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Bridge Experiments Scanning

Outline

Cold-spray AM

Part 1: UMass Bridge program
2015-present

Part 2: 3D scanning for bridge

inspection
hardware, data acquisition

and processing

Part 3: Corrosion Repair
Cold spray AM
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Bridge Program
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First research group to our
knowledge to pack a bridge
and bring it to the lab and
test it

Since 2019 we
h have tested 17
v beam ends from
' New England
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Bridge Program

Inspection Reports

Massachusetts
» Reports 123
= Corroded Ends, 1045

New England
» Reports 132
= Corroded Ends, 915

Total > 1960
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Experimental Work

Massachusetts
= Bridges 3
= Tested Ends 9

New England
» Bridges 7
= Corroded Ends. 29

Total: Beams from
10 bridges
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Numerical Work

More than 5000 simulated
scenarios (FEM and statistics
to produce guidelines)
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Experimental study
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Bridge beam model

Applied point load in
accordance with *
experimental set-up
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September 2019
Report Ne. 19008

Bridge Program

Development of Load Rating
Procedures for Deteriorated Steel
Beam Ends
7- September 2021

Massachusetts Department of Traniportation

Improved Load Rating Procedures
for Deteriorated Steel Beam Ends
with Deteriorated Stiffeners

Massachusetts Department of TIANSPOraGON

Development of Comprehensive
Inspection Protocols for
Deteriorated Steel Beam Ends

Research in Progress

BIM for Transit Infrastructure:
A Feasibility and Gap
Assessment with Current
Practices and Systems at the
MBTA

Rescarch Need

Goals/Objectives

March 2022
Report No. 21028
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Feasibility of 3D Printing

Maintenance

Applications for Highway
Infrastructure Construction and

Project Information

Principal investigators:

Performing Organization:

Research in Progress

Development of
Improved Inspection
Techniques using LIDAR
for Deteriorated Steel
Beam Ends

Research Need

May 2022
Report No. 22029
ion
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Project Information

Research in Progress

Revised Load Rating
Procedures for
Deteriorated
Prestressed Concrete
Beams

Research Need

Anumbar of procast, prestressed concrete.
b sachuselts (MA) have exnbited
‘corTasion-induced detanoraton ovee the.

‘yoars, 50 development of new raling melhods
Tt include deteriraton are needed

Goals/Objectives

T1vs projct seeks 10 accomplish tha folowing

Project Information

from Federal an
State Planning and Research (SPR] unds

Princip imvestgators:
5 Brefia, 4 Boskye. 3. Chjan S Ceramias

Pertorming
Unersay of Massadusets Ameecst
Project Cramplon:

Research in Progress

3D-Printed Lattice-Based
Structures for Next
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datenorated precs 00 concrete
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thors rocation
encoundered in exsting peecas!, pestiessed
‘concrets biidges in MA

Research and Technology Transfer Section
]

Bridge
Bearings and Bridge
Isolation Bearings

Research Need

Goals/Objectives

Project Information

projectis being conducted as port o the
etts Department of Transporiation
Research Program weh funding
from Federal Hignwey Admnistration (FHWA)
State Flanaing and Research {SPF) funds

Pringpal Imvestigators:
Prol. Gerasimds, Prof Chen, Prof Hart
Pertorming Crganization:
Unsversiy of Massachusetts Amherst
Project Crar
Catherine Hang

Start Date

Project
Apri 2023
Expocted Project Completion Date

Research in Progress

Project Information

Feasibility of 3D Printing
Applications for
Highway Infrastructure
Construction and
Maintenance - Phase Il

Research Need




Part Il
3D scanning for bridge inspection

Concrete spalling

Corroded beam end scan

6 8 10

“ ¥

Bridge deck crack
Jmapping
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Corroded beam ends - Current State-of-Practice

In the field Taking Measurements Corrosion Sketches
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3D Scanning for Bridge Inspection - Terrestrial
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3D Scanning for Bridge Inspection - Local

WL
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3D Scanning for Bridge Inspection - Process

1. Component Identification 2. Scanning 3. Model Processing
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3D Scanning for Bridge Inspection - Summary

Higher Cloud Density, detail 4 'o 3 -
(b} X% - .
and accuracy: 5 o o s}
=2 z z| =z|/j§°
* Around 400,000 points in the = 0.55
selected area to the right and ® |
. . . . 0 s N e
ml.lllons of points in the full web 0 5 4 5 3 10 12 14 16 18
height area Length (inches)

* Captures difficult to measure
components like pitting and
section loss at the edge of the web

Portability and maneuverability:

* Roughly 5 minutes per scan

* Easyto train and learn the scanning
process

* Handheld and relatively lightweight
machinery allows for easy on-site
scanning
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Cold-spray additive manufacturing
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Cold-Spray built up layers

150 seconds 1200 seconds

A36 A36 + intermediate layer A36 + intermediate layer +
built up layers
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Methodology

1. Obtain corroded substrates from real naturally-corroded steel beams from bridges in New England

-~ I

4. Coupon testing for
mechanical properties




Mechanical properties

Cold Spray - Compression pillars
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Maine Bridge Beam
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Case Study 1 —Maine Bridge

Thickness repair scenario Line repair scenarios
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Case Study 1 —Maine Bridge

@ Maine 3801 bridge - Thickness Repair Scenario
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Case Study 2 —New Hampshire bridge
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Case Study 2 —New Hampshire bridge
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New Hampshire 154/129 bridge - Line Repair Scenario
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Outlook

Handheld
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Blast removal

NS

Primary
deposition

NS

Additional
Coating




Costs
This work_

Maintenance
of Traffic

Cleaning

Load restrictions
Partial closures/
Lane restrictions
Full closures/
Detours

Traffic control staff
Equipment

Cleaning &
Containment
Access
equipment
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Summary

2015 2017 2018 2019 2020 2021 2022 2024 2025
| | 1P | | | 2P 3p aP .. .
| K B | J P F Aa
Simos Bridge Bridge Bridge Bridge Research Adoptionin Bridge Acquisition FIRST FIELD
Research Research  Research Research Research expandsto — MABridge Research of portable REPAIR
Group Project | Project Il Projectlll Project IV New England Manua ProjectV, sprayer
s, VI, VI
& massDOT Wi |§ M2I2 2
Massachusetts Department of Transportation ’31/ / §*
2017 2022
1 r- . Esrh .
15tin the country to test naturally - 1stin the country to successfully test cold
J real - corroded bridges in the lab J spray repair on real naturally corroded
plates from real bridges in the lab
2021 2024
New Bridge Load rating methods Acquisition of portable cold sprayer
adopted in MA Bridge Manual (UMass)

AASHTO proposal for national
adoption 2025-2026
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Thank you!

Questions?

Brian Schagen
Visiting PhD candidate at MIT | PhD candidate
at UMass Amherst | MSc. Structural Enginee...

bschagen@mit.edu

B B Massachusetts ma.SSDOT UMassAmher st
I I I I I Lot 71@5& College of Engineering

Technology T R e
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