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Executive Summary

This report serves as a synopsis of a study conducted to evaluate the durability and aesthetic
performance of coating systems for utilization in concrete bridge applications. The principle objectives of this
study were: 1) Identify aesthetic coating systems appropriate for concrete bridge applications; 2) Evaluate the
performance of the selected systems through a laboratory testing regimen; 3) Develop guidelines for coating
selection, surface preparation, and application.

A series of site visits to various bridges throughout the State of Wisconsin provided insight into the
performance of common coating systems and allowed problematic structural details to be identified. To aid in
the selection of appropriate coating systems, questionnaires were distributed to coating manufacturers, bridge
contractors, and various DOT offices to identify high performing coating systems and best practices for surface
preparation and application. These efforts supplemented a literature review investigating recent publications
related to formulation, selection, surface preparation, application, and performance evaluation of coating
materials.

Based on this preliminary work, ten coating systems were selected and an evaluation program was
developed. The selected coating systems utilized acrylic, acrylic-siloxane, epoxy, and polyurethane binder
materials. These coating systems were applied to concrete substrates and subjected to a battery of testing that
included UV/Prohesion and Xenon accelerated weathering exposures, an 18 month outdoor exposure, chloride
ion penetration evaluations, and various coating performance evaluations.

The utilized surface preparation and application procedures achieved adequate adhesion for all coating
systems evaluated. The majority of systems exhibited pull-off adhesion strengths in excess of the tensile
strength of the concrete substrate, while a select number of coatings experienced a combination of cohesion and
substrate failure.

Based on the results of the accelerated and outdoor weathering exposures, acrylic coatings exhibited the
best long term aesthetic performance. However, this coating material provided limited additional chloride

resistance to the concrete substrate without utilizing a substantial film thickness. The epoxy systems, on the



contrary, nearly eliminated the penetration of chloride but lacked aesthetic durability. The best overall
performance was achieved by an acrylic-siloxane hybrid system which utilized a predominantly siloxane base
coat and an acrylic top coat. This combination obtained improved chloride resistance from the siloxane while

still maintaining superior aesthetic durability characteristics with an acrylic top coat.



Table of Contents

o L0V =T [0 T 4T o1 £ SR PRUSSRRS iv
DISCIAIMET ...ttt h bbb bbb e Rt e b e b b e A b e b E b e e h e b e e st et e bt nb e bttt e b e st e s e e e n s [
Technical Report DOCUMENTAION PAJE .........ouoiiiiiieiiiii ettt se bbb nneene s I
EXECULIVE SUMMAIY ...ttt ettt s e s bt e bt se e ke e st e e st e s bt et e as e e e b e et e e neenbe e beereeabeenbeeneenbeeneennes i
TaDIE OF CONLENTS ...ttt bt bbb bbb et b bbbt et b b n e ii
(IS o) T U= PSPPSR IX
LISE OF TADIES ...ttt bbbt bt h bbbt b et b b r e Xiii
)R 1 oo [3Tox o] TSSOSO PSP U TP PP 1
1.1 ProbIlem STAIEMENT ..ot bbbttt b bbbt bt b e st e e e b e bbbt beene e 1
1.2 RESEAICN ODJECLIVES......c.eiitiitiitiitieiee ettt bbbkt b e et b bbbt e bt bt e s et et et et e b et e b e e 3
1.3 SCOPE OF WOTK ...ttt e s b e te e st e e te e beeseesae e beeseesbe e beeneesreenteaneesneeteas 3

2 LIEEIALUIE REVIBW.....euiiiieiietieeet etttk b bbb b st bbbt bbb b et ettt 8
2.1 Durability of ReINTOrCed CONCIELE........ccviiieieeecie ettt st te et teeneesraeanas 8
2.2 CompOoNeNts OF SUITACE COBLINGS. ... .cuveeeieteitiitieie ettt bbbt b bt s et e et nbe bt sneene e 12
2.3 Optical Qualities Of SUITACE COALINGS. .......eivervireirieitietieie ettt bbb 12
2.3, 1 INEFOAUCTION ...t bttt b bbb bbb et bbb b ettt b e n et en e 12

P I @0 [o] - g o 1 N To | o | SRS 13
2.3.3 GlOSS ...ttt bR R R R bR R R Rttt r e r b 14

2.4 Mechanical Properties Of SUITACe COALINGS ........coeiiririeieiesie sttt bbb 15
2.4, 1 AGNESTON ...t bbb b bR R R e bR bRt R et b bbb ere s 15



2.5 COALING FAIIUIES ...ttt e b e b e e st e e be e b e e b e e be e st e sbeenbe e st e sbeeneas 17

2.5.1 APPHICALION FAIUIES ...ttt sttt sbeebesneenbe et s 17
2.5.2 ENVIrONMENTAL FAITUMES ..ot 18
2.6 SUITACE PrePAraliON.........ciuiiieiie ittt ettt et e e e te et e e st e sse e teenteeseesseenseaneesteeneeneenneeneas 19
A A O { g To AN o] o] [ToF: 14 o] o SR SSSSN 21
2.8 Components OF WEALNEIING .......couiiiiieii bbbt b b 23
2.8.1 SOIAr RAGIALION. ...ttt bbbt bttt b bbb b b ene s 23
2.8.2 IMIOISTUIE ...ttt bbb bbbtk b b bt e Rt e b e bbbt bt bt e bt e R e e e et e b bbb e ene s 25
R TR B =T 0 001 L (0 (OSSPSR OPR 26
2.9 AcCelerated WEALNEIING ......cc.oiieii ettt et e b e st e e eereesbeenteeneesteeneeneesneeneeas 26
2.9.1 SIMulating SOIAr RAAIATION .........c.viiiiiiiiiiiei ettt nr e 27
2.9.2 SIMUIEING MOISTUIE.......otiti ittt b et b bt b et e e e bbb e b e nne s 33
2.10 OULAOOT EXPOSUIE TESTING ...vevetieieeiieiieie ettt b bbbt e bbb b e bbbt et et e b e b b e b b 34
2.11 Volatile Organic ComMpPoUNAS (WMOCS) ......uiiiiiieiecie ittt re e saeeste s e sraesre s e e saeeneas 34
2.12 Previous Related RESEAICN........c.ciiiiiiiiite ettt bbbt 35
2.12.1 Kentucky Transportation Center Study (2006)..........cceiieiierieiieiecie e sa e 35
2.12.2 FHWA STUGIES ..ottt ee s ee sttt e steasee s s e steeseeaseessees e aseenseeneeaneeaseenseaneenneenseaneenseensens 37
2.12.3 Previous WHRP Study-Steel COALINGS .......oouviiiieiiieiesie sttt 38

3 SUNVEY RESUIES & FIBIA VISITS.....uiiiiiiiiiiieite ittt et 39
3.1 Summary of Regional WiSDOT SUIVEY RESPONSES ......ccueeiuieiiieiieiieesiie e e seseveesire e e ssae e e snseenreesnne s 39
3.2 SUMMArY Of StAte DOT RESPONSES. ....ccuviitieiiieiee sttt esieesteesteesae s e st e e steeae e e sseeabeesbeeasteesaeeabeesseeenteeaseeenes 40
3.3 Summary of Bridge ContraCtor RESPONSES........cuuiiiiiiiie e eiiee st see ettt e e be s raeeteesrae s 41



A FIEIA VISIE-BEIOIT ... 41

EXPEIMENTAL PrOQIAM .. .ottt bbbt e et se e bt e be s b e sbe et e eneenes 47

4.1 SeleCted CoatiNg SYSEIMS ......eiiriiieiieiti e ee st e st e et te et e e e s re e te e e e s te e beeseesseeseaseesseeteansesseenseeneesneeneeas 47
4.2 CONCIELE TESE SPECIMIENS ....c.viiteeeieiteeteetie e et et e ste et e et e steete e st e steesteeseesteesteaseesaeesseeseesseenseaneesreesseensenneeneeas 48
4.3 SUITACE PrEPAIALION ......c.viieieitieite ettt s et e e s te e te e s e s be et e eseesae e teeneeaseeteaneesseeneeneenneeneeas 51
4.4 COAtING APPHCAIION ...ttt bbbt bt bt bt e e e et bbb bt 52
4.5 Accelerated WEATNEITNG TESES .......oiviiuiitiitiiii ettt bbbttt et nb bbb 55
4.5.1 UV/Prohesion/Freeze-Thaw (Modified ASTM D5894-10).......ccccieririririniirinieieiese s 55
4.5.2 Xenon ArC (ASTM DB695-08) .......c.ccuiiiiiarieieieieiiesiesiesiesiesseeee e see e sbe st sse s seeseessestessessessessessens 60
4.6 Performance EVAIUBLIONS ...ttt 61
4.6.1 Evaluation Procedure for Color, Gloss, and Dry Film ThiCKness ..o 62
4.6.2 Color & Gloss Retention (ASTM D2244-11 & ASTM D523-05) .....ccoiiiirininiiieiee e 64
4.6.3 Dry Film Thickness (ASTM D6132-08 & ASTM D4138-078) ......cccererviriririeeeieieene e 65
4.6.4 Degree of Blistering (ASTM D714-02) ......ccoociiieiieie ettt sre e sneeans 66
4.6.5 Pencil Scratch Hardness (ASTM D3363-05)........cccuiiieiiiiieieeie ettt nas 67
4.6.6 AdNeSioN (ASTM DA541-09) ....ooiueiiiiiiiiieieieie ettt et st sb et st e et e bestesbesbesnesreeneas 68
4.6.7 ChlOride 10N PENELIATION .......oiiieieiiii ettt sb et sbeene s 69
4.6.8 OULHOOT EXPOSUIE TS ...ttt b bbbttt e b bbbt b et e e bt e st et e b neene s 73
4.6.9 Water Vapor Transmission (ASTM E96-05).......ccoriiiiiiiiiiieieese e 74
RESUILS & DISCUSSION ...ttt b bbbt b bbbt b et e e e bt b bbb 77
5.1 INEFOUUCTION ...t bbb h bbbt bbbt b e et e e n et b e b n e 77
5.2 UV/ProNeSION/FIEEZE TRAW ..ottt bbbt e b 77



B.2.1 COlOr REIENTION ..., 77

5.2.2 GlOSS RELENMTION ...ttt bbbt b bbbt et e e e st e b e nb b be s 84
I A O LT 1ol =] T £SO 85
5.2.4 ATNESTON ...ttt bbb bR R bR R Rt R bRt R e n ettt 86
5.2.5 PeNCIl SCratCh HAITUNESS. ..ottt nn s 88
5.2.6 DEgree OF BIISTEIING .......ootiiiiitiiiieiiei ettt bbbt bttt ettt nb e beene s 90
SIS (T [o] g I o TP T TR P PP PR TR PPRPRPN 90
5.3.1 COlOr RELENMTION ...ttt bbb bbbt e bbbt bbb e e et et et et e beebeene s 90
5.3.2 GlOSS RELENTION ...tttk b bbbt eb bbbt b e bt b n st b e 97
5.4 OULAOOr EXPOSUIE RESUILS ....eveevieiiciiciieeie ettt et e et e s b e ste e e s saesbeentesneesteeneeneesneeneeas 98
5.4.1 COlOr RELENMTION ...ttt bbbt bbbt e e bbbt e bbb e et et e bt e b beene s 99
5.4.2 GlOSS RELENMTION ...ttt bbbt b b et b e bt bt e st e e et et et e n b beene e 103
5.5 Weathering EXPOSUIe COMPAIISON ......cviveiiiiiitisieiiieiieie ettt bbbt n bbb ebe s enes 104
5.5.1 COl0Or RELENTION ......uitieieciiee ettt bbbt b ettt bttt b e b e 104
5.5.2 GlOSS RELENTION ...ttt bbb bbbttt ettt bbb e 109
5.6 Performance TeStING RESUILS .........cviiieieiie ettt re e te e e neesteeneesneeanas 110
5.6.1 Chloride 10N Penetration RESUILS .........ccoiiiiiiiiiiice e 111
5.6.2 Water Vapor TranSmiSSION RESUITS ...........coiiiiiiiiiiieese e 113
5.7 COAtING RANKINGS.....cueiiiiiieie et bbbttt et bbbt bt bt e st e nb e b e b e nbe b e be e enes 115
5.8 ANLICIPALEA SEIVICE LITE ..oouviiiiiicieie ettt e et e e st e e e be e sae e e beesneeereea 117
6  Conclusions, Recommendations, and FUtUIE WOTK...........cccooiiiiiiiiiiice e 119
8.1 CONCIUSIONS ...ttt bbbt bbb bbb bbbt b bt e et b e bbb 119



6.2 RECOMMEBNAALIONS ... 121

6.3 FULUIE WWOTK ...t bbbt bbbt b et e b e e bbb b enes 122
RETEIEICES ...ttt bt bbb b e R R R R Rt R bt b e n e 123
Appendix A: Relevant ASTM and AASHTO Test Standards..........cccveveieeieeriesieeseese e 126
Appendix B-Summary of WiSDOT ReQIONAl SUIVEYS ........ccciveiiiieiiee ettt 129
Appendix C - SUMmMary Of State DOT SUIMNVEY .....c.oiiiiiiiieieieieest et 132
Appendix D - Summary of Wisconsin Bridge CONntraCtor SUIVEY ..........ccceieieieienininieieeee e 142
Appendix E — Technical Background of Coating Materials..............couiiiiiiiiiiiecsceeeeee s 145

E.1 Components Of SUMface COAtINGS .......ccveiiiieiicii ettt s b e et e raesreesresnnesreeteas 145

B L. L BINOEIS. ..ttt bbb R bR R R R R bR b et b et 145
ELL.2 SOIVENES ...ttt h ettt b bRt E Rttt e b bbb 146

B L3 PIOMEINES ..ottt bbbt h et b b bR Rt Rt n b e b bbb 147
O [0 [ =SSOSR 149

E.2 MethOd OF DISPEISION .......oiuiiiiiiieite ettt st s e ettt e st e et e e sa e s te e s e eseesbeebeeseesreeneaneesraentens 150
E.3 Typical Concrete Coating MaterialS...........cc.eivieiuiiiiiiicieeie st sre e ra et 151
E.3.L ACTYIIC POIYIMEIS ...ttt ettt e s et e e r e et e et e e s e s aeeteereesbeebeeneesraeteanseareeeeas 151
E.3.2 EPOXY RESINS ...ttt ettt bbbttt bbbt h ettt b bbbt 154
E.3.3 POIYUIELNANES ...t bbbttt et nb bbbt ene s 156
E.3.4 Silanes, Siloxanes and SIlICONE RESINS ........oiiiiiiiiiiiiiii ettt e e st ee e s s erae e e s sbeeeeeens 165
Appendix F - UV/Prohesion/Freeze-Thaw Sample Photographs ...........ccocveiieiiiciie i 169
Appendix G - Xenon Arc Sample PROtOgraphs .......cocuviiiiiiie s 189
Appendix H — Pull-off Adhesion Test PROtOGraphs ..........coveiiiiiieii e 204



Appendix | — Outdoor EXposure PROTOGrapRS ........ccviiiiieiieiieie et s 214

Appendix J — Outdoor EXposure CHlIMAte Data...........ccvuuiiieiieiiiieieeie et 224
Appendix K — Updated Comprehensive Special PrOVISIONS...........ccccvieiioieeiesee s ese e e sie e sne e 226
Appendix L — Performance Based ProtOCOL............ccouiiiiiiie e sne e 230

viii



List of Figures

Figure 1-1:Examples of coating failures; (A) Peeling on Jefferson Bridge parapets, (B) rust bleeding/staining on

Sauk City Bridge parapet, and (C) Color fading on Baraboo Bridge. .........ccccccevveiiiiiiiieie e 2
Figure 2-1: Spectrum of light produced by an open-flame carbon arc compared to summer sunlight. ............... 29
Figure 2-2: Full spectral power distribution of a daylight filtered xenon light source. ...........cccoovevevieiiciecenne. 30
Figure 2-3: UV spectral power distribution of a daylight filtered xenon light source. ............ccccoevvevienvcincnene. 31
Figure 3-1: Prepared and coated form lined concrete SUMfaceS. .........cccviveiieieiie i 42
Figure 3-2: Discontinuities in coating film caused by surface VOIds. ...........cccoocevviie i 43

Figure 3-3: Loss of coating film on horizontal surface and the immediately adjacent vertical surface of a
S22 T 01 PP 44

Figure 3-4: Examples of rust staining; (A) Exposed reinforcement on form lined surface, (B) Surrounding

structural identification plaque, (C) Cracking near anchoring of steel guardrail. ............c.ccoooeiiiii i 45
Figure 3-5: Examples of spalled concrete on the Portland Avenue Bridge (Beloit, WI). ..o, 45
Figure 3-6: Voids left in concrete surface to accommodate form ties. .........ccoovveirineiiiince e 46
Figure 4-1: Typical concrete sSample FOrMWOIK...........ooiiiiiiii e 49
Figure 4-2: Typical reinforcement of the chloride ion and outdoor exposure test SPECIMENS. ........cccocvvereriennnns 50
Figure 4-3: Concrete specimen before and after sack rubbing surface treatment.............ccoccooeiiiinniinnnnns 52
Figure 4-4: Equipment used for coating application [19]........coeiiiiiiiiiiiieeeee e 53
Figure 4-5: Wet film gage used during coating appliCation. ............c.cooeiiiiiiiiieiese e 54
Figure 4-6: Sample curing conditions following coating appliCAtION. ...........ccveieiiiiieii i 55
Figure 4-7: UV chamber sample rotation ProCRAUTE. .........coieiiiieiiie it 57
Figure 4-8: Salt fog chamber sample rotation ProCEAUIE. .........c.oiiiiiiiiiereeeee e 57
Figure 4-9: UV/Condensation accelerated weathering chamber. ... 58
Figure 4-10: Cyclic salt fog corrosion testing ChamDET. ..........ccoiiiiiiiiiee e 59
Figure 4-11: Salt fog chamber initial calibration pH and volume of SOIULION. ... 60

iX



Figure 4-12:
Figure 4-13:
Figure 4-14:
Figure 4-15:
Figure 4-16:
Figure 4-17:
Figure 4-18:
Figure 4-19:
Figure 4-20:
Figure 4-21:
Figure 4-22:

Figure 4-23:

Xenon arc sSample rotation PrOCEAUIE. ........eeiuiiieieeierie ettt sttt ste e e sbeenee s 61

Xenon Arc test chamber, with an uninsulated black panel for temperature measurement............... 61
Evaluation points for UV/Prohesion, Xenon arc, and outdoor weathering samples..............cc.c...... 63
Spectrophotometer used for color and gloss eValuations. ............cooevieieeieiieniere e 64
Ultrasonic coating thickness gage used to determine dry film thickness. .........ccccovevviiiiiinnnnnne 66
PENCIH NAIANESS TESTEL. ... ittt r et e et e s e b e e te e st e beesbeeneenreenteenee e 68
Manual pull-off aANESION TESTEL. ..o 68
Chloride ion penetration solution pooling CONAITIONS. ..........cccoeiiiiiiiiee e 70
AASHTO T-260 evaluation ProCEAUIE. .......ccueitirierteiteiie ettt sb e 72
Outdoor weathering exposure rack and saline solution application procedure. ............ccocovvrvrnne. 74

Adjustable film casting knife (Left) and a prepared permeability dish with test specimen (Right). 75

Environmental chamber (Right) and scale (Left) used for the evaluations of water vapor

EFNISINIISSION. .eeeeeeeeeeeeeeeee ettt e s s e s e s s e s e e s s e e e e e e s e s s s s e e e e e e nn e s e e nnnnnnnnnnnn 76

Figure 5-1: UV/Prohesion mean AE*a, values throughout exposure period with 95% confidence intervals. ..... 78

Figure 5-2: UV/Prohesion mean AL* values throughout xposure period with 95% confidence intervals........... 80
Figure 5-3 UV/Prohesion mean Aa* values throughout exposure period with 95% confidence intervals........... 82
Figure 5-4: UV/Prohesion mean Ab* values throughout exposure period with 95% confidence intervals. ........ 83

Figure 5-5: Percent change in gloss (%AG) throughout the UV/Prohesion accelerated weathering exposure. ... 84

Figure 5-6: Coating defects developed throughout UV/Prohesion exposure for each coating system. ............... 86
Figure 5-7: Average adhesion strengths before and after weathering eXposure. ..........c.ccocvvvieienenene e 87
Figure 5-8: Average pencil scratch hardness values of each system with and without weathering exposure...... 89
Figure 5-9: Average AEap* values of each coating system throughout xenon arc eXposure. ..........cccccceveerernnnns 92
Figure 5-10: Mean values of AL* for each system throughout Xenon arc €XpOoSUIE. ...........cceeeruereriereresierienens 94
Figure 5-11: Mean values of Aa* of each coating system throughout Xenon arc €XpOoSsure. ..........coceeerererernnns 95
Figure 5-12: Mean values of Ab* of each coating system throughout xenon arc eXposure. ..........ccccoecererernnnns 96
Figure 5-13: Percent change in gloss (%AG) throughout Xenon arc €XPOSUTE. .........evverververreririeerieriesesiesesesseas 97

X



Figure 5-14: Average AEan™ values of each coating system throughout outdoor eXposure. .........c.cceeceeeereenens 100
Figure 5-15: Average AL* values of each coating system throughout outdoor eXpoSUre. ..........cccceerereereennns 101
Figure 5-16: Average Aa* values of each coating system throughout outdoor eXpOoSUre...........cccccerererieriennnnn. 102
Figure 5-17: Average Ab* values of each coating system throughout outdoor eXpoSUre. ...........cccceerererienennn. 103
Figure 5-18: Percent change in gloss (%AG) throughout outdoOr EXPOSULE. ......ccvevirviriiriiriieieiese e 104
Figure 5-19: Maximum recorded AE*ap from each weathering exposure by coating System...........c.cccovvvnenee. 105
Figure 5-20: Maximum recorded AL* from each weathering exposure by coating System. ...........c.ccccervrenenne 107
Figure 5-21: Maximum recorded Aa* from each weathering exposure by coating SyStem. ...........c.ccecererenenne 108
Figure 5-22: Maximum recorded Ab* from each weathering exposure by coating System. ...........c.ccecvrerennnnn 109
Figure 5-23: Maximum recorded %AG from each weathering exposure by coating System. ...........c.ccocerennne. 110
Figure 5-24: Average chloride ion concentration by depth following 90 day continuous ponding of 3% CI

0 111 o o PR 111
Figure 5-25: Average system water vapor transmission rates over the 168 hour test period with 95% confidence
11T V7 OSSPSR 114
Figure 5-26: Comparison of average water vapor transmission rates to average sample film thickness. .......... 115
Figure 5-27: Aggregate coating system scores, broken down by category SCOre. .........coovvvrrerenerenesesennenns 116
Figure E-1: General Chemical Structure of ACrylic POIYMErS. ..o 152
Figure E-2: General Chemical Structure of Styrene ACrylic POIYMErS. ......ccooiiiiiiiiiiiceee e 152
Figure E-3: Di-isocyanate reaction with polyol to form polyurethane and their respective chemical structures
[AT. oottt 157
Figure E-4: Di-isocyanate reactions with amine and water to form polyurea and their respective chemical
SETUCTUIES [4]. +eeeieetet ettt bbbttt bbbt bbbt e Rt e s b e b et e ek bt bt e bt e bt e bt e st e s e et et e be st e bt e beere s 157
Figure E-5: Reaction and resulting chemical structure of reactive polyurethane prepolymer [4]..........ccccven.. 158
Figure E-6: Adduct formation reaction and chemical StruCtures [4]. .......cooveeiiriniieie e 159
Figure E-7: Trimer and dimer chemical StrUCTUIES [4]. ....oovoiiiiieiece e 160

Xi



Figure E-8: Basic silicon units characterized by functionality monofunctional (M), difunctional (D),
trifunctional (T), and quadrifunctional (Q) [4]. ... eeoeeiie e e 165
Figure J-1: Cumulative precipitation during the duration of the outdoor weathering exposure, based on
measurements from NOAA station in SNOrEWOO, WL .......cuvviiiiiiiiii et 224
Figure J-2: Average monthly high and low temperature during the outdoor exposure evaluation, based on
measurements from NOAA station in SNOrEWO0O, WL .......cuveiiiiiiiiii et 224
Figure J-3: Average monthly high and low relative humidity during the outdoor exposure evaluation, based on

measurement from NOAA station in SNOrEWOOd, W ..o 225

xii



List of Tables

Table 4-1: Characteristics of the selected concrete COating SYSIEMS. .......c.ocveiieereiiie i 48
Table E-1: Classification of various generic binders commonly used in paint formulations. ...............ccce....... 146
Table E-2: Isocyanate effects on polyurethane properties {4}. ..o 157
Table E-3: Polyol effects on polyurethane properties [4]. .....covoeeieeieiie i 160

Xiii



1 Introduction

In recent years, a variety of coating materials have been used during, or subsequent to,
the construction of highway bridges to augment aesthetic appeal and durability of the structure.
This stems from a contemporary emphasis on the aesthetics of structures and has led to
substantial financial investment to achieve the desired appeal. Though employed chiefly for
aesthetic enhancement, current coating materials typically claim to provide sufficient protection
against the hostile environmental conditions to which highway bridge components are commonly
subjected. Such conditions include exposure to ultraviolet solar radiation, moisture ingress,
severe thermal cycles, exposure to corrosive chemicals, and man-made damage, among others.

Effective long term performance of coating materials may be achieved if sufficient
consideration is given to a variety of influencing factors. These factors include material
characteristics, geometrical details, surface preparation, application method, and exposure
conditions. Unsatisfactory coating performance is a result of one or more of these factors not
being considered or implemented properly. Extensive research has been conducted on the
performance of coatings for bridge structures under a variety of service conditions. The general
consensus from this research supports the notion that if the proper material selection for a
specific application is paired with the correct surface preparation and application procedures, a

long-term satisfactory coating performance could result.

1.1 Problem Statement

The utilization of coating materials to enhance the aesthetic appeal and durability of
concrete bridge structures requires a significant initial investment and significant future
maintenance investment. As such, reasonable performance over the relatively long service life

of such structures is anticipated. Regrettably, some coating materials have been inept in meeting



performance expectations in real applications throughout Wisconsin and elsewhere. In general,
the shortcomings have been in the form of peeling, blistering, color fade, loss of gloss, rust

bleeding/staining, and surface barrier ineffectiveness (Figure 1-1).
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Figure 0-1:Examples of coating failures; (A) Peeling on Jefferson Bridge parapets, (B) rust bleeding/staining on
Sauk City Bridge parapet, and (C) Color fading on Baraboo Bridge.

The fundamental sources of such failures are inadequate surface preparation prior to coating
application and exposure to the severe service conditions for bridge structures. Poor geometric
details and faulty application can also contribute to the premature failure of coating materials.
Furthermore, degradation of the chemical and mechanical properties of coating materials may
occur over time. Such degradation may include reduction of film strength, increased brittleness,
loss of resin, and de-bonding from the substrate. Consequently, bridge components exhibit
undesirable appearances, and concerns about the structural durability arise. These concerns have
required costly repairs to be performed that are incapable of fully restoring the appearance and
durability of the coating materials, resulting in higher life cycle costs.

For most states, pre-qualified product lists include pre-qualification criteria for steel
structures only. However, some approved products lists are provided for concrete structures.
The WisDOT approved products list may be enhanced by the development of practical
guidelines as well as an effective protocol to pre-qualify various coating materials for concrete

bridge applications.



1.2 Research Objectives

The objectives of this study were to:

e Review and understand the application and performance evaluation of concrete
coating materials for new applications as related to Wisconsin bridge components.

e Identify appropriate coating materials that can enhance the aesthetics and
protection of concrete bridge components over a long period of service.

e Conduct appropriate laboratory and field evaluations to verify aesthetic retention
and protection properties of the selected coating materials over a long service life.

e Develop a guideline for cost-effective aesthetic appeal and durability.

e Make recommendations for the implementation of the results of this study.

1.3 Scope of Work

The objectives of this study were achieved through the completion of the following tasks,
categorized into two phases.
Phase 1: Literature Review, User Survey, and Interim Report
Literature Review

A comprehensive review of available literature concerning standards, guidelines,
materials, surface preparation, application, structural details, and long term durability and
aesthetic performance on various coating materials for concrete bridges or similar applications
was conducted. The primary sources of information relevant to this study included the available
standards and test data from the Protective Coatings Committee (PCC) of the National
Transportation Products Evaluation Program (NTPEP), publications from the Paint and
Corrosion Laboratory of the Federal Highway Administration, the 2006 study performed at the

University of Kentucky Transportation Center, as well as ASTM and AASHTO standards.



Supplementary to these primary sources, were materials obtained and reviewed from online
sources and technical databases, such as the Journal of Protective Coatings and Linings (JPCL)
and the Journal of Architectural Coatings (JAC).
User Survey

A formal survey was conducted to document the current concrete coating practices
(material selection, surface preparation, and coating application), performance, and experiences
of the WisDOT regional offices, the Departments of Transportation from other states,
particularly those with environmental conditions similar to Wisconsin (AASHTO Region 3-Mid-
America), as well as bridge contractors. The survey included inquiries pertaining to the types of
coating materials used for new concrete applications, existing standards, performance records,
minimum acceptance criteria, pre-qualified materials lists, environmental exposure conditions,
surface preparation, types and causes of failures, aesthetic performance, and coating durability.

As part of a previous WHRP research study, a user survey was carried out early in 2011
regarding the use and performance of coating materials for both steel and concrete highway
applications [1]. The survey was conducted by contacting coating manufacturers, consultants,
contractors, and state and regional DOT officials. That survey yielded useful information
regarding the performance of specific coating materials used under different environmental
service conditions. The user survey conducted as part of this study was designed to enhance the
results of the past survey and to promote an improved response rate from the participants. This
was done by several means. First, questions with improved clarity were developed to eliminate
interpretation issues observed in the initial survey. Secondly, questions were formatted to

correlate with those obtaining the highest response rates in the previous study. Lastly, the



surveys for the regional offices were distributed through WisDOT to promote a higher response
rate.
Interim Report

For the conclusion of Phase 1, an interim report, including a revised work plan and
summarizing the findings of the literature review and user survey, was submitted to the Project
Oversight Committee (POC). Subsequent to the interim report, the research team met with the
POC to present the findings of the Phase 1 study and discuss the details of the updated testing
program. A 30 day period was provided for the POC to review, suggest changes, and approve
the work plan prior to the commencement of Phase 2 of the study. The details of the final work
plan are presented in Section 4 of this report.
Phase 2: Testing and Material Evaluation, Recommendations, and Deliverables
Testing and Material Evaluation

A vast number of ASTM and AASHTO test standards address the performance
evaluation of coating material