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FOREWORD

This report presents the findings of an investigation to locate,
evaluate, and classify various skid resistant pavement surfaces
in use in the Pacific Coast area. It will be of interest to
highway engineers concerned with the design, construct1on and
maintenance of skid resistant pavements.

In addition to a questionnaire survey, skid tests and texture
profiles were made on 45 pavement surfaces considered to have
satisfactory wear characteristics. The surfaces were rated based
on a composite index of skid-number, skid number-speed gradient,
and surface texture. The non-skid treatments considered to be
new and innovative were found to be quite expensive compared to
successful conventional treatments such as open-graded asphalt
concrete, chip seals, and textured cement concrete. The avail-
able wet-pavement accident data did not provide any criteria for
establishing minimum friction values.

This report is being distributed in sufficient numbers to provide

a minimum of one copy to each regional and division office and

two copies to each State highway agency. Additional copies of

the reports for the public are available from the National Technical
Information Service (NTIS), U.S. Department of Commerce, 5285

Port Royal Road, Springfield, Virginia 22161.
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Charles F. Sc ey
Director, Office of Research

.Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the U.S,
Department of Transportation in the interest of information ex-.
change. The United States Government assumes no liability for
its contents or their use.

The contents of this report reflect the views of the Office of
Transportation Laboratory, California Department of Transportation,
which is responsible for the facts and the accuracy of the data
presented here. The contents do not necessarily reflect the
official views or policy of the Department of Transportation,

The report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manu-
facturers. Trademarks or manufacturers' names appear only because
they are considered essential to the object of this report.
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INTRODUCTIGN

One of the goals of a highway program is to prov1de a satis-
factory level of pavement skid res1stance for reasonab1e
vehicle maneuvers, While most pavements have sufficient
skid resistance when dry, they lose éome skid resistance
when wet, The magnitude of the reduction var1es con51derab1y
depend1ng upon numerous factors such as veh1c1e speed, tire
pressure, tire tread depth, water depth, and the surface
texture of the pavement.‘ Therefore.‘1t is important to
provide a pavement surface having a gritty texture to
develop skid resistance and drainage channels to maintain
this skid resistance ‘in the presence of water. It is not
enough to construét a pavement surface with a coarse, gritty
surface texture..  The surface must be capable of resisting
the polishing actibn‘of traffic, especially‘truck traffic,
which can s1gn1f1cant1y reduce skid resistance. AlSo,‘fhe
bonding agent or b1nder must be capable of retaining the '
aggregates within the pavement surface or the resultant-
surface will provide'pqor'skid resistance qualities.

The objective of Phase I of this investigation was to locate
and class1fy the var1ous skid res1stance treatments currently
in use in the State of Ca11forn1a. adgacent states. and by
other public agencies, and to evaluate their potential for
neducing skidding~type aeeidents._ Also, selections and
recommendations-Were\nequireq for'Skaaces‘fnvesiigated in
NCHRP Project 1-12(3), "Guidelines for Skid Resistance High-
way Pavement Surfaces". Surfaces deemed morthy of further
evaluation could fhen be constructed at a later date if

Phase Il of the project is undertaken,



A primary goal in classifying and evaluating pavement sur-
faces is .to.select criteria that relate to the effectivneess
of the surface performance, In addition to the ability of
the surface to remain in place under traffic, three para-
meters that have been selected as criteria for evaluating
pavement surfaces in this report are:

1. Skid Numbenr
2. Speed Gradient
3. Surface Profile

Based upon numerous informal studies of accident reports, the
adoption of a minimum skid number would classify many pave-
hent surfaces‘a5;sub5tandard.or inferior even though the wet
pavement accident rates are low. This indicates that addi-
tional parameters are involved. Since skid pumber a]ong
often does not correlate well with wet pavement accidents, it
is not éppropriate to try to require‘a specific minimum Jevel
in every'case. For the purpose of this evaluation, it was
assumed that a higher skid number is prefekab]e. ‘

A speed gradient, G, is a measure of the sensivity of skid
resistance to speed. It is the ratio of the change in skid
number for the_corﬁesponding change in test speed. A speed
gradient of 0.6 is - not as desirable as a speed gradient of
0.1. Occasionally, low speed gradients are obtained from
relatively smooth textures (both low and high speed skid
resistance is low) and, more frequently, a moderately high,
speed gradient is.obtained from a rather rough texture and.
therefore, speed gradient'values by themselves may be mis-
leading. By considering the skid number and the speed gradi-
.ent together, a better evaluation of the pavement surface can
be made.




This can be achieved by looking at the SN and G-values for
each surface, or the values may be incorporated "into a single
quantitative value, percent normalized gradient, PNG. The
relationship between percent normalized gﬁadient and texture
has been utilized by other researchers(l)’and will be con-
sidered in this reporf. | BN o

The third parameter utilized in this prdjectVis“the surface
profile or texture roughness. A good “texture -should pro-
vide adequate drainage channels for -the surface 'water to
escape and permit the vehicle tires to make contact with the
roadway surface, From a stereo photograph profile,a "T"
value is used to cIass1fy surface texture. Generally, the
Iarger the va]ue of T, the rougher the texture. °"For this
evaluation it is assumed that the larger the T"value, the
better the surfac1ng for skid resistance. Additional infor-
mation on the stereo photographic equipment -and 'the develop-
ment of the T value is provided in the report, "Pavement
Texture Evaluation by Photogrammetr1c Techn1ques”(2), and a
summary 1is 1nc1uded in Appendix F.

Other criteria that are provided to assist in an evaluation
of the surface treatments are wet pavement accidéntfstatis-
tics and service life. One element of the wet pavement |
statistics to be considered is thHe percent of-time that the
pavement is wet. In California this is detefmiﬁed by
accumulating the hours that have 0.01 inch (0.25 mm) or more
rainfall from hourTy precipitation data published by 'the U:S.
Department of Commerceé. The percent of wet time-is based on
an eleven year weather record‘(1957 1967). Values range from
a low of one percent in the arid areas to e1even percent 1in
‘a heavy rainfall area, though more typ1ca11y the upper limits
are about six to eight percent. ‘



fAlthough accident data is listed as pertinent criteria, it
should be pointed out that due to the nature of accident
reporfs and the short length test patches of some of the
surfacings evaluated, the accident frequency data should be
used with discretfon. What might appear to be a relatively
high "after treatment™ rate may in fact represent a substan-
tial improvement if the "béfore treatment" rates could be
compared.. [n many cases, a valid "before treatment" accident
rate was not ‘available,



PROCEDURE

An inquiry was sent to adjacent States, Hawaii, and local
agencies within California regarding the type of pavement
surfaces that they use for special pavement treatments.

Both new construction and modification to existing-pavements
were of interest, The response is summarized in Appendix A.
Also listed in Appendix A are_some.innovatiVe surfaces. that
have been investigated for airport runways in New Mexico(3,4).

After reviewing the responses from the other Western states
and Tocal agencies, it be;ame evident that samples of all

the surface types listed existed in California and, therefore,
only California pavements are included in this report. ‘
Further, it appeared that most of the "innovative" surfaces
used were placed as test patches an the San Francisco—Oak1and
Bay Bridge. Several of these surfaces were discussed in a
1974 report on epoxy asphalt surfaces on California Toll
Bridgeg(i). Several of‘the other surfaces included in fhis
project are undeyr study on other ongoing research projects

at the Caltrans Transportation Laboratory.

Skid tests were performed on innovative surfaces considered
to have acceptable performance characteristics. Also, a
dense graded asphalt concrete surface is inc1uded as a stan-
dard for comparison‘purposes. . Towed trailer skid testers
that comply with ASTM E274-70 standards were used to test

the surfaces in the outer wheel track at 40 and at 50 or

55 mph (64 and 80 or 88 km/h). Because of the traffic condi-
tions at several 1dcations. tests were not made at other
speeds. In this report, the speed gradient G was determined
by the following formula: . '
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and percehglnqrmalized gradientl'PNG'; 6 x TOO/SN40

In addition to the ribbed tire, smooth test tires were used
whenever they were available and the subscript S is used in
the figures to denote a smooth tire test value. In all
cases, a preliminary test was made to scrub the surface
before performing the recorded skid resistance tests. This
was done to minimize the effects of any existing contaminants
that might contribute to test. value variation.

A stereo photograph of each tested surface was taken for the
purpose of measuring and recording the surface texture
profile, Three profites of each surface were plotted from
each photograph to provide a visual record. The middle
profile has approximately 300 readings within the 110 mm
length and the vertical scale has been amplified five times
for the pIot, From the middle profile, a surface texture
value T has been obtained by dividing the length of the
existing profile in millimetres by 110 millimetres {(which is
the horizontal distance that the profile covers). The top
and bottom profiles of the pavement surface are plotted
without vertical amplification to provide a visual concept of
the uniformity of the pavement surface,.

These plots are shown in Appendix B along with a summary of
pertinent surface information such as the age of the
surfacing, cbst, type ahd amount of materials, wet pavement
accident data, visual appearance, skid number; speed gradient,
and the surface texture value. Estimated vehicle passes are
given to the date when skid tests were taken. The date when




the stereo photograph was taken is shown in the Tower left
corner of each figure, : '

Two additional parameterg that are important to the effec-
tiveness of these surfaces are aggregate gradation and
mineral composition, Both of these properties are tabulated
in Appendix C. S '



DESCRIPTION AND EVALUATION OF SPECIFIC SURFACES

As stated in the ihtroductfon..the primary criteria used to
evaluate the pavement surfaces included in this project are
skid number, speed grad1ent and texture profile. Attempts
were made to.re1ate these quantitative values for the surface
types to des1rab1e or .undesirable accident reduction char-.
acteristics. . Greater detail is provided in the discussion
but a 1imited accipent‘history did not establish any criteria
for a meaningfu1 c1assif1cation Therefore, a system that
ut111zed all three parameters was used to present the

surface types in a preferential order. Each surface type

was ranked in preference for each of these parameters. The
sum of the raned values for each surface provided a value
that was used:tgllist the surface types in the order
presented in Appendix‘B. The ranked values for each parameter
and their summation are tabulated in Appendix D. This order
prOV1des for a re]at1ve comparison of the surface types;
however, it is not specific enough to convey, for example,
that the surfacing represented by Figure 5 is necessarily
preferab]e to that represented by F1gure 6 or 7. It is
reasonable to conclude that the surface types listed in the
firet third of tHe group will have better skid resistance
characteristics than those listed in the last third.
The‘reeulting order appears to be a reasonable classification
fortthe skid resistance properties, but there is no consider--
ation of the 1aeting effects of the surface types. If any of
the surfaces are being compared for a specific app11cat1on,
the traff1c history Tisted in the respective f1gures in
Append1x B shou]d be considered. These surfaces have not
experlenced tire chain or studded tire traffic. Vehicle 7
passes and truck passes accumulated up to the date that skid
tests were performed have been provided for each surface. It

8




was assumed that eighty percent of fhe‘trﬁbks travel in the
outside lane and twenty percent in the next lane for these
calculations. '

The three parameters used to rank the surface types may not
include enough information to prDVIde for an effect1ve eva1u-1
ation of skid res1stance character1st1cs. Therefore, three
additional parameters are included to provxde add1t1ona1
information, These are Percent Norma11;ed Grad1ent, SNy -

’ SN4OS and SN4OS' ' '

Since the wet pavement acc1dent h1story did not prov1de
sufficient guidelines.to. estab]1sh any minimal va]ues ‘the
following values were. se]ected as maxlmum or m1n1mum for
evaluating available’ fr1ct1on of a pavement surface in th1s

report.
Friction Speed Perceﬁt' SN40- Texture SN40 SNAOSV
Available Gradient Normalized SN4OS‘ ' T
Gradient
High 0.2 0.2 4 - 1.10 50 40
‘ 0.3 0.3 5 1.09 49 39
Moderate to High
0.5 0.6 7 1..05 40 36
0.6 0.7 8 1.04 39 35
Moderate to low o
0.7 0.9 12 1.03 35 30
Low 0.8 1.0 13 1.02 34 29

It 5h0u1d be understood that a surface w1th a h1gh Speed ;
Gradient, SN40, and SN405 friction avax]ab1e ratlng(may not;w,
necessarily have a high Percent Normalized Gradjent.oriSN40;—J

SN4OS,rat1ng.



The.pavément surfaces will bé discussed in the order that
they were ranked in Appen&ix B for each of the three surface
classifications used in this report. However, since the ;hip
seal and overlay surfaces shown in Figures 1, 4, 8, 13, 15,
18, 19, 20, 21, 22, 23, 26, 27, 28, 29, 30, 39, 40, 43, 44
and 45 exist on the San Francisco-0akland Bay Bridge, the
background information is presented here prior to discussions
by ranking and surface type.

Most of the deck surface upon thCh~the innovative surfaces
were placed was a polished coal tar modified epoxy asphalt
overlay. All but five surface treatments cover the right
jane -- number 5 -- of the structure for approximately 200
feet (61 m). Figureé 21 and 22 represent the surfacing
placed on lanes one and five of the upper deck of the struc-
ture in 1976, and Figures 15, 18 and 26 represent approxi-
mately 600 feet (183 m) of surfacing placed in lanes five,
four and one, respectively, on the lower deck in 1969. This
structure has daily traffic volumes of approximately 170,000
vehicles. Six percent of this traffic is trucks and most

of ‘these travel in the outer lTanes so that of the 17,000
vehicles pér day over the surfaces in the number five lane
approximately 4,250 are trucks. The traffic speed on the
surfaces is approximately 55 mph (88 km/h) and there are
moderate frictional demand levels that result from routine
traffic accelerations and lane changes.

The mild coastal climate does not subject these surfaces

to temperature extremes and neither studded tires nor tire
chains were used on any of the surfaces evaluated., Records
of accidents in this area before the surface placement in
September 1971 were not coded to show the primary location
of the collision, so only accident data after the surface
placement can be related to the outer lane (A few of the

- 10




recorded accidents for the 200 feet (61 m) test sections may
be attributed to the wrong area because of the .short length. -
However, the accident frequency was very low for these areas,
and a detailed analysis of each ac¢ident would not.be relj-
able.). The bridge deck is considered to be wet about five
percent of the time and a five. year average wet-pavement
accident ratio for this county is .twenty percent-of the total

accidents.

The following is a description of .the different surface types
that were studied for this project. 4 ‘

Chip Seals

Epoxy Chip Seal with Calcined Bauxite (Figures ‘1 and 4).
The grittiness of the calcined bauxite provides a very high
initial skid resistance value that may be satisfactory for
high skid resistance demand areas such as intersections. The

binder must be exceptional to.retain the aggregate because of
high stresses developed by the vehicle tires., To obtain a
good bond with the existing surface, the practice has been to
sandblast or grind the surface -before the binder application.
The coal tar modified époxy asphalt was sandblasted .prior to
the chip seal applications on the bridge deck. These surfaces
appear to have several years of quality service, 1ife remain-
ing. : T S

At another location, the asphalt concrete surface was- ground
before application of the calcined bauxite chip seal; on a 285
foot (87 m) radius curve connecting two freeway .routes. An
irregular surface profile left by .the grinding operation was
desired to provide additional lateral resistance for the
surface bond. Traffic conditions pfohibited obtaining a
stereo photograph of this area so the data is presented as

11



Ta with Figdre 1. The curve is posted with an advisory sSpeed
of 35 mph (56 km/h). The 1971 ADT was 19,000 and the vehicle
count has 1ncreased approximately 1, 000 each year. - Reported
accidents have been infrequent before and after this. correc-
tive treatmeht;‘but the visuéi appgéfance of the guardrail
indicates that there have been fewer contacts since the sur-
face treatment'_ Furthermore, these guardra11 dents and
scratches indicate that veh1c1e contact is now almost out: of
the curve whereas before the corrective treatment it was near
the beginning of the curve. Apparently, if the errant vehicle
is operatiohal, then the accident is not reported.

This chip seal surface is experiencing some bond failure and
approximately three or four additional years is all that may
be expected at this high skid resistance demand location. An
estimated 62 million vehicle passes can be inferred as a
maximum service 1ife from these findings.

Th1s type of surface is sat1sfactory for areas subject to
high fr1ct1on demand, A questionnaire response indicated
that it is not acceptable for studded tire traffic.

Agphé]t Chip Seal with Streambed Agg_qgéte (Figures 3
and 10). Visual observation of this project revealed more
macrotexture between the whee1 “paths than in the wheel paths.

This phenomenon is not unusual and is attributed to a combi-
nation of chip loss, chip depression into the asphalt matrix,
chip reorientation to a flatter surface, and some chip polish,
The chip loss became so significant that an overlay was placed
before the winter rains in 1976. Smooth tires were not on
hand when the skid tests were made in 1975 and the overlay’
was placed before a complete series of tests were scheduled

so smooth tire data are not ayai1ab1e for this surfacing.

12




This chip seal surface provided two years of service 1ife
for about six million vehicle passes. A five to seven year
service life is normally expected from a good asphalt chip
seal. The life of the wearing surface is dependent on the
aggregate, traffic conditions, and construction procedures,
The specific reason for the short life is not known but some
Common problems with chip seals are discussed later in a
general discussion,

Although the measured parameters indicate that this type of
surfacing would be acceptable for high friction demand areas,
the high potential for chip loss and the short 1ife suggest
its use should be Timited to moderate or low friction demand
areas.

Epoxy Chip Seal with Watsonville Granite (Figures 8,
20 and 27). This aggregate is desirable for chip seal appli-
cation because of the durability, surface roughness, and the
cubical shape that the crushed aggregate possesses. The
rather Targe variation in values of texture and percent
normalized gradient suggeét that construction procédures are
important, This type of surface appears to be acceptable ‘

for moderate to high friction demand areas.

These surfaces appear to have several years of service life
remaining. ' ' '

Rubberized Chip Seal with Crushed Ignecus Aggregate
(Figures 11 and 24). This surfacing is performing satis-
factorily under an extremely high percentage of high speed
truck traffic in a rural area. Wheel track depressions are
apparent but the overall appearance of the surfacing is good.

13



The ribbed .and smooth tire skid test results indicate
acteptabi]ity in areas 'of high friction demand but the texture
and gradient parameters indicate that the surface should be
limited to areas having moderate friction demand.

Epoxy 'Chip,Seal using Bear River Quartz {Figures 13
and 19). This aggregate is a very durable aggregate;
however, experience indicates that the surface texture will

eventually polish after a very large number of vehicle
passes. Most of the skid resistance will be developed from
the macrotexture, This surface type appears to. be acceptable
for moderate to -high friction demand areas.

Epoxy Chip Seal with Copper Slag {Figure 23). Because
this is a crushed product, this material is very angular,
It is considered to be a satisfactory surface treatment for

moderate friction demand areas,

Permapol Rubber Incorporating Aluminum Oxide Aggregate -
(Figures 25 and 28). This surfacing was applied with paint

rollers on two projects. It appears to be an acceptable
wearing surface, but considering the very high cost its use
will no doubt be limited to specia] treatments such as
sealing membranes(6). The rather large variation in values
of SNyq - SN4qg» SPeed gradient, and percent normalized
gradient indicate that nonuniformity may be a problem.
Because of this and the marginal texture values, this -surface
is not recommended for areas where high friction demand is
expected unless the vehicle speed is Timited to 40 mph

(64 km/h) or less.

14




Epoxy Chip Seal with Silicon Carbide.(Figure.37). Prior

experience with this material has indicated that the angular-
ity of this aggregate provides a high initial skid resistance
value. The aggregate lacks a gritty surface texture so the
skid resistance is developed from macrotexture. The low
smooth tire test results and the -high percent normalized
gradient suggest that this surfacing should be limited to
moderate to low friction demand areas.

This surface was placed primarily for the purpose of pro-
viding color contrast for delineation to another primay
highway route. It is subjected to a high traffic volume and
~a high percentage of truck traffic. The expected service
life is estimated to be approximately 60 million vehicle
passes because some ravelling and bond failure have developed
between the wheel paths, '

Epoxy Seal with Monterey Sand (Figure 40). This
subangular to rounded sand is durable; however, excluding
areas having tire chain traffic, aggregates high in silica
usually polish instead of wear under heavy traffic. With
the fine gradation there is minimal macrotexture 'to maintain
a high skid number as the exposed surface polishes. - This
surface exhibits low SNuq -ASN405 and high percent normalized

gradient values.

Therefore, 'this type surface is not recommended for areas
where high friction demand is probable.

Epoxy Seal with Bear River Sand (Fiqure 41). A 25 foot (7.6 m)
section of this surfacing was placed as part of a research
study(7) completed in June, 1965. In the Sacramento Valley
¢limate -- hot summers and cool winters -- this surface has

performed very satisfactorily in the absence of tire chain’
15



and snowp]ow action This surface should pkovide several
more years, of sk1d resistant service. It is acceptab]e for
areas having moderate to low friction demand. '

Gverlays

Open G?aded'ASpha]t Concrete (Figureslz and 5). This‘
surfacing was a part of new construction that was comp]eted
in December 1965. It was p]aced over 0.33 foot (100 mm)
dense graded asphalt concrete.

The ADT of the four lane fac111ty has increased from 9200 in
1966 to 14,900 in 1974. This traffic consists of 3.7 percent
trucks. It is assumed that the truck traffic in the outer
lane is the primary reason for the difference in the test
values for the two lanes. The visual appearénte‘ahd the test
values indicate the existing surface will provide several
more years of effective service. | |

This surfacing is satisfactory for mild climates where tire'
chains, studded tires or snow plows are not used. It is

acceptable for areas having high friction demand.

Open Graded Asphalt Concrete (Figdfe‘llf‘ This §uffatihg

was p]aced in July 1975. It looks very qood and shou]d pro-
vide many more years of service for the rather h1gh traff1c
volume. This area has experienced a rather h1gh a001dent
rate for seyeral years. The open .graded asphalt concrete
surfacing did not feduce the wet pavement raté but the
relatively h1gh ranklng of th1s surface and the low percent
of wet pavement accidents 1nd1cate that skid resistance 1is
not the pr1mary cause of accidents that .occurred. This
surfacing appears to be satisfactory for all mild c11mate
locations. It is acceptable for areas having high fr1ct1on
demand,

16



_ Qpen Graded Epoxy Aspha]t Concrete w1th Blast Furnace
S]ag (_Jgures 15 and 26). The performance of this surfac1nq
has been very gpod. ‘It was placed as a test installation in
an area with a very high frequency of wet pavement accidents.
It has provided a substantial reduction in accidents(8) and
has provided service for more than nine years. There is
evidence of surface pplishing and sTight raVéT1ng in the
wheel tracks; however. there appears to be severa] years of

service '11fe rema1n1ng

This surfacing is considered to be sat1sfactory in mild or
hot c11mates It is acceptab1e for areas hav1ng moderate
to h1gh fr1ct10n demand

Open Graded Epoxy Aspha1t Concrete with Natsonv111e
Gran1te (Figure 18) ‘The_performan;e of th1s surfacing has
been comparable po those shown in Figures 15 and 26 using
blast furnace slag. This surface is considered satisfactory
in mild or hot climates. and is also acceptable for aréas
having modera;e to high friction demand. | B

Dense Graded Epoxy Asphalt Concrete using a combination
of Metagraywacke and Expanded Shale (Figures 21 and 22).
A]thdugh this is é'recentTy placed surfacing, the performance
appears to be very good. During a récent rainstorm, only 2

wet pavement accidents were recorded on the upper deck using
this surface while 11 were recorded on the lower deck. Prior
to the placement of this surface, the accident rates on the
upper and the 1ower decks were nearly equa1

A better evaluation can be made after several years of

traffic exposure but it.appears that this.surfacing i's
acceptable for moderate to high friction demand areas.’
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Dense Graded Epoxy Asphalt Concrete using.Blast Furnace
Slag {Figures 29 and 30). This epoxy asphalt concrete
surface exhibits a uniform appearance with no signs of

spalling or bond problems. Macrotexture appears to be mini-
mal for this surface so the skid resistance must be developed
from aggregate grittiness and angularity.

This surfacing had 0.8 percent less epoxy asphalt binder than
the recommended design percentage, however, there is ample
binder for the mix. The speed gradient and skid number
indicate that this is probably an acceptable surface for
moderately high friction demand areas but the texture values
are low and moderate respectively., The smooth tire skid
numbers indicate that these surfaces differ even mdre‘than
the texture measurements. Presumably this difference results
from construction procedure variation. Therefore, this
surface type should be limited to moderate to low friction
demand areas.

Dense Graded Asphalt Concrete (Figure 33). As a typical
standard thin bJankét overlay, this surfacing has performed
satisfactorily. Values for texture and S-N40 - SN4OS on this
surface are low .but the skid number and speed gradient values
indicate that an adequate surfacing exists for moderate to
high friction demand areas. Therefore, this surfacing is
considered to be étceptab]e for areas experiencing low to

moderate friction demand.

Dense Graded Epoxy Asphalt Concrete with Expanded
Shale (Figures.39‘and 44). There is minimal macrotexture for
this surfacing so the skid resistance must be developed from
the aggregate grittiness. This surface had 1.5 percent less
epoxy asphalt binder than the recommended 11.5 percent by
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design. However, the slight richness of the surface indi-
cates there is sufficient binder in the mix. So .far there
is no visual evidence of any ravelling or bonding problems
with this surfacing. '

The SN40 values are desirable for moderately high to high

- friction :demand areas but the smooth tire skid test values
the texture va]ués-and the‘SN40 - SN4OS values indicate that
this surface should be limited to low friction demand areas.
It is probably an acceptable surface for moderate to low-
friction demand areas. ’ :

Dense Graded Epoxy Asphalt Concrete with. Watsonville
Granite (Figures 43 and 45). This surface has a uniform
appeardnce with no sfgns of spa111ng or bond problems. The
mix was placed with 0.4 percent'more epoxy asphalt binder
than ‘the recommended design value of 6.3 percent. A bleeding
or flushing condition resulted immediately, so the surfaces
were sandblasted to obtain satisfactory skid resistance
values. The speed gradient and SN,, values are desirable for
a moderately high friction demand area but the smooth tire

skid test values, the texture values, the percent normalized
gradient and the SN40
surface should be limited to low friction .demand areas.

- SN4OS values indicate that this

This surface appears to.haye a high potential for skidding
accidents but is probably an acceptable surface for low to
moderate friction demand areas. Due to the need to sandblast,
the surface cannot be considered "typical™ of this type of
construction, - el
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Portland Cement Concrete

The PCC'su?faces listed are part of ancother current research
project to evaluate PCC surface textures. Additional infor-
mation on the performance of these textures will be reported
in "Surface Texture for PCC Pavements", by B. F. Neal, D.

E. Peck, J. H. Woodstrom, and D. L.’Spe]]man at a later date.
These textures are so new that it is impossible to evaluate
their effect1veness or service life at this time,

Transverse Metal Tines (F1gures 6, 12 and 14). The
transverse textur1ng was performed in Ca11f0rn1a with metal
tines spaced at 1/4, 1/2, and 3/4 inch (6, 13, and 19 mm)
without any prior texturing. The 1/4 inch (6 mm) tine
spacing was visually considered unécpeptabie and only a very
short section was constructed.

Longitudinal Metal Tines (Figures 9 and 16). The
10ngitudinai tihe texturing was constructed at 1/2_1nch
(13 mm) and 3/4 1nch (19 mm) spacings  The appearance of
the 1ongltud1na1 tine texturing on 3/4 inch (19 mm) centers
has resu]ted in california adopt1ng th1s f1n1sh for several

projects. Prior to the tine texturing, a bur]ap drag is
used to distribute surfacge waterrand to give some initial
texture between the grooves.

Transverse Bristle (Figure 17). This texture was
provided with a double row of polypropylene bristies.

Longitudinal Burlap Drag (Figures 31 and 35). A burlap
drag texture was provided on this project which also has

research test sections using the aggregatefseeding procedure.
Figure 31 represents the normal texturing procedure and
Figure 35 represents a section that the use of additional
water during finishing was prohibited. |
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Aggregate Seeding (Figures. 32, 36 and 38). An attempt

to provide a Tong wearing texture was made by spreading
durab]é aggregate after the paver. A roller, a pipe float
and a burlap drag were used to imbed the aggregate and to
provide an initial texture. . As the mortar wears, the
aggregate should provide acceptable texture and skid
resistance. The crushed gravel surface is reprééented by
Figure 32, the blast furnace slag surface by'Figurelas, and
the lightweight aggregate surface by Figure 38.

Artificial Grass Drag (Figure 34). This texture was
developed with an artificial grass (such as Astroturf) drag‘
which resembles that obtained with a broom.

Longitudinal Broom (Figure 42). This texture is
considered to be 1ight for a broom finish. Heavy broom
finishes have generated complaints from motorcyclists.
Although traffic eliminates this problem by removing the
harshness in the first few mbnths, there is a tendenéy to
prefer the lighter finish. Because typical broom finishes
were not highly skid resistant nor long Tasting, the trend
in texturing has been toward the use of a metal tine finish.
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DISCUSSION

Accident Criteria

In the déﬁcription of specific surfaces, an evaluation of the
surface treatments was made usihg skid number, speed gradient,
‘ surfaéé'texture,.and service life. Another parameter that
can be useful in eva]uatTng'surface treatments is wet pave-
ment accident criteria. All but four of the installations
included in this project are in areas of moderate vehicle
maneuVers'and friction demand so that a low frequency of wet
pavement'aécidents is expected. This low frequency of
accident occurrence and the many variations in length, age
and traffic will reduce the significance of any observed
trends in this data. Specific data on the four surfaces

that were placed to reduce the wet pavement accident rate
are presented in la of Figure 1 and in Figures 15, 18 and 26.

A summary of the accident data is tabulated in Appendix E.
‘The length of the test section, the period of time for which
data was collected, the wet pavement and dry pavement
accident count, the percent of time that this pavement is
expected to be wet and the average percent of wet pavement
accidents for the resident county are included in the tabula-
tion. o

Accident statistics for the location of the test sections were
obtained for a period of time before and after construction

in moéf cases., In some instaﬁces. the new surface was placed
a]ong with realignment so that a'before/after comparison
would be misleading. Also, until 1971, the accident data on
the San Francisco-0akland Bay Bridge was not coded to show
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the primary location of a collision. For these situations,
only the after-placement accident data is presented in
Appendix E.

Without a "before and after" comparison it becomes necessary
to consider statistics sueh as simply the absence of wet
pavement accidents or the ratio of wet pavement to total
accidents. Although wet pavement.accidents should relate
best to skid resistance, the dry pavement accident frequency
provides a clue that other factors may be involved. For
example, the surface represented by Figure'15 has 15 wet
pavement accidents over a six-year period. This frequency
might seem high until we see that there were 108 dry pavement
accidents for the same period. This condition strongly _
suggests that geometrics, delineation, speed or some other
factor is probably more‘responsible for ac¢cidents than the
pavement skid resistance. This implication becomes stronger
when weather statistics show that the pavement is wet about
five percent of the time,.

For the area represented by Figure 15 a very high traffic
volume is subjected to a curve on a structure such that the
sight distance is Timited. If hrob1ems develop ahead, driver
inattentiveness may result in co111s1ons even though there is
adequate skid resistance for norma] cond1t1ons.

The rather low frequency of acc1dents for the pavement Sur-
faces included in this progect indicate that there are few

if any probiems. But, in genera] lTocations having wet pave-
ment accident frequencies greater than some spec1f1ed Teve]

or percent are considered by some traffic engineers as
potential candidates for correct1ve treatment, The percentage
that one adopts as a "trigger" value usually depende upon
experience and the percent of time that a pavement is wet.
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In addition to problem sites that are located and reported by
highway users and highway personnel such as maintenance men
and'highway patrolmen, high concentrations of wet pavement
accidents are identified on computer printouts and investi-
gated. Usually, to establish that there may be a skid resis-
tance problem, the percentage of wet pavement accidents must
be greater than the county average.

Data Correlation

For this study, attempts were made to establish a relation-
ship between the wet pavement accidents and the various
measured parameters. The low accident frequency, the
variable friction demands on the different surfaces, the
short test secfions and the different duration of wet pave-
ment time are some of the reasons why good correlations did
not exist for this data. Also, attempts were made to relate
texture to several other parameters. The correlation coeffi-
éients from régression analyses for texture versus skid
number, percent normalized gradient, speed gradient and

1/
SNyg - SN

405 “ere 0.29, 0.47, 0.48 and 0.75 respectively, -
The-}eTathnship between texture measurements and speed
gradient and the percent normalized gradient was expected to
be stronger than the data correlation coefficient indicates.
Therefore, some parameter might be missing from one of the
megsdrements.J One important characteristic of skid resistance
that texture measurements as obtained do not quantify is
gfittiness. If a pavement surface is to be evaluated by
text@re, it appears that some measurement of the grittiness
chara;teristié'must accompany the texture measurement.

Some research has been performed in this direction. M. Leu
and J. Henry establish a relationship between speed, skid

1/ The best relationship is shown in Figure I.
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number, British Portable Number and the sandpatch mean
texture depth(9).

The need for a grittiness classification to accompany a
texture value for evaluation is illustrated by the following
example. The three epoxy chip seals presented below have
approximately the same texture value, T.

Agdregate SNao T gr  SNgg = SNggs)
Watsonville Granite 45 1.054 0.20 4
Silicon Carbide . 40 1.056 . 0.40 14
Monterey Sand 45  1.061 G.53 R

*Speed Gradient

The grittiness of the Watsonville granite is reflected in the
speed gradient and the difference between ribbed tire and
smooth tire test values. It is probable that a relative
value could be approximated by fingertip sensitivity at the
time texture measurements are made i1f one desires to use
texture for pavement evaluation.
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Although this 1s only a fair correlation, it appears’ that
surfaces having texture values greater than 1.100 have
exceptional drainage characteristics so the difference
between skid numbers measured with a ribbed tire and a
smooth tire are small. Surfaces with texture values less
than 1.020 have very little macrotexture and need aggregate
with grittiness to be acceptable even in a moderate demand
area. Surfaces with texture values between 1.020 and'1,100
could be classified as very good or as fair depending upon
the grittiness characteristics present. The reader should
keep in mind that these values were obtained from a curve
having a correlation coefficient of 0.75 and therefore
should be considered approximate. |

At the request of the FHWA contract manager, a cofrelation
coefficient from regression analysis was determined for
texture, T, versus percent normalized gradient, PNG, which
relates the speed gradient, G, to the level of skid resis-
tance. For this analysis: ’

PNG = G X JOO/SN40

40
The data plotted in Figure Il provide a correlation coeffi-
cient r of 0.47 for the linear equation and 0.43 for the
hyperbola. While this data does not establish a strong
equation, the hyperbola does tend to substantiate the levels
of texture obtained in the plot of texture vs. SNyg - SN4OS’
namely, T < 1.02 appear to be unsatisfactory and T > 1.1
appear to be very desirable. The data plots exhibit consid-
erable scatter, again indicating that these texture measure-
ments alone do not reflect the total skid resistance

" performance of a pavement.
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Chip Seals

A crushed aggregate is often impiied by the term chip seal;
However, to minimize ciassifitations, all thin membrane
coatings will be discussed as chip seals in this report
whether the aggregate is grit, natural sand or a crushed
product. Inh general, proper]y placed ch1p seal surfaces
have excellent skid resistance characteristics,

Under normal cqnditions and with good construction practicesJ
maintenance personne] indicate that five or more years may

be expected from bituminous chip seals. Projects included

in this study show that a 1onger service 1ife may be expected
from resinous époxy seals in mild climates: When placed over
portiand cement concrete surfaces in cold climates the thermal
characteristics require that epoxies be modified so that they
do not create a shear failure withih the PCC. Therefore,
Coal Tar Modified EpoXxy Reéinjis frequently used for epoxy
asphalt chip seals on PCC surfaces. Even then, tire chain
andvsnowp10w action and thermalIStresses\may result in a
service life for epoxy-modified asphalt resin chip seals of
no more than a year(7). A polyester binder -over an epoxy
primer has provided approx1mate]y three years service life in
a nonfreeze-thaw area.

Even though all the surfaces for. the epoxy resin Eea]s were
cleaned by sandblasting or by grinding prior to app]y]ng the
binder, three of the eleven placed have started to separate
from the original surfaces of epoxy asphalt, asphalt, and
portland cement concrete pavement. It is not known whether
this bond failure resulted from oil residue, moisture vapor,
blisters that eventually burst and peel, or some other
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phenomenon. Although the servi¢e Tife for the epoxy resin
seals in n0ﬁ¥chaiﬁ areas is very good, it appeéars that this
tybe of bond failure will eventué]1y cause failure of all

of the epoxy resin chip seals described in this report. The
wearing surface should continue to pefform well until bond
failure occurs because the intact aggregate displays slight
wear, and the bond between the aggregate and the epoxy resin
appears excellent.

Both asphalt and epoxy resin chip seals are vulnerable to
excessive chip loss when 1) the chips are placed too late
for the binder to wet the chips and develop a good bond,

2) high speed traffic is permitted on the chips before an
adequate cure, 3) the chips are not clean, or 4) there is
insufficient binder for the chip size. These four construc-
tion variables must be controlled for a successful chip seal
surface, The shape of the aggregate chips is also important
to the success of a chip seal treatment, angular chips be{hg
better than a nearly spherical shape.

The spread rates for the binder and the aggfegate used in
the chip seal surfaces described in this report are listed
on the profile charts in Appendix B. Also 1isted for com-
parison are the approximate costs of the various surfaces,
Most of thgse costs are high and reflect the small jobs and
the Contractors' inexperience with the material at the time
they were placed. |

It is apparent that the cost of chip seals increases signifi-

cantly as épéCia]'gritty. polish resistant aggregates bonded
with epoxy resin are used to accommodate requirements of high
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traffic vd]umes, high vehicle speeds, or shec{éf'conditions.
User savings may offset the apparent h1gh cost 1f the service
life of an epoxy chip seal is two or three tlmes that of an
asphalt chip seal,

S
v

Overlays

Usually, with overlay treatment, the traffic is dn the new
surface w1th1n a short period of t1me after construct1on S0
it becomes important to maintain good contro1 of the b1nder
content to reduce the probab111ty cf a f1ush1ng or b]eed1ng
condition. A flushing or b1eed1ng cond1t1on can be less of
a problem for epoxy asphalt surfaces because sandb]ast1ng'
will restore skid resistance. Surfaces represented by
Figures 43 and 45 were 1Mproved by sandb1ast1ng.

Open graded mixes usually provide a rapid surface drainage
so that there is less tire-splash than on most other pave-
ment surfaces during and just after rainfall, This is an
important safety consideration.

Open graded surfaces are not used in areas of Snow and ﬁcé
in California because the tire chain and snowp]ow action
substant1a11y reduce the service 11fe mak1ng surfaces of
this type unsuitable.

Generally, good skid resistance properties can be obtained
with overlays., An expected skid resistance service life of
10 to 15 years for dense graded and open graded asphalt
concrete cdn be obtained in the absence of chain or studded
tire wear, or other severe treatment.
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Portland Cement Concrete Texturing

A satisfactor} initial skid number and texture roughness can
be easily obtained on PCC surfaces; however, the rapid wear
and polish in the wheel tracks of the truck Ianes have
generated a need for improving the durability of‘the textured
“surface. Curtently a promising approach is to texture the ‘
fresh PCC with metal tines. California has investigated tined
texture in both the transverse and the 1ongitudina1 direction.
Unfortunately, neither surface type has.beén subjected to
enough traffic to determine its durability at this time.

A recent Texas report indicates that there is no s1gn1f1cant
difference between transverse texturing and longitudinal |
texturing(10).

National Coopetative.Highway Research Program
Project 1-12(3)

There were ten.systems selected as most suitable for
immediate practical application as skid resistant pavement
surfaces in the findings of NCHRP Project 1-12(3)(11).

These findings from Digest 89, November 1976, are repeated
here along with any comments or pertjnent findings relative
to pavement surfaces observed for this project, "New and
InnoVative Methods and Materials for Pavement Skid
Resistance".

1., Portland cement concrete with sharp, oTish resistant
fine aggregate and coarse texture (tined) surface.

There are fivelprojects inc1uded‘in this report that have
been textured with metal tines. While these surfaces are too
new to form definite conclusions, this type of texturing
appears to be very desirable., The initial surface texture
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is substantial and the adequate skid numbers indicate the
presence of a sharp or gritty fine aggregate. A'better evalu-
ation of this construction can be made in three or four years.
Data for the tined texture PCC surfaces are presented in
F1gures 6, 9, 12, 14, and 16.

2, Dehse-graded asphalt concrete with poTish-Fesistant
coarse aggregate.

The dense graded asphalt concrete surface included in this
project has been subjected to a high rate of truck traffic
for seven years and Still exhibits acceptab]e skid rEsiétance
values. Although this aggregate has not been subJected to a
polishing test, it is considered to be po11sh resistant
because of its satisfactory performance in local roadways,
It is probable that a 3/4 inch (19 mm) maximum size aggregate
AC would provide .more texture than the 1/2 inch (12.5 mm)
size. The availability of po1ish-resistance aggregate is
paramount to the'life of this pavement. The texture profile
and,other data are shown in Figure 33. o

3. Open- graded aspha]t concrete with po11sh res1stant
coarse aggregate

With the except1on of mountainous c11mates, the open graded
surface has been utilized as a skid resistant surface in
California for more than fifteen years. A number 3 or 1/4
inch (6.3’mm) maximum open graded surfacing is represented

in Figures 2 and 5 of this report. Although the 3/8 inch
(9.5 mm) and the 1/4 inch (6.3 mm) maximum grédatibh has per-
formed satisfactorily, a 1/2 inch (12.5 mm) maximum gradation
is being‘tried because the sizes are more compatibTeTwith
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typical bin Eto}age supplies and therefore,'somewhat easier
to schedule ordere The cost per ton is Tess which will help
offset the cost of the add1t1ona] thickness reqU1red This
surfacing 1is included 1n this report in Figure 7.

4, Gap-graded aspha]t cohc}ete with polish-resistant
coarse aggregate,

None of the agenc1es respond1ng to our questionaire indi-
cated ‘that they used a gap grading,.

5. Asphalt concrete with rolled-in, precoated, polish-
resistant chips.

None of the agencies polled indicated that they used this
procedure; however, in areas where polish resistant aggregate
is lacking and)or expehsive it should be tried. If a uniform
appearance is not’ 1mportant this procedure may be appropriate
for restorlng texture to a bleed1nq or flushing pavement sur-
face if the pavement is heated prior to rolling.

6. Egoxy-modified'aspha1t concrete with polish-resistant
coarse aggregate.

There are eight ahkfaceerincluded in this study having dense
graded aggregate and epoxy -modified aspha1t binder. Two of
these have utilized a blend of two aggregates with different
wear rates (Flgures 21 and-22). The other six surfaces
(F1gures 29 30, 39, 43, 44 and 45) consist of three different
aggregates at thicknesses of 1/2 inch (12.7 mm) and 1 inch
(25.4 mm) wh11e the wear qualities and durability of the
epoxy-modified asphalt concrete surfaces are very good, the
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texture of the dense graded epoxy asphalt concrete is
marginal., It appears’that the aggregate blend of metagray-
wacke and expanded shale have improved the texfuré somewhat
but it may be due to the difference in traffic history.

7. Aéphalt seal coat with polish-resistant chips.

This is a common skid resistant surface treatment that has
realized various degrees of success Severa] comments on
construction procedures that affect performance are 1nc1uded
in the discussion of chip seals ear]ier in this report
Asphalt chip seal surfaces are 1nc1uded in Figures 3 and 10,

8. . Rubberized aspha]t seal coat with polish resistant
chips.

One surface of rubberiied aspha]t chip seal coat is presented
in Figure 11. Although the rubber is expected to provide
greater flexibility and e1ast1c1ty at cold temperatures which
should be helpful in controlling reflection crack1ng or in
sealing fatigue cracks, this treatment has not been widely
accepted. One of the reasons. is the high chip loss experi-
enced on several projects, - ' '

9. Epoxy-asphalt, calcined bauxite chip seal.

The éa]cined bauxite grit develops a very.hfbhzgkid resis-
tance which requires a strong binding agent such, as a two
component epoxy resin b1nder to retain the ch1ps. Data from
two locations having an epoxy- asphalt ca1c1ned bauxite seal
are presented in this report»in Figure 1. It shou]d be noted
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that one agency experienced a bond problem with this type
surfacing. Also, the performance of the surfacing under
studded tire traffic was unsatisfactory.

10.‘ Sawed 1ongitudina1 grooves in existing portland cement
concrete. '

Longitudinal grooving has been an acceptable corrective
treatment. for smooth PCC pavements in California for more
than 15 yearsl;‘A "before and after" statewide study shows
that grooving has reduced wet pavement accident rates by 69
percent(lg),land is a cost effective treatmént for PCC pave-
ments. While accident rate decreases are well documented,
it should be pointed out that skid resistance as measured
does not always show a significant change after grooving.

Summary

The most promising skid resistant surfaces that were evalua-
ted under this project are listed below in the order of
ratings shown in Appendix D. This order presents the
surfaces having the highest frictiondl characteristics first
so the surfaces listed first woﬁld usually be preférab]e for
areas having high friction demand. Surfaces listed last
would usually be acceptable for moderate friction demand.

It is importantto note that some of the PCC surface textures
may perform better than some of the surfaces listed.

A. For heavy or medium traffic volume.

1. Epoxy-modified asphalt, calcined bauxite chip seal
as ‘shown in Figure 1. ‘
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2. Open graded asphalt concrete as shown jp?Figures 2,
5 and 7.

3. Epoxy resin-calcined bauxite chip seal as Shown
in Figure 4,

4, Epoxy asphalt, Watsonville granite chip seal as
shown in Figures 8, 20 and 27. '

5. Open graded epoxy asphalt concrete with blast
furnace slag as shown in Figures 15 and 26,

6; Open graded epoxy asphalt concrete w1th Watsonville
granIte aggregate as shown in Figure 18.

7. Epoxy asphalt, Bear River quartz chip seal as
shown in Figures 13 and 19,

8. Epoxy asphalt concrete with a blend of
Metagraywacke and expanded shale aggregate,

B. For medium or light vehicle traffic volume.
1. Asphalt chip seal as shown in Figures -3 and 10,

- 2. Rubberized chip seal as shown in Figures 11 and 24.
Many of theselsurfaces‘have been subjected to sufficient
vehicle traffic so that further testing is unnecessary.
However, the tined texture and the transverse broom texture
of pprtland cement concrete and the epoxy asphalt concrete

with blended aggregates should be observed for several years
to better evaluate their service Tife.

37



CONCLUSIONS

1. A number of skid resistant surface treatments have been
used with reasonable success in climates where tire chain
action is not a factor. These surfaces are enumerated in the
preceding summary. o |

2. Those corrective surface treatments considered new and
innovative were all found to be gquite expensive when com-
pared to successful common surface treatments such as open
graded asphalt concrete, conventional chip seals, and
diamond blade grooving of polished portland cement concrete
pavement, A longer service life may justify this cost in
areas where very heavy traffic. and/or high friction demand
exists,

3, For the vehicle traffic and pavement surface test
sections included in this project, the wet pavement accident
data did not highlight any .criteria that would help to
establish minimal values that would be proper if app1fed on
a broad scale,

4. Any pavement surface evaluation by texture criteria
should include an appraisal of the grittiness characteristic.
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: . Page 1 of 6
APPENDIX A

Response Summary to Questionnaire
Sent to California Districts

1. Please list those pavement skid-resistant treatments
tried in your District and note whether their use was on AC
or PCC pavement and whether it was placed during the initial
construction or as part of a maintenance program.

Responses:

PCC
Grooving - 9 (Maint.)

0GAC overlay - 2 (Maint.)

DGAC overlay - 1 (Maint,)

Minimum water during finishing - 1 (Constr.)
Metal tine long. grooved -~ 1 ?Constr;)

AC

OGAC overlay - 4 (Maint.), 2 (Constr.)
Chip seal = 2 {(Constr.) - S
Resurfacing-thin blanket - 2 (Maint.)
Grooving - 2 (Maint.)

Cinder seal -1 (Maint.)

2. Please describe any exceptionally successful and/or
unsuccessful treatments or new construction methods you
have tried.

Responses:

Successful Methods

PCC grooving - 5

0GAC overlay - 4

Chip seal - 1

Burning excess asphalt - 1

Unsuccessful Methods

Chip seal - 3 {lost chips)
Cinder seal - 1 {(lost chips)
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Page 2 of 6

3. Do you have "before-and/or-after" skid accident data
for any of these areas?

Data is available in the statewide accident
files.

4. Are you aware of any local agencies who may have
experience with skid-resistant methods and materials?

Agencies mentioned in this response were

sent the Western States and Local Agencies
questionnaire.
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APPENDIX A

Response Summary to Questionnaire Sent to
Western States and Local Agencies

1. How do you measure skid resistance?

ASTM E-274 - 10

MuMeter - 2

James Decelerometer - 1
Calif. Portable - 3

British Portable Tester - 1
Skidding Vehicle - 1

2. Please list those pavement skid-resistant treatments
tried by your agency and note whether their use was on AC
or PCC pavement and whether it was placed during the initial
construction or as part of a maintenance program,

PCC

Grooving - 4 (Maint.) ‘

Crushed rock - 1 {Constr. & Maint.)

Brooming - 3 (Constr.)

Epoxy & calc., baux. - 2 (Maint.)

Volcanic cinder €.5. - 1 (Constr.) (Bridge decks)
Burlap drag - 2 (Constr,)

AC overlay - 1 (Maint.)

Sandblasting - 1 (Maint.)

AC

0GAC - 7 (Maint. & Constr.)

Crushed rock - 1 (Maint. & Constr.)
Chip seal - 10 (Constr. & Maint.)
Plant mix seal - 1 {(Maint, & Constr.)
Volcanic cinder €.S. - 1 (Maint. & Constr.)
Sand seal - 2 (Maint.)

Roadmix skin patches - 1 (Maint.)
DGAC-thin blanket - 3 (Maint.)
Kerosene & sand - 1 (Maint.)

Slurry seals - 4 {Maint.)

Heater scarifying - 1 (Maint.}

Long. grooving - 3 (Maint.)
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Page 4 of 6

3. Please describe any exceptionally successful and/or
unsuccessful treatments or new construct1on methods you
have tried.

Suécessfu1 Methods

Chip seals = 4

Slurry seal - 2 : . ,
AC volcanic cinder seal - 1 (1ight traffic)
PCC grooving - 2 S :

0GAC overlay - 3

Rubberized AC seal coats - 1

Grinding on PCC - 1

DGAC thin blanket - 1

Sandblasting surface - 1

Armor coat treatment - 1

Unsuccessful Methods

Epoxy & calc. Baux. - 2 (bond failure)(not good
under studded tire traffic)

Kerosene & sand - 1 (good winter only)

Slurry seals - 1

Disking or scarifying - 1

Chip seals = 1

Rubberized AC seal coat - |

4, Do you have "before-and/or-after" skid accident data
for any of these areas?

Yes - b

No - 11
5. Do you specify pavement finishing methods and/or special
aggregates for skid-resistance reasons on new or remedial
construction?

PCC

Long. text. metal tines - 1
Crushed Aggregate - 1
Transverse text. - 2

Normal long. text. - 3
Coarse nylon broom - 1
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6.

Page 5 of 6

AC

Crushed aggregate - 1

Proper mix design - 2

OGAC blanket - 2

Screened chips - 2

Sand seals - 1

Avoid polish susceptible aggregate - 1

Do you blend aggregate types to improve skid resistance?

Yes - 1
No - 14
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Page 6 of 6
APPENDIX A

Surfaces tested by the Air Force Weapons Laboratory(3),(4).

Slurry seal

Grooved slurry seal

Palmeyr Pavetread ' '
Emulsified asphalt porous fr1ct10n surface

120-150 penetration grade asphalt with 5% rubber additive
' porous friction surface
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CHIP SEAL

la
Date Placed . 9/71 3/72
Average Daily Traffic (1974) 170,000 19,000
Vehicle Passes to 5/76 29,000,000 34,000,000
Truck Passes ' 6,000,000 Neg,
Unit Bid Cost Per Sg. Yd. (m°) $5.80 $9.50

| (36.94)  ($11.36)
Aggregate -~ (Calcined Bauxite

No. 6 (3.35mm) Max. ) 15.64 1254
Spread Rate Per Sg. Yd. (m“) (8.5kg) (6.8kg)

Binder .- Epoxy Asphalt 0.38Gal. . 0.31 Gal.
(Adhesive Engineering) 5 (1,7 litre) (1.4 litre)
Spread Rate Per Sqg. Yd. (m7)

Mild coastal climate-looks good some spalling
No wet pavement accldents from 9/71 to 9/76.

SNgg = 56 SNogq = 49
SN“OS = 51 (07-LA-11/05
G = 0.00 NBE 1 of 1 Lane

1. 4 1. " ) l i 1 PR + 1 3 Il ' L - 1 + N M l i L 4
TN RE T I T r T T e ey e v rrnerr e rrrrer v vnyvenrerrirerrsv v eremrT

JLLLL
L

Lilll
T

i
1

i

07-16-75 T =103 , 11:16:57

LRIt N R e AR LR ERRRl)
T 1 - T LammeS § T ¥ + T T T ¥ * - Lo

0 20 30 4 50 6 TO 8 % 100 10 120 ()
" Fig. 1 - O4-SF-80-8.46/8.5 WB 5 of 5 Lanes
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OVERLAY
OPEN GRADED ASPHALT CONCRETE

Date Placed - December 1965

Average Daily Traffic (1974) - 14,900 ..

Vehicle Passes to 2/77 -~ 16,000,000

Truck Passes - 182,000

Cost Per Sg. Yd. (m®) - $0.17 ($0.20)

Aggregate - American River Streambed No. 3 (6.3mm) max.
Binder - 5.8 to.6,0% 85-100 Penetraticn Paving Grade

Asphalt

Hot summers, cool winters, no chain or-studded tire traffic;

looks goed.

SN, = 56
SN5O 54
SNygg = 21

G = 0.20

No wet pavement accidents from 1/74 to 1/77.

(MM) e e
.Er vh~é”V/ﬁ-j\vf‘L/“VJN\4"\u//var\/_—“\V/_““J“—ﬁ\ |
oF , 3
51 4
4 F 4
3L 4
2t -
I -
°<— -
E /JV\/W/\'\J\_\M\/_/\/ EF
Q-<E E)—

10-15-75 . T=1.186 13:56:18

- _ ll‘u!jm#l']glf‘l{llll!llll{l|llly.|ll‘l_|.7[[lgll]=llllll|ll;llIl!llll}llll%lu‘:ll]]!lllqjll|lr‘|ll|.|lllElll‘}lllléllll:lll

10 20 30 40- S0 60 70 ® 80 100 |10 120 ()

Fig. 2 - 03-Sac-50-18+ WB 1 of 2 Lanes
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CHIP SEAL

Date Placed - July 1974

Average Dailly Traffic (1974) - 9,300
Vehicle Passes to 7/76 - 3,000,000
Truck Passes - 200,000

Cost Per Sq. Yd. (m°) ~ $0.20 ($0.24)

Aggregate - Yuba River Streambed 1/4 inch (6.3 mm) Max.
Spread Rate Per Sg. Yd. (m2) - 14 pounds (7.6 kg)

Binder - CRS2 Rapid Setting Emulsmon
Spread Rate Per Sq. Yd. (m2) - 0.20 gallon (0.9 litre)

The chip loss and chilp depression 1n the wheel tracks became
significant and a dense graded blanket was placed before the
winter of 1976. Hot summers, cold winters, no chaln or
studded tire traffic. One wet pavement accident from 7/74
to 1/77.

SN = 50
4o
SNSO = 50
G = 0.00
| I S N S DN S S S SO R S S R S R SR N S ST S SN S S
LA AR RN R R AR R RN A R AR AR AR R AN A R R R S AR S R AR AR AR AR A AR RRNORARAARRARARSRALRANEREERLE]

(M)

Libhl

0- MWWNW’—% |
51T T
g F 4
3 r -
2 r -
I+ p
0+ -
: . . - i . -
O—IE WWWW g_
10-16-75 . T =1.118 " 13416161
IIIIillllllllllllllllll[[llIII]]]l_l_ullllLll“llllullIIIIlll]l]lllllllllIlllllullIlllllllllllllllull[u_llll]lll_ullllllllllllll
A T e
0 20 30 40 50 60 70 8 8 100 (10 120 (M)

Pig. 3 - 03-8ut-99- 38+ NB 1 of 1 Lane
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CHIP SEAL

Date Placed - September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 5/76 - 29,000,000
Truck Passes - 6,000,000

Cost Per 3q. Y4. (mg) - $7.10 ($8.50)

Aggregate ~ Calcined Bauxite No. 6 (3.35 mm) Max
Spread Rate Per Sq. Yd. (m?) - 16.4 pounds (8.9 kg)

Binder - Fast Setting Epoxy Resin,
California Spec. T701-8Q0-47
Spread Rate Per Sq. Yd. (m2) - 0,30 gallon (1.4 litre)

Mild coastal climate; looks good.
No wet pavement accidents .from 9/71 to 1/77.

SNMO = 67
SN = 6
55 2
SN =
bos = ©°
G =0.27
(4, )] - fmn‘uu|lnﬁﬁxfﬁnhunlurrﬁm{'um‘lmiLmlJmmllmfmnll|nﬁnﬁlm(ﬁnﬁmhﬂr%uﬁﬁ_minuhnnlmrfnrr
4+ 1
3 -
2 F .
I -
Q- T
t -
of T
07-16-7% T=1.111 11:18:08
1 %]lll{ﬂmllll%llllil[ll%]]]l]#lu%ull_!_]lll__}l.ll[!J_l]L]l]lu:Llll:lllI!lIl%jll@]f]:ﬂlglllllllll‘lrl[ll.{.lll|!}]l]lllllplu
6 10 20 30 4 S5 6 70 80 8 100 110 120 ()

Fig., 4 - 04-SF-80-8.42/8.46 WB 5 of 5 Lanes
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OVERLAY
OPEN GRADED' ASPHALT CONCRETE

Date Placed - December 1965

Average Daily Traffic (1975) - 15,500

Vehicle Passes to 2/77 - 16,000,000

Truck Passes - 727,000

Cost Per Sqg. Yd. (m2) - $0.17 ($0.20) o
Aggregate - Amerilcan River Streambed No. 3 (6.3 mm) Max.
Binder - 5.8 té 6.0% 85-100 Penetration Paving Grade Asphalt

Hot summers, cool w1nters, no chailn or studded tire traffic;
looks good.
One wet pavement accildent from 1/74 to 1/77

= 52
My = 2
SN = 50
50 7 °
SN = 4
nos - 7
G = 0.20
4, B Jlunﬁuu[uniml}nnh_||lilmiunhm?n#rmﬁlmhmﬁnﬂﬂﬁn!ﬁn|ﬁlm%rmhmﬁu_lﬁllquTlllﬁsll{Tluh
0-_‘E WNW ‘=1__
st -
4 ..
3 r 1
2 F -
1F 4
o -
E —;_,/r—‘\rr\//‘—%\\u//F\\—\v/*\;—-**’_"\;\,/“”\uf* E
of 3
10-15-75 : T =1.128 13:51:05
. llllllllll[lill]llll%lllqmju]Lr R L e At LI (L EEE]
10 20 30 4 %0 e 7T0 80 90 100 llo 120 (e

Fig. 5 - 03-Sac-50-18,0 EB 2 of 2 Lanes
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PORTLAND CEMENT CONCRETE
TRANSVERSE TEXTURE, METAL TINES AT 1/2 INCH (13 mm)

Date Placed - April 1975

Average Daily Traffic (1975) - 25,000
Vehicle Passes to 2/77 - 2,000,000
Truck Passes - 315,000

Tines 5 inches long x 0.126 inch wide x 0.025 inch thick
(127 mm x 3.2 mm x 0.6 rmm)

No wet pavement acecidents from 5/75 to 1/77.

N = K4
SNyg =2
SN__. = 54
50 = 2
SN = 56
bog = 2
G = 0.20
1l T | M 1 3 L 1 L . L 3 L i L i L L J " | L [ i | . |
LHH) AT T Ty T e e e e s v T e e ey v rrvnrenrr oy rrererrrrrnrerrrni v e reerrgrereryryyyrvrnrrpyveyreynerveeeral
o Ve S S £l
g I
3 .
2 F J
l [~ -
O~ -~
o-F ER
02-17-77 T = 1.078 14:35: 46
ll]]]llllllllllllll|l||||l|.|lll|||l]l!l|llllll lll{llllllllllllllIlllllllllllllllll]IIIIIIIlllllllllllllllllllllllllllllllllllllllllllll_ll_lllu
o] IO 20 30 40 50 80 70 80 0 100 10 120 |3D 140 (MM)

Fig. 6 - 11-SD-805-2.40 NB U of 4 Lanes
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OVERLAY
OPEN GRADED ASPHALT CONCRETE )

Date Placed - July 1975

Average Daily Traffilc (1975) - 94,500

Vehicle Passes to 3/77 - 7,000,000

Truck Passes - 739,000 o

Cost Per Sq. Yd. (m°) - $0.60 ($0.72)

Aggregate - Metasandstone 1/2" (12.5 mm) Max.
Binder - 5.8 to 6.0% AR4000 Paving Grade Asphalt

Mild coastal climate} looks geod,

Nine wet pavement accidents from 6/75 tec 1/77.

Fig. 7 - 04=Mrn-101 PM 7.80 NB 4 of 4 Lanes
54
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SN =
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CHIP SEAL

Date Placed - September 1971 ‘
Average Daily Traffic (1974) - 170,000
Vehicle Passes to 5/76 - 29,000,000
Truck Passes - 6,000,000 .
Cost Per Sq. vd. (m°) - $5.80 ($6.94)

Aggregate

- Watsonville Granite No. 4 (4.75 mm) Max.

Spread Rate Per Sq. Yd. (m2) - 13.5 Pounds (7.3 kg)
Binder - Fast Setting Epoxy Resin,

California Spec,

701-80-L47

Spread Rate Per Sq. ¥d. (m2) - 0.24 Gallon (1.1 litre)

Mild ccastal climate; looks goed.
One wet pavement accident from 9/71 to 1/77.

SNyg = b7
SN = Ug
SNHOS = 47
G = 0,07
(M) trrrrtrrrhrr T
IE ’ -+
0E _,f——-‘*‘*————f‘—-*\vf-~/'"‘*—-\/"\\_/“~’“\__/’/ﬂ\b-_—\"“\~/"\\/"”_—- 3_
51 "
q F i
3 F .
e y
[ -
o1+ +
4 ‘ s
O-E WW %L
07-16-7% T=1.169 11:20:57
L L L L U LU U L O O U
0 20 30 4 % € 70 80 8 100 (/0 120 ()
+ Fig. 8 - 04-3F-80-8.38/8.42 WB 5 of 5 Lanes
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PORTLAND CEMENT CONCRETE

. LONGITUDINAL TEXTURE, METAL TINES AT 3/4 INCH (19 mm)
Date Placed - June 1975
_ Average Daily Traffic (1975) - 14,400
; Vehicle Passes to 2/77 - 2,000,000
: Truck Passes - 323,000
_ Stralght Double Tines 4 inches 1ong X 0.126 inches wide
R ' : x 0.025 inches thick
: (102 mm x 3.2 mm x 0.6 mm)
No wet pavement accidents from 7/75 to 1/77.
SNMO = 48
SN50 = 4p
G = 0.20
(MM T ~trrbirrtrrdre et bt e
,j_.: Ey
OQE =
Pl -
6 - 4.
St T
4 r T
3 - 7
g - -
it -
o+ T
oF A A VA VI Ve Vo B |
02-01-?7 : T = 1,304 ‘151 261 44
. Illllllllllllllllll_llIIlllllll!lllllllllllllll[lll]IllllllllllllllllllllllIll.lll|IIIl]llllllllIlllllllllllllIllll]llllllllllllllll
0O 10 20 30 40 S5 60 70 80 8 100 (0 120 ()

Fig. 9 - 04-Son-101-R42.43 NB 2 of 2 Lanes
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CHIP SEAL

Date Placed - July 1974

Average Dailly Traffic (1974) = 9,300
Vehicle Passes to 10/75 - 3,000,000
Truck Passes - 200,000

Cost Per Sq. Yd. (m®) - $0.20 ($0.24)

Aggregate -~ Yuba River Streambed 1/4 inch (6.3 mm) Max.
Spread Rate Per Sq. Yd. (m2) - 14 pounds (7.6 kg)

Binder - CRS2 Rapid Setting Emulsion
Spread Rate Per Sq. Yd. (mé) - 0.20 gallon (0.9 litre)

Hot summers, cold winters; no chain or studded tire
traffic. The chip loss and chip depression in the ~
wheel tracks became significant and a dense graded
blanket was placed before the winter of 1976,

No wet pavement aceldents from 7/74 to 1/77.

SN = 48
40 .
SN = 4
50 = 7
G = 0.10
L & L " I e I 4 i L N L " L 1 e L3 1 . 1 " 1 "
(m] TYVTT Y TR R T T VR O T A RTINS T VA T T R STV VAT TN T AT T T T VT T R T T T A A T I et i e T et i iy e e ey e unl
o 3
.5+ ot
Fy s .
3% .
2 F E
s ]
0_-
o-{- 3
10-16-75 T=1.122 13518124
RN NN N e s N s a e N TR RN NN RN s N A NN NN AN s NN s na s sy In A nanunavensnven el .
A P UL A SN S S S S S S AR S S SR S S T -
0 0 20 30 40 50 60 70 B8O . 90 00 110 - 170 (41

Fig. 10 - 03=Sut-99-38 SB 1 of 1 Lane
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CHIF SEAL.

Date Placed - November 1974

Average Daily Traffic (1975) - 12,000
Vehicle Passes to 2/77 - 504,000
Truck Passes - 394,000

Cost Per Sqg. Yd. (mg) - $1.40 ($1.67)

Aggregate - Precoated Crushed Ignecus 3/8" (9.5 mm) Max.
Spread Rate Per Sq. Yd. (mé) - 40 pounds (21.7 kg)

Binder - 75% AR2000 Asphalt, 25% Atlas Rubber Chips and
6% by volume of soclvent 5

Spread Rate Per Sq. Yd. (m®) - 0.48 gallon (2.2 litre)

No wet pavement accidents from 7/72 to 1/77. Very hot
climate, slight wheel track depressions.

N =
SNyg = 39
SN = 56
50 T 7
SN =56
4os < 2
G = 0.30
(MM trtvhrrtrrrtrr ettt
E 3
O_E /\WWW 3
alt «
3r -
2T 4
1k 4
e_a—- -
0-§ % — A"v\-“* 3’-
02-16-77 T =.1.072 11¢07:26
FTTTTTTT TN TTINeN PRI NRT T IRTITTI LT N TSNNARTATN TV SORReRITIOITIURTUCTRTETIvIRIeTONRTICITNTITTITIITIEOINIVITRITIOITITITICININE
AL P SO S S SRS S S SR Sy S S S e SRR SRR SIS S I S
O 10 20 30 40 50 .60 ‘70 80 90 100 (10 120 ()

“Flg. 11 - 1ll-Imp-~115 PM 23.50 NB 1 of 1 Lane
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PORTLAND CEMENT CONCRETE
TRANSVERSE TEXTURE, METAL TINES AT 1/2 INCH (13mm)

Date Placed - April 1975

Average Daily Traffic (1975) - 25,000

Vehicle Passes to 2/77 - 2,000,000

Truck Passes - 315,000

V Shaped Tines Y4 inches x 1 inch long x 0.126 inch wide
x 0.025% inch thick
(102 mm x 25 mm x 3.2 mm x .6 mm)

No wet pavement accildent frem 5/75 to 1/77.
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CHIP SEAL

Date Placed - September 1971

Average Dally Traffic (1974) - 170,000
Vehicle Passes to 5/76 - 29,000,000
Truck Passes - 6,000,000

Cost Per Sq. Yd. (mzj - $5,70 ($6.82)

Aggregate - Bear River Quartz No. 4 (4.75 mm) Max.
Spread Rate Per Sq. Yd. (m2) - 18 pounds (9.8 kg).

Binder - Polyester Resin
(SF-6827-2 Polylite -- Reichold Chemical)
Spread Rate Per Sq. Yd. (m2) - 7.16 pounds (3.9 ke)

Mild coastal climate; good appearance.
No wet pavement accidents from 9/71 to 1/77.
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PORTLAND CEMENT CONCRETE -
TRANSVERSE TEXTURE, METAL TINES AT 3/4 INCH (19 mm)

Date Placed - April 1975

Average Dailly Traffic (1975) - 25,000

Vehicle Passes to 2/77 - 2;000,000

Truck Passes -~ 315,000 |

Straight Tines 3 inches long x 0.083 inches wide x
0.032 inches thick |

(76 mm x 2 mm x 0.8 mm)
No wet pavement accidenﬁs from 5/75 to 1/77.
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- OVERLAY
.OPEN GRADED ASPHALT CONCRETE

Date Placed - November 1969

Average Dally Traffic (1974) - 170,000

Vehlcle Passes to 12/76 - 43,000,000

Truck Passes - 9,000,000

Cost Per 8q. Yd. (m2) - $8.06 ($9.54)

Aggregate - Blast Furnace Slag 1/4" (6.3 ﬁm) Max,
Binder - 7.5 % Epoxy Asphalt-Adhesive Engineering

M?ld coastal climate; looks good, some polish in wheel tracks.
Fifteen wet pavement accidents from 1/71 to 1/77.
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PORTLAND CEMENT CONCRETE
LONGITUDINAL TEXTURE, METAL TINES AT 1/2 INCH (13 mm)

Date Placed - June 1975
Average Dailly Traffic (1975) - 14,400
Vehicle Passes to 2/77 - 2,000,000
Truck Passes - 323,000 _
Straight Double Tines U4 inches long x 0.126 inches wide
X 0.025 inches thick
(102 mm x 3 mm x 0.6 mm)

No wet pavemént accildents from 7/75 to 1/77.
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PORTLAND CEMENT CONCRETE N
TRANSVERSE TEXTURE, POLYPROPYLENE BRISTLES

Date Placed - June 1975

Average Dally Traffic (1975) - 25,000

Vehicle Passes to 2/77 - 2,000,000

Truck Passes - 315,000 . :

Seventeen bristles 0.035 inch (0.9 mm) in diameterv
x 8 inch (203 mm) long bunched
at 3/4 inch (19 mm) spacing

No wet pavement accidents from 5/75 to /77,
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~ OVERLAY -
OPEN GRADED ASPHALT CONCRETE

Date Placed - November 1969

Average Daily‘Traffic (1974) - 170,000

Vehlcle Passes to 12/76 - 43,000,000

Truck Passes - 2,000,000

Cost Per Sq. Yd. (m®) - $7.19 ($8.60)

Aggregate - Watsonville Granite 3/8" (9.5 mm) Max.
Binder - 6%'$poxy Asphalt—AdhesivevEnginéering

Mild coastal climate; looks good, some polish in wheel tracks.
Five wet pavement acecidents were recorded in this lane
from 1/71 to 1/77
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CHIP SEAL

Date Placed -~ September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 5/76 - 29,000,000
Truck Passes - 6,000,000

Cost Per Sq. Yd. (m2) - $5.60 ($6.70)

Aggregate - Bear River Quartz No, 4 (4,75 mm) Max.
Spread Rate Per Sq. Y4, (m2) - 12.2 pounds (6.6 kg)

Binder - Fast Setting Epoxy Resin
(California Spec. 701—80-MZ)
Spread Rate Per Sq. Yd. (me) - 0.35 gal. (1.6 litre)

Deterioration results from pcor adhesion to the older
surface, Portions can be pulled up with fingers. Mild
coastal climate,

Two wet pavement accidents from 9/71 to 1/77.
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CHIP SEAL

Date Placed - September 1971

Average Dally Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000

Cost Per Sq. Yd. (n®) - $5.85 ($7.00)

Aggregate - Watsonville Granite No. 4 (4.75 mm) Max.
Spread Rate Per Sq. ¥d. (m2) - 19,2 pounds (10.4 kg)

Binder - Epoxy Resin, California Spec. 681-80-28"
Spread Rate Per 3q. Yd. (m2) - 0.43 gallon (1.9 litre)

Mild coastal climate; looks geoed. Two wet pavement
accidents from 9/71 to 1/77.
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OVERLAY
EPOXY ASPHALT CONCRETE

Date Placed - November 1976

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 1,000,000
Truck Passes - Negligible

Cost Per Sq. Yd. (mz) - $7.09 ($8,48)

Aggfegaté - Metagraywacke & Expanded Shale 3/8" (9;5>mm).Max.

Binder - 6.5% Epoxy Asphalt-Adhesive Engineering

New surfacing looks good, Mild coastal climate.
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OVERLAYJ
EPOXY ASPHALT CONCRETE

Date Placed - November 1976

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 =~ l,OO0,00Q
Truck Passes - 363,000 fv

Cost Per Sg. Yd. (m2) - $7.09 ($8,48)
Aggregate - Metagraywacke & Expanded Shale 3/8" (9.5 mm) Max.

Binder - 6.5% Epoxy Asphalt-Adhesive Engineering’

New surfacing looks good; mild.ccoastal climate.
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CHIP SEAL

Date Placed ~ September 1971
Average Daily Traffic (1974) - 170,000

Vehicle Passes to 1/77 - 33,000,000

Truck Passes - 6,500,000
Cost Per Sq. Yd. (mg) - $5.85 ($7.00)

Aggregate - Copper Slag No. 10 (2 mm) Max.
Spread Rate Per S8q. Yd. (m2) - 16,% pounds (8.9 kg)

Binder - Epoxy Resin (CallfOrnla Spec. 681-80-28)
Spread Rate Per Sg. Y¥d. (m?) - 0.30 gal., (1.4 litre)

Mile coastal climate,
No wet pavement accidents from 9/71 to 1/77.
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CHIP SEAL .

Date Placed - November 1974

Average Daily Traffic (1975) - 1,200
Vehicle Passes to 2/77 - 5011,000~
Truck Passes - 394,000

Cost Per Sq. Yd. (m2) - $1.40 (3$1.67)

Aggregate - Precoated Crushed Igneous 3/8" (9.5 mm) Max.
Spread Rate Per 3gq. Yd. (m2) - 4o Pounds (21.7 kg

Binder - 75% AR2000 Asphalt, 25% Atlas Rubber Chips and
€% by volume of solvent 5 :

Spread Rate Per Sg. Yd. (m“) - 0.48 Gallon (2.2 litre)

No wet pavement accidents from 7/72 toc 1/77.

Very hot climate -~ noticeable wheel track depressions.
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CHIP SEA&L

Date Placed - November 1971

Average Dally Traffic (1975) - 4,700
Vehicle Passes to 2/77 - 2,000,000
Truck Passes - 618,000

Cost Per Sq. ¥d. (m®) - $19.90 ($23.80)

Aggregate - Aluminum Oxlde Grit in a Permapocl Rubber:
Coating

Binder - Permapol 445R Nonskid Coating on 0.69 gailon
(3.1 litre) Permapol 440F Primer
Spread Rate Per Sq. Yd. (m2) - 0.21 gallon (0.95 litre)

Hot summers, cold winters, no chain or studded tire traffic;
some polilish in the wheel tracks, locks good.
No wet pavement accidents from 11/71 to 1/77.

()

SNSO = 50
Nyos = 3%
G = 0.50
+rrrirrrrhrrrrhrrrrrer e bt
- | -
-

Q1—31-77 T = 1,083 13112:07

IlullllIlll|IIllllllllll_llllllllllLIllllllllllllllllllllllll]I]IlllllllllllllllllllllllIII]]IIIIIIIIlIIlIIllIIlIIllllllllllllll

0 .10 20 30 40 5 60 TO 80 90 100 110 120 (m)

(Fig. 25 - 10-5J-5 PM 6.47 NB 2 of 2 Lanes
‘ 72 ‘




- OVERLAY
OPEN GRADED ASPHALT CONCRETE

Date Placed - November 1969

Average Daily Traffic (1974) - 170,000

Vehicle Passes to 1/77 - MH,OO0,000 o S
Truck Passes - Negllglble

Cost Per Sq. Yd. (m°) - $8.06 ($9.64) - *wf”
Aggregate - Blast Furnace Slag 3/8" (9 5 mm) Max. |
Binder - 7.5% Epoxy Asphalt-Acdhesive Englneerlng

Mild coastal cllmate;-looks good.,
Four wet pavement accidents from 1/71 to 1/77.
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CHIP SEAL

Date Placed - September 1971

Average Daily traffic (1974) - 170;000
Venicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000

Cost Per Sq. ¥d. (m°) - $2.90 ($3.47)

Aggregate - Watsonville Granite No. .4 (4.75 mm) Max.
Spread Rate Per Sq. Yd. (m2)} - 10.4 pounds (5.6 kg)

Binder - Coal Tar Modified Epoxy
(California Spec. 701-80-35)
Spread Rate Per Sg. Yd. (m2) - 0.37 gal. (1.7 litre)

Mild coastal climate.
No wet pavement accidents from 9/71 te 1/77.
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CHIP SEAL

"Date Placed -~ September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 5/76 - 29,000,000
Truck Passes - 6,000,000

Cost Per Sq. Yd. (mz) - $21.70 ($25.96)

Permapol Rubber Coating incorporating Aluminum
Oxide Grit (Permapol 445R) over a primer (Permapol HQO)

Products Research and Chemlcal Corporation - 0,24 gal/sq.gd.
(1.1 litre/me)

Mild coastal climate.
No wet pavement accidents from 9/71 to 1/77.
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EPOXY ASPHALT CONCRETE S

Date Placed - September 1971

Average Daily Traffiec (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000

Cost Per Sq. Yd. (m2) ~ 1/2 inch thickness $14.60
(12.7 mm == $17.46)

Aggregate - Blast Furnace Slag No. 4 (4,75 mm)‘Max:
Binder - 6.8% Epoxy Asphalt-Adhesive Engineering

Mild coastal climate.
One wet pavement accldent from 9/71 to 1/77.
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. EPOXY ASPEALT CONCRETE

~Date Placed - September 1971

Average Daily Traffiec (i974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000

Cost Per 32q. Yd. (m2) - 1 inch thickness $15.40
: (25.4 mm - $18.42)

Aggregate - Blast Furnace Slag #4 (4,75 mm) Max.
Binder - 6,8% Epoxy Asphalt-Adhesive Engineering

Mild coastal climate.

Three wet pavement accidents from 9/71 to 1/77.
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PORTLAND CEMENT CONCRETE
LONGITUDINAL BURLAP DRAG TEXTURE

Date Placed - June 18975

Average Daily Traffiec (1975) - 76,000
Vehicle Passes to 1/77 - 5,000,000
Truck Passes - 1,500,000

No wet pavement accidents from 7/75 to 1/77.
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'PORTLAND CEMENT CONCRETE
LONGITUDINAL BURLAP DRAG TEXTURE

Date Placed - June 1975

Average Daily Traffic (1975) - 76,000
Vehicle Passes to 1/77 - 5,000,000
Truck Passes - 1,500,000

Crushed gravel sprinkled at the rate of 1/6 cu. ft.
per sq. yd. (.006 m3/m2)

No wet pavement accidents from 7/75 to 1/77.

SN = 4¢
4o
SN = U
50 7 73
oN =
yos = 33
G = 0.30
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Fig. 32 - 07-LA-10 PM 39.87 EB 5 of 5 Lanes
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| OVERLAY,, SIS
'DENSE GRADED ASPHALT CONCRETE

Date Placed - June 1969

Average Daily Traffic (1975) - 27,250

Vehicle Passes to 2/77 - 18,600,000

Truck Passes - 4;500,000

Cost Per Sq. Yd. (m2) - $0,72 (%$0.86)

Aggregate -fAmeriéan'River Streambed 1/2" (12.5 mm) Max.
Binder - 6.0% 85-100 Penetration Paving Grade Asphalt.

Hot summers, ccld winters, no chaih or studded tire
traffic; looks good.
No wet pavement. accidents from 1/69 to 1/77.

=
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SN, . = 34
yos = 3
G = 0.40
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0—— SRR il—
! O
2+ .

)
|
|
<

01-31-77 | , T = 1.017 11154:38

llllllllllllll]]llllllllllllllllllllllll_l]I]llllllllllIlllllllll|llllllllllllllllllllllllllll||lllllllllllllllllllllllllllllllll

10 20 'ao "4 30 60 70 '8 90 100 110 120 . ()
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PORTLAND CEMENT CONCRETE
LONGITUDINAL TEXTURE, ARTIFICIAL GRASS DRAG

Date Placed - April 1975

Average Dally Traffic (1975) - 25,000
Vehicle Passes to 2/77 - 2,000,000
Truck Passes - 315,000

Measured values and appearance are similiar to those

obtained on new longltudinal broomed PCC surfaces.
No wet pavement accidents from 5/75 to 1/77. ‘

SNEO = 47
SN“OS = 42
G = 0.50
(Hd) . - ‘}nllill||{u||i|nl:llllillll:I'I'l'li'llll:lllril|l|:llllilul:llllillll:llllillrl=llllinll%llll;llll{ﬂﬂ;rrrrhl[lilllnil_lll?ll'lT
O_E e e e e ~— e e ™ et 3

2 =
T
ot 4
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Fig. 34 - 11-SD-805-2.50 NB 4 of 4 Lanes
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? PORTLAND CEMENT CONCRETE
LONGITUDINAL BURLAP DRAG TEXTURE

Date Placed = June 1975

Average Dailly Traffic (1975) - 76,000
Vehicle Passes to 1/77 - 5,000,000
Truck Passes - 1,500,000

N¢ water added during finishing

No wet pavement accidents from 7/75 to 1/77.

S = 4
NMO 7
SN = 4
50 ~ 3
SN 28
4os
G = 0.40
(M ettt bttt
O"E M— S %_
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o 4
E —_————— 3
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01-11-77 T =1.021 11110128
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Fig. 35 - 07-LA-10 PM 39.44 EB 5 of 5 Lanes
82




PORTLAND CEMENT CONCRETE
LONGITUDINAL BURLAP DRAG TEXTURE

Date Placed - June 1975

Average Daily Traffic (1975) - 76,000

Vehicle Passes to 1/77 - 5,000,000 B
Truck Passes - 1,500,000 R .

Slag sprinkled at the rate of 1/6 cu. ft. per sg. yd.
(0.006 m3/me)

No wet pavement accldents from 7/75 to 1/77.

N,~ = 4
SNy 4 9
= 4
SN5O 3
N =
G. = 0.60
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Fig. 36 - 07-LA-10 PM 39,7-39.76 EB 5 of 5 Lanes
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CHIP SEAL . 7 .. 1w

Date Placed ~ July 1964

Average Daily Traffic (1975) - 39,500
Vehicle Passes to 2/77 - 45,000,000
Truck Passes - 9,000,000

Cost Per Sq. ¥Yd. (m%) - $10.00 ($11.96)

Aggregate - Silicon Carbide No. 8 {2.36 mm) Max.
Spread Rate Per Sq. Yd., (m2) - 11 Pounds (6.0 kg)

Binder - Coal Tar Modified Epoxy Resin
California Spec. 681-80-35
Spread Rate Per S8q. Yd. (m@) - 0.35 gallon (1.6 litre)

Three wet pavement accidents from 1/74 to 1/77.
Shows signs of a bend problem between wheel tracks.
Mild coastal climate.

N = 4o
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SN = 36
i5g = 3 .
SN = 2
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G = 0.40
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Fig. 37 - O“ Ala-80 PM 7.27-7.33 EB 1 of .5 Lanes
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PORTLAND CEMENT "CONCRETE
LONGITUDINAL BURLAP DRAG TEXTURE

Date Placed - June 1975

Average Dailly Traffic (1975) - 76,000
Vehlcle Passes to 1/77 - 5,000,000
Truck Passes - 1,500,000

1/2" (12.5° mm) Max. Light Weight Aggregate sprinkled.
at the rate of 1/6 cu. ft. per sg. yd. (0.006 m3/m2)

No wet pavement accidents from 7/75 teo 1/77.

SN_. = 42
50
SNHOS = 32
G = 0.60
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Date

EPOXY ASPHALT CCNCRETE

Placed - September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000,
Truck Passes - 6,500,000

Cost

2) - 1/2 inch thickness $14.50

(12.7 mm - $17.34)

Per Sg. Yd. (m

Aggregate - Expanded Shale -- Basallite No. 4 (4.75 mm) Max.
Binder - 10.0% Epoxy Asphalt-Adhesive Engineering

Mild coastal climate,
Two wet pavement accidents from 9/71 to 1/77.
SNHO = 50
SN = '
55 39
SNMOS = 24
G =0.73
- | i 1 " [l " L 1l ) ) P P | PR I S— | 3 (1 i 1 +
(M) T e T T T T T T T e T R e e e e T A e i e i o e O e e e i T
. | |
2 r 4

LiLd

07-16-75 , T=1.017 11:40:116
' AL L i e L L et it i iills
AL M v A g = T v L ! T v 1 M 1 Y
10 20 a0 40 50 ° 80 70 80 90 I60 110 120 (M)

Fig. 39 - 04-SF-80-7.98/8.02 WB 5 of 5 Lanes
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CHIP SEAL

Date Placed -~ September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000 ‘

Cost Per Sg. Yd. (m°) - $2.90 (33.47)

Aggregate - Monterey'Sand
Spread Rate Per Sq. Yd. (m?) ~ 20.4 pounds (11.1 kg)

Binder - Coal Tar Modified Epoxy Resin
(California Spec. 701-80-35)
Spread Rate Per Sq. Yd. (m2) - 0.29 gal. (1.3 litre)

Mild coastal climate, -
No wet pavement accidents from 9/71 to 1/77.
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SN__ = 37
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G = 0.53
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CHIP SEAL

Date Placed -~ June 1965

Average Daily Traffic (1974) - 63,000
Vehicle Passes to 8/76 - 42,000,000

Truck Passes - 6,000,000

Cost Per 3Sq., Y4, (m2) - approx. $5.00 ($6.00)

Aggregate - Bear River Sand No. 8 x No. 16
Spread Rate Per Sq. Yd. (m?) - 18 pounds (8.2 kg)

Binder - Shell Guardkcte 140
Spread Rate Per Sq. Yd. (m2) -~ 0.3 gal. (1.4 litre)

Hot summers, cold winters, no chain or studded tire trafficy
some wear in the wheel track.

SNy = b3
SN =
oo = 37
SN =
sos T 33
G = 0.60
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PORTLAND CEMENT CONCRETE
LONGITUDINAL BROOMED TEXTURE

Date Placed - June 1975

Average Dailly Traffic (1975) - 25,000

Vehicle Passes to 2/77 - 2,000,000 .
Truck Passes - 315,000 | ~

No wet pavement accidents from 5/75 %o 1/77.

SNy = 44
SN50 = 49
SNyos = 35

G = 0.40
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EPOXY ASPHALT CONCRETE = -

Date Placed - September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes - 6,500,000

Cost Per Sq. Yd. (mg) -~ 1 inch thickness $15. 30
(25.4 mm -- $18.30)

Aggregate - Watsonville Granite No. 4 (4.75 mm) Max.
Binder - 6.7% Epoxy Asphalt-Adhesive Engineering

Mild coastal climate. ‘
Fecur wet pavement accidents from 9/71 to 1/77.

(M)

SNQO = 4§
N =
N5 396
SNygpg = 2
G = 0.47
[ N ] ) 1 N [ N L 3 1 3 N L. 1 SR R ) I S | i 1 i
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Fig. 43 - 04-SF-80-8.16/8.20 WB 5 of 5 Lanes
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EPOXY¥ ASPHALT CONCRETE

Date Placed - September 1971

Average Daily Traffic (1974) - 170,000
Vehicle Passes to 1/77 - 33,000,000
Truck Passes -~ 6,500,000

Cost Per Sg. Yd. (mg) - 1 inch thickness $15,20
(25.4 mm -- $18.18)

Aggregate - Expanded Shale-Basalite No. 4 (4.75 mm) Max.
Binder - 10.0% Epoxy Asphalt-Adhesive Engineering

Mild coastal climate.
Three wet pavement a001dents from 9/71 to 1/77.
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Nyg = %2
SN = 3§
55 -
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SNygg = @5
G = 0.40
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EPOXY ASPHALT CONCRETE

Date Placed - September 1971

Average Daily Traffic (1974) - 170,000

Vehicle Passes to 1/77 - 33,000,000

Truck Passes - 6 500 000

Cost Per Sq. Yd. (m ) = 1/2 inch thickness $14.60

(12,7 mm -- $17.46)

Aggregate - Watsonville Granite No. 4 (4.75 mm) Max.

Binder - 6.7% Epoxy Asphalt-Adhesive Engineering

Mild ccastal climate.
Two wet pavement accidents from 9/71 to 1/77.
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Page 1 of 2

APPENDIX D
Rank

Fig. SNgo ~ G* T SNggtCG+T

1 | 1.5 5 ©11.5

2 12.5 2 19.5

3 17 1.5 10 28.5

4 18 11 30

5 13 2.5 7.5 33

6 12.5 16 33.5

7 9.5 21.5 ' 35

8 30 4 3 | 37

9 25 12.5 1T © 38.5
10. 25 5.5 9 L 39,5
i1 21.5 N9 o .. 42.5
12 29.5 - 12 © 46.5
13 17 7.5 22.5 47
14 | ) 29.5 14,5 49
15 35 5.5 13 53.5
16 30 21.5 6. . 57.5
17 17 12.5 31,5 6l
18 25 12.56 24 . 61.5
19 21 18 22.5 " 61.5
20 30 24 7.5  61.5
21 13 . 29.5 21 | 63.5
22 9.5 38.5 18 66
23 35 18 17 70
24 11 29.5 | 30 70.5
25

8 38.5 28 74.5

*G - Speed Gradient
T - Texture
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Page 2 of 2

APPENDIX D
] Rank
Fig. SNgg G _T* SNgg*6*T
26 25 38,5 14,5 78
27 39.5 12.5 27 79
28 44 3 33 80
29 30 7.5 43.5 81
30 39.5° 12.5 31.5 83.5
31 17 29.5 38 | 84.5
32 35 21.5 29 85.5
33 21 29.5 40.5 91
34 13 38.5 40.5 92
35 - 30 29.5 37 96.5
36 21 43 35 99
37 45 29.5 26 100.5
38 25 43 34 102
39 1 45 40.5 102.5
40 39.5 a1 .25 105.5
41 - 43 43 . 20 106
42 42 29.5 36 107.5
43 35 35.5 40.5 111
44 39,5 29,5 43.5 112.5
45 35 35,5 45 115.5

*G - Speed Gradient
T - Texture
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APPENDIX F

Photogrammetric System Summary

A technique for accurately measuring pavement texture profiles

using stereo cameras was utilized to obtain quantitative
values for this report. The standard error for the hori-
zontal measurement is +0.068 mm and the standard error for
the vertical measurement is +0.112 mm. To obtain this
accuracy the cameras were calibrated for focal lehgth,
principal point location and symmetric radial lens distor-
tion. The system uses two single-lens-reflex Nikon 35 mm
cameras that have been calibrated at the 400 mm distance
that they will be used.

Profile measurements from the stereo pairs are made on a
Zeiss PSK Stereocomparator, a precise XY coordinate
measuring device with a least count of 1 micrometre. XY
coordinates along a selected brofiTe in the stereoscopic'
portion‘of each pair of color transparencies are read and
recorded on punch cards. -Readfhgé and recordings on the
fiducial marks and control points {(images of metric scales)

dre also made.

A mathematical three dimensional model is then created
with the aid of a computer., This model is corrected for
all known distortions such as lens observations and film
distortion. The resulting output is XYZ ground coordin-
nates of the profiles. |

From the file of XYZ prdf11e coordinates, a plot tape is

made and the final profiles are then plotted automatically
on the Xynetics, Model 1200 Flatbed Plotter.
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Three cross-sectional profiles of the surface texture are
produced from each stereoc photoc. One highly detailed
profile is obtained from 300 readings across the center of
the photo - transversely to the direction of traffic - and
two others, parallel to the first, are obtained at the
gquarter points. The latter two cross-sections are not as
detailed as the first, but provide the maximum-minimum
asperity heights and spaces between them.

The top and bottom proff]es of the pavement surface are
plotted on a 1 to 1 scale to provide a visual concept of
the uniformity of the pavement surface.

From the middle profile,'a surface téxtdre value, T, has
been obtained by dividing the length of the profile line
in millimetres by 110 millimetres (which is the horizontal
distance that the profi]é‘covers). The vertical measure-
ments of the middle profile have been amplified five times
before plotting so that more detail can be observed.

The date is shown in the lower left corner and the time of
measurement is shown in the 1dwer right corner along with
the plots. The time in seconds provides a check on stereo
pairs in addition to a seguence log.

The cost to obtain the profi]g from the two exposures is
approximately $250,00. Both the man-hours required to
read the profiles and the computer time are greater than

originally estimated.

A picture of the assembled unit is presented as Figure 46,
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Standard equipment and settings:
Film: ASA 64 (Color Slide Film)
Camera Shutter Speed: 1/4 second
Camera Aperture: f8
" Camera Flash Syndhronfzatidn: FX
Flash Setting: Automatic

| __:jﬁ?_,___mv

o T

Figure 46 - Assembled Stereo-Photo Unit
- ~ (Double exposure to show
black cloth cover.)

104



REFERENCES
1. Hegmon, R.R. et al, "Pavement Friction Test Tire
Correlation", Report No. FHWA-RD-75-88, April 1975,

2. Apostolos, J. A., Mann, G. W., "Pavement Texture
Evaluation by Photogrammetric Techniques", California: Depart-
ment of Transportation, Office of Transportation Laboratory
Report No. CA-DOT-TL-~3144-1-76-33, June 1976.

3. Compton, P. V. et al, "Skid-Resistance Evaluation of
‘Seven Antihydroplaning Surfaces", University of New Mexico
AFWL-TR-74-64, May 1974, |

q. Hargett, E. R., CERF, University of New'Mexico.
Evaluation of Construction Techniques for New Antihydroplaning
Overlays, AFWL-TR-74-77, June 1974,

5{ Seim, C., "Experiences'with Skid-Resistanf Epoxy Asphalt
Surfaces on California Toll Bridges", Transportation Research
Record 523, 1974,

6. Jurach, P. J., Aarset, I. R., "Bridge Deck Restoration
Methods and Procedures, Part III - Exposed Membrane Seals dn
Bridge Decks (Interim Report IV)", California Department of
Transportation, Office of Structures, FHWA-CA-ST-7120-77-15.

7. Rooney, H. A., Shelly, T. L., "Thin Resinous and
Aggregate Overlays on Portland Cement Concrete", State of
California, Department:of PUb]jGFNQFkS. Division of Highways.
Materials and ResearchuDepafiﬁﬁnis'Research Report 635121,
June 1969. e

105



8. Brewer, R. A., "Epoxy-Asphalt Open-Graded Pavement as a
Skid-Resistant Treatment on the San Francisco-0akland Bay
Bridge", California Division of Bay Toll Crossings, HRB
Special Report 116, Improving Pavement and Bridge Deck Per-
formance, August 1970.

g, Leu, M. C., and Henry, J. J., "Prediction of Skid
Resistance as a Function of Speed from Pavement Texture",
Pennsylvania State University, Report submitted at the
Annual meeting of the TRB, January 1978,

10. Hankins, K. D., “"Follow up Report on Evaluation of
Full-Scale Experimental Highway Finishes", Texas State
Department of Highways and Public Transportation, Special
Study Report, Number 22.1, August 1977.

11. van Ti1, €. J., Carr, B. J.,, Vallerga, B. A., and
Hilliard, J. M., "Guidelines for Skid-Resistant Highway
Pavement Surfaces", Materials Research and Development,
Oakland, California, NCHRP Project 1-12(3), Research
Results Digest 89, November 1976.

12. Smith, R. N., Elliot, L. E., "Evaluation of Minor
Improvements (Part 8), Grooved Pavement Supplemental Report",

California Department of Transportation, Office of Traffic, ]
CA-DOT-TR-2152-11-75-01, September 1975. ‘ f

= U'S GOVERNMENT PRINTING OFFICE 1973 -622-513/536

106



