Research Report
- 570 -

FRICTIONAL PERFORMANCE OF PAVEMENTS AND
ESTIMATES OF ACCIDENT PROBAEBILITY

by

James L. Burchert
Research Engineer, Chief

and

Rolands L. Rizenbergs
Assistant Director of Research

Division of Research
Bureau of Highways
DEPARTMENT OF TRANSPORTATION
Commonwealth of Kentucky

Presented at the
American Society for Testing and Materials
Symposium on Surface Characteristics and Marterials
December 11, 1980, Orlando, Florida

December 1980






ABSTRACT

Ohjectives of this study were to evaluate standard and
experimental surfaces throughout Kentucky in terms of skid
resistance and effects of traffic, and to provide criteria for
judging suitability cof these surfaces to satisfy requirements £or
skid resistance and economics. The effects of traffic waze
quantified by regression analysis and scatter of data. Criteria
included an estimate of accident risks, effects of speed on skid
resistance, and seasonal variations in skid resistance.

Péveﬁenfs'en l&ﬁ.ﬁolumé r§ad5 (laés fhan 1,000 vehicles_per
day?} maintained adequate skid resistances. Cren-graded friction
courses, with the possibhle evdcepiion of sections using phosphate
slag aggregate, maintained adeguate skid resistance to mee% design
regulirxements. The adegquacy of other pavements may be judged from
the criteria provided herein.

Estimates of accident reduction were made by c¢ombining the
relaticenship betuween skid numbexrs and accidents with the
distribution of skid numbers Zfox each pavement type. Those
reduc¢tions were used to e¢aleculate benefits that, aleong with costs
of cverlay, were used to determine benefit-cost ratics. Benefits
exceeded c¢osts for roads having AADT's greater than 750, 2,500, and

5,000 and SN's less than 24, 30, and 35, respectively.

KEY WORDS: skKid resistance, friction, pavements, wet-pavement

accidents, aggregates, surfaces, polishing., wear, traffic-






INTRODUCTION

F

Reduction in skid resistance o pavements is related to loss

Q
Hn

of macro-texture and to polishing aggregates. Less of macxo-

’]

15e ©of asphaltic concretea,

n

texture is caused by wear and, in ¢
consolidation induced hy traffic. Skid resistance varies with
cumulative traffiic (1), Variances are influenced by and attributed

to differences in volume and composition of traffic., aggregate

types (prolish susceptibility), and weathering (including freguency
and duratien of rainfall}. Variations occur seasonally (2} and are
affected by -traffic volume. Survey *esting of roads in Kentuchy

since 1974% has generated data te evaluate the performance of
several types of pavements. These include Class I bituminous,
portland cement concrete, and Kentucky rock asphalt. Other types
of pavement with up to about 12 million wvehicular passes include
sand asphalts and open-graded frictiocn courses.

Degrees of hazard are related to needs for traction and,
therefore, to speed and density of traffic, turning and stopring
movements, and roadway gecmetrics. Indeed, there are degrees of
risk associated with highway hazards. Hevertheless, expedient
judgments =zxe being mads in regard to the significance or meaning
of skid numbers. Critical SN's have been derived for interstate
and toll roads (3) and for principal tuweo-lane roads (US routes)
(4. Speed limits were reduced from 26.8 mrss (60 mphl) (davytime) +to
24.6 mrss (55 mph) in March 1974, The zelationship between
accidents and pavement f£riction, therxefore, may have been altered.

A study of those after-effects is going forward. Preliminazy



results from two-lane roads (about 8,000 Hm (5,000 miles)) are
presented herein.

Perhaps the surface providing *the highest SN's may sesn
desirable -- to minimize zisks. Otherwise, minimi=zing risks must
be bhalanced with bhenzfits to obtain the greatest safety with monies
available. Thus, f£inal c¢riteria for adeguacy of surface courses
must include a best-good-for-all approach and pri§rity~type
programming; and the ¢riteria may be different for various c¢lasses

of roads.



DATA SOURCES

5kid Test

Beginning in 1974, testing was done from June through
Novemhar. Skid tests were made with tuec two-wheel trailers. The
equipment, methods, and procedures have been described previously
(5, 6. Scme pavements were tested at 1! and 25 mss (25 and 55
mphl), and all pvravements were testaed at the standard test speed of

18 mrss (40 mph).

Accident !_nfonnatiozi -

kccidénts zeported'duting'calendar yéazs 197é'and 1877 were
used in conjunction with SHN's obtained in 1975 and 1976, on two-
lane rcads, to determine a relationship between wet-pavement

accidents (as a percentage of total accidents) and SH's. Lecidents

for the 2-year period totaled 29,783 -- of which 5,939 occocurred
during wet—-pavement conditions -- en 1,209 sections. Aecidents

reported during 1979 were used in conjuncetion with SN's obtained
during 1977 and 1278, on tuwo-lane roads, to determine wet-pavement

accidents per km {mile) per vear to ascertain potential benefits

from de-slicking. Recidents totaled 16,533 —-- of which 3,785
oeourred during wet—-pavement c¢onditions -- on 1,132 sections.
Precipitation_

Precipitation data were obtained £rxom monthly tabulations of

"Local Climatolegical Data"™ (7) for seven weather stationg in and



around Hentucky. Yearly averages of precipitation 1In Kentucky

since 196% are presented in Table 1.

Traffic Volume

Annual average daily traffic (RADT) was determined foxr each
pavement section using traffic flow maps published biennially. The
12975 RAADT's were used with accidents occurring duﬁing 1976 and 1977
on sections testsd in 1975 and 1976. The 1977 ARDT's were used with
acecidents during 1979 on sections tested in 1977 and 1978. The

AADT's alseo weze used to calculate cumulative traffic.

'

TABLE 1, PERCENTAGE OF TIME OF PRECIFITATION
IN KENTUGKY (TRACE OR MORE)

SHOU HO

YEAR  RAINFALL AND ICE PRECIPITATION
1969 11.3 24 85.9
1970 11.3 3.1 85.4
1971 i0.3 244 87.1
1972 14,3 2.3 834
1973 12.1 243 B4.4
1974 13.8 244 83.8
1975 13.5 244 84.1
1974 7.9 2+1 88.0
1977 10.1 3.7 B&.O
1978 1.5 4.2 894.3
1979 13.8 3.9 B2.2
All 12.1 2.9 85+0




PROCEDURES

Cumulative Traffic Calculations

For twe—-lane roads, the cumulative tzraffic was calculated from
the AADT value, divided by tweo, Times the number of days in the
time f£rxame. For four and six-lane roads, the values were adjusted
accorxding to lane distribution factors reported by Pigman and Mayes
(875, 811 values were as of the date of test. Mo weighting factors
for trucks were applied.

Anreffegfivé annuél‘éverégé daily tfaffic w#s determined for .
each pavé&ént sectiéﬁ 5? dividin§ the &ﬁmﬁlafivé tiaffic ﬁy the
number of days the pavement was open to traffic. The effective
AADT then is the average numher of vehicles per day that traversed

the pavement.

Regression Analysis

The relationships between skid resistance and cumulative
traffic were determined by regression analysis and the method of
least squares. Previous research (1) had shewn that skid
resistance could bhe related to the Ilogarithms of cumulative

traffic: therefore, a logarithmic equation was used heze as the

model. Cumulative traffic was expressed in ZTerms of millions of
vehicle vasses. New surfaces subjected to little or no traffic
vielded spurious skid numbers. Foxr this reason, data associated

with cumulative traffic of less than 0.1 million vehicle passes

were omniltited from the regression analysis.



Praeliminary analysis of Class I bituminous and portland cement
concrete pavements indicated the hest~-fit equations wezre unduly
infzluenced by sactions having low volumes of traffic. Cumulative
traffiec for these low-velums sections were also low, and SH's were
high, This resulted in best-£fit eguations that predicted unduly

fic. For this

Ha

low skid numbexrs at high values of cumulative tra
reason, data were grouped by effective AADT, and the performance
equations were determined for esach group. Also, scatter of data at
low values of cumulative traffic was greater than at high values.
Thus, the standard exrrors of estimate, from regression analyses,
were net an appropriate indicatoxr of scatter throughout the range
of éumulétiyé traf£ic7  ;nsteéd{ s£andhrd‘deviatioﬂs ware
dete:mined-ﬁsing;datarstzatified 59 cUmulative traffic.

The f£ixst part of the procedure to determine standard
deviation was to establish a data set representing the differences
between measured 3N and predicted SN. These differences wezre then
groupad in a five-pvoint moving average beginning with the five
highest cumulative traffic values. The standard deviation of the
differences in SN and the average cumulative traffic were
determined for this group of five points. The data for the highest
cumulative traffic was then dropped, and the sixth highest value
was added. Again. the standard deviation of the differences in SN
and the average gumulative traffic were determined. The procedure
continued until the last group consisted of data associated with
the five lowest values of cumulative traffic.

4 multiple of the calculated standard deviation was subtracted
from the 8N predicted for the average cumulative traffic. This uwas

done for each five-point group and resulted in a set representing a



lowexr limit of SN's above which a Knoun percentage of measured SN's
ocour. The percantage depends on the multiple of the standard
deviation. Here, a multiple of 2.5 was used to establish SN levels
that sheuld be exceaded by 9%.04 parcent of the measured SN's.
Additional analysis was done to determine a multiple, and
conseguently a percentage, for predetermined levels of 3N's.
Relationships bhetween the lowezr limit of SN's and cunmulative

traffic were determined.






CRITERIA FOR PREQUALIFYING PAVEMENTS

Friction Requirements

The :élationship hetwean percantags of accidents on wet

's on two—-lane roads (about 8,000 K (5,000 miles)?
is presented in Figuze 1. Here, the points represent avexrages of
groupings hy two skid numbers. The data were f£itted by regression
analysis such that the line would indicate nearly 100 percent at 3N
of 0, Also, at high values of SN, the percentage of wet-pavement
accidents would bhe at least as high as the percentage of time the
pavenmnents wezre uwet. In Kentucky, for the two-year period of
‘alc‘cidenAt_‘s'tai';i.s_tic's"(1976; and 1977) included in the analysis, this .
percentage was 10; buf.it uas adjﬁstad to 12. .Regxession aquations
were determined for wvarious percaentages at which the curve hecomeas
asymtotic. The bhest-£it line indicated that, even if skid
resistance remained équibalent to dry-pavement values, wet-pavement
accidents comnprised 16 percent of the total. This four-percentage
point increase (from 12 percent wet time!) resulted hecause reduced
visibility, roadway spray, and hydreplaning contributed to
accidents. The data were greatly scattered. Thus, use of this
trend line for evaluating specific locations must be in ¢onjunciion
with octher supporting statistics ——- such as occurrences of
accldents or, perhaps, number of conflicts.

The best-fit line of Figure 1 may be used to determine the
increased risk of an accident being a wet-pavement accident at SN's
less than the eguivalent drxy-pavement values. For example, from
Figure 1 at SN ©0, 18 percent of the accidents occurréd on uwet

ravements; this was a 12.5-percent increase f£rom the 16 percent
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that occuzrred for equivalent, dry-pavement values. Likewise, at SH
27, 32 percent of the accidents occurred on wet pavements; this was
a 100-pearcent increase freoem the 16 percent.

0

1k

course, pavemsnts cannot bhe maintained at SN's eguivalent
To dry-pavement values; and obtainable levelé of skid resistance
for new pavements must be selected on the basis of other ecritaria.
Morecver, the relationship shown in Figure ! indicates the
desirability of establishing a maximum risk for exisiting pavements
and provides a means of assessing the relative conseguences. The
selection of maximum risK must be tempered with realism. For
example, a maximum increased risk of only 50 pexrcent {SN 38) would
mean that over one-half of the road mileage (RADT more than 1,000)
wobuld not gualify (almost.8,000 knm (5,000 miles)): Howsver, a
maximum risk of 91 pexcent (SN 28) would mean that z more
manageable six percent of the road mileage would neot qualify
(almost 1,000 km {600 miles)).

Fresent criteria for identifying pavements in need of de-
slicking (9) specifies that any highway section with an A3DT
greater than 1,000 should bhe de-slicked if the SN of the pavement
is 28 ozr less. A ftotal of 1,011 Km (632 miles) of state roads met
this critericn. In addition, hichway sections with SN's between 29
and 32 were selected if accident experience indicated a wet- to
dryv-ravement accident ratioe of at leaét 0.30. These secg¢tions
totaled an additional 48 km (30 miles). As efforts to de-slick
candidate roads are successful, increasing the minimum SH allowed
on existing pavements may be feasible.

Based on these present criteria for idaniifving existing

pavemants in need o¢f de-slicking. the c¢riterien for new pavements,



or this category of road, was set to prevent future occurrences.

th

The critericn specifies that the mature SH of a surface, at nminus

2.5 standard deviations (929.4 percant assurance), must exceed 32.

Pavement Life

Judgments of the suitability of surfaces must include =a
censideration of sexrvice life and traffic veolumes to determine when
a SN is a mature value. & surface, during its life, may provide
suitable SN's forxr a xoad with leow traffic volume but may not he
adequate for a zpad with high t;afiic volume. For example, if a
pavement provides adegquate SN through 10 million vehicle passes and
its service life is estimated as 12 years, the pavement is suitable
for use on roads with traffic volumes as high as 4,600 vehicles per
day (average volume foxr the 12 years). At lower traffic veolumes,
the pavement would age 12 vears prior to accumulating 10 million
vehicle passes. At higher traffic volumes, the surface may exhibit
SH's of 32 or less before reaching the 12 years of life and, thus,
may require a premature (oxr planned) surface renewal.

The useful life of an overlay depends on such variables as
type and thickness of the overlay, traffic volume, numbhers and
types of trucks, and weather conditions (10). The useful life of
an overlay ends when it becomes unusually slick, rough, cracked, or
rutted. Predicting the number of years when any of these failing
conditions will occur is guits difficult,. The actual term of
service ends when the pvavement is resurfaced again or when the road

15 abandoned.



Effects of Speed

inother characteristic to be considered in judging the

suitabilitv of surfacss is the relationship betw2en skid resistance

stid resistance decreases with increasing spead. Many

tested at 11 mrss (25 mph) and 25 m/s (55

of the pavements wezra t
mphl. A representative curve focr sach pavement type is shown in

Figuze 2.

The decrease in skid resistance, from 18 mss (40 mph) to

25 mss (55 mph), ranged from a high of 10 SX's on portland cement

concrete (burlap drag texturing) to 3 SMN's on open—-graded friction

courses.

t
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DIFFERENCE(IN SKID NUMBERS) FﬁOM
!
o

SKID NUMBER AT 40 MPH (18 M/S)

Figure 2.
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I
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28 (1) 401(18) 55 (285)
TEST SPEED,MPH (M/S)

Effect of Speed on Skid Resistance ¢f Several Pavement

Types.
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L vast majority of pavements involved in the study to relate
accidents with pavement friction on two-lane roads (zee Figure 1)
were Class I bituminous. Thexefoxre, surfages for high-speaed roads,
and with decrease in skid resistance lower than for Class I, may bhe
viaued more positively; and surfaces with higher decreases in shkid
resistance may be viewed more negatively. On the other hand,
surfaces fcxr low-speed roads may be viewed more positively if

increases in skid zresistance, from 18 mrss (40 mph) te 11 mrss (25

mph), &are higher.

Seasonal Variations

Evaluations, he;ein. were based on tests conducted during the
summer and- fall. - Reseaﬁch has showﬁ that skid resistancé varies
seasonally and is lowest during the late summer and eaxly Fall (2.
Class I bituminous surfaces, on higher velume roads, were as much
as 14 SH's higher during the winter than that during the late
summer. Sand asphalt exhibited as much as 11 SN's higher, and PCC
pavements were 5 SH's higher. Pata on one section of an open-
graded friction course indicated the skid resistance of that
surface varisd little. A higher SN during the winter and spring is
a positive attribute of a pavement and should be considered in the

selection ¢f surfaces.

16 -



PAVEMENT PERFORMANCE

Class I Bituminous

Class I bituminous i3 a densely graded, high~type asvhaltic

concrete. Limestone was the predeminant coarse aggregate in these
surfaces. Unfortunately, most, if not all., limestones are
susceptiblse to polishing. The surfaces alsoc contained natural ox

conglomerate sand in the proportion of not lass than 40 percent of

the c¢ombined aggzegate. Mineral composition, gradation, and

particle-shape reguirements for sand, however, were not specified.
Best-fit egquations for the two effective RADT groups of

interstate and toll roads are plotted in Figure 3. lso plottad,

for pavement sections with more than 2,500 vehicles per day, is the

best-fit line rapresanting a lower limit of minus 2.5 standaxd

deviations. Equations for this and othexr pavements are presented

80

1,000-2,499 EFFECTIVE AADT
50 / SNgg= 45.3 « 1.4 LOG {CUM. TRAF.X 1078)
2,500-46,120 EFFECTIVE AADT
SNgg= 47.3 -7.2 LOG (CUM. TRAF.X107%)

x 20 f
@ -25
= — 1,000 -2 ,439 EFFECTIVE AADT
2 10 L $Ngg= 35.4 - 18 LOG (CUM. TRAF X 10" 8)
a | TS~
x
7

20 - \ 28w

2,500 - 46,120 EFFECTIVE AADT
SNao=28.2-2.5 LOG {CUM. TRAF.X 1078}
10 F
O i 4, i 1 i " L L I L L b
o] ) 10 i5 20 25 30 35 40 45 50 55 80 65
CUMULATIVE TRAFFIC, MILLIONS

Figure 3. Effect of Traffic on Skid Resistance ¢f Bituminous

Concrete Surfaces (Interstate and Tell Roadsl}.
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in Table 2. The estimated SM's, representing medians for each

pavement, at 0.1, 1, 5, 10, and 60 million vehicle passes, and the

lowezr limit at 10 million vehicle passss are presentad in Table 3.
s mentioned previously, tests con new biftuminous surfaces that

had expsrienced 1ittle oxr no traffic vielded spuricus sHiid nunbhers.

3

Valid tests were conducted only after asphalt coating on the
surface of the aggragates, and other contaminates, had worn away.
Surfaces having low cumulative fraffiec had initial SH's in the
order of 50 for interstate and toll roads and 45 for US and KY
routes. Subsequent loss of sKid resistance occcurred as the

sections accumulated more traffic. Roth the cumulative traffic and

TABLE 2.  BEST-FIT EQUATIONS RELATING SKID NUMBER AND CUMULATIVE TRAFFIC
FOR VARIOUS TYFES OF PAVEMENTS

BEST"EIT EQUATIONS

SN = &4 + ExLOG(CT%)
EFFECTIVE AART Hd . OF HMERIAN LOWER LIMITHx%
NO. OF  DATA
FPAVEHENT RANGE AVERAGE SECTIONS POINTS f B & B
Claszs I» Bituminousi
Interstate & Toll Rosds 1:000- 2+4%99 1,340 43 83 43,9 -1.4 I5.4 ~1.8
2r499-444120 B+380 41 Pa 47,3 -7.2 8.2 -2.5
Us & KY Roads 1,000~ 24499 14770 100 99 42.3 ~4.3 28,2 +1.0
2+499-34,000 5.080 130 132 40,2 =20 23,8  -3.1
Portland Cement Concrete 17000~ 2,499 22070 44 48 48,7 -0.& 6.0  ~1.5
22499-33+200 91470 147 499 49,3 7.9 2.7 +3.9
Rerntucky Rock Asrhalt 1,180~ 7:590 2:9%20 20 20 7.2 ~7.9 51.2 -15.3
Sand-Asrhally Ture 1 670-20+130 Bs480 17 58 g -1.2 28,1 -4,2
Sand-Asehalts 5.P. 590 4¢QQ00~14+530 8,200 3 58 47,3 ~1.7 i5.1 Q.0
sanid-Asrhalty Ture II!
(Rural) J00-10,5460 45070 1é 49 42,3 -3.8 B8 -2.8
(Urtan’ 1+040~18,850 82040 9 39 Ib:4 =740 8.5 +4.4

Oren-Graded» Friction
Courses Ture 1!

Green River Gravel 29220195400 49410 10 &3 48.2  +4.5 38.% 10,7
5lad 400-4354610 124030 12 48 49,86 -3,7 37+3 =442
Gravel 1:100-1G+400 4+480 ) 21 92.8 -4.4 32¢2 ~4,7
Granite Se300~-11¢500 59520 7 ) 48.4 +5.4 38.3 +4,3
Ture 23 ALl Adgredsie 25400~ 4900 I+340 & 14 A7.1 1.2 Ve ‘es

¥ Cumulztive treffic in millions of vehicle rasses.
% oAt -2.5 starmiard deviations.

18



TABLE 3, SKID MUMBER AT SEVERAL VALUES OF CUMULATIVE TRAFFIC
FOR VARIOUS TYFPES OF PAVEHENTS

SKID WUMBER
CUMULATIVE TRAFFIC-MILLIDHS .
FAVEMENT 0,1 15 10 &0 T %k

Class Ir Bituminouss

Interstate & Toll Roads:
AADT 1,000 - 22499 56 44 45 44k .. J4%
AALT 24500 - 4671260 50 47 42 40 35 24
Class Iy Bituminous»
Us % KY Roads?
AADT 19000 ~ 24499 45 42 39 3Bk .. 29%
AADT 29500 - 345000 45 40 39 3@ I7% 23
Portland Cement Concrete 55 49 48 48% .. Jax
S 49 44 41 35 26
kentucky Roek Asrhalt o 57 52 4% N 3&
Sand-fsrnalty Tupe I 42 40 I9 39 ‘e 24
Sand"ASF’hBlt! S.P. 57R e 47 46 '66 X 33
Sand-Asrhalts Ture 111
" {Rursl) - . 54. 49 47 - AS% ., S 4 4
(Urban)- A4 I7 32 30 R 13
Oren~Gradedy Fricltion
Courser Ture 11
Green River Gravel 42 48 51 33 ‘e AQ
Slad 53 4% 44 4D . 33
Sravel 57 53 50k 4B% .. 20%
Granite 45 4% S2% .. ‘e 43%
Ture 2: All Agﬂreﬁa’{.e 45 47 4A8% IS ' ')

trorolated using best-fit eaustion.

Extr
At 10 million vehicle »35SE35.

Ed
b3

traffie volume (effective AADT) were significant variables.

For interstate and +toll roads with 1,000 to 2,500 vehicles p
day, the SN decreased to 46 after only one millien vehicle passzes
and decreased less rapidly to a SH of 45 at seven million vehigle
passes. The lowex limit indicated that 99.4 percent of these
sections maintained SN's greater than 3% at five million wvehicle
passes. For surfaces with more than 2,500 vehicles per day, the
was 47 at one million vehicle passes and decreased Tteo 40 at tan
millien vehicle passes and to 35 after sixty million vehicle

passes. The lower limit indicated that 99.4 percent of these

er

5K



sections maintained SH's greater than 24 at 50 million vehicle

rasses.

v

cxr US and KY rxoutes with 1,000 to 2,500 wvehicles per day, the
S5H decreassd to 42 after one million vahicle passes and continued
decreasing to 39 at five million vehice¢le passes. The lowsr limit
indicated that 99.4 percent of thase sections maintained SM's
greater than 28 at five million vehicle passes. For surfaces with
more than 2,500 vehiclss pesr day, the SN was U0 at one million
vehicle passes and continued decreasing gradually to a SN of 37 at
27 million vehicle passes. The lower limit indicated that 9299.14
paxrcent of these sections maintained SN's greater than 21 at 20

million passes. -

Portland Cement Concrete

Limestone has besn used as the coarse aggrecate in most
portland cement concrete pavements. Projects on I 75 in Northezrn
Kentucky and proijects on I 71, ﬁowever, contained crushed
calcareous glacial gravel. Fine aggregates weré natural sand,
comprising 34 to U0 pezxcent of the combined solid velume of the
fine and coarse aggregate. Sections of road containing crushed
calcarecus glacial gravel aggregate exhibited the same performance
histories as sections with limestone aggregate. There was.
however, a slight difference in the minus 2.5 standard deviation.
The lower limit for ssctions of road with glacial gravel aggregats
was about one skid number less than that obtained Ffor all sections;
the values for sections of road with limestone coarse aggregate was

the same as for all sections.



Tests of portland cement concrete surfaces (burlap drag
texturing) with low wvalues of cumulative traffic indicated initial
SM's on the order of 55. Subsegquent less of skid resistance
occurred as the roadway sections accumulated traffic. SH's, for
surfaces with less than 2,500 vehicles per day, dropped *tec about 49
after only one million vehicle passes and continued decreasing less
rapidly to a SN of 48 after seven million vehicle passes. Fox
these sections: the lower limit indicated that 99.4 percant
maintained SN's greater than 34 at seven million vehicle passes.
For surfaces with more than 2,500 vehicles per day, the SN was 49
at one million vehicle passes, droppsd to 41 at ten million vehicle
passes, and continued decreasing to SN 35 at sixty million vehicle’

50, for sections with mexe than 2,500 vehicles per day,

|

passes. ):\

the lower limit indicated that 99.4 percent maintained SN's greater

than 29 at 60 million vehicle passes.

Kentucky Rock Asphalt

Although Kentucky rogk asphalt is not currently being applied
in Fentucky, the skid resistance performance is useful for
compariscn. Tuanty proiects were tested during 1975. Data were
insufficient to determine initial skid resistance. Skid numbers
decreased to about 56 after one millien vehiele passas and
continued decreasing to zbout 4% at ten million vehicles passes.

The lower limit indicatad that 99.4 percent of these sections

maintained SN's greater than 3% at nine million vehicle passes.

Sand Asphalt

Limestone sand obviously reduced the frictional levels of

21
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ant sections of road were surfaced in 1972 and 1973, Tha

ate was crushed guartz gravel. FarZormance was auxpected

on the degree of crushing and sharpness achiewsd. SH's
7 after one million vehicle passes and decreased slowlw
5 at Ten million vehicle passes. The lowar limit,

nzad by regression analysis, indicated fthat 99.4 percent
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or mineral compesition, gradation, and parftical shape (121, Sand-
Asphalt (5kid Resistant), Special Provision 595, resultad. Wi
contirusd refinemanit of minazral ceomposition and gradation. the
mixture zwvolvzd intoe Sfand-isphalt Surface. Tyvpe Z. and Sand-3s
.Surzace {(Shid Resistant), Type IIX.

Sang-tephalt, Tvwve I -- Sand-Aisphalt, Type I, is intended
provide a thin, fins-textursed wearing surface from aggoregates
generally available Zfrom ¢comhercial sources Thigs mixtura has
used sincs 1974, Acgraegatas ing¢luded natural sand, natuxal sa



with natural sand, gquaxrtz

e
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vtes Znoludzd slayg sand, slia

Y

14
0

arsyg

sand, gquartz sand with mertar sand, and c¢rushed gravel sand with

crushed limestone sand, Several projects yielded low SN's. The

da wara divided into two wroups -- urbhan and rural, Almost all
of the leow SM's ware in urban areas. The reaszons ramain a roint of
conjecture and reqguire FZurther shucdy fegetions in rural areas had
Initial SMN's nzar 54 oand SH's b Tha lower limit

ndicatad th

i

34 at four million vehicle passes. Sections in urban arsas had

Initial SN's near 4% and maintainsd SN's nesar 30, The lowsr limit
for these sections was less than 14 at ten million wehicle »asses.

-

o

ion courses (OGFC) were first used in

e
el
[sh
Hhy
t
la
[8]

Opan=-grat
Kentuckvy in 19873, Since then., over 50 sections have been paved.

rata mizes u»

ticns ware Tyre 1 -- allewing aggre

to 13 mm (172 inch) S1ix of the szctions were Typae 2 —-- ollowing

1

agorecate sizss up to 10 mm (3-8 inchl. Agogregate included czushed
g g

quarts gravel, c¢rushesd gquarts gravel with limestons aggragata.

crushed slag, crushad granite, c¢rushed congleomearate gravel, c¢rushed
conuglomerate gravel with linsstone agygregate, limestense with
grushed gravel, and limestone aggregate with czrushed granitsa,

For Type 1 OGFC using c¢crushed guartzs gravel (Green River:
aggregate, with and without limestonz agyrsgate (Figurxa H) initial
SH's ware less than 3. SH's ingcresased to Ul at ene million

vehicle pagses and to 52 at ten million vehicle prassas The lcuwar
limit weos initiclly IZower bhut Imorovsd to 40 aftsr ten million
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The limited data for Tyre 2 OGFC for all aggregatz Lybpes
indicatsd mature SH's near 47 Data were insufficient te determine
a lower limit.

A+t thrze locatiens, sections of fthe Type [ QGFC uwusre placed
witheout limestonz acgregate and addiescant seotions includad
limestona agoresunts The SH's at ftwo willien wvwahicle passas fox
an o the nins sactlions axe ploiis i Figure 2 Liractiona

60 '

LEGEND
- GREEN RIVER GRAVEL
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GQEEN
R,VER LOW CARBONATE
HIGH INSOLUBLE
e 50 ,,_ o & -QI—HGH CARBONATE
IJJ A
@ Ave,
=
o
< )
]
2
4p)
40 GRAVEL GREEN RIVER
Y=49~- 133 X Y=56.4— {64 X
Eg=0 Eg=2.3
SN/I1O0O% LIM, =1,33 SN/IO% LiM.=1.64
SN/730% LIM.=24.0 SN/30%LiIM.=4.92
30 { | | | j i
0 tQ 20 30 40 50 60 70
PERCENTAGE LIMESTONE
Figurs 5 Tffact of Limecione Sand on Skid Resistance oz Opan-
firadad Triction Couzrsgsss, Tvea |, 3t Tue Million Vehicle
Passes.
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BENEFITS AND COSTS

Benefits

Baenefits herein were derived fzom calculations of the
reduction in the number of wet-pavement accidents. The reduction
devands on the previous SH of the road, the SN after de-slichking
and the traffic volume. To cuantify these relationships, wet-
pavement accidents per Km (mile) during 1979, on reads skid tested

in 1977 and 1978, were analyzed. The data were stratified by ARADT

and each AADT group was subdivided, by egual numbher of wet-pavement

accidents, into six groups. The resulting values and best-fit

lines are shown in Figure 6. Here, 5N was the independent

3r AADT LEGEND
\ ( RANGE AVERAGE
¥ 066 + 10t €94 -004914 © 750 TG 2,489 1,750
\ 02,500 TO 4,999 3,670
© 5,000 TG 14,000 7,800
\ .
2 AN

¢ =027 + 4087 -5.2518 x)

(ADJUSTED TO 12 PERCENT WET TIME)

WET- PAVEMENT ACCIDENTS PER Km PER YEAR

AN
N\
N
~
' —
/’\"‘-..____ ]
y =0 ] 4 +j0f0-47B-00383x%) \
U o i D i
0 l 1 } |
ol 20 30 40 50 80
SKID NUMBER
Figuzre 6. Wet-Pavement Ac¢cidents per Mile {(km) pexr Year (Adjusted

£0 12 Perxcent Wet Time) versus Skid MNumber (19793; 1,132

Sections (about 4,400 miles (7,100 km)) of Rural, Two-
Lane Roads; Stratified by AADT; Grouped by Equal Number

of Wet-Pavement Accidents.

WET-PAVEMENT ACCIDENTS PER MILE PER YEAR
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variokle The three curwves waxrse alse cenvertad so that trafiic
volume wWas the indervendent variable, and the resulting family of
curves 1s shown in Figure 7. These relaticonships show, forx
examnle, that, i1f a zoad with a SH of 20 and AADT of &,000 were da-
slicked and inwvroved to a SN of U, wet-pavement accidenits would he
raducad from 2.8 to 1.0 per Im (4.4 to 1.5 ner mile) per vear and
regyule In & hEneifit or $11,700 per R (213,839 per milel) pser vear

The average cost of a wat-ravemaent acecidant was

accidents on xural, two=lane roads in Hentucky and

injury, and property-damage-only aceidents citszd by
Safety Council (13).

Perfcocrmance evaluation of pavements has shoun
cbtainaed wvary considerahly for =ach Tyre of suxface

cost of fatal,

that 8N's

a
<« - 5
ul — I
> oul 3
x =
L
Ho-
p— — 4
E w
¥ =
T =
w leJ 2
a —
S 3
L 4
= ow
z o
Lt
o d
o -2
o O
< = | +
oo
-
ul 7 -
2 o5
wl -
> 0
E S SN SQUIVALENT TS5 ODRY PAVEMENT vaLUE
R 9 L | 1 i o
W ) = 7 g 3 10
=
DAY, THOUSANDS
Figuze 7 Wat-Pavemant 2Zccidents per Mile (Em) rer Year (Adjusted
to 12 Pazgznt Wat Timed (12793, freom Best-Fit Curwves of
Figure b5, versus Traffic Volume.
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aszcartain hanafiits expected, tha deviations o SH's eunpactisd must
he dneludsd. Tha aznalysis usad the mean 3H and three standard

daviations for each surface at the cumulative fTrazffic corresponding

to the half~lifa of the pavement (sze Table 4) and at the thres

lavels of XADT cited in FPigure 5. These distributions wuasze
combined with the curves of Fiagurae & to yvield the nunher of wast-
pavemant acoidents per Im (milel per yaar exrectaed aftexz surface
ranewal. This walus was subtracted from the numba2r cof wat-pavemsnt
accidants before surface renewal, indicated in FTigure 6, for
sevaral SM's. The differences times the average cost of a wet-

pavamant accident in Kentucky in 1979 (%0,500) yielded the heneifits

per Km (mile) per year,

TABLE 4. MEAN SKEID HUMBER OF PAVEMENTS ARD STANDARD DEVIATION AT
INDICATED CUHULATIVE TRAFFIC

AADT RANGE TEY - 2549¢ 245600 - 29707 F:000 - 144000
AADT ﬁUERhGE 14750 21670 7800
HELF~LIFE {YLAR 74l 6.1 4,1
CUHMULATIVE TRAFFIC (HILLINNS 23 4.1 5.8
. HE&N  STANDARD  HEAN STARDARD  HEAN  STANDARD
FAVEMENT ZH  DEVIATION SN DEVIATION SN DEVIATIGH
Class Iy Bituminouse
Interstate & Toll Roads:
AADT 1?06‘0 - 2!499 45«4 ‘q'3 (R t 4t [ )
AADT 2.500 - 446,120 RN e 42,9 545 41,8 6.2
Class Iy Eituminouse
US § KY Rosds!
A;‘DT 1?000 - :?499 4007 4}? 4 » 4 ¥ + I ER]
AADT 223500 — 34,000 TN AN 392.0 4,1 38.7 &l
Bénd-ﬁsphalt: Ture 1 39,9 D2 I9.d oD I7.0 94b
Sand-adsrhalty Tere 11D
{Rural) A7.9 Ta2 470 T2 16,4 Sl
(Urban) 4,1 24 3243 9.4 31,3 747
Oren-Grzdeds Friction
CourserTure 1@
Gremsn River Gravel 49,8 1,2 1.0 A& Bled 4.8
Slasg 47.7 4,3 36,7 445 44,2 4.7
Breval 51.2 A,3 S0 G343 19,4 8.3
Gramite 0.4 4.3 =1.7 4,4 5247 4.4
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T

For the mininmun thicknesses reguiraed for surface r

in Tablza 5. Those cos5ts are for a 7.3-meter (2U~fcot) widse two-
lans rozd and do new 2nclude laveling or other ingsidantal wori.
T2 othesy invut for detarmining oost is the estimated service
The sexwics Lifz, for fthz zangas of JMADT oated wn Ficura 5,
vara =giimaied ag 4, 12, and 8 wvasars: for low, »oand high
values of A2DT, respactively. Dividing the cost hy the estimated
Lifa and allowing a fen-pereant cost paxr vear of meoney gave the
gstimated costs pexr Im (mile) per vear as c¢itad in Tabla 5.

Benefit-Cost Analysis

Tha hanefit-cost zatiocs (Tanle &) indicated that use of anv
surface is cost effective for surface renewal it the AADT is more
than 2,500 and tha existing SH's are low. In facty 1if an 2xisting

aprlication of an owarlay using Orsn-Gradad Friction Course, Tvpa
1, yields a xatio of 1.0 Thus, from a cost—-erfactivensss

TARLE 3. COST OF VaRIOUS SURFACE CDOURSES

COSTS PER_KM(MILE) PER YEAR

OBLLAR COST (1979} {THOUSANES)
COARSE THICEMESS ~ TONS PER
ZURFACE HIY AGGREGATE  (MW) (INCHES) NKH{MILE}  FER TON(TON) PER KH(MILE)¥ LOW AABRT MED AADT HIGH AADT

Tless Ir Bituminouws Limestane 254 38 774y 22012 (24,38) 11,779 (1B,B&S) TLE0 05,14y 3,08 (4,99 3,02 (5,00

Tisss Ir Bituminous Crushed Sravel 25 (1) 432 (747) 0 21,34 (23,520 11,214 (10404 Jo0A 1ARDY TLFA 4 THYD 198 450

Zisss Iv Bitumlnows Siss 230 05 (713 20, B7Y 109206 {1&470 DOFR O A03E 2,03 (T L7

Clsss Ady Bitumineus Drusned Drove EIRS N 335 07Ty 0ELET (DT A0) 13,143 12785 T,8% {8,200 .71 (3,79) 31.74 05,05
Jren-Gradeds Yariaus £9 Iy 2SR 1483 T4.TH STRLOLY 8397 13,510 D007 43,88y 2021 L3LEEy DLIT T

Friction Sourse

Gand-fsEnzlty Ters | Harigui Ly 4503y I3 04RDY 0 T 0 I 1 718D Tl T VRS a0 TUAL PSATy Toad fTL T
snid-Asenalvy Teee 1D Jsricus te (5700 102 353 ITUOE CITVE 47T T1heaT La3E LTI L DL DLET pa

- I

£ Cost far 2 7.3 seter (Z4-7aot wider two-lsne rosdi
does not include levelinz oar other incidentsl work,

30



rersraciive, =Ffforits sheuld centinue., 27 in the past, to uze
availlablse monies %o de-slick pavaments with the lowest SK's to
r=duce wet—pavem;nt accidants *the most and achlieve the greatast
banefits.

Tn most cases. Sursaces yielding the highest bansfit-cost
ratios should ba s=2lsciad for tha ovaxlay Opzn—gradai Irzzctien
courss vrovides the b ratio Vawsvazr, i futurs gosts changa o
rany for cesrtain logations, another suzfzce may be szlectzd

Additionally, other considerations may warrant selesctien of other

taly, hanefit and c¢est information should e an

pavement nanagament gsystem.
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THBLE 4. FBENEFIT-COST RATIOS FROM OVERLAYING

?E%ig? SKID NUMBER EBEFQRE DYERLAYING
FAVERENT #ALTY®  EXFECTED®X 20 22 24 26 28 10 32 324 3Ja I A0

Class Iy Bituminouss
Interstate & Toll Roads! LOW

0,20 (0.32) 0.9 0.8 0,46 0.3 0.4 0,3 0.3 0.2 0.1 0.1 0.1
HED  0.40 (0.64) 2,2 1,7 L.3 1.0 0.7 0,5 0.4 0,3 0.2 0.1 0.0
HIGH ©.92 (1,48 3,8 2.0 2.2 1.7 1.3 0.7 6.4 0.4 0,2 0,1 0.0
Clzss Iy Bituminoidss :
U8 % RY Rogds! LA 0.2% (0.40) 0,7 0.7 0.6 4.4 0,3 9.3 02 0.1 041 N N
HED 0,34 (5,700 2.1 1.4 L,2 0.7 G.8 0.4 0.2 001 4.0 0.0 ..
HIGH 1.G0 ¢1.860) 3.¢ 2.8 2,1 1.% 1.1 o G G2 0.0 wuh 4w
Cznd-fAsrhalty Ture I LOW 0,25 (0.30) 1.1 0.7 9.7 9.5 0.4 0.3 0.2 0.1 01 5.0 D
HED 0,42 (0,48 2,7 2.1 1.6 1.1 0.8 0.4 0.4 0.2 01 0.0 .,
HIGH 0,98 (1.54) 4,0 3.6 2,7 2.0 1,4 1.0 0.5 0.4 6.1 5.0 ..
Zand-Aserhalts Tere 11
(Rural) LOW 0,20 0,327 1.3 t.ib 0.7 0.7 0.4 0% 0.3 9,3 9.2 0.2 0d
HEL 0.33 (9,53 3.2 4.5 L L3 1. 0, 0.5 2.5 03 6.2 6,1
HIGH 0,80 {(1.28) 5.8 4.4 3.4 2.6 2.0 Lo 1,2 0.9 0.4 0.4 0.3
ilfriang LOW 0,32 (0.62) 0.9 4,8 9.4 0.3 0.1 D e s
AEL 0,77 1,210 201 .4 9.8 0.4 0.0 . e s ,
AIGH 1,38 (2,500 3.5 2.3 103 0.6 000 wve o v ake e aas
Geen-Gradedr Friciion
Courser Tere L) ) . ] _
Grean River frsvel LOW 0,17 (0,27 L34 1l 007 0.8 G.6 0.3 2.4 0.3
MED 0,30 {0,485y 3,3 2.4 2.0 1.4 1.2 9.9 .7 0.5
HIGH 0,73 (1,17 .83 4,6 3.6 2,8 2.2 1.7 1.4 L%
slss LOW O G.20 10,32 1,3 v 9.7 9.7 D6 a5 Ged Tl
MET &34 {054 3.2 2.5 2,0 1.3 L2 007 Gus 045
HIGH 4,21 f1.2% 5.5 4.4 2.4 2.7 T.u L& 1.2 9.7
Gravel LOY 0L 1B (0,270 1 1l 0.7 0.7 e S U3 0L
HED 0,32 10,81 3.3 2.3 2.9 1,37 L2 0.7t 0l 0,3
GICH .72 (1,35 S 403 3.E 0 207 L1 Lys 12 a7
Srinits |G 41,1 T T e o 2
HRED R R 3.7 )
HIOH R P A N NV ,

o Lesend or

[N
Her-ravement sCildents Fer kw (miled ser owesr aflar overlawina,
SOTES Eenefiis {rom reduction of <ot -savement sccrdents anls,






SUMMARY

Table 3) zenraszent median values for each type of »avanent

passas 2
~— half of the szctions had higher 2W's and halif lower 3M's. The
hichost rmedian SN's ware for Cren-CGzaidsd Friction Couxsa Tune

Wity grushasd Srz2zsn River graval Tha othaexr »avons 5 EH's of

33 or higher, exgspt Ffor 3and-Asvhalt. Typs IT, constructad in
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Tha griterien for new pavemsents specifies that the mature SH

o a surfaca, at minus 2.5 standard deaviations (880U pezocent
45
40 - 0GFC (GREEN RIVER AGGREGATE}
v
w35 - \
2 SAN
2 OLASPHALT TYPE IL (RURAL ROADS) ]
=
- O8FCISLAG AGGREGATE
= CGFCIGRAVEL AGGREGATE)
. 0 -
93]
pCC (AADT 22,500)
CLASS I BITUMINOUS
e (INTERSTATE AND TOLL ROADS)(AADT Z2,500)
25 |- SAND-ASPHALT' TYPE T
CLASS T,BITUMINOUS {US AND KY ROUTES)(AADT Z2,560)
20 : : L L i 1 I i
] 2 4 3 8 10 |2 14 16 18 20
CUMULATIVE TRAFFIC ,MILLIONS OF VEHICLE PASSES
Figura 3 Minu=s 2.5 Standaxd Devistiens (9% . 4-Percent Assurance)

17

Zor Several Pavement Types.
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LADT greatar than 7L6. Lddiszianal b

included in an expandsd analysis, inglude

savings, Zfuel savingz. maintenance savings.,

vras o accidents

L omininum 8N of 23, for roads Wil
er 4dny has bean recommended fo safe
szards assosczatzd with slipvery nave

~

hest surfacae does not assure mzature 5

for the design of suxrface COUXSEs Co
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is]

NCexrn
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primarily

i
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i
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15

tratific,

Thus, cxi
the rangsa

5H's between 23 and 45. The perxcentages of pavement sections

4

cstimataed to scual or excesd., at 10 wmillion

rluss were doternmined (sesz Table 713,

TARLE 7.
SELECTED HINIMUM AT 10 WILLION VEMICLE

B

raggses, the
vercant of

PERCENTAGE OF PAVEMENT SECTIDHS HAVING SKIU NUWEERS EQUAL TO OR EXCEEDING

FAZSES

HIHIMUH SRID

HURBER AT 14 MILLIOH

VEHICLE PARSES

FAVERENT 22029 30 31 32 33

34

37 46 31 42

Clzss [y Bituminous:
Interstate & Toll Rosds!:
ARDT 19000- Z2s4%99 190 160 100 100 10G 99
AADRT 2,500~ 36120 28 %8 6 73 923 %20

Class Iy Bituminouss
Us & KY Roags!

AALT L.000- 3,499 99 99 98 97 9% 22
AADT Z,500- 34,000 7593 70 37 04 #0

P9
gé

[apa ]
e

[}

enen

Fartland Cement Concretel
AALT 17000~ 2:499 160 100 100 100 100 ?2

e
racn

AADOT 24300~ 38,200 29 98 97 24 99 3
mentucky Rock Asrhalt 100 100 100 140 100 100
Zand-Asrnalty Tore 1 77 S 93 R0 87 83
Tand-fsehalts 5P D9ER 1% 160 100 1006 Loo 100
isnd-dsphaliy Tuse 115

(Rursl) 100 160 190 1060 100 79
tUrkian 51 54 75

?0 895 79 T2
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