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' Stabilitetsberegnhing i RS2
Formal og begrensninger

*  Formal: Hvilke tiltak ma til for & drive tunnel i den sterkt forvitrede sonen?

*  Begrensninger: Tilgang pa representativ data
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Modelloppsett

Klassisk 2D FEM modell, RS2
Kritisk snitt

- L-‘-‘-“;’AAL&-\}\(,\*\L‘ b

Generalisert Hoek brown (GSI-metode)

Metode for skring bak stuff for 8 simulere
3D-effekter
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Modelstrategi

In situ In-situ tilstand uten berguttak

Fullprofil uttak av flomtunnel uten bergsikring (3)
Berguttak

fullprofil berguttak med forsterket rerskjermlag (4
m bak stuff) (1,2)

Forsterkning
Permanent bergsikring  Analyse av bergsikringsdesign (3,4)
Laster fra driftsfase. Flomtilstand

Sensitivitetsanalyser  Grunnvann, bergmasseparametre (GSlI)

Kilder

1. Hoek, Evert. Numerical Modelling for Shallow Tunnels in Weak Rock. Upubliserte notater.

2. Hoek, Evert. 1998. Tunnel Support in Weak Rock.

3. Rocscience. Tunnel Lining Design.

4. Terron-Almenara et.al (2024). Permanent tunnel support with reinforced shotcrete arches and

forepoling in over-consolidated till and weathered rock. A case study based on the construction of

the Bergds tunnel, Norway Multiconsult



Inngangsparametere

Gode inngangsparametere er en forutsetning

* Bergmasseparametere: UCS, GSI
* In situ spenninger K=1
* Elastisk bergsikring

* Grunnvann ved planlagt tunnelheng
kote 414

GSI = 20-30 (30-40 % av pahugsg)
o.; (darligst) 2-3 MPa
O, (best) 20-25 MPa

GSI = 25-30 (50-60 % av pahugg) GSI=40-45 (0-20 % av pahugg)
o.; (darligst) 2-3 MPa
0, (best) 20-25 MPa

‘ / - L
F i =0
v

o.; (darligst) 10-25 MPa
o, (best) 25-50 MPa

O R

Bargmasse ved padhugg
Parametar Estimat lokalt, i Estimat lokalt, | svrige Globala
darligste omrade | delav pahuggsomradet parametere

| Andel av global 0.4 0.6 N/A

Bergmassetype (fra tabell om Flysch) E OVE oE

Sl 20 25 23

d. [feltestimat, MPa) 2 25 16

oci (adjusted, MPa) 2 15 10

mi (feltastimat) 7 17 13

i (adjusbad) F) 10.2 8

Multiconsult



Bergmasseparametere

Table 3. GSI estimates for heterogeneous rock masses such as Flysch.

GSI| FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH >3 So
(Marinos.P and Hoek. E, 2000) & . |88, |2 8.,
From a description of the lithology, structure and surface conditions (particularly . & " § 2 82 |2 ‘E 2
of the bedding planes), choose a box in the chart. Locate the positioninthebox & & | =8 g g 2 %g g
that corresponds to the condition of the discontinuities and estimate the average zZ o2 ?g - T @ ’;‘ ® - o5
value of GSI from the contours. Do not attempt to be too precise. Quotingarange S J 13 3 E 3% |2 "E 522
from 33 to 37 is more realistic than giving GSI = 35. Note that the Hoek-Brown E &R § Zo 29 % s |8 § = ]
criterion does not apply to structurally controlled failures. Where unfavourably ZES, > g "'.§ -® [ 'l::' 2 >33
oriented continuous weak planar discontinuities are present, these will dominate G ; 2 aos ‘é»g § B ; § g |eZ §
the behaviour of the rock mass. The strength of some rock masses is reduced by w=g o3 R L4 D= oD
the presence of groundwater and this can be allowed for by a slight shift to the O EE 9 g 3 ER |I73a8 O ?’; Berg i den darlige sonen
right in the columns for fair, poor and very poor conditions. Water pressure does L 8 § > 3 o2 2 g $2 gl=958 Parameter Med GSI=20 Med GSI=23
not change the value of GSI and it is dealt with by using effective stress analysis 50 g 5 ‘é 8 ® % s |o T > 5 8=
COMPOSITION AND STRUCTURE oo | 58 | 0% £z |ea®w8E|53% Konservativ Forvent
| A. Thick bedded, very blocky sandstone / / UCSay
x| The effect of pelitic coatings on the bedding 70 10 10
A planes is minimized by the confi of Intakt berg (MPa)
P the rock mass. In shallow tunnels or slopes
e mt"",rgaﬁ:mes may ceuse structurally /so E-modulus (MPa) 20000 20000
GSlI 20 23
777 E Weak /
7 8% =
B. Sand- C. Sand- D. Sitstone 522572 siltstone D Global bergartsstyrke ogm,
| stone with stone and | or sitty shaie 5577 ) or clayey y 0,77 0,85
| thin inter- | sittstone in 477 /) with sand- P00 2] shale with (MPa)
layers of 2 similar . | stone layers sandstone m g <)
siltstone 7| amounts ) layers !
—— Bergmasse My 0,52 0,58
C,D, E and G - may be more or \n s 0,000138 0,000192
less folded than llustrated but F. Tectonically deformed, intensively 30 2 L
this does not change the strength. folded/faulted, sheared clayey shale a 0,54 0,54
Tectonic deformation, faulting and 7| or siltstone with broken and deformed
loss of continuity moves these | sandstone layers forming an almost Strekkfasthet (MPa) 0,002 0,003
categories to F and H | chaolic structure / E-modulus (MPa) 728,98 1069
G. Undisturbed silty H. Tectonically deformed siity or
or clayey shale with clayey shale forming a chaotic
or without a few very structure with pockets of clay.
thin sandstone layers Thin layers of sandstone are
transformed into small rock pieces

—> : Means deformation after tectonic disturbance

Marinos & Hoek. 2000.Practical rock engineering
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Rarskjerm i sterkt forvitret berg

vidine

0,6 m dybde

Hoek, Evert. Numerical Modelling for Shallow Tunnels in Weak Rock.
Upubliserte notater.

0,6 0,85 0,51

0,005 200 [20] 1,1
0,007 35[21] 0,2
0,62 1,80

1,80/0,62=2,93
35
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Bergsikring
CPoc

i

N v e i
RN
e R i L
AN SENEe e

AR

s
o
1
K

2

0,2

Tykkelse (m) 0,20 6 mm ,
E-modulus (MPa) 30000 200000 30000

Poisson ratio 0,15 - 0,15
Trykkfasthet (MPa) 40 400 40

Strekkstyrke (MPa) 3 400 3
Vekt (kg/m) - 0,44

Senteravstand (m) Under bue, hele profil 2 Over bue, hele profil
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' Resultater

- Analysen tilsier at berguttak uten * Med rgrskjermlaget reduseres deformasjoner
bergsikring farer til sveert hgy deformasjon betraktelig
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Resultater

Stiv bergsikring i lukket ring stopper videre
deformasjon

Sikkerhetsfaktor for bergsikring er
tilfredsstillende >1,4

Multiconsult
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360

Stabil i driftsfase

Pressure Head
min (stage) :

64.00
max (stage):

-76.86 m

63.42 m

s
¥

Resultater driftfase

120
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Konklusjon

| denne fasen konkluderer vi med at tunnelen kan drives med kombinasjon av rgrskjerm og
konvensjonell bergsikring

Modellen er GSIl sensitiv
Ved lavere GSI ma styrken pa rarskjermlaget gke

Bergsikringen har SF>1,4 ogsa i driftsfase

Det er fortsatt usikkerheter grunnet manglende informasjon

Sensitivitetsanalyser gker sikkerheten

Tilfredsstillende resultater for tidligfasevurdering ©
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Spesiell takk til Hui Lu og Elisabeth Grasbakken
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