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Non-structural components drive earthquake costs

Damage to nonstructural components (partitions, ceilings, facades) can interrupt building use and

generate substantial repair costs, even for low shaking intensities and with low structural damage.

Collapse of partitions, L'Aquila eq., 2009 Expected repair losses for RC buildings
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And our models struggle to capture their behaviour

Fragility models are driven by laboratory experiments that may not fully represent the actual demands,

installation conditions, and damage history of real components.

Laboratory vs reality Fragility domains for gypsum partitions
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but do not classify damage!
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We can improve our models by sensing the structure

Vibration-based structural health monitoring (SHM) systems and cameras provide complementary

measurements of seismic demands and images of damaged components.

Vibration-based SHM Cameras/Drones + computer vision
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SONATA builds on this idea!

SONATA combines lab experiments with sensing and vision

to update fragility models of nonstructural components.

1. Reproduce
— Shake-table tests of nonstructural components

2-3. Sense and observe
— EDPs from sensors, DSs from computer vision

4. Update
— Updated component fragility based on data

5. Prototype
— Integrate SHM, fragility updating and loss assessment

sonata

Data-driven
risk management

Sensor-driven statistical tools to evaluate risks and
manage safety in the built environment

Tasks

1. NSEs literature review

2. Design of test setup
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Shaking gypsum partitions

Full-height single- and double-layer gypsum partitions were tested at the Eucentre 9D laboratory in

Paviq, Italy, with a setup capable of reproducing differential floor displacements.

Realistic floor-level demands

Bi-directional real ground motions (LAquila eq.),

14 scalings propagated into an 8-storey building

Dynamic monitoring

Low-noise MEMS accelerometers to measure floor
EDPs and track stiffness degradation

Cameras & drones

Surveying of visible damage during and after

each run
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Seismic demands and observed damage
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A pseudo-experiment: update predictions based on data

Imagine the test as a monitored building hit by an earthquake: EDP-DS observations provide the

observational evidence — data — for the updating of prior fragilities.
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For this component observations shift the estimated fragilities towards lower drift demands!
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From fragility to repair costs

Updating component fragilities may significantly affect the estimate of repair losses (and downtime)!

PO1 - Single layer
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Towards data-driven assessment

Modern sensing technologies and machine-learning capabilities are readily available to support loss

and downtime assessment for nonstructural components by using:

Sensors. Low-noise MEMS are the link between operational SHM and seismic response

Computer-vision. Specialized models can identify components,
but need dedicated training databases to classify damage

Updating. Integrating the two technologies allows to update
fragility and loss estimates based on data
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