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Reducing flood risk
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STRUCTURAL HEALTH MONITORING OF LEVEES

European Commission. 2010 Risk Assessment and Mapping Guidelines for Disaster Management; Brussels
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STRUCTURAL HEALTH MONITORING OF LEVEES

Monitoring networks integrated within the levee are forms of
Structural Health Monitoring (SHM), where the damage
associated with changes of the boundary conditions or of the
intrinsic properties of the structures are constantly assessed

The biggest challenge is now represented by reliable long-term
monitoring of levees. The monitoring network should be able to
provide consistent data that allow the definition of the funtional
status of the structure and its resilience capacity



OUTLINE

INTRODUCTION

MONITORING o _ o _
TECHNIQUES Finding the «optimal monitoring network design»

CASE-STUDY

CONCLUSION

Balance between:

* Reliability of monitoring data

e Cost effectiveness

e Installation that does not reduce the
overall safety of the structure
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MONITORING INTERNAL EROSION
Backward erosion piping

L IMPERVIOUS SOIL OR
STRUCTURE

N\

L PERVIOUS,
ERODIBLE SOIL

To monitor and detect backward erosion indirect methods
are used that use as proxi

* Electrical Resistivity
* Self potential
e Temperature
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When a light impulse is injected in an optical fibre a backscattered light is
generated by each point along the fibre. The spectrum of the
backscattered light carries information about the local status of the fiber
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With a single fiber it is possible to
monitor km long strectches with
spatial resolutions of 0.5 -2 m

ent changes

ironm
The eny preties of

the optical pro
the glass

and precisions of 0.1 - 0.5 °C

/

The QI&

SS Changes
t




OUTLINE

INTRODUCTION

MONITORING
TECHNIQUES

CASE-STUDY
CONCLUSION

OPTICAL FIBERS FOR MONITORING TEMPERATURE

Alarm Output |

7\

Settings/Control
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P J Switch /

Control unit 1 Interrogator Opitical fiber

The interrogator sends a laser beam inside the fiber; then it reads
the backscatter signal reconstructing the longitudinal profile of
temperature.
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Temperature  —
variation as indirect

J. aly .
measurc %
Seepage rate

heat-pulse method: coupling electric cable to the fiber, the electric
cable heats the fiber, measuring the heating time and the difference
between zones it is possible to assess the flux of water around the
cable (areas with higher water transport will rise to lesser temperatures)
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Three levels of optical fiber about 50 cm apart
along the vertical
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Since the installation work was performed
on an existing and operative levee it was
particularly important to guarantee that
the excavation would not damage the
overall stability of the structure
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FINAL REMARKS

Structural Health Monitoring (SHM) will became even more central
in the following years, especially for defense works for natural hazard
mitigation. The cost effectiveness of SHM is advantageous with
respect of the increasing exposed elements, risk aversion of
population and of the costs associated with the enlargement of
existing structures.

The implementation of low-cost, distributed, indirect measurement
techniques will greatly benefit the availability and usability of
monitoring system that could control long stretches of levees

These systems could be also used for alert purposes, to inform civil
protection actors of the imminence of the collapse of a section of
the levee and therefore to guide evacuation and other responses.
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Soil heterogeneity plays a central role in the seepage dynamic, and
therefore for the overall stability, of levees

Distributed sensors like FOSs seem extremely useful to detect areas
where water fluxes are more pronounced

The tests that are performed in the Salorno area will be valuable to
calibrate and assess the potentiality of FOSs for the detection of
areas more prone to backward erosion piping

The heat-pulse method technique could provide new information
from optical fibers, giving a estimate of the actual water flux around

the cable
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Soil grading tests for the material
forming the levee and below




Quantification of the effect
of soil heterogenity

; Estimation of results
Qvariability

Target field investigation




BoSG Method

Generating different soill

v’ Stochastic approach mmmm)  configurations in order to
obtain a large dataset

v’ Boolean Logic mmm)  Sojl is ejither matrix or lens

A

Boolean Stochastic

Generation Method (BoSG)
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