
89.325 – Geology for Engineers 
Mass Movement and Slope Stability 







Topple 

Topple video 

http://www.youtube.com/watch?feature=player_embedded&v=_5T2oDDE2cs


Rock Avalanche 

Rock Avalanche video 

http://www.youtube.com/watch?feature=player_detailpage&v=aajUXQmec-Q


Rock creep 

Rock slide 

Rock flow 



Creep 

Earth flow Debris flow 



Mudflow 



Slump 



Debris slide 

Debris avalanche 



Nicolet, Quebec lateral spread 



Tropical Storm Irene and Mass Rt. 2 



Hegben Lake Earthquake - Slide and Quake Lake  



Flow mechanisms for rock 
avalanches 
 

a. Block of rock launched into 
motion by earthquake or other 
triggering factor. 

 

b. Debris slides on a layer of 
compressed air or 

 

c. By grain flow, motion and 
stratigraphic order maintained by 
inertial collisions between trailing 
blocks and fragments ahead of 
them. Possible variant is acoustic 
fluidization where particles are in 
closer contact and are fluidized 
by acoustic (elastic) waves. 







Overconsolidated clays 
 

• Removal of overburden reduces 
pressure 

 

• Expansion of clay leads to the 
development of fractures 

 

• Peak strength of massive clay is 
greater than residual strength of 
fractured clay 

 

• Laboratory tests done on small 
clay samples are not 
representative of the strength of 
the material 



Influence of Water 
• Increase in fluid pressure (P) decreases effective stress (σe) 
• Decrease in effective stress leads to a decrease in shear 

strength (S) 



Relationship between periods of intense rainfall (shown by 
steepening of cumulative rainfall curves) and times of debris 
flows (represented by dots) 

Reservoir bank failure due to rapid 
drawdown which removes lateral 
support with a concomitant decrease 
in effective stress due to delayed drop 
in water table. 



Angle of repose - the maximum angle to the horizontal at which rocks, soil, etc, will 
remain without sliding. 



Recognition of Unstable Slopes 

Bedrock and surficial geologic maps – reveal presence of materials susceptible to 
mass movement 

Analysis of air photos and topographic maps – evidence of previous mass 
movement 

Fracture and joint patterns 

Locations of springs and seeps 

Over-steepened slopes 

Geophysical measurements – seismics, resistivity 

Drill holes and core 



Monitoring 
downslope 
movement using 
inclinometers 



Slope Stabilization 

Reduce mass – flatten slope, excavate material, benching 

Dewater slope 

Retaining walls or fills at base of slope 

Rock bolts 

Retaining walls and benches - Turkey 



Rock buttresses and rock bolts 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

