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The enclosed represents the initial efforts of Task Group 70~3 and
is submitted as Fuifilliment of the immediate cbjective.
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the enclosed report and prepare & draft of a tentative gtandard meth-
od(s) of gurface Texture Measurement. Due consideration will be given
ro such features as {1) reliability. (2) repeat&bility, (3) cost, {4)
ease of operation, (5) yapidity of test(s), (6) level of reguired operarc
ror training and/or akill, (7) correlation with friction parameters,

and any other aspects of texture measurement methods which the Task
Group considers important in selecting & renative standard method (or
combination of methods) of test.’

Hopefully the Task group's efforts will have advanced sufficiently to
submit the final report at the June 1972 meeting.
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Fferry G. ROSE
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SUMMARY OF pAVEMENT SURFACE
TEXTURE MEASUREMENT METHODS

Prepared for distribution to ASTM Committee E-17 SKID RE~
STSTANCE, gubcommitteed 17.23 SURFACE CHARACTERISTICS, by
Task GrQEEF19'3 on PAVEMENT TEXTURE MEASUREMENT at the

June 28th, 2§€ﬁ, 1971 meeting at the Chalfonte—ﬁadden Hall
CompleX, Atlantic city, New Jexrsey.

compiled by Jerty ¢. Rose, Chairman, Task Group 70-3.

This tabular summary represents an. expanded yersion of a
draft prepared under the direction of Prof. Bob M. Gallaway
of Texas A & M University- The table was compiled from a
1iterature survey conducted during spring 1970. A survey
of all states and agenciles engaged in quantitative measure-
ments of surface rexture would be helpful for updating and
finalizing the table. In the meantime, 30Y comments OT
suggestions concerning any of the tabular entries OT other

to Dr. J. G. Rose, Research EngineeTl, pivision of Research,
Kentucky Department of Highways, 533 South Limestone, Lex-
ingtomn, Kentucky 40508. '
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PART 1T

The following is in essence & paraphrased version
of a portion of a THESIS written by Hisao (Tom} Tomita and
directed by Prof. Bob M. Gallaway entitled "Effects of Pave-
ment Surface Characteristics and Texture on skid Resistance"
submitted €O the Graduate gchool of Texas A &M University,
College Stationm, Texas, December 1970, in partial fulfillment
of the requirements for the Master of Science degree in
Civil Engineering.
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Surface. por this Feason, the carrier-modulating device
is Preferyreg Oover the potential—generating device (4) .

Carrier-modulating devices have been developed to measyre
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4a __THD Profilogra h. fThe Profilograph developed by the
T ——===-=lolilograph

datum pPickup (2, 6). The mechanica] linkage system magnifiesg
the vertical movement of the Stylus, and the resulting profije .

is Tecorded on a chart. 1 addition, the upwarg vVertical

Vertical bPeak heights of the Burface texture through the

length traverseg by the stylus. 2 feading of 29 digits op

movement of the stylus. The average peak height of the
asperities ip inches jg obtaineg by dividing 29 times the
humber of Peaks intq the Counter reading. a Peak hasg been
arbitrarily defined ag any magnifjeg asperity with 5 minimum

height of 1/16~inch and a maximum base length of 1/4~ineh



4bh surfindicator. A proprietary device called the Surfindi-

cator is an example of a stylus tracer method with an electri-
cal system of transferring the stylus response to an averaging
device. Various models of this device are manufactured
by the Clevite Corporation. The device is generally used
£o measure the uniform textures of machined surfaces such
as those on metallic products.

The Surfindicator Model BL-185 consists_of a surface
datum pickup with a stylus, some associated electronics,
and a dial guage for displaying the H A or H readings

CLA " RMS

from one to 1,000 microinches (7, _19). The stylus has a
conical diamond tip with a radius of 0.0005 inch. A
maximum movement of the stylus of approximately 1/16-inch
is permitted with respect to a shoe near the stylus. Thus,
it appears that small-scale macrotextures as well as micro-
textures can be "sensed" by the stylus. The BL-185 is a
potential-generating device, and consequently, a variétion
in readings is caused by changes in the speed of traversing
the stylus. However, a limited cqmpensation is provided
in the electronics to minimize this variation (7) . Three
peak-to-peak spacing cutoffs of 0.003-0.010~, and 0.030 inch

are provided for the purpose of accuracy of measurements.



A setting on any one of these cutoffs eliminates
the signals from the peak-to-peak spacings on the surface
above the cutoff value. Thus, the setting of the device
on the 0.030 inch takes into considerationrsignals from
all peak-to-peak spacings on the surface up to a maximum

of 0.030 inch.

5. Texturemeter

The texturemeter, developed originally to correct
roughometer readings of highways, consists essentially of
17 evenly spaced parallel rods mounted in a frame (2, 8).
All rods can move either as a unit against spring pressure
or independently of each other, except for the end rods
that are fixed. Each moveable rod has a hole through which
a taunt string is passed. One end of the string is fixed
to the frame and the other is tied to the spring loaded
stem of a 0.00l-inch dial gauge mounted on the frame. In
testing, 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

gauge will read zero. Any measureable irregularities in



the surface will cause relative motions of the rods and the
g will form a zig-zad line resulting in a dial re
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surface. When tested on a smooth, flat surface that

has no texture, the 15.90-gram spheré will completely £i11
the 4-inch by 1/16-inch reécess. A decrease in the diameter
of the putty ig associated with an increase in the texture
depth of the Pavement surface, An average texture depth
based on volume per unit area is determined from an average

of four diameter measurements by

T, = _,1__2_ - 0.0625
D

Where TP = average texture depth, ang

D = average diameter of the putty.

7. Drainage Meter

ring glued to the bottom face. The eylinder is Placed on
the pavement Surface and is loaded so that the rubber ring
will drape over the aggregate pParticles much 1ike a tire

tread element. Water is poureqd into the cylinder, ang



through any POYes in the pavement and between the rubber
ring and the pavement surface 1s measured. The water in
the cylinder can be pressurized or be under atmospheric
pressure. short durations of time OY high rates of flow
are associated with high macrotextures and/or high per=

merabilities of pavement materials (1O) -

g, Foil Eiercing Method

tn the foil peircing method, a piece of aluminum foil
placed on the pavement is given an jimpact by & rubber-tipped
rod released from a predetermined height. AD jmprint of the
surface texture is "engraved” in the foil by the impact.
gome piercings of the foil are caused by the sharper—tipped
aggregate particles. The density of the number of piercings
per sguare inch is found by counting the punctures on the
foil or on a photo ﬁegative made from the foil. High
densities of punctures are generally found to be associated

with high skid numbers (11) -

—

o, Linealt Traverse Methed

. e

The linear fraverse method employs @ motorized lathe and

a stereo mMiCcroscOPe with the shaft of a potentiometer

11



attached to the microscope focusing shaft. The potentio-
meter is fixed to the body 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 re-
corder.

In measuring the texture, the sample is placed on the
end of the lathe, and the equipment is referenced both
vertically and horizontally. The sample is moved trans-
versely under the microscope, 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 bpotentiometer output voltage.
The end result is an amplified tracing of the surface tex-

ture of the sample (12).

10. Stereophotoqraphic Method

In the stereophotographic method, stereo pairs of
photograviis are taken by a Specially designed camera with
a single lens. The pair of photographs is obtained by
moving the lens laterally a fixed amount in a plane parallel

to the pavement surface. Measufements of the parsllax

12



between the two photographs are made oo a stereocomparator.
pecords of the surface profile are obtained by measuring
the relative heights of successive points at 0.025~-cm
intervals along lines of the surface with the aid of a
parallax bar.

The micrometer readings of the parallax are converted
into binary form on punched tape by gearing & combination
of optical and mechanical digitizers to the micrometelr .

BY selecting, amplifying., integrating, and decodioé through
appropriate electronio anits adjacent to the stereocompara”
tor, the output in 2 pinary form is obtained on paper

tape for analysis on & computer - The computer provides &
printout of tape readings in & tapular form and a plot

of the tape readings with 2 certain horizontal—to-vertical
gcale rafio. surface textures of +he order of 0.01 inch
can be shown OI the plot (13) .

one way of acsessing the surface profile is by the
profile ratio, 2 ratio of the 1ength of the profile to the
1ength of the straight paseline. High profile ratios are
generally associated with low percentages of decrease in

ckid resistance with increase in speed (13) -

13



11, Casting or Molding Method

In the casting or molding method, a casting material
such as a low melting-point metal Or a plaster is used with
a form to obtain a hegative of .the Pavement surface. 2

Positive is then made from the hegative. The surface of

and gives a measure of contrast. Detailed studies of the

sectional profiles bProjected onto gz pPaper screen. Measure-
ments of the drainage area Per unit length of the pavement

surface are made from these silhouettes (14) .

12. Centrifuge Kerosene Equivalent (CKE) Method

The CKE method pProvides a value for the surface texture
and the parﬁicle shape characteristicsg of the aggregates
. used for seal coats and asphalt concrete. A 100~gram sam-
Ple of washed and dried aggregates passing a No. 3 sieve
and retained on a No. 4 sieve is saturated in kerosene for
ten minutes ang is centrifuged for two minutes at 400 times

gravity., The sample is weighed to the nearest 0.1 gram

14



and 18 submerged in SAE #10 jubricating oil, raised imme-
diately. and 1is allowed Lo drain. The difference in weights
after centrifuging and after draining represents a suxrface
factor for +he sample. This factor, after applying @
gpecific gravity correction, is designated K- The range of
Ks values for mineral aggregates is from 1.1 to 3.0. the
high values being sgsociated with high angularity and high

surfage texture (15) .

wWeaX anleou hness MeteX Method

13. o]

The weal and roughness meter method measures & mean
wear height and a mean rexture and provides & plot of the
gurface profile from which the maximum depth and gistribution
of peaks of the gurface can be cbsexved.

The instrument is contained in & liqhtvtight case with
an internal support frame . Wwithin the case, 2 horizontal
array of identical gensindg plungers is mounted in such
a manner as to permit 2 movement in the vertical direction
only. The top surfaces of the plungers have a mirror finish
and are inclined at an angle of 45 degrees tO the vertical
axis- A light from & fybular lamp is collimated by a
parabolic mirror and geflected by @ emall A5-degree mixr-

ror rhrough 2 horizontal slit. The 1ight beald is then

15



O a smooth, flat Surface, ang a lower maximum rYeading is
obtained On a textured surface. The difference between

the two maxima is the Toughness of the textured Ssurface (le) .

14, Mineralogical Studies ang Profilogragh Method

In this combined mineralogical studies and terture

measuring method, a thorough knowledge of the polish



of aggregate samples cvom the rock quarries supplyind
aggregates fox paVements. pased on these analyses, various
road surfaces are selected for testind. Texture measure-
ments are made using the profilograph, and skid tests are
conducted. Cored specimens are visually described and
microscopically examined to obtain 2 variety of informa~—

tion reiated to the surface characteristics. The informa=
tion includes aggregate type, percent exposed aggregate,
texture, harshness, particle geometry. polish, and microscopic
identification of minerals. The surface profiles are analyzed
and correlated with skid test results to evaluate the 1mpor~
tance of large—scale rextures. Qualitative.evaluation of

the role of microtextures of the aggregates on skid
‘resistance is made from microscopic chservations of thin

sections chbtained from the surfaces of the cores (17, 20) .

15. Photo Interpretation Method

in the photo interpretation method, the cgkid numbers
are obtained from values of various pavement gurface tex~
ture parameters. color stereo—photographs of approximately
6-inch sgquare sections of pavement gurfaces are obtained

by means described previously'in the stereophotographic

17



16. Subjective Method



method, and that skilled personnel are only slightly pbetter

in judging surface rextures than unskilled personnel (4) -

17 . Dial Gaudges

p system of dial gauges for evaluating the textures of
finished gurfaces has beed developed. The major disadvan—
rage of the dial gauge evaluation is the requirement for

a large numbeXr of measurements which is 1aborious and time-

consuming (4) -

18 . Light

Light can pe used in several ways to help analyze

surfaces. yariations in textures can be bettel visualized

under SOME conditions of light. Foxr example, 1ight passing

" under & straightedge placed on a surface indicates the

magnitude of the sucrface rexture (21) -
night sectioning is a simple method used toO cbtain 2

representation of a gurface texture. 1n this method., 2

peam ©of 1ight i8 paesed petween two parallel, optically
£1at plates spaced PY means ©of shims. The resulting slit

of light is focused on the surface at an angle, and the

reflection which is the apparent profile height 18

19



19. Drz—Bulking Methog

of aggregates is Computed fropm its weight ang Specific
gravity - thus, yielding a bercentage of voids., The more
angular oy textured.the 299gregate, the higher the void per~
Centage. Thig is an indirect lethod of shape (texture)

evaluation of aggregate (23).

20
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