CGEOS

Engineering Geodesy Consultancy

XXV International Federation of
5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 - 21 June 2014

CGEOS

Infroducing GeoSensing as the
Integration of Geodetic and
Geotechnical Monitoring Techniques
to contribute on Deformation
Modeling

Joel van Cranenbroeck and Partners
Beyond East & West GeoSensing Community




A Solution is an answer to a Problem

Every geosensors (instrument) on d
project should be selected and
placed to assist with answering a
specific question : if There is Nno
question, there should be no
INnstrumentation.

John Dunnicliff - Geotechnical Instrumentation for Monitoring Field
Performance ( ISBN 0-471-00546-0 WILEY-INTERSCIENCE )
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To define a Monitoring Solution we need
to know ...

e \What is the problem ?

e Number of monitoring point

e Where are located the points

e Accuracy, Precision, Reliability ?

e Magnitude of the displacement ?

e How many data (recording rate ) ?

e How the analyse will be done ?

e How to present the results ?

e How 1o build and produce a deformation model ?
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Deformations, Deflections, Mouvements

Input Signal Structural Engineer,  Output Signal
measured by geologist measured by
Geotechnical Geotechnical
Monitoring Monitoring
Deformation
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Geotechnical
Monitoring
Causative Transmission Output Signal
Force through the measured by
object Geodetic
Monitoring
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City Life Project, Milano in ltaly

Rehabilitation of
the exhibition area
of Milan

Monitoring system
for the building
near the
constfruction site.

Extensometer and
TPS + Prisms
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City Life - building monitoring
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Geotechnical Sensors
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Geodetic Sensor
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Geodetic sensor
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Extensometers Results - NOo movements
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Automatic Total Station Results
Differential movement
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Automatic Total Station Results
Differential movement
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City Life - What happened?
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Kruonio HAE
Dam Water Variations on Upper Reservoir

Geodetic Monitoring must be 24/7 ... or the investment will be lost having no “results” !
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Building Settlement Monitoring

Automatic Levelling system for monitoring the raft
settlement ( foundation level ) 24/7 with sub-
millimetfre accuracy
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Foundations Surveying and Monitoring
Traditional methods

Extensometers, Rod Fiber - @ 1\1
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Vertical displacements at submillimeter accuracy level

XXV International Federation of

5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 - 21 June 2014




Automatic profile gauge is designed and developed to detect and

measure seftlement over time, referenced against a bench marked
level.

“zero measure”

Reference

/
i;

N

The measure is obtained by reading the pressure of a
special fluid contained in a pipe. In particular, the

displacement between two sensors is proportional to the
pressure difference.
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Hydro-Static Levelling System
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Bridges, Historical Buildings, Airport
Runaway
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Building in Construction
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Structural Brief
Movement Control

» Horizontal Movement by Wind

Location Height Movement
Office (L163) 569.7 m 125 cm
APT (L108) 3756.3 m 54 cm

= Vertical Movement by Self-weight
- Column Shortening : 65 cm
(KLCC : 60 cm)

XXV International Federation of
5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 - 21 June 2014

4Nos. GPS Recetvers

1 No. Tatol Stoion

et

Titt Meter

—
—

Tilt_Meter

e

Il”ll

U IR LT DT T TTRTTTUTITUCNTIT

K H
Tilt_Meter 5 E: EI
:- =1 Dn:=
- ! Ao_o0lo
=
% : l
o ——-y
i i 1
liErE====
T T ——
|| | - 1L

T
BUILDING SECTION

Malaysia, 16 — 21 June 2014




Precise Dual Axis Inclinometers provide
continuously information about the tilts

Local Y Tilt - NIVEL220
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4 x Hydro Power Plants in UKRAINE

Kaniv HPP Dniprodzerzhynsk HPP Dnipro HPP Dnister HPP

CGEOS is acting in that project as sub-contractor for
design, configuration, tuning, commissioning and
acceptance operations.
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GNSS Deformation Network
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TPS Deformation Network
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Stone Cutter Bridge — Kowloon HK
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Tsing Yi Tower

A Anemometers (24)
<  Fixed and Removable Accelerometers (58)
3¢ Temperature Sensors (388)
— Dynamic Strain Gauges (678)
<4 Static Strain Gauges (158)
O Global Positioning Systems (20)
<—> Displacement Transducers (34)
=R Buffer Sensor (18)
© Bearing Sensor (12)
@ Tensile Magnetic Gauge (32)
<% Barometers, Rainfall Gauges & Hygrometers (28)
<> Corrosion Cells (33)
‘> Digital Video Cameras (18)
WIM Dynamic Weigh-in-Motion Sensors (4)

XXV International Federation of
Surveyors Congress, Kuala Lumpur,
Malaysia, 16 - 21 June 2014

2383

5 March, 2014

XXV International Federation of
Surveyors Congress, Kuala Lumpur,
Malaysia, 16 — 21 June 2014




CGEOS

Engineering Geodesy Consultancy Yeong Jong Br Idge KR

e
4

) /¢

iie \
<\l

)|

e

o

/ . "W/‘»’// g v‘m | qMM%!

S

XXV International Federation of
5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 - 21 June 2014

Conftrol Cenftre

XXV International Federation of
5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 — 21 June 2014




Risk Management by Geodetic Monitoring

When excavation is
conducted to lead
underground
connections such
tunnels and galleries
the ground level is
subject to subsidence
impacting the
infrastructures like
buildings, bridges,
pipe lines and
roads...

Therefore a
monitoring system is
requested to control
the risk on the
influence area’ s.
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Intelligent Deployment of Total Station

8l :
&,
L ]

Front of the
excavation

l

XXV International Federation of
5 March, 2014 Surveyors Congress, Kuala Lumpur,
Malaysia, 16 — 21 June 2014




Traditional Analysis
Internal and external Measurements

Standard analysis model

y+e=Al[g Ty =0p[Vyy

YR AR | X

+e=|Ay i 3

Yd S S [EJ
FAL

N
N= AT Dt/;ylu\: X
N

Result

= Normal equation system collapses
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Infegrated Analysis and Physical Model

Point of height network

Pile

Point of horizontal network

) © 0.¢

Position of inclinometer
e - measurement

Inclinometer tube
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- Measurements Measurements

= Epoch k Epoch k+1

g Sensor Sensor Sensor Sensor
o) 1 n 1 n
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Measured parameters

\ 4
Measured deformations

/

/

Integrated Analysis

v

e Estimated deformations

e Calibrated physical model

¢ |dentification of areas with significant differences
between measured and calculated deformations
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Conclusions

e Review the Monitoring principles
e Geodetic + Geotechnical = Geosensors
e Buildings, foundations, Dams, Bridges, ...

e Design is very important and must consider an @
priori deformatfion model ...

¢ |Integrated Analysis (measurement and models) ...

e There is always many solutions but only few are
elegant |

e There is a call to talk between Geodesists and
Geotechnical Engineers ...
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Thank you so much |

Creativity and passion will refresh
Engineering Geodesy and
Surveying in the 215t Century by
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