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Monitoring system development from

sensor concept to operational system
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Research and Development accomplishments:

- Demonstration of concept through extensive simulation
and experimental campaigns

- Major advancements based on R&D lessons-learned

- Value engineering for a robust and cost effective design
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Deployable Sensor /
Communication Systems



Idea — can we take advantage of the physics

of light to directly measure earthquake drift?

Building interstory drift during an earthquake
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Interstory drift is used in many

standards to assess building performance
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The concept - exploit the physics of light
for direct, broad-band drift measurement
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Inexpensive light-sensitive diodes are

at the heart of our sensor concept

Sweeping laser beam
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Generation 1 - a prototype sensor

for proof of concept
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Testbed #1 - a motion table for generating

realistic interstory drifts was developed

Synthetic Drift from

Nonlinear Building Model Sensor Testbed DDPS Measurement

s

Interstory Drift From

|

== |mposed Interstory Drift

6
Nonlinear Building Model 4
‘ ' ' I —— Interstory Drift From DDPS
Transient Interstory Ses e 2 I .
Drift - TID(t) :
‘ | -/ | E | 0

Residual Interstory =z
Drift - RID B rE(

o N A~ O

A

Interstory Drift (cm)
)

Interstory Drift (cm)
N

-6 -6
Precision
-8 Motion Table -8
-10 Peak Interstory Drift - PID -10
0 10 20 30 40 50 0 10 20 30 40 50

Time (sec) Time (sec)

| Target Drift




Testbed #2 - a simple laboratory

scale frame structure

El Centro motion test




Sensor measurements exhibited excellent

agreement with ground truth drifts
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Generation 2 - an integrated

ircuit board
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Testbed #3 - the DOE Office of Nuclear Safety
supported a larger 3D test at UNR in 2017
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Drift measurements -

ground truth versus DD

PS
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Generation 3 - a deployable sensor based
on value engineering and lessons learned

Prototype (Node#2 419EAD95)
Displacement =

Data storage

Microprocessor

RF communication chip
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Generation 3 — Advancements through

incorporation of many lessons learned

Laser Motion Due to Interstory Drift
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A new wireless mesh network has been

developed for deployment and operations

Communication We need bullet-proof
Calaway o reliable data transmission
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The communication gateway
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Four sensors were deployed at

Lawrence Berkeley Lab in September 2019

Station 3

UC Berkeley
Wang Hayward Memorial
Hall Fault Stadium




The sensors have operated continuously

with complete reliability for 14 months

Automated email delivery of data

DDPS Laser

“Triggered”
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The system can send an automatic

email once an event is detected

Earthquake Event Detected at UNR Structures Labs on Node Prototype

earthquakeengineeringlab@gmail.com
to laplace, me, florianapetrone ~

Event detected! See attached files for data.
Event statistics:

DDPS Node #: 4
DDPS File: EQ000043.txt (Auto Triggered Event)

2020/9/25(Friday)11:22:47

Init disp (in): 0.0164 /
Max disp (in): 1.6392
Min disp (in): -1.7529

Laser Disp (in)

End disp (in): 0.7659

Data sample rate: 100 Hz

Peak diode index: 55

Peak diode voltage: 0.2836

Number of diodes above ambient: 13
Ambient voltage: 0.2066

DDPS Laser
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A smartphone app has been created

to accept and display drift data remotely

Tab 1 Building Location Tab 2 Sensor Status Tab 3 Data Visualization

San Francisco CA

Android smartphone app developed by
computer scientist Vincenzo Quinto



Our final objective is to provide rapid data

to transform post-event response

Di tive Event _ _ Immediate data to

Earthquake event occurs  with reliable data transmission

Force Level

(;;Iastic hinge) 3.0%
'

Itimate i
0.6% I(u imate capacity)

(yield point) 1
'

Inter-Story Drift Ratio

Optical Drift Measuremen t (ODM)
Sensors (1 per floor)

- 7
=2
o 2
2 5
I 2% 23
b ag 3
W22, 7
S & TNy Y
= WY A - : TN
324
23
B

N Vi N e

« Emergency responders
* Re-occupancy
« Continuity of operations

« Guidance for detailed
inspections

A N AN N





