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This paper is specifical'ly dìrected toward one
of the categories in the statewide highway
safety improvement programs in Texas. The pro-
gram for reducing skidding accidents during wet
weather jnc'ludes obtaining and reporting skid
resistance information; obtaining and reporting
wet weather accident information; selecting and
prioritizing'locations for treatment and pro-
vìding skid resistant surfaces. A discussion
of each part of the program is included.

Even though attempts were made to provide skid
resistant surfaces early in the history of hìghways
in Texas, the first skid resistance measurements
were made in 1962. Since then, much time and con-
siderabie funds have been expended in the study of
skid resistance and in developing methods of reduc-
ing wet-weather accidents.

The program for reducing wet weather skiddìng
accidents may be explained in four parts:

1. Development of skid resistance information.
2, Treatment of accident information.
3. Safety improvement program for skid-prone
'I oca ti ons .

4. Providing skid resistant surfaces.

Development of Skid Resistance Information

In the past, pavement skid resistance measure-
ments have been obtained usìng a stopping distance
vehicle, skid test trai'lers, a British Portable
Tester and a Penn State Drag Tester. The stopping
distance vehicle was used initially and the Penn
State Drag Tester was used experimentalìy. At
present, the British Portable Testelis used in
connection with laboratory tests. The skid test
trai'ler is used exclusively in the field for inven-
tory work. A history of the development of the unit
fo l l ows:

1963 - First skid test unit fabricated in the
Departmental shops. Used in research studies.

1968 - Three additional test trailers fabricated.
Used for statewide skid resistance inventory.

1974 - Four new second-generation skid test
units fabricated in the Departmental shops. Texas
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Transportation Institute assists in the automation
of the units. One unit is used for research stud-
ies and three units are used in a statewide inven-
tory.

ln 1974, a system was devised wherein skid
resistance data could be col lected in an automated
manner (1). This system was developed around a

scheme for numbering construction jobs. Each con-
struction job in each district (field) was assigned
a unique number, which was termed a Construction
Section Number (CSN). Materia'ls, traffic, location
and past skid resistance information were collected
for each construction job and stored in a (computer)
automated file using the CSN number as the file'location key. Each skid test unit was fabricated
with equipment that resuited in a nachine process-
able punched teletype tape.

The location key punched on the paper tape is
the CSN. In other words, the beginning of each
construction job is vìsually located from the truck
cab by the unit observer and "dialed in" on the
instrumentation provided. As the unit passes the
beginning of the construction iob, a button is acti-
vated which automatically punches the CSN which was
dialed, a'long with temperature and direction of
travel. Skid number, velocity, distance from CSN

initiation,'lane tested and selected comments are
punched on the paper tape at each lock-up. Figure 1

is a general view of one of the skid test units.
Figure 2 shows several items of equipment on the
tra'iler in addition to part of the watering system.
A torque ring is used as the force transducer.
Figure 3 shows both the operator conso]e (left) and
the observer conso]e (rjght). The view is from the
rear seat facing toward the front of the truck. The
center divider contains four digital displays indi-
cating the skid number, t,ater pressure (assures
correct water discharge), the distance in miles from
the jnitiation of the CSN, and a distance readout in
feet which is used to determine the mìleage readout.
The frequency at which the test tire is braked may
be preprogrammed by dialing a number on a thumb-
wheel switch. This frequency or lockup interval may
be se'lected from 0.161 km (o.t mile) to 1.448 km
(0.9 mile) at 0.161 km (0.1 mile) intervals. The
divider also contains a strìp chart recorder. The
digital display for the velocity is shown iust below
the gear sh"ift in the vehicle dash panel. The ob-
servers console in the upper left contains thumb-



wheel switches by which the CSN, temperature, lane
and dÌrection of travel may be dialed. The I ight-
colored push butoons are actjvated to denote stan-
dard comments such as "test obtained on a horizontal
curve" and "test obtained on a flushed area. " Figure
4 shows the teìetype and timÍng or strobìng hardware
which is located in the rear seat area.

Figures 5 through 11 are examples of seven types
of reports that are available to the user. Report I
on Figure 5 automatically is submitted to the field
district when the teletype punched paper tape is pro-
cessed. The other reports may be obtained whenever
needed. It may be noted that field data have been
combined with previously stored data for reporting
purposes. This ìs accomplished by using the CSN
which ïs available on both field and computer stored
data. Also the low, average and high skìd numbers
of a given CSN are stored, as the paper tape is pro-
cessed, eventuai ly forming a history or skid resis-
tance performance of various pavement types and
materials. The location information is compatibìe
with accident'location information.

Treatment of Accident Information

Hjstorically, the statewide reporting of vehicu-
lar accidents in Texas has been a combined effort of
the Department of Public Safety (DPS) and the Texas
Department of Highways and Public Transportation
(DHT) (a). The DPS investigated each accident and
fi'led añ- accident report. tne OHt processed the
accÍdent report and stored the information. 0rigi-
nally, this process was Iirnited to rura'l areas..
Recently, urban areas were added with cìty police
units forwarding accident reports to ,a centra'l pro-
cessrn9 group.

To assist DHT personnel in selecting and study-
ing wet weather accident sites, severa'l reports have
been developed. Figure 12 is an example of a report
indicating both total (all or wet and dry weather)
and wet weather accidents, and accident rates (3).
The rates are based on 160.9 million vehicular -
ki lometers (100 million vehicle miìes) of travel.
It may be noted that wet weather accident rates are
generally 2 to 3 times higher as compared to the to-
ta'l accident rates. Some wet weather accident rates
have been noted which are 10 times greater than the
total accident rate. The report shown in Figure 12
is available annually for every state-maintained
rural h'ighway and is subdivided by political sub-
division (county). The "Cont and Sec" (Control and
Section) represent certain lengths or sections aìong
given highways but do not represent construction job
limits. Figure 13 is a list of skid-prone controì-
sections selected by a method to be explained 'later
ìn this paper. The number of wet weather accidents
and the wet weather accident rates are available for
perusa I .

The exampìe in Figure 14 ís aiso a list of skid-
prone locations. The difference between the infor-
mation in Figures 13 and 14 is that Figure 13 con-
cerns longer 'lengths of roadway, whereas Figure 14
is for spot (0.161 km or 0.1 mile) locations.
Fìgure 15 is an example of a summary of each individ-
ual accident occurring within the skid-prone'loca-
tions selected as shown in Figures 13 and 14. The
control section is shown in the upper left; however,
the milepost is shown along the top of the sheet.
Each vertical column represents an accident event.
The locations are shown to the closest 0.161 km
(0.1 mile) and the first locatjon was at milepost
0.6. The last location was at milepost i7.9. The
symbol "l.l" represents an accident in wet weather
conditions and of course "D" is for dry conditions.
0n many occasions a quick glance wjll indicate
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certain events that would reduce the probability
that the site should be considered as skìd-prone,
such as the vehicle in collision with an animal. 0n
the other hand, it is believed that greater consÍd-
eration should be given to those sites with large
numbers of single vehicle accidents while wet, and
especially those in which the investigating officer
recorded, "lost control and skidded."

The present Statewjde Highway Safety Improvement
Program was initiated in December L974 (4), The
program was subdivided into four categor-ies as
follows:

1. High Accident LocatÍons.
2. High Hazard Locations.
3. Roadside Fixed 0bjects.
4. Skid-Prone Locations.

The concern in this paper is the category en-
titled "Skid Prone Locations." This category con-
tains a method of selecting the locations and then
establishing a statewide priority rating. Skid-
prone ìocations are selected using the following
criteria:

A. For Spot Locations - Any 0.161 km (0.1 mile)
section exhibiting 3 or more wet weather accidents
in a one-year period. (See Figure 14)

B. For Long Sections - (i) eny control-section
exhibiting 2 or 'less wet weather accidents annually
shouìd not be considered. (2) AlI contro'l-sections
exhibiting 20 or more wet weather accidents annually
should be considered without restriction. (3) Con-
trol-sections having 3 to 19 wet weather accidents
annually should be considered jf:

a' fü* ( 
3,ooo

DVM = daily vehicie miles
l.lt,lA = number of wet weather accidents

b. The control section length is 0.483 km
(0.3 mile) or more.

Figure 13 is an example of a list of control-
sect,ion locations within one of the twenty-five
districts in Texas.

The statewide priorìty rating is established by
the fol lowing method:

SPI = BCR X (ADT/1000) X SNF

SPI = Skid-Prone Index
BCR = Benefit Cost Ratio
ADT = Average Daily Traffic (Annual)
SNF = Skid Number Factor

The SNF is determined from:

SN4o = <30 30-40 > 40

SNF = 1/30, I/35, I/40
The BCR is determined as follows:

scn = ABAcÃieAMc

ABAC = Annual Before AccÍdent Cost
AAAC = Annual After Accident Cost
AIC = Annual Improvement Cost

ABAC =
BAC

Number of Years of Accidents

BAC = Total Accident Cost During the Before Study
Peri od

ram for Skid
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CRF'li fe

0n:

AAAC=ABACX(1.00-RF)

RF = Percent reductÍon by type of improvement
(expressed as a decimal)

since 1972 in both paving and bridge decks has been
from a source with si Iìcious origin. Silicious fine
aggregate general'ly has sharp, angular faces in Texas.
However, some test is needed which would assure an
aggregate with sufficient angular faces. Such a test
is not used; however, some postulation has been given
to a dry buiking test proposed by Rose and Havens (7).

Macrotexture is developed from the surface finish-
ing process. Surface strength is partÍcularly impor-
tant in maintaining mactrotexture. In the past sev-
eral years there has been a trend toward finishing
processes that provide greater macrotexture. The
trend has advanced from a belted finish to a tine
finish. For several years a burlap drag was used
and wooden floats, a broom and several types of plas-
tic grooving have been used experimentally. Ihe 1972
Standard Specifications included the first texture
values as measured by the "sand patch" method. Basi-
cally, these values required 0.635 mm (0.025 inch) on
pavement surfaces and 0.889 mm (0.035 inch) on brìdge
decks at the time of construction. At present a spe-
cial provision to the standard specifications is being
used which requires 1.27 nn (0.050 Ìnch) on both pave-
ment and bridge decks to be developed by use of metal
tines at approximately 1,27 cn (L/2 ìnch) spacings.
Transverse tines are required on paving and the di-
rection of the tine application is 'left to the dis-
cretion of the district engineer in the case of
bri dges .

To assist construction personnel in obtaining
texture, ìightweight plastìc or styrofoam specìmens
that have four exampìes of texture depths have been
distributed to project engineers and construction
inspectors. Beìng light in weight, the specimens can
be carried to the construction job and used as exam-
ples to judge the texture of fresh concrete.

Asphaltic Concrete

A large percentage of pavement surfaces in Texas
are composed of asphaltic concrete. The vast majority
are dense-graded, generally a Type D mix which has a
9.53 mm (3/B inch) top size aggregate with around 60ß
to 701" by weight retained on the lO-mesh screen. As-
phalt contents vary from about 5% to 7% by weight.
At the present tìme, approximately 160 lane km (100
'lane miles) of open-graded asphaltic concrete exist
in the State. Most of the open-graded asphaltic con-
crete is of recent construction. Sand asphalts are
rare]y exposed to the surface; however, this type of
material is used frequently in base courses.

Skid resistance on the usual asphaìtic concrete
mix is basically derived from the coarse aggregate.
Discounting the ìayer of fines on the coarse aggre-
gate at or soon after construction, the tire is in
contact with the coarse aggregate during passage.
l^lith age, traffic, and weathering, the fine aggre-
gate-asphalt mortar is generally dislodged, leavjng
the coarse aggregate in even more intimate contact
with the tire.

Microtexture is avajlable from the fine aggregate
in the mix, but because of the domjnate role of the
coarse aggregate, microtexture on the surface of the
coarse aggregate particles is essentiaj. Sharp
angular facets on the surface of the aggregate parti-
cles are also necessary for the coarse aggregate t0
have good skid resistance properties. If a coarse
aggregate can be found whÍch wi'll maintain good
microtexture and angular facets under traffic, an
asphaìtic concrete surface can be constructed which
will maintain good skid resistance, provided suffi-
cient water drainage is available.

Macrotexture for the usual dense-graded mix stems
from the protrusion of the coarse aggregate particles
from the pavement surfaces. The extent of the macro-
texture depends on several factors such as void

AIC = Total Project (Improvements) Cost X CRF

= Capjtai recovery factor for project service
at 8 percent interest rate.

The annual before accident costs are to be based

fatal i ty.
i nj ury.
property damage accÍdent.

the largest SPI has first
projects are ranked in order

$82,000 for each
3,400 for each

480 for each

The project with
pri ori ty. Subsequent
of decreasing SPI.

It should be noted that both the se'lection of lo-
cations and the statewide pniority rating schemes
were established arbitrarily and are based on judge-
ment.

Providjng Skid Resistant Surfaces

Providing a skid resistant surface in Texas is
synonymous with providing a surface with optimum
texture, both macrotexture and microtexture. To
mai¡taì¡ a skid resistant surface it is necessary to
mãfiGîñ optimum surface texture.

When hydroplaning is considered in providing
skid resistant surfaces, the water 'layer between the
tire and the pavement must be reduced, and at times
drastically reduced. The water layer on the pavement
surface may be reduced through adequate geometric
design and through adequate cross-slope or super-
elevation consideration. The water layer between
the tire and the pavement may be reduced by proper
pavemeñT mix desìgn and construction procedures.
Adequate mix design and construction procedures will
provide (1) dynamic water drainage around the macro-
texture projections as the tire passes; (2) dynamic
internal water drainage into and through the pavement
surfaces; or (¡) a combination of (1) and (2). A
d'iscussion of providing skid resistance for each
major pavement type fo'llows.

Portland Cement Concrete

The skid resistance experience in Texas for
portland cenent concrete paving has been good. In
general, the SNeo values will be around 50 or above
soon after construction and rarely below 35 in the
"as polished" condition. However, there are many
exceptions to this.

Texas has little studded tire traffic and there-
fore, the coarse aggregate is rarely exposed. For
this reason, when considering skid resistance, con-
siderable emphasis is given to the fine aggregate
and very little to the coarse aggregate.

Microtexture is developed from the fine aggregate
and mortar. To obtain adequate microtexture, it is
necessary to use a fine aggregate that is sharp and
angular. To maintain the microtexture, a hard aggre-
gate that wi'll continue to exhibit sharp, angular
edges is needed. A durable concrete with an excel-'lent surface strength will hold the fine aggregate
in place. Because of this the L97? Standard
Specifications require the fine aggregate to meet a

value of not less than 28% by weight when subjected
to an acid insoluble residue test (Test Method
Tex-612-J) (5, 6) The same requirement exists at
the present time. Most of the fine aggregate used



content of the mix, asphalt content, traffic, weath-
er, abras'ion resistance of the aggregates, construc-
tion techniques. It would be helpful to have avail-
ab'le a procedure to assure adequate macrotexture in
a dense-graded mix, but at present no method is used
in Texas.

The British Whee'l Test is presently used to
specify coarse aggregate with durab'le skid resis-
tance characteristics and the test does a good job
of predicting the skid resistance performance of
aggregate (8). This test has been in use since 1971.
The test is not included in the standard specifica-
tions, but it is used through special provisìon
clauses. The test procedure has been s'lightly modi-
fied from the parent British BSS-812 test procedure;
therefore, the term "polish value" is used to des-
cribe the "terminal" polished condition of aggregate
rather than the British term polished stone value.
The following poìish values are specified at the
present time:

Minimum
Pol ish Val ue

None
30
33
35
35

Present
Average Daiiy
Traffic Groupinq

0-7 49
7s0- 1999

2000-4999
5000-0ver

A'lI Interstate Highways

A British Portable Tester is used in the test to
determine poìish values. However, an auxil'iary
scale such as that used by the British is not used
to determine the polish value. Therefore, the values
indicated above may seem ìow to some readers. An
approximation of values using an auxiliary scale
would result if the above values were multiplìed by
a factor of i.67. Thus, a polish value of 35 would
be about equivalent to a polished stone value of 51.

A smal'l number of jobs have been constructed in
the State using an open-graded mix. As compared to
a dense-graded mix, the open-graded mix should be
mixed, transported and placed in a relatively cool
condition. Attempts should be made to reduce the
tÍme of transport. The surface to receive the mix
should be waterproof and in good condition. An
aggregate with good skid resistance characteristics
should be used in the mix.

The injtial SNao va'lues on the open-graded mixes
which have been pìaced are usually relatively ìow or
around 35 to 40. These values improve with time and
are maximum within several hundred thousand traffic
applications. When using the same coarse aggregate,
the SN+o va'lues are jower than that of a penetration
seal and about the same or slightly lower than a
dense-graded mix. Even though open-graded mixes
have not been tested in heavy rainfall conditions,
it is believed that the reverse would be revealed or
the skid resistance of open-graded mixes would be
higher as compared to dense-graded mixes. The rea-
soning is related to the excel lent drainage proper-
ties of the open-graded mix. Water is drained into
and around the aggregate partic'les. Because of the'Iarge void content, excellent macrotexture is also
avai lable.

Because the coarse aggregate again provides the
major role in providing skid resistance in the open-
graded mix, the British Wheel Test is used in the
specifications. The polish va'lues specified are the
same as those used in the dense-graded mixes.

Penetration Seals or Surface Treatments

A penetration seal and a surface treatment have
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similar construction techniques. The term "surface
treatment" is used in conjunction with newìy con-
structed sections of roadway. They may be singles,
doubles or tripìes, depending on the number of layers.
Multiple courses conform to a "macadam" construction
method. The term penetration seal is used in refer-
ring to maintaining or upgrading an existing surface.
Surface treatments are used extensively 'in the State
as the surface on newiy constructed pavements, par-
ticularly secondary roads. There is a tendency not
to use seals or surface treatments on high-vo'lume
highways. Intersections and other geometric loca-
tions where high friction is needed show poor results
when seals have been used. It is believed that the
friction developed between the tire and the rock
causes the rock to dis'lodge. The most used specifi-
cation requires a Grade 4 in which the maiority of
the aggregate is retained on the 6.35 mm (1/4 inch)
sieve and passes the 9.53 mm (3/B inch) sieve. The
aggregate size ranges from Grade I, which has a top
size of 19.05 rm (¡/+ incn) with the majority on the
15.88 mn (5/8 inch) sieve, to a Grade 5, which has a

top size of 6.35 mm (1/4 jnch) with the majority re-
tained on a number 10 sieve.

The recurring problem with this type of construc-
tion is the flushing that occurs from consolidation
or aggregate stripping. It is believed that more
stripping occurs than consolidation. Recently an
attempt was made to use a "one-size" aggregate in
surface treatment and sea]s. l,,lith the "one-size"
aggregate, more asphalt is generally used. Also,
less aggregate is needed and there is a tendency to
reduce the aggregate appìication rate. The "one-
size" aggregate change has apparently improved the
structural durability of the surfaces and, therefore,
the friction.

A skid resistant aggregate with good microtexture
and shape should be used in seal coats. The British
Wheel Test is used with surface treatments and seals
with the same "polish values" as specifìed with the
dense-graded asphaltic concrete.

Sprinkle Treatment

In the sprinkle treatment construction technique'
a smal l quantity of skid resistant aggregate is placed
(sprinkled) on the surface of a newly p'laced asphaltìc
concrete or portland cement concrete and bound by
rolIing, vibratjng, or tamping. Sprinkled aggregate
on portland cement concrete has not been used in
Texas. Therefore, the experience with asphaltic con-
crete wi'l'l be treated. Sprinkle treatment construc-
tion is considered in the State because of the eco-
nomic benefit. It is possìb1e to use the low-cost
local materials in the asphaltic concrete and only a

small amount of high-cost skid resistant aggregate as
the sprinkled material.

Sprinkle treatment construction was first notedjn British pubìications. Later, specifications and
construction procedures were obtained from the
Virginia Department of Highways and Transportation.
Because of the lack of funds to upgrade our highways
for both structural and skid resistance reasons, this
type of construction is becoming popular. However,
sprinkle treatment construction in Texas should be
considered experimental at the present tìme. In the
majority of the jobs to date the sprinkled aggregate
has been placed on the usual Type D dense-graded mix
previously described. The sprinkled aggregate has
usually been precoated to assure adhesion to the
asphaìtic concrete mat. Various aggregate types have
been used as the sprinkled material and various types
and quantities of precoating material have been used.
There has also been experimentation with aggregate
application rates and rock spreading equipment.
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The skid resistance history of sprinkle treat-
ment pavement sections has been understandably varied
because of the experimentaì nature. However,'the
skid resistance level appears highly dependent on
tfe type of sprinkled aggregate, the amount of sprin-
kled aggregate in place in terms of surface area,
and the extent the sprinkled aggregate protrudes
from the asphaltic concrete mat.

Rehabi l itation of Surfaces

Rehabilitation practices to renew skid resis-
tance generaliy have been sone form of over'lay pro-
cedure. Dense-graded mixes, open-graded mixes,'
sprinkle treatments and penetration seals have been
used as rehabilitation methods. The procedures in
obtaining skid resistance for rehabilitation are not
different from those involved in initial construction.

0ther methods of improving the skid resistance
of existing surfaces have been attempted. These
have been pavement grooving (sawed), acid etch.ing,
hydra broom (high-pressure water jet), reheating'
(treating flushed areas with aggregate after re-
heating), and heater pìaning (tiimminO the surface
with blades after heating). t^,ith the exception of
pavement grooving, the methods are consjdered as
on'ly temporary emergency measures unti'l treatments
with longer skid resistance life can be applied.

Sunmary

This paper has described the equipment, informa-
tion and methods used in a planned program for reduc-
ing accidents. The use of pavement skid resistance
and accident information in the reduction of accidents
is very illusive. It is believed that the iìlusive-
ness is due primarily to the time delay in obtaining
informatìon, particularly the accident information.-
In the large reporting network described in the
paper, statewide reports have a'lag time for initial-
ly collected information that is as much as fifteen
months. In many cases, rapid treatment is needed at
accident sites and long lag times are harmful.

Present efforts involve developing more frequent
automated reporting. Many fieìd personnel receive a
copy of the reports of the accidents occurring in
their area on the day following the occurrence.
Using this information, small or spot accident sites
can be located ear'ly and, at times, treated with
smalì funding.

There are, therefore, two methods for comective
action to be considered. First, with frequent re-
porting and in local areas, corrective treatnent is
needed at the locations that can be treated at iow
cost. Temporary corrective treatment may be consid-
ered. Second, the annual information may be used
for the more costly long-term corrective treatment
methods.

In summary, advancement has been made toward the
reduction of wet weather skìdding accidents and we
are proud of this advancement. However, much con-
tinued effort is needed.

Figure 1.. The 1974 Skid Test Un.it.
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Figure 2. Trailer Components.

Figure 3. Control Consoles.

rl
G

-
t



78

Figure 4. Te'letype and Strobing Units.

Fìgure 5. Skid Resistance Report 1.
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Figure 6. Summary, Sorted by Control Section.
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Figure 8. Statewide Frequency DistributÍon.
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Figure 10. Materials RePort.
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Figure 11. Materia'ls Report, Sorted by Pavement Type'
Aggregate Type and Source.
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Figure 12. llet Weather Accident Rate Report.
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Figure 13. Control Sections Selected for Priority Ranking.
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Figure 14. Spot Locations Selected for Priority Rating.
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Figure 15. Summary of Accidents in a Control Section.
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Figure 15. (Continued)
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