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The Development of Resinous Skid-Resistant 
Surfaces for Highways 
H . S. N A G I N , Rel iance Steel P roduc t s Company, 
T . G. NOCK and C. V . W I T T E N W Y L E R , Shel l C h e m i c a l C o r p o r a t i o n 

A new roadway sur face t r ea tmen t based on t h e r m o s e t t i n g epoxy r e s i n s 
i s becoming of i n c r e a s i n g i n t e r e s t to state highway depar tments . The 
a t t r i bu t e s of t h i s p roduc t , w h i c h i s appl ied i n a p p r o x i m a t e l y y^-in. 
th icknesses , a r e (a) the s i m p l i c i t y w i t h w h i c h i t can be appl ied to c o n ­
c re t e and b i t uminous roadways , (b) i t s a b i l i t y to p r o l o n g highway l i f e 
by smooth ing out rough and c r acked sur faces , (c) i t s a b i l i t y to p r o t e c t 
subs t ra tes f r o m weather and chemica l s , and (d) i t s a b i l i t y to p r o v i d e a 
s k i d - r e s i s t a n t su r f ace . 

The development of the coa t ing has inc luded an extensive e x p e r i m e n ­
t a l p r o g r a m i n v o l v i n g both l a b o r a t o r y and f i e l d t e s t ing . The l a b o r a t o r y 
w o r k cons is ted m a i n l y of c o l l e c t i n g p h y s i c a l data and developing tes t m e t h ­
ods, app l i ca t ion methods, and d i f f e r e n t f o r m u l a t i o n s wh ich w o u l d be of 
enough c o m m e r c i a l i n t e r e s t to be inc luded i n the f i e l d t e s t i ng p r o g r a m . 

The f i e l d t e s t ing p r o g r a m , begun i n 1954, has inc luded i n s t a l l a t i o n s 
on a h e a v i l y - t r a v e l e d highway i n the New Y o r k M e t r o p o l i t a n a rea . M o r e 
than 100 v a r i a b l e s i n coa t ing app l i ca t ion techniques and c o m p o s i t i o n have 
a l ready been inves t iga ted by app l i ca t ion i n t r i p l i c a t e of tes t patches w h i c h 
cove red m o r e than a m i l e of highway. Of p a r t i c u l a r i n t e r e s t d u r i n g these 
inves t iga t ions were such p r o p e r t i e s as adhesion to concre te and b i t u m i n ­
ous m a t e r i a l s ; r e s i s t ance to weather , d e - i c i n g chemica l s , and other m a ­
t e r i a l s w i t h wh ich roadways may be i n contact ; r e s i s t ance to t h e r m a l 
c y c l i n g , and wear r es i s t ance . S ign i f i can t among the p r o p e r t i e s of the 
coa t ing i s an adhesion to Por t l and cement concre te g rea te r than the c o ­
hesive s t r eng th of the concre te . 

A po r t ab le t es te r devised f o r d e t e r m i n i n g adhesion of the coa t ing 
shows p r o m i s e as a t o o l f o r d e t e r m i n i n g the s t r eng th of su r f ace l a y e r s 
of concre te . 

The tes t appl ica t ions w i l l continue to be obse rved and tes ted d u r i n g 
the f u t u r e f o r the purpose of developing data conce rn ing t h e i r d u r a b i l i t y , 
but r e s u l t s of tes ts so f a r p e r f o r m e d on the patches appl ied indica te that 
the new epoxy seal coat has g rea t p r o m i s e f o r use i n c r i t i c a l a reas . 

# T H E M O U N T I N G number of highway deaths, the r a p i d l y g r o w i n g p r o p e r t y losses 
due i n many cases to sk idd ing accidents , and the i n c r e a s i n g concen t ra t ion of veh ic l e s 
on the highways t e s t i f y to the need f o r a s k i d - r e s i s t a n t roadway su r face i n many c r i t i ­
c a l a r eks . A n e}q>erimental c o m p o s i t i o n i s de sc r ibed here w h i c h has p r o m i s e of ac ­
c o m p l i s h i n g th i s purpose . I t i s app l ied i n t h i n l a y e r s to p r o v i d e an e x t r e m e l y h igh 
degree of s k i d res i s t ance . 

T h i s new and unique s u r f a c i n g m a t e r i a l was developed f o r app l i ca t i on on many types 
of h ighway su r faces to help e l i m i n a t e the dangers of sk idd ing . Al though h igh s k i d r e ­
sistance i s a p r i m a r y ob jec t ive of t h i s m a t e r i a l , i t a lso p r o v i d e s good w e a r i n g q u a l i ­
t i e s and p r o t e c t i o n f o r the roadway f r o m wate r , d e - i c i n g sa l t s and f r e e z i n g and thaw­
i n g i n w i n t e r weather . 

I t was p ionee red s i x yea r s ago by Rel iance Steel P r o d u c t s Company of M c K e e s p o r t , 
and, under the name Re lco te ( R e g i s t e r e d T r a d e Name, Re l iance Steel P r o d u c t s C o . ) , 
has been under development i n a j o i n t p r o g r a m between Rel iance and Shel l C h e m i c a l 
C o r p o r a t i o n d u r i n g the past two and a ha l f y e a r s . 

B a s i c a l l y , t h i s new c o m p o s i t i o n cons t i tu tes a t h i r d type of cement w h i c h w i l l sup­
p lemen t the Por t l and cement and b i t uminous cements that have l ong been used and 
p r o v e n i n r o a d b u i l d i n g . T h i s r e s inous cement i s based on the epoxy r e s i n s i n the 



f o r m of a l i q u i d p o l y m e r , wh ich , on the add i t ion of a c u r i n g agent o r ca ta lys t , sets up 
to a ha rd , tough adhesive s o l i d . U n l i k e p o r t l a n d cement o r b i t u m i n o u s m a t e r i a l s , i t 
has a h igh tens i le s t r eng th , up to 8, 000 p s i . Un l ike the b i tumens , i t has no f l o w even 
under heavy loads and at h igh t empe ra tu r e s . I t combines the best w e a r i n g p r o p e r t i e s 
of the convent ional cements w i t h outs tanding res i s t ance to water , d e - i c i n g sa l t s , and 
severe weather condi t ions . A t the presen t t i m e the base r e s i n i s r e l a t i v e l y expensive; 
hence, except f o r spec ia l purposes , i t s use w i l l p robab ly be l i m i t e d f o r some t i m e to 
app l i ca t ion i n r e l a t i v e l y t h i n l a y e r s to % i n . t h i c k as a s u r f a c i n g l aye r over e x i s t i n g 
Po r t l and cement o r b i t uminous concre te roadways . 

The need f o r a p r a c t i c a l t r a c t i v e s u r f a c i n g m a t e r i a l that can be app l i ed to e x i s t i n g 
roadways i s w e l l known to highway engineers and i s emphasized by the l a r g e a reas of 
Por t l and cement highways and b r idges where the s u r f a c i n g m o r t a r has been w o r n o r 
weathered away to expose aggregate w h i c h then becomes po l i shed by t r a f f i c . I f i m p r e g ­
nated w i t h o i l d r i p p i n g s , these su r faces c rea te se r ious sk idd ing hazards when wet even 
f o r new t i r e s . Under heavy t r a f f i c loads, s i m i l a r hazardous condi t ions can some t imes 
be p roduced when the aggregate i n b i t uminous concre te i s e i ther po l i shed to a s l i p p e r y 
state o r i s embedded by the f a m i l i a r f l u s h i n g ac t ion exper ienced at h igh ambien t t e m ­
p e r a t u r e s . 

R e s u r f a c i n g w i t h e i ther p o r t l a n d cement o r b i tuminous concre te i n such cases gener­
a l l y necessi tates the use of l a y e r s of such cons iderable th ickness as to r e q u i r e the r a i s ­
i n g of manholes , d r a i n s , and c u r b s on highways . On b r i dges , expansion j o i n t s and c u r b s 
a r e s i m i l a r l y a f fec ted ; i n some cases, an excessive dead weight load may be added when 
a t h i c k r e s u r f a c i n g m a t e r i a l i s appl ied . The knowledge that m o s t e x i s t i n g t r a c t i v e s u r f ­
ace t r ea tmen t s soon los t t h e i r i n i t i a l s k i d res i s t ance under heavy t r a f f i c loads and qui te 
f r e q u e n t l y exh ib i ted poor adhesion m t h i n l a y e r s , e spec ia l ly to po r t l and -cemen t c o n ­
c r e t e , l ed Rel iance to undertake a study of synthet ic r e s i n s f o r b i n d e r s i n t h i s use. 

The p roduc t w h i c h p r o v i d e s the key to t h i s s u r f a c i n g m a t e r i a l i s an e n t i r e l y d i f f e r e n t 
c l a s s of r e s i n s In t roduced by Shel l C h e m i c a l C o r p o r a t i o n only e ight y e a r s ago under the 
t r ade name E P O N r e s i n s . T h e i r wide use i s a t t r i bu tab le to an unusual combina t i on of 
f o u r p r o p e r t i e s : (a) exce l len t adhesion to mos t su r faces ; (b) good c h e m i c a l res i s tance ; 
(c) toughness, enabl ing t hem to be h a r d wi thou t be ing b r i t t l e ; and (d) r a p i d c u r i n g at 
n o r m a l t empe ra tu r e s . These p r o p e r t i e s , w h i c h have enabled the epoxy r e s i n s to b e ­
come the s tandards of the pa in t , v a r n i s h , and p l a s t i c s i n d u s t r i e s , a l so make t h e m an 
i d e a l m a t e r i a l f o r highway s u r f a c i n g cements . 

I N I T I A L D E V E L O P M E N T 

The f i r s t I n t e r e s t of Rel iance i n developing a s u r f a c i n g compos i t i on came as a r e ­
su l t of many yea r s of exper ience w i t h l i g h t - w e i g h t concre te b r i d g e f l o o r s . I t had been 
observed that the m a j o r cause f o r d e t e r i o r a t i o n of these f l o o r s was the cupping ac t ion 
caused by the unequal wear of concre te and s t ee l w h i c h leaves ho l lows between the m e t a l 
r e i n f o r c e m e n t s where the concre te has w o r n away. To combat these e f f ec t s a r e s e a r c h 
p r o g r a i n was begun to develop v a r i o u s m a t e r i a l s and compos i t ions w h i c h , when appl ied 
as su r f ac ings , w o u l d decrease the water p e r m e a b i l i t y of concre te and increase i t s wear 
r e s i s t ance . 

The f i r s t type of s u r f a c i n g compos i t i on s tudied was essen t i a l ly a concre te to w h i c h a 
p o l y m e r l a tex was added. I n 1951 and 1952, Coatings Engineers , I n c . , P i t t s b u r g h , Pa. , 
inves t iga ted the use of neoprene la tex , L u m n i t e cement and m i n e r a l f i l l e r s . The neo-
prene-base concre tes w e r e genera l ly u n s a t i s f a c t o r y . I n 1953 a c o n t r a c t was g iven t o 
The F r a n k l i n Ins t i tu te Research and Development L a b o r a t o r i e s of Ph i l ade lph ia , to study 
concre tes con ta in ing p o l y v i n y l acetate l a tex , u s l n g a s a r e f e r e n c e w o r k d o n e b y Amagna , 
M e l l o r and Geis t at the Massachuset ts Ins t i tu t e of Technology. (1) However , an added 
f e a t u r e of these concre tes was that they w e r e to be su r f aced w i t h c a r b o r u n d u m g r i t to 
i m p r o v e wear and s k i d res i s t ance . 

T h i s r e s e a r c h p r o g r a m y i e l d e d concre tes that , when d r y , w e r e s t ronger and m o r e 
r e s i s t a n t to wear , had l o w e r wate r p e r m e a b i l i t y , and showed be t te r adhesion to base 
m a t e r i a l s and g rea te r s k i d res i s t ance than convent ional concre tes . Unfo r tuna t e ly , a l ­
though these concre tes were i m p e r m e a b l e to wa te r , they were f o u n d to wear v e r y r a p i d l y 
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Figure 1. M a t e r i a l s and r e l a t i v e quanti­
t i e s used i n resinous mortar. 

when wet. Experiments were continued 
with the polyvinyl acetate concretes using 
both crosslinking agents for the vinyl resin 
and a sodium methyl siliconate to try to 
reduce the water sensitivity. The results, 
while reasonably good, were not considered 
completely satisfactory. 

Attempts to develop a suitable resin-
base concrete were then abandoned and 
thinking next turned to mixtures of aggre­
gates and thermosetting resins surfaced 
with carborundum grit because of the un­
usually good chemical resistance, high 
strengths, and adhesion to base materials 
of these types of resins. After testing a 
wide variety of resins, it was found that 
epoxy resins when used with a proper fil­
ler seemed most nearly to meet all the 
target requirements. They cure at room 
temperature, adhere tightly to portland-
cement concrete and other paving materials, 
have high mechanical strengths, and are 
extremely insensitive to water and chemi­
cals. The fact that the coefficient of ex­
pansion is approximately the same as 
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Figure 2. Bend t e s t . 
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Figure 3. Block shear t e s t . Figure k. T e n s i l e t e s t i n g equipment. 



TABLE 1 
TREATMENT OF HIGHWAY AND BRIDGE SURFACES WITH EPOXY CEMENTS 

Initial Test Applications—1954, 1955 Application' Date Area Arealntact Dec. 15, percent 
1954 1955 1956 

Triborough Bridge, New York City 
Pulaski Skyway, Newark, Jersey City, N. J . 
Manhattan Bridge, New York City 
U. S. Route 1, Newark, N. J. 
Housatonic Bridge, Milford, Ct. 
Wilbur-Cross Parkway, Milford, Ct. 
McClay St. Bridge, Harrisburg, Pa. 
Wilbur-Cross Parkway, Toll Booth 

Milford, Ct. 
Perryville Bridge, PerryviUe, Md. 
1956 Test Applications 
Wilbur-Cross Parkway Toll Booth 

Milford, Ct. 
Triborough Bridge, New York City 
Triborough Bridge, New York City 
New Jersey Turnpike, Deepwater, N. J. 
Plant Accessway, Houston, Texas 
Long Run Road, McKeesport, Pa. 
179th St. Tunnel, New York City 
George Washington Bridge, New York 

and New Jersey 

' a, applied over portland-cement concrete and 
b, applied over bituminous concrete. 

Since 1953 about 40 applications have been made in industrial plants for service in heavy-duty traffic. 
They totaled approximately 45, 000 sq ft and have been essentially 100 percent successful. 

a 8/24/54 241 20 10 5 
a 8/28/54 584 85 75 75(June) 
a 9/21/54 344 100 100 100 
a 8/27/54 373 95 90 90 
a 9/30/54 198 100 100 100 
a 9/30/54 295 100 100 100 
a 8/29/55 10, 000 - 85 80 

a 9/12/55 12,000 90 70 
a 9/29/55 1,100 — 50 40 

a 5/15/56 3,500 100 
a 5/23/56 240 - - 100 
b 5/23/56 900 - - 100 
b 6/10/56 5,760 - - 100 
b 6/18/56 3,486 - - 100 
b 9/28/56 7,040 - - 100 
b 10/8/56 4,000 - - 100 

a 10/22/56 3,600 - - 100 

p o r t l a n d - c e m e n t concre te i s v e r y i m p o r t a n t . L a b o r a t o r y w o r k cont inued to the poin t 
where i t was poss ib le to select the p r o p e r type and p a r t i c l e - s i z e d i s t r i b u t i o n of agg re ­
gate f o r the under course , f i l l e r , and top s u r f a c i n g . The p h y s i c a l p r o p e r t i e s and p e r ­
f o r m a n c e l eve l s of Relcote w h i c h were es tabl i shed i n t h i s i nves t iga t ion showed a coef ­
f i c i e n t of f r i c t i o n to rubbe r ( t i r e ) both d r y and wet much h igher than the f r i c t i o n coe f ­
f i c i e n t of rubbe r to d r y concre te , t ens i le and compres s ive s t rengths many t i m e s g rea te r 
than that of the s t ronges t concre te , and adhesion to a l l highway pav ing m a t e r i a l s h igher 
than the subs t ra tes ' adhesion to i t s e l f . 

The encouraging l a b o r a t o r y r e s u l t s obtained i n t h i s study l ed to the app l i ca t ion of 
tes t patches of t h i s m a t e r i a l on v a r i o u s h igh ly t r a v e l e d highways and b r i d g e s . T h i s was 
done to d e t e r m i n e the e f f ec t s of weather , t r a f f i c wear and, of course , to convince the 
highway engineer of the m e r i t s of the p roduc t . A l a r g e number of i n s t a l l a t ions were 
made o n roads , i n p lan t s , and i n warehouses d u r i n g 1954 and 1955 i n v o l v i n g a reas f r o m 
100 to 12,000 sq f t pe r app l i ca t ion and t o t a l i n g over 50,000 sq f t . B r i d g e s and highways 
i n v a r i o u s loca t ions were su r f aced wi thout d i f f i c u l t y us ing m o s t l y manua l methods. A 
s u m m a r y of these e a r l i e r appl ica t ions i s inc luded i n Tab le 1. 

I n app ly ing t h i s type of su r f ace t r ea tmen t two methods a re gene ra l ly used. I n both , 
the epoxy r e s i n b i n d e r i s f i r s t m i x e d w i t h the c u r i n g agent. Equ ipment has been de­
veloped f o r cont inuous m i x i n g and app l i ca t ion to a highway, but s m a l l quant i t ies can 
eas i ly be m i x e d i n a f e w minu tes by hand, o r r e l a t i v e l y l a r g e batches i n an o r d i n a r y 
concre te o r p l a s t e r m i x e r . I n the f i r s t method , which i s on ly r ecommended f o r r e l a ­
t i v e l y smooth su r faces such as new p o r t l a n d - c e m e n t concre te o r b i tuminous roadways , 
the ca ta lyzed r e s i n con ta in ing no aggregate i s app l i ed to the c leaned r o a d s u r f a c e b y 
means of a squeegee, b r o o m , o r a r o l l e r s i m i l a r to that used f o r app ly ing pa in t . I m ­
med ia t e ly a f t e r w a r d , f i n e sha rp aggregate i s s t r e w n over the l i q u i d r e s i n . 

I n the second p rocedure , f i n e aggregate can be added to the r e s i n w h i l e i t i s i n the 
cement m i x e r b e f o r e app l i ca t i on to the h ighway. F i g u r e 1 i l l u s t r a t e s the r e l a t i v e quan­
t i t i e s of m a t e r i a l s used. The r e s u l t i n g m o r t a r i s app l i ed to the su r face and sp read 
w i t h a manua l o r mechan ica l sc reed . T h i s method i s p r e f e r r e d when t h i c k e r l a y e r s of 
the coa t ing a r e to be appl ied , espec ia l ly over p o r t l a n d - c e m e n t concre te roads w h i c h 



Figure 5. 

CAR SPEED 

Stopping d i s t a n c e s over wet 
s u r f a c e s . 

Figure 6. Skidding d i s t a n c e s over wet con­
cr e t e and wet resinous cement s u r f a c e s . 

exhibit uneven surfaces. 
The resin is then allowed to harden at 

ambient temperatures. In summer weather, 
the hardening can be accomplished in as 
little as one hour. In cooler weather, long­
er periods are required. A sandpaper 
finish with grit particles that will not pull 
out of the wearing surface results. 

Most of the patches of this surfacing ma­
terial which were applied in 1954 and 1955 
on highways pointed up the excellent resist­
ance to wear and showed great promise as 
an aid in eliminating skidding accidents. In 
some cases, however, adhesion failures 

occurred in these pioneering applications. In a few cases cracks appeared and, subse­
quently, part of the surfacing material scaled off. These results were contrary to the 
high adhesive bonding strength obtained in the early laboratory work where it was nearly 
impossible to break the bond of epoxy cement to concrete without first producing a break 
in the concrete itself. Furthermore, since most installations were 100 percent suc­
cessful, and in no case was complete adhesive failure experienced, it was evident that 
the problem could be solved; it was necessary only to determine the reasons for the 
successes. Therefore, an intensive program was undertaken to develop laboratory 
methods which could be correlated with the controlled experimental work carried out 
on an actual highway carrying typical traffic loads. It was hoped that from such a pro­
gram the effects of resin composition, cleaning techniques and application methods as 
well as daily temperature changes, traffic loading fatigue, rainfall, acceleration and 
deceleration of vehicles could be more clearly determined. 

TESTING METHODS 
In the early phases of this project, with the exception of visual evidences of wear and 

cracking or scaling, there were no good 
means of evaluating this type of surfacing 

Figure 7. Cracking f a i l u r e of resinous 
cement. 

Figure 8. Te s t a p p l i c a t i o n s on U. S.; 
Highway. 



6 

m a t e r i a l . I t was des i r ab le to have some type of tes t that wou ld c o r r e l a t e qu i ck ly the 
e f f e c t of v a r i a t i o n s i n f o r m u l a t i o n changes, su r face p r e - t r e a t m e n t s , o r app l i ca t ion 
methods w i t h p e r f o r m a n c e . Since l i t t l e o r no loss i n t r a c t i v e p r o p e r t y was exper ienced 
i n any of the f i r s t t es t app l ica t ions , a l though f a i l u r e s i n adhesion had o c c u r r e d , i t was 
f e l t that bond s t r eng th was m o r e i m p o r t a n t than other p r o p e r t i e s and that a m e a n i n g f u l 
adhesive tes t w o u l d be mos t u s e f u l . Because of the unique nature of t h i s s u r f a c i n g m a ­
t e r i a l and i t s much g rea te r s t r eng th as compared to concre te , no acceptable tes t m e t h ­
ods w e r e then ava i l ab le . A s a r e s u l t , t h r e e gene ra l t e s t p r o c e d u r e s i l l u s t r a t e d i n F i g ­
u r e s 2, 3 and 4 w e r e devised and evaluated. 

The two that appeared mos t r e p r o d u c i b l e and m e a n i n g f u l , and at the same t i m e dup­
l i c a t e d at leas t some of the s t resses induced i n r o a d su r faces by t r a f f i c and t empe ra tu r e 
changes, w e r e the b l o c k shear tes t and the adhesion test . The f o r m e r appears mos t 
s a t i s f a c t o r y f o r l a b o r a t o r y t e s t i n g and the l a t t e r f o r ac tual r o a d t e s t ing . 

T h e t ens i l e t e s t has p r o v e d of va lue not on ly i n t e s t i n g highway coat ings but a lso i n 
ac tua l ly p r e - e v a l u a t i n g the concre te o r asphal t su r face p r i o r to r e s u r f a c i n g . W i t h t h i s 
tes t i t can be l ea rned whether a new concre te i s comple t e ly cu red , o r i n the case of 
o l d concre te , the extent to wh ich c h e m i c a l and mechan ica l s ca l ing and spa l l i ng may have 
weakened the concre te su r face . A h igh - s t r eng th bond to the concre te i s w o r t h l e s s , of 
course , i f the concre te su r face i s so weak that i t w i l l l a t e r scale o f f ; hence, i n f o r m a ­
t i o n of t h i s k i n d i s i m p e r a t i v e f o r t h i s type of su r face t r ea tmen t . 

I n add i t ion to adhesion tes ts , e x p e r i m e n t a l l a b o r a t o r y f o r m u l a t i o n s were also e v a l u ­
ated f o r res i s tance to the e f f ec t s of f r e e z e - t h a w , weather and sa l t wa te r i n acce le ra ted 
tes t s . 

F r e e z e - t h a w res i s t ance s tudies were c a r r i e d out w i t h concre te b locks the s ize of a 
c o m m o n b u i l d i n g b r i c k . The l a rges t f ace was su r f aced w i t h r e s inous m o r t a r and, a f t e r 
c u r i n g , the spec imen was subjec ted to the f o l l o w i n g condi t ions , soaking i n wa te r f o r 
lYa hour s , f r e e z i n g at -40 F f o r lYz hours and heat ing i n an oven at 180 F f o r 1)2 hour s . 
T h i s cyc le was repeated to f a i l u r e . A s was the case w i t h adhesive t es t ing , the c o n ­
c re t e f a i l e d b e f o r e the res inous cement su r f ace o r bond was h a r m e d . A s a m a t t e r of 
i n t e r e s t , s e v e r a l o ther c lasses of r e s i n s w h i c h w e r e a lso tes ted i n t h i s manner l o s t 
adhes ion d u r i n g t h i s r a t h e r severe t es t l ong b e f o r e the concre te d i s in t eg ra t ed . T h e l o w 
shr inkage on c u r i n g of the epoxy r e s i n as compared to o ther r e s i n s i s be l i eved to c o n ­
t r i b u t e to i t s s u p e r i o r p e r f o r m a n c e . 

Wea the r ing tes ts were c a r r i e d out i n a c o m m e r c i a l Weatherometer of the type used 
to tes t pa in t s , t e x t i l e s , and other m a t e r i a l s f o r outdoor d u r a b i l i t y . The s tandard cyc le 
of 102 minu te s at 140 F i n s i m u l a t e d b r i g h t sunshine produced by a ca rbon a rc l i g h t and 
18 m i n u t e s of r a i n f a l l p roduced by a s m a l l wa te r spray i s repeated t h r ee t i m e s each 
hour . R e s i n - t r e a t e d concre te su r faces exposed to these condi t ions wi ths tood over 500 
hour s of t e s t i ng wi thou t i l l e f f e c t s , at wh ich t i m e the tes ts were t e r m i n a t e d . 

Resis tance to the e f f ec t s of sa l t wa te r was d e t e r m i n e d by i m m e r s i n g a concre te 
b l o c k su r f aced w i t h a g r i t l aye r i n a 10 percen t so lu t ion of sodium c h l o r i d e at r o o m 
tempe ' ra ture . The s t reng th of the r e s i n bond r e m a i n e d g rea te r than the s t r eng th of the 
concre te a f t e r 90 days of such e}q;>osure. 

H I G H W A Y STUDY 

T h r o u g h the coopera t ion of the New Je r sey State Highway Depar tment , p e r m i s s i o n 
was obtained to use a m i l e - l o n g sec t ion of highway f o r t h i s e x p e r i m e n t a l p r o g r a m . The 
roadway was one of the m a i n feeder h ighways f r o m Pennsy lvan ia to New Y o r k C i t y . 
Some of the concre te was 35 yea r s o l d , and some less than one year o l d . Many areas 
were smooth , but heavy wear , sca l ing , and c r a c k i n g ex i s t ed i n o the r s . The p r o g r a m 
was o rgan ized to coat a p p r o x i m a t e l y 30 ,000 sq f t of the highway w i t h m o d i f i c a t i o n s of 
the o r i g i n a l epoxy cement sys t em. 

T h e study cons is ted of th ree separate phases: (a) the p r e t r e a t m e n t of the concre te , 
e spec ia l ly that w h i c h was impregna ted w i t h o i l d r i pp ings , (b) v a r i a t i o n s i n c o m p o s i t i o n 
of the E P O N r e s i n cement and (c) a study of v a r i o u s methods of app l i ca t ion and t h e i r 
e f f e c t on p e r f o r m a n c e of the su r face t r e a t m e n t . Over 90 d i f f e r e n t v a r i a b l e s w e r e 
s tudied d u r i n g t h i s p r o j e c t . P e r i o d i c inspect ions and t ens i l e t e s t i ng of the patches were 



made to de t e rmine the r e l a t i v e m e r i t s of each of the compos i t ions , o r the e f f e c t of the 
o ther f a c t o r s i n v o l v e d . 

I n the study of concre te su r face p r e p a r a t i o n , numerous methods f o r o i l r e m o v a l 
were s tudied. They inc luded s team, solvent , detergents , mechan ica l methods, c h e m i ­
c a l methods , and r e s i n add i t ives . Each of these methods was t r i e d on f r o m 3 t o 30 
d i f f e r e n t patches and epoxy cement appl ied over the su r f ace . Quant i ta t ive eva lua t ion 
of the r e l a t i v e e f fec t iveness of the c lean ing methods was made us ing the l a b o r a t o r y -
developed adhesive t ens i l e t e s t e r . T y p i c a l r e s u l t s of t h i s t e s t when e m p l o y i n g the 
va r i ous c lean ing methods a re s u m m a r i z e d i n Tab le 2. 

I t mus t be emphasized that these tes t values may be s i g n i f i c a n t l y a f f ec t ed by the 
type of su r f ace and that somewhat d i f f e r e n t r e s u l t s m i g h t be obta ined on concre te w i t h 
a h i s t o r y d i f f e r e n t f r o m that used i n t h i s p a r t i c u l a r s tudy. I n add i t ion , since these 
evaluat ions a re based on r e s u l t s obtained w i t h less than s i x months of exposure i t i s 
e n t i r e l y poss ib le that add i t iona l aging could r e v e r s e some of the r e s u l t s obtained; how­
ever , t h i s i s doub t fu l since f r o m a cons ide ra t ion of data obtained on some of the o lde r 
i n s t a l l a t i ons i t appears that the re i s l i t t l e change i n adhesive s t rength of these sys tems 
a f t e r the f i r s t th ree months . 

A s s tated e a r l i e r , the epoxy cement sy s t em i s essen t ia l ly a r es in -aggrega te m o r t a r . 
Since the m o r t a r i s app l ied i n l a y e r s % to fa i n . t h i c k , the aggregate used i s necessa r i ly 
conf ined to a r a t h e r s m a l l p a r t i c l e s ize of less than je i n . The aggregates used i n t h i s 
p r o g r a m inc luded s i l i c a i n the f o r m of bank sand, c rushed quar tz , o r beach sand, a l u ­
m i n u m oxide , g lass and c a r b o r u n d u m . M o s t of these w e r e used i n m o r e than one s ieve 
s ize . Of course , the m a i n reason f o r and the m a i n e f f e c t of aggregate add i t ion i s to 
p r o v i d e h igh t r a c t i o n . Some d i f f e r e n c e i n s t r eng th and w e a r i n g qua l i t i e s of the d i f f e r e n t 
m a t e r i a l s has been observed ; however , t h i s i s thought t o be of a m i n o r na ture at the 
p resen t t i m e , because even i n areas wh ich have been exposed th ree y e a r s to heavy 
t r a f f i c , o r d i n a r y becah sand has shown l i t t l e wear , w i t h good r e t e n t i o n of s k i d r es i s t ance . 

T L e use of p i g m e n t was a l so s tudied b r i e f l y . M o s t p igmen t s can be added t o the new 
cement sys t em wi thou t any e f f e c t on app l i ca t ion technique o r p e r f o r m a n c e . A whi te 
p igmented epoxy cement su r f ace appears to be h igh ly b e n e f i c i a l i n tunnels where m a x i ­
m u m l i g h t r e f l e c t i v i t y i s d e s i r e d t o m i n i m i z e the c o n t r a s t i n g l o w l i g h t va lue when en te r ­
i n g the tunnel on a b r i g h t day. Glass beads of the l i g h t - r e f l e c t i n g type can be added to 
the s u r f a c e f o r e x t r a b r i l l i a n c e . A n a r r o w s t r i p e of epoxy cement p igmented e i the r 
y e l l o w o r whi t e and app l i ed on the center of a highway can be used to make an exce l len t 
s emi -pe rmanen t t r a f f i c s t r i p i n g pa in t . Other c o l o r s cou ld be added to p r o v i d e a code 
i n d i c a t i n g to the m o t o r i s t school zones, cu rves , stop s igns , o r complex i n t e r s e c t i n g 
rou tes . 

The t h i r d phase of the i nves t iga t ion on 
T A B L E 2 the highway concerned app l i ca t ion methods. 

R U P T U R E S T R E N G T H O F E P O X Y C E - N ^ t u r a U y , w o r k on t h i s p r o j e c t was done 
M E N T OVER VARIOUS SURFACE ^^^^^7 1^"^^ on ly smaU areas 

P R E T R E A T M E N T S ^^""^ i nvo lved . Screeds, b r o o m s , squee-
gees, r o l l e r s and s e v e r a l types of s p r a y ­
e r s were evaluated. W i t h i n n a r r o w l i m i t s , 
the manner of app l i ca t ion has so f a r shown 
l i t t l e e f f ec t on p e r f o r m a n c e , wear , o r bond 
s t reng th . The data gained here d i d p r o ­
v ide s u f f i c i e n t i n f o r m a t i o n to se lec t s u i t ­
able m a c h i n e r y and equipment . Because 
of the u n i f o r m su r face i t p roduced , econ­
o m y of ope ra t ion , and s i m p l i c i t y , the 
r o l l e r - c o a t i n g method was i n c o r p o r a t e d 

in to a p ro to type machine w h i c h can lay down res inous cement at a r a t e of a p p r o x i m a t e l y 
200 sq f t p e r m inu t e . T h e o r i g i n a l machine has been used succes s fu l ly i n l a r g e sca le 
e^qperimental app l ica t ions . Manpower r e q u i r e m e n t s can be cut s i g n i f i c a n t l y by th i s 
mechanized means of app l i ca t ion w h i c h , erf course , w i l l reduce o v e r - a l l cost . 

T h e p resen t equipment inc ludes a p r o p o r t i o n a t i n g m i x e r f o r r e s i n and ca t a lys t mounted 
on a t r u c k bed. The m i x e d r e s i n i s f l o w e d by g r a v i t y onto the roadway su r f ace f r o m a 

C o n t r o l , no c lean ing 
Detergent c lean ing 

84 p s i C o n t r o l , no c lean ing 
Detergent c lean ing 116 p s i 
Solvent c lean ing 152 p s i 
Mechan ica l c l ean ing 152 p s i 
Steam c lean ing 208 p s i 
Res in m o d i f i e d 309 p s i 
C h e m i c a l l y cleaned 368 p s i 
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Figure 9. A p p l i c a t i o n of epoxy cement on 
George Washington Bridge. 

trough through several adjustable orifices. 
The resin is then spread evenly by means 
of large-sized paint rollers attached to the 
truck and sand applied to the treated sur­
face with a wide seed spreader. Results 
to date have been sufficiently encouraging 
that several simplifications are being in­
corporated into an improved model. 

During the numerous applications made 
on Route 22, it was found that the epoxy 
cement, which is quite fluid as applied, 
penetrated and filled any small cracks 
which were present in old concrete sur­
faces. Upon hardening of the resin, the 
crack is effectively sealed against the 
disintegrating effects of water and weather. 
Another advantage of this liquid applica­
tion is the leveling off of small holes and 
depressions which may be present in the ' ' 
concrete so that rough roads resurfaced with a thin layer of epoxy cement become much 
smoother riding. With the normally-used grit size it has been found that such resur­
facing produces highways noticeably quieter. This is especially evident at higher speeds 
where tire noises are drastically reduced. 

Several types of EPON resin were used in this study. All performed equally well, 
and the resin selected would be the one most suited to the individual job requirements. 

Since the curing of these resins is prohibitively slow at winter temperature condi­
tions, methods of artificial heating were also studied on this project. By means of the 
systems which were developed the working season has been extended into the early 
spring and late fall months. 

Although results already obtained during this highway program have been extremely 
useful and encouraging, observation and testing will continue to be carried out for the 
next several years. This testing area located on US 22 in Union, New Jersey, is avail­
able for inspection at any time by interested individuals or groups. 

LARGE-SCALE EXPERIMENTAL APPLICATIONS IN 1956 
Utilizing the knowledge gained in the laboratory program and in some degree the 

information obtained from the highway work, seven relatively large applications were 
made during the summer and fall of 1956. These included resurfacing of both portland 
cement and bituminous concrete roadways. They are listed in Table 1 along with earlier 
highway installations for easy comparison. A brief comment about some of these tests 
may be in order here. 

The installations made at the Wilbur-Cross Parkway and part of that on the T r i ­
borough Bridge (on portland cement) were replacements of failures which had occurred 
because of inadequate preparation of the roadway surface in earlier tests. After seven 
months' service no failures have been experienced on either job. 

The application on the George Washington Bridge operated by the Port of New York 
Authority points up one of the secondary advantages of this surfacing material. A 
second level is to be added to this bridge to accommodate the increased flow of traffic 
since it was constructed 25 years ago. This, of course, will greatly increase the 
weight of the structure, and whereas the present deck is showing signs of wear and will 
eventually need resurfacing, a 3-in. layer of bituminous concrete may not only reduce 
the allowable dead load stresses of the structure but would necessitate raising all ex­
pansion joints as well. Two types of tractive surfaces, % to in. thick, were applied 
in the heaviest traveled lane. Visual observation, skid tests, and tensile adhesive tests 
will be carried out at periodic intervals to follow the progress of these test areas. 

The experimental application in the 179th Street tunnel, which is one of the approaches 
to the George Washington Bridge, was made to test the applicability of this new resinous 



cement as a l i g h t r e f l e c t i n g s u r f a c e . H e r e , as i s the case w i t h m o s t tunne ls , the l i g h t 
l e v e l d i f f e r e n c e on b r i g h t days i s so acute that the eye cannot r a p i d l y ad jus t to the a r t i ­
f i c i a l l i g h t i n g . The cond i t i on i s aggravated by d a r k b i tuminous roadway su r faces . The 
f o r m u l a t i o n used was p igmen ted wh i t e t o obta in m a x i m u m r e f l e c t i v i t y . L i g h t m e t e r r e a d ­
ings show a 20 pe rcen t r e f l e c t i o n f a c t o r a f t e r one month ' s s e rv i ce compared to a 5 p e r ­
cent value on the adjacent b i tuminous area . T r a c t i o n i s a lso i m p r o v e d . 

The New Je r sey T u r n p i k e app l ica t ion was made over a b i tuminous su r face p r i m a r i l y 
to obta in a h igh ly s k i d r e s i s t an t pavement on the approach to a t e r m i n a l t o l l booth. The 
wear on the exposed l imes tone aggregate i n t h i s a r ea of the highway has p roduced a 
po l i shed su r f ace . Qua l i t a t ive eva lua t ion of the r e s u r f a c i n g shows i t to p rov ide a h igh 
safe ty f a c t o r where severe b r a k i n g appl ica t ions a re the r u l e . The su r face shows some 
loss of g r i t at t h i s t i m e , but wi thou t i m p a i r m e n t of t r a c t i v e p r o p e r t i e s . 

A c t u a l measurement of the s k i d - r e s i s t a n t qua l i t i e s of some of these su r faces have 
been made bo th w i t h a James Dece l e rome te r and by m e a s u r i n g s k i d t r a c k s o n b r a k i n g 
at v a r i o u s speeds. On wet pavements both methods show the s topping distance on epoxy-
cement su r faces i s about ha l f that of w o r n po r t l and -cemen t concre te . T h i s i s i l l u s t r a t e d 
i n F i g u r e 5. 

CONCLUSION 

A s a r e s u l t of these studies , i t can be concluded that Relcote can be appl ied w i t h 
good r e s u l t s over n e a r l y a l l types of highway su r faces p r o v i d e d that a c a r e f u l ana lys i s 
i s made of each j ob b e f o r e app l i ca t ion . The f o l l o w i n g f a c t o r s mus t be observed : 

1. E m p l o y m e n t of p r o p e r method of r e m o v a l of o i l and g r i m e deposi ts . 
2. Use of t es t s to d e t e r m i n e that the tens i le s t r eng th of the su r face l a y e r s of the 

concre te i s at leas t 150 p s i . Surfaces mus t be t r ea t ed u n t i l t h i s m i n i m u m s t reng th i s 
obtained. 

3. E m p l o y m e n t of the p r o p e r g r i t and extenders w i t h the epoxy r e s i n . 
4. E m p l o y m e n t of c a r e f u l Avorkmanship w i t h t r a i n e d l a b o r . 

When these p rocedure s a r e f o l l o w e d , i t appears that such res inous cement sur face 
t r ea tmen t s f o r h i ^ w a y s should possess the f o l l o w i n g q u a l i t i e s : 

1. Pe rmanen t h igh t r a c t i o n even under wet o r o i l y condi t ions . 
2. L o n g - w e a r i n g p r o p e r t i e s i n hot o r c o l d c l i m a t e s . 
3. Exce l l en t r e s i s t ance to f r e e z i n g cond i t ions , d e - i c i n g sa l t s , so lven t s and wa te r . 
4. No p o r o s i t y , wh ich p ro tec t s the o r i g i n a l pavement . 
5. L i g h t - w e i g h t , w h i c h i s e spec ia l ly u s e f u l i n r e s u r f a c i n g b r i dges , where exces­

s ive loadings i n weigh t o r th ickness a re undes i rab le . 
6. E a s i l y c o l o r e d f o r l i g h t i n g , safe ty , o r d i r e c t i v e r e q u i r e m e n t s . 
7. F a s t c u r i n g to g ive a m i n i m u m i n t e r r u p t i o n of the f l o w of t r a f f i c . 
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Application of a New Non-Skid Surface Treatment 
On Connecticut State Highways 
W A R R E N M . C R E A M E R , Connect icut State Highway Depar tmen t , and 
R. E . B R O W N , She l l C h e m i c a l C o r p o r a t i o n 

A newly developed n o n - s k i d su r face t r ea tmen t has been appl ied to the 
concre te ap ron and t o l l booth a rea at the M i l f o r d t o l l s t a t ion on the 
Connect icut W i l b u r Cross P a r k w a y . T h i s coa t ing , a p p r o x i m a t e l y ^ i i n . 
i n th ickness , cons is t s e s sen t i a l ly of sharp , h a r d aggregate, a p p r o x i ­
m a t e l y 35 mesh , pe rmanen t ly bound to the concre te deck w i t h a t h e r ­
mose t t ing epoxy r e s i n . Heavy t r a f f i c vo lume th rough the M i l f o r d t o l l 
booth , a long w i t h the degrad ing ac t ion of d e - i c i n g chemica l s , had caused 
an excessive amount of concre te s p a l l i n g and wear . T h i s r e s u l t e d i n a 
dangerously s l i p p e r y a rea where au tomobi les m u s t cont inuously stop 
and s t a r t . The m a t e r i a l was app l i ed to t h i s a r ea to p r even t sk idd ing , 
smooth out the rough and spa l led areas , and p r o t e c t the concre te ap ron 
f r o m f u r t h e r degradat ion. 

A s m a l l c r e w of m e n made the app l i ca t i on w i t h equipment and m a ­
t e r i a l s w h i c h a re p r e sen t l y c o m m e r c i a l l y ava i l ab le . Al though some 
I n i t i a l d i f f i c u l t i e s w e r e encountered, app rox ima te ly 12, 000 sq f t , i n ­
c l u d i n g t o l l booths and a d o w n h i l l approach, w e r e s u c c e s s f u l l y coated 
i n a r e l a t i v e l y s h o r t t i m e . The good safety r e c o r d at the M i l f o r d t o l l 
booth s ince the app l i ca t ion two yea r s ago t e s t i f i e s to the e f fec t iveness 
of the coa t ing as a s k i d - p r o o f i n g m a t e r i a l . F requent p h y s i c a l t e s t i ng 
of the coa t ing has ind ica ted l i t t l e degradat ion of the coat ing i t s e l f o r of 
i t s adhesion to the concre te deck s ince i t was appl ied . 

9 A N E W PRODUCT f o r su r face t r ea tmen t of p o r t l a n d cement o r b i tuminous concre te 
w h i c h p rov ides s k i d p r o o f i n g of hazardous areas and w h i c h appears to have grea t p r o m ­
i s e as a p r o t e c t i v e b a r r i e r against weather , d e - i c i n g sa l t s , f u e l s and l u b r i c a n t s , i s 
be ing tes ted in t ens ive ly on Connect icut highways. T h i s m a t e r i a l , known as Relcote 
(Regis te red T r a d e Name, Rel iance Steel P roduc t s Co. ) consis ts essen t ia l ly of a s u r ­
f a c i n g course of sharp sand, f l i n t , o r o the r ab ras ive aggregate u t i l i z i n g a synthet ic 
epoxy r e s i n b inder appl ied i n t h i n l a y e r s r ang ing down to Yie i n . over new o r o l d pave­
ments . 

I n September of 1954 Rel iance Steel P r o d u c t s Company of M c K e e s p o r t , P a . , o r i g i ­
na tors of the new sur face t r ea tmen t i n coopera t ion w i t h Pee r l e s s Cons t ruc t i on Company 
of Scarsdale, N . Y . made two t r i a l appl ica t ions of t h i s m a t e r i a l on p o r t l a n d cement 
concre te su r faces near the M i l f o r d T o l l Sta t ion on the W i l b u r C r o s s P a r k w a y . A t the 
Wheeler F a r m s Road i n t e r s e c t i o n , 300 sq f t was appl ied on the westbound ins ide lane; 
and 200 sq f t was appl ied to the eastbound outside lane on the Housatonic R i v e r B r i d g e . 
These tes t patches, a f t e r 12-months c lose obse rva t ion , showed no s i g n i f i c a n t wear o r 
loss i n adhesion. F i g u r e 1 shows the leading edge of the tes t patch appl ied at the W h e e l ­
e r F a r m s i n t e r s e c t i o n a f t e r a 2 - y r e jq josure . 

On the bas i s of t h i s p e r f o r m a n c e an e x p e r i m e n t a l con t rac t was g iven to r e s u r f a c e a l l 
c r i t i c a l areas at the M i l f o r d T o l l Stat ion. The con t r ac t c a l l e d f o r r e s u r f a c i n g 12, 000 
sq f t to inc lude a l l t en t o l l lanes and 100 l i n e a r f ee t of a l l the approaches i m m e d i a t e l y 
p r eced ing the westbound t o l l lanes as shown i n F i g u r e 2. 

T h i s p a r t i c u l a r a rea was chosen f o r l a r g e - s c a l e e jqper lmentat lon because of the 
severe condi t ions wh ich p r e v a i l . The A D T at the M i l f o r d T o l l S ta t ion i s 27, 000 c a r s . 
The t r a f f i c load d i s t r i b u t i o n ( F i g . 2) shows that lanes 1, 2, 9, and 17 c a r r y v e r y l i t t l e 
of t h i s t r a f f i c . 

I n add i t ion to the heavy t r a f f i c loads on t h i s highway, a b n o r m a l l y h igh s t resses a r e 
appl ied to the pavement su r f aces because of the s i te loca t ion near the m i d d l e of a long 
grade. Thus , the westbound t r a f f i c employs excessive b r a k i n g on the downgrade, and 
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Figure 1. Wheeler farms i n t e r s e c t i o n , 
close-up of le a d i n g edge. 

M l l f o r d t o l l s t a t i o n , t o t a l area 
r e s u r f a c e d . 

Figure 2. 
eastbound traffic, after stopping at the toll 
booth, applies extra power in acceleration 
upgrade. The situation of the toll station also necessitates more frequent and generous 
use of de-icing salts. The severity of this combination of factors is shown in Figure 3 
in the excessiver wear, scaling, spalling, and oil deposition which had resulted after 
only 15 years of service. 

In many areas, oil had penetrated the pores of the concrete to a depth of more than 
?4 in. The most frequently traveled lanes 
3 and 7, westbound, and 4 and 8, east-
bound, were in much poorer condition than 
those less frequently traveled. Moreover, 
the up-hill lanes, because of traction re­
quirements, were in poorer condition than 
the down-hill lanes. The heavily traveled 
up-hill lanes (4 and 8) had tire track ruts 
more than ^2 in. worn into the pavement. 
The Milford Parkway access booths 17 and 
19 are not subject to these abnormally high 
stresses and contamination because they 

F i g u r e 3. M l l f o r d t o l l s t a t i o n , condition 
of surface p r i o r to a p p l i c a t i o n . 

are located on level ground at the end of a 
sharp curve which slows the traffic prior 
to entering the toll booth area. 

In Spetember 1955, one year after in­
stalling the test patches, the resurfacing 
of the toll station was undertaken. A ma­
chine for continuously applying this mate^ 

Figure k. M i l f o r d t o l l s t a t i o n , use of 
hea t e r s to prepare s u r f a c e s p r i o r to 

i n i t i a J . a p p l i c a t i o n . 
F i g u r e 5. Mil f o r d t o l l s t a t i o n , view of 
westbound l a n e s s h o r t l y a f t e r a p p l i c a t i o n . 
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F i g u r e 6. Carbide-tipped core d r i l l i n 
p o s i t i o n f o r d r i l l i n g . 

F igure 7. Cored d i s c a f t e r d r i l l i n g . 

rial was in the development stage, and it is 
understood that a prototype model had been 
used successfully on recent applications. 
However, the relatively small area and 
space restrictions imposed by the toll booth 
site made the application by manual meth­
ods more practical. 

Knowing that the success of this surface 
treatment would be dependent on obtaining 
a clean, sound bonding surface, a consider­

able effort was expended in attempting to clean the existing concrete surfaces. Vigorous 
sweeping was followed by carefully controlled heating with kerosene-fired burners mount­
ed in a sheet iron shield (Fig. 4). It was 
anticipated that three things would be ac-
complished by the thermal cleaning: (a) 
organic contaminants such as oil and grease 
would be burned off; (b) weakened con­
crete would be spalled off; and (c) the sur­
face wetting action of the binder would be 
enhanced. The emphasis was placed on 
cleaning the booth areas where oil depo­
sition and concrete surface degradation 
was most severe. In the worst cases, a 
grease-cutting solvent was applied prior 
to the thermal treatment. 

Figure Machine faced pipe cap bonded 
to cored d i s c . 

Figure 9. Mechanical t e s t i n g device f o r 
p u l l i n g "bonded pipe cap i n t e n s i o n . 
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Immediately following the surface clean­
ing operation, the resinous binder was pre­
pared for use. This binder, consisting of 
an EPON (Registered trade name. Shell 
Chemical Corp. ) resin and an organic 
amine hardener, was mixed in a conven­
tional 3-cu ft concrete mixer. An equal 
weight of sharp, crushed quartzite sand 
was added and mixing continued until the 
sand was completely wetted. This resin 
and sand pre-mix was then delivered to 
the surfacing site in concrete buggies 
where it was manually screeded down-hill 
with specially designed serrated rubber 
squeegees to apply 6 to 8 lb of pre-mix 
per square yard. While the screeded pre-
mix was still fluid, No. 30 mesh surfacing 
grit (fired aluminum oxide) was manually 
applied in excess at a rate of about 18 lb 
per sq yd. The surface was then rolled 
with a lightweight lawn type roller as soon 
as proper bodying permitted. After the 
surfacing layer had set to a hard, firm 
structure, the excess grit was swept up 
and recovered. The booths were opened 
to traffic the following morning. The west­
bound lanes shortly after application are 
shown in Figure 5. 

0 - 2 5 0 O L . . . 

2- PIPS £ . P 
B O T T O M » V * * : H I M H > 

F i g u r e 10. F u n c t i o n a l sketch of mechani­
c a l t e s t i n g device. 

The ensuing winter and spring months produced some failures in this initial applica­
tion. An estimated 20 percent of the total area amounting to about 2, 400 sq ft had failed 
over an 8 month period. The failures were almost entirely adhesive in nature, that is, 
the surfacing layer had parted from the concrete at the bond line. In all cases, surface 
contaminants, identified primarily as oil and grease, were noted on the underside of 
the failed layers indicating that the surface in these areas had not been adequately 
cleaned despite the diligence with which the cleaning operation had been carried out. 
The areas of failure were entirely confined to the booths which carried the heaviest 

traffic loads (3, 5, and 7 westbound and 4, 
6, and 8 eastbound). 

Meanwhile, in the interim months fol­
lowing the initial application, considerable 
laboratory effort had been expended by the 
contractor and resin supplier in the devel­
opment of a test machine designed to evalu­
ate the quality and degree of cleanliness of 
the concrete surfaces as well as the quality 
of Relcote to concrete bonds at the roadsite. 

This test method consists of drilling a 
core through the surfacing layer just down 
to the concrete surface by means of a 2-in. 
drill fitted with a carbide tipped core bit 
(Fig. 6). A view of the resulting cored disc 
is shown in Figure 7. A 2-in. diameter pipe 
cap, machine faced on the bottom, is then 
bonded to the resulting cored disc by means 
of an EPON resin adhesive (Fig. 8). This 
pipe cap is then heated with a gasoline blow 
torch to promote rapid hardening of the ad­
hesive in such a way that the Relcote to 

Figure 11. T y p i c a l f a i l u r e i n concrete. 
Dark spot on cap and i n concrete i n d i c a t e 

s p l i t aggregate. 
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Figure 12. Failure analysis for Mllford 
t o l l station application. 

concrete bond line does not receive any 
appreciable heat. The bonded cap is pulled 
in tension by means of the mechanical de­
vice (Figs. 9 and 10), until i t separates 
from the surface. The maximum load in­
dicated on the gauge of this device is con­
verted to the unit stress necessary to bring 
about the separation. 

Hundreds of demonstrations, both in the 
field and in the laboratory, have shown that 
surfacing layers bonded to clean, sound 
concrete invariably result in failure of the 
concrete substrate at values ranging up to 
800 psi, clearly showing that the bonding 
strength of the surfacing layer is greater 
than the cohesive strength of the concrete 
substrate itself (Fig. 11). It can be said 
that, where failure occurs in the concrete 
substrate, the bond strength of the sur­
facing layer is no longer being tested but 
the cohesive strength of the concrete is 

being tested. This test method can also be applied directly to untreated concrete sur­
faces and thereby be employed as a simple, rapid means of evaluating the surface 
strength prior to surface treatment. 

Six months after the initial application in March 1956, an extensive study was ini t i ­
ated at the Milford Toll Station with a 3-fold purpose: (a) to throw light on suspicions 
that the major cause of failure in the initial application was inadequate surface prepar­
ation, (b) to ascertain how much of the remaining initial application should be removed 
and replaced, and (c) to evaluate additional cleaning techniques which had shown prom­
ise in the laboratory and to determine which of these methods were best suited to the 
existing conditions at the Milford site. 

The results of the f i r s t series of tests evaluating the original application gave strong 
indication that the major cause of failure was one of surface cleaning. Eighty-two per­
cent of all the tensile tests on the original application resulted in adhesive bond failures 
at relatively low values, that is, the surfacing layer had parted from the concrete at the 
bond line. 

In all instances of adhesive failure, evidence of oil or dirt was noted on the underside 
of the surfacing layer. Of the remaining 18 percent which did not fai l in adhesion, 12 
percent had failed at extremely low values indicating the presence of weak concrete. 
While the data indicated the immediate cause of failure to be one of surface preparation, 
a secondary cause of failure can also be noted. Figure 12 indicates the amount of fa i l ­
ure in each lane as well as the traffic load distribution. It can be seen that the amount 
of failure is directly related to the traffic load distribution, that is, high loads produced 
a high percentage failure, moderate loads a moderate percentage failure and low loads 
no failure at all. As previously stated, lanes 17 and 19 which carry low and moderate 
traffic loads, respectively, are not subject to the severe conditions prevailing in toll 
booths located on the grade, and lane 9 is used only infrequently; consequently no fa i l ­
ures have occurred in these lanes. 

Although the tensile values were generally low for the entire area, 80 percent of the 
initial application was stil l intact. Since data on the bond strength had been obtained in 
these areas, i t was decided to leave them intact in an effort to determine what the mini­
mum bond strength requirements might be. 

In addition to evaluating the bond strength of the original application, a second series 
of tests were run simultaneously to determine the optimum method of cleaning. Addi­
tional tensile test data obtained in the failed areas indicated that, of the many methods 
which had shown promise in the laboratory, cleaning the concrete surface chemically 
consistently resulted in cohesive concrete failures at relatively high values. This lent 
additional strength to the contention that the major cause of failure was one of inadequate 
cleaning. 
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In May 1956, the remaining areas of failure were resurfaced. The same procedure 
outlined for the original application was employed except that the surfaces were cleaned 
chemically instead of thermally. Prior to the resurfacing, the loose material adjacent 
to areas of failure was removed. In this manner, an additional 10 percent was removed 
bringing the total area of failure to 30 percent. The remaining 70 percent of the origi­
nal application has been in place for 16 months with little evidence of further failure. 

In June, one month after replacing the failed areas, a third series of tensile tests 
were run to evaluate the effectiveness of the chemical cleaning. Figure 13 plots the 
average tensile bond strength of the surfacing layer in pounds per square inch against 
the number of the lane in which the tests were performed. The graph serves as a com­
parison between the average bond strength of the initial surfacing on the left-hand side 
where only superficial thermal cleaning was employed, and the ultimate resurfacing 
application on the right-hand side where adequate chemical cleaning was employed. 
Here again is testimony to the importance of obtaining clean surfaces prior to application. 

The grey bars indicate that the tests made in these areas resulted in essentially ad­
hesive failures, that is, a parting of the surfacing layer from the concrete at the bond 
line. The black bars indicate that the tests made in these areas resulted in essentially 
cohesive concrete failures, that is, failure occurred in the concrete rather than at the 
bond line. The bar representing lane 5 which is both grey and black indicates that some 
tests resulted in adhesive failure and others in cohesive concrete failure. The average 
value of the adhesive failures was 84 psi as indicated by the grey portion of the bar. 
The cohesive concrete failures obtained in lane 5, where unexplainably better bonding 
was obtained, in the initial application, tended to raise the over-all average value for 
that lane. 

On December 3 and 4, over one year after the initial application and six months 
after the ultimate resurfacing, a fourth series of tensile tests were run to check the 
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effects of fatigue and aging on the bond line. The values obtained were in excellent 
agreement with those shown in Figure 13 indicating that optimum bondii^ is obtained 
very shortly after application and that no detectable loss in adhesion has resulted to date. 

On the left-hand side of the graph which summarizes the tensile test results obtained 
from the original application, the tensile values on the up-hill eastbound lanes show 
much lower values than those on the down-hill westbound lanes. This is presumably 
due to the fact that the surfaces of the up-hill lanes were in poorer condition than the 
down-hill lanes prior to initial application. 

The right-hand side of the graph, which summarizes the data obtained from the 
ultimate application where adequate surface cleaning was provided chemically, shows 
that the f i r s t correlation pointed out for the initial application no longer holds. The 
values are all high with no easily discernible pattern. It is presumed that this is be­
cause the chemical cleaning tends to eliminate surface inequalities by removing weak 
surface concrete. 

Another major and obvious difference is that the average tensile tests on applications 
over chemically cleaned concrete resulted in failure of the concrete substrate as op­
posed to failures at the bond line for applications over thermally cleaned concrete. 
Comparing the over-all average bond strength obtained after chemical cleaning to that 
obtained after thermal cleaning, nearly a 4-fold increase is noted, 104 to 390 psi. 

Finally, on the extreme right-hand side of the graph, the average tensile value for 
the test patch which was laid down at Wheeler Farms Road is 294 psi with essentially 
all cohesive concrete failures. These tests were made nearly two years after instal­
lation. Additional tensile test data obtained six months later showed no detectable loss 
in bonding strength. The test patch, at present, is weathering its third winter without 
significant wear or loss in adhesion. It is not known what the initial tensile test values 
would have been at Weeler Farms Road. True bonding strength of the coating is also 
unknown because in all tests the concrete failed before failure occurred at the bond line. 
Therefore, no direct comparisons with the recently surfaced areas can be made. At 
the Milford Toll Station the average bond strength of the surfacing layer applied over 
the chemically cleaned surfaces is significantly higher than that obtained at Wheeler 
Farms Road, with both having failed in the concrete. Evidence that the fatigue on the 
bond line has been negligible to date and that 70 percent of the original application hav­
ing significantly lower bond strengths has not yet failed is especially encouraging. Like 
the surfacing layer at Wheeler Farms Road, the surfacing layer at the toll station shows 
no appreciable signs of wear. 

A study of accident rates at Milford appears to confirm the belief that this material 
is performing its function as a non-skid surface. During the 5-yr period prior to the 
application of Relcote, there were 156 accidents in or around the toll booths. Of these, 
20 were accidents due to skidding on wet or icy pavements. This is an average of four 
skidding accidents per year. Since the Relcote application almost l̂ g years ago, there 
have been no accidents due to skidding in areas where the surfacing layer had been ap­
plied. On the average, up to six skidding accidents could have been expected during 
this period. 

In conclusion, experience under extremely severe conditions shows the great prom­
ise of this material in protecting pavement surfaces from environmental deterioration 
and in providing a non-skid wearing course to enhance the safety and driving comfort of 
motorists everywhere. However, the experiments at the Milford Toll Station are stil l 
in progress. Bond strengths wil l be determined periodically in an effort to learn a 
great deal more concerning the minimum bond strength requirements and the effects of 
fatigue, surface cleanliness and traffic loads on service l i fe . Careful evaluation of 
each individual project must be made before attempting to use this product. Since there 
is no other satisfactory method of gauging the surface strength of concrete or the degree 
of cleaning which may be required, i t is recommended that, in every case, a prelimi­
nary installation be made and subsequently evaluated with the tensile test methods de­
scribed. 

HRB:OR-148 



r p H E NATIONAL A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H COUN-
I C I L is a private, nonprofit organization of scientists, dedicated to the 

furtherance of science and to its use for the general w^elfare. The 
A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern­
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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