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Istrafivaniima u aintaktnomu terenu. kao i na izvedenim kosi- 
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nama usjeka; zasjeka, u temeljnim jamama objekata i u tunelima, 
odredene su inknjerskogeoloSke i osnovne tektonske znabjke 
senonskih vapnenaca, eocenskog fliSa, prorninskih breEa i breb-  
konglomerata, te oligocenskih slabo sortiranih br&, na trasi 
poluautoceste Solin-Klis (Dalmacija, Hrvatska). Laboratorijskim 
is~itivaniima na velikom broiu uzoraka stiiena utvrdeni su ras~oni 
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nj'ihovih'osnovnih fizikalnih \ mehani~kihkabjki  unutar pojedi- 
nih inZenjerskogeoloSkih cjelina. Rezultati laboratorijskih ispitiva- 
nja usporedeni su sa svojstvima stijenskih masa u cjelini procije- 
njenim primjenom RMR-klasifikacije stijena i rezultata mjerenja 
brzine Sirenja uzduZnih seizmiEkih valova. Ukazano je na mogu6i 
istovjetan pristup i kod izrade Osnovne inZenjerskogeoloSke karte 
Republike Hrvatske. 

Uvod 

Za potrebe projektiranja i izvedbe magistralne 
prometnice MC-11 od Solina do Klisa, obavljena su 
detaljna in2enjerskogeologka istrdivanja. U prvoj 
fazi, na >>intaktnomc< terenu, registrirane su sve vid- 
ljive geoloSke znahjke koje su posluiile za izradu 
prognoznih profila tunela, odredivanje nagiba i 
zabtite kosina zasjeka i nasipa, odrectivanje uvjeta 
temeljenja objekata i prezentaciju relevantnih inie- 
njerskogeologkih podataka potrebnih za osiguranje 
zaStite podzemnih voda i okoliSa ( G a r  aSiE i 
O r t o l a n ,  1987; S e s t a n o v i C  i B a r E o t ,  1988). 
0 sloienosti problematike izvodenja ove prometnice 
dovoljno govori potreba probijanja Eetiri tunela i 
izgradnje deset vijadukata (zbog Cega je prometnica 
i nazvana >>pols u mraku, pola u zrakucc), vodenje 
trase u podruiiju zaStiCenog sliva Jadra, u neposred- 
noj blizini njenog izvora iz kojeg se Split i okolica , 
opskrbljuju vodom. 

U drugoj fazi je stalnim praeenjem inienjerskogeo- 
lolkih i strukturnih znaEajki na lokacijama zadiranja 
u stijensku masu geoloSki okvir popunjavan novim 
podacima, koji su znakovito pridonijeli sigurnosti 
kod izvodenja, a po potrebi i korekciji pojedinih 
rjeSenja iz projekta ( B r a u n ,  1991. i B r a u n  et 
al., 1992) 

U ovom se Elanku opisuju, dokumentiraju i inter- 
pretiraju osnovni rezultati provedenih istraiivanja. 

Key-words: Engineering geology, Rock characteristics, Joints, 
Tectonics, Road 

The research, that has been done both on the >intact< terrain 
and on the opened cuts and discontinuities, and which has been 
camed on in the basic caves of the obiect. as well as in the 
tunnels; has verified the engineering geologi&l and basic tectonic 
characteristics of Senonian limestones. Eocene flvsch. the Promina 
breccias, and breccia-conglomerates, as well as 0ligbcene poorly 
sorted breccias, on the route of semi-highway Solin-Klis (Dalma- 
ria, Croatia). The lab analyses, of the great number of the rock 
samples, have brought out the parametres of their basic physical 
and mechanical features within a particular engineering geological 
unit. The results, thus obtained, have been compared to the 
qualities of the rock structure block as a whole, and had been 
previously evaluated by applying RMR-classification of the rocks, 
and the results of the measured velocities of the longitudinal 
waves. It has been pointed out that similar procedure may be 
applied in the publication of General Engineering Geological 
Map of the Republic of Croatia. 

Litostratigrafska osnova 

PodruEje istraiivanja uz trasu prometnice Solin - 
Klis se na Osnovnoj geoloSkoj karti Republike 
Hrvatske nalazi u kontaktnom dijelu listova Split 
(MarinEiC et al., 1971) i OmiS (MarinEiC et 
al., 1975) kod k g a  se najiscrpniji geoloSki podaci 
mogu naCi u njima pripadajukim tumaEima (M a g a S 
et al., 1973; M a r i n  CiC et al., 1977). 

Najstarije stijene uieg podrutja izgradnje ceste 
pripadaju rudistnim vapnencima senona (gornja 
kreda - K ~ ~ ) .  Vapnenci su uglavnom gromadasti, ali 
se nalaze i tanje slojeviti varijeteti s debljinom slo- 
jeva izmedu 0,2 i 0,6 m, ili debelo slojeviti s deblji- 
nom slojeva i do 3 m. OpCi nagib slojeva je prema 
sjeveroistoku pod kutem od 40' do 80'. Na svjeiem 
ravnom i plitkoSkoljkastom prijelomu vapnenci su 
svjetlosive do bijele boje, Eesto s mnoStvom rudista. 
KoliEina CaCO, analizirana je na 11 uzoraka, a 
rezultati su iznosili od min. 97,06% do maks. 
9944%. 

Od diskontinuiteta najjasnije su izraiene tektonske 
pukotine, rjede i slojevitost, sa zijevom od jedan 
do deset milimetara, najEeSCe ispunjene crvenicom 
pomijeSanom sa sitnirn stijenskim krSjem, ili samo 
s limonitsko-boksitiEnim tvrdim prevlakama. Puko- 
tine koje su paralelne klivaiu osne ravnine nagiba 
su prema jugozapadu pod kutem izmedu 20' i 60°, 
a pukotine okomite na lokalnu strukturnu os su 
preteino strme, s nagibima izmedu 60' i 80'. Zijev 
ovih diskontinuiteta iznosi izmedu 10 i 60 mm. Ispuna 
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im je takoder crvenica s viSe ili manje stijenskog 
krija. Mjestimice se zapaiaju i pukotine druge gene- 
ze, a vjerojatno i starosti, koje su cementirane iilnim 
kalcitom ili su, podredeno, stisnute. 

U povrSinskom dijelu rudistni vapnenci su inten- 
zivno okrleni, kod Eega su, od morfoloSkih pojava, 
najviSe zastupljene Skrape, modelirane pukotine, 
kaverne i manje Spilje. Postanak dviju manjih Spilja, 
koje su zapaiene prilikom izvedbe dubokog usjeka 
za umjetni tune1 >>MihoviloviCicc moie se povezati s 
rasjedima nagnutim pod oko 60" prema zapad-jugo- 
zapadu i njihovim presjeciStima s pukotinama druge 
geneze. Spilja na stacionaii km 7 + 800 bila je gotovo 
u cijelosti ispunjena glinovitim materijalom sa stijen- 
skim krSjem, a druga, na stacionaii km 7 + 880, 
potpuno prazna, s mnoStvom Spiljskog nakita. Njen 
volumen procijenjen je na oko 2000 m3, a od ulaza 
duboka je oko 30 m (Rada ,  1991). 

Senonski rudistni vapnenci se u podrutju izgradnje 
prometnice Solin - Klis nalaze od stacionaie km 
7 + 680 do kraja trase, odnosno stacionde km 
9 + 004, u ukupnoj duljini od 1.324 m. 

FliSne naslage srednjo- do gornjoeocenske starosti 
(G,,) izgraduju veCi dio istrdivanog terena. Zastup- 
ljene su breEama, pjeSEenjacima i laporima u verti- 
kalnoj izmjeni, uz sporadicne pojave Eerta. To su 
dobro slojevite naslage (osim u tektoniziranim zona- 
ma) s debljinom slojeva od nekoliko milimetara do 
oko 50 cm. Znakovito je da su lapori razvijeni u 
tanjim slojevima, u serijama debljine i do 50 m, a 
breEe i pjeSknjaci u neSto debljim slojevima, ali u 
serijama debljine do 5 m. Kod cjelovite izmjene 
koja nije rijetkost svi Elanovi fliSa su tankoslojeviti, 
a serija u kojoj se nalaze ima debljinu veCu od 50 
m. Kontakt fliSnih i drugih naslaga uvijek je tekton- 
ski. 

Lapori su sivoplave ili sivozelene boje, ako su 
svjeii, odnosno smedi ili iutosmedi kada su troSni. 
B r e k  su sive, a pjeSknjaci svjetlosivi i svjetlosmedi. 
Lapori se lome nepravilno, a breEe i pjelknjaci 
plitkoSkoljkasto do ravno. Rezultati ispitivanja koli- 
Eine CaCO, u laporima fliSa, na 53 uzorka, prete2ito 
su bili u granicarna izmedu 42,73% i 74,81% (lapori 
i kalcitni lapori), a samo mjestimicno utvrdeno je 
postojanje i laporovitih vapnenaca sa sadrzajem 
CaC03 od 75,00% do maksimalno 88,01%. 

Naslage su opCenito nagnute prema sjever-sjeve- 
roistoku i sjeveroistoku pod kutem koji varira od 
10" do 80°, ovisno o poloiaju u strukturi. Poloiaj 
diskontinuiteta koji su paralelni osnoj ravnini varira 
takoder ovisno o polo2aju u regionalnoj strukturi, 
dok su pukotine okornite na strukturnu os na jkSk  
strme, nagiba uvijek preko 50". Zijev ovih pukotina 
iznosi i do 10 milimetara, u laporima su ispunjene 
glinom, a u breEama glinom i sitnim stijenskim 
kdjem. U podruCju tunela >>Mravinci<c, a takoder u 
usjeku izmedu dva stijenska bloka koji su izgradeni 
od breEa, utvrdeni su tektonizirani Skriljavi dinamo- 
metamorfozirani lapori. 

U breEama i pjeSEenjacima fliHa utvrdeni su efekti 
okrSavanja manifestirani pojavama Skrapa, modelira- 
nih pukotina i kaverni. Pred ulaznim portalom tunela 
>>Mravincicc otkrivene su dvije veCe kaverne koje su 
nastale na presjeciStima diskontinuiteta veCeg zijeva. 

HiSne naslage se na istrdenom terenu nalaze od 
stacionaie km 0 + 000 do km 3 + 253, od km 3 + 697 
do km 4 +  125, od km 4+720 do km 5+762, od 
km 6 + 275 do km 6 + 426, od km 6 + 575 do km 
6 + 700, od km 7 + 113 do km 7 + 680, odnosno u 
ukupnoj duljini od 5.466 metara. 

Prominske naslage gornjeg eocena (E3) zastupljene 
su slabo sortiranim breCama i breCokonglomeratima. 
Razvijene su kao gromadaste, ali i slojevite naslage 
s debljinom slojeva od oko 0,60 pa do viSe od 2 m. 
Lome se Skoljkasto ili nepravilno, a na prijelomu 
su sive boje. KoliEina CaC03 u stijenama ispitana 
je na 5 uzoraka i iznosila je od minimalno 73,40% 
do maksimalno 99,76%. 

Prominske su naslage opdenito nagnute prema 
sjeveroistoku pod kutem od oko 70" u juinom dijelu 
podruEja, odnosno prema jugoistoku pod kutem od 
30" do 55" u sjevernom dijelu istraiivanog terena. 
Meduslojne pukotine imaju zijev do 15 milimetara 
i ispunjene su glinom sa sitnim stijenskim krSjem, 
no bilo je i otvorenih, bez ispune. Pukotinski sustavi 
koji se zapaiaju u stijenama, a prema orijentaciji i 
genezi odgovaraju pukotinama paralelnim klivdu 
osne ravnine i pukotinama koje su okomite na 
lokalnu strukturnu os su zijeva do 20 milimetara. 
Uglavnom su otvorene ili ispunjene crvenicom sa 
sitnim stijenskim krSjem. U rasjednim zonama 
uokne su i manje pojave tektoniziranih Skriljavih 
sivozelenkastih lapora i k r t a  kao uloSci i l e k  unutar 
b r e h  i breEokonglomerata. OkrSavanje se manife- 
stira pojavama manjih kaverni, modeliranih pukotina 
veCeg zijeva i Skrapa. Prorninske naslage su uz trasu 
prometnice registrirane od stacionaie km 3 + 280 do 
km 3 + 310, od km 6 + 426 do km 6 + 575 i od km 
6 + 700 do km 7 + 113, u ukupnoj duljini od 592 
metra. 

Najmlade tercijarne naslage utvrdene na terenu 
su slabo sortirane vapnenjaEke breEe oligocena (01) 
s fragmentima vapnenjaEkih stijena cementiranih kal- 
citnim cementom. Sadriaj CaC03 odreden u tri 
uzorka varirao je izmedu 98,57% i 99,76%. NajCeSb 
su slojevite, s debljinom slojeva od 0,60 do 2,00 m, 
samo iznimno tanko slojevite (debljine slojeva od 6 
do 20 cm) ili gromadaste. Slojevi su u juinom dijelu 
istraiivanog podruEja generalno nagnuti prema sje- 
veroistoku pod kutem od 34" do 70°, a u sjevernom 
dijelu pod kutem manjim od 10" prema jugoistoku. 
Meduslojne pukotine su preteiito stisnute, dok su 
pukotine paralelne klivaiu osne ravnine i okomite 
na strukturnu os otvorene, sa zijevom Sirine od 
jednog do 10 mm. Sire pukotine su ispunjene crve- 
nicom i sitnim krgjem, a odvajaju stijenu u blokove 
veliEine i do nekoliko m3. Osim toga, u pripovrSin- 
skim dijelovima i ove su naslage zahvaCene procesirna 
okrSavanja, kojih je posljedica pojava Skrapa, mode- 
liranih pukotina i kaverni. 

Oligocenske breEe su na istraiivanom terenu 
zastupljene od stacionaie km 3 + 253 do km 3 + 280, 
od km 3 + 310 do km 3 + 697, od km 4 + 125 do 
km 4 + 720 i od km 5 + 762 do km 6 + 275, odnosno 
u ukupnoj duljini od 1522 metra. 

Naslage kvartara su zastupljene praSinastim gli- 
nama (Q,) maksimalne debljine 3 m, nastalim kao 
produkt troSenja fliSnih lapora iz stijenske podloge, 
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te nevezanim i slabo vezanim sipariSnim materijalom 
(Qd) tija debljina ne prelazi 3 m. SipariSni materijal 
izmedu stacionda km 6 + 700 i km 6 +  820 sadrii 
uglaste stijenske fragmente velitine od 20 cm do 
jednog metra, kod Eega je sipariSte nagnuto pod 
kutem od 30" do 45'. Podinu mu izgraduju breEe i 
breCokonglomerati s gomoljima k r t a  (promina 
naslage - E3). 

Tektonski odnosi 

Tektonska grada terena je komplicirana kod Eega 
je recentni strukturni sklop nastao u vise faza. Domi- 
nantne borane i reversne rasjedne strukture nastale 
su u pirenejskoj fazi alpske orogeneze. Pruianja su 
sjeverozapad-jugoistok, kose su, s jugozapadnom 
vergencijom (Ma r i n E i 6, 1979). Smjer pritiska uz 
koji su nastale ove strukture bio je prema jugozapa- 
du, ali su tektonski transport, a time i odstupanja 
od smjera regionalne strukture, uvjetovale zatehne 
pretpirenejske starije brahistrukture (M a r i n E i C, 
1979). KonaEno oblikovanje strukturnog sklopa 
dosi2e do u recentno doba. 

Mjereni poloiaji slojeva svih vidljivih naslaga na 
istra2ivanom podruEju imaju statistiEki maksimum 
346/14", ali se na izradenom konturnom dijagramu 
njihovih polova (slika 1) zapa2a da u stvari tvore 
pojas nastao rotacijom oko regionalne strukturne 
osi poloiaja 301/9O (pirenejsko boranje, reversno 
rasijedanje i navlacenje). Lokalna odstupanja od 
regionalne strukture, jednim su dijelom primarna 
(M a r i n E i C, 1979), a jednim dijelom uzrokovana 
rotacijama uz smiEne rasjede sa subhorizontalnim 
kretanjima tektonskih blokova (B r a u n et al., 
1992). 

S1. 1 Konturni dijagram svih mjerenih slojevitosti 
Fig. 1 Contour diagram of all measured beddings 

Poloiaj osne ravnine strukture takoder rotira od 
subvertikalnog do subhorizontalnog, ovisno o polo- 
iaju tektonskih blokova u regionalnoj strukturi. 

Kod promatranja tektonskog sklopa razlikovale 
su se stijene senona u kojima su deformacije i pret- 
pirenejske i pirenejske, od stijena eocena u kojima 
su deformacije dominantno pirenejske i stijena oli- 
gocena koje su postorogenetske. 

Spoznaje o elementima tektonskog sklopa, prven- 
stveno diskontinuitetima, bitno su utjecale na izbor 
projektnih rjeSenja, naEin izvodenj a, osiguranje i 

zaStitu kosina zasjeka i usjeka, te na projektiranje 
tunela, planiranje napredovanja u izvobenju, izbor 
podgrade i dimenzioniranje obloge. Uz to, tektonski 
su elementi utjecali i na projektiranje temeljnih 
konstrukcija vijadukata, naEin izvodenja iskopa za 
temelje i osiguranje kosina temeljnih jama. Budu8 
da su tektonske znabjke dui trase ceste veoma 
detaljno istraBene i obradene, izvedenim radovima 
sprijekni su bilo kakvi efekti koji se, kao posljedica 
tektonskih odnosa, mogu negativno odraziti na sigur- 
nost objekata i prometala u eksploataciji ceste. 

InZenjerskogeoloSka klasifikacija stijena 

U inEenjerskogeoloSkom smislu sve naslage u pod- 
ruEju trase mogu se prema Uputama za izradu OIGK 
(1988), klasificirati kao: 
- vezane dobro okamenjene sedimentne klastiEne i 

neklastitne karbonatne stijene, 
- vezane slabo okamenjene MastiEne stijene, 
- vezane neokamenjene stijene, 
- nevezane stijene. 

Medu vezanim, dobro okamenjenim sedimentnim 
klastiEnim stijenama razlikuju se srednjozrnaste 
(pjeShnjaci fliSnih naslaga) i krupnozrnaste (breEe 
i bretokonglomerati fliSa, breEe i brebkonglomerati 
prominskih naslaga i slabosortirane oligocenske bre- 
Ee). NeklastiEne su karbonatne stijene senona. 

Vezane slabo okamenjene stijene su klastitne, 
sitnozrnate (lapori fliSa, leCe i uloSci lapora u promin- 
skim naslagama i u slabo sortiranim oligocenskim 
breEama) . 

Vezane neokamenjene stijene su plastiEne i tvrde 
gline koje se nalaze u pukotinama i kavernama, a 
dijelom i u povrSinskim dijelovima terena kao crve- 
nica. 

Nevezane stijene su prasinaste, slabo zbijene, kvar- 
tarne naslage, koje se u razlititim debljinama kao 
produkti troSenja nalaze na stijenskoj podlozi ili 
zajedno sa crvenicom, te kao krupnozrnasto slabo 
sloieno stijensko krSje i blokov'i u obliku sipara. 

Inienjerskogeolo~ke cjeline i modeli 

Za formiranje stava o in2enjerskogeoloSkim cjeli- 
nama i definiranje inEenjerskogeoloSkih modela 
posluiili su svi podaci dobiveni istraiivaEkim radovi- 
ma, a naroEito oni o fiziEko-mehaniEkim znaEajkama 
(tablica 1) i litoloSkom sastavu naslaga te njihovom 
strukturnom sklopu. 

U krednim je naslagama gustoCa diskontinuiteta 
bila prosjeEno oko 15/m3. Diskontinuiteti su izrazito 
okrSeni i okrSavanjern proSireni (modelirane pukoti- 
ne, kaverne, manje Spilje), kod k g a  je dubina okr- 
Savanja veCa od 10 m. Stijene se prema RMR-kla- 
sifikaciji prilagodenoj tunelogradnji (B i e n i a w s k i, 
1979) i kosinama ( R o m a n  a,  1985), uzimajuCi u 
obzir, po svom stanju, najnepovoljnije sisteme dis- 
kontinuiteta, mogu svrstati u 111. kategoriju (umje- 
reno dobre stijene, mjestimice stabilne, s mogui- 
nosh sloma stijenske mase dui pojedinih pukotina 
ili vise presjecnica), s prognoziranim kutem trenja 
od 25" do 35" i kohezijom izmedu 200 kPa i 300 
kPa (S t o  j k o  v i C, 1991). Na temelju rezultata geo- 
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fizitkih istrdivanja (Mi t r o v i C i K r s n i k, 1988), 
a prema literaturnim podacima (R o b e r t s, 1977; 
A l e k s o v s k i  i M i r a k o v s k i ,  1988), kut trenja 
se moBe procijeniti na oko 33", a EvrstoCa stijenskog 
masiva u cjelini na oko 80 MPa. Koeficijent oslab- 
ljenja stijenske mase prema L o  m t a d z e (1970) 
ocjenjuje se izmedu 0,6 i 0,8. 

BuduCi da su kredne naslage dobro okarnenjene, 
karbonatne, na stabilnost kosina u njima u t j ek  samo 
strukturni sklop, u kojem slojevitost, prikazana kon- 
turnim dijagramom njenih polova, ima statistitki 
maksimum poloZaja 30143". Lokalna strukturna os, 
prema poloZaju maksimuma na izractenom kontur- 
nom nbetacr-dijagramu, rotira iz polotaja 30014" u 
polotaj 343/26", koji je za te podatke ujedno i 
statistitki maksimum (slika 2). 

Sl. 2 wBetau-dijagrarn slojevitosti i aksijahih ravnina mjerenih 
u gornjokrednim vapnencima 

Fig. 2 *Beta*-diagram of the measured bedding and axial planes 
of Upper Cretaceous limestones 

Analizom strukturnog sklopa kao osnove za pri- 
mjenu geometrijske metode odrectivanja stabilnosti 
kosina ( H o e  k i B r a y ,  1974) moglo se pokazati 
da postoje svi uvjeti da se kosine kao stabilne odrie 
strmim, nagiba i preko 3:l. 

U fliSnim naslagama je gustoCa diskontinuiteta 
vrlo varijabilna. U dijelu koji nije dinamitki meta- 
morfoziran nalazi se oko 3-10 diskontinuiteta/m3, 
dok je njihova gustoCa u dinamiEki promijenjenim 
varijetetima i preko 40 diskontinuiteta/m3. 
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UzimajuCi u obzir, prema &om stanju, najnepo- 
voljnije diskontinuitete, laporovite stijene koje uisu 
dinamometamorfno promijenjene se prema RMR- 
klasifikaciji primjenjenoj u tunelogradnji (B i e - 
n i a w s k i ,  1979) inakosine ( R o m a n a ,  1985) mogu 
uvrstiti u 111.-IV. kategoriju s kutem trenja oko 25" 
i kohezijom izmedu 150 kPa i 250 kPa. Prema odred 
enim brzinama uzduinih seizmitkih valova kut trenja 
mogao se procijeniti na oko 33", a jednoosna Evrstota 
stijenske mase u cjelini na oko 20 MPa. Koeficijent 
oslabljenja stijenske mase (Lo m t a d  z e, 1970) je 
izmedu 0,6 i 0,7. 

Lapori koji su dinamometamorfno promijenjeni 
se prema RMR-klasifikaciji, takoder u odnosu na 
najnepovoljnije diskontinuitete, primijenjeno za 
tunelogradnju (B i e n i a w s k i, 1979) i na kosine 
(R o m a n  a, 1985) mogu svrstati u IV. do V. kate- 
goriju (S t o  j k o v i 6, 1991) s procijenjenim kutem 
trenja oko 15" i kohezijom oko 100 kPa (slabe do 
vrlo slabe stijene, nestabilne do vrlo nestabilne, s 
moguCnosti pojave velikih ravnih, klinastih ili krui- 
nih lomova). Prema podacima o izmjerenim vrijed- 
nostima brzina seizmitkih uzduZnih valova kut trenja 
se mogao procijeniti na oko 20°, a jednoosna tvrstoCa 
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na oko 2 MPa. Moie se raEunati da je koeficijent 
oslabljenja stijenske mase (Lo m t a d z e ,  1970) oko 
0,3. 

FliSne naslage su na istrativanom podruEju naj- 
sna2nije borane, tako da ih nalazimo u poloiajima 
u kojima im slojevitost varira od subhorizontalne 
do subvertikalne. Prema podacima dobivenim izra- 
dom >>beta<<-dijagrama strukturna os ima statistiEki 
maksimum orijentacije 3181100, kod Eega je u poje- 
dinim tektonskim blokovirna rotirana od polotaja 
29018" do poloiaja 3251100 (slika 3). - 

S1. 3 *Betan-dijagram slojevitosti i aksijalnih ravnina mjerenih 
u naslagarna eocenskog fliSa 

Fig. 3 *Betar-diagram of the measured bedding and axial planes 
of Eocene Flysch deposits 

Stabilnost kosina u fliSnim naslagama ovisi o lito- 
loSkom sastaw naslaga, stupnju dinamometamorfi- 
zma koji su pretrpjele, i manjim dijelom, struktur- 
nom sklopu. Kod toga su najstabilniji lapori koji ne 
sadrte proslojke ili l& krupnije granuliranih stijena 
i koji nisu dinamometamorfozirani. U tektonski pro- 
rnijenjenim (dinamometamorfoziranim) laporima 
razvijen je vrlo gusti meduslojni kliva2 i kliva2 osne 
ravnine. Takve stijene su dijelom i vodopropusne, 
Sto izrazito negativno ut jek na njihovu stabilnost u 
izvedenim kosinama i tunelima. 

U prominskim brehma je gusto& diskontinuiteta 
varijabilna, ali se u prosjeku moie raEunati s 5 
diskontinuiteta/m3. Zijev im dosiie do 20 mm, ali 
su mjestimice okrSavanjem znatno proSirene, tako 
da su zapdene pojave modeliranih pukotina i manjih 
kaverni. 

UzimajuCi u obzir, prema njihovom stanju, najne- 
povoljnije diskontinuitete prema RMR-klasifikaciji 
primjenjenoj u tunelogradnji (B i e n i a w s k i, 1979) 
i na kosine (R o m a n  a, 1985) stijene se mogu uvrstiti 
u 11. do 111. kategoriju (dobre do povoljne stijene, 
stabilne i umjereno stabilne, s moguCnosti pojave 
ravnih lomova po pojedinim plohama ili klinastih 
lomova po pojedinaEnim presjecnicama), s progno- 
ziranim kutem trenja oko 35" i kohezijom oko 300 
kPa (S t o j k o v i 6, 1991). Prema rezultatima mjere- 
nja uzdutnih seizmilSkih valova mote se pokazati da 
bi, raEunato na njihovoj osnovi, kut trenja stijenske 
mase trebao biti od 32" do 35", a jednoosna EvrstoQ 
stijenske mase u cjelini do 50 MPa. Koeficijent 
oslabljenja stijenske mase ( L o  m t a d z e, 1970) je 
od 0,4 do 0,6. 

Prominske su naslage takoder intenzivno borane, 
tako da im nagib slojeva varira od subhorizontalnog 
do subvertikalnog i prevrnutog, strmog. Prema izra- 
denom >>beta<<-dijagramu, os strukture ima generalnu 
orijentaciju 305112", kod Eega takocter postoje tek- 
tonski blokovi u kojima je rotirana (slika 4). I u 
prominskim breEama i brebkonglomeratima stabil- 
nost kosina prvenstveno ovisi o strukturnom sklopu 
i manifestacijama koje su s njim u vezi. Analiza 
stabilnosti kosina (H o e k i B r a y, 1974) se morala 
provesti posebno za jaEe okrSene zone s modeliranim 
pukotinama s glinovitom ispunom, a posebno za 
kompaktne stijenske mase sa zatvorenim diskontinui- 
tetima. 

S1. 4 *Betau-dijagram slojevitosti i aksijalnih ravnina mjerenih 
u Prominskim naslagama 

Fig. 4   be tau-diagram of the measured bedding and axial planes 
of Promim beds 

Oligocenske breEe i breEokonglomerati su po 
EvrstoCi vrlo varijabilni, Sto ovisi prvenstveno o 
EvrstoCi veziva izmedu slabo sortiranih Eestica starijih 
stijena. Izmjerene brzine Sirenja uzduinih seizmiEkih 
valova, medutim, ukazuju na to .da u sastavu oligo- 
censkih breEa i breEokonglomerata ima i znatno 
kompaktnijih varijeteta stijena, iz kojih za analize 
fiziliko-mehaniEkih svojstava nisu uzeti odgovarajuCi 
uzorci. 

GustoCa diskontinuiteta je varijabilna, ali opCenito 
mala, tako da diskontinuiteti odvajaju stijenu u blo- 
kove veli8ne i preko 1 m3. U prosjeku se mote 
rahnati s 1-3 diskontinuiteta/m3. U pripovrSinskim 
dijelovima stijenskih masa, gdje su pukotine okrSa- 
vanjem modelirane, zijev dosiie do 10 mm, kod 
k g a  su najEeSCe otvorene, rjede s glinovitom ispu- 
nom. U dubljim dijelovima stijenske mase, diskon- 
tinuiteti su zatvoreni. 

UzimajuCi u obzir najnepovoljnije diskontinuitete, 
prema >>RMR<<-klasifikaciji za tunelogradnju (B i e - 
n i  a w s k i, 1979) i primijenjeno za kosine (R o m a - 
n a, 1985), oligocenske breEe uglavnom odgovaraju 
111. kategoriji (povoljne stijene, parcijalno stabilne, 
s mogudnosti sloma stijenske mase duZ: pojedinih 
pukotina ili vise presjeEnica), s prognoziranim kutem 
trenja od 25" do 35" i kohezijom izmedu 200 kPa i 
300 kPa (St o j k o v i 6, 1991). Na osnovi rezultata 
geofiziEkih istrdivanja kut trenja bi mogao varirati 
od 27' do 33", a EvrstoCa stijenskog masiva u cjelini 
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od 6 MPa do 60 MPa. Koeficijent oslabljenja stijen- 
ske mase, prema L o  m t a d z e  (1970), ocjenjuje se 
izmedu 0,7 i 0,9. 

S obzirom na to da su, kao postorogenetske, 
oligocenske naslage malo borane, to je slojevitost, 
izuzev dijelova koji su ukljeSteni u tektonskim zona- 
ma, uglavnom malog nagiba. U strukturnom sklopu 
tektonski mirnijih dijelova terena opt5 statistiEki 
poiofaj je 35U10°, dok je strukturna os pravca pru- 
Banja 334'-163" (slika 5). U tektonskim zonama 
slojevitost je gotovo vertikalna, a lokalna strukturna 
os rotirana. 

S1. 5 ~Beta<<dijagram slojevitosti i aksijalnih ravnina mjerenih 
u oligocenskirn naslagama 

Fig. 5 *Betas-diagram of the measured bedding and axial planes 
of Oligocene deposits 

Stabilnost kosina manjim dijelom ovisi o 1itoloSkim 
karakteristikama stijena (zone breEa i brebkonglo- 
merata sa slabijim vezivom ili veCim uCeSCem Eestica 
lapora u petrografskom sastavu), dok najveCim, ipak, 
sarno o strukturnom sklopu i manifestacijama s njim 
u vezi (diskontinuiteti zatvoreni ili s glinovitom ispu- 
nom). Prema geometrijskoj metodi ocjene stabilnosti 
(Hoe  k i B ray,  1974) kosine u stijenskoj masi sa 
zatvorenim diskontinuitetima stabilne su i uz nagib 
od preko 3: 1. U dijelovima stijenskih masa u kojima 
su pukotine okdavanjem modelirane moguCnost 
povoljnog ukljeStenja blokova ovisi o strukturnom 
sklopu, odnosno poloitaju u regionalnoj strukturi. 

Dakle, utvrdeno je da se naslage u istraBenom 
podruEju odlikuju razli6tim intenjerskogeoloSkim 
znaEajkama, ali one grade terene koji se mogu izdvo- 
jiti kao cjeline prema stabilnosti u odnosu na pri- 
rodno stanje i stanje koje Ce biti izazvano graditelj- 
skim zahvatima. Stoga su izdvojeni i na infenjersko- 
geoloskoj karti (slika 6) i profilima 1 i 2 (slika 7) 
prikazani razlititom gustohm. sjenEenja tereni sta- 
bilni u prirodnim uvjetima i kod zasijecanja, tereni 
stabilni u prirodnim uvjetima koji mogu postati 
nestabilni kod zasijecanja i tereni uvjetno stabilni u 
prirodnim uvjetima, a nestabilni u sluEaju bilo 
kakvog zasijecanja. Osnovni kriteriji pri kategoriza- 
ciji terena prema stabilnosti bili su: razlomljenost 
stijenske mase, nagib slojeva u zasjeEenim dijelovima 
u odnosu na pravac pruitanja trase i fiziEko-meha- 
niEke znacajke naslaga. 

PreteZiti dio istrdenog terena je stabilan u prirod- 
nim uvjetima i kod zasijecanja. Naslage tektonski 

Legenda : 
Legend : 

S1. 6 InZenjerskogeoloSka karta 
Legenda: 

1. Tereni stabilni u prirodnim uvjetima i kod zasijecanja 
2. Tereni stabilni u prirodnim uvjetima ali mogu postati 

nestabilni kod zasijecanja 
3. Tereni uvjetno stabilni u prirodnirn uvjetima, a nesta- 

bilni kod zasijecanja 
4. B r a  (01) 
5. Breb s rijetkim tankim proslojcima lapora (E3) 
6.  Flis - tankoslojeviti lapori u izmjeni s pjeSbnjacima 

i brehna (El,$) 
7. Vapnenci (Kz) 
8. Polohj sloja 
9. Normalni rasjed 

10. Reversni rasjed 
11. Diskordantna granica 
12. Trasa s oznakom udaljenosti (km) 

Fig. 6 Engineering geological map 
Legend: 

I .  The terrains being stable under the natural conditions 
and stable if cut any deeper 

2. The terrains beeing stable under the natural conditions 
but can become unstable if cut any deeper 

3. The terrains being conditionally stable under the natural 
conditions and unstable if cut any deeper 

4. Breccias (01) 
5. Breccias with rare thin - layered mark (E3) 
6. Flysch; thin-layered rnarls in combination with sandsto- 

nes and breccim (E,,J 
7. Limestones (K$ 
8. Dip of bed 
9. Normal fault 

10. Reverse fault 
I I .  Unconformed geological boundary 
12. Alignment with distances (km) 

izmijenjenih i slabo dinamometamorfoziranih fliSnih 
lapora u dijelu tunela Mravinci i izmectu visokih 
zasjeka >>Greda i >>Greda 2~ (B r a u n et al., 1992) 
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nnrn PROFIL - PROFILE 1 - 1 

S1. 7 Uzdu3hi i poprehi profili 
Legenda: 
1. Tereni stabilni u prirodnim uvjetima i kod zasijecanja 
2. Tereni stabilni u prirodnim uvjetima ali rnogu postati 

nestabilni kod zasijecanja 
3. Tereni uvjetno stabilni u prirodnim uvjetima a nestabilni 

kod zasijecanja 
4. BreEe (01) 
5. BreEe s rijetkirn tankim proslojcima lapora (F&) 
6. FliS - tankoslojeviti lapori u izmjeni s pjestenjacima i 

breEarna (h3) 
7. Vapnenci (I&) 
8. Rasjed 
9. Diskordantna granica 

Fig. 7 Longitudinal and transversal profiles 
Legend: 
1. The terrains being stable under the natural conditions 

and stable if cur any deeper 
2. The terrains being stable under the natural conditions 

but can become unstable i f  cut any deeper 
3. The terrains being conditionally stable under the natural 

conditions and unstable if cut any deeper 
4. Breccias (01) 
5. Brecch with rare thin-layered mark (E3) 
6. Flysch: thin-layered mark in combination with sandsto- 

nes and breccias (E2,3) 
7. Limestones ( ~ 2  
8. Fault 
9. Discordant boundary 

su stabilne u prirodnim uvjetima, ali postaju nesta- 
bilne kod bilo kakvog rada u njima. Toj kategoriji 
pripadaju i naslage fliSa (u kojima se izmjenjuju 
prete8ito tankoslojeviti lapori i pjeeenjaci) u terenu 
u kojemu je izveden tunel Klis-Kosa. U tom je 
sluEaju osnovni kriterij kategorizacije, uz razlomlje- 
nost naslaga, bio veoma blagi nagib slojeva. Tereni 

uvjetno stabilni u prirodnim uvjetima, a nestabilni 
kod zasijecanja, izdvojeni su u dijelu oligocenskih 
i prominskih breEa, te u krednim vapnencima zbog 
intenzivne razlomljenosti i okrSenosti naslaga, Sto je 
i u prirodnim uvjetima rezultiralo Eestim odronjava- 
njem dijelova stijenske mase niz padinu. 

Diskusija i zakljurak 

Za potrebe projektiranja i izvedbe magistralne 
prometnice MC-11 od Solina do Klisa obavljena su 
detaljna inienjerskogeoloSka istraiivanja potrebna 
za izradu prognoznih profila tunela, odredivanje 
nagiba i zaStite kosina zasjeka i nasipa, odredivanje 
uvjeta temeljenja objekata i prezentaciju relevantnih 
inienjerskogeoloSkih podataka potrebnih za osigura- 
nje zaStite podzemnih voda i okoliHa ( G a r  a Si C i 
O r t o l a n ,  1987; S e s t a n o v i C  i B a r C o t ,  1988). 
Vodenje trase u podruCju zaStiEenog sliva Jadra u 
neposrednoj blizini izvora iz kojeg se Split i okolica 
opskrbljuju vodom, predvidena izgradnja deset vija- 
dukata i probijanje Cetiri tunela, opravdalo je 
izvedbu tako detaljnih istraiivanja. 

U inBenjerskogeoloSkom smislu sve naslage u pod- 
ruCju trase klasificirane su kao: 
- vezane dobro okamenjene sedimentne klastiEne i 

neklastiCne karbonatne stijene, 
- vezane slabo okamenjene klastiEne stijene, 
- vezane neokamenjene stijene, 
- nevezane stijene. 

Od egzodinamiCkih najzastupljeniji su procesi spi- 
ranja i selektivnog erodiranja u naslagama fliSa te 
odronjavanja u neklastiEnim i klastiEnim dobro oka- 
menjenim stijenama. 

Od geomorfoloSkih pojava naroEito je izraiena 
okrSenost svih dobro okamenjenih stijena s prosire- 
nim i modeliranim diskontinuitetima, Skrapama, 
kavernama, a lokalno i manjim Spiljama. 

EndodinamiCki procesi mogu rezultirati potresima 
maksimalnog intenziteta od 8' MSK-64 ljestvice te 
recentnirn pomacima du8 jaEih t&tonskih linija (S e - 
s t a n o v i C  i B a r E o t ,  1988). 

Izneseni podaci su rezultat istraiivanja koja su 
provedena u >>intaktnomcc terenu, ali i tijekom stal- 
nog prakenja radova na lokacijama zadiranja u sti- 
jensku masu. Stoga je i bilo moguCe dovoljno 
detaljno odrediti inBenjerskogeoloSke znaEajke sti- 
jena i terena kao inienjerskogeoloSkih cjelina, te 
kategorizirati terene prema stabilnosti u odnosu na 
prirodno stanje i stanje koje Ce biti izazvano gra- 
denjem ceste. IstraBivanja su provedena za potrebe 
projektiranja trase ceste Solin-Klis, Eija je izvedba 
u zavrSnoj fazi. SliEan pristup istraiivanju, a dijelom 
i naliin iznoSenja dobivenih rezultata, mogao bi se 
primijeniti i kod izrade Osnovne inienjerskogeoloSke 
karte Republike Hrvatske. 

Jednostavnim metodama mogle bi se, uz relativno 
mali broj laboratorijskih analiza, odrediti i kvantifi- 
cirati prosjeEne karakteristike cjelina Cvrstih stijena 
i statistiEki odrediti rasponi unutar kojih, u odgova- 
rajuCoj distribuciji i uz odredenu vjerojatnost, mogu 
varirati pojedina fiziEko-mehaniEka svojstva (inie- 
njerskogeoloSko modeliranje). Jasno je da se kod 
toga iskljuEuju anomalne pojave, kao Sto su tekton- 
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ske zone i sliEno, unutar kojih su svojstva stijena 
razliEita i specifiEna. 

Stoga se moie preporutiti, da se tijekom izrade 
Osnovne inZenjerskogeoloSke karte Republike 
Hrvatske u pojedinim inienjerskogeoloSkim cjeli- 
nama provede istrdivanje strukturnog sklopa, odredi 
stanje diskontinuiteta i utjecaj podzemne vode, pro- 
vede mjerenje velifine fragmenata koji su prirodno 
odijeljeni diskontinuitetima i statistiiSki obrade dobi- 
veni rezultati. To bi, uz istraiivanje primjenom 
metoda refrakcijske seizmike i potrebnih laboratorij- 
skih analiza omogu610, da se na osnovi dobivenih 
rezultata definiraju postoje6 inienjerskogeoloSki 
modeli i daju osnovni ulazni podaci koji bi se, kod 
rjeSavanja konkretnih zadaCa na nivou idejnih rjeSe- 
nja i studija utjecaja na okolinu objekata, mogli 
koristiti za preliminarnu ocjenu kvalitete stijenskih 
masa. Kod toga se naporninje da su za sada za 
ocjenu kvalitete stijenskih masa najaktualnije RMR- 
klasifikacija (B ien i awsk i ,  1979; R o m a n a ,  
1985) i Q-sistem (B a r t  o n et al., 1974). 

Opknito, metodologiju inZenjerskogeoloSke klasi- 
fikacije i opis karakteristika hrstih stijena trebalo 
bi uskladiti s metodama koje se primjenjuju u meha- 
nici stijena, a koje su, i kao terenske i kao labora- 
torijske, vrlo detaljno razradene u odgovarajuCim 
metodolo~kim uputama ISRM (International Society 
for Rock Mechanics). 
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Engineering Geological Characteristics of the Road Solin - Klis (Dalmatia, Croatia) 
S. SestanoviC, K. Braun and D. BarCot 

The thorough engineering geological research has been camed 
out needed for the design and construction of the road MC-11, 
Solin-Klis route, especially for the parts of the road where the 
prospective tunnels, dips and the protecting of the cut slopes 
and embankment have been designed; and for the defining of 
the conditions concerning the ground site preparations; and for 
the presentation of the relevant engineering geological data needed 
to ensure the safeguard of the subterranean waters and of the 
environment (GaraSiC & O r t o l a n ,  1987; S e s t a n o v i C  & 
B a r E o t, 1988). Tracing the road in the area of the protected 
basin of the river Jadro, in the close vicinity of its mouth from 
which the town of Split and its surroundings are supplied with 
water; as well as the prospective construction of ten viaducts and 
the cutting of four tunnels, have justified this thorough research. 

The research area along the road MC-11, Solin-Klis has been 
placed on the contact part of the pages of Split-PrimoSten (Ma - 
rinEiC et al., 1971) and OmiS (MarinEiC et a]., 1975) on the 
General geological map of the Republic of Croatia, while its 
most thorough geological data can be found in their relating keys 
(MagaS et al., 1973; Mar inEik  et a]., 1977). 

The geological structure of the researched area is represented 
by the rocks of Upper Cretaceous: Senonian (K:), Middle to 
Upper Eocene (&,a), U per Eocene (E3), Oligocene (01) and 
Quaternary (Qe & QJ Lgures 1 and 2). 

Tectonic structure of the ground is rather complicated as the 
recent structural features have gradually appeared in several 
stages. The dominant folds and reverse faults were formed in 
the Pyrenees stage of the Alpine orogeny (figure 3). Fault-strike, 
taking northwest-southeast direction, is oblique, verging towards 
southwest (M a r i n E i k ,  1979). The strike-slip movement of this 
fault plane was supposed to have southwest direction, but the 
tectonic transport and the displacement from the direction of the 
regional structure, have caused the recorded pre-Pyrenees older 
brachy-structures (Ma r i n E i 6, 1979). The final formation of the 
structure block has reached the recent time. 

The oldest rocks of the narrow part in the construction of 
the road are rudiste limestones of Senonian (Upper Cretaceous 
- K:). Limestones are essentially massive, but there are thin-laye- 
red beddings and their thickness varies approximately from 0,2 
to 0,6 m as well as thick-layered ones that can reach the thickness 
up to 3 m. The colour of the limestones, on the fresh, flat and 
shallow-shelly faults, ranges from the pale grey to the white often 
containjng a lot of rudiste. 

Eleven samples have been analysed to determine the quantity 
of CaCO,, and the results have measured from the minimum of 
97.06% to the maximum of 99,44%. 

The axial compressive strength, examined on these samples, 
ranged over 145 MPa. The mechanical parametres, determined 
by lab analyses of the rock samples from the Cretaceous layers, 
are shown among the others in the table 1. 

The discontinuities have been most clearly observable as tec- 
tonic fractures, which occur as layers to a lesser extent, their 
width ranging from one to ten millimetres, most often filled with 
terra rossa, mixed with tiny rock fragments; less often with 
limonite-bauxite hard film. The stratification statistically reaches 
the maximum angle of 30143'. The local structural axis, according 
to its maximum postition on the obtained ~bethau-diagram (figure 
4), rotates from the position 30014' to the position 343/26', which 
is the statistically obtained maximum of the data. The fractures 
parallel to the axial plane cleavage are tilted from 200 to 60° 
angle towards the southwest, and the fractures vertical to the 
axial plane cleavage are virtually steep declining from 60" to 80'. 
The opening of these discontinuities is from 10 to 60 mm wide. 
They are filled with terra rossa containing rock fragments to 
some extent. Occassionally, the fractures of different origin have 
been observed and, probably, of different age, thus being cemen- 
ted by veined calcite and, subordinately, pressed. 

The density of the discontinuities in the Cretaceous layers 
reaches the average of 15/m3. The discontinuities are distinctly 
karstified and widened (crevices, modeled fractures, cavities and 
smaller caves), while the depth of the discontinuity karstification 
is over 10 m. The origin of two smaller caves, discovered when 
the deep penetration for the artificial tunnel nMihovilovi6cc has 
been cut, can be related to the faults tilted at 60° angle in the 
direction of the west-southwest and with their intersections con- 
taining fractures of different origin. The cave, having been statio- 

ned km 7 + 800, has been entirely filled with clay material mixed 
with rock fragments, and the other one, having been stationed 
km 7 f880,  has been completely empty, containing plenty of 
cave ornaments. Its volume has been estimated approximately 
to 2000 m3, and its depth is approx. 30 m at the entrance gate 
(Rada,  !991). 

The rocks; according to RMR-classification, adapted for the 
tunnel construction (B i e n  i a w  s k i, 1979) and for the slopes 
(R o m a n  a, 1985), taking in consideration the least favourable 
systems of discontinuities regarding their condition, can be clas- 
sified in 3. category (moderately good rocks, partially stable, 
with possible fractures breaking along the particular fissures or 
at the number of interesections), with the predicted angle of 
friction from 25' to 35', and with the cohesion from 200 kPa to 
300 kPa (St o j k o v i 6, 1991). Considering the results obtained 
by the geological research (Mi t r o v i C & K r s n i k, 1988) and 
the reference data ( R o b e r t s ,  1977; A l e k s o v s k i  & M i r a -  
k o v s  ki,  1988), the angle of friction can be approximately esti- 
mated to 33O, and the strength of the rock structure block as a 
whole to 80 MPa. The coefficient of weakening of the rock 
structure block, according to L o  m t a d z e (1970), has been esti- 
mated from 0,6 to 0,s. 

Due to the fossilization and the carbonisation of the Cretaceous 
rocks, the structure block itself iduences the stability of the 
slopes; while its analysis, which is the basis for the application 
of geometrical method of determining the stability of the slopes, 
has showed the prospects of maintaining the stable slopes steep 
at an angle of over 3:l. 

The structure of the greater part of the researched terrain has 
been composed of flysch layers of the Middle and Upper Eocene 
age (&,3) (figures 1 and 2). Breccias, sandstones and mark are 
vertically interlayered with chert occurences on some places. The 
layers are well stratified (with an exception in the tectonic zones) 
and their thickness can vary from few millimeters to approximately 
50 cm. It is significant that the marls have developed in thin 
layers, in the series ranging up to 50 m in thickness, while 
breccias and sandstones have developed in considerably thicker 
layers, but the thickness of the series does not exceed 5 m. When 
the transformation is complete, which is often the case, all the 
flysch segments are thin-layered beddings which exceed 50 m. 
The contact between the flysch and other layers is always tectonic. 

The marls, if they are fresh, are greyish-blue or greyish-green 
in colour; or, if they are dilapidated, they are brown or ochre 
in colour. The breccias are grey, while the sandstones are light 
grey and light brown. The marls show irregular fractures, while 
the breccias and the sandstones show shallow-shelly or flat frac- 
tures. The results, obtained by analysing 53 samples of flysch 
marls, have discovered that the amount of CaC03 was limited 
from 42,73% to 74,81% (marls and limestone marls), with rare 
occurences of marly limestones, where the amount of CaC03 
varies from 75,00% to the maximum of 88,01%. 

The axial compressive strength of the flysch layers has been 
defined, and it shows a wide range from 40 MPa in weakly 
determined layers to 6 MPa in dynamometamorphic varieties. 
Other mechanical measurable parametres of the rocks are shown 
in table 1. 

The flysch beds of the researched area are folds varying from 
subhorizontal to subvertical type. According to the data obtained 
in .betha<<-diagram (figure S ) ,  structural axis has statistically 
shown the maximum course of 318/10°, while in some tectonic 
blocks, it rotates from 29018' to 325110°. 

The position of the discontinuities, parallel to the axial plane, 
varies, which is determined by their position in the regional 
structure; while the fractures, vertical to the structural axis, are 
most often steep dipped over 500. The fractures can be over 10 
millimetres wide, in the marl beds are filled with clay, while in 
the breccias are filled with clay and tiny rock fragments. The 
research in the area of tunnel nMravincic< and in the cut between 
two breccia conglomerates (B r a u n et a]., 1992) has shown the 
presence of tectonic slaty mark in the dynamometamorphic varie- 
ties. 

The densitiy of the discontinuities of the flysch layers conside- 
rably varies. It is 3-10 discontinuity/m3 in the part where dyna- 
mometamorphosis is not evident; while their density exceeds 40 
discontinuity/m3 in the dynamically changed varieties of marl. 
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Considering the least favourable discontinuities, and, according 
to RMR-classification applied in tunnel construction (B i e n i a w - 
s k i, 1979) and on the slopes (R o m a n a, 1985), the mark which 
have not undergone dynamometamorphosis, can be classified in 
3. and 4. category, with the friction angle of about 25' and with 
cohesion ranging from 150 kPa to 250 kPa. According to the 
projected velocities of longitudinal waves, the friction angle could 
be estimated to approximately 33' and the axial strength of the 
whole structure block to approximately 20 MPa. The coefficient 
of the weakening of the structure block (Lom t a d z e ,  1970) 
varies from 0,6 to 0,7. 

The marls, having undergone dynamometamorphosis, accor- 
ding to RMR-classification, applied on tunnel construction (B i e  - 
n i a w s k i, 1979) and on the slopes (R o m a  n a, 1985), and con- 
sidering the least favourable discontinuities, can be as well clas- 
sified in 4. and 5. category (St o j k o v i  6,1991) with the estimated 
friction angle of approx. 15O and with cohesion of approx. 100 
kPa (weak to very weak rocks, unstable to very unstable; possible 
occurence of big, flat, wedge-shaped or circular fractures). Accor- 
ding to the measured values of the velocities of longitudinal 
waves, the friction angle could be estimated to approx. 200 while 
the axial strength measures approx. 2 MPa. The coefficient of 
the weakening of the structure block can be estimated to approx. 
0,3 ( L o m t a d z e ,  1970). 

The effects of karstification have been found in breccias and 
flysch sandstones and they have appeared in the form of crevices, 
modeled fractures and cavities. Two smaller caves have been 
discovered at the main gate of the tunnel nMravinciu just at the 
intersections of the discontinuities of a wide opening. 

The stability of the slopes in the flysch layers depends on the 
lithologic structure of the beds; on the degree of dynamometamor- 
phosis they have undergone; and to a small extent, on the 
structure block. It has been observed that the most stable marls 
do not contain interlayers of lensshapes of heavily-grained rocks 
and that they have not been dynamometamorphosed. The tecto- 
nically changed mark contain very dense interlayered cleavage 
and axial-plane cleavage. The boudinage beddings are partly 
permeable. The strong tectonic porosity of the rocks and their 
partial permeability have got considerably negative influence on 
the stability of the beds on the slopes, and in the tunnels. 

The Upper Eocene (G) beds contain badly sorted breccias 
and breccia conglomerates. They have developed as massive, but 
stratified layers with thickness ranging from approx. 0,60 to over 
2 m. They have irregular shelly fractures in grey colour. The 
results, obtained by analysing 5 samples, showed that the amount 
of CaCO:, varied from the minimum of 7340% to the maximum 
of 99,76%. 

The Promina breccias and brecciaconglomerates are characte- 
rised by high singular axial strength, which, defined by the samples 
of the rocks, varies from 99 MP a to 157 MPa, what distinctly 
indicates well fossilized hard rocks. Other mechanical features 
of the Promina breccias and brecciaconglomerates are shown in 
table 1. 

The Promina beds contain intensive folds, so that their dip 
varies from subhorizontal to subvertical ones, and to the overtur- 
ned (reverse) or tight ones (figure 6). According to the drawn 
nbethaudiagram, the structural axis generally orients to 350/12°, 
but there are tectonic blocks where the axis rotates (figure 6). 
The stratification and interlayered fractures can be up to 15 mm 
wide, and they are filled with clay mixed with tiny rock fragments, 
but some opened ones, the unfilled fractures can occur as well. 
The fracture systems in the rocks, according to their orientation 
and origin, correspond to the pattern of fractures parallel to the 
axialplane cleavage, and to the fractures vertical to the local 
structural axis, and they can be up to 20 mm wide, mainly opened 
ones or those filled with terra rossa mixed with tiny rock fragments. 
The fault zones have revealed, to a lesser extent, the tectonic 
schistose grey-greenish marls, as well as chert, which are lens-sha- 
ped insertions among breccias and breccia-conglomerates. 

The karstification has been evident in the form of small 
cavities, modeled fractures of wider openings, as well as crevices. 

The densitv of the discontinuities varies, but on average, it - .  
is approximatkly 5 discontinuities/m3. 

Considering the least favourable discontinuities, and, according 
to RMR-class&cation, applied in tunnel construction (B i e n i a w- 
sk i ,  1979) and on the slopes (R o ma n a, 1985), these rocks can 
be classified as 2. and 3. category (good to favourable rocks; 
stable and moderately stable with possible flat fractures on par- 
ticular areas or wedge-shaped fractures on particular interesec- 
tions), with estimated friction angle of approx. 3S0 and with 
cohesion of approx. 300 kPa (St o j k o  v i 6 ,  1991). The obtained 

results of longitudinal waves, measured on their bases, can show 
that the friction angle of the structure block should be from 32' 
to 35' and the axial compressive strength of the whole structural 
block can reach 50 MPa. The coefficient of the weakening of 
the structure block (Lo m t a d z e, 1970) varies from 0,4 to 0,6. 

The stability of the slopes of the Promina breccias and breccia- 
conglomerates primarily depends on the structural block and its 
manifestations. The analysis of the stability of the slopes had to 
be done separately for the heavier karstified zones, containing 
modeled fractures filled with clay; and, separately for the compact 
rocks with closed discontinuities. 

The youngest Tertiary beds discovered on the terrain are badly 
sorted Oligocene breccias (01) containing fragments of limestone 
rocks, cemented with Calcite. The amount of CaC03, analyzed 
on three samples, has varied from 98,57% to 99,76%. 

The Oligocene breccias and breccia-conglomerates considerably 
vary in their strength, which depends how strong the connective 
tissue of the weakly sorted particles of the older rocks is. The 
results obtained in the analyses of the axial compressive strength 
are limited from 16 MPa to 23 MPa. The measured velocities of 
the longitudinal waves-spreading; however, indicate the appea- 
rance of considerably more compact varieties of the rocks among 
Oligocene breccias and breccia-conglomerates, but their samples, 
most probably, have not been taken for analysis of the physical- 
mechanical features. The obtained results of the carried out 
analyses are shown in table 1. These rocks are most often inter- 
layered; whereas the thickness of the beds ranges from 0,60 to 
2,00 rn; and they are occassionally thin-layered (the thickness of 
the layers ranging from 6 to 20 cm) or they can be massive as well. 

The dips of the beds on the southern part of the researched 
area are generally tilted towards the northeast at an angle from 
34' to 700, and in the northern part, at an angle lesser than 10' 
towards the southeast, with the structural axis generally oriented 
163' to 343'. (figure 7). The interlayered fractures are tight, at 
a greater extent, whereas the fractures, parallel to the axial-plane 
cleavage and vertical to the structural axis, can be opened from 
one to ten millimetres. The wider openings are filled with terra 
rossa and tiny rock fragments, and they are cut in the rock mass 
that can have the volume of several m3. Besides, the process of 
karstification has been observed on the surface parts of these 
beds and it has also resulted in the appearance of crevices, 
modeled fractures and cavities. The discontinuities are closed, in 
the deeper parts of the rock massive. 

The density of the discontinuities is variable, but, in general, 
it is very low; its average value can be estimated to 1-3 discon- 
tinuities/m3. 

Considering the least favourable discontinuities, and, according 
to RMR-classification, applied in tunnel construction (B i e n  i a w - 
sk i ,  1979) and on the slopes (R o m a n  a, 1985), the Oligocene 
breccias can be classified as 3. category (favourable rocks, partially 
stable, with possible breaking along the particular fractures or 
along few intersections), with estimated angle of friction varying 
from 25" to 35' and with cohesion ranging from 200 kPa to 300 
kPa (St o j k o vie, 1991). The obtained results of geophysical 
research show that the angle of friction can vary from 27' to 33' 
and the strength of the structure block as a whole from 6 MPa 
to 60 MPa. The coefficient of weakening of the structure block, 
according to L o  m t a d z e  (1970) has been estimated from 0,7 
to 0,9. 

The stability of the slopes, to a lesser extent, depends on 
lithological characteristics of the rocks (the breccia zones and 
breccia-conglomerates with weaker connective tissue or containing 
considerable amount of marl particles in petrographic structure); 
whereas, to the greatest extent, however, it depends only on the 
structure block and its relating manifestations (the closed discon- 
tinuities or filled with clay). According to the geometrical method 
of the stability evaluation, the slopes, in the rock mass with 
closed discontinuities, are stable with a dip exceeding 3:l. In the 
parts of the rock mass, where the fractures had been formed by 
karstification, the possible compression of the blocks depends on 
the dip, for the stability of the slopes of referring discontinuities. 

The Quaternary beds contain the sandy clay (Q,), its maximum 
thickness can reach approx. 3 m, and have been created by 
crumbling of the flysch marl out of the rock mass. They also 
contain loose or poorly connected crumbling material (Q,),.its 
maximum thickness does not exceed 3 m as well. This crumblrng 
material stationed between km 6 + 700 and km 6 + 820 contains 
angular rock fragments ranging from 20 cm to 1 m in size, while 
its crumbling bed is dipped at an angle ranging rom 30° to 45'. 
Its foundation is built of breccias and breccia-conglomerates with 
modules of chert (The Promina beds - E3). 
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These layers are unstable on the slopes and they had to be 
removed during the construction of the road. 

All the beds, on the line marked out for the construction, in 
its engineering geological sense, are classified as: 
- coherent well fossilized sedimentary clastic and nonclastic car- 

bonate rocks, 
- coherent poorly fossilized clastic rocks 
- coherent non-fossilized rocks 
- incoherent rocks 

Among coherent, well fossilized sedimentary rocks we can 
distinguish nonclastic, carbonates (limestones of Senonian) and 
clastic medium-granular (sandstone of the flysch) and coarsely 
granular (breccias and brecciaconglomerates of the flysch, brec- 
cias and breccia-conglomerates of the Promina beds and poorly 
sorted Oligocene breccias). 

Coherent poorly fossilized rocks are clastic, finely granular 
(flysch marls, lens-shaped and interlayered marls of the Promina 
beds, and in poorly sorted Oligocene breccias). 

Coherent fossilized rocks are clastic and hard clay and can be 
found in the fractures, crevices and cavities and partly on the 
surface in the shape of terra rossa. 

Incoherent rocks are powdery, shattery, the Quaternary beds 
which can be found in various amounts on the foundation of the 
rock as the result of its crumbling, or in terra rossa, or they can 
be as well coarsely granular, disarranged in the rock fragments 
or in the crumbling blocks. 

These data have been the result of the research done on the 
mintactu terrain, and of the continuous observance of the construc- 
tion works on the field, as well. Therefore, it has been possible 
to define engineering geological features of the rocks and the 
rock massive, as well as the whole engineering geological complex. 
This research has been canied out for the need of designing and 
tracing the road MC 11 Solin - Klis, which has come to its final 
stage. 

However, we would like to point out that the similar method 
of research and partly the way of presenting the results, could 

be applied in producing the General Engineering Geological Map 
of the Republic of Croatia. 

By the use of relatively simple methods, along with relatively 
small number of lab analyses, the average characteristics of the 
hard structure blocks could be defined and numbered, while the 
varieties of individual physical-mechanical characteristics (enginee- 
ring geological modelling) could be statistically evaluated (in 
particular distribution and with certain probability). It is obvious 
that anomalities have to be rejected, such as tectonic zones and 
similar zones that contain specific qualities of the rocks. 

Bearing all this in mind, we wuld recommend the researching 
of the structure block in the particular engineering geological 
units, during the production of the General Engineering Geolo- 
gical Map of the Republic of Croatia, in order to define the 
position of discontinuities and the influence of the subterranean 
water; to measure the size of the fragments which are naturally 
detached by discontinuities; and to evaluate the statistical data. 
By doing it, it would, by the refractional seismic research, and 
by the help of the lab analyses, be possible to define the existing 
engineering geological models on the basis of the obtained results. 
It would also provide the basic input data, which could be useful 
in preliminary evaluation of the quality of the structure block, 
when the solutions have to be found, in order to make a preli- 
minary design or a survey on its influence on the environments 
of the object. We must point out that so far RMR-classification 
(Bien iawski ,  1979; R o m a n a ,  1985) and mQu-system (Ba r -  
t o  n et al., 1974), have been the most actual parametres for the 
preliminary evaluation of the quality of the structure block. 

Broadly speaking, we can suggest, that, the methodology of 
engineering geological classification of the hard rocks, needed 
for the production and the publication of General Engineering 
Geological Map of the Republic of Croatia, should be co-ordinated 
with the methods applied in the rock mechanics and which are, 
in the field, as well as in the lab, very elaborated concerning 
methodological instructions ISRM (International Society for Rock 
Mechanics). 


