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INTRODUCTION & BACKGROUN B

A1999 to 2006 consulting

AOne year in vertical structure design as a consultant
(wasnot for me)

A Six years in vertical construction building assessment
(1'tds REALLY hard to kee

A2006 to 2024 @ TxDOT
AFi ve years in TxDOT®s

m ate rl aIS ’ mate rl aIS) m American Association of State Highway and Transportation Officials
A SIx years In bridge evaluation, forensics, and
preservation

A Seven years in administration (still about preservation)

A2024 to Present: Back to consulting; now at BDI focusing
on bridge inspection, irdepth evaluations, and
preservation/asset management @& Foderai tighway Administrafion




OUTLINE

ACurrent state of bridge decks, and bridge deck
assessment

AThe problems

A Forensics/evaluation

APreservation, repair, and rehab design

APreservation construction quality
AThe solutions

ANational resources

A State resources

A Successful bridge owner approaches

A Additional owner considerations
AOf tentimes itds about a | ot mor e h

t
AMany more factors play into owners?d
making
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} CURRENT STATE OF BRIDGE DECKS

Alnterstate Era
Aalye 2F GKS yFEiA2yQa o
were constructed during the interstate boom in the
MgpcnQa YR mMPpTnQa
AGenerally in the 35 to 50 percent of overall invento
varying some from state to state

Aln many cases, superstructure and substructure sti
holding up well but decks are petering out.

ADeck deterioration happening for a variety of reasons:
AAge
ACorrosion
A Detailing




} IDENTIFYING BRIDGE DECK DAMAGE

AVisual
ANondestructive Evaluation
A Sounding
AGround Penetrating Radar
Almpact Echo
Alnfared Thermal Imaging




} IDENTIFYING BRIDGE DECK DAMAGE

Stay tuned! Much more

on this later today!
R AVisual

ANondestructive Evaluation
A Sounding
AGround Penetrating Radar
Almpact Echo
Alnfared Thermal Imaging



‘ SEVERE DECK DETERIORATION
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THINNER BRIDGE DECKS
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} SOFFIT MAP CRACKING

ARE YOU SEEIN
A PATTERN?




¥ WHICH IS A PRECURSOR TO WHAT?7??




} WHICH IS A PRECURSOR TO WHAT?7??

Map-pattern cracks ard
frequently telltale signs

of impending deck &
punchthrough failuresf &




} FAILURE TO MAINTAIN BRIDGE DECK JOINTS




} FAILURE TO MAINTAIN BRIDGE DECK JOINTS

t say that AL
ctures wer e h




} FAILURE TO MAINTAIN BRIDGE DECK JOINTS

| di dndot say that AL
substructures were holding up well

There are serious ramifications to failing
to maintain our bridge decks, especially
the joints



} FAILURE TO MAINTAIN BRIDGE DECK JOINTS




} BAD IDEAS WITH ASPHALT
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} THE PROBLEMS

AForensics/evaluation
APreservation, repair, and rehab design
APreservation construction quality



} FORENSICS/EVALUATION

ABridge design
AMost of us learn how to design new structures in college and as engineers
Intraining, and remain focused on design

ALots and lots of manuals, codes, and education on designing new bridges
AThere are a lot of really good bridge designers out there
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} FORENSICS/EVALUATION

ABridge design
AMost of us learn how to design new structures in college and as engineers
Intraining, and remain focused on design

ALots and lots of manuals, codes, and education on designing new bridges
AThere are a lot of really good bridge designers out there

ABridge inspection (routine safety, NSTM, underwater)
AHighly prescribed and wellefined
A Strong certification program
AThere are a lot of really good bridge inspectors out there

A Structural forensics and irdepth evaluation
AFar fewer engineers come up in the world of forensics
ABid difference in designing a new structure vs analyzing an existing one
Alnspectors are experts at inspection, but oftentimes not at preservation
AThere are NOT a lot of really good bridge forensics experts out there



} THE PROBLEMS

AForensics/evaluation
APreservation, repair, and rehab design
APreservation construction quality



} DESIGN/PLAN PREPARATION

AOnce a preservation action has been selected, you
need a design, spec, and bid docs

AThere is a great deal of expertise out there on
designing new structures, but much less so for repair
and rehabilitation

ADesign of new structures primarily focused on
structural engineering; a deep understanding of
materials engineering Is far more important for
rehabilitation, and that level of expertise is far less
common

AThere are resources out there that we can rely on if

we donot have the answer s

our sel ves.
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ADesign of new structures primarily focused on
structural engineering; a deep understanding of
materials engineering is far more important for
rehabilitation, and that level of expertise is far less
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AComing up, David will be taking a deep dive into Did | aready
concrete materials engineering

say stay tuned?



¥ DESIGN/PLAN PREPARATION Halo effect

AOnce a preservation action has been selected, you
need a design, spec, and bid docs

AThere is a great deal of expertise out there on
designing new structures, but much less so for repair
and rehabilitation

ADesign of new structures primarily focused on
structural engineering; a deep understanding of
materials engineering is far more important for
rehabilitation, and that level of expertise is far less
common
AThere are resources out there that we can rely on if
we dondot have t he€hoem§eawer s C

AComing up, David will be taking a deep dive into Did | aready
concrete materials engineering

say stay tuned?
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APerfect candidate fothydrodemo+ latex
modified concrete overlay




} DESIGN PLANS

Saturated Surface Dry = Good!
Pooled Water = Bad!
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Saturated Surface Dry = Good!
Pooled Water = Bad!



DESIGN PLANS

AEngineerofrecord had a great deal
of experience designing repairs and
developing rehabilitation plans but
this was his first time using latex
modified overlay

ARehab plans did not adequately
address nuances of LMC versus
traditional concrete overlays; that,
combined with other errors during
Installation, resulted in near
Immediate debonding of the overlay

ALMC, despite being an excellent
option for many bridge deck
rehabilitations, got a black eye In
Texas that took several years to
overcome
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DESIGN PLANS

A Engineerof-record had a great deal
of experience designing repairs and
developing rehabilitation plans but
this was his first time using latex
modified overlay

ARehab plans did not adequately
address nuances of LMC versus
traditional concrete overlays; that,
combined with other errors during
Installation, resulted in near
Immediate debonding of the overlay

ALMC, despite being an excellent
option for many bridge deck
rehabilitations, got a black eye In
Texas that took several years to
overcome
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| should have
phoned a friend!




} THE PROBLEMS

AForensics/evaluation
APreservation, repair, and rehab design
APreservation construction quality



} BRIDGE PRESERVATION WORKMANSHIP

AThough progress is being made, we already
discussed a general lack of expertise when it
comes to (1) evaluating existing bridges to make
Informed rehabilitation decisions, and (2) designing
and developing plans for rehabilitation projects

AThe same goes for construction; there are not that
many qualified contractors out there dedicated to
repair and rehab

APoor results from repair work is a frequent topic of
conversation amongst bridge owners

AThe larger, more qualified contractors are not
Interested in small dollar amount projects

ASome states have trouble preventing bids from

small, wunqualified ocontractorso



} BRIDGE PRESERVATION WORKMANSHIP

AThough progress is being made, we already e NI ?
discussed a general lack of expertise when it s . Se
comes to (1) evaluating existing bridges to make Sy
Informed rehabilitation decisions, and (2) designing
and developing plans for rehabilitation projects

AThe same goes for construction; there are not that
many qualified contractors out there dedicated to
repair and rehab

APoor results from repair work is a frequent topic of
conversation amongst bridge owners

AThe larger, more qualified contractors are not
Interested in small dollar amount projects.

ASome states have trouble preventing bids from !
small, unqualified ¢ ontheadc tlo rosect
rehab project as soon

as he wraps up here




} BRIDGE REPAIR WORKMANSHIP




} BRIDGE REPAIR WORKMANSHIP
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The stuff of nlghtmares for brldge preservatlon engineers




BRIDGE DECK REPAIRS

A Difficult for owners to balance
proper repair techniques with
traffic disruptions

AFrequently, the number one
priority Is restoring service
ARapid repairs, with inferior
repair materials, typically R | :
equal rapid failures y /T~




} BRIDGE BRIDGE DECK DAMAGE
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} THE SOLUTIONS

ANational resources
AState resources
ASuccessful bridge owner approaches



} BRIDGE EVALUATION

U, epartment of Transpor
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” FHWA Help ¥ | FHWA InfoHighway ¥
™

InfoTechnology
m LIBRARY

FHWA InfoTechnology provides knowledge that relates innovations in highway infrastructure assessment technology to practicing transportation engineers. It is a problem-focused tool that assists users in finding and utilizing
recommended technology for the non-destructive evaluation of bridges, pavements, and tunnel components, and for detecting and locating underground utilities.

Federol nghwoy Admmlstrohon About Programs Resources Briefing Room Contact Search FHWA Tf v @m in

Search Go
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Introduction Video InfoTechnology Brochure &
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Find Technology Bridge Non-Destructive Evaluation Technologies

Asset Type

i@ Bridge
) Pavements
(2 Tunnel

( Underground Utilities
Material

() Concrete
() Steel
() Timber

Structural Element

Target of Investigation

Applicable Technologies

¥ Acoustic Emission (AE)
W Automated Sounding
¥4 Displacement Gauge (DG)

¥ Eddy Current Array Testing (ECA)

¥4 Galvanostatic Pulse Measurement (GPM)

¥4 GPR (Voids & Honeycombing)

W Hammer Sounding

¥ Infrared Thermography (IT)

¥4 Magnetic Particle Testing (MT)

ﬁ Phased Array Ultrasonic Testing (PAUT)
¥ Radiography (RAD Void)

¥4 Sounding

¥ Ultrasonic Surface Waves (USW)

ﬁ Ultrasonic Tomography (UST)

—

%

%

%

W Acoustic Tomography

W Coring

¥ Drilling

¥ Eddy Current Testing (ECT)

ﬁ GPR {Delamination and Corrosion)
¥ Ground Penetrating Radar

W High-Resolution Digital Photography
¥ Linear Polarization (LPR)

W Magnetometer (MM)

¥ Probing

¥ Resistance Microdrilling

¥4 Stress Wave Timing

ﬁ Ultrasonic Testing (Flaw Detection)

ﬁ Visual Inspection

—

%

o

m e s [ i :e - ;e R R i s

Help ¥ | FHWA InfoHighway ¥

Search

Active Infrared Thermography (IRT)

Crack Propagation Gage (CPG)

Dye Penetrant Testing (DPT)

Electrical Resistivity (ER)

GPR {Locating Reinforcement)

Half-Cell Potential (HCP)

Impact Echo (IE)

Magnetic Flux Leakage (MFL)

Maoisture Content Measuremeant

Radiography (RAD Tendons)

Screw Withdrawal Testing

Transverse Vibration of Structural Systems

Ultrasonic Testing (Thickness Measurement)

Go

—

%



} FHWAInfoTechnology

Asset Type MWDE = Bridge = Concrete = Deck
© Bridge ¥ Active Infrared Thermography (IRT) - ¥ Automated Sounding — & GPR (Delamination and Corrosion) N
) Pavements
) Tunnel ¥ Impact Echo (IE) — ¥ Infrared Thermography (IT) - ¥ Sounding -
) Underground Utilities
¥ Ultrasonic Tomography (UST) —
Material
® Concrete Description
) Steel

A GPR antenna transmits high-frequency EM waves into the structure and detects the reflected signals. GPR is an accepted technology to diagnose existing structures with apparent

() Timber deteriorations. GPR is best utilized as a complementary tool in the engineer’s toolbox, rather than as a technology that provides a complete solution to every problem as a stand-
alone application. It can be implemented as ground-coupled (figure 1) or air-coupled (figure 2) GPR.

Structural Element ) ‘

<2 B

Transmitter  Receiver

@ Deck
() Girder - Concrate

Target of Investigation

() Concrete cover depth
) Cracking

@ Delamination

1 Deterioration

( Differential Settlement

) Honeycombing
- Top Rebar Reflection -
() Overlay Debonding Hyperbola (Corroded) Yop Rebar R
1 Rebar Corrosion Hyperbola (Sound)
) Rebar Locating and Mapping
) Thickness Measureament
) Voids
Secondary
Hyperbola B Rutge s Unive rity

a7 |



} BRIDGE PRESERVATION

U.S. Department of Transporiation About Programs Resources Briefing Room Contact Search FHWA

~/ Federal Highway Administration

LTBP Help v

dllinfoBridge
m DATA  ANALYTICS TOOLS LIBRARY

Charts !

Bridge Condition by State

Asset Valuation by State

Video



¥ BRIDGE PRESERVATION Bridge Deck

Preservation Tool

U.S. Depariment of Transportation ’ About, rams Resources Briefing Room Contact Search FHWA
~/ Federal Highway Administration v J. v g'

LTBP Help v

dllinfoBridge
m DATA  ANALYTICS TOOLS LIBRARY

Charts |

Bridge Condition by State

Asset Valuation by State |

Video



‘ LTBHNFOBridge; Bridge Deck Preservation Tool



