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AF POYRY

Vedlegg 2 - stabilitetsberegninger

Inngangsparametere

Stabilitetsberegningene for kiler er utfgrt i Rocscience SWEDGE. Planutglidning langs stgrre
horisontale strukturer er kontrollert i Rocscience ROCPLANE. Det er benyttet fglgende
parametere:

Tabell 1 - Inngangsparametere benyttet i stabilitetsberegninger. JRC = Joint Roughness
Coefficient, JCS = Joint Compressive Strength

Vest (granittisk gneis) @st (skifrig gneis)
JRC 10 8
JCs 125 MPa 70 Mpa
Friksjonsvinkel 30 30
Joint waviness 0 grader 0 grader
Vanntrykk 50% 50%

Sprekkeflater i granittisk gneis viser lite omvandling og det er valgt en JCS pa 90% av
midtre sjikt av litteraturverdier for UCS i gneis [1]. Sprekkeflatene er ru og undulerende, og
JRC er satt til 10.

Sprekkeflater i skifrig gneis viser lite omvandling og det er valgt en JCS pd 90% av nedre
sjikt av litteraturverdier for UCS i gneis. Sprekkeflatene er glatte og undulerende og JRC er
satt til 8. P& grunn av stor variasjon i orientering p& store sprekkestrukturer i skifrig gneis
kan det argumenteres for valg av joint waviness over 0, men da dette gir gkt friksjon er det
valgt & holde den flat pa 0.

Skjaeringen har statt apen i nesten 35 ar og eventuelle sprekkefyllinger har vasket ut. Det
er derfor valgt et dimensjonerende vanntrykk pd 50% med trekantfordeling av trykket.

Partialfaktorer er hentet fra dimensjoneringsmetode 3 i Eurokode 7 [2].

Det er utfgrt beregninger for 3 store kiler identifisert pd bakgrunn av sprekkekartlegging av
LIDAR scan; 2 i vestlig seksjon og 1 i gstlig seksjon. For 8 fange opp eventuelle kiler som
ikke er identifisert i kartleggingen av LiDAR scan er det ogsd utfgrt kombinatorisk beregning
av mulige kiler dannet av de 3 sprekkesettene i hver seksjon og tilbakeregnet ngdvendig
passiv boltekapasitet for SF>1.

For & undersgke totalstabilitet mot utglidning langs store horisontale foliasjonsplan er det
benyttet ROCPLANE. Valgt utglidningsplan er satt til verste tilfelle, med maksimal kartlagt
fallvinkel med fallretning ut mot bygget. Dette tilfellet er ikke observert i felt eller kartlagt
fra scan. Det er ikke utfgrt beregninger for detaljstabilitet av mindre enheter da dette
omfattes av installert bergsikring.

[1] Sintef, “"Materialdata for naturstein. Typiske verdier.” [Online]. Available:
https://www.sintef.no/globalassets/upload/teknologi_og_samfunn/berg-og-
geoteknikk/lister/typiske-materialdata-for-naturstein.pdf

[2] Standard Norge, “Eurokode 7: Geoteknisk prosjektering Del 1: Allmenne regler, NS-EN
1997-1:2004+A1:2013+NA:2020.”
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Totalstabilitet - Kileutglidninger

Kile 1 (vest)

Kilen befinner seg midt i vestre seksjon og er ca. 18 meter hgy:

Factor of

ty 23050 Viedoe Information: | Flter L.

Deterministic Analysis
Factor of Safety: 2.3050

'Wedge Data

\Volume: 18178.185 m3

Weight: 490811.272 kN

\Area (joint1): 2825.508 m2

Area (joint2): 1047.423 m2

\Area (slope face): 655.846 m2

\Area (upper face): 3180.388 m2
Normal Force (joint1): 204997.007 kN
Normal Force (joint2): 76772.057 kN
Normal Stress (joint1): 72.552 kPa
Normal Stress (joint2): 73.296 kPa
Shear Strength (joint1): 110.847 kPa
Shear Strength (joint2): 111.774 kPa
Driving Force: 186672.489 kN
Resisting Force: 430274 415 kN
Mode: Sliding on Joints 182

Sliding Direction
Plunge: 22.354 deg
Trend: 164.186 deg

Line of Intersection
Plunge: 22.354 deg
Trend: 164.186 deg
Length: 85.401 m

Perspective * WJoint1 Input Data

Dip: 27.000 deg

Dip Direction: 128.000 deg
\Waviness: 0.000 deg
JRC: 10.000

JCS: 125000.000 kPa
Phir: 30.000 deg

Woint2 Input Data

Dip: 50.000 deg

Dip Direction: 234.000 deg
\Waviness: 0.000 deg
JRC: 10.000

JCS: 125000.000 kPa
Phir: 30.000 deg

Trace Length
Joint1: 104.988 m
Joint2: 89.210 m

Persistence
Joint1: 104.988 m
Joint2: 95.401 m

Kilen er stabil (SF=2,3) uten bergsikring.
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Kile 2 (vest)

Kilen befinner seg midt i vestre seksjon og er ca. 15 meter hgy:

Factor of Safety. 54061 Wedge Information: Filter List ...

Deterministic Analysis
Factor of Safety: 5.4061

Wedge Data

Volume: 7357.357 m3

Weight: 198648.640 kN

\Area (joint1): 1116.926 m2

\Area (joint2): 1079.951 m2

\Area (slope face): 240.112 m2

\Area (upper face): 1538.721 m2
Normal Force (joint1): 107634 230 kN
Normal Force (joint2): 137903.370 kN
Normal Stress (joint1): 96.366 kPa
Normal Stress (joint2): 127 694 kPa
Shear Strength (joint1): 139.826 kPa
Shear Strength (joint2): 176.280 kPa
Driving Force: 64103.260 kM
Resisting Force: 346548 681 kN
Mode: Sliding on Joints 1&2

Sliding Direction
Plunge: 18.826 deg
_| [Trend: 142.027 deg
v

Line of Intersection
Plunge: 16.826 deg
Trend: 142.027 deg
Length: 108.757 m

Woint1 Input Data

Dip: 51.000 deg

Dip Direction: 216.000 deg
Waviness: 0.000 deg
URC: 10.000

WJCS: 125000.000 kPa
Phir: 30.000 deg

Perspective *

\Joint2 Input Data

Dip: 40.000 deg

Dip Direction: 76.000 deg
Waviness: 0.000 deg
JRC: 10.000

JCS: 125000.000 kPa
Phir: 30.000 deg

Trace Length
Joint1: 109.222 m
Joint2- 98 510 m

Persistence
Joint1: 109.222 m
Joint2- 108.757 m

Side

Kilen er stabil (SF=5,4) uten bergsikring.
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Kile 3 (gst)

Kilen befinner seg i vestvendt skjaering i gstlig seksjon og er ca. 35 meter hgy:

Perspactive ™

Kilen er stabil (SF=1,3) uten bergsikring.

wedge Informaters | Fiter st

Deterministic Analysis
Factor of Safety: 1.2845

Wedge Data

Volume: 12427.869 m3

Weight: 335552.472 kN

Area (joint1): 857.934 m2

Area (joint2): 1763.779 m2

Area (slope face): 1684.083 m2
Area (upper face): 1163.907 m2
Normal Force (joint1): 266376.840 kN
Normal Force (joint2): 0.000 kN
MNormal Stress (joint1): 310.487 kPa
Normal Stress (joint2): 0.000 kPa
Shear Strength (joint1): 283.977 kPa
Shear Strength (joint2): 0.000 kPa
Driving Force: 189674.543 kN
Resisting Force: 243633.480 kN
Mode: Sliding on Joint1

Sliding Direction
Plunge: 33.947 deg
Trend: 317.367 deg

'||Line of Intersection

Plunge: 33.405 deg
Trend: 333.111 deg
Length: 69.634 m

i Joint1 Input Data

Dip: 34.000 deg

Dip Direction: 321.000 deg
Waviness: 0.000 deg
JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Joint2 Input Data

Dip: 70.000 deg

Dip Direction: 257.000 deg
Waviness: 0.000 deg
JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Trace Length
Joint1: 69.726 m
Joint2: 83.731 m

Persistence
Joint1: 69.726 m
Joint2: 83.731 m
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@vrige kiledannelser som ikke er identifisert i sprekkekartlegging

Vestlig seksjon:

Ingen kombinasjoner av hovedsprekkesettene identifisert i vestlig seksjon gir opphav til

ustabile kiler med inngangsparameterne beskrevet over.

@stlig seksjon:

Factor of Safety. 0.2036

spective

PR—

Combination Analysis
Number of Combinations: 210
Number of Valid Wedges=54
Number of Invalid Wedges=156
Number of Failed Wedges=34
Number of Stable Wedges=20

Min FS Wedge Data

Factor of Safety: 0.2036

|Volume: 74.612 m3

\Weight: 2014.524 kN

|Area (oint1): 150,469 m2

\Area (joint2): 111.661 m2

\Area (slope face) 63 813 m2
\Area (upper face). 4.699 m2
Mormal Force (joint1): 203.215 kN
MNormal Force (joint2): 0.000 kN
MNormal Stress (joint1). 1.274 kPa
Normal Stress (joint2). 0.000 kPa
Shear Strength (joint1): 2.513 kPa
Shear Strength (joint2): 0.000 kPa
Driving Force: 1967.785 kN
Resisting Force: 400.738 kN
Made: Sliding on Joint1

Sliding Direction
Plunge: 73.747 deg
\Trend: 176.796 deg

*| |Line of Intersection

| |Piunge: 74 779 deg

.| [Trend: 210.000 deg
Length: 52.617 m

.| [Joint1 Input Data
*| |pip: 75.000

Dip Direction: 200.000 deg
Waviness: 0.000 deg
JRC: 8.000

JCS: 70000 000 kPa

Phir 30.000 deg

Joint2 Input Data

Dip: 75.000 deg

Dip Direction: 220,000 deg
\Waviness: 0.000 deg
JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Trace Length
Joint1: 52.446 m
Joint2: 51.798 m

Persistence
Joint1: 52.617 m
Joint2: 52 617 m

Combination Info

Dip (joint1): 75.000 deg

Dip Direction (joint1): 200.000 deg
Dip (joint2). 75.000 deg

Dip Direction (oint2): 220.000 deg

Kilen er stabil (SF>1) med en passiv boltekapasitet p& 650 kN og boltelengde 4 meter.
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Factor of Safety. 0.5583

ective *

iedge normaton:

Combination Analysis

Number of Combinations: 210
Number of Valid Wedges=54
Number of Invalid Wedges=156
Number of Failed Wedges=27
Number of Stable Wedges=27

Min FS Wedge Data

Factor of Safety: 0.5583

Volume: 1788.137 m3

\Weight: 48279.704 kN

Area (joint1): 324.278 m2

Area (joint2): 516.540 m2

Area (slope face): 526 606 m2
Area (upper face): 112.624 m2
Normal Force (joint1): 0.000 kN
Normal Force (joint2): 19877.971 kN
Normal Stress (joint1): 0.000 kPa
Normal Stress (joint2): 38.483 kPa
Shear Strength (joint1): 0.000 kPa
Shear Strength (joint2): 45.778 kPa
Driving Force: 42357 592 kN
Resisting Force: 23646.183 kN
Mode: Sliding on Joint2

Sliding Direction
Plunge: 59.792 deg
Trend: 192 .601 deg

| |Line of Intersection

Plunge: 57.523 deg

.| [Trend: 224.896 deg

Length: 61.924 m

.| [Joint1 Input Data

Dip: 75.000 deg

Dip Direction: 290.000 deg
\Waviness: 0.000 deg

JRC: 8.000

|JCS: 70000.000 kPa

Phir: 30.000 deg

Joint2 Input Data

Dip: 60.000 deg

Dip Direction: 200.000 deg
\Waviness: 0.000 deg

JRC: 8.000

|JCS: 70000.000 kPa

Phir: 30.000 deg

Trace Length
Joint1: 54.445 m
Joint2: 65.307 m

Persistence
Joint1: 61.924 m
Joint2: 65.307 m

Combination Info

Dip (joint1): 75.000 deg

Dip Direction (joint1): 290.000 deg
Dip (joint2): 60.000 deg

Dip Direction (joint2): 200.000 deg

Kilen er stabil (SF>1) med en passiv boltekapasitet p& 16200 kN, eller 30 kN per m2

kileflate. Dette tilsvarer ca. 2 @24 kamstalbolter per 10 m2 kileflate.
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Factor of Safety. 07987 ‘Wedge Information; Filter List...

Combination Analysis
Number of Combinations: 210
Number of Valid Wedges=54

i 56

Number of Stable Wedges=47

Min FS Wedge Data
Factor of Safety: 0.7987

Volume: 3572640 m3

Weight: 96461 276 kN

|Area (joint1): 441.041 m2

|Area (joint2). 828 409 m2

\Area (slope face): 656.044 m2
\Area (upper face): 225.020 m2
Normal Force (joint1): 0.000 kN
Normal Force (joint2). 53749.387 kN
Normal Stress (joint1): 0.000 kPa
Normal Stress (joint2). 64 883 kPa
Shear Strength (joint1): 0.000 kPa
Shear Strength (joint2): 72.139 kPa
Driving Force: 83608.509 kN
Resisting Force: 66781.928 kN
Mode: Sliding on Joint2

Sliding Direction
Plunge: 59.908 deg
Trend: 195.058 deg

Line of Intersection
Plunge: 59.792 deg
|Trend: 207402 deg
Length: 62.014 m

Joint1 Input Data
ipective ™ *| |Dip: 75.000 deg

Dip Direction: 270.000 deg
Waviness: 0.000

JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Joint2 Input Data
Dip: 60.000 deg

Dip Direction: 200.000 deg
Waviness: 0.000 deg

JRC: 8000

JCS: 70000000 kPa

Phir. 30.000 deg

Trace Length
Joint1: 52711 m
Joint2: 65.307 m

Persistence
Joint1: 62.014 m
Joint2: 65 307 m

Combinatien Info
Dip (joint1): 75.000 deg
irection (joint1): 270 000 deg

Di int2). 60.1
Dip Direction (joint2): 200.000 deg

Kilen er stabil (SF>1) med en passiv boltekapasitet p& 25900 kN, eller 21 kN per m2
kileflate. Dette tilsvarer 1,5 g24mm kamstalbolter per 10 m2 kileflate.
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Factor of Safety 08720

wspactive

Kilen er stabil (SF>1) med en passiv boltekapasitet pd 26300 kN, eller 40
kileflate. Dette tilsvarer ca. 2,5 g24mm kamstalbolter per 10 m2 kileflate.

Wedge Information: | Fiter Ust ...

Combination Analysis
Number of Combinations: 210
Number of Valid Wedges=54
Number of Invalid Wedges=156
Number of Failed Wedges=3
Number of Stable Wedges=51

Min FS Wedge Data

Factor of Safety: 0.8720

Volume: 3572 640 m3

Weight: 96461 276 kN

Area (joint1): 441.041 m2

Area (joint2). 828.409 m2

Area (slope face): 656,044 m2
Area (upper face). 225020 m2
Normal Force (oint1): 0.000 kN
Normal Force (joint2): 56080.950
Normal Stress (joint1): 0.000 kPa
Normal Stress (joint2): 67.697 kPa
Shear Strength (joint1): 0.000 kPa
Shear Strength (joint2): 74 861 kPa
Driving Force: 83891.364 kN
Resisting Force: 73152.234 kN
Mode: Sliding on Joint2

kN

Sliding Direction
Plunge: 59.888 deg
Trend: 104.568 deg

Line of Intersection

Joint1 Input Data
| |Dip: 75.000 deg

Dip Direction: 270.000 deg
‘Waviness: 0.000 deg

JRC: 8000

JCS: 70000.000 kPa

Phir- 30 000 deg

Joint2 Input Data

Dip: 60.000 deg

Dip Direction: 200.000 deg
0.000 deg

JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Trace Length
Joint1: 52711 m
Joint2: 65307 m

Persistence
Joint1: 62.014 m
Joint2: 65 307 m

Combination Info
Dip (joint1): 75.000 deg
ip Direction (joint1): 270.000 deg
Dip (joint2)’ 60.000 deg
Dip Direction (oint2): 200.000 deg

kN per m2
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Factor of Safety 1 0016

Wiedge Informatcn: | Fiter List..

‘Combination Analysis
Number of Combinations: 210
INumber of Valid Wedges=54
Number of Invalid Wedges=156
Number of Failed Wedges=t
INumber of Stable Wedges=54

Min FS Wedge Data

Factor of Safety: 1.0016

Volume: 13418.481 m3

Weight: 362298 981 kN

Area (joint1). 882984 m2

Area (joint2). 1874.973 m2

Area (slope face) 1230.761 m2
Area (upper face): 845 153 m2
Normal Force (joint1): 0.000 kN
Normal Force (joint2): 244259 304 kN
Normal Stress (joint1): 0.000 kPa
Normal Stress (joint2): 130.274 kPa
Shear Strength (joint1): 0.000 kPa
Shear Strength (joint2): 132 638 kPa
Driving Force: 277527 962 kN
Resisting Force: 277968.464 kN
Mode: Sliding on Joint2

Sliding Direction
Plunge: 49.972 deg
Trend: 197 439 deg

| |Line of Intersection

Plunge: 49,992 deg

.| [Trend: 198 617 deg

Length. 74 668 m

.| [ Joint1 Input Data

Dip: 75.000 deg

Dip Direction: 270.000 deg
\Waviness: 0.000 deg
JRC: 8.000

JCS: 70000.000 kPa

Phir: 30.000 deg

Joint2 Input Data

Dip: 50.000 deg

Dip Direction: 200.000 deg
‘Waviness: 0.000 deg

JRC: 8.000

JCS: 70000 000 kPa

Phir: 30.000 deg

Trace Length
Joint1: 52.711 m
Joint2: 81.745 m

Persistence
Joint1: 74.668 m
Joint2: 81.745m

Combination Info

Dip (joint1): 75.000 deg

Dip Direction (joint1): 270.000 deg
Dip (joint2)- 50 000 deg

Dip Direction (joint2): 200.000 deg

Kilen er stabil (SF>1) med en passiv boltekapasitet p& 39400 kN, eller 32 kN per m2

kileflate. Dette tilsvarer 2 g24mm kamstalbolter per 10 m2 kileflate.
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Totalstabilitet - Planutglidning langs horisontale
strukturer med stor utstrekning

Ingen av de kartlagte skjzeringsparallele sprekkene danner gyldige tensjonssprekker, sa
planutglidning er modellert som utglidning langs verste mulige tilfelle av foliasjonsplanet.
Det pdpekes at det ikke er observert store horisontale strukturer med fallretning ut av
skjeeringsplanet og at dette er en ren teoretisk gvelse for & dekke opp under usikkerhet i
kartleggingsmetoden. Observerte sprekkeplan med fall direkte mot sg@r er sporadiske og
sma i utstrekning og vil g& under detaljstabilitet.

Vestlig seksjon:

Factor of Safety: 1.35569

Perspective *

Side

Wedge Information: | Filter List ...

Deterministic Analysis
Factor of Safety: 1.35569
Normal Force: 42621.3 kN/m
Normal Stress: 373.904 kPa
Shear Strength: 392.988 kPa
Driving Force: 33043.4 kN/m
Resisting Force: 44796.7 kN/m

Geometry

Slope Height: 50 m

Wedge Weight: 57609.5 kN/m
Wedge Volume: 2133.68 m3/m
Wedge Height: 50 m

Unit Weight: 27 kN/m3

Slope Angle: 83 deg

Failure Plane Angle: 35 deg
Upper Face Angle: 10 deg
Bench Width: Not Present
Waviness: 0 deg

Failure Plane Length: 113.99 m
Slope Length: 50.3755 m

Strength

Shear Strength Model: Barton-Bandis
JRC: 10

JCS: 70000 kPa

Residual Friction Angle (phir): 30 deg
Shear Strength Design Factor: 1.25
Shear Strength: 392.988 kPa

Shear Resistance: 44796.7 kN/m

Water Pressure: Present

Plane Water Unit Weight: 9.81 kN/m3

Pressure Distribution Model: Peak Pressure - Mid Height
Percent Filled: 50 %

\Water Force on Failure Plane: 4569.57 kN/m

\Water Force on Failure Plane: 4569.57 kN/m

Skjaeringen er stabil (SF>1) med hensyn til planutglidning langs foliasjonsplan.
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@stlig seksjon:

Factor of Safety: 1.69066

Perspective *

Side

Wedge Information: | Filter List ...

Deterministic Analysis
Factor of Safety: 1.69066
Normal Force: 88313 kN/m
Normal Stress: 474.466 kPa
Shear Strength: 412.077 kPa
Driving Force: 45367.1 kN/m
Resisting Force: 76700.4 kN/m

Geometry

Slope Height: 50 m

Wedge Weight: 107348 kN/m
Wedge Volume: 3975.84 m3/m
Wedge Height: 50 m

Unit Weight: 27 kN/m3

Slope Angle: 83 deg

Failure Plane Angle: 25 deg
Upper Face Angle: 10 deg
Bench Width: Not Present
Waviness: 0 deg

Failure Plane Length: 186.131 m
Slope Length: 50.3755 m

Strength

Shear Strength Model: Barton-Bandis
JRC: 8

JCS: 70000 kPa

Residual Friction Angle (phir): 30 deg
Shear Strength Design Factor: 1.25
Shear Strength: 412.077 kPa

Shear Resistance: 76700.4 kN/m

Water Pressure: Present

Plane Water Unit Weight: 9.81 kN/m3

Pressure Distribution Model: Peak Pressure - Mid Height
Percent Filled: 50 %

Water Force on Failure Plane: 8977.1 kN/m

Water Force on Failure Plane: 8977.1 kN/m

Skjaeringen er stabil (SF>1) med hensyn til planutglidning langs foliasjonsplan.
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