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A B S T R A C T 

U n c e r t a i n t y a n d r a n d o m n e s s of d a t a is a ma jo r i s s u e a s s o c i a t e d in 

g e o t e c h n i c a l e n g i n e e r i n g . It is the re fo re d e s i r a b l e to u s e m e t h o d s a n d 

c o n c e p t s in e n g i n e e r i n g p l a n n i n g a n d d e s i g n t h a t c a n faci l i tate t h e 

e v a l u a t i o n a n d a n a l y s i s of u n c e r t a i n t y . F o r m a l p robab i l i s t i c a p p r o a c h 

p r o v i d e s a u se fu l f r amework to i n c o r p o r a t e t h e s e u n c e r t a i n t i e s in 

s l ope i n s t ab i l i t y p r o b l e m s . U n d e r t h e r e s e a r c h d e s c r i b e d in t h i s t h e s i s , 

n u m b e r of p robab i l i s t i c m o d e l s h a v e b e e n deve loped to e v a l u a t e t h e 

s t ab i l i t y of s l o p e s a n d the i r u s e in t h e e v a l u a t i o n of s tab i l i ty of s l opes 

a n d t h e e v a l u a t i o n of effect iveness of v a r i o u s s t ab i l i za t ion t e c h n i q u e s 

h a v e b e e n d i s c u s s e d . 

Two p r o b a b i l i s t i c ana ly t i ca l m o d e l s t h a t c a n be u s e d to e v a l u a t e t h e 

s t ab i l i t y of s l o p e s t h a t c a n fail e i t h e r a l o n g c i r c u l a r fa i lure s u r f a c e s or 

n o n - c i r c u l a r fai lure s u r f a c e s h a v e b e e n deve loped . T h e s e m o d e l s 

fo rmal ly recognize t h e u n c e r t a i n t i e s a s s o c i a t e d wi th v a r i o u s 

g e o t e c h n i c a l p a r a m e t e r s a n d p rov ide m e a n s to quan t i fy the i r effects 

o n t h e s tab i l i ty . The r e s u l t is given in t h e form of p robab i l i t y of 

u n s a t i s f a c t o r y p e r f o r m a n c e of t h e s lope . E a c h m o d e l deve loped w a s 

fac i l i t a ted to pe r fo rm c o m p u t a t i o n s in five different w a y s r a n g i n g from 

t h e o r e t i c a l l y s o u n d m e t h o d s to s o m e a p p r o x i m a t e m e t h o d s , a n d t h e 

r e s u l t s o b t a i n e d were c o m p a r e d w i th e a c h o t h e r . In a d d i t i o n , t h e 

r e s u l t s w e r e c o m p a r e d wi th t h e r e s u l t s o b t a i n e d by a c o m m e r c i a l 

so f tware , w h e r e v e r app l i cab le . In a d d i t i o n , two o t h e r p robab i l i s t i c 

a n a l y t i c a l m o d e l s were deve loped to a n a l y z e t h e s l o p e s s tabi l ized by 

soil n a i l i n g . 

It is s e e n t h a t t h e behav io r of t h e p robab i l i s t i c m o d e l s deve loped u n d e r 

t h i s r e s e a r c h pe r fo rm sa t is fac tor i ly , a n d it c a n be r e c o m m e n d e d to u s e 

t h e s e m o d e l s in r o u t i n e p r o b l e m s of s lope ins t ab i l i t y to provide m o r e 

r ea l i s t i c r e s u l t s i n c o r p o r a t i n g t h e u n c e r t a i n t i e s a s s o c i a t e d wi th 



various geotechnical parameters. Analyses of a number of examples 

and case histories discuss the uses of the probability of failure in 

decision making to evaluate the stability of slopes as well as the 

effectiveness of various stabilization techniques. It also emphasizes the 

importance of the appropriate failure mechanism and the appropriate 

deterministic model in the probabilistic analysis. Analysis of case 

histories provides an important discussion showing the inadequacy of 

the conventional factor of safety alone in evaluating the stability of 

slopes. 
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Mean Factor of Safety 

Mean Value of "i"th Random Variable 

Angle of the Nail to the Horizontal 

Angle of Internal Friction 

Bulk Density 

Standard Deviation 

Reliability Index 

Effective Angle of Internal Friction 

Standard Deviation of Effective Angle of Internal Friction 

Standard Deviation of Effective Cohesion 

Standard Deviation of Factor of Safety 

Standard Deviation of Uncorrected Factor of Safety 

Slice Angle of "i",h Slice 

Lognormal Reliability Index 

Undrained Angle of Internal Friction 

Standard Deviation of Pore Pressure 

Small Increment applicable ti "i"th Random Variable 

Standard Deviation of "i"lh Random Variable 

Width of "i"'h Slice 

Cohesion 

Effective Cohesion 

Coefficient of Variation 
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Coefficient of Variation of Cohesion 
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Diameter of a Nail 
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Factor of Safety 
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Bond Coefficient 
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HCV - Highest Conceivaoie Value 

hi - Average Height of the "i"* Slice 

1 - Effective Length of a Nail 

LCV - Lowest Conceivable Value 

n - Total number of Nails passing through a particular Slice 

N - Total number of samples 

Ni' - Effective Normal Force on "i"lh Slice 

Pr - Probability of Failure 

Pr(LN) - Probability of Failure assuming Lognormal Distribution for FOS 

Pf(N) - Probability of Failure assuming Normal Distribution for FOS 

Qi - Surcharge acting on "i"th Slice 

SM - Safety Margin 

T m , i - Shear Force acting along the Failure Surface on the "i"th Slicce 

T n - Force Mobilized in Nails 

T N , i - Nail Force acting on the "i"th Slice 

Ui - Pore Pressure Force on "i"th Slice 

U i - Pore Pressure acting on "i"th Slice 

V p - Variance of Factor of Safety 

Wi - Weight of V t h Slice 

X i - "i" t h random variable 
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