/16 fraction for which the most favourable shape
properties were expected due to the preset size of outlet gap to 14 mm, i.e. size equal to mean value of
produced fraction (Smith and Collis 2001). By using image analysis, more descriptive parameters of
grain shapes can be obtained compared with length comparators (Pfikryl 2006). As there is no
standardised procedure, we have developed our own test procedure. Despite the fact that all studied
rock types exhibit favourable shape parameters in general, small differences can be found for various
rock types. The lowest percentage of grains with unfavourable shape was found for melaphyres
followed by porphyry/rhyolites and for phonolites that are extremely homogeneous from rock fabric
point of view. The highest percentage of these grains has been recorded for basalts and spilites which
can be partly influenced by their high brittlness.

The most favourable results of Los Angeles attritin test (i.e. the lowest LA values) were obtained for
basalts (range of values 9,4-19,4) and spilites (range of values 8,4-14,9) which are in fact
Neoproterozoic to Late Paleozoic basalts affected by low grade metamorphism.

Nordic abrasion test exhibited much broader range of values (6,4 to 36,9) with average value at 15,2
for basalts,resulting in weak coefficient of determination (0,19). On the contrary, narrow range of
values from Nordic abrasion test of spilites (7,2-15,9), very similar to the range of LA values, is
reflected in higher coefficient of determination (0,56). On the contrary, the least favourable properties
(LA wvalues 12,3-29,2, Nordic abrasion 16,8-43,3) have been observed for a group of basic to
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intermediate rocks classified in older literature as melaphyres and diabases (ranging from basalts to
trachyandesites and/or trachybasalts) of Paleozoic age. However, in this specific group of volcanic
rocks, the highest coefficient of determination (0,89) between both tests has been achieved. For
volcanic rocks exhibiting acid composition (rhyolites and quartz porphyry), coefficient of
determination between LA values (15,1-19,3) and Nordic abrasion test (7,3-21,9) is weak (0,42). The
weakest relationship between LA values (14,9-23,8) and Nordic abrasion test results (14,2-17,6) have
been observed for group of phonolites, with value of coefficient of determination 0,12.

The studied volcanic rocks exhibit wide range of skid resistance expressed as Polished Stone Value
(PSV) in the range from 46 to 60 with normal distribution. The lowest values were obtained for
phonolites (PSV = 46-50, with an average value of 47) and basalts (PSV = 48-55, with an average
value of 51). For spilites (volcanic rocks of Neoproterozoic age that have undergone low-grade
metamorphosis), the PSV ranged from 47 to 54, with an average value of 52. In terms of the suitability
of the studied rocks for application in asphalt mixtures, 17 rock types (3 basalts, 5 spilites, 5
melaphyres, 2 rhyolites, quartz porphyry, and diabase) are suitable for ordinary roads; however, only 5
rock types (3 melaphyres, quartz porphyry, and diabase) are suitable for high traffic / dangerous road
sections. According to previously published data (Erichsen 2009), there should exist inverse
relationship between PSV and AN, which was fairly documented for specific rock types such as
sandstones. However, considering all rock types included in the study of Erichsen (2009), this
relationship seems to be very weak due to a very high variation of PSV and AN values of individual
rock types. Focusing on the experimental data obtained by the recent study, one can see that the
relationship between PSV and AN is very weak either when considering all data together. Despite the
fact that polishing increases with decreasing PSV and wearing increases with increasing AN, the
mutual relation between these two parameters is probably more complicated and can be also highly
variable depending on the rock type and variability of other parameters (physical properties, minor
variation in composition or degree of alteration within).
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5. Conclusions

For various petrographic-technologic types of rocks in the study, aimed to an experimental crushing
and forthcoming size and shape analysis of grains of was confirmed, that in a zone of size setting was
produced grains with cubic shape index for all type of volcanic rocks and with used only one degree of
crushing. A direct correlation of a grains shape with a reduction ratio of rocks was not identified.

Despite the similar principle of Los Angeles attrition test and Nordic abrasion test methods (i.e. the
mechanism of deterioration of aggregate particles during the test), the results seem to be variable for
rocks of similar mode of formation. The differences between individual groups of volcanic rocks can
be partially explained by variable rock macro- and microfabrics that significantly affect their rock
physical properties.

After splitting the whole studied set into five petrographic-technological categories (i.e. rhyolites /
porphyry, phonolites, basalts s./., spilites, melaphyres), it is evident that the best performance in a skid
resistance (i.e. the highest PSVs) was obtained for melaphyres due to their coarse microfabric and
amygdaloidal macrofabric. However, presence of minerals with a highly contrasting hardness and
specific rock macrofabric contributed to the worst performance in Nordic abrasion test of this rock
group. Based on our results, it seems that correlation between the PSVs and the petrographic
parameters is very complicated, and there is no single rock fabric parameter from which the PSV
could be estimated. As shown on the example of the phenocrysts, the PSV does not demonstrate any
strong correlation to their content and size. However, because many other rock mechanical properties
do show a correlation to certain rock fabric parameters, future research should focus on more detailed
examinations and quantifications of the rock fabric parameters, in order to determine which factors
have the greatest impact on the PSV of crushed stone.

Mechanical resistance (reduction ratio, Impact Test, Los Angeles attrition, Nordic abrasion Test)
showed a different degree of correlations. Complete data set was used for all types of studied volcanic
rocks during analysis between every single parameters of correlations, and withal separated for each of
petrographic-technologic group. These results indicates, that correlations gives-us not only different
tightness, but also different trends in some cases.
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