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A

INTRODUCTION

Many field activities of the Naval Shore Establishment have found
that airfield runway markings and the asphaltic substrdte deteriorate rapidly.
Studies conducted at the U.S. Naval Civil Engineering Laboratory (NCEL)1" 3

have indicated that flexibility is a prerequisite for good field performance of
airfield marking paints.

A method for measuring the flexibility of airfield runway marking
paints is given in Federal Specification TT-P-85b. This specification requires
that the paint on a tu.. panel neither crack nor flaka after bending 180 degrees
around a 1/2-inch-diameter cylindrical mandrel, evidence of cracking or
flaking from the thin metal panel constitutes failure. Thus, 'est results are
reported as either "conformed" or "failed." The results of such flexibility
tests of ten experimental air field runway marking paints from previous
studies t 3 are shown on line 1 of Table 1. It shows that paints 7 and 8 met
the qualitative requirement, whereas paints 1, 2, 3, 4, 5, 6. 9, and 10 did not.

It is much more desirable in coating research to have objective and
quantitative data rather than just a "conformed" oi "failed" notation. Test
methods for obtaining quantitative data are described in ASTM Standard
D522-60 and in Federal Test Mepiod Standard (FTMS) No. 141, Method
6222. Both u,!" a conical rather than a cylindrical mandrel in the bend test,
so that the diameter of the mandrel at which no cracking occurs can b,2
measured. The flexibility of paint films determinq I by these procedures is
expressed in terms of percent elongation of th; film. Either test method is
satisfactory for routine quality testing, but each has limitations for u.v in
coating research. The meaburable range of paint-film elongation using these
methods is only from approximately 2 to 8%, depending upon the thickness
of the paint film on the panel used as a substrate.

Examples of test results obtained by FTMS No. 141. Method 6222,
are given on line 2 of Table 1. It can be seen that only paints 6, 7. 8, and 9
had values in the measurable rane of this method, whereas paints 1, 2, 3. 4.
5. and 10 had values lss thdn thu lower limit, dnd their dtlal percert

elongation could not be determrinetd. The rmeisuretnents w,'rer rtia(Ie in
triplicate, and the precision of the results is 1ilustraled in Table 2. Line ,3
of Table 1 shows data obtined tJsi , a fr•e-film methiod of determninirg
paint flexihility. This method is believed to be more precise and will he

described later.



Table I P&,,,l.F.!. ~Inh Fxb~t:t, gri.ereit Eignet #on i Detawmined by Various Tega Methods

TAverage Paint Semolep No.
Tait Film"

Method Thtckrieb 11 6 7 10

TTP4b 4.2 F F F itF F C C P P

No 141 6.5 (2.46 <2.44 <2.37 (2.62 <2.24 6.47.1/ 7.52LS 6.70 .0 <2.33

(Gardner
Ap Aparatus 7.6 1.28 0.62 0.62 1.00 0.6 6.1 3.08 6504 5.06 1.00

NOTE. F moeans fIaIWh to t~rimli qualitative requirirement.
C Mean Contormaid to qualitative iliureqirement.
( Indicats Nao than minivinmum uraWs5tt~ percet e@ttptiort "O*n

J~No crac'insgor fia&insg*I 112-Inch RWKn"a

Table 2. Analysis of Flexibility IPurCent Eio0nW10in) Date Obtein by
FTMS No. 141. Method 6222

Average Limit at 95% Estimated Coeffliel"It/
N. Eloriation Confidenc Standard of VariationNo. WInterval Oevition (%)

1 4 2.48;ý.1

2 9 2-"

3 <2.37

4 42.63

6 .67 :t0.430 0.173 243

7 7.62 10 103 0.416 6.63

86.70 10.74 0.300 4.46

<: 676 10103 0416 b.15

10 1233

I/ Averopefilm thliki'4eu11 66fl.i
ii (ndiates kmu mian minimum" nwmemrabis valueohown.

indieSM a veile could not be determined

A measure of relative ditiersio., about the nimpie "mean,



Past i'pre ncui dit.jtvs lltht th(ru at#- a rio rniber of paIints wleost

elonejaioun is Uri atecr there 8%. is vv ll as of I I I nII 'r ofp~il)IIIs whosc Io f lr.It IQt'II

is less thanr 2%. AIlo. tlccru an( a eiecntwitit pmlts whicie failtopfrlm

of a ty ietinfr and its sitof coiling fot Irlols 10 li'. ls artn it tee ItO td.r~bk 1 1 till- tu url .n

sciu ofas upwaricl. finit', bu fwitstui 'd mo clre cp s ~hi~ire'-sl t( Il i fjci'dti'i rany ltj~ -s

avahlrt by Iic ve aidrip isadiriijd upwards (t a rat'uf ithe if.). ir .3U ;iiclcFee

ntrtchin that films ,3r'~id thesi data to wit ;j i the' trier Liarni Fs fiTMeNo. 14he

Apparccattus d~~c h'aprtu estocl~ruu prcejerete ia

lrarles. Thu alirmted wpa%.J rovtnde tilde adata fej LiAIe'eneureeIM .,' ROte J

Marryjlan .i t f nhic ens berre rl'ded ftr diuneqrteorc titenil t iyh I'l .1e1d 4-,e1eede'

rlicithe of flhdtu ill f ttij ifirlt 111,11tW1,11%, sI Ilplcýtpl. film.i du( kit it)niiveelete Iiitul'

JSI/I rc .15 expati. d1 otn' o( iiw it r 1~ r , w 1 l

dol ) ot 1 Corl IJ1-ptitutv -arc eidos 11 rni~dU pw r itt of 1 6ir 11fee e it-( 1ec 1, r -'j.lot ;ie'c i ceti I

thee' ntdrkL' o ca a l rfitl pcnforrit) e 10 ',.llie it' irekulr r1idreeec 1 ic L- leafier is Ilree led,1

toe'r Itf i a c e som ariso % Tf utitýd p rtjsIw tv vtniqes itd re I ffortdt iets ur i c,ce t e le1st ) 11

olhung leoidi ts tha to 0 qrieu l h nd t'eilt- ehi'(le' indforeierqtl'elreie l

of runth pait sapefilmsms.n~srd ~ lfgllfl i ~~f-

Prepaaton of nVISampng les 1f~~~lO I~l2flll(o~ o )tvd ,H,1.

Test felrkxit)ts l Gwere' c re ared by lie reeIl'l-o d (le deu 11"110 Il 11hrr isi orh

pas int e/eeab thoroughl rne~dorsoidinei of 11Illrpepmt oft1L, ( otir- Icielceleswheic teill

towroduc pi holparso oie th s tored f(Ume. Jndiet' Ifl 11ne.1s thr hgtcief al'Il weetg~lhc

oturpodicsth tmihib iqi~~l I~ li(J . Iliilqth-OuiqIit3



bl ii~t 1 i : (11It I-h h ijw1 -1(11 11-)1 R, by j, ittorIo -d r i o.,na t w an it -atr uq* V ý4 I~p' !ih it

whItuorll plTo 116 fill,-b !athitrte fldt dli~j d blaii# Oft adJui~tt~ilt- (t'dNdFICU.

A~fter pailiti lva,-ipplieidt, the iihotu~jiriphif sJ~uet w~in rcniuvid fomr the
ajpp Irit iri. I#:)st id *,o I f L)1 Ulaisý pi ita I Wti prevur'rI cur I'ir~, itd air( l -dried for

vvu. mi i V'I ivi-V1,11t Iidt (i o who1 Vll. the tviNIairews'aln!'iiried

1 ;If, djr:u HiltJ r wo,'ý %iripp.-J fromi theL phot igrwphioc sh~ee .)y wetlIin~g
the bd(¾ kOf 1111 shieet With WWter MoiStUre sokeu; throughb the s.hevt, and
thu dry f ilm~ was va~ily pe-elf.,d from Its skirfitue. The f ree f ilm was cull into
sitrips 20 by 120 mrni using a sharp rdiur blade. ItI is imlportant viau! the
sitrips h~e of uniform width wnd lh~ck nes$ arid f reeL of nicks along edges and
other flows which might nifect experimental tesults. Acceptable strips were
storad in a humnidity-con itrolled storage room with thp temperature main-
tairied at 70 to 8b10F at id a relative humidity of 50 ±t 2% for another 2 weeks
to assure complete curing under specific conditions b)eforv the tests were
performed.

Tesiting Procedure

Care waus taken to prevent damage to the test strips by the alliqlator
clamps of tile test apparatus by in~ivrt'ng rubber shtmes between thuir jawE.
I hie specimenis wert: fastened with, tVie claivps norinal to the dirc'ctioiii of
paill to prevent prenliatlir rupiture of the specinien amid erroneous :oeadireqs.
Most experimntatli errors in this test are dtiv it) slight variatizn in preparation
or nlioun"1111 of thle 'laurples.

Since amnbient temnperature anid huiundity probably have miar kef
influvence on) the (measurement of filly-, elongatio)n, the test sho-u Hj be con -

relaitive humidity sho-uld be recorded lit the ltrime of eac~h experitmerit if a

Controlled vrnvironment is not used.
The 4 wt.eks tOtdl curirult tlim jnel t i'nl11*0 the- Ipn'11t5 to cure' much as

IIthy would in Mo.i: tuild. The ratte of cure can be accelerated by heatifly, as
done in Specifitationi I T -P-8bb and Federal Test Method Stdrndard, No. 14 1.
but th12 meIan01015 mOf cLur ig at an elevated temnperatti me is nut the sap-tvis3
that inI the field. Thus, themc rnay be sonyie sacrifice in) accuraCY With aicel-
crated curing. If dvsired, fthe extent of this sacrificc can bc deterrilined by
CUm~parring vlongatiton values! received for paints cured for 4 weeks with those
Of thU S.1ne(iliCiitS thdt hove been heat -cured.

*Miintifat lurid by Gjtdri'rr Liburilury. OIIuIVýAld. Mar'y~ldn.
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The specimens described in this report were elongated at the rate

of 30 mm/min. The percent elongation and the loading force at the rupture
point (R. P.) are read directly from scales on the instrument. Tensile strength
is calculated as the pull in grams per square millimeter needed to rupture the
specimen. A minimum of five samples were run for each material tested. I I
one value in a set of five appeared to differ widely from the others, the sus-

pected value was temporarily ignored, and the mean average deviation of the
others were computed. If the deviation of the suspected value from the
mean of the others was more than four times their average deviation, the
suspected value was rejected. If it was not, it was retained, and a new

average value and average deviation were computed.

LABORATORY RESULTS

Double-Thickness Films

Results of elongation testing by the above method are given on line
3 of Table 1. Since thoýe elongation measurements were made on free films
rather than on films bonded to a substrate as in the two standard methods,
the results can be compared only grossly with those trom the other methods.

The results, however, clearly indicate that the free-film method has exiended
the measurable range of elongation beyond that of the conical-mandrel
method. Table 3 indicates that the precision of the free-film test method
was higher overall than that of the conical-mandrel standard method (see
"Table 2) in the range where flexibility (percent elongation) of the specimens
could be assigned quantitative values. Thet greater precision of the 4ree-tilm
method was determined statistically by the F-test. F, the ratio of ,ariances

for elongation values for samples 6. 7, 8, and 9 detet mined by the two test
methods, was 18.8. The critical value of F it the 99.9% confidence level,

3.43, was greatly exceeded, indicating a vcry highly significant increase in
precision by the free-film method. The precision of this method is greatest
with specimens having the greatest elongations. This is due to the fact ihat
erors arising from sample preparation and measurement occur more fre-

quently on specimens of low elongation.
The data analysis of tensile strength obtained with the Gardner

apparatus is given in Y"able 4. The coefficients of variation of the data
indicate that the overall precision of the tensile-strength determination may
be slightly better than that for percent eiongation.

6
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Table 3. Analysis of Flexibility (Percent Elongation) Data Obtained by

Tensile Strength. Elongation Apparatus

1 Average Limit at 95% Estimated Coefficient
Sml Elongation Confidence Standard of Variation

.(%) Interval Deviation (%)

1 1.28 ±0.103 0.063 6.53

2 0.62 ±0.161 0.130 21.03

3 0.62 ±0.135 0.109 17.66

4 1.60 ±0.124 0.100 6.25

5 0.98 ±0.135 0.109 11.17

6 5.16 ±0.110 0.089 1.73

7 3.98 ±0.t03 0.083 2.10

8 5,04 ±0.11C 0.089 1,77

9 5.06 ± 0.067 0.054 1.08
10 1,00 ±0.361 0.291 29.15

, Average film thickness 7.6 rmil.

Table 4. Analysis of Tensile-Strength Data Obtained by Tensile
Strength, Elongation Apparatus

Samplel Tensile Strength Limit at 95% Eslirnated Coefficient

at R. P. Confidence Standard of Variation
No. (gm/mm2) I nterval Deviation N

1 535.8 ±29.3 23.6 4.41
2 632.9 ±21.8 17.6 2.79
3 518.6 ±92.0 74.0 14.27

4 481.6 ±57.6 46.4 9.64
5 582.4 t27.2 21.9 3.76

6 522.0 ±16.0 12.9 2.47
7 510.0 ±34.4 27.7 5,43
8 576.3 ± 11.0 8.9 1,55

9 482.0 ± 35.6 28.7 5.96

10 644.8 ± 17.0 13.7 2.13

.j Average film thickness = 7.6 inil.

7
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Single-Thickness Films

In addition to the above experiments, paint films of the same ten
paints were prepared at one half the previously used thickness, aged for 4
weeks, and tested with the Gardner apparatus. Similar pairs of paints of
approximately the same thicknesses were tested by FTMS, No. 141, Method
6222. The tensile-strength and elongation data for both thicknesses are
presented in Tablu 5. They reveal the following general characteristics for
the films tetcd.

Summa~ry of Laboratory Experiments

1. While the load required for film rupture increased with increasing thickness,
the tensile strength of the film decreased.

2. Percent elongation to the point of rupture increased as the film thickness
increased. It could be expected to decrease with prolonged curing.

3. As a result of relations 1 and 2, percent eiongation increased as tpnsile
strength decreased.

4. There is considelably greater relative variation in percent elongation than
in tensile strength at a particular film thickness.

APPLICATION OF FREE-FILM METHOD TO PREVIOUS STUDIES

Determining flexibility and tensile strength of paint films may be
useful in predicting the durability of these paints. Schurrs and others have
indicated that tensile strength versus time curves correlated well with dura-
bility of exterior house paints. Tests conducted at NCEL 1 3 have indicated
that good paint flexibility is necessary for optimum performance of airfield
marking paints.

An initial effort' at NCEL to establish a quantitative correlation
between the flexibility and performance of airfield marking paints was
unsuccessful because elongation values could not be determined quantita-
tively by the FTMS Method for paints of low flexibility (see Table 1). The
free-film method of determining 'ercent elongation does provide the quan-
titative data necessary for determining such a correlation.

8



Table 5. Elongation and Tensiie-Strengtn Data ot fen Paints
Obtained by Two Test Methods

(Tensile-strength data unobtainable with standard method)

GI~F TMS. No. 14 1.
Gardner Tensile Strength. Elongation Apparatus MSNo. 1412

Paint TensileNo. hickess Load at
No. Thick~ess R. p1 Strength Elongation I hickness Elongation

(mill at R. P. 1%) (rmil) (%V
(g) m/m 2 )

7.4 2.002 535.8 1.28 7.0 <2.46
3.5 1,510 861.0 0.48 4.5 <1,95

2 7.8 >2.500 >632.9 0.62 6.9 <2.44

3.8 1.598 832.5 0.42 4.4 <1.92

8.1 2274 b18.6 0.62 6.6 <2.37
3.7 1,406 756.3 0.36 4.2 < 1.87

8.1 2,064 481.6 1.60 7.3 <2.52
3.5 1,710 962.1 0.44 4.1 (1.86

S7.1 2094 582.4 0.98 5.9 2.24
3.5 1,150 647.4 0.20 3.9 <1.83

6 7.8 2,050 522.0 5.16 5.9 5.87
3.6 1,252 683.3 2.32 4.2 2.73

7.3 1,846 510.0 3.98 6.7 7.b2
3.3 1,226 722.8 2.92 4.4 3.55
8 7.1 2,090 576.4 5.04 6.1 6.70

3.0 1.047 673.8 2.48 3.9 3.6!

7.8 1.908 482.1 5.06 6.5 6.76
3.1 1,150 727.0 2.52 4.7 2.11

1 7.5 2,480 644.8 1.00 6.4 c2.33
3.3 1,084 646.2 1.46 18.9 .1.•3

I/ R. P. = Rupture ooint.

2 Too brittle to measure accurately.

Correlatio, Between Percent Elongation (Flexibility) and Edge-Cracking of

Paint Stripe.:

Sample films of twenty airfield markiny paints ust,d in previous NCEL
field tests' t were ,-repared. and thulir elonqgti)ns were' mt'ýiured as d&sr rlied

in the preceding sect. n of this report. E1l0v(lation values of the, lwerl!y lmifnls



at the two dilfcrent film thicknesses are shown in Table 6, together with the
c)rr!tspondili r.itings of edgyn cracking of slurry seal along painted stripes
Obtldiud fronm NC, L Technical Report R 400.1 Reference 1 describes in

detail thi, experirnri'tal marking paint formulations arid their application as

tust str pus, to plots of slurry-sealed and unslurried asphaltic pavement in a
raiidomi/,,d and replicated statistical pattern. The edge-cracking ratings

rutorded in December 1964. 7 weeks after paint application, were used to

detefr nine tht. correlation with percent elongation because at that time theiy
show',d a niaximoun variation, making conclusions drawn from these data

Most tne~arirnIgfrl.

1 he correlations between the 'dge-cracking of sinngle-thickness stripes
and the percent ilongation of the two different thicknesses were found to
havr a high si ,t tlt1al significance. Coefficients of correlation (r) were 0.57
for the thicker film arid 0.52 for the thinner film. Critical correlation values

of different levels of significance are indicated in Table 7.

Edge-cracking ratings of double-thickness stripes at the time of
maximum variation, however, failed to show a significant correlation with
paint flexibility (Tablt. 7). This was probably due in large part to the greater

amount of edge-cracking in double-thickness stripes compared with single-

thickness stripes At this time.

Correlation uetween Percent Elongation (Flexibility) and Lifting of Stripes

The elongation values in Table 6 of the twenty paints with two

different thicknesses are listed in Table 8 along with the ratings of slurry-
seal lifting under test stripes obtained from NCEL Technical Report R-499. 2

Lifting ratings of April 1965, 6 months after paint application, were selected

for determining correlation, because they had 'he greatest variation at this

time.

Statistical analysis indicated that the correlations between the
flexibility at the two different free-film thicknesses and the lifting ratings of

two different thicknesses of stripe were found to range from statistically
significant to very highly significant, the sign:ficance being much greater for

double- than for single-thickness stripes. The coefficients of correlation
between flexibility and lifting of painted stripes in the field are given in

Table 7, together with the critical value at different levels of significance.
Correlation between flexibility and corresponding lifting ratings, disregarding
the effect of thickness, was very hiqhly significant (r = 0.48, whert the

critical value of significance at 99.9% level is 0.36).

10



Table 6. Edge-Crckinzi, Aat npl(Mecember 1964) aid Flexibility
(E~longation) of Twenty Points1

Percent 1 10 indicates no 9fking, 0 indicates complete cr1ck ing)

Test Plot 1 Test Plot 2
Sutt( Eloing.,on 1

Point Subota W2_/ W1 W %)

F ormulation _VI W2 W.W

s10 CI0J s D S 0 S S 3 S 4

C 1V 8 6 8 1 3 2 4 2 23 17 0.20 026

C 9 9 9 9 0 7 9 32 35 0.48 1.28

2 Cl 10 10 10 10 6 9 8 10 34 39 0.46 0.50

C 2  10 9 9 9 7 8 7 8 33 34 0.49 0-62

C1  6 9 6 9 1 8 1 8 14 34 0.30 0.48

C 2  4 2 9 5 8 9 8 7 25 22 0.36 0.62

4 C 1  10 10 10 10 8 9 0 10 36 39 0268 0.40

C 2  10 8 0 9 10 8 10 a 10 35 40 0.44 1.60

S 00 1 1 1 0 0 0 1 1 3 2 0.20 0.2.6

C2 3 0 3 0 6 0 7 0 19 0 0.20 0.198

6 01 10 10 10 10 10 10 10 10 40 40 2.74 4-54

C2 10 10 10 10 10 10 10 10 40 40 2 32 5-16

7 C 2  10 10 10 10 8 10 8 10 36 40 1.62 4.66
C2 10 9 9 8 10 9 9 9 38 35 2.92 3 98

8 C1 9 9 9 10 7 7 7 6 32 32 2.96 4 12

C2 9 9 9 a 9 7 a 9 35 31 2.48 5.04

9 C1 10 10 10 10 9 10 4 10 33 40 2.24 4 28

C2 a 7 7 10 5 7 7 6 27 30 2.,52 ,5.06

10 C1 6 0 4 0 a 0 a 0 26 0 1 48 2.10

10 C2 7t 0 6 0 0 1 4 0 17 1 1.46 I.C0

/ W1 - 4-Inch Width I/S Single Thicknes / C 1 = With Carbon Black

VW 2 - 12-Inch Width I_/ D Double Thickness C 2  Without Carbon Black

11



Table 7. Coefficient of Correlation Between Free-Film Elongation
and Edge-Cracking, Paint Lifting, Paint Deterioration

(CritiLal value of significance at 95% level - 0.44, signifiLant)
(Critical value of significance at 99% level 0.56, highly significant)

(Critical value of significance at 99.9% level - 0.68. very highly significant)

Paint Paint

Free-Film Lifting Deterioration

S./ DO/ S 0 S )

Lesser thickness 0.52 0.42 0.58 0.65 0.85 0.64

Greater thickness 0.57 0.31 0.46 0.73 0.75 0.72

1/ S - Single--thickfwrss stripes.

2/'0 = Double-thickness stripes.

Correlation Between Percent Elongation (Flexibility) and Deterioration of
Paint Stripes on Unslurried Asphalt

The same flexibility values of twenty paints with two different

thicknesses (Tables 6 and 8) are listed in Table 9 along with the ratings of

paint deterioration on unslurried asphalt obtained from NCEL Technical
Report R-500.3 The deterioration ratings recorded on February 1966, 15
months after paint application, were selected for analysis under the same

reasoning as stated in the two preceding sections.

Statistical analysis indicated that the correlations between the
flexibility at two different free-film thicknesses and the deterioration at

two different stripe thicknesses ranged from highly significant to very highly

significant. The coefficients of correlation between flexibility and deterio-
ration of paint on unslurried asphalt are given in Table 7, together with the
critical values at different levels of significance. Correlation between flexi-

bility and corresponding paint deterioration rate, disregarding the effect of
thickness, was very highly significant (r = 0.63, whereas the critical value

of significance at the 99.9% level is 0.36).

CONCLUSIONS

The free-film method of determining paint elongation is more
precise than the melhods using a mandrel and has a wider range of values.
Tensile strength of paint films can also be determined by this method.

12



Table B. Lifting FRatings (April 19651 eisd Flexibility Percent Elongatlon|
of Twenty Paints2

(Raling of 4 is high. rating of I is low)

Test Plot 1 Test Plot 2 Elongaion
P il n u b to tlM l n t oPeint ll W2•k' W1 W UuI1)

F ormulation - W , 2

s_--/ DS--/ S D S 0 S 0 S D S 0

CIbJ 4 3 3 2 4 2 3 3 14 10 0.20 028

CP/ 2 2 2 2 4 2 2 2 10 8 0.48 1.28

C1  4 3 3 3 4 3 4 3 1 b 12 0.46 0.50
C2  3 2 2 3 4 3 3 3 12 11 042 062

3 C1  2 2 3 2 3 I 3 1 Il 6 0.30 0.48

C2  2 2 2 2 3 2 2 2 9 8 0.36 062

C1  2 2 3 2 4 3 4 3 13 10 0.68 040

C2  3 2 2 3 3 3 3 3 11 11 044 1.60

5 C1  4 1 4 1 4 1 3 1 15 4 0.20 0.26
C2  4 1 3 I 4 1 2 1 13 4 020 098

6 C 1  4 1 4 3 4 4 4 4 16 15 2.74 4.54
C2  4 4 4 4 4 4 3 4 lb 1 16 2.3? 5 16

C, 4 4 4 3 4 4 4 4 16 15 1-62 466

C2  4 4 1 4 4 4 4 4 4 16 16 2.92 3.98

C 1  4 3 3 3 4 4 4 3 15 13 29b 4.12
C2 4 4 3 3 4 4 4 3 15 14 2.48 504

9 C 1  4 3 3 4 4 3 3 3 14 13 2.24 428

C2  2 3 3 2 4 4 4 3 13 12 2.52 506

10 C1  4 1 4 1 4 1 4 1 16 4 1.48 210
C2  4 1 4 1 4 1 4 t 16 4 1.46 1 00

1/ W - 4-InCh Width 3/S Single Thickness 5CI = With Carbon Blick
2( W2 - 12-Inch Width j 0 "Ouble Thicknes 6/C 2  W lithoul Carbon Black

1 .'



ji

tots 9. Paint Deterloratlon Iotlnga IFetui•y 1996) and FlexIbility (Pement
Ilongtliom) of Twenty Palnts

3

IFIttlrg of 3 Is high, reting of I Ii low)

Test Plot I Teti Plot 2

nubtotalPoilnt W1/ W2 WI I/
2  (1F ormuldtlon

sI/ 04J 9 0 S 0 s 0 6 0 s 0

CI/ 2 2 2 2 2 2 2 2 a a 020 0o2
C2 _ 2 2 2 2 2 2 1 2 7 a 0.48 1.26

C1  2 2 2 2 2 2 3 2 9 a 0.46 0.60

C2  3 2 2 2 2 2 2 3 9 9 0.42 0.62

C1  2 2 2 2 2 1 2 1 a 6 0.30 0.46

C2  2 2 2 2 2 2 2 2 a 6 0.36 0.62

Cl 2 2 2 2 3 2 2 2 10 6 0.68 0.404
C 2  2 2 2 2 2 2 2 2 a S 0.44 1.60

C, 2 2 2 1 2 1 1 1 7 5 0.20 0.26

C2  2 1 2 1 2 1 2 1 a 4 0.20 0.69

C, 3 3 3 3 3 3 3 3 12 12 2.74 4.64

C2  3 3 3 3 3 3 3 3 12 12 2.32 5.16

C1  3 3 3 3 3 3 3 3 12 12 1.62 4.66

C2  3 7 4 3 3 3 3 3 12 II 292 365

C1  3 3 3 2 3 3 3 2 12 10 2.6N 4.12

C2  3 2 3 2 3 2 3 2 12 8 2,48 5.04

C1  3 3 2 3 2 3 2 2 9 11 2.24 4.28

C2  3 2 2 3 3 2 3 2 11 9 2.62 6.06

to C1  2 2 2 2 3 2 2 2 9 8 1.48 2.10

C2  3 1 3 1 3 I1 1 1 12 4 1.46 1.00

_.!/W- 4-Inch Widlth ?S SingleThicknen •/C 1 - With Carbon Black

I/W 2 - 12-Inch Width f/jD Double Thickness /C 2 - Without Carbon Bleck

14
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Table 1. Pamnt-Film Flexilbility (Percent Elongation) Determined by Veilous Tgst Methods

Ave,age

Test Aem Point Sample No.
Method Thickness 2 b 10

TT-P-85U 4.2 F F F F F F C C F F

FTMS
No. 141 6.5 <2.46 <2.4- <2.37 <2.52 <2.24 5.871/ 7.5211 6.701J 6.76"J <233

1%)

Gardner I
ApOaratuS 7.6 1.28 0.62 0.6211.60 0.98 5.16 3.98. ý.04 5.0G 1.00

NOTE F means failat to meet qualitative requirement.

C means conformed to qualtative requirement.

<indicates less then minimum measurable percent elongation shown.

j/ No cracking or flaking at 1/2-inch mandrel.

Table 2. Analysis of Flexibility lFercent Elongation) Date Obtained by

FTMS No. 141, Method 6222

Sample1/ Average Limit at 95% Estimated Coefficient!/
No. Elongation Confidence Otandard of Variation

(%) Interval Deviation (%)

1 < 2.462/ .3/

2 "<2.44

3 < 2-37

4 < 2.53

5 <2.24

6 5.87 0.430 0.173 2.93

7 7.52 ±0.103 0.416 5.53

b .7 1U 0.745 0-300 4.48

9 6 76 tL 0.103 0.416 6.15

10 < 2.33 ""

I./ Aerage film thickness 6.5ril.

S<indicates Io than minimum messunable value shown.

indicates a value could not be determined.

A measJre of relative dispersion about the sample mean.

1It2



-. LAJ I
LAJ or h_

INTRODUCTION

Many field activities of the Naval Shore Estallishrneni havc found
that airficld runoay markings aod the asphaltic substrate deteriorate rapidly.
Studi!,es conducted at the U. S. Naval Civil Engineering Laboratory (NCEL) 1 3

have indicated that flexibility is a prerequisitc toi Ujood field performanlce o

airfield mai king paints.
A method for measuring the flexibility of airfield iunway marking

paints is given in Federal Spcification T1-P-8Eb. This specification reqwires
that the paint on a test panel neither crack nor flake after bending 180 degrees

around a 1/2-inch-diarrmeter cylindrical mandrel, evidence of cracking or
flaking from the thin metal panel constitutes failure. Thus, test results are

reported as either "conformed" or "failed." The results of such flexibility

tests of ten experimental airfield runway marking paints tiom previous
studies"a are shown on line 1 of Table 1. It shows that paints 7 and 8 met
the qualitative requirement, whereas paints 1, 2, 3, 4, 5, 6, 9, and 10 d~d not.

;t is mnuch ,nare desirable in coating research to have objective and

quantitative data rather than just a "conformed" or "failed" notation. Test
methods for obtaining quantitative data are described in ASTM Standard

D522-60 and in Federal Test Method Standard (FTMS) No. 141, Method

6222. Both use a conical rather than a cylindrical mandrel in the bend test,
so that the diameter of the mandrel at which no cracking occurs can be
measured. The flexibility of paint films determined by these procedures is

expressed in terms of percent elongation of the film. Either test method is

satisfactory for routine quality testing, but each has limitations for use in
U O hJ C itAI. Ei't .O 3U _4C UJ1I IOII -111111 UIU 5 LIt I ILX

methods is only from approximately 2 to 8%, depending upon the thickness

of the paint film on the panel used as a substrate.
Examples of test results obtained by FTMS No. 141, Method 6222,

are given on line 2 of Table 1. It can be seen that only paints 6, 7, 8, and 9

had values in the measurable range of this method, whereas paints 1, 2, 3, 4,
5, and 10 had va!ues less than the lower limit, and their actual percent

elongation could not be determined. The measurements were made in

triplicate, and the precision of the results is illustrated in Table 2. Line 3
of Table 1 shows data obtained using a free-film method of determining
paint flexibility. This method is bel~eved to be more precise and will be
described later

L


