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Classification Behavior Typical Soil Types 
Firm Heading can be advanced 

without initial support and 
final lining can be constructed 
before ground starts to move. 

Loess above water table; hard clay, 
marl, cemented sand and gravel 
when not highly overstressed.    

Raveling Slow 
Raveling 
 
 
                      
 
 
Fast 
Raveling 
 
 

Chunks or flakes of material 
begin to drop out of the arch 
or walls sometime after the 
ground has been exposed due 
to loosening or to overstress 
and “brittle” fracture (ground 
separates or brakes along 
distinct surfaces, opposed to 
squeezing ground).  In fast 
raveling ground, the process 
starts within a few minutes, 
otherwise the ground is slow 
raveling     

Residual soils or sand with small 
amounts of binder may be fast 
raveling below the water table, 
slow raveling above.  Stiff fissured 
clays may be slow or fast raveling 
depending upon degree of 
overstress. 

Squeezing Ground squeezes or extrudes 
plastically into tunnel, without 
visible fracturing or loss of 
continuity, and without 
perceptible increase in water 
content.  Ductile, plastic yield 
and flow due to overstress.     

Ground with low frictional 
strength.  Rate of squeeze depends 
on degree of overstress.  Occurs at 
shallow to medium depth in clay of 
very soft to medium consistency.  
Stiff to hard clay under high cover 
may move in combination of 
raveling at excavation surface and 
squeezing at depth behind surface.   

Running Cohesive, 
running 
 
                      
 
Running 

Granular materials without 
cohesion are unstable at a 
slope greater than their angle 
of repose (±30-35).  When 
exposed at steeper slopes they 
run like granulated sugar or 
dune sand until the slope 
flattens to the angle of repose.  

Clean, dry granular materials.  
Apparent cohesion in moist sand, 
or weak cementation in any 
granular soil may allow the 
material to stand for brief period of 
raveling before it breaks down and 
runs.  Such behavior is cohesive-
running.  

Flowing  A mixture of soil and water 
flows into the tunnel like a 
viscous fluid.  The material 
can enter the tunnel from the 
invert as well as from the 
face, crown, and walls, and 
can flow for great distances, 
completely filling the tunnel 
in some cases.   

Below the water table in silt, sand, 
or gravel without enough clay 
content to give significant cohesion 
and plasticity.  May also occur in 
highly sensitive clay when such 
material is disturbed. 

Swelling Ground absorbs water, 
increases in volume, and 
expands slowly into the 
tunnel.   

Highly preconsolidated clay with 
plasticity index in excess of about 
30, generally containing significant 
percentages of montmorillonite. 
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Limits suggested 
by Hunt & Del Nero, 

2009

= Cases with stuck 
MTBM
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