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Dam problems
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Design Changed During Construction
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(2008) Test to analyse the response of geodetic
methods to continuous monitoring
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Inclination Measurements

Leica Nivel 210

drift free dual axis inclinometer
range[ -310”, 310” ] accuracy:1”
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Optoelectronic sensor

1 — Detail of the prism:
line pattern

2 - Tank (silicone oil)

3 - CCD array
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Cabril dam: Sensors

Leica Nivel 210 Comet D4130
1H:z digital thermo-hydro-barometer
10 min
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Sensors positions
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Inclinations variations

\

E 2

inclination variation (arc second)
10
.

20h 00h 04h 08h 12h 16h 20h 00h 04h 08h 12h

—radial —tangential

bY mg Week 2012

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

Inclinations variations+temperature
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Inclinations: standard deviations
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vibration of the structure induced by the operation of the electricity generator group
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Modelling the variations

i(h,t)=ah +blcos£+b, shrﬂ+b3cosﬂ+b45mm+ ¢
24 . 24 12

i -inclination component
h - the reservoir level
t - the time of day

Periods, of 12 and 24 hours, identified as relevant through a Fourier analysis
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Modelling the variations (radial compoOnent)

temperature variation — inclination variation: time lag = 4 h 40min

radial component variation (arc second)
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—&—radial —&—regression —¢— temperature

variations of inclination are mainly influenced by the variations of daily
temperature (correlation coefficient equal to -0.94)
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Modelling the variations (tangential cOmponent)

temperature var, ("C) / reservoir level var. (cm)

tangential component variation (arc second)
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—8—tangencial —®regression —* temperature @ reservoir level

tangential component has a more obvious correlation with the variation
of water level than with the outside temperature (correlation coefficient
equal to -0.70 and -0.50, respectively)
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Conclusions

>Inclindmetro Leica Nivel 210 was able:

e to detect the influence of temperature and reservoir level in dam Cabril
behaviour.

e to record the vibration of the structure induced by the operation of the
electricity generator group.

= What would be desirable:

e to install this equipment during a longer period of time, if possible
during several years, in order to detect the influence of other
quantities in the behaviour, including annual variations in temperature,
significant variations of reservoir level and possible long term effect.
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Thank you for your attention
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