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Engi neeri ng and Desi gn
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1. Purpose. This letter furnishes guidance on use of fuel resistant sealers
for bitum nous concrete pavenents.

2. Applicability. This letter applies to all HQUSACE/ OCE el enents and al
field operating activities having Mlitary Construction design responsibility.

3. Di scussi on

a. In addition to the rubberized-tar slurry seals recommended for fue
resistant surfacings in Para 9.6 of TM 5-825-2 other materials are now on the
market. Some of these materials have been eval uated by WES and test results
and conclusions are contained in the Draft Report “Fuel Resistant Seal ers”
(I'ncl 1).

b. Some of the numerous materials narketed as fuel resistant sealers are
costly (approximtely $20/gal) and others are relatively inexpensive
(approxi mately $2/gal). Experience has shown that some perform satisfactorily
and others do not. The initial least/first cost of sealers is not always a
good neasure of the cost since sone of the less costly performfor a short tine
whil e the nore expensive may perform for extended periods (several years).

c. The Waterways Experinment Station has devel oped a test procedure (Inc
2) for evaluating the quality of fuel resistant sealers in the |laboratory. This
procedure involves dripping fuel on the seal ed asphaltic concrete surface,
conducting an abrasion test and evaluating the damage. This test procedure
eval uates the effects of fuel and traffic but it does not evaluate long term
performance as affected by changes of sealer properties with tinme and
t emperature

4. Action To Be Taken. Use of sealer materials now avail able should be based
on conformance with | aboratory test performance devel oped by WES, |lowest life
cycle costs, satisfactory application according to manufacturer’s specification
and satisfactory performance records. Materials not nmeeting these requirenents
shoul d not be selected for use.

5. | npl enentation. This letter will have routine application for Mlitary
Construction as defined in Para 6c, ER 1110-345-100.

FOR THE COVMVANDER:

2 Incl WLLIAM N MCORM CK, JR
as Chi ef , Engi neering Division

Directorate of Engineering & Construction
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FUEL RESI STANT SEALERS

PART |: | NTRODUCTI ON
Backgr ound

1. A large nunber of asphalt concrete pavenents are damaged each
year due to the spillage of fuel onto these pavenents. The fuel softens
t he asphalt binder and causes the asphalt concrete nixture to dis-

i ntegrate and erode under traffic. O prime concern is JP-4 fuel

2. In order to prevent this damage due to fuel spillage, other
paverment surfacings such as portland cenent concrete (PCC) nust be used
or some technique to protect the asphalt concrete fromfuel spillage
nmust be provided. PCC pavenents generally are nore expensive;
therefore, the use of bitum nous pavenents is desirable. In the past,
tar and tar-rubber concrete pavenents were used in fuel spillage areas;
however, poor performance resulted in their use being discontinued.

Al so, the manufacture of tar-rubber has becone increasingly difficult
due to restrictions by the Cccupational Safety and Health Adm nistration
(OSHA)

3. The use of fuel resistant sealers to protect the asphalt
concrete fromthe adverse effects of fuel spillage is a desirable
techni que. These sealers are sinple to apply and their use is nore
cost-effective than the previously nmentioned options. Many sealers are
on the market but few claimto be jet fuel resistant, and nost |ack
docunented information concerning their field performance.
bj ective

4. The objective of this study was to determnmine by |aboratory
tests the adequacy of a number of sealers to protect asphalt concrete
m xtures fromthe adverse effects of fuel spillage (jet fuel) and to
exterpolate this data to predict field performance.

Scope

5. A nunmber of conpanies were contacted and requested to furnish
potential fuel resistant sealers for this study. These sealers were
eval uated through a | aboratory testing programto determnine potentia
performance under fuel spillage conditions. The | aboratory eval uation

consi sted of dripping fuel (Reference Fuel B, paragraph 13) on asphalt
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concrete speci mens that had been seal ed, conducting an abrasion test to
identify damaged speci nens, and determ ning the weight |oss after the

abrasion test.

PART 11: PRODUCTS

6. The materials used for this project were selected froma
previ ous study which evaluated the use of fuel resistant sealers or
bi nders for porous friction courses (Shoenberger, 1983). The materials
sel ected had generally shown good perfornmance in this previous study. A
description of each of the materials selected is provided in Table 1.
The overall evaluation of the materials investigated included materia
cost, laboratory performance when subjected to fuel spillage, and ease
of preparing | aboratory specinens.

7. The cost of materials varied fromapproximtely $1.00 to $19.00
per gallon (Table 2). For these costs to be neaningful, the application
rate to protect an asphalt pavenent from spillage and the expected life
of the sealer would have to be determined. |In other words, the materia
that cost $19.00 per gallon may be cheaper for a life cycle cost than
the material that cost $1.00 per gallon

8. There are many other materials available for use as jet fue
resi stant sealers; however, it was felt that the ones selected are

typi cal of npbst types of sealers.

PART 111: LABORATORY TESTI NG

9. A laboratory testing programwas conducted to eval uate each of
the seven products. Dense graded m xtures were prepared in the
| aboratory, sealed with each of the products being eval uated, and tested
for effects of fuel spillage and abrasion. Table 1 contains a |list and
description of all products tested.

10. The asphalt concrete cores upon which the sealers were applied
consi sted of a bitum nous wearing course nmixture conpacted in the
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| aboratory to approximately the expected field density. The cores were
6 +0.1in. (50.8 + 2.5 m) in dianmeter and approximately 2 in. (5.1 nm
i n height.

11. The asphalt cores were sealed on the side, top, and bottom
The materials were evenly applied to the test specinmens with a 1.5-in,
nyl on brush. The specinens were initially sealed on all but the bottom
and allowed to dry to a nontacky state. Then after inverting the
speci men, the remaining side was sealed and this side becane the test
surface for all tests.

12. The curing tine required was dependent upon the type of
materi al used and was based on nanufacturers’ recomendations. An
initial set (nontacky) was obtained within 24 hours at roomtenperature
in all cases. The chemcrete, RT-14 and sul flex seal ed speci nens,
al t hough considered to be cured (nontacky) after 24 hours, were easily
mar ked by fingerprints, etc. and hardened slowy for several days.
Sul f1 ex hardened at the slowest rate of all materials.

13. After the specinmens were cured, they were subjected to a fue
drip test. In approximately 10 minutes, 1000 m of reference Fuel B 70%
| so-octane + 30% tol uene by volune), under a constant 5 psi pressure
head, was dripped on each specinen tested. This fuel covered the entire
speci men surface for the required time. The specinens were rotated 90
degrees every 2-1/2 minutes to hel p assure uni form coverage of fuel over
t he speci nen surface. The specinens were placed on a wire nmesh for the
fuel tests to prevent the fuel from accunul ating on the bottom of the
speci men.

14. The abrasion test was run on all specinmens within 5 m nutes of
conpletion of the fuel drip test. The abrasion test is an adaptation of
the “wet track abrasion test”, ASTM D 3910 (ASTM 1982). Two changes
required to this nmethod included shortening the abrasi on hose fromb5.0
in. to 1.5 in. and increasing the depth of the netal pan from2.0 in. to
2.5 in. The shorter hose was required for use with the 6-in, specinens
and the depth increase was to allow the specimens to be conpletely
subnmerged in water. At the conpletion of the abrasion test, the
speci mens were allowed to dry to a constant weight or for 24 hours,
whi chever was shorter. This weight is recorded along with noting any
| oss of aggregate particles fromthe speci mens. Wenever the materia
takes | onger than 24 hours to obtain a constant weight, this signifies
that fuel or water has penetrated the sealer. The two possible causes
of fuel penetration are: (a) the specinen is not conpletely seal ed, or
(b) the fuel has softened the sealer and penetrated the specinmen.
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PART 1V: LABORATORY TEST RESULTS

15. The products tested covered several material types and varied
greatly in effectiveness. The material was difficult to apply with a
brush when the materials required heating before application. \Wen
heati ng was necessary, this generally required that a thick |ayer of
seal er be applied to the asphalt concrete sanple.

16. No. 21 epoxy is a two-part coal tar epoxy. As suggested by
the Manufacturer, the nmix ratio for |aboratory testing was 1 part bi nder
to 1 part activator by weight. The sealed speci nen was subjected to two
cycles of fuel dripping and abrasion. The specimen showed no distress
during the fuel drip and abrasion tests and there was essentially no
wei ght loss fromthe tests (Table 2).

17. ChemCrete coal tar is a RT-12 tar nodified by the Chem Crete
Corporation. This material could not be properly applied to the
specimen cores with the brush. It was heated to 210°%, but when it was
applied by the brush it cool ed quickly and could not be thinly spread
which resulted in a thick coating. Then Chem Crete coal tar did not
bind to the specinmen and could be easily be peeled fromit. After the
speci men was subjected to one cycle of fuel and abrasion, there was no
vi sual danage to the specinmen. There were several places where the
seal er had broken away fromthe asphalt core and fuel could penetrate
into the asphalt mx. The specinmen devel oped hairline cracks over its
entire surface once it had dried followi ng the fuel drip and abrasion
test. After testing, this material was considered unsatisfactory as a
fuel resistant sealer.

18. Koppers coal tar enulsion (non-wi nterized) was applied ful
strength to a specinen. The intial fuel test did little damage,
al t hough the speci men which was originally black turned a browni sh
color. During the initial abrasion test, a small anobunt of the sealer
was renoved fromthe abraded surface. Five days later, a second fue
and abrasion test was conducted on the sane speci nen. The speci nen
failed in this second cycle of tests. There was a | oss of asphalt and
aggregate fromthe area of the speci nen where the abrasion test was
conducted. A soft spot also developed in the bottom of the specinmen
where fuel apparently entered and | eached out asphalt fromthe core.

19. Koppers coal tar enulsion (winterized, contains antifreeze)

was applied to a specimen after being diluted with an equal amount of
water. The speci men which was cured for 24 hours before testing failed
after one cycle of fuel and abrasion. During the fuel drip test, the
fuel appeared to dissolve and renove a | arge anmount of seal er and/or

asphalt. Abrasion renmoved a small anpbunt of aggregate and |left a rough

1-4



ETL 1110-1-125
4 May 84
exposed surface where the abrasion occurred.
20. Koppers coal tar super seal emulsion was applied undiluted to
a specinen in four coats over two days tine to obtain the desired seal er
t hi ckness. This coal tar enul sion contains 3 percent rubber by weight
of coal tar. The specimen was subjected to two cycles of fuel and
abrasi on. The anmount of material renpved during the fuel tests was
mnimal. The abrasion tests did little damage to the surface of the
speci men.
21. Koppers RT-14 is a paving grade road tar. The material was
heated to 225°% (107.2°C) for application to the specimen. This
materi al which acted simlar to the ChemCrete coal tar could not be
properly applied to the asphalt cores. The applied coating was too
thick and the material did not adhere satisfactorily to the specinmen.
The speci nen was subjected to one cycle of the fuel and abrasion tests
with no visible damage occurring to the sanple. This material was
consi dered unsatisfactory as a seal er because it would not properly coat
t he asphalt m x
22. Sulflex 233 is a plasticized sulfer material. Difficulty was
encountered in sealing the core specinmen with the Sulflex as observed
with the Chem Crete coal tar and Koppers PT-14. The Sul fl ex was heat ed
to 280°F (137.8°C) for application to the specinmen. A heavy coating of
the material had to be applied and it hardened very slowy, remsining
soft to the touch up to 48 hours after application. The material was
tested 24 hours after application by one cycle of fuel and abrasion.
The tests performed had no apparent effect on the specinmen. This
mat eri al was consi dered unsatisfactory as a seal er; however, because of

difficulty in coating the specinmen.
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23. An unseal ed specinen core had a fuel drip test performed on it
as a conparison to the seal ed speci nen. The fuel |eached out the asphalt
bi nder during the fuel drip test and the sanple disintegrated prior to

conducting the abrasion test.

PART V: FI ELD APPLI CATI ONS

24. Although no tests were conducted in the field to verify the
| aboratory test results, a brief discussion of expected perfornmance is
present ed.

25. Al of the materials investigated with the exception of No. 21
epoxy can be applied with a conventional asphalt distributor. There are
di stributors avail able that can apply epoxies. This equi pment nust have
a chamber for each of the two conmponents and be designed to mix the
conponents in the proper proportion when spraying.

26. Based on laboratory test results three of the materials
i nvestigated (Chem Crete tar, Koppers RT-14, and Sul flex) would be
difficult to properly apply in the field. These nmaterials nust be
heated to relatively high tenperatures in order to properly spray and
when these materials are sprayed onto the pavenent, they cool quickly
and do not evenly cover the pavenment surface. Even though these
materials are fuel resistant, they cannot be used as a sealer

27. The four materials investigated that can be properly sprayed
onto the pavement surface are the three tar emrul sions and Product No.

21. The winterized coal tar enulsion which was diluted before
application to the asphalt core did not performsatisfactory in the

| aboratory. It is believed however that a thicker application of this
material could result in inproved performance. Until further |aboratory
tests are conducted, it is not recomended for field testing.

28. This study did not evaluate the durability of the various
materials; however, froma resistance to fuel point of view, the product
No. 21 clearly outperformed the other materials. Based on this linmted
| aboratory study, it appears that the use of tar enul sion sealer would
require nore applications than Product 21 throughout the life of a
pavemnent .

29. Regardless of what material is used, it is necessary that an

asphalt pavenent which is going to be subjected to fuel spillage be
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sealed with a fuel resistant material prior to fuel spills. Once the
damage to the asphalt m xture has occurred, a sealer helps very little,
unl ess the asphalt mixture is still structurally sound and is properly

cl eaned before sealing.

PART VI: CONCLUSI ONS

30. The Product No. 21 performed very well in the |aboratory and
shoul d provide satisfactory performance in the field.

31. Tar enulsion resisted the effects of fuel to some extent;
however, the fuel gradually dissolved the tar. Those materials which
are relatively inexpensive (approxi mtely $1.00/gallon) may be used;
however, periodic applications would be required.

32. RT-14, Chem Crete tar, and Sul flex are fuel resistant;
however, spraying and handling techni ques nake theminpractical for use

as a fuel resistant sealer.

PART VII: RECOVMMENDATI ONS

33. There is a need to evaluate fuel resistant sealers in the
field so that cost and performance data for various materials can be
anal yzed to determ ne which seal ers would provide the nbst cost-
effective solution to the fuel spillage problemon asphalt concrete
pavenents.

34. This will be acconplished as part of the Facilities Technol ogy

Applications Test Programthat will commence in FY 84.
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Table 1

Products Tested as Fuel Resistant Pavement Sealers

Appli-
cation
rate2
Product _Manufacturer Material Mixture Gal/yd
No. 21 epoxy American Protective Coal gar epoxy *1 part binder to 0.1
Coating Corp. 2 parts activator
Cleveland, Ohio
Tar Chem-Crete Corp. Tar None required 0.2
Coal tar Koppers Inc. Coal tar emul- No water added (.1 to .3)
emulsion Pittsburgh, PA sion . 0.2
(non-winter-
ized)
Coal tar Koppers, Inc. Coal tar emul- 1 part emulsion o.4
emulsion Pittsburgh, PA sion to 1 part water
(winterized)
Super Seal Koppers Inc. Coal tar emul- . No water added °.2
coal tar Pittsburgh, PA sion with
emulsion rubber
RT-14 Koppers Inc. “Tar None required °.2
Pittsburgh, PA
Sulflex 233 Southwest Research Plasticized None required °.2
Institute, San Sulfer

Antonio, Texas

Price
per

Callon

$18.52

>§ 2.00

092

-CC-

>$ 2.00

' Approxi-

mate
Price
per
Square
—Yard

$1.85

“n

.18

<0

.19

$ .40

* The manufacturer now suggests a 1 to 1 mixture.
** No price available but probably $3.00 to $4.00 per gallon.

t These price estimates are not directly comparable due to unknowns concerning

the 1ife of the scalers.

G¢I-1-0T11T 113
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Table 2

B c |
=3
Fuel Resistant Pavement Sealers =
_—— <
o =
Original Weight Weight Weight 9
Weight Weight of After After T
of After Material First Second o
Product Sample Sealing  Applicd Cycle Cycle Remarks <
No. 21 Exoxy 2257.8 2273.0 15.2 2273,2  2272.8 Specimen recetved two fuel drip
tests beforéd first abrasion test.
*%
Chem-Crete processed 2250.2 -- -- - - Weight not recorded; fuel pene-
coal tar trated specimen where scaler sep-
arated from core.
Koppers coal tar emulsion 2247.8 2259.2 11.4 2258.2  2191.0 Some material removed by abrasion
(non-winterized) head.
Koppers coal tar cmulsion 2271.0 2282.6 11.6 2196.8 - Failed after one cycle.
(vinterized)
%
KOppers, coal tar super 2256.5 2288.2 26.3 - 2294.1 Applied in four coats; test sur-
scal emulsion face marked or indented by abra-
sion head.
RT=14 2234.8 2325.3 90.5 2325.6 --  No apparent damage to specimen
after testing.
B33
Su flex 233 2254.8 2342.9 98.1 - - Weight not recorded; fuecl pene-
trated specimen where sealer sep-
arated from core.
Untreated specimen 2225.5 - - Failed During abrasion test agpregate

dislodged from surface and test
ended.

-~ Luntdilis J percent rupover ny welgnt or coal war,

**  These products had to be heated for application.

The application technique used (brushing prevented a

satisfactory scaling of the specimens, except by obtaining extremely thick coatings.

J
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TEST PROCEDURE FOR EVALUATI NG THE QUALITY OF FUEL
RESI STANT SEALERS I N THE LABORATORY

1. SAMPLI NG AND TESTI NG

1.1 Sanpling: The sanples obtained for |aboratory testing shall be repre-
sentative of the material to be used for construction. These sanples shall be
stored in clean, airtight containers and maintained in a dry environnment
within a tenperature range of 40°F to 120°F. The sanples shall be furnished
to the testing | aboratory at |east 30 days prior to planned use.

1.2 Test Methods:

1.2.1 Test Specinens: Test specimens shall consist of PCC concrete base
cylinders with a one inch conpacted AC cap

The base cylinder shall be prepared utilizing PCC concrete. Each cylinder
shall be 5.95 + 0.05 inches in dianeter with a thickness of 2 + 0.1 inches. A
6-inch concrete core provides an excellent source for the base cylinders.

AC caps of one inch thickness shall be constructed on the concrete base
cylinders. Conpaction of the AC caps is acconplished with 10 revol utions of a
gyratory conpactor (ASTM D 3387) with a one-degree angle of gyration and a
200- psi foot pressure setting of the machine.

The AC speci men cap shall conformto the job mx fornmula as to gradation
and optimum asphalt content. AC 20 asphalt may be used where the type to be
used i s uncertain.

The controlling criteria for the amount of coating material applied will
be based on the manufacturer*s recomendati on

After the AC cap to be coated is prepared, the material shall be applied
with a brush or sprayed when applicable. Care nust be exercised to assure
uni form and conpl ete coverage. The test nmethod requires coating the top of
the AC and conpletely covering the sides of the specinens. The final weight of
t he seal ed speci nens shall be recorded after the coating dries.

The tenperature of all test specinmens at the time of testing and during
cure periods shall be maintained within a tenperature range of 70°F + 10°. The
time required for a conplete cure will depend on the type of material used and

I ncl osure 2



ETL- 1110- 1- 125
4 May 84

shoul d be based on the manufacturer*s recomendations. An initial set shal
be obtainable within 4 to 24 hours, and the material shall be rejected if it
remai ns tacky after 24 hours. The specinmens shall be maintained in a dry
envi ronnent when not being tested.

1.2.2 Fuel -Drip Test:

The AC core sanple is placed under a dripping flow of 1000 m of fue
contai ned under 5 + 0.5 pounds per square inch (psi) of pressure for 10_+ 0.5
m nut es.

A contai ner of any convenient size shall be used, provided it can hold a
m ni mum of 1000 m of Reference Fuel B. This container shall be capabl e of
bei ng pressurized at a constant 5 + 0.5 psi and possess val ving capabl e of
being calibrated to deliver 1000 mM in 10 + 0.5 minutes. The discharge on
this contai ner shall be capable of dripping the fuel to evenly cover the
entire core surface for the required tinme.

The bal ance shall be capable of weighing 5000 grams to within +1.0 grans.

The fuel used in the fuel-drip test shall be Reference Fuel B (70 percent
i sooct ane plus 30 percent toluene, industrial grade) (ASTM 0 471).

A wire nmesh or screen shall be used, on which the sanple is placed, to
al | ow drai nage of fuel away fromthe sanple.

Utilizing the container described above, apply to a sanple within 10_+ 0.5

m nutes 1000 m of fuel contained under 5_+ 0.5 psi of pressure. The sanple
shall be rotated 90 degrees every 2.5 minutes to assure equal fuel coverage to
t he sanpl e.

Afterward, test the sanmple by abrasion within 30 £ 1 m nutes of
conpletion of the fuel-drip test.

Record any visible damage or | oss of AC aggregate from the specinen.?

1.2.3 Abrasion Test: The specinmens shall be tested by abrasion using an
adaptation of the “Wt Track Abrasion Test,” ASTM 0 3910. The follow ng test
met hod contains sections of ASTM D 3910 either copied verbatim adapted to
this test method, or conpletely elininated.

The specinen is abraded at the tenperature requirements given in Section
1.2.1. After abrasion, the specinen is dried to a constant weight as
specified, and the weight is recorded.

! When a speci men | oses pieces of aggregate during the fuel test, the
abrasi on test may be waived and the product failed when approxi mately
10 percent or nore of the AC aggregate is |ost.
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A bal ance capabl e of wei ghing 5000 grans to within £ 1 .0 granms shall be
used.

The Pl anetary Type Mechanical Stirrer?(such as the Hobart C 100 made by
Hobart Mg. Co., Troy, Chio) shall be equipped with a (5-pound) wei ghted
rubber hose hol di ng device (abrasion head) with approximtely % inch free up-
and-down novenent in the shaft sleeve.

A heavy (1/8-inch) flat-bottommetal pan shall be selected that is
approximately 13 inches in dianeter with 2-inch vertical side walls (20-gage
or heavier) having four equi spaced screw cl anps capabl e of securing the 11
1/ 4-inch-di ameter specinen holders to the bottom of the pan.

A speci men hol der constructed with pol ynet hyl net hacryl ate (PMVA) shal
hol d the specinmens securely in the nmetal pan. The device is 1/4 inch in
thi ckness with an outside dianmeter of 11 inches and an inside dianmeter of 6.1
+ 0.1 inches to be centered under the rotating head of the mechanical stirrer
when the pan is attached to it. This device shall be capable of holding the
sampl es i nmpbile during the abrasion test.

Rei nf orced rubber hose® (two braid, 300 psi, green oil-resistant cover),
with a 3/4-inch inside dianeter and 1-7/32 inch outside dianmeter, shall be cut
into 1-1/2-inch | engths.

Wboden prop bl ock or equivalent is required for supporting the platform
assenbly into position during testing.

Pl ace the sanmple in the holder and secure it in the |arge pan by the provided
fasteners. Add water at roomtenperature to cover the sanple by at |east 1/4-
i nch.

Secure the pan containing the specinmen on the platformof the device. Lock

t he rubber hose abrasion head on the shaft of the Hobart maching. Elevate the
platformuntil the rubber hose fully contacts the sanple with the total weight
of the head on the surface of the specimen. Use the prop block to support the
pl atform assenbly during testing.

Switch to the | ow speed of the machi ne (approximately 144 shaft rpmat 61
turns of the planetary). Operate the nmachine for 5 minutes + 2 seconds
running tine.*

Renove the specimen and rinse it thoroughly with water to renove all |oose
debris. Then place the specinmen in a clean, dry area and allow it to dry to a
const ant wei ght.

2 The Hobart C-100 stirrer, available from Hobart Manufacturing Co., Wrld
Headquarters, Troy, Chio 45374, has been found suitable.

8 The Uniroyal P-290 general purpose air hose, available from Uniroyal,

Inc., P. 0. Box 1126, Wall Street Station, New York, NY 10005, has been
found suitabl e.
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Record the final weight of the specinen after abrasion noting any | oss of
aggregate particles fromthe specinmen.

2. ACCEPTANCE OF PRODUCT:
2.1 Fuel and Abrasi on Resistance:

2.1.1 The product shall be rejected if at any time during the fuel /abraision
tests there is a weight loss (loss of aggregate/coating material) from any of
t he speci nens whi ch exceeds the weight of the coating originally applied. If
this weight |oss is exceeded on one of the three AC specinens, the product
shal | be retested.

4 1nstall a fresh section of hose after conpletion of eash test to prevent
any material buildup on the base. It is allowable to rotate the hose one-
half turn after one test so that two tests can be conducted with each
pi ece of hose.



	cover [1].pdf
	basic [1].pdf
	encl-1 c19980427 [11].pdf
	encl-2 [4].pdf

