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700.00

ANA/E

Črnokalska narivna enota

Zanigradska narivna

            enota

tenzijske razpoke

15/8 15/9

Petrinjski

narivni

prelom

exstrapolacija Petrinjskega narivnega preloma

iz območja Petrinj in AC Kozina-Koper zahodno

od zahodnega ustja predora Kastelec,

položaj nezanesljiv!

tenzijske razpoke 210-220/60

ugotovljene v Ocizeljski jami

Škrkloviški

narivni

prelom

Kastelski

narivni

prelom

območje nagubanih flišnih plasti Glinščice

Socerbski

narivni

prelom

ANA/E

ANA/E

ANA/E

ANA/E

F/E

PP/E

PP/E

PP/E

0.00

-100.00

F/E

F/E

PP/E

PP/E

ANA/E

PP/E

F/E

ANA/E

jedro manjka: 144,8-148,5m

Osapski narivni

prelom

guba napredujočega (Petrinjskega) narivnega preloma

PP/E

T2-7

(160m, 24mNW)

T2-16/17

(250m, 13m SE)

jedrovano 100%

T2-8

(150m, 23m SE)

T2-17/17

(150m, 34m SE)

jedrovano 30-150m (120m)

T2-9

(170m, 160m SE, RADAR)

T2-18/17

(200m, 15m SE)

jedrovano131-171m (40m)

T2-10

(181,4m, 17m SE)

T2-11

(250m, 13m SE)

T2-12

(220m, 16m SE)

T2-13

(250m, 18m SE)

T2-14

(227m, 20m SE)

kamnolom Črnotiče

T2-19/17

(300m, 17m SE)

jedrovano125-300m (175m)

T2-20/17

(150m, 21m SE)

jedrovano 100%
T2-15

(130m, 22m SW)

Črnokalski narivni

prelom

podorni

bloki

T2-1

(ČK-KP)

(60m, 32m NW)

PREDOR KASTELEC

ca 115m nad niveleto

100.00

200.00

300.00

400.00

500.00

600.00

700.00

0.00

-100.00
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Črnokalska narivna enota

10 - 20, podrejeno 20 - 30 20 - 30

12109

Alveolinsko numulitni  apnenec (ANA), kaverne so lahko zapolnjene z glino in apnenečevim gruščem

Socerbska narivna enota

PP: do st. 14+140 pregneten laporovec in meljevec,

ob prelomu preperel. Od st. 14+140 dalje postopen 

prehod v trše plasti  in v plasti  ANA

PRISOTNOST PIRITA 

Alveolinsko numulitni apnenec (ANA)

Osapski narivni prelom

Strme subvertikalne razpoke (74°) potekajo prečno do poševno na os in lahko vpadajo v izkopni prostor

200-600<20 in 20-60 20-60

smer izkopa

200-60060-600

v območju preloma povečana razpokanost

41 - 62 

(zad. do dobra hrib.)

15 - 38

MOČNA zakaraselost

10 jam /km, premer rovov do 10m10 jam /km, premer rovov do 10m

Soceberski narivni prelom

75-10050 - 100

MOČNA zakraselost

Višina nadkritja (m)

Kota terena (m)

Kota nivelete (m)

Razdalja med  diskontinuitetami (mm)

288,2

299,8

7

Ocizeljska brahisinklinalaTektonska enota Kastelska narivna enota

MOČNA zakraselost

JAMSKI SISTEM V OKOLICI BREZNA NA ŠKRKLOVKIBEŠKO-OCIZELJSKI JAMSKI SISTEM

10 jam /km, premer rovov do 10m 10 jam /km, premer rovov do 10m

Petrinjski narivni prelom Škrkloviški narivni prelom

Eocenski fliš (F/E) Alveolinsko numulitni apnenec (ANA)

20 do 600, lokalno < 20

64 lokalno 9

20 do 600 (< 6 do 20) 60 do 600, lokalno < 60

64

neugoden vpad plasti do 30° iz izkopnega čela

v območju preloma povečana 

neugoden vpad plasti do 20-50° iz izkopnega čela

50 - 100, lokalno 20 - 50

20 - 80

50 - 100

5 6 7

Stopnja zakraselosti

Št. jam/km in premer rovov

279,7

401,3

114

271,2

419,7

141

262,8

380,6

110

256,0

410,7

147

255,1

434,6

180

246,6

429,5

183

238,1

424,6

186

222,1

400

170

216,4

400

177

207,8

408

192

199,4

315

108

64

stik apnenca in flišajame ob narivnici

3

118

stik apnenca in fliša

0 - 60

5, lokalno  15 15

64

64, lokalno 9

Možnost izpadanja  večjih klinov  v stropu  predora  (volumen  do 5m ) 

3

Možnost luščenja  pol laporovca zaradi slabega stika med plastmi 

Vpad ugoden: 15-20° v izkopno čelo2 sistema  strmih subvertikalnih razpok (75-90°) potekata  skoraj prečno na os, vpadata v izkopni prostor(L. in D. bok)

Možnost izpadanja  večjih klinov v levem zgornjem delu predora ( volumen do 2m  )

Vpad ugoden: 15-20° v izkopno čelo

smer izkopa smer izkopa

smer izkopaNeugodna sta 2 sistema  strmih subvertikalnih razpok (65-90°), ki potekata  skoraj prečno na os, vpadata v izkopni prostor(L. in D. bok)

Možnost izpadanja  klinov manjših dimenzij v stropu predora

smer izkopa

Ugodne razmere: nastopajo le redke, posamezne razpoke (prelomi) z vpadom  iz izkopnega čela , v levi predorski bok

Možnost izpadanja  klinov manjših dimenzij v stropu predora

neugoden vpad plasti do 30° iz izkopnega čela

smer izkopasmer izkopa

Prevladuje 64 - 95 (dobra do zelo dobra hribina), podrejeno 42 - 65 (zadovoljiva do dobra hribina)

Prevladuje 60 - 90, podrejeno 45 - 60, lokalno 20 - 30

41 - 57

Prevl. 64 - 95 (dobra do zelo dobra hribina), podr. 42 - 65 (zadovoljiva do dobra hribina)

Prevladuje 60 - 90, podrejeno 45 - 60, lokalno 20 - 30

31- 45

podrejeno 42 - 65

30 - 45, podrejeno 45 - 60

Prevladuje 64 - 95 (dobra do zelo dobra hribina), podrejeno 42 - 65 (zadovoljiva do dobra hribina)

Prevladuje 60 - 90, podrejeno 45 - 60

42-65

podr. 64-95

45-60, podrejeno 60-90

Prevladuje 64 - 95 (dobra do zelo dobra hribina), podrejeno 42 - 65 (zadovoljiva do dobra hribina), lokalno 31 - 45 (slaba/zadovoljiva hribina)

Prevladuje 60 - 90, podrejeno 45 - 60, lokalno 30 - 45

30 - 70

64, lokalno 9

10 jam /km, premer rovov do 10m

2...Trdnostne  in deformacijske parametre hribine je potrebno korigirati za vsak primer posebej, v preglednici so podane okvirne vrednosti

1... Z rdečo so označeno vrednosti v tektonskih conah in območjih pretrte, porušene kamnine

tenzijske razpoke

Geofizikalne preiskave: anomalija, ki kaže na dvig narivne cone

ali na močno zakraselo kamnino ob narivnici

Geofizikalne preiskave: cone močno zakrasele kamnine

Geofizikalne preiskave: cona močno zakrasele kamnine

Geofizikalne preiskave: potencialni območji

Geofizikalne preiskave: anomalija, ki kaže

na potencialno oslabitev hribine

Geofizikalne preiskave: anomalije, ki kažejo

na potencialne oslabitve hribine

Geofizikalne preiskave: anomaliji, ki kažeta

na potencialne oslabitve hribine

karbonatnih kamnin

Geofizikalne preiskave: anomalija, ki kaže

na potencialno oslabitev hribine

Geofizikalne preiskave: anomalije, ki kažejo
na potencialne oslabitve hribine

tenzijske razpoke

tenzijske razpoke

1

60 do 200

vpad plasti ugoden do

smer izkopa

20 do 200

20 - 45 (< 20)

37 - 60, lokalno > 60

(< 6) 60 do 200

36-62 lokalno 5-15

20 - 45 (< 20)

(< 6 do 20) 60 do 200 (< 6 do 20)

(slaba do zadovoljiva hribina)

< 30

(zelo slaba hribina)

40 - 60, lokalno > 60

(zadovoljiva, lokalno dobra hribina)

20 - 30

(slaba hribina)

77°, lokalno neugoden

(žagaste gube)

neugoden vpad plasti do 5-90° iz izkopnega čela, prevladujoč naklon 33°

Vpad plasti se spreminja- močno nagubane plasti

20 - 70, lokalno <20

2 3

4 sistemi  razpok in prelomov, neugoden  1 sistem, ki poteka  prečno na os,  z vpadom 35-45° iz 

Možnost izpadanja  klinov v stropu predora (volumen do 30m  )
 izkopnega čela v levi bok. 

smer izkopasmer izkopa

Prevladujoča 2 sistema razpok , neugoden je  1 sistem prelomov, ki poteka  prečno na os,  z vpadom  do 35° iz izkopnega čela v levi bok.  
Možnost izpadanja  manjših klinov v stropu predora (volumen do 1m  )

3

15 - 62 lokalno 5

Prehodne plasti: laporovec, laporni apnenec,

20 do 200

5 -15

20 - 35 (10 - 20)

(< 6 do 20)

36 - 60
(slaba do zadovoljiva hribina)

20 - 30
(slaba hribina)

v območju stika možnost močno

razpokanih do pregnetenih plasti

20 - 70, lokalno < 20

4

3

13

60-600

Prevl. 42 - 65

25 - 100  

64, lokalno 9

Prevl. 45 - 60, podr. 60 - 90, lokalno 20 - 30

podr. 64 - 95

15-38

10 - 20

20 - 60

(v narivni coni)

(nad narivnico)

14

Zgoraj: razpokan apnenec in kaverne

Spodaj: prehodne plasti z gostim

sp.del: <20 in 20-60zg.del: 60-600

Izpadanje  klinov apnenca  nad narivnim

38-65

zelo slaba do 

zadov. hribina

V narivni coni

Nad narivnico

5
9 - 64

 25 - 90  in < 25 

zapolnjene z glino in gruščem

stik apnenca s flišem

kontaktom (volumen do 5m )

3

10 - 20

20 - 60

(v narivni coni)

(nad narivnico)

16

Zgoraj: razpokan apnenec in kaverne

žil, podrejeno laporovec pregneten in naguban

sp.del: <20 in 20-60zg.del: 60-600

Izpadanje  klinov apnenca  nad narivnim

zelo slaba do 

zadov. hribina

V narivni coniNad narivnico

59 - 64

 25 - 90  in < 25 

zapolnjene z glino in  gruščem

stik apnenca s flišem

kontaktom (volumen do 4,5m )

3

15

Močno razpokan laporovec z gostim sistemom kalcitnih žil, 

Prevladuje 10 - 20, podrejeno 20 - 30

<20 in 20-60

5 do 15

Lokalno obstaja možnost ponovnega kontakta med flišem in apnencem.

smer izkopa

Vpad ugoden: 10-20° v izkopno čelo

Prevl. 15 - 38 (slaba do zelo slaba hribina),

< 25

Velika verjetnost  izpadanja, luščenja  pol laporovca zaradi slabega stika med plastmi 

PRISOTNOST PIRITA 

PRISOTNOST PIRITA 

PRISOTNOST PIRITA 

PRISOTNOST PIRITA 

PRISOTNOST PIRITA 

17

Pregneten in močno naguban laporovec,

Prevl. 10 - 20, podr. 20 - 30

<20 in 20-60

 5 - 15

podrejeno pretrt meljevec in peščenjak. 

Vpad ugoden: 10-20° v izkopno čelo

Prevl. 15 - 38

< 25

Velika verjetnost  izpadanja, luščenja  pol laporovca 

 podr. 41 - 57

zaradi slabega stika med plastmi 

15 - 62 lokalno 5

Prehod deluvija

močno preperel fliš

20 - 45, lokalno 10 - 20

37- 60, lokalno < 30 

20 - 70, lokalno <20

(zelo slaba do zadovoljiva hribina)

52,0m

Kaverna

Kaverna

T2-13a

(206m, 3m NW)

1 jam /km, premer rovov do 1m

odsek J2 odsek J2 odsek K odsek L

 razpokanost kamnine

5 jam /km, premer rovov do 1m

odsek K odsek L

sistemom kalcitnih žil

Črnokalski narivni prelom

podrejeno pregneten in močno naguban; lokalno pretrt meljevec in peščenjak. 

Spodaj: razpokan laporovec z gostim sistemom kalcitnih

prevladujoče

podrejeno

prevladujoče

podrejeno

prevladujoče

podrejeno
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Višina nadkritja (m)

Kota terena (m)

Kota nivelete (m)

Razdalja med  diskontinuitetami (mm)
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Stopnja zakraselosti
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Nagubana hribina z

vmesnimi manjšimi

pretrtimi območji, lokalno

tudi debelejše pretrte

cone vzdolž prelomov

Nagubana hribina z vmesnimi manjšimi pretrtimi območji, strm vpad plasti,

lokalno tudi debelejše pretrte cone vzdolž prelomov;

večjih tektonskih struktur se ne pričakuje;

debelina prelomne cone od 1 do 3 m, lokalno do 5 m

Hribina s srednje strmim vpadom;

vmesne manjše pretrte cone;

debelina prelomne cone 1 do 3 m,

lokalno do 5 m

Pretežno kompaktna hribina z zaprtimi in odprtimi razpokami, možni pojavi zdrobljenih

con, kavern in manjših kraških jam (poleg Beško-ocizeljskega jamskega sistema);

debelina razpokane cone lokalno do 5 m

Močno zakrasela hribina (jamski sistem v okolici Brezna na Škrlovki) s pojavi

kavern in kraških jam različnih dimenzij; pretežno kompaktna hribina z zaprtimi

in odprtimi razpokami, možni pojavi zdrobljenih con;

debelina razpokane cone lokalno do 5 m

Močno zakrasela hribina s pojavi kavern in kraških jam

različnih dimenzij; pretežno kompaktna hribina z zaprtimi in

odprtimi razpokami, možni pojavi zdrobljenih con;

debelina razpokane cone lokalno do 5 m

Močno zakrasela hribina s pojavi kavern in kraških jam različnih dimenzij; pretežno

kompaktna hribina z zaprtimi in odprtimi razpokami s strmim vpadom, možni pojavi

zdrobljenih con; večjih tektonskih struktur ne pričakuje;

debelina razpokane cone lokalno do 5 m

Hribina postopno prehaja

v kompaktno hribino,

možni pojavi zdrobljenih

con; razpokane cone

lokalno do 5 m

Hribina močno razpokana, s položnimi vpadi plasti;

v primeru kontakta z apnencem, hribina močno zakrasela s pojavi kavern

in jam različnih dimenzij;  vzdolž prelomnih con hribina močno nagubana

do pregnetena, lokalno pretrta; razpokane cone lokalno do 2 m

Hribina tektonsko močno

poškodovana: nagubana,

pregnetena in pretrta;

razpokane cone lokalno

do 5 m

1 1

2...Trdnostne  in deformacijske parametre hribine je potrebno korigirati za vsak primer posebej, v preglednici so podane okvirne vrednosti

1... Z rdečo so označeno vrednosti v tektonskih conah in območjih pretrte, porušene kamnine

(zadovoljiva do dobra hribina)

(dobra/zelo dobra hribina)

(slaba do zelo slaba hribina)

(zadovoljiva/dobra hribina)

(slaba do zelo slaba hribina)

(zadovoljiva hribina)

(zadovoljiva do dobra hribina)

(dobra do zelo dobra hribina)

(v narivni coni)

(nad narivnico)

15 - 38

38 - 65

(v narivni coni)

(nad narivnico)

(slaba / zelo slaba hrib.), 

 (zadovoljiva hribina)
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Najvišji izmerjen vodni tlak nad niveleto (m)

Prepustnost kamnine k (m/s)

5,3x10-7

Najvišji izmerjen tlak nad niveleto (m)

Prepustnost kamnine k (m/s)

Ocena dotokov med izkopom po Lembkeju (l/min/25m)

Tehnična izvedba predora
Tehnična izvedba predora

68 (Ocizeljski jamski sistem) 72 -13 -18,8 39 138,6

5,0x10-8

154 109

1,1x10-6 7,5x10-6 5,3x10-7 3,0x10-3 5,3x10-7 5,3x10-7 3,0x10-3 5,3x10-7 3,0x10-3 1,1x10-6 5,3x10-7 3,0x10-3 1,1x10-6 1,1x10-6

16,5 82 55 51,2 42,7 27,8
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R
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drenirano / nedrenirano - 50 / 50drenirano kraški kanali

5 - 5500 do 2.5 0,5 - 1200 30 - 320 50 - 8000

Ocena dotokov med izkopom po Lembkeju (l/min/25m)

5 - 3500,5 - 120 do 2.50,5 - 120 0,5 - 120 0,5 - 120 5 - 350 8 - 2300 0,2 - 30 0,2 - 30

kraški kanali
drenirano / nedrenirano - 50 / 50

kraški kanali kraški kanali drenirano / nedrenirano - 50 / 50 kraški kanalidrenirano / nedrenirano - 50 / 50 nedreniranokraški kanalidreniranoDrenirano drenirano / nedrenirano - 50 / 50 drenirano / nedrenirano - 50 / 50

Verjetnost vdorov vode po kraških kanalih
Verjetnost vdorov vode

največja
največja največjasrednjasrednjasrednja srednja največjasrednja srednja

neopredeljeno
največja srednja

največja

velika
srednja

* GT0a na odsekih (5, 6, 7, 8, 9, 10, 12, 13, 14, 16) predstavljajo jamske sedimente (peščen zaglinjen melj, mastna glina) GT0a na odsekih (5, 6, 7, 8, 9, 10, 12, 13, 14, 16) predstavljajo jamske sedimente (peščen zaglinjen melj, mastna glina) *

4a 70%, 4b 20%

3a 50%, 3b 45%

4a 65%, 4b 25%

BT1 60%, BT2 35%BT1 70%, BT2 25%

4a 55%, 4b 30%
4b 55%, 4a 25%

BT1 45%, BT2 40%
BT1 45%, BT2 35%

BT2 60%, BT3 25%

BT3 50%, BT4 30%

BT2 60%, BT3 40%
BT3 70%, BT2 20%

BT8 10%

4b 85%
3b 45%, 5b 25%

BT7 20%

1a 15%, 5a 5%, 5b 5%

1b 50%, 2b 25% 1a 35%, 1b 15%, 2a 20%, 2b 15%

BT2 50%, BT3 30% 

BT8 5%

BT3 65%, BT2 30%
BT2 60%, BT3 35%

3a 65%, 3b 30%

5b 5%

BT2 60%, BT3 40%

4b 50%, 4a 40%

BT2 65%, BT1 30%
BT3 60%, BT4 20%

BT2 10%, BT8 10%

BT3 60%, BT4 20%

3b 60%, 3a 20%, 5b 20%

BT3 55%, BT4 20%

BT2 20%, BT7 20%, BT8 10%

3b 55%, 5b 35%

BT3 50%

1a 30%, 1b 40%

0a 5%, 0b 10%, 2b 10%, 5a 5%

4a 60%, 4b 25%

4b 15%, 5a 10%, 0a 5%

3b 45%, 5b 30%

5a 10%, 5b 5%

3b 55%, 5b 20%

BT8 5%

5a 10%, 0a 5%

BT3 10%, BT8 5%

5a 15%, 0a 5%

BT4 10%, BT8 5%

5a 10%, 0a 5%

BT3 15%, BT8 5%

5a 10%, 0a 5%

5a 5%, 0a 5%

BT8 5% BT2 10%, BT8 10%

5b 5% 5a 5%, 0a 5%

BT8 5%

5a 5%, 0a 5%

BT8 5%

4b 10%, 5a 10%, 0a 5%

BT2 10%, BT8 10%

BT2 15%, BT8 10%

5a 10%, 4b 10%, 0a 5%

0b 10%

podr. 41 - 57 (zadovoljiva hribina)

Debelina in usmeritev

porušenih, con

polnitev

Vpliv vpada diskontinuitet glede

na smer izkopa

Trdnostni

indeks

Opis hribine

(litologija)

Debelina in usmeritev

porušenih, con

polnitev

Vpliv vpada diskontinuitet glede

na smer izkopa

Trdnostni

indeks

2-4

F/E

PP/E

ANA/E

TF2/Pc

TF1/Pc

LIB/K-Pc

LF/K

SF/K

2

4-5

2

Fliš (eocen)

Prehodne plasti: laporovec, lapornat apnenec,

Alveolinsko numulitni apnenec (eocen)

Zgornje trsteljske plasti (paleocen)

Spodnje trsteljske plasti (paleocen)

Liburnijska formacija (kreda-paleocen)

Lipiška formacija (kreda)

Sežanska formacija (kreda)
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a
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A
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A
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A

1-2

RF/K

2

Repenska formacija (kreda)

zdrobljena cona

tektonsko pretrta cona

prelom

razpoke (razpoklinska cona)

erozijsko diskordantna litoška meja

laminiti

reverzni prelom

narivni prelom

vrtine izvrtane za fazo PGD (2010)

LEGENDA

koluvij (flišni ali karbonatni) (kvartar)

jamski sedimenti (v vrtini / potencialno) (kvartar)

vrtine izvrtane v okviru tega projekta (2017/18)

normalna litološka meja

konglomerat (eocen)

Interpolacija najvišjega nivoja podzemne vode

Niveleta predora

Interpolacija prevladujočega nivoja podzemne vode

LEGENDA NIVOJEV PODZEMNE VODE

Konture predora

LEGENDA PREDOR

Diskontinuitete:

ss plast

sl drsna ploskev

j razpoka

f prelom

Tip diskontinuitet

r hrapava

sm gladka

sl tektonsko zglajena

Hrapavost diskontinuitet

10/0 10/1 10/2 10/3 10/4 10/5 10/6 10/7 10/8 10/9 11/0 11/1 11/2 11/3 11/4 11/5 11/6 11/7 11/8 11/9 12/0 12/1 12/2 12/3 12/4 12/5 12/6 12/7 12/8 12/9 13/0 13/1 13/2 13/3 13/4 13/5 13/6 13/7 13/8 13/9 14/0 14/1 14/2 14/3 14/4 14/5 14/6 14/7 14/8 14/9 15/0 15/1 15/2 15/3 15/4 15/5 15/6 15/7

100.00

200.00

300.00

400.00

500.00

600.00

700.00

ANA/E

Zanigrad thrust unit

tension joints

15/8 15/9

Petrinje

thrust

fault

extrapolation of the Petrinje thrust fault from the

area of Petrinje and HW Kozina-Koper west

from the western portal of the Kastelec tunnel,

the location uncertain!

tension joints 210-220 / 60

measured in the Ocizla cave

Škrklovica

thrust fault

Kastelec

thrust

fault

Area of folded flysch layers in the Glinščica valley

Socerb

thrust

fault

ANA/E

ANA/E

ANA/E

ANA/E

F/E

PP/E

PP/E

PP/E

0.00

-100.00

F/E

F/E

PP/E

PP/E

ANA/E

PP/E

F/E

ANA/E

core loss: 144,8-148,5m

Osp thrust

fault

fold of the progressive Petrinje thrust fault

PP/E

T2-7

(160m, 24m NW)

T2-16/17

(250m, 13m SE)

100% cored

T2-8

(150m, 23m SE)

T2-17/17

(150m, 34m SE)

cored 30-150m (120m)

T2-9

(170m, 160m SE, GPR)

T2-18/17

(200m, 15m SE)

cored 131-171 m (40 m)

T2-10

(181,4m, 17m SE)

T2-11

(250m, 13m SE)

T2-12

(220m, 16m SE)

T2-13

(250m, 18m SE)

T2-14

(227m, 20m SE)

Črnotiče quarry

T2-19/17

(300m, 17m SE)

cored 125-300m (175m)

T2-20/17

(150m, 21m SE)

100% cored
T2-15

(130m, 22m SW)

Črni Kal

thrust fault

rockfall blocks

T2-1

(ČK-KP)

(60m, 32m NW)

TUNNEL KASTELEC

ca 115m above the alignment

100.00

200.00

300.00

400.00

500.00

600.00

700.00

0.00

-100.00

10/0 10/1 10/2 10/3 10/4 10/5 10/6 10/7 10/8 10/9 11/0 11/1 11/2 11/3 11/4 11/5 11/6 11/7 11/8 11/9 12/0 12/1 12/2 12/3 12/4 12/5 12/6 12/7 12/8 12/9 13/0 13/1 13/2 13/3 13/4 13/5 13/6 13/7 13/8 13/9 14/0 14/1 14/2 14/3 14/4 14/5 14/6 14/7 14/8 14/9 15/0 15/1 15/2 15/3 15/4 15/5 15/6 15/7

Črni Kal thrust unit

10 - 20, subordinate 20 - 30 20 - 30

12109

Socerb thrust unit Osp thrust fault

Steep subvertical joints (74°) perpendicular to oblique to tunnel axis and may dip into the excavated area

200-600<20 and 20-60 20-60

excavation

200-60060-600

41 - 62 

(fair to good rock mass)

15 - 38

STRONG karstification

Socerb thrust fault

75 - 10050 - 100

STRONG karstification

Overburden (m)

Terrain level (m)

Alignment level (m)

Discontinuity spacing (mm)

288,2

299,8

7

Ocizla brachysynclineTectonic unit Kastelec thrust fault

STRONG karstification

CAVE SYSTEM CLOSE TO BREZNO NA ŠKRKLOVKIBEKA - OCIZLA CAVE SYSTEM

Petrinje thrust fault Škrklovica thrust fault

Eocene flysch (F/E) Alveoline nummulite limestone (ANA)

20 - 600, locally < 20

64, locally 9

20 - 600 (< 6 - 20) 60 - 600, locally < 60

64

unfavourable bedding dipping to 30° against drive

unfavourable bedding dipping to 20-50° against drive

50 - 100, locally 20 - 50

20 - 80

50 - 100

5 6 7

Degree of karstification

No. of caves/km & diameter of cave passages

279,7

401,3

114

271,2

419,7

141

262,8

380,6

110

256,0

410,7

147

255,1

434,6

180

246,6

429,5

183

238,1

424,6

186

222,1

400

170

216,4

400

177

207,8

408

192

199,4

315

108

64

caves along thrust fault

3

118

0 - 60

5, locally 15 15

64

64, locally 9

Possible larger wedge failures from tunnel crown (volume to 5m ) 

3

Possibility of half-marlstone peeling due to bad contact among layers.

Favourable dip: 15-20° with excavation drive2 steep to subvertical joint systems (75-90°) oriented almost perpendicular to tunnel axis, dipping against drive (left and right tunnel side)

Possible larger wedge failures from the upper left side of the tunnel (volume to 2m  )

Favourable dip: 15-20° with drive

excavation excavation

excavation

excavation

unfavourable bedding, dipping to 30° against drive

excavation

Prevailing 64 - 95 (good to very good rock mass), subordinate 42 - 65 (fair to good rock mass)

Prevailing 60 - 90, subordinate 45 - 60, locally 20 - 30

41 - 57

Prevailing 64 - 95 (good to very good rock mass), subordinate 42 - 65 (fair to good rock mass)

Prevailing 60 - 90, subordinate 45 - 60, locally 20 - 30

31- 45

subordinate 42 - 65

30 - 45, subordinate 45 - 60

Prevailing 64 - 95 (good to very good rock mass), subordinate 42 - 65 (fair to good rock mass)

Prevailing 60 - 90, subordinate 45 - 60

42-65

sub. 64-95

45-60, subordinate 60-90

Prevailing 64 - 95 (good to very good rock mass), subordinate 42 - 65 (fair to good rock mass), locally 31 - 45 (poor/fair rock mass)

Prevailing 60 - 90, subordinate 45 - 60, locally 30 - 45

30 - 70

64, locally 9

2...Strength and deformation rock mass parameters must be corrected for individual case, estimated values presented in table

1... Values marked with red in tectonized zones and areas of crushed, faulted rock mass

tension joints

tension joints

tension joints

1

60 - 200

excavation

20 - 200

20 - 45 (< 20)

37 - 60, locally > 60

(< 6) 60 - 200

36-62 locally 5-15

20 - 45 (< 20)

(< 6 - 20) 60 - 200 (< 6 - 20)

(poor to fair rock mass)

< 30

(very poor rock mass)

40 - 60, locally > 60

(fair, locally good rock mass)

20 - 30

(poor rock mass)

unfavourable bedding dipping 5 - 90° against drive, prevailing dip 33°

Strongly folded layers - changing orientation

20 - 70, locally <20

2 3

Possible wedge failure from tunnel crown (volume to 30m  )

excavationexcavation

Prevailing 2 joint systems, unfavourable fault system 1, perpendicular to tunnel axis, dipping to 35° against drive towards left side.  
Possible wedge failiure from the tunnel crown (volume to 1m  )

3

15 - 62, locally 5

Transitional layers: marlstone, marly limestone

20 - 200

5 -15

20 - 35 (10 - 20)

(< 6 - 20)

36 - 60

(poor to fair rock mass)

20 - 30

(poor rock mass)

20 - 70, locally < 20

4

3

13

60-600

Prevailing 42 - 65

25 - 100  

64, locally 9

Prevailing 45 - 60, subordinate 60 - 90, locally 20 - 30

subordinate 64 - 95

15-38

10 - 20

20 - 60

(in thrust zone)

(above thrust)

14

lower part: <20 in 20-60upper part: 60-600

38-65

In thrust zone

Above thrust

5
9 - 64

 25 - 90 and < 25 

3

10 - 20

20 - 60

16

lower part: <20 in 20-60upper part: 60-600

In thrust zone
Above thrust

59 - 64

 25 - 90 and < 25 

contact limestone - flysch

3

15

Prevailing 10 - 20, subordinate 20 - 30

<20 and 20-60

5 - 15

excavation

Favourable dip: 10-20° against drive

Prevailing 15 - 38 (poor to very poor rock mass),

< 25

Higher probability for half-marlstone wedge failures and peeling, due to weak contact among layers

PRESENCE OF PYRITE
PRESENCE OF PYRITE 

17

Prevail. 10 - 20, subord. 20 - 30

<20 and 20-60

 5 - 15

Favourable dip: 10-20° against drive

Prevail. 15 - 38

< 25

subord. 41 - 57

15 - 62, locally 5

20 - 45, locally 10 - 20

37- 60, locally < 30 

20 - 70, locally <20

(very poor to fair rock mass)

52,0m

Cavern

Cavern

T2-13a

(206m, 3m NW)

1 cave / km, diameter of cave passages to 1m

section J2 section J2 section K sectionLsection K section L

Črni Kal thrust fault

prevailing

subordinate

L
I
T

H
O

L
O

G
Y

K
A

R
S

T

Chainage

Rock mass description

(lithology)

UCS of rocks (MPa)

RQD

RMR

GSI

Engineering geol. conditions

GT (ground types)

Geol.-geotech. conditions

BT (behaviour types)

Section

Overburden (m)

Terrain level (m)

Alignment level (m)

Tectonic unit

L
I
T

H
O

L
O

G
Y

K
A

R
S

T

Chainage

Rock mass description

(lithology)

RQD

RMR

GSI

T
E

C
T

O
N

I
C

S

T
E

C
T

O
N

I
C

S

Folded rock mass with

intermediate smaller

tectonised areas, locally

thicker tectonised areas

along faults

Folded rock mass with intermediate smaller tectonised areas, bedding plane

with steep dip, locally thicker disintegrated areas along faults;

significant tectonic structures not expected;

fault zone thickness 1 to 3 m, locally to 5 m

Rock mass with bedding dipping

moderately steep; intermediate smaller

disintegrated zones; fault zone thickness

1 to 3 m, locally to 5 m

Mainly compact rock mass with closed and open joints, possible disintegrated zones,

caverns and small karstic caves (besides Beka - Ocizla cave system);

thickness of the jointed zone locally till 5 m

Strongly karstified rock mass (cave system close to Brezno na Škrklovki) with

caverns and karstic caves of various dimensions; mainly compact rock mass

with closed and open joints, possible disintegrated zones;

thickness of jointed zones locally till 5 m

Rock mass with gradual

transition into compact rock

mass, possible

disintegrated zones; jointed

zones locally till 5 m

Strongly jointed rock mass with gently dipping bedding planes; in case of

contact with limestone, the rock mass is strongly karstified with caverns

and caves of various dimensions; rock mass along fault zones strongly

folded to tectonised, locally disintegrated; thickness of jointed zones

locally up to 2 m

Strongly tectonised rock

mass: folded, tectonised

and disintegrated; jointed

zones locally up to 5 m

1 1

(fair to good rock mass)

(good/very good rock mass)

(poor to very poor rock mass)

(fair/good rock mass)

(poor to very poor rock mass)

(fair rock mass)

(fair to good rock mass)

(good to very good rock mass)

(in thrust zone)

(above thrust)

15 - 38

38 - 65

(poor/very poor rock mass), 

(fair rock mass)
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5,3x10-7

Highest measured pressure above alignment (m)

Rock permeability k (m/s)

Estimation of inflow during excavation after Lembke (l/min/25m)

Technical execution for tunnel construction

68 (Ocizeljski jamski sistem) 72 -13 -18,8 39 138,6

5,0x10-8

154 109

1,1x10-6 7,5x10-6 5,3x10-7 3,0x10-3 5,3x10-7 5,3x10-7 3,0x10-3 5,3x10-7 3,0x10-3 1,1x10-6 5,3x10-7 3,0x10-3 1,1x10-6 1,1x10-6

16,5 82 55 51,2 42,7 27,8
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5 - 5500 do 2.5 0,5 - 1200 30 - 320 50 - 8000 5 - 3500,5 - 120 do 2.50,5 - 120 0,5 - 120 0,5 - 120 5 - 350 8 - 2300 0,2 - 30 0,2 - 30

kraški kanali karstic channelnedreniranodrained drained / undrained - 50 / 50

Verjetnost vdorov vode po kraških kanalih
Verjetnost vdorov vode

največja
največja največjasrednjasrednjasrednja srednja največjasrednja srednja

neopredeljeno
največja srednja

največja

velika
srednja

* GT0a in sections (5, 6, 7, 8, 9, 10, 12, 13, 14, 16) present cave sediments (sandy clayey silt, high plasticity clay)

4a 70%, 4b 20%

3a 50%, 3b 45%

4a 65%, 4b 25%

BT1 60%, BT2 35%BT1 70%, BT2 25%

4a 55%, 4b 30% 4b 55%, 4a 25%

BT1 45%, BT2 40%
BT1 45%, BT2 35%

BT2 60%, BT3 25%

BT3 50%, BT4 30%

BT2 60%, BT3 40%BT3 70%, BT2 20%

BT8 10%

4b 85%
3b 45%, 5b 25%

BT7 20%

1a 15%, 5a 5%, 5b 5%

1b 50%, 2b 25% 1a 35%, 1b 15%, 2a 20%, 2b 15%

BT2 50%, BT3 30% 

BT8 5%

BT3 65%, BT2 30%
BT2 60%, BT3 35%

3a 65%, 3b 30%

5b 5%

BT2 60%, BT3 40%

4b 50%, 4a 40%

BT2 65%, BT1 30%
BT3 60%, BT4 20%

BT2 10%, BT8 10%

BT3 60%, BT4 20%

3b 60%, 3a 20%, 5b 20%

BT3 55%, BT4 20%

BT2 20%, BT7 20%, BT8 10%

3b 55%, 5b 35%

BT3 50%

1a 30%, 1b 40%

0a 5%, 0b 10%, 2b 10%, 5a 5%

4a 60%, 4b 25%

4b 15%, 5a 10%, 0a 5%

3b 45%, 5b 30%

5a 10%, 5b 5%

3b 55%, 5b 20%

BT8 5%

5a 10%, 0a 5%

BT3 10%, BT8 5%

5a 15%, 0a 5%

BT4 10%, BT8 5%

5a 10%, 0a 5%

BT3 15%, BT8 5%

5a 10%, 0a 5%

5a 5%, 0a 5%

BT8 5% BT2 10%, BT8 10%

5b 5% 5a 5%, 0a 5%

BT8 5%

5a 5%, 0a 5%

BT8 5%

4b 10%, 5a 10%, 0a 5%

BT2 10%, BT8 10%

BT2 15%, BT8 10%

5a 10%, 4b 10%, 0a 5%

0b 10%

subordinate 41 - 57 (fair rock mass)

Geophysical investigations: anomaly

indicating potentially weak rock mass

Geophysical investigations: anomaly

indicating potentially weak rock mass

Geophysical investigations: potential

areas of carbonate rocks

Geophysical investigations: anomaly

indicating potentially weak rock mass

Geophysical investigations: anomaly indicating potentially weak rock mass

Geophysical investigations: area with strongly karstified rock

Thrust unit Črni Kal

Geophysical investigations: area with strongly karstified rock

Geophysical investigations: anomaly indicating the uplift of the

thrusted zone or a strongly karatified rock along the thrust fault

Thickness and

orientation of fault

zones, filling

Effect of discontinuity orientation

depending on excavation direction

Strength

index

prevailing

subordinate

2...Strength and deformation rock mass parameters must be corrected for individual case, estimated values presented in table

1... Values marked with red in tectonized zones and areas of crushed, faulted rock mass

Thickness and

orientation of fault

zones, filling

Discontinuity spacing (mm)

Degree of karstification

No. of caves/km & diameter of cave passages

UCS of rocks (MPa)

Effect of discontinuity orientation depending

on excavation direction

prevailing

subordinate

Engineering geol. conditions

GT (ground types)

Geol.-geotech. conditions

BT (behaviour types)

Strength

index

prevailing

subordinate

Section

Transition of deluvial

sediments to locally

strongly weathered

flysch

PRESENCE OF PYRITE
PRESENCE OF PYRITE

PRESENCE OF PYRITE PRESENCE OF PYRITE PRESENCE OF PYRITE

Alveoline nummulite limestone (ANA) Alveoline nummulite limestone (ANA), caverns can be filled with clay and limestone gravel

PP: up to ch. 14+140 tectonised marlstone and siltstone,

weathered along the fault. From ch. 14+140  a gradual

transition into stronger layers and ANA layers.

Above: jointed limestone and caverns

filled with clay and gravel

Below: transitional layers with dense

systems of calcite veins

Strongly jointed marlstone with dense system of calcite veins, subordinately

tectonised and strongly folded; locally crushed siltstone and sandstone. Local

chance of another contact between flysch and limestone.

Above: jointed limestone and caverns

filled with clay and gravel

Below: jointed limestone with dense system of calcite veins,

subordinately marlstone tectonised and folded

Tectonised and strongly folded marlstone,

subordinately crushed siltstone and

sandstone.
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Strongly karstified rock mass with caverns and karstic caves of various

dimensions; mainly compact rock mass with closed and open joints, possible

disintegrated zones;

thickness of jointed zones locally till 5 m
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Strongly karstified rock mass with caverns and karstic caves of various

dimensions; mainly compact rock mass with closed and open steep joints,

possible disintegrated zones; significant tectonic structures not expected;

thickness of jointed zones locally till 5 m
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favourable bedding dip to

77°, locally unfavourable

(chevron folds)

4 joint and fault systems, unfavourable fault system 1, perpendicular to tunnel axis, dipping 35-45°

against drive towards left side.

in the contact area possible

strongly jointed to tectonised layers

Favourable conditions: occasional, individual joints (faults) dipping against drive towards left tunnel side.

Possible smaller wedge failure from the tunnel crown.

increased jointed rock mass

along the fault

Unfavourable 2 subvertical joint systems (65-90°), dipping almost perpendicular to tunnel axis against drive (left and right tunnel side).

Possible wedge failure of smaller volumes from the tunnel crown.

increased jointed rock mass along

fault

Wedge failures of limestone above the

thrust contact (volume to 5m )

Wedge failures of limestone above

thrust contact (volume to 4,5m )

Higher probability for half-marlstone wedge

failure and peeling, due to weak contact among

layers

contact limestone - flyschcontact limestone - flyschcontact limestone - flysch

10 caves / km, diameter of cave passages to 10 m 10 caves / km, diameter of cave passages to 10 m

10 caves / km, diameter of cave passages to 10 m

10 caves / km, diameter of cave passages to 10 m
10 caves / km, diameter of cave passages to 10m

5 caves / km, diameter of cave passages to 1m

very poor to

fair rock mass

(in thrust zone)

(above thrust)

very poor to

fair rock mass

(in thrust zone)

(above thrust)

Highest measured pressure above alignment (m)

Rock permeability k (m/s)

Estimation of inflow during excavation after Lembke (l/min/25m)

Technical execution for tunnel construction

H
G
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* GT0a in sections (5, 6, 7, 8, 9, 10, 12, 13, 14, 16) present cave sediments (sandy clayey silt, high plasticity clay)

drained / undrained - 50 / 50drained / undrained - 50 / 50drained / undrained - 50 / 50drained / undrained - 50 / 50drained / undrained - 50 / 50drained drained karstic channelkarstic channelkarstic channel

Discontinuities:

ss layer

sl sliding plane

j fracture

f fault

Discontinuity type

r rough

sm smooth

sl tectonicly smoothed

Discontinuity roughness

2-4

F/E

PP/E

ANA/E

TF2/Pc

TF1/Pc

LIB/K-Pc

LF/K

SF/K

2

4-5

2

Flysch (Eocene)

Transitional layers: marlstone, marly limestone,

Alveolina nummulitic limestone (Eocene)

Lipica formation (Cretaceous)

Sežana formation (Cretaceous)
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R
S
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G

R
O

U
P

1-2

RF/K

2

Repen formation (Cretaceous)

crushed zone

tectonically fractured zone

fault

fractures (fractured zone)

discordant erosion lithological boundary

laminites

reverse fault

thrust fault

boreholes bored for PGD phase (2010)

LEGEND

colluvium (flysch or carbonate) (Quaternary)

cave sediments (in borehole / potentially) (Quaternary)

boreholes bored as a part for this project (2017/18)

normal lithological boundary

conglomerate (Eocene)

Interpolation of the highest level of groundwater

Tunnel grade line

Interpolation of the predominant level of groundwater

LEGEND FOR GROUNDWATER LEVEL

Tunnel contour

LEGEND TUNNEL

Upper trstelj layers (Paleocene)

Lower trstelj layers (Paleocene)

Liburnian formation (Cretaceous-Paleocene)
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