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Example Rock Fall Vals

bi.

Ingenieurgeologie

Fahrbaschung = 32.6°

Geology Valsertal: Part of the Tauern
window; mostly hard and firm calcareous
marbles and calcareous mica schists (UCS >
100 MPa, class R5 according to ISRM 1981),
subordinate also low-strength calcareous
phyllites and graphite pyhllites.
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Continuum vs. Discontinuum mechanics bu.

Ingenieurgeologie

FEM or FDM

Conventional DEM DEM using a Synthetic Rock Mass (SRM)
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Methodology Synthetic Rock Mass (SRM) bi.

Ingenieurgeologie

Solid model

Discrete Fracture Network (DFN)

e Position
¢ Orientation
¢ Fracture Size Distribution

e Density or Fracture Intensity

SRM
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Discrete Fracture Network (DFN)
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Fracture Size Distribution
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Parameters necessary for each joint set

m bu.

Table 6.1 Summary of parameters used to generate the three fracture sets

Fracture set Property Distribution Parameters
set 1: positions uniform positions generated in all of space
subvertical orientations ~ Fisher dip 90°, dip direction: 120°, x = 200
lengths power law scaling exponent: a =4, [,;,, = 10,
L = 300
density P35 =0.33 in the model domain extent
set 2 positions uniform positions generated in all of space
subhorizontal  orientations  Fisher dip 20°, dip direction: 307, x = 500
lengths power law scaling exponent: a =4, i, = 10,
L = 500
density number of observed fractures on the
vertical outcrop: 39
set 3: positions uniform positions generated in all of space
background orientations  bootstrapped  from file
lengths power law scaling exponent: a = 3.2, [in = 2.
Imax =10
density Py measured on the vertical borehole

of length 85 m: 0.5
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Intact rock parameters from laboratory tests

Intact rock Joints
Density Normal stiffness
Young's modulus Shear stiffness

Poisson's ratio

Friction angle
Friction angle Cohesion

Cohesion Tensile strength
Tensile strength
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Upscaling b'

Due to the high computation times, density upsacling is required.

Laboratory scale Model scale

Intact rock - do not use GSI
Use Hoek Brown to check
for tensile and shear failure

R Rt
QU QILRER
R R R L
TR IREIR . -
.':é’g‘:";é,\'s?’\""" ;v's:'." Single joint - do not use GSI
SN % Model joint explicitly and use
R % Hoek Brown for intact rock

CNTRS Tt % .
RIRILF Sparsely jointed rock - SN
Do N NINIIRLS
?:{g‘:‘ do not use GSI. Model "'\"‘3’*‘»’5}7‘.}3’4{0’.
Y joints explicitly and use \: R S
N Hoek Brown for intact rock Sos AN

Blocky rock mass with minimal
anisotropy - use GSI with caution

Heavily jointed rock mass
Use of GSl is appropriate
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Back-calculating the failure bi.

Ingenieurgeologie

Fracture Intensity vs. Factor of Safety

mm Inew/ Istart FoS

Versuch_1b 1 1/20 0,4

Versuch_1b 2 1/40 0,4

Model A: Rigid Wedge Versuch_1b_3 1/80 06
Versuch_1b 4 1/100 0,8

Model C: Wedge discretized via SRM
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Deplacements - rigid block model

3DEC DPS5.20

©2019 Itasca (Snsulting Group, Inc.

Step 10309
13.08.2021 14:22:17

Displacement magnitude
6.4370E+01
6.0000E+01
5.5000E+01
5.0000E+01
4.5000E+01
4.0000E+01
3.5000E+01
3.0000E+01
2.5000E+01
2.0000E+01
1.5000E+01
1.0000E+01
5.0000E+00
0.0000E+00

m bu.
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Ingenieurgeologie

Conventional DEM: taking into account the mean orientations of the discontinuities.

3DEC 7.00

©2021 Itasca Consulting Group, Inc.

Block Model
None
Subcontacts Joint Set
Subcontact: Cross
k1 192/70
k2 118/66
k3 138/53
k4 172/44
k21 050/80
k22 260/60
Schieferung 325/22
Scale: 1.3

Equal-area
Lower hemisphere

»  k1192/70
— k1 192/70
» k2 118/66
|2 118/66
s k3 138/53
— 3 138/53
k4 172/44
k4 172/44
» k21 050080
— 21 050/80
E = k22 26060
e k22 26060
» Schieferung 325/22
— Srhieferung 325/22
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Conventional DEM- rigid block model m bi.

Interface strengths from wedge analysis
=42,3° Cgpen, = 0,5 MPa.

3DEC 7.00

©2021 Itasca Consulting Group, Inc.

(Pgrenz

Block Displacement Magnitude
1.7414E+00
1.7000E+00
1.6000E+00
1.5000E+00
1.4000E+00
1.3000E+00
1.2000E+00
1.1000E+00
1.0000E+00
9.0000E-01
8.0000E-01
7.0000E-01
6.0000E-01
5.0000E-01
4.0000E-01
3.0000E-01
2.0000E-01
1.0000E-01
0.0000E+00
Joint Plane Uniform
None
History Locations
Mark Type: Diamond
9B
10B
11F

Scale: 13.1509

Contour plot of displacement magnitudes [m], 20,000 calculation steps
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Rigid block model

Depth of movement: ca. 30m

ey L 3DEC 7.00
e Prae o TRt ©2021 Itasca Consulting Group, Inc.
1 B00gE 0
1 S000E 00 Block Displacement Magnitude
120006100 Cut Plane: on
{000E .0 1.6400E+00
| lgggg?gg
| 7.0000E-01 . +
5 Co0gE 01 1.4000E+00
35000 01 1.3000E+00
I T0%00€ 01 1.2000E+00
Blnck Model 1.1000E+00
B MNono 1.0000E+00
. 9.0000E-01
‘ 8.0000E-01
7.0000E-01
6.0000E-01
5.0000E-01
4.0000E-01
3.0000E-01
2.0000E-01
1.0000E-01
0.0000E+00

Joint Plane Uniform
Cut Plane: on
None

Contour plot of displacement magnitudes [m], 20,000 calculation steps
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Continuum Mechanics: FLAC3D b

Ingenieurgeologie

Number of continuum elements (zones): , before”: 776.620

,after”: 652.463

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

History Locations

Zone Group
SLOT 1=ZG_001

Alexander Preh, TU Wien



Used material models m bi.

1) Mohr-Coulomb (with equivalent parameters)

2) Hoek-Brown

Failure Criterion

nit tunnel slope

u
O . Ei  modulus - - - sig3max X X - cohesion - O o, Ocm En
GSI mi D . mb a s application weight depth height (%)
(MPa) (MPa)  ratio - (MPa) (MN/m3)  (m) (m) (MPa) (MPa) (MPa) (MPa) (MPa)

Input parameters :
1 458 34 12 0 30000 655.022 114 052 004 slopes 172 0.02728 N/A 80 4264 0.53 -0.03 103 6.1 317564 GCI - 45’8 MPa
E, = 30.000 MPa

Materia 6.53e-

GSI = 34 (Category D)
_ ] m, =12
3 25 D=0
i £ Slope height = 80 m
P ’ Equivalent parameters :

¢ =42°
c=0,5 MPa
o, = 0,03 MPa

14

0] & T T T T T T T
1 0,5 1 1.5 2 2,5 3 3,5

Minor Principal Stress (MPa) Normal Stress (MPa)
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max. Hauptspannung o’

Hoek-Brown
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Vergleichsbereich zwischen
Hoek-Brown und Mohr-Coulomb
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GS| bi.

Ingenieurgeologie

Table 4.4 GSI values characterizing schistose metamorphic rock masses on the basis of foliation and discontinuity condition
GSI FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH — = oo ®
(Marinos P. and Hoek E., 2000) 35 % g @ 38 3 % 8839 § =g @
From a description of the lithology, structure and surface conditions (particularly & 8 = g =< %’ 8 % | g a g 3 3 =<
of the bedding planes), choose a box in the chart. Locate the position in the box 3 E' (@] 2 8 3 | o @ 3— o 2. | (?;" = 8
that corresponds to the condition of the discontinuities and estimate the aver. 3" 805 o3 o 3 22| 5&0
p uities and estimate the average =45 o 02 23 =co%| 2§89
value of GSI from the contours. Do not attempt to be too precise. Quoting a range ZCE0 3 |U Sa 2= 52 ﬁ 9<]
from 33 to 37 is more realistic than giving GSI = 35. Note that the Hoek-Brown o % % T < g~ 9_>“3 Q3 § g s
criterion does not apply to structurally controlled failures. Where unfavourably 2w 3 33 & % 5] g =3 § S8
oriented continuous weak planar discontinuities are present, these will dominate % ) 53 = Qe 507 G %)
the behaviour of the rock mass. The strength of some rock masses is reduced by % % g8 < @ % o % S = g 2
the presence of groundwater and this can be allowed for by a slight shift to the > O o= < Q5 I e %
right in the columns for fair, poor and very poor conditions. Water pressure does 2 N 8 o g g- 3S5o
not change the value of GSI and it is dealt with by using effective stress analysis. 2 @ - 3 3 @ § g
COMPOSITION AND STRUCTURE 2< ¢ 3
A. Thick bedded, very blocky sandstone
The effect of pelitic coatings on the bedding 70
planes is minimized by the confinement of
the rock mass. In shallow tunnels or slopes 1
these bedding planes may cause structurally 60
controlled instability.
B. Sand- = C. Sand- D. Siltstone | E. Weak ny)
stone with - |stone and “|orsilty shale “ | siltstone 8
thin inter- - |siltstone in with sand- 7 or clayey B D ~
| layers of |- | similar ¢ stone layers | - | shale with ':m;
siltstone ‘ amounts .| sandstone 40 e
7 layers Q
5
C,D,E and G—may be more or \b ; ) g
less folded than llustrated but == | F. Tectonically deformed, intensively 30 '8
this does not change the strength. _~ | folded/faulted, sheared clayey shale =
Tectonic deformation, faulting and | or siltstone with broken and deformed o
loss of continuity moves these /| sandstone layers forming an almost ®
categories to F and H. £ chaotic structure 0 3
G. Undisturbed silty 7’ 1| H.Tectonically deformed silty or =
or clayey shale with 3 2 ' | clayey shale forming a chaotic 0 3
or without a few very 1/ 21| structure with pockets of clay. 8
thin sandstone layers [0/ 1/ | Thin layers of sandstone are 2
.. \l. | transformed into small rock pieces. 3
: v (3D
—>> : Means deformation after tectonic disturbance =
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Mohr-Coulomb m bu.

1) Mohr-Coulomb (with equivalent parameters) - model "after” (n = 1,47)

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

Zone Maximum Shear Strain Increment

Calculated by: Volumetric Averaging
2.6177E-02
2.5000E-02
2.2500E-02
2.0000E-02
1.7500E-02
1.5000E-02
1.2500E-02
1.0000E-02
7.5000E-03
I 5.0000E-03

2.5000E-03
2.1791E-06

History Locations
Mark Type: Diamond

5
Scale: 19.5707

Shear Strain Increments
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Hoek-Brown bu.

Model calculation after model calibration

n=ca.l,2

FLAC3D 7.00
©2021 Itasca Consulting Group, Inc. ” n a C h h e r (l’ D = O’ 3 5

Zone Maximum Shear Strain Increment

Calculated by: Volumetric Averaging
1.1541E-01
1.1000E-01
1.0000E-01
9.0000E-02
8.0000E-02
7.0000E-02
6.0000E-02
5.0000E-02
4.0000E-02
3.0000E-02
I 2.0000E-02

1.0000E-02
9.5063E-07
History Locations
Mark Type: Diamond
6

Scale: 19.5744

Shear Strain Increments
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Hoek-Brown bu.

Model calculation after model calibration

FLAC3D 7.00
©2021 Itasca Consulting Group, Inc. ” n a C h h e r (l’ D = O’ 3 5

Zone Displacement Magnitude
I 1.0000E+00
9.0000E-01
8.0000E-01
7.0000E-01
6.0000E-01
5.0000E-01
4.0000E-01
3.0000E-01
I 2.0000E-01

1.0000E-01
0.0000E+00
History Locations
Mark Type: Diamond
6

Scale: 19.5744

Displacement magnitudes [m]
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Apperent cohesion and apparent friction b

Ingenieurgeologie

FLAC3D 7.00

©2021 Itasca Consulting Group, Inc.

Zone Property friction
2.692e+01
2.708e+01
2.727e+01
2.730e+01
2.731e+01
2.732e+01
2.733e+01
2.735e+01
2.736e+01
2.737e+01
2.738e+01
2.742e+01
2.743e+01
2.744e+01
2.745e+01
2.747e+01
2.749e+01
2.750e+01
2.751e+01
2.753e+01
2.755e+01
2.757e+01
2.759e+01
2.760e+01
2.761e+01
2.763e+01
2.764e+01
2.765e+01
2.766e+01
2.768e+01
2.770e+01
2.772e+01
2.774e+01
2.775e+01
2.778e+01
2.780e+01
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Summary and conclusions @

* Every DEM model (including the SRM) requires back-calculations to
determine the model parameters.

* Conventional DEM rigid body models shows the best results in
discontinuum mechanical models using the back-calculated
strengths.

* Continuum mechanics approaches (such as FLAC3D) in combination
with the HB material model can provide realistic results.

e Continuum mechanical approaches (such as FLAC3D) in combination
with the MC material model are problematic, since the equivalent
MC parameters require the estimation of the depth location of the
fracture surface.

* Due to the many uncertainties, a combined use of continuum
mechanics and discontinuum mechanics is recommended.

Alexander Preh, TU Wien
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