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INTRODUCTION

Numerous activities of the Naval Facilities Engineering Command
(NAVFAC) have encountered early deterioration of airfield marking paints
and damage to the asphaltic substrate underlying the markings. The occur-
rence of these problems at widely differing geographical locations indicates
that the problem is broad in scope and not limited to any special type of
environment or service, although the severity of this problem may be related
to such factors. NCEL Technical Reports R-296' and R-296 Supplement?
describe several different types of failure of marking paint and asphaltic sub-
strate as found in a survey of several Naval Air Stations in the Eleventh and
Twelfth Naval Districts. The reports also describe the limited testing of pro-
prietary marking paints conducted at the Naval Air Station, Point Mugu. This
test showed the importence of investigating the basic causes of these failures.
Thus laboratory and small test plot studies®-? were performed in order to
determine the causes for failure and the effects of variables in paint compo-
sition on field performance. Formulations which performed well in these
studies were subsequently tested®® under actual field conditions. This report
covers the final laboratory and field investigations on this work and includes
guidelines to be followed by field activities in order to obtain optimum per-
formance from marking paints.

BACKGROUND
Types of Deterioration

Deterioration of marking paints and underlying substrates result from
(1) deficiencies in the paint, (2) deficiencies in the pavement, (3) improper
substrate preparation, (4) improper coating application, (5) environmental
factors, (6) service factors, or (7) a combination of these. While the nature
of the deterioration may vary somewhat, there are a number of types of dete-
rioration that occur with grea. frequency.

The most frequently encountered type of failure associated with
marking paints occurs on slurry-sealed asphaltic pavements. The slurry seal
first cracks along the edges of the markings and then the portions under the
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markings peel back from the pavement to which it is relatively weakly
bonded. With unsiurried pavements, crackimg of the paint, pavement, or
both may occur. Tratfic over the cracked and/or peeling paint results in

loss by chipping.* Abrasion or erosion** of painted markings by the abra-
sive action of vehicle tires is usually insignificant on airfield runways, but may
be quite appreciable on heavily trafficked roadways.

Asphalt is quite scluble in most organic solvents. Thus discoloration
of markings occasionally occurs by dissolution and subsequent deposition of
asphalt from the pavement by solvent. The solvent may be introduced by
accidental contamination (for example, spillage of fuel or cleaner) or as a
component of the paint. When excessively strong solvents are present in the
paint, the discoloration (bleeding™* **) occurs shortly after paint application.
Where there are low areas (commonly called "bird baths'’) in the pavement
that collect rain water, asphalt from recently paved or sealed pavements may
be spread by water onto painted markings. Coal tar seals are sometimes used
to minimize solvent deterioration of asphaltic pavements.

In touchdown areas of runways, black tire tracks are quite common
on the pavement, and the painted markings may be badly obscured. The
black rubber deposits are difficult, as well as costly, to remove without caus-
ing damage to the markings, pavement, or adjacent vegetation.

Mechanism of Deterioration

Previous NCEL studies3-¢ have shown that paint deterioration and
substrate degradation on asphaltic pavements proceed according to the fol-
lowing mechanism:

1. Marking paints contract significantly on curing and set up a stress
between themselves and the substrate. Both paint and pavement continue to
harden and degrade with time.

2. Daily differential expansion and contraction between painted
marking (together with adhering substrate) and the substrate adjacent to
the markings add to this strain. (Griffith and Puzinauskas'® found that

* Chipping is defined in ASTM Designation D913-51 ¥ 35 “actual detachment of entire
sections of the film, usually in small pieces, either from its substrate or from paint pre-
viously applied” and “is usually characterized by sharp edges and definite demarkation
of the bare area.”’

** Abrasion or erosion condition is defined in ASTM Designation D821 -47" as the “more
or less graduation surface disappearance, thinning of the film, and exposure of the sub-
strate because of abrasion, erosion, or combinations of both,"’

**»* Bleeding is defined in ASTM Designation D868-48"2 as “'that condition of discoloration
manifested in tratfic paint when applied to tar or asphaltic-type roads.”’

.



if test paints were pigmented so heavily with carbon black that they were
black in color, edge cracking of sand-asphalt pavement surfaces was elimi-
nated.)

3. Cracking of the paint occurs if the strain caused by paint
contraction becomes greater than the cohesive forces in the paint. On
slurry-sealed asphaltic pavements, the relatively weak bond of the slurry
seal to the pavement is usually broken before paint cracking occurs or while
paint cracking is occurring. Separation and curling of the slurry seal from the
pavement is initiated along the cracked edges.

4. Penetration of rain water under lifted edges of paint or slurry seal
promotes further loss of bonding. Collection of rain water in areas of painted
markings may significantly increase the rate of chemical decomposition of the
paint,

5. Reduced flexibility or increased contraction of the paint film tends
to accelerate deterioration associated with marking paints because of the resul-
tant greater strain between the paint and substrate. A buildup of several coats
of paint increases the strain between the initial coat and its underlying substrate.

6. Asphalt is quite soluble in hydrocarbon and other organic solvents;
therefore, variations in paint formulation that permit greater solvent action pro-
mote deterioration. Thus, high boiling range solvents (or thinners) should be
avoided since they permit more time for the solvent to penetiate the asphalt
before evaporating.

7. Ultraviolet radiation contributes to the deterioration of paint
binders. Thus, tropical locations have the disadvantage of high ultraviolet
radiation in addition to that of heavy rainfall. Remote tropical locations gen-
erally have additional problems associated with supply, storage, and proper
application of marking paints.

Present Marking Paint Specifications

NAVFAC MO-110" lists three paints suitable for use on exterior
pavements: TT-P-85,'® TT-P-110,'€ and TT-P-115.17 It also specifies that
application must be made to a thoroughly cured and cleaned substrate. Flex-
ible pavements should be allowed to cure as long as practicable before application
of the marking paint in order to minimize the possibility of (1) bleeding of the
asphalt into the marking or (2) significant softening of the asphalt by the paint
solvents. NAVFAC field activities frequently specify a minimum of 21 days
between laying of asphaltic pavement or slurry seal and painting of markings.
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TT-P-85 is primarily used as a reflectorized paint on airfield pavements
(either asphaltic or portland cement concrete). White is used on runways and
yellow on taxiways and aprons.'™® The paint can also be used for marking road-
ways with or without reflectorization. To impart reflectorization, glass spheres
are dropped onto the wet paint immediately after application. TT-P-85 specifies
that the paint shall be applied at a rate of 150 ft2, + 5 ft2, per gallon of paint,
and the glass spheres shall be dispersed at the rate of 10 pounds per gallon of
paint. This corresponds to about 7 to 8 mils* of dry paint film. At several
NAVFAC field activities which have deteriorated paint markings, the paint
film thickness has been in excess of 50 mils. Such thicknesses contribute
greatly to internal strains.

TT-P-85 is a broad specification that does not limit the type of resin,
pigment, or solvent to be used in the formulation so long as the required phy-
sical, chemical, and performance properties are met. Alkyd formulations are
the ones most commonly used by marking paint suppliers, but oleoresinous
phenolic varnish formulations are also used to an appreciable extent.'® A sur-
vey® of field activities in Southwest Division, NAVFAC, indicates that the
latter type of paint generally performed better than alkyd formulations.

TT-P-110 is a general purpose, nonreflective black paint. it is used for
black markings on light pavements and for obliterating white and yellow mark-
ings that are no longer desired. TT-P-110 is available in two types: type | (vinyl
toluene-butadiene) which has an appreciably longer drying time than type [|
(chlorinated rubber-alkyd).

TT-P-115 is a general use white or yellow marking paint that may be
used with or without glass spheres for reflectorization. It is to be applied at a
wet-film thickness of 15 mils which would give a dry-film thickness of about
7 to 8 mils (similar to TT-P-85). TT-P-115 is available in three types. Type |
(alkyd) is the slowest drying and is used where slow drying can be tolerated
and where bleeding may be a problem (for example, on bituminous pavements);
type |l (vinyl toluene-butadiene) is intermediate in drying time and is used where
bleeding is a problem; type 1! (chlorinated rubber-alkyd) is the fastest drying and
is used where bleeding is not a problem. [t should be noted that faster drying mark-
ing paints tend to be less flexible (more brittle). Also, the tendency for a paint to
exhibit bleeding is directly related to its solvent action.

* 1 mil =0.001 inch.
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FIELD TESTING OF MARKING PAINTS

Plot Testing at CBC, Port Hueneme

A study,%9 initiated 4 years earlier, investigated the deterioration of
15 specially formulated or procured marking paints in test plots at CBC, Port
Hueneme that received no traffic. Analyses of the paints, their formulations,
and the dry-film thicknesses of the test stripes are given in Reference 6. It also
presents a statistical analysis of the factors affecting lifting of the slurry seal at
the time of maximum variation of lifting ratings. The 15 test paints are identi-
fied as to generic type in Table 1. Test paints 101 and 108 were replicated ac
116 and 117, respectively, in order to obtain a measure of experimental error.

Table 1. Type of Coating

Test
Paint Resin Used Plasticizer Used
No.
101 medium oil alk yd -
102 long oil alk yd -
103 medium oil alkyd tricresyl phosphate
104 medium oil alkyd dibutyl phthalate
106 long oil alkyd tricresyl phosphate
106 long oil alkyd dibutyl phthalate
107 short oil oleoresinous -
108 medium oil oleoresinous -
100 long oil oleoresinous -
110 medium oil oleoresinous tricresyl phosphate
11 medium ol oleoresinous dibutyl phthalate
112 long oil oleoresinous tricresyl phosphate
113 long oil oleoresinous dibutyl phthalate
114 water-emulsion polyviny| acetate -
115 vinyl toluene-butadiene -
116 medium oil alkyd -
17 medium oil oleoresinous -

T Ty




Periodic rating of the stripes applied at a normal and a twice normal
thickness to a slurry-sealed pavement has been done since their application.
Tables 2, 3, 4, and 5 show the ratings of the test stripes after 1, 2, 3, and 4
years, respectively. Ratings for the degree of lifting of paint and slurry seal
from the underlying asphaltic pavement range from a high of 4 to a low of 1;
the values assigned are listed below:

Condition Rating
No appreciable lifting 4
Slight edge lifting only 3
Moderate edge lifting 2

Extensive lifting and loss of adhesion 1

Half-point ratings (for example, 3-1/2) are given when the strip condition is
between two of the standards. Random placement and coding of test stripes
reduced rating bias, and replication reduced differences created by variations
in the substrate.

Table 2. Lifting Ratings of Paint Stripes 1 Year After Paint Application

{T4 = single thickness;? T = double thickness)

Test Plot 1 Plot 2 Plot 3 Plot 4 Totals
Paint
No. T1 T2 T1 72 T' T2 T1 T2 T’ T2 T1 and Tz
101 3% 3 4 4 3% 3 3% 4 145 14 28%
102 3% 2 4 2 4 1 4 3% 15% 8% 24
103 4 3 4 3% 4 3% 4 3 16 13 29
104 4 2% 4 1% 4 1 4 3 16 8 24
105 3 3 4 1 3 2 4 3 14 9 23
106 3 1 3% 1 3 1 4 1% 13% 4% 18
107 2 2% 3 3 3 2% 3 3 1" " 22
108 3% 3% 4 4 4 4 4 4 158% | 15% 31
109 4 3% 4 4 3 3 4 4 15 14% 29%
110 3% 3% 4 3 4 4 4 4 15% 15 0%
1t 4 3% 4 3% 4 3% 4 4 16 14% 0%
112 3% 3% 4 3% 3% 3 4 3% 15 13% 28%
13 3% 3 4 3% 3% 3 3% 3% 14% 13 27%
14 4 4 4 4 4 4 4 4 16 16 32
115 4 3 4 3 4 3% 4 3% 16 13 20
116 4 3 4 4 4 4 4 4 16 15 31
117 4 4 4 4 4 3% 4 4 16 15% 3%
Subtotals| 61 51% | 66% 53 | 62% | 49%: | 66 59% | 256 |213% 4600%
Totals 112% 119% 112 125% 4608%

4 wet-film thickness of single layer stripe = 15 mils,
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Table 3. Lifting Ratings of Paint Strip.es 2 Years After Paint Application

(T4 = single thickness;? T9 = doubls thickness)

Test Plot 1 Plot 2 Plot 3 Plot 4 Totals
Paint
No. T1 T2 T] T2 T1 72 T1 T2 T1 T2 T1 and T2
101 3 3 3% 3% 4 3 3% 4 14 13% 27%
102 4 1% 4 2% 4 1Y% 4 2 16 7% 23Y%
103 4 3 4 3% 3 3 3% 3 14% 12% 27
104 4 1% 4 1% 4 1 4 2% | 16 6% 22%
105 3 2 4 1% 4 1 4 1% | 156 6 21
106 3 1 3 1 3 1 3 1 12 4 16
107 2 3 3 3 3% 3 3% 3 12 12 24
108 3% 3 3% 3% 4 3% 4 4 15 14 29
109 4 3 3% 3% 4 3% 4 4 15% 14 29%
110 3% 3% 4 3% 3% 3% 4 3% | 15 14 29
M 4 3 4 3% 4 3 4 3% | 16 13 29
112 3% 3% 3% 3% 3% 3 4 4 14% 14 28%:
113 3% 3 3% 3 3 3 3% 3 13% 12 25%
114 4 4 4 4 4 4 4 4 16 16 32
115 4 4 4 3% 4 3% 4 4 16 15 31
116 4 3 4 4 4 4 4 4 16 15 31
117 4 4 4 4 4 3% 4 4 16 15% 31

Subtotals 61 49 | 63% | 52% | 63% 48 65 556 | 263 | 204% 457 Y%

Totals 110 116 1M1% 120 457%
4 Waet-tilm thickness of single-layer stripe = 15 mils,

From Tables 2 through 5, it can be seen that relatively little
deterioration occurred during the second year of exposure, more occurred
during the third year, and much more occurred during the fourth year. The
order of performance, from high to low, for each of the yearly ratings is listed
in Table 6. It can be seen from this table that, aside from the water-emulsion
polyviny| acetate paint {114) and the vinyl toluene-butadiene paint (115), the
paints first deteriorated rather slowly and then more rapidly with additional
time, while the relative order of rating totals was not greatly affected.

After 4 years, the most conspicuous aspect of the test stripes was the
virtually perfect condition of the water-emulsion polyvinyl acetate paint (114)
and the much better condition of the vinyl toluene-butadiene paint (1156) than
that of the rest of the test paints. This is directly correlated to the percent of
elongation as measured by the free-film method at 7-1/2 mils dry-film thick-
ness, approximately that of the test stripes. From Reference 6 it can be seen
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that paint 114 had at least 9 times and paint 115 at least 2 times such
elongation as the other test paints. It should be noted that the single-
thickness stripes of paint 115 showed some erosion. This was no doubt
due to weathering, as there was no traffic on the test stripes.

Table 4. Lifting Ratings of Paint Stripes 3 Years After Paint Application

(T4 = single thickness; T = double thickness)

Test Plot 1 Plot 2 Plot 3 Plot 4 Totals
Paint
No., T| T2 T«‘ Tz T«‘ Tz T, Tz T1 Tz T1 and T2
101 3 2% 3% 3 3% 3% 3 2% 13 1Y% 24%,
102 4 1 4 2% 4 1 4 3% 16 8 24
103 3% 2 4 2 3 1% 3V 2% 14 8 22
104 4 1 4 1% 4 1 4 2% 16 6 22
105 3 1% 3% 1 3% 1 4 1% 14 5 19
106 3 1 3 1 3 1 3 1 12 4 16
107 2 3 3 3 3% 3 3% 3 12 12 24
108 3 3 3% 3 3% 3% 3% 3 13% 12% 26
109 3% 3 3% 3% 3% 3 4 3% 14% 13% 28
10 3% 3 3 3 3% 3% 3% 3% 13% 13 26%
m 3% 2% 3% 3 3% 3 4 3% | 14% 12 26%
112 3% 3 3% 3 3% 3% 3% 3% 14 13 27
13 3% 2% 3% 2% 3% 3 3% 2% 14 10% 24%;:
114 4 4 4 4 4 4 4 4 16 16 32
15 4 3% 3% 3 4 3% 4 3% 15% 13% 29
116 4 2% 4 4 3% 2% 4 4 15% 13 28%
17 3% 3% 4 3% 4 3 Vs 3% 15 13% 28%
Subtotals | 568% | 42% 61 46% 61 45 62% 51 243 185 428
Totals 101 107% 106 113% 428

7 wet-film thick ness of single-layer stripe = 15 mils.

In almost all cases, single-thickness ratings were as great as or greater
than double-thickness ratings. Poorer ratings for double-thickness stripes were
especially conspicuous for the alkyd paints. Thus single-thickness stripes of two
alkyd paints (102 and 104) still had maximum ratings after 3 years while the cor-
responding double-thickness stripes were considerably deteriorated after 1 year.
As previously noted® on the 1-year ratings, the oleoresinous phenolic varnish
ratings continued to be significantly higher overall than the corresponding
alkyd ratings. This was due, however, to the lower ratings of the double-
thickness alkyd stripes, as the single-thickness rating totals were quite



comparable. The addition of a plasticizer had no appreciable effect on
single-thickness ratings, but it appreciably lowered double-thickness alkyd
rating totals after 2 and 3 years and slightly lowered long oil oleoresinous
phenolic varnish double-thickness rating totals after 3 and 4 years. The
alkyd paints with tricresyl phosphate as a plasticizer (103 and 105) were
generally rated higher than corresponding formulations {104 and 106) with
dibutyl phthalate as a plasticizer. This was also true for the long oil oleores-
inous phenolic varnish formulations,

Table 5. Lifting Ratings of Painted Stripes 4 Years After Paint Application

{Ty = single thickness;? Ty = double thickness)

Test Pilot 1 Plot 2 Plot 3 Plot 4 Totals
Paint
No. T Ty T4 Ta Tq T2 T4 Ta T T2 Tqand Ty
101 2 1 2 1 2% 1 2V, 1 9 4 13
102 2% 1 3 1% 2 1 2% 1% 10 5 15
103 2% 1 2% 1 2% 1 3% 1% 1 4% 15%
104 2% 1 2% 1 2% 1 3 1% 10% aYs 15
105 2% 1 3% 1 2 1 2% 1 10% 4 14%
106 2 1 2 1 2 1 2% 1 8% 4 12%
107 1% 2 2% 1% 2% 2 2% 2 9 7% 16%
108 2% 2% 2 2 2% 2 2% 2 9% 8% 18
109 2% 3 2 2 2 1% 3 2% 9Ys 9 18%
110 2% 2% 2% 2% 2% 2 2% 2 10 9 19
1M1 2 1% 2 1% 2 1% 2% 2 8% 6% 15
112 2% 1% 2% 1% 2% 2 2% 2 10 7 17
113 2% 2 2 1% 1% 1% 2 1 8 6 14
114 4 4 4 4 4 4 4 4 16 16 32
116 3 2% 2% 2% 4 3 4 3 13% 11 24Y;
116 2% 1 3 2% 2% 1 2Ys 2 10% 6% 17
117 2 2 2 2 2% 2 3 2% 9% 8% 18
Subtotals | 41%2 | 30% | 42% 30 42 28% | 47% | 32%: [173% | 121% 295
Totals 72 72% 70% 80 295

4 wet-film thickness of single-layer stripe = 16 mils,

Roadway and Runway Testing at Guam

A previous study2? indicated that TT-P-115" (paint, traffic, hinhway,
white) had a useful life of approximately 6 months in tropical environments,
and, thus, NAVFAC Instruction 11012.98A2' specifies that TT-P-85'® (paint,



traffic, reflectorized for airfield runway marking) be used for both highway and
airfield marking in tropical environments. Because TT-P-85 has subsequently
performed very poorly both on roads and runways at Guam, the Navy Public
Works Center there requested that an NCEL paint specialist (1) inspect areas

of premature marking paint failure in order to determine the causes of failure
and (2) initiate a small test program to determine which marking paint formu-
lations would perform best at Guam.,

Table 6. Order of Lifting Rating Totals for Single- and Double-Thickness Stripes

Test Paint Rating Totals
After 1 Year

103T4, 104T4, 11T, 114T, 114T5, 16T, 116T4, 1177 16
10274, 108T4, 108T5, 110T4, 1177, 15%

109T4, 11075, 11274, 116T4 15
101T4,109T5, 11179, 13T, 14%

10174, 105T, 14
106T4, 11274 13%

10374, 11375, 1157, 13

10774, 10779 1"

105T, 9
10274 8%

1047, 8
1067, 4%

After 2 Years

102T4. 10474, 11174, 14T, 114T5. 11674, 11674, 17T, 16
100T4.117T4 15%

10574, 10874, 10T, 116T, 116T5 15
10374, 11274 14%

10174, 108T5, 108T4, 11075, 11275 | 14
10172, 13T, 13%

M7, 13
1037, 12%

106T4,107T4, 10774, 113T, 12
1027, %
1047, 6%

10579 6

10675 4

10
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Table 6. Continued

Test Paint Rating Totals

After 3 Years

10274, 10474, 11474, 1147, 16
11674, 16T, 15%

1774 15
10974, 11174 14%

10374, 105T4, 112T4, 13T, 14
108T ¢, 109T 5, 110T¢, 11675, 1177, 13%

10174, 11074, 11275, 116T, 13
1087, 12%

106T4, 10774, 10775, 1117, 12
1017, 1%
1137, 10%

10275, 103T, 8

1047, 6

105T 5 5

106T2 4

After 4 Years

11474, 1147, 16
1157, 13%
10374, 115T, 1
104T4, 105T4, 16T 10%
10274, 11074, 1127 10
108T4, 108T4. 1177, 9%
10174, 10774, 109T9, 110T, 9
106T4.108To, 11174, 117T, 8%
1374 8
107T, %
127, 7
11175, 1167, 6%
1131'2 6
1027, 5
1031'2, 1047, 4%
10174, 105T5, 106T, 4

In April 1968, an NCEL paint specialist examined the deteriorated
roadway markings, the paint and glass spheres used in these markings and the
application equipment used, and concluded that the following conditions con-
tributed to premature failure of the markings:

11
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1. Because of problems associated with procuring, packaging, and
storing marking materials, the glass spheres had become contaminated with
rust and dust. This resulted in poor adhesion of the spheres and discoloration
of the markings.

2. Because of problems associated with procuring, packaging, and
storing marking materials, the paint had greatly deteriorated before being
used.

3. Because of the unavailability of suitable striping equipment,
inadequate equipment was used that required appreciable thinning of the
paint and resulted in reduction of fiim thickness and poor field performance.

Because problems existed with painted markings on both roadways
and runways, a limited field testing program was initiated on both types of
asphaltic pavement. Six of the paints that had previously performed well in
test plots at CBC, Port Hueneme (see previous section of this report) were
selected for testing. A seventh test paint was included at the request of PWC,
Guam, because it was reported to have performed quite well in Hawaii. Anal-
yses of the paints are given in Reference 7 and a brief description* of each is
given below:

NCEL Formulation 108. This is an oleoresinous phenolic varnish paint
of medium oil length, It generally has good flexibility, and similar formulations
have performed well on asphaltic runways in Southern California.

NCEL Formulstion 109. This is an oleoresinous phenolic varnish paint
of long oil length. Consequently, it has a greater flexibility than Formulation
108. It too has performed well on a number of airfield runways in Southern
California. :

NCEL Formulation 110. This is similar to Formulation 108, except
that some of the resin has been replaced by a plasticizer (tricresyl phosphate)
to increase its flexibility.

NCEL Formulation 101. This is an alkyd formulation of medium oil
length that generally has good flexibility. It has performed well in the plot tests
at CBC, Port Hueneme, but other alkyd paints have frequently performed poorly
on asphaltic runways in Southern California.

NCEL Formulation 115. This vinyl toluene-butadiene paint
conforms to TT-P-115, type |1, except that its pigmentation is identical
to NCEL Formulations 101, 108, 109, and 110. The similarity of pigments

* The complete formulation and further descriptive information on all NCEL formulations
can be found in Reference 6.

12
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in these five formulations simplifies comparison of the performances of the
binders. TT-P-115, type |, has generally performed better than TT-°-115,
types | and |11, on asphaltic runways in Southern California.

NCEL Formulation 114. This is a proprietary water-emulsion
polyviny| acetate marking paint.* It has tremendous flexibility and has
shown no lifting of slurry seal in the CBC, Port Hueneme test plots after 4
years (see previous section). With all water-emulsion traffic paints, there is
concern over the abrasion resistance as compared to that of formulations
with organic solvents. Since it has no organic solvent, it does not have pro-
blems with softening asphaltic pavements or bleeding, and it meets the
requirement of TT-P-85 that the thinner used shall comply with Rule 66.22
Also, it drys fast and is not as sensitive to moisture as the other test paints.
This is a real advantage in tropical areas such as Guam where there is normally
a high humidity and frequent rainfall,

Proprietary Formulation A.* This is an alkyd paint and, thus, is
somewhat similar to NCEL Formulation 101, It is reported to conform tc
TT-P-115, type 1, and to have performed well in Hawaii.

Site at NAS, Agana. Seven 2 x 2-foot test plots (one of each test paint)
was applied to a section of asphaltic overlay at one end of Runway 6 right 24
left of NAS, Agana in April 1968. It was convenient to add each test plot to
the end of one of the existing centerline dashes so that it did not interfere with
the runway striping pattern. The only paint spraying equipment available
required several passes to obtain the desired wet-film thickness. Glass spheres
conforming to TT-P-85 were manually sprinkied into the wet paint to impart
retroreflectivity. Additional details on the application of the test paints are
reported in Reference 9.

The test paints were rated periodically by PWC, Guam personnel and
then examined and photographed by the NCEL project scientist 1 year after
application. Because of the unsuitable method of paint application, there was
poor retention of glass spheres, although the paint itself had been applied in a
satisfactory manner. Test paint formulations were applied starting at one end
of the runway in the following sequence: 108, 109, 110, 101, 115, 114, Start-
ing from Formulation 108 and proceeding to Formulation 114, there were
increasing amounts of rubber deposited by touchdown and traffic from aircraft
(Figure 1) and consequently greater chance for chipping and erosion from air-
craft tires. It can be seen from the 1-year rating data of Table 7 that those paints
receiving less touchdown were generally rated higher than those receiving more,
although Formulation 114 which received the most touchdown had the highest
total rating. It was concluded that while touchdown was an important consid-
eration, it was not a predominant factor in paint deterioration at NAS, Agana.

* Proprietary identification is available to U.S. governmental agencies upon request,

13
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Figure 1. Test area at NAS, Agana showing marks of aircraft touchdown.

In general, after 1 year all of the test paints were performing quite well and

were in much better condition than the adjacent previously used paint, which

had been in service 1-1/2 years (see Figure 3 of Reference 9). Rating totals

in Table 7 were weighted so that reflectivity and retention of glass spheres
(adversely affected by the improvised method of application) were less impor-
tant than other properties. The three oleoresinous phenolic varnish paints (108,
109, and 110) generally performed better than the two alkyd paints, one of which
(101) was in appreciably better condition than the other (A). The vinyl toluene-
butadiene paint {115) had the lowest and the water-emulsion polyvinyl| acetate
paint (114) had the highest rating of all. Comments on the individual paints are
given below: '
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Formulation 108, medium oil oleoresinous phenolic varnish. This paint
(Figure 2) performed quite well, having good general appearance and the best
reflectivity of all.

Formulation 109, long oil oleoresinous phenolic varnish. This paint
(Figure 3) performed quite similarly to Formulation 108 but had slightly
more cracking and less reflectivity.

Formulation 110, medium oil oleoresinous phenolic varnish with
plasticizer. This paint (Figure 4) performed quite similarly to Formula-
tion 109 but had slightly more cracking.

Formulation 101, medium oil alkyd. This paint (Figure 5) performed
similarly to Formulation 110.

Formulation A, alkyd. This paint (Figure 6) lost virtually all of its
glass spheres and was the dirtiest of all.

Formulation 115, vinyl toluene-butadiene. This paint (Figure 7) lost
virtually all of its glass spheres and had the worst chipping and erosion of all.

Figure 2. Test plot of Formulation 108 at NAS, Agana 1 year after application.
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Figure 4. Test plot of Formulation 110 at NAS, Agana 1 year after application.

17



-

FLahe S

T

Figure 6. Test plot of Formulation A at NAS, Agana 1 year atter application.
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Figure 7. Test plot of Formulation 115 at NAS, Agana 1 year after application.

Formulation 114, water-emulsion polyvinyl acetate. This paint
(Figure 8) had no cracking or chipping, and it had the best retention of glass
spheres. Its erosion rating was as high as any of the others. Its reflectivity and
general appearance ratings were probably affected more adversely by its greater
touchdown of aircraft than those of the other paints.

Site at USNS, Guam. The site selected for roadway testing of marking
paints at the U.S. Naval Station, Guam was on a downhill portion of Marine
Drive (the main road) that had good drainage and no cause for stopping or turn-
ing. The test area was on one of the outer lanes of a four-lane portion of the
asphaltic roadway with a speed limit of 35 mph, the maximum permitted at
USNS, Guam. Three 4-inch-wide by 10-inch-long stripes of each of the seven
test paints were applied across the lane perpendicular to the flow of traffic
(Figure 9). Each of the stripes was applied at normal film thickness.* On a
later day a second coat of normal film thickness was applied to one stripe of
each set of three stripes. Two levels of paint thickness were used in order to
determine whether chipping of the entire paint film or gradual abrasion or ero-
sion of the surface was a more important factor in deterioration. The latter

* See Reference 9 for actual film thickness and more detailed application data.
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would be expected to be proportional to paint film thickness while the former
would not. The spray equipment used at NAS, Agana was also used at USNS,

Guam. One of each single-thickness stripe and the second coat of each double-
thickness stripe were sprinkled with glass spheres immediately after application
of the paint by multiple passes.

The test stripes were rated periodically by PWC, Guam personnel and
then examined and photographed by the NCEL project scientist 1 year after
application. As at NAS, Agana, the unsuitable method of application had
resulted in poor retention of glass spheres. There was some superficial dirt
on the stripes that could be removed to a considerable degree by washing with
water and a mild detergent. The seven sets were given a quick, overall ranking
from best to worst, with appropriate comments, as indicated below:

Formulation 110, medium oil olecresinous phenolic varnish with
plasticizer. These stripes (Figure 10) were the cleanest and had little chipping
or erosion.

Formulation 109, long oil oleoresinous phenolic varnish. These stripes
(Figure 11) looked almost as good as those of Formulation 110.

Figure 8. Test plot of Formulation 114 at NAS, Agana 1 year after application.
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Figure 9. Roadway at USNS, Guam with the seven sets of painted stripes 1 year after
application.

Figure 10. Set of stripes of Formulation 110 at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thickness, reflectorized:
single-thickness, unreflectorized.
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Figure 11. Set of stripes of Formulation 109 at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thick ness, reflectorized;
single-thickness, unreflectorized.

Formulation 108, medium oil oleoresinous phenoiic varnish. These
stripes (Figure 12) looked almost as good as those of Formulation 109.

Formulation 101, medium oil alkyd. These stripes (Figure 13) looked
almost as good as those above but had slightly more cracking.

Formulation 114, water-emulsion polyvinyl acetate. These stripes
(Figure 14) had the most erosion but the least chipping of all.

Formulation A, alkyd. These stripes (Figure 15) had the worst chipping
of all.

Formulation 115, vinyl toluene-butadiene. These stripes (Figure 16)
were very dirty and had extensive erosion.

After the initial above rating, individual properties were then rated on
each of the stripes. These ratings are listed in Table 8. Overall, all seven paints
performed quite well, much better than expected from the previous experiences
with traffic paints at Guam. Many of the low ratings on reflectivity and appear-
ance were due to the unsuitable method of application and to the heavy traffic
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encountered. Again the rating totals were weighted to lessen the factor of
reflectivity. The weighted totals correlate quite well with the initial ranking.
The three oleoresinous phenolic varnish formulations (108, 109, and 110)

and one alkyd formulation (101) performed appreciably better than the others.
The water-emulsion polyviny| acetate formulation {114) did not place as high
on the roadway stripes as on the runway plots because of its less resistance to
traffic abrasion. The other alkyd formulation (A) performed relatively poorly
again and the vinyl toluene-butadiene formulation (115) was rated lowest of
all. Chipping contributed more than erosion to deterioration of most of the
stripes, but the reverse was true for Formulation 114.

Table 8, Ratings of Paint Stripes at USNS, Guam After 1 Year

Paint Tt Str;pe“ Individual Rating for— Weighted

Eanmulatian Chippingb Erosion® Heflectivityd Appearancee Jofat
Ty 6 8 - 3 51

108 Ty+8B 6 8 4 3 55
To+8B 6 8 4 3 55

T 6 8 - 3 51

109 T;+8B 6 8 4 3 55
To+B 6 8 4 3 55

T4 6 8 - 3 51

110 Ty+B 6 8 4 5 61
To+B 6 8 4 3 55

T 6 8 - 3 51

101 Ty+B 6 8 4 3 55
To+8B 6 8 4 3 55

T, 4 8 - 3 45

A Ty+8B 4 8 0 3 45
To+B 4 8 0 3 45

Ty 6 6 - 3 45

1156 Tq+8B 6 6 0 0 36
Tp+8B 6 6 0 0 36

T 8 4 - 3 45

114 Ty+8 8 6 0 3 51
To+8B 8 6 0 3 51

4 T4 = single thickness, Ty = double thickness, B = beads.

b chipping: ASTM D913:51 rating (Reference 10).

€ Erosion: ASTM DB21-47 rating (Reference 11).

d Reflectivity: 10 = good, 7 = fair,4 = poor, O = very poor.

3 Appearance: 10 = bright, 8 = very slightly dirty, 5 = slightly dirty, 3 = dirty,0 = very
dirty.

A Weighted total: 3 x chipping + 3 x erosion + reflectivity + 3 x appearance; a high of
100 for beaded stripe and 90 for unbeaded stripe and a low of 0.
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Figure 12. Set of stripes of Formulation 108 at USNS, Guam 1 year after application.
Left *o right: single-thickness, reflectorized; doubie-thick ness, reflectorized;
single-thickness, unreflectorized.

Figure 13. Set of stripes of Formulation 101 at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thickness, reflectorized;
single-thickness, unreflectorized.
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Figure 14. Set of stripes of Formulation 114 at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thickness, reflectorized;
single-thickness, unreflectorized.

Figure 15. Set of stripes of Formulation A at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thickness, reflectorized;
single-thickness, unreflectorized.

25



Figure 16. Set of stripes of Formulation 115 at USNS, Guam 1 year after application.
Left to right: single-thickness, reflectorized; double-thickness, reflectorized;
single-thickness, unreflectorized.

Runway Testing at NAS, Point Mugu

Runway 3-21 of NAS, Point Mugu was resurfaced in the summer of
1967. The overlay was placed and treated witl: a proprietary conditioner
about 10 days prior to striping. Striping was performed by a contractor using
NCEL Formulation 109. One of the centerline dashes in a touchdown area at
one end of the runway was set aside for testing the other marking paints. This
dash, 2 feet wide and 120 feet long, was divided into five sections, each 2 feet
wide and 24 feet long. Starting from the end of the dash nearest the arresting
cable and proceeding toward the ocean end of the runway, the sequence of
test paints was Formulations 101, 108, 115, 110, 114. Thus, along with
Formulation 109 used on the rest of the runway, all six NCEL paint formu-
lations used in testing at Guam were also used at NAS, Point Mugu. The paint
volumes, dry-film thicknesses, and other application data are reported in
Reference 9.

The test sections deteriorated very slowly, but rapidly received black
tire markings (Figure 17) from touchdown of aircraft. Ratings received after
8-1/2 and 26-1/2 months are listed in Table 9. The rating totals were weighted
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to minimize the factor of erosion, which was negligible throughout the test
period. As at NAS, Agana, Formulation 114 had the highest and Formula-

‘tion 115 the lowest rating iotals. After 26-1/2 months the oleoresinous

phenolic varnish paints (108 and 109) without plasticizer were rated slightly
higher than the alkyd paint (101). The plasticized oleoresinous phenolic
varnish paint (110) had deteriorated much more than these. The side line
stripes (109) had less chipping than the centerline since it received no touch-
down, but it had more cracking. Some resistance to cracking may have been
imparted by the black rubber deposits on the centerline. Individual descrip-
tions of the test paint sections are given below.

Table 9. Ratings of Paint Stripes at NAS, Point Mugu

individual Rating for—
Paint Weight
Formulation . a . b c Glass Spher. Tire Total
Cracking Chipping Erosion R etemionde Tracklng"
8-1/2 Months After Application
101 10 8 10 5 4 79
108 8 8 10 5 4 73
109C# 10 8 10 9 6 91
10058 10 10 10 9 10 97
110 8 8 10 5 4 73
114 10 10 10 9 8 97
115 8 8 10 2-1/2 4 65-1/2
26-1/2 Months After Application

101 4 6 10 1 2 43
108 4 4 10 5 2 49
100C8 6 ] 10 2 2 52
10088 4 10 10 2 10 58
110 4 2 10 2-1/2 2 35-1/2
114 8 10 10 9 4 91

116 4 4 10 0 2 32

4 Cracking: 10 = virtually none, 8 = slight, 6 = moderate, 4 = extensive,2 = very extensive,
0 = completely cracked.

b Chipping: ASTM D913-61 rating (Reference 10).
¢ Erosion: ASTM D821-47 rating (Reference 11).
d Glass sphere retention: % spheres retained divided by 10,

£ Tiretracking: 10 = none, 8 = slight, 6 = moderate, 4 = extensive, 2 = very extensive,
0 = completely covered.

f Weighted total: 3 x cracking + 3 x chipping + erosion + 3 x glass sphere retention;
a high of 100 and a low of 0.

& C = centerline, S = side line.
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Figure 17. Sections of test paints at NAS, Point Mugu after 26-1/2 months.

Formulation 101, medium oii alkyd. This paint (Figure 18) had
excessive loss of reflective spheres. It also had some localized damage from
oil spillage.

Formulation 108, medium oil oleoresinous phenolic varnish. This
paint (Figure 19) had relatively good retention of glass spheres and performed
rather well despite appreciable chipping.

Formulation 109, long oil oleoresinous phenolic varnish. This paint
performed rather well. The centerline (Figure 20) had greater chipping than
the side line because of greater touchdown. The side line (Figure 21) had
greater cracking than the centeriine. Naturally there was no tire tracking on
the side line.

Formuiation 110, medium oil oleoresinous phenolic varnish with
plasticizer. This paint (Figure 22) performed relatively poorly and had the
most chipping of all.
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Figure 19. Formulation 108 at NAS, Point Mugu after

Figure 18. Formulation 101 at NAS, Point Mugu after

26-1/2 months.

26-1/2 months.
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Formulation 114, water-emulsion polyvinyl acetate. This paint
(Figure 23) performed better and was noticeably whiter than the other test
paints on the centerline throughout the 26-1/2 months of exposure.

Formulation 115, vinyl toluene-butadiene. This paint (Figure 24)
performed poorest of all through 26-1/2 months of exposure with low crack-
ing, chipping, and glass sphere retention ratings.

Miscellaneous Field Data

NCEL has been following the performance of marking paints on
asphaltic runways at several military airfields, mostly in Southern California
and Arizona. Because oleorésinous phenolic varnish formulations have given a
more satisfactory general performance than have alkyd paints purchased under
TT-P-85,% this type of paint was specified for use on several of these military
airfields.

Oxnard Air Force Base. The runway at the Oxnard Air Force Base
(now disestablished) consists of a section of portland cement concrete, a
section with asphalt overlay, and a section of slurry-sealed asphaltic concrete.
In the spring of 1965, the white markings along the runway were badly
deteriorated, and the slurry seal underlying the recently applied alkyd paint
was peeling off in sheets (Figure 25). Because of this serious problem, NCEL
was contacted to examine the markings and recommend corrective action.

In order to prevent recurrence of the deterioration associated with the alkyd
paints, it was recommended that the old stripes be removed, the lost slurry
seal be replaced, and the entire runway be striped with a medium oil length
oleoresinous phenolic varnish paint conforming to TT-P-85. This action was
completed in May 1965. In July 1966, the east 5,000 feet was fog-sealed to
prevent further deterioration of the asphaltic surface, and the above specified
paint was again applied to the markings.

The oleoresinous phenolic varnish paint performed in a most satisfac-
tory manner. When examined in September 1967, the side line stripes were
still in good condition and had retained good retroreflectivity, but the center-
line required restriping due to deposition of rubber from touchdown of
aircraft tires onto the paint. This was especially noticeable on the section
of portland cement concrete; the black tire markings had reduced both
visibility and retroreflectivity. The side line stripes on the overlay had reflec-
tion cracks (Figure 26) of the underlying portland cement concrete but showed
none of the peeling associated with the previously used alkyd paint.
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Figure 24. Formulation 115 at NAS, Point Mugu after 26-1/2 months.

The existing stripes on the runway were then overcoated with an
alkyd paint conforming to TT-P-85, rather than an oleoresinous phenolic
varnish paint, since restrictions limited the purchase to the federal supply
system. Cracking and peeling of the paint and slurry seal on the asphaltic
portion of the runway occurred as early as January 1968, and continued
deterioration necessitated restriping in May 1968. Again, alkyd paint con-
forming to TT-P-85 was obtained for use from the federal supply system.
Within 6 months after application, cracking and peeling of the paint had
occurred to a significant extert. Plans were made for removal of the deteri-
orated paint and slurry seal, replacement of the lost slurry seal, and restriping
of the entire runway with an oleoresinous phenolic varnish paint conforming
to TT-P-85. These plans were postponed several times and finally abandoned
when the base was scheduled for closing. When examined in December 1969,
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the centerline (Figure 27) was almost completely lost, and the side line stripes
were in very bad condition. The condition on the asphaltic portion of the run-
way was much worse than that on the portland cement portion (Figure 28).
When the broken pieces of the deteriorated stripings were held on edge, the
alternate layers of white paint and asphalt seal (Figure 29) were readily visible.
Although the original paint (oleoresinous phenolic varnish) had performed well,
the two topcoats of alkyd paint had imposed sufficient additional strain on the
marking that the bond between the underlying slurry seal and substrate was bro-
ken with the resultant peeling and loss of paint and slurry seal.

Figure 25. Peeled alkyd paint and slurry seal on side line striping of asphaltic runway
at Oxnard Air Force Base, spring 1965.

NAS, Imperial Beach. NCEL was contacted in July 1966 by South-
west Division, NAVFAC, to investigate deterioration of the white marking
paint and asphaltic substrate at NAS, Imperial Beach (then NAAS, Ream Field)
and to recommend remedial action. The runway at NAS, Imperial Beach is used
mostly by helicopters and does not have a heavy traffic of conventional aircraft.
The very thin asphaltic pavement had previously been fog-sealed with cut-back
asphalt, and sand had then been dropped into the wet asphalt. The runway was
striped in October 1965 using a proprietary reflectorized alkyd paint reportedly
conforming to TT-P-85' on the centerline and a proprietary unreflectorized
alkyd paint reportedly conforming to TT-P-115, type 17 on the side lines and
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for other markings. After a month, paint and sand seal began to crack (Figure
30) and come loose in large pieces from both the centerline and side lines. A
representative of the Office of the Inspector of Naval Material inspected the
runway to determine if the contractor should be required to restripe the run-
way because of poor paint application or inferior paint. The inspector accepted
the paints as conforming to specification and attributed poor paint performance
to the presence of moisture on the pavement at the time of application. Because
Public Works personnel had the responsibility of determining the suitability of
applization conditions, the contractor was relieved of further responsibility.

Figure 26. Oleoresinous phenolic varnish striping on side line of asphaltic runway at
Oxnard Air Force Base, September 1967.

In August 1966 a paint specialist from NCEL examined the runway at
NAS, Imperial Beach. The bonding of the paint to the immediate substrate was
excellent, and the deterioration was attributed to (1) the poor bonding of the
sand—asphalt seal to the substrate and (2) to the proprietary paints used which
have a history of poor performance on slurry seal despite conformance to spe-
cification. The runway surface at NAS, Imperial Beach is very irregular with
numerous bird baths present. The accumulation of rain water in these areas
appeared to further accelerate the deterioration associated with the white
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markings. 1t was recommended that restriping be done with a long oil length

oleoresinous phenolic varnish paint conforming to TT-P-85" and having a low
boiling, high aromaticity solvent. Because of funding considerations, it was
decided that only the loose paint and sand seal should be removed by chip-

ping before replacement of the stripes.

Figure 27. Deteriorated centerline striping at Oxnard Air Force Base, December 1969.

In January 1967 the loose slurry seal was removed, and the runway
was restriped with the recommended paint. The stripes showed little deteri-
oration after 3 months, even where they passed through bird baths (Figure 31).
After 5 months, however, there was appreciable loss of paint and slurry seal
where the previous paint had not been removed before restriping (Figure 32).
As was previously found at the Oxnard Air Force Base, the added strain of the
topcoat had initiated cracking and peeling of paint and seal.

A new contract was let for removing the old markings, repairing and/or
replacing the sand seal to extend 1 foot beyond the edges of the striping, and
restriping of the runway with a long oil length oleoresinous phenolic varnish
paint conforming to TT-P-85' and having a low boiling, high aromaticity sol-
vent. The contract required that a sample of the marking paint be sent to NCEL
for approval. The initial sample sent to NCEL was rejected when it was shown
by infrared spectroscopy to be of the alkyd type, but a later sample of the spe-
cified type was subsequently approved. While the sand seal at NAS, Imperial
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Beach was being repaired, a Navy representative removed a sample of the paint
to be used from the contractor’s truck for identification by NCEL. infiared
analysis indicated that the paint was of the alkyd type, as previously rejected.
Consequently, Navy contract personnel insisted that the paint at the job site be
replaced by that pre riously approved. The approved paint was consequently
applied in an acceptacle manner in the spring of 1968.

=0
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Figure 28. Deteriorated side line striping at Oxnard Air Force Base, December 1969.
Note better condition of striping on portland cement concrete portion than
on asphaltic portion.

Figure 29. Edge view of peeled runway striping from Oxnard Air Force Base showing
three alternate layers of paint and asphalt.
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Figure 30. Airfield marking at NAS, Imperial Beach in August 1966, 10 months after
striping.

The latest airfield markings have performed very well at NAS, Imperial
Beach for 1-1/2 years on the centerline (Figure 33), on the side lines (Figure 34),
and on the numerals identifying the runway at its extremities. There are very
few cracks on the markings, no peeling of the sand seal, and excellent retention
of reflectorized glass spheres. The absence of erosion and the small number of
rubber tire marks on the striping are probably related in significant part to the
use of light planes, mostly helicopters. The only significant deteriorations of
painted markings occurred where the centerline passed through bird baths (Fig-
ure 35). The Public Works Office at NAS, Imperial Beach is quite pleased with
the performance of this paint (similar to NCEL Formulation 109), especially
when their past history of problems associated with airfield striping is con-
sidered.
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Figure 35. Paint deterioration on centerline at NAS, Imperial Beach where it passes
through a bird bath.

41



MCAS, Yuma. MCAS, Yuma has three asphaltic runways that are
used mostly for training marine pilots. Two of these have histories that merit
special mention.

Runway 17-35 has a sand seal over a 1-1/2-inch asphaltic overlay.
Both were constructed in the fall of 1967. Striping was accomplished by
contractor in November 1967 at an estimated cost of $1,000. A white
oleoresinous phznolic varnish paint conforming to TT-P-85' was specified
on the runway. The identification numbers on the portland cement concrete
pavements on the runway extremities were to be outlined in black with paint
conforming to TT-P-110."® The contract specified that samples of the paint
to be used were to be sent to NCEL for approval before application. The ini-
tial sample of white paint from the contractor’s supplier was rejected because
it was found to be an alkyd rather than an oleoresinous phenolic varnish paint,
despite a notarized statemen: to the contrary. A subsequent sample from the
supplier was approved for use when it was found by infrared spectroscopy to
be of the required type. In February, the striping was examined by an ROICC
inspector and found to be in satisfactory condition. However, deterioration
proceeded rather rapidly after this and, when examined by a NCEL paint spe-
cialist in October 1968, the striping was found to be in very poor condition
(Figure 36). There was extensive edge and interior cracking of the paint and
underlying asphaltic substrate. The pavement had begun to peel back, expos-
ing a depth of as much as 1/4 inch, but the chunks were usually still firmly
held in place. The striping was in good condition on the portland cement con-
crete portion of the runway. At all locations the striping was well beaded with
glass spheres for retroreflectivity, A portion of the deteriorated paint was
removed and identified by infrared spectroscopy by both NCEL and a private
laboratory as being of the alkyd type that was initially rejected. Because of
this discrepancy, the contractor was required to remove the deteriorated strip-
ing, repair the damaged pavement, and replace the striping with the specified
paint, all at his ev.pense.

Runway 8-26 s!so has a sand seal over a 1-1/2-inch asphaltic overlay.
Both were constructed in the summer of 1967. Again, the striping contract
called for a white oleoresinous phenolic varnish paint conforming to TT-P-85.15
The striping was accomplished at the risk of the contractor* before the samples
were approved by NCEL. When the paint was subsequently shown by infrared
spectroscopy at NCEL to be of the alkyd type rather than the oleoresinous phe-
nolic varnish type, a credit of $395 was given by the contractor to MCAS, Yuma.
The painted stripings on Runway 8-26 were in reasonably good condition when
examined in October 1968 by an NCEL paint specialist. There was, however, a
long crack in the striping, parallel to the direction of the striping (Figure 37).

* Different from the one who striped Runway 17-35.
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This appeared to be due to a seam in the underlying pavement, and there
was no peeling associated with the cracking. The glass spheres that had been
dropped into the wet paint to impart retroreflectivity were concentrated in
the center one-third of the striping with very few, if any, occurring in the
outer sections.

Asphaltic parking areas were constructed in 1969 at the gymnasium
and chapel at MCAS, Yuma. For these areas, striping paint was applied by
the contractor 38 and 87 days, respectively, after installation. The contrac-
tor reportedly used an alkyd paint conforming to TT-P-115, type |. Within
2 to 4 months after striping, there was extensive deterioration of the painted
markings and the underlying asphalt (Figure 38). The contractor attributed
the damage to an incompatibility of the asphalt pavement and the alkyd paint,
referring to previous problems on Runway 17-35. An analysis of the paint used
was made by NCEL in order to determine the ceuse of the extremely premature
failure. The analysis, shown in Table 10, indicated that the damage was associ-
ated with the great deviation of the paint from the specification requirements—
notably the great deficiency in percent nonvolatile vehicle and the great excess
of thinner. This resulted in extremely poor paint flexibility. In light of the
vehicle composition, the high viscosity must be attributed to heavy loading
with absorbent filler pigments and/or excessive bodying of the resin.

Table 10. Analysis of Parking Lot Paint Used at MCAS, Yuma

Requirement for .
Test TT-P-115, type | Specimen
Weight per gallon {Ib) 12.6 min 10.64
Total solids (% by wt) - 67.4
Pigment (% by wt) 61 to 63 59.14
Nonvolatile vehicle (% by veh wt) 42 min 20.34
Total thinner (% by veh wt)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>