Lecture 4

Tunneling Through Fault Zones and
Melanges

BIMROCKS SHORT COURSE

Dr. Edmund Medley

Consulting Geological Engineer, Belmont, California, USA
emedley@bimrocks.com

Geological Engineering Department, Haceteppe Univ, Ankara r
June 22 and 23, 2004 |



Much of this lecture is
possible thanks to the use
of slides and photographs
permitted by:

Gruppe Geotechnik Graz,
Austria

Prof. Dick Goodman

Copyright: Dr. Edmund Medley, PE CEG  Consulting Geological Engineer emedley@bimrock.com



BIG CONCLUSION 1:
Remember this picture!!!

Medley, 2000



BIG CONCLUSION 2:
Remember this picture as well!!!

Proposed Tunnel

Willis, 2000



Tunneling failures can occur in relatively coherent rock-masses

Photo: courtesy

Prof. R. Goodman
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Some Rock Mass BEHAVIOUR TYPES
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Tunneling in fault rocks and melanges can result in failures
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Collapsed Tunnel M2, Egnatia Motorway, Greece
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Tunnel Collapse in unexpected bimrock
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Example Case Study of Geotechnical Hazard
Assessment

Project Data
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Geotechnical Longitudinal Section for the Tender Design
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Geotechnical Hazard Assessment
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Revised Geotechnical Longitudinal Section

Fault zones with bimrocks
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EXPECTED
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Geotechnical Longitudinal Section for the Tender Design
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BIMROCK EFFECTS in TUNNELS

Siroric) variation of rocic rress cflzljty

Stress redistribution :inel cJeforpeiiions
gtremely e ceel 9y clirzinic et of
blocks and matrix

~ Prediction of cisglzicements zriel N

utilization extremely difficult

~ Danger of brittle failures in blocks

> Diffleiliy of cdaiarminzilon of orooar si

U0139N13SU0Y)

Gruppe
Geotechnik

Graz ZTGMEH

Copyright: Dr. Edmund Medley, PE CEG  Consulting Geological Engineer emedley@bimrock.com



BIMROCK EFFECTS

PROBLEMS of

DISPLACEMENTS IN MATRIX IN RELATION TO BLOCK DISTANCE
~Uisolacemenis dagene an ine lepgin of ine

wWeazllk zora geatyweaar two stiff blocks
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BIMROCK EFFECTS
DISPLACEMENTS

» Final displacements influenced by zone length and
stiffmess contrast between blocks and matrix
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BIMROCK EFFECTS

STRESS DISTRIBUTION

» Stress concentration in blocks depend on
stiffness contrast and distance between blocks
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BIMROCK EFFECTS
STRESS CONCENTRATIONS

% E

25

_wm__ﬂ_,___ 22y

LR BEE
1 9

- T |\ I i
11 7

& - £ 717 775 =
z it R iy e S

T

transition

~

[

T
~_|
~_|
E=2
~_|
~_|
e
I~
i ]
dle

b %QEE&SE L 7\ T 77 gy 1
/
/

is LTI ] ] VeV [ [ [ VeV [ LA [ L] T ]

= LT f VST [ THEEyy [ [ [ | S]] i | ] <
Ll el L i Vel L ] ]

A WESIEaire s Tl T SO ThssiyT | |

2 ="

—
;

[ LI LT ] ATy (YO O 0 5 1 7 :

E

!.
F
|
|

= ..u._
| | ¥ ' ¥ | N | 1 ¥ ¥ ¥ .Illl.-:-lll.-.lll UL



BIMROCK EFFECTS

advance ——
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BLOCK REINFORCEMENT

BIMROCK EFFECTS

> Stress concentrations czan cause brittle failure in siiff
olocics

~Hasuliine siress redisirioution l2acs i additional
displacements in the matrix material

- Knowledge of the spatial distribution of blocks and matrix
essential to properly estimate stress situation
Sirort e grediction cple grediciion of disglacenmerts
e)trapely loorierni
Support / reinforcement of blocks necessary o zwvoid priitle
reliluie lniel lopie fegr sifess redisifiouiion, frequently
mistaken for creeping
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BIMROCK EFFECTS

Location Map
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Tunnel Spital, Austria
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BIMROCK EFFECTS: Case Study

» Twin 2,2 kmi leng fireeway tunnels in the
SEMMEring region, eastern Austria

» Alignment along a major fault zone

» Excavation area 70 — 90 m2

) |+

» O & rallway line and bullt Up area
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BIMROCK EFFECTS CASE STUDY

Tunnel Spital, Austria  Geological overview
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BIMROCK EFFECTS CASE STUDY

——,

(]
i)
r

L
b,

Gruppe
Geotechnik

Graz ZTGMEH

Tunnel Spital, Austria
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BIMROCK EFFECTS CASY STUDY
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BIMROCK EFFECTS Case study 3,
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Block effect on displacement
settlement crown / top heading

displacement [mm]
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BIMROCK EFFECTS: COLLAPSE at GALGENBERG TUNNEL, AUSTRIA

A fatal collapse July 1994 at station 1330 m.

Eight meters of heavily supported tunnel section collapsed at the face.
A miner, and equipment was buried

Redesign and maintenance work lasted for two months.
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BIG CONCLUSION 1:
Remember this picture!!!

Medley, 2000



BIG CONCLUSION 2:
Remember this picture as well!!!

Proposed Tunnel

Willis, 2000
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ex-po-nent
(ik-spo’nent) n.

1. One who expounds or interprets.
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