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_andslides: VVarious types — VVarious Reasons
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/ |l andslides: CAUSE and TRIGGER

Causes of Landslide
Natural Anthropogenic
Causes Causes

Stable Slope —

v \
Geological Morphological Hydrological
Causes Causes Causes
» Weathering ’ Topography » Rainfall
= Chemical » Surface Cover > Runoff
* Physical » Slope inclination > Infiltration
= Biological > |Erosion . » Percolation
- R
» Structure Toe erosion » Seepage

= Gully erosion

= Stratification .
» Subterranean

= OQOrientation

= Solution
. . " Piping » Encroachment
Ma rgl na I Iy ~ b » Unscientific cutting of hill slopes
= On slope face

» Deforestation
= Oncrest .
> Tectonic activities » Unplanned drainage
and Sewerage system
» Unplanned construction of
roads

Stable Slope

e Triggers
< Rainfall

% Seismicity

Slope
Failure

% Toe cuts
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Components of Landslide Studies

4 ™
- T crrari _» Global behavior
— Stratigraphy _—
In-situ and laboratory \ y _ _
investigations 4 //V Material behavior
- Soil mechanical behaviour
. J
e ™
Pore water pressures [ Modelling ]
. vy
Monitoring - ~N
Displacements
. vy
4 ™
Slope stability conditions
\ J
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\\ /
rZ— Pertinent Laboratory Investigations

Water content
o Particle Size Gradation
< Dry sieving, Wet sieving, Hydrometer
e Field Density and Relative Density for granular soils
o Atterberg Indices (Consistency and Swelling) for fine-grained soils
o Saturated Hydraulic Conductivity and Infiltration Tests
e Consolidation characteristics

e Unsaturated Hydraulic Conductivity
< Soil-Water Characteristic Curve (SWCC)

e Shear Strength Tests

< Direct Shear Test (Suction controlled for unsaturated samples)

< Triaxial Shear Test (Suction controlled for unsaturated samples)
< Monotonic and Cyclic Triaxial Shear Test (to simulate seismic effects)
< Torsional Ring Shear test (to simulate landslide movement)

e Model tests and Centrifuge tests (when necessary)
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Pertinent Field Investigations

andslide Reconnaissance

Exploratory borings

Characterization of in-situ soil shear strength
< SPT, In-situ CPT, Field VST, In-situ DST/BST
Geophysical investigations
% GPR, ERT, SRS, MASW
Ariel and Geodetic Surveys
< LIDAR and GIS platforms

Hydro-Geological Surveys
< In-situ Infiltration and Permeability tests using Infiltrometers/Permeameters

< Ground water measurements using Piezometers

< Soil suction measurements using Tensiometer

< Precipitation Records over time using Raingauges
< Geological variation and classification of soils
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Laboratory Investigations
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/ Water Content

e Laboratory results for water content may be intriguing
< Can provide misinformation about the natural moisture content of soil

Sl. No. State of water content determination Water content (%0)
Sirwani Tumin
1 Just after in-situ sample collection 11.07 7.2
2 After 15 days 8.8 4.63

Tumin Slide Proper preservation of the

Sikkim collected in-situ soil samples
) o are necessary before

AT PR commuting them to the
laboratory so that there is no
loss in moisture content and
change in shear strength
estimations

Sirwani Slide
Sikkim
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Particle Size Gradation

e Proper fractionation from the most
coarse to very fine contents

< Adopt wet sieving wherever the soil has
fine content

= Dry sieving of such soils can be erroneous

« Change in the particle size characteristics

100

© Dry Sieve + Hydrometer
100 § esess
9 A ;
80 1 Clay { Gravel
70
60 -
50 1
40 1
30
20 A
10 A

0 i :féi\;.: e ! ' . I
0.0001 0.001 0.01 0.1 1 10 100
Particle size (mm)

Percentage finer

Percent sand
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Field Density and Rel~tivin Mancity _ S—
d  Fieid Donsity Testing Method

e Field Density e ks
< Sand replacement method ' u

meter Gauge

I
'.'“'W'r -
= - o
-] s

» C tter method = §= E
0 * Large sample t reading * Deep sample * Easy to redo
* O re Cu e r e O Advantages * Rrriwaia y obtained * Under pipe * More tests
Open X e A 5 iabilty)
graded reliabi
e
* Large area R
required e +Small Sample m:’t‘g':
Disadvantages * Slow 5 * Balloon breakage : SN o * Moisture suspect
* Hatt Equnpment * Awkward Sample not always , Encolr:
I d * Tempting to accept retained o A warsgss
e Relative enS|ty e
3 * Miscalibrated
* Void under plate . . . . :
Surch: Weight . . Surface not level  * Overdrive Rocks in path
re arge eig Errors .sﬁg‘;‘gm * Soil pumping * Rocks in path * Surface prep
Dial Indicator Guage 8 * Void under plate  * Plastic soil required

Standard Mold it § " i ' pumping Backscatter
3 Guide Sleeves @ ) @l -1 N = Cost * Low * Moderate * Low * High

= [(Gru -'f Y4 'min) _(er l’]"d ]]
‘ [(G}'“ ‘f Td min } - (Gru f rd max )]

:;.Dr.: (lf}'dm'm)_{la":l'd)
[(1/ Y min) = (1/ Vo))

= Dr - (:"’d ~ Vdmin frdmin'?d) ; ; —
(Ya_. =Vamin / Ydmin-Vd max) Relative Density (9;) Descriptive Term
=D, = Ydmax |: Yd = Ydmin } 1(5)_;2 Xery loose
¥d Ydamax ~ Ydmin = 00se
35-65 Medium
65-85 Dense
85-100 Very dense
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Atterberg’s Indices

e Fine grained soils

< Consistency indices
= Atterberg limits

o Plastic Limit
o Liquid limit

> Atterberg apparatus

> LL Cone Penetrometer

« Shrinkage limit

= Activity
= Thixotropy
= Toughness

Sensitivity

< Swelling indices
= Free swell index
= Swelling potential

IDRRR, MZU, 2023

50.00
49.00

__48.00

£ 47.00

o

c

2 46.00

c

o
© 45.00
=

g 44.00
43.00
42.00
41.00

5 10 15 20 25 30 35 40
No. of Blows

40.00 -
35.00 1

30.00

‘Water content (%)

25.00 1

20.00 1

15.00

=Ch 150 @ Ch 370 4+ Ch660 +Ch990 = Ch 1260

7

10 20 30 40
Penetration depth (mm)

Inorganic clays of
high plasticity
1CH 1—

—elastic silts;

Micaceous or diatomaceous
- nd silty soils,
organic silts,
clays, and silty clays

f 3

fine sandy a

10 20 30 40 50 60 70
Liquid timit LL

80 90 100




IDRRR, MZU, 2023

10-04-2023

Saturated Hydraulic Conductivity -

e Hydraulic conductivity for saturated flows ... |

< Constant Head Test (Granular soils)
« Falling Head Test (Fine-grained soils)
= Suggestion: Repeat with various tube diameters Ueauring

L is length of sample
A is the cross sectional area of soil core

h is the constant head

il
]
T B J L, h
Wiy a- il
| 1{_ = _.]_n. —_—
1 At ht
Jr—— ‘ k = coetficient of permeability (cm fsec)
. w | - Eey a = area of burette standpipe (cm?)
é = = T L =length of specimen (cm)
S & =area of specimen (cmgj

el t=elapsed time of test (sec)
ho = head at beginning (time = 0) of test (cm)

hi=head at end (time =t) of test (cm)

Falling Head Permeability Test with De-Airing Water System
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Infiltration Tests

e Migration of saturation fronts
% Horizontal infiltration method

% Instantaneous Profile lab

IDRRR, MZU, 2023

% Column infiltrations tests

Air valve

Constant
head water
inlet

Compacted
soil sample

Geotextile
sample
clamped
below soil
Water® -
outlet 10 e¢m

i
i 10em
H

II

v

Constant-Head Water Supply

Porous Plate Segmented Soil Column

il
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0(x=0,1t>0) =0,

F————" X Wwater Content Distribution
atTime=t

Measurement Ports
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Boundary Control
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Unsaturated Hydraulic Conductivity sl

e Hydraulic conductivity for unsaturated flows

% i i : : Material to be Material to be
< Which is more permeable — Coarse or Fine soil???? | = "0t e
< For unsaturated flows, permeability is governed by
= Suction o l Coarse
- Intensity of Rainfall i L - ' permeable
. Aridity air pressure\;'\. 1
L Intense rainfall
e Low suction
- e C 0ArSE
== Fine
gtmEm-Aﬁ.
-E o Intense 1 1
3 L ooe.0s | REITa
- \._Low to Modest
1 00E.09 = Rainfall
) T———e
10010 . . Low rainfall
Suction H|gh SUCtIOﬂ
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Unsaturated Soil Characteristics

e Measurement of soil suction

< Variety of techniques: Cost, Complexity and Range

< Either laboratory or Field based
= Matric suction

Tensiometers: 0-100 kPa

Axis translation techniques: 0-1500 kPa
Electrical/Thermal conductivity sensors: 0-400 kPa
Contact paper filter method: Entire range?

= Total Suction (Highly specialized requirements)

Thermocouple psychrometer: 100-8000 kPa
Chilled mirror hygrometer: 1000-150000 kPa
Resistance/Capacitance sensors: Entire range?
Isopietic humidity control: 4000-400000 kPa

Two pressure humidity control: 20000-600000 kPa
Noncontact filter paper method: 1000-500000 kPa
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Unsaturated Soil Characteristics

e Determination of soil-water characteristic curve (SWCC)
< Laboratory Tensiometer

Vinyl cover filled with
polyurethane resin

< Manifold Pressure Sensor
= Dielectric water potential sensor

< Dew-point Potentiometer

Printed circuit
board

Grounded stainless Ceramic disks

steel screens

(static matrix)

Water content

Saturated
water content

- Bulk water

|:| Meniscus water||
- Absorbed water ||
Residual \-

water content

[

Air-entry value Matric suction
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Unsaturated Soil Characteristics

e Determination of soil-water characterlstlc curve (SWCC)
< Pressure plate: 0-1500 kPa
< Tempe Cell: 0-100 kPa

Air Pressure Inlet Tube

Clam) Wing Nut
sk ”g » Clamping Wing Nut

Z—— = G .
Top Cap - + ,.J I — +— Soll Specimen
O-ring Cyfinder Soals E ' ’E; Brass Cylind
- % |
':r.\,_du e L (L1
e
o T 2 TR
Base Cap 5 Y 17 ( 4 ‘L\
——— r‘— ~—}—Porous Ceramic Plate .
O-ring Porous 3 | ‘ ¢ " -
Plate Seal & 4 AL fluent Water Tube

Water OQutlet Drain Tube

[Source: Unsaturated Soil Mechanics by Lu and Likos] [Source: Unsaturated Soil Mechanics by Lu and Likos]

AXxis Translation in Pressure Plate Test

l Air Pressure

L 4'L T nitial Equilibrium
: i 'gn:-tégses stidseds!
a=0 G=Ua
u, = 0 (atmospheric) u, = 255 kPa
uw = -250 kPa uw =5 kPa
(@-u)=0 (0-u}=0
- ' {Us - Un) =250 kPa {Us - Un) = 250 kPa
High air-entr
disk Pressure
transducer
Water chamber . . . .
Without Axis With Axis
Null Type Pressure Plate Translation Translation
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l_aboratory Tests for Shear Strength Estimation

e Shear strength parameters control the failure mechanism of

landslides
ya |
Simple Shear Direct Shear

Unconfined Compression Triaxial Compression
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Shear Strength
Simple Shear Test

e Soil sample is contained in a i

wire-reinforced flexible tube. i, ,/'
’ Soil ’

e Shear force is applied at the 2 2 /
top of the sample while / —
keeping the bottom of the e grea

sample restrained.

e Rotation and vertical
movement of the sample are
recorded using dial gauges.

e Not normally used in day-to-

day geotechnical practice. Wit Felfiforcad

flexible tube

; VN
[Image source: http://www.gdsinstruments.com/]
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for dilatancy measurements

Normal force (kN) Vertical strain transducer
Shear Strength et ]

Reaction force (kN)
measured by load cell

o Direct Shear test with varying strain rates i iy =]

i —— |
< Suction controlled for unsaturated samples Ropis /--- ------- — ool
e e of slidin transducer
- Small and Large Box DS Tests i
Shear stress Shear strength R
Peak '
‘_rp A ,
Constant volume /./:/A'c
n " #
Flesidu:l_ T./
I
Displacement Effective normal stress
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Classification of Landslides as per their Velocity

Velocity Description
Class
A
7 Extremely
Rapid
6 Very Rapid
5 Rapid
4 Moderate
3 Slow
2 Very Slow
Extremely
SLOW
v

Veloeity
(min/sec)

5% 10°

5% 10°

sx10°

5x 107

LA

5x 10

5x 107

Typical Probable Destructive Significance
Velocity
Catastrophe of major violence; buldings destroved by
impact of displaced material; many deaths: escape unlikely
5 m/sec
Some lives lost; velocity too great to permut all persons
to escape
3 m/min
Escape evacuation possible; structures; possessions,
and equipment destroved
1.8 m'hr

13 m/month

1.6 m/ivear

15 mm/vear

Some temporary and insensitive structures can be
temporarily maintained

Remedial construction can be undertaken during
movement; insensitive structures can be mamntamed with
frequent maimntenance work 1f total movement 1s not
large during a particular acceleration phase

Some permanent structures undamaged by movement

Imperceptible without instruments; construction

POSSIBLE WITH PRECAUTIONS

Cruden and Varnes, 1996
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Effect of Strain Rate in DS Test

Peak angle of
internal friction

Critical angle of
internal friction

Angle of internal friction (¢°)

43.0
41.0
39.0
37.0
35.0
33.0
31.0
29.0
27.0

~—40% +55% ~T70% —85%

25.0
0.001

N

0.010
Strain Rate (%/sec)

0.100

Angle of internal friction (deg)

w o
= o
= =
il 1

25.0 A

20.0

15.0 4

~40% +55% ~70% —85%

._.
=
=

0.001

0.010 0.100

Strain Rate (% /sec)
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Shear Strength
e Tilt Table Test for friction of slides comprising large sized
particles
All units in mm SR Tilting angle, 6
Electric winch EU;;:QHSDT the tiled
used to tilt
sand box
- Tilting meter,
Data 900 to 1050 _ - ju
recorder [
B 50010530 | 80010970 _
i v 7 P
—l_l Toyoura sand {_E[l{] PR
/ = i ) Center of
Amplifier and A/D converter rotation
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\\\

Shear Strength

e Triaxial Shear test (UU, CU, CD, UCS)
< Saturated samples
< Dry samples
< Suction controlled for unsaturated samples

e

Triaxial apparams

03 L
“8=45+¢i2

Failure envelope

Cell pressure — = = |

- —» Pore pressure/ Back pressure
g~ Volume change




10-04-2023 IDRRR, MZU, 2023 7

Triaxial Shear Test Conditions

e Appropriate consideration of confining stress range
< 50, 100, 150, 200 kPa — Foundation design problems
< < 75 kPa — Slope stability problems
< > 300 kPa — Dam amd Deep foundation problems

o Appropriate fitting on curvilinear failure envelope
< Proper estimation of shear strength parameters

Y
T
fined Mohr-Coulomb line
-
mormal test range _‘__\}
- [ i
‘ -
, | stremglh envelope .
Loy - HIGH O,
Gn (’,/
: ' DEEP
SLOPES )
= MOST FOUNDATIONS
Le"2 FOUNDATION DESIGNS
DAMS
" ) —" .
G (kPa)
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/ ) )
Consolidated Undrained Test

~

0,=0.+A0,

0 g B

[Ui=U,+Acs]

Undisturbed Consolidation Applying Additional Applying Additional
Sample Phase Cell Pressure Vertical Stress
[Drainage Open] [Drainage Closed] [Drainage Closed]
[ r
T4 S — (Ol)f_(03)f _(Ul)f_(03)f
ge =
Effective Stress CsL 2 2

Mohr’s Circl Sample #2
ohr’s Circle Sample #1 P Sample #3

S
;{ Faur\

A Points >
S{ / &Z Gm k

T
— U = 100 kPa — \/

, \ Total Stress Mohr's
(03 )F O3 Clrcles for the three

50 kPa 150 kPa samples

SEaE
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Unconfined Compression Test

s, from Unconfined Compression Test

T4 Effective
Stress Circle* CSL

G4

Total Stress -
Circle e

/

A g
\ i
:
I
! r
« . C
_ 1 Negative pore-water CSL
Su — 2 01 F v pressure

[* Shown for the purpose of illustrating negative pore-
water pressures in fine-grained soils. In case of
unconfined compression test, it is not possible to plot
Mohr’'s Stress Circle in terms of effective stress. ]
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Consolidated Drained Test

B

Undisturbed
Sample

[0'3 =0, _Uh]
Consolidation

[Drainage Open]

Ao,

|

O

03
s
u

= Ao
I }0—1 03+ 1

("—\-01 = Aoi)
[Grl - Gi _uh]
Applying Additional

Phase Vertical Stress
[Drainage Open]

T4 Effective
Stress Circles CSL
| %
\
R (%) (0%
r
Oﬂ
¢
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Unsaturated Triaxial Strength Test

e Extended Mohr-Coulomb Failure Envelope
< Fredlund and Rahardjo (1993)

Shear stress, 7

3

b
¢ &
>
Extended Mohr-Coulomb eo"\)} 5
failure envelope L 22 s
& o P
@’b \o // »
=
FESead N
. 7 \'-.\ d)b

s
b 4
(Us - uwk tan @° /I0N 7 / v/
A
7 71 ,/ ,/ ] l
c Ve ) H ! \
7 12 i i
o R P S R s e 1 SRR R R S
4 ’
5 ¢
7 .
/
’
s /
s ///
// S
f 7, \
s \\

Net normal stress, (0 - u,)

t,=c'+(c-u,),-tang’ +(u, —u_), - tang"
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Residual Shear Strenqgth

e Response of saturated fine grained or very soft soil to shearing

PEax

Type B — Dense sands and stiff clays

Crilicpl 18804

Tch _________________ -

L]
Type A — Loose sands and soft clays

Residual State

Yzx l

5 N '
: 8 '
E Type A Soils é : s sz
: 2 > 50%
g TZX £
-4 3
2| g
= E

' E
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Residual Shear Strength

e Torsional Ring Shear test

< Simulation of landslide strains
= One-directional or cyclic
= Large deformation problem

Simulating

the sliding
o da S“rfﬂ ce
Normal axis <// Normal

stress stress
\ 4 l \ 4

et S

Sliding
surface

Sample
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40 A

Cyclic Shear Strength o

e Cyclic Triaxial Shear test Le
2 Stress-controlled and Strain-controlled tests |5

Lo
N
o

= Simulation of seismicity induced failures 50 ‘ ‘ | ‘ ‘
. ] ] ) ] -0.15 -0.1 -0.05 Axial gtrain (O/(())).OS 0.1 0.15
= Determination of dynamic behavior of soil 75
{CSR=0.4 (d)
« Shear modulus degradation 30 WW
= ]
« Damping ratio & 15
1) Triaxial Compression Frame g 04
§ 157 o' = 100kPa
< -30 D, = 60%
f=1Hz
'45 T T T T T
10 5 0 5 10 15
Shear strain (%)
(b) CSR 40 CSR=0.1:——D—0—D"
—o—0.1 CSR= 0.2:—&— D—A—D*
—0—0.2 30CSR=0.3:—¢—D,—~—D"
——03 CSR= 0.4:—p—D,—>— D
—v—04

o'c = 100kPa 104 o', = 100kPa

Damping ratio (%)
N
o

{ Dy=61% D, =61%
f=1Hz 0 f=1Hz
0.01 0.1 1 100 001 0.1 1 10

Shear strain (%) Shear strain (%)
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Dy =60%, ¢’ =100 kPa

5]

0.03 0.20
Bhuj motion (0.103g) | [0.15
0.00 ' et 10.10
Shear strain [0.05
- - - -0.03 1 r -
i " ."."L [0.00 =
e Cyclic Triaxial Shear test Y ——— S S
S0 030 10 20 30 40 50 6% 20 =
. £ 0. - . =
7S < Tezpur motion (0.103g) 5 w
« Stress-controlled and Strain-controlled 5. o 015 &
E R | Shear strain » L0.05 E
tests =003 Mt £ f0.00 =
=-0.06 . : . . . 0.05 3
. - - - - . @ 0 10 20 30 40 50 60 §-
= Simulation of seismicity: Regular and 0.03 , 020 2
i . i 0.00k . . Kobe motion (0.103g) [0.15 <
irregular excitations ' st e
_0-03_ - i " ear stram ) . FULUD
Liquefaction scenarios and parameters 4 x
n -0.06 . . . . . -0.05
Iqu I I p 0 10 20 30 40 50 60
q c c 0 ; Time (s)
« Evolution of Liquefaction induced landslides
0, | 0, | (2) Bhuj motion (0.103g) 49, |
8] &= 50kPa, D, = 30% 15] .= 100 kPa, D = 30% 30] T,=1501Pa, D = 30%
6
100 = = G (MPa)===r,, (Irregular); & G (MPa) 2 r, (Regular) 1.0 o 12 lﬁ
AL L o [~ 1- S 0 0
(1) No liquefaction zone % 2 : o
3 - o
- - -15 -30
’; 80 ~ - L . & . . -0.8 _lgo 0 0 30 40 o 5w @ e 80 T 0 3 @ S0 1 1o
ey v (@) Quasi-liquefaction —> Liquefaction | ™ 022 020 (P2
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Centrifuge Test

e Miniaturization tests simulating field scenarios
< Miniature centrifuge in the 11T Guwahati Geotechnical laboratory
< Huge centrifuge of 9 m radius at UC Dauvis, California
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Representation of Centrifuge Testing Scheme

SHAKING
TABLE

BUCKET

SHAFT

BEARINGS

& s w
nnnnn

-
wat s
.............

--------------------

nnnnnnnnnnnnnnn
nnnnnnnnnnnnnn
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
aaaaaaa
.....

COUNTERWEIGHT

Q2 wm ot

% 140 ﬂ
LVDT-vd _ LVDT-+2 _|LVDTwl
LVDT-h LShi
| —_—— —
= = -
prrdO=Cacoily
ACCAX
ACCI-Y
epra ACCSY nc&f 2

ACC-T-X. Y2 ACCSX I ACC2-X
Pw:\%’il—_x&‘*‘xl ¥ S //:
e 2777777
660 1Z

10mm 3

Silica No.8
60mm 100mm

@ @
40mm PPT33 PPT23
200mm

@
40mm | PPT32 PPT22

325mm
50mm

40mm
e s

@
PPT31 PPT21|]

@
PPT11

7]

115mm A_inp .
Solenoid valve

3omm? W siicaNc.3 g FPPT_D3 PPTDZ g PPT DI
115mm
215mm




10—04% IDRRR, MZU, 2023

: Shaking Table Tests

< 1-g model tests for liquefaction, settlement analysis, foundation response

< Uni-direction shake table: Simulates the most dominating feature of
earthquake i.e., horizontal shaking

= Unidirectional Shake Table at IIT Guwahatl
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: Shake Table at University of California Berkeley

e Biaxial = 8 vertical and 8 horizontal actuators

,,
3

|_PJ 2
i
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Schematic of a Shake Table

/

e Tri-axial shake table
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/ ]
’ Final Words

e Myriads of Laboratory Investigations

< Which to choose?
- What do we try to find out?

« Index, Strength, Hydraulic or Deformation characteristics?

o Saturated / Unsaturated characteristics
- What time scenarios we are looking into?
o Short-term or long-term characteristics?
- What are the influential factors?
o Rainfall, Seismicity, Water, Excavation ... etc.
« What are the mechanism we are looking to?
o Slide, Flow, Spread etc.
« Translational, Rotational, Progressive etc.

« Rate of movement

SCIENTIFIC AND ENGINERING JUDGEMENT
ACCOMPANIED BY PROPER INTERPRETATION



P R

Field Investigations and Monitoring
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Components of Landslide Studies

4 ™
- T crrari _» Global behavior
— Stratigraphy _—
In-situ and laboratory \ y _ _
investigations 4 //V Material behavior
- Soil mechanical behaviour
. J
e ™
Pore water pressures [ Modelling ]
. vy
Monitoring - ~N
Displacements
. vy
4 ™
Slope stability conditions
\ J
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|_andslide Reconnaissance

« ldentification of potential/actual landslide
through Geomorphological features

Trees may have curved trunks F
frol yeare-of cheey 94 Walls tilt and separatd

n cracks

top of slope

Retaining Walls lean out
near the bottom of slope




10-04-2023

IDRRR, MZU, 2023

|_andslide Reconnaissance
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e Core borings with continuous sample retrievals

IDRRR, MZU, 2023

Exploratory Borings

Diesel engine

Gearbox
Skid frame

Hydraulic controls

- Selftowing device
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fe————  Wire winch rope

R

3 Water swivel

Drill rod or Keliy rod

Soil cores

Stratigraphy

Depth in Graphical
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Exploratory Borings

e Achieve a good identification of geological profile and soil stratification
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Exploratory Borings
e Representative BorelLog

< Necessary Information provided
ethod of boring
« Drill-hole diameter

Boring inclinatio

= RL of surface and Datum
SPT-N values

mpie nature
(Disturbed/Undisturbe

- Depth of SPT tests and sample
collection

Soil material description wit

Ification symbols

Location of water table

= Moisture condition and index of
density/consistency

IDRRR, MZU, 2023
\‘\

/%

Client

TasWater

Date 29/8/13

Project : Proposed New Sewer Pipe Logged By MS
Location : Rosebery
Drill model Dnlltech Easting: Inclination: _gg° RL Surface
Hole diameter . 130mm MNorthing: Bearing: - Datum
<
c =1 2.z
HEENe 212 5 Z|Eg )
2|2 = | & Notes Depth| o |8 2 . g &£ Structure, additional
=|2| | & |Samples m | 5[5 5 Material Description o |2 2 observations
E(B% = | Tests R ER EN
o ale 3-8
=
B FILL - Sandy Gravel, fine to coarse M | L |FILL
| gravel (subangular, bluestone), grey
| MD
(025
[ 050
| SM| SILTY SAND - fine grained, brown/ M | MD [NATURAL
| grey, with some clay and a frace of
0.75 gravel
. -
2= 1.00
<L | ML| SANDY GRAVELLY SILT - low M |MD
| plasticity, fine sand, light green/light
L brown
[ 125
— [ 150
| Becoming light green, with a trace W \Water seepage at 1.5m
| of clay
[ 175
: Becoming light brown
[ 2.00
L Borehole terminated at 2. 0m
[ 225




10-04-2023 IDRRR, MZU, 2023

/ Borelog cum Laboratory Test Result Datasheet

Boring method: Shell& Auger & Wash  Boring dia: 100mm Date Commenced:11-06-08 Date completed:11-06-08
BH:1

£ Shear

2 | parameter
z 3 £ - E | 2 o 2
3 3 e |2 e | 5 = |7 |x 2 z
F: E z |5 E | £ S e |2 |2 g -
g 2 > E GO = o o 5 = g £ | Z € ~ 2 5
z 5 = = - ;‘r = =] > = Z = - 0 a = £
£ E = 2 A ~ = = = = ) =] e oy = = 2 v
sy 2]y |5 |2 s |2 1E |V (2 |2 |5 |2 |25: |32 |7 @
55 5|22 |32 s 22 |22 |2 |= |8 |€5|3 |25 |2 |- g
&5 5> | 2 7 S |Z |2 |C |3 3 2 |2 | 5=| 2 2z | E | | = |2
‘—‘e_ ;7 S > s |= |72 |= |2 |& |2 |2 [2¢l& |22 |8 |2 |2 |2
1.5-1.95 P 5 Brownish gray CLAY
20 U trace/some silt silty 15 | 8 | 101 | 267 | 075|281 | 051 02 5 013 | 406 | 244
3.0-3.45 P 7 CLAY trace sand.
35 U CI 10 [ 90 [ 195 | 267 072 | 035 4
454095 P 7
5.0 U 10 | %
6.0-6.45 P 11
65 U 6.5M 5 | 35 | 60 | 199 | 266 078 | 038 | 11
7.5-7.95 P 18 Brownish gray fine
8.0 D SAND trace/some silt 65 | 25 10 | 194 | 267 022 ] 012 26
9.0-9.45 P | 24 | SN[ | trace clay.
95 D 85 | 10 5
105-1005 [P | 27
11.0 D 12.0M 20 10 1.97 266 33.-DS

U: Undisturbed sample:: P: Standard Penetration test - D: Disturbed sample DS:Direct Shear Test
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INn-Situ Soil Strength

e Characterization of in-situ soil properties
< Standard Penetration Test (SPT)

e Standard Penetration Test (SPT)
t o i Per ASTM D 1586 Sampler head
Repastody ¢ 1
FHling 0.7 m
¢ Neoed to Corroct to a Reforonce
Aevdl ¢ Energy Efficiency of 60%
(ASTMD 4633) Ball check valve
CROWN SHEAVE(S) OR PULLEY(S) Boreboh
S
Deill Rod
CNor Poote: Ocess fomal Rubber seat
AT Type) Foarth tecromont Used
TYPICALLY 25mm (1in) Lo provide addonat
DIAMETER MANILA ROPE _Spit-Barrel sodf moterial
" (Drtve) Samplor
E [Thick Holow
Tude}
0.0.= 50 mm
e 812 |
MOUNTED ON ol
SOSORS AT FXED [ (1] MAMMER
SPACING 762mm '
(30 in) APART AT — Lt
5" b gs Thin wall
Y- = g& sampling tube
.. 8 SPT Resistance N -waluc)
£ 2 %; Kirsineroment of “Blow Courts” is total \
{g - ] e R T B nurrber of blows to drive
4o £ ;g Second ncrement sacrpler last 300 mm (or
- e 2 blows per foot).
zlv.. Sl ;‘,’:\' —
Third Increment
G e — Split Barrel Sampler —
Hjje—="M0E RS . (76.2 mm) 24" (60.96 cm) — s
e 3/4 } -t 2 ) Water port 1/16" dia
SPT smmn\:'%; L (19 mm]\Lq 8 Acme threads per inch ,
G E] MR ETTEGTY ST Th : S h I b
- S E r Split center Make from 2 seamless 0 | n e y
Figure 2-1, Sk:tch of 1nstrbu?enta:£0n set up to mea:urehfaldl }ﬁight, = g I section tubes to give full diameter
R e e e e % v\ e R TU b e S am I er
e i \ \ Thread for p
SRl 314" dia steel ball :
144" ) ; {16 mm) wash pH:e
(38.1 mm) Tool steel drive shoe chisel or A rods
point tempered at edge
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Typical Borelog

continued from previous sheet \ BORE HOLE NO: 9 ‘ Sheet No: 2
SUB SOIL PROFILE DEPTH SPT SAMPLE -
2 GRAFHICAL REPRESENTATION OF SPT VALUE MARKS
GEO FORMATION g | M | 18] 161 18 |TOT TYPE FROM.TO g
S cMm|cm|em| aL | zno
0 5 10 15 20 25 30 35 40 45 50 55 60
— i — —————— — 7.00/ J-5 7.00-7.35 1 ] i L . : i ISR SAPES: SA NIRRT HOTRon Y
2|3|a|7|0D5| 7.50-7.95
8.00
MEDIUM CLAY OF MEDIUM US| 8.60-8.85
SPT VALUE, INORGANIC, HIGH 00| 2| 3| 3|6 | D6 | 900-945
FPLASTIC
*0.00 u-7 | 10.00 - 10.35 |E5]
4| 5|6 11|07 |1050-1095 |[HH
STIFF CLAY OF HIGH SPT 11.00
VALUE, INORGANIC, HIGH
PLASTIC U-8 | 11.50- 11.85 |y
1200 7 | 15| 18 | 33 | D-8 | 12.00- 12.45 |EEE
13.00 u-g | 13.00-13.35
4| 7 |10]|17| Do |1350- 1305 R
14,00
HARD CLAY WITH HIGH SPT o
VALLIE U-10 | 14.50 - 14.85
1500 6 | 8 | 10| 18 | D-10 15.00 - 15.45 |EEH
15.00 U111 16.00 - 16.35 |po
5 | 7 [10] 17 | D11 1650-16.95 |EEE
e L p—— 17.00 S i P i il
D: DISTURBED SAMPLES #/ U: UNDISTURBED SAMPLES /i ﬁ DISTURBED SAMPLE TYPE OF BORING:
SPT: STANDARD m%wmnu TEST /I GWL: GROUND WATER LEVEL F4 UNDISTURBED  SAMPLE AUGUR AND WASH

Yo
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Characterization of In-Situ Soll

< Standard Penetration Test (SPT)
= N-value: Number of blows for 30 cm penetration (leaving the first 15 cm)

= Corrections applied

o Overburden, Dilatancy, Hammer impact, fine-grai

Depth (m)

Depth (m)

ns ...

SPT N Value Index Properties
SPT N . . Relative Density Friction angle
0 20 40 60 80 Soil packing o ’ 10
[Blows/0.3 m] [%0]
<4 Very loose <20 1
4-10 .
4 o1
—e=p1 10-30
—=P2 30-50 oor
=50 Very Dense >80
P3 0001
1
J ) ession Str SPT N-val
N Value Unconfined (( ::zn::ln e_.;s;lon Strength Consistency value
Less than 2 Less than 0.2 Very soft 0 st oy oy s 2 ity clay o dayey sit i
il o sty w5t ta sity sand
2.5 XSty clay 1o day sil a5 ¥ Sity clay to dlay st
36 -
5-9 5=
9-17 i;‘ 5. -
k=1 K
Z &
45 - T8 = 10 &a ‘%’
Shear wave velocity (mv/s) x
5
0 100 200 300 400 500 600 Over 33 Over 4.00 °
. . r ° 1 100 ’ o 0 a0 Ad 150
Imai and Tonouchi (1982) 500 SPT Nevaluc
54 Ohta and Goto (1978) 450 . .
Ohsaki and Iwasaki (1973) Z a0 . . 3 ., 10
10 4 ~ Hasancebi and Ulusay (2007) ? 350 ¢ a5 ki g Sty clay to dayey sittil
— Iyisan (1996) 3 3004 e ey dayE 8
15 = Median 2 250 4 2
% 2 L 03013 B1s [
z 200 ¥ = 95.641x' £
Z 150 R’ =0.8354 E o o ¥ % .
20 4 3 = X o 4 . .
= 1001 Fus xg . *
50 4 - » [ ]
25 o o s 2 .
S T - - T T - 150
VS == ’G/p 0 10 20 30 40 S50 60 70 80 9% 05 RN IR 0
304 SPT 1 0 10 15 20
A SPEN SPT N-value SPT N-value




10-04-2023 IDRRR, MZU, 2023 3

INn-Situ Soil Strength

e Characterization of in-situ soil shear strength
< In-situ Cone Penetration Test (CPT) — Soils having fine contents

L

%

Cortinuals
Hydradi o Push
= 200 s A
rod esery T

B0 e chiours_) .
£
2 Silt with sand
and clay layers
Rcodings taken

eveay 1l ko 50 o

":
L™
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/ INn-Situ Soil Strength

e Characterization of in-situ soil shear strength

< Soils with significantly low shear strength
= Field Vane Shear Test and Needle Penetration Test

Egpaipeo i nenBka

e Enis Win
Lmrwnlr: } I':r"nﬂ|;:l"::m
el senden %:: 3“’ I"'"‘

W

i :'B:.l.u'nl"d’m
# hagtw ul fonde
'rnu'n-l-rl;lm ad

|"I'Hf,l'h:lj I

i
sl molinae: | | -E |
11 = &5 . ] BER
H= 130 mm ; | |
=1 mrn I'I=l:||1'ur-|rFu| H § i
e Ll L

1
E ﬂi.i.lml.m
del 3cmdac
A mwdingde = O
Espesor placn
!
L+
1. irsemion del Wano 3 Fnim wikela, Hiba 3, RosBrar cordi A Nadhir |a Barsidin
ol vans & G gradaminuiss 0m 10 vualam mesigus T_ pane

Ml b Toraidey price, T SN P Ak
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’ INn-Situ Soil Strength

e Characterization of in-situ soil
shear strength

% In-situ Box Shear Test

- Estimation of shear strength
characteristics of soils right from the
field with in-situ soil conditions
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Characterization of Hillslope Soils
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Characterization of Hillslope

b Das and Das and . . .
ke 7N Gravel Coase  Medium Fine silt Clay Saikia (2010; | Saikia (2010; Chetiaand | Experimental | Experimental
S Sand Sand Sand Size sze | Spil Characteristics ’ ’ | Sreedeep Results —SOIL | Results —SOIL
4TS 20 mm 0425 man 0075 mm 0002 mm 2011)-SOIL | 2011)-50IL
1o 1 2 (2013) 1 2
100
% Soil I (Saprolite) Referred as RSC PGSS RSC_CS RSC_EXP1 PGSS_EXP2
=Sl 1] (Laterite)
80 Specific Gravity 2.4 264 2.62 2.68 2.68
& In-situ bulkdensity | 165 179 = 192 177
g
£ = In-situ dry density 1.49 1.63 - 1.50 1.57
10 Liguid Limit 43 39 46 a7 35%
0 Plastic Limit 27 Non - Plastic | 27 27 Non — Plastic
20
10 Fines Content 72.7 745 74 778 36.75
0 2 Natural Moisture . . — _—
v ! particte Size (iameclen (umy o %! || Content
In-situ Volumetric
e . Plasticity Chart : Red Silty Clay : Soil - Il (Laterite) Water Content e gEZ - SLEE =)
6 T
: d Void Ratio 0.78 0.62 - 0.78 0.71
: Porosity 0.44 038 = 0.4 041
! "
: In-situ t:.legree of 28 5 ~ o 47.79
g Saturation
ts::;'s';a“d Permeabilty ) gguagr 1.2x10° - 10° 10°

Site name

MH or OH

Noonmati hill 1

Noonmati hill 2

Kailash nagar hill 1

Kailash nagar hill 2

Shree nagar Kailash nagar hil

Punnya

nagar hill

Indupur kharghuli
Kamakhya hill
Shantipur hill

infiltration rate

Minimum
infiltration rate

Maximum

x10%(m/s) x10%(m/s) x10%(m/s)
0.955 0.867 0.911
175 0.160 0.955
7.36 6.70 4.02
212 1.83 1.97
0.828 0614 0.721
0.566 0462 0.514
459 4.48 4.53
17.5 11.1 1.43
113.0 9.00 10.1
0.661 0.58 0.623
159 1.08 1.33

Average
infiltration rate

Volumetric Water Content, ¢

0.5

0.1

« Experiment Data (MPS-1; EC-5)

X Chetia and Sreedeep (2013)

==Fitted SWCC used in SEEP/W model

50

100 150

Matric Suction (y, kPa)
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200 -
150 -
100 -
50
0
0
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900
800 -
700 -
600
500
o
400
300 1 --100kPa
200
--200kPa
100
~
0 > > T y T T T T T |
0 50 100 150 200 250 300 350 400 450 500
P
100 _
(RN Degree of Saturation
TR — 5%
-,"_ ,.\.. — 10%
75 Hpms 0oy — 20%
0N
= ;'], \y \ - 30%
£ il v - -40%
% WA
Zs0 | f Wy -=-60%
g I :
z |
g |1,
25 ;
.}.
I" =~
0
0 25

5 75
Normalized displacement(%)
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Geophysical
Investigation

e Seismic Refraction Method
(SRS)
< Operates on the velocity of

wave propagation of the soil
medium

< Generates an array of reflected
and refracted waves

% Based on first arrival of waves
in the receivers

% Results

= \elocity of wave propagation in
the medium

= Thickness of the stratification

Seismic
source

N///—Alr wave—) _

= c N
R MEUESEEEEPEEE LSSt : 1
| Slo of AB= —
: B i Slope v
4 L :
: ! ! SIopeofBC_V
= - ! .
= Byt ! !
: : ' Slope of CD = v
L] I l :
= ! |
= oA L :
d, Distance d,
A D| D:’, D:l Dq D D DB
J / Less dense Iier / H,[ Velocity V,
/ Velocity V,
Dense Ia er
o Am
T 2 Velocity V,

Rocky strata
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Geophysical Investigation

e Seismic Refraction Survey (SRS)
< Based on refraction of generated waves through various soil layers

Restrictive limitation

« Each of the successive soil layer should have higher velocity than the shallower layer

« Improper for arbitrarily formed subsoil stratigraphy

Shot

Geophone Receiver

D

Shot

Velocity V1

C
Velocity V2

Tg=

T(AD) + T(GD)

TIAG)

Velocity V1

Velocity V2

- -

C -';{'.-.. /

T(HD)= (T(CD) + T(ED) - T(CE))2
Distance (HD) = V1 =« T(HD)

http://www.cflhd.gov
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SRS at Failed RajBhawan Site, Assam

[seswic Tomosram 1 (sr-122) |

LOCATION—-1 OLD ADC BUILDING

%
61
P
= 5
5 u
o
Y
z
2 x4
3
26
21
1%
5 T 0P S O T 22 T S SR S 0 O S e
i | SEISMIC SECTION: 5-1 (SRT-1&2)
o
%€ +
[
s !
0
n 1
e
©
& 3
b
3 %
S5 &
g
0
15
(1)
& PROPOSED DEPTH OF FOUNDATION/ 24 M DEPTH AT SLOPE
84
81
7
75 3395
[ 3052
i 2708
s 2
63 2364
= 60 2020
o 1676
< 54
2 51 1332
= 48 988
B 45 544
£
g 11 300
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Geophysical

Investigation

e Ground Penetrating Radar (GPR)

< Aids In the identification of underlying
buried objects

< Operates on the reflection of waves by an
object

% ldentification of substrata based on the
difference in stiffness at the interfaces

IDRRR, MZU, 2023
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Geophysical Investigation

e Nuclear/Proton Magnetic Resonance (NMR/PMR)

< Based on the excitation of protons in subsurface water by earth’s magnetic

field

= Records variation of voltage in the receiver obtained from the transmitted signal
= Restrictive limitation

« Ineffective in the presence of magnetic minerals in the stratum

/=

I(t) = lgcos(£2t)
I (7

Ii

PMR Signal

Water Layer

H protons
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542 8 " L L B 240
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Geophysical
Investigation

content of soils

< Variation in apparent resistivity of soils

IDRRR, MZU, 2023

e Electrical Resistivity Tomography (ERT)

< Depends on the current flow generated due to
the differences in the electrical resistance of
different soils (dielectric constant)

< Depends on salt concentration and water

Current
Source

i

LCurrent Meter

urrant Flow
Through Earth

Current lines

Potential lines

lovi
20404

e 280

20201 A\::\\ID\

Elevation in Meters (AMSL)

[N I N T ([ N ([ (N
200 365 664 121 221 402 733 1336

Electrode spacing
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Geophysical Investigation

e Multichannel Analysis of Surface Waves
(MASW) — Active and Passive Surveys

< Shear wave velocity profiling of soil substrata

< Operates on the dispersive capacity of soils

Multi-Channel Seismograph

- o
Receiver Array
L

Body wave

IDRRR, MZU, 2023 6
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MASW

< Evaluating ground stiffness
< 1D, 2D or 3D formats

IDRRR, MZU, 2023

2-D MASW
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MASW Su rvey at a Falled Rajbhavan Site
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Advantages of NDT Geophysical Investigations

e Advantage over conventional boring and drilling method
< Drilling and boring technique Is excessively costly

< Spacing between boreholes have every possibility of missing the subsurface
profile variation

< Boring is till required to extract samples for actual strength and stiffness

properties

SEISMIC SURVEY

Data Lines Digital
Source .-'Re-::'dmg

‘ Receivers

DRILLING
|

- ‘“-i s
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Seismic Up-Hole Survey: Schematic
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Oscilloscope

Downhole Testing
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Subsurface Velocity Profile
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Target of Geophysical Investigations

e Understanding the characteristics of landslides

Cotd (m)
Bode

< Landslide characterization g
= Subsurface imaging
- Landslide boundaries e
- Depth of Rupture Surface m—
= Location of Water Table o J L
==
Perfil 111 Sas0a 000 m

Shear o o PR
surfaces
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realizacion del levantamiento
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a6880m
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$-2-1b 73,60
a76,00m

Isolated
shear

surfaces
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Hydro-Geological Surveys

Evaporation
& e :
o Identification of hydrological issues Wtesion” e L0, 0
v ' Percolation ovag;nd\
< Ground water table VTSR

N Stream flow
%

< Suction capacity and Unsaturated zones Groundwater
<+ Perched water table Basetion |,
< Infiltration
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Hvdro-Geological Surveys

o Atypical Hydro-Geological Model: The Rosone Landslide
The Rosone landslide: hydro-geological model

LESS EVOLVED SHEAR BAND
(from geologic and geo-morphologic considerations,
stratigraphic investigation and seismic reflection relief )

EVOLVED SHEAR BAND (fallure zone)
(from geologic and geo-morphologic considerations,
stratigraphic investigation, inclinometric evidences
and seismic reflection relief )

LONGITUDINAL
SECTION C-C’
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|:] ZONEC

[[] ] sHEAR BANDS
SPRINGS
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Continuous/Freguent/Intermittent Monitoring

e Ground water monitoring
< Plezometers and In-situ Tensiometers

50 T 730
700 + Active wedge § 700
P ) d Urbanizaciones
- [Fassive we ge Carretera )
) ]
‘ ‘ SCI-15 /. /2

SCI-1t SZ-°

- - © - .
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Hydro-Geological Surveys

e In-situ Infiltration and Permeability tests
< Double-ring Infiltrometer
< Minidisk Infiltrometer

< Guelph Infiltrometer/Permeameter

QOuter ring

|
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— - Water levelg

[ R
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Washer

Water Outiet Tip




Hydro-Geological Surveys
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e Determination of GWT and pore-water pressure

< Hydraulic Piezometers (Stand Pipe, Casagrande)
< Pneumatic Piezometers
< Electric Piezometers (vibrating wire)
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Hydro-Geological Surveys

e Determination of GWT and pore-water pressure
< Instantaneous Profile Method

Neutron Probe
Access Tube

Tensiometers ¢
| ’ Ponded Water

Berm \\ _/ //
i" UL'—\ z=0

Zal;
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/ Hydro-Geological Surveys

Well Pumping Test
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Hydro-Geological Surveys

Borehole Tests

[Spherical Tip] [Cylindrical Tip]
Constant Head Falling Head

Q d, (h d*> , (2L (h,
k = k = ——In| = .
275 (dxh) 11t n{th T In{ d )ln(th
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Hydro-Geological Surveys

e Soll suction measurement in unsaturated soils
< ldentification of VVadose laye
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Hydro-Geological Surveys

1000

e Precipitation/Rainfall

T
- 3
records over time -
< Provides the idea about the i
intensity and duration of §w
rainfall
oo w _Prolonged heav
s = Sudden Intense e g y
£ _ o rainfall R
E 400 Ralnfa” g 800 ¢
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Hydro-Geological Surveys

e Field setup
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Hvdro Geolooucal
Surveys

e Rainfall simulator

Temperature/ RH

; sensor

.

-

Weather monitoring system |
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Hydro-Geological Surveys

e Simulation of soil loss over time

IDRRR, MZU, 2023
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: Hydro-Geological Surveys

e Geological characteristics of soils and their variation
< Results in uncertainty and heterogeneity in the field data

Granitic Boulders

Development of a saprolite
profile over weathered bedrock [mmwy [

R /. Claysize particles =
N

L5 Reddish Silty Clay
o -| Siltand Sand size 8 " (Laterite formation)
N\, | particles

Pale Yellow Silty Sand

— Quartz vein
-, (Saprolite formation)

Immature soil with

weatheredrocks \ 3 4

X, <
Ny Quartz vein -

Quartz Vein

A Weathered Rock

Weathered
crystalline rock

> \\
\ A Unweathered
| Bedrock

(a) (b)
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Investigating the Spatial Variability

e Spatial variability in properties
< Extremely important S Mangan, Sikkim

« Salient variable parameters | %
< Shear strength parameters
< Permeability characteristics
< Geological and geomorphological variability
< Rainfall distribution



Spatial and Temporal Variability of Rainfall

e Substantial spatial and temporal variation
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Spatial Variability in Soil Profiles
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Spatial Variability in Geological Features
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Lower Siwalik
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Lesser Himalayan rocks
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Investigation of Natural Triggering Events

e Rainfall event monitoring
< Strategically located Rain Gauges

e Seismic event monitoring
< Accelerographs

Rotating drum

i5
Time (Sec

H ’ |§\'11‘L|' "fr I Il e

Gebiheacayy|
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Observing that it was not damaged
by the flowslides, the Authorities
fl argued that it was not an element
ll atrisk.

Ariel/Geodetic Surveys

e LIDAR Technique

< \Velocity of soil movements

< Type of movements — Rotational or
Translational

The white triangle was an
hospital (under construction at
the time of flowslides)

< Extent of damage
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Continuous/Freguent/Intermittent Monitoring

Prism mirror targets

e Mass Movement monitoring
< Electronic Distance Measurement (EDM)
< Inclinometers, Extensometers, and Strain Meters
= Ground tiltmeters | 7 [ "

Total statlpn

L
24809,
%3 W = M 3
- 1= ‘ A H
4 aad 1 2430,
T AN
P

) o
% @ .
. S _alinti WAV
LS be [ B | B Foreoes f
Ve \\ - R |1 1o
i v ] b L
/ "‘J % - i H @)
2o SR B > &!\ Anden:
g e 4
a denes! 2

>

% Extensomete

Extensometer
04E 1\ e

Borehole Inclinometer and
ground water monitoring




10-04-2023

—

IDRRR, MZU, 2023

Continuous/Freguent/Intermittent Monitoring

e Mass Movement monitoring

< Ariel photographs and Advanced surveying techniques

using GPS and Satellite images
< Time domain reflectometry
= Use of Optical fiber sensors

Survey methods

Movement determination by aerial photagraphs
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/ ]
’ Final Words

e Myriads of Field Investigations

< Which to choose?
- Exploratory borings, Geophysical, Geohydrological, Aerie surveys etc...
- Extent of survey and cost involved

« Requirement of the project

- Level of interpretation reqruied

o Simplified or Robust
- Time and duration of investigation

« Seasonal variation

o One-time, intermittent, frequent or continuous
= Variability of soil and ambient influence

o Spatial variation

o Temporal variation

SCIENTIFIC AND ENGINERING JUDGEMENT
ACCOMPANIED BY PROPER INTERPRETATION
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