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The two worlds of engineering

Geotechnical engineers work
in two totally different worlds.
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The two worlds of engineering

* A theoretical world

Where thoughts, ideas and events
can be quantified and calculated to
as many decimal points as desired.
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The two worlds of engineering

A practical world

Where observations and events
can only be described in a
general way.

SFIELD



How do we become good engineers?

 We must strive to improve our understanding of the
theoretical basis for our work.

* We must strive to gain a better understanding of the real
world of engineering practice, and

 We must strive to narrow the gap between these two
totally different worlds of theory and practice.
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HOow DO WE BR'PSE THE caAP?



HOow DO WE BR'PSE THE caAP?
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Instrumentation helps bridges the gap!
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Theory INS TRUNJENTAT ION Practice

Numerical data, the end product of
instrumentation and measurement provides a
guantitative link between theory and practice.

That is why instrumentation and performance
monitoring have come be such an important part
of geotechnical engineering.
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POTENTIALITY OF MONITORING SYSTEMS

* Monitoring is a tool we can use to reach a goal.

* First of all we have to know which goal we want to
reach and why, which path we want to follow,
which resources we can use.

* In other words, we have to have a clear view of

the whole process, than we can act.
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WHY MONITORING?

* To Improve the design,

 To Reduce the costs,

* To Increase the safety,

* To Increase the knowledge, and
* To Enable the control of the site

If correctly used.....
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Factor of Safety and Probability of Failure

How does one assess the acceptability of an engineering design? Relying on judgement
alone can lead to one of the two extremes illustrated in Figure 1. The first case is
economically unacceptable while the example illustrated in the drawing on the right
violates all normal safety standards.

BELIEVE
IN TAKING
ANY
CHANCES

WHO
NEEDS
ROCKBOLTS ?

JUDGEMENT

rTEurc T 1IxOcC . < < O

a cartoon in a brochure on rockfalls published by the Department of Mines of Western
Australia.)

Source: Evert Hoek “Practical Rock Engineering”
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Modern Monitoring Systems also enable:

* To get warning, as well as “early warning”
signals

‘0 activate Alarms

‘0 spread information on large scale

‘0 set-up remote control Centers

‘0 make “real time” processing of data

0 Issue reports

SFIELD
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What is "Monitoring” ?

. Data Acquisition +

Measurements+'I

a5 Information =g

IONITORING &

» ~:.'" - ,
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The Mission of Monitoring

The “Mission” of Monitoring is:

“Provide as much(information 3s

possible in th nd most

Gomp@for (to be used by those
who have to make decisions”
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@rmation is the result of

processing, gathering, manipulating

and organizing a way that adds
to theknowledgeof the receiver.

In other words, it is the context in

which data is taken.
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MONITORING SYSTEMS

Monitoring Systems include:

 Hardware (instruments — connections — acquisition units)

e Software (data acquisition package — data processing package
— data analysis package)

* Procedures (installation - management - maintenance — data
presenatation)

* Personnel (installation — management — maintenance —
inspection — analysis — presentation — development)

SFIELD
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TOGETHER

TO REACH
THE GOAL




SFIELD

Data

WHE Rl NeEIN measure what you are speaking about, and
express It In numbers, you know something about it; but
when you cannot measure it, when you cannot express it
In numbers, your knowledge is of a meagre and
unsatisfactory kind; it may be the beginning of knowledge,
but you have scarcely in your thoughts advanced to the
state of Science, whatever the matter may be.

Lord Kelvin (1827 - 1907)
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Instrument Selection

v" It is mandatory to know:

WHAT TO MEASURE

e THE EXPECTED VALUES
e THE METROLOGICAL SPECS
e THE OPERATIVE CONDITIONS

SFIELD



THE EXPECTED VALUES

e MEASURING RANGE: max expected value
min expected value

o AVERAGE VARIATIONS: short term
long term
periodic effects

e MINIMUM SIGNIFICANT VALUE: smallest detectable
variation

SFIELD
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Sensors




)
g’/ Accuracy & repeatability

* Accuracy

— Degree of conformity of an indicated value to a
recognized accepted value. Degree of agreement
between the measured value and the true value.

e Repeatability

— The closeness of agreement among a number of
consecutive measurements of the output for the same
input under the same operating conditions.

SFIELD



-
g’/ Linearity and hysteresis

* Linearity
— Deviation of a plotted response from a straight line.

* Hysteresis

— The summation of all effects wherein the
measurement yields different values when the same
value of the input is applied first in an increasing and
then in a decreasing direction.

SFIELD



-
g’/Resqution and sensitivity

 Resolution

— The smallest change in the reading of an instrument
which is observable as a measurement is made.

* Sensitivity

— The smallest quantity observable as a measurement is
being made.

SFIELD



Metrological specifications

o ACCURACY: +/- % of full scale (f.s.)
(f.s.= 50 mm, acc=0.25%f.s. = +/- 0.125 mm)

e RESOLUTION: % of full scale (f.s.)
(f.s.= 50 mm, res=0.01%f.s. = 0.0005 mm)

e LINEARITY: % of full scale (f.s.)
(f.s.= 50 mm, lin=0.1%f.s. = +/- 0.05 mm)

e HYSTERESIS: % of full scale (f.s.)
(f.s.= 50 mm, hys=0.1%f.s. = +/- 0.05 mm)

o REPEATABILITY: % of full scale (f.s.)
(f.s.= 50 mm, acc=0.05%f.s. = +/- 0.025 mm)

SFIELD
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PROBLEMS

* Problems related to the measurement procedures

* Problems related to the instruments bahaviour

* Problems related to the influence of unknown
factors

Great attention is requested in data analysis to take into
account the possible problems in order to avoid wrong
evaluations.

SFIELD -



MONITORING
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BASICS

Commonly used sensors

There are many to choose from
but
how do you decide?
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Principal sensor types

* Resistive
— Electrical resistance strain gauge

* [nductive

— LVDT, Linear Voltage differental transformer
* Frequency

— Vibrating-wire strain guge (Acoustic)
* Servo devices

— Some inclinometers

S'FIELD



S'FIELD

Typical output signals

Low level voltge : microV, mV
High level voltage : V
Current: 4 -20 mA
Frequency : Hz

Digital



Resistance strain gauges

* Common types
— Bonded & unbonded wire strain gauge
— Bonded foil strain gauge
— Weldable resistance strain gauge
* Usage
— Strain measurements
— Sensing element in transducers

S'FIELD



Resistance strain gauges

ASmall size

ALow cost

AExcellent dynamic response

W Low level signals require conditioning
WRequire skilled personnel

WV Problems associated with cabling

S'FIELD



Vibrating-wire strain gauges

* Pluck type
* Continuous excitation type

* Usage

— Strain measurements
— Sensing element in transducers

S'FIELD



Vibrating-wire strain gauges

ASimple to fabricate, acceptable cost
AMAWell documented long term stability
A Robust output signal

J _arge in size

WLimited frequency response
W Pluck-type difficult to automate



Theory

INSTRUMENTATION

Practice

What do we normally have to measure?

SFIELD

* Pore pressure

e Earth pressure

e Settlement and deformations
e Load, stress and strain




Why measure pore pressure?

* Evaluate strength (effective stresses)

* indicator of stress change in the ground
— Something happened
— Often the best indicator of incipient failure

e Basis for drawing flow net
* Control construction works
* Determine loading on structures (uplift)

SFIELD



Measurement of pore pressure

---------------- Applications -----------------

* Design information

— initial pore pressure & distribution

— seasonal variations
* Monitor effects of construction

— lowering of ground water table

— assess stability, control rate of construction
* Monitor long-term performance

B — Determine end of primary consolidation
S'FIELD



Pressure transducers

* Pneumatic

* Electrical resistance strain gauge
— Bonded & unbonded wire, foil gauges

* Semiconductor strain gauge type
* Vibrating-wire
* Piezoelectric

S'FIELD



Pressure transducers

* Usage
— Pore pressure measurements
— Water depth measurements
— Liquid settlement measurement systems
— Total stress (earth pressure) measurements

S'FIELD



Hydraulic Piezometers

ground level

SFIELD

Casagrande
Piezometer

Open stand pipe
piezometer




Piezometer
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Pneumatic
Piezometer

Electrical

- Piezometer
S'FIELD
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Theory

NSTRUMENTATT ()

Practice

Measurement of earth pressure

One of the most difficult parameters

to measure




Why measure earth pressure?

* Determine load on structures
— Design verification / improve future design
— Prevent over loading of structure
— Basis for soil/structure interaction studies

e Determine state of stress in a soil media
— Design verification
— Investigate arching phenomena

S'FIELD



Measurement of earth pressure

e On boundaries of structures

— Retaining structures

e Within a soil medium

— Embankments

* Not generally done on routine basis
— Difficult to do
— Expensive

 Indirect methods of measurement sometimes

S'FIELD



Earth pressure transducers

 Should minimize disturbance to stress field

* Design requirements
— Cell aspect ratio (Thickness to diameter ratio)
— Deflection to diameter ratio
— Results on design

e Relative stiff membranes
e Large diameter
e Minimum thickness

S'FIELD



Types of earth pressure sensors

e Membrane type

— Earth pressure deflects a membrane which is sensed by
some type of strain gauge

* Hydraulic capsules (flat jack type)

— Earth pressure converted to fluid pressure which is sensed
by a pneumatic device or pressure sensor

e Selection of type to use depends primarily on soil
type

S'FIELD



Pressure cell

Pressure pad N

R

Cable

Flexible Membrane

Membrane cell




Theory

INSTRUMENTATION

Practice

Measurement of deformation

SFIELD

and movements

What we do most

dNC

what we do best!




Why measure deformation

* Aglobal indicator
— for assessment of performance and safety

* Provides important data for design verification
— We have reliable methods for predictions
— Easily understood

* High level of confidence in measurement

S'FIELD



Measurements of interest

e Vertical and horizontal ground movements
* Displacements of structures

* Angle changes and distortions of structures

S'FIELD



Methods of measurement

* There are many
— Survey techniques, manual and automatic
— Inclinometers
— Extensometers, joint meters
— Liquid settlement devices
— Ring magnets and reed switches
— Laser displacement sensors
— Global Positioning System (GPS)

S'FIELD



Displacement transducers

* Linear voltage differential transformer

* Linear potentiometers

* Multi-turn rotary potentiometers

* Vibrating-wire extensometers

* Ring magnet/reed switch
 Magnetorestrictive displacement sensor
* Laser position detector

S'FIELD



Displacement transducers

* Usage
— Settlement measurements
— Convergence measurements
— Movements of structures and slopes
— Tank gaging
— Large strain measurements

S'FIELD
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— BH PROFILE

IN-PLACE INCLINOMETERS

BH PROFILE INCLINOMETERS AR
UTILIZED WHERE DISPLACEMENT
MONITORING REQUIRES

CONTINUOUS BOREHOLE PROFILE

BH profile sensor part ‘

32 gm @ 30 mm @ 27 mm
|

E

CARBON FIBER ROD IS

STIFFER AND LIGHTER

THAN COMMON STAINLESS
STEEL RODS

@ 20 mm

[ ]
© O

Carbon fiber extension rod

total length assembled at joint (probe length): 1.0 m, 1.5m, 2.0 m or 3.0 m

SFIELD

FIELD INCLINOMETERS

60



upport Junct
head miultipl
| to OMNIAL
datalogger
Support steal wire
# Terminal whasal c 4|
P
T Joi
*
Carbon fibar
extansion rod
| BHpmofileg
il
Signal cable
| Incl r casing
L Bottom cap

BH PROFILE
ANALOGUE INCLINOMETERS

ANALOGUE (4-20MA oUTPUT):

MAax 10-15 PROBES PER BOREHOLE,
EACH PROBE HAS ITS OWN SIGNAL CABLE.

FIELD INCLINOMETERS 61



Suppart Digital Junction box or
head cable measuring box

4L |

to OMNILAlog

datalogger
e CL ——

i

Support steel wire

Terminal carriage
Digital connector

Carbon fibar
extension rod

Digital BH profile

Inclinomeatar casing

Resistance ending device

Bottom cap

BH PROFILE
DIGITAL INCLINOMETERS

DigiTaL (RS-485 ourtprPuT):

Up 10 50 BH PROFILE PROBES PER BOREHOLE
(CHAIN WITH MORE THAN 50 PROBES SHOULD BE
DISCUSSED WITH SISGEO TECHNICAL DEPARTMENT)
EACH PROBE HAVE TWO SIGNAL CONNECTORS THAT
LINK THE PROBES ONE TO EACH OTHER.

SISGEO OFTEN RECOMMENDS USING THE DIGITAL BH
PROFILE INSTEAD OF ANALOGUE PROBES DUE TO
SIMPLICITY IN INSTALLATION, WIRING AND NUMBER
OF PROBES IN ONE CHAIN,

FIELD INCLINOMETERS 62



~ Mharsa 110 ¢ O

Suppart Digital Junction box or Support Digital IPI Junction box of
head cable measuring box head cable measuring box

‘ | | to OMNIAlog

= =="  BH PROFILE VS IPI e

Support steal wira Support stael wire

g Digtal connector

Tt Dt oo
™ BH PROFILE PROVIDE CONTINUOUS
| BOREHOLE PROFILING

(I.E. 30M BOREHOLE WITH 15 BH
PROFILE PROBES, 2 M LONG)

? 3
Interprobe cable
assembly
| |nﬂrm —-ber
axtension rod
IPI ARE INSTALLED AT DIFFERENT
_ DEPTHS IN THE BOREHOLE TO Digtal IP1

MONITOR DISPLACEMENT AT SPECIFIC
T DEPTHS, NOT COMPLETE BOREHOLE
PROFILE I.E. 30M BOREHOLE WITH

5 IPI PROBES, ONE EVERY 5 m)

Inclinomeatar casing

Inclinometer casing

Resistance ending device

- Bottom cap

Bottom cap



— HORIZONTAL BH-PROFILE

HORIZONTAL IN-PLACE INCLINOMETERS ARE ONLY
UNIAXIAL BH-PROFILE MODEL.,

EMBANKMENT
APPLICATION

push/fasten rod fix wheel spring-loaded  carbon fiber IPI gauge
— . . : wheel extension rod D)
support carriage terminal carriage D
—
- = O -
= — .
Q

§’F|ELD FIELD INCLINOMETERS 64



HORIZONTAL BH-PROFILE

LNG TANK
APPLICATION

|

1T ]
i

X

%‘}f IPl top cap
h—

=3 A A A o A
terminal carriage FOUNDATION fix wheel  springloaded wheel IPl gauge carbon fiber
push/fasten rod CONCRETE SLAB extension rod
<
< = O QC_)
Q)
=0 - QO

SFIELD

FIELD INCLINOMETERS
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— RED STRIPE INCLINOMETER CASING

INCLINOMETER CASINGS ARE SPECIAL
GROOVED TUBES, GENERALLY INSTALLI
INTO DRILLED HOLES, USED IN
CONJUNCTION WITH INCLINOMETER
SYSTEM OR IN-PLACE INCLINOMETERS
IO DETERMINE SUB-SURFACE GROUND
DISPLACEMENTS.

RED STRIPE CASINGS ARE MADE

WITH VIRGIN ABS AND INCLINOMETER
TUBE ASSEMBLY REQUIRE DRILL,
RIVETS, GLUE AND TAPE.

¥
§F|ELD FIELD INCLINOMETERS 66



__RED STRIPE SELF COUPLING (SC)
INCLINOMETER CASING

SELF CoUPLING (SC) CASINGS HAVE SPECIAL COUPLINGS

WITH INTERNAL PINS, AND CASING MACHINED AT THE ENDS
(4 HOLES) TO FIT THE PINS. THIS SOLUTION ELIMINATES
DRILLING AND RIVETING: JUST ALIGN AND PUSH COUPLING

ONTO CASING. oD oD
ID ID

!

INTERNAL PIN
_—" (COUPLING)

HoLE AT
CASING END

M
=X

SECTION AA CASING ONLY SECTION AA COUPLING ONLY

%’FIELD FIELD INCLINOMETERS 67



— RED STRIPE SELF COUPLING
(SC) INCLINOMETER CASING

RED STRIPE SELF COUPLING TUBE
AFTER JOINTING

§’F|ELD IIIIIII CLINOMETER s 68



TYPICAL INSTALLATION:
ROTATIONAL LANDSLIDE

g*FIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE 69



— ROTATIONAL LANDSLIDE

Piezometer (pore pressure)

Piezometer (water table level)

Inclinometer casing

Wire extensometer

Meteorological station

IS |

-
3FIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE
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INCLINOMETER CASING FOR HORIZONTAL DISPLACEMENTS

Piezometer (pore pressure)

l Piezometer (water table level)
U Inclinometer casing
:
— Wire extensometer )
5‘%

Meteorological station / '

¥
oo | ¥

;
'y

I

~FIELD LANDSLIDE MONITORING INSTRUMENTATION 71



INCLINOMETER CASING FOR HORIZONTAL DISPLACEMENTS

N

S

INCLINOMETER CASING SECTION:
4 GROOVES TO GUIDE THE PROBE IN THE TUBE WITHOUT TWISTING

%’F|ELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE 72



— REMOVABLE INCLINOMETER SYSTEM
FOR INCLINOMETER CASING SURVEYING

A Digital inclinometer probe

C Heavy-Duty cable
A.1 Travel bag for both inclinometer and dummy probes

D Archimede readout
B Light inclinometer cable reel D.1 Archimede carrying case

E. Pulley assembly
F. Dummy probe

F1 Cable for dummy probe

-’ .
ﬁFIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE
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— REMOVABLE INCLINOMETER SYSTEM
INCINOMETER CASING SURVEYING

%FIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE

FOR
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— REMOVABLE INCLINOMETER SYSTEM FOR
INCINOMETER CASING SURVEYING

T T
o] | ] //~
;E://// / : IN THIS LANDSLIDE EXAMPLE IS

// CLEAR THAT AT DEPTH -12.0m
THERE IS A SLIPING SURFACE

‘%’FIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE 75



Support Digital IPl Junction box or
head cable measuring box

| L=t sz IN-PLACE INCLINOMETERS (IPI)

[0
S FOR AUTOMATIC INCLINOMETER MONITORING

J

SUPPORT TOP CAP
AFTER INSTALLATION

IPI PROBES

Digstal IP1

Inclinomater casing

i Bottom cap TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE 76



Support Digital Junction box or
head cable measurnng box

L=l =" __ BH PROFILE INCLINOMETERS FOR
A"  CONTINUOUS BOREHOLE PROFILING

Terminal carriage

Digital connector

SUPPORT TOP CAP
AFTER INSTALLATION

Carbon fiber
extension rod

Digital BH profile

DIGITAL BH
PROFILE
INCLINOMETERS
WITH CARBON
FIBER EXTENSION
ROD

Inclinometer casing

‘i TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE 77
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— LANDSLIDE MONITORING: DATA
ACQUISITION SYSTEM

INSTRUMENTS INSTALLED FOR
LANDSLIDE MONITORING PROVIDE
AUTOMATIC REAL-TIME MONITORING
BY MEANS OF OMNIAL0oG DATALOGGER.

USUALLY IN LANDSLIDE DAS ARE
POWERED BY SOLAR PANEL PACKAGE.

WITH AN INTERNET ROUTER,
OMNIAL0OG CAN PROVIDE REMOTE
SYSTEM MANAGEMENT, DATA PUSHING

ON A SERVER AND ALARMS.

g’FIELD TYPICAL INSTALLATION: ROTATIONAL LANDSLIDE
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CASE HISTORY

MOLUNGHI LANDSLIDE —-ITALY

PETACCIATO LANDSLIDE —-ITALY

FENICE BRIDGE OVER STRAIT OF MESSINA -ITALY
TURIN PASSANTE RAILWAY -TORINO

SALONICCO SUBWAY-LINE -GREECE

BRISBANE BRIDGE —AUSTRALIA

TEL AVIV RED LINE —-ISRAEL

To MENTION JUST A FEW..

FIELD CASE HISTORY
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MOLUNGHI LANDSLIDE

DURANTE L'EVENTO ALLUVIONALE DEL NOVEMBRE
2000 s1 RIATTIVO UN ANTICO MOVIMENTO FRANOSO
CHE COINVOLSE, INTERROMPENDOLA, LA STRADA
PROVINCIALE N. 27. A SEGUITO DEGLI STUDI
ESEGUITI DALLA PROVINCIA DI LA SPEZIA
(CAMPAGNA DI CAROTAGGI, INDAGINE GEOLOGICA E
GEOTECNICA) FU RITENUTO PIU SICURO ED
ECONOMICO PREDISPORRE UNA VARIANTE AL
VECCHIO PERCORSO. DATA LA DIFFUSA FRAGILITA
AREALE DEL VERSANTE, ANCHE IL NUOVO PROGETTO
ANDAVA NECESSARIAMENTE A PORSI POCO A MONTE
DEL CIGLIO DI DISTACCO DELLA FRANA DEL 2000
OLTRE CHE A LOCALIZZARSI A MARGINE DI UNA
LINEA TETTONICA RICONOSCIUTA. IN CONSEGUENZA
DI CI0 ED AL FINE DI RIDURRE AL MINIMO 1IL
RISCHIO PER LA VIABILITA, FU DECISO DI PORRE
IN OPERA UN SISTEMA DI MONITORAGGIO
STRUMENTALE CONVENZIONALE COMPOSTO DA':
INCLINOMETRI FISSI, PIEZOMETRI FISSI,
ESTENSIMETRI A FILO FISSI, TRE CELLE DI
CARICO FISSE; UN DATALOGGER PER LA RACCOLTA
AUTOMATICA DEI DATI (UNA LETTURA OGNI SEI
ORE), LA MEMORIZZAZIONE E LA TRASMISSIONE
VIA RETE DEI DATI.

ﬁFIELD CAse HISTORY: MOLUNGHI LANDSLIDE 80



LANDSLIDE

MOLUNGHTI

81
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SFIELD

PETACCIATO LANDSLIDE

TTT—
—_— ———___7_______7_
coLas 4 ____7__————_7__ Lok 5
Fic4 (man) s (m3c) - COLONRE 6
;a: ) :_'“:::::‘2 P25 miny Fn:;mm E— — —
P2t (i) UNITA LOGALE DI s 2 i P2z t126)
= @0 OUISIZIONE OA rics (ménch _O- - s i)
I é._-__.-.-...-.--.-.--ﬂ B s A I o R T ? Fics sy
it - Bm = B it o &0
H — .
4 =
i
1
!
=1 =
AEER T : IRl a1
1 1
&0 e o] a !
STET oo 1 COLOKNA 3 :
Foct (mag) 2 s i
P 6 iz () i
s 2 s P fmangy 072 A |
o d o= o HEL\@O
IFIZt (man) FIC2 e
coLouse 3
Fic (mad)
Pk (mad)
FC {m2o)
Fics (mau)
P {mang)
==
TP
W | oo rewroemc
Q | rezero armo
[ ——
£ FEp FRANA DI PETACCIATO
g
R M 10,/04,/09| SCHEMA mwsa PET. 0]

CASE HISTORY:

PETACCIATO LANDSLIDE

82



PETACCIATO LANDSLIDE

Case HisTorY: PETACCIATO LANDSLIDE
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FENICE BRIDGE OVER STRAIT OF MESSINA
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FENICE BRIDGE OVER STRAIT OF MESSINA
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15.5406578
Ultima Lettura: 15/12/2011
01:00:00
Canali :
1 Batteria 11.34473
2 Temp 11.22148
3 I1-A -543.87012
4 11-B -515.28722
bS. PF S*ME=101118 5 I2-A -551.69614
xtoraggxo oonle sm\o slfeho'@ 6 I2-B -554.55582
7 I3-A -485.10116
8 13-B -531.21402
9 14-A -538.64728
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6
7
8
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12-B  -565.88160 T
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CONCLUSIONS

* Monitoring could be an important aspect for
monitoring management

* Results from monitoring can be the basis for
monitoring control

» Data must be carefully analyzed and evaluated

* Monitoring process must include measurements
and collection of information

« Safety can be improved by the correct use of
monitoring systems

. ...remembering that
S'FIELD



S'FIELD

‘ﬂEvery job is a large scale experiment. The information

obtained from such experiments cannot be secured by

any other means) It is of inestimable value in

connection with future construction work of similar
nature, provided the observations were reliable and
complete enough to permit fairly definite

interpretation” (Karl Terzaghi)
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