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NATM

THE NEW AUSTRIAN TUNNELLING METHOD
FOLLOWS A CONCEPT WHERE THE ROCK MASS
SURROUNDING THE EXCAVATION IS CONSIDERED
AS LOAD BEARING STRUCTURE BY ACTIVATION OF
A STRESS BEARING ROCK MASS ARCH.
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OPTIMIZING SUPPORT « The Fenner-Pacher curve
shows the relationship
REQU IREMENTS between the deformation
) AR/R and required support
Pi AR resistance Pi.
& Simplistically, the more
100% = Go Gv deformation is allowed, the
less resistance is needed.
In practice, the support
resistancereaches a
minimum at a certain radial
deformation, and support
AN requirementsincrease if
R deformations become
excessive.

* Fenner-Pacher-type
diagrams can be
generated to help evaluate
the support methods best
suited to the conditions.
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NATM PROCESS

° FIRST FLEXIBLE, THIN SUPPORT TO ALLOW ROCK MASS THE
POSSIBILITY OF DEFORMATION TO REDUCE ROCK PRESSURE

° AFTER REDUCTION OF ROCK PRESSURE INSTALLATION OF
FINAL SUPPORT

° OPTIMIZATION OF THIS PROCESS BY MEANS OF
OBSERVATION AND MONITORING

° WATERPROOFING BEFORE INSTALLATION OF FINAL LINING
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Instrumentation & Monitoring <-> Observational Method
Prediction
Measures and

design
optimisation
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Geotechnical problem identification

Initiation of monitoring project

Development Of an Objective of monitoring project
. . !
|nstrumentat|0n program _» Monitoring concept

Key parameter identification Conceptual design

'

Monitoring program
Monitoring plan and monitoring & evaluation system

2
Requirements on Location of Reading schedule
instrumentation measuring points
Specifications
Sensors and Signal transmission Data acquisition
measuring method Evaluation
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| Geotechnical safety management plan |

|

Installation
Taking measurements

!

- -4 Evaluation and interpretation =

!

Report

Data collection

Evaluation, interpretation
and reporting
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| & M produce
huge loads of
data:

We use
Instruments but
do not make use
of instruments

 Faith in
Instruments

 Use of
Monitoring
Software

Issues and Challenge

Cityringen, Metro Copenhagen

Type of instrument

Geodetic (Levelling, 3D)

Borehole Instruments (Inclinometer,
Extensometer)

Other Geotechnical Instrumentation (Strain
Gauges, Load Cells, Tilt Meter, Liquid Levelling,
Crack Meter)

Water Level and Pore Pressure

Water Properties (Chemical Analysis,
Performance Parameters Water Management)
Others

TOTAL
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No. of measurem.
4 years of construction

78.653.534
1.099.265
40.689.833
103.241.337
44.184.157

12.383.043
280.251.169
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How to Measure Body Temperature: Oral How to measure Blood Pressure

1. Turn on thermometer
according to package
directions.

2. Place the tlip of the thermometer
under one side of tongue toward
the back. Close mouth and breathe
through nose.

3. Remove the thermometer
after you hear the signal
(usually a series of beeps)
and read the temperature
on the screen,

A fever is a temperature
over 99.5 “F.

Copyrgit © 2002 N Haarn S LLC. All nghts roserved
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Geotechnical * |dentification of requirements and development of
. instrumentation program
Instrumentation: o .
* Importance of specifications of instruments
* Importance of methodology of installation
: * Pre-dispatch, pre-installation & post installation
Commonly ignored inspections
aspects  Observing data regularly as per prescribed

methodology

 Through appropriate Software, Presentation of the
data in near real-time, and making available
integrated information, automated alarming and
simultaneous reporting to various groups of users

* The corrective actions

 Abandoning approach to instruments as just a
formality
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Manual Data Inputs Automatic Data Inputs
Measurements Measurements (ADAS, RTS) OWNER
Construction Progress TBM ~
GC
DDC
Contractors
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ACCESSIBLE FROM PLAN VIEW OR MENU BAR

« PAN, ZOOM AND MEASURE FUNCTION

« CONSTRUCTION PROGRESS INCLUDING

 LIVE MODE OF REFRESHING CHANGING DATA

« COMPLETE BUILDING INFORMATION

« ALL MEASURING SENSOR INFORMTION AFTER PROCESSING
« GRADUATED SYMBOLS

« POINT SELECTION DIRECTLY FROM PLAN VIEW
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TYPES OF
MONITORING
FOR NATM
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TYPES OF 3-D deformation monitoring
MONITORING |

| N MW N Extensometer
FOR NATM S AR . §
Geoetechnical B o
Monitoring

' Shotcrete strain meter
Measuring anchor A Pressure cells
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Geotechnical Monitoring in Conventional Tunnelling

Table 5. Vaiue of evailuation methods with regard to specific guestions [58]
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ALL MONITORING DATA

Browser based multiuser access to
data visualization

Different sensor types
Selection of points from plan view

Access to data from monitoring
section

Graphical and tabular visualization of
results

Combination of different sensor types
on same graph

Graph smoothing options

Numerous graph options for showing
measurement data

Relative and absolute displacements

Construction progress visible on the
graphs

Monitoring point annotations

Depth related graphs ( inclinometer,
ext.)

Piles_DPOS - DPDE Abba Hillel | Panels_DP02 - DP08 Ben Gurion
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EXTENSIVE ALARMING FUNCTIONS

ALARM LIMITS
« ALERT, ACTION, ALARM

KIND OF ALARMS

- VALUE ALARMS

« OUT OF RANGE ALARMS
« RATE ALARMS

« FREQUENCY ALARMS
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Schedule Control Project =

Schedule Control Planned vs Achieved
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Rupees
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— Tunnelling Asia’ 2022 O murowe istones | | TA

INTERNATIONAL TUNMNELLING
AND UNDERGROUND SPACE
ASSOCIATION

ET DE L'ESPACE SOUTERRAIN

AITES

@ Workshop on
Observational Approach in Tunnelling: Evolvement,

Issues and Challenge

CONCLUSION

* In NATM, observational approach in instrumentation and monitoring is used. Making
use of geotechnical/geodetic instruments ensures economy in construction material,
safety, and efficiency of construction.

* Digital technology is a must for monitoring. Only that will ensure timely and efficient
decision making.

* Digital monitoring must be made a part of technical specifications and insisted upon.
Presently, even where is a part of the tender, specifications, it is not insisted upon.
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Thanks for your attention !

V K RASTOGI
vijay.Rastogi@geodata.com

Mob 98390873032
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