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. ABSTRACT: One of the most important properties of a pave-
i ment surface is its skid resistance characteristics.” A
wet weather accident analysis involving California highways
indicates that most of the single car accidents occur on
curves. The average friction value ak determined by the
California Skid Tester for this analysis was 0.22f.
However, twenty-eight percent of the accidents that
occurred on curves were in the 0.25f-0.28f range. Cross
correlation with the British Portablie Tester places all
results for minimum remedial action wvalues from England,
Virginia, Florida and California in the range of 0.25f-
0.30f, as measured under California test conditions.

A rather comprehensive study has been completed
on the improving of the skid resistance of PCC pavements
by serration. The type of grooving pattern used influences
the reaction of people driving motorcycles or light cars
over longitudinal (parallel to the centerline) serrations.
It appears that the nature of the existing concrete surface,
and the type of serration pattern influence the degree of
improvement in friction values. A marked reduction in wet
weather accidents has occurred in critical curve areas
that have been serrated.

A detailed analysis of 1705 single wvehicle
accidents that occurred during rainy weather in 1964
indicated that 152 or nine percent of these happened
during periods of heavy rainfall where dynamic hydroplaning
might have been a possiblity. Factors such as excessive
speed under extremely poor driving conditions appear to
be important in the reported sklddlng accidents during heavy
rainfall,.

KEY WORDS: pavements, surfaces, pavement surface texture, -
skid resistance testing, pavement skidding characteristics,

. accidents, grooving, wet conditions, portland cement concrete
pavements, coefficient of friction, hydroplaning.
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INTRODUCTION

One of the most important properties of a pave-~.
ment surface is its skid resistance characteristics.
Recent studies (1) indicate that there are two different

s - types of loss of traction on wet surfaces, namely viscous
and dynamic hydroplaning. Viscous hydroplaning occurs
when a thin fluid film is present on the pavement, and

. presently used methods of measurement for skid resistance
deal with this form of loss of traction. Dynamic hydro-
planing occurs when the pavement has a substantial
thickness of water, approximately 0.2 inch, on the :
surface. Present methods of measurement do not provide
an adequate indication of potential dynamic hydroplaning.
One of the most important problems connected with loss
of traction. by viscous hydroplaning is.the determination
of a minimum value for remedial actiori. The purpose of
this interim report is to present our available informa-
tion on this phase of the work. Also included in the
report are studies on remedial measures for low skid
resistant surfaces, and a preliminary investigation of"
accident data in an effort to determine the importance
of dynamic hydroplaning on California highways.

~ CONCLUSIONS

i i

1. A:correlation study involving the British Portable
Tester indicates that the present California tentative
figure of 0.25f for remedial action may be slightly
below the minimum standards as used in England. It is
interesting to note that the correlation places all
results for minimum values in the range of 0.25£f-0,30f.

2. A wet weather accident analysis indicates that most
of the single car accidents occurred on curves, the -
average value for the friction factor being 0.22f.
However, twenty-eight percent of the accidents that
occurred on curves were on pavements of 0,25£-0.28f
range. 1f further studies confirm ‘this trend, then it
would appear necessary to raise the tentative minimum
to 0.28f on curves, depending somewhat on the radius.
* This is equivalent to the British minimum for all sites
according to our calibration studies.

3. Preliminary studies indicate that friction values

taken across the pavement may vary markedly. Some PCC
pavements show marked drops in the friction factor in
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the wheel tracks of the travel lane with little change in
the between wheel track area or in the adjacent wheel
tracks of the passing lane. This has not been found to
occur with dense graded or open ﬁraded asPhalt concrete
pavements that show no signs of "bleeding". The importance
of this finding is difficult to evaluate, It is proposed
to continue this investigation by comparing transverse
friction profiles with accident records on tangent and _
curve areas, and to run vehicle tests on these pavements.

4, . A rather comprehensive study has been completed on
the improvement of the skid resistance of {PCC paveménts
by serration The follow1ng gtatements are warranted'

‘a. 1In all cases the friction value is raised by
.pavement grooving. 1t appears that the nature of
“the existing concrete surface and:the type of
.gerration pattern influence the degree of improve-
‘ment in the friction value.

b, The type of pattern influences the reaction of
~people driving motorcycles or light cars over
“longitudinally (parallel to the centeriine)
“gerrated areas of pavement. Complaints were serious
_with 1/4" x 1/4" grooves on 1" centers. 1/8" x 1/8"
“grooves on various centers did not raise complaints
‘nor did V cuts 1/8" deep x 1/4" wide at the top
“separated by smaller V cuts.

‘¢, Resistance to wear and polish of grooved areas
‘has been excellent on two projects for periods of
*5/1/2 and 8 1/2 years. However, other jobs show

definite drops in the friction factor after 16-20
‘months of service life. More studies are required
won this problem. .

“d. Accident studies on seven urban and rural free-
‘way wet weather accident locations show a marked
‘reduction in wet weather accidents, and a definite
~reduction in dry weather accidents. We believe

- that this is caused not only by the increase in
~friction factor during wet weather, but also is due

~ “to the "tracking' effect of the 1ongitudina1 segration

“which increases lateral stability of the vehicle.

ﬁe.“kf the present time the average cost of serration
:is approximately ten cents per sq. ft.

5. . A detailed analysis of 1705 single vehicle accidents
‘that . .occurred during rainy weather in 1964 indicated that
152 or nine percent of these happened during periods of
heavy rainfall where dynamic hydroplaning might have been

-2-

ClibPDE - wivw fastio.com


http://www.fastio.com/

a possiblity. Factors such as excessive speed under’
extremely poor driving conditions appear to be important
in the reported skidding accidents during heavy rainfall.
However, further accident analysis is probably warranted
in order to confirm these preliminary findings based on
a single year of accident data.

MEASURING EQUIPMENT

_ The California Skid Tester used in determining
the coefficent of friction of pavement surfaces has been
previously described (2). The present test method using
this equipment is presented in Appendix 'A'. The
measuring device has been calibrated against a towed
trailer constructed, by Professor R. A. Moyer of the
University of California, Institute of Transportation (3).
Previous studies by R. A. Moyer and others, indicated that
the lowest skid resistance value for any given surface
would be attained when the brakes are locked on a wvehicle
having smooth tread tires on a wet pavement with speeds
around fifty miles per hour. It was felt that the
California Skid Tester should be calibrated to simulate
the worst conditions encountered by traffic. Therefore,
in the correlation test program, the coefficient of
friction values obtained from':the Moyer unit using
locked wheels, smooth tires, wet pavement and a speed
of fifty miles per hour were compared to our readings
obtained with a smooth tire, wet pavement and a tire
speed of fifty miles per hour.

DEVELOPMENT OF INTERIM SKID RESISTANCE
REQUIREMENTS FOR VISCQUS HYDROPLANING

In order to make effective use of test results
derived from any form of skid test apparatus, the highway
engineer must be provided with recommendations on minimum
requirements for deciding on the necessity for remedial

. action. It is interesting to note that there is a large
" volume of literature on skid resistance measurements, but
few recommendations for critical values that would be of
aid to the engineer who must decide whether steps should
be taken to improve the skid resistance of a given road
‘surface.

' During the period of 1950 to 1958, Professor
Moyer determined the skid resistance of a large number

of different pavements in the road system of the California
Division of Highways (3 & 4). On the basis of this survey

3.
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it was decided to tentatively use a value of 0.25f for
remedial action, and to attempt to attain further
1nformat10n on the 1mportance of geometric factors.
: Since our available information on accident
frequency correlation with skid resistance of the
surface was very limited, it seemed desirable to obtain
as' much information as possible from the studies of
other investigations. Two of the most complete studies
are from the work of C. G. Giles in England and
T. E. Shelburne in Virginia., Unfortunately, the
equipment used in these studies is different from
that used by this - department. In order to make use
of information attained by C. G. Giles and T. E. Shelburne
this department purchased a British Portable Tester. The
instruction book for the Portable Tester (5) provides a
Table entitled, '"'Suggested Values of Skid Resistance for
' Use With the Portable Tester'. The minimum values are
based on a comprehen51ve accident analysis in England
and vdry depending on geometric factors. Also D. C. Mahone
(6) presents a correlation between the British Portable
Tester and the Virginia test car. This correlation
permits a comparison with remedial action values
proposed in Virginia.

‘ Pavement surfaces Were selected to provide a
large range in coefficient of friction values. The
selected pavements included Portland Cement Concrete,
Asphalt Concrete and Screening Seal Coats. The asphalt
concrete pavéments included both dense and open graded
surfaces. A series of measurements were made at selected
locations using both the California Skid Tester and the
British Portable Tester. At each location five readings
were obtained with each 1nstrument and averaged for a
final reading. ‘

‘ A comparison of the recommended British values
w1th the tentative California minimum figure is shown in
Figure 1. Also shown is the Virginia minimum figure which
was attained by using the correlation chart of D. C. Mahone,
(6) which provides a correlation between the British
Portable Tester and Virginia test car at 40 mph. Regarding
the significance of the Virginia minimum, A. F. Marshall of
Florida, (7) states; '"Virginia's recent deslicking zrogram
was based upon a minimum friction coefficient of 0.40 at
40 mph. Based upon the feel of the wvehicle during the
skid tests, we consider wet pavement surfaces with frictioen
coefficients below 0.40 at 40 mph as being definitely
dangerous, between 0.40 and 0.45 as questionable and above .
0.45 as bein$ satisfactory for most conditions'. Using
D C Mahoné's chart, 0. 45 Virginia friction factor is

“lim o
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equivalent to about 0.30f on our California scale.

A survey of 39 PCC pavements recently constructed
in California shows an average friction factor of 0.34f.
This value falls in the upper range of the British
satisfactory to good bracket, and there are no problems
associated with wet weather skidding accidents on these
. newly constructed pavements. '

The analysis leads to the conclusion that
California pavements having California tester skid
resistance values above 0.30f should definitely be
satisfactory. Based on the fact that England and
Virginia receive more rains than California it seems
logical to conclude that readings on the California
tester above 0.28 should be satisfactory for probably
all sites with the possible exception of curves. -

The above noted correlations were very
encouraging, and it was decided to initiate further
studies involving skid resistance measurements at
wet weather accident sites on California highways.
Unfortunately the California Highway Patrol accident
report does not require the officer to determine if
skidding was involved in the accident. However, the
officer, in his observations, may note that skidding
was a factor in the accident,

J. P. Mills and W. B. Shelton in their paper
on "Virginia Accident Information Relating to Skidding",
(8), found that '"fixed objects and non-collision types
of accidents account for almost five out of seven
skidding accidents, which clearly points out that the
majority of all skidding accidents involve only one
vehicle". Therefore, accidents occurring during wet
weather involving only one vehicle with no recorded
defects for either driver or the vehicle were selected
from all reported wet weather accidents. Test sites
were selected for preliminary survey on the basis of
a concentration area which is defined as an area of
three accidents within 0.1 mile. A number of these
sites were chosen for skid testing. Other testing

» work has also been performed at sites selected by the
District traffic department on the basis of wet
weather accident information.

The results of this investigation are shown
in Table A and Figure 2. The average friction value is
0.22f. . We note that a definite number of the sites
have readings above 0.25f with none above 0.28f. Since
practically all of these sites are on curves we may
conclude that the present tentative minimum figure is

«5-
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too 1ow for curves, and ‘a better value would be 0.28f.
It is .interesting -to nofe from Figure 1 that this
figure is the- -same, as t e ‘British minimum for all sites.
An. impontant factor in deciding on a minimum
friction value ig the transverse friction profile
across the 1ane Csathy, (9), states, "significant skid
resistance variations agross the width of the road may
lead to skidding accide 1ts regardless of what the actual
minimum value is". i The California Skid Tester is very
suitable for transverse»studies, and a series of
preliminary measurements have been performed on a number
of rural pavements.. Two profiles for PCC pavement are
shown in Figure 3. There is a rapid drop in frictiomn
values in the wheel traeks of the travel lane with
little change betwéen” the wheel tracks and in the
lightly travelled passing lane. On the other hand,
this radical drep in .thé wheel tracks of the travel
lane is not found for asphalt concrete or a screening
seal coat, Figure 4.  An interesting comparison is
shown in Figure '5, where-the friction profile for PCC
and Open Graded Asphalt COncrete are compared. Both
pavements are of.the same age, and on the same roadway
carrying the game traffic. It should be stressed that
this study is of a preliminary nature and must be L
extended before definite conclusions may be reached.
Actual vehicle tests omi.5ections of roadway having -
different profiles woulg&prov1de very important
information on' vehicle'

reaction.

aintainlng a skid resistant

' * Providing“and,ma
surface is ‘a-yery ~imp or;ant factor in the performance
of any highway.‘“ﬁll types of pavement surface will
eventually show some reduction in coefficient of friction
values during their’ seryice life, This reduction is
caused by wear and poliah of traffic, especially by
_heavy trucks. ”

Several years ago the California Division of
Highways became aware that some sections of concrete
freeways, especially onrcurves, were having an unusual
number of accidents occurfring during wet or rainy
weather.. After. corsidering the use of acid treatment
of the surface or the application of §.coal tar-epoxy
screening seal coat, it was decided to study the effect
of grooving the pavement.

R
A
O
1
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The objectives of the program are as follows:

1. To determine the efficiency of serration in raising
the skid resistance. _ '

2. To determine the resistance of a grooved pavement
to wear and polish of traffic.

3, To determine the extent of reduction in wet weather
accidents in c¢ritical areas by serration of the pavement.

Pattern Studies

, Grooves may be cut in the pavement in eilther
a longitudinal, (parallel to the centerline), or
transverse direction. All grooving to date has been
performed in a longitudinal direction. We are of the
opinion that this leads to increased lateral stability,
and tends to guide the vehicle through a critical :
curve area. This has been confirmed by studies performed
in Texas, (10). However, studies in England (1l1) indicate
that grooving perpendicular to the centerline is better in
this connection, and further effort will be required :to
resolve the problem.

~ Groove patterns vary. The most common type is
rectangular in form and may be varied in width and depth
and distance between centers of grooves. Other types
have rectangular form, but the bottom is partially
rounded, and the edges at the pavement surface are also
rounded. Others have a large V cut separated by smaller
V cuts.

"A number of patterns have been used in our
serration work to date. This was done in order to
determine the increase in the friction factor, wear
resistance, and possible vehicle handling problems. .
In all cases the grooves are all in a longitudinal
direction. Table B shows the patterns used on the
various projects, and increase in the friction value
after grooving and the change during service life.
Figure 6 shows the effect of grooving on the average
coefficient of friction value for the various PCC
pavement projects. ' '

In all cases the friction value is raised by
pavement grooving. However, it appears that the nature
of the existing concrete surface and the type of pattern
effect the degree of improvement in the friction value.
As an example there is a much greater improvement in the
friction value for project H than on projects F and G

T
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for 1/8" x 1/8" rectangular grooves on 1" centers.
This is also confirméd by the results from projects
J and K where two different patterns are compared on
two.different projects, " :

: The type of pattern on any specific project
effects the degreé of improvement. On project K
three different patterns (Table B) were placed in
consecutive one hundred foot test sections in the
travel lane. The original coefficient of friction
values were identical, but two of the patterns
produced a very high degree of improvement as compared
to the third pattern.

Project T in District 07 is an aged asphalt
concrete pavement. The surface was rather dry in
appearance and quite brittle. Therefore, it was decided
to groove this pavement using 1/4" by 1/4" grooves on
1" centers, Shortly after completion complaints were
received from drivers of motorcycles and light cars.

The complaints were that the vehicle tended to "track"

and .appeared to be caught in a manner resembling

being caught in street car tracks. This was confirmed

‘by Highway Patrol operators. On the other hand,
Christensen Style 15 with V cuts 1/4" wide on the
Placerita Canyon Bridge provided no problems with test
motorcycles driven up to 70 mph. There was some

. vibration,up to 50 mph with Style 9, but this tended

to fade out at higher speeds. Style 9, see Table B
project J, has 3/16" wide.rectangular grooves with rounded
bottom and edges. These studies indicate that rectangular
longitudinal grooves should not be wider than 1/8" in
order to prevent possibleproblems from motorcycles

and' light passenger cars.~ However, V cuts do not appear

' to cause problems although 1/4" wide at the surface.

: A very important characteristic of any
treatment for raising the.existing friction value is
its.resistance te wear and polish of traffic. Results
of friction measurements with time on varicdus grooved
projects are shown in Table B and Figure 7. Not
enough time has elapsed on the majority of the projects
to draw any firm conclusions. It appears, however,
that the nature of the aggregate and mortar strength
may influence the resistance to wear and polish of the
grooved areas. However, 1t is interegting to note that
projects A and B are on the travel lane of heavily
travelled freeways having a high percentage of trucks.
All the projects shown in Figure 7 are in snow free
areas. Project H in Table B is in a partial snow region
subject to chain control. After the first winter the
surface does not appear to be damaged by chain action.

-8-
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This project will be closely watched since project M in
Table C has shown considerable spalling between the
grooves which are on one inch centers. This spalling
has been caused by chain action and has caused some
complaints in regards to controllability of a car even
under dry pavement conditions.

Accident Studies

- A summary of all of the presently available .
accident data are shown in Tables.:.C, D andiE, ’ Six of
these locations were on urban freeways in the vicinity
of Los Angeles. Accident data was also reviewed for
comparison purposes on.a mile of unserrated asphalt
concrete freeway, see Table E. The Los Angeles projects
had one year before and after accident analysis periods.

An additional project M on Interstate 80 near the Nevada

state line had a two year period for before and after
accident analysis. This freeway is rural and required
longer periods to obtain meaningful data. 1In the case
of the Los Angeles area freeways, the number of wet or
rainy days was determined in both the before and after
accident periods. There were 30 wet days in the before
period and approximately 15 wet days in the after period.
Fifteen additional wet days were accumulated from the
following year and the accidents on these days were
added to the after period.

A study of Table C indicates that the total
accidents were reduced 78 percent. 0f this, 'wet’pavement
accidents were almost completely eliminated (96 percent)
and dry pavement accidents dropped 28 percent,

The reduction in dry weather accidents, if
confirmed by further observation, appears to be
significant, There is no reason to doubt that the
dry friction value of these pavements was sufficiently

high. 1In our opinion the decrease in dry weather accidents -
may be the result of the ability of the grooves to 'track

or aid as a guide for a vehicle partially out of control
in the curve area. Such loss of control would most
commonly be caused by entering the curve at high speed
and then rapid deceleration within the curve area. Such
action could cause loss of control. The longitudinal
grooves by acting as "tracks' could resist lateral
movements and add stability to the vehicle. In the case
of the wet pavement condition we may therefore assume
that longitudinal grooving in curve areas not only
increases the friction factor, but also acts as a
stabilizer against lateral instability.

-9-
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. Table'D shows the exposure in million vehicle
miles, accident rates, and other information. Both wet
and’ dry pavement accident rates were ‘calculated-

relative to the number of wet or dry days. These rates
could not be calculated at the Interstate 80 location,
project M, since the number of wet days was not available.

' All of the’ accident rates on wet days were
much higher than the average state highway rates at

both urban and rural locations. Since the number of
wet' days is very few in southern California, the
resulting exposure is also very small. When this is
divided into the relatively large number of accidents
occurring on wet pavement, the result is an unusually
high rate. All locations. (excepting one) had higher
than average- total accident rates in the before grooving
period. The urban concrete surfaced freeways all had
below average. (£1.61) rates in the after period. The
two' rural locations (both concrete surfaced) still had -
higher than average total accident rates (> 1.00)
despite sizeable drops in rates after pavement serration.

: For comparison purposes the accident rate on
a one mile stretch of asphaltic concrete pavement just
south of the serrated project N was compared with the
unserrated control section. The results are shown in
Table E and ¢léarly indicate the excellent reduction
in wet weather accidents following grooving. 1In the
same period the control section had a gain in wet
weather accidents.

: ST 1s proposed ‘to continue this accident
'analy51s, ‘and per10d1ca1 skid resistance surveys to
determine poss1ble increase in accidents as the friction
value changes during serv1ce life.

Cost of Grooving

: On ‘seven JObS in District 07 the cost of
-:groov1ng was“in the range- of seven to nine cents per
square foot. In some other Districts the cost is
somewhat higher. The best average is approximately

ten: cents- per square foot

Sumhary
_ In summary it appears that pavement grooving
performed in-a direction parallel to the centerline will
definitely reduce the wet weather accident rate in low

friction value areas of PCC pavements. Excellent reduction
of wet weather accidents occurred after grooving of an old

_10;‘
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asphalt concrete pavement. However, this pavement was
very hard and brittle, and we do not recommend grooving
of anyénormal asphalt concrete pavement since kneading
by traffic may rapidly close the grooves. It seems
preferable to apply a screening seal coat, slurry seal
coat or dense or open-graded mix.

The friction value is raised following grooving.
The rate of change in friction value from wear and polish
of the grooved area appears to depend on the characteristics
of the original concrete pavement, since two pavements
with heavy truck traffic showed little change in friction
values after a number of years of service. On the other
hand some pavements show quite rapid drops after only
seventeen months of traffic. Further results are
required. : :

¢ Motorcycle and light car tests clearly indicate
that 1/4" x 1/4" grooves will create problems in vehicle

control, It is recommended that cuts no greater than

1/8" x 1/8" be used if vertical grooves are cut in the
pavement. 1/8" deep x 1/4" wide V grooves do not appear
to create any problems. Further studies are required

‘before any specific spacing may be recommended. However,

since approximately equal accident reductions were noted
for 1/2 inch and 3/4 inch spacing it is recommended that
1/8" x 1/8" on 3/4" centers be used. It is highly
desirable that further areas be grooved with a series

of patterns as was done on the Ventura project in order
to determine effectiveness in raising the original
coefficient of friction, and resistance to wear and
polish under equivalent concrete and traffic conditions.

PRELIMINARY STUDIES ON DYNAMIC HYDROPLANING

Essentially, dynamic hydroplaning may be defined

- as the condition under which the tire footprint is actually

lifted off the pavement by the action of fluid pressure

and then rides on a fluid film of some finite thickness.

Dynamic hydroplaning has been studied mainly by those

concerned with wet weather landings of high speed aircraft
1). However, some authorities believe that dynamic

hydroplaning may be a factor in uncontrolled skids of motor

vehicles during periods of heavy rainfall.

The important parameters of significance to
dynamic hydroplaning of aircraft or motor vehicles are
the speed of the vehicle, tire inflation pressure, tire
condition, depth of water and surface texture.

=11~
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o A preliminary analysis has been completed in
an attempt to determine the importance of dynamic
hydroplaning as a cause of accidents. In order to try
to eliminate as many causés as possible only single

. car accidents in 1964 and during periods of actual rain
were analyzed. This was the latest year that records
were available when the analysis was started in 1966.
During the year 1964 there were 13,917 wet pavement
accidents which was 9.7% of all accidents. There were
9,480 accidents during actual rain or 6.6% of all
accidents., Of the accidents occurring during rain

. there were 1,705 which involved only a single vehicle.

' These were selectéd for further analysis and the
Highway Patrol reports were carefully studied. A study
of the reports showed that 152 accidents out of the
1,705 occurred during heavy rainstorms, where there was
the .possibility of a sizgéable thickness of water cover
on the pavement. Information on these accidents is
shown below: Lo :

—s5eed —Road Section|Tiré Conditlon] _ Vehicle

Z0T30[40[ 5060 [70|Tan- Not Stan-
30140| 50|60 |70 |80]|gent | Curve |Stated|Smooth |Compact |dard
3li2{3460lsz] 1| 85 | 66 | 112 | 37 38 {114

Total Accidents = 152

- .. . All of the above noted accidents occurred at
individual locations. We also note the high proportion
of speeds in the 50-70 mph range. This appears to be a
high rate of speed for vehicle operation during a heavy
rainstorm. Thirty-seven of the vehicles had poor tire
condition ‘eithér on the rear tires or on all four tires.
Of interest is the finding that 55% of the accidents
occurred on tangent sections. Normally most wet pavement
accidents occur ‘on curves.

e Thirty-one of the accidents were reported to

" be caused by water on the road, puddles, or hydroplaning.
Hydroplaning was mentioned as the cause in seven instances.
Eighiteen of these acéidents occurred on tangents and twelve
on curves. =~ ‘ . .

e In summary during the year 1964 there were
9,480 accidents in which rain was falling at the time
of the event., This group contained 1,750 single vehicle
accidents. 152 of the single vehicle accidents occurred
at the time of heavy rainfall where hydroplaning was a
definite possibility. Of these accidents Highway Patrol
reports in seventeen cases mention water on the pavement

«]l2-
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in the form of puddles or hydroplaning as the accident
cause. The fact that a sizeable number of the accidents
in the potential hydroplaning group were traveling at
speeds in the range of 50-70 mph indicates that excessive
speed for the very poor weather conditions may have been
a very responsible factor in either directly causing the

. accident or. indirectly influencing the tendency of the
vehicle to hydroplane. '

-13~
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TABLE A

Coefficient of Friction Values of Wet
Weather Accident Sites

T Average o

| ‘Coefficient. “o| 7
| of Friction
- ~Outer Wheel
Location Track, Travel
Number Lane _ .Description of Roadway
1 0.22 : Curve area, asphalt concrete |
2 E.B.=0.16 S curve area, asphalt concrete
W.B.=0.18
3 0.26 | Near road junction, asphalt concrete
A 0.18 | Curve through bridge, asphalt concrete
5 0.18 N Curve, asphalt concrete
6 0.17 Curve, asphalt concrete
7 0.22 Curve, PCC pavement
8 0.26 : Fairly short radius, reverse curves,
_ _ - asphalt concrete B
9 0.25 Curve on overpass, PCC pavement
10 0.17 ' Cross road approach, asphalt concrete
11 N.B.=0.15 Curves and tangent, asphalt concrete
S.B.=0.19 _
12 0.20 Off-ramp, asphalt concrete
13 0.20 Bridge approach, asphalt concrete
14 0.24 Steep grades and sharp curves.
Asphalt concrete
15 “0.19 Curve, PCC pavement
16 N.B.=0.24 Bridge deck, PCC pavement
' S.B.=0.28
17 N.B'=0'013 : .
S.B.=0.11 _ Tangent-AC pavement-Accidents
0.28 Tangent- " " No Accidents-
13_;' 0.18 ' Cﬁrve, downgrade, PCC pévement
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TABLE A

Coefficient of Friction Values of Wet

‘Weather Accident Sites

ClibPD

Average .
Coefficient
of Friction
OQuter Wheel
Location | Track, Travel
Number Lane Description of Roadway
19 0.15 Curve, PCC pavement
20 0.21 Reversing curves with an intervening
: tangent on overhead. PCC pavement
21 . 0.18 Intersection area, asphalt concrete
| . plus heavy fog seal
22 0.24 Sharp left curve with slight grade.
4 Asphalt concrete
.23 0.27 Sharp right curve with 37% downgrade.
L Asphalt concrete
24 0.27 ‘Slight left curve on gradual upgrade.
- Asphalt concrete
25 0.25 Tangent near intersection. Asphalt
o concrete
| 26 0.21 Téngent-full freeway. Asphalt concrete
ot plus heavy fog seal
27 0.21 Tangent near on-ramp. Lane changes by
‘ vehicles. PCC pavement
28 0.21 Left curve with off-ramp on right.
: " | Asphalt concrete plus heavy fog seal
29 %N.B.=0.26 Sﬁarp left curve. Steep downgrade.
- J.B.=0.27 Asphalt concrete
30 : 0,24 Sharp curve :5
31 0.28 Gradual curve to }ight. Slight grade.
PCC pavement
- 32 0.22 Gradual curve to left. No grade.
o PCC pavement
33 0.25 Gradual curve to left. 1.5 to 3.5%
- downgrade. Asphalt concrete
34 0.20 Sharp S curve and steep downgrade-
slippery when wet sign. Asphalt concrete
- 35 0.24 Gradual curve to left. Slight upgrade.

.- Asphalt concrete
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‘ TABLE A
Coefficient of Friction Values of Wet

Weather Accident Sites

Average
Coefficient
of Friction

, Outer Wheel !

Location | Track, Travel - !
Number Lane Deséription of Roadway
36 0.26 .Gradual curve. <Slight upgrade.
g - Asphalt concrete
‘ 37 0.14 ' Off-ramp.- Asphalf concrete plus
¥ heavy fog seal
38 0.21 Curves plus short tangent. PCC
pavement

39 0.25 Curve, PCC pavement

40 0.23 Curve, PCC pavement

41 -~ 0.27 Curve, PCC pavement

42 0.20 Tangent, PCC pavement

43 0.19 | Curve, PCC pavement

4ty 0.23 -}  Curve, PCC pavement

45 0.16 Tangent-AC pavement treated with seal

45A . 0,30 Tangent-AC pavement. No treatment-

No. accidents
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Figure 7

CHANGE IN FRICTION VALUES FOLLOWING
GROOVING OF PCC PAVEMENTS
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State of California
Department of Public Works
Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

APPENDIX A

Test Method Mo, Calif. 342-C

Oetober 3, 19466

ME'I'HOD OF TEST FOR PAVEMENT SURFACE SKID RESISTANCE

Scope

This method deseribes the apparatus and procedure
for obtainine surface skid resistance values of Bitu-
minous and Portland Cement ('onerete pavements.

"

Procedure
A, Apparatus

1. Skid test unit,

a. Reference is made to Figures 1 through IIT
in connection with the follomnrr deseription of the
construetion of. the test unit. A 4.80/400x 8, 2-ply
tire with (25 2 2 nsi) air pressure (A), manufac-

. tured with a smooth surface, together with rim, axle

and driving pullev js mounted on a carriage (B). The
tire is brought to desired speed by motor (H). The

~earriage moves on two parallel guldes (C), and the

frmtlon is redueed to a low uniform value by allowing
three roller bearings fitted at 120° pou1t=; to bear
against the guide Tod at each corner of the carriage.
The beannw assembly may be noted on Figure 111
(D). The two guide rods (C) are rigidly connected
to the end framo bars (E)}. The front Plld of tHis guide
bar frame assembly is firm]y fastened to a restraining
anchor. The bumper hiteh provides for sx\mgmg the
skid tester to the right or left after pos:tmnmrv the
vohicle, The rear end of the frame assembly is raised
by a special adjustable device (F), Flgure 11, so as
to hold the tire 14-inch off the surface to be tested.
This device is so construected that the tire may be
dropped instantaneously to the test surface by trip-

‘ping the release arm (G), Figure TI. Tachmneter (K)
‘indicates the speed of the tire.

2. Hitch for fastening unit to vehicle,
3. S8pecial level to determine grade of pavement,
a. A 28" long standard metal carpenter’s level,
Fig. IV, is fitted at one end with a movable gauge
rod which is ealibrated in % of grade.

B. Materials

1. Glyeerine.

2. Water.

3. 2-inch paint brush.

4, Thickness gauge ¥-inch ( a piece of 4-inch ply-
wood 2° x 17 is satisfactory).

Q. Test Procedure
1. Determine and record grade with speecial level,
see Fig. IV,
a, Plaee level on pavement parallel to direetion
of travel with adjustable end down grade.
b. Loosen locking serew and raise level until
bubble centers and then tighten locking serew on

sliding bar.

¢. The grade is indicated on the ealibrated
sliding bar.

2. Remove apparatus from vehicle and attach to
bumper hiteh, Fig. V.
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3. Position apparatus with fire over selected test
area and parallel to direction of traffic.

4. Raise tire and adjust to ¥-inch {¥4” tolerance)
above surface to be tested with device (F').

5. Wet full circimference of tire and pavement
surface under tire and 16" ahead of tire eenter with
glycerine, using a paint brush.

6. Set sliding gange indicator (1) against carnaﬂe
end.

7. Depress starting switeh (J) and bring the speed
to approximately 55 mi/hr. :

8. Release starting switeh.

9. The instant the tachometér shows 30 mi/hr trip
arm () dropping tire to pavement,

10. Read gauge (N) and record.

11. Release rebound shock absorber,

12, Move to next section and repeat. . ‘

13. In any one test location, test at 25 intervals in
a longitudinal direetion over a 100" section of pave-
ment,

] .
D. Precautions

1. The rear support rod (0), Fig. 1I, must be
cleaned by washing frequently with water and a de-
tergent to prevent sticking,

2. Sliding gauge indicator (P) must be kept clean
s0 that it will slide very freely.

3. On slick pavements glycerine remaining on the
pavement should be flushed off with water to prevent
possible traffic aceidents.

E. Field Construction Testing of Portland Cemehnt
Concrete Pavement .

The following procedure shall be followed in the
field testing of a portland eement conerete pavement
for sf)euﬂcatwn compliance of the minimum friction
value. A minimum of seven days after paving shall
lapse before testing.

1. Visually  survey the total length of pavemant
for wniformity of surface texture. Note all areas which
do not have definite striations or which appear smooth.
Conduet this survey with the Resident Engincer or ab
Assistant who éhas knowledge of any difficulties in at-
taining a proper surface texture during construction.
The attached photograph, Figure VIII, may be used
as an aid in the evaluation of the existing texture jn
relation to the coefficient of frietion, but is not to he
used in lieu of actual coefficient of frlctlon measure-
ments.

2. The determination of test locations, as outlined
below, shall apply only to that portion of the pave-
nment which has well formed striations. All areas that
appear smooth, or those that have been ground shall
be excluded. (See E-3 for procedure to follow for
smooth pavements).

a. Select a minimum of three test locations for
each day's pour and check a minimum of three pour
days per contraet.
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I)etermme the loeatmn of test‘ sites .11 a q.ndom
manner through use of a Raudom \'umber tablq The
use of this method requires “that: the aréa for.test be
uniformly textured -and placegl in one *omraggn.«As
an example, a +-lane pavement ‘may, be pl t;:ed" with. a
three lane width in-one operatmn"aﬁl t @
placed qepa’r'xtelv Each of thqse areds nmst«be treated

separately in selecting: test locatmus 'i‘he"f i)“"mng_

example illustrates the. use of th;s tahl £l

A section of pav ement is 2-1' mde a
and is part of a 1-lane free\vay Thls sechon ofw pave-
ment has been plaved in one. oparqx S aud qud tests
ave required. From 2-a, it is reqm’r d that ‘three

P

jocations be determined. . &- «ﬂ 'z

-T'sing ther randoin. nmnber:q, A% - %ho\\n. cth’ e_ ﬂw
three locations in the tollowmg lhannen,,,. _.L 2

v

o “IiandomNumkers..,,
Long;tudmal " [ .

Starting at any point dlld proceedmg up, Ql‘- down,
but not sluppmw any’ numbers, read three pairs of
numbers and set up “each locatmn "s fellows YL

Dwtaqce fromRnght

Distance from Stert Edg¢of Pout .ﬁoaki’ng
: of Powr,. " * ‘u up Smtwn'
Location A o -.-- 0.6 X 4.000" = 409 N G X2 f— 12’ .
Location B 2 __.. 0.9 X 4 ()00’ = 3,600 l) x 2. = 18’
Lacation ¢ 2 ___. 0.2 x 4,0000 =" ’,x 2 ": ’4'

In case any locatlon as determmed.above falls ina
smooth or ground area which does nof?,appear “Jrepre-
sentative of the general surface. text}lre then; choose
the next numhbér in the random table f.mdr geleet a
new location.

At each test loeation obtam the ﬁrst readlng at
the specified random location (usmg the met‘Eod de-
scribed under - C-Test Procedure).- Obtalg the hext
four readings at 25 intervals beyond. sthe ﬁrstfr read-
ing. Obtain:all readings at Sites parallel to thé'center-
_ lme of the lane After correctlou for* grade as’shown
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S8 test,

in F, average the five readings. Record this average
as the friction value for the specific test location.

3, In all areas that present a smooth textured ap-
pearance or have been ground, the following shall
apply:

a. Check a minimum of three ground area
locations and all smooth appearing surfaces on each
contract.

b. If the area is less than 100 in length per-
form at least three individual tests in separate spots,
correct for grade and average the resulis,

c. If “the area is greater than 100’ in length,
select sufficient test locations to insure that the area
is above the minimum requirement. If the average
value of all loeations is below the required minimum
then perform additional tests until the area is local-
ized for remedial action,

F,. Calculations

1. Make grade corrections using charts shown in
Figures VI and VIL

2 Average the 5 corrected readings in any one test
location., E:rample—The following readm"s were taken
at 257 intervals in a test location. The arade of the
pavement, determined as deseribed in C-1, was +4%.

Measured Correcied

Coofficient Coefiicient
Station of Friction of Friction®*
1400 o 0.33 0.38
1425 R - 0.34 0.39
1450 e 0.24 0.39
14T] e 0.33 0.38
2400 o 0.33 0.38
"Final Average for Test Site____________..___._ 0.38

* Cotrected coeMelents of frictlon were taken from chart in Flgure VI.

@. Reporting of Results

For all results determined under E-2, report the
result for each station location and the average of
5 readings and the grand average. For all results
determined under E-3, part (b), report the result for
each station location and the average. For E-3, part
(e), report the result for each station locatmn and
the average for each set of five determinations.

REFERENCE
A California Method

End of Text on Calif. 342-C
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FIGURE 1l
CLOSE-UP VIEWS OF SKID TESTER
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FIGURE IV
LEVEL FOR DETERMINING GRADE ‘
Fy

FIGURE V
APPARATUS IN POSITION FOR TESTING
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COEFFICIENT OF FRICTION CORRECTION CHART
FOR_MEASUREMENTS MADE ON GRADES
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- “COEFFICIENT OF FRICTION CORRECTION CHART
- FOR_MEASUREMENTS MADE ON GRADES
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FIGURE VI
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FIGURE Vil
PHOTOS OF SURFACE TEXTURES
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FIGURE 1X

APPARATUS BEING PLACED IN VEHICLE
NOTE CABLE AND WINCH FOR MOVING SKID TESTER

: FIGURE X
APPARATUS IN POSITION FOR TRANSPORTATION
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