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Presentation Outline

 Practical Aspects of Tunnelling
Instrumentation

* Managing, Interpretation and Reporting

Instrumentation and Monitoring Data

e Share Instrumentation Examples




Tunnelling in an Urban Environment

Instrumentation Objectives and Limitations

* Monitor performance of tunnelling relative to design predictions
» Monitor structural limits of existing utilities and structures

* Provides a mechanism to warn of behaviour trends

* May not always reflect unanticipated behaviour

« A tool to quantify risk level (ie. not an absolute limit)

* Not a substitute for bad design or taking unnecessary risks
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Instrumentation Design

« sufficient coverage of structures and utilities
o optimise the value of instrumentation information
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instruments along
“test sections” to easily
facilitate comparison of
measured vs predicted
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Underground Obstructions

 underground obstructions in public roads
* instrumentation locations need to be flexible

utilities &
concrete
surround
obstructions

Alternative Installation Detalls

alternative installation details to suit site conditions




Alternative Ground Monitoring

» Survey nail on kerbstone

— alternative to installing
rod type settlement marker

best location to

reflect ground
settlement below

road pavement

Alternative Utility Monitoring

» Survey nail in manhole rim
— alternative to installing on deep utilities

best alternative
to reflect utility
settlement




Third Party Structures

« instruments on private structures
« access to private areas

Real-time Instrumentation

* requires electrical supply & internet access
» wifi / GSM mobile modem




Safety on Public Roads

« installations in roads — requires TTM
« finding utilities — accuracy of as-built information

Safety on Public Roads

e surveying in live traffic to be avoided




Baseline Monitoring

TABLE 1. BASELINE MONITCRING PERIODS
INSTRUMENT TYPE BASELINE MONITORING PERIOD
ADMS, VIBRATING WIRE STRAIN GAUGES AND AT LEAST 14 DAYS PRIOR TO ACTIVE
SEISMOGRAPHS IN MTRCL TUNNELS CONSTRUCTION ACTIVITIES WITHIN THE ZONE
OF INFLUENCE.
TARGET PRISMS (PRM), TILT METERS / TILT SENSORS  |AT LEAST 7 DAYS PRIOR TO ACTIVE
(TS), DEFORMATION MONITORING POINTS (DMP), CONSTRUCTION WORKS WITHIN THE ZONE OF
UTILITY MONITORING POINTS (UMP), CRACK GAUGES INFLUENCE
(TT) AND SURFACE MOUNTED VIBRATING WIRE STRAIN
GAUGES (VWSG)

PIEZOMETERS AND STANDPIPE PIEZOMETERS (PZ, VPZ), |AT LEAST 7 DAYS PRIOR TO ACTIVE
OBSERVATION WELLS CONSTRUCTION WORKS WITHIN THE ZONE OF

INFLUENCE
INCLINOMETERS (INC), MAGNETIC PROBE AT LEAST 7 DAYS PRIOR TO ACTIVE
EXTENSOMETERS (MPX) CONSTRUCTION WORKS WITHIN THE ZONE OF

k I\

IN-PLACE INCLINOMETERS (IVI, IHI), INCLINOMETERS . .
(INC), MAGNETIC PROBE EXTENSOMETERS (MPX * clearly define length of baseline
VIBRATING WIRE STRAIN GAUGES (VWSG) ON STRUTS . . . .
SUPPORTING EXCAVATION monitoring required before active
s

* clearly identify milestones for
OTHER INSTRUMENTS . . .

commencement, after completion
of permanent structure, or after
diversion of utilities, etc)
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Monitoring Frequency

Active Active Tunnelling
Monitoring with 50m
Standard Tunnelling beyond 50m &
I\/I()nitoring settlement trends stabilised
l \4
Background Tunnel complete &
Monitoring settlement trends stabilised

dereased
frequency

erved
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Trigger Levels and
Generalised Plan of Action
* specify trigger levels to manage trends

B 1 S0 BT A A, L AL PROCERE WL O PR * generalised plans in advance of works
"' REPORI DESCRIBING THE WORS 6 1We UNOCRTAKEN IR THG VICINITY G THE NS TRLMENT with contingency list of remedial actions
" et e Tl o B and general criterion for decision making
SR Upon Reaching Action

lIIH1 0F 15
BASED DN THE : IN THE nn-:nml: [
IT & DETAILED PLAN OF Y. IF AN ACTION LEVEL 15 REACHED. THE FOLLOWING PROCEDURE WILL BE FOLLOWED:
ASURES TO BE TAKEN [N THE . ) )
INE ATTRINEDS b WOTIFY THE RESE AND MEDIATELY:
b OMAKE PREPUSATIONG FOR MPLEMENT ING THE ACT Bi INOERTAKE & JOINT INSPECTION OF TuE wORES WITH TRE ASE AMDVOR KCRC:

ACCORDWMCE WITH THE WCREED DETAILED PLAM
Ch INPLEMENT THE ACTIOM LEVEL TRIGLER ACTIONS A5 APPROPAIATE 50 THEAT THE ALARM
LEWEL |15 MOT REACHED W ACCORGAMCE WiTH THE DETAILED PLAN ¥ ACTION:
OF UPOM EXCEEDING AN ACTION L
EE

Upon Reaching Alarm

ANDVTR ECAC TO O
OF THE TRICCER LE A, IF &M MLARM LEWEL 15 BEARCHED. THE FOLLOWING PEOCEDUSE WILL B FOLLOWED:

CTIONS TO UNDERTAKE ADG| K1 EEVIEN KEED 0 SUSPEND ACTIVE CONSTRUCTION WORES WITHIN THE INFLUENCE DONE OF
ALARM LEVEL, THE [WSTRMENT:
11 MI I.F‘ﬂi. H:l ertFr 10 B MOTIFY THE RSE AMD CCRC |WMEDIATELTI
5l
MENTS |N L Iuﬂ 3 1r-f nﬂ.nu C1 USDERTAKE & JOINT IWSPECTION OF TeE wORXS WITH THE RSE AWD KLRC:
F FURTHER MOVEMEMTS BASED OM T

FaE
ALY 01 IWPLEIENT CAERCENCY TRIGGER ACTION BASED OW THE CAERGEMCY FLAN SEVIENED
ITHOUT DBJECTION BY THE RSE AMD ECRC:

Hong Kong NSt e & domxanle L RES
Alert / Action / Alarm

FURTEER RESPONSE LEWEL
5 16 ALAAM LEVEL. IF
& DESIGM ASSESSMENT OF THE CROUMD.

e THE 1 .
Singagore 5] t 08 UTILTTY WHICH 05T IFIES THE WALNITODE F ALAMQ RESPORSE WALLK
Alert / Work Suspension Level
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Detailed Plan of Action

» upon exceedance of trigger level
provide detailed plan of action based
on actual site situation and
monitoring trends

* may require Designer’s input
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Alarm Reporting

ma_nuz_;ll automated real-time monitoring
monitoring

Instrumentation alarm reporting via
internet database E-mail + SMS
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Exceedance Management

Breach of Trigger Level

INSTRUMENTATION WORKING GROUP

« hold emergency instrumentation meetings in event of Trigger Level breach
« joint site inspection to identify any damage or distress to structures & utilities
« screen for false alarms (eg. tolerances, disturbance, survey errors, etc)

Contractor I&M Team Engineer /| RSE / RGE Client

0 nemeA S Representative Representative

* Geotechnical Engineer ) . . -
« Operations Engineer  Resident Engineer » Site Representative

« take appropriate action on site  review and agree actions  review and agree actions
« seek designer’s input if appropriate  report as necessary * report as necessary

Contractor Engineer / Client
Management RSE / RGE Management

« order works stoppage if necessary

* report to relevant Authorities * arrange liaison with 31 parties
* report to company board
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Contractor Third Party Owners of
Board ERIICES Utilities & Structures




Tracking Performance

« daily updating of measured vs
predicted settlement data

* plotted against predicted settlement
for varied volume loss

TBM effect on porewater pressure

Influence of TBM
face pressure on
nearby vibrating
wire piezometer




Monitoring of a Highway Bridge

view of bridge structure

target prisms

ADMS KEY ISSUES
 cycle time

» traffic obstructions

* sight lines

* alternative tilt sensors

EL tilt sensors on bridge soffit

TBM Drive Adjacent to Shaft Excavation

sister bar embedded in concrete ring beam

soil
excavation

TBM rock

Tunnels O excavation
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TBM Drive Adjacent to Shaft Excavation

6 nos. sister bar gauges
in upper concrete ring
beam at -12mPD

6 nos. sister bar gauges
in lower concrete ring
beam at -15mPD

Tunnel Crossing

existing drainage
box culvert above

<2m separation to
existing running tunnels

influence of TBM

influence of TBM

tunnel crossing below busy traffic intersection

TBM breakthrough
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Tunnel Crossing

ADMS + 126 nos. prisms

KEY ISSUES

* remote real-time monitoring

* access during non-traffic
hours only

* ADMS cycle time of 1hr

manual level & offset

Instrumentation Database

map interface

settlement contours

real-time automated notifications
PDF reports generated on the fly
customisable interface




VMS — Visual Monitoring System

VMS inside running tunnels

remote operated camera unit

Features

* visual aid during
inaccessible hours

* remote operated pan &
zoom functions

» added sense of security

Webcam Time Lapse




Instrumentation Procurement

Independent Contract

MAIN INDEPENDENT
CONTRACTOR CONTRACT

Temp
Works Instrumentation
Designer Contractor

Integrated Contract

MAIN
CONTRACTOR

Temp
Works

Designer .
9 Instrumentation

Contractor

Interpretation

Interpretation Interpretation

Separate Reporting Consolidated Reporting

» cheaper cost

* designer familiar with predicted
behaviour

* co-ordinated actions / interpretations

* perceived removal of conflict of
interest ?

* more conservative ?

* single instrumentation contractor
for multiple construction contracts

* interpretation by separate parties
with differing opinions

* beware if wrong team

« with right people, the integrated
approach can be more efficient
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Thank You

©2004 Gammon Construction Limited. All Rights Reserved




