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WILiIGZ Warunki geologiczno - inzynierskie
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Geological Strength Index (GSI) E E GEOLOGICAL STRENGTH INDEX (GSI) FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH ) i =
L 2 2 &8 . Chart modified and extended by V. Marinos from the P.Marinos & E.Hoek (2001) original one E 4] 2 f::,
From the description of structure and 3 2 ] e % 3 é o 3 = 9
surface conditions of the rock mass, pick = =) 5 o= = Heterogeneous rockmasses are meant those with alternating layers of clearly different lithology types with significant differences in z > 2 2 g = >0
R " 3 h i thiz ok F i El = ] .g S = their strength properties. For flysch, a typical formation with heterogeneous rock masses, these alternations are consisting of E ) 3 © 5o &
an appropnate box 1n this chart. Estimate ] = s ZE 7 sandstones and siltstones. Clay shales may be present. From a description of the lithology, structure and surface conditions of 5 3 [ 3 z5 £
the average value of GSI from the ? 2 -] e g < discontinuities (particularly of the bedding planes), choose a box in the chart. The selection of the structure should be AN 9] S 9 Z 5 5&
contours. Do not attempt to be too z 2 5 ] 'g Z, 5 g, based on the tectonic disturbance (undisturbed, slightly disturbed, strongly disturbed - folded, desintegrated, a % b s >3 3 g
3 2 5 5 = .E . 5 5 3 < Erdragsdar =8
. S e " G 3 = z = = = == sheared), the proportion of slit: and the expressed or not stratification inside the w - o] 5] @ T -y h==1
pm;‘:ac Quotlng i‘mf‘g]c of GS] lm: 36 = E [ = 5 8 g ': siltstone layers. In the type IV and V when the thick of d beds d 50cm an increase of the o3 E S E_ 45 B S 4z
‘?\ 2 15 more realistic than stating that £ = = ] ze =8 GSI value by 5 is suggested. From type IV and the following types, the stratification planes are perceptible inside 2. = 3 ) ] é £ R
GSI = 38, bt a = E -] = 5% the siltstone mass. Locate the position in the box that corresponds to the conditions and estimate the average value GSI from O 1 G = G § s ® S8
8 Fij = 'g "-5,,; - the contours. The determination of the structure and the condition of discontinuities may range between two adjacent fields. E E a g %‘ g o] \: &= o "1'1:'-,
i_' - 2 g E B - Note that the Hoek - Brown criterion does not apply to structurally controlled failures. Where unfavourably oriented Q> o - 5 o g SE5|l05°2
= b=} o - 0 A 8 continuous weak planar discontinuities are present, these will dominate the behaviour of the rock mass. The strength of some rock 3 (B = €35 RE2S1IH R “
7 -1 o 5O g = o 3 LT ~ 0 S n D QY
= £, =& 9 5 2 g masses is reduced by the presence of groundwater and this can be allowed for by a slight shift to the right in the columns for fair, o ©3 acy £9 | g g & g a2
,a < = Z E B - é o poor and very poor conditions. Water pressure does not change the value of GSI and it is dealt with by using effective stress analysis. 3 z E E 8 g\g 5 8 g o E‘é _2 ; Z“% ;,=;
£ s @ bR s < w 3 L |e Slws5ad
88 |_=s8| =< B3 |2%s 2| L& (823 |£5% |RE33|us¢s
g g 2 2 ks 3
E- 5 § g‘t‘: 5 § E_;' ‘§ 5 S E == STRUCTURE AND COMPOSITION @ £ | DECREASE OF THE QUALITY OF DISCONTINUITIES ===
SiFid == O ludzZIeZ3 1222 @ i 4

Decreasing surface quality

J

of siltstone. In shallow tunnels or slopes where sporadic thin interlayers of sandstones

~ | TYPE I. Undisturbed, with thick to medium [ TYPE II. Undisturbed massive siltstone
\ /i\ thickness sandstone beds with sporadic thin films / (stratification planes are imperceptible) with
confinement is poor the mode of the failure has "

/)(/
/ a kinematic character controlled by the bedding
planes and GSI is meanigless

NA | NA I |

Intact/Massive - intact rock
/ specimens Or massive in-situ rock

/ masses with very few widely

spaced discontinuities <] TYPE III. gz TYPE IV. 7R 2777 TYPE V. TYPE VI. 5
o 3 Moderately ;/;}% Moderately Z /////////2// Moderately Moderately lﬁg
diturbed 5 disturbed /////// disturbed disturbed i
7 = sandstones | rockmass with ) /) siltstones with siltstones with ~~ $2
Blocky — very well interlocked 7% with thin films sandstone and :////' %j sandstone spars‘;e sandstone gE
u;l dis‘l, o rblcﬂlmik ;ll;issc:‘io:sis:llg ) . g; ;?Egloaxsrs ; esllrlﬁz‘)tgrr]\é similar 4y interlayers interlayers 53
ol cubica OCKS Torm v three P - v "
th al discontinuity sets 32 /4 TYPE VILI. Strongly disturbed, folded rockmass ./| TYPE VIII. Strongly disturbed, folded
Op CRCONIENT Y e o that retains its structure, with sandstone and ’-17?%@ rockmass, with siltstones and sandstone
ks ] ) H /] siltstone in similar extend y /1= interlayers. The structure is retained and
§ = deformation - shearing is not strong
Very Blocky - interlocked, partially k-] /
disturbed rock mass with =
multifaceted angular blocks formed =% : 51 TYPE X. Tectonically deformed intensively
N 5 202 TYPE IX. Desintegrated rockmass that can be / . ;
by four or more discontinuity sets ‘é found in wideI zor?es of faults or/and of high folded/ faulted siltstone or clay shale with
] ; ; ; ; : broken and deformed sandstone layers
e weathering. In this type mainly brittle material forin et chatic strichiire
oy 71| is present with some disturbed siltstones Z| J: I aimosE. cliaotc SUCHIN
Blocky/Disturbed — folded andlor '3 40 / e
ocky/Disturbed — folded andlor 27
faulted with angular blocks formed 2 / i
by many intersecting discontinuity é 7] TYPE XI. Tectonically strongly sheared <
sels 30 b ;% siltstone or clayey shale forming a chaotic
/ f | structure with pockets of clay. Thin layers of
)" sandstone are transformed into small rock
)
4 .,(’) 7 7| pieces. Ultimately the ground behavior is that
Disintegrated - poorly interlocked, ; (7] of a soil

heavily broken rock mass with a

mixture of angular and rounded / N/A Means geologically impossible combination. In the non - shadowed areas, such rockmasses are not impossible to find but it is very unusual

——— Means deformation after tectonic disturbance

rock pieces
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Typy
masywu

fliszowego

Sfatdowany uwarstwiony tupek, lokalnie z tupkiem

Warstwy piaskowcowo - tupkowe,
laminowanym i piaskowcem — Typ VI

Srednio naruszone — Typ V

- Sfa’fdowane rozdzielajgce si€ warstwy Intensywnie naruszony i skruszony tupek z
tupkowe i piaskowcowe — TYP VIII lokalnymi przewarstwieniami piaskowca — TYP X




WILIGZ Typ XI masywu fliszowego

Typ XI — Lupki zwietrzate/tupki naruszone tektonicznie/oSrodek gruntowy
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Warunki geologiczno - inzynierskie
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WILiIGZ Warunki geologiczno - inzynierskie
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o'. WILiIGZ Warunki geologiczno - inzynierskie

~RMR (dla czota przodka) —Prognozowany RMR

RMR
é
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m JJJ S’ WILIGZ Charakterystyka masywu skalnego
o | przed i po wykonaniu budowli podziemnej
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Skata czy grunt?

Vil

KR(L), KW(L)

z i

Villa I

2 iip

Villb |KR(PC), KW(Pc)

Ville KR{(L+Pc), KW(L+Pc)

= i

Efektywny kat tarcia Wytrzymatosé na
Gestosé I SpInodt wewngtrznegfx na podstawie Al DIe iy oy BTNl S ei Ty Modut éciéliwoé(}i w warunkach in Wytrzymalosé na Scinanie w Sciskanie jednoosiowe
objetosciowa CPTU / Kat tarcia wewnetrznego situ warunkach bez odplywu w stanie powietrzno-
na podstawie badan laboratorium suchym
e
Charakterystyczny 3 @
o [Mgim®] SRR | | e st cu [kPa] e Mo [MPa] M cery Sy[kPa]
(sredni) stopien T e (=1 [MPa]
ST L min I max I Sred. min | max I sred. min | max | Sred. min | max | sred min | max | Sred
Sond: ’CF’TUE/ Sond =CF‘TL#I Sond ia cPTU®/ Badani
Sondowania Badania Badania laboratoryjne RN m aian Badania laboratoryjne Sondowania CPTU Sondowania CPTU Badania laboratoryjne
. 1 @ laboratoryjne’
dunamiczne ) lSboraionvine
332247 | o™ | = I T - T sl - T - T3™[ - 1T - 1T - [ ®s o] wes] - [ - [ - [ 6282
grunty rodzime wyksztalcone w postaci zwietrzelin | rumoszu lupka z domieszkami i przewarstwieniami, okruchy ostrokrawedziste, ~1 - 6 cm.
2]
228270 I 0,70" 0,187 I 2 2 ‘ 2 I x | = | s I 2 = ‘ = I 259 l 1463 | 955 I e ’ = ‘ = I 39,4-114,8
dla spoiwa
grunty rodzime wyksztalcone w postaci zwietrzelin i rumoszu piaskowca z domieszkami i przewarstwieniami, okruchy ostrokrawedziste, ~1 - 5 cm.
2]
253264 0,68!" - - - : - ’ - - - - | o1z | 2110 | 1sea ] - - : 20,0213
dla spoiwa

arunty rodzime wvksztalcone w postaci zwietrzelin i rumoszu piaskowca i lupka z domieszkami i przewarstwieniami, okruchy ostrokrawedziste i obtoczone, ~1 -8 cm

RQD

100 —
80
| 202
60 D>
40 2§
20 >
: o
0 T I I
Site 1 Site 2 Site 3
{13 0bs.) (12 obs.) (10 obs)




Jﬂ g \WILIGZ Warunki geologiczne
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Podatno$¢ osuwiskowa®
Bl bardzo duza

B duza
Srednia
B mata

malo istotna

Wojciechowski i in., 2015
https://www.pgi.gov.pl/osuwiska/sopo-aktualnosci/sopo-aktualnosci/9855-osuwiska-ciagle-zagrozenie.html



https://www.pgi.gov.pl/osuwiska/sopo-aktualnosci/sopo-aktualnosci/9855-osuwiska-ciagle-zagrozenie.html
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==_ WILiGZ Analiza dla parametrow z raportu geotechnicznego
AGH

3 Mascinnan | Critical SRF: 2.08
Shear Strain -
W min (stage): 5.95e-05
B 0.00e+00
3 1.20e-02
= o
1 2.40e-02
a_. 9
g 1 2.60e-02
2| e
A 1 4.80e-02
- [ 6.00e-02 |
1 —— 7.20e-02 .
J —1 &.40e-02
- — =
: 9.60e-02 =
: - Total b o
A 1.08e-01 ] Displacement <
R 4] min {stage): 0.00e+00 m [ -
< Wrseet] A 0.00e4+00
3 206~ ]
o ]
- max (stage): 1.18e-01 E 9.90e-02
E N ] 1.98e-02
d - 3
3 . ] 2.97e-02
o [ ]
’ H 2.960-02
: = = 4.95¢-02
5 N ] 5.940-02
b H E 5.920-02
= =- T.926-02 g
g - R 2.91e-02
2 . ] 9.90e-02 5
5 M ol max stage): 9.850-02 m
] 3
[E - 7]
T T T R e
s B -m 15
v

T
n

Tunel bez obudowy jest stateczny: FS=2,08
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} " i, Obwat w dn. 06.03.2021
] NP it (Roof fall)
AGH

4/7,6

97 m

strop 467.92)

spqgq 46208

479,8

4736



m] Zawat w dniu 25 maja 2021

AGH WILIGZ (Roof fall with support failure)

Nadktad —22.5 m |

Powierzchnia:
19.5mx36m

Dzwigary: 138-150
okoto 11 mx 16 m
(ok. 10 m zniszczonej

obudowy) |




WILIGZ Obudowa w strefie zawatu
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w_ WILIGZ Portale

AGH

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

Zone Group Surfaces

Group Slot: Any
Default=II
Default=Il,st1=mainface
Default=Il,st1=rightface
Default=Ill
Default=Ill,st1=mainface
Default=lll,st1=rightface
Default=IV
Default=IV,st1=mainface
Default=1V,st1=rightface

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

Shell Group of Element
Default=Shell 1000
Default=Shell 2000




w— WILiCZ Portale

AGH DY

FLAC3D 7.00
©2021 Itasca Consulting Group, Inc.
Zone Extra 19
Calculated by: Volumetric Averaging
1.4500E+00
1.4500E+00
1.4250E+00
1.4000E+00
1.3750E+00
1.3500E+00
[ 1.3250E+00
1.3000E+00
# 1.2750E+00
1.2500E+00
1.2250E+00
FLAC3D 7.00
©2021 Itasca Consulting Group, Inc.
Zone Extra 19
Cut Plane: on
Calculated by: Volumetric Averaging
1.4500E+00
1.4500E+00
1.4250E+00
1.4000E+00
1.3750E+00
1.3500E+00
1.3250E+00
. 1.3000E+00
1.2750E+00
1.2500E+00
1.2250E+00
1.2000E+00
1.1750E+00
1.1500E+00

1.1500E+00




WILiIGZ

Portale

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

Shell Group of Element

Default=Shell 1000
Default=Shell 2000

Pile Group of Element
Layer=0,Geometry=blekitna_gw
Layer=0,Geometry=bokzbrojenie
Layer=0,Geomelry=brazowa_nowa_gw

Layer=0,Geometry=czerwona_gi
Layer=0,Geometry=czerwona_nowea_gw

Layer=0,Geometry=kotwy_face21_8
Layer=0,Geometry=kotwy_face22_8
Layer=0,Geometry=kotwy_kal_21_1

Layers0, Geometryskotwy_kal_21
Layer=0 Geomelry=kotwy_kal_21
Layer=0.Geomelry=kolwy_kal_21
Layer=0.Geometry=kotwy_kal_21
Layer=0,Geometry=kotwy_kal_21
Layer=0,Gaometrywkotwy_kal 21

Layer=0.Geometry=kotwy_kal_21_11
Layer=0,Geometry=kotwy_kal_21_12
Layer=0,Geometry=kotwy_kal_21_13
Layer=0,Geometry=kotwy_kal_21_14
Layer=0,Geometry=kotwy_kal_21_15
Layer=0,Geometry=kotwy_kal_21_16
Layer=0,Geomelry=Kotwy_kal_21_17
Layer=0,Geomelry=kotwy_kal_21_18
Layer=0,Geometryskotwy_kal_21

Layers0_ Geometryskotwy_kal_21_20
Layer=0 Geometry=kotwy_kal 21 21
Layer=0.Geomelry=kotwy_kal_21_22
Layer=0.Geometry=kotwy_kal_21_23
Layer=0,Geometry=kotwy_kal_21_24
Layer=0,Geometry=kotwy_kal_21_25
Layer=0,Geomelry=kotwy_kal_21 26
Layer=0,Geomelry=kolwy_kal_21_27
Layer=0.Geometry=kotwy_kal_21_28
Layer=0,Geometry=kotwy_kal_21_29
Layer=0,Geomelry=kotwy_kal_21_30
Layer=0,Geometry=kotwy_kal_21_31
Layer=0,Geometry=kotwy_Kal_21_32
Laver=0 kal 21 33

o e e, )
RO T )

[t
DnOninl)

N
=
5%

7.00

Group, Inc.

Default=Shell 1
Default=Shell 1000
Default=Shell 2000

Pile Group of Element
Layer=0,Geometry=blekitna_gw
Layer=0,Geometry=bokzbrojenie
Layer=0,Geometry=brazowa_nowa_gw
Layer=0,Geometry=czerwona_g
Layer=0,Geometry=czerwona_nowa_gw
Layer=0,Geometry=kotwy_face21_§
Layer=0,Geometry=kotwy_face22_8
Layer=0,Geometry=kotwy_kal_21_1
Layer=0,Geometry=kotwy_kal_21_2

Layer=0,Geometry=kotwy_kal 21_13
Layer=0,Geometry=kotwy_kal_21

Layer=0,Geometry=kotwy_kal_21_17
Layer=0,Geometry=kotwy_kal_21
Layer=0,Geometry=kotwy_kal_21_19
Layer=0,Geometry=kotwy_kal_21_20
Layer=0,Geometry=kotwy_kal_21_21
Layer=0,Geometry=kotwy_kal_21_22
Layer=0,Geometry=kotwy_kal_21_23
Layer=0,Geometry=kotwy_kal_21_24
Layer=0,Geometry=kotwy_kal_21_25
Layer=0,Geometry=kotwy_kal_21_26
Layer=0.Geometry=kotwy_kal_21_27
Layer=0,Geometry=kotwy_kal_21_28
Layer=0,Geometry=kotwy_kal_21_29
Layer=0,Geometry=kotwy_kal_21_30
Layer=0,Geometry=kotwy_kal_21_31

18
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WILiIGZ

Propozycja uzupetnienia klasyfikacji GSI

Osuwisko

8

Efeks powlok gliniasty ch w plassczy mach
W W eonis Anal zmvimnim b wny
peres ogrmmcrenia masywu skalnego.

B- praskon s 7 cronhim
PrAcw Bestw i prashowes
dioboosamutego

C- piashomics | prmhowies
drobnosaaniiyw podabny ch
proporsiach

D purkiowses drobeansnisty
luh ek slaty 7 warimsme
puaskowca

o

E- shatny pusmbonics drobmosarsan
tob bopek ghmiasty 7 warstwami plakowea

F- 1chsomacrnic rdcformonany. stensywmie pofshdonany
| poigty wikokamd Luphi glinimsse fub pimkow i

2 pob l
warstw i paaskowea Samugacy mi sk oty c2nke

G- nicraburrmy hupeh dasey Jobs glancnsy
ez dub 2 Kilkoma bardzo Cenhuni warnsaw s
plaskowca

Hetchsomm ranc rabver romy lupck dasty lub ghemasty
Sormujacy sig w chaoty crne strubtury # whiafasmi gliny
cxnhac warstwy praskion s amisdy rmicases w make
Lawalii skalec
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Geologiczny £ i _F & TH RS
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wskazniki jakosci %z HAR IR E§?§ éfii
i z v I5cEE v |Fezi|2Eg
dla fliszu (GSI) TARHE - B U IR T H
..,E .5: gLz |4EE j:e ;s.
g 25 iﬁé 4% is§ |2552
Struk 3 i) S8*) & | FRe|
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€ Spadek rhlokowania kawalkiw skaly
& ~
\ N
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N
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>

N/A /

Prognozowane  wskazniki
GSI dla struktury Fy

b)

Strefa zdezintegrowana skladajaca sie z
mieszaniny {upkéow ilastych oraz gteboko
zwietrzatych (ws, ws) blokéw i okruchow skat :
mutowcow i piaskowcow roztozonych chaotycznie

Szczeliny powstate na skutek
przemieszczania sie materiatu
skalneao

Powierzchnia poslizgu
(powierzchnia odkucia)
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Tunnel nr.
Chainage
Current spacing

Current support class

Theoretical shotcrete volume [m*m]

Over excavation [m®m]

Real shotcrete volume [m*/m]

Excavation Ratio [%]

Nadwytomy (Overexcavations)

1
722+006,570
1,20m
noy

9,35

22,80

32.15

343.850267

Nadwylom, czy tez strefa nadwytomu
jest to wielkosc ktora reprezentuje
strefe poza minimalnym konturem
projektowanego tunelu w ktorej
elementy skaly w postaci blokow

lub ptyt skalnych odrywaja sie od
o skaty macierzystej.
Q«
Jest to miara roznicy miedzy
\ o 30 ~zaprojektowanym ksztattem
| ’ tunelu” a ,wykonanym ksztaltem
"x tunelu” (Vermaiin., 2016).
\1 0,20
|
} 0,20
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mny WILIGZ

Nadwyl’omy i Obwa'y flisz karpacki
(Overexcavations and roof falls)

IEPLANOWANY
KONTUR

PONADWYMIAROWY
WYLOM

POWIERZCHNIA
URABIANIA

\/

Obwat stropu: Sztolnia w Swinnej Porebie

Podczas drgzenia kaloty o szerokosSci 8.5m w wytomie
wystgpit niesymetryczny obwat stropu prostopadle do

nachylenia warstw o wysokoSci okoto 7 m (90 % tupek
ilasty).

strefa zaw\ahl £ \

odrzwia stalowe




WILIGZ Nadwytomy i Obwaty







Tunel T1 i T2: Zaleznosé klasy RMRc i wielkosci nadwyzki torkretu

Klasalll: 9.14

Klasall: 10.75

20

80

70

60

RMRe

50

40

30

20

100 <Klasa Iv: 17.79> <

Warstwy piaskowcowo - tupkowe,
Srednio naruszone — Typ V

Klasa V:
22.49

Ll

1<

RMR c (Piaskowiec)

==—Srednia warto$é nadwyzki
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Warstwy piaskowcowo - tupkowe,
Srednio naruszone — Typ V

Intensywnie naruszony i
skruszony tupek z lokalnymi
przewarstwieniami piaskowca —
TYP X
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Tunel T1i T2: Zaleznos¢ RQD i wielkosci nadwyzki torkretu
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Stopien zwietrzenia masywu skalnego

i8
16
14

12

‘~ . _‘ "y . *: : 1592
/ v : - '3 *. by 1129
(8 L PR ¢ e 8 10 980
p : I 8 74 .
1 o, Sab Xy R 6 _
: i
Warstwy piaskowcowo - tupkowe, 0 ~

Niezwietrzaty Niezwietrzaty/mocno Stabo zwietrzaty Umiarkowanie zwietrzaty Mocno zwietrzaty

Srednio naruszone — Typ V zwietrzaty

Srednia nadwyzka torkretu [m2]

Stopien spekania masywu skalnego
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Srednia nadwyika torkretu [m2]
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Intensywnie naruszony i
skruszony tupek z lokalnymi
przewarstwieniami piaskowca — ’
TYP X spekany/mocno spekany
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WILiGZ Nadwylomy (Overexcavations)

IEPLANOWANY
KONTUR

strefa odprg¢zona strefa opadu skat
/‘——L—L-I_:_\,____l Z

7 | T ll T/‘{ [
£

*7

(a)

:: ||
S

<O

&
%
I

strefa zniszczona
przez MW

PONADWYMIAROWY
WYLOM

X
X
&5
5
’0
i"

5
&
QS
QS
%
%
X
|

,,.
X
X
%

2\
i

O
XX
00
XX
92900,
e
KL
L000
Ii 1]

PLANOWANY
KONTUR

>

”
&

%

&
0
&
X
9
K
i

<2

0::
\”
&
i

PLANOWANY

POWIERZCHNIA WYEOM
URABIANIA

(b) —_ | 7 III III
||'|'x|'||||j?—l\—v_f4vl_:

— Metoda urabiania

obudowa wstepna tunelu

1% ) 1

[y
(=]

Strefy zniszczenia po
strzelaniu materiatami
wybuchowymi

[y
=

Srednia wielkos¢ nadwytomu [m2]
[=)] o [~ [
o %]

=

8]

o



WILiIGZ Podsumowanie

A
v

* Duza zmiennoSC warunkéw geologiczno-inzynierskich

* Uwarunkowania hydrogeologiczne, zmienne, nieciggte poziomy
wodonosne

* Whptyw procesdw osuwiskowych

* PodatnoScC na powstawanie obwatéw, zawatow
* PodatnoScC na powstawanie nadwytomoéw

* linne...
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