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Aim: to introduce a novel approach to SHM
of civil structures based on self-sensing
structural materials and sensors

[ Motivation

[ Smart Concrete

* Concept and fabrication

*  Micromechanics modeling: fundamentals
* Smart concrete embedded strain sensors
* Smart RC structural components

J Smart Bricks

* Concept and fabrication

* Smart masonry structural components
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Motivation: the scalability challenge in SHM
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Motivation: what is a self-sensing system?

SELF SENSING
PAVEMENT
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Smart Concrete: concept and fabrication
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Smart Concrete: concept and fabrication
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Smart Concrete: micromechanics modeling

Mori-Tanaka extension of single inclusion Eshelby’s problem to multiple inhomogeneities embedded
in a finite domain.
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Smart Concrete: micromechanics modeling
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Smart Concrete: micromechanics modeling
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Smart Concrete: smart strain sensors
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Smart Concrete: characterization of smart strain sensors
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Smart Concrete: embedded smart strain sensors
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Smart Concrete: electromechanical modeling of smart sensors
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Smart Concrete: electromechanical modeling of smart sensors
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Smart Concrete: smart RC structural components
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Smart Concrete: experiment on smart RC beams
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Smart Concrete: experiment on smart RC beams
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Smart Concrete: experiment on a smart RC plate
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Smart Concrete: experiment on a smart RC plate
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Smart Bricks: concept and fabrication
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Smart Bricks: characterization in lab

3.0 - - 0
mspection | & ’
- -~ PR
=125 area = N SAYALT
_Z5 § —200 1‘.( o '“&A,%,,‘_
-g 2.01 g “‘E‘::Il\::“l"‘.l\
= 5 400 4 "o
‘l“’ﬁ\.
1.5 'J < \";.:‘? "
1.0 —— 0001, . .
0 20 40 060 20 40 60
time (s) time (s)
0.5 === vertical
& 0.0+ horizontal
=
2 —0.51
3
= —1.0+
2
< —1.54
2.0+ | | |

structures enabled by self-sensing structural materials

50 100

time (s)

75

—Aey = —A(ez + &y +£2)

Filippo Ubertini

D
.-
YIS



November
15t 2017

22/25

Smart Bricks: experiment on a laboratory wall
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Smart Bricks: experiment on a laboratory wall
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Smart Bricks: experiment on a laboratory wall
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Conclusions

J Embedded smart concrete sensors are a durable solution for strain
monitoring in RC structures

L Micromechanics approaches and lumped circuit approaches represent
effective modeling strategies for investigated smart materials and sensors

U Thanks to a new biphasic DC measurement method cracks can be
detected in smart RC components through local changes in electrical
properties

O Smart bricks allow strain monitoring and damage detection in masonry
structures

L Smart concretes and smart bricks can potentially improve the current
state of development of SHM technologies by overcoming some of the main
limitations that impede their large-scale deployment to civil engineering
structures

Recent advances on SHM of reinforced concrete and masonry

structures enabled by self-sensing structural materials Filippo Ubertini E



Acknowledgements

SMARTEIRICK

This work was supported by the Italian Ministry of Education, University and Research (MIUR)
through the funded Project of Relevant National Interest "SMART- BRICK: Novel strain-sensing

nanocomposite clay brick enabling self-monitoring masonry structures" (protocol no.
2015MSs5L27).

& - Qm m sur se

....... Regione Umbria s s

imvesciamo Nl voseEro FuEdrog . = -
Co-finanzisto dal me:siomll Eurapao FSE) no ambsto dol Programma Dparativo Regionale (POR) Umbria, Fﬂl‘llﬂﬂ. B'II “Hll Mﬂr!ﬁlﬂnﬂ

* O Campe i Aegionale e Docupaniona™ 20072013 = -
i e : Il cotto per tradizione

November
15t 2017

‘
%
%%



UNIVERSITA DEGLI STUDI
DI PERUGIA

Thank you for your attention!
filippo.ubertini@unipg.it




