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e High-Priority Performance Topics y

Based on input from stakeholders and considering current
resources of the program, the following key topics are
addressed:

CATEGORY ISSUE

Decks Untreated Concrete Bridge Decks

Decks Treated Concrete Bridge Decks

Joints & Bearings Bridge Deck Joints

Steel Bridges Coatings for Steel Superstructure Elements
Concrete Bridges Embedded or Ducted Strands or Tendons

Program
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Strategic Performance Matrix>>

What is the LTBP Strategic Performance Matrix ?

t i1s high level generic framework or roadmap outlining the
| TBP research process that can be applied to ANY identified

nigh priority performance topic.

It is NOT Iintended to provide detail on what data to collect
nor how to analyze or interpret it. This information Is found
In a corresponding Operational Matrix which is currently
under development (but we’ll take a sneak peak at it!)

' Long-Term
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. Strateglc Bridge-Performance Matrix: Untreated Bridge Decks

Long -Ter!

Bndge P
Program

Defining and improving bridge health and performance for more effective safety, mobility,
stewardship and asset management through:

= Objectives Standardized and enhanced inspection Enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
G e s B i ol an How should an When should an How should an
v untreated deck be | existing deck be | untreated concrete deck
Goal: provide untreated concrete | untreated concrete d d be desi d and
[0} owners with data- | deck be inspected? | deck be inspected? PRESESE ot RESCRTVEE X RS )
g driven actionable ' ’ replaced? replaced? constructed?
'ﬁ information
g Overarching
o "Fundamental” How does live load influence performance?
ol q"‘;’::s“:"‘:r:g be | How do environmental factors influence performance?
Doals sxplahe How does the design of the untreated concrete deck (e.g., cover) influence its performance?
observed behavior | HOW do structural characteristics (e.g., flexibility) of a bridge influence performance?
to support the How do preservation activities influence performance?
actions
- ENVIRONMENT DECK DESIGN BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
g Precipitation Cover Span length Frequency De-icing
: . . . -
e ] Key causal Tem!)enrature Rebar type : G!rder stlffn.ess Axle .welghts & Level of prfas.ervat:on
g. factors Proximity to the Concrete mix Girder spacing spacings Load permitting
S coast Proportioning of Angle of skew Speed Construction practices
T Pollution rebars Bridge profile (bump
™ Age/deterioration Use of SIP forms at the end of the
bridge)
1. Design an appropriate experiment for addressing the practical and fundamental questions above
2. Select a network of bridges (reference and clusters) as the primary population source
g 3. Conduct paper study (tacit/legacy data collection)
;E 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection
- Design of protocols
8 experiment 5. Handle all data management through the LTBP Portal
" 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for untreated concrete decks
7]
2 2 : Data-driven,
g 29:; g:ia;t::;:? zgsE reliability-based > o dri lif " dels f 2 -- Data-driven life-cycle
8 Products ks il ': inspection intervals & -- Data- rnveg ; e-!cyc BN Sn e ?r cost models for design and
=1 cor:ct:gt;e:egks criteria for untreated preservatn:l: ant ;eP icen:er:jt pLactlces o construction practices for
o concrete decks uhtnantad CONCImLe dacxs untreated bridge decks
n
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* Strategic Bridge-Performance Matrix: Concrete Bridge Deck Treatments

Long-Tern
Bridge Pel
Program

Defining and improving bridge health and performance for more effective safety, mobility, stewardship

and asset management through:

- Objectives Standardized and enhanced Enhanced design, construction, preservation and operating practices from
inspection techniques and criteria probabilistic data-driven tools
“Practical”
questions to be
When How should | When should
answered:
How should a When should a How should should a a treated a treated Should a deck
Goal: provide a deck treatment be
treated deck be | treated deck be deck deck be deck be -
owners with . > . > treatment applied to a new
data-dri inspected- inspected? o treatment preserved or | preserved or -
® ata-driven be applied? be applied? replaced? replaced? deck?
c actionable ) ’ )
= information
[} -
g Overarching
o | “Fundamental”
o~ questions to be | How does live load influence performance?
answered How does environment influence performance?
Goal: explain How does the design & construction of the treatment influence performance?
observed How do structural characteristics of the bridge (such as flexibility) influence performance?
behavior to How do preservation activities influence performance?
support the
actions
@ ENVIRONMENT TREATMENT BRIDGE DESIGNS LIVE LOAD OWNER ACTIONS
e DESIGN
g Precipitation Span length Frequency De-icing
g Key causal Temperature Type Girder stiffness Axle weights & Level of preservation
& factors Proximity to the coast Courses Girder spacing spacings Load permitting
T Pollution Thicknesses Angle of skew Speed Construction practices
5 Age/deterioration Surface prep Bridge profile (bump at the
end of the bridge)
1. Design an appropriate experiment for addressing the practical and fundamental questions above
= 2. Select a network of bridges (reference and clusters) as the primary population source
o 3. Conduct paper study (tacit/legacy data collection)
1 Design of 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection protocols
° experiment 5. Handle all data management through the LTBP Portal
@ P 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
Data-driven, 1 -- Data-driven deterioration models for treated concrete decks
@ Best practices in | reliability-based -
1] — =
= NDE and SHM inspection 2 ) Data-driven
° Products Sechiril f . life-cycle cost
iques for intervals & . : i i
8 e 2 -- Data-driven life-cycle cost models for preservation models for design
=1 treated decks criteria for i 3
o treated decks and replacement practices for treated decks and construction
. practices for new

bridges




* Strategic Bridge-Performance Matrix: Joints & Bearings

Defining and improving bridge health and performance for more effective safety, mobility, stewardship
and asset management through:

- ObJeCt'ves standardized and enhanced inspection enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
questions to be . .
answered: How should joints When should joints How 5“°E"d joints & When Sho‘f'ld Joints L .
. . . bearings be and bearings be How should joints and bearings be
Goal: provide and bearings be and bearings be reserved or reserved or selected?
(7)) owners with data- inspected inspected? pre laced? pre laced? :
5 driven actionable P ) P '
el information
7]
g Overarching
& “Fun;:liame::tat:" How does live load influence performance?
- e cwared = | How does environment influence performance?
Goal: explain How does the selection & installation of the joint or bearing influence performance?
observed behavior | HOW do structural characteristics of the bridge (such as skew) influence performance?
to support the How do preservation activities influence performance?
actions
) ENVIRONMENT JOINT OR BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
2 BEARING Span length
2 Precipitation SELECTION Girder stiffness Frequency De-icing
e Key causal Temperature Girder spacing Axle weights & Level of preservation
8. factors Proximity to the Type Angle of skew spacings Load permitting
; coast Materials Bridge profile (bump  Speed Construction practices
. Pollution Installation Details at the end of the
L) Age/deterioration bridge)
1. Design an appropriate experiment for addressing the practical and fundamental questions above
= 2. Select a network of bridges (reference and clusters) as the primary population source
o 3. Conduct paper study (tacit/legacy data collection)
‘5 Desian of 4. If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection protocols
° exper?ment 5. Handle all data management through the LTBP Portal
L2 6. Conduct data analysis
- a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for joints and bearings
Data-driven
@ . . P
a Mo e s . Ay reliability-based ) . 2 -- Data-driven life-cycle cost
E Products and SHM techniques | jgpection intervals & £ == Dinta-driven Me-cycls cost madels for models for selection and
§ f°rbj°":its and criteria for joints and preservation and rep‘!’acem?"t practices for installation of joints and bearings
S earings bearings joints and bearings
LongT O
Bndge in

Progra.:.
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» Strategic Bridge-Performance Matrix: Coatings for Steel Components

Defining and improving bridge health and performance for more effective safety, mobility,
stewardship and asset management through:

]
|
!

Long -Tel

Brldge F

Progran.

e Ob]ect“'es standardized and enhanced inspection enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
questions to.be : When should How should coatings Wi,wn St
answered: How should coatings p coatings for steel
3 coatings for steel for steel components How should new steel
Goal: provide for steel components components be
) components be be preserved or components be coated?
@ owners with data- be inspected Inspactad? replacad? preserved or
g driven actionable i ; replaced?
’.3 information
w overarching
: “w "
o Fundamental
~ q“‘:‘;&“:r:z be How does environment influence performance?
Goal: explain How does the selection & application of the coating influence performance?
- = AT 2 >
observed behavior | HOW do preservation activities influence performance?
to support the
actions
ENVIRONMENT COATING SELECTION OWNER ACTIONS
1%
@
g Precipitation Type De-icing
5= Temperature Coats Level of preservaion
8 | Key causal factors || Proximity to the coast Thicknesses Load permitting
> Pollution Surface prep Construction practices
=': Age/deterioration
m
1. Design an appropriate experiment for addressing the practical and fundamental questions above
- 2. Select a network of bridges (reference and clusters) as the primary population source
o 3. Conduct paper study (tacit/legacy data collection)
= - 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection protocols
2 Design of
=] experiment 5. Handle all data management through the LTBP Portal
@ P 6. Conduct data analysis
o 7. Develop deterioration models
8. Develop life-cycle cost models
9. Address the question
1 -- Data-driven deterioration models for coatings for steel components
3
. . Data-driven, . .
E Best practices in NDE reliabilit rj\t()ars:ed 2 -- Data-driven life-cycle
8 and SHM techniques | . . 2 -- Data-driven life-cycle cost models for cost models for selection and
Products ; inspection intervals & A . (UEE ‘
5 for coatings for steel criteria for coatings preservation and replacement practices for application of coatings for
o components coatings for steel components steel component practices on
. for steel components "
1n new bridges




» Strategic Bridge-Performance Matrix: Embedded or Ducted Strands or Tendons

Defining and improving bridge health and performance for more effective safety, mobility,
stewardship and asset management through:

- Objectives standardized and enhanced inspection enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
questions to be H hould Wh hould
answered: How should When should ow shou en shou
. embedded or ducted embedded or ducted How should a new embedded
Goal: provide embedded or ducted embedded or ducted
strands or tendons strands or tendons or ducted strands or tendons
owners with strands or tendons strands or tendons .
d ; . be preserved or be preserved or be designed and constructed?
» ata-driven be inspected be inspected? -5 -
c replaced? replaced?
H actionable
'.;. information
g overarching
o “Fundamental”
o questions to be
answered How does environment influence performance?
Goal: explain How does the design & construction of the strands or tendons influence performance?
observed How do preservation activities influence performance?
behavior to
support the
actions
ENVIRONMENT STRAND OR TENDON DESIGN OWNER ACTIONS
w
]
3 Precipitation Type De-icing
et Key causal Tem!:)erature Concrete Mix Level of pr.es.z-:rvation
g_ fact Proximity to the coast Cover Load permitting
> actors Pollution Duct type Construction practices
JE Age/deterioration Anchorage type
™M Grout
1. Design an appropriate experiment for addressing the practical and fundamental questions above
e 2. Select a network of bridges (reference and clusters) as the primary population source
° 3. Conduct paper study (tacit/legacy data collection)
- 4. If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection protocols
2 Design of
] = t 5. Handle all data management through the LTBP Portal
“ éxperimen 6. Conduct data analysis
o 7. Develop deterioration models
8. Develop life-cycle cost models
9. Address the question
@ . 1 -- Data-driven deterioration models for embedded or ducted strands or
] i " Data-driven,
Best practices in NDE flamiinizi tendons
E ’ reliability-based . -
o and SHM techniques inspection intervals & 2 -- Data-driven life-cycle
2 Products for embedded or it lsrarabadded 2 -- Data-driven life-cycle cost models for cost models for design and
g ducted strands or preservation and replacement practices for construction practices for pre-
. dons Gr ducted strande o embedded or ducted strands or tendons tensioned or post-tensioned
LongTe‘ n o tendons p
Bridge F bridges
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Research Approach & Methodology:

Hypotheses

What causal factors that
may govern the
performance of Interest

Description of Untreated Bridge
Deck Matrix

Questions to be answered
 “Practical”

e “Fundamental”

Objectives

Solution

Design of Experiment
Sampling

Paper Study

Field Data Collection
Data Analysis

Qutcomes

Defining and improving bridge health and performance for more effective safety, mobility,
biecti stewardship and asset management through:
o Jectlves Standardized and enhanced inspection Enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
questions to be H hould When should How should an When should an How should an
Ga"s_wered' ow should an en should an untreated deck be existing deck be untreated concrete deck
oal: provide untreated concrete | untreated concrete :
» owners with data- - . preserved or preserved or be designed and
2 deck be inspected? | deck be inspected? laced? laced? tructed?
H driven actionable replaced: replaced: constructea?
‘..'h‘. information
g Overarching
o “Fundamental” | How does live load influence performance?
o q“:’;;‘:::r;: be | How do environmental factors influence performance? A )
Goal: explain How does the design of the untreated concrete deck (e.g., cover) influence its performance?
observed behavior | HOW do structural characteristics (e.g., flexibility) of a bridge influence performance?
to support the How do preservation activities influence performance?
actions
» ENVIRONMENT DECK DESIGN BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
§ Precipitation Cover Span length Frequency De-icing
f, Key causal Temperature Rebar type Girder stiffness Axle weights & Level of preservation
g factors Proximity to the Concrete mix Girder spacing spacings Load permitting
S coast Proportioning of Angle of skew Speed Construction practices
T Pollution rebars Bridge profile (bump
™ Age/deterioration Use of SIP forms at the end of the
bridge)
1. Design an appropriate experiment for addressing the practical and fundamental questions above
2. Select a network of bridges (reference and clusters) as the primary population source
g 3. Conduct paper study (tacit/legacy data collection)
'g 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection
= Design of protocols
8 experiment 5. Handle all data management through the LTBP Portal
. 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for untreated concrete decks
“
-] o Data-driven,
g Baj\Sd‘ g:’;“t‘;iirl:i‘qt:: N relna!;ility-based 2 -- Data-driven life-cycle cost models for 2 -- Data-driven life-cycle
8 Products £ treated inspection intervals & - 34 . cost models for design and
3 or untreate criteria for untreated preservation and replacement practices for construction practices for
<] concrete decks concrete decks untreated concrete decks untreated bridge decks
wn
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Research Approach & Methodology:

Hypotheses

What causal factors that
may govern the
performance of Interest

Description of Untreated Bridge
Deck Matrix

Questions to be answered
“Practical”

“Fundamental”

Defining and improving bridge h

Objectives

h and performance for more e
st

stewardship and asset management throu

Solution

Design of Experiment
Sampling

Paper Study

Field Data Collection
Data Analysis

“Practical”
questions to be
answered:
Goal: provide

How should an
untreated concrete

When should an
untreated concrete

How should an
untreated deck be
preserved or

When should an
existing deck be
preserved or

How should an
untreated concrete deck
be designed and

Qutcomes

0 owners with data- | deck be inspected? | deck be inspected?
H driven actionable P P replaced? replaced? constructed?
‘..3 information
g Overarching
o “F““"]a'“e“‘ab'" How does live load influence performance?
o q“‘;sl:s::':r;: ® | How do environmental factors influence performance?
Goal: explain How does the design of the untreated concrete deck (e.g., cover) influence its performance?
observed behavior | HOW do structural characteristics (e.g., flexibility) of a bridge influence performance?
to support the How do preservation activities influence performance?
actions
» ENVIRONMENT DECK DESIGN BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
g Precipitation Cover Span length Frequency De-icing
f, Key causal Temperature Rebar type Girder stiffness Axle weights & Level of preservation
g factors Proximity to the Concrete mix Girder spacing spacings Load permitting
S coast Proportioning of Angle of skew Speed Construction practices
T Pollution rebars Bridge profile (bump
™ Age/deterioration Use of SIP forms at the end of the
bridge)

1. Design an appropriate experiment for addressing the practical and fundamental questions above

2. Select a network of bridges (reference and clusters) as the primary population source
g 3. Conduct paper study (tacit/legacy data collection)
'g 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection
= Design of protocols
8 experiment 5. Handle all data management through the LTBP Portal

. 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for untreated concrete decks

“
-] o Data-driven,
E B;‘S’; g;a;“t‘:cir': EESE reliability-based > Data-dri lif . + dels f 2 -- Data-driven life-cycle
8 Products for untreateg inspection intervals & -- ba i’_’ rlvez ! e]cyce cof mot_e S for cost models for design and
3 concrete decks criteria for untreated preserva I?\:‘ ::tege:o?lf:egeendetfsc ices for construction practices for
(=] concrete decks untr r untreated bridge decks
wn
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To'define and improvesbridge. health.and performance for more effective
safety, mobility, stewardship and asset management through:

o Standardization and enhanced
Inspection techniques and criteria |;

« Enhanced design, construction,
preservation and operating
practices from probabilistic data-
driven tools

’ Long-Term
Bridge Performance
Program



Research Approach & Methodology: Descﬁpﬁog g{ku,@t;fg;ed Bridge

Questions to be answered
* “Practical”

Hypotheses “Fundamental” Objectives

What causal factors that
may govern the
performance of Interest

Defining and improving bridge health and performance for more effective safety, mobility,

Objectives stewardship and asset management through:

Standardized and enhanced inspection Enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools

Solution
Design of Experiment
Sampling

d " ENVIRONMENT DECK DESIGN BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
P aper Stu y g Precipitation Cover Span length Frequency De-icing
r3 : h : .
. . ‘5 Key causal Tempe{ature Rebar type ‘ G!rder stlffn-ess Axle‘wmghts & Level of prgsgrvatnon
F |d D t C | I t g factors Proximity to the Concrete mix Girder spacing spacings Load permitting
Ie a a O eC Ion > coast Proportioning of Angle of skew Speed Construction practices
T Pollution rebars Bridge profile (bump
o

- Age/deterioration Use of SIP forms at the end of the
Data Analysis

1. Design an appropriate experiment for addressing the practical and fundamental questions above
2. Select a network of bridges (reference and clusters) as the primary population source
g 3. Conduct paper study (tacit/legacy data collection)
'g 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection
= Design of protocols
8 experiment 5. Handle all data management through the LTBP Portal
. 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for untreated concrete decks
“
-] o Data-driven,

Ou tC O m es E Ba-xe:msz:lL g:miiecir‘:qtzf f relna!;ility-based 2 -- Data-driven life-cycle cost models for 2 -- Data-driven life-cycle
8 Products for untreated inspection intervals & . d ; ! f cost models for design and
3 r untn criteria for untreated preservation and replacement practices for construction practices for
o concrete decks concrete decks untreated concrete decks untreated bridge decks
wn
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Research Approach & Methodology: Descﬁpﬁog g{ku&t;fg;ed Bridge

Practical (Providing Actionable Information)

®* How should an untreated concrete deck be inspected?

®* When should an untreated concrete deck be inspected?

®* How should an untreated deck be preserved or replaced?

®* When should an existing deck be preserved or replaced?

®* How should an untreated concrete deck be designed and constructed?

Fundamental (Underpin Forecasting and Asset Management)

®* How does live load influence performance?

®* How do environmental factors influence performance?

®*How does the design of the untreated concrete deck (e.g., cover) influence its performance?
®* How do structural characteristics (e.q., flexibility) of a bridge influence performance?

®* How do preservation activities influence performance?

’ @‘?ﬁq = 5,
il (A}
L)
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Description of Untreated Bridge
Deck Matrix

Research Approach & Methodology:

Example: Untreated Bridge Decks

Questions to be answered
* “Practical”

P cSes * “Fundamental”

What are the causal
factors that may govern the
performance of Interest

Objectives

Defining and improving bridge health and performance for more effective safety, mobility,
Objective: stewardship and asset management through:
) ves Standardized and enhanced inspection Enhanced design, construction, preservation and operating practices from
techniques and criteria probabilistic data-driven tools
“Practical”
q“::'s":’;sr::_"e How should 2 When should an How should an When should an How should an
. b untreated deck be existing deck be untreated concrete deck
Goal: provide untreated concrete | untreated concrete d d be desi d and
ith data- ; - . - preserved or preserved or e designed an
] owners w deck be inspected? | deck be inspected? - - "
g driven actionable replaced? replaced? constructed?
Solution g [—iemaren
g Overarching
. . & “F““"]a'"e“‘ab'" How does live load influence performance?
DeSI n Of EX erl ment o q“";sl:s::':r;: e How do environmental factors influence performance?
Goal: explain How does the design of the untreated concrete deck (e.g., cover) influence its performance?
. observed behavior | HOW do structural characteristics (e.g., flexibility) of a bridge influence performance?
Sam | In to support the How do preservation activities influence performance?
actions
. . . Key causal
e ata Collection g --
1. Design an appropriate experiment for addressing the practical and fundamental questions above
2. Select a network of bridges (reference and clusters) as the primary population source
g 3. Conduct paper study (tacit/legacy data collection)
'g 4. 1If the paper study proves inconclusive, conduct field data collection using the appropriate LTBP data collection
= Design of protocols
8 experiment 5. Handle all data management through the LTBP Portal
. 6. Conduct data analysis
< a. Develop deterioration models
b. Develop life-cycle cost models
7. Address the question
1 -- Data-driven deterioration models for untreated concrete decks
]
-] o Data-driven,
Qutcomes 5 e g | elabiity bosed e 2 - Data-ariven ife-cycle
8 Products an for un:f:atnelgues inspection intervals & 2-- Date:_fdruvez "fe’ICYCIe Coft mo;ﬂ_els (for cost models for design and
3 concrete decks criteria for untreated preserva '?‘:‘ ::tege:o?::e:eendetir(asc ices for construction practices for
(=] concrete decks untr r untreated bridge decks
wn
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Research Approach & Methodology: Descriptiogg{ku&tgfg;ed Bridge

Untreated.Decks — Hypotheses

The observed deterioration of bridge decks is caused by the individual
and combined influences of...

e Environment — Precipitation, Temperature, Proximity to the coast, Pollution,
Age/deterioration

e Deck Design — Cover, Rebar type, Concrete mix, Proportioning of rebars, Use of
SIP forms

e Bridge Design — Span length, Girder stiffness, Girder spacing, Angle of skew,
Bridge/approach profile
e Live Load - Frequency, Axle weights & spacings, Speed

e Owner Actions — De-icing, Level of preservation, Load permitting, Construction
practices

These factors are the hypothesized “Inputs” to
m LongTerm the process of bridge deck performance

Bridge Performance
Program




Research Approach & Methodology:

Example: Untreated Bridge Decks

Hypotheses

What causal factors that
may govern the
performance of Interest

Solution

Design of Experiment
Sampling

Paper Study

Field Data Collection
Data Analysis

“Practical”
“Fundamental”

Description of Untreated Bridge
Deck Matrix

Questions to be answered

Objectives

Objectives

Defining and improving bridge health and performance for more effective safety, mobility,
stewardship and asset management through:

Standardized and enhanced inspection

techniques and criteria

Enhanced design, construction, preservation and operating practices from
probabilistic data-driven tools

“Practical”
questions to be
answered:
Goal: provide
owners with data-

How should an
untreated concrete

untreated concrete
deck be inspected?

When should an

How should an
untreated deck be
preserved or

When should an
existing deck be
preserved or

How should an
untreated concrete deck
be designed and

bridge)

@ deck be inspected?
H driven actionable P replaced? replaced? constructed?
:.3 information
g Overarching
(<] “Fund]amentabl" How does live load influence performance?
o q“";sl:s‘:\:':r;: ® | How do environmental factors influence performance?

Goal: explain How does the design of the untreated concrete deck (e.g., cover) influence its performance?

observed behavior | How do structurallcharac_:t_e(isti_cs (e.g., flexibility) of a bridge influence performance?
to support the How do preservation activities influence performance?
actions

" ENVIRONMENT DECK DESIGN BRIDGE DESIGN LIVE LOAD OWNER ACTIONS
g Precipitation Cover Span length Frequency De-icing
£ Key causal Temperature Rebar type Girder stiffness Axle weights & Level of preservation
2 factors Proximity to the Concrete mix Girder spacing spacings Load permitting
D coast Proportioning of Angle of skew Speed Construction practices
T Pollution rebars Bridge profile (bump
™ Age/deterioration Use of SIP forms at the end of the

Qutcomes

5. Outcomes

Products

Best practices in NDE
and SHM techniques
for untreated
concrete decks

1 -- Data-driven deterioration models for

ntreated concrete decks

Data-driven,
reliability-based
inspection intervals &
criteria for untreated
concrete decks

2 -- Data-driven life-cycle cost models for
preservation and replacement practices for
untreated concrete decks

2 -- Data-driven life-cycle

cost models for design and

construction practices for
untreated bridge decks

T rarpgof ¥




Research Approach & Methodology: Descﬁpﬁog g{ku&t;fg;ed Bridge

1. Design an appropriate experiment for addressing the practical and
fundamental questions

2. Select a network of bridges (reference and clusters) as the primary
population source

3. Conduct paper study (tacit/legacy data collection)

If the paper study proves inconclusive, conduct field data collection using
the appropriate LTBP data collection protocols

5. Handle all data management through the LTBP Portal
6. Conduct data analysis
a) Develop deterioration models

Specific
detalls provided
within an

b) Develop life-cycle cost models
7. Address the question

“Operational Matrix”

' Long-Term
Bridge Performance
Program



Research Approach & Methodology:

Strategic.Matrix

Hypotheses

What causal factors that
may govern the
performance of Interest

Solution

Design of Experiment
Sampling

Paper Study

Field Data Collection
Data Analysis

Description of Untreated Bridge

Deck Matrix

Questions to be answered

e “Practical”
e “Fundamental”

Objectives

management through:

defining and improving bridge health and performance for more effective safety, maobility, stewardship and asset

- objectives standardized and enhanced inspection enhanced design, construction, preservation and operating practices
technigues and criteria from probabilistic data-driven tools
“Practical”
questions to be
answered: How should an When should an How should an When should an un:'roev;tsercllogisrlte

untreated concrete
deck be inspected?

untreated concrete
deck be inspected?

Goal: provide

driven actionable
information

untreated deck be
preserved or
replaced?

existing deck be
preserved or
replaced?

deck be designed
and constructed?

overarching
"Fundamental”
questions to be
answered
Goal: explain
observed behavior
to support the

‘g owners with data-
9 rmance?
~

he design of the unt
ctural characteristic
servation activities i

ence performance?
ted concrete deck (e.g.
e.g., flexibility) of a bri
uence performance?

over) influenceits p
influence performa

Qutcomes

actions
ENWIRO ENT DECK D6 IGN BRIDGE D @eIGN OWNER. IONS
Precipitalin Cowver Span leng De-icing
Temperaf@re Rebar Girder sti 55 ts & Level of servation
key causal factors Proximi the Concretfir i Girder sp g Load perf@tting
= coast Proportifhing of Angle of s Constru
= Pollution Bridge pro®e (bump practices
m Agefdet ration Use of farms atthe end @ the
bridge)
1. Des an appropriate expgment for addressing the ctical and fundamg®kal questions above
2. Sel a network of bridgegreference and clusters) g8 the primary populatfn source
H 3. Con@ict paper study (tacit®egacy data collection)
F= 4. Ifth@paper study proves ilondusively, conduct fiel@Hata collection using e appropriate LTEFP dai@collection
= design of ols
a experiment 5. all data manageme through the LTEFP Portal
. ata analysis
- lop deterioratio Is
elop life-cycle co dels
7 ssthe guestion
1 -- data-driven detenoration models for untreated concrete decks
=  Hrive 2 - data-driven li
E best practices in NDE l'e‘ﬁ:Eﬁlig.tiinzgéd . - cvcle cost models for
H products and S!—iM tn?chnlques inspection intervals & 2“-- d.mtmfdrwem ln‘e-E&:cIe cast mhj‘j?'b f»:;r desian arld
=] for untreated iferia For Lintreatad preservation and replacement practices for construction
= concrete decks e _0' Hmneate untreated concrete decks practices for
g concrete decks .
r untre:}tecll bridge
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Research Approach & Methodology: Descripﬁogg{kunf;,tgfg;ed Bridge

Untreated.Decks — Outcomes

Question: How should an untreated concrete deck be inspected?

Outcome: Best practices in NDE and SHM techniques for untreated concrete decks

Question: When should an untreated concrete deck be inspected?

Outcome: Data-driven, reliability-based inspection intervals & criteria for untreated concrete
decks

Question: How should an untreated deck be preserved or replaced?

When should an existing deck be preserved or replaced?
How should an untreated concrete deck be designed and constructed?
Outcome: Data-driven deterioration models for untreated concrete decks

a) data-driven life-cycle cost models for preservation and replacement practices for
untreated concrete decks

b) data-driven life-cycle cost models for design and construction practices for untreated
bridge decks
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Presentation Outline

Bridge Performance

TURNER-FAIRBANK {8

HIGHWAY RESEARCH CENTER

Identification of high priority bridge performance
topics
Strategic matrices for high priority topics

Description of Strategic matrix as a “roadmap” to
achieve program goals

Operational Matrix
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Research Operational Matrix>>

Two Components of Operational Matrix

(There is a layer of Matrix for Each High Priority Performance Issue)

Data Collection
 Pre-Field Visit
 Field Visit

Data Analysis

« Data Reduction, processing, visualization
e Data Interpretation

An example of what this looks like in concept

Long-Term
Bridge Performance
Program
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Research Operational Matrix>>

Data Collection

LTBP
Protocols

Pre-visit (PRE)

Sampling and
Selection (SS)

Design of
Experiments
(DE)

Sampling
Algorithm (SA)

Long-Ter

Bridge Pe. .c.vve von
Program

Existing
Documentation
(ED)

Bridge
Documentation
(G1)]

Paper Studies
(PS)

Planning and
Logistics (PL)

Logistics (LO)

Test Design
(TD)

Finite Element
Modeling (FE)

Field Visit
[(ZHD)]

Meta-Data
Collection
(MD)

Spatial
Context (SC)

Environmental
Context (EC)

Photography
(PH)

Field Data
Collection
(DC)

Site
Preparation
(SP)

Visual
Inspection (VI)

Non-Destructive
Evaluation
(\[5)]

Material
Sampling
(MS)

Structural

Testing (ST)

Data Storage
(DS)

Local Storage
(LS)

Remote
Storage (RS)

Post-visit
(PST)

> Data Analysis

Data
Reduction and
Processing
(DR)

Reduction
(RE)

Processing
(PR)

Data
Interpretation
(o)

Direct (DT)

Comparative
(CO)

Model-based
(MB)

Archiving and
Reporting
(AR)

Data Archiving
(DA)

Reporting
(RE)
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