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Awirde ety lo\;~ SO~V~H11t~co~taiITrTIn9lcoathlg systems for steel bridges. 
were evaluated bY'varicms laboratQrY test m~thodsaE1dthe results.were 
tlOmp@\lf'edtheresults of duplicate systemseJ{posed at Sea Isle eny, I~ew 
Jerseyo' Jheamount of volatile organit compounds (VOCs)in eadllof the 

, tOatiflg syst~ms seletted forthh stw:iy lrJasless thalfil34!l gIL comb; 
freeze~ uHravi 01 et~c(.mdensati on ,@lnd sa Itphnspol1uta!1t flOg/dry (Prohesi on) 
test was fOliltlid geulerate a much more promhhng iperformalfilce trend when 
compared to t.heol!ltdoor exposl!lrethan did salt';'fog t~st ,and Prohes1on test 

. @lolTleo' Method cm"relati 'were edby@statisl~cal analysis. 

low~VOC -b@seol zi en jmrethane/polyurethane i 
systems showed super:ior performance. The epoxy mastic system @nd the epoxy· 
Jret~al1~ mast k system deve'lojped sed ous lIl'ldercutfi rB9JS at the scrHJE! a The 
waterborne a:cryH c an,d waterborne acryH cejpoxy syst_em,s di dnot protect steel 
effectively @m1they bl i~tered rajpidly Une sCldbeo .'. WSlteri:»ornrevi 
blistered badl em the panel swrface i R1 all the ·l?lborat«lry tests, 

.' [p!erformed fa~ y '0'1e11 after 28 . of outdoor expo{ureo .. •. 

2. INTRODUCTION 

The tt S .~nvi ronmenta l' Protect i Oli1 AgeU'lcy is m;:uld@ti ng .il let 1 fmi t [lln the 
amount of \Yol ati 1 e organtc compou~d£ (VOes ) all oW,eo', n .ardd tectura 1 ami 
1ndustri 'maintenanlee coatings. ~he rule d~yelopmentfor the vae contents is 
currently, at the fhlals~age. and ~the sroon~to,be anm:mnced rulewH l' enforce a 
1 red~~cti((Jn in voe conteruts steps~l1the,year~ 1995~ 2 ()OCfs and 2004.· 

: i~ reliabl~atcel l©lbor©ltory te~t' metnr»o1 predi hlgfl' d p~Hf'formanlee 
canddurabi1ityof the low-VOCcoatii19 systems forbridgecr»atings is. 
~mperati -nIT'll order to elilsure cOJst-:effeC't'h~mess ((Jf ~~ewlyformul ated coatings 
an~ to meeta' short deadlim~. Salt-f(l)gtesting~. asdeltneateOlin ASTM, .' 

. (ArriericIVl Sodety for Testi Materh,lsr methodB1l7 s d0J2s accurately 
predict thefleld perfOJrmance [llf m~my of the,m~w\gell1Bric 'iowoo:VOC systems. An 
~IT1chusioViOf a dry cycle fnthe cOiwentimHllwet salt-fOg) test (made by 
Timmins, 'Sh2rwOJod, lyol1 and Guest.~ and Jacks.on) had aVOJi'ded;unrealistlc 
fanIJ1Tf'esoH~) Wl'len@dry cYlele~ lQ1OJlllJ1tal1ts, and ~11travi<1J!let{UV)/conden£ rem 

. (QUV) exposu~e were~ incorporated into thesa-lt.-fog cycle, ilA 'EVEN. BETTER~u 
correh,timl i:Jith field e}{lQ1oslJ1ire ',iiilS obtailTled by Simpsml' et ~J 0 {5)' Ciumg and 
Peart added a freeze cycle to a salt-Jog expOSUf'B and this cyclic test~lf1J 
conjuctiol1 withaUV/condel1sationtest;has resulted 1n perform~Juce ranldngs 
similar totnat obtained by an outdoor weatherirlg of,15 coating systems for 
steel brfdge~.(6)Freezing is an i~pDrtant part of the weather cycle in cold 
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c'limates; the volume eJ{pal'lsiofil of water absorbed @ co@'tiflg @t freezing 
tempelratrJres r!E!su]ts ~n ':£iglfl~f'l mechaurrh:@l·ij~tresses be~n9J [ill-Bleed ort the 
coating systems. It 1£ of interest to determine the effect of the addition of 
& freelill1g cycle to thecoml.rinedlwet/dlry/QUV regimeil em its abiHty to pred1ct , 
field perfOrmaJICI~L T(!j) resoh,e Uris qM~stHm? a combined cycle of freeze~ QUV T " 

and salt plus pollutant fog/dry (Proi1esion test) was employed to el\iallBate a 
I'illLimbelr !]f high~sol ids il'lioi w©lten"·,based coating systems for steel dlges, nue 
resUl ts were compared th ttwse OlbtZl i ned by sal t~ fog ~moi PrOlhes il:m eJ{J:lOslBres 
a hli1e 0 The 15~ a~d 2S-m(mt~ outdomr exposure ';reslL!l ts of t~ese coati lrig systems 
at a marine emrirornmernt sHe were used for dletermhrhllg which of the ' , 
accelerated laboratory methods was most reliable fOlr preoilcting coatii1g 
perf(Q)rm©ln1lCe for steel bridges. Pi Ht~ca~ technique was; empl to 
compare the tej~ methods. ' 

The coating performance data developed in the study t'iill be Ulsed to provide a 
guideline for the select10ln of durable low-Vat coatingsfOlr protecting steel 
bridgeso 

:3 0 !EXPERIMENTAL PROCEDURES 

The coating systems _are bed ntable 10 1ng sy:£tems 
eval uated in this study were water-based systems OlY acryHc~ acrylk 'epoxy ~ 
lfiorganlc lil'lc potassium siHcate~ 'tinyl~al'ldllii1c-rlth epoxy, alid solvel'lt
based systems ~f calcium sulfor!ate/©llkyd~ high- ids epoxY9 I"TIWH>rich 
po 1 yu.rethanes: ~ epoxy mast i cs ,epoxy Yret~ai'le mast 'Ii , and 1 01111-'10(; epoxy, A 11 

t~e tested cOlat~ng sy~tems cfJl'ltain 1fOC of le~s 3~I!] gIL. 
All coatiUlgs were 'applied 0l1'1 SSPC SP-5 (blast ite) steel p'aneh. A S.l-em 
(2-tn) diagonal scribe was maoiB on the face of the test panels study 
blister @nd .rust creepage from the scribeo ' 

T~ree 'aceel erated 1 ab((]jrattiryexpo~mres were used. to evahlate the candidate 
coating systems: These tesh are~s fa 1 

ao t~fog 
Americail Soti~ty yor TestiU1gand Ma,terials (ASTM 'EH17). 

Do ProtiesiOlf! ~ l~h (ho!.!r) wet/l-h dry cycle. 
~Jet cyd e: Harri son mixture of CL35 pereentammol1i urn sul fate and 

0,05 percent sOld1umchlgride. Thacolleeted 
cOlnoiensate has a pH Olf S.p. 

Dry cyd e: forced-ai rpurgi I1g (6.8 m /h) . 

Co Cyd ic Freele/QUV/Prohesion =70·,h freele/21!S~h Q!J\f/215~h 

freeze temperature~ 
QUV~UV/Coildensat'ion test 

Test eYtle~ 4-h -~ 
UV 1 amp ~ UVA-340 ' 
UV temperature~ 60 °c 

Prohesi on " eye 1 e. 
(~],O OF) 
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CDnden~at1on temperature: 40°C 
Prohes1on: same as test aboye. 

One set of panels. w@s also exposed. outdoors at Sea Isle City, New Jersey, I. 
maritleexposmre siteo AU tile test panels were placed at a 45, degree angle on 
woodenr~v::ks9 faci~g directly 'SDUUIlo Each panel was sprayed three times daily 
t;sith SEHJLwater (pH "" 107~ specifk gravity at 1506@C -", L(21)0 . 

lhe exposure of most of the salt-fog test parnels was terminatedaftelt,tL4 mm 
(0.25 in) of creepage at the scribe occurred (a general standard criterion for 
~r pass or faHdassific,atiDI1)o A few panels were exposed,for a l«:»nger time 
Q.ue to their peculiar f~nur.e modes to obtainaddUicmal ilf1formatiolf'l .•. The· 
Prohesi ClWl tests ami th~ tycl h::' freeze/QUV/Pro~~esi on tests. were cOllductlCd for a . 
full period of 3~{ilOO'hmjrs for an the coaMilg 'systems;Uris 10l1g exposure 
time was essential because Doth of these testslW'1c1iJlded a dry ,cycle that 
resulted in a reduced failillrerate when compared to the salt-fog resultso The 
additionall sets «Jf datapointsobt(idril~d for the later two testst~erE~ highly 
Iberuefichll ifi'i c«Jrnparing test methods usirng a lhuear regression aliialysho . 
An the tests were carried Oill't 111' dupHcate to erisure statistical reliability 
and the reSl!1ts presented are al'1l average of the data from the: two pam~ 1 s. 

3030 Evaluation Methods 

, The accelerated testpanelswe~~e examiliied every 500 hotllrs to record their 
fai1iJre modes affidto study .the rate of deterioration .. Evah.!atiol'l criteria 
were blisterh'ng~n!sting~ ami.creepages at scribe. ilegreeof blistering was· . 
evaluated ,by ASTM method D114, Stllrface failures (unscribed areQl) and 

. creepages at scribe ~fere rated irr-uaccordal1ce th ASJM method Dl6540 . To 
1mpr«:n!eaccijracy~ a.grid of.6~~-mm (1/4-in), instead of 1207''rnm U/2~iEill, . 
squares; was ijsed for measuri ngsurface fail Url:L CV'eepages were measured i 11 
mi '11 imeters' to the accuracy. of' 0.5 rom. 

~o RESULTS tUm DISCUSSION 

T~f} types Qf coat i 119 f4?j lures ~!erei nvest igated j n tMs study, p 1.iwle= surface 
fa n IJfe ai1d $)Clr-n!be failure 0 

The plane falluresare summari:zed in Table 2~· Several ccat~ll1g systems 
exh i bitedp 1 ~ne fa n !jfes 0 Thec11l1 ciumsulfonate/al kyd system cleve loped 
tOpCOilt del amlriat ~ on in @.11ca~es The ~Ja.tell'born~ vi l1yl. system bH stered 
'se"ferely i,rB ~11hJjoratOlry tests~'lot.Etdidtrlot sh!llwaray phmefaihilre after the 
28 mont~ outdoor' ~xposm"e~ Ulelftateir=basediliurrganit-zinc. potas'sh!m . 
silicate/acryHc/acryUcsystembHstered badly after· 500 hours ,of the salt-

. fog test; however the:z i flC pri merrema i !'lied in good c(mdlt i mll 0 -Two epoxy 
mastk systems developed extens,hre tlfiderfllm c(lrrosio~ in the salt~fog test~ a 
coruditilDlUlJ th~tlfJaS E1CJtdupl icated iF] oth~r test regirnelii$' @r in the 28-rnonth .• 
marille :expos~re. . , '" K. 

All@f th~ c@atil1g systems developed cre~pa~ie or. ct.Etba·ck &ltthe scri except 
the cal dum::ml fmlate/a 1 ~ydsystem and several coati i19 systems cOliltalrd ngzi riC 
primers. The creepages produced by various coating systems fromdiffertl;mt 



.. 

exposure methods are: plotted in figure 10 Some notable changes at the scri 
are deseri bed here. The waterborne aeryl i c, sol vemt-based' zinc-rich' 

· . YlJret!'1arrue/Walter-bOline [pJO 1 . IPO 1 yuretnane ~epl5lxYillrethaTIiie 
mastic~ affld water--based zirlC:-rich epoxy/acr-ylic/acryl ie exhibited exbmsh/e 

,t;reePlage at SCr-iilr1 the s@,lt~fog test. The Pr-ohesi(l)Oil test ,cs@!V12lrE! 
scri be fail ure after 1 ~ 000 hours for the waterborne acryl i c epoxy@mdl the 

· stllv#ent-based low~YOC epoxy/acryHc modi fie~.elPoxy systems 0 .Oyeral1~ tile 
cyclic freeze/QUV/Prohesicm eX[pJosulte appears to 91 the closest -performam:e 

· cor-relation to the Dutdoor- exposure in terms of degree, of cr-eepage. In . 
glEH1etr~al ~.. ,f'cesemblam:e to thiE'l outdODif' -i£; 1111 the deCre©lSh1igDrde~~' 
cyclic freeze/QUY/Prohesion> Prohesimn > sa1t;"fog. The Tine plot of the 
salt~fog resul ts (fi gure 1) showed an _extremely 01 fferentpattern as compa~~ed 

· te] the cyc1 i c fr_eeze/QUV /Prohes i on and the outdoor exposure resul ts 0 . 

IL2. ~omlQJari SOfLpf ~erfDrma!1Ce r31t i !ilgs 

j1~ rating system for an overall performance was Bstablhheril fm"-theclndidate 
coating systems; it is based on summing theratingsforsurf~cefanure 
(unscribed,area) and scribe creepiige(ASIM Dl654)~resulting hi "~2(rU a5the 
best possible Dyer-all' rating (In each of the individual rating systems~WIDw 
indicates perfect performance and IID i9 indicates totalfai 1 Uir-eL Using t~i s 
meth((]d 9 the rat i ng rresul ts for II the 1 aboratory tests arrnd trne Hi-mont~ B:£ 
well as the2S-month outdoor exposures are presented in table' 30 ,A rating for 
lmscri bed area covers bothb H steri ng and rust i i1g em the ph,mr am:l.haVi:H'~Y 
logical method to use because little rusting was found on most of these 
coati systems. " -

· Ana:ttempt was made tocah:ulaie the correlationsof peltformanceratlrrngs for' 
aH thirteen coatil1g }ystems between the outamw exposure. ,and tbeProilesim'l 
test· Dr the' cycl1 c freele/QUV/Prohes i Orr! ej{posure. The best f1 t by, least .' 
sqtiares methodpr-oduced the cDrrelation coeffidemtsshown hl tablre'.4. The 
c:;@rr~latimucoeffh::ie~ts of O.a~d \Ql.62 c1 ySrJggest th15!t ~ycHc 
freeze/QUV/Prohesi(m test rexposulte corresponds more closely. to the outdoOr 
~J{posur~ than does the other accelerated testrl3:gilll1slfU. Oti1ei'cCltrehl~ijn were 
calcllh.ted for a11 thecClat1ng systems except th'e waterbor'rr!e nyl system 
whith exhibited severe bli ster-ing in all three 1 aboratory tes~s but showed no 

,surface failure after 28 months Dutdoar • The ion of the 
watertHQ)rnevinyl system (Code NOe 12) in the 1 nearregr-essionanalysh
signif; cantly imprmfl3:s the cori"Bl ati«:H'iS'between.the 1 aboratory test results 
a~dI Uui outdoor eXfJosureresul ts.. l~e reca 1 cijJjlated ,CDrre lat; oncoeff~ t1 e\1t~ ~ 
O~~n«md ~L80~(Q)btcHned for there1 ati(mship'betweentheCycHc ". .' ' •.. 
freeze/~!JV/~r(]Uees~ mi te!:;;t t~e 15-an~ 2f2Hnm]th IDJutrcloc»r _eJ£pO£)~Bre:£ 
cornfi rm this test-' regimenprodluced fail ureres11l1 t$c1 oser tb thenatur-al : < 

martne-B~posure res11l1tsthan did theProhesion'test alone. It i~ not 
surpr-f sing thattheperfor-mance Df the ·tt~ree-coats 'waterbornev1!1yl system" 
with a minimall ,s;oH!ent content (VOC"'2/2/64g/l) showed a large discrepancy 

. between ltlblCll"atory test$ and 'n~tural marhlle . This wateromffle trDl0i 
material ·with.high h,YrophH ic character easily a_bsorbs water,anii 'does no:t . = 

allow sufficient time for water. to diffuse out under the experimental 
cOnditions established io the accelerated testers as campared:to the. ' 

'presumably .less humid and longerdryhlg ty«.:les in thenatwral ell'wirD!'lmerr!t. 
- . ' , 

T~e iOrlbetween the sa1 fog test-and iC»i!ltdlClor eX!Glosur-e a not 
be ~bta1ned for all th1rteencoating sy~tems due to somBear-~jterminatiDns of 
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the salt-fog test. However~ a cor~elation :wasattempted' between the 2,000. 
hours of salt-fog test results and the 28 month outdoor 'exposure. results for 
'the eight coating systems '(code nos. ,2, 4,5-9, ··and· 11). which had complete . 
data' points; the correlation coeffic,ient was foiindtobe.0.20. This extremely 
low v~lue strongly. suggests' :that using the s'~lt-fog test .result to pr"edict . ' 
field performance is i nappropti ate. " ' , 

'4.3., Statistical Analysis 

Add'i t i onal statist i cal' ,anal ysis w:as' i carri,ed out t.ostudy.the· 'vari ~t i on, of . 
results among' th~ three laboratory '.test m(!thods employed in ·thiswork •. The 
creepages' at the scribe were used 'for the ,'analysis 'because'they are more 
accurate than the percentage· Qf surfac'e failures in terms, of measurements •. 

, Eight coating systems" (code nos. 2, 4~9, and 11) yielded a compl eteset. of 
'scribe creepage results from 500 to 2, 000 hours for. a llthre~test methods. 
,These data were evaluated by an analysis of variance as .shown 1.n table 5. (7) 

The analysis was conducted ,as a 2-way factorial design in which 'one 'of the 
factors is method of test i ng . (3 IDetllods) and the other factor is type 'Of. 
coating (8 types) with 8 measurements for,eaFh o~the,24 combinations. 

, . i' ,. .' 

,The statisticalresul~.sof show low probabilities (0.09 and 0.'o6lor obtaining 
the reported F-ratio values: in tableS;, this indicates reveal sthat all three, 
tests and coatings have,statistically sjgriificant 'difference at,theJO~percent, 
1 eve 1. .In other, words, ·di fferent<l aboratory exposure .. methods generated '. 
different amounts of creepage at: the ,scribe as did ·different coating systems,; 

'In fact; the actual difference' iSlJluch'bigg~r ,than that presented.here because 
the extremely severe· creep ages developed:for the watetborneacrylfc(code no. 

i3) and the water-based zinc-rich.epoxy/acryl icjacryl'ic(code 'no:~ J3) and the 
, creepage of the waterborne vinyl system were not included in the analysis due 

.. to thei~ earl iertermination inthesalt"'fo"g'ie~t. . 

To distinguish the degree of failure by.each test method, the mean ·creepage· at 
th,e scribes at expo.sed times of-O, .500, 1,900, -:1;,500, and:2,000 hours is 
plotted in Figure 2 .• , The, extent of: creepage for the s~lt~fog test and the 

'Prohesiontest are similar up to 1,500 hOl:1r$;abmie.l,~OO hours, the salt-fog 
. test caused larger creepa,ge~han d'; d ,the Prohes; on test! " Thecyc 1 i c', . . . 
'freeze/QUV/Prohesion test. produced the: leas:t, amount of scribe creepage 'among . 

' ... all three test ~ethods. The·differen~es.Jn:methods and',coating systems, can 
also be seen in tblj! plot~of averagesforscri~e cre,epage using three methods 
(figure '3). . . .... , 

. 5. SUMMARY AND CONCLUSIONS 
. ' , ". 

• The cyclic freeze/QUV/Prohesionatc~le'ratedtest evaluated in'th1s study 
generated ,a failure trend closest to the, 28-month outdoor exposure' results 

. when, compared to the" salt~fog test and the Prohes:ton te~t. . . . . . 

.• Thestatistic~l analysis "showed'large" differen,ces 'betweenihe'coating 
systems and ,between ;the test i ng ~ methods .. ' '. '.' .. 

• Among th-e :13 coating systems,the solvent-based :zinc,:,:rich . 
polyurethane/polyuretharie/polyurethane.(VOC = 336'g/l) performed the best. 
In general , . the performance of three zinc-rich polyurethane systems are·· 
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rly laY', ~XCl8pt .tU'le lowest-VOC toatiu"lg system thl8 
waterborR'le topcoat (VOe = 24 gil) e}{~rl ted 'seVelte tOKJCoat IbH steT' fig at 
the scribe thout the undercuto ' 

o The zinc~ eh primers with water-based topcoats did not undercut or rust 
the scri ,but exbibited topcoat blisters at the panel surface~ 
systems inch1!de the l:Psater-based inorgard«:: zint/acryl ic/acryl ic~ the water-, 
basedlirnt~rich l2po}{y/acrylic/acryl ic, ,and the sohf~mt-based zinc-rith 
pol yureth@uiue/-waterborne pal yijjretlh~dJ1e/watef"!tlOrne pol yureUuane 0 " lin 

'cmlcllll£i]on, the majDrity ll)f,thewater':based topcoats tested a 
tendency toblister,regardles£ «)f whether the zilrnc-rich primer is solvemt 
or water-based~The results' f1 that thez1nc~ primers protected, 
~teel frrom rust i 1'19 and Lmderc,utt 1119 even Ul(mg~ topcoat 101 i sterli 
occurred. . 

.. The t'\laterh.<?rne vinyl Slystems htered badly panel surfaces hn a11 , 
three 1 aboratory tests, but !'Hd mot shQwsuch fan ures after the 28-month 
outdoor e}{posure. 

@ Ihe epoxy mastic systems undercut severely at~he scribe·after all 
threelabo.ratory tests.· The vent-basted high- id e\ODxy system was 

1rly corrosion-resi I but·was prone to'UV .ttack. The 
sol vent--based low-vae epoxy/aeryl ire modified' epoxy systemperformedi the 
worst and developed severe imdierrcutt i . 

.. .Both thewaterlborneacryl i c system and the waterborne aeryl i c epoxy system 
did.not 1 and exh'ibi sev,ere ~«:;ribe CU"eepageo ' 

.. The cal,eil.lm suifcmai:'ejalkyd system did ilOtdevelop !Uldercl.ltthig, 
experienced ive topco~t am1 On. 

60 , REFERENCES 

, (71) 
• ,~ 0 

,( 4 ~ • 

F. [L mm1m;;~ !!Avoiding ~(H Failures bY ion 9 u'JOCCA 9 o 62 
. 4, 1979,p. -135. 

A; LSinensooa ~i'the [Jroteet i ml ofStee lwork Jilg@1l nst Atmospheric 
PeH utirtm,' 2--:NatiLlral Weathering lall]oratory Wi!' i 
Researrch Assm:iation~ Technical Report.,8-SJ,? Teddington, Mi 
U .K. ~. De(cember 1981. 

S~B. lyoriand i~. Gwest;"Wet-Dry Hi 
, Corr()si on, by Orgardc C@at 

Sal t-Spray i h1g ,Ii Advances 
~,,' IElectrochemi 

,Socii yolo 89-13. 1989, p.129. 

lMl. A. Jackson~ ~deHm~s to Form!'fhrtioh'lof Water~i3orne' Epoxy Primers: 
An Evaluation of Anti-CorrDsive P1gments,~ I Vol. 7, Noo 4,' 1 
1990; p. 

83 



, (6). 

Testing of Industri Maintenance Pai Using a 'CycHc Carros-ion 
Weathering Method,UU JPCL~ 0 8~ 1'10.5 9 May 1991 y p. 28. 

. . 

S~L Chon9/,and John Peart 9, EVlduaticm of 1atfOrganic _Compound 
(VOC}~Compatible High-SoUds Coating Systems for Steel Bridges~ Repollrt 
no. FHWA..;RD-91-054~Federal Highway Admirristration 9 Washington~DC~ 
August 199h' 34 pp. " . 

• Wilfrid J.Dixoliial1ld FrankJ. Massey~- Jr. ~ Irntroduct Statistical 
AnaJysis, McGraw-IUn Book Company, Inc.,' New Vark~ 195L 

\ . 

84 



e L ClJlatiuug 

~rideNo. De:scri~tilJlru 

1 SolveTI1t-b©l~ed Calcium SulflJlnate/A1kyd 9 , 

, " " ' 2 coats 
2: ,SolvE!:rIt,-b@sE!d High,~sol ids Epoxy 
3 WaterbornE! Acrylic, 3 coats' 
4 Waterbcrne Acrylic Epoxy, :3 cKlats 
5 Solveilt-based lirnc-richPolyurethane/ 

Polyureth@!1u!/Polywrethai1e 
6) SolvE!ilt-baseol lim:-rh::h Polyurethane/ 

Pofyuretll;;me/Polyurethane' . <> 

7 SGJlv~mt=based Zinc~rich Polyi,lretham~/ 
Waterborne PGJlyurethane/Watertmrne 
PGJlyurethane ' 

8 Solvent=Qased Epo){y Mastic/Polyurethane 
9 SGJlvei1t=based Epo}(y Urethane Mastic/ " 

,. ' ,Polyurethane' 
,Water-basedhmrgai1ic Zinc PotasshllmSilicate/ ' 

Water-based Acrylic/Water-based Acrylic 
11 SOhrE!illt=based low=\ifOC Epoxy/AcryHc Mmnfl~d Epoxy 
12 . Waterborne Vinyl, 3 coats 

13 W~ter-based Zim>rich Epo){y/Acryiit/AtryHc .. 
, , 

VO~,J.gL~ 

. 216/288 

180 
132/109/109 
134/133/133 

.336/336/336 

33612Sq/250 

336/24/24 

84/288 
321/288 

0/237/241 

308/282 
2/2/64 .. 

86/230/230 

i---------~-~-~=--~-~-------------~-------=------------------~-~--~~--~-----~-
120 "" 1 lb/gay 

/ 
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lab·~ ts of plane 1~ltes;o 

Codei\l((L SQl~t-Fog . Prones iliplfu 28-m Outdoor 

1 or~J'i! . .1 TO TD TD TO 
" 500 h 

2 
3 -

1,000 h 
4 .-
5 
6 
'1 8VF~ .. p 8VF 

29~[)0 h 
8 IBM 

"9 ~~ 
29 000 h 

10 . 2F&6M . IVF 
500·h 

n 
2,500 h 

12 6M SMD 4M 
500 h 

13 -5D .-
JL h 

------------~--------~-----------~------~--------~~--------------------~-
it rreeze/QUV/ProhesioU1 

delcB:.mination . 
[JJ1l4, Evaluat~ Dlf B1 i steri ng . 
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Table 3. Comparison of.ratings in various ~xposures. 

Code No. 

1 
_ 2: 
3 
4-

'5 
'6 

7 
8 
9 
10 
H 
12 
13 

Salt-fog 
3~OOO~ 

10' 
14-
122 
H] 

16 
l~ 
9 
If 
6 
161 

I3l 

1~1 
9 

i21ro~es i Of! 
3&00 h _,~ 

10 
14 
15 
13 
15 
15 
15 
14 
14 
15 
12 
I 
12 

FQP 15 M(mths 28 Months 
~OOOJ! Q,.utdoor Outdoor 

10 HJ 10 
15 19 Hi 
14 14 14 
13 15 13 
19 20 20 
17 20 20 
11 -19 19 
15 15 14 
16 15' 13 
17 16 13 
13 12 11 
11 20 11 
15 18 16 

-------------~-------------------------------~------------~-----------------
1 500 h . 
62 1,1000 11 
3 

2~5QJOh 
~ 

2~OOO !h :; 
1~5100 h 

M~~th ~~tdoor ~xpo~ur~ 
28 Month outdoor exposure 

b 0 For 12 coati og syst~ms1 

·15 Month outdoor exposure 
Month exposure' 

. 

Prones i ore !:Kl :i c freeze/gill\! /Prohes i O!ll 

((L14 
0.21 . 

o. 
CL65 

ij.S5 
(1062 

"0.81 . 
{l~8Q 

.,' . . 

------~---------------------------------------------~-------~---~~--------
ng the waterb~r~e, 
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Table 50 Analysis of ance: salt~fog, Pronesioi1;cf1idcydic 
freeze/QlW/P!l.olles i [jill e}'{posures for sCY'i be creepage. . 

Comjlonelill Sum of SOIUl©lt"BS df Mean _Sgua~ F~I~ti(] P-val[ijB 

223.7/'5/1 2 HI. 20323 [5009 
Coati!1g 666.912 1 9~L282 1 .. 918 \L06 
Residual -1633.019 182 48.170 

Total 25230148 , 191 
-~----------------------------------------------------------------------------
df = Degree cf freedom. 
f- OJ '" Fi£~ler F-,raticL 
P"-value= Probability of obtailri a reported F-ratio vahie .. 

3CJ 

25 

20 

, 1I S~!t-Fog 

I iii 3,OOOlh ProheSioBl 
I .' I ~ 3.000 h Freeze/QUVlPronesioBl 

1lJ8 28 mOUtOOor ExpoSiJlCJ8 . 

gure 1. Comparismili of creepage for t-fog expOSlUlre, Prohesion.8xposlJre, 
cycHc freeze/QUV/Prohesion exposure; 28,rroonth outddormarine expDsureo 
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figure 2. 

6.35mm 

• Salt-~og 

* . Prohesion 

I FreezeJQUVlProhesion 

500 1000 1500 2000 ..... 

Time, Hours 

Mean creepage of exposure time of 500, },OOO, 1,500; and 2,000 hfor 
eight coating systems after, salt-fog test, Prohesion test, and·cycl ic " 

,freeze/QUV/Prohesion test. -

. 25 

20 

II Salt-Fag 

• Proheskln . 

~ FreezeJOUV/Pr:ohesion', 

-. ; 

1 
. Mean Cr~page. 

"mm' 

'Coating COde No.- . 
11' 

"Freeze/OUv/Prohesion ' 
Prot1esion 

. Salt~Fog 

figure.3 ..Platof mean cr~epage of ei ght coat i ng' systems vs. expo.sure· ti me ': for 
salt~fog test, Prohes'ion test, and eyel ic freeie/QUV/Proh~'sion tesL 
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