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The 2004 Indian Ocean Tsunami with more than 240
thousands lives
Bhola cyclone in November 1970 with winds of 190 km/h
in Bay of Bengal with a death toll of 500 000 and 100 000
people missing
The volcano of Tambora (Indonesia) with a violent
eruption killed 92 000 people
Due 1923 Great Kanto earthquake more than 140 000
people were killed in and around Tokyo
The 1976 Tangshan earthquake (M7.8) in China claimed
242 000 lives and is a typical extreme event
The most recent Pakistan earthquake ( M7.6) on October
8, 2005 killed more than 75000 people
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Landslide Triggering Events
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Box 2 : Landslides — Three main ingredients of landslides L
Natural factors
o  Change in pore water
pressures
B : o  groundwater changes in
; response to rainfall,
seasonal, short and long
term
Human factors
poor drainage of slopes and
maintence
cessation of pumping
leaky water mains & drains
blocked culverts
barriers to flow ¢g retaining
walls, embankments

Natural factors
o  Weathering — physical,
chemical, biological
Strength — peak or residual
Vegetation
Swelling and cracking

1 s Seismicity ¢ / Material

Human factors : .
o  Exposure —enhanced Strength

weathering

Stress release &
Shocks & Vibrations g PrOp erties
Global warming

Mining subsidence

Natural factors
o  Geomorphological history
o Slope Geometry
o  Coastal recession
o Glacial overstceping
o Fluvial undercutting

Human Factors
Loading on slopes
Man made tips
Filling on slopes
Embankments/cutting into
slope
Removing vegetation
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Summary of Landslides (1903-2004) - % of Number Killed
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Parameters for stress state Strength Parameters for
Test )
Parameters deformation
v | ld OCR|S| S, C d | E | Gm \Y
CPTU X | X X X X X X X X
SPT X X X X X X X
Vane shear X | X X X X
Pressiometer X X | X | X
Penetrometer X X X X
Dilatometer X X X X X
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Strength Parameters Deformation Parameters
Test -
SU C (I) E Gmax M
Direct shear X X
Uniaxial compaction X
Triaxial X X X X
Odometer X
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Tests Parameters
Vp Vs Gmax
Refraction X X X
Uphole X X X
Downhole X X X
Crosshole X X X
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Tests Parameters
G
G|E ma
X
Resonant
X | x [ x| x
Column
Cyclic
7 X | x | x
Triaxial
Cyclic
simple X | X [X
shear
Cyclic
torsional X | x| x
shear
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Pseudo-Static Method
Rigid Block Models

Dynamic Analysis

FH = 0,5 agryf SW/g for the horizontal direction

FV=+0,5FH Inthe vertical direction when Spectrum

Type 1 is applicable
FV =+ 0,33 FH in the vertical direction when Spectrum

Type 2 Is applicable
K
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Simplified methods shall not be
used for soils capable of developing
high pore water pressures or
significant degradation of stiffness

Topics that deserve more
consideration
Residual strenght of soll
Rock slope stability
Mitigation methods
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For slopes with height greater than 30 m.
The following recommendations are given
(i) for slopes angles less than 15° the
topography effects can be neglected e
(i) for isolated cliffs and slopes a value of
S >[1,2] should be used :
(iii) for slopes angles > 30° a value of

S >[1,4] should be used and S > 1,2 for
smaller slope angles

(iv) in the presence of a looser surface
layer more than [5] m thick, the smallest
value given in (ii) and (iii) shall be used
increased by at least [20%]
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eStudies conducted by Idriss (1968) on 27 and 45 degrees clay slopes by
f.e.m. have shown that the magnitude of peak surface acceleration was greater ai
the crest surface of the slope than at points lower on the slope, but comparing
the peak ground acceleration at the crest to that at some distance behind the
crest in

some cases the acceleration at the crest was
much greater, in other case cases there was 3‘5’ ::gﬁ-: ::
little difference. The natural period of the soil 1.5 80 degrge slope A
column was responsible for much more ;
amplification of the input motion than the
slope geometry.

Paolucci and Rimaldi (2002) have pointed
that amplification factors for 2D analyses are

of the same range of EC8, but for 3D
analyses the values are 25% higher. O O e HEIGHS TWAVELENGTH

45 degree siope A )
30 degrae slopo | g ZTE v xran

=
o
|—
o
O
[F I
it
a.
-
<

eAshford et al (1997) concluded that topographic effects can be normalized as a
function of the ratio of the slope height and wave length of the motion
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EXPERIMENTAL MODELS
SHAKING TABLE
CENTRIFUGE TESTS

MATHEMATICAL MODELS
PSEUDO —STATIC ANALYSES
SIMPLIFIED PROCEDURES TO

ASSESS DEFORMATIONS
DYNAMIC ANALYSIS

JI\\=4

Pedro Séco Pinto



SLOPE VUE
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Fisher
Concentrations
% of total per 1.0 % area

- 0.00 ~ 250 %
2,50~ 5.00 %

500~ 7.50%
7.50 ~ 10.00 %
10.00 ~ 12.50 %
12,50 ~ 15.00 %
15.00 ~ 17.50 %
17.50 ~ 20.00 %
20.00 ~ 22.50 %

[ 22,50 ~ 25.00 %

No Bias Correction
Max. Conc. = 23.8794%

Equal Angle

Lower Hemisphere
18 Poles
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RISK FACTORS ARE RELATED WITH
ENVIRONMENTAL, RELIABILITY AND
HUMAN AND ECONOMIC HAZARD
NETWORK OF SEISMIC RECORDING
STATIONS SHALL BE INSTALLED PRIOR
TO RESERVOIR FILLING

Se:smograph Netw ork =2  Microwave Communication
~ 20-40km alon ng Highway i : 'NEHVDFR '

Seis mﬂgrE;r1\IEI_,|_.|ﬂHquuwal Burea

ﬂ“ /Wcr# Dffic F‘\\ T —2

Seismoagr -1[:|h E
-a-
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Application of techniques of trilateration
measurement technology has achieved the
degree of precision required to assure, with

confidence, the safety and integrity of the
dams
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Magnetic probe
Pneumatic settlement sensor

Wl gnetic prote

Probectian corasl
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Fi- Measurement point
¢ - Terminal

a- Weigth

E - Scale

A - Target
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Vibrating - wire piezometer
Hydraulic twin-tube
piezometers

Hydraulic Piezometers
Pneumatic piezometers

Hydaulic tube
Pneumatic tube

~ Electric circuit
Switch

;7—— Water chamber

Porous stone filter
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SEISMIC INSTRUMENTATION TO ASSESS
SEISMICITY AROUND THE RESERVOIR AND
THE RESPONSE OF THE DAM

STRONG —MOTION ACCELEROGRAPHS,
PEAK RECORDING ACCELEROGRAPHS
AND SEISMOSCOPES
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AUTOMATIC SYSTEM ALLOWS A RAPID DATA
PROCESSING AND REDUCTION OF
PERSONAL

AUTOMATIC SYSTEM IMPLIES AN INCREASE

OF COMPLEXITY AND CAN BE DESTROYED
BY AN EARTHQUAKE
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COLECTION OF DATA FOR SOME INTERVALS
CHECK OF DATA TO ASSESS THE
RELIABILITY

DATA STORAGE

MANAGEMENT OF ANOMALIES
POSSIBILITY OF COMMUNICATION
REMOTE UNITS

[=d
—

M F=
imnini ..
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COMPARISON OF THE
READINGS WITH ESTABLISED
LIMITS

USE OF STATISTICAL,
DETERMINISTIC OR HYBRID
MODELS

USE OF BACK ANALYSIS
METHODS FOR THE
INTERPRETATION OF THE
BEHAVIOR OF SLOPES
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REGULAR MEASUREMENTS
USING INSTRUMENTATION
DATA VALIDATION

DATA STORAGE

SAFETY EVALUATION
CORRECTIVE ACTIONS
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INSPECTIONS BEFORE THE FIRST FILLING
INSPECTIONS AFTER THE FIRST FILLING
INSPECTIONS AFTER EXCEPTIONAL
OCCURRENCES

DURING INSPECTIONS THE FOLLOWING
ASPECTS DESERVE ATTENTION: DAM
BODY, SPILLWAY, OUTLET WORKS,
RESERVOIR AND ACCESS ROAD
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Two mitigation methods namely
anchors and soft layers were applied
to study the case of Aegion slope. The
following conclusions were obtained
(Stamatopoulos, 2005):

(i) With the use of anchors the whole
body connected with anchors will
move with less total and differential
acceleration. There is a need to
optimise the anchors inclination and
length.

(if) The use of soft barrier will allow a
decrease of acceleration and
consequently a reduction of

displacement.
K

Pedro Séco Pinto



» anchors A $
of S|ght)

—

EE .-

--==----==-
S0 I P O ) B

8 0 12 14 16 18 20 22
Horizontal distance from the tip of the slope [m]

Pedro Séco Pinto



JI\\=4

Pedro Séco Pinto



INK

Pedro Séco Pinto



INK

Pedro Séco Pinto



INK

Pedro Séco Pinto



i 1d

o AR o

INK

Pedro Séco Pinto



INK

Pedro Séco Pinto



JI\\=4

Pedro Séco Pinto



Failure Causes Group of stabilization Stabilization methods

- Surface drainage
Increase of loading Drainage =—__ Subsurface draifiil

Excess pore pressure Reinforcement———"___ Soil nailing
—— Geotextile

Retaining wall < Cantilever RW
Anchorage RW

Rapid drawdown

Infiltration

Cement column

. \ : Shotcrete
weathering l \ Surface Protection Rin 14
and erosion "‘ p rap

Rock gabion

Y _ , < Lime Column
Soft foundation ' Soil Hardening

Bearing Unit ,
Buttressing

Geometrical change Bearing Unit

Berm

Soil property , . :
Unloading Benching slope

Sodding

Vegetation\ Vetiver

Reforestation

Heavy Rainfall
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Eliminates the '
problem or reduces Decreases increases

the consequences driving forces | resisting forces

Intervention on:

» Material, controlling laws and parameters

* Removal of unstable material

» Total or partial substitution of the sliding mass with material
with better mechanical and drainage characteristics

* Electro-osmosis

» Soil treatment with lime, cement or other additives

¢ Thermal treatment

* Etc.

e Predisposition factors

= Nailing, piling, anchoring, bolting
» Earthworks for decreasing driving forces
* Buttress or counterweight fills
e Etc.

* Trigerring or aggraving factors

» Surface drainage

« Subsurface drainage (trenches, subhorizontal drains,
drainage wells, otc.)

» Protection against erosion

e Etc.

+ Movement consequences

* Protection against falling or sliding materials (catch nets —
and walls, sheds, tunnels, etc.)

» Dykes for containing mudflows, debris flows, etc.

* Eic.
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TO IDENTIFY REAL RISKS ASSOCIATED WITH TYPE AND HEIGHT OF SLOPE
THREE QUESTIONS: WHAT CAN GO WRONG? HOW LIKELY IS IT? WHAT
DAMAGE WILL IT DO?

RISK ANALYSIS TO GUIDE FUTURE INVESTIGATIONS TO MAKE DECISIONS
ON DAM SAFETY

DISCUSSIONS RELATED FAILURE MODES AND EFFECTS ANALYSIS(FMEA) ,
FAILURE MODE, EFFECTS AND CRITICALLY ANALYSIS (FMECA), EVENT
TRESS ANALYSIS (ETA), FAULT TREE ANALYSIS (FTA

Risk Seo s
on risk reduction
m-anﬂgemmt
Risk policies
Rk asessment

Analysis of
risk mitigation
options
(e.g. cost, etc.)

Hazard Estimation of Estimation of Consideration
identification frequency consequence of acceptability
' of hazards of hazard of risk
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Low Ulncemainny
-

e

High Uncertainty

Factor of Safety

P, > P, although F; > F,, i.e. a higher factor of safety does not
necessarily correspond to a lower probability of failure, depending on
the degree of uncertainty involved.
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SCOPE DEFINITION
ESTABLISH BRIEF, PROPOSED METHODOLOGY.

HAZARD IDENTIFIC ATION

C LASSIFIC ATION OF LANDSLIDE e g siide ,debrs flow, roc kfa il
EXTENTOF LANDSLIDE e g loca tion, area, volume

TRAVEL OF LANDSLIDE

RATE OF MOVEMENTeg creep, stow, fast

CONSQUENC E ANALYSIS FREQUENC Y ANALYSIS

ELEMENTS AT RISK ESTIMATE FREQUENCY
PROPERTY QUALITATIVE
RO AD S/COMMUNIC ATIONS QUANTITATIVE
SERVICES
PEOPLE RELATE TO INTHATING EVENIS
TEMPORAL PROBABILITY eg vehicles, persons RAINFALL
CONSTRUC TION ACTAVITY

VULNERABILITY EARTHQUAKE

. RELAMVE DAMAGE SERVIES FAILURE/MALFLINC TION
PROBABILITY OF INJURY /7 LOSS AND/OR HISTORKZ PERFORMANCE
OF LIFE

RISK ESTIMATION

RISK = (UKELIHMOOD OF SLIDE) X (TEMPORAL PROBABILITY)
X (VULNERABILITY ) X (ELEMENTS AT RISK)
COMNSIDERED FOR ALL HAZAKRDS

I
]
1
]
1
1
!
1
]
]
1
L]
1
1
]
1
]
]
r_ 1

RISK EVALUATION -
COMPARE TO LEVELS OF TOLERABLE OR
AC CEPTABLE RISK ASSESS, PRIORITES AND OPTIONS

CLIENT/ OWNER / POLK.Y MAKERS TO DECIDE
TEC HNIC AL SPECIALIST D ADVISE

CONTROL — — ™ — — — g

TREATMENT OPFTIONS
ACCEPTRISK

AVOID RISK

REDUC E LIKELIHOOD
REDUC E CONSEQUENCES
TRANSFER RISK

TREATMENT PLAN
DETAIL SELEC TED OPTIONS
IMPLEMENT PLAN
POLICY AND PLANNING

MONITOR AND REVIEW
RISK CHANG ES

MORE INFORMATION

FURTHER STUD IES
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Rock avalanche
Debris avalanche

Mud flow
Debris flow
Earth flow

Clay flow-slide

h
4

Sand,silt, debris flow-slide

- 1E-6 0.00001 0.0001

mmm‘r l lIIIIIl] ETTTH

0001 001 0.1
Velocity (m/sec)
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Warning
Intial hazard

| nsufficien

countermeasures Inefficient
G ountermeasures

Excessive
countermeasures

Optimal
countermeasures

(modified after Einstein, 1997)
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Lansg Moura Morta » Arcas

N N N X X XN

X

EQUaAL AMNGCLE
LHR. HEMISPHERE

- POLES
9 ENTRIES

HO BIAS
CORRECT IOM

Lanco Moura Morta »~ Arcas

ORIENTATIONS

] DIP/DIR.
1 44321
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RANGES

PARAMETER
UCS > 250 MPa | 100-250 MPa | 50-100 MPa | 25-50 MPa | 5-25MPa | 1-5MPa | <1 Mpa
rating 15 12 7 4 2 1 0
RQD 90-100% 75-90% 50-75% 25-50% < 25%
rating 20 17 13 8 3
spacing of > 2 0.6-2 0.2-0.6 0.06-0.2 m <0.06 m
discontinuities m m m
rating 20 15 10 8 5
Condition of very rough | slightly rough slightly Slikensided soft gouge
discontinuities not separation < rough or gouge < > 5mm or
continuous | 1mm slightly | separation < 5mm or separation
no weadered 1mm highly | separation 1- > 5mm
separation weathered 5mm continuou
unweadered continuous S
rating 30 25 20 10 0
Groundwater in Dry Damp Wet Dripping Flowing
joints
rating 15 10 7 4 0
N
Pedro Séco Pinto



P Plane failure

T Toppling failure

CASE [ ANGLE | Very |[Favoura| Fair Unfavou | Very
favoura ble rable unfavo
ble urable
P oj - as >30° | 30°-20°]20°-10°| 1Q°-5K° < Ko
T oj - as -
180°
P/T F1 0.15 0.40 0.70 0.85 1.00
P Bj <20° | 20°-30°| 30°-35°| 359-45° | >4KO
P F2 0.15 0.40 0.70 0.85 1.00
F2 1 1 1 1 1
P Bj - Bs > 100 10 -0° 0° 0°- (-10°) | <-10°
T Bj+Ps | <110° 110° - > 120° -- --
120°
P/T F3 0 -6 -25 - 50 - 60

JI\\=4
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METHOD | Natural |Prespliting| Smooth Blasting | Defficient
slope blasting or blasting
mechnical
F4 +15 + 10 + 8 0 - 8
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CLASS |V AV 1] I I
SMR 0-20 21 - 40 41 - 60 61 - 80 81 -
100
Descript | Very bad Bad Normal Good Very
lon good
Stability | Completly Unstable | Partially Stable Comple
unstable stable tly
stable
Failures | Big planar or |Planaror |Some Some blocks | None
soil-like big joints or
wedges many
wedges
Support | Reexcavation |[Important/ | Sistematic | Occasionnal | None
corrective
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SMR = RMR - (F1 x F2 x F3) + F4

JI\\=4

SMR CLASSIFICATION
RMR PARAMETER RMR RATING DESCRIPTION
Strength of intact material 2 POOR
Rock quality designation 3 POOR
Spacing of discontinuities 8 POOR
Condition of discontinuities 0 FAIR
Groundwater conditions 7 FAIR
BASIC RMR RATING 20 POOR ROCK
SMR PARAMETER SMR RATING DESCRIPTION
F1 0.15 FAVOURABLE
F2 0.85 UNFAVOURABLE
F3 -50 UNFAVOURABLE
F4 +9 PRESPLITING + SMOOTH
BLASTING
SMR 32.3 - Bad slope, unstable, planar or big wedges failures, important corrections
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Relative Susceptibility |Parameter
relief S,

0-75 very low 0

m/Km?

76 -175 low 1

176 - 300 | moderate 2

301 -500 |medium 3

501 - 800 |high 4

> 800 very high 5
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Lithology

Susceptibility

Value S,

Permeable limestone, slightly fissured intrusions,
basalts, etc., low degree of weathering, low water
table, clean rough fractures, high shear strength
rocks.

low

1

High degree of weathering of above mentioned
lithologies and hard massive clastic sedimentary
rocks; low shear strength sherable fractures.

moderate

Considerably weathered sedimentary intrusive
metamorphic volcanic rocks, compacted regolithic
soils, etc.

medium

Considerably weathered hydrotermaly altered rocks
of any kind, strongly fractured and fissured clay
filled poorly compacted pyroclastic and fluvio-
lacustrine soils, shallow water tables.

high

Extremely altered rocks, low shear resistance
alluvial colluvila and residual
soils, shallow water tables -

very high
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Average monthly
precipitation

Assigned value

(mm/month)

<125 0
125 - 250 1
> 250 2
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Summation |Susceptibility |Value S,
of

Precipitation

averages

0-4 very low 1

5-9 low 2

10 - 14 medium 3

15-19 high 4

20 -24 very high 5

JI\\=4
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Intensities | Susceptibility |Value T,
(MM)
Ts =100
years
i Slight 1
IV Very low 2
\'} Low 3
Vi Moderate 4
Vil Medium 5
VIl Considerable 6
IX Important 7
X Strong 8
Xl Very strong 9
Xil Extremely 10
strong
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Maximum | Rainfall Susceptibility |Value
rainfall T,
n>10 n<10

years; years;

Tp=100 average

years

<100mm [<50mm Very low 1
101 -200 |51 -90 Low .
201 -300 (91-130 Medium 3
301-400 |131-175 High 4
> 400 >175 Very high 5
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Value Class Susceptibility
from of hazard
equation

(2)

0-6 | Negligible
7-32 | Low

33-162 |1l Moderate

163 -512 |IV Medium

513 -1250 |V High

> 1250 Vi Very high
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Contributory Factor

Maximum LHEF
Rating

Lithology 2

Relationship of 2

structural

discontinuities with

slopes

Slope morphometry 2

Relative relief 1

Landuse and Landcover 2

Groundwater condition 1

Total 10
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Zone TEHD Value |Description of Zones
I <3.5 Very low hazard (VLH) Zone
| 3.5-5.0 Low hazard (LH) Zone
i 5.1-6.0 Moderate hazard (MH) Zone
IV 6.1-7.5 High hazard (HH) Zone
Vv >7.5 Very High hazard (VHH) Zone
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ANTES DEL DESLIZAMIENTO

C° TAMUGA RIO PAUTE RIO JADAN
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DESLIZAMIENTO

MASA DESLIZADA ~30-40 M.m C° TUBON
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DESPUES DEL DESLIZAMIENTO

N. M. AGUAS
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Josef-16

Frontal

El talud actual verfica la

condicion de equilikrio

linmite

igual o masor a 1.5

SAFETY FACTOR

DATE: 16/28-98
TIME:2@:43

JOB
CONTROL
Bishop Method
left->right
#slices=25
units=me tric

aw=9.81 KN/m3
Ih\du

P
Mo Qe)s Lnad
MODEL
PARAMETERS

U:ent 121
Hoire=13%

fisolved= 310
£

SAFETY FACTOR

DATE: 182898
TIME;19:11

OB
CONT ROL

Bishop HMethod
left->right

PARAMETERS

#oent=256
Hoiro=2816
Hsolved=1493
#soloel=3
Huwatosl=0
wat table=ON
HO piezo lines
#extloads=8
#rnfoel=0
HO ten crok

CRITICAL
C1RCLE
®=379.265
Y=2747.19
radius=418.83%
FOS=1.17@35

CURRENT ORIGIN
¥ = =26

La Josefina

El talud actual no verifica

la condicion de seguridad

dosef-7

Idewm Josef-8,

con Sismo:

a=8.2 g

F§

Talud Frontal

igual o wmenor a 1.5

SAFETY FACTOR
DATE: 1@8/20-98
TIME: Z@: 46
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