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Dynamic Programming
Method In Slope Stability
Computations




\ SoilVision Systems Ltd.

Background

Slope stability analysis has
developed primarily as a series of

Limit Equilibrium methods (LEM) of

slices have two major

There is uncertainty regarding the of
the critical slip surface

There is a disregard for the
within the soil mass
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with Limit Y%
Equilibrium Methods of Slices

-The SHAPE for the slip surface must be assumed
-The LOCATION of the critical slip surface must be
found by TRIAL and ERROR
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Background

The of Limit Equilibrium
Methods of Slices can largely be overcome
by using a

(FEM) in conjunction with an appropriate

The technigue was
Introduced in 1957

The has been used to
compute stresses in slope stability analyses
since 1969 (Kulhawy)
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Objectives

o further develop a procedure that
combines the

technique with a stress
analysis for slope stability analysis

o0 demonstrate the application of the
algorithm based on the proposed
procedure

Improvement on the Normal Stress Computations
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Assumptions

The slip surface is assumed to be an
assemblage of

The fallure criterion iIs
appropriate and is linear

The solls behave as a
material

The IS assumed to
be independent of the stresses and
obeys Darcy’s law
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Hypothesis
(I.e.,
Dynamic Programming) can be used
to find the pathway which minimizes

a function of the
to the

within a soil mass

Assumption: The stresses computed from
“switching-on” gravity can be used to
represent the stress state in the soil mass
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Slope Stability Analysis Using
Combined with a Finite
Element Stress Analysis

Dynamic Programming (DP) optimization
techniques for slope stability analysis
(Spencer's Method) was introduced by

(1995) improved on the Baker (1980)
solution by coupling Dynamic Programming
with a Finite Element stress analysis




Definition of Factor of Safety
F. = Z ( Shear Strength) / Z (Actuating Shear Stress
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Definition of Factor of
Safety,

“That factor by which the shear
strength parameters must be reduced
to bring a soil mass
along a slip
surface”
C tfan @’
and v




\ SoilVision Systems Ltd.

Definition of

F. = 2 ( Shear Strength) / 2 (Actuating Shear Stress)

stage " I" stage " I+1" Difficult to
' ° minimize ! G Z(Tﬂ Fs )AL|
=L

4= Element (ij)

.jh Element (ij)

K

R = Resisting Shear Strength: S = Actuating Shear Stress
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Actuating
Resisting

S = Actuating Shear Stress

S =TAL =§Sj =ie:rij l;

1]=1 1]=1

R = Resisting Shear Strength

R = TfiALi :iRij =§Tﬁj Iij

=1 ]=1

R, =) {q +(0, —u)tan@+(u, ~u,) tan @}l

1]=1
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Definition of
Minimum Value of

n

Gmin =minG =minZ (R - FSS)
1=1

I ntroduce an “optimal function”, H i ( j)

Hiw (k) =H;()) TG (J.K)

Hi11(K) = the optimal function obtained at point {k} of stage[i+1],

I_Ii (]) =theoptimal function obtained at point {j} in stage[i], and

G(,k = the return function calculated when passing from the state
point {j} in stage [i] to the state point {k} in stage [i+1].
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Boundary Conditions of

At theinitial stage, (I=1) :
Hi(j)=0  J=1..NR
At thefinal stage, (1 =n+1) :
Hia (K) =Hn (1) +Gh(1.K)
Hoa(K) =G =2 (R —F..S)  Kk=1..NR,;
i=1

\ Fg\+1 = the number of state pointsin the final stage
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The Minimum
T1ime Problem
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THE MINIMUM TRAVELLING DYNAMIC PROGRAMMING
TIME PROBLEM SOLUTION




Analytical Scheme of the
Method
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Entry point
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N /1= "State point"

"n+1’ Stage No. X
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Example of a

50
Cohesion =20 kPa ; ¢ = 10% ¢, = 5% p=0.33 ; y= 18 (kN/m’) ; A=0.001 ; E = 20,000 (kPa) ; wet slope.

45 Method X Y R Factor of Safety Legend

DYNPROG 1.017 444
Enhanced 33.243 30.460 22.276 1.132 _
40 Morgenstern-Price 32.200 31.852 21.459 1.168 am=—-
Simplified Bishop's 32.200 31.852 21.459 1.167 ————-
35 + i - —
Bishop; M-P =1.17
&
-~ 30
S
= 2 Enhanced =1.13
>
Llij 20
e
)
10 .
SVDynamic = 1.02 n=0.33
5 -
} 1 1 1 1 1 ] 1 1 [ 1 1 [
0 ) 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance, m
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Example of a

Enlargement of
Previous Slide

Enhanced =1.13
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Example of a

U = 0.33

,,,,,,,, Bishop; M-P =1.64

Enhanced = 1.62

SVDynamic = 1.49
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Example of a

50
45
= 40
c 35
o
—
M 30
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(D]
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20

Medium layer : ' =20 kPa, # =305 ¢,=0°% Y= 15kN/m} p=0.33, A= 0.001, E = 15000 kPa.
Weak layer:c'=0kPa, ¢ = 10 ¢,=05 y=18 kN/m | u=0.45 , 2= 0.001 , E = 2000 kPa.

i Hard layer : ¢’ = 100 kPa, ¢' = 30°% ¢,=0% v=20 kN/m’, 1= 0.35, A= 0.001 , E = 100000 kPa.
Method X Y R Factor of Safety Legend

§ DYNPROG 0.955 4+
Enhanced 1.101 —_—
Morgenstern-Price 35.289 30.759 19.786 i.140 -——-

- Simplified Bishop's 35.289 30.759 : 19.786 1.125 -—-

Medium layer:

Enhanced = 1.10 =
[ Weak Tayer — —t——t T :
| N SVDynanr”C =0.96
Hard layer
0 5 0 15 20 25 30 35 a0 a5 30 55 0 & 710 75 &

Distance, m



Conclusions

The | of the Critical Slip |
Surface is a part of the overall solution

The of the Critical Slip Surface
IS part of the overall solution

The shape of the Critical Slip surface
can be

| - _for soll
behaviour (e.g., elasto-plastic) can be
used In the finite element method for
the computation of the stress state In
the soil mass
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Thank You...




