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Between December 1958 and September 1959 over 300 pavement sur-
faces, including 6 surface types, were skid tested in Florida using a
Tapley decelerometer mounted in a passenger vehicle. The skid tests
were conducted on a wet surface at 40 mph. A number of decelerometer
tests were conducted simultaneously with stopping distance tests so that
the results of the two methods could be compared.

The results of this study indicated that the decelerometer method pro-
vides a convenient, economical, and reliable method for determining
the skid resistance of pavement surfaces. The results obtained from
the decelerometer tests appeared to correlate with results of stopping
distance tests if certain testing techniques were used. Considering wet
pavement surface with friction coefficients below 0.40 at 40 mph as
being definitely dangerous, resurfacing programs were undertaken to
eliminate hazardous areas. It was found that excellent improvements
in skid resistance could be obtained using a chip seal. Also, consider-
able experimental work has been done using slurry seal as a remedy
for slick and distressed pavements.

eMANY DRIVERS in the United States become involved in fatal and non-fatal accidents
each year. The majority of these accidents are primarily the fault of the drivers in-
volved, but far too many are caused by unsafe highways. Although there are many fac-
tors to be considered when designing safe highways, one of the most important is to pro-
vide skid-resistant pavements, especially for wet surfaces.

There are many factors that influence the skid resistance of pavements. Some of the
more important pavement surface factors, reported by Goldbeck (6), include the pave-
ment type, aggregate type, cement or binder type, surface testure, surface condition,
traffic, age, weathering, pavement temperature, and pavement geometry.

There are several field methods used for determining the skid resistance of pave-
ment surfaces. Probably the best known is the vehicle stopping-distance method. This
method involves applying the brakes suddenly to cause a skid at a known initial speed
and measuring the distance required to stop. ‘The average coefficient of sliding friction
between the tires and the pavement surface can then be calculated from the physical re-
lationship

in which
f =average coefficient of friction
V = initial velocity of the vehicle, in miles per hour; and

S =skidding distance, in feet.
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This test provides an inexpensive method for determining the skid resistance of pave-
ments. However, it has the principal disadvantages of necessitating traffic interruptions
and being inherently dangerous at high speeds. ‘

Because of the danger and traffic problems associated with stopping distance tests,
numerous types of skid trailers for measuring skid resistance have been developed. ‘
This method of testing requires determining the force necessary to pull a skidding
trailer or the torque applied to wheels necessary to maintain skidding of the tires.
Knowing the weight distribution of the trailer, the sliding coefficient of friction can be
determined. This method minimizes dangers associated with skid testing. Other ad-
vantages include the ability to test without the interruption of normal traffic flow and the
ability to accumulate data rapidly. However, this method has the disadvantage of re-
quiring a higher capital investment.

A modification of the stopping distance method using a decelerometer has gained
popularity as a skid-testing technique because it overcomes the disadvantage of both the
stopping distance and the skid trailer methods while retaining the principal advantage of
each. This instrument, mounted on the inside of the vehicle, works on the principal of
a damped pendulum that swings forward from its normally level position in an arc
through an angle that is proportional to the rate of deceleration. The instrument is
calibrated to permit brake efficiency to be read directly. For a vehicle skidding with
the wheels locked, the brake efficiency corresponds to the sliding coefiicient of friction
between the tires and the pavement surface. The use of the decelerometer method has
the advantage that complete stops are not necessary. The vehicle need skid only far
enough to obtain a reading on the instrument, thus, reducing the danger associated with
complete panic stops. This method is rapid and minimizes interruption of normal
traffic flow.

Extensive research programs to determine the skidding characteristics of pavements
began as early as 1933 with tests conducted by Moyer (9). Since then, research pro-
grams have been conducted in Iowa, Oregon, Virginia, North Carolina, Indiana, Cali-
fornia, Tennessee, Michigan, and other States. A number of European countries, in-
cluding Great Britain, have conducted extensive research programs on skid character-
istics of pavements.

Nichols, Dillard, and Alwood (11) conducted skid tests in Virginia using both the
stopping distance method and the decelerometer method. The skid resistance values
were compared with the major aggregate types and it was found that of all aggregates
used in pavements constructed in Virginia, limestone was the most susceptible to traf-
fic wear, resulting in a low value of skid resistance. Studies in Tennessee conducted
by Whitehurst and Goodwin (13) showed also that limestone aggregate was subject to
polishing by the action of traffic causing pavement slipperiness.

Morgan (8) conducted more than 1,500 stopping-distance tests in North Carolina on
asphaltic concrete and sand asphalt pavements. It was concluded from these tests that
a slight excess in the percent asphalt had a more pronounced effect on the skid resist-
ance than did the aggregate shape. Michael and Grunau (7) also report that bleeding of
bituminous surfaces caused by an excess of asphalt results in a significant decrease in
the skid resistance.

Michigan conducted a skid resistance study under the supervision of Finney and
Brown (3). Some of their conclusions as a result of this program were the following:

1. Results show a marked difference in the skid-resisting characteristics of lime-
stone aggregate from different sources.

2. Asphalt cements from six sources showed no apparent individual effect on skid-
resistance properties of a bituminous concrete surface.

3. Slag aggregate in bituminous concrete tend to produce better skid-resistant sur-
faces when new than do other aggregates but this characteristic disappears with wear.

The results of skid tests conducted by Moyer and Shupe (10) in California showed
that the skid resistance of asphalt pavements are more influenced by the angularity or
the sharpness of the aggregate than by the open-graded or dense-graded effects. The
results of Virginia's (11) tests indicated that bituminous surfaces that were coarse and
open exhibited poor skidding characteristics.



Friction values of California's pavernents were obtained using the skid-trailer
method, the stopping-distance method, and the rate of deceleration method (10). It was
found that the skid-trailer method and the rate of deceleration method gave almost the
same results. However, the coefficient of friction found from the stopping-distance
method was about 25 percent higher. It is believed that the higher values are partly due
to the fact that the friction values are average values over the entire stopping distance
and thus can be considered as the friction value for the average speed instead of the in-
itial speed.

PURPOSE AND SCOPE

The purpose of this project was to determine the relative skid resistance of several
pavement surface types usedin Florida. Also, the effect of traffic, age, aggregate type, ag-
gregate source, and asphalt cement source on the friction value was investigated.

Because of the relatively favorable reports on the use of the decelerometer method
for determining skid resistance and because of such advantages as minimum traffic
interruption, minimum danger, low capital investment, and rapid data accumulation,
this method was chosen for evaluating the skid characteristics of Florida's pavements.
On 25 projects that were tested, both the decelerometer method and the stopping-dis-
tance method were used so that the results of the two methods might be compared.

Between December 1958 and September 1959 over 3, 000 skid tests were performed
on pavements throughout Florida including 18 portland cement concrete projects, 162
asphaltic concrete projects, 79 surface treatment and mineral seal projects, 32 sand-
asphalt hot-mix projects, and 23 sand-bituminous road-mix projects. Figure 1 shows
the number of projects tested in each county. Ten tests were made on each project and
the average of these tests constituted the skid resistance of the specific project. The
skid tests were conducted on a wet surface at 40 mph. The ages of the projects tested
ranged from 0 to 25 years, averaging 4.0 years. The traffic volumes on the tested
projects varied from 200 to 15, 000 vehicles per day, averaging about 2, 900.

In addition to the skid tests run at 40 mph, a few tests were made at 30, 50, and 60
mph to determine the influence of speed on the skid resistance of pavement surfaces.

PROCEDURE

The equipment used to perform the decelerometer tests consisted of a 1956 Ford
equipped with a Tapley decelerometer, twelve new 6.70- by 15-in. Goodyear 3-T Cus-
tom Super-Cushion tires, and a water truck with a pressure operated 11-ft spray bar
with a discharge capacity of 70 gpm
(Figs. 2, 3, and 4).

The decelerometer tests were per-
formed as follows: The water truck

Figure 1. Number of projects tested in
each county (total of 31L). Figure 2. Test vehicle.



Figure 3. Tapley decelerometer mounted on dashboard of test vehicle.

Figure L. Water truck used for applying water to pavement surface.

traveled over a relatively level portion of the test site at a speed of 30 mph. The test
vehicle approached from the rear and when a constant speed of 40 mph was obtained,
the water truck was signaled to begin distributing water on the pavement surface for a
distance of about 200 ft. When the test vehicle reached the wetted area, the driver dis-
engaged the clutch and the recorder moved the lever on the decelerometer to "test' po-
sition. The brakes were then applied suddenly and forcefully to cause a skid on the wet
pavement. The brakes were released immediately after the skid began. The recorder
was responsible for obtaining the initial speed, the final speed, and the decelerometer
reading. Other information recorded was the road number, the location of the test, the
direction of travel, and the condition of the pavement. This procedure was repeated ten
times in each test section. The average of these readings constituted the friction value
of that particular project.



5

All tests were conducted at the same speed, because the primary objective of this
study was to compare the skid resistance of various pavement surfaces and not to study
the effect of speed. There were several reasons for selecting 40 mph. One reason was
that previous investigators have reported that results obtained from decelerometer tests
conducted at speeds between 30 and 40 mph were more reproducible than tests conducted
at higher or lower speeds. Also, 40 mph was considered as fast a speed as could safely
be used over the wide range of friction values encountered. On one project, ten skid
tests were conducted at speeds of 30, 40, 50, and 60 mph to obtain an indication of the
effect of speed on the skid resistance.

On multi-lane pavements, skid tests were performed in both the traffic and passing
lanes to determine the effect of traffic on the skid resistance.

To determine the influence of human factors involved in the decelerometer tests,
three vehicle drivers performed a series of ten skid tests on the same project. The
average of the ten tests for each driver is given in Table 1. It appears that, with the
techniques used, the errors due to human factors are minimized.

The projects on which skid tests were conducted were preselected from the contract
files of the State Road Department, Division of Tests, at Gainesville. The projects
were selected systematically throughout the State so that each pavement type was rep-
resented in each section of the State. The information recorded included the section
and job number, location, pavement type, and date constructed, as well as the type,
producer, grade and percent of coarse aggregate, fine aggregate, and cement or bi-
tumen.

At the time the projects were tested, the actual test locations were recorded by ob-
taining a mileage reading from a control point such as the intersection of another road.
These mileage readings were converted to milepost readings using straight-line dia-
grams prepared by the Traffic and Planning Division. The average daily traffic volume
for each project from the date constructed to the date tested were determined from the
straight-line diagrams.

After the decelerometer skid tests had been completed, a limited number of stopping-
distance tests were conducted for the purpose of comparing the results of the two
methods. The projects for the stopping-distance tests were selected from the results
of the decelerometer tests so that a full range of friction values could be investigated.
Stopping-distance tests were conducted on 25 asphaltic concrete Type II projects which
had wet surface friction values found from the decelerometer tests to range from 0.36
to 0.73.

The additional equipment required for the stopping distance tests included an elec-
trically operated chalk marker mounted on the rear bumper of the test vehicle (see
Fig. 5). The chalk marker, consisting of a solenoid, firing lever, and firing chamber,
was constructed by personnel of the Divsion of Research. The solenoid, connected to
the brake lights, is energized when the brakes are applied. The core pulls the firing
lever down against the firing chamber discharging a 22-caliber blank cartridge, firing
a chalk bullet against the pavement surface and leaving a mark on the pavement at the
location where the brakes are applied.

The stopping-distance tests were performed as follows: After traffic had been halted
in both directions, approximately 250 ft of the pavement surface was wetted. The test
vehicle approached the wetted area at a
speed of 40 mph, and on reaching the
area, the brakes were applied suddenly

and forcefully causing the vehicle to skid TABLE 1

to a stop. The distance from the chalk DECELEROMETER READINGS OBTAINED
mark to the final position of the vehicle BY DIFFERENT DRIVERS

was measured, thus obtaining an accurate

value of the stopping distance. Three such ppjver Av. Reading (%)

tests were conducted at the same location
on each project, permitting traffic flow 1 46.5
between each test. Decelerometer read- 9 47.0
ings were also taken duringeach stopping- 3 47.0
distance test.




Figure 5. Electrically operated chalk marker mounted on rear bumper of test vehicle for
marking location where brakes were applied.
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Figure 6. Typical test tire used for both  Figure 7. Average friction coefficients ‘
decelerometer and stopping distance tests. for each pavement type (traffic lanes only). |
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A typical test tire used in both the decelerometer and the stopping-distance tests is
shown in Figure 6. The tire pressures were maintained at 28 psi. The tires were re-
placed with new tires of the same make, type, and tread design when they became ap-
proximately 50 percent worn.

RESULTS
Effect of Pavement and Aggregate Type

The wet coefficients of sliding friction found from the decelerometer tests were
averaged according to pavement surface type as shown in Figure 7. Surface treatment
Type 2 pavements resulted in the highest average friction value of 0.65. An average
friction value of 0.64 resulted for the mineral seal and sand-asphait hot-mix projects,
0. 61 for sand-bituminous road-mix projects, 0.58 for Type I - Modified and Type II
asphaltic concrete, 0.57 for portland cement concrete. Type I asphaltic concrete re-
sulted in the lowest average friction value of 0.51.

Because the tests on each pavement type included projects with various aggregate
types, varying traffic and age, as well as several other factors that affect skid resist-
ance, the over-all averages have little meaning except to indicate that, on an average,
Florida pavements have relatively good skid resistance. Further, the Type I - Modi-
fied asphaltic concrete has replaced Type I which is no longer being constructed.

The influence of coarse aggregate type on the skid resistance of pavement surfaces
might best be evaluated on surface treatment and mineral seal surface projects because
on these surfaces the coarse aggregate is exposed. In the frequency distribution histo-
grams (Figs. 8 to 17) for each pavement type, the surface treatment and mineral seal
projects are separated into those containing crushed limestone and those containing slag,
the two coarse aggregate types most commonly used in Florida.

The coefficient frequency distribution histograms show the range and the distribution
of friction values for each pavement type. They were canstructed by plotting bar graphs
representing the percent of projects tested which yielded results within each 0.05 incre-
ment of friction value. For example, asphaltic concrete Type IT has 1 percent of the
total projects tested with a friction value between 0.35 and 0.40, 5 percent between
0.40 and 0.45, 11 percent between 0.45 and 0.50, 17 percent between 0.50 and 0.55,

20 percent between 0.55 and 0. 60, 27 percent between 0.60 and 0.65, 12 percent be-
tween 0,65 and 0.70, and 7 percent between 0.70 and 0.75.

B can be seen that the larger the number of projects tested, the better the distribu-
tion. For example, asphaltic concrete Type I (Fig. 12) with 84 projects tested ap-
proaches a normal distribution. On the other hand, mineral seal with crushed limestone
(Fig. 16) with only 12 projects tested has a very irregular distribution.

Figures 14 and 15 show that the friction values for surface treatment Type 2 projects
with crushed limestone range from 0.45 to 0.75 and with slag from 0.50 to 0.80. Fig-
ures 16 and 17 show that the mineral seal friction values with crushed limestone range
from 0.35 to 0.80 and with slag from 0.55 to 0.85. This indicates that slag is superior
to limestone for these pavement types. However, due to the small number of projects
tested with the two aggregate types, this behavior is not conclusive. In fact, traffic
wear studies do not indicate slag superiority.

Effect of Wear

Another important factor affecting the skid resistance of pavement surfaces is the
amount of traffic wear. To evaluate the influence of traffic, a "wear factor' was used.
The wear factor was computed as the product of the average daily traffic volume per
lane since construction divided by 1,000 and multiplied by the age of the project in
years. This procedure is similar to the method employed by Michigan (3) except that
no attempt was made to adjust the traffic volumes for the amount of commercial traffic
because the percentage of commercial vehicles is fairly constant for all projects.

In Figures 18 to 24, the wet sliding coefficient of friction is plotted against its cor-
responding wear factor for several pavement types. Using a statistical analysis of the
data, a semilogarithmic curve of best fit was established by the method of least squares
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mate (Sy) was computed to provide a
measure of the degree of scatter in the
data.

For the two-lane projects, the average daily traffic volume was simply divided by
two to obtain the volume per lane, assuming that an equal number of vehicles travel in
each direction. For four-lane projects, determining the amount of traffic in each lane
becomes more difficult. On projects with low traffic volumes, the majority of the ve-
hicles travel in the traffic lane. However, on projects with high traffic volumes, the
distribution becomes more evenly divided between the traffic and passing lanes. To in-
vestigate the distribution of traffic on four-lane projects, the Traffic and Planning Di-
vision conducted a limited number of traffic counts on several four-lane projects having
various average daily traffic volumes.

Using the results from the traffic distribution study, wear factors were computed
and a wear factor curve established for Type I asphaltic concrete using only the four-
lane projects and was compared to a wear factor curve found using only two-lane proj-
ects of the same pavement type. Ideally, the two wear factor curves should coincide.
However, it was found that the slope of the curve established from the four-lane proj-
ects was a great deal less than the slope of the curve for two-lane projects. This
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discrepancy may be attributed to an inac-
curate estimate of the traffic distributions
on four-lane projects. Also, it is believed
that the effect of wear on four-lane proj-
ects is generally less than on two-lane
projects, because the traffic is less chan-
nelized. That is, there is more freedom
for the traffic to move laterally across
four-lane pavements, thus, reducing the
concentrated wear effects.

Because of the discrepancy between the
curves found using two-lane and four-lane
projects, the wear factor curves (Figs.
18-24) were established using only two-
lane projects. When a better understand-
ing of traffic characteristics on multi-lane

projects is obtained, similar curves can be established for four-lane pavements.
Wear factor curves were not established for sand-bituminous road-mix pavements
because an insufficient number of projects were tested for which the dates constructed

or the traffic volumes were available.

For asphaitic concrete Type I (Fig. 19), the projects were plotted according to the
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type of coarse aggregate used. The proj- osorg

ects containing slag tend to fall above the = . .

wear factor curve indicating that asphal- 2 "";\‘L\‘.
|

tic concrete pavement surfaces contain-
ing slag produce better friction-wear 050 v

characteristics than do those containing E
crushed limestone.
In case of asphaltic concrete Type I - 8 030
2
§

Modified pavements, no attempt was made
to establish a wear factor curve due tothe
absence of projects with sufficient age to
develop high enough wear factors to de-
fine a friction-wear relationship ade- ° ' 2 3 . s e 4
quately. WEAR FACTOR (1)

For the surface treatment Type 2 proj- . X
ects, the ind?vidual projects were sepa- Flg‘;zewzg; ;;)?C::ro;aggegzgtzzztﬁ;;ia;mn
rated according to the coarse aggregate with slag.
used as shown in Figures 23 and 24.

Only projects containing crushed lime- 060
stone and slag were plotted because the e * -
number of projects tested on which gravel oro
was used was insufficient to define a
curve. The wear factor curves for the
two aggregate types are very similar;
that is, both curves have about equal
values of friction at a zero wear factor
and the slopes of the curves are approxi-
mately equal. This indicates that surface
treatment pavements with crushed lime-
stone or slag coarse aggregate behave
about the same as far as friction in re- 0 . - s - 5 = d
lation to wear is concerned. That is, the ° WEAR FACTOR {x)

decrease in skid resistance due to the

polishing action of traffic is approxi- Figure 2L. Friction coefficient in relation
mately the same whether slag or crushed to wear for surf?.ce treatment Type 2 with
limestone is used for surface treatment limestone.

pavement surfaces.

In the case of mineral seal projects,
the wear factor curve (Fig. 22) has a fairly steep initial slope with a gradual leveling
with an increasing wear factor. This may be attributed to absence of tests with high-
er wear factors. Had projects existed with higher wear factors, the slope of the wear
factor curve would probably decrease resulting in more favorable friction-wear char-
acteristics. The friction-wear characteristics of this pavement type appear to be in-
dependent of the type of coarse aggregate (slag or crushed limestone).

Pavement surface types can be rated as to their skid resistance by comparing the
friction values at the same wear factor. For convenience of comparison, the wear fac-
tor curves established for each pavement type are plotted together in Figure 25. Com-
paring each pavement type, for example, at a wear factor of five, an estimated friction
coefficient of 0.63 results for portland cement concrete, 0.61 for sand-asphalt hot-mix,
0.60 for mineral seal, 0.59 for asphaltic concrete Type II, 0.58 for surface treatment,
and 0.52 for asphaltic concrete Type I pavements.

The effect of traffic wear on the skid resistance of pavement surfaces can be shown
by comparing the results of skid tests made on the passing and traffic lanes of multi-
lane projects, where all factors may be assumed reasonably constant except for traffic
volume. Figure 26 shows comparative results for the average friction value of 3 port-
land cement concrete, 12 asphaltic concrete Type I - Modified, 27 asphaltic concrete
Type I, and 4 asphaltic concrete Type II multi-lane pavements.
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Effects of Limestone and Asphalt Cement
Sources

Crushed limestone is probably the most
widely used coarse aggregate for Florida's
pavements. There are two general areas
in Florida where limestone is obtained —
the Miami O8lite formation and the Ocala
formation. The effect of the limestone
taken from these two formations on the skid
resistance was investigated, but no appar-
ent influence was detected.

There are several producers which
supply asphalt cement to paving contractors
in Florida. Asphalt cements from six such
producers showed no apparent individual
effect on the skid resistance of asphaltic
concrete pavements.

Effect of Speed
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"
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Figure 25. Friction coefficient inrelation
to wear for various pavement types.

On one asphaltic concrete Type I project,
a series of skid tests were conducted at in-
dicated speeds of 30, 40, 50, and 60 mph
to obtain an idea of the influence of speed
on the skid resistance. Figure 27 shows

the variation in the wet sliding coefficient of friction with speed. The speeds indicated
by the speedometer have been corrected to the actual speeds. The speed-friction re-
lationship for asphaltic concrete Type I is in line with what other investigators have
found for similar pavement types. For example, the slope of the speed-friction curve

is almost identical to the slope resulting

from Michigan's tests on bituminous con-
crete surfaces (3). Michigan, along with
other investigators, has found that the
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Figure 26. Comparison of friction coeffi-
cients for traffic and passing lanes of
various surface types.
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influence of speed on the skid resistance varies from surface to surface, and only by
direct measurement can the friction coefficient of a particular surface at a given speed
be determined with any degree of certainty.

Stopping Distance Tests

A considerable amount of controversy over the relative merits of various test methods
has resulted in an attempt to establish a standard test method for determining the skid
resistance of pavement surfaces. A subcommittee of the First International Skid Re-
sistance Conference recently made a study of existing laboratory and field methods of
measuring road surface friction in an attempt to formulate recommendations for estab-
lishing standard skid testing procedures. It was suggested by this subcommittee (12)
that the stopping-distance method be adopted as the standard of reference. If this
method should be adopted, it is important that the results found by some other chosen
method correlate with the stopping distance method.

Several organizations have conducted tests for the purpose of comparing the results
of the decelerometer method with the stopping-distance method of determining pavement
surface friction.

A number of decelerometer tests were conducted in Virginia simultaneously with
stopping-distance tests (11). A 1954 Ford equipped with a Tapley decelerometer and
rib tread tires was used. R was found that the decelerometer readings remained fairly
constant as the vehicle skidded from 40 to about 25 mph at which time the reading began
to increase. This initial reading was the one recorded. The friction values found from
the decelerometer and the values computed from the measured stopping distance have
been plotted in Figure 28.

Similar tests were conducted in Tennessee on 20 different pavement sections from
initial speeds of 20, 30, and 40 mph (11). The tests were performed using a Tapley
decelerometer but the tires used were capped to have smooth treads. The results of
Tennessee's tests are shown in Figure 29.
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Figure 28. Friction value vs decelerometer readings (Virginia's results using rib tread
tires).
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Stopping distance and decelerometer
tests were performed on 25 asphaltic con-
crete Type II pavements in Florida. Three
stopping distance tests were conducted at
the same location on each project. Decel-
erometer readings were also obtained
during these tests. Immediately after the
vehicle began to skid, the decelerometer
was read, noting that this reading remained
fairly constant to about 20 to 25 mph at
which time the reading began increasing.
Further, the decelerometer readings ob-

. ———r tained using this procedure correspond
20 o mw”m‘,‘,’m &. m osvances %) - directly to the readings found from the
standard decelerometer tests. The results
Figure 29. Friction value vsdecelerometer of the three tests wert.a averaged to ?btam
readings (Tennessee's results using smooth a dec?lero.meter reading and a required
tread tires). stopping distance for each project. A fric-
tion value was computed from the stopping
distance. All tests were conducted from
an initial indicated speed of 40 mph (actual speed of 35.47 mph) using standard tread
tires. The results of the tests are shown in Figure 30 in which the friction values re~
sulting from the decelerometer are almost identical to the values found from the stop-
ping distances in the range of 0.35 to 0.60.

Comparing Florida's results with those of Virginia's and Tennessee's shows that the
degree of scatter is less. This may be attributed to several factors. First, an aver-
age of three tests on each project was used, thus, decreasing the experimental errors.
Another factor is that all tests were conducted at the same initial speed on the same
pavement type. Also, fewer tests were performed.

Comparing the curves established by Virginia, Tennessee, and Florida (Fig. 31)
shows that there is an appreciable difference in the slopes. This difference may be
attributed to the difference in the tires used in the different tests. The tests conducted
in Virginia were made with tires having rib treads whereas smooth tread tires were used
for Tennessee's tests. Florida's curve, established using tires with standard treads,
lies between the two and approaches the curve established by Virginia.

The wet surface coefficients of friction as determined from stopping distances by the
relationship { = V%/30S, from speeds V,
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Figure 30. Friction value vsdecelerometer

readings (Florida's results using standard Figure 3l. Friction value vsdecelerometer
tread tires). readings (apparent effect of tread design).
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are actually friction values existing at speeds of 2/3 V. This relationship was first
found empirically and later verified mathematically by a study conducted in Britain by
Giles (4). The decelerometer readings recorded during Florida's stopping-distance
tests were obtained at speeds corresponding to approximately 2/3 of the initial velocity;
thus, the friction values obtained by the two methods should be approximately equal.
This further substantiates the validity of the 1:1 ratio established by Florida's curve in
the range of 0.35 to 0.60.

Corrective Measures

On completion of the comprehensive skid testing program, attention was focused on
methods of de-slicking "slippery when wet' pavements. Determining the coefficient of
friction that constitutes a hazardous pavement surface is not an easy problem. Such a
determination should be based on traffic speeds, traffic volumes, and geometric fea-
tures. Virginia's (11) recent "de-slicking" program was based on a minimum friction

coefficient of 0.40 at 40 mph. From the study conducted by Giles (5), minimum values
at 30 mph of 0.40 for "ideal" conditions, 0.50 for "general" conditions, and 0.60 for
"most difficult” conditions were suggested. In connection with minimum stopping sight
distances, AASHO (1) recommends a minimum coefficient of friction on wet pavement of
0.29 for a design speed of 70 mph corresponding to an assumed speed for conditions of
59 mph. I the slope of the speed-friction relationship found for the Type I asphaltic
concrete pavement (Fig. 27) is assumed to be typical for the average pavement surface,
a friction coefficient of approximately 0.40 at 40 mph results from passing the curve
through a friction value of 0.29 at 59 mph. In other words, a wet surface friction coef-
ficient of about 0.40 measured at 40 mph is required to provide adequate skid resistance
for vehicles traveling at normal highway speeds. Based on the "feel" of the vehicle
during the skid tests, wet pavement surfaces with friction coefficients below 0.40 at 40
mph were considered as being definitely dangerous, between 0.40 and 0.45 as question-
able, and above 0.45 as being satisfactory for most conditions.

I a minimum friction coefficient of 0.40 at 40 mph is used, 2.1 percent of the proj-
ects tested would be considered hazardous when wet. If this minimum is increased to
a value of 0.45, 5.6 percent of the projects tested would be considered hazardous.
Based on the systematic method of selecting the test sites, the percent of projects tested
below these minimums are assumed to be approximately equal to the percent of projects
existing below these minimums.

In addition to the test sites discussed in this report, district engineers submitted
lists of locations where an excessive number of accidents had occurred and skidding was
thought to be a contributing factor. These locations were checked by the decelerometer
method and when found deficient, added to the list of "slippery when wet" pavements.

A list of the "slippery when wet" pavements was submitted to the State Road Depart-
ment Headquarters in Tallahassee. After reviewing the findings, the Tallahassee Office
sent a directive to all district engineers to take immediate steps to correct the slippery
condition of these roads. Resurfacing programs were immediately initiated on several
of these pavements. Since then (May, 1959), several miles of hazardous pavements
have been restored to a safe level of skid resistance.

On pavements that appeared structurally adequate but lacked sufficiently high skid
resistance, mineral sealing was found to be an efficient and economical solution. Ex-
perience has shown that a durable mineral seal job can be obtained using 0.12 to 0.18
gal per sq yd of cutback asphalt (Grade RC5) or asphalt cement (Penetration Grade
150-200) and 0.13 to 0.18 cu ft per sq yd of slag cover material having a reasonably
uniform gradation from % in. to No. 16 sieve. Mineral seals constructed using these
ingredients can be expected to provide pavements with a surface coefficient of friction
in excess of 0. 60 for several years, even when subjected to moderately high traffic
volumes.

In recent years, a process known as slurry seal has shown promise as a means of
rehabilitating oxidized, cracked, and raveling pavement surfaces and improving skid
resistance. Florida recently constructed experimental sections of slurry seal on eight
projects having various surface and traffic conditions. The basic mix was composed of
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local sand, limestone or slag screenings, emulsified asphalt (SS-1), and portland ce-
ment; mixed in a transit mixer with a sufficient amount of water to obtain a "creamy"
consistency; and placed on the pavement surface approximately % in. thick by means of
a spreader box. Although the sections have been in service only approximately one
year, the mix containing slag screenings appears to be performing best. On several
projects where the skid resistance was low (approximately 0.40) slurry sealing with this
mix design increased the friction value to over 0.60. This value still exists after a year
of service, but a great deal more time and work is necessary before the effectiveness of
slurry sealing can be determined. However, it may prove to be an efficient solution to
"'slippery when wet' pavements.

Although Florida is engaged in a continuous resurfacing program to correct areas
that are hazardous when wet, the solution to the problem is to design the original pave-
ment as to insure permanent high-skid resistance. To date, Florida has made no ex-
tensive effort in this direction. However, an extensive laboratory testing program is
planned in the near future using a portable skid tester developed by the Road Research
Laboratory of Great Britain. It is hoped that such a program will reveal how surface
course design mixes can be improved to insure permanent high-skid resistance.

CONCLUSIONS
The conclusions that can be drawn from this investigation are as follows:

1. The decelerometer method is a convenient, economical, and reliable method for
determining the skid resistance of pavement surfaces. The results obtained from the
decelerometer method correlate with the results obtained from stopping distances if the
testing techniques described in this report are used.

2. Surface treatment, mineral seal, and sand-asphalt hot-mix pavement surfaces
resulted in higher average wet surface friction values, but the traffic volumes associ-
ated with these pavements are generally less than on asphaltic concrete and portland
cement concrete pavements.

3. By the use of the wear factor, it is possible to predict, with a fair degree of cer-
tainty, the skid resistance of a pavement surface at any age if the average daily traffic
volume can be estimated. Pavement surface types can be rated as to their skid resis-
tance by comparing the friction values at the same wear factor.

4, Asphaltic concrete pavement surfaces containing slag produce better friction-wear
characteristics than do those containing crushed limestone.

5. Surface treatment pavement surfaces containing slag or crushed limestone ex-
hibit similar friction-wear characteristics.

6. Asphalt cements from six producers used by Florida showed no apparent effect on
the skid characteristics of asphaltic concrete surfaces.

7. H a minimum friction coefficient of 0.40 at 40 mph is used, approximately 2 per-
cent of Florida's pavements are considered hazardous when wet. If this minimum is in-
creased to 0.45, an additional 4 percent or a total of about 6 percent of the pavements
are considered hazardous.
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