TIME TESTED PERFORMANCE OF BRIDGE COATINGS

David S. Leyland, Senior Consultant
KTA-Tator, Inc.
Palmyra, ME, USA

L. Brian Castler, Bureau Chief

Conredicut Department of Transportation
Newington, CT, USA

INTRODUCTION

The purpose of this study was to determine the adual servicelife of some commonly used bridge
coating systems. A study authored by GordonH. Brevoort and updited by KTA-Tator, Inc. in 19% (1)
provided atable of projected service life based largely on a survey of coating manufadurers. Areindustry wide
predictions of coating life accurate? That isthe central issue this sudy examined. The results may help bridge
owners slect coating protedion that provides the lowest life cycle mst. Bridge owners may aso find the
information wseful to pro-rate the remaining value of the ating system and to plan maintenance adtivities.

CONCLUSION

Pradicd coating performanceis generally better than industry predictions, as represented in the
Brevoort paper. Pradicd servicelifeisdefined as5to 10% coating breakdown. The servicelife of athree oat
system consisting of azinc-rich primer, epoxy intermediate and urethane finishis predicted to be 19.5to0 21
yeasin amoderate (indwstrial) environment and 28 to 30yearsin amild (rural) environment.

This survey conducted in the northeastern United States foundthat the Brevoort /KTA estimates of
servicelife seem conservative. That said, the study aso foundthat coating performanceis dependent onthe
quality assurance program implemented to monitor the wntractor’s compliancewith the project specificaions.

Notable findings:

1. Among the Conrecticut bridges, there was littl e diff erencein the performance between shop applied
coating systems that used inorganic zinc-rich primers as compared to field applied systems with epoxy
zinc-rich primers.

2. Much better performance of the shop applied system with an inorganic zinc-rich primer occurred in
Maine.

3. Significant differences in performance between Maine and Conredicut could be explained by the close
proximity of coated sted membersto higher volumes of moving traffic (Conredicut) or differencesin
the quality of the mntrador’s cleaning and painting pradices. The latter aimost certainly explains
differences in coating performance between two Conredicut bridges of similar design, located several
hunded feet apart, with the same wating system.



4. Zinc/epoxy/urethane systems on Conredicut bridges performed slightly better than the three @at alkyd
system pigmented with basic lea sili cochromate, the use of which was essentialy discontinued more
than a decade ago because of hedth and environmental concerns.

5. Galvanizing provides better corrosion protedion than any of the other coating systems. This gudy
shows no maintenanceis required for at least 30 yeas. Some galvanizing industry sources claim that
more than 90years of servicelifeis possble.

BACKGROUND

The datafor this gudy was obtained from on-site inspedions of sted highway bridgeslocated in
Connredicut and Maine that are proteded with coating systems that have been exposed for 14to 20yeas. The
coating systems on these bridges include:

Inorganic zinc-rich primer with pdyamide goxy intermediate and aaylic urethane finish.
Epoxy zinc-rich primer with pdyamide gooxy intermediate and aaylic urethane finish.
Inorganic zinc-rich primer with vinyl finish.

Galvanized with and withou topcoats.

Metalli zed bridges with top coats.

Alkyd pigmented with besic lead sili cochromate

The results obtained are summarized in Table 1. Detail ed descriptions of the mating condtionand
representative phaographs are located in the Field Investigation. Estimated coating service life data were
obtained from Paper No. 477 CORROSION 96, a study of coating costs, products and servicelife originally
authored by GordonH. Brevoort and recently updated by KTA-Tator, Inc.(1). The service eawvironment
seleded was Moderate (Industria).

Estimated pradicd life of a mating system is defined by Brevoort as 5 to 10% coating breakdown and
thereis adive rusting of the substrate. Most highway departments have alopted coating maintenance strategies
when coating systems reach this dage of deterioration. At that time maintenance work typicdly consists of
complete removal and replacament in zones, such as beneah expansionjoints. In addition, the outside fascias
may receive an overcoat, which substantially improves the appearance of the bridge to the motoring puldic.

It isimportant to naethat all of the estimated servicelife data presented in the Brevoort report are based
on SSRC-SP 10 cegree of the surface preparation, except one. The lone exceptionisfor the dkyd coating
which is presumed to be aless sringent degree of cleaning, SSRC-SP6. Also, the Brevoort study provides no
information about the anticorrosive pigment used in the dkyd coating. Pigment content can make asignificant
differencein the performance of this generic type of coating system.

The service life of galvanizing (defined as 5% corrosion) was obtained from the American Galvanizers
Association. The life span assumes the galvanized layer has atypicd thicknessof 4 mils and the service
environment is siburban.



TABLE 1: Actual ServicelLifevs. Brevoort Prediction

. Brevoort

Bridge Structure A(é;?lmsgt/:tdezn rL ife Predicted Coating System

yrs) Life (yrs) Primer/Intermediate/Finish
Shelton-Derby 20to 25 9 Alkyd — 3coats
Age15yrs
Windsor Lock 20to 25 9 Alkyd — 3coats
Age15yrs
Coram Road 20to 25 21 |0Z& Epoxy& AcrylcUrethane*
Age15yrs
Prosped Stred 15 21 |OZ& Epoxy& AcrylcUrethane*
Age 15years
Brewer over road 30+ 21 10Z* & Vinyl
Age 20 years
Brewer over ralil 30+ 21 10Z* & Vinyl
Age 20 years
Harrington 30+ 21 10Z* & Vinyl
Age 20 years
Hartford 1-84 EB 22to 27 19.5 EpoxyZn& Epoxy& AcrylcUrethane
Agel7yrs
Hartford [-84 WB 2210 27 19.5 EpoxyZn& Epoxy& AcrylcUrethane
Agel7yrs
Washington Ave 20to 25 19.5 EpoxyZn& Epoxy& AcrylcUrethane
Agel14-15yrs
Freight Stred 17to 22 19.5 EpoxyZn& Epoxy& AcrylcUrethane
Agel14-15yrs
Riverside Stred 20to 25 19.5 EpoxyZn& Epoxy& AcrylcUrethane
Age14-15yrs
Bridgeport 30+ 90+ Galvanize/AcrylicUrethane*
Age7 — 8yrs
Newtown 30+ 90+ Galvanized ory*
Age2yrs
Middetown 30+ 90+ Galvanized ony*
Ageb6 yrs
Norwich 30+ 90+ Galvanized ony*
Age 36yrs
Lyme 10+ 22+ Metalli zed/AcrylicUrethane
Age9yrs

* Coating system applied in the shop.




FIELD INVESTIGATION

The survey was conducted onOctober 3, 4,and 5,2005. The seledionwas intended to include
representative examples of coating systems used in the past and the present. When passble, bridges with
coating systems of similar age were seleded. A brief description d the mndition d the wating systems onthe
various bridge structures follows. Bridges are grouped according to type of coating system.

Basic Lead Sili cochromate, ThreeCoats

Shelton —Derby, CT; Route 8 over Housatonic in Connedicut 1990

The bridge was widened in 1990,which required girdersto be added to all bridge spans. The new sted
was primed in the fabrication shop and the two topcoats were applied after the sted was erected. The old sted
had a @ating system that was in poa condtion. It had an aluminum topcoat.

The ating system provided very good corrosion
protedion and daes not require immediate maintenance for
corrosion protection. However, maintenance painting could be
used to save the exposed primer and prevent further coating
breakdown. Areas of coating breakdown and corrosion are
caegorized asfollows:

One aeaof corrosion diserved (crevice ®rrosion) was
along the top edge of a gusset plate on the Shelton side of
the bridge.

The top two coating layers peded from the underside of the | Figure 1. Peding topcoats expose orange
bottom flange on threeline of girders in many spans onthe primer.

Sheltonside. Extensive peding exposed the orange primer.
(SeeFigure 1.) Therewas aso some peding onthe underside of various deel members that span over
the water onthe Shelton side. No peding was observed ongirder webs or other vertical surfaces.

Areas of peding and corrosion onthe Derby end of the bridge occurred where this coating system was
applied owver an existing aluminum-colored alkyd coating system that was decales older and probably
not in good condition at the time of overcoating.

Other areas of aluminum-colored coating throughout the bridge that were not overcoated were in very
poa condtionwith upto 30% of the wmated surface aacked or peded.

Peding only occurred on the Sheltonend o the bridge and orly onthreelines of girders onthe
downstream side and nd at all onthe upstrean side. The marked contrast between peding on davnstream
girders as compared to upstrean girders indicates the problem is likely associated with surface preparation
deficiencies and nd with shortcomingsin the aating material itself.



Windsor Locks —Windsor, CT; 1-91 over the Connedicut River 1990

The bridge was widened in 1990,which required girdersto
be added to al bridge spans. The new sted was primed in the
fabrication shop and the two topcoats were gplied after the steel
was ereded. All sted, dd and rew, had the same green colored
topcoat.

The @ating system provided good corrosion protection, bu
is onthe verge of requiring maintenancetouchup. The anourt of
coating fail ure is lessthan 2% of the surface aeaonthe newer sted
and consists of peding, which exposesthe sted substrate. Thereis
relatively littl e corrosion at peding locations because of apparent

intad mill scde beneah the mating system. Mill scdeis certainly
present onthe older sted girders and also appears to be on the newer
girders despite their much younger age. Areas of coating breakdown
and corrosion are caegorized as foll ows:

Peding was observed onthe underside of the bottom flange
of newer girders, andto alessr extent onthe underside of
thetop flange. (See Figures2 & 3.)

Areas of peding more than 1square foat in size onthe webs

of older girders.

Areas of corrosion onthe ends of girders and bearing pads at

Figures2 & 3. All layerspeding from the
underside of girders.

expansion joints.

Early stage ating breakdown and rusting along the weld
sean conrecting the battom flange and web onthe
downstream outside fascia. (SeeFigure4.)

Coating thicknesswas generdly 4 to 6 mils, even onthe
corners of the bottom flange. Thicknessranged from 4 to 12mils.
There was littl e noticedl e diff erence in coating thicknessbetween
the newer sted girders and the older ones.

Figure 4. Corr osion along weld seam.




Inorganic Zinc Primer, Polyamide Epoxy Intermediate and Acrylic Urethane Finish

Sketon, CT; Coram Road o/er Route 8 1990

The bridge had a design and service environment (high traffic volume beneath) similar to the Prosped
Road Bridge. The sted used to construct both bridges was cleaned and painted in the fabrication shop. Field
painting involved orly touchup. Both were located several hurdred fed apart. The verticd abutment walls
were located very closeto the alge of the roadway, creding atunnel-like effed. The @ating system performed
well, much better than on the neaby Prosped Avenue bridge. Areas of coating breakdown and corrosion are
caegorized as follows:

Corrosion onthe underside of girders and onthe south fasciain areas of apparent abrasion damage from
vehicular traffic beneah the bridge.

Stelton, CT; Prosped Road over Route8 1990

The bridge had a design and service eavironment (high
traffic volume beneah) simil ar to the Coram Road Bridge. The
sted used to construct both bridges was cleaned and painted in the
fabrication shop. Compared to the nearby Coram Road bridge, the
coating system is performing very poorly. Areas of coating
breakdown and corrosion are categorized as foll ows:

Widespread hreakthrough corrosion onthe bottom flanges of
al girders. Corrosion d this nature would be consistent with
insufficient surface preparation a insufficient coating
thicknessor bath. (SeeFigure5.) For coating system
performance purpaoses, this structure is considered Figure 5. Breakthrough corr osion on
anomalous. underside of girders.

Inorganic Zinc Primer & Vinyl Finish

Brewer, Maine; Route 1A ove end d [-395

Both bridgesin Brewer were simple girder spans more than 20
fed above the ground. This dructure carried a steady flow of traffic
over alesstraveled aacess ramp to/from 1-395. The outside fascias
had urethane finish coats on two thirds of the girder length and vinyl
ontheremaining onethird. The cndtion d the coating system was
very good.(SeeFigure 6.) Areas of coating breskdown and corrosion
are categorized as foll ows:

Corrosion d portions of the beaing plates and daphragms
beneah the expansionjoint onthe end d the bridge. (See

Figure7.) Figure 6. Overall goad coating system
perfor mance




Minor corrosion onsome girder flange edges. No
undercutting of the aating.

Vinyl coating on bdh fascias (north & south) islighter
shade of green than the adjacent urethane. It isalso more
faded than vinyl coating oninside girders sielded from the
sun.

Figure 7. Corr osion only beneath
expansion joint.

Brewer, Maine; Route 1A over Rail Track

Both bridges in Brewer were simple girder spans more than 20feet above the ground. This dructure
caried asteady flow of traffic over aseldom used singlerail track. The performance of the mating system on
this bridge was virtually the same as on the other bridge in Brewer. The bridges are locaed lessthan one half
mile from ead ather.

Inorganic Zinc Primer and Vinyl

Harrington, Maine; Route 1A over Tidal Inlet and Sdt Marsh

This dructure @mnsists of threespans that crossatidal inlet
and salt marsh. The condition d the coating system is very good.
Areas of coating breakdown and corrosion are categorized as
foll ows:

Corrosion onthe beaing plates beneah the expansionjoints
at the abutments.

Vinyl peeling from one diaphragm; no corrosion.

No visible crrosion elsewhere onthe structure, eventhough | Figure 8. No corr osion on 99% of the
there are many areas where the wating was damaged from surface esen on the near diaphragms,
rock throwing. (See Figure 8.) which suffered rock throwing damage.

The vinyl finish coat faded dramatically from an eath tone brown to a pinkish tan.



Epoxy Zinc-Rich Primer, Epoxy Intermediate, Acrylic Urethane Finish (EZ/E/U)

Hartford, CT; I-84 EB & WB over New Park Ave and Amtrak 1988

Twin bridges (eastboundand westbound are multi-span
structures elevated more than 30fed above the ground. These
structures were originally painted with alead pigmented alkyd
coating system. All sted surfaces were blast cleaned to SSRC SP10.
For the vast majority of the surface area, the @ating system is
performing very well. Areas of coating breakdown and corrosion
are categorized as foll ows:

Break through corrosion onmore than a dozen areas
scatered aaossthe twin bridges. Because of the enormous
size of these structures, the dfeded areawould still be much
lessthan 1% of the total surface.

Figure 9. Spot rusting associated with
edge of containment.

Breakthrough corrosion ongirders and crossbraang that
was likely at the edge of a mntainment area and therefore
not sufficiently cleaned and coated. (See Figure 9.)

Areas of breakthrough on webs and stiff eners caused by
insufficient surface preparation a coating thickness or baoth.
Rusting on ends of girders and lridge bearings beneah
expansionjoints. (SeeFigure 10)

Rusting on ends of girders and kridge bearings beneah
expansion joints.

Figure 10. Breakthrough corr osion
caused by insufficient preparation and/or
coating thickness.

Waterbury, CT; Rte 8 NB & SB over Washington Avenue 19901991

The northboundand southbound bidges are locaed side by side and are similar in design. Verticd
abutment wall s are located close to the edge of the roadway. Thereis high traffic volume &ove and moderate
slow moving traffic beneath. These structures were originally painted with alead pigmented alkyd coating
system. It was removed by abrasive blast cleaning to SSRC-SP 10 cegreeof cleanliness The andition d the
coating system was smilar on bdh hridges. Overal performanceof the wating system was fair to good. Areas
of corrosion and coating problems are charaderized as foll ows:

Breakthrough corrosion at beaing plates and urderside girders nea the bearing plates. (SeeFigure11)



Breakthrough corrosion probably advancing to crevice ®rrosion at the underside of the bottom flanges
along the seams creded by balting areinforcing plate. (SeeFigure12)

Breakthrough corrosionin the flanges of the stiffeners.

At least two separate isolated areas of peding (lessthan 1square foat in size) that exposed the sted
substrate. Corrosionwas present in the peeled areas.

Figure 11. Common area of Figure 12. Crevicecorr osion between
breakthrough corr osion near bearing bottom flange and reinforcing sted.
plates.

Waterbury, CT; Rte 8 NB over Freight Sred 19901991

This bridge had a service environment similar to the
Washington Avenue bridges; however, there were sloped
embankments at the base of the ébutments. The structure was
originally painted with alead pigmented alkyd coating system. It
was removed by abrasive blast cleaning to SSRC SP10 degreeof
cleanliness Areas of corrosion and coating problems are
characterized as foll ows:

Coating breakdown and corrosion onsted members
locaed beneah expansionjoints over piers and over the
north abutment.

Figure 13. Corrosion beneath expansion
Other areas of corrosion similar to that outlined on the joints.
Washington Stred bridges.

Waterbury, CT; Rte 8 NB over Riverside Sreet 19901991

This bridge structure had verticd abutment wall s and a service eavironment similar to the Washington
Avenue structures. However, this bridge mnsisted of many more girders and although the bridge was abou the
same length, it was much wider because Rte 8 crossed over Riverside & avery aaute angle. The much geder



width creaed atunrel instead of a standard underpass The overall coating performanceisfair to good. The
structure was originally painted with alead pigmented alkyd coating system. It was removed by abrasive blast
cleaning to SSRC-SP 10 degreeof cleanliness However, corrosion was foundin the foll owing areas:

Light breakthrough corrosion onthe underside of many girders near the bearings.
Light breakthrough corrosion onsome diaphragms.
Dark corrosion onseveral linea feet of the top flange elge of abowve the roadway, nath side.

Hot Dip Gavanizing with Epoxy Intermediate and Urethane Top Coat

Bridgeport, CT; East Avenue over the Poquonrock River 19971998

This snall bridge islocaed very low over bradish water. No problems were observed with the ating
system and nocorrosion was observed.

Hot Dip Galvanizing withou Top Coat

Newtown, CT; Corrail over Rte 66 2003

The bridge suppats alight amourt of rail traffic and crosses over roadway that has moderate traffic
flow. After itsfirst 2 yeas of servicethere are novisible signs of corrosion. The balt patterns on the sides of
the main girders appea to have recaved adark gray coating.

Middetown,CT; Central RRovea Rte 66 1996

This moderately large through truss $ructure supports
moderate rail traffic over aroadway with moderate traffic flow.
The dedk is more than 20 fed above the roadway. There was no
visible crrosion. The overall appearance of the protedive wating
system isnot uniform. (SeeFigure 14.) Aesthetic related
observations foll ow:

Numerous areas where spat touchupwas performed using a
gray coating, probably to repair abrasion damage.

No unformity of color among the galvanized members.
Some members had atypicd gray galvanized appearance Figure 14. Appearancenot uniform is
whil e other members had a brownish, somewhat dirty caused by touchup paint and inconsistent
appeaance. The brownish appeaance was probably caused | galvanizing.

by higher iron content in the galvanized layer. Higher iron

content has littl e eff ect on corrosion performance

Norwich, CT; Pleasant Sred ove the Yantic River 1969

This bridge supports light vehicular traffic over awooded strean. There ae no problems with the
gavanizing. Thereisno corrosion. The galvanizing onthe girders has a classc bright spangled appeaance



Metalli zed with Top Coat

Lyme, CT; Whipperwill over I-95 1996

The structure is an overpass sippating light vehicular traffic
over the busily traveled I-95. The bridge was originally painted with
alead pigmented alkyd coating system. It was removed by abrasive
blast cleaning to SSRC-SP 10 degreeof cleanliness. This overpass
bridge has a poor appearance (See Figure 15.) Threeother nearby
metalli zed bridges have a similar appeaance Aesthetic related
observations foll ow:

Rough surfacetexture accumulates airborne cntaminates,
which causes blotches of dark discoloration. All four

overpassbridgesin the Lyme aeawith this coating system
have asimilar poar appearance. Areas of rough texture ge | Figure 15. Appearancenot uniform.
diredly related to the technique used by the metallizing
applicator. Spray patterns in the metalli zing are dealy visible.

Corrosion was observed onthe beaings over some piers.

DISCUSSION

The purpose of this dudy was to determine the adual servicelife of some commonly used bridge
coating systems. Service life was determined by examining the @mndtion d coating systems that had at least 15
yeas of “real world exposure” on kridges. Few of the bridge matingsin this gudy had reached their pradicd
life span, which is defined as 5 to 10% coating breakdown and corrosion. If the @ating system on a particular
bridge still had na reached its srvicelife, then the remaining years of servicewere estimated. The estimate
was based onthe amourt of coating degradation and the experience of the estimator.

Zinc-Rich Epoxy Primer — Epoxy Intermediate — Acryli c Urethane Finish (Field Appli ed)

The performance of this coating system, which has been adopted for repainting existing bridge
structures by the Northeast State Highway Departments, was evaluated onfive bridgesin Conredicut. Four of
the bridges evaluated were relatively small overpass sructures; one was wide enough to creae atunrel-like
underpassand two were large twin multi-span structures. Actual performance of the wating system on eadh
structure appeasin Graph 1. Baseline estimated life span published by Brevoort is also graphed. Overall, the
field applied coating system that used an epoxy zinc-rich primer performed 10to 20% better than the projeded
life.
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Inorganic Zinc Primer — Epoxy Intermediate — Urethane Finish (Shop Appli ed)

The performance of this coating system, which has been adopted for new bridge @nstruction by the
Northeast State Highway Departments, was evaluated ontwo kridgesin Conredicut andthreein Maine.
Performance in Maine was very good. (See values of 30 yearsin Graph 1and Table 1). Performancein
Conredicut was mixed; the aating system on ore bridge performed much worse than another bridge, which
was located onthe same roadway only afew hundred feet away and had anea identical design. The relative
differencein performance within Connedicut was aimost certainly caused by poa contractor workmanship
isaues. The breakthrough corrosion accurring on the underside of al girders of one bridge is consistent with
insufficient surface preparation a insufficient coating thicknessor both. For thisreason, noconclusions can be
made on the rel ative performance of this particular shop applied system in Conredicut as compared to the
similar field applied system that uses an epoxy zinc-rich primer.

The @ntrast in the performance of the shop appli ed coating system on the two Connedicut bridges as
compared to the threeMaine bridges could be explained in part by differencesin service environment, though
the Harrington Bridge is in a semi-coastal environment. It isjust aslikely that the quality of contrador
workmanship is resporsible for relative diff erences in coating system performance, espedally considering the
extensive breathrough corrosion accurring on ane Conredicut bridge that has only 15 years of exposure. The
relatively poa performance on the two Connedicut bridges would sean to underscore the importance of a
guality plan that monitors the Contrador’ s work activities for compliance with the projed spedfications.



State highway departments are more likely to use resources for full time quality assurancewhen alarge
bridge structure is painted rather than for small er overpass $ructures. This may this explain why the best
overall coating performancefor the field applied zinc-rich coating systems was achieved onthe large multi-span
twin structures that suppat 1-84 traffic through a sedion o Hartford.

Alkyd — 3Coat System

The two bridges surveyed were large multi-span structures that crossed ariver and suppated an
interstate highway. The ating systems on bdh bridges are peding. However, coating breakdown is lessthan
2% of the surface aea and thereislittl e awrrosion. Therefore, coating maintenance uld be postponed 5to 10
yeas. Nevertheless prompt maintenance ®ating repairs could save the primer and revent the onset of rusting.

Aside from locdized areas of peding, this system performed essentially as well as the field applied three
coat system that employs an epoxy zinc-rich primer. It also substantially outperformed the projeded estimated
life of 9 years pulished by Brevoort. The 9-year life projedionis probably not based ona wating system that
Is pigmented with lead based pigments, which are contained in the catings onthetwo bridgesin this survey.

Metalli zing with Acrylic Urethane Finish

Four overpassbridges on the I-95 corridor in Lyme were surveyed. The condition d the mating system
was similar onall bridges. The only areas of corrosion nded were on the base of the beaing plates on pers.
Corrosionis undercutting the metalli zing where the beaing meets the concrete. With the exception d the
beaing plates, it is likely the coating system on these bridges will meé or exceal the minimum predicted
servicelife of 22 years.

If aesthetic gopearanceis of significant importance, then this coating system is performing poorly. (See
Figure 15) The rough surface texture causes the bridge to have avery soil ed appeaance because it
acamulates airborne contaminants. Surfaceroughnesswas caused by applicaor tedhnique.

Galvanizing

All four of the galvanized bridge structures exhibited nocorrosion groblems, in spite of the fad that one
of the structures was 36 yeasold. Clealy, this system provided superior corrosion protection when compared
to any of the paint systems. However, the largest structure had a very poor appearance It was caused by spot
touchupwith agray coating that creaed a spotted leopard eff ect and inconsistency in the galvanizing process
caused some membersto be much browner than others. From a distance, the brown areas had a soiled
appeaance. (SeeFigure 14)

REFERENCES

@ G. H. Brevoort, M. MeLampy, K. Shields, “Updated Protedive Coating Costs, Products, and Service
Life,” CORROSION 96, The NACE International Annual Conference and Expasition, Paper No. 477.



