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ABSTRACT 

The role of macro-texture in imparting friction capabili­

ties to pavement surfaces is of major concern to researchers. 

Macro-texture is but one of the many variables affecting the 

interaction at the tire-pavement interface; however, at 

present its relative importance is questioned. 

Friction tests obtained at 20, 40, and 60 mph with the 

Texas Highway Department research skid trailer~ and macro­

texture tests utilizing four different methods were conducted 

on forty-one pavement surfaces. These surfaces exhibited 

widely different friction levels, friction-speed gradients, 

drainage capabilities, mineralogical properties, and texture 

classifications. 

Macro-texture values obtained with the four methods are 

compared. The effects of macro-texture types and magnitudes 

on friction numbers and friction-spe~d gradients are anaLyzed. 

Statistical analyses and typical plots are given. Brief 

descriptions of several macro-texture measurement methods 

which have or are being used by various agencies in the United 

States and other countries are presented. 

For the treaded tire and 0.020-inch water film thicknesses 

used in this study, macro-texture was found to have little 

effect on friction level, but did appreciably influence the 

percent decrease in friction with speed. 
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Pavement cross slope and wheel track depression measurements 

were taken. Cross slope values are compared with recommended 

AASHO guidelines. On the average, cross slopes on the Texas 

pavements included in this study were found to be flatter 

than those recommended by AASHO. Based on measurements 

made on the various pavements included in this study, wheel 

track depression or pavement rutting is not a serious problem. 
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IMPLEMENTATION 

A working knowledge of the basic design parameters and 

service requirements coupled with an appreciation for the 

relative importance of the many factors which may alter driver 

control of an automotive vehicle in any and all driving condi­

tions is necessary for the engineer to fully appreciate the 

questions raised by this study. It is evident from the 

research reported herein that the findings have application in 

proper selection of paving materials and pavement mix designs 

commensurate with acceptable pavement friction characteris­

tics and service demands. 

The importance of friction-speed gradients is emphasized 

as an implementable facet of the findings. It must be assumed, 

human nature being what it is, that there will be those drivers 

who, for many and various reasons, will contribute to the hazards 

of the general driving public. Selected changes in design and 

construction specifications may assure an adequate margin of 

safety to offset considerably the potential hazards of such 

drivers. 

Improvements in cross slope may form a part of the normal 

maintenance operations, especially in the primary system where 

engineering judgement dic~ates a structural improvement of 

the pavement. Similarly on secondary roads, the application 

of plant mixed paving mixtures allows improvement in cross 
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slope. The economy of such application can be justified 

on highways with high skidding accident rates and/or highways 

that have radical surface texture differences ~long and across 

the pavement. These do not lend themselves to successful 

maintenance with chip seals. 
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OBJECTIVES 

The phase of the research reported herein had four 

objectives as summarized below: 

1. Analyze and compare different methods for measuring 
pavement surface macro-texture. Both volumetric and mechanical 
roughness detector methods were used for assessing macro-texture 
levels. 

2. Determine effects of macro-texture types and magni­
tudes on friction numbers and friction-speed gradients of 
var!~us pavement surface types. 

3. Survey the normal range of macro-texture existing on 
Texas pavements for use in a subsequent study of the effects 
of variable macro-texture on water depth buildup for various 
levels of pavement cross slopes and rainfall intensities. 

4. Measure normal range of cross slopes and wheel track 
depressions existing on Texas pavements. Cross slope compari­
sons with recommended guidelines were to be made. These are 
also for use in a subsequent study of the effects of variable 
cross slopes on water depth buildup for various levels of 
pavement macro-textures and rainfall intensities. 

viii 



INTRODUCTION 

Friction properties of pavement surfaces have become 

factors of major importance to the overall traffic safety 

problem. Although friction measurements of the tire-pavement 

combination are considered adceptable for evaluating the skid 

resistant properties of pa~ement surfaces, attempts are b~ing 

made to characterize the skid resistant properties in qualita­

tive manneis, such as macro-texture, drainage characteristics 

of the surface and aggregate size, shape, micro-texture and 

mineralogy. The majority of these qualitative tests are not 

convenient survey measures; however, a basic understanding of 

the relative effects of the measured factors on pavement friction 

is a necessity in order to more fully understand the interaction 

at the tire-pavement interface and thus enable the designer 

to understand the need for these desirable properties in th~ 

pavement surface. 

Several researchers have indicated that the type and 

magnitude of texture is an important characteristic of pave­

ment surfaces with respect to friction propertie~ (12, 13, 22, 

23) • Pavement surface texture refers to the distribution and 

the geometrical configuration of the individual surface ag-

gregates. There is not sufficient agreement among the various 

researchers to adopt a standard nomenclature for discussing 

textural parameters. However, general practice today favors 



the use of the terms macroscopic texture (macro-texture) which 

refers to that part of the pavement surface as a whole or the 

large scale texture caused by the size and shape of the surface 

aggregate, and microscopic texture (micro-texture) which refers 

to the fine-scaled roughness contributed by individual small 

asperities on the in,dividual aggregate particles. 

The researchers have conflicting claims on the relative 

merits of macro- and micro-texture. Some contend that a high 

level of macro-texture is essential to provide the pavement 

drainage at high speeds (24), whereas, micro-texture is the main 

texture contributor for a given friction level. Still others 

believe that a combination of both macro- and micro-texture is 

most desirable (13, 21). 

Kummer and Meyer (13) proposed the classification shown in 

Figure 1, which delineates the two roughness types that affect 

the fri~tion of pavement surfaces. Alth6ugh five surface types 

are classified, only three levels of macro-texture, i.e., smooth 

fine, and coarse, are identified since types 2 and 3 and types 4 

and 5 respectively are the same as far as macro-texture is 

concerned. Thus a given level of macro-texture as measured by 

the majority of existing test methods does not appear to adequately 

assess the degree of roundness of grittiness the individual 

aggregates possess. It is the authors' opinions that this fact 

is the main contributor to the low coefficients of correlation 

between friction paramete~s and macro-texture obtained in this 

study. 
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Figure 1. Classification of pavement surfaces according 
to their friction and drainage properties (13). 
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Macro- and micro-texture, respectively, provide for 

gross surface drainage and subsequent puncturing of the water 

film. Another factor which acts in combination with macro- and 

micro-texture is internal drainage of the pavement surface 

itself. Goodwin (19), Hutchinson (20), and Gallaway (21), 

among others, have postulated that high void content surfaces, 

porous pavements, or visicular aggregates would provide internal 

escape paths for water under a tire and thus lessen hydro-

dynamic pressure build up. This would result in better tire 

gripping capability and increased traction, particularly 

at higher speeds, while decreasing the need of macro-texture 

for providing initial, gross drainage. Research directed 

toward measuring dynamic drainage capabil~ties of pavement 

surfaces is in the development stage (20). It is the authors• 

opinions that the combined effects of macro- and micro-texture 

and internal drainage largely determine the friction levels 

of· pavement surfaces. In this paper only the effects of 

macro-texture are examined. 

Va~ious agencies in the United States and other countries 

are engaged in developing methods for measuring pavement 

surface macro-texture in order to more fully evaluate its role 

in vehicle braking, cornering, and accelerating manuevers. 

Brief descriptions of several macro~texture me~surement methods 

which have or are being used are given below. Descriptions. 

of four additional methods used in this research are ~eserved 

for the body of the report. 



Sand Patch Method 

A known volume of fine dry sand is spread over a circular 

area until flush with the aggregate tips of the pavement 

surface. The area of the patch is determined from an average 

of a number of measurements. The average texture depth, 

obtained by the ratio of the volume to the area, is corisidered 

to be a measure of surface texture (1). 

NASA Grease Method 

This method is similar in principle to the sand patch 

method. A selected volume of grease is applied to the pavement 

surface between parallel lines of masking tape and then posi-

tioned into the surface voids with an aluminum squeegee 

faced with rubber having a hardness approximately equivalent 
. I 

to that of tire tread rubber. An average texture depth of 

the surface is obtained by dividing the volume of qrease by 

the area covered by the grease (2). 

Drainage Meter 

This method utilizes a transparent.cylinder about 5 inches 

in diameter and 12 inches in height with a rubber ring glued 

to the bottom face. The cylinder is placed on the pavement and 

loaded so that the rubber ring will drape over the aggregate 

particles similar to a tread element. Water is poured in the 

cylinder and the time required for a known volume of water to 

escape between the rubber ring and the pavement surface is 

measured. The water in the cylinder can be under atmospheric 
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or increased pressure. Short durations of time or high rates 

of flow are associated with above average texture depths and/or 

high permeability of the pavement material {3). 

Foil Piercing Method 

A piece of aluminum foil is placed on the pavement and 

given an impact by a rubber-tipped ~od released from a pre­

determined height. An imprint of the surface texture is engraved 

in the foil by the impact. Some piercings of the foil are caused 

by the sharper-tipped aggregates particles. The density or 

number of piercings per square inch is found by counting the 

punctures on the foil or on a photo-negative made of the 

foil. High puncture densities are generally found to be associated 

with high skid numbers. It is conceivable that this method 

also measures micro-texture to a certain degree {4). 

Linear Traverse Method 

This method employs a motorized lathe and a stereo 

microscope with the shaft of a potentiometer attached to the 

microscope focusing shaft. The potentiometer is fixed to the 

b~dy of the microscope so that the only movement possible is 

in the potentiometer shaft. A low constant voltage is fed 

into the potentiometer; the output is fed through an amplifier 

to a strip chart recorder. 

In operation, the sample with the surface to be studied 

is placed in the lathe, and the equipment is referenced both 

vertically and horizontally. The sample is moved transversely 
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under the microscop•, and the operator keeps the microscope 

in constant focus on the surface of the sample. Focusing 

on the varying surface elevation results in corresponding 

changes in the potentiometer output voltage. The end result 

is an amplified tracing of the surface texture of the sample (5). 

Stereophotographic Method 

Stereo pairs of photographs are taken by a specially 

designed camera in which a single lens is used. The pair 

of photographs is obtained by moving the lens laterally a 

fixed amount in a plane parallel to the pavement surface. 

Measurements of the parralax between the two photographs 

are made on a stereocomparator. Records of the surface 

profile are obtained by measuring the relative heights of 

successive points at o.025cm intervals along lines on the 

surface with the aid of a parallax bar. 

The micrometer readings of the pa~allax are converted 

into binary form on punched tape by gearing a combination of 

optical and mechanical digitisers to the micrometer. By 
. . 

selecting, amplifying, integrating, and decoding through 

appropriate electronic units adjacent to the stereo compara-

tor, the output in a binary form is obtained on paper tape for 

analysis on a computer. The computer provides printouts of 

tape readings in tabular form and plots of the tape readings 

with a certain horizontal to vertical scale ratio. Surface 

textures or roughness of the order of 0.01 inch can be shown 

on the plot. 
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One way of assessing the surface profile is by the profile 

ratio, a ratio of the length of the profile to the length of 

the straight baseline. High profile ratios are generally 

associated with low percentages of reduction in skLd resistance 

with increase in speed (6). 

Casting or Molding Method 

A casting material such as a low melting metal or plaster 

is used with a form to obtain a negative of the pavement sur­

face. A positive is then made from the negative. The surface 

of the positive is painted and is i~mediately wiped with a 

sponge. This removes the paint from the top of the surface 

areas and gives a measure of contrast. Detail studies of 

the surface textures are then conducted in the labora to.ry. 

One study involves drawing magnified shadow images of the 

cross-sectional profiles projected onto a paper screen. 

Measure~ents of the drainage area per unit length of the 

pavement surface are made from these silhouettes (7). 

Impression Method 

A negative impression of the road surface is mada by 

pouring a volume of RTV silicone rubber inside a mold taped to 

the pavem•nt or a pavement core. After. the rubber has harden­

ed, the sample is then removed trom the surface. Cross sec­

tions from the specimen are theti sliced on a meat slicei for 

measurement of surface voids, surface void distribu.tion, 
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asperity, and a typical surface profile. The composite of 

these measurements is then used as the measure of surface · 

roughness (8). 

centrifu9e Kerosene Equivalent (CKE) Method 

This method provides a value for the surface texture and 

particle shape characteristics of the aggregates used for seal 

coats. A sample consists of 100 grams of the washed and dried 

aggregates passing a No. 3 sieve and retaining on a No. 4 

sieve. This sample is saturated in kerosene for ten minutes 

and centrifuged for two minutes at 400 times gravity. The 

sample is weighed to the nearest 0.1 gram and is submerged 

in SAE-10 lubricating oil, raised immediately and is allowed 

to drain. The dLfference in weights after centrifuging and 

after draining represents a surface factor for the sample. 

This factor, after a specific gravity correction, is designated 

Ks• The range of Ks values for mineral aggregates is from 

1.1 to 3.0, the high values being associated with high angu­

la~ity and high surface roughness (9). 

wear and Roughness Meter Method 

This method measures mean wear height and mean roughness 

and provides a plot of the surface profile from which the maxi­

mum depth and distribution of peaks of the surface can be 

observed. 

The instrument is contained in a light-tight case with 

an internal support frame. Within the case, a horizontal 
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array of identical sensing plungers is mounted in such a 

manner as to permit movement in the vertical direction only. 

The top surfaces of the plungers have a mirror finished surface 

inclined at 45 degrees to the vertical axis• A light from a 

tublar lamp is collimated by a parabolic mirror and deflected 

by a small 45 degree mirror through a horizontal slit. The 

light beam is then reflected by the top surfaces of the plungers 

toward a photocell which is as long as the stack of plungers 

and is inclined at an angle so as to magnify the width of 

the pollimated beam from the plunger by a factor of ten. 

When the points of the plungers are in contact with a 

smoothT flat surface, the light is projected by the plunger 

tops a• a parallel band with smooth edges on the photocell. 

When the plungers contact a rough or textured surface, the light 

pattern at the photocell reproduces the surface profild with 

a magnification of ten. A relative maximum roughness meter 

read~ng is obtained when testing on the smooth, f1at surface, 

and.a lower maximum reading is obtained on a textured surface. 

~he difference between the two maxima is the roughness of the 

textured surface (10). 

Mineralogical Studies and Profilograph Method 

In this combined mineralogical studies and texture measur­

ing method, a thorough knowledge of the polish susceptibility 

of various aggregates is acquired. In addition, both macro­

and micro-roughness are evaluated in light of aggregate wearing 
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characteristics under traffic. 

A qualified geolo~ist conducts petrographic analyses of 

aggregate samples from the rock quarries supplying aggregates 

for vavements. Based on these analyses, various road surfaces 

are selected for testing purposes. Texture measurements are 

made using the profilograph, and skid tests are conducted. 

Cored specimens are visually described and microscopically 

examined to obtain a variety of information related to the sur-

face characteristics. These data include aggregate type, 

percent exposed aggregate, roughness, harshness, particle 

geometry, polish, and microscopic identification of minerals. 

The surface profiles are analyzed and compared with skid test 

results to evaluate the importance of large scale roughness. 

Qualitative evaluation of the role of microroughness of the 

aggregates on skid resistance is made from microscopic obser­

vations of thin sections obtained from the surfaces of the 

cores (11). 

Photo-Interpretation Method 

In the photo-interpretation method, skid numbers are 

obtained from values of various pavement surface texture 

parameters. Color stereophotographs of approximately 6-inch 

square sections of the pavement surface are obtained by a 

means described previously in the Stereophotographic Method. 

The transparencies are viewed through a micro-stereoscope 

and also through a standard microscope with a 3x linear magni­

fication. 
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Th'e texture elements of the pavement surface are visibly 

classified and subjectively rated according to the established 

severity rating for each of seven parameters. The parameters 

include the height, width, angularity, density, and the fine 

texture of the projections, and also the fine texture and 

cavities found in the background surf.ace. 

A tabulated relationship established between the severity 

of each of the seven parameters and friction weights .is used 

to estimate the skid number of the pavement surface. The 

basis us~d in establishing the relationship was mainly trial 

and error. However, the investigators reported a correlation 

coefficient of 0.9 between the skid numbers obtained from 

skid tests and the photo-interpreted skid numbers (12). 
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TEST EQUIPMENT 

Skid Test Trailer 

The friction measurements reported herein were obtained 

with the Texas Highway Department research skid trailer which 

conforms substant~ally to ASTM standards and utilizes E-17 

treaded tires infLated to 24 psi. The drag forces were measured 

with strain gages and the self~watering system utilized a 

centrifugal pump which applied a water film approximately 

0.020-inches in thickness to the pavement surface. The 

development and calibration of the trailer may be reviewed 

in a departmental research report published earlier by the 

Texas Highway Department (14). Figure 2 depicts the trailer 

under test conditions. 

Macro-Texture Measurements 

Four methods were used to obtain five measures of macro­

texture. Equipment used for these are shown in Figur~ 3. 

Two measures of average peak height and two measures of average 

texture depth were.obtained and these.measurements were 

reduced to equivalent units. Also, one measure of accumulative 

peak height was obtained. A tabulation of the methods is 

contained in Table 1 and brief descriptions of each method 

follows: 
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Figure 2. Texas Highway Department Research Skid 
Tra i 1 er. 
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a. Profilograph 

b. Texturemeter 

Figure 3. Equipment Used for Macro-Texture Tests. 
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c. Modified Sand Patch 

d. Putty Impression 

Figure 3. Continued. 
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Table 1. Methods Used for Macro-Texture Texts 

METHOD 

Profilograph 

Profilograph 

Texturemeter 

Modified Sand Patch 

Putty Impression 

Profilograph 

MEASURE 

Average Peak Height 

Accumulative Peak Height 

Average Peak Height 

Average Texture Depth 

Average Texture Depth 

UNITS 

inch 

inch 

inch 

inch 

inch 

The instrument used for this test was developed by the 

Texas Highway Department (15). It is designed to scribe a 

magnified profile of the surface texture as a probe is drawn 

across the surface. That is, the probe is placed on the pave-

ment surface and as the probe is drawn over the surface 

irregularities, the vertical movement of the probe is magnified 

through a linkage system. The probe and linkage system are 

attached to a carriage which is forced to move in a horizontal 

manner parallel to the pavement surface by a framework with 

adjustable legs. The vertical and horizontal movement results 

in a duplicated (but magnified) texture profile which is 

scribed on a chart. Average peak height can then be determined. 

Also, the upward vertical excursions are recorded on a counter 

of which the counter reading, at any time, is the cumulative 

vertical peak heights of the texture through the length traversed 

by the probe. 
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Texturemeter 

The instrument, developed at the Texas Transportation 

Institute (16) and used previously for macro-texture tests 

(17), consists essentially of a series of evenly spaced, 

parallel rods mounted in a frame. The rods can be moved 

vertically, independently of one another, against spring 

pressure. At either end of the series of moveable rods is a 

fixed rod rigidly attached to the frame. Each movable rod is 

pierced by a hole through which passes a taut string, one end 

of which is fixed to the frame and the other to the spring 

loaded stem of a 0.001-inch dial gage mounted on the frame. 

When the instrument is in use, the rods are held in a vertical 

position with their ends resting against the pavement surface. 

If the surface is smooth, the string will form a straight line 

and the dial will read zero. Any irregularities in the surface 

will cause the string to form a zig-zag line and will result 

in a dial reading; the coarser the pavement texture, the larger 

the dial reading. Average peak height can be calculated from 

the dial reading. The readings given by an instrument of this 

kind are affected by the size and spacing of the rods and the 

distance spanned by these rods. For the texturemeter used, 

the rods are spaced at 5/8-inch, and the instrument spans a 

distance of 10 inches between fixed supports. 

Modified Sand Patch 

This method was modified slightly from that developed 

18 



by the British (1). Equipment consist of 1) a 6.15 inches 

by 4.60 inches rectangular metal plate, 1/8-inch thick with 

a 4.35 inches by 2.90 inches center hole, and a 2-inch wide, 

1/16-inch thick collar or free board, 2) 100 grams of a 

fine grained sand, and 3) a 4-inch long straight edge. The 

technique involves determining the increased volume of sand 

required to fill the metal plate cavity when placed on the test 

surface as compared to the volume required to fill the cavity 

on a non-textured surface. If the plate is placed on a textured 

surface, the bottom of the plate will rest on the upper 

aggregate asperities. The more irregular the surface texture, 

the larger the resulting weight of sand required to fill the 

cavity. The average texture depth is defined as the ratio 

of the increased volume of sand to the area of the patch. 

Putty Impression 

This method was initially developed as a means of provid­

ing surface texture correction factors for nuclear density 

measurements (18). Equipment consists of 1) a 6-inch 

diameter by l-inch thick metal plate with a 4-inch diameter, 

1/16-inch deep recess machined into one side, and 2) a 

15.90-gram ball of silicone putty. When placed on a smooth 

surface, 15.90 grams of putty will smooth out to a 4-inch 

diameter circle, 1/16-inch deep, thus completely filling the 

recess. 
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The silicone putty is formed into an approximate sphere 

and placed on the pavement surface. The recess in the plate 

is centered over the putty and the plate is pressed down in 

firm contact with the road surface. The more irregular the 

surface texture (the higher the macro-texture) the smaller 

the resulting putty diameter because more mat~rial is required 

to fill the surface texture. Average texture depth, based on 

volume per unit area, is calculated from an average of four 

diameter measurements. 

'!'able 2. Skid Number and Macro-Texture Values 

Range Skid 
Surface Type Number Tested Number, 40 mph 

Hot Mix Asphalt 
Concrete 21 29-59 

Portland Cement 
Concrete 9 36-45 

Surface Treatment 9 29-65 

Seal Coat 2 18-27 

Cross Slope and Wheel Track Depression Measurements 

Range Macro­
Texture, inches 

0.01 - 0.04 

0.01 - 0.04 

0.02 - 0.07 

o.oo - 0.01 

The equipment for measuring pavement slope and wheel 

track depression i~ shown in Figures 4 and 5. A 1-3/4-inch 

by 4-inch'by 12-feet long aluminum box channel marked at one 

foot increments was ~sed. 

ror th~ cr~sa slope measurements, a bubble level was 

attached to the channel. The channel was leveled transversely 
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to the direction of travel and the difference in elevation from 

the inside to the outside of the lane was measured directly 

with a ruler. The average cross slope, expressed in inch per 

foot and foot per foot across the total width of the lane 

was computed. 

The channel was placed flush with the pavement surface 

for wheel track depression measursments. A ruler was used 

to measure directly the inter and outer wheel track depres•ions. 

Summary data, classified as to service category, are 

presented in Table 3, along with recommended AASHO guidelines (25). 
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Figure 4. Cross Slope Measurements. 

Figure 5. Wheel Track Depression 
Measurements. 
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TABLE 3. C~OSS SLOPE AND WHEEL TRACK DEPRESSION SUMMARY DATA 

Field Measurements 

Wheel Track 
Average Rate of Cross Slope Depression 

Number Inside Outside 
Service Category of Wheel· Wheel 

Surfaces Inch per Inch per Foot per Track, Track, 
Tested Foot Foot Foot Inch Inch 

Interstate (IH) 
Harked Routes 11 .15 5/32 .013 1/64 1/64 

Feder a I (US) 
Harked Routes 9 .15 5/32 .013 3/64 7/64 

State (St) 
Hai='ked Ro.utes 7 .18 3/16 .015 3/64 5/64 

Farm (FH) 
ir.ii=ke d Rou tes 9 .22 7/32 .018 1/8 5/32 

Test Surfaces 
Texas A&H Annex 5 .14 9/64 .011 0 0 

AASHO Recommendations l2SJ Field Measurements 

Number Range in Rate of Cross Slope Range in Rate of Cross Slope 
Service Category Of 

Surfaces Inch per Inch per Foot per Inch per Inch per Foot per 
Tested Foot Foot Foot Foot Foot Foot 

Interstate (I H) 1 1 I 
Harked Routes 11 .125-.250 1/8-1/4 .01-.02 .10-.19 3/32-3/16 .008-.016 

Federal (US) 1 1 I 
Harked Routes 9 .125-.250 1/8-1/4 .01-.02 .09-.23 3/32-15/64 .008-.019 

State (St) 2 2 2 
Harked Routes 7 . 187-.375 3/16-3/8 .015-.03 .06-.33 1/16-21/64 .005-.027 

Fann (FH) 2 2 2 
Harked Routes 9 .187-.375 ~/16-3/8 .015-.03 .15-.28 5/32-9/32 .013-.023 

Test Surfaces 
Texas A&H Annex 5 • 11-.18 7/64-3116 .009-.015 

High surface type, AASHO classification. 

2 Intermediate surface type, AASHO classification. 
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SURFACE TYPES 

Forty~one pavement surfaces were tested including 21 

hot mix asphalt concrete surfaces, 9 portland cement concrete 

surfaces, 9 surface treatments, and 2 seal coats. The term 

"surface" as used in this paper is defined as a section of 

pavement on which the wearing course is essentially identical 

over the entire length under study. These test surfaces were 

se~ected with regard to level of service, degree of polish, 

and traffic volume. In addition, it was planned for the test 

sample to include at least ten surfaces from each major service 

category of the Texas Highway System. The array of surface types 

selected included the various mineralogical types and aggregate 

size configurations commonly used in Texas. Tests were also 

made on new surface designs, which are not widely used at 

present, but for which increased use is envisioned for the future. 

Information for the surfaces is contained in Table 4. Skid 

number speed curves are shown in Figures 6, 7, and 8. Dif­

ferences in skid numbers found on the 41 p'avements are ev.ident 

from these data. 

The surfaces were classified with respect to the type of 

coarse aggregate contained therein. Lightweight aggregate 

infers an expanded clay or shale. 
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Table 4. Classification of Test Surfaces 

Surface Surface Number 
Classification Type Tested 

Lignite Boiler Slag Aggregate 3 

Hot Mix Asphalt Rounded Siliceous Gravel 4 
Crushed Limestone Aggregate 4 Concrete Crushed Si 1 iceous Gravel 4 
Crushed Sandstone Aggregate 3 
Lightweight Aggregate 3 

Rounded Siliceous Gravel 5 
Portland Cement Crushed Limestone Aggregate 3 

Concrete Rounded S i 1 i ceous Gravel & 

Crushed Sandstone Aggregate 
Mixture 1 

' Surface Treatment Rounded S i1 i ceo us Grave 1 2 
Crushed Limestone Aggregate 4 and Seal Coat Lightweight Aggregate 3 
Flush Seal 2 
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TEST PROCEDURE 

A series of 20, 40, and 60 mph skid tests was conducted 

at four locations on each test surface. Ten texture measure-

ments were taken at each location for a total of forty measure• 

ments per surface. All measurements were made in the outer 

wheel path. 

Average skid numbers at 20, 40, and 60 mph respectively 

with appropriate temperature corrections were calculated for 

each test surface. In addition, for use in subsequent com-

parisons, average skid numbers between 20 and 60 mph were 

calculated. Provided abrupt slope changes in the-skid number-

speed curve do not occur, the average skid number is very 

nearly equal to the skid number at 40 mph. Calculations appear 

in Figure 9. 

Gradients (denoted by G) of the skid riumber speed curve 

between 20 and 60 mph and between 20 and 40 mph were calculated. 

These have been used in previous reports. In addition, in 

order to reflect the relative position of the curve, percentage 

gradients were calt::ulated. Curves of a given gr'adient posi­

tioned low on the graph would have higher percentage gradients 

than curves with the same grad~ent positioned high on the graph. 

Thus, percentage gradient is defined as the percentage of the 

gradient, obtained under .test conditions, to a theoretical 

gradient if the skid number at the higher speed were zero. 

Calculations appear in Figure 10. 
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DISCUSSION OF RESULTS 

Macro-texture, friction, cross slope, and wheel track 

depression values for the surfaces with regard to service 

category and surface type are given in Tables 5 and 6 respectively. 

Values for each surface are contained in Appendix A. Aggregate 

type, average daily traffic and construction date for each 

surface are contained in Appendix B. 

Statistical analyses were conducted to determine corre­

lation coefficients, coefficients of determination, and 

regression lines for the comparisons established in this 

study. Results are contained in Tables 7-10. 

Comparison of Macro-Texture Test Methods 

Statistical correlation of the five macro-texture measures 

obtained on the 41 surfaces are given in Table 7. The rela-

tionships indicate a fairly high degree of correlation. A 

typical plot of one relationship is given in Figure 11. 

The most diverse data scatter was obtained.at the extremities 

of the texture levels. 

Comparison of Skid Number and Macro-Texture 

Statistical correlation of skid numbers with macro-texture 

measures obtained on the 41 surfaces are contained in Table 8. 

Correlation coefficients were extremely low for all speed 

levels, but the relative magnitudes increased with higher 

speeds. Textures obtained with the profilograph consistantly 
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TABLE 5. SUMMARY VALUES WITH REGARD TO SERVICE CATEGORY 

llllc:ro-Texture Friction 

Profllogreph Texture llocllflecl Putty Skid IIUIIber Perc:ent~~ge Cross Slope ........ r llllter SMd Petc:h r .. reulon Gredlent ~red lent 
of Aver• ~-··•! .. Aver• A .. r ... ~ ... r .. 

.. .., •• Ctt-.ory Surf._ Peek Height , .... Height ,.... Height Texture Texture.~ 
Tuted (Inches)<> (llldles) (Inches)* Depth (In)' Depth (In 

20 "'" 110 ""' . 6oiiPH 20·6o "'" 20·60 ""' ln./ft. ln./ft. 

lntentete (IH) llertc.41 
lloutu ll .0213 .329 .0116 .0284 .OZ]O 

_, 41· " .)2 26 .IS S/32 

Federal (US) ,........, llouteo ' .020- .373 .01]0 .ozos .0200 51 -s 42 .21 17 .IS S/32 

Stete (St) llerked llout" 7 .0215 .395 .0160 .0263 .0215 48 39 35 .31 25 .18 l/16 

, ... (fll) .......... llout .. ' .oln 1.752 .0309 .06)8 .0-54 ss 48 lt6 .21 IS .22 7132 

T .. t Surf-
T- Alii Anloex 5 .0184 .346 .0134 .017- .0170 55 47 

-· 
.3) 26 .14 "" 

*These are co•pereble velues even though the descriptive ter•s differ. 

Wheel Trecll Depression 

lne_lde Outside 

ft.ift. ln. ln. 

.013 1/64 "" .01) l/" 7/6-

.015 l/6- S/" 

.018 1/8 S/32 

.Oil 0 0 



TABLE 6. SUMMARY VALUES WITH REGARD TO SURFACE TYPE 

llolcro-Texture 

ProflloiJraph Texture 
-r lloter 

of Awrap ~!""latl_'i' Ava rap 
Surface Type Surfacea Peek Height Peek Heigh Peek Helgh1 

Tested (Inches)• (Inches) (J·nclles)• 

Ll.,l ta Iollar Sl•t 
.01811 Hot lllx Aaphalt Concrete 3 .023 .0021 

Rounded Sill- 8ra .. l 
Hot Ill x Aapha It Concreto ~ .0252 .7 .. .0215 

Cruahatl LI-t- Atere .. tl 
~ Hot lllx Aaphalt Concrete .om .)08 .0123 

Cruahatl Sill-• 8r ... l 
Hot lllx Aaphelt Concrete ~ .0227 .589 .otn 
Crushed Sandst- Attreget 
Hot Ill x Aaphe It Concrete 3 .0215 .299 .01~2 

·Open Graded Llth-lght Av 
:eregete Hot lllx Asphalt 
Concrete 3 .0262 1.107 .026~ 

Hot lllx Aaphelt Concrete ve. 21 .0219 .sl6 .0159 

Rounded 5 Ill caous Grovel 
Portland C:e•nt Concrete s .0210 .239 .0095 

Crushed Ll•stone Aggreget 
Portiend c-nt Concrete 3 .0188 .128 .0074 

Crushed Sends t- 1 Rounde 
River Grovel Portland 
C.•nt Concrete I .020) -355 .01110 

Portland Ce•nt Concrete I've. 9 .0202 ·215 .0093 

Rounded Siliceous Grovel 
Surface Treetn•nt 2 .0"3 2.527 .0~25 

Crushed Ll•stone Aggregeto 
Surf•c:e T ... at•nt 4 .0267 .an .0226 

Lightweight Aggregate 
Surface Treat .. nt 3 .0425 1.9~3 .0295 

Su'rface Trea-nt ve. 9 .0363 1.600 .0293 

Flushed Seals 2 .0154 .035 .o0,4 

Flushed Suls f've. 2 .015lt .035 .0094 

* These are C0ft041•rable values even though the descriptive tel'liiS differ. 
** One test section ot Annex lncludod ""lch lncreosu the average• 

*** Test surfaces at Annex Exc I uded. 

Friction 

llodl fled Putty Skid llu ... r Percentap Send Patch I ~~press I on 
Aver ... Avera,. lradlent Gradient 

Texture Texture 20 IIPH loOKPH 
60 "'" 

20-60KPH zo-60 "'" ln./ft. Depth (In)• Depth (lnh 

.0078 .oon ~7 ~· 37 .2~ 21 .I~ 

• 0317 .0276 "** , .. 3~ ..... 16** ,IJ 

.0205 .0175 ~9** 110** 36** ., ... 26** .15 

.0)08 .0276 ~7** 41**. , .. .21*• 18** .I~ 

.0159 .0212 68 60 S6 .29 17 .19 

.01106 .0)2~ 64 55 .., .38 23 .21 

.0250 .0226 52 45 42 .26 20 .16 

.0230 .0202 52 ~~ , .35 26 .12 

.0195 .0170 51 .42 36 -37 29 .. ~ 

.0535 ;o308 52 ., 38 .35 27 .18 

.0252 .0203 52 43 38 .36 27 .14 

.on'+ .0464 ~2 , too .o6 5 .21 

.0$69 .0450 46 37 35 .]0 24 .20 

.0649 .0470 67 62 60 .19 II .25 

.0646 .ouo 52 46 "" .21 15 .ii 

.0049 .0030 33 25 21 .29 36 .21 

.OOit9 .0030 33 25 21 .29 36 .21 

Wheel Treck Depressl011 

Crou stope*** Inside Outside 

ln./ft. ft./ft ln. ln. 

t/6~ .012 3/64 5/6~ 

"" .Oil 3132 7/6~ 

"" .ou 3/16 1132 

t/64 .012 1/32 7'" 

3/16 .016 0 1/32 

13/6~ .017 7/32 ~"' 
5/32 .013 3/32 3/32 

1/8 .010 0 0 

13/32 •. oil 0 0 

3/16 .015 0 0 

15/64 .011 0 0 

7/32 .018 2/32 316~ 

13/64 .016· 9164 9/64 

1/4 .021 l/32 3/64 

7/32 .018 3/32. 1/8 

13/64 .017 1/32 3/l2 

13/64 .017 I 1/32 7132 



TABLE 7. STATISTICAL CORRELATION OF MACRO-TEXTURE TEST METHODS 

Variables Correlation Coefficient of Standard 
. No. y X Regression Line Coefficient Determination Deviation 

1 TDS TDP y = -0.00 + 1.41 X .93 .86 .009 

2 TDS APHP Y = 0.02 + 0.03 X .86 .74 .012 

3 TDS PHP Y = -0.01 + 1.80 X .81 .66 .014 

4 TDS PHTM Y: 0.00 + 1.75 X .86 .74 .012 

5 TDP APHP Y = 0.02 + 0.02 X .• 78 .61 .009 

6 TDP PHP Y = -0.00 + 1.11 X .77 .59 .010 w 
U1 

7 TDP PHTM Y = 0.01 + 1.08 X .81 .65 .009 

8 APHP PHP Y = -1.01 + 68.64 X .92 .85 .306 

9 APHP PHTM Y = -0.42 + 63.30 X .92 .85 .307 

10 PHP PHTM Y = 0.01 + 0.76 X .83 .68 .006 

TDS = Average texture depth, sand method. 

TDP = Average t~xture depth, putty method. 

APHP = Accumulative peak height, profilograph method. 

PHP = Average peak height, profilograph method. 

PHT}1 = Average peak height, texturemeter method. 



:1: 
0 
z -.. 
:1: 
1-a.. 
L1J c 
L1J a: 
::;) 
1-
X 
llJ 
1-

L1J 
C) 
c:l a: 
1&.1 

~ 

.07 

.06 

.05 

. 04 • 
• Q .. 

.03 0 • 
~ 

eQ • • HMAC ,o .• PCC 
.02 

0 

ST 8 SC «>o ~ 

• 
c9 

.01 • • • • 
~ 

00 .01 
~ 

.02 .03 .04 .05 .06 

AVERAGE PEAK HEIGHT, INCH 

Figure 11. Comparison of Macro-Texture Tests, ~utty 
Impression Versus Profilo~raph Methods. 

36 

.07 



TABLE 8. STATISTICAL CORRELATION OF SKID NUMBER AND MACRO-TEXTURE 

Variables Correlation Coefficient of Standard 
No. y X Resression Line Coefficient Determination Deviat.ion 

1 SN20 TDS Y = 48.35 + 13.18 X .03 .oo 11.79 

2 SN20 TDP Y = 45.09 + 140.37 X .• 18 .03 11.60 

3 SN20 APHP Y = 47.54 + 1.87 X .12 .02 11.70 

4 SN20 PHP Y = 44.23 + 186.81 X .17 .03 11,63 

5 SN20 PHTM y .. 47.56 + 71.59 X .07 .oo 11.77 

6 SN40 TDS Y = 40.09 + 46.58 X .10 .01 :{.1. 26 

7 SN40 TDP y = 37.01 + 175.08 X .24 .06 10.99 

8 SN40 APHP y = 39.17 + 3.67 X .25 .06 10.94 

9 SN40 PHP y = 33.87 + 317.44 X .30 .09 10.81 

10 SN40 PHTM y = 38.51 + 181.39 X .18 .03 11.12 

11 SN60 TDS y = 34.37 + 110.84 X .24 .06 10.43 

12 SN60 TDP y = 31.44 + 250,.00 X .35 .13 10.04 

13 SN60 APHP Y = 34.26 + 5.63 X .41 .17 9.79 

14 SN60 PllP y 26.36 + 477.12 X .47 .22 9.49 

15 SN60 PHTM y 32.73 + 307.97 X .33 .11 10.15 

16 ASN TDS Y = 40.74 + 49.63 X .10 .01 11.03 

17 ASN TDP y = 37.65-+ 179.60 X .25 .06 10.75 

18 ASN APHP y = 39.97 + 3.60 X .25 .06 10.73 

19 ASN PHP y = 34.64 + 316.77 X ,30 .09 10.58 

20 ASN PHTM Y = 39.26 + 181.42 X .19 .03 10.90 

SN = Skid number, suffix indicating speed in mph, 

ASN = Average skid number between 20 and 60 mph, 

TDS = Average texture depth, sand method. 

TDP = Average texture depth, putty method, 

APHP = Accumulative peak height, profilograph method, 

PHP = Average peak height, profilograph method, 

PHTM = Average peak height, texturemeter method, 
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correlated better with skid numbers. A typical plot of one 

relationship is given in Figure 12. A slight trend is noticeable. 

Comparison of Gradient. and Macro-Texture 

Statistical correlation of friction-speed gradients 

obtained from 20-40 mph and from 20-60 mph with macro-texture 

measures obtained on the 41 surfaces are listed in Table 9. 

Correlation coefficients were fairly low, particularly for the 

logrithmic relationships. 'Gradient computations from 20-60 mph 

resulted in higher coefficie~ts than those"from 20-40 mph. 

Also, the "mechanical roughness detector" instruments (pro­

filograph and texturemeter) gave higher coefficients than the 

"volumetric" measures (putty and sand). A typical plot is 

shown in Figure 13. 

Comparison of Percentage Gradient and Macro-Texture 

Statistical correlation of friction-speed percentage 

gradients .obtained from 20-40 mph and from 20-&0 mph with 

macro-texture measures obtained on the 41 surfaces are listed 

in Table 10. ~~l~tive trends were the same as those for corre­

sponding gradient comparisons; however, magnitudes in each case 

were greater, indicating better correlation. Again, as was 

evident from the gradient comparisons presented previously, 

macro-texture effects on friction increase with higher speeds. 

A typical plot is given in Figure 14. 

Comparison of Gradient and Skid Number 

Friction-speed gradients and average skid numbers from 
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TABLE 9. STATISTICAL CORRELATION OF . GRADIENT AND MACRO-TEXTURt: 

Variables Correlation Coefficient of Standard 
No. y X Resression Line Coefficient Determination Deviation 

1 G2D-40 TDS y = 0.41 - 1.67 X -.27 .07 ,140 

2 G20-40 TDP y = 0,40 - 1. 74 X -.18 ,03 .143 

3 G2Q-40 APHP y = 0.42 - 0.09 X -.48 .23 .127 

4 G2Q-40 PHP y = 0.52 - 6.53 X -.47 .22 .128 

5 G2Q-40 PHTM Y = 0,45 - 5.50 X -.43 .19 .131 

6 G20-40 ln TDS y = 0.31 - 0.01 1n X -.08 .01 .145 

7 G20-40 ln TDP y = 0.27 - 0.02 1n X -.11 .01 .145 

8 G20-40 1n APHP y = 0.33 - 0.02 ln X -.24 .06 .141 

9 G2Q-40 1n PHP y = -0.09 - 0.12 1n X -.35 .13 .136 

10 G2Q-40 1n PHTM y = 0.32 - 0.01 1n X -.07 .01 .145 

11 G2Q-60 TDS y = 0.35 - 2.44 X -.44 .20 .115 

12 G20-60 TDP y = 0.34 - 2.75 X -.33 .11 .121 

13 G20-60 APHP y = 0.33- 0,09 X -.57 .33 .105 

14 G2D-60 PHP Y = 0.45- 7.24 X -.59 .35 .103 

15 G20-60 PHTM Y = 0.37 - 5.91 X -.53 .28 .109 

16 G20-60 1n TDS y = 0.15 - 0.03 ln X -.22 .05 .125 

17 G2Q-60 1n TDP y = 0.12 - 0.04 1n X -.23 .05 .125 

18 t;2o-6o ln APHP y = 0.24 - 0.03 1n X '-.33 .11 .121 

19 G20-60 1n PHP y = -0.27 - 0.14 ln X -.48 .23 .112 

20 G20-60 1ri PHTM y = 0.21 - 0.01 ln X -.15 .02 .127 

G = Gradient (slope) of the friction-speed curve, suffix indicating speed range in mph. 

TDS "' Average texture depth, sand method. 

TDP = Average texture depth, putty method. 

APHP = Accumulative peak height, profilograph method. 

PHP = Average peak height, profilograph method. 

PHTM = Average peak height, texturemeter method. 
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TABLE 10. STATISTICAL CORRELATION OF PERCENTAGE GRADIENT AND MACRO-TEXTURE 

Variables Correlation Coefficient of Standard 
No. y X Resression Line Coefficient Determination · Deviation 

1 PG2Q-40 TDS y = 17.7 - 81.0 X -.31 .09 5. 77 

2 PG20-40 TDP y = 18.3 - 122.3 X -.31 .09 5.77 

3 PG2Q-40 APHP y = 17.9 - 4.2 X -.54 .30 5.09 

4 PG20-40 PHP y = 22.9 - 321.4 X -.56 .31 5.04 

5 PG2Q-40 PHTM Y = .19.3 - 249.0 X -.47 .22 5.36 

6 PG2Q-40 ln TDS y = 9.6 - 1.5 ln X -.21 .05 5.93 

7 PG2Q-40 ln TDP y = 3.1 - 3.1 ln X -.37 .14 5.63 

8 PG20-40 ln APHP y = 13.0 - 1.9 ln X -.45 .20 5.42 

9 PG2Q-40 ln PHP y "'-10.7- 6.8 ln X -.49 .24 5.31 

10 PG2Q-40 ln PHTM y = 12.1 - 0.7 1n X -.14 .02 6.01 

11 PG2Q-60 TDS y = 29.6 - 225.1 X -.53 .28 8.44 

12 PG2Q-60 TDP y - 30.1 - 301.7 X -.46 .21 8.80 

13 PG20-60. APHP y - 28.0 ..;;· 8.7 X -.69 .47 7.21 

14 PG20-60 PHP' Y • 3.8.8 ... 680.3 X -.72 .52 6.88 

15 PG20-60 PHTM y = 31.5 - 545.7 X -.63 .39 7.74 

16 PG2Q-60 ln TDS y = 7.2- 4.0 ln X -.36 .13 9.27 

17 PG2Q-60 1n TDP y = 2.6 - 6.5 ln X -.47 .22 8.75 

18 PG2Q-60 ln APHP y = 17.9- 3.8 ln X -.56 .31 8.23 

19 PG20-60 1n PHP y = -33.7 - 14.7 1n X -.64 .41 7.60 

20 PG20-60 1n PHTM y = 14.2 - 1.8 1n X -.24 .06 9.65 

PG = Percentaae gradient of the friction-speed curve, suffix indicating speed range in mph. 

TDS .. Average texture depth, sand method. 

TDP • Average texture depth, putty method. 

APHP • Accumulative peak height, profi1ograph method. 

PHP • Average peak height, profilograph method. 

PHTM = Average peak height, texturemeter method. 
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20-60 mph for the 41 pavements are plotted in Figure 15. 

A relationship did not exist. 

Pavement Cross Slope 

It appears to be evident from the data presented that, 

of those pavements included in this study, an increa~e in cross 

slope is desirable. This may be due, in part at least, to 

improved designs and construction procedures. The use of 

paved should~rs o~ t~o-lane highways may generally reduce the 

subsidance of the outside one third of a traffic lane, such 

subsidance being caused in the past by less construction corn­

paction at the pavement edge and subsequently greater permanent 

deformation in service. 

Where highly compacted shoulders are added to existing 

two-lane facilities without reconstruction of the traveled 

4
roadway, permanent deformation could be occurring at higher 

rates on the :traveled lanes and thus in time' cross' slope could 

be lost. Whatever the reason for the existing mild cross 

slopes, some improvement in this area appears warranted. 

Only in widely scattered instances were wheel path depres~ 

sions found to be of any concern. In some areas of the state 

on the secondary road system there is some evidence of rutting 

or depressions in the wheel path. Excessive localized depres-

sions are usually due to structural weaknesses in the subgrade. 

Such instances of permanent deformation were excluded from 

this study. Only those depressions, apparently caused by 

consolidation due to traffic loads, were included. 
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CONCLUSIONS 

1. The four methods used to evaiuate pavement surface macro­

texture provide acceptable data and furthermore texture 

values obtained by the different methods compare favorably. 

2. The profilograph method for measurement of macro-texture 

is preferred because of its simplicity, reproducibility, 

and better correlation with friction parameters. Ho~ever, 

statistically, even results obtained with the profilograph 

do not relate favorably with friction parameters. 

3. Macro-texture was found to range from 0.00 to 0.07-inch 

on a random sample of 41 Texas Highways. The larger values 

were associated with surface tteatments composed almost 

entirely of aggregate; whereas the smaller values were 

associated with "flushed" seals. The majo~ity of the 

surfaces were in the 0.015 - 0.035-inch range which 

included most of the hot mix asphalt concrete and portland 

cement concrete pavements. 

4. For the water film thicknesses used in this study, no 

correlation was found between 20, 40, and 60 mph skid 

numbers and macro-texture. Macro-texture effects accounted 

for a maximum of three per cent at the variation in skid 

numbers at 20 mph, nine per cent at 40 mph and 22 per cent 

at 60 mph. 

5. For the water film thicknesses used in this study, poor 

correlation was found between gradients of the friction-
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speed curve and macro-texture. A maximum of 23 per cent 

at the variations in 20-40 mph g.radients was explained 

by macro-texture effects, whereas 35 per cent of the 

variations in 20-60 mph grad~ents was explained. 

6. For the wat~r film thicknesses used in this study, a 

fair correlation was found between percentage gradients 

of the friction-speed curve and macrri-texture. In these 

cases maximums of 31 and 52 per cents of the variations 

in 20-40 and 20-60 mph percentage gradients respectively 

were explained by macro-texture effects. 

7. For the water film thicknesses used in this study, a 

relationship between gradient and skid number was not ob­

tained. 

8. For the water film thicknesses used in this study (approxi­

mately 0.020-inch), the existence of a high macro-texture 

level as measured by the four methods does not assure a 

high coefficient of friction. 

9. For the water film thicknesses used in this study, the 

existence of extremely large ~cale macro-texture (>0.035~ 

ihch) assures ~ relatively flat fiiction-speed gradieht; 

however, macro-texture <0.035-inch does not assure a flat 

friction-speed gradient. 

10. The effect of aggregate micro-texture is included in many 

of the measurements made in the study, but the magnitude 

of the effect remains unknown. A clear u~derstanding of 
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the total problem hinges, at least in part, on the magnitude 

of the effect of micro-texture. 

11. Water depth on the pavement surface was held reasonably 

constant in the study; so, the effect of varying this factor 

was not investigated. Skid numbers are largely affected 

by micro- and macro-texture on the surface and internal 

drainage into the surface as well as pavement water depth 

and vehicle speed. 

12. Somewhat different results would also be exp~cted if smooth 

rather than treaded tires had been used. 

13. The data appear to indicate a need for an increase in 

the constructed cross slope of Texas pavements, particu­

larly on pavements with a low level of macro-texture 

which are zoned for relatively high vehicular speeds. 
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TABLE II. MACRO-TEXTURE, FRICTION, CROSS SLOPE, AND WHEEL TRACK DEPRESSION VALUES FOR EACH SURFACE 

Profllorr.,n 

Aver.,. AuUIIIUIItlw 
118utt County Surface Type Ilk Htltltt. Puk Height, 

fnches* inchu 

U$79 Hll• lltrtite toller Slag 
Hot Mix Asphalt Concrete .0300 .02) 

us 75 FreatOM 1.,1 te lloller 5119 
[HOi: Kt x Alpha It Conc:rete .oo1o0 .005 

St 6 lrazos Ll.,lte llollor S1~t 
!Hot Ml x .Upttalt Concrete .0212 .04) 

St 6 k.okrt.on Rounded S I I i ceous Gravel 
and Falls !Hot Mix Asphalt Concrete .0252 .605 

us 77 Klllfll llounMd$111_,,_1 
Hot Mix Asphalt Concrete .0191 .545 

U$77 Kll1111 Rounded Siliceous Gravel 
jttot "'x Asphalt Concrete .0323 1.413 

IH 45 jwelkor Crushed L i -.s tona Aetre'"' 
.... Hot Hlx Ao,...1t 
Concrete .0213 .loOO 

IH 35 r .... ., .. trv~hed U.s tOM ., ... 
.. t• Hot Hlx Ao,...lt 
Concrete .0188 .21o0 

us 290 ravis Cruthed Li•stone Aggre-
,ate Hot Mix Asphlilt 
Concrete .0158 .230 

U$84 freestone Crushed Sillc:80U'S Grne1 
Hot Hix Asphalt Concrete .0175 .245 

St 14 Lf.aston. trutMd Sl Hceous Gr • ..,. I 
Hot Mix Asphalt Conc:rete .0279 .908 

IH 3S HcLtnnon Crushed Siliceous Gravel 
Hot Mix AspttaJt Conc:r'ete .02~ .725 

us " Fr~~estone Crushed S.dstone Aftre-
o-t• Hot Mix Asphalt I 
Concrete .0182 .168 

us 79 Anderson CrushH s..nctstcne Atgre-
,.te Hot Mix Asphalt 
Concrete .0265 .450 

us 287 Andenon Crushe.d Sandstone Aggre-
pte Hot Mix Asptt..lt 
Concrete .0199 .278 

IH 35 Travis Open Graded LiFbcitht 
Agtrepte Hot Plix As· 
pha1 t Concrete .0264 .958 

FH 1687 lraZ05 Open Grao.d Liptweif#lt 
Aggretate Hot Mix As• 
pbal~ Catc:rete .0190 ·'" 

FH 1687 Brazos 0~ G.raded Llgh·tweJgtt 

I 
Aggregate Hot Hi X As-
phalt Concrete .03)3 1.665 

IH 45 Walker 
=d

5

~tt!:!l .0225 .270 

IH 45 L- -od SIH~ '--!1 Portland c-"t Concrete .0210 .o63 

*Th.ese are c:o•parab le val11e5 even though the descrIptive 
ter11s differ. 

Mec,ro•Texture 

Texture Modified Putty 
Meter Sand Patch lll!lprenlon 

Averaee Awr•tt~ Aver..-
Peak HelgM Texture Texture 

Inches* Depth, ln. Depth, ln.• 

.0001 .0018 .0081 

.0001 .007' .oo65 

.0062 .01'2 .0090 

.0216 .OZ68 .023-

.0192 .OZ92 .0272 

.0296 .om .om 

.0108 .0260 .0255 

.0100 .0282 .0200 

.01)4 .0212 .0150 

I 
.0116 .02%2 .0220 

.0274 .0'63 .031o0 

.0178 .03)2 .0307 

.0100 .0121 .0182 

.0160 .0185 .025.3 

.0166 .0170 .0200 

.0294 .0500 .0336 

.0198 .0289 .0224 

.0)00 .0430 .0412 

.0100 .0273 .021o0 

.0016 .0200 .0200 

Friction 

Cros-s Slope 

' Gradlant 

Percent .,a .,. ... Track Oepruslon 
Skid N .... r Gradient 

Inside. Outs 1M 

20 "'" loO "'" 60HPH 20-60 .... 20·60 "'" ' . t n t tilt ~ .... 
51 "' 49 .05 4 .16 5/)2 .01] 0 1/32 

38 32 27 .28 29 .09 3/32 .008 7164 S/32 

51 " 36 .)8 29 .18 3/16 .015 3/64 3164 

39 33 31 .20 21 .1] 1J8 .on 1164 J/64 

39 35 ]It .1) 13 .18 3/16 .• 015 51:12 13164 

39 37 37 .05 s ·09 3/32 .008 3/)2 3/32 

'' 35 35 .23 20 .14 9/64 .012 3/64 0 

39 32 29 .25 26 .19 3/16 .016 1/16 "" 
" 33 28 .33 32 .II 7/64 .009 5/64 1116 

" 40 38 .20 17 .II 7/64 ·009 "" 1/4 

39 33 35 .10 10 .16 5132. .01) 0 1164 

39 34 31 .20 21 .15 5/32 .013 1/16 1116 

70 61 57 .33 IS .21 13/64 .017 0 0 

70 61 56 .35 20 .13 1/8 .Oil 0 0 

63 58 55 .20 II .23 15/64 .019 1/64 3/32 

57 50 45 .30 21 .15 5/32 .01) 5/64 5/64 

67 56 50 .43 25 .19 3/14 .016 11/32 "'" 
67 I 59 51 .loO 24 .28 9/32 .023 7/32 7132 

52 43 38 .)5 27 .14 9164 .012 0 0 

54 44 37 .43 32 .13 1/B .Oil 0 0 



St~rface ..... , 
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·n 
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T·Z 

T·3 

T·~ 

T-5 

·---- ·-------··- ......... 

"'-c:ro-Te~~ttu~• 

T••ture 
Prolllogroph MIUir 

Avertge Acc:U~~Uiatlve Average 
!lou to County Surfa~ Type Peak Heltht, Peak Height, , .. k Height, 

Inches Inches Inches 

IH 35 Hill kounded Slllceou• Gravel 
Portland CaNnt Concrete .0220 .225 .0118 

St I~ LINatone Rownded Siliceous Gravel 
Portland C.Mnt Concrete .OJ" .153 .oo88 

IH ~5 W.lker Crushed L I Ml tone Aggre~ 
pte Portland CeNnt 
Concrete .0174 .II) .0016 

IH 10 .... , Crushed LI!Mstone Aggre· 
gate Portland Ce•nt 
Concrete .0196 .088 .oo8o 

IH 10 .... , Crushed LT•stone Aggre-
sate Portland Cement 
Concrete .0193 .18) .0126 

IH ~5 L- Crushed Sandstone ' 
Rounded S I I I ceous Gravel 
Portland C.-nt Concrete .020) .355 .0140 

FH '"~ ltobertson ~nded Sl llc.eous Gravel 
Surface Treatment .0355 1.86) .0300 

FK 2038 lraz:os ~nded Slllc.eoys Gravel 
Surface Treat,..nt .0570 3.190 .0550 

FH 2818 Brazos c.-ushed LltMstone Aggra .. 
pte Surface Treat•nt .0330 1.600 -0262 

OSR Brazos Crushed Limastone Aggre-
gate Surface Trutment .0247 .518 .orloO 

St 30 Grl•s Crushed L l•s tone Aggre-
pte Surface Treatment .0174 .543 .0216 

. FH 50 Brazos Crushed Llrrestone Aggre .. 
gate Surface Treatmant .0317 .855 .0286 

FK 416 Navarro Lightweight Aggregate 
Surface Trut~~~ant .0557 2.840 .0)94 

FM 2~52 Navarro Llgh-lght Aggregete 
Surface Treatment .0~93 2.538 .0352 

51 6 8rezos LlghtW.Ight Aggregate 
Surface t,.ac.nt .0225 .~50 .0140 

St 6 lraz:os flushed Seal Co.t .0171 .060 .0126 

Texas~ Brazos Rouruied Sll1c.eous Gravel 
Hot Mix Asphalt Concrete .0235 -~00 .0156 

Texas Altl lrazos Crushed Siliceous Gravel 
Hoc Mix Asphalt Concrete .0195 .~78 .0148 

r .... "" lrazot Cunhed LINstone ASJtte:"" 
gate (Terrazzo Finish) 
Hot Mix ~ph•l t Concrete .01~9 .360 .01$0 

r .... ,.,.. Brazos Clay Filled Tar £..,1slon 
Flushed Sea 1 cOat .01)6 .009 .0062 

Teu• AIM lruos Rounded SUeceous Grawl 
Port1Md t .. nt Concrete .0203 .484 .0156 

*These are co•perat.1a values evan thouth the descriptive 
ter•• d I ff•r. 

TABLE II. CCONTIMED) 

Moclllled Putty 
Send Patch I~~Preulon 

Ave-rage Average 
Skid -r 

TeXt4.tre Texture 
Depth, ln. Depth, ln. 20 MPH loO MPH 

.0158 .0173 "' u 

.0105 .OilS 53 ~) 

.0210 .0207 55 " 

.0178 .0122 ~9 43 

.0198 .OISz ~8 39 

.05)5 .0)08 52 ~3 

.0$97 .036~ 40 38 

.0990 .0563 44 40 

.0560 .0272 37 )) 

.0555 .0448 53 37 

·.0)95 .0~32 50 ~I 

.0766 .0648 ~5 37 

.0818 .0648 66 " 

.07)3 .0506 73 68 

.0)97 .0255 6) 55 

.0072 .00~1 )8 )0 

.017) .022~ 57 51 

.0195 .0235 65 58 

.0066 .0093 70 61 

.0025 .0019 27 20 

.0"2 .0280 
54 ~7 

Friction 

Cross Slape -ITr_lop_tee 
Perunta11 

G·radlent lfadleftt .... , .. 
"'"'* 60 MPH 20-6o MPH 20·60· Ml'tf 1•/f> ln/ft ft/ft 

,_ ,_ 
38 .z8 zz .15 5132 .013 0 0 

)8 .)8 28 .06 "" .005 0 0 

37 .45 )) . to )/32 .008 0 0 

)6 .)) 27 .17 ll/64 .014 0 0 

35 .)3 27 .1~ 9164 .012 0 0 

)8 .)5 27 • 18 3116 .015 0 0 

37 .08 8 .17 ""~ .o.- "" 7/ll 

~) .03 2 .25 II~ .021 )/" II~ 

35 .05 5 ·" 5/32 .013 5/" 5/Sl 

33 .50 )8 .21 13/6~ .017 S/16 ; til 

3~ .loO 32 .16 5/32 .013 3/Sl 11/M 

)6 .2) 20 .27 17/" .022 "" 3/Sl 

63 .08 s .26 17/6~ .022 11» JIM 

68 .13 7 .15 5/32 .01) 1/M 1/M 

"' .35 22 .)3 21164 .027 1/16 "" 25 .33 3~ .27 17/6~ .022 "" )/16 

~~ .33 23 .12 118 .010 0 0 

51 .35 22 .15 5/32 .013 0 0 

53 .~) 2~ .II 7/6~ .009 0 • 
17 .25 37 .1~ '·" .012 0 • 
u .)0 22 ••• 1/16 • 015 0 • 
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TABLE 12. AGGREOATE TYPE, AVERAGE DAILY TRAFFIC, AND CONSTRUCTION DATE FOR EACH SURFACE 

Aatrogoto Average 
Dolly Construe:-

Surface 
' by Mal(. Tnfflc tlon 

Nu .... lloute C:O..nty Surfeco Typo Wo!ght Typo Size (1968) De to 

Aggregate Aver ego 
Dolly Conttruc· 

Surface %by llo •• Traffic tlon 
N .... or Aoute County Surface Type Wolght Typo Size (1968) Date 

I us 7'J 1111• Ll..,lte Boiler Sl., Hot 7S Lignite Boller 3/8" 1,580 1967 
Ill• Aophelt Concreto Slog Aoorooete 

II St 14 Ll•stone ~ruihed S 11 i c.eaus Grave 1 25 !Roun dod S Ill· 3/8" 3,655 1967 
Hot "' x Asphalt Concrete ceous Gravel 

as LIIMitone #4 
Screenings 

40 Crushed SIll- 3/8" 
eeou~ Gravel 

2 us 7S · Fr•stoM Ll ... lte loller Sl .. Hot 7S Lignite Boller 3/8" 6,62D 1967 
Mix Asphalt Concrete Sl~g Aggregete 

IS SIll ceous (con- #4 
crete) Send 

25 Sandt tone #4 
Screenings 

20 Siliceous Field #40 
Sand 

3 St 6 lruos Ll..,lte Boiler Slog Hot 7S Lignite Boller 3/8" 4,200 1965 
Ill• Aophelt Concrete Slag Aggregate 

12 IK 35 Me Lennon ruShed Siliceous Gr·avel 25 Rounded S 111· 3/8" 15,855. 1967 
Hot Mix Asphalt Concrete ceous ·Gravel 

IS LINstone #4 
ScreenIngs 

40 Crushed SiiJ ... 3/8" 
~eous Gravel 

10 Field Sand #40 IS Siliceous (con• " 4 St 6 Robertson Rounded Siliceous Gr•vel 63 Rounded Sill· 1/2" 1,420 1968 
' Fells Hot Mh: Asphalt Concrete ce.ous Gravel 

37 S I 11 c:eous Sand 110 

crete) Send 

2D ~: llceous Field #40 
end 

s us 77 llllem Rounded S i 1 i ce.ous Grave 1 55 ~undod SIll.- S/8" 1,960 1964 
Hot Kix Asphalt Concrete eous Gravel 

13 us 84 Freestone Crushed Sandstone Aggre .. 65 Crushed Send· 3/8" 1,310 1"5 
gate Hot Hlx Asphalt stone 
Concrete 

3D t 1 i ceous Sand 110 
35 Crushed Sand- 140 

stone Screen-

IS imestone #10 
i_ngs 

creenings 

' us 77 1111 ... Rounded Siliceous Gravel 58 Rounded SIll· S/8" 1,560 1960 
Hot Hi x Asphalt Concrete c:eous Gnvet 

14 us 7'J Anderson Crushed Sandstone Aggre .. 40 Crushed Sand .. 3/8" 3,075 1964 
gate Hot Mix Asphalt stone 
Concrete 

25 Crushed Sand· 

25 Ll•stone 114" 
stone #4 

Scree~ I ngs 
35 Sands·tone 140 

17 Field Sand #40 Screenings 

7 IH 45 Walker Crushed LilfleStOM Aggre· 3D Crushed Lime• 5/8" 8,933 1968 
gete Hot Ill• Asphalt stone 
Concrete 

3D Crushed Lime- S/8" 
stone 

IS us 287 Anderson Crushed Sandstone Aggre- so Crushed Sand- 3/8" 4,560 1968 
gate Hot H1x asphalt stone 
Concrete 

20 c r.ushed· sand- #4 
stone 

40 Field Sand #10 3D Sandstone #Ito 
Screenings 

8 IH 35 Travis Crushed L i naes tone. Aggre- 64 Crushed Lime·· 3/8" 14,740 1967 
~te Hot Kix Asphalt stone and 
Cone: rete Limestone 

Sc:reen1ngs 

16 IH 35 Travis Open-Graded Llghtwelght 58 Lightweight 1/211 '7 ,000 1968 
Aggre.gate Hot HI x As· Aggregate 
phalt Concrete 

25 Lignite Boller tit 

36 Rounded Sll i· #10 
Slog 

~~Sand 
9. Limestone 110 

9 us 290 Travis Crushed Li•stone Aggre· 65 Crushed Ll....- 3/8" 4,695 1965 Screenings 

pte Hot "ix Asphalt stone Gravel 
Con.:rete 8 Field Sand #10 

35 Rounded Si 1 i· 110 
c;eous Sand 

17 Fll 1687 Brazos Open-Graded Lightweight '" Llghtwel·ght 3/8'' 700 1968 
Aggregate Hot Mix As- Aggregate 

10 us 84 Freestone Crushed Si 1 i uous Grave 1 so Crushed Sill- 3/8" 2,400 1964 
~t Hi x Aspha 1t Concrete ceous Grave 1 

pha 1 t Concrete 
56 Lignite Boiler 3/8" 

Slag Aggregete 

30 Crushed #4 
Screenings 18 FM 1687 Brazos Open-Graded Lightweight so Lightweight 1/2" 700 1968 

Aggregate Hot Ml X AS"' Aggregate 

10 Concrete Sand #4 ph~ 1 t Concrete 
so lignite Boiler 

10 River Sand #40 Slag Aggregate 3/8'' 



TABLE 12. (CONTINUED) 

Aftregato A .. roge 
Dally Constr"'-

Surface 'by Max. Traffic tlon ·-· lloute '-tty Sur f•ce Type lleltltt Type Size (1968) Date 

Aftregeto -·· Oolly Construe .. 
Surfoco Uy Max. Trofflc tlon 
11-r !lou to Coullty SYrf- Type jwoOI,a.t Typo Size (1968) Data 

19 IH '5 W.llcer llouncled St II-· , ..... 67 llounded Sill- Z-11:1 11,)50 196l 
rortlond c-nc Concrot ceous Gravel 

)0 OSR 8r4W?f Crushed Ll•stono Attre- 100 Crushed Ll- 318" ))0 1961 •t• Surface Treatllitnt ·-33 ~~~·~_Sane! )/~"- .. 31 St30 Grl- Crushed Ll•stono AUre• 100 Crushed Ll.- ,,. .. IZO '·"' 20 IH '5 L- llounded Sill-s Gro .. l 67 lloundod SIll- 1-3"" 6,030 1967 
Port lond c-nt Concrett eeous Grew l 

ph Surface Treat•nt atono 

32 FM 50 trazot Crullled Ll•stono Aftre- 100 Crushed Ll•· 112" 66o '"' 33 Sill ceous Sand I~ 
gate Surface TrMt..nt stono 

21 IH 35 Hill llouncled Siliceous Gro .. l 60 Rounded 5.111· 1-1/4;, 11,125 196' 
Portlond c-nt Concrott ceous Grave 1 

33 FM 41, Navarro Lltlttwoltltt Attregoto 100 Lltlt-ltltt l/2" 100 '"" Surfeu TreatMnt Attrovato 

loO Sill-• Sand II~" 
34 Fll Z452 Navarro Lltlttwoltltt Agtrogate 100 Llglltwoltltt 1/Z" 300 ''" Surface Trutliant Aggregate 

22 St I~ Ll•stone llounded Siliceous Gro110l Coarr.e Rounded 1-1/211 920 1936 
Port lond Co100nt Cone rotc Siliceous 

Gravel 

35 St 6 Brazos Lltlttwoltltt Aggregate 100 Lightweight 1/211 18,210 1968 
Surface· Treat•nt Aggregoto 

FIno Rounded ~ St 6 I~NOI Flushed Soo I .. toot ~-5v~•ga_t! .... 18,210 1968 
Siliceous 
Gravel T•l r ... , AtoM lruos llouncled Siliceous Grovel 30 coarse Rounded 5/8" none 1968 

Annex Hot Mix Aspholt Concreto Siliceous Grav-

Mineral Filler ol 

23 IH 45 Wolkor Crushed Limestone Aggre· 67 Crushed LIM· 1-3/4" 7,320 1963 
gate Port land Ce~nent stone Aggre· 
Con;.rete gate 

25 FIne Rounded 
S 111 c:eous Grav-

•• 
33 Slll.,_s Sond #4 35 Crushed LIM-

stone Fines 
2~ IH 10 ..... Crushed L 1Ms tone Agtre- 65 rushed Ll•- -314" "·300 1967 

~to Port I ond co .. nt tono 
Concrete 

18 rushed Ll .. - ~~ 
tone 

10 Field Sand 

T·2 Texas A&M Brazos Crushed Siliceous Gr...,! 60 Coarse Crushed 1/lt" - 1968 
Annex Hot Ml x Aspholt Concreto Slllcoous Grev-

ol 

17 Siliceous Flol #4 
ond 

20 F"lne Crushed 
Siliceous Grov-

25 IH 10 ..... Crushed LIM:stone Aggre· i.s cru'shed Lltne- ·)!'" 19,060 1958 
gate Portland CeMnt stone' 
Concrete 

•• 
20 Field Sond 

18· Crushed L1ffle• #4 
tone 

17 'lllceous Flole #4 
Sond 

T-3 Taus A511 Brazos Crushed Ll•stono Attre- 35 Coane Crushed 1/2" nono 1968 
Annex gote (Torrozzo Flnlsh~to Ll•stone 

Hot Ml x Aspholt Cancro 
Modi..., Crushed 30 
Ll•stone 

26 IH 45 ~ Crushed Sondstono 0114 33 Crushed Send· ·3/4" Not .Open 1969 
llouncled Siliceous Gro .. l stone to Trofflc 
Port 1Md CeMent Concrete 

25 Fino Crushed 
Ll•stono 

33 Rounded SIll- -3/4" 
uous ~awl 10 Flold Sond .. 

)) Siliceous Sond l/4" T·~ T ... s.w~ Brazos Cloy Filled Tor E,..lslon Ho Attrogato -· 1968 
Annex Flushed Sool Coot 

27 
Fll "" 

-.rc.on llouncled SIll coous Gro""l 100 llounded Sill- 3/Bu lOS 1967 
Surfoco Troot ... t COOUI Grovel T•S Teus AI.H lrozos llouncled SIll C0011S Gro .. l 67 llouncled S Ill· 1-112" -· 1953 

Annex Portland c-nt Concreto ceow Gravel 
28 Fll 2038 lruos llounded Slllcoods Gro""l 100 Rounded Sill· 1/2" 135 1968 

Surface TrNtMnt c.ous Gravel 33 Siliceous Gr., 1/4" •• 
Z9 Fll Z811· lruos Cru- Ll•stono Attre· 100 Crushed Ll•• l/Z" 1,275 1964 

.. te Surface Treat•nt stono 
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