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AOE Q=g = HRA (Smart Infrastructure Technology Lab)

Resilient and Intelligent Structural Systems
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T+ A4 (Smart Infrastructure Technology Lab)
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AOE Q=g A= HRA (Smart Infrastructure Technology Lab)
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ure Technology Lab)

Displacement
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Z=ME T2 (Project Overview)

America’s Bridges by Age
AR Sist ELh= 1ot 26,209
(SH21=7H) (36.9%)
Age of Bridge /
o 11518
N 20-29 125 (16.2%))
I 30-39 2,862 ' .:’;/
I q0-49 (4.0%)) (6.'00/0)\ :
I 5o l A y ' L
0158 20208 20259 20304
1 - 25 AAE 7IZ, BB 304,
BE 012 H|E, NZ==E/0AHHF]
= Manual visual inspection is still currently the =  Over 600,000 highway bridges in the US
main form of assessing the condition of civil
infrastructure = 39% over 50-year design period in the US
= Manual visual inspections dominant " In South Korea, 46% (4,175) of 8,163
bridges are aged, with over 30 years in
service,

= Korea: inspections every 1-3 years

= 9 IDQT districts perform bridge inspections
every 18-24 months, equating to inspecting
36-48 bridges/month per district.
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Z=ME T2 (Project Overview)

AMERICA'S ESTIMATED INVESTMENT g
G.P.A. D+ NEEDED BY 2020: $3.6§

INFRASTRUCTURE GRADES FOR 2013
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Kobe Earthquake (M=7.2, 1995) Typhoon in Korea (2003) Hurricane Katrina in the US (2005)
Casualty: 6,308, Damage: $100Billion  Casualty: 135, Loss: $5Billion Casualty: 2,541, Loss: $100Billion
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Preliminary
55 omsE ASE BC 52 DE 52 investigation
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Bridge Load Rating

= The Rating Factor (RF) is useful in understanding the factor of
safety on the bridge

RF: Rating Factor for live load capacity
R: Load the bridge can safely carry

D: Dead load of the bridge

L: Live load due to the rating trick model
I. Impact factor

SrEM 1+ ipgum

[ Compensation Factor ] Ks =

5Measured 1+ iMeasured

Reflect current status of measurement into calculation

Displacement from FE ‘ Actual Measured
Viode€ ) rceme

*National Bridge Inspection Standards
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https://www.fhwa.dot.gov/bridge/nbis.cfm
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Sensing-based SHM
_»T“"‘ %&FQ‘ 3,965' (1,208 m)

1,150° (350.5 m) _a Tower top EI. 648" (197.5m)

El. 392.31

(119.6 m) ® Location of accelerometers ’

\".l'g,\'":i“\"j\’ N\

r\‘\. Free-FieldE:ﬂH"
Free-Field West Surface -
E Surface E
T E[ ﬁDownhole! Downholelﬂ %
%elﬁfdri:;r R o Data Acquisition Bl;cks Downhole 2 i
Bill Emerson Memorial Bridge SHM system
Cabling & instrumentation $1.3M for 86 sensors, S15k/sensor
for 400 wired strain sensors (Caicedo et al. 2002; Celebi et al. 2004)
= Proper SHM technology must be applied for preemptive and predictive management
= Expensive wired monitoring systems
= Not scalable to dense-array of sensors
|

Generally single-metric measurement
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Opportunity

QW% A\ Azure

Mobile connectivity
Evolution of industrial value 4G

36

206

Data

Messaging and global roaming
-

Human to human Telemetry Machine to Machine
1980s 1990s 2000 2010

Google Cloud

56

Enhanced Mobile
Broadband

Critical
Communication

LTE-M and NB-loT

Always connected - cloud computing - streaming

Internet of things
2025
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Cloud-based Real-time Bridge Monitoring

1. ADIE Al A 2. 2R AL

MATLAB B
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7|=X 2l of Z4HA|

1. Smart Sensor

2. Cloud-based System

MATLAB BEXIPO
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Hardware Development

Strain gauges Cables
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Data acquisition

device
Strain amplifier
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Leaf sensor nodes Gatewaynode
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Wheatstone Bridge box

Low-cost Wireless Smart Sensor
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Software Development

Vibration-based Trigger

A 0|4 TS WM Al A

Timer-based Trigger

dol| Tl AlZHof| ol A=
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Current Practice of Sensing-based SHM

MATLAB

Waspmote Martlet
Maximum
. Number of .
Platform Processor Data Storage | Radio Range ADC R(_esolutlon Sensing Sampling Ene rgy
Frequency (bits) Rate Harvesting
Channels
(MHz2)

WaspMote 14 2GB 7 km - 7 - O
V-Link N/A 4 MB 2 km 16 7 10kHz X
iMote?2 416 - 300 m - - - @)
Martlet 80 32GB >500 m 12 9 3kHz X
Xnode 204 4GB 1 km 24 8 16kHz 0]

JANET* 600 128GB LTE 24 8 1kHz 0]

*Breezy.info.service@gmail.com
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Software Development
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Cloud System

idx: 1064,

cl: -1872.58,

c2: -1859.34,
: -2864.

c3: 2864 74' 0 536 2021-10-19 08:03:07 4.111385 N 2021-10-19 08:03:07 0.025634 5.0

sen_idx event_time Vbat isdel regdt Vecur NOE

cd: -1235.044,
c5: -664.2209, 1 537 2021-10-19 08:06:23 4.083308 N 2021-10-19 08:06:23 0.022527 4.0
. / 2
c6: 1413.208 2 538 2021-10-19 08:09:40 4.099788 N 2021-10-19 08:09:40 0.022527 3.0
},
{
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Cloud System

1. Sensor 2. Cloud Server 3. REST APl - WEB SERVICE
|- T T T T T T === 1 |- T T T T s T == I
| .
: Data Measurement [N mg INFLUXDB -IL Web/App Service §
|
| . PROCESSED
: Wakeup by Event I Raw Data Sensolr info DTA : SMARTPHONE APPLICATION :
: | ! Acc X Voltage Displacement : |
1 Strain+ Acc sensing I - [ DATA VISUALIZATION I
' | ! Acc_Y | | : '
I | ce- Number of Natural Freq. I I
I Connect AMAZON MQTT I Event per I
l I Acc Z day l |
| ' | Neutral Axis I 4 Flutter I
| Online Data Transfer —_ Strain 1 T " | | * |
I - emperatur @_i
I l . e Displacement I |
: END/ SLEEP : Strain_2 Offset : I
_________________________ !
Strain_3 ]

Sensing_Time (ms)

N ‘@d ¢ <\ Marap

web development, v ,
one drop at a time

Cloud computing is Implemented
DA using MATLAB
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Cloud Computing

Bridge Displacement

= Therefore, accurate measurement of displacement is crucial for
bridge load bearing capacity evaluation.
= However, it always has been inaccurate, difficult, and limited.

@ \GPS 4

WU yT, % A
LVDT Wireless Sensor,

] Lov
Rive \V/

Linear Variable Differential Transformers Laser Doppler Vibrometer Global Positioning Systems
(LVDT) (LDV) (GPS)

MATLAB EXIlPO
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Cloud Computing

Acceleration-based Displacement Estimation

® v’ Zero-mean process
30 ' ' ‘ - 30
_ Conversion _ foobased
g E/ 20 r
g 0 \' i
i
_300 5 1lo 1‘5 2|0 25 -10 ' : : '
Time (sec) 0 J 11(_)imn {m:f 20 25
v’ Scaling (field calibration required)
Strain-based Displacement Estimation v Require structural model
® v' Signal Noise
50 . . 60 T T
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S sof modal transformation  § so;
5 NI ER N 1 N § 20}
o ‘ Ustrain = oY {g}: — 0D {‘9}gL 10
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Time (sec) 0 5 10 15 20 25
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Cloud Computing

Offset Adjustment
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Cloud Computing

Offset Adjustment

Calculate
save std & index

Move
window

A2t

Index

20

67.7845
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Cloud Computing

Offset Adjustment

Offset 2 &8 & H<
I
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Cloud Computing

Offset Adjustment

Offset 2 &8 & H<
I
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Field Application

Cheongdam1 Bridge.

weFEol 20[:450m
MAEIAXTEA PSCIE 1
SRR A 24

& | 8t= : DB-18

I E 2 6414200 /day (2020)

MATLAB EX
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Field Application
Cheongdam1 Bridge.

AVYPSYM
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Field Application
Cheongdam1 Bridge

—m SSHI ntact Damaged AW

Damaged

52-G3 315 21| $3-G1 8H 2I%
Node3 Node1l
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Field Application

2021-07-23(2)
ME2A 310 MMHEX

A le (S0

Ring Gauge
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Data Analysis

Displacement Measurement

@
Acceleration Displacement at G3

40 ; 3 . : :

i i i LVDT i
20 2 Proposed Method

2 o E 1

-20 A (0]
_40 1 1 1 1 1 _1 1 1 1 1 1

(0] 5 10 15 20 25 30 (0] 5 10 15 20 25 30

Time (sec) Time (sec)

Strain

(o}
-10 2.08mm 2.18mm 0.1Imm
wn
= 20 1.01mm 1.09mm 0.08mm
-30
_40 . , , , , 1.26mm 1.31mm 0.05mm
(o} 5 10 15 20 25 30

Time (sec)
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Data Analysis

Raw Data Measurement
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Data Analysis

Displacement Conversion

Displacement (mm)

40

MATLAB EXIPO
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Data Analysis

Displacement Measurement

S3-G1 Damaged
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Data Analysis

Natural Frequency

®
S3-G1 Damaged S2-G3 Intact

0 Distribution of natural frequency 0 Distribution of natural frequency

140 120

120 1 on

100 [
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> 80r
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40
20 1 20 +
0 : : : : 0 : : : :
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Data Analysis

Natural Frequency
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S2-G3 Intact
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Data Analysis

Natural Frequency
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MAT

Conclusion

Proposed cloud-based sensing system improves bridge monitoring by addressing

iInfrequent visual inspection limitations

JANET, a sensing system designed for long-term multi-channel sensing, was

developed to capture bridge motion through strain and acceleration data

Implemented cloud-based architecture streamlines data processing in bridge

monitoring

Future developments involve incorporating sophisticated data processing algorithms

for tailored monitoring solutions
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