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Provision of skid-resistant pavement surfaces
adeouate to meet the needs of the motoring
pubiic on a wide range of facilîties requires
ä s.ystematic approach. The system employed
stroúl¿ have re'l iab'le testing procedures to
determine frictìon, criterìa to determine cor-
rective action and predictable specifications
for surfacing naterials to obtain the desired
performance.- The Pennsy'lvania Department of
transportation has adopted procedures based
on a iong history of research and deve'lopment
to obtaìñ an ecoiromica'l and predictab'le skid
resistant performance for pavements. The
testing program, correctjon criteria and
specification development using a Skid Re-
sìstance Level (SRL) criterion for aggregates
is described.

Hi story

The Pennsylvania Department of Transportation
has a long history of Ínvo'lvement in research and

developmeñt in the area of skid resistance. This
researðh work has evolved through development of
skid testing equipment and methods in the early
1960's and later to the properties of pavement

surfaces necessary to provide adequate levels of
skid resistance iir the'late '1960's and early '1970's.

Much of this work was conducted in cooperati0n with
the Pennsylvania State University and ìs.reported
under the Joint Road Friction Program. (l ' 2)

Joint Industry-Department Skid Task Force

By '1968 it was recognized that friction values
of biiuminous concrete þavements were governed
primaril.y by the properties of the coarse aggregate
barticle! uied in'the mix. Specifications had re-
ôuired natura'l siliceous sand in portland cement
niixes and this had been adequate to minimize fric-
tion problems with concrete pavements.

A'review of the information availab'le showed

that pavements constructed with Pennsylvania's
graveis and sandstones were considerably. higher in
iriction than those constructed with carbonate ag-
oreqates. The informatjon had been collected using
Ëroãd descriptive terms to group aggregates in
categories sûch as graveìs, s'lags and stones. The

oerformance of these cou'ld be compared to show rel-
àtive averages, however a broad ranqe of values oc-
curred within each grouP.

Even with similar pavements constructed with
aggregate from the same source' the meas-ured fric-
tiõn ùas affected by variations in traffic rate'
mix design, and conilitions durìnq testing.

It wãs apoarent that the aggregate parameters
needed a bettär definition in specifÍcation terms
in order to construct pavement surfaces that wou'ld

utilize each aggregate source to the fullest extent
possible, give ãdequate frictÍon for the life of
ihe particutar pavement and eliminate those aq9r9-
ãàiei which wouid po]ish. Because of the broad im-
óact that chanqes ìn aqqreqate spec'ifications would
irave, a Joint ÍndustrylÞennD0T Skid Task Force was

formåd. The Task Forôe was assigned the obiect'ive
of developìng requirements for construction and
maintenanöe õf pdvements to obtain adequate levels
of friction for'the particular facÍlity.

1968-69 Test StrlPs

Under the auspices of the Task Force' eleven
Davement strips were p'lanned and constructed in
isoe-og. (3. 4) The test strips included a repre-
sentative iF-oss-section from the more than 340

sources producing approved aggregates in Pennsyl-
vania. ihe carbõnatè group was selected as the
"control" since this qroup overall had the poorest
sii¿ nistory. The teit strips v,ere constructed as
a Dart of nôrma'l planned resurfacing proiects'
usinq a dense qraded bituminous mixture of minus
i/zii"sieve. Tñey included 156 sections usinq 64

sources of aggregates in 44 mlles of pavement.

A compreñénsive record of the mix designs' pet-
rographic' properties of aggregates, and friction
hiitory was co]lected until 1974.

Requirements AdoPted

In 1975 PennDOT speclfications t,lere adopted to
govern the use of aggregates, based on the proper-
iies of an individuãi source, and to provide ade-
quate skid resistance for the particular pavement

being constructed.
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Testing Program

In order to support the data requÍrements for a
sizeable research effort and to address the problem
of finding and correctinc inadequate surfaces,
suitable testing equipment and test site selection
methods are needed.

Testing Equipment

The Department operates four sinqle wheel
testers in accordance wïth ASTM Method E-274. The
testers are operated routinely and continuously to
meet all types of testinç¡ needs. Two of the testers
were at the 0hio test center for corre'lation in
1975. Upon their return, the practice of correlat-
ing the testers with each other was continued with
a greater degree of confidence. It ìs planned to
send one tester annually to the 0hio center and to
continue correlation local ly.

Test Site Selection

Skid tests are performed to meet the needs of
a number of programs. PennD0T is responsib'le for
a 45,000-mile highway system ranging from the In-
terstate system to rural, low-volume, farm-to-
market roads.

The indÍvidual programs consist of:
'1. l,let pavement accident survey.
2, Speciaì request testing.
3. Research project skid testinq.
4. Routine survey testing.

The wet pavement accident survey (UIPA) is di-
rectly related to locating and testing suspect
pavements. The test sites are selected from com-
puter analysis of stored data from accident re-
ports. (!) Corrective actions are scheduled as
requ i red .

Special request testing is conducted in response
to field requests where pavement surfaces are sus-
pect. They usualìy orÍginate where recent accident
data indicate a prob'lem mÍght exist with the pave-
ment or where experienced observers note an irregu-
lar appearance.

The 1975 WPA survey computer printout identi-
fied 'l,716 sites. The site selection criterÍa were
at least five wet-pavement accidents in a three-
year period withïn a 3,000-ft. section. The wet-
pavement accidents were also to be at least 30% of
all accidents. Sites were elimÍnated where prior
remediai action had been taken or programmed. In
some cases no tests could be run due to traffic
congestion. Tests were performed on 1,511 sites
with 39% indicating correction was required.

A program is also maintained to skid test pave-
ments for municipalities. Testing is planned on
the basis of accident frequency data. The test re-
su'lts are reported to responsible municipal offi-
cìals, and advice for correctîve action is offered.

The research project testing is directed at a
continuÍng effort to better clarÍfy pavement fric-
tÍon properties and in support of research efforts
with other objectives where skid tests give useful
data or augment the evaluatïon of the project.

Routine surveys are conducted as manpower and
equipment are avai'lab'le. ThÍs is done on a system
basis with the Interstate system receiving top
priori ty.

Correction of Pavements with Low Skid Resístance

Objecti ve

The objectÍve of the totaì proqram is to reduce
the number and/or severity of traffic accidents.
The Federal Hiohway Safetv Proqram Standard l2
states that each state shalI have a proqram "...
for correction of 'locations or sections of streets
and highways with low skid resistance and hiç¡h or
potentially hiqh accident rates susceptibìe to re-
duction by providÍna improved surfaces."

ThÍs can often be done by simply nrovidino a
new, hiqher friction surface. At other sites this
may not be a complete or permanent solution. A
team of hìqhway desiqners, traffic ençlineers, sare-
ty speciaiists and maintenance personnel should re-
view the site and determine if other improvenents
are required. Thîs may include the add'ition of
superelevation, wider shoulders, d'ifferent or ïm-
proved signinc, imnroved quardraÌi placement, pave-
ment markings, or remova'l of siqht obstructions.

Skid Resistance Test Resuìts Action

Corrective measures are the responsibilÍty of
the eleven District offices of PennDOT. District
personnel are supplied guide'l'ines for the type of
pavement surface comective measures that mìqht be
empl oyed.

Skid test results are reported to the Districts
with comective work to be performed Ín accordance
with criteria derived from NCHRP Renort 37. (q)
The policy is summarized inTã5TlTl-

Table I. Corrective action polic.y.

Skid Number
Category (SN40)

Exîsti nq ï,let
Pavement Acti on b.y

Accident Enclineering
Probl em District

30 or be] ow

3l to 34

Yes

Yes

30 or be'low No

No3l to 34

35 to 40

35 to 40

Immediate cor-
rective action

Correcti ve
work as soon
as fiscal ly
possible

Same as B with
second prior-
itv

Maintain accì-
dent survei'l -
lance and take
corrective ac-
tion as neces-
sary

Same as D

Maintain sur-
vei'l lance for
future retest-
ing

No action re-
qui red

Yes

No

4] or above



Skid test results used to determine the action
required and the average for the number of cycles
reported for a uniform pavement surface.

Where occasional low test results are reported
for a short section of a uniform surface a field
rev'iew is required to determine the reason.

There are also occasions where tests are run at
other than the standard 40-mph speed (SN¿o). In
these cases the results are reported in accordance
with Table l of NCHRP Synthesis 14. (7)

Responsi bi I i ti es

The Assistant DistrÍct 0perations Engineer ìs
responsible for coordination of the District team
to assure that when corrective measures are taken,
all hazardous features at the locatìon are identi-
fied and corrected. Standards are provided the
District review team to cover updating for slopes,
pavement superelevation, shoulder buildup, ìnlet
and end vlall modifications, and guardrail replace-
ment. Traffic control procedures are a'lso outlined
to provide safety to the traveiing public during
construction.

Pavement Correction Measures

Pavement correctíve measures shou'ld be care-
fully considered by the Distrjct and the most econ-
omica] and suitable treatment should be selected
for the particular location. Table 2 outlines the
corrective measures currently considered for pave-
ments. It is under constant review and refinement
as research work and eva'luation continue.

An ID-2 dense-graded bjtuminous concrete is the
prevaìent corrective surface on both existÍng con-
crete and bituminous surfaces. Grooving of con-
crete pavements is a'l so used to some extent. l,l'ith
the recently enacted law to ban studded tires in
Pennsylvania, more extensive use of grooving seems
warranted. Other measures are designated experi-
mental in order to develop a field performance and
cost history.

Skid-Resistant Surfaces

The requirements adopted in 1975 meet the ob-
jectives of utilizing a1l of our aggregate sources
in bituminous surface courses up to the ability of
each individual source to provide adequate friction
to meet the needs of traffic in both new and over-
layed pavements.

These requìrements were developed mostly from
the test strip program and anaìysis. It was found
in Pennsylvania that friction values go through an
annual cycle roughly approximating a sine curve.
Low values usually occur in late summer and early
faì1, r,rith the amplitude dependent on coarse aggre-
gate characteristics and traffÍc volume. Initial
skid resistance measurements were nearly all ade-
quate and not indicative of future performance.
The coarse aggregate properties produce the maior
effect and the petrographic properties of a par-
ticular source can be re'lated to its frÍction
va l ues.

Mix Design Practices

Although the coarse aggregate properties have
the major influence, attention must a'lso be given
to the mix design. Both asphalt content and fine
aggregate affect friction properties and must be
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considered. It shou'ld be noted that a conflict ex-
ists between mixes desiqned for 'lonq durability and
those designed for friction. Some sacrifice ìn
surface life is usually necessary.

As part of the friction requÍrements adopted by
PennD0T, revised mix design procedures were issued.
The revisions contained a more complete explanation
of the philosoph.y to he used to obtaìn "an optìmum
bjtuminous mix" vrith lower asphalt contents and
c'loser attention to voids fìl'led wìth asphalt. The
use of mÌxes that showed a slight'loss of fines or
raveling under traffic vras encouraged in order to
obtajn increased surface texture and exposure of
course aqgreqate partìc1es. This vlould of course
result in some reduced durabj'lity.

Major attention was given to the revision of
requirements for coarse aggregate, which is the
most significant contributor to friction. Each of
the 350 approved sources of coarse aqgregate in
Pennsy'lvania was assiqned a Skid Resistance Level
(SRL) desiqnation based upon the particular aggre-
gate properties.

Assigning Agoreoate SRL RequÍrements

The SRL designation for an aggregate is based
on its performance in properly desÍgned dense-
graded bitumìnous surfaces. (8, q) The 'initial
data came from the 1968 test sÏñiîs, where careful
determinations of aqqreqate properties were made.
The results of al'l skid tests taken for any pur-
pose, are used in assÍgning SRL designations. Each
pavement tested is evaluated by an experienced
Materials Engineer who Þrepares a standard report
giving agqregate source, date of constructíon, ADT

and pavement surface condition. The skid test re-
su'lts and fie'ld evaluation are careful1y consÍdered
for the time of year tested in rating an asgregate
source.

New actgregate sources are assiqned SRL ratings
in much the same way as existinç¡ sources have been
evaluated. Petrooraphic examinations are nade of
the material and where close sjmi'larity is found to
an existing source the same rating is qiven. l'lhere
a rock type not previousl.y used is considered the
petrographic examinatÌon Ís supplemented wìth po1-
ished stone values obta'ined vrith the British whee'l
and pendulum tests. These are compared vrith values
from previously rated sources. The SRL ratinq is
determÍned for each source by p]ottinq skid numbers
aqainst averaqe dai'ly traffÌc (ADT) and calcu'latinq
a reqression line. The agclreqate SRL letter ìs es-
tablished by the ADT at the intercept vrith a line
at the SN46 Ievel.

The SRI- ratings of the aqqreqate sources are
cont'inua'l1y re-evaluated as additional field data
are collected. The various types of agcreoate used
in Pennsylvania qenera'l1y falì into SRL designa-
tions as fol]ows:

t - Excel'lent - Gravels with 'less than 'l 0% car-
bonate partic'les, Sandstones

H - Hi gh - S'i ltstones , Arqi l'l i tes , some
0uartzites, Basalts, Gneisses,
GranÍtes, Blast Furnace S'lags,
Gravels with between 'l0 and 25%

carbonate partìc1es,
G - Good - Most Ouarzîtes
Itl - Moderate - Carbonates of Cambrian acte,

Serpenti ne
L - Lorv - Carbonates .younger than Camb-

ri an
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Table 2. Guide for corrective neasures to restore skid resistance.

Corrective Measure
Concrete Surface good conditìon(a) poor condition( b)

l. ID-z Overlay
Th ickness
Estimated Cost (sq.yd. )
L

nal Groovìng
Cost (sq.yd. )

Thickness
Estimated Cost (sq.yd. )

(Experimentaì )
Th i ckness
Estimated Cost (sq.yd. )

Yes Yes
3"1-1 lz',

$l.zs
3u

$¡. es

Yes
$l.oo

l/8" to 3/8"
$1.ìo

$3. 25
<8

Life 4 years @ '10000 ADT

3/ 4u
$l.lo

Life 8 years @ 
.15000 

ADT

Thickness
Estimated Cost (sq.yd. )

.6"

$l 2. oo
LÍfe 25 years

Estimated Cost (sq.yd.)
Li fe

Corrective Measure
Bi tumi nous good condition poor condition

Life 5 years 0 5000 ADT

l. ID-z Overlay
Thickness
Estimated Cost (sq.yd. )

e
Longltudinal uroovìng
Estimated Cost (sq.yd.)

Thickness
Estimated Cost (sq.yd. )
Life

Yes
1-1 /2u
$l.zs

r

1 lf)r" t' t
$] .gs+

Li fe

4. Upen-uraoeo rrtctron uourse
(Experimental )
Thi c knes s
Estimated Cost (sq.yd. )
Life 8 years 0 15000 ADT

Thi ckness
Estimated Cost (sq.yd.)
Life

Estimated Cost (sq.yd. )
Li fe

Yes

3/ 4"
$r.r0

$0. +o
4 years 0 t 500 ADT

(a)
(b)
(c)

(d)

Structurally sound, stable joints and cracks, rutting less than 1/2 inch.
Faulting joints and cracks, spal'ling, rutting more than 112 inch.
Plus binder and/or leveling as required; may be reduced to l" where ADT is'less than 5000.
ADT 

.l500 
maxinumi above ADT 

.l000 
use SRL-M aggregate.
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Each wearing surface advertïsed for bids has a

coarse aggregate requirenent for SRL dependent upon
current average dai'ly traffìc for resurfacing, or
anticipated initial daily traffic on new facilities
as shown in Table 3.

Table 3. Aggregate SRL requirements.

ADT SRL (Skìd Resistance Leve'l )

and above E

20,000 E,H, *B] end of E and M or E and
G

5,000 E,H,G, Blend of H and Mor or E

and L

3,000 E,H,G,M, Blend of H and L, or
GandL,orEandL
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*All blends are 50% by weight.

The Department maintains a publication, Bd-
letin '13 "Tentative List of Conmercial Producers of
eõã?G-Ãggregates," and each source listed has an
SRL assigned to it.

Continuing Research

A great deal of effort has gone into estab'lish-
inq a total system that appears to be working. The
reiearch effort is continuing to broaden the cor-
rective measures that can be used and to deve'lop
netv materials and methods to bui]d skid resistant
surfaces. Research proiects are active in eva'lu-
ating other test modes such as 'incipient_sl!p an¿
side-friction. The parameters of hydroplaning are
also being investigated.

A problem exists in interpreting the.results
of skid tests run during the year and making sea-
sonal adjustments to reflect late summer and early
fal I leve'ls. Historical data are being reviewed
and a representative selection of pavement types is
be'ing continuousìy tested to deve'lop methods to
predict low values for the time of year tested.

Summary

Attainment of the obiective to provide safe
skid resistant pavements adequate to meet the
needs of the motoring public requires a systematic
approach. The elemeñts of the system shou'ld in-
ciù¿e tne ability to reliably determine skid re-
sistance values with dependable test equipment'
methods of locating and surveying pavement sur-
faces, and a means of rating pavement performance.
Final'ly, specifications should prov'ide for econ-
omic, þredictable, and adequate friction propert'ies
through the anticipated life of new surfaces or
for surfaces placed as a corrective action.
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