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EXECUTIVE SUMMARY

Although the application of surface treatments on bridge decks is expected to positively
impact bridge deck condition, the effeeness of specific surface treatments on extending
bridge deck life has not yet been quantified on Utah bridge decks. Therbéoobjéctive of
thisresearclwere to develop and analyze deterioration curves for bare concrete bridge decks and
decks wih specific treatments commonly used in Ufelhe scope of this study was determined
by the types and extent of electronically available data, including selected static inventory
information; maintenance, rehabilitation, and reconstruction histories; damhaladBridge
Inventory (NBI) condition ratings for the bridge decks.

Bridge deck selection criteria and analysis procedures were developed to enable
evaluation of the effects of surface treatments on bridge decks in Utah. Characteristics of a
typical bridge were defined, and a list of typical bridges was produced to minimize potentially
confounding effects of atypical bridge characteristics in comparisahst@fioration curves for
monolithic concrete decks, decks with a bituminous overlay, decks wépay overlay, and
decks with a latexnodified concrete overlay. Climatic differences weoasideredy grouping
bridges not only by overlay type, but also by Utah Department of Transportation region, which
was used in this research as a general surrogate for latitude. Individual bridge deck deterioration
curves were then combined to generate averageiaettion curves aligned by deck construction
time and average deterioration curves aligned by deck treatment time. To at least partially
account for the potentially different effects of different treatment times, the bridge groups
involving overlays werelivided into two treatment time categories, early and late, for analysis.

The average deterioration curves aligned by deck construction time suggest that certain
treatments applied at certain times can achieve average NBI ratings greater than those for
monolithic concrete during selected years of bridge deck life. The average deterioration curves
aligned by deck treatment time suggest that certain treatments applied at certain times can
achieve improvements in NBI ratings that correspond to apparentsesreabridge deck
service life. Primarily because the NBI rating system is based mainly on visual inspection, the
full benefits of early applications of surface treatments are not apparent in the results of this

researchSupplemental perspectives maydagned about the performance of specific surface



treatments by evaluating bridge deck deterioration in terms of delaminaticoghgibtential,
and chloride concentration, for example, which are direct measures of the deterioration process

typically experienced by concrete bridge decks in Utah.



1.0 INTRODUCTION

1.1 Problem Statement

Condition assessmerttave been generatéal bridgeelementsand used over the past 25
yearsby private and public agencies throughth# United State® aid in bridge manageent
decisiongAgrawal et al. 2010, Bu et al. 201®)ondition assessmedatadocumented over time
can be usetb developdeterioration curved hese curves help agencies understand how the

condition of bridge elements chaisgeer time.

Onebridgeelement that is regularly assessed autbjected tanaintenance,
rehabilitation, and reconstructioMR&R) to maintain or improve itsonditionis the decklin
cold regions, some factors that contribute to bridge deck deterioration incéfdaelvads,
freezethaw cycling andapplications ofleicingsalts One of the methods used in Utah to delay
the deterioration dbareconcretebridgedecksis the application of surface treatmerds
overlays asdocumentedn bridge managememécords maintained byé¢ Utah Department of
Transpeotation (UDOT) and the Federal Highway Administration (FHWAthough the
application of surface treatments is expected to positively impact bridge deck cqrtéion
effectiveness opecificsurface treatmentsn extending bdge deck lifehas not yet been
guantified on Utah bridge degksrevious studies focusingn the effect of surface treatments on
deterioration curvewere not identified in the literature reviewed fois researchTherefore
giventheneed to better undgtand the performanad# surface treatment applicatioos bridge
decksin Utah UDOT commissioned the current study on this subject.

1.2 Research Objective and Scope

The objective of thisresearctwereto developand analyzeleterioration curves for bare
concrete bridge decks addcks with specific treatmentemmonly used in UtalThe scope of
this study was determined by ttypes and exterdf electronicallyavailabledatafrom UDOT
and the FHWAfor concretebridge decksn Utah.The data included selected static inventory
information MR&R historiesandNational Bridge Inventory (NBIgonditionratings for the
bridge decksince the year 1992



1.3 Report Outline

This report contains five chapters. Chapterdspnts the objectigend scope of the
research. Chapter 2 providesckgroundnformation regarding deterioration curves, bridge deck
condition assessment, and standard surface treatr@datgter 3 describeke proceduressed
to generate average detgdtion curvesor bare concrete bridge decks and decks with specific
treatmentsandChapter 4gives the results of the reseamstda discussion of the findings.

Finally, Chapter Spresents a summary together with findiagsl recommendatiomesulting

from this research



2.0 BACKGROUND

2.1 Overview

The following sectiongrovide information regarding deterioration curv@sscribe the
procesf assessingridge deck conditiorgandpreseninformationaboutstandard surface

treatments used in Utah.

2.2 Deterioration Curves

Bridgedeterioration curves illustrate hdMBI condition ratings of bridge elements
change over time and amsuallybased on metrics specified in tN8I rating systemThese
curvesare used to analyze the performaonta bridgeelenentandpredictits future condition.

To the extent that the effectsMR&R are incorporated, the curvean also be used
determineappropriatdMR&R decisions to prolong the service life of a bridge elen(ieingt al.

2014) Variousreadily availableesearch articles focus on the accuracynidy of

deterioration curvesand, based on the continuing need to assess bridge condition and provide
appropriate MR&R,Hese curvegontinue to be a relevant topic in the studpdge

management.

Over the last few decades, extensive research has been cormuatgmbcts dridge
performanceincluding concret@urability, corrosionof reinforcing steelMR&R methods and
timing, andconditionpredictionmodels (Farhey 2015, Ghodoosi et al. 20Mbrcous et al.

2002) To some degree, many of these studies have addressed the usefulness of deterioration
curves and the effects ekternalfactorson bridge condition such as traffic volume and climate
(Bu et al. 2015)Future funding estimates and mainance strategidgmve beetheorizedbased

on thesdypesof studies as wellOne study, in particular, used condition data to identify bridge
typesthat exhibited higherates ofdeterioration so that agenciesuld anticipatenore frequent
maintenancepplications and thereby more efficienthanage their infrastructure ass@tarhey
2015)



2.3 Bridge Deck Condition Assessment

Many metricsrelating to bridge deck condition assessmenthzeen developed for the
purpose ofating andmproving existing ifrastructure Specifically, the general inspection
process and NBI condition ratieg/ere ofprimary interest irthis researclandarediscussed in

the followingsections.

2.3.1 Inspection Process

TheFHWA has set forth standardsgardingwho can perform bridge condition
assessments and acceptable methods for evaluating bridge deck deterissaliotated by the
FHWA, the inspection proce$sr abridge must be carried out bypadge inspectowith 5 or
moreyears ofexperience and prep training or by a registered professional engieeMA
1995) The inspector must also follow the guidelinesMd@1 condition ratingprovidedin the
American Association of State Highway and Transportation Officials (AASH3@Je Manual
for Bridge Elenent InspectiofAASHTO 2011) These standard help to eliminate the problem
of inexperience and subjective judgmentindge deckNBI condition ratingsHowever,
subjective judgmeris inherent irthe inspection procesandthe margin of erroin the condition
ratingscan beone or two points (Moore et al. 2000)

Variousevaluation methods are used to determine the condition of a bridgeAdeck
survey of several departments of transportafid@Ts) indicaéd that the most frequently used
methods fo evaluating bridge deck deterioration are visual inspection, chaining, chloride
concentration testing, coring, and hedfl potential testingHema et al. 2004)While only visual
inspection is necessary to obtain an NBI ratihgseotherevaluationgroduce important results
such as thpercenageof deckarea exhibitinglelamination, corrosity of the concrete
surrounding the reinforcing steelelamination depth, and corrosion activity of the reinforcing
steel Bridge deck evaluation resulise th@ used taletermine whictMR&R optionsshould be

chosen

Table 21 presents a list of possible optidmssed on general bridge deck condition
(Krauss et al. 2009For this researctthe matter ofnterest in the inspection process is the
relationship beteen the\BI condition rating of the deck and the use of protective overlays.



Table 2-1: Common MR&R DecisionsBased on Bridge Deck Condition

Bridge Deck Condition Common MR&R Decision
No Deterioration Do Nothing
Minimal Deterioration Patching, Crack Repair, Concrete Sealing

More Developed Deterioratio Protective Overlay
Fully Developed Deterioratiol Structural Rehabilitation, Partial/Full Deck Replaceme

2.3.2 NBI Condition Ratings

The use ofNBI condition ratings began in 1995 when the FHW#plementeda standard
scale for the quality of bridge elemeatsd a mandatory time interval for inspectioNsl|
condition ratings are useful because they indicate how the state of the bridge él@snent
charged over timeNBI condition ratingsare intended to represent tipeneral conditiomf a
bridge elemenby reflectingthe amount of deterioration throughaolie element under inspection
instead ofocusing onlocalized instanceof distres{FHWA 1995) NBI condition ratings are
givenon a scale from 1 to, Yith Alo representindgerminalcondition andi9o representing
excellentcondition(FHWA 1995) All NBI condition ratings used to assess bridge decks are
integersWhile the original descriptiagof the typeand extendf deterioration thatvere
correlated withlthese integeratings vasnot thoroughresearch in the industry allowed for more
comprehensive descriptionser time Table2-2 providesdetailed descriptiaof deck
deterioration associated with eddBl condition rating fromil to 9 (Krauss et al. 20Q9Phrases
such as fApresemtipreessd @ ratb | M mimrdd ré muiraiitneurm at ol er
shown inTable2-2 may have slightly different interpretatioamong differenDOTs. Similarly,

the tests used to prode thes@&lBI condition ratings maglsovary among DOTSs.

These NBI condition ratings are frequently used by DOTs throughout the United States to
select MR&R actions. For examplerotective overlays are normally applied when s
condition rating of dridge deck igreater than or equal to 4; however, bridge decks with an
NBI condition rating less than 4 are evaluated for nestensiverehabilitation(Krauss et al.
2009) As expectedheavy trafficking, chloridenduced corrosion of reinforcing steéleeze
thaw cycling, and other factocsin lead to the déne of bridge deck\NBI condition ratings over
time (Krauss et al. 2009).



Table 2-2: Condition Rating Desgiptions for a Bridge Deck (Krauss etal. 2009)

Rating  Condition  Description

9 Excellent  Superior b present desirable criteria; no visible distress

No problems noted;qeial © present desirable criteriag nisible

8 Very Good distress exqa minor areas or fine cracking

Someminor problemsbetter han present minimum criteria; less

! Good than 1% patches and spalls

Structural elementshow some minor deterioratiorgualto present

6 Satisfactory minimum criteria; @ck shows minospalling or moderate cracking

All primary structural elements are sound but may have minor
section loss, cracking, spallingpmewhat better than minimum
adequacy to toleratbe deckbeing left in place as;isess than 10%
patches and spalls

5 Fair

Advanced section loss, @eioration,andspalling; neets minimum

4 Poor tolerable limits for the deck to beft in place as is

Loss of section, deterioratioandspalling have seriously affected
primary structural component®cal failures are possihlbasically
intolerable requirindnigh priority of corrective actigmrmore than
35%deck distress

3 Serious

Advanced deterioration of primary structural concrete may be
preserntunless closely monitored it may be necessary to close tt
bridge unil corrective action is taken@asically intolerable requiring
high priority of replacement

2 Critical

Bridge deck has failedoo dangerous tallow traffic on the

1 Terminal } o .
structure; equires immediate replacement

According to UDOT, the percentage of the deck area exhibiting spalling and
delamination, haitell potential, and chloride concentration can be related to specific NBI
condition ratingsTable 23 shows how UDOT associates the test results with specific NB
condition ratings. The percentages showmable 23 refer to fractions of the total deck area.

For the regular biannual inspection process mandated by the FHWA, UDOT does not p#rform
of these tests for all bridges statewide. Instead, they geneoatblate the results of specific

tests shown in the table with individual NBI ratings for decks in Utah.



Table 2-3: UDOT Criteria for Bridge Deck NBI Condition Ratings (UDOT 2014)

Condition Indicators

Rating Spalls Delamination  Half-Cell Potential Chloride Comrentration
9 None None 0 0
; -3
8 None None Noneis < -0.35V Noneis > 1.0lb Clyd
concrete
; -3
7 None < 2% 07 5%is<-035y  Noneis>2.0lb Cliyd
concrete
6 < 2% splls OR sum of all deteriorateddntaminated deck concrasge< 20%
5 < 5% spallfOR sum of all deterioratéddontaminated deck concrag20i 40%
4 > 5% splls OR sum of all deterioratedémtaminated deck concrag40i 60%
3 > 5% splls OR sum of all deteriorateddntaminated deck concrase> 60%
2 Deck structural capacitg grossly inadequate
1 Deck has failed completely; repairable by replacement only

2.4 Standard Surface Treatments

The performance dfare concrete decksituminous overlays, epoxy overlaysdlatex
modified concret®verlays is discussed in the following sectidnghe databases used to
investigatehe performance dhese wearing surfacésr this researchbare concrete bridge
decks are referred t@a i mo naahdithis bermcis therefore also used in this report.
general, the main purpose of surface treatments applied to a monolithic concretestieck
extend the service life by sealing the dagainstfurther chemical attack, providing agbective
layer against physical attaatgrrecting drainage and cross slopes, improving skid resistance,

improving rideability, and smoothing joint transitiofi&auss et al. 2009)

2.4.1 Monolithic Concrete Decks

In the absence of an over|aiie wearingurface of a bridge deek monolithic concrete
With no protection, the concrete surface is subject to physical and chemical attack from
trafficking, freezethaw cycling, and the penetration of deicing salts applied during winter
maintenance in cold regis (Hema et al. 2004)rherefore, the performance of a monolithic
concrete bridge deck depends to a great degree on the durability of the concrete with which it is

constructedin areas with mild weather conditiomapnolithicconcretedeckscanhave a loger



service lifethan concrete decks in harsher climates such as the northern regions of Utah
(AASHTO 2007,Mindess et al. 200Rigeon and Pleau 1998ecauseghysical and chemical
attack @ the deckcan lead tsscaling, crackingand delaminatioof theconcreteoverlays are
frequently used to proteconcrete bridge decks cold regiongGuthrie et al. 2005)

2.4.2 BituminousOverlays

One of the most common formsmfintenanceised historicallypon monolithicconcrete
bridge decksn Utahis theapplication ofbituminous overlaysThis overlaysystem typically
consists of a bonding primer, a waterproof membrane, a base layer of asphalt, and a wearing
surface of aspha(Krausset al.2009) Thewaterproofmembrane serves as a bonding agent at
theconcreteasphalt interface and provides the deck with protectgainstwater and chlorides,
which can accelerate corrosion of the reinforcing stBleé asphalt serves as a durable traffic
bearing surface and protects the waterproof membTdregypical thicknessof this overlayis
2.5in.to 30in. (Lachemi et al. 2007)nstallation of the overlay involvedeaning and
smoothing othe concrete surfacgith sandblasting to avoid localized damage to the membrane
potentiallycaused by roughnegkrausset al. 2009)After the sandblasting process, loose debris
is removed from the surfacevhich is also driedccording to the discretion of the inspector to
ensure a secure bond between the membranthandncret§UDOT 2012). Many agencies
have reported that thistallation process takep@roximately3 days depending on the size of
the bridge (Krauss et al. 2009)

Thetime at which a bituminous overlay is applteda bridge deckan vary. For most
agencies, it is usddr preventative maintenance, either before or dfitgr the deck has cracked
andbegun to exhibit signgf activereinforcementorrosion but it has also beapplied after
more advanced deterioration has occu(ka@duss et al. 2009)A bituminousoverlaywith a
waterproofing membranie an attractive option becausés comparatively inexpensive $8 to
$8 per square fopand the majority of personnel in the transportation industry are already
familiar with its constructior{Krauss et al. 2009)Thesavice life of bituminousoverlays
typically rangedrom 12 to 19 yearsaccording to severakate agencigdgrauss et al. 2009)
Although bituminousverlays can fail prematurely dueit@dequate mixture design andfmor

construction, the typical causes of failumeludelongitudinal and transverse cracki(@attaglia

10



and Peters 2012)\ccording to one study, the amount of traffic loading over time seems to have

little effect on the performance of bituminous overlégkou et al. 2008)

2.4.3 EpoxyOverlays

In recent yearsgpplicationof epoxy overlagfor bridge decknaintenancéas become
increasingly populain Utah An epoxy overlay consists of a thin layer of epoxy resin with fine
aggregatdroadcasbntop. The epay resinseals the bridge declwhich preventsvaterand
chloridepenetrationand the aggregaterotects the epoxy from damage gndvides a skid
resistant surfacd’he aggregate particle siggically rangesfrom 0.033 in. to 0.187 in., pasg
the No.4 sieve while being retained on the No. 20 sieve (UDOT &0TRe thickness athis
overlay istypically less tharl in., which corresponds to a minimadiditional dead loadnthe
substructurgStenko and Chawalwala 200Pyior to application of the @rlay, the deck surface
is commonlyshot blastedo clean andoughent, andany cebris,includingdeteriorated
concreteis removedisingcompressed air or a vacudmimprove the quality of thbond
between the concrete and the epoxy réStenko and Gawalwala 2001, UDOT 204p The
entireepoxy overlaynstallation process usually takes less than 24 heweiss et al. 2009).

Epoxy overlays are typicallgpplied todecks that may have cracks but are otherwise in
good conditiorwith no significantsigns of active corrosiomhe cost per square fofar epoxy
overlaysis $10to $17 (Krauss et al. 2009and hereported service life ranges frabb to 30
years(Guthrie et al. 2003Knight et al. 2004 While epoxy overlays cgmerform well under
heavytraffic conditions(Guthrie et al. 2005)poor construction, especially inadequate deck
preparation, can lead ppematurdailure, which is usually manifest as delamination of the
overlay(Rogers et al. 20)1Additionally, use of soft aggregates candda excessivevearof

the epoxy overlay under trafficking and/or snow pld¢®sthrie et al. 2005Rogers et al. 2011)

2.4.4 Latex-Modified Concreté€verlays

Although latexmodified concretdas been shown in laboratory testing to have lower
permeabilitythan conventional concreteise of latexnodified concrete overlays becoming a
less commorridge declkehabilitation option in UtahsUDOT has beensing morespoxy

overlaysinstead As the name suggestatexmodified concreteontainspolymer latexwhich is
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addedduring concretdatching Thelatex offers several benefits, includimgproving
workability, reduing water demand, decreag permeability, increasg tensile strength, and
increagng the strength of the bond between aggregate, pastestesiMindess et al. 2003Yhe
thickness of latexmodified concret@verlay typicallyranges froni.5 in. to 3.0 in(Krauss et
al. 2009).The decksurfaces prepared folatexmodified concretevith milling or
hydrodemolition whichis intended taemoveany deterioratedoncrete Thelatexmodified
concretemixture normally requires3 to 4 days to curéKrauss et al. 2009@uring which time all
trafficking is restricted

A latex-modified concret®verlayis typically appliedafteradeck haslevelopedrisible
cracking anfbr active corosion of the reinforcing steel (Krauss et al. 2009 cost per square
foot of latex-modified concretés $18 to$39, and hereportedservice liferanges froml5to 30
years(Krauss et al. 2009Bonding filure may occur prematurebecause oow tensile
strengthof the original concrete deck or because of poor surface prepgpatono overlay
placement. Cracking can also occur in the ovedag studydocumented the development of
shallowcracksin properly installed latexnodified concret®verlays after 5 years of service
(Sprinkel 2000)Whencracksthat penetratéhe full depth of the overlagre notsealed, they can

significantly reduce protection against water and chlorides

2.5 Summary

Bridgedeterioration curves illustrate how NBI condition ratings of bridge elements
change over time and are usually based on metrics specified in the NBI rating 3ystsen.

curvesare used to analyze the performaonta bridgeelementandpredictits future condition.

The FHWA has set forth standards regarding who can perform bridge condition
assessments and acceptable methods for evaluating bridge deck deterioration. Various evaluation
methods are used to determine the condition of a bridge lbleicknly vsual inspection is
necessary to obtain an NBI ratifgBl condition ratingsare intended to represent theneral
conditionof a bridge element by reflecting the amount of deterioration throughout the element.

NBI condition ratings argivenon a scale fnm 1 to 9 with filo representingerminalcondition
andfi9o representingxcellentcondition
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In the absence of an overlay, the wearing surface of a bridge deck is monolithic concrete
With no protection, the concrete surface is subject to physical andozthettack from
trafficking, freezethaw cycling, and the penetration of deicing salts applied during winter
maintenance in cold regions. Because physical and chemical attack of the deck can lead to
scaling, cracking, and delamination of the concreterlay® are frequently used to protect
concrete bridge decks in cold regioBguminous overlays, epoxy overlays, and lateadified

concreteoverlays wee of particular interest in this study.
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3.0 PROCEDURES

3.1 Overview

Among the 2,848 bridges in Utah for which UDOT maintains recta$ges with
characteristics relevant to this studgre selected for analysiBevelopment otriteria for
typical bridges, extractionof data from the FHWA online database, generationditidual
deterioration cuna data filtering,anddeterioration curve comparisoage discussed in the

following sections

3.2 Typical Bridge Criteria

The inventory data th&dDOT providedfor this studyincluded 21static characteristics,
which were identified as either categorical or numeasahdicatedn Table3-1. The10
categoricatharacteristics are qualitative and include datzh as span design, type of rebar, and
deck material. Th&1 numericalcharacteristicare quantitative and incluaatasuch agridge
length, deck thickness, and annuatiige daily traffic (AADT).

The categorical characteristicstb& bridgesvere analyzedusingpie chars. From the
chartsthemost commorelassesvere visually identifiedor eachcharacteristicThepie chart
usal to determinghe most commobridge deck materialsmployedn construction is shown as

Table 3-1: Bridge Inventory Data

Numerical Categorical
Construction Date  Owner
Number of Spans  SpanMaterial
Bridge Length Span Design
Bridge Width Deck Material
Deck Thickness Deck Type
Surface Thickness Rebar
Rehabilitation Year Surface Type

AADT Road Over
Latitude Functional Class
Longitude Region

Altitude
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anexamplein Figure3-1. The most common bridge deck materials, based on this pie chart, are
castinrpl ace concrete and concr EAtoe I mrdd ccaadte sp a rhealts
were not availableOf the10 categorical bridg characteristicdive had classes that were clearly

more common than otheascording taa visual assessmeoit their respective pie charfBhe

most common o r Adagspdoreach bridge characteristic are listedable3-2. All of

the pie charts used to assess the categorical characteristics and identify typical classes are

displayed in Appendix A.

The numerical characteristics of the bridges were analyzed usingramstognd
statistics. In this process, outliers as well d@ig/picalo range of values for each characteristic
wereidentified. The histogram showing a typical range for the numerical characteristic of bridge
length is shown aan examplén Figure3-2. The typical rangewhich is gnerallyindicated by
striped bars in the histogramncompassethe middled5 percentof the values for a particular
bridgecharacteristicThe typical bridge deck length was calculated to range from 20 ft to 600 ft.

Numerical characteristider which data werenissingfor several bridgesiereexcluded from

Unknown

N N/A (NBI) (NBI)

8 Wood or
Timber

7 Aluminum

\

6 Corrugated _\
Steel

S Steel Plate

4 Closed

Grating 1 Concrete-
3 Open_/ Cast-in-Place
Grating

2 Concrete
Precast Panel

Figure 3-1: Example pie chart of a categorical characteristic (bridge deck material).
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Table 3-2: Categorical Characteristics ofUtah Bridges

Bridge

Characteristic Typical Classes

City/Municipal Highway Agency
Owner County Highway Agency,
State Highway Agency

Slab, Stringer/Girder, Tee Beam,

Span Design Frame, Culvert
Deck ConcreteCastIn-Place, Concrete
Material Precast PangeN/A

Asphalt Overlay with Membrane,
UDOT Asphalt Overlay vthout

Surface Type Membrane, Healer/Sealer,
Polymer Overlay

None,Monolithic Concrete, Latex
Concrete/Similg Epoxy Overlay,

FHWA
Surface Type

Bituminous
1000 -
800 -
E;'
S 600 -
=
2
= 400 A
200 -
O T T T I|IIIII.I.I-I T T T T T T T T T T
oo O o O o O o OO O o O O o o o o o D
N OV O WOV o WYMO WMo WVno oWy o Wn g9 B
Bridge Deck Length (ft)

All Bridges mMiddle 95% of Bridges

Figure 3-2: Example histogram of a numerical characteristic (bridge deck length).
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the process of determining typical bridg@$.the11 numericatharacteristics, seven hadsily
identifiabletypical ranges that were determined from the maximum and minimum values
associated with the middle 95 percent of the valdk®f the histograms used to assess the
numerical characteristics and identify typical ranges of values are displayed in Appefti A.

typical ranges of values for the seven numnieal characteristics atested inTable3-3.

A filtering programwas developed in Visual Badiar the pupose of generating a list of
typical bridges from th&Jtah bridgeinventory This progranproduced a list of bridges from the
inventory that exhibited typical ranges of the 12 characteristics outlined in Faadrable
3-3. Because each bridge in the list was considered representative of typical bridges in Utah,
potentially confounding effects of atypical bridgearacteristics were minimized in comparisons
of deterioration curves for monolithic concrete decks, decks with a bituminous overlay, decks
with an epoxy overlay, and decks with a laterdified concrete overlay. Climatic differences
were considered by guping bridges not only by overlay type, but also by UDOT region, which
was used in this research as a general surrogate for latitude. The four UDOT regions are shown
in Figure3-3. Of the 2,848 bridges in the UDOT database, 1,057, or 37 percent, exhibited all 12

typical characteristics.

Table 3-3: Numerical Characteristics of Utah Bridges

Bridge Characteristic Typical Range
Number of Spans 114
Length () 201 600
Width (ft) 161 148
Deck Thicknessii.) 619
Surface Thicknessn() 071 10
AADT (vehicles/yr) 1,0007 85,000
Altitude (ft) 3,5001 7,000
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3.3 FHWA Online Database

Once the typical bridge list was generated from the UDOT databaseHWA website
was searchefibr more dataelated tdbridgehistoies Throughcomparison®f the surface types
recordedn the UDOTand FHWA databasginconsistencies were discovered between the
current surface types listed in the UDOT datahester thecategory SURFTYPENd current
surface types that UDOT had submitted to the FHWA for ameypairts. However, the current
surface types listed in the UDOT database under the category SURFTYPEZ2 matched the current
surface types that UDOT daubmitted to the FHWA for annual reportierefore the
conclusion was drawn that tlarrent surface tygs listed under the category of SURFTYPE2
were better to use for identifying the current deck surface types. AdditioaldtigughUDOT
personnel were also able to extract some of theNBktondition ratings fothe selectetridge
decks theratingswere limited tabiannual values and dated bamky to the year200Q Because
theFHWA databaséada completéNBI condition rating history for each deakith annual

ratingsand surface typesating backo 1992 it wasinstead utilized for this research

The FHWA bridgedatafor Utah were subsequentipwnloasdas annual summary
reportsand imported into aorksheefor analysis. Specifically, the datere written in a text
format that required interpretation using an index table provided on the FH\Wgitevand
Visual Basiccodewas writtento extract the surfadgpeandNBI condition rating histoesfrom

thisworksheefor eachselectedridge dek for every year dating back to 1992

3.4 Individual Deterioration Curves

Matching thadentification number pridge ID) of a singlebridgeto thecorresponding
surface type antBI condition ratingor each year of availabatawasalso performed using
Visual Basic code to automate the msxFroma list ofbridge IDs the progranwould
automatically generata newworksheefor each bridgehat displayed the followinmformation

relevant to this study:

1 Bridge ID
1 Year in which the bridge was originally constructed

1 UDOT region in which the bridge is located
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Within eachworksheet, agraphof NBI condition ratingaccording tathe FHWA database, and
bridge age in yeanwas automatically generatedl.screenshot afheworksheefor thebridge
with ID 1C 628is presentedn Figure3-4 as an example

The numeri cal

deck surface types as definedliable3-4. The rows that are bolded Trable3-4 are the surface
types that were analyzed in this study. In this analysis, monolithic concrete decks included
surface types 1 and 0. Bituminous overlays, epoxy overlays, anehatgiked concrete

overlays included surface types 6, 5, and 3, respectiBetyause monolithic concrete decks lack

an additional layer of protection, they serve as the control for comparisons between different

wearing surfaces for this study.

Bridge ID: 1C 628
Construction Date: 1936
Typical: yes
Surface Type: Asphalt Overlay w/o Membrane
Surface Type 2 (NBI):
Region: 2

6 Bituminous

9
85
8

Figure 3-4: Screenshot of avorksheet with information about bridge 1C 628.

ent r i e sFigure34 cdirespond t@diferent y p e

Bridge Age Year Condition Ratingl Condition Rating 2 Surface Type Number

30
29
28
27
26
25
24
23
22
21
20
19
13
17
16
15
14
13
12
1
10
39
8

2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994

Bridge decksurface type accding to UDOTas of 2015SURFTYPE)
Bridge decksurface type according to the FHWA databasef 2015SURFTYPE2)
Bridge deck surface type history according to the FHWA database
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BiannualNBI condition rating history of the bridgkeckaccording to UDOT
AnnualNBI condition rating history of the bridgkeckaccording tahe FHWA database
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Table 3-4: Surface Type Summary(FHWA 1995)

Surface Type
Number
1 Monolithic Concrete (concurrently placed with structural deck)
IntegralConcrete (separate nonodified layer of concrete added
structural deck)
Latex Concrete orSimilar Additive
Low-Slump Concrete
Epoxy Overlay
Bituminous
Wood or Timber
Gravel
Other
None (no additional concrete thickness or wearingurface is
included in the bridge deck)
Not Applicable (applies only to structures with no deck)

Description

Z O wo~NOoOupr~,W DN

Again using Visual Basic code, several workbooks were created, with each workbook
containing information about bridges for a specific combination of UD&gjion and surface
treatment, as illustrated ifable 35. The entries in the table indicate the number of bridges from
the typical bridge list that were included in the given combination of UDOT region and surface
type. The total number of typical bridgeas 1,039. The age of the typical bridges ranged from
about 2 years to 100 years; however, only the most recent 24 years of NBI condition ratings and

surface type changes were recorded for each bridge in the FHWA database.

Table 3-5: Initial Number of Bridges Grouped by Surface Type andJDOT Regionfor
Each Workbook

Number of Bridges by Indicated

UDOT Region
Surface Type 1 2 3 4 Total
Monolithic Concrete 38 76 44 78 236
Bituminous Overlay 120 193 51 168 532
Epoxy Overlay 65 51 75 10 201
Latex Concrete 6 51 11 2 70
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3.5 Data Filtering

Data filtering was needed to removeegularitiesthatwere observeduring inspectiorof
selected worksheet§he filtering involvedmodificationsof certain deteriorationurves and
deletiors of otherdeterioration curves, which reduced thember of eligible typical bridges for
this studyfrom 1,057 to454. The filteringspecificallyaddressed deterioration curves lhoidge
declks with multipleor irrelevantsurface typesnvalid or missingcondition ratingscondition
ratinghistoriesthat did not correlate logically wittheir surface typéiistories andor overlays
placed earlier thah992

The bridge decks with multiple or irrelevant surface types were either rerfronethe
study or modified to be eligible for the studynyAdeckthat was reported to meonolithic
concreteat the time of this researtiut had a differensurface typen the past wasemoved
from themonolithicconcrete deck group. Ardeckthathadabituminous overlagt the time of
this researclut previously had some other overlay beside®aolithicconcrete deck was
eitherremoved fronthe bituminous overlay group or truncated at the time the bituminous
overlay was applied and placedtire overlay groupcorresponding to the previous overlay type
the truncating option was chosenly if the previousoverlay was one of interest for this study.
This method of filtering waalsoperformedon the deterioration curvésr decks thatvere
reportedo haveepoxy overlays anthtexmodified concret®verlaysat the time of this

research

Thedeterioration curvethat had invalid or missing condition ratings were resolved by
removal or interpolation, depending on the situat®ome of thdridgeworksheetsh ad an A NO
in place of a NBI condition ratingfor thegivendeck These A NO appladtmes usual
smallerstructuresuch as concrete box culverts, tunnels, and other miscellaneous strigtures
which monitoringof the deck was not crucial irvaluating the condition of the structuiiéhese
structuresveretherefore excluded frofurther analysisSome bridgeleckswere missing year
or two of NBI condition rating. Interpolation was used to predict treue of themissingNBI
condition rating however, if several years NBI condition ratingsvere missingthe bridge
history was truncated to exclude the years that did notkBVeondition ratingsandall

subsequent years as well
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Other bridge decks hadBI condition rating histories thatdinot correlatdéogically with
their surfaceaype histories.The NBIconditionrating histories fobridge decks thdtadan
increase iNBI condition rating with no associated surface chafgeeikample, an overlay
placed ormonolithicconcret@ within 3 years of the increasédBI condition ratingvere

truncatedbeforethe year when thimcreasan NBI condition rating occurred.

The finalstep in thdilt ering process was to excludéeidge deckgor which the year of
overlay application was not known [zetse the overlay was applied before 1982 bridgewas
constructed before 199®&/hich is the earliest year of available datayl had the same overlay
on the deck since 199 was excluded from further consideratioecause a reliable and
efficient way to determine the yeai overlayapplication was not available for bridge decks
constructedefore 1992.

Thesefilters were applied to all of the typical bridgerksheetsn each workbook using
Visual Basic codeTable3-6 shows the breakdown by UDOT region and surface type of the
remaining typical bridges used to devebyeragealeterioration curveswith the totahumber of
bridges being54.

Table 3-6: Final Number of Bridges Grouped by Surface Type andJDOT Regionfor Each

Workbook
Number of Bridges by Indicated

Surface Type UDOT Region

1 2 3 4 Total
Monolithic Concrete 27 60 40 67 194
Bituminous Overlay 17 63 11 23 114
Epoxy Overlay 61 6 12 7 86
Latex Concrete 4 46 10 0 60

3.6 Deterioration Curve Comparisons

Groupingof individual bridgedeckdeterioration curves ispecific combinations/as
necessary tovestigate theffectsof surface typ®n bridge decldeteriorationSpecifically,
individual bridgedeckdeterioration curvesere combined to generadgerage deterioriain
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curvesaligned by deck construction tina@d averagédeterioratiorcurves alignedby deck

treatmentime asexplained in the following sections.

3.6.1 Average Deterioration Curvedigned by Deck Construction Time

Visual Basiccode was writterto extract deterioration curvésr individual bridgedrom
a particular workbok (this workbook could contain all the bridges with bituminous oveitays
Region lor all the bridges witimonolithicconcree decksn Region 3 for examplg, and
combine them into one graphith the deck construction times aligned at a value of O @x-th
axis As illustrated irFigure3-5, whichshowsindividual deterioration curveer bridges with
bituminous overlays in Regidghas an example, an average deterioration curve, which is shown
as a black line, was then calculated. Greater variability occurs in the average deterioration curve
as the number of available bridge decks for a given age decreases. Beyond displaying the NBI
ratings with age for each bridge de€igure3-5 also indicates with a vertical line the age at

which the surface type changed for each bridge deck.

|

~J
3

NBI Condition Rating
tn (@)

I

(8]

10 20 30 40 50
Bridge Age (yr)

o

Figure 3-5: NBI ratings aligned by deck construction time for bridge decks with a

bituminous overlay in Region 2.
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Theseaveragealeterioratiorcurveswere generatetb enablecomparisons between
different groups of bridgescross a wide range bridgeage from2 yearsto 45 years. Based on
the wide rang@ age, ach average curve providadongercontinuous\NBI condition rating
historythanthat associated withny individual deterioration curybutthe average curvaso
incorporated a wide range in overlay placement tirAgsraging the effects of an overlay placed
over a wide range in bridge agmsnot desirable in this research because, for exaraplepxy
overlay applied years after construction of a briddeckcould have significantly different
effects ondeckdeterioratiorthan would be expected fan epoxyoverlay applied®0 years later.
Therefore, ¢ at least partiallyaccount for thee potentidy different effectsthe bridge groups
involving overlayswvere divided intdwo treatmentime categoriesearly and late, dssted in
Table3-7. Early treatment was defined as treatment within the first 15 years of bridge deck life,
and late treatment was defined as 16 years or later after bridge deck construction. While
sufficient data to support these two categories were available for dabks tuminous or
epoxy overlay, no data were availabiighe late treatment categdior decks with a latex
modified concrete overlay.able3-8 shavs the number of bridges in each group, as organized
by surface type, UDOT region, and treatment time. (The groups without any bridge decks were
necessarily omitted from the study.) An average deterioration curve was generated for each
group; as an examplEigure3-6 shows an average deterioration curve for decks with early
application (0 to 15 years after bridge deck construction) of a bituminouayireRegion 2.
Several different comparisons among these average deterioration curves were performed by
superimposing the curves with a relationship of interest onto one another in the same graph.
These graphs allowed visual identification of differerfoetsveen the curves over time.

Specifically, graphs were prepared to show curves for surface types and treatment times by

Table 3-7: Treatment Time Categories by Overlay Type

Age at Time of Appliation (yr) by

Surface Type Indicated Treatment Time Categon
Early Late

Bituminous Overlay 071 15 16+

Epoxy Overlay 071 15 16+

Latex-Modified Concrete 071 15 -
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Table 3-8: Final Number of Bridges Grouped by SurfaceType, UDOT Region, and
Treatment Time for Each Workbook

Number of Bridges by IndicatddDOT Region
and Treatment Time Category

S
urface Type 1 > 3
Total
Early Late Early Late Early Late Early Late
Monolithic Concrete 27 60 40 67 194
BituminousOverlay 9 8 26 37 5 6 6 17 114

8 4 0 7 86

Epoxy Overlay 32 29 4 2
2 0 0 60

LatexModified Concrete 4 0 46 0 8

)
/

(

NBI Condition Rating
tn (=

I

3
0 5 10 15 20 25 30 35
Bridge Age (y1)

Figure 3-6: Average deterioration curve for bridge deckswith early application of a

bituminous overlay in Region2.

UDOT region. Each column ifable 39 represents a different graph, and the rows in a given

column indicate the specific average deterioration curves included in the graph.
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Table 3-9: Comparison Groupsfor Surface Types, Treatment Times, and UDORegion

Comparison Groups

Regionl Region2 Region3 Region4

Monolithic Concrete Monolithic Concrete Monolithic Concrete  Monolithic Concrete

BituminousOverlay  Bituminous Overlay Bituminous Overlay Bituminous Overlay
Early Treatment Early Treatment Early Treatment Early Treatment

Bituminous Overlay Bituminous Overlay Bituminous Overlay Bituminous Overlay
Late Treatment Late Treatment Late Treatment Late Treatment

Epoxy Overlay Early Epoxy Overlay Early Epoxy Overlay Early Epoxy Overlay Late
Treatment Treatment Treatment Treatment

Epoxy Overlay Late Epoxy Overlay Late Epoxy Overlay Late

Treatment Treatment Treatment
LatexModified LatexModified LatexModified
ConcreteEarly ConcreteEarly ConcreteEarly
Treament Treatment Treatment
LatexModified
Concretd_ate
Treatment

3.6.2 AverageDeteriorationCurves Aligneddy DeckTreatmenilime

With the individual bridgevorksheetslivided according to UDOTegion current
wearing surface type, aricbatment timgVisual Basiccodewaswritten to generate additional
grapls illustratingsurface treatment effectStomthe workbooks containindata forbridges
with overlaysthe codeaxtracedthe NBI condition ratings of each bridge deck from a maximum
of 10 years before to a maximum of 10 eafter a treatment was appli@addthencombined
them nto onegraph, with the treatmeftitnesalignedat a value of 0 on theaxis With this
graph layoutnegativex valuesrepresent yeatsefore the surface treatment, and positivalues

represent yeamafter the surface treatmein averageleterioratiorcurve was then calculated
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from the individualdeterioratiorcurves as illustrated imable3-7, whichshowsdatafor bridge

decks with late application of a bituminous oveilajRegion2 as an examplé&he graph allovs

for a visual assessment of the immediate effects of surface treatment placement on NBI ratings.
Once these average curves were generated, they could be superimposed on one another to enable

different comparisons. Specifically, the same structure desquiigetbusly inTable3-9 was

used in these comparisons.

NBI Conditoin Rating

-10 -5 0 5 10
Time Relative to Treatment Application (yr)

Figure 3-7: NBI ratings aligned by decktreatment time for bridge deckswith late

application of a bituminous overlayin Region2.

3.7 Summary

Bridge deck selection criteria and analysis procedures were developed to enable
evaluationof the effects of surface treatments on bridge decks in. @taracteristics of a
typical bridge were defineavith categorical characteristics being analyzed upiaghars and
numerical characteristid¢seinganalyzed usin@pistogramsand statisticsA filtering program
developed in Visual Baswasthenused tagenerate list of bridges from the UDOT inventory
that exhibitedypical ranges of 12electedcategorical and numerical characterist®scause
each bridge in the list was considered representative of typical bridges in Utah, potentially

confounding efécts of atypical bridge characteristics were minimized in comparisons of
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deterioration curves for monolithic concrete decks, decks with a bituminous overlay, decks with
an epoxy overlay, and decks with a laterdified concrete overlay. Climatic differerscerere
consideredy grouping bridges not only lmverlaytype, but also by UDOT region, which was
used in this research ag@neralsurrogate for latitude.

Additional Visual Basic codevas written to extract the surface type and NBI ctooli
rating higories from the FHWA databaser each typical bridge deck for every year dating back
to 1992 Workbooks containing information about bridges and their corresponding individual
deterioration curves for a specific combinatiord®d¥OT region and surface treaentwere then
createdData filtering was needed to remove irregularities Wexe observed during inspection
of selected worksheet§he workbooks were filtered &pecificallyaddress deterioration curves
for bridge decks with multiple or irrelevanir§ace types, invalid or missing condition ratings,
condition rating histories that did not correlate logically with their surface type histories, and/or

overlays placed earlier than 1992

Grouping of individual bridge deck deterioration curves in specific combinations was
necessary to investigate the effects of surface type on bridge deck deterioration. Specifically,
individual bridgedeckdeterioration curves were combined to generateageedeterioration
curves aligned by deck construction time and average deterioration curves aligned by deck
treatment time. For analysis of average deterioration curves aligned by deck construction time,
Visual Basiccode was writtemo extract deteriorain curves of individual bridgesom a
particular workbook and combine them into one graph, with the deck construction times aligned
at a value of 0 on theaxis.For analysis of average deterioration curves aligned by deck
treatment time, the code exttad the NBI condition ratings of each bridge deck from a
maximum of 10 years before to a maximum of 10 years after a treatment was applied and then
combined them into one graph, with the treatment times aligned at a value of xaaxifieln
both casesan average deterioration curve was then calculated from the individual deterioration
curves To at least partially account for the potentially different effects of different treatment
times, the bridge groups involving overlays were divided into twdénreattime categories,
early and lateand he average deterioration curve for ea€lthesegroups wasgeneratedTo
allow visual identification of differences between the curves over time, graphs were prepared to

showcurves forsurface types and treatnteimes by UDOT region.
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4.0 RESULTS

4.1 Overview

Theaverage deterioration curvdsveloped in this research are presented and discussed
in the following sections Average deterioration curves aligned by deck construction time and
average deterionain curvesaligned by deck treatment time gneesented for eaddDOT region
and for the entire stat@s stated previously, early treatment was defined as treatment within the
first 15 years of bridge deck life, and late treatment was defined as 16 years or later after bridge
deck construction.

4.2 AverageDeterioration Curves

Two individual sets of averagdeterioration curvesvith NBI ratings generally ranging
from 5 to 9,are presented in the following sectiolsthe figures, the length of a given
deterioration curve aligned by deck construction time depends on the availakiigdata,
which in wrn reflects the usage history of a given surface. typeexamplemonolithic decks
and decks with bituminous overlays generally have Ibdgterioration curves because they
have been specified by UDOT farlongerperiod of time while decks with epoxgverlays and
latex-modified concrete overlays have shorter deterioration curves because they have been
specified by UDOT for a shorter period of tinhe the figures, the length of a given deterioration
curve aligned by deck treatment time depem$heavailability of NBl condition ratingsduring

the 10 years before and the 10 years #ftetime of decktreatment.

In the figuresshowing deterioration curves aligned by deck camsiion time and
sometimesn the figures showing deterioration curvéigreed bydeck treatment timehe
apparent increase in variabil@gpeciallyfowards the end(s) sbme ofthesecurves is caused
by adecreasing number of dgtaints available to be awged at the given point in time; while
higher numbers of data pasiincrease the stability of the average, lower numbers of data points
decrease the stability of the averaglee individual deterioration curves from which the average

deterioration curves were computed are providefippendices B and C.
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4.2.1 AverageDeterioration CurveAligned by Deck Construction Time

Theaveragaleterioration curvealigned by deck construction tinaee displayed in

Figures 41 to 45. These figures allow a visual comparison of the effects of different surface

types and treatmenties on NBI ratings for each UDOT regiand for the entire staté/hile

thedifferencesamong curves are generally within the expected margin of error of 1 to 2 points
for NBI condition ratings (Moore et al. 2000), the figures suggest that certain trestrpplied
at certain times can achieve average NBI ratings greater than those for monolithic concrete

during selected years of bridge deck life.

NBI Condition Rating
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20 30 40
Bridge Age (yr)

50 60

Monolithic Concrete
- — - Bituminous Overlay Early Treatment

Bituminous Overlay Late Treatment
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— - =Latex Modified Concrete Early Treatment

Figure 4-1: Averagedeterioration curvesaligned by deckconstruction time for Region1.
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Figure 4-3: Averagedeterioration curvesaligned by deck construction timefor Region3.
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Figure 4-5: Statewide average deterioration curves aligned by deck construction time.
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A summary of specific ranges in bridge age when average NBI ratings for bridges with

surface treatments exceed those for monolithic concrete ltedes is presented rable4-1.

In the table, an asterisk indicates that the given age range includes years prior to the application
t hat

of the given tree me

exceed those for monolithic concrete at any point in the available NBI rating histories, and an

entry of

nt , an0cdntmdyi cmdt e

AN/ A0 i ndicates that

Ni8ble.

NB I rat.

ratings

According to the data for individual regions in Tablé&,4arly treatment with a

ngs

f

bituminous overlay achieves NBI ratings higher than those for monolithic concrete for up to 26

years of bridge deck service life, while the benefits of late treatwiéma bituminous overlay

occur mainly from 16 to 48 years of bridge deck service life. Early treatment with an epoxy

overlay achieves NBI ratings higher than those for monolithic concrete for up to 35 years of

Table 4-1: Analysis of Average Deterioration Curves Aligned by Deck Construction Time

Ranges in Bridge Age When Average NBI Ratings for Specified
Treatments Exceed Those for Monolithic Concrete (yr)

Surface Treatment Region 1 Region 2 Region 3 Region 4  Statewide
Bituminous 6-13 0-17
Overlay Early 20 2021 1051}113; 0-0 6'2153’
Treatment 2324 2526
Bituminous 0-16 0-2* Pyl 0-2* 010
Overlay Late 1819 10-12* 3941 1642 2943
Treatment 34-43 32-39 44 46-48
0-5,
Epoxy Overlay 6-8, 15-16 2-4, 0-0 2-3
Early Treatment 18 5535 9 2935
1518
Epoxy Overlay Late 506+ 0-31* 26.29 5.7 3-7*
Treatment 10*
33
Latex Modified
Concrete Early 0-0 0-2 35 0-0 17
17 6
Treatment
Latex Modified 1519
Concrete Late N/A N/A 27-31 N/A N/A
Treatment 33
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bridge deck service life, while the benefits of late treatment with an epoxy overlay occur mainly
from 16 to 33 years of bridge deck service life. Early treatment with-fatekfied concrete
achieves NBI ratings higher than those for monolitieicazete for up to 17 years of bridge deck
service life, while the benefits of late treatment with lateodified concrete occur mainly from

16 to 33 years of bridge deck service life. The only cases in which measurable improvements in
NBI ratings were nobbserved include early treatment with a bituminous overlay in Region 4,
early treatment with an epoxy overlay in Region 4, and early treatment withnaigiked

concrete in Regions 1 and 4. A possible reason for the apparent reduction in the effiests of t
early treatments in Region 4 is the more mild climate in that region compared to Regions 1, 2,
and 3. With substantially fewer occurrences of freezing temperatures in Region 4, less deicing
salt is applied, less chlorideduced corrosion of the remrfcing steel occurs, and less

deterioration of monolithic concrete bridge decks is expected.

4.2.2 Average Deterioration Curves Aligned by Deck Treatment Time

The average deterioration cuswaigned by deck treatment time are displayeBigures

4-6 to 4-10. These figures allow a visual comparison of éfffects of different surface types and
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Figure 4-6: Average deterioration curves aligned by deckreatment time for Region 1
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Figure 4-7: Average deterioration curves aligned by deck treatment time foRegion 2.
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Figure 4-8: Average deterioration curves aligned by deck treatment time foRegion 3.
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treatment times on changes in NBI ratings that occur at the time of deck treatment for each
UDOT region and for the entire state. While the differences among curves are again generally
within the expected margin of error of 1 to 2 points for NBldiban ratings (Moore et al.

2000), the figures suggest that certain treatments applied at certain times can achieve

improvements in NBI ratings that correspond to apparent increases in bridge deck service life.

A summary of bridge deck service life extEms is presented in Table24 Each value
given in the table is the number of years between the time of treatment application, which in
many cases is marked by an increase in the NBI rating, and the time when the NBI rating returns
to the pretreatmentle e | . I n the table, an entry of A00 i
treatment does not increase after treatment application, a hyphen indicates that NBI ratings for
the given treatment are not available for years before the treatment appligatierally
because the treatment was applied at the ti me
indicates that NBI ratings for the given treatment are not available for years beftisr trea

treatment application.

Table 4-2: Analysis of Average Deterioration Curves Aligned by Deck Treatment Time

Apparent Bridge Deck Life Extensions for Specific Treatments (y

Surface Treatment Region 1 Region 2 Region 3 Region 4 Statewide
Bituminous
OverlayEarly - 9 - 8 >10
Treatment
Bituminous
Overlay Late >10 >10 >10 10 >10
Treatment

Epoxy Overlay
Early Treatment

Epoxy Overlay
Late Treatment

Latex Modified

Concrete Early 0 0 - - 0
Treatment

Latex Modified

Concrete Late N/A N/A 6 N/A N/A
Treatment
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According to the data for individual regions in Tabig,Zarly treatment with a
bituminous overlay achieves an extension of 8 years to more than 10 years of bridge deck service
life, while late treatment with a bituminous overkghieves an extension of more than 10 years
of bridge deck service life. Early treatment with an epoxy overlay achieves an extension of O
years to more than 2 years of bridge deck service life, while late treatment with an epoxy overlay
achieves an extermsi of 0 years to 7 years of bridge deck service life. Early treatment with latex
modified concrete does not achieve a measurable extension in bridge deck service life, but late
treatment with latexnodified concrete achieves an extension of 6 years @dueck service
life. The only cases in which NBI ratings for the given treatment are not available for years
before the treatment application include early treatment with a bituminous overlay in Regions 1
and 3, early treatment with an epoxy overlay egiRen 4, and early treatment with latex
modified concrete in Regions 3 and 4. The only cases in which NBI ratings for the given
treatment are not available for years before or after the treatment application include late

treatment with latexnodified concete in Regions 1, 2, and 4.

4.3 Discussionof Surface Treatment Effects on Deterioration of Bridge Decks

While the objective of thisresearctwere met through development and analysis of
deterioration curves for bare concrete bridge decks and decks wétficsppeatments commonly
used in Utah, the results are inherently limited in their applications. Because the scope of this
study was determined by the types and extent of data available from UDOT and the FHWA for
concrete bridge decks in Utah, the detetion curvesaremost applicable to bridges with
similar design, constructiomaterialstrafficking, environmental conditions, and maintenance
practices as those included in this stuelyrthermore, because the deterioration curves were
developed througan observational studwather thara controlled experimennot all factors that
mayhave potentially influenced the results were documented, measured, or accounted for in the
analysesTherefore, although efforts were made to include only typical sidgthe analyses
and to evaluate deterioration curvestHyOT region as @generakurrogate for latitude, some

uncontrolled sources of variability may have affected the results.

As described previously, a degree of variability stems from the bridge deck inspection

process itselfAlthough the AASHTO Guide Manual for Bridge Element Inspection provides
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inspectors withstandards$o help eliminate the problem of inexpience and subjéive judgment

in bridge decKNBI condition ratingsthe margin of error in the condition ratings can be one or
two points (Moore et al. 2000p0me reasons for variability in the inspection process potentially
include limited access to bridge decks bamigd,inadequate inspection timahsencef traffic
control inclement weather, poor visibility, attlas derived fronknowledge oNBI ratings

assigned to a given bridge declpievious years.

Finally, because the NBI rating system is based mainkisaral inspection, the full
benefits of early applications of surface treatments are not apparent in the results of this research.
Because the deterioration process develops gradually over time, a bridgeajestil appear to
be in good condition withithe first 15 years following construction, such that a measurable
improvement in the appearance of the deck may not be achieezdlpgpplication of a surface
treatment. However, previous research has documented the value of early applicationseof surfa
treatments to bridge decks to prevent chloride ingress before damage Bacisal(et al.
2007).Supplemental perspectives may be gained about the performance of specific surface
treatments by evaluating bridge deck deterioration in terrdslamindion, half-cell potential,
and tlorideconcentrationfor example, whickaredirect measuieof the deterioration process

typically experienced by concrete bridge decks in W&lthrie et al. 2007)

4.4 Summary

The results of this research includegie@ge deterioration curves aligned by deck
construction time andverage deterioration curvabgned by deck treatment time for each
UDOT region and for the entire staléehe average deterioration curves aligned by deck
construction timesuggest that ctin treatments applied at certain times can achieve average
NBI ratings greater than those for monolithic concrete during selected years of bridge deck life.
Comparedo NBI ratingsfor monolithic concretethe data for individual regions indicate that
ealy treatment with a bituminous overlay achieWsgher NBI ratings for up to@years of
bridge deck service life, late treatment with a bituminous overlay achieves higher NBI ratings
from 16yearsto 48 years of bridge deck service life, early treatrmgthit an epoxy overlay
higher ratings for up to 35 years of bridge deck service life, late treatment with an epoxy overlay

achieves higher ratings for {&arsto 33 years of bridge deck service life, early treatment with
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latex-modified concrete achievesghier NBI ratings for up to 17 years of bridge deck service
life, and late treatment with laterodified concrete achieves higher NBI ratings fronyéérs

to 33 years of bridge deck service life. The only cases in which measurable improvements in
NBI ratings were not observed include early treatment with a bituminous overlay in Region 4,
early treatment with an epoxy overlay in Region 4, and early treatment witimiaigiked

concrete in Regions 1 and 4. A possible reason for the apparent reductioaffedtseof these
early treatments in Region 4 is the more mild climate in that region compared to Regions 1, 2,
and 3.

The average deterioration curves aligned by deck treatment time suggest that certain
treatments applied at certain times can achieveawgments in NBI ratings that correspond to
apparent increases in bridge deck service life. According to the data for individual regions
early treatment with a bituminous overlay achieves an extensiogezr8to more than 10 years
of bridge deck seice life, late treatment with a bituminous overlay achieves an extension of
more than 10 years of bridge deck service life, early treatment with an epoxy overlay achieves an
extension of Qrearsto more than 2 years of bridge deck service life, latertresatt with an
epoxy overlay achieves an extension gk@rsto 7 years of bridge deck service life, early
treatment with latexnodified concrete does not achieve a measurable extension in bridge deck
service life, and late treatment with laterodified correte achieves an extension of 6 years of

bridge deck service life.

While the objective of thisresearctwere met through development and analysis of
deterioration curves for bare concrete bridge decks and decks with specific treatments commonly
used inUtah, the results are inhergnlimited by the available data in their applications to
bridges similar to those included in this study. Furthermadtieough efforts were made to
include only typical bridges in the analyses and to evaluate deteriorati@sdyUDOT region
as agenerakurrogate for latitude, some uncontrolled sources of variabilityis observational
studymay have affected the resultegardinghe bridge deck inspection process itsié
margin of error in th&lBI condition rathgs can be one or two poinEnally, supplemental
perspectives may be gained about the performance of specific surface treatments by evaluating

bridge deck deterioration in termsdglamination half-cell potential, and leloride
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concentration, for example, which are direct measoiréise deterioration process typically

experienced by concrete bridge decks in Utah.
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5.0 CONCLUSION

5.1 Summary

The objective of thisresearctwere to develop and analyze deterioration curvebdio
concrete bridge decks and decks with specific treatments commonly used.iffhétacope of
this study was determined by the types and extent of electronically available data from UDOT
and the FHWA for concrete bridge decks in Utah. The data inckeledted static inventory
information, MR&R histories, and National Bridge Inventory (NBI) condition ratings for the

bridge decks since the year 1992.

Bridge deck selection criteria and analysis procedures were developed to enable
evaluationof the effecs of surface treatments on bridge decks in Utah. Characteristics of a
typical bridge were defined, with categorical characteristics being analyzediesictrars and
numerical characteristidsinganalyzed usingistogramsand statisticsA filtering program
developed in Visual Baswasthenused togenerate a list of bridges from the UDOT inventory
that exhibited typical ranges of 12 selected categorical and numerical characteristics. Because
each bridge in the list was considered representative ioatyridges in Utah, potentially
confounding effects of atypical bridge characteristics were minimized in comparisons of
deterioration curves for monolithic concrete decks, decks with a bituminous overlay, decks with
an epoxy overlay, and decks with aebatnodified concrete overlay. Climatic differences were
consideredy grouping bridges not only lwerlaytype, but also by UDOT region, which was
used in this research ag@neralsurrogate for latitude.

Additional Visual Basic code/as written to extract the surface type and NBI condition
rating histories from the FHWA database for each typical bridge deck for every year dating back
to 1992. Workbooks containing information about bridges and their corresponding individual
deterioraton curves for a specific combinationldDOT region and surface treatmeamére then
createdData filtering was needed to remove irregularities Wexe observed during inspection
of selected worksheets. The workbooks were filtered to specifically adtressration curves

for bridge decks with multiple or irrelevant surface types, invalid or missing condition ratings,
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condition rating histories that did not correlate logically with their surface type histories, and/or

overlays placed earlier than 1992

Grouping of individual bridge deck deterioration curves in specific combinations was
necessary to investigate the effects of surface type on bridge deck deterioration. Specifically,
individual bridgedeckdeterioration curves were combined to generateageedeterioration
curves aligned by deck construction time and average deterioration curves aligned by deck
treatment time. For analysis of average deterioration curves aligned by deck construction time,
Visual Basiccode was writtemo extract deteriotegon curves of individual bridgesom a
particular workbook and combine them into one graph, with the deck construction times aligned
at a value of 0 on theaxis. For analysis of average deterioration curves aligned by deck
treatment time, the code eatted the NBI condition ratings of each bridge deck from a
maximum of 10 years before to a maximum of 10 years after a treatment was applied and then
combined them into one graph, with the treatment times aligned at a value of kaxifeln
both cass, an average deterioration curve was then calculated from the individual deterioration
curves To at least partially account for the potentially different effects of different treatment
times, the bridge groups involving overlays were divided into twairtrenttime categories,
early and late, andhé average deterioration curve for each of these groups was gentoated.
allow visual identification of differences between the curves over time, graphs were prepared to

show curves for surface types and tresitrtimes by UDOT region.

5.2 Findings

The results of this research included average deterioration curves aligned by deck
construction time andverage deterioration curvabgned by deck treatment time for each
UDOT region and for the entire state. Tdwerage deterioration curves aligned by deck
construction time suggest that certain treatments applied at certain times can achieve average
NBI ratings greater than those for monolithic concrete during selected years of bridge deck life.
Compared to NBI tangs for monolithic concrete, the data for individual regions indicate that
early treatment with a bituminous overlay achieves higher NBI ratings for upyte?s of
bridge deck service life, late treatment with a bituminous overlay achieves higheatiBé

from 16yearsto 48 years of bridge deck service life, early treatment with an epoxy overlay
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higher ratings for up to 35 years of bridge deck service life, late treatment with an epoxy overlay
achieves higher ratings for y@arsto 33 years of bdge deck service life, early treatment with
latex-modified concrete achieves higher NBI ratings for up to 17 years of bridge deck service
life, and late treatment with laterodified concrete achieves higher NBI ratings fronyéérs

to 33 years of bridgdeck service life. The only cases in which measurable improvements in

NBI ratings were not observed include early treatment with a bituminous overlay in Region 4,
early treatment with an epoxy overlay in Region 4, and early treatment withnaigiked

concrete in Regions 1 and 4. A possible reason for the apparent reduction in the effects of these
early treatments in Region 4 is the more mild climate in that region compared to Regions 1, 2,
and 3.

The average deterioration curves aligned by deck treatimss suggest that certain
treatments applied at certain times can achieve improvements in NBI ratings that correspond to
apparent increases in bridge deck service life. According to the data for individual regions, an
early treatment with a bituminous@nay achieves an extension oféarsto more than 10 years
of bridge deck service life, late treatment with a bituminous overlay achieves an extension of
more than 10 years of bridge deck service life, early treatment with an epoxy overlay achieves an
extension of Oyearsto more than 2 years of bridge deck service life, late treatment with an
epoxy overlay achieves an extension gk@rsto 7 years of bridge deck service life, early
treatment with latexnodified concrete does not achieve a measuraléssion in bridge deck
service life, and late treatment with laterodified concrete achieves an extension of 6 years of

bridge deck service life.

While the objectivs of thisresearctwere met through development and analysis of
deterioration curves fdyare concrete bridge decks and decks with specific treatments commonly
used in Utah, the results are inherently limited by the available data in their applications to
bridges similar to those included in this study. Furthernadteough efforts were made
include only typical bridges in the analyses and to evaluate deterioration cutv®dyregion
as agenerakurrogate for latitude, some uncontrolled sources of variability in this observational
study may have affected the results; regarding the ddegk inspection process itself, the

margin of error in the NBI condition ratings can be one or two points.
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5.3 Recommendations

Given the findings of this research, UDOT should continueitize surface treatments
to delay the deterioration dfareconcretebridgedecks.Although benefits are evident in all
regions of the state, the benefits are most pronounced in Regions 1, 2, and 3, where more deicing
salt is applied, more chloridaduced corrosion of the reinforcing steel occurs, and more
deterbration of monolithic concrete bridge decks is expedeeiharily because the NBI rating
system is based mainly on visual inspection, the full benefits of early applications of surface
treatments are not apparent in the results of this res¢twalever,previous research has
documented the value of early applications of surface treatments to bridge decks to prevent
chloride ingress before damage occurs (Birdsall et al. 260@)UDOT should continue to apply
surface treatments to bridge decks early @irteervice life Supplemental perspectives may be
gained about the performance of specific surface treatments by evaluating bridge deck
deterioration in terms afelamination half-cell potential, and laloride concentration, for
example, which are direateasuresf the deterioration process typically experienced by
concrete bridge decks in Utahdditional research to develop deterioration curves based on

these other measurements is recommended.
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APPENDIX A: DISTRIBUTIONS OF BRIDGE CHARACTERISTICS

Town/Township

Hwy Agency City/Municipal

Hwy Agency

County Hwy
Agency
State
Highway
Agency

Figure A.1 Pie chart of bridgesin Utah grouped by owner.
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21 Segmental 00 Other
19 Culvert  Box Girder

01 Slab

12 Arch-Thru

11 Arch-Deck
10 Truss-Thru

09 Truss-Deck
07 Frame

0S Multiple

Box Beam 02

04 Tee Beam Stringer/Girder

03 Girder-
Floorbeam

Figure A.2 Pie chart of bridges in Utahgrouped by span design.

Unknown

N N/A (NBI) (NBI)

8 Wood or

Timber 9 Other

7 Aluminum
6 Corrugated
Steel
5 Steel Plate

4 Closed
Grating
3 Open
Grating

1 Concrete-
Cast-in-Place

2 Concrete
Precast Panel

Figure A.3 Pie chart of bridges in Utahgrouped by deck material.
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