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SLOPE STABILITY ANALYSIS AND EARTH RETAINING STRUCTURE
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“Fall” type of landslide

Slope failure by “toppling”
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Slope failure by “sliding”

Slope failure by “lateral spreading”

Slope failure by “flowing”
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(0) Water Content Determination Test

()) Specific Gravity Test

('\)) Atterberg Limit Test

() Particle Size Analysis Test

(3) Direct Shear Test

(@) Modified Proctor Compaction Test

('2) CBR Test

(®) Density Test
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- Plane Failure Surface Method (Culmann Method)

- Slope Stability Chart Method
- Slope Stability Analysis (Michalowski Method)
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- Typical design density of stone = 16kN/m3
- Safety Factor (Sliding) = 1.5 (minimum)
- Safety Factor (Overturning) = 2 (minimum)

- Safety Factor (Slope Stability) = 1.5 (minimum)
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Slope Stability Design

Slope Stability Analysis (Falam]

Slope (1)
SE Borrow
Method (1) Plane Failure Surface Method
Slope on back up soilfrock strata
Cohesion Factorc= 18.20 kN/m’ 380.11 Ib/ft’
Unit Weight r = 20.79 kN/m® 132.35 b/t
Friction Angle 2 phi = 22 Degree 0.383972 radians

Slope Height H = 381 m

381 m \L=539

Page 1

phi
1.047198 radians
beta = 45 0.785398 radians
¢ X 5 x= 3.81m
¢ y 5 y= 381 +z
y-x= 0.00 +z
0.00 (y-x)
= 0.00 m O.K.
L= 539 m
a = H/sin beta
= 539 m
alpha = thita - beta
= 15 0.26179939 radians
W = /2 (a Sin alpha) L
= 78.11 kN
Apply Trial and Error Method
Foni = 1.70
phi, = tan™ (tan phi/ Fy.)
= 0.233334 13.37 degree
C /sin(thita-phi;) = W/sin(90+phi,) thita-phi, = 46.63 0.813864
C = 58.36 kN 90+phi, = 103.37 1.80413
6= Cl= 10.83
Fu=: clc.= 1.68
Repeated Trials
Fe= Fe= Fon = 168 > 15
Design is satisfactory #
Civil Solution Consultants Ltd. Falam Airport Slope Stability Analysis Design

Civil Solution Consultants Ltd.

Method (2) Taylor's friction circle method of slope stability

From Fig (15.23), beta = 45 degree
.= = 22 degree 0.383972 radians

m = 00664
m = ¢'yrH

0.0664 =c'yrH
Y = 5.26 kNim*
F'y; = tan ¢/ tand'y = 1
Fe = clicy = 3.46 # Fs

This is not the factor of safety with respect to strength

Repeated Trials

8, = 20 degree  0.349066 radians
m = 0.06
m =c'yrH
0.06 =c'yrH
¢ = 475 kN/m*
Fy = tan ¢/ tan¢'y = 1.11
F'. = clic'y = 3.83 # Fy

Similar calculations of F¢' and F', for various assumed values of ¢'; are given in the following table.

oo | e | F, mo | e |
22 0.40 1.00 0.0664 526 3.46
20 0.36 1.11 0.06 4.75 3.83
15 0.27 1.51 0.083 6.57 2.77
10 0.18 2.29 0.105 832 2.19
& 0.09 4.62 0.136 10.77 1.69

Falam Airport Slope Stability Analysis Design

Page 2

Zar Chi Pwint and Yamin Thu
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Slope Stability Design

Method (3) Michalowski (2002)

Cohesion Factor ¢ = 18.20 kN/m? 38011 I/t
Unit Weight r= 20.79 kNm® 132.35 Ib/ft’
Friction Angle 2 phi = 22 Degree 0.383972 radians
5 Slope Height H = 381 m
beta = 45 Degree
\ c'/rH tan ¢' = 057
4
\ From Fig 15.25,
Fs/tan ¢' = 5.474

o Fs = 221 >> 1.50
v 3 O.K. Design is satisfactory#

2 //

3
///
) // \
~
///
///
0 £
0.00 1.00 2.00 3.00 4.00 5.00
F'c
From Graph, FS'. = FS8', =F§;= 22 >> 15
O.K. Design is satisfactory#
I v " v Rege 8 Page 4
Civil Solution Consultants Ltd. Falam Airport Slope Stability Analysis Design Civil Solution Cc Lid. Falam Airport Slope Stability Analysis Design

Zar Chi Pwint and Yamin Thu 7.2
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Gabion Retaining Wall Design

TOE WALL DESIGN (Gabion Masonry) TOE WALL DESIGN (Gabion Masonry)
Slope (1) Slope (1)
1 05 A 1 A
: =
1 1 ‘\
| b o N
’ SN 1 l
| Y| Yo P "
D, 1 i ] N D 1

77 {:'0.15
216 m B €

Gabion wall and Forces

Phi, @
cohesion factor ¢

Assume delta, d

Beta

Unit Weight of Back Fill (r)

30 degrees 0.523599 radians

18.2 KN/m?

30 degrees 0.523599

20.79 KN/m*  Dry Cond.

77 \='UW5
115 m B €

Gabion wall and Forces

Phi, @
cohesion factor ¢

Assume delta, d

Beta

Unit Weight of Back Fill (r)

30 degrees 0.523599 radians
18.2 KN/m?
30 degrees 0.523599

20.79 KN/m*>  Dry Cond

Unit Weight of Lean Concrete 2279 KN/m® Unit Weight of Lean Concrete 22.79 KN/im®
Density of stone 16 KN/m® Density of stone 16 KN/m®
Number of baskets Number of baskets il
Lateral Earth Pressure Coefficient, K, = tan (45-¢/2)* Lateral Earth Pressure Coefficient, K, = tan (45-¢/2)*
=0.455 =0.455
BC =Ksrh BC =K,rh
= 1892 kN/m® = 9.46 kN/m’
Horaizontal Force due to Earth Pressure, H = Area of ABC Horaizontal Force due to Earth Pressure, H = Area of ABC
=05xABxBC 5x ABx BC
= 18.92 kN = 4.73 kN
Weight of Gabion Wall Weight of Gabion Wall
Weight of soil = 10.395 kN
Weight of gab!on baskets = 48 kN Weight of gabion baskets = 16 kN
Weight of footing = 7.35 kN Weight of footing = 3.93 kN
Total weight of gabion wall = 65.75 kN Total weight of gabion wall = 19.93 kN

Resistance against sliding,R

Factor of safety against sliding,Fs

= Total weight of gabion wall x tan d
= 37.94 kN

_ Resistance against sliding,R
Horizontal Force due to Earth Pressure, H

Resistance against sliding,R

Factor of safety against sliding,Fs

= Total weight of gabion wall x tan o
= 11.50 kN

_ Resistance against sliding,R

Horizontal Force due to Earth Pressure, H

= 201 >> 1.5 0K = 2.43 >> 1.5 OK.
Overturning Moment ) Overturning Moment
Obtain moment around point D =13xABxH Obtain moment around point D =13 x ABxH

= 12.61 kN-m = 1.58 kN-m
Resisting moment = 66.19 kN-m Resisting moment = 8 kN-m

Factor of safety against overturing, Fo

_ Resisting moment
Overturning Moment
= 526 >> 20K

Factor of safety against overturing, Fo

_ Resisting moment
Overturning Moment
= 5.07 >> 20K

Zar Chi Pwint and Yamin Thu
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Slope Stability Analysis using Software

* Software — Plaxis software (Version 8.5)

Design Parameters used in Analysis

Material Model Mohr-Coulomb
Clayey Sand with
Soil Type vEy W
Gravel
Cohesion, ¢ (kN/m? ) 18.2
Friction Angle, ¢ (°) 22
Unit Weight, Y
Lo Tsat 23.28
((kN/m>)
Unit Weight, Y
X g unsat 20.79
((kN/m~)

Analysis Result ¢ Factor of safety = 2.1

27

21

15

5 = = & ® = |5 ® T T

=t
=

N
it

Slope Geometry

Total displacements (Utot)
-161.72510 2 m

Zar Chi Pwint and Yamin Thu
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UNDER CONSTRUCTION STAGE OF GABION RETAINING WALL (R-1)

.
-

«
"
v~

Y o 0

DCP Test CBR 20-25% Sand Cone Test 95% SPD
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COMPLETION OF GABION RETAINING WALL (R-1)

Zar Chi Pwint and Yamin Thu 10
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COMPLETION OF GABION RETAINING WALL (R-1)
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UNDER CONSTRUCTION STAGE OF GABION RETAINING WALL (R-2)

C

c  C
@O@leOCI QOLUC:D
O o IL

Jojoi e[§ (Qo) slorgu
Senior Geotechnical Engineers, CSC Ltd.

e-mail: csc1999@gmail.com; Web: www.cscl1999.com

References: (1) Das, B.J. 2016. Principle of Geotechnical Engineering, Ninth Edition, Nelson,

Cengage Learning in Canada by Nelson Education Ltd, United States of America.
(2) Baran Toprak, Ozer Sevim, Ilker Kalkan. 2016. Gabion Walls and Their Use,

International Journal of Advances in Mechanical and Civil Engineering,

ISSN: 2394-2827.
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