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1. Introduction
2. Failure Types

To understand the development and form of natural slopes and the
processes responsible for different natural features.

3. The Causes of Landslide
4. Physical Modeling and Stability Analysis

To assess the stability of slopes under short-term (often during
construction) and long-term conditions.

To analyze landslides and to understand failure mechanisms and the
influence of environmental factors.

5. Countermeasures

To enable the redesign of failed slopes and the planning and design
of preventive and remedial measures, where necessary.

Slope stability and stabilization methods
LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
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1. Introduction

Pangaea

200 millions years ago
Current Days

" Department of Civil Engineering, National Central University



Slopeland Engineering
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The island of Taiwan was formed approximately 4 to 5 million years ago at a
complex convergent boundary between the Philippine Sea Plate and the Eurasian
Plate. In a boundary running the length of the island and continuing southwards in
the Luzon Volcanic Arc (including Green Island and Orchid Island), the Eurasian Plate

IS sliding under the Philippine Sea Plate.

Department of Civil Engineering, National Central University



1. Introduction

Slopeland Engineering

120°0"
1

121l°0'

122°0°
1

5 ko N
BT R 57 B (2012)
2 v' -
0 1020 40
e Km i
P AT P
IS4 <3
87 E
o | o
Q R a9 2 1 K
1 L 1T A TR
2 HuER 18 AU
3 MATEIR 19 MILETR
4 FARER 20 T MR
5 OEREETR 21 ASUETR
6 ZREE 22 N ELER
T OAFER 23 ARLETR
8 SEELETR 24 M ER
9 AFRETE 25 LB B
10 S4LETR 26 % HETR N
Il SEABR 2T HTBR R-BEHMA
12 KFHi-#4 28 mABE (B BT 450
iR 20 & AR % = 985
O 113 AHsEE 30 EEHR &«?ﬁ%zﬁlﬂf%) L2
N7 14 HLesg 31w ¥R ’ &
15 RRLBIRE 32 RIFER 1 WiRA BN R
16 KAFER 33 A% MR - KRR (BER)
120°0' 121°0"

122°0" |

[

2 H 3
GEOLOGIC MAP OF TAIWAN

PEREATASE 2000

W R E+ & 92—
o] — SCALE 1:500,000

e ® ®» ® 6 wex
— Y

BEBT RIHPEN G
PUBLISHED BY
CENTRAL GEOLOGICAL SURVEY, MINISTRY OF ECONOMIC. AFFARS

Ak BREL
CHAQ-HSIA CHEN, DIRECTOR

j
2 B A

B R REE M MBS R A RME R RAXRAE - HRF - EAK
Carstod 5y Choc i e, - Chong o P L g L, Eaen O

4. Chaecs Pt o e L G e Cha Chre e Fom Yasm 0 Lo

s v e s

Department of Civil Engineering, National Central university

O IR MK

v by ¢ Am iy A Sl



Slopeland Engineering
1. Introduction
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NS-Length: 395 km ~
WE-Width: 144km e
Length of coast: 1139 km
Area: 35883 km?

(It is smaller than Switzerland and
larger than Belgium.)

The Penghu Islands are west of the
main island.

South China Sea

The shape of the main island of %‘;
Taiwan is similar to a sweet
potato seen in a south-to-north
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1. Introduction
" A

The terrain in Taiwan is divided into two parts:

1. The flat to gently rolling plains in the west
and occupied one-third of Taiwan. (90% of
the population lives)

2. The mostly rugged forest-covered
mountains in the eastern and occupied
about two-thirds of Taiwan.

The eastern part of the island is dominated by five
mountain ranges which arrange from north-
northeast to south-southwest, roughly parallel to the
east coast of the island. As a group, they extend
330 km from north to south and average about 80
km from east to west. There are 269 peaks with

elevations of over 3000 m.
(38 peaks with elevations between 2900 m to 3000 m)

%ﬂ% Department of Civil Engineering, National Central University
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1. Introduction

"

We need to pay more to recover
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We have to subjected to more hurricanes/ tropical storm

1. Introduction
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The storm dissipate more power
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1. Introduction
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Diandong Ren — Storm triggered Landslide in warmer
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Talwan has two city highly vulnerable

to the natural disaster. The disasters
also have critical impact to country’s

Value of working days lost (global index, relative to national economy of home country)
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Slopeland Engineering

mEarthquake
m'Wind speed
mRiver flood
mStorm surge
mTsunami

People potentially
affected (cumulative
nurmber in mn)

Metro area Ranking: value
of waorking days lost
relative to national
economy (global
index, aggregated
for all & perils)
Manila I[F’HL} 1.95
Amsterda m-Hntterdam I‘I 31
(NLD) e
Tﬂkvn-‘r'mmhama :JPN} ‘I 29
Sandose(CR) 126
Guayaquil {ECU) 1.20
Taipei (TWN) 102 |
Ndjamena [TCL} 1.00
Nagoya (JPN) 0.97
Tainan-Kaohsiun
T 9 0.90
Lima (PER) | 0.90

Swiss Reinsurance Company - 2014

Department of Civil Engineering, National Central University



Slopeland Engineering




Slopeland Engineering
2. Failure Types

w D W
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et 6 Very Rapid 50
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== 4 Moderate 5x 103
© o 3 slow 5x 103
2 Very slow 5x 1073

1

Extremely slow

Slope stability and stabilization methods
LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
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2. Failure Types- Rock Fall
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2. Failure Types- Toppling

: Department of Civil Engineering, National Central University
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2. Failure Types- Sallow Slide
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2. Failure Types- Release joints
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2. Failure Types- Release Joints

Google earth.
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East coast of Talwan
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2. Failure Types- Release Joints
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2. Failure Types- Deep Slide

OLD SLIP SCAR

— RESIDUAL SOIL

COLLUVIUM/TALUS

ALLUVIUM

SAPROLITE

Figure 2.5 Colluvial/talus deposits moving downslope.
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2. Failure Types- Deep Slide

(1) Crown 3B
The practically undisclosed material above the main
scarp
(2) Main Scarp £E
A steep surface on the undisturbed ground at the
—A_ upper edge of the landslide
(3) Top TEER
The highest point of contact between the displaced
material and main scarp
(4) Head SEXB
The upper parts of the landslide between the
displaced material and main scarp
7. (5) Miner Scarp /)NE&
A steep surface on the displaced material produced
by differential movements
(6) Main Body £#
The part of the displaced material that overlies the
surface of rupture
(7) Foot BB
The portion of the landslide that has moved beyond
. the toe
> e 'ii& > 4 Slope stability and stabilization methods
LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
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2. Failure Types- Deep Slide

(8) Tip REB

The point on the toe farthest from the top

(9) Toe BEZR

The lower margin of the displaced material
(10) Surface of Rupture B ENTH

—A_ The surface that forms the lower boundary of
the displaced material

(11) Toe of Surface of Rupture 7& &b &t Z§
The interaction between the lower part

of the rupture surface and the original ground
surface

A (12) Surface of Separation %3 BT

_ The original ground surface now overlain by
the foot of the landslide

(13) Displaced Material & ¥}

Material displaced from its original position by
landslide movement

/ W

Slope stability and stabilization methods
LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
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2. Failure Types- Deep Slide

(14) Zone of Depletion & [E
The area within which the displaced material
lies below the original ground surface
(15) Zone of Accumulation ¥R [E
The area within which the displaced material

A lies above original ground surface
"~ (16) Depletion & B
The volume bounded by the main scarp, the
depleted mass, and the original ground surface
(17) Depletion Mass &8
The volume of displaced material that overlies the
rupture surface but underlies the original ground
+ surface
= (18) Accumulation K8
The volume of the displaced material that lies
above the original ground surface
(19) Flank I %X
The undisclosed material adjacent to the sides of
the rupture surface
(20) Original Ground Surface R it 3R H
The surface of the slope that existed before

ooty and stbilization methods the landslide took place
GER AN ﬂﬁ IHOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
PRAR Ty |
I
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2. Failure Types- Deep Slide
"

(1) Width of Displaced Mass, W, B E) i B &
The maximum breadth of the displaced mass
perpendicular to the length, L

(2) Width of the Rupture Surface, W, BEBHEE
The maximum width between the flanks of the
landslide, perpendicular to the length, L,

(3) Total Length, L #EE

The minimum distance from the tip of the landslide
to its crown

(4) Length of Displaced Mass, L, BBl EE

The minimum distance from tip to the top

(5) Length of the Rupture Surface, L, BB HRE
The minimum distance from the toe of the surface
of rupture to the crown

(6) Depth of the Displaced Mass, D, &EfRE
The maximum depth of the displaced mass,
measured perpendicular to the plane containing
W, and L

(7) Depth of the Rupture Surface, D, & B HRE
The maximum depth of the rupture surface below
the original ground surface measured

Slopeland Engineering

P>

i 2 to the p|ane containing W.and L Slope stability and stabilization methods

‘: r r LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
PRI T
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2. Failure Types- Deep Slide

UPSLOPE
DIAGONAL
TENSION SHEAR ) )
CRACKING Figure 2.17 Development of escarpment in or above a roadway.
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Groben
DOWNSLOPE
TENSION CRACK: POSSIBLY T0E

~~ N DISPLACEMENT : : 53 :
mm MUD WAVE OR Figure 2.13 Mechanism of graben formation due to sliding on horizontal layer (Seed,

TENSION CRACK ON TOE BULGE TR NP Ll

f SPRING SEEFPS
Slope stability and stabilization methods

LEE W. ABRAMSON, THOMAS S. LEE, SUNIL SHARMA, GLENN M. BOYCE
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2. Failure Types- Deep Slide

Afghan Landslide
2014/5/2(Fri), 12:00(1st), 14:00(2nd).

Department of Civil Engineering, National Central University
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2. Failure Types- Deep Slide
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2. Failure Types- Deep Slide
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2. Failure Types- Deep Slide at Highway
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2. Failure Types- Deep Slide at Residential Area
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2. Failure Types- Flow
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Slopeland Engineering
2. Failure Types- Complex Disaster
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2. Failure Types- Complex Disaster

Colluvium + Heavy rainfall
Slide + Dammed lake
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2. Failure Types- Complex Disaster

*
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Infiltration caused deep landslide
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3. The Causes of Landslide

Department of Civil Engineering, National Central University 40
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3. The Causes of Landslide- River System

Barth:

:
e 2T 7.8 RS

River system caused Iandsllde
(Back erosion to the uBstream of river)

Department of Civil Engineering, National Central University
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3. The Causes of Landslide- River System

Google'earth

River system caused landslide

Department of Civil Engineering, National Central University
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3. The Causes of Landslide- Gravity

| G()()gle earth

Gravity caused large landslide

" Department of Civil Engineering, National Central University



Slopeland Engineering
3. The Causes of Landslide- Earthquake

Earthquake caused landslide (Chi-Chi Earthquake,1999/9/21)

¥/ & |
e O
L3 Department of Civil Engineering, National Central University
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3. The Causes of Landslide- Earthquake

The soil mass moves
during shaking.

Structures are destroyed
by landslide.
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3. The Causes of Landslide- Erosion

7
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Back erosion and cut the ground of plateau
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3. The Causes of Landslide

It depends on the properties of materials. Sometime, a weak
layer is sandwiched between two rock layers.

Department of Civil Engineering, National Central University
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3. Evidence for Landslide

dy <10 ft.
dp> 10 ft,
¥ PR i

S

Evidence of Ianslide In the st

Department of Civil Engineering, National Central University
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3. Evidence for Landslide
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Evidence of slow-deep landslide
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3. Evidence for Landslide
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4. Physical Modeling and Stability Analysis
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4. Physical Modeling and Stability Analysis

Engineered slopes may be considered in three main

categories:
m Embankments
m Cut slopes sz
m Retaining walls.

£ 08,60 a0

[+

0 TAHAD YA

0
DAY= —

) ’f&ou’_m' l"ﬂ- e
~ /} .-.rrﬁg{.:_ —] 03

Simplified explanation of typical retaining walls

Banch vardes with percent of gioeslope,
Dbk thae tralloed B 5 100%,

Gravity wall Earth pressure vector pi|ing wall Earth pressure vector Cantilever wall Earth pressure vector Anchored wall Rl pasasiirs osteor
Giravity vector (of wull) Gravity vector (of wall) Gravity vector (of wall) Gravity vector (of wall)
7 Reactive foree vector 3 Reactive force vector ; Reactive orce vector | - Reactive force vector
11y (not all shown) I (not all shown) 117 (not all shown) 147 (not all shown)
HITITTT7 T iy Sy
/1111117 HHiirierre SIITELTETETT
Standard vall type that holds the earth mainly through its | Using long piles, this wall is fixed by soil on both sides of its | The cantilever wall {which may also extend in the other “This wall keeps itself from toppling by having cables
own weight. Can pivot and tapple relatively easily, as the lower length. If the piles themselves can resist the bending direction) uses the same earth pressure trying to driven into the soil or rock, fixed by expanding anchors
internal leverage of the earth pressure is very high. forces, this wall can take high loads topple it to stabilize itself with a second lever arm. (can be combined with other types of walls).

Department of Civil Engineering, National Central U
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4. Physical Modeling and Stability Analysis

"

m Fill slopes involving compacted soils include highway and railway
embankments, landfills, earth dams, and levees. The engineering
properties of materials used in these structures are controlled by the
borrow source grain size distribution, the methods of construction,

and the degree of compaction.




Slopeland Engineering
4. Physical Modeling and Stability Analysis

Factors that cause increases in shear stresses in slope:

By streams, rivers and glaciers
> Erosion » By action of waves or marine currents

By successive wetting and drying
Removal of support
> Natural slope movement

Cuts and excavations
Human activity » Removal of retaining walls or sheet piles
Drawdown of bodies of water

A 2

Accumulation of materials because of past landslides

Construction of fill

) o Buildings and other overloads at the crest
Transitory effects Water leakage in culverts, water pipes and sewers

Overloading AI: By natural causes — Weight of precipitation

By human activity

Removal of underlying By rivers or seas, weathering, underground erosion due to seepage
materials that — By human activity (excavation or mining)
provided support By loss of strength of the underlying material

Increase in lateral By water in cracks and fissures, expansion of clays
pressure By freezing of the water in the cracks

Department of Civil Engineering, National Central University
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4. Physical Modeling and Stability Analysis

Factors that cause decreases in shear strengths in slope:

A. Composition

Factors inherent in the nature | B. Structure

of the materials | C. Secondary or inherited structures
D. Stratification

A. Wetting and drying processes
B. Hydration
C. Removal of cementing agents

Changes caused by weathering
and physiochemical activity

VL

Effect of pore pressures

~ A. Stress release
- B. Structural degradation

Changes in structure

Department of Civil Engineering, National Central University
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4. Physical Modeling and Stability Analysis

" S
i

FOS = ( Total Stress )
Treguired
LIMIT EQUILIBRIUM Fos = G to'tang’ ( Effective Stress )
Trequlnd ‘
%
H)‘\ Summation of resisting force -
FORCES FOS = . .
Summation of mobilized force
Resisting momant R f Su ds
FOS = o =
Overtuming moment Wx

Department of Civil Engineering, National Central University
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4. Physical Modeling and Stability Analysis

"

Embankments on Weak Foundations

Embankments are sometimes built on weak foundation materials.
Sinking, spreading, and piping failures may occur irrespective of the
stability of the new overlying embankment material. Consideration of
the internal stability of an embankment-foundation system, rather than
just the embankment, may be necessary. A simple rule of thumb
based on bearing capacity theory can be used to make a preliminary
estimate of the factor of safety against circular arc failure for an
embankment built over a clay foundation. The rule is (Cheney and
Chassie, 1982)

6¢
Yein X Heiy

A
S

Department of Civil Engineering, National Central University
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4. Physical Modeling and Stability Analysis

" A
Embankments on Weak Foundations

CONSTRUCTION

LOAD

SHEAR

SHEAR

(AT POINT A)
PORE
FACTOR STRENGTH PRESSURE STRESS

SAFETY

TIME

Stability conditions for an embankment slope over a clay foundation (from
Bishop and Bjerrum, 1960, reproduced by permission of ASCE).

" Department of Civil Engineering, National Central University



Slopeland Engineering
4. Physical Modeling and Stability Analysis

Shallow and deep cuts are important features in any civil engineering
project. The aim in a slope design is to determine a height and
inclination that i1s economical and that will remain stable for a
reasonable life span. The design is influenced by the purposes of the
cut, geological condition, in situ material properties, seepage
pressure, construction methods, and the potential occurrence of

natural phenomena, such as heavy precipitation, flooding, erosion,
freezing, and earthquakes.

Department of Civil Engineering, National Central University



Slopeland Engineering
4. Physical Modeling and Stability Analysis
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4. Physical Modeling and Stability Analysis- Infinite Slope

" J
For cohesionless soil |<L>1W=aodoyd

- Dry |<L,‘

Slope Surface T
! /{_
\/ /gﬁ N
»- TwoEquations : 3 F, =0, XK, =0

. T=W-.sini N=W -cosi

S e Surtace Full mobilized: T = N - tan ¢
Two Unknowns: N, FS =i s W cositang tang
N, i=FS ~ Wsini tani

FS<1,ie.i> ¢; Slide occurred !!
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Slopeland Engineering
4. Physical Modeling and Stability Analysis- Slice Method

Resuitani of all side
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act in this direction
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Figure 6.21 Division of potential sliding mass into slices.
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Slopeland Engineering

4. Physical Modeling and Stability Analysis- Slice Method

10 soil unit 1
8 h 4
N soil unit 2
soil unit 3‘-—
L
n=13 SLICES

Figure 6.21 Division of potential sliding mass into slices.
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TABLE 6.4 Egquations and Unknowns Associated with the Method of Slices

Equations Condition
n Moment equilibrium for each slice
2n Force equilibrium in two directions (for each slice)
n Mohr-Coulomb relationship between shear strength and normal effec-
L tive stress .
4n Total number of equations
Unknowns Variable
1 FOS
n Normal force at base of each slice, N’
n Location of normal force, N’
n Shear force at base of each slice, S,,
n—1 Interslice force, Z
n—1 Inclination of interslice force, 8
n—1  Location of interslice force (line of thrust)
6n —2 Total number of unknowns

Table C-1

Unknowns and Equations for Limit Equilibrium Methods

Unknowns

Number of Unknowns for n Slices

Factor of safety (F)

Normal forces on bottom of slices (N)
Interslice normal forces, E

Interslice shear forces, X

Location of normal forces on base of slice

Location of interslice normai forces
TOTAL NUMBER OF UNKNOWNS

z—l

Z 3>
1
b

-1

Unknowns »-t

LS R

Equations

\/ < Number of Equations for n Slices

Equilibrium of forces in the horizontal direction, ZF, =0

Equilibrium of forces in the vertical direction, ZF, =0

Equilibrium of moments

TOTAL NUMBER OF EQUILIBRIUM EQUATIONS

Equations :

=2 3

3n




Slopeland Engineering

4+~ Ordinary Method of Slices (OMS)

' Assumptions: neglects all
Resultant of all side 1Nterslice forces and fails to
locesassumed 1o satisfy force equilibrium for the
slide mass as well as for
individual slices.

N; found by —

summing forces Ni :Wi -COS HI _ Ui

in this direction

.
Surface 10] soil unit /1/
Load o
] ] am, AL
£S = M, ) >[(Ci +oi-tangi)Ali]-r = R i [ soilunit2
I\/Id ZW| -I’-Sin6‘. . N : soi! unit 3
Il — — Fail
~ 2(Ci-Ali + N -tangi) -r Surface ,
B : 6 | n=13SLCES |
SWi -r-sing - e

Figure 6.21 Division of potential sliding mass into slices.
Department of Civil Engineering, National Central University



Ordinary Method of Slices (OMS)

Slopeland Engineering

b
B am——

/

/ Surface 10 soil unit 1
X, 3 Load
- GWL' 8
E..q N == — y |
. i 6 soil unit 2 W
W a3 —
\ soil unit 3
L7 S " Failure - N'
\N Surface et
n =13 SLICES
TABLE 6.5 Static Equilibrium Conditions Satisfied by Limit Equilibrium Methods N' =W COS((I,)
Force-Equilibrium Moment
Equilibrium '
Method % 9 ki s W'=W .- ub
Ordinary method of slices (OMS) No No Yes Ik =0,5Me=C '
Bishop’s simplified Yes No Yes xf,z0, Hzo N' = (W - Ub) COS((I,)
Janbu’s simplified Yes Yes No zF =0 34,=0

Table C-3

Unknowns and Equations for the Ordinary Method of Slices Procedure

Unknowns Number of Unknowns for n Slices
Factor of safety (F) 1
TOTAL NUMBER OF UNKNOWNS 1
Equations Number of Equations for n Slices
Equilibrium of moments of the entire soil mass 1

TOTAL NUMBER OF EQUILIBRIUM EQUATIONS

A NN 2

1
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Center of failure circle
O‘K

Siopeiand Engineering

Ordina \Me\thod of Slices (OMS)
*\Radius of circle = 9.15 m

\

FS — > (Ci - Ali + Ni °tan¢;)
 SYWi-r-sing -

-COS & —U;

Sn|=
nnn
W o

Wi

9.64 kN/m?3
.31 kN/m?2

nrzm/

Surface of firm stratum
W,' W.' sin 6.; W.‘ COs 8; Uu; Al.' U,‘ ﬁ.‘

Slice (kN) sin 8; (kN) cos 6; (kN) (kN/m) (m) (kN) (kN
1 13.2 —0.03 -04 1.00 13.2 0 1.34 0 13.2
2 246 0.05 1.2 1.00 246 0 0.98 0 24.6
24 19.1 0.14 27 0.99 189 1.4 0.58 0.8 18.1
3 67.5 0.25 19.6 0.97 65.5 10.0 1.62 16.2 49.3
4 81.8 0.42 344 0.91 74.4 139 1.71 23.8 50.6
5 84.8 0.58 49.2 0.81 68.7 12.0 1.89 22,7 46.0
6 67.4 0.74 499 0.67 45.2 53 2.04 10.8 344
64 7.2 0.82 59 0.57 4.1 0 0.37 4.1
7 223 0.87 19.4 0.49 109 0 2,23 0 10.9
181.9 1276 251.2




Slopeland Engineering
4. Physical Modeling and Stability Analysis- Slice Method

" : “g‘)

Dam
’ 152 148 | 155
Shear strength r,, = 0.76,, /
Unit weight: ' 6 151 145" 143] 168
19.64 kN/m? above phreatic line i
21.21 kN/m3 below phreatic line . 5 47 \;1/ \1-i4 / L64
j 67/@0 148 150, 171
3 1,55\ 147 /1,’6 1.71
| El. 2331.9 m 1.66 155 162\ 166
El. 23294 m s

Scale: .
1
I15m
2 —
AN AN L N AN AN AN NN N NN NN N NN NN NN SN NN NN NN NN S N SN NN S SN NSNS,

Rock
Department of Civil Engineering, National Central University
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4. Physical Modeling and Stability Analysis- Slice Method

" S e DAtRARA

A, + A o+ A 3
\{\\%F =101
N )
Actual slip circle __ A \ Y™\~ F =105
safety factor 107 Y \ '\ '
/ Y \ \\ \\
/ \I\\.ﬁ\ Rty
’t’ \( \\-} \ \\\:\\
/ /\ \ \\\\
30 y r.-’ S E AN,
/ ~
Critical slip circle / A 2 481216m
safety factor 1.00\,’
20
- Measurec
pore
pressure
10

8-"”,:f1’,/
ool 0 2 4 6 8 10
12————""_~ Meters
14-—-
® @ O
Section Safety factor 11
No. ¢ ¢,-analysis e ht
i I
1 1.10 ! :
2 1.00 I /
3 1.19 \ Rd
Weighted average safety factor \\ ///
. for the whale slide F = 1,05 JEN ST, SR

Fig. 24.18 Analysis of slide at Lodalen, Norway (From Bishop and Bjerrum, 1960).
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Slopeland Engineering

4. Physical Modeling and Stability Analysis- Slice Method

T 4
Factors DOf Safety Calculated Bu The Modified Bishop Method

TheRock site GLOBAL SECTION { (Hormal}

en Most Critical. D:

GLOGII.PLT

ag—-12-a1_ 1:2

O RN - T

0.607
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0.611
0.616
0.617

Soll Toth Sath C
Ho kM m3 kM m3 kFPa
1 12.6 192.6 2.4

26 .
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L+] L+] H1

S8 i@
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TheRock site GLOBAL SECTION ({Hormall
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Factors Of Safety Calculated Bu The Modified Bishop Method
i i i i T T
# FS Soil Toth SatNt C Phi Ru Pore Piez.
a 0.780 Ho. kH/m3 kM- m2Z kFa (deg) Param Fress Sunfi
. 1 19.6 19.6 2.4 26.8 O [+) W1
b 0.781
c 0.781
d 0.781
e 0.781
£f 0.781
o ©.781
h 0.781
i 0.781
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1
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Slopeland Engineering
4. Physical Modeling and Stability Analysis

"
m Natural slopes that have been stable for many years may suddenly

fail because of changes in topography, seismicity, groundwater
flows, loss of strength, stress changes, and weathering.

m Generally, these failures are not understood well because little study
IS made until the failure makes it necessary. In many instances,
significant uncertainty exists about the stability of a natural slope.

= = S s J'kf."
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Slopeland Engineering
4. Physical Modeling and Stability Analysis

" N
m Peck (1967) emphasized that:
Our chances for prediction of the stability of a natural slope are perhaps
best if the area under study is an old-slide zone which has been studied
previously and may be reactivated by some human operations such as
excavating into the toe of the slope. On the other hand, our chances
are perhaps worst if the mechanism triggering the landslide is (1) at a
random not previously studied location and (2) a matter of probability
such as the occurrence of an earthquake.
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4. Physical Modeling and Stability Analysis

A 1

-

N

ST L]

National Central University

73



Slopeland Engineering
4. Physical Modeling and Stability Analysis

; § ’
Va: Y
" Department of Civil Engineering, National Central University



Slopeland Engineering
4. Physical Modeling and Stability Analysis

B 2 NCU Geotechnical Centrifuge

Centrifuge chamber Power source(— otary Joint
\. Platform — _ _
(during test)  Qpical fiber Nominal radius 3m

Counterweights

rotary joint Max. Payload (Static Test) 1000kg

Capacity 100 g-ton

CCD  (f s

To control room

Department of Civil Engineering, National Central University
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NCU Geotechnical Centrifuge

Department of Civil Engineering, National Central University



Slopeland Engineering
4. Physical Modeling and Stability Analysis

lﬁ
P

hysical modeling

Real condition

The same
stress-strain
condition at the

Depth: N m corresponding
point
y-H = pgH
1/N model at 1g condition 1/N model at N g condition
Depth: 1 m Y




Slopeland Engineering
4. Physical Modeling and Stability Analysis

] I NCU-Centrifuge Shaking Table

Shaking direction One direction

Nominal shaking force + 53.4 KN

Max. shaking velocity +1m/s

Max. table displacement + 6.4 mm

Max. payload dimensions 1mx0.5mx0.5m (LxWxH)
Max. payload weight 400 kg

Nominal shaking frequency range 0-250 Hz

Max. centrifuge acceleration 804¢
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Slopeland Engineering
4. Physical Modeling and Stability Analysis

Research Topics of
NCU Centrifuge Lab
Soil Liquefaction

|+ Slope Stability
|# ° Response of High-

Level Waste
Disposal
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4. Physical Modeling and Stability Analysis
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4. Physical Modeling and Stability Analysis




5. Countermeasures
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5. Countermeasures
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Slopeland Engineering
5. Countermeasures

Retaining structures are used in seven principal ways, as shown in

Figures in below. The design of retaining structures requires three
primary considerations:

(1) External stability of the soil behind and below the structure
(2) Internal stability of the retained backfill
(3) Structural strength of retaining wall members

5 —

W i B
A — =L

Backfill
@

[ o k1 AT Oy N iy
o) 5. S N
et ey el Rerd et i

(b} Sliding considerations

@ wall

@ Backiill

(@) Foundation soil

-
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ndation considerations.
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Slopeland Engineering
5. Countermeasures
"
Retaining structures are frequently used to support stable or unstable
earth masses. The different types of retaining structures such as

(1) Gravity walls (e.g. , masonry, concrete, cantilever, or crib walls)
1 NN R R
I . T

stretchers =
with joints —— o *=
stagqgered s

upper ground

lower ground

concrete

foundation =
with surface ——{s’ T o
of incline :
finished rough

U

 m——
. B
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Drainage System

Enough space

Vegetation__

f — T |

EENNENY

L),

Retaining wall
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Slopeland Engineering
5. Countermeasures
"
Retaining structures are frequently used to support stable or unstable
earth masses. The different types of retaining structures such as

(1) Gravity walls (e.g. , masonry, concrete, cantilever, or crib walls)
(2) Tieback or soil-nailed walls

Nut and Plates

Earth B
Concret

Block Wall

Pier Cap
Assembly
Concrete With Tie-back

Footing s | Connection

5
Holes For Pressure |

routing Voids—-\i i
el ; Atias Helical

Starter Section

DEVIL’S SLIDE ROADWAYREPAIR, _

b4 |V




5. Countermeasures

"

Slopeland Engineering

Retaining structures are frequently used to support stable or unstable
earth masses. The different types of retaining structures such as

G,
[ '] som

(2) Tieback or soil-nailed walls
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Slopeland Engineering
5. Countermeasures

"
Retaining structures are frequently used to support stable or unstable

earth masses. The different types of retaining structures such as
(3) Soldier pile and wooden lagging or sheet pile walls




Slopeland Engineering
5. Countermeasures

"
Retaining structures are frequently used to support stable or unstable

earth masses. The different types of retaining structures such as

(4) Mechanically stabilized embankments including geosynthetic and
geogrid reinforced walls ,

- » s
' .

Wra ed Face ’ -
i Geosynthetic 3
NT v . L 3 v
NG . . c = . >e X ey R = ‘. <o "
= : i - .

IYPICAL_SECTION-REINFORGED RETAINING WA ngineering, National Central University
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........
Lined Tunnel
C'D=3
No. LT3

) AT
Thanks for your kind Attention! N A L
Wen-Yi Hung, wyhung@ncu.edu.tw » : IF
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Slopeland Engineering
Homework

"
Please try to discuss about:

Is it possible to prevent the large scale slope failure?
What can we do for this kind of landslide? (Prevention, Mitigation and Recovery)




