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Outline of This Presentation

ABridge Element Inspection in the U.S.
i 2019 Manual for Bridge Element Inspection

AData-driven Bridge Management
i INSPIRE University Transportation Center Goal
i Sensing and Nondestructive Evaluation Integration
for Bridge Inspection and Maintenance

u Robotic Platforms

ARobot-assisted Bridge Maintenance and Inspection
i Fatigue evaluation of steel structures from thermal imaging
i Scour evaluation from smart rocks as magnetic sensors

APooled-fund Study on 72 Highway Bridges

AConcluding Remarks



Bridge Element Inspection

A2019 Manual for Bridge Element Inspection

u All elements have 4 conditions of deterioration

i Current visual inspection
v Difficult to record all defects
v Difficult to accurately estimate quantities

Condition States
1 2 3 4
Delamination/Spall/ None. Delaminated. Spall Spall greater than
Patched Area 1 in. or less deep or 1 in. deep or greater
(1080) 6 in. or less in than 6 in. diameter.
diameter. Patched Patched area that is
area that 1s sound. unsound or showing N
distress. Does not The condition
warrant structural warrantsa
review. structural reviev
- - to determine the
Exposed Rebar None. Present without Present with effect on
(1090) measurable section [ measurable section | strength or

loss.

loss but does not
warrant structural
review.

serviceabilty of
the element of 4
bridge.




Data-driven Bridge Management

A5-Year Goal at the INSPIRE University
Transportation Center

i To transform the current labor-intensive,
Inconsistent, and expensive inspection and
maintenance process
Into an efficient, safe, reliable, and cost-
effective management system for bridges

v Make a paradigm shift from ad hoc local processes to
a data-driven decision-making protocol

v Involve basic, advanced, and applied research in
sensing, nondestructive evaluation (NDE), data
analytics, robotics, and workforce development



Data-driven Bridge Management

A Contact/Remote Sensing and NDE Integration
for Bridge Inspection and Maintenance
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Robotic Platforms

AUnmanned Aerial Vehicle (UAV)
i Close-distance inspection

_ SPLIS H. Zhang, Z. Li, G. Chen, A. Reven, B.

Scharfenberg & J. Ou. UAV-based smart rock

UAV Wlth Magnetometel' localization for bridge scour monitoring, Journal of
Civil Structural Health Monitoring,

and GPS https://doi.org/10.1007/513349-020-00453-w.




Robotic Platforms

AStructural Crawler in Collaboration with
Dr. Hung La from the University of Nevada, Reno
i Near-surfaceinspection and testing




Robotic Platforms

AHybrid Unmanned Vehicle (BIRDS, proof of concept)
u |ncreased Operation t|me A. Reven, C. Fritsche & G. Chen

(2019). Unmanned aerial and

u Stable measurement platform traversing robot as mobile platform

for bridge inspections, Proceedings

i Ease in navigation of the International Conferenceon
i ... . Structural Health Monitoring of
i Accurate positioning Intelligent Infrastructure, St. Louis.
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Robot-assisted Bridge Maintenance

AUAV with Aerial Manipulator (proof of concept)

ADr . Paul Ohés Laborator:
at the University of Nevada, Las Vegas

Proof-of-concept

Flight Trials




Robot-assisted Bridge Inspection
ABridge No. 3128 i Steel and PC Girders, MO




Robot-assisted Bridge Inspection

AThrough-weld Fatigue Crack Detection
from Passive Thermal Imaging in a Bridge
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Sakagami, T. (2015) Remote nondestructive evaluation technique using infrared
thermography for fatigue cracks in steel bridges. Fatigue & Fracture of Engineering
Materials & Structures. doi: 10.1111/ffe.12302 (an invited review article).
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Robot-assisted Bridge Inspection

AConcrete Delamination Detection
from Active Thermal Imaging
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€ small and large
. A2 thicknesses: 3and 5

Extruded Polystyrene (XP< 0.0243 0.025 mm in large foams

Acrylic board (Plastic holde 0.213 1.274 4 A thlck_nesses: 01,3, and
5 mm in small foams

Concrete 2.006 1.807 APlastic holder: 2 mm

Steel reinforcement 45 3.5

Air

0.025 1.000




Robot-assisted Bridge Inspection

ATest Procedure

i Heat each slab using a strip heater for 10
minutes to achieve the highest temperature of
121.13 .

i Remove the strip heater and then take thermal
Images every 1 minute during the coollng
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Robot-assisted Bridge Inspection
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Robot-assisted Bridge Inspection

ATemperature on Top and Side Surfaces of the Heater
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Robot-assisted Bridge Inspection

AScour Evaluation from Smart Rocks

i A smart rock in ball shape

v Easy to roll to the bottom of a scour hole when
formed at an unknown location and depth as deposits
around the hole are washed away.

v Designed based on water flow velocity and soil shear
resistance.
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Robot-assisted Bridge Inspection

AA Magnetometer

i Set 0.92 m away from the motors to eliminate
magnetic interference

i Wired and plugged into the WIFI router with wireless
communication with the nearby ground station
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Haibin Zhang, Zhaochao Li, Genda Chen, Alec Reven, Buddy Scharfenberg and
Jinping Ou. i U Abdsed Smart Rock Localization for Bridge Scour Mo ni t oJournalg , 0
of Civil Structural Health Monitoring, January 19, 2021. https://doi.org/10.1007/s13349-



https://doi.org/10.1007/s13349-020-00453-w

Robot-assisted Bridge Inspection

ADrone- vs. Crane-based Measurements

Monitoring

method

CRANE (1sY)
CRANE (2n9)
CRANE (3)
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UAV (5h)
UAV (6')
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11/06/2015
04/14/2016
10/20/2016
01/24/2018
0510/2018
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0517/2019
08/27/2019

Predicted coordinate

X

0.06
0.55
0.00
0.02
0.49
0.43
0.37
0.43
0.41

Y

23.49
24.38
22.73
23.50
25.00
25.07
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Measured coordinate
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-3.41
-3.17
-3.22
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Pooled-fund Study TPF-5(395)

AGoals

i To engage closely with 7 state Departments of
Transportation (DOTSs).

i To leverage the center resources to develop
case studies, protocols, and guidelines that can
be adopted by state DOTs for bridge inspection
without adversely impacting traffic flow.

50 N~
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Pooled-fund Study TPF-5(395)

ABridge Selection
i National Bridge Inventory
i Long Term Bridge Performance Program

ABridge Selection Criteria
i State owned
i Not over arailroad
i Max span length between 10 and 50 m
i Maximum of four lanes on bridge
i Average daily traffic (ADT) less than 50,000
o Built after 1970

i Three Age Groups
v 15-20 Years
v 25-30 Years
v 35-40 Years



Pooled-fund Study TPF-5(395)
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Pooled-fund Study TPF-5(395)
A36 Steel Girder Bridges
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Pooled-fund Study TPF-5(395)

ASteel-girder Bridge No. 3080, Rolla, MO
ABridge Scanning Using P40 Laser Scanner

. .




Pooled-fund Study TPF-5(395)
A3D Reconstruction of Bridge No. 3080




Concluding Remarks

AAn automated inspection platform can help
Inspect and maintain bridges faster, safer,
cheaper, and more consistent.

AAdvanced technologies to support the
automated inspection platform are being
developed in the INSPIRE UTC.

AThe pooled-fund initiative can help develop
case studies, protocols, and guidelines that
can potentially be adopted by state DOTs
for bridge inspection and maintenance.
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Talk Outline

AOverview of recent development of steel climbing
robots

ARobotic developments for steel bridge inspection
from the Advanced Robotic and Automation
(ARA) Lab, University of Nevada, Reno

ADefect (crack, rust) detection with the climbing
robot



Robot

Mecanum-wheel
Robot
[Kamdar2015]

Tank-like Robot

[Versatrax 100-Inuktun]

—

4-Wheels robot
[Wang_ICA2014]

2-Wheels robot
[Eich_MED2015]

Inch-worm robot
[Ward2016]

Spider robot
[Genki Sat02017]

Type of
Locomotion

4-mecanum wheels

2 roller chains

4 magnetic wheels
(flexible frame)

2 magnetic wheels

7-DOF-Inch worm

6 limbs-spider

Detail

681 x 559 x 323 mm
34 kg

0.64 m/min

376 x 220 x 115 mm
4.5kg

0.15 m/s

352 x 215 x 155 mm
3kg

0.32 m/s

380 x 280 x 150 mm
0,67 kg

0.5 m/s

220 x 240 x 150 mm
18 kg

=3

0.2 m/s

600 x 600 x 250 mm
12kg

0.2 m/min

Climbing
Ability

Flat
Concave
Convex
Cylinder

Adhesion
Method

Permanent
Magnet
(untouched)

Permanent
Magnet
(untouched)

Permanent
Magnet

Permanent
Magnet

Permanent
Magnet

Electromagnet

Overview of steel climbing robot developments

A Most existing designs are
developed for particular
applications with limited functions.

A Most robots provide visual
inspection only. Some robots use
untouched magnets making them
too heavy.

A Most existing designs have a fixed
distance between the magnet and
surface, and may not work on
different types of surface contours.
They might be difficult to apply on
complicated structures of real
bridges that require adaptable,
light, and effectively data-collecting
robots.

A Drones still get limited with energy
iIssues and can only perform
visual/shallow inspections.



Prototype 1. Wheeled Mobile Climbing Robot

Weight 12kg | Computer St
ASpecifications: Lo 74 N
Vv Length 465.5 mm ﬁﬁhesionforce:4.5
v Width 312 mm Working time: 1h  [Geqr

v Height 217.3 mm
v Weight 12 kg

v Load 7kg

v Drive:

A 4 motorized wheels -
A 3 motorized Eddy scan | g

AWork well on a flat surface | [saname

‘ Encoder

. | Magnetic
wheel

Sensor's
Probe |

Stepper
motor




Prototype 1: Wheeled Mobile Climbing Robot
AAdhesion Test

Adhesion test: a woman (weight of 64kg) hanging from robot adhered to steel I beam. The robot’s adhesion force is significantly stronger than the
force that multiple people can exert combined is.



Prototype 1: Wheeled Mobile Climbing Robot




Prototype 1: Wheeled Mobile Climbing Robot
AEddy Current-based Defect Map
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Prototype 2: Tank-Liked Mobile Climbing Robot

ASpecifications:
v Length 163 mm
v Width 145 mm
v Height 198 mm
v Weight 3 kg

v Drive: 2 motorized roller-chains and 1 motorized
transformation

AWork well on both flat and curving surfaces

CONTROL AND
POWER BOARD

VIBRATING | |GEAR MOTOR

e O N 2 EDDY CURRENT
~~~~~ SENSOR

CONTROL ARM SIDE VIEW FRONT VIEW




Prototype 2: Tank-Liked Mobile Climbing Robot
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Prototype 2: Tank-Liked Mobile Climbing Robot




Prototype 2: Tank-Liked Mobile Climbing Robot
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