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INVESTIGATION OF SOLVENT RESISTANT TREAT¥iliNTS 
FOR BITilliJINOU3 fA VclviENTS 

PART I: lNTrtODUCTION 

Authorization 

l. The investigation v.ras authorized by The President, The Engineer 

Board, in a letter dated lb February 1946 to the Director, ;;aterways 

Experiment station, subject, 11 Investj-:;ation of Oil and Gasoline Resistant 

Bituminous Pave:ments,n Project Number :t'lRS 457 and Work Order Number DAC 

3109. Direction of the project was transferred to the Office, Chief of 

Engineers, by a letter dated 26 June 1946 from 9ffice, Chief of Engineers, 

to The President, l.ississiii>i rtivcr Commission, subject, "Funds for In-

vestigationa1 Protsran-.. for Fiscal Year 1947. 11 (Project 210 ESA 1947. Dir. 

Cons. 71> .. -24822 h.ississippi Fl.iver Cormnission). 

Ob,jecti ves 

2. The objectives of this investigation were to determ.ine the 

resist,mce of various types of bituminous pavements to the detrimental 

effects of the; s~,i1lase of L>asoline, kE:rosene, lubricating oil, and 

hydraulic brake fluid and to further determine .JJ.lich surfacing materials 

and methods of treatment v-rould satisfactorily }-rotect existing bituminous 

pavements from tho detrimental effects of the s..-illago of thes~ petroleum 

products. Specifically the pavcmcmts and r.1aterials were investigated to 

dete;rmine: 

~· Their resistance to the detrimental action of water, gaso­
line, korosono, lubricating oil, and hydraulic brake fluid • 

.£• Which materials, together with methods of treatment, were 
not adversely affected by water and were most satisfactor,y 



for treating existing asphalt pavements to make them 
resistant to the action of the petroleum products men­
tioned above. 

£• The most suitable temperatures, quantities, and other 
conditions for application. 

g. Probable cost when applied to large areas, 

£• rtequired curing period, 

f.· Resistance to abrasion. 

Scope 

. 2 

3. The investigation was divided into two phases. The preliminar,y 

phase consisted of a la.boratory study in which testing methods and pro-

cedures were devised and tests performed to select the most suitable 

products for further study, The second phase of the study was a small-

scale field test to select the best of the materials passed by the 

laboratory tests, 

Acknowledgments 

4, The investigation v.ras conducted by the Flexible Pavement Branch 
Air.ftelch 

of the Soils Division of the Watcr\vays Experiment Station for the Aiq;;Jb 

Branch of the Office, Chief of Engineers, Acknowledgment is made to the 

Engineer :ttcsoarch & Development Laboratories (formerly The Engineer Board) 

which accomplished the preliminary officG stuC, for the investigation. 

Appreciation is expressed to the producers of the various products 

listed in table 1 for their cooperation in furnishing information and 

materials. 



PART II: LABORATORY TESTS 

Solvents and Naterials Tested 

5. The solvents used in the laboratory tests were water, gasoline, 

kerosene, lubricating oil, and hydraulic brake fluid. Since little pre­

liminary infor;,;ation was available on suitable materials which would 

resist th0 solvent action of petroleum r.:-roducts and meet the other service 

requirements for airfield iJavewcnt.s, numerous products were tested in 

ord.:cr to find those that would best fulfill the. behavior requirement. 

host of the: products invE.;sti~~atod v-rcro manufactured primarily for other 

purposes; therefore, their behavior in these tests should in no way 

detract from their merit in a~Jplications for which they were intended. 

The matGrials tested fell into two ,:_oncral classifications; namely, bitu­

minous pavements and surfacing mc.torials. Bit1·'n.inous pav"ment nd.xtures 

tested consisted oi the followin6 : asphaltic concrete with four grades 

of aspho.lt cer:tont, pcnetratj.on rangir:tG from 45 to 150; asJ; .. haltic con­

creto using four different proportions of natural asphaltic lime:?tone; 

asphaltic concrete with admixtures ol' powdered asfhalt; and tar concrete 

rn&.dc with four grades of tar. h'otuctive surfacin~ li.atorials tested 

wore: four ,srados of .tar; tv10 ty~~os of vinylite resin; tviO bituminous 

emulsions vdth clay filler; six typos of paints; and a synthetic rubber 

emulsion with adiitixod a 0 gregatc, The materials tested and tho· firms 

Hhich supplied them are listed in tablu 1, 

PreliminarY Tests 

6. Preliminary tests vmrc conducted using 4-in • diameter by 



2-1/2-in, compacted specimens to dotermine the prop~r procedure to be 

used in the laboratory phase of tho study. The first preliminar.y tests 

consisted of submerging asphaltic concrete specimens in various solvents 

for different lengths of time a.nd then detennining the Marshall stability 

values. The Marshall stability value is the number of pounds required to 
• 

crush a specimen at a temperature of 140° F in semi-confinement normal 

to tho axis. The results of those tests are shown below as percentages 

of the original stabilities determined on similar specimens without sub-

jecting them to the action of the solvents, 

Hours 
Submerged 

1/2 
l 
2 
4 

336 

Reduction of Stability Due to Submersion in Solvents 

Solvent 

Gasoline 
Gasoline 
Kerosene 
Kerosene 
Lubricating Oil 

Per Cent of 
Original Stability 

53 
29 
50 
24 
62 

It is seen in these tests that com~~rable reductions in stability 

required an excessively long so<..\king period for the lubricating oil sol-

vent. This procedure was not adopted because the action of the solvents 

was not comparable to that existing in the field. In a second series of 

tests a wetting-draining cycle was used in which asphaltic concrete 

specimens were submerged in kerosene for 30 seconds and allowed to drain 

at room tempero.ture for one hour, Mo.rshall stability vol.ues were deter­

mined at the end of 01 101 and 12 cycles, Th( v <:L1.ta (not presented here) 

showed a progressive decrease in stability and specimen weight with 

increasing nurnber of cycles in the solvent, Boonuse of the favorable 
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trend shown in the second series of preliminary tests, further tests using 

the 30-suconds-submcrging-mld-one-hour-draining cycle wore run in gaso­

line, kerosene, lubricating oil., and hydraulic brake fluid using asphal­

tic concrete specimens. Each specimen was weighed after each cycle. 

Stability tests were made on duplicate specimens at the end of o, 7, 131 

:md 20 cycles except in tho case of the lubricatin6 oil where the final 

stability >vas determined c:.ftor 22 cycles. The chu.nges in weight and 

stability caused by the action of tho solvents are shown as percentages 

of the original valuos in fit:;ures 11 2., 3, anc;. 41 plate 1. 

Adopted Testing frocedures 

7. Inspection of figures 1 and 21 plate 11 shows that at the end 

of 10 cycles appreciable losses in weight and stability had occurred when 

gasoline and kerosene wen. tho solvents used. Inspection of figures 3 

and 4, plate 11 shows that the losses were negligible at the end of 20 

cycles vrhen lubricat1ng oil and hydraulic brake fluid Here the solvents 

used. It c;,~_peared that 10 cycles were adequate to give reasonable results 

from gasoline and kerosene. The lubricating oil1 as in the first prelimi­

nary tests, was very slow to act. The hydraulic brake fluid behaved 

similarly to the lubricating oil. ln order to establish a reasonable 

period for the laboratory tests, 10 cycles of wetting and draining were 

adopted based on the results of tests using gasoline and kerosene. The 

following is the adopted testing pro~edure. t·,it weights were determined 

for all specimens before be;ginning the cycles. The wetting-draining cycle 

consisted of submergli13 the specimens for 30 seconds in the solvent and 

then draining at roan temperature for cne hour, Specimens in quad~upl:icate 
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were submitted to 10 such cycles, 'Loss in '~«light was determined after 

each cycle, and after 10 cycles unit weights and Mars~all stability values 

were determined. In stability determinations a water bath is usually 

used to heat the specimens to the testing temperature of 14()0 F, However, 

since in these tests water might have had a de .rimontal effect, the 

specimens were brought to the desired temperature by heating in an elec­

tric oven, 'ro provide n bD.sis for evaluating the test results, unit 

weight and stability values were also determined on four specimens from 

each mix without exposing them to the solvents. These specimens are 

identified as "control" throughout the repc)rt. If the pavement and 

coatings were resistnnt to the solvents, the weights ~nd stability 

values of the specimens remained unchanged. If any were only partially 

resistant to the solvents, the degree of resistance was reflected by 

the loss of weight and stability, 

Bituminous Pavements 

Preparation and testing of specimens 

8. Gradation of aggregate and bitumen content • The test specimens 

were made of asphaltic concrete in accordance with the directive which 

specified that asphaltic concreto wuld be pr(. ll:l.red using (lC>0-120) pene­

tration asphalt binder t.lXld 1/2-in. maximum aggregate in accordance with 

tables l and 3 of Specification CE-65, "Flexible Pavements, BituminoUs 

Binder o.nd Wearing Courses (Central Hot Plant Mix)" dated 2 October 1942. 

Several gradations within the specifications were tried before one giving 

a satisfactory stability volue was selected. This gradation is shown on 

pla\e 2. Tar C(llcretes were also preparecl using this gradation. The 



only exception was th3.t the asphe.ltic limestone was blended in accordance 

with the recommendr.ttion of the producer, r..s specified in the directive. 

The perce.11tages of bitumen used in the; preparation of test specimens were 

deterwJned in accordance with procedures developed by the Waterways 

Experiment Station which utilize specimens prep~red for the Marshall test, 

except in the case of the 1\Sphaltic limestone concrete where the recom-

' mcndations of the producer were used. Tho percentages of bitumen used are 

shOi'lll in the following table: 

Percentages of Asp~~lt Cement Used 

Bitwninous Pavements 

Asphaltic limestone concrete 
100% asphaltic limestone aggregate 

80% ~sphaltic limestone - 2~b sand 
70% asphaltic limestone - 30% sand 
50% asphnltic limestone - 50% sand 

Asphaltic concrete with 4% Lincolnite (Admixture) 
As~haltic concrete with 2% LincoJ.nite (Admixture) 
Aspl~ltic concrete (asphalt cement penetrations 451 

85-100, 100-120, and 120-150) 
Tar concrete (gr::tdes RT-8, 9, 10, and 12) 

Per Cent Bitumen Added 

5.5 
5.75 
5.75 
6.25 
6.0 
6.0 

6.0 
7.0 

9. Description of test specimens. The test specimens selected 

for the laborator,y phase were of the standard size used for the Marshall 

stability test - 4 in. in diruneter and 2-1/2 in. thick. They were 

compacted fr~n the hot asphalt mixtures by 5~ blows on each side of the 

specimens using a 12-1/2-lb hru~uncr falling through a distance of 18 in. 

and striking a cohcpc.ction foot 3-7/8-in. in diameter. 

10. Testing of specimens. Specimens of bitwninous pavements listed 

in the table above were tested in gasoline, kerosene, lubricating oil1 

nnd h1draulic brike fluid in accordance with the adopted testing proce­

dure previously described. In order to obtain oOlllparative vo.lues for 



each type o! pnTEment, unit weights rmd Marshall stability values were 

determined an control spec~~ns which had not been subjected to the 

notion of any solvent. 

Test results 

11. A sUJnm:J.ry of the n.vcr.::.ge stabllity nnd flow values, unit 

weights, and void relations for the bitwuinous pavements before testing 

are given in t~J.ble 2. The porcont?.ges of the original weights and the 

percent~ges of tho original Marshnll stability values after 10 cycles 

of wetting nnd dr~~ning are presented in table 3. 

Discussion of test results 

12. Effect of the various solvents. The solvents fell into two 

groups. The first comprised the fast-acting solvents which included 

kerosene nnd gasoline. The second group consisted of thG slow-acting 

solvents which were lubricating oil and hydraulic brake fluid. Photo-

graphs 1 <'nd 2 show typical exmnples of specimens tested in kerosene 

and lubric~ting oil. 

1.3, Asphalt celllf;nts. The asphaltic concretes were all readily 

~ttackod by gasoline and kerosone while the action of lubricating oil 

t:.nd hydr~ulic brake fluid wo.s less severe. Variations in grade of 

asphalt cement from 45 to 150 penetr~tion made no appreciable difference 

in the resistance to leaching of the specimens 'by any solvent. The 

asphaltic concrete~ were attacked by the solvents more readily than 

~ of the pavement mixtures tested, 

14, As:ehaf.tic limostcno. The a.sphe.ltic limestone cmoretes were 
1 I .I 

attacked by gasoline and kerosene, but wer~ affected little. b1 the brake 



fluid and lubricating oil,. The loss in stability and weight after 10 

cycles of wetting and draining showed a tendency toward greater losses 

as the perc~ntagc of sand in the mixture increased; this trend was not 

oonsistent, howevQr. It may bo noted from table 2 that the specimens 

also decreased in original stability as the porcentagG of sand in the 

mixtur<J increo.sed. In gGn.eral., all of tho asphaltic limestone mixes 

withstood the action of kerosene and gasoline better than the straight 

asphalt cements •. 

9' 

15. Lincolnito. In g0nerc.l the specime;ns containing 6 per cent 

asphalt cement and an admixture of 4 por cent lincolnite were more 

resistant to tho solvents than the ones containing 6 per cent asphalt 

CGment and 2 per cent lincolnito. Both mixtures were attacked by gaso­

line and kerosene and were rol~tively unaffected by lubricating oil 

and brake fluid •. The specimens containing the 2 per cent lincolnite 

wore little better than tho asphaltic concrete specimens without an 

admixtur~;;, whereas tho 4 per cent specimens wore slightly better than 

thl' D.Sphaltic limestone admixtures • . 

16. Tar conore~o. The tar concretes wore relatively unaffected 

by any of the solvents. The ori.::o;inal stability values for all grades 

of tar tested were low, but there was an increase in stability as the 

grade of. tho tars became lUOre viscous. The stability values in general 

were lower aft~r 10 cycles of wetting and draining. Howev~r, the ver,y 

low values precluded any accurate appraisal of the tar concretes since 

considerable variation in the stability of individual specimens may be 

expected for materials with very low stability. Some ot the specimons 

g~ined slightly in weight during testing ~ich indicated absorption of 



the solvent. There wns no apparent leaching of the binder· in any case 

as shown on photographs 1 and 2. Tho tar concretes had the most satis­

f~ctory beh~vior chcracteristics of any of the bituminous pavements 

tested. 

Surfnci~~ Materials 

Preparn.tion of specimens and test 12rocedure 

17. S0veral hundred 4-in. diameter by 2-in. high specimens used in 

testing the surfacing materials were prepared with 100-120 penetration 

asphalt cement and canpacted in accordance with methods and procedures 

discussed in paragraphs 8 and 9. 

18, Coating of sPecimens. The various surfacing materials were 

painted on the specimens except in the case of the Per.makote, which was 

troweled on. These materials are listed in the succeeding paragraph. 

Specimens were coated in accordance with recommendations of the pro­

ducers when such recommendations were made. Also, additional specimens 

were coated with 50 per cent more and 50 per cent less than the recom­

mended amounts. ~uantities used are shown in table 4. The specimens 

which appeared to have satisfactory coatings were selected by visual 

inspection and tested. Deternrlnations were also made an the time of 

curing of the various surfacing materials; these are also shown on 

table 4, Photograph 3 shows a representative group of coated speci­

mens before test, One surfacing material, the SYHM, checked and peeled 

while it dried, as shown in the upper part of photograJ:b 4. In addition 

to the various thicknesses of coatings used1 the SYHM was cured at 

several temperatures in an effort to eliminate the checking. In all 
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cases the material was unsatisfactory. It was apparent that this mate-

rial offered no protection to the specimen so no specimens were tested. 

19. Test procedure. Coated specimens were tested in qua.drupli .... 

cate (in accordance with the procedure outlined in paragraph 7) in the 

solvents as shown in the following tabulation: 

Surfacing P~tcrials and Solvents Tested 

Hydraulic 
Lubricating Brake 

Surfacing Naterials Kerosene Gasoline Oil Fluid Water 

Tar Soal R'l'-8, 91 101 
& 12 X X X X 

J.onnite X X X X 

So lac X X X X 

Cordo .31-ii-219#1 X X X X 

Paints xl X X X 

Pcrrnakote Surfacer X X 
SYHH 

Notes: (l) If a paint failed in kerosene 1 no additional solvents were 
tosted. 

(2) Solq.ble in water. 

X 
X 

X 
X 

X 

x2 

For purposes of cornparison1 stability and flow values1 unit weights, and 

void relations were also determined on coated specimens in quadruplicate 

without subrnittiug them to the action of the solvents. 

Abrasion tests 

20. In the original plan of testing a laboratory abrasion test 

was included to reduce the number of surfacing materials in the field 

tests. The number of surfacing materials considered satisfactory for 

the field tests (as noted in subsequent paragraphs) was limited; there-

fore, the laboratory abrasion tests were not conducted. 



'test results 

21. The stability and flow values, unit weights, und void rela­

tions for the control specimens are given in table 2. The percentages 

of the original weights and the percentages of the original Marshall 

stability values of the test specimens after 10 cycles of wetting and 

draining in the various solvents are shown in table 3. 

Discussion of test results 

12, 

22. Visual observations made at the time of coating the specimens 

showed that the surfacing materials in general softened th0 specimens 

slightly when they were applied. The specimens regained their hardness 

as the surfacmg materials cured. All materials tested were insoluble in 

water except tho resin solution snm. 

23. Jennito, Solac 1 and Gordo JM-219#1. These surfacing materials 

were resistant to all solvents except kerosene. Although there wore no 

losses in weight and no visible indication of leaching action by the 

kerosene (pnotoe;raph 5), the specimens lost approximately 40 per cent 

of their original stability. It is noted that these materials were the 

only thrcG subjected to ~.rotting and draining in which the action of kero­

sene vm.s more severe th::m that of gasoline; in general1 on other lilaterials 

the action of both rolvents was about the same • The three coatings are 

considered satisfactory on the basis of the laboratory tests. 

24. Pcrmakoto Surfacer. This material developed hair cracks 

while curing and sloughed off during the 10 cycles of wetting and 

draining in kerosene. There was some loss in weight an<i considerable 

loss in stability after, the wetting and dra.:ining test. Specimens 



coated with Permakote also showed considerable loss in stability when 

tested in lubricating oil. (See photographs 5 and 6.) The material 

was not subjected to the action of gasoline or brake fluid because of 

its poor behavior in the other solvents. ·· , 

25. Tar seals. The various grades of tar were not attacked by 

13 

and offered approximately the same degree of protection from all sol­

vents, There were no changes in weights and no leaching action in an:y 

of the solvents as shown on photographs 5 and 6. Inspection of table 2 

shows that the original stability values were very l~w. This may be · 

explained by the fact that the tar coating softened in the oven at 140° 

F and penetrated the asphaltic concrete specimen, softening the outer 

edges. This in turn reduced the effective diameter of the specimen 

thereby giving a low stability value. Air bubbles developed on some of 

the tar coated samples. During testing to determine the effect of sol­

vents some of the bubbles ruptured, thus exposing the surface of the 

asphaltic concrete. A hole leached out by gasoline in such an unprotected. 

area is shown in the lower part of photograph 4. The tar seals were con­

sidered satisfactory on the basis of laboratory tests. 

26. Paints. All paint samples were subjected to 10 wetting-and­

draining cycles in kerosene. G1eem Synthetic, Instant Dry White1 A-1201 

manufactured by the Baltimore Paint and Color ·,vorks of Baltimore, 

Maryland was the only paint which offered adequate protection to the 

specimens. This paint was then subjected to 10 cycles of wetting and 

draining in the other eolvents. All other pa:inta cracked ani peeled 

during testLng so that1 regardless of the weight and stability values 

shol'Jn in table 3, the leaching action of the solvent woulcl soon ha.ve 



destroyed the specimens. For the sake of brevity, the satisfactory 

paint 'Will be referred to by the vlater\>.'ays Experiment Station labora-

tory number which was No. 1189. 

27. Limitations of the Marshall stability test. The Marshall 

stability test is known to be sensitive to the density and diameter of 

the specimens and to the temperature at which the specimens are tested. 

Slight variations in d~sity occurred in the preparation of this large 

number of specimens in spite of t:1e extreme care taken to guard against 

it. The diameters of the specimens were reduced when the solvents leached 

the binder and allowed the aggregates to slough off (as shown in photo-

graph 1) or when tho coating penetrated and softened the asphalt as in 

the case of tre tar seal. The t~mperature control used on the ~ven for 

heating the specimens before deterrrdning the ~iarshall stability values 

varied about .:!: 2° F from the testing temperature of 140° F. Also to 

secure a fixed average eight specimens should be tested rather than 

four. The accumulation of those possible, even though small, e1·rors 

may account for some of the erratic and inconsistent results obtained. 

Summary 

28. The evaluation of the laboratory testing indicated that tar 

concrete, asphaltic limestone concrete with 100 per cent asphaltic lime­

stone aggregate, and asphaltic concrete with an admixture of 4 per cent 

lincolnite were the most suitable bitumtinous pavements of those tested. 

These were therefore selected for further study in the field. The most 

promising surfacing materials -were Jennite1 Solac, Cordo JM-219#11 

Paint 1189, and tar seal. Perma.kote Surfacer was also included in the 
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field stuqy with the above-mentioned aatisfactory surfacing materials 

because it was not certain that the laborator.y test was a true indication 

of the character of the surf~cing n~terial due to the small size of the 

laboratory specimens. No abrasion tests were run as the number of mate­

rials found satisfactory by the laboratory tests was eo small that all 

could be testod in the field, 
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PART III: FIELD TESTS 

General 

29 • 'l'he lr,bor3.tory tests indicated that kerosene was the most 

active solvent under the conditions imposed. It is also one of the 

principal ingredients of jet motor fuels. 1berefore1 kerosene was the 

only solvent used in the field phase, as lubricating oil and hydraulic 

brake fluid acted too slowly for the time allowed for the investigations. 

On the basis of the laboratory tests1 the following materials were 

selected for field testing: 

Bituminous Pavements 

Asphaltic concrete with 6% 
asphalt cement and 4 % 
lincolnite 

Tar concrete with 8%* RT-10 
Asphaltic limestone concrete 1dth 

5.5% asphalt cement 

Surfacing Materials 

Cordo 31~-219#1 
Jennite 
Paint No. ll89 
Permakote Surfacer 
So lac 
Tar Seal 

*Review of laboratory data indicated a% tar to be more desirable than 
the 7% used in the laboratory phase. 

30. The field tests 1 as conducted, using locked-wheel turns of a 

151 000-lb wheel load to determine the effectiveness of the various pave-

ments and surface treatments are believed to have provided a more severe 

test than such materials 'WOuld normally receive in actual service. This 

is primarily due to the fact that traffic on service aprons consists of 

short radius turns or rollirig traffic, which do not give the "scrubbing" 

action of a locked-wheel turn. In addition., the blocky tread on the 

tires of the testing equipment tended to gouge out the pavement more 

readily than a. smoother tread airplane tire 'WOuld have done. Thus, it 
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is entirely possible that some of the pavements which failed in these 

tests might prove satisfactor.y in service. It was noted in the field 

tests, however, that the kerosene had a lubricating effect and allowed 

the tire to slide over the test areas ~~th some facility. This tended 

to reduce the effect of the rough tread to some extent. Since there was 

a diff't:rence in tho behavior of the materials tested, it is believed that 

valid comparisons may be IDQce even though the field tests may not have 

duplicated service conditions, The discussions on the action of the 

pavements, presented in succeeding pa.ragrar.hs, should be evaluated with 

the foregoing considerations in rfiind. 

Bituminous Pavements 

Prep;J.ration of test areas 

31. An a Sf.-ho.ltic concrete of good quality and uniform texture 

which behaved satisfactorily under traffic was selected in the east 

turnaround of the a~~halt test section as the site for the field tests, 

Arcas'of the pavomcnt 4ft square were removed and replaced by the pave­

ments listed above. Photo5raphs ll and 12 show the pavements as placed. 

The pav~cnt mixes were prepared in a pug mill mixer in the laboratory 

and transported to the field while still hot, The temperature of the 

tar concrete at the time of placing was 2500 F while the other mixes 

were placed at 3000 F. The mixes were placed by hand and rolled with 

16 passes of an 8-ton tandem roller, Stability and flow values, unit 

weights, and per cent voids for cored samples of the in-place pavements 

a:re given in table 5 •. 
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Testing procedure 

32. The test areas were saturated with kerosene at 9:00 a.m. and 

at 1:00 p.m. provided the pavement tempe1·ature was 100° F or more. The 

air and paveMent temperature at time of testing are listed in table 6. 

One hour after saturation1 a ninety degree turn of a locked wheel loaded 

with 151000 lb ,,;as made by a Super 11C11 Tournapull. The field test con­

sisted of 10 cycles of saturation and locked-wheel turns. Photograph 13 

shows the Tournapull in testing position. 

Data obtained 

33. Visual observations of the condition of the pavements were 

made after each cycle of saturation and locked-wheel turns; these are 

swmnarizod in table 6. Photogra?hs of the test areas were made after 

5 and 10 cycles of saturation and turning -- see photographs 16 through 

19. After completion of 10 cycles of field testing, cores were obtained 

from each ar~a subjected to saturation and turning. Stability and flow 

values, unit weights, and per cent voids for the cored samples are pre­

sented in table 5. 

General behavior of pavements 

34. In ordor to amplify the visual observations of pavement 

behavior (table 6), the follo~~ng discussion is presented. In general, 

the first effect of kdrosene saturation and locked-wheel turns was the 

softening of the pavement surface to depths of 1/32 to 1/4 in. Under 

the scrubbing action of the tires the soft surface material was scraped 

up into a scum of kerosene, asphalt1 and fine aggregate. Continued 

cycles of saturation and turning gradually stripped the asphalt &WBf tram 
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the aggregate; this condition is shown as "strip" on table 6, Further 

saturation and scrubbing of the softened surface caused aggregate to 

tear loose from the pavement and created the condition designated as 

11 scour11 • It is apparent that when a pavement started to scour such a 

condition could ov~ntually lead to complete failure of the wearing sur-

face. 

Discussion of test results 

35. Lincolnite. The admixture of 4 per cent lincolnite to an 

asphaltic concrete containing 6 per CGnt asphalt cement (penetration 

116) improved its resistance very little. The kerosene softened the 

mix enough to form a scum on top during the first cycle. This condi-

tion persisted through the fifth cycle. In the sixth cycle, a few 

aggregates were loosened. Scour continued until 10 cycles of saturation 

and locked-wheel turns were con~lotcd (sec photograph 18). The pavement 

is considered unsatisfactory even though it had high stability values 

before 1.md· after testing. It is considered that the high values were 

caused by the lincolnite hardening the asphalt cement, 

36. Tar concrete. The tar concrete was made with 8 per cent 

RT-10. The pavement \las rolled at a temperature that was slightly too 

high and caused roller cracks to develop. The pavement, however, was 

reasonably resistant to the action of the solvent and the locked-wheel 

turns. ThE:. equipment tire hit a patch near the edge of the test area 

on the first cycle and a slight amount of stripping resulted. Only a 
' 

little softening and a slight amount of ~tripping had taken place at 

the end of the fifth cycle (photograph l6) and no scour could be detected. 
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The pavument was rigid enough after 10 cycles that the roller cracks 

could still be seen plainly (photograph 17) although a slight amount of 

shearing and tearing out of a{~regate had started. The aggregate grada­

tion for this r.dx was the same as shown on plate a and made a very low 

stability mix when tar was used as a binder. Reference to table 5 shows 

that the original in-place stability was only 102 lb and that no value 

could be obtained for pavement after testing. The pavement was too 

granular to be cored, yet it was the most satisfactory of any tested 

under these testing conditions. Results of laboratory tests on cores 

froill bituminous test areas at i'iacDill Field, Florida, indicate that a 

high-stability tar concrete can be constructed. In view of this, the 

lack of stability in the tar concrete tested assumes minor importance 

since this may be compensated for by proper design. 

37. Asphaltic limestone concrete. The asphaltic limestone con­

crete was the poorest of the bitmninous pavements in behavior under 

fi~Jld test conditions. The pavement softened and fonned a scum during 

the first cycle. Aggregate began to tear loose in the fifth cycle. 

The softening and formation of the scum continued throughout the test. 

Larger aggregate tore out as tho testing proceeded. Photographs 18 and 

19 show the pavement at the end of the fifth cycle and tenth cycle, 

respectively. This pavement had high-stability values before and after 

testing. If it could be placed with less asphalt cement, the pavement 

would probably be more satisfactory. It can only be rated as very poor 

because of softening of the surface and excessive scouring • 

.38. ControJ.. The control pavement llm.s a section of the asphalt 

test section. Tnis untreated teat area was severely damaged by the 
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test. It softened and formed a surface scum during the first cycle. 

Stripping began in the third c~rcle and by the sixth cycle the asphalt 

had been stripped fran the surface aggregate, and it was beginning to 

tear out. The disintegration continued progressively through the tenth 

cycle (photo~raph 19). There was a noticeable reduction in stability 

values for cores taken after 10 cycles of saturation and turning. The 

control pavement appeared to be slightly better than the asphaltic lime­

stone but was still not satisfactor,y. 

Surfacing Materials 

PreEaration of test areas 

39. Weathering strips. In order to observe the effects of 

weathering on the various surfacing materials, strips of the six . 

paints, CorQv 3h-219#1, Jennito, and Solac, 12 by 24 in. in size, 

were painted on the pavement in January 1947. A visual inspection 

of the weathering strips was made in October 1947. Paint 1189 had 

cracked around the edge of the strip at the junction of paint and 

asphalt; this cracking is bcliovcd due to temperature differentials 

caused by tho light-reflecting qualities of the white paint and black 

asphalt. In additi®, there wore a few cracks in the interior of the 

strip and a slight chalking of the surface. The aluminum paint was in 

excellent condition and showed no cracks (it may be noted that aluminum 

paint did not protect the surface of laboratory test specimens from the 

solvunt action). Tho other four paints were badly cracked and flakes 

of paint had spalled off. All showed chalking to a greater dc5ree than 

Paint ll89. The CQrdo JM-~l9#l showed saue cracldng ot the underlying 



asphalt, The surface had Whitened a.nd was opaque {the solution was ori­

ginally clear). A small amount of spalling had taken place. The Jennite 

and Solac strips showed some pavement cracks which had penetrated through 

the surface treatments. Otherwise they were in good ccndition and did 

not appear to be promoting cracking of the underlying pavement. 

40, Kerosene saturation test areas. The site selected for the 

field test in the east turnaround of the asphalt test section1 mentioned 

in paragraph 301 was paved with a high-type asphaltic concrete consist-

ing of 6 per cent asphalt cement and crushed limestone with gradation 

as shown on plate 1.. This pavement was marked off into test areas 5 rt. 

square. Photograph 7 is a general view of the area before the surfacing 

materials were placed. Four cores were drilled adjacent to each area 

for cc.:ntrol values of unit weight and stability. The areas were coated 

with Jennite1 Solac 1 Tar Seal1 Cordo JM-219#1, Paint 11891 and Permakote 

Surfacer. The materials were cured 6 days before testing started, 

Photographs 81 91 101 and 11 show the condition of the various areas 

before test, 

Test procedure 

41. The field tests cc.nsisted of 10 cycles of saturation and 

locked-wheel turns performed in the manner described in paragraph 32. 

Times of testing, together with air and pavement temperatures, are 

given in table 6, 

Data 9£taineq 

42. Visual observations of the behavior of the surfacing mater-
. 

ials and underlying pavement wore made after each cycle of saturation 



and turning. These are summarized in table 6. After 5 and 10 cycles, 

photographs of the various areas were made (photographs 20 through 25). 

After the completion of field testing, cores were taken in each area 

subjected to the saturation and turning cycles. Results of laboratory 

determinations of stability, flow, unit weight, and per cent voids for 

the cored samples are presented in table 5. 

Diqcussion of field test results 

43. In order to obtain a better understanding of the visual 

observations (table 6) and th6 discussion of behavior of each item in 

succeeding paragraph_s1 the 'following general description of the behavior 

of tho pavement is presented. Saturation of th£ surfacing materials 

with kerosene and 'subjecting then to locked-wheel turns of the 151 000.lb 

wheel load first resulted in a wearing away of the treatment; this has 

been dcsignatod as treatment scour. Successive cycles of saturation 

and turning rosultud in the complete removal of the surfacing in same 

areas, thus d.:;stroying its effectiveness as a pr·otective medium. Fol­

lowint; this condition, tho kerosene had access to the underlying pave­

ment and attacked tho asphalt binder. Stripping of the asphalt from 

the pavenwnt aggregate with the accompanying formation of scum then 

occurred, Continued cycles of saturation and turning gradually loosened 

the aggregates and scoured them from the pavement. Th~ behavior of these 

test areas after the treatment had been scoured away was similar to that 

noticed for the bituminous pavement with no treatment. 

44. Jenn3zte. The coated area turned a dark green when saturated 

with kerosene for the first two cycles. The tops of the coarse aggre­

gate began to show through the Jennite and the asphalt at the end of 



the third cycle. This allowed the kerosene to dissolve the asphalt 

around the aggregate and form a thin layer of scum over the teat area. 

Photograph 20 shows the scum and a few of the bare aggregate at the 

end of the fifth cycle. The stripping continued and the condition of 
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the surface grew progressively worse until the end of the test, Photo­

graph 21 shows that the Jennite had been completely scoured away and that 

the solvent was attacking the pavement. There was no scour of the under­

lying pavement. This material gave satisfactory protection while the 

coating was intact. 

45. Solac. The behavior of Solac was similar to that of Jennite 

except that it apparently did not offer quite as much protection to the 

pavement. Discoloration in the first two cycles, stripping of coating 

in tho third and loosening of' aggregate in the sixth cycle characterised 

the behavior of So lac. Photograph 20 shows the scum which had formed a.t 

tho end of the fifth cycle. Photograph 2l shows how much thtl aggregate 

had been scoured at the end of the tenth cycle. The protection was 

satisfactory as long as tho coating was intact; however, it did permit . 

some scour of the un~erlying pavement after 6 cycles of saturation and 

turning. 

46. Tar seal. The tar seal was prepared with 0.25 gal of RT-10 

tar per sq yd with enough sand to blot up all free tar. Though the sur­

face \<BS six days old when the testing bogan1 it \<BS not cured. The tire 

tracked in the first cycle. The sand-tar mix formecl a lubricant in . 

which the tire slid without damage to the pavement below. The pavement 

aggregate was beginning to strip in the eighth cycle and CCI'ltinued to 

strip slightly until the end of the test. Photographs 22 and 2.3 show 



the test area after 5 and 10 cycles. The tar seal protected the pave­

ment until it was displaced, and only slight stripping of the pavement 

was noted at the end of the field test. 
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47. Gordo 3M-219tl. This vinylite solution was painted on the 

surface. A slight scum was formc:d during the third cycle. The solution 

was clear so that it W3.S very difficult to determine when the aggregate 

was scrubbed clean. Scouring of tho treatment ru1d slight stripping of 

pavement aggregate was noted in tho third cycle, Photograph 22 shows 

the test area at the end of the fifth cycle with very little scum and 

no loose aggregat0. Tho solvent attacked the unprotected pavement 

where tho Gordo was scrubbed away, but the attack seemed slow. No scour 

of the pavement took place. Photograph 23 shows the test area after 10 

cycles. 

48. Paint 1.182• This paint protected the asphalt satisfactorily 

throughout tho 10 cycles. HoweverJ the kerosene-saturated surface was 

very slick 2nd allowed the tiru to skid easily • The only mark on the 

surface wns a small gouged out place caused by a cut tread on the tire, 

The hole enlarged slightly by pavement scour, but was only 4 sq in, in 

area :1t the end of 10 cycles. PhotogrCJ.}Jhs 24 and 25 show the surface 

after 5 ru1d 10 cycles, The discoloration shown on both photographs 

was tracked on by the wheels as no asphalt came through the painted 

surface, 

49, Permakote Surfacer, This m3.terial shoved and scaled under 

the wheel during the first cyclo so that no protection was given to 

tho pavement below in succeeding cycles, Testing was discontinued 

after 5 cycles. Photograph 24 shows the area after 5 cycles of testing. 



Photograph 25 shows the same area after being ewept. 

Control tests 

50. In order to observe the effect of the twisting action of 

the 151 000-lb wheel load without any detrimental effects of the solvent, 

test areas were prepared on the same pavement with Jennite1 Solac1 Cordo 

~219#11 tar seal, and Permakote surfacer (photographs 14 and 15). The 

materials cured six days before field testing started. An area was left 

uncoated for comparison, Five locked-wheel turns were made on the dry 

surfaces of each test ar~a by the Tournapull. The treatment and under-

lying pavement scoured badly in the sections coated with Jennite, Solac1 

Cordo1 and there was a slight scour in the uncoated area. The tar seal 

and Permakote Surfacer sheared within themselves but there was no detri-

mental effect on the pavanent below (photographs 26 and 27). 

Summa£Y of Field Tests 

Bituminous pavements 
I 

51. The asphaltic concrete control pavement was scoured under 

the 10 cycles of saturation and testing in the field test. The asphal-

tic concrete containing 4 per cent lincolnite was only a little better 

than the asphaltic concrete without the admixture. The asphaltic lime-

stone concrete softened excessivelY and was not satisfactory; its 

behavior was apparently worse than that of the asphaltic concrete. 

The tar concrete, though low in stability~ was. the most satisfactory 

type of pavement tested, Information from other tests, particular}¥ 

those conducted at MacDill Field, Florida, indicates that it is 
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possible to design satisfactor.y tar concrete pavements of high stability. 

The pavements resisted abrasion in the following order1 tar concrete, 

asphaltic concrete with lincolnite, asphaltic concrete control area, and 

asphaltic limestone concrete. 

Surfacing materials 

52. jennite., Solac., Cordo .3}'1-219#1, Paint No. 11891 and tar seal 

protected the pavement from the action of kerosene while the coatings 

were intact. The Permakote Surfacer was unsatisfactor.y. Paint 1189 

protected the pavement, except for one small holo, throughout the field 

tests. The tar seal was effective for 7 cycles of saturation and turning, 

and only slight stripping of the pavement took place thereafter. Cordo1 

Jennite, and Solac each protected the pavement for 3 cycles. At the end 

of 10 cycles there was stripping of the pavement under the Cordo and 

Jcnnite, and pavement scour under the Solac. In decreasing order of 

their effectiveness in the field tests, the surfacing materials are 

rated as follows: Paint No. ll89., tar seal, Cordo JM-219#1, Jennite, 

Solac 1 and Permakote. 
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PART IV: COK3TRUCTION FEATURES AND COSTS 

53. :Haterial costs, quantities, application t~Eperaturcs, methods 

of application, time of curin~, and availability of the various products 

are listed in table 7. 

Bituminous Pavements 
4 

54. Thc:: three bituminous pav0ments tested, lincolnite, tar, and 

asphaltic limestone, were all hot plant-mixed materials. Normal con-

struction practice for this ty-.t;e of pavement will produce satisfactory 

results. Depending on proximity to sources of supply, in general the 

cost of the tar concrete will b0 less than that of the other two pave-

mcnts tested. 

SUrfacing Materials 

55. According to the manufacturers, Jennite may be applied by 

distributors if the material is diluted with water. However, constant 

circulation is necessary and great care must be taken to keep the mater-

ial from clogging the nozzles on th._; spray bars. Pressure sprays may be 

used, but placement by squeese is recommended by the producer. The appli-

cation r~ be divided into two coats to facilitate curing. Jonnite has 

had wide use by the oil indus~ry and some use by the Corps of Engineers 

on airfield installations, The service reports have been favorable. 

Solac was a product sinular to Jennite and behaved in a comparable manner 

in the tests. Thor<Jfore, it roa.y be inferred that the methods of appli-

cation for Jonnitb d~scribed above would app~ to Solac as well. No 
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knowledge of its use as a protection for airfield pavements is available. 

Tho Cordo .:i'.i.-219#1 can be placed by a spray or a squeege. This material 

can be diluted only with seine diluent like ketones or mixtures of ketmes 

and toluene. It is inflammable., both in the liquid and film states, and 

has a flash point of less than 80° F. Its record during the investigation 

was satisfactor.y, but no service records are available as the Gordo 

3H-219#1 was especially made for this investigation, The tar may also 

be applied by distributors; a sand or aggregate cover should be used, 

and the seal properly cured before being opened to traffic. The paint 

may bo sprayed or brushed on. In view of the slick surface presented by 

the paint, it would appear advisable to investigate the possibility of 

combinillf~ a fino cover aggrC.;gate or other non-skid surf&ce with the 

paint. The Permakote Surfacer is troweled on. It is possible that a 

different proportion of ingredients than that used in the tests would 

provide a surface which does not crack when dr.y. 

56. Based on costs of material alone and the quantities used in 

thE- tests, the mCJ.tcrials in order of increasing cost were as follows: 

tar., Solac, Gordo 3M-219#11 Jennite, paint, and Permakote Surfacer. 

Tar \'m.s by far the cheapGst of the materials tested, and it is doubtful 

that inclusion of cost of placing would change the relative'cost of the 

surfacing materials except in unusual cases, 

-· 



PART V: EVALUATION 

57. The final selection of the most satisfactory bituminous 

pavements and surfacing materials for protection against the solvent 

action of petroleum products depends not only on their behavior in the 

laboratory and field tests but on cost, ease of construction, and other 

features. The following discussion presents an evaluation of the mater­

ials used in the test based on the foregoing considerations. 

Bituminous Pavements 

58. The asphaltic limestone concrete and lincolnite admixture 

to as~haltic concrete were not successful in preventing solvent action 

of petroleum products. The tar concrete perfo~ed satisfactori~ although 

it had low stability. Since information from MacDill Field, Florida, 

indicates that tar concretes with high stability can be constructed, the 

low stability of the mix used in the test is of minor importance. In 

addition, tar concrete has the advantage of low cost. Therefore, tar· 

concrete is considered the most satisfactory of the bitUminous pavements 

tested and its use for protection against the solvent action of petro­

leum products is reconmended. 

Surfacing Materials 

59. The Permakote did not perfo~ satisfactorily in the labora­

tory or field tests; therefore1 it is considered not suitable for pro­

tecting pavements from solvent action of petrole\ID. products. Paint 

No. 1189 gave the best protection to the pavement but had the diaadvant ... 
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of being slippery when soaked with kerosene. This disadvantage could 

possibly be overcome by incorporating a fine cover aggregate. The paint 

lva.s also relatively cxpcnsi vc. Tho tar seal was reasonably effective 

in protecting tho pavement durin~ the field tests. It is believed that 

good construction, using a cover aggregate, and proper curing would 

result in nn effective surface treatment. No special problems would be 

encountered in placing the tar seal. It was the cheapest of the surfacing 

matorials tostod, Tho Gordo JH-219#1 was almost as effective as th.:: tar 

seal in protecting the p:'cvement. However, it is inflanJID.:lblc; in the li­

quid -lnd dry states, which would preclude its use in installations where 

it wotlid b~ subjoctod to jet plano exhaust or otherwise exposed to flame. 

It is relatively expensive_, and can be diluted only by special liquids. 

Jermit,..; and Sol:J.c both protectl::d the pavement for tho same length of 

time in th•) fivld tusts, and appear to b~;.; comparable materials although 

subsequent boha.vior o.f thu pnvcmcnt w.;s better under the Jennite. Solac 

is quoted as be:L.'1g loss expensive than Jt,;nnitc. No service dn:ta are 

availabl~ on Solac, but Jennitc has had wi.dG use as a protective cover 

against petroleum solvc;nts. B:J.sed ·on all th;;; foregoing ccnsidcrations, 

the Pormakote Surfacer and Gordo 3M-219#1 are considered unsatisfactory, 

Solac is probably satisfactory, Paint No. 1189 is satisfactory provided 

a cover aggregate can be used, Jcnnite is satisfactory, and tar seal tho 

most satisfactory of the surf~cing materials tested. 



PART VI: CONCLUSIONS AND RECO~~lliNDATIONS 

Conclusions 

60. Bituminous pavements can be protected from tho detrim~ntal 

effects of t.he; spillage of gasoline, kerosene, lubricating oil .3lld 

hydraulic brake fluid either o.t the time ot construction by using 
a-s a +eY\'\porcu-y expec:( ,·enr 

suitn.ble e.dmixtures or/\by protective treatm'ents applied subsequent 

to c~.mstruction. 

Bituminous pavE'~ents . \ _L_ 

13•+-uW\111'10 us r--- U 'S 1 Y\'1 C...OO... -y-Q. "'(" 

61. ~ concretelis ccnsiderod to be tho most sn.tisfactory 
i\ 

bituminous pavement tested. 

"5uv-fc..c.e \Y"e.ec..+"M e~s 
SIH'f?cir:lg nu' ± erj qls 

62. 
(!.QQ.( 
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Based on the results of these tests, a"tar seal with suit--. 
sur--Poe~ 

the most satisfn.ctory . ~JZ!'e ei ng :1ble cover aggreg:1to is considered to be 
+y~a..frw et(t. 

rna± <O?Pih~. Jcmnite ::>nd Solac are also considered satisfactory but are 

more expensive th:111 tar. 

Recor.rnenda tions 

63. On the basis of this study, the following roconnnendations for 

further study are made. This investigation hns indicated that bituminous 

pav~ents can bo protected frcm.the detrimental effects of the spillage 

of petrolcun1 products. It is therefore recommended that the investigation 

be continued to include other bituminous pavunent types and surfacing 

r.1::teria.ls. The laboratory method of testing is believed satisfactory. 
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It should be used to test additional materials as they become available 

and small-scale field tests conducted only when the laboratory tests 

have indicated a satisfactor,y product. The field testing methods 

should receive further study in order to make them more comparable to 

actual conditions. It is further recommended that materials and pave­

ments proved satisfactor,y by the small field test at the vvaterways 

ExperDnent Station be incorporated into field service tests at same 

active installation. 

64. Pending results of further tests 1 it is recommended that 

existing asphaltic concretes be protected with a tar seal and that tar 

concrete or a tar seal be used for new construction in areas subject 

to solvent action. 



SOLVENT RESI:>TANT TREATMENTS FOR BITUMINOUS PAVEIIENTS 

Producers and Classification of !.laterhls Test .. d 

Trade !lame 

Asphalt Ceaent - Penetrations 
45, .85-100, 100..120, t: 120..150 

Asphaltic LiMestone 

Lincolnits 

Tar 
RT-8,9,10,12 

Cordo 3!!-219.11 

Bakelite llssin SYHl!. 

Jemits 

So lac 

A-120, Cleem 31J!thetic 
Instant Dey, ?/hits 
(;'IES Lab. flo, 1189) 

A-150, Tylon !1eavy Duty 
Tra!!ic Paint, '"'hits 
(~IES Lab. t'o, ll90) 

.\-182, Traffic Paint, lhite 
( "":J Lab, l'o. ll91) 

ll-1, Tra!tic and Zone, 
Yarldng Paint 
('.~ Lab, No, ll92) 

3300, :WSter Spread, ?lhite 
(:·:£5 Lab. No. ll93) 

Allainwa, No, 15 
(wES Lab. No. 12ll) 

Pe:.lcote Surfacer 

Type of Product 

Asphalt Cement 

Limestone rBturally impregnated with 
asphalt 

Coal Tar 

Vinylits Resin 

AmmoniUI!I salt of vinylite resin SYHI!: 

Clay type pitch emulsion 

SL~ilar to Jennits 

Paint 

Paint 

Paint 

Paint 

Paint 

Paint 

A binder cCXDposed or a water eaaulaion 
ot a neo:,~rene compound and. a premixed 
assnsate. 

Producer 

5tandard Oil Co,, 
3aton Rouge, La, 

Alabama :.apheltic Limestone Co,, 
Binninglllm, Alabama 

The Ohio Oil Co,, 
Findlay 1 Ohio. 

Koppers Co., 
Pittsburg, Pa, 

Cordo Chernical Corp., 
Norwalk, Conn, 

Bakelite Corp., 
New York, N. Y, 

l~intenance Inc,, 
Wooster, Ohio. 

Thomas Robinson Co, 1 

!:ew York, !·:. Y. 

Baltimore Paint am Color ;rorke, 
Baltimore, l'd, 

Baltimore Paint t~nd Color ·,-:arks, 
!laltimore, ~·d. 

Balt1more Paint and Color :·:orlcs, 
Balt1mor-?, Hd, 

Pittsburgh Paint and Glass Co,, 
Pittsburg, Pa, 

Glidden Paint Co,, 
Cleveland, Ohio. 

The Sherwin ;~nuaaa eo., 
Clsveland1 Ohio, 

The Flintkots Co,, 
New York, N. Y. 



TAJI& 2 

SOLV'I:I·"T RZ:;IST:,t-.'T TIU:An!F.IITS P'Oil Bl'l'tJKDK)US PAVD!IltrS 

Sur.v:lary of Teat. ;Tope rt.iea 

IJnit. :Ieicht Voids Tot.~ 1 Vol~ 
As.,hnl t Fl."-:: Lbs J"l! r cv tt., Percent. PUled ··:1th 
~-r.t Jtab111t.:· ~'~1ue 'l'ot&l Agzree;11te Total Agr;re' t. .ta)"h&1 t CeJ!I«tt 

!)ttrl~l Pere~nt Lbs l/100-!nch ..llL On1r .ll:!.. 9nlz Percent. 

!li'I1.:I:rrvr;:; r.~ VE!]i~:; 

Asphalt - 1.~ t:"tn. 6.1) 9'!.6 22 142.3 13).8 6.2 19.4 66 
ss - l(o() !'8"· 6.0 730 19 142.0 1J3.5 6o3 19.6 68 

100 - 120 nen. 6.0 e14 11 11,1.6 133.1 6.5 19.8 67 
120 - 1 ~o r"". 6.0 S'm 11 143.6 13s.o S.l 18.6 73 

lOOt .~ph&l.t.1c IJ.mestone s.5 2?86 )1 141.3 133.5 2.1 U.2 85 

.80% ~spha1t1c Limes~ne 5.?5 1957 21, 138.1 1.)0,2 4.9 17.3 72 
20.C .3f.nd. 

. 701. naphal t.le U. st.nrw 5.75 11.(~ 22 140.5 132.4 3.7 16.) 71 
~ S:&:d 

S0.C /.5phal tic Limestone 6.25 474 lP 1JJ.4 125.1 8.9 21.9 59 
5ll% Sand. 

Tan - RT - 8 ?.0 5A 14 142.1 132.2 6.7 19.A . (;h 

RT - 9 7.0 Ell. ll> U,2.~ 132.8 7.'!- 20,J 64 
RT -10 7.0 125 1'> 11.3.1 133.1 ~.9 ~.o 66 
RT -12 7.0 26P. 19 11,1, .0 133.9 6.3 1~.3 67 

~ Unenlnite 1\,0 1/.)7 .n 1:-;<P,? 3'?7.6 5.8 23,2 75 
6t ~pha1t c~~ent 

4~ Ltneolnite 6,0 .?.366 2P 1)9.2 l2~.: 2.7 24.5 s~ 

6X -.sphalt '=eJW~ t 

'3t'RF" :n~-1 •·., r:::1~r.:.w : J l 

Uncoated Asphaltic :oneret.e 6.0 814 19 11.1.6 13:3.1 6.5 19.8 67 
Coated with: 

.:ennit# 77 9 14 14] .1 132.6 7.8 n.1 63 
So1ac P75 14 141.0 132.5 f..9 20.2 66 
Cordo J!.' - 219.1 at..1 1/. l!l.6 133.1 6.5 19.8 67 
Paint - llA9 800 12 141.6 133.1 6.5 19.8 67 
Tan-!lT-8 564 11. 140.5 1J2.1 7.2 ~.4 65 

RT - 9 51/I 13 ll.l.O 1:2.5 6.9 3:>.2 66 
RT -10 490 16 140.3 131.9 7.3 20,5 64 
IT -12 420 11. 140.5 132.1 7.2 20.4 65 

txtr-'...Ss 
(1) Specimens tor testin~ the surfacing materials wera maae from asphaltic eoncnt.e uaing lOC>-120 

!'enetration asphalt. cement. · 
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S.JLVEI1' HL>!S'IA}:T TREi<T:DiTS P'Oi< lli'l'tl!.IllvlJS i'Am:Etl'£.> 

Swpary of Results or Teet. Att.er 10 Cycles 

Gasoline Kerosene Ll!bricat.ins QU Jk!kB Fluid Water 
Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. Percent. 
Ori3inal Original Original Original Original Original Original Original Original. Orig1Dal. 

!.laterial ~ Stabilit;z Webht. stabllitz 'Mei&!!t. Stabillt.,t ~ st.ebllitz !!!&!!L Stabllit.z: 

BI'MliNOUS PAV!KENTS 

Asphalt - 45 pan. 89 57 79 28 100 81 100 76 
85 - 100 pan. 86 44 84 38 100 104 100 86 

100 - 120 pen. 90 31 83 20 100 89 100 82 
120 - 150 pan. 88 53 85 47 100 71 100 74 

].()Q'J; Asphaltic Limestone 95 56 94 58 100 118 100 99 

(80% Asphaltic Limestone 95 58 93 81 100 100 100 89 
(20% Sand 

(~ Asphaltic Limestone 94 70 88 44 101 111 100 75 
(:30% Sand 

(50% Asphaltic Limestone 93 56 82 43 101 93 100 101 
(50% Sand 

Tars - RT - 8 100 90 101 102 100 . 119 100 66 
R'l' - 9 100 57 99 49 101 61 100 51 
RT -10 100 40 101 46 100 94 100 48 
RT -12 100 59 101 36 100 41 100 35 

( 2% IJ.ncolni te 89 54 90 46 100 112 100 98 
(6% Asphalt Ce'Dent. 

(4% IJ.ncolnita 93 65 99 79 100 68 100 138 
(6% Asphalt Cel!lent 

SURFACING 14ATEIUALS 

Asj!hal t. - 100-120 ·l!!n1 100 100 
Jennit.e 100 94 98 61 100 96 100 72 100 "' So lac 100 93 100 60 100 83 100 65 100 103 
Cordo 31f-2191i1 100 88 100 62 100 97 100 72 100 106 
Permakot.a Surfacer 85 34 101 47 
Paints - 1189 100 66 100 98 100 79 101 66 100 99 

1190 99 55 
1191 92 29 
1192 96 47 
1193 100 75 
1211 99 6~ 

Tars - RT-8 100 84 100 102 100 87 100 86 100 100 
RT-9 100 !10 100 75 100 94 100 96 100 101 
R'l'-10 99 81 100 93 100 91 100 101 100 91 
RT-12 100 88 100 104 100 107 100 105 100 104 



TABLE 4 

SOLVENT RESIST~~ TREA~ENTS FOR BITUMINOUS PAVEMENTS 

guantities of Surfacing Materials Used in Laboratory Tests 

Quantity Quantities Used 
~z:d ~8&1!1 ~J~Qt, BICQIDID8Ddlld lat. :taat. 2Dil :reat. 

Cordo 311-219#1 None 0.04 gals/sq yd. o.oa gals/sq yd. 0.12 ga1s/sq yd. 

Jennite 0.14 - 0.18 gals/sq yd. o.oa gals/sq yd. 0.16 gals/sq yd. 0.24 gals/sq yd 

Paints None (1) 0.11 gals/sq yd. 0.17 gals/sq yd. 

Permakcte Surfacer 1/8-in. thickness (2) 1/8-in. thickness 

So lac 0.14 - 0.18 gals/sq yd. 0.08 gals/sq yd. 0.16 gals/sq yd. 0<24 gals/sq yd 

SYHJl o.02 gals/sq yd. o.oos gals/sq yd. 0.017 gals/sq yd. (3) 0.08 gals/sq yd. 

Tar RT 8 and 9 0.2 - 0.3 gals/sq yd. 0.10 gals/sq yd. 

Tar RT 10 and 12 0.2 - 0.3 gals/sq yd. 0.10 g~~.ls/sq yd. 

JOmS: 
(1) 
(2) 
(3) 
(4) 

This amount required for complete coverage of specimen. 
IJmited supply, only one thickness tried. 
This a10unt required to give coverage. 
Tar applied as a paint without aggregates eo &lllount used is 

0.20 gals/sq yd 0.30 gals/sq yd. 

0.20 ga.ls/sq yd. 0.30 ga.ls/sq yd. 

small. 

Quantity 
SIJICtld %11111 s:af Cu:a:iaa 

a .08 gals/ sq yd. 24 hours 

0.16 gals/sq yd. 4B hours 

a.u gals/sq yd. 24hours 

1/8-in. thickness 72 hours 

0.16 gals/sq yd. 48 hours 

0.00 gals/sq yd. 24 hourl'l 

(4) 0.10 gals/sq yd. 24 hours 

(4) 0.13 gals/sq yd. 24 hours 



SOLVEIIT RESISTAl!T TREA'l\IENTS FOR BITUlo'II\OUS PAVEIIEllTS 

Summa17 !'! .f!eld Test Results 

Detore Teati!l& Atter Teat!!!~ 
Asphalt liars hall Flow Total llix llarsli&ll Flow Total Jfix 
Cenent stability Value Unit ~"Ieight Voids Stability Value Unit lJeight Voids 

llaterial !IE!! Amount Used ~ Pound a !LlOO-Inch LbaLcu Ft ~ Pounds lLlOO-Inch .Lb!LCu rt ~ 

KER03E!IE SATL1iA TED SURF J..CES 

Jennite Surfacing J.:aterial 0.16 gala. per sq yd 6.0 724 23 150.2 3.1 570 22 :U.S.4 4.2 

So lac ~ rl'acing lla terial 0.16 gals. per sq yd 6.0 664 21 :U.S.2 4.3 690 22 :u.s.a 3.9 

Cordo 311-219#1 Surfacing Material Coverage 6.0 874 24 :u.s.o 4.5 635 26 :U.S.9 3.9 

Permakote Surfacer Surfacing Material 1/8-inch coveraS" 6.0 823 21 148.9 3.9 639 22 :U.9.2 3.7 

Tar Seal Rl'-10 Surfacing Material 0.25 gals. !ll!r sq yd 6.0 729 23 :U.9.7 3.4 803 26 :U.S.9 3.9 

Paint !11189 Surfacing Material Care rage 6.0 853 21 150.0 3.2 782 22 :U.9.6 3.4 

Control Bituminous Pnvement 6.0 916 23 150.1 3.1 601 19 148.3 4.3 

Asphaltic Limestone BitUIIinou.a Pnv-nt 100% 5.5 2295 35 138.5 4.0 2584 39 142.8 1.0 

Tar Concrete RT-10 Bituminous Pav-nt 8% 102 22 139.3 8.2 142.3 6.2 

Lincolnite B1 tuminou.a Pavement 4% 6.0 2850 31 
(Admixt.u re) 

137.7 2.4 3101 34 138.4 3.3 

DRY CON'l'RCL SURF ACE 

Jennite 786 20 :u.s.a 3.9 

So lac 428 26 :U.5.5 6.1 

Cordo 31'-219# 1 647 20 :U.S.9 3.9 

Permakote Surfacer 756 27 :U.9.3 3.7 

Tar Seal RT-9 557 28 148.2 4.3 

Control 741 20 149.5 3.5 



!iz!llL ......!!I!L._ na... 

1 29 .April lOAII 

2 29 April 21'11 

30 April 21'11 

4 11117 lDAII 

1 1117 21'11 

6 21117 ll.AII 

7 21117 2PII 

8 3 llo7 lDAII 

9 3 1117 21'11 

lD s 1117 lDAII 

l.211q 11'11 

IIOTB: 

1. 

~ 

SOL'IIIIT BSISTAIIT TIIIAtlllllfTS ra! IIITUIIliiOUS PAVJ:IIIITS 

T-taae 

ItK:..:n, 
!EliNE SATUJIU1!D !ll.ICI! 

88 103 Sart TiN hit patch Soft Satt Dl.ocol<>NCI Dl.ocoloNCI r.-t.at _,... 
Sllcbt otrip 

90 llll Sart SUcht otrl.p Satt Salt Dl.ocol<>NCI Dl.ocol.oNCI rna_,_ 

90 lllO Sott Sli&ht otrip Sott Strip TJ"Mt.n.t. 8COUJ' 'freat.-nt MDUr Tr.aat..at. ecour 
Pa~at ell&ht etrip Pl..-nt oJ.i&ht otrip 

88 ll2 Sott SJ.i&ht atrip Scft strip Po-ont oll&ht otrip PI•-• t •11&1& otrip r.-t.mt ocour 

90 ll6 Soft Sl.i&htl7 ectt Sll&ht ....... Strip Pa-nt oJ.i&ht otrip Pa.-nt •11&1& otrip tNat.ct .cour 

80 = Sll&ht IICOIU' Sl1aht17 oott scoar SliJiht- -nt oJ.i&ht otrip Pa.--& ·~ ecocar Treat.nt. acour 

83 118 Sllcht scour Sllaht otrlp Scour 5ll&ht acou.r PanMnt alight etrip Pa...-nt eltcht IIIOOV Tl'ltat.m t ecour 

81 ll2 Scour Strip Scour scour Pl.-at oJ.i&ht otrlp 
,._ ....... 

PI-nt oJ.i&ht otrlp 

BS 124 SCoar Strip scour Scour - oJ.i&ht otrl.p -d. IICOUI' 
,._ •l.iclll' otrl.p 

83 102 SCoar SUsbt scour Bod._,. scav Pa-ot otrip - ....... PI-t oUcAt otrl.p 

III CONT!!QL ~1&1! 

90 122 .. toot Jo toot llo toot Sliaht ecour t'N&t.nt ..:our rna_,_,.. ""'-'·-__ _.... 
Pa••• ecoar 

DlthJ..Uoa~~ ot tei'N •eel 1ft t.h.• tUul&t.ioa are u roUowas 

!itlalaDu l!!!!!l!" 
Sctt - Sctton!n& ot po••eot -r-, •DINll7 IC_,ol.od b7 to-tioa ot - ot oophlllt, -. and tine -ato. 
Strip - StrippiJJc of uphlllt t,_ tho _to, •aol.lT .,.- 1>7 oott.eoinl and -· 
Secur -~ <IC -'" r- the ""-' - ......... iDa: oct1011 ot loc~ - tam. 

!l£!acl.!!l !lUI dl!! 

DlacoloNCI - Darll: green INI"tACe color uen alter application of kllroiMr'll. • 
TNa-t ocoor - -1 NOOYol of ourt .. lnl b7 ocl'llbbiJJc octioo ot l.ockecl lheal turn. 
- otrl.p - st.rlppiJJc ot eopllal~ t,_ pa-~ ognp.e at- ...,.f..,inC 1o - • ..,, UIWil.J., ac-.Uod 1>7 -· 
Pa-nt-- 11<..-.l. ot•UN•to t- pa-t ettor trea-t hll be• ocooNCI -· 

Jo oUoct Joettect rna--
JID .nect Joettoct 

_, __ -Tre&'-nt 8COV Joettect 
.. , ___ t 

Po ... nt oJ.i&ht otrl.p -P-t lll&l& otrip Jo ottoot 

_, __ 
--t •ll&ht otrl.p ~1- hu.d 

-"" Undotoot 

-tolichtotrl.p Pa-nt llliaht - .. teet 
!.a bole -d. oJ.i&ht otrl.p Pa-t ~~liFt - .. teet 
in bole 

-ot oJ.i&ht otrlp Pa-t •li&ht - .. teet 
in bol.o 

,._, oJ.i&ht otrl.p -toJ.i&ht- .. teet 
iD bo].o 

-t •ll&bt otrlp , ..... oll&bt -
iD bolo (1, oq. in. -> ... -

rna ..... ,_ .. toot tr.t.eat 8COV ---



TABLE :Z 

SOLV!l'T RESIST.U!T TREAT!~NTS FOR BiruJINOUS PA VE~:D!TS 

Sumlaart or General Intonation 

Application 
ttater ial Cost ~nt.ity Temperature Methods or Tbte or 

Product PNbeUeR fob plant (1) Used Degrees F. Application Curing Avai.labilltz 

BITIDIIOOUS PAVEl~ 

Lincolnite QaeaUefaat_,. IJ lb. 4% 250-300 Admixture Soon as rolled Limited 

Tar --Pee.- 1DI gal. 8'f, 175-250 Hot Plant Soon as rolled Largesuppllea 

Asphaltic Limestone 'fe1'7' J18BP 14.00 ton. lOO;C 250-300 Hot Plant Soon as rolled Limited 

SURFJ..CD.'G llATERIALS 

Jennite ~gal. 0.15 gal. +45 Distributor 48 hours(2) large supplies 
per sq yd Brush 

Squeege 
Spray 

Solac 451 gal. 0.15 gal. +45 Dis tributor 48 hours{2 ) Limited 
per sq yd Brush 

Squeege 
Spray 

Cordo 311-21911 ~ $1.80 gal. 0J)5 gal. 60-100 Spray 24 hours IJmited 
per sq yd Squeege 

Tar ~ 10/ gal. 0.25 gal. 150-225 Distributor Soonasrolled Large supplies 
per sq yd 

Paint 1189 lltee~el'lti 82.35 gal. 0.1 gal. +32 Spray 24 hours Li.adted 
per sq yd Brush 

Permakote Surfacer UMaUefaeta.,. 441 SQ yd 1/8-inch +32 Tro11el 72 hours Li.adted 
Thiclmess 

NOTIS: 
{1) Cost based on 1946 prices. 
{2) Cures in 48 hours so that rubber tired traffic may use it. 
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JENNITE SO LAC 

KEROSENE SATURATED TEST AREAS BEFORE TESTS 



TAR SEAL CORDO 3M- 219 #I 

KEROSENE SATURATED TEST AREAS BEFORE TESTS 
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KEROSENE SATURATED TEST AREAS AFTER 5 CYCLES 
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KEROSENE SATURATED TEST AREAS AFTER 10 CYCLES 
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