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Dam Rehabilitation & Improvement Project

INSTRUMENTATION

Instruments are our eyes and ears Inside the media
wherever placed.

Instrumentation Is used as a tool to ensure safety of
dams through continuous monitoring and analysis.
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OBJECTIVE OF INSTRUMENTATION

 Baseline ground characteristics.

e Dams

 Construction control.

 \erification of design parameters and assumptions.

* Monitor the long-term effects of environmental changes.
 Carry out research to enhance future design.

* Monitor mitigation measures, and

 Quantification and management of risk to third parties.
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REQUIREMENTS OF GOOD INSTRUMENTATION
PROGRAMME

* Instrumentation Adequacy
* Observation of Monitoring Devices
* Frequency of Monitoring
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MINIMUM INSTRUMENTATION IN
CONCRETE GRAVITY DAM

Instrumentation should be ¢ ij‘:%—‘rg .

provided in at least one deepest L i qrar

overflow Dblock and two v f';;

abutment blocks. It should also -

be indicated that the number of :__

instrumented blocks may be o[z

Increased with the increase in ;.f‘

length / height of dam. (o

me
Section A-A
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INSTRUMENTATION IN CONCRETE DAM
’ » INSTRUMENTATION OF CONGRETE DAM
«  Uplift Pressure meters | ssmuonnv | | el o mﬂ

(2000 X 2500) 12 | pomePRESSURE CELL @)

e Pore Pressure meters
* Joint Movement meters
o Stress/ Strain Meters

INSPECTION GALLERY
(2000 X 2500)

« Dam Movement S — . SR ).\

Temperature Meters =TTy R ‘

« Seepage Measurements =e= s

« Water Level Measurements o (v s X

Seismic Measurements | B G
ik &
i T T TR R T R -

1«—150 mm @ BORE HOLE FOR INVERTED >
PLUMB LINE TO BE TAKEN TO FIRM ROCK <

TYPICAL DAM SECTION OF TALA H. E. PROJECT,
BHUTAN
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TopofDamELGI4 m
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» UPLIFT PRESSURES =

 Pressure meters are installed in the eL6Hm
foundation/grouting gallery to monitor the
variation in uplift pressures.

* |t should be done at least at three cross
sections in case of small dams (30 m or
less in height) and at least at five cross
sections in the case of large dams.
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» PORE PRESSURE

* In concrete and masonry dams, they ‘
may be installed normally at 10 to 15 m
spacing along the width of the dam.
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» JOINT METERS

* In case of large dams joint meters should be
provided in at least three blocks, one iIn
deepest central block and a block each in the

abutment.
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» STRESS/STRAIN
METERS:

» Stress and strain meters are installed
In dam body to monitor the variation
In stresses and strains during
construction.

« Stress meters are installed alongside
the strain meters so that the data can
be correlated.

« Strain meters are installed In
Rosettes, like 3no0s, 5 nos.
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> HORIZONTAL/ VERTICAL g a8 ——
MOVEMENTS % B gzzpﬁ Flid
 Normal and inverted plumb lines are S = 1 | - -
installed in concrete gravity dams to TNY.. . T -
monitor the structural deformations N\ P\\mm
and the movements in the foundation. 9 l\Tensim.ngnu.
* In addition to normal plumb line, \_I;:zj:fn:”
optical targets and tilt meters at the 2 E‘_"E”“““““““ N
dam top can also be fixed before start Gary .
of reservoir filling so as to record the ‘émm
dam deformations. =r v

Anchor

/—Water or Damping Fluid

\—Tank (b) //// / Borehole 200mm

( ) T = i minimum dia
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» SEEPAGE DISCHARGE
MEASUREMENTS

* V-Notches are the simplest
devices used for measurement
of seepage discharge through
dam body (IS 14750).

« These can be installed in drains
In Inspection galleries.
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MINIMUM INSTRUMENTATION IN
EMBANKMENT DAM

LEGEND

« Where dam lengths are more and o[
foundation strata varies along the gl
length, location of instruments at two : -
or three sections should be o[
considered. points of view of safety e
and collecting data for future similar ol

: B ®| bavior
designs. = A e
prap @ ®
/ I 9) o) < olwvium
‘ .
— grout curtan 0 0
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iy Section A-A il @) mavoomrLL
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GEOTECHNICAL INSTRUMENTATION IN
EARTH AND ROCK-FILL DAM

INSTRUMENTATION OF E
ARTH AND ROCKFILL DAM O e ey
* Pore Pressure. i O
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» EARTH PRESSURE

CELLS
« The earth pressure cell may be : ;
designed to measure effective or g

total earth pressure or both. g

« When it measures total earth /
pressures only, piezometers should
be placed by their side to measure
pore pressure which when deducted
from the total earth pressure to give | A 23;4 S
effective earth pressure. e
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» HORIZONTAL/VERTICAL C}
MOVEMENTS -

 For horizontal movement, e e/ owlabl
inclinometer is superior to give T i e
along complete length and its =734 .. bl
position of sliding surface. -

* The cross-arm installation for =\
vertical movement has been a " gl
standard practice. fuy e’ I
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ISSUES AND CHALLENGES IN
DAM INSTRUMENTATION

 Selection of Instruments
 Organisational Issues
 Contractual Issues

* Monitoring and Data Reporting
» Data Analysis
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SELECTION OF INSTRUMENTS

Instruments should be as
simple as possible

Handy
Durable
Accurate and Precise

Precise

Not Precise but
Average is Accurate

Precise as well as
Accurate
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ORGANISATIONAL ISSUES

* Inany Project:
— Civil work, QA/QC and Instrumentation are important tasks

—-EEIC (QA/QC) +EIC (Instrumentation} # EIC Work

— Likewise:

EIC (QA/QC) & EIC (Instrumentation)

Report

Top Management

10-12 October 2022 at Jaipur, Rajasthan (India)




INTERNATIONAL
NCOLD DAM SAFETY CONFERENCE

Indian National Committee

Dam Rehabilitation & Improvement Project

CONTRACTUAL ISSUES

Co-Ordination between
* EIC (Instrumentation),
* EIC (works),
 Contractor (civil works) and
 Contracting agency (Instrumentation).

» Responsibility of Contractor

« Accountability of Instrumentation agency
 Study of drawings

* Monitoring and submission of monthly reports
* Linkage of payments to the contractor
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MONITORING AND DATA REPORTING

* Monitoring schedule for each instrument should be fixed and
Implemented in the true sprit.

 Graphical method of presentation is best suited to monitor the
changes in any parameter over time.

« Apart from cumulative values, the trends can also be reported
In the form of rate of change in any parameter.
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« Data should analysis and interpret and highlight the critical
values needing urgent attention.

 Findings should be submitted to Designers /TAC to verify the
design assumptions and suggest corrective measures.
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PROBLEMS FACED IN THE FIELDS
» SLIDING

Central Water Commission

BEFORE SLIDE

10-12 October 2022 at Jaipur, Rajasthan (India)



INTERNATIONAL
INGOLD DAM SAFETY CONFERENCE

Indian National Committee

on Large Dams Dam Rehabilitation & Improvement Projeét

Central Water Commission

» CRACKS IN DIFFERENT PARTS OF STRUCTURE
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» |IMPROPER INSTALLATION OF INSTRUMENTS

yper Location Installatidh,-err'
N Oy
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« Damaged/Choked Instruments
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CONCLUSIONS

Instrumentation Is used as a tool to ensure safety of dams
through continuous monitoring and analysis.

e Proper instrumentation not only helps In safety of the
structure, but can also lead to economy in terms of cost, time
and materials.

Central Water Commission

* Proper installation of instrument is as important as the quality
of Instrument itself since once embedded, can not be taken
Out.

« The calibration of each and every iInstrument is very
Important to ensure measurement of true values of desired
parameter intended for.
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