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B"&%7&5µ0*+ 10-$#µ+-+

)5C4,4 D%7&. <D%: 1$&,$D64,4' *0$&5

A+@AB/2 ;.:'1+(

1878 - 1926:

16 (;#7()(/),/*4> <4()#'&>
?+@AB/2 ((:"#4/)47,): 4.70 m

I4</7& /&"(33( Kappelisberg (D, 1878)

7.85 m

B"&%7&5µ0*+ 10-$#µ+-+

?+,;).=2 C#")F#.

O<#/&"(33( Belchen (CH, 1970)

)5C4,4 D%7&. <D%: 1$&,$D64,4' *0$&5

u

p

E$+FDµ+G+

E$+FDµ+G+

  (A<<4<0123$+,4 01H*3.,4' - A$+FDµ+G+')

p

u

=1H*3.,4

=1H*3.,4

p

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

u

4
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u

u

p

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

>4µ+*-"7J µ02:,4 -4' +*5I:,4'

+!p
p

(Kovari et al 1987)

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

u

u

p

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

+!u

>4µ+*-"7J µ02:,4 -&. 6&$-2&.

p

(Kovari et al 1987)

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

u

u

p

p

(Kovari et al 1987)

B5,7+µ1-& 
+*8,-$. -DC&

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

K0*D' 
F#$&'

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

K+$+µ&$6#,"µ4 
,-$#,4
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u

p

(Kovari et al 1987)

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

K+$+µ&$6#,"µ4 
,-$#,4

p

u

u

p

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

• K0-$#µ+-+ µ0 +*.3$2-4

p

u

u

p

>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

K20,4 µ0"#*0" -+F5-4-+ +*5I:,4'

L0<"7J 7+-8,-+,4 8%*:,-4

• K0-$#µ+-+ µ0 +*.3$2-4:

t1

t2

t3

t = J ?
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>FH,4 µ0-+C5 120,4' 3"D%7:,4' 7+" +*5I:,4'

• )$%"<"78 10-$#µ+-+: ",F.$8 µ4 %$+µµ"7J ,FH,4

• M0%8<4 ,4µ+,2+ %"+ -&* ,F03"+,µD

K20,4 µ0"#*0" -+F5-4-+ +*5I:,4'

L0<"7J 7+-8,-+,4 8%*:,-4

• K0-$#µ+-+ µ0 +*.3$2-4:

B"D%7:,4

T8,4 [MPa]
0.7 1 3 4 5 6

6%

4%

0%

M+-8 1$&,H%%",4 +1& µ4 
&<&7<4$:902,0' 0$%+,-4$"+7H' 
3&7"µH' (Pimentel, 2006)

2%

)$%"<"78
1<+723"+

c1 > c2 c2

N.,"7&F4µ"7&2 µ4F+*",µ&2 3"D%7:,4'

• )$%"<"78 &$.7-8: 1$&,$D64,4 *0$&5 µH,: D,µ:,4'

N.,"7&F4µ"7&2 µ4F+*",µ&2

CaSO4 " Ca++ +  SO4
=

Ca++ +  SO4
=  + 2 H2O " CaSO4 

. H2O

B"8<.,4 -&. +*.3$2-4

M+-+7$Jµ*",4 %5I&.

• )$%"<"78 &$.7-8: K$&,$D64,4 *0$&5 µH,: D,µ:,4'

• K0-$#µ+-+ µ0 +*.3$2-4: )*81-.C4 7$.,-8<<:* %5I&.

N.,"7&F4µ"7&2 µ4F+*",µ&2 3"D%7:,4'
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B"8<.,4 -&. +*.3$2-4

M+-+7$Jµ*",4 %5I&.

Ca++

SO4
=

• )$%"<"78 &$.7-8: K$&,$D64,4 *0$&5 µH,: D,µ:,4'

• K0-$#µ+-+ µ0 +*.3$2-4: )*81-.C4 7$.,-8<<:* %5I&.

N.,"7&F4µ"7&2 µ4F+*",µ&2 3"D%7:,4'

Ca++

SO4
=

B"8<.,4 -&. +*.3$2-4

M+-+7$Jµ*",4 %5I&.

O&J *0$&5

• )$%"<"78 &$.7-8: K$&,$D64,4 *0$&5 µH,: D,µ:,4'

• K0-$#µ+-+ µ0 +*.3$2-4: )*81-.C4 7$.,-8<<:* %5I&.

N.,"7&F4µ"7&2 µ4F+*",µ&2 3"D%7:,4'

N.,"7&F4µ"7&2 µ4F+*",µ&2

>5*90-4 3"0$%+,2+ µ0-+6&$8' 
7+" F4µ"7#* +*-"3$8,0:*

• )$%"<"78 &$.7-8: K$&,$D64,4 *0$&5 µH,: D,µ:,4'

• K0-$#µ+-+ µ0 +*.3$2-4: )*81-.C4 7$.,-8<<:* %5I&.

N.,"7&F4µ"7&2 µ4F+*",µ&2 3"D%7:,4'

P$0.*+:

• )$"9µ4-"7J 1$&,&µ&2:,4 6.,"7&F4µ"7#* 3"0$%+,"#*

• ?3$&%0:<&%"7J 1$&,&µ&2:,4 ,0 µ0%8<4 7<2µ+7+

• Q+7$&F$D*"& 1$D%$+µµ+ 0$%+,-4$"+7#* 3&7"µ#*

• B"+10$+-D-4-+ A$+FDµ+G+'

• ?3$+.<"7H' ,.*&$"+7H' ,.*9J70'

• X:$&7+-+*&µJ +*.3$2-4

• M"*4-"7J +*-"3$8,0:*
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Chienberg

!0$µ+*2+

R-+<2+

;3&,J$+%%+ Chienberg

!+<<2+

E+,"<02+

F.9. 0+900 1+100 1+2001+000

30 m

Sissach

=*-0<#' +1&,+9$:µH*0' µ8$%0'

Gypsum-Keuper ()$%"<D<"9&" µ0 %5I& CaSO4 
. H2O)

Gypsum-Keuper ()$%"<D<"9&" µ0 +*.3$2-4 CaSO4)

K$D,6+-0' +1&9H,0"'

(3.-"7D -µJµ+);3&,J$+%%+ Chienberg

1.5 m ,0 3 µJ*0'

;3&,J$+%%+ Chienberg
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1

2

3

M+92G4,4

)*5I:,4

20 mm

-20 mm

0

)*5I:,4 01"6+*02+' µ0-8 -4* µD*"µ4 01H*3.,4

F.9. 0+900 1+100 1+2001+000

)1$-00 )1$-02 )1$-04

R,&SI02' +*5I:,4' 01"6+*02+' 0386&.' (2 F$D*"+)

max. 41 mm

2005: 10 mm/yr

[mm]

)*5I:,4 +*8,-$&6&. -DC&. (A1$. 03 - >01-. 05)

F.9. 0+900 1+100 1+2001+000
0

30

60
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20042003 2005

10 mm/yr

[mm]

0

30

60

)*5I:,4 +*8,-$&6&. -DC&. (A1$. 03 - >01-. 05)

>5%7<",4 µD*"µ4' 01H*3.,4' (16 µJ*0')

7 mm

21 mm

10 mm

14 mm

F.9. 1+135

F.9. 0+873

M+-+*&µJ 1+$+µ&$6#,0:* 0386&.' 
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1.5% 0.8%

M+-+*&µJ 1+$+µ&$6#,0:* 0386&.' (16 µJ*0')

5% 2.5%

M+-+*&µJ 1+$+µ&$6#,0:* 0386&.' (16 µJ*0')

?

?

M+-+*&µJ 1+$+µ&$6#,0:* 0386&.' (16 µJ*0')
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!5I&'

)*.3$2-4'

M+-+*&µJ 1+$+µ&$6#,0:* 0386&.' (16 µJ*0')

=*-0<#' 
+1&,+9$:µH*0' 
µ8$%0'

• G47"8 .;*"7*F'*+#
• !)B0& ;#48)2)( .%475+

• ?+.<"F)2>
• K*"8

30 m

• -@/7(';)2 *;1+<./2

)*5I:,4 01"6+*02+' µ0-8 -4* µD*"µ4 01H*3.,4

30 m

Sissach

)*5I:,4 )*5I:,4

F.9. 0+900 1+100 1+2001+000

;3&,J$+%%+ Chienberg (3.-"7D -µJµ+)

31

32

33

11



F.9. 2+000 2+2002+100

(+*+-&<"7D -µJµ+);3&,J$+%%+ Chienberg

QH-$+ +*-"µ0-#1",4'

K$&0*-0-+µH*0' +%7.$#,0"'

M2*3.*&': 
)*5I:,4 18*: -µJµ+-&' 
01H*3.,4'

)%7.$:µH*4 1<87+ µ0 
1+$+µ&$6#,"µ4 .1D,-$:,4

M2*3.*&': 
!$J%&$4 ,.µ120,4 
.1D,-$:,4'

QH-$+ +*-"µ0-#1",4'
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Q0µ&*:µH*+ 
1+$+µ&$6#,"µ+ ,-&"F02+

=1"<0%02,+ <5,4

=1"<0%02,+ <5,4

B
5
*
+

µ
4

 [
k

N
]

1000

500

0

1500

0 200 400 600

=*3&-"7H' 706+<H' +%7.$#,0:*

Q0-+-D1",4 [mm]
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K+$+µD$6:,4

0 20% 40% 60%

L
8
,
4
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M

P
a

]

4

2

0

6

8

6&$-2& <0"-&.$%2+' 130 t

)%75$"+: 
&$"+7D 6&$-2& 175 t

=*3&-"7H' 706+<H' +%7.$#,0:*

K+$+µ&$6#,"µ+ ,-&"F02+ H3$+,4'

K+$+µD$6:,4

0 20% 40% 60%

L
8
,
4

 [
M

P
a

]

4

2

0

6

8

K+$+µ&$6#,"µ+ ,-&"F02+
H3$+,4'

M8-: D$"&: 
),6+<J' H3$+,4

T*: D$"&: 
K0$"&$",µD' +*5I:,4'
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47

48
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9./),:*4( '*)5;#. <4,+#4=2>

?+@AB/2 ;.:'1+( /* <4#37#@'*+( ;*)"5'()(

!"#$%&'()( *./),:*4(> 7(4 ;("('#"C5/*B+

D(:4E&/*4> *;4C(+*F(> *<,C#.>

G*3,%*> ;("('#"C5/*4> (/.+:&7*> /@+:%4A2>)

H2=43*+*F> E5+*> '* '*3,%2 .<()47& ;F*/2

s

G(7"#;"8:*/'(L"(0.;"8:*/'(

=123$+,4 -&. *0$&5

P

Po

G8+4'# ;4*E#'*)"478 ;*<F#

P

M;*";F*/2 

;8"B+

9./),:*4( '*)5;#. <4,+#4=2>

?+@AB/2 ;.:'1+( /* <4#37#@'*+( ;*)"5'()(

!"#$%&'()( *./),:*4(> 7(4 ;("('#"C5/*B+

D(:4E&/*4> *;4C(+*F(> *<,C#.>

G*3,%*> ;("('#"C5/*4> (/.+:&7*> /@+:%4A2>)

H2=43*+*F> E5+*> '* '*3,%2 .<()47& ;F*/2

s
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1$"*

I.+:&7*> /@+:%4A2>

µ0-8

+1&7+-8,-+,4
3"+-&µJ'

)*-&FJ 7+" 1+$+µ&$6:,"µD-4'

?10$702µ0*&

?3+-"7J 120,4

!0:-0F*"7&2 1+$8%&*-0'

E123$+,4 *0$&5

,.*9J70'
,5*9<"I4'

+,Jµ+*-0'
,.%7<2,0"'

75$"+ ,J$+%%+
(+$%D-0$+)

,J$+%%+ .14$0,2+'
(3"+*&2F9470 1$#-4)

• ?3+-"7J 120,4 1D$:*: Q02:,4 &$9#* 0*0$%#* -8,0:*
Q02:,4 3"+-µ4-"7J' +*-&FJ' 
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K$&F#$4,4 3"8*&"C4'

E123$+,4 *0$&5

• ?3+-"7J 120,4 1D$:*: Q02:,4 &$9#* 0*0$%#* -8,0:*
Q02:,4 3"+-µ4-"7J' +*-&FJ' 

• ($&*"7J 0CH<"C4 ,.%7<2,0:*

=$1.,µD'

>-0$0&1&24,4

0*30F&µH*:' -+.-DF$&*+

.1D%0"+ $&J 1$&'
-4* ,J$+%%+

µ0-+A&<J:
.3+-"7#* 1"H,0:* 1D$:*
0*0$%#* -8,0:*

+5C4,4 1+$+µ&$6#,0:*

#
#

*0$D

>-0$0&1&24,4

1<+,-"7J G#*4:
+5C4,4 D%7&.
(“3"+,-+<-"7D-4'”)

“>-0%*D” H3+6&'

;"4+ )2+
<#74'&

'*), )2+
<#74'&

58

59

60

20



M&$0,µH*& H3+6&'

-+F5-0$+ J A$+35-0$+
+*8<&%+ µ0 -4* 
3"+10$+-D-4-+

1<+,-"7J G#*4:
+5C4,4 D%7&.
µ0 -& F$D*&

*0$D

A$+F.1$D90,µ+ (t = 0):
,-+90$D 1&,&,-D .%$+,2+', 
,-+90$D' D%7&' 10-$#µ+-&'

M;*"7*F'*+# 300 m
M<"#C. #"FE#+)(> 250 m
E = 300 MPa 
+ = 0.30 
C = 25 ° 
c = 50 kPa 
A = 5 ° 

-4(;*"()8)2> k [m/s]

N#")F# 

/ [MPa]

t = 15 '1"*>

/

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

Q0%8<0' ,.%7<2,0"' 
,-+ µ0-D1",90*

B"8*&"C4 µ0 LEQ .1&
,.*9J70' ,5*9<"I4' 

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)
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M+-+,-$&6J 
-4' 01H*3.,4'

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

B"8*&"C4 µ0 LEQ .1&
,.*9J70' ,5*9<"I4' 

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

p

Q1<&78$",µ+ +,123+'

V

L+F5-4-+ 3"8*&"C4' V

L+F5-4-+ ,.%7<2,0:*

O0&<&%"7H' "3"D-4-0'

B"+10$+-D-4' k

B"8*&"C4 µ0 LEQ .1&
,.*9J70' ,5*9<"I4' 

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

64

65

66

22



p

V

-R = 
5 cm

E = 1000 MPa 

+ = 0.25 

C = 25 ° 

c = 500 kPa 

A = 5 ° 

10 m

500 m

100 m

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

k = <4(;*"()8)2>

051015x [m]

p [MPa]

4

3

2

1

0

p -R = 
5 cm

N&$-2& +,123+' p

V

)(0*F( <4,+#4=2 (V/k > 106)

("3& <4,+#4=2 (V/k < 102)

10 m

k = <4(;*"()8)2>

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

k [m/s]

0

50

100

150

F [MN]

-R 

F10 m

10
-9

10
-8

10
-7

10 m/cd

-R = 
5 cm

-R = 
15 cm

=123$+,4 3"+10$+-D-4-+' (1+$830"%µ+)

)1+"-&5µ0*4 :,-"7J 35*+µ4 F
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+*"8

O.02'()471>, %*;)1>, <4(;*"()1> *+/)"5/*4>

'47"8)*"*> (;#/),/*4> /)",334/2>
*;4),0.+/2 /)*"*#;#F2/2> 7(4 C(4+#'1+B+ /@+:%4A2>

#
#

=123$+,4 3"+10$+-D-4-+'

0('2%& A2%&<4(;*"()8)2>:

T<10"'
Gotthard

!+<<2+

R-+<2+

>"3/7J ,J$+%%+ Gotthard

!0$µ+*2+

OLG

3000 m

2000 m

1000 m

0 m

57 km

L K

>"3/7J ,J$+%%+ Gotthard

OLG
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7"F/4'2 E5+2: 1100 m

3000 m

2000 m

1000 m

0 m

57 km

L K

>"3/7J ,J$+%%+ Gotthard

Tavetsch

Tavetsch

.%"J'
A$8F&'

7+7"$2-0'

7$2,"µ4 G#*4: L = 1100 m

2000 m

1500 m

1000 m

500 m

0 m

>"3/7J ,J$+%%+ Gotthard

%0#-$4,4
(L = 1720 m)

1.$J*0'
(ø 80 - 100 mm)

>"3/7J ,J$+%%+ Gotthard

2000 m

1500 m

1000 m

500 m

0 m

Tavetsch

7$2,"µ4 G#*4: L = 1100 m
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L$"+C&*"7H' 3&7"µH' 9<2I4' µ0 H<0%F&

/)"(334/'1+*>

(/)",334/)*> w p

p, w p w

;"#<4(3"(C&: '1)"2/2:

• .3+-"7J' 120,4' 1D$:* p

• 1&,&,-&5 .%$+,2+' 3&7"µ2&. w

/.+:&7*>:

.<()47& ;F*/2;%*."47& ;F*/2

max. 30 MPa max. 10 MPamax. 600 kN

)"4(=#+47& 7.A1%2

(+*"8)(%,<4)

(Vogelhuber 2005)

L$"+C&*"7H' 3&7"µH' 9<2I4'

L$"+C&*"7H' 3&7"µH' 9<2I4'
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100

150

200

50

0

5"*>

(;#',7".+/2 (1"(

<4,%./2 (1"(

/)*"*#;#F2/2

:"(@/2

7#"*/'8>
<#74'F#.

C,/2 <#74'&>

G* 1%*30# .<()47&> ;F*/2> ;8"B+

L$"+C&*"7H' 3&7"µH' 9<2I4'

I.+&:*4> <#74'1> 0B"F> 1%*30# 
.<()47&> ;F*/2> ;8"B+

(Vogelhuber 2005)

/)"(334/'1+*>
/.+:&7*>

(Vogelhuber 2005)

(/)",334/)*>
/.+:&7*>

(@=2/2
837#.

.;#;F*/2

(Vogelhuber 2005)

/)"(334/'1+*>
/.+:&7*>

(/)",334/)*>
/.+:&7*>

9 = 650 MPa

v = 0.30

c = 0.4 MPa

C = 28°

A = 4°
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(Vogelhuber 2005)

/)"(334/'1+*>
/.+:&7*>

(/)",334/)*>
/.+:&7*>

/.+:&72
<4("#&>

.<
"#
/)
()
47
& 

.<
"#
/)
()
47
& 

-4,3"(''( 7."FB+ ),/*B+
*
+
*
"
3
8
>
 (
=
#
+
47
&

 )
,
/
2

 [
M

P
a
]

/Pr = /r - p [MPa]*+*"38> (7)4+47& ),/2

9 = 650 MPa

v = 0.30

c = 0.4 MPa

C = 28°

A = 4°

(Vogelhuber 2005)

-4,3"(''( 7."FB+ ),/*B+

63 <#74'1> .;# 
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>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

!0:-$J,0"' 1$&1&$02+'

Q+7$&,7&1"7J +C"&<D%4,4 1.$J*:*

=$%+,-4$"+7H' 3&7"µH'

M0-$J,0"' 1032&.

max.13 m

K0$"9#$"& 
,5%7<",4':
max. 70 cm

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

!0:-$J,0"' 1$&1&$02+'

7(74"F)2>.34&> $",0#>

L = 50 - 100 m

I02'()4/'8> Tavetsch
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!0:-$J,0"' 1$&1&$02+'

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

.%"H' 1H-$:µ+
µH-$"+-0<+6$8 “7+7"$"-":µH*&” 1H-$:µ+
H*-&*+ “7+7"$"-":µH*&” 1H-$:µ+

F+$-&%$864,4 07,7+6J'

(AlpTransit AG)

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

!0:-$J,4 1$&1&$02+'

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

88

89

90

30



>.%7<2,4

500 mm

F.9. 1171 W F.9. 1173 W

(Kovari 2005)

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'
>
5
%
7
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",
4

  
[c

m
]

F.9.

7+7"$2-4' .%"H' 1H-$:µ+

80

60

40

20

0

1200 1300

(Kovari 2005)

>"3/7J ,J$+%%+ Gotthard - =1"<&%J -.1. 3"+-&µJ'

>"3/7J ,J$+%%+ Gotthard
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=*3&-"7J +*-",-J$"C4

MH<.6&' 07-&C. 
,7.$&3Hµ+-&' 
µ0 70*8

=*3&-"7J +*-",-J$"C4

MH<.6&' 07-&C. 
,7.$&3Hµ+-&' 
µ0 70*8

(+<. 1<+2,"+ µ0 
&<",9+2*&.,0' 
,.*3H,0"'

=*3&-"7J +*-",-J$"C4

MH<.6&' 07-&C. 
,7.$&3Hµ+-&' 
µ0 70*8

(+<. 1<+2,"+ µ0 
&<",9+2*&.,0' 
,.*3H,0"'

MH<.6&' µ0 
1+$+µ&$6#,"µ+ 
,-&"F02+

p = 0 p = 15 t / m2

12 m
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>"3/7J ,J$+%%+ Lötschberg

>"3/7J ,J$+%%+ Lötschberg

>"3/7J ,J$+%%+ Lötschberg
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=*3&-"7J +*-",-J$"C4

MH<.6&' 07-&C. 
,7.$&3Hµ+-&' 
µ0 70*8

(+<. 1<+2,"+ µ0 
&<",9+2*&.,0' 
,.*3H,0"'

MH<.6&' µ0 
1+$+µ&$6#,"µ+ 
,-&"F02+

p = 0 p = 15 t / m2 p = 50 t / m2

12 m

9./),:*4( '*)5;#. <4,+#4=2>

?+@AB/2 ;.:'1+( /* <4#37#@'*+( ;*)"5'()(

!"#$%&'()( *./),:*4(> 7(4 ;("('#"C5/*B+

D(:4E&/*4> *;4C(+*F(> *<,C#.>

G*3,%*> ;("('#"C5/*4> (/.+:&7*> /@+:%4A2>)

H2=43*+*F> E5+*> '* '*3,%2 .<()47& ;F*/2

s

7"F/4'2 E5+2: 0 - 30 m

3000 m

2000 m

1000 m

0 m

57 km

L K

>"3/7J ,J$+%%+ Gotthard

Piora
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c = 0, p = 170 bar
“$H&* H3+6&'”

7"F/4'2 E5+2: 0 - 30 m

2000 m

1500 m

1000 m

500 m

0 m

Piora

>"3/7J ,J$+%%+ Gotthard

E(0("#*4<&>
<#%#'F)2>

C"1("

/)#, ;"#/;1%(/2>

8 F$D*"+:
3"8*&"C4, A0<-2:,4

>"3/7J ,J$+%%+ Gotthard

>"3/7J ,J$+%%+ Gotthard
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>"3/7J ,J$+%%+ Gotthard

“OH&* H3+6&'”

Q0%8<4 .3+-"7J 120,4

=3+6"7D .<"7D

>J$+%%+

O4C"%0*J'
G#*4

?%"J'
A$8F&'

“OH&* H3+6&'”
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“OH&* H3+6&'”

“OH&* H3+6&'”

• )5C4,4 +*-&FJ' 
• >-0%8*:,4

Q+*35+' 0*H,0:*

“OH&* H3+6&'”
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Q+*35+' 0*H,0:*

“OH&* H3+6&'”

• )5C4,4 +*-&FJ' 
• >-0%8*:,4

Q+*35+' 0*H,0:*

“OH&* H3+6&'”

• )5C4,4 +*-&FJ' 
• >-0%8*:,4

Preventer

• )5C4,4 +*-&FJ' 
• >-0%8*:,4

Q+*35+' 0*H,0:*

“OH&* H3+6&'”
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“OH&* H3+6&'”

• )5C4,4 +*-&FJ' 
• >-0%8*:,4

Q+*35+' 0*H,0:*

=*-+-"7J 7+-8,-+,4 µ+*35+ 0*H,0:* (1+$830"%µ+)

3
0

0
 m

M.<"*3$. ,.µµ0-$2+
K&$#30' µH,&
=<+,-&1<+,-"7D .<"7D
M$"-J$"& Coulomb
O&J: Darcy

=1"68*0"+

L = 30 m L&µJ

10 m 20 m

$ = 30°, UCS = 8 MPa

$ = 30°, c = 0

Q+*35+' µ0 +1&,-$8%%",4

s

=*-+-"7J 7+-8,-+,4 µ+*35+ 0*H,0:* (1+$830"%µ+)

s

s = B5*+µ4 3"J94,4'

Q+*35+' ,-0%+*D'

.3+-. 120,4pp
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s

Q+*35+' µ0 +1&,-$8%%",4

.3+-. 120,4

Q+*35+' ,-0%+*D'

=*-+-"7J 7+-8,-+,4 µ+*35+ 0*H,0:* (1+$830"%µ+)

s

U$+5,4

p p

• x+<8$:,4
• 0,:-0$"7J 3"8A$:,4
• +1#<0"+ ,-0%+*D-4-+'

9./),:*4( '*)5;#. <4,+#4=2>

?+@AB/2 ;.:'1+( /* <4#37#@'*+( ;*)"5'()(

!"#$%&'()( *./),:*4(> 7(4 ;("('#"C5/*B+

D(:4E&/*4> *;4C(+*F(> *<,C#.>

G*3,%*> ;("('#"C5/*4> (/.+:&7*> /@+:%4A2>)

H2=43*+*F> E5+*> '* '*3,%2 .<()47& ;F*/2

s

M&10%F8%4B+*2+

I4</7& /&"(33( Storebaelt

Storebaelt

118
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I4</7& /&"(33( Storebaelt (O.;47& <4()#'&)

I4</7& /&"(33( Storebaelt

17 12131415160.:.

G#"(F+*>

G,"3*>

?/$*/)8%4:#4

50 m

I4</7& /&"(33( Storebaelt
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G20,+2'( 9HL

D#;)47& 

7*C(%&

8
.7

 m

D#0%F(>

Q,%('#> 

*"3(/F(>

9=(3B3&
(p=0)

17 12131415160.:.

G#"(F+*>

G,"3*>

?/$*/)8%4:#4

50 m

I4</7& /&"(33( Storebaelt
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I4</7& /&"(33( Storebaelt

17 12131415160.:.

G#"(F+*>

G,"3*>

?/$*/)8%4:#4

50 m

I4</7& /&"(33( Storebaelt

!"#$%&' ()"*!+,

ho 9+*"38> ),/2 /P

h
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!"#$%&' ()"*!+,

h = hoho /P

3'

!"#$%&' ()"*!+,

ho /P

3'

h < ho

s

M;#%#34/'8> <@+('2> 

<4&:2/2>
G20(+4/'8> (/)#0F(>

-@+('2 

<4&:2/2>

-./0,1' ),1"/2)%34 ()"*!+,
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