
One-Half Inch Bituminous Concrete Surfaces 
CHARLES W. BEAGLE, Dire~tor of Public Works, Woodbridge, New Jersey 

Information is given on performance and experience of 1/2 -in. 
bituminous concrete surfaces. A comparison of yield and cost 
of application on asphalt pavement and on old concrete pave
ment is made. Five mixes are compared as to mixing and ap
plication, and as to performance. Irregularities which oc
curred for each mix are recorded. The mixes include Perfect 
Dix Seal, rubberized sand asphalt, New Jersey SP-1 mix, 
emulsion hot mix and Maryland Smooth Seal. 

These 1/2 -in. surfaces provide a smooth, quiet riding sur
face. They can be used to protect old, spalled and cracked 
concrete surfaces, and can be used instead of liquid seal on 
asphalt pavement. 

•THE Township of Woodbridge programmed $50, 000 for the application of %-in. bitu
minous concrete to approximately seven miles of municipal streets in 1962. 

Concrete stree ts constructed during the 1930's and asphalt pavements of various 
types constructed during the 1940's and 1950's were selected. There were approxi
mately the same number of miles of concrete and asphalt pavement in the program. 

The objectives of this program were to ascertain the possibility of eliminating liquid 
seal coating on asphalt pavements, to extend the life of badly worn and cracked con
crete pavements, and to provide a better shape and smoother surface to the streets. 
The work was to be done under a state aid maintenance and repair program. 

There was no information on the performance and experience of 1/2-:in. overlays for 
municipal work in New Jersey. It was known that many municipalities were using 1/2-
in. bituminous concrete overlays in smaller quantities but records of comparison of 
the various mixes were not available. It was learned that in many other states 1/2-in. 
bituminous concrete overlays were being applied as a maintenance measure. The New 
Jersey Turnpike has applied test strips of 1/2-in. overlays to several sections. The 
Garden State Parkway has applied more than thirty such test strips. 

The reported successes of such overlays in many of the eastern states raised the 
question of which mix would provide Woodbridge the most benefit for the least expense. 

Woodbridge Township has many miles of streets requiring major improvement. Any 
program that would extend the life of existing streets at a low cost would enable the 
township to extend its construction and reconstruction programs. 

On this premise, the State Highway Department approved the suppl emental Specifi
cations for Maintenance and Repair Materials on the basis of the mix designated as New 
Jersey SP-1 in the New Jersey State Highway Specifications and permitted the inclu
sion of the following mixes as alternates: (a) Perfect Dix Seal, (b) asphalt emulsion 
hot pre-mix, (c) hot-mix rubberized sand asphalt, and (d) Maryland Smooth Seal. 

The lowest bids per ton received for the material delivered and laid in place were 
as follows: 

Paper sponsored by Committee on Salvaging Old Pavements by Resurfacing and presented at the 46th 
Annual Meeting. 
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Bituminous concrete type SP-1 

Perfect Dix Seal 

Asphalt emulsion hot pre-mix 

Hot rubberized sand asphalt 

Maryland Smooth Seal 

The engineer's estimate was $16. 00 per ton. 

$10. 50 

$12. 50 

$13. 00 

$18. 00 

$10. 50 

The fact that the prices were below the engineer's estimate brought about a meeting 
with officials from the State Aid Projects Division of the State Highway Department 
and the State Highway Testing Laboratories. 

There were two options open to the award of bids: (a) to award the contract for 
SP-1, the lowest price bid; or (b) to provide for a comparison test program and award 
equal tonnage of all five mixes. 

The officials from the State Highway Testing Laboratories agreed to cooperate with 
a test program, and Woodbridge Township then outlined the plans for pictures, records, 
maps and reports. It was agreed to award the contract on the basis of equal tonnage 
for each of the five mixes. 

During the time required to prepare the contracts and receive the recommendation 
of award, the Woodbridge Township Engineering Department prepared a map of the 
streets to be surfaced. 

The streets to be surfaced with each mix were selected so that the mix would be 
laid on approximately the same amount of asphalt pavement as on concrete pavement. 
Examples of the conditions of asphalt and concrete pavements before surfacing are 
shown in Figure 1. One concrete pavement was selected to be paved with all five mixes 
so that a comparison could be made under conditions as close to identical as possible. 
One asphalt pavement was also selected to be paved with all five mixes. The concrete 
street selected was one that is subjected to a high rate of residential and commercial 
traffic including school buses. 

The asphalt street selected is the entrance to the yard and plants of the Middlesex 
Concrete Products & Excavating Company. This street is subject~d to very heavy truck 
traffic. Ready mix concrete trucks, tandem rear dump trucks loaded with stone, sand 
and asphalt, and low bed trailers transporting equipment and machines use this street 
in large numbers every working day. 

An inspection of all the streets in the program was made, and notes were taken con
cerning the surface condition, sunken trench patches, cracks, pot holes, joints and any 
other deformity or irregularity that might be a source of future failure or cracking. 

A card file was prepared, using different colored cards to identify the different types 
of overlays. The face of the card carries the street name, type of construction, length, 
width and area in square yards and the application records. The back of the card lists 
the physical conditions of the road surface before treatment. These cards were used 
to record the data obtained during the laying of the Y2-in. overlay and to record the re
sults of inspections. It was desirable to keep the project as realistic as possible. The 
successful bidder produced all mixes except the Dix Seal. Preliminary surveys of the 
streets for cracks and surface condition were supplemented by facts and conditions 
produced or occurring during the course of the work and by periodic inspections. 

The Jersey Testing Laboratories sampled all materials to be used and designed the 
mixes. 

The preparation of the surfaces required the normal cleaning and minor repairs en
countered in any normal resurfacing operation, and repairs were kept to a minimum. 
As the material was placed approximately Yz in. in depth, the need for raising many 
manholes, catch basins and other utility boxes was eliminated. The material was built 
up or feathered in as required to meet the various structures. If certain units were below 
the existing grade of the pavement, they were adjusted before the resurfacing work. 

Application of the various tack coat materials did not present a problem. 
The control, sampling and testing were done by the New Jersey State Highway 

Testing Laboratories and the Jersey Testing Laboratories. Inspection was performed 
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Figure l. Condition of pavement before surfacing: (a) asphalt, (b) and (c) portland cemenf concrete. 

by the New Jers ey State Highway Departm ent and the Woodbridge Engineering De
partment. 

In several locations on asphalt streets extremely high spots were removed and re
paired so that no bare spot would appear in the final surface. 

Four diffe rent pavers were used on the project. The best work was done with alate 
model paver having temperature control on the screed. With the exception of Dix Seal, 
the initial rolling was done with a 12-ton 3-wheel roller, and for the smooth rolling a 
10-ton tandem roller was used. 

When handling thin overlays it is extremely important to maintain proper tempera·
tures for the mix used. This is true for all operations at the plant and on the job. 

Thin mixes are very difficult to lay if the pavement temperature is below 50 F. 
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Care must be taken in tack coating to prevent puddling. Fogging a tack coat was 
found to be very successful. The amount of tack coat to be applied is a matter of judg
ment. Worn concrete surfaces absorb more tacking material than asphalt surfaces. 

Thin overlays do not hold heat, but cool rapidly. Low air temperature and low 
pavement temperature present a rolling problem. Constant attention was required in 
applying these thin overlays. Minimum coverage was set at 50 lb/ sq yd and maximum 
cove r age was set at 75 lb/ sq yd for all mixes . 

It is r ec;ognized that these mixes have no _struc ture strength. They are not designed 
for applications in excess of 75 lb/ sq yd. Experienc e in Woodbridge indicates tha t a 
yield of 60 to 70 lb/ sq yd is easily obtained on old concrete pavement. The yield on 
asphalt pavement is slightly higher. 

Any asphalt pavement surface that is so uneven as to require a yield of more than 
75 lb/ sq yd should either be prepared with a leveling course before application or be 
resurfaced with a bituminous concrete having a more stable mix than the mixes de
signed for Y2-in. applications. 

Mixes designed for Y2-in. application are not successful on any asphalt pavement 
having a poor base. Movement in an unstable base is always reflected on the surface. 
The 7'2-in. applications do not prevent surface failure due to an unstable base condition . 

The use of Y2-in. bituminous concrete applications in lieu of liquid seal coating does 
produce a quiet, smooth ride which is usually not achieved with a broken stone cover 
on freshly applied asphalt or tar seal coat. 

This same 7'2-in. application on old spalled and worn concrete pavement provides 
the same quiet, smooth ride and protects the porous concrete from the weather, thus 
preventing rapid deterioration and extending the useful life of the pavement. 

Puring the application of the mixes, samples were taken and analyses were made. 
A record of the date and location was kept so that streets laid could be checked against 
a particular analysis if desired. Samples were taken of the bitumens used in each of 
the mixes so that their actual characteristics were known. 

The gradation analysis for each mix was averaged and a gradation chart drawn for 
comparison with the maximum and minimum required for each mix. 

The average gradation for two of the mixes was on a percent passing and percent 
retained batois. For these two mixes the average gradation of samples taken was con
verted to percent passing so that a gradation chart showing the comparison of the aver
age gradations of the five mixes could be drawn. This same chart shows the compar
ison of the bitumens analyzed. 

Over the past three years, periodic inspections of the streets were made, and pic
tures were taken of any faults that occurred in the surfaces. The causes of these faults 
were determined. 

A chart was made showing the comparison of yield and cost on both concrete and 
asphalt pavement for each of the mixes. 

Rating charts were made for the mixing anrl application of the mixes, and for the 
performance of the mixes. 

PERFECT DIX SEAL 

The first day Dix Seal was applied a Tr::ic- PavP.r was used (see Tables 1 and 2; 
Fig . 2). The work was not as good as was expected, and the top finish was poor. The 
Trac-Paver was replaced with a Cedar Rapids paver which did much better work. The 
finish was very smooth. At the start, a 3-wheel roller was used for the initial rolling. 
After the first few hours this practice was stopped and only a tandem roller was used 
to smooth the overlay. Dix Seal cannot stand much rolling, the mix has a tendency to 
push. A tack coat is not used with Dix Seal. The speed of application for the Dix Seal 
was 16 ft/min. A faster speed caused the mix to creep or push and tear. The roller 
pushed the mix during the rolling operation. The Dix Seal was mixed at the Barrett 
Plant in Bound Brook. The length of haul was 19 miles. The daily average laid was 
215 tons. 

The Dix Seal Company does not specify a tack coat of any kind, saying that Dix Seal 
is tacky enough, which may be true if the surface is clean and free from dust. If not, 
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a lot of sweeping is required to obtain a clean surface so that the mix will bond. It is 
believed that a tack coat of RS-1 would have been beneficial. When the Dix Seal is 
dumped into the receiving hopper of the paving machine, a heavy cloud of smoke and 
kerosine fumes envelopes the equipment, and the operator, ra.kers and shovelers are 
exposed to those fumes. They find them unpleasant to breathe all day long. The roll
ers are able to roll up to the paving machine with only a few passes of the roller being 
require9'. Creeping, shoving and displacement occur when it is over-rolled. 

When traffic is allowed on the Dix Seal immediately after it has been laid, it seems 
tacky and tire marks are evident for a short time. However, after a day or so, the 
mix "irons" out and marks from power steering and bra.king are gradually eliminated, 
leaving the mix smooth and dense. 

TABLE 2 
11.i ..... .Ja r 1n1SI lt:Mi l'llh.wn Tii""-tlnti .. i.,n-,.-,,tnri~ .. 
Ol 

~ ~ rli 
0 ~ "' 

Ol 

"' :;; :;; .;. - N Ol I- I-

~ ' ' ' N "' N N N N le N N ie 

:;; 
I- -"' v ' v .., 

N ~ N N 
ie 

N 

' .., 

"' 
"' ' .., 
N 

v 
I .., 

PERFECT 

DIX SEAL .. 
0 
0 

Nn.4 

No.in 

NoAO 
Nn Rn 
No.20C 

~ 
"' 

ie ~ ~ ~ ~ "' ie ~ .... 9 0 N N ;:: 0 
;;; ' ..... ' ' ~ ' ' ;;; ' ~ "' m m "' "' m ,,, m 

5 5 5 ~ :}, ~ .. ~ 5 .. 
"' -" .. ~ .. "' u; "' v, "' & " " c c ~ 0 " 0 0 ~ ~ e .. .c 

~ .c a. a. 
0 

u 

" 1? 
a. u 

ci d 0 e 0 c "' 0 0 "' z z z u u Ol :J :J I z u I 

Percant 

64 61 66 62 6 1 63 65 63 65 65 68.8 65.C 67.0 1"5.8 64.4 

39 34 42 38 38 34 ~· 36 38 4 ·1 39.• -z I." 34.4 3".7 
JR I" IQ 17 I A 17 17 17 IQ IQJIB.61" ." 17.'> 17.? 117" 

6 6 6 6 7 7 7 7 7 5 4.9 5.9 5.3 5.4 6 . 1 

Bitumen 6 .6 6.4 6.6 6.3 6 .6 7.0 6.8 6.4 6.6 6.7 7.0 7.0 7.0 7.0 6 .7 

Stone (T .R. ) 27%; stone sand (T .R., W ..S . ) 66%; A.C. 'MC 5) 7%, pen. 136, 

(Grodotio n 
Anal ysis) 

Reoutred •t. 
Min. Max. 

In! , .. , 1nn 
65 R« 

"n "n 
'>n 40 .. ?n 

3 B 

6 . 5 7.0 



38 

(!J 
:z; 

(/) 
(/) 

< 
0.. 

1-
:z; ..... 
<..> 
~ 
UJ 
0.. 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

(SIEVE SIZES RAISED TO O.ti6 POWER) . ' .. . . . . . 
"' cno,....ln<i::t "' r-- r-- . . . . . 
~ 

l.t),..... - <D ('I') <'l "' <Xl <'l N r-- 0 "' 0 
OD- -N <'l ..,,. r-- "' <'l <XJ "' r-- "' 0 ooo oo 0 0 0 0 N ~ 0 

, __,, - ---
/ 

, __ 
/ -

/ ...- y--,...._.._ - I / 

/ I 1.-

/ I / 
~,, I / 

I -... -
I/ -"'-" 

I 0.."7 
I I,...../ - --I , .. ., ---,_ >--- - - ,_ --I ,, 

~, h!_ 
I 

,\Pl I/ -.,, L' 
~ -~-OJI -· -... , /J 

1i /J 

-~ - ~I-,_ -- --
-~ 

---
I / , 

, I/ I 

---I --·- . --
j I I 

I I I ,, I 

-, './-- f 
I. , 

- ---11 - I 
If I 
I J 

I 

IJ I 
I/ v 

I - -f , 
·1 ,, I 

•I I/ 

0 
0 

~ 
0 
z 

/ 

000 00 0 "' 0 <Xl "' 
..,,. z O<Xlltl """"' N - . ci oci 0 0 0 0 0 0 

ooz zz z z z z z z ~ zz 

SIEVE SIZES 

MATERIALS: TYPE 
I 27 °/o~_n11 __ Trap Rock 
2 66 °/o Stone Sand (TrapRock) 
3 (Washed Sand) 
11- 7°/o A.C. MC 5 Pen. 136 

z z 

<Xl N ...... ...... 
<'l 

Figure 2. Gradation chart-Perfect Dix Seal, average of samples taken. 



Figure 3. Perfect Dix Seal mi x : (a) pushing or 
shoving, (b) and (c) cutting caused by rapid ac

celeration. 
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The joints between each pass of the 
paving machine are neat and smooth and 
traffic will correct most of the roughness 
and openness of the mix. The Perfect 
Dix Seal mix proved to be the most tender 
of the five mixes. The texture was good 
and equal to the texture of the SP-1 mix 
and the Maryland Smooth Seal mix. 

The Perfect Dix Seal has a poor re
sistance to reflection cracking, shoving 
and scaling. Pushing or shoving occurs 
when a car is backed out of a driveway, 
then shifted into drive to go forward. Shov
ing also occurred where sanitation trucks 
stopped. The sudden application of brakes 
caused the r ear wheels to push the Dix 
Seal (Fig. 3a). 

As many as 14 such incidents were found 
on one street (Fig. 3b). The shoving oc
curred only where the Dix Seal was ap
plied to asphalt pavement. There was no 
shoving where the Dix Seal was applied 
to concrete pavement. 

There are several locations where 
rapid acceleration of a car has caused the 
rear whe.el to cut a piece out of the Dix 
Seal. This occurred on asphalt pavement 
at an intersection within three weeks after 
application (Figs. 3b and c). It has also 
occurred where Dix Seal was applied to 
concrete pavement. To surface 24, 234 
sq yd of pavement, 860 tons were used. 
The yield was 70. 9 lb/ sq yd at a unit cost 
of $0. 448 per sq yd. 

BITUMINOUS CONCRETE-TYPE 
NEW JERSEY SP-1 

A Cedar Rapids paver was used for 
laying the New Jersey SP-1 (Tables 3 and 
4; Fig. 4). The top finish was very good. 

The rolling was done with a 12-ton three-wheel roller initially and smooth rolled with 
a 10-ton tandem roller. The average daily tonnage laid was 172 tons. 

This mix is easily made at the plant, requiring only a storage tank for 200-300 pen
etration asphalt. At first, the mix tore, honeycombed and cracked due to a higher 
percentage of asphalt cement in the mix and also because it was spread so thin (% to 
% in.). After the State Highway Department's laboratory reduced the asphalt content 
and slowed the speed of the Cedar Rapids paving machine to 14 to 15 ft/ min from 2 5 to 
26 ft/ min, the tearing was reduced considerably. Before this, it was necessary to 
broadcast continuously behind the paving machine and to rake and lute so that honey
combs and tearing would not be noticed. A tack coat of RS-1 was used and appeared 
effective. 

This was applied approximately Y2 to % hr before paving to permit the RS-1 to set. 
Rolling was close to the machine, and the first roller was a 3-wheel, 10-ton roller 
followed by an 8-ton tandem. The operation was clean and uniform with no smoke or 
fumes-or complaints. This mix sets much quicker than the Dix Seal and no evidence 
of tires, power steering or rutting was noticed. Except for the slower speed of the 
paving machine, 14 ft/min, the mix handles well at the plant and at the paving machine. 
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It appeared to be richer than any of the other types observed. The overlay immediately 
following the paver had a sheen. It had the appearance of being too rich or having too 
high a bitumen content. 

The sheen disappeared 5 feet behind the paver. It was generally agreed that this 
was probably due to the 200-300 penetration asphalt. The SP-1 mix proved to be one 
of the three best mixes for performance. The only fault found 'Nith it occurred on 
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Figure 4. Gradation chart-SP-1, average of samples taken. 
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Figure 5, Pavement surfaced with SP- l mix, 
showing tire marks. 

asphalt pavement. When the air tempera
ture went above 90 F, the surface became 
soft and left tire marks (Fig. 5). Tire 
impressions occurred only at two different 
locations on asphalt pavement, and both 
were under heavy traffic conditions. This 
could have been caused by an excess of 
asphalt on the original pavement. It is re
commended that a lower penetration as
phalt be used in the SP- 1 mix when it is 
to be applied to asphalt pavement. To sur
face 23, 115 sq yd of pavement 750 tons 
were used , The yield was 64. 4 lb/ sq yd 
at a unit cost of $0. 338 per sq yd. 

Figure 4 was drawn on the basis of per
cent passing and percent retained as re
quired by the specifications. These values 
were converted to percent passing for 
comparison (see Fig. 12). 

RUBBERIZED SAND ASPHALT 

A Cedar Rapids paver was also used 
for laying 400 tons of rubberized sand as
phalt (Tables 5 and 6; Fig. 6). Two Barber
Greene pavers, one of them a new ma
chine with an improved tamping bar, laid 
3 50 tons. The new paver gave the best 
results. The rolling was accomplished 
with a 12-ton 3 -wheel roller for the initial 
rolling and a 10-ton tandem roller for 
smooth rolling. 

This mix is difficult to handle. The 
rubber in the mix resists raking and cast
ing. The material pulls strands of rub
ber and does not spread when raked. It 

tends to "ball up." In spite of this it rolls out very smooth. The workmen do not like 
this material because of the difficulty in hand raking. 

The paving speed was 16 ft/min. The average daily production with the rubberized 
sand asphalt was 160 tons. 

The surface has a good smooth finish, but joints are difficult to make because of the 
balling of the material. and "pancakes" are in eviclence in the finished surface. 

This mix was the densest of all. because it was 100 percent sand mixed with 85 - 100 
penetration asphalt cement and rubber latex additive. At the plant, the drums of rubber 
were on the ground, and a pump was used to get the latex through a 1-in. hose to a 
measuring tank on the mixing platform where it was measured for each batch. As soon 
as the sand and asphalt cement were mixed, L!1e ruuuer was added into the pugmill. 

The mix on the job was the hottest of all the mixes, with temperatures of 360 to 375 
F. Therefore, there was some blistering and wrinkling of the mix when it was being 
rolled. However, after several passes of the roller, the mix was uniform in appear
ance with no apparent evidence of wrinkling. 

The rubber made the mix stiff and not as workable when it was being raked, luted 
and shoveled in place. Small balls of rubber Y4 to % in. in diameter formed in the 
mix, possibly because the rubber was not uniformly distributed throughout the pugmill. 
The diluted 1: 1 SS-1 tack coat also contained some latex rubber, but it appeared too 
thin and watery because it ran down into the gutters and marked the gutters and curbs. 
The runniness of the tack coat was attributed to the dilution rate. 
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HOT-LAID 
RUBBERIZED 
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(Gradation 
Analysis 

100 
97 
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76.2 

17.7 

I" 
95 
85 

10 
5 
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90 

'"' 
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Figure 6. Gradation chart-Hot-laid rubberized sand asphalt, average of samples taken. 
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Rolling followed the machine closely, 
and the mix set quickly with no evidence 
of tire marking. The joints were good on 
most streets, although on several loca
tions the joints and handwork made the 
mix look rough and uneven. Traffic ironed 
out these unsightly areas in time, making 
a uniform appearance. 

The rubberized sand asphalt mix will 
stand a lot of rolling. It makes a very 
good surface under proper conditions, but 
is very hard to handle. 

The addition of the rubber emulsion to 
the mix at the plant presents a problem. 
If the rubber emulsion touches the hot 
sides of the pugmill it will form balls. 

Rubberized sand asphalt proved to be 
the best for performance, although it is the most difficult to mix and apply and is the 
most expensive mix. One failure occurred: a worn spot on a concrete pavement caused 
by a high spot in the original surface (Fig. 4). The thickness of the application meas
ured Ya in. at the worn spot. The rubberized sand asphalt proved the most resistant 
to reflection cracking, shoving and scaling. It was the least tender of the five mixes. 

To surface 21, 900 sq yd of pavement 746 tons were used. The yield was 67. 6 lb/sq 
yd at a unit cost of $0. 608 per sq yd. 

ASPHALT EMULSION HOT PRE-MIX 

The emulsion mix presented no problem as to material source, mixing or paving 
(Tables 7 and 8; Fig. 8). The material was easy to handle, both for the paver operator 
and the rakers. The finished surface is very good. 
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ASPHALT 
EMULSIO N 

x HOT-Ml 

(Gradation 
Analysis 

~~<1' Reauired o/o 
,,;.'I! Min. I Mox. 

2 . 8 0 10 

18-4 B 25 

14. 2 3 20 

..,,6 B 30 
16.0 10 2B 

'"" " ?!; 

6 .6 4 10 
"-" 

21 .0 18 26 
92 "-' 9 . 5 

Remorks : I.Samples No. I TM I 1 m , a No. 10 Were Mixed A 7.5 Ya Emulsion 
2 . Somple No.ITM3MixedAt 4Q% Stone And ~5% Emulsion, 
3-Somple No. I TM 4 Mixed At 8.5 % Emuls ion 
4. Mi• Was Rede s 1qned Sept. 21

1
19 62 . The Minimum And Moxlmum Re ~uired 

And The Average Do Nor Inc ude The Samples Of Sept. 20, 19 62. 
Stone (f.R.) 22%; sond (S.S.) 63.5%; f;ller (L.D.) 5%; A.C. (R.S.3K) 9.5%, pen. 178, duct. 110. 

Figure 9. Faults on concrete pavement surfaced 
with emulsion hot mix: (o) in the crown ot o 
transverse joint where reflection crocking oc
curred; and (b) on gutter line, caused by im-

proper sweeping. 

A Barber-Greene paver was used for 
paving, a 12-ton 3-wheel roller for initial 
rolling and a 10-ton tandem roller for the 
smooth rolling. The paver was operated 
at a speed of 26 ft/ min. The daily aver
age tonnage was 1 72 tons. The tacking 
material used was asphalt emulsion grade 
RS-1. No difficulties were encountered 
in handling this material. 

At the mixing plant, introduction of the 
RS-3K, cationic emulsion, into the hot ag
gregates created steam and dust, espe
cially when aggregate temperatures were 
in excess of 300 F. There is no danger of 
fire or explosion with RS-3K, but dust and 
vapor can be bothersome. If the operator 
added the emulsion slowly rather than all 
at once, the dust and steam were greatly 
reduced and not too objectionable. Trans
portation of the mix, spreading and rolling 
were easy with no fumes, smoke, or ob
jectionable handling properties. The 
workmen found that even at 185 F the mix 
handled easily, was not stiff or sticky, and 
rollers were able to compact the mix uni
formly; joints were neat and smooth. The 
texture of the mix and stability were good; 
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traffic did not rut or mark it. The tack coat of RS-1 was spread% to % hr before 
paving, and its effectiveness was apparent. 

Emulsion hot mix is rated second best in mixing and application and is given a quite 
satisfactory performance rating. The cost of this mix is also reasonable. 

Two faults occurred with the emulsion mix, both on concrete pavement. One oc
curred in the crown of the pavement at a transverse joint adjacent to a reflection crack. 
It is believed that there was insufficient tack coat al this point and water got under the 
surface through the reflection crack. Freezing and thawing ruptured the Y2-in. surface 
and traffic kicked out the material (Fig. 9a). The size of the failure was 12 by 18 in. 
and has remained so for the past two years. The second fault occurred along the gutter 
line on concrete pavemenl (Fig. 9b). This was caused by improper sweeping. The 
area was 18 in. wide and 72 in. long. This has been static for the past two years. 
There was loose sand and organic matter on the original pavement, thus the ove rlay 
did not become bonded to the concrete surface; moisture, freezing and thawing caused 
failure. 

To surface 24, 950 sq yd of pavement, 766 tons were used. The yield was 61. 4 
lb/ sq yd at a unit cost of $0. 399 per sq yd. 

The gradation chart (Fig. 8) is drawn on the basis of percent passing and percent 
retained as required by the specifications. These values were converted to percent 
passing for comparison (see Fig. 12). 

MARYLAND SMOOTH SEAL 

Maryland Smooth Seal had the same characteristics as far as paving and handling as 
the New Jersey SP-1 mix (Tables 9 and 10; Fig. 10). The surface was very good. A 
Barber-Greene paver was used. The initial rolling was done with a 12-ton 3-wheel 
roller , and the final rolling with a 10-ton tandem roller. The maximum paving speed 
was 18 ft/min. The tack coat used was asphalt emulsion grade RS-1. 

The first two loads of smooth seal received had a percentage of large stone in the 
mix. A hole in the screen found at the mixing plant was patched, and the mix was quite 
satisfactory thereafter. The average daily tonnage laid was 198. 
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MATERIALS: TYPE 
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2 68.5 °/o Sand Bituminous Sand 
a 4 °/o Filler Limestone Dust 
~ 7. 5 °/o A. C. O. A. 100-120_ Pen.) Pen. 110 

Figure 10. Gradation chart-Maryland Smooth Seal, average of samples taken. 
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Sieves8 ~ 
Screens z 
Passino 

"'R" tnn 
No.4 92 
No.a 75 
No.16 72 
No.30 5a 
No.50 33 

No.100 ta 
No.200 8 

~ 
3 .. 
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0 
c 
0 " I .$i 'Raaulrad 'II 

LLi 1.,#Y i Min. MnJ(. 
Pore 1111nt 

tOO 100 100 100 100 100 100 100 100 100 100 100 
95 94 94 95 96 95 96 -i: 97.3 97.6 95.3 90 100 
76 74 76 77 77 77 75 7&-1 78.3 79.0 76.6 70 100 
70 7 I 73 74 73 7Z 73 74.~ 74.6 750 73:0 40 ao 
54 5a 66 66 65 63 65 613 63'1 63.6 62.l 20 60 
32 36 43 43 41 40 41 ~· ... 1 -·~. 1 " . 6 :> 
16 ta 13 12 15 14 12 13.1 t s .2 tll. 4 14.5 o 20 
7 9 5 5 7 l:I " ·:> .~ D , U ... ~ " · " u I U 

,tlotumcn 7.6 7. ~ '"' r. I r.z r.~ t.<i r.u ' ·" r." 7. 5 7. 3 7. Z 7 .... 

Stone (T.R.) 22%; sand (B.S.) 68.5%; f;ller (L.D.) 4%; A.C. (O.A.) 7.5%, pen. 110, duct. 110 at 56 pen . 

This mix was laid when the tempera
ture of the concrete pavement was ap
proximately 40 F. The mix cooled rapidly 
and did not provide the fine texture and 
smooth joints which can be achieved when 
the pavement is warmer. The tack coat 
used was asphalt emulsion grade RS-1, 
uniformly applied; it appeared to be very 
effective. Because the ambient tempera
ture was about 40 to 45 F, the mix tore 
behind the paving machine, making it nec
essary to hand broadcast behind the paver, 
accompanied by raking and luting. The 3-
wheel and tandem roller were right behind 
the paving machine; the mix compacted 
well but cooled rapidly. The rough-textured 
areas were smoothed out by traffic action. 
The temperature of the mix was about 310 
F on the job, and it was handled through 
the paving machine satisfactorily, except 
for the tearing caused by the cold pavement 
temperature. 

Figure 11. Maryland Smooth Seal surface showing 
an example of worn spots which occurred at four 

intersections. 

This mix was applied late in October 
and at an air temperature 10 degrees 
colder than when the other mixes were 
applied. Four intersections developed 
worn spots (Fig. 11). These intersections, 
having been done by hand, cooled before 
the rolling was done. The worn spots are 
a result of improper compaction caused 
by the low air and pavement temperatures 
and the unevenness of the handwork. 
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AVAILABILITY OF 4.0 1.7 4.0 2.5 MATER I AL 

MIXING PROCEDURE 3.5 1. 3 3.7 2.3 

MIXING 3.7 I. 5 3.2 2.8 

TEMPERATURE 4.0 1.8 3.8 2 .3 

PAVING-MACHINE 3.0 3.2 3.8 1.8 

HANDWORK 1.8 2.2 3.8 1.7 

ROLLING 2.3 2.3 3.2 1.5 

APPLICATION SPEED 2.3 3.2 4.0 1.8 

TOTAL 24.6 17.2 29.5 16.7 
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TABLE 12 

0 x z 
<( ::!: 

RATING CHART (/)I- I- _J 
o...J 0 <( 
w<r I IJ.J 

PERFORMANCE _J 
NI z (/) _a_ 

0 <( a:: (/) - I 
IJ.J ~<( (/) I-
(/) - _J 0 

I CD ::> 0 x a_ ::> ::!: ~ -
0 (/) 0:: IJ.J (/) 

TENDERNESS 3.7 1.8 1.5 2.8 2.2 

TEXTURE 2.2 2.2 3.3 2.8 2.3 
Resistance To: 3.0 3.0 2.5 2.7 3.0 REFLECTION CRACKS 
Resistance To: 3.7 2.2 1.3 2.3 1.8 SHOVING 8 PUSHING 
'Resistance 10: 2.7 1. 2 1.5 1.5 1. 8 SCALING 8 SPAWLI NG 

TOTAL 15.3 10.4 10.1 12.1 II.I 

Smooth Seal is rated first in m1xmg 
and application, third in performance, and 
second in cost. 

To surface 13 , 800 sq yd of pavement, 
500 tons were used. The yield was 72. 9 
lb/sq yd at a unit cost of $0.383 per sqyd. 

RATINGS 

Two rating charts were drawn; one for mixing and application (Table 11) and one for 
the first year's performance (Table 12). Copies of these cha rts were mailed to six 
persons who worked closely with the program. They were asked to rate the different 
mixes on the various items, using numbers 1 to 5. Number l was to be used for the 
mix that was best for the particular item rated, and number 5 for the worst. In case 
it was felt that there was no difference in the mixes for any item, the same number 
was to be used for those mixes conside r ed equal. When the rating charts were returned, 
the averages of the ratings were entered in the respective charts. These ratings are 
not reflective of individual opinions but are a numerical average. The best possible 
rating for mixing and application is 8, the worst 40. The best possible rating for per
formance is 5, the worst 25. 

CONCLUSIONS 

The following comments are based on the observations of those concerned with this 
program. 

Large stones in the mixes for thin overlays create long scars. The general appear
ance immediately after completion is only fair. Joints, high spots, pancaking and 
sometimes backcasting are in evidence. After three to four weeks of use, traffic 
smooths out these blemishes. 

The asphalt emulsion mix was the easiest to lay and could be laid faster than the 
other mixes. 

The rubberized sand asphalt mix was the most difficult to handle for the rakers, and 
was the most expensive to produce (Table 13). 

The New Jersey SP-1 mix, the asphalt emulsion mix and the smooth seal mix cost 
less than $0. 40 per sq yd to lay (Table 13). 
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MIX 

Perfect Dix Seal 

SP- I 

Asphalt Emulsion Hot Mix 

Hot Laid Rubberized Sand Asphalt 

Maryland Smooth Seal 

TABLE 13 
COMPARISON OF YIELD ANO COST 

ON OLD CONCRETE ON OLD ASPHALT 

Cost/Ton Yield Cost Yield Cost 
In Place S.Y. Tons lbs/S~ PerS.Y. S.Y. Tons b5/S.Y S.Y. 

12 . 50 12,199 427.83 70.1 ,4381 12,036 432 .16 71.7 .4481 

10. 50 12,368 394,3C 63.7 ;3344 10,747 ¥;!5.4~ 66.1 .3470 

13 , 00 11,232 ~67C 61 ,6 .4004 13,720 419,5C 61 ,2 .3978 

18 . 00 10,027 317.00 63.3 .5697 tl,8'/6· ~~ TL.'L .b498 

10. 5 0 9,055 323.9C 71,6 .3760 4,770 80.00 75.4 3958 

TOTAL 

SY. Tons 
Yield Cost 
lbs/SY. S.Y. 

24,U.: 859.99 70.9 1.4431 

123,115 749.75 64.4 .3381 

124,95< 766.ZC 614 f3991 

121,903 746.2C 67.6 J.6084 

113,625 503.9C 72 ,9 .3827 

The average daily tonnage laid is not representative of a good day's run for any mix. 
All of the figures given can be improved with experience . 

In laying thin pavements W2 in.), it should be r e cognized that thinness makes these 
pavements cool much more rapidly than thicker pavements. Therefore, factors such 
as pavement temperature, air temperature, and relative humidity become increasingly 
important. 

When the hot rubberized sand asphalt was mixed, a m eans was devised for pumping the 
latex from drums to a container located at the upper level of the mill. The amount of 
latex was regulated by a float in this container and the latex was injected into the mix 
by opening a quick-opening valve. This injection took approximately 8 sec. The sys
tem worked very well provided that care was taken to avoid pumping in rubber solids 
which occurred in skin formations in the tops of drums. The latex should have been 
filtered before its introduction into the pugmill. A Y4-in. wire mesh screen is adequate 
for this work. The mix design called for the inclusion of 2. 1 gal of latex per ton of 
mix. It was introduced into the pugmill after the aggregate s had been coated with as
phalt. This procedure added about 20 seconds to the mixing time . 

For each type of asphaltic concrete used, there was a slight but significant variation 
of the screen or sieve sizes required to establish the blended mixture within a given 
grading range (Fig. 12). Because of this lack of uniformity, it was necessary to in
vestigate many sources of fine aggregate before a material or blend of materials could 
be found to conform to a particular mixture grading range under a recommended speci
fication. 

It is felt that a uniform or standardized specification for each of the mixtures, as to 
screens and sieves used and the requirements of aggregate conformation, would greatly 
enhance these pave ments to othe r buyers and producers of bituminous materials. For 
example, if the New J ersey State Highway Department, Standard Specifications (1961) 
were used to establish aggi·egate , scr een and sieve siz e requirements and the manu
facturer's general or extre me range of grading limits wer . adapted unde r a code of 
uniformity, Ute11 any asphalt plant comply iug wilh lhe New J ersey requiJ:~un.: nts could 
produce one or all the pa vem ents from stock mate rials whil e s till supplying other cus
tomers' needs and attaining a maximumplant efficiency. 

After three years observation of the five Y2-in. surfaces used, it seems apparent 
that, had any one of these mixes been used for the entire program, the program would 
have been considered a success. 

Perfect Dix Seal is considered less desirable because of shoving or pushing, higher 
cost, and the difficulty in mixing. The paving crews do not like to handle this mix be 
cause of the fumes. However, the performance of this mix is good. 

The rubberized sand asphalt is rated excellent on performance, but due to its cost 
and the difficulty in mixing and application, it would have to have an expected life of at 
least twice that of the other mixes to be economical. 
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The SP-1 mix, the emulsion hot mix, and the Maryland Smooth Seal proved to be the 
easiest to mix and apply; they cost less and have provided more than satisfactory per
formance. These mixes can be used instead of the convenlional liquid seal on asphalt 
pavement and to protect old, spalled, and cracked concrete surfaces. The wearing 
surface of these mixes provides a smooth quiet ride whether applied to concrete or as
phalt pavement. After three years of service, it is anticipated that these mixes will 
last from four to six years. 

The economics of the use of these Y2-in. applications cannot be determined until the 
useful life is determined. The citizens of Woodbridge Township apparently feel that the 
benefits of %-in. surfaces far outweigh the lower cost of liquid seal coats. 




