
Rehabilitation of Slippery Roads 
DAVID C. MAHONE, Virginia Highway Research Council 

•THERE HAS BEEN an interest in this country for a number of years in providing 
skid-resistant roads, but this interest has not been as widespread as might be desir
able. For instance, 8 skid trailers took part in the 1962 skid-correlation study held 
at Tappahannock, Virginia, and, even as late as 1968, only 12 trailers participated in 
the Ocala, Florida, correlation study. However, through its recent publications, the 
U.S. Department of Transportation has greatly stimulated interest in the field of skid 
resistance. In a current publication in draft form, the National Highway Safety 
Bureau (1) recommends minimum skid numbers, and declares that every state and lo
cal government should join the effort toward eliminating existing slippery pavements 
by "establishing and implementing a systematic program of corrective resurfacing of 
roadway elements to improve skid resistance." As a start, the Bureau recommends 
that a minimal program should include (a) methods for immediate, although possibly 
temporary, spot-improvement surface treatments on roadway sections with inadequate 
skid-resistance characteristics; (b) a system for assigning priorities for temporary 
or permanent resurfacing or other corrective measures for roadway segments with 
high or potentially high skid-related crash rates; and (c) a systematic corr ection pro
gram for entire roadway routes having inadequate skid-resistant surfaces. 

As an indication of the interest stimulated by the Department of Transportation, a 
recent survey indicated that 34 states and the District of Columbia are at present mea
suring skid resistance. In this survey, the 50 states and the District of Columbia were 
supplied questionnaires, and all but one state responded . Table 1 gives the results of 
the survey. Of great interest are the figures that indicate (a) that 18 states now have 
trailers and that 8 more are building or planning to build trailers, and (b) that 17 of 
the states restrict the use of some polish-susceptible aggregates. 

Being associated with a state that has been working on the slipperiness problem for 
many years, the author is gratified that the entire country has become interested in 
providing skid-resistant roads. But, now that the country is ready to rehabilitate slip
pery roads and to provide adequate skid resistance in new ones, some orderly process 
for accomplishing these ends has to be developed. It is my belief that in order to re
habilitate the present slippery roads and to provide nonskid roads, the following are 
needed: (a) a standard method of measuring skid resistance, (b) standard minimum 
skid numbers for various traffic conditions and geometric designs, and (c) economical 
means of providing skid-resistant surfaces. 

STANDARD TEST METHOD 

As given in Table 1, those states that measure pavement friction use various devices 
including portable testers, decelerometers, stopping distance cars, and skid trailers. 
Nearly all agree that, with the amount of testing that is necessary, the trailer is the 
most logical and economical tool that has been developed. 

ASTM Committee E-17 has written a tentative method for testing with trailers, Skid 
Resistance of Pavement Using a Two-Wheel Trailer, ASTM Designation E 274-65 T, 
and is now in the process of writing a permanent standard for a skid trailer. Figure 1 
shows the Virginia skid test trailer, which meets the requirements of the tentative 
ASTM standard. 
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TABLE 1 

RESULTS OF 1969 QUESTIONNAlll.E SURVEY 

Question 

Do you measure skid 
resistance? 

What test equipment 
is used? 

What is your mini-

Yes 
No 

Answer 

Portable teste r 
Stopping distance 
Decelerometer 
Trailer 
Plan to build trailer 

mum skid number? 11 

Do you restrict some 
aggregates? 

Do you groove pave
ments? 

Yes 
No 

Yes 
No 
Plan to groove 

Number 
Reeponding 

35 
13 

13 
8 
9 

18 
8 

17 
22 

19 
20 

3 

Correlation tests have shown that, un
der certain conditions, the existing trailers 
agree very well with each other. In the 
fall of 1967, such a correlation study was 
made in Ocala, Florida, in which lU 
trailers were tested at 40 mph on a wet 
pavement with the water being furnished 
through sprinkler hoses. Figure 2 shows 
that these trailers correlated very well 
under this condition. Notice that trailer 
9 shows a skid number of about 43, trailer 
number 5 shows a number of about 50, and 
trailer 2 is in the middle of the ranges. 
Figure 3 shows that, when 9 of these 
trailers wer e tested at 40 mph with the 
water provided by the trailers themselves, 
the correlation is quite poor and the range 
is large-about 58 for trailer 2, which 
was in the middle of the range in Figure 2, 

and 73 for trailer 10-a spread in skid numbers of 15. The important point here is that 
in practice trailers do have to furnish their own test water. Thus, it can be seen that 
we still need much work on certain facets of the trailers before we can exchange mean
ingful infor mation. 

Many agencies are trying to improve the trailer test method, and it is hoped that, 
through the National Cooperative Highway Research Program (NCHRP), AASHO will 
also support research aimed at improving and standardizing test methods. At pres
ent, with the exception of the Pennsylvania State University and General Motors test 
units, the trailers can measure only locked-wheel , s teady-state skids . In addition to 
being able to measure locked-wheel skids, Pennsylvania State Univer sity and General 
Motors test unit!, ean also measure the coefficient of fric tion while the wheel is in the 
slip mode. Neither has perfected this means of testing, and it is hoped that the NCHRP 
will pay particular attention to the measurement of slip because it will be the most re
alistic parameter to measure once the automotive industry has provided stock cars 
with nonlueking brakes. 

A second test method, the British Portable Tester, is shown in Figure 4. This 
method has been standardized; howP.vP.r, it has not correlated well with full-scale test 
methods . In addition, the time needed and work force required to perform fielu Lesls 
are prohibitive. 

STANDARD MINIMUM SKID NUMBERS 

With regard to the second vital need for the provision of skid-resistant r oads (stan
dard minimum skid numbers for dillerent traffic conditions and geometric designs), it 

VIR f 1 ~,.,,.ur, 

r ,, , 
_,__', 

JU ~•• • (11111, 11 

Figure 1. Virginia Highway Research Council skid test trailer. 
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Figure 2. Test results for Florida study-exterior watering. Figure 3. Test results for Florida study-self-watering. 

might be well to refresh our memories by mentally picturing the differences that exist 
among a secondary road, a primary road, and an Interstate highway. It is quite doubt
ful that we need the same friction in each case. What is needed is not definitely known. 
Although Kummer and Meyer did not recommend skid numbers for specific types of 
roads such as secondary, primary, and Interstate in their report (2), they did recom
mend different skid numbers for different mean traffic velocities, which are, in effect, 
related to the various conditions encountered on the different types of roads. To give 
impetus to the Kummer and Meyer recommendations, the National Highway Safety Bu
reau is in the process of adopting the values of the report (2) into its manual (1). 

•: :• 
r 

Figure 4. British Portable Tester. 

Kummer and Meyer have at no- time im
plied that the tentative values they offered 
in their report (2) should be considered 
permanent. In several places in the re
port, they mentioned that the values were 

II based on the best knowledge available at 
the time and that further research was 
badly needed. In fact, because of their 
suggestion that driver-behavior studies 
be conducted in order to establish fric
tional needs of traffic, AASHO is invest
ing $300,000 thr ough the NCHRP to (a) 
develop an approach for determining driver 
behavior under normal driving conditions 
and emergency or panic situations; (b) 
conduct driver-behavior studies and de
velop a procedure for determining fric
tional needs of traffic for any given con
dition or situation; and (c) using the pro-
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cedure developed in (a) and (b), recommend minimum service values of skid resistance 
for general classes of highways and traffic conditions . With the completion of this 
work, it is believed that the development of minimum skid numbers will be accom
plished. 

ECONOMICAL MEANS OF RESURFACING 

Pavements are slippery for various reasons; and in order to correct the slippery 
conditions, the specific cause of slipperiness must be established. Fat or bleeding 
asphalt pavements, overfinished portland cement concrete, and poorly drained pave
ments create a slipperiness problem. The bleeding asphalt and the overfinished con
crete can be avoided through more careful design and workmanship. Likewise, the 
poorly drained pavement can be avoided through more careful mix and geometric de
signs. Fat asphalt can be corrected by heater-planing, kerosene treatments, or re
surfacing. The overfinished concrete can be grooved or resurfaced. The poorly 
drained pavement can be grooved, superelevated, or sealed. Engineering judgment 
must be used to decide the best means of correcting these three slippery conditions. 

Pavement slipperiness is also caused by certain kinds of aggregates used in the 
pavement and we have found this to be the major cause of slipperiness in Virginia. In 
1956, F. P. Nichols, Jr., J. H. Dillard, and R. L. Alwood pointed out that there is 
" ... a rather serious lack of s kid resistance on the part of most bituminous and even 
portland cement conc rete pavements when constructed with limestone aggregates" (3). 
Skidding accidents for each of Virginia's 8 highway districts are shown in Figure 5.
Districts 1, 2, and 8 have a high number of skidding accidents. District 3 has more 
accidents than either district 4, 5, 6, or 7. Figure 6 shows the limestone area of 
Virginia by district. Note that districts 1, 2, and 8, the districts with a high number 
of skidding accidents, are the limestone districts . In addition, district 3, which had 
a relatively high number of skidding accidents, imported much of its material from 
district 2. Districts 4, 5, 6, and 7 neither quarried limestone nor imported it. 

The 1956 report contains skid data from 262 locations that were selected for one 
of three reasons. The locations chosen were ll101:,e where serious accidents had oc
curred and those that would add knowledge concerning the polishing characteristics 
of every major type of aggregate in Virginia. (With this knowledge, field experiments 
were contemplated in which nonpolishing sands were to be blended in limestone mixes 
to provide a 1:,kid-r~1:,i1:, la11l s udace.) Another reason for choosing certain locations 
was that in 1954 the chief engineer of the Virginia Department of Highways ordered 
skid tests on every mile of the primary system that, in the opinion of the resident en
gineer, might be slippery. 

It is interesting to note that, when the investigators, whose work is reported in the 
1956 paper, found the addition of silica sand to limestone mixes to be doing very little 
good in providing skid resistance, they decided to blend coarse polish-resistant ag-

. gregate with limestone. Although these sections had not been down long enough to per
mit evaluation of their skid-resistance char
::icteristics at the time of the 1956 report, it 
has since been found that the blending of coarse 
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Figure 5. 1956 skidding accidents by districts 
of the Virginia Department of Highways. 

Figure 6. Limestone area by districts of the Virginia [kpartmr.nt 
of Highways. 
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polish-resistant aggregate with limestone is quite effective. Also reported in the 1956 
paper was the original work done with a new mix that has often been referred to as the 
Virginia deslicking mix, a fabricated sand asphalt that is very much like Kentucky rock 
asphalt. 

As a result of the work reported in 1956 by Nichols, Dillard, and Alwood, the 1958 
Road and Bridge Specifications (4) of the Virginia Department of Highways had two in
novations that affected the building of skid-resistant roads. For surface courses, the 
specifications stated that "the use of limestone, dolomite, or other aggregates tending 
to polish under traffic will not be permitted. " The second innovation was that for the 
first time a hot, plant, sand, deslicking mix similar to Kentucky rock was included in 
the specifications. For this mix it was specified that the sand would be clean and con
tain 95 percent silica. 

It will be recalled that the Virginia limestone area is in the western portion of the 
state. This area contains the Valley of Virginia and is separated from the rest of the 
state by the Blue Ridge Mountains. As a general rule, nonpolishing aggregates are 
shipped to this area from the eastern part of the state for both 100 percent nonpolish
ing mixtures and for blended mixes that contain nonpolishing coarse aggregates and 
fine polish-susceptible aggregates. However, at times the Virginia Department of 
Highways has found it advantageous to use nonspecification local nonpolishing aggre
gates as well as locally available expanded shale in surface mixtures. The difference 
in aggregates with regard to skid resistance is given in Table 2. In Virginia, a stop
ping distance of 133 ft for a panic stop on a wet pavement at an initial speed of 40 mph 
is used as a slipperiness standard. The 11 granite sections produced a mean stopping 
distance of 97 ft, the 7 diabase sections produced distances of 111 ft, the 73 limestone 
dolomite sections had distances of 140 ft, and the 17 gravel sections had stopping dis
tances of 95 ft. None of the granite or gravel sections exceeded 133 ft, whereas 14 
percent of the diabase and 70 percent of the limestone dolomite sections did. 

The 1958 Virginia specifications prohibited the use of the limestone dolomites in 
surface courses. However, it was later found that two quarries produced aggregates 
of this type that were acceptable for use in surface courses. In addition, when polish
resistant aggregates were blended with limestone, it was found that, if the polish
resistant materials were the coarse portions of the mix, then promise was shown. 
Table 3 gives some results from these efforts. This table gives values for 12 sites 
made from 100 percent nonpolishing aggregate, and 12 sites fabricated from a blend 
of coarse nonpolishing material and fine limestone dolomite. For these 24 sites, the 
mean stopping distances are 89 ft for the 100 percent nonpolishing and 101 ft for the 
blended material. The mean stopping distance of 101 ft for the blended mix is a great 
improvement over the mean of 140 ft for the 100 percent limestone given in Table 2. 

Consequently, in addition to using aggregate from two limestone quarries for sur
face courses, the state gets much use of other limestones by blending nonpolishing ag
gregates with them. Although the coarse material in bituminous concrete exerts the 
greatest influence on skid resistance, the reverse is true of portland cement concrete. 
In other words, it is the fine aggregate that plays the major role in controlling skid 
resistance in portland cement concrete. 

TABLE 3 

SKID RESISTANCE OF NONPOLISHING AND 

TABLE 2 BLENDED AGGREGATES 

DIFFERENCES IN AGGREGATES Skid Resistance Range 

Type Number of Mean Stopping Percent 
Sections Distance, ft Over 133 ft 

Aggregate 
(ft) 

Low Mean High 

Granite 11 97 0 100 percent nonpolishlng, 

Diabase 7 111 14 12 sites 80 89 103 

Limestone 
dolomite 73 140 70 

Coarse nonpolishing 
blended with fine 
limestone dolomite, 

Gravel 17 95 0 12 sites 88 101 121 
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SUMMARY 

A standard method of measuring skid resistance is being worked on by several states 
along with other interested organizations through the ASTM. A tentative method, ASTM 
Method E 27 4-6 5 T, is in the books at present and is in the process of being revised 
and made permanent. Standard minimum skid numbers for various traffic conditions 
and geometric designs have been provided tentatively in the report by Kummer and 
Meyer (2), and AASHO, through the NCHRP, is spending $300,000 to improve upon 
these standards. Much is already known about economical means of providing skid 
resistant roads. In addition, there is a great deal of research that needs to be done 
in order to provide additional means of rehabilitating slippery roads. Although it is 
true that isolated slippery conditions can be corrected by----heat.e--F---planing,---keFosEm.-- - --
treatments, grooving, and superelevating, the author believes that the materials mak-
ing up the mix are the most important ingredients affecting skid resistance. 

To rehabilitate slippery pavements, California has realized a phenomenal reduction 
in accidents at certain locations by grooving the pavement. Virginia plans to groove 
two accident-prone locations this year. Texas, as well as other states, has used slurry 
seals to a great extent. At present, Virginia has some slurry seal test sections that 
are being evaluated for skid resistance. It will be another year or two before the eval
uation can be completed. Last summer a precoated polish-resistant aggregate was 
placed on a hot, plant, limestone mix. The material was placed immediately behind 
the paver with a whirly salt spreader. At present, the sprinkle method shows prom
ise, but, as with the slurry seal, it will be several years before a final appraisal can 
be made. Finally, test sections have been placed in which lightweight expanded shales 
have been blended in limestone mixes. As in other blended mixes, the polish-resistant 
material constitutes the large fraction. The skid values on these test sections have 
been found to be satisfactory. 
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