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Ice and Snow 

The problems of \rehicle performance on highways 
covered by ice or snow have been studied for many 
years by a number of organizations. Much of the work 
has been clone by tire manufacturers, and much of 
this work is proprietary ancl, to a large extent, un
published. Limited investigations have been made by 
several universities and other research agencies. 
Probably the largest volume of published data is 
available in the annual reports of the National 
Safety Council Committee on Winter Driving Hazards, 
w~ich, anring mnet wintpre ein~P 1919, has conducted 
a 2-week test program of vehicle performance on ice 
and snow. In these test programs the Committee has 
been supported with equipment and personnel by 
vehicle manufacturers, tire manufacturers, trade as
sociations, individual trucking companies, federal 
ancl state regulatory agencies, and universities. 
Results of these many test programs have been pub
lished in the annual reports of the Committee, and 
most of the observations included herein are based 
on the Committee's findings, 

Although front-wheel-drive automobiles have be
come increasingly popular in the Uni tecl States dur
ing the past few years, relatively few tests of 
their performance on ice- and snow-covered surfaces 
have been conducted. In the following discussion 
e1ll te(e1ences Lo automobile performance are based 
on tests of rear-wheel-drive automobiles, unless 
specifically designated otherwise. 

In any consideration of ice ancl snow as a surface 
contaminant, attention must be given to the manner 
in which ice ancl snow differ from other roadway 
surface contaminants. Three such differences should 
be fully understood. 

The fist consideration is that of loss of trac
tion. Although many roadway surface contaminants 
result in a loss of traction, the magnitude of the 
loss experienced when traveling on packed snow or 
ice probably exceeds that of most other contami
nants. Dry pavements may exhibit skid numbers as 
low as 25 and still provide adequate surfaces for 
normal traffic operations where traction demands are 
modest. When the surface is covered with ice and 
the temperature is near the freezing point, the skid 
number will be on the order of 5 to 7. Thus the 
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capability of the vehicle to move, corner, and stop 
is tremendously reduced. 

effect. In most cases variations in temperature do 
not result in large changes in the traction avail
able at the tire-pavement interface. It has been 
reported that in normal wet skid testing, wet skid 
number variations of 1 to 2 skid numbers per 10°F 
temperature change occur. Such changes would rarely 
be noticed by a vehicle operator. In the case of 
traction on an ice-covered surface, however, the 
available traction, although always low, changes 
drastically with temperature relative to the general 
lPvPl nf ~v~· ~be tracti of'l 1 rrJ,e co!rl~r the ir.e, ori 
which the vehicle is traveling, the greater are the 
traction capabilities of the vehicle. In fact, in 
extremely cold weather, when the ice surface tem
perature is approximately 0°F, the traction level of 
the surface will be more than twice that of a sur
face on which the ice is just at the freezing point. 
The driver is operating under the greatest hazard 
when the ice is barely adhering to the pavement sur
face. 

The third consideration is that of the effect of 
vehicle gross weight. The classical relationship 
between •,1ehicle speed and locked-wheel sliding dis
tance indicates that the weight of the vehicle is 
not a factor. This has been shown experimentally to 
be true for vehicles traveling on clry pavements, and 
even to be true (within experimental error) for 
vehicles of different weights traveling on wet sur
faces, as long as the tire compound for the tires on 
the two vehicles is the same and the tread configu
rations are the same or nearly so. On ice, however, 
it is not true. The heavier vehicle will require a 
greater distance in locked-wheel stopping from a 
given speed than will the lighter vehicle. In tests 
conducted by the Committee on Winter Driving Hazard~ 
involving locked-wheel stops from an initial speed 
of 20 mph on ice and at an ice surface temperature 
of 25°F, stopping distances averaged 247 ft for a 
16,500-lb truck, 257 ft for a 28,360-lb truck, and 
333 ft for a 70,880-lb tractor trailer combination 
(1). During the same test program the average 
locked-wheel stopping distance of a passenger vehi
cle from 20 mph on ice at 25°F was 154 ft. Thus the 
heavily loaded tractor trailer required more than 
twice the locked-wheel stopping distance of the pas-
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senger vehicle. It is not completely clear that the 
weight was the only influence here. Differences in 
braking systems of the different trucks are a com
plicating factor. Similiar relationships for vehi
cles on wet pavement have been reported by Dijks (2). 

The reason for this phenomenon is not currently 
understood. It has been hypothesized that some 
melting always occurs under the wheels of a vehicle 
sliding on ice and that the vehicle is, therefore, 
always sliding on wet ice. This hypothesis suggests 
that more melting would occur under wheels with 
higher contact pressures than under those with lower 
contact pressures. In this case the .heavier vehicl'e 
would be sliding on wetter ice and would, hence, re
quire a longer distance to stop from a given speed. 

Vehicle performance tests may be conducted reli
ably on prepared ice surfaces, and a substantial 
body of data based on such tests is available. It is 
much more difficult to conduct reliable vehicle per
formance tests on snow-covered surfaces, and the 
available data based on such tests are far less 
satisfactory--in terms of both volume and reliabil
i ty--than that based on ice tests. Vehicle perfor
mance tests on snow-covered surfaces are affected by 
such parameters as the depth of the snow, its mois
ture content, its density, and the degree to which 
it has been compacted under traffic. It may be 
stated that, in general, snow that has been com
pacted under traffic for several hours subsequent to 
a snowfall will be rough but will have essentially 
the tractive capacity of ice. In loose snow, al
though the tractive capabilities will always be low, 
they are affected by plowing in front of the wheels, 
which will improve stopping characteristics but de
grade pulling characteristics; and in some cases it 
may improve, and in others degrade, cornering char
acteristics. 

The capability of a vehicle to move on surfaces 
covered with ice or snow is drastically reduced. It 
is not uncommon on glare ice near the freezing tem
perature for a vehicle that has come to a stop and 
set for just a few moments to be unable to develop 
sufficient traction to move forward again without 
help from an outside source. Much attention has 
been given, therefore, to the evaluation of devices 
to improve vehicle performance in pulling traction 
under such adverse conditions. 

The results of many years of testing by the Com
mittee on Winter Driving Hazards are summarized in 
charts in a current National Safety Council publica
tion entitled, "Hot Tips for Cold Weather Drivers." 
The data reported therein indicate that the use of 
snow tires on the rear wheels will improve pulling 
traction on glare ice at 25°F by about 28 percent. 
The use of studded snow tires on the rear wheels, 
where the studs are controlled-protrusion tungsten 
carbide steel studs, installed in a pattern involv
ing something on the order of BO studs per tire, 
will improve pulling traction under the same condi
tions by about 218 percent. Greatest improvement is 
attained through the use of reinforced tire chains 
on the rear wheels, which improves pulling traction 
by about 630 percent. 

A number of varieties of chains for passenger 
vehicles are currently available. The performance 
of all of them for which test data are available 
falls below that of the reinforced tire chain, and 
they rate generally in the order in which their ag
gressiveness increases; that is, to be significantly 
effective in improving pulling traction on ice, they 
must significantly dig into and damage the ice sur
face. 

Although some of the chains for which data are 
available provide significantly less improvement in 
performance on ice than do the reinforced tire 
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chains, they may have some distinct advantages that 
appeal to motorists. Some of the less-effective 
chains are considerably easier to install on the 
wheels of the vehicle than are the heavier rein
forced tire chains, and some chains effectively 
resist destructive wear while in use on wheels 
traveling over a bare pavement better than do the 
reinforced tire chains. 

On loosely packed snow, an ill-defined term gen
erally involving a hard-packed snow base with sev
eral inches of looser snow on top, snow tires im
prove pulling traction over regular tires by about 
51 percent, and reinforced tire chains improve trac
tion by about 313 percent. 

Although the ability to get a vehicle into motion 
and to keep it traveling in controlled motion is 
highly important, most studies of vehicle perfor
mance on ice- and snow-covered surfaces have dealt 
with the ability to stop. 

The National Safety Council publication pre
viously cited ("Hot Tips") summarizes a number of 
years of tests to indicate that on glare ice at 25°F 
the locked-wheel stopping distance for a passenger 
vehicle equipped with conventional highway tread 
tires averages 150 ft. When snow tires are used on 
the rear wheels of the vehicle, the distance is 
about the same. Repeated tests have indicated that 
in stopping on ice, snow tires provide no advantage, 
usually performing essentially the same as or 
slightly (1 to 5 percent) poorer than conventional 
highway tread tires. The use of studded snow tires 
( involving studs of the type and configuration pre
viously described) on the rear wheels reduces the 
stopping distance to approximately 120 ft, an im
provement of 19 percent. The use of reinforced tire 
chains on the rear wheels reduces the average stop
ping distance to 75 ft, an improvement of 50 percent. 

On loosely packed snow a passenger vehicle equip
ped with conventional highway tread tires stops in 
about 60 ft from 20 mph. The use of snow tires on 
the rear wheels provides some improvement under this 
condi tion--about 13 percent--and reduces the stop
ping distance, on average, to 52 ft. When rein
forced tire chains are used on the rear wheels, the 
stopping distance is further reduced to 38 ft, an 
improvement of 37 percent. 

In the foregoing discussion reference has been 
made to the use of studded snow tires only on the 
rear wheels of the vehicle. If such tires were used 
on all four wheels of the vehicle, an additional im
provement in stopping distance should be expected. 
Limited tests have shown this to be the case (_}). 
The practice of using studded tires on all four 
vehicle wheels is so uncommon in the United States, 
however, that few tests involving this configuration 
have been performed. Studded tires have not been 
found to be effective in either pulling traction or 
stopping traction on snow-covered surfaces until the 
snow reaches a degree of compaction at which its 
characteristics approximate those of ice. 

Much attention has been given over the years to 
the development of appropriate braking techniques 
when operating a vehicle over ice-covered surfaces. 
For many years the advice given by the National 
Safety Council and others was to apply the brakes in 
a series of sharp applications and releases, a pro
cedure generally referred to as pumping. The pur
pose of this procedure was to obtain deceleration 
through braking without reaching a sustained condi
tion of brake lockup, thus retaining steering cap
ability while braking was being accomplished. This 
advice is still sound if the operated vehicle is 
equipped with drum brakes. 

Most modern automobiles, however, are now equip
ped with disc brakes on the front wheels. Disc 
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brakes do not release as quickly as drum brakes, and 
if pumped rapidly they may not release at all, thus 
causing a condition of continuous lockup. For 
vehicles with disc brakes, the brakes should be 
squeezed with a slow, steady pressure until they are 
close to the point of ·lockup and maintained in that 
status. If lockup occurs the brakes should be re
leased and, once the wheels are rolling again; the 
procedure should be repeated. 

Reference was made earlier to the effect of 
vehicle gross weight on stopping distance. The im
portance of this phenomenon, particularly to the 
drivers of heavy vehicles, can hardly be overempha
sized. Its importance to other investigators in the 
field is primarily to highlight the necessity for 
conducting all tests under a carefully controlled, 
constant temperature condition, which is frequently 
impossible, or of adjusting test results to a fixed 
temperature base before reaching conclusions or 
making comparisons. The relationship of locked
wheel stopping distance to ice surface temperature 
normalized to a temperature of 25°F, which was es
tablished by the Committee on Winter Driving Hazards 
on the basis of several years of effort, is shown in 
Figure 1. It is important to note that the Commit
tee found this relationship to hold for vehicles 
ranging from 3,280 to 72,200 lb gross. The figure 
shows, for example, that at an ice temperature of 
approximately -2°F, the multiplier to relate to an 
ice temperature of 25°F is 2.00. Thus if a passen
ger vehicle requires 75 ft to slide to a stop from 
an initial speed of 20 mph at -2°F ice temperature, 
it will require 150 ft to make a similar stop when 
the ice temperature is 25°F. If a heavily loaded 
tractor trailer requires 150 ft to make such a stop 
at -2°F, it will require 300 ft to make the same 
stop at 25°F. 

3.0 

2.0 
~ 

.!! 

t 
:, 

:Ji 

1.0 

0 

. 5 0 5 10 15 20 25 

Ice Surface Temperature I "F l 

FIG lJ R • 1 l\lultiplicr for locked-wheel stopping distance 
(reference tempcrnture is 25°F). 
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The maintenance of steering capability under ad
verse roadway surface conditions is obviously an im
portant matter. Its importance becomes even greater 
if the driving capability of the vehicle under such 
circumstances is increased while the maneuvering 
capability is not. 

The Committee on Winter Driving Hazards has per
formed numerous tests of sustained cornering capa
bility through the use of an ice circle (4). The 
circular course has a radius to the inner - edge c:if 
the ice of 200 ft and a path width of 50 ft. A 12-
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ft lane is delineated on the ice surface by using 
rubber traffic cones: it has a known radius some
where between 200 and 250 ft. The test vehicle is 
driven onto the delineated 12-ft width and the 
driver then accelerates until he is maintaining the 
highest speed possible around the course without 
continually slipping. His progress around the circle 
is timed for saver al revolutions, and his average 
speed is calculated. From the average speed and the 
known radius of the lane on which he is traveling, 
the average developed lateral coefficient of fr ic
tion can be calculated. When such tests were per
formed on a passenger car that has new highway tread 
tires on both front and rear wheels, the average 
developed lateral coefficient was O. 071. It may be 
noted that this is close to the sliding coefficient 
of friction measured by locked-wheel stops on a 
similar course. When the test was repeated with new 
highway tread tires on the front wheels and new snow 
tread tires on the rear wheels, the average devel
oped lateral coefficient was 0.072. With new highway 
tread tires on the front wheels and new studded snow 
tires on the rear wheels, the developed coefficient 
was 0.071. When new studded highway tires were used 
on both the front and rear wheels, the average de
veloped lateral coefficient was 0.114. 

From the foregoing it may be observed that in
creasing the driving traction on the rear wheels of 
a passenger car does not improve the sustained 
cornering capabilities of the vehicle. Observations 
made during the tests indicated that when no trac
tion aid was applied to the drive wheels, the rear 
wheels of the vehicle were the fist to lose trac
tion. Their performance limited the performance of 
the vehicle. When a traction aid was applied ..to the 
rear wheels only, the front wheels of the vehicle 
were the first to lose traction, and no improvement 
in sustained cornering capability was observed. When 
traction aids were applied to all four wheels of the 
vehicle, however, an appropriate improvement 1n sus
tained cornering capability was measured. 

One circumstance in which the adverse effect on 
cornering resulting from the use of a traction aid 
on the rear wheels of the vehicle is common and is 
of some importance. Many modern automobiles have 
relatively high idle speeds, particularly shortly 
after start-up while the engine is still cold. Con
sider the case of such a vehicle having an automatic 
transmission and equipped with studded tires or 
tires with chains on the rear wheels. As it ap
proaches a corner at which a turn is to be made or a 
driveway that is to be entered, the driver will ap
ply brakes to decelerate to an appropriately low 
speed for making such a turn on an ice-covered sur
f~r.P.. HP. will often find that, because of the effect 
of the high idle speed in continuing to drive the 
vehicle, the level of braking required to achieve 
deceleration will lock the front wheels. When he 
turns the steering wheel to undertake the steering 
maneuver, no cornering will occur and the vehicle 
will pass into or through the intersection or past 
the driveway. The solution to this problem appears 
to be to shift the automatic transmission into neu
tral as the vehicle approaches the point at which 
the turn is to be made, thus removing the driving 
force from the rear wheels (j). 

For many years a number of ideas have circulated 
among drivers as to ways to improve vehicle perfor
mance under ice or snow conditions. Three of these 
are sufficiently widespread as to merit comment. 

The first is the idea that adding weight to the 
rear of the vehicle will improve its performance. If 
a vehicle is to be driven through deep loose snow, 
where a certain amount of digging in is required, 
there may be limited merit to this procedure. The 
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additional weight will provide some assistance in 
digging in, and the heavier weight on the drive 
wheels (against a given coefficient of friction) 
will permit the development of a greater force. On 
ice-covered surfaces, however, this procedure is not 
l i kely to be effective and may in some cases be 
detrimental. It has previously been demonstrated 
that more heavily loaded vehicles require longer 
distances in panic stops, and skid trailer tests 
have indicated that higher wheel loads result in 
lower measured coefficients of friction Ci). 
Further, if the weight is added to the trunk of the 
vehicle aft of the rear axle, it will have the ef
fect of reducing loading on the front wheels and, 
hence, reduce the maximum cornering force that can 
be developed. Carried to the extreme, this will ad
versely affect steering. Therefore, the procedure 
is not generally recommended. 

The second is the idea that reducing tire pres
sure will improve vehicle performance under such ad
verse conditions. The Committee on Winter Driving 
Hazards has conducted extensive stopping-distance 
tests, skid trailer tests, traction tests, and 
limited cornering tests of a variety of highway 
tread, snow tread, and studded snow tread tires at 
inflation pressures of 12, 24, and 32 psi (7). In no 
case did reducing tire pressure below that recom
mended by the manufacturer result in improved per
formance. Although vehicle performance did not gen
erally appear to be highly tire-pressure sensitive, 
some evidence was found that reductions in tire 
pressure to 12 psi resulted in performance degrada
tion. Thus the reduction of tire pressure under ice 
and snow conditions is not recommended. 

The third is the commonly held belief that radial 
tires will perform as well as snow tires when 
operating on snow-covered road conditions. The Com
mittee on Winter Driving Hazards has made extensive 
tests of the pulling ability of bias-belted snow 
tires, bias-belted highway tires, and a variety of 
radial tires in snow. These tests indicated that 
the performance of a specific tire with respect to 
traction in snow is not associated with the con
struction of the tire but with the tire tread con
figuration. 

It is true that many radial tires, not spe
cifically designated as snow tires, will perform 
better in pulling traction in snow than will most 
nonradial highway tread tires. The superior ride 
characteristics of the radial tire permit the manu
facturer to use as a conventional tread a somewhat 
more· aggressive tread design than the public would 
be likely to accept as a general use tread on non
radial tires . To the extent that the tread design 
is more aggressive on the radial tire, the radial 
tire will perform better in snow. 

Because of the widespread interest (and equally 
widespread misunderstanding) of this topic, it is 
appropriate to quote here one paragraph from the 
Committee on Winter Driving Hazards' report (.!): 

The real thrust of these findings is that 
tire performance in traction on snow 
covered surfaces is not a function of 
tire construction--it is a function, pri
marily, of tread configuration. When a 
radial tire has a snow tread, it performs 
as a snow tire I when it has a tread ap
proaching a snow tread, its performance 
approaches that of a snow tire i when it 
has a summer (highway) tread, its perfor
mance is that of a summer tire. 

In summary, it may 
operating an automobile 

be stated that a driver 
over ice- or packed-snow-
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covered highways is operating under what is probably 
the most hostile and least-forgiving environment 
that he is likely to encounter. His primary concern 
must be to avoid breakaway between the vehicle tires 
and the surface over which it is traveling. Such 
breakaway can occur quickly as a result of excessive 
cornering. All such maneuvers should be avoided, and 
the best avoidance technique in general is to dras
tically reduce the speed of operation. 

When breakaway does occur, as it almost inevi
tably will from time to time under such conditions, 
the driver will find that vastly greater distances 
are required to complete a desired maneuver or to 
recover control of the vehicle than is the case when 
operating over bare pavements. He should, therefore, 
greatly increase his following distance from the ve
hicle ahead of him--by a factor of 8 to 10 times 
that which he would maintain on a dry bare pavement 
surface. The heavier the vehicle that he is operat
ing, the greater should be the following distance 
that he maintains. 

Traction aids such as studded tires or t i re 
chains can be helpful to the driver. He should, 
however, be thoroughly familiar with what kind of 
assistance and the magnitude of the assistance they 
provide. He should not count-,on more than they can 
deliver. 

Finally, the driver should be continually mindful 
that, even with the best traction aids, the total 
traction available to him to propel his vehicle, 
stop his vehicle, and perform turning maneuvers is 
drastically less than that available to him when 
traveling over even a relatively poor quality rain
s lick highway. 

Earth, Sand, Gravel, and Mud 

Concerning the influence of mud, sand, or gravel on 
the paved surface, it has long been understood that 
these materials can produce loss of control if sig
nificant maneuvers--stopping, accelerating, or cor
ner ing--are attempted. Loose sand or gravel on 
turns is a critical hazard to motorcyclists, perhaps 
constituting the most common cause of loss of con
trol. It is of lesser significance to automobiles, 
but it is still of importance. Figure 2 shows loose 
gravel on a country road. Under certain circum
stances this surface can contribute to a loss of 

FIG URE 2 Loose gravel along tlie side of a country road. 
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control. In Figure 3 the result of an emergency 
steering input at high speed on the same road is 
shown, Mud can have much the same effect. 

FIG RE 3 . The result of au emergency steering maneuver at l1igh 
speed ( Ute Chevrol l laz r was moving al a peed greater than 50 
mph nnd in the center of tlte road wh n suddenly confronted by 
an oncoming vehicle). 

In 1981 D,L, Ivey and R,A, Zimmer conducted a 
seri~s of locked-wheel stopping-distance tests by 
using a 1976 Ford custom pickup (these data are from 
an unpublished experiment conducted on Project 2238 
for the Texas State Department of Highways and Pub
lic Transportation, October 28, 1982), The road 
surface was a rounded gravel chip seal with a tex
ture of approximately 0.04 in. This surface was 
coated with about 1 in. of east Texas silty clay and 
thoroughly wet. The results of the t~sts of ~~npping 
d !stance are shown in Figure 4, By observing the 
positioa of the test curve and comparing that posi 
tion with the calculated curves off= 0,3, 0,4, and 
0.6, it can be seen that the average stopping coef-
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FIGURE 4 Stopping distance on wet clay-coated surface. 

ficient decreases with speed, from 0.6 at 20 mph to 
0,3 at 50 mph. Because of the relatively high tex
ture of the paved surface, these coefficients may be 
high compared to what mud would normally allow, At 
speeds up to 50 mph, a nonprofessional test driver 
used abrupt steering maneuvers and made lane changes 
without losing control. In only one of the stop
ping-distance tests did the vehicle spin-out, The 
spin was approximately 90 degrees. 

The data in Table 1 (8) was presented in a paper 
pnhl ;,,h,.n ;n IQ74 bv Aaa- (81. Aqq aives values of 
locked-wheel fricti;n ;; gr~vel, - ~atural soil, and 
sandy soil, The values vary from 0.26 to 0,34. 
Further work by Professor Agg (9) was presented in 
1928 and is given in Table 2 (_!!) .-

TABLE 1 Values of Coefficient of Friction When Sliding Is Normai to Path of Vehicle (8) 

Type of Condition Weight on Total Starting 
Surface of Surface Size and Type of Tires Rear Wheels Force in Pounds Friction, f" 

Pneumatic Tires 

Smooth concrete Dry 33x4 Federal and Royal cord 1,870 600 0.387 
Good asphalt Dry 33x4 Federal and Royal cord 1,870 495 0.318 
Fair wood block nry 33x4 Federal and Royal cord 1,870 380 0.245 
Gravel Spongy 33x4 Federal and Koyal cord l,870 405 0.261 
Natural soil Spongy 33x4 Federal and Royal cord 1,870 465 0.300 
Smooth concrete Dry 36x6 Goodrich DeLuxe cord 2,770 485 0.401 
Good bitulithic Dry 36x6 Goodrich DeLuxe cord 2,770 915 0.415 
Wood block Dry 36x6 Goodrich DeLuxe cord 2,770 950 0.431 
Good gravel Dry 36x6 Goodrich DeLuxe cord 2,770 760 0.344 
Carpet coat Dry 36x6 Goodrich DeLuxe cord 2,770 920 0.417 
Loose sandy natural soil Spongy 36x6 Goodrich DeLuxe cord 2,770 700 0.318 

Solid Tires 

Smooth concrete Dry 36x6 badly worn 2,560 650 0.324 
Good bitulithic Dry 36x6 badly worn 2,560 605 0.301 
Fair wood block Dry 36x6 badly worn 2,560 670 0.334 
Natural soil (sandy) Spongy 36x6 badly worn 2,560 540 0.269 
Gravel Dry 36x6 badly worn 2,560 600 0.299 
Carpet coat Dry 36x6 badly worn 2,560 700 0.348 
Gravel (good) Dry 36x6 dual tread 4,360 1,135 0.290 
Carpet coat Dry 36x6 dual tread 4,360 1,235 0.312 
Natural soil, sandy Spongy 36x6 dual tread 4,360 1,050 0.266 
Good concrete Dry 36x6 dual tread 4,360 1,285 0.325 
Bitulithic (good) Dry 36x6 dual tread 4,360 l,110 0.281 
Fair wood block Dry 36x6 dual tread 4,360 1,330 0.336 

6f = (Total force producing sliding in pounds)+ (Wejght of slidfog wheels in pounds). 

~ 
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TABLE 2 Coefficient of Friction Between Tires and Road Surfaces When Sliding is in the 
Line of Travel ( 9) 

Size and Tire Road Dry Road Wet 
Type and Condition of Road Type of Pressure 
Surface Tire (psi) F" fb F" rb 

Gravel, feather-edge type with A 30 0.69 0.66 0.60 0.55 
some loose sand and pebbles B 40 0.64 0 .59 0.64 0.56 
on surface ; ruts slightly B 50 0.66 0 .62 0.64 0.58 
when "wet n B 60 0 .6 1 0 .58 0.64 0.59 

Earth road, slightly sandy soil, A 30 0.70 0.66 0.44 0.37 
smooth and firm; ruts slightly B 40 0.67 0.64 0 .69 0.60 
when "wet" B 50 0.67 0.64 0.66 0.60 

B 60 0.68 0.66 0.58 0.52 
Soft mud A 30 0.34 0.29 
Oiled earth 3 weeks old A 30 0 .72 0.69 

B 40 0.69 0.65 
Packed cinders B 50 0 .67 0 .60 

Note: Measurements made by sliding the 4 wheels of chassis. 
8

F = (Force required to start the tires sliding)+ (Normal pressure between tire and road). 

bf= (Force requfred for uniform sliding)+ (Normal pressure between tire and road). 

R.A. Moyer extended Agg's work through the 1930s; 
and he is still active, having recently presented a 
history of skid resistance research to ASTM and 
aided in this work by publishing many excellent 
references. In a definitive work by Moyer in 1934 
(..!..Q) , the following is found. 

Mud on Pavements 

Tests on a mud-covered pavement clearly 
indicate how slippery such surfaces can 
be, the coefficients ranging from 0.2 to 
0.3. These coefficients are only slight
ly higher than those obtained on ice, 
which is an indication that muddy pave
ments may be considered practically as 
hazardous as ice. The placing of gravel, 
shale, cinders, or crushed rock on the 
shoulders and at the approaches to all 
pavements would not only correct a dan
gerous skidding condition, but would pro
vide greater road widths for use in an 
emergency. 

Tests on Dry Surfaces 

The curves ••• show that the coefficients 
of friction for dry surfaces are O. 3 to 
0.5 higher than for the same surface when 
wet, except in the case of cinders and 
untreated gravel, which were about the 
same, wet or dry. As with the wet sur
face s , the coefficients for a number of 
dry surfaces decreased with an increase 
in speed, although the decrease was not 
a s marked on the dry surfaces as when the 
same surfaces were wet. An increase in 
the side skid coefficient with an in
crease in speed was observed for the 
gravel, brick and asphalt plank surfaces. 

It should be understood that simply the classifi
cation mud will not suffice to estimate available 
friction. Although it has not been experimentally 
verified, many things influence the available fric
tion on a muddy paved surface. The most obvious are 
(a) the mineral constituents of the soil, (b) the 
degree of wetness and compaction, and (c) the tex
ture of the underlying paved surface. One thing 
almost all have in common is that the available 
friction is reduced, and thus the potential for ac
cidents by imprudent drivers is incre ased. 

Diesel Fuel 

A relatively uncommon but extremely dangerous road 
surface contaminant is diesel fuel. This section re
lates specifically to this product, although many 
t ypes of petrochemicals are at times deposited in 
small amounts on highway surfaces. 

Even small amounts of diesel f uel on a wet sur
face can cause a precipitous loss of available 
friction. Based on the extrapolation of British 
pendulum numbers to account for speed sensitivity, 
B.M. Gallaway developed Figure 5 (note that these 
data are from unpublished test series on wet road 
surfaces contaminated by diesel fuel: the research 
was performed by Consulting and Research Services in 
June 1983). Four different asphalt concrete (AC) 
pavements were included in the testing. These are 
designated Gl, G2, shell mix, and worn pavement (see 
Table 3). Available friction may be reduced f rom 48 
to 92 percent when diesel fuel i s placed on a wet 
pavement. In the case of the worn pavement, the re
sulting friction is on the same order as wet ice. 
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FIGURE 5 Influences of diesel fuel on available 
friction of wet pavements. 
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TABLE 3 Description of Pavement Surfaces 

Designation Type Pavement Coarse Aggregate Type Other Comments 

Gl 
G2 

Hot mix ACP 
Hot mix ACP 

Limestone 
Limestone 

Worn pavement 
Shell mix 

Hot mix, cold laid ACP 
Hot mix ACP 

Siliceous rou nded gravel 
Shell 

High macrotexture, but surface fairly well po lished 
Medium macrotexture, high (unpolished) microt exture 
Flushing apparent, low macrotexture and microtexture 
Medium macrotexture 

FIGURE 6 Eastbound lanes of the Calcasieu River Bridge over 
l.ake Charles. 

On the Calcasieu River Bridge over Lake Charles 
(Figure 6), a 26 car and truck accident took place 
on August 27, 1981 (11), when 75 gal of diesel fuel 
spilled from a rupt;i;-ed tqi.ctor-trailer fuel tank. 
The spill occurred on the downhill eastbound side of 
the bridge, thus maximizing the need for friction by 
oncoming vehicles. Statements ot tne drivers in
volved in the accident verify the extreme slipperi
ness of the road surface in this condition. Although 
spills of this magnitude are rare, this event empha
sizes the extremely hazardous nature of pavement so 
contaminated. 
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