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Introduction – scope  of  research

� Great progress has been made in analytical and computational
methods in tunnel engineering. Nevertheless, the results may still
involve errors and uncertainties when they are used without
considering the actual failure mechanism of an excavated rock
mass.

� So the first step is no to start performing numerous calculations
(probably misleading) but to define what is the potential failure
mechanisms, ensure the selection of the appropriate design
parameters used in the suitable analysis and qualitatively guide the
tunnel support philosophy to account for them.

� The Engineering Geology practice can considerably assist towards a
realistic tunnel design.



Understanding  the  
behaviour  in  tunnelling

Why  it  is  important  in  the  
design  process

Example of two equally rated rock
masses with the GSI or RMR
system but with completely
different behaviour in tunnelling.
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Kazilis  and  Aggistalis,  2005

680  km  Highway  (East-­
West).  100%  constructed.
76  road  tunnels  (length  of  
99km  in total)
62  bored  tunnels  
Tunnel  span:  12m
Opened  by  the  method  of  
top  heading  and  bench
The  cross-­section  of  these  
tunnels  is  80-­120m2
Tunnelling  conditions  
range  from  relatively  
straightforward  to  
extremely  difficult

I.  The  data:  Design  and  construction  of  62  
Tunnels of  Egnatia Highway



From  the  Geological  Model  to  the  Rock  Mass  model:
Identification  of  rock  mass  types

Tunnelling  in  a  great  variety  of  geological  situations,  under  different  in  situ  
stress  conditions,  in  both  mildly  and  heavily  tectonised  rock  masses.

Experience  in  tunnelling  from:  12  tunnels  in  flysch  rocks  ,  13  in  molassic  rocks,  
7  in  ophiolites,  5  in  limestones,  other  in  gneiss,  marbles,  schists  and  granites.



From  the  Geological  Model  to  the  Rock  Mass  model:
Identification  of  rock  mass  types



The  tool:  a  creation  of  a  
geotechnical  tunnel  database

Tunnel  Information  Analysis  System (TIAS)

(Marinos  et  al.,  2012).



Architecture  of  TIAS  Database

Tunnel Information and Analysis System (TIAS) : A geotechnical
database for tunnels and analysis system with a purpose to
manage and correlate all the data generated from site
investigation, design and construction (Marinos et al., 2012).

Thousands  of  data  from  62  tunnels  are  incorporated.



• Criteria:
Tunnel cover:100-­200m,
Parameters: GSI=20, σci=10-­15MPa,
Behaviour: Squeezing (Sq)
Support: Fibreglass nails at tunnel face

Example  of  Analysis  
in  TIAS  database:

Correlation  of  design  
parameters  – tunnel  
behaviour  – support  
measures

Export  results:  
Relevant  support  
measures  categories  
with  these  criteria
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II.  Tunnel  Design  Flowchart

How  should  tunnel  
behaviour  be  incorporated  

in  the  design.

Based  on  Schubert  et.  al.,  2003,  
and  modified  by  the  author



Tunnel  Design  Flowchart  



Tunnel  Design  Flowchart  



Tunnel  Design  Flowchart  



Outline

I. The  data  – A  geotechnical  database  from  62  tunnels
II. Tunnel  design  steps  -­ Where  Engineering  Geology  
must  be  involved

III. Identification  of  tunnel  behaviour  modes
IV. Classification  scheme    for  assessing  the  rock  mass  
behaviour  in  tunnelling

V. Suggestions  on  the  temporary  support  measures
VI. Conclusions  – Contribution  of  Engineering  Geology



III.  Identification  of  
predominant  behaviour  
types  around  tunnels.

Based  on  Schubert  et.  al.,  2003,  Terzaghi,  1946  
and  from  the  presenter

The term “failure mechanism-­
behaviour type”, here, involves all
the mechanisms that endanger the
tunnel section when the rock mass
has not yet been supported after
excavation.



Predominant  behaviour  types  around  tunnels.



Predominant  behaviour  types  around  tunnels.



Chimney  failure  in  highly  weathered  gneiss  
(Σ10 Tunnel,  Egnatia  Highway)

Tunnel  behaviour  types
Chimney  type  failure  (Ch)

� Rock mass is highly fractured and/or
weathered

� Maintains most of the time its
structure.

� Not good interlocking. In
combination with low confinement
block falls which develop to larger
overbreaks.

� Overbreaks may be stopped and
“bridged” by better quality rock
masses, depending on the in situ
conditions.

� This type may be applied also in
cases of disintegrated rock mass
with high confinement



Tunnel  behaviour  types
Squeezing  behaviour  (Sq)

“Overstressed” steel  sets
(Driskos tunnel,  Egnatia Highway)

• Predicting Squeezing Magnitude (Sq)
with the ratio (σcm/po) (rock mass
strength to the in situ stress)

• Shear failures in an extended zone.

• Low strength intact rocks, rock mass
structure reduces the overall rock
mass strength.

• σcm/po is very low (<0.3) and strains
are measured or expected to be
>2.5%

• They can be also take place at the
face

(Hoek and  Marinos,  2000)
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IV. Assessing rock mass
behaviour for tunnelling:

A proposed Tunnel
Behaviour Chart (TBC)

Marinos,  2012

The  user  to  read  the  “small  
letters”  before  using  the  chart

• Top  heading  and  bench  method  
• Non-­urban  environment  
• Overburden  cover  up  to  several  
hundred  metres (not  very  high  
overburden  (e.g.  >700m)

• Tunnel  diameter=9-­12m



Marinos,  2012

Tunnel  Behaviour  Chart  
(TBC)

The  behaviour  depends  
on  three  major  
parameters:

� The  Structure  

� The  Intact  Rock    
Strength  (σci)

� The  Tunnel  
Overburden  (H)



Marinos,  2012

Tunnel  Behaviour  Chart  
(TBC)

Example:

• Tectonically  sheared  
siltstone

• σci:  10  Mpa

• Overburden:90m

Low  σci

Large  Overburden



Conceptual  model  in  a  tectonic  flysch  
environment



Conceptual  model  in  a  tectonic  flysch  
environment

Chaotic  mixture  of  siltstone  
flysch  in  a  geological  
environment  of  a  big  thrust.

The  area  is  consisted  by  sheared  
clayey-­silty  geomaterial  where  
sandstone  blocks  ,  of  different  
size,  are  floating.

It  is  not  possible  to  detect  specific  
zones  of  better  or  worst  rock  mass  
quality.  Sandstone  blocks  have  not  
particular  geometry  and  
persistence  in  space.



Example  of  geotechnical  behaviour  of  
flysch  in  tunnelling

Shotcrete  failure    at  the  
invert  area.

Steel  set  bending.

Squeezing  conditions  (Sq)  in  sheared  flysch  (X-­XI)

Shotcrete  failure
Steel  set  yielding  due  to  the  
overstressed    tunnel  support  section
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V.  Provide  the  principles  of  the  temporary  support  
measures  (Type  of  support)  for  every  failure  mode



V.  Provide  the  principles  of  the  temporary  support  
measures  (Type  of  support)  for  every  failure  mode

Note: It is emphasised that the support proposals do not replace
the proper design methodology but allow an early assessment of
the principles of the appropriate support measures and their basic
dimensioning, as they are dictated by the ground behaviour and
the associated failure mode.



Recommendations  of  temporary  support  in  
Squeezing  ground  (Sq)

� 1m  in  Top  heading
� 35-­70cm shotcrete
� 1-­1.5m  x  1-­1.5m,  fully  grouted.  
� HEB160-­180  or  equivalent  Lattice  Girders  with  
elephant  foot  sets  

� Fiberglass  anchors  ,  Forepoles,  Face  buttress  
� Temporary  and  final  invert
� The  shotcrete  thickness,  bolt  lengths,  
strength  characteristics  are  defined  according  
to  the  squeezing  magnitude.  

!

!

� Control the deformation
� Alternatively, very dense bolt pattern
around the tunnel vault and sides,
great number of fiberglass bolts at
the face and fast closure of the top
heading with a temporary invert.

� Other…..fast closure of the tunnel
ring with a permanent invert

� When σcm/po<0.2 and squeezing
problems are very severe, flexible
support system with yielding
elements should be considered.
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VI.  Conclusions

� The classification proposed is focused on the evaluation of the tunnel
behaviour in order to guide the selection of the appropriate design
parameters and establish the temporary support philosophy.

� The proposed classification, called Tunnel Behaviour Chart, is a
classification system for assessing the rock mass behaviour in
tunnelling and covers a wide range of rock mass conditions.

� Following the evaluation of the mechanism of failure, one can be
more confident either in using the rating of the applied classification
system or to investigate which are the specific geological “keys” and
the appropriate parameters that should be used for the design
analysis.

� This work intends to present how Engineering Geology, going
beyond the establishment of a reliable geological model, contributes
most effectively to the design, and in this case to the tunnel design.


