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CORRELATION OF ROUGHOMETER AND SKID TESTS

WITH PAVEMENT TYPE, DESIGN AND MIX

A. DUKE MORGAN, Matertials Research Engineer
North Carolina State Highway and Public Works Commission
Raleagh, North Carolana

SYNOPSIS

During 1949 and 1950 two types of bituminous mixtures on plant-mix
pavement projects were studied by the North Carolina State Highway Lab-
oratory; namely, sand-asphalt and asphaltic concrete

The purpose of the study was to correlate riding qualities on recent-
ly constructed bituminous pavements with mix design policies and con-
struction practices.

Road roughness measurements on these two types of pavement are
reported. Tests were made at the speed of 20 wph 1n the direction of
traffic. The trailer was run in the center of the traffic lane being
tested.

Skid resistance measurements on these two types of pavement were made
for the purpose of correlating surface texture with mix design 1in an
effort to establish safe limits for gradation of aggregate and bitumen
content.

Skid resistance measurements were made by the stopping-distance method
On level sections of pavement, the car was brought to initial uniform

speeds of 20, 30, and 40 mph in successive tests, and the brakes applied
anstantly, locking all four wheels At the instant of locking the
wheels, 2 detonator fired a chalk bullet on the pavement The forward
skadding, or stopping-distance, was measured at each of the three speeds
on a dry surface. The pavement was then flushed with water and the
tests repeated

The stabilities of the sand-asphalts were measured in the laboratory
by the Hubbard-Field method using the 2-i1n diameter mold and of the
asphaltic concrete using the 6-in mold

In the method of mix design, specimens were compacted under controll-
ed effort at several asphalt contents using the proposed aggregate to
determine the asphalt content which gives the most desirable values for
unit weight of the total mix, percent voids in total mix, percent voids
filled with asphalt, and stabalaty.

Results of these studies lead us to the following observations

(1) Stabilities on sand-asphalts, using 2-in diameter specimens, ranged
from a minimum of 150 lb. to a maximum of 1800 lb by the Hubbard Field
Method.

(2) Stabilaties on asphaltic concrete ranged from 500 1b. to 4500 lb
stability on 6-in. diameter specimens by the modified Hubbard Field
Method.

(3) Road roughness measurements for sand-asphalt pavements ranged from
a maximum of 176 to a minimum of 54 in. per mi.
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(4) BRoad roughness measurements for asphaltic concrete pavements ranged

from a maximum of 117 to a minimum of 57 in. per m
(5) Skid resistance tests on wet sand-asphalt pavements at 40 mph ranged

from a skid distance of 69 ft

to a skad distance of 126 ft

(6) Skid resistance tests on wet asphaltic concrete pavements at 40

mph ranged from a skid distance of 81 ft

to a skid distance of 111 ft

(7) Considering only newly laid pavement, the lowest roughness index
was obtained with low stability sand-asphalt mixes
(8) Where the preponderence of sand particles occur between the No. 40

and No 200 mesh sieves,
comparatively low

THE PRESENT TREND OF BITUMINOUS
SURFACING AND RESURFACING WORK IN
NORTH CAROLINA

For many years the North Carolina
State Highway and Public W%orks Com-
mission has bheen constructing the
more standard types of bituminous
concrete and sand-asphalt surfaces
of conventional thickness, that is,
from 1 to 3 in. While we feel there
have been some gradual improvements
in the mix design for these surfaces,
essentially our designs and appli-
cation for such work have not changed
greatly over the past fifteen or
twenty years., We have, however,
during the past four years, con-
structed considerable mileage of thas
type of surface both in one course
and two course construction on old
concrete pavements which were 1n
varying stages of failure, and new
bases consisting of stone and soal.

It 1s well known that angular and
rough-textured aggregates produce a
relatively high degree of stability
in bituminous mixtures. Hence, the
region in central and western North
Carolina whach has available an abun-
dance of crushed aggregates, enables
the engineers to very easily secure
durable mixtureswhich resist shovang
and creepaing. On the other hand,
the most abundant and economical
aggregates 1n the eastern region of
the state consist of sands and grav-
els. The sands are very round and
smooth, and the gravels uncrushed
which results in relatively low
stability.

the frictional resistance of the surface 1s

Stability tests have long Leen
employed by many highway departments
as valuable aids in the design of
asphaltic paving mixtures. By making
such tests, it 1s possible to select
better materials and to find the
optimum combination of the selected
materials, so that mixtures of good
quality can be expected. Common
stability tests for such a purpose
are those proposed by Hubbard-Field,
Hveem, and Marshall.

In the design of bituminous mix-
tures, more attention should be given
to some form of stability measure-
ment. The trend toward coarser type
plant mixtures should be noted, and
that such mixtures are less suscep-
tible to variations in design with
respect to stability due to the
structural strength of the aggregate
itself. This trend evidences itself
in the newer designs which call for
thinner dense-mix wearing surfaces
and thicker coarse-graded mix bainder
courses.

The percent asphalt required 1in a
mixture may be determined by a sta-
bility test. The amount of asphalt
required to secure the most desir-
ahle values for solid volume density,
unit weight density, percent voids
in the total mix, and percent voids
filled with asphalt should be de-
termined and considered in making
the final or optimum asphalt selec-
tion. Past experience has demon-
strated how necessary 1t 1s that
bituminous mixtures must be designed
to have adequate workability, dura-
bility and density.
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The purpose of this investigation
was to correlate surface roughness
and skid resistance of the finished
pavement with design of the bitu-
minous pavement mixtures.

PREPARING LABORATORY TEST SPECIMENS
FOR SAND-ASPHALT PAVEMENTS USING THE
HUBBARD-FIELD METHOD

The following method calls for the
preparation of test specimens in
batches of two briquettes, each
batch weighing 200 to 230 grams.

Weigh out the dry sand and filler
to 0.1 g. Heat the aggregate an the
tared mixing dish to 350° F., and
mix thoroughly. Place the dish and
contents on balance and weigh into
it the asphalt heated to 350° F,
Thoroughly mix the contents of the
dish for 3 to 5 minutes, or as may
be necessary to insure thorough in-
corporation of the asphalt, using a
l-in. putty knife as a mixer and
finishing the mixing with an ironing
pressure between the flat blade of
the knife and the side of dash, to
iron out all lumps. Then place ap-
proximately 100 G. of mixture in
each of two forming molds, numbered
1 and 2, preheated to 250° F. Place
the molds with base plates on a hot
plate and bring the temperature of
the contents of No. 1 mold to 250-
260° F. as determined by a ther-
mometer used for stirring the charge.
Remove mold No. 1 from hot plate and
tamp thoroughly with the No. 1 tamper
(blade type), using 60 or more heavy
blows. Finish tamping with No. 2
tamper (cylindrical type, weighing
approximately 1400 grams) using 15-20
heavy blows. Then insert the plunger
and place the mold 1n the empty water
bath on the base of the compression
machine. Apply pressure to the top
of plunger until a load of 3000 psi.
or a dial reading of 9,425 lbs. is
reached. Fill the bath with cold
water to a depth of 3 in. and allow
briquette to cool under pressure for
5 minutes. Then release pressure,
remove the mold from the kath and

force out briquette. While the first
briquette 1s under pressure, bring
the charge in No. 2 mold to 250-260°
F. Tamp, compress, and cool as in
the case of No. 1. The compressed
briquettes should measure approx-
imately one inch in height. After
heing removed from the mold, the top
of each briquette 1s marked for
1dentification with yellow crayon.
The briquettes are allowed to cure
in laboratory air overnight and are
then placed in a water bath accur-
ately maintained at the temperature
of test, usually 140° F., for one
hour before testing.

MAKING THE STABILITY TEST

Each specimen 1s tested by placing
1t, original top end down, 1in the
testing nold against the shoulder of
the orifice and i1nserting the plung-
er. The compression machine is
operated so as to produce a uniform
movement of the testing plunger at
the rate of one inch in 25 seconds.
As the test mixture 1s loaded, 1t
commences to distort at the orifice
in the testing ring, and the dial
pointer rises quite rapidly to a
maximum Just before the bond is
broken. The maximum load registered
1s recorded as the stability value
of the specimen. After testing, the
mixture 1s removed from the mold
which 1s cleaned before inserting
the next specimen. The test appears
to be of generally satisfactory re-
peatability and between test speci-
mens of the same batch will usually
show a variation of less than 10
percent. The average of two tests
1s reported as the stability value
of the mixture. Care must be taken
to maintain uniform temperature of
batch and briquettes during test.

A determination of the specific
gravity of all test specimens is
made prior to subjecting them to the
stability test. This serves as a
check upon uniformity of preparation
and compression, and the specific
gravity results are used 1n computing



the voids 1n the test specimen and
voirds 1n mineral aggregate.

Specific gravity 1s determined by
weighing the briquette, first in air
and then submerged in water at 77°F.,
all weights bteing recorded to the
nearest 0.1 gram. If A = weaght in
air and B = weight 1n water, specific
gravity 1s calculated according to
the following formula-

Sp. Gr. = KéB-

VOIDS IN COMPRESSED PAVING MIXTURE

The percent of voids in the com-
pressed paving mixture may be readily
ascertained fromits specific gravaty
if the specific gravity and percent
by weight of each constituent are
known. In conducting any series of
stability tests on sand-asphalt
aggregates, the specific gravity of
the sand, mineral filler, and as-
phalt cement should therefore be
determined by the methods of the
American Society for Testing Materi-
als for apparent specific gravity.

If W, Wl, and Wy represent the
percentage weights and G, Gj, and Gg
represent the specific gravities of
the sand, mineral filler, and asphalt
respectively of a given mixture, the
theoretical maximum density of such
a mixture, 1f 1t were free from
vords, 1f first determined by the
followang formula where D represents
the theoretical maximum density.

- 100
Woe W v W,
G G Gy

The actual specific gravaty of a
test specimen having heen determined
its percentage of voids is now readaly
calculated by the following formula
in which D = theoretical maximum
densaty, d = actual specific gravaty
and V = percent of voads.

100 (D-d)

V=
D
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vOIDS IN MINERAL AGGREGATE OF
COMPRESSED MIXTURE

Percent of voids in the mineral
aggregate, designated V.M.A., of a
compressed asphalt paving mixture,
excluding the asphalt itself, is
readily calculated from the data
used 1n calculating voids in the
mixture. Thus, if a compressed
mixture has a specific gravity of
2.20 and contains 10 percent of
asphalt by weight, it 1s evident
that the apparent specific gravity
of the mineral aggregate equals 2.20
- .22 or 1.98. 1f g = the apparent
specific gravity of the mineral
aggregate, the formula would be

g=d-ax ¥y Yorda - Y2 )
100 100

The maximum theoretical density
of the mineral aggregate (sand and
mineral filler) represented by D
would be calculated by the formula

D - VW
NS
Gy

And the V.M.A., or percent of
voids, 1n the compressed mineral
aggregate would then be

V.M.A. = -399—13%—2-51-

In designing an asphalt paving
mixture, the V.M.A. should always be
considered, as variations in per-
centage of asphelt may seriously
interfere with obtaining the close
packing of the aggregate which it
1s desirable to secure.

STABIL.TY TESTS PERFORMED USING THE
MODIFIED HUBBARD-FIELD METHOD FOR
ASPHALTIC CONCRETE

Tests performed using the Hubbard-
Field method were an accordance with
test procedure outlined in a pam-
phlet entitled “The Rational Design
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of Asphalt Paving Mixtures'’ pub-
li1shed by the Asphalt Institute on
October 13, 1935.

The Hubbard-Field stability test
developed in the laboratory of the
Asphalt Institute was oraiginally
designed to determine the resistance
to deformation of sheet asphalt pav-
ing mixtures. Its use, without
modification, has been extended to
satisfactorily cover stone filled
sheet asphalt or fine graded ag-
gregate asphaltic concrete in which
the maximum diameter of aggregate
particle does not exceed 5/8 in.,
and the percentage of aggregate re-
tained on the 10-mesh sieve does not
exceed 35 percent of the total.
The 2-in. diameter test specimen and
testing mold, however, make it im-
possible to test other mixtures in
common use where both the maximum
s1ze and percentage of aggregate re-
tained on the 10-mesh sieve exceeds
these limits. Thus coarse aggregate
asphalt concrete and mixtures of
stone or gravel products with road
‘01ls and cut-backs, such as are
widely used in low-cost road con-
struction, cannot be evaluated by
this test.

A special mold and testing ring
for the coarser mixtures have been
developed which promise to be a use-
ful means of determining their rel-
ative stability in values which are
directly comparable to those ob-
tained on sheet-asphalt mixtures an
the smaller mold. This equipment
may be considered as an adjunct to
the original stability test. While,
with certain modifications in method
of preparing test specimens, sheet-
asphalt mixtures will show the same
range of stability when tested in
the large mold as in the standard
2-1n. mold. The larger size is not
convenient for sheet-asphalt and is
intended only for use with the coarse
aggregate mixtures. This equipment
consists of the following pieces:

(1) A cylindrical steel forming
and testing mold of approximately
1/2 in. wall thickness, accurately

machined to 6 i1nch internal diameter
and measuring 6 i1n. ain height.

(2) A testing ring of tempered
steel 3/8 1n. thick and of the same
outside diameter as the mold or
approximately 7 in. The minimum
orifice of the testing ring, which
1s 5-3/4 1in. extends for a depth of
1/8 in. after which it tapers out to
a diameter of 6 in. at the bottom.

(3) A ring clamp with set screws
to hold the testing ring taghtly
against the bottom of the testang
mold.

(4) A plunger consisting of a
circular steel plate 5-3/4 in. in
dirameter in the center of which as
screwed a 1-1/4 in. diameter round
steel rod 4-3/4 in. long. The top
of this rod contains a depression
anto which the ball end of the test-
ing head of the stability machine
fits. It also carries a projecting
pin which fits intoaslot i1n a metal
tipped handle which may be attached
when 1t is desired to use the plunger
as a tamper.

(5) A metal base plate 12 1n.
square and 1 in. thack.

(6) A portable, metal water bath
14-1/2 in. long, 12 in. wide, and
9 i1n. deep to the bottom of which
are fastened a number of stout metal
reinforcing ribs.

(7) A tamper designated as No. 2
consisting of 1.75 1n, diameter
steel rod 3 in. 1n length with a
hardened steel plate 1.875 1in. in
diameter attached to the steel rod
with countersunk screws. A 0.5 an.
steel rod encased an a 1.5 in. wood
handle 7.3 in. long 1s the attached
handle. Approximate weight 11}00
grams.

(8) A tamper designated as No. 3
is a plunger consisting of a cir-
cular steel plate 5.75 in. 1in diam-
eter, in the center of which 1is
screwed a 1-1/4 in. diameter round
steel rod 4-3/4 in. long. The top
of this rod contains a depression
into which the ball end of the test-
ing head of the compression machine
fits. It carries a projecting pin



which fits into a slot 1n a metal-
tipped handle which is attached when
it 1s desired to use the plunger as
a tamper.

PROCEDURE

All mixtures are blended in a
3-quart aluminum stew pan with a
l-1n. blade putty knife. The No. 2
tamper from the regular equipment is
used 1n addition to the new tamper
which 1s designated as No. 3, for
placing the mixtures in the mold.

Mixing - Into the tared dish 1s
weighed the several mineral con-
stituents of the mix so as to pro-
duce a total weight of 2,000 grams
of aggregate. After thorough dry
mixing, the dish and contents are
placed on a hot plate and brought
to the desired temperature, 300 to
350° F. The aggregate 1s again
stirred, re-weighed, and adjusted
for any change i1n weight. With the
putty knife, a crater 1s formed 1in
the aggregate to hold the hot asphalt
which is heated to 300° F. and care-
fully weighed i1n by pouring from the
can in which it was heated. Mixang
is accomplished by stirring the mass,
beginning first with the putty knife
at the center and stirring the cen-
tral portion i1n such manner as to
prevent contact of asphalt with the
dish until the aggregate has absorbed
the main portion. The motion of the
blade may now be changed to produce
an 1roning effect that will blade
out any lumps formed and assist 1in
thorough distribution of the asphalt.
The mixing 1s finished by a final
stirring of the entire mass from the
dish wall inward. The whole mixing
operation is finished in from 5 to
6 minutes.

Compression - The mix 1s immediately
transferred to the mold which, with
the base plate, has been previously
warmed to a temperature of 100 to
125° F. About half the mix 1s placed
in the mold using a hot spoon. The
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putty knife is again used and the
mass restirred in the mold with care-
ful blading at the sides to prevent
the formation of pockets. This por-
tionis tamped with the No. 2 tamper,
50-60 blows. The balance of the mix
is then placed in the mold, stirred,
and bladed as before, tamped 50-60
blows with the No. 2 tamper, and 50
blows of the No. 3 tamper. The
temperature recorded by a thermometer
forced into the middle of the bri-
quette should read about 100° C. The
briquette is allowed to cool to 80°
C. when a final tamping of 50 blows
of the No. 3 tamper 1s given. The
brigquette 12s now cooled i1n the mold
by immersion in a cold water bath
at approximately 72° F. (or room
temperature). The briquette may then
be forced out easily by hand wath the
No. 3 tamper.

Spectfic Gravity - Specific gravity
of the compressed mixture may be
calculated by displacement of water,
or by volume determination, using
an Ames dial to measure the height
of the specimen as molded. Voids
in the mineral aggregate and voids
in the mix are calculated by the
method described in connection wath
the original stability test. Stabil-
ity1s determined at 140° F. by plac-
ing the mold and briquette an the
water bath at 140° F. for one hour,
then bringing the assembly in place
on the testing ring under the head
of the compression machine and apply-
ing the load at the standard rate
of 1 in. an 25 seconds and noting
the maximum load required to cause
failure.

SKID RESISTANCE MEASUREMENTS

The skid resistance measurements
were made by the forward skidding,
stopping distance method. This pro-
cedure has previously Leen descrabed
by Professor Moyer (1)! and Shelburne
and Sheppe (2).

Numbers 1n parentheses refer to
references at the end of the paper.
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A 1948 Fleetmaster Chevrolet car
weighing 3100 lbs. and equipped with
6.00 by 16 in. 4-ply tires was used
throughout the tests. Prior to per-
forming the tests the speedometer
was calibrated by means of a stop-
wotch over two measured miles. Six
calibration runs were made at each
speedometer rEading of 20, 30, and
40 mph and the time checked care-
fully. RBResults of the calibration
are shown graphically in Faigure 1.

All skid measurements were per-
formed on tangents with relatively
even surfaces and on level sections
of pavement. Before each series of
tests, the air pressure in each tire
was adjusted to 30 p.s.i. In per-
forming the tests the car was brought
to an initial uniform speed of 20,
30, or 40 mph and the brakes applied
hard instaently to lock all four
wheels. At the instant the wheels
were locked, an electric detonator
loaded with a 22 blank cartridge
fired a chalk bullet on the pave-
ment. The gun was attached to the
front bumper of the car and actuated
electrically through the brake pedal.
The distance from the chalk mark to
the gun was measured by means of a
steel tape. Three measurements were
made at each speed and results re-
ported are average values.
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Figure 1 Speedometer Calibration

Four sets of new natural rubber
tires were used in the tests. They
were replaced at the end of 5000 ma.
At this mileage the tread was still
very good.

In performing the tests, measure-
ments were made at the three speeds
with the surface 1n a dry condition.
The pavement was then flooded with
water and the tests repeated. This
method of producing a wet pavement
is believed to be comparable to
natural wet weather conditions. After
each of the three measurements, wet,
at one speed, the flooding of the
surface with water was repeated. By
this method 1t was possible to main-
tain uniformly wet surfaces.

As a matter of record both aar
and pavement temperatures were taken
for each test. Since the tests were
performed intermittently during a
10-month period, axr temperatures
ranged from 34° to 96° F. and av-
eraged 78° F. Corresponding pavement
temperatures varied from 37° to
110° F. and averaged 83° F.

The same driver was used through-
out the series of tests. The car
was maintained in excellent operating
condation. This required frequent
balancing of wheels and adjusting
of hrakes. The roundness of the
tires was also checked. At the 40
mph on a wet surface, there was some
side skidding as the car came to
rest. Check tests were made untal
the side skidding was eliminated.

When these tests were conducted
on the primary highway system, the
State Highway Patrol directed traffic
durang the tests.

DESCRIPTION OF SURFAGES TESTED FOR
SKID RESISTANCE

The surfaces tested were selected
with the view of determining skid
resistance qualities of the two
types of pavement, namely, sand-
asphalt and bhituminous concrete.
It 1s realized that there is con-
siderable variation in surfaces of
the same type, due primarily to as-



phalt content and the aggregate
characteristics such as particle
shape and gradation.

The pavements tested were two
lanes in width. Al]l tests were made
in the direction of traffic and in
the traffic lanes, but not in the
center of the highway. All tests
on each surface were made in the
same lane and direction, so as to
take advantage of alignment and grade.

On the basis of average 24-hr.
counts, traffic on the roads tested
varied from 100 vehicles to 6000
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per day.

For the year ending December 31,
1949, an average of the traffic counts
at the 43 locations was 1870 vehicles.
Since 42 percent of these sand-
asphalt surfaces are on secondary
roads, the traffic count is con-
siderably less than for the projects
on the primary system.

The sand-asphalt pavement con-
sists of one or more courses of
sand-asphalt laid on a prepared soil
type base course which is constructed
according to standard specifications,

TYP1CAL GRADATION

SAND ASPHALT

Percent Passing Larger Sieve and

Pct. Retained on - Numbers

AP-3 4 10 40 80 200 -200
7.77 1.60 38.90 26.70 15.20 7.10
1 21.40 55 20 10.10 5.53
7.76 0 30 21.50 54.10 10.30 6.04

8 00 17.50 46.70 21.90 5.90
7.83 0.70 7.50 26.20 29.00 22.10 6.67

8 00 0.20 6.20 43.90 34.60 7.10
7.01 0.60 6.70 44.50 40.10 1.09

BITUMINOUS CONCRETE

N C.
N. C. Specification Special
Project Section No. Provisions Grading
3-6-30-132 125-1.2 5% Man.-200 R
3-7-28-15 125-1.2 5% Main.-200 L
3-7-28-16 125-1.2 5% Min -200 B
3-6-31-123 125-1.2 5% Min.-200 B
1-7-6-85 125-1.2 5% Man.-200 B
2-102 125-1.2 5% Min.-200 B
% Retained
2-115 125 No. 10 0-15
40 0-60
80 20-80
200 0-50
-200 0-12
Bit. 6%-T%
1706 140 (2-28-50)
4771 126 25% Min -No.10 A
4772 . 126 A
4722 126 5% Min.-200 A
3530 126 5% Man.-200 A
AP-5 Used
instead of AP-3
% Retaiped
10-6-96- 141 125 3/4-4 0-10
4-10 0-30
10-40 20-60
40-80 10-60
80-200 5-30
-200 2-8
AP-3  6%-8Y%

5.72 27.35 10 50 54.20 2 23

6 00 17.00 18.35 57 55 1.10

5.70 17.40 14.27 54 10 8.53

573 34 15 16.95 37.05 6 12
(AP-5) 31.95 20.40 35.15 6.47

6.03

6.71 25.00 16.10 50 00 2 19
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on old bituminous surface treated
roads, on old cement concrete pave-
ments, or old and new traffic bound
stone bases. It 1s a hot plant-
mixed material composed of 85-100
penetration asphaltic cement in the
amount of 5.0 to 9.0 percent com-
bined with natural non-commercial
or commercial sand, or a combination
of sand and stone screenings. All
aggregates pass a No. 4-mesh sieve
with 0 to 10 percent passing the
No. 200-mesh sieve. The North Caro-
lina specifications do not require
a stabilaty test. Natural non-
commercial sand is the most commonly
used aggregate for this type of
surface.

The asphaltic concrete pavement
consists of a fairly dense-graded
bituminous surface. These wearing
courses are usually about one inch
thick and placed on a binder or
leveling course usually from one to
two inches in thickness. The binder
is a hot plant-mixed material com-
posed of 85-100 penetration asphaltic
cement (5.0 to 8.0 percent) combined
with crushed stone or gravel coarse
aggregate and sand or stone screen-
ings, or a comkination thereof. In
some cases, a non-commercial sand
is combined with the coarse aggre-

gate. The aggregate 1s uniformly
Munwowm Values
it [ wpbtos g sies
\E Motimum Kafues
R 150
2
<
T oo
£
)
§ s
&
<
LN
-’m{c_ﬂ:fh/t Bit Concrete

ﬂlnnn)lf Type and Fge i years
Figure 2 Roughness Values for the
two types of Bituminous Pavement

surfaces 1n North Carolainsa

graded from coarse to fine with 100
percent passing the 3/4-inch sieve
and 5 percent to 10 percent passing
the No. 200-mesh sieve. Specifica-
tions and Special Provisions for
this type surface are varied within
the above limits 1n order to obtain
the most desirable mix with the
materials availatble.

The bituminous concrete surfaces
studied were from one to five years
old.

DISCUSSION OF SKID RESISTANCE
TEST DATA

The complete data for more than
1500 stopping distance tests on 43
pavement surfaces are presented in
Table 1. These stopping distances
are actual average forward skidding
distances and do not include driver
reaction time. Table 1 includes the
average coefficient of fraction as
computed from the following standard
stopping distance formula:

. V2
30S
Where F = Average coefficient of
friction,

V = Initi1al speed in miles
per hour at the time of
applying brakes.

S = Average stopping dastance

in feet.

Results are grouped according
to the two pavement types pre-
viously described for both dry and
wet surfaces. Average values are
grven by groups of each type shown
in Table 2 as well as grand average
for both types. ’

Considering data in Table 1 for
a speed of 40 mph, stopping distances
from 60.1 to 88.3 and averaging 68.7
ft., were measured on dry surfaces.
Corresponding computed coefficients
of friction ranged from 0.89 to 0.60
and averaged 0.78. Thus it can
readily be seen that all 43 surfaces
have excellent skid resistance when
tested dry.

Values for the same surfaces when



Project Route
MPH
2-9-22-204 Co Rd
3-6-28-126 LS 17
3-9-31-204 Co Rd
3-7-28-15 Co Rd
3-7-28-16 Co Rd
2-102 Co.Rd.
2-9-23-201 NC 55
3-9-32-203 Co Rd.
3-6-31-123 US 117
6-9-57-210 Co Rd
3-6-28-122 US 17
3695 NC 24
3334 NC 211
3-6-30-132 NC 210
1-7-6-85 Co Rd
2200 Us 117
1-9-8-201 Co Rd
2-9-18-202 Co Rd.
2-652 Co Rd
2-9-24-206 Co Rd
1076 NC 97
2223 NC 41
2-9-24-209 Co.Rd.
1-9-12-201 Co Rd.
6-9-57-209 Co Rd.
3-9-34-210 Co Rd
2-454 Co Rd
2-115 Co Rd
2620 Us 258
Craven Co. US 70
Carteret Co. US 70
Pasquotank Co US 17
Rowan Co. US 70
& 29
Vance Co US 1
Cleveland Co. US 29
TOTAL

TABLE 1

SKID RESISTANCE

S.

21
20
19

17.

17

18.
20.

18

33.
21.
20.

22

17.

30

17.

23

16.

20
20
16
18
17

19.

17
20
20
20

19.
25.

25

24.

28

20

29.

26

SAND-ASPHALT
DRY
Speed Speed Speed
20 30 40

SD C SD € SD. ¢
17.9 75 401 75 73.6 12
15.5 86 359 84 638 B84
183 73 39.7 76 67.0 80
16 0 83 39.2 77 653 82
16.2 .82 374 80 66.3 .81
16 5 81 348 86 645 .83
16 5 81 396 76 658 .81
195 68 43.5 69 7143 .72
16.4 81 362 83 640 .83
169 79 37 4 80 658 .81
16 5 81 383 .78 67 2 19
176 176 380 79 64.4 83
154 87 363 .83 643 83
252 53 50.4 .60 838 64
16 5 81 376 .80 69.6 .77
159 84 381 .79 689 17
155 .86 372 81 653 .82
157 85 358 84 624 85
158 84 354 .85 601 .89
174 76 385 718 657 81
161 .83 37.9 719 625 85
16 1 83 37.2 81 648 82
16.2 82 36.3 .83 64.8 .82
16 0 83 37.1 .81 658 81
169 79 384 718 66.7 80
18.5 72 424 71 707 16
16.5 81 373 8 688 .77
187 .71 391 .77 649 .82
239 56 503 .60 798 .67
240 55 523 .57 80.0 67
23.5 57 505 59 842 63
23 3 .57 48.5 .62 80 5 .66
16 4 .81 374 80 653 .82
256 52 521 57 883 60
169 79 37.5 .80 65.6 .81
17 99 .758 40 11 759 68.99 .780 21

Speed

D. C

.62
66
68
15

.15
71

.66
73
65
63
65

.61

.16
43

.17

.56

.81
65

.64
81
72

.16
68
17
65

.65

.65
68
52

.52

.54
47

W anNnd NN WANEWN R R OVWOONODOWENW®O~NN®OONWN

40 650

S
49

46.

45

E
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37

38.

46

47.
66.
46.

49

49.
42,
70.

40
33

48,
52.

49
36
42

43.

49

40.

50

46.
48.

40
62
53
57
55

49.
65.

64

49

47

WET
Speed Speed
30 40
D C s.D Cc
5 61 881 60
0 65 909 .59
1 67 82.3 .65
2 71 8l.2 .66
4 .80 74.7 11
5 .78 71.4 .75
3 .65 865 .62
4 63 85.0 .63
0 .45 126.3 42
4 65 86.9 61
2 61 94.7 .56
5 .61 90.8 59
8 70 89.4 .60
0 43 121.3 44
2 75 78.7 68
9 56 112.4 .47
7 62 829 .64
1 .58 89.5 60
8 60 87.2 .61
8 82 687 .78
8 .70 79.7 67
3 .69 80.4 66
1 .61 854 .62
5 74 73.9 12
1 .61 94.4 56
4 65 81l.4 65
4 .62 868 61
8 74 764 170
8 .48 108 5 49
9 56 993 54
4 52 99.3 .54
T 54 107 4 .50
8 .60 95.6 56
8 46 111 0 48
2 47 127.7 42
39 625 91 32 598



48

TABLE 1 Continued

ASPHALTIC CONCRETE

1706 Us 301 15.3 .87 375 80 65.5 .81 230 58 59.0 .51 106.6 .50
3530 Caty Street 180 74 39.7 .76 67.7 .79 25.4 52 57.5 .52 111.4 .48
4771 Us 1 16 5 81 387 .76 666 .80 22.3 60 55.2 54 985 .54
4772 us 1 16.8 .79 39.8 .75 68.2 .78 224 60 50.7 .59 90.3 .59
4722 US 158 16.4 .81 39.4 .76 68.9 .77 17.0 .78 41.0 .73 8l 1 .66
10-6-96-141 US25 &70 19.0 70 405 .74 732 73 252 .53 631 .48 110.0 48
Guilford Co. US29 &70 16.9 .79 37.6 .80 646 .83 22T .59 556 .54 1100 48
Guilford Co. US 70 18.2 73 383 .78 645 .83 20.3 .66 489 61 923 58
TOTAL 17.14 .780 38.94 769 67 40 .793 22 29 608 53 88 .565 100 03 .539
GRAND AVERAGE 17.83 .762 39 89 761 68 70 .782 21 57 .642 50 23 614 92 94 .587
TABLE 2
SKID RESISTANCE TESTS AT DIFFERENT TEMPERATURES
DRY WET
Project Speed Speed Speed Speed Speed Speed
MPH 20 30 40 20 30 40
Temp. S.D. C s.D. C SD Cc SD C SD Cc S.D Cc
4211 68° 17.4 .76 38.8 71 697 16 22.2 60 519 58 105.2 51
4211 84° 21.5 .62 542 .55 90.5 .58 320 42 72.5 .41 125.3 42
3-9-32-203 70° 17.8 .75 38.4 .78 663 81 180 74 43.0 .70 783 .69
3-9-32-203 98° 19.5 68 435 .69 74.3 72 182 .73 474 .63 B850 63
S D. = Skid Distance
C = Coefficient

wet (at 40 mph ranged from 71.4 to
127.7 and averaged 92.9 ft. The
corresponding computed coefficients
of friction varied from 0.75 to 0.42
and averaged 0.587. If the surfaces
are rated according to previous in-
vestigators on the basis of stopping
distances of 133 ft. (coefficient of
friction 0.4) then all 43 surfaces
would fall withan this limit. Ac-
cording to AASHO design standards
(5) in which a factor of safety of
1.25 is used, the safe braking das-
tance on wet level surfaces at 40
mph should not exceed 113 ft. If
the 43 surfaces are evaluated on
this basis, then all but three are
found to be within this limit. The

three locations not meeting AASHO
requirements are projects 3-6-31-123,
3-6-30-132, and Cleveland County
US 29. Two of the projects are
sand-asphalt pavements which con-
tained very fine siliceous sand and
an excess of asphalt which, under
heavy traffic, was worked to the
surface resulting in a slightly
glazed surface texture and voids
overfilled with asphalt. These sur-
faces contained aggregates wath high
abrasion loss. In fact, since pro-
Ject 3-6-31-123 was tested, it has
been resurfaced with a non-skid
pavement. The project 1n Cleveland
County on US 29 showed a slight ex-
cess of asphalt. Polishing of the



limestone aggregate which was used
in this mix may be a contributing
factor.

With fine-textured surfaces such
as sand asphalt, the aggregate par-
ticle shape, gradation and percentage
of asphalt is very important from a
skidding standpoint. An important
factor in surfaces having high co-
efficient of friction is the presence
of gritty particles which give the
surface a ‘sand paper'' texture.

Project 4211 shown in Table 2
consisted of granite screenings
graded from coarse to fine with 100
percent passing the No. 4 sieve and
2 to 4 percent passing the No. 200
si1eve. The optimum percentage of
asphalt by the Hubbard-Field method
was 7.25 percent. Eight and fifteen
one-hundredths percent asphalt was
extracted from cores taken from the
pavement 1n place. It 1s believed
that the surface voids were over-
filled with asphalt which produced
a slippery surface as shown by the
skid resistance test.

A fairly definite increase 1in
the coefficient of friction was ob-
served with a decrease in temper-
ature. The heat of the tire which
developed at the higher speeds when
sliding straight ahead was largely
responsible for consistently lower
coefficients observed in this form
of skidding as shown on Projects
4211 and 3-9-32-203. On low sta-
hility sand-asphalt pavements when
the air temperature 1s hagh, the
coefficients are consistently high.
In this case, the wheels plow into
the hot pavement as the skid pro-
gresses. This 1s especially true
at 40 mph.

INFLUENCE OF BRAKING STRESSES

Upon failure, a bituminous mix-
ture will be squeezed from under the
tire towards each side of the longi-
tudinal lane followed by the wheel.
In actual service, however, in ad-
dition to the tendency to be squeezed
from under the wheel at right angles
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to the direction of travel, bitumi-
nous pavements are subjected to brak-
ang and acceleration stresses. These
latter forces are usually applied
in the direction of travel, and
they, therefore, attempt to shove
the pavement either ahead of (for
braking), or behind (for acceler-
ation) the wheel. Since they may
often provide the most critical con-
ditions of design for bituminous
pavements carrying moving loads, the
influence of these braking and ac-
celeration stresses must be con-
sidered i1n a quantitive manner, 1f
possible. From its very nature, it
is probable that braking stresses
are generally more severe than ac-
celeration stresses.

The skid resistance factors of
rubber tires on sand-asphalt and
brtuminous concrete road surfaces
are very complex, and are influenced
by many variables and test conditions
While an effort has been made 1n
this 1nvestigation to examine the
effect of some of the variables,
it is our desire to explore the
effect of age and traffic conditions
on these same types of bituminous
pavements over a period of a number
of years. The test results to date
have revealed the effect on skad
resistance of some of the varialtles
which have been summarized 1n the
discussion which follows, to include:

1. Effect of speed.

2. Effect of wet versus dry sur-
face condation.

3. Effect on friction values of
low stability sand-asphalt mixes and
stable bituminous concrete mixes.

4. Seasonal effect on various
surfaces.

5. Friction values as affected
by bitumen content.

The two variables, effect of speed
and wet versus dry surface condition,
listed as Items 1 and 2 above, and
fraction values as affected by ba-
tumen content, listed as Item 5 are
1mportant considerations on which
some work 1s reported here.

The locked wheel braking tests
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closely simulate actual vehicle
operation and provide an accurate
measure of the road and tire fric-
tion developed by a passenger car
when making an emergency stop for
similar road and new tire conditions.

In tests with the same car with
adequate brakes properly adjusted,
consistent results are obtained on
any given surface for the same test
conditions.

The coefficient of friction be-
tween pavements and tire is usually
0.8. This value tends to decrease
as vehicle speed increases, For
safety reasons, it is desirable to
design and construct bituminouspave-
ments having a very high coefficient
of friction between pavement and
tire.

ROAD ROUGHNESS

Road roughness measurements on
the two types of Bituminous pavement,
sand-asphalt and asphaltic concrete
pavement, are included in this re-
port. As previously stated, the
purpose of the study was to obtain
data on riding qualities of recently
constructed bituminous pavements,
also skid resistance that could be
used in evaluating design and mix
policies and construction practices.

A ‘Road Roughness Indicator” de-
signed by the Bureau of Public Roads
and constructed by the North Carolina
State Highway and Public Works Com-
mission was used for these tests.
This machine was described in =a
paper presented to the Highway Re-
search Board (3) in 1940 and later
published in Public Roads (4). This
machine measures the ittegularities
in the road surface which are trans-
mitted through a standard tire to
the axle of the wheel. The vertical
movements of the axle are trans-
mitted by a wire cable to a double-
acting ball clutch integrator which
in turn transmits the accumulated
vertical movements in inches to an
electric counter mounted on a board
in the tow car. A similar electric

counter records the revolutions of
the trailer wheel and thus provades
an accurate and dependable measure
of the travel distance. The rough-
ness tests have been standardized
at a speed of 20 mph, and the measure-
ments are recorded on a data sheet
by an observer for each half mile
and at the end of the project. The
data are summarized by expressing
the roughness of each section of
road in terms if a standard unit
known as Roughress Index (RI), which
is the roughness in inches of ver-
tical movement per mile.

Before the tests were started,
the speedometer of the towing ve-
hicle was calibrated over two meas-
ured miles to determine the number
of wheel revolutions in a measured
mile.

A further test to determine the
accuracy of the distances measured
by the machine consisted of repeat
tests made over a five-mile section
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of new cement concrete pavement.

All tests were run at 20 mph in
the direction of traffic with the
trailer wheel in the center of the
wheel tracks.

The measurements included in this
report were started in January, 1950,
and completed in December, 1950.
Only one driver was used on this
work and all readings were recorded
by one man. Other older projects
which had similar design and mix
were tested for comparison with
those recently constructed.

The test data including the aver-
age 24-hour traffic count have been
tabulated for the two types of pave-
ment. The values for roughness
measurements are shown in inches per
mile for one-half mile intervals.
In tabulating the maximum and mini-
mum values, only those for one-half
mile were used. A summary of test
results with maximum, minimum, and
average values for the two types
of surface tested was prepared to
facilitate comparison of surfaces
by type.

The results of tests on 46 sand
asphalt projects are shown in Table
3. The majority of these projects
were constructed in 1949 and 1950.
Two projects were constructed in
1948. Traffic on these roads varies
from 100 vehicles per day to 1400
vehicles per day and averages 465
for all sand asphalt tested.

Roughness measurements for sand
asphalt averages 78.6 with a max-
amum of 176 and a minimum of 54 1in.
per m1.

The results of tests on 32 bi-
tuminous concrete pavement projects
which total 138.5 m:. are shown 1n

Table 4. Fifteen of these projects
were constructed in 1949, fifteen
in 1950, and one in 1948. Traffic

on these roads varies from 210 ve-
hicles per day to 6000 vehicles per
day and averages 1895 for all bitu-
minous concrete tested.

Roughness measurements for bitu-
minous concrete pavement averages
82.4 with a maximum of 117 and a
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minimum of 57 in. per mi,

It is interesting to note the
range between maximum and minimum
of the two surface types. Sand
asphalt has the lowest average
roughness yet has the highest range
(122 in. per mi.) between maximum
and minimum.

The roughness measurements of
each type of surface are affected
by many factors. Common to both
types of surfaces are the effects
of subgrade or base support, work-
manship, age, amount of traffic,
mix design, and traffic densities
which are influenced by the char-
acteristics of the materials and
traffic -conditions.

Workmanship determines whether
a surface will be comstructed to
the standard specified in the mix
design as necessary for smooth rid-
ing surface. A perfect example of
this is project 3-7-28-15. This
project had a stability of 800 Ilbs.
and a density of 2.12 at the time
it was constructed, yet the traffic
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TABLE 3

ROAD ROUGHNESS AND STABILITIES
SAND ASPHALT PAVEMENTS

Avg.

Date Length Roughness Measurements 24-Hr Lbs.
Project Comp. Tesated Avg. Max Min Traffic Count Stabilaty Densaty
1201 1949 5.0 3.7 810 68 0 180 320 201
1346 1950 4.0 73.0 80 0 67.0 160 597 210
1-7-6-85 1949 3.0 74 6 81.0 700 200 1225 2.14
1-7-6-19 1949 2.0 85.1 99.0 75.0 225 400 209
2-9-16-201 1949 7.0 66.0 73.0 60.0 100 275 2175
2-556 1949 4.0 82.17 88.0 78.0 190 263 2 63
2-7-24-16 1949 6.0 73.0 78.0 69.0 500 940 2.05
2-9-24-202 1949 4,0 80.6 96 0 74.0 360 1080 2.07
2-9-18-201 1949 3.0 69.0 730 61.0 210 1350 215
2-102 1950 50 67.17 75.0 63 0 450 260 180
2-7-23-3 1949 3.0 66 7 73.0 60 0 210 850 2 00
1056 1949 4.0 72.9 79 0 69 0 1070 655 2.10
2-115 1950 6.0 57.9 62 0 54.0 300 160 1.73
2551 1949 6.0 74.2 79.0 70.0 500 685 2.10
2-7-21-19 1950 5.0 85.0 97.0 78.0 190 640 2.11
2-9-21-201 1950 30 84 7 98.0 74 0 200 720 2 12
2-9-17-201 1949 40 83.6 91.0 770 350 210 1.98
2566 1950 4.0 71.8 - 760 68.0 1150 340 2.01
2-402 1950 40 74 0 85.0 63 0 360 480 1.99
3-7-28-15 1949 3.0 142.7 176.0 114 0 330 800 2 12
3-7-28-16 1949 30 114.4 132 0 97 0 150 850 2.13
3-7-28-09 1949 3.0 115.9 124 0 107 O 180 940 2.15
3-6-31-123 1949 70 92.2 113 0 83.0 1400 380 1.91
3-7-30-19 1949 10 78 3 86 0 71.0 225 300 2.09
3-7-30-20 1949 30 87 6 97.0 77.0 130 340 2 09
3-7-30-21 1949 4.0 92 0 108.0 75.0 1150 480 2.13
3-7-30-201 1949 3.5 83 7 89 0 750 120 500 213
3-6-30-132 1949 20 78.0 85.0 71.0 400 460 2.11
3393 1949 6.0 79.0 97 0 700 180 290 199
3-7-30-22 1949 1.0 78.0 810 75 0 180 310 201
3-7-29-08 1949 6.0 66.0 77 0 57.0 400 1140 2 20
3262 1949 4.0 63.0 70 0 56 0 500 600 2 04
3-202 1949 3.0 63.4 74.0 56.0 180 127 1.27
3-7-29-17 1949 30 72.0 78.0 66.0 200 930 2 07
3-7-29-13 1949 40 74.0 79.0 67.0 200 500 2.05
3-7-29-15 1949 3.0 75.0 78 0 68.0 125 580 2 07
3334 1949 0.8 95 § 108 0 83.0 560 600 2 04
4-7-38-42 1949 5.0 64.9 73.0 58.0 210 1610 2.18
4-402 1949 2.0 100 3 106.0 97.0 250 390 2 01
4-7-40-17 1948 30 98.3 102.0 94 0 310 500 2.14
4-7-38-40 1949 1.0 90 8 93 0 90 0 180 1560 2 16
4-7-39-16 1949 2.0 85.8 91 0 81.0 210 409 2 01
4-7-39-18 1949 20 81.0 86.0 790 440 500 2 05
3864 1948 11.0 811 88 0 76 0 1250 2060 2.38
6-9-57-203 1949 0.37 94 2 101.0 85.0 150 1120 2 23
6-9-57-205 1950 5.0 64 17 69 0 61.0 1250 1120 2.23
46 Projects 173.67
Weighted Avg 78 6267 Roughness Weighted Avg 670 565 Stabiality

Weighted Avg. 464 809 Traffic Count Weighted Avg. 2 10333 Densaty
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TABLE 4

ROAD ROUGHNESS AND STABILITIES

BITUMINOUS CONCRETE PAVEMENTS

Avg.

Date Length Roughness Measurements 24-Hr. Lbs.
Project Comp. Tested Avg. Max Man Traffic Count Stabality Densaty
1706 1949 6.0 73.5 79.0 66.0 2250 920 2.08
1384 1949 60 63 2 73.0 62.0 1100 1300 2.29
3530 1949 1.0 100.8 106.0 95.0 6000 4500 2.28
3-6-29-124 1950 60 73 6 93.0 58.0 2200 1180 2.23
4789 1949 1.0 72.0 717.0 68 0 1000 2050 2,18
4771 1949 25 74.5 810 69 0 3000 1510 2.04
4-6-38-166 1948 4.0 86.6 92.0 72.0 850 1835 2.20
2830 1949 10 79.5 82.0 78 0 2400 1940 2 30
4-6-39-123 1949 8.0 86 4 94.0 77.0 2200 1650 2 21
1614 1950 5.0 71.5 66.0 79.0 3800 2050 2.24
4772 1950 8.0 68.6 75.0 65.0 1800 1220 2.20
2851 1950 4.0 72.0 79.0 65.0 2500 1940 2.30
4722 1950 4.0 75.3 91 0 710 2450 4360 2,21
4330 1949 6.0 84 6 91.0 80.0 2270 2870 2.20
5-6-45-128 1949 30 85.8 90.0 82.0 2400 2740 2.19
3391 1950 50 60.8 66.0 §7.0 1520 1980 2.29
5816 1950 4.0 73 6 79.0 69.0 3410 2980 2.31
6-7-56-30 1950 4.0 102.5 117.0 92.0 210 705 2 03
6-6-54-119 1950 5.0 69.6 76.0 63.0 1590 1300 2.19
7-6-61-176 1950 5.0 104.1 109.0 97.0 1000 720 2.18
6643 1950 5.0 85.0 89.0 810 1480 2200 2.26
6675 1950 4.0 84.0 91.0 81.0 1070 2700 2.32
7434 1949 4.0 99.0 105 0 94.0 1750 3100 2.24
7453 1949 6.0 101.4 109.0 95.0 2900 3500 2,25
8822 1950 4.0 90.0 98.0 81.0 2400 1420 2,22
9-9-80-201 1950 3.0 84.2 91.0 81.0 250 980 2.16
8444 1949 60 92 2 99.0 83.0 1910 1820 2.21
9514 1949 50 97.6 109.0 87.0 1380 4300 2.38
8361 1949 3.0 93.6 100.0 86.0 1500 4360 2.24
8280 1949 5.0 81.8 89 0 78.0 1000 1640 2.26
10-6-96-141 1950 5.0 86.1 92 0 81 0 1600 2460 2.25
3] Projects

Weighted Average 82.42 Roughness 1895.60 Traffic Count

Regular Average 2200.97 2,2239

Grand Total Weighted Avg - Roughness 80. 31

Grand Total Weighted Avg - Traffic Count 1,099.60

Grand Total Regular Avg. - Lbs Stabilaty 1,286.70

Grand Total Regular Avg - Density 2,1525

Total Miles Tested - 312.00
31 Projects of Bit. Concrete 138.5 Miles
46 Projects of Sand-Asphalt 173.5 Males

TOTAL 312 0 Miles
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count 1s only 330 vehicles per day.
The maximum roughness 1s 176 in. per
mi,, minimum 114 and weighted average
of 142.7. The skid resistance co-
efficient at 40 mph when wet 1s 0.66
or a stopping distance of 81.2 ft.

There is a progressive, although
slow, distortion of a pavement sur-
face with age. The amount and weight
of traffic causes a gradual settling
or breaking of the surface.

When testing pavement surfaces
for riding qualities, the problem
of evaluating the road roughness
measurements presents itself.

Certain ranges of roughness were
arbitrarily selected to descrabe the
riding qualities of a surface as
excellent, good, fair, or rough as
shown in Table 5.

TABLE 5

SUGGESTED STANDARDS FOR EVALUATING
PAVEMENT SURFACES

Roughness
Measurements

(In. Per Mi.)

Riding
Gualities

Below -- 15 Excellent
75 -- 100 Good
100 -- 125 Faar
Above -- 125 Rough

It is realized that this classi-
fication 1s subject to debate and
that the type of irregularity in the
surface and the speed of the car
have a very decided effect on the
riding qualities of any pavement.

SUMMARY AND CONCLUSIONS

The more important results and
conclusions in the current investi-
gation of skid resistance and road
roughness in North Carolina may be
summarized as follows:

SKID RESULTS

Based upon more than 1500 meas-
urements of forward skidding dis-

tances on 43 pavement surfaces under
conditions of tests previously de-
scribed, the more important results
have been summarized as follows:

1. On relatively smooth level
pavements, the stopping distance
method is an excellent means of
determining the average skid resis-
tance. The equipment involved is
relatively simple and inexpensive.
T:zsts can be performed and checked
an a short time.

2. At 40 mph, the stopping dis-
tance varied from 60.1 to 88.3 ft.
on a dry surface and from 71.4 to
127.7 ft. on a wet surface. Cor-
responding coefficients of friction
ranged from 0.89 to 0.60 on a dry
and from 0.75 to 0.42 on a wet sur-
face. These data indicate clearly
that stopping distances at 40 mph
are critical only on the wet surfaces.
It was considered unsafe to conduct
tests on wet surfaces at a speed
greater than 40 mph.

3. The data can he used to es-
tablish policies concerning the de-
sign, construction, and maintenance
of surfaces with good non-skid
characteristics. The data obtained
check reasonably close with that of
previous investigators. (See Tablel)

4. The results obtained at the
three speeds can te used to predict
stopping distances at other speeds.
(See Table 1)

5. All of the pavements tested
in adry condition were found to have
satisfactory resistance to skidding
for speeds of 40 mph or less.

6. Forty of the forty-three sur-
faces tested wet were considered to
have satisfactory non-skid charac-
teristics. One of the three sur-
faces (Project 3-6-31-123) found to
be unsafe from a skidding standpoint
has been resurfaced.

7. For the surfaces tested wet,
the two groups listed in accordance
with the stopping distance from the
lowest average to the highest average
are as follows:

Sand asphalt at 40 MPH Wet Average
91.32 Feet.



Asphalt Concrete at 40 MPH Wet
Average 92.94 Feet.

It should be pointed out that
this rating applies only to the
surfaces tested, and since only a
few surfaces are i1ncluded 1n the
asphaltic concrete group, too much
emphasis should not ke placed on
this corparison.

8. Skidding resistance varies
with the texture and composition of
the pavement surface. Those sur-
faces having a harsh, gritty, “sand
paper’’ texture were found to have
short stopping distance.

9. With sand asphalt containing
screenings, the stopping distance
at 40 mph on a wet surface varied
directly as the abrasion loss of the
stone screenings, other factors
being equal. In other words, long
stopping distances were measured on
the sand asphalt surfaces containing
100 percent stone screenings with
high abrasion loss and shorter stop-
ping distances were encountered with
surfaces containing low abrasion
stone screenings., Typical examples
are Vance County US 1 with a wear
test if 67 and skid distance of
111.0 ft; Rowan County US 29 with
a wear test of 36 and a skid dis-
tance of 95.6 ft.

10, A slight excess in the per-
cent asphalt will have a more pro-
nounced effect in reducing thefric-
tion values than the particle shape
of the aggregate. Excessive asphalt
tends to decrease the stability of
the pavement.

11. Higher friction values have
been observed in the Winter tests
than 1n the Summer tests. This 1s
especially true where the pavements
have low stabilities.

ROUGHNESS RESULTS

The more important results of
the road roughness measurements on
the two types of pavement (77 pro-
jJects) totaling 312 mi1. and repre-
senting approximately 800 mi. are
summarized as follows:
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1. The Road Roughness Indicator
is a convenient, satisfactory, and
rapid means of evaluating riding
qualities of pavement surface.

2, Test results can be recorded
in a form convenient for study or
comparison of two or more projects.

3. Repeat tests with the Road
Roughness Indicator give results
that check closely considering the
inability of the driver to follow
in exactly the same path on each run.

4, Riding qualities of all pave-
ments and, therefore, road roughness
measurements are affeécted by such
factors as workmanship during con-
struction, pavement age, amount and
type of traffic.

5. Riding qualities of any
relatively thin surface course such
as sand asphalt and bituminous con-
crete are influenced by the stabality
of the base and surface course.

6. Texture of bituminous sur-
faces has a bearing on road rough-
ness measvrements.

7. Sand asphalt surfaces were
found to have the best riding qual-
ities.

8. Bituminous concrete surfaces
were slightly rougher than sand
asphalt,
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